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g=31+g2+g3

1. 2 =G,Gny"x + v xo) X (py,p + iiy,n) : x; captured by neutron stars.

2. &5 = Ggnvto? g X (éc;/”p + Dcy”n) + (h.c.) : Baryon destruction by y;,.

Am
3. &3 =— T)()Zz)(l + (h.c.) : “Recycle” y, — y, through oscillation.

(BNV without external y; only when Am, # 0)
—.

A1
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- Accelerated and one scattering sufficient to lose enough energy (for m, < 10°GeV)
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For m, > m,, AK ~ ;Kx ~ M Vie ™

X

Py V& 100 GeV G,
Captured DM #: N, ~ N, LSy~ 103 ( © ) < X >
m, V

n“yn -50 2
» m, 10—Y%cm

1 GeV (to be compared with m)(\_/z ~ 10_6m){).

for 6, < oy, = 2.3 % 107" cm”.

c.f. N, ~ 10°" inside NS.

(A more elaborated formula in [Bramante+ 17] used)
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Catalyzed heating of neutron star

* Once captured, DM can catalyze baryon decay via BNV interaction.

dE V [ 100 GeV 1% Oyn
LA =N)(X0]31\1\,v><n,,lmnN10426 < - >< 7BNY >< £ )

dt S m, 1030 ¢cm? 1039 cm?

+ Emitted U has ~ 1 GeV — NS is opaque and energy consumed to heating up.

* Energy sourced by visible matter, more efficient than DM annihilation.
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Sensitivity

» The coldest NS, PSR J2144-2933, has temperature T, < 2.85eV  [Guillot+ 19]

dE dE V/ R \°/ T 4
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Di-nucleon decay NN — Ne/Nv
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* Oftf-shell y induces di-nucleon decay NN — Ne/Nv through loop:
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Signal: nuclear de-excitation + 8 MeV y by Gd capture of n (?)

» By requiring 7(nn — ni) > 1.4 x 10°° yrs : bound on invisible n-decay,

[KamLAND collaboration 06]
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Summary

Main question: pheno implication if DM induces BNV processes?

* DM catalyzes baryons inside SuperK.

More interestingly, captured DM can catalyze neutrons and heat up NSs.

Experimentally, di-nucleon decay NN — Ne/Nv may be interesting to look at.

PSR J2144-2933
(Oyn = Ot = 2.3 x 107 cm2)
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DM direct detection constraint

[LZ 2022]
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