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MoEDAL-MAPP experiment

* MOEDAL-MAPP experiment is
Ao in the IP8 of the LHC and at
MAPP-2 UA83 tunnel at about 100

UGC1

meters from the IP
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* |tis a dedicated experiment for
searches of new physics, such
as magnetic monopoles and
millicharged particles
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MoEDAL detectors

* Magnetic Monopole Trappers
(MMT)

* Nuclear Track Detectors (NTD)
* Timepix3 detectors
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Highly ionizing particles

q HIP q HECO

* Theoretically predicted particles
Z*/y

* “Highlyionizing" because their large mass 4 v 4. e g 4.
and electric charge cause them to interact
strongly with matter and create many
ionizations over a short distance

* Magnetic monopoles

* Theoretical particles that carry a magnetic
charge instead of an electric charge

* Asingle Dirac magnetic charge would ionize
much more than a proton

* Highly electrically charged objects (HECOs)

* Other hypothetical particles, such as dyons
(particles with both electric and magnetic
charge) and aggregates of quarks

* Would have a very high electric charge and
ionizing potential (C) Four-vertex PF process (d) Three-vertex PF process

q HIP q HECO

(a) DY production of spin 0, %, 1 HIPs (b) DY production of spin %2 HECOs

HIP

Sl

MoEDAL collaboration, B. Acharya et al., PRL 134 (2025) 071802
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o » MOEDAL
Monopole and HECO mass limits detectors
exposed to
6.46 fb™! pp at
13 TeV
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* MoEDAL
detectors
exposed to
6.46 fb! pp at
13 TeV



Acceptance
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* Aluminiumis an optimal
material for trapping MMs
* 2’Al has anomalously
large magnetic moment
* Does not activate strongly
* Nonmagnetic

* Cheap ubdetectorlunitll 2) Forward MMT slﬁodefector unit ] 3) Side A MMT subdetector unit
* After exposed to the collisions ‘
the bars are taken from the IP
to cooldown
* Whenreleased from CERN,
they are broughtto a
magnetometer facility and
scanned
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Solid State Nuclear Track Detectors (SSNTD)

* Sample of a solid material et
(photographic emulsion,
crystal, glass or plastic) Suff
* When ionizing radiation (or o
neUtrOnS) PasSsS th rough the Jeong, TW., Singh, PK., Scullion, C. et al., Sci Rep 7 (2017) 2152

material, they leave trails of
molecular damage

* Damaged regions are etchec g‘”
faster than the bulk material

* Results in holes or pits i
e Common materialis CR39 =

\\\\\\\\\\\\\\\\\\\
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Calibration of NTDs

* To calibrate the

REL, the foils were a)
exposed to

selected heavy ion on beam
beams

* Some of the foils
were placed to
MoEDAL afterthe ...
exposure for -
comparison

* When etched the
different layers

should have same
patterns M. Kalliokoski et al., JINST 20 (2025) P03014

b)
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No. Events

Relativistic energy loss in NTDs
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MoEDAL NTDs

* MOEDAL-MAPP experiment has
exposed over 200 m? of foils
during Runs 1to 3

* Preliminary analysis can be
made by and with a
microscope

* More detailed analysis requires
automated machine vision
techniques
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14.11.2025

With thin-film coating technique we are able to

Th i n _.ﬁ lm COati ng reduce the MoEDAL background from the foils

The foils return to be transparent and the etch
pits become more pronounced
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Scanning in Helsinki

B Scanned
I To be scanned
[ ] Notin Helsinki

14.11.2025

2000

-2000

51/186 foils from 2018 pp run
Surface area covered 5.84/21.4 m?
281 520 pictures taken, 5.2 TB of data

Main runs for MOEDAL, 2016 pp, 2016 HI,

2018 HI
* 744 foils per layer, 6 layers
* Total of 24 650 000 images to be taken
* 461 TB of data

Rung3 foils are being treated with caustic
solutions

* First scans by the end of the year
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Trapping, turning, bending ...

Monopole charge (gp)

o L * In addition to searching for MMs in aluminium
o] T, bars, we have also analysed a CMS beam pipe
Sl LN from Run
5 1 R .
g S * The CMS experiment was exposed to 184.07
i N ub~'of Pb-Pb collisions at 2.76 TeV center-of-
i mass energy per collision in December 2011
ool o1 The beam pipe was replaced in 2013, so it was

also exposed to pp runs

@ ] = o * The complicated part with the analysis was
| B I B e w the beam pipe material beryllium
| ” T * Trappingin the beam pipe is not as clear as for
S o EL = aluminium

T T hr ig 0 1770 g’ 6ol i Lt * Beryllium magnetic moment?

IR * G4 does not stop MMs
S o * The estimation for trapping was made based
. g on the turning point and velocity of monopoles
-2l = o - 5 5 T 10 15 20 25 30 35 40 45 50 in G4 SImUlatlonS
sample number Magnetic charge (gp)
MoEDAL collaboration, B. Acharya et al., Phys. Rev. Lett. 133 (2024) 071803
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Millicharged particles

* Long-lived electrically neutral
particles can be produced
withing hidden sector

' Interactions

* Electric charge fractions of electron
charge

 Can couple to photons
* EDGES anomaly, muon anomalous
magnetic moment ...

* Fermionic millicharged particles
can be produced at the LHC
through a variety of mechanisms

7 it ] ﬁ * Drell-Yan, meson decays, proton
o " 10° bremsstrahlung ...

5 =14 TeV 4

M. Kalliokoski et al., JHEP 2024 (2024) 137
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MAPP extension

* Detector system that consists
of 400 scintillator bars in
10x10x4 configuration

e Fach bar has dimensions of
10x10%x75 cm?

e The detector is installed in
UA83 tunnel at about 100
meters from the IP8

* Angle of 7.3° with respect to
beamline
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Performance

Entries 33408

10° htemp
¢ Mean 0.009003

Std Dev 0.01154

766
0.007233
0.00958

10°

Number of Entries
Number of Entries

X 0.12 0.14
Energy deposition [MeV] 0 0.01 0.02 0.03 ! 0.05 0.06 . 0. 7d D.D?M .
nergy deposition [Me

M. Kalliokoski, PoS (TIPP2023) 101 (2025).
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When comparing
muon and
millicharged
particle traversing
the MAPP-| detector,
the energy
deposition differs
notably

Muon will leave
energy in each layer,
while mcp will
interact with
arbitrary number of
scintillator bars

18



Pixel No.Y

MoEDAL in HL-LHC

n
=1
2

100

* For HL-LHC, in addition to MAPP extension
plans, the MoEDAL detector systems will be
upgraded

ek S Al N |
0 100 200

 Since highly ionizing particles would saturate
standard pixel detectors, this feature can be
used for detector developments

* Timepix4 detector without sensor would be
sensitive for this type of charges

* Studied by CTU group
* Large size with reduced cost - ALICE ITS2 MAPS

e Extension to this with microwell or MPGD layer
in front would allow to adjust the dynamic range

* HIP study ongoing
* Change of NTD materials
* New scintillator materials for MAPP
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Outrigger

e An extension to MAPP-I
detector

* Increases the acceptance of
the MAPP-I detector

e Connected to same readout
system and data chain

e L ocated in one of the ducts ' : o MAPP-1 (30 1)

SENSEI g | =-—=-=MAPP-1 (300 fb!)

between UA83 and the LHC T ooy

*,EDGES (f, =04%)

tu nnel 1072 10" 10° 10" 10

m, (GeV)

Kalliokoski, M. et al. Minicharged particle sensitivity of the MAPP Outrigger Detector. Eur. Phys. J. Spec. Top. (2025)
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MAPP-II

X-Y readout achieved by Imm |
Fast WLS fibres with 1 cm pitch |
inXandY i

SiPM | @ e
~ SCINTILL |

readout

14.11.2025

"

* Original location of MAPP detectors

* The tunnel was not completed for laboratory
use, and thus the installations were not allowed

* Will be refurbished during LS

* First used by LHCb for storage
 Emptied before HL-LHC runs begin

* Large area scintillator system

M.Kalliokoski - MoOEDAL-MAPP Experiment - PPD2025
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Summary

* MOEDAL-MAPP experiment has
set several new limits for MMs
and HECOs

* More detailed analysis of the

NTDs will give new information
about the interactions at the IP8

* Scans ongoing, results are being
analysed

* For HL-LHC new detector
installations and updates have
been designhed
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