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Motivation - charm and beauty
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Charm and beauty quarks
(heavy-flavour, “HF”):

" Large mass -> production in initial hard
partonic interactions

AA

Heavy-ion collisions:
" Heavy quarks interact with the medium

= Modification of the momentum
distribution due to energy loss

->0bserved strong suppression of HF
yield at high p;

" Experimental observable: nuclear
modification factor R,,:

Heavy flavour decay electrons R
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p-Pb collisions: measuring initial
state effects

" |[nitial state effects might play
a role for Pb-Pb collisions @
" p-Pb collisions:

" no extended hot and dense
medium |
1.4 —— epsosrLo
" only cold nuclear matter effects: T EKSos
* Modified (g)PDF in nuclei
*= Shadowing / saturation at low

[E—
Do
ol

—=— nDS (LO)

1.69 GeV?)
I

X 0.8 O
= k; broadening Nc”} 06 - _.——
" Measure nuclear modification 5 04
factor R, of HF hadron yield P
to quantify cold nuclear 0.0 = '_3
matter effects 100 10
1 d Op,/dp T
A do,/dp, K.J. Eskola et al., JHEP,

0904:065, 2009.
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How to measure charm and
beauty production?

" Direct reconstruction of charm and beauty mesons in hadronic decay channels,
e.qg. DO -> i+ + K- (BR ~3.88%)
" Analysis based on fully reconstructed decay topologies displaced from the
interaction vertex

= Do, D+, D*+ and D.+ cross section measured in pp, p-Pb and Pb-Pb collisions

->Talk: F. Colamaria

" Inclusive measurement via semileptonic decays,
e.g. c -> e + anything (BR ~9.6%)
" Indirect measurement via inclusive electron spectrum from HF hadron decays

" Background: all other sources of electrons (most important: y conversions

and Dalitz decays)
semileptonic decays of open charm and open beauty hadrons:

N

i

S
k%% —
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A Large lon Collider Experiment

=
p-Pb data (2013):

[

EMCAL

PID via energy
deposit (E/p)

TOF

PID via time of

P flight information
T
TPC
particle tracking
PID via dE/dx
VZERO
MB trigger
P Rapidity coverage ITS
' /’ (this analysis) particle tracking
-0.60 < y|gb < 0.60 and vertex

-1.06 < ycms < 0.14 determination
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Analysis strategy

" Measure raw electron spectrum with optimized tracking cuts and PID
strategies (TPC:dE/dx, TOF:.Time-Of-Flight, EMCal:E/p)

" Subtract the contribution of background electrons (two alternative methods)
* Correct for reconstruction efficiency and geometric acceptance

" Separation of electrons from charm and beauty quarks via impact
parameter cut

-> Get p, differential cross section of electrons from heavy-flavour hadron
decays and beauty-hadron decays

= Combine with pp reference to calculate nuclear modification factor R,
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Analysis strategy

Identification of electrons
Subtraction of background electrons

Separation of charm and beauty electrons
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Electron identification: TECHNISCHE
TOF, TPC & EMCal PID e
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p-Pb, s, =502TeV
= '.“|i"' bias, |1]| < 0.8‘

3x10" 1 2 3 4 56789

-10 1/03/2013

3x10" 1 2 3 4 56789

p (GeV/c) p (GeVic)

* TOF symmetric 30 cut around expected

electron Time-of-Flight %10;? T pPb. s - 5.02TeV 10¢
"TPC -0.50 < dE/dx < 30 8 bl o 2<PT<4GBY/° e W
" Negligible K and p contribution after TOF+TPC, U . privwe

increasing pion contamination with p; s of ’ i
" Hadron contamination estimated by fits to the =

dE/dx in momentum slices ol 10
= High p; analysis done using the TPC and EMCal [\ /—

detectors: 1% 02 04 0. 14 16 18 2 |

E/p

-lo0 < dE/dx <30 & 0.8 <E/p< 1.2

2014-09-26 | Jan Wagner | The ALICE Collaboration | GSI | Hot Quarks 2014 | 8




Non-HF electron background - TECHNISCHE
= = - - DARMSTADT
cocktail with pion input
Tl L L R L R R B SRR BN R
" Inclusive electron distribution g e ateey <o
contains electrons from all Sl ATl TUeeewess
SOurceS g‘; _ i_z\\\\“‘ PRELIMINARY meson 7
Cocktail: % 10°g
Electrons from all other sources g

than heavy-flavour hadrons

" Input for cocktail: measured
charged pion dN/dp; spectrum

under the assumption:

RN SR S A S S N Sl RSl [ S L
LN BN S B RN B B B B R

cocktail systematic uncertainty
inclusive electron systematic uncertainty
total systematic uncertainty

d—N(:r[O):dN <J'E++Jl:_)
dp dp 2
" Contributions from other mesons
added using m; scaling

inclusive electrons / background cocktail

P, (GeVlc)
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Electron background subtraction UNIVERSITAT
Main contribution to background

electrons: photon conversions and

Dalitz decays of light mesons

(= “photonic” electrons) % . pPb\S=502TeV . Unike sign pairs
no_)yy > yconversion_)e+ e_ J'IZO_) Ye+ e_ 8 103 3 .“'MUItIp“CIty class:0-20% v Lo Sigh pals

" Photonic electrons come in e+e-
pairs with small invariant mass

ALICE

PERFORMANCE

" Combinatorial background 4 075015

subtraction with like-sign technique }
- Electrons from y conversion and light meson decays

1 1 1 1 1 I 1 1 1 1 I 1 1 1 1 J 1 1 1 1 I 1 1 1 L ‘ L L 1 1

. ini ibuti 0 005 01 015 02 025 0.3
Escr;T(?éri]llng contribution taken from hearantibtass (e e (GaTlch

(weak Kaon decays “K.;" & J/p)
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" Apply cut on electron impact
parameter (IP) d, to increase S/B

for b->e

" Remaining background removed by
cocktail approach based on
measured pion and D-meson cross
sections

2014-09-26 | Jan Wagner | The ALICE Collaboration | GSI | Hot Quarks 2014 | 11



IP distribution for different
electron sources
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" Exploit long life time of beauty
hadrons compared to charm
hadrons:

ct(Do) = 123 um

T l T T T I T T T I T L] T I T T T l T T T

& S SR NS BETE
€ |5, = 5:02 Tev ALICE Preliminary
> NN —
2 o -1.06< y_ <0.14 gg%}% PYTHIA ct(Bo) = 455 MM
8 ‘I<pT<6 GeV/c A %.‘j% ;(t:)(—?eC) =
3 . .Coesos | ® p; dependent cut on the
. on ® = Gonversion
g 10 i M., o Dalitz decays 4 e P .
5 " minimum electron impact
E o o F arameter:
10 / @%3%& » £
. ; —
10 - optimize S/B for b->e
p. dependent d, cut decays with MC simulations
5 C1 .. e
10

-O.OéI-O.OG -0.04 -0.02 0 0.02 0.04 006 I(I).08 o .
d x charge (cm) " Looser cut on minimum IP with

Increasing p; due to lower
statistics / less background
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Raw electron yield contributions @ rciniscre
after impact parameter cut

DARMSTADT
" |Increased e<-b contribution with

S 1°E s, _s02Tev  ALICEPrelminary o Simultaneous suppression of
s F g wiyics Sl 1 non-HF electrons
= 104F & ¥ C—oe -
- = % =  Conversions 3
% - = o o Dalitz decays 3 o .
1 o By, oo Vedcibasarndsonees 1w Remaining fraction of electrons
- g i cmma——- ol 3 from charm-hadron decays needs
'I b 3 "=, " +— to be estimated using MC
= % $¢ T *—, 3§ simulations
10 E $#4F s | | |
- %ﬁ 3= MC is weighted with prompt
e . . . | -+« D-meson cross sections
B 2_ ST, measured with ALICE
2 E + —t+—3 estimate for the A.->e
1E “o"‘ﬂ e _; i I
05- R ey S S contribution(ZEUS)
b, (GeVic) (Eur.Phys.)., C44:351-366, 2005)
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Results

Cross section of electrons from heavy-flavour hadron decays
Reference from pp collision

Nuclear modification factor
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TECHNISCHE

Electrons from HF - cross section e
" Correction for the reconstruction
efficiency and acceptance of the Ng 10Eg" lp—l;b,l\/s;|=5.|02|Te|V,1nin|.b;asl—1.|06l< AR
detector s [ A =
() N ]
Dt 4 ALICEbc e E
. o) F 3
* Systematics: B hiet e :
= -1 additional 3.4% normalization uncertainty not shown
" Measurement & detector: =ole =l =
7% - 29% Bt - :
" Cocktail: 6% - 8.5% B 10%E e =
* Minimum bias p-Pb collision cross =2 F = :
1 . Q o .
section: 3.4% B 100k ~ i
" Specific for the b->e measurement: < E =i ]
= D-meson input: hadron and oL == E
pr dependend 10% - 20% = =
! " ALICE Preliminary ] §
. 5 1 | 1 | | 1 1 | 1 1 1 | 1 1 1 I 1 1 | 1 I
= Different slope for electrons from Ol e o e e g
beauty-hadron decays: prGeNig)

beauty contribution dominant in
high p; region
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Reference for R,
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" Cross section in pp collisions at
Vs = 7 TeV for electrons from
heavy-flavour? and beauty:?

decays:

Extrapolation to 5.02 TeV based
on the Vs dependence from
FONLL pQCD calculations"s

A

ALICE Preliminary

pp

mb(—>c)—>e, |s=7TeV
eb(—c)—e,|s=5.02TeV (scaled)
—FONLL, \s=7 TeV
--FONLL uncertainty, \s=7 TeV
—FONLL, | s=5.02 TeV
. --FONLL uncertainty, \s=5.02 TeV

) d°o/(dp_dy) ((mb)/(GeV/ ¢)))
LR AL

—4— ALICEc,b— e
— FONLLc, b e

|

t
=i
o

T

t

1/(2np,) Po/(dp,dy) (mb/(GeVic)?)

pp,\s=7TeV, |y| < 0.5

additional 3.5% normalization uncertainty

Data/FONLL

Q'_ 10>6 g_ i é
B o p, (GeVrc)
b -
= 0 1 5 [1] B. Abelev et al. (ALICE Collaboration) Phys. Rev. D 86, 112007 (2012)
[2] B. Abelev et al. (ALICE Collaboration) Phys. Lett. B721, 13-23 (2013)
[3] R. Averbeck et al. arXiv:1107.3243 [hep-ph], Jul 2011
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Nuclear modification factor UNIVERSITAT
H 1 H 2 i l IALIé)E;),cL Ie*+Ie'/l2,1[PCIvTO|F,A'LI(;Er]efer]enclel i 1|
" Ryplc,b->€) compatible with unity ;| Siei b b et E
and model calculations which EVFTL W romaatonumcoramy :
include: s 2 =
" Binary scaling of the cross section in ¢ © I .
pp collisions to the p-Pb collision - ‘ % % | -
system e S —%_ ------------------ .
" Shadowing effects calculated on the || % E
basis of the EPS09 parametrization.! C T NIl oPbAsw=502TeV, min bias, 106 <y, <0.14
& S ALICE Preliminary e Th Ay AR M i Ekig s s
B -4 ALICEb,c > e p, (GeVic)
B ] —4-ALICEb (—c)—e
2'55___ § normalization uncertainty u Rpr for bea Uty'd ecay eIeCtronS
211 ) compatible with unity and with
| l e HF decay electron R,
Rl lixl 1] TL' A e s 50 G s on . .
I aliniipsiits I Suppression seen in Pb-Pb
ost- - collisions is an effect of the
:I L Ip-IPbI,\.TN,\‘|=5I.OI2TIeV|, mlln.lblars,;1.f)6f}jCM|S<I0.j4l hot and dense medlum
0 2 4 6 8 10 12 14

p;(GeVic) 1k Eskola et al., JHEP, 0904:065, 20009. . ->Talk: M. VOIkl |
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Summary

= Selection of electron candidates with TPC, TOF and EMCal
detectors

* Background subtraction using electron cocktail or invariant mass
approach

= Separation of electrons from beauty-hadron decays using a p;
dependent impact parameter cut

" Measurement of HF cross section in p-Pb collisions using the
semileptonic decay channel

" R,pp, CONsistent with unity and model calculations including
shadowing predictions

" |Initial state effects are small, suppression seen in Pb-Pb collisions
Is a final state effect

Outlook
" Analysis in multiplicity bins for p-Pb collisions
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Hadron contamination

wn 1 05 T T T T T T T T T T T T T T T T (0] 1_| T r'Tril I | |1 I | P | B TTTT i 0 | Frrl | P I
2 E : | == [ = O o | | | | | | E
= E p-Pb, \'s, = 5.02 TeV, min. bias = g' - p-Pb, |s,, =5.02 TeV, min. bias a
3 B p = 5.0 GeV/c to 6.0 GeV/c ] < 0.9 =
10% = .\A‘:‘}‘ — Tracks E § 5 8:— =
= —— Electron Fit 7 TSl ]
C ] S m ]
B Pion Fit 7 © 0.7 ALICE
10°E Ratio Data/Fit 3 e IR ]
- | Deviation relative ] -% 0.6~ 08/07/201? =
— 1 ~ it [ ] ® El
> to expected £ i e (p2 il p3) 3
10°E E El0=C endi 0.11/3 &
i . B e o 1 0.47 + 0.01 ]
o = i
E 7 g 0'4: p1 0.48 £ 0.01 =l
10 ALICE Soaf p2 0.39 + 0.062 =
' | PERFORMANCE . ki - p3 -3.3+ 0.46 B
: AT 08/07/2013 - = F =
E ”'l| !H'lll!ﬁ'“ A | = 5 0.2 & electron sample identified with -
1
I Illl-f; ||‘U 3 S T «TOFPID+3c ]
' h ] 5 0.1 «TPCPID-0510 +30 —
: . o B ]
1 0-1 1 1 1 1 | | 1 | : | | | | | | | | e O (1| S m g | 1111 | 1111 | | I_I 1111 | 1111 | | L1l | [ =gt
-10 -5 0 5 10 0 1 2 3 4 5 6 7 8 9 10
TPC dE/dx - <dE/dx>| (o) p (GeV/c)

* Fits to electron and pion dE/dx in momentum slices
(Kaon+Proton negligible)
* Obtain hadron contamination as function of particle momentum

2014-09-26 | Jan Wagner | The ALICE Collaboration | GSI | Hot Quarks 2014 | 20



R ., Vs results from PHENIX
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= PHENIX results in d-Au collisions at vs = 0.2 TeV

nuclear modification factor

3 1 1 1} | I 1 1 | 1 I I l 1 1 1 | I 1 1 | 1 I I | 1 1 1
[ —¢— ALICEbc - (e +e)2, p-Pb, VSNN =502TeV,-0.14 <y _ <1.06, TPC-TOF, ALIGE ref. B
E —§— ALICEb,c — (e +e)2, p-Pb, \lsTN =502TeV,-0.14 <y _ <1.06, TPC-EMCal, ALICE ref. i
25— _ - —
[ [] - ALICEb,c > (e +e)2,p-Pb, \/?NN =502TeV,-0.14<y _ <1.06, TPC-EMCal, FONLLref. |
| N = _
[ | []—— PHENIXbc — (e +e)2 d+Au, VS =02TeV.ly I <035 i
—_ normalization uncertainty: Il ALICE B PHENIX __

2

15(— H —
= UIH i =
1 —hris Tt ----4--1--f======--feus 5
05— + —
B ALICE 5
[ PRELIMINARY il

| 1 1 I L | | | 1 1 L | | 1 1 | L L | | 1 1 l I | | 1

0 2 4 6 8 10 12 14

P, (GeV/c)

A. Adare et al. (PHENIX Collaboration)

Phys. Rev. Lett., 109:242301, Dec 2012.
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