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ABSTRACT

We compute the exact S matrix for the non-linear

sigma model with symmetry S0(D)/S0(2) ® 50{D-2)

coupled to
fermions in a minimal or supersymmetric way.

The model has

some relevance in string theory with non-zero external curvature.

It has been shown''’ that D-dimensiocnal scale

invariance is compatible with a new term to be added to the }
Nambu-Goto string action, depending on the extrinsic'curvaﬁure"

of the world sheet swept by the string in space-time
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It can be shown that the second term can be Iemﬂffen
as follows. Define a normal to the string world-sheet, n¥

’

such that

i n:j = aij (2a)
H B -
n; aa_x = 0 (2b)
and a gauge field A;k defined by
B u ik _uw _ - ib, :_n . : )
D n,” = aanl + A no o= K ab X . (3}

With the above definitions we have the eqguality"

to 5.2 ab TRV I e
J/n} EKdE = J/E g D n; D nSdE (4)

and the action in the r.h.s. defines a NLSM on a symmetric srace




S0(D)/80(2) ® s0(D-2). The theory has been discussed by several

(2363 1y particular(3), a sigma model defined on the

authors
mahiféid. SO(D)/SO(Z)@@SO(D—z) on a flat two-dimensional metric
is classicaily integrable, even if further consgtraints hold.

: In two dimensions, the gravitational field implies
.qqnstraints, but it is not physical, in the sense that there is

{4). Therefore, although

(5}}'

no Binstein action in two dimensions
they;may;appear as auxiliary fields (namely inside locops
we. shall ignore their presence, and study the usual non-linear

(6}

‘sigma model defined on the symmetric manifold 50(D) /50(2) @ S0(D-2).,

;Iﬁiégné;a;‘aﬁ exach factorizéble_s matrix exibiting a non-abelian
: éaﬁge sfiucture cannot appear in asymptotic states(7}, but we
éhgllfaeﬁiqe the model in such a way that only the abelian SC{2}
is manifest. '

The above mentioned classical integrakility of the
model manifests itself as higher ;ocal and non-local conservation
laws. 1In the present case, quantum conservation laws are spoiled
by'anomalies(T)(S). However, - if we couple the model either
mirimally or supersymmetrically.to fermions, those anomalies
cancel_exaptly)again;t_the'Adler—Bardeen anomaly of the axial
current, and higher conservaticon laws are restored in the guantum
theory{g), Therefore t@ers matrix is factorizable, and we present
a candidate solution for it. - Iﬁ the following, wﬁenever an

equation has a label M{S} it refers to the minimal (supersymetric)

case,

The lagrangean densities are

_ pH o
Ly = D'%D 7 = it ijl (5M)
Y T I 2. 2
Ly = D ZiDUZi + 1 llzhpl + 4[{4111;)1) (ll»l*rslbl) ] (?S)
where i=1,...,D
and D =3 + A
H n u
with the constraints
(% = 2 . {5aM,S)
by o5 U2 = Zihy = 2, = 0 . (5b8)

Higher conservation laws are defined in terms of

the currents

o= 1g g, -1 DT

ij 271 h] 2 7 i
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Tyl g = BTy 190300y ST

[] l](B T, -3 Iu) - (8M)

A T T ), - 3 (T +I + [T 7.1, N[Jg ,J.].. +
ERRRARRE vy wlig Tl b, Vllj

kk kk
+ gz - .
[i ](B I a\}Iu ) {858}
It has been shown that the r.h.s. of (8) vaniﬂms‘gt
due to a cancellation between fermicn and boson anomalies. This

impliés conservation of the non-local charge presented in ref. (3).
It acts linearly on asymptotic states. Equality of the in and
out charges implies strong constraints on the § matrix.

We write an ansatz for it

(20900250033 [2€9,32, (9,)) = 6(8,-9]18(8,- 30 g U690 +
+8(8,785)8(8,-01) UL (8) (9aM,s)
(2 (3]VE5093) 1208 )T (8,0) = 6(8=8718(9,-80) | 0, (in-) +
+8(8,-8118(8,-81) | (R, (3) (9bM, 5)
Wy B8 9 (8 U (8,)) = a(a ~9{ 848,950 1V, (9) -

= S18-01)8(8,-87) V. () {9cs)

+ §(8,-85)6(8,-8.)
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+ 6(3 & 16 ¢( 3)
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= 5(&1—3{}6{82—35)
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[9f5)
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+ 6(&;-35)6(32—3;) kRFij(S)
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Conservation of the non-local charge implies
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7.
(3) = - 27i Y3(3)
¥y - ir-% D-2
" 2ni y3(9)
yp(8) = -7 o3

where x are the transmition amplitudes (u, v, ¢ and d) and

y reflection amplitudes (r, s, e and f}.

These equations are not enough to determine the

solution. We use the triangle relation in the minimal case,

which imply

uz(&)uz(iﬂ - (3+8')) r3(8‘) = r3(3)r3(3+3')u2(iﬂ -$') +

+ou, (in —&)u2(9+&’)r3(3') {11aM)
Uy ($) e, (843730 88") = ry (Slu (8487, (81) +
+ uz(inA»&}r3{8+3')u2(iﬂ-$f) (11bM)
whosg.salution is
Dsinulesin o) RO

. u2(3) B TSin uim 3

Compatibility with perturbative:fesults, however,
selects the solution

od e ' (13M)

uZ(&) = in

.8.

Unitarity is egquivalent to

&2 ﬂz
r,($r (-3} = —s —— (14M)
3 3 32+12 &2_'__“2

_ 27
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The minimal solution is(10)

£(8) = & R(3) R{iT-8) U(S) U(in-8) (15aM)
id A ig 1
r[-l—+%]r[__+_j _
2m 2n 2 2
R{%) = ¥ {15hM}

-2

2 21

u{g) = i {15cM}
o -5

without further poles,

For the sake of completeness, we give the scluticn -

with: w ='ib # 0

r5630 = LB ginnares) R(inm9) U(S) Ulin-8) D ream)
T is . 3
r[_z_n+'§”ﬁ]r['ﬂ+'2'J o
R(§) = = TR - * (t6bM)
M~ = ri- 2+ 5 L
[ 2“] ( 27 2T 2)



. o S5, (%)
us) = 1"[1 +_w_1b9) T (16cM)
m 2=1 5,(0)
' F{M.b = L?“LJ r[1 + 28k + i%'ij
5,(8) = - (16dm)
2 : :
I‘[(2R+1)b + —l_?ﬁ] r[1 + (28-1)b + %]
In the supersymmetric case we found 15 equations of
factorization, = But analogously to the minimal case we have ) C2(3)=

_  _ sinu{$-~v)

u2[9) = ETE c2(8) (17a8)
_ _ sinu{§+v) '

vz(&) = Sinud 02(8) (17b8)
_ _  sinuyv

d3(&) = f3(3) = I 02(9) {17c8)

sinyv sinpim

() = 5,0(8) = STnu® sinp(in-87 c,(2) (17as}
o, i8] = cz(inmS) = eZC%) . F17e5)
Analogously to ceP™? and 0(D) models!11)(10)
obtaiﬁed as particular limits we find
u = % {18as)
v = o 2mi ~ix {18bs)

.10,

Finally, unitarity turns out to be

c2(3)cz(—&) =

with the minimal solution
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