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LARGE HADRON COLLIDER

LHC SUMMARY
▸ 100 m deep

▸ 27 km circumference

▸ 4 interaction points

▸ 2 proton/HI beams

▸ 13.6 TeV Collision Energy

▸ Collision rate 40MHz
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A TOROIDAL LHC APPARATUS

ATLAS SUMMARY
▸ General-purpose experiment

▸ Broad physics program: 
Standard Model tests, Higgs
physics, and searches for new
physics

▸ Largest detector in size evel
built

▸ Key contribution to Higgs
boson discovery (2012)
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ATLAS DETECTOR STRUCTURE

INSIDE OF ATLAS

▸ Layered and cylindrical structure

▸ Concentric layers arranged radially
around the interaction point (IP)

▸ Each layer has a distinct physics role
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ATLAS EVENT VISUALISATION

EVENT DISPLAY 
EXAMPLES
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ATLAS EVENT VISUALISATION

EVENT DISPLAY 
EXAMPLES
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ATLAS EVENT VISUALISATION

EVENT DISPLAY 
EXAMPLES
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LARGE HADRON COLLIDER EXPERIMENTS

ATLAS & AFP

210 mBeam 

2

Beam 

1
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FORWARD PHYSICS

WHAT IS FORWARD PHYSICS ?
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FORWARD PHYSICS

WHAT IS FORWARD PHYSICS ?

PROTON BEAM

PROTON SCATTERED AT A 
VERY SMALL ANGLE FROM 
THE BEAM

~ 1 𝜇𝑟𝑎𝑑
• DIFFRACTIVE

• PHOTON INDUCED 
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MOVED IN AND OUT 
OF THE BEAM PIPE

MOBILE HOUSING OF AFP

210 m
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MOBILE HOUSING OF AFP ROMAN POTS
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AFP

INSIDE THE ROMAN
POT
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LHC AS A PHOTON COLLIDER

RELATIVISTIC PROTONS AND 
ELECTROMAGNETIC FIELD 
AROUND THEM

+ 𝑣 ≈ 𝑐 𝑣 ≈ 𝑐

𝑣 = 0
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VIRTUAL PHOTONS MAY BE TREATED AS REAL

▸ Photon virtuality is small

▸ Proton remains intact or weakly excited

▸ Proton is ultra-relativistic

▸ Photon transverse momentum is small

▸ Process is dominated by QED interactions



MAIN OBSERVABLE

FRACTIONAL ENERGY 
LOSS ξ
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AFP MEASUREMENT PRINCIPLE

𝑥𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛
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𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑖𝑛 𝐴𝑇𝐿𝐴𝑆

𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑖𝑛 𝐴𝐹𝑃

𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑖𝑛 𝐴𝐹𝑃

pp → p + (ɣɣ → ee/μμ) + p

𝜉𝑙𝑙
± =

𝑚𝑙𝑙

𝑠
𝑒±𝑦𝑙𝑙



GAMMA-GAMMA TO LEPTON-LEPTON MEASUREMENT

MY ANALYSIS
▸ GOALS

▸ Observation and measurement of proton-tagged di-lepton production

▸ 𝑝𝑝 → 𝑝(𝛾𝛾 → 𝑒𝑒)𝑝(∗)

▸ 𝑝𝑝 → 𝑝(𝛾𝛾 → 𝜇𝜇)𝑝(∗)

▸  MOTIVATION

▸ Proton dissociation

▸ Soft survival effect factor

▸ QED testing (Schwinger limit exceeded – electromagnetic fields surrounding 
protons are sufficiently intense to allow spontaneous lepton pair creation)

▸ Photon collision physics: higgs production, supersymmetry, dark matter 
searches, axion-like particles etc.
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SIGNAL AND BACKGROUND PROCESSES 18



GAMMA-GAMMA TO LEPTON-LEPTON MEASUREMENT

KINEMATIC CUTS
▸ Low dilepton 𝑝𝑇

𝑙𝑙 < 5 GeV

▸ Low dilepton acoplanarity 𝐴𝜙
𝑙𝑙 = 1 −

∆𝜙𝑙𝑙

𝜋
< 0.01

▸ Tracks nearby vertex veto 𝑁𝑡𝑟𝑎𝑐𝑘𝑠
0.5𝑚𝑚 = 0

▸ 𝑧0
𝑙𝑙 =

𝑧0
𝑙1+𝑧0

𝑙2

2

▸ ∆𝑅 𝑡𝑟𝑎𝑐𝑘, 𝑙 > 0.01 – overlap removal

▸ Z veto – excluding 𝑚𝑙𝑙 ∈ 70, 105 𝐺𝑒𝑉

▸ Fractional energy loss 𝜉𝑙𝑙 > 0.03 
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PHYSICS DRIVEN ALIGNMENT – QUICK RECAP

PHYSICS GUIDED 
MISALIGNMENT CORRECTION

𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝑖𝑛 𝐴𝐹𝑃

𝐴𝑐𝑡𝑢𝑎𝑙 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝑖𝑛 𝐴𝐹𝑃

𝐴𝑐𝑡𝑢𝑎𝑙 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝐴𝐹𝑃

𝑥

𝑥𝐴𝐹𝑃

𝑥𝑙𝑙

𝑥𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛

A
FP
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TO
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PRELIMINARY PLOTS 23



THANKS FOR ATTENTION

Q&A

DATA-DRIVEN ALIGNMENT OF 
THE ATLAS FORWARD PROTON DETECTORS
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