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WIMP and light DM
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Portal and light DM

Non-observation of dark particles implies that g2g5 may be small.
— Portal mediates Standard Model sector and dark sector.

Standard Model dark sector

sector

portal to dark sector from
Standard Model sector
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light long-lived mediator.



field contents and parameters

- portal

SM fermion f /
A
f>e«/vv\/ - o,

- dark sector ,

Lps = —%FP{VF’“" +|D,®| —V(®), F,=0,4, — 3,4,
D,=0,—ig'Ad,, ®=(P)+ ¢/V2

g’ - extra U(1) gauge coupling, A’ : dark photon,

¢ : dark Higgs as the origin of dark photon mass



FASER(started from 2022)

FASER detector is 480 meters away from ATLAS interaction point(IP)

along with proton beam axis.

— FASER is suitable for long-lived particle search.
FASER detector
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FASER is planned to upgrade to FASER2 at HL-LHC.
Dark photon and dark Higgs have been well studied at FASER.

Felix Kling et al. Phys. Rev. D 97 (2018) 5, 055034, A. Ariga et al. Phys. Rev. D 99 (2019) 9, 095011 °



Main dark photon production process at FASER

@ meson decay(mainly 7°) Y
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Dark photon sensitivity at FASER?
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Dark photon production from off-shell dark Higgs decay
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Constraints from Higgs — D

- SM Higgs can decay into dark photons or dark Higgs.
- Dark Higgs and dark photon are invisible at ATLAS and so on
due to their long lifetime.
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Constraints from Higgs —

@

- From Br(h — inv) < 0.107 ( PDG ) , g'sina is constrained.
- Upper bound on Br(h — inv) is expected to be Br(h = inv) < 0.025

at H |_- I_ H C “Snowmass White Paper Contribution: Physics with the Phase-2 ATLAS and CMS Detectors”, (2022)
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Constraints from perturbative unitarity@ dd—(b - sA'A) oc;
23 U

For too light m,,, is decay width too enhanced ?
— check by considering perturbative unitarity B, Lee et al. Phys. Rev. D40, 1145, (1977)

calculate two-body scattering amplitude in dark sector at tree level

example : A’A" - A’A’ diagrams(unitary gauge)
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Constraints from perturbative unitarity® dd_r(b S sA'A)
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expand M(A’A" - A’A") and so on by Legendre polynomial
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Results of off-shell dark Higgs contribution@)
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Results of off-shell dark Higgs contribution®
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Summary
- We have studied FASER?'s sensitivity to dark photon from

off-shell dark Higgs.
- Dark photon production is enhanced by its longitudinal component.

- Scalar mixing and extra U(1) gauge coupling are constrained

by h - inv.
- We can not use perturbative calculation for too light dark photon

and large gauge coupling.
- Sensitivity region of FASER2 is extended by contribution of

off-shell dark higgs.
Future work
- contribution of ¢ — A", A" .




appendix
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FASERZ

Lmin(m) Lmax(m) R(m) L (ab™1)
FASER 478.5 480 0.1 0.15
FASER?Z 475 480 1.0 3.0
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Decay width of dark Higgs
decay width of dark Higgs to dark photon
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Decay width of dark photon
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Full
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Event numberof B - X, 9" » X, A", A’

do(pp = X, B)

N = fodPBdHBdSZBdQAA’d@'dHS’d(p; dppdBp

o dB(B —» X, A", A")
dsy3d0,dddbsd s

Lmin _Lmax

Py, = (e da; —e 4 ) XO(R — Lypaxtant 4, )

N dark Higgs rest frame. ‘' : B meson rest frame.

This is calculated by Monte Carlo method.
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Constrain for light dark Higgs a. Fradette, Phys.RevD99(2019)7, 075004
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Belle |l on-shell dark Higgs decay cheung, et al.

Belle II, 50 ab™1, 6 =10"*
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