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. Distinguished feature between Massive gravity and General Relativity
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Pulsar

. A pulsar is a highly magnetized rotating compact star that emits narrow
beams of electromagnetic radiation out of 1ts magnetic poles.
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Pulsar Timing Array (PTA)

. A pulsar timing array (PTA) 1s a set of pulsars which Is analyzed to search for
correlated signatures in the pulse arrival times.
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Pulsar Timing Array (PTA)

. Goal: to detect the stochastic gravitational wave background.

. Source: Supermassive Black Hole Binaries;

Cosmic String -
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Primordial Gravitational Wave:

. Current on-going program: North American NanoHertz Observatory for

Gravitational Waves (NANOGrav), the

—uropean

Timing Array (IPTA)

Kilometer Array (SKA)

D)
U
(EPTA), and the Parkes Pulsar Timing Array (PPTA), International Pulsar

sar Timing Array

. Future: Five-hundred-meter Aperture Spherical Telescope(FAST); Square
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. Ihe observable is the anomalous residue In the pulse arrival time:
_ o VO—V(t')> 2 _l g 2
R(t) = /O dt ( VO (R(t)) = 7. /0 R2(t)dt |
ulse frequencies redshift z = 20— U1
. v

. In GR, the metric perturbation only has two polarization modes: h_, h,

and we can express h,, = Z e/, hy. FOr each mode, we define &
A=+,X

recelving function to denote the influence on the redshift:

2(£,9) = (e 202D _ 1) S ha(f, QFA(S)
A .
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Correlation function

. One can separate the two-point correlation function in power
spectrum Qg and the overlap reduction function I'(|f|) assuming the

isotropic SGWB

H2
E DRI = 555

6(f = FIF1 " Qew (LFDT (£,

. Overlap reduction function:

L(|f]) = B Z/Sz 40 (ez’ZWle(HQ-ﬁl) _ 1) > (e—i2waz(l+§2-ﬁz) _ 1) F{“(Q)F{‘(Q)
A

. Exponential factor!




Hellings-Downs curve

- Overlap reduction function:
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- Hellings-Downs curve:
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NANOGrav: power spectrum

. The collaborations claim a strong evidence for a power-law like power
spectrum: Qqw ~ f77, the PPIA collaboration finds 7 € (1.5, 5.9) and

NANOGrav collaboration finds » € (3.76, 6./8), EPTA: r € (3.11,
4.05H),
PTA: ¥ € (3.1, 4.9)

. supermassive black hole binary systems (y ~ 13/3); primordial

gravitational waves (r ~ 5); and networks of cosmic strings (7 ~
16/3)
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NANOGrav: HD curve

. Error bar on the overlap reduction function is too large to give
statistical evidence tor GR prediction(HD curve)!
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What does this imply”?

. Noise

. The assumption of isotropic SGWB

.- Modified gravity theories
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Massive Gravity

. Action:

1 1 1
S = / d*x 58,\hu,,8’\h“” — 0,h,20"h** + 8,h* 8,h — 5a,\hav\h 1 5m2 (huwh* — h?)

. b Polarization modes: 2 tensor modes + 2 vector + | scalar mode

. Plane wave,

1 20(|k|? — (k2 — m?)) |, > N I OELIr W k|
huw () = o /d4k R ))eth(k) :/ df Q2 e” (-l >h;w 7uﬂ
27T k| —00 sky , _\ko
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Massive Gravity

. Recelving tunction:

~ %

A N , N
FO () = Py e 4 £ 0

| €
LiYe ~ ad 2 Ok 7
2(1 | koﬂ-p)

. Overlap reduction function for each mode:

) =4 Y [ o (e (eBOn) ) (crenilkon) 1) Fo@) RO @)
. Combined effect on the Z2-point correlation function

(#) (QT . QVFV = QSFS) :&FT (1 I I'y Qy Br I I's QSﬂT) |
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Conclusion and Discussion

- We compute the overlap reduction function of massive gravity theory

. FOr some parameter space, It's possible to distinguish massive gravity
N future PTA data release.

.- Spin 2 Dark matter: The stochastic fluctuation ot the spin 2 dark
matter halo will effectively change the metric as massive gravity

. How to generate such signals from massive gravity theory or spinZ
Dark Matter interaction”

- What may happen it we go to non-linear regime to analyze the source”
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Thanks for your attention!



NANOGrav: power spectrum @
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PTA (2110.131384)




Pulsar Timing Array (PTA)

.- NANOGrav (2009.04490) &

)

PTA (2107.12112)&
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PTA

(2110.13184) & IPTA (2201.03930)
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Pulsar Timing Array (PTA)

- NANOGrav (2009.04490) & PPTA (2107.12112)&
(2110.13184) & IPTA (2201.03930)

log;o(P [53])

PPTA 2107.12112
19



Penn

Arts &g Sciences
STA

Pulsar Timing Array (PTA)
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Future Direction

. Anisotropy: search the anisotropy 190405348 ; search circular polarization
mode 2111.05867 ; *

. Dark matter: axion 181003227 ; axion-pnoton coupling 2201.03422; dark
ohoton 2009.13909 ; *-

. Primordial Gravitational Wave: Joint analysis with Cosmic Microwave

Background, Large Scale Structure, and Interferometer detection
(LIGO/VIRGO/LISA): -
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Vector mode

: : ﬁv kg ST
. Massless [Imit Lov=""5"5 3 cos §

. The combination effect of energy density and Hellings-Downs curve
analog Is zero
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Scalar mode

. DO NOT have Massless Iimit -> vDVZ discontinuity!

. Stay In linearized regime and should not go to massless IImit
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