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Experimental Evaluation of Quark and Regge-Pole Models for
High-Energy Scattering*

V. BARGER AND L. DURAND, III
Department of Physics, University of Wisconsin, 3Eadison, Wisconsin

(Received 28 November 1966)

Relations among high-energy cross sections derived from the simple quark model are found to be in
systematic disagreement with existing experimental data. Regge-pole models with only SU(3)-symmetric
vertices do not share these difhculties. The use of quark-madel vertices with the Regge-pole model leads to
the unsuccessful relations of the simple quark model.

I. INTRODUCTION

SIMPI.E quark models for particle interactions have
attracted enormous attention during the past

year. ' 7 During this period, there has also been a
striking renewal of interest in the Regge-pole descrip-
tion of high-energy scattering. 7 Both models have
been successful to some degree, the quark model in
predicting relations among experimental cross sections,
the Regge-pole model in describing systematically the
variation of those cross sections with energy and scat-
tering angle. Some attempts have also been made to
combine the two models. ""The comparisons of the
various theoretical predictions with experiment are
unfortunately rather scattered in the literature, and it
has been difficult to obtain a clear over-all impression
of the successes and limitations of the models. In this
article, we present a critical examination of these models
on the basis of existing experimental data. Our con-
clusions are as follows:

(i) The relations among cross sections derived. from
the simple quark model are systematically in disagree-
ment with experiment, in some cases by factors of 2
to 5. Some of these discrepancies have been noted pre-
viously; others are new. Taken as a whole, they cast
serious doubt on the validity of the quark-model de-
scription of high-energy scattering.

(ii) The Regge-pole models which use SU(3)-
symmetric vertices, but allow the trajectories within a

*Work supported, in part, by the University of Wisconsin
Research Committee with funds granted by the Wisconsin Alumni
Research Foundation, and in part by the U. S. Atomic Energy
Commission under Contract No. AT(11-1)-881, g COO-881-92.
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multiplet to di6er in accordance with the observed
particle mass splittings, are generally successful in
describing high-energy cross sections. In particular,
such models do not yield the unsuccessful relations of
the quark model. However, possible consequences of
Regge cuts and conspirator trajectories, and the impli-
cations of SU(3) syxnxnetry breaking for the Regge
residues, have not been studied fully.

(iii) The use of quark-model vertices with the Regge-
pole model"" leads to the objectionable relations ob-
tained with the simple quark model.

We will not attempt to give an exhaustive compari-
son of all quark-model relations with experiment, nor
will we attempt to list the variety of assumptions used in
different formulations of the quark model. ' We will
also confine our attention to forward scattering, al-
though extensions of the quark model to nonforward
processes have been suggested. Discrepancies similar to
those to be discussed persist at nonforward angles.

II. QUARK MODEL

The simple quark model for high-energy hadron colli-
sions assumes that the forward scattering amplitude
(and, in some models, the nonforward amplitude) is
given by the sum of the scattering amplitudes of the
constituent quarks. SU(3) symmetry is indirectly built
into the model by use of a fundamental 3 representa-
tion for the quarks. In the direct channel, the gq scat-
terings involve only the 1 and 8 representations of
SU(3) and the qq scatterings involve only the 3 and 6
representations. [In the crossed (t) channel only 1 and
8 representations occur, with two possibilities for the
charge-conjugation quantum number C.j Consequently,
the 10 forward scattering amplitudes for 7t-X, EÃ, ES,
SE, and SEscattering can be expressed in terms of four
independent amplitudes, and six sum rules result for
the total cross sections (optical theorem), cf. Table I:
(ia), (iia), (iiia), any two of the Johnson-Treiman rela-
tions" (iv), and the symmetric sum rule (v). Since the
quark model applies directly to amplitudes, relations
(iib) and (iiib) between the forward differential cross
sections are also obtained if the qq and gq amplitudes
are spin-independent. 4 Although the quark model also

» K. Johnson and S. B. Treiman, Phys. Rev. Letters 14, 189
(1965);R. F. Sawyer, ibid. 14, 471 (1965).
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gives the SU(3) sum rule (vi), the Johnson-Treiman
relations (iv) constitute a more stringent prediction,
inasmuch as these relations follow directly from the
F-type coupling of the t-channel octet to the XS system
that is built into the model. Relations (ia) and (ii) de-
pend on the additive quark scattering assumption and
isospin conservation, but are otherwise independent of
SU(3) symmetry.

If the quark-quark scattering is asymptotic in the
sense that qq charge-exchange scattering is negligible,
then the additional relations (vii), (viii), (ix), and (xv)
of Table I are obtained. ' The further assumption that
the qg annihilation channel is dominantly isosinglet'
leads to the Freund relations, " (xi). Finally in the
Pomeranchuk limit for both qq and qg scattering, equal
xX and EX total cross sections are predicted, along
with the celebrated -', ratio of meson-nucleon to nucleon-
nucleon total cross sections, ' (xiii).

Applications of the quark model to isobar produc-
tion, ' ' photoproduction of mesons, " and nucleon-
antinucleon annihilation into mesons" have been con-
sidered, but will not be discussed here. Marked dis-
crepancies between the predictions of the model and
experiment are known to exist in these cases. '4"
) The relations predicted by the simple quark model
are compared with the available experimental data in
Table I. It is important in these comparisons to make
use of the systematic treeds of the data over the energy
range available. A case in point is provided by the
Johnson-Treiman relations. Because of the uncertain-
ties in the cross-section differences, " these relations
might be considered as marginally consistent with
experiment if compared point by point. However, a
smooth parametrization of the data leads to the large
systematic discrepancies noted in Table I (the un-
certainties are less than 5%").That is, the ootnP/etc

set of cross-section differences from 6 to 18 BeV/o would
have to be changed systematically by the ratios indi-
cated to obtain satisfactory results.

It should be noted also that the comparisons of the
quark-model predictions with experiment are given in

"P. G. O. Freund, Nuovo Cirnento 4BA 1171 (1966); Phys.
Rev. Letters 16, 291. (1966).' Photoproduction: J. Kupsch, Phys. Letters 22, 690 (1966}.
The quark-model predictions in the forward direction are

8o 8o
27—{yp —+ I"+Z') =—(~p ~ E+h),

dQ dQ

do' do—(pp ~ s.+n) =60—(yp ~ It+go)
dQ dQ

whereas the experimental cross sections for these processes seem
to be about the same size: V. B. Elings et al. Phys. Rev. Letters
16, 474 (1966).

~5 pp annihilation: H. R. Rubinstein and H. Stern, Phys. Letters
21, 447 (1966); J. Kirz, ibid. 22, 524 (1966); J. Harte, R. H.
Socolow, and J. Vandermuelen, CERN Report No. TH. 697,
1966 (unpublished). The last authors show that the quark re-
arrangement model for nucleon-antinucleon annihilation is in
serious disagreement with experiment.

"V.Barger and M. Olsson, Phys. Rev. Letters 15, 930 (1965),
especially Figs. 2 and 3.

Table I in the form which iests the releorJnt features of
&he quark (or Regge Po-le) model .For example, the
Johnson-»eiman relations test the notations of C= —1
octet exchange in the t channel and J -type coupling to
the EX system. "Hence the comparison of these rela-
tions with experiment should be made using cross-
section differences as in (iv). Rearrangement of these
equations so that only sums of cross sections are in-
volved' introduces large C=+1 singlet exchange con-
tributions to both sides of the equation. For example,
the second relation in (iv),

may be rearranged as

The left-hand side of Eq. (1) is systematically larger
than the right-hand side by at lea, st 70'%%u~. On the other
hand if Eq. (2) is used, this discrepancy appears only
as a (S%%u~ deviation from equality. Thus, the rearrange-
ment of the equality of Eq. (1) tends to mask the
discrepancy.

The discrepancies between the predictions of the
simple quark model and experiment evident in Table I
cast serious doubt on the validity of the model. The
SU(3)-independent equality (ia) fails systematically
by 15 mb in the present energy range; the uncer-
tainties in the cross-section sums which enter this
relation are &1 mb. It consequently seems dif6cult to
justify the additivity assumptions basic to the model. '~

The comparisons for relations (ii) and (iiia) are incon-
clusive because of inadequate data. The failure of
(iiib) is spectactular: The forward pp —+ nn and
E p~IPn dhgerential charge exchange cross sections
shown in Pig. I dier by factors of 5 10for mornenta —of
3 to 0 BeV/c. This difference in ma, gnitude persists at
nonforward angles; the shapes of the angular distri-
tributions are also quite different. The Johnson-
Treiman relations (iv) are seriously in error for momenta
of 6 to 18 BeV/c; furthermore, the ratios in (iv) are
energy-dependent. . The symmetric sum rule (v) fails
systematically by 5 mb for momenta of 6 to 18
BeV/c. The experimental uncertainties in the sums of
cross sections are 1 mb. This sum rule follows from
the assumptions of 1+8, C=+1 exchanges in the t
channel with F-type coupling of the octet to baryons.

"That the average meson-nucleon and nucleon-nucleon cross
sections should be of similar magnitudes is hardly surprising. The
hadron couplings are sufficiently strong that many intermediate
states are excited in any high-energy collision, leading to a partial
loss of identity of. the incoming particles. Thus, one may expect the
cross sections to be determined by essentially geometrical con-
siderations, with similar "sizes" for the interaction regions irre-
spective of the incident particles. The Pomeranchuk theorem,
o.g(pP) =o ~{pp) at in6nite energy, may be regarded as an example
of this phenomenon. Thus ratios of tota1 cross sections on the order
of unity are to be expected intuitively. It is conceivable, in fact,
that all total cross sections approach a common limit at inhnite
energy, a possibility which is apparently not precluded by present
analyses, especially if the experimental cross sections continue to
decrease.



156 gUARK AND REGGE-POI E MOOELS 1529

The relation is trivially true for the singlet exchanges
with SU(3)-symmetric couplings. Because singlet ex-
change gives the dominant contribution to the cross
sections, this relation does not provide a sensitive test
of the F-type coupling for the octet. Of the testable
relations, only the antisymmetric sum rule (vi),
derivable assuming only SU(3) syrrnnetry and octet
dominance in the t channel, "is in agreement with experi-
ment. The accuracy of this relation is di5.cult to assess
because of the rather large fractional errors in the cross-
section differences (Ref. 9, Fig. 4). However, a syste-
matic fit to the cross section from 6 to 16 Bev/c gives
[hx„Dx j/6—p=1.14&0.12."

The addition of the asymptotic assumptions neces-
sary to derive the remaining quark-model relations
weakens the conclusions which can be drawn from any
discrepancies. Nevertheless, the apparent equality of
the E+p and E+e total cross sections predicted by
relation (viia) has been cited as a striking success of
the model. Similar assumptions lead to the unsuccessful
relations (viii) and (ix). The charge-exchange equality
(viiia) is compared with the available data, in Fig. 1,
and shows a systematic discrepancy of a factor of 2
for the forward differential cross sections. The Freund
relations" (xi), systematically in error by 40%%u~,

again require a new' assumption. Finally, the com-
parison with experiment of the asymptotic predictions
(xiii) for the ratios of meson-nucleon and nucleon-
nucleon total cross sections is model-dependent. If
the cross sections are asymptotically constant, present
analyses' suggest a failure of the -', ratio of meson to
nucleon cross sections" (Table I), and the presence of

20%%uo SU(3) violation in pion-nucleon and kaon. -
nucleon scattering. If the cross sections continue to
decrease as the energy becomes infinite, as suggested
by Cabibbo et al. ,

"no test is presently possible.
The discrepancies noted, between the predictions of

the quark model and present experimental results con-
stitute rather strong evidence against the validity of
that model in its simple form. A number of attempts
have been made to relax the assumptions of the model
to avoid the most striking difhculties either by introduc-
ing SU(3) syrrunetry breaking or relaxing the additivity
assumption. (See, for example, Refs. 3 and 6.) Un-
fortunately, the model has lost in the process much of
its intuitive appeal and its predictive power. (It is
difficult, for example, to relate the requisite symmetry
breaking to that known for the particle mass spectra,
a relation which is at least partially understood in the
Regge-pole model. ) In this sense, recent work represents
what is perhaps more properly regarded as an explora-
tion of the quark model than a derivation of relations
among physical quantities. ' ' On a more fundamental
level, it seems de.cult to give any convincing theore-
tical justification for the additivity assumption,
especially for nonforward scattering. Finally, spin-

"V. Barger and M. H. Rubin, Phys. Rev. 140, B1365 {1965).

Experimental Comparisons of Quark Madel Predictions

dt ~»-nn)t. O
=

dt ~K p "'"'t-O

{i') dt (K p-K'n)t=O = 2 dt ( p 'n)t=0

20-

Kl

~ lo-
E

r

~& (pp —nn) t ~ 0

cn
C
O
0

V)

to 2"
0
O

U

& o,5-

0
K

OJ
A
O

L0

0.2-

O. I

2 6 8
PLttb (BeV/c)

IO l2

FIG. 1. Comparison of quark-model predictions for charge-
exchange cross sections with experiment. pp —+ nn data: 0.
Czyzewski et al. , Phys. Letters 20, 554 (1966); P. Astbury et al. ,
ibid. 22, 537 (1966); P. Astbury et al., in Proceedings of the
Thirteenth International Conference on High Energy Physics at
Berkeley, 1966 (unpublished). w p —&m. e data: A. Stirling et al.
Phys. Rev. Letters 14, 763 (1965);I. Mannelli et ul. , ibid. 14, 408
(1965); P. Sonderegger et al. , Phys. Letters 20, 75 (1966).E P ~
K'n data: P. Astbury et al. , Phys. I.etters 16, 328 (1965); P.
Astbury et al. , ibid. 23, 396 (1966);J.Badier et al. , Saclay Report,
1966 (unpublished).

dependent phenomena have not yet been explored in
the quark model. This may be of particular interest in
connection with the equalities (iib) and (iiib) of
Table I.

III. REGGE-POLE MODEL

The Regge-pole model regards hadron scattering
amplitudes as sums of amplitudes associated with
specific crossed (t) channel exchanges. Considerable,
but by no means complete, theoretical justi6cation can
be given for such a model. Since only singlet and octet
meson states are presently known experimentally, it is
customary in discussing forward scattering to cori6ne
the model to 1+8 exchanges associated with the ob-
served 1 and 2+ mesons. (Successful models for
backward scattering have also been obtained by in-
cluding Reggeized baryon exchanges. )" In addition,
the existence of a unitary singlet Pomeranchuk trajec-
tory with n(0) =1 is generally assumed. . Contributions

» See, for example, C. B. Chiu and J. Stack, Phys. Rev, 153,
1575 (1967); V. Barger and D. Cline, Phys. Rev. Letters 16,
913 (1966).The second paper provides evidence that the numerous
~$ resonances lie on the Regge trajectories which are exchanged.
To date, the quark model has not provided a framework suitable
for the description of backward or large-angle scattering.
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froIQ thc knovfn 0 RIld possible j.+ octcts do not coH-

tribute to total cross sections. However, it has recently
been sho"pFQ that such trajectories with their associated
secondary trajectories (conspirators) may give im-

portant contributions to dift'erential cross sections even
at 1=0.'0 Possible contributions from moving cuts in
thc angular"Qmmcntum plRQc have generally bccn
ignored.

It is usually assumed. that the factored. Regge-pole
residues satisfy SU(3) sylnmetry. However, the sym-
rnetry brewing implied by the different masses of the
observed partlclcs 1H. thc 1 and 2+ Honcts Is QOIInally

taken 1Dio RccouH. t by allowing Qondcgcncratc trajec-
tories for those particles. No restrictions are ~posed.
with respect to the D/F ratios for the couplings of the
Regge poles to the SX systemps and (ro,p) and. (f)f')
mixing may also be permitted. Since at least some sym-
metry blcRklllg (~10 to 15%) 111 thc 1'csldllcs ls RIltlcl-

pated, and. since some contributions to the cross sec-
tlolls Rle of Inllch dlffclcllt size (fol example, Rt 12
BCV/c the contribution of the Pomeranchuk trajectory
to total cross sections is larger by factors of 5—50 than
the contributions of the lower-lying trajectories ), con-
siderable care must be taken in making sylmnetry
tests. An example is provided by the SU(3)-symmetry
relation among the amplitudes

a(E p~E-p) a-( —p~-p) =A-(E p~~-Z+), (-3)

which leads to R set of triangle inequalities for the
differential cross sections. The right-hand side of this
relation involves only nonet exchange. On the other
hand, , the separate amplitudes on the left-hand side
involve both Qonct exchange and. singlet Pomeranchuk
exchange. The indicated equality requires SU(3)
syIIIIIletry foI' thc Rcggc residues RDd dcgcnclRcy of
thc octet trR]cctorlcs. However, 1'f R rcallstlc dcvlatlon
from exact symmetry is permitted in the Porn. eranchuk

couplings to xx Rnd EK,' a si~6cant Pomeranchuk
coHtribution remains, and. the relation Deed not hoM,

even approximately. Similar restrictions apply to other

symmetry tests in the Regge-pole mod, el.
It has been possible with Regge-pole Inodcls to

achieve very accurate its to the high-energy data on

all EX, NS, wS, EX, and KS total cross sections. "
It has Rlso been posslblc to 6t both thc energy Rnd

IQOQMQtum transfer dependence of the elastic Rnd,

charge-exchange diRercntial cross sections. FaiIly

N' Loyal Durand, III, Phys. Rev. Letters 18, 58 (1967).
~' S. Mandelstam, Nuovo Cimento 30, 1127 (1963); 30, 1148

(1963).
~ It has been shown, for example, by Y.T. Chiu and L.Durand

i University oi Wisconsin Report, 1965, (unpublished)g that the
forward 5'g scatterIng ainphtude andy hence' fhe fofal x'E
scattering cross sections, depend on both the vector and tensor
types of pEE coupling for 0, (0)~1.. The vector coupling may be
pure Ii type, as vrould be expected in a theory with a conserved
current. However, the tensor coupling is unrestricted, and is known
to contain a large D-type admixture at the p pole. A nonzero D/F
ratio for the resultant forward scattering amplitude may therefore
be expected in a Regge-type theory, even in the limit of exact
SU(3) symmetry.

direct evidence for Regge behavior is in fact provided
by thc obscrvcd corI'clRtloHs of IlllnlIDR ln the dlffcren-
tlal closs scctlolls wltll tllcll cllclgy dependence D.c.,
wltll tllc tra]cctorlcs rr(1)1 ' Tile prcdlctlons of 'tile

model for the real parts of the forward pp, prs, and rrp

scattering amplitudes are in reasonable accord with
the experimental results. "The predictions of the Regge-
pole model for the polarization in rr+p elastic scattering
are remarkably successful. "The difhculties in the model
wl'tll tile Ãp Rnd pp charge-exchange closs scctlolls llotcd
in the past have apparently been removed with the
discovery of contI'lbutlons to thc forwRI'd. diRcrential
cross sections associated with secondary Regge trajec-
tories with singular residues (conspirators). " Finally,
lt has been suggested that thc outstanding pI'obleIQ %'1th

the model, the existence of polarization in the charge-
exchange reaction rr p~ rr'rr, " zero for single p ex-
change, may arise from the interference of the dominant

p contributions with small contributions from the tails
of low-energy ÃE 1csonRnces, low'cr-lying 1 tl Rjcc-
tories, "or small Regge-cut terms. "It is not clear which,
lf Rny) of these cxplRnatlons fol thc measured polariza-
tion" is correct. Resonance or secondary trajectory
contributions are unimportant for the high-energy
total cross sections of primary interest in the present
paper. However, if cuts exist, it may well be necessary
to consider thclI' contributions to total cross scctloH. s.
This problem remains open. Although there are still
some problems outstanding, the Reggc model seems in
general to provide a satisfactory framework for R de-
tailed d.cscription of high-energy phenomena.

Of the relations in Table I, only the SU(3) sum rule

(vi) is obtained unambiguously in the general Regge-
pole model; as noted. previously, this is successful. The
approximate experimental equalities in (viia) and. (viib)
arise in the model from. the smRHness of the p and. 32
residues compared to thcI =0 leslducs, Rnd thc tcndcncy
of even these small contributions to cancel. t If the p
and As couplings are universal, then relation (iia,)
is also obtained. This relation cannot be tested with
present data. ] The same paramctrizations' leads to
the prediciiorr that, at present energies, the amplitude
for E p —+ E'I is predominantly imaginary, the ampli-
tude for E+rl ~ EsP is predominantly real, and that
(xa) and. (xb) should hold approximately.

"I'.Arbab and C. B.Chiu, Phys. Rev. 147, 1045 (1966); S. C.
I'rautschi, Phys. Rev. Letters 17, 722 (1966); C. 3. Chiu and
J. Stack, Phys. Rev. 153, 1575 (1967); L. L. Wang, Phys. Rev.
Letters 16, 756 (1966).

~ V. Barger and M. Olsson, Phys. Rev. Letters 16, 545 (1966);
S. J.Lindenbaum, in Proceedings of the 1967 Coral GaMes Con-
ference on Symmetry Principles at High Energies, BNL Report
No. 11175 (unpublished).

» C. B. Chiu, R. J. N. Philhps, and %. Rarita, Phys. Rev,
153, 1485 (1967)."P.Bonamy et al. , Phys. Letters 23, 499 (1966),

'7 R. J. N. Phillips„Nuovo Cimento 45A 245 (1966); R. K..
Logan and L. Sertorio, Phys. Rev. Letters lk, 854 (1966).

» H. IIogaasen and W. Fischer, Phys. Letters 22, 516 (1966).
29 V. M. deLany, D, J. Gross, I.J. Muzinich, and V. L. Teplitz„

Phys. Rev. Letters 18, '148 (1967).
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It should perhaps be emphasized that the results noted

for differential cross sections and polarizations constitute
a much more stringent test of the Regge pol-e model thanis
yet asailable for the quark model; the experimental results

for total cross sections are reproduced without diJ'tculty

by current Regge po-le models.

IV. CABIBBO-HORWITZ-NE'EMAN MODEL

Special assumptions can be made which reduce the
number of parameters in the Regge-pole model. One
such model has been proposed by Cabibbo-Horwitz-
Ne'eman (CHN)." This model allows only (1+8)
tensor and (1+8) vector exchanges (no additional
singlet Pomeranchauk. exchange) and invokes quark-
model results for the residue factors. Relations (i)
through (vi) of Table I follow immediately from these
assumptions /relations (iib) and (iiib) could be elimin-
ated by the addition of conspirator trajectories to the
model). Relations (xi) and (xii) of Table I also follow
without further assumptions. Both of these relations
are in substantial disagreement with experiment. In
addition to the foregoing equalities, CHN quote a
number of inequalities among total cross sections which
are consistent with experiment. However, it is readily
shown that these inequalities follow from their assump
tioe that the Regge residues have the same signs at
t=0 as at the physical particle poles, where the signs
are known. Although commonly made, and apparently
true empirically, this assumption is nontrivial as may
be seen from the fact that one of the p residues changes
sign rather close to t= 0 Lat t~ —0.1 to —0.3 (BeV/c)');
in fact this nearby zero accounts for the anomalously
small value of the p residue at t=0 mentioned pre-
viously.

It has also been proposed by Arnold and Ahmazadeh'
that certain even- and odd-signature Regge poles might
have degenerate trajectories and equal residues (ex-
change degeneracy). With the assumption that the p
and 2 s (sometimes called R) are exchange degenerate,
CHN obtained predictions (vii), (ix), and (x) of Table I.
As noted before, (vii) follows approximately from the
smallness of the p and A 2 residues without the assump-
tion of exact exchange degeneracy. The ratio of the
cross sections in (ix) is energy-dependentsi; detailed

"R.C. Arnold, Phys. Rev. Letters 14, 65tt (1965); A. Ahmad-
zadeh, ibid. 16, 952 (1.966); Phys. Letters 22, 669 (1966); A.
Ahmadzadeh and C. H. Chan, ibid. 22, 692 (1966);R. C. Arnold,
Phys. Rev. 153, 1506 i1967l.

"See, for example, the detailed analysis of V. Barger and M.
Olsson, Phys. Rev. Letters 18, 294 (196''), especially I'ig. 1.

fits give n„(0) 0.56, nn(0) 0.35. These ratios indi-
cate that exchange degeneracy is at best an approxi-
mate relation, albeit one which may be useful for
approximate predictions of cross sections. If the assump-
tion of (p,As) exchange degeneracy is supplemented by
(f»&os) exchange degeneracy, the cross sections in
(xiv) are predicted to be equal at 6nite rnomenta";
this approximation is clearly rather crude.

V. FUTURE POSSIBILITIES

The unrestricted Regge-pole model permits very
accurate parametrizations of cross-section data, and
appears not to lead to undesirable predictions. How-
ever, the possible consequences of Regge cuts, and the
effects of conspirator trajectories on differential cross
sections, have yet to be explored in detail. In addition,
the potential provided by this model for the study
of SU(3) symmetry-breaking and particle-mixing
phenomena has not been exploited fully. The following
points may be of particular interest: (1) Trajectory
(or particle) mixing occurs at equal values of the com-
plex angular momentum n(t). Because, for example,
the (&o,P) trajectories are not degenerate, the effective
mixing angles derived from cross sections at equal
values of the momentum transfer (e.g., at t=0) will
diGer in general from the actual mixing angles, and
modidcation of previous analyses involving I=0 trajec-
tories may be necessary. (2) The Regge residues are
functions of both t and n(t). Potential scattering sug-
gests that the major dependence is on n(t). Conse-
quently, SU(3) symmetry should perhaps be required
for the residues at equal n(t) rather than at equal t.
(3) Regge-pole models may apply directly to 7rd and
E;d scattering. If so, direct use of the deuteron data
would permit a more accurate analysis for the I=0
trajectories than can be performed using the neutron
data, the accuracy of the latter being limited by the
uncertainties in the Glauber screening corrections. In
particular, a more stringent test of the suggestion of
Cabibbo-Horwitz-Kokkedee-Ne'eman (CHKN), " that
the highest-lying I=O trajectory may have n(0) &1
[o.(0)=0.925) may be possible. Higher-energy deuteron
data would help to clarify this point.
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