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Dark energy: new form of matter with negative pressure

Einstein’s equation: Gµ⌫ = 8⇡G T (matter)
µ⌫
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ds2 = �dt2 + a2(t)d~x2
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The Universe accelerates

⌦DE
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ä

a
= �4⇡G

3
(⇢+ 3p)> 0

Accelerated expansion:

FRW metric:



Cosmological Constant: ΛCDM

T (C.C.)
µ⌫ = �⇤gµ⌫

<latexit sha1_base64="zLmlIXduNrhkX6EkuX3I/H+hneM="></latexit><latexit sha1_base64="zLmlIXduNrhkX6EkuX3I/H+hneM="></latexit><latexit sha1_base64="zLmlIXduNrhkX6EkuX3I/H+hneM="></latexit><latexit sha1_base64="zLmlIXduNrhkX6EkuX3I/H+hneM="></latexit>

M. Betoule et al.: Joint cosmological analysis of the SNLS and SDSS SNe Ia.

7.1.2. Baryon Acoustic Oscillations

The detection of the characteristic scale of the baryon acous-
tic oscillations (BAO) in the correlation function of di↵erent
matter distribution tracers provides a powerful standard ruler
to probe the angular-diameter-distance versus redshift relation
and Hubble parameter evolution. The BAO scale has now been
detected in the correlation function of various galaxy surveys
(Eisenstein et al. 2005; Beutler et al. 2011; Blake et al. 2011;
Anderson et al. 2012), as well as in the Ly↵ forest of distant
quasars (Busca et al. 2013; Slosar et al. 2013). Large-scale sur-
veys also probe the horizon size at matter-radiation equality.
However, this latter measurement appears to be more a↵ected
by systematic uncertainties than the robust BAO scale measure-
ment.

BAO analyses usually perform a spherical average of their
scale measurement constraining a combination of the angular
scale and redshift separation:

dz =
rs(zdrag)
Dv(z)

(21)

with:

Dv(z) =
 
(1 + z)2D2

A
cz

H(z)

!1/3

(22)

For this work, we follow Planck Collaboration XVI (2013) in
using the measurement of the BAO scale at z = 0.106, 0.35,
and 0.57 from Beutler et al. (2011); Padmanabhan et al. (2012);
Anderson et al. (2012), respectively. We consider a BAO prior of
the form:

�2
bao = (dz � dbao

z )†C�1
bao(dz � dbao

z ) (23)

with zdrag computed from the Eisenstein & Hu (1998) fit-
ting formulae, dbao

z = (0.336, 0.1126, 0.07315) and C�1
bao =

diag(4444, 215156, 721487).

7.2. Constraints on cosmological parameters for various dark

energy models

We consider three alternatives to the base ⇤CDM model:

– the one-parameter extension allowing for non-zero spatial
curvature ⌦k, labeled o-⇤CDM.

– the one-parameter extension allowing for dark energy in a
spatially flat universe with an arbitrary constant equation of
state parameter w, labeled w-CDM.

– the two-parameter extension allowing for dark energy in a
spatially flat universe with a time varying equation of state
parameter parameterized as w(a) = w0 + wa(1 � a) with a =
1/(1 + z) (Linder 2003) and labeled wz-CDM.

We follow the assumptions of Planck Collaboration XVI (2013)
to achieve consistency with our prior. In particular we assume
massive neutrinos can be approximated as a single massive
eigenstate with m⌫ = 0.06 eV and an e↵ective energy density
when relativistic:

⇢⌫ = Ne↵
7
8

 
4

11

!4/3

⇢� (24)

with ⇢� the radiation energy density and Ne↵ = 3.046. We use
Tcmb = 2.7255 K for the CMB temperature today.

Best-fit parameters for di↵erent probe combinations are
given in Tables 13, 14 and 15. Errors quoted in the ta-
bles are 1-� Cramér-Rao lower bounds from the approximate

Fig. 15. 68% and 95% confidence contours (including system-
atic uncertainty) for the⌦m and⌦⇤ cosmological parameters for
the o-⇤CDM model. Labels for the various data sets correspond
to the present SN Ia compilation (JLA), the Conley et al. (2011)
SN Ia compilation (C11), the combination of Planck temperature
and WMAP polarization measurements of the CMB fluctuation
(Planck+WP), and a combination of measurements of the BAO
scale (BAO). See Sect. 7.1 for details. The black dashed line cor-
responds to a flat universe.
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Fig. 16. Confidence contours at 68% and 95% (including sys-
tematic uncertainty) for the ⌦m and w cosmological parameters
for the flat w-⇤CDM model. The black dashed line corresponds
to the cosmological constant hypothesis.

Fisher Information Matrix. Confidence contours corresponding
to ��2 = 2.28 (68%) and ��2 = 6 (95%) are shown in
Figs. 15, 16 and 17. For all studies involving SNe Ia, we used
likelihood functions similar to Eq. (15), with both statistical and
systematic uncertainties included in the computation of C. We
also performed fits involving the SNLS+SDSS subsample and
the C11 “SALT2” sample for comparison (see Sect. 6).

In all cases the combination of our supernova sample with
the two other probes is compatible with the cosmological con-
stant solution in a flat universe, which could have been antic-
ipated from the agreement between CMB and SN Ia measure-
ments of ⇤CDM parameters (see Sect. 6.6). This concordance is
the main result of the present paper. We note that this conclusion
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w ⌘ p/⇢
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M. Betoule et al.: Joint cosmological analysis of the SNLS and SDSS SNe Ia.

7.1.2. Baryon Acoustic Oscillations

The detection of the characteristic scale of the baryon acous-
tic oscillations (BAO) in the correlation function of di↵erent
matter distribution tracers provides a powerful standard ruler
to probe the angular-diameter-distance versus redshift relation
and Hubble parameter evolution. The BAO scale has now been
detected in the correlation function of various galaxy surveys
(Eisenstein et al. 2005; Beutler et al. 2011; Blake et al. 2011;
Anderson et al. 2012), as well as in the Ly↵ forest of distant
quasars (Busca et al. 2013; Slosar et al. 2013). Large-scale sur-
veys also probe the horizon size at matter-radiation equality.
However, this latter measurement appears to be more a↵ected
by systematic uncertainties than the robust BAO scale measure-
ment.

BAO analyses usually perform a spherical average of their
scale measurement constraining a combination of the angular
scale and redshift separation:

dz =
rs(zdrag)
Dv(z)

(21)

with:

Dv(z) =
 
(1 + z)2D2

A
cz

H(z)

!1/3

(22)

For this work, we follow Planck Collaboration XVI (2013) in
using the measurement of the BAO scale at z = 0.106, 0.35,
and 0.57 from Beutler et al. (2011); Padmanabhan et al. (2012);
Anderson et al. (2012), respectively. We consider a BAO prior of
the form:

�2
bao = (dz � dbao

z )†C�1
bao(dz � dbao

z ) (23)

with zdrag computed from the Eisenstein & Hu (1998) fit-
ting formulae, dbao

z = (0.336, 0.1126, 0.07315) and C�1
bao =

diag(4444, 215156, 721487).

7.2. Constraints on cosmological parameters for various dark

energy models

We consider three alternatives to the base ⇤CDM model:

– the one-parameter extension allowing for non-zero spatial
curvature ⌦k, labeled o-⇤CDM.

– the one-parameter extension allowing for dark energy in a
spatially flat universe with an arbitrary constant equation of
state parameter w, labeled w-CDM.

– the two-parameter extension allowing for dark energy in a
spatially flat universe with a time varying equation of state
parameter parameterized as w(a) = w0 + wa(1 � a) with a =
1/(1 + z) (Linder 2003) and labeled wz-CDM.

We follow the assumptions of Planck Collaboration XVI (2013)
to achieve consistency with our prior. In particular we assume
massive neutrinos can be approximated as a single massive
eigenstate with m⌫ = 0.06 eV and an e↵ective energy density
when relativistic:

⇢⌫ = Ne↵
7
8

 
4

11

!4/3

⇢� (24)

with ⇢� the radiation energy density and Ne↵ = 3.046. We use
Tcmb = 2.7255 K for the CMB temperature today.

Best-fit parameters for di↵erent probe combinations are
given in Tables 13, 14 and 15. Errors quoted in the ta-
bles are 1-� Cramér-Rao lower bounds from the approximate

Fig. 15. 68% and 95% confidence contours (including system-
atic uncertainty) for the⌦m and⌦⇤ cosmological parameters for
the o-⇤CDM model. Labels for the various data sets correspond
to the present SN Ia compilation (JLA), the Conley et al. (2011)
SN Ia compilation (C11), the combination of Planck temperature
and WMAP polarization measurements of the CMB fluctuation
(Planck+WP), and a combination of measurements of the BAO
scale (BAO). See Sect. 7.1 for details. The black dashed line cor-
responds to a flat universe.
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Fig. 16. Confidence contours at 68% and 95% (including sys-
tematic uncertainty) for the ⌦m and w cosmological parameters
for the flat w-⇤CDM model. The black dashed line corresponds
to the cosmological constant hypothesis.

Fisher Information Matrix. Confidence contours corresponding
to ��2 = 2.28 (68%) and ��2 = 6 (95%) are shown in
Figs. 15, 16 and 17. For all studies involving SNe Ia, we used
likelihood functions similar to Eq. (15), with both statistical and
systematic uncertainties included in the computation of C. We
also performed fits involving the SNLS+SDSS subsample and
the C11 “SALT2” sample for comparison (see Sect. 6).

In all cases the combination of our supernova sample with
the two other probes is compatible with the cosmological con-
stant solution in a flat universe, which could have been antic-
ipated from the agreement between CMB and SN Ia measure-
ments of ⇤CDM parameters (see Sect. 6.6). This concordance is
the main result of the present paper. We note that this conclusion
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Figure 2.1. This diagram illustrates how Lovelock’s theorem serves as a guide to classify modified
theories of gravity. Each of the yellow boxes connected to the circle represents a class of modified
theories of gravity that arises from violating one of the assumptions underlying the theorem. A theory
can, in general, belong to multiple classes. See Table 1 for a more precise classification.

2. Extensions of general relativity: motivation and overview

2.1. A compass to navigate the modified-gravity atlas

There are countless inequivalent ways to modify GR, many of them leading to theories
that can be designed to agree with current observations. Cosmological observations
and fundamental physics considerations suggest that GR must be modified at very
low and/or very high energies. Experimental searches for beyond-GR physics are a
particularly active and well motivated area of research, so it is natural to look for a
guiding principle: if we were to find experimental hints of modifications of GR, which
of the assumptions underlying Einstein’s theory should be abandoned?

Such a guiding principle can be found by examining the building blocks of
Einstein’s theory. Lovelock’s theorem [191, 192] (the generalization of a theorem
due to Cartan [193]) is particularly useful in this context. In simple terms, the theorem
states that GR emerges as the unique theory of gravity under specific assumptions.
More precisely, it can be articulated as follows:

In four spacetime dimensions the only divergence-free symmetric rank-2
tensor constructed solely from the metric gµ⌫ and its derivatives up to second
differential order, and preserving diffeomorphism invariance, is the Einstein
tensor plus a cosmological term.

Berti et al. ‘15
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Fig. 14. Constraints on the growth rate of fluctuations from
various redshift surveys in the base-⇤CDM model: dark
cyan, 6dFGS and velocities fron SNe Ia (Huterer et al. 2017);
green, 6dFGRS (Beutler et al. 2012); purple square, SDSS
MGS (Howlett et al. 2015); cyan cross, SDSS LRG (Oka et al.
2014); dark red, GAMA (Blake et al. 2013); red, BOSS
DR12 (Alam et al. 2017); blue, WiggleZ (Blake et al. 2012);
olive, VIPERS (Pezzotta et al. 2017); dark blue, FastSound
(Okumura et al. 2016); and orange, BOSS DR14 quasars
(Zarrouk et al. 2018). Where measurements are reported in cor-
relation with other variables, we here show the marginalized pos-
terior means and errors. Grey bands show the 68 % and 95 %
confidence ranges allowed by Planck TT,TE,EE+lowE+lensing.

d ln D/d ln a. For ⇤CDM, d ln D/d ln a ⇡ ⌦0.55
m (z). We follow

PCP15, defining

f �8 ⌘

h
�(vd)

8 (z)
i2

�(dd)
8 (z)

, (29)

where �(vd)
8 is the density-velocity correlation in spheres of ra-

dius 8 h
�1Mpc in linear theory.

Measuring f �8 requires modelling nonlinearities and scale-
dependent bias and is considerably more complicated than es-
timating the BAO scale from galaxy surveys. One key problem
is deciding on the precise range of scales that can be used in
an RSD analysis, since there is a need to balance potential sys-
tematic errors associated with modelling nonlinearities against
reducing statistical errors by extending to smaller scales. In addi-
tion, there is a partial degeneracy between distortions caused by
peculiar motions and the Alcock-Paczynski e↵ect. Nevertheless,
there have been substantial improvements in modelling RSDs in
the last few years, including extensive tests of systematic errors
using numerical simulations. Di↵erent techniques for measur-
ing f �8 are now consistent to within a few percent (Alam et al.
2017).

Figure 14, showing f �8 as a function of redshift, is an up-
date of figure 16 from PCP15. The most significant changes from
PCP15 are the new high precision measurements from BOSS
DR12, shown as the red points. These points are the “consen-
sus” BOSS D12 results from Alam et al. (2017), which aver-
ages the results from four di↵erent ways of analysing the DR12
data (Beutler et al. 2017; Grieb et al. 2017; Sánchez et al. 2017;
Satpathy et al. 2017). These results are in excellent agreement

with the Planck base ⇤CDM cosmology (see also Fig. 15) and
provide the tightest constraints to date on the growth rate of fluc-
tuations. We have updated the VIPERS constraints to those of
the second public data release (Pezzotta et al. 2017) and added
a data point from the Galaxy and Mass Assembly (GAMA) red-
shift survey (Blake et al. 2012). Two new surveys have extended
the reach of RSD measurements (albeit with large errors) to
redshifts greater than unity: the deep FASTSOUND emission
line redshift survey (Okumura et al. 2016); and the BOSS DR14
quasar survey (Zarrouk et al. 2018). We have also added a new
low redshift estimate of f �8 from Huterer et al. (2017) at an ef-
fective redshift of ze↵ = 0.023, which is based on correlating
deviations from the mean magnitude-redshift relation of SNe in
the Pantheon sample with estimates of the nearby peculiar veloc-
ity field determined from the 6dF Galaxy Survey (Springob et al.
2014). As can be seen from Fig. 14, these growth rate measure-
ments are consistent with the Planck base-⇤CDM cosmology
over the entire redshift range 0.023 < ze↵ < 1.52.

Since the BOSS-DR12 estimates provide the strongest con-
straints on RSDs, it is worth comparing these results with Planck

in greater detail. Here we use the “full-shape consensus” re-
sults17 on DV , f �8, and FAP for each of the three redshift bins
from Alam et al. (2017) and the associated 9⇥ 9 covariance ma-
trix, where FAP is the Alcock-Paczinski parameter

FAP(z) = DM(z)
H(z)

c
. (30)

Figure 15 shows the constraints from BOSS-DR12 on f �8 and
FAP marginalized over DV . Planck base-⇤CDM constraints are
shown by the red and green contours. For each redshift bin,
the Planck best-fit values of f �8 and FAP lie within the 68 %
contours from BOSS-DR12. Figure 15 highlights the impres-
sive consistency of the base-⇤CDM cosmology from the high
redshifts probed by the CMB to the low redshifts sampled by
BOSS.

5.4. The Hubble constant

Perhaps the most controversial tension between the Planck

⇤CDM model and astrophysical data is the discrepancy with
direct measurements of the Hubble constant H0. PCP13 re-
ported a value of H0 = (67.3 ± 1.2) km s�1Mpc�1 for the
base-⇤CDM cosmology, substantially lower that the distance-
ladder estimate of H0 = (73.8 ± 2.4) km s�1Mpc�1 from
the SH0ES18 project (Riess et al. 2011) and other H0 stud-
ies (e.g., Freedman et al. 2001, 2012). Since then, additional
data acquired as part of the SH0ES project (Riess et al. 2016;
Riess et al. 2018a, hereafter R18) has exacerbated the tension.
R18 conclude that H0 = (73.48± 1.66) km s�1Mpc�1, compared
to our Planck TT,TE,EE+lowE+lensing estimate from Table 1
of H0 = (67.27 ± 0.60) km s�1Mpc�1. Using Gaia parallaxes
Riess et al. (2018b) recently slightly tightened their measure-
ment19 to H0 = (73.52 ± 1.62) km s�1Mpc�1. Interestingly, the
central values of the SH0ES and Planck estimates have hardly

17When using RSDs to constraint dark energy in Sect. 7.4, we use the
alternative DM, H, and f �8 parameterization from Alam et al. (2017)
for consistency with the DR12 BAO-only likelihood that we use else-
where.

18SN, H0, for the Equation of State of dark energy.
19By default in this paper (and in the PLA) we use the Riess et al.

(2018a) number (available at the time we ran our parameter chains)
unless otherwise stated; using the updated number would make no sig-
nificant di↵erence to our conclusions.
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Figure 18: Expected constraints on the growth rates in each redshift bin. For each z the central
error bars refer to the Reference case while those referring to the Optimistic and Pessimistic case
have been shifted by �0.015 and +0.015 respectively. The growth rates for di↵erent models are
also plotted: ⇤CDM (green tight shortdashed curve), flat DGP (red longdashed curve) and a model
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next generation data.
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GW140915: Gravitational Waves

properties of space-time in the strong-field, high-velocity
regime and confirm predictions of general relativity for the
nonlinear dynamics of highly disturbed black holes.

II. OBSERVATION

On September 14, 2015 at 09:50:45 UTC, the LIGO
Hanford, WA, and Livingston, LA, observatories detected

the coincident signal GW150914 shown in Fig. 1. The initial
detection was made by low-latency searches for generic
gravitational-wave transients [41] and was reported within
three minutes of data acquisition [43]. Subsequently,
matched-filter analyses that use relativistic models of com-
pact binary waveforms [44] recovered GW150914 as the
most significant event from each detector for the observa-
tions reported here. Occurring within the 10-ms intersite

FIG. 1. The gravitational-wave event GW150914 observed by the LIGO Hanford (H1, left column panels) and Livingston (L1, right
column panels) detectors. Times are shown relative to September 14, 2015 at 09:50:45 UTC. For visualization, all time series are filtered
with a 35–350 Hz bandpass filter to suppress large fluctuations outside the detectors’ most sensitive frequency band, and band-reject
filters to remove the strong instrumental spectral lines seen in the Fig. 3 spectra. Top row, left: H1 strain. Top row, right: L1 strain.
GW150914 arrived first at L1 and 6.9þ0.5

−0.4 ms later at H1; for a visual comparison, the H1 data are also shown, shifted in time by this
amount and inverted (to account for the detectors’ relative orientations). Second row: Gravitational-wave strain projected onto each
detector in the 35–350 Hz band. Solid lines show a numerical relativity waveform for a system with parameters consistent with those
recovered from GW150914 [37,38] confirmed to 99.9% by an independent calculation based on [15]. Shaded areas show 90% credible
regions for two independent waveform reconstructions. One (dark gray) models the signal using binary black hole template waveforms
[39]. The other (light gray) does not use an astrophysical model, but instead calculates the strain signal as a linear combination of
sine-Gaussian wavelets [40,41]. These reconstructions have a 94% overlap, as shown in [39]. Third row: Residuals after subtracting the
filtered numerical relativity waveform from the filtered detector time series. Bottom row:A time-frequency representation [42] of the
strain data, showing the signal frequency increasing over time.
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Gravitational wave equation:
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Gravitational wave equation:

polarizations
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Modifications in the wave equation are related to modifications of gravity in the LSS:

Gravitational wave equation:

µ = µ(. . . ) , ⌃ = ⌃(. . .)
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Consistency check of general relativity:

Modifications of the motion of inspiral objects and thus of the production mechanism. Affects 
GW phase (and amplitude)
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charges, one should directly apply full inspiral-merger-
ringdown waveform models from specific modified gravity
theories [147], but in most cases, these are not yet available.
However, in the present work, the focus is on model-
independent tests of general relativity itself.
Given the observation of more than one BBH merger,

posterior distributions for the δp̂i can be combined to yield
stronger constraints. In Fig. 7, we show the posteriors from
GW150914, generated with final instrumental calibration,
and GW151226 by themselves, as well as joint posteriors
from the two events together. We do not present similar
results for the candidate LVT151012 since it is not as
confident a detection as the others; furthermore, its smaller
detection SNR means that its contribution to the overall
posteriors is insignificant.
For GW150914, the testing parameters for the PN

coefficients, δφ̂i and δφ̂il, showed moderately significant
(2σ–2.5σ) deviations from their general relativity values of
zero [41]. By contrast, the posteriors of GW151226 tend to
be centered on the general relativity value. As a result, the
offsets of the combined posteriors are smaller. Moreover,
the joint posteriors are considerably tighter, with a 1σ
spread as small as 0.07 for deviations in the 1.5PN
parameter φ3, which encapsulates the leading-order effects
of the dynamical self-interaction of spacetime geometry
(the “tail” effect) [148–151], as well as spin-orbit inter-
action [67,152,153].
In Fig. 8, we show the 90% credible upper bounds on the

magnitude of the fractional deviations in PN coefficients,
jδφ̂ij, which are affected by both the offsets and widths of
the posterior density functions for the δφ̂i. We show bounds

for GW150914 and GW151226 individually, as well as the
joint upper bounds resulting from the combined posterior
density functions of the two events. Not surprisingly, the
quality of the joint bounds is mainly due to GW151226
because of the larger number of inspiral cycles in the
detectors’ sensitive frequency band. Note how at high PN
order, the combined bounds are slightly looser than the
ones from GW151226 alone; this is because of the large
offsets in the posteriors from GW150914.
Next, we consider the intermediate-regime coefficients

δβ̂i, which pertain to the transition between inspiral and
merger-ringdown. For GW151226, this stage is well inside
the sensitive part of the detectors’ frequency band.
Returning to Fig. 7, we see that the measurements for
GW151226 are of comparable quality to GW150914, and
the combined posteriors improve on the ones from either
detection by itself. Last, we look at the merger-ringdown
parameters δα̂i. For GW150914, this regime corresponded
to frequencies of f ∈ ½130; 300" Hz, while for GW151226,
it occurred at f ≳ 400 Hz. As expected, the posteriors from
GW151226 are not very informative for these parameters,
and the combined posteriors are essentially determined by
those of GW150914.
In summary, GW151226 makes its most important

contribution to the combined posteriors in the PN inspiral
regime, where both offsets and statistical uncertainties have
significantly decreased over the ones from GW150914, in
some cases almost to the 10% level.
An inspiral-merger-ringdown consistency test as per-

formed on GW150914 in Ref. [41] is not meaningful for
GW151226 since very little of the signal is observed in the
post-merger phase. Likewise, the SNR of GW151226 is too
low to allow for an analysis of residuals after subtraction of
the most probable waveform. In Ref. [41], GW150914 was
used to place a lower bound on the graviton Compton
wavelength of 1013 km GW151226 gives a somewhat
weaker bound because of its lower SNR, so combining
information from the two signals does not significantly
improve on this; an updated bound must await further
observations. Finally, BBH observations can be used to test
the consistency of the signal with the two polarizations of
gravitational waves predicted by general relativity [154].
However, as with GW150914, we are unable to test the
polarization content of GW151226 with the two, nearly
aligned aLIGO detectors. Future observations, with an
expanded network, will allow us to look for evidence of
additional polarization content arising from deviations from
general relativity.

VI. BINARY BLACK HOLE MERGER RATES

The observations reported here enable us to constrain the
rate of BBH coalescences in the local Universe more
precisely than was achieved in Ref. [42] because of the
longer duration of data containing a larger number of
detected signals.

FIG. 8. The 90% credible upper bounds on deviations in the PN
coefficients, from GW150914 and GW151226. Also shown are
joint upper bounds from the two detections; the main contributor
is GW151226, which had many more inspiral cycles in band than
GW150914. At 1PN order and higher, the joint bounds are
slightly looser than the ones from GW151226 alone; this is due to
the large offsets in the posteriors for GW150914.

BINARY BLACK HOLE MERGERS IN THE FIRST … PHYS. REV. X 6, 041015 (2016)

041015-17
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on relative deviations on PN 
parameters
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Polarizations

Jackiw & Pi ‘03

Different polarizations can be generated or propagate differently: parity violations (ex. Cherns-
Simons gravity)
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Gravitational−Wave Polarization

Figure 10: The six polarization modes for gravitational waves permitted in any metric theory of
gravity. Shown is the displacement that each mode induces on a ring of test particles. The wave
propagates in the +z direction. There is no displacement out of the plane of the picture. In (a),
(b), and (c), the wave propagates out of the plane; in (d), (e), and (f), the wave propagates in
the plane. In GR, only (a) and (b) are present; in massless scalar-tensor gravity, (c) may also be
present.

(see [297] for detailed derivations and definitions). Note that the scalar and longitudinal pattern
functions are degenerate and thus no array of laser interferometers can measure these two modes
separately.

Some of the details of implementing such polarization observations have been worked out
for arrays of resonant cylindrical, disk-shaped, spherical, and truncated icosahedral detectors
(TEGP 10.2 [388], for recent reviews see [235, 373]). Early work to assess whether the ground-based
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Modified gravity can involve different degrees of freedom: scalar, vectors, extra tensors
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Standard GR: 2 transverse modes (spin-2)
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Modified gravity can involve different degrees of freedom: scalar, vectors, extra tensors
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Source

Modified gravity can change the motion of inspiral objects and thus the production 
mechanism. Affects GW phase (and amplitude)

Abbott et al. ‘18
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FIG. 1. Posterior density functions on deviations of PN coefficients �'̂n obtained using two different waveform models
(PhenomPNRT and SEOBNRT); see the main text for details. The �1PN and 0.5PN corrections correspond to absolute devi-
ations, whereas all others represent fractional deviations from the PN coefficient in GR. The horizontal bars indicate 90%
credible regions.
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FIG. 2. 90% upper bounds on deviations |�'̂n| in the PN co-
efficients following from the posterior density functions shown
in Fig. 1.

evolution parameterized by �p̂n to any frequency domain
waveform model [39]. We conduct independent tests of
GR using inspiral-merger-ringdown models that incorpo-
rate deviations from GR using each of these two prescrip-
tions; by comparing these analyses, we are able to esti-
mate the magnitude of systematic modeling uncertainty
in our results.

The merger and ringdown regimes of binary neutron
stars differ from those of binary black holes, and tidal
effects not present in binary black holes need to be in-
cluded in the description of the inspiral. Significant work
has been done to understand and model the dynamics of
binary neutron stars analytically using the PN approxi-
mation to general relativity [40]. This includes modeling
the non-spinning [30, 31] and spinning radiative/inspiral
dynamics [32–37] as well as finite size effects [41–43] for
binary neutron star systems. Frequency domain wave-
forms based on the stationary phase approximation [44]
have been developed incorporating the abovementioned
effects [45–47] and have been successfully employed for

the data analysis of compact binaries. A combination of
these analytical results with the results from numerical
relativity simulations of binary neutron star mergers (see
[48] for a review) have led to the development of efficient
waveform models which account for tidal effects [49–51].

We employ the NRTidal models introduced in [51, 52]
as the basis of our binary neutron star waveforms: fre-
quency domain waveform models for binary black holes
are converted into waveforms for inspiraling neutron stars
that undergo tidal deformations by adding to the phase
an appropriate expression �T (f) and windowing the am-
plitude such that the merger and ringdown are smoothly
removed from the model; see [52] for details. The closed-
form expression for �T (f) is built by combining PN infor-
mation, the tidal effective-one-body (EOB) model of [49],
and input from numerical relativity (NR). The form of
�T (f) was originally obtained in a setting where the neu-
tron stars were irrotational or had their spins aligned
to the angular momentum. Nevertheless, a waveform
model that includes both tides and precessing spins can
be constructed by first applying �T (f) to an aligned-spin
waveform, and then performing the twisting-up proce-
dure that introduces spin precession [53]. We consider
two waveform models that use this description of tidal
effects.

The first binary neutron star model we consider is con-
structed by applying this procedure to IMRPhenomPv2

waveforms. Following the nomenclature of [19], we refer
to the resulting waveform model as PhenomPNRT. Param-
eterized deformations �p̂n are then introduced as shifts
in parameters describing the phase in precisely the same
way as was done for binary black holes. This will allow
us to naturally combine PDFs for the �p̂n from measure-
ments on binary black holes and binary neutron stars,
arriving at increasingly sharper results in the future. Be-
cause of the unknown merger-ringdown behavior in the
case of binary neutron stars, which in any case gets re-
moved from the waveform model, in practice only devia-
tions �'̂n in the PN parameters 'n can be bounded. The
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Figure 10: The six polarization modes for gravitational waves permitted in any metric theory of
gravity. Shown is the displacement that each mode induces on a ring of test particles. The wave
propagates in the +z direction. There is no displacement out of the plane of the picture. In (a),
(b), and (c), the wave propagates out of the plane; in (d), (e), and (f), the wave propagates in
the plane. In GR, only (a) and (b) are present; in massless scalar-tensor gravity, (c) may also be
present.

(see [297] for detailed derivations and definitions). Note that the scalar and longitudinal pattern
functions are degenerate and thus no array of laser interferometers can measure these two modes
separately.

Some of the details of implementing such polarization observations have been worked out
for arrays of resonant cylindrical, disk-shaped, spherical, and truncated icosahedral detectors
(TEGP 10.2 [388], for recent reviews see [235, 373]). Early work to assess whether the ground-based
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Modified gravity can involve different degrees of freedom: scalar, vectors, extra tensors
Will ‘14

Massive graviton: 2 transverse modes (spin-2) + 2 
longitudinal modes (spin 1) + 1 longitudinal mode 
(spin 0)
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Figure 10: The six polarization modes for gravitational waves permitted in any metric theory of
gravity. Shown is the displacement that each mode induces on a ring of test particles. The wave
propagates in the +z direction. There is no displacement out of the plane of the picture. In (a),
(b), and (c), the wave propagates out of the plane; in (d), (e), and (f), the wave propagates in
the plane. In GR, only (a) and (b) are present; in massless scalar-tensor gravity, (c) may also be
present.

(see [297] for detailed derivations and definitions). Note that the scalar and longitudinal pattern
functions are degenerate and thus no array of laser interferometers can measure these two modes
separately.

Some of the details of implementing such polarization observations have been worked out
for arrays of resonant cylindrical, disk-shaped, spherical, and truncated icosahedral detectors
(TEGP 10.2 [388], for recent reviews see [235, 373]). Early work to assess whether the ground-based
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Modified gravity can involve different degrees of freedom: scalar, vectors, extra tensors
Will ‘14

Scalar-Vector-Tensor: 2 transverse modes (spin-2) 
+ 1 transverse mode (spin 0) + 2 longitudinal 
modes (spin 1) + 1 longitudinal mode (spin 0)
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Figure 10: The six polarization modes for gravitational waves permitted in any metric theory of
gravity. Shown is the displacement that each mode induces on a ring of test particles. The wave
propagates in the +z direction. There is no displacement out of the plane of the picture. In (a),
(b), and (c), the wave propagates out of the plane; in (d), (e), and (f), the wave propagates in
the plane. In GR, only (a) and (b) are present; in massless scalar-tensor gravity, (c) may also be
present.

(see [297] for detailed derivations and definitions). Note that the scalar and longitudinal pattern
functions are degenerate and thus no array of laser interferometers can measure these two modes
separately.

Some of the details of implementing such polarization observations have been worked out
for arrays of resonant cylindrical, disk-shaped, spherical, and truncated icosahedral detectors
(TEGP 10.2 [388], for recent reviews see [235, 373]). Early work to assess whether the ground-based
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Modified gravity can involve different degrees of freedom: scalar, vectors, extra tensors
Will ‘14

6 polarizations + 2 directions = 8 unknowns

Assuming only transverse polarizations and 
known positions = 3 detectors enough

• Signal consistent with the two standard 
longitudinal tensor modes


• No evidence for extra polarizations (in the 
unmixed case) Abbott et al. ’16, ‘18
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Modified gravity spontaneously breaks Lorentz Invariance. Acts like a medium, where 
gravitons are absorbed and dispersed. Effects accumulate on long time-scale.
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H₀ = 10-³³ eV

Mp = 10²⁷ eV 
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Credit: APS/Alan 

Modified gravity spontaneously breaks Lorentz Invariance. Acts like a medium, where 
gravitons are absorbed and dispersed. Effects accumulate on long time-scale.



Gravitational Waves propagation
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Credit: APS/Alan 

Similar to GW damping by neutrinos after or damping and 
modification of the propagation speed by CDM

Weinberg ’03; Flauger & Weinberg ‘18
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Modified gravity spontaneously breaks Lorentz Invariance. Acts like a medium, where 
gravitons are absorbed and dispersed. Effects accumulate on long time-scale.



Frequency independent effects:

damping speed of propagation

µ = µ(↵M , c2T , . . .) , ⌃ = ⌃(↵M , c2T , . . .)
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Modified gravity spontaneously breaks Lorentz Invariance. Acts like a medium, where 
gravitons are absorbed and dispersed. Effects accumulate on long time-scale.



Frequency independent effects:

damping speed of propagation

dgwL 6= demL
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LISA: 

different luminosity distances

GW propagation
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Modified gravity spontaneously breaks Lorentz Invariance. Acts like a medium, where 
gravitons are absorbed and dispersed. Effects accumulate on long time-scale.

• Time variation of G

• Extra-dimensional leakage

• Nonlocal models

• …



Frequency independent effects:

damping speed of propagation

GW propagation
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GW170817: neutron star merger



GW170817: neutron star merger

Efficient localization with three detectors



Multi-messenger observation

The 90% credible intervals(Veitch et al. 2015; Abbott et al.
2017e) for the component masses (in the m m1 2. convention)
are m M1.36, 2.261 Î :( ) and m M0.86, 1.362 Î :( ) , with total
mass M2.82 0.09

0.47
-
+

:, when considering dimensionless spins with

magnitudes up to 0.89 (high-spin prior, hereafter). When the
dimensionless spin prior is restricted to 0.05- (low-spin prior,
hereafter), the measured component masses are m 1.36,1 Î (

M1.60 :) and m M1.17, 1.362 Î :( ) , and the total mass is

Figure 2. Joint, multi-messenger detection of GW170817 and GRB170817A. Top: the summed GBM lightcurve for sodium iodide (NaI) detectors 1, 2, and 5 for
GRB170817A between 10 and 50 keV, matching the 100 ms time bins of the SPI-ACS data. The background estimate from Goldstein et al. (2016) is overlaid in red.
Second: the same as the top panel but in the 50–300 keV energy range. Third: the SPI-ACS lightcurve with the energy range starting approximately at 100 keV and
with a high energy limit of least 80 MeV. Bottom: the time-frequency map of GW170817 was obtained by coherently combining LIGO-Hanford and LIGO-
Livingston data. All times here are referenced to the GW170817 trigger time T0
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• Previous (inderect) limit only on GW slower than light.

• Low energy (                      )

• Over cosmological distances

� . 104 km
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decay dispersion

Thus, we get
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From this, by taking the limit d ! 4� " and expanding at leading order in ", we obtain the divergent
contribution to the e↵ective action in momentum space,
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where �E is the Euler-Mascheroni constant.
This result deserves some remarks. Clearly, after renormalization, the operator of (58) spoils the

Lorentz-invariance of the quadratic action for gravitational waves and modifies the dispersion relation
of �ij :
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Since the momenta relevant for observations are of order ⇤3, this dispersion relation is not compatible
with the recent GW results (see [36, 37] for experimental constraints on GW modified dispersion
relations) unless m̃4 is very small or cs is very close to unity. Notice that the higher derivative
correction cannot be set to zero since it runs logarithmically with the scale µ0. Notice also that the
correction to the propagation of GWs is there even when cs > 1 and the decay of the GW cannot take
place. This is indeed consistent with the fact that the loop in (49) involves the propagation of o↵-shell
⇡’s, hence there is no kinematic restriction to the calculation. Additionally, this result shows that
imposing cT = 1 classically does not prevent higher-derivative Lorentz-breaking terms from appearing
in the dynamics at the quantum level.

We also observe that unitarity of the S-matrix, in the form of the optical theorem, provides a
non-trivial check of our results thus far. Indeed this theorem sets an equality between the imaginary
part of the graviton self-energy (evaluated on-shell) and the decay rate times the energy we computed
in (45). Furthermore, this relation can be expressed diagrammatically as in (60) and remarkably does
not depend on the renormalization procedure one employs.

2

(60)

We can readily show this equality by evaluating the imaginary part of (59) and comparing the
result with �!. Of course the only term contributing to the imaginary part is the logarithm. For
c
2
s < 1 the argument of the logarithm is negative so we have
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Conversely for c2s > 1 the argument of the logarithm is positive and as expected we find no imaginary
part, in agreement with (45) where in this case the result is zero.

The experimental constraints on the imaginary and real part of the dispersion relations are similar
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From this, by taking the limit d ! 4� " and expanding at leading order in ", we obtain the divergent
contribution to the e↵ective action in momentum space,
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where �E is the Euler-Mascheroni constant.
This result deserves some remarks. Clearly, after renormalization, the operator of (58) spoils the

Lorentz-invariance of the quadratic action for gravitational waves and modifies the dispersion relation
of �ij :
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Since the momenta relevant for observations are of order ⇤3, this dispersion relation is not compatible
with the recent GW results (see [36, 37] for experimental constraints on GW modified dispersion
relations) unless m̃4 is very small or cs is very close to unity. Notice that the higher derivative
correction cannot be set to zero since it runs logarithmically with the scale µ0. Notice also that the
correction to the propagation of GWs is there even when cs > 1 and the decay of the GW cannot take
place. This is indeed consistent with the fact that the loop in (49) involves the propagation of o↵-shell
⇡’s, hence there is no kinematic restriction to the calculation. Additionally, this result shows that
imposing cT = 1 classically does not prevent higher-derivative Lorentz-breaking terms from appearing
in the dynamics at the quantum level.

We also observe that unitarity of the S-matrix, in the form of the optical theorem, provides a
non-trivial check of our results thus far. Indeed this theorem sets an equality between the imaginary
part of the graviton self-energy (evaluated on-shell) and the decay rate times the energy we computed
in (45). Furthermore, this relation can be expressed diagrammatically as in (60) and remarkably does
not depend on the renormalization procedure one employs.

2

(60)

We can readily show this equality by evaluating the imaginary part of (59) and comparing the
result with �!. Of course the only term contributing to the imaginary part is the logarithm. For
c
2
s < 1 the argument of the logarithm is negative so we have
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Conversely for c2s > 1 the argument of the logarithm is positive and as expected we find no imaginary
part, in agreement with (45) where in this case the result is zero.

The experimental constraints on the imaginary and real part of the dispersion relations are similar
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Frequency dependent effects:

GW propagation

Similar to a refractive material

Related by optical theorem:

Similar to Cherenkov radiation

Creminelli, Lewandowski, Tambalo, FV ‘18

Modified gravity spontaneously breaks Lorentz Invariance. Acts like a medium, where 
gravitons are absorbed and dispersed. Effects accumulate on long time-scale.



�̈ij + [(3 + ↵M)H + �(k)] �̇ij +
⇥
c
2
T k

2 + f(k)
⇤
�ij = 0

<latexit sha1_base64="7WmHZwJKGnlvadjdwUNesTuuGLA="></latexit><latexit sha1_base64="7WmHZwJKGnlvadjdwUNesTuuGLA="></latexit><latexit sha1_base64="7WmHZwJKGnlvadjdwUNesTuuGLA="></latexit><latexit sha1_base64="7WmHZwJKGnlvadjdwUNesTuuGLA="></latexit>

decay dispersion

Thus, we get
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From this, by taking the limit d ! 4� " and expanding at leading order in ", we obtain the divergent
contribution to the e↵ective action in momentum space,
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where �E is the Euler-Mascheroni constant.
This result deserves some remarks. Clearly, after renormalization, the operator of (58) spoils the

Lorentz-invariance of the quadratic action for gravitational waves and modifies the dispersion relation
of �ij :
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Since the momenta relevant for observations are of order ⇤3, this dispersion relation is not compatible
with the recent GW results (see [36, 37] for experimental constraints on GW modified dispersion
relations) unless m̃4 is very small or cs is very close to unity. Notice that the higher derivative
correction cannot be set to zero since it runs logarithmically with the scale µ0. Notice also that the
correction to the propagation of GWs is there even when cs > 1 and the decay of the GW cannot take
place. This is indeed consistent with the fact that the loop in (49) involves the propagation of o↵-shell
⇡’s, hence there is no kinematic restriction to the calculation. Additionally, this result shows that
imposing cT = 1 classically does not prevent higher-derivative Lorentz-breaking terms from appearing
in the dynamics at the quantum level.

We also observe that unitarity of the S-matrix, in the form of the optical theorem, provides a
non-trivial check of our results thus far. Indeed this theorem sets an equality between the imaginary
part of the graviton self-energy (evaluated on-shell) and the decay rate times the energy we computed
in (45). Furthermore, this relation can be expressed diagrammatically as in (60) and remarkably does
not depend on the renormalization procedure one employs.

2

(60)

We can readily show this equality by evaluating the imaginary part of (59) and comparing the
result with �!. Of course the only term contributing to the imaginary part is the logarithm. For
c
2
s < 1 the argument of the logarithm is negative so we have
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Conversely for c2s > 1 the argument of the logarithm is positive and as expected we find no imaginary
part, in agreement with (45) where in this case the result is zero.

The experimental constraints on the imaginary and real part of the dispersion relations are similar
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Thus, we get
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From this, by taking the limit d ! 4� " and expanding at leading order in ", we obtain the divergent
contribution to the e↵ective action in momentum space,
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where �E is the Euler-Mascheroni constant.
This result deserves some remarks. Clearly, after renormalization, the operator of (58) spoils the

Lorentz-invariance of the quadratic action for gravitational waves and modifies the dispersion relation
of �ij :
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Since the momenta relevant for observations are of order ⇤3, this dispersion relation is not compatible
with the recent GW results (see [36, 37] for experimental constraints on GW modified dispersion
relations) unless m̃4 is very small or cs is very close to unity. Notice that the higher derivative
correction cannot be set to zero since it runs logarithmically with the scale µ0. Notice also that the
correction to the propagation of GWs is there even when cs > 1 and the decay of the GW cannot take
place. This is indeed consistent with the fact that the loop in (49) involves the propagation of o↵-shell
⇡’s, hence there is no kinematic restriction to the calculation. Additionally, this result shows that
imposing cT = 1 classically does not prevent higher-derivative Lorentz-breaking terms from appearing
in the dynamics at the quantum level.

We also observe that unitarity of the S-matrix, in the form of the optical theorem, provides a
non-trivial check of our results thus far. Indeed this theorem sets an equality between the imaginary
part of the graviton self-energy (evaluated on-shell) and the decay rate times the energy we computed
in (45). Furthermore, this relation can be expressed diagrammatically as in (60) and remarkably does
not depend on the renormalization procedure one employs.

2

(60)

We can readily show this equality by evaluating the imaginary part of (59) and comparing the
result with �!. Of course the only term contributing to the imaginary part is the logarithm. For
c
2
s < 1 the argument of the logarithm is negative so we have
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Conversely for c2s > 1 the argument of the logarithm is positive and as expected we find no imaginary
part, in agreement with (45) where in this case the result is zero.

The experimental constraints on the imaginary and real part of the dispersion relations are similar
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GW propagation

Similar to a refractive material
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See e.g.  Yunes, Yagi, Pretorius ’16;  Abbott et al. ‘17

Creminelli, Lewandowski, Tambalo, FV ‘18

Similar to Cherenkov radiation

Frequency dependent effects:

Modified gravity spontaneously breaks Lorentz Invariance. Acts like a medium, where 
gravitons are absorbed and dispersed. Effects accumulate on long time-scale.
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decay dispersion

Thus, we get
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From this, by taking the limit d ! 4� " and expanding at leading order in ", we obtain the divergent
contribution to the e↵ective action in momentum space,
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where �E is the Euler-Mascheroni constant.
This result deserves some remarks. Clearly, after renormalization, the operator of (58) spoils the

Lorentz-invariance of the quadratic action for gravitational waves and modifies the dispersion relation
of �ij :
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Since the momenta relevant for observations are of order ⇤3, this dispersion relation is not compatible
with the recent GW results (see [36, 37] for experimental constraints on GW modified dispersion
relations) unless m̃4 is very small or cs is very close to unity. Notice that the higher derivative
correction cannot be set to zero since it runs logarithmically with the scale µ0. Notice also that the
correction to the propagation of GWs is there even when cs > 1 and the decay of the GW cannot take
place. This is indeed consistent with the fact that the loop in (49) involves the propagation of o↵-shell
⇡’s, hence there is no kinematic restriction to the calculation. Additionally, this result shows that
imposing cT = 1 classically does not prevent higher-derivative Lorentz-breaking terms from appearing
in the dynamics at the quantum level.

We also observe that unitarity of the S-matrix, in the form of the optical theorem, provides a
non-trivial check of our results thus far. Indeed this theorem sets an equality between the imaginary
part of the graviton self-energy (evaluated on-shell) and the decay rate times the energy we computed
in (45). Furthermore, this relation can be expressed diagrammatically as in (60) and remarkably does
not depend on the renormalization procedure one employs.

2

(60)

We can readily show this equality by evaluating the imaginary part of (59) and comparing the
result with �!. Of course the only term contributing to the imaginary part is the logarithm. For
c
2
s < 1 the argument of the logarithm is negative so we have
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Conversely for c2s > 1 the argument of the logarithm is positive and as expected we find no imaginary
part, in agreement with (45) where in this case the result is zero.

The experimental constraints on the imaginary and real part of the dispersion relations are similar
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Thus, we get
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From this, by taking the limit d ! 4� " and expanding at leading order in ", we obtain the divergent
contribution to the e↵ective action in momentum space,
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where �E is the Euler-Mascheroni constant.
This result deserves some remarks. Clearly, after renormalization, the operator of (58) spoils the

Lorentz-invariance of the quadratic action for gravitational waves and modifies the dispersion relation
of �ij :
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Since the momenta relevant for observations are of order ⇤3, this dispersion relation is not compatible
with the recent GW results (see [36, 37] for experimental constraints on GW modified dispersion
relations) unless m̃4 is very small or cs is very close to unity. Notice that the higher derivative
correction cannot be set to zero since it runs logarithmically with the scale µ0. Notice also that the
correction to the propagation of GWs is there even when cs > 1 and the decay of the GW cannot take
place. This is indeed consistent with the fact that the loop in (49) involves the propagation of o↵-shell
⇡’s, hence there is no kinematic restriction to the calculation. Additionally, this result shows that
imposing cT = 1 classically does not prevent higher-derivative Lorentz-breaking terms from appearing
in the dynamics at the quantum level.

We also observe that unitarity of the S-matrix, in the form of the optical theorem, provides a
non-trivial check of our results thus far. Indeed this theorem sets an equality between the imaginary
part of the graviton self-energy (evaluated on-shell) and the decay rate times the energy we computed
in (45). Furthermore, this relation can be expressed diagrammatically as in (60) and remarkably does
not depend on the renormalization procedure one employs.

2

(60)

We can readily show this equality by evaluating the imaginary part of (59) and comparing the
result with �!. Of course the only term contributing to the imaginary part is the logarithm. For
c
2
s < 1 the argument of the logarithm is negative so we have
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Conversely for c2s > 1 the argument of the logarithm is positive and as expected we find no imaginary
part, in agreement with (45) where in this case the result is zero.

The experimental constraints on the imaginary and real part of the dispersion relations are similar
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GW propagation

Similar to a refractive material

See e.g.  Yunes, Yagi, Pretorius ’16;  Abbott et al. ‘17

Simplest case: f(k) ⌘ m2
� , m2
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Creminelli, Lewandowski, Tambalo, FV ‘18

Similar to Cherenkov radiation

Frequency dependent effects:
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Modified gravity spontaneously breaks Lorentz Invariance. Acts like a medium, where 
gravitons are absorbed and dispersed. Effects accumulate on long time-scale.
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Figure 2.1. This diagram illustrates how Lovelock’s theorem serves as a guide to classify modified
theories of gravity. Each of the yellow boxes connected to the circle represents a class of modified
theories of gravity that arises from violating one of the assumptions underlying the theorem. A theory
can, in general, belong to multiple classes. See Table 1 for a more precise classification.

2. Extensions of general relativity: motivation and overview

2.1. A compass to navigate the modified-gravity atlas

There are countless inequivalent ways to modify GR, many of them leading to theories
that can be designed to agree with current observations. Cosmological observations
and fundamental physics considerations suggest that GR must be modified at very
low and/or very high energies. Experimental searches for beyond-GR physics are a
particularly active and well motivated area of research, so it is natural to look for a
guiding principle: if we were to find experimental hints of modifications of GR, which
of the assumptions underlying Einstein’s theory should be abandoned?

Such a guiding principle can be found by examining the building blocks of
Einstein’s theory. Lovelock’s theorem [191, 192] (the generalization of a theorem
due to Cartan [193]) is particularly useful in this context. In simple terms, the theorem
states that GR emerges as the unique theory of gravity under specific assumptions.
More precisely, it can be articulated as follows:

In four spacetime dimensions the only divergence-free symmetric rank-2
tensor constructed solely from the metric gµ⌫ and its derivatives up to second
differential order, and preserving diffeomorphism invariance, is the Einstein
tensor plus a cosmological term.
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anomalous light bending
 6= �

<latexit sha1_base64="d8xvQ9yggDqrTsMCAr33/LPgxzo=">AAAB7nicdVDLSgMxFL1TX7U+OurSTbAIrkpSxLa4KbhxOYJ9QKeUTJq2oZmHSUYopb/hRsSNgp/iL/g3Ztq6qOiBwOGcE+49N0ik0AbjLye3sbm1vZPfLeztHxwW3aPjlo5TxXiTxTJWnYBqLkXEm0YYyTuJ4jQMJG8Hk5vMbz9ypUUc3ZtpwnshHUViKBg1Vuq7Rd/TAvkRf0C+Nxao75ZwGWNMCEEZIdUrbEm9XquQGiKZZVGCFby+++kPYpaGPDJMUq27BCemN6PKCCb5vOCnmieUTeiIzxbrztG5lQZoGCv7IoMW6lqOhlpPw8AmQ2rG+reXiX953dQMa72ZiJLU8IgtBw1TiUyMsu5oIBRnRk4toUwJuyFiY6ooM/ZCBVv9px/6n7QqZYLL5O6y1LheHSEPp3AGF0CgCg24BQ+awCCFZ3iDdydxnpwX53UZzTmrPyewBufjG3x5jiA=</latexit><latexit sha1_base64="d8xvQ9yggDqrTsMCAr33/LPgxzo=">AAAB7nicdVDLSgMxFL1TX7U+OurSTbAIrkpSxLa4KbhxOYJ9QKeUTJq2oZmHSUYopb/hRsSNgp/iL/g3Ztq6qOiBwOGcE+49N0ik0AbjLye3sbm1vZPfLeztHxwW3aPjlo5TxXiTxTJWnYBqLkXEm0YYyTuJ4jQMJG8Hk5vMbz9ypUUc3ZtpwnshHUViKBg1Vuq7Rd/TAvkRf0C+Nxao75ZwGWNMCEEZIdUrbEm9XquQGiKZZVGCFby+++kPYpaGPDJMUq27BCemN6PKCCb5vOCnmieUTeiIzxbrztG5lQZoGCv7IoMW6lqOhlpPw8AmQ2rG+reXiX953dQMa72ZiJLU8IgtBw1TiUyMsu5oIBRnRk4toUwJuyFiY6ooM/ZCBVv9px/6n7QqZYLL5O6y1LheHSEPp3AGF0CgCg24BQ+awCCFZ3iDdydxnpwX53UZzTmrPyewBufjG3x5jiA=</latexit><latexit sha1_base64="d8xvQ9yggDqrTsMCAr33/LPgxzo=">AAAB7nicdVDLSgMxFL1TX7U+OurSTbAIrkpSxLa4KbhxOYJ9QKeUTJq2oZmHSUYopb/hRsSNgp/iL/g3Ztq6qOiBwOGcE+49N0ik0AbjLye3sbm1vZPfLeztHxwW3aPjlo5TxXiTxTJWnYBqLkXEm0YYyTuJ4jQMJG8Hk5vMbz9ypUUc3ZtpwnshHUViKBg1Vuq7Rd/TAvkRf0C+Nxao75ZwGWNMCEEZIdUrbEm9XquQGiKZZVGCFby+++kPYpaGPDJMUq27BCemN6PKCCb5vOCnmieUTeiIzxbrztG5lQZoGCv7IoMW6lqOhlpPw8AmQ2rG+reXiX953dQMa72ZiJLU8IgtBw1TiUyMsu5oIBRnRk4toUwJuyFiY6ooM/ZCBVv9px/6n7QqZYLL5O6y1LheHSEPp3AGF0CgCg24BQ+awCCFZ3iDdydxnpwX53UZzTmrPyewBufjG3x5jiA=</latexit><latexit sha1_base64="d8xvQ9yggDqrTsMCAr33/LPgxzo=">AAAB7nicdVDLSgMxFL1TX7U+OurSTbAIrkpSxLa4KbhxOYJ9QKeUTJq2oZmHSUYopb/hRsSNgp/iL/g3Ztq6qOiBwOGcE+49N0ik0AbjLye3sbm1vZPfLeztHxwW3aPjlo5TxXiTxTJWnYBqLkXEm0YYyTuJ4jQMJG8Hk5vMbz9ypUUc3ZtpwnshHUViKBg1Vuq7Rd/TAvkRf0C+Nxao75ZwGWNMCEEZIdUrbEm9XquQGiKZZVGCFby+++kPYpaGPDJMUq27BCemN6PKCCb5vOCnmieUTeiIzxbrztG5lQZoGCv7IoMW6lqOhlpPw8AmQ2rG+reXiX953dQMa72ZiJLU8IgtBw1TiUyMsu5oIBRnRk4toUwJuyFiY6ooM/ZCBVv9px/6n7QqZYLL5O6y1LheHSEPp3AGF0CgCg24BQ+awCCFZ3iDdydxnpwX53UZzTmrPyewBufjG3x5jiA=</latexit>

fifth force

↵2Gm1m2

r2
<latexit sha1_base64="NlEGyDxLr3aPnuuewAWVUHO7SXg=">AAAB/nicdVDLSgMxFM3UV62vUZcuDBbBVUkGsS1uCi50WcE+oNOWTJppQzMPkoxQhoIbf8WNiBsFP8Ff8G/MtHVR0QMXDueckHuPFwuuNEJfVm5ldW19I79Z2Nre2d2z9w+aKkokZQ0aiUi2PaKY4CFraK4Fa8eSkcATrOWNrzK/dc+k4lF4pycx6wZkGHKfU6KN1LePXSLiEek50PUloSm8hkEfm3Gmqew5075dRCWEEMYYZgSXL5Ah1WrFwRWIM8ugCBao9+1PdxDRJGChpoIo1cEo1t2USM2pYNOCmygWEzomQ5bO1p/CUyMNoB9JM6GGM3UpRwKlJoFnkgHRI/Xby8S/vE6i/Uo35WGcaBbS+Ud+IqCOYNYFHHDJqBYTQwiV3GwI6YiYGrRprGBO/7kP/k+aTgmjEr49L9YuFyXkwRE4AWcAgzKogRtQBw1AwSN4Bm/g3XqwnqwX63UezVmLN4dgCdbHN46xlFk=</latexit><latexit sha1_base64="NlEGyDxLr3aPnuuewAWVUHO7SXg=">AAAB/nicdVDLSgMxFM3UV62vUZcuDBbBVUkGsS1uCi50WcE+oNOWTJppQzMPkoxQhoIbf8WNiBsFP8Ff8G/MtHVR0QMXDueckHuPFwuuNEJfVm5ldW19I79Z2Nre2d2z9w+aKkokZQ0aiUi2PaKY4CFraK4Fa8eSkcATrOWNrzK/dc+k4lF4pycx6wZkGHKfU6KN1LePXSLiEek50PUloSm8hkEfm3Gmqew5075dRCWEEMYYZgSXL5Ah1WrFwRWIM8ugCBao9+1PdxDRJGChpoIo1cEo1t2USM2pYNOCmygWEzomQ5bO1p/CUyMNoB9JM6GGM3UpRwKlJoFnkgHRI/Xby8S/vE6i/Uo35WGcaBbS+Ud+IqCOYNYFHHDJqBYTQwiV3GwI6YiYGrRprGBO/7kP/k+aTgmjEr49L9YuFyXkwRE4AWcAgzKogRtQBw1AwSN4Bm/g3XqwnqwX63UezVmLN4dgCdbHN46xlFk=</latexit><latexit sha1_base64="NlEGyDxLr3aPnuuewAWVUHO7SXg=">AAAB/nicdVDLSgMxFM3UV62vUZcuDBbBVUkGsS1uCi50WcE+oNOWTJppQzMPkoxQhoIbf8WNiBsFP8Ff8G/MtHVR0QMXDueckHuPFwuuNEJfVm5ldW19I79Z2Nre2d2z9w+aKkokZQ0aiUi2PaKY4CFraK4Fa8eSkcATrOWNrzK/dc+k4lF4pycx6wZkGHKfU6KN1LePXSLiEek50PUloSm8hkEfm3Gmqew5075dRCWEEMYYZgSXL5Ah1WrFwRWIM8ugCBao9+1PdxDRJGChpoIo1cEo1t2USM2pYNOCmygWEzomQ5bO1p/CUyMNoB9JM6GGM3UpRwKlJoFnkgHRI/Xby8S/vE6i/Uo35WGcaBbS+Ud+IqCOYNYFHHDJqBYTQwiV3GwI6YiYGrRprGBO/7kP/k+aTgmjEr49L9YuFyXkwRE4AWcAgzKogRtQBw1AwSN4Bm/g3XqwnqwX63UezVmLN4dgCdbHN46xlFk=</latexit><latexit sha1_base64="NlEGyDxLr3aPnuuewAWVUHO7SXg=">AAAB/nicdVDLSgMxFM3UV62vUZcuDBbBVUkGsS1uCi50WcE+oNOWTJppQzMPkoxQhoIbf8WNiBsFP8Ff8G/MtHVR0QMXDueckHuPFwuuNEJfVm5ldW19I79Z2Nre2d2z9w+aKkokZQ0aiUi2PaKY4CFraK4Fa8eSkcATrOWNrzK/dc+k4lF4pycx6wZkGHKfU6KN1LePXSLiEek50PUloSm8hkEfm3Gmqew5075dRCWEEMYYZgSXL5Ah1WrFwRWIM8ugCBao9+1PdxDRJGChpoIo1cEo1t2USM2pYNOCmygWEzomQ5bO1p/CUyMNoB9JM6GGM3UpRwKlJoFnkgHRI/Xby8S/vE6i/Uo35WGcaBbS+Ud+IqCOYNYFHHDJqBYTQwiV3GwI6YiYGrRprGBO/7kP/k+aTgmjEr49L9YuFyXkwRE4AWcAgzKogRtQBw1AwSN4Bm/g3XqwnqwX63UezVmLN4dgCdbHN46xlFk=</latexit>

Gm1m2

r2
<latexit sha1_base64="+WPrM9icrJuUQfyfOx262blmA9c=">AAAB9XicbVDJSgNBFHzjGuM2Knjx0hgET2EmCApeAh70GMEskMShp9OTNOlZ6H6jhHE+xYuIFwV/w1/wb+wslyQWPCiqqun3yk+k0Og4v9bK6tr6xmZhq7i9s7u3bx8cNnScKsbrLJaxavlUcykiXkeBkrcSxWnoS970hzdjv/nElRZx9ICjhHdD2o9EIBhFI3n2cSdQlGXkloSea6aSZ+qxknt2ySk7E5Bl4s5ICWaoefZPpxezNOQRMkm1brtOgt2MKhRM8rzYSTVPKBvSPs8mW+fkzEg9EsTKTIRkos7laKj1KPRNMqQ40IveWPzPa6cYXHUzESUp8ohNPwpSSTAm4wpITyjOUI4MoUwJsyFhA2pqQFNU0ZzuLh66TBqVsuuU3fuLUvV6VkIBTuAUzsGFS6jCHdSgDgxe4A0+4ct6tl6td+tjGl2xZm+OYA7W9x8a6pC3</latexit><latexit sha1_base64="+WPrM9icrJuUQfyfOx262blmA9c=">AAAB9XicbVDJSgNBFHzjGuM2Knjx0hgET2EmCApeAh70GMEskMShp9OTNOlZ6H6jhHE+xYuIFwV/w1/wb+wslyQWPCiqqun3yk+k0Og4v9bK6tr6xmZhq7i9s7u3bx8cNnScKsbrLJaxavlUcykiXkeBkrcSxWnoS970hzdjv/nElRZx9ICjhHdD2o9EIBhFI3n2cSdQlGXkloSea6aSZ+qxknt2ySk7E5Bl4s5ICWaoefZPpxezNOQRMkm1brtOgt2MKhRM8rzYSTVPKBvSPs8mW+fkzEg9EsTKTIRkos7laKj1KPRNMqQ40IveWPzPa6cYXHUzESUp8ohNPwpSSTAm4wpITyjOUI4MoUwJsyFhA2pqQFNU0ZzuLh66TBqVsuuU3fuLUvV6VkIBTuAUzsGFS6jCHdSgDgxe4A0+4ct6tl6td+tjGl2xZm+OYA7W9x8a6pC3</latexit><latexit sha1_base64="+WPrM9icrJuUQfyfOx262blmA9c=">AAAB9XicbVDJSgNBFHzjGuM2Knjx0hgET2EmCApeAh70GMEskMShp9OTNOlZ6H6jhHE+xYuIFwV/w1/wb+wslyQWPCiqqun3yk+k0Og4v9bK6tr6xmZhq7i9s7u3bx8cNnScKsbrLJaxavlUcykiXkeBkrcSxWnoS970hzdjv/nElRZx9ICjhHdD2o9EIBhFI3n2cSdQlGXkloSea6aSZ+qxknt2ySk7E5Bl4s5ICWaoefZPpxezNOQRMkm1brtOgt2MKhRM8rzYSTVPKBvSPs8mW+fkzEg9EsTKTIRkos7laKj1KPRNMqQ40IveWPzPa6cYXHUzESUp8ohNPwpSSTAm4wpITyjOUI4MoUwJsyFhA2pqQFNU0ZzuLh66TBqVsuuU3fuLUvV6VkIBTuAUzsGFS6jCHdSgDgxe4A0+4ct6tl6td+tjGl2xZm+OYA7W9x8a6pC3</latexit><latexit sha1_base64="+WPrM9icrJuUQfyfOx262blmA9c=">AAAB9XicbVDJSgNBFHzjGuM2Knjx0hgET2EmCApeAh70GMEskMShp9OTNOlZ6H6jhHE+xYuIFwV/w1/wb+wslyQWPCiqqun3yk+k0Og4v9bK6tr6xmZhq7i9s7u3bx8cNnScKsbrLJaxavlUcykiXkeBkrcSxWnoS970hzdjv/nElRZx9ICjhHdD2o9EIBhFI3n2cSdQlGXkloSea6aSZ+qxknt2ySk7E5Bl4s5ICWaoefZPpxezNOQRMkm1brtOgt2MKhRM8rzYSTVPKBvSPs8mW+fkzEg9EsTKTIRkos7laKj1KPRNMqQ40IveWPzPa6cYXHUzESUp8ohNPwpSSTAm4wpITyjOUI4MoUwJsyFhA2pqQFNU0ZzuLh66TBqVsuuU3fuLUvV6VkIBTuAUzsGFS6jCHdSgDgxe4A0+4ct6tl6td+tjGl2xZm+OYA7W9x8a6pC3</latexit>

Modified gravity



Screening

Ex: ⇤ ⌘ gµ⌫rµr⌫
<latexit sha1_base64="AeKjmbKR7KA5cDOCtnvcvXp8cTc=">AAACDXicbVDNSgMxGMzWv1r/Vj16CRbBU90VQcVL0YvHCq4tdOuSTbNtaDa75qdYlr6DF1/Fi+JJ0Vfwbcy2RWjrBwmTmQnJTJgyKpXj/FiFhcWl5ZXiamltfWNzy97euZOJFph4OGGJaIRIEkY58RRVjDRSQVAcMlIPe1e5Xu8TIWnCb9UgJa0YdTiNKEbKUIF95F8mj9AnD5r2Yec+82MNfa6HZkMhQ0F+/sNcw8AuOxVnNHAeuBNQBpOpBfa3306wjglXmCEpm66TqlaGhKKYkWHJ15KkCPdQh2SjOEN4YKg2jBJhFldwxE75UCzlIA6NM0aqK2e1nPxPa2oVnbUyylOtCMfjhyLNoEpg3g1sU0GwYgMDEBbU/BDiLhIIK9NgyUR3Z4POA++4cl5xb07K1YtJB0WwB/bBIXDBKaiCa1ADHsDgGbyCD/BpPVkv1pv1PrYWrMmdXTA11tcvcK+bDQ==</latexit><latexit sha1_base64="AeKjmbKR7KA5cDOCtnvcvXp8cTc=">AAACDXicbVDNSgMxGMzWv1r/Vj16CRbBU90VQcVL0YvHCq4tdOuSTbNtaDa75qdYlr6DF1/Fi+JJ0Vfwbcy2RWjrBwmTmQnJTJgyKpXj/FiFhcWl5ZXiamltfWNzy97euZOJFph4OGGJaIRIEkY58RRVjDRSQVAcMlIPe1e5Xu8TIWnCb9UgJa0YdTiNKEbKUIF95F8mj9AnD5r2Yec+82MNfa6HZkMhQ0F+/sNcw8AuOxVnNHAeuBNQBpOpBfa3306wjglXmCEpm66TqlaGhKKYkWHJ15KkCPdQh2SjOEN4YKg2jBJhFldwxE75UCzlIA6NM0aqK2e1nPxPa2oVnbUyylOtCMfjhyLNoEpg3g1sU0GwYgMDEBbU/BDiLhIIK9NgyUR3Z4POA++4cl5xb07K1YtJB0WwB/bBIXDBKaiCa1ADHsDgGbyCD/BpPVkv1pv1PrYWrMmdXTA11tcvcK+bDQ==</latexit><latexit sha1_base64="AeKjmbKR7KA5cDOCtnvcvXp8cTc=">AAACDXicbVDNSgMxGMzWv1r/Vj16CRbBU90VQcVL0YvHCq4tdOuSTbNtaDa75qdYlr6DF1/Fi+JJ0Vfwbcy2RWjrBwmTmQnJTJgyKpXj/FiFhcWl5ZXiamltfWNzy97euZOJFph4OGGJaIRIEkY58RRVjDRSQVAcMlIPe1e5Xu8TIWnCb9UgJa0YdTiNKEbKUIF95F8mj9AnD5r2Yec+82MNfa6HZkMhQ0F+/sNcw8AuOxVnNHAeuBNQBpOpBfa3306wjglXmCEpm66TqlaGhKKYkWHJ15KkCPdQh2SjOEN4YKg2jBJhFldwxE75UCzlIA6NM0aqK2e1nPxPa2oVnbUyylOtCMfjhyLNoEpg3g1sU0GwYgMDEBbU/BDiLhIIK9NgyUR3Z4POA++4cl5xb07K1YtJB0WwB/bBIXDBKaiCa1ADHsDgGbyCD/BpPVkv1pv1PrYWrMmdXTA11tcvcK+bDQ==</latexit><latexit sha1_base64="AeKjmbKR7KA5cDOCtnvcvXp8cTc=">AAACDXicbVDNSgMxGMzWv1r/Vj16CRbBU90VQcVL0YvHCq4tdOuSTbNtaDa75qdYlr6DF1/Fi+JJ0Vfwbcy2RWjrBwmTmQnJTJgyKpXj/FiFhcWl5ZXiamltfWNzy97euZOJFph4OGGJaIRIEkY58RRVjDRSQVAcMlIPe1e5Xu8TIWnCb9UgJa0YdTiNKEbKUIF95F8mj9AnD5r2Yec+82MNfa6HZkMhQ0F+/sNcw8AuOxVnNHAeuBNQBpOpBfa3306wjglXmCEpm66TqlaGhKKYkWHJ15KkCPdQh2SjOEN4YKg2jBJhFldwxE75UCzlIA6NM0aqK2e1nPxPa2oVnbUyylOtCMfjhyLNoEpg3g1sU0GwYgMDEBbU/BDiLhIIK9NgyUR3Z4POA++4cl5xb07K1YtJB0WwB/bBIXDBKaiCa1ADHsDgGbyCD/BpPVkv1pv1PrYWrMmdXTA11tcvcK+bDQ==</latexit>

Vainshtein screening: large classical scalar field nonlinearities
⇤�

⇤3
3

� 1

   Simplest models of modified gravity are base on single scalar field (universal coupling)
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km
<latexit sha1_base64="LNeHMB0T13o9qT06XftI21U+UB4=">AAAB5nicbVDLSgMxFL3js9ZX1aWbYBFclRkRFNwU3LisYB/SlpJJM21okhmSO2IZ+gtuRNwo+Dn+gn9j2s6mrQcCh3NOuPfcMJHCou//emvrG5tb24Wd4u7e/sFh6ei4YePUMF5nsYxNK6SWS6F5HQVK3koMpyqUvBmO7qZ+85kbK2L9iOOEdxUdaBEJRtFJTx3kL5iN1KRXKvsVfwaySoKclCFHrVf66fRjliqukUlqbTvwE+xm1KBgkk+KndTyhLIRHfBstuaEnDupT6LYuKeRzNSFHFXWjlXokori0C57U/E/r51idNPNhE5S5JrNB0WpJBiTaWfSF4YzlGNHKDPCbUjYkBrK0F2m6KoHy0VXSeOyEviV4OGqXL3Nj1CAUziDCwjgGqpwDzWoAwMFb/AJX97Qe/XevY95dM3L/5zAArzvPzCKjGk=</latexit><latexit sha1_base64="LNeHMB0T13o9qT06XftI21U+UB4=">AAAB5nicbVDLSgMxFL3js9ZX1aWbYBFclRkRFNwU3LisYB/SlpJJM21okhmSO2IZ+gtuRNwo+Dn+gn9j2s6mrQcCh3NOuPfcMJHCou//emvrG5tb24Wd4u7e/sFh6ei4YePUMF5nsYxNK6SWS6F5HQVK3koMpyqUvBmO7qZ+85kbK2L9iOOEdxUdaBEJRtFJTx3kL5iN1KRXKvsVfwaySoKclCFHrVf66fRjliqukUlqbTvwE+xm1KBgkk+KndTyhLIRHfBstuaEnDupT6LYuKeRzNSFHFXWjlXokori0C57U/E/r51idNPNhE5S5JrNB0WpJBiTaWfSF4YzlGNHKDPCbUjYkBrK0F2m6KoHy0VXSeOyEviV4OGqXL3Nj1CAUziDCwjgGqpwDzWoAwMFb/AJX97Qe/XevY95dM3L/5zAArzvPzCKjGk=</latexit><latexit sha1_base64="LNeHMB0T13o9qT06XftI21U+UB4=">AAAB5nicbVDLSgMxFL3js9ZX1aWbYBFclRkRFNwU3LisYB/SlpJJM21okhmSO2IZ+gtuRNwo+Dn+gn9j2s6mrQcCh3NOuPfcMJHCou//emvrG5tb24Wd4u7e/sFh6ei4YePUMF5nsYxNK6SWS6F5HQVK3koMpyqUvBmO7qZ+85kbK2L9iOOEdxUdaBEJRtFJTx3kL5iN1KRXKvsVfwaySoKclCFHrVf66fRjliqukUlqbTvwE+xm1KBgkk+KndTyhLIRHfBstuaEnDupT6LYuKeRzNSFHFXWjlXokori0C57U/E/r51idNPNhE5S5JrNB0WpJBiTaWfSF4YzlGNHKDPCbUjYkBrK0F2m6KoHy0VXSeOyEviV4OGqXL3Nj1CAUziDCwjgGqpwDzWoAwMFb/AJX97Qe/XevY95dM3L/5zAArzvPzCKjGk=</latexit><latexit sha1_base64="LNeHMB0T13o9qT06XftI21U+UB4=">AAAB5nicbVDLSgMxFL3js9ZX1aWbYBFclRkRFNwU3LisYB/SlpJJM21okhmSO2IZ+gtuRNwo+Dn+gn9j2s6mrQcCh3NOuPfcMJHCou//emvrG5tb24Wd4u7e/sFh6ei4YePUMF5nsYxNK6SWS6F5HQVK3koMpyqUvBmO7qZ+85kbK2L9iOOEdxUdaBEJRtFJTx3kL5iN1KRXKvsVfwaySoKclCFHrVf66fRjliqukUlqbTvwE+xm1KBgkk+KndTyhLIRHfBstuaEnDupT6LYuKeRzNSFHFXWjlXokori0C57U/E/r51idNPNhE5S5JrNB0WpJBiTaWfSF4YzlGNHKDPCbUjYkBrK0F2m6KoHy0VXSeOyEviV4OGqXL3Nj1CAUziDCwjgGqpwDzWoAwMFb/AJX97Qe/XevY95dM3L/5zAArzvPzCKjGk=</latexit>
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3
<latexit sha1_base64="3PhT4ofI2DlQuofreMfIwXMFf9s=">AAAB63icbVDJSgNBFHwTtxi3qEcvjUHwYphRQcFLwIsHDxHMAtno6elJmvQsdL8RwjBf4UXEi4L/4i/4N3aSuSSxoKGoqua9em4shUbb/rUKa+sbm1vF7dLO7t7+QfnwqKmjRDHeYJGMVNulmksR8gYKlLwdK04DV/KWO76f+q0XrrSIwmecxLwX0GEofMEoGqnffTRRjw6u+umFkw3KFbtqz0BWiZOTCuSoD8o/XS9iScBDZJJq3XHsGHspVSiY5Fmpm2geUzamQ57Ods3ImZE84kfKvBDJTF3I0UDrSeCaZEBxpJe9qfif10nQv+2lIowT5CGbD/ITSTAi0+LEE4ozlBNDKFPCbEjYiCrK0JynZKo7y0VXSfOy6thV5+m6UrvLj1CEEziFc3DgBmrwAHVoAAMFb/AJX1ZgvVrv1sc8WrDyP8ewAOv7D1/rjY0=</latexit><latexit sha1_base64="3PhT4ofI2DlQuofreMfIwXMFf9s=">AAAB63icbVDJSgNBFHwTtxi3qEcvjUHwYphRQcFLwIsHDxHMAtno6elJmvQsdL8RwjBf4UXEi4L/4i/4N3aSuSSxoKGoqua9em4shUbb/rUKa+sbm1vF7dLO7t7+QfnwqKmjRDHeYJGMVNulmksR8gYKlLwdK04DV/KWO76f+q0XrrSIwmecxLwX0GEofMEoGqnffTRRjw6u+umFkw3KFbtqz0BWiZOTCuSoD8o/XS9iScBDZJJq3XHsGHspVSiY5Fmpm2geUzamQ57Ods3ImZE84kfKvBDJTF3I0UDrSeCaZEBxpJe9qfif10nQv+2lIowT5CGbD/ITSTAi0+LEE4ozlBNDKFPCbEjYiCrK0JynZKo7y0VXSfOy6thV5+m6UrvLj1CEEziFc3DgBmrwAHVoAAMFb/AJX1ZgvVrv1sc8WrDyP8ewAOv7D1/rjY0=</latexit><latexit sha1_base64="3PhT4ofI2DlQuofreMfIwXMFf9s=">AAAB63icbVDJSgNBFHwTtxi3qEcvjUHwYphRQcFLwIsHDxHMAtno6elJmvQsdL8RwjBf4UXEi4L/4i/4N3aSuSSxoKGoqua9em4shUbb/rUKa+sbm1vF7dLO7t7+QfnwqKmjRDHeYJGMVNulmksR8gYKlLwdK04DV/KWO76f+q0XrrSIwmecxLwX0GEofMEoGqnffTRRjw6u+umFkw3KFbtqz0BWiZOTCuSoD8o/XS9iScBDZJJq3XHsGHspVSiY5Fmpm2geUzamQ57Ods3ImZE84kfKvBDJTF3I0UDrSeCaZEBxpJe9qfif10nQv+2lIowT5CGbD/ITSTAi0+LEE4ozlBNDKFPCbEjYiCrK0JynZKo7y0VXSfOy6thV5+m6UrvLj1CEEziFc3DgBmrwAHVoAAMFb/AJX1ZgvVrv1sc8WrDyP8ewAOv7D1/rjY0=</latexit><latexit sha1_base64="3PhT4ofI2DlQuofreMfIwXMFf9s=">AAAB63icbVDJSgNBFHwTtxi3qEcvjUHwYphRQcFLwIsHDxHMAtno6elJmvQsdL8RwjBf4UXEi4L/4i/4N3aSuSSxoKGoqua9em4shUbb/rUKa+sbm1vF7dLO7t7+QfnwqKmjRDHeYJGMVNulmksR8gYKlLwdK04DV/KWO76f+q0XrrSIwmecxLwX0GEofMEoGqnffTRRjw6u+umFkw3KFbtqz0BWiZOTCuSoD8o/XS9iScBDZJJq3XHsGHspVSiY5Fmpm2geUzamQ57Ods3ImZE84kfKvBDJTF3I0UDrSeCaZEBxpJe9qfif10nQv+2lIowT5CGbD/ITSTAi0+LEE4ozlBNDKFPCbEjYiCrK0JynZKo7y0VXSfOy6thV5+m6UrvLj1CEEziFc3DgBmrwAHVoAAMFb/AJX1ZgvVrv1sc8WrDyP8ewAOv7D1/rjY0=</latexit>

O(1)
<latexit sha1_base64="TiEpBCsK12jQ/3w0U/Yt3pS8FQk=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBItQN2VGCgpuCm7cWcE+oC0lk2ba2MxkSO4IZeg/uBFxo+DX+Av+jWk7m7YeCBzOOeHec/1YCoOu++vkNja3tnfyu4W9/YPDo+LxSdOoRDPeYEoq3fap4VJEvIECJW/HmtPQl7zlj+9mfuuFayNU9ISTmPdCOoxEIBhFK3XSLqOSPEzL3mW/WHIr7hxknXgZKUGGer/40x0oloQ8QiapMR3PjbGXUo2CST4tdBPDY8rGdMjT+aJTcmGlAQmUti9CMleXcjQ0ZhL6NhlSHJlVbyb+53USDG56qYjiBHnEFoOCRBJUZNaaDITmDOXEEsq0sBsSNqKaMrS3Kdjq3mrRddK8qnhuxXuslmq32RHycAbnUAYPrqEG91CHBjBQ8Aaf8OU8O6/Ou/OxiOac7M8pLMH5/gPIGIwB</latexit><latexit sha1_base64="TiEpBCsK12jQ/3w0U/Yt3pS8FQk=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBItQN2VGCgpuCm7cWcE+oC0lk2ba2MxkSO4IZeg/uBFxo+DX+Av+jWk7m7YeCBzOOeHec/1YCoOu++vkNja3tnfyu4W9/YPDo+LxSdOoRDPeYEoq3fap4VJEvIECJW/HmtPQl7zlj+9mfuuFayNU9ISTmPdCOoxEIBhFK3XSLqOSPEzL3mW/WHIr7hxknXgZKUGGer/40x0oloQ8QiapMR3PjbGXUo2CST4tdBPDY8rGdMjT+aJTcmGlAQmUti9CMleXcjQ0ZhL6NhlSHJlVbyb+53USDG56qYjiBHnEFoOCRBJUZNaaDITmDOXEEsq0sBsSNqKaMrS3Kdjq3mrRddK8qnhuxXuslmq32RHycAbnUAYPrqEG91CHBjBQ8Aaf8OU8O6/Ou/OxiOac7M8pLMH5/gPIGIwB</latexit><latexit sha1_base64="TiEpBCsK12jQ/3w0U/Yt3pS8FQk=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBItQN2VGCgpuCm7cWcE+oC0lk2ba2MxkSO4IZeg/uBFxo+DX+Av+jWk7m7YeCBzOOeHec/1YCoOu++vkNja3tnfyu4W9/YPDo+LxSdOoRDPeYEoq3fap4VJEvIECJW/HmtPQl7zlj+9mfuuFayNU9ISTmPdCOoxEIBhFK3XSLqOSPEzL3mW/WHIr7hxknXgZKUGGer/40x0oloQ8QiapMR3PjbGXUo2CST4tdBPDY8rGdMjT+aJTcmGlAQmUti9CMleXcjQ0ZhL6NhlSHJlVbyb+53USDG56qYjiBHnEFoOCRBJUZNaaDITmDOXEEsq0sBsSNqKaMrS3Kdjq3mrRddK8qnhuxXuslmq32RHycAbnUAYPrqEG91CHBjBQ8Aaf8OU8O6/Ou/OxiOac7M8pLMH5/gPIGIwB</latexit><latexit sha1_base64="tYrJZ4vtEFZsW5WL3TBxT906ocw=">AAABz3icbVBNSwMxFHxbv+patZ69BIvgqWS96FHw4rGC/YC2lmw224ZmkyV5K5TSmyfFk3/Kv+C/Mdv20taBB8PMg/dm4lxJh5T+BpW9/YPDo+pxeFILT8/O67WOM4Xlos2NMrYXMyeU1KKNEpXo5VawLFaiG08fS7/7JqyTRr/gLBfDjI21TCVn6KXWqN6gTboE2SXRmjRgjVH9Z5AYXmRCI1fMuX5EcxzOmUXJlViEg8KJnPEpG4v58rkFufZSQlJj/WgkS3Vjj2XOzbLYb2YMJ27bK8X/vH6B6f1wLnVeoNB8dSgtFEFDyqQkkVZwVDNPGLfSf0j4hFnG0fcR+uTRds5d0rltRrQZPVOowiVcwQ1EcAcP8AQtaAOHBD7gO3gN3oPPVUOVYF3VBWwg+PoDbXiF7Q==</latexit><latexit sha1_base64="dnU2HuMKLKNsESvIW/AtgogVl/U=">AAAB3XicbVDLSgNBEOz1GWPU6NXLYBDiJcx40aPgxZsRzAOSEGYns8mY2Z1lplcIS/7Bi4gX/R1/wb9x8rgksaChqGrorgpTrRxS+htsbe/s7u0XDoqHpaPjk/JpqelMZoVsCKONbYfcSa0S2UCFWrZTK3kcatkKx/czv/UqrVMmecZJKnsxHyYqUoKjlzp5V3BNHqdVdtUvV2iNzkE2CVuSCixR75d/ugMjslgmKDR3rsNoir2cW1RCy2mxmzmZcjHmQ5nPH52SSy8NSGSsnwTJXF3Z47Fzkzj0mzHHkVv3ZuJ/XifD6LaXqyTNUCZicSjKNEFDZqnJQFkpUE884cIq/yERI265QN9N0Udn60E3SfO6xmiNPVEowDlcQBUY3MAdPEAdGiDAwDt8wXfwErwFH4uStoJlW2ewguDzD8FxirU=</latexit><latexit sha1_base64="dnU2HuMKLKNsESvIW/AtgogVl/U=">AAAB3XicbVDLSgNBEOz1GWPU6NXLYBDiJcx40aPgxZsRzAOSEGYns8mY2Z1lplcIS/7Bi4gX/R1/wb9x8rgksaChqGrorgpTrRxS+htsbe/s7u0XDoqHpaPjk/JpqelMZoVsCKONbYfcSa0S2UCFWrZTK3kcatkKx/czv/UqrVMmecZJKnsxHyYqUoKjlzp5V3BNHqdVdtUvV2iNzkE2CVuSCixR75d/ugMjslgmKDR3rsNoir2cW1RCy2mxmzmZcjHmQ5nPH52SSy8NSGSsnwTJXF3Z47Fzkzj0mzHHkVv3ZuJ/XifD6LaXqyTNUCZicSjKNEFDZqnJQFkpUE884cIq/yERI265QN9N0Udn60E3SfO6xmiNPVEowDlcQBUY3MAdPEAdGiDAwDt8wXfwErwFH4uStoJlW2ewguDzD8FxirU=</latexit><latexit sha1_base64="dP98PGq8E0SKZoKSpgK27HT44mc=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBItQN2XGjYKbght3VrAPaEvJpJk2NjMZkjtCGfoPbkTcKPg1/oJ/YzqdTVsPBA7nnHDvuX4shUHX/XUKG5tb2zvF3dLe/sHhUfn4pGVUohlvMiWV7vjUcCki3kSBkndizWnoS972J3dzv/3CtREqesJpzPshHUUiEIyilbppj1FJHmZV73JQrrg1NwNZJ15OKpCjMSj/9IaKJSGPkElqTNdzY+ynVKNgks9KvcTwmLIJHfE0W3RGLqw0JIHS9kVIMnUpR0NjpqFvkyHFsVn15uJ/XjfB4KafiihOkEdsMShIJEFF5q3JUGjOUE4toUwLuyFhY6opQ3ubkq3urRZdJ62rmufWvEe3Ur/Nj1CEMziHKnhwDXW4hwY0gYGCN/iEL+fZeXXenY9FtODkf05hCc73H8bYi/0=</latexit><latexit sha1_base64="TiEpBCsK12jQ/3w0U/Yt3pS8FQk=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBItQN2VGCgpuCm7cWcE+oC0lk2ba2MxkSO4IZeg/uBFxo+DX+Av+jWk7m7YeCBzOOeHec/1YCoOu++vkNja3tnfyu4W9/YPDo+LxSdOoRDPeYEoq3fap4VJEvIECJW/HmtPQl7zlj+9mfuuFayNU9ISTmPdCOoxEIBhFK3XSLqOSPEzL3mW/WHIr7hxknXgZKUGGer/40x0oloQ8QiapMR3PjbGXUo2CST4tdBPDY8rGdMjT+aJTcmGlAQmUti9CMleXcjQ0ZhL6NhlSHJlVbyb+53USDG56qYjiBHnEFoOCRBJUZNaaDITmDOXEEsq0sBsSNqKaMrS3Kdjq3mrRddK8qnhuxXuslmq32RHycAbnUAYPrqEG91CHBjBQ8Aaf8OU8O6/Ou/OxiOac7M8pLMH5/gPIGIwB</latexit><latexit sha1_base64="TiEpBCsK12jQ/3w0U/Yt3pS8FQk=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBItQN2VGCgpuCm7cWcE+oC0lk2ba2MxkSO4IZeg/uBFxo+DX+Av+jWk7m7YeCBzOOeHec/1YCoOu++vkNja3tnfyu4W9/YPDo+LxSdOoRDPeYEoq3fap4VJEvIECJW/HmtPQl7zlj+9mfuuFayNU9ISTmPdCOoxEIBhFK3XSLqOSPEzL3mW/WHIr7hxknXgZKUGGer/40x0oloQ8QiapMR3PjbGXUo2CST4tdBPDY8rGdMjT+aJTcmGlAQmUti9CMleXcjQ0ZhL6NhlSHJlVbyb+53USDG56qYjiBHnEFoOCRBJUZNaaDITmDOXEEsq0sBsSNqKaMrS3Kdjq3mrRddK8qnhuxXuslmq32RHycAbnUAYPrqEG91CHBjBQ8Aaf8OU8O6/Ou/OxiOac7M8pLMH5/gPIGIwB</latexit><latexit sha1_base64="TiEpBCsK12jQ/3w0U/Yt3pS8FQk=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBItQN2VGCgpuCm7cWcE+oC0lk2ba2MxkSO4IZeg/uBFxo+DX+Av+jWk7m7YeCBzOOeHec/1YCoOu++vkNja3tnfyu4W9/YPDo+LxSdOoRDPeYEoq3fap4VJEvIECJW/HmtPQl7zlj+9mfuuFayNU9ISTmPdCOoxEIBhFK3XSLqOSPEzL3mW/WHIr7hxknXgZKUGGer/40x0oloQ8QiapMR3PjbGXUo2CST4tdBPDY8rGdMjT+aJTcmGlAQmUti9CMleXcjQ0ZhL6NhlSHJlVbyb+53USDG56qYjiBHnEFoOCRBJUZNaaDITmDOXEEsq0sBsSNqKaMrS3Kdjq3mrRddK8qnhuxXuslmq32RHycAbnUAYPrqEG91CHBjBQ8Aaf8OU8O6/Ou/OxiOac7M8pLMH5/gPIGIwB</latexit><latexit sha1_base64="TiEpBCsK12jQ/3w0U/Yt3pS8FQk=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBItQN2VGCgpuCm7cWcE+oC0lk2ba2MxkSO4IZeg/uBFxo+DX+Av+jWk7m7YeCBzOOeHec/1YCoOu++vkNja3tnfyu4W9/YPDo+LxSdOoRDPeYEoq3fap4VJEvIECJW/HmtPQl7zlj+9mfuuFayNU9ISTmPdCOoxEIBhFK3XSLqOSPEzL3mW/WHIr7hxknXgZKUGGer/40x0oloQ8QiapMR3PjbGXUo2CST4tdBPDY8rGdMjT+aJTcmGlAQmUti9CMleXcjQ0ZhL6NhlSHJlVbyb+53USDG56qYjiBHnEFoOCRBJUZNaaDITmDOXEEsq0sBsSNqKaMrS3Kdjq3mrRddK8qnhuxXuslmq32RHycAbnUAYPrqEG91CHBjBQ8Aaf8OU8O6/Ou/OxiOac7M8pLMH5/gPIGIwB</latexit><latexit sha1_base64="TiEpBCsK12jQ/3w0U/Yt3pS8FQk=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBItQN2VGCgpuCm7cWcE+oC0lk2ba2MxkSO4IZeg/uBFxo+DX+Av+jWk7m7YeCBzOOeHec/1YCoOu++vkNja3tnfyu4W9/YPDo+LxSdOoRDPeYEoq3fap4VJEvIECJW/HmtPQl7zlj+9mfuuFayNU9ISTmPdCOoxEIBhFK3XSLqOSPEzL3mW/WHIr7hxknXgZKUGGer/40x0oloQ8QiapMR3PjbGXUo2CST4tdBPDY8rGdMjT+aJTcmGlAQmUti9CMleXcjQ0ZhL6NhlSHJlVbyb+53USDG56qYjiBHnEFoOCRBJUZNaaDITmDOXEEsq0sBsSNqKaMrS3Kdjq3mrRddK8qnhuxXuslmq32RHycAbnUAYPrqEG91CHBjBQ8Aaf8OU8O6/Ou/OxiOac7M8pLMH5/gPIGIwB</latexit><latexit sha1_base64="TiEpBCsK12jQ/3w0U/Yt3pS8FQk=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBItQN2VGCgpuCm7cWcE+oC0lk2ba2MxkSO4IZeg/uBFxo+DX+Av+jWk7m7YeCBzOOeHec/1YCoOu++vkNja3tnfyu4W9/YPDo+LxSdOoRDPeYEoq3fap4VJEvIECJW/HmtPQl7zlj+9mfuuFayNU9ISTmPdCOoxEIBhFK3XSLqOSPEzL3mW/WHIr7hxknXgZKUGGer/40x0oloQ8QiapMR3PjbGXUo2CST4tdBPDY8rGdMjT+aJTcmGlAQmUti9CMleXcjQ0ZhL6NhlSHJlVbyb+53USDG56qYjiBHnEFoOCRBJUZNaaDITmDOXEEsq0sBsSNqKaMrS3Kdjq3mrRddK8qnhuxXuslmq32RHycAbnUAYPrqEG91CHBjBQ8Aaf8OU8O6/Ou/OxiOac7M8pLMH5/gPIGIwB</latexit>

scalar-tensor
O(1)

<latexit sha1_base64="TiEpBCsK12jQ/3w0U/Yt3pS8FQk=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBItQN2VGCgpuCm7cWcE+oC0lk2ba2MxkSO4IZeg/uBFxo+DX+Av+jWk7m7YeCBzOOeHec/1YCoOu++vkNja3tnfyu4W9/YPDo+LxSdOoRDPeYEoq3fap4VJEvIECJW/HmtPQl7zlj+9mfuuFayNU9ISTmPdCOoxEIBhFK3XSLqOSPEzL3mW/WHIr7hxknXgZKUGGer/40x0oloQ8QiapMR3PjbGXUo2CST4tdBPDY8rGdMjT+aJTcmGlAQmUti9CMleXcjQ0ZhL6NhlSHJlVbyb+53USDG56qYjiBHnEFoOCRBJUZNaaDITmDOXEEsq0sBsSNqKaMrS3Kdjq3mrRddK8qnhuxXuslmq32RHycAbnUAYPrqEG91CHBjBQ8Aaf8OU8O6/Ou/OxiOac7M8pLMH5/gPIGIwB</latexit><latexit sha1_base64="TiEpBCsK12jQ/3w0U/Yt3pS8FQk=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBItQN2VGCgpuCm7cWcE+oC0lk2ba2MxkSO4IZeg/uBFxo+DX+Av+jWk7m7YeCBzOOeHec/1YCoOu++vkNja3tnfyu4W9/YPDo+LxSdOoRDPeYEoq3fap4VJEvIECJW/HmtPQl7zlj+9mfuuFayNU9ISTmPdCOoxEIBhFK3XSLqOSPEzL3mW/WHIr7hxknXgZKUGGer/40x0oloQ8QiapMR3PjbGXUo2CST4tdBPDY8rGdMjT+aJTcmGlAQmUti9CMleXcjQ0ZhL6NhlSHJlVbyb+53USDG56qYjiBHnEFoOCRBJUZNaaDITmDOXEEsq0sBsSNqKaMrS3Kdjq3mrRddK8qnhuxXuslmq32RHycAbnUAYPrqEG91CHBjBQ8Aaf8OU8O6/Ou/OxiOac7M8pLMH5/gPIGIwB</latexit><latexit sha1_base64="TiEpBCsK12jQ/3w0U/Yt3pS8FQk=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBItQN2VGCgpuCm7cWcE+oC0lk2ba2MxkSO4IZeg/uBFxo+DX+Av+jWk7m7YeCBzOOeHec/1YCoOu++vkNja3tnfyu4W9/YPDo+LxSdOoRDPeYEoq3fap4VJEvIECJW/HmtPQl7zlj+9mfuuFayNU9ISTmPdCOoxEIBhFK3XSLqOSPEzL3mW/WHIr7hxknXgZKUGGer/40x0oloQ8QiapMR3PjbGXUo2CST4tdBPDY8rGdMjT+aJTcmGlAQmUti9CMleXcjQ0ZhL6NhlSHJlVbyb+53USDG56qYjiBHnEFoOCRBJUZNaaDITmDOXEEsq0sBsSNqKaMrS3Kdjq3mrRddK8qnhuxXuslmq32RHycAbnUAYPrqEG91CHBjBQ8Aaf8OU8O6/Ou/OxiOac7M8pLMH5/gPIGIwB</latexit><latexit sha1_base64="tYrJZ4vtEFZsW5WL3TBxT906ocw=">AAABz3icbVBNSwMxFHxbv+patZ69BIvgqWS96FHw4rGC/YC2lmw224ZmkyV5K5TSmyfFk3/Kv+C/Mdv20taBB8PMg/dm4lxJh5T+BpW9/YPDo+pxeFILT8/O67WOM4Xlos2NMrYXMyeU1KKNEpXo5VawLFaiG08fS7/7JqyTRr/gLBfDjI21TCVn6KXWqN6gTboE2SXRmjRgjVH9Z5AYXmRCI1fMuX5EcxzOmUXJlViEg8KJnPEpG4v58rkFufZSQlJj/WgkS3Vjj2XOzbLYb2YMJ27bK8X/vH6B6f1wLnVeoNB8dSgtFEFDyqQkkVZwVDNPGLfSf0j4hFnG0fcR+uTRds5d0rltRrQZPVOowiVcwQ1EcAcP8AQtaAOHBD7gO3gN3oPPVUOVYF3VBWwg+PoDbXiF7Q==</latexit><latexit sha1_base64="dnU2HuMKLKNsESvIW/AtgogVl/U=">AAAB3XicbVDLSgNBEOz1GWPU6NXLYBDiJcx40aPgxZsRzAOSEGYns8mY2Z1lplcIS/7Bi4gX/R1/wb9x8rgksaChqGrorgpTrRxS+htsbe/s7u0XDoqHpaPjk/JpqelMZoVsCKONbYfcSa0S2UCFWrZTK3kcatkKx/czv/UqrVMmecZJKnsxHyYqUoKjlzp5V3BNHqdVdtUvV2iNzkE2CVuSCixR75d/ugMjslgmKDR3rsNoir2cW1RCy2mxmzmZcjHmQ5nPH52SSy8NSGSsnwTJXF3Z47Fzkzj0mzHHkVv3ZuJ/XifD6LaXqyTNUCZicSjKNEFDZqnJQFkpUE884cIq/yERI265QN9N0Udn60E3SfO6xmiNPVEowDlcQBUY3MAdPEAdGiDAwDt8wXfwErwFH4uStoJlW2ewguDzD8FxirU=</latexit><latexit sha1_base64="dnU2HuMKLKNsESvIW/AtgogVl/U=">AAAB3XicbVDLSgNBEOz1GWPU6NXLYBDiJcx40aPgxZsRzAOSEGYns8mY2Z1lplcIS/7Bi4gX/R1/wb9x8rgksaChqGrorgpTrRxS+htsbe/s7u0XDoqHpaPjk/JpqelMZoVsCKONbYfcSa0S2UCFWrZTK3kcatkKx/czv/UqrVMmecZJKnsxHyYqUoKjlzp5V3BNHqdVdtUvV2iNzkE2CVuSCixR75d/ugMjslgmKDR3rsNoir2cW1RCy2mxmzmZcjHmQ5nPH52SSy8NSGSsnwTJXF3Z47Fzkzj0mzHHkVv3ZuJ/XifD6LaXqyTNUCZicSjKNEFDZqnJQFkpUE884cIq/yERI265QN9N0Udn60E3SfO6xmiNPVEowDlcQBUY3MAdPEAdGiDAwDt8wXfwErwFH4uStoJlW2ewguDzD8FxirU=</latexit><latexit sha1_base64="dP98PGq8E0SKZoKSpgK27HT44mc=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBItQN2XGjYKbght3VrAPaEvJpJk2NjMZkjtCGfoPbkTcKPg1/oJ/YzqdTVsPBA7nnHDvuX4shUHX/XUKG5tb2zvF3dLe/sHhUfn4pGVUohlvMiWV7vjUcCki3kSBkndizWnoS972J3dzv/3CtREqesJpzPshHUUiEIyilbppj1FJHmZV73JQrrg1NwNZJ15OKpCjMSj/9IaKJSGPkElqTNdzY+ynVKNgks9KvcTwmLIJHfE0W3RGLqw0JIHS9kVIMnUpR0NjpqFvkyHFsVn15uJ/XjfB4KafiihOkEdsMShIJEFF5q3JUGjOUE4toUwLuyFhY6opQ3ubkq3urRZdJ62rmufWvEe3Ur/Nj1CEMziHKnhwDXW4hwY0gYGCN/iEL+fZeXXenY9FtODkf05hCc73H8bYi/0=</latexit><latexit sha1_base64="TiEpBCsK12jQ/3w0U/Yt3pS8FQk=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBItQN2VGCgpuCm7cWcE+oC0lk2ba2MxkSO4IZeg/uBFxo+DX+Av+jWk7m7YeCBzOOeHec/1YCoOu++vkNja3tnfyu4W9/YPDo+LxSdOoRDPeYEoq3fap4VJEvIECJW/HmtPQl7zlj+9mfuuFayNU9ISTmPdCOoxEIBhFK3XSLqOSPEzL3mW/WHIr7hxknXgZKUGGer/40x0oloQ8QiapMR3PjbGXUo2CST4tdBPDY8rGdMjT+aJTcmGlAQmUti9CMleXcjQ0ZhL6NhlSHJlVbyb+53USDG56qYjiBHnEFoOCRBJUZNaaDITmDOXEEsq0sBsSNqKaMrS3Kdjq3mrRddK8qnhuxXuslmq32RHycAbnUAYPrqEG91CHBjBQ8Aaf8OU8O6/Ou/OxiOac7M8pLMH5/gPIGIwB</latexit><latexit sha1_base64="TiEpBCsK12jQ/3w0U/Yt3pS8FQk=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBItQN2VGCgpuCm7cWcE+oC0lk2ba2MxkSO4IZeg/uBFxo+DX+Av+jWk7m7YeCBzOOeHec/1YCoOu++vkNja3tnfyu4W9/YPDo+LxSdOoRDPeYEoq3fap4VJEvIECJW/HmtPQl7zlj+9mfuuFayNU9ISTmPdCOoxEIBhFK3XSLqOSPEzL3mW/WHIr7hxknXgZKUGGer/40x0oloQ8QiapMR3PjbGXUo2CST4tdBPDY8rGdMjT+aJTcmGlAQmUti9CMleXcjQ0ZhL6NhlSHJlVbyb+53USDG56qYjiBHnEFoOCRBJUZNaaDITmDOXEEsq0sBsSNqKaMrS3Kdjq3mrRddK8qnhuxXuslmq32RHycAbnUAYPrqEG91CHBjBQ8Aaf8OU8O6/Ou/OxiOac7M8pLMH5/gPIGIwB</latexit><latexit sha1_base64="TiEpBCsK12jQ/3w0U/Yt3pS8FQk=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBItQN2VGCgpuCm7cWcE+oC0lk2ba2MxkSO4IZeg/uBFxo+DX+Av+jWk7m7YeCBzOOeHec/1YCoOu++vkNja3tnfyu4W9/YPDo+LxSdOoRDPeYEoq3fap4VJEvIECJW/HmtPQl7zlj+9mfuuFayNU9ISTmPdCOoxEIBhFK3XSLqOSPEzL3mW/WHIr7hxknXgZKUGGer/40x0oloQ8QiapMR3PjbGXUo2CST4tdBPDY8rGdMjT+aJTcmGlAQmUti9CMleXcjQ0ZhL6NhlSHJlVbyb+53USDG56qYjiBHnEFoOCRBJUZNaaDITmDOXEEsq0sBsSNqKaMrS3Kdjq3mrRddK8qnhuxXuslmq32RHycAbnUAYPrqEG91CHBjBQ8Aaf8OU8O6/Ou/OxiOac7M8pLMH5/gPIGIwB</latexit><latexit sha1_base64="TiEpBCsK12jQ/3w0U/Yt3pS8FQk=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBItQN2VGCgpuCm7cWcE+oC0lk2ba2MxkSO4IZeg/uBFxo+DX+Av+jWk7m7YeCBzOOeHec/1YCoOu++vkNja3tnfyu4W9/YPDo+LxSdOoRDPeYEoq3fap4VJEvIECJW/HmtPQl7zlj+9mfuuFayNU9ISTmPdCOoxEIBhFK3XSLqOSPEzL3mW/WHIr7hxknXgZKUGGer/40x0oloQ8QiapMR3PjbGXUo2CST4tdBPDY8rGdMjT+aJTcmGlAQmUti9CMleXcjQ0ZhL6NhlSHJlVbyb+53USDG56qYjiBHnEFoOCRBJUZNaaDITmDOXEEsq0sBsSNqKaMrS3Kdjq3mrRddK8qnhuxXuslmq32RHycAbnUAYPrqEG91CHBjBQ8Aaf8OU8O6/Ou/OxiOac7M8pLMH5/gPIGIwB</latexit><latexit sha1_base64="TiEpBCsK12jQ/3w0U/Yt3pS8FQk=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBItQN2VGCgpuCm7cWcE+oC0lk2ba2MxkSO4IZeg/uBFxo+DX+Av+jWk7m7YeCBzOOeHec/1YCoOu++vkNja3tnfyu4W9/YPDo+LxSdOoRDPeYEoq3fap4VJEvIECJW/HmtPQl7zlj+9mfuuFayNU9ISTmPdCOoxEIBhFK3XSLqOSPEzL3mW/WHIr7hxknXgZKUGGer/40x0oloQ8QiapMR3PjbGXUo2CST4tdBPDY8rGdMjT+aJTcmGlAQmUti9CMleXcjQ0ZhL6NhlSHJlVbyb+53USDG56qYjiBHnEFoOCRBJUZNaaDITmDOXEEsq0sBsSNqKaMrS3Kdjq3mrRddK8qnhuxXuslmq32RHycAbnUAYPrqEG91CHBjBQ8Aaf8OU8O6/Ou/OxiOac7M8pLMH5/gPIGIwB</latexit><latexit sha1_base64="TiEpBCsK12jQ/3w0U/Yt3pS8FQk=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBItQN2VGCgpuCm7cWcE+oC0lk2ba2MxkSO4IZeg/uBFxo+DX+Av+jWk7m7YeCBzOOeHec/1YCoOu++vkNja3tnfyu4W9/YPDo+LxSdOoRDPeYEoq3fap4VJEvIECJW/HmtPQl7zlj+9mfuuFayNU9ISTmPdCOoxEIBhFK3XSLqOSPEzL3mW/WHIr7hxknXgZKUGGer/40x0oloQ8QiapMR3PjbGXUo2CST4tdBPDY8rGdMjT+aJTcmGlAQmUti9CMleXcjQ0ZhL6NhlSHJlVbyb+53USDG56qYjiBHnEFoOCRBJUZNaaDITmDOXEEsq0sBsSNqKaMrS3Kdjq3mrRddK8qnhuxXuslmq32RHycAbnUAYPrqEG91CHBjBQ8Aaf8OU8O6/Ou/OxiOac7M8pLMH5/gPIGIwB</latexit>

anomalous light bending
 6= �

<latexit sha1_base64="d8xvQ9yggDqrTsMCAr33/LPgxzo=">AAAB7nicdVDLSgMxFL1TX7U+OurSTbAIrkpSxLa4KbhxOYJ9QKeUTJq2oZmHSUYopb/hRsSNgp/iL/g3Ztq6qOiBwOGcE+49N0ik0AbjLye3sbm1vZPfLeztHxwW3aPjlo5TxXiTxTJWnYBqLkXEm0YYyTuJ4jQMJG8Hk5vMbz9ypUUc3ZtpwnshHUViKBg1Vuq7Rd/TAvkRf0C+Nxao75ZwGWNMCEEZIdUrbEm9XquQGiKZZVGCFby+++kPYpaGPDJMUq27BCemN6PKCCb5vOCnmieUTeiIzxbrztG5lQZoGCv7IoMW6lqOhlpPw8AmQ2rG+reXiX953dQMa72ZiJLU8IgtBw1TiUyMsu5oIBRnRk4toUwJuyFiY6ooM/ZCBVv9px/6n7QqZYLL5O6y1LheHSEPp3AGF0CgCg24BQ+awCCFZ3iDdydxnpwX53UZzTmrPyewBufjG3x5jiA=</latexit><latexit sha1_base64="d8xvQ9yggDqrTsMCAr33/LPgxzo=">AAAB7nicdVDLSgMxFL1TX7U+OurSTbAIrkpSxLa4KbhxOYJ9QKeUTJq2oZmHSUYopb/hRsSNgp/iL/g3Ztq6qOiBwOGcE+49N0ik0AbjLye3sbm1vZPfLeztHxwW3aPjlo5TxXiTxTJWnYBqLkXEm0YYyTuJ4jQMJG8Hk5vMbz9ypUUc3ZtpwnshHUViKBg1Vuq7Rd/TAvkRf0C+Nxao75ZwGWNMCEEZIdUrbEm9XquQGiKZZVGCFby+++kPYpaGPDJMUq27BCemN6PKCCb5vOCnmieUTeiIzxbrztG5lQZoGCv7IoMW6lqOhlpPw8AmQ2rG+reXiX953dQMa72ZiJLU8IgtBw1TiUyMsu5oIBRnRk4toUwJuyFiY6ooM/ZCBVv9px/6n7QqZYLL5O6y1LheHSEPp3AGF0CgCg24BQ+awCCFZ3iDdydxnpwX53UZzTmrPyewBufjG3x5jiA=</latexit><latexit sha1_base64="d8xvQ9yggDqrTsMCAr33/LPgxzo=">AAAB7nicdVDLSgMxFL1TX7U+OurSTbAIrkpSxLa4KbhxOYJ9QKeUTJq2oZmHSUYopb/hRsSNgp/iL/g3Ztq6qOiBwOGcE+49N0ik0AbjLye3sbm1vZPfLeztHxwW3aPjlo5TxXiTxTJWnYBqLkXEm0YYyTuJ4jQMJG8Hk5vMbz9ypUUc3ZtpwnshHUViKBg1Vuq7Rd/TAvkRf0C+Nxao75ZwGWNMCEEZIdUrbEm9XquQGiKZZVGCFby+++kPYpaGPDJMUq27BCemN6PKCCb5vOCnmieUTeiIzxbrztG5lQZoGCv7IoMW6lqOhlpPw8AmQ2rG+reXiX953dQMa72ZiJLU8IgtBw1TiUyMsu5oIBRnRk4toUwJuyFiY6ooM/ZCBVv9px/6n7QqZYLL5O6y1LheHSEPp3AGF0CgCg24BQ+awCCFZ3iDdydxnpwX53UZzTmrPyewBufjG3x5jiA=</latexit><latexit sha1_base64="d8xvQ9yggDqrTsMCAr33/LPgxzo=">AAAB7nicdVDLSgMxFL1TX7U+OurSTbAIrkpSxLa4KbhxOYJ9QKeUTJq2oZmHSUYopb/hRsSNgp/iL/g3Ztq6qOiBwOGcE+49N0ik0AbjLye3sbm1vZPfLeztHxwW3aPjlo5TxXiTxTJWnYBqLkXEm0YYyTuJ4jQMJG8Hk5vMbz9ypUUc3ZtpwnshHUViKBg1Vuq7Rd/TAvkRf0C+Nxao75ZwGWNMCEEZIdUrbEm9XquQGiKZZVGCFby+++kPYpaGPDJMUq27BCemN6PKCCb5vOCnmieUTeiIzxbrztG5lQZoGCv7IoMW6lqOhlpPw8AmQ2rG+reXiX953dQMa72ZiJLU8IgtBw1TiUyMsu5oIBRnRk4toUwJuyFiY6ooM/ZCBVv9px/6n7QqZYLL5O6y1LheHSEPp3AGF0CgCg24BQ+awCCFZ3iDdydxnpwX53UZzTmrPyewBufjG3x5jiA=</latexit>

fifth force

↵2Gm1m2

r2
<latexit sha1_base64="NlEGyDxLr3aPnuuewAWVUHO7SXg=">AAAB/nicdVDLSgMxFM3UV62vUZcuDBbBVUkGsS1uCi50WcE+oNOWTJppQzMPkoxQhoIbf8WNiBsFP8Ff8G/MtHVR0QMXDueckHuPFwuuNEJfVm5ldW19I79Z2Nre2d2z9w+aKkokZQ0aiUi2PaKY4CFraK4Fa8eSkcATrOWNrzK/dc+k4lF4pycx6wZkGHKfU6KN1LePXSLiEek50PUloSm8hkEfm3Gmqew5075dRCWEEMYYZgSXL5Ah1WrFwRWIM8ugCBao9+1PdxDRJGChpoIo1cEo1t2USM2pYNOCmygWEzomQ5bO1p/CUyMNoB9JM6GGM3UpRwKlJoFnkgHRI/Xby8S/vE6i/Uo35WGcaBbS+Ud+IqCOYNYFHHDJqBYTQwiV3GwI6YiYGrRprGBO/7kP/k+aTgmjEr49L9YuFyXkwRE4AWcAgzKogRtQBw1AwSN4Bm/g3XqwnqwX63UezVmLN4dgCdbHN46xlFk=</latexit><latexit sha1_base64="NlEGyDxLr3aPnuuewAWVUHO7SXg=">AAAB/nicdVDLSgMxFM3UV62vUZcuDBbBVUkGsS1uCi50WcE+oNOWTJppQzMPkoxQhoIbf8WNiBsFP8Ff8G/MtHVR0QMXDueckHuPFwuuNEJfVm5ldW19I79Z2Nre2d2z9w+aKkokZQ0aiUi2PaKY4CFraK4Fa8eSkcATrOWNrzK/dc+k4lF4pycx6wZkGHKfU6KN1LePXSLiEek50PUloSm8hkEfm3Gmqew5075dRCWEEMYYZgSXL5Ah1WrFwRWIM8ugCBao9+1PdxDRJGChpoIo1cEo1t2USM2pYNOCmygWEzomQ5bO1p/CUyMNoB9JM6GGM3UpRwKlJoFnkgHRI/Xby8S/vE6i/Uo35WGcaBbS+Ud+IqCOYNYFHHDJqBYTQwiV3GwI6YiYGrRprGBO/7kP/k+aTgmjEr49L9YuFyXkwRE4AWcAgzKogRtQBw1AwSN4Bm/g3XqwnqwX63UezVmLN4dgCdbHN46xlFk=</latexit><latexit sha1_base64="NlEGyDxLr3aPnuuewAWVUHO7SXg=">AAAB/nicdVDLSgMxFM3UV62vUZcuDBbBVUkGsS1uCi50WcE+oNOWTJppQzMPkoxQhoIbf8WNiBsFP8Ff8G/MtHVR0QMXDueckHuPFwuuNEJfVm5ldW19I79Z2Nre2d2z9w+aKkokZQ0aiUi2PaKY4CFraK4Fa8eSkcATrOWNrzK/dc+k4lF4pycx6wZkGHKfU6KN1LePXSLiEek50PUloSm8hkEfm3Gmqew5075dRCWEEMYYZgSXL5Ah1WrFwRWIM8ugCBao9+1PdxDRJGChpoIo1cEo1t2USM2pYNOCmygWEzomQ5bO1p/CUyMNoB9JM6GGM3UpRwKlJoFnkgHRI/Xby8S/vE6i/Uo35WGcaBbS+Ud+IqCOYNYFHHDJqBYTQwiV3GwI6YiYGrRprGBO/7kP/k+aTgmjEr49L9YuFyXkwRE4AWcAgzKogRtQBw1AwSN4Bm/g3XqwnqwX63UezVmLN4dgCdbHN46xlFk=</latexit><latexit sha1_base64="NlEGyDxLr3aPnuuewAWVUHO7SXg=">AAAB/nicdVDLSgMxFM3UV62vUZcuDBbBVUkGsS1uCi50WcE+oNOWTJppQzMPkoxQhoIbf8WNiBsFP8Ff8G/MtHVR0QMXDueckHuPFwuuNEJfVm5ldW19I79Z2Nre2d2z9w+aKkokZQ0aiUi2PaKY4CFraK4Fa8eSkcATrOWNrzK/dc+k4lF4pycx6wZkGHKfU6KN1LePXSLiEek50PUloSm8hkEfm3Gmqew5075dRCWEEMYYZgSXL5Ah1WrFwRWIM8ugCBao9+1PdxDRJGChpoIo1cEo1t2USM2pYNOCmygWEzomQ5bO1p/CUyMNoB9JM6GGM3UpRwKlJoFnkgHRI/Xby8S/vE6i/Uo35WGcaBbS+Ud+IqCOYNYFHHDJqBYTQwiV3GwI6YiYGrRprGBO/7kP/k+aTgmjEr49L9YuFyXkwRE4AWcAgzKogRtQBw1AwSN4Bm/g3XqwnqwX63UezVmLN4dgCdbHN46xlFk=</latexit>

Gm1m2

r2
<latexit sha1_base64="+WPrM9icrJuUQfyfOx262blmA9c=">AAAB9XicbVDJSgNBFHzjGuM2Knjx0hgET2EmCApeAh70GMEskMShp9OTNOlZ6H6jhHE+xYuIFwV/w1/wb+wslyQWPCiqqun3yk+k0Og4v9bK6tr6xmZhq7i9s7u3bx8cNnScKsbrLJaxavlUcykiXkeBkrcSxWnoS970hzdjv/nElRZx9ICjhHdD2o9EIBhFI3n2cSdQlGXkloSea6aSZ+qxknt2ySk7E5Bl4s5ICWaoefZPpxezNOQRMkm1brtOgt2MKhRM8rzYSTVPKBvSPs8mW+fkzEg9EsTKTIRkos7laKj1KPRNMqQ40IveWPzPa6cYXHUzESUp8ohNPwpSSTAm4wpITyjOUI4MoUwJsyFhA2pqQFNU0ZzuLh66TBqVsuuU3fuLUvV6VkIBTuAUzsGFS6jCHdSgDgxe4A0+4ct6tl6td+tjGl2xZm+OYA7W9x8a6pC3</latexit><latexit sha1_base64="+WPrM9icrJuUQfyfOx262blmA9c=">AAAB9XicbVDJSgNBFHzjGuM2Knjx0hgET2EmCApeAh70GMEskMShp9OTNOlZ6H6jhHE+xYuIFwV/w1/wb+wslyQWPCiqqun3yk+k0Og4v9bK6tr6xmZhq7i9s7u3bx8cNnScKsbrLJaxavlUcykiXkeBkrcSxWnoS970hzdjv/nElRZx9ICjhHdD2o9EIBhFI3n2cSdQlGXkloSea6aSZ+qxknt2ySk7E5Bl4s5ICWaoefZPpxezNOQRMkm1brtOgt2MKhRM8rzYSTVPKBvSPs8mW+fkzEg9EsTKTIRkos7laKj1KPRNMqQ40IveWPzPa6cYXHUzESUp8ohNPwpSSTAm4wpITyjOUI4MoUwJsyFhA2pqQFNU0ZzuLh66TBqVsuuU3fuLUvV6VkIBTuAUzsGFS6jCHdSgDgxe4A0+4ct6tl6td+tjGl2xZm+OYA7W9x8a6pC3</latexit><latexit sha1_base64="+WPrM9icrJuUQfyfOx262blmA9c=">AAAB9XicbVDJSgNBFHzjGuM2Knjx0hgET2EmCApeAh70GMEskMShp9OTNOlZ6H6jhHE+xYuIFwV/w1/wb+wslyQWPCiqqun3yk+k0Og4v9bK6tr6xmZhq7i9s7u3bx8cNnScKsbrLJaxavlUcykiXkeBkrcSxWnoS970hzdjv/nElRZx9ICjhHdD2o9EIBhFI3n2cSdQlGXkloSea6aSZ+qxknt2ySk7E5Bl4s5ICWaoefZPpxezNOQRMkm1brtOgt2MKhRM8rzYSTVPKBvSPs8mW+fkzEg9EsTKTIRkos7laKj1KPRNMqQ40IveWPzPa6cYXHUzESUp8ohNPwpSSTAm4wpITyjOUI4MoUwJsyFhA2pqQFNU0ZzuLh66TBqVsuuU3fuLUvV6VkIBTuAUzsGFS6jCHdSgDgxe4A0+4ct6tl6td+tjGl2xZm+OYA7W9x8a6pC3</latexit><latexit sha1_base64="+WPrM9icrJuUQfyfOx262blmA9c=">AAAB9XicbVDJSgNBFHzjGuM2Knjx0hgET2EmCApeAh70GMEskMShp9OTNOlZ6H6jhHE+xYuIFwV/w1/wb+wslyQWPCiqqun3yk+k0Og4v9bK6tr6xmZhq7i9s7u3bx8cNnScKsbrLJaxavlUcykiXkeBkrcSxWnoS970hzdjv/nElRZx9ICjhHdD2o9EIBhFI3n2cSdQlGXkloSea6aSZ+qxknt2ySk7E5Bl4s5ICWaoefZPpxezNOQRMkm1brtOgt2MKhRM8rzYSTVPKBvSPs8mW+fkzEg9EsTKTIRkos7laKj1KPRNMqQ40IveWPzPa6cYXHUzESUp8ohNPwpSSTAm4wpITyjOUI4MoUwJsyFhA2pqQFNU0ZzuLh66TBqVsuuU3fuLUvV6VkIBTuAUzsGFS6jCHdSgDgxe4A0+4ct6tl6td+tjGl2xZm+OYA7W9x8a6pC3</latexit>

⇤3 ⇠ (MPlH
2
0 )

1/3 ⇠ (1000 km)�1
<latexit sha1_base64="zwB7TtHLdma3r4XaKY7bNfQkdtI=">AAACI3icbVBLSwMxGMz6tr5WPXoJFkEP1kQFBS+CHjwoVLC14NYlm6YamuwuybdiWfbnePGXCF5EvCj4X0zrXnwMBIaZCclMlCppgZB3b2R0bHxicmq6MjM7N7/gLy41bZIZLho8UYlpRcwKJWPRAAlKtFIjmI6UuIx6RwP/8k4YK5P4AvqpaGt2E8uu5AycFPrHwakLd1i4gwMrNV4/C/PAaFxXBT4JyfX2xnVOt3aK0qWEEBzgAMQ95D1dOHeTFqFfJTUyBP5LaEmqqEQ99J+CTsIzLWLgill7RUkK7ZwZkFyJohJkVqSM99iNyIcdC7zmpA7uJsadGPBQ/ZFj2tq+jlxSM7i1v72B+J93lUF3v53LOM1AxPz7oW6mMCR4MBjuSCM4qL4jjBvpfoj5LTOMg5u14qrT30X/kuZ2jZIaPd+tHh6UI0yhFbSK1hFFe+gQnaA6aiCOHtELekcf3oP37L16b9/REa+8s4x+wPv8AmJkoL8=</latexit><latexit sha1_base64="zwB7TtHLdma3r4XaKY7bNfQkdtI=">AAACI3icbVBLSwMxGMz6tr5WPXoJFkEP1kQFBS+CHjwoVLC14NYlm6YamuwuybdiWfbnePGXCF5EvCj4X0zrXnwMBIaZCclMlCppgZB3b2R0bHxicmq6MjM7N7/gLy41bZIZLho8UYlpRcwKJWPRAAlKtFIjmI6UuIx6RwP/8k4YK5P4AvqpaGt2E8uu5AycFPrHwakLd1i4gwMrNV4/C/PAaFxXBT4JyfX2xnVOt3aK0qWEEBzgAMQ95D1dOHeTFqFfJTUyBP5LaEmqqEQ99J+CTsIzLWLgill7RUkK7ZwZkFyJohJkVqSM99iNyIcdC7zmpA7uJsadGPBQ/ZFj2tq+jlxSM7i1v72B+J93lUF3v53LOM1AxPz7oW6mMCR4MBjuSCM4qL4jjBvpfoj5LTOMg5u14qrT30X/kuZ2jZIaPd+tHh6UI0yhFbSK1hFFe+gQnaA6aiCOHtELekcf3oP37L16b9/REa+8s4x+wPv8AmJkoL8=</latexit><latexit sha1_base64="zwB7TtHLdma3r4XaKY7bNfQkdtI=">AAACI3icbVBLSwMxGMz6tr5WPXoJFkEP1kQFBS+CHjwoVLC14NYlm6YamuwuybdiWfbnePGXCF5EvCj4X0zrXnwMBIaZCclMlCppgZB3b2R0bHxicmq6MjM7N7/gLy41bZIZLho8UYlpRcwKJWPRAAlKtFIjmI6UuIx6RwP/8k4YK5P4AvqpaGt2E8uu5AycFPrHwakLd1i4gwMrNV4/C/PAaFxXBT4JyfX2xnVOt3aK0qWEEBzgAMQ95D1dOHeTFqFfJTUyBP5LaEmqqEQ99J+CTsIzLWLgill7RUkK7ZwZkFyJohJkVqSM99iNyIcdC7zmpA7uJsadGPBQ/ZFj2tq+jlxSM7i1v72B+J93lUF3v53LOM1AxPz7oW6mMCR4MBjuSCM4qL4jjBvpfoj5LTOMg5u14qrT30X/kuZ2jZIaPd+tHh6UI0yhFbSK1hFFe+gQnaA6aiCOHtELekcf3oP37L16b9/REa+8s4x+wPv8AmJkoL8=</latexit><latexit sha1_base64="zwB7TtHLdma3r4XaKY7bNfQkdtI=">AAACI3icbVBLSwMxGMz6tr5WPXoJFkEP1kQFBS+CHjwoVLC14NYlm6YamuwuybdiWfbnePGXCF5EvCj4X0zrXnwMBIaZCclMlCppgZB3b2R0bHxicmq6MjM7N7/gLy41bZIZLho8UYlpRcwKJWPRAAlKtFIjmI6UuIx6RwP/8k4YK5P4AvqpaGt2E8uu5AycFPrHwakLd1i4gwMrNV4/C/PAaFxXBT4JyfX2xnVOt3aK0qWEEBzgAMQ95D1dOHeTFqFfJTUyBP5LaEmqqEQ99J+CTsIzLWLgill7RUkK7ZwZkFyJohJkVqSM99iNyIcdC7zmpA7uJsadGPBQ/ZFj2tq+jlxSM7i1v72B+J93lUF3v53LOM1AxPz7oW6mMCR4MBjuSCM4qL4jjBvpfoj5LTOMg5u14qrT30X/kuZ2jZIaPd+tHh6UI0yhFbSK1hFFe+gQnaA6aiCOHtELekcf3oP37L16b9/REa+8s4x+wPv8AmJkoL8=</latexit>

L = f(�)R+G2(�, X) +
⇤�

⇤3
3

G3(�, X)
<latexit sha1_base64="Js6G+TbhlqNG7vYq0jaa/q0OayA="></latexit><latexit sha1_base64="Js6G+TbhlqNG7vYq0jaa/q0OayA="></latexit><latexit sha1_base64="Js6G+TbhlqNG7vYq0jaa/q0OayA="></latexit><latexit sha1_base64="Js6G+TbhlqNG7vYq0jaa/q0OayA="></latexit>



Screening

Ex: ⇤ ⌘ gµ⌫rµr⌫
<latexit sha1_base64="AeKjmbKR7KA5cDOCtnvcvXp8cTc=">AAACDXicbVDNSgMxGMzWv1r/Vj16CRbBU90VQcVL0YvHCq4tdOuSTbNtaDa75qdYlr6DF1/Fi+JJ0Vfwbcy2RWjrBwmTmQnJTJgyKpXj/FiFhcWl5ZXiamltfWNzy97euZOJFph4OGGJaIRIEkY58RRVjDRSQVAcMlIPe1e5Xu8TIWnCb9UgJa0YdTiNKEbKUIF95F8mj9AnD5r2Yec+82MNfa6HZkMhQ0F+/sNcw8AuOxVnNHAeuBNQBpOpBfa3306wjglXmCEpm66TqlaGhKKYkWHJ15KkCPdQh2SjOEN4YKg2jBJhFldwxE75UCzlIA6NM0aqK2e1nPxPa2oVnbUyylOtCMfjhyLNoEpg3g1sU0GwYgMDEBbU/BDiLhIIK9NgyUR3Z4POA++4cl5xb07K1YtJB0WwB/bBIXDBKaiCa1ADHsDgGbyCD/BpPVkv1pv1PrYWrMmdXTA11tcvcK+bDQ==</latexit><latexit sha1_base64="AeKjmbKR7KA5cDOCtnvcvXp8cTc=">AAACDXicbVDNSgMxGMzWv1r/Vj16CRbBU90VQcVL0YvHCq4tdOuSTbNtaDa75qdYlr6DF1/Fi+JJ0Vfwbcy2RWjrBwmTmQnJTJgyKpXj/FiFhcWl5ZXiamltfWNzy97euZOJFph4OGGJaIRIEkY58RRVjDRSQVAcMlIPe1e5Xu8TIWnCb9UgJa0YdTiNKEbKUIF95F8mj9AnD5r2Yec+82MNfa6HZkMhQ0F+/sNcw8AuOxVnNHAeuBNQBpOpBfa3306wjglXmCEpm66TqlaGhKKYkWHJ15KkCPdQh2SjOEN4YKg2jBJhFldwxE75UCzlIA6NM0aqK2e1nPxPa2oVnbUyylOtCMfjhyLNoEpg3g1sU0GwYgMDEBbU/BDiLhIIK9NgyUR3Z4POA++4cl5xb07K1YtJB0WwB/bBIXDBKaiCa1ADHsDgGbyCD/BpPVkv1pv1PrYWrMmdXTA11tcvcK+bDQ==</latexit><latexit sha1_base64="AeKjmbKR7KA5cDOCtnvcvXp8cTc=">AAACDXicbVDNSgMxGMzWv1r/Vj16CRbBU90VQcVL0YvHCq4tdOuSTbNtaDa75qdYlr6DF1/Fi+JJ0Vfwbcy2RWjrBwmTmQnJTJgyKpXj/FiFhcWl5ZXiamltfWNzy97euZOJFph4OGGJaIRIEkY58RRVjDRSQVAcMlIPe1e5Xu8TIWnCb9UgJa0YdTiNKEbKUIF95F8mj9AnD5r2Yec+82MNfa6HZkMhQ0F+/sNcw8AuOxVnNHAeuBNQBpOpBfa3306wjglXmCEpm66TqlaGhKKYkWHJ15KkCPdQh2SjOEN4YKg2jBJhFldwxE75UCzlIA6NM0aqK2e1nPxPa2oVnbUyylOtCMfjhyLNoEpg3g1sU0GwYgMDEBbU/BDiLhIIK9NgyUR3Z4POA++4cl5xb07K1YtJB0WwB/bBIXDBKaiCa1ADHsDgGbyCD/BpPVkv1pv1PrYWrMmdXTA11tcvcK+bDQ==</latexit><latexit sha1_base64="AeKjmbKR7KA5cDOCtnvcvXp8cTc=">AAACDXicbVDNSgMxGMzWv1r/Vj16CRbBU90VQcVL0YvHCq4tdOuSTbNtaDa75qdYlr6DF1/Fi+JJ0Vfwbcy2RWjrBwmTmQnJTJgyKpXj/FiFhcWl5ZXiamltfWNzy97euZOJFph4OGGJaIRIEkY58RRVjDRSQVAcMlIPe1e5Xu8TIWnCb9UgJa0YdTiNKEbKUIF95F8mj9AnD5r2Yec+82MNfa6HZkMhQ0F+/sNcw8AuOxVnNHAeuBNQBpOpBfa3306wjglXmCEpm66TqlaGhKKYkWHJ15KkCPdQh2SjOEN4YKg2jBJhFldwxE75UCzlIA6NM0aqK2e1nPxPa2oVnbUyylOtCMfjhyLNoEpg3g1sU0GwYgMDEBbU/BDiLhIIK9NgyUR3Z4POA++4cl5xb07K1YtJB0WwB/bBIXDBKaiCa1ADHsDgGbyCD/BpPVkv1pv1PrYWrMmdXTA11tcvcK+bDQ==</latexit>

Vainshtein screening: large classical scalar field nonlinearities
⇤�

⇤3
3

� 1

 = �
<latexit sha1_base64="yIfWshPdG+b4oURN52yWAWwsBdg=">AAAB5nicbVDLSsNAFL3xWeur6tLNYBFclUQEBREKblxGsA9pSplMJ83QySTM3Ail9BfciLhR8HP8Bf/GaZtNWw8MHM45w73nhpkUBl3311lb39jc2i7tlHf39g8OK0fHTZPmmvEGS2Wq2yE1XArFGyhQ8namOU1CyVvh8H7qt164NiJVTzjKeDehAyUiwSha6TnwjbgL/Fj0KlW35s5AVolXkCoU8HuVn6CfsjzhCpmkxnQ8N8PumGoUTPJJOcgNzygb0gEfz9ackHMr9UmUavsUkpm6kKOJMaMktMmEYmyWvan4n9fJMbrpjoXKcuSKzQdFuSSYkmln0heaM5QjSyjTwm5IWEw1ZWgvU7bVveWiq6R5WfPcmvd4Va3fFkcowSmcwQV4cA11eAAfGsAggTf4hC8ndl6dd+djHl1zij8nsADn+w8rrou6</latexit><latexit sha1_base64="yIfWshPdG+b4oURN52yWAWwsBdg=">AAAB5nicbVDLSsNAFL3xWeur6tLNYBFclUQEBREKblxGsA9pSplMJ83QySTM3Ail9BfciLhR8HP8Bf/GaZtNWw8MHM45w73nhpkUBl3311lb39jc2i7tlHf39g8OK0fHTZPmmvEGS2Wq2yE1XArFGyhQ8namOU1CyVvh8H7qt164NiJVTzjKeDehAyUiwSha6TnwjbgL/Fj0KlW35s5AVolXkCoU8HuVn6CfsjzhCpmkxnQ8N8PumGoUTPJJOcgNzygb0gEfz9ackHMr9UmUavsUkpm6kKOJMaMktMmEYmyWvan4n9fJMbrpjoXKcuSKzQdFuSSYkmln0heaM5QjSyjTwm5IWEw1ZWgvU7bVveWiq6R5WfPcmvd4Va3fFkcowSmcwQV4cA11eAAfGsAggTf4hC8ndl6dd+djHl1zij8nsADn+w8rrou6</latexit><latexit sha1_base64="yIfWshPdG+b4oURN52yWAWwsBdg=">AAAB5nicbVDLSsNAFL3xWeur6tLNYBFclUQEBREKblxGsA9pSplMJ83QySTM3Ail9BfciLhR8HP8Bf/GaZtNWw8MHM45w73nhpkUBl3311lb39jc2i7tlHf39g8OK0fHTZPmmvEGS2Wq2yE1XArFGyhQ8namOU1CyVvh8H7qt164NiJVTzjKeDehAyUiwSha6TnwjbgL/Fj0KlW35s5AVolXkCoU8HuVn6CfsjzhCpmkxnQ8N8PumGoUTPJJOcgNzygb0gEfz9ackHMr9UmUavsUkpm6kKOJMaMktMmEYmyWvan4n9fJMbrpjoXKcuSKzQdFuSSYkmln0heaM5QjSyjTwm5IWEw1ZWgvU7bVveWiq6R5WfPcmvd4Va3fFkcowSmcwQV4cA11eAAfGsAggTf4hC8ndl6dd+djHl1zij8nsADn+w8rrou6</latexit><latexit sha1_base64="yIfWshPdG+b4oURN52yWAWwsBdg=">AAAB5nicbVDLSsNAFL3xWeur6tLNYBFclUQEBREKblxGsA9pSplMJ83QySTM3Ail9BfciLhR8HP8Bf/GaZtNWw8MHM45w73nhpkUBl3311lb39jc2i7tlHf39g8OK0fHTZPmmvEGS2Wq2yE1XArFGyhQ8namOU1CyVvh8H7qt164NiJVTzjKeDehAyUiwSha6TnwjbgL/Fj0KlW35s5AVolXkCoU8HuVn6CfsjzhCpmkxnQ8N8PumGoUTPJJOcgNzygb0gEfz9ackHMr9UmUavsUkpm6kKOJMaMktMmEYmyWvan4n9fJMbrpjoXKcuSKzQdFuSSYkmln0heaM5QjSyjTwm5IWEw1ZWgvU7bVveWiq6R5WfPcmvd4Va3fFkcowSmcwQV4cA11eAAfGsAggTf4hC8ndl6dd+djHl1zij8nsADn+w8rrou6</latexit>

Gm1m2

r2
<latexit sha1_base64="+WPrM9icrJuUQfyfOx262blmA9c=">AAAB9XicbVDJSgNBFHzjGuM2Knjx0hgET2EmCApeAh70GMEskMShp9OTNOlZ6H6jhHE+xYuIFwV/w1/wb+wslyQWPCiqqun3yk+k0Og4v9bK6tr6xmZhq7i9s7u3bx8cNnScKsbrLJaxavlUcykiXkeBkrcSxWnoS970hzdjv/nElRZx9ICjhHdD2o9EIBhFI3n2cSdQlGXkloSea6aSZ+qxknt2ySk7E5Bl4s5ICWaoefZPpxezNOQRMkm1brtOgt2MKhRM8rzYSTVPKBvSPs8mW+fkzEg9EsTKTIRkos7laKj1KPRNMqQ40IveWPzPa6cYXHUzESUp8ohNPwpSSTAm4wpITyjOUI4MoUwJsyFhA2pqQFNU0ZzuLh66TBqVsuuU3fuLUvV6VkIBTuAUzsGFS6jCHdSgDgxe4A0+4ct6tl6td+tjGl2xZm+OYA7W9x8a6pC3</latexit><latexit sha1_base64="+WPrM9icrJuUQfyfOx262blmA9c=">AAAB9XicbVDJSgNBFHzjGuM2Knjx0hgET2EmCApeAh70GMEskMShp9OTNOlZ6H6jhHE+xYuIFwV/w1/wb+wslyQWPCiqqun3yk+k0Og4v9bK6tr6xmZhq7i9s7u3bx8cNnScKsbrLJaxavlUcykiXkeBkrcSxWnoS970hzdjv/nElRZx9ICjhHdD2o9EIBhFI3n2cSdQlGXkloSea6aSZ+qxknt2ySk7E5Bl4s5ICWaoefZPpxezNOQRMkm1brtOgt2MKhRM8rzYSTVPKBvSPs8mW+fkzEg9EsTKTIRkos7laKj1KPRNMqQ40IveWPzPa6cYXHUzESUp8ohNPwpSSTAm4wpITyjOUI4MoUwJsyFhA2pqQFNU0ZzuLh66TBqVsuuU3fuLUvV6VkIBTuAUzsGFS6jCHdSgDgxe4A0+4ct6tl6td+tjGl2xZm+OYA7W9x8a6pC3</latexit><latexit sha1_base64="+WPrM9icrJuUQfyfOx262blmA9c=">AAAB9XicbVDJSgNBFHzjGuM2Knjx0hgET2EmCApeAh70GMEskMShp9OTNOlZ6H6jhHE+xYuIFwV/w1/wb+wslyQWPCiqqun3yk+k0Og4v9bK6tr6xmZhq7i9s7u3bx8cNnScKsbrLJaxavlUcykiXkeBkrcSxWnoS970hzdjv/nElRZx9ICjhHdD2o9EIBhFI3n2cSdQlGXkloSea6aSZ+qxknt2ySk7E5Bl4s5ICWaoefZPpxezNOQRMkm1brtOgt2MKhRM8rzYSTVPKBvSPs8mW+fkzEg9EsTKTIRkos7laKj1KPRNMqQ40IveWPzPa6cYXHUzESUp8ohNPwpSSTAm4wpITyjOUI4MoUwJsyFhA2pqQFNU0ZzuLh66TBqVsuuU3fuLUvV6VkIBTuAUzsGFS6jCHdSgDgxe4A0+4ct6tl6td+tjGl2xZm+OYA7W9x8a6pC3</latexit><latexit sha1_base64="+WPrM9icrJuUQfyfOx262blmA9c=">AAAB9XicbVDJSgNBFHzjGuM2Knjx0hgET2EmCApeAh70GMEskMShp9OTNOlZ6H6jhHE+xYuIFwV/w1/wb+wslyQWPCiqqun3yk+k0Og4v9bK6tr6xmZhq7i9s7u3bx8cNnScKsbrLJaxavlUcykiXkeBkrcSxWnoS970hzdjv/nElRZx9ICjhHdD2o9EIBhFI3n2cSdQlGXkloSea6aSZ+qxknt2ySk7E5Bl4s5ICWaoefZPpxezNOQRMkm1brtOgt2MKhRM8rzYSTVPKBvSPs8mW+fkzEg9EsTKTIRkos7laKj1KPRNMqQ40IveWPzPa6cYXHUzESUp8ohNPwpSSTAm4wpITyjOUI4MoUwJsyFhA2pqQFNU0ZzuLh66TBqVsuuU3fuLUvV6VkIBTuAUzsGFS6jCHdSgDgxe4A0+4ct6tl6td+tjGl2xZm+OYA7W9x8a6pC3</latexit>

   Simplest models of modified gravity are base on single scalar field (universal coupling)
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km
<latexit sha1_base64="LNeHMB0T13o9qT06XftI21U+UB4=">AAAB5nicbVDLSgMxFL3js9ZX1aWbYBFclRkRFNwU3LisYB/SlpJJM21okhmSO2IZ+gtuRNwo+Dn+gn9j2s6mrQcCh3NOuPfcMJHCou//emvrG5tb24Wd4u7e/sFh6ei4YePUMF5nsYxNK6SWS6F5HQVK3koMpyqUvBmO7qZ+85kbK2L9iOOEdxUdaBEJRtFJTx3kL5iN1KRXKvsVfwaySoKclCFHrVf66fRjliqukUlqbTvwE+xm1KBgkk+KndTyhLIRHfBstuaEnDupT6LYuKeRzNSFHFXWjlXokori0C57U/E/r51idNPNhE5S5JrNB0WpJBiTaWfSF4YzlGNHKDPCbUjYkBrK0F2m6KoHy0VXSeOyEviV4OGqXL3Nj1CAUziDCwjgGqpwDzWoAwMFb/AJX97Qe/XevY95dM3L/5zAArzvPzCKjGk=</latexit><latexit sha1_base64="LNeHMB0T13o9qT06XftI21U+UB4=">AAAB5nicbVDLSgMxFL3js9ZX1aWbYBFclRkRFNwU3LisYB/SlpJJM21okhmSO2IZ+gtuRNwo+Dn+gn9j2s6mrQcCh3NOuPfcMJHCou//emvrG5tb24Wd4u7e/sFh6ei4YePUMF5nsYxNK6SWS6F5HQVK3koMpyqUvBmO7qZ+85kbK2L9iOOEdxUdaBEJRtFJTx3kL5iN1KRXKvsVfwaySoKclCFHrVf66fRjliqukUlqbTvwE+xm1KBgkk+KndTyhLIRHfBstuaEnDupT6LYuKeRzNSFHFXWjlXokori0C57U/E/r51idNPNhE5S5JrNB0WpJBiTaWfSF4YzlGNHKDPCbUjYkBrK0F2m6KoHy0VXSeOyEviV4OGqXL3Nj1CAUziDCwjgGqpwDzWoAwMFb/AJX97Qe/XevY95dM3L/5zAArzvPzCKjGk=</latexit><latexit sha1_base64="LNeHMB0T13o9qT06XftI21U+UB4=">AAAB5nicbVDLSgMxFL3js9ZX1aWbYBFclRkRFNwU3LisYB/SlpJJM21okhmSO2IZ+gtuRNwo+Dn+gn9j2s6mrQcCh3NOuPfcMJHCou//emvrG5tb24Wd4u7e/sFh6ei4YePUMF5nsYxNK6SWS6F5HQVK3koMpyqUvBmO7qZ+85kbK2L9iOOEdxUdaBEJRtFJTx3kL5iN1KRXKvsVfwaySoKclCFHrVf66fRjliqukUlqbTvwE+xm1KBgkk+KndTyhLIRHfBstuaEnDupT6LYuKeRzNSFHFXWjlXokori0C57U/E/r51idNPNhE5S5JrNB0WpJBiTaWfSF4YzlGNHKDPCbUjYkBrK0F2m6KoHy0VXSeOyEviV4OGqXL3Nj1CAUziDCwjgGqpwDzWoAwMFb/AJX97Qe/XevY95dM3L/5zAArzvPzCKjGk=</latexit><latexit sha1_base64="LNeHMB0T13o9qT06XftI21U+UB4=">AAAB5nicbVDLSgMxFL3js9ZX1aWbYBFclRkRFNwU3LisYB/SlpJJM21okhmSO2IZ+gtuRNwo+Dn+gn9j2s6mrQcCh3NOuPfcMJHCou//emvrG5tb24Wd4u7e/sFh6ei4YePUMF5nsYxNK6SWS6F5HQVK3koMpyqUvBmO7qZ+85kbK2L9iOOEdxUdaBEJRtFJTx3kL5iN1KRXKvsVfwaySoKclCFHrVf66fRjliqukUlqbTvwE+xm1KBgkk+KndTyhLIRHfBstuaEnDupT6LYuKeRzNSFHFXWjlXokori0C57U/E/r51idNPNhE5S5JrNB0WpJBiTaWfSF4YzlGNHKDPCbUjYkBrK0F2m6KoHy0VXSeOyEviV4OGqXL3Nj1CAUziDCwjgGqpwDzWoAwMFb/AJX97Qe/XevY95dM3L/5zAArzvPzCKjGk=</latexit>

rSS H
�1
0⇤�1

3
<latexit sha1_base64="3PhT4ofI2DlQuofreMfIwXMFf9s=">AAAB63icbVDJSgNBFHwTtxi3qEcvjUHwYphRQcFLwIsHDxHMAtno6elJmvQsdL8RwjBf4UXEi4L/4i/4N3aSuSSxoKGoqua9em4shUbb/rUKa+sbm1vF7dLO7t7+QfnwqKmjRDHeYJGMVNulmksR8gYKlLwdK04DV/KWO76f+q0XrrSIwmecxLwX0GEofMEoGqnffTRRjw6u+umFkw3KFbtqz0BWiZOTCuSoD8o/XS9iScBDZJJq3XHsGHspVSiY5Fmpm2geUzamQ57Ods3ImZE84kfKvBDJTF3I0UDrSeCaZEBxpJe9qfif10nQv+2lIowT5CGbD/ITSTAi0+LEE4ozlBNDKFPCbEjYiCrK0JynZKo7y0VXSfOy6thV5+m6UrvLj1CEEziFc3DgBmrwAHVoAAMFb/AJX1ZgvVrv1sc8WrDyP8ewAOv7D1/rjY0=</latexit><latexit sha1_base64="3PhT4ofI2DlQuofreMfIwXMFf9s=">AAAB63icbVDJSgNBFHwTtxi3qEcvjUHwYphRQcFLwIsHDxHMAtno6elJmvQsdL8RwjBf4UXEi4L/4i/4N3aSuSSxoKGoqua9em4shUbb/rUKa+sbm1vF7dLO7t7+QfnwqKmjRDHeYJGMVNulmksR8gYKlLwdK04DV/KWO76f+q0XrrSIwmecxLwX0GEofMEoGqnffTRRjw6u+umFkw3KFbtqz0BWiZOTCuSoD8o/XS9iScBDZJJq3XHsGHspVSiY5Fmpm2geUzamQ57Ods3ImZE84kfKvBDJTF3I0UDrSeCaZEBxpJe9qfif10nQv+2lIowT5CGbD/ITSTAi0+LEE4ozlBNDKFPCbEjYiCrK0JynZKo7y0VXSfOy6thV5+m6UrvLj1CEEziFc3DgBmrwAHVoAAMFb/AJX1ZgvVrv1sc8WrDyP8ewAOv7D1/rjY0=</latexit><latexit sha1_base64="3PhT4ofI2DlQuofreMfIwXMFf9s=">AAAB63icbVDJSgNBFHwTtxi3qEcvjUHwYphRQcFLwIsHDxHMAtno6elJmvQsdL8RwjBf4UXEi4L/4i/4N3aSuSSxoKGoqua9em4shUbb/rUKa+sbm1vF7dLO7t7+QfnwqKmjRDHeYJGMVNulmksR8gYKlLwdK04DV/KWO76f+q0XrrSIwmecxLwX0GEofMEoGqnffTRRjw6u+umFkw3KFbtqz0BWiZOTCuSoD8o/XS9iScBDZJJq3XHsGHspVSiY5Fmpm2geUzamQ57Ods3ImZE84kfKvBDJTF3I0UDrSeCaZEBxpJe9qfif10nQv+2lIowT5CGbD/ITSTAi0+LEE4ozlBNDKFPCbEjYiCrK0JynZKo7y0VXSfOy6thV5+m6UrvLj1CEEziFc3DgBmrwAHVoAAMFb/AJX1ZgvVrv1sc8WrDyP8ewAOv7D1/rjY0=</latexit><latexit sha1_base64="3PhT4ofI2DlQuofreMfIwXMFf9s=">AAAB63icbVDJSgNBFHwTtxi3qEcvjUHwYphRQcFLwIsHDxHMAtno6elJmvQsdL8RwjBf4UXEi4L/4i/4N3aSuSSxoKGoqua9em4shUbb/rUKa+sbm1vF7dLO7t7+QfnwqKmjRDHeYJGMVNulmksR8gYKlLwdK04DV/KWO76f+q0XrrSIwmecxLwX0GEofMEoGqnffTRRjw6u+umFkw3KFbtqz0BWiZOTCuSoD8o/XS9iScBDZJJq3XHsGHspVSiY5Fmpm2geUzamQ57Ods3ImZE84kfKvBDJTF3I0UDrSeCaZEBxpJe9qfif10nQv+2lIowT5CGbD/ITSTAi0+LEE4ozlBNDKFPCbEjYiCrK0JynZKo7y0VXSfOy6thV5+m6UrvLj1CEEziFc3DgBmrwAHVoAAMFb/AJX1ZgvVrv1sc8WrDyP8ewAOv7D1/rjY0=</latexit>

O(1)
<latexit sha1_base64="TiEpBCsK12jQ/3w0U/Yt3pS8FQk=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBItQN2VGCgpuCm7cWcE+oC0lk2ba2MxkSO4IZeg/uBFxo+DX+Av+jWk7m7YeCBzOOeHec/1YCoOu++vkNja3tnfyu4W9/YPDo+LxSdOoRDPeYEoq3fap4VJEvIECJW/HmtPQl7zlj+9mfuuFayNU9ISTmPdCOoxEIBhFK3XSLqOSPEzL3mW/WHIr7hxknXgZKUGGer/40x0oloQ8QiapMR3PjbGXUo2CST4tdBPDY8rGdMjT+aJTcmGlAQmUti9CMleXcjQ0ZhL6NhlSHJlVbyb+53USDG56qYjiBHnEFoOCRBJUZNaaDITmDOXEEsq0sBsSNqKaMrS3Kdjq3mrRddK8qnhuxXuslmq32RHycAbnUAYPrqEG91CHBjBQ8Aaf8OU8O6/Ou/OxiOac7M8pLMH5/gPIGIwB</latexit><latexit sha1_base64="TiEpBCsK12jQ/3w0U/Yt3pS8FQk=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBItQN2VGCgpuCm7cWcE+oC0lk2ba2MxkSO4IZeg/uBFxo+DX+Av+jWk7m7YeCBzOOeHec/1YCoOu++vkNja3tnfyu4W9/YPDo+LxSdOoRDPeYEoq3fap4VJEvIECJW/HmtPQl7zlj+9mfuuFayNU9ISTmPdCOoxEIBhFK3XSLqOSPEzL3mW/WHIr7hxknXgZKUGGer/40x0oloQ8QiapMR3PjbGXUo2CST4tdBPDY8rGdMjT+aJTcmGlAQmUti9CMleXcjQ0ZhL6NhlSHJlVbyb+53USDG56qYjiBHnEFoOCRBJUZNaaDITmDOXEEsq0sBsSNqKaMrS3Kdjq3mrRddK8qnhuxXuslmq32RHycAbnUAYPrqEG91CHBjBQ8Aaf8OU8O6/Ou/OxiOac7M8pLMH5/gPIGIwB</latexit><latexit sha1_base64="TiEpBCsK12jQ/3w0U/Yt3pS8FQk=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBItQN2VGCgpuCm7cWcE+oC0lk2ba2MxkSO4IZeg/uBFxo+DX+Av+jWk7m7YeCBzOOeHec/1YCoOu++vkNja3tnfyu4W9/YPDo+LxSdOoRDPeYEoq3fap4VJEvIECJW/HmtPQl7zlj+9mfuuFayNU9ISTmPdCOoxEIBhFK3XSLqOSPEzL3mW/WHIr7hxknXgZKUGGer/40x0oloQ8QiapMR3PjbGXUo2CST4tdBPDY8rGdMjT+aJTcmGlAQmUti9CMleXcjQ0ZhL6NhlSHJlVbyb+53USDG56qYjiBHnEFoOCRBJUZNaaDITmDOXEEsq0sBsSNqKaMrS3Kdjq3mrRddK8qnhuxXuslmq32RHycAbnUAYPrqEG91CHBjBQ8Aaf8OU8O6/Ou/OxiOac7M8pLMH5/gPIGIwB</latexit><latexit sha1_base64="tYrJZ4vtEFZsW5WL3TBxT906ocw=">AAABz3icbVBNSwMxFHxbv+patZ69BIvgqWS96FHw4rGC/YC2lmw224ZmkyV5K5TSmyfFk3/Kv+C/Mdv20taBB8PMg/dm4lxJh5T+BpW9/YPDo+pxeFILT8/O67WOM4Xlos2NMrYXMyeU1KKNEpXo5VawLFaiG08fS7/7JqyTRr/gLBfDjI21TCVn6KXWqN6gTboE2SXRmjRgjVH9Z5AYXmRCI1fMuX5EcxzOmUXJlViEg8KJnPEpG4v58rkFufZSQlJj/WgkS3Vjj2XOzbLYb2YMJ27bK8X/vH6B6f1wLnVeoNB8dSgtFEFDyqQkkVZwVDNPGLfSf0j4hFnG0fcR+uTRds5d0rltRrQZPVOowiVcwQ1EcAcP8AQtaAOHBD7gO3gN3oPPVUOVYF3VBWwg+PoDbXiF7Q==</latexit><latexit sha1_base64="dnU2HuMKLKNsESvIW/AtgogVl/U=">AAAB3XicbVDLSgNBEOz1GWPU6NXLYBDiJcx40aPgxZsRzAOSEGYns8mY2Z1lplcIS/7Bi4gX/R1/wb9x8rgksaChqGrorgpTrRxS+htsbe/s7u0XDoqHpaPjk/JpqelMZoVsCKONbYfcSa0S2UCFWrZTK3kcatkKx/czv/UqrVMmecZJKnsxHyYqUoKjlzp5V3BNHqdVdtUvV2iNzkE2CVuSCixR75d/ugMjslgmKDR3rsNoir2cW1RCy2mxmzmZcjHmQ5nPH52SSy8NSGSsnwTJXF3Z47Fzkzj0mzHHkVv3ZuJ/XifD6LaXqyTNUCZicSjKNEFDZqnJQFkpUE884cIq/yERI265QN9N0Udn60E3SfO6xmiNPVEowDlcQBUY3MAdPEAdGiDAwDt8wXfwErwFH4uStoJlW2ewguDzD8FxirU=</latexit><latexit sha1_base64="dnU2HuMKLKNsESvIW/AtgogVl/U=">AAAB3XicbVDLSgNBEOz1GWPU6NXLYBDiJcx40aPgxZsRzAOSEGYns8mY2Z1lplcIS/7Bi4gX/R1/wb9x8rgksaChqGrorgpTrRxS+htsbe/s7u0XDoqHpaPjk/JpqelMZoVsCKONbYfcSa0S2UCFWrZTK3kcatkKx/czv/UqrVMmecZJKnsxHyYqUoKjlzp5V3BNHqdVdtUvV2iNzkE2CVuSCixR75d/ugMjslgmKDR3rsNoir2cW1RCy2mxmzmZcjHmQ5nPH52SSy8NSGSsnwTJXF3Z47Fzkzj0mzHHkVv3ZuJ/XifD6LaXqyTNUCZicSjKNEFDZqnJQFkpUE884cIq/yERI265QN9N0Udn60E3SfO6xmiNPVEowDlcQBUY3MAdPEAdGiDAwDt8wXfwErwFH4uStoJlW2ewguDzD8FxirU=</latexit><latexit sha1_base64="dP98PGq8E0SKZoKSpgK27HT44mc=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBItQN2XGjYKbght3VrAPaEvJpJk2NjMZkjtCGfoPbkTcKPg1/oJ/YzqdTVsPBA7nnHDvuX4shUHX/XUKG5tb2zvF3dLe/sHhUfn4pGVUohlvMiWV7vjUcCki3kSBkndizWnoS972J3dzv/3CtREqesJpzPshHUUiEIyilbppj1FJHmZV73JQrrg1NwNZJ15OKpCjMSj/9IaKJSGPkElqTNdzY+ynVKNgks9KvcTwmLIJHfE0W3RGLqw0JIHS9kVIMnUpR0NjpqFvkyHFsVn15uJ/XjfB4KafiihOkEdsMShIJEFF5q3JUGjOUE4toUwLuyFhY6opQ3ubkq3urRZdJ62rmufWvEe3Ur/Nj1CEMziHKnhwDXW4hwY0gYGCN/iEL+fZeXXenY9FtODkf05hCc73H8bYi/0=</latexit><latexit sha1_base64="TiEpBCsK12jQ/3w0U/Yt3pS8FQk=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBItQN2VGCgpuCm7cWcE+oC0lk2ba2MxkSO4IZeg/uBFxo+DX+Av+jWk7m7YeCBzOOeHec/1YCoOu++vkNja3tnfyu4W9/YPDo+LxSdOoRDPeYEoq3fap4VJEvIECJW/HmtPQl7zlj+9mfuuFayNU9ISTmPdCOoxEIBhFK3XSLqOSPEzL3mW/WHIr7hxknXgZKUGGer/40x0oloQ8QiapMR3PjbGXUo2CST4tdBPDY8rGdMjT+aJTcmGlAQmUti9CMleXcjQ0ZhL6NhlSHJlVbyb+53USDG56qYjiBHnEFoOCRBJUZNaaDITmDOXEEsq0sBsSNqKaMrS3Kdjq3mrRddK8qnhuxXuslmq32RHycAbnUAYPrqEG91CHBjBQ8Aaf8OU8O6/Ou/OxiOac7M8pLMH5/gPIGIwB</latexit><latexit sha1_base64="TiEpBCsK12jQ/3w0U/Yt3pS8FQk=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBItQN2VGCgpuCm7cWcE+oC0lk2ba2MxkSO4IZeg/uBFxo+DX+Av+jWk7m7YeCBzOOeHec/1YCoOu++vkNja3tnfyu4W9/YPDo+LxSdOoRDPeYEoq3fap4VJEvIECJW/HmtPQl7zlj+9mfuuFayNU9ISTmPdCOoxEIBhFK3XSLqOSPEzL3mW/WHIr7hxknXgZKUGGer/40x0oloQ8QiapMR3PjbGXUo2CST4tdBPDY8rGdMjT+aJTcmGlAQmUti9CMleXcjQ0ZhL6NhlSHJlVbyb+53USDG56qYjiBHnEFoOCRBJUZNaaDITmDOXEEsq0sBsSNqKaMrS3Kdjq3mrRddK8qnhuxXuslmq32RHycAbnUAYPrqEG91CHBjBQ8Aaf8OU8O6/Ou/OxiOac7M8pLMH5/gPIGIwB</latexit><latexit sha1_base64="TiEpBCsK12jQ/3w0U/Yt3pS8FQk=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBItQN2VGCgpuCm7cWcE+oC0lk2ba2MxkSO4IZeg/uBFxo+DX+Av+jWk7m7YeCBzOOeHec/1YCoOu++vkNja3tnfyu4W9/YPDo+LxSdOoRDPeYEoq3fap4VJEvIECJW/HmtPQl7zlj+9mfuuFayNU9ISTmPdCOoxEIBhFK3XSLqOSPEzL3mW/WHIr7hxknXgZKUGGer/40x0oloQ8QiapMR3PjbGXUo2CST4tdBPDY8rGdMjT+aJTcmGlAQmUti9CMleXcjQ0ZhL6NhlSHJlVbyb+53USDG56qYjiBHnEFoOCRBJUZNaaDITmDOXEEsq0sBsSNqKaMrS3Kdjq3mrRddK8qnhuxXuslmq32RHycAbnUAYPrqEG91CHBjBQ8Aaf8OU8O6/Ou/OxiOac7M8pLMH5/gPIGIwB</latexit><latexit sha1_base64="TiEpBCsK12jQ/3w0U/Yt3pS8FQk=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBItQN2VGCgpuCm7cWcE+oC0lk2ba2MxkSO4IZeg/uBFxo+DX+Av+jWk7m7YeCBzOOeHec/1YCoOu++vkNja3tnfyu4W9/YPDo+LxSdOoRDPeYEoq3fap4VJEvIECJW/HmtPQl7zlj+9mfuuFayNU9ISTmPdCOoxEIBhFK3XSLqOSPEzL3mW/WHIr7hxknXgZKUGGer/40x0oloQ8QiapMR3PjbGXUo2CST4tdBPDY8rGdMjT+aJTcmGlAQmUti9CMleXcjQ0ZhL6NhlSHJlVbyb+53USDG56qYjiBHnEFoOCRBJUZNaaDITmDOXEEsq0sBsSNqKaMrS3Kdjq3mrRddK8qnhuxXuslmq32RHycAbnUAYPrqEG91CHBjBQ8Aaf8OU8O6/Ou/OxiOac7M8pLMH5/gPIGIwB</latexit><latexit sha1_base64="TiEpBCsK12jQ/3w0U/Yt3pS8FQk=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBItQN2VGCgpuCm7cWcE+oC0lk2ba2MxkSO4IZeg/uBFxo+DX+Av+jWk7m7YeCBzOOeHec/1YCoOu++vkNja3tnfyu4W9/YPDo+LxSdOoRDPeYEoq3fap4VJEvIECJW/HmtPQl7zlj+9mfuuFayNU9ISTmPdCOoxEIBhFK3XSLqOSPEzL3mW/WHIr7hxknXgZKUGGer/40x0oloQ8QiapMR3PjbGXUo2CST4tdBPDY8rGdMjT+aJTcmGlAQmUti9CMleXcjQ0ZhL6NhlSHJlVbyb+53USDG56qYjiBHnEFoOCRBJUZNaaDITmDOXEEsq0sBsSNqKaMrS3Kdjq3mrRddK8qnhuxXuslmq32RHycAbnUAYPrqEG91CHBjBQ8Aaf8OU8O6/Ou/OxiOac7M8pLMH5/gPIGIwB</latexit><latexit sha1_base64="TiEpBCsK12jQ/3w0U/Yt3pS8FQk=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBItQN2VGCgpuCm7cWcE+oC0lk2ba2MxkSO4IZeg/uBFxo+DX+Av+jWk7m7YeCBzOOeHec/1YCoOu++vkNja3tnfyu4W9/YPDo+LxSdOoRDPeYEoq3fap4VJEvIECJW/HmtPQl7zlj+9mfuuFayNU9ISTmPdCOoxEIBhFK3XSLqOSPEzL3mW/WHIr7hxknXgZKUGGer/40x0oloQ8QiapMR3PjbGXUo2CST4tdBPDY8rGdMjT+aJTcmGlAQmUti9CMleXcjQ0ZhL6NhlSHJlVbyb+53USDG56qYjiBHnEFoOCRBJUZNaaDITmDOXEEsq0sBsSNqKaMrS3Kdjq3mrRddK8qnhuxXuslmq32RHycAbnUAYPrqEG91CHBjBQ8Aaf8OU8O6/Ou/OxiOac7M8pLMH5/gPIGIwB</latexit>

⌧ O(10�2)
<latexit sha1_base64="Q9XzhKKVc0Q5ZYXBqao4AdXnsHU=">AAAB9HicbVDLSsNAFL3xWesrKq7cDBahLixJERTcFNy4s4J9QFPLZDpph04yYWZSKCF/4kbEjYLf4S/4N07bbNp6YOBwzhnuvcePOVPacX6ttfWNza3twk5xd2//4NA+Om4qkUhCG0RwIds+VpSziDY005y2Y0lx6HPa8kf3U781plIxET3rSUy7IR5ELGAEayP17FOPc5R6BHP0mJVd5yW9qmaXPbvkVJwZ0Cpxc1KCHPWe/eP1BUlCGmnCsVId14l1N8VSM8JpVvQSRWNMRnhA09nSGbowUh8FQpoXaTRTF3I4VGoS+iYZYj1Uy95U/M/rJDq47aYsihNNIzIfFCQcaYGmDaA+k5RoPjEEE8nMhogMscREm56K5nR3+dBV0qxWXKfiPl2Xand5CQU4g3Mogws3UIMHqEMDCKTwBp/wZY2tV+vd+phH16z8zwkswPr+A6aIj88=</latexit><latexit sha1_base64="Q9XzhKKVc0Q5ZYXBqao4AdXnsHU=">AAAB9HicbVDLSsNAFL3xWesrKq7cDBahLixJERTcFNy4s4J9QFPLZDpph04yYWZSKCF/4kbEjYLf4S/4N07bbNp6YOBwzhnuvcePOVPacX6ttfWNza3twk5xd2//4NA+Om4qkUhCG0RwIds+VpSziDY005y2Y0lx6HPa8kf3U781plIxET3rSUy7IR5ELGAEayP17FOPc5R6BHP0mJVd5yW9qmaXPbvkVJwZ0Cpxc1KCHPWe/eP1BUlCGmnCsVId14l1N8VSM8JpVvQSRWNMRnhA09nSGbowUh8FQpoXaTRTF3I4VGoS+iYZYj1Uy95U/M/rJDq47aYsihNNIzIfFCQcaYGmDaA+k5RoPjEEE8nMhogMscREm56K5nR3+dBV0qxWXKfiPl2Xand5CQU4g3Mogws3UIMHqEMDCKTwBp/wZY2tV+vd+phH16z8zwkswPr+A6aIj88=</latexit><latexit sha1_base64="Q9XzhKKVc0Q5ZYXBqao4AdXnsHU=">AAAB9HicbVDLSsNAFL3xWesrKq7cDBahLixJERTcFNy4s4J9QFPLZDpph04yYWZSKCF/4kbEjYLf4S/4N07bbNp6YOBwzhnuvcePOVPacX6ttfWNza3twk5xd2//4NA+Om4qkUhCG0RwIds+VpSziDY005y2Y0lx6HPa8kf3U781plIxET3rSUy7IR5ELGAEayP17FOPc5R6BHP0mJVd5yW9qmaXPbvkVJwZ0Cpxc1KCHPWe/eP1BUlCGmnCsVId14l1N8VSM8JpVvQSRWNMRnhA09nSGbowUh8FQpoXaTRTF3I4VGoS+iYZYj1Uy95U/M/rJDq47aYsihNNIzIfFCQcaYGmDaA+k5RoPjEEE8nMhogMscREm56K5nR3+dBV0qxWXKfiPl2Xand5CQU4g3Mogws3UIMHqEMDCKTwBp/wZY2tV+vd+phH16z8zwkswPr+A6aIj88=</latexit><latexit sha1_base64="Q9XzhKKVc0Q5ZYXBqao4AdXnsHU=">AAAB9HicbVDLSsNAFL3xWesrKq7cDBahLixJERTcFNy4s4J9QFPLZDpph04yYWZSKCF/4kbEjYLf4S/4N07bbNp6YOBwzhnuvcePOVPacX6ttfWNza3twk5xd2//4NA+Om4qkUhCG0RwIds+VpSziDY005y2Y0lx6HPa8kf3U781plIxET3rSUy7IR5ELGAEayP17FOPc5R6BHP0mJVd5yW9qmaXPbvkVJwZ0Cpxc1KCHPWe/eP1BUlCGmnCsVId14l1N8VSM8JpVvQSRWNMRnhA09nSGbowUh8FQpoXaTRTF3I4VGoS+iYZYj1Uy95U/M/rJDq47aYsihNNIzIfFCQcaYGmDaA+k5RoPjEEE8nMhogMscREm56K5nR3+dBV0qxWXKfiPl2Xand5CQU4g3Mogws3UIMHqEMDCKTwBp/wZY2tV+vd+phH16z8zwkswPr+A6aIj88=</latexit>

almost GR scalar-tensor

↵2Gm1m2

r2
<latexit sha1_base64="NlEGyDxLr3aPnuuewAWVUHO7SXg=">AAAB/nicdVDLSgMxFM3UV62vUZcuDBbBVUkGsS1uCi50WcE+oNOWTJppQzMPkoxQhoIbf8WNiBsFP8Ff8G/MtHVR0QMXDueckHuPFwuuNEJfVm5ldW19I79Z2Nre2d2z9w+aKkokZQ0aiUi2PaKY4CFraK4Fa8eSkcATrOWNrzK/dc+k4lF4pycx6wZkGHKfU6KN1LePXSLiEek50PUloSm8hkEfm3Gmqew5075dRCWEEMYYZgSXL5Ah1WrFwRWIM8ugCBao9+1PdxDRJGChpoIo1cEo1t2USM2pYNOCmygWEzomQ5bO1p/CUyMNoB9JM6GGM3UpRwKlJoFnkgHRI/Xby8S/vE6i/Uo35WGcaBbS+Ud+IqCOYNYFHHDJqBYTQwiV3GwI6YiYGrRprGBO/7kP/k+aTgmjEr49L9YuFyXkwRE4AWcAgzKogRtQBw1AwSN4Bm/g3XqwnqwX63UezVmLN4dgCdbHN46xlFk=</latexit><latexit sha1_base64="NlEGyDxLr3aPnuuewAWVUHO7SXg=">AAAB/nicdVDLSgMxFM3UV62vUZcuDBbBVUkGsS1uCi50WcE+oNOWTJppQzMPkoxQhoIbf8WNiBsFP8Ff8G/MtHVR0QMXDueckHuPFwuuNEJfVm5ldW19I79Z2Nre2d2z9w+aKkokZQ0aiUi2PaKY4CFraK4Fa8eSkcATrOWNrzK/dc+k4lF4pycx6wZkGHKfU6KN1LePXSLiEek50PUloSm8hkEfm3Gmqew5075dRCWEEMYYZgSXL5Ah1WrFwRWIM8ugCBao9+1PdxDRJGChpoIo1cEo1t2USM2pYNOCmygWEzomQ5bO1p/CUyMNoB9JM6GGM3UpRwKlJoFnkgHRI/Xby8S/vE6i/Uo35WGcaBbS+Ud+IqCOYNYFHHDJqBYTQwiV3GwI6YiYGrRprGBO/7kP/k+aTgmjEr49L9YuFyXkwRE4AWcAgzKogRtQBw1AwSN4Bm/g3XqwnqwX63UezVmLN4dgCdbHN46xlFk=</latexit><latexit sha1_base64="NlEGyDxLr3aPnuuewAWVUHO7SXg=">AAAB/nicdVDLSgMxFM3UV62vUZcuDBbBVUkGsS1uCi50WcE+oNOWTJppQzMPkoxQhoIbf8WNiBsFP8Ff8G/MtHVR0QMXDueckHuPFwuuNEJfVm5ldW19I79Z2Nre2d2z9w+aKkokZQ0aiUi2PaKY4CFraK4Fa8eSkcATrOWNrzK/dc+k4lF4pycx6wZkGHKfU6KN1LePXSLiEek50PUloSm8hkEfm3Gmqew5075dRCWEEMYYZgSXL5Ah1WrFwRWIM8ugCBao9+1PdxDRJGChpoIo1cEo1t2USM2pYNOCmygWEzomQ5bO1p/CUyMNoB9JM6GGM3UpRwKlJoFnkgHRI/Xby8S/vE6i/Uo35WGcaBbS+Ud+IqCOYNYFHHDJqBYTQwiV3GwI6YiYGrRprGBO/7kP/k+aTgmjEr49L9YuFyXkwRE4AWcAgzKogRtQBw1AwSN4Bm/g3XqwnqwX63UezVmLN4dgCdbHN46xlFk=</latexit><latexit sha1_base64="NlEGyDxLr3aPnuuewAWVUHO7SXg=">AAAB/nicdVDLSgMxFM3UV62vUZcuDBbBVUkGsS1uCi50WcE+oNOWTJppQzMPkoxQhoIbf8WNiBsFP8Ff8G/MtHVR0QMXDueckHuPFwuuNEJfVm5ldW19I79Z2Nre2d2z9w+aKkokZQ0aiUi2PaKY4CFraK4Fa8eSkcATrOWNrzK/dc+k4lF4pycx6wZkGHKfU6KN1LePXSLiEek50PUloSm8hkEfm3Gmqew5075dRCWEEMYYZgSXL5Ah1WrFwRWIM8ugCBao9+1PdxDRJGChpoIo1cEo1t2USM2pYNOCmygWEzomQ5bO1p/CUyMNoB9JM6GGM3UpRwKlJoFnkgHRI/Xby8S/vE6i/Uo35WGcaBbS+Ud+IqCOYNYFHHDJqBYTQwiV3GwI6YiYGrRprGBO/7kP/k+aTgmjEr49L9YuFyXkwRE4AWcAgzKogRtQBw1AwSN4Bm/g3XqwnqwX63UezVmLN4dgCdbHN46xlFk=</latexit>

Gm1m2

r2
<latexit sha1_base64="+WPrM9icrJuUQfyfOx262blmA9c=">AAAB9XicbVDJSgNBFHzjGuM2Knjx0hgET2EmCApeAh70GMEskMShp9OTNOlZ6H6jhHE+xYuIFwV/w1/wb+wslyQWPCiqqun3yk+k0Og4v9bK6tr6xmZhq7i9s7u3bx8cNnScKsbrLJaxavlUcykiXkeBkrcSxWnoS970hzdjv/nElRZx9ICjhHdD2o9EIBhFI3n2cSdQlGXkloSea6aSZ+qxknt2ySk7E5Bl4s5ICWaoefZPpxezNOQRMkm1brtOgt2MKhRM8rzYSTVPKBvSPs8mW+fkzEg9EsTKTIRkos7laKj1KPRNMqQ40IveWPzPa6cYXHUzESUp8ohNPwpSSTAm4wpITyjOUI4MoUwJsyFhA2pqQFNU0ZzuLh66TBqVsuuU3fuLUvV6VkIBTuAUzsGFS6jCHdSgDgxe4A0+4ct6tl6td+tjGl2xZm+OYA7W9x8a6pC3</latexit><latexit sha1_base64="+WPrM9icrJuUQfyfOx262blmA9c=">AAAB9XicbVDJSgNBFHzjGuM2Knjx0hgET2EmCApeAh70GMEskMShp9OTNOlZ6H6jhHE+xYuIFwV/w1/wb+wslyQWPCiqqun3yk+k0Og4v9bK6tr6xmZhq7i9s7u3bx8cNnScKsbrLJaxavlUcykiXkeBkrcSxWnoS970hzdjv/nElRZx9ICjhHdD2o9EIBhFI3n2cSdQlGXkloSea6aSZ+qxknt2ySk7E5Bl4s5ICWaoefZPpxezNOQRMkm1brtOgt2MKhRM8rzYSTVPKBvSPs8mW+fkzEg9EsTKTIRkos7laKj1KPRNMqQ40IveWPzPa6cYXHUzESUp8ohNPwpSSTAm4wpITyjOUI4MoUwJsyFhA2pqQFNU0ZzuLh66TBqVsuuU3fuLUvV6VkIBTuAUzsGFS6jCHdSgDgxe4A0+4ct6tl6td+tjGl2xZm+OYA7W9x8a6pC3</latexit><latexit sha1_base64="+WPrM9icrJuUQfyfOx262blmA9c=">AAAB9XicbVDJSgNBFHzjGuM2Knjx0hgET2EmCApeAh70GMEskMShp9OTNOlZ6H6jhHE+xYuIFwV/w1/wb+wslyQWPCiqqun3yk+k0Og4v9bK6tr6xmZhq7i9s7u3bx8cNnScKsbrLJaxavlUcykiXkeBkrcSxWnoS970hzdjv/nElRZx9ICjhHdD2o9EIBhFI3n2cSdQlGXkloSea6aSZ+qxknt2ySk7E5Bl4s5ICWaoefZPpxezNOQRMkm1brtOgt2MKhRM8rzYSTVPKBvSPs8mW+fkzEg9EsTKTIRkos7laKj1KPRNMqQ40IveWPzPa6cYXHUzESUp8ohNPwpSSTAm4wpITyjOUI4MoUwJsyFhA2pqQFNU0ZzuLh66TBqVsuuU3fuLUvV6VkIBTuAUzsGFS6jCHdSgDgxe4A0+4ct6tl6td+tjGl2xZm+OYA7W9x8a6pC3</latexit><latexit sha1_base64="+WPrM9icrJuUQfyfOx262blmA9c=">AAAB9XicbVDJSgNBFHzjGuM2Knjx0hgET2EmCApeAh70GMEskMShp9OTNOlZ6H6jhHE+xYuIFwV/w1/wb+wslyQWPCiqqun3yk+k0Og4v9bK6tr6xmZhq7i9s7u3bx8cNnScKsbrLJaxavlUcykiXkeBkrcSxWnoS970hzdjv/nElRZx9ICjhHdD2o9EIBhFI3n2cSdQlGXkloSea6aSZ+qxknt2ySk7E5Bl4s5ICWaoefZPpxezNOQRMkm1brtOgt2MKhRM8rzYSTVPKBvSPs8mW+fkzEg9EsTKTIRkos7laKj1KPRNMqQ40IveWPzPa6cYXHUzESUp8ohNPwpSSTAm4wpITyjOUI4MoUwJsyFhA2pqQFNU0ZzuLh66TBqVsuuU3fuLUvV6VkIBTuAUzsGFS6jCHdSgDgxe4A0+4ct6tl6td+tjGl2xZm+OYA7W9x8a6pC3</latexit>

 6= �
<latexit sha1_base64="d8xvQ9yggDqrTsMCAr33/LPgxzo=">AAAB7nicdVDLSgMxFL1TX7U+OurSTbAIrkpSxLa4KbhxOYJ9QKeUTJq2oZmHSUYopb/hRsSNgp/iL/g3Ztq6qOiBwOGcE+49N0ik0AbjLye3sbm1vZPfLeztHxwW3aPjlo5TxXiTxTJWnYBqLkXEm0YYyTuJ4jQMJG8Hk5vMbz9ypUUc3ZtpwnshHUViKBg1Vuq7Rd/TAvkRf0C+Nxao75ZwGWNMCEEZIdUrbEm9XquQGiKZZVGCFby+++kPYpaGPDJMUq27BCemN6PKCCb5vOCnmieUTeiIzxbrztG5lQZoGCv7IoMW6lqOhlpPw8AmQ2rG+reXiX953dQMa72ZiJLU8IgtBw1TiUyMsu5oIBRnRk4toUwJuyFiY6ooM/ZCBVv9px/6n7QqZYLL5O6y1LheHSEPp3AGF0CgCg24BQ+awCCFZ3iDdydxnpwX53UZzTmrPyewBufjG3x5jiA=</latexit><latexit sha1_base64="d8xvQ9yggDqrTsMCAr33/LPgxzo=">AAAB7nicdVDLSgMxFL1TX7U+OurSTbAIrkpSxLa4KbhxOYJ9QKeUTJq2oZmHSUYopb/hRsSNgp/iL/g3Ztq6qOiBwOGcE+49N0ik0AbjLye3sbm1vZPfLeztHxwW3aPjlo5TxXiTxTJWnYBqLkXEm0YYyTuJ4jQMJG8Hk5vMbz9ypUUc3ZtpwnshHUViKBg1Vuq7Rd/TAvkRf0C+Nxao75ZwGWNMCEEZIdUrbEm9XquQGiKZZVGCFby+++kPYpaGPDJMUq27BCemN6PKCCb5vOCnmieUTeiIzxbrztG5lQZoGCv7IoMW6lqOhlpPw8AmQ2rG+reXiX953dQMa72ZiJLU8IgtBw1TiUyMsu5oIBRnRk4toUwJuyFiY6ooM/ZCBVv9px/6n7QqZYLL5O6y1LheHSEPp3AGF0CgCg24BQ+awCCFZ3iDdydxnpwX53UZzTmrPyewBufjG3x5jiA=</latexit><latexit sha1_base64="d8xvQ9yggDqrTsMCAr33/LPgxzo=">AAAB7nicdVDLSgMxFL1TX7U+OurSTbAIrkpSxLa4KbhxOYJ9QKeUTJq2oZmHSUYopb/hRsSNgp/iL/g3Ztq6qOiBwOGcE+49N0ik0AbjLye3sbm1vZPfLeztHxwW3aPjlo5TxXiTxTJWnYBqLkXEm0YYyTuJ4jQMJG8Hk5vMbz9ypUUc3ZtpwnshHUViKBg1Vuq7Rd/TAvkRf0C+Nxao75ZwGWNMCEEZIdUrbEm9XquQGiKZZVGCFby+++kPYpaGPDJMUq27BCemN6PKCCb5vOCnmieUTeiIzxbrztG5lQZoGCv7IoMW6lqOhlpPw8AmQ2rG+reXiX953dQMa72ZiJLU8IgtBw1TiUyMsu5oIBRnRk4toUwJuyFiY6ooM/ZCBVv9px/6n7QqZYLL5O6y1LheHSEPp3AGF0CgCg24BQ+awCCFZ3iDdydxnpwX53UZzTmrPyewBufjG3x5jiA=</latexit><latexit sha1_base64="d8xvQ9yggDqrTsMCAr33/LPgxzo=">AAAB7nicdVDLSgMxFL1TX7U+OurSTbAIrkpSxLa4KbhxOYJ9QKeUTJq2oZmHSUYopb/hRsSNgp/iL/g3Ztq6qOiBwOGcE+49N0ik0AbjLye3sbm1vZPfLeztHxwW3aPjlo5TxXiTxTJWnYBqLkXEm0YYyTuJ4jQMJG8Hk5vMbz9ypUUc3ZtpwnshHUViKBg1Vuq7Rd/TAvkRf0C+Nxao75ZwGWNMCEEZIdUrbEm9XquQGiKZZVGCFby+++kPYpaGPDJMUq27BCemN6PKCCb5vOCnmieUTeiIzxbrztG5lQZoGCv7IoMW6lqOhlpPw8AmQ2rG+reXiX953dQMa72ZiJLU8IgtBw1TiUyMsu5oIBRnRk4toUwJuyFiY6ooM/ZCBVv9px/6n7QqZYLL5O6y1LheHSEPp3AGF0CgCg24BQ+awCCFZ3iDdydxnpwX53UZzTmrPyewBufjG3x5jiA=</latexit>

⇤3 ⇠ (MPlH
2
0 )

1/3 ⇠ (1000 km)�1
<latexit sha1_base64="zwB7TtHLdma3r4XaKY7bNfQkdtI=">AAACI3icbVBLSwMxGMz6tr5WPXoJFkEP1kQFBS+CHjwoVLC14NYlm6YamuwuybdiWfbnePGXCF5EvCj4X0zrXnwMBIaZCclMlCppgZB3b2R0bHxicmq6MjM7N7/gLy41bZIZLho8UYlpRcwKJWPRAAlKtFIjmI6UuIx6RwP/8k4YK5P4AvqpaGt2E8uu5AycFPrHwakLd1i4gwMrNV4/C/PAaFxXBT4JyfX2xnVOt3aK0qWEEBzgAMQ95D1dOHeTFqFfJTUyBP5LaEmqqEQ99J+CTsIzLWLgill7RUkK7ZwZkFyJohJkVqSM99iNyIcdC7zmpA7uJsadGPBQ/ZFj2tq+jlxSM7i1v72B+J93lUF3v53LOM1AxPz7oW6mMCR4MBjuSCM4qL4jjBvpfoj5LTOMg5u14qrT30X/kuZ2jZIaPd+tHh6UI0yhFbSK1hFFe+gQnaA6aiCOHtELekcf3oP37L16b9/REa+8s4x+wPv8AmJkoL8=</latexit><latexit sha1_base64="zwB7TtHLdma3r4XaKY7bNfQkdtI=">AAACI3icbVBLSwMxGMz6tr5WPXoJFkEP1kQFBS+CHjwoVLC14NYlm6YamuwuybdiWfbnePGXCF5EvCj4X0zrXnwMBIaZCclMlCppgZB3b2R0bHxicmq6MjM7N7/gLy41bZIZLho8UYlpRcwKJWPRAAlKtFIjmI6UuIx6RwP/8k4YK5P4AvqpaGt2E8uu5AycFPrHwakLd1i4gwMrNV4/C/PAaFxXBT4JyfX2xnVOt3aK0qWEEBzgAMQ95D1dOHeTFqFfJTUyBP5LaEmqqEQ99J+CTsIzLWLgill7RUkK7ZwZkFyJohJkVqSM99iNyIcdC7zmpA7uJsadGPBQ/ZFj2tq+jlxSM7i1v72B+J93lUF3v53LOM1AxPz7oW6mMCR4MBjuSCM4qL4jjBvpfoj5LTOMg5u14qrT30X/kuZ2jZIaPd+tHh6UI0yhFbSK1hFFe+gQnaA6aiCOHtELekcf3oP37L16b9/REa+8s4x+wPv8AmJkoL8=</latexit><latexit sha1_base64="zwB7TtHLdma3r4XaKY7bNfQkdtI=">AAACI3icbVBLSwMxGMz6tr5WPXoJFkEP1kQFBS+CHjwoVLC14NYlm6YamuwuybdiWfbnePGXCF5EvCj4X0zrXnwMBIaZCclMlCppgZB3b2R0bHxicmq6MjM7N7/gLy41bZIZLho8UYlpRcwKJWPRAAlKtFIjmI6UuIx6RwP/8k4YK5P4AvqpaGt2E8uu5AycFPrHwakLd1i4gwMrNV4/C/PAaFxXBT4JyfX2xnVOt3aK0qWEEBzgAMQ95D1dOHeTFqFfJTUyBP5LaEmqqEQ99J+CTsIzLWLgill7RUkK7ZwZkFyJohJkVqSM99iNyIcdC7zmpA7uJsadGPBQ/ZFj2tq+jlxSM7i1v72B+J93lUF3v53LOM1AxPz7oW6mMCR4MBjuSCM4qL4jjBvpfoj5LTOMg5u14qrT30X/kuZ2jZIaPd+tHh6UI0yhFbSK1hFFe+gQnaA6aiCOHtELekcf3oP37L16b9/REa+8s4x+wPv8AmJkoL8=</latexit><latexit sha1_base64="zwB7TtHLdma3r4XaKY7bNfQkdtI=">AAACI3icbVBLSwMxGMz6tr5WPXoJFkEP1kQFBS+CHjwoVLC14NYlm6YamuwuybdiWfbnePGXCF5EvCj4X0zrXnwMBIaZCclMlCppgZB3b2R0bHxicmq6MjM7N7/gLy41bZIZLho8UYlpRcwKJWPRAAlKtFIjmI6UuIx6RwP/8k4YK5P4AvqpaGt2E8uu5AycFPrHwakLd1i4gwMrNV4/C/PAaFxXBT4JyfX2xnVOt3aK0qWEEBzgAMQ95D1dOHeTFqFfJTUyBP5LaEmqqEQ99J+CTsIzLWLgill7RUkK7ZwZkFyJohJkVqSM99iNyIcdC7zmpA7uJsadGPBQ/ZFj2tq+jlxSM7i1v72B+J93lUF3v53LOM1AxPz7oW6mMCR4MBjuSCM4qL4jjBvpfoj5LTOMg5u14qrT30X/kuZ2jZIaPd+tHh6UI0yhFbSK1hFFe+gQnaA6aiCOHtELekcf3oP37L16b9/REa+8s4x+wPv8AmJkoL8=</latexit>

L = f(�)R+G2(�, X) +
⇤�

⇤3
3

G3(�, X)
<latexit sha1_base64="Js6G+TbhlqNG7vYq0jaa/q0OayA="></latexit><latexit sha1_base64="Js6G+TbhlqNG7vYq0jaa/q0OayA="></latexit><latexit sha1_base64="Js6G+TbhlqNG7vYq0jaa/q0OayA="></latexit><latexit sha1_base64="Js6G+TbhlqNG7vYq0jaa/q0OayA="></latexit>



Is this the end of the story?

L = f(�)R+G2(�, X) +
⇤�

⇤3
3

G3(�, X)
<latexit sha1_base64="Js6G+TbhlqNG7vYq0jaa/q0OayA="></latexit><latexit sha1_base64="Js6G+TbhlqNG7vYq0jaa/q0OayA="></latexit><latexit sha1_base64="Js6G+TbhlqNG7vYq0jaa/q0OayA="></latexit><latexit sha1_base64="Js6G+TbhlqNG7vYq0jaa/q0OayA="></latexit>



Most general Lorentz-invariant scalar-tensor theory with 2nd-order EOM.

Generalized theories

L = G4(�, X)R+G2(�, X) +G3(�, X)⇤�

� 2G4,X(�, X)
h
(⇤�)2 � (�;µ⌫)

2
i

+G5(�, X)Gµ⌫�;µ⌫ +
1

3
G5,X(�, X)

h
(⇤�)3 � 3⇤�(�;µ⌫)

2 + 2(�;µ⌫)
3
⇤

<latexit sha1_base64="YIf9im6cKuJX/mC+86xDa6tpwxg="></latexit><latexit sha1_base64="YIf9im6cKuJX/mC+86xDa6tpwxg="></latexit><latexit sha1_base64="YIf9im6cKuJX/mC+86xDa6tpwxg="></latexit><latexit sha1_base64="YIf9im6cKuJX/mC+86xDa6tpwxg="></latexit>

⇤� ⌘ �;µ
;µ X ⌘ gµ⌫�;µ�;⌫

<latexit sha1_base64="o7mpHAWqXbbplO+rhYvl63tv97A=">AAACOHicbVBLSwMxGMzWV62vVY9egkXwVHZFUOil6MVjBfuQbl2y2bQNzT6aR7Es+8e8ePUvePMi4kXBX2DarmJbPwiZzExIZryYUSEt69nILS2vrK7l1wsbm1vbO+buXl1EimNSwxGLeNNDgjAakpqkkpFmzAkKPEYaXv9yrDeGhAsahTdyFJN2gLoh7VCMpKZc89a5iO6hE/codMhA0eEEu0nZCRRM77IdOgOFfNj88XTvkjHvhCr9408LvwctuGbRKlmTgYvAzkARZFN1zSfHj7AKSCgxQ0K0bCuW7QRxSTEjacFRgsQI91GXJJPgKTzSlA87EdcrlHDCzvhQIMQo8LQzQLIn5rUx+Z/WUrJz3k5oGCtJQjx9qKMYlBEctwh9ygmWbKQBwpzqH0LcQxxhqbsu6Oj2fNBFUD8p2VbJvj4tVspZCXlwAA7BMbDBGaiAK1AFNYDBI3gFH+DTeDBejDfjfWrNGdmdfTAzxtc30wKsMQ==</latexit><latexit sha1_base64="o7mpHAWqXbbplO+rhYvl63tv97A=">AAACOHicbVBLSwMxGMzWV62vVY9egkXwVHZFUOil6MVjBfuQbl2y2bQNzT6aR7Es+8e8ePUvePMi4kXBX2DarmJbPwiZzExIZryYUSEt69nILS2vrK7l1wsbm1vbO+buXl1EimNSwxGLeNNDgjAakpqkkpFmzAkKPEYaXv9yrDeGhAsahTdyFJN2gLoh7VCMpKZc89a5iO6hE/codMhA0eEEu0nZCRRM77IdOgOFfNj88XTvkjHvhCr9408LvwctuGbRKlmTgYvAzkARZFN1zSfHj7AKSCgxQ0K0bCuW7QRxSTEjacFRgsQI91GXJJPgKTzSlA87EdcrlHDCzvhQIMQo8LQzQLIn5rUx+Z/WUrJz3k5oGCtJQjx9qKMYlBEctwh9ygmWbKQBwpzqH0LcQxxhqbsu6Oj2fNBFUD8p2VbJvj4tVspZCXlwAA7BMbDBGaiAK1AFNYDBI3gFH+DTeDBejDfjfWrNGdmdfTAzxtc30wKsMQ==</latexit><latexit sha1_base64="o7mpHAWqXbbplO+rhYvl63tv97A=">AAACOHicbVBLSwMxGMzWV62vVY9egkXwVHZFUOil6MVjBfuQbl2y2bQNzT6aR7Es+8e8ePUvePMi4kXBX2DarmJbPwiZzExIZryYUSEt69nILS2vrK7l1wsbm1vbO+buXl1EimNSwxGLeNNDgjAakpqkkpFmzAkKPEYaXv9yrDeGhAsahTdyFJN2gLoh7VCMpKZc89a5iO6hE/codMhA0eEEu0nZCRRM77IdOgOFfNj88XTvkjHvhCr9408LvwctuGbRKlmTgYvAzkARZFN1zSfHj7AKSCgxQ0K0bCuW7QRxSTEjacFRgsQI91GXJJPgKTzSlA87EdcrlHDCzvhQIMQo8LQzQLIn5rUx+Z/WUrJz3k5oGCtJQjx9qKMYlBEctwh9ygmWbKQBwpzqH0LcQxxhqbsu6Oj2fNBFUD8p2VbJvj4tVspZCXlwAA7BMbDBGaiAK1AFNYDBI3gFH+DTeDBejDfjfWrNGdmdfTAzxtc30wKsMQ==</latexit><latexit sha1_base64="o7mpHAWqXbbplO+rhYvl63tv97A=">AAACOHicbVBLSwMxGMzWV62vVY9egkXwVHZFUOil6MVjBfuQbl2y2bQNzT6aR7Es+8e8ePUvePMi4kXBX2DarmJbPwiZzExIZryYUSEt69nILS2vrK7l1wsbm1vbO+buXl1EimNSwxGLeNNDgjAakpqkkpFmzAkKPEYaXv9yrDeGhAsahTdyFJN2gLoh7VCMpKZc89a5iO6hE/codMhA0eEEu0nZCRRM77IdOgOFfNj88XTvkjHvhCr9408LvwctuGbRKlmTgYvAzkARZFN1zSfHj7AKSCgxQ0K0bCuW7QRxSTEjacFRgsQI91GXJJPgKTzSlA87EdcrlHDCzvhQIMQo8LQzQLIn5rUx+Z/WUrJz3k5oGCtJQjx9qKMYlBEctwh9ygmWbKQBwpzqH0LcQxxhqbsu6Oj2fNBFUD8p2VbJvj4tVspZCXlwAA7BMbDBGaiAK1AFNYDBI3gFH+DTeDBejDfjfWrNGdmdfTAzxtc30wKsMQ==</latexit>
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Most general Lorentz-invariant scalar-tensor theory with 2nd-order EOM.

Generalized theories

Degenerate theories: most general stable theory.

Beyond Horndeski theories:
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<latexit sha1_base64="o7mpHAWqXbbplO+rhYvl63tv97A=">AAACOHicbVBLSwMxGMzWV62vVY9egkXwVHZFUOil6MVjBfuQbl2y2bQNzT6aR7Es+8e8ePUvePMi4kXBX2DarmJbPwiZzExIZryYUSEt69nILS2vrK7l1wsbm1vbO+buXl1EimNSwxGLeNNDgjAakpqkkpFmzAkKPEYaXv9yrDeGhAsahTdyFJN2gLoh7VCMpKZc89a5iO6hE/codMhA0eEEu0nZCRRM77IdOgOFfNj88XTvkjHvhCr9408LvwctuGbRKlmTgYvAzkARZFN1zSfHj7AKSCgxQ0K0bCuW7QRxSTEjacFRgsQI91GXJJPgKTzSlA87EdcrlHDCzvhQIMQo8LQzQLIn5rUx+Z/WUrJz3k5oGCtJQjx9qKMYlBEctwh9ygmWbKQBwpzqH0LcQxxhqbsu6Oj2fNBFUD8p2VbJvj4tVspZCXlwAA7BMbDBGaiAK1AFNYDBI3gFH+DTeDBejDfjfWrNGdmdfTAzxtc30wKsMQ==</latexit><latexit sha1_base64="o7mpHAWqXbbplO+rhYvl63tv97A=">AAACOHicbVBLSwMxGMzWV62vVY9egkXwVHZFUOil6MVjBfuQbl2y2bQNzT6aR7Es+8e8ePUvePMi4kXBX2DarmJbPwiZzExIZryYUSEt69nILS2vrK7l1wsbm1vbO+buXl1EimNSwxGLeNNDgjAakpqkkpFmzAkKPEYaXv9yrDeGhAsahTdyFJN2gLoh7VCMpKZc89a5iO6hE/codMhA0eEEu0nZCRRM77IdOgOFfNj88XTvkjHvhCr9408LvwctuGbRKlmTgYvAzkARZFN1zSfHj7AKSCgxQ0K0bCuW7QRxSTEjacFRgsQI91GXJJPgKTzSlA87EdcrlHDCzvhQIMQo8LQzQLIn5rUx+Z/WUrJz3k5oGCtJQjx9qKMYlBEctwh9ygmWbKQBwpzqH0LcQxxhqbsu6Oj2fNBFUD8p2VbJvj4tVspZCXlwAA7BMbDBGaiAK1AFNYDBI3gFH+DTeDBejDfjfWrNGdmdfTAzxtc30wKsMQ==</latexit><latexit sha1_base64="o7mpHAWqXbbplO+rhYvl63tv97A=">AAACOHicbVBLSwMxGMzWV62vVY9egkXwVHZFUOil6MVjBfuQbl2y2bQNzT6aR7Es+8e8ePUvePMi4kXBX2DarmJbPwiZzExIZryYUSEt69nILS2vrK7l1wsbm1vbO+buXl1EimNSwxGLeNNDgjAakpqkkpFmzAkKPEYaXv9yrDeGhAsahTdyFJN2gLoh7VCMpKZc89a5iO6hE/codMhA0eEEu0nZCRRM77IdOgOFfNj88XTvkjHvhCr9408LvwctuGbRKlmTgYvAzkARZFN1zSfHj7AKSCgxQ0K0bCuW7QRxSTEjacFRgsQI91GXJJPgKTzSlA87EdcrlHDCzvhQIMQo8LQzQLIn5rUx+Z/WUrJz3k5oGCtJQjx9qKMYlBEctwh9ygmWbKQBwpzqH0LcQxxhqbsu6Oj2fNBFUD8p2VbJvj4tVspZCXlwAA7BMbDBGaiAK1AFNYDBI3gFH+DTeDBejDfjfWrNGdmdfTAzxtc30wKsMQ==</latexit><latexit sha1_base64="o7mpHAWqXbbplO+rhYvl63tv97A=">AAACOHicbVBLSwMxGMzWV62vVY9egkXwVHZFUOil6MVjBfuQbl2y2bQNzT6aR7Es+8e8ePUvePMi4kXBX2DarmJbPwiZzExIZryYUSEt69nILS2vrK7l1wsbm1vbO+buXl1EimNSwxGLeNNDgjAakpqkkpFmzAkKPEYaXv9yrDeGhAsahTdyFJN2gLoh7VCMpKZc89a5iO6hE/codMhA0eEEu0nZCRRM77IdOgOFfNj88XTvkjHvhCr9408LvwctuGbRKlmTgYvAzkARZFN1zSfHj7AKSCgxQ0K0bCuW7QRxSTEjacFRgsQI91GXJJPgKTzSlA87EdcrlHDCzvhQIMQo8LQzQLIn5rUx+Z/WUrJz3k5oGCtJQjx9qKMYlBEctwh9ygmWbKQBwpzqH0LcQxxhqbsu6Oj2fNBFUD8p2VbJvj4tVspZCXlwAA7BMbDBGaiAK1AFNYDBI3gFH+DTeDBejDfjfWrNGdmdfTAzxtc30wKsMQ==</latexit>
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XG5,XF4 = 3F5 [G4 � 2XG4,X � (X/2)G5,�]
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Setting cT=1
L = G4(�, X)R+G2(�, X) +G3(�, X)⇤�
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<latexit sha1_base64="o7mpHAWqXbbplO+rhYvl63tv97A=">AAACOHicbVBLSwMxGMzWV62vVY9egkXwVHZFUOil6MVjBfuQbl2y2bQNzT6aR7Es+8e8ePUvePMi4kXBX2DarmJbPwiZzExIZryYUSEt69nILS2vrK7l1wsbm1vbO+buXl1EimNSwxGLeNNDgjAakpqkkpFmzAkKPEYaXv9yrDeGhAsahTdyFJN2gLoh7VCMpKZc89a5iO6hE/codMhA0eEEu0nZCRRM77IdOgOFfNj88XTvkjHvhCr9408LvwctuGbRKlmTgYvAzkARZFN1zSfHj7AKSCgxQ0K0bCuW7QRxSTEjacFRgsQI91GXJJPgKTzSlA87EdcrlHDCzvhQIMQo8LQzQLIn5rUx+Z/WUrJz3k5oGCtJQjx9qKMYlBEctwh9ygmWbKQBwpzqH0LcQxxhqbsu6Oj2fNBFUD8p2VbJvj4tVspZCXlwAA7BMbDBGaiAK1AFNYDBI3gFH+DTeDBejDfjfWrNGdmdfTAzxtc30wKsMQ==</latexit><latexit sha1_base64="o7mpHAWqXbbplO+rhYvl63tv97A=">AAACOHicbVBLSwMxGMzWV62vVY9egkXwVHZFUOil6MVjBfuQbl2y2bQNzT6aR7Es+8e8ePUvePMi4kXBX2DarmJbPwiZzExIZryYUSEt69nILS2vrK7l1wsbm1vbO+buXl1EimNSwxGLeNNDgjAakpqkkpFmzAkKPEYaXv9yrDeGhAsahTdyFJN2gLoh7VCMpKZc89a5iO6hE/codMhA0eEEu0nZCRRM77IdOgOFfNj88XTvkjHvhCr9408LvwctuGbRKlmTgYvAzkARZFN1zSfHj7AKSCgxQ0K0bCuW7QRxSTEjacFRgsQI91GXJJPgKTzSlA87EdcrlHDCzvhQIMQo8LQzQLIn5rUx+Z/WUrJz3k5oGCtJQjx9qKMYlBEctwh9ygmWbKQBwpzqH0LcQxxhqbsu6Oj2fNBFUD8p2VbJvj4tVspZCXlwAA7BMbDBGaiAK1AFNYDBI3gFH+DTeDBejDfjfWrNGdmdfTAzxtc30wKsMQ==</latexit><latexit sha1_base64="o7mpHAWqXbbplO+rhYvl63tv97A=">AAACOHicbVBLSwMxGMzWV62vVY9egkXwVHZFUOil6MVjBfuQbl2y2bQNzT6aR7Es+8e8ePUvePMi4kXBX2DarmJbPwiZzExIZryYUSEt69nILS2vrK7l1wsbm1vbO+buXl1EimNSwxGLeNNDgjAakpqkkpFmzAkKPEYaXv9yrDeGhAsahTdyFJN2gLoh7VCMpKZc89a5iO6hE/codMhA0eEEu0nZCRRM77IdOgOFfNj88XTvkjHvhCr9408LvwctuGbRKlmTgYvAzkARZFN1zSfHj7AKSCgxQ0K0bCuW7QRxSTEjacFRgsQI91GXJJPgKTzSlA87EdcrlHDCzvhQIMQo8LQzQLIn5rUx+Z/WUrJz3k5oGCtJQjx9qKMYlBEctwh9ygmWbKQBwpzqH0LcQxxhqbsu6Oj2fNBFUD8p2VbJvj4tVspZCXlwAA7BMbDBGaiAK1AFNYDBI3gFH+DTeDBejDfjfWrNGdmdfTAzxtc30wKsMQ==</latexit><latexit sha1_base64="o7mpHAWqXbbplO+rhYvl63tv97A=">AAACOHicbVBLSwMxGMzWV62vVY9egkXwVHZFUOil6MVjBfuQbl2y2bQNzT6aR7Es+8e8ePUvePMi4kXBX2DarmJbPwiZzExIZryYUSEt69nILS2vrK7l1wsbm1vbO+buXl1EimNSwxGLeNNDgjAakpqkkpFmzAkKPEYaXv9yrDeGhAsahTdyFJN2gLoh7VCMpKZc89a5iO6hE/codMhA0eEEu0nZCRRM77IdOgOFfNj88XTvkjHvhCr9408LvwctuGbRKlmTgYvAzkARZFN1zSfHj7AKSCgxQ0K0bCuW7QRxSTEjacFRgsQI91GXJJPgKTzSlA87EdcrlHDCzvhQIMQo8LQzQLIn5rUx+Z/WUrJz3k5oGCtJQjx9qKMYlBEctwh9ygmWbKQBwpzqH0LcQxxhqbsu6Oj2fNBFUD8p2VbJvj4tVspZCXlwAA7BMbDBGaiAK1AFNYDBI3gFH+DTeDBejDfjfWrNGdmdfTAzxtc30wKsMQ==</latexit>
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Setting cT=1

Scalar field play with gravity through higher derivatives:
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<latexit sha1_base64="d4/Jym6GePXzZvBlu1P8vPr4Oro=">AAACKXicbVBLSwMxGMzWV62vqkcvwSJ4KlsRVLwUPCh4qWBtoVuXb9O0G5pklzyEUvqPvPgvPHvxcVL8I6btemh1IDCZb/KYiVLOtPH9dy+3sLi0vJJfLaytb2xuFbd37nRiFaF1kvBENSPQlDNJ64YZTpupoiAiThtR/2I8bzxQpVkib80gpW0BPcm6jIBxUli8DiREHMJAWPxLpaNpzHCgbaqpwcElCAHhcOqxo/tAxYmzgDIMeJjtYhYWS37ZnwD/JZWMlFCGWlh8DjoJsYJKQzho3ar4qWkPx/cSTkeFwGqaAulDjw4nUUf4wEkd3E2UW9LgiTrjA6H1QETOKcDEen42Fv+btazpnraHTKbWUEmmD3UtxybB495whylKDB84AkQx90NMYlBAjGu34KJX5oP+JfWj8lnZvzkuVc+zDvJoD+2jQ1RBJ6iKrlAN1RFBT+gVfaIv79F78d68j6k152VndtEMvO8fx7OnfA==</latexit><latexit sha1_base64="d4/Jym6GePXzZvBlu1P8vPr4Oro=">AAACKXicbVBLSwMxGMzWV62vqkcvwSJ4KlsRVLwUPCh4qWBtoVuXb9O0G5pklzyEUvqPvPgvPHvxcVL8I6btemh1IDCZb/KYiVLOtPH9dy+3sLi0vJJfLaytb2xuFbd37nRiFaF1kvBENSPQlDNJ64YZTpupoiAiThtR/2I8bzxQpVkib80gpW0BPcm6jIBxUli8DiREHMJAWPxLpaNpzHCgbaqpwcElCAHhcOqxo/tAxYmzgDIMeJjtYhYWS37ZnwD/JZWMlFCGWlh8DjoJsYJKQzho3ar4qWkPx/cSTkeFwGqaAulDjw4nUUf4wEkd3E2UW9LgiTrjA6H1QETOKcDEen42Fv+btazpnraHTKbWUEmmD3UtxybB495whylKDB84AkQx90NMYlBAjGu34KJX5oP+JfWj8lnZvzkuVc+zDvJoD+2jQ1RBJ6iKrlAN1RFBT+gVfaIv79F78d68j6k152VndtEMvO8fx7OnfA==</latexit><latexit sha1_base64="d4/Jym6GePXzZvBlu1P8vPr4Oro=">AAACKXicbVBLSwMxGMzWV62vqkcvwSJ4KlsRVLwUPCh4qWBtoVuXb9O0G5pklzyEUvqPvPgvPHvxcVL8I6btemh1IDCZb/KYiVLOtPH9dy+3sLi0vJJfLaytb2xuFbd37nRiFaF1kvBENSPQlDNJ64YZTpupoiAiThtR/2I8bzxQpVkib80gpW0BPcm6jIBxUli8DiREHMJAWPxLpaNpzHCgbaqpwcElCAHhcOqxo/tAxYmzgDIMeJjtYhYWS37ZnwD/JZWMlFCGWlh8DjoJsYJKQzho3ar4qWkPx/cSTkeFwGqaAulDjw4nUUf4wEkd3E2UW9LgiTrjA6H1QETOKcDEen42Fv+btazpnraHTKbWUEmmD3UtxybB495whylKDB84AkQx90NMYlBAjGu34KJX5oP+JfWj8lnZvzkuVc+zDvJoD+2jQ1RBJ6iKrlAN1RFBT+gVfaIv79F78d68j6k152VndtEMvO8fx7OnfA==</latexit>

�0
ij �̇ � �̇ij �̇

<latexit sha1_base64="OlXP8gNlgP4bIKY5TcBbatULx98=">AAACHnicbVBNS8NAFNzUr1q/oh69LBbBg5RUBBUvBQ96rGBsoalhs920azfJsvsilNAf48W/ogfFk6L/xm0bhLYOLAwz83j7JpCCa3CcH6uwsLi0vFJcLa2tb2xu2ds7dzpJFWUuTUSimgHRTPCYucBBsKZUjESBYI2gfznyG49MaZ7EtzCQrB2RbsxDTgkYybdr3hWJIuJn/GF472DvCHudBLAnexx7OpWaQa50/3JTKd8uOxVnDDxPqjkpoxx13341szSNWAxUEK1bVUdCOyMKOBVsWPJSzSShfdJl2fi+IT4wUgeHiTIvBjxWp3Ik0noQBSYZEejpWW8k/ue1UgjP2hmPZQosppNFYSowJHhUFu5wxSiIgSGEKm5+iGmPKELBVFoyp1dnD50n7nHlvOLcnJRrF3kHRbSH9tEhqqJTVEPXqI5cRNEzekOf6Mt6sl6sd+tjEi1Y+cwumoL1/QulZKF1</latexit><latexit sha1_base64="OlXP8gNlgP4bIKY5TcBbatULx98=">AAACHnicbVBNS8NAFNzUr1q/oh69LBbBg5RUBBUvBQ96rGBsoalhs920azfJsvsilNAf48W/ogfFk6L/xm0bhLYOLAwz83j7JpCCa3CcH6uwsLi0vFJcLa2tb2xu2ds7dzpJFWUuTUSimgHRTPCYucBBsKZUjESBYI2gfznyG49MaZ7EtzCQrB2RbsxDTgkYybdr3hWJIuJn/GF472DvCHudBLAnexx7OpWaQa50/3JTKd8uOxVnDDxPqjkpoxx13341szSNWAxUEK1bVUdCOyMKOBVsWPJSzSShfdJl2fi+IT4wUgeHiTIvBjxWp3Ik0noQBSYZEejpWW8k/ue1UgjP2hmPZQosppNFYSowJHhUFu5wxSiIgSGEKm5+iGmPKELBVFoyp1dnD50n7nHlvOLcnJRrF3kHRbSH9tEhqqJTVEPXqI5cRNEzekOf6Mt6sl6sd+tjEi1Y+cwumoL1/QulZKF1</latexit><latexit sha1_base64="OlXP8gNlgP4bIKY5TcBbatULx98=">AAACHnicbVBNS8NAFNzUr1q/oh69LBbBg5RUBBUvBQ96rGBsoalhs920azfJsvsilNAf48W/ogfFk6L/xm0bhLYOLAwz83j7JpCCa3CcH6uwsLi0vFJcLa2tb2xu2ds7dzpJFWUuTUSimgHRTPCYucBBsKZUjESBYI2gfznyG49MaZ7EtzCQrB2RbsxDTgkYybdr3hWJIuJn/GF472DvCHudBLAnexx7OpWaQa50/3JTKd8uOxVnDDxPqjkpoxx13341szSNWAxUEK1bVUdCOyMKOBVsWPJSzSShfdJl2fi+IT4wUgeHiTIvBjxWp3Ik0noQBSYZEejpWW8k/ue1UgjP2hmPZQosppNFYSowJHhUFu5wxSiIgSGEKm5+iGmPKELBVFoyp1dnD50n7nHlvOLcnJRrF3kHRbSH9tEhqqJTVEPXqI5cRNEzekOf6Mt6sl6sd+tjEi1Y+cwumoL1/QulZKF1</latexit>

)
<latexit sha1_base64="JY/OY+G0INLV3UWGQcx3YSMYpag=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoOCm4MZlFfuAtpRMmmljM8mQ3FFK6T+4EXGj4Nf4C/6NaTubth4IHM454d5zw0QKi77/6+XW1jc2t/LbhZ3dvf2D4uFR3erUMF5jWmrTDKnlUiheQ4GSNxPDaRxK3giHt1O/8cyNFVo94ijhnZj2lYgEo+ikVvtB9AdIjdEv3WLJL/szkFUSZKQEGard4k+7p1kac4VMUmtbgZ9gZ0wNCib5pNBOLU8oG9I+H88WnZAzJ/VIpI17CslMXcjR2NpRHLpkTHFgl72p+J/XSjG67oyFSlLkis0HRakkqMm0NekJwxnKkSOUGeE2JGxADWXoblNw1YPloqukflEO/HJwf1mq3GRHyMMJnMI5BHAFFbiDKtSAgYY3+IQv78l79d69j3k052V/jmEB3vcfWyWNEQ==</latexit><latexit sha1_base64="JY/OY+G0INLV3UWGQcx3YSMYpag=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoOCm4MZlFfuAtpRMmmljM8mQ3FFK6T+4EXGj4Nf4C/6NaTubth4IHM454d5zw0QKi77/6+XW1jc2t/LbhZ3dvf2D4uFR3erUMF5jWmrTDKnlUiheQ4GSNxPDaRxK3giHt1O/8cyNFVo94ijhnZj2lYgEo+ikVvtB9AdIjdEv3WLJL/szkFUSZKQEGard4k+7p1kac4VMUmtbgZ9gZ0wNCib5pNBOLU8oG9I+H88WnZAzJ/VIpI17CslMXcjR2NpRHLpkTHFgl72p+J/XSjG67oyFSlLkis0HRakkqMm0NekJwxnKkSOUGeE2JGxADWXoblNw1YPloqukflEO/HJwf1mq3GRHyMMJnMI5BHAFFbiDKtSAgYY3+IQv78l79d69j3k052V/jmEB3vcfWyWNEQ==</latexit><latexit sha1_base64="JY/OY+G0INLV3UWGQcx3YSMYpag=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoOCm4MZlFfuAtpRMmmljM8mQ3FFK6T+4EXGj4Nf4C/6NaTubth4IHM454d5zw0QKi77/6+XW1jc2t/LbhZ3dvf2D4uFR3erUMF5jWmrTDKnlUiheQ4GSNxPDaRxK3giHt1O/8cyNFVo94ijhnZj2lYgEo+ikVvtB9AdIjdEv3WLJL/szkFUSZKQEGard4k+7p1kac4VMUmtbgZ9gZ0wNCib5pNBOLU8oG9I+H88WnZAzJ/VIpI17CslMXcjR2NpRHLpkTHFgl72p+J/XSjG67oyFSlLkis0HRakkqMm0NekJwxnKkSOUGeE2JGxADWXoblNw1YPloqukflEO/HJwf1mq3GRHyMMJnMI5BHAFFbiDKtSAgYY3+IQv78l79d69j3k052V/jmEB3vcfWyWNEQ==</latexit><latexit sha1_base64="JY/OY+G0INLV3UWGQcx3YSMYpag=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoOCm4MZlFfuAtpRMmmljM8mQ3FFK6T+4EXGj4Nf4C/6NaTubth4IHM454d5zw0QKi77/6+XW1jc2t/LbhZ3dvf2D4uFR3erUMF5jWmrTDKnlUiheQ4GSNxPDaRxK3giHt1O/8cyNFVo94ijhnZj2lYgEo+ikVvtB9AdIjdEv3WLJL/szkFUSZKQEGard4k+7p1kac4VMUmtbgZ9gZ0wNCib5pNBOLU8oG9I+H88WnZAzJ/VIpI17CslMXcjR2NpRHLpkTHFgl72p+J/XSjG67oyFSlLkis0HRakkqMm0NekJwxnKkSOUGeE2JGxADWXoblNw1YPloqukflEO/HJwf1mq3GRHyMMJnMI5BHAFFbiDKtSAgYY3+IQv78l79d69j3k052V/jmEB3vcfWyWNEQ==</latexit>

Expected from LSS: |c2T � 1| . few⇥ 0.01
<latexit sha1_base64="2KHEBFUAOrEvD4qbhZChNlavxl0=">AAACCnicbVDLSgMxFM3UV62vUZdugkUQxDJTBAU3BTcuK/QFbS2Z9E4bmnmQ3FFL2z9w46+4EXGj4MJf8G9MH5u2Xgg5nHMuyTleLIVGx/m1Uiura+sb6c3M1vbO7p69f1DRUaI4lHkkI1XzmAYpQiijQAm1WAELPAlVr3cz1qsPoLSIwhL2Y2gGrBMKX3CGhmrZZ0PeKt3n6blLh7QhQWstAtpAeMKBD48jA0UAmjo5x23ZWXNNhi4DdwayZDbFlv3TaEc8CSBELpnWddeJsTlgCgWXMMo0Eg0x4z3WgcEkyoieGKpN/UiZEyKdsHM+FmjdDzzjDBh29aI2Jv/T6gn6V82BCOMEIeTTh/xEUozouBfaFgo4yr4BjCthfkh5lynG0bSXMdHdxaDLoJLPuU7OvbvIFq5nJaTJETkmp8Qll6RAbkmRlAknL+SNfJIv69l6td6tj6k1Zc12DsncWN9/m/aYrQ==</latexit><latexit sha1_base64="2KHEBFUAOrEvD4qbhZChNlavxl0=">AAACCnicbVDLSgMxFM3UV62vUZdugkUQxDJTBAU3BTcuK/QFbS2Z9E4bmnmQ3FFL2z9w46+4EXGj4MJf8G9MH5u2Xgg5nHMuyTleLIVGx/m1Uiura+sb6c3M1vbO7p69f1DRUaI4lHkkI1XzmAYpQiijQAm1WAELPAlVr3cz1qsPoLSIwhL2Y2gGrBMKX3CGhmrZZ0PeKt3n6blLh7QhQWstAtpAeMKBD48jA0UAmjo5x23ZWXNNhi4DdwayZDbFlv3TaEc8CSBELpnWddeJsTlgCgWXMMo0Eg0x4z3WgcEkyoieGKpN/UiZEyKdsHM+FmjdDzzjDBh29aI2Jv/T6gn6V82BCOMEIeTTh/xEUozouBfaFgo4yr4BjCthfkh5lynG0bSXMdHdxaDLoJLPuU7OvbvIFq5nJaTJETkmp8Qll6RAbkmRlAknL+SNfJIv69l6td6tj6k1Zc12DsncWN9/m/aYrQ==</latexit><latexit sha1_base64="2KHEBFUAOrEvD4qbhZChNlavxl0=">AAACCnicbVDLSgMxFM3UV62vUZdugkUQxDJTBAU3BTcuK/QFbS2Z9E4bmnmQ3FFL2z9w46+4EXGj4MJf8G9MH5u2Xgg5nHMuyTleLIVGx/m1Uiura+sb6c3M1vbO7p69f1DRUaI4lHkkI1XzmAYpQiijQAm1WAELPAlVr3cz1qsPoLSIwhL2Y2gGrBMKX3CGhmrZZ0PeKt3n6blLh7QhQWstAtpAeMKBD48jA0UAmjo5x23ZWXNNhi4DdwayZDbFlv3TaEc8CSBELpnWddeJsTlgCgWXMMo0Eg0x4z3WgcEkyoieGKpN/UiZEyKdsHM+FmjdDzzjDBh29aI2Jv/T6gn6V82BCOMEIeTTh/xEUozouBfaFgo4yr4BjCthfkh5lynG0bSXMdHdxaDLoJLPuU7OvbvIFq5nJaTJETkmp8Qll6RAbkmRlAknL+SNfJIv69l6td6tj6k1Zc12DsncWN9/m/aYrQ==</latexit><latexit sha1_base64="2KHEBFUAOrEvD4qbhZChNlavxl0=">AAACCnicbVDLSgMxFM3UV62vUZdugkUQxDJTBAU3BTcuK/QFbS2Z9E4bmnmQ3FFL2z9w46+4EXGj4MJf8G9MH5u2Xgg5nHMuyTleLIVGx/m1Uiura+sb6c3M1vbO7p69f1DRUaI4lHkkI1XzmAYpQiijQAm1WAELPAlVr3cz1qsPoLSIwhL2Y2gGrBMKX3CGhmrZZ0PeKt3n6blLh7QhQWstAtpAeMKBD48jA0UAmjo5x23ZWXNNhi4DdwayZDbFlv3TaEc8CSBELpnWddeJsTlgCgWXMMo0Eg0x4z3WgcEkyoieGKpN/UiZEyKdsHM+FmjdDzzjDBh29aI2Jv/T6gn6V82BCOMEIeTTh/xEUozouBfaFgo4yr4BjCthfkh5lynG0bSXMdHdxaDLoJLPuU7OvbvIFq5nJaTJETkmp8Qll6RAbkmRlAknL+SNfJIv69l6td6tj6k1Zc12DsncWN9/m/aYrQ==</latexit>

L� ⇠ (�̇ij)
2 � c2T (@k�ij)

2
<latexit sha1_base64="32R3LH5fAL66QjsZ9DjCr84SgzM=">AAACK3icbVDLTgIxFO3gC/GFunTTSExwIRmIiRo3JG5caIIJCAmDkzulA5V2ZtJ2TMiEX3LjT/gBbjCuNP6HBWYDeJKmJ+ec29t7vYgzpW17bGVWVtfWN7Kbua3tnd29/P7BowpjSWiDhDyULQ8U5SygDc00p61IUhAep01vcDPxmy9UKhYGdT2MaEdAL2A+I6CN5ObvE4cAx3d45Do9EAKwo5jARacbajxT3IQ9j06fKvgME7du7qITgdQMuDtYiLj5gl2yp8DLpJySAkpRc/PvphGJBQ004aBUu2xHupNMniecjnJOrGgEZAA9mkyHHeETI3WxH0pzAo2n6lwOhFJD4ZmkAN1Xi95E/M9rx9q/7CQsiGJNAzJr5Mcc6xBPNoe7TFKi+dAQIJKZH2LSBwlEm/3mzOjlxUGXSaNSuirZD+eF6nW6gyw6QseoiMroAlXRLaqhBiLoDY3RN/qxXq0P69P6mkUzVlpziOZg/f4BYuml1A==</latexit><latexit sha1_base64="32R3LH5fAL66QjsZ9DjCr84SgzM=">AAACK3icbVDLTgIxFO3gC/GFunTTSExwIRmIiRo3JG5caIIJCAmDkzulA5V2ZtJ2TMiEX3LjT/gBbjCuNP6HBWYDeJKmJ+ec29t7vYgzpW17bGVWVtfWN7Kbua3tnd29/P7BowpjSWiDhDyULQ8U5SygDc00p61IUhAep01vcDPxmy9UKhYGdT2MaEdAL2A+I6CN5ObvE4cAx3d45Do9EAKwo5jARacbajxT3IQ9j06fKvgME7du7qITgdQMuDtYiLj5gl2yp8DLpJySAkpRc/PvphGJBQ004aBUu2xHupNMniecjnJOrGgEZAA9mkyHHeETI3WxH0pzAo2n6lwOhFJD4ZmkAN1Xi95E/M9rx9q/7CQsiGJNAzJr5Mcc6xBPNoe7TFKi+dAQIJKZH2LSBwlEm/3mzOjlxUGXSaNSuirZD+eF6nW6gyw6QseoiMroAlXRLaqhBiLoDY3RN/qxXq0P69P6mkUzVlpziOZg/f4BYuml1A==</latexit><latexit sha1_base64="32R3LH5fAL66QjsZ9DjCr84SgzM=">AAACK3icbVDLTgIxFO3gC/GFunTTSExwIRmIiRo3JG5caIIJCAmDkzulA5V2ZtJ2TMiEX3LjT/gBbjCuNP6HBWYDeJKmJ+ec29t7vYgzpW17bGVWVtfWN7Kbua3tnd29/P7BowpjSWiDhDyULQ8U5SygDc00p61IUhAep01vcDPxmy9UKhYGdT2MaEdAL2A+I6CN5ObvE4cAx3d45Do9EAKwo5jARacbajxT3IQ9j06fKvgME7du7qITgdQMuDtYiLj5gl2yp8DLpJySAkpRc/PvphGJBQ004aBUu2xHupNMniecjnJOrGgEZAA9mkyHHeETI3WxH0pzAo2n6lwOhFJD4ZmkAN1Xi95E/M9rx9q/7CQsiGJNAzJr5Mcc6xBPNoe7TFKi+dAQIJKZH2LSBwlEm/3mzOjlxUGXSaNSuirZD+eF6nW6gyw6QseoiMroAlXRLaqhBiLoDY3RN/qxXq0P69P6mkUzVlpziOZg/f4BYuml1A==</latexit>

c
2
T � 1 / �2G4,X �G5,� � (H�̇� �̈)G5,X

<latexit sha1_base64="FVw3nNmZLfLI4W8/EXLYOQ52uII="></latexit><latexit sha1_base64="FVw3nNmZLfLI4W8/EXLYOQ52uII="></latexit><latexit sha1_base64="FVw3nNmZLfLI4W8/EXLYOQ52uII="></latexit>

+XF4 � 3HX�̇F5
<latexit sha1_base64="nup0QpoEq3qpJ5EUZR92ElE/NyY=">AAAB93icbVBdSwJBFL1rX2ZfW70EvQxJEESyW0ZBL0IgPhqkLqgss+Oog7MfzNwNROyv9BLRS0H/or/Qv2n8eNE6MHA451zm3hMkUmh0nB8rs7K6tr6R3cxtbe/s7tn7B3Udp4rxGotlrLyAai5FxGsoUHIvUZyGgeSNYHA/8RtPXGkRR484THg7pL1IdAWjaCTfPjr3yn7x4qpCPNLqxEhaSV+Qsn/t23mn4ExB/hJ3TvIwR9W3v808S0MeIZNU66brJNgeUYWCST7OtVLNE8oGtMdH073H5NRIHdKNlXkRkqm6kKOh1sMwMMmQYl8vexPxP6+ZYve2PRJRkiKP2OyjbioJxmRSAukIxRnKoSGUKWE2JKxPFWVoqsqZ093lQ/+S+mXBdQruQzFfupuXkIVjOIEzcOEGSlCBKtSAwTO8wgd8WkPrxXqz3mfRjDWfOYQFWF+/hR6QNQ==</latexit><latexit sha1_base64="nup0QpoEq3qpJ5EUZR92ElE/NyY=">AAAB93icbVBdSwJBFL1rX2ZfW70EvQxJEESyW0ZBL0IgPhqkLqgss+Oog7MfzNwNROyv9BLRS0H/or/Qv2n8eNE6MHA451zm3hMkUmh0nB8rs7K6tr6R3cxtbe/s7tn7B3Udp4rxGotlrLyAai5FxGsoUHIvUZyGgeSNYHA/8RtPXGkRR484THg7pL1IdAWjaCTfPjr3yn7x4qpCPNLqxEhaSV+Qsn/t23mn4ExB/hJ3TvIwR9W3v808S0MeIZNU66brJNgeUYWCST7OtVLNE8oGtMdH073H5NRIHdKNlXkRkqm6kKOh1sMwMMmQYl8vexPxP6+ZYve2PRJRkiKP2OyjbioJxmRSAukIxRnKoSGUKWE2JKxPFWVoqsqZ093lQ/+S+mXBdQruQzFfupuXkIVjOIEzcOEGSlCBKtSAwTO8wgd8WkPrxXqz3mfRjDWfOYQFWF+/hR6QNQ==</latexit><latexit sha1_base64="nup0QpoEq3qpJ5EUZR92ElE/NyY=">AAAB93icbVBdSwJBFL1rX2ZfW70EvQxJEESyW0ZBL0IgPhqkLqgss+Oog7MfzNwNROyv9BLRS0H/or/Qv2n8eNE6MHA451zm3hMkUmh0nB8rs7K6tr6R3cxtbe/s7tn7B3Udp4rxGotlrLyAai5FxGsoUHIvUZyGgeSNYHA/8RtPXGkRR484THg7pL1IdAWjaCTfPjr3yn7x4qpCPNLqxEhaSV+Qsn/t23mn4ExB/hJ3TvIwR9W3v808S0MeIZNU66brJNgeUYWCST7OtVLNE8oGtMdH073H5NRIHdKNlXkRkqm6kKOh1sMwMMmQYl8vexPxP6+ZYve2PRJRkiKP2OyjbioJxmRSAukIxRnKoSGUKWE2JKxPFWVoqsqZ093lQ/+S+mXBdQruQzFfupuXkIVjOIEzcOEGSlCBKtSAwTO8wgd8WkPrxXqz3mfRjDWfOYQFWF+/hR6QNQ==</latexit><latexit sha1_base64="nup0QpoEq3qpJ5EUZR92ElE/NyY=">AAAB93icbVBdSwJBFL1rX2ZfW70EvQxJEESyW0ZBL0IgPhqkLqgss+Oog7MfzNwNROyv9BLRS0H/or/Qv2n8eNE6MHA451zm3hMkUmh0nB8rs7K6tr6R3cxtbe/s7tn7B3Udp4rxGotlrLyAai5FxGsoUHIvUZyGgeSNYHA/8RtPXGkRR484THg7pL1IdAWjaCTfPjr3yn7x4qpCPNLqxEhaSV+Qsn/t23mn4ExB/hJ3TvIwR9W3v808S0MeIZNU66brJNgeUYWCST7OtVLNE8oGtMdH073H5NRIHdKNlXkRkqm6kKOh1sMwMMmQYl8vexPxP6+ZYve2PRJRkiKP2OyjbioJxmRSAukIxRnKoSGUKWE2JKxPFWVoqsqZ093lQ/+S+mXBdQruQzFfupuXkIVjOIEzcOEGSlCBKtSAwTO8wgd8WkPrxXqz3mfRjDWfOYQFWF+/hR6QNQ==</latexit>



L = G4(�, X)R+G2(�, X) +G3(�, X)⇤�

� 2G4,X(�, X)
h
(⇤�)2 � (�;µ⌫)

2
i

+G5(�, X)Gµ⌫�;µ⌫ +
1

3
G5,X(�, X)

h
(⇤�)3 � 3⇤�(�;µ⌫)

2 + 2(�;µ⌫)
3
⇤

<latexit sha1_base64="YIf9im6cKuJX/mC+86xDa6tpwxg="></latexit><latexit sha1_base64="YIf9im6cKuJX/mC+86xDa6tpwxg="></latexit><latexit sha1_base64="YIf9im6cKuJX/mC+86xDa6tpwxg="></latexit><latexit sha1_base64="YIf9im6cKuJX/mC+86xDa6tpwxg="></latexit>

⇤� ⌘ �;µ
;µ X ⌘ gµ⌫�;µ�;⌫

<latexit sha1_base64="o7mpHAWqXbbplO+rhYvl63tv97A=">AAACOHicbVBLSwMxGMzWV62vVY9egkXwVHZFUOil6MVjBfuQbl2y2bQNzT6aR7Es+8e8ePUvePMi4kXBX2DarmJbPwiZzExIZryYUSEt69nILS2vrK7l1wsbm1vbO+buXl1EimNSwxGLeNNDgjAakpqkkpFmzAkKPEYaXv9yrDeGhAsahTdyFJN2gLoh7VCMpKZc89a5iO6hE/codMhA0eEEu0nZCRRM77IdOgOFfNj88XTvkjHvhCr9408LvwctuGbRKlmTgYvAzkARZFN1zSfHj7AKSCgxQ0K0bCuW7QRxSTEjacFRgsQI91GXJJPgKTzSlA87EdcrlHDCzvhQIMQo8LQzQLIn5rUx+Z/WUrJz3k5oGCtJQjx9qKMYlBEctwh9ygmWbKQBwpzqH0LcQxxhqbsu6Oj2fNBFUD8p2VbJvj4tVspZCXlwAA7BMbDBGaiAK1AFNYDBI3gFH+DTeDBejDfjfWrNGdmdfTAzxtc30wKsMQ==</latexit><latexit sha1_base64="o7mpHAWqXbbplO+rhYvl63tv97A=">AAACOHicbVBLSwMxGMzWV62vVY9egkXwVHZFUOil6MVjBfuQbl2y2bQNzT6aR7Es+8e8ePUvePMi4kXBX2DarmJbPwiZzExIZryYUSEt69nILS2vrK7l1wsbm1vbO+buXl1EimNSwxGLeNNDgjAakpqkkpFmzAkKPEYaXv9yrDeGhAsahTdyFJN2gLoh7VCMpKZc89a5iO6hE/codMhA0eEEu0nZCRRM77IdOgOFfNj88XTvkjHvhCr9408LvwctuGbRKlmTgYvAzkARZFN1zSfHj7AKSCgxQ0K0bCuW7QRxSTEjacFRgsQI91GXJJPgKTzSlA87EdcrlHDCzvhQIMQo8LQzQLIn5rUx+Z/WUrJz3k5oGCtJQjx9qKMYlBEctwh9ygmWbKQBwpzqH0LcQxxhqbsu6Oj2fNBFUD8p2VbJvj4tVspZCXlwAA7BMbDBGaiAK1AFNYDBI3gFH+DTeDBejDfjfWrNGdmdfTAzxtc30wKsMQ==</latexit><latexit sha1_base64="o7mpHAWqXbbplO+rhYvl63tv97A=">AAACOHicbVBLSwMxGMzWV62vVY9egkXwVHZFUOil6MVjBfuQbl2y2bQNzT6aR7Es+8e8ePUvePMi4kXBX2DarmJbPwiZzExIZryYUSEt69nILS2vrK7l1wsbm1vbO+buXl1EimNSwxGLeNNDgjAakpqkkpFmzAkKPEYaXv9yrDeGhAsahTdyFJN2gLoh7VCMpKZc89a5iO6hE/codMhA0eEEu0nZCRRM77IdOgOFfNj88XTvkjHvhCr9408LvwctuGbRKlmTgYvAzkARZFN1zSfHj7AKSCgxQ0K0bCuW7QRxSTEjacFRgsQI91GXJJPgKTzSlA87EdcrlHDCzvhQIMQo8LQzQLIn5rUx+Z/WUrJz3k5oGCtJQjx9qKMYlBEctwh9ygmWbKQBwpzqH0LcQxxhqbsu6Oj2fNBFUD8p2VbJvj4tVspZCXlwAA7BMbDBGaiAK1AFNYDBI3gFH+DTeDBejDfjfWrNGdmdfTAzxtc30wKsMQ==</latexit><latexit sha1_base64="o7mpHAWqXbbplO+rhYvl63tv97A=">AAACOHicbVBLSwMxGMzWV62vVY9egkXwVHZFUOil6MVjBfuQbl2y2bQNzT6aR7Es+8e8ePUvePMi4kXBX2DarmJbPwiZzExIZryYUSEt69nILS2vrK7l1wsbm1vbO+buXl1EimNSwxGLeNNDgjAakpqkkpFmzAkKPEYaXv9yrDeGhAsahTdyFJN2gLoh7VCMpKZc89a5iO6hE/codMhA0eEEu0nZCRRM77IdOgOFfNj88XTvkjHvhCr9408LvwctuGbRKlmTgYvAzkARZFN1zSfHj7AKSCgxQ0K0bCuW7QRxSTEjacFRgsQI91GXJJPgKTzSlA87EdcrlHDCzvhQIMQo8LQzQLIn5rUx+Z/WUrJz3k5oGCtJQjx9qKMYlBEctwh9ygmWbKQBwpzqH0LcQxxhqbsu6Oj2fNBFUD8p2VbJvj4tVspZCXlwAA7BMbDBGaiAK1AFNYDBI3gFH+DTeDBejDfjfWrNGdmdfTAzxtc30wKsMQ==</latexit>

� F4(�, X)✏µ⌫⇢�✏
µ0⌫0⇢0��;µ�;µ0�;⌫⌫0�;⇢⇢0

� F5(�, X)✏µ⌫⇢�✏µ
0⌫0⇢0�0

�;µ�;µ0�;⌫⌫0�;⇢⇢0�;��0
<latexit sha1_base64="C9HWRLvrxx71bVnVpBrDVgJGiZg="></latexit><latexit sha1_base64="C9HWRLvrxx71bVnVpBrDVgJGiZg="></latexit><latexit sha1_base64="C9HWRLvrxx71bVnVpBrDVgJGiZg="></latexit><latexit sha1_base64="C9HWRLvrxx71bVnVpBrDVgJGiZg="></latexit>

Setting cT=1

Scalar field play with gravity through higher derivatives:

rµr⌫� � �⇢
µ⌫@⇢�

<latexit sha1_base64="d4/Jym6GePXzZvBlu1P8vPr4Oro=">AAACKXicbVBLSwMxGMzWV62vqkcvwSJ4KlsRVLwUPCh4qWBtoVuXb9O0G5pklzyEUvqPvPgvPHvxcVL8I6btemh1IDCZb/KYiVLOtPH9dy+3sLi0vJJfLaytb2xuFbd37nRiFaF1kvBENSPQlDNJ64YZTpupoiAiThtR/2I8bzxQpVkib80gpW0BPcm6jIBxUli8DiREHMJAWPxLpaNpzHCgbaqpwcElCAHhcOqxo/tAxYmzgDIMeJjtYhYWS37ZnwD/JZWMlFCGWlh8DjoJsYJKQzho3ar4qWkPx/cSTkeFwGqaAulDjw4nUUf4wEkd3E2UW9LgiTrjA6H1QETOKcDEen42Fv+btazpnraHTKbWUEmmD3UtxybB495whylKDB84AkQx90NMYlBAjGu34KJX5oP+JfWj8lnZvzkuVc+zDvJoD+2jQ1RBJ6iKrlAN1RFBT+gVfaIv79F78d68j6k152VndtEMvO8fx7OnfA==</latexit><latexit sha1_base64="d4/Jym6GePXzZvBlu1P8vPr4Oro=">AAACKXicbVBLSwMxGMzWV62vqkcvwSJ4KlsRVLwUPCh4qWBtoVuXb9O0G5pklzyEUvqPvPgvPHvxcVL8I6btemh1IDCZb/KYiVLOtPH9dy+3sLi0vJJfLaytb2xuFbd37nRiFaF1kvBENSPQlDNJ64YZTpupoiAiThtR/2I8bzxQpVkib80gpW0BPcm6jIBxUli8DiREHMJAWPxLpaNpzHCgbaqpwcElCAHhcOqxo/tAxYmzgDIMeJjtYhYWS37ZnwD/JZWMlFCGWlh8DjoJsYJKQzho3ar4qWkPx/cSTkeFwGqaAulDjw4nUUf4wEkd3E2UW9LgiTrjA6H1QETOKcDEen42Fv+btazpnraHTKbWUEmmD3UtxybB495whylKDB84AkQx90NMYlBAjGu34KJX5oP+JfWj8lnZvzkuVc+zDvJoD+2jQ1RBJ6iKrlAN1RFBT+gVfaIv79F78d68j6k152VndtEMvO8fx7OnfA==</latexit><latexit sha1_base64="d4/Jym6GePXzZvBlu1P8vPr4Oro=">AAACKXicbVBLSwMxGMzWV62vqkcvwSJ4KlsRVLwUPCh4qWBtoVuXb9O0G5pklzyEUvqPvPgvPHvxcVL8I6btemh1IDCZb/KYiVLOtPH9dy+3sLi0vJJfLaytb2xuFbd37nRiFaF1kvBENSPQlDNJ64YZTpupoiAiThtR/2I8bzxQpVkib80gpW0BPcm6jIBxUli8DiREHMJAWPxLpaNpzHCgbaqpwcElCAHhcOqxo/tAxYmzgDIMeJjtYhYWS37ZnwD/JZWMlFCGWlh8DjoJsYJKQzho3ar4qWkPx/cSTkeFwGqaAulDjw4nUUf4wEkd3E2UW9LgiTrjA6H1QETOKcDEen42Fv+btazpnraHTKbWUEmmD3UtxybB495whylKDB84AkQx90NMYlBAjGu34KJX5oP+JfWj8lnZvzkuVc+zDvJoD+2jQ1RBJ6iKrlAN1RFBT+gVfaIv79F78d68j6k152VndtEMvO8fx7OnfA==</latexit>

�0
ij �̇ � �̇ij �̇

<latexit sha1_base64="OlXP8gNlgP4bIKY5TcBbatULx98=">AAACHnicbVBNS8NAFNzUr1q/oh69LBbBg5RUBBUvBQ96rGBsoalhs920azfJsvsilNAf48W/ogfFk6L/xm0bhLYOLAwz83j7JpCCa3CcH6uwsLi0vFJcLa2tb2xu2ds7dzpJFWUuTUSimgHRTPCYucBBsKZUjESBYI2gfznyG49MaZ7EtzCQrB2RbsxDTgkYybdr3hWJIuJn/GF472DvCHudBLAnexx7OpWaQa50/3JTKd8uOxVnDDxPqjkpoxx13341szSNWAxUEK1bVUdCOyMKOBVsWPJSzSShfdJl2fi+IT4wUgeHiTIvBjxWp3Ik0noQBSYZEejpWW8k/ue1UgjP2hmPZQosppNFYSowJHhUFu5wxSiIgSGEKm5+iGmPKELBVFoyp1dnD50n7nHlvOLcnJRrF3kHRbSH9tEhqqJTVEPXqI5cRNEzekOf6Mt6sl6sd+tjEi1Y+cwumoL1/QulZKF1</latexit><latexit sha1_base64="OlXP8gNlgP4bIKY5TcBbatULx98=">AAACHnicbVBNS8NAFNzUr1q/oh69LBbBg5RUBBUvBQ96rGBsoalhs920azfJsvsilNAf48W/ogfFk6L/xm0bhLYOLAwz83j7JpCCa3CcH6uwsLi0vFJcLa2tb2xu2ds7dzpJFWUuTUSimgHRTPCYucBBsKZUjESBYI2gfznyG49MaZ7EtzCQrB2RbsxDTgkYybdr3hWJIuJn/GF472DvCHudBLAnexx7OpWaQa50/3JTKd8uOxVnDDxPqjkpoxx13341szSNWAxUEK1bVUdCOyMKOBVsWPJSzSShfdJl2fi+IT4wUgeHiTIvBjxWp3Ik0noQBSYZEejpWW8k/ue1UgjP2hmPZQosppNFYSowJHhUFu5wxSiIgSGEKm5+iGmPKELBVFoyp1dnD50n7nHlvOLcnJRrF3kHRbSH9tEhqqJTVEPXqI5cRNEzekOf6Mt6sl6sd+tjEi1Y+cwumoL1/QulZKF1</latexit><latexit sha1_base64="OlXP8gNlgP4bIKY5TcBbatULx98=">AAACHnicbVBNS8NAFNzUr1q/oh69LBbBg5RUBBUvBQ96rGBsoalhs920azfJsvsilNAf48W/ogfFk6L/xm0bhLYOLAwz83j7JpCCa3CcH6uwsLi0vFJcLa2tb2xu2ds7dzpJFWUuTUSimgHRTPCYucBBsKZUjESBYI2gfznyG49MaZ7EtzCQrB2RbsxDTgkYybdr3hWJIuJn/GF472DvCHudBLAnexx7OpWaQa50/3JTKd8uOxVnDDxPqjkpoxx13341szSNWAxUEK1bVUdCOyMKOBVsWPJSzSShfdJl2fi+IT4wUgeHiTIvBjxWp3Ik0noQBSYZEejpWW8k/ue1UgjP2hmPZQosppNFYSowJHhUFu5wxSiIgSGEKm5+iGmPKELBVFoyp1dnD50n7nHlvOLcnJRrF3kHRbSH9tEhqqJTVEPXqI5cRNEzekOf6Mt6sl6sd+tjEi1Y+cwumoL1/QulZKF1</latexit>

)
<latexit sha1_base64="JY/OY+G0INLV3UWGQcx3YSMYpag=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoOCm4MZlFfuAtpRMmmljM8mQ3FFK6T+4EXGj4Nf4C/6NaTubth4IHM454d5zw0QKi77/6+XW1jc2t/LbhZ3dvf2D4uFR3erUMF5jWmrTDKnlUiheQ4GSNxPDaRxK3giHt1O/8cyNFVo94ijhnZj2lYgEo+ikVvtB9AdIjdEv3WLJL/szkFUSZKQEGard4k+7p1kac4VMUmtbgZ9gZ0wNCib5pNBOLU8oG9I+H88WnZAzJ/VIpI17CslMXcjR2NpRHLpkTHFgl72p+J/XSjG67oyFSlLkis0HRakkqMm0NekJwxnKkSOUGeE2JGxADWXoblNw1YPloqukflEO/HJwf1mq3GRHyMMJnMI5BHAFFbiDKtSAgYY3+IQv78l79d69j3k052V/jmEB3vcfWyWNEQ==</latexit><latexit sha1_base64="JY/OY+G0INLV3UWGQcx3YSMYpag=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoOCm4MZlFfuAtpRMmmljM8mQ3FFK6T+4EXGj4Nf4C/6NaTubth4IHM454d5zw0QKi77/6+XW1jc2t/LbhZ3dvf2D4uFR3erUMF5jWmrTDKnlUiheQ4GSNxPDaRxK3giHt1O/8cyNFVo94ijhnZj2lYgEo+ikVvtB9AdIjdEv3WLJL/szkFUSZKQEGard4k+7p1kac4VMUmtbgZ9gZ0wNCib5pNBOLU8oG9I+H88WnZAzJ/VIpI17CslMXcjR2NpRHLpkTHFgl72p+J/XSjG67oyFSlLkis0HRakkqMm0NekJwxnKkSOUGeE2JGxADWXoblNw1YPloqukflEO/HJwf1mq3GRHyMMJnMI5BHAFFbiDKtSAgYY3+IQv78l79d69j3k052V/jmEB3vcfWyWNEQ==</latexit><latexit sha1_base64="JY/OY+G0INLV3UWGQcx3YSMYpag=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoOCm4MZlFfuAtpRMmmljM8mQ3FFK6T+4EXGj4Nf4C/6NaTubth4IHM454d5zw0QKi77/6+XW1jc2t/LbhZ3dvf2D4uFR3erUMF5jWmrTDKnlUiheQ4GSNxPDaRxK3giHt1O/8cyNFVo94ijhnZj2lYgEo+ikVvtB9AdIjdEv3WLJL/szkFUSZKQEGard4k+7p1kac4VMUmtbgZ9gZ0wNCib5pNBOLU8oG9I+H88WnZAzJ/VIpI17CslMXcjR2NpRHLpkTHFgl72p+J/XSjG67oyFSlLkis0HRakkqMm0NekJwxnKkSOUGeE2JGxADWXoblNw1YPloqukflEO/HJwf1mq3GRHyMMJnMI5BHAFFbiDKtSAgYY3+IQv78l79d69j3k052V/jmEB3vcfWyWNEQ==</latexit><latexit sha1_base64="JY/OY+G0INLV3UWGQcx3YSMYpag=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoOCm4MZlFfuAtpRMmmljM8mQ3FFK6T+4EXGj4Nf4C/6NaTubth4IHM454d5zw0QKi77/6+XW1jc2t/LbhZ3dvf2D4uFR3erUMF5jWmrTDKnlUiheQ4GSNxPDaRxK3giHt1O/8cyNFVo94ijhnZj2lYgEo+ikVvtB9AdIjdEv3WLJL/szkFUSZKQEGard4k+7p1kac4VMUmtbgZ9gZ0wNCib5pNBOLU8oG9I+H88WnZAzJ/VIpI17CslMXcjR2NpRHLpkTHFgl72p+J/XSjG67oyFSlLkis0HRakkqMm0NekJwxnKkSOUGeE2JGxADWXoblNw1YPloqukflEO/HJwf1mq3GRHyMMJnMI5BHAFFbiDKtSAgYY3+IQv78l79d69j3k052V/jmEB3vcfWyWNEQ==</latexit>

Expected from LSS: |c2T � 1| . few⇥ 0.01
<latexit sha1_base64="2KHEBFUAOrEvD4qbhZChNlavxl0=">AAACCnicbVDLSgMxFM3UV62vUZdugkUQxDJTBAU3BTcuK/QFbS2Z9E4bmnmQ3FFL2z9w46+4EXGj4MJf8G9MH5u2Xgg5nHMuyTleLIVGx/m1Uiura+sb6c3M1vbO7p69f1DRUaI4lHkkI1XzmAYpQiijQAm1WAELPAlVr3cz1qsPoLSIwhL2Y2gGrBMKX3CGhmrZZ0PeKt3n6blLh7QhQWstAtpAeMKBD48jA0UAmjo5x23ZWXNNhi4DdwayZDbFlv3TaEc8CSBELpnWddeJsTlgCgWXMMo0Eg0x4z3WgcEkyoieGKpN/UiZEyKdsHM+FmjdDzzjDBh29aI2Jv/T6gn6V82BCOMEIeTTh/xEUozouBfaFgo4yr4BjCthfkh5lynG0bSXMdHdxaDLoJLPuU7OvbvIFq5nJaTJETkmp8Qll6RAbkmRlAknL+SNfJIv69l6td6tj6k1Zc12DsncWN9/m/aYrQ==</latexit><latexit sha1_base64="2KHEBFUAOrEvD4qbhZChNlavxl0=">AAACCnicbVDLSgMxFM3UV62vUZdugkUQxDJTBAU3BTcuK/QFbS2Z9E4bmnmQ3FFL2z9w46+4EXGj4MJf8G9MH5u2Xgg5nHMuyTleLIVGx/m1Uiura+sb6c3M1vbO7p69f1DRUaI4lHkkI1XzmAYpQiijQAm1WAELPAlVr3cz1qsPoLSIwhL2Y2gGrBMKX3CGhmrZZ0PeKt3n6blLh7QhQWstAtpAeMKBD48jA0UAmjo5x23ZWXNNhi4DdwayZDbFlv3TaEc8CSBELpnWddeJsTlgCgWXMMo0Eg0x4z3WgcEkyoieGKpN/UiZEyKdsHM+FmjdDzzjDBh29aI2Jv/T6gn6V82BCOMEIeTTh/xEUozouBfaFgo4yr4BjCthfkh5lynG0bSXMdHdxaDLoJLPuU7OvbvIFq5nJaTJETkmp8Qll6RAbkmRlAknL+SNfJIv69l6td6tj6k1Zc12DsncWN9/m/aYrQ==</latexit><latexit sha1_base64="2KHEBFUAOrEvD4qbhZChNlavxl0=">AAACCnicbVDLSgMxFM3UV62vUZdugkUQxDJTBAU3BTcuK/QFbS2Z9E4bmnmQ3FFL2z9w46+4EXGj4MJf8G9MH5u2Xgg5nHMuyTleLIVGx/m1Uiura+sb6c3M1vbO7p69f1DRUaI4lHkkI1XzmAYpQiijQAm1WAELPAlVr3cz1qsPoLSIwhL2Y2gGrBMKX3CGhmrZZ0PeKt3n6blLh7QhQWstAtpAeMKBD48jA0UAmjo5x23ZWXNNhi4DdwayZDbFlv3TaEc8CSBELpnWddeJsTlgCgWXMMo0Eg0x4z3WgcEkyoieGKpN/UiZEyKdsHM+FmjdDzzjDBh29aI2Jv/T6gn6V82BCOMEIeTTh/xEUozouBfaFgo4yr4BjCthfkh5lynG0bSXMdHdxaDLoJLPuU7OvbvIFq5nJaTJETkmp8Qll6RAbkmRlAknL+SNfJIv69l6td6tj6k1Zc12DsncWN9/m/aYrQ==</latexit><latexit sha1_base64="2KHEBFUAOrEvD4qbhZChNlavxl0=">AAACCnicbVDLSgMxFM3UV62vUZdugkUQxDJTBAU3BTcuK/QFbS2Z9E4bmnmQ3FFL2z9w46+4EXGj4MJf8G9MH5u2Xgg5nHMuyTleLIVGx/m1Uiura+sb6c3M1vbO7p69f1DRUaI4lHkkI1XzmAYpQiijQAm1WAELPAlVr3cz1qsPoLSIwhL2Y2gGrBMKX3CGhmrZZ0PeKt3n6blLh7QhQWstAtpAeMKBD48jA0UAmjo5x23ZWXNNhi4DdwayZDbFlv3TaEc8CSBELpnWddeJsTlgCgWXMMo0Eg0x4z3WgcEkyoieGKpN/UiZEyKdsHM+FmjdDzzjDBh29aI2Jv/T6gn6V82BCOMEIeTTh/xEUozouBfaFgo4yr4BjCthfkh5lynG0bSXMdHdxaDLoJLPuU7OvbvIFq5nJaTJETkmp8Qll6RAbkmRlAknL+SNfJIv69l6td6tj6k1Zc12DsncWN9/m/aYrQ==</latexit>

L� ⇠ (�̇ij)
2 � c2T (@k�ij)

2
<latexit sha1_base64="32R3LH5fAL66QjsZ9DjCr84SgzM=">AAACK3icbVDLTgIxFO3gC/GFunTTSExwIRmIiRo3JG5caIIJCAmDkzulA5V2ZtJ2TMiEX3LjT/gBbjCuNP6HBWYDeJKmJ+ec29t7vYgzpW17bGVWVtfWN7Kbua3tnd29/P7BowpjSWiDhDyULQ8U5SygDc00p61IUhAep01vcDPxmy9UKhYGdT2MaEdAL2A+I6CN5ObvE4cAx3d45Do9EAKwo5jARacbajxT3IQ9j06fKvgME7du7qITgdQMuDtYiLj5gl2yp8DLpJySAkpRc/PvphGJBQ004aBUu2xHupNMniecjnJOrGgEZAA9mkyHHeETI3WxH0pzAo2n6lwOhFJD4ZmkAN1Xi95E/M9rx9q/7CQsiGJNAzJr5Mcc6xBPNoe7TFKi+dAQIJKZH2LSBwlEm/3mzOjlxUGXSaNSuirZD+eF6nW6gyw6QseoiMroAlXRLaqhBiLoDY3RN/qxXq0P69P6mkUzVlpziOZg/f4BYuml1A==</latexit><latexit sha1_base64="32R3LH5fAL66QjsZ9DjCr84SgzM=">AAACK3icbVDLTgIxFO3gC/GFunTTSExwIRmIiRo3JG5caIIJCAmDkzulA5V2ZtJ2TMiEX3LjT/gBbjCuNP6HBWYDeJKmJ+ec29t7vYgzpW17bGVWVtfWN7Kbua3tnd29/P7BowpjSWiDhDyULQ8U5SygDc00p61IUhAep01vcDPxmy9UKhYGdT2MaEdAL2A+I6CN5ObvE4cAx3d45Do9EAKwo5jARacbajxT3IQ9j06fKvgME7du7qITgdQMuDtYiLj5gl2yp8DLpJySAkpRc/PvphGJBQ004aBUu2xHupNMniecjnJOrGgEZAA9mkyHHeETI3WxH0pzAo2n6lwOhFJD4ZmkAN1Xi95E/M9rx9q/7CQsiGJNAzJr5Mcc6xBPNoe7TFKi+dAQIJKZH2LSBwlEm/3mzOjlxUGXSaNSuirZD+eF6nW6gyw6QseoiMroAlXRLaqhBiLoDY3RN/qxXq0P69P6mkUzVlpziOZg/f4BYuml1A==</latexit><latexit sha1_base64="32R3LH5fAL66QjsZ9DjCr84SgzM=">AAACK3icbVDLTgIxFO3gC/GFunTTSExwIRmIiRo3JG5caIIJCAmDkzulA5V2ZtJ2TMiEX3LjT/gBbjCuNP6HBWYDeJKmJ+ec29t7vYgzpW17bGVWVtfWN7Kbua3tnd29/P7BowpjSWiDhDyULQ8U5SygDc00p61IUhAep01vcDPxmy9UKhYGdT2MaEdAL2A+I6CN5ObvE4cAx3d45Do9EAKwo5jARacbajxT3IQ9j06fKvgME7du7qITgdQMuDtYiLj5gl2yp8DLpJySAkpRc/PvphGJBQ004aBUu2xHupNMniecjnJOrGgEZAA9mkyHHeETI3WxH0pzAo2n6lwOhFJD4ZmkAN1Xi95E/M9rx9q/7CQsiGJNAzJr5Mcc6xBPNoe7TFKi+dAQIJKZH2LSBwlEm/3mzOjlxUGXSaNSuirZD+eF6nW6gyw6QseoiMroAlXRLaqhBiLoDY3RN/qxXq0P69P6mkUzVlpziOZg/f4BYuml1A==</latexit>

c
2
T � 1 / �2G4,X �G5,� � (H�̇� �̈)G5,X

<latexit sha1_base64="FVw3nNmZLfLI4W8/EXLYOQ52uII="></latexit><latexit sha1_base64="FVw3nNmZLfLI4W8/EXLYOQ52uII="></latexit><latexit sha1_base64="FVw3nNmZLfLI4W8/EXLYOQ52uII="></latexit>

+XF4 � 3HX�̇F5
<latexit sha1_base64="nup0QpoEq3qpJ5EUZR92ElE/NyY=">AAAB93icbVBdSwJBFL1rX2ZfW70EvQxJEESyW0ZBL0IgPhqkLqgss+Oog7MfzNwNROyv9BLRS0H/or/Qv2n8eNE6MHA451zm3hMkUmh0nB8rs7K6tr6R3cxtbe/s7tn7B3Udp4rxGotlrLyAai5FxGsoUHIvUZyGgeSNYHA/8RtPXGkRR484THg7pL1IdAWjaCTfPjr3yn7x4qpCPNLqxEhaSV+Qsn/t23mn4ExB/hJ3TvIwR9W3v808S0MeIZNU66brJNgeUYWCST7OtVLNE8oGtMdH073H5NRIHdKNlXkRkqm6kKOh1sMwMMmQYl8vexPxP6+ZYve2PRJRkiKP2OyjbioJxmRSAukIxRnKoSGUKWE2JKxPFWVoqsqZ093lQ/+S+mXBdQruQzFfupuXkIVjOIEzcOEGSlCBKtSAwTO8wgd8WkPrxXqz3mfRjDWfOYQFWF+/hR6QNQ==</latexit><latexit sha1_base64="nup0QpoEq3qpJ5EUZR92ElE/NyY=">AAAB93icbVBdSwJBFL1rX2ZfW70EvQxJEESyW0ZBL0IgPhqkLqgss+Oog7MfzNwNROyv9BLRS0H/or/Qv2n8eNE6MHA451zm3hMkUmh0nB8rs7K6tr6R3cxtbe/s7tn7B3Udp4rxGotlrLyAai5FxGsoUHIvUZyGgeSNYHA/8RtPXGkRR484THg7pL1IdAWjaCTfPjr3yn7x4qpCPNLqxEhaSV+Qsn/t23mn4ExB/hJ3TvIwR9W3v808S0MeIZNU66brJNgeUYWCST7OtVLNE8oGtMdH073H5NRIHdKNlXkRkqm6kKOh1sMwMMmQYl8vexPxP6+ZYve2PRJRkiKP2OyjbioJxmRSAukIxRnKoSGUKWE2JKxPFWVoqsqZ093lQ/+S+mXBdQruQzFfupuXkIVjOIEzcOEGSlCBKtSAwTO8wgd8WkPrxXqz3mfRjDWfOYQFWF+/hR6QNQ==</latexit><latexit sha1_base64="nup0QpoEq3qpJ5EUZR92ElE/NyY=">AAAB93icbVBdSwJBFL1rX2ZfW70EvQxJEESyW0ZBL0IgPhqkLqgss+Oog7MfzNwNROyv9BLRS0H/or/Qv2n8eNE6MHA451zm3hMkUmh0nB8rs7K6tr6R3cxtbe/s7tn7B3Udp4rxGotlrLyAai5FxGsoUHIvUZyGgeSNYHA/8RtPXGkRR484THg7pL1IdAWjaCTfPjr3yn7x4qpCPNLqxEhaSV+Qsn/t23mn4ExB/hJ3TvIwR9W3v808S0MeIZNU66brJNgeUYWCST7OtVLNE8oGtMdH073H5NRIHdKNlXkRkqm6kKOh1sMwMMmQYl8vexPxP6+ZYve2PRJRkiKP2OyjbioJxmRSAukIxRnKoSGUKWE2JKxPFWVoqsqZ093lQ/+S+mXBdQruQzFfupuXkIVjOIEzcOEGSlCBKtSAwTO8wgd8WkPrxXqz3mfRjDWfOYQFWF+/hR6QNQ==</latexit><latexit sha1_base64="nup0QpoEq3qpJ5EUZR92ElE/NyY=">AAAB93icbVBdSwJBFL1rX2ZfW70EvQxJEESyW0ZBL0IgPhqkLqgss+Oog7MfzNwNROyv9BLRS0H/or/Qv2n8eNE6MHA451zm3hMkUmh0nB8rs7K6tr6R3cxtbe/s7tn7B3Udp4rxGotlrLyAai5FxGsoUHIvUZyGgeSNYHA/8RtPXGkRR484THg7pL1IdAWjaCTfPjr3yn7x4qpCPNLqxEhaSV+Qsn/t23mn4ExB/hJ3TvIwR9W3v808S0MeIZNU66brJNgeUYWCST7OtVLNE8oGtMdH073H5NRIHdKNlXkRkqm6kKOh1sMwMMmQYl8vexPxP6+ZYve2PRJRkiKP2OyjbioJxmRSAukIxRnKoSGUKWE2JKxPFWVoqsqZ093lQ/+S+mXBdQruQzFfupuXkIVjOIEzcOEGSlCBKtSAwTO8wgd8WkPrxXqz3mfRjDWfOYQFWF+/hR6QNQ==</latexit>



L = G4(�, X)R+G2(�, X) +G3(�, X)⇤�

� 2G4,X(�, X)
h
(⇤�)2 � (�;µ⌫)

2
i

+G5(�, X)Gµ⌫�;µ⌫ +
1

3
G5,X(�, X)

h
(⇤�)3 � 3⇤�(�;µ⌫)

2 + 2(�;µ⌫)
3
⇤

<latexit sha1_base64="YIf9im6cKuJX/mC+86xDa6tpwxg="></latexit><latexit sha1_base64="YIf9im6cKuJX/mC+86xDa6tpwxg="></latexit><latexit sha1_base64="YIf9im6cKuJX/mC+86xDa6tpwxg="></latexit><latexit sha1_base64="YIf9im6cKuJX/mC+86xDa6tpwxg="></latexit>

⇤� ⌘ �;µ
;µ X ⌘ gµ⌫�;µ�;⌫

<latexit sha1_base64="o7mpHAWqXbbplO+rhYvl63tv97A=">AAACOHicbVBLSwMxGMzWV62vVY9egkXwVHZFUOil6MVjBfuQbl2y2bQNzT6aR7Es+8e8ePUvePMi4kXBX2DarmJbPwiZzExIZryYUSEt69nILS2vrK7l1wsbm1vbO+buXl1EimNSwxGLeNNDgjAakpqkkpFmzAkKPEYaXv9yrDeGhAsahTdyFJN2gLoh7VCMpKZc89a5iO6hE/codMhA0eEEu0nZCRRM77IdOgOFfNj88XTvkjHvhCr9408LvwctuGbRKlmTgYvAzkARZFN1zSfHj7AKSCgxQ0K0bCuW7QRxSTEjacFRgsQI91GXJJPgKTzSlA87EdcrlHDCzvhQIMQo8LQzQLIn5rUx+Z/WUrJz3k5oGCtJQjx9qKMYlBEctwh9ygmWbKQBwpzqH0LcQxxhqbsu6Oj2fNBFUD8p2VbJvj4tVspZCXlwAA7BMbDBGaiAK1AFNYDBI3gFH+DTeDBejDfjfWrNGdmdfTAzxtc30wKsMQ==</latexit><latexit sha1_base64="o7mpHAWqXbbplO+rhYvl63tv97A=">AAACOHicbVBLSwMxGMzWV62vVY9egkXwVHZFUOil6MVjBfuQbl2y2bQNzT6aR7Es+8e8ePUvePMi4kXBX2DarmJbPwiZzExIZryYUSEt69nILS2vrK7l1wsbm1vbO+buXl1EimNSwxGLeNNDgjAakpqkkpFmzAkKPEYaXv9yrDeGhAsahTdyFJN2gLoh7VCMpKZc89a5iO6hE/codMhA0eEEu0nZCRRM77IdOgOFfNj88XTvkjHvhCr9408LvwctuGbRKlmTgYvAzkARZFN1zSfHj7AKSCgxQ0K0bCuW7QRxSTEjacFRgsQI91GXJJPgKTzSlA87EdcrlHDCzvhQIMQo8LQzQLIn5rUx+Z/WUrJz3k5oGCtJQjx9qKMYlBEctwh9ygmWbKQBwpzqH0LcQxxhqbsu6Oj2fNBFUD8p2VbJvj4tVspZCXlwAA7BMbDBGaiAK1AFNYDBI3gFH+DTeDBejDfjfWrNGdmdfTAzxtc30wKsMQ==</latexit><latexit sha1_base64="o7mpHAWqXbbplO+rhYvl63tv97A=">AAACOHicbVBLSwMxGMzWV62vVY9egkXwVHZFUOil6MVjBfuQbl2y2bQNzT6aR7Es+8e8ePUvePMi4kXBX2DarmJbPwiZzExIZryYUSEt69nILS2vrK7l1wsbm1vbO+buXl1EimNSwxGLeNNDgjAakpqkkpFmzAkKPEYaXv9yrDeGhAsahTdyFJN2gLoh7VCMpKZc89a5iO6hE/codMhA0eEEu0nZCRRM77IdOgOFfNj88XTvkjHvhCr9408LvwctuGbRKlmTgYvAzkARZFN1zSfHj7AKSCgxQ0K0bCuW7QRxSTEjacFRgsQI91GXJJPgKTzSlA87EdcrlHDCzvhQIMQo8LQzQLIn5rUx+Z/WUrJz3k5oGCtJQjx9qKMYlBEctwh9ygmWbKQBwpzqH0LcQxxhqbsu6Oj2fNBFUD8p2VbJvj4tVspZCXlwAA7BMbDBGaiAK1AFNYDBI3gFH+DTeDBejDfjfWrNGdmdfTAzxtc30wKsMQ==</latexit><latexit sha1_base64="o7mpHAWqXbbplO+rhYvl63tv97A=">AAACOHicbVBLSwMxGMzWV62vVY9egkXwVHZFUOil6MVjBfuQbl2y2bQNzT6aR7Es+8e8ePUvePMi4kXBX2DarmJbPwiZzExIZryYUSEt69nILS2vrK7l1wsbm1vbO+buXl1EimNSwxGLeNNDgjAakpqkkpFmzAkKPEYaXv9yrDeGhAsahTdyFJN2gLoh7VCMpKZc89a5iO6hE/codMhA0eEEu0nZCRRM77IdOgOFfNj88XTvkjHvhCr9408LvwctuGbRKlmTgYvAzkARZFN1zSfHj7AKSCgxQ0K0bCuW7QRxSTEjacFRgsQI91GXJJPgKTzSlA87EdcrlHDCzvhQIMQo8LQzQLIn5rUx+Z/WUrJz3k5oGCtJQjx9qKMYlBEctwh9ygmWbKQBwpzqH0LcQxxhqbsu6Oj2fNBFUD8p2VbJvj4tVspZCXlwAA7BMbDBGaiAK1AFNYDBI3gFH+DTeDBejDfjfWrNGdmdfTAzxtc30wKsMQ==</latexit>

� F4(�, X)✏µ⌫⇢�✏
µ0⌫0⇢0��;µ�;µ0�;⌫⌫0�;⇢⇢0

� F5(�, X)✏µ⌫⇢�✏µ
0⌫0⇢0�0

�;µ�;µ0�;⌫⌫0�;⇢⇢0�;��0
<latexit sha1_base64="C9HWRLvrxx71bVnVpBrDVgJGiZg="></latexit><latexit sha1_base64="C9HWRLvrxx71bVnVpBrDVgJGiZg="></latexit><latexit sha1_base64="C9HWRLvrxx71bVnVpBrDVgJGiZg="></latexit><latexit sha1_base64="C9HWRLvrxx71bVnVpBrDVgJGiZg="></latexit>

Setting cT=1

Scalar field play with gravity through higher derivatives:

rµr⌫� � �⇢
µ⌫@⇢�

<latexit sha1_base64="d4/Jym6GePXzZvBlu1P8vPr4Oro=">AAACKXicbVBLSwMxGMzWV62vqkcvwSJ4KlsRVLwUPCh4qWBtoVuXb9O0G5pklzyEUvqPvPgvPHvxcVL8I6btemh1IDCZb/KYiVLOtPH9dy+3sLi0vJJfLaytb2xuFbd37nRiFaF1kvBENSPQlDNJ64YZTpupoiAiThtR/2I8bzxQpVkib80gpW0BPcm6jIBxUli8DiREHMJAWPxLpaNpzHCgbaqpwcElCAHhcOqxo/tAxYmzgDIMeJjtYhYWS37ZnwD/JZWMlFCGWlh8DjoJsYJKQzho3ar4qWkPx/cSTkeFwGqaAulDjw4nUUf4wEkd3E2UW9LgiTrjA6H1QETOKcDEen42Fv+btazpnraHTKbWUEmmD3UtxybB495whylKDB84AkQx90NMYlBAjGu34KJX5oP+JfWj8lnZvzkuVc+zDvJoD+2jQ1RBJ6iKrlAN1RFBT+gVfaIv79F78d68j6k152VndtEMvO8fx7OnfA==</latexit><latexit sha1_base64="d4/Jym6GePXzZvBlu1P8vPr4Oro=">AAACKXicbVBLSwMxGMzWV62vqkcvwSJ4KlsRVLwUPCh4qWBtoVuXb9O0G5pklzyEUvqPvPgvPHvxcVL8I6btemh1IDCZb/KYiVLOtPH9dy+3sLi0vJJfLaytb2xuFbd37nRiFaF1kvBENSPQlDNJ64YZTpupoiAiThtR/2I8bzxQpVkib80gpW0BPcm6jIBxUli8DiREHMJAWPxLpaNpzHCgbaqpwcElCAHhcOqxo/tAxYmzgDIMeJjtYhYWS37ZnwD/JZWMlFCGWlh8DjoJsYJKQzho3ar4qWkPx/cSTkeFwGqaAulDjw4nUUf4wEkd3E2UW9LgiTrjA6H1QETOKcDEen42Fv+btazpnraHTKbWUEmmD3UtxybB495whylKDB84AkQx90NMYlBAjGu34KJX5oP+JfWj8lnZvzkuVc+zDvJoD+2jQ1RBJ6iKrlAN1RFBT+gVfaIv79F78d68j6k152VndtEMvO8fx7OnfA==</latexit><latexit sha1_base64="d4/Jym6GePXzZvBlu1P8vPr4Oro=">AAACKXicbVBLSwMxGMzWV62vqkcvwSJ4KlsRVLwUPCh4qWBtoVuXb9O0G5pklzyEUvqPvPgvPHvxcVL8I6btemh1IDCZb/KYiVLOtPH9dy+3sLi0vJJfLaytb2xuFbd37nRiFaF1kvBENSPQlDNJ64YZTpupoiAiThtR/2I8bzxQpVkib80gpW0BPcm6jIBxUli8DiREHMJAWPxLpaNpzHCgbaqpwcElCAHhcOqxo/tAxYmzgDIMeJjtYhYWS37ZnwD/JZWMlFCGWlh8DjoJsYJKQzho3ar4qWkPx/cSTkeFwGqaAulDjw4nUUf4wEkd3E2UW9LgiTrjA6H1QETOKcDEen42Fv+btazpnraHTKbWUEmmD3UtxybB495whylKDB84AkQx90NMYlBAjGu34KJX5oP+JfWj8lnZvzkuVc+zDvJoD+2jQ1RBJ6iKrlAN1RFBT+gVfaIv79F78d68j6k152VndtEMvO8fx7OnfA==</latexit>

�0
ij �̇ � �̇ij �̇

<latexit sha1_base64="OlXP8gNlgP4bIKY5TcBbatULx98=">AAACHnicbVBNS8NAFNzUr1q/oh69LBbBg5RUBBUvBQ96rGBsoalhs920azfJsvsilNAf48W/ogfFk6L/xm0bhLYOLAwz83j7JpCCa3CcH6uwsLi0vFJcLa2tb2xu2ds7dzpJFWUuTUSimgHRTPCYucBBsKZUjESBYI2gfznyG49MaZ7EtzCQrB2RbsxDTgkYybdr3hWJIuJn/GF472DvCHudBLAnexx7OpWaQa50/3JTKd8uOxVnDDxPqjkpoxx13341szSNWAxUEK1bVUdCOyMKOBVsWPJSzSShfdJl2fi+IT4wUgeHiTIvBjxWp3Ik0noQBSYZEejpWW8k/ue1UgjP2hmPZQosppNFYSowJHhUFu5wxSiIgSGEKm5+iGmPKELBVFoyp1dnD50n7nHlvOLcnJRrF3kHRbSH9tEhqqJTVEPXqI5cRNEzekOf6Mt6sl6sd+tjEi1Y+cwumoL1/QulZKF1</latexit><latexit sha1_base64="OlXP8gNlgP4bIKY5TcBbatULx98=">AAACHnicbVBNS8NAFNzUr1q/oh69LBbBg5RUBBUvBQ96rGBsoalhs920azfJsvsilNAf48W/ogfFk6L/xm0bhLYOLAwz83j7JpCCa3CcH6uwsLi0vFJcLa2tb2xu2ds7dzpJFWUuTUSimgHRTPCYucBBsKZUjESBYI2gfznyG49MaZ7EtzCQrB2RbsxDTgkYybdr3hWJIuJn/GF472DvCHudBLAnexx7OpWaQa50/3JTKd8uOxVnDDxPqjkpoxx13341szSNWAxUEK1bVUdCOyMKOBVsWPJSzSShfdJl2fi+IT4wUgeHiTIvBjxWp3Ik0noQBSYZEejpWW8k/ue1UgjP2hmPZQosppNFYSowJHhUFu5wxSiIgSGEKm5+iGmPKELBVFoyp1dnD50n7nHlvOLcnJRrF3kHRbSH9tEhqqJTVEPXqI5cRNEzekOf6Mt6sl6sd+tjEi1Y+cwumoL1/QulZKF1</latexit><latexit sha1_base64="OlXP8gNlgP4bIKY5TcBbatULx98=">AAACHnicbVBNS8NAFNzUr1q/oh69LBbBg5RUBBUvBQ96rGBsoalhs920azfJsvsilNAf48W/ogfFk6L/xm0bhLYOLAwz83j7JpCCa3CcH6uwsLi0vFJcLa2tb2xu2ds7dzpJFWUuTUSimgHRTPCYucBBsKZUjESBYI2gfznyG49MaZ7EtzCQrB2RbsxDTgkYybdr3hWJIuJn/GF472DvCHudBLAnexx7OpWaQa50/3JTKd8uOxVnDDxPqjkpoxx13341szSNWAxUEK1bVUdCOyMKOBVsWPJSzSShfdJl2fi+IT4wUgeHiTIvBjxWp3Ik0noQBSYZEejpWW8k/ue1UgjP2hmPZQosppNFYSowJHhUFu5wxSiIgSGEKm5+iGmPKELBVFoyp1dnD50n7nHlvOLcnJRrF3kHRbSH9tEhqqJTVEPXqI5cRNEzekOf6Mt6sl6sd+tjEi1Y+cwumoL1/QulZKF1</latexit>

L� ⇠ (�̇ij)
2 � c2T (@k�ij)

2
<latexit sha1_base64="32R3LH5fAL66QjsZ9DjCr84SgzM=">AAACK3icbVDLTgIxFO3gC/GFunTTSExwIRmIiRo3JG5caIIJCAmDkzulA5V2ZtJ2TMiEX3LjT/gBbjCuNP6HBWYDeJKmJ+ec29t7vYgzpW17bGVWVtfWN7Kbua3tnd29/P7BowpjSWiDhDyULQ8U5SygDc00p61IUhAep01vcDPxmy9UKhYGdT2MaEdAL2A+I6CN5ObvE4cAx3d45Do9EAKwo5jARacbajxT3IQ9j06fKvgME7du7qITgdQMuDtYiLj5gl2yp8DLpJySAkpRc/PvphGJBQ004aBUu2xHupNMniecjnJOrGgEZAA9mkyHHeETI3WxH0pzAo2n6lwOhFJD4ZmkAN1Xi95E/M9rx9q/7CQsiGJNAzJr5Mcc6xBPNoe7TFKi+dAQIJKZH2LSBwlEm/3mzOjlxUGXSaNSuirZD+eF6nW6gyw6QseoiMroAlXRLaqhBiLoDY3RN/qxXq0P69P6mkUzVlpziOZg/f4BYuml1A==</latexit><latexit sha1_base64="32R3LH5fAL66QjsZ9DjCr84SgzM=">AAACK3icbVDLTgIxFO3gC/GFunTTSExwIRmIiRo3JG5caIIJCAmDkzulA5V2ZtJ2TMiEX3LjT/gBbjCuNP6HBWYDeJKmJ+ec29t7vYgzpW17bGVWVtfWN7Kbua3tnd29/P7BowpjSWiDhDyULQ8U5SygDc00p61IUhAep01vcDPxmy9UKhYGdT2MaEdAL2A+I6CN5ObvE4cAx3d45Do9EAKwo5jARacbajxT3IQ9j06fKvgME7du7qITgdQMuDtYiLj5gl2yp8DLpJySAkpRc/PvphGJBQ004aBUu2xHupNMniecjnJOrGgEZAA9mkyHHeETI3WxH0pzAo2n6lwOhFJD4ZmkAN1Xi95E/M9rx9q/7CQsiGJNAzJr5Mcc6xBPNoe7TFKi+dAQIJKZH2LSBwlEm/3mzOjlxUGXSaNSuirZD+eF6nW6gyw6QseoiMroAlXRLaqhBiLoDY3RN/qxXq0P69P6mkUzVlpziOZg/f4BYuml1A==</latexit><latexit sha1_base64="32R3LH5fAL66QjsZ9DjCr84SgzM=">AAACK3icbVDLTgIxFO3gC/GFunTTSExwIRmIiRo3JG5caIIJCAmDkzulA5V2ZtJ2TMiEX3LjT/gBbjCuNP6HBWYDeJKmJ+ec29t7vYgzpW17bGVWVtfWN7Kbua3tnd29/P7BowpjSWiDhDyULQ8U5SygDc00p61IUhAep01vcDPxmy9UKhYGdT2MaEdAL2A+I6CN5ObvE4cAx3d45Do9EAKwo5jARacbajxT3IQ9j06fKvgME7du7qITgdQMuDtYiLj5gl2yp8DLpJySAkpRc/PvphGJBQ004aBUu2xHupNMniecjnJOrGgEZAA9mkyHHeETI3WxH0pzAo2n6lwOhFJD4ZmkAN1Xi95E/M9rx9q/7CQsiGJNAzJr5Mcc6xBPNoe7TFKi+dAQIJKZH2LSBwlEm/3mzOjlxUGXSaNSuirZD+eF6nW6gyw6QseoiMroAlXRLaqhBiLoDY3RN/qxXq0P69P6mkUzVlpziOZg/f4BYuml1A==</latexit>

)
<latexit sha1_base64="JY/OY+G0INLV3UWGQcx3YSMYpag=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoOCm4MZlFfuAtpRMmmljM8mQ3FFK6T+4EXGj4Nf4C/6NaTubth4IHM454d5zw0QKi77/6+XW1jc2t/LbhZ3dvf2D4uFR3erUMF5jWmrTDKnlUiheQ4GSNxPDaRxK3giHt1O/8cyNFVo94ijhnZj2lYgEo+ikVvtB9AdIjdEv3WLJL/szkFUSZKQEGard4k+7p1kac4VMUmtbgZ9gZ0wNCib5pNBOLU8oG9I+H88WnZAzJ/VIpI17CslMXcjR2NpRHLpkTHFgl72p+J/XSjG67oyFSlLkis0HRakkqMm0NekJwxnKkSOUGeE2JGxADWXoblNw1YPloqukflEO/HJwf1mq3GRHyMMJnMI5BHAFFbiDKtSAgYY3+IQv78l79d69j3k052V/jmEB3vcfWyWNEQ==</latexit><latexit sha1_base64="JY/OY+G0INLV3UWGQcx3YSMYpag=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoOCm4MZlFfuAtpRMmmljM8mQ3FFK6T+4EXGj4Nf4C/6NaTubth4IHM454d5zw0QKi77/6+XW1jc2t/LbhZ3dvf2D4uFR3erUMF5jWmrTDKnlUiheQ4GSNxPDaRxK3giHt1O/8cyNFVo94ijhnZj2lYgEo+ikVvtB9AdIjdEv3WLJL/szkFUSZKQEGard4k+7p1kac4VMUmtbgZ9gZ0wNCib5pNBOLU8oG9I+H88WnZAzJ/VIpI17CslMXcjR2NpRHLpkTHFgl72p+J/XSjG67oyFSlLkis0HRakkqMm0NekJwxnKkSOUGeE2JGxADWXoblNw1YPloqukflEO/HJwf1mq3GRHyMMJnMI5BHAFFbiDKtSAgYY3+IQv78l79d69j3k052V/jmEB3vcfWyWNEQ==</latexit><latexit sha1_base64="JY/OY+G0INLV3UWGQcx3YSMYpag=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoOCm4MZlFfuAtpRMmmljM8mQ3FFK6T+4EXGj4Nf4C/6NaTubth4IHM454d5zw0QKi77/6+XW1jc2t/LbhZ3dvf2D4uFR3erUMF5jWmrTDKnlUiheQ4GSNxPDaRxK3giHt1O/8cyNFVo94ijhnZj2lYgEo+ikVvtB9AdIjdEv3WLJL/szkFUSZKQEGard4k+7p1kac4VMUmtbgZ9gZ0wNCib5pNBOLU8oG9I+H88WnZAzJ/VIpI17CslMXcjR2NpRHLpkTHFgl72p+J/XSjG67oyFSlLkis0HRakkqMm0NekJwxnKkSOUGeE2JGxADWXoblNw1YPloqukflEO/HJwf1mq3GRHyMMJnMI5BHAFFbiDKtSAgYY3+IQv78l79d69j3k052V/jmEB3vcfWyWNEQ==</latexit><latexit sha1_base64="JY/OY+G0INLV3UWGQcx3YSMYpag=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoOCm4MZlFfuAtpRMmmljM8mQ3FFK6T+4EXGj4Nf4C/6NaTubth4IHM454d5zw0QKi77/6+XW1jc2t/LbhZ3dvf2D4uFR3erUMF5jWmrTDKnlUiheQ4GSNxPDaRxK3giHt1O/8cyNFVo94ijhnZj2lYgEo+ikVvtB9AdIjdEv3WLJL/szkFUSZKQEGard4k+7p1kac4VMUmtbgZ9gZ0wNCib5pNBOLU8oG9I+H88WnZAzJ/VIpI17CslMXcjR2NpRHLpkTHFgl72p+J/XSjG67oyFSlLkis0HRakkqMm0NekJwxnKkSOUGeE2JGxADWXoblNw1YPloqukflEO/HJwf1mq3GRHyMMJnMI5BHAFFbiDKtSAgYY3+IQv78l79d69j3k052V/jmEB3vcfWyWNEQ==</latexit>

c
2
T � 1 / �2G4,X �G5,� � (H�̇� �̈)G5,X

<latexit sha1_base64="FVw3nNmZLfLI4W8/EXLYOQ52uII="></latexit><latexit sha1_base64="FVw3nNmZLfLI4W8/EXLYOQ52uII="></latexit><latexit sha1_base64="FVw3nNmZLfLI4W8/EXLYOQ52uII="></latexit>

+XF4 � 3HX�̇F5
<latexit sha1_base64="nup0QpoEq3qpJ5EUZR92ElE/NyY=">AAAB93icbVBdSwJBFL1rX2ZfW70EvQxJEESyW0ZBL0IgPhqkLqgss+Oog7MfzNwNROyv9BLRS0H/or/Qv2n8eNE6MHA451zm3hMkUmh0nB8rs7K6tr6R3cxtbe/s7tn7B3Udp4rxGotlrLyAai5FxGsoUHIvUZyGgeSNYHA/8RtPXGkRR484THg7pL1IdAWjaCTfPjr3yn7x4qpCPNLqxEhaSV+Qsn/t23mn4ExB/hJ3TvIwR9W3v808S0MeIZNU66brJNgeUYWCST7OtVLNE8oGtMdH073H5NRIHdKNlXkRkqm6kKOh1sMwMMmQYl8vexPxP6+ZYve2PRJRkiKP2OyjbioJxmRSAukIxRnKoSGUKWE2JKxPFWVoqsqZ093lQ/+S+mXBdQruQzFfupuXkIVjOIEzcOEGSlCBKtSAwTO8wgd8WkPrxXqz3mfRjDWfOYQFWF+/hR6QNQ==</latexit><latexit sha1_base64="nup0QpoEq3qpJ5EUZR92ElE/NyY=">AAAB93icbVBdSwJBFL1rX2ZfW70EvQxJEESyW0ZBL0IgPhqkLqgss+Oog7MfzNwNROyv9BLRS0H/or/Qv2n8eNE6MHA451zm3hMkUmh0nB8rs7K6tr6R3cxtbe/s7tn7B3Udp4rxGotlrLyAai5FxGsoUHIvUZyGgeSNYHA/8RtPXGkRR484THg7pL1IdAWjaCTfPjr3yn7x4qpCPNLqxEhaSV+Qsn/t23mn4ExB/hJ3TvIwR9W3v808S0MeIZNU66brJNgeUYWCST7OtVLNE8oGtMdH073H5NRIHdKNlXkRkqm6kKOh1sMwMMmQYl8vexPxP6+ZYve2PRJRkiKP2OyjbioJxmRSAukIxRnKoSGUKWE2JKxPFWVoqsqZ093lQ/+S+mXBdQruQzFfupuXkIVjOIEzcOEGSlCBKtSAwTO8wgd8WkPrxXqz3mfRjDWfOYQFWF+/hR6QNQ==</latexit><latexit sha1_base64="nup0QpoEq3qpJ5EUZR92ElE/NyY=">AAAB93icbVBdSwJBFL1rX2ZfW70EvQxJEESyW0ZBL0IgPhqkLqgss+Oog7MfzNwNROyv9BLRS0H/or/Qv2n8eNE6MHA451zm3hMkUmh0nB8rs7K6tr6R3cxtbe/s7tn7B3Udp4rxGotlrLyAai5FxGsoUHIvUZyGgeSNYHA/8RtPXGkRR484THg7pL1IdAWjaCTfPjr3yn7x4qpCPNLqxEhaSV+Qsn/t23mn4ExB/hJ3TvIwR9W3v808S0MeIZNU66brJNgeUYWCST7OtVLNE8oGtMdH073H5NRIHdKNlXkRkqm6kKOh1sMwMMmQYl8vexPxP6+ZYve2PRJRkiKP2OyjbioJxmRSAukIxRnKoSGUKWE2JKxPFWVoqsqZ093lQ/+S+mXBdQruQzFfupuXkIVjOIEzcOEGSlCBKtSAwTO8wgd8WkPrxXqz3mfRjDWfOYQFWF+/hR6QNQ==</latexit><latexit sha1_base64="nup0QpoEq3qpJ5EUZR92ElE/NyY=">AAAB93icbVBdSwJBFL1rX2ZfW70EvQxJEESyW0ZBL0IgPhqkLqgss+Oog7MfzNwNROyv9BLRS0H/or/Qv2n8eNE6MHA451zm3hMkUmh0nB8rs7K6tr6R3cxtbe/s7tn7B3Udp4rxGotlrLyAai5FxGsoUHIvUZyGgeSNYHA/8RtPXGkRR484THg7pL1IdAWjaCTfPjr3yn7x4qpCPNLqxEhaSV+Qsn/t23mn4ExB/hJ3TvIwR9W3v808S0MeIZNU66brJNgeUYWCST7OtVLNE8oGtMdH073H5NRIHdKNlXkRkqm6kKOh1sMwMMmQYl8vexPxP6+ZYve2PRJRkiKP2OyjbioJxmRSAukIxRnKoSGUKWE2JKxPFWVoqsqZ093lQ/+S+mXBdQruQzFfupuXkIVjOIEzcOEGSlCBKtSAwTO8wgd8WkPrxXqz3mfRjDWfOYQFWF+/hR6QNQ==</latexit>

Most general theory compatible with cT=1: G5 = 0 , XF4 = 2G4,X
<latexit sha1_base64="6UhpNJCNiW+Jtcs71gebXeq7tCQ=">AAACAXicbVBNSwJBAJ3t0+xrq2OXQQk6iOyKUSCCEGRHg9QFV5bZ2VkdnP1wZjaQxVOX/kqXiC4F/YH+Qv+mUfei9mDg8d4bZt5zY0aFNIxfbWNza3tnN7eX3z84PDrWT047Iko4Jm0csYhbLhKE0ZC0JZWMWDEnKHAZ6bqj25nffSJc0Ch8lJOY9AM0CKlPMZJKcvRC07mCdQPatRK0x+MEedC6c6qwDiuw6aTVkjV19KJRNuaA68TMSBFkaDn6j+1FOAlIKDFDQvRMI5b9FHFJMSPTvJ0IEiM8QgOSzhtM4YWSPOhHXJ1Qwrm6lEOBEJPAVckAyaFY9Wbif14vkf5NP6VhnEgS4sVDfsKgjOBsDuhRTrBkE0UQ5lT9EOIh4ghLNVpeVTdXi66TTqVsGmXzoVps1LIRcuAcFMAlMME1aIB70AJtgMELeAOf4Et71l61d+1jEd3QsjtnYAna9x/I0JL8</latexit><latexit sha1_base64="6UhpNJCNiW+Jtcs71gebXeq7tCQ=">AAACAXicbVBNSwJBAJ3t0+xrq2OXQQk6iOyKUSCCEGRHg9QFV5bZ2VkdnP1wZjaQxVOX/kqXiC4F/YH+Qv+mUfei9mDg8d4bZt5zY0aFNIxfbWNza3tnN7eX3z84PDrWT047Iko4Jm0csYhbLhKE0ZC0JZWMWDEnKHAZ6bqj25nffSJc0Ch8lJOY9AM0CKlPMZJKcvRC07mCdQPatRK0x+MEedC6c6qwDiuw6aTVkjV19KJRNuaA68TMSBFkaDn6j+1FOAlIKDFDQvRMI5b9FHFJMSPTvJ0IEiM8QgOSzhtM4YWSPOhHXJ1Qwrm6lEOBEJPAVckAyaFY9Wbif14vkf5NP6VhnEgS4sVDfsKgjOBsDuhRTrBkE0UQ5lT9EOIh4ghLNVpeVTdXi66TTqVsGmXzoVps1LIRcuAcFMAlMME1aIB70AJtgMELeAOf4Et71l61d+1jEd3QsjtnYAna9x/I0JL8</latexit><latexit sha1_base64="6UhpNJCNiW+Jtcs71gebXeq7tCQ=">AAACAXicbVBNSwJBAJ3t0+xrq2OXQQk6iOyKUSCCEGRHg9QFV5bZ2VkdnP1wZjaQxVOX/kqXiC4F/YH+Qv+mUfei9mDg8d4bZt5zY0aFNIxfbWNza3tnN7eX3z84PDrWT047Iko4Jm0csYhbLhKE0ZC0JZWMWDEnKHAZ6bqj25nffSJc0Ch8lJOY9AM0CKlPMZJKcvRC07mCdQPatRK0x+MEedC6c6qwDiuw6aTVkjV19KJRNuaA68TMSBFkaDn6j+1FOAlIKDFDQvRMI5b9FHFJMSPTvJ0IEiM8QgOSzhtM4YWSPOhHXJ1Qwrm6lEOBEJPAVckAyaFY9Wbif14vkf5NP6VhnEgS4sVDfsKgjOBsDuhRTrBkE0UQ5lT9EOIh4ghLNVpeVTdXi66TTqVsGmXzoVps1LIRcuAcFMAlMME1aIB70AJtgMELeAOf4Et71l61d+1jEd3QsjtnYAna9x/I0JL8</latexit><latexit sha1_base64="6UhpNJCNiW+Jtcs71gebXeq7tCQ=">AAACAXicbVBNSwJBAJ3t0+xrq2OXQQk6iOyKUSCCEGRHg9QFV5bZ2VkdnP1wZjaQxVOX/kqXiC4F/YH+Qv+mUfei9mDg8d4bZt5zY0aFNIxfbWNza3tnN7eX3z84PDrWT047Iko4Jm0csYhbLhKE0ZC0JZWMWDEnKHAZ6bqj25nffSJc0Ch8lJOY9AM0CKlPMZJKcvRC07mCdQPatRK0x+MEedC6c6qwDiuw6aTVkjV19KJRNuaA68TMSBFkaDn6j+1FOAlIKDFDQvRMI5b9FHFJMSPTvJ0IEiM8QgOSzhtM4YWSPOhHXJ1Qwrm6lEOBEJPAVckAyaFY9Wbif14vkf5NP6VhnEgS4sVDfsKgjOBsDuhRTrBkE0UQ5lT9EOIh4ghLNVpeVTdXi66TTqVsGmXzoVps1LIRcuAcFMAlMME1aIB70AJtgMELeAOf4Et71l61d+1jEd3QsjtnYAna9x/I0JL8</latexit>

G5 = F5 = 0
<latexit sha1_base64="R+dI1tYaDGoQkJK1nlTGK5Ki5KQ=">AAAB5nicbVDLSgMxFL1TX7W+Rl26CRbBVZkRRUGEgqAuK9iHtKVk0kwbmswMyR2hlP6CGxE3Cn6Ov+DfmLazaeuBC4dzTsg9N0ikMOh5v05uZXVtfSO/Wdja3tndc/cPaiZONeNVFstYNwJquBQRr6JAyRuJ5lQFkteDwe3Er79wbUQcPeEw4W1Fe5EIBaNopef7zsXNnR2v4xa9kjcFWSZ+RoqQodJxf1rdmKWKR8gkNabpewm2R1SjYJKPC63U8ISyAe3x0XTNMTmxUpeEsbYTIZmqczmqjBmqwCYVxb5Z9Cbif14zxfCqPRJRkiKP2OyjMJUEYzLpTLpCc4ZyaAllWtgNCetTTRnayxRsdX+x6DKpnZV8r+Q/nhfL19kR8nAEx3AKPlxCGR6gAlVgoOANPuHL6TuvzrvzMYvmnOzNIczB+f4D2Z+K1w==</latexit><latexit sha1_base64="R+dI1tYaDGoQkJK1nlTGK5Ki5KQ=">AAAB5nicbVDLSgMxFL1TX7W+Rl26CRbBVZkRRUGEgqAuK9iHtKVk0kwbmswMyR2hlP6CGxE3Cn6Ov+DfmLazaeuBC4dzTsg9N0ikMOh5v05uZXVtfSO/Wdja3tndc/cPaiZONeNVFstYNwJquBQRr6JAyRuJ5lQFkteDwe3Er79wbUQcPeEw4W1Fe5EIBaNopef7zsXNnR2v4xa9kjcFWSZ+RoqQodJxf1rdmKWKR8gkNabpewm2R1SjYJKPC63U8ISyAe3x0XTNMTmxUpeEsbYTIZmqczmqjBmqwCYVxb5Z9Cbif14zxfCqPRJRkiKP2OyjMJUEYzLpTLpCc4ZyaAllWtgNCetTTRnayxRsdX+x6DKpnZV8r+Q/nhfL19kR8nAEx3AKPlxCGR6gAlVgoOANPuHL6TuvzrvzMYvmnOzNIczB+f4D2Z+K1w==</latexit><latexit sha1_base64="R+dI1tYaDGoQkJK1nlTGK5Ki5KQ=">AAAB5nicbVDLSgMxFL1TX7W+Rl26CRbBVZkRRUGEgqAuK9iHtKVk0kwbmswMyR2hlP6CGxE3Cn6Ov+DfmLazaeuBC4dzTsg9N0ikMOh5v05uZXVtfSO/Wdja3tndc/cPaiZONeNVFstYNwJquBQRr6JAyRuJ5lQFkteDwe3Er79wbUQcPeEw4W1Fe5EIBaNopef7zsXNnR2v4xa9kjcFWSZ+RoqQodJxf1rdmKWKR8gkNabpewm2R1SjYJKPC63U8ISyAe3x0XTNMTmxUpeEsbYTIZmqczmqjBmqwCYVxb5Z9Cbif14zxfCqPRJRkiKP2OyjMJUEYzLpTLpCc4ZyaAllWtgNCetTTRnayxRsdX+x6DKpnZV8r+Q/nhfL19kR8nAEx3AKPlxCGR6gAlVgoOANPuHL6TuvzrvzMYvmnOzNIczB+f4D2Z+K1w==</latexit><latexit sha1_base64="R+dI1tYaDGoQkJK1nlTGK5Ki5KQ=">AAAB5nicbVDLSgMxFL1TX7W+Rl26CRbBVZkRRUGEgqAuK9iHtKVk0kwbmswMyR2hlP6CGxE3Cn6Ov+DfmLazaeuBC4dzTsg9N0ikMOh5v05uZXVtfSO/Wdja3tndc/cPaiZONeNVFstYNwJquBQRr6JAyRuJ5lQFkteDwe3Er79wbUQcPeEw4W1Fe5EIBaNopef7zsXNnR2v4xa9kjcFWSZ+RoqQodJxf1rdmKWKR8gkNabpewm2R1SjYJKPC63U8ISyAe3x0XTNMTmxUpeEsbYTIZmqczmqjBmqwCYVxb5Z9Cbif14zxfCqPRJRkiKP2OyjMJUEYzLpTLpCc4ZyaAllWtgNCetTTRnayxRsdX+x6DKpnZV8r+Q/nhfL19kR8nAEx3AKPlxCGR6gAlVgoOANPuHL6TuvzrvzMYvmnOzNIczB+f4D2Z+K1w==</latexit>

Creminelli, FV ’17; Sakstein, Jain ’17 ; Ezquiaga, Zumalacarregui ’17 ; Baker+ ’17



L = G4(�, X)R+G2(�, X) +G3(�, X)⇤�

� 2G4,X(�, X)
h
(⇤�)2 � (�;µ⌫)

2
i

+G5(�, X)Gµ⌫�;µ⌫ +
1

3
G5,X(�, X)

h
(⇤�)3 � 3⇤�(�;µ⌫)

2 + 2(�;µ⌫)
3
⇤

<latexit sha1_base64="YIf9im6cKuJX/mC+86xDa6tpwxg="></latexit><latexit sha1_base64="YIf9im6cKuJX/mC+86xDa6tpwxg="></latexit><latexit sha1_base64="YIf9im6cKuJX/mC+86xDa6tpwxg="></latexit><latexit sha1_base64="YIf9im6cKuJX/mC+86xDa6tpwxg="></latexit>

⇤� ⌘ �;µ
;µ X ⌘ gµ⌫�;µ�;⌫

<latexit sha1_base64="o7mpHAWqXbbplO+rhYvl63tv97A=">AAACOHicbVBLSwMxGMzWV62vVY9egkXwVHZFUOil6MVjBfuQbl2y2bQNzT6aR7Es+8e8ePUvePMi4kXBX2DarmJbPwiZzExIZryYUSEt69nILS2vrK7l1wsbm1vbO+buXl1EimNSwxGLeNNDgjAakpqkkpFmzAkKPEYaXv9yrDeGhAsahTdyFJN2gLoh7VCMpKZc89a5iO6hE/codMhA0eEEu0nZCRRM77IdOgOFfNj88XTvkjHvhCr9408LvwctuGbRKlmTgYvAzkARZFN1zSfHj7AKSCgxQ0K0bCuW7QRxSTEjacFRgsQI91GXJJPgKTzSlA87EdcrlHDCzvhQIMQo8LQzQLIn5rUx+Z/WUrJz3k5oGCtJQjx9qKMYlBEctwh9ygmWbKQBwpzqH0LcQxxhqbsu6Oj2fNBFUD8p2VbJvj4tVspZCXlwAA7BMbDBGaiAK1AFNYDBI3gFH+DTeDBejDfjfWrNGdmdfTAzxtc30wKsMQ==</latexit><latexit sha1_base64="o7mpHAWqXbbplO+rhYvl63tv97A=">AAACOHicbVBLSwMxGMzWV62vVY9egkXwVHZFUOil6MVjBfuQbl2y2bQNzT6aR7Es+8e8ePUvePMi4kXBX2DarmJbPwiZzExIZryYUSEt69nILS2vrK7l1wsbm1vbO+buXl1EimNSwxGLeNNDgjAakpqkkpFmzAkKPEYaXv9yrDeGhAsahTdyFJN2gLoh7VCMpKZc89a5iO6hE/codMhA0eEEu0nZCRRM77IdOgOFfNj88XTvkjHvhCr9408LvwctuGbRKlmTgYvAzkARZFN1zSfHj7AKSCgxQ0K0bCuW7QRxSTEjacFRgsQI91GXJJPgKTzSlA87EdcrlHDCzvhQIMQo8LQzQLIn5rUx+Z/WUrJz3k5oGCtJQjx9qKMYlBEctwh9ygmWbKQBwpzqH0LcQxxhqbsu6Oj2fNBFUD8p2VbJvj4tVspZCXlwAA7BMbDBGaiAK1AFNYDBI3gFH+DTeDBejDfjfWrNGdmdfTAzxtc30wKsMQ==</latexit><latexit sha1_base64="o7mpHAWqXbbplO+rhYvl63tv97A=">AAACOHicbVBLSwMxGMzWV62vVY9egkXwVHZFUOil6MVjBfuQbl2y2bQNzT6aR7Es+8e8ePUvePMi4kXBX2DarmJbPwiZzExIZryYUSEt69nILS2vrK7l1wsbm1vbO+buXl1EimNSwxGLeNNDgjAakpqkkpFmzAkKPEYaXv9yrDeGhAsahTdyFJN2gLoh7VCMpKZc89a5iO6hE/codMhA0eEEu0nZCRRM77IdOgOFfNj88XTvkjHvhCr9408LvwctuGbRKlmTgYvAzkARZFN1zSfHj7AKSCgxQ0K0bCuW7QRxSTEjacFRgsQI91GXJJPgKTzSlA87EdcrlHDCzvhQIMQo8LQzQLIn5rUx+Z/WUrJz3k5oGCtJQjx9qKMYlBEctwh9ygmWbKQBwpzqH0LcQxxhqbsu6Oj2fNBFUD8p2VbJvj4tVspZCXlwAA7BMbDBGaiAK1AFNYDBI3gFH+DTeDBejDfjfWrNGdmdfTAzxtc30wKsMQ==</latexit><latexit sha1_base64="o7mpHAWqXbbplO+rhYvl63tv97A=">AAACOHicbVBLSwMxGMzWV62vVY9egkXwVHZFUOil6MVjBfuQbl2y2bQNzT6aR7Es+8e8ePUvePMi4kXBX2DarmJbPwiZzExIZryYUSEt69nILS2vrK7l1wsbm1vbO+buXl1EimNSwxGLeNNDgjAakpqkkpFmzAkKPEYaXv9yrDeGhAsahTdyFJN2gLoh7VCMpKZc89a5iO6hE/codMhA0eEEu0nZCRRM77IdOgOFfNj88XTvkjHvhCr9408LvwctuGbRKlmTgYvAzkARZFN1zSfHj7AKSCgxQ0K0bCuW7QRxSTEjacFRgsQI91GXJJPgKTzSlA87EdcrlHDCzvhQIMQo8LQzQLIn5rUx+Z/WUrJz3k5oGCtJQjx9qKMYlBEctwh9ygmWbKQBwpzqH0LcQxxhqbsu6Oj2fNBFUD8p2VbJvj4tVspZCXlwAA7BMbDBGaiAK1AFNYDBI3gFH+DTeDBejDfjfWrNGdmdfTAzxtc30wKsMQ==</latexit>
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one gets, neglecting the expansion of the universe,

(3)
R !

(3)
R� 2@i@j(Ni@j⇡) + 2@2(Ni@i⇡)� @i⇡@j ḣij � @i(@j⇡ḣij) + @i(@i⇡ḣ) + @i⇡@iḣ , (30)

which in our gauge becomes
(3)
R !

(3)
R� �̇ij@i@j⇡ . (31)

By multiplying by �g
00 after the Stueckelberg trick (see eq. (11)) this term generates the following

contribution to the action

�

Z
d4x

m̃
2

4

2
(2�� 2⇡̇)�̇ij@i@j⇡ , (32)

where we have retained only terms with the highest number of time derivatives.
For the terms quadratic in the extrinsic curvature in the bracket of eq. (27), it is enough to use the

linear Stueckelberg trick, eq. (12). While �K
2 does not generate terms linear in �ij unsuppressed by

H, �Kij�K
ij generates ��̇ij@i@j⇡. Multiplying by �g

00, this gives an identical contribution as eq. (32).
Replacing � using eq. (17) and integrating by parts, we finally obtain

S�⇡⇡ =
M

2

Pl
m̃

2

4

M
2

Pl
+ 2m̃2

4

Z
d4x �̈ij@i⇡@j⇡ . (33)

Using the canonically normalized fields defined in eqs. (20) and (24), the interaction vertex (33)
becomes

L�⇡⇡ =
1

⇤3
⇤
�̈
(c)
ij @i⇡

(c)
@j⇡

(c)
, (34)

with

⇤3

⇤ ⌘ MPl

3m6

3
+ 4M2

Pl
(c+ 2m4

2
)

2
p
2 m̃2

4
(M2

Pl
+ 2m̃2

4
)

. (35)

In the following we denote by p
µ, kµ

1
and k

µ
2
, respectively the 4-momentum of the decaying graviton

and of the two ⇡ fields in the final state. Therefore, in diagrammatic form in Fourier space, for a given
polarization � the interaction vertex reads

ij
= 2⇥

1

⇤3
⇤
p
2
k1mk2n


1

2
(�im�jn + �in�jm)�

1

3
�ij�mn

�
, (36)

where the factor of 2 comes from the two possibilities of associating k1 and k2.

3.2 Decay rate

Let us define the matrix element iA for a given polarization state � as

h{p,�}; in|k1, k2; outi ⌘ (2⇡)4�(4)(pµ � k
µ
1
� k

µ
2
) iA . (37)

The decay rate reads

��!⇡⇡ =
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2
⇥

1

2Ep

Z
d3k1

(2⇡)32Ek1

d3k2

(2⇡)32Ek2
(2⇡)4�(4)(pµ � k

µ
1
� k

µ
2
) h|iA |

2
i , (38)

(the factor 1/2 in front of the integral comes from considering identical final particles) where, for
any 4-vector q

µ, Eq denotes its time component and h|iA |
2
i is the square of the matrix element iA
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The decay of GW 
Creminelli, Lewandowski, Tambalo, FV ‘18

For cs < 1 (cs = sound speed of 𝜋 fluctuations; assume cT=1) GWs can decay into dark energy 
fluctuations 𝜋s. Analogous to Cherenkov radiation

one gets, neglecting the expansion of the universe,

(3)
R !

(3)
R� 2@i@j(Ni@j⇡) + 2@2(Ni@i⇡)� @i⇡@j ḣij � @i(@j⇡ḣij) + @i(@i⇡ḣ) + @i⇡@iḣ , (30)

which in our gauge becomes
(3)
R !

(3)
R� �̇ij@i@j⇡ . (31)

By multiplying by �g
00 after the Stueckelberg trick (see eq. (11)) this term generates the following

contribution to the action

�

Z
d4x

m̃
2

4

2
(2�� 2⇡̇)�̇ij@i@j⇡ , (32)

where we have retained only terms with the highest number of time derivatives.
For the terms quadratic in the extrinsic curvature in the bracket of eq. (27), it is enough to use the

linear Stueckelberg trick, eq. (12). While �K
2 does not generate terms linear in �ij unsuppressed by

H, �Kij�K
ij generates ��̇ij@i@j⇡. Multiplying by �g

00, this gives an identical contribution as eq. (32).
Replacing � using eq. (17) and integrating by parts, we finally obtain
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m̃

2

4

M
2

Pl
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4

Z
d4x �̈ij@i⇡@j⇡ . (33)

Using the canonically normalized fields defined in eqs. (20) and (24), the interaction vertex (33)
becomes

L�⇡⇡ =
1

⇤3
⇤
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, (34)

with
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2
)

2
p
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(M2
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+ 2m̃2

4
)

. (35)

In the following we denote by p
µ, kµ

1
and k

µ
2
, respectively the 4-momentum of the decaying graviton

and of the two ⇡ fields in the final state. Therefore, in diagrammatic form in Fourier space, for a given
polarization � the interaction vertex reads

ij
= 2⇥

1

⇤3
⇤
p
2
k1mk2n


1

2
(�im�jn + �in�jm)�

1

3
�ij�mn

�
, (36)

where the factor of 2 comes from the two possibilities of associating k1 and k2.

3.2 Decay rate

Let us define the matrix element iA for a given polarization state � as

h{p,�}; in|k1, k2; outi ⌘ (2⇡)4�(4)(pµ � k
µ
1
� k

µ
2
) iA . (37)

The decay rate reads

��!⇡⇡ =
1

2
⇥

1

2Ep

Z
d3k1

(2⇡)32Ek1

d3k2

(2⇡)32Ek2
(2⇡)4�(4)(pµ � k

µ
1
� k

µ
2
) h|iA |

2
i , (38)

(the factor 1/2 in front of the integral comes from considering identical final particles) where, for
any 4-vector q

µ, Eq denotes its time component and h|iA |
2
i is the square of the matrix element iA
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GW dispersion

Spontaneous Lorentz-breaking implies modifications of the dispersion relation
Creminelli, Lewandowski, Tambalo, FV ‘18

one gets, neglecting the expansion of the universe,
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which in our gauge becomes
(3)
R !

(3)
R� �̇ij@i@j⇡ . (31)

By multiplying by �g
00 after the Stueckelberg trick (see eq. (11)) this term generates the following

contribution to the action
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(2�� 2⇡̇)�̇ij@i@j⇡ , (32)

where we have retained only terms with the highest number of time derivatives.
For the terms quadratic in the extrinsic curvature in the bracket of eq. (27), it is enough to use the

linear Stueckelberg trick, eq. (12). While �K
2 does not generate terms linear in �ij unsuppressed by

H, �Kij�K
ij generates ��̇ij@i@j⇡. Multiplying by �g

00, this gives an identical contribution as eq. (32).
Replacing � using eq. (17) and integrating by parts, we finally obtain
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Using the canonically normalized fields defined in eqs. (20) and (24), the interaction vertex (33)
becomes

L�⇡⇡ =
1

⇤3
⇤
�̈
(c)
ij @i⇡

(c)
@j⇡

(c)
, (34)

with

⇤3

⇤ ⌘ MPl

3m6

3
+ 4M2

Pl
(c+ 2m4

2
)

2
p
2 m̃2

4
(M2

Pl
+ 2m̃2

4
)

. (35)

In the following we denote by p
µ, kµ

1
and k

µ
2
, respectively the 4-momentum of the decaying graviton

and of the two ⇡ fields in the final state. Therefore, in diagrammatic form in Fourier space, for a given
polarization � the interaction vertex reads
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where the factor of 2 comes from the two possibilities of associating k1 and k2.

3.2 Decay rate

Let us define the matrix element iA for a given polarization state � as

h{p,�}; in|k1, k2; outi ⌘ (2⇡)4�(4)(pµ � k
µ
1
� k

µ
2
) iA . (37)

The decay rate reads
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(the factor 1/2 in front of the integral comes from considering identical final particles) where, for
any 4-vector q

µ, Eq denotes its time component and h|iA |
2
i is the square of the matrix element iA

7

In the following we adopt dimensional regularization in d ⌘ 4�" dimensions and we work at lowest
order in the coupling m̃

2

4
. Then, at 1-loop, the only diagram contributing to the graviton propagator

we need to evaluate is

mn = i⇧ijmn(p)
M

2

Pl

2
K̇ij(p)K̇mn(�p) . (49)

Indeed, tadpole diagrams with virtual massless fields vanish in dimensional regularization since they
do not contribute to logarithmic divergences. To maintain the correct dimensions, the scale ⇤⇤ is
replaced by ⇤⇤d = ⇤⇤ µ

�"/6, where µ is an arbitrary energy scale.2 Additionally, the propagator for ⇡
is
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2

0
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2 � i✏
=

�i

q̄2 � i✏
, (50)

where in the last equality we have defined

q̄
µ
⌘ (q0, csq) . (51)

At this point we are ready to evaluate the amplitude of the diagram (49) as:

i⇧ijmn(p) =
1

2
⇥

✓
�4i

⇤3

⇤d

◆
2 Z ddq

(2⇡)d
�i

q̄2 � i✏

�i

(q̄ � p̄)2 � i✏

1

4
[qi(q � p)j + qj(q � p)i]⇥

⇥ [qm(q � p)n + qn(q � p)m]

(52)

One can now insert a Feynman parameter x and change the variable of integration to k ⌘ q̄ � p̄x.
Notice that terms with powers of p in the numerator are not relevant for gravitational waves and can
be disregarded as they would generate operators containing @iKij that vanish for transverse-traceless
perturbations. The same also holds for terms proportional to the trace of the extrinsic curvature.
Using the su�x (TT) to denote that we restrict to these terms, one gets

i⇧(TT)

ijmn(p) =
8µ"

⇤6
⇤c

d+3
s

Z
1

0

dx

Z
ddk

(2⇡)d
kikjkmkn

[k2 + p̄2x(1� x)� i✏]2
. (53)

Due to the rotational symmetry of the integral over k in (53), we can use

kikjkmkn =
k4

d2 � 1
(�im�jn + �in�jm + �ij�mn) , (54)

where the last term in the parenthesis can be dropped, since it yields a term proportional to the trace
of the extrinsic curvature.

After these steps, we define � ⌘ p̄
2
x(1�x)� i✏ and we compute the integral in eq. (53) using that

k4 = (k2 � k
2

0
)2 and

Z
ddk

(2⇡)d
(k2 � k

2

0
)2

(k2 +�)2
= I


1 +

⌦d�1

⌦d

Z ⇡

0

(cos4 �� 2 cos2 �) sind�2
�d�

�
= I

d
2
� 1

d(d+ 2)
, (55)

where I and ⌦d, the area of the (d� 1)-sphere, are given by

I ⌘
i

(4⇡)d/2
d(d+ 2)

4

�(�d/2)

��d/2
, ⌦d ⌘

2⇡d/2

�(d/2)
. (56)

2Note that in d spacetime dimensions �(c)
ij and ⇡(c) have dimension d/2� 1.
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Graviton self-energy, focussing on the calculable part:

L�⇡⇡ =
↵H

⇤3
3

�̈c

ij
@i⇡c@j⇡c
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Valid also for cs > 1 (off-shell 𝜋s). Gives similar constraints on αH. 

�(k)!(k) = Im [f(k)]
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Optical theorem:



Gravitational Waves propagation

�̈ij + [(3 + ↵M)H + �(k)] �̇ij +
⇥
c
2
T k

2 + f(k)
⇤
�ij = 0
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decay dispersion

Thus, we get

i⇧(TT)

ijmn(p) =
2iµ"(p̄2 � i✏)d/2

⇤6
⇤c

d+3
s

�(�d/2)

(4⇡)d/2
�(1 + d/2)2

�(2 + d)
(�im�jn + �in�jm) . (57)

From this, by taking the limit d ! 4� " and expanding at leading order in ", we obtain the divergent
contribution to the e↵ective action in momentum space,

Se↵ =
M

2

Pl

480⇡2⇤6
⇤c

7
s

Z
d4p

(2⇡)4
p̄
4
K̇ij(p)K̇ij(�p)


1

"
+

23

15
�

�E

2
�

1

2
log

✓
p̄
2

4⇡c2sµ
2
� i✏

◆�
, (58)

where �E is the Euler-Mascheroni constant.
This result deserves some remarks. Clearly, after renormalization, the operator of (58) spoils the

Lorentz-invariance of the quadratic action for gravitational waves and modifies the dispersion relation
of �ij :

!
2 = k2

�
k8(1� c

2
s)

2

480⇡2⇤6
⇤c

7
s
log

✓
�(1� c

2

s)
k2

µ
2

0

� i✏

◆
. (59)

Since the momenta relevant for observations are of order ⇤3, this dispersion relation is not compatible
with the recent GW results (see [36, 37] for experimental constraints on GW modified dispersion
relations) unless m̃4 is very small or cs is very close to unity. Notice that the higher derivative
correction cannot be set to zero since it runs logarithmically with the scale µ0. Notice also that the
correction to the propagation of GWs is there even when cs > 1 and the decay of the GW cannot take
place. This is indeed consistent with the fact that the loop in (49) involves the propagation of o↵-shell
⇡’s, hence there is no kinematic restriction to the calculation. Additionally, this result shows that
imposing cT = 1 classically does not prevent higher-derivative Lorentz-breaking terms from appearing
in the dynamics at the quantum level.

We also observe that unitarity of the S-matrix, in the form of the optical theorem, provides a
non-trivial check of our results thus far. Indeed this theorem sets an equality between the imaginary
part of the graviton self-energy (evaluated on-shell) and the decay rate times the energy we computed
in (45). Furthermore, this relation can be expressed diagrammatically as in (60) and remarkably does
not depend on the renormalization procedure one employs.

2

(60)

We can readily show this equality by evaluating the imaginary part of (59) and comparing the
result with �!. Of course the only term contributing to the imaginary part is the logarithm. For
c
2
s < 1 the argument of the logarithm is negative so we have

Im!
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k8(1� c
2
s)

2

480⇡2⇤6
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7
s
Im log(�k2(1� c

2

s)� i✏) =
k8(1� c

2
s)

2

480⇡⇤6
⇤c

7
s

= �!. (61)

Conversely for c2s > 1 the argument of the logarithm is positive and as expected we find no imaginary
part, in agreement with (45) where in this case the result is zero.

The experimental constraints on the imaginary and real part of the dispersion relations are similar

Im !
2

!2
. 1

!dS
,

Re (!2
� k

2)

!2
. 1

!dS
, (62)
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From this, by taking the limit d ! 4� " and expanding at leading order in ", we obtain the divergent
contribution to the e↵ective action in momentum space,
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where �E is the Euler-Mascheroni constant.
This result deserves some remarks. Clearly, after renormalization, the operator of (58) spoils the

Lorentz-invariance of the quadratic action for gravitational waves and modifies the dispersion relation
of �ij :
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Since the momenta relevant for observations are of order ⇤3, this dispersion relation is not compatible
with the recent GW results (see [36, 37] for experimental constraints on GW modified dispersion
relations) unless m̃4 is very small or cs is very close to unity. Notice that the higher derivative
correction cannot be set to zero since it runs logarithmically with the scale µ0. Notice also that the
correction to the propagation of GWs is there even when cs > 1 and the decay of the GW cannot take
place. This is indeed consistent with the fact that the loop in (49) involves the propagation of o↵-shell
⇡’s, hence there is no kinematic restriction to the calculation. Additionally, this result shows that
imposing cT = 1 classically does not prevent higher-derivative Lorentz-breaking terms from appearing
in the dynamics at the quantum level.

We also observe that unitarity of the S-matrix, in the form of the optical theorem, provides a
non-trivial check of our results thus far. Indeed this theorem sets an equality between the imaginary
part of the graviton self-energy (evaluated on-shell) and the decay rate times the energy we computed
in (45). Furthermore, this relation can be expressed diagrammatically as in (60) and remarkably does
not depend on the renormalization procedure one employs.

2

(60)

We can readily show this equality by evaluating the imaginary part of (59) and comparing the
result with �!. Of course the only term contributing to the imaginary part is the logarithm. For
c
2
s < 1 the argument of the logarithm is negative so we have
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Conversely for c2s > 1 the argument of the logarithm is positive and as expected we find no imaginary
part, in agreement with (45) where in this case the result is zero.

The experimental constraints on the imaginary and real part of the dispersion relations are similar
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<latexit sha1_base64="SIP38WJYP1m4D+Sq0pThPmYeOrs=">AAAB4HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoOCm4MZlRfuAtpRMmmlDM5mQ3BFK6d6NiBsFv8hf8G9Mp7Np64HA4ZwT7j031FJY9P1fr7CxubW9U9wt7e0fHB6Vj0+aNkkN4w2WyMS0Q2q5FIo3UKDkbW04jUPJW+H4fu63XrixIlHPONG8F9OhEpFgFJ301NWiX674VT8DWSdBTiqQo94v/3QHCUtjrpBJam0n8DX2ptSgYJLPSt3Uck3ZmA75NFtwRi6cNCBRYtxTSDJ1KUdjaydx6JIxxZFd9ebif14nxei2NxVKp8gVWwyKUkkwIfO2ZCAMZygnjlBmhNuQsBE1lKG7SclVD1aLrpPmVTXwq8HjdaV2lx+hCGdwDpcQwA3U4AHq0AAGQ3iDT/jyQu/Ve/c+FtGCl/85hSV43387N4lx</latexit><latexit sha1_base64="SIP38WJYP1m4D+Sq0pThPmYeOrs=">AAAB4HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoOCm4MZlRfuAtpRMmmlDM5mQ3BFK6d6NiBsFv8hf8G9Mp7Np64HA4ZwT7j031FJY9P1fr7CxubW9U9wt7e0fHB6Vj0+aNkkN4w2WyMS0Q2q5FIo3UKDkbW04jUPJW+H4fu63XrixIlHPONG8F9OhEpFgFJ301NWiX674VT8DWSdBTiqQo94v/3QHCUtjrpBJam0n8DX2ptSgYJLPSt3Uck3ZmA75NFtwRi6cNCBRYtxTSDJ1KUdjaydx6JIxxZFd9ebif14nxei2NxVKp8gVWwyKUkkwIfO2ZCAMZygnjlBmhNuQsBE1lKG7SclVD1aLrpPmVTXwq8HjdaV2lx+hCGdwDpcQwA3U4AHq0AAGQ3iDT/jyQu/Ve/c+FtGCl/85hSV43387N4lx</latexit><latexit sha1_base64="SIP38WJYP1m4D+Sq0pThPmYeOrs=">AAAB4HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoOCm4MZlRfuAtpRMmmlDM5mQ3BFK6d6NiBsFv8hf8G9Mp7Np64HA4ZwT7j031FJY9P1fr7CxubW9U9wt7e0fHB6Vj0+aNkkN4w2WyMS0Q2q5FIo3UKDkbW04jUPJW+H4fu63XrixIlHPONG8F9OhEpFgFJ301NWiX674VT8DWSdBTiqQo94v/3QHCUtjrpBJam0n8DX2ptSgYJLPSt3Uck3ZmA75NFtwRi6cNCBRYtxTSDJ1KUdjaydx6JIxxZFd9ebif14nxei2NxVKp8gVWwyKUkkwIfO2ZCAMZygnjlBmhNuQsBE1lKG7SclVD1aLrpPmVTXwq8HjdaV2lx+hCGdwDpcQwA3U4AHq0AAGQ3iDT/jyQu/Ve/c+FtGCl/85hSV43387N4lx</latexit><latexit sha1_base64="SIP38WJYP1m4D+Sq0pThPmYeOrs=">AAAB4HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoOCm4MZlRfuAtpRMmmlDM5mQ3BFK6d6NiBsFv8hf8G9Mp7Np64HA4ZwT7j031FJY9P1fr7CxubW9U9wt7e0fHB6Vj0+aNkkN4w2WyMS0Q2q5FIo3UKDkbW04jUPJW+H4fu63XrixIlHPONG8F9OhEpFgFJ301NWiX674VT8DWSdBTiqQo94v/3QHCUtjrpBJam0n8DX2ptSgYJLPSt3Uck3ZmA75NFtwRi6cNCBRYtxTSDJ1KUdjaydx6JIxxZFd9ebif14nxei2NxVKp8gVWwyKUkkwIfO2ZCAMZygnjlBmhNuQsBE1lKG7SclVD1aLrpPmVTXwq8HjdaV2lx+hCGdwDpcQwA3U4AHq0AAGQ3iDT/jyQu/Ve/c+FtGCl/85hSV43387N4lx</latexit>

⇡
<latexit sha1_base64="SIP38WJYP1m4D+Sq0pThPmYeOrs=">AAAB4HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoOCm4MZlRfuAtpRMmmlDM5mQ3BFK6d6NiBsFv8hf8G9Mp7Np64HA4ZwT7j031FJY9P1fr7CxubW9U9wt7e0fHB6Vj0+aNkkN4w2WyMS0Q2q5FIo3UKDkbW04jUPJW+H4fu63XrixIlHPONG8F9OhEpFgFJ301NWiX674VT8DWSdBTiqQo94v/3QHCUtjrpBJam0n8DX2ptSgYJLPSt3Uck3ZmA75NFtwRi6cNCBRYtxTSDJ1KUdjaydx6JIxxZFd9ebif14nxei2NxVKp8gVWwyKUkkwIfO2ZCAMZygnjlBmhNuQsBE1lKG7SclVD1aLrpPmVTXwq8HjdaV2lx+hCGdwDpcQwA3U4AHq0AAGQ3iDT/jyQu/Ve/c+FtGCl/85hSV43387N4lx</latexit><latexit sha1_base64="SIP38WJYP1m4D+Sq0pThPmYeOrs=">AAAB4HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoOCm4MZlRfuAtpRMmmlDM5mQ3BFK6d6NiBsFv8hf8G9Mp7Np64HA4ZwT7j031FJY9P1fr7CxubW9U9wt7e0fHB6Vj0+aNkkN4w2WyMS0Q2q5FIo3UKDkbW04jUPJW+H4fu63XrixIlHPONG8F9OhEpFgFJ301NWiX674VT8DWSdBTiqQo94v/3QHCUtjrpBJam0n8DX2ptSgYJLPSt3Uck3ZmA75NFtwRi6cNCBRYtxTSDJ1KUdjaydx6JIxxZFd9ebif14nxei2NxVKp8gVWwyKUkkwIfO2ZCAMZygnjlBmhNuQsBE1lKG7SclVD1aLrpPmVTXwq8HjdaV2lx+hCGdwDpcQwA3U4AHq0AAGQ3iDT/jyQu/Ve/c+FtGCl/85hSV43387N4lx</latexit><latexit sha1_base64="SIP38WJYP1m4D+Sq0pThPmYeOrs=">AAAB4HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoOCm4MZlRfuAtpRMmmlDM5mQ3BFK6d6NiBsFv8hf8G9Mp7Np64HA4ZwT7j031FJY9P1fr7CxubW9U9wt7e0fHB6Vj0+aNkkN4w2WyMS0Q2q5FIo3UKDkbW04jUPJW+H4fu63XrixIlHPONG8F9OhEpFgFJ301NWiX674VT8DWSdBTiqQo94v/3QHCUtjrpBJam0n8DX2ptSgYJLPSt3Uck3ZmA75NFtwRi6cNCBRYtxTSDJ1KUdjaydx6JIxxZFd9ebif14nxei2NxVKp8gVWwyKUkkwIfO2ZCAMZygnjlBmhNuQsBE1lKG7SclVD1aLrpPmVTXwq8HjdaV2lx+hCGdwDpcQwA3U4AHq0AAGQ3iDT/jyQu/Ve/c+FtGCl/85hSV43387N4lx</latexit><latexit sha1_base64="SIP38WJYP1m4D+Sq0pThPmYeOrs=">AAAB4HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoOCm4MZlRfuAtpRMmmlDM5mQ3BFK6d6NiBsFv8hf8G9Mp7Np64HA4ZwT7j031FJY9P1fr7CxubW9U9wt7e0fHB6Vj0+aNkkN4w2WyMS0Q2q5FIo3UKDkbW04jUPJW+H4fu63XrixIlHPONG8F9OhEpFgFJ301NWiX674VT8DWSdBTiqQo94v/3QHCUtjrpBJam0n8DX2ptSgYJLPSt3Uck3ZmA75NFtwRi6cNCBRYtxTSDJ1KUdjaydx6JIxxZFd9ebif14nxei2NxVKp8gVWwyKUkkwIfO2ZCAMZygnjlBmhNuQsBE1lKG7SclVD1aLrpPmVTXwq8HjdaV2lx+hCGdwDpcQwA3U4AHq0AAGQ3iDT/jyQu/Ve/c+FtGCl/85hSV43387N4lx</latexit>

µ = µ(↵M , c2
T
= 1,↵H = 0, . . .) , ⌃ = ⌃(↵M , c2

T
= 1,↵H = 0, . . .)

<latexit sha1_base64="7NH5S1+XeauHyj1SkYRe+6VDbWQ="></latexit><latexit sha1_base64="7NH5S1+XeauHyj1SkYRe+6VDbWQ="></latexit><latexit sha1_base64="7NH5S1+XeauHyj1SkYRe+6VDbWQ="></latexit><latexit sha1_base64="7NH5S1+XeauHyj1SkYRe+6VDbWQ="></latexit>

Modified gravity spontaneously breaks Lorentz Invariance. Acts like a medium, where 
gravitons are absorbed and dispersed.

Similar to a refractive materialSimilar to Cherenkov radiation



L = G4(�, X)R+G2(�, X) +G3(�, X)⇤�

� 2G4,X(�, X)
h
(⇤�)2 � (�;µ⌫)

2
i

+G5(�, X)Gµ⌫�;µ⌫ +
1

3
G5,X(�, X)

h
(⇤�)3 � 3⇤�(�;µ⌫)

2 + 2(�;µ⌫)
3
⇤

<latexit sha1_base64="YIf9im6cKuJX/mC+86xDa6tpwxg="></latexit><latexit sha1_base64="YIf9im6cKuJX/mC+86xDa6tpwxg="></latexit><latexit sha1_base64="YIf9im6cKuJX/mC+86xDa6tpwxg="></latexit><latexit sha1_base64="YIf9im6cKuJX/mC+86xDa6tpwxg="></latexit>

⇤� ⌘ �;µ
;µ X ⌘ gµ⌫�;µ�;⌫

<latexit sha1_base64="o7mpHAWqXbbplO+rhYvl63tv97A=">AAACOHicbVBLSwMxGMzWV62vVY9egkXwVHZFUOil6MVjBfuQbl2y2bQNzT6aR7Es+8e8ePUvePMi4kXBX2DarmJbPwiZzExIZryYUSEt69nILS2vrK7l1wsbm1vbO+buXl1EimNSwxGLeNNDgjAakpqkkpFmzAkKPEYaXv9yrDeGhAsahTdyFJN2gLoh7VCMpKZc89a5iO6hE/codMhA0eEEu0nZCRRM77IdOgOFfNj88XTvkjHvhCr9408LvwctuGbRKlmTgYvAzkARZFN1zSfHj7AKSCgxQ0K0bCuW7QRxSTEjacFRgsQI91GXJJPgKTzSlA87EdcrlHDCzvhQIMQo8LQzQLIn5rUx+Z/WUrJz3k5oGCtJQjx9qKMYlBEctwh9ygmWbKQBwpzqH0LcQxxhqbsu6Oj2fNBFUD8p2VbJvj4tVspZCXlwAA7BMbDBGaiAK1AFNYDBI3gFH+DTeDBejDfjfWrNGdmdfTAzxtc30wKsMQ==</latexit><latexit sha1_base64="o7mpHAWqXbbplO+rhYvl63tv97A=">AAACOHicbVBLSwMxGMzWV62vVY9egkXwVHZFUOil6MVjBfuQbl2y2bQNzT6aR7Es+8e8ePUvePMi4kXBX2DarmJbPwiZzExIZryYUSEt69nILS2vrK7l1wsbm1vbO+buXl1EimNSwxGLeNNDgjAakpqkkpFmzAkKPEYaXv9yrDeGhAsahTdyFJN2gLoh7VCMpKZc89a5iO6hE/codMhA0eEEu0nZCRRM77IdOgOFfNj88XTvkjHvhCr9408LvwctuGbRKlmTgYvAzkARZFN1zSfHj7AKSCgxQ0K0bCuW7QRxSTEjacFRgsQI91GXJJPgKTzSlA87EdcrlHDCzvhQIMQo8LQzQLIn5rUx+Z/WUrJz3k5oGCtJQjx9qKMYlBEctwh9ygmWbKQBwpzqH0LcQxxhqbsu6Oj2fNBFUD8p2VbJvj4tVspZCXlwAA7BMbDBGaiAK1AFNYDBI3gFH+DTeDBejDfjfWrNGdmdfTAzxtc30wKsMQ==</latexit><latexit sha1_base64="o7mpHAWqXbbplO+rhYvl63tv97A=">AAACOHicbVBLSwMxGMzWV62vVY9egkXwVHZFUOil6MVjBfuQbl2y2bQNzT6aR7Es+8e8ePUvePMi4kXBX2DarmJbPwiZzExIZryYUSEt69nILS2vrK7l1wsbm1vbO+buXl1EimNSwxGLeNNDgjAakpqkkpFmzAkKPEYaXv9yrDeGhAsahTdyFJN2gLoh7VCMpKZc89a5iO6hE/codMhA0eEEu0nZCRRM77IdOgOFfNj88XTvkjHvhCr9408LvwctuGbRKlmTgYvAzkARZFN1zSfHj7AKSCgxQ0K0bCuW7QRxSTEjacFRgsQI91GXJJPgKTzSlA87EdcrlHDCzvhQIMQo8LQzQLIn5rUx+Z/WUrJz3k5oGCtJQjx9qKMYlBEctwh9ygmWbKQBwpzqH0LcQxxhqbsu6Oj2fNBFUD8p2VbJvj4tVspZCXlwAA7BMbDBGaiAK1AFNYDBI3gFH+DTeDBejDfjfWrNGdmdfTAzxtc30wKsMQ==</latexit><latexit sha1_base64="o7mpHAWqXbbplO+rhYvl63tv97A=">AAACOHicbVBLSwMxGMzWV62vVY9egkXwVHZFUOil6MVjBfuQbl2y2bQNzT6aR7Es+8e8ePUvePMi4kXBX2DarmJbPwiZzExIZryYUSEt69nILS2vrK7l1wsbm1vbO+buXl1EimNSwxGLeNNDgjAakpqkkpFmzAkKPEYaXv9yrDeGhAsahTdyFJN2gLoh7VCMpKZc89a5iO6hE/codMhA0eEEu0nZCRRM77IdOgOFfNj88XTvkjHvhCr9408LvwctuGbRKlmTgYvAzkARZFN1zSfHj7AKSCgxQ0K0bCuW7QRxSTEjacFRgsQI91GXJJPgKTzSlA87EdcrlHDCzvhQIMQo8LQzQLIn5rUx+Z/WUrJz3k5oGCtJQjx9qKMYlBEctwh9ygmWbKQBwpzqH0LcQxxhqbsu6Oj2fNBFUD8p2VbJvj4tVspZCXlwAA7BMbDBGaiAK1AFNYDBI3gFH+DTeDBejDfjfWrNGdmdfTAzxtc30wKsMQ==</latexit>

� F4(�, X)✏µ⌫⇢�✏
µ0⌫0⇢0��;µ�;µ0�;⌫⌫0�;⇢⇢0

� F5(�, X)✏µ⌫⇢�✏µ
0⌫0⇢0�0

�;µ�;µ0�;⌫⌫0�;⇢⇢0�;��0
<latexit sha1_base64="C9HWRLvrxx71bVnVpBrDVgJGiZg="></latexit><latexit sha1_base64="C9HWRLvrxx71bVnVpBrDVgJGiZg="></latexit><latexit sha1_base64="C9HWRLvrxx71bVnVpBrDVgJGiZg="></latexit><latexit sha1_base64="C9HWRLvrxx71bVnVpBrDVgJGiZg="></latexit>

What remains

XF4 = 2G4,X
<latexit sha1_base64="AdPnuCxbvAvaX/QJw8Ts08Eg0so=">AAAB73icbVDLSgMxFL3xWetr1KWbYBFcSJkpBQURCoK6rGDbgbYMmTTThmYeJplCGfodbkTcKPgn/oJ/Y9rOpq0HAodzTrj3XD8RXGnb/kVr6xubW9uFneLu3v7BoXV03FRxKilr0FjE0vWJYoJHrKG5FsxNJCOhL1jLH95N/daIScXj6FmPE9YNST/iAadEG8mzLPfeq+JbXMEPXla9dCeeVbLL9gx4lTg5KUGOumf9dHoxTUMWaSqIUm3HTnQ3I1JzKtik2EkVSwgdkj7LZvtO8LmRejiIpXmRxjN1IUdCpcahb5Ih0QO17E3F/7x2qoPrbsajJNUsovNBQSqwjvG0PO5xyagWY0MIldxsiOmASEK1OVHRVHeWi66SZqXs2GXnqVqq3eRHKMApnMEFOHAFNXiEOjSAwgje4BO+0At6Re/oYx5dQ/mfE1gA+v4DTgCNRQ==</latexit><latexit sha1_base64="AdPnuCxbvAvaX/QJw8Ts08Eg0so=">AAAB73icbVDLSgMxFL3xWetr1KWbYBFcSJkpBQURCoK6rGDbgbYMmTTThmYeJplCGfodbkTcKPgn/oJ/Y9rOpq0HAodzTrj3XD8RXGnb/kVr6xubW9uFneLu3v7BoXV03FRxKilr0FjE0vWJYoJHrKG5FsxNJCOhL1jLH95N/daIScXj6FmPE9YNST/iAadEG8mzLPfeq+JbXMEPXla9dCeeVbLL9gx4lTg5KUGOumf9dHoxTUMWaSqIUm3HTnQ3I1JzKtik2EkVSwgdkj7LZvtO8LmRejiIpXmRxjN1IUdCpcahb5Ih0QO17E3F/7x2qoPrbsajJNUsovNBQSqwjvG0PO5xyagWY0MIldxsiOmASEK1OVHRVHeWi66SZqXs2GXnqVqq3eRHKMApnMEFOHAFNXiEOjSAwgje4BO+0At6Re/oYx5dQ/mfE1gA+v4DTgCNRQ==</latexit><latexit sha1_base64="AdPnuCxbvAvaX/QJw8Ts08Eg0so=">AAAB73icbVDLSgMxFL3xWetr1KWbYBFcSJkpBQURCoK6rGDbgbYMmTTThmYeJplCGfodbkTcKPgn/oJ/Y9rOpq0HAodzTrj3XD8RXGnb/kVr6xubW9uFneLu3v7BoXV03FRxKilr0FjE0vWJYoJHrKG5FsxNJCOhL1jLH95N/daIScXj6FmPE9YNST/iAadEG8mzLPfeq+JbXMEPXla9dCeeVbLL9gx4lTg5KUGOumf9dHoxTUMWaSqIUm3HTnQ3I1JzKtik2EkVSwgdkj7LZvtO8LmRejiIpXmRxjN1IUdCpcahb5Ih0QO17E3F/7x2qoPrbsajJNUsovNBQSqwjvG0PO5xyagWY0MIldxsiOmASEK1OVHRVHeWi66SZqXs2GXnqVqq3eRHKMApnMEFOHAFNXiEOjSAwgje4BO+0At6Re/oYx5dQ/mfE1gA+v4DTgCNRQ==</latexit><latexit sha1_base64="AdPnuCxbvAvaX/QJw8Ts08Eg0so=">AAAB73icbVDLSgMxFL3xWetr1KWbYBFcSJkpBQURCoK6rGDbgbYMmTTThmYeJplCGfodbkTcKPgn/oJ/Y9rOpq0HAodzTrj3XD8RXGnb/kVr6xubW9uFneLu3v7BoXV03FRxKilr0FjE0vWJYoJHrKG5FsxNJCOhL1jLH95N/daIScXj6FmPE9YNST/iAadEG8mzLPfeq+JbXMEPXla9dCeeVbLL9gx4lTg5KUGOumf9dHoxTUMWaSqIUm3HTnQ3I1JzKtik2EkVSwgdkj7LZvtO8LmRejiIpXmRxjN1IUdCpcahb5Ih0QO17E3F/7x2qoPrbsajJNUsovNBQSqwjvG0PO5xyagWY0MIldxsiOmASEK1OVHRVHeWi66SZqXs2GXnqVqq3eRHKMApnMEFOHAFNXiEOjSAwgje4BO+0At6Re/oYx5dQ/mfE1gA+v4DTgCNRQ==</latexit>

↵H ⌘ �X2F4

G4
<latexit sha1_base64="j12Ky9HRuCH5McS9Eeff3UuRKLo=">AAACBXicbVBLSwMxGPy2vmp9rXr0EiyKF8tuKSh4KQjaYwX7gG5dsmm2Dc0+TLKFsvTsxb/iRcSLglf/gv/GtO6lrQOBYWZCMuPFnEllWT9GbmV1bX0jv1nY2t7Z3TP3D5oySgShDRLxSLQ9LClnIW0opjhtx4LiwOO05Q2vp35rRIVkUXivxjHtBrgfMp8RrLTkmqcO5vEAuzXk0MeEjdA5cnyBSdp+KKMbt4Im6a1bmbhm0SpZM6BlYmekCBnqrvnt9CKSBDRUhGMpO7YVq26KhWKE00nBSSSNMRniPk1nLSboREs95EdCn1ChmTqXw4GU48DTyQCrgVz0puJ/XidR/mU3ZWGcKBqSv4f8hCMVoekkqMcEJYqPNcFEMP1DRAZYj6D0cAVd3V4sukya5ZJtley7SrF6lY2QhyM4hjOw4QKqUIM6NIDAM7zCB3waT8aL8Wa8/0VzRnbnEOZgfP0C8Y+Wqg==</latexit><latexit sha1_base64="j12Ky9HRuCH5McS9Eeff3UuRKLo=">AAACBXicbVBLSwMxGPy2vmp9rXr0EiyKF8tuKSh4KQjaYwX7gG5dsmm2Dc0+TLKFsvTsxb/iRcSLglf/gv/GtO6lrQOBYWZCMuPFnEllWT9GbmV1bX0jv1nY2t7Z3TP3D5oySgShDRLxSLQ9LClnIW0opjhtx4LiwOO05Q2vp35rRIVkUXivxjHtBrgfMp8RrLTkmqcO5vEAuzXk0MeEjdA5cnyBSdp+KKMbt4Im6a1bmbhm0SpZM6BlYmekCBnqrvnt9CKSBDRUhGMpO7YVq26KhWKE00nBSSSNMRniPk1nLSboREs95EdCn1ChmTqXw4GU48DTyQCrgVz0puJ/XidR/mU3ZWGcKBqSv4f8hCMVoekkqMcEJYqPNcFEMP1DRAZYj6D0cAVd3V4sukya5ZJtley7SrF6lY2QhyM4hjOw4QKqUIM6NIDAM7zCB3waT8aL8Wa8/0VzRnbnEOZgfP0C8Y+Wqg==</latexit><latexit sha1_base64="j12Ky9HRuCH5McS9Eeff3UuRKLo=">AAACBXicbVBLSwMxGPy2vmp9rXr0EiyKF8tuKSh4KQjaYwX7gG5dsmm2Dc0+TLKFsvTsxb/iRcSLglf/gv/GtO6lrQOBYWZCMuPFnEllWT9GbmV1bX0jv1nY2t7Z3TP3D5oySgShDRLxSLQ9LClnIW0opjhtx4LiwOO05Q2vp35rRIVkUXivxjHtBrgfMp8RrLTkmqcO5vEAuzXk0MeEjdA5cnyBSdp+KKMbt4Im6a1bmbhm0SpZM6BlYmekCBnqrvnt9CKSBDRUhGMpO7YVq26KhWKE00nBSSSNMRniPk1nLSboREs95EdCn1ChmTqXw4GU48DTyQCrgVz0puJ/XidR/mU3ZWGcKBqSv4f8hCMVoekkqMcEJYqPNcFEMP1DRAZYj6D0cAVd3V4sukya5ZJtley7SrF6lY2QhyM4hjOw4QKqUIM6NIDAM7zCB3waT8aL8Wa8/0VzRnbnEOZgfP0C8Y+Wqg==</latexit><latexit sha1_base64="j12Ky9HRuCH5McS9Eeff3UuRKLo=">AAACBXicbVBLSwMxGPy2vmp9rXr0EiyKF8tuKSh4KQjaYwX7gG5dsmm2Dc0+TLKFsvTsxb/iRcSLglf/gv/GtO6lrQOBYWZCMuPFnEllWT9GbmV1bX0jv1nY2t7Z3TP3D5oySgShDRLxSLQ9LClnIW0opjhtx4LiwOO05Q2vp35rRIVkUXivxjHtBrgfMp8RrLTkmqcO5vEAuzXk0MeEjdA5cnyBSdp+KKMbt4Im6a1bmbhm0SpZM6BlYmekCBnqrvnt9CKSBDRUhGMpO7YVq26KhWKE00nBSSSNMRniPk1nLSboREs95EdCn1ChmTqXw4GU48DTyQCrgVz0puJ/XidR/mU3ZWGcKBqSv4f8hCMVoekkqMcEJYqPNcFEMP1DRAZYj6D0cAVd3V4sukya5ZJtley7SrF6lY2QhyM4hjOw4QKqUIM6NIDAM7zCB3waT8aL8Wa8/0VzRnbnEOZgfP0C8Y+Wqg==</latexit>



L = G4(�, X)R+G2(�, X) +G3(�, X)⇤�
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2 + 2(�;µ⌫)
3
⇤

<latexit sha1_base64="YIf9im6cKuJX/mC+86xDa6tpwxg="></latexit><latexit sha1_base64="YIf9im6cKuJX/mC+86xDa6tpwxg="></latexit><latexit sha1_base64="YIf9im6cKuJX/mC+86xDa6tpwxg="></latexit><latexit sha1_base64="YIf9im6cKuJX/mC+86xDa6tpwxg="></latexit>

⇤� ⌘ �;µ
;µ X ⌘ gµ⌫�;µ�;⌫

<latexit sha1_base64="o7mpHAWqXbbplO+rhYvl63tv97A=">AAACOHicbVBLSwMxGMzWV62vVY9egkXwVHZFUOil6MVjBfuQbl2y2bQNzT6aR7Es+8e8ePUvePMi4kXBX2DarmJbPwiZzExIZryYUSEt69nILS2vrK7l1wsbm1vbO+buXl1EimNSwxGLeNNDgjAakpqkkpFmzAkKPEYaXv9yrDeGhAsahTdyFJN2gLoh7VCMpKZc89a5iO6hE/codMhA0eEEu0nZCRRM77IdOgOFfNj88XTvkjHvhCr9408LvwctuGbRKlmTgYvAzkARZFN1zSfHj7AKSCgxQ0K0bCuW7QRxSTEjacFRgsQI91GXJJPgKTzSlA87EdcrlHDCzvhQIMQo8LQzQLIn5rUx+Z/WUrJz3k5oGCtJQjx9qKMYlBEctwh9ygmWbKQBwpzqH0LcQxxhqbsu6Oj2fNBFUD8p2VbJvj4tVspZCXlwAA7BMbDBGaiAK1AFNYDBI3gFH+DTeDBejDfjfWrNGdmdfTAzxtc30wKsMQ==</latexit><latexit sha1_base64="o7mpHAWqXbbplO+rhYvl63tv97A=">AAACOHicbVBLSwMxGMzWV62vVY9egkXwVHZFUOil6MVjBfuQbl2y2bQNzT6aR7Es+8e8ePUvePMi4kXBX2DarmJbPwiZzExIZryYUSEt69nILS2vrK7l1wsbm1vbO+buXl1EimNSwxGLeNNDgjAakpqkkpFmzAkKPEYaXv9yrDeGhAsahTdyFJN2gLoh7VCMpKZc89a5iO6hE/codMhA0eEEu0nZCRRM77IdOgOFfNj88XTvkjHvhCr9408LvwctuGbRKlmTgYvAzkARZFN1zSfHj7AKSCgxQ0K0bCuW7QRxSTEjacFRgsQI91GXJJPgKTzSlA87EdcrlHDCzvhQIMQo8LQzQLIn5rUx+Z/WUrJz3k5oGCtJQjx9qKMYlBEctwh9ygmWbKQBwpzqH0LcQxxhqbsu6Oj2fNBFUD8p2VbJvj4tVspZCXlwAA7BMbDBGaiAK1AFNYDBI3gFH+DTeDBejDfjfWrNGdmdfTAzxtc30wKsMQ==</latexit><latexit sha1_base64="o7mpHAWqXbbplO+rhYvl63tv97A=">AAACOHicbVBLSwMxGMzWV62vVY9egkXwVHZFUOil6MVjBfuQbl2y2bQNzT6aR7Es+8e8ePUvePMi4kXBX2DarmJbPwiZzExIZryYUSEt69nILS2vrK7l1wsbm1vbO+buXl1EimNSwxGLeNNDgjAakpqkkpFmzAkKPEYaXv9yrDeGhAsahTdyFJN2gLoh7VCMpKZc89a5iO6hE/codMhA0eEEu0nZCRRM77IdOgOFfNj88XTvkjHvhCr9408LvwctuGbRKlmTgYvAzkARZFN1zSfHj7AKSCgxQ0K0bCuW7QRxSTEjacFRgsQI91GXJJPgKTzSlA87EdcrlHDCzvhQIMQo8LQzQLIn5rUx+Z/WUrJz3k5oGCtJQjx9qKMYlBEctwh9ygmWbKQBwpzqH0LcQxxhqbsu6Oj2fNBFUD8p2VbJvj4tVspZCXlwAA7BMbDBGaiAK1AFNYDBI3gFH+DTeDBejDfjfWrNGdmdfTAzxtc30wKsMQ==</latexit><latexit sha1_base64="o7mpHAWqXbbplO+rhYvl63tv97A=">AAACOHicbVBLSwMxGMzWV62vVY9egkXwVHZFUOil6MVjBfuQbl2y2bQNzT6aR7Es+8e8ePUvePMi4kXBX2DarmJbPwiZzExIZryYUSEt69nILS2vrK7l1wsbm1vbO+buXl1EimNSwxGLeNNDgjAakpqkkpFmzAkKPEYaXv9yrDeGhAsahTdyFJN2gLoh7VCMpKZc89a5iO6hE/codMhA0eEEu0nZCRRM77IdOgOFfNj88XTvkjHvhCr9408LvwctuGbRKlmTgYvAzkARZFN1zSfHj7AKSCgxQ0K0bCuW7QRxSTEjacFRgsQI91GXJJPgKTzSlA87EdcrlHDCzvhQIMQo8LQzQLIn5rUx+Z/WUrJz3k5oGCtJQjx9qKMYlBEctwh9ygmWbKQBwpzqH0LcQxxhqbsu6Oj2fNBFUD8p2VbJvj4tVspZCXlwAA7BMbDBGaiAK1AFNYDBI3gFH+DTeDBejDfjfWrNGdmdfTAzxtc30wKsMQ==</latexit>

� F4(�, X)✏µ⌫⇢�✏
µ0⌫0⇢0��;µ�;µ0�;⌫⌫0�;⇢⇢0

� F5(�, X)✏µ⌫⇢�✏µ
0⌫0⇢0�0

�;µ�;µ0�;⌫⌫0�;⇢⇢0�;��0
<latexit sha1_base64="C9HWRLvrxx71bVnVpBrDVgJGiZg="></latexit><latexit sha1_base64="C9HWRLvrxx71bVnVpBrDVgJGiZg="></latexit><latexit sha1_base64="C9HWRLvrxx71bVnVpBrDVgJGiZg="></latexit><latexit sha1_base64="C9HWRLvrxx71bVnVpBrDVgJGiZg="></latexit>

What remains

XF4 = 2G4,X
<latexit sha1_base64="AdPnuCxbvAvaX/QJw8Ts08Eg0so=">AAAB73icbVDLSgMxFL3xWetr1KWbYBFcSJkpBQURCoK6rGDbgbYMmTTThmYeJplCGfodbkTcKPgn/oJ/Y9rOpq0HAodzTrj3XD8RXGnb/kVr6xubW9uFneLu3v7BoXV03FRxKilr0FjE0vWJYoJHrKG5FsxNJCOhL1jLH95N/daIScXj6FmPE9YNST/iAadEG8mzLPfeq+JbXMEPXla9dCeeVbLL9gx4lTg5KUGOumf9dHoxTUMWaSqIUm3HTnQ3I1JzKtik2EkVSwgdkj7LZvtO8LmRejiIpXmRxjN1IUdCpcahb5Ih0QO17E3F/7x2qoPrbsajJNUsovNBQSqwjvG0PO5xyagWY0MIldxsiOmASEK1OVHRVHeWi66SZqXs2GXnqVqq3eRHKMApnMEFOHAFNXiEOjSAwgje4BO+0At6Re/oYx5dQ/mfE1gA+v4DTgCNRQ==</latexit><latexit sha1_base64="AdPnuCxbvAvaX/QJw8Ts08Eg0so=">AAAB73icbVDLSgMxFL3xWetr1KWbYBFcSJkpBQURCoK6rGDbgbYMmTTThmYeJplCGfodbkTcKPgn/oJ/Y9rOpq0HAodzTrj3XD8RXGnb/kVr6xubW9uFneLu3v7BoXV03FRxKilr0FjE0vWJYoJHrKG5FsxNJCOhL1jLH95N/daIScXj6FmPE9YNST/iAadEG8mzLPfeq+JbXMEPXla9dCeeVbLL9gx4lTg5KUGOumf9dHoxTUMWaSqIUm3HTnQ3I1JzKtik2EkVSwgdkj7LZvtO8LmRejiIpXmRxjN1IUdCpcahb5Ih0QO17E3F/7x2qoPrbsajJNUsovNBQSqwjvG0PO5xyagWY0MIldxsiOmASEK1OVHRVHeWi66SZqXs2GXnqVqq3eRHKMApnMEFOHAFNXiEOjSAwgje4BO+0At6Re/oYx5dQ/mfE1gA+v4DTgCNRQ==</latexit><latexit sha1_base64="AdPnuCxbvAvaX/QJw8Ts08Eg0so=">AAAB73icbVDLSgMxFL3xWetr1KWbYBFcSJkpBQURCoK6rGDbgbYMmTTThmYeJplCGfodbkTcKPgn/oJ/Y9rOpq0HAodzTrj3XD8RXGnb/kVr6xubW9uFneLu3v7BoXV03FRxKilr0FjE0vWJYoJHrKG5FsxNJCOhL1jLH95N/daIScXj6FmPE9YNST/iAadEG8mzLPfeq+JbXMEPXla9dCeeVbLL9gx4lTg5KUGOumf9dHoxTUMWaSqIUm3HTnQ3I1JzKtik2EkVSwgdkj7LZvtO8LmRejiIpXmRxjN1IUdCpcahb5Ih0QO17E3F/7x2qoPrbsajJNUsovNBQSqwjvG0PO5xyagWY0MIldxsiOmASEK1OVHRVHeWi66SZqXs2GXnqVqq3eRHKMApnMEFOHAFNXiEOjSAwgje4BO+0At6Re/oYx5dQ/mfE1gA+v4DTgCNRQ==</latexit><latexit sha1_base64="AdPnuCxbvAvaX/QJw8Ts08Eg0so=">AAAB73icbVDLSgMxFL3xWetr1KWbYBFcSJkpBQURCoK6rGDbgbYMmTTThmYeJplCGfodbkTcKPgn/oJ/Y9rOpq0HAodzTrj3XD8RXGnb/kVr6xubW9uFneLu3v7BoXV03FRxKilr0FjE0vWJYoJHrKG5FsxNJCOhL1jLH95N/daIScXj6FmPE9YNST/iAadEG8mzLPfeq+JbXMEPXla9dCeeVbLL9gx4lTg5KUGOumf9dHoxTUMWaSqIUm3HTnQ3I1JzKtik2EkVSwgdkj7LZvtO8LmRejiIpXmRxjN1IUdCpcahb5Ih0QO17E3F/7x2qoPrbsajJNUsovNBQSqwjvG0PO5xyagWY0MIldxsiOmASEK1OVHRVHeWi66SZqXs2GXnqVqq3eRHKMApnMEFOHAFNXiEOjSAwgje4BO+0At6Re/oYx5dQ/mfE1gA+v4DTgCNRQ==</latexit>

= 0
<latexit sha1_base64="/k5DD0gJLwHi6WqcGPr07+236ts=">AAAB33icbVDLSgMxFL1TX7W+qi7dBIvgqmREqCBCwY3LKvYBbSmZNNOGZjJDckcopWs3Im4U/CN/wb8xbWfT1gOBwzkn3HtukChpkdJfL7exubW9k98t7O0fHB4Vj08aNk4NF3Ueq9i0AmaFklrUUaISrcQIFgVKNIPR/cxvvghjZayfcZyIbsQGWoaSM3TS0x3tFUu0TOcg68TPSAky1HrFn04/5mkkNHLFrG37NMHuhBmUXIlpoZNakTA+YgMxme83JRdO6pMwNu5pJHN1Kccia8dR4JIRw6Fd9Wbif147xfCmO5E6SVFovhgUpopgTGZlSV8awVGNHWHcSLch4UNmGEd3koKr7q8WXSeNq7JPy/7jdal6mx0hD2dwDpfgQwWq8AA1qAOHEN7gE7485r16797HIprzsj+nsATv+w/uAoif</latexit><latexit sha1_base64="/k5DD0gJLwHi6WqcGPr07+236ts=">AAAB33icbVDLSgMxFL1TX7W+qi7dBIvgqmREqCBCwY3LKvYBbSmZNNOGZjJDckcopWs3Im4U/CN/wb8xbWfT1gOBwzkn3HtukChpkdJfL7exubW9k98t7O0fHB4Vj08aNk4NF3Ueq9i0AmaFklrUUaISrcQIFgVKNIPR/cxvvghjZayfcZyIbsQGWoaSM3TS0x3tFUu0TOcg68TPSAky1HrFn04/5mkkNHLFrG37NMHuhBmUXIlpoZNakTA+YgMxme83JRdO6pMwNu5pJHN1Kccia8dR4JIRw6Fd9Wbif147xfCmO5E6SVFovhgUpopgTGZlSV8awVGNHWHcSLch4UNmGEd3koKr7q8WXSeNq7JPy/7jdal6mx0hD2dwDpfgQwWq8AA1qAOHEN7gE7485r16797HIprzsj+nsATv+w/uAoif</latexit><latexit sha1_base64="/k5DD0gJLwHi6WqcGPr07+236ts=">AAAB33icbVDLSgMxFL1TX7W+qi7dBIvgqmREqCBCwY3LKvYBbSmZNNOGZjJDckcopWs3Im4U/CN/wb8xbWfT1gOBwzkn3HtukChpkdJfL7exubW9k98t7O0fHB4Vj08aNk4NF3Ueq9i0AmaFklrUUaISrcQIFgVKNIPR/cxvvghjZayfcZyIbsQGWoaSM3TS0x3tFUu0TOcg68TPSAky1HrFn04/5mkkNHLFrG37NMHuhBmUXIlpoZNakTA+YgMxme83JRdO6pMwNu5pJHN1Kccia8dR4JIRw6Fd9Wbif147xfCmO5E6SVFovhgUpopgTGZlSV8awVGNHWHcSLch4UNmGEd3koKr7q8WXSeNq7JPy/7jdal6mx0hD2dwDpfgQwWq8AA1qAOHEN7gE7485r16797HIprzsj+nsATv+w/uAoif</latexit><latexit sha1_base64="/k5DD0gJLwHi6WqcGPr07+236ts=">AAAB33icbVDLSgMxFL1TX7W+qi7dBIvgqmREqCBCwY3LKvYBbSmZNNOGZjJDckcopWs3Im4U/CN/wb8xbWfT1gOBwzkn3HtukChpkdJfL7exubW9k98t7O0fHB4Vj08aNk4NF3Ueq9i0AmaFklrUUaISrcQIFgVKNIPR/cxvvghjZayfcZyIbsQGWoaSM3TS0x3tFUu0TOcg68TPSAky1HrFn04/5mkkNHLFrG37NMHuhBmUXIlpoZNakTA+YgMxme83JRdO6pMwNu5pJHN1Kccia8dR4JIRw6Fd9Wbif147xfCmO5E6SVFovhgUpopgTGZlSV8awVGNHWHcSLch4UNmGEd3koKr7q8WXSeNq7JPy/7jdal6mx0hD2dwDpfgQwWq8AA1qAOHEN7gE7485r16797HIprzsj+nsATv+w/uAoif</latexit>

= 0
<latexit sha1_base64="/k5DD0gJLwHi6WqcGPr07+236ts=">AAAB33icbVDLSgMxFL1TX7W+qi7dBIvgqmREqCBCwY3LKvYBbSmZNNOGZjJDckcopWs3Im4U/CN/wb8xbWfT1gOBwzkn3HtukChpkdJfL7exubW9k98t7O0fHB4Vj08aNk4NF3Ueq9i0AmaFklrUUaISrcQIFgVKNIPR/cxvvghjZayfcZyIbsQGWoaSM3TS0x3tFUu0TOcg68TPSAky1HrFn04/5mkkNHLFrG37NMHuhBmUXIlpoZNakTA+YgMxme83JRdO6pMwNu5pJHN1Kccia8dR4JIRw6Fd9Wbif147xfCmO5E6SVFovhgUpopgTGZlSV8awVGNHWHcSLch4UNmGEd3koKr7q8WXSeNq7JPy/7jdal6mx0hD2dwDpfgQwWq8AA1qAOHEN7gE7485r16797HIprzsj+nsATv+w/uAoif</latexit><latexit sha1_base64="/k5DD0gJLwHi6WqcGPr07+236ts=">AAAB33icbVDLSgMxFL1TX7W+qi7dBIvgqmREqCBCwY3LKvYBbSmZNNOGZjJDckcopWs3Im4U/CN/wb8xbWfT1gOBwzkn3HtukChpkdJfL7exubW9k98t7O0fHB4Vj08aNk4NF3Ueq9i0AmaFklrUUaISrcQIFgVKNIPR/cxvvghjZayfcZyIbsQGWoaSM3TS0x3tFUu0TOcg68TPSAky1HrFn04/5mkkNHLFrG37NMHuhBmUXIlpoZNakTA+YgMxme83JRdO6pMwNu5pJHN1Kccia8dR4JIRw6Fd9Wbif147xfCmO5E6SVFovhgUpopgTGZlSV8awVGNHWHcSLch4UNmGEd3koKr7q8WXSeNq7JPy/7jdal6mx0hD2dwDpfgQwWq8AA1qAOHEN7gE7485r16797HIprzsj+nsATv+w/uAoif</latexit><latexit sha1_base64="/k5DD0gJLwHi6WqcGPr07+236ts=">AAAB33icbVDLSgMxFL1TX7W+qi7dBIvgqmREqCBCwY3LKvYBbSmZNNOGZjJDckcopWs3Im4U/CN/wb8xbWfT1gOBwzkn3HtukChpkdJfL7exubW9k98t7O0fHB4Vj08aNk4NF3Ueq9i0AmaFklrUUaISrcQIFgVKNIPR/cxvvghjZayfcZyIbsQGWoaSM3TS0x3tFUu0TOcg68TPSAky1HrFn04/5mkkNHLFrG37NMHuhBmUXIlpoZNakTA+YgMxme83JRdO6pMwNu5pJHN1Kccia8dR4JIRw6Fd9Wbif147xfCmO5E6SVFovhgUpopgTGZlSV8awVGNHWHcSLch4UNmGEd3koKr7q8WXSeNq7JPy/7jdal6mx0hD2dwDpfgQwWq8AA1qAOHEN7gE7485r16797HIprzsj+nsATv+w/uAoif</latexit><latexit sha1_base64="/k5DD0gJLwHi6WqcGPr07+236ts=">AAAB33icbVDLSgMxFL1TX7W+qi7dBIvgqmREqCBCwY3LKvYBbSmZNNOGZjJDckcopWs3Im4U/CN/wb8xbWfT1gOBwzkn3HtukChpkdJfL7exubW9k98t7O0fHB4Vj08aNk4NF3Ueq9i0AmaFklrUUaISrcQIFgVKNIPR/cxvvghjZayfcZyIbsQGWoaSM3TS0x3tFUu0TOcg68TPSAky1HrFn04/5mkkNHLFrG37NMHuhBmUXIlpoZNakTA+YgMxme83JRdO6pMwNu5pJHN1Kccia8dR4JIRw6Fd9Wbif147xfCmO5E6SVFovhgUpopgTGZlSV8awVGNHWHcSLch4UNmGEd3koKr7q8WXSeNq7JPy/7jdal6mx0hD2dwDpfgQwWq8AA1qAOHEN7gE7485r16797HIprzsj+nsATv+w/uAoif</latexit>

↵H ⌘ �X2F4

G4
<latexit sha1_base64="j12Ky9HRuCH5McS9Eeff3UuRKLo=">AAACBXicbVBLSwMxGPy2vmp9rXr0EiyKF8tuKSh4KQjaYwX7gG5dsmm2Dc0+TLKFsvTsxb/iRcSLglf/gv/GtO6lrQOBYWZCMuPFnEllWT9GbmV1bX0jv1nY2t7Z3TP3D5oySgShDRLxSLQ9LClnIW0opjhtx4LiwOO05Q2vp35rRIVkUXivxjHtBrgfMp8RrLTkmqcO5vEAuzXk0MeEjdA5cnyBSdp+KKMbt4Im6a1bmbhm0SpZM6BlYmekCBnqrvnt9CKSBDRUhGMpO7YVq26KhWKE00nBSSSNMRniPk1nLSboREs95EdCn1ChmTqXw4GU48DTyQCrgVz0puJ/XidR/mU3ZWGcKBqSv4f8hCMVoekkqMcEJYqPNcFEMP1DRAZYj6D0cAVd3V4sukya5ZJtley7SrF6lY2QhyM4hjOw4QKqUIM6NIDAM7zCB3waT8aL8Wa8/0VzRnbnEOZgfP0C8Y+Wqg==</latexit><latexit sha1_base64="j12Ky9HRuCH5McS9Eeff3UuRKLo=">AAACBXicbVBLSwMxGPy2vmp9rXr0EiyKF8tuKSh4KQjaYwX7gG5dsmm2Dc0+TLKFsvTsxb/iRcSLglf/gv/GtO6lrQOBYWZCMuPFnEllWT9GbmV1bX0jv1nY2t7Z3TP3D5oySgShDRLxSLQ9LClnIW0opjhtx4LiwOO05Q2vp35rRIVkUXivxjHtBrgfMp8RrLTkmqcO5vEAuzXk0MeEjdA5cnyBSdp+KKMbt4Im6a1bmbhm0SpZM6BlYmekCBnqrvnt9CKSBDRUhGMpO7YVq26KhWKE00nBSSSNMRniPk1nLSboREs95EdCn1ChmTqXw4GU48DTyQCrgVz0puJ/XidR/mU3ZWGcKBqSv4f8hCMVoekkqMcEJYqPNcFEMP1DRAZYj6D0cAVd3V4sukya5ZJtley7SrF6lY2QhyM4hjOw4QKqUIM6NIDAM7zCB3waT8aL8Wa8/0VzRnbnEOZgfP0C8Y+Wqg==</latexit><latexit sha1_base64="j12Ky9HRuCH5McS9Eeff3UuRKLo=">AAACBXicbVBLSwMxGPy2vmp9rXr0EiyKF8tuKSh4KQjaYwX7gG5dsmm2Dc0+TLKFsvTsxb/iRcSLglf/gv/GtO6lrQOBYWZCMuPFnEllWT9GbmV1bX0jv1nY2t7Z3TP3D5oySgShDRLxSLQ9LClnIW0opjhtx4LiwOO05Q2vp35rRIVkUXivxjHtBrgfMp8RrLTkmqcO5vEAuzXk0MeEjdA5cnyBSdp+KKMbt4Im6a1bmbhm0SpZM6BlYmekCBnqrvnt9CKSBDRUhGMpO7YVq26KhWKE00nBSSSNMRniPk1nLSboREs95EdCn1ChmTqXw4GU48DTyQCrgVz0puJ/XidR/mU3ZWGcKBqSv4f8hCMVoekkqMcEJYqPNcFEMP1DRAZYj6D0cAVd3V4sukya5ZJtley7SrF6lY2QhyM4hjOw4QKqUIM6NIDAM7zCB3waT8aL8Wa8/0VzRnbnEOZgfP0C8Y+Wqg==</latexit><latexit sha1_base64="j12Ky9HRuCH5McS9Eeff3UuRKLo=">AAACBXicbVBLSwMxGPy2vmp9rXr0EiyKF8tuKSh4KQjaYwX7gG5dsmm2Dc0+TLKFsvTsxb/iRcSLglf/gv/GtO6lrQOBYWZCMuPFnEllWT9GbmV1bX0jv1nY2t7Z3TP3D5oySgShDRLxSLQ9LClnIW0opjhtx4LiwOO05Q2vp35rRIVkUXivxjHtBrgfMp8RrLTkmqcO5vEAuzXk0MeEjdA5cnyBSdp+KKMbt4Im6a1bmbhm0SpZM6BlYmekCBnqrvnt9CKSBDRUhGMpO7YVq26KhWKE00nBSSSNMRniPk1nLSboREs95EdCn1ChmTqXw4GU48DTyQCrgVz0puJ/XidR/mU3ZWGcKBqSv4f8hCMVoekkqMcEJYqPNcFEMP1DRAZYj6D0cAVd3V4sukya5ZJtley7SrF6lY2QhyM4hjOw4QKqUIM6NIDAM7zCB3waT8aL8Wa8/0VzRnbnEOZgfP0C8Y+Wqg==</latexit>



L = f(�)R+G2(�, X) +G3(�, X)⇤�
<latexit sha1_base64="lcrYQ31aoVmIR8/93yTOswe3P/c=">AAACF3icbVBLS8NAGNzUV62vqEcvi0VoqZSkChZEKHqoBw9V7AOaEjbbTbt082B3I5bQH+LFv+JFpBcFj/4bkzQIbR1YmG/mW3ZnLJ9RITXtR8msrK6tb2Q3c1vbO7t76v5BS3gBx6SJPebxjoUEYdQlTUklIx2fE+RYjLSt0U3st58IF9RzH+XYJz0HDVxqU4xkJJlqNTQwYvBucmUXDH9Ii/ABlupmJRlOO0VYgnXz7G8yrr1nGA/QVPNaWUsAl4mekjxI0TDVqdH3cOAQV2KGhOjqmi97IeKSYkYmOSMQxEd4hAYkTHJN4Ekk9aHt8ei4Eibq3B5yhBg7VrTpIDkUi14s/ud1A2lXeyF1/UASF88esgMGpQfjkmCfcoIlG0cEYU6jH0I8RBxhGVWZi6Lri0GXSatS1rWyfn+er12mJWTBETgGBaCDC1ADt6ABmgCDV/AOPsGX8qK8KR/KdLaaUdI7h2AOyvcvLMqbPw==</latexit><latexit sha1_base64="lcrYQ31aoVmIR8/93yTOswe3P/c=">AAACF3icbVBLS8NAGNzUV62vqEcvi0VoqZSkChZEKHqoBw9V7AOaEjbbTbt082B3I5bQH+LFv+JFpBcFj/4bkzQIbR1YmG/mW3ZnLJ9RITXtR8msrK6tb2Q3c1vbO7t76v5BS3gBx6SJPebxjoUEYdQlTUklIx2fE+RYjLSt0U3st58IF9RzH+XYJz0HDVxqU4xkJJlqNTQwYvBucmUXDH9Ii/ABlupmJRlOO0VYgnXz7G8yrr1nGA/QVPNaWUsAl4mekjxI0TDVqdH3cOAQV2KGhOjqmi97IeKSYkYmOSMQxEd4hAYkTHJN4Ekk9aHt8ei4Eibq3B5yhBg7VrTpIDkUi14s/ud1A2lXeyF1/UASF88esgMGpQfjkmCfcoIlG0cEYU6jH0I8RBxhGVWZi6Lri0GXSatS1rWyfn+er12mJWTBETgGBaCDC1ADt6ABmgCDV/AOPsGX8qK8KR/KdLaaUdI7h2AOyvcvLMqbPw==</latexit><latexit sha1_base64="lcrYQ31aoVmIR8/93yTOswe3P/c=">AAACF3icbVBLS8NAGNzUV62vqEcvi0VoqZSkChZEKHqoBw9V7AOaEjbbTbt082B3I5bQH+LFv+JFpBcFj/4bkzQIbR1YmG/mW3ZnLJ9RITXtR8msrK6tb2Q3c1vbO7t76v5BS3gBx6SJPebxjoUEYdQlTUklIx2fE+RYjLSt0U3st58IF9RzH+XYJz0HDVxqU4xkJJlqNTQwYvBucmUXDH9Ii/ABlupmJRlOO0VYgnXz7G8yrr1nGA/QVPNaWUsAl4mekjxI0TDVqdH3cOAQV2KGhOjqmi97IeKSYkYmOSMQxEd4hAYkTHJN4Ekk9aHt8ei4Eibq3B5yhBg7VrTpIDkUi14s/ud1A2lXeyF1/UASF88esgMGpQfjkmCfcoIlG0cEYU6jH0I8RBxhGVWZi6Lri0GXSatS1rWyfn+er12mJWTBETgGBaCDC1ADt6ABmgCDV/AOPsGX8qK8KR/KdLaaUdI7h2AOyvcvLMqbPw==</latexit><latexit sha1_base64="lcrYQ31aoVmIR8/93yTOswe3P/c=">AAACF3icbVBLS8NAGNzUV62vqEcvi0VoqZSkChZEKHqoBw9V7AOaEjbbTbt082B3I5bQH+LFv+JFpBcFj/4bkzQIbR1YmG/mW3ZnLJ9RITXtR8msrK6tb2Q3c1vbO7t76v5BS3gBx6SJPebxjoUEYdQlTUklIx2fE+RYjLSt0U3st58IF9RzH+XYJz0HDVxqU4xkJJlqNTQwYvBucmUXDH9Ii/ABlupmJRlOO0VYgnXz7G8yrr1nGA/QVPNaWUsAl4mekjxI0TDVqdH3cOAQV2KGhOjqmi97IeKSYkYmOSMQxEd4hAYkTHJN4Ekk9aHt8ei4Eibq3B5yhBg7VrTpIDkUi14s/ud1A2lXeyF1/UASF88esgMGpQfjkmCfcoIlG0cEYU6jH0I8RBxhGVWZi6Lri0GXSatS1rWyfn+er12mJWTBETgGBaCDC1ADt6ABmgCDV/AOPsGX8qK8KR/KdLaaUdI7h2AOyvcvLMqbPw==</latexit>

Is this the end of the story?

What remains



L = f(�)R+G2(�, X) +G3(�, X)⇤�
<latexit sha1_base64="lcrYQ31aoVmIR8/93yTOswe3P/c=">AAACF3icbVBLS8NAGNzUV62vqEcvi0VoqZSkChZEKHqoBw9V7AOaEjbbTbt082B3I5bQH+LFv+JFpBcFj/4bkzQIbR1YmG/mW3ZnLJ9RITXtR8msrK6tb2Q3c1vbO7t76v5BS3gBx6SJPebxjoUEYdQlTUklIx2fE+RYjLSt0U3st58IF9RzH+XYJz0HDVxqU4xkJJlqNTQwYvBucmUXDH9Ii/ABlupmJRlOO0VYgnXz7G8yrr1nGA/QVPNaWUsAl4mekjxI0TDVqdH3cOAQV2KGhOjqmi97IeKSYkYmOSMQxEd4hAYkTHJN4Ekk9aHt8ei4Eibq3B5yhBg7VrTpIDkUi14s/ud1A2lXeyF1/UASF88esgMGpQfjkmCfcoIlG0cEYU6jH0I8RBxhGVWZi6Lri0GXSatS1rWyfn+er12mJWTBETgGBaCDC1ADt6ABmgCDV/AOPsGX8qK8KR/KdLaaUdI7h2AOyvcvLMqbPw==</latexit><latexit sha1_base64="lcrYQ31aoVmIR8/93yTOswe3P/c=">AAACF3icbVBLS8NAGNzUV62vqEcvi0VoqZSkChZEKHqoBw9V7AOaEjbbTbt082B3I5bQH+LFv+JFpBcFj/4bkzQIbR1YmG/mW3ZnLJ9RITXtR8msrK6tb2Q3c1vbO7t76v5BS3gBx6SJPebxjoUEYdQlTUklIx2fE+RYjLSt0U3st58IF9RzH+XYJz0HDVxqU4xkJJlqNTQwYvBucmUXDH9Ii/ABlupmJRlOO0VYgnXz7G8yrr1nGA/QVPNaWUsAl4mekjxI0TDVqdH3cOAQV2KGhOjqmi97IeKSYkYmOSMQxEd4hAYkTHJN4Ekk9aHt8ei4Eibq3B5yhBg7VrTpIDkUi14s/ud1A2lXeyF1/UASF88esgMGpQfjkmCfcoIlG0cEYU6jH0I8RBxhGVWZi6Lri0GXSatS1rWyfn+er12mJWTBETgGBaCDC1ADt6ABmgCDV/AOPsGX8qK8KR/KdLaaUdI7h2AOyvcvLMqbPw==</latexit><latexit sha1_base64="lcrYQ31aoVmIR8/93yTOswe3P/c=">AAACF3icbVBLS8NAGNzUV62vqEcvi0VoqZSkChZEKHqoBw9V7AOaEjbbTbt082B3I5bQH+LFv+JFpBcFj/4bkzQIbR1YmG/mW3ZnLJ9RITXtR8msrK6tb2Q3c1vbO7t76v5BS3gBx6SJPebxjoUEYdQlTUklIx2fE+RYjLSt0U3st58IF9RzH+XYJz0HDVxqU4xkJJlqNTQwYvBucmUXDH9Ii/ABlupmJRlOO0VYgnXz7G8yrr1nGA/QVPNaWUsAl4mekjxI0TDVqdH3cOAQV2KGhOjqmi97IeKSYkYmOSMQxEd4hAYkTHJN4Ekk9aHt8ei4Eibq3B5yhBg7VrTpIDkUi14s/ud1A2lXeyF1/UASF88esgMGpQfjkmCfcoIlG0cEYU6jH0I8RBxhGVWZi6Lri0GXSatS1rWyfn+er12mJWTBETgGBaCDC1ADt6ABmgCDV/AOPsGX8qK8KR/KdLaaUdI7h2AOyvcvLMqbPw==</latexit><latexit sha1_base64="lcrYQ31aoVmIR8/93yTOswe3P/c=">AAACF3icbVBLS8NAGNzUV62vqEcvi0VoqZSkChZEKHqoBw9V7AOaEjbbTbt082B3I5bQH+LFv+JFpBcFj/4bkzQIbR1YmG/mW3ZnLJ9RITXtR8msrK6tb2Q3c1vbO7t76v5BS3gBx6SJPebxjoUEYdQlTUklIx2fE+RYjLSt0U3st58IF9RzH+XYJz0HDVxqU4xkJJlqNTQwYvBucmUXDH9Ii/ABlupmJRlOO0VYgnXz7G8yrr1nGA/QVPNaWUsAl4mekjxI0TDVqdH3cOAQV2KGhOjqmi97IeKSYkYmOSMQxEd4hAYkTHJN4Ekk9aHt8ei4Eibq3B5yhBg7VrTpIDkUi14s/ud1A2lXeyF1/UASF88esgMGpQfjkmCfcoIlG0cEYU6jH0I8RBxhGVWZi6Lri0GXSatS1rWyfn+er12mJWTBETgGBaCDC1ADt6ABmgCDV/AOPsGX8qK8KR/KdLaaUdI7h2AOyvcvLMqbPw==</latexit>

Is this the end of the story? Yes.

What remains



L = f(�)R+G2(�, X) +G3(�, X)⇤�
<latexit sha1_base64="lcrYQ31aoVmIR8/93yTOswe3P/c=">AAACF3icbVBLS8NAGNzUV62vqEcvi0VoqZSkChZEKHqoBw9V7AOaEjbbTbt082B3I5bQH+LFv+JFpBcFj/4bkzQIbR1YmG/mW3ZnLJ9RITXtR8msrK6tb2Q3c1vbO7t76v5BS3gBx6SJPebxjoUEYdQlTUklIx2fE+RYjLSt0U3st58IF9RzH+XYJz0HDVxqU4xkJJlqNTQwYvBucmUXDH9Ii/ABlupmJRlOO0VYgnXz7G8yrr1nGA/QVPNaWUsAl4mekjxI0TDVqdH3cOAQV2KGhOjqmi97IeKSYkYmOSMQxEd4hAYkTHJN4Ekk9aHt8ei4Eibq3B5yhBg7VrTpIDkUi14s/ud1A2lXeyF1/UASF88esgMGpQfjkmCfcoIlG0cEYU6jH0I8RBxhGVWZi6Lri0GXSatS1rWyfn+er12mJWTBETgGBaCDC1ADt6ABmgCDV/AOPsGX8qK8KR/KdLaaUdI7h2AOyvcvLMqbPw==</latexit><latexit sha1_base64="lcrYQ31aoVmIR8/93yTOswe3P/c=">AAACF3icbVBLS8NAGNzUV62vqEcvi0VoqZSkChZEKHqoBw9V7AOaEjbbTbt082B3I5bQH+LFv+JFpBcFj/4bkzQIbR1YmG/mW3ZnLJ9RITXtR8msrK6tb2Q3c1vbO7t76v5BS3gBx6SJPebxjoUEYdQlTUklIx2fE+RYjLSt0U3st58IF9RzH+XYJz0HDVxqU4xkJJlqNTQwYvBucmUXDH9Ii/ABlupmJRlOO0VYgnXz7G8yrr1nGA/QVPNaWUsAl4mekjxI0TDVqdH3cOAQV2KGhOjqmi97IeKSYkYmOSMQxEd4hAYkTHJN4Ekk9aHt8ei4Eibq3B5yhBg7VrTpIDkUi14s/ud1A2lXeyF1/UASF88esgMGpQfjkmCfcoIlG0cEYU6jH0I8RBxhGVWZi6Lri0GXSatS1rWyfn+er12mJWTBETgGBaCDC1ADt6ABmgCDV/AOPsGX8qK8KR/KdLaaUdI7h2AOyvcvLMqbPw==</latexit><latexit sha1_base64="lcrYQ31aoVmIR8/93yTOswe3P/c=">AAACF3icbVBLS8NAGNzUV62vqEcvi0VoqZSkChZEKHqoBw9V7AOaEjbbTbt082B3I5bQH+LFv+JFpBcFj/4bkzQIbR1YmG/mW3ZnLJ9RITXtR8msrK6tb2Q3c1vbO7t76v5BS3gBx6SJPebxjoUEYdQlTUklIx2fE+RYjLSt0U3st58IF9RzH+XYJz0HDVxqU4xkJJlqNTQwYvBucmUXDH9Ii/ABlupmJRlOO0VYgnXz7G8yrr1nGA/QVPNaWUsAl4mekjxI0TDVqdH3cOAQV2KGhOjqmi97IeKSYkYmOSMQxEd4hAYkTHJN4Ekk9aHt8ei4Eibq3B5yhBg7VrTpIDkUi14s/ud1A2lXeyF1/UASF88esgMGpQfjkmCfcoIlG0cEYU6jH0I8RBxhGVWZi6Lri0GXSatS1rWyfn+er12mJWTBETgGBaCDC1ADt6ABmgCDV/AOPsGX8qK8KR/KdLaaUdI7h2AOyvcvLMqbPw==</latexit><latexit sha1_base64="lcrYQ31aoVmIR8/93yTOswe3P/c=">AAACF3icbVBLS8NAGNzUV62vqEcvi0VoqZSkChZEKHqoBw9V7AOaEjbbTbt082B3I5bQH+LFv+JFpBcFj/4bkzQIbR1YmG/mW3ZnLJ9RITXtR8msrK6tb2Q3c1vbO7t76v5BS3gBx6SJPebxjoUEYdQlTUklIx2fE+RYjLSt0U3st58IF9RzH+XYJz0HDVxqU4xkJJlqNTQwYvBucmUXDH9Ii/ABlupmJRlOO0VYgnXz7G8yrr1nGA/QVPNaWUsAl4mekjxI0TDVqdH3cOAQV2KGhOjqmi97IeKSYkYmOSMQxEd4hAYkTHJN4Ekk9aHt8ei4Eibq3B5yhBg7VrTpIDkUi14s/ud1A2lXeyF1/UASF88esgMGpQfjkmCfcoIlG0cEYU6jH0I8RBxhGVWZi6Lri0GXSatS1rWyfn+er12mJWTBETgGBaCDC1ADt6ABmgCDV/AOPsGX8qK8KR/KdLaaUdI7h2AOyvcvLMqbPw==</latexit>

Is this the end of the story? Yes.

GW decay rate and modification of the 
dispersion relation are suppressed

L�⇡⇡ ' 1

⇤2
2

�̇c
ij@i⇡c@j⇡c

<latexit sha1_base64="HcthmwX1hiqc9dSDHj4pB+5bpOs="></latexit><latexit sha1_base64="HcthmwX1hiqc9dSDHj4pB+5bpOs="></latexit><latexit sha1_base64="HcthmwX1hiqc9dSDHj4pB+5bpOs="></latexit><latexit sha1_base64="HcthmwX1hiqc9dSDHj4pB+5bpOs="></latexit>

⇤2 ⌘ (MPlH0)
1/2 ⇠ 1010⇤3

<latexit sha1_base64="iVQnNJIK7zC0a3HUtRJ7TTU40Fs=">AAACHXicbVDLSgMxFM34rPU16tJNsAh1UzNVUBCk4KYLhQr2AZ06ZDJpG5p5mGQKZZhvceOvCCLiRkH8G9N2Nm29EDj3nHO5uceNOJMKoV9jaXlldW09t5Hf3Nre2TX39hsyjAWhdRLyULRcLClnAa0rpjhtRYJi3+W06Q5uxnpzSIVkYfCgRhHt+LgXsC4jWGnKMa/tW232sFOGNn2K2RAW75zEFj6s8RRWHXTymFin5RTakvnQQrpDusmGzhyzgEpoUnARWBkogKxqjvlmeyGJfRoowrGUbQtFqpNgoRjhNM3bsaQRJgPco8nkuhQea8qD3VDoFyg4YWd82Jdy5Lva6WPVl/PamPxPa8eqe9lJWBDFigZkuqgbc6hCOI4KekxQovhIA0wE0z+EpI8FJkoHmtenW/OHLoJGuWShknV/XqhcZSHkwCE4AkVggQtQAVVQA3VAwAt4B1/g23g2Xo0P43NqXTKymQMwU8bPH7fPnuY=</latexit><latexit sha1_base64="iVQnNJIK7zC0a3HUtRJ7TTU40Fs=">AAACHXicbVDLSgMxFM34rPU16tJNsAh1UzNVUBCk4KYLhQr2AZ06ZDJpG5p5mGQKZZhvceOvCCLiRkH8G9N2Nm29EDj3nHO5uceNOJMKoV9jaXlldW09t5Hf3Nre2TX39hsyjAWhdRLyULRcLClnAa0rpjhtRYJi3+W06Q5uxnpzSIVkYfCgRhHt+LgXsC4jWGnKMa/tW232sFOGNn2K2RAW75zEFj6s8RRWHXTymFin5RTakvnQQrpDusmGzhyzgEpoUnARWBkogKxqjvlmeyGJfRoowrGUbQtFqpNgoRjhNM3bsaQRJgPco8nkuhQea8qD3VDoFyg4YWd82Jdy5Lva6WPVl/PamPxPa8eqe9lJWBDFigZkuqgbc6hCOI4KekxQovhIA0wE0z+EpI8FJkoHmtenW/OHLoJGuWShknV/XqhcZSHkwCE4AkVggQtQAVVQA3VAwAt4B1/g23g2Xo0P43NqXTKymQMwU8bPH7fPnuY=</latexit><latexit sha1_base64="iVQnNJIK7zC0a3HUtRJ7TTU40Fs=">AAACHXicbVDLSgMxFM34rPU16tJNsAh1UzNVUBCk4KYLhQr2AZ06ZDJpG5p5mGQKZZhvceOvCCLiRkH8G9N2Nm29EDj3nHO5uceNOJMKoV9jaXlldW09t5Hf3Nre2TX39hsyjAWhdRLyULRcLClnAa0rpjhtRYJi3+W06Q5uxnpzSIVkYfCgRhHt+LgXsC4jWGnKMa/tW232sFOGNn2K2RAW75zEFj6s8RRWHXTymFin5RTakvnQQrpDusmGzhyzgEpoUnARWBkogKxqjvlmeyGJfRoowrGUbQtFqpNgoRjhNM3bsaQRJgPco8nkuhQea8qD3VDoFyg4YWd82Jdy5Lva6WPVl/PamPxPa8eqe9lJWBDFigZkuqgbc6hCOI4KekxQovhIA0wE0z+EpI8FJkoHmtenW/OHLoJGuWShknV/XqhcZSHkwCE4AkVggQtQAVVQA3VAwAt4B1/g23g2Xo0P43NqXTKymQMwU8bPH7fPnuY=</latexit><latexit sha1_base64="iVQnNJIK7zC0a3HUtRJ7TTU40Fs=">AAACHXicbVDLSgMxFM34rPU16tJNsAh1UzNVUBCk4KYLhQr2AZ06ZDJpG5p5mGQKZZhvceOvCCLiRkH8G9N2Nm29EDj3nHO5uceNOJMKoV9jaXlldW09t5Hf3Nre2TX39hsyjAWhdRLyULRcLClnAa0rpjhtRYJi3+W06Q5uxnpzSIVkYfCgRhHt+LgXsC4jWGnKMa/tW232sFOGNn2K2RAW75zEFj6s8RRWHXTymFin5RTakvnQQrpDusmGzhyzgEpoUnARWBkogKxqjvlmeyGJfRoowrGUbQtFqpNgoRjhNM3bsaQRJgPco8nkuhQea8qD3VDoFyg4YWd82Jdy5Lva6WPVl/PamPxPa8eqe9lJWBDFigZkuqgbc6hCOI4KekxQovhIA0wE0z+EpI8FJkoHmtenW/OHLoJGuWShknV/XqhcZSHkwCE4AkVggQtQAVVQA3VAwAt4B1/g23g2Xo0P43NqXTKymQMwU8bPH7fPnuY=</latexit>

What remains

The decay could be enhanced by the large occupation number (~1040) of the GW. 
Similar to preheating vs reheating.
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<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Analogous to a Mathieu equation ⇒ parametric resonance. Can we rule out G3 as well?

Creminelli, Tambalo, FV, Yingcharoenrat, in progress…



Conclusion

๏   GWs can test gravity in the (strong) field regime (deviations in the 
dissipative and conservative dynamics, extra-polarizations, dipole, 
etc.)


๏   GWs also dramatically change the prospect for LSS: huge cut in 
available models


๏   Because cT=1 and GW do not decay, many theories are ruled out: 
G4, G5, F4, F5 are absent



