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Outline

 Heavy lon collisions
* p-Pb collisions

— Particle correlation

— Heavy flavor correlation
¢ Summary
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Time-space evolution of HIC
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Initial state effect theories

 Glauber:

— ﬁeo_metric_ model determining wounded nucleons based on
the inelastic nucleon-nucleon cross section (whole family of
variants)

« MC-KLN:

— Color-Glass-Condensate (CGC) based model using k;
factorization

e |P-Glasma:

— CGC based model using classical Yang-Mills evolution of
early-time gluon fields, including fluctuations in the particle
production

« pQCD+saturation:

— calculate minijets using pQCD to get energy deposited in
the collision region
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Charged particles R,
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Hadron production in p-Pb

 Mass ordering ?

pPb

o

— ¢Benhancement?
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— Baryon enhancement, strangeness enhancement?
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Geometric scalin
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Figure 1: Radius Rypp, = 1/Sppb/7 for pPb collisions and Rpp = /Spp /7 for pp collisions vs
(dNg4/dy)'/3 as computed in the IP-Glasma model [23] together with the corresponding fits.
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Ridge structure in p-Pb
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p+ dependence of ridge
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Double-ridge structure

« Central — Peripheral
— Assume no change of Jet(and recoil) structure

— Double-ridge structure
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v, extraction from 2PC
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Multiplicity dependence

« Multiplicity(CXJ U CREYOMNCIENN

0.1 _Ivgnslubl R
>N -V, |
o P N L4 i
0.05- ® 0.4<p2’<3GeV _
: 8 2<IAn <5
| ATLAS p+Pb |
i VSuy = 5.02 TeV
i L, ~28nb" ]
0 N PR B PR B TR PR |
0 100 200 300
Nrec
ch
0.1F " inern ' =
I _ V;nsub ]
N i -V, ]
e
L o®
o 0.4 <p*° <3 GeV
0.051 2<IAnl <5
i ATLAS p+Pb
| VSyy = 5.02 TeV
L, ~28nb"
N 1 N N 1 N
% 100 200

E?° [GeV]

0.04

0.02

0.04

0.02

of v

————{CERN-PH-EP-2014-201
0.0151- % =
N oV, ]
0.01- §
0.005|- §
Y~ 900 200 300
NG
0.015F  —vynswe —
< Vs :
0.01 ]
0.005|- §
% 00" 200
E:° [GeV]




v, ordering
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Multi-particle correlation

« Cumulants
— N-particle correlation(excluding (n-1)-particle correlation)
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Multi-particle correlation v,
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+ p-Pb EPb-PHTREIL &S/
— 2GeV/cfhix T“ﬁ%

0.3l — —— 77— -
CMS pr VSN 5 02 TeV 1 _P _____ Pb 1 1 ;
[ L, =35nb" 1 =0 e_
o2} = KS « * 1 e 1 e o T . ¢ ]
~ |°® A/A ° PO | ° - ] .. e ]
> L @ h* L n R - cgtm” m¥  w o o oo ]
L ou il | || ol
L 1 m® 1 ° 1 m® ]
0'1. KFe ﬁ' () ﬁ‘ ) i - _ ]
[ 5_2:0 120 <N'"* <150 ] _@Ne 150 =Nj™ <185 | ‘{iﬁ:. 185 <Nj™ <220 [ Mo 220 <N <260 ]
i (o 5-2.5%) I (0.06-0.5%) . (0.006-0.06%) | W (0.0003-0.006%) 1
(0RO ot e St | A S S | A N aara S | S S
2 0 2 0 2 0 2 4
p, (GeV) P, (GeV) P, (GeV) P, (GeV)
0 3_' T i L i L R L L L T ! T T I T i
°[ CMS PbPb ys,, = 2.76 TeV ] Pb ] ] ]
[ Liy=2.3ub" Ly B I : :
L o ¢ o o 1 M | [ |
L m K 4 1 ° ¢ 1 ® ]
o2l mKs o o o + oo . & 9
I —_ ] o ] o 1
> -%h:q.}:- « ¥ * ] o. & q'}.‘ B -1 . =]
I ] = ] ] ]
0.1 = T T <. T+ «me .
L B ° _ I = | I = . I = | ]
[ 120 s NOI™ <150 | 4 150 < NI < 185 | g 185 <N0I™ <220 | % 220 <o <260 |
- - (67+3%) - (64+3%) = (62+2%) im (59+2%) 1
O e s St MR N urarati S St | AR N arra S | R B e S
0 2 4 0 2 4 0 2 4 0 2 4
P, (GeV) p, (GeV) P, (GeV) P, (GeV)




Quark number scaling of v,
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Quark number scaling of v;
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Heavy flavors in p-Pb
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eavy flavor measurement in PbPDb
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Heavy quarks pair production
« LHC energy CIENLO dominant
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Heavy flavor correlation

NPA 854 (2011) 168-174
d+Au = 1°n°+X, V8 = 200 GeV, 0<LQpe<500 d+Au —> n°7°+X, Vs = 200 GeV, 2000<LQpee <4000
- dihadron correlation in d+Au 2} 7Fesss. | o TenE.
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oI a '
— D/B-hadron U e L
i ag i
— Lepton-hadron E rol = L
— Lepton-Lepton e 1@% ;
= bon- *ﬁ% :
10’3: BOK‘ | j%
5 — 1‘0 | 1‘5 — ‘zjo
Mcc [GeV/cz}

LHCb pp@vs = 7TeV, 2 <y <4, 3 < p; < 12 GeV/c




Heavy flavor analysis

 Direct reconstruction
— BEIRHETRRE (00N

— Lhrhu/\rO>zH0WziEEBEEAE (Ebranch, RIS
EBICEB V(0% TF@ALICE, Low p1/Z &ED ctﬁb\)

« Semi-leptonic decay channel
— FAERVRITEIRDTHE(EE55FD

— Branch(3¥™PPPXRE LV (~10%)
— FRHEZNER (L0
— Trigger eventshMEX B

Courtesy of David Tlusty
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e-J correlation in d+Au

« Forward-centraltBE4
« pp CRXTL\Bback-to-back®#HBANA+AUTIFZR X 7R
— Shadowing effect?

PHENIX experiment

Central Magnet
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Dielectron in d+Au

« Mass &pr Ccharm&bottomdDEF S Z&EH|

bb cross section®EH
— pp EDLEER

arXiv:1405.4004
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e-h correlation in p-Pb

arXiv:1404.3983v2

— 1.0— Global normalization uncertainty = 0.06 rad”
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Dielectron channel in p-Pb

 Consistent with the hadronic cocktail calculation within

the uncertainties

— Charm and bottom pair production: based on Pythia(pp simulation)
— Topp =0.0983£0.0035(mb ) scaling
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Dielectron channel in p-Pb

« How about higher mass and higher p?
— Bottom quark pairs
« TRD/EMCAL trigger(C KD masstid %z 5K A] gE

‘_A — —_—
2 i PR;
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Future in LHC-ALICE

e- 1 correlation

— Forward-backward correlation
D-hadron

— Promising after ALICE upgrade

— $F(C2018FLUBFDITS, TPC 7w IU L — RTHiEt, Rt
i EB(CKIECNE

[ —a&— Pythia8
- —&— Pythia6, Perugia2010
[ —&— Pythia6, Perugia2011
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QM2014
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Summary

« pABEZETDLong-range correlationFER
— AAEZEridge EA TN

« Mass ordering
* Quark number scaling

— Vo{4}=v,{6}=v,{8}=v,{LYZ}
— collectivity?
- |nitial state(CGC, fluctuation, thermalization)DIBEZH LD
= 27
» Heavy quark pairfEmk(CH T D CNMINEDIREE
— e-J in d+Au: back-to-back correlationdl
— e-h in p-Pb: double ridge structure

— Dielectron channel: ongoing
— D-hadron: promising after ALICE upgrade

lmly

RHIC
He+Au: £33 %)H geometry
eRHIC, LHeC
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Models for heavy quarks

e Various models

HQ production Medium Modeling Heavy quarks interactions Hadronization
FONLL, no shadowing Glauber model collision radiative + fragmentation
(AIP Conf Proc. 1441 geometry, no hydro collisional energy loss
(2012) 889 evolution
POWLANG POWEG (NLO) + EPSO9 2+1d expanding medium HQ transport (Langevin) + fragmentation
(). Phys. G 38 (2011) shadowing with viscos hydro evolution collisional energy loss
124144)
Cao, Quin, Bass LO pQCD + EPS09 2+1d expanding medium HQ transport (Langevin) + recombination +
(Phys Rev C 88 (2013) shadowing with viscous hydro evolution quasi elastic scattering + fragmentation
044907) radiative energy loss
MC@sHQ+EPOS2 FONLL, no shadowing 3+1d fluid dynamical HQ transport (Boltzmann) + recombination +
(Phys Rev C 89 (2014) expansion (EPOS) radiative + fragmentation
"""" 014905) collisional energy loss.
MC@NLO, no shadowing | 3+1d fully dynamic parton HQ transport (Boltzmann) + fragmentation
(Phys Lett B 717 transport model collisional energy loss
(2012) 430) (w/ & w/o radiative)
FONLL + EPS09 transport + 3+1d ideal hydro | HQ transport (Langevin) + recombination +
shadowing evolution collisional energy loss + fragmentation

(arXiv:1401.3817)

UrQMD PYTHIA, no shadowing

(arXiv:1211.6912)

3+1d ideal hydro evolution

diffusion in hadronic phase

collisional energy loss

recombination +
fragmentation
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Heavy flavor production in HIC

Charm and bottom quarks are created at the early stage of heavy-ion
collisions through initial hard scattering.

— Good probe to study the properties of the medium

 Energy loss in medium

- Gluon radlathn CE:((147‘ L L L L L L L L B T T 11 T T T 1 T T T
1ci - Pb-Pb, \s\,, =2.76 TeV
— Collisional loss i VSnn

Ak, >AE > AE, due to dead cone effect
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Correlated systematic uncertainties
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08/10/2014

52



v, measurement
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PP

{(p.? (GeV/c)

ALICE, PLB 727 (2013) 371

<p,> VS Multiplicity

" pp 1s=7TeV 4
- ® Data e

PYTHIA 8, tune 4C
¢ without CR
& with CR

#

20 40
N
ch
ALICE,charged particles
171<0.3, 0.15<p_<10.0 GeV/c

Rise of <p;> can not be reproduced
by incoherent superposition of MPI

long strings to remnants
= comparable n., /interaction

= (p.1)(ney) ~ flat.

shorter extra strings
for each consecutive interaction

= (p1)(ney) rising.
T. Sjostrand
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Particle spectra

« Radial flowZm<I£ ?

Vil <1,

.~ - - rryprr A R L o . B R
FpPb, Vs = 5.02 TeV, L= 1 pb! 135 [PPD Yoy =502 TeV, L =1 b K* [ PP, VSygy =5.02TeV, L =1 b’ X
4: . E -“---‘-I‘ﬂ- [
‘s 35 I : —
E Ell, i / _ T
z 3 sy
> :é - —
= o 25
of 8
= EHE
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-] & 15 i
E1S |
2 qp
-+— o lfj
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CMS, arXiv:1307.3442

pr [GeV/e]

55



Brast wave fit

Hydrodynamic-inspired model, that
assumes

* hard sphere uniform density
particle source with temperature T

» collective transverse radial flow
velocity 3

Schnedermann, PRC 48, 2462 (1993)

dn

mr me

0(/ r dr myly

Transverse velocity distribution (3,(r) for
0 <r < R parametrized with

« surface velocity B

» velocity profile n
r T
8.(r) = B, (%)

Resulting spectrum is superposition of
the individual thermal components,
each boosted with the boost angle p

p=tanh™' 3,
prsinh p mr cosh p
T : T
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data / model

T T
ALICE, pp, Vs =7 TeV

ALICE Preliminary

2" Multiplicity Class: [7.5, 8.6]
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—6— K* (10x)
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Thermal model

« Baryon suppression?

K'+K p+P 2A Z4+E 9+ d *He AH+H 0 K*+K*
T+ T+ K? T+ T p+p d T K'+K K'+K
LH ¢ BR =25% ¢ qr
ALICE Preliminary | * ppVs=7TeV
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Thermal model
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Initial state dependence on n/s

Glauber

CGC
| ! &) I ! | ! | ! T T T T T T T T T
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- T 0.1f . .
0.06| 2
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