ALICE Overview

Xiaoming Zhang for the ALICE Collaboration

e ALICE experiment at the LHC
e Collective effects
e Hard probes

e High pr particles, jets, heavy flavours...

ALICE LHC RUN-II

Timestamp: 2015-11-25 e Small systems (pp and p—Pb collisions)

System: Pb-Pb at 5.02 TeV
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ALICE Performance
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Efficient low- pT tracklng — down to 150 MeV/c
Excellent particle identification — anti-3He observed directly, hadron, lepton and
photon identification up to high momenta
Excellent vertexing capabilities (heavy flavours, VO, cascades, conversions)
Forward muon spectrometer: J/ and Y reconstruction down to pr =0

Precise event characterization (most central collisions: 0-2.5% centrality class)
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ALICE

RUN-I milestone (2009 — 2013)

Year

Data Collection

Integrated

System Energy Vs (TeV) luminosity (nb-)

* pp collisions at 0.9,

RUN-II, since 2015
e Pb—Pb at5.02 TeV:

e ppati3TeVand4

5.02 TeV (~100 nb-') 20

e Upcoming p—Pb at 5.02 and 8 10
TeV: 10 times more statistics

than in RUN-I
Hard Probes 2016
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0—Pb 5.02 ~ 30
2.76, 7 and 8 TeV, total integrated Iuminosify up to ~20 pb-1
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Charged-Particle Multiplicity

ALICE
Pb—Pb at ALICE Phys. Rev. Lett. 116 (2016) 222302
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e ALICE: Pb—Pb at 5.02 TeV — highest energy so far
¢ For 0—5% most central collisions, confirms trend from lower energies

e <dNcn/dn> vs. <Npart>: similar evolution with centrality between 5.02 and 2.76 TeV
e ~20% increase going from 2.76 to 5.02 TeV
e Provides further constraints for models
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ALICE

Azimuthal Anisotropy

e Quantify anisotropy: Fourier decomposition of particle azimuthal distribution

relative to the

e [
anisotropy —

e Higher order f

reaction plane (Wrp) — coefficients vo, va, va... Wy

iptic flow (v2): spatial anisotropy — pressure gradients leads to momentum

nydrodynamics

ow: bring additional constraints on the initial conditions, n/s,

EoS, freeze-out conditions...

Hard Probes 2016

v, =< cosn(p — Wgrp) >
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Anisotropic Flow

~ ALICE Pb-Pb 0-5% (a)| @ Anisotropic flow coefficients vz, vs, v4
| 5.02 TeV 2.76 TeV _ _

0oL ®vi2 A>T} Lv,2, An>1) measurements using two- and multi-
L mv,{2, [An>1) VA2, |An[>1}

particle cumulants

¢ v, (2, [An|>1} V{2, |An|>1}

e Similar pr-differential results at 2.76
and 5.02 TeV

v {2, |An|> 1.0}

® 3 becomes larger than v for
pr> 2 GeV/c in central collisions

v {2, |An|> 1.0}

ALICE Phy. Rev. Lett. 116 (2016) 132302
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Anisotropic Flow

e Anisotropic flow coefficients v, v3, va

c UALIGE Po-Po ' Hydrodynamics A measurements using two- and multi-
> 0.155.02TeV 2.76 TeV 5.02 TeV, Ref.[27] — .
L w2 1) 0 V(R AT v e particle cumulants
| eV, {2 |Anj>1} O V4{2, |An|>1} =, {2, [Anl>1)
| ev, {2 |an>1} O Ve{2, |An|>1} o _ _
[ +v214 S v, ¢ Similar pr-differential results at 2.76
O1_>|<VZ{8

and 5.02 TeV

® 3 becomes larger than v for

0.05 . -
: pr> 2 GeV/c in central collisions

e pr-integrated values indicate an

R B B UL S FL LA L LA B : : .
% 1.2 E_ g ﬂéczrgsyé%??rﬁs, Ref.[25] T + _g Increase with CO”|S|On'energy
— n — . . .
= 1'15 p N - attributed to the increase in <pt>
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ol2El ] | o3 e Good agreement with
PRI R 3 : .
€ 11E | bt § hydrodynamical calculations
1— + ] ] ] ] (C) E

07770 720 80 40 50 60 70 80 e Measurements support a low value
Centrality percentile .
for n/s ratio

ALICE Phy. Rev. Lett. 116 (2016) 132302
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Direct Photons in Pb—Pb Collisions

Talk: D. F. Lodato, Jing-Zhou hall, Saturday, Sep. 24th 8:30
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ALICE Phys. Lett. B754 (2016) 235
e [ow-pr: 2.60 excess w. r. t. models in 0—-20% central — thermal contribution

o =304 +11(stat.) =40 (syst.) MeV in central Pb—Pb collisions at 2.76 TeV
e 30% higher than at RHIC (Au—Au at Vsnn=200 GeV)

Hard Probes 2016 ALICE Overview X. Zhang



Hard Probes: Medium Tomographglo

ALICE

e Produced in the early stage of heavy-ion collisions

e Experience the full evolution of the QCD medium, and interact with particles
In the medium and loss energy

e Efficient probes for understanding the transport properties of the medium

e Nuclear modification factor, Raa, sensitive to the presence of the medium

dNaa/dpr

Raa PT) = PbPb measurement
PT) = Tpa > dopy/dpr R

e Raa =1, if there is no medium modification

e Shopping list

e High pr particles, jets pp reference

¢ Open heavy flavours

e Quarkonia (J/g, ¢’... Y...)

Hard Probes 2016 ALICE Overview g



ALICE
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Talk: M. L. Knichel, Wuhan hall, Sunday, Sep. 25th 8:30
| ® Strong modification of the spectrum

shape in most central collisions

¢ Minimum at pr = 6-7 GeV/c

e Strongrise in 6 < pr <50 GeV/c

e Strong centrality dependence

propertles

ALICE Preliminary
Pb-Pb |'s,, = 5.02 TeV
charged particles, | 7| < 0.8

ﬂ7¢4/

/ [®] Data 0-5% ( +4.5% norm u c):
— - Djordjevic 0-5%
Majumder 0-5%

\
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P, (GeV/c)
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12
Jet R,n In Pb—Pb Collisions at 5.02 TeV

ALICE

_ Talk: H. Yokoyama, Xiang-Yang hall, Saturday, Sep. 24th 8:30
e Jet: a spray of particles from hard parton ¥ragmentat|on — get closer access

to parton energy Out-of-cone radiation <
Raa<1 o
Incoming 9999999} /
parton
@ In-cone radiation
Jet broadening

e (Qut-of-cone radiation: energy loss in jet cone <
C T
= Jet yield suppression, di-jet energy imbalance, oe;—g T E
. . . . 0.4 s === mmnl A — —]
jet-jet/hadron-jet acoplanarity... O E
e In-cone radiation: medium modified fragmentation T sk peonn
m:‘( 0 E_ —# Data 30-50 % (pp POWHEG)_E
= Jet shape broadening, modification of transverse £ ' E
energy profile... 0.4F =
0.2:— _;
.2 —
oAb D318 5090 % (pp:DAtA)
) . < - - —#— Data 50-90 % (pp:POWHEG) 1
* Charged-particle jet Raa at 5.02 TeV - B T o ey
: . : A L_| conelated uncertainty 2
e (Consistent with Raa of charged particles and 2‘2‘_ __________ RIETC  ALIGE Preliminary -
Charged-Jet RAA a‘t 276 TeV qé ~ '2|0' — 'SIOI - '4|0' - '5|0' ~ '6|0' ~ '7|O' ~ '8|O' ~ '9|O' ' 'i)
P chiet (GeV/c)
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Jet Structure

Talk: C. Bianchin, Xiang-Yang hall, Saturday, Sep. 24th 10:40

4
[ Anti-k;, R=04 60<p_ o (GeV/c) < 80

ALICE Preliminary

Data: Pb—Pb / p—Pb
PYTHIA: 2.76 TeV / 5.02 TeV

For the first time the fully
corrected jet shapes are
measured in Pb—Pb collisions

aF

L1 I L1 1 I LAl I L1 1 I L1l
10 12 14 16 18
M., jet (GeV/c?)

I R ¥

— ® Jet mass: Pb—Pb distribution is shifted towards

smaller masses w. r. t. p—PDb collisions —
indicate large angle out-of-cone radiation in the
medium

| o Radial momentum (g) — pr-weighted jet width

® g shifted towards lower values in Pb—Pb data
relative to PYTHIA — indication of more

collimated jet cores in data

ALICE Overview X. Zhang
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Near-side Jet Peak Brc:adening1

ALICE
Talk: M. Kofarago, Shi-Yan hall, Saturday, Sep. 24th 17:00

ALICE, Pb-Pb 1<p, <2GeVic
(., = 2.76 TeV 1<p " <2GeVic ALICE, Pb-Pb 11 <Py < 22ca§v\//c/
50 (S = 276 TeV < Pr e, < 2 GEVIC

50-80% 040%

PR =
So 0.1 £ 1
I | 5901 Data 0-10%
SN2 a4 e
% |3 =3 ~
2 | ole |
0- S
0 &
7 N W _1 &S ALICE
A —1 v .
n An arXiv:1609.06643

arXiv:1609.06667
e Moderate broadening in A, while much larger broadening in An

e Hint of strong interaction of jets with the medium

Hard Probes 2016 ALICE Overview X. Zhang
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Near-side Jet Peak Brc:adening1

Talk: M. Kofarago, Shi-Yan hall, Saturday, Sep. 24th 17:00

AMPT 1<p_<2GeV/c
String melting: off 1<p ™ <2GeVic ALICE, Pb-Pb 1<p . <2GeVic

T,assoc 1 < <2 GeV/c
Rescattering: on /- \'Syn = 2.76 TeV
0-10%

T,assoc

—~ 0.1
O -
© o
5 5901 Data 0-10%
G I3 S ) |
o oo |
2 O_ — ZE l | - 1
0- S
0 &
_ TR ¥ 1 < ALICE
A 1 1 2 -
n an " arXiv:1609.06643

arXiv:1609.06667
e Moderate broadening in A, while much larger broadening in An

e Hint of strong interaction of jets with the medium

e AMPT without melting but with hadronic scattering describes data better than
other options — describes both peak broadening and depletion in data

e Depletion and broadening result from interplay of jets and collective

medium, driving factor for depletion and broadening is radial flow
Hard Probes 2016 ALICE Overview X. Zhang
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KSO and A Production In Jets

Talk: Y. Z2hang, Xiang-Yang hall, Saturday, Sep. 24th 15:20

g _I L | T 1T | T T | T T | T 1T | T T | T 1T | [ I_
S | Prvezrown g ReBEGe® | e Ks0and A production in charged-
%_ 1E ALICE Preliminary :lfsgl?trn:rr]lfersK (x 1.5) - . . . _
s Loeenmaesinaniz 3 particle jets in Pb—Pb collisions
o B —— PYTHIA 6 - tune Perugia 2011 ]
% - —— PYTHIA6 tune Perugia NoCR .
S prsmeaavinine oe) | @ Reference PYTHIA smeared with
§ o P=" > 10 GeV/e _
107 == == E background fluctuations
e — 1 e Kg0: data consistent with PYTHIA
— e L -
=== . within errors
105 <07 . E
: f;;‘“ R0z 1 e Hint of low-pr enhancement in data
N ,o'TOI notrack 5 5 GeVic | %’ _ . ]
" > 150 MeVic 1 ® A:data significantly higher than
-3 1 111 | L1 11 | L1 11 | L1 11 | L1 11 | L1 11 | L1 11 | L1 11
W23 4 s s 7 8 9o 10 PYTHIAatlow pr
P (GeV/c)

¢ |nvestigating medium modified fragmentation, effect seems to differ
between baryons and mesons — further constraints on reference from data

needed
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R, of D mesons and non-prompt J/y

Talk: A. Dubla, Wuhan hall, Saturday, Sep. 24th 16:00

AL1I§E JHEP 1511 (2015) 205
< 1.

T T | T T | T T | T T | T T | T T L L < 2_I T | T T | T T | T T | T 1T | T 1T | T 1T | T |_
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C i Pb-Pb, | s, =2.76 TeV i C 1.8C ALICE 0-10% Pb-Pb, s =2.76 TeV -

1ol A 7w (ALICE) 8<p <16 GeV/c, |y|<0.8 _ " .

"L ®m  Dmesons (ALICE) 8<p_<16 GeV/c, |y|<0.5 . 165 B

- @ Non-prompt J/y (CMS Preliminary) 7 T ° Average DO, D', D*", ly|<0.5 A

 E— ?:_5_?_’0_15?’_(_)_9?\_/_/ _C_’__|¥_|_f_1_'_?_ CMSPASHNEON ] 1 ar o with p_-extrapolated pp reference -

L (empty) filled boxes: (un)correlated syst. uncert. - L |

L (*) 50-100% for non-prompt J/y - ’ 2: e D; , |y|<05 ALlCE
0.8 ) Iﬂ s < JHEgs (2016) 081
i 1 L JHEP-03 (2016) 082

0 6_— r TAMU, PLB 735 (2014) 445 .

Pl HF H _ 0.8H — Non-strange D —

:50-80%* 1 0 61 TF D ! _:

0.4_— |-|I‘|Z| N r "i\ /7/_// i

I 40-50% |_.ﬁ - 0.4 EEE !ﬂ AL AEE I -

0.2 30-40% . — N ]

_ ou B @l on Bl g —4— I -

[ w* shifted by +101in (N_ ) ’ 0-10% | O: | | | | | | N

| | | | | | || | | | | L 111 | || | | | | | | ! L L L1 L L L1 L
% 50 100 150 200 250 300 350 400 0 5 10 15 20 25 30 35 40

(N P, (GeV/c)
o Raa(D)<Raa(J/Y<B): AEc>AEr, — mass dependence of HF energy loss

o Raa(D)=Raa(T): AEc=AE4(?) or different parton pr distributions and fragmentation
functions

e Charm hadronization through recombination in medium (?) — predicted in models
— hint of Raa(D)<Raa(Ds*) in data — to be confirmed with higher precision

measurements
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Heavy-Flavour Decay Muons

Talk: 2. Zhang, Jing-Zhou hall, Sunday, Sep. 25th 10:40

L - e L BLELEL B B B BRI BN L L B A AL RN I L B I
j*:L :E 1.8 :_ Pb-Pb AL|CE Preliminar _: = 04 —+Heavy flavour decay €", v,{EP, |An| > 0.9}, ly] < 0.7 —
10: . E 29<y<4 y E - ALICE Preliminary
1.6 - —t— Centrality 0-10%, Pb-Pb, \/s,,, = 5.02 TeV E [ - Heavy-flavour decay it L2 Il 173 25 <y <4 .
1.4 —+— Centrality 0-10%, Pb-Pb, 'Sy = 2.76 TeV — 0.3F  aixiv1507.03134 ]
= : ] Pb-Pb, |5, =276 TeV 7
1.2 - |:| Syst. uncertainty 0_1 00/0 E . 2 20 400/0 20-40% Centrality Class 1
o = ]
osf Pb-Pbat5.02Tev 3 i . — E
0.6 Pb—Pb at 2. 76 Te - - ] 1 + [ [¢ 1 |
0.4 HHH = [ ! i ALICE Pb-Pb at 2.76 TeV
0oE HHHHHMEQE:—H— E | ~Muon: Phys. Lett. B753 (2016) 41
N T S Fleci‘ron: JHEP 09 (2016) 028
0 2 4 6 8 10 12 14 16 18 20 _0'10 2 4 6 8 10 12 14
p. (GeV/c) p. (GeVic)

e Raa of heavy-flavour decay muons
e [arge suppression observed in most central collisions
e Raa at 5.02 TeV consistent with that at 2.76 TeV in the overlap pr region

e v of heavy-flavour decay muons at forward rapidity (2.5<y<4) is compatible with
heavy-flavour decay electrons at mid-rapidity (Iy1<0.7)

e (bserved positive v» at intermediate-pr (30 effect) — similar to the one for D

mesons — confirms the significant interaction of heavy quarks with the medium
Hard Probes 2016 ALICE Overview X. Zhang
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Quarkonia Production in Pb—Pb Collisions

ALICE Talk: V. Feuillard, Jing-Z2hou hall, Saturday, Sep. 24th 16:20
Talk: G. Luparello Shi-Yan hall, Saturday, Sep. 24th 8:30

<
< < L
X 14 ALICE, inclusive J/y — u*u _ D:< - ALICE Preliminary, Pb-Pb |5, = 5.02 TeV
25« y < 4, p_ <8 GeV/c . 1.2~ m |Inclusive Y(1S) - u'n,25<y<4,0< p,<12GeV/c global sys.= £ 10%
T i _
1.2 ]
ALICE arXiv:1606.08197 0
1k f*:;‘.. Transport models:
i 08 \"‘%’ Emerick et al., EPJA 48(2012)72
= . I ‘é//’/ :
0.8 - . - /(3% s Zhou et al., PRC89 054911(2014), private comm.
- O ® @ @ @ - [ BN 70
0.6F B g€ " m 4 06f N e
- - ’\}\\\\'\ = ./_/_/ﬁ/ﬁ//é////////// S S S S S S S /////////7/‘/"/‘) S 0,
NN W i/ 77
- - - . “iﬁ&ik&k\\\\\\\\\\ . -///-/-///// Q/.%///%%%%%
0 4 | _ 0.4+ \\-\.\\\\\\\iii\\\\\\\\\'\\\\'\ H -\- ----- £454
) \\ﬁ\\ﬁiﬁiﬁ&ﬁﬁ@ski\ikxik\\-iﬁ\\\\\
B S
- Pb-Pb at 5.02 TeV * PP isu-s02Tev 1 |
—Pb a e : :
0.2F 1 o2l
) B Pb-Pb =2.76 TeV . L
 Pb-Pb at 2.76 Tev ~ """ = 1 | Pb—Pb at 5.02 TeV
OO 50 100 150 200 ||250|||é00||||350||400 O_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
(N > 0 50 100 150 200 250 300 350
part <Npart>

Emerick et al.: regeneration + feed-down * shadowing uncertainty
Zhou et al.: CNM effect + feed-down uncertainty

e Clear J/Y suppression with almost no centrality dependence above Npart ~100

e Suppression insensitive to the collision centrality in semi-central and central
collisions — indication of regeneration

e Y:comparisons with models — centrality dependence is qualitatively reproduced

e Suppression is slightly underestimated when considering regeneration
Hard Probes 2016 ALICE Overview X. Zhang
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Small Systems

e Small systems
e pp collisions: QCD vacuum, baseline for heavy-ion and p—Pb collisions

e p—Pb collisions: quantify Cold Nuclear Matter (CNM) effects — nuclear
modified PDF, kr-broadening coherent energy loss of partons in nuclear

medium... —
Charged particle jets
ALICE Phys. Rev. Lett. 110 (2013) 082302 Inl<0.5 HF muons
R == 2 B<yoms<3.54, -d<yoms<-2.96
RS ML | §51.8} ALICE p-Pb Sy = 5.02 TeV n —
charted barticles E  Charged jets, anti-ky, [1_| < 0.5 S _ '
1.8— pﬁtlf:; hsogT:\f) NtSlI3 <03 f 1_6:- Refa;iic::;c:?ed pijts?TeV § 2.5_AL|CE Prel|m|nary +25P£Jy 823 55402 TeV E
1.612 Pb-Pb 59y =2.76 TeV, 0-5% central, | 1| < 0.8 = 1.4F c [ W'« b,c decays e -d<y 296 _
1.4+ Pb-Pb \Suy = 2.76 TeV, 70-80% central, | | < 0.8 = . 2;_ IGlobal normalization uncertainty .% , :_ cms S & 3
120 - e — ke i +Pb Pb, (S, =2.76 TeV 1
o 1*HHHHHHHHEEBEE ,,,,,,,,,, B~ 0;5 -o-- _._.__3_—¢—‘+"—+'— Té sk 2.5<y_ <4 (0-10%)
g @ e a3 S -
s 22 ‘ﬂlmmmnlmlmﬂ‘i}l A @ I E E B BE 0.6;— ALICE % 15- ..... ﬁﬂﬁ:ﬂﬂ-ﬂ ESHH.H.EE_EEH‘E.H
4 E 04f Eur. Phys. J. C76 (2016) 271 = :
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e Rypp consistent with unity — strong suppression observed in central Pb—Pb

collisions at mid-rapidity and forward rapidity is due to the QCD medium
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Particle production vs. Event Multiplicity

_ Talk: O. Busch, Wuhan hall, Sunday, Sep. 25th 10:40
ALICE arXiv:1606.07424

e T T T T T T T T Talk: G. Luparello Shi-Yan hall, Saturdag, Sep 24th 8:30
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7/

A4 Conclusion

e ALICE LHC RUN-II — Pb—Pb collisions at 5.02 TeV

e The highest collision energy, 5 times higher integrated luminosity than RUN-
e Heavy-ion collisions in ALICE RUN-I and RUN-II

e Anisotropic flow: support a low value for n/s (~0.2)

e Excess of low-pr photon: Teit = 304 MeV — 30% higher than at RHIC

e Jet shapes: more collimated jet core and large angle out-of-cone radiation in the
medium, jet peak depletion and broadening — interplay of jets and collective medium

e (Open heavy flavours: mass dependence of parton in-medium energy loss, collective
motion of heavy quarks at both mid- and forward rapidity

¢ Quarkonia: J/ results support a picture of J/psi suppression and regeneration in the
medium; strong suppression of Y production observed at forward rapidity

e Small systems

e Baseline for hard probe production in QCD medium — strong suppression observed in
central Pb—Pb is due to the QCD medium (high-pr Rppb = 1)

e Hints of “QGP-effects” also seen in high-multiplicity pp, p—Pb collisions
Hard Probes 2016 ALICE Overview X. Zhang



) ALICE Contribution List

ALICE
Talks: total 16

D. F. Lodato, Sep 24, Sat, 08:30, Jing-Zhou Hall, Direct photon yield in pp and in Pb—Pb collisions

T. Okubo, Sep 25, Sun, 9:30, Wuhan Hall, Neutral meson production in pp, p—Pb and Pb—Pb collisions

T. Guniji, Sep 24, Sat, 11:40, Jing-Zhou Hall, Low mass dielectron measurements in pp, p—Pb and Pb—Pb collisions

J. Viinikainen, Sep 24, Sat, 10:40, Shi-Yan Hall, Jet transverse fragmentation momentum from h-h correlations in pp and p—Pb collisions

M. Kofarago, Sep 24, Sat, 17:00, Shi-Yan Hall, Near-side jet peak broadening in Pb—Pb collisions at 2.76 TeV

X. Peng, Sep 25, Sun, 8:30, Shi-Yan Hall, pi0O-hadron correlations in pp and Pb—Pb collisions and piO elliptic flow in Pb—Pb collisions

M. L. Knichel, Sep 25, Sun, 8:30, Wuhan Hall, Transverse momentum spectra and nuclear modification of charged particles at 5.02 TeV

O. Busch, Sep 25, Sun, 10:40, Wuhan Hall, Strangeness production and nuclear modification

H. Yokoyama, Sep 24, Sat, 09:30, Xiang-Yang Hall, Measurement of Inclusive Charged Jet Production in pp and Pb—Pb collisions at 5.02 TeV

C. Bianchin, Sep 24, Sat, 10:40, Xiang-Yang Hall, Jet mass measurements in Pb—Pb and p—Pb collisions

Y. Zhang, Sep 24, Sat, 15:20, Xiang-Yang Hall, Baryon to meson ratio in jets and underlying event in Pb—Pb, p—Pb and pp collisions

G. Luparello, Sep 24, Sat, 08:30, Shi-Yan Hall, Measurements of heavy-flavour production vs. multiplicity and angular correlations in pp and p—Pb collisions
A. Dubla, Sep 24, Sat, 16:00, Wuhan Hall, Measurements of the suppression and anisotropy of heavy-flavour particles in Pb—Pb collisions at 2.76 TeV
Z. Zhang, Sep 25, Sun, 10:40, Jing-Zhou Hall, Production of Muons from Heavy-Flavour Hadron Decays in Pb—Pb Collisions at 5.02 TeV

V. J. Gaston Feuillard, Sep 24, Sat, 16:20, Jing-Zhou Hall, Charmonium production in Pb—Pb collisions

G. G. Fronze, Sep 25, Sun, 8:30, Jing-Zhou Hall, Upsilon production in p—Pb and Pb—Pb collisions

Posters: total 7, Sep 23, Fri, 17:00

Q. Shou, Measurement of elliptic flow of neutral pions in Pb—Pb collisions at 2.76 TeV

M. Kim, Particle-yield modification in jet-like azimuthal di-hadron correlations in Pb—Pb collisions at 2.76 TeV

S. Kar, Measurement of angular correlations between D mesons and charged particles in pp and p—Pb collisions
A. Festanti, Measurement of the D-meson prompt fraction with a data-driven approach

A. Silva, Prospects for the measurement of D mesons in jets in Pb—Pb collisions

R. Hosokawa, Measurement of inclusive charged jet cross section in pp collisions at 5.02 TeV

D. Sekihata, Analysis of neutral mesons in pp and Pb—Pb collisions with the PHOS detector in the Run2
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ALICE Performance
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Flow Harmonic Correlations

0.16 - I I I I [ I 1] 0.8
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e |tis necessary to look at more than v, to extract n/s(7)
¢ Standard flow measurements are not very sensitive to n/s(7)

e At least for central and semi-central collisions
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Flow Harmonic Correlations

e New observable: Symmetric Cumulants (SC)

Insensitive to non-flow effects — due to multi-
particle correlations

SC(3,2): sensitive to initial conditions

SC(4,2): sensitive to both initial conditions and
n/s

Higher sensitivity to n/s and initial conditions
than v, alone

ALICE Overview X. Zhang
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Anisotropy Flow in Wide Rapidity Range
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Anisotropy Flow in Wide Rapidity Range
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n/r° Ratio in Pb—Pb Collisions
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e n/mlratio in Pb-Pb
e (Consistent with that in pp — does not depend on collisions systems
e Comparison to K#/1t ratio — shows similar behavior

e pQCD NLO calculation at high pr with energy loss reproduce the data

e prin 4-6 GeV/c — sensitive to initial transport coefficient
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ALICE

Out-of-cone radiation
’?AA<AI

nco 9999999/
In-cone radiation
Jet broadening

e ATLAS: calorimetric jets

e ALICE: charged-particle jets — more
sensitive to the low-momentum fragments

al
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QC

e Agreement between ALICE and ATLAS
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Jet Yield Suppression
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Ch. particles
ALICE

CMS

* 1 (0-10%)/(50-80%)

| (0-5%)/(50-90%)

Jets

Pb-Pb \' Syn=2-76 TeV

ALICE, JHEP 03 (2014) 013:

ALICE Ch. Jets R=0.3
(0-10%)/(50-80%)

ATLAS Calo Jets R=0.3
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10°
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= Contribution of low momentum jet fragments to jet energy is small

e [cp of jets and single hadrons are compatible

= |ndication that the momentum is redistributed to larger angles
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Jet Azimuthal Anisotropy

ALICE
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e (Central collisions (0—5%): null-hypothesis can not be excluded (1.5~20)

= |nitial-state fluctuations (?)
e Semi-central collisions (30—50%): non-zero v2 (30 effect)

= Information of path-length dependence of parton in-medium energy loss

e Compatible with single particle and calo-jet v at high pr (with different
energy scales)

= [arge parton energy loss and that is sensitive to the collisions geometry
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Heavy-FIavour and Quarkonia in QCD Medium

ALICE
e QOpen heavy-flavours — HF (open charm and beauty hadrons)

e Raa: radiative energy loss vs. collisional energy loss

g
e Mass and color charge dependence ’ﬁﬁﬂ
h D B Q S
AE, >AE __>AE, =R, <R, <R, (?)

e Models needed to disentangle differences in energy loss vs spectral
shape/fragmentation function

e Elliptic flow

e | ow-pr: initial conditions and degree of thermalization of HF in QGP

¢ High-pr: path-length dependence of HF in-medium energy loss

e Quarkonia (J/ and Y families): sequential melting (Debye screening) vs.
recombination

Statistical regeneration

e Sensitive to medium temperature

I
1
|
!
|
|
|
|

J/w production probability




35
Heavy-Flavour Decay Electrons

Talk: A. Dubla, Wuhan hall, Saturday, Sep. 24th 16:00
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I 0-20% Pb-Pb, s = 2.76 TeV  ALICE |
25:_ lb(—)C)%e,lycms|<0.8 |
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o |

Nuclear modification factor

* ALICE arXiv:1609.03898 |
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¢ First Raa measurement of beauty-decay electron: Raa < 1 for pr > 3 GeV/c

e (Consistent with the picture of mass-dependent radiative and collisional
energy loss
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() J/p Production in Pb—Pb Collisions.

Talk: V. Feuillard, Jing-Z2hou hall, Saturday, Sep. 24th 16:20
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A - ALICE, inclusive J/y — u*u . E) . ALICE, Pb—Pb, inclusive J/y — p*uw
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\ ALICE arXiv:1606.08197 o

1154 2 .
i) T
0.8 41 <
e . Leld

0.4F 7 E%: 0.8 B -

i ] = - Transport, pT>0.3 GeV/c (TM1, Du and Rapp) .

B ® Pb-Pb VSTJN= 5.02 TeV, c : " Transport (TM2, Zhou et al.) :

0.2 — B Pb-Pb |5, = 2.76 Te 06hL iftﬁgszlr :?g;cr)glzrzt;on (Andronic et al.) h
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e (Clear J/Y suppression with almost no centrality dependence above Npart ~100

e EXcess in peripheral events is located at low pr — photoproduction?
ALICE Phys. Rev. Lett. 116 (2016) 222301

e Suppression insensitive to the collision centrality in semi-central and central
collisions — indication of regeneration

e Ratio of Raa at 5.02 TeV and 2.76 TeV: data are, within uncertainties, compatible
with the theoretical models, and show no clear centrality dependence

¢ (Consistent with unity within errors: 1.17 + 0.04 (stat.) £ 0.2 (syst.)
Hard Probes 2016 ALICE Overview X. Zhang
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Y(1 S) Production in Pb—Pb Collisions

ALICE
Talk: G. G. Fronze, Jing-Zhou hall, Sunday, Sep. 25th 8:30

< B < B
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Emerick et al.: regeneration + feed-down + shadowing uncertainty
Zhou et al.: CNM effect + feed-down uncertainty

e Raaat5.02 TeV and 2.76 TeV are compatible within uncertainties
o Raa(5.02 TeV, 0-90%) / Raa(2.76 TeV, 0-90%) = 1.3 £ 0.2 (stat.) £ 0.2 (syst.)

e Comparisons with model predictions: centrality dependence is qualitatively
reproduced

e Suppression is slightly underestimated when considering regeneration
Hard Probes 2016 ALICE Overview X. Zhang
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MK’ Ratio: Inclusive V's
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¢ Increase of the ratio from low multiplicity (peripheral) to high multiplicity (central)
collisions seen in pp, p—Pb, and Pb—Pb systems

e In Pb—Pb the enhancement at intermediate p. can be explained by collective flow

and/or quark recombination from QGP

H24 SRS gualitative behavior seen in pp.ageR--Pb, but with smaller magnitude Zhang
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Strangeness Enhancement

Talk: O. Busch, Wuhan hall, Sunday, Sep. 25th 10:40

g .| @ Study yield-ratios vs. systems size
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MK’ Ratio in Jets

e The enhanced ratio of A/KsP at inter-median pr of inclusive VO in p—Pb and
Pb—PDb collisions relative to pp collisions is not present within the jet region

W
ALICE

e Baryon enhancement does not origin from modified jet fragmentation

e Results independent on jet radii and disfavor the hard-soft recombination
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ALICE

J/P—u+u- measured at forward/backward rapidities

Charmonia in p-Pb Collisions

1

Pb-going direction: different trends for J/yand ¢(2S) — P(2S) suppressed

p-going direction: Indication of smaller Cppp for Y(2S) relative to J/y

Models with only CNM effects (shadowing, E loss) do not describe y(25)

Break-up due to interactions with hadronic resonance gas (“‘comovers”) is a

possible explanation for P(2S) suppression

Models with QGP and Hadron Resonance Gas in fair agreement with data
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Heavy-FIavour Production vs Multiplicity

Talk: G. Luparello Shi-Yan hall, Saturday, Sep. 24th 8:30
ALICE JHEP 09 (2015) 148
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e Faster-than-linear increase of self-normalized D-meson and heavy-flavour decay
electron yields as a function of the charged-particle multiplicity at mid-rapidity

e Model with hydrodynamics describes fairly data in both pp and p—Pb collisions
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ALICE Upgrade LS2 (2019~2020)

e New Silicon Inner Tracking System

e New or upgraded readout for all detectors to cope with higher rate, new CTP
and Trigger Detectors

e New readout chambers for the Time Projection Chamber
e New Silicon Tracker in front of Muon Absorber

e New Data Acquisition System and High Level Trigger to handle continous
readout, new Offline system
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