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The purpose of this note is to present constraints -

on the cross sections for the processes

+ ) )
N(r) + N » ptp~ (W ) + hadrons., o (1)
. +
v

The cross sections are defined by the tensors /1.2/

. ab q,q - _
WaB'a'B'(Plapz rQ)‘=('g +_E_2__‘L) p3 »fd4x.e Tgx

224 q spin ' .
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x<pa pZBgin | VV (x) V:(O)Ipla p2/3-m?c ;
Wa73 a,B,(pI.pz.q) =(—gw,+,£”2—1’—) I fdxe ™
’ : q spin - (Zb)
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Neglecting the lepton masses the cross section for the

# —pair production has the expreésion
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dq? 392 (20)4 V(p,p,f-mim, 24,

+
and for W- v production it is

+ 1 ‘ d 1-i2, 1+i2
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,3 oB )cos@c+ (Wa,B af +WaB.' af ) sm0c] ,

where « , B + a’ , B’ denote the isospin of the initial
state hadrons, V; P A8 are the vector and axial-vector
components of the nonet of the hadronic currents, 6, is

the Cabbibo angle ,/ Q0 denotes comblnatlonlfaui—V

.B-
VER
is the branching ratio I' (¥ syp )/T (W >all), G- is the weak
coupling constant (=107 fm'f‘ )

, my, mpy are the masses
of the incoming hadrons. ‘

%/ 1n the.folloWing we use 0, =



Recently Lipkin and Peshkin /3/ called attention
to model independent isospin relations for inclusive
reactiehrcross sections. The erOSSed channel reactions
of the processes (1) were considered by Llewellyn-Smith
and Pals /4/ . Slnce in the process (1) the- partlcle .se~-
lected in the flnal state has deflnlte charge w1th iso-
spin I < 1 and the initial state is in general a cohe-
rent sum of states of different 1sosp1n, ‘without add1t1~
onal assumptlon their methods do not give bounds on
the cross sections.

\ At high ¢? and s it might be that these processes
(1) are controlled by the light cone singularities of
the operator products /2,5/, similarly to the deep-ine~
lastic lepton—nucleon scattering. The argumemts for the
dominence of the light—come singularities and for the
use of the light-~cone algebra of Fritzsch and Gell=-
Mann/s/ for these matrix elements are however less con-
vihcing, since i) the phase of the matrix elements may
be large so that the usual stationary phase argument
may fail, ii) Wilson’s expansion can in general be used
only fOF_mattix elements of fixed states,/7/1Aiii)§2> 0,
therefore semiconnected pieces do contribute and we
have'operator product and not commutator.

Let us forget for a moment these objectlons and
| apply Fr1tzsch~Gell-Mann s operator product expan51on /
to the operator product of eqs. (2). ~Then we obtain
'that 1) the contrlbutlons of the nonconserv1ng pleces



of the axial-vector current can be negleCted and the’
vector-vector contributions are equal to the axial-vec-
tor contributions, ii) the bilocal operators are members
of an SU (3) nonet.

It mlght happen that these properties remain valid
even if we must accept the objections listed above. We
~assume (w1thout further arguments) that at high S—(p1+p2)2
and q? (s > g% > mz ) the symmetric part of the

tensors (2) are dominated by an SU(3) nonet, that is
, : . ‘v ‘ .
"aB‘,-a,B, = d VaB,a'B' ) (4)

where 4¢7°°° is the coefficient of the anticommutators
of the Gell-Mann'’s SU(3) matrices f% A . By uSe of
hlS assumptlon inequalities follow from the p051t1vity

conditions
aB a’B’ : :
. W B aBC% >0 - : (5)

It is clear that our approach,glves a generalization of
the method of Nachtman /8/ and callan et al. /9/ propos-
" ed for the 1ne1ast1c 1epton—nuc1eon scatterlng to the
® —pa1r and w -boson production. '
Assumlng 1sosp1n 1nvar1ance for the ‘hadronic states
we should use the SU(3) components C=1,2, 3,8,0; there-—
fore the H’B ‘B’ tensor can be represented as a 20x20 J

matrix for the NN collisions and as a 30x30 matrix for )



the =N collisions. By a systematic exploitation of
the equations (4) and (5) we can obtain representations

for the crossksection as follows

2 2 . )
»Wfpw; Wnon ‘= %(2m +2p + &), (6a)
: 02 2 1 o
Won (2) = Wn% (-2) = < (m+2n +u(z)+du(-z) ) , (6b)
W+ Wy =2(p+q)s ' (6c)
Wig + W5, = u(z) v u(z) (6d)

where m , n , p , ¢ and u are positive functions and
since the nucleons are identical particles they are

'symmetric functions of z except u ( z=p;a/lp,l la ).

On the even part of u we have the additional constraint
u(z) + u(-z) > p+4q . . ' - (6e)

For » N collisions we obtained

0 2 | .
W”_l_,p ‘-‘-—3——(X + 8v —3t ) » ‘ N (7a)
2 ' ) .
‘Wo_l_ =—g—(x +2y +8v + 16w -3s), ‘ (7b)

M tn ) ,



Q 2 y .
W”_n=.?(x+2v+3t),. (7¢)
]
b0 2 20 42 3 | (74

”_p=-9—(xv+ y+2v +4w +3s), (74)

we> _ 2 : ‘

0. ==(2x+y +16v +8w ~3r ), ,(7e)
7'p 9 : ]
0? 2 o

W”On - ?_(2;1 +y +4v +2w +3r ) ,. (7£)
+ - _- + - '
W”+p + Wn+«p - Wﬂ_n +Wﬂ—n =12v ., (79)
wtoaw— =w? W>- =4 8
atn T *n ‘nTp * n7p MR (7h)
W, + W, =W  aws 8y 4w, (71)
7Y p 7" p 7% n 7 n . ) ‘

where x , y , v , w ,r ,s , t are positive functions
satisfying the additional inequalities

2v>t , 2v+w >r , vi2w>s . (73)

By use of the representations (6) and (7) it is'straigthF

. forward to deduce inequalities.



We note the following
i) The equations are valid for the differential
cross sections d% / d*q . Due to the symmetry in z we
can obtain stronger relations for the total cross section
than for the differential cross sections in the ¢ase of
the NN.collisions;‘e.gg forvthe differentigl cross sec-
tion we ‘obtain M

2 . 2.

4 > wfﬂ (z) /W';i (-2) > 1/4 , A - (8a)

: Q2 1 Q2
we > Wl

(8b)
For the total cross sections instead of 4 and 1/4 there
will be 1 and instead of 1/8 we obtain 5/16.

ii) Only upper bound can be given on the cross sec-
tion of the ¥ -boson production (because of the isoscalar

contrlbutlons)

2 : '
WQ + -
9.pp> (W + W )

< pp - . PP R . ~(9a)
© 02
18 @ w . - P
TV 2 (WL w W) -(9b)
iii) If we neglect the isoscalar contributions'
as it is proposed in paper /107 we can obtain equali-

‘ties



aw@ _w+t - _ g
':4pr - ",,pp * pr ! - - (10a)

°
 (10b)

That gives some insight into the nature of this assump-

tion: it is very near to the one that the upper bound
is- equal to the lower bound X/

iv) We record some inequalities for the » N colllsl~

ons:
2
W Q 2 2
nip 5 Q Q .
1ag —Tp—sa,  ZWl <Wh (11a)
W~
T n
' 2
we L+ we . :
1 2 2 ,
—wo <w9 ;. 1/4¢ 2ln mtp <4, “(11b)
12 me= me - 2 T
2 : wo? + WO
T n m~p
+ - Qé :
Wity tWoa <9W : : (11lc)
+ 18 'Q2 o . S
- —W . : ] -
W"__p+ Wﬂ_p < 5 Vimp : (114d)

%/ This remark applies in a certain sense to our
assumption (4) as well, but it can be tested separately
in the p~pair production.
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v) The inequalities (9b) and (11d) give the
following inequalities for the cross sections (assuming

that W = W )

y 2

L. do - . ,
i(a+_ + o ) <021q23 —-?-F—fﬂ)-ﬁ—- R (12a)
2 7 (n)p T (n)p A dg? o
Ve
. 2
- do,+
. _i ( ot +0 ) <.0.52 qu -—-—Trz—(pL . (le)

2 7Hp)p. 7 (p)p - dq OO Sruhfunt

vi) It is straightforward to derive similar inequali-
ties‘for nucleus‘fargets of definite isospin.

‘ WelstreSé the importance of the assumption (4) for
this feature must be tested first by uée of the given
iinequalities»in order to decide wether there is or not
 some relevance of the light-cone model of Fritsch and

Gell-Mann. ‘ /
The authors &ish to thank V.A. Matveev and A.N.Tavk-

helidze for their interest and useful discussions.
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