Measurements of electron production from heavy flavor decays in p+p
and Au+Au collisions at Vsnn = 200 GeV at STAR
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Heavy Quarks: unique probes of the QGP

*Heavy flavours (¢ and &) are mainly produced in initial hard-
scattering processes because of their large masses

*Undergo elastic (collisional) and inelastic (radiational) energy
losses — sensitive to transport properties of QGP

= Energy loss mechanisms: expected to loss less energy in QGP
compared to light quarks

* Mass effects: M, 4, < M, < My < AE, < AE, < AE, 4

=pp collisions: .: SR Fnergy loss

o

* Test pQCD calculations
* Reference for measurements in heavy-ion collisions HQ production \

beam beam

Z

Non-Photonic Electrons (NPE) mqg >> Aqcp
* Produced from semi-leptonic decays of open heavy flavor hadrons mq >> Tocp
* A good proxy to measure heavy flavor quark production m,~1.2-1.5 GeV /2

m[,~4.5 GCV/CZ
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Outline

Vs =200 GeV p+p collisions

*Bottom- and charm-decayed electron fractions
Vsnn = 200 GeV Au+Au collisions

*Nuclear modification factors of charm- and bottom-decayed electrons
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Electron measurements at STAR

*Electron identification with TPC, TOF, BEMC and HFT (in Au+Au analysis)

Barrel ElecttoMagnetic
Calorimeter (BEMC)

- Trigger on high pr electrons
- PID through p/E

Time Of Flight (TOF)
- PID through velocity (1/5)
- Timing resolution: ~85 ps

Time Projection Chamber (TPC)
- Tracking, momentum measurement

- PID through dE/dx
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Electron measurements at STAR

*Electron identification with TPC, TOF, BEMC and HFT (in Au+Au analysis)
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Barrel ElecttoMagnetic
Calorimeter (BEMC)
- Trigger on high pr electrons
- PID through p/E

Time Of Flight (TOF)
- PID through velocity (1/5)
- Timing resolution: ~85 ps

Time Projection Chamber (TPC)
- Tracking, momentum measurement

- PID through dE/dx

Heavy Flavor Tracker (HFT)
- Excellent DCA resolution in both
rp and z directions:
~30 pm at p = 1.5 GeV/¢
- Allows to separate c- and b-decayed
electrons




Analysis Methods

*Electron identification with TPC, TOF, BEMC and HFT (in Au+Au analysis)

*Subtract background sources of electrons
* Photonic electrons from y- conversions, light pseudo-scalar meson Dalitz

decay (e.g. M0 — yete)

e Hadron contamination

p+p analysis Au+Au analysis

*Substract non-heavy flavor background (hadrons + *Fit Distance of Closest Approach (DCA) distribution
photonic electrons) with four DCA templates to separate charm, bottom,

*Fit azimuthal correlations of electrons with charged hadrons and photonic electrons

particles to separate charm and bottom electrons
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Analysis Method (p+p): Remove hadrons + photonic electrons

Fit dE / dx dlstnbutlon to extract purlty J—AquPE h = APrnclusive-h
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AdnpE—h = APsemi ne—h T APLikesign—h — (176, = 1) * A¢hreco_photonic—h
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Fit NPE-h correlations from data with separated correlation templates of ¢-/b-decayed electrons from Monte Carlo:

Ao

eh

Analysis Method (p+p): Fit azimuthal correlations

(1 — €& urlty) ACbhadron h ¥ ]\i,’:i’;‘swe
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=»PYTHIA 8.1 combined with STAR-HF-Tune Version 1.1 to generate ¢(D)-h and ¢(B)-h correlations
= Fit the near-side peak with B—e and D—e templates from the simulation

*Fit function: (rz * PYTHIA(B)

(1 — rg) * PYTHIA(D)) * Norm

*r3 1s B contribution, Norm 1s a free parameter
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Analysis Method (Au+Au): Fit DCA templates

*Separation of b- and ¢-decayed electrons with template fit to log of g 600 ~ p._€[3.54.5] GeV/c STAR Preliminary -
3D DCA 8 500 - —— Combined template Au+Au m =200 GeV 1
E ” = weeneen Photonic e y 0-80% -
: : : 400 ] =
v'Hadron shape: from data, constrained by purity § - Hadrons =
300 - —
) [ [ [ [ m : c e :
v'Photonic electron shape: from simulation, constrained by photonic 300 F— 3
electron fraction - b—e -' " =
lU‘U‘ — J_:':- "_:“I _____________ - —
: A W R -

vHF—e shape: determined from simulating all ground state B*, B, = o,
Bs, Ay, and semi-leptonic decays z -‘-*-—|r'-*-r--r'rt*—'ﬁ|-*r'—'-'—-'-'|f'-’—ﬂré

2 =

1§g10(DCA/cmj'

b-hadrons ¢z ~ 500 pm

c-hadrons ¢z ~ 60-300 pm

Larger ¢t of h-hadrons w.r.t. c-hadrons
(DCA(b—¢)) > (DCA(c—¢))
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Bottom—e fraction in p+p collisions

B ——— | —

al u ¢ STAR Run 12 p+p 200 GeV -

% i~ * STAR Run 6 p+p 200 GeV ks

O FONLL m :

> - ——FONLL— % :

508_— ____________________

= N _ % L

B - /—-——/’_/

) : ), IR bl B n

LL] T ' B | e _ E

W 4 [
0.2 :

af N STAR preliminaty -

O :
| l I I | I | | | | | | | I | | | | | |
: ; ) i 8 10 12

NPE p_ (GeV/c)

*Bottom electron fraction:
Increase with p,, and surpassing c—e contribution for p.>5 GeV/¢

FONLL calculation consistent with data FONLL: JHEP 1210 (2012) 137
STAR 2006 pp: PRL 105 (2010) 202301
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N(b— e)/N(b+c— e)

Bottom—e fraction in Au+Au collisions
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*Bottom fraction in MB Au+Au enhanced compared to p+p measurement and FONLL prediction
Op+p from combined STAR 2006 published and 2012 preliminary data

*Bottom fraction significantly enhanced in central collisions and consistent with p+p in peripheral
collisions

FONLL: JHEP 1210 (2012) 137
STAR 2006 pp: PRL 105 (2010) 202301
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Bottom electron fraction translated to b,c—e
Raa with preliminary STAR inclusive NPE

Raa
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*Raa(b—e€) > Raa(c—e) significant at ~30

*DUKE Langevin model calculation consistent with data (consistent with AE(b)<AE(c))
*Null hypothesis [Raa(B)=Raa(D)] for p.(e) €[2.5, 5.5] GeV/c

ay2/ndof = 8.6/2, p-value = .014
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Double Ratio of Rcp
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*Calculated from centrality dependent bottom fraction N b h

*Large cancelation of correlated systematic uncertainties
= Constant fit to double ratio >1 significant at 3.5¢ and 4.4¢ for Rcp (0-20%/40-80%) and Rcp (0-20%/20-40%0)

DUKE: PRC 92 (2015) 024907

Private Communication

Yingjie Zhou, Hard Probes 2020 13




Summary

*p+p collisions
= Charm and bottom-decayed electron fractions described by pQCD calculation

*Au+Au collisions
= Measured b—e suppression less than ¢—e with 2 30 significance (Raa(B)>Raa(D))
v Consistent with the predicted quark-mass dependent energy loss (AE(6)<AE(c))
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Backup slides follow
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Charm—e Elliptic Flow in Au+Au collisions
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*Second order event plane measured with TPC tracks(|#|<1) using #-sub event method
*Charm electron »2 is consistent with folded D? », and DUKE model(charm quarks largely
thermalize in QGP until hadronization)
= Measured DV 2, folded to decayed electron with simulated semileptonic decays in EvtGen
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Bottom—e Elliptic Flow in Au+Au collisions
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*Data qualitatively is consistent with Duke model considering non-flow

*TPC EP measurement null hypothesis with full non-flow subtraction:
0FMS(2.5<#<4.0) EP data is consistent within uncertainties with TPC(|#|<1) EP measurement
0y2/ndof = 17.1/3, p-value = .00067 (~3.40)

= Hint of non-zero bottom—e v!
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