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We reporttherecentresultsofoursimulationofstrongcouplingQED, withnon-compactaction,onlattices
104and 164.Sincewe aredea[ingwithtwo staggeredfermionicflavors,we usehybridalgorithmtodothe
simulation.Inadditiontothemeasurementofthechiralorderparameter(_@),we alsomeasuremagnetic
monopolesusceptibility,X,throughouttheregionofchiraltransition.

1. INTRODUCTION two physicalquantitiesthat wearemeasuring.In the

In the past, QED was thought of as an effective third section, I will presentthe data and discussits

low ,energytheory. However,in the recentyear, vari- interpretation.In forth section, I will illustratesome
, ousladdercalculationshavegiven QED a wholenew problemswith _;henon-compactaction. Finally, I will

interpretation.1 An ultraviolet fixed point exists in drawsomeconclusions.

thestrong couplingregionandit is markedbya chiral

phasetransition. In addition, the four fermi interac- 2. SIMULA'FION "
tion becomesrenormalizable at this particular fixed The Lagrangian of non-compact QED is well

point.2 in the most recent results from the lattice known:

calculationof quenchednon-compactQED the chiral /__ O_
phasetransition .exhibitsnon-mean field behavior.3 &' = -_" p
Ali theseresultsimply that quenchedQED is a non- 1 '

triv,.I and non-asymptoticallyfree field theory. + _ _ T/.(x).[_.eie'(_)_/,x+,.-h.c,]
Thesenewdevelopmentsinthe quenchedtheory

prompt usto investigatethe full theory, that is QED + m_ _=¢=x

with dynamicfermions. Basedon our past simula-

tionsonsmalllattices,4 weareparticularlyinterested where E)pis the sum of gauge fields arounda pla-

= in doingthesirnulationwith two staggeredfermions, quette. Sinceweare interestedin a systemwith two
fermionicflavors,we useHybridMolecularDynamicsIn thesenew systematic studies, we seek to answer

. the followingquestions.Does this theory havea chi_ asour simulationmethod. We do the simulationson
two differentsizelattice, specifically104 and 164.ral phasetran_.itionT If it has such transition, can

wedeterminethe orderof the transition? What kind We measuretwo different quantities in ourslm- ..

of physicalmechanismsdrive the transition (e.g. ulations. The first one is the usual chiral order_ 1_. ,
/ parameter (_). For the 104 lattice, we measureStrong Vector Force, Mnnopoles, or Induced r-our

Fermi)? Does the transition have anything to do (_'¢,) f0rthe followingdifferentfermion masses_ = ,_j"J
withthecontinuumpllysics? 0.03,0.02,0.015,0.01,0.005andforthe164lattice,-,...L_

" In the secondsection, I will presentsometechni- ,wehave data for m = 0.03, 0.02, 0.0,!. The second

cal detailsof our simulation. Also, i will discussthe quantitythat we measurein our simulationsis the j__.
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magnetic monopole susceptibility X .5 lt is a good pa-
rameter for monitoring the activity of monopoles on Figure 2: (_¢) for the 164 lattice.

lattice. When the monopole density reaches the crit-

ical value, at which the large monopole loops start to

form, X reaches its maximum value. For the 104 fat- . "

tice, we measure X for fermion mass m = 0.005. For

the 164 lattice, we measure X for all three different

fermion masses.

The choices of the other parameters of our sim-

ulations are as follow. The time step d_ for the 104 1o4 QED

lattice ranges from 0.02 to 0.0025 and the time step 0.5 13,,,i,,,',i .... I '''_'I'''''I ....

for the 164 lattice ranges from 0.02 to 0.01. The

residue for the conjugate gradient is 0.001 per site. 0.4

However, it is adjusted for the lowest fermion mass.

For both lattice, sizes, our simulations cover/3 val- 0.[3
ues ranging from 0.26 to 0.19. For each /_ and m,

we obtain at least 200 trajectories and each trajec-

tory consists of 1/dZ sweeps. Moreover, for the 164 I_0"2..

o lattice, we use a random refreshment interval to im-

prove the decorrelation time. O.1 - * o

3. DATA AND INTERPRETATION O.O

In Fig. 1 we present part of the 104 (t_) data, 0.14 0.16 0.18 0.2 0.22 0.24 0.26, p
"[here are some slight fluctuations in the data for

the lowest fermion mass. This is caused by the ex- Figure 3: (_b) in the limit of m = 0
ceedingly long cot;elations around the transition. In

Fig. 2, we present the 164 (_) data. By com-
,,_,;,_, _;tk F;_ 1 w_ r_nclude that the finite size
I"....._ ........O" --' ....

effect is very small. In Fig. 3, (_) in limit of
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m = 0 is plotted, lt is obtained from measurements,

on the 104 latJce, at m = 0.005, 0.01,0.015, by a Figure 5: X for the 164 lattice.

/_. We do not make any extrapolation on the 164

data because the fermion masses are still too large. "

lt is very clear from our data that there exists a chiral

phase transition. The transition occurs most proS-

ably around/9 = 0.225. Due to the long correction

time around the transition, it is very hard to deter-

mine the order of the transition, lt may be second I04 qED

order. 0.5 ' ' "I ' ' "' I ' ' '"_I _'' '_-['V'_'_I"_
• . In Fig. 4, we plot the monopole susceptibility, X,

verse/9 for the 104 lattice. We see that X peaks at 0.4 - + -

/9 = 0.225. In Fig. 5, we plot X verse/3 for the 164 ++ +

lattice. We find that the peak of X is independent of

the fermion mass; again it is located at j9 = 0.225. 0.:3 +

The locations of the variou,; peaks are the same for

two different lattice sizes. Only the magnitudes of 0.2 - '

th_ peaks depend on the lattice sizes. In Fig. 6, we : _:_ ' 'k_
rescale X so that it can be ploted in the same scale 0.1 - ).-o

as (_)(m = O) for the 104 lattice. One clearly -
. .¢

sees th'at the monopole susceptibility peaks at the 0.0 "' .........I,,,, I, ,+,, _,,,, l,°,'_ I,,
chiral critical point. Therefore lattice monopoles are 0.14 0.16 0.18 0.2 0.22 0.24

important at the critical point. Lattice monopoles P

drive the chiral transition at least in part. Figure 6: (_) and X for the 104 lattice
Based on the data that we present, we believe

that non-compact lattice QED's chiral phase tran-

sition has no continuum analogue. The reasons for

this are very simple. First, the chiral transition is
=



driven in part by monopoles, which are lattice at- QED is not an asymptotically free field theory, this

ti_acts, not by the strong vector force, in other effect is large and it does not go away as the lattice

words, since the U(1) monopole condensation oc- spacing goes to zero. This effect is a very plausible

curs at the critical point, the U(2) gauge group mechanism for driving the chiral transition.

is relevant at the critical point instead of the R

gauge group of the continuum theory. In addition, 5. CONCLUSION

at fie = l/e_ = 0.22/5, the coupling constant is Non-compact lattice QED is an interesting lat-

c_ --, 0.3537. The Callan-Symanzik beta function rice theorywith many str_ctures. However we be-

up to forth order6 is lieve that this theory has no continuum analogue.

2 1 2 Thuswe can not use it to draw any conclusion about

/3(_)=_-(N/_-_ -) q-_(Nf-_) the triviality of the continuum QED. It would be in-
terested to repeat the same study for four fermionic

At this c_c, the second order contribution is 0.i5 and flavors. The most important problem is associated

the forth order contribution is 0.02536. Therefore with the U(1) phase in the fermionic part of the ac-

we expect that the perturbative QED will work rea- tion. Therefore, in order to continue the study of

sonably weil. We conclude that we cannot use the continuum strong coupling QED, one needs a new

non-compact lattice action to discuss the possible lattice QED action which will better match the con-

triviality of QED. tinuum action.
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