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Particles with Milli-Charges?

Idea  -> Hunting for particles with charges ~ 0.3-0.001e 
Baseline paper:   arXiv:1410.6816
Proposal for a new experiment/CMS subdetector.
Demonstrator (1%) taking data since mid-2017 

MilliQan Experiment

arXiv:1607.04669



Proposals for New Experiments @LHC
MilliQan: searches for 
millicharged particles
MAPP: Same from MoEDAL

CODEX-b: searches for long lived
weakly interacting neutral particles 

MATHUSLA: searches for long lived
weakly interacting neutral particles 

FASER: searches for long lived
dark photons-like particles

New: AL3X (‘ALICE’ for LLP arXiv.1810.03636)… 
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Milli-Charges



Basic Idea for the MilliQan Experiment
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Where to put such a Detector
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But more favorable acceptance..



Detector Location
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Detector Location
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Detector Concept
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Experimental Set-up  



Allignment to CMS
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Simulation and Expected Sensitivity

11



Expected Backgrounds

122 years ago 
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Experimental Set-up  

Dominant background: dark current pulses in the PMTs in coincidence
with environmental radioactivity and cosmic rays
New design:  3 x 80cm → 4 x 60cm scintillator bars



Demonstrator Design
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Demonstrator Design
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Demonstrator Design
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Demonstrator Design



Mechanical Structure
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Demonstrator Installed in TS2 of 2017



20

In the Gallery



In Situ Charge Calibration

Results are consistent with full Geant4 simulations
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Demonstrator Analysis
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Demonstrator Analysis
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Collaboration  

+VUB, Brussels (S. Lowette)

C. Hill 2018: 
not quite complete
person list



More Milli-Charge Hunting
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A proposal for milli-charges at FNAL @ MINOS near detector 

Based on the MilliQan design 

See also MoEDAL talk for another proposal 

See also: arXiv:1806.03310



More Milli-charge Activities
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Physics Beyond Collider Study 

arXiv:1902.03246

arXiv:1901.09966

LArTPC study 



Status of the Various Projects
Based on Simon Knapen
FNAL seminar fall 2018 (*)

● FASER1/MilliQan(?)
installation by 2021 

● MATHUSLA, CODEX-b, 
FASER2 for HL-LHC

(*) Experiments have different capabilities for measuring the LLPs   



Summary

• MilliQan aims to search for milli-charges in the regime 

0.1< Q < 0.003 

• MilliQan demonstrator installed in mid-2017 and taking 

data since (1% of a full module). First physics with the 

demonstrator results?

• Funding requests under evaluation (NSF-MRI, 

European requests). Expect outcome soon.

• Detector ready to be constructed, as soon as funding 

becomes available, for run-III

• More initiatives for milli-charge searches, at CERN 

and FNAL in progress
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