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Motivation: ICARUS BSM searches

Standard 
Model 
(SM)

Portal
Dark Sector 
(DS)

Simplest link to LLP/BSM physics is through portal in which a dark 
sector particle mixes with an SM particle. 

Scalar (Dark Higgs) : Scalar dark sector particles - interactions by mixing 
with the Higgs boson 

 Vector (Dark Photon) : Couple to SM via kinematic mixing of SM- and 
dark-sector photons

  Pseudo-scalar(ALPs) : Heavy particles couples to SM via gluonic mixing

 Fermion (HNL) : Fermionic particles - interactions by mixing with 
neutrinos
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ICARUS Detector Summary
● The ICARUS detector is composed of two semi-independent modules filled with liquid argon, 

● Each are approximately 3.6 meters high, 3.9 meters wide and 19.9 meters long.

● The read-out chambers (two TPCs for each half-vessel) have the cathode at the center

● The FV corresponding to about 480 tons. 

● The read-out consists of three parallel planes of wires (horizontal, +60 and -60 degrees). 

● Read-out by electric charge induction on the first two readout planes and by electric charge collection on the last readout plane.

●  PMT scintillation light sytem – more later
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Why ICARUS for BSM searches ?
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ICARUS BSM Searches at a glance 

5

BSM 
SearchesTwo track like (di-

muon)  final states

Two track & One 
track one shower 
final states  
 

Shower like final 
states
 

BSM searches with 
precision timing
 

What other physics 
models ?

MevPrtl BSM 
Generator for SBN  
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MeVPrtl: Dark Sector Event Generator for SBN
Simulating the full chain from beam to detector for new physics searches

KEY IDEA
• Modular MC generator 

for BSM particles in 
SBN

• Simulates Production-
>propagation-> decay 
(scattering)-> detector 
signal

CORE FEATURES
• Integrated with 

larsoft + Geant4

•  Supports: Higgs 
Portal Scalar, 
Heavy Neutral 
Lepton, QCD 
axions

 Paper draft review 
completed within 
ICARUS/SBND 
collaboration

 Paper uploaded to 
arXiv
https://arxiv.org/abs/
2605.11321
.

Publication draft 

https://arxiv.org/abs/2605.11321
https://arxiv.org/abs/2605.11321
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Di-muon Final States Search

Caption

Caption

BSM Models

Contained search published: Phys.Rev.Lett. 134 (2025) 15, 151801, un-contained (exiting muon) search 
extension presently in collaboration review
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A search for long-lived particles (LLPs), produced in kaon decays, the subsequently decay into two muons 
contained inside the ICARUS neutrino detector was performed:

Search for a Hidden Sector Scalar from Kaon Decay in the Dimuon Final State at ICARUS
(PHYSICAL REVIEW LETTERS 134, 151801 (2025))

(Exclusions are computed at the 90% CL.) 



9uBooNE Collab. Meeting: V. Paolone/UPitt

9

HNL decay modes

HNL searches using two tracks: Work in Progress 

HNL decays to muon-pion (two tracks) for invariant 
mass measurement
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HNL sensitivity@ICARUS/SBN
90% C.L. limit for POT : 1.32X10^21 ~ 4 years of data taking

A.Chatterjee, A.De.Roeck. J.G.Garcia (Eur. Phys. J. C 85, 195 (2025),arxiv: 2408.03383)

https://arxiv.org/abs/2408.03383
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Event reconstructions using SPINE

Presently working on: 
 Explore μ/π separation techniques
 Selection cuts development for 1μ1π topology
 Background simulation: CC coh π, CC res π production

HNL-Two track : Simulation
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Shower Final States Topology Searches

 Two-shower based topology are particularly important for lower mass-region of the  
many BSM searches, and LArTPC are the key technology for the search.
Shower like topology for better signal yield, benefiting higher BR (HNL) and unique 
signature different BSM model (Dark Tridents, Low Mass Dark matter)
 Clean signature, less background, cover larger parameter space of the many BSM models

 Studying performance of the two shower reconstruction of the NuMI beam using SPINE.

HNL decay Dark tridents • JHEP 01 (2019) 001 

Motivation:

or
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ICARUS PMT Timing System
● The scintillation light is collected by 360 Hamamatsu R5912-MOD 8” PMTs 

● Sensitive to vacuum ultraviolet (VUV) photons using tetraphenyl butadiene coating deposited 
on their external window. 

● The PMTs are installed behind the wire planes of each of the 4 TPCs

● 90 PMTs per TPC 
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     BSM Searches with PMT Timing 

Work in Progress:
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  Vector Portal Model 

 Dark photon (A’) mediates interaction between DM and SM 
  4 new parameters;   

A’

Dark-Photon couples to 
SM : 

Coupling between mediator and particle
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Vector Portal: Signal Characteristics

→ Event timing relative to bunch center will be useful for background reduction 
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 Hypothetical particles with small electric charge: 

Milli-charge Particle Searches

Production in NuMI beam Detection signature

 mCPs produced in proton–target 
interactions via:

 π⁰ / η decays → γ* → χχ̄
Drell–Yan processes 
 off-shell photon radiation

 Very small ionization deposits (“blip-like” 
hits)
 Multiple aligned low-energy hits along 
beam direction
 No hadronic vertex activity

Expected ICARUS sensitivity (NuMI mCP search)
 Mass range: ~10 MeV to 300 MeV
 Charge reach: 
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ICARUS/SBN has a rich BSM physics program exploiting the potential of the NuMI 
beamline 
• MeV portal (MeVPrtl) publication has been uploaded to arXiv . 
• A di-muon final search has been published 
• The HNL analysis focusing on a two-track-like signature is currently in progress.
• A shower-like final-state signature analysis has begun.
• Additional BSM opportunities include sub-GeV dark matter searches, 
millicharged particles, and other beyond-the-Standard-Model scenarios.

Summary


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18

