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ABSTRACT

We construct the 5 matrix for bound state (gauge-
-invariant) scattering fof nonlinear sigmﬁ models defined on
the manifold SU(n)/S(U(p)®Uln-p)) with fermions. It is not
possible to compute gauge non-singlet matriz elements. In the
éresent langﬁage they are not submitted to sufficiently many

constraints derived from higher conservation laws.
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‘objects in field theory

2.

Two dimensiocnal nonlinear sigma models are important

(1). When they'are defined on symmetric

(2)

spaces they also share the property of integrability . which

remains valid when the models are coupled to fermions in some

{3,4,3)

restricted way However, in gquantum case there may he

anomalies(s), which turn out to cancel against the Adler-Bardeen
ancmaly in the case where fermions are preseﬁt(3;4). in general
it is possible to compute S—matrix_elemen?s(3'7'8}. The case of
Grassmannians was studied in full def&il in_ref;(S). This is

an interesting ca;e,.since higher conservaticn laws are not
enough to fix up the S-matrix. 1In this paper, S—hatrix éhﬁenié
are computed for gauge singlets, which was ﬂk;ndssing hupfﬁien£
(since gauge dependent quantities do not make sense), and we
should not bother about computing_Snmatrixfelémenté containing
those objects. 7

We shall £ix attehtion on the model given by the
Lagrangean density

= i . 1
L uz Duz +.11Dﬁl§) o . . ()

where z? ‘transforms under SU{n) .as

and under gauge U{p) = SU(p)@[Hﬁ)"as'




.3. .4.

Ba We define asymptotic fields, compute the asymptotic
charges (actually care must be taken in the definition of such

The fermion field is an n-plet ¢f} transforming in objects in terms of free fields - see (10), (11}} and the

the same way as =z under glj , and a is a flavor index asymptotic gauge singlets respectively by
. (7,9)

running from 1 to n . : +

- . : : ia _ ia -ip.x ia ipx

. Tbe current ‘ . Zin = J Au{p) {gin {p} e + [din ] (p) e } (5)
’ ’ o out ocut out
= 2B T Ty W, . : 2 :
,JUJ;} Z:ﬁu Zaf._'ll&"fu‘l’t: o ) (2) _ dp1
) _ C | : - where dulp) EFEE;
"is the Noether current associated to- SU(n) rotations. We
define also thg Wattgr currgnt : ) oid - 1 J dulp.) dulp.) €lp, ~p.) : (b+lu(p } bak(p_)
: in n 1 2 1 %z 1 1
out
M o=iTy e : ' ok ia +kB B3 +83 k3
u;&“_:A} Ul N : - a tp,1d 7 {p, (b {p,) b (Pz) ~ a (pz}d (Pz)):
. ) i 0 . . . R
They satisfy _ 7 . _ f% J du(p) &n E?fg . (b+lG(p} baj(p)__dfaj(p} dla(p)) . (5)
M. L aM :
Bu(Jv+j\)) - av(Jyﬂu) + 2{.3“,3\,] = 0 (3} o 1o
1" Va2 2 Be Bc
: |Hc1cz[ 7 } = 2r Jd““ﬂ)du(kg)a(q—k;kz)d“ T a2 e ) (o)

permitting the definition of the conserved charge . {(7)

Q= J dy, dy, E(Y1—y2)(J0+j?)(t;y¥J{Jb+jg)(t1Yé) —'[dy|3ﬁt'y)' Although there are difficulties in those definitions,

we take them as a practical way to built the constraints upon
(4}
the asymptotic fields. This procedure turns out to be corregct
. . . . a posteriori,
This nonlocal charge is conserved after guantizaticon (see (5)).
: The ansatz for the S matrix is.given by the most



general = SU(n)

.in eight indices given by

I (8.3 1
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.d1 dz g, f1 S, f2 e e,

[
c, f2 e, f‘i
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c, e, e1f

invariant expression, with a tensocorial structure

2

c,d,%d,e, % £,

6.

oo, (8)8 5 § 8. - + 5,.(8)8 & .8 8
21 c e, Cye, d1f1 d2f2 22 ;C1f1 czfz die1 dze2

+ 023(8)6c1e §

§ [ + a,, (8#}6 8 [ [ }
1 c2f2 d1f1 dze2 24 7 c1f1 c, e, d1e1 dzf2

X 6(31—9;] 6(82—&é) + {%{++ &é',(e1e2) — (f1f2)} . (8)

Imposition of conservation of the nonlocal charge
is by now a straightforward though extremely tedious computation
(see, for instance, (7,8,10). The only difficulty resides in

the fact that each field w{&#)} is a bound state, therefore we
L \ .

should rather write w($%,%'}, where ﬁ%;_ is the rapidity, and

9-8' =0 is the position of a pole in the elementary fields

(12)

S-matrix After a hard work one finds as a result, all

amplitudes in terms of 621; the-relatiéns turn ocut to be the

following (& =¢mi, A =ari)

: _ (2/n)° {2/n)2 : o

o () = . [1 b otTe kY| C2: (8 (9a)
(2/n)° '

32(3) = TT=e=M1 (19T 021(3) (9b)

03(&) = Ua(&J = 0 {9c}

- 2
_ _ 2/n {2/n) : : o
ag(8) = - L5 [‘f —] 8,.(8) _ (9d)




.7.
. 2
_ 2/n (2/n) :
G (8 = - o [1 *-(@—X)(1?$Ii)] Tpq () (9e)
G (8) = 0. (8) = - mek2V g (9£)
7. : 8" {g=A)(1-¢-A) 21
O (90 = 0, (8) = 0, (8) = 0., (8) =0, (8) =0, (§) =0
{9g)
(2/n) 2
011(\‘_})‘ = 015(3) ='m-021(3) (9h)
v (8) = o (%) = L2mP : (9i)
127 16 @{1-p-A} “z21"" ) )
_ 2/n L ) . .
08 = TS e, (9 ) : (94)
618(3) = m 2!(\9) {9k}
(2/n)?
5,,($) S o, (9) (92)
@
- . 2/n
0,,(8) = &5 0,,(9) (9m)
. . 2n
o, (8 = 5 0y, 18) (9n)

as a crosscheck.

The very same result can be obtained in another way

Suppose one has a factorizable S-matrix for

the elementary. fields as in reference (5}):

+ (c}Hc&-,YH(S_,-SBH&A) R

and

.8.

o g Y § BS oy
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4 C,Cy

By od N
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o —B ¥ = = - B8 sary
<zc1(81) 7, (82 2¢, (85) 204(34)> B {t‘(a)dczcadczcss |
| I T S 86 5oy
F R BIETETE, 8o o ¥ (908 ¢ 8 o 878

aB  v$ _ o
+ t4(3)6c1c2603c46 $ } (8, -8,) 8(9,-9,) . (11}

Factorization equations are

1 2z
u (8) = - % u, (8)
0, () = -2y (g c12) 
t{#) = ulim-9) .

We define bound states fusing elementary fields(lz},



writting the amplitudes g, appearing in the ansatz (8) in
terms of u's and t's from eqgs. (10,11) above. We have a few
constraints on the above eqguations, namely (12), and the g's
written in termsg of u's and t's.

It is a matter of muscles to use them and verlfy the
equatlons of factorization (9).

As a result, we checked that it is possibel to
obtain a closed expression for all amplitudes, in terms of che
of them, namely 021(3), which can be fixed by unitarity and
by the bound state spectrum. We shall suppose trivial spectrum,
gince this is already a bound state solution, and get'the
minimal S-matrix. This result should bhe cheéked by a 1/n

expansion of the model. Unitarity provides the equation

z
($)a, (-8) = — ¥ (13)
1 21 » 2m 2
82 4 [_J
n
which gives as a minimal solution
2
r{-—+-)r(——+~)r(l+—+—}r(1+—)
2
Ty 18 = i
I~ )“__—+_+_)NE )N1+§F+)

(14)

The supersymmetric problem can be solved analogously,

although no further insight can be obtained writting down the

.10,

solution. The qﬁestion we p?opose to have an answer is the.
existence of a factorizable solution teo the above gauge tﬁgory.
The position of the bound state pole «o remained as a free
parameter. There is no bound state . in the solution (l4),,sin¢e

this is already a composite séattering.
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