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K -PROTON ELASTIC SCATTERING
IN THE MOMENTUM RANGE 700 TO 1400 MeV/c

William R. Holley

o ‘ Lawrence Radiation Laboratory
1 , - University of California
® _ Berkeley, California

October 22, 1965

ABSTRACT

Differential cross sections for elastic K~ -p scattering have
been measured at incident-kaon momenta from 700 to 1400 MeV/c.
A total of 17000 elastic evenﬁs were observed with narrow-gap
cylindricélvand parallel-plate spark chambers. |

| Least-squares fits of Legend»re—pélyno‘mial power series to
the differential cross sections require fifth-order terms in the region
of the suggestéd 1765- and 1815 -MeV l'esohances. Sixth-order
coefficients are not required, _

The behavior of the éoefficients requires a highly elastie
reso:nancev near 1815 MeV and is consistent with the existence of an
additional enhancement near 1765 MeV. The latter resonance, if it
exists, is rather inelastic. |

Least-squares fits of one or more Breit-Wigner resonance
te.rms with constant bécl<grounds to the total elastic and total cross
sections énd a qualitative analysis of the Legendreépolynomial coef-
ficients favor a J= 5/2 a.,,ssignment for the _18.15—MeV resonance,

although  J =3/2 cannot be completely excluded,

‘A 3
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: state have been suggested.

 spin-5/2 baryon octet of SU

I. INTRODUCTION =

Early K~ P total-cross-section measurements gave little

-ev1dence of structure in the K N interaction, 1 At low momenta

(below a few hundred MeV/c) the total cross section appears to follow
a1/v law. Dalitz and Tuan have described this dependence, using

S-wave complex scattering lengths, 2 Later measurements at higher

~energies, however, have indicated the presence of several resonances

in the K-N system. Tripp, Ferro-Luzzi, and Watson have discussed

rather completely an isotopic Vspin T=0, 3/2 resonance of low

elasticity at 394 MeV/c ( correspondmg to 1520 MeV total energy in

. the center- of-mass system), 3 Another highly inelastic resonance, at
740 MeV/c (1660 MeV), has been observed in the T =1 channel and
~ also appears to have total angular momentum J = 3/2.4 The parity of

this resonance is not clear at present.

More exten51ve and accurate total-cross-section measurements
have indicated the presence of a rather large enhancement in the K -p
total cross section (a 15-mb bump on top of a 35-mb background) at an
incident K momentum of 1050 MeV/c No appreciable correspond-
ing peak in the K -n total cross section is evident, leadingtoa T =0
assignment for the bump. Unitarity arguments based on the size of
the resonant peak in the K -p total cross section indicate J > 3/2

From a btudy of enhancements in the K p mass spectrum in
the reaction K™n -~ K “prm , the behavior of theéK'p and K ' n total
4a,

cross sections, 5 and the results of elastic: ba, 7

and eharge—exchange
scattering experiments, Barbaro-Galtieri, Hussain, and Tripp have

concluded that the R-N reaction in this neighborhood should be

described in terms of two resonances, one with T =1 at 1765 MeV,

th'e other with T=0 at 1815 MeV. 8 Tentative spin and parity assign-

ments of D for the 1765 -MeV state and F, for the 1815-MeV
5/2 8 9 5/2 :

The FS/Z ass1gnment for the Y ('18'15) suggests that it is the

Regg.e recurrence of the A. In this case it would fit in the "excited"
10

3 symmetry.

Ball and Frazer, using partial-wave diepersion relations,



have shown that inelastic threshold effecfs under certain conditions can

produce large bumps in the elastic channels, 1 In an analysis of

‘n-N- scattering data, Auvil et al. have found enhancements in the elastic - s
scattering amplitude which seem to confirm the val1d1ty of the Ball-
12. The threshold for productlon of K (888) in
. (1815),

Ball and Frazer have shown that their model could yield a substantial

Frazer mechanism,
the reaction K+N~>K +N is near the energy of the '

peak in the elastic D T =0 amplitude,

The purpose o?;/tzhe experiment described in this thes1s was to
explore in detail the elastic-scattering angular distributions of K"
mesons on protons in the momentum rénge 700 to 1400 MeV/c. Pre-
liminary results were reported at the 1962 TnternationaI'Con_fer_erice on
High Energy Physics at CERN. bc In the experiment a.liqﬁidb-—hydrogen
farget and an array of spafk chambers were used., The équipmeni
and experime‘ntal proce.duresvare described in the following Section II,
'In Section ’HI data analysis and corrections to the data are discussed.
‘Results of the ex_pe_rifnent are presented in Section IV. Secti“onv Vv

contains a discussion of the results and their relation to the various

proposed resonances in the energy region covered by the experiment,

*;
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7 bers B, placed on each side of M.

II.V EXPERIMENTAL PROCEDURE ':AND EQUIPMENT

A. K Beam

Figure 1 shows the layout of the beam. Negative particles
produced in the forward direction by cvollisiops of the circulating
proton beam of the Bevatron with an i‘ntern,al’target Were deflected

by the Bevatron's magnetic field through a thin (VO.OZO-in'. ) aluminum

- window in the vacuum tank at the up’stream end of the west straight

section, The "C' magnets M and M were placed c'l'ose to the
thin window of the Bevatron in order to subtend a solid angle as large
as possible at the internal target. The combined effect of the Bevatron's

magnetic field and M and M’Z bent the beam through an angle of

1 :
approximately 45 deg and served to define the primary-beam momen-
tum. The beam was then focused by the 8-in. quadrupole doublet,.

25 at B1 located between the two .high‘—pressu_re. methane~gas
Cerenkov counters. The effect of multiple Coulomb scattering in the
Cerenkov counters on the final béam size at the hydi‘ogen_ target was
{:hus minimized, The second quadvrupole, 'QZ’ focused the beam
vertically at the hydrogen target and horizontally at infinity. The

final bending magnet, M3, served to define the final momentum of
the beam, bending the central-momentum particles through an angle
of 28 deg. o

' .To achieve a high trigger rate the beam was designed to accept
a rather wide momentum band (AP/P = +6%); however, spark cham-
3 allowed for the a Eﬁt_e_r_i_clﬂ |
determination of the momentum of an interacting beam particle to
better than +1.0%. A helium-gas-filled Bag‘ occupying as rﬁuch of the
beam path as possible reduced beam loss and kept the final vertical
beam size as small as possible by reducing multiple Coulomb scat-

tering. The total path 1ength of the beam from product1on target to
hydrogen target was about 45 ft. '



.. _-Proton -beam
e trajectory
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Fig. 1. . Plan view of beam lé.yout. My, M%, and My are analyzing
le

magnets; ..Qi and Q» arevquadrupole dou ts; Cy and C, are MuB-4337
gas Cerenkov counters; W is a water Cerenkov counter; -
B4.through B¢ and ‘A are scintillation counters; and -3, C,

and M are spark chambers, :
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B. Hydrogen Target

A specially designed liqﬁid—hydrogen target, shown in Fig. 2,

was used to minimize the amount of hydrogen traversed by the elastic-

scattered particles, The liquid-hydrogen flask was almost parallelopi-

pedal in shape, with dimensions approximately 6 in. along the beam
direction, 3 in.‘ vertically and 15 in. traﬁsi}erse to the beam, This
flask was enclosed in a cylindricéi flask which was connected to the
liquid-hydrogen boil-off vent line by four stainless steel tubes. The
liquid'-hydrogen inner flask was thus surrounded by hydrogen gas at
esseritially the same pressure as that of the liquid hydrogen. "In this
way the Stress on the liquid-hydrogen flask was kept to a minimum,
allowing it to retain its shap.e. The liquid-hydrogen flask was sup-_
ported by one of the stainless steel hydrogen-gas feed tubes which ran

along the bottom of the flask and connected to a stainless steel end

Vplate‘ The inner flask was c'onstruct'ed of 0,003-in, mylar with stain-

. less steel end plates and the outer flask of 0.010-in. mylar. A

cylindrical aluminum vacuum jacket with 0,051 -in. -thick walls sur-

rounded the two hydrogen flasks.

C. Spark Chambers

The syétem for defecting elastic scatters in this experiment
consisted of two momentum def1n1ng parallel plate spark chambers,
a 10-gap cyhndmcal sPark chamber surroundlng the hydrogen target
for observing the incoming K™ and the outgoing scattered particles,.
and a large semicylind'rical' spark chamber with carbon- and steel -
plate absorbers between the plates for range and polar1zat10n measure -
ments, 13 - A picture of- the momentum analyz1ng magnet, M_3, and the
spark-chamber arrangement is shown in Fig. 3. A detailed diagram
of the eievation view of the ‘spark chamber setup following vM3 is
shown in Fig, 4.

The momentum-defining chambers consisted of two small
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Fig, 3. Nearly completed setup of the detection apparatus.
The cylindrical chamber has been removed and a scintil -
lation counter inserted for preliminary beam measurements,
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8-gap paraliel-pla.te spark chambers. . The plates, of 0.003-in. aluminum,

were 12-in~diam discs with a gap spacing of 0.375 in. and were grouped

into two 4-gap sections, 8 in. apart. An air-tight aluminum box with

transparent Lucite viewing windows on the top and one side enclosed

-the plates. The entrance and exit windows of the box were constructed

of 0.003-in, aluminum foil to minimize the amount of material in the
beam. v ' '»
' The 10-gap cylindrical spark chamber13 (Fig. 5) eurrounding
the hydrogen target was used to detect elastic scatters. The cylindri-
cal construction of the spark chamber has several advantages, Since

the interactions in the target occur near the center of the chamber,

‘outgoing tracks tend to be radial and therefore traverse the gaps

" normal to the plates, yleldlng higher angular accuracy.  This is true,

of course, for angles in the elevat1on view (projections of track onto -
a plane normal to the cyllnder ax1s) cheve'r " due to the stereo
system used, depth and d1p angle resolut1on is about seven tlmes
worse (see Append1x) than resolution in the direct (elevatlon) view.

Since most Qbserved elastic scatters l1-e in planes having small dip

~angles, the poorer dépth resolution does not seriously affect‘scattering_

arigle determination (see Section III. B. 3. d). Cylindrical g'eometry
also makes it poss1ble to obtain a large detection solid angle while
using spark chambers of relatively small physmal dlmensmns In
addition, the short flight paths for scattered K~ mesons from the
target to the trlgger counters surrounding the cyllndncal chamber
reduce the decay 1n—ﬂ1ght correction.

The electrodes were constructed of 0. 010 -in, aluminum sheets

rolled into cylinders 18 in, long and varying in diameter from 10 to

20 in. The ends of the cylinders were imbedded in concentric circular

grooves machined in two polished 'Lucite end plates. The gap spacing
was 0.375 in, The straight edges of the electrodes were imbedded in
a grooved Lucite post stretching the length of the chamber, Electrical
and gas connectlons to the chamber were made through this post,

In order to obtain range and polarization information on the |

recoil protons a large s_em1cyl1ndr1cal spark chamber was placed
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Cylindrical spark chamber and segmented stereo

mirror

Fig. 5.

o
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'do.\‘;vnstream of the cylindrical chamber. The spark chamber con- |

sisted of 21 concentric 2-gap chambers interleaved with absorbers -

-twvelve 1-in. carbon absorbers at radii of 18 to 40 in, 'follojvwed by

nine curved 0.5-in., steel plates extending.to"a' radius of 60 in. The"
transparent curved insulating edge supports for each spark-chamber
cell were made from an annulus of pollshed Lucite in which three

grooves were machined 0.375 in. apart. The whole range and. polar-

ization spark- chamber assembly measured 5 ft w1de by 6 ft h1gh by

3 ft deep and welghed about 6 tons.

- . The interelectrode gas used in the spark chambers was a
mixture of 90% neon and 10% helium. .Bec,ause of the presence of
small ./gas leaks in the spark chambers, it was necessar’.y to circulate
continually the gas mixture through the chambers at a slight positive
pressure - ; » 7
 Stereo information for the two beam chambers was prov1ded by
plane front-surfaced mirrors attached to the tops of the chambers.
These mirrors were tipped at an angle of 45 deg to the horizontal
and afforded a plan view of the chambers in addition to the direCt
side (eiex}ation) view. Depth and dip-angle informa_tiori for tracks in
the cylindrical chamber was obtained by using an array of 72 tilted
mirrors placed behind the chamber (see Fig. 5). The mirror segments
were arranged almost radially ‘on a eircular 2-in, -thick Lucite
backing plate. A series of s_lanting plahes was carefully machined

into the Lﬁci_te plate. The mirrors were then attached to the plate

with do_uble-sided' masking tape. The backing plate was machined so -

that each mirror makes an angle of 5.7 deg to the plane normal to the
axis of the cylinder,’ The mirrors are tipped in such a way that the
reflected image is displaced counter clockwi_se' from the actual spark,
Details of the depth and dip-angle calculations are given in Sec, IIL. B.2
and the Appendix. A similar segmented mirror system with elements
tilted through an angle of 2.85 deg was used to give stereo information
for tracks in the range —polarizatioh semicylrndrical chamber. '
| Photographing all spark cha_mbers on a single frame of film

required a rather complicated system of plane 'front-su-rfaCed mirrors,
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arraﬁged a.vs shown in Fig. 6, Hyperboloidal field lenses, machined
from Lucite, with a focal length of 28 ft, were ialaced in front of each
spark'cha.rnber, The full length of each gap could then be viewed with
a camera positioned at the focal point of each lens,

Two stages of mirrors for each chamber were required in
order to place the ef.fective focal point of each lens at the same point
in space and alse to have the virtual images. of the chambers, as seen
by the camera, arranged to fit efficiently onto a single frame of film. '
Because of limitations on the size of Lucite blocks and lathes available,
two lenses, and hence two separate mirrer eystems, were used on the
large semicylindrical chamber.' ' .

Fiducial lines were scribed in 1/8-in, -thick Lucite sheets
placed in front of each chamber and illuminated by xenon flash lamps.
The xenon lamps were flashed by disch‘arge's from 8~-pF capacitors at
14 kV, triggered by a spark gap. |

Identificatien numbers (run number and Bevatron vpulse number)
and the cumulative number of incident kaons for that run were recei'ded'
“on each picture by using '"Nixie'' lights. | |

A Segmented seven-cell water Cerenkov counter running the
length -ef>the cylindrical chamber was used to detect particles with
.velocity >0.75c entering the range ‘polari_zati_on chamber., Neon
lights placled adjacenf to the water Cer_ehkov counter were used to
identify on the film the particular compartment of the counter through
which the—,high -velocity particle pa_ssed.

The camera used was a 35.-‘mrrv1 Flight Research Model IV |
-with a recovery (film-advance) time of eppr'obximately 40 msec. Thus
as many as 10 pictures per beane pulse 3could be taken unde.r optimum -
~beam conditions (beam spill as lbnvg as 400 to 500 msec). -Background-X

film was used at a lens setting of £/14.

D. Electronics

The electronic flow diagram is shown in Fig. 7. The kaons in

.

«

ez
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"
) Fig. 6. Diagram of optical sysfem used to photograph the events,
' ' - Two stages of mirror reflections were used (R1, ~R'1, etc,);
- - L LZ’ L3,' L4, and LC are field lenses S

1’

‘e
e
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the beam were selected by means of time-bf—ﬂight beam counters
Bi -to ‘Bé (see Table I f_or counter detailé) ‘and methane—gas Cerenkov
counters C1 and CZ' The Cerenkov counters produced signals only
for particles of mass equal to or less than that of a pion and therefore
wer.e used in anticoincidence to reject particles lighter than kaons,
For details of the consfruction and operation of the high-pressure gas
Cerenkov counters, see refe‘reﬁée's 14 and 5a, ,

As indicated in the block diagram, counters B B3',' énd

1’

B5 with C in ant1c01nc1dence formed the a 001nc1dence The

ﬁ-co1n01dence signal similarly consisted of B2 ‘ B4, Bé’ and C
The K-coincidence signal then g:ons1sted of a and B 1n Co1nc1dence
and counter A, used to reject off -axis beam particles, in anticoinci-
dence; An "interaction'' required counts in two or more of the 17
"barrel-stave'' scintillators (Fig. 8) surrounding the cylindrical spark
chamber (detected by means of a linear ad‘der—divscriminator15) in
coincidence with a K signal, thereby f.orming. the I-coincidence
signal, 1If, in addition, the camera gate indicated that the camera
was ready to take a picture, the signal IN “was used to trigger the
spark chambers, Scalars recorded 1, IN’ K, and KN {(number of
kaons passing down the beam during the time the camera was capable

of taking pictures). In addition, other quantities of interest were

. recorded suchas a, P, and a monitor coincidence made up of

Bz, B3, and B5 (essentially the total number of p»art.icles, rnai‘nly-v
pions, in the beam).

_ - The spark-chamber trigger pulse (I-N) was first amplified
by a 4PR60A vacuum-tube pulser. 15 The 15-kV output pﬁlse from
the hard-tube pulser then triggered a spark gap, - which in turn
triggered 11 additional spark gaps éupplying approximately -13 kV
to the various spark chambers and xenon flash. lamps. Specially
desigr{ed low-inductance, fast-rise-time spark gaps and capacitor
banks were used for the spark-chamber pulses, A picture of the
smaller of two spark-gap arrays containing three spark gaps and

their associated capacitor banks is shown in Fig, 9. These spark

gaps were used for the beam chambers and the cylindrical chamber,
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- Table I. . Details of counters

Counter - Type Dimensioné {in. )" o “Function
. Scintillator 2%2X1/4 . Time-of-flight
. : o counters for detecting
5 2X2%1/4 - . K particles,
5 6X6X1/4
4 6X6X1/4
5 8X5%1/4
¢ : o 8x2x1/4
A ' Scintillator 16X 16¥X 1/2 with Rejects particles that
‘ : : 8% 4 rectangular = are out of beam line
hole e
C'1 . CI—I4 Cerenkov 5 diameter “ Detect particles
‘ ' : o S lighter than K meson
C”2 .. 26 long : . for the purpose of
: ' ' : o ' - anticoincidence
W.-W, . H.O Cerenkov 2x3-1/4%24 " Detect particles with
0 6 2 ' .
o : ve_lqc1ty >0.75
: R1 - R17 Scintillator 20%3 - 3/4x1/2 | Detect K—-p.reaction '

products

T

@
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.- Fig. 8. Ring assembly holding
scintillators.
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gap capacitor bank,
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A similar seven-spark-gap aﬁray was used to furnish the hléh voltage .
pulses to the large range —polarlzatlon chamber Each capacitor bank
conslsted ‘of three decoupled sets. of up to-ten 4000-pF 30-kV bar1um ‘
t1tanate capacitors (Sprague No. 6134)

The trigger pulse I also generated a . fast off- -gate (FOG)
signal which was used to off -gate all discriminators to prevent plckup
from the spark-chamber pulses. ' '

v The total delay between occurrence of an interaction.in the
target and apphcat:on of the high-voltage pulses to the spark chambers
was about 400 nsec., A clearmg field of 35 V (of polar1ty opposite to
that of the high-voltage pulses) was found to achieve the hest compro-
mise between high gap efficiency and removal of unwanted background

' traeks.' At high. beam rates, however, the number of background
tracks, mainly pions, énd consequently the number of unmeésu..rable ’
frames became appreciable. To obvia_té partially this diffi.cul.ty, 'a_l :
‘long (550 nsec) anticoinci_de.nce pulse derived from beam 'sci.nfillator\ _B6-
was used to reject events which follow too closely the passage of a
previous beam particle, Thus when a desirable e_v.ent'occurred_, any
""old" accidental tracks were at least 0.5 H_sec old and rarely resulted

- in background-track formation. No disc rimination against accidental
tracks yo‘u‘ngér than the -trigg’ering_kaon' was used. At large beam
rates the high duty cycle of the long anticoincidence circuit resulted

in a suppression of the rate of useful events, The maximum rate of
accumulation of usable pictur_es, i, ev,_, those without extra background

tracks, ‘occurred for a fl;_lx'ofr_4 be 105 particles/sec,
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~1II. DATA ANALYSIS

A. Scanning and Measvur.ing

A total of 360000 pictures of- K -p interactions were scanned,
and aboﬁt 60000 were measured on "SCAMP", a digitized scanning and
measuring projector. 16 Figure 10 shows a typical event. All pictures
with a single incident track vi‘vs_ible in each view of the beam chambers
and in the incoming po‘rtionrof'the‘ cylir']dric"a'l'c.hamber ‘were considered
""measurable" frames. A "track' was defined as four or more collinear
sparks,  Events 'Wit}l'more than one incident track in any view of the
beam chambers or in the cylindrical chambér were considered .‘
'unmeasurable'. The number of unmeasurable events was recorded :
for normalization purposes. Measurable frames with two outgo-ihg
tracks in the cylindrical chamber which did not obviously come from
an interaction in the spark-chamber plates Wére considered '"acceptable'
and were then measured, v

In measuriﬁg an event the scanner first recorded parameter
information such as run number, event-number, scanner number, etc,,
on paper ta-pe. Then position (%, y) coordinates and an angula.r ()
coordinate for each track and stereo image in the beam chambers and
the éylindrical chamber were punched on the tape, Measurements are
made by aligning the projected image 6f a track with a l‘ine scribed in
the translucent viewing screen, The (x,Vy) position was obtained by
digitizing the position‘ of the film on'a microscope stage. The 6
coordinate was obtained by digitizing the position of the translucent
. screen,. which rotated in an accurately aligned mounting. In addition,
for each event, fiducial measurements were made of two grid lines,
roughly parallel and normai, respectively, to the incident-beam
direction, '

The paper tape containing the parameter information and the
digitized track measuremeﬁts was then processed through an IBM 1401
comﬁuter which made a few simplé checks, such as testing for the

correct number of measurements and throwing out all measurements

Rt
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Fig. 10. Example of K -proton elastic scattering. The views
of the beam-defining spark chambers have been rearranged
for clarity.
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and events rejected by the scanner, and produced a magnetic tape

containing the corrected events.

B.'_ AnalySis_

A Fortran program for use on the IBM 7094 computers at the
‘Lawrence Radiation Laboratory computer. center was written to carry.
out the geometrical 'reconstructionv of events from the track and grid .
measurements and to fit the events to elastlc scatterlng kinematics.,

1. Inc1dent Momentum

The incident part1cle momentum for each event was . determlned

from the bendmg angle of the track in magnet M. ThlS bendlng angle

was, obtamed from the angles made by the tracks31n the plan v1ews of
the two beam spark chambers measured with respect to the beam-
_chamb‘er’-g‘md lines. The magnets and grids were callbrated by re-
mc\}ing the beam spark chambers from their p051t1ons passlng a

current-carrying wire down the beam path, and photographlng the

wire orbits with the optical system and camera used in the experlment.

Several sets of pictures were taken before, durlng, and after the
experimental run for different magnet currents and wire currents.

2. Spatial Reconstruction of Tracks

‘The two fiducial measuremerts were used to define a coordi-
nate system with the origin at the center of the cvylindrical chamber
and with the positive x axis pointing upstream (antiparallel to the
incident-beam direction). The computer program converted all
measurements of tracks and stereo images to this coordinate system
for further analysis. The angle and separation of a track in the
cylindrical chamber from its stereo image_were used to obtain the
dip angle and Z coordinate (height above stereo mirrors) of the
track, In practice,_ values of Z were calculated at two points on
each track (approximately the centers of gaps 3 'and 7 in the cylin-

drical chamber) using the éxpression

0
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. d S
“cosBtan26’ . . (1)

where d is separation of track and image measured norrnal-"to’the

_image,. B is the angle between the axis of the reflecting mirror and.
.the irnage, and 6 is the tilt .angle between the 'plane of the mirror
~and the Z=0 'plane. (See Appendix for derivation and details.) :
_Because we have cosfp = 1 (p < 10 deg) and tan26 0.2 (8 =5.7 deg),

; the helght Z above the segmented mirror is given approx1mate1y by

Z = 5d,

The d1p angle, i, e., the angle the track makes with the x-y plane, is

'-approx1mately glven by a sunllar expressmn

AN=5a,

whe‘re A is the chp angle andj‘a“is_t_he angle in the k-y plane between

_the track and its image..

3. Elastic Criteria -

To be accepted as an elastic scatter, ‘an event had to satisfy
copu'nctUality, coplanarity, and kinematic criteria, and in addition
the scattering vertex had to lie inside the hydrogen target fiducial
volume. - v

a, Copunctuallty Because of the small angle of the cylindri-

cal-chamber stereo mirrors, uncertamtles in the Z coordinates are

‘much larger t_han correspondmg errors in the x-y plane. Therefore
" the copunctuality requirement was only applied in the x-y plane. The
{ .

X~y vertex was chosen as the point which minimizes the sum of the

squares of the perpendicular distances to the three cy_lindrical chamber
tracks. The method is equivalent to a standard XZ vertex fit if one

assumes position and angle errors are the same for each track. The

minimized quantity, 5§V, is calculated and used as a f1tt1ng param-

eter, represent1ng the dcv1at10n of the event from exact copunctuahty

b. Coplananty : Smce the dip angle of the incident track can

" be obtalned from the downstream beam chamber by ut11121ng the

90-deg stereo view, errors on’ this d1p angle are at least an order of
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ma‘g'nitude (factor of ~2 from better angular measurements of beam
.Chamber tracks and another factor of > 7 due to the A90—deg stereo angle)
smaller than other cylindriCal chamber tracks., For this reason the
fitted scattering plane is required to be parallel to the incident track
and is adjusted to minimize the sum of the SQuares of the dlstan_ces in
the_ zZ d_lrection of the centers of each track from the plane. The

. "'center'" of the track,.is'defined as the point between the fifth and sixth
gap in tﬁe. cylindrical chamber. Two fittlng' parameters, re‘presentingv
deviation fro.m coplanarity,‘ are calculated: 6Z, the minimized
quantity described aldove, andA '6CO..P, the sum of the squa_res of the
angles between the outgoing tracks and the fitted scattering plane.

This additioha.l coplanarity parameter is necessary because the centers
of the three cylindrical cham‘)er tracks can be coplanar although the
'tracks themselves are n_ot. Th1s s1tuat1on could ar1se from events in.
which the odtgoihg tracks are decay products of particles produced in
the initial reaction. .

c. Elastic Kinematics, Momentum conservation at the elastic

vertex requlres that the scattermg angle 6 of the kaon be a unique
and monoton1cally decreas1ng functlon of the recoil angle 6p of the .
proton, This relat1onbh1p, for a typ1cal value of incident momentum,
is' shown in Fig. 11. The follow1ng procedure was used to.compare -

angles 6 and 62 (angles_between the incident tl_'ack and the two

1 . - :
outgoing tracks) with the elastic kinematics curve. First, 6, and 6,
were assumed to be, 1espect1vely, GK and 6 o’ and a fitting param- -

eter, 66, was calculated This fitting. parameter representing the
""deviation from k1nem.at1cs",- is def1ned as the normal distance from:
the point‘:'GK and’ 61::) to-the kinematics curve__. , ’l"he- as s_lgnment of
GK and 68 was then reversed and a new ''deviation from kinematics"
parameter calculated. The assignment yielding the smaller 66 was.
assumed to be the correct one. The center-of-mass (c.m.) scattering
angle is obtained frorn the intersection of the k1nemat1cs curve with |

the normal from the a551gned 6 and 6

d. | Select1on of Elastic Events Cutoffs for the f1tt1ng

parameters 6V 657, &6COP, and 66 for acceptable elastic events
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Fig. 14, Plot of 6, against 6 .('in the laboratory system) for
elastic scattering at 1000 Mep\//c. o .
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were obtained by examining the'di_stri_b.utions of the paramete.rs and
setting the cutoffs at the pointé where the distributions (which in‘
general peak up sharply. for srn_all_valués of th'e> fitting parameters)
fall to the background le\.fe'l. Theée distributions were examined
carefully- for changes as a function of beam momentum, c¢.m. scat- '
tering angle, ciip an‘gle. of the scatterihg'plane, etc. ,: but wgre found
to be essentia.lly indépendent‘ofj these _va_i'iables. ' Rnghvcalcul‘ations
indicate that the elastic ¢utoffs used are consistent wit_h the uncertain-
‘ties expected due to.me'asu‘ring errors and multiple Co’ulor_rib scattering
in the hydrogen target and Spa.rk-charnber- plates. Figures 12 through
15 show typical distributions and cutoffs used for the elvasti’c fitting
parameteré. ) | | | L v :

| ‘Elastic events were accept_ed' only-if they originated insi&e a
fiducial volume which was chosen to"bvve'; slighﬂy 'sm_allei' than thé
actual liquid-hydrogé_n tai‘get to veli-_rf;in'lét'e c dnt_aminaﬁon by‘ events
thé.t ‘scatter in the target walls.. F_i'r{ally,'“:eac_.h scattered track was =
required to have enough ev_nergy‘.‘and be scattered in such a direction

as to pass through one of the trigger scintillators.

C.. Pifferential Cross Sectigil_

The c. m. elastic differential cross section averaged over an

interval (bin) of cos 6 is given by

' ) N. e.
do _ i 71 -
Efz—i : NK np L A¢ iTAcosG)i.

Here: Ni is the number of elastic scatters in the ith interval and
T is a miscellaneous correction factor ipvolving secondary inter-
actions of scattered particles, scanning and measuring efficiency,
inelastic co_r'l‘tami‘nation,-.. décay in flight both of incident and scattered
kaons, etc. In the denominator N~ is the effective number of '

, K
incident kaons, r_1p is the density of protons in the target, L is the



27-

- 500p

| 400r
w.. '—‘
-+ 300r
o
. >
@
k)
5 B
€. |
2 200r
|Oo_ /\/ EIOS‘IC_ :
I N
A~ v I/\/_ - cutoff
Elastic o :
cutoff
O | L 1
| 0.2 -Ol “0 ol 0.2
1<) (rad)
MUB-8242
Fig. 12. Typical distribution of the '"deviation from kinematics"

fitting parameter, 66.




: "'28“

~ 500—

400F

W
o
o

Number of -events

n
o .
O

 1‘K)Q-v

E/\/ Elastic

T cutoff

"0 02 o4 06
' - 8cop (arbitary units)

08

MUB-8245 .

Fig. 13..  Typical distribution of the coplanarity fitting pardmeter

§ COP, . | o 5



=29-

500
400¢t
E‘SOO-
2 -
)]
° -
@
0
E 200t
> &
~100r

Elastic v

cutoff ~vu Elastic

: %‘, .cutoff

| "’\/. ’
I o
. |
, |
(o) 1 . 3 ,
-50 -250 "0 250 500

8z (arbitary units)

MUB-8243

Fig. 14. Typical distribution of the fitting parameter 6Z,
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effective target length, Aq)i is the range of azimufhal angle of the
scattering plane for which elastic events trigger the spark chamber
and produce acceptable pictures, (Acosf})i is the _ith inter,val'ovf cos@,
and 6 is the scattering angle of the kaon in the c¢. m. system.-

As discussed in Section III. A on scanning criteria, elastic

events were selected only from the fraction of frames that contained

a single incident track in the spark ché‘mberé, ‘i.e., only from

""measurable!" frames. Therefore, the effective number of incident

kaons that should be used for normalization purposes is

NK- = —El\f X (total number of incident kaons),

where. M 1is the number of measurable frames and F is the total
number of frames, _ , ‘

The target length, L,‘ is the average length along thé beam
direction of the fiducial volume wéightved by.the spatial distribution
of the incident beam. Periodically during the experiment, short runs

were taken relaxing the requirement that at least two outgoing charged

particles pass through the trigger counters., Thus every kaon incident

while the system was capable of being triggered produced a picture,

'Since almost all of these events were simply kaons that passed thrdugh

the cylindrica.l chamber without interacting, these runs were called
"straight—through" runs. The straight-through pictures were used
to obtain unbiaséd spatial and momentum distributions of the incident
beam., v v |

The effective azimuthal angular range, Aq>; is a function of
interaétion point_in the té.rget, incident momentum, and'c.pm. scat-
tering ang'le‘vand was calculated from the known geometry of the
systém and the elastic-scattering kinematics.. The correction factors
assoc.iate.d with the loss of elastic scatters due to decay in flight of
the scatteredk‘:{on, second interactions of the kaon or recoil proton
in the hydrogen target, target walls, or spark chamber plates, and
abso.rption of 1§w-ehergy protons or kaons in the material Were cal-
culated and averaged over the azimuthal range. These calculations

were made for a total of 240 different vertex locations, weighted by
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the spatial beam distributions, and averaged over the values of cos@
ina givén bin. These weighted averages were then averaged over the
momentum distribution of the beam at each momentum setting, Typical
curves of Ad/2w are shown in Fig. 16 both with and without corrections
due to decay in flight, second interactions, etc.

Other corrention factors applied to the data were essentially
independent of the scattering angle.

Approximately half of the fllm was rescanned by a few’ speC1a11y
selected scanners (and the author) to determine ‘the scanning efficiency.
The pi’oblem of determining the scanning efficiency was complicated
by the fact that scanners not only could miss legltlmate elastic candi-
dates but could also.incorrectly assign events to the "unmeasurable
category. The scanning eff1c1en01es ranged from 84 +8% to 92 :t4%
depending on beam intensity and the general quallty of the spark- chamber '_
pictures. I '

- The loss of events due to bad rneasuvrement.s by.the scanners was
estimated by carefully remeasuring sanqples of events, " The average
measuring efficiency was found to be approxunately 93 + 3%.

Contam1nat1on by inelastic events in the selected elastic sa.mple
was est1mated to be 5 £3% by 1nterpolat1ng, through the elast1c region,
the flat background of inelastic events lying outside the elastic cutoffs
in the 66 distribution. Similar procedures applied to the coplanarity -
parameter distributions glve approxn'nately the same value. v

Because of the discrimination against pions and 11ghter mass
particles in the beam provided by the gas Cerenkov counters, beam
contamination mainly arose from beam kaons dtecaying.after p_ais sing
through the Cerenkov counters. The beam contamination (mostly
muons) was ésfciniated to range from 4 +2% at low beam momentum
(700 MeV/c) to 3 £1.5% at high momentum. " '

Taking into account the errors in the correction fac_tor's and
‘as sum‘ing a 5% uncertainty in the Aéd. calculation, we estimate the

total systematic normalization error to be approximately + 10%.



2

\Efficienc

o
D

=33

0.9t

o7t

y

(32 ) correct
\2n )‘c_:orrected'

o2}

O.1+

0 ——— .
-1.0 - -05 | 0 | 0.5
Cos ©¢m,

MUB-8238

Fig, 16. Plot of cylindrical-chamber elastic-scattering detection
efficiency for an incident-kaon momentum of 1000 MeV/c, The
curve labeled A$/2w is the geometrical efficiency. The curve,
(Ad/27m) corrected, includes corrections for decay=-in-flight and
secondary interactions of the scattered particles.
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D.. Mementum Dist’rib'utio»nv

Since the incident kaon momentum for each observed elastic
‘event is knowﬁ with an -aecuraey of +1%, we were able to separate the
events into momentum interirals rnu.eh nar-rower than the = 6% spread
in the ‘inciden‘t be'a.dm In order to: maihtaih reasonable statistics the
events were divided into 49 momentum 1ntervals, ‘ea.ch 40 MeV/c wide,
rangmg from 660 £20 to. 1380 +20 MeV/c

The number of 1nc1dent kaons appropr1ate for ea.ch momentum
interval was obtalned from the measured beam momentum distributions.
(from stra1ght through events) and the number (N ) of incident kaons -
at each nominal momentum settmg The correctmn and efficiency
v factors, e and Ad) needed to normahze the cross sections were
also calculated for the 40- MeV/c momentum 1nterva.ls

Uncertalnty in the momentum dlstrlbutlons of the incident beam
leads to an addltlonal normahzatlon error for the differential cross
sectlo_ns in the 40-MeV/c intervals. This add1t19nal error was esti-
mated to be % 10% and leads to an overall ‘unceftainty' in absolute

normalization of app‘roxima.tely_ +£14%,
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IV. RESULTS

The elastic differentilal cross sections obtained in this experi-
ment for the 16 nominal incident momenta are given in Tables II through
VII. Errors on all but the forward points are purely statistical and do-
not reflect-the + 10% normalization uncevrt:.iinty at each mbmentum. |

The forward differential cross section was caicuiated from the

expression

where the imaginary part of the forward-scattering amplitude is given

by the optical theorem,

LS .

P O

A=t
vk’

and the real part D was obtained from the forward dispersion rela-

is the K p total

:tiohs; 17 Here p is the c. m. momentum, and oy
cross section, The error on the forward point includes the 10%
normalization error in addition to the uncertainty due to the error in
the total cross section.5 No accurate error estimate for DZ is
available; therefore an uncertainty of +25% is arbitrarily assumed
and combined with the other errors to give the final error estimate
-on the forward point, , ' ‘ '

The 19 differential cross sections in 40-MeV/c momentum
intervals are given in Tables VIII through XIV. The forward pbints'
were calculated és above except that the norm.alization uncertainty
was taken to be * 14.%-rathe:r than + 10%,. Values and errors of |
o, A»Z, DZ, and dd/dﬂ!'o are given in Tab;'e XV‘..

Although the remainder of the discussion refers specifically to
the 40-MeV/c angular distributions,v the general behavior described
applies equally well to the results at the 16 incident momenta.

For each mome_ntﬁm interval the c. m differential cross

section, including the forward point, has been fit by using a



236 -

18

least-squares .fitting program DJINN " to a curve of the form

N _
d . .
ETS% = Z bn Pn(cos9), :

where Pn (cosf) is the Legendre polynomlal of order n,

Table XVI shows the XZ probability [p (x )] for f1fs of order
N=0 through N=6. for each momentum. In a few cases the order
_necessary and sufficient to fit the data is ambiguous; hoWever, the -
general trend is clear. Inspection of the table indicates that second-
order fits are satisfactory up to 860 MeV/c. The 900- and 940—MeV/c ‘
v distributions require third or fourth order. 'Fifth'_c')rder appears . |
necessary from 980 to about 1140 MeV/c. Above 1140 MeV/c only
fourth-order terms are required. ’ - -

'~ The experimental d1fferent1al cross sections and the fitted
curves (for the order fits underlined in Table XVI) are plotted in "
Figs. 17 through 35, The values of the fitted coefficients and errors
(for the same order fits) are given in Table XVII and plotted as a
~ function of momentum in Flgs. 36 and 37. In addition, -the coeff1c1ents
b4’- b5, ‘and b_é‘.from a sixth-order fit are sh'.vov.vn"in‘Fig. 38.

- The total elastic cross sections obtained from. the integral of
the fitted a{ngular di‘stribut.ions' (simply equal to 4w bO) are -giv.en in
Table XVIII and plotted in Fig, 36, It should be noted that the errors
assigned to both’ bO and the total elastic‘ cross sections include, in
addition to the statistical errors obtained from the fitting program,
the 14% normalization errors. |

4a, 6a, 6b; 19of the total elast1c

Results of other measurements
cross section in the momentum region covered by this experiment =
are also shown in Fig. 36. Sodickson et'al, 6b, ha._ve.analy.zed their
differential cross-section measurements in terms. o'f_Legendre'—poly-
nomial power series and, for comparison purposes, -thve'ir ooeffioients
: a_ré plotted in Figs. 36 .and 37.  The total elastic cross .se'c.tions

measured in this experiment agree quite well with the values obtained
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by other groupvs.‘ The higher order coefficients are also in reasonable.
agreement with the results of Sodlckson et al 6b _ »
- Fits were also made to the data us1ng only the optlcal -theorem
contribution to the forward point and usmg no forward point at all. ‘At
each momentum the three fits of the selected order were quite consis-

tent with each other, and in most cases almost 1dent1cal



TABLE IT.

KMINUS-PROTON ELASTIC DIFFERENTIAL CROSS=SECTION. IN MB/SR IN C.M. SYSTEM

NOMINAL KADN LAR. MOMENTUM

745,0 MEV/C

10

1.00

3. 678

- 701.0 MEV/C

CNS THETA SIGMA ERROR
-0.95 10 -0.90 0.453 0,277
-0.90 TN -0,80. 0.622 0.113%
-0.80 TN -0.70 0.359 0.097
=0.70 TO -0.60 .0.402 0,104
~0.60 TD =0,50 0.290 0.087
'.'_0050 10 "0040 00484 00111
~0.40 TO -0.30 0.315 0,087
-0.30 TD =0.20  0.361  0.092
=020 TOD -0.10 0.651 0.120
-0.10 T0 -0, 0.836 0.132°
0., T0O 0.30 0.805 0.072
0.30 TO. 0.40 1.176 0.151
0,40 TO 0,50 1.57C. 0.177.
0.50 TO 0.60 1.832 0.195%
0.60 TN 0.70 2.285 0.227
0.70 TO 0.75 3.314 0,615
.0.99 - 0.672

COS THETA SIGMA  ERROR
-0.95 TO =-0.90° 2.096 0.784
'~0,90 TO -0.80 0.461 0.145
-0.80 TN -0.70 0.543 0.151
-0,70 TO =0.60 C.374 0.125
-0.60 TO =0.50 0,367 0.122
-0.50. TO -0.40 0.355 0.118
-0.40 TO =-0.30 0.717 0.l64
~0.30 TN —=0.20 0.359 O0.ll4
-0.20 TO <0.10 0.306 0,102
-0.10 70 -0, D.611" 0,140

0.  TO D0.30 0.689 0,083
0.30 TO 0.40 1.069 0,178
0.40 T 0.50 1l.444 0.211
“ 0,50 TN Q.60 1.3072 0.241
D.60 TO 0.70 2.185 0,273
0.70 0 0.75 3.185 0.531
0,75 TN . 0480 3.733 1,426
0e99 TO  1.00 4,250 0,680

775.0

IR

MEV/C
COS THETA SIGMA ERROR
~0.95 TO =C.90 1.09% 0.445
" -=0.90 TN -0.80 1,003 0.180
-0.80 TO =0.70 0,760 0.149
~0.70 TO -0.60 0.349 0,101
-0.60 TO -0.50 . 0.285 0.090
-0.50 TO -0.40 0.468 0.114
-0.40 TO -0.30 ©.369 0.098
-0.30 10 -0.20 £.325 0.090,
-N.20-T0 -0.10 0.355 '0.092
-0.10 TO -0. 0.649 0.120
0. TD 030 ..G.750 0.072
D.30 TD 0.40 1.388 0.170
0.40 TN Q.50 1.886 0.201
0.50 T0 0.60 2.113 0.218
0,60 TN 0.T70C 2.487 0.243
0.70 TO 0.75 2.764 0,345
0.75 TO - 0.80 2.868 0.717
0.99 1.00 4,640 0,737

10

-8¢-
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TABLE. IIT.

KMXNUS;PRQTGN ELASTIC DIFFERENTIAL C2NSS-SECTION IN MB/SR IN C.M. SYSTEM

NOMINAL KAON LAR. MOMENTUM

810,0 MEV/C

CNS THETA

5,051

SIGMA . ERROR
' =0.95 TO -0.90 1,868 .0.587
=0.90 TO =0.80 1.118 0.173
~0.80 T -0.79 1,008 0.155
~0.70.TO -0.60 0.690C 0.128
=0s60 TO =0.50 C.606 041109
~~0450 70 -0.40 - 0.338 0,087
“=0.40 TN =0.30 .0,322 0,083
.=0.30 TO -0.20 0,327 0.082
~0.720 T0D =-0.10 - 0.289 0.075
-0.10°T0 -0. 0.584 0,103
0. TO 0.30 0.752 0.065°
0.30 TO D.40 1.164 0.140
0.40 T 0,50 1.590 0.167
0.50 TQ 0.60 - 1.802 0,182
0.60 TN 0.70 2.698 . 0.229"
S 0.70 TN N.T5 2,578 0,325
0.75 TN 0,80  2.965 0,528

0.99 10 1,00

0.799

MEV/C

TC

5.380

“COS THETA - SIGMA  ERROR
-0.95 TO -0.90 . 1.331 0.455
~0.90 TO -0.80°  1.303 0.181
“<0.80 TO -0.70 1l.01A 0.151
~C0.70.T0 =0.560 1.016 0,151
~0.60 -TD =0.50 0.328 0.085
-0.50 T0 =0.40 0,423 0,095 "
=0440 TO =0.30 0.514 04102
-0430 TO =0.20 0.374 0.085
-0.20 TN =0,10 "0.380 ~0.083
-0.10 TQ -0, . 04478 0.090
0. YD 0.32 0,790 0,065
"0.30 TO  0.40 1.408 0,149

.40 TD " 0.50 . 1.971. 0.180
0.50 TD. 0,60 2,446 0.206
0.6C TO 070 2.903 0.230.
C.70 TO 0.75 3.411 0.360
0.5 . TO D.RN 3.3RA 0 0,530
0.99 1.00 0.721

870.0 MEV/C

™

© C0S THETA SIGMA -~ FRRODR
20,95 .T0 -0.90 1.343 0.459
-0.90 TO -0.80 1.450 0.192
-=0.80 TO -0.70 1.029 0.153.
-0.70 7O -0.60 . 1.040 0.153
-0+60-TD - -0,50 0.618 0,117
-0.50 TD =0,40 0,470 0,100
-D0s40 TO -0.3C 0.691 .0.118
" =0.30 T0O -06.20 0.4B2  0.096
-0.,20 TN ~0.,10 0,528 0,098 .
~0.10 TD -0, _ 0.566  0.098: "
S 0e TO 0430 0,735 0,063
D30 TN Q.40 1,753 - 0.167
N.40 TN - 0.50 1.985 0,181
G.50 TN 0,60 2,079  0.190
0,60 TO -0.70 3.136 0,240
0.70 T4 D.80 3.511 0.268
0.80 TO 0.85 6,535 1.662
0.99 1.00 6.775

0.966

fééﬁ



TABLE IV.

KMINUS—PROTON FLASTIC DIFFEREMTTAL CROSS—SECTION I8 MA/SR IN C.M, . SYSTEM

NOMTIHAL  KADKN LAR, MOMENTUM

MEV/C

q0%.0
COS THETA SIGMA  ERRCR
-0.95% TO =0,90 1,931 0,586
=0.90 TN =0.80 1.361 0,177
—0.80 TN =0.,70 1.241 0.160
-0.7C TO =0.60 0.696 0,119
=0.60 TN =0.55 N.678 N.11%
~0.50 TR =C.40 G. 791 0D.127
-0.40 10 -0.39 0.458 0.092
—-0.30 TN -0.20 G.504 0,094
-0.20 TD =-0.10 0,409 0,082
-0.10 1N -0, 0. 60?2 0.096
D. T0 0.30 C.684 0,057
D420 TN 044N 1.263 0,135
0.40 TO0 0.52 1.521 0,151
0.50 10 0.60 2.106 0,182
0.60 TN 0,70 2.698 0.208
0.7C TN 0.87 3,083 0,234
0.80 T0 N.RS 4,685 0,947
0.99 TN He 252 . 1.13T

941,00 MEY/C v
COS THETA SIGHMA  ERROR
C=(0.9% TC -0.9N 2.154 0,666
-390 TN =6,80 1,379 (0,235
-0.80 TN =0.,7" 1,582 0,202
-G.70 10 -G,60 1.381 0.188
~0.60 TD =0,.50 (.594 0,131
=050 TO =0,40 0,765 6,135
—0,40 TN =0.30 D,455 N,102
0,30 TN =0.20 C.453 0,999
—020 TO =010 D,L345 0,084
-C.1C TO -0, Ce?87 0.NT74
D, TG 0.30 0.423 0,061
Ce2d TN DL N,2RD 0,132
Goe4D TN 050 1.290 0.154
0.50 TN 0,60 1.645 0.1820
0.50 T C.T7N 2,151 €.211
0.7C T 0.80 3,881 0,792
0.0 T 0,85 4,699 0,767
D33 T 1,00 R, 842

985.0 MEV/(C
£0NS THETA SIGMA ERROR
-0,095 TN -0,90 1.843 0.570.
~=N,90 TN -0.R0 1.696 0,204
-0 R0 7O -0.70 1.538 N,184
—-0.70 TN =0.6C 1.21& 0,162
0,60 TN =0.50 0N.714 nN.123
=0.50 TN ~0,40 0,847 0.131
=0.40 1O -0.30 0.575 0.105
-0.30 TD =0.20 02546 N.N68
-0.20 TN =-0.10 N.512 0,093
-0.10 TO -0. 0.417 0.082
0. TN 0.30 0.557 0.053
0.30 TN 0,40 0.959 0.120
Co40 TN N.50 (.798 0,112
D50 T 0,60 1.636 0.154
N6 TO 0,7C 2,061 06.190
0.7C TO Q.80 3.305 0.247
N.80 T 0,85 13,059 0,502

N.BY TN 1.06 9.486

1.267

1.09

0%



TABLE. V,

C.M., SYSTEM

KMINUS-PROTON ELASTIC DIFFERENTIAL CROSS-SECTINN IN MB/SR 1IN

NOMIMAL KAON LAB. MOMENTUM

1035.0

1095.0

MEV/C
COS THETA ~ SIGMA ERROR
-0.95 TN -0,90 1.598 0.521
- =0.90 T -0+8) 1.702 0.208
-0.8C TO =0.70  1.242 0.167
- =0.,70 TO -0.60 1.063 0,153
- =0.560. TD -0.50 1.095 0.153
-0450 10O —0.49 0,740 0.123
-0.40 T0 -0.30 0.546 0,103
-0.30 T0 -0.20 0.635 .0.108
-0.20 T0O -0.10 0,648  0.106
-0.10 Y0 -0. - 0.349 0.075
0. ~TO 0.30 0.533 0.052
0.30 TN 0.40 C.980 0.122
0.40 TO 0.50 " 0.707 0.106
0.50 TO 0.60 1.388 0.153
L 0.60 TD 0.70 2.336 0.204
0.70 TO 0.80 3,994 0,274
" 0.80 TO 0.85 5.012 0.476
0.85 T 0.99 9.112 2.763
" 0.99 TO 1.00 1.183 1.385

MEV/C 1125.0 MEV/C
C0S THETA SIGMA ERROR CNS THETA STGMA~ ERROR
 =0.95 TO -0.90 1.740 0.522 ~0.95 TO =0.90 2.430 0.695
L =0,90 TO -0.80 1.505 0.176 -0.90 TO -0.80C 0,887 0.146
-0.80 TN =0.70 1.035 0,137 -0.80 TD =0.70 1.151 0.155
-0.70 TN —0.60 1.117 0.141 -0.70 TD -0.60 0.818 0.129
-0.,60 TO -0.50 0.584 0,100 . " -0.60 TO -0,50 . 0.892 0.133
~-0.50 TN —0.40 0.560 0.096 —0.50 TO —0.40 C.491 0.D96
-0.40 TO -0.30 0.562 0.09% -0.40 TO -0.30 0.556 0.100
-0.30 TO -0.20 0.551 0.090 ~0.30 TO -0.,20 0.472 0.089
=020 TO =0.,10 0.447 (£.078 -0.20 TO -0.10 0,410 0.080
~0.10 TO —Ce  Ce490 0,079 ~=0.10 TO -0. 0.251 -0.061
"0, TO 0.30 0.438 0.042 0. TO 0.30 0.496 0,047
0.30 TD 0.40 D.485 0,077 0.30 7O 0,40 0,751 0.102
04D TO 0.50 0.687 0.093 0.40 DO 0.50 0.729 0.103
0.50 T 0,60 1,117 0.123 N.50 TO D0.60 1.410 0.148
0.60 TO 0.70 2.129 0.174 0.60°TO 0.70 1.690 0.167
C.70 IO 0.80 3,275 0.222 0.70 TO 0.80 2.959 0.227
0.80 TC 0.85 4,010 0.366 0.80 TO . 0.85 4,210 0.397
0.85 T 0.90 7.098 1.680 0.85 TN 0.90 5,305 1.064
0.99 YO 1.00 1.103 1.457 0,99 T0 1,00 9.311 1.285

-'Fv-



" TABLE VI,

KMINUS=PROTON ELASTIC DIFFERENTIAL CROSS-SECTION IN MB/SR IN C.M, SYsTEM

NOMTNAL KANN LAB. MOMENTUM

MEV/C

1.00

1175.0

- C0OS THETA SIGMA = ERROR

"~ =0.95 TO -D,90 1.017 ©0.348
=0.90 TN -0.80 1,141 0.145
. =0.80 T0 -0.70  0.990 0.126
. =0.70 TD -0.60 0.901 0.118
=0.60 TR =0.50 0,631 0,097
-0.50 TN -0.40 0,573 0.091
-0.40 TO =030 0,596 0.090
~-0.30 TO -0.20 0.407 0.072
-0.20 T0 -0.10 0.428 0,071
-0.10 ' T0 -0. . 0D.411 0.067
0. TO 0.30 0.455 0.039
0.30 TO 0,40 0.851 0.095
0.40 TO 0.50 0.916 0.100
0.50 TO 0.60 1.174 O0.117
0.60 TO 0.70 1.782 0.149
0.70 TO 0.80 3,085 0.202
0.B0 YO 0.85 13,744 0,325
0.85 T 0.90 3.109 0,627
0.99 TN 8.183 '1.184

0.99

1225.0 MEV/C
COS THETA SIGMA  FRRDOR
~0495 TN =0.90 N.918 0,373
-0.90 TO -D.80 0,935 0,158
-0.80 TN -0.70 C.601 0,118
~0.70 TO =060 04492 0.105
~0.60 TD. =0.50 0.260 0,075
~0.50 TN -0.40 0.350 0.085.
~0.40 TD =0.20 0,272 0.073
-0.30 TO =0.20 0.292 0.073
-0.20 TO -0.10 0N.392 0,082
~0.10 TN -0. 0.365 0,076
0. TO 0.30 0,328 0,040
0,30 TN 0.40 0.603 0.095
C.s0 TN 0,50  0.890 0,119
L0450 TD 0.60  i.132 0.138
0.60 TO .70 1,778 0.179
D.70 TO 0.80 3,092 0,243
C0.80 TN 0.B% 3,273 0.%654
D.BS TN 0,20 3,244 0.675
T 1.00 7.029 0.9213

MEV/C

1290.0
€0S THETA SIGMA ERRDOR
-0.95 T0O -0.90 0.562 0.219
"=0,90 1D -0.80 0Q.842 0.111.
-0.80 YO -0.70 0.930 C.107
-0.70 YO -0.60 0.587 0,084
~0.60 TO -0.50 0.300 0.059
~0.50 TN =-0.,40 0.362 0.063
-0.40 TO -0.3C 0.294 0.064
-0.30 TO -0.20 0.358 0.059
-0.20 TN -0.10 (0.297 0.052
~0.10 TO ~0..  0.276 0,048
N TO 0.3C 0.378 0.031
0.30 TN 0,40 0.569 0.067
0,40 TO 0.50 0N.8C3 0.08?2
ND.50 TN 0.60 1.233 0.105
0.60 TN 0.7¢ 1.731 0.129
0.70 TD 0.80 2.666 0.165
0.80 TO 0.85 3,264 0.267
0.85 TN " 0.9C 2.966 0.539
0.99 TO 1.00 &.786 0.796

izv-v



. TABLE VII,

o i

‘KMINUS—PRdTQN ELASTIC DIFFERENTIAL CROSS—-SECTION IN M3/SR- IN C.M. SYSTEM

NOMINAL KADN LAR, MOMENTUM

1350.0 MEV/C

CNS THETA

SIGMA  ERRNR

-0.95 T2 -0.90 (.889 0,543
~0.90 .T0O -0,80 0.687 0,217
-0.80 TD -0.70 0.813 0.217
=070 TD =0.60 0.560 0.177
~0.60 TO =0.50 0.537 0.170
-0.,50 TO -0.40 0.306 0.125
-0.40 7O -0.30 0,288 0,118
~0,30 TD -0.20 0.224. 0.100
-0.20 TO -0.10 0¢.291 0,110
-0.10 T -0. 0.348. 0.116
0. TO 0.30 0,287 0.059
0.30 TO-. D.40 0.408 0,123

. D40 TO 0.50 0,707 0.167
L0450 TG 0.60 1,296 0,233
0.60 T0. 0,70 1.424 0.252
0.70 TO. D.BD 2.657 0.355.
C.80 TO 0.85 3,582 0.605
Y.85 TG .0.90 3,955 0.935
TO 1.00 7.095 0N.834

0.99

i



CTABLE VIIT. .

KMINUS=PROTON FLASTIC DIFFERENTIAL CRNSS-SECTTON [N MB/SR IN C.M. SYSTEM

*

KAON LAB. MOMENTUM (40 MEV/C INTERVAL).

700.0

1.00

660,00 MEV/C MEV/C
COS THETA - SIGMA ERRDR ~COS THFTA SIGMA FRROR
- =0.95 10 -0.90 0. 0546  =0.95 TO -0.90 0.745 0.4556
-0.90 T0 -0.80 0,298 0,172 . =090 TO -0.80 0.63%4 0.176
-0,80 TD -0.70 0.361 0.181 —0.80 TO ~0.70 0.443 0.140.
-0,70 TO -0.60 0.542 0.221 ~0.70 TN -0.60 0.4B6. 0,147
-0.60 TO -0.50 0.177 0.125 -0.60 TO =0.50 0.390 0.130
-0.50 TO —0.40 0.688 0,243 - =0.50 TO =0.40 0.504 0,145
-0.40 TO -0.30. 0.740 0.247 -0.40 TO -0.30 0,201 0.090
-0.30 T0 -0.20 0.629 0.223 ~0.,30 TO -0.20 '0.498 0,138
-0.20 TR =-0.10 0.970 0.269 - ~0.,20 TD -0.10 0.472 0.131
-0.1C TQ -0. 1 0.992 0.?265 -0.10 10 -0. D.895 0.176
-0. T0 0.30 C.791 0,132 =0, - TO 0,30 0.748 0.089
0.30 TO 0.40 1.306 0,292 0.30 T0 0.40° 1.238 0.198
N.40 TO C.50 C0.805 0.232 0.40 7D 0.50 1.833 0,245
0.50- TN 0.60 1.686 0.344% 0.50 TD 0.60 1.680 0.240
0,60 TO 0.70 .2,199 0,423 0,60 TO 0.70 1.947 0,267
N,70 TO 0.75 2.710 1.328 0.70 TD Q.75 3.328 0.744
TO . 1.00 3.157 (.672 0.99 TO 0.765

740.0 MEV/C.

COS THFTA .~ SIGMA FRROR
-0.95.T0 ~0.90 .1.254 0.510
~0.90 T0O -0.80 0.629 0.l44
-0.80 TN =0.70 0.629 0,137

 -0.70 TO -0.60 0.209 0,079
~-0.60 TN -0.50 0.205 0.077
~0.50 TO0 -0.40 0.311 0,094
-0.40 TO -0.30 0.216 0.076
-0.30 TN ~0.20 0.142 0.060
-0.20 TD -0.10 D0D.256 0.079
-0410 TO -0. 0.623 0.120
-0 TO 0,30 0.667 0.069

N.30 TO 0.40 1.001 0.146
0.40 TD 0.50 1.565 0.186
0,50 TO  0.60 1,730 0.200
0.60 TO 0,70 2.534 0.248
0.70-TO 0.75 2.910 0.420
Ne75 TO 0.80 3,647 1.311
0.99 TN 1,00 4,200 0.793

- vv-



TAPLE IX.

KMINUS=PROTON ELASTIC DIFFERENTIAL CROSS=SECTION IN MB/SR IN C.M. SYSTEM

KADN LAB. MOMENTUM (40 MEV/C INTERVAL)

780.0

MEV/C
C0S: THETA SIGMA  ERROR
-0.95 TN =0.,90 1.423 0,500
-0.90 0 ~0.80 1.078 0.1638
-0.80 1O -0.70 0.758 ' 0.134
-0,70 TD =0.60 0,613 (0.120
=0:60 TO -0.5C C.461 0.103
-0.50 TD -0.40 0.424 0.097
~0.40 TO -0.30 (.555 0,109
-0.30 TO =0.22 0.426 0.093
-0.20 10 =0,10 0.365 0.084
--0.10. T0.-0. 0.5399 0.104
-0. 1O 0.30 0.841 0.069
0.30 T0O 0.40 1.277 0.1456
‘0,40 70 0.50 1.876 0.181
0.50 T0 0.60 2.587 0,217
0.60 TO - 0,70 2.713 0.228
0.7C TO 0,75 2.714. 04337
0.75 7O 0.8N 3.926 0.845
0.99 TO 1.00. 4,690 0,880

820.0

MEV/C
COS THETA SIGMA  ERROR
-0.95 TO -0.90 1,395 (.456
~ -0.90 TO -0.80 1.201 0.162-
-C.80 TC -0.70 1.101 0.147
-0.70 TO -0.60 0.917 0.134 -
-0.60 TO -0.50 '0.458 0,094
-0,50 TN -0.40. 0.387  0.085
~0.40 TO -0.30 0.501 0.094
-0.30 TO -0.20 0.326 0,074
-0G.20 TO ~0.10 0.363 ©0.076
-0.10 TO =0, 0.389 0.076
-0. TO 0.30 0.779 0,060
Ca30 TO 0.40 1.686 0,153
040 T 0.50 1.890 0,164
0,50 T 0.60 2.231 0.183
Q.60 TN Q.70 2.944 0,216
0.70 TO 0.75 3.397 0.336
0,75 TN 0.80 3,605 0.559
S 0.99 TN 1.00 5.168 0,967

860.0 MEV/C

_COS THETA SIGMA ERROR
~-0.95 7D -0.90 1.780 0.534
-0.60 TO -0.8C 1.271 0.167
-0.80 1O -0.7C 1.162 0.151
-D.70 TN -0.60 0,896 0.132
-0.60 TO -0.50 0.685 0.114
-0.50 TN -0.40 0.533 0.099
-0.40 TO -0.30 0.491 0,093
-0.30. T0 -0.20 0.382 0.080
-0.20 TN -0.10 0.313 0.070
-0.10. 710 -0. 0.635 0.097
-0. TO 0.30 0.846 0,062

0.30 TO 0.40 1.524 0,145

0.40 TN 0.50 1.938 0.166

0.50 TO 0.60 2.133 0,179
. 0460 TO 0.70 . 2.916 0.215
. 0.70_TN . 0.80 3,169 0.235
“0.80 TO 0.85 5,878 1,755

0.99 TN 1.00 6,331

1.111

-Gh-



TABLE X.

KMINUS-PROTON ELASTIC DIFFERENTIAL CROSS-SFECTION IN MB/SR IN-C.M. SYSTEM

MEV/C

KAON LAB. MOMENTUM (40 MEV/C INTERVAL)

900.0 940,0 MEV/C
CNS THETA SIGMA FERRNR COS THETA SIGMA  ERRNR
~0.95 TO =-0.90 1.769 0,547 -N0.,95 TO -0.,90 2.98C 0,813
~0.90 TD ~-0C.80 1.298 0.177 -0.90 TO =0.80 1.937 0.219
=0.80 T =D.70 1.250 0.164 - =0.80 TO -0.70 1.247 0.167
-0.70 TO -0.60 0.981 0.145 -0.70 TO -0.60 0.988 0.147
-0.60 TD -0.50 0.5602 0.112 -0:60 TD -0.50 0D.661 0.119
-0.50 T0 -0.40 0.783 0.125 ~0.50 TO =0.40 0.780 0,126
~0.40 TO -0.30 0.611 0.108 -0.40 TD -0.30 0.605 0.109
-0.30 YO -0.20 0.471 0.092 -0.30 T0 -0.20 0.4563 0.093
-0.20 7O -0.10 D0D.511 0,093 -0,20 70 -0,10 0.540 0.087
-0.10 TN -0. 0.627 0.100 -0.10 10O _-C. D.361 0£.077
-0. 7O 0.39 0.729 0.060 T =0, TO  0.30 0N.667 0.058
0«30 TO 0.40 1.450 0.147 0.30 TN .40 '1.071 0.128
0.40 TO 0.50 1,756 0.165 - 0.40 TO 0.50 1.306 0.l44
0.50 TO 0.60 2.129 0.187 0,50 TO (C.50 1.883 0,178
0.60 TN  0.70 . 2.942 0.226 0.60 TO 0.70 2.558  0.213
0.70 TN 0.80  3.535 0.257 0470 T 0,80 1,821 . 0.268
0.80 TO 0.85 6.385 1,235 0.80 TN 0.85 4,289 0,690

0.99 79 1.00 8.150 1.390 TD 1.00 8.850

0.99

1.478

980.0 MEV/C
C0S THETA SIGMA ERROR
=0.95 TO -0.90 2.278 0.693
-0.90 TN =0.80 2.044 0.242
080 TD =0.70 1.698 0.209
~0.70 TO =-0.60 1.295 0.181
-0.60 TO =0.50 0.6564 0.128
-0.,50 TO -0.,40 0,803 - 0.138
=040 TO -0.30  0.539 0,110
-0.30 1D -0.20 0.436 0.096
-0.20 TO -0.10 0,429 0.093
-0.10 YO -0, 0.460 0.093
=0, TD 0.30 0,556 0,057
0,30 TO 0.40 1.035 0.135
D.40 TN . 0.50 0.879 0.127
0.50 TN 0.60 1.546-  0.173
0.60 TO 0.70 2.208 0.213
0.70 IO 0.80 3,957 0.292
0.80 TN 0.85 4,366 0.678
1.00 9.409 1,570

0.99

TQ
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' TABLE. XTI,

' KMINUS—PROTON ELASTIC DIFFERENTIAL CROSS-SECTION IN MB/SR

KAON LAR. MOMENTUM (40 MEV/C INTERVAL)

0.99

1020.0 MEV/C
COS THETA _~  SIGMA ERROR
-0.95 TO -0.90 1.538 0.526
-0.90 70 -0.80 2.082 0.242
-0.80 70 -0.70 1.680 0.205
—0.70 TO -0.60 1.255 0.176 .
-0.60 TN -0.50 0.978 0.153
- =0,50 TQ -0.40 0.641 0,121
-0440C TO -0.30 0.609 0.115
-0.30 70 -0.20 0.535 0.105
-0.20 YO -0.10 0.579 0.106
'-0.10 7O -0, ~ 0.400 0.085
-0, TO '0.30 0.447. 0.050
0.30 TO 0.40 0.619 0.102
0.40 IO 0.50 0.559 0.100
0.50 TO 0.60 1.116 0.145
0.60 T0 0.70 1.945. 0.196°
0.70 70 0.80 3,209 0.259
0.80 TO 0.85 3,930 0.598
TO 1.00 0.732 1.776

MEV/C

©1060.0 MEV/C
COS THETA SIGMA  ERROR
-0.95 10 -0.90 2.181 0.674
-0.90 TO -0.80 1.780 0.226
-0.80 TO -0.70 1.145 0.171
-0.70 TO -0.60 1.498 0.193
-0.60 TO -0.50 1.016 0,157
-0.50 TD -0.40 0.833 0.139
-0.40 T -0.30 04682 0.122
-0.30 T0 -0.20 0.601 0.112
~0.20 TO =0.10 0.642 0.112
~0.10 TO =0.  0.456 0.091
-0. T 0.30 0.400 0.048
0.30 TO 0.40. 0.479 0.090
0.40°TO 0.50 0.626 0,106
0.50 TO 0.60 . 1.043 0.141
0.60 TO 0.70 1.725 0.186
0.70 TO 0.80 3.558 0.275°
. 0.80 TO 0.85 4,743 0,478
0.85 TO 0.90 B.279 2.441
0,99 TO 1.00 1.851 .1.929

1100.0.

COS THETA SIGMA ERRDR
-0.95 TN -0.90 1.768 0,556
-0.80 T0 -0.70 1.259 0.165
-0.70 10 -0,60 0.975 0.144
~-0.60 T0. -0,50 0.822 0.130
~0.50 TN -0.40 0.628 0.111
040 TN =0.30  0.652 0.110
-0.20 TD -0.10° 0.509 0.091
-0.10 TO.-0. = 0.476 0,085
-0. TO 0.30 0.403 0.044

0.30 TN 0.40 0.766 0.105
D.40 TD 0.50 0.728 0.105
0.50 TO 0.60 1.222 0.140
0.60 T0 0.70 1.892 0.180
"0.70 TO  0.80 3,193 0.240
0.80 TD 0.85 3.897 0.391
0.85 TO 0.90 4,551 1.175
0.99 TO 1.00 0.155 1.590

VA



TABLE XTI.

KMINUS=PROTON ELASTIC DIFFERENTIAL CROSS-SECTION IN MB/SR IN C.M. SYSTEM

KAON LAB. MOMENTUM (40 MEV/C TNTERVAL)

1220.0

1140.0 MEV/C 1180.0 MEV/C MEV/C
COS THETA SIGMA ERROR - COS THETA  SIGMA ERROR COS THETA SIGMA  ERROR
-0.95 TO -0.90 1.307 0.447 ~0.95 TD -0.90 1.460 0.499 "=0.95 TO -0.90 0.393 0,240
-0.90 TN -0.80  1.017 0.155 -0.90 T0 -0.80 1,004 0.163. -0.90°'TO -0.80 0.923 0.169
~-0.80 TO -0.70 0.826 0.131 -0.80 TO -0.70 0.848 0.139 ~0.80 1O -0.70  0.690 0.135
~0.,70 TO -0.60 1.008 0.142 -0.70 TC -0.60 0.512 0.107 -0.70 TN -0.60 0.619 0.126
~-0.60 TO -0.50 0.625 0.111 -0.60 TO -0.,50 0.410 0.094 - - =0.60 TD -0.50 0.497 0.1l11
-0.50 TO -0440 0.578 0.104 -0.50 TO -0.40  0.411 0,092 -0.50 7O -0.,40 0.521 0.111
-0.40 TO -0.30 0.459 0.090 -0.40 TO -0.30 0.350 0.082 -0.40 TN ~-0.30 C.358 0,089
-0.30 T0.-0.20 -0.406 0.082 -0.30 TD -0.20 0C.438 0.089 -0.30 TN -0.20 0.399 0.091
. =0.20 TD -0.10 0,458 0.084% - =0.20 7O =0.10. 0.392 0,082 -0.20 TO ~-0.10 0.293 0.076.
=0.10 T0O -0.  0.377 0.074 -0.10- 70 -0. 04302 0.069 -0.10 T0 -0.  0.420 0.087
-0, ~ TO 0.30 0.537 0.049 - =0. TO 0.30 0.520 0.051 -0. TO 0.30 0.366 0.045
0.3C TD 0.40 0.671 0.096. 0.30 TC 0.40° 0.768 0.108 0.30 TO 0,40 0,710 0.111
0.40 TO 0.50 0.948 0.117 0.40 TO 0,50 0,872 0.118 0.40 TO 0.50 1.004 0.135
0.50 TO - 0.60 1.296 0.141 0.50 TO 0.60 1.531 0.161 0.50 TO - 0.60 1.378 0.164
0.60 TO 0.70 1.975 0.179 0.60 TD 0,70 1.964 0,187 0.60 TO 0.70 1.873 0.196
0.70 TO. 0.80 3.039 0.228 0.70 TD 0.80 3.026 0.240 0.70 TO 0.80 3.397 0.273
0.80 TO 0.85 3.416 0.354 0.80 TD 0.85 4.413 0.424 "0.80 TO 0.85 4.158 0,442
0.85 TO 0.90 5.532 1.084 0.85 TO 0.90 4,698 0.933 0.85 TO 0.90 4,237 0.860
0.99 TO 1.00 9.141 1.567 0.99 TO 1.00 8,199 1.443 0.99 TN 1.00  7.235 1.103

-89~



TABLE XIII,

 KMINUS-PROTON ELASTIC DIFFERENTIAL CROSS=SECTION IN MB/SR IN C.M. SYSTEM

KAUN LAB. MOMENTUM (40 MEV/C INTERVAL)

1260.0. MEV/C

COS THETA

1300.0 MEV/C

COS THETA

STGMA ERROR STGMA
-0.95 T0 -0.90 0.651 0.319 '-0.95 T0 -0.90 0.521 0,318
-0.90 10 -0.80 0.820 0.158 -0.90 TO -0.80 0.608 0,157
-0.80 TO -0.70 0.833 0.147 -0.80 TO -0.70 0.793 0,165
“=0.70 TN =0.60  0.605 0.123 -0.70 TN =0.60 0.533 0,133
~0.60 TN -0.50 0.389 0,097 -0.60 TN -0.50 0.289 0.096
=0.50 TO -0.40 0.208 0.069 —0.50 IO -0.40 0.183 0.075
-0.40 T0 -0.30 0.480 0.102 -0.40 TO -0.30 0.40? 0.107
' -0.30 TO -0.20 0.368 0.087 ~0.30 TD. -0.20 0,269 - 0.085
-0.20 TO -0.10 0.304 0.076 -0.20 TN -0.10 0.125 0.056
-0.10 TO -0. 0.248 0,066 -0.10 TO =0,  0.232 0.073
-0.. TO 0.30 0.432 0.049 -0. TO 0.30 0.273 0.044
0.30 T8 0.40 0.676 0.107 0.30 TO 0.40 0.645 0.120
0.40 TO 0.50 0.872. 0.125 0.40 T0 0.50 0.799 0.137
T 0.50 TO 0.60 1.287 0.156 0.50 TO ©0.60 1.124 0.168
' 0.60 70 0.70 1,850 0.193 0.60 TO .0.70 1.618 0.207
0.70 TO 0.80 2.739 0.242 0.70 TO 0.80. 2.603 0.271
0.80 TN 0.85 3,631 0.409 0.80 TO 0.85 3.045 0,431
0.85 T0 0.90 2.373 0.719 0.85 TO 0.90 2.113 0.676
0.99 TO 1.00 6.831 1.050 1 0.99-T0 1,00 6.785 1.047

ERROR

1340.0

MEV/C
~CNS THETA . SIGMA ERRDR
-0.95 T0 -0.90 0.836 0.511
-0.90 TO -0.80 1.033 0.258
-0.80 TOo -0.70 ©.983 0,232
~0.70 TD —-0.60 0.631 0.182
~-0.60 TO -0.50 0.303 0,124
-0.50 TN —0.,40 0.432 0,144
-0.40 T0 -0.30 0,272 C.111
-0.30 TO -0.20 _ 0.211 0.094
-0.20 TO -0.,10 0.549 0.147
~0.10 TO -0. 0.328 . 0.109
~-0.. TO 0.30 0.372 0.065
0.30 TN 0.40 0.419 0.121
0.40 TN 0.50 ©0.703 0.161
" 0.50 TN 0.60 1.063 0.205
0,60 TO- 0.70 1.631 0.261
‘0.70 TD 0.80 2.809 0.354
0.80 TO 0.85 3.367 0.569
0.85 TD 0.90 3.764 1.165
0.99 6.757 1.046

mn

1.00C

- 6?-



KMINUS—PROTON ELASTIC DIFFERENTIAL GROSS—SECTION IN MB/SR IN C.M. SYSTEM

TABTE XTIV,

" KAON LAB. MOMENTUM (40 MEV/C INTERVAL)

1380.0 MEV/C
COS THETA - SIGMA  ERROR
-0.,95 TN -0.,90 0,812 0.828
-0.90 TO =0.,80 0.377 0.267
-0.80 TO -0.70 1.580 0,500
=0.,70 T0 =0.60 0.759 0.340
0,60 TO —-0.50 1.021 0.386
~0.50 TO -0.40 D.553 0.276
-0.40 TD - -0.30 0,781 0.319
-0.30 TO -0.,20 0.364 0,210
-0.20 T0 =0.10 - 0.563 0.252
-0.10 TO -0. 0.418 0.209
- -0. TO 0.30 0.420 0.117
0,30 TD 0.40 0.502 0.225
0.40 TO 0.50 0.852 0.301
"0.50 TO 0.60 D.907 0.321
0.60 TO 0.70 2.532 0,553
0.70 TO 0.80 4.380 0.751
0.80 TO 0.85  3.342 0.965
0.85 TO 0.90 7.267 2.411
0.99 TO 1.00 7.136 1,106

—0.9—
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Table XV. Qua.ntitles used to’ calculate forward dlfferentla.l cross sections.
' _Values of oy are obtalned by interpolation of cross sections from
references 5a and 5b. Errors in D° dre assumed to be = 25% and
- errors in dc/dnl include. .t 149 normallza.tion uncertalnty o

P, (Mev/c)--",, o, (mb)': 8 (@o/sr) 0P (wv/sr) %%,jél(mb/gr).

g0 35.7 £ 3.0 | 2.98 + 0.65 - 0.18 % 0.0k 3,16 + 0.67
700 . 36.0 £ 3.0 3.33.%+ 0.73  0.34 # 5'08,. 3;67 £ 0.76

~ Tho ' 36.3 + 2.5 3.70 # 0.73" fo.5o + 0.12  4.20 £ 0.79
780" ¢ 36ﬁ3 1.2.5' 4,02 + 0.79 | 0;67 1'6;17 4.69 1 0.88'
820 36.1 + 2.5 .30 £ 0.85  0.87 +0.22 5,17 & 0.97
566 : 38.5 £ 2.2 5.26 £ 0.96 - 1,07 £ 0.27 6.33 + 1.11
‘900 » u2.9 t2.2 . 7.00% 1;32 1.16 £ 0.29 .8.16 + 1.39
- 9k0 | 4.3 x2.1 T 7.97 £1.36  0.88 £ 0.22 8.85 t 1.48
980 45.2 % 2.1 8.83 + 1.49 ° 0.58 £ 0.1k 9.h1 % 1.57
1020 ¥7.7 £ 2.1 10.43 £ 1.7%  0.30 £ 0.08  10.73 1.78
1060 . k9.2 £ 2.0 11.74% + 1.92 0.11 + 0.03 - 11.85,1 1.93
1100 . . Bb.5 £ 1.5 10.13 % 1.59 i 0.02 % 0.01 ~ 10.15 # 1.59
1140 hl,l)i 2.0 9.10 + 1.56 O.OA_iIO.Ol' 941k 2 ;;57

1180 37.9 t 2.0 8.13 + 1.43 0.07 £.0.02 8.20 + 1.kh
1220 3&.8 + 1.0 7.18.£ 1.10 0.05 * 0.01. 7.23f¢ 1.10
1260 33.1%£ 1.0 6.80 + 1.04  0.03 % 0‘01, 6.83 i.os
‘1300 - 32.3 1‘1 0 6.75'1 1.04‘ 0.02 + 0.01 6.78 + 1.05
13&0. . 31:h £ 1.0 6.67 + 1.03 - 0.09 * 0.02 6.76 + 1.0k
1380 . 31.5 £ 1.0 | 6.99 + 1.08 0.15 0.0 7.1k ' ';10

) +
=
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Teble XVI. Chi-square confidence levels for order of fit N = 1 through
© N = 6. The orders selected as necessary and sufficient to
fit the data are underlined. The corresponding coefficients

are listed in Table XVII and plotted in Figs. 36 and 37.

Py '»(Mév/c). _‘ . Order of £it
i 2z 3 +» 5 &
660_ 06 - 15 .23 .26 27 .56
700 | o 2 .36 .29 .23 .7
740 o .28 .25 .29 .28 .23
780 0 .67 .69 6L L .67
820 0 .66 .69 .65 .58 A9
860 o .1 .69 & 6T .66
900 0 .02 M3 L5k A7 43
9ko o 0 .05 .11 .70 .87
980 ‘ 0 0 0 19 ko ;33
1020 | 0 o 0 TN "N 1
1060 0 0 0 2h L7l .76
1100 | 0 0 0 53 .75 .70
1140 o 0 .02 45 .82 | .78
1180 _ 0 -0 0 .88 91 .90
1220 0 o . .16 .59 .12 .7
1260 o o .01 .1 .15 .1k
1300 0 0 06 .13 VR b1
1340 0 o .02 .78 .82 .9
1380 0 o o b7 b 50
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y

Tablé XVII. coefficients, by, for Degendre polynomial power-series exp&nsion of differential cross-
. : section in the form - - The u.nits of b . are mb/sr.

do - .
-3 ._.Z b, B (cos 8).

Order A
: < of - S -

T > % ) %
660 2 .96l % .155 1.029 £ .151 ko9 % '.:189 — —_ . — —
700 2 1.126  .170 B 1.296 £ .115  1.038 + .143 — —_ = ‘ —
40 2 1.1kt .165 1.k87 £.09 L.zt .111 - — —_— L= [

. 780 2 1.k23 £ .207 1.540 x .092 1.6k z 118 —_— — - -—
820 2 1.533 £ .222. 1.606 2 .085 ‘ 2.040 £ 110 C— — _ ——
860 2 1.553 ¢ .22k -1.h76 & .083 - 1.968 ¢ .109 L — Lo ) —_ —_—
900 b 1712 % .251 ;.662 + 149 2.510 ¢ .224 734 ¢ .180 308 t .198 . —

: 6 1.747 ¢ .259 1.924 ¢+ ,198 2.662 + .295 .849 t .305 _’.519 % .329 11k ¢ 221 . .178 ¢+ .24k1
gho L 1.739 ¢ .255 1,6&7 + .1k7  3.0u8 t .230 831 ¢ .17 . .765 % .200 ' —_ ) -
6 - 1.813 +.269 1.670 .02 3.376 # .3li .872. + ,312  Ll.gbk & .353 .08 ¢ .228 RV .247

“ 980 5 1.786 +.263 1.722 + .210  3.524 & .255 1.1;91‘ + /320 1.213 £ .219" 502 ¢ 232 —

. 6 1.772 + .264  1.713 + .211 © .3.463 z .322 1.481 % .322  1.121 % .367 .'h_90 £ .235 .~.081 t .261

1020 5  1.656 t .2uk ' 1.563 ¢ .200 3.409 4 ‘.zul 1.945 v:-.3oh 1.367 ¢ .206  .693 N 226 —

. 6 1.621 + .2k 1.521 % .208 3.255 ¢+ .322° 1.875 t ,318 . 1.129 t .364 649 2 ._23u - 179 ¢ '.zu8l

1060 5 1.685 + .24k7 1.817 t .196  3.475 ¢ .232 .2.350:1 .305  1.415 & .203 .633 £ .231 -—

[ 1.746 + .260 1!87#: .202 3.752 £ .326 2452 ¢ ’.317‘ 1.797 .376_ 698 £ .237 311+ .258_ .

1100 5 1.457 = .213  1.611 z..159 2.1z ..193 1.671L bi 251, .873 t 176 J376 & .195 —

6 i.u76 t .220 1.628 + .163 2.801 £ .263 1.701 x. .258 . 1.001 % .313 399 t 201 .ll12 % .228

1140 5 ' 1.352 ¢ .198 1‘.6'63 : 147 "2.361; + 179  1.438 % .235  .T17 + .168 438 + ,183 —_

. 6  1.369 : .204 1.681 # .152 z.ubﬁ to.2bd 1470 £ .245 .831 * .291 k65 +7.192 .099 + .207

1180 4 1.340 + .196 1.656 x .116 ° 2.483 ¢ .1_76> 2991 ¢ .1k0  .829 * .157 —_— —

6 1.381 + .206 1.788 + .156 2.672 ¢ ..auh‘ 1.2k6 ¢+ ,2k5 1,077 + .287 - .2k2 + .190 \156 + .20h4

1220 1+_ 1.248 £ .183  1.741 :v".lifi 1 2.203 ¢ L164 1.205 + .139 427 + 1150 _ —_— i _

6 1.253 £..186  1.835 : .138 ' 2.230 ¢ .198 1.k16 + ,213 ‘ .395 t .229 211 ¢ ,169 —.157 + .183
1260 L1217 & 2165 L.hok-x .110 1.951 + ,157 767 : 131 A6k . 1k2 L — —_
13'_00 4 ' ._953 t 143 1.305  .115 1.755 £ .161 .722. ¢ .132 .292 % .:Luu_ ) — —_—

1340 b L.MT £ 75 1.331 % .152. 2.29% t .215 929 + 17k .B59 % .197' _ — —

1380 4 1.317 ¢ .211 1.820 t .231 z.éle + .297 1.688 1 .274 Lho £ 315 S — . —_




Table XVIII.

. =54 -

Tofal elastic cross sections obtained in this experiment.

.~ Values given are integrals under the fitted curves for the
~ order of fit underlined in Table XVI. The * 1h% normalization

error is cambined with the statistical error.

PK,(MeV/c). - o (mb)
660 - 12.08 £ 1.95
700 | 1415 22,08
T4O . 14.00 tnz;o7'
780 . 17.88 £ 2.60
820 19.26 ¢ 2.79
860 " 19.52 + 2.82
900 : 21.51 + 3.15
sho - 21.85 + 3.20
980 22.hk £ 3,30
1020 - 20.78 + 3.06

1060 - 21.17 % 3.11 .
11100 ‘ 18;31 t+ 2,68

1140 - 16.99 t 2.49°

180 : - 16.8k £ 2.47

1220 |  15.68 & 2.30

1260 ' 1.0kt 2,07

1o 11.98 ¢ 1.60

13&0’ : o k.41 + 2.20

1380 o 16.55 + 2.66




D

¥
g
Cal
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7 MU-36867
Fig, 17, Differential cross section for elastic K_v-p scattering at
P, = 660£20 MeV/c, ‘At cos6 = 4,0, the optical theorem -

limit is indicated by - x and the di%lpersion—relation point by - o,
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Fig. 18. - Differential crdés section for elastic K~ -p scattering at

Py = 700£20 MeV/c. At cos B¢ m, = 1.0, the optical theorem

limit is indicated by x and the dispersion-relation point by o.
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Flg 19, = Differential c'rovs_s:'s“ec,‘t'ion for elastic K--p scatte’ring at -
P =740+20 MeV/c,. At cos 6. ,, = 1.0, the optical theorem
limit is indicated by x ‘and the dispersion-relation point by o, -
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MU.-36870
Fig, 20, ' Differential cross section for elas‘i:ic_;_K-?p scattering at

Py = 780+20 MeV/c, - At cosf; ,, = 1.0, the optical theorem
limit is indicated by x and the dispgrsion-relation point by o.
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do/dfd (_mb/sr)

o\ . |
-0 -06 -02 02 06 10
| Cos 8um o

MU-36871

- Fig. 24. ' Differential cross section for elastic K~ -p scattering at
_ Py =820+£20 MeV/c. At cos6_ ,, = 1.0, the optical theorem
.y o ~ limit is indicated by x and the dispersion-relation point by o,

I
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L0 -06 -02 02 06 10

CA°5 Bem.

MU.36872

Fig, 22. Differential cross section for elastic K~ -p scattering at -

P = 86020 MeV/c., At cosf, m, = 1.0, _the optical theorem
limit is indicated by %X and the dlspersmn relation p01nt by o.

(3
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Fig. 23.  Differential cross section for elé.sti(: K~ -p scattering at

Pp = 900£20 MeV/c. At cosf ,, = 1.0, the optical theorem
limit is indicated by x and the dispersion-relation point by o,



62

'Unb/sr)

’_do"/d.Q,

Cos 8cm.

MU-36874

Fig, 24, Differential cross section for elastic K -p s'cattleri'ng__at‘
P, =940+20 MeV/c. At cosf. ,, = 1.0, the optical theorem

limit is indicated by x and the disﬁérsion—relation point by o,

»’
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(mb./sr)

do/ds

MU.36875

Flg 25, leferentlal cross sectlon for elastlc K~ -p scatterlng at
Py =980+20 MeV/¢c. Atcosf. p, = 1.0, the optical theorem
hmlt is indicated by x a.nd the d1sper51on relatlon po1nt by o.
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_Cos ec.m |
MU -36876
- Fig, 26. Differential cross section for elastic K™ -p scattering at

Py = 1020+20 MeV/c. At cosfg, = 1.0, the optical theorem
limit is indicated by x  and the dispersion-relation point by o, -
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Fig, 27, Differential cross section for elas_tic-K__—p scattering at
. Py = 1060+20 MeV/c, At cos 6. in,= 1.0, the optical theorem

limit is indic‘ated' by x and the dispersion-relation point by o,
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_(mb/sr)v

do/dfd

MU-36878

Fig., 28. Differential cross section for elastic K™ -p scatfering at
Py = 1100+£20 MeV/c. At cosf. _, -= 1.0, the optical theorem
limit is indicated by x and the dispérsion-relation point by o,
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Fig. 29. Differential cross section for elastic VK—-p scattering at
2 - Py = 1140£20 MeV/c. Atcos6. . = 1.0, the optical theorem

limit is indicated by x and the dispersion-relation point by o,-
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-0 -06 -02 02 06 10
- Cos 6m.

- MU.36880"

Fig, 30, Differential cross section for elastic K -p scattering at -
Py = 1180+20 MeV/c. At cos 6, m. = 1.0, the optical theorem
limit is indicated by x and the dispersion-relation point by o,
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Fig. 31, Differential cross section for elastlc K -p scattering at

Py = 122020 MeV/c. At cos 8c. m, = 1.0, the optical theorem
limit is indicated by x and the dlsper51on relation p01nt by o,
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F1g 32, Diff-erential_ croés section fof elést‘icIK——p scattering at

Py = 1260£20 MeV/c, At cosf. ., = 1.0, the optical theorem
limit is indicated by x and the dispersion-relation point by o,
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Fig. 33,

Py =
- -limit is indicated by x and the dispérsyion-r’elation point by o,

do/dfl (mb/sr)
o
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MU-36883

Differential cross section for elastic K™ -p scattering at

1300+20 MeV/c, At cosf. ,, = 1.0, the optical theorem
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Fig, 34, Differential cross section for elastic K -p scattering at

Py = 1340+20 MeV/c, At cos 6c m. = 1.0, the optical theorem
limit-is indicated by x and the dispér,sion-rcla‘tion point by o,
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Fig. 35, Differential cross section for elastic K -p scattering at
Py = 41380+20 MeV/c. At cos®; ., = 1.0, the optical theorem
- limit is indicated by x and the dispersion-relation point by o,
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Fig. 36. A'I_‘.egendre-polynorn'ial expansion coefficients b v
- (and o =4m bo), bi’ and 'bz for _the order fits underlined .

in Tabl® XVI.
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Fig., 37, ‘vLeg,enc‘lre -polynomial expansionvc_oeff.icients bb3, b,, and b
- for the order fits underlined in Table XVI, The points indicated
by o are from reference 6b, : o
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V. DISCUSSION

' vA. Partial Waves

In order to discuss the physical significance of the data it is
useful to parameterize the interaction in some way. The most'common
method is to decompose the d1fferent1a1 cross section into partial waves,

One can wr1te20

do/ds = |£(6)|% + |g(8) |,

where the non-spin-flip amplifude is given by
£(0) = Z -[(L+1) ALyt LAL_] P, (cos6),  (2)
L=0 ' '
and the spin—flip amplitude by. 7

- " .
g(6) = z (AL 4 - A[ ) P (cosf). (3)

L=0 R C
The functions "P. and Pl

L L
and first associated Legendre polynormal of order L, and 6 is the

are,' respectively, ‘the Legendre polynomial

kaon scattermg angle in the c. m. system The complex partial -wave

amplltudes correspond to scatterlng in states of orb1ta1

Ld:’
angular momentum L and total angular momentum L + 1/2. The se
amplitudes can be ertten as _ ’
nLi exp(21 aLi) -1

ALs " 2Tk -

where Nyt is the (real) absorption parameter (0 < nLi < 1),
N 6L:t
is the c. m. wave number, In the more common spectroscoplc

is the real part of the elastic- scatterlng phase shift, and k

notation, states of L. =0, 1, -2, 3... are _represented by S, P, D, F...
 with the total angular momentum J as subscript, - For example the |

state with L=3and J = 5/2 (A corresponds to YFS/Z.

3-)
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I Lmax is as sumed to be the largest value of orbital angular
- momentum 1nvolved in the 1nteract1on we can cut off the summations

- in Egs. (2) and (3) at Lmax and rearrange the expression to y1e1d :

2L .
max

do _ Z '
Eol ann(cosﬂ),
. &
 where
n %
b= Z Cl Re(A] A)).
n _ ij 1%
i<j -
The coefficients Cj; for L =3(F waves) are given in Table XIX.

Unfortunately, at high energles and when inelastic channels are
open, - analys1s of scattering in terms of part1al waves becomes very
’ complicated. In ~general, elastic-scattering data alone, in the pres-
e/nce of ihelastm scattering, do not contain sufficient 1nforma‘_c10n to
determine the elastic partial -wave ar{nplitudes’..zx.1 That 1s, assuming
ooly waves to_ L ax 2are i_nvol}ved,f we can 'd'etermine' ZLmax 1 real
parameters (for example, the bn)'. from the angular distribution.
However, the interaction is-described by two réal parameters (n and )

for each angular -momentum state (A for a total of Z‘(ZLmax +1)

. v Li) :
independent parameters, Thus ZLrnax +1 .avdditio‘nal»nu‘mbers need
to be determined in order to specify completely the"partial‘ wave
amphtudes ‘In pr1nc1ple, these parameters can be obtamed from
recoil —proton-polarlzatmn angular distributions (y1e1d1ng ZL max
exper1mental parameters) and the tota.l cross sectlon (one parameter)
When 1sotop1c spin is taken into account -the situation becomes
even more compllcated In terms of T=0 and T=1 amphtudes
‘(indicated by. an add1t10nal subscrlpt) the K -p elastlc amphtudes

may be written -

: AL (K p—»K p) 1/2(A0Li +A'1Li) ' (4)



-79-

Table XIX. ..Coefficients _C:J_f‘or decomposition of Legendre polynomial -expansion coefficients,

bn, in terms of partial-wave a.mplitudes.A

¢
N .
_%% = Z_bn.Pn'_(co's ), bn = z -C?J Re,(AI..AJ) .
. n
o
Ai AJ 1 2 3 v’* 5 6
T ' . 7
8172 B1/2 * Pi/e iy
. .
Sl/Z Pl/z . 2
* * :
/2 T3fz * P Py b _
* i : ) h
S1/2 P3/2* Pijz Bsfe ’
* * .
5172 Bsjz * Pije Fs/z 6
'* * -
S1/e Fs/2 T Fu/z D5/ 6
3 . * 8
S1/2 Fr/2 Y Pufe Gz
* N H#* 8
S1/2 S1/2 T Fufe Fr/2
P* P + D*' D ' 2
3/e “3/2." “3/2 “3/2 . )
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The number of parameters needed to desc.ribe' the interaction is doubled
[eciualing 4(2L  + 1)] when isofopic epin is included. For example,
with Lméx =3 (F waves), the number of 1ndependent parameters is 28,
of which only seven are provided by elastlc -scattering information,
- Additional exper1menta1 information such as charge exchange angular
distributions and polarization [ALi (K'p —> K. n) = 1/2(A0L* - Li)]
‘and data from the pure T=1 interaction, K -neutron elastic scat’cenng,
is. needed to determme completely the scattering amphtudes

Thus it is not surprising that the major emphasis in analyzmg
scattemng data has lately centered around attempts to correlate the
world's supply of available data by using comprehen51ve_ phase-shift.
fitting programs and 1arge' digital computers. Of course, most of the
effort has been expended in the analysis of N-N and w-N scattering

da ta,zz 12 however, at present there is considerable work in progress

on a comprehensive phasve—shift vana,l'ysis of K-N sca.ttering.*z3

In view of the foregoing discussion it is clear that one can hope
to do little more then make qualitative observations about the K-N
interaction from the elastic—Scettering data of this experiment alone,
Some iﬁsight may pos si‘bly be gained by observing the behavior of the
‘total elastic cross sections and the Legendre-polynomial coefficients
as a functien of energy and checking the behavior of these quantities

for consistency with the existence of various resonances suggested

- experimentally or predicted theoretically.

B. Total Elastic Cross Sections

~ We assume that resonances have the usual Breit-Wigner shape. 24

~ The resonant elastic amplitude is given by

where T is the elastic width, - T is the total width, E is the total

energ_y'in the c. m. system, and E_ is the resonant energy. In terms

"R
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of the elast1c1ty x=T /1" and the convement parameter ¢ =2(E R -E)/F

- the amplitude may be written |
kAp =
. In general | T and ]." are ener'gy‘-dependent Non_re‘lativis'tic expres-
sions for the energy dependence of I' and T, havvte been given24 and
depend on the interaction radius. -Layson has given a mod1f1ed resonance
eXpression derived from a relativistic Sc_hrodmger equ-at1on. 21 In
Layson's expression, E 1is the total energy of the kaon in the c. m.
system, and the widths T' and r, are slightly more complicated |
functions of energy. In our very rough treatment we use the more
:common'resonance form where E 1is the total c. m. energy of the
system. For s1mp11c1ty we assume that the widths are constant
For a resonance w1th total angular momentum J andina single |

isotopic - sp1n state we can wr1te the resonance contr1but1ons to the

K -p total Cross sectlon (O‘ ) and total elastlc cross section .(ae_ es)
as B ' '
. _res - 2, '
top = 2mx T (T +1/2)
: : e ot 1
-and
-vres‘ v‘ Z ‘ 2
o =mk (T+1/2) > ,

e +.1

where x=1/k is thec m, de. Broghe wavelength

In the above formulas, 1nterference effects between the reso-
nant amphtude and the background amphtude in the same partial -wave
state have .been ignored. ‘It ,sh-ould be noted that-even for a .p‘urely
elastic 'res'on'a_nce : (_x“: 1); the total elastic re'sonant'Crovss_’ section’
furnishes . only 'half': the resonance contribution to the total cross.
section, This is, of course, due to- the 1sotop1c spin compos1t10n of
the K -p elastlc arnpl1tude [Eq. (4)]. An equal contrlbutlon to the
total cross section comes from the charge- exchange reactlon '

K p—»KOn
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The total cross section measurements (at) of references 5a and
5b in the momentum region 750 to 1350 MeV/c and the total elastic
cross sections (ae) obtained in f_chis experiment have been fit (by a

least-squares method) to expressions of the form

nr res
= : >
Gt O't + Ut
and
r
o = onri-z o es
e e e

Here Utnr and Uenr are background cross sections (assumed constant -
over the region fitted), and the = o, erves

resonance terms, The results of this analysis for various combinations

correspond to sums of

of suggested resonances are given in Table XX and plotted in Fig. 39.

| Although the re sonance parameters obtalned from these fits
should not be taken serlously, it is intere sting to note that acceptable '
fits were obtalned for all four combinations tried. However ‘it should
be pointed out that the elasticities required for the J = 3/2 resonances
are: very‘h1gh. In fact, the best fit for a 31ngle J= 3/2 resonance
actually had x = 1.2, Fixing the elasticity parameter at 0.95 gave a
- 30% XZ' probabilritybas shown in the table, while lowering the elasticity
to a more reas_onable value of ~ 0.8 decreased the goodness of fit to
less than 1%. The strength of this evidence against g =3/2 is
weakened, however, by the simplicity of the medel used; in particular,
the as sumption that the backgfound total clross_ s.ec.:ti-on.svar_e constant

may not be valid,

C. Legendre -Polynomial Coefficients- "

As discussed in. Section IV it appears that sixth-order coeffi-
cients are not neede_d_‘ to fit the data of this experiment. However, a
‘plot of b, (Fig. 38) shows that the limit that can be placed on the
magnitude of b6 is not very good. Because of the large experimental

errors, values (either slowly varying ba_ckgro'uvnd—or fluctuations
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Table XX, Results of a least-squares fit of the following
: expressions to the experimental total and
total elast1c cross sections

nr . 2 . Z'V
o, =0, ‘+ 21X Z(JLH/Z)XI/(GIH)

_nr 2 22

o =0 +wX Z(J£+1/2) X, /ey +1)
. r |

' where

¢ =2(E-ER)/T and X =T _/T .

g X : r ER . _Gt_nr B »a:r o Confidence
' (MeV) (MeV) (mb). ~ (mb) level
' . - . T . (‘%)
3/2. 0.95%  109%2 180825 30.6%.6  13.3%6 . 30
5/2 0.87£.13 1544 18154 26.7%14.0 14.7£1.2 90
5/2 -0.38%.16 749 41768+5 EUEE
B v 30.3+4 14.0+.5 70
3/2 0.95+.10 7243  1825+3 ‘
5/2 0.21£.19  43+9 4750%7 R S
. o T 29.3+£.7° 13.7+.6 80

5/2  0.78+.05 101%3 1818%5

%This -elastlclty parameter, X, was heid fixed at
the given value rather than bemg searched by the
f1tt1ng program
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Fig. 39, Plots of the'léast-Squafes fits to the total and total elastic
cross sections for the four combinations of resonance terms given
‘in Table XX, '
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.‘indicating structure) of a few; tenths of ba milliba'rn would not appear
significant, | | . ‘ _

- Onthe other hand, the fifth-order coefficient has an ap]oi'eciable
bump, of the order of 0.7 mb, in the resonance region, -This indicates
that the resonance (oi‘ resonances) is in one or more of the following '
states: 3/2, DS/Z’ FS/’Z’ or F?/Z' For sirnpl.icity' we‘have ’ |
neglected G waves (L =4). The absence of a large bump in b() would
seem to rule out F7/2 as-the resonant state, '

If we assume for the moment that terms in b5 1nvolv1ng F7/2
can be neglected, we have left only the interference term between the
and DS/Z states, i.e., 5 z(?100/7 Re(DS/Z In t.hls

5/2
case the large bump in b

5/2‘

o would be consistent with a single resonance

. 5/2 . ,
"background amplitude in the other sta.te The bump could also be caused

in either the DS/Z or F state interfering with a small nonresonant

by the existence of two resonances, one in each partial-wave state,
interfering with each other,

Note that if we relax the as sumption F =0 we can also

7/2

"explain" the b bump as ar1s1ng from the 1nterference between a

5
3/2 resonant amplitude (as suggested by Ball and Frazer) and a

small F amplitude. If such a D3/2 resonance were very h1ghly

elastic (x "’0.9) as is required to yield the total and total elastic

cross~-section enhancements, an F7/2 - amplitude of magnitude

v‘k F7/2 |~O 07 would be sufficient to produce the structure in b‘S

Such a small F_,  term is certalnly not excluded by the limit on the

7/2
size of the b, coefficients obtained in this experlment In fact it has

6 19, 25

recently been suggested that there is a resonance in the F7/2 T=0
amplitude at a c. m, energy of 2065 MeV with a width of approx1mately
180 MeV. This broad resonance, if it exists, could furnish practlcal_ly .
all the F, ), amplitude needed to produce the ‘b ehhancement at
1815 MeV ' ' o

Measurements of the angula.r dlstr1but10ns of the elastic charge-
exchange -reactmn, K™+ p - K +n, in the momentum region near |
1000 MeV/c have been reported by several groups, 925,26 Expansions

“of the charge—exchange differential cross sections in Liegendre-



e _s6.

y 'polynom1a1 series yleld negatlve b5 coefficients and a large positive '

vbump in the b coefflc1ents peaked near 1050 MeV/c.

4
This behavior (and that of the correspondmg elastlc scattering

coeff1C1ents) is consistent with resonances in the D5/2 and FS/Z

_.states The fact that the enhancement in the b5 _coeff1c1ents for.

elastic and charge-exchange scattering are of opposite sign indicates
that the interfering amplitudesresponsi_blé f_or the enhancements are
in d1fferent 1sotop1c spin states | ‘ '

On the other hand, if the Y (1815) were D

_ the large
positive b,

3/2° .

4 coefficients in both the elastic and charge exchange '

channels [com1ng, presumably, from the 1nterference term
‘72/7 Re(D3/2 5/2)] would imply that the - D5/2 v
1nant1y in the T =0 state. .In such case, the Y ('1765), if it exists -

and has J=5/2, would have to be in an F5/2

state, An FS/Z resonance at 1765 MeV would then 1mply a bump in

~ the elastic b, coefficient due to the term 36/5 Re( 3/2 5/2

however, the b-1 coefficients obtained in the experiment do not show. -

amplltude is predom-_ '

angular mome ntum

indications of S1gn1f1cant structure near 41000 MeV/c ThlS ev1dence :
against a D3/2 ¥ (1815) is mltlgated however by tvhe fact that -

many terms c_ontr;bute to - b1 (see Table XIX).

D. Conclusions.

In summary,- the elastic-scattering angular distributions
measured in this experiment indicate the presence of a rather highly _:
elastic resonance near 1845 MeV. The data are consistent with, but
do not’require the ex1stence of an add1t10nal enhancement near - |

1765 MeV. Evidence is presented againsta D ass1gnment for the

3/2
(1815) but. a’ D3/2 resonance at 1815 MeV cannot be completely .

ruled out on the basis of our qualltatlve arguments,
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APPENDIX -

DERIVATION OF THE EXPRESSION FOR Z
IN THE CYLINDRICAL CHAMBER

A diagram of a typical cylindrical-chamber track and its
reﬂected.ima‘ge is shown in Fig. 40. The axis of rotation of one of
the mirror segments is also indicated. '
The}opticali 5y_stem is such that oniy those light rays from a
spark"a.nd those reflected from a mirror segment whiéh are parallel
to the cylindrical chamber axis are.focused by the field lens onto the
~camera lens, An observer (camera) loéated at the focal point of the
-field .lens sees a spark and its virtual image (located on the opposite
side of the mirror) displaced in a direction normal to the axis of
rotation of the mirror. ' ' ‘
The relation between the height Z of the spark above the
mirror and the disﬁlaCeme'nt S of the image measured'-pe_fpendiculé.r
to the mirror axis.sfis particularly simple. From inspection of Fig,. 40b
(notiﬁg that the angle between the incident and reflected ray is 26),
we have o | N ‘ | .
' S/Z = tan 26, S (5)
_ where @ is the tilt angle of fhe mirrof about an axis normal to the |
paper in Fig, 40b, |
In Fig. 40a, " d is defined as the separation between the épark
traék and its image merasured‘ normal to the reflected track image,
and ﬁ is the angle between the image and the mirror axis. Hence f

is also the angle between d and S, and we see that
| d=ScospB. ' - (6)
\Cofnbining Egs. (5) and (6) yields the dkevsire'd expression
: 3 .

Z:cosﬁfanZG"'. : - (1)
Angle B depends on the location and direction of the track in
the cylindrical chamber and is calculated in the geométr_ical» recon-

- struction program for each measured track. For all possible

&



R A
', Reflected image  (9)

Mirror axis —

‘ ~To camera ‘ (b)
Mirror segments $ *I :
. . . -— Spark |
A
[ B
AN
L.
SV L
I” . Virtual ‘image
§ «— »

MUB-8237

Fig. 40,  Schematic diagrams of cylindrical chamber track and
reflected image. (a) View of track and image as seen by camera,
(b) Section AA of view (a). Note that scale is not the same for
both diagrams. - ' S : L
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v orientations of tracks from elastic scatterings that originate in the
hydrogen target, however, B is reasonably small (B 5“'10 deg), and
~ therefore cosp approximately equals 1. Since tan26 is approximately

0.2 (6 = _5.7 de'g),' we have the _a.pproxii‘nate expression
= 5d,
' The dlp angle 1N (angle between the track and the x-y plane)
is glven by an equatlon similar to Eq (1), '

51na

tan )\ ) cosf tan2§ '’

‘ where a is the angle (in the x-y>plane) between the track and its

_stereo image, For small dip angles we have
\ = Ba,

‘Since the depth and dipi angle calculations depend en the
differences of two position and angle measurements, i.e., the track
and its reflected image, errors in Z and X\ include a factor of N2
in addition to the facfor of five inherent in the small stereo angle,
Thus uncertainties in Z and A are approximately seven times as

large as the corresponding uncertainties in the x~-y plane.

-
o

]
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