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YTto nponsonget ecnmn KX/ BeLleCcTBO HarpeTb/cxaTb?
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YCcKOpeHne penaTtuBUCTCKUX S4ep - ONTUManbHbIM Noaxon and
nccnenosaHus KX Bellectsa npu aKCTpemMaribHON TeMnepaType U
NSIOTHOCTM B NabopaTopHbIX YCOBUAX
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B cnyyae goctmkeHust accumnrtoTnyeckon ceoboabl B KX

MIOTHOCTb QHEPIrNN Ha vV CTEMNEHEN CBO60,EI,I:I B npe,uene no CtedaHy-bonbumaHny:
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Time Evolution

Diagram from Peter Steinberg




,U,Ba YCKOPUTEJIbHbIX KOMITJIEKCA.

* RHIC — Relativistic Heavy lon Collider,
AU+AU, \/SNN=O'2 TeV

 LHC — Large Hadron Collider, Pb+PDb,
2.76 TeV (2010)




LHC Heavy lon Energy Frontier
CMS ALICE

Enormous excitement building, first heavy ions in 2010.

New discoveries?
How does the system evolve at higher energy?
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FIG. 4. Comparison of this measurement with model predic-
tions. Dashed lines group similar theoretical approaches.

: MHO>XEeCTBEHHOCTb 4YacTuL:

C yBenuyeHnem aHeprum pactet
ObIcTpee, YemM Onga pp

BonbLIMHCTBO npeackasaHnin
HWxXe Ha 20%, ogHaKo 3TO
CBSA3aHO C yBENNYEHHOM
9KCrnepuMeHTarnbHOW
MHOXXECTBEHHOCTbIO B pp
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Fig. 4: Product of the three pion HBT radu at k7 = 0.3 GeV/c. The ALICE result (red filled dot) 15 compared
to those obtained for central gold and lead collisions at lower energies at the AGS [35]. SPS [36, 37. 38]. and
RHIC [39. 40,4142 30, 43],

: OBBEM CUCTEMBI O MOMEHTA agpOHM3aLnM BO3POC B 2

pasa no cpaBHeHuto ¢ RHIC, 4To npumepHO 1 oxnaanocsk npu
yBENNYEHNN SHEPTNN 11
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Fig. 5: The decoupling time extracted from Ry, (fr). The ALICE result (red filled dot) 1s compared to those
obtained for central gold and lead collisions at lower energies at the AGS [35]. SPS [36, 37, 38], and RHIC [39,
40, 41,42, 30, 43].

: BpeMFI XN3HN CUCTEMbLI O MOMEHTa agpOHN3aLn BO3POCIIO TakK

Xe B 2 pa3sa no cpaBHeHuto ¢ RHIC, 4To npumepHo 1 oxmnaganochb npu
yBENUYEHNN IHEPTNU
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Y Baier, Dokshitzer, Mueller, Schiff
MeTO,EI, KBapKOBOW MaTepumn Gyulassy, Levai, Vitev, Wang

Bbino npeanonoxeHo (1992), 4To B UBETHOM
“KBapK-rriOOHHOW” cpee LBeTHLIE 3apsaabl
AOIMKHbI TePATb CYLEeCTBEHHYIO 3Hepruro
3a CYEeT MU3Ny4YeHunsa rMoHOB, YTO NPOABUTCA
KaK:

— OcnabneHune nnmn NornoLieHne CTpywm,
“KBEHYUHr”

— [lopasneHne agpoHOB NP BONbLLMX Py
— Moaundukauma koppensaumm 4actuy
— [llogaBneHune cTpyn oTaaum

Ob6bI4yHble MeTOAbI BblAESNIEHUSA CTPYM HE
paboTaT B A-A CTONKHOBEHUAX HA RHIC-
CITULLKOM Oonbluass MHOXECTBEHHOCTb YacTul, U
OYeHb Marnasa BO3MOXXHas SHEPrusi CTpyu

Ha LHC cTpyu yoanocb Bbl4eNNTb

O6pasoBaHue cTpyu

hadrons
leading
particle
q Z
—
q
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— OLEeHKa BbIXO4a
XXECTKUX YacTuL, Mo CpaBHEHUIO C OXKNOaEMbIM BbIXOO40OM,

OCHOBbIBaACb Ha AaHHbIX U3 PP C yHETOM CKEWrnuHra rno YNCIY
HYKIMOHHbIX CTONKHOBEHUN

(1) P i dpr
(Neolt) (1/NEZVd*NEF fdndpr’

Ryylpr) =

R 14

1.2
10 =====
0.8
0.6
0.4
0.2

e I I
Tranverse Momentum (GeV/c)

o



Ha RHIC 310 6b1n0 04HO 13 NEPBbLIX U CaMbIX 3HAYNMbIX

HabnogeHnn — nogaesneHne ctpyn / jet quenching /
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Pes3ynbTaThl yKa3blBalOT
Ha yCUeHne NornoLleHns
NMoYTW B ABa pasa —

NSIOTHOCTb
obpasytoLiencsa cpeqbl
bonble, 4yem Ha RHIC

P.S. daHHble ALICE nony4yeHbl
AN MHKNIO3UBHBIX apOHOB, TO
eCTb Ansi ME3OHOB N 6HapUOHOB.
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[1ByCTpynHbIE CODBLITUA

Ctpys — Tpurrep, T1

hadrons
Wf leading
particle

)
/

3agHas cTpys otaaum, 12

Ery — Erg

MapameTp acummeTtpum no sHeprum: A5 =

Ery + Ero

LAY I

4

)
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NaHHble ATLAS n CMS

nepngepuinHble LeHTparbHble
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FIG. 3: (top) Dijet asymmetry distributions for data {(points) and unquenched HIJING with superimpesed PYTHIA dijets
{solid vellow histograms), as a function of collision centrality (left to right from peripheral to central events). Proton-proton
data from /% = 7 TeV, analvzed with the same jot selection, is shown as open circles. (bottom) Distribution of Ag, the
agimuthal angle betweoen the two jets, for data and HIJING+PYTHIA, also as a function of centrality.

PesynbTtatbl noareepxaatot acpdekt RHIC: nckaxenue ctpym otaauum,

NpoxoasLlen Yepes obpasytoLLytoca cpeay
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KonnekTnBHbIe NOTOKW. [1apTOHHAA XXNOKOCTb?

e PagnanbHbIn

® JONNUNTUYECKNI (asaumyTanbHas
accumeTpus)

® YapHble BOJSIHbI?

® [ pebeHb (ridge) ?

coordinate-space-anisotropy = momentum-space-anisotropy

v Py
L ¥ AEES
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[TpocTpaHCTBEHHAA aHN3O0TPONUs Ans
nonyueHTpanbHbIX CTOSIKHOBEHUI NPUBOAUT B
aHM30TPONMK B UMMNYJIbCHOM pacnpeaeneHnn 3a
CYET pa3HbIX rPagVUEHTOB JaBMNeHNs

d°N 1 d°N

= 1 w2 A
V2 0t S o)

n=l1

Pacnpenenenune no yrnam pasnaraetcs B psag ®ypbe.

[JJoMuHUpyoLLen aBnaeTca annuntuyeckas
KOMMoHeHTa, V2
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O6Hapy>|<eH|/|e SAIMMNNTNYECKOIO NMNOoToKa ABUI10Cb OAHUM N3 OCHOBHbIX U

HeoxmnaaHHbIX oTKpbITU RHIC.

Cuctema NposiBNsiET CBOMCTBA XWAKOCTU, a He rasa crabo cBA3aHHbIX
NapTOHOB, NPUYEM MonepeyHas BA3KOCTb XXNOKOCTU, 1, 6riM3ka k npegeny

BA3KOCTW (NOYTK naearnbHasa XXNOKOCTb)
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FIG. 1. (color online) Comparison of ve/z2 vs. Npart for sev-
eral pr selections, obtained from perfect fluid (a) and viscous
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FIG. 2. (color online) Comparison of ve /e vs. Npary (a) and

(b) hydrodynamic simulations [1] of Au+Au collisions. va/s4 V8. Npart (b) for several pr selections as indicated. The
dashed curves indicate a simultaneous fit to the data in (a)
and (b) [for each pr] [23]. The vgy data are from Ref. [24].
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PesynbTaTtbl ALICE o4eHb 6nmn3kn k gaHHbiM Ha RHIC
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Ha LHC cpega OCTaeTCs B BuAe XUOKOCTM c

BA3KOCTbIO MOYTUN MAEanbHOM XUAKOCTU (B HEKOTOPbLIX MOAENAX
oXwuaanocbk, YTO cpena dyaet bonee ropayen n B BUAE rasa)
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[TopaBneHne yapmoHus, J/'WY — me3oHa,
CBSI3aHHOI0 COCTOSIHUS O4apOBaHHbIX
KBapKa 1 aHTW KBapkKa

CuuMTanocsk, YTo NoaaBneHne 3TUxX YacTul, — B LLBETHOM cpeae 3a cYeT
9KpPaHNPOBKN B3aUMOOENCTBUS MEXAY COCTaBNAIOLLNMN KBApKaMU,
OyoeT ABnATbCSA «SABHbIM U 6€3YCITOBHLIM» KpUTEpMeM obpasoBaHus
KBapPK-r1F0OHHOW MNsia3Mmbl.

OpaHako, Bce okasanocb He Tak NPOCTO....
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Color Screening

C yBenunyeHnem Temnepartypbl Bce bonblue
COCTOSIHU YapMOHUS OyAeT «MNnaBUTbCS»:

state x. ¢ J/p Y xp T
Td%S S Tc S Tc 1'2TC ]_.QTC 1-3TC, ZTC

T, —
TemnepaTtypa
nepexona B
nnasmy
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J/y nogasneHne Ha RHIC takoe xe, kak Ha CERN-
SPS (0.017 TaB)

PHENIX Data |y|<1.2-2.2 (syst__,  + 7%)

1.2
& [ PHENIX Data |y|<0.35 (syst,, . + 12%)
S N NAS50 Data (systglobaliﬁ%)
| RHIC
g 1 s AuAu 0.2 nb!
S 0.8/ e
_ .| Lower Energy
0.6 o - CERN'SPS
0.4}
0.2
o T

‘50 100 150 200 250 300 350 400
Number of Participants

Opposite to many expectations
(e.g. expected hotter medium = more suppression)

Hard work ahead to check cold nuclear matter effects and check suppression
24
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PGSyJ'IbTaTbI NoKasin, 4To nogaBrieHne NpPakTn4eckKn

Takoe e kak Ha RHIC n SPS | |

E T T T I T T T T T T T T T T T T ] E 15 T T T | T T T | T T T | T T T T T T
2 [ ATLAS i 2 - ATLAS |
> 201 Pb+Pb sy, =276 TeV = [ Pb+Pby[5, =276 TeV I
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S 150 — Jiy yield 115 T
Y L il E
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Figure 3: (left) Relative J/1 yield as a function of centrality normalized to the most pe-
ripheral bin (black dots with errors). The expected relative yields from the (normalized)
number of binary collisions (H..;) are also shown (boxes, reflecting 1o systematic uncer-
tainties). (right) Value of R, as deseribed in the text, as a function of centrality. The
statistical errors are shown as vertical bars while the grey boxes also include the combined
systematic errors. The darker box indicates that the 40-80% bin is used to set the seale for
all bins, but the uncertainties in this bin are not propagated into the more central ones.

OTOT pe3ynbTaTt 6e3yCNOBHO «OTCEKAET» MHOIMME MOLESMN. ...

Ckopee, 6onbLias «rosioBHast 60sb», YeM SIBHbIN KPUTEPUN...
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JencTBuUTENbHO HOBOE AABFIeHUE (eCrin OKOHYaTEeSbHO
noareepamTca) 6uino obHapyxeHo Ha LHC B p+p CTONKHOBEHUSIX, a
He B Pb+Pb, CMS konnabopauuen:

B COObITUAX C OONbLLUON MHOXXECTBEHHOCTbIO HabnaaeTcs
CTPYKTYpa B pacnpeneneHnmn 4actuy, no asumMyTanbHOMY yriy ¢ v
ObICTpOTE YacTuL, N B BUAE HEKOErO «rOPHOro rpedbHs» - ridge.

AHanornyHasa ctnyktypa Habntogaetcsa Ha RHIC, Ho Tonbko B sapo-
SAEPHbIX CTONKHOBEHUSIX
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T

p+p, peripheral Au+Au central Au+Au

RUN5 p+p \'s y =200 GeV inc. y-h Run4 AutAu \ s, =200 GeV Cent 0-20% inc. y-h
—~—— __ ¥ €[2.0,3.0] GeV/c ~— p:’r €[2.0,3.0] GeV/c

H “ENIX ' ' H- ‘ENIX 241.0,2.0] GeV/c
Preliminary ! 12 <<—Preliminary

Typical:
- Near-side Jet
- Away-side Jet - “Head”

Near-side Ridge theories: Boosted Excess, Backsplash, Local Heating,...
Away-side Shoulder theories: Mach, Jet Survival + Recom, Scattering,...




CMS HabntogaeTt HeYTo rnoxoxee B pp

(a) CMS MinBias, P> 01GaVie (k) CMS MinBias, 1.0GaV/c< pTd‘.’.. 0GaV/c

—— ridge

Figure 7: 2-D two-particle correlation functions for 7 TeV pp (a) minimum bias events with
pr > 0.1GeV/c, (b) minimum bias events with 1 < pr < 3GeV/c, (c) high multiplicity
{Nﬂﬁlﬁ = 110) events with pr > 0.1GeV/c and (d) high multiplicity {Nﬂgﬂm = 110) events
with 1 < pr < 3GeV/c. The sharp near-side peak from jet correlations is cut off in order to
better illustrate the structure outside that region.
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Buicota Ridge pacteT ¢ MHOXeCTBEHHOCTbIO,

oaHako Tonbko ans pT < 3 [9B/c

| LI S By B B B S B BN B e« S L LI S N N S e N B B By s B S N B B N B B S B B B B B B B
| li.ll]e‘lr'."mp_I{I.IH_“.e"r'."c 1 I.I'H]e"r'."t{pr-:llbﬁe"r'."t 1 LIH_“.e‘lr'.T{pT{J.IH}"r'."c i J.I'H]e‘lr'."mpr-:d.lh]e‘lr'."t
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Figure 9 Associated yield for the near-side of the correlation function integrated over the
region of 2.0 < |Ay| < 4.8 as a function of event multiplicity in bins of pr for 7 TeV pp collisions.
The error bars correspond to statistical errors, while the brackets around the data points denote
the systematic uncertainties. The open squares show results for PYTHIAS.

«BbInnéckmnBanme» vacTtuu, n3 obpasoasluerocsa haepbona?
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BbiBOAbI
[MepBble pe3ynbTaThl SAepHbIX cTonkHoBeHMn Ha LHC noatBepannu:

Moaenun HacTpOEeHHbIE NO PP CTONTIKHOBEHMSIM YCMNELUHO ONUCbIBaOT
MHOXXECTBEHHOCTb YacTuLl.

HabntoaeHne 605bLIOro anmnTMYeckoro noToka, CpaBHUMOro ¢ aHanorm4yHou
BennunHon Ha RHIC ykasbiBaloT Ha TO, YTO

- obpasylasncs cpeaa no-npexHemy NposiBAsSieT CBOWCTBA
XXUOKOCTH,

- BaskocTb Ha RHIC n LHC npumepHo ognHakosa.

Habntopaetca bonee cunbHoe nogasneHne BbiXoda SHEPTUYHbIX aapPOHOB:
Cpepna 6onee nnoTHas.

O PEKT NCKaXKEHUS CTPYN OoTAAYN NPUMEPHO Takom xe Kak Ha RHIC.
[ononHutenbHoe noareepxae obpazoBaHUs NSIOTHOMO SAEPHOro BELLLECTBA.

Pasmep cuctembl 1 BpeMa €€ XN3HN NPUMEPHO B 2 pa3sa bornbLue.

J/{\Psi} nogaBneHune kak Ha RHIC n SPS coBepLlieHHO «cnyTano Bce KapTbl»

LHC oTkpbiBaeT HoBble BO3MOXXHOCTU AA UCCIieq0BaHNA CBOMUCTB KBapK-

[MIOOHHOM cpeabl 0bHapyxeHHon Ha RHIC.




Ha LHC oTkpbiBaoTCA HOBbIE BO3MOXHOCTW:
» UeTkoe BblaeneHne cTpyn 60nbLLION 3HEPrnm
nocobbITuMHas obpabdboTka cobbITUM C BOSbLLION MHOXECTBEHHOCTbIO

npsimoe namepeHne D- me3oHOoB (C ovapoBaHHbIM KBapkoMm, 1.5 '3B)

npsimoe namepeHne B- mesoHa (¢ bottom kBapkom, 5 aB)

N3MepeHne NpaMbiX OTOHOB

N3MepPEHNE TENNOBbLIX OTOHOB — «TEPMOMETP>» Cpeabl
LLUMPOKNE BO3MOXHOCTW KOPPENSALMA HECKOSbKMX YacTuml
NPOABMHYTLCA MO NOMHOMY CNEKTPY «04YapOBaHHbIX COCTOSAHU»

?Zun\W 0030HbI?

BO3MO)XHO HaKOHeL, yaacTcs npubnunsntbes K npobneme
KoH(panmeHTa/yaepxaHusa KX usera....
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Transforming Atlas/CMS parameter “A;” to RHIC “style”: GeV and laa
http://arxiv.org/PS _cache/arxiv/pdf/1011/1011.6182v2.pdf
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PS. Errors ~10% are not shown




