Measurements of Non-photonic Electrons
Production and Elliptic Flow in Vsy, =39, 62
and 200 GeV In Au+Au Collisions

Outline:

o NPE spectra measurements:
o New Au + Au at Vsyy = 200 GeV.
o Nuclear Modification Factor at Vsyy = 200 GeV.
o Au+ Au at sy = 62.4 GeV.

o NPE Azimuthal Anisotropy measurement:
oV, Au+ Au at Vs = 200 GeV.
o V,{2} Au+ Au at \syy =39 GeV and 62.4GeV.

Mustafa Mustafa
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Why Heavy Flavor? Why NPE?

Heavy Flavor:

o Created at the early stages through initial hard scattering,

thus:
» experience full medium evolution.
» scale by Ny,

Their masses are external to QCD.
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Study flavor dependence of parton energy loss mechanisms. u d s ¢ b

O
O
o Low pr v, = degree of thermalization.
O

High p+ v,=> path length dependence of energy loss.

Non-photonic electrons (NPE)

1) Semileptonic channel have higher branching
ratios than hadronic channels of open heavy
flavor mesons.

2) Easy totrigger on high p electrons.

B. Muller, Nucl. Phys. A, 750(2005), p. 84-97

Non-
photonic
mt electron

Open heavy flavor

ISTAR % QM12 - Mustafa Mustafa (STAR)

PURDUE 2

nnnnnnnnnn



http://www.sciencedirect.com/science/article/pii/S0375947404012850
http://www.sciencedirect.com/science/article/pii/S0375947404012850
http://www.sciencedirect.com/science/article/pii/S0375947404012850
http://www.sciencedirect.com/science/article/pii/S0375947404012850
http://www.sciencedirect.com/science/article/pii/S0375947404012850
http://www.sciencedirect.com/science/article/pii/S0375947404012850
http://www.sciencedirect.com/science/article/pii/S0375947404012850

Experimental Setup
At R (STAR)

Full azimuthal coverage.
e -1<n<l1

« Uniform acceptance for all

beam energies.

* Full TOF barrel.

* Full BEMC
« Low material budget in the &%
tracking volume '

- NV z A

]

N

by Maria & Alex Schmah
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Electrons Identification

ARRHIC (BTAR) TPC dEdx +
Time Of Flight (TOF):

Low pt (0.2-2.0 GeV/c)

The combination of TPC dEdx and j
from TOF provides +95% purity down to
the lowest reachable p+ at STAR
(0.2GeVl/c) .

" TOF |[1/B- 1] < 0.03
L L LA L L Ll L L Ll L L.l L IIIIII L LA L Ll
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Momentum (GeV/c)
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Electrons Identification

At RHIC (STAR) TPC dEdx +

Barrel ElectorMagnetic Calorimeter
(BEMC):

High pt (> 1 GeV/c)

1- Associating TPC tracks with BTOW
and BSMD clusters.

2- E/P cuts. (Due to their negligible
mass, electrons have E/P ~ 1).

| | | |
3<p<5GeVic

O Data —
A Simulation

B~ O @ N
|

1IN, dN/d(E/p)
© o o o
|

0.1+ —
0.08} —
0.06 —
0.04- Electrons
0.02 Au+Au 200 GeV

E/p
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B 0 0
Spectra in Au + Au at \/SNN = 200 GeV

. MlnblasX1e_tQ4 ______ 4 10-20% X 1e+00...

o With ~1 nbt sampled luminosity in
Run2010 Au+Au collisions, STAR
provides a new measurement of
NPE with a highly improved result
at high p+.

o < (5-10)% statistical errors in all 4

o 0-5%X2e+02 ¥ 20-40% X 16-01

& 40-60% X 1e-02

il -l

centralities.
o An independent central trigger
provides 0-5% centrality.
< -
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B 0 0
Spectra in Au + Au at \/SNN = 200 GeV

o With ~1 nb* sampled luminosity in g T
Run2010 Au+Au collisions, STAR 10 ............................... 4 10-20% X 1e+00...
provides a new measurement of ________ * 0-5% X 2e+02 v 20-40% X 1e-01 7
NPE with a highly improved result

at high p+.

o < (5-10)% statistical errors in all 4
centralities.

o An independent central trigger
provides 0-5% centrality.
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Nuclear Modification Factor (R,) in Au + Au at Vs = 200 GeV
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Nuclear Modification Factor (R,) in Au + Au at Vs = 200 GeV

2 T T T I T T T I T T T I T T T Z T T T I T T T I T T T I
'is}\?m Preliminary ®  40-60% (Ncoll: 91) ﬁm Preliminary ®  20-40% (Ncoll: 290)
m

1 hadron 40-60% hadron 20-30% i

1.5 ; normalization uncertainty 5 normalization uncertainty
Eas
=
-
[
0.5 * 1 _
ok ! ! ! 1)L I | L
2 4 6 102 4 6 10
p, (GeVic) p, (GeVre)
2_ T T T I T T T I T T T I T T T | Z_ T T T I T T T I T T T I |
- . ® 10-20% (Ncoll: 593) 1 F - ® 0-10% (Ncoll: 941) -
. STAR Preliminary 4 F STAR Preliminary .
B i\“_ [ hadron 10-20% 1 F i\\‘_ 1 = 0-12% -
LS [+ i normalization uncertainty 1 normalization uncertainty 7
2 ?
® 5 10 @ 1
0.5~ L) 10 - : .
i | | L H N I L L H A

6
P, (GeVic)




- I—
Nuclear Modification Factor (R,) in Au + Au at Vs = 200 GeV

- Strong suppression at | |

high p.

» Suppression increases
as a function of p+.

L of—
* Rua UNcertainty is 2

dominated by
Run2005+Run2008
p+p uncertainty.
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« Should be improved . =

with Run2009+2012

large statisticshigh "} " 11 ’
quality p+p data. o . . M N . ]
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Nuclear Modification Factor (R,) in Au + Au at Vs = 200 GeV

2 T T T |

ESTAR Preliminary

— 0-10% . DGLVRad. dN/dy = 1000

| | | 1 | 1 | | |
4 6 8
P; (GeVic)

o This high precision measurement at
high p+ clearly disfavors radiative
energy loss as the only mechanism. 1.5

0.5

g

MD
=
o

DGLV:
Djordjevic, PLB632, 81 (2006) and references within.
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Nuclear Modification Factor (R,) in Au + Au at Vs = 200 GeV

2 T T T |

STAR Preliminar
ﬁ Y ... DGLVRad.dNjdy =1000

— 0-10%

.

o This high precision measurement at
high p+ clearly disfavors radiative
energy loss as the only mechanism. 1.5

DGLV Rad+EL

o More precision is needed on the
p+p baseline to decide on the o
DGLV+EL.

P; (GeVic)
DGLV:
Djordjevic, PLB632, 81 (2006) and references within.
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Nuclear Modification Factor (R,) in Au + Au at Vs = 200 GeV
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O T_h|5 high precision measurement at —ié\{—,aﬁ Preliminary ... DGLV Rad.dNjdy=1000 7
high p+ clearly disfavors radiative B 0-10% N
energy loss as the only mechanism. 15— [ “° & DGLV Rad+EL .

. . ) i CUJET
o More precision is needed on the #
p+p baseline to decide on the o

DGLV+EL.

o CUJET is the new improvement 05
over the DGLV/DGLV+EL efforts.
It is consistent with our

[ ]
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-
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DGLV:
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CUJET:

Buzzatti, arXiv:1207.6020
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Nuclear Modification Factor (R,) in Au + Au at Vs = 200 GeV

2 T T T | T T T | T T T | T T T

o ghiﬁ highI prelciscilor:c measuredment at _ﬁﬁm Preliminary Egtﬁ Eacd:. cért /dy = 1000 i

i clearly disfavors radiative i ad+ =

gn pr clearly Qistavors radiative b 0-109% —— cue s

energy loss as the only mechanism. 5 vy -

L - — (ollisonal dissociation. —

o More precision is needed on the i — Ads/CFT D=3 B
p+p baseline to decide on the o

DGLV+EL.

o CUJET is the new improvement
over the DGLV/DGLV+EL efforts.
It is consistent with our

measurement.
P; (GeVic)
DGLV:
o Other proposed energy loss Djordjevic, PLB632, 81 (2006) and references within.
i I CUJET:
mechanisms also agree with our S V1207 6020
measurement:
) T-Matrix:
o T-Matrix. Van Hees et al., PRL100,192301(2008).
o Collisional Dissociation. Coll. Dissoc.
o Ads/CFT. R. Sharma et al., PRC 80, 054902(2009).
Ads/CFT:

W. Horowitz Ph.D thesis.
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NPE v, in Au + Au at Vs = 200 GeV
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For more details see D. Kikotla poster
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NPE v, in Au + Au at Vs = 200 GeV

’,:-N 0_3:—”"””'“”'””'””'””'””'”“—: ---charged hadrons
E is‘}\{_ﬂﬁ Preliminary E m NPE VE{Z} 0-60%
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0.2;— __________ —; 2 NPE v, {EP} 0-60%
0152_ .T",H- ~$+ ----- _z
SR .. * 3 Features:
0.1 ; ,: E + § 1:1 41 g @) Vz{EP} and V2{2}
0.05F = agree in their
05‘ = common pr
= - region.
-0.05F- =
_OIE_IIIIIII_E

For more details see D. Kikotla poster
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NPE v, in Au + Au at Vs = 200 GeV

---charged hadrons

m NPE v, {2} 0-60%

¥ NPE v,{2} 0-60% HT
e NPE v, {4} 0-60%

0.25
0.2
0.15
0.1

0.05E Features:
% o Vo{4}is less
3 sensitive to non-
— flow, puts a lower

limit on v,

-0.05

0.1
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NPE v, in Au + Au at Vs = 200 GeV

> 0.3 :— | — ---charged hadrons
- ié\{_ﬂR Preliminary 4 = NPE VE{Z} 0-60%
0.25F- 3§ ¥ NPEv,{2}0-60% HT
028 $ 3 wsTAR D 0-80%
0.15 | . =
0.1 ¢ %% § =
0.056"| - Features:
Z, 3§ o DOv,

OF = measurement also
20.05E- = agrees with a finite
- 3 Vv, at low p-.
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NPE v, in Au + Au at Vs = 200 GeV

2

> 03 :— — ---charged hadrons
- ﬁqﬁ’ Preliminary 4 mNPEv {2} 0-60%
0.25 — ’
T E 4 # NPE v,{2} 0-60% HT
0.2F $ =
0.15E- o ' . ¥ = Using different analysis and
= j’i 4 techniques we have
0.1F ~» "% § — demonstrated that the v,
0.05 o - features we see are robust:
D =
o 1 o Finite v, at low pyis an
0: = indication of strong charm-
0.05 = = medium interaction.
0. 16 4 o Increase of v2 at high p
Thad Lo e e e might be due to jet
1 2 3 4 3 6 7 8 correlation and pathlength
p [GeV/c] dependence of energy loss.
T

For more details see D. Kikola poster
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I
NPE v, in Au + Au at Vs = 200 GeV

N rrrrJjrrrrjrrereopperrprrrryrrer T

PRC 86, 014903 (2012)

> 0.3 =
iSTAR Preliminary § = NPE v,{2}0-60%
0.25 —
4 _ _van Hees et al. (Min-Bias)
0.2 $ = PRL 100, 192301 (2008)
0.15 i _; ___ Heetal.(Min-Bias)

_IIIIIIllTTT IEIHIJI”IT”III“I|””]””|I

0.1 __ Uphoft et al. (0-60%)
arXiv:1205.4945

0.05 _-_E Gossiaux et al. (0-60%)

0 3 PRC 78, 014904 (2008)
-0.05 =
_0'1 --I.-.-Ir-.-l-.-.I.--qlq..-l-.q.l...r_f
0 1 2 3 4 5 6 7 8
P, [GeV/c]

o With the contribution of non-flow (jet correlations) at high p+ it is difficult to
directly compare to models.

o It is interesting that the BAMPS approach can reproduce the bump-feature we see at
pt 1-2 GeV/c. Nevertheless, more precision is needed for decisive comparison to
models. For more details see D. Kikola poster




B 0 0
Spectra in Au + Au at Vsyy = 62.4 GeV
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o 7STAR Preliminary .
g- 20-40% % 10~
&l
=
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STAR NPE studiesare being
extendedto lower collision -
energiesin search for possible -I.°
Indications of similaritiesto, or,
differences from the suppression
effects we observe at sy =

200GeV. ool

A

FONLL private comm. with Ramona Vogt

o J/ly notsubtracted. 104E

—
<
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|'

10-12
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B 0 0
Spectra in Au + Au at Vsyy = 62.4 GeV
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o VT T T T T T T T .
> 10’ FONLL (upper xN_, /36mb) Au+Au @ Vs, = 62.4Ge
©  4g2L- ----FONLL (central xN_ /36mb) @ Min-Bias x 10*
Z _g.,'_' 10 o ISRxN_ /36mb ¥ 0-10% % 102
=l = [ | 0
. . 10-20% % 10
o Measurementis systematically 2~ 4 SAp prewminary 7
. —a 20-40% = 107
higherthan FONLL upper il ®  40.60% x 107
limit.

o ISR measurementis consistent
with FONLL upper limit.

ILNUOVO CIMENTO (1981), 65A, N4, 421-456

FONLL private comm. with Ramona Vogt
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NPE v2{2} in Au +Au at \/SNN = 62.4 and 39 GeV

- 0.3 ;_ is\\{TaR retiminary _; m NPE v2{2} 0-60%
0.25 —
= 4 439 GeV
0-25_ 4 462GeV
0.15 T —
3 £ap, b E
OClE o or e J E
0.05-a ~ & T < 39and 62 GeV: v,{2}
oF1 4 | 1 consistent with zero at low-p,
e i T 4 hintingat lighter charm-
-0.05E T & 3 medium interactionat lower
0. 1E- . | | | . — energiescompared to 200GeV.
O 05 1 15 2 25 3 35 4
p. [GeV/c

For more details see D. Kikotla poster




Summary

o New measurementof NPE in Au+Au at Vs, = 200GeV:
o High precision at high p+ .

o Rpa Indicates strong suppression of heavy quarks, and disfavors radiative energy loss as
the only energy loss mechanism for heavy quarks.

o NPE Azimuthal Anisotropy shows a finite v, at low p+ this is an important indication of
strong charm-medium interaction.

o Due to jet correlationsand likely path-length dependence of energy loss, we see an
Increase in v, at high pt

o NPE at lower energies:
o NPE spectra in Au+Au Vs, = 62.4 GeV is systematically higher than FONLL.

o Measurement of NPE V2{2} at VsNN = 62.4 and 39GeV is consistent with zero at low
pT which might indicate a difference in the degree of charmed-medium interaction
compared to 200Ge V.
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B 0 0
Spectra in Au + Au at Vsyy = 62.4 GeV
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o Measurement is systematically higher than FONLL upper limit.
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Spectra in Au + Au at sy = 62.4 GeV —

NPE/Photonic Ratio
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B 000
NPE p + p at Vs = 200 GeV

B S A R
a) Global uncertainty: 8.1%

= this analysis
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STAR Phys. Rev. D 83 (2011) 052006
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NPE p + p at Vs = 200 GeV

Global uncertainty: 8.1%
e STARPhys.Rev. D 83(2011) 052006
v update on PRL 98(2007)192301
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B
Analysis Technique

Primary background sources:

. _ —> e +e
7° > y+e +e BR: 1.2%. 4

*Mostly from =°(7) > » +7
n—>y+e +e  BR:0.7%.

Secondary contributions:
p,®,® Dalitz decays, Drell-Yan, Charmonium, etc...

We use the “Reconstruction Method”

to statistically subtract the contribution U massDCA_hd pT
of photonic electrons to inclusive - _
electrons. s unlike
C LIKE
dN(NPE) dN(Inclusive) 1 dN(Photonic) Unlike - Like
dor T dpr ~ pho ’ dpr 1;50%3&* P
1000 P
€purity - purity of inclusive electrons I R I N
sample. Calculated from data. Ry

€PhO . photonic electrons reconstruction
efficiency. Calculated from embedding.
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Analysis Technique

Primary background sources:

. _ —> e +e
7° > y+e +e BR: 1.2%. 4

*Mostly from =°(7) > » +7
n—>y+e +e  BR:0.7%.

Secondary contributions:
p,®,® Dalitz decays, Drell-Yan, Charmonium, etc...

We use the “Reconstruction Method”

to statistically subtract the contribution AR
of photonic electrons to inclusive i . oDl '
electrons. [ |
dN(NPE) _ dN(Inclusive) 1 dN(Photonic) 2 % % %
dpr PV dpr €pho dpr $ % i

€purity - purity of inclusive electrons
sample. Calculated from data.

4 6 8
P, (GeV/c)

€PhO . photonic electrons reconstruction
efficiency. Calculated from embedding.
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NPE v,{2} and v,{4} : Analysis Technique

TNp{} \rIE,I N Ph-::: Pho _ .E?\’TI(]. - p)UgH
Vs i7‘\1.-”'I'H1pe

vPre, from simulations of 1° — e andy — e in STAR

Simulations are based on v,{EP}

V,, —V,{2} or v,{4} for all charged
hadronsin |n|<0.7

@ photonic electron Ve m<0.7, 0-60% .

p - purity

[[JPHENIX v, (cocktail), 0-92% =

=
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