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I. INTRODUCTION

The scaling behavior observed in deep inelastic electron-proton scattering
has motivated a series of parton models of photon-hadron interactions. 1 All
of these models postulate that the hadrons are built up of certain point-like con-
stituents (partons) which carry the electromagnetic current. The partons are
understood to be underlying fields of some future field theory, but need not have
a particle interpretation. 2 Some authors3 identify the partons with quarks
which throws a bridge to strong interaction dynamics. 4 But this conjecture still
awaits an experimental test.

Recently a further attribute of photon-hadron amplitudes has been estab-
lished. The high-energy data of forward nucleon Compton scattering require,
in addition to the standard Regge terms, the presence of £=0 fixed poles, whose
residues agree with the Thomson limit5

P no
™ep>-2, Tipp>0 . @. 1)

This provides a sensitive test of existing parton models and the quark-parton

picture at all. The simple three~quark model of the nucleon would give

P _3pn ~
ep=5Twp »  Tipp = -6 1. 2)

which obviously contradicts Eq. (I.1). In the more general case, the parton
model is much less specific, but it always predicts a nonzero fixed pole con-
tribution of the neutron. 6 This points out that the parton model in its present
form fails to explain the fixed poles, which has interesting theoretical
consequences.

The fact that the fixed poles seem to be sensitive only to the total charge
indicates that some kind of self-consistency condition beftween the constituent

currents and the total electromagnetic current might be involved. On the one
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hand, the scaling behavior requires a composite theory of the hadrons while,

on the other hand, the fixed poles are closely associated with the (noncomposite)
Born terms,. 7 This "duality' comes as no surprise to us. There is strong
evidence that at least the low-lying hadron states are governed by bootstrap
principles, 8 which has to be respected by any future field theory. In the boot-
strap picture the "Born singularities' and mulfiline connected parts are inti-
mately related allowing for both scaling graphs and (fixed pole) Born terms.

In view of this it seems to be attractive to consider the alternative that
partons are ordinary (bootstrapping) hadrons. It has been argued recently by
Zachariasen9 that the scaling behavior does not necessarily lead to pointlike
constituents. This can best be understood from some model calmlations10
which indicate that the constituent form factors need no longer vanish as qz—-»-oo
when both legs are off-shell, So, even in the bootstrap picture some internal
lines represent more elementary entities.

In this paper we shall demonstrate that scaling and the "right" fixed pole
behavior can be explained in terms of bootstrap elements. We will base our
discussion on S-matrix theory although we have something like a Bethe-Salpeter
equation in mind. For our aims we need not go into dynamical details of the
bootstrap program. Dashen and Frautschill have shown that the bootstrap cur-
rents fulfill a current algebra., This provides a qz—normalization condition of
the current-current amplitudes which is all we need.

In order to avoid spin complications we shall restrict ourselves to a pion
target. But we believe that our conclusions can be carried over to the spin 1/2
case.

The paper is organized as follows. In Section II we define invariant ampli-

tudes free of kinematical singularities and zeroes that describe pion Compton
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scattering. For these amplitudes a Mandelstam representation is assumed, on
the basis of which we derive t-channel partial wave dispersion relations for the
double-helicity flip amplitude (Section Id). The partial-wave series is continued
to the physical region of the s~channel by means of a Sommerfeld-Watson trans-
form. In Section IV we discuss the current algebra constraint. It gives rise to
a =1 fixed pole in the odd amplitude which imposes decisive restrictions on the
dynamical input. Then, by incorporating this information, we calculate the £=0
fixed pole and show (in Section V) that our model gives rise to nontrivial scaling.
In these cases the partial wave dispersion relation can be solved explicitly.

Finally, in Section VI we add some concluding remarks.

O. COMPTON AMPLITUDES

We consider the process
o p Bt o'
7, @+ @) ~ v @)+ e @. 1)

where 'y;u, 'yf may be neutral or charged isovector photons. Isoscalar photons
are not taken into account since they do not contribute to the fixed poles and in
the deep inelastic limit as will be shown later. This, however, is not true in

2

the case of nucleon Compton scattering. Our notation will loe1 s=(q+ p)z,

u=(q -p')2 andt = (g —q‘)z. The scattering amplitude is given by

ot
Tsz,p = if atx 19" % g ) <np(pr)![jf(x), jﬁ‘(O)] (° @) > . 2)
Due to crossing and isospin invariance it can be reduced to three independent

t-channel isospin amplitudes (the upper index labeling the isospin)

@, (c (5,4) + C (u,t)) -N
uv By Hy 104



Tfj}) =C,, (5.8 - C w1 (IL 3)
(2 =~<c . H)+C (@ t)) + 2N
py py uy By

—+
whire CHV =T ’+, i.e., the tensor associated with "charged" Compton scat-

py
tering off 7r+, and N = TOO’ 0
Ky Ky

corresponding to '"neutral' Compton scattering
off 7°. This representation will prove to be very useful. It is evident that Nuv
gets no contribution from the pion pole ferms and related diagrams. The cur-

rents are assumed to be conserved and to satisfy the current algebra which

gives
0,2 0,2
q#T‘(w )=T;(w )g" =0 (1. 4)
1 1
q“TLJ - TI(JH) g =24 F() L 5)

where A =p+p' and F(t) is the pion electromagnetic form factor.

Next we express the tensors Tlaig in terms of (independent) invariant ampli-
tudes free of kinematical singularities and zeroes. 13 These amplitudes are the
most suitable ones having a Mandelstam representation without ad hoc subtrac-
tions. Let us first consider the isospin 0 and isospin 2 case. Here the method

of Bardeen and Tung14 can be applied. We obtain

5

0,2) _ n ,(0,2)

70:2 - @0 g 1.6

ORI A o)
where

' =qqg, -qa

224 Ky (1Y

2 = . 1 -— . t - 1 + . '-

Iuv q-q AuAv q Aq“AV q .AA“qV q-Agq Aguv

I =q-q'q A —q?‘q'A -q'-Aqq +q2q'-Ag

ny wov ©wov woy uy



4 1 1 ! y! '2 2
=Q- — . - + g! .
Ly =2¢qd 49, -eAqe ~-a" Aq, +q'"qAg

2 2
I — ' v 1 _qt L l 1.7

py 9999, -97q9; -9 1’y gy a7
In forward direction and for equal photon mass the An are related to the usual

invariant amplitudes T T2 by (omitting the isospin)

19

2
T.+1 &8 1 =-A1-q2A

1 4 2 72 5 7
a

(1. 8)
42
T2 = 4q A2
In the isospin 1 case we can proceed similarly. Instead of the gauge condition

(II. 4) we have to incorporate the current algebra constraint (I.5). We find

(1) (1)

T, 2 L L, AL (L. 9)

n=1
where

| Pl m=1,3,4,5
uy  up

2 =aa (. 10)
wy T . )
16

= 1 — .
#V quAV + A q q Aguv

Here only five of the invariant amplitudes A;l) are independent. We have

all) __15_ (2 Pty - a- 240D . 11)

III. DISPERSION RELATIONS
Our basic assumption will be that the invariant amplitudes Ax(:) satisfy an
unsubtracted Mandelstam representation for qz, q'2 < 4. This is quite a natural

assumption from the bootstrap point of view which we will hold throughout this
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work. On the other hand, there are no subtractions required on the basis of
low-energy theorems.

Since our further discussion will mainly be concerned with the invariant
amplitudes A(i) , we shall restrict our attention to these amplitudes only. The

Mandelstam representation for the A;I) can be written

(0 2) (0 2)
(S’) (s',t")
0,2) _1 S SR § ' 1 1
i R Wfds (s'-s)(s'—u) fds fdt tr-t (s'-—s * s'-u)
(0 )(sl u')
el f o' ffar By . 1
20 -1 faer ,We +_ so (o Py E ) (1
(s ) s' s' S -t s'-s s'-u)
1 pgl)(sl’u!)
+-—2-/ds'/du' mm . Ml 2)
T

The crossing conditions as expressed by Eq. (II.3) are explicitly satisfied for

pgo’ 2)(s',u') = p:(30’ 2) (u',s") and pgl) (s',u") = -pgl)(u‘, s'). Single dispersion
integrals are not allowed for Ag)’ 2) because they would exceed the unitarity
bound. 15 The spectral functions apparently depend on q2, q'2 and so do the
boundary curves.

The single spectral function integrals in Eqs. (IIL.1) and (III. 2) represent
the pion pole terms and the whole set of associated bootstrap diagrams as
shown in Fig. 1. The pole terms which are responsible for the low-energy

theorems are given by

O - 2  ped F
A = v @) T



(2) - (0)
Agp = 2A2P ’

Aglg - (?T ul_l) 7 F@?) (L. 3)

corresponding to the §-function part of pf). It has already been pointed out
that the contributions connected with the single spectral function integrals come
entirely from Cuv . So, we expect that the p( ) are related to each other similar
to the pole terms (IIL. 3). This is indeed the case. We have

% 0(10) = p(ll) =-p (12) (IIL. 4)

which can be verified by evaluating T[izv) in the infinite momentum frame
( |A| -} s,t,ufixed). Here the leading contribution is proportional to
q-q' Ag)’ 2) and A;l) respectively. The single spectral function part of

(0,2)

q-q' Az may be written

R G ”

. S A , (0,2 1 1
1 f ® EFEw T2 f @' o1 8" (g5 * 573)
1

1
+ A ds o du m (II1. 5)

where ’[)“go’ 2)(s',u') = §(s'~-u')(s'~1) p(lo’ 2)(s'). By comparison with Eq. (II.3)
this gives the desired result. 16 Equation (III.4) will become important in the
next section where we shall discuss the restrictions imposed on pl(i) by self-
consistency requirements.

It will prove to be useful to analyze Ag) in terﬁls of t-channel partial wave

amplitudes. The A(i) correspond to the t-channel helicity-flip amplitudes:
2

T(0 2)——(t q ~-q' )(t 4) s1n g A(O 2)



(1 _1 2. (1)
T+_ =3 (t-4) sin™ 6 A2 (1. 6)

This naturally leads to the definition of helicity amplitudes free of kinematical

singularities and zeroes:
M® = Ag) @L 7)

which have the partial wave expansion

: = , (cos 0)

M¥ = 2;22 (22+1) £ (t) (1eelm@d) 207~ % R (IIL. 8)

= sin” 6
where
_ Ny e+ @2
a0 ) = @2-1)(20+1) (28+3) [(22'1) Prio®
+ (2643) By, (@) - 40-1) Pl(z)] -1—-1—2 (L. 9)
=

The singularities of the_ partial-wave amplitudes féi) are then completely deter-
mined by the Mandelstam representation.

For féi) we can write down partial wave dispersion relations. However, we
must be careful about the branch cuts due to unequal mass kinematics. In the

following we set q2=q'2. Then we have ff) ~ [(t—4) (t-4q )]( -2/2

ast—4or 4q2
which gives rise to a branch cut from t=4 to t=4q . We see that for physical £
(i.e., £ even for i=0, 2 and odd for i=1) only fél) has an extra branch cut. In this
case and for general { we draw the branch cuts along the positive real axis. So
we can write generally

t (i)
L ||
P =tDw+2 f dt? ——[’3 ]( ),

1
t'-t T

2 .\ .
A [ff)] ) , [ e
Tt ;l dt' —

4

(1. 10)



where we have projected out the Born term

(O 2) (S I)

(0 2) gy = JE-DIEF) @+2) 1 ds, 22"
’(t 4)-(_t__—4 ) (20- 1)(2£+1)(2£+3) 261Dt 2q2 ]
o0
@ - JE L EF2) 1 / : ( ) :
R = W) @ nEen@s 1 f, * (s") 2y(2")
(I 11)
Here
2,(2") = (26-1) Qo (&") + (28+3) Q) p(&") - 4¢-1) Q=)
and
ot = 251-2+t-2q°
Jit-4)t-492)
In the physical region unitarity tells us
(0,2) 1
AR
(Im. 12)
(1) 1
£ <3
so that no subtractions are needed.
The left-hand cut starts at
t, = i]'é' [40 o2 - 4@>? - 36} (III. 13)

Its discontinuity has the form

[fa)] 0 = JEIIED E+2)

b (D) (20-T) (20+7) (20+3)

X —[fds'(fdt 8-2—:7(%—?— /“du' pg)(s‘,u')z

s'+u'-2+t-2q

_2 f ds' pg> (s, 2-8'-t+2q°2) Qﬂ(z')]

- 10 -

) g’ﬂ(z')

(1. 14)



where
Za) = [(20-1) Py p(a) + (243) By (a) - 40-1) Pytat)] 6 (142) 6 (1-2)

On the right-hand cut we shall use elastic unitarity17 (p(t) = Jt-4/t)
Im ff) ® = pt) féi) (t) téi)*(t) (IIL. 15)

where tél) is the elastic isospin-i 77 amplitude. We believe that this approxi-
mation is justified for our aims. Later on we are only interested in fél) at t=0,

For t!(zl) we make the ansatz

(IIL. 16)

where B( )(t) (generally complex) is only restricted by unitarity. In the case

when there is no extra branch cut and f](S;

relation (III. 10) can be solved by standard mef.hods18 (provided that the left-

is continuous at t=4, the dispersion

hand cut integral, for short f(l), is known). The solution is

10 = O+ D)

(1)
®  Im D)
- 2w —h— (f‘”(tf)+f‘1’(t'>) + 0
D(l)(t) -

L. 17)
where (formally)
o log [a(i) = —(f)f 2ip ") By ()
Df)(t) = exp {- 51; f at Q t,(’i'{ =4 (IIL. 18)

4
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The polynomial P(t) must be zero if DEO’ 2) ®) < {2 €

and Dél) () < t*7%; otherwise
this would conflict with Eq. (III.12). In the case of unequal mass branch cuts
(which will concern us later) one has to take care of the discontinuities of ffo_l)

across this cut which gives a slightly different solution. 19 Equations

(I. 16) - (II1. 18) can easily be generalized to include several Regge poles.

means of the Sommerfeld-Watson transform assuming analyticity in £:

d2 (-cos 6)
b - L [ 4 @ 20 ° _
M+_ = - 214 per (20+1) fz sin2 - (I11. 19)

Here 1\71_9 are amplitudes of definite signature (signature (—1)1). The contour
C of the intégratidn is shown in Fig. 2. The leading {-plane singularities are
given by the zeroes of Déi) (see Eq. (IIL. 17)) and the finite parts of féi) at £=0, 1.
The former lead to moving poles while the latter correspond to(right- or wrong-

signature nonsense) fixed poles.

IV. FIXED POLES

The current algebra constraint (II.5) requires the existence of a £=1 fixed

pole in the isospin 1 amplitudezo
1 F(t
Ay =2 5 av.

This can be read off (alternatively to the original derivation) from Eq. (I.11).
The highest fixed pole that may occur in Aél) behaves like 1/s corresponding

to the largest possible right-signature nonsense point, So the form factor must

(1)
5 -

We shall now evaluate the ¢=1 fixed pole contribution in terms of Egs. (L. 2)

asymptotically be cancelled by A

and (III. 10) and discuss what kind of restrictions Eq. (IV.1) imposes on the
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spectral functions. This forces us to solve Eq. (HI. 10) for i, £=1. From

Eq. ({I.14) we deduce that there is no left-hand cut contribution in this case. 21
The first term of the discontinuity across the left-hand cut vanishes because

of the factor /-1 (note that there is an additional factor J/I-1 coming from

dgo(cos 8), see Eq. (III.8)). The second term, corresponding to the su-double

points which results from the following symmetry properties under the substitution

2

s'—2-s8'-t+ 2q~ (of course, this term gives rise to wrong-signature fixed poles):

( )(s' 2-s‘—t+2q ) — —p( )(s' 2-8'-t+2q ) ,
Iv.2)

2! — 2!, 2, — '™ g

Here the factor £-1 (as well as the factor £ which becomes significant as £ — 0)
is cancelled by the pole of Qﬁ—z‘ The same holds also for the Born term. So,
if we absorb the .Jf-1 of Eq. (II.9) into fél) by defining fﬂ(]) = Ji-1 fél), we

obtain the very simple integral equation

fl(l)(t) fmds' M + = f4 q dt'Lﬂﬂ

(t-4) (t- 4q2 vt

f f‘”(ﬂ) p)sd) €
dt' @v.3)

pCI P

The only unknown parameter (besides the right-hand cut parametrization) is

00
R: = L /; ds’ p( D (s') . Since the fixed pole is the leading term in the high-
s

energy limit, we obtain from Eqgs. (IIL.2) and (IV.1)

. SUGRY
fds' p{D e +/ds'fdt' 2 oF—= F@ (IvV. 4)

2
which tells us that R has to be independent of q".
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We are now looking for a solution of Eq. (IV.3) which meets the require-

ment (IV.1). That means

- J% F(t) Iv.s)
————eeee . .0
Jit-4) (t-4q?)

Therefore it is convenient to deal with the once subtracted dispersion relation.

M -

We make a subtraction at t=0 and fix the subtraction constant by the constraint
(IV.5). The solution of this equation has the formzz (taking proper care of the
right-hand cut singularities):
2J§ S
(1—R) +
J16 ~/ (t-4) (t-4q> )

2 “/%_' t ./‘w " Im D:(ll)(t') ( /(t!__4)(tl 493) a R))
NMAWAQ)%ymw s -5t

EM ) =+

t P(t)

@v.6)
" T i) p{! )

Let us first assume D(ll) (t) < const. Then we observe that Eq. (IV.6) is con-
sistent with Eq. (IV.5) if R=1 and P(t)=0. In this case the solution can be

rewritten23

%@ p{" )

== , awv.mn
Je-9¢-24% 0P

Wy =

where (in our approximation) Dgl) (0) /D&l) (t) corresponds to the pion electro-
magnetic form factor, If D(ll) (t) ’:b%t we notice that R=1 and P(t) = 2 J% b%
is a solution which fulfills Eq. (IV.5) (and similar for any higher power). Here,

Eq. (IV.6) can again be written in the form24 @V.7). Now we show that R=1 is
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also a necessary condition. Therefore we consider the limit q2 -0, t#0.

Since -f'(ll) (t) has to be finite at this point, we must have

) (1)
Im DI (t)
1 t R SN 7 v
(1-R) (1 ) Dt Dgl)(t) T ./; d -t (t'-4)t )

—~

t 1
+ —%-L— =0 (Iv.8)
JE=Dt Dg )

which can only be fulfilled if R=1 and F(t)so. Thus the current algebra con-
straint normalizes the single spectral functions to a fixed value. This looks
quite similar to the usual parton model but the parton lines are replaced by
the diagram shown in Fig, 1.

In the second part of this section we shall calculate the £=0 fixed pole con-
tribution to the isospin even amplitudes using the normalization condition of the

single spectral functions as input. That is (by means of Eq. (IIl. 4))

/ds' oD = —Zfds' oD =2 @v.9)

The formal manipulations will be much the same as in the £=1 case. The
dispersion relation for f(()o’ 2) again has no left-hand cut contribution for the same
reasons as before (we only have to replace £-1 by £ in our arguments). If we define

fﬂ(o ’ 2)=i~/ﬁ féo +2) we obtain the integral equation (not allowing for ""Kronecker delta' terms)

(0’ 2) 0 f(o: 2) (t') (tl) .3(0’ 2) (t')*
fo(osz)(t)z__giz_a____.;.l‘/; dt! 0 P 0 (Iv.10)

t-4)(t-4a%) T vt 0 2) ¢y«

where 6(0) =2 and 6(2) =_1. Here are no extra branch cuts involved. We
solve Eq. (IV.10) for q2 < 1 which gives19

- <]
p0.2) 22 o2 2 52 ;/
0 t-4(t-4q?) (-4 D P T

im D3 2t

Iv.11)

L E-H(t-aa)
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The polynomial term (i.e., the solution of the homogeneous equation) has been
omitted which corresponds to the view that the photons couple to the pions only
as illustrated in Figs. 1 and 3. The polynomial term must be zero if D(()O’ 2) <
const which is the most ﬁkely behavior (i.e., no £=0, isospin 0, 2 resonance;

see Eq. (I 12)) and, ingeneral, it does not affect the fixed pole residues at
2

t=q"~ =0 because dgo(cos @)/sin2 6~ t-4q2.
For t=0 the solution (IV.11) can be rewritten in a similar manner as in the
=1 case23’ 24 giving
=(0,2),, 2
50,
70,2 N2 50,2 0 ) av.12)
0 2 ©,2) .
8q D0 0)

where (higher powers in t will not be considered in the following)

02 it 82y < const
0.2 0 0
By et =

(©, 2) 0,2 e (0,2) 0 10,2
Dy ) ~by’“t i Dyt =b

Equation (IV. 12) now predicts the following fixed poles (t=0)

=(0,2),, 2
40,2 602 Do ) V. 13)
2 FP 2 D(()o,z)(o)
and (by means of Eq. (II.8))
~=(0),, 2 =(2),, 2
T’Tt 2933 Dy (4q)+l Dy (4q)
2FP” 2 3 D(()0)(0) 2 D(()Z)(O)
| (IV. 14)
500) 4,2 52) (442
TWO ,:_.CﬁZ Dy (4a) ) D, (4a’)
2FP~ 2 3 DXO) ) Dgz)(o)
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The fixed pole contribution to the amplitude T1 can be calculated from Eqs. (II.8)
and (IV.14). The highest right-signature nonsense point of Al+q2A5 is £=-2 s0
that T1 has to cancel the fixed pole contribution of A2 (a similar situation has

led to Eq. (IV.1)). Thus we have

[\

-y
Tiep =~ Topp (V. 15)

£

First of all we notice that the fixed poles coincide with the Thomson limit
* 0
at q2=0 (l_)(()o’ 2)(O) = D(()O’ 2) (0)> , l.e., T11rFP ~ -2 and T71TFP ~ (, which agrees

with experiment5 (we do not believe that the inclusion of spin and minor changes
in the isospin description will make any difference). Secondly, we obtain that

the residue of the fixed poles is not a simple polynomial in q2 although it goes

to a constant at large negative q2 as has been argued by several authors. 7,25

The residue has a cut along the positive real axis starting at q2=1 (=mi), so that
the polynomial behavior very likely breaks down near this cut.
We shall now discuss what else our model predicts for small q2. Therefore

we go to the realistic case where Dp(.o) contains several Regge poles and where

quz) has no resonances (because of the absence of exotics). We furthermore

0,2
0

where (say) the f trajectory a f(4q2) passes through zero (for our following argu-

assume ﬁ(()o’ 2) - D , l.e., D(()O’ z?v < const. Then Dgo)(thz) will have a zero

ments it can be any other trajectory with intercept > 0). This is expected to be

2

somewhere between -1 (GeV/ c)2 < 4q” < 0. On the other hand, D(()z)(4q2) is very

likely a slowly varying function without any zeroes in this region. So the residues
+ + ’
T T . 2 . 0 2
of ElFP and TZFP have a zero for small negative g~ if D(() )(4q ) reaches at

least half its value at q2=0 after it changes sign. 26 This is exactly what comes

out in recent finite-energy sum rule calculations27 (again for protons). The
) 0
residues of qurFP and T;TFP have no further zeroes at small q2 (besides that at

2
q =0).
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We still have to show that isoscalar currents do not contribute to the £=0
fixed poles. It is obvious that the isoscalar currents only enter into the double
spectral functions. This means that the integral equation (IV. 10) will not be
altered by the inclusion of these terms. So we can conclude that they do not

contribute at all,

V. DEEP INELASTIC SCATTERING

We shall now discuss the scaling limit. In this limit q2 — - and (t=0)

)
cosez—w@ (V. 1)

Here we consider only the scaling function sz given by (omitting the isospin)

2
__2vq
W, - Im A, (V.2)

In order to calculate W1 and WL we had to go through the same kind of calcula-

tions for A1 and A5

The scaling function qu is made up of the Regge-pole terms and the back-

as for A2.

ground integral (Eqs. (III.17) - (III. 19)). We solve the integral equation (IIIL. 10)
(in this case for general {) as before and then continue the solution to q2 — —oo,
In this limit the left-hand cut integral vanishes relative to the Born term for a
large range of £ which can be verified as follows. We assume that the integrals
fds'fdt' pg)’ 2) (s, 1") and fds'fdu' o P (st,w) are finite for all ¢® < 4.
This should be true in order to fulfill the unitarity bound (III. 12), Then, for

fixed t we get the asymptotic behavior (Egs. (IIL. 11), (OI.13) and (II. 14))

£0,2) 1
B ~ (q2)32+2i72
(V.3)
f&, 2) < __%_4 (within logarithms of q2)

@)
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Tor those values of £ which are involved in the Sommerfeld-Watson transform
(0. 19) (i.e., Ref< 1) fgﬂ’ 2) decreases at least by a factor of (qus/ 2 faster
than fg)ﬂ »2) . The main reason behind this is that the left-hand branch point
moves to -« as q2 ~» =00 (tL o~ —% (qz)z) . So we have the same situation as
in the parton model, That is, only the "handbag' diagram as shown in Fig, 3
contributes in the scaling limit. 1 The solution has the asymptotic form

(again neglecting the possible polynomial term)

f(O’z)(O) ~ - (-i) -£ _'\[_[ N (@-1) e+ (+2) I (@-1) (0 2)
2 4 (20-1) (20+1) I‘(ﬂ-—-) ( 2)

0,2)
1m D> 2t
11 , )
x [1- —@—2)70) fdt — (V.4)

where we have taken the q2 limit under the integrals. Equation (V.4) reduces

to the simple expression

0,2
(0.2 ) o _ gyt fr JEDTEDED Tey o0 4
0 = T U@ ey §, L (22 500
(V.5)
if we write
m O 2 e)
{2t =a€’2+bg’2t+%fdt' ———t’%:t——— (V.6)

In the following we shall set ag =1 (provided a 740) This can always be
achieved since the normalization of Déo’ )(t) is not determined by the integral

equation.
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The scaling function vW2 can now be written down explicitly. By using

Eq. (V.1) and the asymptotic expansion of Eq. (II.9) we obtain from Eq. (HI.19)

(0,2)
VWg)’ 2) _ ;ZL- 5(0! 2) ('Y(O’ 2) wa (0)-1

+ Im Jmfd!2 o' —(wﬁ-w):D (V. 7)
2r Jo = p{®?(0) sin '

where

-1
0,2)
oD} * “7(0)
0.2 [__ﬂ_____] 7.5

oL =92 )

The contour of integration is parallel to the imaginary axis with 0> Re £ > - %—
If we assume that there are no Regge-poles in Déz) this gives for scattering off

charged and neutral pions (including several Regge-poles in DEO))

(0)
+ a9 (0)-1
VW;T =-3 zl:'}’fo) w

-1
L 7 1 1\ (o —-
+ Im [zﬁ Ldﬂ ey <D§O)(O)+2D!§2)(O)) (w . w)] (V.9)

0

()
1 o (0)-1
oy =52 e !

-1
1 w 1 1

For large  the background certainly can be neglected leaving only the
familiar Regge terms. However, near threshold, i.e., w — 1, the background
integral becomes important. It is responsible for the threshold behavior and

suggests a new type of Drell-Yan relation. 28 For =1 the contour can be

- 20 -



shifted back to the original contour around the positive real axis provided that
-1

(Déo’ 2) (0)) vanishes at infinity. This cancels the Regge terms and, because

the integral along the positive axis is real, gives VW2(w=1) =(. The same can

be done for the derivatives

n
(8 W, >
awn

whenever the integral over the semicircle vanishes. This would give

w=1

vW ~ const ((_u-l)m'1

2 w—1

Because the derivatives get extra factors of £ under the integral the highest n

is determined by the asymptotic behavior of Déo’ 2) (0). In the case where

DEO’ 2) contains only Regge poles and no cuts there is a simple relation between

the asymptotic behavior (in £) and the number of Regge poles. This will be
discussed in a forthcoming paper.

We shall now show that sz satisfies the Adler sum rule29

o0

dw 0,2) = 1 .(0,2) 1
do ,w 5 _ (v.11)

if oz(o’ 2) (0) < 1. Therefore we consider the background integral and perform

(v

the integration (Eq. (V.11)) over w. Since o'’ 2) (0) < 1 the integral exists

and gives

in

1 .(0,2) 1 f 1 1+e

-=5 Im | = | & (V. 12)
2 [2’” C Déo’z)(O) sinm 1 ]

Now we displace the contour C to the (original) contour along the positive real
-1
axis (here (D(ﬂo’ 2)(O)> has to vanish at infinity again) as before. Then only
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the pole at £=1 contributes to the imaginary part giving

1 0,2 1 [ 1 _ 1 .0,2 1
1,02 1L 4 @ L5029 1 (V. 13)
) Z S R Py ) o0 B

where C 0 is a small circle around £=1. This proves the sum rule (V. 11).

Finally we derive the fixed pole sum rule

2
; 0,2) _ . v 0,2)
lim TgFP =~ lim ) T2FP
q — - OO q2—>—°0
ol dpow®?2 32 0.2 (V. 14)
1 2 21: ai(o’z)(O) 1
Where
(0,2)
— o, {0)-1
0D w2 3 102,02 . 15)
i

This sum rule has been derived in a slightly different form by Cornwall,
Corrigan and Nortong5 and Brodsky, Close and Gunion. 1 The integral in
Eq. (V.14) exists since Re { <0 in the background integral. The integration
over w gives

o}

f dw W02 2502 1y g%fdz v 2)1 Lie
1 ¢ %) sin s

int

(V. 16)

Now the contour can be displaced as before which gives back the Regge terms
and a contribution from the pole at £=0. Then the right-hand side of Eq. (V. 16)
- becomes

%5‘0’2) Z 1 (0,2) 1

H02 1 V. 17)
i a§0’2)(0) 1 Dg)’z)(())

~- 22 -



This proves the sum rule if we remember that we have chosen the normaliza-
tion
lim 1‘360’ Dagh =1
q — -0
(Eqs. (IV.3) and (V.6)).
In the scaling limit isoscalar currents again do not contribute. This
follows from the fact that the left-hand cut integral vanishes, so that the argu-

ments given at the end of the last section hold.

Vi. CONCLUSIONS

We have presented a bootstrap approach to Bjorken scaling and =0 fixed
poles in virtual Compton amplitudes. The characteristic feature of this
approach is that it only deals with physical particles and provides a connection
between the Regge and the scaling region. Scaling is a direct consequence of
the property of the (bootstrap) currents to fulfill the (SU(2)) current algebra.

In the scaling region this approach turns out to be equivalent to the parton
model from the point of view of perturbation diagrams1 (only the "handbag"
diagram contributes). The single dispersion integrals of the Mafldelstam

representation (III. 1) take over the role of the parton propagator, i.e.,

[ ds! pl(S') = const (independent of qz) ,

and lead to the same point-like structure as the parton model. The scaling

function sz is completely determined by the denominator functions Dg of the

7w amplitude (in our approximation). Near threshold (i.e., w-1)

sz < const (w—l)m where m is given by the asymptotic behavior (for integer m)
DZ(O) ~ 1™, At large w, qu is Regge behaved: szm ,onz-l

2—.00
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The fixed pole sum rule (V. 14) differs from the Cornwall, Corrigan and
Nor’con25 and Brodsky, Close and Gumion1 sum rules with respect to the fixed
pole residues which have to be taken here at q2= -, The sum rule (V. 14)
does not require a polynomial residue (in qz) as in the parton model6 which
is indeed not the case.

We found that the £=0 fixed pole residues have a cut in q2 starting at q2=1.
The residues behave like a polynomial for q2 — -, But near the cut the
polynomial behavior breaks down. Such a behavior is strongly supported by
the Regge-pole analysis of forward virtual Compton scattering. 21 The specific
form of the residues is a direct consequence of t-channel unitarity. This need
not apply in the parton model (can partons be produced?). If not, the parton
model definitely gives a different behavior (e.g., polynomial residues6).

At q2=0 the fixed poles coincide with the Thomson limit. This is in
excellent agreement with experiment. Further tests of this model will be

discussed in a subsequent paper in which this approach is applied to deep

inelastic e'e” annihilation.
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FIGURE CAPTIONS
N\
: \
Single spectral function contribution to the Mandelstam representatié)s. »

The contour of integration of the Sommerfeld-Watson transform showing
the background and fixed pole contribution (C 1) and one Regge pole (Cz).
Diagram contributing to the fixed poles and to the Bjorken limit.

- 27 -



2311A1

FIG. 1



%"\VM‘,\//“ o o

Re C;>—1/2 e
Cz
} } —
-2 - | »
S
C' 1 2
231142
FIG. 2



2311A3

FIG. 3



