HIGH FREQU CY GW BOUNDS FROM
GALAC IC NEUTRON STARTS

FRANCESCD COSTA

: IPNP, CHARLES UNIVERSITY -

~ JCAP12 (2024) 023

- \,ﬁ | oA e IN COLLABORATION WITH
‘ ik i " VIRGILE DANDOY AND
I - i s
| arey : TONI BERTOLEZ MARTINEZ

#( 7 / BENASQUE2025 >

fra‘hcescd.céisté@matfyz.quni.cfz , Charles University, Prague




¥ > » .
L] . » - _ : . . ® .
. . * : » . .
* -
0 b ) 5 i
. i . ® # o
o 0 z " r
. - w B - L] &
- Z b
5 L]
¥ § . .
i '
- . g
- . -
- " .
- * 3 B g .
4 . Ll s - "
. . s . . c . .
. . . .
.
. ’ . 3 . . . . ¢ *
.
. N ‘. ) L] L] é
-
: 8 . 3 b - .
- ™ Tlae a . . . . - .'
5 . o . . . 3 . * i
X s ; ~ @ ¥ .
- e . 4 - -
.
. - - .. . . .
- o i - ol . :
2 s - o g
. L] . " »
. . 1 * :
-
- . L]
- . - -
- . - -
- - - X ™ -
- ¥ i
i . > ; .
- . ¥ -
. - -
L o :
. . ;! . o
- ™ . )
: .. 2 . AL
. " . o - -
= 3z » . e ! 2 . t :
mNEN 3 . - : =g
sises® uy puuEEN, - i . :
- . ., < «® ~ . Ao g “"--.."5 - snuNEN,,
Z ) N 5 & o* LR * . '.‘ . s* LS
3 ,
g *e . N ‘e * . o* e
% 5 5 . . * .
. & o RS s . SR &
. [ "
D % iy . - o % o % .
¥ . N s ; o . ¥ ’
0 ) . 5 T . 2 : . Kk
n . o . " LR .- . .
- u » - T Ll - ” [} .
* [ ] [ [=r . : ] [ ]
EmEm EEEEEEEEEEEN - n . .
: . L LR L - :Illllllllllllllllllllll: lllllllll_llll‘llllllllll. : !
. - . o : » . - .
. A . » p . o . .
i U . v s » Py "
2 U . o 'y N . U
2 . . . o . . . . %
. . . o e 0 . v
* B * . . . 0 L] -
. o Lo - . . o % G
. . . b 4
0.. . . . i = . ‘.. “ ® & .. "0 .0. “‘
n tanaunnr® 5 .. te, » 8500 . ‘e . . . . ‘e . o
n e "apgpmnn® Tany, an?® . ““ :
: i . mmn "apgaguun?® .
= . . » 3 . ” L .
L i 3
" . I- ¥ y 4
L : 3 . [ .
. - = - . - & l. "
- Lo Y "
- : ; i 4
. TR : - 4 3 L] e - .
1 . = . z i - % : : . . g F . ; :
] - - -
8 2 - . Ly B - 2 3
. i . 5 ; 4 e .
. . . s - . > 5 5
. ‘_‘. 7 5 g . x oy & : :
'
) - . . * " . 2 ;
. - '. 4 3
. L] L] . g . "
2 o . : . .
- . ? . %,
; : . .
. P r o :
; .
B - . 2 ;
¥, a a
E .
- . -
3 -
- 3 A
. . L ]
. = L] .
: . o - L]
: L] . : . * -.', L]




< Francesco Costa >

(GW Spectrum
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(GW Spectrum
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Photons are converted into GW in an
external magnetic field
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The inverse Gertsenshtein process: GW
are converted into photons
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WAVE RESONANCE OF LIGHT AND GRAVITIONAL WAVES

M. E. GERTSENSHTEIN
Submitted to JETP editor July 29, 1960

J. Exptl. Theoret. Phys. (U.85.5.R.) 41, 113-114 (July, 1961)

The inverse Gertsenshtein process: GW
are converted into photons

How Gertsenshtein finshed his paper

From general relativity follows also the pos-
gibility of the inverse conversion of gravitational

waves into light waves, but this problem is hardly
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WAVE RESONANCE OF LIGHT AND GRAVITIONAL WAVES

M. E. GERTSENSHTEIN
Submitted to JETP editor July 29, 1960

J. Exptl. Theoret. Phys. (U.85.5.R.) 41, 113-114 (July, 1961)

The inverse Gertsenshtein process: GW
are converted into photons

How Gertsenshtein finshed his paper

From general relativity follows also the pos-
sibility of the inverse conversion of gravitational

waves into light waves, but this problem is hardly
of interest.
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How does it work?

Everything couples to gravity

SD/d4$\/—g£EM
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Everything couples to gravity

v = Nuv

SD/d4I\/—g£EM

Linearising gravity

hyu
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Everything couples to gravity

SD/d4I\/—g£EM

Linearising gravity

Guv = Tuv h,w/
EoM for the GW
1

h N em
Y MR T
pl
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Energy momentum tensor

1
T" = F*F', = 59" F* Fos

with
0
Fuw=F2 + fu
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Energy momentum tensor

1
T = FrF, — g F*Fog
with

_ 10
I S
One example of the terms

Ty = FO5f7 + fi PO

h X ext Wave
T,, ~ B . B

(EM wave moving in the z direction)
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Tazy ~ Beazt ] Bwave
Approximating as plane waves
RBwave _ E*ez(kz—wt)

Solving the Green function (in the region where
there is a magnetic field) we obtain the strain

N BextE*
2, .2
Mplw

h X I
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The strainis

N Bea?tE*
2, .2
Mplw

h X I

Conversion probability

B GW flux

P —
EM flux

GW flux oc MZ4w*h? EM flux oc E?

p



<Francesco Costa> .
..................................................................................................... Gertsenshte”’] effeCt

Conversion probability

B GW flux

- EM flux >
B2

Ph—w ™ >

( M

P
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Conversion probabiliity
B?L?
2
M

Ph—wN

Galactic Setting T kpe nG &

Neutron Stars  |J,100-1000km TG 1
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Conversion probabiliity
B?L?
2
M

Ph—wN

Galactic Setting T kpe nG &
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Conversion probabiliity

2 . 0 Y |2
\ Py (f) = /K dl Ay (€) exp § —1 /K Al Ay (€) ¢

0 \

\ Effective photon mass:

e (JED vacuum effects

0 /

e Plasma effects

ext
Ay X KB,
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Neutron Stars @
in our Galaxy

- Neutron stars dis’tributlon_

~ Ofthese some are activeand .~
- some are dead stars . .

-~ Distributions

- Pact(BosT) Paead(Bo, T}




_ | ah <Francesco COS_ta>
Neutron Stars in our Galaxy

Pya(Bo,T) green . Pugaa(Bo, T) - blue

_ Today’s

Model 1:Constant B
Gt Model 2: Decaying B
[leferent model for the NS evolutlon flt the data we | use.. - . S B PODOV J.A. Pons, J.A. Miralles, P.A. Boldin, B. Posselt 0910.2190

C.-A. Faucher-Giguere, V. M. Kaspi astro-ph/0512585

constant and decaying magnetic field ] Benjamin R. Safdi, Zhiquan Sun, Alexander Y. Chen 1811.01020
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Photon flux
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Photon flux - e

Givena GW background
log,o(f x OF /O f) [erg/(cm®ssr)]

f h o 185 —180 —175 —17.0 —165 —16.0
' C | I ]

c‘?F%z"' i

r

f=10"Hz h,=10"%
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Characteristic GW strain hc
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4.4 Summary of Sources

Table 1: Summary of late universe sources. We distinguish between coherent and stochastic sources by reporting the strain

h(f) or characteristic strain h. s, respectively. See Section 4.1 for details on these expressions and the assumptions made.

Source

Typical frequency

Amplitude

Neutron star mergers

< (1 — 5) kHz

h(f) < 10725 gec

Phase transitions in neutron star mergers

0.1 1 ms
~ (0.6 MHz x
s T

D

festo = 1.5 % 10 E4'¢,%<

100 llpc:)

Disk around supermassive BHs

~ 3.3 x 101Y Hz

~ 3 x 107

Ne sto =

Sun

~ 10'* Hz

Ne sto =3 x 10 2

ol

Primordial BH mergers
Primordial BH mergers: SGWB
Primordial BH mergers: memory

Primordial BH hyperbolic encounters

4400

™ (m1 + ma2)
4400

™ (m1 + ma)
4400

< ———— Hz
™ (ma + ma)

- o . .'5__-'"2
~ 0.5 r;;uz< 107" Mo ) (H“" )
TMPFEH T'I_r

Hz

Hz

. D 5/6
h{f‘} ~ 1031 Sm:(k}:t.) ( ”LI,BH ) ( JIr
| D /A0 Mg GHz

hewo 25 x 10-31 ( f15€0 ) T
aEte e GHz

h(f)=5x10 25 Sm:(.ﬁscu) ( "'”FiErH )(
f 10-5 Mz

Exotic compact Ol -ir'i'1 5

N
%,

'.E.-"J! -i_lf"':'}-
h(f) = 107 HUE.‘( f ) (ﬁ) (
GHz 1072 Mg

. f %Y mpph
h(f) = 103! sec : —_—
() o (Gll;ﬂ (m 5M,

Superradiance: annihilation

Superradiance: nonlinear effects

_ , MpPRH kpc
helf) = 5 x 10-30 sec ’
1s(f) =5 set (m 5 M )( D )

| » MPRH kpe
hy r(f) = 107 2% sec .
V.1 f;I (ID "J'_"IILI_".-;) ( D

97 > kpc
h(f) = 10~ 3(:(:(1{{:1%) (%)

Nancy Aggarwala el al. 2501.11723



Table 2: Summary of stochastic sources. For the conversion between energy density {2cw and characteristic strain, see Eqgs. (9)
and (12). The amplitudes reported are maximum values: for all the details on how to obtain these expressions, the dependence
on the parameters of the models and the assumptions behind them, see the corresponding sections above.

Source Frequency Range Amplitude Q2w (f) Characteristic Strain

Inflation: vacuum amplitude flat in the range = ' = 10
(10716 — 10%) Hz
29

Inflation: extra-species (10° — 10%) Hz = = 10

29

Inflation: broken spatial Blue in the range = = 10
reparametrization (10-1% — 10%) Hz

production

Preheating (10° — 10¥) Hz <10~ <1072 | -
29

Inflation: secondary GW Flat or bump < ' <10 28 (

Oscillons (10% — 10”) Hz < 10~10 <10

Cosmic gravitational foeak ~ (10 —100) GHz Row(fpeax) = 10 G he(foeak) = 10 3 (
microwave background
Phase transitions < 10 Hz = 10
- " L] - l.l 9
Defects sScale invariant f2ead.n ’er_l Fir
Mp
1
L, _— —~— 11 4 . < - 4 v
Gauge textures 10 M Hz = 10 Mg T
Grand unification (10'® — 101°) Hz <1078
[H'i]]]nt't“él] BH r"-.'él|n||'c'1lin:l

Nancy Aggarwala el al. 2501.11723
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Radial trajectory -

o 7

Fojy(f) =2 dr An(r) exp l i

Generalised trajectory

u -J.
)

" Umiax 4 vy o
P j||[:J_:] (f,b) =2 / dy Ani(y) exp {—'.‘r.'. / r:]-l.l__f ‘ﬁll[_ 1) .[’ y') } _

v imin

S Hmin




Radial trajectory

;R T 2
Pojy(f) =2 / dr Ay (r) exp § — / dr' Ay (1)
J T < T0

Jro

Conversion probab|l|ty as a functlon of the frequency for an NS W|th BO 10"8 Gauss T=0.1s,and rO =10 km (left) and for
; BO =10"13 Gauss, T 1s,and r0 =104m (rlght)

I;l]i:;'_;h—i'

y
f 0,||mum

1018 102!

Virgilé Dandoy, Toni Bertdlez-Martinez, FC 2402.14092



| c1m178 )

The photon flux from this SGWB
conversion must be compared to
observations of

the all-sky integrated flux.

erg/

Jf)

A F= AT .II.-'

Decaving B

"
S
"y .
ot

]
F—
—

In the right panel we show the . |

LI T =3 latter after the substraction of all
f (1] galactic sources which are known
; ~and accounted for.
Figure 4: Left: Predicted frequency spectrum of the total induced flux o E_-_!;_-f:s-'tla_.u_.:,II:,.-;_'_J_f__ 28 it by | b
normalized by 1/h%. Blue and green lines show the results for a NS model with constant . ‘ .
and decaying B, respectively. We set ro = 10km. Right: Frequency spectrum measured on | Then, the flux can not be

Earth, adapted from Ref. [59]. The thick band corresponds to the 95% confidence interval.  SEoYdl ghter than this flux, otherwise
Data allows to put a bound on h. at each frequency. g it would be in conflict with
' current observations

Virgilé Dandoy, Toni Bertdlez-Martinez, FC 2402.14092



Flux from one neutron star

 Total flux, 'integréting'over _distributi'on of galaxies

9 FE_-_';'L-'I.lE-'I_I'.'.'-. | | "L - f ¢ _ .

= (fh) = / 437 1 (1) / dBy dT (0.004 x Pt (B, T)
E... ik L] LT "

oF, .

r_}f‘ {__J’_:r[] e, he).

+ 0.996 x Pead(Bo, T)) )

Virgilé Dandoy, Toni Bertdlez-Martinez, FC 2402.14092



16
logg(fiHZ)

F 2305.01832



