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ABSTRACT
The K+ and K~ total cross sections were measured on both hydro
gen and deuterium at a series of momenta between 3^0 Mev/c and 720
Mev/c by the transmission method. The data were corrected for coulomb
and decay effects, and the pure isospin states extracted.
The K+N 1=1 cross section was found to be free from resonances
though the existence of a small dip at about 700 Mev/c was confirmed.
No convincing evidence was found for structure in the K+N 1=0 cross
section, which was seen to be steeply rising with increasing momentum
throughout this range. However, a small enhancement near 600 Mev/c
cannot be ruled out. The prominence of the A (1520) at 390 Mev/c was
verified in the K~N 1=0 system in which no additional structure was
seen. In the K N 1=1 system no new structure was cle.arly established,
though a small enhancement at 58O Mev/c, which corresponds to a mass of
about 1600 Mev, is strongly suggested.
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I. INTRODUCTION
In recent years very accurate measurements have been made on
4*

-

the K -nucleon and K -nucleon total cross sections above a laboratory
/ 1 - tyItmomentum of 1000 Mev/c.
The experiment by Bugg et al. measured
these cross sections above 600 Mev/c with errors of 0.2 mb over much
of their range. However, below 700 Mev/c their errors vary between
0.4- mb and 1.9 mb. Below 600 Mev/c only bubble chamber data have
56
existed previously,
and no accurate judgment of the detailed be
havior of the total cross section could be made.
It was decided to measure the total cross sections of charged
kaons on hydrogen and deuterium to a statistical accuracy of about
1 percent in the region from 350 Mev/c to 720 Mev/c. This precision
was judged necessary for a re-evaluation of the S-wave scattering and
effective range parameters at very low energies. In addition, it was
thought possible that one or more as yet undetected kaon-nucleon res
onant structures might exist in this mass range - I500 Mev to 1660 Mev.
I
Only the A (1520) had previously been seen in the K p total cross
section,^ while no structure at all had been detected in the K+p total
cross section.
Because of the high statistical accuracy required, a counter
technique was chosen for the cross section measurements of the present
experiment. This involves the use of a set of counters behind a
1

target, which subtend various solid angles at the target. The amount
of an incident beam transmitted through the target is then measured
with each counter. Comparison of the results of using a full and empty
target flask permits correction for many of the effects not due to
scattering in the target material. It is then possible to obtain a
cross section for each counter to which corrections may be applied for
effects other than scattering by the strong interaction. Thege consid
erations will be discussed in detail in Chapter III. The resulting
cross sections can then be extrapolated to zero solid angle for a meas
urement of the total cross section.
t
The prominence of the A (1520) in the K p total cross section
was confirmed. The K+-nucleon system was found to be well behaved and
without resonant structure.

II. EXPERIMENTAL APPARATUS AND DESIGN
The experimental apparatus was designed to function reliably
for incident beam momenta from 300 Mev/c to 800 Mev/c. These limits
were imposed by the beam which was an existing facility of the Lawrence
Radiation Laboratory. Because of limitations of the magnets, the
beam was capable of producing momenta no higher than about 760 Mev/c,
whereas the channel length prohibited usable flux below about 350
Mev/c.
Beam Channel and Target
A diagram of the beam layout and counters is shown in Figure
1. This beam included a ten foot electrostatic separator and a massmomentum aperture. These elements produced a K-Jt spatial separation
of 0.7 in. at 566 Mev/c which gave a final kaon/pion ratio at the end
of the beam counter telescope of l/20 for a positively charged beam.
The kaon/pion ratio for a negative beam at the same momentum was
l/l50. These ratios were found with the spectrometer set to maximize
the kaon flux, and the momentum quoted refers to the average momentum
at the target center.
A 5° kaon production angle was chosen to obtain maximum part
icle flux consistent with low interference with the path of the Bevatron external proton beam. The first pair of quadrupoles, Q1, focused
the beam in parallel rays through the separator. The second quadrupole
3
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pair, Q2, then refocused to a point in the mass-momentum slit, located
inside the "field lens" quadrupole, QJ. The final focus, by QU, was
at the position of the efficiency counter, S4. It was necessary to
hold field free regions to a minimum as the kaon decay length at the
highest momentum handled by this beam, 758 Mev/c, was 18.7 ft. This
length decreased to 8.6 ft. at 3^8 Mev/c, the momentum with which the
lowest energy beam left the target.
The target position and production angle shown in Figure 1
vere used over most of the momentum range investigated. However, it
was necessary to move the production target for the four highest mo
mentum points. The position was different for each of these points,
but the greatest travel was only 6 in. in the direction of the exter
nal proton beam.
Figure 2 shows the momentum distribution at the end of the
beam channel. This distribution was generated by a Monte Carlo method
using the beam simulation program TRACTUS, which was adapted from the
Brown University version.7 The average momentum weighted by this dis
tribution is 0.5 percent below the central design momentum, and the
beam had a momentum width of ±2i percent.
The target was provided by the Lawrence Radiation Laboratory
and consisted of three identical cylindrical flasks, 6 in. in diameter
and about 17•5 in. long. These were mounted in a common vacuum jacket
with their axes parallel to the beam. The hydrogen and deuterium
flasks were continuously fed from reservoirs mounted over the targets.
The hydrogen target was at atmospheric pressure. The targets contained
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FIGURE 2. Momentum distribution
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a small amount of catalyst so that the targets were in their equilib
rium states, parahydrogen and orthodeuterium, during the run. The
deuterium reservoir "was completely surrounded by the hydrogen reser
voir so that both targets were at 20.5°K. The resulting densities
were 0.0706 ±.0002 g/cm3 for hydrogen and 0.1687 ±.000^ g/cm3 for
deuterium. The effective target length, Mj-.62 ±0.03 cm, was deter
mined by a consideration of the physical dimensions of the flask and
the measured beam profile.
Counters and Electronics
The beam telescope in this experiment consisted of six coun
ters, including a guard counter, G, and two Cerenkov counters, Co and
Ci, operated in anticoincidence mode. The first counter of the group,
Co# was located in the mass slit assembly (see Figure 1). It consis
ted of a i in. thick by 1 in. wide strip of plexiglas mounted at an
angle of 40° to the beam line. The front surface intersected by the
beam line was blackened to absorb light produced at angles less than
about 37.5°. By applying the formula for the angle of production of
Cerenkov

light,
0

•= Hg'

where n is the index of refraction and (3 is the particle velocity, to
the major components of our beam: pions, kaons, and protons, one
finds the pion angle ranged from b$.&° to U8°. The limits of the
angles of light production by kaons were 0° (below threshold) to

36.8°.

A
The other Cerenkov counter, Ci, was a 7/8 in. thick piece of
plexiglas oriented perpendicular to the beam in a light absorbing en
closure. It was viewed directly at each end by a photomultiplier tube
The critical angle for total internal reflection in this substance is
about l\2°, so that fast beam particles (pions, muons and electrons)
produced a signal from this counter at all momenta, whereas kaons
passed undetected.
The first scintillation counter of the telescope, Si, was
located at the mass slit focus immediately downstream from Co- This
was run in fast coincidence with Sa, a 3 in. by 6 in, scintillator
with an isochronous light pipe located just upstream from Ci-

A sim

ilar fast coincidence was required between Si and S3• Together these
counters rejected fast particle beam contamination by a factor of 105.
The timing and the doubles veto, to be discussed below with the elec
tronics, reduced proton contamination of the positive kaon signal to
approximately one proton in 104 kaons.
The beam transmission was measured with a set of 5 scintilla
tion counters, T1-T5. These were mounted on a movable trolley so
that the minimum scattering angle detected could be altered with mo
mentum to correspond to a constant value of four-momentum transfer,
t = 0.00295(Gev/c)2. Transmission counter Tr had a radius 7

in. so

as to bring the ratios of solid angles subtended to approximately inte
ger values. S4 was the last counter of the system and located at the
final focus of the beam. Its diameter was 5 in. and it was used to
maintain a check on the efficiencies of the transmission counters.

Figure 3 is a diagram of the electronics. The three scintil
lation counters in the beam telescope produced both a "FAST" and a
"SLOW" signal. The "FAST" discriminator triggered on a low level and
produced a very short output signal for timing, while the "SI/DW" unit
used high level discrimination and a longer output for noise rejection
The coincidence circuit labeled "GS1S2S2S3" had an artificial dead
time of 65 nsec introduced by means of a clipping cable on the "S3
SLOW" discriminator, which was run in an updating mode. This com
pletely eliminated dead time biases from the transmission scalers.
The output of this circuit preserved the timing information of the
"S2 FAST" signal which was a 3 nsec signal timed to arrive at the
coincidence unit several nanoseconds after the start of the other
signals. The output was also very short and was used with the signal
from "Si FAST" in sharp coincidence for time of flight discrimination
against protons.

"S3 FAST" and "Si FAST" were used in the same way

for further proton rejection. A pion signal in either of the Cerenkov
counters vetoed these coincidences. The discrimination levels of
tvtji
x
"Si ™ " and "S3
" were set to fire only on the largest 3 percent
DX

DA

of kaon pulses. A coincidence between these in the unit labeled
"D1DS3" was used to veto double events and to discriminate further
against protons. An accidentals monitor signal was produced by delay
ing the T5 signal one radio frequency period of the Bevatron and put
ting this in coincidence with the undelayed kaon signal.
The efficiencies of the transmission counters were checked
frequently by substituting a signal from S4 for "S3 FAST". This re
quired a kaon which had passed through all five of the "T" counters.
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III. DATA COLLECTION AND ANALYSIS
The techniques of transmission total cross section experiments
have been well developed for other beam particles and other ener
gies.

This experiment extended these methods to cover the spe

cial problems of a rapidly decaying beam at very low momentum.
Acquisition of Data
One of the major difficulties of an experiment with this type
of beam is that the corrections, particularly for decaying particles,
are extremely sensitive functions of the incident momentum. For this
reason the momentum of the beam was measured twice during the experi
ment by finding its range in carbon. The measurements indicate that
the average momentum of the beam was 1.25 ±0.5 percent lower than the
central value calculated using published field integral curves for the
magnets.^ This is 0.5 percent more than the asymmetric momentum dis
tribution alone would indicate.
During the run also the spatial distribution of the beam was
measured immediately behind the target. This information was used to
check the beam simulation program, and to calculate the effective
length of the target. The convergence of the beam through the target
was found to have a negligible effect.
The total cross section data were taken in three groups. First
the K+-nucleon cross sections were measured at twelve momentum settings.
11

The experimental setup was then altered slightly to accomodate an as
sociated 180° scattering experiment.^ Several K+ points were then
remeasured to check consistancy and to improve the statistics. Finally
the polarity of the beam was reversed and the K"-nucleon cross sections
were measured.
The data taken at each momentum were divided into several
short sub-runs, each of about one hour duration. At the end of the
sub-run a different target flask was moved into position and a new
sub-run started. Data were thus taken on the targets sequentially
and each was measured several times. In addition the efficiencies of
the transmission counters were checked several times during each mo
mentum point, typically after every third sub-run. This technique
checked the consistancy of the raw data to about 0.05 percent.
In tuning the beam at each momentum the timing of the S1S3 and
S1S2 fast coincidences was set for maximum kaon flux. The fields of
the separator were also set for maximum kaon flux except for some K
points, where they were set for maximum K/n ratio.
Method of Analysis
The basic analysis was that of a standard good geometry trans
mission experiment. If o\ represents the cross section for scattering
of a beam particle out of counter i,

and T^ are the transmissions

as measured by this counter for empty and full targets, respectively,
then

'i - w: *

'

where w is the atomic weight of the target"material, p its density,
L its length, and W0 is Avogadro's number. This expression ignores
corrections for the difference between full and empty target decays,
which will be treated separately below. It should be noted that this
expression includes scattering from coulomb effects which must then be
calculated explicitly and subtracted to yield the nuclear scattering.
These also will be discussed separately.
The experiment was set to count for a predetermined number of
beam kaons, K, so that the standard deviation of a measured transmis
sion is simply that of a binomial distribution,
dT = [KT(l-T)]* .
Thus the statistical error on o\ is just
&ff. =

K.P-T,,,-) K_(l-T„ )
+
LpN,
T
T
ei
fi
w

Decay Correction
Because the lifetime of the kaon in this momentum range is
short, and the probability of a decay product being counted is neither
extremely high nor extremely low, a decay correction was needed which
was much more precise than is usual in this type of experiment. This
correction turned out to be about 6 mb for the high momentum points and
rose to about 30 rob for the lowest points. The method used was to per
form three numerical integrations for each counter along the beam line
from the beginning of the target to the counter in the following man
ner:

As above let

be the cross section for scattering a beam

kaon out of counter i, and N^(x) be the number of kaons at position x
headed toward the counter. If

or ^(x) *s an
e

equivalent cross section

for empty target effects, then for the full and empty targets respec
tively
m.

(x)) +
Nfi(x) ^^(O-.+Ow v i eiv "

AJ dx

(inside the target)

PC T0 J

&N
fi
f(x) +-5s-l dx
-%(*) .£^a
w ei^ ' pcToJ

(beyond the target)

and
dN . = -N .(x)
— a .(x) + —— dx ,
ei
eiv '\_ w eiv '
p0cT0J
'
where p0 is the incident momentum, and p is the momentum at x. A
straight forward integration and normalization yields
D,
Hfi<V

N,

D.

= exp

and
Mei<Di>

N
where

J

1
mkDl i
= exp r PNoP- , 0
L" w
ei^ * " POCTO J

'

is the counter position. Therefore
K
P
/J!1
a =-iL_ In ei' l'/M 1 ^
i LpNo
•Nfl<Di>/lJ CT"^P

1 •) dx .

Because the momentum loss in the target is not a simple function of x,
it is necessary to integrate the second term numerically. Next it
must be noted that the transmission, T^, measured by the counter is
• not N^D^/N since T.^ also includes decay products which went forward
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and were counted.

„

W

i

+

W
-

B

I
^(D ) is obtained by numerically integrating

= Hi<x>

^T7pi<x>

'

where N^(x) is still the number of kaons headed toward the counter and
P1(x) is a weighted average over all the decay modes of the probability
•
i
that a product of a decay at x will be counted. Letting
= NL(D^)/N,

i

=

w
LPNo

/^ei" Tei^ "k /Jl1 1 .
\Jfl- Tj.J'c-ToJjv " PoJ
»

It should be noted that since dN\ depends on N^, it is a func
tion of cr^. Thus an iterative procedure is necessary to arrive at a
cross section. In practice, two iterations are generally sufficient
to get cross sections that are self-consistant to within 0.01 mb.
Also this correction takes into account double scattering by allowing
small angle scatters to continue to be considered as part of the beam.
Once a particle is scattered out of the counter, no allowance is made
for the possibility of it decaying back into the counter. This effect
is partially compensated by the overestimation of P^(x), which is cal
culated for a particle headed toward the center of the counter. For
these reasons this correction is believed accurate up to second order.
Coulomb Corrections
There are three types of coulomb effects inherent in any scat
tering experiment of this type. Multiple scattering is the most

difficult type to evaluate analytically. For this reason the experi
ment was designed to make this effect completely negligible. The
smallest transmission counter was approximately five multiple scatter
ing standard deviations larger than the beam spot.
The other two effects, single coulomb (Rutherford) scattering
and coulomb-nuclear interference scattering, cannot be eliminated by
experimental design and a correction must be made for each. The
coulomb corrections in this experiment were made by the method explain
ed in Citron et al.,^ appropriately modified for the kaon-nucleon
system. The limits, t , of the step function approximation for the
H18L2C
proton form factor were maintained at 0.12 fm and 0.24 fm for the
direct coulomb and interference integrals, respectively. These
formulae were modified in two ways because of the lower velocity of the
kaon beam: First, the direct coulomb term had to be divided by the
square of the relative velocity of the two particles, and the interfer
ence term divided by its first power. Secondly, the diffraction peak
parameter, b, appearing in the interference term, was set to zero.
The resulting formulae were
Ao.(direct coulomb) = 2ithec20C2H2p

^i

—),
max

and
Ao^(interference) = 4nhcCGRjL ln^

,

where cx is the fine structure constant, (3 is the relative velocity, p
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is the center of mass momentum, and R is the real part of the forward
scattering amplitude.
The overwhelming source of uncertainty in these corrections is
the factor R. The values used were obtained from the dispersion relation calculations of J. Zika,12 and are listed in Table I. Although
the percentage uncertainty in these values is large, particularly in
the K~ case, it should be noted that their magnitude is small. Thus a
50 percent uncertainty in R becomes a 5 percent uncertainty in the K+
total cross section and a 0.3 percent uncertainty in the K cross
section.
Extrapolation
Once the o^'s for nuclear scattering were obtained a minimum
X? fit to the equation,
(t = (t

ct£l.
j.
>

was made, where 0^ is the solid angle subtended by counter i, and
is the total cross section. It may easily be seen that the errors on
the partial cross sections are strongly correlated, since the counters
overlap. A statistical analysis of the experimental geometry gives an
error matrix,

of

and ffj in the form
»ij - * • '

•

Since M is symmetric, this defines the entire matrix, xf is then of
the form

TABLE I
Real parts of forward scattering amplitudes
lp
The amplitudes are expressed in Fermis.
PLab
(Mev/c)

R(K+P)

R(K+n)

H(K"p)

R(K"n)

717

-0.30

-0.07

+0.17

+0.17

686

-0.50

-0.07

+0.1 If

+0.14

657

-0.30

-0.07

+0.11

+0.11

627

-0.50

-0.07

+0.07

+0.07

596

-O.50

-0.07

+0.02

+o.ce

566

-O.50

-0.07

-0.04

-0.04

536

-0.30

-0.07

-0.06

-0.06

506

-0.30

-0.07

-0.09

-0.09

475

-0.30

-0.07

-0.14

-0.14

WO

-0.30

-0.07

-0.18

-0.18

1*05

-O.30

-0.07

-0.14

-0.14

385

-0.30

-0.07

-0.06

-0.06

366

-0.30

-0.07

+0.0U

+0.04

t -£(o-t - cflj - ^dciulu - obj -

ffj)

.

ij

The minimization condition defines a transformation matrix, T, which
maps the 5 dimensional space containing the o^'s onto the two dimen
sional space containing
yields the errors on

and a. This transformation applied to M
and Ct. A typical set of ar^'s and the fitted

line are shown in Figure k.
Unfolding and Separation of Isospin States
In each data point taken there was a large momentum spread
caused by energy loss in the target, necessitating a momentum unfold
ing procedure for the proton as well as the deuteron data. The proton
version used a momentum distribution obtained for each point by folding
together the incident beam momentum spread and the losses in the tar
get. The deuteron version used the Fermi momentum distribution as
determined from the Moravscik deuteron wave function,13 as well as the
spread of the beam momentum.
The pure isospin states, 1=0 and 1=1, were extracted from
the unfolded cross section curves with the aid of the formula for the
deuteron cross section,
o\, = a

d

p

+ cr

n

- a

g

.

lk
<r is the Glauber screening correction as modified by V/ilkin.
6

<r"2>
o-J = ^4—- 2a <x (1
-p p ) - ia2(1
-p2) - ia2(1
-p2)
g ~
L p nv 'p n'
pv
p'
nv
n'J

This is in the form used in recent papers on kaon-nucleon cross
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sections.^The factor <r" a >, a characteristic of the deuteron wave
function, was taken to be O.J fm
The factors Pp and

2

in agreement with these papers.

are the ratios of the real to the imaginary parts

of the forward scattering amplitude for kaons on protons and neutrons,
respectively.
If Co represents the 1=0 cross section and aj the I = 1
cross section, it was then necessary to insert the following substitutions into the above formulae: For the K -nucleon system cr^ = Qi, and
= i<r0 +

For the K -nucleon system or^ = £CT0 + io"i, and

= aj..

Appropriate solutions of these equations give the pure isospin cross
sections.

IV. RESULTS AND CONCLUSIONS
The K+-Kucleon Data
The measured total cross sections for the K+p and K+d are
listed in Table II, and are shown in Figures 5 and 7, respectively,
l
with the recent results of the experiment by Bugg et al. The error
bars shown are the statistical errors only. The Table II columns,
"increased errors", appear because statistical analysis of the results
showed a discrepancy between sub-runs on each target that could not
be accounted for by the counting statistics alone. This variation
appears to have been random in time. In order to include this as
additional statistical error as much as possible, xP vas computed for
the set of n measurements of a transmission under the hypothesis of
a constant transmission. If counting statistics alone contribute to
the error, 7? should be equal to n-1. Thus this y? was divided by
n-1, and the square root of the result used as a factor to increase
the statistical error of the measurement of that transmission. The
increased errors on the full and empty target transmissions were com
bined in the same way as the statistical errors to obtain an increased
error,

> on the partial cross section, o^. Finally an overall

increase factor was computed

i'stat
The statistical error on the extrapolation, determined by the set of
22

TABLE II
K p and K d total cross sections
All cross sections are expressed in millibarns.
p
Lab
(Mev/c)

0"„+
K p

increased
error

Vd

717

11.14 ±.25

0.50

26.02 ±.24

0.4l

686

11.40 ±.18

0.40

25.68 ±.l4

O.36

657

12.20 ±.20

0.63

26.03 ±.17

0.33

627

12.33 ±.l4

0.39

26.15 ±.17

0.40

596

12.94 ±.19

0.34

25.40 ±.16

0.20

566

13.05 ±.19

0.25

25.17 ±.16

0.18

556

12.35 ±.20

0.57

24.01 ±.17

0.49

506

12.99 ±.23

0.28

23.77 ±.19

0.19

475

13.44 ±.17

0.29

22.99 ±.16

0.20

44o

12.97 ±.23

0.51

22.31 ±.20

O.36

405

13.55 ±.31

0.48

21.61 ±.26

0.32

.366

13.28 ±.35

0.64

20.74 ±.30

0.48

increased
error
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was

multiplied. by F and the result entered under "increased

error".
The result of correcting the proton data for the effect of the
beam momentum spread is presented in Figure 6. The solid line is a
smooth curve drawn by hand through the data for pupposes of illustra
ting the pure isospin states. It was found that the s and p wave scat
tering lengths, a and b, and the effective range, r, in an effective
range formula of the form
hna.2
T

1 + a(a+r)k2 + ^a2r2k4

+

^jtb a k 4

1 + b2k6

where k = p/fi is the wave number, could not be adjusted to yield a
satisfactory fit to the data.
It may be noticed that there is a significant systematic
+
disagreement in the K d data of this experiment and those of Bugg
et al. while the hydrogen data agree quite well. This same disagree
ment appears in the K~d data. This suggests a fundamental difficulty
in the treatment of the deuterium data in one of the experiments, but
at the present time the disagreement cannot be accounted for.
The deuterium data corrected for the effects of both the beam
and Fermi momentum distributions appears in Figure 8. The errors shown
on all momentum corrected cross sections are the errors of the original
data points, since the unfolding process results in such strongly
correlated errors that there is no meaningful way to represent them on
a graph. Both the I = 1 (ax) and 1=0 (ob) cross sections obtained
are shown in Figure 9* The 0"i line simply reproduces the curve from
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Figure 6, and so is presented without data points. The a0 data points
result from combining the corrected proton and deuteron data points,
with the Glauber-Wilkin correction; the dashed

Cq curve

is simply a

suggested smooth curve. However, the data are not inconsistent with
there being no structure at all.
Since much of this region is below inelastic threshold, any
resonant structure would have to be highly elastic. This implies
that it would have a height on the order of kit/is?, about 60 mb. The
absence of any such structure in this region is evident.
The K -Nucleon Data
Table III gives the K p and K~d measured total cross sections,
which are presented with the data of Bugg et al. and Watson et al.
in Figures 10 and 12. The cross sections of the proton and deuteron,
corrected for the beam and Etermi momentum distributions, are shown in
Figures 11 and 13, respectively. The prominence of the structure near
U00 Mev/c is clearly confirmed.
Inelastic channels are open to the K~-nucleon system at all
energies in both isospin states. Thus S wave effective range theory
indicates that the background total cross section for low momentum
should have the form
°b = %

+

p

+

tp •

The 1=1 cross sections appear in Figure 1^ and are consistent with
such a rise at very low momenta. There is a strong suggestion of
structure at 580 Mev/c, which indicates a mass of 1600 Mev. However,

TABLE III

K~p and K~d total cross sections
All cross sections are expressed in millibarns.

p

VP

increased
error

°k"d

increased
error

717

3v. 01 ±.37

0.58

56.50 ±.3V

0.35

686

35.29 ±.39

o.te

56.^5

±.3V

0.U6

657

35.53 ±.33

0.33

55.22 ±.32

O.VV

627

36.Ul ±.28

0.37

55.80 ±.26

0.26

596

37.76

±.33

1.16

58.3^ ±.29

0.96

566

59.29

±.3V

0.39

60.0V ±.29

0.75

536

te.08

±.38

0.38

63.07

±.33

O.38

506

kk.sk

±.1*5

0.57

67.93 ±.39

0.1J6

V75

1*8.96

±.k7

0.56

7V.53

0.1»9

wo

58.1»2 ±.57

1.16

87.57 ±.50

0.92

V05

75-5V ±.68

0.71

96.7V ±.6V

0.6V

385

83.75 ±.83

0.87

366

77.2V ±.79

1.0V

Lab
(Mev/c)
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it should be noted that the errors on the pure isospin cross sections
are understated since they are derived directly from the errors on
the experimental points and do not include the effects of the unfold
ing process because of the difficulties with the correlations. Thus
the structure at 1600 Mev is still within statistics. The increase at
the upper end of our range is due to the influence of the well known
resonances, 2(1660) and Z('l765)> at 7^0 Mev/c and 9^0 mev/c, respec
tively.
The 1=0 points are presented in Figure 15- They were fitted
i
assuming the above background, a Breit-Wigner form for the A (1520),
and subracting out Breit-Wigner tails of well known higher mass reson
ances. It was found that to achieve a satisfactory fit to this data,
t

a width of T s 6 ±1 Mev was needed for the A (1520) at a mass of
1518 Mev. This compares to a previously published value of 16 Mev.^
This disagreement may be indicative of the difficulties that arise
with the unfolding procedure when the width of structure encountered
is of the same order as the separation of the experimental points.
The elasticity found by this fit was 0.60 ±.05.
Systematic Errors and Summary
Of the several possible sources of error in this experiment,
two are much larger for the deuterium data than for the hydrogen. The
most direct is the target density. For the hydrogen this produces an
uncertainty of 0.2 percent while for deuterium, 0.5 percent. The sys
tematic errors due to coulomb effects arose almost entirely from the
real parts of the forward scattering amplitudes and so varied from one
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set of data to another. The real parts of the K p amplitudes are
believed correct to within 0.02 fin, which implies a 0.7 percent error
in the K+p cross section, while the K+n should be correct to within
0.01 fm. This leads to an uncertainty of 0.6 percent in the K+d total
cross sections. While the percentage error in the real part of the
K p scattering amplitude is much larger, it is much less important in
the cross section because of the large imaginary part of the scattering
amplitude, and so an error of 0.1 percent is expected in

for K~p.

The K~n forward scattering amplitude is the least well known of all and
an error of 0.3 percent in the K~d total cross sections from this
source would not be surprising.
The effective length of the target is uncertain by 0.1 percent.
However, the spread of solid angles due to the finite target is
believed to contribute negligible error since the average solid angles
were determined by a numerical integration over the beam shape and
target volume, and since only the ratio of the solid angles was used.
In summary, the demonstration that in the K+N I = 1 cross sec
tion,the effective range, even with a p wave added, is not an adequate
parameterization in this energy region, is interesting but not sur•

„

prising. The dramatic nature of the A (1520) in the K N I = 0
cross section is similarly interesting, but probably not so much so
as the lack of further structure in this momentum range. Perhaps the
most significant results of this experiment were a) the establishment
of the dip in the K+p cross section around 700 Mev/c and its reflection

ho

in the K+d cross section, and b) the indication of a possible reson
ance in the K N I = 1 cross section at about 58O Mev/c.
Overall, the design objectives of this experiment are consid
ered to have been met satisfactorily. The statistical errors of the
measurements are all of the order of 1 percent with only those of the
smallest cross section, K+p, rising above this limit. The fluctua
tions in the system which produced the "increased errors" did not
decrease with increasing statistics. Thus the accumulation of more
data would not have improved the accuracy of the experiment with
respect to this source of error. It is hoped that this new data will
be helpful to theorists engaged in zero energy calculations and the
determination of the £KN and AKN coupling constants.
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