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Mol Bapla ovta;

0 Ot aAAnAemdpaoelc Baplwv LOVIWV QVIUTPOOWIIEUOUV TO TLO cUVOETO cUoTNHA
TIOU HEAETAEL OTO EPYAOTAPLO N GUGLKI OTOLXELWOWV CWHATIOlWV

O MNatl poac evdladepel n LEAETN EVOC TOOO CUVOETOU GUCTAMATOC;

O Matt mtpoodEpel tn povadikn duvatotnra :

O Na katavorjooupe to Jupmayv HEPKA micro-seconds peta amno to Big-Bang,

otav n Bgppokpaocia Atav ~102K

O Na katavorjooupe KaAUTepa TNV Loxupn aAAnAsmidpaon

Big quabglea peston & ncueron ormstion of hormation of war
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The Big Bang — H peyaAn €kpnén

LA Ame &2 | LA s it
Histol V of the universe
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Particle Data Group, LENL, @ 2000, Supported by DOE and NSF

Mpw amnod 13.7 dtoekatopupla Xpovia To cUUTIAV YEVVAONKE
Qo Lo LEYAAN €KPNEN
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Ekatopuploota

Tou SeuTtEpPOAETTTOU
LLETA TN YEVVNON TOU
oUUTIAVTOG, OAN N UAN
amoteAeital ano
KOUAPK Kol YAouovia
TIOU Klvouvtal
eAeLBepa

QUARK GLUON PLASMA

KaBwc to cupumav
SlaoTEAETOL KOl

P UXETOL, TO KOUAPK KoL
TO yAouovia
«duAakilovtow» yla
TAvVIa HECO OTA
adpovia, arno ta onoia
OAMEPOA TIAPALLEVOUV
LOVO TIPWTOVLA KOl
VETpOVLA



Mini Big Bang
ZUyKpouovTac TTUPNVEC LOAUBOoU pe oAU uPnAn evepyela
avadnULoUpyoU UE TIC CUVONRKEC TTUKVOTNTOC Kol Bepokpaciog ou

UTtNPXAV KAAopaTo Tou SeutePOAETTOU PETA TO Big Bang

Anploupyeital po otoyova TnG MPWTIAPXLKAC KATACTAONG TNG UANG
(QUARK GLUON PLASMA, QGP)

Mou CeL eAdyLota

MeAetwvtag TIG LOLOTNTEG TNG

- Oa Katovonooupe KaAutepa TI¢ Stadlkaoiec mou cuveBnoav ta
PWTA KAAopata Tou SeuTEPOAEMTOU 0TN {WI) TOU CUUTTOVTOC

- Oa KaTavonoou e KaAUTEPO TNV Loxupn aAAnAemnidpaon, Kal
- TIWC TA TTPWTOVLA KOl VETPOVLA ATTOKTOUV T Mala Toug

CERN 29.8.2015 Agomowa Xatinpwtiadou



° ° °
Big  quark-gluon proton & neatron
Bang plasma formation I I n I Ig a n g
Tamss »I0TK 10" K
time 10 %5 1095

1. Ol EMTOXUVOUEVOL TTUPIVEC
OUYKPOUOVTOL LETWTTLKA

2. H gvépyela tng oUyKpouong
LETOTPETETAL OE LAl LLE TN
Hopdr Kouapk Kat Y\ouoviwv

3. Ta Koudpk Kol T YAouovia
aAANAeTSpoUV LoXUPA : N
UAN Telvel mpog tnv
KOTAOTOON LOOPPOTILOG

..
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R 4. To cuotnua PUxETAL KL
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AR A D & OPOLLWVEL
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il 5. Tat KOUAPK KoL T YAOUOVLL

«OUUTTUKVWVOVTOL» Kal
T~ LU<2 S oxnuatilouv adpovia

T~1012 K
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BIG BANG LITTLE BIG BANG
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To KaBlepwpevo Mpoturno (The Standard Model)

Ta g OL dopeic Twv
oTolElwdN g O duvapewv
CWHATLA C g‘_‘\ glval pmolovia
glvat Q D)
peprLOVIAL © = STOTLOTLKA

A 8 Bose-Einstein
STOTLOTIKN <
Fermi-Dirac r% gl Spin aképato

(0,1, 2,..)

Spin ﬂ é‘
NULAKEPOLO C<3‘ =
(1/2, 3/2,...) = m

= g

3 YEVIEC CWHOATLOLWY DANG
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EvkAwBLopocg twv kovadpk (Quark Confinement )
Ta kouvapk Oev pmopouv va UTtapEouv eAeVBepa
Ta Bplokoupe povo deopta peca ota adpovia

, Meoovia
Bapuovia ,
, armoteAouvtal |
aroteAovvrtal o
, , arto {evyog
QIO 3 KOUQPK .
KOUOLPK
Proton QVTLKOUGPK

Mesons qq
Mesons are bosonic hadrons
These are a few of the many types of mesons.

Symbol| Name | Quark | Electric | Mass [Spin
Content charge GeV/c2
0.140

Baryons qqq and Antibaryons qq
Baryons are fermionic hadrons.
These are a few of the many types of baryons.

Symbol| Name [ Quark | Electric | Mass |[Spin
content| charge | GeV/c2

proton
antiproton

neutron

lambda
QCErjy 0MOgas 1.672 0403420 @inoessqy eta-c




loxupn aAAnAemtibpaon

0 Ta kouadpk €xouv eva doptio xpwpoatog (R,B,G) mou
glonNxon yla va e€nynoetL tnv cuvBeon

* twvV Bapuoviwv (3 quarks or antiquarks)

* Kol Twv peocoviwv (quark-antiquark pair)
QVTIKELPEVA XWPIC Xpwua

electron muon
neutring neutrino

051 MeV 7T MV

ielin|

electron muon

O H aMnAenibpaon petatu kouapk yivetal pe tnv avraAiayr yhovoviwv (m,=0) rou ewal
dopeLg eVOC PopTiou XPWHATOC Kol EVOC PopTIOU aVTL-XPWHATOC

O H woxupn aAAnAemtibpaon slval loxupr o€ PeyaAn anootach Kot acOevic o ULKPN)
amooTaon

O To kevo elval yeparto amo virtual {euyapla KOUAPK-AVTLKOUAPK

CERN 29.8.2015 Agomowa Xatinpwtiadou 9



QCD : Quantum Chromodynamics

Ta Vo «puoTApLO» TNS KBAVTLIKAC XPWHOSUVOULKAC

e OLpalec Twv adpoviwyv

* O eyKAWPLOMOC TWV KOUAPK

CERN 29.8.2015 Agomowa Xatinpwtiadou
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Nwc dnulovpyeitol n pado Twv adpoviwy;

CERN 29.8.2015 Agomowa Xatinpwtiadou 11



Anuoupyia tng padag

ATtopo TUPNVOC VOUKAEOVLO

10°°m 10 m

\‘_'\ ,/-\.‘

/ i

2T VOUKAEOVLA (pwTOVLIOL KOl VETPOVLO)

npwtovwo (uud) pala 938 MeV/c? n pala dev kaBopiletal ano to abpoloua
Madla up quark :1.7-3.3 Mev/c? twv palwv TWV CUOTATIKWY 0AAA KUpLlwg
Malo down quark :4.1—-5.8 MeV/c? amo TNV €VEPYELOL TIOU TIEPLEXETAL OTNV
ABpolopa : 7.5 -12.4 MeV/c? Kivnon Twv KOUAPK KoL Ao TNV EVEPYELA

TwV YAouoviwv



Confinement

[loTl ToL KOUOPK Elval povipa eyKAwBLopEVa
HEca ota adpovia;

CERN 29.8.2015 Agomowa Xatinpwtiadou
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0 H av&non ¢ toxvog tng aAAnAsnibpaonc, otav npoomabou e va
QTTOMOAKPUVOULE TO KOUQPK OTTO TO QVTLKOUAPK 0’ éva Bopl peoovio, ekdppaletal
T(POOEYYLOTLKA OTtO TO SUVAULKO

Omnou o 6pog Kr eplypddel Ta amoTteAECUOTA TOU EYKAWPLOUOU
(confinement)

0 Otav 1o r avéavetal, To medio Tou XpWHATOS POLVETOL GOV CWANVAC
TIOU OUVOEEL TA KOUAPK

0 e peyddec amootaoelg, BOAEUEL EVEPYELOKA VA UETATPATIEL N
(auvéavopevn) evépyela Tou €XEL ATTOONKEVUTEL OTO CWARVA XPWHOTOC
o’€va kavoupLo {euyapl KOUAPK-OVTLKOUAPK




... deconfinement

0 Edooov ot aAAnAemidpaoelg HeETAEL KOUAPK Kol YAouoviwv ylvovtal aoBeVECSTEPEC OTLC
LULKPEC amooTAoELS, Ba ATtav duvatov, SNULOUPYWVTOC EVO OXETLKA EKTETAUEVO CUCTNHA
ue vPnAn mukvotnta/OepoKkpacia TIoU AmoTeAE(TaL OO €va LEYAAO apLlBUO KOUAPK KoL
yAouoviwv, va dnuioupynooupe pa “deconfined” katdotaon tng UANG

O Ounpwrteg 16€ec : ‘70s

”Experimental hadronic spectrum
and quark liberation”

Cabibbo and Parisi Phys. Lett. 59B, 67 (1975)

We expect models of this kind to give rise
to a phase transition at a temperature kT = m_, the
high temperature phase being one where quarks can
move freely in space.

T

Fig. 1. Schematic phase diagram of hadronic matter. PR is the
density of baryonic number. Quarks are confined in phase I
and unconfined in phase Il

We expect the same transition to be also present at

low temperature but high pressure, for the same reason, ” Phase transition at

i.e. wegnpect acphase diagram of the kind indicated in b (maabn
fig. 1. pest ¢ ) . large T and/or p,




Reminder: Phase diagram

-

H,O

Temperature

ice

.

pressure



Becoming more quantitative...

O MIT bag model: anAn, ¢povopevoloyLkr TPOCEYYLON TTOU TTEPLEXEL L
neplypadn tou aneykAwpBilopou ( deconfinement)
0 To koudpk Bewpouvtal cwpatia Xwpic palo mou MEPLEXOVTOL OE Lo COKOUAQ
TIETIEPACUEVOU PEYEOOUC
0 H confinement mpogpyetal amo tnv e€LlcoppoOTmLoN TNC MIECNC Ao TNV KIVNTLKA EVEPYELX
TWV KOUAPK Kl oG EEWTEPLKNC TtieoNnC
Kinetic term Bag energy

2 04N 4;
E=""""{(hc)+—"R’B

R 3

L H nmleon tng cakoUAac pmopel va uTtoAoyLoTel BewpwvTac To TUTILKO pEyeBoc adpoviou

O Av n nieon p€oa otn cakoUAa auvénbel £ToL woTe va EeMePATEL TNV EEWTEPLKI) TILEON
- deconfined phase, or Quark-Gluon Plasma (QGP)

O Nwc avéavetal n niieon ;
0 Abénon tng Bepuokpaciac—> AVENON TN KWVNTLKNG EVEPYELAC TWV KOUAPK
0 Abénon tng Bapuovikng MUKVOTNTAG—> CUMTEDN

CERN 29.8.2015 Agomowa Xatinpwtiadou



High-temperature QGP

2
7T 4

O H nieon evog tbavikou QGP Sivetat and P = 0. %TC

ornou g, (ouvoAwog apBuog Babuwv eAeuBepiag Mou oxeTI(oVTAL LE TA KOUAPK, AVILKOUGPK
KoL yhouovia) Sivetal amno g, = g, + 7/8 x (8, + 8ypar) = 37, EpO0OV

8g=8x2 (8 yAouovia pe 2 Suvateg TOAWOELG)
gq = gqbar = I\lcolor N Nspin X Nf|avour= 3x2x2

O H critical temperature 6mou n mieon tou QGP &ival lon pe TNV mieon ¢ cakoUAag Sivetal
amno

Kal n avtiotown evepyetakn nukvotnta =3P divetal ano

2
e=375 741 _07Gev/im’

30 (nc)



High-density QGP
L O aplBuoc twv kovapk Pe OpuEC HETAEL p Kal p+dp eival (Fermi-Dirac)

OTIOU L, ElVaLL TO XNULKO SuVaULKO, TTOU OXETileTal
LLE TNV EVEPYELA TIOU QTTALLTELTAL YL VOL TTpOOoTEDEL
EVOL KOUQPK 0TO oUOTNUA

0 H ntieon evog OUUMLECUEVOU OUOTAMATOG KOUAPK Elval

O EruBaArlovrac Kol o’ auTr) TV MePLTTwon n mieon tTN¢ cakoUAAC va eival ton Pe tnv
TILEON TOU CUOTAMATOC TWV KOUApPK, Bplokoupe

Mou diveL p, = 434 MeV

0 Metadpalopevo og Bapuovikn mukvoTnTa, auTtd avilotowel o€ ng = 0.72 fm3, mou eival
nepinou 5 popEg peyadutepn armod tnv cuvnBn mMupnvikn tukvotnta!



Alaypappo daonc tng UANG mou aAAnAemdpa Loxupa

~10 s after
Big Bang
™

\
\\ A(Primordial Universe ) —

@
=
<
a8 |
§ |
=1

~ 5-10 nuclear

Baryon density p

0 Nwg pmopolpe va “e€epeuvrioovpe” auto to Staypappa paocnc;
0 Anpoupywvtog EKTETAUEVO CUCTHHOTO KOUAPK Kot YAouoviwv o€ upnAn
Bepuokpaocia kot/f BopuoVIKA TTUKVOTNTA = LLE CUYKPOUOELS BOpLwV LOVIWY



Facilities for HI collisions

d The study of the phase transition requires center-of-mass energies of
the collision of several GeV/nucleon

Q First results date back to the 80’s when existing accelerators and
experiments at BNL and CERN were modified in order to be able to
accelerate ion beams and to detect the particles emitted in the collisions

CERN 29.8.2015 Agomowva Xati{ndwtiadou



From fixed-target...
SPS Layout

i
|-— AGS to RHIC line (ATR)

g-2 muon

|
storage ring .'?
f/{'\ Bcosﬁ% _.I"L'; . & ie—
i ~ N : Experimental
2R (A

Tandem to h'”““*-?-,. Tandem Van de Graaff
Booster line (TtB) BT e | g 2 S
= NI O =

O AGS at BNL [ SPS at CERN
O p beams up to 33 GeV 1 p beams up to 450 GeV

O Siand Au beams up to 14.6 A GeV 4 O, S, In, Pb up to 200 A GeV

Remember Z/A rule !



... to colliders!

L RHIC: the first dedicated machine for HI collisions (Au-Au, Cu-Cu)
Q Maximum Vs, = 200 GeV

O 2 main experiments : STAR and PHENIX
@ 2gntall(er) experiments: PHOBOSand BRAHNSY



. to colliders!

O LHC: the most powerful machine for HI collisions
Q Vs, = 2760 GeV (for the moment!)

LHC

North Area
LHCb
\

= e

1976 (7 km)
TI2
Gran Sasso

EEEEIREEDS] [1 82 m)

East Area

PSS

LINAC 2

Leir
LINAC 3 2005 (78 m)

lons

L 3 experiments studying HI collisions: ALICE, ATLAS and CMS



Bapla tovta oto LHC

Muwkpn papBdoc poAvBdou Pb 208
(2 cm, 500 mg) Beppuaivetal os
500°C kol e€aepwvetal. Eva
LOXUPO NAEKTPLKO peL L Byalel
NAEKTPOVLA OO TOL ATOUA

T ;

lootomo Pb 298
82 mpwTtovia
126 vetpovia
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e Acceleration of Pb ions:

Heavy lons at CERN

ECR source: Pb?’* (80 mA)
RFQ: Pb?’* to 250 A keV
Linac3: Pb%’* to 4.2 A MeV
Stripper: Pb>3*

LEIR: Pb>3* to 72 A MeV

PS: Pb>3* to 4.25 A GeV
Stripper: Pb8%* (full ionisation)
SPS: Pb82* to 158 A GeV. ) PS
LHC: Pb®?* to 2.76 A TeV

=

LEIR

Phions

LINAC 3




LHC as a HI accelerator

* Fully ionised 2°%Pb nucleus accelerated in LHC
(configuration magnetically identical to that for pp), e.g. (2011 numbers):

Pep, =Z P, =82:3.5TeV=287TeV SPbe =574TeV (1)

« the relevant figure is Vs per nucleon-nucleon collision: \/sNN

— 2E L — 82 —
SNN: APb:X Spp:ﬁ Spp:2.76TeV

... for comparison with protons
e For 2011 Pb-Pb run:
— ~ 1.1 108ions/bunch
— 358 bunches (200 ns basic spacing)
— L~510%° cm>?st
— ~ 4000 Hz interaction rate

CERN 29.8.2015 Agomowa Xatinpwtiadou

27



2uyKpouovTac tupnvec LoAUBSou oAl uPnAnC evepyeLac...

A \’N\q\\/)( W 7
T \2’\“\ / W zé T
N ’5 { 747’///% /L/
m‘é\\(.‘ ﬁ/{’ ,, .’ 1 [~ b
A 7

Méxpt ~ 10,000 owpatio dSnuiovpyouvtal ano Kabs cUykpouon: KOVIA OTO
onueio aAAnAenidpaonc, n mukvotnta ¢tavel ta 90 cwudtia ova cm?!
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Drift ) ( Pixel )

ACORDE

‘‘‘‘‘‘

TRACKING
CHAMBERS

TRIGGER
- ACHAMBER
ZDC
~116m from P,

DIPOLE
MAGNET

ABSORBER

Aéomowa Xatindwrtiadou

16 mx 16 m x 26 m 10 0000 tons installed 56 m underground (@ point 2 of LHC)



ALICE : 18 61adpOpETIKA AVLXVEVUTLKO CUOTHHOTO

* [Upw armo 1o onueio TNG AAANAETILOPAONGC EXOULE TOTIOOETIOEL AVIXVEUTEC
,OTWC...

ECWTEPLKOC AVLXVEUTNG
yvwv (ITS): p, pid

Time projection
chambre (TPC) : p, pid

Transition radiation
detector (TRD) : e
Time Of Flight (TOF):
pid




... KOlL LEPLKOL TTILO EEELOLKEVEVOL AVLIXVEUTEC

DoCUATOUETPO
HLoviwy :

* Artoppodntng

e Mayvnt. &irtoAo
e Aviyv. Ixvwv p

e QiAtpo

e Trigger

AVIXVEUTEC
dwTtoviwv




AVLXVEUTEC TTUPLTLOU : AsLTOUpYLA

*  EowTteplkd cUOTNHO AVLXVEUTWV LXVWV: 6 oTtpwpata arnd dtodoug Si mou divouv 2D
nAnpodopia B€onc




Time Projection Chamber

Co, insulation

GAS VOLUME
HV electrode (100 kV) . 88 m3
m———
field cage ; s DRIFT G
RN /4 90% Ne - 10%C0
& & 5 \ \ ‘ ‘l,’-" 2
readout chamber NNK bt "'*..; N \\‘ e rift volume
' N &= .
= e e
~ =N N |
.............. g . 1] 2 w
....... 8 8m 1] L1} ~ / / [’.r
........................ f A / /
........ // /
. ‘W m

Readout plane segmentation
18 trapezoidal sectors
each covering 20 degrees in azimuth

£A0 O

Central electrode

End plate
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OROC

IROC

TPC : Asttoupyla

O

O Baagikog avixveuTng Ixveyv : TPC (time projection chamber)

E

[
|

o —

E

P
<

A

IR 4
A

0,0

Arrival time

v



Transition Radiation Detector

* =exwpLlleL NAEKTPOVLO OTTO TILOVLOL

e OTAV VO OXETLKLOTLKO OCWLATLO
Slaoyilel Eval OVOLOLOYEVEC LECO
EKTIEUTIETAL OKTWVOBOALA X

amplification

® ETMULAEYOULE TO LECO WOTE UOVO TA
NAEKTPOVLA VAL EKTTEUTIOUV
aktlvoPBoAia petaBaong

1
cat}wode
[

primary !

|
|
|

clusters

® AVIXVEUOUE TOCO T GOPTLOUEVA
Vindow - OWMATLOL 000 Kal TNV akTlvoBoAia X

\I "' Radiator JZ
- / ‘ ® OAAALOC TTOAAWV CUPUATWYV UE EVAL

pion TR photon electron Bap() aép LO (Xe)




Time of Flight

— /S l
T~
——F4 '

Readout pads

<%\<HV_

Multigap Resistive Plate Chamber

Metpael To XpoOvo ntriong (amo to
onuUelo Snuloupylag LEXPL TO onUELo
avixvevonc) ¢opTIopEVWY CWHATLO LWV

ue akpifeta 70 ps

Xpovoc kat pAkog dtadpopnc (yvwotn
QO TOUC OVLXVEUTEG LYVwV) divouv tnv
ToxutnTa

ATIO TOUG QVLXVEUTEC LYVWV Bplokou e
TNV aKTval KAUTTUAOGTNTOG TNG TPOXLAC,
apa TNV opun

Opun Ko taxvuTnTa pag divouv tn pada,
QPO TLWUTOTIOLOVUUE TOL CWHATIOL




PHOS : PHOton Spectrometer

PbWO, : Bapu cav poAuBL kat dtadaveg ocav yuall

eTat pwTOVIA PLETATPETOVTAL OF
(evyn nAektpoviwv - molltpoviwv

e Ta nAektpovia dleyeipouv ta
ATOLLO. TOU KPUOTAAAOU

e Ta dtopa anodleyeipovral
ekmepmovtac dwe (pwtovia UV)

e Ta pwtovia UV aviyvelovtal otn
LLLOL AKPN TOU KPUOTAAAOU OO Lo
dwTtodiodo, Mou YETATPETEL TA
dwTovIa o€ NAEKTPOVLA

‘ HAeKkTpLlKO onpa

CERN 29.8.2015 A¢omowa Xat{nowtiadou 38

HAekTpopUayVNTLKO KAAOPLUETPO



Eneéepyaoio Twv onpATwy

* To onupa amo KABe aviyveuTiko otolxeio (~ 16 ekatoppvpla)
vplotatal mpwTta eneéepyaocia amo LOIKEUUEVO NAEKTPOVLIKAL

(front end electronics)

* Ta nAektplka onpata Pndlomolovvral (readout electronics) kai
ol mAnpodoplec Stafaloviol amo UTTOAOYLOTEC

* OLmnAnpodopliec petadhEPOVTAL UE OTTTIKEC LVEC KOl
Kataypadovradl.

<.__ .
-
]

‘Y00 000041077

BEEEE

s
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Mo pLa KeEvtplkn ouykpouon mupnvwyv poAuBdou, povo to TPC mapayel 80 Mbyte

Pb+Pb @ sqrt(s) = 2.76 ATeV

2010-11-08 11:29:42

Fill : 1482

Run : 137124

Event : 0x00000000271EC693

AmnoBnkevoupe dedopéva 1,2 Gb/s (2 CD/s)
1 Pb/xpovo (pia otoifa amnd CD pe 4 Km 0og)

CERN 29.8.2015 Aéomowva Xat{nowtiadou
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['ewpeTpia TNG ouykpouoncg Pb-Pb

MNepupepeLakn ovykpouon
*  MeydAn anootoon AVAUESA OTO KEVTPO TWV TTUPHVWV

*  MikpOc aplOuUoC VOUKAEOVIWY TTOU CUMUETEXOUV =
niapayovtol Alya popTiopEVE CwHATLA (LLLKPEN

TIOAAQTTAOTNTA)
: Kevtplkn cuykpouaon
08@ 8@0 *  MiKpr andoTtoon AVAHECO OTA KEVIPA TWV TTUPHVWV
OOO OOO *  Meyalog aplBUOC VOUKAEOVIWY TTOU CUUHETEXOUV —>
008 090 napdyovtat ToAAd popTiopéva owpdtia (LEYAAN
: O noAamAotnTa)
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['ewpeTPIa TNC ouykpouoncg Pb-Pb

' 2 5 4+ Data
K(IT(IVOIJI’] T[}\(ITOUC onNHUATOC O€E

TMAQLOTLKOUG oTtilvOnplotécg VO

— Glauber fit

TIEPLYPADETOL LLE EVA ATTIAO LOVTIEAO
(Glauber ).

Centrality  dN_,/dn (AN, /dn)/({ Noare 1/2)

1601 £ 60 382 3. B4 =03
1294 £ 49 329.7 = 4.6 7.9=x0.3
966 £ 37 60 7.4=x03
649 * 23 B6.4 = 3.9 7.0£03
426 £ 15 28.9 = 3.3 6.6 = 0.3
2601 =9 6.1 =0.3
149 + 6 57203
764 51203
3I5x2 4.4 04

= o




EvepyeLakn TuKvOTNTA

@ PbPb(0-5 %) ALICE A pp NSD ALICE
m PbPb(0-5 %) NA50 o pp NSD CMS
A AuAu(0-5 %) BRAHMS * pp NSD CDF

* AuAu(0-5%) PHENIX o pp NSD UA5
) AuAu(0-5 %) STAR * pp NSD UA1

¥ AuAu(0-6 %) PHOBOS x pp NSD STAR

AA

2.76 TeV
part )
-

o

(dN_, /dn)/(0.5(N

© 0 Pb-Pb2.76 TeVALICE  © Au-Au 0.2 TeV

*x pp NSD 2.76 TeV
% pp Inel 2.76 TeV

(dN/dn)/(< Npa rl),’2) \ Sy = 0.2 TeV
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ATIO TOV apLOUO TWV POPTIOUEVWY CWHATIOIWY BPLOKOULE TNV MUKVOTNTA EVEPYELOG
3 popEc peyalutepn amod ottoto RHIC. 15 GeV / fm?3

KoL TNV apxLkn Bepuokpacia tov cuotnpatog 30% vdnAotepn amod otL oto RHIC

Npare: 0PLOUOG VOUKAEOViWY TIOU CUNUETEXOUV OTNV aAAnAemtibpaon




H vpnAotepn Bepuokpacio mov dnuiovpynoe o aAvOpwog

OepULKA pwTOVLA, TTOU
EKTIEUTIOVTOAL ATTO TO TTAAC L
Kouapk Kat ykAovoviwv, divouv
nAnpodopia yLo TNV apxLKkn
Bepuokpaoio TOU CUOTHUATOC.

Ao TNV avtiotpodn kAlon tng
KOITALVO LI G QLUTWV TWV pwToviwv
Bplokoupe otL n Bepuokpaoia
TOU GUOTHUOTOC TTIOU
Snuloupyeiltatl amo TLG
OUYKPOUOELC LOVTWV HoAUBSou
elvoll LEPLKA TPLOEKATOMUPLAL
BaBpuot Kelvin.

0-40% Pb-Pb, {S = 2.76 TeV

ALICE

PRELIMINARY

—e— Direct photons
—— Direct photon NLO for p = 0.5,1.0,2.0 p. (scaled pp)
—— Exponential fit: A x exp(-pTﬂ'), T =304t 51 MeV

L]

250 000 dpopéc uPpnAotepn amo TN
BepoKpaoial 0TO KEVTPO TOU RALOU



Flow (pon)

2E LN KEVIPLKEG OUYKPOUGELG, N QLPXLK) . ]
OOV PUETPLO OTN YEWHETPLO TNG OUYKPOUDNG ' o

EXEL OOV QTIOTEAECHOL OLVIOOTPOTILOL OTN . m
YWVLOKI KOTOVOUN TWV TTOPOLYOUEVWV oME o
ocwpatdlwy ok ] " ror

10%
\S (GeV)

Elliptic flow : 2"d Fourier coefficient of
azimuthal distribution of particles in
momentum space

xAUo apuydalou

MoAU neploootepa adpovia tapaAAnAa
oto eninedo tng aAAnAenidpaong napa
OTO KABEeTO TIPOC AUTO




Eva téAelo vuypo oto LHC

To peyeBocg tnC EAAELTTTLKNG PONC e€apTaTal armo TNV TPLPr} 0To HECO Kall
xapaktnplletot oo to AOyo n/s, Omou n To LEWOEC KOL S N EVTIPOTILAL.

H rmtukvn UAN Ttou dnuoupyeital oo tn cVyKpouon PEEL oxedov xwpic TpLBn
(OTWC TO VEPO, TTOU EXEL ULKPO LEWOEC) Kal OXL OTIWC TO UEAL TTOU EXEL LEYAAO
LEwodec.

H UAn mou oxnuatiletal amo TG CUYKPOUOELC POapLWV LOVIWV OVAUEVOTAV
QPXLKA VOL CUUTTEPLPEPETAL OOV AEPLO TTAAoMA. AvTi ylUauto, dpaivetal va
OUUTTEPLDPEPETOAL OOV TEAELO UYPO, LE OUVTIOVIOUEVN oUAAOYLKNA Kivnon (pon) Twv
CWHOTLOLWV TTOU TO CUVLOTOUV.

HON elxe avakolvwBel amo ta nelpapata oto RHIC (Relativistic Heavy lon Collider) oto
Brookhaven (USA), 6mou cuykpouvovtal mupnVveg xpuooU Ue evépyela 13 GopEC LLKPOTEPN

Eva armo to mo BeopaTika ArmoTEAECUATO OO TA TIELPAUATO BapLWV LOVIWV

CERN 29.8.2015 Agomowa Xatinpwtiadou 46



Evioxuon tng napadofotntac (Strangeness enhancement )

A->nTp

VO and cascade decays of strange hadrons

CERN 29.8.2015 A¢omowa Xat{npwtiadou

47



Evioxuon tn¢ mapadofotntoc (Strangeness enhancement )

Eva armo ta mpwta oHpoTa Yol To TTAACO KOUAPK Kol YA\ouoviwv

Pb-Pb at \ 5, = 2.76 TeV
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part
) relative to pp/p-Be
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Yield / (N

NA57 Pb-Pb, p-Pb at 17.2 GeV

O[] /\ STAR Au-Au at 200 GeV

ApLBLOG TwV owpatdiwy evog turou ava ahknAenibpaon PbPb/<N . >

AplOpoc twv ocwpatidiwv Tou idlou TuTou ava aAAnAemnidpaon pp/2



To puotnpto tou J/W

J/W BpEbnke to 1974, oxedov cuyxpovwe, oto Brookhaven (cuykpoUoelg
MPWToVIwV-Tiuprvwv) Kat oto SLAC (cuykpoUoeLg e*e’)

SE0ULOL KOTAOTAON EVOG € KOUAPK KoL eVvOG ¢ (avtl) kovapk (pala 3 GeV)

Ta dU0 «avtikeipevay mou amoteAolv to J/W cuvdEovtal AOyw TG LOXUPNG
aAAnAemtidpaong

Méoa oto mAdopa Kouapk Kot YAovoviwv (QGP), Adyw tou peydiou aplBpou
eAeVBepwv PopTtiwv Ypwpatog mou anoteAovv to QGP, N cuvdecn TWV € KOUAPK
Kal ¢ (avTL) Kouapk ylvetal acBevéotepn, To {euyapl anocuvtiBetal kot to J/W
e€adaviletal (Debye screening)

Napatnpeitatl EAATTWON Tou ofpatoc amno to J/W
(Ta mpolovTa amo T Staomacelg Tou, Kuplw J/W -> pu kat J/W -> ete)

To MOOO EAATTWVETAL TO CAMA EXEL VOL KAVEL UE TN Beppokpaoia tou QGP



To puotnpto tou J/W

* Y& TOAU KEVTPLKEC
® ALICE (Pb—Pb Vs =2.76TeV, 25 <y <4, p> 0 global sys. +12.5% OUVKpOl'JOELC éXOU ME
® PHENIX Au-Au V's = 200 GeV, 1.2 < |y| <2.2, pp> 0 global sys. +9.2% avavévvno‘n TOU _]/LlJ

* Alo dalvopeva mou
ocuvaywvilovtal

* EAattwon tou J/W Adyw
aAAnAenidpaong pe to QGP

* Anuwoupylia oAAwv J/W
AOYyw TOou peyaAou aplbpou
(EUYOPLWV C — AVTL-C TIOU
dnuloupyouvtal AOyw TNng

TEPAOTLOC EVEPYELAC TNG
Rxa Nuclear modification factor oUYKPOUONC

JuyKplvoupe tov aplBuo twv J/W nou mopatnpoUpE o€ CUYKPOUOELS LOAUBSOU e Tov
avTLloToL o aplBUO 0 CUYKPOUOELG TtpwTtoviwy (0mou dev €xoupe QGP).




Rxa — Nuclear Modification Factor

F{)Bugl for different centralities
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=  Pb-Pb collision # many independent pp collisions

= - comparison of unidentified charged particle momentum
spectra in pp and Pb-Pb in different collision centralities



Nidakec adpoviwyv

i

140




ATomviEn tTwv rdakwv peca oto QGP

O nidakoc mou ToPAYETAL KOVTA OTNV
emupavela amno to QGP €xel peyain
EVEPYELA EVW €KELVOC TTou Slaoyilel To
QGP amoppodleEtal kat okedaletal ano 1o
TIUKVO LECO XAVOVTOC LEYAAO UEPOC TNG
EVEPYELAC TOU

N% central
- 102 GPV» |

47 GeV




AVTL CULTIEPAOUOTOC

OL cuyKpoUOELC BaplwVv LOVIWV NON Ta ITPWTA XpOovLa
Aettoupylac tou LHC emiPefaiwoav ta anoteAeopata 10
Xpovwv €psuvac oto RHIC.

H auénuevn eveépyela Katl auEnNUEVN pwTelVOTNTA TWV OECUWV
tou LHC amo to 2015 kal petd o€ cuvOUAOUO HE TN
BeATLwWLEVN AELTOUPYLO TWV OVIXVEUTWYV OVOLUEVETOL VAL
Swoouv aKkopn 1o evoladEpovTa AmOTEAECHATA OTN LEAETN
NG MPWTOPXIKAC UANC TOU CUUTTOVTOC

20C EUXAPLOTW TIOAU



