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Introduction

Light by light scattering
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ATLAS & Forward Detectors




Turning the LHC into a photon collider

Boosted charged particles are a source of quasi-real photons

Schwinger Limit: in QED,
AV limit for which EM fields are
no longer linear.

Schwinger Limit
\/\/\/\/\/\/\ B?1OQT,E21O18V/m

Hadron Colliders
B>>10"T, E>> 102 V/m
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Turning the LHC into a photon collider

Provide photon-photon fusion via peripheral collisions
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Phenomena observed with both pp and PbPb collisions

X=vyy, Zy, WW, jj, ...



Foundational Tests of Quantum Electrodynamics
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Matter turns
into light

Positron-electron tomography
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Photon-induced processes

Leptons W Bosons Axion-like Particles SUSY Dark Matter

ATLAS: 2009.14537 Tizchang, Etesami: 2004.12203  Fichet et al: 1312.5153 Beresford & Liu: 1811.06465
Baldenegro et al: 2009.08331 Baldenegro et al: 1803.10835  Harland-Lang et al: 1812.04886
ATLAS: 2010.04019
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https://arxiv.org/abs/2009.14537
https://arxiv.org/abs/2004.12203
https://arxiv.org/abs/2009.08331
https://arxiv.org/abs/2010.04019
https://arxiv.org/abs/1312.5153
https://arxiv.org/abs/1803.10835
https://arxiv.org/abs/1811.06465
https://arxiv.org/abs/1812.04886

Central Exclusive Processes

Diffractive Jets Exclusive Jets Top quarks

ATLAS: Trzebinski et al: 1503.00699 Goncalves et al 2007.04565

ATL-PHYS-PUB-2017-012 Harland-Lang et al: 1405.0018 Howarth 2008.04249

Varsiha Sothilingam

Higgs boson

Cox et al 0709.3035
Heinemeyer et al 0708.3052


https://cds.cern.ch/record/2273274/files/ATL-PHYS-PUB-2017-012.pdf
https://arxiv.org/abs/1503.00699
https://arxiv.org/abs/1405.0018
https://arxiv.org/abs/2007.04565
https://arxiv.org/abs/2008.04249
https://arxiv.org/abs/0709.3035
https://arxiv.org/abs/0708.3052

Searching for light scattering

Central Exclusive Process:
Standard central detector search

—>  Proton remain intact,
Scatter at high n

l

Can be tagged using forward
detectors
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ATLAS Forward Proton Spectrometer

LHC
Magnet

Scattered proton <_IH
-

Proton beam

AFP ATLAS detector LHGC AFP

Magnet

J/IP Scattered proton

<

Proton beam
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AFP detectors located ~ 200m either side
of the interaction point
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The idea of a proton spectrometer

Step 1: measure spatial deflection X [mm]
B field from |
LHC dipoles | c 6.4 TeV
' reco
E,...=6.5TeV /
eam : - Ereco =06.5TeV
. AC
Step 2: infer proton energy §irp =1 — Ereconsiructed / Pocam

P P

Step 3: know initial photon energy @Wu,..

4

P
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Advantage of proton ¢ kinematics

ATLAS Challenge

Modelling and understanding MET in
physics process

AFP Advantage

Reconstruct central system complete
four momenta without ATLAS

MET can be inferred with z-component
of proton.
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AC
AFP — 1-— Ereconstructed / Ebeam

P P

X=vyy, Zy, W W, jj, ...
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Pile up in central detector
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Display from
YYy—WW—oevpv event




Advantage of proton ¢ kinematics

ATLAS Challenge

Pile up in central detector oL EEE SRRr ™

AFP Advantage iiB AEP

Can match central objects to protons

AFP AFP

Varsiha Sothilingam



Advantage of proton ¢ kinematics

70 F T T T T T T T T T T T T T T T T T T | T T T | L

cok ATLAS 4 Data 2017 E
0 (s=13TeV, 14.6fb" \Uncertainty _
S 50F S - PPoP(yY—HP
=P gy M (70, 105] GeV I pp—p(ry—ee)p
a4k ee+uy, 0.02 < £ <0.12 || W pp—pry—upp*
2 30F W pp—p(yy—ee)p”
[0} Combinatorial bkg. _

AFP 4
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Energy loss measured in
central detector:
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Results from yy physics and AFP
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Heidelberg contributions
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Summary

Photon fusion physics has AFP provide additional Run 3 opens opportunity
access to interesting physics information to study to study processes yet to
in a “clean” process diffractive physics e observed

E IATLAS‘ Prelimi‘nary IVE = 13‘TeV
60 - [ LHC Delivered

E ] ATLAS Recorded

50 [ [l ATLAS and AFP Recorded

E Total LHC Delivered: 50.2 fb"
40 [ Total ATLAS Recorded: 46.9 fb™'
[ Total ATLAS and AFP Recorded: 32.0 fb™!

X=vyy, Zy, WW, jj, ... ®

—

Total Integrated Luminosity [fb™]

¢ 17/05 10/06 02/07 25/07 18/08 11/09 03/10 26/10 20/11
Day in 2017
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Additional Slides
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Forward Detectors in ATLAS

Vars

237,245 m

140 m

205,217 m

17 m

Q1Q2Q3

LUJCID

Luminosity Cherenkov
Integrating Detector
5.6 <Inl<5.9

For luminosity measurement

v
TCL4
O
N

FASER — > 480 m

TCLS
TEL6

Q6

beampipe

ZDC

Zero Degree Calorimeter

LECT
LHC Forward

Low-p, |17] > 8.0

For cosmic-ray & heavy-ion physics

T A

AFP
ATLAS Forward Proton
Low & high u
0.02<&<0.12
771 > 9.0

ALFA
Absolute Luminosity For ATLAS
Low-p, 0< & <0.2
10.6 <yl <13.5
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LHC interactions

P

Lydia Beresford, EPS-HEP, 26/07/21

Double line = Pomeron
Pair of gluons (colourless)

}x(Mx)
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AFP Spectrometer
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sector 8-1 Interaction Point 1 sector 1-2
Q6 AFP Q5 Q4 TCL4 Q3 Q1 Q1.3 TCL4 Q4 Q5 AFP Q6
mEmIAeEe , 1 C1LIE
L | | Ll ||
ALFATCL6| TCL5 D2 DI Q2 Q2 D1 D2 TCL5 |TCLGALFA
FAR station NEAR station NEAR station FAR station
-217.909 m -205.824 m 205.217 m 217.302 m
Time-of-Flight Silicon Tracker SiT SiT Silicon Tracker Time-of-Flight
bar plane plane plane plane bar
P3 P2 P1PO ||P3 P2 P1 PO y PO Pl P2 P3|| POP1P2P3
" llll ? IIII B
| | X EEEN-:
“- R - - . L | - -- RN -
= | [ || % K HEEN -
; 150 distance A ‘«Plif 7 150 distance 4
b ol
beam ? diffractive protons beam L

Varsiha Sothilingam

21



Silicon Tracker (SiT)

4 detectors in each station
ATLAS IBL pixel sensors
Pixel size: 50 x 250 ym?
Spatial Resolution:

o ~6uminx, ~30 uminy
o 14°tiltinx-z

PU proton

A

Varsiha Sothilingam

AFP tagged
proton
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Time of Flight (ToF)

e 4x4 quartz bars oriented at the Cherenkov
angle with respect to the beam trajectory.
e Lightis directed to PMTs

e Time resolution: ~25 ps = vertex reco ~ 5mm.

e Provides trigger signal to CTP.

O,
™

time

Oy,
/

v
X [2
¥

CI.OCk bunch
window crossing
~ 25ns

ToF
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ToF LQbars
Bar A: Bar B:

Train 1: 3mm {
Train 2: 5 mm
Train 3: 5 mm

Train 4: 5 mm {

Radiator bar

Light-guide bar
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Roman Pots (RPs)

e RPs place detectors as
close as possible to beam

e No interference with main
beam

e Independent vacuum
system to main LHC

e Circular shape eliminates
resonant cavities.

View from inside of beam
pipe to inserted pot
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Track modelling in sQCD

Pt > 100 MeV tracks

Pr> 1 GeV tracks

Pr> 5 GeV tracks =V AT ATLAS

EXPERIMENT

Run Number: 336852, Event Number: 883966264
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Date: 2017-09-29 09:19:23 CEST
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MC Signal: MET modelling

AC
AFP — 1- Ereconstructed /Ebeam
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Derivation of WW system energy loss

Energy Loss:

EA FP,pp

7 — Va7 ¥ ] ]_ =5
Earp = Ewn 5

Energy Conservation:

EBemn = EH"H' 7 EAFP.PP = \/g
Combining equations 1 and 2:
Vs =Eww + vs(1 — fww)

Eww
S Eww = e

Due to momentum conservation in the transverse plane:

(pww)r =0

o Eyw = Miyw + (pww)?
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Considering the rapidity of WW system:

1 Eww + (pww):)
Yy = —l‘n T S 7
=3 (Eu'u' - (pww): @

y=In <— (8)
Combining equations 6 and 8 and assuming Eyww ~ (pww )=
2Euv'w)
y = ln(— 9
Mww ©)
j\["v".eyu'u’
S Eww = ———— (10)
2
Combining equation 4 and 10:
ﬂ[uvw.eyu‘w
Sww = ——F—— 11
Ewn NG (11)
Considering one side of the detector, half centre of mass energy is used:
Ly e EYWwW
ik Mwwe
Sww = ———=—— (12)
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