MoEDAL at the LHC
A very different collider detector
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Introduction — anomalously ionizing particles as as
avatars of new physics

The MoEDAL detector’s triune nature:
— The “Giant Box Camera” — the nuclear track detector array
— Capturing new physics (literally) — the trapping detector system
— The “Digital Energy Camera” array — the TimePix radmon system
PHASE-II model upgrade plans:

— A millicharged particle detector

— A very low cost electronic detector for highly charged particles

Summary and Conclusion
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66 physicists from 14 countries

24 institutes. on 4 continents:

U. Alberta, UBC, INFN Bologna, U. Bologna, CAAG-Algeria, U. Cincinatti, Concordia U.,
CSIC Valencia, Gangneung-Wonju Nat. U., U. Geneva, U. Helsinki, IEAP/CTU Prague,
IFIC Valencia, Imperial College London, ISS Bucharest, King’s College London, Konkuk
U., U. Montréal, MISiS Moscow, Muenster U., National Inst. Tec. (india),Northeastern
U., Simon Langton School UK, Stanford University [is the latest ( associate) member of

MoEDAL], Tuft’s.
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Avatar [av-uh-tahr]: An incarnation, embodiment, or manifestation of a person or idea:
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MOoEDAL — Highly lonizing Particles ~ ATLAS & CMS — New physics
directly detected as messengers of largely reconstructed from SM
new physics — no SM backgrounds particles — large SM backgrounds
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“ [Electriccharge - ionization increases with increasing charge &
falling velocity B (B=v/c) — use Z/[3 as an indicator of ionization
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dx A3?)|2 I 2
“ |fZ~0.001e (millicharged) we get anomalously low ionization

“ Magnetic charge - ionization increases with magnetic charge

g = ng, and decreases with velocity  — a unique signature

: . :
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dx A I, 4 2 |

“ The velocity dependence of the Lorentz force cancels 1/3° term

“ As g =137e/2 = 68.5e the ionization of a rel. monopole is 4700n?!!
(n=1) that of a MIP. But n could be larger!
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and largely passive LHC det: Ph\" g1CS A \01 "—'L} NO an the LHC ring. Another
novel feature is the use of p {ll nt h.lﬂd.t.rn santludes an array of
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computerized data acquisitic » mm 'of the large multi-purpose LHC detectors
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NUCLEAR TRACK DETECTOR TRAPPING DETECTOR ARRAY  TIMEPIX Array a digital
Plastic array (~200 sqm) A tonne of Al to trap Highly Camera for real time
— Like a Giant Camera lonizing Particles for analysis radiation monitoring



Aluminium face plate
25 x 25 cm

“ Largest array (150m?)of NTDs every deployed at an accelerator

“ Plastic NTD stacks consist of CR39 (threshold 5 MiPs) and Makrofol ( 50
MiPs) — that are “damaged” by the highly ionizing particle

“ The damage is revealed by controlled etching in a hot Sodium
Hydroxide solution — etch pits are formed

“ Charge resolution is ~0.1[e[, where [e]is the electron charge

“ NTD system acts like a giant camera that is only sensitive to
new physics - no known SM backgrounds
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LOW THRESHOLD
(E,, > 5 mips)




* Calibration of NTDs and HCC plastic performed mainly at the
BNL NASA Space Radiation Laboratory

* Large choice of species and easy energy adjustment with
energies up to 1 GeV/nucleon.

* Can achieve very low intensities ( as low as 1000/5sq cm)

* MoEDAL is the only LHC detector that can be directly calibrated for
highly ionzing particles
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Trapped monopole SQUID magnetometer (ETH Zurich) ~ S€arch for trapped quasi-
stable decays at SNOLAB

“ We will deploy trapping volumes (~1 tonne — 2400 bars ) in the
MOoEDAL/VELO Cavern to trap highly ionizing particles

# The binding energies of monopoles in nuclei with finite magnetic dipole
moments are estimated to be hundreds of keV

“ After exposure the traps are removed and sent to:
# The SQUID magnetometer at ETH Zurich for Monopole detection
# Underground lab (SNOLAB) to detect decays of electrically charged MSPs

13



* Total mass ~ 1 ton of trapping
detectors
* 2400 aluminum bars - 2.5x2.5x19
cm each
* MoEDAL is the only LHC
experiment that can reliably
directly detect magnetic charge
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Pixelated 300 um thick Si
detector chip (256 x 256

pixels, 55 pm pitch)

B Detectorbias ‘ Read-out ASIC
voltage (~100V) ; chip TimePix

* Timepix (MediPix) chips measure online
the radiation field + measure the
spallation product background

Ethernet1..5

* The Timepix chip pixels are instrumented
with an amplifier + comparator + counter + Ethernet
TOT energy measurement)
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cilel PletLifes

] Cluster size: 104 pixels
Track lenght: 1.8 mm

. e o energy deposition in the cluster
B Energy deposition: about 20x MIP ) A - maximum

energy deposition in the cluster

maximum

Cluster size: 35 pixels
Energy deposition: about 100x MIP
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Magnetic

Nuclear Track Detectors Mt o

Low-energy
stopping particle

Tracking resolution: 10um/pit (~10 pits)
Pointing resolution (to the IP): ~1 cm
Charge resolution: 0.1e
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Trapping Detector SQUID

Magnetic charge resolution < 0.1g,

MoEDAL preliminary

TimePix Chips (2cm x 2cm)

Each pixel instrumented (TOT/Cnt
JArr.Time

Pixel size: 55um x 55um

o | ol ,
-0.3 -0.2 -0A1 0 0 1 0.2 0.3 0.4

Slllcon thiCkI’)ESS 300 Mm 9 Imm | measured persistent current ()




A

Hadren &3 -~ Chambers
Calorimeter

Electromagneti

Detect?_: _ . RICH Calorimeter

¥SDetector

MoEDAL -
REGION
& MoEDAL Millicharged
' ~Particle detectoctor

e MOEDAL is now working on a new sub-detector to search for
millicharged particles (mQP) as low as 103e

— A location near to IP8 adjacent to the MoEDAL detector has been ID’ed

— Fine segmentation, deep detectors, precise timing and triple layer
coincidence will be used to get single photo-electron sensitivity

 The standard LHC detectors are not sensitive to Charge < ~0.1e



Plastic scintillator bars Neutral density filters

6 (5” x 5” x-sec) of these very long bar sets arranged to detect
cosmic muons

— Basic unit: three collinear 1m plastic bars read out the PMTs:

We turn muons in milli-charged particles using a variable filter that
goes to 1000 time reduction in the transmitted light



What is the nature of
Dark Matter?

electron

Are there extra dimensions? Y -

electric charges magnetic dipole

magnetic monopoles?

Does magnetic charge exist?

What happened just after Are there new symmetries
the big bang? of nature?
The MoEDAL experiment has just set sail on a voyage of
discovery with the opening of a new LHC high energy
frontier 13-14TeV in 2015 - stay tuned

20



EXTRA SLIDES



* Inside LHCb acceptance bteween the RICH and the 1%t

LHCb tracking detector (TT)

— 2 layers of 250um Makrofol inside a 25um aluminum foil bag
— 0.19% of a radiation length thickness
— “Shower curtain design”
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 2G Long Core magnetometer newly installed at Lab. for
Natural Magnetism at ETHZ

— Coveyer belt = very convenient for monopole search, can scan a large
numberof samples in a short time

— Resolution is ~1/100 of a Dirac charge

 The SQUID readout makes MoEDAL the only LHC experiment
that can reliably directly detect magnetic charge
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Search for millicharged particles — a dark matter candidate -
to which the standard LHC detectors are not sensitive

New dark sectors can have new particles which appear
“milli-charged” to the Standard Model

Charges typically in the range 10*to 103 e

No direct constraints above 100 MeV
A MoEDAL millicharged detector could probe up to 100 GeV





