Probing New Physics with Gravitational Waves

Jan Schutte-Engel

PIKIMO Spring meeting, Ohio State University

based on
[Ringwald, JSE, Tamarit 20], [Ghiglieri, JSE, Speranza 22]

04/29/2023

I ILLINOIS

AAAAAAAAAAAAAAAA



Energy 10" GeV 10'5-10'° GeV

0.1 GeV

EW phase trans. QCD phase trans.

A

Planck Scale (Pre)Reheating
L} ! L}
I | PR
inflation

radiation domination



Energy

10*° GeV

Planck Scale
A

10'5-10% GeV

(Pre)Reheating
A

100 GeVv 0.1 Gev

EW phase trans. QCD phase trans.

|

|
inflation * @
Xy

[y [y
I
° PR 4 . e R ‘e
. o .
: 0 Lo o °
[} + 90 o+ ¢ o
= — ——o—
radiation domination

o o

1/8



Energy

10'° GeV 10'°-10% GeV 100 GeV 0.1 GeV
Planck Scale (Pre)Reheating EW phase trans. QCD phase trans.
A ! A A A
I L N I
inflation ° ° o 0 L
o . . .

°c 0. °
(] Py [ ] . PN

radiation domination -

1/8



Energy

10'° GeV 10'°-10% GeV 100 GeV 0.1 GeV
Planck Scale (Pre)Reheating EW phase trans. QCD phase trans.
A ! A A A
I L N I
R . O ) .« 0 . .
inflation ° ° < ° R o
c 0. ® .. °
(] Py [ ] . PN

radiation domination -

1/8



Energy 10" GeV 100 GeV 0.1 GeV
Planck Scale max EW phase trans. QCD phase trans.
A A A A
| NAY/ DN T
o\ ® D ) D) .
° U ° LI
* 0. ° 0 > t e .. ° ° e
. o . o
radiation domination
1
today g*S( TO) ® Kmax
wg = T

g*s( Tmax ) Tmax 0

1/8



Energy

g

10'° GeV 100 GeV 0.1 GeV
Tm X
Planck Scale @ EW phase trans. QCD phase trans.
A A A A
I I I
° ) )
o ° J
. .
* 0. 0 > ® .o, °

1
s kmax

wtoday _ < g*S( TO)

g*s( Tmax)

)

Tmax

1/8



Energy 10% GeV 100 GeV 0.1 GeVv

Planck Scale max EW phase trans. QCD phase trans.
A A A A
| | |
-\ 0 . OB ) [ ]
° J ° o

.o..._ .oﬂ...

radiation domination -

1 1
today g*s(TO) % Kmax - g*S(TO) ¢ 5
Yoo T (g*s(Tmax) Tow °~ \gam ) TT°

Cosmic Gravitational Microwave Background (CGMB)

1/8



Distribution functions

- _ Number of ¢-states with momentum k in d®k interval

V d3k/(2r)3 ’
- _ Number of gravitons with momentum k in d®k interval
o Vd3k/(2r)3 ’
p' P1
Evolution equations P'm b g B

fo(t.k) = Go(t.K) — Ly(t,K),

f(t.k) = [GhlEK)| — Ln(t k),
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Lowest order processes
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Lowest order processes

hoo o SR + R

Freeze-in scenario:
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Quantum Gravity effects

An example:
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[Ghiglieri, JSE, Speranza, in progress]
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Tmax
thgW(fg) - i nB(ymaX) _ + - + -
P

2rf, 1/3 f 1/3
i = g 9xs(Tmax) = 8 9xs(Tmax)
With Yonax = Ttoday (g*S(Ttoday)> =014 (1 ) ( 2 )

— total = ——- (2,2) single graviton prod. ~ -=--- (0,4) graviton pair prod.

Tnax/mp = 1073, A =101

1ot 10%
Sy [Hz]

[Ghiglieri, JSE, Speranza 22]
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The CGMB spectrum in the Standard Model
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[Ghiglieri, Jackson, Laine, Zhu 20]

(only single graviton production processes included)
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The CGMB spectrum in the SM and beyond
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[Ghiglieri, Jackson, Laine, Zhu 20], [Ringwald, JSE, Tamarit 20]
In BSM theories:

SM [ MSSM
foeak ( Tmax) ~ 9+s(Tmax) | 106.75 | 228
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Conclusions
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Backup



CGMB for complex scalar model
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Details on the Matrix elements
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(6 f 1 T i k [k
K = 5 T° (F) ¥ (7)o (7)

for (i,j) = (2,2) and (i, /) = (0,4)
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[Ghiglieri, JSE, Speranza] 1258



GW spectrum

Reminder:

- Number of gravitons with momentum k in d®k interval
V d3k/(2r)3 ’

S uan 2
In expanding universe:

d3k
@t Mt = | 3,
84/3(1‘) (2) ’

We can integrate this by using s + 3Hs =
Use to convert to temperature mtegral.

aT _ [4n ()1g*s( T
ot 25 9" g (T my
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Inflationary bound on T,,ax

3
ping = BH2 M} ~ S rAsM}

From CMB observations:
pins < (1.6 x 106 GeV)*

And with
2
T 4
Pinf = 30 g*p(Tmax)Tmax

106.75 }1

Toax < 6.6 x 10'° GeV {
9p( Tmax)
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Stochastic GWs: dark radiation constraints

2
with p= %
™

_1dpgw
& pdinf’

Pgw  df -
7 = /0 Tng ~ ng(fpeak)

Pgw Aprad 7
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0 0 = 0 P 0**rg
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17 > ANgg = 5.6 x 10 AN

_6 [ AN
Mg Qg (Foeax) < 1.68 x 107° (03)

g+s(To) = 3.90, g+s(T) = 10.75, Ty = 2.72K, H?Q, = 2.47 x 1075
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Graviton pair production dominates

if:
/\21/)(2’2) (ymax) < 1 (ﬁ)z 1/)(0,4) (Ymax)
3\ mp

(result also applies for more general models)

Equilibrium condition:
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[Ringwald, JSE, Tamarit 20]
SMASH: 8 x 10° GeV< Tyax < 2 x 10°GeV
vMSM: 3 x 108 GeV< Thax < 1 x 10 GeV
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Detection prospects



GW photon mixing

(: : 1 Lo, UV ! ’

]
£ —v=079""9" FuFaps

Linearized Gravity

9uv = Nuv + h;,tl/

Then Lagrangian contains terms of the
form:

1
LD —Zﬁ”a h? F;U/Faﬁ

cf. axions £ D — 1 gay aFpu FH
1958



Resonance frequencies in GHz regime
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Sensitivity to stochastic GW background

VE DTy
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additional noise source in the detector
v
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Sensitivity to stochastic GW background

T

A\N\I\,\‘ ; 5 o SNR= Shoise - WnQ| | B VcavSh(wg)

., 0 Qcw(w) = % Sh(w)

; A,:IN""WV RV
W

Or\:

0 Qgw =8 x 1010 x (92F) (%)2<181’7-Iz)2(1v§:> (122 ()

o Cosmologically produced GW backgrounds Qgw < 10~€.
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GW production in primordial plasma
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GW production in primordial plasma

QCGMB(fpeak) ~ 2.7 X 10_8 (

f

g*s( Tmax)
106.75

—11/6
) . x (model dep. factor)
foeak ( Tmax) ~ 79.8 GHz- x (model dep. factor)

SM

vMSM

SMASH

MSSM

g*s(Tmax) ~

106.75

109.75

124

228

characteristic amplitude:

ho(f) =1.26 x 107 ™® [

Hz
T] x \/HRQEL(F).
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