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Lattice QCD with 2 light staggered quark flavours is being simulated on a 163 x 8 lattice to study the transition

'from hadronic matter to a quark gluon plasma. We have completed runs at mq = 0.0125 and are extending this to

mq = 0.00625. We also examine the addition of a non-dynamical "strange" quark. Thermodynamic order parameters

are being measured across the transition and further into the plasma phase, as are various screening lengths. No

evidence for a first order transition is seen, and we estimate the transP, ion temperature to be Tc = 143(7)MEV.

The study of QCD at finite temperatures us- non-dynamical (quenched) "strange" quark with

ing lattice techniques enables us to examine the mass 20 times that of the dynamical "u and d"
nature of the transition from hadro,fic matter quarks.

to a quark-gluon plasma, and to determine the At mq = 0.0125 we have run for 1000 time

properties of the plasma. This yields informa- units at f_ of 5.45, 5.55, 5.6, 6.0, and 7.0 and for

tion about QCD dynamics and helps us make 2000 time units at _ of 5.5 and 5.525. A further

predictions of relevance to RHIC and the early run at f_ = 5.55 starting from the other side of
universe, the transition is in progress. At mq = 0.00625 we

We simulate Lattice QCD with 2 light flavours have run for 1000 time units at fl = 5.55 and a

of staggered quarks using the hybrid algorithm run at/_ = 5.525 is underway. Fig. 1 shows the

with noisy fermions or:. :_ 163 x 8 lattice. Runs _ dependence of the Wilson/Polyakov line and

have been performed with quark mass mq = (_¢). From this and the time evolution of these

0.0125 (lattice units) and this is now being ex- quantities, we estimate that the transition occurs

tended to mq = 0.00625. These simulations ex- at _tc= 5.5375(250). No sign of a first order tran-

tend earlier work on smaller lattices [1]. We sition has been seen. Fluctuations with long time

have simulated the neighbourhood of the tran- constants, suggestive of a nearby critical point

sition, and well inside the plasma phase, to de- are observed near the transition. Combining this

termine its properties. We have also included a value of f_c with zero temperature spectrum data

(p mass) yields a rough estimate of the transi- ',./%/1 z"_
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0.30 0.10 fl 89 .. s_a as _
5.450 -0.7(4.0)0.41(65)-0.19(2i)

• 5.500 1.8(2.4) 1.70(43) 0.27(16)
0.25 - O.OB 5.525 3.7(2.2) 1.58(38) 0.35(24)

5.550 6.9(3.9) 4,40(45) 0.48(24)

0.80 - _ 5.600 11.1(3.9) 3.54(44) 0.10(30)

0.06 _ 6.000 10.0(2.9) 5.18(35) 1.02(30)

... 0.15 - z 7.000 s.6(3.1) 5.6_(29) 1.75(29)
X._ 0 co 7.018385 9.211631 4.605815I 0.04 m -

0.10 - Table 1

The entropy densities for the gluons, the u+d quarks and

0.05 - 0.02 the s quark. The values given for/_ = co are the Stefan-
Boltzmann predictions.

" I I I I
0.00 ...................... 0.00

5.4 5.45 5.5 5.55 5.6 5.65 measured the zero momentum correlation func-

fl tions which should show a simple exponential

Fig. 1. Wilson Line o and ('_¢)X at mq = 0.0125. (D asymptotic behaviour. We find clear evidence --=

and * are the same quantities at r_l.q"- 0.0625.) for screening in the plasma phase, _.nd some evi- _

dence for it, in the hadronic matter phase. These

tion temperature, Tc = 143(7)MEV, where the screening masses are given in Fig. 2. If the Debye

quoted error is purely statistical, screening masses are indeed half these values as

We have measured the entropy densities for in perturbation theory [4] and our estimate of

the glue, the (u,d) doublet and the strange Tc is accurate, the ¢/J will still be produced

quarks, including one loop corrections. The gluon as one passes through the transition but this

and fermion contributions are [2] production will be suppressed if one goes much
above Tc.

1.022
s_L_ 4 (1 )/3(P_,- P, ) (la) In order to understand the nature of excita-

Ta - 3T--_ _ ' tions of the quark gluon plasma compared, with

sI _ 4 _ 1.279 ni (/,7, r_\__/,7,\_3 l those of hadronic matter, we have also measured
T 3 3T4 (1---ff "-)4_\w'e" ¢/-4+4rnq\wCzJ0 the spatial correlations of operators with tile

(lh) quantum.umbersof lowm_s hadrons[6,7](_,
where P_ and P,_ are the average space-space, _r, p, AI, N and N_). In order to enhance these

respectively space-time plaquettes. These quan- measurements of hadronic screening lengths, we

tities, divided by the ratios of lattice to contin- use an extended (wall) source, analogous to that

uum values for free fields to attempt to compen- used by the HEMCGC [8] collaboration at T =

sate for finite volume effects, are given in Table 0. These screening masses are shown in Fig. 3.

1 [3]. In the hadronic matter phase, these masses ex-

'.The subtracted temporal Wilson/Polyakov hibit tile spontaneously broken chiral symmetry =

line correlation functions have been measured, of the T = 0 theory, with a light 7r and heavier

These give us an estimate of the screening of a. The p mass is less than that of the A1 and the

the interquark potential [4]. To enhance the sig- N mass less than that of the N _. In the plasma

nal we have used blocked Wilson lines [5], and phase we see evidence that chiral symmetry is
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t close to yrg,'r/Nt. This suggests that these states

are collections of unbound quarks of the low-

6 - T- est allowed Matsubara frequency (Tr/Nt), while

t J, the (_', o') multiplet remains bound [9]. Hadronicwave function measurements by the MILC col-

_4- t I _ _ t laboration [7land the arealaw we observe for

spatial Wilson line correlations cast doubt on

zt . this simple picture.

Finally, we have measured the topological sus-

2 - -_ ceptibility by the cooling method, [10] and findx -- Z = 1-2 EFFECTIVE _S

o -- 2-a m'-_cTr_ mtss good agreement with the anomalous Ward iden-

i tity [11].0 .... I , , L I , , •, [ .... I We thank the Pittsburgh Supercomputer Cen-
5.4 5.5 5.6 6 7 ter for access to their CM-2 on which these

fl simulations were performed. This research was
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DE-FG02-85ER-40213, and NSF contracts NSF-

- PHY87-01775, NSF-PHY86-14185.1.5 - .

-- _ ---._"_-- _L- - ii{-- References
l.O -

_ _ [] m [1] S. Gottlieb, et al., Phys. Rev. D41, 622 (1990);

-- _- _"-_ II- r " _- _I-- c. Bernard, et M., Indiana University preprint

. . - IUHET-210 (1991).

0.5 - +X _ [2] F. Kamch, I. O. StamaLescu, Phys. Lett. B227 (1989),

X >( X R.V. Gavai et al., Phys. Lett. B241, 567 (1991).
- [3] F. Karsch (private communication).

[4] N. Attig, et al., Phys. Lett. B209, 65 (1988), B. Pe-

0.0 .... I .... I , , _ tersson, T. Reisz, Nucl. Phys B353, 757 (1991).
5.4 5.5 5.6 6 7 [5] M.Teper, Phys. Lett. B183, 345 (1987).

f/ [6] K. D. Born, et al., Phys. Rev. Left. 67, 302 (1991);

X-'rr +-0" O-pl D-Atl ':'-N _-N' [7] C. Bernard, et al., University of Arizona preprint
AZPH-TH/91-60 (1991).

Fig. 3. Hadronic screening masses. The dashed lines are [8] K. M. Bitar et al., Phys. Rev. D42, 3794 (1990).

at mass = 2_r/Nt and mass = _/8:r/Nt. [91 A. Gocksch, Phys. Rev. Lcre. 67, 1701 (1991).

[I0] M. Teper, Phys. Lett. B162, 357 (1985); J. Hock,

M. Teper, J. Waterhouse, Nucl. I ",vs. B288, 589restored. The 7r is now heavy and close in mass
(1987).

to the o'. The p and A1 are approximately degen- [11] F. C. Hansen, Ii. Leutwyler, Nucl. Phys. B350, 201

crate, as are the N and N'. On closer inspection (1991).

we notice that the "masses" of the p and A1 are

-., close to 27r/Nt while those of the N and N' are





J


