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INTRODUCTION 

The study of lepton pair production in hadron-hadron 
interactions may provide important indication about the 
structure of hadrons and about the range of applicability 
of several popular theoretical ideas, e.g., partons, "multi-
peripheralism", current algebra and light-cone domi
nance. If we consider the production of lepton pair by 
virtual photon then the lowest order in the electromagne
tic coupling constant, the process 

p + p -» (Virtual y) + anything 

£ + I + anything 

represents the inclusive production of a virtual photon and 
it has the same kinematical structure as one particle 
inclusive reaction. It will be interesting to see whether 
the cross section shows the same features that is ob
served in purely hadronic inclusive cross section both 
from the theoretical point of view and experimental point 
of view. 

From the point of view of the parton model Drell and 
Yan / ' / predict the differential cross section in a simple 
scaling form for the pp -*p+ + ц~ + anything as 

о 

.±L=(.±LfL_)_UW(r), 
dQ2 3Q2 Q 2 

where г = -2— < 1 . 
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In the parton model the scaling is obtained by impul
sive approximation, i.e., by assuming that the annihilating 
partons are moving as free particles. 

The general idea of the Drell-Yan model is that the 
production of a massive photon in an inclusive cross sec
tion can be visualized as in fig. 1. 

Fig. 1. The Drell-Yan structure. 

The photon is produced in these types of diagrams 
only when a quark and antiquark annihilates. Drell and 
Yan conjectured that the process like (1) can be viewed 
in an approximate infinite momentum frame as the anni
hilation of point like constituents into y-+ + n ~ pairs. 

Recently, Halliday / 2 / considered massive /t pair 
production in massive electrodynamics like the diagrams 
shown in jig Л and has found 

[_Ё2_] f fr . f) , 
d Q 2 d Q 2 D* Y-

where 

fir, €) а /da d/38(a/3 - r) e x p [ ( - ^ l n 2 a ) 1 / 3

+ ( ^ - l n 2 j 6 ) l / 3 ] 
21nf 21nf 
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and as Q-*°°, f -> - ~ , he has obtained an asymptotic 
answer marginally greater than the Drell-Yan formula. 

Sanda and Suzuki / 3 / applied the current algebra 
technique to study the hadronic inclusive reactions and 
massive lepton pairs from hadron-hadron collisions. They 
predicted a linear growth of the cross section in s for 
massive lepton pair production. They have calculated cross 
section for massive lepton pair by ignoring the current 
conservation. Brandt and Preparata and their collabo
rators / 4 / used light cone expansion technique to cal
culate the massive lepton pair from proton-proton colli
sions . They also predicted the same linear growth of the 
cross section in s. 

The massive lepton pair production in high energy had -
ron collisions was studied also by Subbarao / 5 / / in ABFST 
multiperipheral model. The cross section for point elect
romagnetic coupling is given by 

dQ 2 Q 4 Q 2 

2 2 ~~ 
where Q »M , V s i s the centre of mass energy of the 
colliding protons, Q is the mass of the lepton pair, and 
M is the nucleon mass. 

Thacker /<>/ studied also рр-*ц + +ц~+ anything in 
massive electrodynamics by using general method for 
treating the typical phase space integration with arises 
in a subsequent model calculation and showed cancella
tion of a linear growth of the cross section in s among 
several graphs. The nature of cancellation emphasizes 
the importance of taking proper account of gauge in va
riance. In the previous paper / ? / when we have studied 
pp -. ( P ) + x, we have shown the cancellation occurs 
for a linear growth of cross section among other graphs 
in massive electrodynamics. For the inclusive process 
pp-»(£) + x in a low order Feynman diagram we have 
found for large p T and V ~ 

E-^2. « J _ l n 2 s f ( x „ ) r 

d 3P, p * 
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where f is a function of xj , y j . In view of this calcu
lation we would like to study the production of massive 
IJ. pairs in high energy proton-proton scattering. We will 
show that for the graph shown below the differential 

a 
V 

\ 
1 

• 

t i a 
Л 

> * • • 

( ; 

A 

Fig. 2. Low order graphs for p + p -. P + f + X. 

cross section for p + p -> ^ + + ^ + anything can be written 
as 

3 /пг)2 1 1 

dQ z J (QV 
This behaviour is similar to the behaviour of Drell-Yan 
mechanism. 

//. KINEMATICS 

The process of interest p + p -> y (virtual) + anything 
- f + + f 

is shown below 

A 

+ anything 

Fig. 3. Lepton pair 
production to lowest 
order in a. 



The initial hadrons (a,b) have momentum a^ and b^ . 
We are interested in the region where s-»~ and p 2 = ' s = 

s = 2ab , sX]=2bp], syj =2apj. 
The possibility of the mass and energy of the final hadro
nic state requires x j < 1, y, < 1, l -x , -y j + r>0and 

P 2

T 

The differential cross section for /i + + ц ~ pair can be 
written as 

dg a 2 1 J _ w ,М" ( 2 U 

dp 2 " 8 И is(s-4M 2 )l 1 /2 p 2 /«" ' Ч ' 1 ' 
where L^,, is the leptonic tensor defined by 

* 2 Чю 2 4 2 0 
and the hadronic tensor % defined by /11/ 

W = £ ( 2 f . ) 4 S 4 ( a + b - p , - p )<ab|J (0)|n><n<J <0)|ab>,(2.3) 
pv I n ' /i ' v ' 

where spin average of the proton is implied. 
Since leptonic tensor is conserved we can write 
L / ^ = <Pl/iPli-fyi/P?>L (2,4) 

where L = — . 

Again since the hadronic tensor is also conserved only 
8ui/P? W*H contribute. Therefore the differential cross 
section for [i + +ц~ pair can be written as 

_Ё£_ = (_i £L (_w,C) . (2.5) 
dQ2 12 т.3 [ e ( s - 4 M 2 ) ] 1 / 2 ^ 

Now we shall ca lculate »„ for the lowest order F e y n -
man d iagrams which are shown below 
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Fiff. 4. Lowest order graphs for p + p - f + P +X. 

In our calculation we shall omit a common constant 
term which will appear for every diagram. We study the 
Ŵ  function as a function of s, x, y, and т 
ц 

W £ = - f l M

f i | 2 s 4 <a+b- P l -p 2 -p 3 )d 4 p 2 d 4 p 3 S(p 2

2 -m 2 )S( P ; ;-- m

2 ) , 

where 
p +p +m 

M a - [ u ( « H y 1 2 -у + 

P l + P 2 + U 

(2.7) 
(a-p . ) + m 

+ У. у;><р„Н 
( а - р ^ - п Г + и r ( b - p 3 ) z - ^ z + i f *2 2 . . 

x [u(b)y^u(p 3 ) ] t 



and 
|M..| 2= 1 Spl(a+ro)M(p„+m)M!Sp[(&t-m)v (p,+ m)y, , ] , 

II , , О О % 9 ^ V i V 

|(b-p3)2-f*2+iel2 

(2.8) 
where д д 

(p.+ pj+m ( a - p J + m 
M - 4 >2 2~ ^ + \ ^ 7 — У/' * < 2 ' 9 ) 

(Pl+p2)z-m'+ic ( a - p j ) W + u 
We shall neglect mass terms in the numerator because 

these do not contribute to the leading term. Equation 
(2.7) can be written as 

1M | 2 = 1 Sp[bvp,y ,] x 
' I,и l 2 2 . , 2 *vvVv ( 2 . 1 0 ) 

i ( b - p 3 ) -fi + id v ' 

G? G l G a 

+ aXft^Pg^^y^. + аГдв2Г„Р 2П/' в2 V j = 

G l G 2 + G 2 

= A + B+C-f-D, 

where s ] =Pj+ p2> S 2 = a - P p G i =^Р]+Р^ ~ m + if> 

( j 2 =la -P ] ) -m + u . 

where А, В, С and D represent figures 4 (i), (ii), (Hi), 
(iv), respectively. 

For the delta function and propagator we shall use 
a representation, e.g., 

1 (b-p3> -11 +ifi 

1 ~ i a , f ( b - p , ) 2 - ^ 2 + ie| 
- i / d a e , (2.1 
I n 1 

1) 

9 



3 ( р 2 - m z ) = - M / e d £ . 
^ 2^ n 

~ - i t i ( p 2 - m 2 - i < ) 
+ / e P » P 2 d / * , ] . 

0 

To make computations easier before calculating spur 
we integrate over p 2 , then we will have for figure 4 (i) 

f A S ( p 2 - m 2 ) 8 ( p 2 - n i 2 i d 4 p J 
2 3 i p = a + Ь ~ p - p I r 3 

——/cba„d/^ 1 d/3wda 1 dn 2 (A^ x 
(2nf 

xe 
i [ p | ( a I + a 2 + ̂ I + / 3 2 ) - a p 3 H a 1 + a 2 ) b + a 2 a + / 8 ! ( « + b - p ) ) | . 

i s | a 2 + / 3 j ( l - x , - y ] + r ) | 1 | ( / 3 ^ / У 2 + а 2 ) ( - т 2 + и ) - а ^ 2 - ' < ) ! 
xe e . 

Similarly there will be three other terms interacting 
Pl'^2 ЬУ - 0 P - P 2 -

From (2.9) we have 

A = -64[2(аЬ)1(аЬН2р,а+рчЬ+р_р, - p | ) -
(2.12) 

-(apj)(2ap 3+bp 3)-(bp jHap 3 +bp 3 )I -

- <арзН2<аЬИар3)-<аЬНр,р3)+ 4(bp3)(ab)+ (apgXbp,- bp3>l-

- 2(bp3M(ab)(bp3)-(ap3)(bp3+ a P j - p j P 3 ) l + 

+ p2{(ab)(4ap3+ 3p3b + p3Pj -P 3 > + ap^bPj- bpg)t . 

After integration over p 3 , we can write (2.11) as , 
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i a. a , da, d a , 
/ _ i _ L _ J S - d / 9 1 d i 8 2 £ ( a ] , « 2 , / 3 1 ) x 

( 2 * ) 2 X 2 

ls))8 ( l - i tpyj + rKl—5J-)+ jj ^ (l-xj)+—^-U-yj)! 
xe : 

(2.13) 

where • Ф is a function of r ; , , « 2 and /3 2 and X > 
= a j+ a 2 + f j + £ 2 . 

Now applying the Mellin transform, we get 
1 ° l a 2 d a l d a 2 d ^ J d ^ 2 - , 

/ 3)(a,, arP]) x (2.14) 
(2^) 2 X 2 

. 5 + i ~ d i ( - i s F ) ' i ! ( | 3 1 + ^ 2 + a 2 ^ - m 2 + i e ^ - a l ^ 2 - i f ^ 
X 2" * f ' 6 

where 
/3. alft.+ftj (a.+ a.) 

/3 ( l - X r y 1 + r ) ( l - - ^ - ) + - l l f l l L_ l_ / 3 1 ( l - x ] ) + F _ r ' '* " ' •" X " X 

After integration over p 3 , the function 3)(a,, а2,рх) 
contains a term without ft l and a 2 . In that case if we 
scale 

( a j . / S j ) = A ( a , / 3 2 ) 
and integrating over A and taking A -> 0 we will get 

W£ - constant. 
We see tha* when we add up three other diagrams the 

terms Ŵ  - constant are cancelled. This is due to gauge 
invariance. 
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Similarly, we have the same result interchanging a 
by b. The diagrams which are shown below will also 
contribute to the differential cross section for p + p -* t+l ~ч 
anything 

a 
- 4 1 I <\ 
s f >— 

7"~ 1 > 

a T 

.' *r, * 

wo 

a '. с znz 
-+—*—* I ? 

cv«; Cywj» 

But they will give us w 

So we see that in massive quantum electrodynamics 
W £ ~ -|- and_ which gives the differential cross section 
for p+p-»P +£ +anything for the lowest order is of the form 

da 
d Q 2 

i!!fi f»f(, 1. y i,,)to(-l.) 
(Q 2 ) 2 l l M 2 
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This behaviour is the same as in scalar gluon theory, 
but the function f(X|,y *f ) is different from the scalar 
gluon theory. 

III. DISCUSSIONS 
P 

In the previous calculation for p+p-» (.„) + anything 
we have seen that for a ~ s cancellation occurs among 
different graphs. This is due to gauge invariance and cur 
rent conservation. Our calculation shows that to get the 
gauge invariant result , it i s necessary to sum the whole 
set of diagrams granted in a well defined way. 

In the quark parton model Bjorken scaling is ob
tained by applying impulse approximation, i .e. , by a s 
suming that the partons (quarks) a r e moving as free 
par t ic les . From the field theoretical point of view one of 
the most interesting field theory to explain the Bjorken 
scaling in deep inelastic electron scattering is the asymp
totically free t h e o r y / 8 / of non-Abelian Yang-Mills field, 
although in that theory Bjorken scaling is violated loga-
rothmically . Again if the strong interactions a r e desc r i 
bed by a field theory of this kind, it may be possible to 
calculate some quantities which depend on the details of 
s trong interaction dynamics using perturbation theory. 
Scaling is also obtained in massive neutral vector gluon 
theory in deep inelastic electron scat ter ing when 
g 2 l n q 2 « 1/9/ . . 

However we have demonstrated here that in massive 
neutral vector gluon theory the inclusive processes such 
as p + p - ( M + X and p + p-*(f++£_)+X give 

and 
da _1 

dQ " Q 3 
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At present, experimental result /10 / (see fig. 5) for 

(3.2) 

p + p -»ц++ц + X shows the behaviour 
dp 1 
dQ " Q 5-* 

Simularly for the non-Abelian gauge theory we expect 
the same result like equation (3.1) but which differs only 
by constant that depends on the group structure. 

-ё\л •* 

Fig. 5. Experimental result for the process p + p -
-»;T+ ii +anything. 
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