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o Outline

 Motivation

* Non-photonic electron (NPE) analysis method

* NPE results:
- p+p at 200 GeV

- Au+Au — nuclear modification factor RAA at 200 GeV

— elliptic flow v, in Au+Au at 39, 62.4, and 200 GeV

07/23/2015 Olga Rusnakova, EPS-HEP 2015



X**  Heavy-ion collisions

* Heavy-ion collisions:
— hot and dense nuclear matter

formation - Quark-Gluon Plasma
— hot and cold nuclear matter

effects

* p+p collisions: PP
- baseline

Medium effects quantified by nuclear 1

modification factor:
- ROIA — cold nuclear matter effects

- RAA — hot nuclear matter effects

07/23/2015 Olga Rusnakova, EPS-HEP 2015



star Non-photonic electrons

Semi-leptonic decay of bottom and charm hadrons — non-photonic electrons.
b-e” +anything(10.86 %) c=e” +anything(9.6%)

 Heavy quarks:
- large masses
- early production
— p+p collisions - test of the
validity of the pQCD

 Heavy ion collisions: Non-photonic
|
~ energy loss electron
(nuclear modification factor R, ,)

— thermalization (elliptic flow v.)
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STAR detector at RHIC

Solenoidal Tracker At RHIC : -1< n<1,0<¢p<2n
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Time Projection Chamber
(TPC) — tracking, particle
identification, momentum

Time of Flight detector
(ToF) — particle
identification at low p_

region

Barrel Electromagnetic
Calorimeter (BEMC) —
electron identification at
high p_ region, triggering

(High Tower triggers)

Barrel Shower Maximum
Detector (BSMD) —
electron identification at

high p_ i



STAR STAR detector at RHIC

Electron identification with

Solenoidal Tracker At RHIC : -1< n<1,0<¢<2n only TPC at low p region is
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AR STAR detector at RHIC

TPC and TOF together are
Solenoidal Tracker At RHIC : -1< n<1,0<p<2x greattool to distinguish

e [ § Bl ErqMlagsic Calietneer | electrons and hadrons at low p
Magnet h g = .
- region (p.<2GeV/c).
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AR

Solenoidal Tracker At RHIC: -1< n<1,0<¢<2xn

Magnet [‘Barrel ElectroMagnetic Calorimeter J
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STAR detector at RHIC

- dE/dxvs p from TPC

STAR Preliminary

2 2.5

TPC and BEMC together are
used for electron identification
at high pregion (p_>2GeV/c).




STak Analysis method

— corrected for reconstruction 14

eﬁICIenCy via SImU|at|0n u {'1.65',' ' {]I.1I =015 02 025 03 035 04 045 05

Invariant mass [GeV/c?l

NPE=N * purity N photonic
Inclusive Inclusive € Photonic
* Inclusive electrons — identification with
TPC, TOF, BEMC. s
10°E p+p 200 GeV m——  unlike-sign di-electron invariant mass
« Main background - photonic electrons ke-sign di-electron invariant mass
unlike-sign minus like-sign
H . 0 R + - . 0 2|
Dalitz decay: Tt yt+e'+e (BR: ~1.2%) mm : : b 23Gev
Gamma conversions: y - e'+e’ € r :
8 10 ] -
- identified via small e”e” invariant mass £ : 1
— statistically reconstructed . : elimijnary
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AT NPE in p+p collisions at
Vs=200GeV

' NPE STAR p+p 2009, |y|<0.7
NPE STAR p+p 2005+2008, |y|<0.5

 p+p at 200GeV 107

— 107° A NPE p+p 2012 STAR, |y|<0.7
N 1
data (year 2009 S g NPE PHENIX p+p 2005, |y|<0.35
—~—
= FONLL
and year 2012) 8 1077 FONLL uncertainties
) = 10°®
* Spectrum is =
reconstructed at  —|o" STAR Preliminary

LIIIIIIII‘ ||||||U| |II|||||‘ |Illﬂﬂ‘ |I|IIW‘ |||I|HW |||I|m IIIIIIII‘ IIIIIIII‘ |

wide p_ range o[ S0
Py TANBE. B0
(QV
107"
* Results are compared W
with FONLL pQCD. 10
(Fixed Order plus 10714 B ; . . . L )
Next-to-Leading p, [GeV/c]
Logarithms). o+p 2008 - H. Agakishiev et al. [STAR Collaboration], Phys. Rev. D83, 052006,(2011).

p+p PHENIX - A.Adare et al. [PHENIX Collaboration], , Phys. Rev. C84, 044905 (2011).
FONLL - M. Cacciari, P. Nason and R. Vogt, Phys. Rev. Lett. 95, 122001 (2005).
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STAR Data to FONLL ratio

4
- + NPE p+p 2009 STAR, |y|<0.7
3.5 NPE p+p 2005+2008 STAR, |y|<0.5 .
+ Results compared - NPE p+p 2012 STAR, |y|<0.7 STAR Preliminary
3 - NPE p+p 2005 PHENIX, |y|<0.35
FONLL

with FONLL 4
calculation. ‘-

FONLL uncertainties

* Results are

Data/FONLL

consistent 150 W
with FONLL and = ; # | {1 ﬂ ———
with other RHIC L L. '
NPE results. n + T
0.5?//‘—' ‘
0=y - | l R

6 8
P, [GeV/c]

p+p 2008 - H. Agakishiev et al. [STAR Collaboration], Phys. Rev. D83, 052006,(2011).
p+p PHENIX - A.Adare et al. [PHENIX Collaboration], , Phys. Rev. C84, 044905 (2011).
FONLL - M. Cacciari, P. Nason and R. Vogt, Phys. Rev. Lett. 95, 122001 (2005).
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ﬁﬂ NPE

* Au+Au at 200GeV (year 2010 data):

— suppression at high p_compared

with FONLL calculations

IN Au+Au collisions at

Vs =200GeV
NN
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STAR Nuclear Modification Factor in
Au+Au collisions at Vs  =200GeV

I-J

— Strong suppression

i\\r @® 0-10% (Ncoll: 941)
- . STAR Preliminary £ 1,190
is observed at high p._. —

O D° 0-10%

1.5

i normalization uncertainty
~ Strong suppression ;
is similar as for D° S
mesons and light ol
hadrons. -
0.5
i | | | H L
% 4 6 8 10
R - 1 *dNAA/dy P, (GeV/e)
M <N.> dN,/dy D°- Phys. Rev. Lett. 113, 142301 (2014).
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STAR Elliptic flow in Au+Au
collisions

- Elliptic flow v, describes Y

the collective evolution of A
system.

e |nitial geometry asymmetry L
- final momentum X
anisotropy

« NPE v, measurement

serves as a proxy for dN

heavy quark v, d(p 1"'22‘/(305 n(e—y,)])

v,=(cosn(p—1,))
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STAR NPE elliptic flow in Au+Au
collisions at \/SNN: 200 GeV

* Results obtained using 2-
particle and 4-particle
correlations.

» With different contributions
from fluctuations and non-
flow contribution, v_{2}

gives upper and v_{4} gives
lower limit on elliptic flow.

» \We observed finite v2{2}
and v2{4} for p_>0.5 GeVI/c

at \/SNNZZOO GeV.

07/23/2015

«0.25

>
0.2
Q.15
0.1

0.05

=-

- OPHENIX v, {EP} R e

- wv,{2]} min-bias 200 GeV | (a)
—eV,{4} min-bias

- % V,{2} High-Tower e

- WY, EP} tfi

[ —non-flow (p+p data)

Olga Rusnakova, EPS-HEP 2015

5 6 7
P, [GeV/c

8

arXiv:1405.6348 [nucl-ex]

15



orar NPE elliptic flow in Au+Au
collisions at \/SNN: 39 and 62.4 GeV
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results 0. 15: o 30 GeV ]
* Energy dependance of the 0.1 1t W § ~
strength of heavy quarks C g " i o
interaction with hot and dense  0.05F I ? -
medium. : B o m i :
e T - :
. Inclusive charged hadron v, " = + K | i
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STAR NPE R and elliptic flow - model comparision

Z

Au+Au 200 GeV, 0-10%
DGLV Rad. dN/dy = 1000
DGLY Rad+EL
— Min He et al.
.. BAMPS
Prel'mmary— Collisonal dissociation.
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Gluon radiation scenario alone fails to explain large NPE suppression at high p_.

Finite elliptic flow together with large suppression at high p_ at \/sNN: 200 GeV indicates that
heavy quarks interact strongly with the surrounding partonic medium.

It's challenging for model calculations to describe the suppression and v, simultaneously.
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AR  Heavy flavor tracker (HFT)

Projected NPE results with HFT

T [ ' | ' [ ' |
- 200 GeV Au+Au Collisions at RHIC
"‘";'%‘*cqj “““““““““““““““ N
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N, scaling C:g ‘#* + ._.+5._+ _______ |
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Curves: H.van Hees et al. Eur. Phys. J. C61, 799(2009).

« HFT allows measurement of B - e and D — e spectrum separately in
Au+Au.
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STAR Conclusions

« Measurement of the NPE spectrum in p+p collisions at Vs=200 GeV was
extended to the low p_region.

. We observed strong suppression of NPE in Au+Au collisions at \/SNNZZOO GeV.

- NPE v, at \/SNNZZOO GeV in Au+Au collisions: finite v, at low p_ together with
strong suppression at high p_indicates a strong charm-medium interaction.

« NPE v, at \/SNN:39 and 62.4 GeV in Au+Au collisions: v, consistent with zero.

 The new HFT detector will allow measurementof B - eand D — e spectra
separately.
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STAR
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Thank youl!
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