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Introduction(2/2)

Dark Matter

v Unknown matter (Dark Matter) accounts for
26.8% of the total in the universe Dark Matter

v Strong evidences supporting the existence of DM
* Galactic rotation curves

* Collision of galaxy clusters Dark Energy

v No candidate in the SM

https://www.quora.com/What-is-the-percentage-of-dark-matter-in-the-universe

Neutrino Mass

v Observation indicates that at least two neutrinos are massive

v Neutrinos are massless in the SM

One of the attractive candidates for addressing both problems is

type-l seesaw model with sterile neutrino DM
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Constraint on sterile neutrino DM

Hereafter, N denotes

v’ Sterile nutrino DM from Dodelson Widrow mechanism is excluded .
sterile v DM.
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v Altanative production mechanism is needed SM N
v SM — N scattering through new mediator: Gauged U(1)5_; model Z,,

SM N
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Gauged B — L model w/ sterile v DM
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v Freeze-in sterile v DM scenario in gauged U(1)p5_;

is comprehensively studied in Kaneta et. al. (2017)

v They consider A,¢| H I>| @ |? is vanishingly small

. Ve + @
- ¢h does not come into the thermal bath  ®= %

Non-thermal production of N through the decay of ¢
is sufficiently small

v Relevant scattering processes are

f N
Z nrnovn—<—N  f——s—n v 7
Z’ v N f v
f N Z "~ " Dn"ANAV—s>— N f—e— N

v What happens if we take ¢ effects into account?


https://arxiv.org/abs/1606.09317

Gauged B — L model w/ sterile v DM

¢ Dominant decay mode: N — 3v

N —%— v
0 %/LTUL r _ 1 MN >3 Za|Ya1|
o M=3v 7 13 7% 109 years \ GeV / \ 5.3 x 10-34
vy

v N will be stable as long as the Z | Y, |2 ~ (

a
v Inthis limit, the lightest neutrino would be massless (mm,,; = 0) or almost massless,
which is still consistent with the experimental constraints

Case A:my > 2my > my Case B: 2my > my, my
O ¢ —» NN X ¢ > NN

X Z'—- NN X Z - NN

K. Kaneta, Z. F Kang, H. S. Lee, [1606.09317]
S. Eijima, O. Seto, T. Shimomura, [2207.01775]

If you want to know the other spectrum, please visit
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Case A: my, > 2my > my



. Case A
Production Channels my > 2my > my
N production
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Our work

— Entire production process of N —

A N

Thermal bath
of SM

1. ¢ — NN is so effective
2. Z'7 — ¢ needs to be suppressed to avoid overproduction of N

g,_, is shifted to quite a small value

4. Z' isno longer thermalized
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N production
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N production
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Case A (a =0)
my > 2my > my
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N production
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Case A (a =0)
my > 2my > my
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Case A(a =0)

Boltzmann equations my > 2my > my
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0. Seto, T. Shimomura, YU, [2404.00654]

Interaction rate & Yield

Case A(a =0)
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Case A(a =0)

Constraints my > 2my > my

O. Seto, T. Shimomura, YU, [2404.00654]

I_(4. Kaneta, Z. F Kang, H. S. Lee, [1606.09317]
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Case A (a =0)
my > 2my > my
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N production
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Case A (a = 1077)

Interaction rate & Yield my > 2my > my
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Case A (a = 1077)
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Case A(a =0, 1077)

Constraints my > 2my > my,
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Case B: 2my > m, my
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. Case B
Production Channels 2y > mg.my
S. Eijima, O. Seto, T.Shimomura, [2207.01775]
N production
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S. Eijima, O. Seto, T. Shi 2207.0177 I Case B
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1. Eijima, Seto, Shimomura (2022) found that, if the scattering of the longitudinal mode
of Z'is taken into account, effects of ¢p must be included to unitarize this scattering

2. In this case, the main production mode is Z’Z' — NN, not ff - NN

3. Qh? depends on both m, and ny,
15/19
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1. Eijima, Seto, Shimomura (2022) found that, if the scattering of the longitudinal mode
of Z'is taken into account, effects of ¢p must be included to unitarize this scattering

2. In this case, the main production mode is Z’Z' — NN, not ff - NN

3. Qh? depends on both m, and ny,
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Beam dump experiments (FASER2, SHiP)

Case B
2my > my, my

v Forthe small gz_; required to realize freeze-in sterile v DM, the Z’ becomes long-lived
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Summary

1. We reexamine gauged U(1)z_; model, including U(1)z_; breaking scalar ¢

Case A
my > 2my > my

O¢ - NN XZ — NN

2. ¢ — NN is the main production channel for N

3. As ¢ — NN is so effective, 6(Z'Z' — ¢) x g5_, needs to be suppressed to
avoid overproduction of NV, resulting in non-thermalization of Z’

4. gg_; ~ 1071 — 107 to reproduce the DM relic abundance.

5. If we turn on the scalar mixing a, gz_; must be even smaller

Case B )
2mN>m¢,mZ, X¢—>NN X7 - NN

6. Z'Z' — NN is the main production channel for N

7. gp_; ~ 107 —107° to reproduce the DM relic abundance, can be searched
for by FASER, FASER2, and SHiP experiments

8. We take into account ¢ — Z'Z’, which enlarge the sensitivity of FASER2 and SHiP
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Search for Hidden Particles (SHiP)

v

Beam Dump Facility
and SHIP axperiment

https://www.bo.infn.it/gruppol/en/ship-experiment/
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Interaction rate [GeV]

. . ase =0
Interaction rate & Yield o> iy > iy

(@) mp=2MeV, gg_;=1.3x10"13 (b) mpy=2MeV, gg_;=1.3x10"13
; ,’\l’\’,\luu T I R ] 10_2? T T \\‘\.\A\.\ ...... L L I L
1074
1078 1z

T T T T AT W W
Y
AL A N A A AL AL AR A AR R

102 1 10° 102
1/T [GeV™'] 1/T [GeV ™
(¢) mz=300MeV, gg_; =8.1x1071? (d) mz=300MeV, gg_;=8.1x107"2
— o 1 10725 3
2 2 3 2 =
<) = E 107 Y
r b E A =
- L
109
: 3 1 10100 E
2 i ] : 3
= E 1012 | E » =
| L C Lo L - Lok M |
102 1 10 107
1/T [GeV™'] 1T [GeV™']
(e) mp=850 MeV, gg_,=1.5x10"""! () mzy=850 MeV, gg_;=1.5x10"""!

r ] -2 L -

> 10710 E 07 E
[} [ . ] E E|
;’ 10—20: 7 % VA %
g : _— ]
= e .- N, 677 3 F -
S oL S Sy TRTUN_ T Z'=all ] 1083 X
I N L 10100
2 L SEEN ¢ > NN "] - E
= -24 & S TTeel . 4 _1oF E
=10 g ‘ﬁ/ﬁ'/‘\zy e \“\\ ! ] 10 12? Ll ol il A

1 10" 102 1 10! 102
1/T [GeV™!] 1T [GeV™] 11 /19

N
o
N



Interaction rate [GeV]
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Gauged B — L model w/ sterile v DM

Q" u d’ L elé Vh H P
SUB)e¢ | 3 3 3|1 1 1 |1 1
SU2, |2 1 1|2 1 1|2 1
vy | 302 -4 a1 o | b o
Ulp-r | 5 35 3 |-1 -1 -=1]0 2

L =F+Z, — VH, )

) i
SfyR = Uply"Dvp — Y,

2
A 2
VH @) =L\ HP-H) 22
2 2 2

[

1
Y, ;L'Hv, — EYVR(I) Vpup+h.c.

*We dropped €B/wX'W for simplicity

2
2 2 2
VB-L 2, |H|2—V—H |(I)|2_VB—L
2 2 2

h\ _ ( cosa sina h
¢)  \-sina cosa) \¢
1 INT e+ ¢
=—(0,vy+h —_
H \/5( +h) 7

b =

1
my =——=Y,vg_|

i \/5 R

my =28p 1V 1

Case A:my, > 2my > my

O ¢ — NN X ¢ — NN

X Z'—- NN X Z'— NN

Case B: 2my > my, my
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Gauged B — L model w/ sterile v DM
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