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Heavy-Flavor Measurement in p+p

e Test of Perturbative QCD Calculations.

- Due to their large mass heavy quarks are primarily produced in initial hard
scatterings

q c Y c 4y C
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q c g ¢ g C
- Production rates can be calculated by pQCD
* Baseline of Heavy-ion Measurements.

- Heavy quarks can be used as a probe of QGP in Au+Au collisions.

- Measurement in p+p collisions is essential to understand the effect of hot
QCD medium formed in Au+Au collisions




The STAR Experiment
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TPC : Tracking (momentum measurement, particle identification) (|n| <1, 0< ¢ < 2m)

BEMC : Triggering and identification of high-p; electrons (|n| <1, 0< ¢ < 2m)
MTD : Triggering and identification of muons (|n| <0.5, 45% in @)




Heavy-Flavor Decay Electrons



Heavy-flavor Decay Electron

Charm Decay
K* D°~>e* + X(BR =6.5%)

Semi-Leptonic Decay

+ + — 0
D'=->e" + X(BR=16.1%) Semi-Leptonic
- decay of
Bottom Decay D and B mesons

B’->e"+ X(BR=10.1%)

B'—>e"+ X (BR=10.8%)

Electrons from decays of heavy-flavor hadrons (known as NPE)
(proxies to measure heavy quarks)

> Higher branching ratios than the hadronic decays
A\ Incomplete kinematic information of parent hadrons

Hadronic Decay




Heavy-flavor Decay Electron

0/3-\10_3 LB LA UL L LILEELEL N LA L N I L I | o'/)-\10_4 LA AL B L L DL L L L L L l_g
L F(a) STAR  p+p Vs = 200 GeV > f (1) STAR +p Vs =200 GeV ;
Al 10 4 Al _5
> —e— STAR 2012 NPE, ;o y1<0.7 > 1078 —e— STAR 2012 HFE lyl<0.7
Q10" —&— PHENIX PRL97 NPE,,oely1<0.35 © N —— FONLL (upper limit) ]
O " ™. - STARPRDS3NPE,q yoely<05 O107F ™idg = e FONLL N 3
010 2, —— Power-law fit o] - - R FONLL (lower limit) ]
~107 s §/10 E N E
(ep] (ep] B h
(o} 10  eulEs
L 10° o ° E T E
028 10_9 028 .|0—9E .............. 3:
Lu10_10 Lu10_1O:Ei:::i::::i::::i::::i::::i::::i::::mi:.;.;z?z'}?:
= 1 .5:— (b) —: j 2.55— (b) ﬂ —5
S I ¢ 3 1 Z 2 H " 3
% 1ﬂuﬂﬂﬁﬂ#ﬁgﬁﬂﬂ ............... . 2 1.5;—\5\QT§* 8 E L ;
) C ﬂ ﬂ ] .% _f
0.5_111111111111111111111111111111,,,,1,,,,1‘ ‘o) E eessena 1011 3

«Il‘lllllllllllll[llll[llll[llllllllllllllll'l:
0.3 75 % 7

2 3 4 5 6 7 8 9 10
p. (GeV/c)

8 9 10
P, (GeVlc)
e Results are consistent with FONLL in p+p 200 GeV collisions

* Provides a precise reference for nuclear modification factor measurements in A+A

STAR : Phys. Rev. D 105 (2022) 32007 7



Charm vs Bottom Contribution to the NPE
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Azimuthal correlations between NPE * The B decay contribution increases with p;
and charged hadrons has been used  The B contribution to NPE is about 60% at
to separate out charm and bottom high p;

contribution

STAR: Phys.Rev.Lett.105,202301(2010) 8



J/4 (c€) Production



J/W Reconstruction

J/Yy->u"+u (BR=59%)

J/yYy->e" +e (BR=5.9%)
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J/W are reconstructed in both dimuon and di-electron decay channel

STAR : Phys. Rev. D 100 (2019) 52009 10



Ratio to Fit
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J/U Production Vs Event Activity
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e Similar trend at RHIC and LHC

- measurement in larger multiplicity bins 1s important

Percolation: PRC 86 (2012) 034903

ALICE : PLB 712 (2012) 165-175 and JHEP 09 (2015) 148
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J/ (cc) Production Associated with Jet



J/U Production Associated with Jet
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Reconstructed J/Y in different jet activity categories (left to right: No; = 0 to N, = 2)

14



J/U Production Vs Jet Activity
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Production cross section of J/ as a function of jet activity (humber of jets per event)

PYTHIA fails to explain the data
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J/U Production in Jets
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* First measurement of J/U production in jets at RHIC

* Unlike PYTHIA, no significant z dependence observed within uncertainties for z <1

* Provide further constrain on models
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Upsilon(bb) Production



Upsilon Reconstruction in p+p @ 500 GeV
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Upsilon are reconstructed in di-electron decay channel in p+p 500 GeV,
more precise compared to published result in p+p 200 GeV

STAR :Phys. Rev. D 82 (2010) 12004



Upsilon cross section in p+p collisions
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* Spectra for Y(1S) and Y(25+3S) e STAR results follow the world data
trend
* Models agree with data reasonably well, * Consistent with the Color Evaporation
CGC+NRQCD model seems to over predicts Model calculation
at low pT

R. Vogt, PRC 92 034909(2015); H. Han, et al., PRD 94, 014028(2016); Y.

Ma, et al., PRL 113, 192301(2014) 19



Upsilon Production Vs Event Activity
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* PYTHIA, CGC model reproduce the * Upsilon shows similar trend like J/{
trend in the data when plotted against event activity

Outlook: More precise measurement will be available soon using runs 2017+2022 data

E. Levin, M. Siddikov, EPJC, 97(5), 376(2019); 20



Summary

The recent results on heavy-flavor production in p+p collisions from STAR are presented

Heavy-flavor Decay Electron :

e Measurement at 200 GeV is consistent with FONLL

J/W Production:

* Precise and more differential measurement of J/W cross-section.

e Current measurement along with model calculation could provide better
understanding on J/W production mechanism in p+p collisions

Y Production:

* More precise measurement at 500 GeV compared to published results at 200 GeV.

* Upsilon cross section (186+ 14(stat) + 33(sys) pb ) at 500 GeV follow world data trend
predicted by Color Evaporation Model.




22



