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Saturation: Recent developments, New Ideas and measurements  
RIKEN BNL Research Center Workshop  

April 26, 2017 



• Highlights from the QM, INT workshop and 
DIS this year, focusing mainly on experimental 
measurements/ideas 

• Lots of synergies with the EIC program and 
UPC at RHIC/LHC. Will mention it briefly but 
this is material for another talk….  

• Discussions about new ideas …
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 Plan of this talk
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http://www.int.washington.edu/PROGRAMS/17-65w/

 INT workshop
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 DIS 2017
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WG2 conveners



5

Daniel.Tapia.Takaki@cern.ch

carlos.bertulani@tamuc.edu

SRKlein@lbl.gov

tuomas.v.v.lappi@jyu.fi

strikman@phys.psu.edu

 INT workshop

Daniel Tapia Takaki        Saturation: Recent developments, new measurements/ideas – BNL      April 26 2017



6

 INT workshop
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UPC	collisions:	shedding	 light	on	the	proton	 (pp	or	p-Pb)	or	nucleus	 (Pb-Pb)
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Ultra-peripheral collisions
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LHC

Freeze-out

Hadronization

QGP

Initial	stage

Initial	stage

Understanding the initial state

the nature of the initial state is one of the most 
important questions in high-energy nuclear physics
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• Coherent J/ψ photoproduction in ultra-peripheral Pb-Pb collisions at sNN=2.76 TeV Phys.Lett. B718 (2013) 
1273-1283 

• Charmonium and e+e− pair photoproduction at mid-rapidity in ultra-peripheral Pb-Pb collisions at sNN√=2.76 
TeV  Eur.Phys.J. C73 (2013) 11, 2617 

• Exclusive J/ψ photoproduction off protons in ultra-peripheral p-Pb collisions at sNN√=5.02 TeV Phys.Rev.Lett. 
113 (2014) 23, 232504 

• Coherent ρ0 photoproduction in ultra-peripheral Pb-Pb collisions at sNN =2.76 TeV JHEP 1509 (2015) 095 

• Coherent ψ(2S) photo-production in ultra-peripheral Pb Pb collisions at sNN = 2.76 TeV Phys.Lett. B751 (2015) 
358-370 

• Measurement of an excess in the yield of J/\psi at very low pT in Pb-Pb collisions at sNN = 2.76 TeV  Phys. Rev. 
Lett.116 (2016) 22, 222301 

• Coherent J/ψ photoproduction in ultra-peripheral Pb-Pb collisions at sNN=2.76 TeV with the CMS detector CMS-
PAS-HIN-12-009. Submitted to PLB 

• Measurement of exclusive Upsilon in pPb collisions at sNN = 5.02 TeV  CMS-PAS-FSQ-13-009  

• Measurement of high-mass dimuon pairs from ultraperipheral lead-lead collisions at sNN =5.02 TeV with the 
ATLAS detector at the LHC  ATLAS-CONF-2016-025 

• Light-by-light scattering in ultra-peripheral Pb+Pb collisions at sNN = 5.02 TeV with the ATLAS detector at the 
LHC  ATLAS-CONF-2016-111
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10 UPC studies with heavy ions at the LHC
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• UPC studies serve as a forerunner of the Electron Ion Collider 
(EIC) experiments. 

 INT workshop

Daniel Tapia Takaki        Saturation: Recent developments, new measurements/ideas – BNL      April 26 2017



11

• The goal of this workshop is to identify and discuss the 
theoretical challenges of photon-induced physics, and how to 
use this knowledge for physics studies at the EIC.

 INT workshop
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• Current status of nuclear PDFs and developments using photon-
nucleus data 
• Strategies for observing nonlinear and gluon saturation effects in 

photon - nucleus scattering 

 INT workshop
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Overview 

• Studying QCD with high energy photon-photon, photon-
proton and photon-nuclear interactions at RHIC and LHC  

• Searching for saturation effects in the proton  

• Nuclear effects at both low and high Bjorken-x  

• So far, most analyses have been carried out for exclusive 
VM photoproduction but new studies possible and 
ongoing dijets, diphotons…  

• Inclusive photo-nuclear and photon-proton reactions 
also possible and first studies ongoing  
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 INT workshop
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 INT workshop
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48 participants at INT 

Some selected slides….
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 DIS 2017

Daniel Tapia Takaki        Saturation: Recent developments, new measurements/ideas – BNL      April 26 2017



17

 INT workshop
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 INT workshop
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Nuclear suppression factor in Pb (S)
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 INT & DIS workshop
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VM photoproduction data 
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Vector meson photoproduction
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Exclusive J/psi photoproduction
Phys.Rev.Lett. 113 (2014) 23, 232504 

UPC VM in pp, p-Pb is a direct 
tool to measure saturation

Bjorken x ~ 10-2 – 10-5  

accessible at LHC

p,Pb

p p

p,Pb
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Exclusive J/psi photoproduction
Phys.Rev.Lett. 113 (2014) 23, 232504 

p,Pb

p p

p,Pb

]Daniel Tapia Takaki        Saturation: Recent developments, new measurements/ideas – BNL      April 26 2017

A natural explanation is that no change in the behaviour of the gluon PDF in the
proton is observed between HERA and LHC energies” PRL 113 (2014) 232504.
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Exclusive J/psi photoproduction
Phys.Rev.Lett. 113 (2014) 23, 232504 

p,Pb
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INT & DIS workshop
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INT workshop
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 Energy dependence of dissociative 
photoproduction: signature of gluon saturation

J. Cepina et al. Phys. Lett. B766 (2017) 186-191
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DIS 2017
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● t-differential 
measurements 
give a gluon 
tranverse mapping 
of the hadron/
nucleus.

 t-distribution 
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Vector meson photoproduction
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Exclusive J/psi in p-Pb 

Data well described by 
templates  
Energy dependence 

is clearly visible

Low Wgp energy point 
<Wgp> ~ 30 GeV

High Wgp energy point 
<Wgp>  ~ 700 GeV

Phys.Rev.Lett. 113 (2014) 23, 232504 
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 t-distribution 
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Vector meson photoproduction in 
UPC Pb-Pb

Neutron dependence 

There is a factor 2 since the neutron and the coherent J/ψ are  
independent processes (confirmed by data)

Two components:  

High-x: J/ψ and the emitted neutrons: same rapidity hemisphere  
 
Low-x: J/ψ and the emitted neutrons: opposite rapidity hemisphere 
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Two different type of topologies 

No  
neutrons 

At least 
one  
neutrons 

Same direction  
for J/ψ and neutrons

No  
neutrons 

At least 
one  
neutrons 

Opposite direction 
for J/ψ and neutrons
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Incoherent photoproduction in 
UPC Pb-Pb

Total cross section 

Incoherent production is expected to be more sensitive to the photon direction 
(energy dependence). Here 0nXn and Xn0n will unfold the two x-values

Low W:  x~ 10-2 High W:  x~ 10-4
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Energy dependence of Incoherent J/ψ 

 Incoherent J/ψ background (Xn0n): Events are in the High-x region. 

At Low-x, incoherent production is very strongly suppressed wrt to  
High-x region - First time seen in γ+Pb interactions  

Incoherent 
background  
is the High-x 

region
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Energy dependence of Incoherent J/ψ 

 Incoherent J/ψ background (Xn0n): Events are in the High-x region. At Low-x 
incoherent background is heavy suppressed  
In qualitative agreement with  ALICE Collaboration. Phys. Rev. Lett. 113 (2014) 23, 
232504 (see also J. Cepina et al. Phys. Lett. B766 (2017) 186-191)

High-x

Low-x

Incoherent 
background  
is the High-x

γ+Pb interactions γ+p interactions
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Coherent Rho0
ALICE  

JHEP 1509 (2015) 095

Both ALICE and STAR 
find measured cross 
section ~40% lower 
than predicted by 
Glauber, ….although 
works fine at fixed-
target experiments  

Nuclei does not 
behave like 
individual 
nucleons? 

L. Frankfurt et al. 
Phys.Lett. B752 (2016) 51-58
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Coherent Rho0
JHEP 1509 (2015) 095

Both ALICE and STAR 
find measured cross 
section ~40% lower 
than predicted by 
Quantum Glauber, 
….although works  
fine at fixed-target 
experiments  

Nuclei does not 
behave like 
individual 
nucleons? 
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At QM & INT 
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 INT workshop

Daniel Tapia Takaki        Saturation: Recent developments, new measurements/ideas – BNL      April 26 2017



44

 INT workshop

Cross section depends linearly on nuclear PDFs.
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 INT workshop
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Cross section depends linearly on nuclear PDFs.
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 INT workshop

Daniel Tapia Takaki        Saturation: Recent developments, new measurements/ideas – BNL      April 26 2017



47

 INT workshop
P. Kotko, A. Stasto, M. Strikman
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 INT workshop
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 INT workshop
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 INT workshop
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INT workshop
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INT workshop

2-particle correlations in UPC collisions? 
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INT workshop

Daniel Tapia Takaki        Saturation: Recent developments, new measurements/ideas – BNL      April 26 2017



54
Daniel Tapia Takaki        Saturation: Recent developments, new measurements/ideas – BNL      April 26 2017

One more thing …
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Forward detectors at CMS

Sercan Sen, U. of Iowa Forward Physics at the LHC, Reggio Calabria, 2013

CMS Forward Detectors

TOTEM T1, 3.1 < |η| < 4.7

CMS

140m
147m 220m

FSC

Zero Degree Calorimeter 
|η| > 8.1 

Forward Shower Counters
6 < |η| < 8

TOTEM Roman Pots
±147m, ±220m

HF (Hadron Forward)
3 < |η| < 5 

BSC (MinBias triggers)
3.23 < |η| < 4.65

TOTEM T2, 5.3 < |η| < 6.5
CASTOR, 

-6.6 < η < -5.2 
see Aldo Penzoʼs talk
on Wednesday at 4pm
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From DIS 2017 —sensitive to saturation …Not UPCs but 
possible to use CASTOR in UPC studies in the future 
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• Following the INT workshop, a White Paper on 
photon-nucleus/proton will be prepared  
 
Coordinated by DTT and in preparation…

57

 White paper 
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LHC schedule 
CERN Yellow Report: CERN-PH-LPCC-2015-001
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Summary and outlook

• Studying QCD with high energy photon-photon, photon-
proton and photon-nuclear interactions at the LHC  

• Searching for saturation effects in the proton  

• Nuclear effects at both low and high Bjorken-x  

• So far, most analyses have been carried out for 
exclusive VM photoproduction but new studies possible 
for other final states (dijets, double VM, diphoton, etc)  

• Inclusive photo-nuclear and photon-proton reactions 
also possible 
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Summary and outlook

• UPC studies at RHIC/LHC, some new energy 
regime. Despite the limitations in terms of 
statistics and precision, there are lots of 
synergies with the EIC program  

• New saturation studies ongoing  

• Community building around these topics from 
both the theory and experimental side 
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Additional slides
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Forward detectors at CMS

Sercan Sen, U. of Iowa Forward Physics at the LHC, Reggio Calabria, 2013

CMS Forward Detectors

TOTEM T1, 3.1 < |η| < 4.7

CMS

140m
147m 220m

FSC

Zero Degree Calorimeter 
|η| > 8.1 

Forward Shower Counters
6 < |η| < 8

TOTEM Roman Pots
±147m, ±220m

HF (Hadron Forward)
3 < |η| < 5 

BSC (MinBias triggers)
3.23 < |η| < 4.65

TOTEM T2, 5.3 < |η| < 6.5
CASTOR, 

-6.6 < η < -5.2 
see Aldo Penzoʼs talk
on Wednesday at 4pm
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Forward detectors at CMS
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