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Motivation

• The structure of proton in DIS is described by the 

parton distribution functions 𝑥𝑓(𝑥, 𝑄2)

• 𝑥 - fraction of momentum of proton carried by the parton

• 𝑄2 - four momentum transferred in the collision

• In leading order, distribution function 𝑥𝑓(𝑥, 𝑄2) can be 

interpreted as the contribution of the given partons to 

the proton composition
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Motivation

• The structure of proton in DIS is described by the 

parton distribution functions 𝑥𝑓(𝑥, 𝑄2)

• 𝑥 - fraction of momentum of proton carried by the parton

• 𝑄2 - four momentum transferred in the collision

• In leading order, distribution function 𝑥𝑓(𝑥, 𝑄2) can be 

interpreted as the contribution of the given partons to 

the proton composition

• At low 𝑥 the main contribution is from gluons
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Motivation

• The rise in the number of gluons and sea quarks can be interpreted as the ability to observe quantum 

sub-processes 
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• The number of gluons cannot grow indefinitely

• At some point they will recombine and split at the same rate
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Motivation

• The number of gluons cannot grow indefinitely

• At some point they will recombine and split at the same rate

Saturation

• Predicted by pQCD, but not yet conclusively observed
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• In search for saturation we discovered that nucleus is not a simple sum of nucleons

Motivation

𝑅𝐹2
𝐴 𝑥, 𝑄2 =

𝐹2
𝐴(𝑥, 𝑄2)

𝐴𝐹2
nucleon(𝑥, 𝑄2)

≠ 1
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• In search for saturation we discovered that nucleus is not a simple sum of nucleons

Nuclear shadowing

• Gluons from different nucleons may overlap

• No satisfactory description by pQCD

• Data is used to constraint models

Motivation

𝑅𝐹2
𝐴 𝑥, 𝑄2 =

𝐹2
𝐴(𝑥, 𝑄2)

𝐴𝐹2
nucleon(𝑥, 𝑄2)

≠ 1
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Photoproduction

• Coherent photoproduction of J/𝜓 in Pb-Pb collisions 
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Photoproduction

Photon emission - QED

● Lead ion at speed close to 𝑐

● Its electromagnetic field is contracted

● It can be described as a flux of quasi-real photons

● Maximum energy of the photons is given by the 

Lorentz boost of the ion 

● The intensity of the photon flux is proportional 

to 𝑍2

High Z ions such as lead are favoured
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Photoproduction

J/𝝍
● Spin one and no net flavour 

● High mass of the J/𝜓

Perturbative calculations

● Small decay width and sizeable 

branching ratio to leptons 

Clear experimental signal 
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Photoproduction

Photon target interaction - QCD

● In LO QCD

● The coherent J/𝜓 photoproduction cross 

section ∝ gluon density squared 

● Many models using various approaches 

to describe nuclear shadowing

M.G. Ryskin, Z.Phys. C57 (1993) 89-92
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Photoproduction

Photon target interaction - QCD

● In LO QCD

● The coherent J/𝜓 photoproduction cross 

section ∝ gluon density squared 

● Many models using various approaches 

to describe nuclear shadowing

d𝜎γPb
𝑡=0

d𝑡
=

16 Γ𝑒𝑒𝜋
3

3𝛼em𝑀𝐽/𝜓
5 𝛼s 𝑄

2 𝐺Pb 𝑥, 𝑄2 2

M.G. Ryskin, Z.Phys. C57 (1993) 89-92
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Ultra-peripheral collisions

• We have to distinguish between photoproduction and hadronic 

interactions

• The strong interaction is short range

• Lead nucleus breaks after interacting via the strong force
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Ultra-peripheral collisions

• We have to distinguish between photoproduction and hadronic 

interactions

• The strong interaction is short range

• Lead nucleus breaks after interacting via the strong force

Use long range interactions that do not break the nuclei

• Interactions at impact parameter 𝑏 larger than the sum of the radii of 

the colliding particles 𝑅1 + 𝑅2, which involve at least one photon 

are called 
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Ultra-peripheral collisions

• We have to distinguish between photoproduction and hadronic 

interactions

• The strong interaction is short range

• Lead nucleus breaks after interacting via the strong force

Use long range interactions that do not break the nuclei

• Interactions at impact parameter 𝑏 larger than the sum of the radii of 

the colliding particles 𝑅1 + 𝑅2, which involve at least one photon 

are called 

Ultra-peripheral collisions

• ALICE can determine if the colliding nuclei broke or not with high 

efficiency
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ALICE

• We measure the J/𝜓 using its decay into pair of leptons in an otherwise empty detector:

• 𝑒+𝑒− and μ+μ− in the central barrel 

• μ+μ− in the muon spectrometer

• For triggering and background suppression

• Detectors close to the beam line
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ALICE

• We measure the J/𝜓 using its decay into pair of leptons in an otherwise empty detector:
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ALICE

Central event

Forward event
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ALICE Pb-Pb UPC at 𝑠NN = 2.76 TeV - published

• 𝐿 = 55 μb-1 + 23 μb-1

• Measurement sensitive to nuclear shadowing

• Computation without shadowing rejected by data

• Models with moderate nuclear shadowing are favoured

E
u

r.
 P

h
y
s.

 J
. 
C

 7
3
 (

2
0
1
3
) 

2
6
1
7

𝒙 ≈ 𝟏𝟎−𝟐 𝒙 ≈ 𝟏𝟎−𝟑

2011 data



18.1.2019Tomáš Herman J/𝜓 photoproduction in Pb-Pb ultra-peripheral collisions with ALICE
25

ALICE Pb-Pb UPC at 𝑠NN = 5.02 TeV - preliminary

• New run at larger 𝑠NN

• 𝐿 = 216 μb-1

• Larger sample and higher collisions energy              Stronger constraints to models

• Analysis in progress Preliminary results again favor moderate nuclear shadowing

2015 data
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Analysis - Cross section measurement

• 𝑁J/𝜓
coh can be extracted by fitting the invariant mass 

spectrum (Crystal Ball and Polynomial)

• But the number we obtain from this fit is actually 𝑁yield

• We have to make corrections

2015 data
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Analysis - Cross section measurement

• 𝑁J/𝜓
coh can be extracted by fitting the invariant mass 

spectrum (Crystal Ball and Polynomial)

• But the number we obtain from this fit is actually 𝑁yield

• We have to make corrections

Contribution from 

incoherent events

Feed down from 𝝍(2s) 

to J/𝝍 decay

2015 data
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Analysis - Cross section measurement

• Different contributions can be determined by template fitting the transverse momentum spectrum

2015 data
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Analysis - Cross section measurement

• Different contributions can be determined by template fitting the transverse momentum spectrum

• Strong correlations Large error bars and possible errors! Constrains needed

2015 data
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Analysis - Cross section measurement

• We have to compute cross section from the measured data
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Analysis - Cross section measurement

• We have to compute cross section from the measured data

Number of 

produced J/𝝍
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Analysis - Cross section measurement

• We have to compute cross section from the measured data

Acceptance and 

efficiency of the 

detector

Number of 

produced J/𝝍
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Analysis - Cross section measurement

• We have to compute cross section from the measured data

Acceptance and 

efficiency of the 

detector

Decay channel 

branching ratio

Number of 

produced J/𝝍
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Analysis - Cross section measurement

• We have to compute cross section from the measured data

Acceptance and 

efficiency of the 

detector

Decay channel 

branching ratio

Integrated 

luminosity

Number of 

produced J/𝝍
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Analysis - Cross section measurement

• We have to compute cross section from the measured data

Acceptance and 

efficiency of the 

detector

Decay channel 

branching ratio

Integrated 

luminosity

Rapidity 

bin size

Number of 

produced J/𝝍



18.1.2019Tomáš Herman J/𝜓 photoproduction in Pb-Pb ultra-peripheral collisions with ALICE
36

Analysis - Photoproduction

• Do you remember the photoproduction diagram?
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Analysis - Photoproduction
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Analysis - Photoproduction

Photon flux
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Analysis - Photoproduction

Photon flux
Photon-target 

cross section
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Analysis - Photoproduction

Photon flux
Photon-target 

cross section
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• At mid rapidity 

• Both contributions are same

Analysis - Photoproduction

Photon flux
Photon-target 

cross section
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• At mid rapidity 

• Both contributions are same

• At forward rapidity

• Contributions are different

Analysis - Photoproduction

Photon flux
Photon-target 

cross section

Low 𝒙 gluonsHigh 𝑬 photonHigh 𝒙 gluonsLow 𝑬 photon
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Analysis - Photoproduction

𝜎0N0N = 𝑛0N0N(+𝑦) 𝜎γPb +𝑦 + 𝑛0N0N(−𝑦) 𝜎γPb(−𝑦)
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Analysis - Photoproduction

𝜎0N0N = 𝑛0N0N(+𝑦) 𝜎γPb +𝑦 + 𝑛0N0N(−𝑦) 𝜎γPb(−𝑦)

Computed 
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Analysis - Photoproduction

𝜎0N0N = 𝑛0N0N(+𝑦) 𝜎γPb +𝑦 + 𝑛0N0N(−𝑦) 𝜎γPb(−𝑦)

Computed 
Unknown cross 

sections
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Analysis - Photoproduction

𝜎0N0N = 𝑛0N0N(+𝑦) 𝜎γPb +𝑦 + 𝑛0N0N(−𝑦) 𝜎γPb(−𝑦)

Computed Measured
Unknown cross 

sections
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• There are both contributions 

• Two unknown variables

• One equation

Analysis - Photoproduction

𝜎0N0N = 𝑛0N0N(+𝑦) 𝜎γPb +𝑦 + 𝑛0N0N(−𝑦) 𝜎γPb(−𝑦)

Computed Measured
Unknown cross 

sections
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• There are both contributions 

• Two unknown variables

• One equation

Analysis - Photoproduction

𝜎0N0N = 𝑛0N0N(+𝑦) 𝜎γPb +𝑦 + 𝑛0N0N(−𝑦) 𝜎γPb(−𝑦)

Computed Measured
Unknown cross 

sections

} Can‘t be distinguished
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Analysis - Photoproduction with neutron emission

• Possible solution!
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Analysis - Photoproduction with neutron emission

• Possible solution!

• Independent soft electromagnetic 

interactions



18.1.2019Tomáš Herman J/𝜓 photoproduction in Pb-Pb ultra-peripheral collisions with ALICE
51

Analysis - Photoproduction with neutron emission

• Possible solution!

• This can be measured and used to differentiate the high 𝑥 and low 𝑥 contribution!

• Independent soft electromagnetic 

interactions

• Excitation of the outgoing lead ion

• Emits forward neutrons upon 

de-excitation
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Analysis - Photoproduction with neutron emission

𝜎0N0N = 𝑛0N0N(+𝑦) 𝜎γPb +𝑦 + 𝑛0N0N(−𝑦) 𝜎γPb(−𝑦)

Computed Measured
Unknown cross 

sections
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Analysis - Photoproduction with neutron emission

𝜎0N0N = 𝑛0N0N(+𝑦) 𝜎γPb +𝑦 + 𝑛0N0N(−𝑦) 𝜎γPb(−𝑦)

𝜎0NXN = 𝑛0NXN(+𝑦) 𝜎γPb +𝑦 + 𝑛0NXN(−𝑦) 𝜎γPb(−𝑦)

Computed Measured
Exctracted cross 

sections
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Analysis - Photoproduction with neutron emission

𝜎0N0N = 𝑛0N0N(+𝑦) 𝜎γPb +𝑦 + 𝑛0N0N(−𝑦) 𝜎γPb(−𝑦)

𝜎0NXN = 𝑛0NXN(+𝑦) 𝜎γPb +𝑦 + 𝑛0NXN(−𝑦) 𝜎γPb(−𝑦)

Computed Measured
Exctracted cross 

sections

✓

• There are both contributions 

• Two unknown variables

• Two equations } Can be distinguished
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• Gluon structure of protons and nuclei at low Bjorken 𝑥 can be studied by measuring the cross 

section of coherent J/𝜓 photoproduction

• Photoproduction cross section can be measured in UPC with ALICE

• Results overview Moderate shadowing is favoured

• In progress

• Constraining 𝑝T fit

• 𝐴𝑐𝑐 × 𝜀, Luminosity

• Future possibilities - Photoproduction with neutron emission

Cross section - Reproduce preliminary results from 2015 data

- Analyse 2018 data More news coming soon!

Conclusion

}
𝐿 = 546 μb-1 
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Backup
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Selected runs

LHC15o - AOD_393_20181018-1138

246994, 246991, 246989, 246984, 246982, 246980, 246949, 246948,  
246945, 246942, 246937, 246930, 246871, 246867, 246865, 246864,  
246859, 246855, 246851, 246847, 246846, 246845, 246844, 246809,  
246808, 246807, 246806, 246805, 246804, 246765, 246763, 246760,  
246759, 246758, 246757, 246755, 246751, 246750, 246676, 246675,  
246495, 246493, 246488, 246487, 246434, 246433, 246431, 246428,  
246424, 246392, 246391, 246390, 246276, 246275, 246272, 246225,  
246222, 246220, 246217, 246182, 246181, 246178, 246153, 246152,  
246151, 246148, 246115, 246113, 246089, 246087, 246053, 246049,  
246048, 246042, 246037, 246036, 246012, 246003, 246001, 245996,  
245963, 245954, 245952, 245949, 245833, 245831, 245829, 245793,  
245785, 245775, 245766, 245759, 245752, 245738, 245731, 245729, 
245705, 245700, 245692, 245683, 245554, 245543, 245542, 245540,  
245535, 245507, 245505, 245504, 245501, 245496, 245450, 245446,  
245410, 245409, 245407, 245401, 245353, 245347, 245346, 245345, 
245343, 245259, 245253, 245233, 245232, 245231, 245152, 245151, 
245146, 245145, 245068, 245066, 245064, 244983, 244982, 244980, 

244918

LHC18q+LHC18r -AOD_416_20181203-1743

296623, 296622, 296621, 296619, 296618, 296616, 296615, 296594, 296553, 296552, 296551, 
296550, 296549, 296548, 296547, 296516, 296514, 296512, 296511, 296510, 296509, 296472, 
296433, 296424, 296423, 296420, 296419,  296415, 296414, 296383, 296381, 296380, 296379, 
296378, 296377, 296376, 296375, 296312, 296309, 296307, 296304, 296303, 296280, 296279, 
296275,  296273, 296270, 296269, 296247, 296246, 296244, 296243, 296242, 296241, 296240, 
296198, 296197, 296196, 296195, 296194, 296192, 296191, 296143,  296142, 296135, 296134, 
296133, 296132, 296128, 296123, 296074, 296068, 296066, 296065, 296063, 296062, 296061, 
296060, 296016, 295947, 295945,  295943, 295942, 295941, 295937, 295936, 295916, 295915, 
295913, 295910, 295909, 295908, 295881, 295872, 295863, 295861, 295860, 295859, 295856,  
295855, 295854, 295853, 295831, 295829, 295826, 295825, 295822, 295819, 295818, 295816, 
295791, 295788, 295786, 295763, 295762, 295759, 295758,  295756, 295755, 295754, 295753, 
295725, 295723, 295721, 295720, 295719, 295718, 295717, 295716, 295714, 295712, 295677, 
295676, 295675, 295673,  295671, 295668, 295667, 295666, 295665, 295615, 295612, 295611, 
295610, 295589, 295588, 295587, 295586, 295585, 295584, 295581, 295530, 295494,  295488, 

295437, 295428, 295424
297624, 297623, 297595, 297590, 297589, 297588, 297558, 297557, 297544,  297542, 297541, 
297540, 297537, 297512, 297483, 297481, 297479, 297452, 297451, 297450, 297446, 297442, 
297441, 297415, 297414, 297413, 297408,  297406, 297405, 297403, 297380, 297379, 297372, 
297367, 297366, 297363, 297336, 297335, 297333, 297332, 297329, 297326, 297325, 297324, 
297323,  297322, 297321, 297319, 297317, 297315, 297312, 297311, 297310, 297278, 297277, 
297222, 297221, 297219, 297218, 297196, 297195, 297194, 297193,  297133, 297132, 297129, 
297128, 297124, 297123, 297119, 297118, 297117, 297085, 297035, 297031, 297029, 296979, 
296977, 296976, 296975, 296971,  296969, 296968, 296967, 296966, 296941, 296938, 296935, 
296934, 296932, 296931, 296930, 296903, 296900, 296899, 296894, 296890, 296852, 296851,  
296850, 296849, 296848, 296839, 296838, 296836, 296835, 296799, 296794, 296793, 296791, 
296790, 296787, 296786, 296785, 296784, 296781, 296752,  296750, 296749, 296694, 296693, 

296691, 296690
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Triggers

LHC15o - AOD_393_20181018-1138

• CTEST63, CMUP10, CMUP11

LHC18q+LHC18r -AOD_416_20181203-1743

• CMUP11-B, CMUP6-B, CMUP26-B
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Muon selection

• Tracks

• Pseudorapidity of muon tracks: −4.0 < 𝜂 < −2.5

• Radial position at the end of the absorber: 17.5 < 𝑅abs < 89.5

• Only tracks with momentum dependent dca: 𝑝xDCA

• Minimum number of two tracks matched to the trigger above the threshold:

• Only two tracks

• Unlike-sign of dimuon pair

• Dimuon

• Rapidity of dimuon: −4.0 < 𝑦 < −2.5

• Transversal momentum of dimuon: 0 < 𝑝𝑇 < 5

• Mass of dimuon: 0 < 𝑚 < 15
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6.12.2018Tomáš  Herman for the ALICE Collaboration Measurement of coherent J/𝜓 photoproduction in Pb-Pb collisions with ALICE

ALICE Pb-Pb UPC at forward rapidity at 𝑠NN = 2.76 TeV

Phys. Lett. B 718 (2013) 1273-1283
● Integrated luminosity of about 55 𝜇b-1

● 𝑝𝑇 fit to determine the coherent contribution

● At low 𝑝𝑇 coherent contribution is dominant
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6.12.2018Tomáš  Herman for the ALICE Collaboration Measurement of coherent J/𝜓 photoproduction in Pb-Pb collisions with ALICE

● Integrated luminosity of about 23 𝜇b-1

● 𝑝𝑇 fit to determine the coherent contribution

● At low 𝑝𝑇 coherent contribution is dominant

ALICE Pb-Pb UPC at mid rapidity at 𝑠NN = 2.76 TeV

Eur. Phys. J. C 73 (2013) 2617
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6.12.2018Tomáš  Herman for the ALICE Collaboration Measurement of coherent J/𝜓 photoproduction in Pb-Pb collisions with ALICE

● New run at larger 𝑠NN

● Larger data sample ~ 50 times more data than in Run 1

● Larger sample and higher collisions energy              Better measurement             Stronger constraints to models

● Analysis in progress Preliminary results again favor moderate nuclear shadowing

ALICE Pb-Pb UPC 𝑠NN = 5.02 TeV


