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Lectine I

Basics of quarkonium and screening

28 lntroclucing quarkonium: ceet the J/Psi
o Setthe stage: quarkonium atiE=0
* Debge color screening

° Melting of c]uarkonium
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VoLUME 33, NUMBER 23 PHYSICAL REVIEW LETTERS

Experimental Observation of a Heavy Particle J+

J. J. Aubert, U. Becker, P. J. Biggs, J. Burger, M. Chen, G. Everhart, P. Goldhagen,
J. Leong, T. McCorriston, T. G. Rhoades, M. Rohde, Samuel C. C. Ting, and Sau Lan Wu
Labovatory for Nuclear Science and Depaviment of Physics, Massachusetts Institute of Technology,
Cambridge, Massachusetts 02139

and

Y. Y. Lee
Brookhaven National Labovatory, Upton, New York 11973
(Received 12 November 1974)

We report the observation of a heavy particle J, with mass m = 3.1 GeV and width ap-
proximately zero, The observation was made from the reaction p + Be—e*+e” + x by
measuring the e *e~ mass spectrum with a precise pair spectrometer at the Broolkhaven

National Laboratory’s 30-GeV alternating-gradient synchrotron,

Discovery of a Narrow Resonance in ¢ * ¢~ Annihilation*

J.-E. Augustin,} A, M. Boyarski, M, Breidenbach, F. Bulos, J. T, Dakin, G. J. Feldman,
G. E. Fischer, D. Fryberger, G. Hanson, B. Jean-Marie,t R. R. Larsen, V, Liith,
H. L. Lynch, D, Lyon, C. C. Morehouse, J. M. Paterson, M. L, Perl,
B. Richter, P, Rapidis, R. F. Schwitters, W, M, Tanenbaum,
and F, Vannuccif
Stanford Linear Accelerator Center, Stanford University, Stanford, California 94305

and

G. S. Abrams, D. Briggs, W. Chinowsky, C. E, Priedberg, G. Goldhaber, R. J. Hollebeek,
J. A, Kadyk, B. Lulu, F. Pierre,§ G, H. Trilling, J. S. Whitaker,
J. Wiss, and J. E. Zipse
Lawrence Berkeley Laboratory and Department of Physics, University of California, Berkeley, California 94720
(Received 13 November 1974)

We have observed a very sharp peak in the cross section for ¢ *e™ —hadrons, e'e”, and
possibly u*u* at a center-of-mass erergy of 3,105+0,003 GeV. The upper limit to the
full width at half-maximum is 1.3 MeV.
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Quarkonium at T=0 @

* quark Moo =2l nar quark ve‘ocity

v <<1 allows non-relativistic treatment

s OQ Prol:)erties obtained solving

SCHréclinger equation [ ]
m

LV V() )= Eulr)

* potential V(r) describes the interaction
between Q and Q




Potential at T=0

Qg
; Q(-q)

Color Potential from

o, a
Q as seen by Q color = —

[ESOCI2 50 conﬁning V. = or stringtension (F=kx2/2)

onfinement

The Potential energy of the QQ sgstem

2

V(r)=- X o e effective coupling Oy =7~

r

short distance  + longclistancc




FPHYSICAL REVIEW D VOLUME 21, NUMBER 1 I JANUARY 1980

Charmonium: Comparison with experiment

E. Eichten,* K. Gottfried, T. Kinoshita, K. D. Lane,* and T, M. Yan
Laboratory of Nuclear Studies, Cornell University, Ithaca, New York 14853
(Received 25 June 1979)

.continuum limit
.B3=6.92
.f=6.4




Potential at T=0

* In Perturbative QCD the QA Potential can be
related to the scattering amP]itucle corresponcling
O the 1~g!uon exchange

d3k Born iker 4 2 d3k ker
V(r) 3 f (2,7'[)3 r (k)e iz _Eg f (275)3 € DOO(k)
1
Dy, (k) =
ok &)







i =0 spectroscopg -

the Hamiltonian H=2my+2—1V(r)  Hy=Ey
mQr

in semi-classical aPProximation: pr=1

energy of the Q-Q system E;(r)=2m, + Bl

2
in" r

bound state radius obtained bg minimizing the

energg dl:lQé ~0
r

set of Parameters Mo, Xff, O

rJ/q,%O.ArFm and r1~0.2m <<1fm

Myp ®3.1GeV and MR 9.4 GeV
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Quarkonium at T#0
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Quarkonium at T#0

»

cannot ‘“‘see”

These quarks effectively
each other!

* rearrangement of color around Q
o effective charge of Q reduced (screened)

® assume Potential interaction at finite T
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Debye screcning

PQCD: modification of gluon Propagator Doo(k)=12—>kz+n (,1 Z0KT)

k

Debye RS 11 s gr

i aeﬁ = aeﬁ e—r/rD (T)
r > r
=0 Tl <
R o
lOﬂg range Coulomb short range YU‘(SWB

Debge radius i the distance at which the effective

charge is reduced 1/e and mp=1/rp




o
S

&
3
e
3
5

04
w(Gev]










Matsui-Satz argument

back to semi-classical aPProximation Al o5 T ) o
dr

x(1+ x)e™ \

10 1
: x(1+ x)e™ =

08 Mo& e 1 (T)
[ x=rlr,

0;6j
/ \ 1

e mya 1y, (T)

012:: \Fz—

0 2 4 6 8 10

at some r5(T)no solution exists, 1.e. no bound state

rD< MBohr = ]/mO(eH:

I, o e e i R




Matsui-Satz arcument

quarkonium dissociates when the screening radius

becomes smaller than the size of the state Dl

1=0 1T=200 MeV
Ok ff @02 @7
1
oy (13 = O.414m 1.07 fm
m o,
Peicae ]
D) = .|
epye (POCD) \/ C— 00 0.59
From Introduction to High—ﬁnergg Heavy-lon Collisions: C.Y. Wong 1994

J/W melts at T




KMS Potential

o Screened Cornell Potential

% o
g M(T)( ) e : : 8 .
* Asthe screening W(T) increases /

with T the Potential becomes M(T) increases

less effective

+ Effective binding Potential W

Large w(T) no bound state
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Sequential dissociation

T/Tc _1/(r) [fm1]
® us) | vas)

J/y(1S)

Xb'(zp )

%(1P)
Y"(35)
w'(25S)

QGP thermometer




Differential cﬂilepton rate

| , ; ,
ODSCFVIﬂg ir CXPCFImCﬂt

) Psi spectral function

e s 1 5
= w, P, T’
dwd3p  27m22(ew/T — 1)0( 2,0
% -
The presence or ~ P,®
Z
'O

absence of a bound
state in the spectral

function shows up in the
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shine 5 beams onto a black box

P,

QGP >

(0
X
T

\vAVAVA

1) If ¢’ 1s absorbed and y, J/p get through

=> strongly interacting matter < T, 1.e. hadrons
2) Ify’, ¢ are absorbed, J/Ap gets through

=> matter near T
3) If nothing gets through

=> QGP above T,

but we dor’t have a box full of QGP or quarkonium beams
Experiments compare the number seen in A+A

to p+p or P+A




Summarg of Lecture |

* Quarkonium is small and tightlg bound,
but at high teml:)eratures it can dissociate
it color screening IS strong enough.

Suggestecﬂ QGF thermometer

R the next lecture: heavg cluark free

energy and quarkonium from lattice QCD
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