
Systematic study of energy loss in the QGP     
for various collision systems at PHENIX

Takashi Hachiya (Nara Women’s University) for the PHENIX collaboration
E-mail : hachiya@cc.nara-wu.ac.jp

奈良女子大学
Nara Women’s University

RP dependent 𝑆𝑆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 is useful to study the path length(PL) 
dependence of energy loss. 

• Out-of-Plane: longer PL, larger energy loss
• In-Plane:         Shorter PL, Smaller energy loss

𝑆𝑆loss
𝑖𝑖𝑖𝑖 and 𝑆𝑆loss𝑙𝑙𝑜𝑜𝑜𝑜 are calculated by combining Yield and 𝑣𝑣2
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Method : 𝑆𝑆loss𝑖𝑖𝑖𝑖, 𝑆𝑆loss𝑙𝑙𝑜𝑜𝑜𝑜 : RP dependent 𝑆𝑆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

Path length, Npart, dN/dη for            
in-plane and out-of-plane

• 𝑳𝑳𝒊𝒊𝒊𝒊 and 𝑳𝑳𝒐𝒐𝒐𝒐𝒐𝒐 by Glauber MC
• Average distance between the 

collision center and the edge of 
the reaction region for in-plane 
and out-of-plane

• <Path-Length>: 𝑳𝑳 = 𝑳𝑳𝒊𝒊𝒊𝒊+𝑳𝑳𝒐𝒐𝒐𝒐𝒐𝒐
𝟐𝟐

• 𝑵𝑵𝒑𝒑𝐚𝐚𝐚𝐚𝐚𝐚,𝒊𝒊𝒊𝒊 and 𝑵𝑵𝒑𝒑𝐚𝐚𝐚𝐚𝐚𝐚,𝒐𝒐𝒐𝒐𝒐𝒐 by Glauber MC 
• the azimuthal distribution of 

participant
𝑑𝑑𝑁𝑁part
𝑑𝑑𝑑𝑑

vs. 𝜙𝜙 (𝜙𝜙 = 𝜙𝜙part − ΨRP)
𝜙𝜙part: azimuthal angle of participant
ΨRP: azimuthal angle of reaction plane

• |dN/dη 𝒊𝒊𝒊𝒊 and |dN/dη 𝒐𝒐𝒐𝒐𝒐𝒐 with 𝐯𝐯𝟐𝟐
• |dN/dη 𝑖𝑖𝑖𝑖 = dN/dη × 1 + 𝟐𝟐𝒗𝒗𝟐𝟐
• |dN/dη 𝑙𝑙𝑜𝑜𝑜𝑜 = dN/dη × 1 − 𝟐𝟐𝒗𝒗𝟐𝟐

PHENIX detector
• Central Arms

• |y|<0.35, φ~2⋅π/2
• Electrons, γ, hadrons

• DC, PC, RICH, 
EMCAL,TOF

• Muon Arms
• 1.2~|y|<2.2, φ~2⋅π/2
• Muons, Hadrons

• VTX-FVTX
• Precise tracking for HF
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Direct to Energy loss

𝑹𝑹𝐀𝐀𝐀𝐀 =
𝒀𝒀𝑨𝑨𝑨𝑨

𝑻𝑻𝑨𝑨𝑨𝑨 𝝈𝝈𝒑𝒑𝒑𝒑
High pT suppression has been observed but the 
mechanism is not well understood.

• Parton energy loss with gluon radiation in QGP 
• dE/dx?,  �𝑞𝑞?, Path length dependence? 

Fractional momentum loss, 𝑆𝑆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 provides direct 
information on the energy loss

• Systematic study is necessary to address questions  

Physics motivation

Summary
To study energy loss in QGP, 
we measured 𝑆𝑆loss, 𝑆𝑆loss𝑖𝑖𝑖𝑖,
𝑆𝑆loss

𝑙𝑙𝑜𝑜𝑜𝑜 for 𝜋𝜋0 and h in            
various systems. 

• No significant difference 
of the tendency on 𝑝𝑝T
dependence of 𝑆𝑆loss
between Cu+Au and 
Au+Au and between 𝜋𝜋0 

and h. 
• 𝑆𝑆loss, 𝑆𝑆loss𝑖𝑖𝑖𝑖, 𝑆𝑆loss𝑙𝑙𝑜𝑜𝑜𝑜 vs. 

Npart follow a curve better 
than L and dN/d𝜂𝜂. 

• Comparison with models 
is necessary to 
understand 𝑆𝑆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 behavier

Results
𝑆𝑆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 for various collision system

RP dependent 𝑆𝑆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 vs. L, dNch/d𝜂𝜂, Npart

No significant difference in the tendency of 𝑆𝑆loss between Cu+Au, Au+Au, and Cu+Cu.
𝑆𝑆loss draws one curve as a functions of 𝑁𝑁part better than L with various systems. 

𝑆𝑆loss
𝑖𝑖𝑖𝑖, 𝑆𝑆loss𝑖𝑖𝑖𝑖and 𝑆𝑆loss𝑙𝑙𝑜𝑜𝑜𝑜 have similar trend but not follow the same curve as a function of L and dNch/d𝜂𝜂

Npart describes 𝑆𝑆loss𝑖𝑖𝑖𝑖, 𝑆𝑆loss𝑖𝑖𝑖𝑖and 𝑆𝑆loss𝑙𝑙𝑜𝑜𝑜𝑜 better than L and dN/d𝜂𝜂. indicates the importance of initial particle density.
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