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Summary. — We have-studied the behaviour of the o residue func-
tions in pion photoproduction. We show that they have no zeros at
t ~— 0.15 (GeV/c)?; this is in striking contradiction with the usual explana-
tion of the cross-over phenomena. The behaviour of the « trajoctory
near the wrong signature nonsense point «=0 has also been investi-
gated. The usual theory of the dip seems to work well and suggests that
unlike the p, the o trajectory is nonsense-choosing.

1. — Introduction and statement of the problem.

During the last- year the Regge-pole theory has been applied successfully
to the description of high-energy elementary particle interactions. However,
the large number of free parameters present in the theory would probably
make all the high-energy fits meaningless if one did not have the possibility
of connecting the various processes, extracting in this way common features
of the various Regge poles. Such a possibility is provided, for the Regge-pole
residues, by the factorization theorem (“?), which is assumed to hold in gen-
eral ag a direct consequence of the unitarity condition.

Although the factorization hypothesis gives generally self-consistent results,

(Y M. GELL-MANN: Phys. Rev. Leit., 8, 263 (1962).
() V. N. Grisov and 1. Y. POMERANCHUK: Phys. Eev. Lett., 8, 343 (1962).

i
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it has recently led to serious difficulties about the behaviour of the w-pole
residue functions (>%). For the sake of clarity let us state the problem from
the beginning.

The problem arises in connection with the so-called cross-over phenom-
enon (*). In fact it is an experimental fact, known for a long time (%), that if
one considers elastic scattering processes =¥p, K™p, and pp, and the processes
in which the incident particle has been changed into the corresponding anti-
particle, namely = p, K™p, pp, ore finds that the process which has the big-
gest cross-section at ¢ = 0 has also the biggest slope. Therefore the momentum
transfer distributions cross each other, irrespectively of the value of the energy,
near a common value of momentum transfer: ¢={, ~—0.15 (GeV/c)2. More
precisely stated, if we define the quantity

__do(AB) do(4B)
I T TR

A

we find that it changes sign near t =1, at all the explored energies (**). This
problem has been discussed, from the point of view of the Regge-pole theory,
particularly in ref. (7). In Regge theory the quantily A has the following
expression:

A=2Re 3 Ey0,
{2}

where {1} denotes the helicities in the crossed i-channel, B, is the sum of the
contributions of all Regge-pole exchanges with even charge conjugation, and
Oy is the sum of those with odd charge conjugation.

There are now several experimental facts which indicate that in all the
processes under consideration, the helicity nonflip part of By, is essentially
imaginary and large at t =0, while the helicity flip part of B, is much
smaller. Since the point where the cross-over occurs is not too far from =0,
the imaginary part of the nonhelicity flip E,; will still give the dominant con-
tribution to the full scattering amplitude, and will still be essentially imag-

(®) R. J. N. PuiLrres: private communication and Heidelberg Conference on Ele-
mentary Particles Physics, October 1967.

() V. Barger and L. Duranp III: Phys. Eev. Lett., 19, 1295 (1967).

(*) We are indebted to Dr. R. J. N. Pamrips for pointing this out to us.

(®) K. J. Forey, S. J. LinpenBauM, W. A. Love, 8. Ozaxki, J. J. Ruserr. and
L. C. L. YUAN: Phys. Rev. Lett., 10, 376 (1963); 11, 425, 503 (1963); 15, 45 (1965).

(**) We are always interested in the high-energy range.

(®) R. J. N. Purmrres and W. Rarira: Phys. Rev., 139, B 1336 (1965).

(") W. Rarira, R. J. Ripperr, C. B. Cuiv and R. J. N. Purcrips: University of
California Radiation Laboratory Report, UCRL-17523 (1967). Additional references are
given in this paper.
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inary. We are thus led to the following approximate expression:

A=2 ¥ ImE;ImO0y,.

nonflip

We see from this that the quantity A can change sign if and only if the imag-
inary parts of the helicity nonflip amplitudes change sign. Let us see how this
argument works in various cases. Consider first the w+-p scattering; in this
process O, receives a contribution only from p-exchange (*): a consistent
picture is obtained by requiring that the factorized helicity nonflip NN residue
change sign at ¢ =1, while the helicity flip residue must stay finite in order
to explain the maximum of the momentum transfer distribution in the reac-
tion @~ -+p —>7°+n near t=+¢,.

Let us now diseuss the much more involved problem of the p-p and P-p
cross-over. Empirically O, is found to receive the largest contribution from
o-exchange. In fact the coupling of the p-trajectory to the nucleon-antinucleon
system is much weaker than the w coupling, as can be deduced from the small-
ness of the cross-section for the p-n charge-exchange reaction compared to the
elagtic scattering. The ¢ exchange is usually neglected since its coupling to the
nucleon-antinucleon system is apparently very weak. If this is the real situa-
tion, the cross-over in the p-p and P-p scattering requires that the helicity
nonflip-nonflip residue function much change sign at ¢=1,. This apparently
reasonable requirement gives rise to one of the most serious difficulties for the
Regge-pole theory. In fact it is an easy matter to combine the factorization
theorem with the analyticity and reality requirements for the amplitudes to
show that not only all the wN° N factorized residue functions must vanish
at ¢=1,, but that all the « residue functions must vanish in any reaction
at that point. This possibility, although it explains nicely the cross-over in
the K#p scattering, is clearly unpleasant and in contradiction with the infor-
mation that can be deduced from other processes, as will be discussed below.
We note at this point that the behaviour assumed for the p residue is com-
pletely different from the one assumed for the o residue.

We emphasize that the foregoing conclusions are a direct consequence of
the assumption that the w Regge pole gives the only significant ¢ = —1 con-
tribution to the Pp and pp elastic scattering amplitudes and that the factor-
ization theorem holds.

The difficulty arises when one looks at the high-energy data on the reac-
tion y+p —n'+p. During the last year this reaction has been studied by

(*) The p’-exchange is neglected since it is mnot important for this kind of
considerations.
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several authors (#1) in the framework of the Regge-pole theory. The only
quantum numbers that can be exchanged are those of the w, p and B mesons.
The p-exchange contribution is generally neglected because of the relatively
weak o NN and pmy coupling. It can be shown (°) however that the inclusion
of the p exchange does not change the results drastically. The B contribu-
tion however seems to be important (1), at least at moderate energies, despite
the fact that its trajectory is supposed to be low: in fact it is needed in order
to explain the absence of a zero at the nonsense point where the w trajectory
goes to zero. Therefore if one looks only at the photoproduction reaction,
disregarding completely any other information from other processes, one is
naturally led to the following picture:

1) » and B exchange are both important in w° photoproduction;

2) the kinematical constraint at t= 0 is satisfied by evasion (*'?) (see
below);

3) the o trajectory is similar to the well-known p trajectory; all the
residue functions can be approximated with constants.

In this way one can explain very well the experimental dip at ¢ =0, and
the nearly forward maximum in the momentum transfer distribution at
t~ —0.1 (GeV/c)2

This model is however inconsistent with the previous interpretation of the
cross-over effect: in fact one has the problem of explaining a maximum exactly
where one would expect a striking minimum. In order to explain this situa-
tion, BARGER and DURAND (%) assumed that extra w-type contributions must
be present and denoted them by @: they suggested that the & could be a. con-
spiring pole or a conspiring cut. Obviously in this case the cross-over in pPp
and pp scattering can be reproduced provided that the helicity nonflip com-
ponent of Im (w-@) changes sign at ¢ =7,. This does not give any restriction
on the w-exchange residue. However, if this is the case, a fit to the high-energy
photoproduction data would require a very rapid and unusual behaviour of
the residue or of the discontinuities across the cut in the small [¢] region
(lt|<1 (GeV/e)?) and a distinction between the various possibilities is by no
means possible with the available high-energy data.

In order to obtain further insight into this problem we have used the

) M. P. LocmEr and H. RorLinig: Phys. Lett., 22, 696 (1966).

) P. D1 Veccuia and F. Draco: Phys. Lett., 24 B, 405 (1967).

) F. P. ApEr, M. Carpuvitie and Pu. Sarin: CERN preprint, TH. 803 (1967).
) M, B. HarperN: Phys. Eev., 160, 1441 (1967).

y 8. Fravrscur and L. Jones: Phys. Rev., 163, 1820 (1967).
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¢« finite-energy sum rule » (1*%5) techniques by means of which the high-energy
parameters can be expressed as integrals over the low-energy amplitudes.
This analysis is in essential agreement with the statements 1), 2) and 3) given
above and with an analysis of the reactions (%) n*+p— p%p and T+ >
— 0’40 from which the  contribution can be extracted easily.

In Sect. 2 we give the photoproduction amplitudes; in Sect. 3 we deduce
the sum rules; in Sect. 4 we discuss the general behaviour of the o residue
functions; in Sect. 5 we discuss the problem of the dips for the » and p trajec-
tories using the sum-rule approéch; the related problem of the saturation of
the Schwarz superconvergence relations is also discussed.

2. — The photoproduction amplitudes.

We give in this Section the essential machinery of the photoproduction
reactions. Following the classical paper by CHEW, GOLDBERGER, Low and
NAMBU () the matrix element for single-pion photoproduction can be writ-
ten as

(2.1) H =3H%g",

7
(2.2) " = 2 MA@y, 1),
with

M, = iys(y-e)(y-k),

My = 20y;[(P-e)(q k) — (P-k)(q-¢)],

My = yps[(y-elq-k)—(y-F)g-e)],

My = 2y5[(y-&)(P- k) — (y-k)(P-2) —iM(y-&)(y-k)],

where k and ¢ are respectively the photon and pion four-momenta, P=1% (p, +p,),
1 and p, being the initial and final nucleon four-momenta, and ¢ is the photon

(**) K. Ie1 and S. Marsupa: Phys. Rev. Lett., 18, 625 (1967).

(%) A. A. Loguxov, L. D. Soroviev and A. N. TAVKHELIDZE: Phys. Left., 24 B,
181 (1967); V. A. Mesmomeriakov, K. V. Rerixs, A. N. Tavkaripze and V. L. Zuu-
RAREEV: Phys. Lett., 26 B, 341 (1967).

(**) R. DorEN, D. HorN and C. SceMin: Phys. Rev. Leil., 19, 402 (1967); preprint
CALT-68-143 (1967).

(16) A. P. ContoGoURIs, J. TrAN THANH Vanx and H. F. LuBarTi: Phys. Rev. Lett.,
19, 1352 (1967).

(*') G. I'. Caew, M. L. GOLDBERGER, F. E. Low and Y. Namsu: Phys. Rev., 106,
1345 (1957).
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polarization. We define, furthermore

(g (PR WM
nETew YT T M T oM s

t=p2—4Myv,, s=W2.

u and M are the pion and nucleon masses, and W is the c.m. energy.
The superseript (§) refers as usual to the values (4, 0), and

— (=) — 1 i —
g(+) - 50;37 g - E[Taﬂ 73]’ g(()) - To:?

where « is the isospin index of the outgoing pion.

Using standard techniques, the invariant functions may be projected on
the helicity amplitudes in the crossed #-channel. One obtains, suppressing the
isospin index,

(2.3) Fhio =Fa=— k_;ﬁ (4, —2MA,),
(2.4) fiin = Ja=piki(d; +14,),

(2.5) oo = = ot (704, — 14,),
(2.6) Fram=fa=—pk V4,

where

i oA [ 9\ —lipl
Fau= (cos gf) (sm —Q—t) fau
?}:t:u = ,?l,u + i—l.,u,

and k;, p;, 0, are respectively the boson momentum, nucleon momentum and
scattering angle in the c.m system of the #-channel The ?M are free from
kinematical singularities in s (8) and satisfy an unsubtracted dispersion rela~
tion at fixed ¢, as do the invariant functions (**). Moreover one can show (¢)
that only natural (unnatural) parity poles contribute to the asymptotic behav-
iour of the f}, (7).

The wo-photoproduction amplitudes are given by

(70 ___ +) [())
A = AP AP,

the A" amplitudes receive contributions from I = 0~ poles (¢.e. the w), and

(*8) M. GErr-MaxwN, M. L. GOLDBERGER, . E. Low, E. MARX and ¥F. ZACHARIASEN:
Phys. Rev., 133, B 145 (1964).
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the AP from I =1% poles (i.e. p and B). In the following we shall be mostly
interested in the isospin (4) amplitudes so that we shall drop the super-
seript () where this omission cannot give rise to ambiguity.

We remind the reader also of the kinematical constraint that has to be
satisfied at ¢ = 0 (1112) (%)

(2.7) Vi fa=iVi

It is usually assumed that the w Regge pole satisfies this constraint by eva-
sion; that means that the « helicity flip residue function must vanish at ¢ = 0.
A similar evasive behaviour is assumed to hold also for the p and B trajec-
tories.

This property of the residue function will play an important role in the fol-
lowing discussion.

3. — The sum rules.

Finite-energy sum rules are consistency conditions imposed by analy-
ticity (1*1%): if a function F(y, ) satisfies a dispersion relation for fixed ¢ and
can be expanded at high energy (v>>A4) as a sum of Regge poles

Sy ()

sin groc; ‘ Yo
then the following relations are equally valid (**)(™):

A4

-2 Bult)
(3.1) ﬁfyn Im Py, )dy = gm Axd

0

where #» is an even or an odd positive integer when F(y, t) is an odd or even
function of . It should be noted that it is irrelevant in the sum rule whether
a singularity is above or below a certain point, say «==—1. In fact when
(cs4n) << —1 one can obtain the relation (3.1) directly from the supercon-
vergence relation for the amplitude »»F(y, ), while for (e;-+n)>—1 one starts
by writing down a superconvergence relation for the amplitude »*[F(v,¢)—

(*) Note that both f5; and f;i have a singular behaviour ~ (t)—% for t~ 0.
(™) The integration is over the right-hand cut in s and is always defined to include
the Born term even if the latter occurs at negative values of v.
(***) For simplicity of writing here and in the following we take y;=1 GeV,
all the energies being expressed in GeV.
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— F.(v, t)], where [Fy(v,t) contains the contributions of all the Regge poles
such that (x;tm)>—1; from this superconvergence relation one again ob-
tains the relation (3.1).

Sum rules of the kind (3.1) provide a relation between the high-energy
Regge parameters, trajectories and residue functions, and the low-energy
parameters, masses and widths, that characterize the s-channel resonance
spectrum.

By means of relations of the type (3.1) we shall test the compatibility of
the hypothesis made in the description of high-energy =° photoproduction with
the low-energy -data, and we shall investigate the structure of the residue
funections f,(¢).

Starting from the dispersion relations for the amplitudes 4 given in ref. (),
the following sum rules are easily obtained for the isospin (4) amplitudes:

A

(2)  SP=R(ApE+E f,,n I A, 4 dy — 2 S0

itAam(tHn
ﬂ“w+%g(> ,
where
t_ 2 t_ 2
w=mro et

1
R(AT): - 5‘0.7: ’

R(4f) =— (2—11,[—)—3 of,

B4 = BAD =T i ),

where u? and u, are the rationalized anomalous nucleon magnetic moments
and ¢ and f are the rationalized and renormalized electronic charge and pion
nucleon coupling constant: e?/4w = 1/137 and f?/4w ~ 0.08. Taking into ac-
count the crossing properties of the A} amplitudes (**) » must be an odd posi-
tive integer for ¢ =1, 2, 4 and an even positive integer for ¢ = 3. The func-
tions g:(t) are explicitly given in the Appendix: they are proportional to some
combinations of the helicity flip and helicity nonflip residue functions of the
o Regge trajectory.

Relations (3.2) hold under the hypothesis that no other singularities, in
the I = 0~ channel beside the « Regge pole, are present in the complex J-plane
to the right of J =—mn. In the following, » will be equal to one or three for
i=1,2,4 and to zero or two for i =3. For A oco, §; turns into a well-
known superconvergence relation (?).

(**) A. Bigrti, P. D1 Veccmis and F. Draco: Nuovo Cimenio, 49 A, 511 (1967).
References to previous works can be found in this paper.
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We saturate the sum rules (3.2) using a phenomenological multipole analysis
of pion photoproduction up to W =1.8 GeV done by WALKER at Cal-
Tech (). In this analysis the experimental data are fitted by six resonances
(the N* J =3" at 1.236 GeV, the J =3 at 1.519 GeV, the J =&t at
1.672 GeV, the J =4~ at 1.652 GeV, the J =1 at 1.471 GeV and the
J =4 at 1.561 GeV, respectively with multipoles M, and E., E, and
My, B, and M,-, E,. and M,., M, and E,), the Born amplitudes and a
« background » introduced in order to have a better fit at certain energies.
The resonant multipoles are given in Breit-Wigner form with energy-dependent
width. Using the relations between the invariant amplitudes 4,(», ¢) and the
multipoles M;, and E,, given by CGLN we can thus directly saturate the
sum rules.

4. — Discussion.

We give in Table I the values of the various S} obtained by numerical
integration. In Table II we give the combinations Ry = [87—2MS8"] and

Tasre 1.

t (GeV/e)? 0.1+ 0.0 |—0.1—0.2|—0.3}—0.4|— 0.5|— 0.6|—0.7,—0.8| —0.9 { —1.0

MSi (GeV) |0.02]0.03(0.04|0.04|0.04 | 0.0410.04 | 0.04 ] 0.04 | 0.03 0.03 0.02
MSE (GeV)® | 0.0010.01|0.02{0.020.02|0.02|0.02 0.02|0.01|0.00 0.00| —0.01
M8; (GeV)~1| 0.14 [ 0.13 [ 0.12 | 0.11 | 0.10 | 0.09 | 0.08 | 0.07 | 0.06 | 0.06 0.05 0.05
M8} (GeV) *10.18{0.15|0.12|0.10 | 0.08 | 0.06 | 0.04 | 0.03 | 0.02 | 0.01 0.00 | —0.01
M8 0.3410.30|0.25|0.21 | 0.17| 0.13| 0.10| 0.06 | 0.03 | 0.00 | —0.03 | —0.06
MS; (GeV)2 |0.17|0.13|0.10| 0.08 | 0.06 | 0.04 | 0.03 0.01/0.01{0.00|—0.01|—0.01

R}, = [2M8] —18;] which are proportional respectively to the helicity-nonflip
and helicity-flip o residue functions (see (2.3), (2.5) and Appendix). The dis-
cussion of this data is complicated by the simultaneous presence of various
aspects of the problem, as we shall see.

As a first step we must be sure that only the w pole contributes to the
isospin (4-) amplitudes. To this end we try to determine the o trajectory
using the method proposed in ref. (**); in fact it is easy to show that, if one

(*) R. L. WALKER: private communication. This phenomenological fit has already
been used in ref. (8).
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Tasre II.
£ (GeV/c)? 0.1 0.0 —0.1 —0.2 —0.3 —0.4
o —0.01 —0.55 —0.29 —0.17 —0.13 —0.16
ol 1.73 145 1.11 0.79 0.49 0.19
oy —0.14 —0.45 —0.49 —0.53 —0.56 —0.59
£(GeVie)?| —0.5 —0.6 —0.7 —0.8 —0.9 —1.0
e —0.26 —0.40 —0.60 —0.84 —1.13 —1.46
ol —0.10 —0.37 —0.62 —0.84 —1.04 -—1.21
o —0.63 —0.68 —0.77 —3.36 —0.51 —0.59

defines X;(t) = 83/A%8} for ¢ =1, 2, 4 ("), the trajectory that one obtains from
the various sum rules is given by

. 3X,(t)—1
(4.1) OCo,(t) ] 1_(4% .
Using this formula one obtaing very bad results; for reference they are given
in Table III. However it is very easy to explain the complete failure of rela-

TasLe III.
i (GeV/e)? 0.2 0.1 0.0 —0.1 | —0.2 | —0.3 | —0.4
(ST —2MSHM (GeV) | —0.73 | —0.63 | —0.53 | —0.44 | —0.36 | —0.28 | —0.21

(83 —2M83) M (GeV)® | —0.41 | —0.82 | —0.24 | —0.18 | —0.13 | —0.09 | — 0.05
(2M ST —t83) M (GeV)2 | —0.02 0.01 0.01 0.10 0.12 0.13 0.14
(M8 —185) M (GeV)*| —0.07 | —0.02 0.02 0.05 0.06 0.06 0.06

¢ (GeV/e)? —0.5 —0.6 —0.7 —0.8 —0.9 —1.0
(St —2MSHM (GeV) | —0.14 | —0.08 | —0.02 | -+-0.03 0.08 0.13
(83— 2MS3) M (GeV)® | —0.03 | —0.01 0.00 0.01 0.01 0.01
(28 —18%) M (GeV)2 0.13 0.11 0.09 0.06 0.02 | —0.02
(2 M3 —18%) M (GeV)e 0.05 0.04 0.02 0.0l | —0.01 | —0.03

(*) We disregard in the following the sum rules obtained from the amplitude 4,.
This is because to w-pole enters in this amplitude only in nonasymptotic form
(¢.6. ~»*@?) and with a residue function singular at =0, so that daughter trajec-
tories are necessary in order to restore the analyticity of the full amplitude. The rela-
tion of the daughter to the parent trajectory, although known at ¢==0, is generally
unknown, so that the one-pole approximation for the 4, amplitude seems unlikely.
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tion (4.1) (). In fact the value of «(t) determined from (4.1) is extremely
sensitive to the value of X; (for X; = 0.3, « = —0.14, for X;= 0.4 a= 0.33,
and for X;= 0.5, « =1!) which in turns depends on the third momentum
sumrule. Now at W=1.8 GeV the resonance spectrum is certainly not ex-
hausted and it is clear that the contribution of the higher resonances will
affect much more strongly the third than the first momentum sum rule. This
is confirmed from the study of the residue functions: in fact we find that the
residues determined from the third momentum sumrule are different from those
determined from the first momentum sum rule. They are smaller or bigger
in such a way that the failure of relation (4.1) can be completely understood.
The previous discussion leads to the conclusion that relations of the type
(4.1) are generally not reliable, so that, for example, the need of additional
trajectories derived from the failure of this kind of relations is not to be taken
too seriously in our opinion.

Tn order to find the trajectory we have therefore used the following meth-
od. We have evaluated the first momentum sum rules at various values of
(—0.5(GeV/e)*<t<0) with different upper limits 4, and then we have fitted the

4right-ha,nd side of eq. (3.2) to the values 5o obtained. The best fit is obtained
with constant residue functions (once the evasion of the spin flip residue has been
taken in account, see below) and a linear trajectory given by

(4.2) o, () = 0.61 - 0.75% .

The o trajectory is not so well known from other processes, different values
being given by the various authors. In our opinion this trajectory is per-
fectly acceptable for the o exchange (™), so that no other contribution besides
the o pole is necessary in order to saturate the sum rules (3.2). This conclu-
sion will be strengthened by the following discussion: in fact we shall assume
from now on that only the w-exchange contribution is present and we ghall
see that in this way the behaviour of Ry, and Rj can be understood in a
satisfactory way.

Tet us first look at the sign change of Rj, and R}, near t= 0.1 (GeV/c).
This zero is expected from the evasive behaviour at ¢ = 0 of the pole; of course
one cannot expect that the sum rules reproduce it exactly at ¢ = 0. One may
ask if it is not possible that the « helicity flip residue satisfies the con-
straint (2.7) going to zero at =10 like an even power of ¢, say like ¢2, so
that the sign change in R}, and RS, would be caused by the gign change of the
residue at t=1, ~—0.13 (GeV/e)2. This possibility does not appear very

(*) We are indebted to Prof. A. BimTT: for a discussion about this.
(**) It is interesting to note that the value o, (f) = 0.60 - 0.75t has been obtained
independently from a fit to the high-energy =° photoproduction (3).
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likely; moreover if one believes in the factorization theorem it can easily
be shown thai the behaviour f;~1#* near ¢ = 0 would imply that the ampli-
tude fH~t and the w contribution to the nucleon-nucleon scattering ampli-
tude f%_% goes like #2 or that ;f%_%.__é_%rvt both these possibilities appear to
be very unlikely. Moreover in the isospin (0) amplitudes the same sign change
around ¢ =0 is reproduced by the low-energy data, via finite-energy sum
rules, in the p residue function of the amplitude f}; and in the B residue func-
tion of the amplitude f;.

We conclude that almost certainly the « helicity flip residue functions do
not change sign at t =i, and that certainly the helicity nonflip residue does
not change sign at #,. In fact if the helicity nonflip residue changes sign at ¢,
the only possible way not to have an overall sign change is that it has another
zero near t=0. However, if this is the case we should expect that Ry, and R}

0L
are strongly depressed in the small ¢ region, and this does not happen, as

can be seen from Table II.

5. — The problem of the dips.

As a by-product of our investigation we can study the behaviour of the
o exchange at the wrong signature nonsense point o = 0. The usual theory
of the dips, neglecting for the moment the third double spectral function effects,
gives, according to the various mechanisms, the following behaviour near

a=0 for the amplitudes f;-, (sense-nonsense transition) and fj; (nonsense-
nonsenge transition):

1) Sense choosing: fhi~o, fh~on
2) Nonsense choosing: fhi~a, fh~ao
3) Chew mechanism: fhi~az, fh~oc.

4) Noncompensating mechanism: £~ a2, f;~ a2

We see from Table IT that f; changes sign near t = — 0.7 (GeV/e)2 and ff,
between — 0.8 and —1 (GeV/ec)2

A similar investigation has been earried out for the p-exchange contribu-
tion; we found in this case that f changes sign near ¢ = — 0. 4 (GeV/e)? and ff
does not change sign; nor does it go to zero. Moreover the p residue functions
are found, as expected, to be smaller than that for w by something more than
an order of magnitude. If these data can be taken seriously, various inter-
pretations are possible. The fact that for the p-exchange contribution fu
changes sign and f}; does not can be understood agsuming that the p-trajectory
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« chooses sense »: this is the expected behaviour for this pole (). The displace-
ment of the zero near ¢ = —0.4 (GeV/c)? can probably be understood, since
of course we cannot expect that the low-energy fit reproduces, via sum rules,
a zero exactly where it is expected. The displacement also may be due to the
third double spectral function effects. The nonvanishing of f at 0, =0
can probably be understood since this amplitude has to vanigh at ¢ = 0, since
it is assumed to satisfy the constraints (2.7) by evasion, and again at «,= 0,
where it is expected to have a very narrow dip owing to the ocz behaviour.
We feel that it is unlikely that the low-energy data, at least in the form in
which we know them now, could reproduce such a narrow dip.

The behaviour of the o trajectory however does not seem to agree with
the usual naive symmetry arguments: in fact in terms of the possibilities 1) ... 4)
given above, we see that one is forced to assume that, unlike that of the p, the
w trajectory is nonsense-choosing.

The previous discussion has ignored the third spectral function effects, or
in other words, the possible presence of fixed poles gt nonsense-wrong signature
points. In fact it has been shown by MANDELSTAM and WaNG (%2) that, if the
third spectral function effects are important, a precise distinction between
trajectories which choose sense and those which choose nonsense at an integer
of the wrong signature is no longer possible and all the usual dip-analysig
breaks down. Since in our case this analysis seems to work well if one assumeg
that the small displacement of the zero is due to the fit, one is led to the con_
clusion that the third double spectral function effects are negligible. However
if this is the case, one can derive an observable consequence of the absence
of fixed poles, namely a Schwarz (**) superconvergence relation. SCHWARZ
has shown that, if no fixed poles are present at the nonsense points of the -
wrong signature, superconvergence relations can be derived also for the ampli-
tudes which have the wrong crossing properties (the condition that no fixed
poles are present at the right signature-nonsense points gives the ordinary
superconvergence relations).

In the photoproduction case we can derive Schwarz superconvergence
relations for the amplitudes A7, [ASP+tAP], [AL+14])]. The amplitude
[A® 114D receives contributions from the B exchange and the A eventually
only from the A, trajectory, which does not seem to play an important role
in pion photoproduction. The amplitude [A§P4-24¢P] can receive a contri-
bution only from the exchange of unnatural parity I% = 0~ trajectories: none
of the known trajectories have these quantum numbers, 50 that the super-

(*1) A. Areas and C. B. Curvu: Phys. Rev., 147, 1045 (1966); G. HOLER, J. BAACKE,
H. ScHLAILE and P. SONDEREGGER: Phys. Lett., 20, 79 (1966).

(??) 8. Manxperstam and L. L. Wawe: Phys. Rev., 160, 1490 (1967).

() J. H. Scawarz: Phys. Rev., 159, 1269 (1967).
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convergence relation for this amplitude is expected to converge very rapidly,
if it converges at all. In fact the ordinary superconvergence relation for
v[Af+1A}] converges very rapidly: from Table I we can see the cancellation
which is effective between 8, and i8S,.

The Schwarz relations for the amplitudes in discussion are

61)  (RAP+ RIS + £ [T (4D, 1) 1 14, 0} 00— 0,

Vo
)

(5.2) sza[A‘z;’]Jr;—tz Tm A (v, t)dy =0,
where

R[AP] = R[A{"],

R[A] = R[A4P],

R[A4;7]= R[A{"].
All these relations do not seem to converge, as can be seen from Table IV.
This fact can be understood, particularly for the isospin (-+) amplitudes, only
if one assumes that fixed poles with nonnegligible residues are present at

J =0 in the wrong signature partial-wave amplitudes.
The previous analysis seems to show that a simple direct connection be-

TasLe IV a.
. i [{B[AY]+ tR[AS) + ]{[R(Af )+ tB(45)]+
w. Y | vm ‘
(GeV/e)2| (Born term) " |4 () [ Im[AS 142 dv]M! +(u/m)f Tm[ AT +-¢475] dv} M
Vo Yo ‘
1.60 —0.15 —0.08
0.0 —0.142 1.80 —0.15 —0.07
1.60 0.09 0.18
—0.1 0.098 1.80 0.09 0.18
{ 1.60 0.12 0.21
—0.2 0.117 1.80 0.11 0.21
{ 1.60 0.12 0.23
—0.3 0.126 1.80 0.12 0.23
{ 1.60 0.13 0.24
—0.4 0130 1.80 0.13 0.24
! Wn is the c.m. energy up to which the integral has been evaluated. A1l the numbers
| given, except £, are in GeV.
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TasrLE IV b.

V.

 (GeV o) W u{B(47) + (u)) [ Tm A5 (v, 1) dv}
Yo
0 { 1.60 0.04
1.80 0.03
1.60 0.05
—01 { 1.80 0.03
0.9 { 1.60 0.05
- 1.80 0.04
1.60 0.06
—0.3 { 1.80 0.05
0 { 1.60 0.07
—04 1.80 0.06

Wm is the c¢.m. energy (in GeV) up to which the integral has been
evaluated., The Born term MR(d3z )= —0.0098,

tween the nonconvergence of the Schwarz relations and the breakdown of the

dip analysis cannot generally be inferred. A similar situation has been met
in ref. (%) for the =- N system.

6. — Conclusions.

Using finite-energy sum rules we have shown that the photoproduction
isospin (4) amplitudes are dominated by the w-exchange and that there is
no need of additional @ contributions, in the form of a new pole or of a cut;
moreover the o residue functions do not change sign in contradiction with the
usual interpretation of the cross-over phenomenon. If one cannot show with
some certainty that additional &@ contributions are present in K#p, p-p and
p-p scattering (*) and if no other explanation of the cross-over phenomena
can be found in the framework of the Regge-pole theory, one is forced to admit
that the factorization theorem is not of general validity.

(*) Finite-energy sum rules at ¢{=0 have been applied to the K-N° system ().
The sum rules have been saturated with the experimental cross-section, via the optical
theorem, and quite good agreement has been found with the high-energy model of
Pamiries and Rarrra (¢). This result however cannot be considered conclusive since
one can certainly conceive of a model in which, for example, a conspiring pole does
not contribute at =0 (a model of this kind has been discussed for the p’ in ref. ().

(**) A. Boreesg, M. Corocor, M. LUSIGNOLIL, M. Resmievorr and G. VioLINI:
University of Rome preprint (1967).

() L. SerToRI0 and M. TorLer: Phys. Rev. Letl., 19, 1146 (1967).
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We have also found some evidence that the « trajectory is nonsense-choos-
ing at «, =0, while it is generally assumed on symmetry grounds that it is
sense-choosing, like that of the p.

* % ok

We are particularly grateful to Prof. L. BerroocHT for many useful dis-
cussions and for critical reading of the manuscript. We also thank Prof. A. BIETTT
for valuable comments.

APPENDIX

We give here some details about the Reggeization of the photoproduction
amplitudes.

The relation between the invariant amplitudes and the parity-conserving
helicity amplitudes free from s and  kinematical singularities (2¢) are given by (*)

fli=A,—2MA4,,

foa = (1 )[4y + t4,],
fh=2MA, —t4,,
fa=(t—pu>)4, .

We are only interested in the asymptotic w-exchange contribution to these
amplitudes. Using the standard Reggeization rules (18) we find

Fim o) o 2z,

Fli=— 2h<t>[ﬁ—1] h(t)(— 22y,
f:i—l = 0 ’
fa= oz,
where
+1 3) 1—exp[—i :
h(t):né&x D+ 3) 1-—exp[— ima] and 7 — cosh,,

singroe [+ 1) 2

0. being the scattering angle in the c.m. system of the ¢-channel.

(%) L. L. Wana: Phys. Rev., 142, 1187 (1966); 153, 1664 (1967).

(*) The relation between the 74, and the f;, defined in Sect. 2 is given by
Jau=E=(t)f1,, where K+(f) contains all the kinematical singularities in ¢ of the ampli-
tude, and can be evaluated using the rules given in ref. (2¢).
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From these expressions we obtain

fa = 2h(t) () yii (1) (;)_ ,

fii = — 2h00 Bty (2)

where the reduced residues p(¢) are assumed to be analytic functions of ¢ for
t<0 and F(«x) and Fj,(«) are some functions of «(¢) which depend on the
particular mechanism that the trajectory chooses at the nonsense points. The
behaviour near «=0 of fi and 7;i has been given in Sect. 5. The ¢ in fi7
comes from the agsumption that the kinematical constraint (2.7) is satisfied
by evasion.

From the relations

1 . -
A= [2Mfh—tfol
1
Ay=— ?Al ’
A= 00"7?)
— o [ 2 M
4 4:M2—t 11 0

the functions g.(t) defined in Sect. 3 are easily obtained:

_ wt 2a+1 Mo+ 3)
42— ¢ singa L(oc+1)

gu(t) = at[2M By (o) vty + Fa(e)yor]

9ul0)=— 5 (1),

@ 2e+101(c+3) . .
ga(t) = A —t sinme I(o - 1)“[“tﬁ11(“)?/11+ 2 M Fy{ec)yorl -

RIASSUNTO

8i & studiato il comportamento dei residui dell’omega nella fotoproduzione di pioni.
Si mostra che questi non hanno zeri a £~— 0.15 (GeV/e)?; ¢id & in contraddizione con
l'usuale interpretazione del fenomeno del cross-over. Si & inoltre studiato il comporta-
mento della traiettoria dell’w intorno al punto = 0. Viene suggerito che, a diffe-
renza di quella del g, la traiettoria dell’w sceglie nonsenso ad «= 0.
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TMpasnia cyMM Npd KOHEYHBIX HSHEPruax AJud GOTOPOKICHHA IOHOB
H o 0cTATOYHbIe QyHKIUuM NIA NoxocoB Pemxe.

Pesrome (). — MBI H3yuniin OBEIEHUE « OCTATOMHBIX (YHKIm 1ipy GOTOPOXKICHUM
INOHOB. MBI TIOKaspIBaeM, 4TO OHH ke mMeloT myiedt mpm ¢ ~ — 0.15 (I'aB/c)2: sro
HaXOOWTCs B MOPA3UTENBHOM IPOTUBOPSUUN C OOBIMHEIM 00’ ACHEHIEM KPOCCHHT-SIBIICHITA.
Taroxe OBUIO WCCIIGTOBAHO TIOBEHEHUE »-TPASKTOPHME BOIM3M OeCCMBICICHHOR TOYKH C
HenpaBulbHON curHaTypoit a==0. Kaxercs, 4TOo 0ObIMHAS TE€OPHs « HAKIOHA » XOPOILIO
paboTaeT, W IPEIIONaraeTcsi, 9T0 B IPOTUBONOIOKHOCTE p, TPACKTODHSA « BHEIOHpaeTcs
Ge3 (usmgeckoro cMmeicia.

(*) Ilepeseoeno pedaxyueii.
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