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Pulsar Timing Arrays (PTAs) found an evidence of stochastic GWs?
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Pulsar Timing Arrays (PTAs) found an evidence of stochastic GWBs?
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Pulsar Timing Arrays (PTAs) found an evidence of stochastic GWBs?
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Bayesian model comparison for new physics
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Bayesian model comparison for new physics
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An Interesting possibility: (meta-stable) cosmic strings
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Ccosmic String: 76 Kibble
Z2-dimensional topological defect associated with U(1) symmetry breaking
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Cosmic string: 76 kibie

Z2-dimensional topological defect associated with U(1) symmetry breaking

Generated In the early Universe through phase transition, such as GUT breaking,
to form a network of Inifinite string and loops.
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Cosmic string: 76 kibie
Z2-dimensional topological defect associated with U(1) symmetry breaking
Generated In the early Universe through phase transition, such as GUT breaking,
to form a network of inifinite string and Ioops.
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The physical model parameter is only string tension, p ~ 277
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GWs from cosmic strings:

It the underlying U(1) symmetry Is a gauge symmetry,

loops In the string networks, continuously produced, shrink by emitting GWs.
‘81 Vllenkin, '84 Hogan&Rees, ‘85 Vachaspati&Vilenkin

credit: Daniel Dominquez
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GWs from cosmic strings:

It the underlying U(1) symmetry Is a gauge symmetry,

loops In the string networks, continuously produced, shrink by emitting GWs.
‘81 Vllenkin, '84 Hogan&Rees, ‘85 Vachaspati&Vilenkin

GWB from string loops (k =10 Gu = 1071
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Predicts a broadband SGWB spectrum,
earlier loops produces high-frequency GWs today
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Explaining PTA measurements?
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Explaining PTA measurements?
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The spectral index of the GW spectrum from stable cosmic string
IS too law to fit all the data.
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Metastable cosmic strings!
If we can reduce the contribution at low-frequency GW,
we may explain the PTA measurements by cosmic strings.
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Metastable cosmic strings!

If we can reduce the contribution at low-frequency GW,
we may explain the PTA measurements by cosmic strings.

It Is realized If cosmic strings are torn apart by the monopole-antimonopole

palr production. ‘sz vienkin, ‘92 Preskil&Vilenkin, 20, 21, 23 Buchmiller+

o

#Note that GUT often predicts such pair-creation like Schwinger effect.

2

- Tr
Decay rate per unit length: I' = g exp|—mk)| ) ~ _ monopole
2 I
GW emiSSiOﬂ iS SUppreSSGd after deCay_ 92 Preskil&Vilenkin; see also '24 Chitose+
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Metastable cosmic strings
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corresponds the case when string decays at around z ~ 3 x 10”
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Metastable cosmic strings
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corresponds the case when string decays at around z ~ 3 x 10”

The low frequency spectrum is reduced to fit the spectral index,
while the amplitude is fit by increasing the tension.
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Problems In metastable cosmic strings in explaining PTA measurements

- Larger string tension Gu ~ 107° Is favored, but it conflicts with non-observation

of SGWB at LVK

Good to explain PTA

10-¢
10-7 B~~~ P i1 =L
107
10~ TianQin
Ve
fj',_
10 2
107! :
: <. ! ( s
{I) E \-, I". //:,/
v NP g
i N

= Constrained by LVK
104 < ;S —— Gu= 108

A5 \ ; _

b — Gu=10"
107" A

\ — Gu=10"°
“DECIGO =

10~ N — Gu=10""
10 I I I I il I I I i I I ul I I

17 il vl vl ol 1 Lol ol g 11T BTN N V1S S 11T M AN U 1171 N WU U1 11| S A W R T1T| B AW U111 M A WA
10~10 107 1078 10~ 1079 107° 10~4 10~3 1072 10-1 10° 10 102 10° 104 107

—

Slide Background Courtesy: H. Oide



9/13

- —— —
Problems In metastable cosmic strings in explaining PTA measurements

- Larger string tension Gu ~ 107° Is favored, but it conflicts with non-observation
of SGWB at LVK
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- Monopole producing SSB scale is close to the string forming SSB scale
-> [t the monopoles are also produced just before string formation,

string network would not be formed, but monopoles are annihilated by strings.
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Delayed scaling scenario resolves these two issues.

'89 Yokoyama, '12 Kamada+, 20 Cui+

It the phase transitions take place during inflation, monopoles are first
produced and sufficiently diluted, and long strings are then formed.
Long strings are also diluted to superhorizon scales until the end of inflation.

- -
o3 "W
1 Y
= | 1 1
~ H. y '
inf ' k
hd Vs
s o
N

— —— = —

Slide Background Courtesy: H. Oide



10/13

— S = —
Delayed scaling scenario resolves these two issues.

'89 Yokoyama, '12 Kamada+, 20 Cui+

It the phase transitions take place during inflation, monopoles are first
produced and sufficiently diluted, and long strings are then formed.
Long strings are also diluted to superhorizon scales until the end of inflation.
After inflation at relatively later time, they enter subhorizon scales,
to form the string network.
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Representative SGWB spectrum
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PTA and LVK can be consistently explained by cosmic strings with

Gu~107°>"" J/k~8, 2. <10

- —— —<‘5€’_’=>— .

Slide Background Courtesy: H. Oide



11/13

o -@— e
Representative SGWB spectrum
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PTA and LVK can be consistently explained by cosmic strings with

Gu~107°>"" J/k~8, 2. <10

Can be tested at LISA, Taiji, TianQin, DECIGO, and BBO!
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Some technical issues

0° e . We identified that the high
N ; aw— frequency tail should be
o / ’ Qawh? oc f71/3
o // . : around the LVK scales,
077 IENO | with analytical explanation
= ?g ot of the numerically calculated
0 A st SGWB spectrum from cosmic
R (s e 1= L T |
sl strings.
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Some technical issues

0 m . We identified that the high
N frequency tail should be
10 @
109 ] 2 —1/3
o / % ngh X f /
$ // _ - around the LVK scales,
071 ORI | /A with analytical explanation
10~ 14 S — G =105, /5 = 61 —mm 2z =2x 108 % :
ol Pl — G vr-ves J e of the numerically calculated
o T G SGWB spectrum from cosmic
B L e 11 1 1 1 1 L 1

N fltz strings.

Low frequency cutoff rules out Gu > 107°,

consistent with statement of NANOGrav collaboration.
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Summary

- Pulsar Timing Arrays might have discovered the stochastic GWBSs,
which can be a smoking gun of new physics Iin the early Universe, If ever.

- One of the most interesting possiblilities is cosmic strings.

- If cosmic strings are metastable, PTA measurements can be explained well.

- The problems of too close monopole producing symmetry breaking scenario
as well as non-detection of SGIB at LVK can be resolved by adopting

the delayed scaling scenario, where the they are formed during inflation.
- Good target for LISA, Taiji, TianQin, DECIGO and BBO!
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Gravitational Wave Spectrum

T. Vachaspati and A. Vilenkin ‘85; J. J. Blanco-Pillado and K. D. Olum ‘17

* The power spectrum is

ng(t())f) _ 1d ng(t()?f)

Pc d Inf
* The energy density of GW per unit logarithm frequency interval
dogultor ) _ . o e infinity?

din f — G,LLQf\E,Ck(th ok
k=1 Redshift when string network

* Coefficient Ck(to, f) Is giver)_lg\}/ reach a scaling regime

2k \Zfi’ dz’ 2k /
o) = | wa o (e ®)
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String Network Model for Metastable Cosmic String
e The number density of string |OOpS before ts, 82 Vilenkin, '92 Preskil&Vilenkin, ‘20, '21, '23 Buchmiiller+

R (1) = nt, (1, £)eall(t=1/@)+ DG p(t—1/2)? /2], T, — % exp|—TH]

* The number density of string loops after ¢5 but before teq,

0.18
t3/2(1 + T'G ut)>/?

AL (1, 1) = e Tallt=to)ATCR=t) /20 (o, — [(t4;t,1)) O(teq—t).

* The number density of string loops created during radiation dominated but survival
the matter dominated 1s

0.18(2HQ,/?)3/2

) = T TG (142(t))Pe Tall =t TCRE—LD2Q (at, — U(ty;t,1)) O(t—teq)
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Gravitational Wave Spectrum
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Restriction for High Frequency Tall
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* At physical time ¢, the loop length
should be longer than wavelength
of GW it emits and both of them
are larger than string width

l(t) > Aaw > )

e The maximum value of
harmoinc mode number is

given by
[(t)

kmax — A C
20

* The loop length is
[(t) =1 —=TGu(t —1t").

* The string width is
6 ~ (n/2m)~1/
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