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Motivation for NPE studies

NPE: semi-leptonic decays of open heavy flavor hadrons

c —e" + anything(9.6%)

(Teany, Ralf, Denes et al.)

¢ quark ;
meson energy loss
Ivan, et al

Picture courtesy of Wei Xie @ HP2010

B —e" + anything(10.86%)  PDG2010
NPE 1s the proxy of heavy flavor quarks

» Initial gluon fusion (hard
process) dominates heavy flavor
production — pQCD applicable.

» Study the interactions of heavy
quarks with the hot and dense
medium.

» Access to high p; regime of
heavy flavor quarks ;




Access to high p regime of heavy flavors
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NPE-hadron azimuthal correlations
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parent momentum directions well, v k """" K+
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STAR detector

Large acceptance:
-I<n<1, 0<P<2m

....................................

Y SXOEMC ¢

!g(/{g((fg
. o Front plne
BSMD: a wire proportional
counter - strip readout detector,
embedded at ~5.6 radiation

lengths depth in BEMC.
Two layers/planes of strips,
along eta and phi directions.

NIM A 499 (2003) 725-739
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Common Detectors in NPE analyses:

Time Projection Chamber(TPC)
Barrel Electromagnetic Calorimeter(BEMC)
Barrel Shower Maximum Detector(BSMD)



Analysis principle

[Tracks triggered the high tower events]
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[ Inclusive electrons l

¥ . — 4 v
[Non—photonic electrons(NPE)] [ Photonic electrons (PE) ] [Hadrons]
W : v

Reconstructed PE = Not reconstructed PE
Opposite Sign —, = (1/e-1)*(reco-photonic)

/ From embedding: €

| Same Sign electrons |

ACI)NPE = A(I)inclusive B (Aq)OppoSign B A(I)SameSign)/ € - A(l)hadron

A@ could be other common variables, e.g. yield, ellitpical flow (v,), etc
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Analysis principle

[Tracks triggered the high tower events]




High tower triggers

High tower triggers (equivalently) require the highest transverse energy (E;) measured by
BEMC towers in an event exceeding certain energy thresholds

For example:

4 different high tower triggers in Run10 at STAR:
NPEI11 with E;> 2.64GeV, NPEI15 with E;> 3.6GeV

NPE18 with E;> 4.3GeV, NPE25 with E;> 6.0GeV
Effectively trigger on the high p; regime of heavy flavor quarks

‘ ¢ distance between BEMC tower and track projection [&w

c

1: identifty BEMC tower(s) that triggered the event
2: match the TPC tracks with the BEMC towers

*BEMC tower positions are given by BSMD

Wenqin Xu APS

(American Physical Societyf®

April meeting 2011
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Analysis principle

[Tracks triggered the high tower events]

lllllllllllllllllllllllllllllllllll
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[ Inclusive electrons l

-
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Electron identification:
Tower Energy over TPC momentum ratio

Electrons deposit most of their energy into BEMC
->
Tower Energy over TPC momentum ratio (E/P) ~1 Not necessary for hadrons!

Energy Over Momentum for photonic electrons =OP_ppe
> L Entries 4195
#1200 f Mean  1.078
- H RMS  0.2193
1000—
- t
800—
-
600—
- f
N Lot
400_— {
- t
L Jr ¥
200: 4 b,
o M. Wengin Xu APS 2011
_Illlllllllllll[IllI|llIl[llllllllllllllllllllllll

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
EOP



Electron 1dentification: shower profile

Electron showers are widely developed,
firing several BSMD strips.
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Electron 1dentification: energy loss nc

electron
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Analysis principle

[Tracks triggered the high tower events]

lllllllllllllllllllllllllllllllllll

lllllllllllllllllllllllllllllllllll

[ Inclusive electrons l

1 sl *

[Non—photonic electrons(NPE)] [

Photonic electrons (PE) ] [Hadrons] <1%
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Photonic electrons

The main background is photonic electrons (PE):

Photon conversions in material y—=e +e
Dalitz decays of pseudoscalar mesons a°n—=y+e* +e”

15 ——————————— 1

» Reconstruct the invariant masses of electron B —_unlike pairs

pairs (unlike/like sign), apply opening angles cuts *g ol .- like pairs b
s | + unlike-like -

» PE = unlike sign pairs - like sign pairs :;; i} p.=253GeVic
2 T ]

» The efficiency of PE reconstruction is g

evaluated by studying PYTHIA+GEANT tracks ! | !

embedded into real events ,f,';e_ (Gev/c%')z

.. ) STAR Phys. Rev. D 83 (2011) 052006
> Next: Statistical subtraction ys. Rev ( )

15



Analysis principle

[Tracks triggered the high tower events]

Pass electron ID cuts ‘—
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII » v

[ Inclusive electrons l
\ - : o v
[Non—photonic electrons(NPE)] [ Photonic electrons (PE) ] [Hadrons] <1%
W : v
Reconstructed PE = Not reconstructed_PE
Opposite Sign —, = (1/e-1)*(reco-photonic)
/ From embedding: €
| Same Sign electrons |

In case of <1%
ACI)NPE = A(I)inclusive B (Aq)OppoSign B A(I)SatmeSign)/g B %ﬂ

A@ could be other common variables, e.g. yield, ellitpical flow (v,), etc
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NPE spectrum 1n p+p at 200GeV

»Run05 and Run08 have very different material budgets

»i.e.: very different photonic electron backgrounds

»NPE measurements at py>2.5GeV/c agree with
each other
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FONLL: M. Cacciari, P. Nason and R. Vogt, Phys. Rev. Lett. 95, 122001 (2005);
M. Cacciari, R. Vogt, private communications.
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Near side correlation 1n p+p 200 GeV

Different decay kinematics for charm and bottom hadrons
—>Crucial for charm and bottom discrimination.

: — ' Py ¢ e-h correlation
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Bottom electron 1s suppressed

Combine the obtained b/c separation with NPE R, , (PHENIX:arXiv:1005.1627)

RV =(1-r)RZ +r,R
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+p 500 GeV

10n 1n p

Near side correlat
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PYTHIA p+p 500 GeV
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PYTHIAS: e(D)-h and e(B)-h correlation in 500 GeV p+p collisions at 500GeV

STAR Heavy Flavor Tune vi.1

Mini Bias Mode

8- T(tr1g)<7 5GeV/e =l —8 5<PT(tr1g)<9 5GeV/e s
E ——charmdecay ] —— charm decay - —— charm decay -
= e bottomdecay 3 - bottomdecay § —— [ = - bottom decay -
o= 1E E E
5= S E Z
2= TE e W E E
a Eps EE E
= IR T R SO HEPR RN SO AP AU RS S AR B o R | Loyl | | L1
3 1 0 1 2 3 -3 -2 1 0 1 2 3 -3 2 1 0 1 2 3
A Ad Ad
m g Fr T T L R B L A AR B
5:9.5 T(tr1g)<10 5GeV/ic 4 H0 S<P(trig)<i1.5 GeV/c 12.5 GeV/e E
- —— charm decay —— charm decay ] —— charm decay -
7:_ ------- bottomdecay 1 - || bottomdecay 3 - || o bottom decay
6 3 :
4l HE ] 3 i
2 I E E
1= S F 5 -
E i [ AR B R B SR R I
- 3 3 -2 1 0 1 2 3 1 2 3
o Ao Ao

21



Bottom/Charm contributions in p+p 500 GeV

Bottem/Charm contributions to their decay electrons are obtained by comparison against PYTHIA

| 6.5<pt<12.5 | 2 I ndf 34.06 / 36
croTr e "'l ratio_b 0.6652 + 0.0535
Constant -0.05334 + 0.02785

Wenqin Xu QM 2011
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The extracted eg/(egtep) ratio is higher
than 60% within the current statistics.
Error bars are statistical only.
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Away side correlation: d+Au vs Aut+Au

R TR Tl e
~ 7t ki Z 35.8 -
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- | o osasl ] lAquAu | | 1_ 55-4§| L """ |L‘u+Au\ """" ;

2.5 0.15<p™<0.5GeV/ic 10~40% central -  552[ 0.15<p™<0.5GeV/c 0~10% central ‘
34-6: STAR preliminary 55:_| | | STAR p[rellmlmar!
I-‘lllllI(l)lIH‘lllHJZIHH3HHLIIHAH(; I-1HH0HH1HHZ 3 4 Aq&)’)

Asso. tracks p; 0.15 ~0.5GeV/c, Inl<1; NPE p; 3~6GeV/c

Vertical error bars are statistical only. The open star data points are reflected points.
Red dashed curves: v, background range set with NPE v, being zero and hadron v;,.

Very large uncertainties associated with the background, currently under study,
not subtracted.
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Associated tracks Wlth higher p.
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»both near side and away side have intriguing correlations
»Background studies are in progress
»~half statistics in Run10; Run11 will have similar statisticss



Summary

<>The near side of NPE-h correlations in p+p collisions have been used to

disentangle bottom/charm contributions.

<>We can study the heavy flavor tagged jet-medium interactions

by using the NPE-h correlations in Au+Au 200Ge'V:

intriguing structures begin to show up.
-

C La frontiere i ‘ I

Of Les corrélations

 any residual room for medium response?

—>look at the small print on the away side

— two-dimensional in n,@
— use information on direction of recoiling parton
+ around re-emerging away-side jets

» around away-side heavy flavour

Federico QM2011

« “Annecy spectrum” promises a beautiful tool
—>quantitative comparisons with full hydro

— extract information on n/s, initial conditions
(Glauber, CGC, ...)

Federico Antinori - QM2011 - Annecy 29 25




Backup

)

INFN A r
N La frontiere i | |

 any residual room for medium response?
—>look at the small print on the away side
— two-dimensional in n,

— use information on direction of recoiling parton
+ around re-emerging away-side jets
+ around away-side heavy flavour

« “Annecy spectrum” promises a beautiful tool

—>quantitative comparisons with full hydro

— extract information on n/s, initial conditions
(Glauber, CGC, ...)

Federico Antinori - QM2011 - Annecy 29
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PHENIX NPE-hadron corr
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FIG. 4: (color online) €;,. — h, epry — h and egr — h (solid circles) for p+p (top panel) and Au+Au (bottom panel) collisions
for 2.0< pr.e <3.0 GeV/c and 1.5< pr,.n <2.0 GeV /e. The overall normalization uncertain of 7.9% in p+p and 9.4% in Au+Au

is not shown.
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Photonic electron (PE) reconstruction

=

[ Opposite sign
— Same sign

Counts

— Subtraction

wgl Example from the NPE
in P+P 500GeV study

0.1 0.15 0.2 0.25 0.3

0.05
2D Invariant Mass of e'e pairs (GeV/c?)

Counts

[ Opposite sign
—— Same sign

10° —— Subtraction

Example from the NPE
in AuAu 200GeV study

102

0 0.02 0.04 0.06 Q.08 0. )
2D Invariant Mass of e e pairs (GeV/c“)

e’ (global track)

o (assigned as
primary track)

dca e (primary track)
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STAR NPE-h correlation mixing event backgrounds
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4 centrality bins:
Black dots: 0~5%
Red dots: 5~10%
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Blue dots: 20~30%

Inclusive trigger tracks-hadron (asso p; 0.15~0.5GeV)
correlations from mixed events
The background for NPE-h correlation.
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