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cosmic strings in a nutshell

Cosmic strings : one-dimensional topological objects formed in a early Universe phase transition

symmetry breaking pattern G — H produces cosmic strings if I1,(G/H) # 0.

form a cosmic string network, evolves through

< string (self-)intersection — loop formation

~ emission of particles and gravitational waves (GWSs)

enter scaling regime (constant fraction of total energy density) : [Allen, Shellard 1990]
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metastable cosmic strings

i Vilenkin ’82, Leblond, Shlaer; Siemens '09;
consider 50(10) = Ggy X U(l)p_, = Gy [ Moniln, Voloshin ’08+°09; Drorl et al '19]

I1,(Gg, X U(1)/Ggy,) = 111 (U(1)) #0 e cOSMIC Strings ?
I1,(50(10)/Ggy,) =0 wf»  NO COSMIC strings n
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metastable cosmic strings

considerS0(10) = Gy U1y = G ik ek S e o
I1,(Gg, X U(1)/Ggy,) = 111 (U(1)) #0 e cOSMIC Strings ?
I1,(50(10)/Ggy,) =0 wf»  NO COSMIC strings n

resolution: no stable cosmic strings

SO(10) = Gg, X U(1)p_; generates monopoles O ® O

Gy X U)g_ = Gy generates cosmic strings

string - monopole gas
-> decays fast
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metastable cosmic strings

considerS0(10) = Gy U1y = G ik ek S e o
I1,(Gg, X U(1)/Ggy,) = 111 (U(1)) #0 e cOSMIC Strings ?
I1,(50(10)/Ggy,) =0 wf»  NO COSMIC strings n

resolution: no stable cosmic strings

SO(10) = Gg, X U(1)p_; generates monopoles
inflation dilutes monopoles
Gy X U)g_ = Gy generates cosmic strings
-> metastable cosmic string network, string - monopole gas
decays through Schwinger production of monopoles -> decays fast

U~ l%_L string tension,

[, = o exp(—zwm?*/u)

27 m ~ vgUT monopole mass

Probing the scale of grand unification with gravitational waves 4 Valerie Domcke (DESY, Hamburg)



metastable cosmic strings

considerS0(10) = Gy U1y = G ik ek S e o
I1,(Gg, X U(1)/Ggy,) = 111 (U(1)) #0 e cOSMIC Strings ?
I1,(50(10)/Ggy,) =0 wf»  NO COSMIC strings n

resolution: no stable cosmic strings

SO(10) = Gg, X U(1)p_; generates monopoles ( [
inflation dilutes monopoles

R

Gy X U)g_ = Gy generates cosmic strings
-> metastable cosmic string network, string - monopole gas
decays through Schwinger production of monopoles -> decays fast

U~ l%_L string tension,

[, = o exp(—zwm?*/u)

27 m ~ vgUT monopole mass

Probing the scale of grand unification with gravitational waves 4 Valerie Domcke (DESY, Hamburg)



gravitational wave signal

[see eg. Auclair, Blanco-Pillado, Figueroa et al '19]

gravitational wave emission from integration over loop distribution function:

GW power spectrum of a single loop

Qe (f) = pew(f) _ 8xf(Gp) Z

p.olnf  3H3?

# of loops emitting GWs
observed at frequency f today

# of loops with length £ at time ¢

e 0.18
T BR(E + 50 Gut)>”?
decay of cosmic string network at cosmological history
evaluated analytically for £ < 50Gut and £ > S0Gut:
G\ 12 107 1/2
Qow(f) =8.04Q, <—”> min [(f/£)*%1], fi =3.0x10" Hz e~™" <—)
50 Gu
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gravitational wave signal

standard prediction for stable cosmic strings: metastable cosmic strings:

highly constrained by PTAs, Gu < 107! discovery space for LIGO, LISA and ET
LISA
\ . ’.’,’ | solid: numerical
| p ! .
\ A dashed: analytical
! y) ./ I
\ ’ Y/
\\ 'l ‘\ II ,’
N/ ,’ \9 !
:" l’ \ ’I
; / \\\ 'Il \\\ /ll |
y \
'l \\ Il \/
4y 7 L, - — _
'l \\\ ’I I' \/? 6 \/’_C - m/\/ﬁ ~ vGUT/vB—L
J (N
’ </ 'I 1
.'I 1 1 1 I.I 1 1 1 1 1 1
107 10° 10
f [HZ]

SO(10) = Gg, X U(l)g_; = Gy withvg_; S vepr can be tested with GWs !
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B-L phase transition

gauging U(1)z_;

- global (accidental) symmetry of the SM, subgroup of GUT groups, eg SO(10)
- anomaly cancellation requires introduction of 3 right-handed neutrinos nl.c

- B-L dynamically broken by B-L Higgs field S ""saw mechanism

1% C 1 N,,C,,C v%—L
W = WMSSM + hlJSZ*n] Hu + _zhl ni ni Sl + AD > — Slsz + WO
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cosmological B-L phase transition

1 VE_
W —_ WMSSM + hgsl*n]cHu + _2hlnnlcnlCS1 + /ICI) B2 L - Slsz + WO

Before Phase transition After
@ hybrid @ tachyonic @ reheating
inflation preheating @ leptogenesis
@ cosmic strings @ dark matter
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hybrid inflation

[Buchmiiller, VD, Kamada, Schmitz ’14;
Schmitz, Yanagida ’18]
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Real inflaton component o [v]

reproducing CMB observables (A, )
eliminates two parameters
out of three (4, vg_;, My )
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hybrid inflation

[Buchmiiller, VD, Kamada, Schmitz ’14;
Vp_1 Schmitz, Yanagida ’18]
=515 |+ Wy, Wy~ ms,Mp

WD iD

[\)Odl\.)

g
o

—

[{m3p = 50TeV|

p—
N
——

-
o

©
9

Imaginary inflaton component 7 [v]

e
o

Real inflaton component o[] reproducing CMB observables (A, )
eliminates two parameters

out of three (1, vg_;, M3 )
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(p)reheating and leptogenesis

solving coupled Boltzmann equations: [Buchmilller, VD, Schmitz "12]

Inverse temperature M;/T

Schematic view 5010_2 | 107" | 10" - | | 10! N 10°

.- | Gauge

Higgs + - S

| Inflaton () I

Y

\ X | Right-handed ™

' Neutrinos (N;, N;) —

\ @ Z
[95]
0
<

DM
= higgsino
" or wino

a  Radiation(R) +
B-L asymmetry (B—-L)

v 1030///

Gravitinos (G) i

[ ] tachyonic preheating

25|
_____ > fast process 10 i
- slow process T

10° 100 10> 10° 10* 10° 10° 107 108

Scale factor a / apy

— _ (mpmp)y,
parameters: m; =

—6 1
€1 52X 10 1010 GeV’Ml’mS 1, Mg, Mo, 1y gp

Probing the scale of grand unification with gravitational waves 11 Valerie Domcke (DESY, Hamburg)




(p)reheating and leptogenesis

solving coupled Boltzmann equations: [Buchmilller, VD, Schmitz "12]
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yields reheating temperature, baryon asymmetry (thermal + nonthermal), dark matter
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inflation, reheating, leptogenesis and dark matter

: v : b
5D parameter space: vg_;, 1, M3, M, My gp observables: A, ng, Qp, 115"
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X
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Can be tested with LIGO !

embedding in SO(10) : gravitational wave signal from metastable cosmic strings

ve_L / [In(8 g2/A)]"2 [GeV]
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Cosmological B-L breaking as common origin of inflation, leptogenesis & DM will be tested by LIGO
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Can be tested with LIGO !

embedding in SO(10) : gravitational wave signal from metastable cosmic strings

ve-L / [IN(8 g°/A)]"* [GeV] stable cosmic strings
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Cosmological B-L breaking as common origin of inflation, leptogenesis & DM will be tested by LIGO
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Conclusion

Spontaneous B-L breaking at vz_; ~ 10'°> GeV explains

& cosmic inflation in the unbroken phase
& reheating and leptogenesis through decay of B-L Higgs and RH neutrinos

& dark matter as neutralino LSP

Symmetry breaking SO(10) — Gg;, X U(1)5_; = Gg,, results in metastable cosmic strings

& avoid low-frequency bounds (pulsar timing arrays)

& large GW signal (~scale invariant SGWB) predicted in LIGO and LISA band
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Conclusion

Spontaneous B-L breaking at vz_; ~ 10'°> GeV explains

Thank you!

& cosmic inflation in the unbroken phase
& reheating and leptogenesis through decay of B-L Higgs and RH neutrinos

& dark matter as neutralino LSP

Symmetry breaking SO(10) — Gg;, X U(1)5_; = Gg,, results in metastable cosmic strings

& avoid low-frequency bounds (pulsar timing arrays)

& large GW signal (~scale invariant SGWB) predicted in LIGO and LISA band
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