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The SU(3) symmetry of baryon Regge poles is explored by comparing the angular distribu-
tions of backward meson-baryon reactions whose Regge exchanges should be SU(3)-related.
Several indications of the symmetry are found. In particular, it is discovered that one can
generate the observed highly structured angular distribution for m+p -pm+ from the feature-
less one for K+P -PK+ simply by assuming SU(3) symmetry and taking singlet-octet ex-
change degeneracy in K+P scattering into account. Using the symmetry, evidence that ex-
change degeneracy between the Reggeized 2 and 2 octets is broken is found. Relevant ex-
periments are suggested.

I. INTRODUCTION

We are exploring the question of whether baryon
Regge residues show the same kind of SU(3) sym-
metry that resonance decay rates and stable-par-
ticle couplings do. More specifically, we are look-
ing for evidence of such symmetry (and sometimes
of exchange degeneracy as well) in the observed
features of backward 0 meson--,"baryon scatter-
ing. We would like to report some of the things
which have been found.

As is well known, resonance partial widths have
proved to obey close-to-exact SU(3) symmetry,
once the barrier-penetration-phase-space factor
q"" is divided out of them '(Here .q is the center-
of-mass momentum of the outgoing particles, and
l is the orbital angular momentum of the reso-
nance. ) Thus, the residue of the Breit-Wigner
pole in the partial-wave amplitude (S —1)o/
2i(q, q&)'" for formation of a resonance by incom-
ing state i, and its subsequent decay into outgoing
state j, is SU(3)-symmetric once the factor (q,.q,.)'
is removed. It is then natural to conjecture that as
one moves along the Regge trajectory to which the

resonance belongs, this barrier-penetration effect,
(q,.q,.)', continues to be the only thing which breaks
the SU(3) symmetry of the residue. Hence, we
write the signatur'ed meson-baryon partial wave
containing the Regge pole to which some resonance
k belongs (for definiteness we treat here the case
where k is a member of the 5 decuplet [b, ~(1236),
Z~(1385), etc. j) in the form

p'„.(w)/s,', z,. +M,. E,. +u,. ~~2

f„.(z, w)
( )

(q, q,

(1.1)

Here J is the total angular momentum, l =J ——,
' is

the orbital angular momentum, W is the total c.m.
energy, u = W', and E, is the c.m. energy of the
baryon, of mass M„ in state i. The trajectory on
which resonance k lies is denoted by u~. [We will
always take n„ to be the true, somewhat SU(3)-
breaking, trajectory. ] The amplitude f is defined
to coincide with (S- 1)/2i(q, q~)'I' for physical J',
and the slowly varying square root in (1.1) has
been included so that P~~/so~ will be the residue of
the Regge pole in the standardIkinematic-singu-
larity-free partial-wave amplitude. ' The conjec-
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[ g(C,". d C,',fb(W)], (1.3)

to accommodate the two independent octet-octet-
octet couplings. The C„and C& are Clebsch-Gordan
coefficients, and we normalize d+f —= 1. We assume
that d(W)/[d(W)+f (W)] is a constant, independent of
the energy W carried by the trajectory, but it must
be stressed that this assumption is not required by
SU(3), and is to be justified by confrontation with
the data.

The assumed SU(3) symmetry has strong impli-
cations for backward angular distributions. Con-
sider the trajectories to be exchanged in the u chan-
nel (with the "energy" W=&u) of reactions whose
c.m. energy squared is s. Suppose several differ-
ent reactions are all dominated by exchange of a
member (not necessarily the same member) of
some SU(3) multiplet of trajectories. At a given s,
the u dependence of each reaction is determined by
the u dependence of p(v u), the factor (s/so)" ~"~

= (s/s, )"o+n™,and other factors which depend only

on the exchanged trajectory n~(u} and on the exter-
nal masses, andwhich, therefore, involve only

small, kinematical SU(3) breakings. From (1.2) or
(1.3), all the P's have the same Wu dependence. Fur-
ther, if sois SU(3)-invariant, then, since all trajec-
tories are observed to have about the same slope
n', the factor (s/s, )"will contribute exactly the
same exponential u dependence to the various reac-
tions. Thus, we expect these reactions to have al-
most identical backward angular distributions at a
given s.

Of course, when one is comparing two reactions,
either of which involves mo~e than one Regge pole,
then identical angular distributions are in general
not expected. However, even in this case SV(3)

tured symmetry is imposed by taking P to have the
form'

1(n, + 1)P",,(W) = [gC', ~(W)][gC;~(W)]. (1.2)

Each bracket in (1.2) expresses a Regge vertex in

terms of an over-all coupling strength g, SU(3)
Clebsch-Gordan coefficient C, and SU(3)-invariant
energy dependence y(W}. Note that in order for
[P/s, '] to obey SU(3), the scale constant s„which
will appear in the characteristic Regge energy de-
pendence (s/so)" ~' 'l, must be SU(3)-invariant.
Given this invariance and the behavior (1.2), the
complete residue of the pole (1.1) will obey exact
SU(3), except for the same factor (q, q,.)' as appears
in the Breit-Wigner residue, and apart from small
additional kinematical effects.

The residues of the other Regge poles (n octet,
etc )are. handled in a similar way, the square root
in (1.1) being modified as necessary to remove the
kinematical singularities from P. For an octet of

Regge poles, the vertex [gCy] is replaced by

can make it possible to predict the shape of the one
angular distribution from a knowledge of the shape
of the other.

In Sec. II we illustrate the SU(3) generation of
one angular distribution from an experimental
knowledge of a completely dissimilar one. In Sec.
III we test the predicted SU(3) relations between
reactions whose features are similar. Section IV
uses SU(3) symmetry to obtain evidence against
strong o,-octet-y-octet exchange degeneracy from
the observed polarization in n p-AK . In Sec. V
we summarize our results and suggest experiments
which would make possible further testing of SU(3)
and of exchange degeneracy.

In most of the analysis, we will not consider the
contributions from possible Regge cuts. This is
not because we are convinced that Regge cuts are
always small; on the contrary, we suspect that, in
reactions such as K'p- pK' which have no dips
and involve amplitudes which are largely real, they
are sizeable. Rather, it is because the explicit
inclusion of Regge cuts would greatly complicate
the picture and lead to a lot of arbitrariness.
Therefore, at this stage we explore the SU(3) sym-
metry of Regge poles by testing the SU(3) relations
between experimental quantities which follow when
cuts are neglected, hoping that these relations are
not qualitatively affected by any cuts which may be
present. The results suggest that this is indeed
the case.

II. GENERATION OF 7/'p FROM E'p

Consider the reactions K'p-pK' and m'p-pm'.
The first of these has an undistinguished, rather
flat backward peak, 'while the second has a steep
backward peak, deep dip, and secondary maximum. '
Is it possible, by constructing a very simple picture
of each reaction and applying SU(3), to generate the
highly structured m'p angular distribution from the
featureless one for K'P'?

To begin with, one expects the Regge poles in

the exotic reaction K'p-pK' to contribute in

strongly exchange-degenerate pairs, the predomi-
nant pair being A „(1115)and

A
&(1520).' Given the

small Z„-A „ trajectory splitting and SU(3) for res-
idues, any contribution from a Z -Zz pair will
have about the same u and s dependence as that
from A -A&, and will be in phase with it. Thus it
will simply change the apparent size of the A -A

contribution, so let us pretend, for the moment,
that d has the value d = —,', for which only the A pair
couples. Let us also neglect the small b z contribu-
tion to m'p, and the related Z~-Z8 contribution,
which from SU(3) is also small, to E+p. Then the
invariant amplitude A for K'p has the form
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A =h~~(u)[(1+e " A)+(1 —e ""A)]
x 1 (—n A)(s/soA)

=h„(u)21'(-n )(s/s ) "A'" . (2.1)

= C e""cos' —n~(u),

with the constant C given by

(2 5)

Here hh is related to the common residue of the A

pair, and T|.A =-nA —2, where nA is the common
trajectory. The A and A& contributions are, re-
spectively, the (1+e '""&)and (1 —e ""A)pieces
of (2.1). The invariant amplitude B has exactly the
same form, with h„replaced by some other coef-
ficient h~A.

From the observed properties of the 2 A reso-
nance at 1520 MeV, the A& trajectory is mostly an
SU(3) singlet. ' Thus it has no analog in n+p. The
A „, on the other hand, is part of an octet of tra-
jectories, represented by the N„ in z'P. Thus,
the application of SU(3) to (2.1) yields for n'p the
amplitude

A = h"„(u)(1+e ""&)I' (-n„)(s/s, ")"&~"', (2.2)

and a similar expression for B, with h„-h~. Here
n„=n„——,'. If the SU(3) residue symmetry we have
discussed holds, we must have soN = soA =—so. Fur-
thermore, h"„(u) and hg(u) (which are proportional
to the N„residue) will be equal, respectively, to
hA(u) and heA(u), apart from a common SU(3)
Clebsch-Gordan coeffic ient.

Apart from small kinematical SU(3) breakings in
the relations between A. and B and the differential
cross section, we may compare the predicted n'p
and K'P angular distributions at a given energy s
simply by comparing the squares of A. , or of B.
Thus, neglecting the relatively unimportant factor
[I'(-n„)/I (-nA)]', we expect that

2(aN- o. A)
C = —

A
— (17.5 p,b/GeV') .

h~A so
(2 5)

To evaluate C, we take so = 1 GeV', a round num-
ber close to the 1.3 Gev' suggested by the slope
of the K'p data, and nN —+A=0.36, as indicated by
fits to backward reactions. " Then at 5 GeV/c,
(s/so)' "& A =5.5 [a large SU(3)-breaking effect].
The remaining factor, (hs/hsA)', depends on d, so
rather than predict C, we see what value the z'P
data suggest, and determine the corresponding val-
ue of d.

The prediction (2.5), with C =250 p, b/GeV', is
compared with the data' for z'P- pm' at 5.2 GeV/c
in Fig. 1. The observed u dependence is very well
reproduced. The steepness of the backward peak,
the general shape of the secondary maximum, and
the approximate height of the backward peak rela-
tive to that of the secondary maximum are all cor-
rectly given. The value C =250 pb/GeV' was cho-
sen simply by visual fitting, and corresponds to
d =0.54, but the important thing is the m'P u dePen-
dence, which does turn out to be just cos' 2mn~(u-)
times that for K'P. '

Of course, (2.5) undershoots the data in the bot-
tom of the dip, because the N vanishes at this
point and we have omitted the A~ background. How-
ever, even this detail can be taken care of by elim-
inating the I„=2 background from the wN data (I„
being the isospin in the u channel). The latter has
been accomplished by Barger and Olsson, who
compute from data at 5.9 GeV/c (Ref. 9) the quan-
ti

hN
B 1. 1+e-i &oN(M) 2 S

(2.3)
(2 7)

d 0'
= 17.5 e""p, b/GeV',

dQ E+p
(2.4)

with u in GeV'. Thus, from (2.3), one predicts
that at the same energy

Since n„and nA are parallel, (s/so)'I"& "A~ does
not depend on u, so the entire difference in the u
dependences of ~'P and E'p is being ascribed to
the fact that in the latter reaction one has the u-
independent sum of two signature factors (1+e "")
and (1 —e""), while in the former only the first of
these factors survives.

The new data on the K'p backward peak at 5
GeV/c from CERN4 may be described by'

This quantity is the square of the I„=—,
' amplitude,

and if that amplitude is indeed almost entirely an
N„pole it should have a zero, and not just a dip,
when n„=-~ (u = —0.14 GeV2). Barger and Ols-
son' find that, to within errors, the I„=—,

' ampli-
tude does indeed have this zero (see Fig. 2). Con-
sequently, the SU(3) prediction (2.5), with C and
the slope of 3.6 suitably corrected to correspond
to (d c/du)~ at 5.9 GeV/c, should give a good de-
scription of the latter, even in the vicinity of nN

I
2

There is one, essentially experimental, difficul-
ty with this. Namely, if one presumes that w+P is
N„-dominated, then the 5.2- and 5.9-GeV/c w'p
data are not entirely compatible. If one folds into
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0

agreement between the corresponding curve, shown

in Fig. 2, and experiment is impressive.
If we assume that it is the 5.9-GeV/c mN data

which are correct, we may now turn the SU(3) anal-
ysis around and ask what K'p cross section they
imply. Correcting the slope of 5.3 back down to
the energy of the CERN K'p measurements, we
expect the latter to display a slope of 5.05. Visual-
ly fitting an exponential with this slope to the data,
we find reasonable agreement (see Fig. 3) when
one takes

FIG. 1. Prediction of the angular distribution for m+P

pe+ at 5.2 GeV/c, obtained by applying SU(3) symmetry
to the angular distribution for K P PK+ at the same
energy. Apart from the overall normalization, no param-
eters have been adjusted. Data for x+P from Ref. 5.

the slope of 3.6 in (2.5) the Regge shrinkage that
an N pole would produce, one expects (d o/du), +~

to have a slope of 3.8 at 5.9 GeV/c. And the data
at this energy' [hence also (do/du)~, of which
(d ojdu), +~ is a large part] are much steeper than
this. Thus, to describe the 5.9-GeV/c (do'/du)„,
one is forced to treat the normalization and slope
in (2.5) as free parameters. Doing this, we find
that the best fit to (d v/du)„ is achieved with C =566
gb/GeV' and the slope of 3.6 replaced by 5.3. The

= 28 e"""p, b/GeV ' .d o'

dM g+p
(2.8)

(Note that the K data show curvature, presumably
reflecting the increasing importance of nonperiph-
eral backgrounds, as one moves down the backward
peak. Thus, for our purposes, attention should be
focused on the backwardmost points. ) Given that
C = 566 p, b/GeV' in (do/du)„, the normalization in
(2.8) implies that d=0.51. Since (2.8) does not
agree with the data quite as well as the exponential
with a slope of 3.6, we see that, depending on
which mN data are correct, SU(3) is more or less
exact. But it is obvious from Figs. 1-3 that SU(3)
is quite successful at relating the completely dif-
ferent angular distributions for m'p and K'p in any
case.

80-

t-~ 60
N

C9

~ 40

(da/du)N at 5.9 GeV/c

30—

20 K p p K+at 5GeV/c

IO—

Z

b~ 20-

-0.8

U (G eV/c)

I I I I

+ O. l O.O -0.2 —0.4 -0.6 —I.O -0.8 -0.4

(GeV/c)

0.0

FIG. 2. Comparison between the I„=2 backward nN
cross section and the form (2.5) expected from SU(3),
but with the slope of the exponential and the overall nor-
malization adjusted as required by the 5.9-GeV/c data
of Ref. 9.

FIG. 3. Angular distribution for K+P -PK+ at 5 GeV/c.
The shallower straight line is the description (2.4) of the
data given by the experimentalists. The steeper one has
the slope of 5.05 required by SU(3) applied to the mN data
at 5.9 GeV/c. Data from Ref. 4.
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In our analysis, we have, of course, attributed
the dip in m'p-pm' at u=-0. 14 GeV' to a wrong-
signature nonsense (WSN) zero in the N„contribu-
tion when n~ = ——,'. We remark that if Regge resi-
dues do have the SU(3) symmetry we are looking
for, this is a particularly natural explanation of
the dip. To begin with, the symmetry implies that
the N„contribution to any of the 0 meson- —,

"bar-
yon reactions should indeed vanish at the WSN
point. All that is required for this vanishing is
that the N„residue P not blow up and cancel the
zero. Now the n octet residue will not blow up in

any reaction whose s channel is exotic." Consid-
eration of two such reactions then suffices to con-
clude that neither the d- nor f-type n octet cou-
pling is singular. Thus, the N„residue will al-
ways be well behaved. Since the resulting zero in
the N„contribution is predicted to occur at u
=-0.14 GeV', it is then natural to suppose that the
dips seen at this u value in various reactions in-
volving the N are due to this zero.

III. SU(3) SYMMETRY OF NA EXCHANGE

We turn now to an illustration of the operation of
the symmetry when several different reactions in-
volve exchange of exactly the same Regge pole and
differ only in the external particles involved. The
processes m'P-Pm', K n-hw, and K n- Z m

are all generally thought to be dominated by N„
exchange. Thus, SU(3) predicts their u dependences
to be rather similar. That they are indeed similar
is evident in Figs. 1, 4, and 5. However, the most
dramatic feature of these reactions, the dip, is ex-
pected in the latter two just from its presence in
the first, even without SU(3). Once it is assumed
that the N„dominates z'p-Pm', the observed dip

in this process tells us that the N contribution to
it vanishes at n~„= ——,. This implies that the N„mN
vertex is not singular at this point. Then the N„
must also vanish at n~ = -& in K n-Acr, because
if it did not, that would mean that the N„KA vertex
is sufficiently singular to cancel the WSN zero.
This, in turn, would imply that the N contribution
to the reaction K A -AK, which involves the
N KA vertex squared, becomes infinite when n„

Thus we expect a dip in K n-Am, and sim-
ilarly in K n- Z m, and it becomes of interest to
test SU(3) more quantitatively in these reactions.

To make such a quantitative test, we have used
a simple model based on N„and b, ~ poles (plus
weak cuts which are unimportant for the present
considerations) to describe w p-pw, m'P-Pm',
K n-An, and K n- Z'@Ex' c.ept for the d/f ratio
of the n octet, all parameters of the model are de-
termined by fitting n'p Pm'-'As. suming SU(3),
one can then predict do/du for K n-Ag, apart
from the over-all normalization, which depends on
d. A fit to the data at 3.9 GeV/c (Ref. 12) yields
the value d= 0.8. The corresponding theoretical
curve, which compares quite favorably with the
data, is shown in Fig. 4." With d now fixed, one
may make a parameter-free prediction for the re-
action K n -Z m . The predicted angular distribu-
tion for 3.0 GeV/c is compared with the data" in
Fig. 5. The agreement is quite reasonable. "

The successes represented by Figs. 4 and 5, be-
sides suggesting that the N andA~ residues do in-
deed possess SU(3) symmetry, give some evidence
for factorization of the octet u-channel amplitude.
Apart from u p- pm, to which octet exchange can-
not contribute, all the reactions under discussion
are dominated by this exchange in the u channel.
Now, g priori, there are three independent octet

K n —A77 at 3.9 GeV/c

I I

(U
30

C9~ 20

L I

b ~
l0

200

1

150
~O

(3

loo

K n X'm at 3 GeV/c

I I I I I I

0 0.2 0.4 0.6 0.8 1.0

—u (6 e V/c)

b ~
50 Hl-

T
Hl-

L

0 0.2 0.4 0.6 0.8 l.0
FIG. 4. Differential cross section for X n —Ax at

3.9 GeV/c. The shape of the theoretical curve follows
from SU(3), with no parameters. The overall normali-
zation has been adjusted to give the best fit to the data,
and corresponds to d =0.8. Data from Ref. 12.

—U (G eV/c)

FIG. 5. Parameter-free SU(3) prediction for the X n
Zox cross section at 3.0 GeV/c. Data from Ref. 14.
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amplitudes, connecting the symmetric and anti-
symmetric octet meson-baryon states to them-
selves and to each other. It would take three re-
actions to measure these amplitudes; then one
could predict a fourth. On the other hand, if the
octet amplitude factors into a product of vertices,
then there are only two independent amplitudes,
both determined by the two independent couplings,
f-type and d-type. In the model which we used,
the small decuplet exchange was fixed by the re-
action w p pm, then the theo reactions n+p-pm+

and K n-An were used to fix the octet amplitude,
and then a third octet-dominated reaction, K n

Z m, was successfully predicted.

IV. POLARIZATION AND EXCHANGE DEGENERACY

Let us now assume the SU(3) symmetry of Regge
residues, for which we have seen evidence in the

preceding sections, to be valid, and use it as a
tool in the testing of exchange degeneracy (EXD)
of the residues. [Given an even- and an odd-signa-
ture Regge pole whose trajectories are degenerate,
exchange, degeneracy of the residues means equal-
ity of the partial-wave residues P, or, equivalent-

ly, equality of the coefficients of the respective
signature factors in the invariant amplitudes, as
in (2.1).] One of the first places one thinks to look
for such exchange degeneracy is in polarization.
For example, if in the s-exotic reaction K'P-PK'
all trajectories contribute in EXD pairs analogous
to the dominant A „-A& pair of (2.1), the ampli-
tudes will be real and the polarization will vanish.
This polarization is thus an interesting quantity to
measure at high energy, but if we use SU(3), we

can already say something about exchange degen-
eracy in K'p pK' on the basis of the polarization
observed in another process.

Consider the reaction n p-AK . The backward
polarization in this process is known to be of the
order of 100% and positive (the cross section shows

a fairly smooth backward peak). " In the u channel

this reaction has I=1, and so it can involve ex-
change of Z„(1190), Z&(1670}, Z~(1385), and

Z 8(1765). Applying SU(3} to the A~ contribution
measured in w p-pm, and taking into account the
major kinematical SV(3)-breaking effects as in the
discussion of 71'P and K'P, one estimates that the

Z~ contribution to w p-AKO at 6 GeV/c and u =0
is 6% of the measured rate. " From rough EXD re-
quirements and SU(3), one can easily argue that
the Z 8 contribution is quite a bit smaller still. '~

This leaves Z„and Zz to supply most of the ob-
served cross section.

Now consider the polarization, and assume that
Z and Z& are strongly exchange degenerate in
K'P-PK'. Then, if SU(3) holds, the Z„-Z pair

cannot by itself do any polarizing in n p AK .
When one goes from the first reaction to the sec-
ond, the Z contributions to the two invariant am-
plitudes A. and B both change by just some common
Clebsch-Gordan coefficient x. Similarly, the Z&
contributions change by some other coefficient y.
If the Z -Z& pair entered A. and B for K'p-pK'
in the EXD form

(1+e '""z)+(1—e '"'"z), (4 1)

then it will enter bothy. and B for n p AK with
the same phase factor

x(1+e ""z) +y(1 —e ""z) . (4.2)

p„(v u ) = (v u+8~)f„(u),

p~(Wu) = (v u+8~)f~(u),

(4 3)

(4.4)

where the constants S„and 8z, are approximately
equal, respectively, to the nucleon and delta mass-
es, and f„and f~ are arbitrary functions of u. Any
residues of this form, with 8~ and Q~ any positive

(Here nz -—o. z ——,', where nz is the common Z -Z
trajectory. ) Since the polarization can be ex-
pressed in terms of Im[(A+RIB)B*J, where M is
the average of the external baryon masses, theZ-
5& pair evidently does not by itself cause any po-
larization. " [Kinematical SV(3) breaking has no

effect on this situation. ] Thus, the polarization in
m P-AK must be coming from interference be-
tween the contribution from Z -Z» and that from
Z~-Z 8. But polarizations of the order of 100'%%uo re-
quire an interference between two comparably
sized contributions that are both important in the
cross section. In view of our conclusions about
Z&-ZB, there seems to be something wrong.

This conclusion is reinforced by consideration of
the sign of the polarization. As stated earlier, the
Z~-Z & pair is mostly Z~ (for u =-0.3 GeV', where
o. z 8

= ——,', it is all Z~). Given the known signature
factors, lf Z. and Zy are strongly exchange degen-
erate in K'P-PK', and d ~ —,

' for the n octet, while
d ~ —,

' for the y octet, ' then the Z, Zz interference
and the Z&, Z~ interference contribute to the m p
-AK polarization with the same sign. This sign
then depends on those of &A+~ah~" and hA.+ NB"B
[in the notation of (2.1)], and possibly also on their
relative size. Now these products of h's are re-
lated by SU(3) to the corresponding ones involving

Az and N„ in elastic mN scattering. And in mN scat-
tering, Berger and Fox have determined what
amounts to the sign of h„,„—~h„",„—~ at 180 ." To
obtain from this the signs that we require, we re-
call that the form of the N and ~~ residues which
is suggested by the absence of parity doublet part-
ners to the nucleon and delta, and which has proved
successful in fits to data, '0 is
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numbers, imply that h~ h„,„-~&0 and h~~h„~„-~
& 0." Hence, from Ref. 19 one can infer the signs
of h„+„—~h~ and h"„+„-~h~ at 180, and, assuming
no random zeroes of the Regge contributions in the
backward region, at other values of u as well.
Then SU(3) leads immediately to the signs of the
corresponding products of h's in n p -AK; since .

the two products turn out to produce like-signed
contributions to the polarizatiori, their relative
size does not matter. Thus, a clear prediction of
the sign of the polarization in m p-AK is ob-
tained, and unfortunately the predicted sign is
wrong.

We see that if SU(3) holds, the assumption of
Z„-Z& exchange degeneracy in K'p- pK' implies
a polarization in w p-AK which is wrong in both
size and sign. Regarding the size, even if our es-
timates of SU(3) breaking are not precisely correct,
it does seem likely that the Z~ will be small com-
pared to Z „ in w p -AK, given that the 6 ~ is
small compared to N„ in m'p- pw'. As for the
sign, the argument relied on reasonable assump-
tions about P„and P~, and on the kind of SU(3) sign
predictions which have proved very successful
elsewhere. ' Thus, the evidence suggests that the
Z „and Zz residues are not in fact exchange-de-
generate in K'p-pK'. In particular, these resi-
dues must have different Wu dependences, so that
when one transforms to m p-AK, they will differ
by more than a ratio y/x, and will allow the Z„-Z&
pair to produce some polarization by itself. There
is, to be sure, motivation and evidence for some
degree of Z„-Z& EXD in m p-AK, apart from a
factor y/x= -1,"but Field and Jackson have found
that situations are possible where in certain re-
spects a fair amount of exchange degeneracy is
present, and still a large polarization is generated
by the degeneracy breaking. ""

If the Z„and Z residues have different Wu de-
pendences in K+P-PK', then, of course, SU(3)
implies that EXD between the a and y octets is
quite generally broken. However, one still expects
the exotic K'p amplitudes to be approximately
real; consequently, one still expects the A~-A&
pair which dominates K'p to enter approximately
in the EXD form (2.1) (so that, in particular, the
analysis of Sec. 11 remains valid). Since the A& is
mostly singlet, the A pair will contribute in the
desired manner if EXD between the n octet and y
singlet is relatively unbroken. We conjecture that
this is indeed the case.

As always, one must be cautious in drawing con-
clusions from polarizations. The process m p- pm

is generally thought to involve just 4~, while K &

-Am and m'p-pm' are thought to be strongly dom-
inated by N„. Since a single Regge pole whose tra-
jectory depends only on u causes no polarization,

V. SUMMARY AND SUGGESTED EXPERIMENTS

We have found several pieces of evidence for the
SU(3) symmetry of baryon Regge residues, and,
using this symmetry, one piece of evidence against
their exchange degeneracy. Additional experimen-
tal information would be very valuable for the fur-
ther testing of both the symmetry and the degen-
eracy. There is a need for angular distributions
for the many reactions about which little is known
at relevant energies (4 GeV/c and beyond); for ex-
ample, n p-Z'Ko and K p-=oK'. [Data at 3.9,
4.6, and 5.0 GeV/c have just appeared for the re-
lated reaction K p- - K+.' Since this process in-
volves the infrequently seen coupling of a = parti-
cle, it is interesting that its angular distribution
has been found" to be related to that for K'p -pK'
as SU(3) would require. ]

There is also a need for data at several higher
energies for reactions which have so far been
studied only at 3 or 4 GeV/c (K n-An, n P- Z K', etc.). Such data will permit testing of the
energy dependence predicted by the Regge poles
which underlie the SU(3)-symmetric picture.

Additional observations of the m'p- pg' and K'p
-pK' cross sections in the 5-6-GeV/c range will
facilitate a more stringent test of the SU(3) rela-
tion represented by Figs. 1-3. Cross section mea-
surements for K'p at 10 GeV/c, to complement
the existing measurements of backward nN scatter-
ing at the same energy, ' will allow verification of
this relation at a higher energy. Fitting (d o/du)~
at 10 GeV/c (Ref. 10) as we did at the lower energy,
we predict from SU(3) that at 10 GeV/c

=3e ' "pb/GeV
d 0'

dQ &+&
(5.1)

(The normalization here has been computed assum-
ing d= 0.5, as found in comparing mN and K+p at
the lower energy. )

one would then expect no polarization in the first
reaction, and small polarizations in the other two.
In fact, however, the polarization in the first pro-
cess is of order 20%,"that in the second of order
50% (with large error bars), "and that in the last
also of order 50%.'4 Mindful of the various pieces
of evidence that the I„=—,

' nN amplitude is largely an
N pole, Barger and Olsson" have suggested that
the polarization observed in w'p-pm' is due to a
v u term in the N trajectory. " If their plausible
suggestion is correct, then the Z trajectory may
very well also contain a Wu term, which could con-
tribute to the polarization in m p-AK and affect
some of the conclusions just drawn.
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With regard to the question of Z EXD breaking,
it would be useful to know the cross section for the
process K'ri -pKo at about 5 GeV/c This process
and K'p- pK' are controlled by different linear
combinations of the same A -A& and Z„-Z& pairs.
According to SU(3), the Z„and A„residues are
proportional, so that if both pairs obey EXD, their
u dependences, hence those of the two reactions,
will be identical. But if only the A pair respects
EXD, the two cross sections could differ. Now at
2 GeV/c they differ dramatically. " It will be in-
teresting to learn their behavior at energies in the
Regge regime.

Given the expected reality of the A pair in KN
scattering, the polarization in K'p- pK+, though
interesting, is not expected to be large. However,
in the reactions K~p -pK,' and K'n -nK', only the
Z pair can contribute, so the suspected Z EXD
breaking should result in large polarizations. 28

Further work on the SU(3)-symmetry and ex-
change-degeneracy properties of the baryon Regge
residues is in progress. We look forward to the
experimental information which will help confirm
the conclusions pointed to by the existing evidence.
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In numerous calculations of the muon intensity deep in the atmosphere, the details of the
interactions which produce pions and kaons have been avoided by assuming a production spec-
trum proportional to E ~, where o.' is a constant. In contrast to this approach, we have used
a realistic form for the primary cosmic-ray spectrum in which the spectral index varies with
energy, and we have described the cosmic-ray proton-atmospheric-nuclei interactions using
a statistical model for pion and kaon particle production. The resulting relative muon inten-
sities at sea level have been calculated and are found to fall off more rapidly with momentum
than intensities predicted by previous calculations. The muon charge ratio as a function of
momentum (conveniently normalized to agree with experiment at low energies) is found to be
sensitive to the spectral character of the primary cosmic-ray spectrum. Similar effects were
found for muon intensities at large zenith angles resulting in no significant effects on predicted
zenithal enhancements.

INTRODUCTION

During the past twenty years, numerous papers
have been published' ' concerning muon differen-
tial intensities. In the earliest work by Barrett
et al. ' and in a relatively recent model developed
by Maeda' and extended by Cantrell' the complexity
of the interaction of the primary cosmic rays with
the atmosphere is avoided by the use of production
spectra for the muon parents, namely, pions and
kaons. These spectra "are a,ssumed to be pro-
portional to E ", where n is the logarithmic slope
of the primary cosmic-ray spectrum and has been
assumed to be a constant 2.7. Although the details
of the propagation of muon parents and muons
through the atmosphere are treated differently by
various authors, the assumption of the above pow-

er-law production spectrum is common to most
models. In this paper, pion and kaon production
spectra are calculated in arbitrary units by using
the two-temperature model developed by Way-
land' '4"' to account for the interaction of the pri-
mary cosmic rays with nuclei in the atmosphere.
These spectra are then used in place of the power-
law production spectra in the Maeda-Cantrell
formulation. The spectral character of the rela-
tive muon intensities resulting from these different
production spectra are compared. In addition,
the effect on muon intensities of a primary spec-
trum whose slope varies realistically with energy
is examined.

PROCEDURE

In the two-temperature model, the transverse-
momentum distribution of secondary particles is


