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Motivation

Understand cold nuclear matter effects in order to disentangle hot nuclear (QGP 
related) effects in A+A collisions.

Cold nuclear matter effects: Modification of the production cross section in a 
nuclear target. Generally depend on rapidity, pT, and mass of the probe.
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𝑅𝑑Au =
 𝑑2𝑁𝑑Au 𝑑𝑦𝑑𝑝𝑇

𝑁𝑐𝑜𝑙𝑙 ×  𝑑2𝑁𝑝𝑝 𝑑𝑦𝑑𝑝𝑇

CNM effects include:

 Shadowing – modified parton distributions in nuclei

 Initial state energy loss of partons

 Cronin effect – multiple elastic scattering of partons

 Breakup of precursor quarkonia by nucleon collisions during the 
nuclear crossing



The PHENIX Detector

𝑥~5 × 10−3

Shadowing 
region

Muon Arms:
•U, J/ym+m-

•DX+m
•,,m+m-

Central Arms:
• U, J/y, y’e+e-

•DX+e
•,,e+e- ,

K+K-

p, d, Cu, Au

Au

𝑥~8 × 10−2

Anti-shadowing 
region

e+

e-

m+

m-
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What can be done at PHENIX?

• PHENIX recorded d+Au collisions in 2003 & 
2008 @ sNN = 200 GeV.

• Large rapidity coverage: 1.2<|y|<2.2 and 
|y|<0.35

J
H
E
P
0
4
(
2
0
0
9
)
0
6
5

0.2

0.6

1.0

1.5

10
-3

10
-2

10
-1

1

ya

ye

xa xe

y0 shadowing

antishadowing

EMC-
effect

Fermi-
motion

Figur e 1. An illust rat ion of the fit funct ion RA
i (x) and the role of the parameters xa , xe, y0, ya ,

and ye.

xa and xe, eliminates 6 out of the 13 parameters. The remaining ones are expressed in

terms of the following 6 parameters with obvious interpretat ions:

y0 Height to which shadowing levels as x → 0

xa, ya Posit ion and height of the ant ishadowing maximum

xe, ye Posit ion and height of the EMC minimum

β Slope factor in the Fermi-mot ion part ,

theremaining parameter c0 isfixed to c0 = 2ye. Therolesof theseparametersare illust rated

in figure 1 which also roughly indicates which x-regions are meant by the commonly used

terms: shadowing, ant ishadowing, EMC-effect , and Fermi-mot ion.

The A-dependence of the fit parameters is assumed to follow a power law

dA
i = dA r ef

i

A

A ref

pdi

, (2.5)

where di = xa, ya . . ., and where the reference nucleus is Carbon, A ref = 12.

The baryon number and momentum sum rules eliminate y0 and py0 for valence quarks

and gluons, leaving us with 32 free parameters. This is st ill way too large number of

parameters to be determined only by the data — further assumpt ions (based on prior

experience) are needed to decide which parameters can t ruly be deduced from the data

and which can be taken as fixed.

2.3 Exper iment al input and cr oss-sect ions

The main body of the data in our analysis consists of + A DIS measurements. We also

ut ilize the DY dilepton product ion data from fixed target p+ A collisions at Fermilab and

inclusive neutral-pion product ion data measured in d+ Au and p+ p collisions at RHIC.1

Table 1 lists the sets included in our analysis and figure 2 displays their kinemat ical reach

1 In cont rast to our previous analysis [4], we do not include the BRAHMS forward rapidity charged

hadron d+ Au data here. These data will be separately discussed in sect ion 4.
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• PHENIX: y’ suppressed more than J/y at midrapidity rapidity, in d+Au. Time 
spent in nucleus (breakup) does not hold as explanation for PHENIX data.
Different effects modify the charmonium production!

 Similar behavior seen by ALICE in p+Pb collisions at 5.02 TeV

CNM for J/y and y’
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PRL 111, 202301 (2013)



What About Upsilons?

 Possible suppression at backward rapidity (but error bars large)

 Challenging to make significantly better measurements with PHENIX. 
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PRC 87, 044909 (2013)
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CNM for Open Heavy Flavor

 Theoretical approaches, PYTHIA + 
EPS09s nPDF parameterization and the 
same
• Small suppression (shadowing)
• Good agreement w/ data
• can’t reproduce backward rapidity 

data?

 Vitev - shadowing + pT broadening
+ Initial State E-loss

• Increasing suppression @ low-pT

• Better reproduces low-pT behavior 
seen in data

PRL 112, 252301 (2014)



arXiv:1310.1005

PRC 87, 034904

PRL 109, 242301

PRC 87, 034904

arXiv:1310.1005

PRC 87, 034904
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 Caveat: Different kinematics

Open vs closed Heavy Flavor
Probing lower-𝑥 gluons in AuHigher final particle density

Forward Rapidity:

• SIMILAR behavior
• Short time traversing nuclei
• Low comover density

 Same mechanism 
responsible for suppression?

Backward & Mid Rapidity

• DIFFERENT behavior
• Enhancement in OHF suppression in J/y

 Evidence for cc breakup effects?
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 An enhancement (suppression) has been 
observed at backward (forward) rapidity 
region in most central d+Au collision. 

 The observed enhancement at backward 
rapidity is a typical behavior of a Cronin 
effect.

arXiv1506.08181

PRC 88, 024906 (2013)

CNM for  Meson
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Other Measurements

 The RdAu enhancement (suppression) in 
the Au-going (d-going) direction is 
consistent with what is observed by the 
ALICE collaboration at sNN= 5.02 TeV in 
p+Pb collisions

Nucl. Phys. A 932, 218 (2014)arXiv1506.08181
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 Meson vs Open Heavy Flavor

arXiv1506.08181 PRL 112, 252301 (2014)

• No modification in most peripheral

• Similar enhancement in most central
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 Meosn vs Open & closed Heavy Flavor

 Similar nuclear modifications to those in  production as a function of 
rapidity is observed in heavy flavor decay leptons and inclusive charged 
hadrons production  
Similar cold nuclear matter effects   
OR 
Different processes act on open HF and . The match May be a 
coincidence

arXiv1506.08181 PRC72, 031901(2005)

PHOBOS
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2015 RHIC run included p+Au

❖ FVTX allows ψ(2S) at forward/backward rapidity

❖ p+Au don’t have complication of d - easier 
comparison to LHC

NIMA 755 , 44 (2014)

Outlook!

,


J/y

y(2s)

Run 15 p+Au
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Projections



Summary
• PHENIX collaboration measured various probes over a wide range of rapidity 

and pT to study CNM effects.

 y’ suppressed beyond J/y at midrapidity rapidity, in d+Au. Owing to the time 
spent in nucleus, breakup does not hold as explanation for PHENIX data.

• Similar OHF suppression to J/y at forward rapidity  Same mechanism 
responsible for suppression

• Different OHF enhancement from J/y at backward rapidity  Evidence for cc 
breakup effects!

• An enhancement (suppression) of  has been observed at backward 
(forward) rapidity region in most central d+Au collisions

• Similar behavior was previously observed for inclusive charged hadrons and 
open heavy  similar cold nuclear matter effects?

• New data set (p+Au) collected in 2015 will allow y’ measurement at backward 
and forward rapidities along with other probes in less complicated p+Au
collisions
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Backup
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CNM for J/y Meson

• Forward rapidity shows more suppression than central/backward rapidities. 
Centrality-dependent.

• CNM (gluon shadowing, nuclear breakup) can’t describe centrality dep. 

• Effects of gluon saturation may play an important role in understanding the 
forward rapidity modifications.

• Other explanations involving initial-state parton energy loss?
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PRL 107, 142301 (2011)


