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• Any charged relativistic particle has strongly contracted 
electro-magnetic field  collinear photons 

• This talk will cover the LHC as a photon collider 

• See large programme on Ultra-Peripheral Collisions, 
mostly focussing on EW final states 

• Based on [Krauss, PM; 2607.18834] and [Bothmann, 
PM; tba, 2026]

⇒

Motivation and outline
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The LHC is not only a hadron collider

1. Brief introduction to EPA 

2. Validation against EW final states 

3. Brief introduction to resolved photons 

4. Photonuclear jets phenomenology

Outline

https://arxiv.org/abs/2607.18834
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• The photon flux for arbitrary particles can be computed as 
 

 

 
with  the magnetic and electric form factors 

• Neglecting , inserting form factor for  and Fourier-transforming   we get 
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Equivalent photon approximation
Very brief theory intro
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Highly oscillating Bessel function  
This is very hard to solve!

J1
Solution: build a dedicated numerical 

integrator for convolutions with Bessel 
functions



Implemented form factors
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Photon flux  for Pb-208 using Woods-Saxonn(x, bγ)Comprehensive set of form factors for protons and nuclei



Validation against data
 for  (left) and PbPb (right) beamsγγ → μ+μ− pp

5

0.00

0.05

0.10

0.15

0.20

0.25

0.30

ds
/d

m
µ

+
µ

°
[p

b/
G

eV
]

SHERPA 3
pp at

p
s = 13 TeV

gg ! µ+µ°

ATLAS
Budnev ff.
integrated point-like ff.
Gaussian ff.
dipole ff.
approx. dipole ff.
point-like ff.

SHERPA 3
pp at

p
s = 13 TeV

gg ! µ+µ°

ATLAS
Budnev ff.
integrated point-like ff.
Gaussian ff.
dipole ff.
approx. dipole ff.
point-like ff.

20 30 40 50 60 70
mµµ [GeV]

0.6

0.8

1.0

1.2

1.4

M
C

/D
at

a

10°5

10°4

10°3

10°2

10°1

1

101

ds
/d

m
µ

µ
[µ

b
G

eV
°

1 ]

Cross section vs mµµ for 0 < |yµµ| < 0.8

SHERPA 3
PbPb at

p
sNN = 5.02 TeV

gg ! µ+µ°

ATLAS
Woods-Saxon ff.
integrated point-like ff.
approx. Woods-Saxon ff.
point-like ff.

SHERPA 3
PbPb at

p
sNN = 5.02 TeV

gg ! µ+µ°

ATLAS
Woods-Saxon ff.
integrated point-like ff.
approx. Woods-Saxon ff.
point-like ff.

101 102

mµµ [GeV]

0.6

0.8

1.0

1.2

1.4

M
C

/D
at

a

• Comparing for various 
different form factors 

• „Budnev“ is an analytical 
formula keeping the 
magnetic term, no overlap 
rejection 

• Good agreement, please 
check [Krauss, PM; 
2607.18834] for more 
details

https://arxiv.org/abs/2607.18834
https://arxiv.org/abs/2607.18834
https://arxiv.org/abs/2607.18834


• Two ways to add that 
radiation: NLO EW (Catani–
Seymour dipoles, fixed 
order) or LO+YFS (soft 
photons resummed to all 
orders) 

• Generally agree with each 
other 

• Reduce the cross section 
by about 5% 

• Bare leptons, higher-order 
effects larger in lowest 
mass bin

Automated NLO EW and YFS corrections
 for  (left) and PbPb (right) beamsγγ → μ+μ− pp

6

0.00

0.05

0.10

0.15

0.20

0.25

ds
/d

m
µ

+
µ

°
[p

b/
G

eV
]

SHERPA 3
pp at

p
s = 13 TeV

gg ! µ+µ°

Data
LO
NLO EW
LO+YFS

SHERPA 3
pp at

p
s = 13 TeV

gg ! µ+µ°

Data
LO
NLO EW
LO+YFS

20 30 40 50 60 70
mµµ [GeV]

0.6

0.8

1.0

1.2

1.4

M
C

/D
at

a

10°5

10°4

10°3

10°2

10°1

1

101

ds
/d

m
µ

µ
[µ

b
G

eV
°

1 ]

Cross section vs mµµ for 0 < |yµµ| < 0.8

SHERPA 3
PbPb at

p
sNN = 5.02 TeV

gg ! µ+µ°

Data
LO
NLO EW
LO+YFS

SHERPA 3
PbPb at

p
sNN = 5.02 TeV

gg ! µ+µ°

Data
LO
NLO EW
LO+YFS

101 102

mµµ [GeV]

0.6

0.8

1.0

1.2

1.4

M
C

/D
at

a

Next step in precision would be NLO EW+YFS!



What about jets?
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• Earlier colliders, like LEP and HERA, had numerous 
measurements of such processes 

• The photon can undergo a DGLAP-evolution: 
 

 

• This gives the notion of partons inside the photon 

• Got mostly forgotten after shut-downs of LEP and 
HERA 

• see review [Rev.Mod.Phys. 74 (2002) 1221-1282] and 
recent photon PDF fit [2606.07189]
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Photon-induced jets
A quick primer
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„direct“ photon interaction „resolved“ photon interaction

Only the sum is physical!

This is a photon PDF

https://inspirehep.net/literature/588790
http://www.apple.com/de/


• Triple-differential measurment of jets,   

 and  

• Measured for  configurations; 
we use ATLAS’ data-driven rejection of the  
background 

• Phenomenological study using 
nNNPDF30_nlo_as_0118_A208_Z82 and new 
VALO10_LO PDFs for the nucleus and photon,  
first including the photon PDF uncertainty!

d3σ
dHT dy dmjets

d3σ
dHT dxA dzγ

0n
Xn

Photonuclear jets @ ATLAS
NLO+PS is work-in-progress
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This is exceptionally good data for studies of 
both, nuclear and photon PDFs!
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Preliminary LO+PS calculation 

Three sources of uncertainty: 
• Scale uncertainties, still dominant at LO 
• nuclear PDF 
• photon PDF 

• Interestingly, nuclear and photon PDF seem to be 
poorly constrained in the same phase space

Comparison to data
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Expectation/Hope: with NLO, photon PDF will be 
limiting factor in some regions 

 high constraining power for PDF extractions⇒



Good agreement across wide range
Preliminary LO calculation
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Backward
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Good agreement across wide range
Very preliminary NLO+PS calculation
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• Looking at (scheme-
dependent) direct/resolved 
split; here in MSbar scheme 

• Overshooting due to LO 
photon PDF 

• Confirms that backward 
direction is sensitive to 
resolved photon 
interactions 

• Combined fit of photon 
and nuclear PDF could be 
necessary?
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Good agreement across wide range
Very preliminary NLO+PS calculation
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• Looking at (scheme-
dependent) direct/resolved 
split; here in MSbar scheme 

• Overshooting due to LO 
photon PDF 

• Confirms that backward 
direction is sensitive to 
resolved photon 
interactions 

• Combined fit of photon 
and nuclear PDF could be 
necessary?

An even better precision target for photon PDF extractions: 
Would such a measurement be feasible in photon-proton collisions for p-Pb?



• Comparing against CMS data as well; 
it’s especially sensitive to IS effects 

• Azimuthal angle is well-described 

• more pheno is on the way

Comparing to data
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EPA 

• Comprehensive implementation of photon fluxes for protons and nuclei 

• Complete treatment of impact parameter dependence, automated NLO EW and QCD, and YFS 
corrections 

• Validation using  data 

Photonuclear jets 

• first phenomenology with LO+PS, comparing to ATLAS and CMS data 

• first NLO+PS calculation

γγ → μμ

Summary
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To be released with Sherpa v3.1 (still this year, hopefully)


