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OUTLINE

ÅMotivation for milliCharged Particles (mCPs)

ÅDedicated experiments: milliQan to search for 
MCP

ÅOther experimental probes: Proton Fixed-
Targets / Neutrino Experiments

ÅFORMOSA: Probing mCPsat the LHC forward 
physics region

ÅMillicharged Strongly Interacting Dark Matter
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New physics in a dark sector

ÅEmpirical evidence for new physics, e.g. neutrino mass, dark matter, points to a Dark Sector

ÅParticles from a dark sector weakly interacting with ordinary matter through adark

mediator are viable dark matter candidates

ÅExamples of proposed experiments @LHC
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milliQan

Searches for millicharged particles

Hass, 

et al.

(2016)

Feng, Kling, 

et al. (2017)

Searches for long lived particles 



Fractionally Charged Particles
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ÅFractionally (or irrationally) charged under SM U(1) hypercharge

- Can just consider this Lagrangianterms by themselves (no extra mediator, i.e., dark photon)

ÅVector Portal Kinetic Mixing : [Holdom, Ψ85]

ÅMillicharged particle (mCP) can be a low -energy consequence of massless dark 
photon (a new Ὗρᴂgauge boson) coupled to a new fermion (become MCP)



Searches for milli-
charged particles

Strong constraints below ά :

ÅAstrophysicsïCooling & 
energy loss bounds from stars, 
SN, etc.

ÅCosmology: Bounds from BBN 
and CMB on ὔ

ÅAccelerators: direct constraints 
from SLAC mQ, LEP, etc.

ÅThe SM backyard at 0.1 GeV to 
100 GeV
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arXiv:1311.0029HaasΩ17, Fermilab



Dedicated mCP detector: milliQan @LHC

ÅHeavier mCP, 0.1 to 100 GeV can be probed at the LHC 

ÅA three-layer scintillator detector at 33 m from CMS IP, at Transverse Region

ÅTriple Coincidence in small time window ͯρυns
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arXiv:1607.04669
milliQan Collab.



Expected Sensitivity Proto-milliQan first update!
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Sensitivity to MCPs at Transverse Region

Demonstrator ~ 1% ( total of 18 bars) taking 

data since mid-2017 

arXiv:1607.04669 arXiv:2005.06518

Dominant background: 
Cosmic muons & dark current



More MilliChargedParticles Hunting
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Detection: Electron Scattering

Similar topology:
deNiverville, Pospelov, Ritz, Ω11,
Batell, Pospelov, Ritz, et al.  Ψ14

ÅMCP scattering with electron enjoys low -momentum transfer

ÅSensitivity greatly enhanced by accurately measuring low energy

MCP in neutrino 
Experiments



High-Intensity Energy Frontier

ÅLHC Higgs factory: new physicssearches focus on the Central Region (high-pT)

ÅInstead locate a detector at a fewρππm away along the òcollision axisó
- High flux of light weakly interacting particles at the very Forward Region (along the Ù, K, D, B decays)

- A very energetic beam -dump experiment !

ÅMotivates a small and inexpensive detector:  FORMOSA: FORward MicrOchargeSeA rch

9Existing UJ12 cavern at FPFcan house FORMOSA

Forward Physics Facility



mCP Production Channels

ÅLight meson decays

ÅImportance of heavy vector meson

at high mass

ÅDrell-Yan

ÅEnhanced mCP production cross-section 

compared to the transverse direction
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