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Summary. — In a previous paper we proposed a « hybrid » model for the
large-energy, small-angle elastic scattering of hadrons, and used it fo
understand the structure in the angular distributions of proton-proton
and proton-antiproton differential cross-sections. This model deseribes
the scattering amplitude as the sum of an optical diffractive piece and a
piece arising from the exchange of « absorbed » Regge poles; alternatively,
it can be viewed as a specific prescription for calculating the effects of
Regge cuts. In the present paper, we present some further results obtained
from this hybrid model: we extrapolate our solutions for the pp amplitude
to higher energies. We show how our model may be extended to deal
with inelastic (or backward elastie) scattering, and consider processes which
cannot be described by the single exchange of any known Regge trajectory,
such as K-p backward elastic scattering. We explain why Regge cuts
do not affect the presence or location of the dip in the n*p near-backward
differential cross-section which is thought to arise from a nonsense zero
of the nucleon trajectory. We predict that the differential cross-sections
of elastic and of inelastic reactions should have the same {-dependence
at large |1, whether or not they do at small [¢].

1. — Introduction.

There has been a great deal of interest recently in the subject of possible
unitarity corrections to strong-interaction scattering amplitudes. Some re-
sults of this interest have been the investigations of the properties of Regge
cuts, the attempts to apply absorptive corrections to Regge-poles, and the
calculation of multiple-scattering terms in composite models.

(*) Present address: Cavendish Laboratory, University of Cambridge, Cambridge.
(**) NATO Postdoctoral Fellow. Present address: Department of Physics, Stanford
University, Stanford, Calif.
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Multiple-scattering eorrections have been discussed within the framework
of the Chou-Yang model (%), as well as within the quark model (#3). These cor-
rections can be calculated by methods analogous to those developed by GLAU-
BER (*) for scattering by nuclei. The absorption model has been applied to
Regge-pole amplitudes by several groups (*); especially in attempts to explain
the polarization observed in wnNN’ charge-exchange scaftering. The justifica-
tions advanced for this procedure differ, but the prescription used is always
equivalent to multiplying the partial-wave projection of the Regge pole by
the elastic S-matrix. It has also been suggested that Regge cuts might provide
corrections to Regge-pole amplitudes. From models (°), we can learn several
things about Regge cuts: their position and signature, the types of singularity,
and in some cases the signs of their disecontinuities. Although this information
is not enough to enable us to explicitly compute the contributions of these cuts
to the scattering amplitude, it has proven sufficient to permit the prediction
of certain features of the n N’ charge-exchange polarization (*) and of the pp
elastic differential cross-section (8).

In a previous paper (°) (hereafter calied I), we suggested a « hybrid » model
which could relate these three approaches to unitarity corrections (°); in the
present paper we review, elaborate upon, and extend this model. In the
hybrid model we identify the eikonal function with the sum of Regge-pole con-
tributions. Formal expansion in powers of the eikonal then yields the Glauber
multiple-scattering series; the single-scattering term contains the Regge poles
which were used as input, and the multiple-scattering terms are Regge cuts.
Furthermore, in I we took the Pomeranchukon to be a flat trajectory, whose
residue function in proton-proton scattering was proportional to the square of

() T. T. CooUu and C. N. YaNG: 4 model of elastic high-energy scattering, Phys.
Rev. (to be published).

(3) V. Franco: Phys. Rev. Leit., 18, 1159 (1967); N. W. DEan: CERN preprint,
TH. 862 (1968).

(?) N. W. Deax: CERN preprint, TH. 881 (1963).

(9) R. J. GLAUBER: in Lectures in Theoretical Physics, vol. 1 (New York, 1959),
p. 315.

(®) See, for examples, G. COHEN-TANNOUDJI, A. MorEL and H. NAVELET: Nuovo
Cimento, 48 A, 1075 (1967); and I. KiMeL and H. Miyazawa: Absorption hard core and
Regge culs., University of Chicago preprint (1967).

(8} For example,- V. N. GriBov: Sov. Phys. JETP, 28, 414 (1968).

() C. B. Cutv and J. FINKELSTEIN: Nuovo Cimenio, 48 A, 820 (1967); see also
V.M. Deraxy, D. J. Gross, 1. J. MuziNicH and V. L. TerriTz: Phys. Rev. Leit., 18,
149 (1967).
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(1%) Many of the ideas in I were proposed simultaneously—and independently—by
R. C. ArxoLb: as The next step in high-energy phenomenology, ANL preprint (1968).
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the proton-charge form factor, so that we recovered the Chou-Yang model (*) in
the infinite-energy limit; however, most of the work presented in the present
paper is independent of any specific model for the Pomeranchukon, and so
would be equally valid in the eikonal formulation proposed earlier by AR-
NOLD (1).

In the next Section we elaborate further on the hybrid model. We also re-
view the analysis of pp elastic scattering presented in I, and extrapolate the
solution obtained there to higher energies. In Sect. 3 we discuss the extension
of this model to inelastic processes, where to first order in the inelastic transi-
tion it corresponds exactly to the exchange of absorbed Regge poles. We point
out that in this picture the differential cross-sections of elastic and of inelastic
reactions should have the same i-dependence at large |t| whether or not they
do at small |f|. We argue that the application of absorptive corrections does not
alter the successful predictions of Regge-pole theory; in particular, we show
that absorption does not affect the prediction of a dip in the near-backward
wp differential cross-section at the value of « at which the nucleon trajectory
becomes nonsense. In Sect. 4 we present the further extension of our model to
second order in inelastic transitions, which allows us to discuss reactions, such
as Kp—K*'E", which require exchange of more than one Regge pole.

2. — The hybrid model for elastic scatiering.

For the moment, we ignore the presence of spin. Suppose we write the S-ma-
trix in the impact parameter representation as

(1) S(s, b) = exp[2iB(s, b}],
or, equivalently, the full amplitude as
@) A0 = Bl 0+ - 20005, ) Bls, 0 6, 0)06) +
+ terms involving more than two B’s.
Here 7 is the triangle function; see the Appendix of ref. (*2). The ampli-

tude A is normalized so that ¢ = 4z Im A(s, 0). Equation (1) or (2) may be
considered to be a definition of B, which corresponds to the single-seattering

(1Y) R. C. ARNOLD: Phys. Rev., 153, 1523 (1967).
(*?) J. FINKELSTEIN and M. JAcoB: Absorptive corrections and Regge singularities,
Nuovo Cimento (to be published).
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term of Glauber theory. In the hybrid model, we write

(3) B(S’ )= P(t) -+ 2R1(87 1),

where P is the « Pomeranchuk » contribution; we recover the Chou-Yang
model (*) for pp scattering by letting P be proportional to the square of
the proton electric form factor: P(t)=iKF,(f). The summation over E,=
= B:(1)s*® in eq. (3) then extends over Regge poles other than the Po-
meranchukon; we refer to these as « proper» Regge poles.

Computations are particularly simple if, at fixed energy, B is expressed as
a sum of exponentials in ¢. For example, if B contains two terms A,exp[t/a;]
and A, exp[t/a;], there will be a contribution in the double scattering (:.e., the
second term on the right-hand side of eq. (2)), which is given simply by the rule

(4) Regge poles 4, exp [ai] and A, exp I:%]$
ida.a; t

= Regge cut (1 — % 6,-,.) ?A(;}:’_%S:f) exp [m] .
A Regge pole R;= yexp [—imx(t)/2](s/s))*", With a(t) =, @', can be writ-
ten in the form A exp [t/a], with A= y exp[— imete/2](8/s,)" and a—* = &'(In(s/s,) —
— (im/2)). The cut expression in (4) has precisely the same form as we used in
ref. (?) as the simplest parametrization consistent with the supposed (%)
properties of Regge cuts. We note that the phase (as well as the magnitude) of
the cut contribution is specified by (4); this phase is controlled by the signature
factors of the pole terms, which have been incorporated into the parameters
a and y.

The hybrid model may be thought of as a Reggeization of an optical model,
or, alternatively, as an optical prescription for calculating the effects of cuts
in a Regge model. Looked at in either way, it constitutes a guess, which we
certainly cannot prove to be correct. To some, this guess may be plausible be-
cause of the fact that it corresponds to what one would obtain from a compo-
site picture of hadrons—for example, the quark model, in either the strong or
the weak binding limit—in which the components interact by exchange of Regge
poles. To others, it may be plausible because the prescription for calculating
cuts is so simple, and yet all of the intricate features of the cuts—signature,
type of singularity etc.—that we expect on the basis of more sophisticated
models (%) are reproduced. The test of this guess is, of course, by comparison
with experimental data.

In I, we used an extremely simple form of this model to try to understand
the general features of pp scattering. We took the dipole expression for the
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electric form factor which was used by DURAND and LIPES (*?) to produce, by
means of the multiple-scattering series, an asymptotic amplitude which has
zeros at values of momentum transfer (¢~ —1.3 (GeV)? and —6 (GeV)2) close to
those at which the measured differential cross-sections show some indication
of having structure (4). We retained two proper trajectories, the ones on
which lie the w and the f°, and approximated them by one exchange degenerate
trajectory, with a(f)=1-+¢, and exponential residue (). Thus we wrote

_ B I (sY
(5) B(s, 1) = (,72*_*?)] TG ('S'o) .

Following DURAND and LIPES, we set u?=1GeV?, and adjusted K so that
we fit the total cross-section; that left us with two parameters, I” and s,, with
which to reproduce the real part in the forward direction, the structure in the
angular distribution, and all of the energy dependence.

Figure 1 shows the differential cross-sections predicted by this calculation
together with data at P, ~12.4 GeV/c (**18) and P,,=19.2 GeV/e ("), for
the values I'==—22 (GeV)~Y, s,= 4.5 (GeV)2. The data at 19.2 GeV/c are new,
and were not used in determining the values of the parameters. Although our
parametrization is too crude to give a very good fit, it does reproduce the gen-
eral features of the energy dependence, as well as the structure around

= —1.3 (GeV)2; there is also some slight structure, hard to see from the Figure,
in the calculated curves near {= —6 (GeV)2. In I we stressed that, in our
calculation, the real part of the amplitude was largely responsible for this struc-

(13) L. DuranD IIT and R. Lipes: Phys. Rev. Lett., 20, 637 (1968); see also T. T.
Cuou and C. N. YANG: Phys. Rev. Lett., 20, 1213 (1968).

(**) J. V. ALLABY et al.: CERN Topical Conference, vol. 1 (1968), p. 580.

(15) FrauTscHI and MARGOLIS (private communication) have recently analysed pp
seattering in an eikonal model with a Pomeranchukon of nonzero slope, thus achieving
an energy-dependent amplitude without invoking secondary trajectories. Since much
of the structure can be understood in terms of the general properties of the multiple-
scattering series (see for example, ref. (8)), their calculation is somewhat similar to
ours. Such a model, without secondary trajectories, predicts that the real part of the
amplitude is positive in the forward direction and that the pp total cross-section is
slowly inereasing as the energy increases, as discussed in ref. (®).

(1%) J. OREAR, R. RUBINSTEIN, D. B. Scarr, D. H. WairE, A. D. KriscH, W. R.
FRISKEN, A. L. REaD and H. RupERMAN: Phys. Rev., 152, 1162 (1967); and D. Har-
1ING, P. Brackarr, B. ELsNER, A. C. HELMHOLz, W. C. MIDDELKOOP, B. POWELL,
B. ZacHAROV, P. Zaxerra, P. Darriaz, M. N. Focaccr, S. Focarpi, G. GIACOMELLIL,
L. Monagri, J. A. BEANEY, R. A. DonaLp, P. Mason, L. W. JoNEs and D. O. Cavrp-
WELL: Nuovo Cimento, 38, 60 (1965).

(*7) Preliminary data from the CERN experiment at P, = 19.2 GeV/c; we thank
Dr. A. N. DippENS and Dr. A. M. WETHERELL for this private communication.
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do/dt [_ub/(GeV)z]

1 1 1 1
10 ' L 1 1 I S 1 L

0 10 2.0 3.0 40 50 6.0 7.0
~tfcevy’]
Fig. 1. — The pp elastic differential cross-section vs. —#. Calculated curves are at
Pp=12.4 and 19.2 GeVje. For details on data see ref. (41617}, o 12.0 OREAR ¢ al.,
a 12.1 ALLABY et al. (I); = 12.4 HARTING ef al.; v 19.2 ALLABY et al. (II).

ture, although at much higher energies the structure is primarily due to zeros
of the imaginary part, as in the calculation by DURAND and LIPES (3).

In Fig. 2 we display the differential cross-sections predicted by our caleu-
lation at several higher values of the energy. These predictions are influenced
by the fact that we have assumed the Pomeranchukon to be flat. However,
a small slope for the Pomeranchukon probably would not make much differ-
ence, especially since the existence of multiple-scattering corrections tends
to obscure more than ever the phenomenological differences that would be
caused by a possible small slope for the Pomeranchukon. One very interesting

7 — Il Nuovo Cimenio A.
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feature of this extrapolation
is that the angular structure
does not monotonically get
sharper with increasing en-
ergy, as one might expect it
would if the real part of the
amplitude merely served to
fill up the dips in the asymp-
totically constant imaginary
part. Instead, there is an in-
termediate energy region in
which the structure shifts
from the real to the imagi-
nary part, and only after that
do the dips get sharper.

By changing the sign of
the o contribution, we were
able, in I, to predict the Pp
differential cross-section with
no free parameters. We found
the crossover between the pp
and Pp differential cross-sec-

e . ; . v . J tions, and observed that the
1.0 2.0 3.0 4.0 ] 5.0 6.0 7.0 structure seen (18) at —t=
~tficen’] —0.5(GeV)2 at P,,—5.9GeV j¢

should move slowly outward
intas P, increased. This last
prediction hassince then been

Fig. 2. - Predictions for pp elastic differential

cross-section at high energies — P, = 25 ( )s

70 (——-— ), 200 (———) and 1700 (—- -—- -—) GeV/e. >

Note that the t seale begins at — 0.8 (GeV)2. confirmed by new Pp data at
P, =8 and 16 GeV/c (**).

3. — The hybrid model for inelastic scattering.

3'1. The absorption model. — It has been pointed out by ARNoLD (1)
that the eikonal formulation for elastic scattering leads naturally to the ab-
sorption model for inelastic scattering. In egs. (1) and (3) we have written
8 = exp[2iP + 2¢R], where R now stands for the proper Regge poles; to first

(**) R. RUBINSTEIN, et al.: CERN Topical Conference, vol. 1 (1968), p. 571.
(**) D. BIRNBAUM, el al.: paper presented at the Washington Meeting of the APS
(1968), and very kindly reported to us by Dr. A. N. DIDDENS.
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order in R, this is § = exp[2¢P][1 + 2¢R]. From this model for elastic scat-
tering, we could compute, for example, the difference of the elastic =*p and
7 p amplitudes, and so conclude that the = p charge-exchange amplitude is

6) Ay ynoa= exp [2iPIR,= R, + 214, Ro -

¢—>n’n

Equation (6) coincides with the expression that would be obtained by applying
the absorption model to the p Regge pole. It has been pointed out (*2) that
this model will give the correct sign for the polarization in =N’ charge exchange;
more detailed calculations (*) have shown that it can also give approximately
the correct magnitude for the polarization, as well as a good fit to the differential
cross-section. These successful caleulations can now be regarded also as suc-
cesses for the hybrid model.

Strietly speaking, our model only allows us to compute those inelastic ampli-
tudes which can be expressed as differences of elastic amplitudes, but we may
easily generalize to obtain the absorptive prescription for other processes. In
our formalism, the simplest way is to treat eqs. (1), (2) and (3) as equations for
matrix amplitudes which can connect different states. As long as we work to
first order in inelastic transitions (*°, this procedure is unambiguous; to this
order, there is no question as to what states to include in the calculation, since
any ¢intermediate » state must be connected by an elastic transition to either
the initial or the final state. For charge-exchange scattering, this formulation
clearly coincides with the one given previously, but it is sufficiently general to
allow us to compute absorptive corrections in cases in which elastic scattering
may be different in the initial and the final states.

The hybrid model can enable us to understand some general features of the
angular distributions of inelastic processes. It is known that the slopes in mo-
mentum transfer of both elastic and inelastic differential cross-sections tend
to decrease as the momentum transfer increases; in our model, this comes about
mainly through multiple scattering. However, there is no reason to believe that
the single-scattering terms (i.c., the Regge pole) does not continue to fall rap-
idly with momentum transfer, especially if the Regge-trajectory function
continues to decrease. Thus, it is likely that, at large |¢}, the (inelastic) single-
scattering term is falling much more rapidly than is the elastic amplitude.
In this ecase, if we assume that the initial and final elastic amplitudes have more
or less the same slope, it follows easily that the absorbed Regge pole has the
same slope as does the elastic amplitude. Put another way, at large [¢|, the
dominant mechanism is the exchange of one proper trajectory together with
many Pomeranchukons, in which case the slope of that one trajectory becomes
irrelevant.

(2°) In the «n-th order » we include cuts involving exactly » proper trajectories,
so that we are making an expansion in powers of 1/s.
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Thus we are led to predict that at large [t| (but always small angle!) ine-
lastic and elastic differential cross-sections have the same slope, whether or
not they do at small |¢| (). This bebhaviour is seen in the reactions pp —
—pN*(1520) and pp—pN*(1690): for |f| larger than about 2 GeV?, the dif-
ferential cross-sections for these reactions and for pp elastic scattering are
strikingly parallel (1"-22). In these examples the inelastic process is itself pre
sumably due to Pomeranchukon exchange (diffraction dissociation); never-
theless, at small |{| the slopes are markedly different from the elastic slope.
We would expect the differential cross-section for production of the N*(1238)
also to have the same slope (not the same energy dependence) at large [t|. At
large |t|, the details of the production process are irrelevant; the slope is deter-
mined by absorption, and so is the same as the elastic slope.

32. What about the Regge-pole model? — It is clear that absorption can elim-
inate many of the difficulties of the Regge-pole model; for example, it can
produce polarization where otherwise there would be none, and provide con-
spiracy without the need for conspiring trajectories. However, since the cor-
rections we compute tend to be fairly large—typically around 25 9, of the am-
plitude at t=:0, and larger than that for s=0-—one might worry that this
would also eliminate many of the triumphs of the Regge-pole model. We
would like to argue that this is not so.

Probably the most important aspect of Regge theory is its prediction of
energy dependence, in particular its prediction that the amplitude in the phys-
ical scattering region is bounded by s*®; this bound is no way disturbed by
multiple-scattering corrections. Furthermore, since near the forward direction
the tips of the cuts lie near the pole, their energy dependence will be quite sim-
ilar. Thus we expect the energy dependence predicted by Regge theory to
be maintained (2%); this works in the case of wJN° charge exchange (®), and as
we shall see it is also true in the example discussed below.

Multiple-scattering corrections will effect the ¢-dependence of amplitudes,
but in most cases Regge theory does not specify {-dependence, since there is
always an upknown residue function. Regge theory does predict dips when
trajectories pass through nonsense points, and as we shall now show, at least
in the example of n'p near-backward elastic scattering, absorption does not
affect this prediction.

(') This argument has previously been given by ArNorD (ref. (19)) for the case
of small f|, but extremely large s.

(22) E. W. Axperson, E. J. BLESER, G. B. Coruins, T. Fusi, J. MeENEs, F. TUR-
KOT, R. A, CaRRIGAN jr., R. M. EpELSTEIN, N. C. HieN, T. J. McMano~ and I. Na-
DELHAFT: Phys. Rev. Lett., 16, 855 (1966).

(23) For this reason, it is difficult to distinguish cuts from poles by the use of finite-
energy sum rules.
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The nucleon trajectory is thought to pass through a=—} at —us

w2 0.2 (GeV)?; at this value of 4, the wHp differential cross-section is expected (**),
and indeed observed (1#25:28) to have a dip. Because of the expected zero in
the nueleon-pole term, the absorptive correction, when evaluated near the back-
ward direction, will be anomalously small, and this in turn will mean that the
dip is not disturbed. The zero in the pole term means that the backward peak
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Fig. 3. - Differential eross-seetion for n'p Fig. 4. — Differential cross-section for

backward elastic scattering at Py, =
= 5.9 GeV/jc. The solid curve represents
the contribution of a nucleon Regge pole
adjusted so that by itself it fits the data.
The dashed curve shows the computed
cross-section after the absorptive correc-
tion is applied. See Appendix A for the
parameters used.

n*p backward elastic scattering. The

curves at 5.9GeV/c ( ) and 10GeV/e

(— — —) are obtained with the inclusion

of basorptive effect and the readjustment

of the pole residue funetion. Data points:

o at 5.9GeV/e, a at 9.9 GeV/e. See
ref. (18:25) for details.

(24) C. B. Cu1U and J. Stack: Phys. Rev., 153, 1575 (1967).
(%) A. ASEMORE, C. J. 8. DaMERELL, W. R. FRISKEN, R. RUBINSTEIN, J. OREAR,
D. P. Owen, F. C. PETERsOoN, A. L. Reap, D. G. RvanN and D. H. WHire: Phys.

Rev. Lett., 19, 460 (1967).

(26) This structure was first noticed by H. Bropy, R. Lanza, R. MarsHaLL, J. NIE-
DERER, W. SELOVE, M. SHOKET and R. Vax BEerG: Phys. Rev. Lett., 16, 828 (1966).
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is extremely steep; this makes the absorption small. Furthermore, since the
pole term changes sign, there will be extensive cancellations within the inte-
gral defining the absorption, and so the absorption will be even smaller.

This point can easily be verified by direct calculation. The solid curve in
Fig. 3 represents a nucleon-exchange Regge-pole term which was constructed
so that it, by itself, fits the n*p differential cross-section at P,,= 5.9 GeV/ec.
When we apply absorptive corrections to this pole term—the dull details of
this calculation, including the spinology, are presented in Appendix A—the
result is the dashed curve shown in the same Figure. For small |u| the two
curves almost coincide; the position of the dip is not changed.

For larger |u| the absorptive correction is somewhat more important, and
so the secondary maximum is not reproduced correctly. We readjusted the
pole-residue function—but not the trajectory function—so that the absorbed
pole fit the differential cross-section at P, = 5.9 GeV/c, and then predicted
the differential cross-section at 10 GeV/je. The results are shown in Fig. 4. This
calculation indicates that, even in the presence of cuts, we can still have a
good fit to the w'p backward data, with the energy dependence as well as the
position of the dip controlled by the trajectory function, and thus still corre-
lated with the masses of the nueleon and its recurrences.

4. — Double charge exchange.

Another possible application of the hybrid model is in the analysis of reac-
tions, such as K p-—>K*'E™ scattering, K p backward elastic scattering, or
PP — =~ Z+ scattering, which do not permit the exchange of any single (known)
Regge trajectory (¥). We would expect the most important contributions to
these reactions to come from simultaneous exchange of two trajectories, and
so would have to extend our discussion to terms which are of second order
in the proper trajectories (2%). Conversely, these reactions are perhaps the only
instances in which these second-order terms are experimentally accessible;
certainly the results we have presented above have depended only on terms of
zeroth or first order.

If these reactions are indeed dominated by Regge cuts,then their energy
behaviour should be (letting «, and «, be the intercepts of the two trajectories
exchanged)

(7) do _ §2(xrta)—4

@t o In(s/sy)?

If the intercept of the K*-trajectory is «(0) ~ 0, then for reactions domi-

(?7) This application of the hybrid model was first suggested to us by Prof. L. Vax
Hove.
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nated by double K*-exchange, this is dg/dt~s%/Ins®. It would be ex-
tremely interesting if these predictions could be tested experimentally.

To proceed further, we would need some additional assumptions. The sim-
plest picture of these reactions is that they proceed by two stages, with each of
the two intermediate transitions governed by the ex-
change of an (absorbed) Regge pole; see Fig. 5 (*%).

Therefore we are obliged to specify what will be the “ ;/VK:/VJ_
«intermediate states» This is an ambiguity which did \ ,
not arise in onr previous discussion of elastic and first- * K* E
order inelastic transitions, and is perhaps a good indica- AN

tion that we are trying to push our formalism too far. K™ A Ap

If we are willing to assume that multiparticle inter-
mediate states are already contained inside the Regge Tig. 5. — A contribu-
poles, we have only to say what are the most impor- tion to K-p-—K+&~
tant two-body states. Perhaps the best guess is to See Appendix B for

. details.

restrict ourselves to those states most closely related

to the external states—say, those states whose par-

ticles lie within the same multiplets as the external particles (we might say
that these are minimally inelastic intermediate states). For the reaction
K p—>K'E~ for example, we might use SU, multiplets, and so construct
intermediate states out of either a = or an 7°, and either a A° or a X°, and no
others. A calculation based on these assumptions is outlined in Appendix B.

To perform such a calculation seriously, one would need, as input, experi-
mental information on strangeness-changing reactions that can proceed by
exchanging a single Regge-pole—that is, one would need the single-scattering
terms. For a given choice of the single-scattering terms, the calculation out-
lined in Appendix B turns out to give the same results as those already found
by DEAN (%) from the quark model. This is not surprising since, in the hybrid
model, Regge cuts are computed as if they were the multiple-scattering terms
in a composite model.

Clearly, these ideas on double scattering are extremely speculative. They
would seem to require a model with a certain group-theoretic structure, in
order to select certain states as being less inelastic than others. It is no acei-
dent that it was when we took our intermediate states from the same SU;
multiplets as the external states that we obtained agreement with Dean’s (es-
sentially spinless) quark model. On the other hand, the prediction of energy
dependence [eq. (7)] does not rely on these speculations, and so is on a firmer
footing.

(38) We are aware that Fig. 5, if interpreted as a Feynman diagram, does not give
a cut. This does not prevent us from speculating that we might obtain a reasonable
approximation to the amplitude by an alternative interpretation of the Figure.
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APPENDIX A

Absorption of the nucleon-exchange amplitude.

The fact that a zero in the nucleon-pole term will cause the absorptive
correction to be small could have been demonstrated in an (imaginary) spinless
case, but it is not hard to include the effects of spin. We use standard notation
for the wN° problem; in particular G..(s,t) are the s-channel helicity amplitudes,
with the normalization

do =
dt ~ ks
Let 61 be a Regge-pole contribution in the ¢-channel to G, and define

(A.1) [lG+2+1G6_J2].

(A.2) 2= cosg Gy, Gt = singé_ .

Following ARNOLD (1), we define nonflip and flip eikonals y, and y, by
1 —
ls,0) = [wdedi(ab)Bats, =),

0

(A.3)

1 ~
28, by = BTE fmzdel(xb)G_(s, —x?).
[

The cut term due to exchange of two trajectories (which we distinguish by
superseripts ¢ and j) is

[=-]

G5, ) = (1~ B0 k2 os S [DABT(6V=D2b + 25 24)

Q

(A.4)

G_(5, 1) = (1— 30,,)ik? f AT (VD2 + 2] -

0

If the Regge-pole terms (7, are chosen to be exponentials in ¢, then all the
integrals in (A.3) and (A.4) can be done analytically. For the absorption cal-
culation, it is convenient to imagine that the elastic amplitude is given by a
single-pole term (i.e., ignore multiple-scattering corrections to the elastic am-
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plitude), and then to use (A.4). We have used the mp elastic data of ref. (*9)
to fit an exponential form to the elastic amplitude, which we assume to be
purely imaginary and spin independent (y, = 0).

We have assumed the nucleon trajectory to be given by ay(u) =—0.34+u.
We parametrize the near-backward amplitude due to exchange of this tra-
jectory as

a—%
G = (i;?’ 8(1 + exp[— in(a — 3)]) (SE) ,
(A.5) oo ot
G_= :'/\S_/OE (14 exp[— im(e—~ })]) (5;) X

The parameter D, corresponds to 1/4/%, in ref. (2*), where it was determined
to be 1.18 GeV~". If we neglect the =.N° mass difference, We can construct an
equivalent forward problem by interchanging G+ and G_, and writing ¢ for u;
we can then directly use (A.4).

With the following values of the parameters: €, =4.45, and s,=0.5 GeV?,
the pole term alone fits the data at P, —5.9 GeV/c; this is the solid curve
in Fig. 3. To make the absorbed pole better fit the data, we change only the
value of s,—to 0.9 GeVz—and compute the curves shown in Fig. 4.

APPENDIX B
Caleulation of K p — K*=".

Figure 5 is intended as a mnemonic for the following procedure: from the
K*-contribution to the amplitude for K p —n°X’ and to =n'X°— K+E",
calculate (two sets of) eikonals according to eq. (A.3), and then calculate a
contribution to the amplitude for K p > K*+E", according to eq. {A.4). The
04 in (A.4) is equal to one, since there is only one kind of trajectory involved.

In addition to the picture shown in Fig. 5, we should also consider the
contributions of the intermediate states (7°A°), (n°A%), and (n°X°), calculated
in the same way. Furthermore, we should include contributions from exchange
of the trajectory of the K**(1400). Double exchange of the K** can clearly
be treated in the same way as double exchange of the K*.In the SU, limit,
there is no contribution from exchange of a K* together with a K**, since
the amplitude is pure (¥’) in the ¢-channel, and so must have positive signature.
(In the formalism given here, this is guaranteed by the fact, that, in addition
to the picture shown in Fig. 5, there must be another kind of picture with
the Regge poles crossed, and these two kinds of pictures would cancel if a K*
and a K** were exchanged together. We can forget these crossed pictures
if we remember not to exchange a K* and a K** together.) In principle, we
should also consider absorptive effects, that is, there should be Pomeranchukons
floating all around Fig. 5.

(**) K. J. FoLeY, 8. J. LINDENBAUM, W. A. Lovg, 8. Ozaki, J. J. RUSSELL and
L. C. L. Yuan: Phys. Rev. Lett., 11, 425 (1963).
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RIASSUNTO ()

In un articolo precedente si & proposto un modello «ibrido » per lo scattering elastico
a grandi energie e piccoli angoli degli adroni e lo si & usato per comprendere la struttura
delle sezioni d’urto pione.-protone e protone-antiprotone nelle distribuzioni angolari.
Questo modello descrive I’ampiezza di scattering come la somma di una parte ottica
diffrattiva ed una parte derivante dallo scambio di poli di Regge « assorbiti»; in modo
alternativo, il modello pud essere preso come una prescrizione specifica per il calcolo
degli effetti dei tagli di Regge. In questo articolo si presentano alecuni ulteriori risultati
ottenuti da queste modelio ibrido: si estrapolano le nostre soluzioni per ampiezza di
pp ad piu alte energie. Si dimostra come questo modello possa essere esteso fino a com-
prendere scattering anelastici (oppure scattering elastiei con prodotti finali all’indietro),
ed a considerare processi che non possono essere descritti dal singolo scambio di al-
cuna traiettoria di Regge nota, come ¢ nel caso dello scattering elastico all’indietro Kp.
Si spiega perchéi tagli di Regge non influiscano sulla presenza o la eollocazione della pen-
denza nella sezione d’urto differenziale per urti quasi all’indietro di =*p, che si pensa de-
rivi da uno zero senza senso della traiettoria del nucleone. Si predice che le sezioni d’urto
differenziali delle reazioni elastiche e anelastiche dovrebbero avere la stessa dipendenza
da ¢ per valori di |¢| grandi, qualunque sia il loro comportamento per |¢| piccoli.

(*) Traduzione a cura della Redazione.

T'uOpumnan Moxenn: JlaanHeillve pe3yjbTarThbl

Pestome (*). — B mpensiayiieii cratbe MBI IPEUIOXUIH « THOPHIOHYIO » MOAENb AN
MAaJIOYrI0OBOr0 YHUPYIOro paccesiHus aApOHOB IPY BbICKUX JHEPIHsAX, U MCIOIbL30BAJIH €€
IJIsL TOTO, 4TOOBI MOHATH CTPYKTYPY YIJIOBBIX pACIpEe/iCHHA A MPOTOH-MPOTOHHBIX H
POTOH-AHTHNPOTOHHBIX IH(M(EPEHINANLHLIX [OUEPEYHBIX CEYEHHH. 2JTa MOZE/L OmM-
CHIBACT aMIUIATYAY PACCESIHUA, KaKk CyMMy onrTudeckoil nuddpakliMOHHON YacTH M vacTw,
BO3HMKAIOMmEH 0T o6MeHa « IOTJIOEHHBIM » MOocoM Pefke; ¢ ApYyro# CTOPOHEI, 3Ta
MOJIeIIh MOXeET GBITh PACCMOTpEHA, KAK OIpeeeHH bl pelenT MUIs BEMUCTeHNs 3¢ (eKToB
pa3pe3oB Pemxe. B macrosmieit pabore MBl DpHMBOJMM HEKOTODhIC NaJIbHEHIINE pe3y-
JNbTATHI, HOJIYYCHHBIC W3 3TOM ruOpuaHO# Moaenu: MBI IKCTpANONMMPYEM Hall¥ PEINCHHS
U1 pp AaMIUTMTYOBI il BRICOKAX SHEpruifi. Mpl moka3bpiBaeM, KaK Halla MOJEL MOXET
OBITE pacIpeHa Uil PAcCMOTPEHUs Heympyroro (MM oGpaTHOTO YIPYIOro) PaccesHms,
¥ H3yYeHHs! IPONECCOB, KOTOPHIE HE MOTYT GBITh OMUCAHBI C IOMOIIBIO OTAENBHOIO O6MeHa
1060l m3BecTHOM TpaekTtopuel Pemke, Takoro xak K—p obpaTHoe yupyroe paccesnue.
Me&1 ob6BsacHsIEM, T109€MY pa3pe3sl Pemxe He BIMXOT HA MPUCYTCTBUE WIM JIOKATH3ALMIO
mposasia B ntp mubdepeHAaNEHOM [ONEPEYHoM CeueHUH BOMM3M HANMpABICHUS HA3AN,
YTO, AyMdeTcs, BO3HAKAET OT OECCMBICACHHOTO HyJs HYKJOHHOM TpaexTopuH. Mul
npenckas3siBaeM, YTo mubdepeHIMaNbHbIC NONEpEeYHbIC CCUYCHUS ISl YIPYFUX U HEYNIPYFHX
peakimii JOKHEL IMETh TY XK€ CaMyIO 3aBHCHMMOCTb OT ¢ npu Oonbmux |if, BHE 3aBHCH-
MOCTH OT TOTO, MMENH OHH WM HET OJMHAKOBYIO 3aBHCHMOCThL NpH MAJBIX I.

(*) Ilepesedeno pedaxyueii.



