Neutron stars and dark matter

Based on work with Coffey, Hostert, Morrissey,
Pospelov, Raj, ...



We live in a Dark Matter Halo

Image credit:
- ESO/L Calcada
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DM Direct Detection
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DM Direct Detection

Are there models DD has
difficulty probing (but where
DM still couples to SM)?
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Neutron Stars

[2GM M 10 km
Vese =\ ——— ~ 0.5¢, | — X = put a
R M R

sun’s worth of stuff in a city’s amount of space
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Neutron Stars
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Coffey, DM, Morrissey, Raj 2207.02221

Model Number 1



Axion(-like) Particles

Introduce DM and a complex scalar field
gD_g)(¢)?R)(L+hC ’/—— -

Scalar field develops vev

) = / <1+§) eia/figj)mx%)ﬁys)(

V2

Coupled to SM through e.g.
vector-like quarks

.C.
Z D YQ¢QRQL+h = Ar D fGG




Axion(-like) Particles

Introduce DM and a complex scalar field Se Q C‘\’\/‘ AN
g D _g)(¢)?R)(L+hC
Scalar field develops vev _S'_ —_— Q
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Coupled to SM through e.g. G o

vector-like quarks

_ a, Noa .

m 2 f a is naturally “light” (GeV or lower here)




Axion(-like) Particles

Introduce DM and a complex scalar field
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See e.g. Bauer et al. 2012.12272



Coffey, DM, Morrissey, Raj 2207.02221

Model Number 2
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Motivation for 2.25HDM

Simplified Models for Dark Matter Face their Consistent Completions
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2HDM-+a
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Scattering on Nucleons

ALP model 2HDM+a model
X \/ X X X
£ \0\/

Velocity (and spin) dependent



Scattering on Nucleons

ALP model 2HDM+a model
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Neutron Stars

X X 7(/)( X

@:’) X ~ o

Mass of DM a NS star passes through per unit time
. (Vese! V) GeV
M = p%v%ﬂRl%s X ——— 2~ 107

— 12
1 Vésc

See Baryakhtar, Bramante, Li, Linden, Raj PRL 119, 131801 (2017)



Neutron Stars

¥ N ((@‘/)( A>T

Mass of DM a NS star passes through per unit time
2

M = p v, aRZ X = Tye ~ 1500 K
XX TNS NS

1 —vZ

See Baryakhtar, Bramante, Li, Linden, Raj PRL 119, 131801 (2017)



Neutron Stars

F150W2 NS at 10 pc

—  SNR after 24.3 hrs
SNR after 5.5 hrs

SEDs kinetic+annihilation heating _

- MAX: 1.99 M., 10.05 km
-= MED:1.5M,, 12.07 km
— MIN: 0.5 M, 14.18 km

F150W2 .
DEEPS, 21 dithers, blank field background (low) -




Neutron Stars

ALP model <

Observing NS with
L_ .. varying
15 M@ < MNS < 21M® n/4 - - ——— n/4

direct detection
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Changing gears...are there other DM models
where neutron stars play an important role?



(DM & Nelson)

“Neutron portal®

] gy Af, _
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m, ~ O(GeV) is interesting: y is a “dark baryon” or “dark neutron”



(DM & Nelson)

Neutron portal dark matter?

] gy Af, _
Z D —gpud® —yp*dy—m,jy+h.c. —>—2ucdcdc)(+h.c. — % ny+h.c.
m
AB=0 c
tm,—m, <m,<m,+m,,

p—yet+ ... andy = pe” + ...

don’t occur (Pfitner & Riisager: *Be stability = m, > 938.0 MeV)

= y Is DM candidate (matter & dark matter stable for same reason)

Where else does it show up?



Neutron portal dark matter?
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Neutron decay modes
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(Note: 8 < 1072V if y Majorana)

Where else can it appear?



Neutron stars

d Ge(r)M
TOV equation: i = — M X (GR)
dr r2

EoS: p(r) = fle(r)]

3.0

- —— EOS Hebeler et al. (2013)
| 1 polytropic model
F [ ¢ model

1 036

Greif, Raaijmakers,
Hebeler, Schwenk, &
Watts arXiv:1812.08188
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Pressure (MeV/fm?3)

Neutron stars & gdark baryons
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Neutron stars & dark baryons: a way out”

Cline & Cornell, JHEP 1807 081

M/ M,
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Cosmological/Astrophysical Implications
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Cosmological/Astrophysical Implications
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Neutrons Through Walls

Yemilab detector

IsoDAR

Be target 7(4.95 MeV)

Li-Be sleeve

—— Shielding

Hostert, DM, Pospelov, & Raj (2201.02603)
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Neutron stars offer a good opportunity to look for dark matter that has velocity-
suppressed scattering on nucleons

Observation of NS with T S 1500 K could set leading constraint on these models
even compared to terrestrial probes

Still lots to do!



