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1. Intr oduction

We wish to learnmoreaboutthe large N.. limit for SU(N.) gaugetheories. Quantitiesof
interestto this study include the order of the phasetransition, the critical temperatureand the
strengthof the transition(measuredy the latentheat). In this paperl will discussthe progress
madesofar in investigatinghelimit in 2+ 1 dimensions.

1.1 Why 2 + 1 dimensionalpure gaugetheories?

Thedeconfiningohaseransitionfor SU(N..) theoriesn 3+ 1 dimensionasbeenlookedat
extensively (se€[1, 2, 3]). Thepuregaugetheoryis of interest,not only for the relatve computa-
tional easg(comparedo theoriescontainingquarks),but for the rapidity with which the N, = co
limit canbeapproachedyuregaugetheorieshaving ano(%) leadingordercorrectionandquark
containingtheorieshaving anO( - correction[4] . C

The 2 + 1 dimensionatheorydiffersfrom the 3 + 1 dimensionatheory in thatit possessea
dimensionfulcoupling constant.But it sharesmary importantsimilaritieswith the 3 + 1 dimen-
sionaltheory possessin@ confining phase weak couplingin the ultra-violet and strongin the
infra-red.

2. Deconfinementand choiceof order parameter

To determinehe critical couplinganorderparametewhich candistinguishthe two phasess
neededThePolyakos loop.

Ly
b ="Te[ Ui (2.1)
t=1

doesnot possesshe global 7y, symmetry assuchwe canuseit to identify the whetherthefield
is in aconfiningor deconfiningphaseWe definethe loop susceptibility

5 (8) = {ILP) = (1)’ 22)

whichmeasurethesizeof thefluctuationsof theloops,peakingwhenthe Polyakw loopis equally
likely to befoundin eitherphase.A morephysicalquantitywhich we canthink of is the specific
heat,definedas

1

@C(ﬁ) = Np<U§>_Np<Up>2 (2.3)

whereU, is the averageplaquetteover a given configuration. This is relatedto latentheatof the
transition,in theinfinite volumelimit.

lim
Voo ﬂg Np

Cp) =114 (2.4

Where N, is the numberof plaquettes Pseudacritical couplings, 3., aredefinedwherethe loop
susceptibilityandspecificheatpeak.
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3. Reweighting

In orderto locatethesepeaksin the loop susceptibilityand specificheatwe requirethe ob-
senablesasa continuoudunction of the coupling. This is accomplishedisinga densityof states
reweightingtechniqud5]. Datafrom severalMonte Carlorunsis usedto estimatehatdensityof
statesD(S). Thisestimatefor the densityof statescanbe used togethemwith a Boltzmannfactor,
to estimatethe expectedactiondistribution P(.5).

1
P(S,3) = ——=D(S)e™"* (3.1)
(5,8) = 55 P)
where 7 () is includedasa normalisationfactor As a matterof computationapracticalitywe
bin the datainto histogramsP(.S;). Knowing this estimatefor P(S;,3) andan estimatefor an
obsenableO givenaparticularsS;, O(S;), we canconstructheexpectationvalueof theobsenable
asa continousfunctionof 3,

OB) =) P(S:,8)0(S) (3.2)

Wheninvestigatinga first ordertransitionwe mustmakesurewe seeenoughtransitionsto ensure
thatourestimateor thedensityof statess notbiasedsignificantlyin favour of eitherphaseErrors
onthelocationandheightof thesepeaksareobtainedhrougha jackknifeprocedure.

4. Determining the order of the transition

Thecritical couplingsreceve finite volumecorrectionsit is throughthesecorrectionghatthe
orderof thetransitionis determined6].. In physicalunits

To(00) ~To(V) vrep  lstorder

T.(c0) h____ 2ndorder
¢ (VTe(c0)?)Tv

(4.1)

Thecritical exponentsy, v parameteris¢he behaiour of thetemperaturelivergencefor a second
order transition,with the correlationlength diverging as|7' — 7.|~ and the loop susceptibiliy
divemgingas|T — T.|~". Writing eqn(4.1)n lattice unitswe have

Be(o0) (1= (%)2) 1storder

B(V) = (4.2)
Be(c0)(1—h (%) 2ndorder
With theloop susceptibilitypehaing as
V' 1storder
5 4,
X {Vﬁ 2ndorder (4.3)
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5. Results

For SU (4) thestudyof thetransitionis challengingasit is believedthatlarge, fine latticesare
neededeforeit revealsitself to bea secondrdertransition[7]. At L, = 3 it is weaklyfirst order
whencomparedo SU(5) and,SU(6). Thisis showvn in figures1,2,3with the SU(4) transition
shawing relatively frequenttunnellingbetweerthe phasescomparedo SU(5) andSU (6) onthe
samevolume. For SU(5) and SU(6) the transitionis clearly first ordet without ary particular
surprisesaaswe approachthe continuumlimit. For SU(6) the presencef clearseperatioetween
the phasesdmitsthe possibility of calculatingthe domainwall tensionbetweerthe phases.

5.1 5;

Thecritical temperaturén theinfinite volumelimit calculatedbn L; = 3 lattices(seefigure4)
canbeextrapolatedvith acorventionaIO(NLg) correctionto the N, = oo limit.

5.2 Latent Heat

The latentheatcalculatedon 7.; = 3 lattice is shavn in seefigure 5 whereit is extrapolated
with anO(xz) correction.Thelatentheatis zeroby thetime N, = 3. Thelatentheatof the SU (4)
transitionis finite but small,but maywell be zeroin the continuumlimit.

6. Conclusion

Thetransitionfor SU(5) andSU (6) arecertainlyfirst order Thelarge N.. limit is approached
in amannerconsistentvith the apected)(NLg) correctionsThestrengthof thetransitionappears
to be growing with N.. Work is currentlyunderwayto determinethe critical temperaturef the
continuumlimit andfind theappropriateV. — oo limit.
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Figure1: SU(4): Distributionof |l_p| ona25%3 latticeat # = 20.2 closeto thecritical coupling
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Figure 2: SU(5): Distributionof |l},| ona?2523 latticeat # = 31.95 closeto thecritical coupling
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Figure 3: SU(6): Distributionof |,| ona2523 latticeat 3 = 46.2 closeto thecritical coupling
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Figure 4: Extrapolatiorof 5—% atL; =3to N, = oo with a NLCQ correction
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Figure 5: Extrapolatiorof Ly at L; = 3 to N, = co with a ﬁ correction
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