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MeV-GeV scale Heavy Neutral Lepton (HNL)
Searches ( new interaction)

A. Ariga et al. (FASER collaboration) [1811.12522]
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e Decay channels are induced by CC/NC
* Width ~ suppressed by G<. and Uypa|?

e Can be probed by FPF, beam-dump exp, lceCube, rare meson decays



MeV-GeV HNL 3
with light gauge interaction(s)
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MeV-GeV HNL 4
with light gauge mteractlon(s)
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MeV-GeV HNL 5
with light gauge interaction(s)

| Sterile-Tau mixing Dominant case
e Decay width & channels
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MeV-GeV HNL

with light gauge interaction(s)

107"

Sterile-Tau mixing Dominant case

* Decay width & channels
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MeV-GeV HNL w light gauge int.
at LLP searches

LLP searches at ground experiments

Experiment Npor or [ L dt Vs E} beam L A (Ey,) 95% C.L. limit
FASER (LHC Run 3) | [ L dt =150 fb~!
14 TeV 7 TeV 480 1.5 ~ 1 TeV
FASER2 (HL-LHC) | [Ldt=3ab ! y y o " Ny
SHiP Npor = 2 x 10%° 110m | 50m Ngig >3
27.4 4
CHARM Noor = 2.4 x 1018 | 274 GeV | 400 GeV e = 3e i | ~ 50 GeV
NOMAD Npor =4.1x 1019 | 29 GeV | 450 GeV | 835m | 290m
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MeV-GeV HNL w light gauge int.
at LLP searches

LLP searches at ground experiments

Experiment Npor or [ L dt Vs E} beam L A (Ey,) 95% C.L. limit

FASER (LHC Run 3) | [ L dt =150 fb~!

FASER2 (HL-LHC) [Ldt=3ab " 14 TeV 7 TeV 480m | 1.5m ~ 1 TeV

SHiP Npor = 2 x 10%° 110m | 50m Ngig >3
27.4 1
CHARM Noor = 2.4 x 1018 | 274 GeV | 400 GeV e = 3e i | ~ 50 GeV
NOMAD Neor — 4.1 x 109 | 29 GeV | 450 GeV | 835m | 290m
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MeV-GeV HNL w light gauge int.
at lceCube, by atm/astro neutrinos

 GeV-energy tau-sterile probe
by (Earth-penetrating) atmospheric neutrinos __provide an significant

constraints on Sub-GeV region

Am L Am?, L
P(v, = v;) Z U jU:jU;kU L €XP ( ) ~ cos™ 013 sin? fo3 sin? ( 7k )

2E 4F,

e TeV(~PeV)-energy tau-sterile probe
by (almost) isotropic (and ~1:1:1 flavor) astrophysical neutrinos

d®,15 18 E, 1 _o _4 _q4, Buttoo small flux
dE, = ®ox 10 (100 TeV) GeV™"em™s™"ar ™"} to probe small |U, 4|

 Double-cascade ("double-bang"”) event rate at IC

Nyg, = / dE, [dgc « (e—% _ e—%) x Br(X /vy — visible)]



MeV-GeV HNL w light gauge iInt.
: Sensitivity limits on tau-sterile mixing

e Current & Future limits: gauged U (L)p_p o m e e os)

Log4o(My4/GeV) Log4o(My4/GeV)

(mX7 gX) — (O'1m47 10—5) (mX7 gX) — (O°3m47 10—4)
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MeV-GeV HNL w light gauge iInt.
: Sensitivity limits on tau-sterile mixing

( 1 )YSJ, J.Kim, P.Ko, S.C.Park

e Current & Future limits: Sterile v-specific U (1) 12008.12598)
0

Log4o(M4/GeV) Log4o(My/GeV)

(vagX) — (12m473 X 10_4) (megX) — (8m47 10_3)



Conclusion

We consider MeV-GeV Heavy Neutral Lepton in the presence of light gauge
Interactions in the neutrino sector. As benchmark model, we consider
Gauged B-L and Sterile neutrino-specific dark photon in this study.

Due to the different kinematics and decay channels of HNL, the signatures
at LLP searches and neutrino telescopes can be significantly changed.

FPF, future beam-dump experiments, lceCube telescope are expected to
probe even very small tau-sterile mixing region in near future.

In the presence both muon-sterile and tau-sterile mixings,

By considering MiniBooNE/LSND signatures together,

FPF and other future LLP searches can be expected to have the excellent
sensitivity to reach the Low E excess favored parameters

in this type of NP scenarios [2011.xxxxx (to be appear soon)]
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Thank you for your attention



End of slides



