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ØMotivation

ØSTAR experiment

ØNon-Photonic Electron (NPE) measurements:
-> Reference from p+p collisions at √𝑠 = 200 GeV
-> Nuclear modification factor (RAA) in Au+Au collisions at √𝑠== = 200 GeV

ØHeavy Flavor Tracker prospects

ØSummary



Motivation
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The time evolution of a high energy heavy-ion collision.

Heavy	quarks	production



Motivation
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Heavy quarks (charm and bottom)
Ø Large masses, dominantly produced in 

hard scatterings at the early stage
Ø Probe to the QCD medium properties

->energy loss (RAA)
->thermalization (elliptic flow v2)

Ø Test the validity of pQCD and provide the
reference for heavy-ion collisions

Non-Photonic Electrons (NPE)
Ø Produced from semi-leptonic decays

of open heavy flavor hadrons
Ø A good proxy to measure heavy flavor

quark production



STAR	Detector

Shenghui Zhang 2016 Hot Quarks, South Padre island, TX 5

Time Projection Chamber 
(TPC)
•Tracking, momentum.
•PID through dE/dx

Time of Flight (TOF)
• PID through time-of-flight
• Timing resolution:~85 ps.

Barrel Electromagnetic 
Calorimeter (BEMC)
• PID through p/E
• Fast online trigger



Electron	identification
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Time	Projection	Chamber
•|eta|<1.8,full	azimuth
•Tracking,	momentum.
•PID	through	dE/dx

Time	of	Flight
•|eta|<0.9,full	azimuth
• PID	through	TOF
• Timing	resolution:~85	ps.

Barrel	Electromagnetic	Calorimet
•|eta|<1,full	azimuth
• p/E	for	electron	ID
• Fast	online	trigger
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Methodology

Inclusive electrons
After electron ID

Non-photonic electrons
From D/B hadron decays

Photonic electrons
Partially reconstructed
through e+e- pairs

Hadron contamination
Statistically subtracted

𝜸	𝒄𝒐𝒏𝒗𝒆𝒓𝒔𝒊𝒐𝒏						𝜸 → 𝒆H𝒆I

					𝝅𝟎	𝑫𝒂𝒍𝒊𝒕𝒛	𝒅𝒆𝒄𝒂𝒚	𝝅𝟎 → 𝜸𝒆H𝒆I

			𝜼	𝑫𝒂𝒍𝒊𝒕𝒛	𝒅𝒆𝒄𝒂𝒚			𝜼 → 𝜸𝒆H𝒆I

NPE yield after background subtraction

	𝑵𝒏𝒑𝒆	= 𝑵𝒊𝒏𝒄𝒍𝒖𝒔𝒊𝒗𝒆 ∗ 𝒑𝒖𝒓𝒊𝒕𝒚 − 𝑵𝒑𝒉𝒐𝒕𝒐𝒏𝒊𝒄/𝜺𝒑𝒉𝒐𝒕𝒐𝒏𝒊𝒄

NPE invariant cross section:
			𝜺𝒕𝒐𝒕𝒂𝒍=
																	𝜺𝒅𝑬/𝒅𝒙𝜺𝑩𝑬𝑴𝑪𝜺𝒕𝒓𝒊𝒈𝒈𝒆𝒓𝜺𝒕𝒓𝒂𝒄𝒌𝒊𝒏𝒈 	𝒑𝑻 > 𝟏. 𝟓𝑮𝒆𝑽/𝒄
																𝜺𝒅𝑬/𝒅𝒙𝜺𝑻𝑶𝑭𝜺𝒕𝒓𝒂𝒄𝒌𝒊𝒏𝒈 																		𝒑𝑻 < 𝟏. 𝟓𝑮𝒆𝑽/𝒄

purity: purity of inclusive electron sample

𝜺𝒑𝒉𝒐𝒕𝒐𝒏𝒊𝒄: photonic electron reco. efficiency



Extract	NPE	yield

Shenghui Zhang 2016 Hot Quarks, South Padre island, TX 8

Low pT measurements from Run12 200 GeV p+p collisions 



NPE	cross-section	in	p+p
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ØSpectrum was extended to the low pT

region.

ØConsistent with pQCD calculation and 
previous STAR result.

ØGreatly reduced uncertainty, leading to 
a reduction in the uncertainty of RAA
measurements in heavy-ion collisions.

NPE cross section from Run12 200 GeV p+p collisions  



NPE	yield	in	Au+Au
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NPE yield from Run10 200 GeV Au+Au collisions  

l In central collisions, there are significant 
differences between Au+Au measurements 
and the scaled FONLL calculation, 
indicating existence of hot medium effects.

l From central to peripheral collisions, the 
difference is getting smaller, which is 
consistent with less QGP effects in 
peripheral collisions.

l The analysis with Run14 200 GeV Au+Au
collisions is ongoing.

STAR preliminary



NPE	RAA
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NPE RAA in 200 GeV Au+Au collisions  

ü Enhancement at low pT, with large
systematic uncertainties from pp
reference, is consistent with D0

decayed electron RAA. 
ü Strong suppression is observed at

high pT in central collisions.



NPE	RAA
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Compare NPE RAA with D0 and light hadrons RAA in different 
heavy-ion collision systems.  

ü Suppression at high pT in central 
Au+Au collisions is similar to 
D0 mesons and light hadrons in
Au+Au collisions as well as NPE
and D0 mesons in central U+U
collisions.    



b->e	RAA
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1) In peripheral collisions, b->e RAA consistent with no suppression.
2) In min-bias and 0-10% central collisions, b->e RAA consistent with indication

of suppression (~ D0 RAA within large uncertainties).
3) We expect more precise impact parameter method measurement with 

Heavy Flavor Tracker (HFT).

Nb->e = NNPE – Nc->e 

Nc->e: extract the charm quark 
cross-section from the measured D0 

pT spectrum by STAR, and decay the 
charm quarks into electrons through 
PYTHIA.

Two different functions, i.e. Levy 
and Power-law, are used to fit D0 pT
spectrum, and the difference from 
these two fits is taken as the 
uncertainty.



HFT
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ü HFT will allow a direct 
measurement of B->e spectrum in 
Au+Au collisions via displaced decay 
vertices.

ü Help understand the interactions 
between partons and the medium.



Summary
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u NPE cross section in p+p collisions at √s = 200 GeV
1) measured over a broad pT range 0.3-12 GeV/c with significantly 

improved precision than previous measurements.
2) is consistent with pQCD calculation.

u NPE RAA in Au+Au collisions at √𝒔 = 200 GeV

1) observed large suppression at high-pT in central collisions, which
is consistent with substantial energy loss of heavy quarks in
dense matter.

2) observed an enhancement at low pT ,which is consistent with D0 decay
electron RAA, suggesting the scenario that charm quarks recombine with
light quarks in the medium with strong radial flow.

u Look forward to separation of charm and bottom 
contributions to NPE in Au+Au collisions with HFT data. 



Back	up
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HFT
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