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Physics motivation

d Most HQ (charm) produced in primordial stage of collision(~ 0.1fm/c),
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due to large mass:

m, ~ 1.3 GeV/c? mq > Togp
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-> Experience the full evolution of the system.

(Togp ~ 0.3 GeV)
A Allow perturbative calculations!!l.

mQ >> AQGP‘ (AQGP ~(0.226 GCV)
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Physics motivation (azimuthal anisotropies)

» The collectivity of participation in the fireball .

d3N 1 d4N

E = —
dpr 2mprdprdy

o 2-particle correlation 2l

o Cumulants Bl v {4} = —

o Lee-Yang Zero 1!
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Two-particle correlation

0.3 < p'[T'igj <1 GeV/c

JAway-side” (A¢ ~ 1) jet correlations:
Correlation of particles between

pack-to-back jets \ 0.4 cMS PbPb \sy = 2.76 TeV

...... Bose-Einstein correlations:
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a single jet
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What sources influence the flow amplitude?

0.12
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 Initial eccentricity

0.08

eccentricity (e€z). Each panel contains 500 data points. In ideal =
fluid, vo and € are strongly correlated, v, o €. Evidently, the
correlation is gradually weakened as the viscosity of the fluid is
increased. The result is not unexpected. As argued earlier, in vis- _ _ _ _
cous fluid, correlation between elliptic flow and initial eccentricity % oi ™ " 0s o5 oz o5 "o ol Tor o or os —
is reduced due to introduction of the additional length scale. Cor-
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What sources influence the flow amplitude?

DY meson, 'I‘rento Langevm frag. & coal Td 160 MeV

il
J system length scale 0i5F e —0065TV -
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® CMS PbPb 5 TeV
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What sources influence the flow amplitude?

J flow fluctuation
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What is tlow fluctuation?

Many collisions

(1, ) % (v,))k

Each with own evolution

1+ 22 V., .COs n(¢ — CI)n,a)

1+ 22 V., COS n(¢ — CI)n,b)

1+ 22 ¥ics cosn(¢ — (Dn’c)

Event-by-event
fluctuations

|
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How to measure the flow fluctuation? v,{4}/v,{2}

= mm et m

v,{2}° ~ (V)z + 5 + Uv v {4} ~ (V)z — Uv

‘—v—’/ —

U5 {4} / U5 {2 . sensitive to flow fluctuations if non-flow 1s negligible.
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Physics motivation: v,{4}/v,{2} (fluctuation)

on{4h(r) _ vnf4} |, (vn{Z})‘* @l (RVaVi(er)) )
vn{2}(pT)  vn{2} vn{4} @j (va) (Vo Vi (pr)) |
L soft %urations hard ﬂict-uaiions -

initial condition fluctuation| |energy loss fluctuation

» only soft fluctuation:  V,(p1) = vu(p1) €™"PT) (2)  mp  V, = v, e (3)

<U7%an,,;< (pT)> , <,U;lz> - Un{4}(pT) 'Un{4} (COIlSt )
() (VaVii (o)) (vR)* 0{2H(pr)  va{2}
In low p7: Zz ﬁ judge the strength of the fluctuation.
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QM2022 results: 2-particle correlation

CMS PLB 816 (2021) 136253 Yongsun Kim’s talk

0.3 — “' Calculations for prompt D + D° '
Gi5E —+- Prompt DO + DO, |y| <1 I = LBT - = SUBATECH f:
| +- Charged particle, Il < 1 T PHSD  #CUJET 3.0 .
0.2 L2 -TAME. TAMU SMCs 1
ot * aa

prompt DO

Centrality: 0-10% 10-30% (@ 30-50%

The elliptic flow of prompt D° has similar pattern to that of charged hadrons
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QM2022 results: 4-particle correlation
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> 1,14} has no obvious centrality
dependence.
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QM2022 results: 4-particle correlation

cMs Y. nang St mmomnlewy e
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vV, {4}/ v, {2}

> V14}/v,{2} (DO) ~ V,{4}/v,{2}(Ch)

—> soft fluctuation 1s dominated.
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QM2022 results: 4-particle correlation

v,1{4} / v,{2} for charm sectors are almost the
same across different centrality classes — similar
findings of charged particles — fluctuations almost
from initial geometry
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QM2022 results: 4-particle correlation
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charmonium: J/Y
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the potential for c¢ system: V() | o oo

Low T _

HI — _ * q + Kr ‘ I <l linear potential E’ N

(-q)" - o e

. . : High T

Coulomb potential confining potential :
r -0
QGP affect the cc¢ system in three important ways:

1. the temperature T (string tension depends on T, T > T, string tension disappear QGP melting

Debye screening radius:

[ 1 c will combine the u,d and form:
D(PQCD) = 392 _

and Coulomb potential will transfer into Yukawa potential ).

A

the presence of quark matter leads to the rearrangement of the densities of g, q,
and g around c and c. The arrangement leads to the screening of the color
charge of c and c.

Q-‘
vZa

A

AV

r < Ap : cc attractive interaction is effective.

-
- _
‘-
A;

r > A, : cc attractive interaction in ineffective.

= - B _
Dt =cd, DY = cu, DY =cu, D~ = ¢d,
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3. recombination contribution:

20

—

STAR
1.8 E % Inclusive: AutAu @ 200GeV, |v| < 0.5, pt= 0.15GeV/e
B Inclusive: Pb+Pb @ 2.76 TeV, |y <0.8, pr> 0GeV/e

AutAu @ 200GeV, pr> 0GeV/e

" " "
— F "
. . .

FE e
|lll|lll|‘l‘l‘l‘|’!‘l

— TM1: Tsinghua  ---SHM
< | E=& T™ I : TAMU
e
S
B
D08 F
0.6_E
04 F
0.2 ;_ N_,; uncertainty
OO|:I_|_|1||||||||n|1|n||1|1|n||||n||
0 50 100 150 200 250 300 350
Npart

Au-Au: R,, | with larger size system due to Debye screening.
Pb-Pb: Debye screening + recombination effect.
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. PHYS. LETT. B, in press

Junel9ss BNL-38344

1986, T. Matsui, H. Satz

J/4 SUPPRESSION BY QUARK-GLUON PLASMA
FORMATION

T. Matsui

Center for Theoretical Physics
Laboratory for Nuclear Science
Massachusetts Institute of Technology
Cambridge, MA 02139, USA

and

H. Satz

Fakultdt fir Physik
Universitat Bielefeld, D-48 Bielefeld, F.R. Germany
and
. Physics Department
Brookhaven National Laboratory, Upton, NY 11973, USA

ABSTRACT

If high energy heavy ion collisions lead to the formation of a hot quark-

gluon plasma, then colour screening prevents ¢¢ binding in the deconfined

interior of the interaction region. To study this effect, we compare the
temperature dependence of the screening radius, as obtained from lattice
QCD, with the J/ radius calculated in charmonium models. The feasibil-
ity to detect this effect clearly in the dilepton mass spectrum is examined.

We conclude that J/vy suppression in nuclear collisions should provide an

unambiguous signature of quark-gluon plasma formation.

This manuscript has been authored under contract number DE-AC02-76 CH00016 with the U.S. Depart-
ment of Energy. Accordingly, the U.S. Government retains a non-exclusive, royalty-free license to publish or
reproduce the published form of this contribution, or allow others to do so, for U.S. Government purposes.
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PRODUCTION OF MUON PAIRS IN O-URANIUM COLLISIONS
AT 200 GEV/NUCLEON

First J/Y suppression observed at CERN-SPS

NA38 COLLABORATION

] M.C. Abreu®, M. Alimi®, ch. Baglin!, A. Baldit?3,
1 98; - I 200 e G.P. Barreira®, M. Bedjidians, P. Bordalo®, S. Borensteinl‘,
o B Britze, A. Bussiérel, Ph. Busson“, A. Casacas, R Casesg,

J's Castors, cC. Charlot“, B. Chaurand“, D. Contardos,

3, X. Felgeyrolles3,

P. Force3, J.M. Gagos, £ Gerschel7, P. Gomess,

E. Descroixs, A. Devauxa, J. Fargeix

Bh. Gorodetzkys, J.Y. Grossiord®, a. Guichards, Py [ - 8 Guillaudl,

Conclusion: a considerable suppression of J/Y e Sapesibunlimal'y X Wiilimen™ Y Nenple S leptendy

I. Linck®, A. Maio®, L. Peralta®, M. Pimenta®, J.R. Pizzi®,

production, increasing with the centrality of the collision. S. RamosS, A. Romana®, R. Salmeron', A. Sinquin’,

P. Sondereggerz, P. Vazs, J. Varela® and J. Velascog.

Annecyl - CERN? - Clermont-Ferrand3 - Ecole Polytechnique“ -

Lisbon?® - Lyon6 - Orsay7 - Strasbourg8 - Valencia? -

Presented by C. Gerschel

IPN-Orsay

ABSTRACT: We present preliminary spectra of muon pairs
obtained in 0+4U collisions at 200 GeV/nucleon in an attempt

of detecting the formation of a quark-gluon plasma.
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J/Y reconstruction

NA38 OXYGEN—URANIUM 200 GEV/NUCLEON NA38 OXYGEN-URANIUM 200 GEV/NUCLEON
+ + + + vOF 1 10°¢
. — — I S = -
Slgnal =N — 2\/N N . ( 1 ) T 2 F M, =3.104£0.002
~ -~ F . o, =0.155+0.002
S o I . Mey=1.28 £0.07
N10T N 104 . =
- o E
"y B OPPOSITE SIGN z -
Flt. E ; g E K
3 10" 103 —
dN /dM=Nyexp(—M/M_.) /M i :
! ?
2 2 i ]
+Nexp[—(M—-My)* /204 ] ozl 2L
+Nyexp[— (M—-My.)?*/20%] . : s :
LIKE SIGN | E
©E : 0 F
‘ 1 2 34 5 ‘ 3 3 4 5
M(uu) Gev/C? M(u'pn’) Gev/c?
Fig.4:Mass spectra of oppo- Fig.5 : Dimuons spectrum

The full line is a fit to the
data assuming a superposition
of Drell-Yan pairs and of J/¥

and ¥’ resonances.

site and
pairs.

like-sign muon
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Conclusion: a considerable suppression
of J/Y production, increasing with the
centrality of the collision.
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NA38 OXYGEN—-URANIUM 200 GEV/NUCLEON
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Fig. 8 : Dimuons spectrum
for transverse enerqgy E°. lower

than 50 GeV. The fit is =imilar
EO Ehat of Fig. 3.
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NA38 OXYGEN-URANIUM 200 GEV/NUCLEON
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QM2022 results: //Y v, from CMS

CMS-PAS-HIN-21-008 PbPb 1.6 nb™ (5.02 TeV) CMS-PAS-HIN-21-008 PbPb 1.6 nb™ (5 02 TeV)
B llllllll LI L L lllllllll|:|llllIllllIlllllllllIlllllllllllllll lllllllll lllllllll||lll||||||||l|1||||l| lllllllllllll
—_ Scalar Product Prompt J/y Nonprompt JApy _T° CMS Preliminary 0.5 ~ Scalar Product Prellmlna 1
0.12F T A CMS -
- Cent. 10-60 % O16<lyl<24 O16<lyl<24 T 6.5-50 GeV/c, lyl <2.4 0.4 ~ Cent. 10-60 % 1
0.1 i ol s 5
z bweas  dmezs  F TR v e I prsiin
Wy :_ Ef) _:_ 0] + 0_3:— ® lyl<24 ¢ lyl<24 M lyl<24 —:
0.06 M':':' ! —+ - ® |
~ - E*:l " N 0.2 =
>"0.04F % B 6 @ () + e g o
E - - G -
0.02f |:+: | F = N 0.1 i -
e o remanccee E 3 L] e e——
00z ’ C<Noar> |73 | s
- 2 part : o1 E
—0'04__ I _I I VI . I I I I I B D |llll|l|l||lllllllllllllllllIlIlllllllllI lllll
0 10 20 30 50100150500 250300 850400 0 5 10 15 20 55 V‘/*O 35 40 45 30
p. (GeV/c) N> p. (GeV/c)

J(2S) v, first measured!
$(2S) v, >= 1/ v,

— hint of different regeneration contribution
for ground and excited states

» Large v, up to 50 GeV/c.
« Smaller v, in most central collision event.
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QM2022 results: //iYP v, from Alice

Jhy

R | p-Pb, (0-20%)-(40-100%), {5,,,=5.02,8.16 TeV ALICE Sébastien Perrin’s talk - 4 pp

o 2.03<y""<3.53

0.2 — = _4_46<yJ/‘V<_2_96 2. 0_2 — T 1 Tt [ T 1 Tt 1 17 T 1 T T 1 T
i = = W e
L - o - ALICE Preliminary VOM (0-5%)-(40-100%)
i Pb-be,\ 2.5<y 5_<24(;¢yl,sNN=5.02 TeV 0.15 — op, VST\N = 13 TeV
% 20-40% , B e Subtracted yields method 25<y <40
= ¥ = 5 ) L cms
0.1 — e I 0.1 - 1.5<4an[<5.0
i % g % 0.05F : +

Transport model, Pb-Pb, 20-40%, 2.5<y”"<4, |[s, =5.02 TeV -
Inclusive J/y _0. 1 —

=R Primordial J/y

—IlllllllllllllIllllllllllllllll

llllllllllllllllllllIIII|IIII|IIII|IIII

o 1 2 3 4 5 6 7 8 B | S S N F
p;""(eewc) |

p-Pb: [PLB 780 (2018) 7-20] .
» For pr > 3 GeV/c, significant flow PP:

» Results close to AA — hints at common flow mechanism . .
regardless of system size » No Slgmflcant Pt dependence

compatible with O (within 1 o)
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QM2022 results: //Y v, in Au-Au from phenix
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-~ AutAu - Jp + X \/Syy = 200 GeV
e PHENIX Runl4, 10-60%, 1.2 < |y| < 2.2

* J/Y v, at forward rapidity is consistent with zero.

e Different from the LHC results
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QM2022 results: muon v, of charm h decays from Atlas

PRL 124, 082301 (2020) Q|peng Hu s ta|k
T T T T T I | — | B e ey e e s (PP i [ S B e ) o R B T e R B B R () [V B PR D R i [ P R Pt [ [ I (o E R [l B R e P | |
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Figure 4 shows the v, values for muons from charm
and bottom decays separately, as a function of N for
4 < pr < 6 GeV (left) and as a function of p; for
60 < N¥° < 120 (right). The v, of muons from bottom ° Vz(C) o Vz(b)
decays 1 1s consistent with zero in the entire N;~ range of the
measurement and has no discernible p; dependence. In
contrast, the v, of muons from charm decays is nonzero at for RAA and v,
lower pr but consistent with zero at higher p, within the
sizable uncertainties. It also shows no significant Nj°
dependence within the uncertainties.

e Strong centrality dependence
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Debye screening: Coulomb — Yukawa

QGP exists: string tension disappear.

the potential for cc system:

Coulomb potential

A long range comparison of Yukawa and Coulomb potentials
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prompt or non-prompt charm

v’ prompt charm (either directly or as decay products of excited charm resonances):
D° D*, D}, and D*(2010)* (denoted as D** ) mesons.

v non-prompt charm (produced in beauty-hadron decays):
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