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ADDITIONAL DATA IN THE REACTION n'p - Z+K+ AT 1.28 AND

1.441 GeV/c AND A TEST OF CHARGE INDEPENDENCE IN THE c.m.,
: ENERGY RANGE 1.820 TO 2.090 GeV*
G. E. Kalmus, G. Borreani, a.nd J. Louie
Lawrence R;adiation Laboratory

University of California
Berkeley, California 94720

: Mérch 1971

| ABSTRACT
'D_atia'v' é.t_t.wc; a.ldditionz':lll'rr+ mon:;enta (1.28 a;xd' 1.41
CveV/é) in the xjeac_tio.n ﬁ+p -kt are ‘pfesented. : Charge
~ - independence is tested over the c. m. énerg.}; rang-e'i.820‘;"c0‘ ;
2.090 GeV; we used §u£~d;ta for the z'k* channel and pub-

lished data for the. 7 p + =K® and =k channels.

.I. DATA AND RESULTS

All the ékperimental details were the same for these_dat_a as ‘

Table I shows the micro-

. barn eqﬁivélent at each energy, and the cross s_gctidn, Table II the

Legendre polynomial coefficients Ai/Ao..' Figure 1 sh§ws the:angu-

lar disfributions and Fig. 2 the ‘plot of aPy, versus cosf.: In 'ea‘ch

case the curves are paftial-waw)e, so.lutions with essentially the same

parametefs as solution 192A in Ref. .1.

"TAhes‘e xiéw data were co‘mbined with our previous data and,
using the part1a1 wave- analys1s f1ts obtained in Ref. 1 as startmg
values, new sets of partlal waves were obta1ned that f1t the data.
It was_fou-nd that these were very close (all W1th1n their _errors) of

the previous.values, and that the probabilities were also essentially
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unchanged. Thus all conclusions reached in Ref. 1 are still valid.

II. TEST OF CHARGE INDEPENDENCE INZ PRODUCTION
Charge independence in strong interactions predicts definite

‘rel_atibﬁship'betweén the amplitudes of the reactions

s - =kt o o .

wp - Z°K°, | @
‘and' |

«p ~ K. : 3

If the amphtudes of these reactions are f (9), f"(e), and f (6),

.respechvely, then for each spin state the followmg relat1onsh1p holds:

)= NZEo®0) + o 4
ThlS corresponds to a trxangle in the complex plane.

S1nce the dlfferentxal cross sectmns are the squares of the am-
plitudes, the following 'triangle v1nequa11t1es" between the cross sec- .
tions (for each spin state) hold: 4
2 _ ,doy ,1/2, do| _,1/2

( dn!z'*') . +‘ (m|z') ’

d
255 120" e

= SH% < 2

o2 e A R

1/2

(3 15 e

< (& >:°)1~/ + (Gl
In fact, it can be shown Athat the relationships (5)-(7) also hold after
summing over spins.

The purpose of this section of the paper is to examine these»

inequalities, using our data and published data at 1.277, 1.325, 1.50,
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1.60, 1.70, and 1.86 GeV/c in the reactions -n'-p > 30K and"
} o 2-4 .
Tp—~>Z K.
For the purposé of this paper we have used the fitted An coef-

ficients [where do/dS = X’

EnAnPn (cosb) has been used] to represent
the data. _We have also interpolated betw_een our data points to ob-
tain vé.lues of An for 1.5,. 1.6, an& 1.7 GeV/c.in order to perform the
tests at momenta for Wﬁich data in the other channels are available.
The A coefficients for .w p :OKO and ‘!.T_p - _E_K+ were taken from
Refs. 2-4. We have plotted oﬁly the inequalitf at each momentum
which is closest to being violated. »

.Figur:es _3a-f' show the tests of the triangle inequ#litiés at 1.28,
1.43, 1.50, 1.60, 1.70, and 1.76 GeV/c. The broken lines represent
the (rhs) of exéressioh (6) [exi)ression (5) at 1.'28-Ge_V/c] .  The dotted
lines represent the lhs. T‘huls the ihequality is.satisfied if the dotted -
line remains below the broken line. In the case wher¢ there 'is no
'violation' at any angle, we have not indicated errors. Where there
is-a crossing of the curvés we have drawn two‘regions-—correséond_-
ing to + 1 standard deviation for the lhs and rhs. éharge independ-
ence, therefore,‘ requires that the lower dotted line not b'e signif~
icantly higher than the upper broken line. |

- By examining Fig. 3 we note the following:

(a) There is no clear evidence for a violation of charge independ-

ence although at the upper four momenta the r_ne_ah value of the lhs of
(6) is gregter than the mean value of the rhs in the forward direction.
At 'ghe two momenta closest to the A++(1950) the extent of this effect is
greatest, ex;cending from cosf = 0.75 to 1.0 at 1.5.GeV/c and from

cosf=0.1to 1.0 at 1.6 GeV/ec.

: . -4-

(b) As the momentum increases the triangle becomes‘ ﬂatter,'. and
relation (6) becomes an equality--first in the forward direction at 1.5
GeV/g and then ‘\extending over the whole ‘range in cosf.

(c) At the lowest momentum (’1.28‘GeV/c), relation (5) becomes

an equality in the forward direction.

m. DIécUsSION .

1. .O‘ur reéulté aré .perfectly_ consistent with those of Binford
et al. 5 at the lowest mofﬁénhﬁn avnd with Pan and 'F_‘orman6 at 1.7
GeV/c. _This is not surp.risving, éiﬁée in each case the same
mp > Z°K® and =k’ data were used and the only difference was in
the VK" data.

2. Since_.there‘ épéea}s to’. be a persistent, . but statistically
not very significé.nt, violation éf condition (6), we have examined the
data m the regioh ciose to cosf = 1.0 carefully and, in parﬁculaf, the
data of D;.hl et al.,4 which were used at 1.5 GeV/c and above for both
TOK® and E°K'. We found that at 1.5, 1.7, and 1.86 GeV/c the ac-

tual ahgular distribution was cohsiderably higher than the fit obtained

by Dahl et al. using the Legendre polynomials, in the forward bin

(0.9 < cosf < 1.0) for the Z°K® channel. The effect of this is to in-

crease the value of the rhs of condition (6) in the regio@ abovg cosf

= 0.9, which therefore ten&s to reduce any violatioﬁ of condition (6).
3. At 1.6 and 1.7 GeV/c the angular distribution of =°K? is

forward peaked ;sx/ith n;) events in the bvac.:kward' direction, whereas the

angular distribution of £ K" is backward peaked with no events in the

forward directiox.l. Assuming no violation of charge independence, |

the triangle has to be flat with (do/dR|+) = (2d6/df| o) in the for-
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ward direction and (d0/dQ|_+) = (do/dR | -) in the backward direc-
‘ b b2 v :

tion. Id both these directions the two isospin amplitudes have to. be

" relatively real. In the backward direction they are in phase, where-

as in the foi‘_ward dir.ecf:ion they are 180 deg out’ of.pha‘se. L

The relativ'e 'realness of theée arnplitudes woold result if the

" reactions proceeded via a partlcle exchange mechamsm . Thus K

exchange in the forward d1rect1on and A exchange in the ‘backward

d1rect10n could be used as an explanatlon for the flatness of the tr1-

angle. However, at energles close to or below the A(1950) this inter- o

pfe'tatlon is clearly.not _vahd. Blnford et al. have also po_mted_out_ .

this curious behavior. : .

'Finally,‘ a highe'f;-pi'e.ci'sion test of the triangle inequalities at .

‘about 1.6 :GeV/c would be e'xtremelyb interesting.
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Table I. Microbarn equivalents and cross-sections.

Momentum . - Microbarn Cross section

" (GeV/c) equivalent ~ pb)
1.28 0.6 . 340%35

1.41 - 0.6 490%45

Table II. Legendre polynomial coefficients for angular

. distributions and polarizations.’

Momentum Ai/AO AZ/AO A3/A0 A4/A0 131/A0 132/AO B3/A0

(GeV/¢)

1.28

4,41

 .0.46 -0.02 1.12° 0.43 -0.35 0.40 0.08

(£0.14) (£0.19) (to._z4)'(¢o.37) (£0.23) (tQ.’i?) (+0.15)

.0.26 0.3 0.93 - 0.42°--0.30  0.38 -0.28

(£0.42) (£0.17) (£0.22) (£0.27) (£0.48) (£0.18) (£0.14)

fay t
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FIGURE LEGENDS

Fig. 1. Producfigin anguiar distribution of 1r+p - Z+K+ (with =t 1r+n)

atb 1.28 and 1.41 Ge_V/c. ' Cos@ is defined as the co_éinf_: of '_ché angle

in the c. m: betw‘e_e_n the incident nt and the oufgoing K+. The curves L

are 'dei_s.c‘ribe'd in the text.

_Fig. 2. é?z (for =1 — pr®) as a function of cosf at 1.28 and 1.41

- ‘GeV/c. The cur\‘resf'arev'desc_ri_bedv in the text. v

Fig. 3(a). _Teét of triangle inequality (5). Broken line, rhs; dotted

line, lhs. . (b-£f).  Test of trianglé inequality (6). "Broken'_li—ne, rhs; .

dotted line, lhs.
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
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any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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