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OUTLINE

) Introduction: (a) the advantage of applying neutron star (NS)
temperature to constrain dark sector, (b) a general dark sector with
a vector mediator.

) NS cooling and dark matter (DM) heating: (a) DM captured by
NS, (b) NS temperature evolutions by SM processes and DM heating

) Numerical results and detectability; JWST detector

) Summary and conclusions




1.1: WHY INVOKING NEUTRON STAR?

) Direct detections of DM in keV to TeV mass range involve many
different physics effects and techniques: such as collective effects,
electron recoils and nucleus recoils.

) Neutron star observation however can probe a very wide range of
dark sector parameters.



1.2: AGENERAL MODEL FOR SPIN-1 MEDIATOR
CONNECTING DARK AND VISIBLE SECTORS

) Dark U(1)x field V mixes kinetically with SM U(1)y and mixes with SM
Z boson in mass terms
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A GENERAL MODEL FOR SPIN-1 MEDIATOR
CONNECTING DARK AND VISIBLE SECTORS

) Effective interactions between dark boson and SM fermions:
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DM-NEUTRON INTERACTIONS—DETERMINING
THE RATE OF DM CAPTURE BY NS
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111 DM CAPTURE IN NEUTRON STAR

NS mass My = 1.4 My, Radius Rg = 12 km  Bell etal (2019)

Garani et al. (2020)

N :
d £ — C.—C.N.N- (C.: capture rate, increases the numbers of DM
dt ¢ a "y X
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Solving the above equations gives

{ Teq = 1/1/C.C, is the equilibrium time scale
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eq Ce X Oyp,Cy x (o0).

Teq = (107 — 10%) yrs for ({(ov), 0yn) = (6 x 107*°cm?s™ 1, 107 cm?)

MeV < m, <TeV

Equilibrium reached for t ~ Gyr NS N, = Ny — /C./C,




11.2 NEUTRON STAR COOLING

) NS cools due to neutrino and photon emissions

> On the other hand, DM annihilating to SM particles could heat up NS
dTy,  —e) — e + 6 Lo~ 8Tx10° K(g, /10" em s7*)M4(T/10° K)**
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Ty : NS interior temperature

~ 1.85 x 10 cm s™2, redshift corrections
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1.2 NEUTRON STARCOOLING CURVE

5y = @c;v’cx E =2m, T, Z b;, Ta = Cou Ny Ny
Neutron star surface temperature K, = Cumy(y — 1)
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11I-2 NEUTRON STAR COOLING CURVE—EFFECTS
OF DM HEATING INCLUDED

Neutron star surface temperature
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Il NUMERICAL RESULTS AND DETECTABILITY OF
NS TEMPERATURE (JWST) £y = Eg
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Light mediator mv = 0.1my This thermal relic constraint

X = VV = 2ff applies only if xx = VV
dominates. The parameter
space here is not constrained
if XX — ss dominates.

Heavy mediator my = 10my
xXx — ff
_ 2 ® gy=¢Z:oxn~0.360%p
DM-V coupling S 9d e Comparing to the current direct searches,
dm NS gives better sensitivities for lighter DM




11l NUMERICAL RESULTS AND DETECTABILITY OF
NS TEMPERATURE (JWST) e =0
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Heavy mediator my = 10m, Light mediator mv = 0.1m,

€y = 0: Oyp ~ 0
However, to a NS, Yn ~ 100Yp, proton contribution to Cc (capture rate)
is much less than that of neutron unless oxp » oxn
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Il NUMERICAL RESULTS AND DETECTABILITY OF

NS TEMPERATURE (JWST) ey =0
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¢z = 0: oyn = 0, only DM-proton scattering remains

Since Yp ~ 0.01Yn, it needs bigger kinetic mixing coupling €y to compensate the suppression
of neutron contributions

*No Z-mixing exists, DM will not annihilate to neutrinos

*All the energy released from annihilation in NS will be fully absorbed by the star
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1.2 DETECTABILITY AT JWST DETECTOR

Gardner et al. 0606175 (2006)
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IV SUMMARY

NS has a wide sensitivity on DM mass my: from keV to TeV

NS has high sensitivity on DM-SM interaction cross section o

The existence of DM can alter the surface temperature of old NS
The framework can be used to test various phenomenology models
JWST is capable of detecting nearby low temperature NS and

therefore set constraints on dark sector parameters



