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Motivation
Bottom Quarks

• Large mass - Predominantly produced in initial hard parton scatterings. 
• Long lifetime - Experience the full medium evolution in Au+Au collisions. 
• Theory predicts bottom quarks will lose less energy than charm quarks 

in the Quark Gluon Plasma (QGP).  
• Need to know the baseline of bottom quark production in p+p collisions 

to study the suppression in Au+Au collisions.

Non-Photonic Electrons
• Produced from open heavy flavor hadron decays (B→e, D→e) 
• Good proxy for heavy flavor production.

Non-prompt J/ψ
• Produced from B hadron decays. 
• Can be reconstructed from dielectron channel (Branching Ratio: 5.9%). 
• Closely resembles bottom hadron kinematics.
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STAR Detector (2012)

Time Projection Chamber 
Charged Particle Tracking,  
Momentum Reconstruction, 
Electron ID through dE/dx. 

Time Of Flight
Electron ID for pT < 1.5 GeV/c. 
  
Barrel EM Calorimeter 
Electron ID for pT >1.5 GeV/c;  
High pT electron online trigger 

Vertex Position Detector
Minimum Bias Trigger
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Pythia 8 Monte Carlo simulation  
• Δɸ correlations: J/ψ’s azimuthal 

angle and hadron’s azimuthal 
angle.  

• Simulated for prompt J/ψ and        
B → J/ψ. 

Analysis: Non-Prompt J/ψ
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Analysis: Non-Prompt J/ψ

STAR Preliminary

(GeV/c)
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Single Hadron Efficiency

STAR Preliminary

Analysis: Non-Prompt J/ψ

(GeV/c)
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Single Hadron Efficiency

Analysis: Non-Prompt J/ψ

(GeV/c)

STAR Preliminary

Δɸ

J/ψ

STAR Preliminary

STAR Preliminary
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Analysis: Non-Prompt J/ψ
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• p[0] from the fit is the percentage contribution of B → J/ψ  
• Results cover a larger pT range and are more precise than the 

previous measurement. 
• Experimental results confirm FONLL+CEM calculations.

Result: Non-Prompt J/ψ

FONLL+CEM:  
Bedjidian M, Blaschke D, Bodwin G T, Carrer N, Cole B et al. 2004 (Preprint hep-ph/0311048) 
Cacciari M, Nason P and Vogt R 2005 Phys.Rev.Lett. 95 122001 (Preprint hep-ph/0502203)  
STAR Run 9: 
The STAR Collaboration, Phys. Lett. B 722 (2013) 55
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Analysis Method: NPE

Semi-Inclusive (Semi): All non-paired trigger electrons 
Unlike Sign (US): Paired trigger electrons, with unlike sign partner  
Like Sign (LS): Paired trigger electrons, with like sign partner 
Hadron-Hadron (HH): Pure trigger pion sample 
epure: Purity of the trigger electron sample 
ϵ: Photonic electron reconstruction efficiency

4/11/15! Xiaozhi!(CCNU&UIC)! 9!

Analysis!procedure!

Inclusive!electron!!

•  NonOphotonic!electron(from!open!heavy!flavor!decay!)!
boXom!and!charm!hadrons!via!semiOleptonic!decay.!

•  PHE!

!  Gamma!conversion!!!!!!!!!!!!!!!!!!!!!!(~54%)!

!  π0!Dalitz!Decay!!!!!!!!!!!!!!!!!!!!!!(~36%)!

!  η!Dalitz!Decay!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!(~10%)!!

Aner!all!!the!ePID!cuts:!
Hadron!contamina4on!!

All!ePID!cuts!and!!
Invariant!mass!cuts!
Not!100%!reconstructed!!!!!

The!NPE!invariant!cross!sec4on:!

!!!!!!!!!!!:!electrons!from!open!heavy!flavor!decay!

purity:!purity!of!inclusive!electron!

εphotonic!:photonic!electron!reconstruc4on!efficiency!
!

!

!

Nnpe = Ninclusive * purity− Nphotonic /εphotonic

E d
3σ
dp3

= 1
L

1
2π pTdpTdy

Nnpe

εTotal

π 0 → γe+e−

η→ γe+e−

γ→ e+e−

Nnpe

εTotal = εdEdxεEMCεTrgεTrk

ePID and pair 
invariant mass cuts

• Using Δɸ correlations, we can also separate the B→e and D→e 
contributions to non-photonic electrons (NPE).

��NPE = ��Semi � (
1

✏
� 1)��US +

1

✏
��LS � (1� epure)��HH
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Analysis Method: NPE
dE/dx for Purity
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Analysis Method: NPE

Entries  60004

Integral  5.532e+04eh
φ∆

3− 2− 1− 0 1 2 3

Co
un
ts

600

800

1000

1200

1400

1600

1800

2000

Entries  60004

Integral  5.532e+04

 < 6.5T,e5.5 < P

φ∆Inclusive Electron-Hadron 

Entries  19273

Integral  1.767e+04eh
φ∆

3− 2− 1− 0 1 2 3

Co
un
ts

0

100

200

300

400

500

600

Entries  19273

Integral  1.767e+04

 < 6.5T,e5.5 < P  < 6.5T,e5.5 < P Unlike Sign
Like Sign
Unlike - Like

φ∆Photonic Electron 

eh
φ∆

3− 2− 1− 0 1 2 3

φ)∆
 d

N/
d(

⋅ 
NP

E
1/

N

0.08

0.1

0.12

0.14

0.16
 < 6.5T,e5.5 < P

φ∆NPE-had 

 (rad)φ∆
3− 2− 1− 0 1 2 3

)φ
∆

 d
N/

d(
NP

E
1/

N

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

 < 6.5T5.5 < P

 NPE→bb

 NPE→cc

Pythia 8 Simulation

5.5 < pT < 6.5 GeV/c 5.5 < pT < 6.5 GeV/c

5.5 < pT < 6.5 GeV/c

5.5 < pT < 6.5 GeV/c

B→NPE 
D→NPE



Zachariah W. MillerUIC 17

Non-Photonic Electron and Charged Hadron 
Azimuthal Correlations in 500 GeV p+p 

Collisions at STAR 

Wei Li 
Shanghai Institute of Applied Physics 

6/11/15� HF-PWG-Meeting�  �

Result: NPE
Data = p[1] ⇤ p[0] ⇤ TemplateB + p[1] ⇤ (1� p[0]) ⇤ TemplateC

• p[0] is the B→e template 
contribution percentage 

• p[1] acts as an overall normalization
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• The HFT exceeded the goal for 
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Abstract 
Because of their large masses and long lifetimes, heavy quarks are dominantly produced in initial hard parton scattering processes and can experience the whole evolution of the Quark Gluon Plasma (QGP) created in high-energy 
heavy-ion collisions. Therefore heavy quarks have been suggested as excellent probes to study the properties of the QGP. Measurements of non-prompt J/ψ produced from B hadron decays are very interesting because they may 
provide an opportunity to access bottom quark production in heavy-ion collisions at the Relativistic Heavy Ion Collider (RHIC). Such measurements have become possible with the installation of the Heavy Flavor Tracker (HFT) and 
Muon Telescope Detector (MTD) into the STAR experiment in 2014. The HFT can precisely measure track impact parameters, and thus allows a separation between prompt and non-prompt J/ψ through their decay lengths. The MTD 
enables J/ψ reconstruction in the dimuon channel at STAR for the first time, which is important for J/ψ measurements at transverse momentum pT<5 GeV/c and complementary to the dielectron channel at higher pT.  In this poster, we 
will present an updated measurement of non-prompt J/ψ production  via J/ψ-hadron azimuthal correlations in p+p collisions at √s=200 GeV. The new result extends the lower pT limit down to 1.5 GeV/c from 5 GeV/c in a previous 
measurement��conforming Fixed-Order-Next-to-Leading-Log(FONLL) and Color Evaporation Model calculations for 1.5<pT<10 GeV/c. We will also report the first result of J/ψ pseudo-decay length distribution in MinBias Au+Au 
collisions at √sNN = 200 GeV measured with the STAR HFT. The observed distribution exhibits an excess with positive pseudo-decay lengths than negative ones, indicating the existence of non-prompt J/ψ in Au+Au collisions at 
RHIC energies. Finally, we will discuss the prospects of non-prompt J/ψ measurements at STAR using data taken in 2014-2016. 

 Summary and Outlook 
• Non-prompt J/ψ from B hadron decays can provide an access to the bottom quark production in high-energy p+p and heavy-ion collisions. Measurements of non-prompt J/ψ at RHIC energies will improve our knowledge of bottom 
quark interactions with the QGP and thus QGP properties. 
• Non-prompt J/ψ in p+p collisions have been studied in the dielectron channel at STAR via J/ψ–hadron azimuthal correlations. A new measurement has been completed using data taken in 2012 in p+p collisions at √s=200 GeV. The 
new results have substantially better uncertainties than STAR published ones, extending the pT range down to ~1.5 GeV/c, and confirm FONLL theoretical predictions based on the Color Evaporation Model. 
• With the newly installed Heavy Flavor Tracker, STAR can now measure non-prompt J/ψ through their decay lengths in heavy-ion collisions��The new Muon Telescope Detector and existing detectors allow the study of J/ψ in both 
the dielectron and dimuon channels, covering nicely pT>5 GeV/c and pT<5 GeV/c, respectively. 
• STAR has recorded 1.2B MinBias events and 0.4 nb-1 EMC and MTD triggered data in Au+Au collisions at √sNN=200 GeV in 2014. From about 75% of the MB data sample, an excess with positively reconstructed J/ψ pseudo-
decay lengths has been found, indicating for the existence of non-prompt J/ψ in Au+Au collisions at RHIC� 
• With the data taken already in p+p and p+Au collisions in 2015 and planned data taking in Au+Au collisions in 2016, STAR will be able to make the first measurement of non-prompt J/ψ nuclear modification factors at RHIC. 

      Motivation 
 

•  Due to different color charges 
     and masses, parton energy 
     losses within the QGP are 
     expected to be different for  
     gluons, light and heavy flavor  
     quarks� 
 

   ΔΕ(g)>ΔΕ(u/d/s)>ΔΕ(c)>ΔΕ(b) 
•  Non-prompt J/ψ from Bottom hadron decays exhibit a strong 

kinematic correlation with their parent B hadrons due to the 
large J/ψ mass. Thus measurements of non-prompt J/ψ may 
provide a more direct access to bottom quark production in 
heavy-ion collisions to study b quark interactions with the 
QGP and thus QGP properties. 

•  At the LHC, CMS and ALICE results indicate that bottom 
quarks lose less energies than charm quarks in the QGP.  

 

 
 
 
 
 

•  In order to fully understand the dependences of parton in-
medium energy loss on properties of parton (color charge, 
flavor and mass), and the properties of the medium (energy 
density, temperature and medium size), it is very crucial to 
study bottom quark production at RHIC energies. 

•  Measurements of non-prompt J/ψ at RHIC energies may 
provide insight into a new knowledge of properties of the b 
quark in-medium energy loss and the QGP itself. 
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STAR Experiment 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Main detectors for non-prompt J/ψ measurements: 
  HFT: precise Silicon vertex detector, σDCA<30 µm for  pT>1.5 GeV/c,  
             installed in 2014 
  BEMC: eID and online trigger detector for electron p>1.5 GeV/c 
  MTD: muon ID and online trigger detector,  fully installed in 2014 
  TOF: eID for electron p<1.5 GeV/c through 1/β 
  TPC: tracking, electron ID through dE/dx 

Non-prompt J/ψ in p+p Collisions 
 

The non-prompt J/ψ contribution to inclusive J/ψ in p+p collisions 
at √s=200 GeV has been determined from J/ψ�hadron azimuthal 
correlations with the data taken in 2012. The new results confirm 
the STAR published results with 5<pT<10 GeV/c from 2009 data, 
and extend the lower pT limit down to 1.5 GeV/c. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The extracted non-prompt 
J/ψ fraction as a function 
of J/ψ pT are consistent 
with Fixed-Order-Next-
to-Leading-Log (FONLL) 
calculations based on the 
Color Evaporation Model 
(CEM) for prompt  J/ψ  
production.  

First Look at Non-prompt J/ψ in Au+Au Collisions at RHIC 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

)2 (GeV/ceem
2.8 2.9 3 3.1 3.2 3.3 3.4 3.5 3.6

Ra
w 

Co
un

ts

0

500

1000

1500

2000

2500
unlike sign

like sign

mix event

(unlike-mix)*5

STAR HFT+EMC+TPC+TOF
=200 GeVNNs950M MinBias Au+Au@

STAR Preliminary

2 < 3.15 GeV/cee2.9 < m
|<1ee < 4 GeV/c, |yee

T
p

137± = 983US-MIXN
186± = 1350US-LSN

 (cm)ψJ/l
0.4− 0.3− 0.2− 0.1− 0 0.1 0.2 0.3 0.4

R
aw

 C
ou

nt
s

0

50

100

150

200

250

300
unlike - like signSTAR HFT+EMC+TPC+TOF

=200 GeVNNs950M MinBias Au+Au@
STAR Preliminary

2 < 3.15 GeV/cee2.9 < m
|<1ee < 4 GeV/c, |yee

T
p

mµ < 60 eeDCA

 (cm)ψJ/l
0.06− 0.04− 0.02− 0 0.02 0.04 0.06

0

50

100

150

200

250

300

 0.002±Mean = 0.005 

•  STAR took data in Au+Au collisions in 2014 and p+p and p+Au 
collisions in 2015 at √sNN = 200 GeV, and expect to increase the Au
+Au statistics by a factor of two in 2016. 

•  From about 75% of 2014 Au+Au MB data in the dielectron channel, 
STAR has found about 1000 J/ψ candidates after eID and HFT 
matching requirements (top-left figure), and studied their pseudo-
decay length lxy distribution (top-right figure).  

•  We have observed an excess of J/ψ candidates with positive pseudo�
decay lengths than those with negative ones, indicating for the 
existence of non-prompt J/ψ. If it is confirmed, it will be the first 
direct experimental evidence of non-prompt J/ψ in heavy-ion 
collisions at RHIC energies. 

•  Detailed data analyses with the full Run14 data in both the dielectron 
and dimuon channels are on-going.  

Prospects for Non-prompt J/ψ from 2014-2016 Data 
 

Non-prompt J/ψ measurements with the HFT have been studied in Monte Carlo simulations. Prompt 
and non-prompt J/ψ are produced and decayed by PYTHIA8, and are relatively normalized according 
to the FONLL+CEM prediction. Suppression in Au+Au collisions are taken into account. STAR 
detector responses are then obtained from GEANT3 detector simulation and reconstructed in the 
same way as real data. 
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Abstract 
Because of their large masses and long lifetimes, heavy quarks are dominantly produced in initial hard parton scattering processes and can experience the whole evolution of the Quark Gluon Plasma (QGP) created in high-energy 
heavy-ion collisions. Therefore heavy quarks have been suggested as excellent probes to study the properties of the QGP. Measurements of non-prompt J/ψ produced from B hadron decays are very interesting because they may 
provide an opportunity to access bottom quark production in heavy-ion collisions at the Relativistic Heavy Ion Collider (RHIC). Such measurements have become possible with the installation of the Heavy Flavor Tracker (HFT) and 
Muon Telescope Detector (MTD) into the STAR experiment in 2014. The HFT can precisely measure track impact parameters, and thus allows a separation between prompt and non-prompt J/ψ through their decay lengths. The MTD 
enables J/ψ reconstruction in the dimuon channel at STAR for the first time, which is important for J/ψ measurements at transverse momentum pT<5 GeV/c and complementary to the dielectron channel at higher pT.  In this poster, we 
will present an updated measurement of non-prompt J/ψ production  via J/ψ-hadron azimuthal correlations in p+p collisions at √s=200 GeV. The new result extends the lower pT limit down to 1.5 GeV/c from 5 GeV/c in a previous 
measurement��conforming Fixed-Order-Next-to-Leading-Log(FONLL) and Color Evaporation Model calculations for 1.5<pT<10 GeV/c. We will also report the first result of J/ψ pseudo-decay length distribution in MinBias Au+Au 
collisions at √sNN = 200 GeV measured with the STAR HFT. The observed distribution exhibits an excess with positive pseudo-decay lengths than negative ones, indicating the existence of non-prompt J/ψ in Au+Au collisions at 
RHIC energies. Finally, we will discuss the prospects of non-prompt J/ψ measurements at STAR using data taken in 2014-2016. 

 Summary and Outlook 
• Non-prompt J/ψ from B hadron decays can provide an access to the bottom quark production in high-energy p+p and heavy-ion collisions. Measurements of non-prompt J/ψ at RHIC energies will improve our knowledge of bottom 
quark interactions with the QGP and thus QGP properties. 
• Non-prompt J/ψ in p+p collisions have been studied in the dielectron channel at STAR via J/ψ–hadron azimuthal correlations. A new measurement has been completed using data taken in 2012 in p+p collisions at √s=200 GeV. The 
new results have substantially better uncertainties than STAR published ones, extending the pT range down to ~1.5 GeV/c, and confirm FONLL theoretical predictions based on the Color Evaporation Model. 
• With the newly installed Heavy Flavor Tracker, STAR can now measure non-prompt J/ψ through their decay lengths in heavy-ion collisions��The new Muon Telescope Detector and existing detectors allow the study of J/ψ in both 
the dielectron and dimuon channels, covering nicely pT>5 GeV/c and pT<5 GeV/c, respectively. 
• STAR has recorded 1.2B MinBias events and 0.4 nb-1 EMC and MTD triggered data in Au+Au collisions at √sNN=200 GeV in 2014. From about 75% of the MB data sample, an excess with positively reconstructed J/ψ pseudo-
decay lengths has been found, indicating for the existence of non-prompt J/ψ in Au+Au collisions at RHIC� 
• With the data taken already in p+p and p+Au collisions in 2015 and planned data taking in Au+Au collisions in 2016, STAR will be able to make the first measurement of non-prompt J/ψ nuclear modification factors at RHIC. 

      Motivation 
 

•  Due to different color charges 
     and masses, parton energy 
     losses within the QGP are 
     expected to be different for  
     gluons, light and heavy flavor  
     quarks� 
 

   ΔΕ(g)>ΔΕ(u/d/s)>ΔΕ(c)>ΔΕ(b) 
•  Non-prompt J/ψ from Bottom hadron decays exhibit a strong 

kinematic correlation with their parent B hadrons due to the 
large J/ψ mass. Thus measurements of non-prompt J/ψ may 
provide a more direct access to bottom quark production in 
heavy-ion collisions to study b quark interactions with the 
QGP and thus QGP properties. 

•  At the LHC, CMS and ALICE results indicate that bottom 
quarks lose less energies than charm quarks in the QGP.  

 

 
 
 
 
 

•  In order to fully understand the dependences of parton in-
medium energy loss on properties of parton (color charge, 
flavor and mass), and the properties of the medium (energy 
density, temperature and medium size), it is very crucial to 
study bottom quark production at RHIC energies. 

•  Measurements of non-prompt J/ψ at RHIC energies may 
provide insight into a new knowledge of properties of the b 
quark in-medium energy loss and the QGP itself. 

 JHEP. 05 (2012) 063  
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STAR Experiment 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Main detectors for non-prompt J/ψ measurements: 
  HFT: precise Silicon vertex detector, σDCA<30 µm for  pT>1.5 GeV/c,  
             installed in 2014 
  BEMC: eID and online trigger detector for electron p>1.5 GeV/c 
  MTD: muon ID and online trigger detector,  fully installed in 2014 
  TOF: eID for electron p<1.5 GeV/c through 1/β 
  TPC: tracking, electron ID through dE/dx 

Non-prompt J/ψ in p+p Collisions 
 

The non-prompt J/ψ contribution to inclusive J/ψ in p+p collisions 
at √s=200 GeV has been determined from J/ψ�hadron azimuthal 
correlations with the data taken in 2012. The new results confirm 
the STAR published results with 5<pT<10 GeV/c from 2009 data, 
and extend the lower pT limit down to 1.5 GeV/c. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The extracted non-prompt 
J/ψ fraction as a function 
of J/ψ pT are consistent 
with Fixed-Order-Next-
to-Leading-Log (FONLL) 
calculations based on the 
Color Evaporation Model 
(CEM) for prompt  J/ψ  
production.  

First Look at Non-prompt J/ψ in Au+Au Collisions at RHIC 
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•  STAR took data in Au+Au collisions in 2014 and p+p and p+Au 
collisions in 2015 at √sNN = 200 GeV, and expect to increase the Au
+Au statistics by a factor of two in 2016. 

•  From about 75% of 2014 Au+Au MB data in the dielectron channel, 
STAR has found about 1000 J/ψ candidates after eID and HFT 
matching requirements (top-left figure), and studied their pseudo-
decay length lxy distribution (top-right figure).  

•  We have observed an excess of J/ψ candidates with positive pseudo�
decay lengths than those with negative ones, indicating for the 
existence of non-prompt J/ψ. If it is confirmed, it will be the first 
direct experimental evidence of non-prompt J/ψ in heavy-ion 
collisions at RHIC energies. 

•  Detailed data analyses with the full Run14 data in both the dielectron 
and dimuon channels are on-going.  

Prospects for Non-prompt J/ψ from 2014-2016 Data 
 

Non-prompt J/ψ measurements with the HFT have been studied in Monte Carlo simulations. Prompt 
and non-prompt J/ψ are produced and decayed by PYTHIA8, and are relatively normalized according 
to the FONLL+CEM prediction. Suppression in Au+Au collisions are taken into account. STAR 
detector responses are then obtained from GEANT3 detector simulation and reconstructed in the 
same way as real data. 
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reduced by a factor of two from J/ψ-hadron 
azimuthal correlations. 
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Abstract 
Because of their large masses and long lifetimes, heavy quarks are dominantly produced in initial hard parton scattering processes and can experience the whole evolution of the Quark Gluon Plasma (QGP) created in high-energy 
heavy-ion collisions. Therefore heavy quarks have been suggested as excellent probes to study the properties of the QGP. Measurements of non-prompt J/ψ produced from B hadron decays are very interesting because they may 
provide an opportunity to access bottom quark production in heavy-ion collisions at the Relativistic Heavy Ion Collider (RHIC). Such measurements have become possible with the installation of the Heavy Flavor Tracker (HFT) and 
Muon Telescope Detector (MTD) into the STAR experiment in 2014. The HFT can precisely measure track impact parameters, and thus allows a separation between prompt and non-prompt J/ψ through their decay lengths. The MTD 
enables J/ψ reconstruction in the dimuon channel at STAR for the first time, which is important for J/ψ measurements at transverse momentum pT<5 GeV/c and complementary to the dielectron channel at higher pT.  In this poster, we 
will present an updated measurement of non-prompt J/ψ production  via J/ψ-hadron azimuthal correlations in p+p collisions at √s=200 GeV. The new result extends the lower pT limit down to 1.5 GeV/c from 5 GeV/c in a previous 
measurement��conforming Fixed-Order-Next-to-Leading-Log(FONLL) and Color Evaporation Model calculations for 1.5<pT<10 GeV/c. We will also report the first result of J/ψ pseudo-decay length distribution in MinBias Au+Au 
collisions at √sNN = 200 GeV measured with the STAR HFT. The observed distribution exhibits an excess with positive pseudo-decay lengths than negative ones, indicating the existence of non-prompt J/ψ in Au+Au collisions at 
RHIC energies. Finally, we will discuss the prospects of non-prompt J/ψ measurements at STAR using data taken in 2014-2016. 

 Summary and Outlook 
• Non-prompt J/ψ from B hadron decays can provide an access to the bottom quark production in high-energy p+p and heavy-ion collisions. Measurements of non-prompt J/ψ at RHIC energies will improve our knowledge of bottom 
quark interactions with the QGP and thus QGP properties. 
• Non-prompt J/ψ in p+p collisions have been studied in the dielectron channel at STAR via J/ψ–hadron azimuthal correlations. A new measurement has been completed using data taken in 2012 in p+p collisions at √s=200 GeV. The 
new results have substantially better uncertainties than STAR published ones, extending the pT range down to ~1.5 GeV/c, and confirm FONLL theoretical predictions based on the Color Evaporation Model. 
• With the newly installed Heavy Flavor Tracker, STAR can now measure non-prompt J/ψ through their decay lengths in heavy-ion collisions��The new Muon Telescope Detector and existing detectors allow the study of J/ψ in both 
the dielectron and dimuon channels, covering nicely pT>5 GeV/c and pT<5 GeV/c, respectively. 
• STAR has recorded 1.2B MinBias events and 0.4 nb-1 EMC and MTD triggered data in Au+Au collisions at √sNN=200 GeV in 2014. From about 75% of the MB data sample, an excess with positively reconstructed J/ψ pseudo-
decay lengths has been found, indicating for the existence of non-prompt J/ψ in Au+Au collisions at RHIC� 
• With the data taken already in p+p and p+Au collisions in 2015 and planned data taking in Au+Au collisions in 2016, STAR will be able to make the first measurement of non-prompt J/ψ nuclear modification factors at RHIC. 

      Motivation 
 

•  Due to different color charges 
     and masses, parton energy 
     losses within the QGP are 
     expected to be different for  
     gluons, light and heavy flavor  
     quarks� 
 

   ΔΕ(g)>ΔΕ(u/d/s)>ΔΕ(c)>ΔΕ(b) 
•  Non-prompt J/ψ from Bottom hadron decays exhibit a strong 

kinematic correlation with their parent B hadrons due to the 
large J/ψ mass. Thus measurements of non-prompt J/ψ may 
provide a more direct access to bottom quark production in 
heavy-ion collisions to study b quark interactions with the 
QGP and thus QGP properties. 

•  At the LHC, CMS and ALICE results indicate that bottom 
quarks lose less energies than charm quarks in the QGP.  

 

 
 
 
 
 

•  In order to fully understand the dependences of parton in-
medium energy loss on properties of parton (color charge, 
flavor and mass), and the properties of the medium (energy 
density, temperature and medium size), it is very crucial to 
study bottom quark production at RHIC energies. 

•  Measurements of non-prompt J/ψ at RHIC energies may 
provide insight into a new knowledge of properties of the b 
quark in-medium energy loss and the QGP itself. 
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STAR Experiment 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Main detectors for non-prompt J/ψ measurements: 
  HFT: precise Silicon vertex detector, σDCA<30 µm for  pT>1.5 GeV/c,  
             installed in 2014 
  BEMC: eID and online trigger detector for electron p>1.5 GeV/c 
  MTD: muon ID and online trigger detector,  fully installed in 2014 
  TOF: eID for electron p<1.5 GeV/c through 1/β 
  TPC: tracking, electron ID through dE/dx 

Non-prompt J/ψ in p+p Collisions 
 

The non-prompt J/ψ contribution to inclusive J/ψ in p+p collisions 
at √s=200 GeV has been determined from J/ψ�hadron azimuthal 
correlations with the data taken in 2012. The new results confirm 
the STAR published results with 5<pT<10 GeV/c from 2009 data, 
and extend the lower pT limit down to 1.5 GeV/c. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The extracted non-prompt 
J/ψ fraction as a function 
of J/ψ pT are consistent 
with Fixed-Order-Next-
to-Leading-Log (FONLL) 
calculations based on the 
Color Evaporation Model 
(CEM) for prompt  J/ψ  
production.  

First Look at Non-prompt J/ψ in Au+Au Collisions at RHIC 
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•  STAR took data in Au+Au collisions in 2014 and p+p and p+Au 
collisions in 2015 at √sNN = 200 GeV, and expect to increase the Au
+Au statistics by a factor of two in 2016. 

•  From about 75% of 2014 Au+Au MB data in the dielectron channel, 
STAR has found about 1000 J/ψ candidates after eID and HFT 
matching requirements (top-left figure), and studied their pseudo-
decay length lxy distribution (top-right figure).  

•  We have observed an excess of J/ψ candidates with positive pseudo�
decay lengths than those with negative ones, indicating for the 
existence of non-prompt J/ψ. If it is confirmed, it will be the first 
direct experimental evidence of non-prompt J/ψ in heavy-ion 
collisions at RHIC energies. 

•  Detailed data analyses with the full Run14 data in both the dielectron 
and dimuon channels are on-going.  

Prospects for Non-prompt J/ψ from 2014-2016 Data 
 

Non-prompt J/ψ measurements with the HFT have been studied in Monte Carlo simulations. Prompt 
and non-prompt J/ψ are produced and decayed by PYTHIA8, and are relatively normalized according 
to the FONLL+CEM prediction. Suppression in Au+Au collisions are taken into account. STAR 
detector responses are then obtained from GEANT3 detector simulation and reconstructed in the 
same way as real data. 
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Abstract 
Because of their large masses and long lifetimes, heavy quarks are dominantly produced in initial hard parton scattering processes and can experience the whole evolution of the Quark Gluon Plasma (QGP) created in high-energy 
heavy-ion collisions. Therefore heavy quarks have been suggested as excellent probes to study the properties of the QGP. Measurements of non-prompt J/ψ produced from B hadron decays are very interesting because they may 
provide an opportunity to access bottom quark production in heavy-ion collisions at the Relativistic Heavy Ion Collider (RHIC). Such measurements have become possible with the installation of the Heavy Flavor Tracker (HFT) and 
Muon Telescope Detector (MTD) into the STAR experiment in 2014. The HFT can precisely measure track impact parameters, and thus allows a separation between prompt and non-prompt J/ψ through their decay lengths. The MTD 
enables J/ψ reconstruction in the dimuon channel at STAR for the first time, which is important for J/ψ measurements at transverse momentum pT<5 GeV/c and complementary to the dielectron channel at higher pT.  In this poster, we 
will present an updated measurement of non-prompt J/ψ production  via J/ψ-hadron azimuthal correlations in p+p collisions at √s=200 GeV. The new result extends the lower pT limit down to 1.5 GeV/c from 5 GeV/c in a previous 
measurement��conforming Fixed-Order-Next-to-Leading-Log(FONLL) and Color Evaporation Model calculations for 1.5<pT<10 GeV/c. We will also report the first result of J/ψ pseudo-decay length distribution in MinBias Au+Au 
collisions at √sNN = 200 GeV measured with the STAR HFT. The observed distribution exhibits an excess with positive pseudo-decay lengths than negative ones, indicating the existence of non-prompt J/ψ in Au+Au collisions at 
RHIC energies. Finally, we will discuss the prospects of non-prompt J/ψ measurements at STAR using data taken in 2014-2016. 

 Summary and Outlook 
• Non-prompt J/ψ from B hadron decays can provide an access to the bottom quark production in high-energy p+p and heavy-ion collisions. Measurements of non-prompt J/ψ at RHIC energies will improve our knowledge of bottom 
quark interactions with the QGP and thus QGP properties. 
• Non-prompt J/ψ in p+p collisions have been studied in the dielectron channel at STAR via J/ψ–hadron azimuthal correlations. A new measurement has been completed using data taken in 2012 in p+p collisions at √s=200 GeV. The 
new results have substantially better uncertainties than STAR published ones, extending the pT range down to ~1.5 GeV/c, and confirm FONLL theoretical predictions based on the Color Evaporation Model. 
• With the newly installed Heavy Flavor Tracker, STAR can now measure non-prompt J/ψ through their decay lengths in heavy-ion collisions��The new Muon Telescope Detector and existing detectors allow the study of J/ψ in both 
the dielectron and dimuon channels, covering nicely pT>5 GeV/c and pT<5 GeV/c, respectively. 
• STAR has recorded 1.2B MinBias events and 0.4 nb-1 EMC and MTD triggered data in Au+Au collisions at √sNN=200 GeV in 2014. From about 75% of the MB data sample, an excess with positively reconstructed J/ψ pseudo-
decay lengths has been found, indicating for the existence of non-prompt J/ψ in Au+Au collisions at RHIC� 
• With the data taken already in p+p and p+Au collisions in 2015 and planned data taking in Au+Au collisions in 2016, STAR will be able to make the first measurement of non-prompt J/ψ nuclear modification factors at RHIC. 

      Motivation 
 

•  Due to different color charges 
     and masses, parton energy 
     losses within the QGP are 
     expected to be different for  
     gluons, light and heavy flavor  
     quarks� 
 

   ΔΕ(g)>ΔΕ(u/d/s)>ΔΕ(c)>ΔΕ(b) 
•  Non-prompt J/ψ from Bottom hadron decays exhibit a strong 

kinematic correlation with their parent B hadrons due to the 
large J/ψ mass. Thus measurements of non-prompt J/ψ may 
provide a more direct access to bottom quark production in 
heavy-ion collisions to study b quark interactions with the 
QGP and thus QGP properties. 

•  At the LHC, CMS and ALICE results indicate that bottom 
quarks lose less energies than charm quarks in the QGP.  

 

 
 
 
 
 

•  In order to fully understand the dependences of parton in-
medium energy loss on properties of parton (color charge, 
flavor and mass), and the properties of the medium (energy 
density, temperature and medium size), it is very crucial to 
study bottom quark production at RHIC energies. 

•  Measurements of non-prompt J/ψ at RHIC energies may 
provide insight into a new knowledge of properties of the b 
quark in-medium energy loss and the QGP itself. 

 JHEP. 05 (2012) 063  
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STAR Experiment 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Main detectors for non-prompt J/ψ measurements: 
  HFT: precise Silicon vertex detector, σDCA<30 µm for  pT>1.5 GeV/c,  
             installed in 2014 
  BEMC: eID and online trigger detector for electron p>1.5 GeV/c 
  MTD: muon ID and online trigger detector,  fully installed in 2014 
  TOF: eID for electron p<1.5 GeV/c through 1/β 
  TPC: tracking, electron ID through dE/dx 

Non-prompt J/ψ in p+p Collisions 
 

The non-prompt J/ψ contribution to inclusive J/ψ in p+p collisions 
at √s=200 GeV has been determined from J/ψ�hadron azimuthal 
correlations with the data taken in 2012. The new results confirm 
the STAR published results with 5<pT<10 GeV/c from 2009 data, 
and extend the lower pT limit down to 1.5 GeV/c. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The extracted non-prompt 
J/ψ fraction as a function 
of J/ψ pT are consistent 
with Fixed-Order-Next-
to-Leading-Log (FONLL) 
calculations based on the 
Color Evaporation Model 
(CEM) for prompt  J/ψ  
production.  

First Look at Non-prompt J/ψ in Au+Au Collisions at RHIC 
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•  STAR took data in Au+Au collisions in 2014 and p+p and p+Au 
collisions in 2015 at √sNN = 200 GeV, and expect to increase the Au
+Au statistics by a factor of two in 2016. 

•  From about 75% of 2014 Au+Au MB data in the dielectron channel, 
STAR has found about 1000 J/ψ candidates after eID and HFT 
matching requirements (top-left figure), and studied their pseudo-
decay length lxy distribution (top-right figure).  

•  We have observed an excess of J/ψ candidates with positive pseudo�
decay lengths than those with negative ones, indicating for the 
existence of non-prompt J/ψ. If it is confirmed, it will be the first 
direct experimental evidence of non-prompt J/ψ in heavy-ion 
collisions at RHIC energies. 

•  Detailed data analyses with the full Run14 data in both the dielectron 
and dimuon channels are on-going.  

Prospects for Non-prompt J/ψ from 2014-2016 Data 
 

Non-prompt J/ψ measurements with the HFT have been studied in Monte Carlo simulations. Prompt 
and non-prompt J/ψ are produced and decayed by PYTHIA8, and are relatively normalized according 
to the FONLL+CEM prediction. Suppression in Au+Au collisions are taken into account. STAR 
detector responses are then obtained from GEANT3 detector simulation and reconstructed in the 
same way as real data. 
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• New results have been extracted 
for bottom contribution in the J/ψ 
and NPE channels in p+p 
collisions at 200 GeV. 

• The 200 GeV p+p results have an 
expanded range and better 
precision than previous 
measurements. They also confirm 
theory calculations. 

• The first set of Au+Au data with 
HFT is being analyzed. 

• The HFT allows access to B 
contributions in Au+Au collisions 
via recorded geometric data.

STAR Preliminary
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Extra Slides





Efficiency correction
Use pi/k/p embedding in run12.

Fold pi/k/p to hadron efficiency by their yields.



Efficiency folding
Hist1: hMix->Fill(jpsi.Pt(), pt_h, dphi); 
Hist2: hMixEffWt->Fill(jpsi.Pt(), pt_h, dphi, wt); 
wt = 1./eff(pT, eta).



Pile-up correction



Pile-up correction



Scale factor 

28

Overall scale factor is 1.056 +/- 0.017. Fix the scale factor to 1.056 to get the 
nominal B->Jpsi fraction value, and change it by +/-0.017 to obtain the 
uncertainty from it.
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Pileup in NPE Data
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 < 10.5T,e4.5 < P

Measure average number of hadrons and triggers as a 
function of ZDCx. A bin by bin division gives the average 
number of hadrons per trigger, in terms of the luminosity 
(ZDCx).
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Pileup in NPE Data
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Pileup Correction pT Dependence

Ci =

P
i
slope ⇤ ZDCi ⇤ nTrigsi

P
i
nTrigsi

Fit this value to get the base 
rate, then use the slope of 
the fit to predict how much 
pileup contributes in each 
pT bin. This is divided 
evenly into ΔΦ, and 
subtracted from the final 
NPE ΔΦ distributions.
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NPE Fits • High Tower 0 • High Tower 2 o  Fit Result
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