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Outline

➢b->e and c->e measurements at mid rapidity
❖ First PHENIX results on Centrality dependence in Au+Au

➢B->J/𝜓 results at forward and backward rapidity in both p+p
and Cu+Au

➢ New heavy flavor measurements through Dimuons in p+p
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Heavy Quarks for Studying QGP at 
RHIC

At RHIC energies heavy flavor quarks (bottom and charm) are 
primarily produced in initial hard scattering collisions

Experience full evolution of the QGP

Modifications to heavy flavor quarks are a powerful way to 
study properties of the QGP

Measurements of Bottom and Charm quarks can provide valuable 
insight to the mass dependence of energy loss due to the QGP
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PHENIX at the Relativistic Heavy 
Ion Collider (RHIC)
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PHENIX Silicon Vertex Detectors 
(VTX, FVTX)
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➢ The Silicon Vertex Tracker (VTX) is 
located in the central arms and has 4 
layers between r = 2.6 and 16.7 cm.
➢ Inner two layers are silicon pixels 

with 14.4 μm resolution 
➢ Outer two layers are silicon strips



PHENIX Silicon Vertex Detectors 
(VTX, FVTX)
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➢ The Silicon Vertex Tracker (VTX) is 
located in the central arms and has 4 
layers between r = 2.6 and 16.7 cm.
➢ Inner two layers are silicon pixels 

with 14.4 μm resolution 
➢ Outer two layers are silicon strips

➢ The Forward Silicon Vertex Tracker 
(FVTX) is located in the north and 
south muon arms and has 4 layers 
between z=20 and 38 cm. 
➢ Provides accurate measurement 

of radial distance



Measuring Displaced Electrons at 
Mid Rapidity
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Electrons at mid rapidity are identified 
using the combination of the em-
calorimeters and the Ring Imaging 

Cherenkov Detector (RICH)

The Distance of Closest Approach 
(DCA) of an electron tracks to the 

collision vertex is determined using 
the VTX

The DCA is calculated in the transverse 
plane (𝑑𝑐𝑎𝑇) with a resolution about 

60 μm
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Electron Measurements 

➢ Previously published Heavy flavor electron invariant yield 

➢ Measured electron DCAT from the 2014 Au+Au run.
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Unfolding
Input:

e± invariant yields
DCAT (pT) Parameters:

PT dependent yield 
of c/b hadrons 

Likelihood

Sampled with MCMC 
methods

a priori 
constraints

(regularization)

Full parameter 
probabilities and 

correlations

➢ Unfolding uses Bayesian inference 
techniques to determine parent charm 
and bottom hadron pT distributions

➢ Simultaneous fit to electron invariant 
yield and electron DCAT distributions

➢ The decay matrix contains the 
probability of a bottom (charm) hadron 
with a given pT to decay to an electron 
with a given pT and DCAT

➢ Bottom := B±,B0, Bs, Λb (Includes B->D-
>e)

➢ Charm := D0, D±, Ds, Λc

➢ Modeled h->e decays using PYTHIA-6
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Comparison to Data

Unfolding result agrees with measured DCAT and previously published 
invariant yield 10



D-Meson Yield

Minimum bias D0 meson yield 
agrees with published 
measurement from star
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b-fraction and RAA Minimum Bias
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Results with new data set are consistent with previously published minimum bias 
results
Full dataset contains 8x statistics of previously published result, allows for 
centrality study



b-fraction Central

Observe agreement with 
theoretical models:

➢ Consistent with a 
D(2πT) < 4, implies 
strong coupling in QGP

➢ Agreement with DGLV, 
contains both rad. + coll. 
energy loss in QGP
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RAA Central

Results are consistent with 
previously published 
inclusive heavy flavor RAA

Observe suppression of 
charm relative to bottom at 
~3 GeV/c
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Look Forward to:
PHENIX measured pp baseline for the 
full range 1-9 GeV
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Identifying Muons from J/ψ

J/ψ candidates are identified 
through the di-muon mass 
spectrum.
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Measuring Muons from J/ψ

Using the FVTX a precise measurement of the distance of closest 
approach along the radial projection (dcaR) was made.

The 𝑑𝑐𝑎𝑅 of muons from prompt J/𝜓 and those from B->J/𝜓 decays 
are distinguishable 
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B->J/ψ Fraction
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P+P results are in agreement with 
FONLL/CEM

Cu+Au results show enhancement 
compared to p+p

Implies B-Mesons are less 
suppressed than prompt J/ψ

←AuCu→

Phys.Rev. C96 (2017) 064901



B-meson RCuAu

➢ Measured B->J/ψ consistent 
with no nuclear modification

➢ Prompt J/ψ observes strong 
suppression

➢ Prompt J/ψ observe 
breaking/melting in nuclear 
medium
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←AuCu→

Phys.Rev. C96 (2017) 064901

Expect pT dependent RAA measurement 
using the 2014 Au+Au data set soon
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Open Heavy Flavor via Di-Leptons

Semi-Leptonic decays of Charm and Bottom produce opposite 
sign pairs
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Open Heavy Flavor via Di-Leptons

Semi-Leptonic decays of Charm and Bottom produce opposite 
sign pairs

Semi-Leptonic decays Bottom can additionally 
produce like sign pairs 22



Open Heavy Flavor Like and Unlike
Di-Muon Sign Pairs

Unlike Sign Pairs

Like

Di-muon mass cocktail describes both 
the like and unlike sign data very well
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Open Heavy Flavor Like and Unlike 
Di-Muon Sign Pairs

High mass like-sign
pairs dominated by 
Bottom
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Open Heavy Flavor Like and Unlike 
Di-Muon Sign Pairs

High mass un-like 
sign pairs dominated 
by Drell-Yan

High mass like-sign
pairs dominated by 
Bottom
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Open Heavy Flavor Like and Unlike 
Di-Muon Sign Pairs

High mass un-like 
sign pairs dominated 
by Drell-Yan

High mass like-sign
pairs dominated by 
Bottom

Charm
dominates the 
intermediate 
mass region 26



bതb cross section from like-sign 
dimuons

Using the like-sign dimuons
a bതb cross section was 
extracted
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bതb cross section from like-sign 
dimuons

Consistent with other 
PHENIX measurements 28



Rapidity dependence of 𝜎𝑏 ത𝑏

Measured 𝜎𝑏ത𝑏
deviates from the 
central FONLL 
prediction by about a 
factor of 2
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Heavy Flavor Azimuthal 
Correlations

Contribution to 𝑏ത𝑏 production from gluon splitting at 𝑠 =
200 GeV is negligible at RHIC 30



Heavy Flavor Azimuthal 
Correlations

Heavy Flavor at 𝑠 = 200 GeV are produced by pair creation and flavor excitation

At LHC, gluon splitting dominates the heavy flavor production 31



Conclusions

➢Au+Au:
➢b->e is less suppressed than c->e at mid pT in 0-10% 

central events.

➢Cu+Au
➢Through B->J/𝜓 measurements, B-meson yield is 

consistent with linear scaling of p+p
➢Prompt J/𝜓 observe significant suppression 

➢p+p
➢Measured 𝜎𝑏ത𝑏 factor of 2 higher than central FONLL 

calculation
➢Azimuthal correlation measurement of dimuons from HF 

is well described by PYTHIA
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