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ABSTRACT 

The ABFST multiperipheral model is modified to 

study deep inelastic electron-nucleon scattering. In 

particular, the scaling property of the structure 

functions is derived. The multiperipheral derivation 

is compared with derivations that use other models. 

A great deal of attention has recently been devoted to the study 

of inelastic electron-nucleon scattering from both experimental and 

theoretical points of view. l If only the final electron is observed in 

unpolarized inelastic e-N scattering, then all information is contained 

in W or the two structure functions WI 
J.lv 

Many theoretical models have been proposed for deep inelastic 

e-N scattering. They include parton model,3 canonical field theory 

lnodel,2 diffraction model,4 vector meson dominance model,5 and Veneziano

like model. 6 Particular emphasis is on the scaling property of WI and 

vW2 , as fir~t suggested by Bjorken,7 in the Bjorken limit of _q2 ~oo 
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with ·2mv fixed. Here q is the virtual-photon momentum, is its 2 v 
-q 

energy in the laboratory system, and m is the nucleon mass. 

The purpose of this letter is to present another model for deep 

inelastic e-N scattering. Our model is a simple modification of the 

ABFST multiperipheral model (MPM),8 which is known to explain many qual-

itative and quantitative features· of high energy hadronic inter-

. 8~lO act10ns. We assume that the high energy virtual photon-nucleon 

scattering amplitude is dominated by t-channel pion poies, with the ex-

ception of the last link that couples directly to the photon; for this 

last link we assume at-channel nucleon pole. In other words, except for 

the last link our model is described by the ABFST MPM. Our model is 

shown in·Fig. 1. 

First, we present our results and interpretation and then de-

scribe the essential steps in our derivation. A more detailed description 

11 will appear in a forthcoming paper. 

In our model we find that a cutoff (or an extra damping factor) 

for the momentum transfer of the exchanged nucleon is needed. This cut-

off is consistent with the experimental fact that for high-energy scat-

tering the transverse momentum of secondaries is limited. vfuen this cut-

off is introduced, we find in the limit of 

2 -q ~ co, and 

0: = cw, 

which implies 

2mv w _ ~ fixed but large: 
-q 

. 0:-1 
= 2mcw , 

(1) 

J 

.. 
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W1 W 
vW2 

= 2m , 

Os 2 -q 
0, = 2 -7 

o'T v 
(4 ) 

where Os and 0T are the "longitudinal" and "transverse" photoabsorp

tion cross sections. Result (4) corresponds to sPin-~ partons3 and to 

the Callan-Gross result12 for a sPin-~ quark current. Similarly, in 

the limit (1) 

W(p) 
1 

we have 

= Wen) 
1 ' 

= Wen) 
v 2 ' 

where superscripts pand n refer to proton and'neutron, respectively. 

Result (5) is the same as that of the parton mode13 for the case of the 

nucleon consisting of three quarks and a quark-antiquark "sea." 

The multiplicity of pions is given by (n) ~ tn w. Our results are 
Ji' 

consistent with present experimental data1 ,13 and are very close to 

those of DLy.2 Later we will compare the two models. 

In our derivation we do not have to assume current conservation. 

But it can be shown that in the limit of v, 2 -q -700, our model is 

consistent with current conservation. In other words, in the limit of 

2 v,-q -700, our model describes correctly the gauge invariant aspect 

of deep inelastic e-N scattering. 

We now present a brief derivation of our results. The absorp-

tive part of the forward Compton amplitude is given by the sum of 

diagrams of Fig. 1; this sum, together with the kinematics, is repre-

sented in Fig. 2. We first neglect the photon link on the left. 

Averaging and summing over the spins of the nucleons on the right, .<le 

8 can consider the external nucleon to be spin1ess. From ABFST, the 
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absorptive part of this forward N-N amplitude satisfies the 

equation 

~A(p',p) + Y·[PB1(p',p) +'P"B2 (p',P)] = 8~4 ffdSod4pll 

(6) 

where ~ is the pion mass, the superscript R refers to low energy 

n-N scattering. Taking the trace, we get two equations: 

After attaching the photon link, we get for W 
~V 

the 

expression 

X Trace ([-A(p' ,P)+1Bl(P' ,P)+t'B2 (P' ,p)](i'+m)Y~(f'-i+m)YV<i'+m»), 
(8) 

where f is the YNN vertex function, which has been assumed to be a 

constant. 

we get 

I 

We discuss only theBl term; similar arguments apply to A 
. B 

Designating the trace in (8) by T l(q,p' ,p) and defining 
I-lV 

Bl (s ' ,u') by 

Jf ~dSdUW:~(S'U) S[(p + q)2 _ s] S(u + q2), (9a) 

, of 

.. 

J 
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Bl 
W (s,u) 

Ilv 

f2 If .. Bl (s' , U ,) Bl 2 2 
:= 5 ds ' du I . 2 2 Q ( s , u; s', U I ; m , I-L ), 

16mn: (u l + m )I-Lv 
(10) 

where 

Bl 2 2 '\t) s , u; s', u'; m ,Il ) 

J. 4 Bl 2 2 . 2 2 
- . d p' T I-L) q, p', p) 8'[ (p I - q) - m ] 5I( P + p') - s'] 5 ( u' + pI). 

(11) 

We can write as the sum 

+ c4P. q + c
5Q p ). In . the limit of large s 

Jl v I-L v 
u, one can show that 

current is conserved. We therefore can write as 

= 

The structure functions are given by 

2 If Bl(S',U ' ) Bl 
f ds'du' 2 2 fJ (s u· . " 

16mn:5 . (u ' + m) ~ 
S I, u ' ; 

2 2 
m ,I-L ). 

(13) 

After a long but straightforward calculation, one can show from (11) 

and (12) that to leading order in the limit of s ~OO, 

fixed but large, one has 

s 
u ~OO, and u 

s2 Bl 
-42 . fJ2 
mu 

~ 2(us ' - u's) QABFST(s,u; s' ,u t ; m
2
), (14) 

whereQABFST is the ABFST boundary functioh.
8 

To evaluate (13) in the Bjorken limit, we need to know the 

behavior of ~(st ,u') for large s' and u'. Using (7b) and defining 

A (s" u") as in (9), we can show that for large s' and u', wi th 
n:N ' 

s'lu' fixed but large, vie have 
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B (S' u ' ) 
l' 

~ - ~ 1 J ds B R (s ) J ds "du" -.;rr~N~---::,...-::::' I {. J A (s",u") 

s:--48 0 1 0 (" 2)2 rr U + J.! 

X QABFST(S' ,u'; s",u"; so~ 
From Regge pole dominance in the ABFST MPM, we know that8,14 

where 

¢ rrN( u") a . ~ 
u" large 

1 

From (15) and (16) we can show that 
, B 

( ) ~ a-I rI. l( ) Bl s' ,U' r ~ S I l"a u I , 

s' large 

where 
B 

¢a leu') ~ 
u' large 

1 

(16a) 

(16b) 

Introducing acuto~~ (or an extra damping ~actor) ~or u', we obtain in 

the limit o~ 

B . 
1· 

WI (s,u) 

and s 
u 

~ixed but large, 

(18) 

where c' is a proportionality constant. Similar results are obtained 

~om A and B2 terms, except that no cuto~~ is needed for the A 

2 term. Remembering that u = -q and S:::::: 2mv ~or large w, we obtained 

the results quoted in Eqs. (1)-(4). Equation (5) follows from the fact 

that the vacuum Regge pole couples identically to pp and nn channels. 

If the vacuum Regge pole has intercept one, vw2(w) should approach a 

constant. 

We conclude this letter with the follovling remarks. 

10 Our multiperipheral derivation is concerned with unitarity 

diagrams, and not Feynman diagrams, so it is not necessary to consider 
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renormalizations. In DLY's field theory derivation,2 only the leading 

term is kept in each order; they had to assume the sum of these leading 

terms is the dominant contribution. For this reason, they cannot deter-

mine the constant in Eq. (2). Ori the other hand,the multiperipheral 

integral approach keeps all terms; only at the end does one approximate 

by keeping the leading Regge poles. In this respect, the multiperipheral 

15 deri vation is more rigorous. Furthermore, in principle vie can deter-

mine the eigenfunction of the inhomogeneous integral equation and there-

fore the constant in (2). 

2. Our model is consistent with the ABFST multiperipheral 

assumption of meson-exchange dominance. Note that our model has only 

one exchanged nucleon, as compared with DLY's, in which all exchanged 

particles are nucleons. We have shown that deep inelastic e-N scat-

tering can be adequately described by a minimal modification of the 

ABFST MPM. 

3. We have also calculated the diagram with no nucleon exchange, 

i.e., the photon couples to two pions. In this case we get the same 

functional dependence for W2 and for WI an extra factor of 

.tn(_q2)/(_q2), Le., WI ~O in the limit (1).16 Therefore, at least 

for -WI' in the limi t of large (-q 2 ) the diagram with y coupling to 

"1 t" 1· spln-2" parlc e dominates over diagram with y coupling to spin-O 

particle. 

4. Our model predicts that an energetic NN pair is produced in 

deep inelastic e-N scattering. If this is not observed experimentally, 

it means that the meson-exchange ladder is not yet negligible in the 

present kinematic region. Since our derivation of scaling (as in almost 

all other models) is an asymptotic derivation, it still leaves unanswered 
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why ~oes scaling set in so early. 

5. In our model, the contribution of any Regge trajectory scales, 

.4 . 
in contrast to Harari's diffraction model, in which contrlbutions of 

"ordinary" trajectories do not scale. 

6. The cutoff or extra damping factor can be ju~tified because 

the nucleon propagator does not sufficiently damp out large transverse 

momenta {corresponding to large momentum transfers).·· This cutoff also 

allows all other momentum transfers to be small, consistent with the 

notion of peripheralism. Note that no cutoff is needed for momentum 

transfers corresponding to exchanged pions. 

7. We have assumed a cOhstant for the off-shell YNN vertex 

function in the asymptotic limit we are interested in. This is not an 

unreasonable assumption, because we can generalize the plausibility argu

ment of M~tsuda and Suzukil7 to include spin as in our case. What is 

essential in this generalization is that electromagnet1sm is minimally 

coupled to sPin-~ particles and there is no derivative coupling among 

hadrons. 

8. Our derivation may actually be more general than the ABFST 

MPM, since all that is needed in our derivation is Regge behavior as in 

(16a) and a particular asymptotic off-shell dependence, with the latter 

depending on the particular extra damping factor introduced. It is not 

necessary to know how this asymptotic behavior is derived. 

9. The method of this paper can of course be used to study v-N 

and v-N scatterings. By crossing, it can also be used to study 

e + e+ ~p + anything. 

We thank Professors Geoffrey F. Chew and Mahiko Suzuki for 

valuable comments and for reading the manuscript. 
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FIGURE CAPTIONS 

Fig. 1. Diagram representing our model; solid, dotted, and wavy lines 

are nucleons, pions, and photons, respectively. 

Fig. 2. Diagram representing unitarity sum and defining kinematic 

variables; solid, dotted, and wavy lines are nucleons, pions, 

and photons, respectively. 

,-.J .•. 

Ii 
v;...l 



. ~ll- UCRL-20220 
. ~ "'. 

'r---.......:::::~--A'~~ - - - - -A'--A"
I I'll I , - --_.', ' I I ' I , 

. ,I I ,L • I ••• I II I -. 
J' I, ',,' -I . 'I_! • I' I 

/-""";"'---jt:::::::j. - -t:>:'- -8- - -- --c:::I-'~'-C:::>- -

..... ,'..' I' 

"~ . 

-Fig. 1. 

XBL7012'" 4212 
-~ 

, .". 

\..~------v----... , __ oJ' 
8" 

~~ __________ ~ ~ ________ -.JI 
.~ v=-

~,'-·----------~----.-~~--------------~I 
8 

Fig. 2. 
X B L 7012- 4 21 1 

. ,'j. 



.. 

LEGAL NOTICE 

This report was prepared as an account of Government sponsored work. 
Neither the United States, nor the Comr::ission, nor any person acting on 
behalf of the Commission: . 

A. Makes any warranty or representation, expressed or implied, with 
respect to the accuracy, completeness, or usefulness of the informa
tion contained in this report, or that the use of any information, 
apparatus, method, or process disclosed in this report may not in
fringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, or for damages 
resulting from the use of any information, apparatus, method, or 
process disclosed in this report. 

"As used in the above, "person acting on behalf of the Commission" 
includes any employee or contractor of the Commission, or employee of 
such contractor, to the extent that such employee or contractor of the 
Commission, or employee of such contractor prepares, disseminates, or pro
vides access to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 



IJ:/'~--~' 

TECHNICAL INFORMA TION DIVISION 
LAWRENCE RADIATION LABORATORY 

UNIVERSITY OF CALIFORNIA 
BERKELEY, CALIFORNIA 94720 

~~ --""~ 




