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Issues

Motivatedby thework of Rozavsky andThorn, PRL 85, 1614
(2000).

Canoneachieve SpontaneouSymmetryBreaking(SSB)
without zeromomentunmodeandwith afinite Fock basis?
(SSBcannotoccurin a systemwith finite degreesof Freedon)
Canonecalculatethe massandotherpropertieof thekink in a
finite Fock basis?

(In variationalcalculationskink canbeapproximatedy
coherenstate}

Canoneinvesticatethe structureof low lying statesn the
spectrumat strongcouplingin the Fock language?
(Canonelook for signature®f the onsetof kink condensation
whichis believedto bethe mechanisnior symmetryrestoring
phasdransition?



Light Front (Cone)Quantization (1+1 dimensions)

Dirac, RMP (1949)

x =x0 x> x"“time”, x longitudinalcoordinate
2 = xtx [X2 = (XO)Z (X1)2]

kix= Zk*x + 3k x*
Onmassshellparticlek? = m?! enegy k
no squareoot

longitudinalmomentunk™ 0
Longitudinalboostbecomescaletransformation.Thusboost
becomekinematical(non-relatvistic).

In arelatvistic theory internalmotionandthe motionassociated
with centerof masscanbetrivially separated.

m
k+

We startseeingthe“ remarkablynon-relatvistic characteof the
extremerelatvistic limit ” (Bjorken)



Discrete Light ConeQuantization (DLCQ)

DLCQ asa practicalapproacho solve QuantumField
Theory

H.-C. PauliandS. J. Brodsky, Phys. Rev. D 32, 1993,
2001(1985)

Also

C.B. Thorn, Phys.Rev. D 17, 1073(1978)

T. Maskava andK. Yamawvaki, Prog. Theo.Phys. 56,
270(1976)

A. CasheyPhys. Rev. D 14, 452(1976)

Exploit the semi-positwve definitenes®f longitudinal
momentum.

Compactifyx : L x  +L.

With Anti PeriodicBoundarycondition(APBC),

k"1 ki =92 n=1,35;:::



Two Dimensional f 5 theory

Lagrangiardensity
L = 3T7f of + 3nPf2  f4
The Hamiltoniandensity
P = Znff2+ 5f*%
defingsthe Hamiltonian
P = dxP o5H
wherelL definesour compacidomain
L X + L.
TheIongitudinalmomenturmperatoris

pt =1 "ltax it f 2K

whereK is thedimensionlesongitudinalmomentum
operator



In DLCQ with Anti PerlodchoundaryCondltlon the

field expansiorhastheform
np

f(x )= Piz&nPy ae ' + aldtx

Heren= %;3;::::
(No zeromomentunmode.)



DLCQ Hamiltonian

ThenormalorderedHamiltonian

= nfapzaian+
| o 1 1
L _ +
4p Ak I;m n N N2, klﬂmaka| anamdk+lm+n i

l 1
4pakl m n 2

with "
N ooy = & | & M6 n,
p_ =m6én |6 m=n,
3l:l=m=n,
Nk| k@
a k— .
(Slmpleststructurefor the Hamiltonian.)

L alaaman+ afahalac o+ men




Diagonalization

ThelLanczosmethodis usedin ahighly scalable
algorithmallowing usto proceedo sufiiciently high
valuesof K. All resultspresentedherewereobtainedon

clustersof computerg< 30 processorsjisingthe Many
FermionDynamics(MFD) codeadaptedo bosons



oddsector evensector
K | dimension| K | dimension
15.5 295 16 336
31.5| 12,839 | 32| 14,219
39.5| 61,316 | 40| 67,243
44.5| 151,518 | 45| 165,498
49.5| 358,000 | 50| 389,253
545| 813,177 | 55| 880,962
60| 1,928,175

Dimensionalityof the Hamiltonian.




SpontaneouSymmetryBreaking

Hamiltonianexhibitsthef ! f symmetry:
Evenandoddparticlesectorsaredecoupledln theabsencef
Interaction(tachyonic theory),lowestexcitationsin theoddand
evenparticlesectorsonsistof the maximumnumberof particles
carryingthelowestallowed momentum

systems unstablan the continuumlimit.

f 4 interactionprovidesstability to the system . Thus,the
possibilityariseshatexcitationsin the evenandodd particle

sectordvecomedegenerate(Rozaovsky andThorn)
Signalfor SSB:look for degenerag betweerevenandoddsectors

Denotethelowestexcitationsin theevenandoddsectorday | el
andj oi. Formthelinearcombinations,

] al=je jol.

Now it becomegossibleforn ajf | al tobenon-zero.
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Extractionof Kink Mass

All thelow-lying stateshave negative eigervalues!

How to extractthe particlemasses?
CoherentStateVariationalCalculation(CSVC) (Rozavsky and
Thorn) shavs how to: Fit thedatafor the eigervalueof H to the
form

C1+ Co=K.

Accordingto CSVC,C; Isthevacuumenegy densityandC%z2 IS
thekink mass.

| vacuumenegy solitonmass

class. DLCQ class.| semi-class;, DLCQ
1.0|-18.85| -18.73 0:05| 5.66 5.19 5.3 02




DLCQ K=55
DLCQ K =545

Constr. Var. <K> =55
Unconstr. Var.

SRR
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ExcitedStates

In the semi-classicahnalysistheloweststatesjn orderof
excitation,arekink, excitedkink, kink plusboson,andthe
continuumstates.

Kink stateyieldsa characteristipartondistribution which peaks
atthelowestmomentunmodeavailable.

Thenext excitationis anexcitedkink for which alsowe expect
and nd asmoothdistribution functionwhich in additionto the
sharppeakat lowestallowed momentumexhibits a broadand
smoothpeak.

Thethird andhigherexcitationsareexpectedo bekink plus
bosonstates For afreekink plusbosonstate we expectthe

minimumenegy con gurationwith Xposon= mkinr:'?'orsr(])br:)son'




NumberDensityof ExcitedStates

a) ¢ versus, the half-oddintegerrepresentinggght front momentumwith
APBC, for thelowestnine excitationsfor K = 50; | = 1. (b) Sameasin (a)
but shaving theregionfrom n= 6 to 18in detalil.

@) (b)
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Fourier Transform of the Kink Form Factor

Whatis the obserablein quantumfield theorythatis
relatedto the classicakink solution?

Accordingto GoldstoneandJackiw, the Fourier
transformof the form factorof the lowestexcitation,in
theweakcoupling(static)limit, corresponds$o the
classicakink solution.Letj Ki andj KY denotethis
statewith momentak andK® In the continuumtheory

y dg”expf 5" aghK®™] f(x ) JKi = f¢(x  a):

In DLCQ, we diagonalizehe Hamiltonianfor a given

= 2£P+ . For thecomputatiorof the form factor we

needthe samestateat differentK valuessince
KO= K+ q.



] b =
| ®
1 DLCQK =41
19 .. .. Constrained Variational
04 <K>=41
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Extractionof thecondensat@jf |i:

How Is the symmetrybreakdovn communicatedo a systemn
the Infinite MomentumFrameif thevacuumandthe system
becomadecoupled?

“Thus,however fastyourun, youcan't outrunthelong arm of
thevacuuni

KogutandSusskingdPR 8, 75 (1973).

In our calculationswe haven't botheredaboutthe vacuumstate
atall.

However, we canextractthevalueof the vacuumcondensate.
Drawing on the connectiorbetweerthe classicakink solution
andthe Fourier Transformof the kink form factor(kink pro le),
we extracthjf ji astheasymptotidx = 1in unitsof L)
Intercept.For/ = 1.0, theinterceptis 2.4whichis very closeto
theclassicalalue.




Transition in the spectrum at strong coupling

At weakcoupling,thevaluesof obsenablesextracted
arecloseto classicalr semi-classicalesults.As we
Increasdhe coupling,we obsenre drasticdeparture
from semi-classicalesults.Thelowesttwo enegy
levelscrosseachother

To gainfurtherunderstandingf the natureof levels
thatcross,we examinethe behaiour of two other
obsepables:

1) hj dx :f2(x )i

2) Thenumberdensity

3) Fourier Transformof theform factor



Mas€ gapasafunctionof | for K=55. All calculated
resultsareconnectedy straightline segmentsto guide

theeye.

4.5

35

Mass squared gap

47,
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K=60
= [2>to 1>

o I13>to I1>
—— l4>to0 1>

—-— I5>t0 1>

Intercept = 2.620

258 259 26 261 262 263 264 265 266
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hlj f2j1i (shorthandnotationfor the expectationvalueof the
integral of thenormalorderedf 2 operator)asa functionof /
andselecte values.For comparisorwe have alsoshovn

2 _ ant _
fclassical_ | with m2 = 1.
2.3 4
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hjf ?ji asafunctionof /| for K=55for thelowesttwo excitations.
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hjf ?ji asafunctionof | for K=55for thelowest®ve excitations.The pattern
of transitionscorrespondo 5 statedalling with increasing andcrossingthe
5 loweststatesthusreplacingthemandbecominghe new 5 loweststates At
selectedraluesof | , thecharactepof theloweststatess indicatedon the
figure with thetop level of eachcolumnsignifying the natureof thelowest
state.Successe excited statesaresigni®edby thelabelsproceedinglown
thecolumn.Theletter K" representskink” while ' KAK" represents
“kink-antikink-kink".

Transitions
Ny K = 55
KKK

KKK

<|9?|>
N
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1.8; —— 18> K_
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(a) ¢ versusn, the half-oddintegerrepresentingight front momentunmwith
APBC, for thelowestfour excitationsfor K = 55; | = 5. (b)
Kink-antikink-kink partondensityin unconstrainedariationalcalculationfor
| =5. (a) (b)

Unconstrained Variational
A=5.0

N old ./\._/\_A\A\_,k

b T 7 T T 7 7 T 7 ; o
0 2 4 6 8 10 12 14 16 18 20 0 10 12 14 16 18 20
n




Kink-antikink-kink Pro les

Fourier Transformof theform factorof thelowestexcitationat
| =5,K = 32. Thefigure legendindicateshe numberof
adjoiningmomentuntransferterms(sets)includedin the
summation.

1.5

A=5.0
K=32

1]

— — = 13 sets
17 sets

0.5




Critical Coupling

Critical couplingfor level crossingasafunctionof =, andanindicationof the
critical couplingin the continuumlimit
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] = Ag(1/K) at first level crossing or cp2 jump
0.5- — Ao (1/K) = 74.57*(1/K) + 1.38 (fit)
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Physicallmplicationof the Transition

In thetwo-dimensionalsing model,physicalmechanisnior the
symmetryrestoringphasdransitionis the phenomenaf kink
condensation.

It Is known thatat strongcoupling,the f§ theoryundegoesa
symmetryrestoringphasdransition.

We have demonstratethatin thistheory at strongcoupling,it is
enepgeticallyfavourablefor a dominantlykink-antikink-kink
con gurationto bethelowestexcitationratherthana kink

con guration.

At still highercouplingwe have obseredadditionallevel
crossingdor theloweststatefor bothPBCandAPBC.

In thelight of all our obserations,we interpretthe obsened
level crossingpresentedhereasthe onsetof kink condensation
which leadsto therestoratiorof symmetry



D

D

D
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Summary

ADb initio resultsfor kink massandotherobsenrables:
numberdensity Fourier Transformof theform factor
vacuumcondensatévithoutthe vacuumstate).

Signalsfor atransitionin the spectrunof lowestexcitations.

Physicalimplication+
Onsetof kink condensation?

We have givenonemoredemonstratiof the utility of light
front Hamiltonianapproacho QuantumField Theory
(Mesonandglueballspectran trans\erselattice QCD,
SupersymmetriDLCQ, etcetc.)
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