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PHENIX collaboration 

 Heavy  quarks in p+p and heavy ion collisions 
 

 Heavy flavor measurements with PHENIX 
  (p+p, Au+Au, Cu+Cu, d+Au data) 
 
 Discussion & Outlook 



 In p+p collisions: 
 (a) testing ground for pQCD 
 (b) necessary baseline for heavy ion collisions 
 

 In heavy ion collisions (Au+Au, Cu+Cu): 
  (a) heavy quarks serving as a probe of strongly 
     interacting deconfined medium  
  (b) important for understanding mechanisms   
        related to J/ψ production 
 
 In d+Au collisions serving as a control measurement 

for quantifying “cold nuclear matter effects”   
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Why open heavy flavor 



How we measure it in Central arms  
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 Kinematic coverage: 
       - |η|<0.35,  Δφ = 2×900  
 - pT > 0.35 GeV/c 
 Measuring first inclusive electron 

spectrum 
 Clean electron identification with 

RICH & EMCal detectors 

 For pT above 2.5 GeV/c S/N > 1. 
spectra for all relevant background 
sources (a) π and η Dalitz decay, (b) 
γ conversion (c) ω, φ, direct γ, etc. 
measured and simulated using 
Cocktail  

 At lower pT heavy flavor electrons are measured using data with Converter 
method, when known amount of converter material is installed for short 
period to see how is spectrum changed. 

  
 Converter measurement is also used to normalize cocktail.  



How we measure it: Forward(muon) arms  
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 Kinematic coverage: 
(1) 1.2 < |η|< 2.2 (2) Δφ = 3600 (3) pT > 1.0 GeV/c 
 
 Muon candidate has to travel through 

MuTR, and all layers of MuID. Total of 10 λ 
absorber material. 
 

 Background sources: (1) decay muons - light 
vector mesons decaying in muons before 
nosecone absorber (largest) (2)  punch-
through hadrons. 

 S/N ~ 0.4-0.5 

 Fully data-driven MC simulations of hadron cocktail used. Cocktail 
input is tuned to match data distributions: (a) z-vertex dependence of 
decay muons due to decay-in-flight, (b) “stopped” hadron spectra 
 

 Finally, independent measurements in North and South arms 
combined for final results reducing uncertainties 
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analysis methods (converter and cocktail) are combined:
at low pT (pT < 1.6 GeV/ c) the converter subtract ion
method is applied to the MB data set ; at intermediate pT

(1.6 < pT < 2.6 GeV/ c) the converter method is applied
to the PH data set ; and at high pT (pT > 2.6 GeV/ c) the
cocktail method is applied to the PH data set .

Figure 31 shows the rat io of nonphotonic elect rons (in-
cluding charmonium, bot tomonium, and Drell-Yan) to
the photonic background.
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FIG. 30: (Color online) (a) Invariant different ial cross sec-
t ions of single elect rons as a funct ion of pT in p + p collisions
at

√
s = 200 GeV. The error bars (bands) represent the sta-

t ist ical (systemat ic) errors. The curves are the FONLL cal-
culat ions [66]. (b) The rat io of FONLL/ Data as a funct ion
of pT . The upper (lower) curve shows the theoret ical upper

(lower) limit of the FONLL calculat ion. In both panels, a
10% normalizat ion uncertainty is not shown.

B . H eav y flavor elect r on invar iant y ield (A u+ A u)

The different ial invariant yield spectra as a funct ion of
pe

T for the measured signal elect rons from heavy flavor
decays are calculated as in Eq. 24. N evt

i is the number of
events in a centrality class i (i = 0–10 %, 10–20 %, 20–
40 %, 40–60 %, and 60–92 %). Hadron (pe

T ) is the hadron
contaminat ion factor that is ment ioned in I I I E. acc

∆ y (pe
T )

is the acceptance correct ion in I I I F. embed
i is the embed-

ding efficiency in I I I H. ∆ pe
T is the pe

T bin width. ∆ y is
the rapidity range (|y| < 0.5) where the input e± are dis-
t ributed at the first stage of single part icle simulat ion for
the acceptance calculat ion (see I I I F). N HF

i (pe
T , e− ) and

N HF
i (pe

T , e+ ) are the result ing counts of signal elect rons
and posit rons from heavy flavor decays by the converter
method or cocktail method.
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FIG. 31: (Color online) Rat io of nonphotonic elect rons to
photonic back- ground. Error bars are stat ist ical errors and

theerror bands show thecocktail systemat ic errors. The solid,
dashed, dot - dashed, and dot ted curves are the remaining

nonphotonic back- ground from K e3 , ρ → e+ e− , ω→ e+ e−

, and hadron contaminat ion, respect ively.
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Figure 32 shows the invariant yield of inclusive and
nonphotonic elect rons in Au+ Au collisions for various
ranges in centrality. From top to bot tom the spectra cor-
respond to data in MB events, the five centrality classes,
and the2005 p+ p data. Thevariouscurvesarefits to the
p+ p data scaled by powers of ten for clarity (each factor
is shown in the legend of Fig. 32). These spectra are pro-
duced by the converter method for 0.3 < pT < 1.6 GeV/ c
and by the cocktail method for 1.6 < pT < 9.0 GeV/ c.
The boxes and bars are systemat ic and stat ist ical errors
for each data point , respect ively. Most of the nonpho-
tonic elect ron yield is from the decay of open heavy flavor
mesons. The curves overlaid in the right panel of Fig. 32
are the fit to the corresponding data from p+ p collisions
with the spect ral shape taken from a FONLL calcula-
t ion [66] and scaled by the nuclear thickness funct ion
TA uA u for each centrality class. They are also scaled by
powers of ten for clarity. Each scaled FONLL curve al-
most agrees with the measured data in the low-pT re-
gion. On the other hand, we can see the disagreement
in the high-pT region between the measured data and
the FONLL curve in the minimum bias, 0–10%, 10–20%,
and 20–40% centrality classes. The data points are lower
than each FONLL curveat high-pT . To quant ify the sup-
pression, the nuclear modificat ion factor is calculated in
the next subsect ion.

The insert box in the right panel of Fig. 32 shows the
rat io of signal (elect rons from heavy-flavor decays) to
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Measurements in p+p collisions  

 Low pT HF lepton spectra is dominated by charm. So we simply  
extrapolate to pT=0 GeV/c using FONLL to get charm cross section  
 

 Agreement with FONLL within uncertainties.    



Heavy ion collisions 
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τ0 ~ 0.3 -1.0 fm/c 

 Impossible directly accessing strongly interacting deconfined 
medium,  originally dubbed Quark Gluon Plasma (QGP), 
produced at the early stages of Heavy ion collisions. Instead 
Bjorken energy density is estimated. 

Due to large mass heavy quarks expected to be produced at even  
earlier stages and serving as a probe of the medium  
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Quantifying medium effects  
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Nuclear modification factor  
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RAA = 1  →   no overall effect 
RAA < 1  →   suppression 
RAA > 1  →   enhancement  Naïve scaling of QCD  

What is measured in A+A  
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Final state energy loss, ΔE=Ei-Ef, depends 
nn the medium properties.  
Could have several different energy loss  
mechanisms 

Production can be affected by initial 
state or Cold nuclear matter (CNM) 
effects, such as, modification of parton 
distribution functions, momentum 
broadening due to parton rescattering 
inside nucleus, etc.   



Nuclear modification factor in Au+Au  

3/
27

/1
2 

8 

Non-photonic e Non-photonic e 

 Very large suppression in central 
Au+Au collisions  
 

 HF electron suppression as large 
as suppression for light vector 
mesons at pT above 4 GeV/c 

   
 At time this falsified models that 

assumed only inelastic (radiative) 
in-medium energy loss, which 
predicted that RAA(HQ) > 
RAA(light quark) due to “dead 
cone effect”.   

 Caused consideration of other in-medium energy loss mechanisms: 
energy loss due to elastic scattering, dissociation, diffusion, etc.   

 
 Separating D and B meson contributions key for establishing mass 

hierarchy in understanding energy loss.    



Non-photonic electrons in d+Au  
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 d+Au collisions are not expected 
to produce strongly interacting 
dense medium. 
 

 In peripheral (60-88%) d+Au 
collisions production expected to 
be similar to p+p. Consistent with 
unity within uncertainties 
 

 Central d+Au (0-20%) indicates 
slight enhancement, similar to 
Cronin effect in hadron 
production     
 

 Large HF suppression observed 
in Au+Au collisions can safely be 
attributed only to final state (hot 
nuclear matter) effects  

d 
d 

Au 

d 
d 

Au 

Nearing final results and publication  



heavy flavor muon spectra in Cu+Cu  
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40-94% Cu+Cu 

0-20% Cu+Cu 

p+p collisions 

20-40% Cu+Cu 



Nuclear modification factor in Cu+Cu  

3/
27

/1
2 

11 

 Production in 
peripheral or mid-
central consistent 
with no suppression   
 

 HF muons 
suppressed  in 
central Cu+Cu 
collisions at pT above 
2 GeV/c 
 
 

 Data in agreement 
with I. Vitev’s 
prediction that 
accounts for: 

(1) for final state energy loss effects with his dissociation model (2) cold nuclear 
matter effects, such as nuclear shadowing and parton multiple scattering 

40-94% Cu+Cu 0-20% Cu+Cu 20-40% Cu+Cu 

Finalized measurements will be submitted to PRC & arXiv next week 



 Bigger picture: HF muons vs. electrons 
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 WARNING! Not 
apples to apples 
comparison: Cu+Cu 
vs. Au+Au & forward 
vs. mid-rapidity 

 
 HF muons suppressed  

in central Cu+Cu 
collisions at pT above 2 
GeV/c as much as HF 
electrons in central 
Au+Au collisions. 

 But Bjorken energy density in central Au+Au collisions is easily 2 times 
larger then that of in central Cu+Cu collisions. Thus the large HF muon 
suppression has to come from CNM effects.   



Summary 

 PHENIX delivered open heavy flavor measurements 
(different colliding systems, kinematic regions)    
 

 Earlier measurements indicate that large final state 
effects consistent with creation of a very dense and 
strongly interacting deconfined medium  
 

 Recent Cu+Cu and d+Au measurements indicate 
additional sizable cold nuclear matter effects in 
different kinematic regions. 
 

 New results on HF muon production in Cu+Cu & 
p+p will be submitted to PRC next week. HF electron 
measurements in d+Au being finalized as well.  
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Outlook 

“New heavy flavor era” started with installation of VTX 
and FVTX detectors. Already taking data with new 
detectors.  
 
Greatly enhanced heavy flavor detection capabilities: (a) 
smaller uncertainties (b) Very clean D and B meson 
separation.  
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Backup slides 
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