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probes of scalar power spectrum

CMB: P:(k)~10"? @k~ 0.05 Mpc™*

at smaller scales much weaker constrained:

- scalar induced GWs (SIGWSs) (+C¢—h see also Fabrizio's
talk yesterday

f=k/(2r) ~107? Hz (k pc)

* primordial black holes (PBHS) ( ~dp — PBH

My = 3mH Pp=4rMpH ' ~ 20M¢, (k pc)~?

large scalar perturbations at pc scale (re-entered 15 — 20 e-fold after CMB)
-~ GWs at PTA scales and PBHs around ~ solar mass
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scalar induced GWs

model for scalar power spectrum
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Bayesian search in PTA data

Dandoy, VD, Rompineve 23
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2023 data release
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] Franciolini, lovino, Vaskonen, Veermae 23
Nanograv 15 New Physics Paper
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primordial black holes

e fraction of PBH dark matter:
radiation component

1 Py (Tk) 5" fraction of radiation collapsed
Jpen = Q /dlnM/dlnkBk:(M) s 0 5(Ty) toPI;HofmaslslMat "
bM Pe & horizon re-entry
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primordial black holes

e fraction of PBH dark matter:
radiation component

1 p~(T}) sV fraction of radiation collapsed
frBH = O /dlnM/dlnk Br(M) ! 0 5(T) to PéH of masls IM at P
DM Pe & horizon re-entry

* Press-Schechter formalism for spherical collapse:

Pr(6)
> M (6) M
M) = ]
w0 = [“as P g oo |
exp(—82/(20%)) " ~~ -
VIron ~1 M(6)=M | - 5

probability distribution

Se~ct=1/3 or ~ Ps(k) ~ P(k)
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primordial black holes

e fraction of PBH dark matter:

py(Ti) s

1
fomn = 5— /dlnM/dlnk B (M) poCy

* Press-Schechter formalism for spherical collapse:

> M (9) M
M) = 1
san=["6 PO e s
exp(=82/(202)) TV ST~
VEmo, ~1 M(6)=M

probability distribution

Se~ct=1/3 or ~ Ps(k) ~ P(k)

radiation component
fraction of radiation collapsed

to PBH of mass M at
horizon re-entry

Pr(6)

« Bounds on PBH abundance from f,_, < 1, microlensing, LIGO/VIRGO

— constraints on power spectrum P (k)
6/20
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The devil is in the detail (1)

I M (o) M
5k(M)—/50 do  Pr(9) M (k) 5D[1D M((S)]
exp(=382/(203))
Vamon ’\
gaussian M($) = kMy(k)(0 —6.)", ~=0.36, k=1..10

7120 Valerie Domcke - CERN



The devil is in the detail (1)

o — 55
_ [T M(9) M 5o 5 6.(W)
w0 = [ P sy delis
exp(—62/(202))
Vamon ’\
gaussian M($) = kMy(k)(0 —6.)", ~=0.36, k=1..10
4 \

)
smoothed density contrast: 0m = 1 dR 4w R? %(R, tu) W(R, Rpn) *7

non-linear relation dp(¢) — 4,,(6;) depends on choice of window function

\ 0; = linearized smooth density contrast Young ‘19/
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The devil is in the detail (1)

o — 55
D= [ a5 P 5D[1n 2 ] Se > B.(W)
dc exp(\/-‘ﬂ/(za ) H( ) ( ) 5 = 0., (W A)
Vomon ’\
gaussian M($) = kMy(k)(0 —6.)", ~=0.36, k=1..10
a N

smoothed density contrast: 0m = 1 dR 4w R? %(R, tu) W(R, Rpn) *7

non-linear relation dp(¢) — 4,,(6;) depends on choice of window function

\ 0; = linearized smooth density contrast Young ‘19/

[ shape parameter: P:(k) broader — more modes involved in collapse — lower 50}
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The devil is in the detail (2)

o — 55
0= [Tas Py ek sofmges| 0o
dc exp(V(s?/(za ) H( ) ( ) ) (W A)
V2roy,

.

see Dani‘'stalk ——» gaussian Franciolini eral 23
Figueroa et al 23
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The devil is in the detail (2)

o — 55
0= [Tas Py ek sofmges| 0o
5 52 Mulk) M) 5 s 6(W. A)
exp(—62/(202)) c c )
V2o Ok O'k;(W)

.

see Dani‘'stalk ——» gaussian Franciolini eral 23
Figueroa et al 23

r

\
variance: o2 = / din k' W2(K' | k) Py(k') = / din i W2 k) (K k)Y T2(, k) Pe(k)
use same window function as in density contrast non-linear transfer function
- most of W-dependence drops - density contrast at horizon crossing
Young "19; Musco, De Luca, Franciolini, Riotto 20 Musco, De Luca, Franciolini, Riotto "20; Riotto 23
y,
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The devil is in the detail (2)

5l—>5l
= [ a5 Pu) M) 5D[ln M ] 6o v 0.(W)
5 52 Mulk) M) 5 s 6(W. A)
exp(—62/(202)) c c )
V2o Ok O'k;(W)
I 5 s 0o(W, A, k)

see Dani‘'stalk ——» gaussian Franciolini eral 23
Figueroa et al 23

r

\
variance: o2 = / din k' W2(K' | k) Py(k') = / din i W2 k) (K k)Y T2(, k) Pe(k)
use same window function as in density contrast non-linear transfer function
- most of W-dependence drops - density contrast at horizon crossing
Young "19; Musco, De Luca, Franciolini, Riotto 20 Musco, De Luca, Franciolini, Riotto "20; Riotto 23
y,

QCD phase transition: ¢s — cs(T) = 6. — .(k)
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The devil is in the detail (summary)

window function and shape parameter QCD phase transition
0.6007 2 - .
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Most important are exponential factors :

critical density 9. — shape parameter, window function, non-linear relation

variance o — window function, non-linear relation (?)
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GWs vs PBHs

Dandoy, VD, Rompineve 23

Scalar induced GWs only IPTA DR2 (~ DR "23) preferreq region
| excluded by PBH constraints.

Figueroa et al 23, w NG 15 data:
10_1:'
L\{K flg%tH >1 0 Lensingz
Orp = 1
102 —
10 10?
f./nHz
BN [PTADR2 | o
NI Exponential sensitivity of f,, to A, :
100108107 fopn — Ac ¢V
k, [Mpe™']
Ac — fepBr @ X
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constraints on scalar power spectrum

Dandoy, VD, Rompineve 23

1000 100 10 1 0.1 0.01

1
Asweria { GW constraints in presence
&~ of SMBHB foreground
(IPTADR2, NG 12)
0.1
<E’“ astro constraints with
} ~ uncertainty
0.01
— NGI2
A =1 GWs and PBHs yield independent
— IPTA DR2 bounds of comparable strength
10° 106 107
k. [Mpc™?
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Conclusions

PBH bounds make a SIGW interpretation of PTA data difficult at best

some uncertainties and model dependence in PBH calculation remain,
but a lot of progress in recent years!

PTAs are powerful probe of scalar power spectrum at ~ pc scale
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One slide on metastable cosmic strings

scaling regime
(long strings & loops)

T

cosmic strings formed
in phase transition, eg

GSM X U(l)B_L — GSM

ty=1/T? segments & loops

T [see also Leblond, Shlaer, Simons "09]

spontaneous creation of monopoles
due to GUT embedding

Ggpr X U(l)B_L C 50(10)

Lq~ pexp(=7k?), &°=m?/u

(o~ v% ; string tension
m ~ vgur Mmonopole mass
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(One) slide on metastable cosmic strings

PTA preferred region

Buchmiiller, VD, Schmitz 21, "23
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GUT-scale U(1) phase transition can be tested with GWs

14 /20

SO(10)

#

GSM X U(l)

#

GsMm

VE ~ Uso10)/Vu (1)
Gu ~ (vyy/Mp)?
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... and (one) advertisement

CERN TH visitor program https://theory.cern/visitor-info
short-term visits typically O(week)

long term visits (> 3 months, usually sabbaticals)

CERN fellowship program https://theory.cern/jobs

deadline September 3™ (I1) for CERN member state nationals

consider applying!
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backup
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SMBHB + SIGW analysis

SP+SMBHBs, A = 1

1071
B PTADR2
Bl NG12
1072
10—18 1OI—16
ASMBHBS

17/20

NG12: both SMBHB and SIGW

fit well
lnm BC,SMBHB = 0.05

(inconclusive)

IPTA DR2: requires larger value
of A, , above prior set by

f _ bound.

PBH
Inig B¢ smBaB = 2.2

(decisive)
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constraints on scalar power spectrum

Mpy, (M)
1000 100 10 1 0.1 0.01
f*[HZ]
1079 10-8 1077
1
0.1

op-Hat, AStro, N A\ttt RS
..................................... Gaussian, Astro — NGI12
A =005 — IPTA DR2
10° 106 107
—1
k*[l\/,[pc ] 18 /20

narrow peak

GW constraints in presence

&~ of SMBHB foreground

(IPTADR2, NG 12)

astro constraints with

} / uncertainty

GWs and PBHs yield independent
bounds of comparable strength

108
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GWs vs PTAs (2023 DR)

Franciolini, lovino, Vaskonen, Veerméae 23
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metastable cosmic strings : spectal tilt

5x 1075}

1x 10"}
5x 10"}

v [GeV]

1)(1014;
5x 1013}
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