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Testing gravitg with binarg Pulsars and black holes

Lam Hui
Columbia Unive_rsitg
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Two simple ideas (in order Fantasg?):

I. on measuring gravitational waves (5. McWilliams, 1-S. Yang);

2. on testing moditied gravity (A. Nicolis).
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Hulse:f‘aglor binarg Pulsar 1913 +16
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Weisberg Nice, Taonr 2010

RELATIVISTIC BINARY PULSAR PSR B1913+16 1033

Line of zero orbital decay
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Figure 2. Orbital decay caused by the loss of energy by gravitational radiation.
The parabola depicts the expected shift of periastron time relative to an
unchanging orbit, according to general relativity. Data points represent our
measurements, with error bars mostly too small to see.
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- Idea: focus instead on the scattering of a gravitational wave (GW)

| backgrouncl 139 the binarg. Order of magnitucle estimates:

o Gravitational wave background causes the binarg Period to random walk.
AP/ P per period ~ 10 h

o Strain h most effective at harmonics of the orbital Period, f~4x107°He

e Over duration Lot accumulated rms AP/P ~ 10 h\/Ttot/P

o Accumulated rms Periastron time shift AT ~ 10h g0 \/ TeseleP
Useful numbers: I3 e LSS N 0E days

o Periastron time measurement accuracy ~ 10~ " day

o Constrain strain bﬂ AT = 10~ Cdo |::> h<5x 1015

Note: h here rePresents the square root cnc the tensor power

spectrum per log Freq i.e. h is the rms strain.
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Some technical details:

o Thisis a stochastic process: computc-: two Point correlation of orbital

change) and relate it to the two Point correlation of GW backgrouncl.

HER(E)) = [ h it

rms

o OPtimal data weighting.

o Earlier work: see Mashhoon 1978, Mashhoon, (Carr Hiudas:

C—— S == — e— PSS —
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5ummar9 B

Use random walk of binarg orbit to cletect/ constrain gravitational waves
at resonance Frequencies. Applg to any binaries that ha\/e been monitored

= fora long time with high Precision.
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Idea 2, on testi ng gravity:

o By Weinberg/ Deser theorem, at low energjes, a Lorentz invariant theorg
of a massless sPin 2 Particle must be general relativity (GR).
This is whg essentia”g all Proposecl long distance modifications to GR
end up introcﬂucinga new Particle, usua“g a sc:alar, mediating afMextra
long range force.

e How shoulcl we test some generic scalar—-tensor theorg?

* |dea: assuming black holes have no scalar hair/charge, while normal stars
do) let’s check for the difference in their rate of free fall.

* This effect would be hopeless to detect for classic Brans-Dicke theorg,
because solar systc—:m tests alreacly tell us the Brans-Dicke scalar
must be very Weaklg couplccjl i.e. the scalar force is much weaker than
gravity.
t ® Recent versions oF scalar~tensor theories (motivateci bg DGP/massive
graviton) offer a I’IOPC: thc—:y pass solar system tests, get have interesting
O() effects elsewhere.

i g — - —— —
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. Vainshtein screening e.g. DGP

1 i : :
Sscalar ™ / d —5(&0)2 — —(8p)*0o + oL N] (Einstein frame)
™m
1
' : 1 » O X — large r
'. E@ MG O + W [(D@)Q — OHH 908,u81/90} 5 O‘Pm/ 8
: S N poc i smallr
it
5 1 SEA SN point mass solution
T
/ :

/ 7

s =0
rv ~ (Tschwm ™) o = scalar-matter coupling= O genericang

Galileon symmetry (Nicolis, Rattazzi, Trincherini): @ — @ + ¢ + biaBL
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A Problem: if Vainshtein screening is so effective, won’t the scalar
force be very suppressecl inside a galaxy, where both black holes

and stars reside?

o Numerical simulations (Chan & Scoccimarro, Schmidt, Wyman & Khourg}

te” us that large scale structure Procluces unsuPPressecl scalar on |arge

SCBICS.

" e Usethe galileon sgmmetrg to our aclvantage: given any nonlinear

solution, aclcling alinear graclient gjves another solution.

the linear Dpsct
galaxg /

4T,

ad
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The idea is to look for the offset of massive black holes from the

centers of galaxies.
The offset should be correlated with the direction of the streaming

motion. The massive black holes can take the form of quasars or

low |uminosit9 galactic nuclei i.e. Seggerts.

The offset is estimated to be up to O.1 ch, for small galaxies.

= = = = T P,
P TR == — e— PSS — = = - = - - — Lo =
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Summa:y 2:

Test for presence of extra (scalar) forces bﬂ looking for off-centered

black holes.

Footnote 1: No hair theorem for galileons (E’)abiche\/) Zahariac‘e; sk Nicolis).
Footnoic 2; Analogs for chameleon mechanism (Khourg, Weltman;

Hu; Jain, Vanclerplas; Pourhasan, Amcshorcli, Mann, Davis; Cabre, Vikram,
Zhao, Jain, Koyama; |LH, Nicolis, Stubbs).
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Two simple ideas:

I. Use random walk of binary orbit to cletc—:ct/ constrain gravitational waves
at resonance Frequencies. APP19 to any binaries that have been monitored

fora long time with hig}‘n Precision.

2. Test For presence oi: extra (scalar) i:orces bg looking 1Cor oi:i;centereci

black holes.
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