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A new window of observation?
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A new window of observation?

for Weiss, Bar/ish (LIGO/VI‘RG) and Tho
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Coming soon: LISA

- 3 satellites, 2.5 mio km apart
ESA mission
- launch ~ 2030

currently ideas for

3rd generation of
ground based detectors
are being developed
(ET, Cosmic Explorer)
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Cosmic history

GW150914
(400 Mpc = 10° ly away)

how far back
can we probe?
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Cosmic history

History of the Universe GW150914
(400 Mpc = 10° ly away)
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Outline

Introduction to  gravitational wave physics

The stochastic gravitational wave background (SGWR)

Probing the particle physics driving cosmic inflation
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Some useful properties of GWs

perturbations of the background metric: (g2 — g2 (1) (77W + hyw (x,7))dxtdx”

AN

scale factor: cosmological expansion | GW
flat metric
governed by linearized Einstein equation (hi; = ahs;, TT - gauge)
E;;(k,7)+ P2 _ & hij(k,7) = 167 Gally(k,7) source: anisotropic.
a - ~ - (not spherical symmetric)
e source term from 0Ty stress-energy tensor

k> aH : hi; ~cos(wt)/a, k< aH : h;j ~ const.

oo dk k(i
a useful plane wave expansion: h;; (z,7) Z / /d2k he (k k(T) el (k) e~ (7—ke)

ij
Na(Tz)/a(T)

transfer function , expansion coefficients , polarization tensor P = 4+, X

. .
. .
. ‘
. v
T T
. . X
.. L

with the subsequent cosmological evolution
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Hunting for primordial GWs
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Sources of GWs

Inspiral Merger Ring-
down

transcendent signals: merger of compact objects

(black holes, neutron stares,
white dwarfs, ...)

| — Numerical relativity
I Reconstructed (template)
1 1

stationary signals: sum of unresolved transcendent
sources

cosmological stochastic background

In the following: focus on stationary signals
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Outline

Introduction to  gravitational wave thsics

The stochastic gravitational wave background (SGWR)

Probing the particle physics driving cosmic inflation
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The SGWB

Besides transient events (eg BH mergers) we also expect a stationary, isotropic
stochastic gravitational wave background (noise):

cosmological event
& or unresolved
astrophysical sources
(or instrument noise)

‘CMB: Penzias & Wilson, ‘644

probed by 2-point (cross-) correlation
of detector time stream

observational quantity in direct detection: ‘,

1 apgw(l{?,’r) 1 : .y
Q — — .. (¥)
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Decoding the SGWB

a(Tx)

; Js = (E*H*_l)_l

a(7p) \

~1 for cosmological sources

redshift of frequency in expanding Universe:  fo = /s

INn a radiation dominated Universe,

fo [Hz] t.|s] Ty [GeV]

fo~107% Hz ¢! ( Ly ) ( I+ )1/ ° PTA 1078 1076 0.1
GeV /A 100 —p LISA 1072 107 10
ty ~ 107 s ¢, * (%Y (100) . ET/CE 1 10722 107
fO G LIGO 102 10—26 109

pro!!ng ear‘y Unllverse pHys!cs at energy sca‘es !ar Eeyon! partllc‘e co“!!ers
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Some possible sources

ey ane e
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Some possible sources

i Bt —---03 BH & NS mergers
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Outline

Introduction to  gravitational wave thsics

The stochastic gravitational wave background (SGWR)

Probing the particle physics driving cosmic inflation
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cosmic Inflation in a nutshell
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14
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Planck collaboration ‘18

large vacuum energy «» exponential expansion «{» homogeneity of CMB

quantum fluctuations

very successful paradigm, but very many possible realizations

=> become classical = tiny anisotropies in the CMB

we lack access to sub-CMB scales
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Scales and horizons
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Hunting for primordial GWs

BICEP2 ‘14
10° : :
BICEP2  CBI T T
BICEP1 Boomerang ,.:"‘" e v'J’
QUAD DASI -H
10" | QUIET.Q  wwmaP AR A
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= 10
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mo_ » S
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1072}
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102 h=” ?
10’
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hypothetical primordial Lensing

contribution withr ~ 0.17
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Hunting for primordial GWs

BICEP1202‘14 | | 10‘2(') N 1925
BICEP2  CBI w*" ";' |
oo, T e
< QUIET-W  CAPMAP —v—%t v , ]
EK / LIGO _
8, | = % \. of T é
< 10— Z 4015 | inflation A e 3BO/DECIGO !
= . c r=0.1 SsoU Y :
10 ) 10—20:_ \ '
T : |
10 0 ool 107%%F time of re-entry (Y '
10—30:_ T . S T T S T SR
hypothetical primordial Lensing 102 107" 107 10  10° 10° 10"
contribution withr ~ 0.17 f[Hz]

sensitive to CMB scales with suitable detectors, probe 30 orders of magnitude
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Slow-roll inflation =§» very flat scalar potential
Reheating after inflation =§» coupling to the SM

Inflaton as Pseudo Goldstone Boson
with shift-symmetric couplings

Striking phenomenological signatures
at sub-CMB scales !




Slow-roll inflation = very flat scalar potential

Reheating after inflation =§» coupling to the SM

\

Inflaton as Pseudo Goldstone Boson
with shift-symmetric couplings

THIS 1S WHERE YOU
LOST YOUR WALLET?

NO, I LOST IT IN THE PARK.
BUT THIS IS WHERE THE LIGHT IS.

;
.m@ ﬁl

Striking phenomenological signatures
at sub-CMB scales !




coupling to U(1) gauge fields

Turner, Widrow 88,

1 U Garretson, Field, Caroll '92,
£ = — ,LL¢8'LL¢ — —F"'u F/U/ Anber, Sorbo ’06./°10/’12,
4 Barnaby, Namba, Peloso "11,

Barnaby, Pajer, Peloso ‘12 ,

| :
d AC:ZI;T(QTa k) + [k2 %Ai(ﬂ k)=0, &= Q?Ig?ca

* + = helicity

1 / explosive production of large scale helical gauge fields towards end of inflation

’ =

additional friction modifies dynamics of inflation ¢+ 3Ho + V/(¢) — f
a

~ controlled
by &
| \/ |
~ most relevant {i
' towards end of |}

inflatio A

\ additional contribution to scalar and tensor power spectra
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coupling to U(1) gauge fields

gravitational wave spectrum
inflaton scalar potential:

T ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ' ! ! ! ! T !
5| ] |
I I / ] | I y A f¢
_7 I / 11 b1 .
107" 1 PTA : K LISA et fo >~ 92 Mp
| 7 l' : lv’}’/ 1 , . .
10~ | AN } 1,‘0 H ! see also [Binétruy, Domcke, Pieroni '16]
S , L/ \ ! ‘{ /
= —/ ! AN
C(:D 10—11 B : / \\ ', / “ I" |
| III \\ 'III ‘l ET ]
10-13 | ¢ o l i
/
/
, / |
10_15 | —r— <¢' > Oé/fa | _
—17 | ‘ ‘ ‘ ‘ | ‘ ‘ ‘ ‘ | ‘ ‘ ‘ ‘ | ‘ ‘ ‘ ‘ | ‘ \ ‘
10 . - -
10-20 10-15 10-10 10~ 1 10° maximally polarized, non-gaussian
* f[Hz] *
CMB end of inflation
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dual fermion & gauge field production

U(1) gauge symmetry + massless Dirac fermion + pseudo Goldstone boson + chiral anomaly:

¢ chiral rotation

uv —
S:fdélx{\/%[gz auqbavqj—V(gb)]—iFMFW-H/J(iJ—gQA)l/J—ZQ!Zf HJSB}

/ghiral anomalies in the SM:

© piondecay 7’ — vy

< baryon and lepton number (B + L)
1 A, A, |

no_ v
‘ 0 # Ouf = — 7= —— F F* “»vf
| '

helical gauge fields
and chiral fermions

Jéf — ¢7ﬂ7 (2
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dual fermion & gauge field production

Domcke, Mukaida '18

helical gauge field production

~ one helicity of gauge field acquires tachyonic mass

© parallel E,B fields; constant & homogeneous on scales << H-1

(chiral) fermion production Nielsen, Ninomiya '83

~ fermion production in constant E,B background

© quantum Schwinger - type’ production (-> anomaly equation)

backreaction on gauge field production

~ fermions are accelerated in gauge field background

~ induced current inhibits gauge field production

4% — 0, (:}b FW) .00 9QJY = 0

N—
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phenomenological implications

- GW spectrum Domcke, Mukaida ‘18
Domcke, Ema, Mukaida

| !/ / noorvery heavy fermions In preparation
/o \//I'Iz,‘/',,
1078 | \ e
N ,z'f iRy /
% 10_10 | \\ ',/ ’,’ \\ e /I/ | .
L PO, ~ lower bound for massless fermions
10™ B \ ] i
l,,l N
10714+ ’/
e —— o
070 | | ————_ vacuum contribution
1071° 10710 107° 1 10°
f [Hz]
© scalar power spectrum Domcke, Mukaida 18
~ production of SM fermions & gauge fields —{» efficient reheating Cuissa, Figueroa ‘18

< production of long-range, classical gauge fields
= under certain conditions, these can survive until EW phase transition

—[» baryogenesis from decaying magnetic fields @ EW phase transition
[Kamada, Long '16, Jimenez, Kamada, Schmitz, Xu '17, Domcke, v. Harling, Morgante, Mukaida '19 ]

GWs as a proBe of paﬂwle pHysms

Valerie Domcke (DESY, Hamburg)

Particle production in the Early Universe 23



Conclusion and Outlook

The SGWB is our cosmic history book:

- all “sufficiently violent’ events are recorded, since the Big Bang
- different epochs correspond to different frequencies

~ every record is a convolution of the actual event with the subsequent cosmological history

~ ltis very hard to decipher!

Axion inflation

~ Axion as a PNGB with shift-symmetric couplings

<~ enhanced GW spectrum at sub-CMB scales with characteristic features

~ connected to open questions in particle cosmology

Stochastic Gravitational Wave Background 24 Valerie Domcke (DESY, Hamburg)



Conclusion and Outlook

The SGWB is our cosmic history book:

- all “sufficiently violent’ events are recorded, since the Big Bang
- different epochs correspond to different frequencies

~ every record is a convolution of the actual event with the subsequent cosmological history

~ ltis very hard to decipher!

Axion inflation

~ Axion as a PNGB with shift-symmetric couplings
<~ enhanced GW spectrum at sub-CMB scales with characteristic features

~ connected to open questions in particle cosmology

Thank you !

Stochastic Gravitational Wave Background 24 Valerie Domcke (DESY, Hamburg)



Backup slides
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coupling to U(1) gauge fields

¢
tensor power spectrum V="MW [1 — cos <f—¢ scalar power spectrum
f¢ ~ 9.2 MP A [Mpc]

| - 10-20 10-19 10-10 107° 100 10°
-3 —+ . r . 1. 1 - r r T 1 T T T T T T T rJ7r T 7
10_5 B | LIGO N 10 ?——----—~~ 2 1 7
/ Iy I 7 ; CGE— N2~ — :
7 : / ": v S 10-4 L \ < N(2mg)* ]

1077 | PTA | J LISA {1\ /i Lo N<<lo - PBHprod.
| [ | I i \ ]
10—9 B : III \\ "' : ‘é’l},l# | g 10_5 3 “ vacuum E
| \ = i . ]
% f AN 5 el \  +U(1) gauge fields *

G Iy k 'II v/ 2 \
I Iy \\ 'y v ET % 10—7 L \ i
10-13 1 ' u’/ 7 8 \ |
, L \
< ,7 ’ > a/fa 3 1078} \
10719 | ’ | ; \ —
f ——— 1079} N ;
o . LT .
10=20 10-15 10-10 1070 1 10° 0 10 20 30 40 50 60
f[Hz] * e—fold N *
CMB end of inflation CMB

maximally polarized, non-gaussian plateau at smallest scales = N 2 8
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coupling to SU(2) gauge fields

tensor power spectrum e=5x10"3 scalar power spectrum
N le-folds]
50 40 30
10_75"|"""':."'7' - T T T T
- /' ! *Y 7 Em==ay
] |‘/ / 10-3 ]
1079 F S | —> quasi abelian regime
- / ]
PTA :—/ 105 <__.|
% w07HE L/ |
> : |/ e non-Ab.|
5 ] Y <4 0 egime |«
S 0B L
10~ F
- | I (N I (N I N N B I....;I....I....I
10~ 10 1079 10 20 30 40
f [Hz] N [e-folds]

VD, Mares, Muia, Pieroni ‘18

spectral shape different than

maximally polarized for U(1) case
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dual fermion & U(1) gauge field production

1] helical gauge field production

~ one helicity of gauge field acquires tachyonic mass

~ parallel E,B fields; constant & homogeneous on scales << H-1
Horizon

2] (chiral) fermion production
~ fermion production in constant E,B background figures by K. Mukaida

© quantum Schwinger - type’ production (-> anomaly equation)
3] backreaction on gauge field production

~ fermions are accelerated in gauge field background

~ induced current inhibits gauge field production

ad ~ \ @
AY — 9, P ) = gQJf =0

T fq :
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dual fermion & U(1) gauge field production

tensor power spectrum

?2??

Stochastic Gravitational Wave Background

g0l = 1/v2 scalar power spectrum

N 1073 e vacuum

= ™ + U(1) gauge fields

£ \ .

35 \ 4 fermions

S 107°°

:)i ,;\"/ upper bound

% 107 estimate

o

©

1 N R L e e 1

S 1070 N se—mmmmm
0) 10 20 30 40

VD, Mukaida ‘18 N [e—folds]

backreaction from fermion current
dampens gauge field production
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probing the tensor power spectrum

107° ) ,'ll LIGO 4]
7 : /I /! L] l’ /" | :
1077 | PTA 1|/ / LSA iAW 7 - amplitude?
1 / I || ” o’
y VAN ALY
o 107 VAR * ~ spectral shape?
2 10-11; }_/I \ ,",/“ J S
s 7 y \ Iy v et 7 © non-gaussianities?
10713 v | i~ ation?
| Y, | © polarization’
1019 1 /'
10-177‘ | T \ |
10720 10-15 10~10 1070 1 10°

measuring all these properties of the SGWB
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probing the tensor power spectrum

105 | I LGO
* ' / ,': ] .
1 .
107 | pra il /7 usa FIAR T © amplitude?
’ : Ill \ [ ‘J}’/f, |
-9 L \ [ | I i
o 107 i—/l \ x;l/ | © spectral shape?
3 1011] L/ VAV | ianities?
G , % iV OET | - nhon-gaussianities Figueroa, Ricciardone,
10—13 u ’ ‘llll i . ] ? VD, et al ,18
| Y, , ~ polarization” [LISA Cosmo WG]
10—15 - /, |
10—17 7\ ‘ T S S S SRR \ ‘
10720 10719 10710 107° 1 10°
flHz]
CMB

measuring all these properties of the SGWB

Stochastic Gravitational Wave Background 30 Valerie Domcke (DESY, Hamburg)



Tensor power spectrum

a simple parametrization

vacuum + sourced contribution: L
of the scalar potential:
2
_1( H L H® N2
GW = 12(7rM j (1+4.3x10 MTéme ) €, = l : V9) :ﬂ Mukhanov '13
P d 2M o\ V(9) N”
N

p = 1 (Quadratic)
p = 2 (Starobinsky)
p = 3 (Hilltop)
p =4 (Hilltop)

10°™ 10710 107° 10° 10°
| o f[Hz]
Binetruy, VD, Pieroni 16 ‘strong enhancement on small scales rong enhancement on small scales

Stochastic Gravitational Wave Background 31 Valerie Domcke (DESY, Hamburg)




Tensor power spectrum

a simple parametrization
of the scalar potential:

vacuum + sourced contribution:

2
_1( H 5, H? it ()
GW_lZ(ﬂ:M j (1+4.3x10 66 ) € = 1 > V(¢) :ﬂ Mukhanov "13
P P 2M o\ V(9) N?
N
60 p = 1 (Quadratic)
i p = 2 (Starobinsky)
107} p = 3 (Hilltop)
I p = 4 (Hilltop)
10-14;
= :
é% 10-19| polarized
| * non-gaussian
1072 | (kYRR V() g 2 Qi (K)
0=
107" 10710 107° 10° 10°
f[Hz]

Binetruy, VD, Pieroni 16 sfro'ng enhancement on small scales
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Scalar power spectrum

vacuum + sourced contribution: 1o 506(13“1?)
=1-2m =,
2 2 (EB) 2 3AH¢@
o
A*(k)=A*(k). +A(k = — | + : S LGHY
S (K) = AS(K) e + AV (K) guuge 271l 3bH¢ (EB) ~ N - 2.4-10 45—4@2 ¢
N
60 50 40 30 20 10 0
-3 p = 1 (Quadratic)
1077 < p =2 (Starobinsky) 3 parameters:
] p = 3 (Hilltop) OC/A,ﬂ, p
p =4 (Hilltop)
107°
Nl'/)
10~/
nszl—%—Ge.
107° :
| Binétruy, VD, Pieroni '16
10°™ 10710 107° 10° 10°
f[Hz]

uncertainties in strong
back reaction regime, . quasi-univ
Sloth "15, Peloso ‘16
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coupling to SU(2) gauge fields

Maleknejad, Sheikh-Jabbari '11,

chromo - natural inflation, (0) Adshead, Wyman 12
gauge - flation A(T ac) A ( ) + 5A 7‘ x) Dimastrogiovanni, Peloso 13,
Adshead, Martinec, Wyman ’13
f R Dimastrogiovanni, Fasiello, Tolley '13, ...
homogeneous, isotropic 3 x 2 =6 modes

gauge field background
A0 — 0 :8 x U(1) -> 3 tachyonic modes
non-trivial attractor solution

for £ >2 A© £ 0 : 1 tachyonic mode,
with helicity + 2
AV (7) = (5 ) 5 —{» couples directly to spin 2 GW
g\—T

dynamically triggered by
vacuum fluctuations

‘but non-zero background allows for new effects.
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coupling to SU(2) gauge fields

Emergence of a non-zero, isotropic & homogeneous gauge field background:

schematic view

<& |—> non-Abelian regime
Abelian
regime
=
2
) N
*(7) \\@l . . (\,\\\)G
E (§ l' . * 8\\6
9 Q\)\ / g ’P:o
Y— Q . . . (\0(\ .
O X, . _ See also:
2 K chromo-natural inflation Maleknejad, Sheikh-Jabbari 11,
© R Adshead, Wyman ’12
= ’ _ Dimastrogiovanni, Peloso ’13,
time ———» Adshead, Martinec, Wyman 13
* * Dimastrogiovanni et al ’13, ...
CMB 5 > end of inflation
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SU(2) - background evolution
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SU(2) - background evolution

non-trivial solution for & > 2

1.0
VN
- I
o 0.5
O -
G
VN
™
ol |
S E’ 0.0
= I
~0.5
0 2 4 6 8
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SU(2) - background evolution

decay of anisotropies

Isotropy
1.0‘/.----.----.-- 2.0 fr———————— T
1.5F ]
[ F :
R T N
- ;n\"\/‘\—' E
m 0.5_ - m 0.5-_\: ‘{ \/ _.
| ] - A ]
Q 0.0:—II\‘ | ;
2y
—0.5:- \,D ]
Y
0)——t ~1.0 b SEEE—
-1.0 -0.5 0.0 0.5 1.0 103 102 101

T /Ty
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fermion production

Nielsen, Ninomiya '83

eom: O — (Zan :|: ’LV .o :|: QQA . 0_) wR/L Bavarsad, Kim, Stahl, Xue ‘18
auxiliary field: YryL = (10y Fi1V -0 FgQA - 0) DL B
assume constant E,B in z-direction: (4,) = (0,0, —Bz, Et) vx B
auxiliaryeom: 0= —8—2+8—2—( QBz —p,)° — (9QFt +p.)° + gQ (B+iE)o,| ®
ry . = |72 T o~ YEBT T Dy g Dz g 1) oz | Pr/L

separable differential equation with discrete energy levels (Landau levels):

E: WR —

5 _ 0 :I:\/pg—l—QngQB for n=1,2,..., ++/p2 + 2ngQB for n=1,2,...,
Wi, —
Dz for n=0,

—D, for n=20,

determine particle production induced by E-field
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fermion production (LLL

left-handed fermions right-handed fermions
. 2.0
1.0 1.0
Q 05 % 0.5
o
a — n=0 S — n=0
~ 0.0 — n>1 ~ 0.0 — n=1
§ -0.5 E‘ -0.5
-1.0 -1.0
-1.5 /\ -1.5 /_\
-2.0 T~ 2.0 T
-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
p-I\V29|Q|B p-I\V29|Q|B

fermion

production
N
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fermion production (LLL

left-handed fermions right-handed fermions

2.0

1.5 1.5

1.0 1.0

m 0.5 @ 05
o4 o4

Q o0 Q 00

§ -0.5 E‘ -0.5

-1.0 -1.0

-1.5 -1.5

-2.0 -2.0

-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
p-/\/2g|0Q|B p-/\/29|Q|B

fermion

production
N
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fermion production (LLL

left-handed fermions right-handed fermions

-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5

p2/\/29|Q|B p2/\/29|Q|B

anomaly equation !
Nielsen, Ninomiya '83

. . . aQ* . LLL g-Q*
_ B _ oY Uy _
q5 = qR|n=O qL|n=0 Y buvk =2 4772

fermion

EB

production
N

Stochastic Gravitational Wave Background 39 Valerie Domcke (DESY, Hamburg)



fermion production (HLL

left-handed fermions right-handed fermions
2.0 2.0 ~
1.5 \/ 1.5 \/
1.0 1.0
Q 05 % 0.5
o
—_— — n=0 S — n=0
~ 0.0 S ~ 0.0 — n=1
E -0.5 E‘ -0.5
-1.0 -1.0
-20 /—\ 20 /—\
-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
p-I\V29|Q|B P21\ 29|Q|B

fermion

production
N
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fermion production (HLL

left-handed fermions right-handed fermions

-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
p./v/29|Q|B p2/\/29|Q|B

fermion

production
N
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fermion production (HLL

left-handed fermions right-handed fermions

-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0

pz/\V 29|Q|B pz/\/ 29|0Q|B

fermion

production
N
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fermion production (HLL

left-handed fermions right-handed fermions

-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0

pz/\V 29|Q|B pz/\/ 29|0Q|B

B = 0 : Schwinger production

fermion L g2 ( w2
\production y =4 S | B —mEB+ B+
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fermion production - induced current

backreaction on gauge field production:

iIn equilibrium:

| \\\ 8000

Q upperbound

6000

constraints from

estimate | inflation with
) I 4000} r=0.1
> [ r=0.05
o | L&~
2000 ’
”H”"—. | ™a-0
on E- and B-fields ol

0 10000 20000 30000 40000
B/H?

Stochastic Gravitational Wave Background 41 Valerie Domcke (DESY, Hamburg)



fermion production

upper bounds on gauge fields

S
‘ermlon pl’O!UC!IOﬂ !ampens gauge ‘Ie‘! pl’O!UC!IOﬂ

N

Stochastic Gravitational Wave Background 42 Valerie Domcke (DESY, Hamburg)



PNGBs in the Early Universe

Turner, Widrow 88,
Garretson, Field, Caroll '92

explosive helical gauge boson production
additional friction modifies dynamics of inflation

additional contribution to
scalar and tensor power spectrum

v

baryogenesis from decaying helical gauge fields
Jiminez, Kamada, Schmitz, Xu ‘17

inflation on steep potentials Anber, Sorbo 09

‘relaxation’ of the electro-weak scale
Hook, Marques-Tavares 16

polarized SGWB at LISA and LIGO Cook, Sorbo "11/12

Barnaby, Pajer, Peloso ‘12
Stochastic Gravitational Wave Background 43

Dolgov, Freese ‘94

chiral fermion production

spontaneous CPT violation

v

add. contribution to scalar and tensor

power spectrum Anber, Sabancilar '16
Adshead, Pearce, Peloso,

Roberts, Sobrbo '18

spontaneous baryogenesis
Kusenko, Schmitz, Yanagida ’14
Adshead, Sfakianakis ’15/‘16

Valerie Domcke (DESY, Hamburg)



probing the scalar power spectrum

A [Mpc]
10~20 10-1° 1010 1070 100 10°
10_3 T T T — T :,I — T T T 1’ — T T T
emmmEEEaS A i Linde, Mooji, Pajer '13
: ™ | primordial black holes Muia, VD, Pieroni ‘17
o 10~4 - \‘ | ‘ |
2 i k
< ; \ _
E 1070} \ |
= : \ I UCMHs (model dependent) Bringmann, Scott,
8 : \ l—‘> Akrami ‘11
o i “ ,.
= _7 i \ ; . . )
9 10 f \ - L - distortions Binetruy, VD, Pieroni ‘16
5 | \ |
S 1078 :
» :
10_9 - B
0 10 20 30 40 50 + 60
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probing the scalar power spectrum

A [Mpc]

10~20 10~1° 10-10 1072 100 10°

1075} mmm—m i | R
- ~a A L Linde, Mooji, Pajer ’13
~ ™ ] primordial black holes Muia, VD, Pieroni ‘17

-4 | \
10 \

N

! UCMHs (model dependent) Bringmann, Scott,
% Akrami ‘11

1075

10_6 3

1077 | | - distortions Binetruy, VD, Pieroni 16

scalar power spectrum ASZ

10_8 3

109

50 * 60
e—-fold N
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probing the tensor power spectrum

signal from a single arm (return trip):

519 (t, fl) —N1 (t, fl) = ATis (t — 2L) ATQl (t — L)

a stochastic gravitational wave background (SGWB): see also [Romano, Cornish '17]

= ,.;"‘::3y

theory

combining the two: |
noise

<3%2 (tv f1)> -

stationary (correlated) “noise"
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probing the tensor power spectrum

signal from a single arm (return trip):

519 (t, fl) —N1 (t, fl) = ATis (t — 2L) ATQl (t — L)

Figueroa, Ricciardone,

a stochastic gravitational wave background (SGWB): VD, et al 18
[LISA Cosmo WG]

(o (£ F1) g (8 o) g (1 Fs) ) = 0@) (B + B + Es) ‘,

combining the two:

(3, (t, 21)) —(nd (t, 1)) = LP / &y / ks / d*k3 6 (121 +122+/2:’3) >

A1,A2,A34 I |

stationary (correlated) “noise" detector response d
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probing the tensor power spectrum

LIGO/LISA will soon detect a SGWB (from unresolved BH - BH mergers).

—{» We need to measure its properties (spectral shape, polarization, non-gaussianity)

Consider LISA:
2-pt instrument response cannot measure polarization Smith, Caldwell ‘17

3-pt instrument response to different GW helicities:

0010

0.005

E 0.000 f

] ~0.005 - 7

AAE f ; AAE,AEA |

_O‘OIOf :

00 005 0.10 050 100 5.00 005 0.10 050 100 5.00
kL kL
Figueroa, Ricciardone, A
VD, etal '18 non-gaussianity and helicity information (in principle) accessible

[LISA Cosmo WG]
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