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» Partl:

Motivation for introducing dark matter (DM) self-interaction

» Partll:
® Neutron star (NS) capture of isospin violation DM

® Black hole (BH) formation in the NS
» Partlil:

NS sensitivities on DM-baryon cross section and isospin violation

» Summary
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DM in the
Universe

X-ray: NASA/CXC/SAO
Optical: NASA/STScl
Infrared: NASA-JPL-Caltech Crab Nebula
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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

».

Collisionless DM

J. S. Bullock et al., Ann. Rev. Astron. Astrophys. 55, 343 (2017)
S.Tulin et al., Phys. Rept. 730, 1 (2018)

Too-big-to-fail

We didn’t see any satellite as
massive as predicted by the

N-body sim.
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To alleviate these small-scale problem:

DM self-interaction is introduced
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To alleviate these small-scale problem:

DM self-interaction is introduced

1g-25 Cm < DX <1023 cm
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‘\% Assuming attractive Yukawa int.

6—mq5’l“
/ V(r) = ay -

J. S. Bullock et al., Ann. Rev. Astron. Astrophys. 55, 343 (2017)
S.Tulin et al., Phys. Rept. 730, 1 (2018)



WIMP mass [GeV/c?]

S. A. Malik et al., Phys. Dark Univ. 9-10, 51 (2015)
O. Buchmueller etal., JHEP 01,037 (2015)

J. Aalbers et al. [DARWIN], JCAP 11,017 (2016)
D.S. Akerib et al. [LUX] PRL 118, 021303 (2017)
C. Amole et al. [PICO], PRL 118, 251301 (2017)
E. Aprile et al. [XENON] PRL 119, 181301 (2017)
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DM captured by
the neutron star




Capturing DM particles

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

R. Garani et al., JCAP 05, 035 (2019)
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NS capture rate C.:
DM-baryon interaction oy
b = n, p for neutron and proton

R. Garani et al., JCAP 05, 035 (2019)
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NS capture rate C.:
DM-baryon interaction oy
b = n, p for neutron and proton

R. Garani et al., JCAP 05, 035 (2019)

C. (%) OOO %w(r)du /O veSC(T)@— (w0 — v)do)

DM-baryon differential scattering rate
Cross section
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NS capture rate C.:
DM-baryon interaction oy
b = n, p for neutron and proton

R. Garani et al., JCAP 05, 035 (2019)
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NS STRUCTURE

Baryons in the NS

e Density distributions not identical
for n and p

e Chemical potentials

A.Y. Potekhin etal., AA 560, A48 (2013)
S. Goriely et al., PRC 88, 024303 (2013)
R. Garani et al., JCAP 05, 035 (2019)

Not-to-scale



e Density distributions

e Chemical potentials

r:Yep - . - .
baryonic yields chemical potentials

A.Y. Potekhin et al., AA 560, A48 (2013)
S. Goriely et al., PRC 88, 024303 (2013)
R. Garani et al., JCAP 05, 035 (2019)
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e Density distributions

e Chemical potentials
.m - Capture rate C.: 0yn = 0y =10-% cm?

Benchmark A: BSK-20-1 R

Protons.. il :

py=1GeV/em®

R. Garani et al., JCAP 05, 035 (2019)
(private communication)
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e Density distributions

e Chemical potentials
.m - Capture rate C.: 0yn = 0y =10-% cm?

Benchmark A: BSK-20-1 R

- Protons SRR B

py=1 G“:eV/cm3 nGUtrons ~‘,~

R. Garani et al., JCAP 05, 035 (2019)
(private communication)
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e Density distributions

e Chemical potentials

Capture rate C.: 0yn = 0yp =104 cm?

Benchmark A: BSK-20-1 R

- Protons SRR B

py=1 G“:eV/cm3 n

R. Garani et al., JCAP 05, 035 (2019)
(private communication)
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NS STRUCTURE

Baryons in the NS

e Density distributions

e Chemical potentials

Capture rate C;: 0yn = 0yp =104 cm?

Benchmark A: BSK-20-1 | N
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py=1GeV/em® neUtrOnS ~‘,~
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p= .,,,17:10,4‘5,(:1'11“ S

R. Garani et al., JCAP 05, 035 (2019)
(private communication)
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ISOSPIN VIOLATING DM

DM-baryon interactions

G. Jungman et al., Phys. Rept. 267, 195 (1995)
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DM-baryon interactions
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ISOSPIN VIOLATING DM

DM-baryon interactions

G. Jungman et al., Phys. Rept. 267, 195 (1995)

neutron

isospin violation
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C. Kouvaris, PRL 108, 191301 (2012)

° J. Bramante et al., PRD 89, 015010 (2014)
DM in the NS

Virial theorem
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° J. Bramante et al., PRD 89, 015010 (2014)
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Contribution from DM self-interaction
modeling by Yukawa potential
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DM in the NS
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Virial theorem
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Virial theorem
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DM in the NS

Virial theorem
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SUMMARY

Summary

» Isospin violation can affect the NS capture rate of DM
» Proton capture rate could be important if f, > f,

» With attractive self-interaction, fermionic DM could overcome the
Fermi pressure and form a BH in the star

» For my, <1 GeV, the contributions from other light particles (e, u...) to
the capture rate in the NS could be important



