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Angular correlations within dijets from 
photon lead collisions
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Relativistic ions produce polarized photons
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How are gluons 
moving in nuclei?
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(Hatta, et al,  PRL 116, 202301 (2016))

Vector sum of 2 jets:

Vector difference of 2 jets:

-

φ is angle between PT and QT

Elliptically polarized gluons: ↔ Dijet azimuthal angular 
correlations

Pb Pb

γ

Exclusive dijets sensitive to 
multidimension gluon distribuiotns
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Y. Hatta et al. PRL 126, 142001 (2021) (After preliminary results). 
Standard TMD framework used for re-summation. 

Wigner gluon distribution is neglected

Soft gluon radiation can induce a <cos(2φ)> 
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Event selection

–At least one track in the central tracker

–Search for  particle flow anti-kT jets  with R = 0.4
–Exactly two jets |ηlab| < 2.4, pT,1 > 30 GeV, pT,2 > 20 GeV

–Veto forward activity  (2.8 < |η| < 5.2):

HF+ HF-HE
HEEE

EE
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Pb

ΔηB

Merge samples from two hemispheres of detector.

Forward Rapidity Gap, ΔηF = 2.4 – ηmax, 
ηmax defined by first track with pT > 0.2 GeV

Pb

ΔηF

Exclusive events have rapidity gaps
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Pb

ηjet – ηtrack < 1, ΔηB > 1.2 

ΔηB

Cuts keep 99% of signal (according to RAPGAP*), but  significantly reduce background

Veto tracks  far from  
jets
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Good agreement between data and RAPGAP after photon flux  
re-scaled  for  PbPb.

Jet kinematics match expectations
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PT > QT : “back-to-back limit”, QT < 25 GeV,

6785 events remain after all cuts. 

Large momentum transfer regime (DIS-like)

Dijets have large momentum transfer
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Test with toys models and mixed events 

Toy MC: back-to-back jets with detector resolution effects <cos(2φ)> → 1
Mixed events have only acceptance affects and have <cos(2φ)>  negative
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<cos(2φ)> in data is below back-to-back expectation and RAPGAP prediction
<cos(2φ)>  constant for QT > 2 GeV in the Hatta calculations which 
just include soft radiation and no effect from elliptic gluons. 

Angular correlations are present in data
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Summary
• First data on  <cos(2φ)> from ɣPb => dijets
• <cos(2φ)> increases with jet momentum 
• RAPGAP (tuned to ep) overestimates  

correlations
• Calculation by Hatta et al. which soft-gluon 

radiation from final-state jets agrees with data 
for dijet momentum less than 15 GeV.

• However, calculation is flat in momentum in 
contrast of the steady rise observed in the data
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Backup
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Systematic Uncertainties
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Lots of glue inside the proton
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