
Long-lived particles at spallation sources: new targets for J-PARC
Matheus Hostert with C. Argüelles (Harvard University) and S. Urrea (IFIC, Valencia) — in preparation
Harvard University  | mhostert@g.harvard.edu | mhostert.com

F 
G 
D

F 
G 
D

SuperFGD

GArTPC

GArTPC GArTPC GArTPCGArTPC

e+

e−

ECAL

N

N

π0

γ

γ CsI 
ECAL

Decay volume (vacuum)

e−

e+
μ+N

μ−

e+
μ+

N

e−

JSNS : Search for LSND oscillations. 
Pros: Largest and closest to the source
Cons: larger backgrounds, single flash 
( / ) only for  .
Best for: double/triple flash ( , , or ).
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KOTO:  measurement
Pros: low-density vol and low bkg.
Cons: Further away (~425 m)
Best for:  and .

K → πνν

π0 γγ

ND280: T2K near detector (LBL osc)
Pros: Low-density & magnetized.
Cons: Further away
Best for: any charged final state.
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New opportunities at the Japanese Proton Accelerator Research Complex (J-PARC)

Higgs Portal Scalars

Goldstone boson from high-scale charged 
lepton flavor violation,

Beats invisibles searches in  and 
indirect probes from  and .
Production: ,   Decay: 

−ℒlv ⊃
∂μafv

2fafv
(ceμeγμμ + ceeeγμe)

μ → ea
μ → eγ μ → eee

μ → eafv afv → e+e−

Flavor-violating axion-like-particles
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Spallation Neutron Source (Oak Ridge) 
COHERENT detectors

X

Los Alamos Neutron Science Center 
Coherent-Captain-Mills (CCM)

CCM: 7 tons of LAr 
Requiring 40 events/3 years of operation

New Opportunities at SNS and LANSCE

750 kg (LAr) + 590 kg (D2O) + 590 kg (H2O) 
Requiring 50 events/3 years of operation

Low scale neutrino mass model
(Pseudo-)Dirac heavy neutrinos:

 

Production:  and  
Decay: , , .

−ℒHNL ⊃
g

2
U*αN ℓαWN +  h.c.

π+ → ℓ+N μ+ → e+νN
N → νe+e− eπ μπ

cosmology

LSND

Muon-flavor dominance

Heavy Neutral Leptons

Higgs Portal Scalars

Arguably the simplest extension of SM.
Scalar singlet that mixes with the Higgs:

Production: 
Decay: , , 

−ℒHPS ⊃ sin θ S∑
f
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K+ → π+S
SM → e+e− μ+μ− ππ

Higgs Portal Scalar

Popular  explanation.
Scalars coupled to 2nd generation,

                     
                     Production: ,

      Decay: 

(g − 2)μ

−ℒM ⊃
Yμμ

Λ
SMLμHμR

EW⟶ yμμSMμμ,

μ+ → e+ννSM
SM → γγ
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Muonphilic Scalar
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Employed for searches for dark particles.
Large volume and great timing for 

background reduction.

Coherent elastic neutrino-nucleus scattering,
now employing larger detector modules for CC 

measurement. These can be used for LLP searches.
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