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Overview: research of gravity
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(after Psaltis 2008)
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Einstein Equivalence Principle:

* Weak EEP: universality of
free fall (m; = my)

* o}
non-grav. measurements

* Strong EEP: local Lorentz
invariance (rotation, boost
— physics is SR)

* : Test
alternative theories of
gravity !



How to do GR in the GC?

(NASA /CXC/Amherst College/Haggard et al)

(ESO/MPE/Gillessen et al)
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* We want pas-astrometry on nearby stars and flares.
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Requirements to test GR in the GC
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Which sizes are we talking
about?
Microarcsecond

astrometry,

i.e. like seeing a 1 Euro
coin on the surface of the
Moon




Requirements to test GR in the GC

We need a really big telescope

and adaptive optics (correct atmospheric distortions)
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What is GRAVITY?

(03/05/2018)

UTs (8.2m, AO) & ATs (1.8m

Odele Straub

Interferometer at the VLT
in Chile. Combines light of
4 telescopes. Spatial
resolution of an equivalent
telescope up to 130m in
diameter. Works in the
K-band, 2.0-2.4 um.
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Visibility & phase: Sgr A*

A&A 602, A%4(2017)
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(GRAVITY, First Light paper, 2017) (H-band, UT1 acquisition camera, 07,/08/2017)
Results (separation, fluxes) derived from fitting to

SgrA* - S2.
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orbit: position & velocity

fitter: GRModel.curve_fit, nvary: 15, ndof: 158, red. chi2: 1.90+ 0.11, BIC: 3430.36 17.78, AICc: 3386.12
oemer: True, Tt Doppler: True, redshift: True, Lensing: True, weights: {'NACO": 0.5}
P:16.051 +/-0.00L, e: 0.885 +/-0.000, T0: 2018.379 +/-0.000, Omega: 3.978 +/-0.001, omega: 1.150 +/-0.001
i 2.342 +/-0.001, RO: 8.174 +/-0.015, MO: 4.135 +/-0.018, xOnaco: 955.368 +/-185.361, yOnaco: 2053.391 +/-178.754
vxOnaco: 69.358 +/-21.075, vyOnaco 130 431 +/-20.. 373 xOgravl(y 37 649 +/-24.776, yOgravity: -41.058 +/-24.887

0T=1-597+7/-2:54 1, Spin- -6-006-tfixed), P 0-000-tfixed), INC-2-356+7-0-000fixed)
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GRAVITY+NACO+SINFONI data
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1. S2 orbit: Gravitational redshift
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We subtract Vs — Vkepier (green) and get
* NOT zero at the pericentre
* instead curve fits GR (red curve)
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2. Sgr A* flares

(Genzel et al, 2003)
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0.22% (10 light days
‘ ( giht days) b

* Flares are recurrent bursts of radiations in the IR & X-ray

* models: inefficient flow with hot spot, jet, or red noise...

* Why is this interesting? - variability (ca 40min) corresponds
to near ISCO (strong gravity regime)
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2. Sgr A* flares

Competing scenarios
with evidence:

=

)

S

* Jet g
S ®

=0

Niso

. 1 o
with structure? % o
o

o .

g

B

Datectonfrequency[1/m]

(stationary case, e.g. Vincent+2019)

Dereddend K-band flux [miy]

N (log-normal flux, GRAVITY)

Odele Straub

-

/ 18



2. Sgr A* flares: polarized flux

QN(Q*+U?)

o —100

x-offset (uas)

time (min)
(GRAVITY 2018a,b)
Continuous positional and polarization changes consistent with a
circular orbit at 6-10 Rg and a period of 30-65min, seen nearly
face-on (or... face-on jet)
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2. Sgr A* flares: polarized flux

QN(Q*+U?)

time (min)

(GRAVITY 2018a,b)

Continuous positional and polarization changes consistent with a
circular orbit at 6-10 Rg and a period of 30-65min, seen nearly
face-on (or... face-on jet)
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Outlook: GC Laboratory

Understanding our home, the Milky Way, is the key to
understanding the Universe.

/ \\ ‘ %
Pericenter BH spin via BH silhouette GW mergers in
advance of S2 frame-dragging  (EHT) the GC, EMRIs
orbit effect on (inner) (LISA)
(GRAVITY) stellar orbits
(GRAVITY+)
a3 Al
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The end

(ESO)
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