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Central vs. Ultraperipheral Collisions !

Central ! Ultraperipheral !
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Ultraperipheral Collisions!

•  Impact Parameter :!
•   b > R1 + R2!

!
•  Weizäcker-Williams (Fermi) !

•  Treatment of electromagnetic 
field as flux of virtual photons!

•  Virtual photon flux  à Z2!

•  Hadronic interaction is 
strongly suppressed !
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Types of UPC Interactions!

Photonuclear!

•  Two gluons can be exchanged 
without color transfer 
•  Exchange of a Pomeron  
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Pb, p!

γ!

Pb!

J/ψ, ρ!

Two-photon!

γ!

γ!

ηc, f0, f2!

Pb!

Pb!



Photon Source!

p =
h

�

Coherent Production!
•  Photon couples to nucleus!
•  Very low pT !

Incoherent Production!
•  Photon couples to part of the nucleus!
•  Larger pT !

�
Incoherent

�
Coherent
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Motivation!

•  Higher virtual photon density at LHC!

•  Probe our understanding of very intense electric fields – QED !

•  Meson (Quarkonium) photoproduction!
!
•  Provide a clean environment to study nuclear structure!

•  Nuclear gluon shadowing (Pb-Pb) !
•  Nuclear parton distribution (p-Pb)!

!
•  Opportunity to search for exotic particles!
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ALICE!

Excellent low pT performance : 0.1 GeV/c ≤ pT ≤ 100 GeV/c!

Central Barrel : |η| < 0.9!
!

Muon Arm : -4.0 < η < -2.5!

Pseudorapidity ! 7 



UPC Trigger  !

!
Central Barrel Trigger !
•  TOF ≥ 2 hits !

•  2 back-to-back in ϕ!
•  SPD ≥ 2 hits!
•  VZERO-C – Veto!

•  -3.7 < η < -1.7!
•  VZERO-A – Veto!

•  2.8 < η < 5.1!
!
Forward Trigger (!
•  Muon Arm ≥ 1 unlike sign !
    dimuon candidate!

•  Track pT > 0.5 GeV/c!
•  VZERO-C – ≥ 1 cell !
•  VZERO-A – Veto!
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ρ0
  production in Pb-Pb!

•  ρ0
 à π+ π-!

•  Central Barrel Trigger!

•  Particle Identification: !
•  dE/dx  in TPC!

•  Interference with non 
resonant π+ π- 
production.!

Pb + Pb à Pb + Pb + ρ0!
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J/Ψ production in Pb-Pb!
J/Ψ à e+e-  !

 
J/Ψ à μ+μ-  !
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!
!
•  Signal : Opposite sign charges!
•  Background : Like sign charges!
!
•  Central Barrel !

•  Particle Identification:!
•  dE/dx in TPC!

•  Coherent condition!
•  pT < 200 MeV/c (muon) !
•  pT < 300 MeV/c (electron)!
•  ZDC < 6 neutrons!

•  EPJC73 (2013) 2617!
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Pb + Pb à Pb + Pb + J/Ψ  !



J/Ψ production in p–Pb!

p + Pb à p + Pb + J/Ψ  !
•  γ+ p à J/Ψ + p!

•  J/Ψ à μ+μ-  !
•  Pb produces a larger 

photon flux (Z2)!
!
•  Muon spectrometer!

•  arXiv 1406.7819!
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e+ e- production in Pb-Pb!

Invariant mass region 
around the J/Ψ 
excluded!
!
Particle Identification:!
dE/dx in TPC!
!
Central Barrel!

γ!

γ! e-!

e+!

Pb + Pb à Pb + Pb + γγ à Pb + Pb + e+e-!
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Ψ(2S) production in Pb-Pb !

•  Ψ(2S) à J/Ψ π+ π-!

•  J/Ψ à e+e-  !
•  J/Ψ à μ+μ-!

•  π+ π-: low pT
!

•  μ+μ-, e+e-: high pT
!

•  dE/dx in TPC!

•  pT < 0.15 GeV/c!

Joakim Nystrand, Quark Matter 2014, Darmstadt, Germany, 19-24 May 2014. 13

4-track channel provides a very clean, nearly background free sample.
  

                     (2S)  +– +– 

See Poster G-07 by Michal Broz for signal extraction, cross section calculation, 
and comparison between different decay channels.

Exclusive production of heavy vector mesons ((2S))

Pb + Pb à Pb + Pb + Ψ(2S)!
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LHC Run2!

•  Higher luminosity!
•  Higher statistics in UPCs!

•  Measurements for gamma-gamma to spin 0 and spin 2 
states !
•  γγ à ηc !
•  γγ à f2!
•  γγ à f0!

•  Search for exotic states !
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Backup!
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Coherent vs. Incoherent!

ALICE Physics Week, November 2014 7

Summary

- High precision measurements of J/ψ and ψ' photoproduction. 

- Detailed rapidity and p
T
 distributions.

 

 
  

- Exploratory studies of photonuclear  production possible. 
  

- Two-photon production of η
c
 appears feasible.

Thomas Ullrich, Quark Matter 2014
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Ψ(2S) – Cross Section !

Joakim Nystrand, Quark Matter 2014, Darmstadt, Germany, 19-24 May 2014. 13

4-track channel provides a very clean, nearly background free sample.
  

                     (2S)  +– +– 

See Poster G-07 by Michal Broz for signal extraction, cross section calculation, 
and comparison between different decay channels.

Exclusive production of heavy vector mesons ((2S))

Joakim Nystrand, Quark Matter 2014, Darmstadt, Germany, 19-24 May 2014. 15

See Poster G-07 by Michal Broz for ratio between (2S) and J/
photoproduction cross section.

No nuclear effects. Big difference between STARLIGHT No Nucl. Eff. 
and AN-MSTW08 reflects the uncertainty in the baseline. 
   

Hadronic models (STARLIGHT) or color dipole models. 
    

Moderate shadowing ≈ EPS09.
    

Strong shadowing ≈ EPS08.

ALICE preliminary d/dy = 0.83 ± 0.19 (stat+syst) mb

For references: 
See backup slides.

Exclusive production of heavy vector mesons ((2S))
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e+e- – Transverse Momentum!
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J/Ψ – Cross Section – Comparison of Models!
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J/Ψ – Invariant Mass p–Pb!
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ρ0 – Cross Section!
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