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What is a Millicharged Particle? HE ORI STATE
UNIVERSITY

NEXPERIMENT

SM Sector

Millicharged particles (mCP) are theorized particles that have fractional electron charge
Particles would come from a “dark QED” field A’

This field mixes with hypercharge creating the millicharged particle ¥ with mass M,,,-p
Redefining AL — AL + KBuresuIts in a coupling between 1Y and hypercharge ke'

And a coupling to the photon gives a charge € = ke'cos6,, /e
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Limits set on mCPs in effective
charge (€) and mass
e Cosmological limits (left)
* Collider experiments (CMS,
SLAC MilliQ, etc) (right)
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* milliQan detector aims to probe

* Bar & slab detector expected to set new sensitivity in

undetected phase space
e 1071GeV < M,,,cp < 10%GeV
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Run 3 Slab Detector

Run 3 Bar Detector
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https://arxiv.org/pdf/1511.01122.pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.032002
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e Detector in PX56 drainage gallery at P5 (above CMS)

* 33m from CMS IP atananglen = 0.1, ¢ = 43
* 17m of rock act as shielding against background

drainage gallery
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CMS

e 4 |ayers each composed of 16 (5x5x60cm) bars
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milliQan Bar Detector

 Scintillator panels on front and back, top and sides : Lever arm

for background veto
 Many improvements from demonstrator:

carrigan.20@osu.edu

|allows for easy >
‘constructlon

Special PMT amplifiers to efficiently reconstruct
single photoelectrons

LED flasher system for calibration of response
Triggers implemented in FPGA _

iImprove cosmic vetos [

Thicker panels to

Readout W|ndOW 4X Scintillator bar s irliator ‘ : ' 3
. : top/side panel i 77 TS '

bigger -> better e Yy o 0 e reused from

analyze after pulses ’

AN () l \
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NILLIQAN Bar Detector Run 3
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* Running and collecting data since v s
June 2023!

* Online monitoring system to
track detector status

( S i g n a I t r i gge rS : == (1) 4 Layers == (3) Separate Layers (2)3InRow == (4) Adjacent Layers (5) N Layers (6) External

== (7) N Hits (8) Internal (9)Top Panels == (10) TopPan+BotBar (11) Front+Back Panel

[ J 3 hits in a Iine (12) S Particle (13) Zero Bias Total
* 4 |ayers hit
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Trigger rate (Hz)

Fraction of trigger counts for each bit

. . == (7) N Hits Value: 189
* Background triggers: ~ Mo
== (10) TopPan+BotBar Value: 145

* 2 layers hit (ex. dark rate) \ ONLoyers  Volue 144

6%
< == (3) Separate Layers Value: 106

* Top panels hit (ex. cosmic showers) 10% = Osimmiamy e
: 10% ° et
* Stable trigger rate ~2Hz ‘ >

14% == (1) 4 Layers Value: 34
(11) Front+Back Panels Value: 9
== (6) External Value: 0
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* Collected ~72 fb~1! of
data so far

* Detector is running 24/7

* Compared to CMS total
delivered stable
luminosity (red)

* Expect to collect over
100fb~1 by end of pp
runs 2024

carrigan.20@osu.edu
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Recorded Luminosity (fb™-1)
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Run 3 Bar Detector Luminosity

Delivered Luminosity and MilliQan Recorded Luminosity
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Total Delivered Luminosity: 72.68 fb~1
Total Luminosity Recorded: 68.46 fb~!
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MilliQan Slab Detector

* Increasing area provides
increased acceptance

* Designed slab detector covering

larger area!

* Improves limits at larger mass
(1-100GeV)

* 4 |layers of 12 scintillator slabs
(40cm x 60cm x 5¢cm)

e ~72x geometric acceptance of
bar detector
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NMLLI\QAN MilliQan Slab Detector

"NEXPERIMENT

* Slab detector construction ongoing (3.5/4 layers installed)
* Expect full detector finished within next week!

* Perform calibrations over next month and take data for 2024/25

Heat Map Number of Events
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Timing Calibration:

Calibration

* Calibrate channel timing using beam

muons

* Correct for differences in position/cable

length

172}
€
3
O 300 MilliQan 2023
- Data
— Fit Muon Events
250
Beam
200

llI]llllll]lilllllllllllllllllll

t(beam, Cosmic) = 16.0, -8.1 ns

150 \sigma(beam, Cosmic) = 2.3, 2.7 ns
chi2/ndof = 17.5/24 = 0.7
100
Cosmic
50
O_IIAIIIIIAIIII | LS LI (L Illllll
-30 -20 -10 0 10 20 30 40
Afns]

carrigan.20@osu.edu

nPE Calibration:

THE OHIO STATE
UNIVERSITY

e Calibrate energy of interaction particle ->
nPE observed

* Use known source to calibrate (Cd109)

chani_run942 v31
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area_histo
Entries 17923
Mean 8289
Std Dev 6037
Prob 1.128e-09
Constant 287.6 +6.0
Mean 1241+ 15.0
Sigma 711.6 £19.0
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[IQAN Geant4 Simulation

* milliQan detectors are fully modeled in GEANT4 simulation
 Calibrate each PMT response to in situ version
e Use real pulses as input for simulation (pulse injection)

Cosmic Muon Beam Muon mCP
] e e
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partial data (right)

* Comparison of efficiency in data
vs simulation ongoing

B
o

QAN Simulation Validation e Omio STATE
UNIVERSITY
* Validate Sim. by Comparing Luminosity vs Identified Beam Muons
measured/simulated rate of e
identified beam muons from S F
CMS |P E - Estimate: 0.073 + 0.002 muons/pb™ +
* Similar to demonstrator study s E
* Identify large hits in every layer 3 "°F
of detector 60|
* Preliminary measurement w/ 60}
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Summary

 Bar detector has collected
over 72fb~ 1 over 2023/24

* Beginning to analyze the
data that we have taken

* Slab detector will be fully
built by end of month

* milliQan analyses for bar
and slab will follow soon!
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NILLIQAN Cosmic Muon Background e OmI StaTE
UNIVERSITY
Run Time vs Beam Muons
* Also measure rate of cosmic . [
muons = sl
E B
 Large hits in 4 layers of bar 8§ | )
d tector “g 20__ Estimate: 1.82 £ 0.19 x10™ muons/s
e E § d,,,/'/
e Cosmic runs from LHC off < 15k
used - %
10_—
 Small fraction of runs used -
(left plot) ST
q . . 1x10°®
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Production in LHC o O STATE
UNIVERSITY
] ] ] g 101 milliQan ===« Total "y cross section (+1 st. dev.)
* Production of mQPs in LHC is the B e, i A YR i
same as e+e- c \ O OoYL  WESXX — Yas-xx
E 8 Ve, O N'=yxo — BoyesX, yizsi—»yy — Drell-Yan*
. 10 3, T
* Leptonic meson decays x UE N oo (13TeV) S
@) - 1\ N\ = )
_ _ 107 n(parent) € [-2,2] —
* Br(x > qTq™) x (g)zBr(x —ete”) A —\, S >
o R e T~ ) Y E
[ ™ E
Simulate mQPs in pythia o \V O\ =
* Propagate through rock/detector 0t b N
with Geant - ‘ . -
102 107 1 10
m, [GeV]
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* The LHC is aiming to collect ~300fb! of data

CMS,/ | 1
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inrun 3

LHC Run 3

* Plan to use milliQan detector to set new

limits on production of millicharged particles
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e Can use scintillator detectors to detect mCPs: Eiioan bar

1. mCP will create photon(s) in scintillator |
2. Attached PMTs will detect the photon(s)

* milliQan is composed of two scintillator arrays:
1. Bar Detector (larger version of demonstrator)
2. Slab Detector (new detector)

e Scintillation is dependent on charge (Q)

* To probe small charge must be sensitive to O(1)
photoelectron (sPE)

Bethe-Bloch Custom PMT

amplifier board
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