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K'n CHARGE EXCHANGE NEAR 1 GeV/c'

- A. A. Hirata,’ G. Goldhaber, B. H. Hall,
" V. H. Seégerj G. H. Trilling, and C. G. Wohl

Department of Physics and Lawrence Radiation Laboratory'
University of California, Berkeley, California okT20

January 12, 1971

Abstraét; Wé‘preéent cross seétioné and'angular distributions fér:thev
reaction K'a » K%pp at 865, 970,'1210, 1365, and 1585 MeV/c.
Making correcfions fér deuterium effects, we observe the following
featufes,of the elastic charge exchange process‘IK+n - Kop:\ (a) .
the center-of-mass éngular distribution becomes increasingly peripheral
as the momentum increases from 800 to 1600 MeV/c; (b) the forward
| amplitude is largely real. Attempts to describe the data either in

terms of a'Regge model or in terms of dominance by an elastic Pl/2

isoscalar KN resonance are discussed.

1. INTRODUCTION

, High-precisioﬁ measurements of K+d and K+p total.cross seétions in the
momentum region around 500 to 1500 MeV/cvhave suggested the existence of
rather interésﬁiﬁé‘structure; Although disagfeements_bétween the results of
various groups coupled ﬁith ﬁhe uncertaginties generated,in the unfolding of
deuterium effeéts preclude precise knowledge of the shape of the i =0 total
cfoss section therevis suggesti§e eviaence for a very broad (I' = 560 MeV) nearly

elastic resonance at a mass of 1780 MeV plus an additional peak, perhaps. also

~ interpretable as a resonance at about 1850 MeV, jﬁst’above K* threshold ,[l]" :

| *Work supported,by the U. S. Atomic Energy Commission.

tPresent address: Departmeht of Natural Philosdphy, University ofiGlasgow,'
Glasgow, Scotland. ' : , ' / N

*Present address: Physics Department, San Francisco State College, San Francisco,
California. : ' : :

H#Present address: Nuclear Physics Laboratory, Oxford University, Oxford, -
England. : _ - v



-2~ © UCRL-20243

The maghitude of the total cfbss section effectively limits the'elastic resonance
(if this.ihterpretaﬁion is correct) to a ‘J = 1/2 state. Phase shift analyses '
already published indicate that the dominant I = O ‘wa.ve ..-is P, /2 [2]; this result .
is in‘agfeemgnpbwith mea surements of the ﬁotal cross sectibn at Very low enefgy’[3].j\h
Thus the natufal resonance interpretation of the total cross-section structure ‘
ih the 500-1000 MeV/c‘momentum region is in terms of a Pl/2 étate.
The next,step in attempting to confirm or dispfove this interpretation
ié to study elastic I = O KN scattering. The analysis éf elastic K#n charge
exchanée is a particularly simﬁle’way of getting at some information on the |
isoscalar KN eléstic brocéssés.
| As part of a program.to study,the K+N interactioniaround 1 GeV/c, we have
analyzed K+d-intefactions at momenta Qf 865, 970, 1210, 1365, and 1585 MeV/cf
In this paper ﬁe present the results of an analysis of the reaction
K+ a - K +p+op o (1)
from which wé déduce the.principal features éf thevrelated‘K+n charge exchange
reaction' | . |
K +n- 1 +p | (2)
including croés sectioﬁs and angular distributions.“ We have attempted to
see if our resulﬁs are compatible with a nearly elastic Pl/2 wave resonating

at a mass of about 1780 MeV, and have also made comparisons with the low energy

extrapolation of a Regge model developed for higher energy interactions.

2. EXPERIMENTAL METHOD | . _ v
The data were obtained from a 100,000-picture. exposure of the LRL 25-inch

bgbble'chamber>to a separated K# beam at the Bevatron. The film was scanned

twice for events with a vee or with more than two'outgoing charged tracks.

The topologies of interest here are vee plus one or two charged secondaries,
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which are candidates for events of reaction (1), and three-prong events, which
are candidates for the K+ - x n+n' decays used in the normalization. Initial
measurements,wefé;made with the LRL Flying—Spot'Digitizer,_and reméasurements

with Franckenstein measuring projectors. The measurements were passed through
i t . .

g e v
‘j‘ the programs STIOUX and ARROW. The K+d - Kopp hypothesis is constrained

even’whén one of the protons is too short to'be visible. The. cross sections

4 - . v ' o
n n  decays,and corrections were made for K decay

were normalizéd'to-‘K+v—9,ﬁ
into neutral and long-iived decay modes, Ké decay ouﬁside the fidugial volume,
and KO decay too close}to‘the productioﬁ_vértex, The scanning efficiency _
aftervtwb complete séanéiwas better than 98%. About h%.of the events failed
to pasé any.hypo?hesis afferjrepeated heasuremeht.‘.Ihis_could uSuaily be
attributed to,?oor'film quality of an 6bs§uréd vertex.  As'scanning"losseé
and measuremeﬁt failures are small and appear:to bé indeﬁendent Of‘t0pology,{

no correction is necessary for them.

3. EXPERIMENTAL RESULTS .

Cross secti&ﬁs for rééctibn (l)ﬂafe givéhxin_tébIe‘1 and,shoyh in:fig.bi
together with results froﬁ other experiﬁéhts-ét'moménta.below 3 GéV}é (L], ﬁ;
The cross sectibnv fises sharply from threshold to a value of abouf 7 mb at. "
600 MeV/c, remains roughly constant until about 900 MéV/é, and then falls
smoothly, reéching 0.75 mb at 3 GeV/c. From 1.2 GeV/c up to the highest
momentum reportéd, 12 GeV/c [5], the cross-section dependence 6n momentum
is fit well by'an expressibn of the form :Ap_h, where A-%‘7;3t0.2 mb and

n = 2-1010-050 )

-

Values of the differential cross section for reaction (1) as- a function
of the momentum transfer from the incident K' to the outgoing K° are listed

"in table 1 ahd plotted in fig. 2. A substantial forward peak is present at
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all momenta. The drop-off of do/dt at t =0 .is at least in part due to the

-Pauli principle inhibition in the deuteron as discussed below.

4. K'n ELASTIC CHARGE EXCHANGE

4.1. General Considerations o SR Y
It has been shown that, in the impulse and closure approximations,-the
K'a charge exchange cross section (do/dt)d [reaction (1)] is rélated to the

neutron cross section (do/dt)n [reaction (2)] byvthe formila [6]

1-H+ (1- —)R

do :
(d€)n [~ 1+ R,

(g%)d =

(3)
where R(t) = (do/dt);pln fllp/(do/dt)?lm_spm flIP  .nd H(t) is a deuteron
form factor. With the Hulthén Wave function, the fofmula‘for H(t) is

H(t) = EQQQEAiEQ—— [tan™t J—- an™t iéi,_ 2 tan™t J—_ 1, (L)

B - a) J_— ‘ B B S ath
where the values o = 45.6 MeV and B = T have been used. The funC£ion
H(t) drops very rapidly from a value of unity at t = 0. Thus,over the whole
angular range except very near the forward dlrectlon,formula (3) reduces very
nearly to

(dt a - (%%)n o

Unfortunately near the forward direction, the deuteron correction is rather
sensiti&e to the value of R; consequently the very forward data give relatively
little information about (do/dt)n. vThe crosses in fig. 3 show the'angular'
distribuﬁions obtained from (dd/d’c)d by calculating the center-of-mass scattefing r
angle between K+ and Ko in the system defined by the Ko end that proton which

is faster in the laboratory To obtain do/dt‘ -we have divided these data by

the deuterlum-correctlon factor on the rlght side of eq. (3) using three

alternate assumptlons, R = O, 1, and o, Away from the forward direction,

the three different corrected values
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are nearly equal. However in the very forward direction (cos 8 > 0.9), they

-

differ considerably, and we do not consider any conclusions reliaﬁie'here.

We fit the corrected data for -1 = cos & S 0.9 to the series

N

i 22 Dmax

_— = e) .. ' .

(dn)n T néb AnPn(¢o§ ) (5)
There is of course some arbitrariness as to the choice of n_ ., even within
the rule that one should keep only as many orders as are necessary to give a

reasonable fit. In figs. 3 and b4 the solid curves show fits,vfor the three

values of R, cofrespbnding'to what we believe to be lower and upper limits

for reasonable choices of nma#. The 970, 1210 and 1365 MeV/c data give

somevhat better fits with the high orders (fig. 4) whereas the 865 and 1585
MeV/c data are glﬁost unaffected. Values of‘the Legendre coefficients and

xZ for the fitsdcorrespondiﬁg to the middle curves (R = 1) in figs. 3 and 4

are given inltable é.as sets A and B respectivély and shown in fig; 5.* Table

2 also ShowS thé éxtrafolated forward differential cross sections and the corre-
sponding opfical Valués ae:ived.from the differenqes betWeen K+n and K+p total

cross sections. Although the experimental values of these forward cross sections

are very sensitive to the value of Doax and differ by large factors in the

two sets of fits shown, they appear to be substanﬁially greéter than the
optical values; indicating a largely real forwardvamblitudes The onlyvmomentﬁm
at which the lower-order fit (fig. 3) looks really poor is.1365 MeV/c. At

this momentum the higher-order fit gives a rather different shape than for

any of the other mémenta, as well asfa low forward cross section. We éannot

tell whether this difference is due to a fluctuation or is a real effect;
& A

*The coefficients are sensitive to n in spite of the orthogonality of

Legendre polynomiéls because of the omission of the forward bin in the fit.
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but, if real,vif‘is probably well worth studying in more detail with large
statistics. ‘Othef than reflecting the somewhat peculiar behavidr at 1365
MeV/c, the Légéndre coefficienﬁs éxhibit as the main ehergy dependent feature
a substantial rise in the coefficient A].: In effect the principal change is

an increasing peripheralism as the incident momentum increases.

k2. Regge Model

Fits to meson—nucleoﬁ éﬁarge exchange prbcesses with Regge models have
been presenﬁed iﬁ,a-number of papers W;B]. Generally suéh'fits are expected
to work only at'high momenta (several GeV/c), but the presence at even low
momenta of features characteristic of'these high energy fits has suggesﬁed
their eXtensibﬁ.to the low momentum region; In K+n charge.exchange these |
features includé the peripheralism of the procéss, the reasénably smooth
behavior as a fﬁnétién-of'ﬁomentum, aﬁd the reality of,the forward aﬁplitude.

Sevefal yéars agé Rarita and Schwarzschild [8] attempted to include K'n
charge exchahge-at 2.3:GeV/c in én 6Verall fit to mesén—nucleon charge exchange
and 7 pfoducﬁion'data. in addition to the usual p and A2 Regge trajectories,
they introduced.a p' term as an empiricél method of pafametrizing both - the
observed polafizéfion in pion‘charge exchange and the rapid rise in the K+
chargé ekchange:cross section as one goes to momenta below 3 GeV/c.‘ Since
the general qualitative features at 2.3 GeV/c do not change greatly as the

momentum 1s decreased, it seems natural to attempt comparing the model with

. our low momentum data. Uslng the coefficients given by Rarita and Schwarzschild

we obtain the dashed curves in fig. 2. With some modifications in the coeffi-
cients of the p' trajectory the solid curves of fig. 2 which give fairly good
fits to the data are obtained.” These modifications do not significantly

affect fits to high energy K charge exchange data, other than slightly worsen

the 11t at 2.3 GeV/e.

*In the notation of ref. 8, the following modifications have been made: Do,
- changed from 264 to 135 mb and D%, changed from2.95 to 2.30 (GeV/c)—E.
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The agreement of the'daté with the Rarita-Schwarzschildzmodel should not

be interpreted as‘é real-tesf of the model, but rather as an indication that

A . .
the K n charge exchange angular distributions are fairly smooth functions of

momentum down to rather low momenta.

.5,mmMMPV2mmmmmmm

Iﬁihas béén suggesﬁed on the basisvof total’énd inelastic éross-sectibn
data that there may be a very bfoad'neérly eiasﬁic I-= C resonance near 1780
MeV [1]. Thé'éohsequence of_this idea would'be the présence,of a near- |
resoﬁant elastic partial wave in thé loﬁér part of thé momentum regidn phat
we;are studying. The tdtai éroés-sectioh.measureﬁents limit thé_Size of the
resonant Cross section to 4nh2 and hehcé-only the' J'= 1/2 _anes are possibleﬂb
candidates. waer énergy phase shift analyseé indicate that the dominant

The smallness of S, ,. relative to Pl/2 tends

1/2° 1/2
to be confirmed by recent total cross—secfion3measurements which indicate
that the I - 0 'cross'section falls to practically zero ét zero momentun [3].
Iﬁ thus appéars that.the Pl/2 wavevié the oniy real candidatevforiresbnant
behavior at low momentum. o

We have éttempted to fit 6ur,chérge exchange data at 865 and‘97O MeV/c,
using the-following additional.inputs: |

(i) The I =1 phase shlfts were taken as given in Hall et al. [9].

(ii) The I = O total cross sectlons of either 20f1 or 23+l mb- at. 865
mb

‘MeV/c and 20.5%1 or 22.8ilAat 970 MeV/c-were taken,tq encompass the range of

values obtained from the various experiments.
(iii) The isospin-zero Pl/27phase shift is determined by.the proposed
resonance energy, 1780'MeV and width~560 MeV.. The other phase shifts have

been allowed to vary to obtain a best fit. -
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The results'of this analysis are that no good fit can be obtained with

our data and thé inputs (i), (ii), (iii). The reason is fairly easy to see:

1/2

 shift would lead to backward peaking'in charge exchange, opposite to what is

a reéonant.P -inferferinngith the dominant I = 1, negative Sl/_2 phase : #
obserVed. This means that 1arge amounts of other waves aré needed to fix
up this asymmétry- However, there is ﬁot much cross section room either in
the I = O: totél cross section or in the charge exchange crbss sectioﬁ to
add in these large contributions from other waves. Thus while it is trﬁe'
that the I = 0 elastic process has a broad maximum at about 700 MeV/c,
that maximum appears to contain Significént contributions from a number of
waves and is nétAcaused by the Pi/E émplitude passing through 900. It is
1/2 phase’shifts;'ﬁamély
65° and 72° at 865 and .970 MeV/cvréspectively instead of the values 80° and

possible however to obtain good fits with large P

900 expected for an elastic résonance of mass 1780 MeV and width 560 MeV.
Examples of such fits are shown in table 3. TIn these fits, the feduction

in P amplitude from that expected in the simple resonance interpretation

1/2 , .
provides enough room in the cross sections to accommodate D wavés substanﬁial
enough to revérse the asymmetfy'and provide agreeﬁent'with our experiment.v
It is important t0 emphasize that we have not studied all possible phase
shift solutiohs; and, indeed, that there are solutions with ﬁuéh smaller Pl/2
phase shifts. Accurate polarization inférmation is needed to distinguish the
various solutions from each other, and such data are not presently available. ' »

Our’'only clear conclusion is.that fhe P phase shift can be large, namely

1/2 _
around 65—720 in the. momentum range 800-1000 MeV/c, but it does not appear to

follow thevsimble prescription of going through 90ovin this mqmentum range.

This does not rule out the existence of a P nearly elaétic resonance below

1/2

1 GeV/c; it does however disagree with the simplest possible resonance interpre-
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tation of the total cross-section data,inamely a purely resopantrelastic Pl/2
partial wave. . | o

We expreSSVOur'thanks to our scanning and measuring_staff,:to the operating
staff of the Berkeley F.S.D. under Howard White, and to the crew of the 25-

inch bubble chamber under Glenn Eckman.
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FiGURE CAPTIONS
Fig. 1. ‘G(K+a:“9.KoPP) Vs laboraﬁbry beam momentum. Data points below 865
MeV/c.are.ffom Slater et al. The data péinﬁsat 2.3 GeV/c is from Butterwortl.
et al. The_data point at 3.0.GeV/c is from Goldschmidt-Clermont et al.lfh].
Fig. 2. do/dt Vs -t for the fiVe momenta of this experiment. The curves are
the predictions of the Rarita-Schwarzschild model as discussed in the text.
Fig. 3. (do/dd)a Vs cos 6 for the five mdmenta of this experiment. The curves
are Legendre polynomial fits to (dO/dQ)nvcalculated fromi(dcr/dQ)d using the
correction factor of eq. (3) with‘ R=0; 1, and @. The dots are_(do/da)n
for R = 1. The fits at 865, 970, and 1210 MeV/c are to'Second-ord¢r5 at
1365 and 1585 to third order. The forwardmost bin was omitted in fhese'fits; ¥
‘Fig. 4. Same as fig. 3 but the fits are to higher order; to fourth ofder at
865,. 970, and 1210 MeV/c; to fifth order at 1365 and 1585 MeV/c.
Fig. 5. The expansion cdefficients for the fits in figs. 3 and . 4. The open circles
correspond to Set A in table 2 and fig. 3; the cloéed circles correspond to

Set B in table 2 and fig. 4.
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Table 1. Differential ¢cross sections for K+d - K%(p); 't is.the square of
the momentum transfer from the incident Kt to the outgoing K°,

-t interval.

GeV/e SR Cross sections

From To Py=865MeV/c 970 1210 1365 1585
All : 0=6.72+£0.40mb_6.26£0.29 _ 4.99£0.24 _ 3.69£0.29 '2.6540.22
0.00 0.05 4.6%1.1 T 4.3£0.8 2.7:0.6 } 3.120.6 } t.920.4
0.05 0.10 9.3£1.6 6.2£0.9 5.740.9 o ,

0.10  0.15 11.51,7 7.8+1.0 6.741.0 1 507 } 3 1006
0.15 0.20- 10.6+1.7 10.3%1.2 6.5+0.9 e .

0.20 0.25 9.3£1,5 10.4%1.2 6.0¢0.9 | 4.540.8 } o 3410.6.
- 0.25 0.30° ' 9.4%1.6 9.241.1 5.5£0.8 b

0.30 0.35 11.8+1.8 7.651.0 6.320.9 } 4.040.7 } 4 080.7
0.35 0.40  8.6x1.5: 6.6£0.9 6.1£0.9 ' .

0.40 0.45 ' 8.0%1.4 6.6£0.9 5.240.8 } 3.940.7 } a0
0.45  0.50 8.1%1.4  6.3%0.9 3.640.7 _ _ 5

0.50 © 0.55 8.7+1.5 5.3%0.8 5.0£0.8 }  2.9:0.6 } 43404
0.55 0.60 6.1+1,2 5.6£0.9 - 4.6+0,8 ' S

0.60 0.65 4.6%1.1 5.240.8  2.8%0.6 } - } Ceiba
0.65 0.70° - 6.1%1.2 4.5£0.8." 3.6£0.7 2 SR

0.70 0.75 6.421.3 4.420.8 3.2£0.6 } 5.040.5 . } 4 1s0.4
0.75 0.80 3.5£0.9 5.120.8 3.420.6 o '
0.80  0.85 3,240.9 4.440.8 . 2.7+0.6 v } 1.450.4 } 13204
0.85 0.90 1,80.7 4.5%0.8 2.3£0.5 © |- '

0.90 0.95- 1.3£0.6 2.8+0.6 2,640.6 } 4240.4 } o essoen
0.95. 1.00 1,240.6 3,04¢0.6 . 2.4%0.5

1.00 i.05 2.0£0.5 11.9%0.5 } { 450.4 } 0,920,314
1,05 1.10. 0.1240.09 ~ 1:0%0.4  1.20.4 i _

1.10 1.15 : 0.64£0.29  1.3%0.4 } 1.840.5 ° } 0.9240.31
1.15 1.20 0.51£0.25-  1.620,4 »

1.20 1.25 0.25£0.18  1.120.4 1.840.5 - 0.6240.25
1.25 1.30 0.3920.22  1.3%0.4 } }

1.30 1.35 } 0.1420.10 1.240.4 | } 0.73%0.28
1.35 1.40 0.95+0.34 0.83%0.23 :

1.40 1,50 0.4940.17 } 0.41£0.15

1.50 1.60 0.30%0. 14 } 0.6420.20 o

1.60 1.70 . . 0.37£0.14
1,70 1,80 3 } S

1.80 1.90 o ‘ : .
oo 00 b 0.0520.02 g 0ai0 04 } 0.35£0,13 -
2.00 2.10 “ |

2.10 2.20 Ny ] :

2.20 2.30 ‘ _ 0.05£0.02
2.30 2.90 - '



2 “max
Table 2. Coeffxcxents A {rom the least squares fit of the dxfferentlal cross sections to the series (do/dQ) = (do-/dn)d/(i 2/3H) = XT A P {cos ).
. =0
: The forwardmost bin (0.9 < cos 6 < 1.0) has not been included in the fit. '

. S':’:o::qentum . éxpected 'aifl?lt); . : . - . (dq/dm6=0 ‘ (do/dp)optlcal )
F (Me/e) "max  x° X %) Ay Ay Az A oAy Ag (mb/sr) {mb/sT)
865 2 16.8 16 39,9 1.2720.06  0.57%0.11  .-0.18£0.13 ‘ L 0.74%0.10 0.02%0.02
. 970 2 314 16 1.2 1.3920.05 0.70£0.09  0:1240.11 _ ~ 0.83£0.07 0.020.02
Set A 1210 2 9.5 16 894 1.58£0.06 - 1434012 0.3120.12 SR . 0.90%0.07 . 0.0320.02
1365 3 136 13 40:5 1.41*0.0'9 1.480.18 0.88£0.23  0.7740.22 ' _ 1.0420.13 0.0120.02
1585 3 8.9 15 8837 1.2040.08  1.6040.18  1.000.22  0.40%0.20 _ 0.780.11 0.0120.02
"""""" 865 4 160 14 302 1.2840.06  0.5620.13  -0.15£0.17  0.0450.21  -0.4120.21  0.7280.27  0.0220.02
970 4 222 14 7.4 1.35£0.05  0.57%0,40  -0.1220.14 -0.3820.17  -0.49+0.17 0.3520.18 0.02£0.02
SetB 1210 4 63 14 _ 95.9 15540.07  1.3580.14  0.190.19  -0.220.22  -0,3320.19 : 0.68£0.18 0.03£0.02
Po136s 5 6.1 11 86.7 1.20£0.10  1.0740.24 - 0.18+0.35 -0.2040.41  -1.13%#0.41  -0.60£0.32  0.14%0.36 0.01%0.02
a 1585 -5 8.7 13 79.2 :'1.1910.10_ 1.56£0.24.  0.93%0.34  0.324#0.39  -0.10£0.38  -0.1220.30-  0.71%0.29 0.01£0.02

_z'p_
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Table 3. K+N' I = 0 phase shifts (8), inelasticity coefficients (n), and
partial cross sections for the momenta 865 and 970 MeV/c. Set of solu-
tions corresponding to large Py /2 waves.. For the I = 1 phase shifts we
used the set reported at the Duke Conference by Hall et al. 9

. . . » o? a®
= ) o a) el » ‘inel
_ Wave ' , (deg) 0 - (mb) (mb)
J 865 Si/2 12.7+5.9 " 0:980 1.06 0.22
MeV/c v : o o :
vPi/Z 6512#2.5‘ O.984-v 18}.03. 0.17
'P3/2 : 5.3+£3.6 - - 0.992 | 0.3.7 | 0.17
© D3/2 o 9.4%2.2 . | 0.989 e 1.17 - 0.24
D5/2. -7.1+£3,4 0.994 = | 1.02 ' ,0.20
Totals 21.65 1.00
o0 T T S T T T e e i e T T T T
O otal = 22.7_ mb X" = 25.4 for 18 DOF
from fit . .
970 | Sy -6.6£3.9  0.944 0.25 °  0.51
MeV/e | S : :
Pi/Z | 72,2450 | 0.926 | 15.'73 10.67
P3/2 10.1+4.4 o 0.969 . 1.12. 0.57
.D.3/2 _. 13.8‘:1:3.3 . ‘0.981 o 2,09 - 0.35
DS/Z -10_' 7£2.9 . 0.987" 1.92 0.35°
[ e e e oo - Totals . 21.11 245 = _
0 . i 2 _ )
Oiotal = 23.5 mb X" = 26',2 for 18 DOF
from fit ' '
N a.)The qua'ntities’ n were chosen in similar ratios és obtained for the c'or-’-..

responding I =1 solutions. The fitting program was allowed to vary them

expt.

within limits with the constraint that z o) .G)= o
. T 5 inel™ inel
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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
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
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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