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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal 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. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
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reflect those of the United States Government or any agency thereof or the Regents of the
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Lawrence Berkeley Laboratory
University of California
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‘ Mt. Holyoke College
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1211 Geneva 23
Switzerland

We report the résulté of a precise measurement of the K_p-;ﬁén Cross
section between 515 and 1065 MeV/c in steps of.lO'MeV/c. The
statiétical errors are less than 1%, a majof impfovement in acéuracy
over previous‘wofk. No e&idence-is foqnd‘for the new I=1 KN

resonances af 546 and 602’MeV/c reported recently by Carroll ¢+ glZ.

% . ‘ .
This work was done with support from the U.S. Energy Reésearch
and Development Administration. .
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This letter presents the results of a counter experiment designed
to measure with high precision the total cross section f;r the reaction
K p>kK°n in the momentum region from 515 to 1065 MeV/c. The charge
exchange cross section, being proportional to the sum of the squares of
the differenceé.between the I = 1 and I = 0 amplitudes in each partial
wave, is generallyAsmall and therefore is‘sénsitive to small changes in
either of them.  Thus a.precise measurement of the energy dependence of
this érbss section is a valuable indicétor of resonant structure.

The experiment waé performed in thevlow-energy separated beam1
at ﬁhe Brookhaven National Laboratofy alternating-gradient éynchrotron
(AGS) using the apparatus‘shown in Fig. 1. The principle of the métﬁod‘
is to véto all reactions cdntaining charged particles or gamma rays,_
leaving Kfp-*KLn as the only contributor to theAcounting rate. " To
abhievé‘this a liquid hydrogen target2 was surrounded by a charged-
particlé veto box outside of which was a gamma detector consisting of
two layérs of lead—scintillator sandwiches each containing equal
thicknesses (6.35 mﬁ) of lead and scintillator. Care was taken to
minimize thé amount of material surrounding the target in order to
make fhe apparatus as franSparent as possiBle to KL and neutrons while
retaining suffiqieﬁt opacity to gamma rays to veto with good efficiency
the all-neutral final states containing gamma rays. For the chosen
configuration tﬁe single-gamma detection efﬁiciency ﬁas calculated
to be approximately 707%. This was sufficient to reduce corrections for 
contaminétion from unwanted neutral states to less thaﬁ 2% at all
momenta, the déminant contribﬁtion coming frpm the two-gamma state

Kan° above 800 MeV/c and the four-gamma state Am® (A~ nm°) below 800 MeV/c.
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The éorrgction for KL or neutrons interacting in the target and veto .
box was about 25%.

As seen in Fig. l'the‘incident beam was defined by scintillation
counters Sl, M and 52, ﬁhilé‘a Che;ggkov counter C rejected pions aﬁd
muons in the beam. Cherenkov light from these contaminants was
coliected by toﬁal internal reflgction and used in anti-coincidence
'(611) while kaon-produced light passed through the radiator and was
focused onto photomultipliers placed in goingidence (CK) for positive
identification. Althoﬁgh the ﬁ/K ratio iﬁvtﬁe beam ranged érom 10 to
60, the.kaoné soiideﬁtified céﬁtaiﬁeé fewer than 17 pions. The
kaon ;n£énsit§ varied from 20,000iper pulse at the highes; momentum
to 400 ﬁer puise af the lowest. The signature for a charge—ekchaﬁge
- reactionvwas.an incidgnt kaon, K = Sl'M-SZ-Eﬁ4CK,and'no sig?él.ip any
of'the‘A of G counters: K-A-G (see Fig. 1).

Empty target rates; typically 12% of the full rates, were meaéured at each
ﬁdmentumvénd subtracted. The major contribution to this effect arose from K 1 v
decay where the muon had insufficient energy to penetrate to the charge
particle veto counters; To minimize this, counter 82 was located
directly in front of the target in a re-entrant pipe and viewed by
means Qf an air light guide, while veto counter A5 intercepted the.
beam immediately beyondvthe target. Because éf the added stopping
power'of a full’targét, tﬁiS"contribution from K Aecays ié not ‘entirely
removed’ by an empty target subtraction.. Tﬁe calculated correction

for this effECt‘is momentum-dependent‘and'becomes as large as 15% at

750 MeV/c.
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Corrections to the cross sections were made by means of a Monte
- Carlo program3 vélidated by detailed hand calcqlations. Iﬁ addition
to the four corrections mentioned above, the only others Which“ﬁa&
more than a 2% efféct on the cross section were: a) the.atteﬁuatiéﬁ’
of the béam in the target due to interaction and decay, a factor of
1.07 to 1.09, and b) KL'decays inside the veto box, a faétbr of
1.03 to 1.04.

iThe_lqrgest borfection and‘the one subject to the greatest
uncertainty is the one mentioned previously which accounted for‘-KL
and neutron interactions in the target and veto box. This requires
a knqwledge of the absorption cross sections in carbon and lead. For
neutrons these havé.been measured and can be well-fitted by aﬁ optical
model calculation,4 For KL’ the nuclear absorption cross séction

was parametrized as:
o = 10T [R + Vo, /107 12 mb

~where R = 6.41.fm..for Pb and R = 1;69_fm for C. The.KL—nuclebn cross
" section (OK) was obtained from the measured th‘crqss sections above
450 MeV/cS.’6 and bélow ffom analyéis of bubble chamber éiperiments7.
A visibiiity factor fv’ as introduced by Bricman et aZ.8 té represent
- the fraction of interactioﬂs producing a detectable signal inba
cdunter, was assigned to KL and neufron‘interactions in»léad and
scintillator. For Ki interactions in lead and scintillator and for n

interactions in scintillator, we used_fV = 1 while for n interactions .
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in lead we.adopted the parametrization of Bricman.?*? The angular
distributions for chafge exchange required_in the Monte Carlo calcuia—
tiop werebobtained from a partial wave analysis based on bubble chamber
experiments. The result is a correction factor nearly independent’bf
mdmentum.varying from 1.24 to 1.26? two—thi;ds of which comes from
the interaction of KL'S. |

The calibration of the beam momentum was established by measuring,
at a series-of momenta, proton,_anti—protop apd deuteron times of
flightﬂover a 6.25 ﬁ path béyond the apparatus and by proton range

curves in copper. These sets of measurements agree to within *0.5%

. which we regard to be our absolute momentum uncertainty. The

momentum reéolution of the experiment; coming about equally from
méméntgm spread of the Beam and ionization loss in the target, is
nearly cqﬁsfant and averages‘i7 MeV/c rms.‘

. The final results for the charge exchange cross section are
listed in Table I and displéyed in Fig. 2 as a function of the mean
laboratory ipteraction momentum. The errors showﬁ afe_statisticai
only and are smaller than *17 over most ofvthe energy region. ‘The
systematig uncertainty in ovefall normalization, coming primarily from
the absofption correction, is estimated to bé_iﬁz.

A comparison between the new cross sections and:thqse previously
availablélois displayed in Fig, 2, showing the dramatic improvement '
in accufacy (almost a factor of 10) made by this experiment. The:

agreement between our  experiment and bubble chamber data is

exceedingly good below‘l GeV/c. Above that we-fall somewhat below
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most of the bubble chamber points, bﬁt are significantly higher than
the counter results of CERN—Caen.8 i

The deep U-shaped valley apparent in the cross section inrthe
‘vicinityrof An th?eshold (725 MeV/c) is now clearly delineatéd. The
cross section falls rapidiy as the threshold is approached from below
and appears to be nearly constant immédiately above. At higher
momeﬁta.there is a shqulder more evident ‘than in the bubble chamber
data with a suggeétion of a slighf dip at I°n threshold (888 MeV/c).
There is no evidence for structure between 500 and 650 MeV/c where

the results 6f Carroll gt az,6 inaicate two significant.narrbw
enhancements in the II= 1 part of the tdtal cross section. Resonances
here wéuld be consistent with our>léck of structure if they were in
high partial ﬁaveé (for example,‘Dl3 as suggested by Litchfield11
for the.enhancemeﬁt at7546 MeV/c).

In’ the followiﬁg ‘1ett¢r12 we preseﬁt a partial.wave analysis
incorporétihg these as well as other KN dataAin which a satisfactory
fit to our results is achieved. Figure 2 shows our fit to the charge
exchange cross séction along with predictions from two recent partial
wave analyses._ The LMMO solution13 is incompatiﬁle with our data,
while the RL-IC solution,14 although generally in reasonable agfeement,
fails fo reproduce the shoulder between 800 and 900 MeV/c.

We are grateful to the Brookhaven AGS staff fof their generous
assistance and ho%pitality, to T. Kycia for the loan of the Cherenkov
counfer, and to T. Mast,-J. Nelson, S. Shannon, and D.. Neuffer fqr
their éssistance in earlier phaseé of this experiment. We

v
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also thank T. Daly, M. Long and J. Taylor for their technical assistance
throughout the experiment. One of us (H.N.) would like to thank the
Faculty Grants Committee, the Research Corporation, and the University

of Massachusetts Computing Center for financial support.
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Table T

Cross section for the reaction Kfp + K°n as a function of K lab momentum.*

PK (MeV/c)‘ " o (mb) AG (mb) Pkf(MeV/c) o (mb) Ac (mb)
515 4320 .077 828 4.342 :050
536 4.229 .059 838 4.458 .026
s47 4170 .056 . 848 4419 .028
557 4.102 .055  oess 4.509 .026
567 - 4.043 048 868 4.617 .015
578 3.996 .057 878 4.684 .025
598 3.841 .049 888,  4.621 - - .028

608 3.833 054 - 898 4.674 027
618 3;695_ o047 907 - 4.694 - .027

639 3.679 044 917 4.933 026
659  3.544 058 927 5.003 .037
679 O 3.424 .030 937 s5.178 .03
699 3.142 039 947 5.276 .036
708 ~ 3.012 .032 957 5.599 .039
718 2.576 .037 968 5.802 .038
728 2.224 .022 979 6.151 . .039
739 2.269  .026 990 6.230 .039

750 2.283  .030 1000 6.454 L042
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Table I (cont)

he]

Py (MeV/c)

an overall systematic uncertainty of *3%..

o(mb)  Ac(mb) P, (MeV/c) . o(mb)  Ac(mb)

760 2.741 .034 1011 6.885  .037

770 3.033 .028 1022 7.227  .043
779 3.295 .026 1033 7.604  .048

789 3.638 .030 1044 7.703 ©.045

799 3.908 . 046 1055 '7.810 .038

819 4.167 . 049 1065 7.535 .043
 *The statistical uncertainty only is listed. There is,in addition,
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‘FIGURE CAPTIONS

'l..Isometric projection of the apparatus.
2. Cross section for the reaction K—p + K°n versus lab momentum
showing this expé;iment (closed circles) aldng with bubble chamber
(open symbols) and other counter results (Ref. 10). The CHS data poinfs

have been amended to conform with the current K st branching

S
fraction of 0.6867. Our partial wave fit (Ref. 12) is shown as a

solid line while the dotted and dashed curves are predictions from

two previous partial wave analyses (Refs. 13 and 14).
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