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v" Introduction
v" Review of Alice Results
v' ITS upgrade

v’ Conclusion



Objects

v Searching for the initial stage of Universe

v" From QCD calculation,
Confining at normal temperature

v" At high momentum transfer
- a, becomes weak °
- asymptotic freedom o -'ga. P
= Quark-Gluon Plasma(QGP) ‘e ?:". o o©



Lattice QCD Calculation
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Phase Diagram

RHIC, LHC
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How to produce?

v Theoretically

. Quark-Gluon

Pressure <+  Heal Bilagas

€ales pions)

v Experimentally




Evolutions

Freezeoul
T > 10 fmic

Hot Hadron Gas
B<T= 10 fm/c

AN

Equilibrium QGP
2<T<6fmc

03<T< 2fmic

Non-equilibrium QGP

semi-hard particle production
0<T<03fmic

bmam direction




QGP in the Universe
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Observables?

v High energy process v" Low energy process
Energy loss by quarks, gluons Radiation of hadrons and photons
and other particles (multiplicity, pT spectra, PDF..)

Quarkonia and heavy flavour Azimuthal asymmetry, expansion
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A Large lon Collider Experiment

Detector : 16X26 m 10000 tons

Collaborations : 1500 members,
154 institute,

37 countries



ALICE COLLABORATION

International Collaboration

The ALICE Collaboration :
37 Countries, 154 Institutes and over 1500 members
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Participating Institutes

(T Participants (39)
| - 6 Univs. + 1 Insti-
A LSt Sos > tute
. - Prof: 10
- PhD:5

Graduates : 24

HFE

Korea-CERN Symposium



Collisions

 proton-proton collisions:
* high energy QCD reference.
* collected pp data at Vs = 0.9, 2.76, 7, 8, 13 TeV g
(2009-2012, 2015, 2016)

P

. prbton-nucleus collisions:
* initial state/cold nuclear matter.
* collected p-Pb data at Vs, = 5.02, 8.16 TeV =
(2012, 2013, 2016)

* nucleus-nucleus collisions:
» quark-gluon plasma formation!
* collected Pb-Pb data at Vs, = 2.76, 5.02 TeV
(2010, 2011, 2015)




2015 Pb-Pb Event Display

Run:244918 ' i )
Timestamp:2015-11-25 11:25:36{UTC) I p P b @ ’ 5 T eV
System: Pb-Pb .. :

Energy: 5.02 TeV




Centrality

“Central” “Peripheral”
Small impact parameter Large impact parameter
Large system volume Small system volume

Large particle multiplicity Small particle multiplicity

Map these measurements into IP using Models!



Charged particle multiplicity
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Soft Probes - Direct photons

v Inclusive - Decay = Direct
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Radial Flow
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PT spectra of charged particles
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v" Heavier particles have larger momentum with same velocity



Elliptic Flow
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Elliptic Flow
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Strangeness Enhancement

v" In elementary pp collisions,

v Strangeness products are suppressed relative to the production

of light flavors
v For a large system, strangeness is enhanced.

v How to confirm?



Nuclear Modification Factor
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Hard Probes - Jet Quenching
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QUARKONIA
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side the QGP, quarks are color-screened _, suppression

- Depige e peatsaaenipr-scramsedomeatiapression
- Debye length depends on Temp. 2 thermometer
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QUARKONIA
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v' Suppression is independent of centrality.

v" Need to measure total charm production around pT~0 GeV.



Small systems as reference?

A-A p-A p-p
' &—>
@—> «—@
Nuclear initial state Nuclear initial state Hadronic initial

Hot matter in the final state Cold matter in the final & final state

v" No phase transition in pp or pA collisions is expected.

v’ But striking similarity across different systems!



Strangeness
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strange hadrons is observed? > % %% Strangeness enhancement, originally proposed as a
signature of QGP formation in nuclear collisiuns?, is more pronounced for multi-strange
baryons. Several effects typical of heavy-ion phenomenclogy have been observed in high-
multiplicity proton—-proton (pp) cullisions“'g, but the enhanced production of multi-strange
particles has not been reported so far. Here we present the first observation of strangeness

enhancement in high-multiplicity proton—proton collisions. We find that the integrated

yields of strange and multi-strange particles, relative to pions, increases significantly with
the event charged-particle multiplicity. The measurements are in remarkable agreement

10, ”, indicating that the phenomenon is related to the final

with the p—Pb collision results
system created in the collision. In high-multiplicity events strangeness production reaches

values similar to those observed in Pb—Pb collisions, where a QGP is formed.
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Baryon to meson ratio
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ITS Upgrade

ner Barrel

Beam pipe

v" Improve IP resolution by 3~5 times

ClosertoIP: 39 mm o 23 mm
Reduce the material budget : 1.14% — 0.3 %
Spatial resolution : 12mmX100mm — 5mmX5mm

v" Improve tracking efficiency and pT resolution at low pT



Conclusion

" ey <ol g RN 2 RUNS perieds:
Energy density ~ 15 GeV/fm?® >>
- TEmpEysapsity ~ 15 GeV/fm3 >> g,
_ Efligg flwwy from hydro-dynamics —, QGP as a perfect fluid

suppression smaller than at RHIC - dissociation + recombination
- Elliptic flow from hydro-dynamics = QGP as a perfect fluid

v’ Simjlagities ampngdifferant syster sy prspcRbioRbREImbination

Collectivity in small systems?

v Sirbiitangtessaembapgadiffeneintrmyste to highpHeblidty-Pbgollisions

- Collectivity i || syst ? .
v' Need h?é%vb\r’é%fg?gns reasturements of the production of heavy
- Strangeness enhancement from low to high multiplicity pp collisions
quarks, quarkonia, jet and di-leptons over a large momentum ra

/ . . . .
nhé%?dnh\_%ho%ﬁg c'>0r0v5r|lglat%u(fprgsan(%50f the production of heavy

quarks, quarkonia, jet and di-leptons over a large momentum

range. = Looking forward to Upgrades
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