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* PARTTAL-WAVE ANALYSIS OF K p ELASTIC SCATTERING
B. H. Hall, R. W. Bland, G. Goldhaber, and G. H. Trilling
Department of Physics and Lawrence Radiation Laboratory
University of California, Berkeley, CA 94720
+ ' v o '
K p elastic scattering is known to exhibit the following general features:
below 800 MeV/c a large negative S wave dominates,l’2 and above - 1400 MeV/c

3,4

the scattering is diffractive, with a smooth transition taking place

be tween 806 and 1400 Mev/c.5’6 At about 800.MeV/c inelastic fiﬁal states
start to become iﬁportant,vand until recently'the‘lack of ‘proton polarization
data.has precluded é mbdel—independent pha se shift analysis. Using a (model—
dependent ) anaiysis of the inelastic Tinai states to determine the inelasticity

parameters, we found partial-wave solutions at 864 and 969 MeV/c,7 showing

“small P and D waves in addition to the large negative S vave. Lea, Martin

~and Oades8 have obtained partial¥wave solutions up to 1500 MeV/c, assuming

an energy—dependént parametrization of the partial-wave amplitudes and allowing
only two or three waves to be inelastic; because of these assumptions their
solutions are only qualitative. They found three families of solutions, two

{

of them including a P resonance near 1500 MeV/c.

, 1/2

The proton polarization in K+p elastic scattering at 1220 MeV/c wa.s
measured‘recently by Andersson et al-? Their data immediatelyvruled out all
but the nbnresonant solutions of Lea et al., the best-fithing one of which resembles
ours at.86h and 969 MeV/c. 1In this paper we giﬁe revised results at 864 and
S69 MeV/c based on finai data; and several solutions -at 1207 MeV/c which we

have obtained using the new polarization data. One lZOO—MeV/c solution

corresponds to a smooth continuation of our lower-energy solutions, with a
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large, negativels wave, and agrees reasonably well with the nonresonant solu-
tion of Lea et al.; the others haveApositiVe S-wave phase shifts, requiring

. rapid variation of the S-wave amplitude Between 969 and l2O7IMeV/c; _Présently—
ekisting data cannot décide between these two poésibilities.

vAs:input to our phase-shift program we have used the differential cross

' section data of Bland et al. at 86k, 969, and 1207 MeV/c, and the polarization

data of Andersson €t al. at 1220 MeV/b} In addition we haVe used the K+p
_inelastic.chSS éeétionlo andzﬁhe real ?art of the_forwdrd.écaftering ampli-
tude.caléulated by»Carter usingvdispersion relations.ll Rough measureﬁents
of the polérizatioﬁ at 785 and 864 MeV/c réquife it to be‘positive,'as it is

at 1220 MeV/c.2713

In the absence_éf additional pdlafization data at 864
and 969 MeV/b we do'not have endugh information to detérmine both‘the phase
shifts and the.absorption pafaméters Ne Therefore we héve made use of an
analysis of the inelastic Chaﬁnels to thaiﬁlthe inelasticvcréss section in
‘eachvpartiai wave,and hence the aLbs':o-rpt»J'.on.pa,ra,me’(:ers.lLL These values and
their errors have been used as. 1nput data at the two lower momenta.

At 864 and 969 MeV/b D waves were requlred to fit the data, as they
were in a published phase shift analysisvat 785 MeV/b; the inclusion of F _
1waves did not improve the fits. At 1207 MeV/E we inélqded F waves, with an |
improvement in X2,of'about 5 (28 degrees of freedoﬁ)'over the SPD fits.
Usihg a variety of staftiﬁg‘values for the phase shifts and absorptibn param-
‘eters; we have fbund the solutions given in Tables T andvII.. At 861 and 969
MeV/E we find two solutlons, whlch we call A" and B . - At 1207 MeV/c there

are four solutlons, one A" and three of the B~ type. All of these givé

statistically acceptable fits to the data.

F 4
b
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In Fié; 1 we show.the angulaf diStribution and polafization data and
the ourves-corresoonding to the A~ and.B;(ii) solutions; Both solutions
adequately'reproddce’the deta; An interesting, though'not independent,
piece of information’is the backward differential cfoss section, shown in
Fig. 2 es a function of momentqu ‘Thevsharp peak at 860 MeV/c comes from
the backwarGVasymmetry seen in Fig. 1, which gives way at once to a forward-
aéymmetric'diffractive shape; The.asymmetry at 864 and 969 MeV/c is due to
S-P,interference;'and is reproduced equelly well by the A” and B  solutions.

We prefer-the A" solution at the two lower momenta, since the B solutions

do not‘join smoothiy with the low energy solutions. At 1207 MeV/e we can

‘no longer pick a preferred solution, particularly'asfat»969‘MeV/e the negative

Pl/é.phase shift is getting lerger and the negative Sl/é phase shift may be
decreasing. In the Argand plot of Fig. 3 we show the A  solution at all
three momenta and the B;(ii)hsoiﬁtion at i207 MeV/h. |

From theee results We_conelude: (l) Up to 1200 MeV/c there are no large,
inelastic.resonances in the h+p channel.  Small, hlghly 1nelast1c resonances
shchvas many df the =N reeonances_at comparable c.m. momenta could be present
but'woold'not be resdlved with the currently available data. (2) Our data
are con31stent with a smooth, slow variation of all partlal wave amplitudes
from threshold to 1200 MeV/e with a cons1stently large, negatlve S-wave phase

shlft, resembllng the best nonresonant solution of Lea, Martin, and Oades.

It is equally plau51ble, however, that between 9OO and 1200 MeV/e the dominant
‘repulsive Sl/é amplltude gives way to a large, repulsive Pl/é amplltude.

More data in this momentum region is required to distinguish these two

bOSsibilities.
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. Table I. SPD phase shift solutions at 864 and 969 MeV/c.

| 864 MeV/c 969 Me\/]c
Solution type A” B A B
8 e B -37.4%9.0 2.6%5.2 -23.0+8.2 ~7.3%3.0
' +0.009 +0.009 ~ +0. | +0.
” 0.990_5, 018 O’989-0.018 1-00.5 1-0.0.3
P1/o 5 -15.2£9.0  -BB.OEL.l -35.987.1  -58.0%2.7
‘ 1 0.910100012' o.9loio;012 | 0.798£0.017 , o.799io.022'
F3/2 5 12,4¢u°8: -k.2%0.5 117.0%0.6 -5.0%1.1
Zn -_Q.975io,oou - 0.975%0.00k 0.91440.007 0.914+0.007
D3/0 ) -3.5%0.6 -0.9%3.0 - -h.6%1.6 | 2.8i4.;
+0.001 - +0.00L +0. 004 +0.00k4
n 0.998 5 o0e  0-9% 5l000 9989 5.005  99%9.0.005
D5/2 ‘ 5 ,_2,5i1,6 | v1.5iof6 -3;9to.7 0.8%1.1
: ) 0.998t0.001  0.998t0.001  0.992£0.002  0.992+0.002
Re(kf) in c.m. " =0.55 3'-0.50 -0.59 -0;50
‘Ginelastic(mb)‘. _1}72 1.72 | 3.67 3.67
total(mb)» 13560 13.60 15.35 15.35 |
X2 10.3 12.5 18.8 20.4
. Degrees of '
freedom 18 18 . 15 1
Probability 0.92 0.82 0.22 0.16
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Table ITI. SPDF phase shift solutions at 1207 MeV/c.

véolufioﬁ'£yp§ | by B'(i) COBT(11) B (iii)
.51/2 5 —61.o£f.7'_ ';1.911.3 | 8;9iu.5' ) 28.742.2
| m 'v 0.70£0:15° 0.71%0.0% - 1.070%a }1fof8:l3
 Pl/2’ : 5 -20.6i5.7 “ ' ;47'3£170 -69;ui1§.2 -33.dt3.3
N 'o.9uf8:22 o 1.Of8:é9 ~ 0.5820.12 0.5840.16
_33/é 5 | 5.6tu.6   a1t1.0 33616 o -3.8i1;2
- 08570t ousTr0.00 0.91£0.08 107074,
 D3/2 o S22l -13.7£b.9 o -;5.3¢3;o 423,4f1.9
o ;-0f83o5 - | 1-0f8:01 | 0.9110.08} 0.86£0.08
Dy B | | b.ﬁil.o o o.eidQA}.. 2}6¢o.8_ b2
' " o,9hio;05' | 1.of8:oi' b.95f8:8$ 0.94£0.03
Fs/ 'v_a | 0.1%2.1 | -0.320.5 -9.5£Q.8' "_-7.311,4'
N -ﬁ | o.99f8:2% - 1;bf8:05’  0.95£0.03 0.910.02
_7/é s  ' 2.000.8 1.4i§.3v | 1'-o.3io.6', o -0.1#1.0
' 0.92%0.03 0.96%0.01 0.97 008 0,987 00
Re (k£) iﬁ.c.m. | 070 '-6.68 '~'_5o.751 o -0.77
O, o tastic () STl e B N R
CRNC) - 18.32 18.32 ;' 0 18.32 . 18.32
X° B . | oh.7 | 25,4 , eu.u. | | 2h.6
Degrees of A' o8 : v. o8 , 28 | ' i~

freedom .

Probability 085 0.1 . 0.66 0.65
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Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission: ‘

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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