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K. G. Begeman et al., MNRAS 249, 523 (1991)
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Gravitational Lenses in the COSMOS Survey
Hubble Space Telescope = ACS/WFC

NASA, ESA, C. Faure (Zentrum fiir Astronomie, University of Heidelberg) and

J.-P. Kneib (Laboratoire d’Astrophysique de Marseille)

STScl-PRC0O8-09



Core-cusp problem
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Collisionless DM
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To alleviate these small-scale problem:

DM self-interaction is introduced

J.S. Bullock et al., Ann. Rev. Astron. Astrophys. 55, 343 (2017)

S.Tulin et al., Phys. Rept. 730, 1 (2018)
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Constraints from DM direct searches
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H. Davoudiasl, et al., PRD 85, 115019 (2013)

Introducing a dark scalar ¢ and a massive U(1)q4 gauge boson Z; in the
dark sector and both couple to the fermionic asymmetric DM y

Ls = gsdXX Lv = goXVuXZy

2




H. Davoudiasl et al., PRD 85, 115019 (2013)
M. Kaplinghat et al., PRD 89, 035009 (2014)
PHENOMENOLOGICAL DESCRIPTION OF THE DM-SM INTERACTION

DM-SM interaction and isospin violation

» 'The U(1)4 gauge boson Z; can couple to SM photon via kinetic mixing
¢y and Z boson via mass mixing &z

= 2
Luix = o FuuZi” +ezm3 2,2}
» 'The mixing can provide portals for interacting with SM EM current J EM
and weak neutral current J E C

» Effectively, the DM-baryon (neutron & proton) interaction can be
recasted as




DM self-interactions

Lg = QS@ZX Ly = JoX VX JJ

v

A

DM-SM interactions
Lint — 651_7’7/,}2519

not necessary equals 1
2 L
L isospin violation
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» Partll:
Neutron star (NS) and the capture of DM



DM CAPTURE MECHANISM

Capturing DM particles
® ® o0
T
g0 0%

Assuming DM velocity obeys
Maxwell-Boltzmann dist.

po =0.3GeVcem™?
v =270kms*




R. Garani et al., JCAP 05, 035 (2019)
N.F. Bell et al., 2004.14888 (2020)

Capturing DM particles
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NS capture rate C.:
DM-baryon interaction a4
b = n, p for neutron and proton

R, o0 Vesc (T)
C. = / dmrdr ('O—X> (—u)w(fr)du/ Q" (w — v)dv
0 0 0
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Due to isospin violation, the contribution from proton can become important!



S.D. McDermott et al., PRD 85, 023519 (2012)
Chen et al., JHEP 08, 069 (2018)

The number of DM particles N,

dNX

— C, (VSI\/ .
dt Ce+ X ™ “
N, (t) = Ot >

Py =03GeVem™, 0y =107 cm?
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» Partlll:
Black hole formation of DM inside the NS



J. Bramante et al., PRD 89, 015010 (2014)

DM SELF-GRAVITATING

N, increases through time! DM self-gravity
T'th = s Ug’DM
4G ppmy P— N

3 r

The virial equatién will rebalance until » becomes
gﬁlgﬁléjlst\ﬂgﬁnrtth}}is equality holds

4 2 GN,ym?
2(Ey) = TG pomxT i xmxt

e NS keeps capturing DM particles, N, will continue
growing

r = smaller and smaller: DM self-gravitating

&

e Rough estimation
47Tr§’h Ob
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J. Bramante et al., PRD 89, 015010 (2014)

DM COLLAPSE

e When DM initiates self-gravitating, r becomes smaller and
smaller Yukawa potential

GN. s ~
@ 2Eg) = =22 4 Uyuk

r

o Ei will be replaced by Fermi energy Er when DM be-
comes too crowded in the star (Er < m,, non-relativistic)

5
GNXmi > QE%on—rel » NFermi > 3\/3(7TG)3pb ~ 1.73 x 1056 (GGV)
X .

Tdeg 2m§< My

In general, NS cannot capture this much DM within tuniv.

e The attractive Yukawa interaction Uyy can reduce N¢Ch

Coulomb-like

Ao, m _
Ny —1 ri <1/mg: y’; ?  y=r;my
Q
UYuk _ Z (%6—m¢rj +axm¢e—m¢rj> .y
J ’ T > 1/m¢ S Te %Y (m(be =+ m¢e_y)
Yy

short-distanced
Not-to-scale



J. Bramante etal., PRD 89, 015010 (2014)

BH FORMATION IN THE NS

» To proceed collapse, Uyuxk must overcome the relativistic Fermi pressure in
the final stage (Er = m,)

non-relativistic - Uyuc > 2E3" "¢ NFermi , 1025476 (e )12 (1 )=

# o X MeV GeV
m
relativistic Uy > 2B oy > 4.7 -3

» However, even a BH can form, it could sufter from Hawking radiation

Hawking radiation

accretion

» When everything is setup:

e N, > N;*: DM self-gravitating

Fermi .
® NX > NX - 'To overcome Fermi pressure

e N, = %BH > 3 % 1036 ((ifv) . Avoiding BH evaporation

X X
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» PartlV:
Sensitivity of Gyr-old NS on the particle nature of DM
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NX — Cct X NnO-X’n _|_
To trigger BH formation

e N, > N% with the given time f = 5 Gyr
2(Ex) = Ug ns + Ug,pm + Uvuk

o To overcome relativistic Fermi pressure

e To avoid BH evaporation

NXTTLX = Mgy > 3 X 1036 GeV
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SUMMARY

Summary

» NS acts as a complementary probe to other DM detections

» Proton can significantly contribute to DM capture rate in the presence of
isospin violation

» If DM particles self-interact attractively, BH can form inside the NS

» By observing Gyr-old NS can set constraints on DM parameters «y, m,, my,
Oyn.p

» Model-independent analysis with a well-motivated U(1)s pheno model to
justify the way



