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Dark matter : WIMPS

® Dark Matter (DM) exists and provides ~25% of the energy density of the Universe

® Microscopic natures of DM are still unknown

® \Weakly Interacting Massive Particles (WIMPSs) : one of the most popular candidates for DM

> no electric charge, no colors, stable
» mass at the weak scale (GeV — TeV)

> weak interactions (ov ~ 10~ 26 cm3s~ ) keep WIMPs in thermal equilibrium in the early
Universe and provide correct relic abundance through thermal decoupling
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Indirect detection of WIMP DM

® DM is concentrated in the form of halos
surrounding different galaxies (including our Galaxy)
[ Evidence: galactic rotation curves |

® Pair-annihilations of WIMP DM particles in Inside a DM Halo
such a halo can produce Standard Model particles S 1
. i [+
which cascade further and produce flux of WIMP DM @ oy o

Electrons

y ’ e+/ e_ ’ p / p ’ '\, 'S/ V 'S, etC Medium-energy

gamma rays

“\'_ Leptons

+ = — |
® Produced Y , ¢ , p, v's/V's are searched g i
using different experiments: Y
WIMPDM & W?
Y-rays =) Fermi-LAT, H.E.S.S., etc. S —

e'/p = AMS-02 cosmic-ray, etc.
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surrounding different galaxies (including our Galaxy)
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® Produced y , ¢, P, v's/V's are searched
using different experiments:
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e'/p = AMS-02 cosmic-ray, etc.
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® Constrain <g v> (WIMP pair-annihilation cross-section times velocity) and DM mass m,



Present upper bounds on <o v> from Indirect Detection searches
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[Calore et al., SciPost Phys. 12, 163 (2022)]
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[Abdalla et al., PRL 129, 111101 (2022)]

[Calore et al., SciPost Phys. 12, 163 (2022)]
[Regis et al., JCAP11(2021)046]

® Enhanced annihilation signals are expected from the DM dense regions

(e.g., Center of Galaxies)



DM distribution at the Center of Galaxies : DM density spikes !

® Observational evidence indicates that almost every large galaxy has a
Supermassive Black Hole (SMBH) at its center

» The Milky Way galaxy has a SMBH at its center, corresponding to the radio source Sgr A*
with mass M_,~ 3x10° Mg
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® Observational evidence indicates that almost every large galaxy has a
Supermassive Black Hole (SMBH) at its center

» The Milky Way galaxy has a SMBH at its center, corresponding to the radio source Sgr A*
with mass M_,~ 3x10° Mg

® Halo DM near the galactic center can be accreted and redistributed by the central
massive Black Hole into a dense “Spike” (due to Adiabatic Compression)

[Gondolo & Silk, PRL 83, 1719 (1999)]
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DM density spike model near Supermassive Black Holes (SMBHS)

psp('r) i T_’YSP for dpcsy < p < T'sp Schwarzschild radius: 7gch = QGMBH/C2

Examples of spike in the Galaxy

> If the initial halo profile phalo(7) is “Cuspy”: [Gondolo & Silk, PRL 83, 1719 (1999)]
r\ 7 — | ! .

phalo(r) = Ps (E) with O < ¥ < 2 _ 1015;_ _g

L guk :

9 — 2y § - B

= 2.25 < < 2.5 o) u ]
=g, B { o ] = 10°F 3
E 3

> If pralo(r) is “Cored”/flat (e.g., Isothermal profile) - —

Ysp = 1.5

O[For DM spike around SMBHs at the center of galaxies 1.5 < v S 2.5 ]




(ov) (cm3s~1)

Bounds on WIMP annihilation from SMBHs
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Bounds on WIMP annihilation from SMBHs
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/‘
Multi-frequency searches from the SMBH at M87

[Lacroix et al., PRD 92, 043510 (2015)]

H.E.S.S. y -ray search from the SMBH at the GC
[Balaji et al., JCAP08(2023)063]

Fermi-LAT Y -ray search from the SMBH at the GC

- [Fields et al., PRL 113, 151302 (2014)]

\_

~N

Very strong bounds on <ov> from SMBHs
when the spike index ¥ is large, ¥sp~ 2.5

(i.e., when an initial “cusp” halo is assumed)

J

® Bounds from SMBHSs are very uncertain depending on the uncertainty 1.5 < Ysp <25

» No initial “cusp” = Small spike ( vsp =~ 1.5 ) = very weak bound (may not even reach <o v> ,,..a)

O[Lack of observational supports to constrain ¥s, for DM spikes around the SMBHs ]

e Bounds on WIMP annihilation from SMBH spikes are not robust !



Black Hole low-mass X-ray binaries (BH-LMXBS)

® BH-LMXB is a binary system made of a low mass Black Hole and :

\
Iack Hole
\‘; ‘ i.

an orbiting star (companion star)
> Lot of studies for such systems

in X-Ray, Optical, Infrared and Radio observations '
» Many of such systems are observed in the Milky Way companion st

(e.g., XTE J1118+480, A0620-00, etc.)
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Black Hole low-mass X-ray binaries (BH-LMXBS)

® BH-LMXB is a binary system made of a low mass Black Hole and

gack g [o][]
\_ .

an orbiting star (companion star)
> Lot of studies for such systems

in X-Ray, Optical, Infrared and Radio observations
» Many of such systems are observed in the Milky Way companion st

(e.g., XTE J1118+480, A0620-00, etc.)

e XTE J1118+480: studies of this nearby LMXB (through the motion of the visible star)
allows precise measurements for many important parameters of this system

Measured Parameters XTE J1118+480
Mgy 7.46702oM., (Gonzalez Hernandez et al. 2014)
starmass/BHmass % g =m|M,, 0.024 £ 0.009 (Khargharia et al. 2013)
star radial velocity = K (kms ') 708.8 + 1.4 (Kharghana et al. 2013)
orbital inclination > { 7375 4+ 575 (Khargharia et al. 2013)
orbital period - P (day) 0.16993404(5) (Gonzalez Hernandez et al. 2014)
orbital decay rate > P (ms yr ') —1.90 = 0.57 (Gonzalez Hernandez et al. 2014)
d (kpc) 1.70 £ 0.10 (Gonzalez Hernandez et al. 2011)

- table. from [Chan & Lee, ApJL, 943, L11 (2023)]
Alow mass Black Hole system M_,~ a few M,



Black Hole low-mass X-ray binaries (BH-LMXBS)

® BH-LMXB is a binary system made of a low mass Black Hole and

an orbiting star (companion star) ga(:k Hole
> Lot of studies for such systems 5 |

in X-Ray, Optical, Infrared and Radio observations
» Many of such systems are observed in the Milky Way companion sy

(e.g., XTE J1118+480, A0620-00, etc.)

e XTE J1118+480: studies of this nearby LMXB (through the motion of the visible star)
allows precise measurements for many important parameters of this system

Measured Parameters XTE J1118+4430
Mgy 7.46702oM., (Gonzalez Hernandez et al. 2014)
starmass/BHmass % g =m|M,, 0.024 £ 0.009 (Khargharia et al. 2013)
star radial velocity = K (kms ') 708.8 + 1.4 (Kharghana et al. 2013)
orbital inclination = | 7375 4+ 575 (Khargharia et al. 2013)
orbital period - P (day) 0.16993404(5) (Gonzalez Hernandez et al. 2014)
orbital decay rate % P (ms yr ') —1.90 £ 0.57 (Gonzalez Hernandez et al. 2014)
d (kpc) 1.70 £ 0.10 (Gonzalez Hernandez et al. 2011)

- table. from [Chan & Lee, ApJL, 943, L11 (2023)]
Alow mass Black Hole system M_,~ a few M,

® An abnormally fast decay of the orbital period is observed, Pﬁ— 2 msyr?!
8



Possible explanations of the observed orbital decay in BH-LMXB

® Possible explanations from Standard theories:

> Predicted orbital decays from Standard theories (including Gravitational-Wave radiation)
are ~2 orders of magnitude smaller than the Observed one !



Possible explanations of the observed orbital decay in BH-LMXB

® Possible explanations from Standard theories:

> Predicted orbital decays from Standard theories (including Gravitational-Wave radiation)
are ~2 orders of magnitude smaller than the Observed one !

e Alternative explanation: The dynamical friction between dark matter and the
companion stars may explain the abnormally fast orbital decays

e %o, o >
Dynamical friction: if the star is moving in a dense spike of DM patrticles, ° .:‘.: & .:‘ .ﬁ.
it gravitationally pulls the DM particles toward it. This leads to a s & “7.'.7| Py <
concentration of DM particles behind the star, which slows down the star ® o ® °
® ¢® ¢ o °

by the collective gravitational force

@
o %o ®e ..
collective grawtatlonzi force
® ¢0%e
o, ..F *
e %, 0% 4 0,
[ ] @ @ Y



Orbital decay in BH-LMXB due to dynamical friction between DM and
companion star

p— _ 1271gGP InA GMgpy (1 + q)P2 1/3
(1 + ¢)*(K/sini) A2

DM spike model around BH-LMXB:

rsch = 2GMgg/c?
r
psp(T) = po | — for 2rge <7 < rgp

po =~ 0.3GeVem™?

rep = 0.27in (local halo DM density)

Tin
MDM(T S Tin) = / dr 47T7°2 px = QMBH
0

Y5 IS the only free parameter

E==) it can be constrained from the observed P
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Orbital decay in BH-LMXB due to dynamical friction between DM and

companion star
p_ 1277gGP InA [ GMygy(1 + q) P2 ]1/3 @
B 472

(1 + @)%(K/sini)

DM spike model around BH-LMXB:
[Chan & Lee, ApJL, 943, L11 (2023)]

Sch = ZGMBH/02
r 100 £ . . I
for 2rgy <r < T'sp ;

Psp(T) = po (g

po >~ 0.3GeVem ™ 10

rep = 0.27in (local halo DM density) g

Tin
Mot =) = / dr 4gr? Py =2 MpH
0

Orbital deca

Ysp IS the only free parameter 0.1k

b4

== it can be constrained from the observed PJ

0.0]1.

spike index ¥sp
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Orbital decay in BH-LMXB due to dynamical friction between DM and

companion star
p_ 1277gGP InA [ GMygy(1 + q) P2 ]1/3 @
B 472

(1 + @)%(K/sini)

DM spike model around BH-LMXB:
e = 2G Mg/ [Chan & Lee, ApJL, 943, L11 (2023)]
r @ 100 ——— : |
psp(?“) =po | — for 2rgen <1 < rgp ;
po =~ 0.3GeVem™? ok
rep = 0.27in (local halo DM density) T‘;
_pwl

Tin
Mot =) = / dr 4gr? Py =2 MpH
0

Orbital deca

o
=

Ysp IS the only free parameter

== it can be constrained from the observed PJ
Y

0.0]1.

spike index ¥sp

[For “XTE J1118+480": Ysp = 1.85 £ 0.04 ]

(uncertainty within ~ 4% )

‘ Much smaller uncertainty in the DM annihilation signhals compared to those from SMBHs !
10



WIMP annihilation signal from XTE J1118+480

® Main source of signal : Synchrotron radiation from e+ produced from WIMP annihilation
in Black Hole magnetic field

Annihilation in the DM spike
radiowavcs§ § e+
O

><Jw: ‘ ﬂ-i\’uiﬁe - BH Magnetic Field
X B \ % % %radiowaves Inverse Compton
e_

Synchrotron radiation

e* source:

2 -

P (r) X-Rays
Qe(E7 r) - <O-V> { 2Xm2 } { dE } \%
\ xXJ,\F CMB v Subdominant
Y photons : signal
no. density of DM pairs Yy

dN

I:> e+ spectra per annihilation in channel F px I::) DM spike density profile

dE

Propagation of DM induced e+:

1 O 3f
25 |" 87~ + (pp f) =q(r,p) f (rp) = e+ distribution at equilibrium
\ Y p: momentum P=E
g e+ source from DM

Qc(r, E) = 4mpEq(r, p)
11

Diffusion Energy loss



WIMP annihilation signal from XTE J1118+480

m, =100 GeV, xx- bb , {ov) = {0V)ihermal » B

10~

10—16

vx 5 (erg.cm=2.s571)

10—18

10—19

photon flux (engergy / area / time)

10-15 L

10_1?;

E"_l Ll |h| |t| L . rTrTT |:
[ e X-ray observation ——
F (Chandra)

predicted synchrotron .

— —
e

= Radio observation
o (Karl G. Jansky VLA )/ g

E -
E -
-
-
-~

—20_IIII
075" 071 12 13

| I EAP. 4 B A

T
14 15 16 17 18 19
log:olv/Hz] frequency

e B-field near the BH :

We assume equipartition B-field : —— = — pe u?

B2
& g

{0V thermal = 2.2%107%0 cm? 57!

A.K, H. Kim, S. P. Kim, S. Scopel,
JCAP 03 (2024) 030

Strong constraint
from Radio observation !

with 4, ~c

- accreted density
of charges

T'Sch
T

(equipartition in magnetic, kinetic, and gravitational energy densities)

® Such a B-field profile is commonly used for the SMBHs
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Constraints on WIMP annihilation from XTE J1118+480 BH-LMXB

10723 pr——qy

T "‘L_""'- T
10724
10—25
10—25 <Gv>thermal
T“"‘ (s-wave annihilation)
N 1027
5
— 107°8 :
B | [uncertainty due to spike index ]
~ 10_29 — o diffusion == AMS-02 p 7
me wyith diffusion — LMC
1030 — {OVmax —— HESS GC -
-7 (av) M87 SMEBH
— thermal
1073 - —— Fermi-LAT dwarfs == Fermi-LAT SMBH GC for “XTE J1118+480": Ysp = 1.851+0.04
-7 — = Fermi-LAT GC — = HESS SMBH GC 100 | e
10_32 ' | 1 1 1 M T I | 1 1 1 R R R W
101! 102 103

my (GeV)

(ms yr')

Q)

Strong constraint on <o v> for m, up to TeV scale ! —P;

Orbital d

Much smaller uncertainty due to the spike index !

A.K, H. Kim, S. P. Kim, S. Scopel, JCAP 03 (2024) 030

—
(=)

0.1

ooy

1:

A0620-00 orbital decay rate

2.2

13

1.6 1.8
spike index ¥sp



Uncertainty in the DM signal from the magnetic field

Xx-bb, (ov)=(ov)In, ye,=ymn=18

100_....

Err'lin !f B*d

1071 -

XTE J1118+480

101 102 103
my (GeV)

Min. B-field (normalized to the equipartition field B#9)

required to put bound on (ov) stronger than (av)ﬁi{gs

A.K, H. Kim, S. P. Kim, S. Scopel, JCAP 03 (2024) 030

= = {(OV)thermal --= AMS-02 p
—— Fermi-LAT dwarfs  —— LMC
== Fermi-LAT GC — HESS GC
A | 1 1 PR T T T A | 1 1 P T T T T 1
10! 102 103
my (GeV)
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Summary

® The fast orbital decay observed in Black Hole Low-Mass X-ray binaries (BH-LMXBS),
e.g., XTE J1118+480, can be explained by the dynamical friction between DM and the companion star

> Indirect evidence of DM spikes around such BHs ?
> the DM spike index ¥s, can be pinned down with an accuracy of = a few percent

® Study of radio synchrotron signal produced from such DM spikes around the BH-LMXBs can potentially
put constraints on the WIMP annihilation better than the existing limits

> such constraints have much smaller uncertainty due to the spike index
> however, they are very sensitive to the BH magnetic field profile

® A better understanding of the B-fields near BH-LMXBs is needed in order to put a robust constraints on
the WIMP annihilation

® One alternative way E> study gamma-ray flux from WIMP annihilation in the BH-LMXB DM spikes
» gamma-ray flux depends only on the spike =) less uncertainty in the signal
> presently not much dedicated observations are performed in gamma-rays for BH-LMXBs

> new observation based studies of these systems in gamma-rays are needed

Tharik
A

15
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DM density spike model near Supermassive Black Holes

/ ( 0 for r < 4rgq, , (capture of DM by the BH)
PSp(T) Psat
r) = < for drgen <1 < 1y,
Px ( ) Psp (T) 4 Dsat C Sp
9 k,ohaﬂo(fr) for r > ryp

~

J

|::> the halo profile in which the Black Hole
Phalo(T) is grown adiabatically

Spike profile :
psp(’l“) ~ TSP for 4drgen <1 < 7Tep
“Ysp = Spike index (depends on ppaio(r))

My

O"U> tBH
(t,,: age of the BH)

Dsat = ( [ saturation due to WIMP annihilation=

15

Schwarzschild radius: 7Sch = QGMBH/C2
Spike radius: Tsp = 0.2 7ip

radius of influence (r, ) defined by:

MDM(T = Tin) — / dr 47r? Py = 2 MsH
0

M.~ 3x10° Mg

I T I T I

T T T T T T
.. . |~
annihilation plateau DM distribution 1=
' in the Galaxy
o
EN
a
TN
Em
M Lt
Q
=]
>
o 29
M)
|
T
' |SCh | : L Glj
6 -4 -2

log,o r (pc)



Possible explanations of the observed orbital decay in BH-LMXB

® Possible explanations from Standard theories:

> Gravitational-Wave radiation : the predicted decay is ~2 orders of magnitude smaller than
the Observed one !

> orbital period decay by the coupling between magnetic field and winds from the companion star through
tidal torques. However, there should be a significant mass loss from the binary system, which has not
been observed

> the tidal torque between the circumbinary disk and the binary can efficiently extract the orbital angular
momentum from the binary to cause the orbital decay. However, simulations show that the predicted
mass transfer rate and the circumbinary disk mass should be much greater than the inferred values
from observations



Orbital decay due to dynamical friction between DM and the star

. 47G? AP x)E (o) InA
Energy loss due to dynamical friction: £ = — = E=— GMgym/2a
P> =47n%a’ /| G(Mgy + m) P _3a _  3E a ) binary separation
P 2a 2F

(Kepler's law)

2 1/
p_ __ 12mgGPInA GMgu( + @) P g=mlM,,
(1 + q)2(K/sini) 42

DM spike model : "

a rsch = 2GMan/c?
r
psp(r) = 0 (—) for 2rgeg, <r < T'sp

po =~ 0.3GeVem ™ =

. > f
rep = 0.27in (local halo DM density) P % {:

Tln
Mpm(r < rin) = / dr 4mr? Py = 2 MpH
0

Orbital deca

Yy Is the only free parameter

=== it can be constrained from the observed PJ
g

0.1}

0.0]1.

[For “XTE J1118+480" : Ysp = 1.85 1+ 0.04 ]

(uncertainty within ~ 4% !) spike index ¥sp

Much smaller uncertainty in the DM annihilation signals
compared to those from the SMBHs !



DM density spike model near BH-LMXB XTE J1118+480

Mgy =17.46 Mo, Y5, =1.85

10% 3 e . B S—

[ —— profile without DM annihilation
1020 | my = 100 GeV, {oV) = {0V)thermal
1077 _ —— m, =100 GeV, {ov)=10"%% cm3s~? _

ppom (GeVem=3)
5 S °
=] = =9

105 ]
102} Ecompa nion
I 2 Fsen :star
10—1 - |_ L |_ L '|_ L |_ L |_ L |_ L
101 10~° 10~/ 10~ 10~ 1071
r (pc)
f
0 for r <27rgqe,
—Ysp
r t . r
Py (1) = < Pep(7) Pso for 2rgen <7 < 1gp, Psp(T) = po ()
psp(r) T Psat T'sp 0.3 CeV em=3
po = U. ev Cin
\phalo = Po for r > Tsp s

(local halo DM density)

my
O’”U) IBH

t.,. < 35x10" s for XTE J1118+480

BH

Psat — <



WIMP annihilation signal from XTE J1118+480

® Main source of signal : Synchrotron radiation from e+ produced from WIMP annihilation
in Black Hole magnetic field

| Synchrotron radiation‘

Annihilation in the DM spike
radio waves § charged particle (e.g., electron)
o

X b_) /vyﬂ
| £+ 4+ BH Magnetic Field
F ‘ T, e —
1 ropagation _
X B Ve VP" 2 % radio waves
Inverse Compton

ex* source:
2(r dNF X-Rays

Qe(E,r) = (ov) pX(z) Z Br— ¢ :

- 2ms, = dE cve o Subdominant
dN, e photons signal
JE I:> ex spectra per annihilation in channel F V' >v
Propagation of DM induced e+:

1 0 0 1 0 .
29 ?"QDa—f + _28—( pr) = q(r,p) f (rp) = ex distribution at equilibrium
\T a T/ \p p ) \ p: momentum p=~FE
e NS e+ source from DM
Diffusion Energy loss Qo(r,E) = AwpEq(r, p)

= Diffusion: D (r,p) = 1/3 r,v, with r,.=E/eB(r) (gyroradius of ex) and v, ~ ¢ = velocity of ex
(assuming “Bohm diffusion” , i.e., coherence length of the B-field = gyroradius of electrons)

= Energy loss of ex : due to radiative processes, e.g., Synchrotron radiation, Inverse Compton




Distribution of ex

dash line : w/o diffusion continues line : with diffusion

In XTE J1118+480

m, = 100 GeV, XX — bE. <G"U> — <UU) thermal » BEICl — ( Ic:lq)o nl)}. — 10|0 GBY; XQ.( — b{;' <o—?}> — <O—U> thfmml’ T B[‘::Iq |: 0.1 |>< (B[?Iq)o

(GeV~tem™?)

‘| 10713}
£la s
10-16 [

E/m,=10"° E/m,=10"*

E/m,=10"° E/m,=10""

-19 [
107" — E/m,=10"

10'22 [

— E/m,=0.1
— E/m,=0.95

F — E/m,=10""
1022F — E/m,=10""

— E/m,=0.1
— E/m,=0.95

— E/m,=10"?

L 1 1 1 1 1 1 1 1 1 1 1 1
1012 101 101 10° 10°® 107 10° 10° 10* 10° 102 107

T/Tma.x

L 1 1 1 1 1 1 1 1 1 1 1 1
10 10t 10°%° 107 10® 107 10° 10° 10* 107 10?% 10

T'/Tmax

%(zﬁpr) = q(r,p)

e (r, ) = 47pE f (1, p)



WIMP annihilation signal from XTE J1118+480

My =100 GeV , xxabb {ov) = (OV)term B (0V) thermal ~ 2.2x10726 cm3 7!

’G—J\ E— Synchrotrc-n _
E  W0ME--1C X-ray observation ——
p - (Chandra)
o _ 10~ 3
S T :
.~ 10-16L predicted synchrotron
= 3
o> & I co on

o 107V E
C @ E Se
S5 @ W= — =
X % —18 L . . A
5 > 107% Radio observation 9‘8 3
S o[ (KarlG.JanskyVLA)_ -~ ; Strong constraint
= e from Radio observation !
o F -~

10—20||||I||||I|||4fl||||I||||I||||I||||I||||I|||I||||

9 10 11 12 13 14 15 16 17 18 19
logio[wHz] frequency

® B-field near the BH : B2 1
We assume equipartition B-field : e pEIE

T'Sch p. accreted density
r of charges

Witlh ¢

(equipartition in magnetic, kinetic, and gravitational energy densities)

—5/4 _ _ 2
BQQ(T) — q (L) fOI’ TH S T < TaCC TH - TSCh - ZGMBH/C
"H 73 Tacc = accretion radius
Beq ~ 4 x 1014 1/2 ( MBH ) [MG] m = M/MEddington
10M (accretion rate)

Tacc

—2
Bout(r) = B®*Y(Tacc) ( . ) for > racc

® Such a B-field profile is commonly used for the SMBHs



for XTE J1118+480

my=10GeV, yx-bb, Bg'=(B my=100GeV, xx-bb, Bi'=(Bi)o my=1000GeV, yx-bb, B =(Bi"o

10° ! 10° 1 10° 1

—— Radio (w/o diffusion) | —— Radio (w/o diffusion) ! —— Radio (w/o diffusion) !

104 e 104 1 e | 10* 1 N |

—— Radio (with diffusion) ! —— Radio (with diffusion) ! —— Radio (with diffusion) !

103 1 — {OV)max | 103 1 — {OVimax : 103 1 — {OVimax :

102 i (OV)thermal i 102 4 7 " (OV)thermal : 102 47 " (OV)thermal i

I I

10! | ' '

g ] | :

- B ittt ittt dait o 107 e o e e e e -

S | < | < |

| | |

| | |

107 | | |

I I I

107 | | |

107 ! ! !
].0_6 T T T T T T T ! T T T ].0_6 T T T T T T T ! T T T ].0_6 T T T T T T T ! T T T

10—33 10—31 10—29 10—27 10—25 10—23 10—33 10—31 10—29 10—2? 10—25 10—23 10—33 10—31 10—29 10—2? 10—25 10—23
(ov) (cm3s~?) {ov) (cm3s~?) {ov) (cm3s~?)

DM induced radio luminosities (normalized to the observed one) as a function of {(ov)



Constraints on WIMP annihilation from XTE J1118+480 BH-LMXB

max <o v> so that the annihilation saturation

m
Psat — <—X = pDM(T*) and the

o ’U> tBH
dynamical friction is active

10723 /——qy T
10—24 L
10—25 -
=26
|
m"""' 10—2?
5
— 10—28 L :
N |
E 10—29 - . = —
m— o diffusion —--= AMS5-02 p y
m with diffusion —_— LMC
1030 — {OV)max —— HESS GC -
-7 T~ = = {TVhhermal M&7 SMEH
10—31 y Fermi-LAT dwarfs = = Fermi-LAT SMEH GC =
- — = Fermi-LAT GC — = HESS SMBH GC
10_32 [ M | 1 1 [ (I R B I B | [ [ I TR R B B |
101 102
my (GeV)

Strong constraint on <o v> for m, up to

10°

TeV scale !

Much smaller uncertainty due to the spike index !

{(0V) thermal =~ 2.2%10726 cm3 57!

(s-wave annihilation)

[ uncertainty due to spike index |

for “XTE J1118+480": Ysp = 1.85 £ 0.04

100 E T T T T T T

—
— o
TTITT T T
|

Orbital decay rate (ms yr'l)

o
—

o
(=3
——

2.2

1.6 1.8
spike index ¥sp




Uncertainty in the DM signal from the magnetic field

10° —

107
10!
10°

DM signal / observation
Lom / Lobs

B(r) =

B ~ 4 x 1014 1m1/? (

m, =100 GeV, XX_’bB, (ov) = (OV)thermal

I 0 arusiot T Signals are sensitive to the intensity of the
W S . B-field when the effect of diffusion is included
[Observation "é' """""
i T~ = Much smaller uncertainty in the DM signal
“~%i-____1 fromthe spike index
_ E: .7 | But alarge uncertainty from magnetic field
—— Radio (w/o diffusion) E+y
- = = X-ray (w/o diffusion) ﬁ{ -
| — Radio {with d_iffusion) /9’: |
n= = Xray with diffusion) | — — ———=7 1 A.K, H. Kim, S. P. Kim, S. Scopel, JCAP 03 (2024) 030
10° 10° 107 10%® 10° 10 10'! 10'2 10%* 10%
By (LG) equipartition
B®4(r) for  rg <r < rac H = Tseh = 2GMpy/c?

Tacc

Bo(race) (2

-2
) for > race T'ace = accretion radius

—5/4
(A .
B®(r) : () No direct access to the parameter B%q
TH

Assuming equipartition of energy :

—1/2
@) el i ~ 10 for XTE J1118+480

m=M th MEddington (accretion rate)
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