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We have uﬁdértaken a sy.stematic study of the 'mteracﬁon of positive
¥ mesons with hydrogen and deuterxum m the energy inﬁerval from 0 to 455 Mev.
Some prehmmary resulta have already been reported. ! In this note we present
the reeults obtamed for the elaatic and inelastzc k'’ -p mte‘raction at 455 Mev.

Prevmus investigat:ona of K interactions in nuclear emulsmnz and
propar’w3 have yxelded meaaurements ot‘ differential and to'al cross sections for
the procesa 'K 4 p- K+ p in the eunergy interval 40 te 3€30 Mev. The |
differentml cross aection at .2;55 Mev, 4 as well as the total cross sections in the

range 175 Mev < E, < 8 Bev, have been measured by counter techmques

K-
The fe atures of the K -p scattering from 80 to 390 Mev are: (a) the total cross
section is appréximately 14 mb, varying little, if at all, Wi.th energy; and
. {b) the angular distribution ié isotropic. | | |

The Lawrencg Radiation Laboratory 15-inch hydrogen bubble chamber
Was exposed‘to a sggia.’ra.téd beam of K" mesons pfoduk:ed by the 6-Bev clrculating
.protons of the Bevatron (Fig. 1). The system was demgned for armomentum of
645 Me~/c. With adjustment of the magnet parameters it was possxble te obtain

the higher momentum of 8§10 Mev/c (T = 455 Mev). A mass-resclution curve

at 810 Mev/c for the sepa‘ratioﬁ,system is shown in Fig. 2. The background of
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.ligh‘t particles {(pions, mé;'qna. and electrons) was approximately 10%; the pion

component is avalyzed in more detail below.

The initial sample of events, chosen to satisiy geometric and incident-

»

+ .
‘momentum criteria, contained bctb inelastic and elastic K interactions and also

a background of wt interactions. Kmemahcal fitting procedure (with further

evidence from estimates of bubble density of the eeéondary tracks) provide means

of separatmg the elaet:c from melastzc mteractions with essentially complete

certaxnty The elaatic pien scatterings are dietinguishable from k" elamic

M <g.4. To determine the total number of pion scatterings,

we use the wt -p angular diétr:{bu&ion7 to eva_luaté ‘the numb_’er of sugh events in
the remammg angular mterval 0.4 4 < cos 6 c.m. < 0.96. This number (i.e., 31
ev ents) is then su‘btracted frcm the group conmstent with ¥ -p elastic scatterings.
The obsaerved number of w' inelastic m&era.ctxons {(i.e., 29 events) is in agreement

thh the sum of obgerved and mferred numbers of w+ elastic interactions. The

contamination of pion inelastic scatterings in the sample of K -p elastic scatterings

A

- ig thus negligibﬁe. We accepted only those bcat&er‘mgs with cos GKC’ ™:<0.96 in

order to preclude any 'effects of io& efficiency for detecting small-angle scattering.
We find, then, a total of‘ 1320 elastic’ k' -p scatterings satisfying the above
conditidha. The .eo;:al Kf‘ path length was determined by three independeﬁt methods:
(a) 'Froml(*‘ decays into three charged secondaries (316 decaye} ahd the known
branching ra.tirs.‘8 b‘l = 0.0614.002 for these decay modes; thié yields a total path

length of (3.12%.25)X ch’cm.

'(b) From K' decays into one charged secondary with projected angle 6l b >27.5 deg.

This cutoff amgle wag intreduced in order to avoid possible confusion with K -P
scatterings without observable receil. The decays included in this sample

correspond to a fraction b, =.0.29 +£.01 of all K decays. A total p;.th length of
(2.9340.14) x1¢% cm is obtained by this method.
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(c) From a direct count of tracks passing through the chamber. After corrections
for light-particle contamination, decays, and interactions, we obfain a total path
length ofq (2.96:& .16) X 106 cm. The weighted average of the path lengths obtained
6

by the above three methods is‘ Lémtél = (2..9?:{-0.09)){ 107 em. Cortectmg for the
sc,am's ing efficiency for elastic scattering, €_= 0.99.?,- and decays, e& = (1,994,
and extrapolating the &ngular distribution (cmxmdered as flat) to cos 6 em = 1.0,
wae obtain the total elastic-scattering creas gection, at 45525 Mev. 0oy © 13.0%C.7
mb This cross eection contains some Coulomb effects below cos OKC' M-z n.96,
and ig to be ccmpared with tbe purely nuclear cross sectiong as deciuced from the
'phasew shift analyses below. The error includes the uncertainties in the path- length
determin‘é;‘ifiqna and vatatifsti/:a.l error in the number of gscatterings. " For the inelastic
K -p interactions, discusse‘d below, we obtain a cross eectiQn % inel = 1.040.2 mb.
. The differential cross secﬁi_on plotted in Fig. 3 shows only a small angular
- dépendence. We analyzed the data in terms of s- and p-wave 8c‘atter‘mg for the
elastic and inelasticihterfction. s ©fwave ¢uh Ty s ooy

We can thus write the differential cross section as

(% = 1, {‘ - i‘; exp (- iafn sin” 8/2)
el 4k sin” 9/2 ' : .
38 I 7Y 2i8 ' 2
*“1 1-1+r...-.9;( e 3¥6 11+2m13e 13-3)_c¢se|
2 § 6 2,
. 1 3 ’ Lt .
+Iq1 ll-nlf 13 8in 6} _ _ - (1)

and the inelastic crossisection as.

(34

2. 2 2l .
ined © «-%%«.[(1 St (L) + 2(Tmy g ) _ (2)
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8 is the c. m. scatterin.g angle, hk the c.m. momentum, and Vel the relative
velocitylo; 61, 6“, amd 613 are the 51/2’ pl/Z' and p3/2 T =1 phase shifts,
respectively, and " M and N3 correspond to-the imaginary pa;t of these phase
shifts. For simplicity we have assumed that tﬁe inelastic scattering occurs
principally in one of the three scattering émplitudeé. Solutions for the phase shifts
were obtained by sétting two of the absorbitive amplitudes 1, equal to unity and
obté.ining the third one from (Z). The solutions are rather insensitive as to which
phase shift was chosen a,sv complex. In Table I and Fig. 3 we give the s‘olut.ions
corresponding to ny = 0.92 % 0.2' and N M3 = 1.

| The results of the phase-shift analyses are given in Table I. There are
three sets of phz”a.se-shift solut;ons.

Set A: A dominant s-wave solution. The sign of the 51/ phase shift can be seen
‘ 4,11

to be most probably negative in agreement with earlier results at lower energy.

~:Set B: A dominant Pi/2 solution which is the Minami aﬁbiguity corresponding to
- set A. A unique determination of the sign of 611 from our data is not possible

" because Coulomb interference here occurs at smaller angles than for solution A.

Set C: A combination of pl/Z and P3/z amplitudes such as to reproduce near

isotropy with an ambiguity in sign. This is the Fermi Yang ambiguity corresponding
to solution B. If we consider the evidence for a repulsive (i.e., positive) nuclear
potential .fro.m the emulsion data (2, 11) whose largest contribution comes from the
forward scafter_ing.amplitude in ‘the T =1 state; vis. V~ - R.e[,75 fl(0)+.25 fO(O)}
we can infer the sign of the dominant phase shifts. For reasonable values of fG(O)
this would rule oﬁt éolutioﬁs A+, YVB+ and C+.

1t shmvl}'d be noted here that for the dominant s-wave and .pl/Z - wave

solutions corresponding sets were obtained at 225 Mev.
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Isctropy and little variation of the acattermg croés section dominate the

.K‘_*'- p mte:action throughout the energy interval up to 455 Mev. To ascribe the

scattering to predominant repulsive 8 -wave mteraction even at 455 Mev (Set A )
does imply an anomaloualy low p-wave mteractmn. A py /2 solution {(Minami
amhiguity) can clearly fit an isotropic distrxbutien at any energy. The near
conatancy of the cross section, however. over the large energy interval makes

a dam.ina.'nt pl/z {Set B).or pl/a - p3/2 -mixture (Set C) solution y:ather unlikely.

At this point we woxﬁd fike to emphaéize that wé have not explored combinations

of s, p, and d waves, ‘which wiil of courge also reproduce the k' - p scattering
process. As is well known fi;om the proton-mvoton interactic;n,; certain combinations
of several angular momenfum stateé can reproduce isotropic and energy-independent

differential cross sections over appreciable snergy intervals.
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As can be seen from the inset in Fig. 3, a precise measurement of the
scatter’mg at small angles can diatinguvish betweein dpminant s and dominant p
snluhons because of the difference in the respectz ve Cdulomb interference.
S;milarly, pclar:zauon meaeurements of the recoil proton could determme the

presence of a mixture of {31/2 and p3/? a.mpli’tgdea or possibly higher partial

- waves. Scattering in the 8"1/?. and in the pure pl/? states, respectively, does

not give rise to polarization.
inelastic interactions of positive X mesons with single pion production
can proceed via three peesible channela. Awmong the 192 inelastic scatteringé

recorded in the .chamber, we observed ekampies of all threg mo'des of pion

. production. Tabie il summarizes the results.

These examples of Reaction I with subsequent Kl(\ decay are readily
identiﬁable: 25 were cbserved, For a Kl branrhmg of 2/3 into charged pions,
these events should represent 1/3 of all K® mesons produced in Reaction I
If all ambiguc;u-a inelastic scatterings belong to channel Ib, the observed ratio is .
consistent with that expected. In any event it is clear that Reactic;m' 1 dominates

strongly. It is interesting to note that if the X and ¥ mesons were produced

" in a total isctopic spin state of T = 1/2, the ratio of the rates of Reachona I, IL.

and 11l would be 2:1:6, while production of the m meson and nucleon in the T = 3/2
state would yield at ratio 9:2:1. ‘I'he data are suggestive of sa- dynam;cal effect

enchancementd
which may be due to an « ,,/\. Lo pro uctxon in one of these .isotopic: spin states.

We wish to thank F?refee_;sor Luis W. Alvarez and maﬁy members of his
group fot; making the isfi'nch bubble chamber and analyzinigvfacilitiea available to Qs.,
We are very grateful for the tirelesé efforts of the bubble chamber crew and the
Bevatron crew as wgll as ouf own écanning and measuring group, withox;t whose |
agsistance thisexpériment would not have been possible. We would also like to

acknowledge the important contributions of * Mr. Thomas :TO"HalloAran an;i ’

"Dr. Wonyong Leé..
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Table I. Phase shifts for K‘}-Nueleon scatterin&ﬁat 455 Me\f inthe T=1 stat-e(a)
4 Phase shifts : Probability i C.1 (b)
y {deg) . ~ from a x © Fit (mb)
A Solution §, 6“ LY -
AT 4721 0.544.5 1.5&25 .15 . 12.240.4
at 49& 1 -0.544 02 .01  13.020.4
B 4582 -45.5%1  -2.5&1 o2 12.640.5
B L5215 46,541 421 ~ 73 13.0%0.5
c” 4522 145815 -2821 TS 12.520.5
ct SL5£2  -13.581.5 2921 3 13.020.5

{a) The solutions given here are computed fur.nx = 0.92 My My = 1. if we
value n - 0.92 and My =My = !l. for example Solution A™ becomes 61 = -45°

8y = 3.5% §,, = 1.8°% -

{b) This is the nuclear clastic cross section computed from the respective phase
shif;ﬁfa leaving out thé Caﬂemb terms. | The errors reflect the errors on the
respective phase shifts.

Inclastic interactions of positive K mesons with single pion production can
proceed via three possible channele. Among the 102 inelastic scatters recorded
i in the chamber, we observed examples of all three modes .o'f pion production.
Y Table 11 summarizes the results.
(;\
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Table lI. Pion Production in E(+~p Ceollinions

e e s e S T e s S SR
Channel - ' ' Number
— ' of Events
1 s - S e
| (a) K'+p—= K +7+p 2
!wwr‘k +q

(b) K'+p- K? + 7 p

35
R | G
\‘wl"i? or neutral decay of Kl .o
11 + £ 0 .
Kitp=X + +p 24
LI ety p - K ¢v +n ’ 8
Ambiguous - Ib or [l ' _ e

Totall® 102

a o ' . _ ..
(a) included in this number are nine events alse consistent with w.p

inelastic acatterings.
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FIGURE CAPTIONS

1. Layout of the separated K beamv. The beam design was similar
to a eeparated K bheam designed earlier (Ref. 12), and is described

in detaii in Ref. 13. ‘The K+ beam from the target (T) is focused by the
quadrupole Ql onto elit Sl' The momentum selection is éffected by
bendihg thagn_et 'BMl. and the subsequent mass separation by the crossed
electric and maguatic field in apect;ometer- Spi. ;The second state i&
essentially a mirror image éf the first. The steering magnet 8M was

and C

introduced for additicnal freedom in the horizontal plane. Choriz vert

are horizontal and vertical collimators respectively.
2. Maasse analysis of particles emerging from slot Sl in Fig. 1. This
cuii-ve was obtained by sétting spectrometer Sp 1 to transmit K mesons

and varymg the magnetic field in spectrometer Sp, One thus obtains

'a mass anaiyais of particlaes leaving slit S The final operating condit:ons

» for Sp, ‘are indicated by the arrow.

-ﬁ‘.ig.'

3. The K +H elastxc dszerential cross section at 455 Mev. The

' reaulte cerrespond to 1320 ecattermg events. The curves are computed

_from the various ‘''best iit" “phase shifts as given in Table 1. Sets B

c”, and B' C give essentxally identical differennal cross sectxen curves.
For clatity. only Set A and Set B &? C” are shown in the main hgure

The inset shows the sman angle behavior of all the phaae shift e@lutwns
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