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Perturbed gravitational forces on small scales:

do GEM(r)  _— _w
T = e tEEM (r), (1)
w GeH _ Geff ’ _ R .

T - T an, @

with the modified or effective Newton's constant Ggf = 5n Gx

Essentially a screening (Vainshtein) mechanism [Crisostomi & Koyama, 2018]




The Hydrostatic equilibrium,
1 dPgas(r) do

peas(r) dr — dr’
Modified according to the DHOST theory as,

d®(r) G Muse(r) | — ond”Muss(r)
= +Z16y —— 5
dr r2 dr?
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The Hydrostatic equilibrium,
1 dPgas(r) do

peas(r) dr — dr’
Modified according to the DHOST theory as,

d®(r) G Muse(r) | — ond”Muss(r)
= +Z16y —— 5
dr r2 dr?
Pressure profile is now,

r eff o~
P™(r) = P™(0) — 1.8,ump/0 ne(F) [L NSSEU) + =16 M use ()| dF
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NFW mass profile [Navarro et al., 1996]:

In (1 + cs00x) — cs00x/ (1 + cs00x) r
M(< r) =M y X = =
(<) > In (1 + cs00) — cs00/(1 + €500) Rsoo




NFW mass profile [Navarro et al., 1996]:

In (1 + cs00x) — cs00x/ (1 + cs00x) r
M(< r) =M y X = =
(<) > In (1 + cs00) — cs00/(1 + €500) Rsoo

Vikhlinin profile [Vikhlinin et al., 2006]:

ne(r) o (r/rc)*a/Z[l_f_ (r/rs)«/]—s/(zy)
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NFW mass profile [Navarro et al., 1996]:

In (1 + cs00x) — cs00x/ (1 + cs00x) r
M(< r) =M y X = =
(<) > In (1 + cs00) — cs00/(1 + €500) Rsoo

Vikhlinin profile [Vikhlinin et al., 2006]:

ne(r) _ (r/rc)*a/Z[l_f_ (r/rs)«/]—s/(zy)

I e 0 SR

Total number of parameters:
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Keeping it brief:

® A compilation of 12 clusters, namely X-COP [Ettori et al., 2019]
(Hereafter E19) (See talks by Prof. Ettori tomorrow)
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Joint likelihood for the observables:

obs mod obs mod
—2InL = (Psz — )ZTOT(P
Np.
N X (P)O(]?S P%Od 2
: : 2
= Ipx.i + UP,int

Nng obs mod )2
+ (ne,i - ne,i
D e
Ne,i

i=1

Complete Bayesian analysis sampling over the parameters:

© = Ogp U Oy UBOprosT

) +1n | Zror |

+ I”(U%X,,- + UIZ’,int):|
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© Results
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® Comparison of the mass estimates from the original analysis E19

® DHOST scenario masses in open markers
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® Comparing DHOST parameters w.r.t GR case
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® 3 clusters show good agreement with mild deviations

® 4 clusters show extreme deviation from GR (non-NFW clusters):

A644, A1644, A2255 and A2319

NFW not the best fitting mass profile, as shown in E19

® Maybe such a large deviation is not so strange !!

Interesting aspect to investigate further




[e]e]e] le]ele]e]e]e)

Both GR and DHOST have equivalent fit quality

Except for the 4 non-NFW clusters
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Large deviation compensating for the fit to the Px and Psz data
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Mild deviation w.r.t the GR case
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Posteriors from the MCMC analysis
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Posteriors from the MCMC analysis - In this case with enhanced correlations
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Posteriors of =; obtained form the MCMC analysis

Probability Density
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A proxy for joint constraint
=; = —0.030 £ 0.043 [This work]
® =, = —0.028%%% [Sakstein et al., 2016]
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Existing limits for other observables:
® =; > —0.17, requiring a stable static solution in non-relativistic stars

[Saito et al., 2015]

® =; < 0.007, consistency of the minimum mass for hydrogen burning in
stars with the lowest mass red dwarf Sakstein [2015a,b]

—0.17 < =1 < 0.007 [small — scale theoretical limits]
—0.12< =1 < 0.055 [cluster — scale 95% C.L. limits] — This work

Excellent agreement and improvement only with 8 clusters
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Can also possibly indicate a redshift evolution
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Summary:

® Utilized the the well-compiled X-COP, to assess deviations from GR

® Need to assess large deviations in the 4 non-NFW clusters

® A well structured formalism to assess evolution in redshift

® Qverall a very good agreement with other limits and improved constraints.
Future extensions:

® Inclusion of Weak lensing information to constrain => parameter

® Using larger redsfhit range of clusters, to assess cosmology

® Ease the MCMC analysis to extend for larger compilations

® Take advantage of future observations (such as NIKA2)
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Summary:

® Utilized the the well-compiled X-COP, to assess deviations from GR

® Need to assess large deviations in the 4 non-NFW clusters

® A well structured formalism to assess evolution in redshift

® Qverall a very good agreement with other limits and improved constraints.
Future extensions:

® Inclusion of Weak lensing information to constrain => parameter

® Using larger redsfhit range of clusters, to assess cosmology

Ease the MCMC analysis to extend for larger compilations

Take advantage of future observations (such as NIKA2)

Thank you !!
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Analysis using the Psyz data alone
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Analysis of 12 simulated relaxed clusters [ MUSIC ]
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Cluster GR DHOST
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Action of the viable Class la DHOST theory after GW170817 event (cZ = c?):

s = / d'xV-gL, (#)
where
LDHOST = P+ Q¢ + F R+ As¢ ¢ ¢ 0p
g
1 2 2 a2 n Av
+ 3F (48Fx —8(F — XFx)As — X A3> " PuvPrd (5)

T o (4P XAs) As(6,8" 6,
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Dimensionless coefficients:

—  (4Fx — XA3)?

=TT 16FA;

_  2XFx

A (6)
_ 16Fx® — A3X?

=T T 16AsF

—  FxX 3AX?

TT"F T4 F -
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We utilize the Bayesian evidence criteria readily available in an MCMC analysis

p(D|©, M)x (| M)

p(©|D, M) = o(DIM) (7)
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