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• How can we do precision hard probes (or jet physics) at sPHENIX?


• Meaning: precise measurement and sensitivity to distinct phase spaces


• Underlying events “recoil” jet observables significantly


• Recoil-free jet observables to precisely benchmark medium modifications


• Recoil-free photon-jet or dijet angular decorrelation


• Polarized proton beams


• Leading and next-to-leading hadron charge correlation

Outline



Challenges from correlated underlying events

• Are there observables which are not affected by such subtractions? Or, equivalently, 

don’t require subtractions?



Recoil sensitive observable
• If an observable depends on soft-radiation, it is recoil-sensitive.


• Standard jet reconstruction is recoil-sensitive


• Inclusion of some soft radiation  (due to UE fluctuations) at a typical angular 

scale  will change the jet direction by an amount 


• Medium transverse momentum transfer  will deflect the jet direction by an 

amount 
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Bin Wu, presented at DESY 

PRL 119, 082301 (2017)



Recoil free observable



Hadronization, multi-parton interaction and charge tracks



From NLL to NNLL
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Leading and next-to-leading hadrons

• Focus exclusively on 

• collinear regions around dominant 

energy flows: jets

• energetic hadrons since soft 

hadrons are abundant and hard to 
disentangle their origins

Jet

H1
H2
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Charge correlation 

rc(X) =
dσh1h2

/dX − dσh1h2
/dX

dσh1h2
/dX + dσh1h2

/dX

TASSO (1985), CERN ISR (1979), LEP 

(1984), NA22 (1989), Bass, Danielewicz 

and Pratt (2000)

• Leading dihadron correlation: conditional probability 
of observing  in the presence of 


• Comparing the cross sections of  and  to 
quantify the flavor constraints


• Evolution of  w.r.t. kinematic phase space 

H2 H1
h1h2 h1h2

rc X
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Monte Carlo samples

• 18 GeV electron beam + 275 GeV proton beam

• PYTHIA 6.428 and Herwig 7.1.5


• Impose  so that we have higher  jets

• 10 million events

• Jets: , , anti-  , 

Q2 > 50 GeV2 pT

pparticle
T > 0.2 GeV −1.5 < η < 3.5 kt R = 1.0 pjet

T > 5 GeV
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Leading dihadron kinematics

•  maximizes at , not from 
perturbative splitting


• Characteristic low  and cross 
section falling exponentially 

z z = 0.5
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Leading dihadron formation time

• Formation time peaks around 1 to 10 fm

• | | maximizes at large formation time

• Significant difference between PYTHIA 

and Herwig

rc
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• | | maximizes at small  and decreases 
as  increases on the scale of 1-2 GeV


• Suggesting strong nonperturbative 
correlation at play 

rc k⊥
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• Excellent agreement between 
EIC smear and true distributions
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Flavor constraints



Medium modification of charge correlation



Summary

• Recoil free photon-jet and di-jet angular decorrelation might be 

useful to more quantitatively pin down the idea of jet broadening 

in heavy ion collision: yes, or no?


• It scans through all the parton showers so might be maximally 

sensitive to medium effect 


• Leading dihadron charge correlation, on the other hand, focus on 

hadronization, the latest stage of jet formation


• Medium modification: yes, or no?


