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Challenges

Other problems :

DM is “slow” when it reaches earth : Velocity suppression

Not enough recoil to
cross detector threshold

Detector can only be so large

Inelastic DM

Leptophilic DM

DM flux inversely
proportional to DM mass

Neutrino background
too high

Image: PDG 4



Dark Matter in Heavy Compact Objects
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Capture in Neutron Stars

Continuous dark matter flux incident on the NS
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Densely Packed

Interaction where DM loses
more energy than its Halo KE Accelerates DMto v ~ 0.0 ¢



Flux

Continuous dark matter flux incident on the NS
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Image credit : https://astrobites.org/

- 2
Area = b V Vhalo = 8 X 1074, p, = 0.3 GeV/cc
Being fed to NS with velocity Unhalo M,=15Mqy, R, =12.6 km .




Flux

Continuous dark matter flux incident on the NS

Uhalo
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Area = b2

Imax

DM Flux is : Wb?naxvahalo

bmax

We take:
Vhalo = & X 10_47 Py = 0.3 GeV/cc

M, =15 Mg, R, = 12.6km

This means :
bmax = L \/@(1 _ @)—1/2
Vhalo ¥ I R
2G'M

* ~0.35 ~ 103
o biax ~ 10° R,

Large compared to R,! |



Capture & Heating in Other Celestial Bodies?

Image : Art by Jon Lomberg
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Density less by factor 108 by factor 1014 by factor 101! - 1013

capture o< density x flux

_ —35 2
Neutron Stars ~ 10™%° ¢cm? Other stuff ~ 107°° cm
Generally too hot for anomalous heating



NS Kinetic Heating
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NS Kinetic Heating
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How to Detect Excess Heating?

Find an old “nearby” NS with radio telescope
with expected temp O(10 — 100) K

T
: Exposure time for SNR 2 :
4
d
10° S
10 pc

Credit: Ou Dongqu/Xinhua/ZUMA . L. .
See for details, scope, limitations :

Baryakhtar, Bramant, Li, Linden, Raj
Phys.Rev.Lett 119 (2017)13, 131801

Observe it with JWST
NIRCam on JWST ~ 0.6-5 um imager

Chatterjee, Garani, Jain, Kanodia, Kumar,
Vempati Phys.Rev.D 108 (2023) L021301
Good sensitivity around few "000 K
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Relativistic Capture Efficiency
T ~ 1600f1/4KZ

Electrons !




Pauli Blocking

NS Frame: Position Space NS Frame: Momentum Space
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DM Momentum
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Scattering Allowed

T Fermi Surface
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Formalism
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Formalism
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DM Models
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Reach

Recall : T ~ 160014 K

T oc A1

Shaded area correspondstof~ 1 or
star temperature of ~ 1600 K
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Reach
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Reach
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Inelastic Dark Matter

y y o
2 dark states split by a mass gap Sm A = 5_m

y mq mi

Important class of models esp in the context of SIDM for explaining small scale structure problems

Hard to detect for terrestrial detectors above A values of 106
Velocity supressed v ~ 1073
High gravity of NS means v ~ 1071

om < (’}/ — 1) mT, (”y — 1) my For non-relativistic targets

2

om < YOPE, (’}/ — 1) Pr For ultra-relativistic targets
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Inelastic Dark Matter : Heavy Dark Photons
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Inelastic Dark Matter : Heavy Dark Photons
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Inelastic Dark Matter : Light Dark Photons
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Summary

* Neutron stars are great for learning more about the nature of DM
* Can complement or exceed terrestrial searches
* Kinetic heating particularly shines in probing models like inelastic DM

* Particularly stronger compared to beam dump, long lived particle searches for
sub-GeV DM
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Thank You!



\w i
. EE — Po=7 ms
106 S 10° = |
——
: | Po=1ms O '
v |
'Q 10°k i E 1055_
[ S | | S—
fj 6ms i }8:1
10 i 100 T o)
L neutron: a2 ! - ’
r . l - ———- (a2, CCDK)
proton: CCDK P >7ms i 6. 7O) \
- 0 I | —— ' -
\ ] i S S S —
Py =7 ms w/o DM =\ l --=- (b, CCDK) \‘
103 L e saanil AR | AR L s sl IR 103 L sl ST | L N ol el AR ETIT
104 10° 10° 10’ 0® 109 104 10° 10° 10/ 108 10°
t [yrs] t [yrs]

Hamaguchi, Nagata, Yanagi Phys.Lett.B 795 (2019) 484-489 28



Ts [K]

PP=10"1s Py=10ms, M =1.4M,

T [K]

106 F======__ .
; . l
B A S
o \
A
- \\
105 \ |
- \
- \
B \
_ \ |
i Vortex Creep \1 l
o - Standard \
10 2 | IIIIIII| 1 IIIII||| | |IIIII'|| | IIIIIIII | IIIIIIII |
103 104 10° 106 107 108
Time [year]

(a) Ordinary pulsars

106

10°

10*

PP=3.3x10"%?s,Po=1ms, M= 1.4M,

IIIIIIII

ﬁ-‘

Vortex Creep
Standard

A I
106 108

Time [year]

I
104

(b) Millisecond pulsars

Fujiwara, Hamaguchi, Nagata, Ramirex-Quezada JCAP 03 (2024) 051

101

29



Inelastic Dark Matter : Light Dark Photons
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