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OUTLINE

Motivation for milliCharged Particles (mCP9

Dedicated experiments: milliQan to search for
MCP

Other experimental probes: Proton Fixed
Targets / Neutrino Experiments

FORMOSA: ProbingnCPsat the LHC forward
physics region

Millicharged Strongly Interacting Dark Matter
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New physics In a dark sector

Empirical evidence for new physics, e.g. neutrino mass, dark matter, poinf3dckaSector

Particles from a dark sectoweakly interacting with ordinary matter through alark
mediator are viable dark matter candidates

mediators

Examples of proposeekperiments @LHC

Searches for millicharged particles
Hass, T = i countine Room

Existing Counting Room
etal. |

(2016) ,l milliQan |

Searches for long lived particles

L - -4

Existing Wall

3 Feng, Kling,
20 m et al. (2017)

_ Existing LHC Detector
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Fractionally Charged Particles

Fractionally (or irrationally) charged under SM U(1) hypercharge
Lyep = X(10 — €e B —my)x

- Can just considdhis Lagrangiaterms by themselves (no extra mediator, i.e., dark photon)

Vector Portal Kinetic Mixing : [Holdom,85]

Millicharged particle (mCP can be a low -energy consequence of massless dark
photon (a new “Y p agauge boson) coupled to a new fermion  (become MCP)

L=L lB' B —B' B" X

M T g
+x(id — ' B —m,)x Kinetic —
mixing X
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Searches for miHi
charged particles

Accelerators

Lamb Shift e
Ortopositronium ) Thermal

DM

Strong constraints below &

A i Cooling &
energy loss bounds from stars,
SN, etc.

A Cosmology. Bounds from BBN

Accelerator cavities

WD cooling hint and CMB On(j
White Dwarfs . .
A . direct constraints
Red Giants from SLACmQ, LEP, etc.
18 -15 -12 -9 -6 -3 0 - 6 9 12 15 AThe SM at 0.1 GeV to
HaasQ7, Fermilab Log;gmyceleV] arXiv1311.0029 100 GeV

FORMOSA - Looking Forward to milliCharged Dark Sectors at the LHC 6/9/2021 S




DedicatedmCP detector: milliQan @LHC

Heavier mCR 0.1 to 100 GeV can be probed at the LHC
A three-layer scintillator detector at 33 m from CMS IP, at Transverse Region
Triple Coincidencein small time window * p s

Scintillator

_ Existing LHC Detector ar_X?V: 1607.04669
TZ’/ milliQan Collab.
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Sensitivity to MCPs at Transverse Region

Expected Sensitivity Proto-milliQan first update!
T e milliQan 37.5 b
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Demonstrator ~ 1% (total of 18 barg taking

Dominant background: _ :
data since mid-2017

Cosmic muons & dark current
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More MilliChargedParticles Hunting

A MCP scattering with electron enjoys low -momentum transfer

A Sensitivity greatly enhanced by accurately measuring low energy
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Detection: Electron Scattering

X X

Y
A 2

Similar topology:
deNiverville PospeloyRitz,Q1,
Batel|l PospeloyRitz, et al.®4
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High-Intensity Energy Frontier

LHC Higgs factory: new physissarches focus on theentral Regior(highpT)

Instead locate a detector at a fggvt m away along thecollision axis
- High flux of light weakly interacting particles at the veorward Region(along thel, K, D),
- A very energetic beam -dump experiment !

Motivatesa small and inexpensive detectdfORMOSA: FORward MicrO chargeSeArch
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MCP Production Channels

Light meson decays

Importance of heavy vector meson
at high mass c * X

Drell-Yan

Enhanced mCP production cross-section

compared to the transverse direction S B [l &Y Tl a2
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