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Mini Big Bang
YuyKpouovTtoc tupnvec LoAUBdou pe oAU uPnAn evepyela
avadNULOUPYOULE TIC CUVBNKEC TUKVOTNTAC KO

Beppokpaoiag mou umnpeXaV KAACHOTO TOU SEUTEPOAETTOU
UETA TO Big Bang

AnpLloupyeital pa otayova tng mPwTaPXLKAC KATAOTAONG TNG
UANG (Quark Gluon Plasma, QGP)

mou (gL eAdyLota

MeAeTtwvTag TG LOLOTNTEC TNG

- Oa KaTovonoou e KaAUTepa TG SladLlkaoileg tou
ouveBnoayv ta pwta KAdopata tou dsutepoAemntou otn (wn

TOU CUUTIOVTOC

- Oa Katavonoou e KaAUTeEpa TNV Loxupn aAAnAemnidpaon
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loxupr aAAnNAemidpaon : eyKAWRLOUOC TWV KOUAPK
Ta kouadpk 6ev pmopouv va urtapéouv eAeVBepa ALICE

[

7.2 wa

» Ta Koudpk €xouv va ¢optio xpwpotog (R,B,G) mou

. t EXeL eLoaxOetl yLa va e€nynoet tnv olvBeon
| * TwV Bapuoviwv (3 kouapk N AVTLKOUAPK)
sy e (e ' * Kol Twv pecoviwv (ZeVyoc KOUAPK - AVTIKOUAPK)
B - , OVTLKELEVOL XWPLC XpWHL

down

2.2V 0,17 MeV ]
0 0
1% Ve Vi ¥
electron on |d\l
neutring eULring neutrir

» H oaMnAenibpaon petatu koudpk yivetat pe tnv avtadlayr yhovoviwv (m=0) mou eivat
dopeic evoc poptiou xpwHATOC Kol EVOC GOPTIOU AVTL-XPWHOTOC

» H woxupn aAAnAenibpaon elval Lloxupn o€ LeYaAn anootaon Kol aoBevig og ULKPN
amnootaon
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Quark Confinement

Ac tpooTtal®riocou e va SLaxwpnoou e Ta SUOo
KOUQPK EVOC LECOVLIOU
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... deconfinement : Quark Gluon Plasma o
Epooov oL aAAnAeTidpaoelg HeTafl KOUAPK Kal YAOUOVIWV Yivovtal acBevECTEPEC OTLG

LULKPEC QTTOOTAOELG, SNULOUPYWVTOC EVOL OXETIKA EKTETAUEVO cUOTNMA UE UPNAN
niukvotnta/Oepuokpacio Tou amoteAElTal amo eva Leyalo aplOpd Kouapk Kat YAouoviwy,
dnuloupyol e pa “deconfined” katdotaon tng UANG (eEAeUBepa Kouapk Kal YAouovia)

Hadron Gas Quark-Gluon Plasma

Oepuaivovtac oe moAu vPnAn Beppokpacio (av€non TNC KWVNTLKAC EVEPYELAG TWV KOUAPK)
Kol ouprteélovtag (avé€non Tng BapuovLIKN G TTUKVOTNTOC) TO «aEPLO adpoviwvy, yivetal
aAlayn daonc : Quark Gluon Plasma
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Reminder: Phase diagram
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» AnULOUPYWVTAC EKTETOMEVO CUCTIHOTA KOUAPK Kol YA\ouoviwv o€ uPnAn
Bepuokpaoia Ko/ Bapuovikni TTUKVOTNTA = LLE CUYKPOUOELS BOPLWV LOVTWY

10.02.2023

Phases of Nuclear Matter

LHC Critical

/ Point
Quark Gluon Plasma

RHIC

Hadron Gas FAIR
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“~ Point
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Temperature (MeV) —

Color

Nucleon MSU, GS', VECC Superconducto

Gas l Neutron Stars

0 1 10
Vacuum R
’ Density —

» Mwc¢ pmopolpue va “eéepeuvriooupe” auto to Staypopupa paonc;

1 eV is roughly 11605 Kelvin
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New State of Matter created at CERN

https://press.cern/press-releases/2000/02/new-state-matter-created-cern

Geneva, 10 February 2000. At a special seminar on 10 February, spokespersons from the experiments on CERN*'s
Heavy Ion programme presented compelling evidence for the existence of a new state of matter in which quarks,
instead of being bound up into more complex particles such as protons and neutrons, are liberated to roam freely.

Theory predicts that this state must have existed at about 10 microseconds after the Big Bang, before the formation of
matter as we know it today, but until now it had not been confirmed experimentally. Our understanding of how the
universe was created, which was previously unverified theory for any point in time before the formation of ordinary
atomic nuclei, about three minutes after the Big Bang, has with these results now been experimentally tested back to
a point only a few microseconds after the Big Bang.

Professor Luciano Maiani, CERN Director General, said "The combined data coming from the seven experiments on
CERN's Heavy Ion programme have given a clear picture of a new state of matter. This result verifies an
important prediction of the present theory of fundamental forces between quarks. It is also an important step
Jorward in the understanding of the early evolution of the universe. We now have evidence of a new state of
matter where quarks and gluons are not confined. There is still an entirely new territory to be explored
concerning the physical properties of quark-gluon matter. The challenge now passes to the Relativistic Heavy Ion
Collider at the Brookhaven National Laboratory and later to CERN's Large Hadron Collider."

The aim of CERN's Heavy Ion programme was to collide lead ions so as to create immensely high energy densities
which would break down the forces which confined quarks inside more complex particles. A very high energy beam
of lead ions (33 TeV) was accelerated in CERN's Super Proton Synchrotron (SPS) and crashed into targets inside the

ALICE

Melpapata
otaBepov
OTOXOU
oto CERN
(SPS)
A€opec
HOAUBSou
O€ OTOXO
HOAUBSou



» RHIC: Relativistic Heavy lon Collider (Au-Au)
» MEéEyLlotn evépyela \/sNN =200 GeV

» mepadapata : STAR, PHENIX, PHOBOS and BRAHMS
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Bapla tovta oto LHC ALICE

Muwkpn papBdoc poAUBdou Pb 208
(2 cm, 500 mg) Beppuaivetal os
500°C kot e€aepwvetal. Eva
LOXUPO NAEKTPLKO peLu L Byalel
NAEKTPOVLA ATIO TOL ATOUQL

a._

|||;|||"||u
Lootormno Pb 208
82 mpwTtovia

126 vetpovia
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Heavy lons at CERN

* Acceleration of Pb ions:
— 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: Pb3%* (full ionisation)
— SPS: Pb%2* to 158 A GeV »a) PS
— LHC: Pb3*to 2.76 A TeV (Run1l)
— LHC: Pb%** to 5.02 A TeV (Run2)

=

LEIR

Phions

LINAC 3




ALICE : A Large lon Collider Experlment
— Ml [ i 4 RN W :

16mx16mx26m
Bapoc 10 000 tovol
o€ faBoc 56 m
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AviXVEUTEC aeplou: apxn Aettoupylag IONIZMO2

ALICE

PopTIOPEVO CWHPATIO

O¢€TIKO NAeKTPODIO S

HAekTPIKO onjua

ApvnTikO NAEKTPODIO —

18
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AVLXVEUTEC TTUPLTLOU

2D nmAnpodopia BEong yLa TNV AVOKATOUOKEUN TWV
LYVWV KOl TNV EVPECN TOU onpEiov PoEAeUONC
bOPTIoOUEVWY CWHATLO LWV



Méetpnon opung ¢opTLopEVOU owpatidiou

ATO TNV KAUMUAWGON TNG TPOXLAC HECA OE HayvNTLKO Ttedio
AUvaun Lorentz

|Fl=qvB

R=p/qB p=RqgB

H kapmuAwon ivat avtiotpodwe avaloyn tng oppAS
H aktiva kapmuAotntag eival avaloyn tThe OpuUng

METpnon eVEPYELOC
To CWHATLA CTAOTOUV

H evépyela toug amotibetal ota
KaAopilpetpa

10.02.2023
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( Stfip )\7 (lDrift) ( Pixel )

TRIGGER
- \CHAMBER
ZDC

~\
)

DIPOLE
MAGNET

ABSORBER

To nelpapa ALICE (onwcg rtav péxpt to téAog tou 2018)



Kawvouplo cuotnua kataypadnc tyvwv (ITS) pe 7 otpwpoata

Beam pipe

7-layer geometry (23 —400mm), [n| £ 1.5)
10 m? active silicon area (12.5 G-pixels)

Pixel pitch 28 x 28 um?

Spatial resolution ~5um

Power density < 40mW / cm?
Material thickness: ~0.3% / layer (IB)

Maximum particle rate: 100 MHz / cm?




Time Projection Chamber

HV electrode (100 kV) ———

‘ ———— ,;e_
field cage ny W ‘

readout chamber

90% Ne - 109

Central electrode

3D nmAnpodopia B€onC yla TNV AVAKOTOUOKEUN TWV LYVWV KAl LETPNON TNG
QAmoTIOEUEVNC EVEPYELAG/TAUTOTIONON POPTIOUEVWY OCWHATIO LWV
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Co, insulation
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Kawvouptlot BaAapol yia to dtaacpo tou onpatog amno to TPC

I

\‘ L

I

i

CENTRAL HV
ELECTRODE

/

/NINNER FIELD
/ CAGE
ENDPLATE

GEMs : Gas electron multipliers

Oa eAattwbOeL 0 vekpOC Xpovog Tou TPC
Avvatotnta aviyvevonc 50 000 cuykpoUoswv/sec



Transition Radiation Detector

electron
4

amplification
region

primary Drift
clusters / Chamber

entrance
window

Radiator

pion TR photon electron

HAektpovia ekTEUMOUV dWTOVLA
(transition radiation) mou
aviyvevovtal. To oAua amno
NAEKTPOVLA Elval LEYOAUTEPO QO
QUTO Ao TILOVLO => TOUTOTOLNGON
NAEKTpOVIiWV

27
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Time of Flight

R HY

cathode —
I S—
resistive ——
plate ——
I A——
y 00 |
anode

Readout pads
\Hv

Multigap Resistive Plate Chamber

Métpnon xpovou mtiong Ue akpifela 70 ps
=> Taxutnto cwpatidiov

Tayvutnta + opun => pala => tautonoinon
ocwpoatidiou

28
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Ma kaBe cuykpouon, Bpiokoupue ALICE

Tov aplOpod twv PopTLIoHEVWV
ocwpatidiwv ov dSnuioupyndnkav

To onpeio amo To omoio MPoEpyovTal
(to onueio Tn¢ cuykpouonc, primary
vertex ] @A\Ao, secondary vertex av
T(POKELTAL YLaL TTpoLovTa Slaomoaong)

To {xvoc (tpoxLd) Kal tnv opun

e =3 Tnv evépyela nAektpoviwy / dwtoviwv

R To 1606 Tou cwpatidiou

System: Pb-Pb
Energy: 5.02 TeV

10.02.2023 29



['ewpeTpia TNG ouykpouoncg Pb-Pb
(centrality)

MNepupepeLakn ovykpouon
*  MeydAn anootoon AVAUESO OTO KEVTPO TWV TTUPHVWV
*  MikKpOc aplOUoOC VOUKAEOVLWY TTOU CUMUETEXOLV =
—_— napayovtol Alya popTiopEVA CwHATLA (HLLKEN
TIOAAQTTAOTNTA)

Kevtplkn cuykpouaon
MKpA AmOoTO0N AVALECO OTA KEVTPA TWV TTUPVWV

*  Meyalog aplOUOC VOUKAEOVIWY TTOU GUUETEXOUV >
rtapayovtol TOAAQ GOoPTIOUEVA CWHATLA (LEYAAN
noAAamAotnTa)

10.02.2023 30



MoAAarmAotnTta GOPTIOUEVWYV CWUATLO LWV

ALICE, Pb-Pb | fsyy = 5.02TeV

¢ Data

1/3
part)

— 14N

Systematic uncertainties.
Fit variance

Centrality
. Mnfmmmmuq.h —

o suss

Noare: APLOUOG VOUKAEOViWY TIOU CUMPETEXOLV OTNV o0AANAEeTibpaon

aPLOUOC TwV GOPTIOUEVWY CWHATIOIWY OE Lo cUYKpouaoh
Kevtplkég cuykpoUoelg : 21400 + 1300
Mepldepelakég ouykpouoelg :230 + 38




EvepyeLakn TukvoTnTaA

ALICE CMS STAR PHENIX
0-5% o + -+ "

5-10% N
10-20% N

—*—0 - 2% NA49
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Extrapolated 5.02TeV

ATtO ToV apLlOUO TWV POPTIOUEVWY CWHATIOIWV BPLOKOUUE TNV TTUKVOTNTO EVEPYELAG
15 GeV / fm3 (3 popeg peyalutepn armod otL oto RHIC)
KoL TNV apxLkn Beppokpacio tov cuotiuatog 30% vPnAotepn amod otL oto RHIC



H vpnAotepn Bepuokpacio mov dnuiovpynoe o aAvOpwrtog

OepULKA pwTOVLA, TTOU - EyaLicE
EKTIETIOVTOL ATIO TO TTAAC A 0-20% Pb-Pb s, = 2.76 TeV
] , \ _ . — A exp(—pT/ T o) e
KOUQPK Kol yKAovoviwv, divouv P& \ - T = 304 + 115 + 40%° MeV
, , ] 5 ] PHENIX

nAnpodopla yla TNV apxLkn : N 0-20% Au-Au VS, = 0.2 TeV

e ’ 0 = l —A exp(—pT/ T o)
EPUOKPOCLO TOU CUOTHHATOC. | L 285 1 hs 4 79% Moy

Photosphere

Convection zone

-

Co rw’f" .

T..=304 + 115+ 405 MeV

Chromosphere

P, (GeV/c)
1eV=11605K
150 000 dpopec uPnAoTepn Ao TN

Bepuokpacia 0TO KEVIPO TOU NALou T.«= 3,527 trillion deg



/4

Pon ALICE

Y€ N KEVIPLKEC CUYKPOUOELG, N OPXLKI) OLOUUMUETPLOl OTN YEWUETPLA TNG CUYKPOUONG EXEL
OO0V QTIOTEAECUO OVIOOTPOTILOL OTN YWVLOKN KOTOVOUN TWV TIOPOYOUEVWY CWHATIOLWY

*

E€EAEN TOU

»*

YriépBeon OUOTHOTOC oAV
aveEapTNTWVY oUVOAO : TTOAU
OUYKPOUOEWV nepLocotepa adpovia
TPWTOVIWV napaAAnAa oto

eninedo TG

aAAnAenidpaonc
Tapa 0To KABEeTO
POG AUTO
v EAAeutTIkA pon: 2" cuvioctwoa Fourier Tng KATavoung

CERES

"o TWV OPUWV TWV CwHaTIS WV

A EB9S
¥ FOPL

10?
\/Syy (GeV)




Eva téAelo uypo oto LHC

To peyeBoc tNC EANELTTTLKAC poN ¢ e€apTaTal armo TNV TPLPN 0To HECO Kol
xopaktnpiletoL amo to Aoyo n/s, 01ou n to LEWOEC KaL S N EVTIPOTILAL.

H rtukvn UAN tou dnuoupyeital amo tn oVyKkpouon pPEEL oxedov xwpic TpLBn
(OTWC TO VEPO, TTOU EXEL ULKPO LEWOEC) KAl OXL OTIWC TO UEAL TTOU EXEL LLEYAAO
LEwodec.

H UAn mou oxnuatiletal amo T CUYKPOUOELC PApLWV LOVIWV QVAUEVOTAV
QPXLKA VOl CUUTTEPLPEPETAL OOV AEPLO TTAAoMaA. AvTL ylauto, daivetol va
CUUTEPLDEPETAL OOV TEAELO LYPO, UE OUVTOVLOMEVN GUAAOYLKNA Kivnon (pon) Twv
ocwpatidlwy ToU To GUVLOTOUV.

HON elxe avakolvwBel amo ta nelpapata oto RHIC (Relativistic Heavy lon Collider) oto
Brookhaven (USA), 6mou cuykpolovtal muprVveg xpuooU He evépyela 13 GopEC LULKPOTEPN

Eva armo to mo BeopaTika ArmoTEAECUATO OO TA TIELPAUATO BapLWV LOVIWV

10.02.2023 35



Evioxvon tnc mapadofotntac (Strangeness enha ncementﬂ)E

Eva amo ta mpwta oHpota yLol To TAAC KOUAPK Kol YA\oUuoviwv

Pb-Pb at \ s, = 2.76 TeV

A Qj+§+
m=
oA

) relative to pp/p-Be

part

part

Q.
o
(o]
°
(]
>
2
©
2
S
=
~
~
o
@
>_

Yield / (N

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

AplBpoc Twv owpatidlwy tou lou Tumou ava aAAnAemntidbpaon pp/2



Nidakec adpoviwv
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140




Amnomvién twv mibakwyv peca oto QGP ALICE

O nidakoc mou oPAYETAL KOVTA OTNV
emupavela amno to QGP €xel peyain
EVEPYELA VW €KELVOC TToU Slaoyilel To
QGP amoppodlEtal kat okedaletal ano 1o
TIUKVO LECO XAVOVTOC LEYAAO UEPOC TNG
EVEPYELAC TOU

N% central
- 102 GPV» |

47 GeV




To puotnpto tou J/W

J/W BpEbnke to 1974, oxedov cuyxpovwc, oto Brookhaven (cuykpoUoelg
npwToviwv-riuprivwv) kat oto SLAC (cuykpoUoeLg e*e)

SEoLa KOTAoTaoN EVOC € KOUAPK Kol evOg ¢ (avtl) kovapk (pala 3 GeV)

Ta U0 «avtikeipeva» mou amoteAovyv Tto J/W cuvdeovtal Aoyw TNnG LoXUPNC
aAAnAemtidpaong

Méoa oto mAdopo Kouapk Kal yAovoviwv (QGP), Adoyw tou peydlou aplBpou
eAeVBepwv Ppoptiwv xpwpatog mou anoteAovv to QGP, N cuvdeon TWV ¢ KOUAPK
Kal ¢ (avTL) Kouapk ylvetal acBevéotepn, To {euyapl anocuvtiBetal kot to J/W
etadaviletal (Debye screening)

Napatnpeitol EAATTWOoN Tou orjpatog ano to J/W
(ta mpolovta amod tic Staomacelc Tou, Kuplwe 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 =2.76 TeV, 25 <y <4, pi> 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
ouvaywvilovtal

* EAattwon tou J/W Adyw
aAAnAenidpaonc pe to QGP

* Anuwoupyla oAAwv J/W
AOYw TOu peyaAou aplbpou
(EUYOPLWV C — AVTL-C TIOU
dnuloupyouvtal AOyw TNng

TEPAOTLOC EVEPYELAC TNG
R,a Nuclear modification factor oUYKPOUONC

JuyKplvoupe tov aplBuo tTwv J/W nou mopatnpoUpE o€ CUYKPOUOELS LOAUBSOU e Tov
avTiloToL o aplBUO 0 CUYKPOUOELC TtpwTtoviwv (0mou dev €xoupe QGP).




AvaBabuion tou ALICE kata tn dtdapkela tou LS2, yia to Run3
aUENUEVN dwTEWVOTNTA TWV OECUWV

TIEPLOCOTEPEC CUYKPOUUTELG
LEYAAUTEPN OTATLOTLKN)

10.02.2023
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ALICE Collaboration

40 countries, 171 institutes, 1985 members




AVTL CUUTTEPACLOATOC

OL cuYKpOUOELC BaplwV LOVIWV NON Ta TPWTA XpOovLa
Aettoupylag tou LHC emiPefaiwoav ta anoteAeopata 10
Xpovwv €psuvac oto RHIC, kat édwoav kawvoupla
amoteAEopata

H avénuevn pwtewvotnta twv deopwv tou LHC amo to 2022
KOlL LETA 0€ CLUVOUAOUO UE TIC avaBaBuULopEVES ETLOOOELC TOU
ALICE avapevetal va SwoeL auEnUEVN akpiPeLa OTIC LETPNOELC
KOlL KOLLVOUPLOUC TPOTIOUC LEAETNC TNG CUMTIEPLIOPAC KOl TWV
LOLOTATWVY TNC TPWTAPXLKAS UANC TOU CUUTOVTOC

20C EUYXAPLOTW TTOAU




https://alice.cern
http://alice-collaboration.web.cern.ch

Journey of the beams into the accelerators chain :
http://cds.cern.ch/record/1228924

CERN in 3 MINUTES an introduction to CERN http://cds.cern.ch/record/986165

ALICE: Voyage inside the core of matter http://cds.cern.ch/record/1018975?In=en

Flying over ALICE :
https://www.youtube.com/watch?v=yWBWzIUCNpw

To visit ALICE write to alice-visits@cern.ch

To arrange a virtual visit to ALICE write to alice-outreach-virtual-visits@cern.ch

My email : despina.hatzifotiadou@cern.ch
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