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Cold nuclear matter effects
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An accurate study of cold nuclear matter (CNM) effects, due to the presence of a nucleus, 

not related to the creation of QGP

CNM

• the modification of the effective partonic luminosity in colliding nuclei

• the multiple scattering of partons in the nucleus before and/or after the hard 

scattering

• the absorption or break-up of 𝑄 ത𝑄 bound states, inelastic cross section of a 

heavy-quarkonium state with a nucleon

• Heavy quarkonia can be dissociated by comovers (the partons or hadrons 

produced in the collision in the vicinity of the heavy-quarkonium state)

In “minimum-bias” p-A collisions

(shadowing, anti-shadowing and EMC)

(parton energy-loss (either radiative or collisional), transverse 

momentum broadening (know as the Cronin effect))
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Multiple scattering of partons
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parton multiple scattering

• 𝑄 ത𝑄 propagation in nuclei (LHC, the coherent time 𝜏𝑐 ≫ RA ), impact 

parameter dependence

• initial-and final-state energy loss (the transport properties of large nuclei for 

quarks and gluons, scattering or multiple scattering)

• coherent energy loss (medium-induced radiative, high-energy gluon cross a 

nuclear medium and being scattered to small angle, Δ𝐸 ∝
𝐸(𝑔𝑙𝑢𝑜𝑛 𝑒𝑛𝑒𝑟𝑔𝑦))

parton scattering 

from the medium

longitudinal momentum transfer is small compared to the inverse of the path length of the parton as it propagates through the 

nucleus, the scattering becomes coherent

• coherent: lead to attenuation or 

shadowing

• incoherent: transverse 

momentum broadening, 

Cronin-like enhancement of 

the cross sections at 

intermediate pT ~ few GeV/c
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Coherent energy loss
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• The behavior Δ𝐸 ∝ 𝐸 arises from soft gluon radiation which is fully coherent over the medium, and 

the coherent energy loss is expected in all situations where the hard partonic process looks like forward 

scattering of an incoming parton to an  outgoing compact and colourful system of partons

for J/𝜓 hadroproduction at low pT ≤ 𝑚𝐽/𝜓, in the 

target rest frame

• incoming: gluon

• outgoing : colour octet ccbar pair

Eur. Phys. J. C (2016) 76 :107



Coherent energy loss
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arXiv:1212.0434 [hep-ph]

gg → QQ¯ partonic subprocess, 
viewed in the nucleus rest frame 
as the splitting g → QQ¯ of the 
incoming gluon (a)



Coherent energy loss
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arXiv:1405.4241 [hep-ph]

• The behavior ∆E ∝ E arises from soft gluon radiation with formation time 𝑡𝑓 scaling as E, i.e., being 
fully coherent over the size L of the medium (𝑡𝑓≫ L at large E)

• coherent radiative energy loss arises from the interference between emission amplitudes off the 
incoming and outgoing particles, and is thus expected in all situations where the hard partonic process 
is effectively equivalent to the forward scattering of an incoming parton to an outgoing compact 
colored system of partons

• Coherent energy loss should play an important role in the high-energy hadroproduction of hadrons, 
but should be absent in (inclusive) Drell-Yan production, as well as in hadron photoproduction



Back up
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Relativistic Heavy Ion Collider
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Study the quarkonium production in 

different collision systems

• Proton and nucleus structure at high energy

• Properties of the Quark-Gluon Plasma

• for c ҧ𝑐,  Δ𝜏 ~ 
1

3𝐺𝑒𝑉
~ 0.07 fm/c

• for bത𝑏,  Δ𝜏 ~ 
1

10𝐺𝑒𝑉
~ 0.02 fm/c

< 𝜏0 ~ 0.1-1 fm/c

The time scale of c ҧ𝑐 or bത𝑏 production: Δ𝜏~
1

𝑄
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Heavy-flavor and quarkonium production
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Quarkonium:

• c ҧ𝑐: J/𝜓, 3.096 GeV(93 keV), ~10−20s  

• bത𝑏: Υ, 9.460 GeV(54 keV)

T>𝑇𝑐 ≈ 150-200MeV (1.3 keV, Center of sun)

or 𝜌(baryon) > 𝜌𝑐 (several times of 𝜌𝑛𝑚)

Dissociation

Regeneration

competing 

effects
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Complications
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Other effects:

• Medium-induce energy loss

- Color-octet states; parton fragmentation

• Formation time

-High 𝑝𝑇 hadrons fly out of medium faster

• Feed-down contributions

-Depend on species, 𝑠, 𝑝𝑇, etc

• Cold Nuclear Matter Effects

𝐹𝑢𝑙𝑙 𝑤𝑖𝑑𝑡ℎ: 𝜓 2𝑆 : 8𝑘𝑒𝑉; 𝜒𝑐1(1𝑃): 0.04𝑀𝑒𝑉; 𝜒𝑐2(1𝑃): 0.09𝑀𝑒𝑉
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The typical times
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The typical time

𝜏𝑐: coherent time

𝜏𝑓: formation time

time needed for 𝑄 ത𝑄
to neutralise its colour

𝜏𝑐𝑟𝑜𝑠𝑠: crossing time 
of the nucleus

to produce a heavy-quark pair 𝑄 ത𝑄

(in the 𝑄 ത𝑄 rest frame) 

(in the rest frame of the target nucleus) 

can be larger than the nuclear size, leading to shadowing effects due to the 

destructive interferences from the scattering on different nucleons

• time needed to produce the quarkonium state(0.3-0.4 fm/c), much 

larger than the coherence time, also much larger than the nuclear size 

• time to produce a heavy-quark hadrons is longer than for quarkonium

production (1 fm/c)

• colour singlet model: the emission of a perturbative gluon, 

comparable to 𝜏𝑐
• colour octet model: a soft process, order of 𝜏𝑓
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