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Abstract

We show that iIn a model obtained by adding N minimally
coupled massless fermions to the original CPNFl model, one
obtains assymptotic states, belonging to fthe fundamental
representation of U{N]l, We view thése states as liberated
fundamental CPNFl solitons, They have an S=matrix , whose
factorizability was verified to order 1/N2 and whose scattering
amplitudes colncide to order 1/N with a previously computed

exact S-matrix without bound states. All fermionic degrees aof

freedom except one decouple from the physical Hilbert space.



In the last few years two-dimersional field theoretical
models have acquired a reputation as a Feftiie'gruund for
genefating'hew:ideas'pbééibly'fEIéVénf'For.Fbur?dimensional

N-1 1-3!

quantum CHromodyhamiés[{Amhhg;Ehese the CP mode 1
seems to be ﬁéfticﬁlafly cicse to a fééiiéfic'théofy, but
unfortunately its more interesting prdpeftiégiéfé'éfilis"“
poorly understood. |

Togétﬁér withffﬁe“hdhliﬁeér_G;model;iwﬁéfefthe.ekiéténée
cf an ihfinitéﬁhUmbgrroénlacal’énd"nbnlddai conservation laws
5urviving.qd5ntiiétion'and & factorizable S-matrix Héé'beéﬁ”.

[4.5] it beiéﬁgs:tb a class of models expected to éharé

{*1

proven
these properties.
The Green functions of the el model may be generated

1],

by the following functional integral'

T . :_1.
7 - Srdz dze 1 Tdap ) ldwl axp %,-,_S,‘"‘.{
Ce _ i N . __* — ; R
-_.(;‘__cA )"?-“(9-‘?“&").'3- piked (2%\) 25 e
whére the ‘norﬁalizétinﬁ.and source %ieids.ﬁave bEEﬁ.Dmittgq

for simplicity.

This generating functional may be expanded in powers of

1/N by integrating over the Z field and expanding the result

2z
‘arcund the stationary point Ar=O’cA=Vw + This produces Feynman

2z
rules which contain a pole at p- = 0 in the A, - propagator.It

‘l

~was argued in Ref.l, that this dynamically generated pole i




responsible for a long range force confining the fundamental
particles in the‘CPN_; ma@el._The same pole furthermore allows
for a OfdepenQane-of the uaqgumﬂengrgy_dgnsity,_Thﬁs con-
finement and a nontivial 8~depen43nce_aregigﬂth;s ‘model
tightly Qarrglqtgd_facts,

Reasoning along these lines leads one_to believe phat_
_eliminating_thgnefdepeannqe will_a}so.supress confinement.

FDlquing_purrent bslieye L?l we now_ggppgas_the”'

* %

6-dependence adding N massless fermions ° ~ minimally =

coupled to the "gauge” field Au”._Dbta%ning

o ic?:. i.;_”:.\'-t-. 7 |C7‘-.At_3\~[2 |

From the equivalent boson representation |5| of ¢ , one
sees that the'?ermioﬁs.}émaiﬁ“méséiégs:aﬁdffﬁéffthé fermiﬁhic
SUN) degrees.uf freedom decouple, so that the ?ermions do
not appéar aéyhpfofiééify 5£?511,?beihg confined Just as in
‘the massless Schwinger model. On the other hand the field AF
looses its pole at P=D and the particles corresponding to
the z field emerge., as can be seen intruducing the Lagrangian
(2j iﬁfotfhé ?ﬁﬁctional integral (1]“and‘infegratiﬁg Ovéf tﬁé
tfermion fields. This yields the following propégatérs“iﬁ tHé

1/N expansion:

D (f) Y | |

(2)




Dw = 41T‘i“4-f- Sr_k_? (3.2

v . R & . (3b)
D\-v: bV _ ?t'-{) 2W ____'*_-_ R C =

wheré. .\77'-.- - 4-“2- 5&%

Nfl':model

“The vertices are the same’'as in the usual CP
of Eq. SRV
" We believe that these #eynhan*rulés"géneraté”a“%iéidf“"
theory with & factorized S-matrix. Our arguments are the Usual
ones 11 absence of particle production to ordsr 17N2wéﬁd D)
agreement to order 1/N with anexact § mé%rix'ﬁfévibﬁ91y

computed assuming factorization ‘The reader may check 1)

using the standard prbééduié?lAé for “ii) let's wWrite down the
propds.ad:'.exac'.t émpli;:!.‘lr':les' . co.rr'éspb'n'd'i ng to the 2% 2 scattering
of particles ®(Q) and antiparticles ‘:C?) ", Defining the rapidity
variahbhles ?;-moz.bi') ?‘{‘m ?ﬁ,“ll" owd v.pzﬂs\d@,- 3 ) We write' - t_hé'

exact amplitudes
"% O Stoa\ <Yy = Y (000) S Ovs + tera) & § 08
" p 13 301 LB VB = £y Do o) 8 Sy teLrwmtocendl Spdyy
where.

: N
r(!i+-19;rc>. TC4+4 frD )
. 4.a

t, 18] =

Fee-2y Tlarsre)

3t




ton = 2L b)) e

———r

N (iv.®)

“and the reflection amplitudes vanis4e.

These amplitudes were cemputed in Ref, 8, whereto we

refer the reader for details, Expanding (4.,a, b))

ta first order in 1/N one gets agreemant with. those . computed

with the Feynman rules of Eq. (3).

_Anuther,support fortthe_abpvg proposal _comes fraom- an
analogy operating between the Gross-Neveu and the non-linear
G-mudel:onvopeihand:and Fhe_chirgl-Gpogs—Ngveu.and.ﬁhe_gpN—l
model on thg_otherthand. The Srmatrices_of.thg_first.twc_

5,. '
mndelsJ_éééA,one_depending.on 8 parameter A , are related

by the substitution A > - X , Upon supersymmetrizing them. ane
obtains a fermion7bosop;trahshiésiop amplitude invariant

12 .
under the above supstitgtion, Analpgguslyugupersymmetry
' 13

- 2 '
touples the ehiral Grosngeveu_anq the_EPN_} model’and Lgaln_

the supersymmetric ¥ermion-basqn_transmisainn amplituds is
[***]

invariant:under,a_sybstitgtinn'l,f ~ A

Thus one could suspect that the natural qandidata for

the S-matrix obtained from the one of the chiral Gross-Neveu

15§ )
model via: the substitution l + =) wnuld be the one of the
usual CPN 1 mndel But this cannot be true if one belleves'-

that the fundamental particles of this modsl are confined It

is the model of Eq. (2), which has the above S-matrix and one

starts to doubt wether the usual IZPN“1 model is factorizable

at all,




Thus the following picture seems to emerge., The massless
fermions shield the source of the longe range force and
apparently this is their only ‘jeb. Thig allows the confined =
particles to emsrge and they seem to interact via repulsive
forces, since they do not form bound states. The implications

of this picture_fqr_tha_usual_pPNfl

qug;”rgmain_to_be wnfked:
out. At any rate it would_bg“;pperestingwfq:ppove.thglexistence
of bound states, as was annuuncsq in Ref.1, since.this is a
prereqﬁiéitg.Fg;ﬁﬁ;ﬁfriviai physicai“ﬁggtéﬁf.éf.tﬁégﬁsua1 

cpV™! model.

We ackowledge discussions with J.A. Swieca, V. K. would like
to express his gratitude to the theoretical group of the Ens—

tituto de FIsica, USP, for their kind hospitality.
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‘Footnotes

: The situation with respect to.logal conservation

laws, is not clear :at present even for .the classical,

Pt model l?l,

Only one ?érmibh'would'befsu??iéient ¥df:Eﬁf”burbose;

but is somewhat less symmetric.

The supersymmetric CF’N“1 model, together with a

supersymmetric generaliiation of a factorizable Z(N)

model, are exactly soluble and their S-matrices will
be presented in & forthcoming paper by the present

authors.[?l
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