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Searching for Exotic Particles at the LHC with Dedicated Detectors.
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The LHC will open up a new energy regime where it may be possible to observe physics beyond the Standard

Model. Therefore the search for exotic phenomena, such as: magnetic monopoles, massive stable particles; slowly

decaying exotic particles; highly penetrating particles; and, free quarks and gluons, will be an important part of

the LHC physics program. We propose that the search strategy for exotics planned for the main LHC detectors

be extended with modest dedicated experiments designed to enhance the physics reach of the LHC. We shall use

two examples to illustrate this thesis. First, a passive, plastic track-etch detector "ball” designed to detect highly

ionizing particles and measure their Z/8. Such a detector is currently the subject of a Letter of Intent to the Figure 1. A schematic view of a detector for heavy stable and quasi-stable exotic particles. The detector
LHCC from the MOEDAL collaboration. Another (active) small acceptance detector — protected by shielding is deployed in this case in the region UJ84 behind a minimum of 16m of rock/concrete shielding with a
and monitoring an extended decay zone - specifically designed to detect massive stable particles and detect slowly decay zone of similar length. The MOEDAL passive detector for highly ionizing particles is also shown
decaying particles, is described. The use of such a detector at the LHC, has recently been proposed. deployed around the LHCB vertex chamber.

MoEDAIlwas the first such experiment, approved by CERN in 20
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® MoEDAEMAPP Search for New Phys

MoEDAIMAPP is optimized to detect these avatars of New Physics
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ATLAS and CMS are not optimized to detect HIPs, WIPs and L



® MoEDAEMAPPPhysics Program
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® The Phasé® MoEDAILDetector

[ | /1®dedicated search exptupgraded for Rum3 with higher eff. & lower thresholds

NUCLEAR TRACK DETECTRRPPING DETECTOR ARRAMEPIX Array a digit:
Plastic array ( 185 stacks, Atonneof Al to trap Highly = Camera for real time
12 ) ¢ Like a big Camera lonizing Particles for analysisadiation monitoring
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® a 2 9 5 IRpnib&e Detector Facilitie

NTD ProcessingNFN Bologna MMT ScanningeTH Zurick
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Etching in hot sodium  H|p causes damage Trapping volumes are

- . Monopole is trapped
Hydroxide rveals damage 7one In NTD plastic Removed for scanning P PP

Etch pits reveal path Etch pits measured  Trapping volumes are Monopoles cause a stab
and charge of HIP by optical microscope Passed through a SQUIDcurrent in the SQUID



@ UpgradedMoEDALNstalled for Rur3

MAPP

Upgrades to the Ru MoEDAILDetector, for Rw3 ¢ completed in March 2023
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The Search for Highly ionizing particles (HIPs) continues with

5 x Higher a) Improved Slightly higher

Instantaneous Detector Efficiency Centreof-mass
Luminosity at IP§ b) X10 lower threshold Energy




€ Results from HIP SearelDY productio

q HIP q HECO

(a) DY production of spin 0, 2, 1 HIPs (b) DY production of spin %2 HECOs (d) Three-vertex PF process

Nov 2023 High electric charge objects (HECOs)
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MAGNETIC MONOPOLES (MMs) HIGHLY ELECTRICALLY CHARGED O
AVIOEDAle-Print: 2311.06509hepSE6 X ®(i2 6S Lz f A aKS



https://arxiv.org/abs/2311.06509

Monopole Production Via the
Schwinger Mechanism
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Pair production of electrepositron  Pair production of monopolantimonopole
pairs in a very strong electric field pairs in a very strong magnetic field



€ 1stSearch Sensitive to Composite MM

MAPP
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SEARCHES FOR NEW PHYSICS

CMS beam pipe to be mined for monopoles
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Pipe dreams: The original CMS beampipe, in use during LHC Run 1. (Credit: CERN-PHOTO-
201611-288-4)
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ry the CMS and MoEDAL collaborations at CERN signed an agreement that

! tion of the CMS beam pi tint d fed into a SQUID in Magnetic charge (QD)
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Magnetic charge (gp)

The CMS Beampipe was scanned byMbe&DAlexperiment using a SQUID
magnetometer to search for trapped MMs.

Limits produced via the Schwinger production are theoretically gdilcits from DY
and ggare not due to perturbation theory busting coupling of MMs to photons.

The Schwinger production of composite MMs is NOT exponentially suppressed by
factor of e N © P58 MM production using DY gyproduction modes.

Nature 602 (2022) 7895, 687 (Runl) Phys. Rev. Lett. 133, 0718Q3Published 15 August 2024
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CERNCOURIER g e

Physics v | Technology ~ | Community~ | In focus | Magazine

SEARCHES FOR NEW PHYSICS | NE»*

ioauction are theoretically gédilaits from DY
welwrbation theory busting coupling of MMs to photons.

_ ochwinger production of composite MMs is NOT exponentially suppressed by
factor of e " ° P58 MM production using DY gyproduction modes.

Nature 602 (2022) 7895, 687 (Runl) Phys. Rev. Lett. 133, 0718@3Published 15 August 2024



%  Searching for LondLived HIPS

Due to the absenceof trigger, timing & SM backgrounds,MoEDALcan relax
selectionrequirements+ increasesensitivityto charged,SUSY.LPs

EPJC 80 (2020) 431 EPJC 80 (2020) 572 EPJC 81 (2021) 697
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MoEDAL Run 3 sensitivity, doubly charged particles 103
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MoEDAIlcan cover the longjfetime region at Authors added doubly charged scalars & fermions  In this class of neutrino mass models, the SM is extend
Run2/3 for gluinos stops,sleptons& charginos AY @FNR2dza { ! 6HO[ NXLIQa zwithitwo sgaasfieldsaand ipais of \@elie fedpioys]

SLEPTO DOUBLY CHARG 2,3 and 4 CHARGE

® If sufficiently slow moving, even singly or multiplg10e) charged particles
may leave a track in NTDs

® Supersymmetry offers such lohged statessleptons Rhadrons,charginos

® Multiply charged scalars or fermions are, for example, predictesgveral
neutrino mass models.




@ Production of Milkcharged at Collider

MAPP
mCParise naturally from the dark sector via the Vector Portal/Dark Pho
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®az095 'I\/ILAIPJ:HL Detector @ UA8

* Electronics

Main sj)uﬂﬁfcq_.r‘u pr
Bar detector

= 400 scmtlllator bars (10 X 10 X 75 %)rm 4 sections readout by 3" PMTs
Protected by a hermetic VETO counter system
MAPPIs sensitive to:
Milli-charged (16c ) particles
Longlived neutral particles
Charged particles (using 2 9 5 MMT3h
[ FdS&ad LI LIS Nihickafgesiamde&at tfieenefgg ahtier with the
MoEDALa ! t t SE LIS NR Y SHER4 2024)0AFKS [ | /| €Z




The MAPPL Outrigger

® OUTRIGGER proposed extension of the MAPP bar detector to improve the
overall reach for higher magsCPqabove a few GeV)

® 4 scintillator planes (each comprised of 20 60 cm x 30 cm X 5 eplas1@Es
angled at 45 degrees) readout by coincident Pijlan effective area of ~2.6n
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b MAPR1 Sensitivity to
Millicharged Matter

milliQanresults Phys. Rev. D 104, 032002 (2021); FORMOSA 1ePulys. Rev. D 104, 035014 (2021)

— MAPP-1 (L = 30 fb 1)
B ; =----milliQan-b (L =200 fb™1) 2
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®The 95% CL exclusion Limits for MAR&Y mCP9produced by DYnech.
+ direct decays of heagparkonig light vector mesons, and sindbalitz
decays of PS mesons.

® 9gnal efficiency estimates included
® The OUTRIGGER improve the mass reach 13¢ G&0 GeV




D The Future

Phase2 4 MAPR2 for H:LHC

ThWAPFZ ecmr Volume

\ v’ etecmr technol rge. scintillator tiles
/‘ \§ 'solution

The I\/IAPF2 detector would fill the UGC1 gallery adjacenit HCb

“ The UGC1 gallery would be prepared during LS3 prior-tdHdL

“ The tracking detectors would form 3 or 4 hermetic containerse within the other
¢ lining the walls of UGC1

“ MAPR2 ~1200 m of instrumented decay volumgestimated cost < 3M CHI
“ Designed to detect LoAgved particle decays tharged particle & photons

‘ﬂ UGC1 Gallery




UGC1 Refurbishment

21,000 CHF 23,100 CHF (10 %)
UGC1 Tunnel 11,200 CHF 11,760 CHF (5 %)
(Entrance) 48,200 CHF 53,000 (10 %)

151, 166,100 CHF (10 %)
000
CHF
45,000 CHF 54,000 CHF (20%)
10,000 CHF 11,000 CHF (10 %)

45,000 CHF 49,500 CHF (10 %)

4,500 CHF Patrol System

4,725 CHF (5 %) Secft
door
335,900 CHF 373,185 CHF

Safety assessment CERN EDMS #2487833
® Civil work ~$0.4 million
UGCL1 Tunnel (end) ®* MAPR2 Detector cost ~$2 million

® Funding requested for work in 2026
awarded in 2025 (if successful)

® TP under constructiomNplgiven)




