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Quark Energy Loss

• Measurement in cold nuclear matter provides baseline for elucidating 
data of heavy-ion collisions. 

• Help to investigate nuclear dependence of J/ψ, Ψ’ production
• Can be ideally investigated with the Drell-Yan Process.

• Quark moves through nuclear matter 
and loses energy via different processes.

• Fundamental process within QCD, 
directly connected to nuclear property.
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The Drell-Yan Process

Massive Di-lepton pairs from Hadron-
Hadron Collisions firstly proposed by 
S. D. Drell and T. M. Yan at 1970  

 𝑞𝑡 𝑥𝑡 , ഥ𝑞𝑡(𝑥𝑡): target quark, anti-quark PDF 
 𝑞𝑏 𝑥𝑏 , ഥ𝑞𝑡(𝑥𝑡): beam quark, anti-quark PDF



xtarget xbeam
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The Drell-Yan Process

Small in fix target exp. with 
very forward acceptance

ഥ𝑞𝑡(𝑥𝑡) : target sea quark at low/intermediate x
𝑞𝑏(𝑥𝑏): beam valence quark at high x

• Energy loss of the incoming quark can be studied with 
negligible final state interaction.
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Quark Energy Loss in DY process

• Apparent kinematic values (xbeam or xF) 
would be shifted

• Various Models:

∆𝑥𝑏𝑒𝑎𝑚= −κ1 𝑥𝑏𝑒𝑎𝑚 𝐴1/3

∆𝑥𝑏𝑒𝑎𝑚≈ −
κ2
𝑠
𝐴1/3

∆𝑥𝑏𝑒𝑎𝑚≈ −
κ3
𝑠
𝐴2/3

 Galvin and Milana:

 Brodsky and Hoyer:

 Baier et al. :

• Expect suppression of the per-nucleon cross 
section ratio to be significant at high xbeam
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E866

Measurements from E866/NuSea

Energy Loss vs. shadowing

Correction must be made 
for shadowing effect
Garvey & Peng PRL 90 (2003)

No partonic energy loss,  
all effect from shadowing
Vasiliev et al., PRL 83 (1999)

Significant parton energy 
loss, ~1.2 GeV/fm if all 
from energy loss
Johnson et al., PRC 65 025203 
(2002)

 E866 energy loss measurement obscured by the competing shadowing effect

Pic1*

Pic1* :  K. J. Eskola et al., arXiv: 0802.0139

Pic2*

Pic2* : H. Xing et al., Nuclear Physics A 879 (2012)
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E866

E906

E906 Acceptance

 Minimal shadowing 
with xTarget > 0.1

 Energy loss effect 
amplified 

Pic1*

Pic1* :  K. J. Eskola et al., arXiv: 0802.0139

Pic2*

Pic2* : H. Xing et al., Nuclear Physics A 879 (2012)



Hodoscope array & Drift 
Chamber tracking stations

Liquid H2, D2, 
and solid targets 8

E906/SeaQuest at Fermilab

Tevatron 

800 GeV
Main 

Injector 
120 GeV

Aimed at dimuon production in 
Drell-Yan and charmonium decay
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E906 Targets

Liquid H2

Empty flask

Liquid D2

𝑆𝑝𝑖𝑙𝑙𝑠

𝐶𝑦𝑐𝑙𝑒
10 2 5 2 1 2 1

None
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E906 Timeline

2014 2015 2016

Run II Run III Run IV

Significant beam 
quality improvement!

• Significant beam quality improvement in mid-December, 2014
• Analyzable data starting from mid-June, 2014

New St.1 chamber installed

2017

Run V

• New St.1 chamber installed in November, 2015. 
 Acceptance increased at higher XTarget and mass.

Analyzable Data

• Data taking will continue until this Summer.



E906 Data & Results 
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 Mass Spectrum well described by Monte Carlo

 Good mass resolution, better than expected.

- 𝜎𝑀 𝐽/ψ ~180 𝑀𝑒𝑉

- 𝐽/Ψ, Ψ’ separation

 Disagreement with E866 result at 
high xTarget

 Difference in <Q2> not expected 
to cause significant difference

 Studies of corrections underway
 More high xTarget data coming with 

new D1



12

 Negative slope observed both in 
p+Fe and p+W results

 Working on minimizing systematic 
uncertainty

Quark Energy Loss at E906

Beam Beam

 𝑑𝐸 ∝ 𝐴1/3 (or ∝ 𝐿) 

 𝑑𝐸 ∝ 𝐴2/3 (or ∝ 𝐿2) 

 L-dependence of E-Loss:



Beam Beam
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Summary

• Quark energy loss can be ideally measured in E906
• Current result shows trend of suppression in RpA at high xBeam

• Other E906 measurements:
- Sea quark distribution
- EMC effect
- Angular distribution of dimuons
- J/Ψ production, and more…

• Expecting results with higher statistics soon!
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