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TESTS OF SU(3) IN PARTICLE REACTIONS"
George H. Trilling

Department of Physics and Lawrence Berkeley Laboratory
University of California, Berkeley, California 94720

December 10, 1971

Abstract: Tt is shown tﬁat SU(3) symmetry is well satisfied in hadron and
photoproduction reactions provided ihat both phasevépéce and angulaf
momentum barrier effects érebintfoduced in the cofrecfions made to»take
account of mass differences.' Thus observed deviations from SU(3) sym;
~nietfy are satisfactoriiy accounted for.by the’kinématic éonseqﬁenées of ..
mass differenceS'wihout the necessity of postulating additional dynamical
éorrections. Near the forward direction, fhesé kinematic effects are
substantial even at energies above 10 GeV.

1. INTRODUCTION

'SU(3), one of the basic symmetries of strong interactions, has found only
limited success in application to particle reactions. Thus, in the study of
aN and KN interactions in the resonance region, whereas charge independencé*

[sU(2)] is explicitly included in the partial wa&e‘analyses, SU(3).is generally

only”brought in at a late'stége to group baryon statés into appropriate multi-

', plets. It is then tested quantitatively through the analysis of resonance

widths [1]. Symme try brea%ing as manifested by mass'differences between
members of a given multiplet is handled approximately by the introduction
of angular momentum barriér and phése space corrections. This assumes that
the effects of symmetry breaking manifest themselves almost exclusively via

the external mass differences. The success of the procedure provides

\

*Work supported by the U. S. Atomic Energy Commission.
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rexperimeﬂtal Justification to’support this assumption.
\ Unfortunately the above tests of SU(3) symmetry are very incomplete in
the following ways: v | h 1
(1) They heve been applicable to only the limited group'of resonant states
vhich have been ciassified unambigﬁously into multiplets. |
(2) Resonances have been cleariy identified only in the singlet, octet and
decimet-représentations 6f SU(3). This leaves the question of SU(3) symmetry
for ampiitudeé bélonging to oﬁhér representationé, for example 10 or é?, an
opeﬁ oﬂe. o
Presenti&:experimental data on many different reactions,_notab;& those
of the form, ' _ | .I
M(0") + B(1/2") » m'(07) + B'(1/2") - (1a)
M(07) + B(i/2") » m'(07) + B'(3/2")  (1v)
where M(JP), B(JP) indicate mesons and baryoné of spin-parity JP, and B'(3/2+)
denotes members o? the 3/2+ decimet, have been accumuiating. In principle,
- were it not for the problem of how to handle symmetfy breaking, reéctioﬁs pf
the form (la) and (1b) could be used to provide numerous tests of SU(3).
Uhfortunately such tests have, up to now, had;only very'liﬁitéd success. The
purpose of this papqr.is to examine past procedures for handling mass differ-
ences and to suggest that the invalidity of these procedures is in good part
to hlame forvthe apparent failures of SU(3). Alternative procedures baséd on

\ } o .
andlogies with the successful methods of compaing resonance widths are shown

-

to remove many of thé previously reported SU(3) violations, including some in .

~

phocoproduction.
Before proceeding, we make a point of notation. We shall consider only
' ' + t * ‘
reactions produced in n p, X p, K n, and vp collisions, and shall identify

amplitudes and cross sections by giving the final-state particles. The incident

{ . . s
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state will then be obvious from charge and strangeness conservation. Thus
-+ -t :
A(x £') and o(x &) will refer to amplitudes and cross sections for the reac-

tion Kp = x % .

2. TWO BASIC EXAMPLES
In this section and the next we shall consider tests of relations whose
vaiidity depends only on SU(3) symmetry, without further assumption as to
reaction mechanism.
Meshkov et al. [2] first attempted to compare with experiment the following
'Striking predictiOns, ’ |
30678 = o(&'E) = o(x'T) = o(x'T) (2)

where A, I, = represent members of the 3/2+ decimet. As defined earlier, the

reactions to which Eq. (2) refers are the following,

Cxp o A (1236) | - (3a)
Cxp - K'Z7(1385) R (30)
K'p - «'% (1385) | | (3c)
Kp - K= (1530) . (32)

The prediction (2), in the limit of exact SU(3), should hold true at all
energieé for each partial wave émplitude. At very high energies, all four
cross sections in (2) are expected to be very small since the peripheral contri-
butions require an exotic meson exchange and are therefore greatly suppressed.
Very roughly one can therefore considerbthat in‘the high energy limit eq. (2)
is trivially satisfied with all o's equal to zero. Sihce SU(3) symmetry is
known to.apply to resonances in the 1-GeV energy region, relation (2) should
also be satisfied at low enérgies where tﬁe cross sections are quite subst;ntial.
The actual cross sections based on data from many experiments are shown

in fig. 1 [3]- Only the errors for the reaction K-p ~> n+2- are shown to
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avoid making the figure excessively-confusing.‘ Comparable uncertaihties exist

for the other reactions. It is clear from fig. 1 that, whereas 1%0(n+£f) ~ 6(ﬁ+2-)

and O(K+Z-) ~ o(K'T"), there is a vast difference between theee two groups,

presumably caused by symmetry-breaklng effects associated with mass dlfferences.

To remove in an approx1mate manner these symmetry-breaklng effects, Meshkov

et al._[2] suggested that data be compared through eq. (2) at the same Q value

where, :- ‘ - ' o  :'. o _.‘ | \
Q = Js - sum of final-state masses . | (ﬂ} o j

and s is the center-of-mass energy. Furthermore they compared ﬁatrix elemehﬁé

obtained from A

. ) . p'.
M|? = os 2
, Pp

m

oF o | (5)_

rather than eross sections. In eq. (5) P; s pf.are initial and final center-
of-mass momenta and F stands for the comblnatlon sp /pf A comparison of the
values of IMI2 = oF at fixed Q is given in the flrst flgure of the paper of
Meshkov et 51. [2] and can be summarized by saying that the procedure implied
by eq. (5) does no£ remove the enormous discrepency;seen in fig. 1, between . |
%d(n+£;), U(n+2_) on:the one hand and 0(K+Z_), 0(K+Ef) on the other. indeed
fhe disagreements betweenvthe two groups'of IMrz values amount to mere then
an order of magnltude. |

The reason . for thls failure is the procedure 1mp11ed by egs. (h) end (5) «
Conelder, for example, the reactions (3c¢c) and (3d). The equality expressed
in (2) would still hold if the only significant'contribution came from a single'
resenant partial weve, for exemple,vfrom'an isospin-~1 state.belongipg to a
decimet. If we knéW this to be the case, however, we would certainly not
follow the procedure of eqe.'(h) end (5); inéeeé,-es-is done in comparisons

of resonance widths with SU(3) predictions, we would compare 0(n+2—)Aand 0(K+E-)

]
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at the same energz»(not the same Q value) and make a correction for centrifugal

barrier and phase space effects,
g .
(57) by = (Zr7) 4 | (6)
p T pp K= A

where pf is the final center-of-mass momentum and £.is the orbital angular
momentum in the resonance decay. Since, because of the mass differences, -
pf(K+E-) << pf(n+2-) at low energies, it is cleér that (6).qualitativ¢ly
accounts for the smallness of 0(K+Ei) relative to 0(n+Z-). Precisely the
same arguments can account for tﬁé smallness of 0(K+Z_) relative to %q(n+cf).
It remains to state how té compare the n-p iﬁitiated reactions with those
initiated by K-p. This should in princifle be done, not at precisely the same
center-of-mass energy, but at energieé which differ by the mass splitting
between the Y =1 and Y = O members of the multiplet to which the hypoth-
esized resonance belongs.

These arguments, obviously sensible for fesonances, should also apply to
nonresonant amplitudes. From an SU(3) point of view, the only difference |

between resonant and nonresonant amplitudes is in their energy dependence.

The relation (6), however, is independent of this dependence; to the extent

‘that it validly represents barrier and phase-space effects, it applies at each

s for each partial¥wave amplitude. In principle, when one. compares reactions
like (3a) and (3c) with different initial staﬁes, there may also be barrier
effects inQolving incident momenta, but these are sufficiently small that we
have ignored them.

To givé these ideas a somewhat more quantitative test requires in principle
a partiai-wave‘decomposition of the amplitudes. Rather than attemﬁt this, we

have considered whether an effective value of £, zef could be found which,

f
when substituted into (6), would have an effect roughly equivalent to that of

the actual partial waves. With the choice geff = 1, which is compatible with

the angular distributions found for reaction (3c) by Huwe [3], the results shown in
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fig. 2 are obtained. The three curves drawn are the predictions for ﬂeff'= 1.
for reactions (32, b and d) assuming for (3c) the‘hand-drawn curve shown in -
fig. 1. In rélating (3a,b) to (3c) we have used the same incident laboratory |
moﬁentum (which corresponds to differences-in c.m. energy rdughly corresponding
to typical differences between.strange'and honstrange_baryons ﬁithin'a given
multiplet in the momentum fange under'study).' While the ﬁodel is obﬁiously
~ very crude and the data for (3b,d) éomewhat Sparse, it is entirely clear that .
‘the_apparent Su(3) viblations found in the énalysis of Meshkov et al. can bé :
removed with the type of procedure we.héve folloﬁed.

A perhaps more interesting lbw-energy test of SU(3) is involved in fhe

confrontation of the following relations with experiment, )

o(x'E) = o) , ()
o('E) = o(x%2) , )
where in (7a,b) the > and = are members of the l/2+.nucleon octét-i; _
Wittheshkov et al.'s method of com@arison [egs. (h),;(5)]3 Berée et al. [4],
and Harari and Lipkin [5]‘found that whereas (7b) vas approximately satisfied, . |
-(7a) was violaﬁéd by several orders of magnitude. It is immediately recog- .
‘nized tﬁat, iﬁ (7b),bbbth‘reactions are highly endothermic and are inhibited
by mass differences to about the same extent. On the other hand,vin (Ta),
ﬁhe left-hand side représenfs a somewhat exothefmic reaction whereas.the right-
hand side contains again a highly endothermic process; it is therefore not
sufbrising that in this case the mass differencés ma.sk the symmetry; Fortunately,
in (7a) we are better off than in (2) in that detailed partial-wave analyses
of the K'p = n'% reaction have been made [6]. Therefore, angular.momentum
barrier corrections can be made more precisely than in the case Qf the reactions
(3). The soiutions of Kane [6] corrected partial wavevby partial wave for

barrier and phase-space effects [via eq. (6)] have been compared with existing

)

ot
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experimental data on the reaction X p - g°=° (4,7]. This comparison, which
takes Kane's solutions as he had found them with no attemﬁt to change them to
improve the fit to the KOEo final state, yields the following results.

of Kane'é seven acceptable solutions, one fits the KOEO data far better
than any other. The X2 for this fit is 97 for 44 degrees of freedom to be
compared with X2 values of 150 or more for the other solutions. The cross
sections and one of the angular distributions predicted by that solution are
compared with the data of refs. 4 and 7 in figs. 3 énd k. fThe cross-section
fit is fair in that the magnitude is about right, but the detailed shape is
not accurately reproduced. This is almost/surely a coﬁsequence of the fact
that the fit to‘n+2- does not determine'very preéisely thé low partial waves
to which the KOEO system is particularly sensitive. The angular distribution
compafison of fig. 4 is excellent. |

1t is worth pointing out that it méy'be useful to incorporate the-ﬁ+27
and K°=° states into the same phase-shift analysis. Although statistics on
the latter are limited, they do provide information on low partial waves which

may not be readily obtainable even from high statistics inn X .

3. THE ELASTIC SCATTERING TRTANGULAR SU(3) RELATIONS

It can be shown easily that in the limit of exact SU(3), one expects the

) ) !
following relations between amplitudes,

]

AK'D) , (8a)

A(K'p) "~ (8v)

A(x'p) + Az

- -+
Al p) + A(xx &)
where Z+ refers to the nucleon octet.

These relationships are very similar to the SU(2) relations,

A(K'p) + A(K®n) = A(XK'n) , (9a)

1

i

A(K'n) + A(%p) = A(K'D) . ~ (9b)
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" Relations (8a) and (8b) have been previously subjected to tests of the
form [5], o _ ’ o | ) )

IlA(n*p)l'- |A(K+P)|| , (10a)

v

la(x’=") |

v

. ~ | o R »
G = [l - el - o)
. At t = 0, the inequalities (lOa,b) can be somewhat sharpened via the

optical theorem,

[dU

v

(K)o 2 0000 logle'™) - ogPI® L (aa)

v

[dc(n P2 )] 0.051 10 (np) -0 (K’p)_l2 s '.(llb)

where UT are total cross sections for the systems in pafentheses in mb, and‘
do/dt is-in mb/(GeV)2 Although these 1nequalit1es are relatlvely weak tests
of SU(3), they are in fact strongly violated as 1s clear from flgs- 5 and 6
where the so0lid lines represent the right s1des of (lla b) and the data n01nts
the left sides [8]v

MEshkov‘and Yodh [9] suggested that this discrepanéy could be.fixednup
by a procedure.analegous to that described for fhe inelastic proceSses (3a-d)
.1nvolv1ng a comparison at fixed Q value and a correctlon to go from cross sectlon
to matrix element. Thlsvprocedure hewever does not make much sense: '1t 1mplles,
for example'for relation (8a), a comperisoh of the :n+p - kst reacﬁion.neafh
the 1950 MeV resonance-wifh the n+p g n+f -reaction in the heighborhood of
the 1236 MeV resonance. Such a comparison obv10usly cannot have anything to

do w1th SU(3). On the contrary it seems ev1dent that these two reactlons mast

"~ be cempared at the same energy and then related with possibly some slight.shift

[t )

\

in the energy scale to the reaction K+p -5‘K+p.
It is convenient to consider first the relation (8b) and the corresponding
inequality (11b). As seen in fig. 6 the right side is larger than the left,

in contradiction to the inequality (11b), but perhaps the most remarkable
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feature is the near-constancy of the right side. 1Indeed as noted by Barger

and Phillips the difference [UT(n~p) - GT(K_p)] changes very little between

3 GeV/c and 60 GeV/c [10]. The natural inﬁerpretation is that in the limit

of exact SU(3), OT(n—p) and GT(K-p) are equal, and, consequently, if (8b) is
satisfied the amplitude for X p — n-Z+ is real in the forward direction.
The remarkable analogy to reaction (9b) is evident:. in (9b) there are no mass-
difference effects, and the K+p and K+n total cross sections are directly
mea sured to.be equal, from which it follows immediately that the forward K+
charge-exchange amplitude is real.

This analogy is, of course, even more intimate. The reality of the
K+n - Kop amplitude\is connected to the exchange degeneracy of the p and A2
exchange -and to the consequent cancellation of imaginary contributions to the
forwarad amplitude. Similarly, the reality of the forward th - n-2+ ampli-

tude arises from the exchange degeneracy of the KV (vector K) and K, (tensor

- -t
"K). Since the K p or n £ systems are not exotic and hence do have resonances,

theoretically
it is not as obvious why this cancellation occurs. It can be understood ~ from

dugiity diagrams [ll]‘or from simple arguments based on factorization [12].

Since K—p - n-2+ contains resonanées; the reality of its forﬁard ampli-
tude implies that the couplings to baryon resonances must contain positive and
negative contributions which cancel. That this actually occurs in the energy
region where phase shift analyses have been made has been shown in detail by
Schmid and Storrow [12]. Thus, the validity of SU(3) as éxemplified by eq.
(8b) is successfully tested by the direct demonstration that the reality of
Kp— %x"Z" in the forward direction implied by the combination of (8b) and
the experimental equality [in the SU(3) symmetry limit] of OT(n_p), UT(K_p)

is in accord with partial-wave analyses. One can, in principle, make a much

more complete test, namely, use partial-wave analyses of éll three reactions.
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N

in (8b) to compare, partial wave by partiai wave, the real and imaginary parts
of these reaction amplitudes. The proper way of aoing this would be t6 coﬁbine
A(K p) and A(K-Z+) at the same incident energy, making a phase space and barrier
éorrection partial wave by partial wave iﬁ the latter reaction. The value of
AKX p) - A(n_z+) obtained thereby should according to (8b) be about the same,
for each partial wave, as A(x p) although the energy scale on éhe ﬁwo sides
of (8b) will differ by the SU(3) mass splitting. An analysis somewhat akin
to this will be discuséed in connection with the felationi(Ba),_ v;>

ﬁsing the éartial—wéve analysis of Kalmus et al. [13], for n+p -*-K+Z+,
we have multiplied each~partial—wave amplitude by (pi/pf)g, added-the imaginéry |
parts, and combined with the wvalues of GT( v
with QT(K+p) accdrding to (8a). Because GT(K+p) is nearly constant, the problém

+ ' . o :
n p) at the same momentum to compare

of relating the energy scales on the left and right sides of (8a) disappears.
The results obtained with the Kalmus et al. [13] solutions 192B and 2098 in
the momentum ranée between 1.2vand 1.8 GeV/c:are shown in fig. 7 [lh].: The
total n+p cross section (solid curve) hés a large peak prodﬁced by_the.l950-
MeV resonance. :After combiﬁing-with'the imaginaryvﬁart of n+p'—> K+Z+ accordihg
\tb (8a), one is left with the'séuares and dots'in}fig. 7 corresponding to the
ﬁwohchosen solutions of Kalmus et al. These diéblay a nearly constant crossu
section of magnitude éround 22 mb. The constancy of the cross section is in
agreement ﬁith the energy dependence of GT(K+p), and tests SU(3) principally |
through thé couplings of the A(1950), which dominates the variation with energy
of OT(n+b) in the region ﬁnder study. The magnitude of the éonstant cross
' sectibn is about 4 mb higher than the actual value of GT(K+p) (22 mb instead
of 18 mb); this is precisely the croés-section differehce seen between the

"equal” x p and K p total cross sections in the discussion of (8b). Thus,

in the same sense that GT(n-p) = GT(K-p), we can consider GT(K+p) =22 mb

a

'd ‘(
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instead of 18 mb, the difference of 4 mb.coming from mass differences between

‘5 and K. It follows that not only does theVA(;95O) obey SU(3) in its couplings,

but so do the background amplitudes which make.-up the K+p elastic scattering.
We now consider high—enefgy tests of (8a). Using the exchange degeneracy

noted to be true for Ky, K& couplings to K-p - "%, we go to the line-

reversed reaction n+p ~ K's' vhere the reversal of the Kv reia?ive to the

KT coupling leads to an expected imaginary'forward amplitude (just as for

'K'p = X°n). In this case, (1lla) can be strengthened into an equality,

do , + . +_+
[53 (xp>Xsz)]

teo = 0-051Lo(x'D) - o (K'D) 17 (12)

As mentioned earlier, comparison of the solid line and data points in fig- 5
shows that (12) is not satisfied. However, our previous discussion sﬁggests
that we should replaceicT(K+p) by its value corrected for the 7, K mass differ-
ences; namely, the. difference GT(n;p) e_cT(K-p) = 4.4 mb should be added to

the experimental values of o K+p). ‘We now obtain for the right side of (13)

o
the  dash-dot gprve in fig. 5, which still disagrees with the experimental
values of the left éide, although the two appear'to merge at very high energies.
This brings us to the angular momentum barrier effects. Although these effeéts
might at first sight appear negligible because of the high energy, this is
not true. As thé energy increases, so does the leading angular momentum, and
consequently the barrier factor changes very slowly. ‘This point of view is
in accord with the considerations of Harari [15J that the non-Pomeron-exchange
coﬁtributions are highly peripheral.

To calculate the barrier factér, one can determine relevant angular
momenta using a procedure similar to that of Davier and Harari [15]. Thus
the contributions to amplitudes like x'p = K £ should be dominated by a

peripheral term of the general form Jo(aJ:E), which corresponds to an orbital

angular momentum £ = Pa where p is the center-of-mass momentum. We choose
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"a" so as to make thé first zero of the Bessel function"J0 cprrespondftq‘ﬁhe
cross-over between the n+p and K&p differeptial cross section, ngmely -t = 0,3
(GeV)e, and £ follows correspondingly. .Muitiplying the dashed-dot line of
fig. 5 by barrier fapﬁors (pZK/pnp)2?+l with(ﬂ chosen asvabove{ we o?tain the
déshed-line, which agrees very well with.the éxperimental data. It'is striking
to note thgt e&en aé energies as'high as lﬁ:GeV, a barrier correctionvof about
50%>is‘reqpired.

We now.consider iﬁ slightly greater detail £hé-hjmb total;c?dss;sectiOn.
difference associéted inwour pfevious analysis with just the mass-differéhce
between the kaon and the pion. 'Siﬁce\SU(3)-violatipg effects have been inter-

preted in terms of the ikinematic consequences of mass differences it is natural

to ask if this effect could have a similar interpretation. Indeed mass differ-

ences in the inelastic channels ﬁight well be'expectedlthrough phase space and -

'angular momentum barrier effects to lead to this kind of reducfibn. As the
incideﬁt energy. increases, the correction factor iﬁ any oﬁe-channel Should
tend to unity roughly as (l_- constant/JE), but since fhé number of'chénnels'

. increases,‘it is perhéps notgunréasonable that this K~n'topal cross‘séction
difference be slowly varying as implied by the experimental data. If this
approach is valid, the logarithmic energy aépendenc:imultiplicities WOuld_
eventually imply that the K and pion total cross sectiéns should asyﬁptotically

tend to the -same value.

4." t-CHANNEL SU(3) RELATIONS
The validity of the. relations (2), (7); (8) discussed so far requifes

only that SU(é) be an exact-symmetfy. Many other such equations can be deduced;

but they are generally»triangular or even mofe complicaﬁéd relations ahd hénce

are.difficult td test qﬁantitatifely, even.with a sétisfactory prescription

for taking care of symmetry breaking. However, if one adds the experimentally
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known fact that amplitudes corresponding to exotic t-channel exchanges drop
rapidly toward zero near the forward direction, it is possible to deduce
simplified predictions which can be subjected to experimental test. These

predictions, the t-channel SU(3) relations, are most easily derived from

direct application of SU(3) to the expected t-channel exchanges; but, by

exhibiting their connection to the more complicated relationships vwhich

depend only on SU(3) symmetry (and not the vanishing of. exotic exchange ampli-
tudes), one can see mdre clearly the conditions for vélidity of these t-channel
predictions and the methods of correcting for mass difference effects.

Thus consider as an example the following triangular relation, based

only on SU(3) symmetry,

)+ 3 AlET) = OB (AEE) - aGC)) ,  (13a)

o++
A(K

where ég X, = ail refer to members of the 3/2+ decimet.  The amplitudes on

the right side of (l3a) involve exotic exchanges and hence go much more répidly
_to zero at high energy and low t than each of the amplitudés on_the left side.
Consequently one can wfite, |

[dO' ( o ++)

-3 2 (xz")] (13b)

s large
t small

'(13b) is a t-channel SU(3) relation which can also be easily derived by relating

the p, A2 exchanges of the left sidé to Kv, KT exchanges of the right side.

Other examples of relations based purely on SU(3), and the corresponding t-

channel relations are the following,
ARCAT) - 3 AK'ET) =-J3 A(K°Z") - (1ka)

[% ®a) =33 ("5 la,rge (14b)

t small
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(°"*)+3 S (5 =88 (08 4 3L (i) (se)

(15b)

IN ++
)

do o ++
[—t (K°A o 8

T (K A ) ++)]s large

do
+3 =—
dt
’ .t small

A(xD) - AG” p) + £(X"p) - A(K'n) + A(K n) - a(k" p) oA(x‘E) - AK'E ) ‘(163.)'

[A(x"p) - A(x"pP) + A(K'P) - A(K'n) + A(X'n) - AK'p) = o]s large (16b)
' ' ~ t small ‘
log(x"®) = og('p) + 0(K8) - ay(im) + ay(x’n) - og(k'B) = O], oy - (360)

refer to‘members:of;the

It

In relations (14a,b) and (l5a,b); the‘symbole 4, T,
3/2+ decimet, whereas in (16a) £ and = are evidently members of the l/é+'nucieon
octet. Relation (15b) follows from (15a) if one applies the result (1Lb).
Neglecting for the moment mass differences, we coesider; in fhe limit Qf
exact SU(3), under what conditions (13b), (14b), (15b) and (l6b,c) are expected
to be valid. Operati_enally these re_lati'ons are satisfied when the term_'s'on
the right eides of (13a), (14a) and (16a) are negligible relative to each of
the individﬁal terms on the left sides. Roughly the fractional efror in (l3b)
(14b), (15b) and (l6b,c) is of the order of the ratio of the exotic exchange
amplitude to the normal exchange amplltude at the same energy. For an error
of say 10%, the exotic exchange cross section muetvthen be down téiless than
1% of the non-exotié'exchange cross section: _Iﬂ very rough terms, this iﬁpliee
that t-channel relations will only be valid above 3-4 GeV/E o&er a t range
which is sﬁfficiently limited to maintain the large ratio of non-exotic to
exotic exchange cross section. In the case of relations (16a,b), the left-
hand side is essentially a superposition of xN, KN and fﬁ'charge-exchange,
amplitudes. Again (16b) is expected to be a good approximation when the exotic
exchange amplitudes on the right side are of the order of a few percent of the -
charge-exchange amplituaes; thus 3 to 4 GeV also appears to be a reasonable_

\
lower limit here.
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Since the t-channel relations are just approximations of the exact SU(3)
predictions, it is clear that the procedures of correction for méss difference
effects discussed earlier are equally applicable.‘ First of all we note that
relation (16b,c) mlght be expected to require negligible mass difference correc-
tions. This follows from the fact that the left side involves the sum of three
chérge-exchange amplitudes for which the reaction products have just the sauwe

masses as the incident particles. Indeed it is already well known that at

"high energy (16c) is approximately satisfied [16]. We have attempted to make

a somewhat more careful study of the left side of (16) using the following
procedures: ’ |
(i) Below 3.5 GeV/ec, preciéely—known total cross-section data, with‘cT(n+p),
GT(n-p), ete. faken.from the sgme expefiment have been used to minimize the
systematic errors which are the main source of uncertainty [8]. Not every.
measured datum has been used, but only enough to indicate clearly the trend.

(ii) ‘At the higher momentsa, we have used thé well-established feature that

the K_p, Kn forward amplitudes are almost completely imaginary, as is their

- difference, and hence the optical theorem coupled to accurate experimental

.

data on the charge-exchange reaction K-p - ﬁpn near the forward diréction

permits the most precise determinations of UT(K-p) - GT(K—n) [17]. We have

£ + ,
_taken GT(K p) = GT(K.n) at these higher momenta.

‘The results are shown in fig. 8', The principal uncertainties are systematic

and are estimated to be less than 0.5 mb. Figure 8 indicates a behavior just

. in accordance with the expectations from eqs. (16a,b,c): the left side of

(16c) is essentially zero above 3 GeV/c, but deviates strongly at lower momenta
because of the contributidns of the exotic exchange amplitudes whose imaginary .
part at t = O gives the shape seen in the figure.

As mentioned earlier, the test of eq. (16c) is relatively simple because

mass difference effects play little role. For the other relations (13, 14, 15)
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this is nof true. Indeed corrections ofvthe sort discussed earlier are neces-
sary, both for the t-channel tests (13b, 14b, l5h) as well as in any attempt
to estimate the corrections introduced by the contributions of the right-hand
sides of (13a) and (1ka).

‘Thus consider (14b). Experimental data from-which a comparison of
Kn - KA and n+pv—ehK#Z+ can be made exist in the incident mcmentum_
range from 3 to 5 GeV/c.[lS]. The measured ratio of crcss sectionc near'_t =0
for these two reactions ie close to 9/1 rather than 3/lias predicted by.(ihh).
However the k+2+ reaction is much more endothermic than»the Ko reection; and
hence the experimental result is not unexpected. ‘Indeed a barrier and phase
space correction besed on the interaction redius already used for the analysis -
of (12) gives an additional correction of a factor of 3 which jnst takes care
of the observed discrepancyv | |

Going now to consideration of (l3b), we note that unlike (lhb) the K-t
and Z- A.mass dlfferences tend to cancel each other rather than relnforce each
.other; consequently the barrier and phase space correctionS'are estimated to
be only 10-15% at a few GeV/c, and one might expect thetz(l3b) is’weilvsetiefiea.
Experlmentally, however, at least for momenta between 3 and 8 GeV/c, there is
also about a factor of 9/1 rather than 3/1 between left and right side. of (l3b)
[19]. This discrepancy i1s difficult to understand within the framework cf what
- has heen said} and'the only simple possibility for its interpretation is'thap
in.(l3a) the contribution of the exotic exchange amplitudes even at 8 GeV/e
is not negligible. This is perheps surprising but not at all ruled out; . Thus
if we assume that the forward exotic exchange amplitudes in (13a) are essentially
real (hence in phase with'the non-egotcc exchange terms) and‘reinferce each
other, a forward Cross section for each exotic exchange term of just 2% of.
the KOA++ cross section is enough to account for the discrepancy. Thus a

forward cross section of a few microbarns/(GeV)2 for the K= amplitudes would

e

- .
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be needed. If the exotie exchange amplitudes were in fact mainly real here,
they would not significantly contribute to (1llka), where the other amplitudes
are largely imaginary, explaining why (1kb), with suitable mass difference

corrections, works well while (13b) does not. If the above explanation of

\

~ the discrepancy in (13b) is correct one would certainly expect that at higher

energies this discrepancy should rapidly disappear. There is an indication

of this at'the highest measured energies. .Thus, from the data of Berlinghieri

et al. and Birnbaum et al. [19], one finds

o.

o(K AH)' : ~38 ub  at 12.7 GeV/c
|t|<0.k(cev/c)? : *

and 6ub  at 16 ceV/e .

-+
0'(71: % ) ) ~
l]1-,|<o.!+(c;ev/c)2

: +
Extrapolating G(KOA'+) to 16 GeV/c gives an estimated cross section of 24 pb

‘and a ratio O(Koér+)/0(n-z+) of about 4/1 rather than the 9/1 seen at lower

energies. This is of course far from conclusive, and more precise and extensive
data at momenta above 12 GeV/¢ will be needed to resolve tﬁe question.

Finally we make a few comments concerning (155) and‘(l5b). As has been
shown by Mathews [20],>(l5b) works fairly well without mass difference correc-
tions. This is not surprising since all the reaetions in (i5b) involve
the same baryon mass differences; the bosen mass differences turn out to play
a relatively small role. In view of the discussion of (14b), relation (15a)
without mass difference corrections will fail whereas, with such corrections
bodsting.the n+p - K+Z+ 'contribution, it works. ‘It should be noted that
earlier tests of (lSa) neglecting barrier effects but using the Meshkov et al..
method of comparison also were successful [2]. However, in view of the clear

\

evidence that that method of comparing is incorrect, the success of these tests

is somewhat fortuitous.
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5+ PHOTOPRODUCTION

By taking the photon as a U-spin 31nglet it is poss1ble to derlve -SU(3)

relations for photoproductlon reactions. Such a relation partlcularly susceptlble-

to experimental test has been .given by Levinson et al. [21],
. L, +.0 — o '
-2 A(x"n) =3 AGCK) A(K z°> o -

where the baryons all belong to the 1/2 nucleon octet, and all three flnal

states are produced in a photon-proton c0111s1on. In the absence of 1nforma—'

tion about phases, the relatlon (17) can be tested by checklng experlmentally
the ineqpalities, _ | ( _
P 1G] 543 1aGa) ] + [ ) (1)
&IAu*n)lst‘IA(KA)I-l = . (18v)

Elings et al. t22] tested relations (18) at 3-4 GeV and.found no violetion
for momentum tfensfers - O 25 (GeV) Beyarski et\al. [23,2#] obtained
extensive data on the three flnal states in (17) at energles 5, 8 11 and 16
GeV over a range of angles which includes the forward d1rect10n, and found
very substantial violations of (18a)»for -t < 0.1 (GeV) . Unlike Meshkov
et al., botn Elings et al. and Boyerski et el. nedevtheir eomparieons at the
same enengy rather nhan tne eame Q value, snbstituﬁing for the"Al's the -
square roots of the appfopriate differential croesvsectionsr' Neither group
made angular momentum barrier corrections, though Elings,et al.»didvmake a
smell (~ 10%) phase space correction to take‘aceount of mass difference
effects. | | | |

In the spirit of our considsrations of sec.‘3 it seems appnopriete to
examine what nappens to the apparent SU(3) violation reported by Boyarski
et al. [24] when approximate angular momentum.barrier corrections are introf

duced to take more accurate account of the‘effect of the mass differences.

(&I
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To do so we consider the 7Yp — n+n angular distributions reported by Boyarski
et al. [23] and correct the left side of eq. (17) by introducing the attenuation
expected from the barrier factors relevant to the right side of that equation.
Specifically, the 7Yp = n+n data'in this energy range exhibit an
extremely shérp forward peak (for -t $ 0.01 (GeV)2) superposed onto a much
more gentle distribution. The latter has roughly a behavior of thefforﬁ eBt
with B ~ 2-3 (GeV)-e. In the forward direction the sharp peak and the gentle
distribution‘make roughly compara?le contributions td the cross section.
Consideriqg fir;t the'very sharp peak and atfributing it to the contribu- -
tion of a few large angular momenta, we can, in the spirit already discussed
in sec. 3, represent it roughly in the form Jo(aJTE) with a =~ 1h (GeV)_l-
The corresponding angular momenta for photon energies between 5 and 16 GeV
go from 20 to 38, and the attenuations of the AK and ZK final states due to
the corresponding barriers vary from a factor of 35 to a factor of 6. In-all
cases the expected cqntribution of this higﬁ angular momentum amplitude to
the AK and K cross sections is less thén 20% and is eséentially in the noise
of the measurements. This c;lculation accords with the experimental fact that
no sharp forward peak is seen in thé strange particle events. We then neglect
this contribution to the left side of (17).

We now consider the contribution near t = 0 of the more slowly varying.
. {

- + ‘ .
part of the Yp @ s n differential cross section.. Boyarski et al. (23] quote

values for this part of dG/dt at t = O which are given in the second column

of table I. The third column of the same table shows the quantity

22:[\/3(d0/dt) (€ 70) + J(do/at) (K'°) 1

at t = 0 derived from Boyarski et al.'s study of strénge particle photoproduc-
tion. It is clear from comparison of these two columns that without mass differ-

ence correction the right side of (18a) is substantially less than thé left side,
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in violation of the su(3) predictith' Thus even the remoﬁal of the céntribuf
 tion of the sharp forward peak in fhe n+n fiﬁal stéte does not elimiﬁate'the
appafent SU(3) violation near the forward diregtion.

We noﬁ'introducé maés differénce correétions uéing prééisely the same

interactidn iadius as for the vn+p - K+Z+ reaction discussed in sec. 3.
The resﬁlting barrier‘and phase'space attenuation factors range from O.36_to
0.56 in going from 5't6 16 GéV/c incidént momentum. These factors are almost
the same for KA as for K>, and wé.have Jjust used an average of the two.. With
fhese corrections, the quantity %%(n+n).at t =0 is reducéd.to/the véiués
given in the fourth column of tabie J. Comparison of the third and fourth

colums indicates that in the absence of mass differences,
2 86 - [ B Ew® + [Ewr) |
AR VAT - at |
. ’ , t=0

i o S _
Thus not only isvSU(3)isatisfied in the forward direction, but the K onand

- (29)

+ ) | -
K Zo amplitudes appear to be essentially in phase. This is reminiscent of
the situation for the reactions =x'n - K A®,
.0f duality and exchange degeneracy similar to those made in sec. 3 for the

+ +_+ : - ) '
reaction np = K X are both expected to have imaginary amplitudes in the

forward direction.

6. CONCLUSIONS
From fhe analysis presented iﬁ this paper, we draw the following'conclu—
sions. . | | |
(1) SU(3) symmetry seems to be well satisfied in high'eﬁergy reactions,
provided one app}ies mass difference cbrrections of the same sort as those
made in the cbmparison of resonance widths. With such corrections,'pfeviously

noted discrepancies disappear. The one failure which appears to remain is the

" o
n - K s° which by arguments
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t-channel relatipn (l3b); it may be explained by a large contributidﬂ from the
exotic exchénge amplitudes in (13a). |

(2) It follows that there is direct experimental evidence that SU(3) symmetry
is satisfied for tﬁe 27 and 10 "exotic" repfeéenta?ions as well as for the
singlet, octet and deéimet represeﬁtations. It also follows that the observed
violations of SU(3) can largely be interpreted in terms of kinematic effects
of externai mass differences without having to introduce further dynamical.
symmetry breaking.

(3) In the peripheral region near the.forwird direction, angular momentum
barrier factors play an im@értant role in modifying_SU(3) predictions even
at quite high eneréies. Thus reactions of the form =N — (Z,A)K and YN = (Z,A)K
.are attenuated relative to reactions =N - xN and YN - =N by factors of
2 to 3 over and above the Clebsch-Gordan coefficients in the incident momentum

range between 5 and 15 GeV/ec.
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Table I. SU(3) test in photoproduction.

[$2(x") 1, [\/3 (K% + \/ K’”] o Sl

Photon
momentum mb/GeV2 mb/ GeV2 , ‘ ' r_nb/ GeV2
(Gev/e) (a) (v) (c)
- A 5 1.98+0.09 ' 1.0 - 0.71%0.0k
8 0.66+0.03 0.28 0.28+0.013
1 -0.31+0.014  0.20 _ 0.15%0.007
16 0.143+0.008 - 0.10  0.08%0.005

(a) Extrapolated from £it in region 0.07 < |t| < 0.6 cevP.
(b) Errors of +20% are estimated from uncertainties given in ref. [24].
(e) Quotéd errors are just measurement errors from ref. [23] ; no uncertain-

ties for correction procedure are included.
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- FIGURE CAPTIONS

Fig. 1. Cross sections for the reactlons AP x A»(1236), K's (i385),
Kp— x5 (1385), K = (1530) The solid curve is avhand-drawn;fit _"
thfoqgh the'n+Z~(l385) data; Errors are shown-only for xf25(1385)'tb
minimize confusion. | |

Flg. 2. Predicted and experimental cross séctions using the curve>of figr 1

and setting 2 oo = 1. See text for details.

Fig. 3. Comparison of Kp~ =« Z and Kp— K =® cross sections. Curvés

~are from fit B2 of Kane [6].

Fig. 4. Comparison of K p = =« L and Kp~ x°=° angular distributions o

at 1.5 GeV/c._ Curves are from fit B2 of Kane [6].

Fig. 5. Test of relations (11a) and (12). Solid curve is rlght 31de of (12)

and data points are left side of (12). Other curves are explalned in the
_ text. | » | v .v |

Fig. 6. _iest of relation (115)Q Solid‘cque is right side ofv(llb)-and data
points are left-side‘of (ilb). o v” _f

Fig. T. Test of rélation (8a). The solid curvé’isloT(ﬁfp)_and thgvdashéd
curve is UT(K+p) + 4.4 mb. The squarés and dots are valueSréf.the Kfpv
total cross sectioﬁ.predicted by (8a) using solutions 209B.(dots) and
1928 (squares) of Kalmus et al. [131. |

Fig. 8. Test of relation (16c). The ordlnate Lo is the left side of (l6c)
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