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A STUDY OF THE K m ELASTIC SCATTERING

INTRODUCTION

In order to understand the role of the spin zero 7 and K mesons in the inter-
action of hadrons, the mm and K7 interactions have been studied in many ex-
periments. Since K or 7w meson targets are not available, information on the
m and Kn interactions can only be obtained indirectly.

Earlier investigations have led to the identification and study of Km reso-
nances in the low energy region"*!. There is also information on the deter-
mination of the cross section and the phase shift analyses of the elastic 77
and Kn scattering not restricted to the resonance region“*?., In addition, the
inelastic mm and Km scattering is under investigation“:3.

Most of the analyses of the elastic Km scattering have been done in the chan-
nels Kint » K'n¥ and Kon¥> KOn© Bels 4.2 In these experiments the isospin
I=1/2 K*(890) resonance dominates at low energy. From the experimental
relation o(K+n_ > K+ﬂ—) N 20(K+ﬂ— -> Koﬂo) as has been found in the analysis

of the reactions K"+ P > K-‘S + 70 + A++(1236) at 7.3 GeV/c "5, it may be
concluded that the I = 3/2 Kn scattering amplitude is small compared to the

I = 1/2 scattering amplitude in the mass region considered. On the other hand,
comparison of the moments of the Km angular distribution in the K7 rest system
for these reactions, suggests the existence of a non-zero I = 3/2 s-wave phase
shift4-6,

In order to study the isospin I = 3/2 elastic Km scattering amplitude without

the influence of a dominating isospin I 1/2 Kr scattering, several experi-

*

+ + o+
mentalists have started to study the K n~ = K 7~ channels“:7,



In this study the isospin I = 3/2 elastic scattering has been analysed using

the reaction

- - - ++
K +p>K +m + A (1236) (G.1.1)

Among the four-prong four-constraints-fit events, this reaction has a prominent
cross section and seems, therefore, a good channel to study the isospin

I = 3/2 elastic K 7 scattering.

Under the assumption that the one-pion-exchange mechanism is dominant in reac-
tion 4.1.1, the elastic K 7 cross section has been determined as a function
of the K m effective mass (sect. 4.3). For this purpose an extrapolation pro-
cedure has been used following the suggestions of G.F. Chew and F.E. Low"*%.
The results are summarized in table 4.3.3 and in figure 4.3.4.

Further, the scattering angles of the final K meson in the K m rest system
have been studied, resulting in an attempt to obtain the K m phase shifts
(sect. 4.4 and 4.5). The results for the s— and p-wave phase shifts obtained
from the elastic K m cross section and the off-mass-shell moments are
summarized in table 4.4.2 and figure 4.4.6. The moments have also been
extrapolated to the pion pole. The results for the phase shifts obtained

with the use of the extrapolated moments are summarized in table 4.5.2 and
figure 4.5.11.

The events of the reaction 4.1.1 are a sub-sample of the sample of events

which have been identified as the reaction

K +p—>K +1 +p+ a (4.1.2)

The experiment has been done by exposing the 2 m CERN bubble chamber, filled

with liquid hydrogen, to K mesons of 4.2 GeV/c momentum, from the mé6 beam.

SAMPLE OF EVENTS

SAMPLE OF THE REACTION K + p > K + 1 +p + m'.

At the moment of analysis there were 39,000 four-prong events available on

the Data Summary Tapes (DST). From this sample, 10,695 events have been iden-
tified by the kinematic reconstruction program GRIND as belonging to the
reaction 4.1.2.

The sample of 10,695 events contains 9730 unique fits (91.0%) and 965 ambiguous
fits (9.0%). - In the cases where the four-constraints fit for reaction 4.1.2

was ambiguous with a fit for another reaction, including a neutral particle,



the four-constraints fit was chosen (4C-fit rule). — The ambiguities are

due to the inability to distinguish a K from a m meson by comparing the
ionisation in the present experimental conditions. A decision is made by
choosing the solution with the smallest chi-squared.

In the sample of four-prong events with a visible decaying negative particle,
351 events fit the reaction 4.1.2 uniquely with a visible decaying K meson.
These events have also been used for the analysis, making a total sample of

11,046 events for the reaction 4.1.2.

4.2.2 CROSS SECTION OF THE REACTION K + p > K + 1 +p + 7.
In this K p experiment the cross sections of the different reaction channels
are determined using the observed number of tau-disintegrations within the
fiducial volume. The total K_p scattering cross section of this experiment,
using the tau—callibration,cK—p (4.2 GeV/e) = (25.8 + 1.0)mb*+% is in agree-
ment with the corresponding value obtained from counter experiments (25.5 #
0.2)mb"-10,

The cross section of a reaction is given by:

F c2
o. =N _E_“_LIS____.M_ (4.2.1)
T T NT pc.cTy Ap ter

in which:

NT is the number of events of the relevant reaction within the fiducial
volume (NT and NT deal with the same sample of events.);
is the branching ratio for the tau-decay (= 0.0558 * 0.0003%-11);

N is the number of tau-disintegrations within the fiducial volume;

—BEE . CTy is the mean decay length of the K meson;

c is the velocity of light (= 2.9979 x lOlocm/sec);

P is the mean momentum of the incoming K meson (= (4.24 * 0.0A)GeV/c“'lz);
the experiment is carried out in several exposures of the bubble cham-—
ber, which results in slightly different beam momenta per exposure;

is the mass of the K meson (= (493.84 O.II)MeV/c2 bally,

m

Ti is the life time of the K meson (= (1.2371 # 0.0026)10—83ec”'11);

%ﬂ is the number of target particles (hydrogen) per cm3;

A is the number of Avogadro (= 6.0222 x 1023 mole_l; Clz-system);

0 is the density of the hydrogen liquid (= 0.0622 g/cm3 in the expanded
stage®+13);

M is the atomic weight of the proton (= 1.008; Clz—system).



Since the sample mentioned in section 4.2.1 is not yet completely analysed,
a sub-sample is used for the determination of the cross section of reaction
4.1.2, In this sub-sample, 7830 four-prong events (denoted as 400) and 227
four-prong events with a visible decaying K meson (410 ) are identified as
belonging to the reaction 4.1.2,

These numbers must be corrected for the rejected events in the relevant

topologies which contribute to the cross section. It is assumed that, within

a certain topology, the rejected events may be distributed in proportion to

the identified events over: '

a. the events inside and outside the fiducial volume;

b. the events per reaction channel.

The rejected events may be classified in four main categories:

1. events which have been found in the scanning process, but which for some
reason have not been measured (e.g., events which have a short straight
outgoing track) and events which did not yield a reasonable fit (category
"NO FIT");

2. events that yielded more than two fits (''TOO MANY FITS");

3. events which have been lost by magnetic tape failures or in the book-keeping
process ('"LOST");

4. events which are transferred for further investigation (mainly recalcula-
tion by THRESH, GRIND or ZEEMEEL (MILLSTONE)).

The correction percentages, which are the average results of the evaluation

of the data at two laboratories and of three exposures of the bubble chamber,

are summarized in table 4.2.1,

Table 4.2.1 Correction percentages to be applied to the number of identified
four-prong events in order to determine the cross section. The
correction applied to the reaction K + p = K + 7 + p +
does not contain the correction for events with too many fits

because of the '"4C-fit rule" (sect. 4.2.1)

NO FIT TOO MANY LOST FURTHER CORRECTION CORRECTION +
FITS INVESTIGATION FOUR~-PRONGS Kp~->Kmopm
9.2 % 0.7 % 2.4 Z 3.1 % 15.4 % 14.7 %

The assumption that rejected events may be divided proportionally to the

identified events over the reaction channels will certainly not hold for



topologies with visible decaying particles. For example, a relatively large
number of events with a short track of the decaying particle contributes to
the sample of rejected events. In the sample of short-track decays, the
decays of the Y and © mesons are favoured due to the fact that their life-
time is short compared to that of the K meson.

A correction as deduced from the reject categories of the topology 410 will
be caused mainly by the characteristics of the I mesons. As mentioned above,
these characteristics are different for the K mesons. It was, therefore,
considered better to apply the overall reject-correction factor 14.7% to the
reaction 4.1.2. Thus the corrected number of events of reaction 4.1.2 is

NT = (7830 + 227) x 1.147 = 9241.

400f

(0.0024(GeV/c?’)
w
Q
o
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4.2.3

4.2.4

b

It has also been investigated whether events which should yield the four-con-
straints fit of reaction 4.1.2, but for which this fit failed, have wrongly
been classified in the one-constraint-fit categories. For this purpose the
missing mass spectra of the one-constraint-fit reactions have been studied;
e.g., the missing mass spectrum for the reaction K + p > K + 7 + p + n o+ n°
is shown in figure 4.2.1. These spectra indicate that there is no large amount
of events belonging to the four-constraints-fit reaction 4.1.2 which have
wrongly been interpreted as belonging to the one-constraint-fit reactions.

The number of events which fit the hypothesis of the t-decay is 93.6% of the
number of scanned three-prong events"+1%, This leads to the number of t-decays:
N = 3403.

The result for the total cross section of reaction 4.1.2 is

Ogp » K-mprt = (1.28 £ 0.03)mb (4.2.2)

The error is statistical.

CROSS SECTION OF THE REACTION K + p - K+ 1 + 477 (1236)
Independent of this study, a fit to the mass spectra of reaction 4.1.2 has
been performed using the fit program MAVE2CD"**15, The amount of the reac-

tion 4.1.1 was found to be (31 # 2)7 of the reaction 4.1.2. This leads to a

cross section

Ok p - K n at(1236) = (0+40 £ 0.02)mb (4.2.3)

The contribution of other reaction channels is mentioned in section 4.5.2.

SAMPLE FOR THE ANALYSIS
In order to extract events of reaction 4.1.2 of which the pn+ effective mass

lies in the A++(1236) region, the following cut is made in the pﬂ+ effective

mass spectrum:

2
1.14 < mpw+ < 1.36 GeV/c | (4.2.4)

This condition reduces the original sample of 11,046 events to a sample of
4635 events. The cut in the mpﬂ+ spectrum is indicated in figure 4.2.2.

The K m Chew Low plot for events which obey this mass cut is given in figure
4.2.3. The figure shows a strong accumulation of events at low four-momentum
transfer from the initial K meson to the final K m system. This suggests a

description of reaction 4.1.1 in terms of a one-meson-exchange mechanism at

low four-momentum transfer.
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Therefore the analysis has also been restricted to events with

- - < 0.4 (GeV/c)? (4.2.5)

- tK_ K

The influence of the conditions 4.2.4 and 4.2.5 on the K m effective mass
spectrum and the distribution of the four-momentum transfer squared is

shown in the figures 4.2.4 and 4.2.5. ’

The spectrum of the pﬂ+ effective mass, for the events satisfying the t-cut,

is also shown in figure 4.2.2. As can be expected, these events are restricted

. . . ] +
mainly to the low effective mass region of the prm spectrum, and thereby to



4.

4

3

.3.

1

the region of the A++(1236) resonance.

. + .
Together with the cut on the pm effective mass (4.2.4) the cut on the four-

momentum transfer (4.2.5) reduces the sample which has been used for the

analyses of the Kn »Km scattering to 1758 events, containing 1466

unique fits (83.4%) and 292 ambiguous fits (16.6%). The choice of the sample

of ambiguous events does not influence the result of the analysis.

DETERMINATION OF o K o

EXTRAPOLATION FORMULA

The K m elastic cross section is obtained from the reaction 4.1.1 with an

extrapolation method which was first suggested by G.F. Chew and F.E. Low"-8,

8

They considered the virtual pions emitted and re-absorbed by nucleons as

loosely bound targets, and based their method on the existence of poles in

the scattering matrix implied by such a picture.

In our'case, the reaction amplitude R_, for reaction 4.1.1 has a first order

T
pole in the four-momentum transfer at t -

K~ > K°n™

mass (i = ¢ = 1).

= uz, where p is the pion
P

Furthermore, the residue of the reaction amplitude at the pole can be fac-

torized, i.e. it can be written as the product of the amplitude of the elas-

. - - . . . + .
tic K m scattering AK—W_’ and the amplitude of the elastic pm scattering

B e The basic hypothesis of analyticity implies that there exists a region

in the complex t-plane, including the pole t

the real t-axis, in which the Laurent series

A=~ Bpn+

_ v _2n
R, = + Z an(t )

t-u2 n=0

is convergent for any t (t # uz).

With this series one can derive the formula:

3
2 (2 Tor(®)

K
Cts) SEmm smZamM2at

where

5 ‘
C(k,s) = 24.92 ﬂi

hand;

2
u

and the physical part of

(4.3.1)

@

= Ogep-(m) o+ (0 + [ A ) (euD)? (4.3.2)

n=1

2 . . . .
k"s, which 1s a constant depending on the experiment at



k is the momentum of the incoming K meson in the centre of mass system;

3 is the square of the total energy in the centre of mass system,

/s o= 3.022 GeV;
L = tK- s KT is the square of the four-momentum transfer from the K meson
to the K n system;

OT(S) is the total cross section for the reaction K + P~ K + 1 + p + nt
depending on the square of the total centre of mass energy of the system,
oT(3.022) = (1.28 * 0.03)mb (sect. 4.2.2);

m = me= - is the effective mass of the final K m system;

M = mpn+ is the effective mass of the final pn+ systemi )

OK_H—(m) is the unknown cross section of the elastic K m scattering,
depending on the K m effective mass;

op"+(M) is+the cross section of the elastic pn+ scattering, depending on

the pr effective mass;

A(m,M) are the unknown coefficients of the expansion series;

pCe,mM) = [(e=(m )2) (o= o )2) (e (mome-) 2 (e (momy) 2

mp is the mass of the pfoton;

m,= is the mass of the K meson.

K_w—(m)' The extrapolation
2

procedure consists of fitting the polynomial in (t - u

It is the purpose of this analysis to determine ©

) on the right hand

side of formula 4.3.2 to the experimental data, with S and the coefficients
An as unknown parameters.

The variable Opn+(M) is well known as a function of the pﬂ+ effective mass

from other experiments':16

. The dependence of cp“+ on the pﬂ+ effective mass
obtained by interpolating and smoothing these experimental values has been
sketched in figure 4.3.1.

It should be remarked that in formula 4.3.2, ¢ is a function of t, whereas
the original theory of Chew and Low leads to a function ¢ in which t is re-
placed by uz, the pion mass squared. The dependence on t is a modification
of the original theory, which is based on the assumption that the one-pion-
exchange mechanism dominates reaction 4.1.1 at low four-momentum transfer
from the initial K meson to the final K m system''!”. The OPE diagram for
reaction 4.1.1 is sketched in figure 4.3.2. The evidence for a dominant OPE
is discussed in section 4.5.7.

The function ¢(t) has the disadvantage that it grows like t2 as -t ilncreases
to +», This behaviour of ¢(t) does not agree with the decrease of the ex-
perimental differential cross section dcT/dt with increasing -t. In order to

save the OPE description, usually empirical form factors are introduced
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Figure 4.3.1 The cross section of the
. + .
140} elastic 7 p scattering op"+, as
a function of the pm effective
120 mass, obtained from reference
4,16
100}
80F
60}
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AHI236)
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Figure 4.3.2 The one-pion-exchange diagram for the reaction

K +p>K +1 + A (1236)



4.3.2

4.3.2.1

4.3.2.2

(burr-Pilkuhn, Wolf, Benecke-Durr'**18),

Several experiments showed that the OPE model modified with these form lactors
gives a rather good description of the experimental data'-!",

In this study no explicite form factors were involved. With only the moditica-
tion mentioned above, the original theory of Chew and Low will be applied in

this work. This seems justified a postiori. In section 4.3.4 the behaviour of the
experimental differential cross section doT/dtr(fig. 4.3.5) is shown to be rather

well described by the formula used (the order N of the series being 2).

MAXIMUM LIKELIHOOD METHOD

The determination of ¢ _- - as a function of me= = from formula 4.3.2 is made

Km
using a maximum likelihood method, as described by D. Linglin"“+20, In the fol-

lowing sections a short description of this method is given.

PROBABILITY FUNCTION. If the series is broken off after the Nth term, formula

4.3.2 can be written as

370, i s g N
amZBMz'at C(t—uz)2

B} . 2.n
K- nCprt * ngl An(t—u P (4.3.3)

A probability function P = P(mz,Mz,t;OK_ﬂw,oDW+,An) (n=1,2,...N) is then

&

constructed using the right~hand side of equation 4.3.3:

1 P N 2.n
P = [ofe =0+ + ) A (t-u")"] (4.3.4)
N9 c(e-p2y2 K moem Ly

The factor I/NVUo is due to the normalization of the function P, as described

in section 4.3.2.2.

NORMALIZATION. The probability function must be normalized, so that

. .
[ P @M%, t)dm e = 1 (4.3.5)
v

where V is the physical volume in the (mz,M‘,t)—space in which O™ will be

determined. This is done by normalizing the differential cross section 4.3.3

to the number of events N, of reaction 4.1.2 in the volume V. Thus

\Y

([ ope o o—2—av+ T [a —E  (e-uBH)Tav ) = Koo (4.3.6)
y Bmopm (t=u") n=1 v " (t—uz)2 Vo

of—
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2,2 . .
where dV = dmZdM dt, and 9 =_0T/N 1s the cross section.per event for the

reaction (4.1.2).

With Op = (1.28 * 0.03)mb, determined in section 4.2.2, and the number of

events analysed N = 11,046: o, = (0.116 £ 0.003)ub/event.

4,3.2.3 CALCULATION OF THE INTEGRALS. The limits of the integration volume are

defined by the K m effective mass region for which O™ is to be deter-
mined, the pw+ effective mass region 1.14 < mpn+ < 1.36 GeV/c” and the region
of low four-momentum transfer defined by ItImin < Jt] < 0.40 (GeV/c)Z, where
2 2 . .. . .
ItImin = itlmin(mK . ,mpﬂ+) is the lower limit in the physical region:
2 2 2 .2
It = {{ (s+mpﬂ+mKn) - m }%- f——P-————(S+m ") - m? }£2+
min 4s prt ¢ bs P
2 2_2 2,2
m -m_-m,- _+m, _
(Mt M M- (4.3.7)

where Vs is the total energy in the centre of mass system.

Within such an integration volume, the parameters o_— - and the An are as-

Km

sumed to be constant. No attempt is made to include in the fit a dependence
— — + .

of the parameters on the K m and the pm effective masses (sect. 4.3.6).

Hence, relation 4.3.6 will be written as:

N
! ¢ ¢ 2.n

(O = [0 4 —Is—=dV + ] A [ —— (t-u)"aV) = Nyo_ (4.3.8)
C ' K'm v pm (t_u2>2 n=1 %Y (t_u2)2
For the numerical calculations of the integrals in this formula, the two-

dimensional (mK—ﬂ—, mpﬂ+)-area is divided into small sub—areas of about
2 x 2 (MeV/cz)z. In the center of these sub-areas !tImin is calculated from

relation 4.3.7, and Gpﬂ+ is obtained by interpolation of the smoothed
values of reference 4.16 (fig. 4.3.1). Using these values of ltlmin and

o ot the integrals are calculated over each of the corresponding sub-
volumes using the Simpson integration formula. The integrals over the whole

volume are the sum of the relevant sub-integrals.

4.3.2.4 LIKELIHOOD FUNCTION. The likelihood function for a sample of events con-
fined in a volume V of the (mz,MZ,t)—space, constructed from the probabil-

ities P er event is
v,k P



= = . RN
L =1P and QV log LV . (4.3.9)

where k numbers the events per region. For the sake of convenience, the volume
index V has been dropped in the following formulas.
For each event, the experimentally determined values of the four-momentum
- - + .
transfer squared t = b > K and the K 7 and pm effective masses are used
to evaluate Pk of formula 4.3.4, which in turn is introduced in formula
4.3.9. The required elastic cross section cpﬂ+ is interpolated between the
smoothed values of reference 4.16 (fig. 4.3.1). '
Maximizing of the likelihood function is a standard iteration procedure.
The first and second derivatives 8%_» _93 % (n,m = 0,1,....N), with
dA 9A_JA

. n n m

Ao = g,- -, are calculated using starting values for An' In order to deter-

K7
mine the An’ the standard condition is

)
CLI. = 1,....N
3 0 (n ) ' (4.3.10)

n

To realize this, the An are corrected with dAn calculated from the N linear

equations:

N 42
278 _ 3

) spsa 48, =3 (@=0,1....N) (4.3.11)

n=0 m n m

The iteration procedure is repeated until the sum of the first derivatives is

smaller than a preset small value.

4.3.2.5 PROCEDURE OF THE CALCULATIONS. The calculations just described are done in
several stages. In the first stage the expansion series is cut off after the

second term, so that

)
_ 1 k (k) 2
P, = 5 (GK_“-cp"+ + Al(tk wo)) (4.3.12)

k NVOOC (tk_HZ)

The normalization condition becomes

¢ ¢
Opm, = J O 4 — 5 dV + A dV = N.o C (4.3.13)
K™m pm (t_u2)2 ] v t-u2 Vo

From this relation one calculates
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Lo ¢ - __¢
N,9oC = g é I ot Y av
A = = (4.3.14)
[ 4 av
vV t-u
Substituting Al from relation 4.3.14 into relation 4.3.12 gives
/ ¢
. g +——-——dV
p = L *x [ O - | o(kl -y il (t_u2)2 (t —uz) } +
k NVOOC (tk_uz)z K pT f ¢ qv k
V t-u
N.o C(t -uz)
\ k
°¢ ] (4.3.15)
[ = av
vV t-u
and
Tyt g 4V
t—
2 =) log [ Op=r | oéig _ ¥ ; Ho) (e,-u2) ) +
k == av
V t-u
Nvooc(tk—u2> 9y
» o ] + 7 log s (4.3.16)
/ 5 dv k N o C(t,-u")
V t-u v

The second series is independent of the parameter Op-= -~ and may be omitted in
the calculations. For the only parameter Ok T @ starting value is fixed.
Maximizing £ with the iteration procedure mentioned gives a result for O
Using this value, AI is calculated from relation 4.3.14.

These two parameters o,~ - and A, determined in the first stage, are used as

K 1
starting values for the second stage in which one term is added to the ex-—
pansion series. In the same manner A2 is eliminated, using the normalization
condition. Maximizing the new likelihood function gives results for O™
and A], whereas A2 can be calculated from the normalization condition. The
values for O™y A] and A2 determined in this stage, are used as starting
values for the third stage, and so on.
A total of four stages have been tried. The calculations have been done with

the program EXTRAPOL which is a slightly modified version of the program
EXTRAPO"-20,



.3.3 RESULTS

For different K m effective mass regions, Ok n” is calculated from relation

4.3.3, starting with N = 1, and then going successively up to N = 4. The
results are presented in table 4.3.2. All errors are statistical and are
derived from the square root of the diagonal elements of the inverse of the

- — and the A . The likelihood
K n .

for N = 2 appeared to be slightly better than that for N = 1, whereas higher

matrix of derivatives of £ with respect to o

values of N gave no further improvement.

K in millibarns, depending on the K m effective

mass and the order N of the series in formula 4.3.3.

Table 4.3.2 Results for o

+ . . . .
The pm effective mass region is given by 1.14 < mpﬂ+ < 1.36 GeV/cz.
The extrapolation region is limited by the cut Itlmax = 0.4 (GeV/c)z.

The results obtained with N = 2 are final. The errors are statistical.

me=_ " number ‘
GeV/ 2 of N =1 N =2 N=3 N =4
evre events
< 0.8 314 2.9 1.8 1.6 1.5
0.3 +0.4 +0.4 +0.4
< 0.7 74 1.9 1.2 0.6 0.6
+0.4 0.5 0.6 0.6
0.7 - 0.8 240 3.6 2.5 2.4 2.2
+0.4 0.5 0.5 *0.6
0.8 - 0.9 296 4.4 3.5 3.5 3.3
0.4 +0.5 *0.5 0.5
0.9 - 1.0 291 3.9 3.4 3.3 3.3
*0.4 0.5 0.5 0.5
1.0 - 1.1 330 4.3 2.8 2.7 2.8
0.4 *0.5 0.6 0.6
1.1 - 1.2 218 2.6 1.8 1.6 1.6
+0.4 +0.5 +0.5 0.5
1.2 - 1.3 157 2.5 2.3 2.4 2.4
0.4 0.4 0.4 0.4
1.3 - 1.4 95 2.7 2.7 2.8 2.8
0.5 *0.5 +0.5 0.5
1.2 - 1.4 252 2.5 2.4 2.5 2.5
0.3 +0.3 +0.3 0.3
1.4 - 1.6 57 2.8 2.7 2.7 2.7
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It was verified by taking different starting values for Ok that the

procedure always converged to the same maximum of the likelihood function.

For the final results of GK*n-’ with N = 2, the errors have been re-calcu-

s() =

lated with the S—function of Bartlett for one parameter™:21,
Amax 2
94 .
2 25, with 2=~ 2L Lo
AL 3
min

(4.3.17)

where the parameter A = o - -, a . i i imi
P K r? nd Amln and Amax are the integration limits

of the region for which L(A) 3 0. For two K n~ effective mass regions, the

functions S(A) and 2(\) are shown in figure 4.3.3.

+20f J-4400 420} {-2182
(do)
Is e s e}
{-2155
+10p -~ ——=== +10f~======-——-
|
: {-4405 i
|
1
|
]
oot ! oof i {-2160
! i
1 |
| 1-4410 !
) ]
: :
~0p === =~ [~ = mm——m———= ' T T - oo m e
' l
| ! ] ] 1-2165
1 1 ! [}
| | : |
1
! | {-4415 ; |
-20} ! ' -20} | '
! @ E 20 ! @ 5
| ¢ H !
| |
| : ! ; {-2170
06 -04 -02 00 +02 +04 08 -06 -04 -02 00 <02 +04 +06
do (mb) do (mb)

Figure 4.3.3 The S-function of Bartlett and the likelihood function &,

depending on the parameter do, for the K m effective mass
regions 0.9 < M=p= < 1.0 GeV/cz(a) and 1.2 < M= < 1.3
Gev/c2(b).

The parameter do = Og=g= ~ OK‘N'(Qmax)'

The points where S(do) = I give the lower and upper error

in o,- -.
K w
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The values of Ok for which S(do) = I, with do = Og=n= OK'n'(lmax)’ give

the lower and upper errors in oK—n-. These errors, which are shown in table
4.3.3, are somewhat asymmetric. They are somewhat smaller than those obtained

from the inverse of the matrix of derivatives.

Table 4.3.3 Ok in millibarns, depending on the K m effective mass.

The order N of the series in formula 4.3.3, is 2. The errors are

statistical and are obtained using the S-function of Bartlett.

- = ber - -

oot o Jut
events

< 0.7 74 12t 02
0.7 - 0.8 240 2.5 702
0.8 - 0.9 296 3.5 702
0.9 - 1.0 291 3.4 702
1.0 - 1.1 330 2.8 7 02
1.1 - 1.2 218 1.8t 02
1.2 - 1.3 157 23707
1.3 - 1.4 95 2.7 792
1.4 - 1.6 57 2.7 727

The results for Ok with N = 2, and the errors obtained with the S—function
of Bartlett, have been taken as the final results. They have been sketched in

figure 4.3.4 as ‘a function of the K m effective mass.
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Figure 4.3.4 The elastic cross section o in millibarns, depending on the

K=n~
K m effective mass.

The errors are statistical, and are determined with the S—func-

tion of Bartlett.

4.3.4 A CHECK ON THE USED PROBABILITY FUNCTION

2

In order to check the used probability function P(mz,M ,t), the distribution

of events in the (m,M,t)-space is calculated with this function. -vop"+ depends
- - and the An are determined as described in the previous sections. -

K7
The calculated distribution is compared with the experimental distribution.

on M; ¢

Fig. 4.3.5 The distribution of the four-momentum transfer squared

t = - - in the region -t < 0.4 (GeV/c)2 for events with a

% > Kn

pn effective mass satisfying 1.14 < mp1T+ < 1.36 GeV/cz, in the
different regions of the K 7 effective mass (in GeV/cz).

The distributions, which are calculated from the probability func-
tion 4.3.4 (with 4.3.18) with the order N of the series 2 and 1,

are indicated by an uninterrupted line and a dashed line respective-
ly. The total number of events in a figure are given, together with

those calculated for N = 2 and N = 1.
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Fig. 4.3.6 The prm effective mass distribution in the region 1.14 < mpv+ < 1.36

GeV/c2 for events with low four-momentum transfer —tK_ Sk S 0.4
(GeV/c)z, in the different regions of the K m effective mass (in
GeV/cz).

The distributions, which are calculated from the probability func-
tion 4.3.4 (with 4.3.18) with the order N of the series 2 and 1,
are indicated by an uninterrupted line and a dashed line respec-
tively. For M= > 1.2 GeV/cz, the curves for N = | are not
sketched, because they are almost the same as for N = 2. The total
number of events in a figure are given, together with those cal-

culated for N =2 and N = 1.
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The distribution function D is obtained from the probability function P by
normalizing this function to the number of events NV in the volume V con-
cerned. For the sake of convenience the variables are changed from m”, M2,
t into m, M, t. Hence D(m,M,t) = 4 mMNV P(mz,Mz,t). The number of events in
a volume dV = dmdMdt around a point (mo,Mo,to), with
.mo—l/de<m<mo+l/2dm’ Mo-1/2dM<M<Mo+l/2dM, and

£, 1/2 dt < £ <t + 1/2 dt, 1is given by
2 2 .
dN = 4moMoNv P(m“,M",t) dmdMdt (4.3.18)

Near the physical limit of t, the volume dV is cut by the surface described
by formula 4.3.7. In this volume dV, sub-volumes are constructed by dividing
dm and dM in sub-regions of 2 MeV/cz. Of each sub-volume, the physically
possible dt and the centre value of t is calculated. dN is added over the
sub-volumes.

Figures 4.3.5 and 4.3.6 show the experimental distributions depending on t and
m o+ respectively, for the different K m effective mass regions. In both
figures the distributions are also shown calculated from formula 4.3.18, the
order N of the series of formula 4.3.4 being 2 and 1. Figure 4.3.5 shows that
the t dependence of the experimental data is better described with N = 2 than
with N = 1. The curves in figure 4.3.6 are mainly determined by the curve of
the experimental elastic pﬂ+ scattering cross section of figure 4.3.1, which

has been used in formula 4.3.18 in the same way as described in section 4.3.2.3.

4.3.5 SOME REMARKS ON THE CHOICE OF THE SAMPLE OF EVENTS
The choice of the events using the cuts 1.14 < Mot < 1.36 GeV/c2 and
lt] < 0.4 (GeV/c)2 might be somewhat arbitrary. To examine the influence of
these cuts on the results, the determination of GK_n_ has also been made,
using samples with different cuts.
Tab1e14.3.4 shows the results for different cuts in the spectrum of the pn+
effective mass. The results for different mass cuts are compatible with each
other. Since the relative amount of the background grows when a broader mass
cut is made, this test suggest that the influence of the background on the

results is small.



Table 4.3.4 S in millibarns, depeunding on the K n effective mass and
the width of the pn+ effective mass region around m _+ = 1,236
GeV/cz. .
The extrapolation region is given by |t]| < 0.4 (GeV/c)z. The
order of the series of formula 4.3.3 is 2. Nv is the number of

events in the (m,M,t) volume concerned. The errors are statistical.

mpn+ (GeV/cz)

1.14-1.36 1.16-1.335 1.18-1.31 1.20~1.285
", Ny K Ny O~ Ny K Ny K n”
(GeV/c™) (mb) (mb) (mb) (mb)
< 0.8 314 264 196 148
1.8 2.1 2.4 1.6
+0.4 +0.4 +0.6 +0.8
0.8 - 0.9 296 261 199 150
3.5 3.5 4.4 4.0
£0.5 £0.6 0.8 £1.2
0.9 - 1.0 291 263 210 144
3.4 3.1 3.2 3.1
£0.5 +0.7 +0.8 £1.2
1.0 = 1.1 330 287 229 159
2.8 2.8 2.7 3.0
+0.5 +0.7 £0.9 +1.3
1.1~ 1.2 218 179 144 104
1.8 2.7 3.7 2.5
+0.5 £0.6 0.8 +1.2
1.2 = 1.4 252 224 197 152
2.4 3.3 3.7 2.8
+0.3 +0.4 +0.7 +1.1

Table 4.3.5 shows the results for different cuts in the spectrum of the four-

momentum transfer squared t = te” -. Again the differences are not sig-

> K7
nificant and the results are equal within the errors. Since these results do
not differ systematically, the cut -t < 0.4 (GeV/c)2 is chosen in order to
enlarge the statistics. - In the tables 4.3.4 and 4.3.5 the errors are ob-

tained from the inverse of the matrix of derivatives. -
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Table

LS
(GeV/c™)
< 0.8

0.8-0.9

0.9-1.0

1.0-1.1

1.2-1.4

4.3.5

314

296

291

330

218

252

o,~ — in millibarns, depending on the K v effective mass and the

K n

upper limit of the extrapolation region |t|

+ . . . .
The pr effective mass region is given by 1.14 < mp“+ < 1.36 GeV/c™.

max’

2

The order of the series of formula 4.3.3 is 2. NV is the number of

events in the (m,M,t)-volume concerned. The errors are statistical.

0.40

G~ -
(mb)

2
Itlmax(GeV/c)

206

229

119

64

0.24

SOME REMARKS ON THE STRUCTURE OF THE PARAMETERS

. - - + .
As remarked in section 4.3.2.3, no dependence on the K m and pm effective

masses was introduced for the parameters Ok and An (n =

integration volume.

Table 4.3.2 shows that o

K

effective mass. It has also been checked, that o

ciably on the pw+ effective mass.

The dependence of the coefficients An on the K m effective mass is shown in

176

136

0.08
Ny o ok
(mb)
116
1.1
+0.7
65
3.3
+1.5

l,...4) within an

“n depends at most only slightly on the K1

K does not depend appre-

table 4.3.6. The calculations have been done using four terms of the series

4.3,3. With the normalizing condition A4

is calculated from o -
Ko

_,A

)

and A3. The errors in An -~ obtained from the inversed matrix of derivatives -

are large, especially in the higher K m effective mass regions, where the

errors are of the same order as the values of An' The table shows, within this



context, that the An do not significantly depend on the K m effective mass.

It has also been checked, that the An do not depend on the pw+ effective mass.

Table 4.3.6 Results for An (n =1,2,3,4) in (mb)z/(GeV/c)2n depending on the
K m effective mass.

The pw+ effective mass region is given by 1.14 <m_ + < 1.36
GeV/cz. The extrapolation region is limited by thepZut

itlmax = 0.4 (GeV/c)z. The order N of the series in formula 4.3.3

is 4. The errors are statistical.

L number A, x 1073 A, x 1074 Ay x 107 A, x 1072
of

GeV/c2 evernts

< 0.8 314 -5.7 -4.2 -1.3 -1.5
£1.8 £2.3 £1.0

< 0.7 74 -4, 4 -2.4 -0.4 -0.2
2.6 +3.1 +1.3

0.7 - 0.8 240 -6.6 -5.8 -2.1 -2.5
2.6 +3.3 +1.4

0.8 - 0.9 296 -7.3 -7.8 -3.1 -3.9
+2.8 +3.,5 1.4

0.9 - 1.0 291 -4.5 -4.3 -1.6 -1.9
+3.0 +3.7 +1.4

1.0 - 1.1 330 -12.8 -12.1 -4,2 -4.9
3.9 +4.,5 +1.6

1.1 = 1.2 218 -9.0 -6.7 -1.8 -1.6
+5,1 +5.6 +2.0

1.2 - 1.3 157 -3.3 -1.1 +0.3 +0.8
+8.7 +9.0 +3.0

1.3 - 1.4 95 -18.0 -16.7 -5.0 -5.0
+18.4 +17.4 5.4

1.2 - 1.4 252 -7.9 -6.2 -1.6 -1.2
+7.2 +7.2 +2.4

1.4 - 1.6 57 +38.8 +30.4 +7.6 +6.2
+92,2 +81.0 £23.5

From these results it may be concluded that the use of constant values for

K™ and the An in the integration volumes, is allowed. - A simular con-

clusion was made by Linglin'*20 for the An in a determination of the elastic

+ - . . + + - +
K m cross section °K+w- from the reaction K +p+K + 7 +p + 7 . He

+ = . . . .
gave the An a dependence on the K m effective mass and did not find a sig-

nificant influence on the results for 0K+n—'
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4.4 STUDY OF THE K 1 SCATTERING ANGULAR DISTRIBUTION

4.4.1 FORMALISM OF THE PARTIAL WAVE EXPANSION
In a further analysis of the K m interaction, the scattering angles of the
final K meson in the K m rest system have been studied.
The differential cross section for the on-mass-shell elastic K m scattering
is extremely simple in the partial wave formalism since no spin is involved

and the system is in a pure isopin I = 3/2 state:

do ® 216% 2
el _ 4T | 7 oz &1 y0 (4.4.1)
s39) k2 2=0 21 2

In this formula k is the momentum of the K meson in the K 1 center of mass

system (h = c = 1), ¢ is the orbital angular momentum, 0 are the sphericél

2
harmonics and 62 is the I = 3/2 phase shift for the %-wave®*'22,

The total elastic cross section becomes

o]

o, =% I (2e41) sin®s) (4.4.2)
k 2=0

. . 0 ..
The spherical harmonics Y, form a complete orthonormal set. Normalizing on

2

the total elastic cross section o formula 4.4.]1 may be written as

el’

do oo

1 el Z 0 0
—_— = <Yo> Y « (4.4.3)

o, 42 L) LT L
where <Y0> (L = 0,1,..») are the spherical harmonic moments of the scattering

L
angular distribution.

Assuming that only s- and p-waves contribute to elastic K m scattering,

formula 4.4.1 and 4.4.2 can be written as

do
el _4m [ 1 . 2.3 . 2.3 3 . 3 . 3
10 k2 " (sin 60 + 3 sin 61) + J; sin 60 sin 61 X
3 _3,,0. 3 .23.0 ]
X cos((SO 61) Y1 + 757 sin 6] Y2 | (4.4.4)
and
0 = é% (sinzég + 3 sin26?) (4.4.5)

el K
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With relation 4.4.3:

. 3 . 3 3 .3
sin 60 sin 6 cos(60 6])

0 3 1
<yYs = /= - (4.4.6)
! i sin263 + 3 sinzé3
.0 1
and
0 3 sinch? 'b
D . A NI (4.4.7)
sin 60 + 3 sin 61
The on-mass-shell values Ok <Y?> and <Yg> can be obtained from the ex-

perimental data by extrapolation to the pion pole. Thus the relations
4.4,5, 4.4.6 and 4.4.7 form a set of three equations with the phase shifts
68 and 6? as two unknown variables; A one-constraint fit can be made.

4.4.2 K m  SCATTERING ANGLES

The scattering angles SK and ¢Y of the final K meson in the Jackson frame

in the K;inaln— rest system, which are shown in figure 4.4.1, are defined by
-3
z
-
Pk,
!
|
I
|
|
Ok :
I —
l —
- : Pp, ";p(p, n*)
~_ I y
¢K RN \"
X

Fig. 4.4.1 The angles GK and ¢K of the final K meson K; in the Jackson

frame in the K m rest system.

(x,z) is the production plane.

pKi’ PKf, Ppi and p(pf’“+) are respectively the momentum vectors
of the incoming K meson, the outgoing K meson, the incoming

-



cos 0, = ———= L (4.4.8.a)
lpKiI lpKf|
Ppi A p(pf,ﬂ+) PKl A PKf
¢K = arccos - — . — s (4.4.8.b)
lppi A p(pf’ﬂ+)[ [pKi A Py |
Py A (ppi A p(pf,"+)) Pk, A P,
o = arcsin — — — . — — (4.4.8.c)
lpKi A (ppi A p(pf’“+))l IpKi A pKfI
;K. is the momentum vector of the incoming K meson,
;K: is the momentum vector of the outgoing K meson,
;Pi is the momentum vector of the incoming proton,
;(Pf,ﬂ+) is the momentum vector of the outgoing pn+ system, all defined in
the K_ T~ rest system.

final
., . + .
For events which obey the conditions for the pn effective mass 4.2.4 and the
four-momentum transfer squared t - - = 4.,2.5, the distribution of cos 6
K K K
and ¢K are shown in figure 4.4.2.

1758 events

200 100
—
S
x 150 —~
] 2
b4 5
9 ¥
kel 100 .g 50
S~ <
pd Z
he] O
50
i '
-10 0.0 +10 -T (o} +T
cos Oy o (Rad)

Figure 4.4.2 The cos ©

K and ¢K distributions for events of the reaction

— -— + . .
K +p~>K +m +p+ 1 that obey the conditions

2 2
1.14 < mpw+ < 1.36 GeV/c” and = 5 gk < 0.4 (GeV/c)
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0, distribution with increasing

K
T effective mass. From this figure it can be seen that the asymmetry in

Figure 4.4.3 shows the variation of the cos
K
cos 0. is very small for the lower K v effective mass regions, whereas it
becomes pronounced for the higher K n effective mass regions.

~
Q 0} My-p- <0.8 GeV/c? 30} 08<My--<09GeV/c2 30} 09<my-g- <10 Gev/e?
a’,‘ 314 events 296 events 291 events
(] .
9 20 . 4
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~~
Z 10 4 4
k<]
1 1 1
+1

-1 +1 -1 +1

-~ COS@g —

70t

w -

so} : sof / sof

10<My--< 11 Gev/cz 11<My--< 1.2 Gevye? 12<My- 1 -< 16 GeV/,2
—~ 40} 330 events - 40} 218 events 40F 309 events 4
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"
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0
(V]
2
z
©

4.4.3 The variation of the cos GK distribution with increasing

Figure
K m effective mass
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