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Orbital Periocl loss of binarg systems
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Fu229 Dark Matter

lei Broglie wavelength ~ size O‘F ad clwamc galaxg
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Oscillation starts at H ~ m,,

Slide from B. safdi

T ~500eV, m ~ 1072 eV L ate time energy clensitg p ~ m2a*

So at the late time the axion field redshitts like a cold dark matter

1
a )2( m, )7 L. Hui et al, Phys. Rev. D
1

Qpy ~ O'IZ(IOTGW 2,7 95,043541



Motivation of FDM

e Constraints from dark matter direct detection exPcriments

o Sol\/e sma” scale structure Problems 01(: ’tl’lé universe

Muon content in NS

One can construct three com

Three gauge sgmmetries

binations of Lepton numbers in an anomalg#ree way

L.—L, L—L, L,—1L,

beta 5taf:>ilit9 demands the muon clc—:cag 's Pauli blocked

Nﬂ ~ 10°°
Garani, Heeck, Phys Rev D 100, 035039 (2019)



Energy loss due to the radiation of vector feld coupleci with Muons
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The interaction Lagrangian
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Rate of massive Z’ boson radiation g
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The Polarization sum is
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Rate of energy loss
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Funclamental Frequencg

The current clensitg for the fjinarg sgstem

@) = ), 08 (x = xi(0)u

a=1,2

4+ L
QzG(ml m2)2
a’

The Keplerian orbitinthe x — y Plane can be Parametrizecl as

x=a(cosé —e), y=a\/1 —e’siné, Qt=E—esiné
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Sum over the harmonics nQ of the fundamental mode

The velocities in the Fourier space

, , . a\/l —e’Q
x, = —1afdJ, (ne), y, = J (ne)
e
The components of the current
| 21 1 —e?
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| M2 “f 1
\Jo(a)) \2 — —a?M2Q% | 1 - —=£ % — % Jz(ne) -
3 n2€2? m; Ny




Contd. ..

Energy loss due to L, — L, vector gauge boson radiation

k. _ g_2a2M2(% _ %)2524 Z 2n2lf,;2(ne) + d _262) J,f(ne)] (1 — n_o)%<1 + )

dt  6n m; Mo - e n? 2 n?
n>n,

dE |

7 -+ () for non-zero Charge to mass asgmmetrg of the binary stars
[

dE

T 4 , ’, ’, ’,

- x Q* The radiation is chl:)olar R adiation happens (or nO S M,

Compare with rate of energy loss due to GW

dEqy 32 73 37
W _ 22 GQOMa*(1 — ez)‘m(l b2 —e4)
a5 24 96



Orbital Periocl loss

dpr dE dE
b = — 61G(mymy) " (my + mz)‘1/2a5/2(— N GW)
dt dt dt

Compact binary g (orbital period
system g (fifth force) decay)
PSR B1913 + 16 <4.99 x 1017 <221 x 1018 —— PSR B1913+16
PSR JO737 — 3039 <4.58 x 1077 <217 x 1071 105 — PORJU757-3039
PSR J0348 + 0432 e <9.02 x 1020 PSR J0348+0432
PSR J1738 + 0333 e <4.24 x 1020 . 10-1° | = PSR J1738+0333

10—15 N

10720

10"21 101'20 10"19 10"18 101'17
M, < 1071 eV Mz (in eV)
Phys Rev D 100, 123023 (2019)

T.K.FS. Mohantgj 5.Jana

Candidate for FDM



Other Particle radiation from the binarg sgstem

Massive Scalar (sPin~O) radiation:

Phys. Rev. D 101, 085007 (2020) (T.K.P++), 2404.18509 (T.K.P+),........

< D g.dn(r) n(r)= ) N&¥r —ri0)

=12

Massive tensor (sl:)in~2_) radiation:

JCAP 0%(2022)019 (TK.P++) ...

K
<L D EhﬂyT/’”’ T;w — /153(X — Xj(t))UﬂUy



What haPPens to v radiation from a binarg sgstem?

8
2 cos Oy,

L D —i [py” (C“’/’ — cA"”)l//+ vyH(ey — c)vlZ,

Power loss due to v Pair radiation (SM)

chx : (O Or\?
22205 (_ _ _) ~ 107 eV2 < 10® GeV? (Pgy)
3 (%)

P, ~ G; N
1()57z3 C082 Ow

HoM Z D gL J" + gZ wyty

g < 10718 PSR BI913+16

JHEP 10 (202%)002 (Ghosh, Grossman, Tangari?e,ﬁ)



LePtoPhilic scalar field Prome for a NS
The Goldreich-Julian (GJ) charge densitg on the surface of the star

Q is the angular \/elocitg of the star and B is the surface magnetic field

Interaction of a massive scalar field ¢ with the GJ charge clensitg:

1 1
Z = Eaﬁa” ¢ — Eméﬁbz — 8:PPcy
C.OM

(O+m)d = g.pcy
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Smirnov, Xu
JHEP 12(2019) 046

For a spherica”g sgmmetric matter clensitg distribution

Consiclering GJ charge densit9 s constant and confined within NS
2QB

P = poy = — — r<R
=0 r>R
Solution
2¢ QB 1 + m¢R e
P(r) = l — 1+ e " 81nh(m¢r)] , TSR
emq% e
28,98 e """

— (sinh(m,R) — myR cosh(myR)), r> R
emq% M¢l"
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Small scalar mass limit

BS
d(r) = o (r*=3R?%, r<R
3e
2g,BOR?
N — , >R
3er

1 Q@ coupled with net electron charge of NS:

NS can be treated as a Point source with n(r) = N&3(r)

g.N
p(r) = — ~—e™"
drr




Scalar feld radiation from a binarg sgstems

1/Q . ~ 10° km > R ~ 10 km The stars behave as Point sources

The interaction Lagrangian

Z D g.pn(r) n(r) =Y NS —rn)

=12
The coordinates in the Frec]uency space !
aJ,(ne) ia\/ | — eZJn(ne)
x(w) = , Y(w) =
n ne

The emission rate

Ak’
(27)2w’

dl’ = gez ln(w’) \227&3(60 — ')
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Rate of energy loss due to scalar emission
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Compare with GW energy loss

dE 32 73 37
o _ 2 Gomnrat(l - (14 et + 2t
dt 5 24 06

10~ - RG/HB stars

- Fifth force expts.

PSR J0737-3039

240418509

m, (eV) T.K.P G. |_ambiase




Energg loss from an isolated Pulsar

Pulsar Perioclica”g rotates with a sPin angular Frequency Q

Solution of scalar field 00 @ = nkl

pr.ty= ) e, (r)

n=—~o

| ,
The source current can be written as

1"
P, () = —J e o(r, 1)dt
1),

The wave ec]uation of the scalar field

(V= +k?,(r) = — p,(r)

Image credit: wikipedia
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Using Green’s function method

ik|r—r’|

1 N 713 ../
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T

[T —1’|

The dipole scalar field solution in the limit |r| > |r'| and k|| < 1

For ’EI’IC Funclamental mocle
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Rate of energy loss
dE 1 1 .
— — = Qk> {d@n |p, -1 \2 P, = = JelﬂtdtJ'd3r’p(r’, Hr’



Contd. ..

The scalar-induced GJ num

2g,B,R°Q

p(r,t) =~ ; tan a cos 0, cos(¢ — )

er

cos @, = cos acos @ + sin a sin @ cos(¢ — )

E:nergg loss for the Pulsar spindown

dE
dt

For the net electron charge N
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ber clensitg for a clil:)olar magnetic field



Constraints from Pulsar spinclown

L

spindown

~ 4.5 % 10°8 erg/s
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2 |
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1ol-17 ' ' 1o|-14
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240418509

Radiation happens for Q > my,
T.K.P, G. Lambiase




Etfects of CuB

\/ery low energy — 107*=10"% eV Difficult to detect

Decouple much earlier than Photon—> can Probe universe before CMB

At Present epoch I, ~195 K~ 1.68X 1074 eV

Standard cosmological model Preclicts n, ~ 336/ cm’

Oscillation data gives two of the neutrino mass eigenstates are NR toclag

PTOLEMY can detect tlﬁrough inverse [ clecag of tritium

AHects CMB fluctuations— indirect Probe
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Mass of ultralight scalar increases when it Propagates through CvB

2
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» 1y

m£+y— For NR v

m,

Scalar mass correction for NR v
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Phys. Rev.D 101, 095029
Babu) Chauhan, Dev

2404.18509
T.K.FP, G. |_ambiase



Motivations

e Neutrino Cooling: Emission of a huge number of

neutrinos make stellar o]ajects cool, L, ~ 10°3erg/s

e Neutrino Heating: Neutrino flux can also clel:)osit energy

into the stellar envelope through neutrino Pair annihilation

I/ilji —> €+€_ . | = e, U, 7 E':nergizes GRDB

EGrp ™~ 1052@1’% (Observation)

ECT;E%OW ~ 1.5x 10°%rg (Newtonian)

ECT;EEOW ~ 43 x 10%%erg  (Schwarzschild)



COﬂtCl o The energy clcl:)osition rate
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in —— — 0 |1rn|t
M Goodman, Dar, Nussinov, APJ (1987)

q(r) = 1GET(O) (kT)g@(r)(l + 4 sin” Oy + 8sin® Ow ) —

2ﬁ(27r)6

where)

= / / (1 —Q,.9,)%dQ,dQy clepends on backgrouncl geometry
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BaBar
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T.K.P, S. Goswami, A.K. Mishra, Cur. Phgs. J.C 8% (202%)225%



Thank You !



