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Introduction
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1) The Ridge structure

▪ η-dependent shape in two particle angular correlations

▪ Explained by hydrodynamics for AA collisions

▪ Regarded as one of evidence for Quark-Gluon plasma

▪ Recently, discover at a small systems with high-multiplicity, like pp collisions

▪ However, the small systems are not enough to produce QGP as in AA collisions 

▪ Understand the Ridge structure via kinematics between Jet & Medium

2) Kinematic interaction between Jet & Medium

▪ Jet particles mainly lose own energy while passing through medium by radiation

▪ We consider only photon radiation process since gluon radiation process 

requires extra degrees of freedom 

▪ Based on previous study1, we expect that amplitudes from these two symmetric 

diagrams interfere constructively leading to collective motion for medium
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3) Distribution for initial medium patons

▪ In our calculation, we consider all possible medium partons' momentum.

∫ 𝑑3 Ԧ𝑎 → ∫ 𝑓 𝑦𝑎, 𝑎𝑇 × 𝐽 𝑑𝑦𝑎𝑑𝑎𝑇𝑑𝜑𝑎

▪ Distribution function is required for describing initial medium partons’

• Maxwell-Boltzmann (MB)

• Juttner-Synge (JS)

• Phenomenological Parton Distribution from Soft scattering model (phPDs)

• Parton Distribution based on Hard scattering model (PDh)ATLAS collaboration, Physical Review Letters 116, 172301 (2016)

CMS collaboration, Physical Letters B 724, 213{240 (2013)
[1] C. Y. Wong, Physical Review C 85, 064909 (2012)
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5) Dependency Check4) Expression of PDh

𝑓 𝑦𝑎, 𝑎𝑇 = 𝐴 1 − 𝑥 𝑎 1 − 1 − 𝑞
𝑚𝑇

𝑇

1
1−𝑞

▪ Lightcone variable, 𝑥 =
𝑚𝜋
2+𝑎𝑇

2

𝑚𝑝
𝑒 𝑦𝑎 −𝑦𝑏

• proton mass, 𝑚𝑝

• rapidity of beam parton, 𝑦𝑏 = cosh−1
√𝑠𝑁𝑁

2𝑚𝑝

▪ Free parameters 

• 𝑎 : Fallout parameter which decide shape of rapidity distribution

• 𝑞 : Nonextensive parameter which Phenomenologically equivalent to the quasi-power law2,3

• 𝑇 : Temperature of system

𝒂 dependency 𝒒 dependency 𝑻 dependency

▪ We check tendency for each free parameter - 𝑎, 𝑞, 𝑇

▪ Fallout parameter 𝑎 affect lightcone and rapidity dist.

• 𝑎 increases, the range of lightcone becomes narrow

• 𝑎 increases, scales of rapidity increase

▪ Nonextensive parameter 𝑞 influence rapidity and transverse momentum dist.

• 𝑞 increases, the shape of rapidity become shaper

• 𝑞 increases, transverse momentum distribution is spread wider

▪ Temperature 𝑇 slightly affect rapidity and transverse momentum dist

• 𝑇 increases, scales of rapidity slightly increase

• 𝑇 increases, transverse momentum distribution is slightly spread

𝒙 dist

𝒚𝒂 dist

𝒂𝑻 dist
6) Choose free parameters

▪ We choose values for 

free parameter through 

comparing to PYTHIA-

monash simulation

• 𝑎 = 20 ∼ 25

• 𝑞 = 1.15

• 𝑇 = 0.15 GeV

Jet components in simulation results are roughly reduced

−8 ≤ 𝑦 ≤ 8 0 ≤ 𝑦 ≤ 6

Fixed 𝑞 = 1.15
Fixed 𝑇 = 0.15 GeV

Fixed a = 25.0
Fixed 𝑇 = 0.15 GeV

Fixed a = 25.0
Fixed q = 1.15

[2] R. Hagedorn, Nuovo Cimento 6, 1 (1983)
[3] C. Michael and L. Vanryckeghem, J. Phys. G 3, L151 (1977)
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7) Formulation of correlation

▪ Correlation function in experiment

𝐶 Δ𝜂, Δ𝜑 =
𝑆 Δ𝜂, Δ𝜑

𝐵 Δ𝜂, Δ𝜑

▪ Adopt correlation function between arbitrary two particles to compare to 

experimental results,

𝐶 𝒂1, 𝒂2 =
𝑃𝑓 𝒂1, 𝒂2

𝑃𝑖 𝒂1 ⋅ 𝑃𝑖 𝒂2

• 𝑃𝑓 𝒂1, 𝒂2 = 𝑃𝑓 𝒂1 ⋅ 𝑃𝑓 𝒂2

• 𝑃𝑖 𝒂 : Probability of final medium partons before interaction with jet particle

∙ Calculated using the medium partons’ distribution

𝑃𝑖 𝑦, 𝜑 = ∫ 𝑓 𝒂 𝑎𝑇𝑑𝑎𝑇

• 𝑃𝑓 𝒂 : Probability of final medium partons after interaction with jet particle

∙ Consist of 𝑃𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑛𝑔 𝑦, 𝜑 , 𝑃𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑛𝑔 𝑦, 𝜑 , normalized respectively

𝑃𝑓1 = 𝑃𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑛𝑔 𝑦, 𝜑

𝑃𝑓2
= 𝑃𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑛𝑔 𝑦, 𝜑 + 𝑃𝑛𝑜𝑛−𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑛𝑔 𝑦, 𝜑

∙ Where, 

𝑃𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑛𝑔 𝑦, 𝜑 = ∫ 𝑓 𝒂 × 𝑑𝜎 𝒂 → 𝒂′ 𝑑3 Ԧ𝑎

𝑃𝑛𝑜𝑛−𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑛𝑔 𝑦, 𝜑 = ∫ 𝑓 𝒂′ × 1 − 𝑑𝜎 𝒂′ → 𝒂′′ 𝑑3𝑎′

8) Correlation

Single Pair Correlation

𝑃𝑓2
= 𝑃𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑛𝑔 𝑦, 𝜑 + 𝑃𝑛𝑜𝑛−𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑛𝑔 𝑦, 𝜑

𝑃𝑓1 = 𝑃𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑛𝑔 𝑦, 𝜑

▪ Range of Δ𝑦 is enough to express the Ridge structure

▪ Peaks in marginal Δ𝑦 are high

• Need to investigation

𝑃𝑖

9) Summary 10) Outlooks

𝑃𝑖 ⋅ 𝑃𝑗

▪ Check characteristic of Parton Distribution based on Hard scattering model (PDh)

▪ Compare PDh to PYTHIA simulation and choose free parameters of PDh

▪ Calculate correlation using PDh with selected values of free parameters

▪ Compare PDh to other MC simulation ; PYTHIA-string shoving, EPOS, etc.

▪ Investigate marginal peaks in calculated correlation.

▪ Consider to include jet components. 


