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Introduction

> Non-observation of Dark Matter/BSM leads to the idea of “dark sector”.

Dark Sector

SM messenger

Dark Particles

(Dark Matter)

particles

portal to
dark sector

> No direct interactions between the SM and dark particles.
> Messenger particle (portal) connects two sectors.

Portals

Vector portal, Scalar portal, Heavy neutral lepton portal, Axion portal
dark photon dark higgs




Dark Photon

> Gauge boson of a new U(1)dark Symmetry.
> Mixing with U(1)y or U(1)em gauge boson

L= —EF’““’F[W € :gauge kinetic mixing
> Dark Photon (DP, A’) can interact with the SM particles via .
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Origin of DP mass

> One of the dynamical origins of the mass is spontaneous breaking.
> A new scalar boson should be introduced to give a mass.

Dark Higgs kinetic term
U(1 )dark or. 1
LD g'2¢T¢ALA’“ > imZ,ALA'” —|—g,mA'¢ALA,“
(¢) = v/ V2

Direct consequence of the mass generation.

> Dark Higgs decays into A’A’

» Controlled by g’, not €.
> Enhanced when ma << me.
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FASER experiment

Feng, Galon, Kling, Trojanowski, PRD97 (2018)
FASER collaboration, arXiv:1708.09389

» ForwArd Search ExpeRiment (FASER) at LHC, starting from 2022.
» Detector is placed 480m downstream from the ATLAS interaction point.

» Search for dark photon, dark Higgs, Axion-like particle, etc.

Takubo, PPP2020 at YITP Kyoto LHC tunnel
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Transfer line

New light and weakly int. particles
preferentially go in forward direction

Lnin (m) Lipax (m) R (m) L (ab™")
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DP search at FASER
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Dark Higgs Production

Feng, Galon, Kling, Trojanowski, PRD97 (2018)

» Dark Higgs is produced from meson decays through the ¢-h mixing.

meson decays: B — X ¢

K — wo tc
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more than 100-1000 DH can be produced
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Dark Higgs Decay
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New source of DPs

E
— smaller € can be searched 3
> The scalar can be long-lived for g’ << 6.
Carrier of dark photon 3
— larger € can be searched o
L
o
<

: Rooss
1} 2 !
1072
<
< 10
0
s
m 10-6
1078
g,=10—11
10—10

mg =2 GeV, § =10"*

0.05 0.10 0.50

mea: [GeV]

1

long-lived =107 |
gl — 10—8
ma=500 MeVy

mA ’:500 Me Vv

Ma=100 Mey -
’77A'=700Me|/ .
/ — 10—4 ]

g
short-lived

S
. k=g or0 opr (ma=100 MeV) —
[ AA (ma=5

CC A
Iz
SS

KK 99

77
JT

ee

VV/.\

05 1 10

mg [GeV]



Short-lived DH at FASER2

FASER2 detector
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Long-lived DH at FASER2

FASER2 detector
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Lighter Dark Higgs 107, “Ul””” i
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Summary

> When dark photon acquires mass from the vev of dark higgs,

* The DH-DP-DP interaction appears as the consequence of
symmetry breaking.

* The signal can be found in different region for directly produced
DPs both in short-lived or long-lived dark Higgs cases.

* The origin of DP mass will be investigated at FASER(2).

Thank you for your attension !
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Back-Up Slides
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Long-lived at FASER2
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Some DP decay inside the detector
even it is long-lived.
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Signal Calculation

> The ¢ production from mesons is only considered.

> We have calculated the signal of DP decays.
(using data of B meson production provided by Felix Kling, thanks!)

A0 pp— A’ X
N — £ d pp— det )
/ DA Doudi Py (par, Po)

Ao pp—si : - P
=L S‘ Y /dpzdﬁ /dpA//dp¢ dpdeX r(¢ - X¢)Br(¢ — AJA5)

1:meson j=1,2

x Py (par, Do)
with

iy d ]_ Z¢,max _ o 1 Lmax ZAl TR
decay probability : P (pa, ps) = = / dzge %05 — / dz e a0
dgcosty J., . darcosOy f,

,min

X @(R — TA/’R)@<R — TA’,F);

> Cut pa > 100 GeV is imposed.
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Special thanks Felix and Sebastian

Beam Dump Exp.
For mgy = 2 GeV, =104

» CHARM experiment
* proton beam energy : 400 GeV

NpOt =2x1018 — N(p total = 3.0x104 (NB - 6.4)(1011)

* The detection probability Alekhin et al, 1504.04655

P ~10-4for 0.068 < Bqet < 0.0126 Dobrich et al, 1512.03069
— Na=6.0x104x104=6

> NuCal experiment
e proton beam energy : 70 GeV

Npot = 1.7x1018 —— Ny total = O(10)  (Bremsstrahlung)
* The detection probability Batell et al, 2008.08108
P ~10-1for Bget < 0.015

——  Na=0(1)

might not be significant, but need more detailed analyses
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