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Coherent photoproduction of J/ψ in Pb-Pb collisions
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Coherent photoproduction of J/ψ in Pb-Pb collisions
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Source travels towards detector: 
photon has large energy

Source travels away from detector: 
photon has small energy

Cross section has two components

For measurements at forward rapidities they differ
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Convolution of the photon flux and the photonuclear cross section
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Convolution of the photon flux and the photonuclear cross section
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Coherent Pb-Pb cross section
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Measured cross section from Pb-Pb collisions

Convolution of the photon flux and the photonuclear cross section
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Coherent Pb-Pb cross section
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Measured cross section from Pb-Pb collisions

Convolution of the photon flux and the photonuclear cross section

Photon flux at rapidity ±y in the 
impact parameter range (b1,b2)
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Coherent Pb-Pb cross section
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Photonuclear cross section

Measured cross section from Pb-Pb collisions

Convolution of the photon flux and the photonuclear cross section

Photon flux at rapidity ±y in the 
impact parameter range (b1,b2)
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Coherent Pb-Pb cross section

5

Photonuclear cross section

Measured cross section from Pb-Pb collisions

Convolution of the photon flux and the photonuclear cross section

Photon flux at rapidity ±y in the 
impact parameter range (b1,b2)
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Coherent photonuclear production

6

When the photon flux is known, measuring the Pb-Pb cross section in two different 
impact parameter ranges at the same rapidity allows one to extract the photonuclear 

cross section at y and at -y simultaneously
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Coherent photonuclear production
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use measurements in ultra-peripheral (U) and in peripheral (P) collisions by ALICE

When the photon flux is known, measuring the Pb-Pb cross section in two different 
impact parameter ranges at the same rapidity allows one to extract the photonuclear 

cross section at y and at -y simultaneously
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Data 



Measurements of coherent production of J/ψ in Pb-Pb collisions
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In UPC collisions: 
Measurements at mid and forward rapidities
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Measurements of coherent production of J/ψ in Pb-Pb collisions
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In UPC collisions: 
Measurements at mid and forward rapidities

In peripheral collisions: 
at forward rapiditities
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Measurements of coherent production of J/ψ in Pb-Pb collisions
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In UPC collisions: 
Measurements at mid and forward rapidities

In peripheral collisions: 
at forward rapiditities
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1.0±0.18(stat.)±0.25(syst.) mb 59±11(stat.)±12(syst.) µb



Shifting the UPC measurement
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This method implicitly assumes that the measurements have been performed at the same rapidity 

This is not so for the case of ALICE results, where two different rapidity ranges were used: 

UPC: -3.6<y<-2.6, peripheral -4<y<-2.5
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Photon flux 



Photon flux from a fast particle
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Photon flux from a fast particle
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Photon flux from a fast particle
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Flux of photons

Photon energy Charge of fast particle
EM Form factor

Distance from centre of 
particle to point of emission 

Point charge

Convolution of Yukawa 
and hard sphere 

potentials 

Fourier Bessel 
transform of Woods-
Saxon distribution
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Form factor for a point charge
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integral can be done analytically 



Other form factors for Pb
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Other form factors for Pb
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Very similar —> use convolution of hard sphere and Yukawa potential



Fluxes from Pb: point charge vs hsY form factors 
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Very similar fluxes down to about 9 fm

Similar behaviour at other energies



Flux in UPC collisions
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Flux in UPC collisions
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Flux in UPC collisions
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Flux in UPC collisions
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Flux in peripheral collisions
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Probability of hadronic interaction

Integration limits given by centrality class
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Extracted γPb cross section 



Coherent photonuclear cross section
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Using the procedure 
outlined previously:



Coherent photonuclear cross section
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Using the procedure 
outlined previously:
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Suppression factor 



Extracting the nuclear suppression factor
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Nuclear suppression factor

Data from the procedure just described

Impulse approximation



The nuclear suppression factor
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Using the previous formulas



The nuclear suppression factor

21

Using the previous formulas

LTA from:  V. Guzey, M. Zhalov, JHEP 10 (2013) 207Thanks to Vadim for the LTA curves



Summary and outlook
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• Using peripheral and ultra-peripheral data it is possible to extract the photonuclear 
coherent cross section at different rapidities/centre-of-mass energies/Bjorken-x values 

• The main assumption is that one can use the standard formalism for the photon fluxes 
This is justified, for the current somehow large experimental errors, because 
• The shape of the pt distribution for j/psi in the centrality class 70-90 is compatible 

with the distribution obtained for UPC 
• The number of participants in this centrality class is small 

• Using the extracted cross sections one can construct a nuclear suppression factor to allow 
easy comparison to different models.


