78:TA’ R N W O

Recent STAR results on heavy-flavor
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ﬁ“ﬁ Energy loss of heavy quarks
In the medium

e Due to their large mass, heavy

quarks are predominantly produced parton
by gluon fusion ?%Eﬂ"

— production rates can be calculated

. hot and dense QCD medium
In pQCD Q
— sensitivity to initial state gluon
distribution
S. Frixione et al., Adv. Ser. Dir. HEP 15, 609 (1998) M. Djordjevic, PRL 94 (2005)

M. Gyulassy and Z. Lin, PRC 51, 2177 (1995)

0.3+
light
* Heavy quarks lose less energy due N

_______--——
. .
to suppression of small angle gluon o>, /a'm

radiation (dead-cone effect) =
Dokshitzer and Kharzeev, PLB 519, 199 (2001)

0.1¢
« Amount of collisional and radiative 20356V
energy losses seems to be similar ol . _ L=5fm, A=1fm_
A. Adil and I. Vitev, Phys. Lett. B649, 139 (2007) 5 10 15 20 25

M. Djordjevic, Phys. Rev. C74, 064907 (2006) E [GeV]
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iﬁST;AR Non-photonic electron spectra
In central Au+Au collisions

* Non-photonic electrons exhibit a
similar yield suppression at high-p; ¢ TP B
in central Au+Au as light hadrons & | e

lll: DGLV R+EL

Phys. Rev. Lett. 98, 192301 (2007)

IV: van Hees EL

* Models implying D and B energy
loss are inconclusive yet

— Disentangle D and B contribution
to non-photonic electron spectrum

: I d+Au c'ﬁa;g‘ad hadrons|
experlmenta Yy 10 Au+Au (0-5%) i
— At which p; does B contribution 2 4 8 8 . 10
start to dominate ? P, (GeVic)

_ Large suppression not expected
» Approach: Non-photonic electron -  §ye to dead-cone effect

D° meson azimuthal correlations
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i@“‘ Electron tagged correlations

* Experimental approach trigger side 6
- non-photonic electrons from semi- . K+
leptonic D/B decays are used to trigger \/’
on charm or bottom quark pairs
- associate D° mesons are reconstructed \/D“

via their hadronic decay channel (probe)

e Underlying production mechanism can
be identified using second c/b particle charm

production

) . probe side
flavor creation gluon splitting/fragmentation
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ﬁSTAR PYTHIA simulations: 3<p,t<7 GeV/c

10 like-sign e-K pairs o2 unlike-sign e-K pairs
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i . —c-cbar = 03:_ — ¢-cbar
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» Different decay topology for charm and bottom production events

» Charge-sign requirement on electron-Kaon pairs gives additional
constraint on production process

- Like-sign e-K pairs means charge(electron) = charge(Kaon)

— Clear separation of charm and bottom contributions
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iSTAR

Data analysis
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is\,%m STAR experiment

Tracker at RHIC Energy measurement

Large acceptance agnetic spectrometer B Barlr(Tl E::T/'C

) T] <

 Pb/scintillator (21 X,)
o« dE/E ~ 16%/\E

* Shower maximum

detector

advantage

— 77— el 111111 | AR

=

PID and tracking
-TPC
°In| <15
* Ap/p = 2-4%
b GdE/dX/dEdX = 8%
at Vs = 200 GeV,
- Magnet

« 0.5 Tesla JLdt =9 pb?
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Electron 1dentification

hpE
Entries . 37788
© annl M 1.19 .
= RS 0.4317 * Ratio of momentum and
w1 tower o A
" Constent 7589372 tower-energy should be one
= | Sigma 0.2061+ 0.0029
o for electrons
3 = cut: 0 < p/E e < 2
3002—
200—
b « 3.5 < dE/dx < 5.0 keV/cm
°o: 0.5 1 15 2 25 Ipnls 3
. o 6 after p/E and SMD cuts
> = | N > ¢
: s 1 - | S ' didates
L g
i 10 - hadrons
1—(essentially pions)
- 1
0 i 1 L
10" 1 1?) (GeVic) 03 4 6 8 b, (GoVI c1)o
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3/13\,%““ Electron purity
and hadron suppression
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* Purity: ~100% for p;< 7 GeV/c
e Hadron suppression factor: 102 - 10°
— Clean electron sample
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STAR Photonic background

» Most of the electrons in the final state
are originating from other sources than
heavy-flavor decays

* Photonic contribution from gamma
conversions and n® and n Dalitz decays

* Procedure

- electron candidates are combined with
TPC tracks which passed loose dE/dx cuts
around the electron band

- iInvariant mass is calculated at dca of these
pairs

» Electrons having a low invariant mass
(m,,, < 150 MeV/c?) are excluded

 Correction for background rejection
efficiency not implemented yet

— Non-photonic electron excess at
high-p

Incl. electrons / photonic bg.

o
n

o

—

0-5 | -

et (global track)

@~ (assigned as
primary track)

€~ (primary track)

—
n
T LI

dca

\A’,

Y/
®

s o 0
| | | Ll | | |
2 3 4 5 6 7 B8
P, (GeVic)
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ﬁsm Topological reconstruction of
open charm mesons

(leading particle) present in event \/’

* Non-photonic electron trigger

* No measurement of decay vertex \/Dﬂ |
» dE/dx cut (x3c) around Kaon band '

e Charge-sign requirement:
sign(e) = sign(K)

e
« K-n invariant mass: - \

m= \/m +m’+2(E,E, - P, - p,) @\
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STAR

Andre Mischke (UU)

Results
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‘ﬁ“’ K-1t Invariant mass distribution

. Wlo electron trigger w/ non-photonic electron trigger

1000~

800

120( _ _ I
combinatorial 600

background is
evaluated using
like-sign pairs

100}

80} -
400

60f

40 : 200
20] I
o 2 3 4 0
m(Kn) [GeV/c?] m(Kn) [GeV/c?]

Significant suppression of the combinatorial background
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ﬁs AR D% mesons in p+p collisions

100

c L _g —_ ¥ |t 086820
E 1000~ = I DO+ DO Constant  70.31: 18,19
c i © i Mean 1,892+ 0.005
© L B Slgma 001618+ 0.00472
800 i
L % 50H-
- @© I
600~ 1)
- D 1 -
- 14(1T Im
- - F ¥ we ‘ | ‘
400 0 1 I w |H
200 1 i
i . 50
] S B Hooooao T b v b g
1 2 3 4 1.7 1.8 1.9 2 21
m(Kn) [GeV/c?] m(Kn) [GeV/c?]

 S/B = 1/7 — factor ~100 better than in d+Au w/o trigger
« Signal significance = 3.7

» Peak content ~200
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Jp:STAR Azimuthal correlation of non-
photonic electrons and D° mesons

—0.025

1

g dN/dA¢ [rad
o
=]
N

1/tri

0.015

" e-D° correlation, p+p 200 GeV
STAR preliminary

0.01

0.005

® p:!“ >3 GeVie

ST

| 2 3
Ad(e,D°) [rad]

like-sign e-K pairs:
(e-DO) + (e*- DO)

statistical errors only

* Near- and away-side correlation peak; yields are about the same
* First heavy-flavor correlation measurement at RHIC

Andre Mischke (UU)
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i:STAR Data-model comparison
for like-sign electron-Kaon pairs

—0.025

1

" e-D° correlation, p+p at Vs, = 200 GeV
[ STAR preliminary

® p:f" >3 GeV/e

—— PYTHIA (charm-+beauty)
scaled by 2.86

1/trig dN/dA [rad
=
=
%)

o
=)
-
U

0.01
0.005 + + I
% T R I
a¢tel:»") [rad]
essentially from ~70% from charm
B decays only ~30% from beauty
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The STAR collaboratlon

51 |nst|tutes from 12 Countrles 544 Collaborators \ AL
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STAR

Andre Mischke (UU)

Backup
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‘;9}{7‘“ Electron tagged correlations:
bottom production 2

unlike-sign pairs
— away-side correlation

ﬁ like-sign pairs
— nhear-side correlation

B+

DO :
Near- and away-side
- .
12 correlation peak expected for
K* bottom production
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iiﬁm PYTHIA simulations: Electron
triggers with 8<p;t9<20 GeV/c

like-sign (e,K) 16 unlike-sign (e,K)

3 50
= 0.0015 = ogl  e-cbar
3 3 | b-bbar
= 3 |
2 o
5 E 0
= 0.001 < 04—

0.0005 0.2_—

n_ IlllllllﬂlﬂlHlﬂlllll
2 3 4

| L1 1 1 111
0 1 0 1

Ad(e,D%) [rad] Ad(e,D°) [rad]
» Near-side:
- B decays (dominant)
* Away-side: » Away-side:
- charm meson pair production (dominant) - B decays (dominant)
- small B contribution - small charm contribution
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i%%““ MC@NLO simulations for
charm production

» Near-side yield for like-sign (e,K) pairs
~0.011 + 0.0046
- Y1€ldpyrhia (scateqy = 0-0096

- yield

data

» Difference is attributed to gluon splitting

| delta-phi LS (3.0<=pT*trg<6.8) |
=107

- MC@NLO*

- MinBias PYTHIA

0.5

0.4

1/trig dN/dA¢ [rad™)

like-sign e-K pairs
from charm production

0.3

0.2

0.1

0

-1

Ad(e,D°) [rad]

 NLO QCD computations
(with realistic parton shower
model) plus Herwig event
generator

 Remarkable agreement of
the away-side peak shape
between PYTHIA and
MC@NLO

* Indications for small gluon-
splitting contribution (~3-104)

» More statistics needed for
final conclusions

* private version from S. Frixione (CERN)
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STAR MC@NLO simulations

' dphi(e,D0) for pT*ele > 1 GeVic |

~ — E - o MC@NLO (using Herwig)
' dphi(e,D0) fo(Qelj::- 1 GeVic )| Poota Pythia
0.005 T H
E - « MC@NLO (using Herwig) S| 1
= 3
3 0.004 Pythia ﬂ . .
Z o e o "o ¢ o
g o . @ ;
& 3 | A |
= 3
~ 0.003— HH
_ i o
- 0.0008 5ttt g g g e 'J1| "_ 15
_— - [ dphi eD0O vs ccbar |
0.002- .\'ﬂ | dphi ccbar |
N 3000
0.001)~ 2500
i o 2000
D | | i | | i | | i E | | i L | 1 1 | | ] | | E I | i 1 | 1 E

- 0 1 2 3 4
Ad(e,D°) [r: 1500

1000

Near-side contribution seems
to be from gluon-splitting

500

-1 0 1 2 3 :
A¢lc,cbar)
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iSTAR

Open charm in d+Au

K Pair before background subtraction |

PRL 94, 062301 (2005)

x10°
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Kz Inv. Mass (GeVic®)
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“Conventional”
reconstruction
technique:

Combination of all
positive and negative
tracks after quality
and dE/dx cuts
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_Z-S!AR

Invariant mass
spectra

3.1k non-photonic electron

trigger, 105 DY

3.3k non-photonic positron

trigger, 120 DO

2
Andre Mischke (UU) Ha.. ... ..., . ...

400

3 4 . 1.9 2 21
m(Kr) [GeVic?] m(Kr) [GeV/c?]
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_Z.STAR

m. . (Kr) for photonic e- trigger

 Di-jet events produce
many pions, which can

make a, e.qg.

, Dalitz decay

 WWhat is the correlation

. . 400
contribution from these
photonic electrons? s00]

m’— yG*@ i

DO

Andre Mischke (UU)

épT”g > 6 GeV/c

II '1l[.._1

II “'1'-}'"

11y A "lf'["n

2 3 4
m(Kn) [GeV/c?]

At

No DY signal observed

Hadron 2007, Frascati, 10/8/2007

p+p at Vs, = 200 GeV

dn/dm
8
[

20fF

30 i'_'

-aoft

-504_| 1

1.7

1.8

1.9 2 21
m(Kr) [GeV/c?]
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78::’TAR DOD*- cross section measurement
at the Tevatron

CDF Run Il Preliminary, 1.1 fb™

= Of .
8 D: |yl <1,5.5<p <20 GeVic
S 4 D*:ly| <1,5.5<p_<20 GeV/c
= -
= N —&— Data
"E 3 —— Pythia, cT,p_>5 GeV/c {
© }%‘ ——  Flavor Creation
2 :— ——  Flavor Excitation
= — Gluon Splitting ¢
1 ==
- = L4 B. Reisert et al., Beauty 2006,
3 - to be published in Nucl. Phys.

e e e e Y Y T s A W N N M N M T N T T B A A
% 20 40 60 80 100 120 140 160 180 B (Proc. Suppl.)
A¢ []
« Within errors near- and away-side yields are the same
— gluon splitting as important as flavor creation

* Near-side yield: PYTHIA underestimates gluon splitting
Note: Results are obtained at 10 times higher collision energy than at RHIC
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is\\%‘“ Electron identification

EMC Tower
 TPC tracks are extrapolated i — 4
onto EMC surface L2 N P

- ' Y F -
ittt ity I-:.'_:;‘.\—:,r_Sh ————————— - !
\ , : . SX0EMC |
s .
/ )

e Select tracks with well

ACaiite et

developed shower in SMD
- p measurement in TPC MW? E ot plone
- E measurement in EMC xﬂ!}} s chambers
e Quality cuts: Shower Maximum Detector (SMD)
: — wire proportional counter with strip
- P/Eer FaLIO read-out
- specific energy loss dE/dx — located after 5 X,

— AnxA¢ = 0.007 x 0.007
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i\\?STAR Heavy flavor measurement

» Hadronic decay channels QM 2005, Nucl. Phys. A774 (2006) 701,
D0 — Kn B.R.: 3.83% publication in preparation
D+ - Knn B.R.: 9.51% P T T
D%(D%)—Kn p1<3 GeV/c |y|<1
D*— D% B.R.: ~65%

5:— ® Event-Mixing Background Subtracted -
— Difficulty: large combinatoric background,
especially in high multiplicity environments

— Event-mixing and/or vertex tracker needed to
obtain a signal

Counts [1 05/(5 MeV/cz)]
T

—

Au+Au minbias |
Syn=200 GeV

: : : : 15 & 1
e Semi-leptonic channels (inclusive modes) o?@&o UHIRISD i aﬁg
c—o>er+X B.R.: 9.6% A . STAR Pre"mmarv
1.7 | I1..11'5II | |1.8. | 1I 85 1 9 I1I |95 2
DO > et + X B.R.: 6.87% Kz Inv. Mass (GeV/c)
Dt > ef+ X B.R.: 17.2%
b—o>e +X B.R.: 10.9%
B+t > ef+ X B.R.: 10.2%
— Single (non-photonic) electrons sensitive to charm
and beauty
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‘;9&3“ DO yield versus Ad(e,hadron pair)

 Calculate A¢ between non-
photonic electron trigger and
hadron pair p-

400

200—

 Extract D° yield from invariant
mass distribution for different

A¢ bins
pTeIectron 3°°|% / 2.,|

dn/dm

pX 250 S
S ‘M l H B
\\\ L of | 1 | |
W : il 11!
\ 150j H
\\ C ' 101~
A(I) CUt \ 100 r
N r N oo | #rnat 274419
/ E | [ | viewt 714851 31.24
NN / 50— 'u ] [ | position 1.888 + 0.010
\ \ L 'I"'lrlw,,. =30 | width  0.01807 : 0.01003
S\ \ / D_I A g NI AT BT A B R A
\\\ / 1 2 3 4 17 18 19 2 21
3 m(Kn) [GeV/c?] m(Kr) [GeV/c?]
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