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 ABSTRACT -

- We propose an exact, factarized, S-Matrix for the

two-dimensiona1~supersymmetric*CPNfl

patible with the % expansion.

‘model,”

which is:-com-




The two-dimensional supersymmetric CPN_] model [SCPN_l]

was introduced by the authors of refs. (1,2}, whose motivation
was’the understanding of some fenomena expected to be present
also in four-dimensional QCD. The basic advantage is the avai-
lable %-expansion in the SBPNHI case. This model is the natural

geometrical generalization of the CPN_l model, whose exact solu-

bility should be expectede]. In fact recently we have shown

that the usual CPN_l model, minimally coupled to massless fer-

mions, posses a factorized S—matrix{4]. One may now hope that

the S-matrix of the supersymmetric extension is equally fac-

torized.

In this paper we will construct a factorized S-matrix,

which by standart arguments will be shown to belong to the
-SDPN—; model. In order to-present our arguments we will first
recall some Droprietiéé of this and related models.

N-1

The CP model and, by supersymmetrization, the SCF’N—1

model have a close relationship to exactly soluble models whose
S-matrix are explicitly known[5_7]. Indeed there is a remarkahle

‘ahalogy between the SEPN_l and the supersymmetric generaliza-

tim#a’g]of'um_nmvlinear o and Gross-Neveu models. I.e., in super-

symmetrizing the non-linear o mud91[8’9] one gets an expression

that can be interpreted equally well as the supersymmetric

Gross-Neveu model, since supersymmetry couples both of them*l.

In the same way supersymmetry couples the DPN_l and the chiral

Grbss—Neveu[lo’ll} models so that what we have been calling the

supersymmetric CPN_l model can be viewed as the supersymmetric

bhiral Gross-Neveu model.'The last observation leads one o sus-~

1 model has a factorized S-matrix since it is

known that the chiral Grocss-Neveu model does(ll’lz} and one does

pect that the SCPN_

not expect to destroy this propriety by supersymmetrizing. An-

@
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Dther'intérésting brbﬁerﬁy”bF'tﬁiéHM6déi[" 'ig'thé'éiisthéé
of an extended (U[Z}]-supéfsyﬁmétfy on the Légréﬁgeanwiébél'

suppmrted by some arguments glven in ref. 2 abaout the origin

'm¥ the [topmloglcall central charges.

‘To formulate ‘the 2+2 scatterlng problem ‘subject tD.
ﬁhe_ﬁéctbpizatiﬂﬁ-ggﬁstrqintéflq?fone“wimy.need;-insgrinpiﬁiéi
the expllclt knowledge of the super algebra Ihis was forﬂinﬁ
stance the way the S matrlx af fhe supersymmetflc ﬁon 1;near

f?]

0 mudel was gmtten . Huwever, 1t is DOSElblE to solve the
iV?ééfdffZétiuh“é@uétibns (see below] w1thnut kn0w1ng any super-

‘smeetfy-rélatibnéwbetWeen the scattériﬁg;amﬁliﬁUdésﬂ the on-

ly drawback belng the appearance D? two ?ree parameters._Buta
these can be leed using the avallable %-—perturhatlve BXpres-
*2

sions - .

The %-—Feynman rules of this model were obtained in

:re¥s (1, 2] whereﬁn We refer-the reader. 1o éstablish some no-

tatlon we will wrlte the defining functlonal integral

IIMZ

7« [lazl laz*| L] | 6T | dw] [9n, ] [aol [om| [6E] |6E] exp 5o (o5
T Wb 2% UV ST 4y —ia Py
.[Ea“u,;A“l?iFé flﬁ )Zj fw(-j ; 1]_+w31[3u 1A“}Y wj

0+1WY5]11J + -g 1[)32; +{P—J ZJ g:l .

1
/‘ j
Using.thase rules one observes‘that‘all particlei

antlpartlcle reFlPCflon amplltudes vanlsh 1n order:% and the

. : 1 B
absence DF partlcle pruductlon to order —_— . Thua in construc-

tlng the exact 5- matrlx one w111 as in the chiral Gross- Neveu
(31,12) N RS ST L
moriel , start w1th vanlshlng reflegtion amplltudes fraom

the very beglnnlng 3.\Transm153ion amplitudes are now defined
1ntr0duc1ng the 51mbols [E [8 ]} b [9;] and (f (B 1) fa[ei] to_'

denote (antl] ‘bosons and (antil fermibns‘féépéctively;'Whefé’




the variables Bi are related to energy-momentum by P1=1m Chal,
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Its ‘is straightfoward. to get the following amplitudES'With;the

%ﬁ-Féynmanyrules

vl[el— 1 N.coth 7: V2 S TNe ¢ U2T ne

; 1
20082

The computation af the transmission amplitudes FILGJ and ul[el

present a pfﬁbléﬁ cShming ia.%-—indéterminatipn;'This arises
from thé singuléfﬂﬁaﬁabiéqﬂnf thé'mixéduﬂﬁ;ﬂ”hrdpagator at. zero
mﬁmentum transfer. We circunvent this problem by inserting an
inFiﬁiEééiﬁaifmoﬁéﬁéum'Eféhé#er‘6 éf‘éﬁe'véftekf making use of
(P -P, )2

1 2
Zm

thE'idehtity ] UV[ u{P )Y u[P ]

uep, F"..JYU[PE}:.‘

_ 2
and flna]ly 1ett1ng § go to zero. Wlth thls prescrlptlon we get

clc61_=;_+0173<1_;-ul(e}_sl_+_1“°°t“ 02
T2 SR BT = SRR
The calculatlon Df exact scatterlng amplltudes from

thgvuqotstrap_agppqgcb_wag_dqneps /s 141_and rev1ewed[13) many
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times ‘'so we 'will limit ® ourselves to state thévreédltfhPayiﬁg"
careful ‘attention to signg ‘die the Statistics and fixing two  °
free*parémeters'by“CDmparisonﬁwifh'tHE'%5-perturbative*expresi“'

sionsg one ‘gets the following exact amplitudes (X 5%]

ng+—+zu%1—i+21 +2l;;-gfgy'

[1ﬂ¢

) ‘—'_1_.8

2 O

=u.:_I 8

0

Nl-%+%+z)u%ﬁxy, +23N¢+£}
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sin g(¢~K]
T

sin —
2

1l

sin.%[¢fkj U
b, (img)= ‘ c,lim¢) | - (1)

sin
dylimgy = - e rlAm) v s e lsoa Do sl o0 It 1d)

v2[8] == A 3 Vl{BJ Py, (81 7 Yy (el ,'c2[9]_ 5 %1 [8] ; d (8] = mgu d (8}

{1le)

Let us now discuss some interesting proprietiesiof::

the solution (la -el). The pole contained in c..[8) generates.

LR
the well known spectrum(15]

nwA

ﬂ=l;2;--J N_l.

In particular we have My =M The fact that the bound state
Df”N—l-paFtiCIBS has_the‘same'mass.asffhe original particles is

one 1ngredlent 1n the proof that the symmetry of. Dur smlutlon

{l.a-e) is SU[N] In fact there are two bnund states of (N-1)



“partictes with;mass m in . the ,N--channel-and:une verifies that
they have identical scattering amplitudes as the_ofiginal:antir
paptiples_g;andﬂ§.-Ihiszentailsﬂthe;ﬁgllowing-identi?icat@on_‘
of antipartibles with.-bound states .of .IN-1) particles: the .+

antiboson is identified with the bound state GF {N-1) fermions
and thé antlfermlon.lslthe bouﬁd state OF [N 2] %érﬁiunsl with

one“bosonQ‘Symbol;cally we may'wr;te~:

b

]
_h
_b
—+

'Fﬁ-F l--'FN_z bN—l +'F1---'FNu8bN_2'FN__1:___+ cmowa + bl'FZ- R——

This implies that our fundamental particles Dbéy generalized_
statistics, which should be traated?ag‘in‘rgf;ﬁiﬁi””

For N =2 egqus [la—e] pregént the exfstence of £he
elemetary 0C3} trlplet in the supersymmetric non llnear g .
model. This is also signaled by the vanlshlng of the (would be.)
fermion—bosun raflection amplitude in the 0[3} 0339[7). Hence
w8 expect the 0(3) spectrum to consist only of SU(2)} kinks
',w1th scatterlng amplltudes glven by eq. (lavels*4.‘ . L .
To exhibit the similarity of the supersymmetrization:

process with the one cccurring in the non linear o-model we

rewriteaclielxas

c () =LY Y (e,x)
1 .0

where
r@—%jmlf%
ulimg, Al =
: 1_.¢_2 $
riz-$-2 red
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Note that the pole is present in u(8,A) and Qo(e,AJ isf@miniQJQ
mal” in ths sense of having no poles in the physical sheet.

By the’sobstitution X»“X the pole "moves” from u(¢,X) tao -

(8) invariahtqih’the 5amélwéy’as in the supef—'

symmetric non linear 0‘modelt7] . The analogy is now stressed

Yg[e,A] leaving ¢y

by observing that the amplitude u(8,A) (with the pole) belongs

to “the mhifal‘GrdSQJNQVQE*deelEll”lzj*éhd’Uf¢,:XJ“b81Oﬁg§:tU;ﬂ

the CPN_l modél"minfméflyﬁcouﬁléd”td*ﬁéésléés”FéfmiohéL4J

. ‘The
function QD[¢,A] describes the supersymmetry. |
Finally let us mentieon that it is possible %o introdu-
ce a'suﬁérsymméteic ZfN]"model théf:géﬁéfdiiieé*tﬁé"hﬁé'Sfddiéd:
in ref {17). The fermion-boson transmission amplitude ié“fﬁe'
pruduqt‘of the minimal supersymmetry -Functicm.\—’D times the

amplitude of the ordinary Z(N) modeltl?J. This will be presented

(18)

in a separate papef'“““:’

V.K. would like to express his gratitude to the theoretical
group of the Instituto de Fisica, USP-SP, for its kind
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As was .explained in ref (7] .this

is.even.more Lransparent.

from .the S-matrix. point of view...

In fact this also happens ‘in .the.

g mode;-whare_one,paramstap:has

In,the:nqtation_qf ref (14) -this.

II SDlUti;O—n_ . o

This expectation may hpssibie be

003} ﬁdh linear G-modél.-

supersymmetric non . linear :

to bB -'Fi'xa.d i7)'

would correspond to class.

extended .to.the usual
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