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A very wiee Loea....



The charmonium Ls a « now relativistie » system
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Screening of binding forces tn a quark-gluon plasma

Disappearance of the string tension
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Melting temperature depends on size of bound state
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(from H. Satz, hep-ph/0602245)



A considerable experimental effort ...



Bo(JAy) / 6(DY), 945

Summary, of early measurements (NA2E,NASO)
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what about _RHIC ?

HAA

Nuclear modification factor
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Events / ( 0.1 GeV/c?)
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excited states are more ‘fragile’....
findings in line with expectations....
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A very wiee Loea....

a constoerable e)q:crimewtaL effort

but a very difficult mang—boolg problemt |



a large variety of theoretical approaches

-potential models

-spectral functions

-Euclidean correlators (lattice), maximum entropy techniques
-coupled channels

-path integrals

-open quantum systems

-effective field theory, non relativistic heavy quark effective theory
-strong coupling techniques

-etc

which problem do we need to solve ?

~full dynamics, including plasma expansion
-dynamics of bound state formation (stationary states are not enough)
-dynamics of dissociation and recombination within the same framework

WORK IN PROGRESS |

Results presented are based on

A. Berawdo, JPB, C. Rattl, NPA 206 (2008) 312 [arXiv: OF12.4394]

A. Berawdo, JPB, P. Faccloll and q. Ggarberoglio [arXiv: 1005.1245]
_JPB, D. de Bond, P. Faccloll and G. garberoglio [arXiv: 1503.03857]






On the Charm Production in Ultra-relativistic Heavy lon Collisions *

T. Matsui

Center for Theoretical Physics
Laboratory for Nuclear Science and Department of Physics
Massachusetts Institute of Technology
Cambridge, Massachusetts 02139 U.S.A.

There are several reasons why it is important to measure the charm production
cross section in ultrarelativistic heavy ion collisions.

1) Charm carries an information of the very early stage of the collision process:
Since the charm quark is so massive (m. = 1.5 - 1.8 GeV), it is likely that its creation
takes place only at the very beginning of the whole collision process and the charm
quark abundance will be asaswiie 7 s sasof the matter evolution.
er formation and

Hence it cap #8€d to probe the early stage of matt dynamical
modale®®T particle production.

2) If there is a strong enhancement of charm production in heavy ion collisions,
in comparison with non-charm particle production, it would spoil some interesting sig-
nals of the plasma formation: J/v suppression by the plasma screening effect! will be
compensated by the enhanced recombination of cc into the J/v during the hadroniza-
tion stage: semileptonic decay of charmed mesons produces a large background for the
dilepton signals from the plasma®.

In this short report, | will first make a crude and rather conservative estimate
of th¥unected charm abundance in nucleus-nucleus collisions based on the measugg
charm prodU®sag.cross section in pp interactions, and then discuss a possiblgss®iierent
soft process which wouw® : 3 er enhancement of thassl?8m production in
the case of heavy ion collisions. This talk is based on the work which is presently in
progress in collaboration with Larry McLerran and Ben Svetitsky.

A rough conservative estimate:






DYna MLCS
(Abelian approximation,)

H = HQ Hmed Hz'nt

Heavy quark

Hq=M / Er () (r) + / d*r ot (r) (_W> b(r)

Linearly coupled to gauge field

Hint = g/d3 r T () (r)Ag(r)

The hot plasma

3 . ¢t 1 3 13 1~ 92
Hpeqa = [ d°r & (r)ho&(r) + 5 d>rd>r" p(r)




Path integral and influence functional
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‘Integrate out’ the light particles and keep the quadratic part of the resulting
action (HTL approximation)
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Phgsioal, content of the tnfluence functional
2

D[Q] = % / / d*zd*y p(z)A, (z —y)p(y)

C
A(x —y) = K Tc [Ao(0)A(Y) |)
V(X) ~ All(w = O, x) Heavy quark potential (complex)

D(X) ~ Alz(a) = O, X) ~ ImV(x) dissipation

g 4D
2MT 8xi0xj x=0

= 6 ij ’)/ y friction coefficient



Low frequewog exXpa WSLOW

1
ri = 7(qi1 + qi2)
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C(C) :=C1 UC2UCcUC3
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LRY)=—iY (MR’ + 2 HRR - F(R)) - L YH(R)Y

F(R) ~ VReV(R)
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x=0



Equivalent langevin equation

MR = -5 HR)R +F(R) + ¥(R,1)

.. _ _0°D
ﬂl leﬁxj

F(R) ~ VReV(R)

x=0

(Y(R,1))=0
(Ye(R, ) Y(R, 1)) = Him(R)6(t — 1)

Non trivial noise
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Potential (real part) - charmonium
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T = 200 MeV

_ simulation

Brownian behaviour
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Sequential qurpressiow
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Effective feed down from excited states!
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Average total energy (197.33 MeV)
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Probability distribution of distance to nearest neighbor
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Recombination time (fm/ c)
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Probability

Distribution of recombination times
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Recombination time (fm/ c)
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fraction of surviving pairs

fraction of surviving pairs
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fraction of surviving pairs

Evolution of popu!,atiow of bound states
Ls well described bg a simpLe rate equation
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e a simple idea... but a difficult many-body problem
e very beautiful new data invites further theoretical efforts
e a consistent treatment of the full dynamics of heavy quarks

in a quark-gluon plasma is within reach







Path iwteg ral formuLatiow

x(tr)=Qy

(07, 1/10:1) = f [Dx(t)] exp [i f fdr(%sz—vm)]

x(1)=0Qi

Imt

C(C) :=C1 UC2UCcUCs

2 C
ig

P(Q;,t7|Q; t:) = [(Qy, t7|Q;, t:)

—-ip

P(Qy,trlQiti) = f [Dx(2)] exp [i f dfc(leCz—V(X))]
C C 2

V(x) = gAo(x)



Some charmontum properties

state Jv| xe | ¥ | T | x| T | x5 | T
mass [GeV] | 3.10 | 3.53 | 3.68 | 9.46 | 9.99 | 10.02 | 10.26 | 10.36
AE [GeV] | 0.64 | 0.20 [ 0.05|1.10 | 0.67 | 0.54 | 0.31 | 0.20
AM [GeV] | 0.02 | -0.03 | 0.03 | 0.06 | -0.06 | -0.06 | -0.08 | -0.07

ro [fm] | 0.50 | 0.72 | 0.00 | 0.28 | 0.44 | 0.56 | 0.68 | 0.78

AE is binding energy

(from H. Satz, hep-ph/0602245)




Infinite mass Limit
(stngle heavy quark)

2 t t
~ . q - g / 1/ / 14
G>(t,7) = 6(r) "Mt PO F(H) =7 /0 dt /O d"D(t —t",0)

long time Limit is determined by static response of plasma

F(t) ~ :

o |}

tD(w =0,7=0) = —tV,,

’Op’clcaL potewtia L’

g2 d
Vopt = J/ 9 D(wzotq)

/ dq 1 mm3T ]
——J— —_ — 1
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= ——mD — z—,
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Large time behaviour

Ruark antigquark pair

(tmp > 1)

G(t,r — r2)t:oo expl—iVeg(r1 — r)1]

Vers has real and imaginary part (*)

Veg(r1 — 1)

d iq-(ri—r
f (2;1)3 (1 . elq( 1 2))DOO(0) — O,q)
r dq (1 _ eiCl'(Fl—rz))[ 1 _ i 7-[sz I ]
(27)? g +ms  |ql(g> + m3)?
—mMpr 2T
mp + c ] — ig—¢(mDr)
A

(*first observed by M. Laine et al hep-ph/ 0611300)



The tmaginary part of the effective potential

: At large distance the

Lmaginary part Ls twice
oor 1 the damping rate of the
b/ 1 heavy quark

my,

At short distance,
Lnterference produces

cancellation: a small E | | < | LQ%
dipole does not “see” the

electric fielol
fluctuations.




Regularized Coulomb potential
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