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The purpose of this note is to present constraints 

on the cross sections for the processes 

+ 
p.+ p.- ( W- ) + hadrons, 

L-J.Ifl± 
N (77) + N .... (1) 

The cross sections are defined by the tensors /1,2/ 

W a{Jb 'l:l'(p p ,q) =(-g +.:!..E:.2) ~ .Jd4x. e-iqx X 
a • a 1-' 1 ' 2 P. J.l q2 spin 

(2a) 

-a b .!!.b-) i J d 4x e. -iqx W {3 '{3 ,( p
1

, p , q) = (- g + X 
a , a 2 flJ.I q2 spin (2b) 

Neglecting the lepton masses the cross section for the 

p. -pair production has the expression 
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Q2 

du 2rra 2 

dq2 =--3 q2 

and for w"i 
vp. 

t 
u 

1 d3q Q2 

(
24 f-Wn 

rr) y(p1p2j-rlm2 2 a,_.' a{3 
1 2 qo 

production it is 

(2 17 )4y(p p )2-m2m2 
1 2 1 2 

-1-i2,1+i2 2 1 4-i5,4+i5 _4-i5,4+i5 2 
+ w n n ) cos e + -2 ( w n n + w n a ) sin 8 ] 

ap, ap c a,..,, ap ap, a,._, c 

(3a) 

(315) 

' 
where a , (3 , a' , (3' denote the isospin o~ the initial 

state hadrons~ v a , A~. are the vector and axial-vector 
p.. r 

components of the nonet of the hadronic currents, 8c is 

the Cabbibo. angle ~/ Q denotes combination V 
3 
+ 

1 
v

8
, B· y3_ 

is the branching ratio r (W -!VP.) ;r ("\¥ ... all), 'G · is the weak 

coupling constant (- 10 -5 m·-: ) , m 1 , m2 are the masses 

of the incoming hadrons. 

x/ In the. following we use e c = o • 
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Recently Lipkin and Peshkin 131 called a1 

to model independent isospin relations for inc 

reaction cross sections. The crossed channel J 

of the processes (1) were considered by Llewe: 

and Pais I 4/. Since in the process (1) the pal 

lected in the. final state has definite charge 

spin I :s 1 and the initial state is in geneJ 

rent sum of states of different isospin, with< 

onal assumption their methods do not give oou1 

the cross sections. 

At high q 2 and s it might be that these 1 

(1) are controlled by the light cone singular: 

the operator products /2,5/, similarly to the 

lastic lep~on-nucleon scattering. The argumen1 

domin~nce of the light-cone singularities and 

use of the light-cone algebra of Fritzsch arid 

Mann/6/ for these matrix elements are however 

vincing, since i) the phase of tlie matrix ele1 

be large so that the usual stationary phase a: 

may fail, ii) Wilson's expansion can in gener< 

only for matrix elements of fixed states /7/, 
' 

therefore semiconnected pieces do contribute 

have operator product and not commutator. 

Let us forget for a moment these obje~tic 

apply Fritzsch-Gell~Mann's operator product e 

to the operator product of eqs. (2). Then we c 

that i) . the contributions .of the noriconservin• 
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2 
q Q 
-Wa{3,a{3 

0 

1 . 1-i2, 1+i2 

. [ 2 ( W a{3, a{3 +: 

i,4+i5 2 
a{3 ) sine c ] 

(3a) 

C3b) 

) 

Lsospin o~ the initial 

rector and axial-vector 

lronic currents, ec 
3 1 8 

nbina tion V + ..j3_ V , 

is 

(W ... all), . 'G · is the weak 

n 1 , m2 are the masses 

I 

1 
I 

. I 

Recently Lipkin and Peshkin /3/ called attention 

to model independent isospin relations for inclusive 

reaction cross sections. The crossed channel reactions 

of the processes (1) were considered by Llewellyn-Smith 

and Pais /4/. Since in the process (1) the particle se­

lected in the final state has definite charge with iso­

spin I :s 1 and the initial state is in general a cohe­

rent sum of states of different isospin, without additi~ 

onal assumption their methods do not give bounds on 

the cross sections. 

At high q
2 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 lep~on-nucleon scattering. The arguments for the . . 

dominance of the light-cone singularities and for the 

use of the light-cone algebra of Fritzsch and Gell­

Mann/6/ for these matrix elements are however less con­

vincing, 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 for matrix elements of fixed states /7 /., iii) q 2> o, 
I . 

therefore semiconnected pieces do contribute and we 

have ope~ator product and not commutator. 

Let us forget for a moment these objections and 

apply Fritzsch-Gell-Mann's operator product expansion 

to the operator product of eqs. (2). Then we obtain 

that i) the contributions of the noriconserving pieces 



of the axial-vector current can be neglected and the 

vector-vector contributions are eqnal to the axial-vec­

tor contributions, ii) the bilocal operators are members 

of an su (3 J nonet. 
It might happen that these properties remain valid 

even if we must accept the objections listed above. We 

-assume (without further arguments) that at high ·s =(p 1 +p 2 )
2 

and q 2 ( s > q 2 » m~ ) the symmetric part of the 

tensors (2) are dominated by anSU(3) nonet, that is 

"' I a, b I 
" a{3, ·a '{3' 

b c ' 
acv '{3'' d a{3 ,a 

(4) 

where dabc is the coefficient of the anticommutators 

of the Gell-Mann's SU(3) matrices -i- >..a • By use of 

this assumption inequalities follow from the positivity 

conditions 

· a{3 ab *a'{3' 
C a W a{3, a '{3.C b > 0 • 

(5) 

It is clear that our approach gives a generalization of 

the method of Nachtman /8/ and Callan ot al. 191 propos­

ed for the inelastic lepton-nucleon scattering to the 

Jl -pair and w -boson production. 

Assuming isospin invariance for the hadronic states 

we should use the su ( 3 ) components C = 1, 2 , 3 , 8 , 0; there­

fore the Wa~~a'{3'tensor can be represented as a 20x20 

matrix for the N N collisions and as a 30x30 matrix for 
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the rrN collisions. By a systematic exploitati 

the equations (4) and (5) we can obtain represe 

for the cross section as follows 

Q2 . Q2 1 . 
W = W · = -

9 
(2m + 2p + 8q ) 

pp · --nn t 

2 2 1 
WQ (z) =WQ (-z) =- (m+2n+u(z)+4u(-z)) 

pn · · np · 9 · · 

wP: + wP; = 2(p+q J '· 

w+ w-
pn + pn 

u(z) + u(z) 

where m , n , p , q and u are positive funct 

· since the nucleons are identical particles the 

symmetric functions of z except u ( z = p1 qf'l 

On the even part of u we have the additional c 

u(z) + u(-z) ? p + q • 

For rr N collisions we obtained 

Q2 
w + 

1T p 

2 =-(x+8v -3t), . 3 

Q2 2 
.H' + =- ( x +2y +8v + 16w -3s)., 

1T n 9 
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neglected and the · 

1nal to the axial-vee­

operators are members 

1perties remain valid 

1ns listed above. We 

that at high ·s =(p 1 +p 2 y2 
ltric part of the 

1) nonet, that is 

(4) 

:he anticammutators 

' --} .\ a ~ By use of 

q from the positivity 

(5) 

s a generalization of 

lan ot al. 191 propos­

n scattering to the 

or. the·hadronic states 

s C = 1, 2 1 3 1 8,0; there­

resented as a 20x20 

as a 30x30 matrix for 

'l"' 
\ 
I 

the rrN collisions. By a systematic exploitation of 

the equations (4) and (5) we can obtain representations 

for the cross section as follows 

1 . 

9 (2m + 2p + 8q ) , (6a) 

2 2 1 
w p~ (z) = wn~ (-z). = ~ (m +2n + u(z). +4u (-z)) , (6b) 

w + + w~- 2( 
pp pp = p + q ) '· 

(6c) 

w+ + w-
pn · pn 

u(z) + u(z) l6q) 

where m , n , p , q and u are positive functions and 

since the nucleons are identical particles they are 

symmetric functions of z except u ( z = Pt q/'IP 1 1 I q I). 

On the even part of u we have the additional constraint 

u(z) + u(-z) ~ p + q • 

For rr N collisions we obtained 

= + (X + 8 V - 3t ) , 

=2....(x +.2y +.8v+16w -3s), 
9 
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t 

Q2 

w -TT n 
2 
J ( x +2v + 3t),. 

Q2 2 
W _ =-(x +2y+2v +4w +3s), 

TT P 9 

Q2 

W 17 oP 

Q2 
w 0 

TT n 

w+ 
TT+p 

2 
- ( 2x + y + 16v + 8w - 3r ) , 9 . 

2 
- (2x + y + 4v + 2w + 3r ) , . 9• 

+ W ~ = W ~ + W -_ = 12v 
TT'p TTn TTn 

+ - + w-W + + W + = W _ + _ = 4v + 8 w 
TTn TTn TTp TTp 

w+ + w­
"oP "oP 

= W ~ + W ; = 8v + 4w , 
TTn TTn 

. (7c) 

(7d) 

,(7e) 

(7f) 

(7g) 

(7It) 

(7i) 

where x , y , v , w , r , s , t are positive functions 

satisfying the.additional inequalities 

2v:? t 2v+wzr, v +2w > s C7j > 

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

. forward to deduce inequali·ties. 
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We note the following 

i) The equations are valid for the differE 

cross sections d 4a I d 4 q • Due to the syrr~mei 

can obtain stronger relations for the total ere 

than for the differential cross sections in thE 

the NN collisions; e.g. for the differenti~l c 

tion we obtain 

2 2 
4 > w0 (z) /WQ (-z) >'1/4 

- pn pn -

w o2 > 1 wo2 
pn - 8 PP 

For the total cross sections instead of 4 and 

will be 1 and instead of 1/8 we obtain 5/16. 

ii) Only upper bound can be given on the 

tion of ~he W -boson production (because of th 

contributions): 

2 
9WQ > (W+ +W- ) 

. pp - pp -· pp 

• 2 
18 Q + -- W ·> (W -· + W · ) • 5 pn - pn -· pn 

iii) If we neglect the isoscalar contribt 

as it is proposed in paper /10/ ,we can obt 

·ties 
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. (7c) 

(7d) 

,(7e) 

(7f) 

(7g) 

(711:) 

~w , (7i) 

re ·positive :eunction~. 
:ies 

(7j) 

1nd (7) it is straight-

f 

f • 

We note the following 

i) The equations are valid for the differential 

cross sections d 4a I d 4 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 case of 

the NN collisions; e.g. for the differential cross sec­

tion we obtain 

Q2 2 
4 > Wpn (z) /W~ (-z) >'1/4 (Sa) 

(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 W -boson production (because of the isoscalar 

contributions) : 

2 
9W Q > ( W + W- ) 

. PP- pp"t. pp 
(9a) 

• 2 
18 w Q ( w "t. + w --5 pn ·> ) • pn •· pn 

(9b) 

iii) If we neglect the isoscalar contributions 

as it is proposed in paper flO/ we can obtain equali-· 

ties 
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2 
4WQ = w + + w-

pp pp pp 
,. (lOa) 

Q2 + -
2Wpn - W pn + W pn (lOb) 

That gives some insight into the nature of this assump­

tion: it is very near to the one that the upp~r bound 

is equal to the lower bound x/. 

' 

iv) We record some inequalities for the rrN collisi-

ons: 

1/4 < ___.:.;...,.... ___ <4 , 

1 Q2 2 
< WQ -W i 

12 IT+p- IT-p 

2 
w ++ + w ~ < 9 w Q + 

ITp ITp ITp 

2 
w+ +W- <'.!.§_WQ 

IT-p tr -p 5 IT-p 

5 Q2 
-W 
24 IT+p 

wQ2 

1/4 < IT+n 

-
WQ2 

IT-n 

•. 

Q2 

~ WIT +p 

+ wQ2 

IT+p 

+ wQ 
2 

IT-p 

(lla) 

<4 (llb) 

(llc) 

O,ld) 

x/ This remark applies in a certain sense to our 
assumption (4) as well·, but it can be tested separately 
in the p-pair production. 

10 

v) The inequali~ies (9b) and (lld) give the 

following inequalities for the cross sections (a 

that w = W 

1 + --(u + u ) < 021q2B 
2 IT-(n) p IT- (n) p - • 

/ 

d u Q
2 

IT-(n) p 

dq2 

1 ( + . ' 
+U +( ) ) <._0.52 q 2B 

IT p p 

Q2 

d uiT+(p)p 
- u 
2 IT+(p) P 

vi) It is straightforward to derive similaJ 

ties for nucleus targets of definite is~spin. 

We stress the importance of the assumption 

this feature must be tested first by use of the 

inequalities in order to decide wether there is. 

some relevance of the light-cone model of Fritsc 

Gell-Mann. 

The authors wish to thank V.A. Matveev and 

helidze for their interest and useful discussioJ 
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11'-p 
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as sump-
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v) The inequalities (9b) and (lld) give the 

following inequalities for the cross sections (assuming 

that w w 

(12a) 

(12b) 

vi) It is straightforward to derive similar inequali­

ties for nucleus targets of definite is~spin. 

We stress the importance of the assumption (4) for 

t.his feature must be tested first by use of the given 

inequalities in order to decide wether there is or not 

some relevance of the light-cone model of Fritsch and 

Gell-Mann. 

The authors wish to thank V.A. Matveev and A.N.Tavk­

helidze for their interest and useful discussions. 
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