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Heavy quark potential and effective actions on blocked configurations
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Blocked SU3) gauge configurations are analyzed to obtain a heavy quark potential and effective actions.
Swendsen’s optimized scale factbr=2 blocking scheme is used to generate blocked configurations. The
heavy quark potential calculated on twice blocked configurations produced fromé32lattices ai3=6.30
shows good rotational invariance in contrast with the Wilson action. The determination of effective actions
which are responsible for blocked configurations is carried out, in a space with up to nine coupling constants,
by use of the canonical demon method. We find that the effective actions are not local. Apart from complicated
actions, simple actions with two coupling constants are compaBfh56-282196)02713-0

PACS numbsd(s): 11.15.Ha, 12.38.Gc

In lattice Monte Carlo simulations, improvements on the[6,10]. The blocking scheme was optimized by multiplying a
action are crucial in order to obtain accurate and reliabldlocked link by a Gaussian $B) matrix, exp{Z\c)),
continuum results within reasonable CPU time. The historywhere\, is a generator of S@3) andc, is a Gaussian random
of improved actions is rather old. More than 10 years agonumber generated with a probabilij(c;) ~exp(~c{/cP).
Symanzik proposed the perturbative improved actiah The parameteq can be adjusted to ensure fast convergence
which eliminates errors oD(a?). On the other hand, early t0 the RT[10,11. We found that the optimal value af
Monte Carlo tests on the Symanzik action showed no cleagound 3=6.0 is equal to zer¢12]; i.e., in this case the

advantage to using j2]. However, recent studies revitalized Gaussian SU8) matrix exp(Z\,c) is always unity. In order
improved actions and offered the fixed point acti@hand O fix the blocking scheme we takg=0 in our analysis. All
the tadpole-improved Symanzik actide]. These actions the blocked configurations analyzed in this report were gen-
show good rotational invariance. Therefore they could beerat(_ad by the QCD-TARO CoIIaboratlcimO,lE}._ 3
effective when used in Monte Carlo simulations. Their actual  F19ureé 1 shows the heavy quark potential onxa6
effectiveness for physical quantities has been investigated ocked configurations. .The blocked cgnﬁguratl(_)ns were
Monte Carlo simulation§3—5]. enerated by two blocking steps from 3264 lattice at

It is still important to search for other improved actions 8= 6-30. The solid curve is a fit to on-axis potential indi-
which give us great improvements in Monte Carlo Simu|a_cated_by the cwck_as. Therg is no visible Q|ﬁerence_between
tions since the effectiveness of existing improved actions i9n-axis and c_)ff-ax2|s potentials. From the fit to on-axis poten-
not fully confirmed. In this report, we analyze blocked(@u U@l we obtain ¢a®=0.287(26) which corresponds to the
gauge configurations and try to obtain improved actions. Th¥@lue of the string tension g~5.56 for the Wilson action.
blocked configurations are generated by using the MontdNiS is in very good agreement with thies results[10]
Carlo renormalization grougdMCRG) method [6] with which predictA 8~0.75 for a change of scale by 4, starting
Swendsen’s optimized scale factor=2 blocking scheme. from 8=6.30.

The MCRG method was intensively used in determining the
nonperturbatived function of SU3) lattice gauge theory, in 2
terms of the coupling shifA 8 [7—10]. The method uses the [
fact that each blocked trajecto(BT), starting from the Wil-
son axis, reaches the renormalized trajectORfT) after 1.6 -
enough blocking steps. On the RT, which stems from the
fixed point on the critical surface, the gauge system has no
lattice artifact{11]. Performing enough blocking steps or us-
ing the optimized blocking scheme which takes a blocked
gauge system to the RT quickly, it may be possible to gen-
erate blocked configurations sitting on the RT. Such 08
blocked configurations—let us call themperfect
configurations—can give us information about a perfect ac-
tion possessing good scaling behavior and rotational invari-
ance. Even if the blocking is not enough to let the BT reach ; \ : :
the RT, the blocked gauge system near the RT should have 0 1 2 3 4
better behavior than the origin@WVilson actior) unblocked R/a

one.

In order to check the improvement by the MCRG method, FIG. 1. Heavy quark potential on blocked configurations
we calculate the heavy quark potential on blocked configu¢g3x 16 lattice at 3= 6.3. The circlesdiamonds correspond to on
rations. The blocking scheme we take in the MCRG methodoff-) axis potentials. The solid curve is a fit to the on-axis poten-
is Swendsen’s optimized scale factoe2 blocking scheme tials.
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TABLE I. Path of Wilson loops.

Wilson loop Path p# v+ a#7)
1.6 - 1x1 MoV, — (L, —V
1x2 MV U, — W,V ,—V
F 2X2 My VsV, — iy — ey — ¥V ,— ¥
g 12 i Chair WV, 0, —V,— L ,— O
2 Sofa UV, OO, —V,— U, — O, —
0.8 . Twist UV, O — =V — O
| 4D twist MV, O Y, — ey =V, — O, — Y
04T method. Our implementation of the canonical demon method
. 1 2 3 ‘; is briefly described as followésee Refs[14—17 for more

detaily. First we choose one of those configurations and in-
R/a troduce demons associated with coupling constants corre-

sponding to a given ansatz for the effective action. The joint

FIG. 2. Same as in Fig. 1, but for the Wilson action at system of demons and links is updated by the microcanonical
B=5.55. simulation. After 100 microcanonical sweeps the demons
move into the next configuration selected from the rest. Val-
In order to evaluate the improvement we also calculateies of the demons energy are recorded during the simulation
the heavy quark potential for the Wilson action@t5.55.  and average values will be converted to the values of the

Figure 2 shows the heavy quark potential calculated omoupling constants. Here let us assume that the effective ac-
83X 16 lattices. The solid curve is a fit to on-axis potentials,tion of the configurations takes the form

which give usea?=0.300(27). A large deviation from the
on-axis potentials to the off-axis ones can be seen, which is
evidence of lack of rotational invariance. The definite im-

provement of the rotational invariance would indicate that SZEi BiS[U]. (1)
already after two blocking steps the gauge system of our
blocked configurations is close to the RT. In this case demondg; corresponding to each of the coupling

We now turn to the question of obtaining effective actionsconstants; should be introduced. The distribution of the

from the blocked configurations. Once the effective action isjemon energf, during the canonical demon simulation is
obtained it can be used, as an improved action, in Mom%xpected to be :

Carlo simulations to directly generate improved gauge con-
figurations without blocking from larger lattices. However,
determination of an effective action is quite a hard task since . _n
we do not know the exact form of the effective action and it P(Edi) exp 'B'Edi)' @
might be a complicated one. In determining the effectiveT
action, we use the canonical demon method which is shown
to be efficient[14,15. Originally Creutz[17] proposed the
microcanonical demon method and it was utilized for deter- 1
mination of an effective action for S@) gauge theory16]. (Eq)= 7 —Em/tanh( BiEp), (€)
An improved version, the canonical demon method, was dis- "B

;zzzig Eoyr HQ?;e: :rldisg;::'U[1:1]oéver}ow?tite;2:}f§;yéﬁﬁC\,t\l,;i provided that the demon energy, is restricted to a region

also applied for S(B) gauge theory and effective actions of —Em<Egq<Er. This relation will be used to calculate

hus the average demon energy is given by

were successfully obtaindd5]. the values of the coupling constants numerically. In our
For our purpose we prepared (38) configurations simulationE, was set to 10.
blocked twice from 32x 64 lattice at3=6.0(6.3). Each of We consider the following ansatz action for an effective

those configurations are used in the canonical demoaction with nine coupling constants:

S= Re( Bix12 TrUpxa+ Brxo TrUpwo+ Baxa X TrUzuo+ Benainy TMUchairt Bsornr T sorat Buwisty TrU st

+ Bapwist TUapmistt Be 2 [2(TrU51)2— 3TrU 11+ Ba [ ITrU 4% = 21, (4)
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TABLE I1l. Results for twice-blocked configurations #t=6.0. The asterisks indicate truncation, i.e.,
those not considered in the canonical demon simulation.

Case A B C D E F
Bix1 5.064335  6.156453) 6.03614) 6.48416) 6.28212) 6.61911)
Bixo * -0.624123)  -0.654730)  -0.624932  -0.725737)  -0.723G32)
Behair * * -0.0711(19) * -0.105517)  -0.107914)
Bwist * * 0.3004(23) * 0.210339) 0.208727)
Bax2 * * * * 0.0835(32) 0.084737)
Bsofa * * * * 0.0327(16) 0.031910)
Baptwist * * * * 0.1058(08) 0.106%11)
Bs * * * -0.339(12) * -0.32513)
Ba * * * -0.125(27) * -0.14315)

where TtJ; are normalized to unity andi={1Xx1, ments on finite temperature physics are also seen for the

1X2,...,4Dtwist} indicate Wilson loop types whose paths Symanzik improved actiong20]. It might be interesting to

are summarized in Table I. For this action nine demons arsee if the improvement is achieved only by the interplay of

used in the canonical demon method. The results obtainetthe dominant coupling constants.

with the canonical demon method are listed in Table Il for In Table IV, we summarize the ratio between dominant

B =6.0 and in Table Il for3 =6.3. Wealso consider sev- two couplings(i.e., 1X1 and 1x2) for various improved

eral forms of the action truncated from Ed). The coupling actions. “SY” means the tree level Symanzik actifh],

constants indicated by a asterisk in the tables are truncatedhich has the form

i.e., not used in the canonical demon simulation. In general it

is expected that starting from the smallest Wilson 16bg 1) _ 5 1

and adding larger Wilson loops we could see smaller values S=p2 ReT(3Upa—H:Un2). ®)

of the coupling constants for the larger Wilson loops. If in

the adding process the coupling constants corresponding tdAD-1(2)” is the tadpole-improvediree-level Symanzik

the larger Wilson loops have no contribution to the effectiveaction[4], which corrects the coefficient of thexi2 loop

action, the values of the corresponding coupling constant§oupling constant as

obtained with the canonical demon method should be negli-

gibly small. We find out, however, that even for Wilson

loops with eight links(2X2 and sofy the corresponding

coupling constants are still rather large. This implies that the

effective action of the blocked configurations we took here isvhere (U;.,) is the average value of the plaquette. For

not local. TAD-1(2), we use the average values of the plaquette on the
In order to obtain the complete effective action whichblocked configurations, which are 0.540{0.4103 at

reproduces the blocked gauge configurations, it would bg=6.3 (6.0). “IW” is the renormalization-group-improved

necessary to enlarge the coupling constant space. Howevegtion by Iwasaki14] and “MCRG-1(2)" are taken from

we are not interested in such a complicated action since our study. For all the cases th# , coupling constant is

may be useless in Monte Carlo simulations; i.e., one needsegative and it contribute€6—-11% of the B8, coupling

not only much computational time but also intricate pro-constant. Compared to the tree-level Symanzik-improved ac-

gramming skills. Recent studies showed that rather simpléon, which gives 8;x,/B81x1=—0.05, the others which

actions, such as Iwasaki’s two couplings action, can greatlynay include some nonperturbative effects seem to prefer a

improve unwanted behavior in the deconfinement transitiodarger percentage, especially, our results are more than

with the dynamical Wilson fermiofil8]. Similar improve- 10%. Moreover, note that the magnitude of the ratio in-

5 1
S=B2 ReT(gum— U, Y| ©

TABLE lll. Same as in Table |, but g8=6.3.

Case A B C D E F
Bix1 5.680437) 7.98613) 8.65220) 8.46415) 9.44329) 9.97921)
Bix2 * -0.916941)  -0.924141)  -0.922632)  -1.169831)  -1.162747)
Behair * * -0.1648(39) * -0.221345  -0.232937)
Bwist * * 0.2907(62) * 0.110854) 0.119%66)
Bax2 * * * * 0.1603(73 0.160649)
Bsofa * * * * 0.0516(20) 0.052411)
Bapwist * * * * 0.0987 (21) 0.097221)
Be * * * -0.357(70) * -0.368(35)

Ba * * * -0.150(72) * -0.140(698)




54 HEAVY QUARK POTENTIAL AND EFFECTIVE ACTIONS ON ... 1053

TABLE IV. Ratio of 8%, and B8,x1. MCRG-1(2) is taken from case B in Table(lll).

SY TAD-1 TAD-2 Iw MCRG-1 MCRG-2

Bix2!Bix1 -0.05 -0.068 -0.078 -0.091 -0.10 -0.11

creases from MCRG-1 to MCRG-2, even thoughin-  effective actions. The heavy quark potential showed good
creases. This would show that nonperturbative effects stilfotational invariance. Although the several forms of the ef-
dominate in the region we are studying. fective action were obtained with the canonical demon

There exists another possibility to improve gauge systeminethod, they only represent truncated forms of the effective
which is to directly use the blocked configurations them-action. However, we think such truncated effective actions
selves for measurements of physical quantities. As we havélill hold some improvements when used in Monte Carlo

seen in Fig. 1, rotational invariance is quite well recoveredsimulations.

on the blocked configurations, which means that the gauge The author thanks the QCD-TARO Collaboration for
system of the blocked configurations has less artifact. Th@roviding him with the blocked configurations. He also
hadron spectroscopy using the same blocked configuratiortianks Ph. de Forcrand and 1.O. Stamatescu for valuable dis-
we analyzed here has been already perforf@dfland it was  cussion and comments on the draft, and W. Wetzel for help
shown that the hadron masses are in reasonable agreemevith the computer resources of the Institlit flheoretische
with ones calculated on fine configurations when an approPhysik, UniversitaHeidelberg where most of this work was
priate improved fermion action is used. done during his stay. This work was supported in part by the

In summary, we analyzed the blocked gauge configurabeutsche Forschungsgemeinschaft and by Japan Society for
tions and then obtained the heavy quark potential and théhe Promotion of Science.
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