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1. Intr oduction

We wish to learnmoreaboutthe large "$# limit for %
&('�"$#*) gaugetheories. Quantitiesof
interestto this study include the order of the phasetransition,the critical temperatureand the
strengthof the transition(measuredby the latentheat). In this paperI will discussthe progress
madesofar in investigatingthelimit in +-,/. dimensions.

1.1 Why +0,1. dimensionalpure gaugetheories?

Thedeconfiningphasetransitionfor %
&('�"$#*) theoriesin 20,1. dimensionshasbeenlookedat
extensively (see[1, 2, 3]). Thepuregaugetheoryis of interest,not only for therelative computa-
tional ease(comparedto theoriescontainingquarks),but for therapidity with which the "$#4365
limit canbeapproached,puregaugetheorieshaving anO '879�:; ) leadingordercorrectionandquark

containingtheorieshaving anO ' 79 ; ) correction[4] .

The +�,<. dimensionaltheorydiffersfrom the 2�,<. dimensionaltheory, in that it possessesa
dimensionfulcouplingconstant.But it sharesmany importantsimilaritieswith the 2�,=. dimen-
sional theory, possessinga confiningphase,weakcoupling in the ultra-violet and strongin the
infra-red.

2. Deconfinementand choiceof order parameter

To determinethecritical couplinganorderparameterwhich candistinguishthetwo phasesis
needed.ThePolyakov loop. >@? 3BA0C DFEGHJI 7 &LKNMPO H�QJRH (2.1)

doesnot possesstheglobal S 9 ; symmetry, assuchwe canuseit to identify thewhetherthefield
is in aconfiningor deconfiningphase.We definetheloopsusceptibility.TU='�V0)�36WYX[Z> ? X]\Y^`_�WaX[Z> ? Xb^c\ (2.2)

whichmeasuresthesizeof thefluctuationsof theloops,peakingwhenthePolyakov loopis equally
likely to befoundin eitherphase.A morephysicalquantitywhich we canthink of is thespecific
heat,definedas .V \ed 'JV0)f3g" ? WFZ& \? ^h_i" ? WFZ& ? ^ \ (2.3)

where Z& ? is the averageplaquetteover a givenconfiguration.This is relatedto latentheatof the
transition,in theinfinite volumelimit.jNkmln-oqp .V \# " ? d 'JV4#r)�3 .s-t \u (2.4)

Where " ? is thenumberof plaquettes.Pseudocritical couplings,Vf# , aredefinedwherethe loop
susceptibilityandspecificheatpeak.
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3. Reweighting

In orderto locatethesepeaksin the loop susceptibilityandspecificheatwe requirethe ob-
servablesasa continuousfunctionof thecoupling. This is accomplishedusinga densityof states
reweightingtechnique[5]. Datafrom severalMonteCarlorunsis usedto estimatethatdensityof
statesv�'�%L) . Thisestimatefor thedensityof statescanbeused,togetherwith a Boltzmannfactor,
to estimatetheexpectedactiondistribution wx'�%L) .wx'y%�z�V0)�3 .S$'JV0) v�'�%{)c|P}F~�� (3.1)

where S�'JV-) is includedasa normalisationfactor. As a matterof computationalpracticalitywe
bin the datainto histogramswx'y%f��) . Knowing this estimatefor wx'�%f�rz�V0) andan estimatefor an
observable� givenaparticular%f� , ��'y%f��) , wecanconstructtheexpectationvalueof theobservable
asa continousfunctionof V , W���'JV-)c^f3B� ��� wx'�%f�rz�V0)���'�%f�J) (3.2)

Wheninvestigatinga first ordertransitionwe mustmakesurewe seeenoughtransitionsto ensure
thatourestimatefor thedensityof statesis notbiasedsignificantlyin favourof eitherphase.Errors
on thelocationandheightof thesepeaksareobtainedthrougha jackknifeprocedure.

4. Determining the order of the transition

Thecritical couplingsreceivefinite volumecorrections,it is throughthesecorrectionsthatthe
orderof thetransitionis determined[6].. In physicalunits� #�'y5B)h_ � #�' U )� #�'�5B) 3 �� � unf� ; K p Q : 1storderuK nf� ; K p Q : Q���*� 2ndorder (4.1)

Thecritical exponents��z*� parameterisethebehaviour of thetemperaturedivergencefor a second
order transition,with the correlationlengthdiverging as X � _ � #�X }h� and the loop susceptibility
divergingas X � _ � #�X }e� . Writing eqn(4.1)in latticeunitswe have

V # ' U )�3 ��� �� V # '�5B)�'r.-_��(� 9-E9��a� \ ) 1storderV4#�'�5B)�'r.-_�� � 9 E9 �a� :��� 2ndorder.
(4.2)

With theloopsusceptibilitybehaving asT�� � U 1storderU¢¡��� 2ndorder.
(4.3)
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5. Results

For %�&x' s ) thestudyof thetransitionis challengingasit is believedthatlarge,fine latticesare
neededbeforeit revealsitself to bea secondordertransition[7]. At t H 3B2 it is weaklyfirst order,
whencomparedto %�&x'�£�) and %
&('�¤�) . This is shown in figures1,2,3with the %�&x' s ) transition
showing relatively frequenttunnellingbetweenthephases,comparedto %�&('y£�) and %
&('�¤�) on the
samevolume. For %�&('y£�) and %�&x'�¤�) the transitionis clearly first order, without any particular
surprisesasweapproachthecontinuumlimit. For %�&x'�¤�) thepresenceof clearseperationbetween
thephasesadmitsthepossibilityof calculatingthedomainwall tensionbetweenthephases.

5.1
� ;¥ ¦
Thecritical temperaturein theinfinite volumelimit calculatedon t H 3<2 lattices(seefigure4)

canbeextrapolatedwith aconventionalO ' 79�:; ) correctionto the "$#f3g5 limit.

5.2 Latent Heat

The latentheatcalculatedon t H 362 lattice is shown in seefigure5 whereit is extrapolated
with anO '879 :; ) correction.Thelatentheatis zeroby thetime " # 3B2 . Thelatentheatof the %�&(' s )
transitionis finite but small,but maywell bezeroin thecontinuumlimit.

6. Conclusion

Thetransitionfor %�&('y£�) and %�&x'�¤�) arecertainlyfirst order. Thelarge "$# limit is approached
in amannerconsistentwith theexpectedO ' 79 :; ) corrections.Thestrengthof thetransitionappears
to begrowing with "$# . Work is currentlyunderwayto determinethecritical temperaturesin the
continuumlimit andfind theappropriate"$#f§¨5 limit.

References

[1] B. Lucini, M. Teper, andU. Wenger, Thehigh temperature phasetransitionin SU(N)gaugetheories,
JHEP01 (2004)061,[hep-lat/0307017].

[2] B. Lucini, M. Teper, andU. Wenger, Thedeconfinementtransitionin SU(N)gaugetheories, Phys.Lett.
B545(2002)197–206,[hep-lat/0206029].

[3] B. Lucini, M. Teper, andU. Wenger, Propertiesof thedeconfiningphasetransitionin SU(N)gauge
theories, JHEP02 (2005)033,[hep-lat/0502003].

[4] A. V. Manohar, LargeN QCD, hep-ph/9802419.

[5] A. M. Ferrenberg andR. H. Swendsen,Optimizedmontecarlo analysis, Phys.Rev. Lett.63 (1989)
1195–1198.

[6] M. Barber, PhaseTransitionsandcritical phenomena. AcademicPress,1983.

[7] P. deForcrandandO. Jahn,Deconfinementtransitionin 2+1-dimensionalSU(4)latticegaugetheory,
Nucl.Phys.Proc.Suppl.129(2004)709–711,[hep-lat/0309153].

188/ 4



P
o
S
(
L
A
T
2
0
0
5
)
1
8
8

Thedeconfiningphasetransitionfor SU(N)theoriesin 2+1 dimension JackLiddle

© ª« ¬ © 1.41.210.80.60.40.20

Figure 1: ���	�­�®� : Distributionof ¯]°±]² ¯ ona
� ��³c´ latticeat µ¶� ��·�¸]� closeto thecritical coupling

© ª« ¬ © 1.61.41.210.80.60.40.20

Figure 2: ���	����� : Distributionof ¯ °± ² ¯ ona
� ��³a´ latticeat µ¶�¹´ ��¸]º � closeto thecritical coupling

© ª« ¬ © 21.510.50

Figure 3: ���	�J��� : Distributionof ¯]°±]² ¯ ona
� ��³c´ latticeat µ¶�¹�®� ¸]� closeto thecritical coupling
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Figure 4: Extrapolationof ¿ ;À Á at ÂfÃF��´ to 
��4��� with a ÄÅ ; : correction
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Figure 5: Extrapolationof ÂfÈ at Â Ã ��´ to 
 � ��� with a ÄÅ ; : correction
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