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GW from DW annihilation in Pulsar Timing arrays

B B SMBH (mean posterior)

10 SMBH (astrophysics predictions)

10~°

10_9 __________
~ ISR MR . o
= 10104

:
S 10~
4. Gair 1503 i

10_14_3 <> NG15 (14 bins)
| <> IPTA2 (13 bins)

o~
f [Hyl



https://arxiv.org/abs/1503.04803
https://arxiv.org/abs/1503.04803
https://arxiv.org/abs/1503.04803
https://arxiv.org/abs/1503.04803
https://arxiv.org/abs/1503.04803
https://arxiv.org/abs/1503.04803
https://arxiv.org/abs/1503.04803
https://arxiv.org/abs/1503.04803
https://arxiv.org/abs/1503.04803

GW from DW annihilation in Pulsar Timing arrays EC iyt AT R ATEY

: DW annihilation (mean posterior)
10_7; ------ SMBH (mean posterior)
10—8_2 SMBH (astrophysics predictions) ‘ ‘ ‘ ‘ h "‘ -----
; ‘ Y -l ‘!A‘ I“ ’ \ 1
10—9-; ‘ .......... 1"' bt ol - g’\
PP L L L | J— |
N ____ ................. \ | ’ |
E 10_10'; ............. \ﬁ / ‘ (
O 1n—11. ‘
Shan v
10712, v T
; >
10—13 \} —
: V
< O IPTA2 Y
10~ 1 . - . - .
101 10 1078




Energy density

PBH-domination

Annihilation

tann tdom



Energy density

PBH-domination




Energy density

PBH-domination

2018: Ferrer, Masso, Panico, Pujolas,
Rompineve, Phys.Rev.Lett. 122 (2019) 10,
101301, 1807.01707

2022: G. B. Gelmini, A. Simpson, and E.
Vitagliano, 2207.07126, JCAP 02, 031,

2023: G. B. Gelmini, J. Hyman, A. Simpson,
and E. Vitagliano, 2303.14107

2023: YG, E. Vitagliano, 2306.17841 (version 1)

PPBH

o
S
3

alnn


https://inspirehep.net/authors/1010073
https://inspirehep.net/authors/998463
https://inspirehep.net/authors/1037621
https://inspirehep.net/authors/1031250
https://inspirehep.net/authors/1411973
https://arxiv.org/abs/1807.01707

Energy density

PBH-domination

2018: Ferrer, Masso, Panico, Pujolas,
Rompineve, Phys.Rev.Lett. 122 (2019) 10,
101301, 1807.01707

2022: G. B. Gelmini, A. Simpson, and E.
Vitagliano, 2207.07126, JCAP 02, 031,

2023: G. B. Gelmini, J. Hyman, A. Simpson,
and E. Vitagliano, 2303.14107

2023: YG, E. Vitagliano, 2306.17841 (version 1)

PPBH

o
S
3

alnn


https://inspirehep.net/authors/1010073
https://inspirehep.net/authors/998463
https://inspirehep.net/authors/1037621
https://inspirehep.net/authors/1031250
https://inspirehep.net/authors/1411973
https://arxiv.org/abs/1807.01707

Energy density

PBH-domination
These papers incorrectly

assumed R(?) ~ ¢

2018: Ferrer, Masso, Panico, Pujolas,
Rompineve, Phys.Rev.Lett. 122 (2019) 10,
101301, 1807.01707

2022: G. B. Gelmini, A. Simpson, and E.
Vitagliano, 2207.07126, JCAP 02, 031,

2023: G. B. Gelmini, J. Hyman, A. Simpson,
and E. Vitagliano, 2303.14107

2023: YG, E. Vitagliano, 2306.17841 (version 1)

PPBH

ot
S .
B J

alnn


https://inspirehep.net/authors/1010073
https://inspirehep.net/authors/998463
https://inspirehep.net/authors/1037621
https://inspirehep.net/authors/1031250
https://inspirehep.net/authors/1411973
https://arxiv.org/abs/1807.01707

DW radius R



DW radius R

R(ﬂ =

2018: Ferrer, Masso, Panico, Pujolas,

Rompineve, Phys.Rev.Lett. 122 (2019) 10,
101301, 1807.01707

2022: G. B. Gelmini, A. Simpson, and E.
Vitagliano, 2207.07126, JCAP 02, 031,

2023: G. B. Gelmini, J. Hyman, A. Simpson,
and E. Vitagliano, 2303.14107

2023: YG, E. Vitagliano, 2306.17841 (version 1)



https://inspirehep.net/authors/1010073
https://inspirehep.net/authors/998463
https://inspirehep.net/authors/1037621
https://inspirehep.net/authors/1031250
https://inspirehep.net/authors/1411973
https://arxiv.org/abs/1807.01707

DW radius R

R&ﬂ =

2018: Ferrer, Masso, Panico, Pujolas,

Rompineve, Phys.Rev.Lett. 122 (2019) 10,
101301, 1807.01707

2022: G. B. Gelmini, A. Simpson, and E.
Vitagliano, 2207.07126, JCAP 02, 031,

2023: G. B. Gelmini, J. Hyman, A. Simpson,
and E. Vitagliano, 2303.14107

2023: YG, E. Vitagliano, 2306.17841 (version 1)



https://inspirehep.net/authors/1010073
https://inspirehep.net/authors/998463
https://inspirehep.net/authors/1037621
https://inspirehep.net/authors/1031250
https://inspirehep.net/authors/1411973
https://arxiv.org/abs/1807.01707

DW radius R

R&ﬂ =

2018: Ferrer, Masso, Panico, Pujolas,

Rompineve, Phys.Rev.Lett. 122 (2019) 10,
101301, 1807.01707

2022: G. B. Gelmini, A. Simpson, and E.
Vitagliano, 2207.07126, JCAP 02, 031,

2023: G. B. Gelmini, J. Hyman, A. Simpson,
and E. Vitagliano, 2303.14107

2023: YG, E. Vitagliano, 2306.17841 (version 1)



https://inspirehep.net/authors/1416427
https://arxiv.org/abs/2311.07670
https://inspirehep.net/authors/1010073
https://inspirehep.net/authors/998463
https://inspirehep.net/authors/1037621
https://inspirehep.net/authors/1031250
https://inspirehep.net/authors/1411973
https://arxiv.org/abs/1807.01707

DW radius R


https://inspirehep.net/authors/1416427
https://arxiv.org/abs/2311.07670

DW radius R

(R(1)) ~ t but not R(t) ~ t


https://inspirehep.net/authors/1416427
https://arxiv.org/abs/2311.07670

DW radius R Annihilation
phase

Gouttenoire, Vitagliano, 2311.07670
— Solve thin DW in full General Relativity

dain


https://inspirehep.net/authors/1416427
https://arxiv.org/abs/2311.07670

DW radius R Annihilation
phase

Gouttenoire, Vitagliano, 2311.07670
— Solve thin DW in full General Relativity

dain


https://inspirehep.net/authors/1416427
https://arxiv.org/abs/2311.07670

DW radius R Annihilation
phase

Gouttenoire, Vitagliano, 2311.07670
— Solve thin DW in full General Relativity

ann tdom [


https://inspirehep.net/authors/1416427
https://arxiv.org/abs/2311.07670

DW radius R Annihilation
phase

Gouttenoire, Vitagliano, 2311.07670
— Solve thin DW in full General Relativity

ann tdom [


https://inspirehep.net/authors/1416427
https://arxiv.org/abs/2311.07670

DW radius R Annihilation
phase

Gouttenoire, Vitagliano, 2311.07670
— Solve thin DW in full General Relativity

PBH

ann tdom [


https://inspirehep.net/authors/1416427
https://arxiv.org/abs/2311.07670

DW radius R Annihilation

phase

T late—

annihilators 1

. Goutt;gﬂr.eo}\g;%gliano, R(t) X a(t)
Rynn &
o1 QR PBH

eﬂ’\o

St %
R&ﬂ Q-

S\ /}

ann tdom [


https://inspirehep.net/authors/1416427
https://inspirehep.net/authors/1416427
https://inspirehep.net/authors/1416427
https://inspirehep.net/authors/1416427
https://inspirehep.net/authors/1416427
https://inspirehep.net/authors/1416427
https://inspirehep.net/authors/1416427
https://inspirehep.net/authors/1416427
https://arxiv.org/abs/2311.07670
https://arxiv.org/abs/2311.07670
https://arxiv.org/abs/2311.07670
https://arxiv.org/abs/2311.07670
https://arxiv.org/abs/2311.07670
https://arxiv.org/abs/2311.07670
https://arxiv.org/abs/2311.07670
https://arxiv.org/abs/2311.07670

DW radius R Annihilation

phase

1 late—
annihilators 1
s Ry < a0

. 1O
e{*‘{@ﬂ% on
R Q-
S\ N

ann tdom [


https://inspirehep.net/authors/1416427
https://inspirehep.net/authors/1416427
https://inspirehep.net/authors/1416427
https://inspirehep.net/authors/1416427
https://inspirehep.net/authors/1416427
https://inspirehep.net/authors/1416427
https://inspirehep.net/authors/1416427
https://inspirehep.net/authors/1416427
https://arxiv.org/abs/2311.07670
https://arxiv.org/abs/2311.07670
https://arxiv.org/abs/2311.07670
https://arxiv.org/abs/2311.07670
https://arxiv.org/abs/2311.07670
https://arxiv.org/abs/2311.07670
https://arxiv.org/abs/2311.07670
https://arxiv.org/abs/2311.07670

Gouttenoire, Vitagliano, 2311.07670 Abundance of late-annihilators 9

Percolation theory on a lattice Stauffer (1979)  Coulson, Lalak, Ovrut (1995)

Jof
oS
zE ﬁ
A
SN

PRESS, RYDEN, AND SPERGEL 1989


https://inspirehep.net/authors/1416427
https://arxiv.org/abs/2311.07670

Coulson, Lalak, Ovrut (1995)

Stauffer (1979)

RS s
SISl
FURND e
AP I
i R

Percolation theory on a lattice

RYDEN, AND SPERGEL 1989

-

PRESS



https://inspirehep.net/authors/1416427
https://arxiv.org/abs/2311.07670

Percolation theory on a lattice

Stauffer (1979)  Coulson, Lalak, Ovrut (1995)

),

i

Lot ]

N/

O
O

Q\—a

S

—=

)
Z

/

.

NI

.
\

SN

N
/

e N

,

(‘\

’\

N

AN

\

/

7

T

\

'\q
—_]
f

< \ TEEEEE

DS SN NN
@, N\ ° °

N IaN 0 /Z/ a

PRESS, RYDEN, AND SPERGEL 1989

Discretization



https://inspirehep.net/authors/1416427
https://arxiv.org/abs/2311.07670

Percolation theory on a lattice Stauffer (1979)  Coulson, Lalak, Ovrut (1995)

Probability of a spherical false vacuum domain of size R: & ~ exp (—47t(R/t)3/3)

I/ 5L e P A ]
N TN
SR FiERZEN

O tf'*

525 )
i\u@ (:7/(: Discretization l‘....’.
R ANEEVS
O A o f ]

PRESS, RYDEN, AND SPERGEL 1989


https://inspirehep.net/authors/1416427
https://arxiv.org/abs/2311.07670

Gouttenoire, Vitagliano, 2306.17841
Gouttenoire, Vitagliano, 2311.07670 GW frequency [HZ]

10" 10° 10" 10 103 1071 10 103 10°

(R O U OB U DU UV U U VU DU UV UM U VU U

(- PBH-domination)
T DW-domination?

=
I IB
T
- :w
<

DW energy fraction oy,

1072 1072 10 104 10/ 1010 1073

Bias energy V/* GeV|

bias



https://inspirehep.net/authors/1416427
https://arxiv.org/abs/2311.07670

Gouttenoire, Vitagliano, 2306.17841

Gouttenoire, Vitagliano, 2311.07670 GW frequency [HZ]

10-" 10° 10" 10> 102 10" 10 103 10°
= : L/t=0.8 :
- - [ i .
av j )

S I 3 (> PBH-domination) ]

— i - * DW-domination? il

O ~ - g - - - - - - - - = = =

+ T~ i

% - \ \ — -

< e \ —_

o T = = e T = -

2D -1 € lfemy g0~ — — -

® - : v -

- - _

D ] ]

- - ]
_IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IR IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIII;

107° 1072 10 104 10 1019 1073

Bias energy V/* GeV|

bias


https://inspirehep.net/authors/1416427
https://arxiv.org/abs/2311.07670

Gouttenoire, Vitagliano, 2306.17841
Gouttenoire, Vitagliano, 2311.07670 MPBH [M@]

10° 10° 10 102 10" 10" 10" 10 104

O i i L L i e e L i U e Sk L e i s e L e U e ik U U ik i U e Vi L i
= - L/t=0.8 -
- = [ |
3 I 1 ]

d (- PBH-domination)

- | ‘z TDW-domination?t -
IS St
+ T~ i

% - — \ — _
— ] :.'l: — —

>3 - "6_ —

10 { T —

-1h ‘Z + fp ~10 — — _
éj 107" : BH < 10 i -
C: = _

I | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| L L | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIII;

107° 1072 10 104 10 1019 10713

Bias energy V/* GeV|

bias


https://inspirehep.net/authors/1416427
https://arxiv.org/abs/2311.07670

Gouttenoire, Vitagliano, 2306.17841
Gouttenoire, Vitagliano, 2311.07670 MPBH [M@]

10° 10° 10 102 10" 10" 10" 10 104

1 BNl ol s il s Sl i o il i ol i ol
. : L/t=0.8 -
C: | _
CG | |
S (» PBH-domination)
— [ T DW-domination?t ]
O = T T - - - - — - — — — — =
~ - ~
O
S ~ -
e —
R e  hmacr T = —
%D 101 - J fppy < 1()710 ¢~ - - —
g | |
N2 I ]
D B _
I | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| L L | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIII;
1072 1072 10 10% 10/ 1010 1013

Bias energy V/* GeV|

bias


https://inspirehep.net/authors/1416427
https://arxiv.org/abs/2311.07670

Gouttenoire, Vitagliano, 2306.17841
Gouttenoire, Vitagliano, 2311.07670 MPBH [M@]

10° 10° 10 102 10" 10" 10" 10 104

1 -|—||||'|IIII |||“IIII |||“IIII |||“IIII |||“IIII i |||“IIII |||“IIII |||“IIII |||“IIII |||“IIII |||“IIII |||“IIII |||“IIII ||||T|T|_|—||||'|IIII |||“IIII |||“IIII |||“IIII |||“IIII |||“IIII |||“IIII |||“IIII |||“IIII |||“IIII ||||T|T|_|—||||'|IIII |||“IIII |||“IIII |||“IIII ||||T|T|_

L/t =06

(- PBH-domination)
T DW-domination?

— .-
b | —]

e —
——
[ ——]
e —

DW energy fraction oy,

1072 1072 10 104 10/ 1010 1073

Bias energy V/* GeV|

bias



https://inspirehep.net/authors/1416427
https://arxiv.org/abs/2311.07670

Gouttenoire, Vitagliano, 2306.17841
Gouttenoire, Vitagliano, 2311.07670 MPBH [M@]

10° 10° 10 102 10" 10" 10" 10 104

1 BNl ol s il s Sl i o il i ol i ol
. : L/t=0.8 -
C: | _
CG | |
S (» PBH-domination)
— [ T DW-domination?t ]
O = T T - - - - — - — — — — =
~ - ~
O
S ~ -
e —
R e  hmacr T = —
%D 101 - J fppy < 1()710 ¢~ - - —
g | |
N2 I ]
D B _
I | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| L L | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIII;
1072 1072 10 10% 10/ 1010 1013

Bias energy V/* GeV|

bias


https://inspirehep.net/authors/1416427
https://arxiv.org/abs/2311.07670

Gouttenoire, Vitagliano, 2306.17841
Gouttenoire, Vitagliano, 2311.07670 MPBH [M@]

10° 10° 10 102 10" 10" 10" 10 102

1 -|—||||'|IIII |||“IIII |||“IIII |||“IIII |||“IIII i |||“IIII |||“IIII |||“IIII |||“IIII |||“IIII |||“IIII |||“IIII |||“IIII ||||T|T|_|—||||'|IIII |||“IIII |||“IIII |||“IIII |||“IIII |||“IIII |||“IIII |||“IIII |||“IIII |||“IIII ||||T|T|_|—||||'|IIII |||“IIII |||“IIII |||“IIII ||||T|T|_

: L/t=1
= _ /
av ]
d I (» PBH-domination) i
- | i | tDW-domination?t -
s T T Tl i|lT T T T T T T T T T
= i
S F ~ .
a= = 4 iiE
> LIS
o) O o=
5 10— % Moy <717 — — :
g : ] [ - — — — — :
L 3 \L fPBH < 10\10¢ = )
Q . _
_IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| L L IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIII;
1072 1072 10 104 10/ 1010 1013

Bias energy V/* GeV|

bias


https://inspirehep.net/authors/1416427
https://arxiv.org/abs/2311.07670

Gouttenoire, Vitagliano, 2306.17841
Gouttenoire, Vitagliano, 2311.07670 MPBH [M@]

10° 10° 10 102 10" 10" 10" 10 104

1 BNl ol s il s Sl i o il i ol i ol
- : L/t =12 :
C: | _
CG - |
S (» PBH-domination)
— I T DW-dominationt ]
O - S
<+
O
C@ | _
af: g
> -
o0 -1
éj 107" - . - _ -
C: - o Danlr— )
g - \]/ fPBH < :O — — — _
D 5 10 1 |
I | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| Ll | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIII;
107° 1072 10 10% 107 1010 1013

Bias energy V/* GeV|

bias


https://inspirehep.net/authors/1416427
https://arxiv.org/abs/2311.07670




)60 S tom —>  Efficient PBH production due to collapse of late-annihilators


https://inspirehep.net/authors/1416427
https://arxiv.org/abs/2311.07670

—

—

Efficient PBH production due to collapse of late-annihilators

valid on average but wrong for individual DW


https://inspirehep.net/authors/1416427
https://arxiv.org/abs/2311.07670

)60 S tom —>  Efficient PBH production due to collapse of late-annihilators

2) (R(1)) ~t = valid on average but wrong for individual DW

3) Abundance of late-annihilators can be calculated from percolation theory

F(R) ~ o —4n(RI1)*/3


https://inspirehep.net/authors/1416427
https://arxiv.org/abs/2311.07670

)60 S tom —>  Efficient PBH production due to collapse of late-annihilators

2) (R(1)) ~t = valid on average but wrong for individual DW

3) Abundance of late-annihilators can be calculated from percolation theory

F(R) ~ o —4n(RI1)*/3

4) Two of the most favoured new physics interpretation of NANOGrav GW signail:
Domain Walls and 1stOPT


https://inspirehep.net/authors/1416427
https://arxiv.org/abs/2311.07670

1)t,..St,,m, — Efficient PBH production due to collapse of late-annihilators (NEW)
Gouttenoire, Vitagliano, 2311.07670

2) (R(t)) ~t = valid on average but wrong for individual DW (NEW)

3) Abundance of late-annihilators can be calculated from percolation theory (NEW)
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4) Two of the most favoured new physics interpretation of NANOGrav GW signail:
Domain Walls and 1stOPT
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