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Introduction

e A pulsar timing array (PTA) offers a

unique opportunity of detecting very low
frequency gravitaional waves (GWs) from
nHz to pHz, by regularly monitoring the

GWB from Cosmic Strings
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time of arrivals (ToAs) of radio pulses from Gl = 1010
an array of highly stable millisecond pul- 3 Gu = 10-1
Sal'S in the Milky Way T.‘: 107194 GH: 10—12

. . . . _ G,U — 10—13
Cosmic strings are linear topological de- . _ Gu=10-1
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sitions at high energies or be the funda-
mental strings of superstring theory (or
one-dimensional D-branes) stretched out
to astrophysical lengths.

After their formation, the intersection be-
tween cosmic strings can lead to reconnec-
tions and form loops, which will then de-
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We describe the GWDB energy spectrum of cosmic strings in terms of the dimensionless tension, G pu,
and the reconnection probability, p. Even though p = 1 for classical strings, it can be less than 1 in
the string-theory-inspired models or pure Yang-Mills theory. The dimensionless GW energy density
parameter per logarithm frequency as the fraction of the critical energy density is

cay due to relativistic oscillation and emit 0 _ 8nGf
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gravitational waves. sw (/) 3HEp P (to: f) (1)
The  gravitational-wave  background where g is cosmic time today, and pey is the GW energy density per unit frequency that can be
g
(GWB) produced by cosmic strings could computed by
potentially detected by PTAs. -
pew(t, f) = Gu® Y CuPy, (2)
n=1
Dataset and Method with
t
e The PPTA DR2 includes pulse ToAs from O, (f) = / O dt : Qzﬂ(la ). (3)
high-precision timing observations for 26 o (1+2)°f

pulsars spanning about 15 years, with ob-
servations taken at a cadence of approxi-
mately three weeks.

The timing residuals ot for each pulsar are
decomposed into

0t = Me + 0tgn + 0tpeT + 0twn + Otcp.

— Me€ accounts for the inaccuracies in
the subtraction of timing model.

— otgy 1S the contribution from
red mnoise, including achromatic
spin noise, frequency-dependent
dispersion measure noise, frequency-
dependent chromatic noise, achro-
matic band noise and system/group
noise.

— O0tpgrT is deterministic noise, includ-
ing chromatic exponential dips, ex-
treme scattering events, and annual

Here, P, is the radiation power spectrum of each loop, and n(l,%) is the density of loops per unit
volume per unit range of loop length [ existing at time ¢.

Results
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e The Bayes factor of the model including
both the UCP and cosmic string signal ver-
sus the model including only the UCP is
BFoent®® = 0.591 4 0.008 < 3, indicating
no evidence for a GWB signal produced by
the cosmic string in the PPTA DR2.
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J e We first consider a model in which both
. 1 . the string tension G and the reconnection

\ probability p are free parameters.
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scale parameter on the TOA uncer-
tainties (EFAC), an added variance
(EQUAD), and a per-epoch variance
(ECORR) for each backend /receiver

system.

— otcp is the contribution from the
common-spectrum process (such as a

GWB).
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e We also consider models in which p is fixed
while G is allowed to vary.

o For all of the values p € [1072, 1], we have
BFuop ' ° < 3, confirming that there is no

evidence for a GWB produced by cosmic
strings in the PPTA DR2.

e We place 95% upper limit on cosmic string
tension Gu as a function of p. For p = 1,
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