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- (2) to probe a gluon structure in the heavy nucleus

We study the heavy quark production in pA collisions!
- (1) to evaluate the cold nuclear matter effects quantitatively
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Predictions and data
• LHC data

Figure from !
ALICE Collab. JHEP 1402 (2014) 073.

Figure from!
ALICE Collab. arXiv:1310.1714

3



Plan

1. Gluon distribution at small-x!

2. Quark pair production from the CGC!

3. Results: Quarkonium and open heavy flavor
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Unintegrated gluon distribution

• BK equation : Quantum evolution in large-Nc
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tr[Ũ(~x?)Ũ
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• Parametrized initial condition : MVγ model
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Quantum evolution of uGDF

• The number of net gluons increases with decreasing in Bjorken’x.!
• Low-k⊥ distribution is suppressed by gluon saturation. !
• High-k⊥ region is enhanced by gluon radiations.
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Plan

1. Gluon distribution at small-x!
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Quark pair production
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- Multiple scattering before and after the quark pair production.
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Multi-point function

k1

k2

q

p

k′
1

k′
2

p

A

k1

kk2 − k

q

p

k′
1

k′
2

p

A

k1

kk2 − k

q

p
k′ k′

2 − k′

k′
1

p

A

d�qq̄

d2p?d2q?dypdyq
/ ⌅|{z}

Hard

⌦ 'p,y1(k1?)| {z }
uGD

⌦ �A,y2(k2?, k?)| {z }
Multi-point function

10



Multi-point function

k1

k2

q

p

k′
1

k′
2

p

A

k1

kk2 − k

q

p

k′
1

k′
2

p

A

k1

kk2 − k

q

p
k′ k′

2 − k′

k′
1

p

A

d�qq̄

d2p?d2q?dypdyq
/ ⌅|{z}

Hard

⌦ 'p,y1(k1?)| {z }
uGD

⌦ �A,y2(k2?, k?)| {z }
Multi-point function

x⊥

y⊥
y′⊥

x′
⊥

Final state

Complex conjugate

10



Multi-point function

k1

k2

q

p

k′
1

k′
2

p

A

k1

kk2 − k

q

p

k′
1

k′
2

p

A

k1

kk2 − k

q

p
k′ k′

2 − k′

k′
1

p

A

d�qq̄

d2p?d2q?dypdyq
/ ⌅|{z}

Hard

⌦ 'p,y1(k1?)| {z }
uGD

⌦ �A,y2(k2?, k?)| {z }
Multi-point function

• 4-point function (4 Wilson lines) appears !
   in the quark pair production cross section.

x⊥

y⊥
y′⊥

x′
⊥

Final state

Complex conjugate

10



Multi-point function

k1

k2

q

p

k′
1

k′
2

p

A

k1

kk2 − k

q

p

k′
1

k′
2

p

A

k1

kk2 − k

q

p
k′ k′

2 − k′

k′
1

p

A

d�qq̄

d2p?d2q?dypdyq
/ ⌅|{z}

Hard

⌦ 'p,y1(k1?)| {z }
uGD

⌦ �A,y2(k2?, k?)| {z }
Multi-point function

• 4-point function (4 Wilson lines) appears !
   in the quark pair production cross section.

x⊥

y⊥
y′⊥

x′
⊥

Final state

Complex conjugate
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How low-x?
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Quarkonium
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• Color evaporation model
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• We assume that the produced quark pair hadronizes outside the nucleus.!
• All the quark pair - singlet and octet - makes bound state with constant 

probability.!
• No feed down from excited states in this calculation .
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Summary

• In this CGC calculation with large-Nc approximation, we have 
shown that RpA of J/ψ and D meson productions are strongly 
suppressed in the low-p⊥ region at forward rapidity due to the 
multiple scattering and saturation effects in the target nucleus.!
!

• J/ψ and D meson productions largely reflect the behavior of multi 
point function in the target nucleus.!
!
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Outlook!
• NLO corrections (e.g. Sudakov factor)    [Mueller, Xiao, Yuan (2013)]!
• Hadronization : NRQCD matching  [Kang, Ma, Venugopalan (2013)],                               

[Qiu, Sun, Xiao, Yuan (2013)]
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Azimuthal angle correlation

CP [��] =
2⇡

N
tot

Z
dp2

D?

2

dp2
D̄?

2

dND ¯D

d2pD?d
2p

D̄?

Q2
s0 : pp collision

(4� 6)Q2
s0 : pA collision  0

 0.1

 0.2

 0.3

 0.4

 0.5

 0  0.2  0.4  0.6  0.8  1

C
P 

(6
\

)

|6\| / /

(a) D : 3s = 5.02 TeV, <1.0 < yh, h-  < 0.0

1 < ph, h-� < 5 GeVg1118 : Q2
0

g1118 : 4Q2
0

g1118 : 6Q2
0

p
s = 5.02 TeV, � 1 < y < 0


