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charm and beauty are produced in hard
scatterings during initial stage of hadronic collisions

in pp collisions: in p-Pb collisions:

« test of pQCD calculations * measure cold nuclear
matter effects, such as

» reference for Pb-Pb collisions .
 nuclear shadowing

— probe for energy loss mechanisms |
in Quark-Gluon Plasma: - k_broadening

AEg > AEC > AEb?
(Dokshitzer & Kharzeev, PLB 519 (2001) 199)

measurement via decay electrons:

e large branching ratios: c—e=10%
b—-e=11%
b—-c—-e=10%

* possibility of separating b — e from ¢ — e via track impact
parameter and via electron-hadron azimuthal angular correlations

Markus Heide Strangeness in Quark Matter, 26™ of July 2013



— —— e o A Large Ion Collider Experiment

MUNSTER

Detectors used for c/b — e measurements: central barrel, |n| < 0.8

ElectroMagnetic Calorimeter:

Time Of Flight: electron identification electron identification via energy-
via time of flight momentum matching (E/p = 1),
trigger

\ .
«««« X zw= Inner Tracking System:
-‘ = tracking, vertexing
‘| — separate charm and beauty
via impact parameter

- Time Projection Chamber:

electron identification via dE/dx,
tracking

_ Transition Radiation Detector:

electron identification via
dE/dx + transition radiation,
tracking

Markus Heide Strangeness in Quark Matter, 26" of July 2013 2
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1.) cocktail subtraction

based on measured hadron

production cross sections
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r— Electron Background Subtraction

two alternative methods:

2.) reconstruction of e" + e pairs
from y conversions and Dalitz decay
of neutral mesons via invariant mass

reconstruction of like-sign pairs to estimate
combinatorial background to y conversions
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| Proton-Proton Collisions,
fsiness g =7 TeV

Phys

107

. Rev. D 86, 112007 (2012)

T T T T T [rTrTrr[rrrrrrg

electrons from heavy-flavour 3 | + ?SSLELG! bb—r'f e
hadron decays: s — ¢,b—e -
cC—e gl
b—e 5

®
analysis of minimum bias data 5 1“"’;‘ E
p,-differential production 10°F == ;

¥ i oy 1

cross section: i ==

s pp,Vs=7TeV,|y|<05

« well described by FONLL

calculations \
FONLL: Cacciari et al., JHEP 9805 (1998) 007

Cacciari et al., JHEP 0103 (2001) 006

 further predictions by GM-VFNS and
k -factorization also in good agreement
GM-VFNS: Bolzoni & Kramer, Nucl. Phys. B

872 (2013) 253-264
kt-fact.: Maciula & Szczurek, arXiv:1306.6808v1

additional 3.5% normalization uncertainty

Data/FONLL
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electrons from heavy-flavour

hadron decays:

cC— e
b—e

analysis of minimum bias data

p,-differential production
cross section:

 well described by FONLL
calculations

- measurements in p_region

complementary to ATLAS results

ATLAS: Physics Letters B 707 (2011) 438

Markus Heide

1/(2np, ) d°c/(dp dy) (mb/(GeV/c) )

Data/FOMNLL
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Proton-Proton Collisions,
e g =7 TeV

Phys Rev. D 86, 112007 (2012)

pp, (s =7 TaV

= _¢—ALICEc,b— e
[ 4 ATLASc,b— e

= ___FONLLc,b — e, |y| <05 o
= — FONLLc,b — e, ly| <2 excl. 1.37 < Jy| < 1.52
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Proton-Proton Collisions, Vs =7 TeV

rec. track

separate measurement
of b — e decays

Primary
Vertex

do: Transverse
impact parameter

FPYTHIA, (s=7TeV, y| <08, * b(=cl—e
C £ ¥ c—e
L 1<p.<6 GeVic -__'_a._'_t';-_-.,.;.: @ conversion elec.
e e o Dalitz elec.
10° £ & x
g L
T IC aa
8 W #’5 ?ﬁ
L
: conversion electrons N PhyS Lett. B
3t 3
: o DataMC 1<p <2 GeVic b 1721 (2013)
= E DataMC 2 6 Gel/ E
g oF m| <p, <6 GeVic ; 13_23
Ju 15E ‘%’ :
o o —
0 I I U R T S U S R BT N
-600 -400 -200 0 200 400 600

d, (um)

decay lengths:

ct(D®) =123 ym
ct(D") =312 ym
ct(B) ~500 um

electrons from beauty decays:
wide impact parameter
distribution

excellent impact parameter resolution

of ALICE Inner Tracking System:
o, <75um forp_>1GeVic

U

beauty can be distinguished
from charm

Strangeness in Quark Matter, 26™ of July 2013



Proton-Proton Collisions, Vs =7 TeV

to primary vertex
do: Transverse ¢ subtract background
impact parameter  ysjng simulations

cowe |, Separate measurement minimum bias data
of b — e decays .
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Proton-Proton Collisions,

WESTFALISCHE

WILHELMS-UNIVERSITAT —
MUNSTER \/S - 7 Ie ~

separate measurement
of b — e decays

Phys. Lett. B 721 (2013) 13-23

10% é— pp,Vs=7 Te‘u’,JLdt =22nb’ ';

kt—fact.:

Markus Heide

pT-differentiaI production cross section
of electrons from beauty hadron decays:

« well described by FONLL calculations
FONLL: Cacciari et al., JHEP 9805 (1998) 007
Cacciari et al., JHEP 0103 (2001) 006

 further calculations from GM-VFNS and
k -factorization also in good agreement

GM-VFNS: Bolzoni & Kramer, Nucl. Phys. B

872 (2013) 253-264

Maciula & Szczurek, arXiv:1306.6808v1

» beauty takes over as dominant electron
source relative to charm at p_ ~ 4 GeV/c

Strangeness in Quark Matter, 26" of July 2013
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alternative method:
 reconstruction of
displaced e-h vertices

cut on:
. distance to primary vertex
. invariant mass e

. P, of hadron

independent
cross-check
for impact
parameter
method

analysis of EMCal-
triggered events

— cross-section measurement
extended up to p_= 13 GeV/c

Markus Heide

1/(2np.) d®c/(dp_dy) (mb/(GeV/cy )
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Proton-Proton Collisions,
Vs =7 TeV

separate measurement
of b — e decays

pp, Vs =7 TeV
additional 3.5% normalization uncert.

b-decay electrons
i.p. cut (|y|<0.8), arXiv:1208:19025
o sec. vix. (|y|<0.7), Preliminary
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Proton-Proton Collisions,

\s =7 TeV

separate measurement
of b — e decays

third method:

e via electron-hadron
azimuthal correlations

* near-side peak wider for
beauty than for charm
hadron decays

« comparison to PYTHIA
templates

— MC c-=e

& Data
e it

— MC b-=e, b->c->6

analysis of EMCal-triggered events

— ratio of e(b)/e(c+b)
up to 18 GeV/c

Markus Heide
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= o =
E=N [#)] 0]

o
[N

OO

= b->e and c->e (Phys.Lett B 721 (2013) 13-23)

FONLL
FONLL uncertainty

ALICE pp Vs = 7 TeV
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Proton-Proton Collisions,

\s =7 TeV

separate measurement
of b — e decays

third method:

e via electron-hadron
azimuthal correlations

* near-side peak wider for
beauty than for charm
hadron decays

« comparison to PYTHIA
templates

analysis of EMCal-triggered events

independent cross-check

for impact parameter method

Markus Heide
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| Proton-Proton Collisions,
e g =276 TeV

reference energy for Pb-Pb collisions

EMCal-triggered data

g"-“f_ | — FONLL 1 | I_:
c _) e electron ID by b _) e 31'22_ _f_:t:zESystemalicuncertainty H’L:E;:‘E _;
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N:‘IOG%- LA I L L I . ": ) :_ —_f
e - B FonL : e-h correlations ° r E
c0FE ~e-ALICE, (b+c)—> e 1 ook E
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4 = 3 . N:10"4§ T T T T T T T E
EHO'?E—F-R"E‘H&EW E% We" descrlbed by ‘% - PP VS=276TeV, |y|<0.7,L =11.9nb" ]
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®15E H = % = 3
S {E------ ----—4—*—-0-—-- e e LT 3 -~ F -
°°-§§— e 3 soon to come: = - 1
p, (GeV/c) measurements |S'° F 25CE E E
soon to come: using impact L. .. )
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[T =
electron ID by TPC + TOF method s E
0 0.5 =
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owe pT pT % > 4 6 spT (GaVic)
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p-Pb Collisions, \/SNN =35.02 TeV
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main purpose of measurements:

separate cold from hot nuclear matter effects

cold nuclear matter effects:
* huclear shadowing

e Cronin effect

Strangeness in Quark Matter, 26™ of July 2013
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p-Pb Collisions, \/SNN =35.02 TeV

electron identification
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ol C p = 5.0 GeV/c to 6.0 GeV/c ]
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Markus Heide

TPC-TOF
method:

« apply TOF PID

» determine hadron
contamination with
TPC dE/dx fits in

p. slices

- fit p_-dependent
contamination

Strangeness in Quark Matter, 26™ of July 2013
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two separate strategies:

.

- p-Pb sy, = 5.02 TeV, min. bias -=- Electrons
- 2<p <3GeVic ~# Hadrons
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E/p
TPC-EMCal method:

» select electron candidates with TPC
* select pure hadron sample with TPC

» determine hadron contamination
with EMCal E/p distributions of
electron candidates and hadrons
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p-Pb Collisions, \/SNN =35.02 TeV

combining spectra from minimum bias data
with two different PID methods:

electrons from heavy-flavour

ra
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electrons from heavy-flavour

p-Pb Collisions, \/SNN =35.02 TeV

combining spectra from minimum bias data
with two different PID methods:

n > n
hadron decays: p, < 6 GeVic: p, > 6 GeVic:
cC—o e TPC-TOF TPC-EMCal
— __
—_——
b—e : .
good agreement INn overlap region
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electrons from heavy-flavour

hadron decays:

cC— e
b—e

p-Pb Collisions, \/SNN =35.02 TeV

to behaviour observed at PHENIX

for d-Au at \/sNN = 0.2 TeV

P, dependence of Rppb comparable
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electrons from heavy-flavour

hadron decays:

p-Pb Collisions, \/SNN =35.02 TeV

predictions of nuclear modification

of the PDF from EPS09 agree with

measurements within uncertainties

—4— ALICE b,c — (e” + )2, TPC-TOF, ALICE reference
—#— ALICE b,c — (e” + )/2, TPC-EMCal, ALICE reference
—#— ALICE b,c — (e" + e)/2, TPC-EMCal, FONLL reference
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MUNSTER

 production of inclusive heavy-flavour and beauty decay electrons measured for
pp collisions at \'s = 2.76 TeV and 7 TeV

* b — e cross sections obtained from different methods are consistent with
each other

* measured cross sections of inclusive heavy-flavour and beauty decay
electrons in proton-proton collisions described by FONLL calculations
within uncertainties

. first ALICE Rppb measurements of inclusive heavy-flavour decay electrons:

« Show similar trends as PHENIX RdAu results

« agree with EPS09 shadowing predictions within uncertainties

Markus Heide Strangeness in Quark Matter, 26™ of July 2013 20
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- p_-differential cross-sections for pp collisions at Vs = 2.76 TeV soon
available down to lower p_:

« for inclusive heavy-flavour decay electrons
 for beauty hadron decay electrons

e electron-hadron azimuthal angular correlations in p-Pb collisions:

* near/away-side peak enhancement and ridge in n, as observed in
di-hadron correlations?

* a more detailed look at e-h correlation studies:

- R, ., measurements for heavy-flavour electrons:

Markus Heide Strangeness in Quark Matter, 26" of July 2013 21
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Transverse Impact
Parameter Resolution

WESTFALISCHE

ALICE Coll. JHEP 01 (2012) 128
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z p_-differential b — e
T

WESTFALISCHE

WILHELMS-UNIVERSITAT

e HONSTER Cross Section Vs = 7 TeV

Physics Letters B 721 (2013) 13-23

102 -
- b(—=c)—>e .
I A (b,c—e)-(c— efrom Hc decays) |
systematic < 10% yl<05, |Ldt=26nb" =
uncertainties Q = . ]
i ® direct measurement 7
clearly reduce_d 3 - ! . 1
compared to direct 2 ly|<0.8, | Ldt=2.2 nb
subtraction of c — e = 10% ¢ i% E
. . == I~ i
sprectrum from inclusive o Lisee -
heavy-flavour electron S I e & ]
o]

spectrum S 105L - é =
g H, z
ol ! %‘ o 1] |
10° pp, 15 =7 TeV S e
E additional 3.5% normalization uncertainty E
L 111 I 1l | | | | | | [ | | | | | | | | | | 1 |

0 1 2 3 4 5 6 7 8

P, (GeV/c)
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L Total b — e Cross Section

WESTFALISCHE

— e for Vs =7 TeV

Physics Letters B 721 (2013) 13-23

E | I I I T T TT] I I I T T T

=1 = ALICE extr. unc.

~102|— ® ALICE,pp fs=7TeV, ly<0.9 —

ELE - ¢ CDFRunll, pp Vs=1.96TeV, |y|<0.6 AT

% - % UA1,pp V5=0.63TeV, |y|<1.5 e i
_ m PHENIX,pp Vs=0.2TeV, |y|<0.35 -~ i
| — FONLL ’ |

extrapolation from 0

visible to total bb
production cross
section

10? 10° 10°
Vs (GeV)
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| Proton-Proton Collisions,
e g =276 TeV

—

;IIIlIIIlIII|III|III|III|I§
Heavy flavour decay electrons ]

® pp,s=7TeV scaled to Vs = 2.76 TeV, y}<0.5 (rebinned) -
additional 3.5% normalizaton uncertainty E
arXiv : 1205.5423 3

® pp,Vs= 276 TeV, y|<0.7
additional 1.9% normalizaton uncertainty =

FONLL-scaled spectrum
from 7 TeV used as
reference for

Pb-Pb collisions

—y
S
|

1/2np_dNP/idp._dy ((GeVic)?)

10° £ i
— lower uncertainties i ;
electrons from heavy-flavour N _
hadron decays: 10° .
C e 07k I
b—e E35;_!!!'!!!'!!!'!!!!!!!!!!!!!5
FONLL-scaled spectrum from g .2 I | 3
Vs = 7 TeV is consistent with Y I " DN A 3
result at 2.76 TeV B S STy
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Proton-Proton Collisions,

MUNSTER

electrons from b — e decays:

WILHELMS-UNIVERSITAT \/s — 2.76 TeV
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TPC dE/dx - <dE/dx>| o (o)

— S WESTFiLlscHE

WILHELMS-UNIVERSITAT

——— MUNSTER

p-Pb Collisions, \s __=5.02 TeV

electron identification - two separate strategies:

10
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Markus Heide
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