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We present and test a new method for simulating dynamical fermions with fat links. Our construction is
based on the introduction of auxiliary but dynamical gauge fields and works with any fermionic action and can
be combined with any fermionic updating. In our simulation we use an overrelaxation step which makes it
effective. For four flavors of staggered fermions the first results indicate that flavor symmetry at a lattice
spacinga~0.2fm is restored to a few percent. With the standard action this amount of flavor symmetry
restoration is achieved at~0.07 fm. We estimate that the overall computational cost is reduced by at least a
factor of 10.
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I. INTRODUCTION cially evident for the pions: only one of the pseudoscalar
mesons is a true Goldstone particle; the others are massive

Improved actions reduce lattice artifacts and thus alloneven at vanishing quark mass. Since flavor symmetry break-
simulations at coarser lattice spacing, larger lattice quarkng is basically due to the fluctuations of the gauge fields
masses and smaller lattice volumes. The use of improvedithin a hypercube and is particularly sensitive to disloca-
actions in large scale numerical simulations has been increagens, local smearing of the gauge links is very effective in
ing steadily. For dynamical simulations a factor of 2 im- reducing flavor symmetry breaking. Several quenched simu-
provement in lattice spacing can easily translate to a gain dhtions verified this conjecturgl5—17. Dynamical simula-
100 in computational cost, which usually more than compentions with one level of smearinf8,19 found similar im-
sates for the reduction in efficiency of the algorithm. Systemprovement. Perturbative studies of flavor symmetry breaking
atic improvement programs remove lattice artifacts perturbaalso support the use of fat linkg0].
tively [1—4] or nonperturbatively5—-8] by adding irrelevant Dynamical simulation of fermion actions with fat links
operators to the action. The use of fat or smeared links is pagan be very complicated. Even in the simplest case where the
of many of these improvement prograff®10]. Smearing fat link is constructed as a sum of several paths connecting
the links of a lattice action does not change the long-distancehe fermions, the fermionic force term will have many more
properties of the system, but by smoothing out short scalgerms than with thin link action. If the fat link is projected
lattice vacuum fluctuations, it reduces lattice artifacts. Faback to SW3) and the fattening procedure is iteratéas
link actions by themselves show improved scaling properproved to be most effective in quenched simulatjpdirect
ties, especially in quantities most sensitive to short distancealculation of the fermion force term becomes nearly impos-
fluctuations. sible.

For Wilson-type clover fermions, chiral properties show In this article we present a new method for simulating fat
significant improvement in fat link quenched simulationslink fermion actions with many levels of projected smearing.
[11]. Fattening removes many small dislocations and thafhe basic idea is to introduce auxiliary but dynamical
reduces the spread of the real eigenmodes of the Dirac ograuge fieldfor each smearing level. These gauge fields
erator and the occurrence of exceptional configurations. Theouple to each other by blocking kernels representing one
perturbation theory for fat-link Wilson-type fermions has level of smearing. The last of the auxiliary gauge fields
been worked out if12], showing that the additive mass couple directly to the fermions just like ordinary thin links,
renormalization is small, the renormalization factors are verythus avoiding the complicated gauge force computations.
close to one and the tree-level clover coefficiegf,=1.0 is  Our construction does not consider the systematic improve-
expected to be close to the nonperturbative value. ment of the action, but it can be combined with any thin link

Fat links have also been successfully used in overlap adermionic action. Combining systematic improvements of a
tions[13,14]. The improved chiral properties of fat link ac- thin link action with fat link fermions can lead to further
tions result in significantly faster convergence in evaluatingsystematic improvement.

Neuberger’s formula. To motivate our choice of fat link action in Sec. Il we

The use of fat links with staggered fermions improvesstudy flavor symmetry breaking with staggered fermions in
flavor symmetry. In the staggered fermion formulation thethe quenched approximation. We consider valence actions
four components of a Dirac spinor occupy different latticewith different levels of smearing and we compare the results
sites and connect to different gauge fields, leading to flavowith the standard thin link action. The quenched simulation
symmetry breaking. The flavor symmetry breaking is espesuggests that with three levels of projected fat links flavor

symmetry improves to a level corresponding to a factor of
2.5 change in lattice spacing.
*Email address: knechtli@pizero.colorado.edu In Sec. Ill we present our general construction of a fat
"Email address: anna@eotvos.colorado.edu link fermion action. We suggest combining different updat-
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i FIG. 1. The massn, of the
e - Pl lightest non-Goldstone pion as the
1 d function of the massm, of the
Goldstone pion in the quenched
approximation.(a) shows results
for B=5.7 using both a thin link
and different fat link valence ac-
tions. (b) results obtained with our
— best fat link action onB=5.7
i i :,v";,n,;;; thin, 8=5.7, 6.0, 6.2 - background are compared with
O N=1 A=500 - : 1 thin link action results ong
- o N=3 A=500, 8=5.7 A =5.7, $=6.0, andB=6.2 back-
7 ground configurations. The lattice
' spacing changes by a factor of 2.5
betweeng=5.7 andB=6.2.
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ing methods in the numerical simulation. The simplest is towhereX; ,(U) is the sum over the six staples around the link
update the original and all but the last auxiliary gauge fielddJ; ,. We use the index to label the lattice sites and the
using Metropolis updating. The last level auxiliary gaugeindex u to label the four space-time directions. The smearing
field couples to the fermions. Any fermionic updating can beprocedure, Eq(1), can be iterated if the fat link) is pro-
used; we consider molecular dynamics updating here. jected onto S(B):

Unfortunately this coupled system is very rigid and
evolves extremely slowly under local updating. In Sec. IV W, ,=Projsy){Qi .}- (2
we discuss a global overrelaxation step that improves the S
situation considerably. Overrelaxation updating based on théhe nth level fat link is given by
gauge action is usually not very effective for fermidaq].
The situation here is quite different. Since the fermions Qf?li:(l—a)\/\/i(,”ﬂ*WEEW(W(“‘”), 3
couple to a several times smeared smooth gauge field, we 6
find that one can update up t6.3 fm* part of the lattice ) .
and still have a large enough acceptance rate to make thereS; (W) is the sum of staples around{", ),
algorithm efficient. the (n—1)th level fat link projected onto S@) (W

In Sec. IV we specify the action for four flavors of stag- =U). In the following we label byN the number of smear-
gered fermions and discuss the overrelaxation update in déAg iterations or levels. Perturbative argumeft2] show
tail. One iteration of our algorithm is composed of 100 over-that for values of the smearing parametex #<0.75 the
relaxation, one Metropolis and one molecular dynamicssmearing orders the gauge configuration suppressing small
steps. This combined updating is about 15—20 times slowescale fluctuations. [&>0.75, the smearing eventually disor-
than a molecular dynamics thin link updating and has abouders. In the following we choose, somewhat arbitrary,
the same autocorrelation times. Considering that we gairr0.70.
well over a factor of 100 from the improved scaling proper- We consider two different S@3) projections: adetermin-
ties, this cost is acceptable. Our first results with this algoistic projectionW,,; , defined by
rithm confirm the quenched results for flavor symmetry
breaking. We find that flavor symmetry violations are re- Re T Wiy ,Qf )= max ReTtWQ ) (4
duced to a few percent at a lattice spacarg0.20 fm. WeSU3)

In Sec. V we summarize our results and discuss the futur
directions.

Il. FAT LINK ACTIONS AND QUENCHED
SPECTROSCOPY

&ind aprobabilistic projection W} ,, whereW,' , is chosen

according to the probability distribution

P(W)ocexp[% Re T(WQ ) (5)

In this section we investigate the spectrum of fat link
staggered actions in the quenched approximation. Previous
extensive studielsl 7] have demonstrated the improvement in With projection parametex. For\ =, Eq. (5) is equivalent
the restoration of flavor symmetry due to the smearing of thd0 Ed. (4).
gauge links. Our goal here is to motivate the parameters of To illustrate the effect of fat links on flavor symmetry
our dynamical fat link action. restoration we calculated the pion spectrum on a sef248

We fatten the gauge links using APE smearjag]: the =~ 8=5.7 (@=0.17fm) quenched lattices. In Fig(el we plot
smeared or fat linkQ is constructed from the thin link as  the masses of théwould-bg Goldstone pionwy and the

lightest non-Goldstone pionr;s, corresponding to the rep-
_ a resentationys® y;ys. We label the representation of the
Qiu=(1= Ui+ g2i,uU), D states following[23,24) by I's®T'r, whereI'g labels the
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3 T B LA L ization after one level of nonprojected smearing is almost the
L g=5.7 AN=lnp. | same as without smearing. Increasing the smearing level and
- 4 thin 1 the value ofn indeed reduces the multiplicative mass renor-
sl ] malization factor.
- o N=1 A=500 1
. f X N=3 A=100 | 1. DYNAMICAL FERMIONS WITH FAT LINKS
5:2 — P N=3 A=500_| The quenched results show that smearing the gauge links
= ] considerably improves the flavor symmetry of staggered fer-
- . mions. There is evidence that these results carry over to dy-
s ] namical simulationg 18] where one level of smearing is
L - implemented. Because of the gauge force computations in
[ i 1 the molecular dynamics equations of motion, it is very com-
L+ . plicated to simulate fermions with many levels of smearing,
ol b b b even impossible if projection of the gauge links into(S)s
0.00 0.02 0.04 0.06 0.08

made after each smearing step.
Our method to overcome this difficulty is to introduce a
FIG. 2. The mass renormalization in the quenched approximaset ofauxiliary but dynamical gauge fieldshich couple to
tion at3=5.7 for the thin link and different fat link valence actions. each other in the action by blocking kernels representing one
In addition to the actions used in Fig. 1, we show the results folevel of smearing. The last level auxiliary gauge field
N=1 level of nonprojectednp.) APE smearing. couples directly to the fermions in the same way the usual
thin links do. The problem of the computations of the gauge
spin andl'r labels the S(#) flavor. The pion masses are force is transferred to the gauge sector where it can be
expressed in units of the Sommer sceje(r,=2.87a at 3  solved. This construction can be used for any fermion action
=5.7) [25]. In addition to the thin link we consider three fat Which can be simulated with thin links.
link valence actionsN=1 andN= 3 levels of smearing with Let us start considering fermions coupled to fat links con-
projection parametek =500 andN=3 levels of smearing structed with one level of smearing from the thin lirlds, .
with projection parametex =100, all witha=0.7. We ob- We introduce a dynamical auxiliary gauge fieldand we
serve considerable improvement frad=1 to N=3. Also,  define the action
A =100 for the projection parameter is clearly not as effec-

am

tive ash =500. Increasing the number of blocking leves, __ B A +

or the projection parametex further does not improve the S= §Ep Re TUp) §% Re TV ,Winaxj ,(U)]
situation substantially but increases the computational effort

considerably. In the rest of this paper we will consider the fat —trin[MT(V)M(V)]. (6)

link action corresponding tt&\=3 levels of blocking with

projection parameteh =500 and APE parametex=0.7. Herep labels the plaquetted,,Wy,(U) is the SU3) pro-

While these parameters are not unique, they seem to be clofgetion, Eq.(4), of the fat link given in Eq(1) andM (V) is

to optimal. the fermion matrix. The blocking parameterconstrains the
To get a feel for the amount of improvement one canauxiliary gauge linksV; , to be close to the projected fat

achieve with this fat link action, in Fig.(lt) we compare the links W, ,(U). Fluctuations of the fiel&/ are proportional

N=23, A=500 action with thin link data g8=5.7, 6.0, and to 1. This is a dynamical realization of the projection Eq.

6.2. The data for the last twg values are from Ref24] and  (5). In Eq.(6), Tr means the trace over $8) color whereas

correspond to lattice spacings=0.095 fm and 0.069 fm and tr means the overall trace over space-time indicedirec-

Sommer parameterg=5.26a and 7.2%, respectively{26].  tions u, spin and color.

The N=3, A =500 smearing reduces flavor symmetry viola- ~For many levels of smearing, we introduce a set of dy-

tions on theB=5.7 configurations to the level obtained at namical auxiliary gauge fieldg/™ W@, ... wiN=v, one

B=6.2 with thin link action, a factor of 2.5 improvement in for each level of smearing. The action, E6), is generalized

lattice spacing. The computational cost of full QCD grows atto

least as H® [3] and for certain quantities even aai9[27].

A factor of 2.5 in the lattice spacing means a factor of B N (Dnt

200—10 in computational cost. S=- §% Re Ti(Up) - 52 Re TEW; ,Winay;,u(U) ]
Finally, in Fig. 2 we plot the square of the Goldstone-pion ’

mass as a function of the bare quark mass. All measurements A 2t 1)

are on theB=5.7 gauge configurations using thin link and 3 “~ Re TEW; 7, Wrnayj, (W) ]

different fat link actions. In addition to the actions consid-

ered in Fig. 1, we show the results fdi=1 level of non- A t WiN-D

projected APE smearing. Fat link perturbation theory pre- 3 “~ Re TV ,Wnaxj,u( )]

dicts that the mass renormalization constant becomes

perturbative ad\ increases. We see that the mass renormal- —trinfMT(V)M(V)]. @
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This action is in the same universality class as the originap({u,v\/(l{__,\/}H{U/,\/\ﬂ)/,_,_,\/’})

thin link action. If the blocking parameter }s=«, the aux-

iliary gauge fields can be integrated out and the resulting =P{U' WY VI {UWD, V). (12
action is a plaquette gauge action while the fermions couple

to deterministically projected fat links. K+, the integra-  Thjs can be achieved by choosing with probability 1/2 either
tion of the auxiliary gauge fields will introduce additional g given sequence of the thin link reflections, E&), or with
gauge terms. These new terms depend on the think link vargqual probability the reversed sequeri2d]. The sequence
ables in a complicated way, but they are all local terms contas to be reversed with respect to the direction and location
taining only a finite number_ of Im[( variables. Thus,_theseof the thin links and with respect to the index of the (8U
terms do not change the universality class of the action.  sybgroup. The thin link reflections are then followed by the
The updating of this system can, in principle, be done by\oca reflections, Eqg9)—(11), for the auxiliary gauge links.
a sequence of Metropolis updatings for the fieldsgor g given level of auxiliary gauge field the reflections are
u,w,... W= and by the standard updating for the fer- independent of the order with which we sweep through the
mion matrix M, with the only difference that now the last |attice and they are symmetric under exchange of primed and
auxiliary gauge fieldv enters the fermion matrix. unprimed quantities. If we start from a gauge field configu-
The problem of this basic algorithm is that the SyStemration{U,W(l),...,V} and apply Eqs(8)—(11) twice with the
with large \ is very rigid and evolves very slowly. To cure sequence of thin link reflections reversed, we come back to
this problem, we use a hybrid overrelaxation algoritf#8—  the original configuration. This overrelaxation algorithm sat-
37] with (i) Metropolis updating for the gauge fields isfies detailed balance and is a legal update of the system. To
U,w®,.. WN"D, (i) standard algorithm for the fermion achieve ergodicity though, one must still perform some up-
matrix M (V) and(iii) global overrelaxatiorfor all the gauge  datings with the basic algorithm.
fields U, W), ... V. For the Metropolis accept-reject step following the
In the next section we discuss how an overrelaxation caghanges, Eqg8)—(11), we have to calculate the action; i.e.,
be implemented. It plays a key role in reducing the autocorwe need an explicit form of the determinant to evaluate. For
relation times of the Metropolis update. Note that the overfour flavors of staggered and two flavors of Wilson fermions

relaxation update is effective only because the fermionshis is trivially realized. In terms of pseudofermion fieldis
couple to the smooth fat links. the action, Eq(7), is

IV. OVERRELAXATION WITH FAT LINKS S= Sg(U wb V)+(I)T[MT(V)M(V)]71CI) (13)

Our overrelaxation update is based on the usual overre-

laxation reflection step used in pure gauge systems thafhereM (V) represents the fermion matrix. The equilibrium
leaves the gauge action invaridB2,33. We reflect the thin  yropability distribution of the gauge fieldd, W®, ...V is
links just like in the standard overrelaxation algorithm by given py

sweeping in a given order through some pait all) of the

lattice: 1) —s,(UwWb V) t
PedU,WE, .. V)oce™ SUW - Videf MT(V)M(V)].
U—u’. tS) (14
lT.hkesle changes are followed by a transformation of the faéince the pure gauge part of the action is invariant under the
INKS: overrelaxation move of the system, the acceptance probabil-
, , ity is
WO = WOW](U) Wingi(U), © 7
W@ =WRW (W)W, (WD), (10) defMT(V')M(V")]

PadV',V)=minj 1

Tdetmrvmvy] | 19

, " N-1) N=1)s P.ccdepends only on the last level auxiliary gauge links. The
V=V Wi W) Wina W ). (11D goalis to efficiently compute the acceptance probability.
Instead of calculating the determinant in Ef4) we use
All links for a given level are reflected and then the nexty stochastic estimator to approximate..[38,39:
level gauge field is changed. The reflections must be per-
formed in the order given by Eq&)—(11). This transforma- N L
tion leaves the gauge part of the action invariant, but the ~— PhdV',V)=min{1,& M (VIMVO=MIIMMVIG = (16)
fermionic part will change and a Metropolis accept-reject
step must be performed. In order for this updating to satis
detailed balance, the probabilify for changing the gauge
field configuration{U,W®), ...V} to {U’, W1’ .. V') has
to be equal to the probability for the reversed change: i.e., P(£)oce ¢ MI(VIMV)E (17

f3(/\/here the vectok is generated according to the distribution
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After configuration averaging, this procedure satisfies the de- Seif(V)=—2a, Re tf D4(V)]
tailed balance conditiof39]. 5
If the gauge field&/ andV’ are very different, the accep- —2a;Ret{ D(V)]. (21)

tance rate from Eq.16) will be small even when the fermi-

onic determinants are actually very close. This is because dfhe effective actiorS.z(V) can be evaluated explicitly. In
the large fluctuations of the stochastic estimator. To improveeneral it is the sum of a plaquette term coming from
the acceptance rate, we attempt to remove the most ultraviaf D*(V)] and a constant from[tD?(V)]. The real param-
let part of the fermionic matrix and include it explicitly as an etersa, anda, are free and can be optimized. In a different
effective gauge action. The resulting reduced matrix gives @ontext, a decomposition of the fermion matrix like E48)

much higher acceptance in Ed.6). has been proposed j21] motivated by the hopping param-
For heavy fermions the fermion determinant gives rise toeter expansion.
an effective plaquette term for the gauge fipd@]. Even for In terms ofSe(V) and M, (V) the acceptance probability

small quark masses the ultraviolet part of the fermion deteris
minant can be well approximated by an effective loop action
involving only small Wilson loop$41-43. These observa-

—Ser(V') LV ’
tions suggest to remove the plaquette term from the fermion p__ (v’ v)=min 1’e : detM, (V)M (V)]

matrix by introducing a reduced matrM, as e %) de{M{(V)M, (V)] .
M(V)=M, (V)A(V) with (18
. ) It can be approximated by generating a ve@aiccording to
A(V)=ge*aD (V)T aD%(V) (190  the distribution

whereD is the kinetic part of the fermion matrix. In terms of et (v
M, the fermion determinant becomes P(§)ce = r ' (23

defMT(V)M(V)]=defM[(V)M,(V)]e %) (20)  angd Eq.(22) becomes

. _ ’ + T nomt
PZ.(V',V)=min{1,eerV) = Sei(V)+ &M (VIM(VH) =M (VIM (V)]¢Y (24)

In practice, we start by generating a random Gaussian sour@? terms. When the links in the fermion matrix are smeared,
R according to the probability distribution these fluctuations are constrained. This is the key feature
R which makes the overrelaxation effective with fat links.
P(R)xe R'R (25

from which we form the vectors V. PERFORMANCE OF THE ALGORITHM

For testing our fat link action we decided to simulate

®'=M(V')R, (26) =4 flavors of staggered fermions. The fermion matrix is
r_ LAV "nN1-1dp given by
X'=[MY(V)M(V")] D',
(27) .
The vectoré in Eq. (23) is then given byé=A(V')X’ and M), 2m5,’1+% TouMNVindiii Vi il i)
we can write the fermionic terms in E(R4) as (30
EMIVIM (V) =D TX, (28)  wherey; , are the staggered phases. We impose antiperiodic
boundary conditions in the time direction. The pseudofer-
EMIVIM, (V) e=X"TAT(VHAT(V) IMT(V)M (V) mion field ® and the matrixM (V)M (V) are restricted to
B the even sites of the lattid&l4]. The matrixD used in Eq.
X A(V)TA(V)X'. (29

(19) is given by

The acceptance probability strongly depends on the param-
etersa, and a,. The optimal value can be found numeri- D=2 7 (Vi u6 =Vl -~ & ..:). (31)
cally. We will discuss our choice in the next section. b AR I

This procedure is not effective if the fermion matrix de-
pends on thin links, because the fluctuations in the stochastiEhe traces ifS.(V) in Eq. (21) are computed by summing
estimator are too large even after the removal of@feand  over the even sites only and give
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1 0.35 LI I | LI | T T T T | T T T 7T | T T T 7T
tr[D4(V)]=24Q 3_6_sz Re Ti(V,) |+ 1080 - N=3 =5.2 am=0.1 -
—46y,4 2 ReTI(P), (32 ool ] E 7
it=0 =, 0.30 - —
r L E _
t{D(V)]= —120. (33 7 0 ¢ { ]
~ - i
() denotes the total number of lattice points and we assume zf i o ]
that there are more than 4 sites in each spacelike direction. 3 2%~ .
For N;=4 sites in the timelike direction there is an extra = ' i
contribution to tfD#(V)] coming from the Polyakov lines
P; starting at locationi,t=0. The minus sign of the Polya- | i
kov line in Eq.(32) is due to the antiperiodic boundary con- osoloaw b b by by
ditions in time direction. 0.2 0.3 0.4 0.5 0.6 0.7
As we described in Sec. Il we choose the number of aux- (Ngor/4)'/*a [fm]

iliary gauge fields and the smearing parameters to be ) _ .
FIG. 3. The effective physical volume where tidinks change

N=3 «=0.7. \A=500. (34) in one global overrelaxatiofGOR) updating step as function of the
' ' physical volume “touched.” The results are obtained o124 lat-

The global overrelaxatiofGOR) described in Sec. IV is fices.
essential here as it considerably reduces the autocorrelation%_ .
of the otherwise very rigid system. The GOR leaves the purd’ ich can be updated with a reasonable accepte‘l‘nce rate.”The
gauge action of our system invariant but is subjected to agctual value Olagor depends on the number of “touched
accept-reject step which accounts for the ratio of fermior"kS Ngor. The broad maximum in Fig. 3 corresponds to
determinants, see E@24). Since the fermions couple di- %GOR™ 35%Ngor=64),  acor=26%Ncor=96)  and
rectly to the last level dynamical fat links, the acceptance®cor=16%(Ngor=144) on the above lattices.
rate agor i large enough to make the algorithm effective.  We observed that the value, E@6), scales with the lat-

The parametera, anda, entering Eq(19) are chosen to t_ice spacing. On lattices with sma_ller Igttice spacing more
maximize the acceptance ratgor. We use links can be updated at the same time; i.e., the physical vol-

ume of the updated region remains fixed. On larger physical
ay=—0.18, a,=—0.006. (35)  volumes, on the other hand, one would have to increase the
number of GOR steps to achieve the same efficiency. In our
Settinga,= a,=0, i.e., computing the ratio of fermion de- finite-temperature runs or’8 lattices[45] we observed that

terminants without decomposing the fermion matrix accordthe effectiveness of the algorithm increases in the deconfined
ing to Egs.(18) and(19), gives a value forgog Which is a phase. Somewhat surprisingly, the effectiveness also in-
factor of 10 smaller than what we achieve with our choice créases with decreasing quark mass. This fact together with
Moreover, keepingr,=0 and varying onlye, gives signifi-  the faster convergence of the conjugate gradise¢ Table)l
cantly loweragogr. The choice of Eq(35) is not unique; we aIIovv_s S|m_ulat|ons at quark masses that are not practically
identified in thea,- a4 parameter space a bandlike region in PoSsible with the standard thin link action. .
which agog reaches its maximal value. ~ In simulating the 824~20 fm4 lattices, we found it effec-
Even with our improved GOR it is not possible to changeliVé 0 follow each Metropolis and' hybrid Monte Carlo

simultaneously all théJ links; the effectiveness of the algo- (HMC) algorithm by 100 GOR updating steps, each reflect-
rithm would be very low. Instead we choose a random blockNd about a(0.3 fm)* section of the thin link lattices. For
of U links containing Neor4) sites and reflect only the timing our algorithm we consider the computer time neces-
links within this block. These changes propagate more angary for 100 GOR stegs, one MetropdIET) step for each
more through the lattice as we consider the cascade of refle@auge fieldd,W),W?) and one HMC trajectory for the
tions Eqgs.(8)—(11), as 19 fat links have to be changed by field with step sizeAt=0.015 andN,= 30 steps. We com-
changing one link. In Fig. 3 we plot the volume of the lattice Pare this to the time of one HMC trajectory with step size
in which the U links are effectively updatedactually the ~At=0.015 andNy,= 30 steps for the thin link actiof#6,47
fourth root of if, i.e., (@corNgor'4)“a as a function of the With parametergg=5.25 andam=0.06. With these param-
physical volume of the “touched'U links (Ngor/4)Ya.  eters the Ia}ttlce spacings r_:md the physical quark masses of
These results are obtained o2&, =5.2 andam=0.1  the two actions are approximately matched. To compare the
lattices. The lattice spacing from the string tension can bdimes for one updating iteration is fair because the autocor-
estimated am~0.2fm and the correlation length agm, relations for simple observables like the plaquette or the chi-
~1.7. We see in Fig. 3 that there is a maximal physicalral condensatess are observed to be the same for the two
volume algorithms in these time units.

In Table | we show the results of the timing comparison.

Vgor=(0.3 fm)* (36)  We use one iteration of ordinary thin link HMC algorithm as
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TABLE I. Timings for simulation of ordinary thin link HMC  |attice spacings from the string tension are approximagely
algorithm compared to simulation of our algorithm with=3 aux- ~0.18fm anda~0.22fm, and the correlation lengths are
iliary gauge fields. The dynamical lattices aré28 and the lattice romy~1.8 andr,my~1.5, respectively. The flavor symme-

g~ 1. ~1.5, .

spacings and physical quark masses of the two simulations are ay, yig|ations on the thin link dynamical lattices agree with

proximately matched. The time unit is one updating $EmSISing  yno o enched predictior&@ncy diamonds Our fat link dy-

of one HMC trajectory of the ordinary thin link algorithm. The last ?amical action has only about 6% flavor symmetry violation
0

tw I ive the total ti t th b - . .
© coLIMnS ge e total ime cos's and © average ?um er compared to 60% of thin link actions at comparable lattice
conjugate gradienfCG) iterations needed per inversion Bf'M. spacings

links 100 GOR 1 MET 1HMC total CG iterations

thin - - 1 1 133 VI. CONCLUSIONS

fat 11.0 3.5 0.5 15.0 61 . . .
a We presented a new method for simulating dynamical fer-

mions with fat links constructed through many levels of pro-

time unit. One iteration of our algorithm costs a factor of 15i€cted smearing. For each level of smearing we introduce an
more but, as pointed out in Sec. II, we can effectively gain suxiliary but dynamical gauge field and these gauge fields
factor of 1¢—10* in computer time due to improved scaling. @ré connected to each other by blocking kernels representing
With fat links, there is also a considerable reductiafactor ~ ONe level of smearing. Since the last of the auxiliary fields

of 2) in the number of conjugate gradie(€G) iterations couple in the standard way to the fermions, our construction
needed for the inversion dfl 'M. as shown in the last col- €an be used with any known fermionic update. We discussed

umn of Table 1. the simulation of our system which includes an overrelax-

Finally we consider flavor symmetry restoration on the@tion updating. The fat links entering the fermion matrix
dynamical fat link lattices. Figure 4 shows the first resultsTake the overrelaxation effective and this is the key feature
obtained with our fat link action on34 lattices with pa- ©f our algorithm.

rameters3=5.2,am=0.1 (square. The lattice spacing ia At this time our algorithm is running on scalar machines
~0.2fm and t,he Goldstone pion to rho mass ratio isand the overrelaxation step is worked out for four flavors of

my/m,=0.74(1), indicating a correlation lengthr,m, staggereq fermions. The results fc?r flavqr symmetry restora-

dion confirm the quenched results; that is, a factor of 2.5 in
(octagong taken from Fig. 1: i.e., flavor symmetry violation the Iattict_a spa_lcing can be gai_ned. Taking into account that
is reduced to a few percent. To show the improvement due tgUr @lgorithm is about 15-20 times slower than the standard
the smearing of the gauge links, we also ran the standard th"€: this gives an overall gain of at least a factor of 10 in

link staggered action with two sets of parametgs;5.25, computational COSts. . -
am=0.06 (fancy squareand 8=5.2, am=0.06 (bursd. The We have used this algorithm to study the finite tempera-
' - ' ' ture phase transition of four flavors of staggered fermions at

N,=4 [45]. We observe a qualitative difference compared to

3 — T — T — T T T
L ! + ! thin link simulations. The strongly first order phase transition
| R P is washed away; we observe a very broad crossover instead.
- P - We believe this difference is due to the improved flavor sym-
- _ metry. In our simulations we have 15 relatively light pions
R ;* m — compared to the single Goldstone particle of thin link simu-
. ¥ . lations.
E T ] We are parallelizing the code for large scale simulations
ST ) [48]. This requires a 32-checkerboard structure but it is not
1'_ D 5o52 fat. dyn ] more com_plicated than paralle_lizing a Sy_manzik ?mproved
) : ’ gauge action. The overrelaxation generalizes easily for two
I © £=5.7 fat. quen. flavors of Wilson fermions. To generalize it for two flavors
L %, f=5.2, 5.25 std. dyn. | of staggered fermions we need an explicit realization of the
L + B=5.7 std. quen. i action. That can be done by approximating the square root of
bl vy L the fermionic determinant with a polynomial forfd9,50Q.
0 1 2 3 Our preliminary study shows that it can be done efficiently.
rom,
FIG. 4. Flavor symmetry violation for the dynamical runs with ACKNOWLEDGMENTS
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