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CopeprKaHue

BBeneHue.

HemHoro uctopuun. dasosaqa anarpamma
CUNbHOB3aMMOLEUCTBYIOLLIEN MaTEPUMN.

Habnogaemsbie. CurHansl QGP. NepBble TeopeTnyeckme
OXnaaHus,

OKCNepUMEHTaribHblE YCTAaHOBKU
HekoTopble pe3ynbTaThl
3akroyeHmne
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ALICE: aKkcnepumMeHTanbHble U TeopeTnyecKkune

nccregoBaHuUa ctaamn Aapo-aaepPHbIX CTOJNTIKHOBEHUMN,
oOpa3oBaHNA U CBOUCTB KBAPK-IIMKOOHHOMN Nna3mMbl.



dazoBasg guarpaMmma CUJIbHOB3aWMOAEUCTBYIOIEN
MaTepHH: HayaJibHble IpeiCTaBJIeHUS...

i

{ Early universe

Temperature

V150 MeV

Quark—Gluon Plasma

Heavy Ton Collision?

Normal Nuclear Neutron stars?

A Maiier V5-10 -
1 Baryon density  p/p ¢
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Penatusucrkana agepHaa ¢usmKka :
HEMHOro NUCTOPUM

dj‘Li; C;?‘{éj (’“ :Sh;SM‘V:Pb; v

1971 the 15 relativistic nuclear
beams with an energy of 4.2 AGeV
at the synchrophasotron at the

LHE, \]INR One Of the 1St StUdIeS Fig. 2 Experimnta], 13yout

of nuclear effects in the high A.M. Baldin , "Heavy lon
energy interactions off nuclei Interactions at High

A.M. Baldin et al. Energies ”, report at AIP
Sov.J. Nucl.Phys.18,41 (1973) Conf. Proc. 26, 621 (1975)
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=) BEVALAC(1974), SPS(1976), RHIC(2000), LHC(2009)



«3KCTpeMaJ1bele COCTOSIHMA BellecTBa Ha 3eMne U B

KocMocey,
B.E.®opToB, M., DPNNSMATJINT,2008

Benele
Kapnuky (6-9)

Ig P, M6ap

30 3 Penstuenam 4
E HYKIMOHOB

254 @ *Eﬁ
:' Penarusucrckme
| CTOnKHOBeHus Afep (15.7)
_'"<-—

20 7 AtomHoe szpo (14.5) -
3 -
] KpacHbie i

15 E mraﬁnu (IIM)

\
/

) SMEKTPOHbI — PEMNATUBM3M ~|HYKITOHb!

MarHUTHLIN ( ‘
YTC (-85) /- ~\

/
“ UBNLELE T I R R Y T 11T

2 3 4 5 6 7 8 9 10
IgT, aB

Prc. 2. Ikcrpemansubie cocrosinmns [1] B npupose u B naboparopuu. Lindpsl B ckoGKax yKasbiBaioT JOrapu(M MIOTHOCTH (B r/em®).
OGnactb «craTHKa» COOTBETCTBYET CTATHUECKOMY, «IMHAMUKA> — AMHAMHYECKOMY METO/aM IMOJYYEHHS BHICOKHX JaBJEHHH, «BHICO-
KHe TeMIepaTypbl» — KCIePUMEHTaM [IPU BBICOKMX TEeMIIeDATVDax



KoHueHTpauusa aHepruum
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“ALICE

Alice and the soup of quarks and gluons

http://aliceinfo.cern.ch/Public/en/Chapter4/Chapter4TChid-en.html



QGP

...J. C, Collins and M. J. Perry -1975, ...E.Shuryak 1978...:
LUypsk 3 B "KBapk-rntooHHaa nnasma” YOH 138 327-328 (1982)

QUARK-GLUON PLASMA AND HADRONIC PRODUCTION

OF LEPTONS, PHOTONS AND PSIONS ) )
v SHURYAK Ear_ly expectations: QGP like
Institute of Nuclear Physics, Novosibirsk, USSR an I d eal g as Of q uarks an d g I u O nS

At very high energy density, the coupling constant of QCD becomes weak. A gas of particles should to
a good approximation become an ideal gas. Each species of particle contributes to the energy density of
an ideal gas as
[
£ ﬁ."\' T

where N is the number of particle degrees of freedom. At low temperatures when masses are important,
only the lowest mass, strongly interacting particle degree of freedom contributes; the pion, and the energy
density approaches zero as ¢ ~ ¢~"=/T_ For an ideal gas of pions, the number of pion degrees of
freedom is three. For a QGP there are two helicities and eight colours for each gluon, and for each
quark, three colours, two spins, and a quark—antiquark pair. The number of degrees of freedom is N ~
2 x 8+ 4 x 3 x Ng where Ng is the number of important quark flavours, which is about three if the
temperature is below the charm quark mass so that N ~ 50.

Relativistic heavy-ion physics: three lectures

L. McLerran

Brookhaven National Laboratory, Upton, NY 11973, USA and RIKEN BNL Research Center,
Fig. 1. The space—time picture of hadronic collisions, proceed- Brookhaven National Laboratory, Upton, NY 11973, USA
ing through the following stages: (1) structure function for-
mation; (2) hard collisions; (3) final state interaction; (4) free 10

“"Phiys. Lett. B78 (1978) 150



JlabopaTopHble uccsiedoeaHuUsi Mamepuu 8
3KcmpemMasibHbIX COCMOSIHUSIX
Ha bonbloM agpoHHOM Konnangepe
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[leTekTopbl YacTul: BYepa 6

g -

PaHblle anAa perncrpauum Tpekos (cnenos)
4acTUL, NCNONb30BaANNUCH [Ty3bIPbKOBbIE KAMEPHI,

dOTO-3IMYNbCUMN...

g > X >
L w
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L'g X
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-> HOBbIE OETEKTUPYIOLWLMUE CUCTEMbI ->
17



Buepa:
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g - ol Tpek (track) - Bugnmbl A cnepq,
' 2 oCTaBnAeMblW 3apsxeHHol YyacTuuen (nam
e i -;
- bl aTOMHbLIM S4POM) B BelLLleCTBe geTeKTopa
50p_ - YacTUL M BOCMNPOU3BOAALWNA TPAaeKTOPUIO
| - B eé ABUXeHUs.

Puc. Pacnap ﬁH_" TH + 'H + 2H + 7 na nety (porosmynens).
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=276 ATeV
2010-11-08 11:29:42
Event : 0x00000000271EC693

Pb+Pb @ sqrt(s)
Fill : 1444
Run : 137124
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YaCTHUI[ B OJTHOM COOBITUH!

Ceromaus
OmHOBpEMEHHAS perucTpanus 10 3-4 ThICSY TPEKOB




YctaHoBka ALICE (A Large lon Collider Experiment)
26 m gnuHa, 16 m BbicoTa, 16 m wupuHa. Bec: 10 000 ToHH




MexayHapoaHoe COTPYAHUYECTBO

konnabopauna ALICE -- 35 ctpaH 118 yHMBepcuUTETOB
bonee 1300 y4yacTHUKOB
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Poccunckoe y4vactue
B noarotoBke ALICE ¢ 1992 rona:

Cnektpometp PHOS

BHyTpeHHSA TpekoBas cuctema (ITS)
MIOOHHbLIN OETEKTOP

CTapToBbIN OETEKTOP
BpemsanpornetHasa cucrtema
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[TpnHUKMN nocTpoeHunsa getektopoB LHC.

- SNEKTRO- - -
TpekoBRIA MArHHTHLIA AJPOHHEIA MK OHHEIA

eTeKToR KANOD UMETD neTekTop

KENopPUMETp

PoOTOHBI —

MiooHB —
+ +
K,t,p —
n —
EHyTREHHKE )- EHelWHKWE
obnacTw obnacTu
JETEeKTOpA JeTekTopa
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TpekoBble aetektopbl ALICE

TpeboBaHus:

-- HEUCKaXKEeHHas TpaeKkTopus 4YacTtuu

-- onpedeneHne coprta vYacTtuu (MaeHTudukaumns)
-- MMHUMYM BeLLlEeCTBa Ha NyTun Yyactuy

OcHoBHasi ocobeHHocTb ALICE— pekopaHas pagmaunoHHasa npo3padvHoCTb

24



lIme Ftojection
Chamber

* largest ever,

HV electrode (100 kV)

field cage

nnnn

e U
A=
N R WO
R AV

\i§§§ drift gas

' Ne - CO,— N, (86/9/5)

V. membrane (25 um)' ‘ 16 May 2006 "

D N First cosmic and laser tracks !
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Pb+Pb @ sqrt(s) = 2.76 ATeV

2010-11-08 11:30:46

Fill : 1482

Run : 137124

Event : 0x00000000D3BBE693




BHYTpeHHAA TpeKoBas cucrema
Inner Tracking System (ITS)

SSD

Silicon Pixel Detector (SPD):
« ~10M channels
» 240 alignable vol. (60 ladders)

Silicon Drift Detector (SDD):
« ~133k channels
» 260 alignable vol. (36 ladders

Silicon Strip Detector (SSD):
« ~2.6M channels
« 1698 alignable vol. (72 ladders)

B S

ITS total:

2198 alignable

. sensitive volumes
- 13188 d.o.f.

32
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CaHkm-Tlemepbypa: paspabomku 0ns akcriepumeHma ALICE
(c 1992 no 2007 200, 8 akcririyamauuu — ¢ 2008 2o0a 1o H.ep.)
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Photo: ((§|4'S — «cepdue» ALICE - (aHeapb 2007)
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Moandukauma BHyTpeHHEeUn TPeKOBOWU
cuctembl (k 2018rony)

-- NnoBblweHne 3¢hpheKTMBHOCTN BOCCTAaHOBIIEHMA BTOPUYHbIX BEPLUUH,
AanbHeNllee YMeHbLUeHMe KOonn4yecTBa BellecTBa B LieHTpanbHOM obnactu

ITS performance - Tracking and vertex determination &
ALICE
Example: D? meson Open charm
Pointi [ reconstructed Particle Decay Channel CT (m)
'Cinting ! T tu
Angies M1, T Do Kom (38%) 123
K ;
; | D K-n* =t (0.5%) 312
D; K*K-=* (5.2%) 150
_______________________ AL pK-= (5.0%) 60
| = 300
e /3 T T T
2 [ £ £ 2s0f -
E / E: % E H | PP 2000 gaid. [ ar
‘r_-‘ JIir E.' _ 1?"{.': E El.'.H:: | =EIu 20 1:a|I.uu-m.m
e o ® . e F ‘
I:"‘ x“‘: 3;15&:
*. 4" 100f. L‘
T - 1
Primary vertex 5!:: * rodull
G: "'Hriulr_
i 10! 1 10
Analysis based on decay topology and R A -

invariant mass technique



New TS (baseline)

Inner Barrel: 3 layers
Outer Barrel: 4layers

Detector module (Stave) consists of

- Carbon fibber mechanical support
- Cooling unit

- Polyimide printed circuit board

- Silicon chips (CMOS sensors)

Flex-cable bus

25 G-pixel camera, 10 m?

Mechanical structure

Bump bonding

Pixel modules



OTOOp UeHTpanbHbIX COObLITUN
B Z3kcrnepumente ALICE

N Nspect- YNCNO HYKNOHOB-CMNEeKTaTopoB
T Projectile
b

Projectile @

Npart — YUCno HYKNOHOB-Y4aCTHUKOB

Ezpc(TeV) = 276x Nspectators

. —
J""|:|:4.rl|r::t|:uanle¢ = A —Ns]:i:ctamrs
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OT00p HeHTpaJbHBbIX cOObITHH B 3kcniepumenTe ALICE

- spectator matter
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VZERO Amplitude (a.u.)

VZERO: Front view of VOA and VOC arrays

28 <n<Sland =3.7<n<—-L7  5xjy:1011.3916 [nucl-ex]. Phys. Rev. Lett. 105 (2010) 22301
K. Aamodt et al. (ALICE), JINST, 3, S08002 (2008)



http://dx.doi.org/10.1103/PhysRevLett.105.252301

HeKkoTopble pe3ynbTaThbl
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Appo-aaepHble CTONMKHOBEHUS:

yTO Mbl HaONOOaem?
PacnpegeneHue yactuy no nonepevyHoMy UMnNyrnbCey:

|dentified-particle p; spectra up to 20 GeV/c

I\‘III‘\\\lll\‘lll‘\lll\\lll\\
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® 0-5% Pb-Pb (x 10) =
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20

P, (GeV/c)

95 % of all particles below 1.5 GeV/c : particle production non-perturbative process

 Low-p; <2 GeV/c : dynamics of bulk matter described by Relativistic

Hydrodynamic Models (RHD)
* High-p; > 8 GeV/c : spectra reflect interaction of partons from hard scatterings

40

with the medium

* Intermediate p; 2 <p; <8 GeV/c : interplay of soft and hard processes

40
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Innnntnyeckuun notok B Pb-Pb ctronkHoBeHuax npn W2
3Heprum Vs, , =2.76 TeV:

NPOCTPaHCTBEHHAA Haya/ibHasA aHM30TPONUA NepexoauT B asMMYTa/IbHYI0 aHU3OTPONUIO
pacnpeaeneHmMa umnynabcos Yactuy, (1)

Reaction

Plane ™~
/ K.

xXv

8%

Tannebaum’ 06

N 1 d°N o0 ”22{0052@_%)):@2;?)%
ES = 1+ 2v, cos[n(o—Vg)] N
d°p 27 pidpedy — (y* — 2%)
Excintricity: e, = 5 5
(y? + 22)

2- and 4-particle cumulant methods: v {2} and v ,{4}
arXiv:1011.3914v1 [nucl-ex] 17 Nov 2010;_Phys. Rev. Lett. 105 (2010) 252302 "



http://dx.doi.org/10.1103/PhysRevLett.105.252302
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DJVIMNTHYECCKMH MOTOK 3aAPSAKEHHbIX YaACTHIl B CTOJIKHOBEHUSL Aué
Pb-Pb mpu sy, =2.76 TeV:

Integrated elliptic flow vs. centrality

:N ujz:"""l""l""|"'"'|""|'"'I"""l""l""_
L o o o # 1
0.1 . 5 b
0.08 - > o W T -
i N ;
- ﬂ.' -
0.06F o ,,_---‘ o E »CERN Press release, November 26,
0.04F < . :;:ﬁil.mmw} - 3010:
) ; ...confirms that the much hotter
0.02 P STAR ~ plasma
.o produced at the LHC behaves as a

0 10 20 30 40 50 60 70 B8O 90

centrality percentile very low viscosity liquid (a perfect

fluid)...”

arXiv:1011.3914v1 [nucl-ex] 17 Nov 2010;_Phys. Rev. Lett. 105 (2010) 252302 42



http://dx.doi.org/10.1103/PhysRevLett.105.252302

High p; Particle Correlations

\'s=7 TeV 8<p <10® 1.5:-:pTa-=: Pre

10 L i Ass'c;c"‘i'at.eq
- 4 hear side
Z|S
ds- ‘away’ side
=)
™| =
2

Trlgger

0 05 1 15
A¢ [rad/x]

Trigger Particle: highest p; particle in event (th)
CERN, 2 Dec 2010 J. Schukraft Associate Particle: all the others (pr,)



Hexoropbie uToru ALIC

> Marepus, o6pasyomasicsi B Pb-Pb croknoBenusix npu VsNN = 2,76 T>B

Ha LHC umeer 1o cpaBHeHu10 ¢ 1aHHbIMH npu 3Hepruun 200 I'>B
nanubix Ha RHIC:

~ 3 pa3a 0oJiblI€e IJIOTHOCTh SJHEPrUH
~ 2 pa3a 00U 00beM OHOPOIHOCTH
~ 0oJibiee Bpems Ku3HU = + 20% (= 10 ¢pm / ¢)

» JTa MaTepusi 1eMOHCTPHPYET CBOICTBA MOYTH M1€ATbHOI KUIAKOCTH (KAK U B
RHIC)

» JT1a Mmatepusi 0osiee moTHas, yeM Ha RHIC ( 6os1ee cuibHoe
MOAABJIEHUSI YACTHII C 00JbIIMMH HMITYJIbCAMM )
» OcraeTtcs elne psijg 3arajok...

> MbpbI BCTyIIaeM HA HOBYIO HEM3BEIAHHYI0 TEPPUTOPHIO

...BCE€ CaMO€ NHTEePECHOE TOJIbKO Ha4YnHaeTc4!
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Cnacunbo 3a BHMMaHue!
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Back-up
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