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Abstract

The combined CERN and Brookhaven heavy ion ( H.I. ) data supports a scenario
of hadron gas which is in chemical and thermal equilibrium at a temperature T
of about 140 MeV. Using the Brown-Stachel- Welke model (which gives 150 MeV)
we show that in this scenario, the hot nucleons have mass 377" and the = and p
mesons have masses close to 77" and 2x7T. 'This provides a possible connection
with Euclidean time lattice masses of quarks. A simple model with pions and
quarks supports the co-existence of two phases in these heavy ion experiments,

suggesting a second order phase transition.
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qualitatively with the mumber 12.2 given by her.We want next to compare it with
the entropy of a simple quark model.

To construct a model of NA in terms of the quarks we use the MIT bag. We
will spend a little time justifying this. In their original paper the MIT group [9]
had already hinted that the observed hadron density of states may be ohtained
from the bag correctly. Indeed Dey, Tomio and Dey {10] showed that the meson
spectrum is essentially well-reproduced from the Laplace transforn of the bag
pattition [unction and recently Dey, Dey and Tomio[11] extended the calculation

to baryons. These calculations are reviewed in [12]. Colour projection was shown

to itprove the resulls marginally{13]. So with bag states we expect to get results

nilar to what we obtain from the experimental density of states.

We keep the pions as in the model BSW. The picture we have in mind is
similar to the chiral/cloudy bag models. Only the nucleons are described as
quarks, bound in a large bag. It was shown by Dey, Dey and Ghose [14] that
such large bags are expected as the bag free energy shows extrema at two values

of radius around 140 MeV. It was shown that colour projection does not change

this charact

[16).

¢ {15) and once again a lengthy recent letter reiterates the same result

The bag states ¢; and the degeneracies dg; are given in [8], and the results for

model are in Table 4. The ¢; of eq.(2) are now just i/ R and we have

) 12
P = 2 5 (0 e (), )
and the corresponding entropy is:
e R
St =123 | B i g | da ™)

Notice that the chemical potential here is defined in units of inverse radius R
unlike in eq.(1)

The sum over states is kept over spin, colour and isospin and to produce the
right density of nucleons given in by Stachel [1] we have to use a large . We
feel this is justified since the quarks in the nucleon move in an instanton field
[17], and in the bag this field goes as 1/ Radius and is lumped with the chemical
potential. There is a large literature on this [18] and a recent paper emphasizing
the importance of instantons in the nucleon is Banerjee and Forkel{19]. The
m:ﬁﬂ,oa in Table 4 is close to that of Table 3, showing the possible coexistence.

To summarize we find that if we excite the experimentally observed hadron
states, in a volume of 2400 fm? at a T around 140 MeV, we get the nucleon, pion
and p meson masses going like 377, 7T and 2xT respectively, as in the lattice,
enforcing one to believe that at this T the hadron- and quark- pictures coexist.
We check this by showing that the entropy in the hadron model agree with that
of a simple quark model for the nucleon. In a first order phasc transition a sharp
increase in the entropy would be expected.

The authors are deeply indebted to Dr. Johanna Stachel for mail, fax and
e-mails explaining heavy ion collisions. This work is supported in part by the

Conselho Nacional de Desenvolvimento Cientifico e Tecnolégico - CNPq, Brazil.
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‘Table 1: Occupation probabilities of Lthe nucleon excitations Table 2: Occupation probabilities of the excitations of the = and p

State  J¥ g Ri(140) Ri(150) R(160) State  J¥ g [Ri(140) R:(150) Ri(160)
N(938) 1t 4 04772 04216  0.3776

N(1440) 1Y 4 00231 00260 0.0284 ©(138) 0~ 3 0998 0996  0.994
N(1520) 37 8 0.0281 0.0328 0.0370 ©(1300) 0~ 3 0.002  0.002  0.004
N(1535) 1T 4 00128 00150  0.0171 ©(1670) 2= 15 0.0007 0.001  0.002
N(1650) 17 4 00062 00077  0.0092 #(1770) 0~ 3  0.0001 0.0001  0.0002
N(1675) w; 1200159  0.0120  0.0240 ) 7(2100) 0~ 15 0.00004 0.0001  0.0002
N(1680) 2* 12 00150 001914 0.0233

N(1T00) 278 0.0090  0.0115  0.0140 p(770) 1= 9 0.9699 0.9569  0.9409
N(1710) 1Y 4 00042 0.0054  0.0066 p(1450) 1= 9  0.0169 0.0229  0.02958
N(1720) 3* 8 0.0079 00102 0.0125 p(1690) 3~ 21 0.0087 0.0132 0.01886
A(1230) 2% 16 03368 03134 0.3410 p(1700) 1= 9  0.0035 0.0053  0.00765
A(1620) W| & 0.0150 0.0183  0.0216 p(2110) 1- 9 0.0002 0.0005 0.00079
A(1700) 37 16 0.0181  0.0230  0.0279 p(2150) 17 9 0.0002 0.0004  0.00063
A(1900) 17 8 0.0025 0.0035  0.0046 p(2250) 3- 21 0.0002 0.0005 0.00084
A(1905) $ 24 00073 00102 0.0135 p(2350) 5 33 0.0002 0.0004  0.00075
A(1910) LY 8 00024 00033  0.0044

A(1920) 2 16 00044 0.0062  0.0083

A(1930) $7 21 0.0062 0.0088 0.0118

A(1950) 1™ 32 00073  0.0105 0.0141

10
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