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Introduction (outline)
1. WIMP DMs hit a neutron star (NS), and annihilate inside the NS.

[C. Kouvaris, 0708.2362]
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Introduction (outline)

1. WIMP DMs hit a neutron star (NS), and annihilate inside the NS.
2. Old and warm ( ~ 2000K) NS = DM signal?!

3. BU*... old and warmer (T' > 2000K) NSs are already observed!

In addition, a mechanism inherent in NS (“rotochemical heating”) can explain them.

4. Question:

Can we really see the signal of the DM heating?
If so, what is the condition for that?
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f decay and its inverse:

Neutrino emission pHe —>n+u,

4 {n—>p+e_+ﬁe )

Ve.r
:
.
‘
.

It does NOT work in typical NS because p, +p, <p, .

Discarded in "minimal cooling” scenario.
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LHS = Temperature Evolution. RHS = Cooling Luminosity.
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C—=-1 —L Photon emission
At v Ty ——L, = 4nR%cgT,

dominant process at late time

Neutrino emission

Superfuidity (pairing) plays important roles.

Normal Fermi Liquid Superfluid Fermions

At T < T., Cooper pairing (p-p and n-n) occurs.

e Heat capacity C is suppressed.
e M.Urca luminosity L, 3, is suppressed.

e PBF occurs at I'< T .
e It is also important for the “rotochecmical heating” (see below).
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rotochemical

e Modified Urca (dominant process at 1" > 1)

n+N—->p+e +N+U,
(N = p or n)

p+N+e —-n+N+vu,

e In the minimal cooling, 5 -equilibrium is assumed.

1—jn—>p+e — 1—1p+e—>n / Mn — :up + :ue ’

® However, B -equilibrium is NOT maintained in rotating pulsars!
A.Reisenegger [astro-ph/9410035]

Key: Spin-down of pulsar rotation

Pulsar spin-down

Spin-down: pulsar is rotating, and its rotation is gradually slowing down
P~107—1s P~107%-107"

* Spin-down is caused by the magnetic dipole radiation
2r
@ — — kO3 — 5 Q0= .
dt \/ P} +2PPr
k < B> x PP
B ~3.2x10"°(PP/s)'* G

slide thanks to K.Yanagi.

e — B ———
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rotochemical

e Modified Urca (dominant process at 1" > 1)

n+N->p+e +N+17,
(N = p or n)

p+N+e -n+N+vy,

e In the minimal cooling, 5 -equilibrium is assumed.

1—‘n—>p+e — 1_‘p+e—>n / Mn — /’lp + /’le ’

® However, [ -equilibrium is NOT maintained in rotating pulsars!
A.Reisenegger [astro-ph/9410035] Q )

Key: Spin-down of pulsar rotation
-> change of would-be equilibrium number-density

(determined by the balance among gravity, pressure, centrifugal forces)

-> change of chemical potential
-> ,btn > //tp ~+ ,l/te . (M.Urca is too slow to catch up.)

® The deviation from [ -equilibrium heats the NS.
heat — _ —
Lrotochemical a JdV (’“n My '“e> <Fn—>p+e Fp+e—>n> > 0.

“Rotochemical heating” (nothing special, just normal physics!)
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® Again, the superfluidity (pairing gap) plays an important role.

Example for millisecond pulsar
neutron gap: “a”
proton gap: AO
M=1.4M,

Py = 1ms

PP =33x107%%
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3. Rotochemical Heating c% - 1 cnex

® Again, the superfluidity (pairing gap) plays an important role.

Example for millisecond pulsar

neutron gap: “a”
proton gap: AO

M =1.4M,

Py = 1ms

PP =33 X107

deviation from [ -eq.

1010 L

Wzﬂn_ﬂp—ﬂf (l’ﬂ:e’//l)

/|

pairing gap A

i internal temperature T

/]

surface temperature 7

Rotochemical heating begins when 77, > A. [Petrovich & Reisenegger, 0912.2564]
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e Recently, we have updated the calculation, including for the first time

M4 both neutron superfulidity and proton superconductivity
4 with radius dependence

4 with temperature dependence

M with angular dependence (for neutron triplet pairing)

simultaneously. (K. Yanagi, N. Nagata, KH, [arXiv:1904.04667])
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3. Rotochemical Heating -1 -1 .

M=1.4Mg,

107
—— Ordinary pulsar
—— Millisecond pulsar
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K. Yanagi, N. Nagata, KH
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Millisecond pulsar

(typically P ~ 1ms, P ~ 1072, B ~ 108G )

Ordinary pulsar
(typically P ~ 1s, P ~ 1074, B ~ 102G )

The rotochemical heating can explain the old and warm NSs.
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4. DM heating vs. Rotochemical heating
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Result

P=1s, P=10"15 P, : initial rotation period is the key parameter.
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such as Wino DM.

e For large enough P, , DM signal is visible.
Recent studies suggest P, can indeed be very large. ( > 100ms).

[cf. references in 1905.02991.]

Currently no NS with such a low T is observed, but just because it is difficult to observe them.

e Conversely, discovery of a NS with 7' < 2000K will exclude many DM models,
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capture rate ~ 1

for o,y 2 107¥cm?

Summary ...

annihilation ' v

xx = ff

® We studied NS temperature evolution in the presence
of both rotochemical heating and DM heating.

dT
o - heat heat
C At o LV LJ/ +Lro’rochemical +LDM

and found that DM heating effect is indeed visible for
a large initial rotation period P, .

Future works

e application to concrete DM models.

e vs. other heating mechanisms. (cf. p.Gonzalez, 1005.5699)

e observational feasibility.

o~ 800 R



Advertisement:
Cosmology / Astroparicle Physics Workshop
at Tokyo in March 2020.

® (tentative title) "New Directions in Cosmology”
® March 25-27 (or 24-27), 2020. (Pencil it on your calendar!)

® At Tokyo U., Hongo campus.

® Organizers:
K.Hamaguchi (Co-chair), T.Moroi (Co-chair),
S.Iso, S.Matsumoto, T.Melia, J.Menendez, K.Nagamine,
N.Nagata, K.Nakayama, M.Yamaguchi, T.Yanagida.
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observational feasibility

DM Kinetic Heating DM Annihilation & Kinetic Heating
nJy at 2 um at 10 pc nly at 2 um at 10 pc

® See e.g., the discussion in M.Baryakhtar+,
1704.01577.

® O(1) old and cold NSs can be at d = 10pc.

® Radiation from a DM-heated NS there results .8
in a spectral flux density of O(1) nanoJansky

(nJy) at wavelength v~! = 6(1) um. M.Baryakhtar+, 1704.01577

® Maybe within the sensitivity of the upcoming
telescopes such as the JWST, TMT, and E-ELT.



