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Quenched QCD spectrum on a 323 × 64 lattice*
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We present Light hadron mMses cedculsted from quenched QCD on a 32_ x 64 lattice, using staggered quark
sources of masses, m,a = 0.01,0.005 and 0.0025. Results from/_ = 6.0(preLiminsry) and those from/_ = 6,5 are
compared. Using m#(mq --- 0) and jrw, we suggest that/_ = 6.5 is in the asymptotic scaling region and/_ = 6.0
result shows _- 20% (bare coupling) or -.. 10%(improved coupling) scaling violation. Flavor symmetry appears to
be restored at/_ = 8.5. The estimated pion decay constant, fw, is 93(4) MeV at/_ = 6.5, where the experimented
value is 93 MeV.

Continuing our efforts[I] on the light hadron ity partner of the a) is -_ 20% of the _r mass,
spectrum calculation of quenched QCD on a as reported by other groups. Such mass differ-
323 × 64 lattice, we have collected I00 propagators ence may be understandable because the flavor
at #3= 6.5 and 66 at _ - 6.0 so far. Two differ- symmetry violation is a lattice artifact and the

ent wall sources for staggered quarks with masses, lattice is coarser at/3 = 6.0. In the similar sense,
0.01, 0.005 and 0.0025 are used and a point sink is fig 2 shows roughly what we expected. Since the

used. We use a multihit-Metropolis method and lattice spacing at #3= 6.0 is about as twice large
an overrelaxation method for the gauge field up- as that at #3 - 6.5, the physical quark masses get
dating and use the conjugate gradient method for smaller and pion masses get lighter at 6.0 follow-
the matrix inversion. The gauge field configura- ing PCAC for a given quark mass in lattice unit.
tions are separated by 1000 sweeps. Further com- Since the physical volume is larger at #3 = 6.0,
putational details and information on the Intel we see less finite physical volume effect on the
Touchstone Delta computer can be found in[1,2], nuc]leon mass, which makes the simulation data

Preliminary results at/3 - 6.0 are summarized points lie below the curve.

inthetableI(forfullresultsat/3= 6.5,referto Fig 3 shows p meson mass which isextrapo-

[2]).As an illustrationwe show theeffectivemass latedto zeroquark mass,and Fig 4 shows ff as

plotfor_r(figI).The figuresuggeststhat_reffec- a functionof#3= 6/g_ and M#3-M-T-"6/g_TT'#3_-'_"
tiremass behavesratherwellat/3--6.0within iscalculatedfrom/3 and the averageplaquette
the current statistics. However, we noticed that as[3,4]

for the other particles, the signals are a lot noisier 1

at #3= 6.0 than those at #3 = 6.5 and it is more _-_M_(Tr)= #3(5 TrUQ) + 0.14766(3). (1)
difficult to find a plateau in each effective mass
plot. Probably this is due to the larger physical The guiding line is the two loop scaling function
size of wall sources and the smaller physical quark which has the form,

masses at #3 = 6.0. Also, the #3 = 6.0 data shows rrtp= C(#3og_)-#'/_ezp(-1/2#3og_), (2)

flavor symmetry violationsincontrastto#3- 6.5 MASTERdata. The mass difference in, e.g., _"and _'= (par- or

f, = C'(#3og=)-_'l=/_ezp(-ll2#3,,g=). (3)
"Work supported by the U.S. Department of Energy, Divi-
=ionof High EnergyPhysics, Contract W-31-109-ENG-._8. Here, the constants, C, C r, are fixed by constrain-

tThe talk was presentedby Seyong Kim. ing the curve to pass through our #3 -- 6.5 _ata. In
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This report was prepared as an account of work sponsored by an agency of the
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# - e.o p - u used f,r instead ofmp(mq = O) for the comparison
o.3o ._.... i .... _ .... ,. o._o .... j .... , .... I _I" because our extrapolated ,zp(mq = 0) has large
o_ o.zs __ error bars at the moment. This supports our re-

•: ...'="_'_::_"::_- ._ mark in I2] that light hadron mass calculationo.so :-- - o.zo may need to go beyond j3 -- 6.0 if the staggered
"" formulation of quenched QCD is used, since not

0.is -. - o.ls """_""" all the aspects of the continuum limit are achieved
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the figures, O are our points, <) is the APE col- 0.05 0.05
laboration result, x is the LANL collaboration 0.04 .."0.o4

result, and Q is the HEMCGC result[5]. These o.os o.os
figures clearly suggest that the asymptotic scal- o.oz I o.oz
ins is achieved for _ _ 6.2. At _ = 6.0, our f_ is /0.0511(I).The two-looppredictionis0.0431(bare ....i....,....,...._....,........ T....,....,....t....,.._
coupling)and 0.0470(improvedcoupling)respec- 0.01 0.015.4 5.6 ,5.0 8 6.2 0.4 6.0 3 3.8,5 3.53.75 4 4.25 4.5

tively.Thus at _ -" 6.0,theremay be .-.20% js _u
scaling violation if the bare coupling is used and
may be ~ 10% scaling violation if the improved
couping is used, for the light ha&on masses from Figure 4. f,_ vs._ and M_M-T"The meaning of
thestaggeredformulationofquenchedQCD. We symbolsarethesame as fig3.
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In conclusion, preliminary results at _ = 6.0 in-
dlcate scaling violation and flavor symmetry vi-
olation =nd we are accumulating more data on Table 1

= 6.0 in order to reduce statistical fluctuations, hadron masses for _¢ - 0.01, 0.005 and 0.0025
Recently, we initiated a spectrum calculation on at/_ = 6.0

a 16s x 64 lattice at _ = 6.0 with the same quark mq¢ particle t_,, mass

masses in the lattice unit, using Intel A4 Paragon _r 14 0.2402(3)
in order to augment our understanding of system- x= 5 0.2934(I0)
atic errors involved in hadron mass extraction, p 9 0.4806(65)
At # = 6.5, we believe the haxiron masses follow p2 7 0.4766(54)
the asymptotic scaling. Flavor symmetry is re- at 7 0.6274(394)
stored due to small lattice spacing. However, the 51 9 0.4518(615)
Edinburgh plot shows finite volume effects on nu- 0.01 _ 5 0.5215(130)
cleon mass. Therefore, increasing lattice volume NI 7 0.6766(82)
at/g -- 6.5 is desirable. Nlp.p. 7 0.7366(721)

This research was performed in part using the N= 8 0.6448(87)
Intel Touchstone Delta System operated by Ca]- N=p.p. 8 0.8828(970)
tech on behalf of the Concurrent Supercomputin s A 6 0.7355(91) •
Consortium. We would like to thank R. Stevens Ap.p. 6 0.8145(307)
and W. Gropp of MCS division and F. Fr_iin, the T 9 0.1716(3)
Associate Laboratory Director for Physical Re- x2 4 0.2342(20)
search at Argonne National Laboratory, T. An- p 8 0.4371(110)
derson of Intel corporation, and CCSF staff at p2 6 0.4420(91)
Caltech. at 6 0.7857(551)
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