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Heavy-ion physics ALICE
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First phase diagram for nuclear matter: Cabibbo, ||
Parisi PL B59 (1975): “We suggest ... a different
phase of the vacuum in which quarks are not
confined”

—
o

eoe
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s?,
® hadron gas
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T.D. Lee (1975) suggested to distribute a high
amount of energy over a relatively large volume nucloon gas S0L@ _pucle

Temperature

Collisions of nuclei at very high energy
» Temperature of the produced “fireball” O(102 K)

® 10° x T of the centre of the Sun
e =T of the Universe 10°s after Big Bang

Po net barvon densitv

. 6+ | | | | _

Study nuclear matter at extreme conditions of g RAIIC FsalT'
temperature and density o | - 1 ;
» Collect evidence for a state where quarks and 1w} At e
gluons are deconfined (Quark Gluon Plasma) 8 /  favour ok

2 flavour

and study its properties

» Phase transition predicted by Lattice QCD
calculations

e Tc =170 MeV — g, = 0.6 GeV/fm?3

Mindung Kweon, Inha University HIM May 2015 3

T, = (173 +/- 15) MeV
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Heavy-ion program at the LHC

nnnnnnnnnnnnnnnnnnn

® Heavy-ion program at the LHC started on Nowv. 7th 2010 with Pb-Pb collisions
at \/Snn=2.76 TeV

¢ Big jump in energy w.r.t. RHIC: 13.8x,/Snn
e 3 experiments: ALICE, ATLAS and CMS

ALICE is the experiment dedicated
to the study of the quark-gluon
plasma produced with high T and
low ug in Pb-Pb collisions at the

LHC

Pb+Pb @ sqrt(s) = 2.76 ATeV

2010-11-08 11:30:46

Fill : 1482

Run : 137124

Event : 0x00000000D3BBE693
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Hard Tomographic Probes of QCD Matter |

What is Hard Probes? oy

- Some processes involve an energy scale Q that is much larger than the typical
energy scale (= ) of the created

- creation of heavy quark-antiquark pairs (Q = 2mg)

- interactions at high momentum transfer, in particular the production of
high-p+ particles (Q = p-)

- The corresponding length scale = 1 /Q of such processes is thus much
smaller (z<1/Q~0.1 fm/c) than the length scale of typical excitations, so

that they are sufficiently point-like to be unaffected by the

- Additionally, such processes are to a large extent calculable from first
principles, i.e., using perturbative QCD.

ex) jets, v, QQ
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Hard Tomographic Probes of QCD Matter I
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Why are hard probes interesting?

* The creation process is to a large extent calculable within pQCD

« While the production (of a high-p+ particle, a heavy QQ-pair) is insensitive to

the presence of a , however the probe then has to travel through the
, and possibly be modified at that stage

* Eventually, before the hard process, its q=fas‘°°'°uﬂri%/'l o
“progenitors” had to travel through the ; %—f gluon )
here as well, some modification is possible g: fast colour octet > radation \ <q>
. o e,
« Tomographic probes of hottest & densest dN,
. Q: slow colour #_' Energy dy
phases of medium triplet > g oss?

\I\ QCD probe out QQ: slow colour -". o TC

QCD probe in singlet/octet \£ISSOCIatlon e
Modification? ¢
Z,v*: colourless
\I\ v: colourless Controls

-
QCD medium :
(possible quark-gluon plasma) QCD medium
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What’s special about heavy quarks ALICE
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® Heavy-ion (HI) collisions at LHC energies
QGP phase expected (lifetime ~ O(10 fm/c))
® Heavy quarks
Large mass (mq » Aacp) — produced in the early stages of the HI collision

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

= natural probe of the hot medium created in Hl interactions

Interactions with QGP don’t change flavour identity

Uniqueness of heavy quarks: cannot be destroyed/created in the medium
= transported through the full system evolution

Relativistic Heavy-Ion Collisions

"4 Hadron
R as
W) phose

Hard processes:
- Charm, Beauty, W, Z, photons, Jets

* Probe the whole evolution of the
CO”ISlon ?i -;i viscous hydrodynamics

. 7‘__frgs#reaming )

collision evolution
t~0fm/c t~1fm/c T~ 10 fm/c T ~ 1015 fm/c
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Heavy quarks as medium probes %E
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__)Jﬁﬁ& Parton Energy Loss by

q: colour triplet — medium-induced gluon radiation

u,d,s: m~0, Cg=4/3 %g — collisions with medium constituents
(difficult to tag at LHC)

g: colour octet ‘fb'mrsb AEC(E,.iim> Cr>m, L)

g: m=0, Cr=3

> E loss, dominant at LHC
Q: colour triplet _/

Prediction: AE, > AE__ > AE,

c: m~1.5 GeV, C.=4/3 Might translate into a hierarchy of
small m, tagged by D’s nuclear modification factors
b: m~5GeV, Cgr=4/3 Raa™ < RaaP < RanB?
large mass - dead cone
- <E loss
‘Quark Matter’ Collectivity in the QGP
- in general: initial spatial asymmetry
SN e'ﬁ}‘%\‘- — azimuthal asymmetry of particle

emission in momentum space
— heavy quarks participate in
collectivity of the medium in case of
sufficient re-scattering

— approach to thermalization
" - high pr: path-length dependence of
/ 4\\\ energy loss introduces azimuthal

asymmetry as well
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Heavy-flavour physics programs in pp, p-A, A-A collisions

ALICE
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® Pb-Pb collisions

» Study the interaction of heavy quarks with the medium

» Color charge and mass dependence of parton energy loss

» Collectivity in the medium
» Initial spatial asymmetry

» Thermalization via sufficient rescattering due to large mass (v2(b)<v2(c)?)

» Path length dependence of energy loss at high pr

® p-p collisions

» Test understanding of heavy-quark production

» Which are the relevant production mechanisms on the parton level: LO, NLO, or even more
complex (ex. Multi parton interactions)

» Test of pQCD-based predictions: theoretical uncertainties are driven by renormalization
and factorization scales and quark masses

» Investigate production mechanisms via more differential measurements (ex. multiplicity
dependence of production cross section)

» Reference for p-Pb and Pb-Pb measurements

® p-Pb collisions

» Control experiment for the Pb-Pb measurement: indication for final state effect?

» Address cold nuclear matter effects

- Nuclear modification of parton distribution function- giuon saturation, .

- kr broadening

- Energy loss in cold nuclear matter 1. vitev at al., PRC 75(2007)064906
- Multiple binary collisions aA.M. Glenn et al., PLB 644(2007)119
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Heavy-flavour hadrons decay via weak interaction: measure

decay products
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Full reconstruction of D meson hadronic

B
-

V

”

decays .
DO - K-+
Df = K-t *m*
D* — DO+ @
DS —= KK"7m*
HF jets
Correlations with HF

Displaced

cks
Secondary

Vertex

-
-~
.

Primary
Vertex
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heavy quark /¢
|  production | /)

Semi-leptonic decays (c,b)

rec. track e,

Primary BD
vertex .\ ......... o

dy \

Displaced |/ (from B decays)
u'

JAp W

Xy
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Heavy-flavour and Quarkonium decay muons in ALICE ALICE

oooooooooooooooooo

VZERO scintillators detector: N oeorber B —»J/Lp (disp|aced)+X
DB, A, ... = utX

Tracking Chambers

- AR AL W Sy @  1-ID via tracks
e =W - w matched with and
trigger system
—a . -4<n<-2.
, 4<n<-2.5

Trigger Chambers N
common for all analyses
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ALICE
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D mesons in ALICE %E
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---------------- e

D.* — ¢m* — KK*+

In| <0.9

ITS: tracking, vertexing
TPC: tracking, PID
TOF: PID
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Heavy flavours
Results in pp collisions at /s =7 TeV and /s = 2.76 TeV
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Heavy-flavour cross section in pp at /s =2.76, 7 TeV A&

VVVVVVVVVVVVVVVVVV

t lyl<0.5 (Mb/GeV/C)

do /dp. |

Data
FONL

Data
GM-VFNS

D mesons
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Phys. Lett. B 718 (2012) 279 for D,
T T T T T T T T T T | T T T T
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Data/FONLL

HF decay electrons

Phys. Rev. D 86, 112007 (2012)

107

@

- — FONLLc, b —
10°F — FONLLc, b —

—4-ALICEc,b— e D.
_ - ATLASc,b — ATLAS

T T

pp, \s =7 TeV

e
e, ly|<0.5
e, ly|<2excl. 1.37 <

ly| < 1.52°%

w
T T T T T T T T T

b b b binaa e ey

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

""""""""

M|

2 3 4 5678910 20 30

P, (GeVlc)

t

do" " /dp. (nb/GeV/c)

data/FONLL

S
IIIIIII| IIIIIIII| IIIIIIII| I

HF decay muons
Phys. Lett. B 708 (2012) 265

1} I}I

”_;J”J I ylll

\\ LICE pp Vs=7 TeV, u*«<—HF in 2.5<y<4

27 >

E
’’’’’
-

L.=16.5nb™

int

: N
®))
TTTTTTTT IIII|IIII|IIII|II |||T|

=

e Heavy flavour cross section measured in various channels
e pQCD-based calculations (FONLL, GM-VFNS, kt factorization) compatible

with data FONLL: JHEP 1210 (2012) 137, GM-VENS: Eur. Phys. J. C 72 (2012) 2082, k; factorisation: arXiv:1301.3033
® Similar situation at \/s = 2.76 TeV
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Heavy-flavour cross section in pp at /s = 2.76, 7 TeV

ALICE
Beauty decay electrons
 ALICE pp, 15=2.76 TeV PYTHIA = 4E (@ MB Trigger Sample  ALICE pp, 15 = 2.76 TeV
—~ | Data =b(=c)—e ® 3.5 15<p°<25GeVic ’
3 107 F e Conversions (V0) s Ccoe 3 = 9k T
S : Lot o Conversions (VO0) 1 = 3Ep1>03GeVie
g & 3 Dalitz decays _ g‘” 5 55_ ml < 0.9
2| - * . " E x?NDF =19/
§ 10 +¥ ‘ﬁj#* (@ ] g 2:_X 19/18 ¢ °
e A - T L et e ¢t Was 4, et
3 IESe.5 A AR S o 1 5%¢ ot * s ay ¢y @
& - % ﬁ - e < Py, M aut? Vg ’.““
= q0p" # ; RSN S ERA A Yyt A
-’:’- - -‘ - : — : I . .. — — l I I I
g : ﬁ%ﬁ“ % % T ; 8§ (b) EMEaI Trigger Sample  _ o Data:cb —s e
= il + | 75—4;]5 < p;<6.0GeVic — MC fit
18 L | 1 L ar 6 Pr> 0.3 GeV/c 4+ MC:c—e
3F Conversions (VO 3 5l <0.7 = MC:b-(c—)e
(23 25 ¢ Vo) (b) 4 X2INDF =85/9
S .2 ¥
= 1.5¢F 35
S 1k + H+++H++H++++ --------------- 2;:-*++ g ++++f'z
0.5 ‘+ —+— ] é._.—:‘::.;—.—'_._ T’ ‘0‘?I: j.i_ -y
0 b L 1 M M I I 1: ] :.‘_f"-“——'l‘ 1 ¢ :I':j_“_t | |
600 -400 -200 O 200 400 600 T e B E R
dy (um) A¢ (rad)
® Statistical separation of e= from charm and beauty decays using
displaced secondary vertex and electron-hadron angular correlation
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Heavy-flavour cross section in pp at /s =2.76, 7 TeV A&

vvvvvvvvvvvvvvvvvv

b(—c)—e/c,b —e

) dzc/(dedy) (mb/(GeV/c)?)

1/(2np_

Beauty decay electrons
Phys. Lett. B 721 (2013) 13-23

PLB 733(2014)97 PLB 708(2012)265 o v (it 2o
—~ r ] g 10°g pp, Vs =7Te f =22nb"
1.4F mIP(yl<0.8) ALICE pp, \s =2.76 TeV — = 102k ‘\.\ ALICE pp, \s =2.76 TeV > E
- @ e-h(y<0.7) ] 3 3 b0 e S 10k e b(—c)—e .
- — [} -3 L e, “~ —> - _ v cC—e 3
1.2 . FONLL 18 10%F ot E s o —FONLLb (> c)~e
o - 2 i ¢ data 5 —FONLLc —e
- —] -4 -
I 1 £ 107 - FONLL _ g i
0.8 TN g - 3. i « k; factorization ] R @
- g 4 2 - GM-VFNS pai s
0.6  mofun il (RELTTUE] . drapare USRI - ° d
O RRe e < N WNPPPRTLLLLLY (e 3 o = additional 3.5% normalization uncertainty
04_— — ~ R I R S A N
0.2 EI j
L ] t’ =
- Pl n - (@]
= S N T B S = = E
= ALICE pp, \s =2.76 TeV 2 8
10°¢ ER
- e chb(>c)>e T8 ;
104 = 3 z
g B Pb(>c)—e 3 g 2.8 %
1 0 5 'E_(b) — E 1.51 5 o
= = o E
- T ] O 05 o 4F
10°F R = e Lot & %EY .
= 3 s g 3 P 25 [ Jtotal uncertainty °
107k ':% . 1 5 5 BIRE by
8 1 5 4 o —
En 1 | 1 1 1 | 1 1 ! | 1 1 ! | ! 1 L Ia ° 0.5 < 0.5 \\\mﬂw@:ww || | | |
2 4 6 8 O 0 1 2 3 4 5 6 7 8
P, (GeV/c)

pP. (GeV/c)

® Statistical separation of e* from charm and beauty decays using
displaced secondary vertex and electron-hadron angular correlation

® Relative contributions of charm and beauty decays as well as beauty
decay electron cross section reproduced by pQCD-based calculations

(FONLL, GM-VFNS, kr factorization)

FONLL: JHEP 1210 (2012) 137, GM-VFNS: Eur. Phys. J. C 72 (2012) 2082, k; factorisation: arXiv:1301.3033
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More on production mechanism:
Multiplicity dependences of charm production

Self-normalized D-meson yields

5.5 vs. charged-particle multiplicity
L5 1 By s - .
% 4 Ty Particle production in pp X 12p ! —

o = C ppls=7TeV % ]

& collisions at LHC shows % 1ol D meson, lyl<0.5 i -

& B« Dbetter agreement with T [ =2<p <4GeVlo —i— 1
/o 20\ & p& 2 - . — - - 4<p . <8GeVlc 7
(S S models including MPIs o~ 80 __s<p <12GeVi ’
Sy & O [ 12<p <20GeVic .
3-.0f Eur. Phys. J. C 73 (2013) 2674 o 6— — —
.x'o. = - :
% 41— @ due to MPIs? -
For heavy flavours: 21 @ =
: I! +7%/-3% normalization unc. not shown :

° LHCb dOUble Charm prOdUCtiOn S 0.4 !I!Bfr'aciior; h;'/pc')thési!s:x'w'z (!2) 'at I!ow' (h'igh') n"nul’iipli'cit;/ - _;
agrees better with models including S T E
. S O RN I o o

double parton scattering 3 02f E
J. High Energy Phys., 06 (2012) 141 R o T T
dN,/dn / (dN_/cn)

MPIs involving only light quarks and gluons?

* D-meson yields increase with charged-particle multiplicity
— presence of MPI and contribution on the a harder scale?
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More differential information:
Heavy flavour correlations

e Measurement of associated hadron yields on the near and away side

e Sensitive to charm production mechanism and fragmentation

- charm jet properties
- constrain models

Charged i i - e - ———————
hadron H eavy ﬂ avour Jet propertles o ¢ D maeson - charged particle correlasion 8 as D meson ; charged parlicle correfation J 3
Away : € 35! AverageD'D'D s Average D°.0".0D ' ' =
. Near Side @ | 5e<gP<BGaVic p™=»05GeVic, wn < 1.0 2 8 < p? < 16 GeVic, p™= > 1.0 GeVie, lan) < 1.0 ]
side 3 3 —e— pp 1547 TeV Data ALICE Preliminary 2 3 —e— pp (57 TeV Dt ALICE Prelnmmary‘:
3 I Smulatons, pp 15+=7 TeV _§ Simudations, pp {57 TeV ]
»” ; | pw;me ' based ne uncenanty ) 25 i PyiaB g baselne uncortainy 4
%% trlgger 3 "2'5: ¢ Pythiab, Perugis2d10 5 s +—0— 3:::2 g:::ﬁ:ﬁ:? I saabe ueoutiEny :
[ - - - +— PythiaB, Perugis2011 o SCRMe UNCOMainty LS , " urolrlEe .
% f in Pb-Pb hadron 3% 2 5<p;°<8 GeVic, o2 8<p,P<16 GeVic, E
\4- “l= ! ]
. p;*%%°¢>0.5 GeV/c 15 pyssec>1 GeVlc 3

[
o

Away side

Path |ength dependence iy o B Ty e '. i l

- D-hadron correlations in pp show good agreement with expectations from
Pythia (different tunes)

- Better precision requires more data

MinJung Kweon, Inha University HIM May 2015
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Heavy flavours
Results in p-Pb collisions

-y Cold nuclear matter effect
y in CM frame
Qﬂ*:@ N ropy =PDF (xl)PD@@) -® D,_.,(z)
Proton Pb ion

Yems = 0.465 in the p-beam direction

Nuclear modification factor

Binary scaling based on the Glauber Model
R, = 1: binary scaling
R, # 1: medium effect

dN ,, /dp, _ dN,, /dp,
<Ncoll>x dep /dp,; <TAA>>< dapp /dp,

R, =
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Heavy flavour in p-Pb

D mesons HF decay e* HF decay p*

ET T 177 | T 17 I T 177 | T 17 l | 3 —_ T T T I T T T I T T T I T T T I T T T I T T T
= 1 « 10 - =
n L 1 1 3(201 4)232301 ALICE . /G E EE p-Pb, V?m =5.02 TeV, min. bias -1.06 < yCMS <0.14 E p
[ n =~ - -
) - ey p-Pb, \s=5.02TeV+ = - g . Pb
1 o ;_ EEB '0-96<ycms<0.04 —g S\D/ 1 E— B _+_AL|CE b,C Se —E
C W ] -CE’ - B +-ALICEb (—c) e .
r ‘!ﬂm +D0 - : 10-1 —_ &2 additional 3.4% normalization uncertainty not shown __ ’\G . El UL AL B B B '+| L LR I%
10°L !Bw 1= = = = 3 107 =_  PPb\sy=502TeV, p'ccbdecays 3
E " = D" 3 oF = . i © F . 2.5<y_ <3.54 7
- = * ~D*x5 ] % of 1 2 wfF ~. E
- - 10 = = = E .. E
= = Q « gv
, = --Dy “5 = = 3 0 . forward rapidity ]
107 - 34 ~ F 18 oF . E
- . Q. I m 3 C e 3
- o 1 B 107k = 4 3 I e ’
I\ E EEE E o ""
i —— x 1T - @@ f ALICE Preliminary '..'i
10 = —: [~ T 1 “!’
= 1K) 3 -4 E 10 =
- - 10 — - . . . .
C ] E = 3.3% normalization uncertainty not included
| +3.2% norm. unc. not shown i i - ALICE Preliminary —— . é‘ = ; e é = é — '110‘ + ‘112' * ‘1l4‘ * 1116
ns BR syst.I unc. not sholwn | | e - - | | | | . pT (GeVic)
E 11 [ [ | [ L1 = 10 L1 L1 | L1 | I — I — 1 1
0 5 10 15 20 25 0 2 4 6 8 10 12
'DT (GeV/c) P (GeV/c)

S 100ke  pPbs,-502TeV, pe b decays
. . . O - -4< cms<-2.96
» Heavy-flavor production in p-Pb collisions are S wf - ,
measured in all channels! S ", backward rapidit
-
ALICE Preliminary "*.,.
10" "l"l“g

=

N PR |
2 4 6 8 10 12 14 16

P, (GeV/c)

3.1% normalization uncertainty not included
A N E A T N RN
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Heavy flavour in p-Pb

arXiv:1405.3452

* Rppo measured in various channels & [ ajce | ppb sae502Tev
T 4 AL :
1.6 Average D°, D', D™ —
. . . o B -0.96<y__ <0.04 i
» Rppo consistent with unity within 1.4 B
uncertainties 1ol ]
@ DY, D*, D** mesons (mid rapidity): can £ f:
be described by CGC calculations, pQCD - .
calculations with EPS09 nuclear PDF and a 0.8 B
model including energy loss in cold nuclear Tr .
matter, nuclear shadowing and kr-broadening 0.65 i -
0.4F -
~ ---:CGC (Fujii-Watanabe) ]
0.0/— ==pQCD NLO (MNR) with CTEQM+EPS09 PDF ]
IERCITTE Vitev: power corr. + k_broad + CNM Eloss i
B L1 1 1 | L1 1 1 | L1 1 1 | 1 1 1 | I 1 1 1 | 1 ]

OO 5 10 15 20 25
p. (GeV/c)
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Heavy flavour in p-Pb

arXiv:1405.3452

. . o) B T 1T 1 | T 1T 1 | T 1T 1 | T 1T 1T | T T 1 | [ ]
* Rppb Measured in various channels n:%l L ALICE p-Pb, |5, =5.02 TeV -
1.6 Average D°, D', D™ —
. . . o B -0.96<y__ <0.04 i
» Rppo consistent with unity within 1.4 ]
uncertainties o ALICE Preliminary
@ DY, D*, D"* mesons (mid rapidity): can - - ALICEDbC ~e
be described by CGC calculations, pQCD 25 ~+- ALICE b (_" c) e |
calculations with EPS09 nuclear PDF and a - B normalization uncertainty
model including energy loss in cold nuclear o
matter, nuclear shadowing and kr-broadening 3 n
®c,b—e & b—e (mid rapidity) Rl Malmi _
B IR % B
1 T LT~ ---------------- + ---------------------- .-
: =
0.5_—_
- p-Pb, \'s,, = 5.02 TeV, min. bias, -1.06 < Y oe <0-14
O_ | | | é | | | 4|. | | | 6| | | | é | | | 1|0 | | | 1|2 | | | 14
P, (GeV/c)
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Heavy flavour in p-Pb

arXiv:1405.3452

. . o) _IIII|IIII|IIII|IIII|IIII|II_
* Rppb Measured in various channels 0:%1 L ALICE p-Pb, |5, =5.02 TeV -
1.6 Average D°, D', D™ -
. . . o B -0.96<y__ <0.04 i
« Rppo consistent with unity within 1.4~ ]
uncertainties Q:Qd 55 :_ p-Pb \ S\ = 5.02 TeV, ui(— c,b decays _E o
: o 2.5<y_<3.54 1 Preliminary
@ DO, D*, D™* mesons (mid rapidity): can of A Pre"m'”aryF 9 E
be described by CGC calculations, pQCD 1 5_ orwar E
calculations with EPS09 nuclear PDF and a i ]
model including energy loss in cold nuclear 1F sE—
matter, nuclear shadowing and kr-broadening E == L0 (MR with EP509 shadowing :
. Lo 0.5 :_ —— Vitev: coherent sce1t'(ering+kT broad + CNM Eloss _:
@ C,b_’e & b_be (mld rapldlty) N e I?ylsttlan]atic ulncertain':y or? nozmalizatilon | I: B
O0 2 4 ”6I”8I I1Ol“12”l14l”16 I
® C,b—p: P (GEV/C) femmeclnndinnnne .-
- at forward, consistent with unity & 255_ p-Pb | Sy = 5.02 TeV, pte- oo decays
within uncertainties | ALIGE Preliminary Aens 2901 A08<y,,, <014
. 2 ~ 1 1 1 1 1 1
- at backward, slightly larger than : Backward K o
unity in 2<pr<4 GeV 15F ; p, (GeVie)
Within uncertainties, data can be T s
described by pQCD calculations with . 5_ — — NLO (MNR) with EPS08 shadowing _
EPS09 parame‘teriza‘tion of ShadOWing "~ === Z B.Kang et al.: incoherent multiple scattering .
N systematic uncertainty on normalization ]
O0 I2”I4I”6I”8“110”.12“I14”'16
P, (GeV/c)
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Heavy flavour in p-Pb

* Rppo measured in various channels

» Rppo consistent with unity within
uncertainties

® DY, D+, D™ mesons (mid rapidity): can
be described by CGC calculations, pQCD
calculations with EPS09 nuclear PDF and a
model including energy loss in cold nuclear
matter, nuclear shadowing and kr-broadening

® c,b—e & b—e (mid rapidity)
® C,b—u:

Cold nuclear matter effects are small at high pr!

within uncertainties
- at backward, slightly larger than
unity in 2<pt<4 GeV

Within uncertainties, data can be
described by pQCD calculations with
EPS09 parameterization of shadowing

MinJung Kweon, Inha University
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More on production mechanism:
Multiplicity dependences of D-meson yields

Self-normalized D-meson yields vs. charged-particle multiplicity

/\l— [ T T T I T T T T I T T T T l T T T T I T T T T l T ] /\l_ 9 N T T I T T T T ] T T T T l T T T T ] T T T T l T T T ]

Q 14— PBLICE Preliminary — Q. - AOLICE Preliminary -

9 - D’ meson, ly_|<0.5 - 9 8 D’ meson, v <0.5 =

O — — O C \s=7TeV .

5~ 120 4 pprs=7Tev - s 7EtHR T —
2<p_<4 GeV/c

B | - P .

P - 2<p_<4 GeV/c 7 < n of _ ]

Py T o - % p-Pb,\s,, =5.02TeV .

© 10 # pPb s, =5.02Tev - O B 2 <aGevic =

Z - 2<p<4GeVic . g - 4 Pb-Pb,|s,, =276 TeV L

—~ 8b ] —~  5F  2<p.<3GeV/c —

— N ] — C T .

Q| 4 . S O :

-g‘ 6 B . g 4 - "." —]

— g — 11 e 7]

g = O : T :

a N -y (o ] o 3 —

= 4 Hod = EJ: [ z

Ql | T - - . —

© - T — © = z .

et 2 - @ 7%/-3% (3.1%) in pp (p-Pb) ]| — - [H +7%/-3% (3.1%) [1%] in pp (p-Pb) [Pb-Pb] ]

T normalization unc. not shown | 1 L ,@: normalization unc. not shown —

| _--Eﬂ' 6% (3%) unc. in pp (p-Pb) | — ’I'I‘I' 6% d(/(:;/:j) [(/3.1zol]vl;gc. in p? (E-Pb) [Pb-Pb] 7]

.- on dN/dn /<dN/dn > not shown  _| — Ll on n/< n > not shown —

. L T S S S S T T . =, S S T T T T S T R S

S 0.4 Biraction hypothesis in pp and p-Pb: x 1/2 (2) at low (high) multiplicity = € 0.4 B fraction hypothesis in pp and p-Pb: x 1/2 (2) at low (high) multplicity E

S - = S - B fraction hypothesis in Pb-Pb: 1 < R,,(D from B)/R,,(prompt D) < 3 =

c 02¢ . c 0.2¢ -

% 0F = c% 0:__ — ]

e - - © C 3

- 0.2 - 5 0.2 =

o - - ] C ]

L -0.4F = QL -0.4F . . . =

a8 0 6 m 0 1 2 3 4 5 6

dN . /dn/ (chh/dn> dN _/dn/ (chh/dn>

® similar trend of D-meson yields vs. multiplicity in pp and p-Pb collisions
® pp collisions: high-multiplicity events mainly from MPI
® p-Pb collisions: high multiplicity events also due to N
® similar trend also in Pb-Pb collisions
® highest multiplicity bin in Pb-Pb (pp) collisions: 10% (1%) of the total cross section

coll > 1
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More differential information:
Multiplicity dependence of modification

Investigate the scaling of charm production in p-Pb collisions w.r.t. pp collisions
ANPE® /dp

QVOA ( D ) - mult
pPb \FT NGlauberd]\[pp/d
coll Pr
D 3 T T 71 | 1T T 1 | T T 71 | 1T T T | 1T T 1 | T T 71 % Ke) 18 C 0-5% 40 60/
4_. B . ] E 5 Pb |[s =5.02TeV * 05% -60%
Q - ALICE Pre“mlnary ZN Eneragy Event Class OD- - P SNN ) e 5-10% 60-80%
- - 9y . 1.6 1 Charged particles | nl <0.3 e 10-20% . 80-100%
2 o5 PPP |5y =5.02TeV 020% ] ey - 240
= o L 0 .+ _ 1.4~ ALICE PRELIMINARY
2 o | AverageD ,D" -096<y <0.04 *60-100% _ C
St oms , 1.2 Eggw =+
L _ L ;o.}: o 34 e 7‘7_‘_
2 L | 1 . 00“0‘33## r'{'_'__‘_“_ — ——
| | B T 4 v . e —  a—
- | L ‘ i“,i——b— R SE—
= — 0.8 W ————
1.5 — 0.6 J —%
- . 0.4 - B Syston (T )
- | C p
- Syst. on normalization
T ey """ II_ 0.2 y
- 1 - [1 Syst. on dN/dp T
r 1 1 1 1 I 1 1 I 1 1 1 1 I IIIIIIII
: i 1.15 £
0.5 = | 11 F
T+ . 1.05 E
- Filled markers : pp rescaled reference 7] 1
- Open markers: pp pT-extrapoIated reference m 0.95
O B I A | | I I | | I A | | I I | | I I | | I A | i 09
0 5 10 15 20 25 30 0.85 5 5 10 15 50 o5 30
pT (GeV/o) p_ (GeV/c)

For charm, no multiplicity dependent modification of the pt spectra in p-Pb
Similar pattern for D mesons and high-pt charged particles
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More differential information:
Multiplicity dependence of modification

Investigate the scaling of charm production In p-Pb collisions w.r.t. pp collisions

VOA ( D ) ult / dp T
pPb \/T NGlauberd]\[pp/d
coll Pr
D 3 1T T T | T T T | 1T T T | T T 1 | T T T | T T T % & 18 L 0-5% 40-60%
= o B E % -Pb =5.02 TeV © 0-5% -60%
2 -  ALICE Preliminary ZN Energy Event Class | O 16LC P VST‘" ° 5-10% 60-80%
S B N " [ Charged particles | nl <0.3 e 10-20% e 80-100%
ca> o5l p-Pb, \/s =5.02 TeV ©0-20% B - ZN+N™" o 20-40%
= o L _ 1.4~ ALICE PRELIMINARY
2 o | Average D’ ,D*"-0.96 < y <0.04 %*60-100% - C
O | cms | 1 2 __ 0“. +
B 7] B /. _l_—'——q— —1——7‘7
2 __ T 1 : r "““33#:‘— S Gl "”7—“*—4—_'_ i

Production rates in high- multlpllmty p-Pb colllsmns doesn’t exhibit
any effect like suppression.
0.4 B Syst.on (T )

: r pA
_____________________________ v II_ 0.0 - Syst. on normalization
“F [ Syst.ondN/dp _

115 F

11 F

0.5

_— 1.05 £
Filled markers : pp rescaled reference 7] 1
Open markers: pp pT-extrapoIated reference m 0.95
0IIII|IIII|IIII|IIII|IIII|IIII_ 09
0 S 10 15 20 25 30 085 5 10 15 20 25 30
(GeV/ ) p_ (GeV/c)

For charm, no multiplicity dependent modification of the pt spectra in p-Pb
Similar pattern for D mesons and high-pt charged particles
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More differential information:
Heavy-flavour electron-hadron correlations

Angular correlation between an electron from heavy-flavor hadron decay
(trigger particle) and a charged hadron (associated particle)

e various electron and hadron p;ranges in multiplicity classes

p-Pb, \ sy, = 5.02 TeV, 0-20% (VOA multiplicity class) o-Pb, {5 = 5.02 Te s M

(e from c,b)-h correlation (0-20%) - (60-100%), Multiplicity Classes from VOA %
e A (e from c,b)-h correlation 1

1.0< pT <2.0 GeV/c 1.0<p:<2.0 GeV/c

PSeppeROCeWE T ALICE & ™™™ 7~ - " ALCE

PERFORMANCE

o +.\16/10/2013 =
< 045 g
: 0.40 'U:
So
4 s 3
S ~
2 =

3 o
Z =

Zd)
~

[Neh(An,A(p) /N ] 1.0
€Jsame 15 -1

[Neh(AnsA(P) / Neh(oso)] . o 15

Mixed

Resembles the structure that in AA is
interpreted in terms of collective flow

The double ridge also observed in heavy-flavour sector!

The mechanism (CGC? Hydro?) that generates it affects also HF
MinJung Kweon, Inha University HIM May 2015 29



ooooooooooooooooooo

Heavy flavours
Results in Pb-Pb collisions

o) . () Final state effect
Centrality

Peripheral Central
from 100% to 0%

Nuclear modification factor

Binary scaling based on the Glauber Model
R, = 1: binary scaling
R, # 1: medium effect

dN, dp,  dN,ldp,

R, = _
(N )xdN, ldp, (T, )xdo, |dp,

Anisotropic flow: v2

AN _No 142y cos(gp-W ) 42v, cos|2(0 =W )1l

do 2x

via re-scatterings
> momentum

Initial spatial anisotropy
anisotropy of particle emission

The anisotropy is quantified via a Fourier expansion in
azimuthal angle () with respect to the reaction plane (Wrp)
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HF-decay lepton Raa

<2_IIIIII|III|III|IIIIIIIII| |||||| I_
Efs L i
1.8 g

- ALICE
160 Pb-Pb, \'Syn = 276 TeV eretivinary i
. A Heavy flavour decay u* 0-10% central, 2.5<y<4.0 i
1.4 L Heavy flavour decay e* 0-10% central, lyl<0.6 _
"I e with pp ref. from scaled cross section at Vs = 7 TeV )
1oL *  with pp ref. from FONLL calculation at Vs = 2.76 TeV B

10

0.8}
0.6}

0.4}

0.2}

0:III|III|III|III|III|III|III|III|III:

0 2 4 6 8 10 12 14 16 18
pT(GeV/c)

_IIIIIIT]III]IIIIIIIIIII]IIII TTTTTT l_‘

ALICE
PRELIMINARY B

Pb-Pb, \ s, = 2.76 TeV
A Heavy flavour decay p* 40-80% central, 2.5<y<4.0

. Heavy flavour decay e* 40-50% central, |y|<0.6 ]
- ® with pp ref. scaled cross section at \s = 7 TeV 1

- % with pp ref. FONLL calculation at \s = 2.76 TeV

—

-
decccccccccccccccccccccccnccncnana —
.
-
-

40-50% -

40-80% -

— —_

-[lllllIllllIlllllllllllllllllllllll-

0 2 4 6 8 10 12 14 16 18

pT(GeV/c)

e Significant suppression at high p;in central Pb-Pb collisions w.r.t.

binary scaled pp collisions

e HF decay electron (Jy| < 0.6) and muon (2.5 <y < 4) Raa are similar
® |Less suppression in more peripheral collisions

MinJung Kweon, Inha University

HIM May 2015
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HF-decay lepton Raa

® Raa of electrons from beauty decays in 0-20% central Pb-Pb collisions

® analysis based on the measured electron impact parameter
distribution

® [ ALICE Preliminary 1.5<p_<2.0 GeV/c
'_E B ¢ Tptal electrons
UCJ ~ Pb-Pb, 0-20% centrality o
10° = \Syy = 2.76 TeV HIJING+PYTHIA:
- + Conversion electrons
: m Dalitz electrons
[ O c—oe
L O b(—>c)—e
1 02 - . relative Error
B QO
e 0
10 it ' Go c%
i 000000
j:’ ¢ 0 "e H '” 11| *
; | m
| ( JMMLM lii.i Miﬁ \ ’l\
-0.1 -0.05

dca x sgn charge X fleld
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HF-decay lepton Raa

< 27

<

0:1.8

1.6

1.4

1.2F

y
0.8
0.6
0.4

0.2

ot

Pb-Pb, s,y =276 TeV ~ sremm
. A Heavy flavour decay u* 0-10% central, 2.5<y<4.0

Heavy flavour decay e* 0-10% central, lyl<0.6 _
® with pp ref. from scaled cross section at Vs = 7 TeV

*  with pp ref. from FONLL calculation at \'s = 2.76 TeV

0

2 4 6 8 10 12 14 16 1
pT(GeV/c)

8

RAA

2.5

Pb-Pb, \sy =2.76 TeV, 0-20% centrality

—4—b(—c)—elyl<0.8

[ ] syst. uncertainty
nomalization uncertainty

e Significant suppression at high p;in central Pb-Pb collisions w.r.t.

binary scaled pp collisions
e HF decay electron (Jy| < 0.6) and muon (2.5 <y < 4) Raa are similar
® |Less suppression in more peripheral collisions
® Raa of electrons from beauty decays in 0-20% shows hint of suppression

® Cold nuclear matter effects are small (Rppp ~ 1)
® Suppression due to final state effect

MinJung Kweon, Inha University

HIM May 2015

- 1

[ ALICE Preliminary
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D meson Raa in p-Pb and Pb-Pb

ooooooooooooooooooo
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! Final state effect! °
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® p-Pb results indicate that the ® Ds* suppressed by a factor ~3 for
suppression observed in Pb-Pb 8 < pr<12 GeV/c
comes from strong interaction of e more statistics needed at low pr where

enhancement of Ds*/D due to coalescence

charm quarks with the medium _ _
Is predicted:

Kuznetsova, Rafelski EPJ C 51 (2007) 113
He et al. PRL 110 (2013) 112301
Andronic et al. PLB 659 (2008) 149
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D meson Raa: LHC vs. RHIC

ooooooooooooooooooo

¢ D mesons at the LHC and at RHIC

e different trend for D°-meson Raa at

< 2 | | L rrrryrrrr 177 r1r 171171717 1017 17 17T 17T T T 17 T T I_

~ 2 GeV/c? < 3 i

PT T8 1f H 7

e differences between | 6 T H8 -
Pb-Pb collisions at /s, = 2.76 TeV & 1.4 QEB@E‘F{H,;_E_ E

1.2 1 2 3 4 5 6p ((ZeV/ )E |

Au-Au collisions at /s, = 0.2 TeV

ALICE Pregminarx, Pb-Pb, s,, =2.76 TeV
e Average D', D', D * |y|<0.5, 0-7.5%

o 1

o different Shape Of pp reference 0.8 ] owith pp pT-extrapoIated reference —;

] . . 0.6 SIAR, {Auo-,:\%,o/ sy = 0-2 TeV -

e different modification of nPDFs o g P Tl o E

° . . ' | E
different radial flow 05 Bﬂ-& g H { -

[ ] m m I ri th cov v v b b b b b a7

some models describe bo % 510 15 20 25 30 35 4C
measurements reasonably well (e.qg. p. (GeV/c)

TAMU, PLB 735(2014)445)
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Color charge dependence?: D-meson Raa vs. T1*

AA
[\)
|

1.8

1.6

1.4

1.2

Pb-Pb, \'s\\ =2.76 TeV

ALICE

FRELIMIMARY

® Average D°, D*, D™ lyl<0.5, 0-7.5%
owith pp pT-extrapoIated reference

= Charged particles, l<0.8, 0-10%
e Charged pions, Inl<0.8, 0-10%

5 10 15 20 25 30 35

40

P, (GeV/c)

<
<C -
(C 1.4 Pb-Pb, |s,, = 2.76 TeV

[Fa(D)> Ran(r]

_ 0 b 4 HL;EE ]
B B Average D',D",D ", lyl<0.5 PRELIMINRRY ]
1.2 Correlated systematic uncertainties —
" [ Uncorrelated systematic uncertainties ]
- ° 7%, lyl<0.8 n
1 L o L e |
- 5<p_<8 GeV/c i
0.8 -
0.6/ i .
0.4 H .
§ : ﬁ . ]
0.2 o C @ @ ]
O i 111 1| | || | | | | | | || | || | 1111 | || i

0 50 100 150 200 250 300 350 400

( Npart weighted with N__ )

e D-meson and t R,, are compatible within uncertainties

® Measurement not yet conclusive

® Agreement with models including
e energy loss hierarchy: AE(g) > AE(u,d,s) > AE(c)
e different shapes of the parton p; distributions

e different fragmentation functions

Mindung Kweon, Inha University

e soft production mechanisms for low-p; m
HIM May 2015

Djordjevic, PRL 112(2014)042302
Wicks et al., NPA 872(2011)265



Color charge dependence?: D-meson Raa vs. T1*

2
o

1

1E

Pions D mesons CalCU|atiOn by M. DjOrdjeViC
0.6+ 0.8+
Excellent lagreement! (rad+coll energy loss) can
_ 067 08 % describe both Raa
© ©
0.4+ 0.4+ '
021 02+ M I
Djogqllje c,larXiv:l1307.f1098 | 04 ! ! !
0 10 20 30 40 0 20 40 60
E(GeV) E(GeV)
1F 1 1
08+ 0.8 0.8
Shows strong colour
061 061 0.6 _
< charge effect in
0.41 B e 0.4 i R
021l o amss G 0.2 pal’tonIC AA (g VS.
ol . light and c)
0 10 20 30 40 50 0
E(GeV) E(GeV) E(GeV)

Rya (D) =Ry, (charm)

> 4

R, (light quarks) =R, , (charm)

! ¢

Ry, () =R,, (D)

MinJung Kweon, Inha University

HIM May 2015

Distortion by fragmentation!

Colour charge effect plays!
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Quark mass dependence?: D-meson Raa vs. non-prompt J/J

[F+(B) > Rm(D]

<1 .4 T 11 | T T | T T 1 | T 11 | T T 1 T T T T T 11
< L
T L Pb-Pb, |5y, =2.76 TeV * ALICE prompt D mesons &
1.2 m ALICE Preliminary D mesons CMS non_prOmpt J/LI)
— 8<pT<16 GeV/c, lyl<0.5

* B and D mesons <pt>~10 GeV/c,
slightly different rapidity ranges

Correlated systematic uncertainties
[] Uncorrelated systematic uncertainties

T
:# | | I

- - = Djordjevic Non-prompt J/yp (6.5< P, < 30 GeV/c)
---------- Djordjevic Non-prompt J/y (with ¢ quark energy loss)

i - - - Dijordjevic D mesons (8 <p_< 16 GeV/c) | ¢ Clear indication of RAAB‘_JAP > RAAD
0.8 m ~
0.6/~ -1 ¥ M. Djordjevic: non-prompt J/ Raa

i 1 considering for energy loss
0.4 "¥--<—- b quark mass

- 7 No trivial relation

I /- ¢ quarkmass between AE and Raa
0.2— @ CMS Preliminary Non-prompt J/Ap |E| ....

: [ ] Systematic uncertainties CMS-PAS-HIN-12-014 ‘/ M DjOrdjeViC: D meson RAA

O L1 1 1 | L 1 1 1 | L 1 1 1 | I | | L 1 1 1 | L 1 1 1 | L 11 1 | I I

0 50 100 150 200 250 300 350 400 _ _
(N_, weighted with No,) PQCD model including mass-

S dependent rad+coll energy loss
Centrality ® predict a difference

Similar pattern from other calculations (e.g. BAMPS, WHDG, Vitev et al.).
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Azimuthal anisotropy of heavy-flavours

ooooooooooooo

D mesons

Phys. Rev. Lett. 111, 102301 (2013)

0.6 ALICE

0.4

-0.2
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N |||||||||||||||||||||||||||||||||||| III|III|III|III|III|III|III|III|III| IIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIII
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+ - Syst. from B feed-down

0 Charged particles, v {EP,IAn>2}

T Centrality 10-30% 1 Centrality 30-50%

2 4 6 8

® Positive D-meson vz similar to charged-particle vo
® Hint for increasing flow with decreasing centrality

10 12 14 16 18 2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18
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VVVVVV

HF decay electrons, muons

~ 0.5
N »

0.4f
0.3}

0.2}

ALICE Preliminary

—e— Heavy-flavour decay e, v,{EP, IAnl > 0.9}, Iyl <0.7 ]

—=— Heavy-flavour decay u*, v,{2}, 2.5 <y <4

Pb-Pb, \s\=2.76 TeV
20-40% Centrality Class

0.1}

e Confirmation of significant interaction of charm quarks with the medium
— collective motion of low-pt charm quarks with the medium

MinJung Kweon, Inha University HIM May 2015
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Raa and v2: Comparison with models

PRL 111(2013)102301, PRC 90(2014)034904
>(\l LN N L N B I L [ L I B L B N Y L L B B N §1-2h"/:"!Y.-"['"l"'l"']"'l"'lll'll_
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E“, B ‘TF“Q ¢ (TR0 & . s 4 Ay At # mt # i 0.4 l' .,— N 15.1'4-!
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- - Cao, Qin, Bass . 0.2 G AN L_} m i mis R TR i
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- « BAMPS el.+rad. — — UrQMD . = 1 l l —1 _l — 1— :
PRI U S W NN U U TN U SN SN N SN WA AN RN RN AR 0 1 L —1 L 1 L L1 L L
0O 2 4 6 8 10 12 14 16 0 2 6 8 10 12 14 16
[N (GeV/c) p. (GeV/c)

e Simultaneous measurement and theory description of open charm Raa and v2

= understanding of heavy quark energy loss mechanism, the degree of
thermalization of heavy-quarks within the medium

® Task to us: reduction of stat. and sys. uncertainties of data

MinJung Kweon, Inha University

Uphoff et al. arXiv: 1112.1559, Aichelin et al. Aichelin et al. Phys. Rev. C 79 (2009) 044906,

WHDG W. A. Horowitz et al. J. Phys. G38, 124064 (2011), POWLANG W. M. Alberico et al. Eur. Phyis J. C 71,
1666 (2011), TAMU M. He, R. J. Fries and R. Rapp, arXiv:1204.4442[nucl-th],
UrQMD arXiv:1211.6912, J. Phys. Conf. Ser. 426, 012032 (2013), Cao, Quin, Bass arXiv:1308.0617
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Summary ALICE

e ALICE: new quality of Heavy Flavour measurements
e pp collisions:
e described by perturbative QCD = Heavy-flavours are a calibrated probe
¢ investigate heavy flavour fragmentation via correlations
e Pb-Pb collisions:
¢ strong interaction of heavy quarks with the medium
< suppression of yields at high p; consistent with partonic energy loss

¢ indication for charm participating in the medium’‘s collective expansion
¢ hints of a stronger suppression for charm than for beauty at intermediate/high pr.
® no strong conclusions can be drawn from the comparison of D mesons and pions
Raa, given the large uncertainties
¢ p-Pb collisions:
e results consistent with pQCD + shadowing: the observed suppression in Pb-Pb
collisions is a final state effect

e what is missing?
e better precision, more statistics, extended pT coverage (high and low pT) ® smaller
uncertainties and new differential measurements will help to

e constrain model calculations quantitatively
e address open questions concerning the energy-loss mechanisms, their path- length
dependence, thermalization of charm (and beauty?) ...
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Outlook

Precision measurements

Upgrade Upgrade

:EI\I 0-4: LI L s - 2: LU L L L Y [ Y L L L I |
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- D Knt . N . ]
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0.15[ © o g . D'Bﬂﬁ N :
: o : 0.6 + :
0.1__‘:' “fogqg ] _ Gl * -
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(GeVi/c) ALICE, CERN-LHCC-2013-024 Py (G€V/O)

P
ALICE, CERN-LHCC-2013-024 T
Input values from BAMPS model: C. Greiner

, Charm and beauty R,, down to
et al. arXiv:1205.4945

p:~0 using D% and B-decay J/
Charm v, down to p;~0 using

prompt and beauty v, down to B
p:~0 using B-decay D°
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Thank you for your attention!

MindJung Kweon, Inha University JPS 2015, Waseda University
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Extra Slides
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Heavy Quark Energy Loss in Medium ALTCE

ooooooooooooooooooo

Radiative energy loss via gluon radiation

RS S S R e VRS S S SPagSion i the

medium:
dl . RD h
w— <o ,C,.f(w) Rb/m: Raa/R"aa
dom Armesto, Dainese, Salgado, Wiedemann, PRD 71 (2005) 054027.
c S
4 ECB :I ' Pb-Pb 0-10%, s,\I,N=5.5TIeV e
where C, =3 forg, 3 forgq 25: \ color charge-

2F 4% effect

Dead Cone Effect

1,50 ................ E
- In vacuum, gluon radiation is suppressed at i AE; ;'AE;.......'.:::::.-.-.- -f
angles smaller than Mao/Eq (ratio of the quark 05k :
mass to its energy) 'Ogl - mg=12GeV:
 In medium, dead cone implies lower energy loss 5 10 15 20p [éSGV]
for massive partons '
(Dokshitzer and Kharzeev, PLB 519 (2001) 199.)
T D B I dN,,/dp,
R -
m R, <R, <R/, Rup T do Tdp,
Elastic energy loss is not negligible? Collisional dissociation probability of
Simon Wicks, William Horowitz, Magdalena Djordjevic, Miklos Gyulassy, heaW mesons in the QGP?

Nucl.Phys.A784:426-442,2007 . i
| Vitev, A Adil and H van Hees, J. Phys. G: Nucl. Part. Phys. 34 (2007) S769-S773

Proton-proton collisions: provide important test of pQCD in a new energy domain and heavy ion reference

MinJung Kweon, Inha University HIM May 2015 45
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Heavy flavour in pA at LHC and RHIC

— Fwd - Mid - Bwd ——

RginAu
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o
o N
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=S S B N DL BN B B m_ F -
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3 2.96<ly__I<3.54 1 2— —— PYTHIA + EPS09s LO, D —u
- ALICE Preliminar -OF” .
3 y 16£  0-100% centrality
= Minimum bias 1.4F
- ] - d+Au
:— _ ] 1.2:—
E """"""""""" + I i 1:— """"""""""""""""""""""""""""""" it
= 4l HIEEO L 0.8 == E
= [ S B e e
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= NLOMNRE | O o e LHCb. iy fromb.
= systematic : | 25<lyl<4.0 A | | | | | |
- IIIIIIIII — -_ 1 ¢ ¢y kbl
0 o 4 1'21 1 2 3 4 5 6 7
1 P [GeV/c]
0.8 .
Lok At RHIC, fail to reproduce
0.4F= Prompt Jry pommnl the data at both rapidity
oof . Foeve [EHCB) (FINAL:Y  simultaneously
i E. loss + EPS09 NLO
0 1 1 1 ] 1 1 1 ] 1
0 5 10
P [GeV/c]
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Enhancement in central d+Au

¢ “& , _Large enharicement (x2)
(\5 T A —— Blast Wave
T v PHENIX
:o_'_m < 3_
o m"’ - S PYTHIA + EPS09s LO, D> @ HF w, 2.0 <y<-1.4
- o 5l -=: PYTHIA + EPS09s LO, D~y m HF, 1.4<y<2.0
10 B = eAm = broadening <k:>=2.25 GeV?/c?
3 ol ] S broadening <k:>=2.25 GeV?/c?
E \\\ E é i\"—él%"+"+ *,_ ] i
¢ s s e b, (GeV/e) 1.5 - H 7&‘_’;.#- Seis +.,#:-.....%,:\Backward
2_I T T T T T T T | T T | T T | T T T T T I_ : ," :' el | ? o
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- arXiv:1309.6924 . - HH g |
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b Mid rapidity - - 0-20% centrality
E + E _I | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
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Rl ] B T
0.8~ = : L
o[ ® electrons, 0-20% PRL 109 242301 ( 012)H_Z <— Radial flow qualitatively reproduces
- . the data!
0'4:_ —— Blast Wave calculation _:
02}~ -4 Enhancement at mid- and backward
Oo_ll||-|I|||||2||||:|3||||‘|I.||||5|||||6|||||;||||8|||||_9 rapidity pOSSibly due to hydrOdynamiCS?
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Anisotropic transverse flow: vo ALICE.

via re-scatterings
in the medium : : C
> momentum anisotropy of particle emission

Initial spatial anisotropy

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

N _ N, (1+2v,cos(@p—W,)H2v,cos[2(p - W p)]f+...)

dop 2x

* Due to their large mass, ¢ and b quarks
should take longer time (= more re-scatterings)
to be influenced by the collective expansion of

Reactiong"

the medium
* v2(b) < va(c)
e \Various methods are available to evaluate v2

plane

* event plane
 2-particle cumulants
* 4-particle cumulants and Lee-Yang zeros

... hot discussed in any detalil
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Color charge dependence?: D-meson Raa vs. T1*

2
o

1

1E

Pions D mesons CalCU|atiOn by M. DjOrdjeViC
0.6+ 0.8+
Excellent lagreement! (rad+coll energy loss) can
_ 067 08 % describe both Raa
© ©
0.4+ 0.4+ '
021 02+ M I
Djogqllje c,larXiv:l1307.f1098 | 04 ! ! !
0 10 20 30 40 0 20 40 60
E(GeV) E(GeV)
1F 1 1
08+ 0.8 0.8
Shows strong colour
061 061 0.6 _
< charge effect in
0.41 B e 0.4 i R
021l o amss G 0.2 pal’tonIC AA (g VS.
ol . light and c)
0 10 20 30 40 50 0
E(GeV) E(GeV) E(GeV)

Rya (D) =Ry, (charm)

> 4

R, (light quarks) =R, , (charm)

! ¢

Ry, () =R,, (D)

MinJung Kweon, Inha University

HIM May 2015

Distortion by fragmentation!

Colour charge effect plays!
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Heavy-flavour cross section in pp at /s = 2.76 TeV ALTCE

ooooooooooooooooooo

D mesons Heavy flavour decay electrons Heavy flavour decay muons
JHEP 1207 (2012) 191 Phys. Rev. Lett. 109 (2012) 112301
’g 103§ '|'"|"'|"'|'"|''ALllc';E''Ec\,l.\-m'?’§ —T 7T T -
% - e D° pp s =2.76 TeV, L =1.1nb" ] § - D FONLL = § 108k ALICE pp Vs=2.76 TeV, u*<—HF in 2.5<y<4 ]
, in B 1 @ EN E
% 1025 U 5 §10°e e ALICE (bac)s e 3 O N\ —=— data :
S S (Bro)~e 2oyl [ wHF, FONLL 1
- - = 105:_ ] ‘\& - — — - u*<—charm, FONLL :
g '°F e E %: - : }106 IR, - . u*<beauty, FONLL
_E’ - [ - i Q C
S . ] 810 —o— = & 10°¢
2 E E C\lb - . +}L E '
~ - 1o - ® 1 %10
'8 - stat. unc. 1 —HO0 & hd =3 © 0 EE
1 Q = E -
10 %syost ..... = B = . 103E
FONLL 3 N - 1 E
[]GM-VFNS = 1.9% lumi, = 1.3% BR norm. unc. (not shown) . E\\I" 8 __pp \/7= 2.76 TeV, |T]|<O.7, Lint =11.9nb 1 __ F L =19 nb1
oy ™ 107 agditional 1.9% normalization uncertainty = 10 ™
- JE 3 - | | | | | ] 1.9% normalization uncertainty not included
- SE _m_ Data / FONLL E " } e I
<) oF 2' 3.2E s o5 /" “« 3
L E 35— -H . E
= E- 8 2.5 + = CZ) 2 E
T — L q; 12 15 EES=== =R
s Sod G e |
S e e — O =2 4 6 8 10 . 12° % 2 4 6 8 10
0 2 4 6 8 10 12 14 pT (GeV/c) pt (GeV/c)

P, (GeV/c)

R.Averbeck et al., arXiv:1107.3243
Heavy flavour muon data is used as reference for Pb-Pb at the same energy,

for the other channels a /s extrapolation based on pQCD calculation is used

pQCD-based calculations (FONLL, GM-VFNS, kt factorization) compatible

with data
FONLL: JHEP 1210 (2012) 137, GM-VFNS: Eur. Phys. J. C 72 (2012) 2082, k, factorisation: arXiv:1301.3033
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Nuclear Modification Factor: Qppb

® investigate multiplicity

dependent nuclear modification

of the p; distributions in p-Pb
collisions w.r.t. pp collisions

® quantified via:

Qmult (p ): (dN';;g/de),
peY ! <NcoH>i dep/de

® problem: determination
of <N_,,”> suffers from
biases in p-Pb collisions
® multiplicity bias
® geometrical bias
® jet veto bias

® bias depends on
multiplicity estimator

MinJung Kweon, Inha University

® VOA: <N

> from Glauber fit

coll

of VOA amplitude

® ZN:

HIM May 2015
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