883. WE-HEREAUS FOLLOW UP SEMINAR

AT L A S 10 FEBRUARY 2026

EXPERIMENT

THE HENRYK NIEWODNICZANSKI
INSTITUTE OF NUCLEAR PHYSICS

POLISH ACADEMY OF SCIENCES

ils

/

USING THE ATLAS FQR\;/\\/AR/D PROTON DETECTORS

/ N/

SNNRY
N N SO

NS | s\
S Ad

S



LARGE HADRON COLLIDER z

LHCSUMMARY

ATEAS

e
e R i

> 100 m deep ——
» 27 km circumference

> 4 interaction points

» 2 proton/HIl beams
> 13.6 TeV Collision Energy

> Collision rate 40MHz
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A TOROIDAL LHC APPARATUS 3

ATLAS SUMMARY &

General-purpose experiment

P——

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

) ) 25 m
Largest detector in size evel

built

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

VINSIDE OF ATLAS

Muon
Spectrometer
» lLayered and cylindrical structure
» Concentric layers arranged radially. Ayt .
around the interaction point (IP)
- . 3 ' > The.da.slj\ed tracks
» Each layer has a distinct physics role 5% R1debin B
Electromagnetic
Calorimeter ! " Electro
Solenoid magnet ¢ m’i _g? x
o G RAA |
Tracking Tr:\ckerp e i o }\j\i{ATI-AS
ixe A EXPERIMENT
d
e http://atlus.ch
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EVENT DISPLAY
EXAMPLES ..

ATLAS EVENT VISUALISATION
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ATLAS EVENT VISUALISATION 6

EVENT DISPLAY

E Z — p'm” Candidate

Invariant Mass: 91.01 GeV/c?

EXPERIMENT

Run: 427394
Event: 21060879
2022-07-05 19:04:33 CEST
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ATLAS EVENT VISUALISATION
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LARGE HADRON COLLIDER EXPERIMENTS
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ATLAS

EXPERIMENT
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 Lepton \
ATLAS detector AFP
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FORWARD PHYSICS
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FORWARD PHYSICS

PROTON SCATTERED AT A
VERY SMALL ANGLE FROM
THE BEAM

PROTON BEAM -

 DIFFRACTIVE
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* PHOTON INDUCED
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MOBILE HOUSING OF AFP 11
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MOBILE HOUSING OF AFP

ATLAS

EXPERIMENT

i
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AFP 13
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LHC AS APHOTON COLLIDER

RELATIVISTIC PROTONS AND
ELECTROMAGNETIC FIELD
AROUND THEM

A VAN
AVAVA
AVAVAV
V=C V=C
— —
VAVAVAY
VAVAV
N\

v=20 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
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ATLAS Preliminary ¢ Data 2017

\'s=13TeV, 14.6 b \ Uncertainty
N ~ PP—pyy—uu)p
8 m, &[70, 105] GeV pp—p(yy—ee)p
ee+uu, 0.02<§5<0.12 Hl| B pp—=p(yy—un)p
Postfit W pp—p(yy—ee)p*
Combinatorial bkg.
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AFP MEASUREMENT PRINCIPLE

B field from

LHC dipoles 1) Measure spatial coordinate

- ———p
'

E_=6.4TeV proton
eCo

E,_ =65TeV 4+ E
o — 0.3 TeV proton
AC
& AFP — B TR 2) Infer energy lost by proton

IWeasuredan4FP

> :|. Measured in ATLAS 3) Know initial photon energy

-
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GAMMA-GAMMA TO LEPTON-LEPTON MEASUREMENT 17

MY ANALYSIS

> GOALS

> Observation and measurement of proton-tagged di-lepton production
> pp — p(yy — ee)p™

> pp - plyy - wm)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.

ATLAS
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AFP

PROTON DISSOCIATION p* BACKGROUND PROTON FAILS RECO y BACKGROUND
SD ‘in AFP acceptance’ proton dissociates Excl & SD proton in acceptance fails AFP reco g
Pileup fakes AFP proton Pileup fakes AFP proton

SIGNAL
Excl & SD proton in AFP acceptance
Proton reconstructed by AFP & matched

AFP

NO REAL PROTONS BACKGROUND
Drell-Yan & DD has no real forward protons
Pileup fakes AFP proton

(a) Exclusive signal (b) Single dissociative signal Y

(c) Double dissociative background (d) Drell-Yan background
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¢h=0°, 360°
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PRHYSICS DRIVEN ALIGNMENT — QUICK RECAP

ATLAS

EXPERIMENT

Xcorrection

ANV1d 40103134 d4V
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Use (YY _> I‘ll‘l)+p SIgnal ;- 355_ ATLAS Preliminary = ;- 305 ATLAS Preliminary E .
as standard candle S 30 Vs=13TeV (2017) } B S 25 Vs=13TeV (2017) -
E - data - E - - data - background mean: 429 = 36 um 7
2 20F - background E z 155— sigma: 192 + 32 um _E
- 10 .
D D 15[ before alignment correction |
- 5F :
> 10/ I | : of +Jr+ + 1 Lo
- . =3 ety T T
s pndhalthidibil D 4T L
L Cl SR, N s T s corcin -
-14 -12 -10 8 -6 —4 —2 0 2 4 -2 -1 0 1 P 3
Xarp = Xy [MM] Xprp = Xuu [MM]

& = (mee[s)e™

Expected proton energy loss
constrained by dimuon system

Background: no correlation (pileup) Signal:if x,_ =x,, = aligned & calibrated

AFP

AFP AFP
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H E L LR AL LR | L AL L A O i E = BRI [ v & ks
Use (YY > I'l”-)'l'p SIgnal ; 351 ATLAS Preliminary E ;L 30: ATLAS Preliminary 1
as standard candle S 300 Vs=13TeV (2017) : Q 25— Vs=13TeV (2017) E
i 255_ AFP A FAR 1 3 20 AFPAFAR Gaussian fit -
E -+ data * * i 'ql:: 155 + data - background mean: %nism 531 .
> 20 - background i > 2 sigma: + pm
L L
. . 10— E
D D 15[~ after alignment correction | . 2;
- 10+ - $|- Jer :
I . - + -o—_+_--_._+
¢ 5F- d” }H}]‘*u J Wﬂrl l“+++|m|++++ E 0§ + H " |.++-H; - " :
! oA b X, PEFLL | rerstememeomscion -
14 12 -10F8 6 -4 2 0 2 4 ) = 0 1 2 3
Xapp = Xuyu [MM] Xapp = X [MM]
! /
+ tyee
fgf = (mee/s)e
p p Expected proton energy loss

constrained by dimuon system

AFP AFP

AFP AFP
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TLAS Internal ¢ YYI_Data23- | ATLAS Internal ¢ YYIl_Data23 |

| Vs =13.6TeV, 26fb™ YYIl_mc23a _
- fit_afp_yyll_ana YYI_bckg A
— electron_yy ll_afp_A Uncertainty —
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A ATLAS Internal ¢ YYIl_Data23:
Is = 13.6TeV, 26fb™ _

fit_afp_yyll_ana YYIl_bckg
electron_yy_II_afp_A Uncertainty

Post-Fit

s = 13.6TeV, 26fb™ YYIl_mc23a -

fit_afp_yyll_ana YYIl_bckg -

muon_yy_ll_afp_C Uncertainty —
Post-Fit
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DATA-DRIVEN ALIGNMENT OF
THE ATLAS FORWARD PROTON DETECTORS
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