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e The MoEDAL Experiment.
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The MoEDAL Detector:
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Present Nuclear Track Detector (NTD) Deployment (2015/16)
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Details about the NTDs: |

Insulating solid materials - plastics CR39, Makrofol, Lexan

o The passage of a charged particle through NTDs breaks the chemical bonds inside the
NTDs.

o Creates invisible ‘latent tracks’.

o These tracks (~ 10 nm diameter) are made visible to an optical microscope through
an appropriate chemical etching.

o Etch pit size becomes 10-30 pm.
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Details about the NTDs: Il

CR39® (PPG Industries Inc.)

CioH
(C12H1807) Makrofol (Bayer) and Lexan (multiple
Density 1.32g/cm?3 (in crude form, producers)

d i | facturing).
Hse |n. stingiass mant éc uring) o Density of Makrofol - 1.29 g/cm3,
Detection threshold Z /5 ~ 5, density of Lexan - 1.20 g/cm3.
which is very low.

o High quality surface and light

Maximum tolerable number of transmission.

2

detected etch pits per cm© is
~ 108 (2 Mrad radiation).

o Maximum tolerable number of

detected etch pits per cm? is

Stable sensitivity over the years. ~ 108 (200 Mrad radiation).
Needs dosimeter grade plastic -
free of contamination.
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Chemical Etching of the NTDs: Making of the Visible Pits

SN Etching Conditions A (ym/h)
' 6N NaOH, 50°C 0242001

| 6N KOH + Ethyl alcohol, 50 °C | 297 £0.05
80 20 % by volume

6N KOH + Ethyl alcohol, 50 °C
50 50 % by volume

6N KOH+ Ethyl alcohol, 60 °C
| 80 20 % by volume
6N KOH+ Ethyl alcohol, 65°C | 23,01
80: 20 % by volume

e Solutions used for etching: 6N/8N NaOH, 6N/8N KOH etc.

e The bulk etch rate (vg) increases with the increase of the etching temperature and the
percentage of the alcohol mixture in the etchant, as shown in the table above.
e The presence of the alcohol polishes the surface and improves the sharpness of the

post-etched surface of the detector. E’i
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Improvements in Chemical Etching:

Old
New

6N NaOH, 70 °C, 30 hr

[i]
2/B (min.) ~ 5 6N NaOH + 1% alcohol 70 °C, 40 hr

Z/B (min.) ~7
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Scanning the NTDs:

Area & 1. gt pixel size

» Exposed NTDs will be scanned through automated high rate CCD based
scanning microscope developed by the groups at Bologna, Muenster and
Helsinki (etch-pit size ~ 30 um)

« Specialized image enhancement/pattern recognition software.
« Helsinki scanner can scan 100 cm? in 20 minutes. m
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The Trapping Detector:

e The trapping detectors (MMT) are deployed to slow down, stop and trap highly ionizing
particles for later study.

e They are composed of an array of 672 square aluminium rods with dimension 19 x 2.5 x 2.5
3
cm’.
e The total mass of 222 kg is kept in 14 boxes. These boxes are placed ~ 1.62 m from the
interaction point. a

MoEDA
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The SQUID Magnetometer:

Laboratory of Natural Magnetically shielded DC SQUID
Magnetism, ETH Zurich room magnetometer
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SQUID Calibration

EPJC 72, 2212 (2012), arXiv:1206.6793
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The TimePix Radiation Monitor:

TimePix pixel device

e TimePix devices are used to measure the radiation and the spallation
product background.
« Instrumented with an preamplifier, a discriminator with threshold
adjustment, synchronization logic and a 14-bit counter.
« 256 x 256 square pixels with a pitch of 55 um. D
« Essentially electronic bubble chambers.

MoEDA
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The MoEDAL Sub-detector Resolution:

Low-energy

Magnetic stopping particle

Monopole |

o Tracking resolution: 10 mm/pit (~10
pits).

> Pointing resolution to the interaction
point: ~ 1 cm.

» Charge resolution: 0.1le.

Trapping Detector:

o Magnetic charge resolution: < 0.1 gp. _“ 100 © | veeonLpoimnr
l :
TimePix chips Sz ’
)
o Pixel size 55x 55 mm?. | E
o Silicon thickness: 300 pm. L R = I s T S

measured persistent current |g,\]
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MoEDAL's sensitivity:
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e Cross-section limits for magnetic (left) and electric charge (right) [arXiv:1112.2999v2

[hep-ph]].

E MoEDAL compliments the physics reach of the existing LHC experiments.
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Latest MoEDAL Monopole Search Result at /s = 13 teV (PRL 118 061811
(2017)):

's=13TeV,0.371 fo” ‘ )
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e The LHCf Experiment.

© o
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The LHCf Experiment.

e Two independent detectors (Arm1l and Arm2) are placed +£140 m apart
from the Interaction point 1 (both sides of the ATLAS detector).

e Covers the region n > 8.4.
e Measures neutral particles: v, neutron and 70.

@Charged particles are taken out by the dipole magnets. ()
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A Brief Description of the LHCf Detector: |

[T Gs0-plate
Upgrade-Arm #1 detector [T 0500 ducege
P ]

Tungiten

20
Langiudingl size [mm]

Calorimeter Tower

o Each tower is made of 16 sampling layers and four position sensitive layers interleaved
in the tungsten absorbers.

o Gd,SiO; scintillator (GSO) used, one of the best inorganic scintillators.
o Position sensitive layers for Arm1: the hodoscope layers are made of GSO bars.

o Position sensitive layers for Arm2: the silicon strip sensors.
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A Brief Description of the LHCf Detector: Il

[ Gs0-plate
[ Sticen-sirp Ly
Upgrade-Am #2 detector -Tu“' p lyee

ngikn

Calorimeter Tower (continued)

Expected performance:

o In the first half, the width of tungsten absorber is
2 radiation length (Xo) - used mainly for
electromagnetic (EM) shower measurement.

o Energy resolution (> 100 GeV):

o < 5% for photons.
o In the second half, the width of tungsten absorber o 40% for neutrons.
is 4Xo - used mainly for the hadronic shower. o Position resolution:

o < 200 pm for photons.

o Total length of the calorimeter tower: 44X, - the
o a few mm for neutrons.

leakage from the EM showers is negiligible.
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Neutron, proton-proton collision at /s = 13 TeV

e Motivation:

e Measurement of inelasticity: ki, =1 — Ejeaqg/Epeam-
e Large discrepancies between data and model prediction was found in p-p collision at

Vs =7 TeV.

Data used:
o June 2015, 3 hour data.

o Low pile up with p ~ 0.01.

«10% L2D (PID estimator) Distribution

1_
r 5.25TeV< E,<5.5TeV %

Events

Analysis
o ldentification of particles:
o Electromagentic
shower in the shallow
layers.
o Hadronic shower in
the deep layers.

o Energy resolution of 40%.

Arka Santra

— pata 2015
QGSJET 1104 (photon)
QGSJET I1-04 (hadron)

— QGSJET II-04 (fit)
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Neutron, proton-proton collision at /s = 13 TeV, Folded Spectra
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o No model matches with the experimental data.
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Neutron, proton-proton collision at /s = 13 TeV, Unfolded Spectra
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Note:
o No model matches with the experimental data for 7 > 10.76 where neutron
production increases in the high energy region.

° matches in the 8.99 < 1 < 9.22 region and SIBYLL 2.3 has best
agreement in 8.81 < n < 8.99.
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Summary

e The MoEDAL detector and its present performance have been discussed
briefly.
e Added Very High Charge Catcher (high threshold NTD array, Z/3 ~ 50) in the forward

region, expected to considerably enhance the overall geometrical coverage of MoEDAL
NTDs.

e /s =13 TeV, 0.371 fb! results were published last year.
e /s =13 TeV, 2.28 fb~! results are submitted to journal (accepted by PLB).
e Gearing up for the next iteration of data at /s = 13 TeV.

e Result from LHCf experiments was also shown.

e Results shown for neutron cross-section in the proton-proton collision at /s = 13 TeV.

o It has results for forward photon energy spectrum at p-Pb, /s = 13 TeV.

e ATLAS and LHCf jointly work on the measurement of contribution of diffractive
processes to the forward particle production.

e In future:

e Measurements of forward 7° and 7 production cross-section at p-p, \/s = 13 TeV.
e Discussion for an operation with p-O collisions at the LHC.

© o
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e Bonus slides
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Etch Pits:

defdx  dE/cx dE/dx Only possible to

reconstruct tracks
Increasing constant decreasing

< ~ 45 deg. to normal
e ldentification of the tracks are possible:

« Decreasing ionization (magnetic monopoles) >
@ « Increasing ionization (slowing electric charges)

MoEDA
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Calibration of NTDs:

lon beam ﬁH[_ JMEHJ:
- tal'get i 1’ >

detector foils detector foils

e Uses the NASA Space Radiation
facility ‘
o Fe? - 1.5 GeV/nucleon (max), Xe!3? r 1A GeV Fe®*
- 0.35 GeV/nucleon (max), O¢ - 1.5
GeV /nucleon (max) and C'2 - 1.5
GeV/nucleon (max).

* NA61 (CERN)
e Pb - 30 GeV/nucleon, Ar up to 150
GeV/nucleon
e Used tracking to reconstruct the path
of the fragment and the incident
particles (3 hits per track).
e If properly calibrated, the charge of the

article can be measured to 0.le.
2000 3000
Average Area (pixel?)
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The SQUID Response:

70

o~

MaEDAL 7 60

MoEDAL

50
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30

magnstometar current / £,

—+— sample
* sample + 15, pseudopole ] 20
. snmple-1gn pseudopole -~ 10

50 100 150 200 250 300 350 400 430 500 .825 0.2 .6_15 .0_1u. 0 005 01 015 02 025

longitudinal position (mm) persistent current / 1,

e The monopoles with magnetic charge (g) less than 0.1 of the Dirac
charge (gp) can be ruled out overwhelming majority of time.

e Used a threshold of 0.25 gp to rule out any background in the first

dublication.
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L>p plot:

e [,p is PID estimator, which parameterizes a longitudinal-shower shape in the
calorimeter.

e They calculated the depths containing 20% or 90% of total dE from the first layer and
then Lp is a combination of two depths (so we call “2D").

e The importance of the distribution is not for physics but for our analysis. The good
agreement between data and MC shows our good understanding of the detector and it
is used also for estimation of efficiency and contamination.

Arka Santra Performance in MoEDAL and LHCf 30/ 36



LHCf acceptance plot:

Small tower (n>10.76)
Large tower A (8.99 =1 < 9.22)
Large tower B (8.81 =1 < 8.99)
Beam pipe shadow

Beam center
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Photon, p-Pb /syny = 8 TeV

« Motivation

« Measurement of the nuclear
effect, CR interaction (p-N,O)

# p-p.
« Large suppression of forward
70 production was measured P o—
at p-Pb, /syny =5 TeV. UPCs
(Ultra-Peripheral collisions)
e Data
« Data taken in 2 hour in Nov, ) Sre
2016. E‘“' —— DPMJET 3.0-6
. 0] —— EPOS-LHC
« Pile up 1 ~ 0.01. B QGSIET 104
o Analysis w"
_ k=3
« Used photon analysis at p-p, i}
%3 Te\é i f UPC Ilisi F Photon cross-section
ontribution o collisions )
‘ *’k in QCD, UPC collisions
® 20-50% of total photon events 3 4 5 6 7
@ estimated by STARLIGHT simulator. Photon Energy [TeV] |
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Photon, p-Pb /syny = 8 TeV: Results

n>10.94
LHCf preliminary;
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LHCf-ATLAS joint analysis

ATLAS + LHCf =

(Central region) (Very Forward reglon)

e Measurement of contribution of
diffractive processes to the forward
particle production

e Method

e Event selection by N = 0 where
Nirack is the number of tracks detected
by ATLAS inner trakcer (|| < 2.5 and
pr > 100 MeV).

e Selecting pure sample of proton
dissociation.

@ e Sensitive to low mass dissociations
with Mx < 50 GeV.

e Powerful tool to understand
the processes of forward
particle production.

e Provides detailed tests of
models.

e Provides some parameters like
the low-mass diffractive
cross-section.

ATLAS-LHCf Preliminary PYTHIA8212DL-
Vs =13 TeV, 0.191 nb™"
% 0.20

MG folded (total)
- MG folded (diff.)
MG folded (SD)

10 15 20 25 30 35 40 45 50

track

Arka Santra Performance in MoEDAL and LHCf 34 /36



Measurement of contributions of diffractive processes to forward photon
spectra in pp collisions at /s = 13 TeV

e Preliminary result has been published in ATLAS-CONF-2017-075.
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Measurement of contributions of diffractive processes to forward photon
spectra in pp collisions at /s = 13 TeV:Ratio of N¢y—o/Inclusive

ATLAS-LHCf Preliminary
Vs=13TeV, 0.191 nb”
8.81<n<8.99, Ap=20°
Data LHCf-Arm1

Sta

=0)] /[dN /dE. |

Ld
[iiii11]

QG:
s SIBYLL2.3 YLL2.3
PYTHIA8212DL, PYTHIA8212DL

S T T ST N T S RSN (Y SN S N S [ S SR Ing
1000 2000 3000 4000 5000 6000 1000 3000 3000 4000 5000 6000
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For n > 10.94, the ratio of data increased from 0.15 to 0.4 with the increasing of the

photon energy up to 4 TeV.
Prediction of fraction from PYTHIA8212DL is higher at the higher energies.

shows small fraction compared to data at n > 10.94.

e For 8.81 < 1 < 8.99, the ratio of data is almost constant at 0.17.
@or 8.81 < 1 < 8.99, EPOS-LHC and PYTHIA8212DL show good agreement with ﬁ?
d

ata.

MoEDA
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