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Azimuthal anisotropy of charged particles with transverse momentum
up to 100 GeV/c in PbPb collisions at Vs, = 5.02 TeV

404 ub™ (5.02 TeV PbPb)
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Low-p; v, (1.0 < p; < 1.25 GeV/c)

1. V2 npu Oonpmux ¥ MaiabliX pT CUIBHO KOPPEIUPYIOT U HE MaJIbl.
2. VX 3HaYeHUs yBEIUYMBAIOTCA JUHEUMHO C pOCTOM MHTEPBaIOB IleHTpalibHOCTEH oT (0-5%) 1o (50-60%) kak
V2High_pT = k2 . VZLow_pT
Haxknon K, omunakoB mist v2(SP) u nnst V2{4} u mensercs ot 0.55 mo 0.4 npu nepexoxae k 6ompimm pT.
3. Ilpu atom mist nenrpanbHocTeit 50-60% 3navenus V2= 0.03 — 0.05 ms 6onpmmx PT u 0.03 — 0.15 gns mansix pT .
[TomuepkHEM, YTO JIJ1s1 OTOOPAHHBIX UHTEPBAIOB pT MapameTp MoToKa V2 yBEJIUYUBAETCS C POCTOM NEpUDEPUIHOCTH.

(cimeBa HampaBo TOUkH coorBeTcTBYtoT 0-5, 5-10, 10-15, 15-20, 20-30, 30—40, 40-50, and 50-60%) 2
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CpaBHeHune V2 npun 2.76(HIN-11-012) n 5.02 TeV (HIN-15-014 ), CMS 2015 .

VZ{SP} at 5.02 TeV compa red with vz{EP} at 2. 76 TeV
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Results are similar within uncertainties but 5.02 TeV reach a much higher p; range with
significant positive v,
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Azimuthal anisotropy of charged particles with transverse momentum up to 100 GeV/c in PbPb
collisions at \/SNN =5.02 TeV CMS Phys. Lett. B 776 (2017) 195

CMS 404 ub™' (5.02 TeV PbPb)
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Figure 2: Comparison between the v; results from the SP and the 4-, 6-, and &-particle cumulant
methods, as a function of pr, in six centrality ranges from 0-5% to 50-60%. The vertical bars 4
(shaded boxes) represent the statistical (systematic) uncertainties.
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Measurement of the azimuthal anisotropy of charged particles produced in \/SNN =5.02 TeV

Pb+Pb collisions

ATLAS [http://arxiv.org/abs/1808.03951
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ATLAS [http://arxiv.org/abs/1808.03951] .
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Figure 6: The v, values obtained with the 2PC method as a function of p%l for 0.5
represents a different centrality interval. The vertical error bars indicate statistical uncertainties. The shaded banc

indicate systematic uncertainties.
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Bo3MoKHBIC HHTEpHIPETALIAH
(M.Guilbaud AppTalk_HIN-15-014, 19.05.2016)
v, at low p;(0-3 GeV/c):
= Well defined = elliptic flow

* Geometry + fluctuations

* Describe by hydrodynamics

v, at high p; ( > 10 GeV/c):
= No hydrodynamic
v, at high-p; is not measuring elliptic flow

What do we measure?

Soft “

Which are the potential contribution at high-p,?
= Fake tracks =» Track cuts, fake correction
= Jets => large n-gap
= Back to back Jets = MC study with dijet embedded sample
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Event-by-event hydrodynamics + jet energy loss: A solution to the RAA@Q)V2 puzzle

J.Noronha-Hostler et al. arXiv:1602.03788 [nucl-th]
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FIG. 3. Event-by-event correlation between vgoﬁ (computed

via viscous hydrodynamics) and v5%"® (defined in Eq. (2)).
The approximate linear correlation indicates that initial state
fluctuations, which determine vgof ‘. also directly affect the
2nd harmonic of Raa(pr, ).
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Do nuclear collisions create a locally equilibrated quark-gluon plasma?
P. Romatschke, Eur.Phys.J. C77 (2017) no.1, 21, https://arxiv.org/pdf/1609.02820.pdf
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FIG. 5. Experimental data for flow coefficients v, as a function of particle pr for Pb+Pb collisions at /s = 5.02 TeV (ALICE,
No hydrodynamic curves are shown, but it is known that hydrodynamics well describes the experimental data in the
regime indicated as "hydro’ in the plot [60], possibly extending up to pr ~ 3 GeV. By contrast, for pr 2 4 GeV, the experimental
data seems to deviate systematically from the low-momentum behavior, and I have labeled this region 'non-hydro’.

New idea: for pT >4 GeV/c Non-Hydro mechanism works (no theory)

[59]).
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M3BecTHBIE TOACHEHUS U OIIEHKU TTIOTOKA

npu Beicokux pT B HYDJET++ (2009-2012 r.1)

Hadron spectra, flow and correlations in PbPb collisions at the

LHC: interplay between soft and hard physics HYDJET++ simulations and reconstruction of the

anisotropic flow in Pb+Pb collisions at the LHC

[.P. Lokhtin!, A.V. Belyaev!, L.V. Malinina’®, 8.V. Petrushanko®, E.P. Rogochaya® and A.M. Snigirev!
%103 1IN I L L L R B L I I http://arxiv.org/abs/0903.5175v1 PbPb, 2.76 TeV, 42%
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Figure 7: The pr-dependence of elliptic flow in HYDIET++ model for Pb+Pb at LHC energies recon-
sttucted by Event plane method (left) and Lee-Yang zeroes method (right). Centrality is 42%, charged

hadrons.
3aBMCMMOCTb 3HAaYE€HUIA V2 OT NPULLENbHOTO
1 napameTpa (LeHTPaNbHOCTH)
10° 8 Npu BbICOKUX p; > 10 GeV/c
Foo b b b b L L Ly L B HYDJET++ He VlCCl'lep.OBal'laCb!
0 2 4 6 g8 10 12 14 16 18
P GeV/c
(solid — total result, dashed — hard component, dotted — soft component). 9
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Hossbie pesyabrarel HYDJET++, 2019 1.

[yAbHapa nposena npeasBaputesbHblie pacyétbl no HYDJET++ ana cpasHeHmna ¢ CMS PbPb 5.02 TeV po pT=20 GeV/c.
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Ha puc.1 nano cpaBHeHue 3HaueHui V,(SP) minst CMS nannbix (uépabie Toukn) u pesynbratoB HYDJET++ (flow+jets ) no Beicokux pT mopsiaka 20 I'HB/C
st 2-x 3HadeHui nenrpaabHocti 0 - 5% (200K coObituit, cunune) u 40 —50% (200K coObiTHii, KpacHbBIE) .

Pe3ynbraThl MOMyYEeHBI IO OTHOIICHUIO K IUIOCKOCTH peakiuu MetooM V,(RP) = <cos2(d; - Wrp )>.

OTMeTUM, YTO V, onucbiBaeTca xopowwo npu 0-5% un nnoxo ana 40-50% npu manbix p;=1-3 MB/c, umeetca
nposan npu pT=6-13 B/c ana oboux LEeHTPaNbHOCTEN.
UHTepecytowan Hac 06nactb p;=14-20 MB/c. HykHa ewgé 6onbluan cTaTucTHKa.

Kpome Toro, cpaBHeHusa ¢ CMS Hy»KHbl ewé nHtepsansl p; = (20-26), (26-55) MB/c.

10
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Hossbie pesyabrarel HYDJET++, 2019 1.

[YAbHapa nposena npeasaputenbHblie pacyétbl no HYDJET++ ana cpasHeHmsa ¢ CMS PbPb 5.02 TeV go pT=20 GeV/c .
40 — 50%

—k— —&— v, 5P arXiv:1702.00630 —a— v; SP arXiv:1702.00630

—&— v, HYDJET 40-50% —a— v, HYDJET 40-50%
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Ha puc.2 To ke, uto Ha puc.] Tonabko i 3HaueHui nenrpanbHoctu 40 — 50%. u
pesynbratel HYDJET++ (flow+]ets ) ciieBa u cmpasa (200K), rucrorpamma cnpaBa (jets part ) (3M events).
Pe3ynbrarhl mosrydeHsl 10 OTHOLICHHIO K IIOCKOCTH peakimu V,(RP) = <cos2(¢; - Wgp )>.

[Toka TpyaHO caenarh CylleCTBEHHbIC BBIBOJIbI 3 cpaBHEeHUI HY DJET++ C manHbIMU.
Cymma flow n jet Gonee menee onuceiBaeT qaHHbie mpu MaibiX p1 < 4 I'3B/c, B mpoMeKyToUHOM
obmactu 4 — 12 I'3B/c HYDJET++ 3aHmkeH U 11 BICOkuX pT > 12 I'3B/c 0ocHOBHOM BKJIaj TafoT Jets.
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HuTepecHo mocmotpets V,(RP) mpu Beicokux pT B mogemu HYDJET++ Tonbko OT BKIIaga OT CTPYH.

035

— dair 1017182 hepdata 7rE03_ w142

—d— HYDUET jet part, 5-10% -

015 —J— HYDJET jet part, 40-50%
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Ha puc.3 nano cpaBaenue 3HadeHuii V,(SP) mns CMS nannbix (kpusbie) u pesyiabraroB HYDJET++ (jets ) mist 2-x 3HaYCHHIA IICHTPAITBHOCTH
0 - 5% (2 muH coObrTHif) 1 40 — 50% (3 MuTH coObITHIT) 10 BhIcOKHX PT mopsinka 60 I'B/C

W13 puc.3 BUIHO, 4TO, €CTECTBEHHO, 001acTh Maibix pT 6e3 flow He onmcriBaeTCs, a Ipu BBICOKUX pT MOJIETb 3aBBIIIACT
IKCIIEPUMEHTAJIbHBIC 3HAYCHUS.

T.e. 6e3 flow HYDJET++ ¢ yuérom noramieHus cTpyi 1aét poct v2 1pu yBeaudeHun pT .

Ja em€ Oomnplre, yeM B skciepuMenTe !!! Tloka 3To caMblii HHTEpECHBIN BOMPOC.

JlanpHeimme pacy€Thl TPEOYIOT MHOTO MAIlTMHHOTO BPEMEHH U TTaMSITH, €CJIH K TOMY K€ COXPaHSTh
0a3y COOBITUI )15 TTOCJIEAYIOIIET0 pacy€Ta BEICOKOro KyMynsinta V2{4} u ap.
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Oo0cyxaenue 1

T.x. a3 ekt noramieHus cTpyi BkIro4EH B Moaeab HYDJET++, xopo1io Okl TOHATH MPOSBICHUE “jetl”
sToro A(hPekTa B MexaHu3Me 00pa3oBaHUs MTOTOKA YACTHIL ITPU BRICOKUX PT. YKe He0CTaTOuHO P/
TOBOPHUTH TOJILKO O IOTEPU SHEPTUU CTPYH. MBI 3HaeM, 4TO MeHsieTcs €€ hopMa, YBEIIMIMBACTCS ) i \
YKCIIO YaCTHILL CO cpeaHuMu pT u ap. RP {( o/ RP

\ v

B HacTosiuit MOMEHT J1j1s1 BBIYKCIeHUsT V2 yroi miockocTu coobitust B HYDJET++ He €4

ycnonb3yercd. JlonycTtum, 4To NOTOK YaCTUL CO3MAETCA OT CTPYH, UCHIBITABIIIEN Ioraenue. 1 “jet2”

HaIlpaBJICHUE MAaKCUMAJIbHOTO ITOTOKA COBIIAJIA€T C OChIO CTPyH. IMEHHO 3Ta CTpys Ja€T YaCTHUIIBI C
MEHBIIMMHU UMIYJIbCAMH, YEM HE MCHBITABINAS MTOTALICHUS, U C Pa3JIETOM YaCTHI] OT OCU CTpyH. Torma
MOTOK BCEX YaCTHUI] OT MOTAIICHUS CTPYH MOXKET pAaCCMATPUBATHCS KaK «KOJJICKTUBHBINY» MTOTOK, €CIIU
YaCTHUI[ JOCTaTOYHO MHOTO, T.€. U3MEPSIETCS TapaMeTp IMOTOKA YaCTHIL OT CTPYH VJePat gak
OKCIEPUMEHTAIIBHBIN V, P

Ho:
1. HampaBlIeHHE CTPYH, HCIIBITABIICH IOrameHne, He CBI3aHo C YIIIOM IutockocTH peakiuu (RP)
¥ TIPH YCPETHEHHUH TI0 COOBITHAM VP 1oKHO OBI GBITH PABHO HYJIIO,
2. C yBeJIu4YeHUEeM nepu@epudHocTy 3G @PEKT morameHus J0JKEH Obl 0clIadeBaTh M3-32 YMEHBIIICHUS
CpeaHEN TOIIIMHBI CTYCTKA MaT€pUH B JIFOOOM HAIPaBICHUHU, B KOTOPOM CTPYS ITPOXOJINT,
3. marable CMS CBUIETEIBCTBYIOT, UTO Ja)Ke 4-X YaCTUUHBIC KOPPEIIAIIHH, T.¢. KyMyJIIHTHI V2{4},
YIAISIIOIINE HEMMOTOKOBBIC YACTHUIIbI, YBEIIMYUBAIOTCS C POCTOM NEPUPEPUUHOCTH.
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Oo0cyxaeHue 2

[MosTOMYy CepbE3HbIM BONPOCOM OCTAaETCA 0bbACHEHME Npupoabl 3PdeKTa Koppenaumm
3INNNTUYECKOro NOTOKA NPU MablX U BbICOKMX MOMNEPEYHbIX MMMY/IbCaX YacTul,
OcobeHHO pocT NOTOKa V2 ¢ ysennyeHnem nepndpepruyHocTy Npm BbICOKUX P;.

BO3MOMKHbI cneaylolmne npeanonoKeHus («Cnekynaumm») o MexaHmsme yBennyeHus v2
B Nnepndepunyeckmux coyaapeHumnsax.

1. Mpwv noraweHnmn cTpym e€ 4yactuubl B 60NbLIOM KOIMYECTBE PA3NEeTATCA, OTK/IOHAACH OT OCU CTPYU, U

moryT cbopmmpoBaTb NOTOK Ana 6onblunx p; > 14 GeV/c.
Mpun 3TOM BygemM MOMHWUTb, YTO HAMPaABAEHME CTPYMN U €€ YaCTULbl, KOTOPbIE MOTYT 06pa30BaTb IJIMNTUYECKUIN MOTOK,
He 06A3aTeNbHO COBMaAaeT C HanpaB/ieHMEM BAO/Ib Ma1I0M OCU 3AAMNcomaa.

2. Bo3mMoOXKHa TaKKe gpyraa naes.

B nepudepunyecknx CTONKHOBEHMAX MOTMNOLLEHNE CTPYM MEHbLUE, T.K. MEHbLUE CZI0N MaTepumn B II0OOM HanpaBaeHUN,
N OHU MeHblue NopTAaT cpeay KITl, echm oHa yxKe 6bla B BUAE rMAPOANHAMMYECKOTO NOTOKA NPU BbICOKUX PT.

Moatomy B nepudepunyeckmx cobbiTnax v2 bonblue.

Hy»XHbl HOBble naeun, cBsi3aHHble ¢ HeobxoanmocTbto nameHeHmna HYDJET++, yTobbl onncaTb
Koppenauuto V,MehprT y \/ LW pT 1 pocT noToka V,HiE"-PT ¢ ygenmueHnem nepmoepnyHocTv Npm BbICOKUX pT.

CemuHap JICB 25 mapTta 2019r.



BbIBOABI M NIpEaJIOKEeHUE

1. Hactpoutb napametpobl HYDJET++ ana sHeprum 5.02 TaB

2. BbIUMCAUTL C XOPOLUEN CTaTUCTUKON KOPPENALMIO 3HAYEHWUIA V2 MPU HUSKUX U BbICOKUX Pr K
B mogenun HYDJET++ ¢ nomoubto KymynsaHTa v2{4} n onpegenmnts v, 19PT =k, . y,Low pT
B uacTtHocTH, onpeaenutb poct V,MINPT ¢ nepexonom k 0OIBLIIMM 3HAYCHUAM EPUDEPUIHOCTH.

3. [posepuTb, onucbiBaeT nm HYDJET++ Koppenauuto no pesynstatam CMS, ALICE, ATLAS.
Ecnu aa, To NoHATb, Kak pocT V,9PT ¢ ypemnuennem nepudepuuHOCTH MHTEPNPETUPOBATL?

4. Ecnun ans v2(SP) n ana v2{4} koppensauma He byaeT onncbiBaTbCA, TO NPUAYMATb Kak yAydllnTb MOAENb.
Kak 3To caenaTb B MoAenu — BONPOC, HO BONPOC AOCTOMHbIN. Halla rpynna moXeT 3To caenatb.

HoBas ctaTba morna 6bl Ha3biBaTbCA
“New mechanism of elliptic flow at high p;”
Mnn nHavye B 3aBUCMMOCTU OT pe3y/ibTaTOB.

CemuHap JICB 25 mapTta 2019r.
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Guilbaud AppTalk_HIN-15-014, 19.05.2016

v,{SP} at 5.02 TeV compared with v,{EP} at 2.76 TeV and CUJET
calculations

5-10% 10 - 20% 20-30% 1

CMS3 Preliminary

1 PbeVSNN =502 TeV

. 0 .
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20 40 60 a0 20 40 60 80 20 40 60 80 20 40 60 80
pT (GeVic) pT (GeVic) pT (GeVic) pT (GeVic)

=>»Results are similar within uncertainties but 5.02 TeV reach a much higher p; range with
significant positive v,
=» Too much jet quenching in CUJET?

A.Buzzatti, M. Gyulassy, https://arxiv.org/abs/1207.6020v3
An overview of the CUJET model: Jet Flavor Tomography applied at RHIC and LHC
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