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 Motivation: Brief introduction to LLP
* Higgs candidate

> Production
» Decay
> Constraints

e Cases: 2HDM results
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FASER: ForwArd Search ExpeRiment

pp = LLP +X, LLP travels ~480 m, LLP — charged tracks + X

pp-collision deflected charged particles
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FASER

pp — LLP + X, LLP travels ~480 m, LLP — charged tracks + X

pp-collisi‘o deflected charged particles \'\—\C o
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HL-LHC: Muon- distribution at FASER

Production | Weakly interacting Light Particle

* many hadrons: 10717 it, 10716 K, 10715 D,
10714 B with E~TeV

* low PT is not covered
* particles are collimated 6 ~ AQCD/E
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FASER: Detector

pp — LLP + X, LLP travels~480m, LLP
Radius R
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BSM @ FASER

https://faser.web.cern.ch/physics

* Heavy Neutral Leptons arxiv: 1801.08947
* Heavy Neutral Fermions arxiv: 1803.02212
* dark photons arxiv: 1708.09389

* General study

* Long-lived bivo arxiv: 2103.01251 » Production
* Dark Higgs Bosons arxiv: 1710.09387 » Decay
* Axion like Particle arxiv: 1806.02348 » Constraints

 Case study: 2HDM results

2022 Snowmass Summer Study 2203.05090
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Light LLP searches

. ATLAS and CMS: Heavy LLPs (mp1p = 10GeV) for all
lifetimes (ct < 107 m).

. LHCb: Short to medium lifetimes (ct <
LLPs (0.1 GeV 5 miLp 5 10 GCV).

. Forward/beam dump detectors (FASER, NA62, SHiP):
Medium to long lifetime regime (0.1 < ct < 107 m) for
light LLPs (mp1p < few GeV), for low NG production
channels.

. Shielded, transversely displaced detectors (MATHUSLA,
CODEX-b, AL3X): Relatively light LLPs? (myrp < 10—
100 GeV) in the long lifetime regime (1 < ¢t < 10" m),
and high +/§ production channels.

1 m) for light

Eur. Phys. J. C (2020) 80:1177
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Production at FASER

many hadrons: 107 11, [0'¢ K, 10> D, 10'4B with E~TeV

< >
~200m rock

beam of LLPs:
ATLAS A’, HNL, ALP, and many more

pp— LLP+ X, LLP travels~480 m, LLP — charged tracks + X



Production

BO

boosted mesons highly collimated
p-0=pr~ wmp

FASER: radius R=10cm,
lenght D = 1.5 m,
FASER 2: radius R = 1m,

lenght D =5 m.
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Production: CP even scalar
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Decay: CP even scalar

H —

H— KK
Hadronic decays into pions and kaons for | me< 2 GeV 2
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Decay: CP odd scalar

oimilar but different production and decay modes



d 7 d 7
H H H €4 €4 §a
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LEP, theoretical physics, Oblique ...

Constraint
LHCb, MicroBooNE, SN1987a, NAG62...

Invisible Higgs decays
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1

Light H cos(8 — a) ~ my € (54,600) GeV, mpy+ ~my, Mv°=0.
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Light A:

case 1
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. | 3 ma=1GeV, my>2", AvZ=0
Light A: case-2 e [y
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All constraints: Complete Light Higgs
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Complete Light LLP of Type-1 2HDM
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Results: CP even BM

Type-l: light H, cos(B — a) = 1/tanf Type-I: light H, cos( — a) = 1/tanfB, my+ ;4 = 600 GeV
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Results: for case study

higher luminosity

helps to reach the

weaker coupling
region.

A larger detector,
especially the radius
helps to extend the
reach in mA.

)
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Facilities comparison
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Conclusion

* Light scalar decay: GeV scale

* Complete LLP at Type-| 2HDM

* Various facilities
https://github.com/shiggs90/Light scalar_decay.qit.
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https://github.com/shiggs90/Light_scalar_decay.git

Thanks |



Decay

‘ FPF A—rmrm
WL beam of LLPs: ‘ © ~200mrock - A = nmwi
ATLAS A’,HNL, ALP and many more
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Results: CP odd
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Results: CP odd
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Results: CP odd
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