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The strong gravity regime
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How does gravity behave in the strong field regime?

Does General Relativity accurately describe gravity in the
strong field regime?

%k Singularities, dark energy/matter, quantum connection +

Can other forms of matter/fields form ultra dense objects?
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102 years of General Relativity

GR represents the best description of gravity we have, and has
passed all observational and experimental tests

O weak - field has been probed extensively, what about the
strong - gravity regime?
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v’ PPN parameters from Cassini spacecraft v —1 ~ 107°

v Eventually Gravitational Waves come to the game



The strong gravity regime
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The strong gravity regime
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Alternative theories: EDGB

A natural way to modity the strong tield regime is to include
quadratic curvature invariant in the action
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General Relativity



Alternative theories: EDGB

A natural way to modity the strong tield regime is to include
quadratic curvature invariant in the action
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@ is the Dilaton field

o enters as coupling dimensionful parameter ~ [82}



QPOs and black holes

Quasi Periodic Oscillations in the flux emitted from accreting LMXBs
are though to originate in the innermost region of the accretion flow

v’ The Relativistic Precession Model associates 3 types of QPOs to a
combination of the epicyclic frequencies
Stella and Vietri, Phys. Rev. Lett. 82, 17 (1999)

v" In GR particles on circular-equatorial orbits, will oscillate under small
perturbations dr and 96

v’ X-ray emission modulated by the azimuthal V4, periastron Vper and
nodal Vper precession frequencies

Vnod = V¢ — Vo Vper — V¢ — Uy



RPM

System ot 3 equations in there unknown variables

VGR _ 1 M1/2
¢ 2 13/2 4 q* M3/2

6 M M3/? M?
GR __, GR B * g %2
v, =, (1 - + 8a 372 3a oy )

M3/2 M2
v :VSR (1 — 4a* 2 )

r3/2 2

v’ Complete application of RPM: J1665-40 discovery by RXTE
Motta et al., MNRAS 437, 2554-2565 (2014)

M = (5.31 £ 0.07) M

a* — (0.290 T 0.003)

T = (5.68 T 0.04)7“9




RPM

System ot 3 equations in there unknown variables
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RPM

System ot 3 equations in there unknown variables
R _ 1 @1}2
¢ 2 13/2 JFax M3/2

6 M WM3/? M?
GR __,,GR B * g 2
v, =, (1 - 8a 372 3a —z )

v’ Complete application of RPM: J1665-40 discovery by RXTE
Motta et al., MNRAS 437, 2554-2565 (2014)

M = (5.31 £ 0.07) Mg
~ 10% T"1SCO

a® = (0.290 4+ 0.003) /'
r =((5.68 + 0.04)7), produced near the horizon,

probe of the strong field




Why eXTP? quality and quantity

eXTP is expected to measure QPOs frequencies with very high
precision

O ~5 times better than RXTE

eXTP is expected to measure multiple QPOs triplets from the
same black hole (v, Vnod, Vper)i=1...n

O 3n quantities equations for 2+n variables (M, a™,r;)

/' For n>1 redundancy would test GR



Testing gravity with eXTP

We compute two set of frequencies within EDGB theory for two
emission radii 1,2 = (1.1, 1.4)rsco

(V¢7Vnodayper)1 (quaynodayper)Z
O True signals measured by eXTP with (0v,s 00,045 Ovper )

O Try to interpret the signals with GR and to measure the BH
parameters

(Mlaaiarl) (M27a§7T2)

~ For General Relativity (o = 0) My = My and a] = a}




Testing gravity with eXTP

Rules of the game
AM = My — Ms Aa* =a] — a5 Ar =11 — 719

O Verity that the distribution of the variables i = (AM, Aa™, Ar)
Is consistent with a Gaussian distribution with zero mean

PNN(ﬁ,E:Zl+22)

lo Probability of
Y =rc | » 20 » 32%, 5%, 0.3%
35 to be consistent




Confidence intervals

BH parameters: M =5.3Mg a* =0.5

alo RPM 1o | | ' ' . .
0.004f '%U ' 0.004} w20 RPM 0.004} RPM |
=50 u30
0.002} _ |
% . 0.002 . 0.002
4 S S
0.000} < 0.000} < 0.000}
~0.002} -
s ~0.002} ] ~0.002}
aM=0 a/M? = 0.4 a/M? = 0.6
—0.06-0.04-0.02 0.00 0.02 0.04 —0.06-0.04—0.02 0.00 0.02 0.04 —0.06—-0.04—0.02 0.00 0.02 0.04

AM AM AM



Confidence intervals

BH parameters: M =5.3Mg a* =0.5
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Confidence intervals

BH parameters: M =5.3Mg a* =0.5
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Confidence intervals

BH parameters: M =5.3Mg a* =0.5
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Confidence intervals

BH parameters: M =5.3Mg a* =0.5
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In this case 0.4 < a/M? <0.6 would be excluded



Confidence intervals
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v’ Our ability to distinguish the theory increases with the BH spin

v’ Money in the box: more area more gain




Back up
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