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Abstract

In this work we calculate the dissociation of heavy mesons such as the upsilon due to absorption of a thermal gluon in a quark—gluon plasma.
We also calculate the dissociation of heavy mesons due to the effect of color charge screening. The lifetime of quarkonium moving with velocity
v through a quark—gluon plasma at temperature 7" is computed. An explicit, configuration—space potential is found for the screened interaction
between the quarks constituting the meson. This potential is non-spherical, but axially symmetric about the direction of v. We solve the Schro-
dinger equation for the relative motion of the quarks in this potential, and use the bound-state wavefunction as the initial state for the dissociation
of the meson. The meson lifetime is thus determined as a function of v and 7, and conclusions are drawn concerning the possibility of detection

of the meson in a high-energy heavy-nucleus collision.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Calculating the lifetime of quarkonium in a medium of
quarks and gluons has much significance in understanding
quark—gluon plasma, because it important to know the life-
time of the upsilon compared to the lifetime of the quark—gluon
plasma. Since the upsilon is imbedded within the plasma, the
lifetime of the quark—gluon plasma will have an effect on
the lifetime of the upsilon. If the lifetime of the quark—gluon
plasma is greater than the lifetime of the upsilon in the quark—
gluon plasma, one would think that there was probably a sup-
pression of upsilons due to the effect of screening or due to the
effect of collision with gluons. This is one such example where
calculating the lifetime of the upsilon in quark—gluon plasma
is indispensable. In fact, many claim that suppression of J/y in
heavy-ion collision could be a signature of quark—gluon
plasma.
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There is a relationship between the inverse screening
length, my; the number of flavors in the quark—gluon plasma,
Ny, and the temperature of the quark—gluon plasma, T. If we
increase the temperature of the quark—gluon plasma, the
quarks and the gluons will become very active and some of
them will get in between the quark and the antiquark of the
meson and cause screening. Thus, the screening increases
with the temperature, and the quark and the antiquark can
barely “feel” each other. This relationship can be algebraical-
ly expressed [1] in the following equation

mg = %g2<N+%>T2, (1)
where N = 3 from the color SU (N = 3) group, g is the
dimensional coupling constant of the field strength,
F =0"Al — 'A% — gfuncARAY, and Ny = 3 is the number of
light flavors in the quark—gluon plasma, which are the up,
the down, and the strange quarks. We will also use the temper-
ature-dependent running coupling constant of QCD, which is
given by [1,2]
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This equation explicitly displays asymptotic freedom:
g> — 0 as T — . We notice that there is no intrinsic cou-
pling ““constant” on the right-hand side of this equation.
The only free parameter of the theory on the right-hand side
of this equation is the QCD energy scale, /1, whose numerical
value is dependent on the gauge and on the renormalization
scheme chosen. If we choose the QCD energy scale to be
A =50MeV [1], Ny = 3, and N = 3 we get

_ 27T . 3)
31n(T/50)

There has been an interest in computing the leading correc-
tion to Eq. (1) [3]. It is known that this correction cannot
be computed perturbatively in non-Abelian gauge [4]. The
O(g’T) correction to the inverse screening length receives
contributions from fundamentally non-perturbative physics
associated with the interactions, at high temperature, of
magnetic gluons with momenta of order g7 [5].

2. Screened potential

In this section, we study the v-dependence of the bound
state of the upsilon because the quark—quark interaction po-
tential calculated by Chu and Matsui [6], and described below,
depends upon the velocity of the di-quark system relative to
the plasma. We concentrate on the upsilon because in an ex-
periment that produces a very high temperature quark—gluon
plasma, the J/y will break down at a faster rate compared to
the upsilon and only a few of them will survive. This makes
it hard for the experimentalist to detect the J/i in order to con-
firm that a quark—gluon plasma had materialized. On the other
hand, the upsilon will survive the high-energy density or the
high temperature and become easy to detect. Moreover, the
upsilon meson is small in size compared to the J/y so it needs
a higher-density plasma for it to dissociate.

The interaction, in k space, of a heavy quark and its
antiquark in a moving quark—gluon plasma, was calculated
by Chu and Matsui. Their results can be summarized as
follows:

V(7) =505 (1) +0ay(7) | )

Our goal here is to use this potential to study the stability of
the upsilon meson in a quark—gluon plasma, not to repeat the
work that Chu and Matsui did in constructing this potential.
We did not discuss the physics behind this potential, because
this had already been done by Chu and matsui. Q and Q are
the color charges of the quark and antiquark, and A (F) is
the Fourier transform of:

S0, 12 (1-2) +*(1-8)

A (w,k)—ZwQé(w) Ko (K) + Kok | (5)
where

fr(k)=1+k—§ ér(8); fL(k)zl“'k—é2 ¢.(8) (6)

are the transverse and longitudinal ‘“‘dielectric constants.” The
¢7 and ¢, are complex functions

D,(Q)= 30 +5(1-07) [c In [%} —imo(1 - :)]7 (7)
ou(0)=(1-7) [1 [:1 {”ﬂ —imto(1 :)H (8)
and { is defined by

(k-u)’*—k?

w=0

where " = v(1, 0, 0, v), ¥ = (w, |k| cos ¢ sin 6, |k| sin ¢ sin 6,
k| cos 6), and k-u = k*u,,. Knowing this, and having the Four-
ier component of the potential, we can calculate the potential
in a cylindrical coordinate system. It takes the form

A°(7) —Q4—’;“ Fmep, mgz). (10)

In the Fourier transformation of Eq. (5), both the real and
the imaginary parts of the momentum—space potential A’ (k)
contribute to the real part of A%(p, z) but no imaginary part ap-
pears in the configuration—space potential. The imaginary part
of the momentum—space is integrated to generate Bessel func-
tion of the first kind.

In order to solve the quark—antiquark Schrédinger equation
in r space, we need an expansion of the interaction potential in
the form

= Z ug(r)Pq(cos ;) (11)

We obtain U(r) by Fourier transforming the k-space potential
given by Chu and Matsui:

U(r) =ﬁ/ d’ke*TV(K). (12)

V(K) is invariant under rotation about z, and under reflection
across the X — y plane. Its explicit form is written down below.
If we substitute multipole expansion of the plane wave
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into in Eq. (12), the axial symmetry of V(k) implies that only
the u = 0 terms will survive the ¢y integration. Comparison
with Eq. (11) yields

uQ(r)=lQ%(2Q+1)/O dJcPQ(x)/Omk2 dkjo(kr)V (k,x). (13)

The integration variable x in Eq. (13) represents cos 0. Be-
cause V(k, x) is an even function of x, only even values of £
will occur in the multipole expansion.

The explicit form of V(k, x) is

E+A
ey )
k+C
@royro U "

where the x-dependent quantities £, A, B, C, D are defined by

Ciﬁ
Azéczﬁ(l—f)“‘)g(ll—ti)’
Bzg(lflz)ﬁv
czoczﬁéﬂ(’g(;—fz)’
ng(l ~- )¢

v is measured in units of ¢, and & is measured in units of mc/h,
the inverse Compton wavelength associated with the screening
mass m. The resulting interaction potential is given in units of
(4/3)amc?. The quantities ¢, A, B, C, D defined here are non-
negative in the integration region.

The k-integration in Eq. (13) can be done exactly, using the
theory of residues. We start with explicit expressions for the
even-{ spherical Bessel functions:

. (R+m—1)!
k‘ =
jg( ’) m=12...., Q+l<Q_m+1)'2M7l<m_l>'
a’ sin(kr) +b% cos(kr)
with
at == pt =0 forodd m

a,=0, bL=(—1)"""" forevenm.

Individual terms of the sum in Eq. (15) diverge as kr — 0, but
the entire sum converges as

(kr)*
Hm k) = e Ty

For the first term in Eq. (14), we need the integral

K+A
]SZE/ k> dk—————— jo(kr) (even®)
0 (+A) +B?

1[” +A

- / 12 dk———————— o (kr)
2)-= (K+A) +B2
=i +17,

with

13 R4m—1)!(—ial, +b)
Z: e m+ D)2 (m— 1)l

e (k2 +A)

8 Lo [(k2+4)" B2 =2

dk,

1;z+1 (2+m— 1)!(ial, + %)
@ — m+ )21 (m — 1)l
e ¥ (k2 +A)

8 [w [(k2+4)" B2 2

m:l

dk.

The contours used for the evaluation of these integrals are
shown as xa and xb in Fig. 1. In both cases, the integrand is
vanishingly small on the infinite semi-circular parts of the con-
tours. On the real k-axis, and on the semicircle around £ = O,
the sum of 7 and 1§~ gives us the convergent integrand we
need for Eq. (16). Thus we conclude that

=27
X [(sum of residues at poles within the contour xa of Fig.1)
— (sum of residues at poles within the contour xb of Fig.1)].
(17)
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Fig. 1.

We have taken the principle values of the integrals in the equa-
tions just above. By integrating around the small semi-circles,
centered at the origin, and then allowing the radii of these semi-
circles to approach zero, we have evaluated the principal values.

The poles within the contour xa of Fig. 1 are at the zeroes
of (K* + A)? + B? with positive imaginary parts, i.e. they are
at +u + iv, where

_ |VAFB-A  |[VATB+A
u= —_— V= —_—.
2 ’ 2

The poles within the contour xb of Fig. 1 are at +u — iv, and
at k = 0. The final result is
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1000 g
E v=.5 , T=150 MeV
100 £
E L=0
10 3
. L2

up (r) (MeV)
R
r\ r\

0.1

0.01
6

1 I 1
0.75 1.25 1.75

r (fm)

0.001
0.2

W

Fig. 2.

The & integral for the second term in Eq. (14) is performed
in the same way. Finally, it is necessary to do the x integration
in Eq. (13). This must be done numerically. However, since the
range is finite (0 < x < 1) and the integrand is smooth, the in-
tegrand can be accurately performed with relatively few
points. The x-integrations in the results shown below used
Simpson’s rule, with an x-interval of 0.001 (Fig. 2).

3. Numerical solutions of Schrodinger equation

The binding energy of the quark and the antiquark can also
be calculated numerically using the Schrodinger equation. In
this case, the non-relativistic Schrédinger equation governing
the relative motion of the two quarks is written in the form

(m — 1)arctan?))

e (+m—1)!
!

Q—m+1)12""(m —

where
X0 =0,
v, =7 A 3
SRPY CEN 2 =
_m A 15 B*-A* 105
fT2lA+B2 2 (A2+Bz)2 r’
=T A 105 B2 — A% 945 A(A%*—3B%) 10395
672 |A2+B2 83 (A2+Bz)2 2r5 (A2+Bz)3 7o

etc.

.oy

Here X, represents the contribution to 7§ of the residue at the
k = 0 pole.

1)!(A2+82) "

+Xq, (18)

2

- h—V2 +uo(r) +ux(r)Pa(cos 0) | Y(r,0, )

" =Ey(r,0,4),

(19)

where u = mgp/2 is the reduced QQ mass. Looking at the plot
of u;(r) vs. r above, we could see that there is hardly any
change for L =2, 4, 6, and so on, thus we could stop at
L = 2. Because the potential is axially symmetric, the eigen-
functions will be characterized by a definite m-value.
However, the spherical symmetry of the potential is destroyed
by the u,(r)P»(cos #) term, and so the eigenfunctions will not
be characterized by a unique value of the total-angular mo-
mentum. Thus a solution must be constructed as a linear
combination of total-angular-momentum eigenstates:

r,0,¢)= Z‘“ Y (0,¢). (20)
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If this expansion is substituted into Eq. (19) the result will
be a set of coupled second-order differential equations for the
radial functions ¢(7):

d e+1) 2
L,.z(rz);”o(’”)kz}%(’”)
2 4
—h—‘z‘ guz(r)Zng,(r):o. (21)

Although the £ sum in Eq. (21) has, in principle, no upper
limit, the sum must be truncated in order to make the calcula-
tion finite. In the results to be shown below, the upper limit on
2 was taken to be 8. In fact, the strength of the coupling poten-
tial u,(r) is small enough so that there was very little mixing of
2 # 0 components into predominantly & = 0 eigenfunctions.
In Eq. (21) we have introduced the notation

h*

E=——k
2u

Mo = / sin 040 dp (Y2.(6,6)) Y2(0,4)Y" (0, )

54 +1) ., ,

If we use explicit expressions for the vector-coupling coeffi-
cients, we obtain

1 [45(2 —m?) (0 —1)°—m?)
201\ 16m(20—3)(20+1)

\/?Q(QH) 3m?

47 (20— 1)(20+3)

| (sz’z —mz) ((Q’ _ 1)2—m2>
20 -1 16m(20 —3)(2¢ +1)

MQ’Q/= lfQZQ/+2

ifR=g

if=0+2.

In order to describe bound states of the meson we must find
normalizeable solutions of the coupled Eq. (21) which are reg-
ular at » = 0. This defines an eigenvalue condition for k.

A convenient numerical approach to this problem is sug-
gested by the simple special case in which u,(r) = 0. The cou-
pling terms in Eq. (21) vanish, leading to the single equation

& e+1) 2
= @+1) 2w — 12|y (r) =0. (22)

We choose an arbitrary radius, R and we guess a value for k2.
We then find an interior solution ¢g(r) by numerically integrating
Eq. (22) from r = O tor = R, starting at = 0 with the behavior

Py (r) =2 (23)

Then we find an exterior solution ¢g(r) by numerically inte-
grating Eq. (22) from a very large value of r down to r = R,
starting at the large value of r with the behavior

& ()= hy (ikr). (24)

The eigenvalue condition on & is that the relative normaliza-
tions of the interior and exterior functions can be chosen so
that there is no discontinuity in value and slope at r = R.
This requires that their logarithmic derivatives at » = R be
equal, which we can expressed as the condition

$(R) ¢y (R)
¢ (R) ¢ (R)

=0. (25)

K in Eq. (22) is varied until this condition is satisfied. The val-
ues of k* so obtained are independent of the arbitrarily chosen
R. This can be seen by using Eq. (22) to show that

d . -d
Lt L R )

so that ¢%(d/dr)¢h — ¢h(d/dr)¢ is independent of 7, and so if
Eq. (25) is true at one value of r, it is true at all r. To generalize
this procedure to the full set of coupled Eq. (21), we define
sets of interior and exterior functions by

agg, (r) =% ge, ', (27)
bQ,QZ (r) =g 5Q792 I’lé (lkr) . (28)

We now attempt to choose linear combinations of these interi-
or and exterior functions

Z(lg Q (XQ], (29)

1= by (r)B, (30)

in order to achieve continuity of value and derivative at the
matching radius r = R. This requires that the coefficients oy,
and @y, satisfy

ZGQ,Q, Jag, = bez 0 (R)By,, (31)
Q

Za;z,sz, Ja, = wa )Bg, (32)
Q

We can express this as a condition on the (8, alone by using Eq.
(31) to eliminate oy, from Eq. (32):

a, =Y [a '(R)B(R)],, , B, (33)

%)
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692 = 591 . (34)

21,0

3 [b'-l(R)a'(R)a-l(R)b(R)}

5]

The necessary and sufficient condition for a non-trivial solu-
tion to Eq. (34) is

det| "1 (R)d (R)a~' (R)b(R) — 1| =0. (35)

This is the multi-channel generalization of Eq. (25). The
value of k* used in the numerical integration of the coupled
Eq. (21) is varied until Eq. (35) is satisfied to an acceptable
accuracy. Then Egs. (33) and (34) determine the «p and S,
up to an overall multiplicative factor, which can be obtained
from the normalization condition

+ ZQ:/:dr [;buz(r)ﬁ%] =1.

(36)

zg:/oRdr |‘;agjgl (r)ay,

As in the one-channel case, the consistency of the proce-
dure guarantees that the calculated energy eigenvalues and ei-
genfunctions are independent of the choice of the matching
radius.

The numerical integration of the coupled differential equa-
tions was performed using the 4th-order Runge—Kutta method
with a step-length of 0.01 fm, starting at a minimum radius of
0.001 fm [7]. Although the € sum in Eq. (21) has, in principle,
no upper limit, the sum must be truncated in order to make the
calculation finite. In the results to be shown below, the upper
limit on € was taken to be 8. In fact, the strength of the cou-
pling potential u,(r) is small enough so that there was very lit-
tle mixing of & # 0 components into predominantly 2 = 0
eigenfunctions.

Here we use [8] a,(m,) = 0.232, and my = 4.3 GeV. Here,
we employed a quark mass of 4.3 GeV because our model of
the upsilon is one bottom and one anti-bottom quark, and the
mass of each of these constituent quarks is 4.3 GeV. This mass
of 4.3 GeV is kept constant throughout the paper. In our model
relative motion of the constituent quarks is non-relativistic,
and so these constituent quarks have constant mass. The
mass and the «g are obtained from QCD sum rules and lattice
QCD. But as you can see in Fig. 3, the binding energies are
very small. Our study here refers to the binding energy of
the upsilon in a hot quark—gluon plasma. The presence of
the plasma determines the quark—gluon interaction that we
use. The binding energy of the free upsilon is about
800 MeV, but the binding energy decreases when we immerse
the upsilon in the quark—gluon plasma.

The v-dependence of the binding energy in Fig. 3 is a con-
sequence of the v-dependence of the interaction, which is de-
scribed in the work of Chu and Matsui [6].

0

Bound state energy (MeV)
IN N
T i T i T
~ [T

q0 4t
0
3 R R R
140 160 180 200 220 240 260 280
T (MeV)
Fig. 3.

4. Dissociation time of a heavy meson due to collision with
thermal gluons

Let us introduce the calculation of the dissociation time by
asking: what is the rate of photo-ionization if we place a hydro-
gen atom in a cavity of thermalized photons at temperature 77
The Planck distribution [9] states that the flux of photons, pho-
tons/unit area-unit time, in the interval dk around £ is

ck? dk

w2 [ehh/T — 1] (37)

Let (k) be the cross-section for photo-emission when the in-
cident photon has momentum k. The rate for this process is

* ck*a(k)
R= /0 e (38)

According to Gasiorowicz, Quantum Physics, Chapter 24 [10]

2

2
Vpee . (39)

J(k):27rh3mc2k /dQ’/d3r¢; (7)€'ﬁeik2¢i(?)

;(¥) is normalized wavefunction of the initial bound electron
state, p. is the asymptotic momentum of the outgoing electron
[11], and m is its mass.

L —iker
wf<"‘>";”He”” (0,9 } (40)

-

ke =%= ke [sin ¢’ (cos ¢'X +sin ¢'y) +cos 0'Z].

The dQ integration is over §’, ¢', the asymptotic direction of
the outgoing electron.

Let’s now consider the transition from QED to QCD. In
QED the electron—photon vertex [9] is associated with matrix
element of
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yH. (41)

In QCD the quark—gluon vertex Eq. [12] is associated with
matrix element of

4
—i%zwe —iy/ ”“w ", (42)

The A% is a generator of color SU(3). (a = 71,2, .
going from a meson (color singlet) to a QQ octet.

8). We are

([octet] | A%|[singlet]) = \/§

Thus

4me?

i 47
2

which gives us

& 2
S,

he 3

The photon flux density is multiplied by 8 to get the total
gluon density (8 types of gluons, 8 generators of SU(3)).
Moreover, it is necessary to include the fact that the meson
moves with speed v = fc relative to the plasma, and so it
sees a Lorentz-shifted Planck distribution for the gluon
momenta. After averaging over the gluon directions, we finally
obtain

“8ck*a(k T (heky/T)(1+6) _
R:/ C Z( ) IOg € i
o 2vpBhck e(hcky/T)(1-6) _ 1

(43)

and

2
Vpoda,

o (k) = Tk (44)

/ dQ‘ / &Ery; (F)e pe’yi ()

where u is the reduced QO mass.

Evaluating o(k), Muller [13] replaces e~ by 1 (long-wave-
length approximation) and ;(F) by eife ™ (no distortion of
outgoing wave) and neglects the connection between k, and
k. We will make none of these approximations.

Now let’s expand the wavefunction

ikz

Y (0, ¢)—— ( ) (45)

—» _’” [Leioe
W= e

e pey, (?) =?€ . ﬁe”‘zxpi(r)

h ., =
=—e*e-Vy,(r)
1

h .
= e e-ry(r). (46)
The three equalities just above are satisfied since €-z=0
(gluon has transverse polarization) and since tﬁ,( )z\p,- r)
(spherically symmetric ground state). Let
1{fo)= [ ¢'rt; ()5, (). (47)
which is the same as
_’ _Eﬂ —Q 16Jzyl 6./ /)
/d’; YZ*(H d’) ( )A';;elk wi(,)’ (48)
where

sin # cos ¢+ ¢, sin § sin ¢

- \/?[_ (e —i€)Y!(0,0)+ (e.+ie,)Y" (0. 9)].

Now we use the relation

YL, (6, ¢)e \/Z“ 2Q+1)(Q+1)j’2§€];r)y’;1(0,¢).

(49)
Substituting Eq. (49) in Eq. (48), we get
_‘ 3/2 ‘max
1) =" hz ¢ /220 1)(8+ 1)
X [(EX *ley) YO, ¢) = (e tie,) Y (¢,4)]
< [ il W) (50)
0

When we integrate over ' and ¢’ we use the orthonormality
of the spherical harmonics:

¥ 0000 =608, 51

Then the coherent sum over £ in / (le) becomes an incoherent
¢ sum in o(k)
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hc kQLmax
= 5 — > (20+1)(e+1
37ramQ62k3;( +1)(e+1)

2

x| [ amturw)| (52)

Eq. (52) is inserted into Eq. (43), and the integration over £ is
carried out numerically. Fig. 4 shows the plot of calculated
lifetime 7 = (1/R) as a function of T.

Fig. 4 shows that the velocity of the meson in quark—gluon
plasma plays a major role in dissociating the meson. If the me-
son is moving at greater velocity, it needs less temperature to
break itself down than if it is moving at lower velocity. Inter-
esting results are also shown in this graph. If we fix the veloc-
ity of the meson and study only the relationship between the
lifetime of the meson and the temperature of the quark—gluon
plasma where the meson is imbedded, we observe that the life-
time of the meson increases with the temperature. When we
increase the temperature we are also increasing the flux of
gluons in the quark—gluon plasma. But in the & region where
the flux is significant, the cross-section, a(k), of the collision
of gluon with the quarks of meson is a decreasing function
of k. When k increases beyond about 0.5 fm™', and &' .
exceeds 2 fm ™', it will be difficult to find, in the initial meson
wavefunction, components with kiQ big enough to satisfy both
conservation of momentum and conservation of energy. This
a(k) falls as k increases, in the vicinity of 0.5 fm~'. Further-
more, as T increases, the screening between Q and Q in the
meson becomes more effective. There is less binding, the
size of the relative QQ wavefunction increases, and the pres-
ence of large kb in the initial state diminishes. This makes it
more difficult to satisfy both the conservation of momentum
and the conservation of energy as T increases, and causes
a(k), in the k region where the flux is significant, to be a de-
creasing function of 7. In our model we are looking at the ab-
sorption of a gluon by a quark; in a different model one can
also consider the case Q + g0 + g which might not make
the lifetime increase with temperature. We are here concerned

80

70

60

50

40
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O 1 I 1 I 1 I 1 I 1 I 1
150 170 190 210 230 250 270

Temperature (MeV)

Fig. 4.

with the binding energy of an upsilon immersed in a quark—
gluon plasma, and stability with respect to dissociation due
to gluon absorption. We agree that another dissociation mech-
anism would involve collision (not absorption) of a gluon and
a quark. That could be the subject of another investigation.

When T decreases below T = 170 MeV, the disintegration
rate decreases because of falling gluon flux. As T increases
above T = 170 MeV, the disintegration rate decreases because
of falling o(k). The maximum disintegration rate at
T = 170 MeV leads to a minimum lifetime of ~27.5 fm/c.
No minimum with respect to T was predicted by Muller [10]
since he did not take into account both momentum and energy
conservation. The expected lifetime of the quark—gluon plas-
ma is 10—20 fm/c, which is appreciably shorter than our min-
imum meson-disintegration lifetime of 27.5 fm/c. Thus our
conclusion is that the plasma will cease to exist before a signif-
icant fraction of the mesons will have been disintegrated by
gluon impact. Therefore, this process will not have an appre-
ciable effect on the number of mesons observed.

5. Relation of results to experiment

Recent experiments [14] at the CERN SPS have shown
a large suppression of J/i production in central Pb + Pb col-
lisions. Following the original idea of Matsui and Satz [15]
that J/y would be dissociated in a quark—gluon plasma due
to color screening, the observed J/y suppression has been sug-
gested as an evidence for the formation of the quark—gluon
plasma in these collisions [16—18].

Since the upsilon meson states in a quark—gluon plasma
are also sensitive to the color screening effect [15,19,20], the
study of the upsilon meson suppression in high-energy
heavy-ion collisions can be used as a signature for the
quark—gluon plasma as well. Because the binding energy of
Y is larger than that of J/y, the critical energy density at which
an upsilon meson is dissociated in the quark—gluon plasma is
also higher [21]. One therefore expects to see the effects of the
quark—gluon plasma on the production of the upsilon meson
only in ultra-relativistic heavy-ion collisions such as at the
RHIC and the LHC. As in the case of J/y, one needs to under-
stand the effects of the upsilon meson absorption in hadronic
matter in order to use its suppression as a signal for the
quark—gluon plasma in heavy-ion collisions.

In the study of screening, if we detect an upsilon meson in
an experiment which produces a quark—gluon plasma of a tem-
perature higher than 275 MeV, we know that this upsilon me-
son did not pass through this quark—gluon plasma, since we
have found that the highest temperature at which the upsilon
meson is bound is about 275 MeV, at v = 0. If the meson
was moving it would even have less of a chance to survive
this temperature, since we have found the binding energy of
the meson to decrease with the velocity.

In the study of absorption of a thermal gluon by a quark or
antiquark, one could say that the upsilon meson has survived
because the quark—gluon plasma has died out before it could
dissociate it, since we have calculated the lifetime of the
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meson to be somewhat greater than the lifetime of the quark—
gluon plasma.

In an experiment which produces a very high temperature
quark—gluon plasma, the J/y will break down at a faster
rate compared to the Y and only a few of them will survive.
This makes it hard for the experimentalist to detect the J/y
in order to confirm that a quark—gluon plasma had material-
ized. On the other hand, the Y will survive the high-energy
density or the high temperature and become easy to detect.
Moreover, the upsilon meson is small in size compared to
the J/y so it needs a higher-density plasma for it to dissociate.
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