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Pulsar Timing Array:
The NANOGrav
12.5-year data set

A p(0)

arXiv:2009.04496

* Evidence of stochastic process
* Not exactly “Hellings-Downs”
* S/N ratio of monopole > HD

arXiv:2109.14706
* Non-Einstein polarizations
e ST>TT correlations
* (Caveats:
» Modes on light cone
» Pulsars at infinitely far

PDF

Reggie Bernardo, Beyond Einstein nHz GW sky

NCTSFuturelsllluminating@30June2022



Pulsar Timing

* The timing residual — observable

r(t) = [ dt’' z(t")
* Redshift fluctuation from GW h;;(t):
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* Two point function
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Gravitational Wave
Polarizations
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GW amplitude
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GW Polarizations: Beyond Einstein
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The ORF of Isotropic SGWB: technical

* ORF y,p, is given by:
21+ 1
Yab () = 2 CP(cos )

41T
l

a U (D)
T E

* For polarization A (tensor, vector, scalar transverse/longitudinal)

Zﬂvadx . ~ . N
= [ S e 65-0,1< i) )
0

v xq=0,1,2
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Tensor PS and ORF (v ~ 1, near luminal)
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Fab{c: D)

Tensor PS and ORF (v = 1/2, half luminal)
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Tensor PS and ORF (v « 1, near static)
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Galileon in the
nHz GW sky
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The covariant Galileon

X 2 42
Sclgab P] =fd4xﬁ<<1+;—P)EH—A—A3¢+X+F62¢+”2¢ )

* EH = Einstein-Hilbert term

* A = cosmological constant

* Kk = braiding -> Vainshtein mechanism/¢ suppression at R < L

* 1= bare mass -> chameleon screening/¢ suppression at dense environments
* o = conformal coupling -> mixes the tensor and scalar modes

* A =tadpole -> self tuning mechanism (2202.08672, Appleby, RCB)
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Galileon polarizations

e Tensor perturbations -> +, x polarizations

* Scalar perturbations satisfy the massive KG eq.
2 T, 2 —
D2 — P — mZ(, @, D = 0
e Brings in scalar transverse (ST) and longitudinal (SL) pols:

1 — v(Mmegr)*
hyp (sﬁf; + \52 efr eflll‘;) X plane wave




Scalar ORFs (v = 1/2, half luminal)

ST SL
1.0 [ 1.0 &
=~ O05E=—ie el = pET ettt
g 05 — - 8 0SFTSC i
(N B N> B ’ \"""-.. -
— B — — + — e
S - = . B
X 00 ;f; 0.0 .
B - 0 =102 B - D =107
I R — D =5x102 I —_— D =5x102
—0.5_— — ) = o —05_— — ) = o
i - HD - - HD
cee v b b v b v e s IR INENE IS I U T TN [N T S M M |
25 50 75 100 125 150 175 25 50 75 100 125 150 175

{ [degrees] { [degrees]




Best fitin NG12.5

v =047 +0.22 ¢ = My ~ 10722 eV (Galileon)

Marginalized statistics for the ST, SL, and the Galileon (¢)
constrained by NG12.5. The performance statistics (chi-squared, AIC,
and BIC) are relative to the systematic monopole, or that a positive
value means statistical preference over the systematic monopole.

mode v A% [x10799] Ax? |AAIC|ABIC

ST <0.609 | 0537035 | 0.90 [—1.10|—1.80

SL  [0.4240.19( 0.787035 | 2.73 | 0.73 | 0.02

@ 0.47 +0.22| 0471012 | 1.46 |—0.54|—1.25

HD v=1 424+ 1.7 |—2.96|-2.96|—-2.96

syst. mon.| — — — 0.90 £+ 0.25 0 0 0
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Outlook

In this work, we:

presented an efficient PS formalism for calculating the overlap reduction function;

studied the pulsar timing array phenomenology of a generic subluminal metric
polarizations for finite pulsar distances.

analysis of tensor polarizations off the light cone;
alternative gravity constraints;

anisotropies.
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Metric Perturbations

Synchronous gauge:
ds? = —dt? + (8,5 — 21845 + 2D4DE + 2D(4Epy + 2E,5)dxAd x5
¢=¢+0¢

Effective mass (a)z = k* + mgff):
al’
1— Mo 12
2 _ .2 P
Meff = K 3a?2  ald
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