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Heavy quarks in heavy-ion collisions ALICE

RRRRRRRRRRRRRRRRRRR

 Heavy-ion (HI) collisions at the LHC energies
- Quark-Gluon Plasma (QGP) phase expected (lifetime ~ O(10 fm/c))

« Heavy quarks
- Large masses (mq » Aacp) = produced in the early stages of the HI collision

with short formation time ( tcharm ~ 1/mc¢ ~ 0.1 fm/c << Ttaep ~ O(10 fm/c) ),
traverse the medium interacting with its constituents c b

= natural probe of the hot and dense * :\&Z% 0\
medium created in HI collisions 5\\ Frsasout
- Interactions with QGP don’t change flavour [ soncs
identity
- Uniqueness of heavy quarks: cannot be S <t <simic

destroyed/created in the medium
= transported through the full system
ev 0 I uti o n Semi-h;réirpirt(i)c.:;e fr';‘)(rcoduclion

Non-equilibrium QGP
03<T<2fmlc
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Heavy-flavour physics program in pp, p-Pb, Pb-Pb collisions ALICE

A JOURNEY OF DISCOVERY

 Pb-Pb collisions
- Study the interaction of heavy quarks with the medium via
parton energy loss (radiative vs collisional) which depends on :

» color charge _ﬁ'
» parton mass quarks : colour triplet

» path length in the medium u,d,s : m~0, Cg = 4/3 %9’2%666
» medium density and temperature gluons: °°(')°‘(‘:r °°;et i
] g " M= ; R =
= expect: AEg > AEy g s > AEc > AEy, heavy quarks : colour triplet—b/'
- Collectivity in the medium c:m~1.5GeV, Cr=4/3

b:m~4.5GeV, Cr=4/3
* pp collisions
- Reference for p-Pb and Pb-Pb collisions
- Test heavy-quark production mechanisms

“Quark Matter”

p-Pb collisions
- Control experiment for the Pb-Pb measurements
- Address cold nuclear matter effects
» nuclear modification of parton distribution functions, kT broadening, energy loss in

shadowing: K.J. Eskola et al., JHEP 0904 (2009) 65 , gluon saturation, Color Glass Condensate: H. Fuji & K. Watanabe, NPA 915(2013) 1

cold nuclear matter,...

l. Vitev at al., PRC 75 (2007) 064906
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Beauty production measurements with ALICE ALICE

A JOURNEY OF DISCOVERY

« Measurement of b-quark production via :
- electrons from semi-leptonic decays of beauty hadrons
- J/P from weak decays of beauty hadrons (non-prompt J/¢) through e*e™ decay
channel
= exploit long lifetime (cTt ~ 500pum) of B hadrons
= Excellent vertex and impact parameter resolution of ITS and elD capability in ALICE
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tracking & vertexing
= TPC : tracking & PID
= EMCAL, TRD, TOF : PID

DIPOLE
MAGNET
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= TS (inner tracking system) :

= VO : centrality determination



Experimental results
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Measurement of beauty-decay electrons ALICE

A JOURNEY OF DISCOVERY

- Electrons from semi-leptonic decays of beauty hadrons : N
b—=>e+X(~11%), b2>c—2>e+ X (~10%) rec. track
Long lifetime of B hadrons (ct ~ 500um) leads to larger impact

parameter of electrons coming from B hadrons Primary
Vertex
B

- Analysis strategies : d
» applying minimum impact parameter cut and subtracting !
remaining background based on measured light-meson and %ﬂzpzst”;;f;neeter
D-meson spectra
» fit templates of impact parameter distributions of signal and
background contributions

Impact parameter :

Track’s transverse distance closest
approach to the primary vertex
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. . . . . . . 2 m s ® % 4 g
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prt-differential cross sections of b—e in pp collisions

ALICE

A JOURNEY OF DISCOVERY

PP, Js= 2.76 TeV
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e Beauty-decay electron cross sections reproduced by pQCD-based calculations (FONLL,

GM-VFNS, k1 - factorization)

FONLL : JHEP 1210 (2012) 137, kr-factorization : Phys.Rev. D87 no. 9, (2013) 094022,

GM-VFNS : Nucl.Phys. B872 (2013) 253
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Nuclear modification factors of b—e ALICE
p-Pb snn= 5.02 TeV Pb-Pb /snn= 2.76 TeV
1 do,,\/dp, . dN ., /dp
> Rpa= XW , A: number of nucleons in the nucleus > Raa= < Nw”>:’*depT/ gp, » <Near>: number of binary collisions
> Rpa # 1 : Address possible cold nuclear matter effects > RAA # 1 : medium effect at high pr
o 4: LI LR DAL AL BN I B §2.5_----|----|""|"'|""|""|""|""_
" 35F ALICE Preliminary 3 o " Pb-Pb, |\ s, =2.76 TeV, 0-20% centrality
N3 p-Pb, V%: 5.02 TeV, -1.06< y_ <014 = 2 e b(sd e y<08
- _ e b(—c)—e . B [_] syst. uncertainty ]
25 F [Isyst error - - nomalization uncertainty -
- m normalization uncertainty . 1.5 [ ]
sf J,H el T :
e T . : :
: il i i

ALICE Preliminary
PR AT T M T T U I U U N T T U T U T A T A N M A B A
1 2 3 4 3 6 7 8
)

P, (GeV/c

o

* Nuclear modification factor of beauty-decay electrons in p-Pb collisions is compatible with unity within
uncertainties
- Suppression of beauty-decay electrons for p_. > 3 GeV/c in 0-20% central Pb-Pb collisions

- Suppression measured in Pb-Pb collisions is due to the parton energy loss in the hot and dense medium
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Measurement of non-prompt J/¢

*

ALICE

A JOURNEY OF DISCOVERY

+ Measurement of non-prompt J/¢ :

Inclusive
J/¥

Direct J/W
Prompt
J/¥

Non-prompt

J/W from B decays

Long lifetime of B hadrons (ct ~ 500um) leads to larger

flight distance of electrons coming non-prompt J/{

* Analysis strategy

» 2-dimensional simultaneous fit for Mee and pseudo-proper

decay length x
» X = C-Lxymuyrgp/ pro/¥

» Lxy : projection of the flight distance onto its transverse

momentum vector

2120 4+ data

— fit, all
-------- fit, signal

fit, background
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y2/dof = 73/39

ALICE pp, \s =7 TeV

p,> 1.3 GeV/c
JHEP 11 (2012) 065

1 1 1 | 1 1 1 I 1 1 1 I 1 1 1
84 26 28 3
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Entries/40um

10 = ﬁta t:u 2.92 < M(e'e’) < 3.16 GeV/c?
I fit, prompt J/y x%/dof = 27/44
T — f@t, J/y from b-hadrons
I fit, background JHEP 11 (2012) 065
ALICE pp, \s =7 TeV
105_ p,>1.3GeV/c
1 — ® [ [ ] ® q pOS 660 6 O

- N
- \\\\\
B v I ™~
— _,_..--'-"""—"/ // \ \\ \
‘-T'_I | | | | -] | | | 1111 F | | 21 | 1 11 —1. 11 | I [N TN | | 11 1 |

-2000 -1500 -1000 -500 0 500 1000 1500 2000

ICNFP 2016, Crete

primary
vertex

secondary

pseudoproper decay length (um)



Fraction of J/Y from the decay of beauty hadrons  ALICE
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e The fraction of J/P from beauty-hadron decays is determined for pp and Pb-Pb collisions.
¢ The fraction in Pb-Pb collisions has a similar pr dependence as in pp collisions

=compensation of the medium effects on the prompt component (J/ dissociation and
recombination) and on the non-prompt part (b-quark energy loss) ?
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Nuclear modification factor of non-prompt J/¢ ALICE
non-prompt J/P
inclusive J/, 0 - 50 % Pb-Pb, /snn= 2.76 TeV
0 - 40 % Pb-Pb, snn= 2.76 TeV mid-rapidity ( |y| <0.8)
mid-rapidity (|]y] < 0.8) Pb Pb
RIon— prompt J/y _ Rincl. J/y
AA Pp AA
B
2 o
'IZE { 5 @ ALICE Pb-Pb, |5,=276 TeV, |y <08 § Pb-Pb, sy = 2.76 TeV ng‘?%‘é% CMS (|y|<2.4)
- A CMS, Pb-Pb, \s=2.76 TeV, | y |<2.4 ol —@— 0-50% ALICE (|y|<0.8)
- ¢ PHENIX, Au-Au, sy=0.2TeV, |y 1<0.35 5 \ AbericoW. M. etal  Vitevl. etal Aichelin J. et al.
- © 7 Transport model (Zhou et al., PRC89 (2014) 054911) 5 1.5 HTL <& w/o Coll. Diss. Coll.
- R Transport model (Zhao et al., NPA859 (2011) 114) c < Hatach B with Coll. Diss. Coll +LPM Rad.
********************************************************************** . 8m<( \ 777 WHDG He M. et al. N\ Djordjevic M. et al.

AdS/CFT - — Uphoff J. et al.

R L JHEP 07 (2015) 051 1 .

RN \ _L\ JHEP 07 (2015) 051

\\\\\\\\\\\\\@ 4 )
R TRF B

0.5 —F= ~\\\ \\\ \\\ ;\‘\ N \ ///?/
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_ Centrality 0-40% (open symbol 0 50%)
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e Based on the measurement of inclusive J/{ Raa, Raa of non-prompt J/¢ is obtained

¢ Result of non-prompt J/P extends the coverage of CMS to the low pr region

¢ In 4.5 < pt <10 GeV/c, non-prompt J/P suppression tends to be stronger than what predicted
by most of the models

Minjung Kim, Inha University

ICNFP 2016, Crete 11



Minjung Kim, Inha University

Ongoing studies
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Measurement of b jets ALICE

RRRRRRRRRRRRRRRRRRR

 Tag jets coming from fragmentation of beauty quarks:
- unbiased selection on the kinematics of the hard scattering, even in the
presence of an (underlying) heavy-ion collision
- allow the study of energy loss redistribution in Pb-Pb collisions

 Main analysis steps:
1. Jet-finding: jet reconstruction with charged tracks
2. b-jet tagging: exploit long lifetime (cT ~ 500pm) and large mass (~ 5 GeV/c?)
of B mesons
3. Corrections: unfold jet energy resolution and correct for b-tagging efficiency
and charm/light flavour contamination

* b-jet tagging:
- Impact parameter of tracks within jet cone
- reconstruction of secondary vertexes (SV) and its properties

Minjung Kim, Inha University ICNFP 2016, Crete 13



b-jet tagging via track impact parameter ALICE

A JOURNEY OF DISCOVERY

* b-jet tagging via track signed impact
parameter:

The probability to have several tracks with high
positive values is high for b jets due to the
displaced secondary vertex.

Q

primary

1. Sort tracks in a jet by decreasing values of vertex
the signed impact parameter
th sign : sign of scalar product of jet direction and the|
2. ImpaCt parameter of the N TT?OS.’t vector from primary vertex to the point of DCA
displaced track used as discriminator 6 < /2 — positive (+)
3. Select jets which have large discriminator ©>m2 = negative ()

DCA

exceeding certain threshold (domin) 8 iLpytiasmuiaonpp fs=7Tev =
4. Subtract contamination from charm and G et oy memed B9 —biets 7
light-flavour jets and correct for efficiency " | <05, 6 > 10 GeVic —olels 3
10'3;— —;
; 30/10/2013 ;
10 = =
I -
E— 0.4 —

discriminator (cm)
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b-jet tagging via secondary vertex reconstruction

*

ALICE

A JOURNEY OF DISCOVERY

* b-jet tagging via secondary vertex reconstruction :

reconstruct secondary vertices (SV) in a jet with N tracks

(N=2,3,..) within a jet and use the signed flight distance
(significance) and SV dispersion.

- transverse flight distance Lxy : projection of the flight

distance onto transverse plane

- SV dispersion owix : the dispersion of the tracks in the
vertex

where d1 2,3 are the distances of the three tracks from SV

—h
<

T I#IIIIII

Probability density

—i
<
N

Ovtx = d12 + d22 + d32,
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| Jet flavour:
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—— charm

—a— light quarks and gluons

T T T T l

ALICE simulation
PYTHIA + HIJING, p-Pb | s, = 5.02 TeV

L1111l

3 track vertex, P, track>1 GeV/c  Anti-k;, R=0.4

most displaced vertex in jet pii_”et>20 GeV/c, In_|<0.5

=
T ey

P

-D-ﬂ__D__D_
Rl
iy
DDD-D—-D—_D_ o+
-+ -D—.D__D_D

L 1 IIIIII|

5 10 15 20 25 30

L,/c L,
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efficiency

primary
vertex

sign : sign of scalar product of jet direction
and the vector from primary vertex to the
secondary vertex
0 < /2 — positive (+)
6 > /2 = negative (-)

10 :_I T T T . T ]. T T | LI T l T T T T l T T T T l T T I%:_
= ALICE simulation 3
= PYTHIA + HIJING, p-Pb | s, = 5.02 TeV .
1 ;3 track vertex, p_  >1 GeV/c ny/cLXy>1O, 0,,<0.02 cm _;
= most displaced vertex in jet 3
107" E ) . .
s . . — = " 3 ={agging/mis-tagging
02l | efficiencies do not
1 strongly vary with pr
103 L ~— +~ - ——o—| = efficiency for b-tagging is
o Jet favour: = higher about x100 for light
- Anti-k;, R=0.4 -4 beauty . g 9
104 L I 1<05 -+-charm | quarks gluon and ~x3-5
S -#-light quarks and gluons 3
- 1 | 1 1 | 1 | 1 1 | 1 | 1 | | 1 | 1 | | 1 | 1 1 | 1 | 1 1 $ for Charm
20 25 30 35 40 45 50
gen
pT’ o (GeV/c)
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Prospects with RUN2 & RUN3
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Beauty measurements in RUN2 and RUNS3 ALICE

RRRRRRRRRRRRRRRRRRR

« RUN2: 2015 - 2018

- new higher energy : pp collisions up to /s = 13 TeV, p-Pb collisions and Pb-Pb
collisions at \/snn = 5 TeV

- significant increase of statistics (L~1nb! for Pb-Pb collisions) allows to reduce
systematic uncertainties
= more precise measurements in an extended pr coverage of beauty will be possible

 Run 3: 2021 - 2023

- ~10 more statistics w.r.t. Run 2 (L ~ 10 nb-! for Pb-Pb collisions)

- improving the tracking precision at central and forward rapidity via ITS and MFT
upgrades

- increasing the readout capabilities of the detectors up to a rate of 50 kHz (from 1
kHz) with TPC readout upgrade (MWPC — GEM) and new combined Online-Offline
system for calibration and data compression

= Better precision, more statistics and extended pr coverage measurements with
new observables will be possible

Minjung Kim, Inha University ICNFP 2016, Crete 17



Upgraded Inner Tracking System (ITS) ALICE

A JOURNEY OF DISCOVERY

6 concentric barrels = - ¢ Upgraded ITS .

. - 2layers of silicon drift (SDD) L] 7
- 2layers of silicon strips (SSD) | {80 3 N coverage: |n| <1.22
Se 7 — for tracks from 90% most
luminous region

Outer layers

Middle layers

r coverage:
23 -400 mm

Beam pipe " e ?
L = CERN-LHCC-2013-24

7.
"

7 cylindrical layers of

ALICE

Monolithic Active Pixel -
Sensors (MAPS) 350 e, R IR #--- Current ITS, Z (Pb-Pb data, 2011) |...
: """" Upgraded ITS, Z
300 .| —— Current ITS, r (Pb-Pb data, 2011) | _

Upgraded ITS, re

¥ Improve impact parameter resolution by a factor of ~3
» Get closer to IP (position of first layer): 39mm — 23mm
» Reduce x/Xo/layer: ~1.14% — ~ 0.3% (for inner layers)

» Reduce pixel size: currently 50pm x 425um — O(30pm x 30um) :
. . . . 150__ ...................................................................
v Improve tracking efficiency and pr resolution at low pr :
Y Increase granularity: 100:_ ............. ............... ..... ......
» 6 layers — 7 layers ENERNI Y P . o
» silicon drift and strips — pixels L e e,
v Fast readout ‘1)0_1 1 0
v  Fast insertion/removal for yearly maintenance p.. (GeVic)
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Upgraded ITS - Physics performance

*

ALICE

A JOURNEY OF DISCOVERY

= 1T ALY RS B AR RRRRNRRRE=
(E; J/ — AL Current ITS ]
- Improve the results of current observables : g Vo - Upgraded ITS (hybrid MC)
i)
- non-prompt J/Y in the ete- decay channel R " Upgraded ITS (WlIMC)
. .. . . g 10 CERN-LHCC-2013-24
- improved pointing resolution with upgraded ITS s e
-> improve pseudoproper decay length resolution g —.—
- > 102 =, =
= extended pt and more precision measurement of S I
non-prompt J/P Raa and vz together with increased % e
statistics 5 10°F T .
- :
3 0 1z ETaTE e T 9 o
o P, Jyp (GeV/c)
§ 2: T T T | T T T | T T T | I+I-I | T T T | T T T :l >C\| 0.25_| T | T 1 LI 1T 1 | T T 1 | T T 1 | T 1 1 | I- T I_l
T gF Non-prompt Jp (— e'¢), lyl<0.9 ] - Pb-Pb, L =10 nb! A
O ] - n —
- Pb-Pb \/? 2.76 TeV B ]
1.6 NN L _
N L. = 10 nb™, centrality 0-10%: 0.2 0 CERN-LACC-2013-24
1.4 CERN.LHCG.2015.04 3 i * D" from B, 30-50% centr. i
128 —— " = = 0.155 » Jhp(— e’e) from B, 10-40% centr. -
L] e — i ]
0.8F e - 0.1- -
N —— ] i ]
0.6~ —A— ] [ |‘4;—n&-. :
- —— - ! e -
0.4 - 0.05 y teea,, .
- ] SR RERTTYS
0.2 -] B __# _
O: N N T T R T T R T T T R R T :[ O_I I 1 oo v v bvv o v v b by by _|
0 2 4 6 8 10 12 0 2 4 6 8 10 12 14 16
p, (GeVic) p, (GeVic)
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Upgraded ITS - Physics performance

ALICE

A JOURNEY OF DISCOVERY

significance

Full kinematic reconstruction of beauty hadrons:
Distinct decay topologies and kinematics allow for efficient full reconstruction of beauty mesons

and baryons

B* - DYt (D° = K*m) , combined branching ratio ~ 1.9 x 10
B+ = J/P K=5J/Pp — e*e’), combined branching ratio ~ 6.1 x 10
A? = At T (At = pKmTt) , combined branching ratio ~ 3 x 104

10

I T T T T1TTT

T I|||l||

|

f

L I I UL LRI
ALICE Simulation |
- Upgrade -
PbeF 5.5TeV
L., =10 nb™, centralltyO 10 %

+ ++;D nt (D ’K'n I)
! Blum

IIIIIII|

1

IIIIIII|

II|IIIIIIIII|IIII|IIII|IIII|IIII|IIII

—h
o_

10 15 20 25 30 35 40
P, (GeV/c)
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_IIII|IIII|IIII|IIII|IIII|II_
“ALICE Upgrade, Pb-Pb, \ s = 5.5 TeV
L, =10nb", 0-10% ]
Ran Sl
+ +
| B s Jly(—ee)+K” ly, /<08

1 ALICE Simulation -
: 1 | | I N | | | 11 | | | | 111 | | I—

0 5 10 15 20 25
pT(GeV/ C)
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Significance

B TT | TTT | TTT | 17T | TTT | TTT | 17T | TTT | TTT | 17T | TTT | TTT | |_
140 A= A Pb-Pb,\/s\, = 5.5 TeV]
1oL L. =10 nb™, centrality 0-20% -
10 =

8- -
6~ T -

- CERN-LHCC-2013-24 .

ar i =

B | i

2r -
0: clvva b b b b b b by Py bwn g 1y :
0 2 4 6 8 10 12 14 16 18 20 22 24

P, (GeV/c)
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Upgraded Muon Spectrometer - Muon Forward Tracker (MFT) ALICE

A JOURNEY OF DISCOVERY

- muon spectrometer + MFT :

H Hadron Absorber

l

=

—_— T

H_/

Muon Forward Tracker

Muon Spectrometer

Current limitation : blind to the details of the vertex
region, because of the hadron absorber : extrapolating
back to the vertex region degrades the information on
the kinematics

- High pointing accuracy gained by the muon tracks
after matching with the MFT clusters

Muon spectrometer
-4<n<-25

- MFT IayOUt . E e 1 XXy = 1.0%
& 120 = T IRIoe

- 10 half-disks, material budget of 100 -

about 0.6% Xo and 2 detection 80 I

planes each 60 jﬁ
- Same silicon pixel technology as the 40 |

ITS upgrade (MAPS) 20 BSagases
- Nominal acceptance: -3.6 < n < -2.5, .

full azimuth T CERN-LHCC-2015-001 © 2 4 6 8[GeV/c:]0
ALICE-TDR-018 »::-:: Pr
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MFT - Physics performance

ALICE

A JOURNEY OF DISCOVERY

non-prompt J/P decays of beauty hadrons :
measurement of beauty production at forward rapidity

longitudinal pseudo-proper decay time :

t, =

(270 — 2vix) - Mgy

» pz: longitudinal momentum of J/

Dz

» Zyp - Zvix - distance between z-coordinates of the J/ production vertex and the primary vertex

of the collision.

template fit of pseudo-proper decay time distribution in narrow pT intervals

1 — Data O<p_<1GeVlc
104 | JAp prompt T
E Jhp from B ALICE Upgrade
. Background L. =10nb"
108 = — '@ ISy = 5.5 TeV
- 0-10% Pb-Pb
4 25<y<3.6
10% -
10 =
14l CERvLHoC2018.001 T
ALICE-TDR-018

-8 -6

- "l_-l -I_-I__l__l__l__l__l__l__I—_I—_| 1T | 1T | 1T | 1T | 1T | T

4 -2

4 6 8
t, [ps]

\\\\\\\
PN NNNY

NN\ Non‘prompt DO — Kna* (|Y|<09)
- Non-prompt JAp — un (3.6<y<4.5)

ALICE Upgrade

L. =10nb"
1 \'syy = 5.5 TeV
4 N 0-10% Pb-Pb
AN
T
i & CERN-LHCC-2015-001
4 8 ALICE-TDR-018
0-5 ] é§‘\\
. & Al
- A O L R DR
0 IIII|IIIIIIIIIIII|IIII|IIII|II
0 5 10 15 20 25 30

P_ [GeV/c]

= Precise measurement of beauty down to pr= 0 at forward rapidity will be possible

Minjung Kim, Inha University

ICNFP 2016, Crete
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Summary ¢ iolauey or oscovesy

* Thanks to excellent tracking, vertexing and particle-identification capabilities
provided by ALICE, beauty production is studied via semi-leptonic decay
channels in pp, p-Pb and Pb-Pb collisions and non-prompt J/¥ in the ete- decay
channel in pp and Pb-Pb collisions

- b—e : since Rpprb is close to unity, the suppression of Raa shown in pt > 3 GeV/c
Is due to the parton energy loss in the hot and dense medium

- non-prompt J/P : in 4.5 < pt < 10 GeV/c, the suppression tends to be stronger
than what predicted by most of the models

e Ongoing studies allow us to study more about beauty :

- b-jet tagging : study of in medium energy loss of beauty without bias on the
kinematics of the hard scattering and energy redistribution

e Better precision, more statistics and extended pr coverage measurements with
new observables will be possible with Run-ll and RUN-III data

Minjung Kim, Inha University ICNFP 2016, Crete o3
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ALICE

A JOURNEY OF DISCOVERY

Minjung Kim, Inha University
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MFT - Physics performance

(5

ALICE

A JOURNEY OF DISCOVERY

Muon electron from semi-leptonic decays of beauty-hadron:
- measurement of beauty production at forward rapidity

- Oﬁset A= \/(xV - xExtrap)2 + (yV - yExtrap)2

» (Xy, Yy) : the transverse coordinates of the primary vertex measured by the ITS

» (Xextraps Yextrap) - the coordinates in the plane transverse to the beam line of the extrapolated

track evaluated at the z of the primary vertex.
- template fit of track-to-vertex offset distribution in narrow pr intervals

i CERN-LHCC-2015-001 — Tptal ALICE upgrade, Pb-Pb |s, = 5.5 TeV
ALICE-TDR-018 108 centrality 0-10%, 2.5<y<3.6, L =10 nb™
10 — 1 « Charm - T int
B Error estimation for p < beauty
- U « Beauty ‘.:\ B
u « Background 8 B
> N
10° O -
: S e
— N
. Q
: 9
10°kLint = 10 nb" Z 1071 + Statistical error
1.0 <p;<1.5GeV/c © -
B B , . I —
0 -10% Pb-Pb \/SNN - 55 TeV B .Total systematic uncertainty
1111111111111111111411‘11x1[L11‘11' B
0 002 004 006 0.08 0.1 0.12 0.14 0.16 0.18 - | L L |
Offset (cm) 0 1 2 3 4 5 6
P, (GeV/c)

Minjung Kim, Inha University
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Heavy-flavour decay electrons in ALICE

ALICE

A JOURNEY OF DISCOVERY

e Electron identification
TOF :
+30 on electron hypothesis
reject protons (p<3 GeV/c)

TPC :
0 (-0.50)

~ 30 on electron hypothesis
reject most of pions

EMCAL :

and kapns ‘, 5 GeV/c)

08<E/p<1.2

G ] M- T 4000 -
510 . 10 10~ P-Pb, \/7 5 02 TeV ll. g - p-Pb |Sy = 5.02 TeV, min. bias -=- Electrons
g - g :‘if; min. bias, |n| < 0.8 HLICE 1 % 3500 |- 2<p, <3GeVic e Hadrons
:8 5 | _: 10° %/ 5 7 PERFORMANCE _| = 10° § 3000 - -
:.J_ 5 E .é 1/03/2013 1 E O 2500; . -
o | w It -
E 0 2 § 0 . 102 2000; .
= i ; oo LG
= 5 z*’ -5 ‘o 1000 F - 11/07/2013
= PE?F%E&ECE i 500; e * -
-10 1/03/2013 ] -10 FANee ot
—— . M . - 1 %.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
3x10 1 2 3 4 56789 3x10 1 2 3 4 56789 E/
p (GeV/c) p (GeV/c) P
' T T ‘ rrT ‘ T mT ‘ mT I = 105 :\ T T T T T T T T T T T \:
 Background electrons cocktal: (¢'+6)/2 p-Pb, (S, -502TeV ALICE:
conv. of ¥ ion M (¢", &) pairs,-1.065< y__<0.135 i
m? ’0.5 < p_'?’r < 0.6 GeV/c
Dalitz decays of neutral light mesons, photon 0 direct vy 10 .
conversions are main background sources. + Inclusive &= o P e e s gaan s
Subtracted after electron identification via : §1 L . .
» cocktail method : based on measured © f
spectrum of light mesons g2l ¢ Unlikesign ]
» invariant mass method : reconstruction of of Pb-Pb,\(Syy = 2.76 TeV " Hheson ]
. . 10 o PAEN + Difference: Photonic
electron-positron pairs from decays of neutral 1g0f 0-10% central T
1011 R SRR S A R AN AR R A BN RN A ‘ NI B 0 002 004 006 008 01 012 014

mesons and photon conversions.

Minjung Kim, Inha University
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*

HF-decay electrons HF-decay muons
b,c—e o Forward: Backward:
b(—-c)—e p-going P Pb-going
o 35¢ 2 R L L L L L i LB RS N N L L L L L N
= F > C -Pb \ s, =5.02 TeV, u*«c,bdecays 1 o= C -Pb \ s, = 5.02 TeV, u*« c,b decays 1
3 p-Pb, sy = 5.02 TeV, min. bias, -1.06 < y < 0.14 T 25 — PR S " 25<y <3{.)4 ~ T 25 — P01\ S : i y ;6 3
- . C . eSS ] C -4< <-2. N
25i M +c,b—>earX|v:1509.07491 - ALICE Preliminary cms . - ALICE Preliminary cms i
“F 4b (- ¢) > e Preliminary 2 — 2 J
2 } ‘ #C,b — e normalization uncertainty E FO rwa rd E E Bac kwa rd E
C l 7 #b (= c) — e normalization uncertainty 1.5 - 1.5 -
15— - [ - . - -
A i e O O D i e N & e Ll RLR, -
- EFETTraap==—t B B S e ’ - 3
055 ALI;E ——u 0.5 :_ —— NLO (MNR) with EPS09 shadowing _: 05 [ =——— NLO (MNR) with EPS09 shadowing ]
- :_ 1cd - Te I . N Vitev: coherent scattering+kT broad + CNM Eloss ] ~ L —— Z. B. Kang et al.: incoherent multiple scattering -
- \ \ Ll Mld rapldlty N systematic uncertainty on normalization N E systematic uncertainty on normalization E
0 2 4 6 8 10 12 14 g ) S S TS S R S S S S R L o) PRI ERP I PN I B BRI R
p. (GeV/c) o 2 4 6 8 10 12 14 16 o 2 4 6 8 10 12 14 16
.

P, (GeV/c) P, (GeV/c)

e Different x regions can be explored in different rapidity ranges

e Heavy-flavour decay lepton Rppb close to unity for forward/backward and mid rapidity

e Slight enhancement at backward rapidity for 2 < p. <4 GeV/c

e Within uncertainties, measurements can be described by models based on pQCD
calculations including cold nuclear matter effects

Minjung Kim, Inha University

ICNFP 2016, Crete
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(5

Heavy-flavour nuclear modification factor Raa ALICE
inclusive heavy-flavour (c,b) results beauty-decay electron

< 2—”Pllo-ll=>lbl\lﬁl—lzl7161'rlel\lul LRI R L I ZEZ'S— L L B BN BN BRI BRI
T 18F  Gentralty lass 0-10% ALICE Preliminary 4§ T : Pb-Pb, \[s,y = 2.76 TeV, 0-20% centrality
1.6 F = 2 -
- + . < + . = —4—Db(>c)—>ey<0.8 .
”s o e+eHF, 0.6<y<06 @%, |y| < 0.6 = - [ syst. uncertainty :
F —t+— wieHF, 2.5<y<4 T 2.5 <« y < 4 - - nomalization uncertainty -
1.2 3 Syst. uncertainty E 1.5 N _-
[T | B : + :
0.8 :_ 0—1 00/0 _: 1 :_ ................................ + ................................................................................... _:
08 H E : 0-20%
04 Mﬁ ﬂﬂﬂ%ﬂi ERa - :
02 ;_ (*) "W contribution not subtracted —; : ALICE Pre“minary :
o) =TETEP U PRI NI AT EPEPIPE SR NI I I T T R I A i
0 2 4 6 8 10 12 14 16 18 20 0 1 2 3 4 5 6 7 8
PRL 109 (2012) 112301 (HF-decay muons) O_ (GeV/c) P, (GeV/c)

e R,, of heavy-flavour decay electrons (mid rapidity) consistent with that of muons (forward

rapidity) ; strong suppression of heavy-flaour decay muons and electrons in the 10% most

central collisions

e Suppression of beauty-decay electrons for p; > 3 GeV/c in 0-20% central Pb-Pb collision.

¢ Cold nuclear matter effect are not seen in p-Pb collisions = suppression shown here is due to

the parton energy loss in the hot and dense medium!
Minjung Kim, Inha University ICNFP 2016, Crete
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Quantification of medium effects: Raa ALTCE

ooooooooooooooooooo

* The standard method to quantify the effects of the medium on the yield of
a hard probe in a AA reaction is given by the nuclear modification factor

R/Y

—— Npart,NcoII,

# participants
b] @ # binary Co_lli_sions

dN ,, /dp, ~ dN,,/dp,
<Ncoll> X dep /dp, <TAA> X d(fpp /dp,

R, =

Binary scaling based on

« Raa=1: AA collision ~ incoherent superposition the Glauber Model

of NN collisions

raa ¢ N0 medium effects: ~_medium enhancement: . medium suppression:
AA L Raa [ N BN BN B B . Raa [
1.2F i i , ,
- R=1 -2 T R,.>1 12 e.g.: jet quenching
10fF ====== - 10l cmemmmee———dm———— , 10lemececeemcemcam——————
0.8 0.8 0.8
06 06| €.9.:thermal y excess 06 R,,<1
04 04 0.4 KR EE
0.2 0.2 0.2
W23 4 5 6 00— 3 3 1 5 % 00—+

Tranverse Momentum (GeVic) Tranverse Momentum (GeV/c) Tranverse Momentum (GeV/c)



Quantification of medium effects: Raa ALICE

Dead Cone Effect
In vacuum, suppression of the small-angle gluon radiation for heavy quark

v" Gluonsstrahlung Probability
1

e M, |

In medium, dead cone implies lower energy loss for heavy quark

Nuclear Modification Factor (R,,)
Color Charge Dependence

1 dN,, /dp,

of Energy. Lc.yss RAA (pT) —
Gluon radiation spectrum by (Nmff) dep /de
the parton propagation in the medium
dl T D B
Vo < FR D) Raa < Rga < Ryy
where C, =3 forg, % Jor g N A Mass effect

Pions mainly come
from gluon



Quantification of medium effects: Raa ALTCE

A JOURNEY OF DISCOVERY

1.5
1.25 -5155 Pb-Pb 0-10%, S = 5.5 TeV | miﬁf §
ZT §=4GeVitm | TF F
ab == ﬁ=EEGBVEﬁm E a 3
1t F = § = 100 GeV/%fm F 3
1.5 4 1sp T
0-75 1:_ .................. _: 1:_ 3
0.5 _E 0.5
0.5} m.=0 31
o= i S5 - qa
G
0.25 ;ﬁ pT[wa w.ﬁ . PT.I -
N 3 My =0 m, = 4.8 GeV
1 1 X — =
0.2 0.4 0.6 0.8 1 E E

Figure 2: Comparison of energy distributions /zI(z) of gluons radiated
off charm (solid line) and light (dashed line) quarks in hot matter with
G=02GeV? (p. =10GeV, L =5fm).

'S
I ( ) dW kg CF | 1 ° " - f'[gm pr [GeV]
W) =w = \/
. . - Y3/232 7
dw T ! (]- I (f '-"'-’T) / ) . 5. Heavy-to-light ratios for D mesons (upper plots) and B mesons (lower

for the case of a realistic heavy quark mass (plots on the right) and for a case

in which the quark mass dependence of parton energy loss is neglected (plots
e left).
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| |
L= - N R - I - -

wf
=
&
8
i
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Dokshitzer, Yuri L. et al. Phys.Lett. B519 (2001)


http://inspirehep.net/author/profile/Dokshitzer%2C%20Yuri%20L.?recid=558595&ln=el

ooooooooooooooooooo

Anisotropic transverse flow: vo

Initial spatial anisotropy Viare-scatterings momentum anisotropy of particle emission
in the medium

The anisotropy is quantified via a Fourier expansion in azimuthal angle (¢) with
respect to the reaction plane (Wrp)

A NO’ (1+2v,cos(p—-W,,)H2v,cos[2(p—-W ) ]}+...)

------------------------ 2
e "(;C;IY
Reactor’ y  Slivpeng  ° Due to their large mass, C and b quarks |
plane ¢ i X should take longer time (= more re-scatterings)
to be influenced by the collective expansion of
.............................................................. the medium

* va(b) < v2o(C)

e Uniqueness of heavy quarks: cannot be
destroyed and/or created in the medium

* Transported through the full system
evolution




Electrons from B Hadron Decay via IP cut method ALICE

nnnnnnnnnnnnnnnnnnn

1.Charged particle tracks selected fulfilling track quality and elD cuts (composed by
electrons from photon conversion, Dalitz, charm hadron decays, beauty hadron decays)

2.Beauty hadron has ¢t = 500 pm and hard momentum spectrum, which leads to
larger impact parameter of decay electrons than those from background.

= Electron tracks from beauty hadron decays features broader IP distribution

compared to that from background

3. Minimum impact parameter cut to
increase S/B ratio

4. Subtract remaining
background(nonHFE and charm
hadron decay electrons) based on
ALICE measurement

5. Correct subtracted electron spectra for
acceptance and efficiency

normalized counts

—

T T T I T T T I T T
|5, =502 TeV ALICE Preliminary
1 1.06<y <0.14 o PYTHIA
10 cMS g b (= c) —
1<p <6 GeV/c ; c (_> ec) ©
! N DPMJET
2 = Conversions
10 o Dalitz decays
5 O
10° 2
KR < %
: % pt dependent %% $$ ﬁ%
10-4 0y %% minimum impact ﬁ?f ﬁy
; * parameter cut *
10'5 1 ] 1 ] ] ' ] A | A

-0.08 -0.06 -0.04 -0.02 O 0.02 0.04 0.06 0.08
d0 x charge (cm)



Electrons from B Hadron Decay via IP fit method ALICE

vvvvvvvvvvvvvvvvvv

1.Charged particle tracks selected fulfilling track quality and elD cuts (composed by
electrons from photon conversion, Dalitz, charm hadron decays, beauty hadron decays)

2. Beauty hadron has ct = 500 ym and hard momentum spectrum, which leads to
larger impact parameter of decay electrons than those from background.

= Electron tracks from beauty hadron decays features broader IP distribution
compared to that from background

3. Get Impact Parameter distributions of electrons from different sources from MC
as template for each pr bins

4. Assume unknown expectation value of

» F —

MC templates in each bin(additional free -2 [ AHCE Frefiminary v Tom Smsrone
C I Pb-Pb, 0-20% centrality o

parameterS) LIJ1 0% = Vs = 2.76 TeV HIJING+PYTHIA:

+ Conversion electrons

m Dalitz electrons

O c—>e

O b(—>c)—e
—— relative Error

W

5. The sum of the expectation values for
each source weighted by the fit parameter 102
IS the expectation value for all electrons in
each bin

B

RS

10 ;!” ‘- iR no@«o - !I!il;;:iip?h"“"‘“; '
6. Look for the maximum likelihood for the ) i e Tt O*;@m
variation of all free parameters F
i I m i &Hu
7. Maximization for many free parameters - I E HL I l

possible dca x sgn charge >< field) (



ALICE

A JOURNEY OF DISCOVERY

- g—med ‘oo | 1 | 1 |
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2 08 e
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l. Vitev et al., PLB 726 (2013) 251

Minjung Kim, Inha University

R, for different R:

extension to low pT region is necessary

Information on dissipation of

energy in the medium

Information on different

R (j€tS)

energy loss mechanisms:

radiative vs collisional

1.2 T I 1 I L] I L I L I L
i Central Pb+Pb collisions, LHC s'?=2.76 TeV .
1l- —_
i IS effects, radiative E-loss and T
0.8F collisional parton shower energy dissipation —
5 gmed =2 b'jEt .
06} Light jet _
0.4 -
i — b-jet, R=0.2 )
02F - light jet, R=0.2 =
0 ] ] ] ] ! ] ] ] ] ] ]
0 50 100 150 200 250 300
p- [GeV]
. Vitev et al., PLB 726 (2013) 251

Fraction of b-jets

coming from:

-bb pair creation
-Gluon splitting

-Other

Fractions

(Based on
PYTHIA, model 0.
dependent)

— r T T T T 1
p+p collisions, LHC s"?-276TeV |

lyl<0.5  b-jetanti-k; R=0.3

— usual b-jet
— = b-jet with b-quark leading 7

-
P
-
B

pp collisions
2.76 TeV

100

150 200 250

p; [GeV]

30
[. Vitev et a

B-jets dominated by gluon splitting in large p; range

Time for gluon splitting < medium size. In HI, the mass effect could still be

observed as consequence of the massive gluon traversing the QGP.

0
|., PLB 726 (2013) 251

Azimuthal correlation studies and/or jet shapes could give sensitivity to the
contribution of b-jets from gluon splitting

36



