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The electromagnetic mass corrections for nucleons 
are considered in connection with deep inelastic scatte
ring. Using a Dyson-Jost-Lehmann representation for the 
virtu~l Compton scattering amplitude conditions for the 
finiteness of a.m. are given in terms of sum rules for the 
structure functions in the automodel region. 
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It is one of the classical problems of Quantum Field 
Theory to understand theoretically the P-:-n mass difference. 
According to standard ideas about the electromagnetic 
origin of this mass difference it is related, in lowest 
order at least, to the virtual Compton scattering. This 
assumption has led to the so-called Cottingham formula 
for electromagnetic mass corrections/If: 

4. • 
d q · q q pn 

omp,n = !!..!!:.. { (- g + -.!!:.....!:...) T ' (q p) 
i · q2+i0 ·llv q2 11v ' 

(1) 

~-
·Here r;~n denotes the virtual Compton scattering am-. 
plitude in forward direction averaged over the nucleon 
spins (for p or n respectively) 

· iqx 
T (q,p)=-1- ~ Jdxe <p,alT(J (x),J (O)lp,a> 

/lV 4TTa .. /1 V ,, 

<p',a'!p,a> =2p (2TT/ B(p---p')o 
0 - - aa 

(2) 

Most of the previous investigations have used dispersion 
relations for T~v at fix:ed q2 /2,3/. In this connection 
assumptions about the asymptotic behaviour of T JlV. for 
large q 2 

. play an importan~_!role, in particular assumptions 
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about the ·number of subtractions in- dispersion relations 
for arbitrary, fixed q 2 • 

In this note we consider the question of finite electro
magnetic mass corrections for nucleons using a Dyson
Jost-Lehmann representation for the virtual Compton 
scattering amplitude. 

The DJL representation has been used for the investi
gation of the automodel behaviour of invariant causal 
formfactors connected with the imaginary part of the 
virtual Compton scattering amplitude/4,5/ 

l~1 v (q,p)=j_I. .fdxelqx<p,ai[J (x),J (OJ]ip,o>= 
r ·811 a · 1'- · V 

2 - ' 2 
=(-g,vq+ q,a lv1 +.(q2p p -(qp)(p q +p q)+.(pq) g J_V;3) 

r r V p. v p. V V p. · p.v 2\ 

where 

v/q ~ qp)= .fr(qoJo(qg -(Ci-J/ -'A 
2 

)I/I
1 

(iJ,'A2 )dild).. 
2

• (4) 

It has been shown / 6
/ that the condition of integrability 

of the first primitive of the weight function 1/J (u-: 'A2 ) 

in formula (4) allows the following representation of the 
Compton scattering amplitude · · 

1 2 dJd~ 
Tp.v(q, p) =- (-gp.v q + qp.qv) J · 2 

11 q2-(q-+-iJ)2-'A+.iO 
0 . . 

+_L (q2p ~ -(pq)(p q +p q) +(pq)2g . ) X 
11 p.v p.v vp. JlV 

X _( · d1zd A_2 I/I2 (il' A 2 ). 
2 --+ --+2 2 . 

q0 -(q-u) -'A +·zO 

--+ 2 
1/I (u ,'A )+ 

1 

(5) 

Inserting the representation (5) into the expression for 
electromagnetic mass corrections and perforii1~ng two 
partial integrations we obtain 

P n 2 -+ 2 1 2 J -3 cj2 d4 
q om=om -om=~ .fdudA 1/J (u,A) ------+ 

-1 1(2) cj2[q 2-{q-ti) 2...f f 
0 . 

2 2 2 .r q + q 0 d4 q j, 

2[ 2 -+ -+ 2 2 3 
q q -(q-u) -'A ] 

0 

+tfr (ii,A 2
) 

2(2) 
(6) 

4 

... 

-.. ·. 

~.: 

'\) 

u 

I i 
' ,j 

1 ... 
/ 

. i 

where A2 
' --+ 2 --+ 

_o/1(1)(u,A )= J dstfr.Ju,·s), 
o- 1 

(7) 

A2. 
a 2 ,.. 

o/l(2r'A- ) =o_f ds 1/Ii(l) (u;s). . (8) 

Now the q -integrals converge and show the following · 
behaviour for large values of A 2 

I d4q -3 q2 3772 . -.--'1 
...2[2 -+--+2 23 
11 q -(q-u) -'A ] -2A

2 

0 

2 .2 I d 4q q +2qo -371
2
·i 

. . -+ 0( 1 ) 
q2[qg-(q-1J)?-:/]3 4'A2· + A4 • 

(9) 

Let us discuss the convergence of the 'A 
2 

integrations 
in formula (6). At first we consider the behaviour of the 
2-primitives ofo/1 (u,'A?) for large.values of A

2
• 

In accordance with the experimental data we assume 
the following automodel behaviour of the formfactors 
v1 and v2 ': 

2 1 /: v
1

(v,q ):;::-7'2h
1

(s) (10) 
v v = . 2pq-+ 00 

v
2 

( v, q ~ ;:: J h 
2 

(g), · . . . ,q2 . . e=- - fzx. . . v 

This asymptotic behaviour can be reproduced 
help of weight functions satisfying 

ei~ 1/I i(2)(u' It-) = j dA 21/Ii(1) ( i1, A 2 )= 1/Ii o 

'A ... "" o-. /4 s/ 
furthermore, as· shown in ' 

-+ 
(u) I 0 

hi (g)=271g.pi0 (ltl)· •i.=1,2. 

with the 

(11) 

(12) 
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Note that the limit (ll) leads to~ generalized functions 
tP;o (c!).. . . · · _ . · _ 

From the foregoing formula_ we see that the intagr;t.l 
determining the electromagnetic mass correction diverges > 
logarithmically in general 

2 2 
2 codA A 2 om= 6rr a I c J -- + f dA ••• I, 

A2 >-.2 o 
(13) 

where 
. 1 

p-n 1 p-n 
c=Jagg(h 1 rgJ---h 2 rgJJ. 

0 2 
(14) 

For finite electromagnetic IJlass corrections expres-
sion (14) has to vanish necessarily. (Note that the 
integarl (14) is finite bacause h; (g) appears as a genera
lized function due to equations (11) · and (12).) 

Usually the experimental data are written in terms of 
the structure functions '~·and w2 

..2 . 2 
w1 = q-V 1 -(pq) v2 ' w2 = q2 v 2 • (15) 

Let us write the leading terms and their first corrections 
in the limit v ... oo, g fix: 

w1 = f1(g)+-!-g1(g), 

. 4f 1 . (16) . 
w2 :: -11 rg) + ~g 2 (g). 

v v 

A comparison of formulas (10) and (16) gives 

h (g)=- .Lg (g) +...l._g (~), 
1 g 1 4 e 2 

h (g)=-4f(g). 
2 1 

According to experiment 
1 n 

f dgg[f:(gJ-flgJ]~ 0, 
0 

(17) 

so that condition (14) appears as a relation between 
leading and non leading terms in formulas (16). 
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Finally we ~remark Ahat the sum rule (14) may be
.expressed· in terms' of' the . quantities dt . and de which. 
are directly connectedwith a

1 
and ae 

a = 8rr2a .d -' t,e 2 t, e v +q . 

1 
d t = w 1 = - - h2· (g) ' 4 . (18) 

v 1 
d. =- w1 +W2 (1 + -)- -!:-t"[h (g)-h (f)], 
f _ 4f -v 1 2 

such that 

. 1 p-n 1 p-n 
_ c .= eim I v J d f d f ( f, ': J-2 f d f f d t ( f, v J I = o. 
· v->oo 0 0 

(19) 

Another possibfli ty to obtai~ f}llite om is the occurence 
. . of non-canonical dimensions 7 • · As we shall see an 

1·· infinitesimal change of the scaling power 

v. - - 1--. - g . (f),' ( > 0 
·.1 v2+f 1 

(20) ,, 

... 

. ~- is sufficient foJ 1co~yergence. In this case the weight 
_ .functions fulfill 5 

~.;~ .i rip t/J;(s) (u;/)=1/i. (u),· s =2+( -:: X-•-_oo tO 2 . 

t/1. (il, >-.2 )=-1- J dA'2tfr. (u,A'~)(A2-A'2)s;I 
t(s) r(s) 0 1 '• 

(21) 

/-·~''·' 

I 

l = f * ·'· s 'I' i 

. r 

l . -.. f 

Returning to fur mula (5) we have ·to discuss the typical 
integral · 

Jd>-
2

1/J(u,·lJ 
1 

• =.L. *tfrr t:,o 2
J 

i/->} Q2 . 

'l 
7. 
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= _1_ * f *f * 1/J(il, Q 2)= j.l.. *f * 1/1.·. (ii,Q)' (22) 
Q2 . -'S s · · Q 2 -s (s) · 

2 . ... .... 2 Q =[q2_(q-u)]. 
. 0 

(The rules for handling _ c~~volutions of generalized 
functions may· be found in 8 ). Explicit evaluation of 
the convolution gives 

.... 1 
fdy1dy21/J(s/u,y1 )f -s (y2 -yl ) Q2-y

2 
= 

00 -s.:_l .J. 2 -1 
= f dy 1/1 ril,y Jf dt t r (-"SJ( Q -t -y J = c23) 1 (s) 1 0 1 1 

= -r(s+l) (d>..2 ifr (il ,>.. 2 )(>..
2

- q 2+(~ti) 2J-~-1 

(s) ""'0 

If we apply these formulas for ·s=2H then the q integral 
corres~onding to equation (1) converges and behaves 
as >..-21H) for >..2 .... oo such that the >..2 -integrationisfinite 
too . 

. So there are at least two different mechanisms to 
obtain finite mass corrections. 

Let us remafk that Jn the so-called anomalous cases 
(compare ref./9 and 16 ) condition (14) would be changed.· 
So a violation of that condition could be traced back to an 
occurence of an anomalous case if this· is not ruled out 
by other experimental information. 

The foregoing considerations show that the-connection 
between automodelity in virtual Compton scattering and 
the finiteness of electromagnetic mass corrections is 
of special physical interest. In fact the existence of 
finite non-zero contribution to om from the region of 
large momenta q means the occurence of dimensional 
quantities in that region. Therefore the· non-asymptotic 
contributions are responsible for finite mass corrections 
which are proper dimensional quantities. In this manner 
the vanishing of the logarithmically divergent contribution· 
to om can be understood as· a consistency condition of 
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the automodel character of the virtual Compton scattering 
in the considered ; asymptotic region. 

. The author.s are indebted to R.N. Faustov for interesting 
discussions~ One·of us (A.N.)thanks T .Muta for interesting 

"dlcussions. · 
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