
P
o
S
(
L
A
T
2
0
0
5
)
2
5
6

Large N

Michael Teper
�

Universityof Oxford

E-mail: m.teper1@physics.oxford.ac.uk

Somemysteriousfeaturesof thestronginteractionsbecomeeasilyunderstoodif our usualQCD

with
�����

is ‘closeto’ SU(� ) andif thelattertheoryis confining.
��� � theoriesaretheoret-

ically simpler;in particulartherehasbeenmuchprogressin constructingweak-couplingdualsin

stringtheory. In this posterI will describesomeof thethingsthatrecentlatticecalculationstell

usaboutthelarge-
�

limit of SU(
�

) gaugetheoriesin 3+1dimensions.Thefocusis on confine-

ment,how closeSU(� ) is to SU(3),new stablestringsat larger
�

, thePomeron,deconfinement,

topology, ’ t Hooft stringtensions.I alsoalludeto othertopics,suchasthehigh-� pressuredeficit,

chiralphysicsandthephasesof thetheory.
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1. Somelattice results

Thesecalculationsmostlyproceedby looking at SU(2),SU(3),SU(4),SU(5),.... andseeing
if onecanextrapolateto ���� usingtheexpected������������� correction.

1.1 ���� is closeto �����
Thefact that for many quantitiesSU(3) � SU(� ) is demonstrated,for example,by calcula-

tionsof thelightestglueballmasses[1], asin Fig. 1.
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Figure 1: The lightest 9;:): , < , and =;:): , > , glueballmassesexpressedin unitsof thestring tension,in the
continuumlimit, plottedagainst?A@ �CB . Dottedlinesareextrapolationsto

��� � .

1.2 Linear confinementin SU(6)and Lüscher correction

Linearconfinementat large � is demonstrated[2] for SU(6) in Fig. 2. In Fig. 1 we seethat
thestringtensionremainsfinite in the ����� limit in unitsof themassgap.Sothe ����� theory
is indeedlinearly confining.

A local fit to theleadingstringcorrection,asin Fig. 3, providesgoodevidencethatthelong-
distancebehaviour is thatof a simplebosonicstring[2].

1.3 ‘t Hooft coupling, DFEHG � � , fixed for �IJ�
Wealsosee[3] in Fig.4 thatfor asmoothlarge-� limit weneedto keep DK�MLN�O�PG&�Q�RLS�T� fixed

(at fixed L .C/ ) asexpectedfrom diagrams.

1.4 Pomeron is leadingglueball Reggetrajectory

Usingnovel techniquesto calculatemassesof high spinglueballs,onecanobtainsomesolid
evidence,asin Fig. 5, for the fact that the Pomeronis the leadingglueballReggetrajectory[4].
This is for SU(3),andis a steptowards�U�V� wheremixing anddecayambiguitiesdisappear.
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Figure 2: Themassesof thelightest, < , andfirst excited, > , ` � ? flux loopsthatwind aroundaspatialtorus
of length a in theSU(6)calculationat b � =�c(dW9;c . Thedottedlinesarethepredictionsof theNambu-Goto
stringaction.
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Figure 3: jQkClmaon � j BTp a;qsrTtMu�uwvxzy{
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Figure 4: Thevalueof the ‘t Hooft couplingon thescalej , asobtainedfrom mean-fieldimproved b , for��� =3lo>;nT� � lM�ZnT���Sl���n��R�(lo��n��o�(l�<�n , plottedagainstthevaluesof j expressedin physicalunits.
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Figure5: Chew-Frautschiplot of ��� � ��� statesin thecontinuumSU(3)gaugetheory. TheleadingRegge
trajectoryis shown.
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Figure 6: The‘instanton’sizedensity,  0l¢¡Qn , for
�£��� lo<�n��R�(lT¤wn��¥?A=(l�>�n at j§¦H?�@¨�NdWc��S© .

1.5 Topology

Theinstantonsizedistributionseemsto headto ª«�¬®�O¯�°²±³ I ´)��¬ ³ ¬)µ¶� [5, 6] asin Fig. 6.
Also:·

topologicalsusceptibilityat ��I¸� : [7, 8]·
no topologicalfluctuationsat ¹�º6¹wµ at large � : [6, 9]·
evidencefor interlacing» -vacua:[7]·
evidencethattopologydriveschiral symmetrybreaking:[10]

1.6 Deconfinement

¹wµ rapidly convergesto its large-� limit, asin Fig. 7, becomingmorestronglyfirst orderas
we seefrom thelatentheatplot in [3, 6, 11].

1.7 ¼ -strings

New stableconfiningstringsappearat larger � [1, 14,15,12,13] andtheir ratios,aslistedin
Table1 from [1], canbecomparedto theCasimirScalingandMQCD-inspiredconjectures.
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Figure 7: The deconfiningtemperaturein units of the string tensionfor variousSU(
�

) gaugetheories.
Large

�
extrapolationshown.

/O¿ � /
(N,k) Casimirscaling thispaper ‘MQCD’

(4,2) 1.333 1.370(20) 1.414
(4,2) 1.333 1.358(33) 1.414
(6,2) 1.600 1.675(31) 1.732
(6,3) 1.800 1.886(61) 2.000
(8,2) 1.714 1.779(51) 1.848
(8,3) 2.143 2.38(10) 2.414
(8,4) 2.286 2.69(17) 2.613

Table 1: Predictionsof ‘CasimirScaling’and‘MQCD’ comparedagainstcalculatedvaluesof theratio of
thetensionof thelightest ` -stringto thatof thefundamental( ` � ? ) string.ThesecondSU(4)calculationis
onanisotropiclattices.

1.8 .... and more ....

Pressuredeficitabove ¹ µ at large � [16]. HuntingtheHagedornphasetransition[17]. Large-
� phases[18, 19]. ’ t Hooft string tensions[20, 21]. D=2+1deconfinementat all � [22]. Space-
time reductionat large � [19]. Chiral symmetryandquarkmassesat large � [23] ... Mesonsand
baryonsat large � ... ÀÁ�Â� SUSYat �Ã��� ....
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