
1

Probing the Saturation Physics via UPC

Amir Rezaeian
UTFSM, Valparaiso

INT Workshop (INT-17-65W), Seattle,  February 13 - 17, 2017 



2

Outline: 
❑ DIS and exclusive VM production at small-x.  

❑ Signature of gluon saturation/CGC in UPCs at HERA and the LHC. 

❑  Exclusive dijet production in coherent diffractive processes in UPCs. 
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tqq̄life >> tqq̄int contains all small-x physics, multiple scatterings
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?

Qs(Y,b)
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• b-independent 
    saturation models
    significantly 
    overestimate Qs.

Rezaeian and Schmidt, arXiv:1307.0825

• Nuclear saturation scale:Q2
sA ⇡ A1/3Q2

s ⇡ 6Q2
s

• Proton saturation scale:

HERA : Qs < 1GeV
LHC : Qs  1� 2GeV
FCC : Qs  2� 4GeV

EIC : QsA < 2.5GeV

LHC
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LHCFCC
No biased,  No over-fitted.

Cross-validation

FCC
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   Photo-vector-meson production in ultra-peripheral collisions at LHC

UPC’s give a strong constraint on gluons at small x (10-3-10-5 ), but . . .

❑ pQCD: 
• Factorization theorem (is not universal) for exclusive cross section ~ xg(x,Q2)2 . 
• No full NLO calculation, scheme dependent (scale,…)
• Cannot currently be used in a global  PDF analysis.
❑ CGC:
• Factorization is universal for different vector mesons. 
• No full NLO calculation.  
• Can be used to constrain small-x physics. 

W�p = 3TeV in pp@LHC ! xB ⇡ 10�6
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 Photonuclear vector meson production in ultra-peripheral collisions at LHC

Without nuclear effects  

Color dipole models
(modeling nuclear Qs?)  

With nuclear gluon shadowing

➢ ALICE conclusión (arXiv:1209.3715):
The cross section cannot be understood from a simple scaling of the 
nucleon cross section neglecting nuclear effects. Best agreement is seen 
with models which include nuclear gluon shadowing. 

Rebyakova, Strikman and Zhalov (RSZ): the nuclear gluon distribution in the leading twist approximation, 
PLB 710 (2012) 647. 
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Shadowing or 

saturation@work
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Proton Qs constrained from HERA. Zero free parameters!
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Photonuclear Ψ(2S) production in ultra-peripheral collisions at LHC
arXiv:1508.05076

Data remain to be 
understood? 

(Dipole model)

✦Ψ(2S)  wave function has a node and is heaver than J/Ψ
                         Large suppression compared to J/Ψ.
✦ The  Ψ(2S)  wave function is less known. 

 Lappi and Mäntysaari, arXiv:1301.4095

data?
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Photonuclear Ψ(2S) production in ultra-peripheral collisions at LHC 

ALICE, arXiv:1508.05076 Armesto, AR, arXiv:1402.4831 

➢The ratio is certainly energy-dependent!. 
➢The energy-dependence of the ratio can be a good test of the 

color-dipole picture!.   
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Dominguez, Marquet, 
Xiao, Yuan,
arXiv:1101.0715

Altinoluk, Armesto, 
Beuf, Rezaeian,
arXiv:1511.07452 

Probing the Saturation Physics via UPCDiffractive dijet v. inclusive dijet in UPC
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Inspired by “saturation domain” picture of Kovner & Lublinsky (2011) 
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The color-dipole orientation probes the inhomogeneity of the target in the transverse plane.
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Color-dipole orientation as an origin of elliptic flow in pp and pA collisions



21

0 2 4 6 8 10 12
B [fm]

-0.003

0

0.003

0.006

0.009

0.01 TA
TA
TA
TA-TA/B

0 1 2 3 4 5 6
θ

0.84

0.86

0.88

0.9

0.92

0.94

0.96

0.98

1

S

r = 1 GeV-1

r = 2.5 GeV-1

b = 2.5 GeV-1

b

r

r

S(b||r) < S(b   r)

B

0 1 2 3 4 5
pT [GeV]

0

0.05

0.1

0.15

0.2

0.25

v 2

R2 Q0s
2 = 6 

CMS, 120<Ntrk<150

p-Pb collisions

off

B ~ 6.9 fm 

< z > = 0.5 

Iancu-Rezaeian (to show up on Archive Feb 15, 2017)

The color-dipole orientation probes the inhomogeneity of the target in the transverse plane.
Original McLerran-Venugopalan  model

Color-dipole orientation as an origin of elliptic flow in pp and pA collisions



22

0 2 4 6 8 10 12
B [fm]

-0.003

0

0.003

0.006

0.009

0.01 TA
TA
TA
TA-TA/B

0 1 2 3 4 5 6
θ

0.84

0.86

0.88

0.9

0.92

0.94

0.96

0.98

1

S

r = 1 GeV-1

r = 2.5 GeV-1

b = 2.5 GeV-1

b

r

r

S(b||r) < S(b   r)

B

0 1 2 3 4 5
pT [GeV]

0

0.05

0.1

0.15

0.2

0.25

v 2

R2 Q0s
2 = 6 

CMS, 120<Ntrk<150

p-Pb collisions

off

B ~ 6.9 fm 

< z > = 0.5 

Iancu-Rezaeian (to show up on Archive Feb 15, 2017)

The color-dipole orientation probes the inhomogeneity of the target in the transverse plane.
Original McLerran-Venugopalan  model

Color-dipole orientation as an origin of elliptic flow in pp and pA collisions

The anisotropy due to the color-dipole orientation mechanism is 
universal for different processes in dilute-dense scatterings. 

There will be the analog of azimuthal anisotropy v_n in DIS 
and UPC.      
                 Stay tuned!.                     
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Armesto, AR
arXiv:1402.4831



28

Small-x gluon tomography in diffractive dijet in UPC

✦ Correlations between                probe the effective dipole size  

✦ Correlation between            probe the color-dipole orientation and correlations between  

✦ t-distribution of the diffractive dijet photo-production probes the inhomogeneity of the target

~p1, ~p2 r ⇡ 1/Qs(b)

~r,~b~k, ~�

.

.
.

Altinoluk, Armesto, Beuf, and Rezaeian, PLB 758 (2016) 373. 
Hatta, Xiao and Yuan, PRL 116 (2016) 202301. 

Main conclusion:


