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Abstract

. . N . . .
The elastic scattering of X mesons on protons is studied at 3.5
. s zc T
and 5 GeV/c. The total elastic cross sections are found to be (4,36 = 0.36)mb
+ . . s . .
and (3,82 - 0,41)mb respectively, The differential elastic cross section,

which exhibit characteristic diffraction peaks, are fitted by:

do _( 4o ot
at ~\at/ ©
o]

piving @ = 3.85 & 0.12 and 4.70 ~ 0.21 (GeV/c

E»)
. L] 1 z ) B
respectively, with ]tl 2 0,65 (GeV/2)", The results are compared to those

-0 ?

-2 . \
) for the two momenta

~ - 1 o eV - Rt 4 -

at neighbouring energies, giving some support to the presence of a real
part of the forward scattering amplitude, The diffraction peak shows
definite shrinking with increasing momenta, The data are examined in the

light of models for high energy scattering.
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The K » elastic scattering reaction was studied at 3.0

. .

and 5,0 GeV/c ag part of a svstematic bubble chamber investigation of

B .

K+p interactions, The filw was obTtained in cxposures of the 381 cm Saclaxr
hydrogen bubble chamber in a separated K+ veam from the CERN proton-
synchrotron, The details of the exposure and analysis of elastic scattering
(1) and preliminary results at all three

.

Here, the results at 3.5 and 5.0

at 3.0 GeV/c have been published
moment: were given at Dubna, 196
GeV/c arc presented and a comparison is made with the other available X p

scattering data, and theoretical models.

The beam momenta werc precilsely determined for cach experiment by
-

measuring and fitting three-prong cvents To the T-decay hypothesis

(K+ - n+n_n+)

o The best valucs for the momenta at the centre of the
chamber were found to be 3,46 and 4,97 GeV/c, respectively, with a spread

+ o} . . , . o) , -
of - 1/2 ,6. The beam contaminoation by pions was less than 5 ,6 at 3.5 GeV/c

and 5.0 GeV/c,

About 80,000 pictures at 3.5 GeV/c ond 40,000 pictures at 5.0 GoV/c

: ~

were scanned for events of the two-prong tonology. The events in o
fiducial volume were mcasurced and vasscd through the stondard CERN conputer
programs; they finally yielded a sample of 2949 identified elastic cvents
at 3.5 GeV/c and 1436 ovents at 5.0 GeV/c. The experimental bilascs were

investigated end appropriate corrections were made as in the 3 GOV/C

o IR AR L

experiment . ¢ only events with the cosine of the scattering angle less
than 0,99, (corresponding to a proton range of ~1.5 em at 3.5 GeV/c and
~3.5 cm at 5.0 GeV/c) and with a dip angle less than 800, were accepted
for the analysis, (The dip angle is defined as the angle between the
scattering plone and the chamber window)., Additional cuts in the dip

le, were ilmposed on those events with the cosine of the scattering

angle smaller than 0,93 (see Teble I)

e . - + L s PR
The angular digtributions for X p elastic scattering at 3,5 and 5.0
GeV/c (after correction for tho cuts mentioned, on the basis of the
expected isotropic azimuthal distribution) are given in Table I and are

pid
hown in Fig,., 1 for small angles. The experimental distributions show

ISk

[
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a characteristic forward diffraction peak of approximately exponential

oAl

shape. They were fitved by the following functions, using the maximum-

(3)

likelihood program MALIK :

do do) b
9 (&) .. (1)
at dt o
do /do at + Bt2 )
I - R 2
dt (dt ¢ (
o]
N\
and the values of §%~ and of the parcmeters o and B are given in
0

Table II for two different ranges of the square of the momentum transfer t.

hs the table shows, there is a small indication of backward scattering.

The elastic scattering cross sections were determined from the
corrected number of events, using the extrapolation to zero angle by the

above fits and allowing Tor the scanning efficiency determined by repeated

> ! + ! * o 1, b
scanning, The total K path length scanned was determined from the number
+ + -t 5 RO J 1 3 1 t
of T=decays (KXK' - n = n ), observed within the same fiducial volume as the
. o . o s +
two~prong events, and using the branching fraction of 0.055 and the K

lifetime (1,229 ¥ 0,008) ¢ 107~ sec,<4) The effect of

L : . . (1) . .

contamination could be neglected, as discussed previously >. The elastic
L o 1 b 7(+ s 3 z Q + 7 !

crogs sections were found to be (4.)0 - O.)o)mb, and (3.82 - O.4l)mo at

3.5 GeV/c and 5.0 GoV/c, respectively, They are shown together with datas

[ 12
. L A\5)={13) . . . s .
from other exper1ments< )-(15) in Fig., 2., The total cross section is also

displayed,

The forward scattering cross—gection was calculated by extranolation

o . . . . , ; Py
to O of the angulor distribution data. The one-parameter fit, when uscd

for Itl < 0.65, gives %%} =(16.6 : 1.5) ond (17.9 * l.9>mb/(GeV/c)a
0
at 3.5 and 5.0 GeV/c rospectively, the two~parameter fit over a wider

ronge of © gives (16,4 * 1.6) and (8.4 I 2.3)mb/<GeV/o)2. Theses values

lie somewhat above the "optical point!, and although the errors are large,
(1)

they confirm the result from the 3.0 GeV/c data . The "optical point®

as derived from the optical theorem, in the limiting case of purcly

PS/5410/duh
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inaginary forward scattering amplitude
day L.l e
dt © 16mh?%c? T
/01t

is computed for all values of the toftal cross section GT shown on Fig, 2,

and plotted on Fig. 3 together with the values of the extrapolated forward

xperimental cross scction obtained in the »resent and other nelghbouring

) 2)(17
experiments(])( 12l 5), It is scen that, although each individual

determination is subject to appreciable experimental errors, the experimental
points all lie above the optical noints, indicating the presence of a real
component of the forward scattering amplitude, In particular, if the

&

itu
.3 mb (see Pig, 2) is adopted for the
total cross section at 3.5 %QV/C and 5,0 Gel /c, the values ]iOﬂ/Iua]
0.21 ot 3.5 GeV/c and 0,45 : 0.14 2t 5.0 GeV/c are found, using the

one=paramecter fit.

The momentum qooo wdence of the slope of the diffraction nealk is
summerized in Fig, 4, where the porameters o and B are plotted separately.
The figurce shows an initial shrinking of the diffraction pealr in the region

of 2 to b GeV/c, which is probably correlated with the fact that the
inelastic cross section chonges roapidly in this region while the total

cross scction remains constant., The region above 5 GOV/C is characterised

T . .y N + \
by o slow shrinking, clmost lincor with the incident K momentum,

14)

lastic scattering amplitude, and an overlap function of thoe

The wmodel of van Hove , in its simplest form, assumes a purcly

imaginory ¢
form cxp( At ). In this casc, the quantities Opr T and B oarc
deternined by given functions of A and of a parameter fo, with range

0 < fo l/ In perticulor, the ratio o /G is an increasing function

of £, and rcachcs the value 0,185 for the upper limit, The experimentel
values of the ratio arc displayed on Fig. 5, and its upper bound predicted
by the model is shown as a dotted line, On Fig, 4, the dotted lines

In
represent the corresponding values of « and B, At the incident momenta

of the present experimont, the ratio o / and the parometer o have not

yet reached their high energy linits, ﬂowever, it can be seen that the

PS/E.»O/amh
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cxperimental valucs arce already ropidly approaching the limits at the

rclatively low momentum of 5 GeV/o,'and»theniruu in constant. Thus it
) i) i} ! '+ . . .

may be concluded that the X p elasvic scattering copproaches an asymptotic

behaviour ot rather lower cncrgics than, for instance, pp or mp clastic

catteri ng.

(&}

This nearly asyuptotic behaviour justifies an attempt to comparc
the cxperimental data with models developed for the interpretation of
. &15)

high cnergy scatiering, Tor instance, Phillips and Rarita fitted 211

<

previously ovailable high cnerzy dote on scattering cnd charge exchonge

for ni N and K:h ¥ veing o Regge-pole model with 5 poles, with o scmi--
empirical parametrization of the trajectorics and regidue functions
Using the parameters given by these authors, the total and clastic cross
sections, as well ag the differenticl cross secticnsg, were computed at
the incident momoenta of the present cxperiment., The cgrecment with the

shown by Fig, 6 for the cross scctions

= 1A N A Ty .
expcrimental data is

N

and by Fig, 7 for t 83 sections ot 3, 3.5 and 5 GeV/e

>

The agrecment is still acceptable, even at 2 GoV/c, with the data of
(12)

dependence of the diffcrentinl cross se

Chinowsky ¢t al, Mg, 7,4). Those curves show that, although the
s 2

tions on |t| is appreciably

c
. ] - e ~ \
differcnt from the exponcential for: s (1) ond (2), the agrecment with

experiment persists to the smallest measurcd values of It

. 1T wos
choecked that this also holds true for the measurements of Foley ct al,
at higher incident momento, It 1ls interesting to note that the

gimultaneous agreement of the total cross sccetions, and of the diffcrential

clastic cross sections for emall lt|, implies also an agreement with
onother feature of the Regge-nole model, the presence of a real part of

the forword elastic scattering cmplitude, It is not clear ot this stoge
whether the successcs of the model is partly fortuitous, as some high
cnergy copproximotions uscd by the molel may lose validity at such relatively
low momente as the oune considered in this paper, Hone theless, if only
as a parametrization of the experimental data, the it of Phillips and

. RS : I -+
Rerita is found %o be accurate for X p over o large range of momenta ,

£ Pnillips and Rarite give scveral solutions for their £it, which all

L. !

agree equally well with the present data.
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Figure Captions

o

Fig., 1. Differential cross-section for K p scattering at 3.5 and 5.0

Hy

GeV/c, The solid curve is a one-varameter fit for I*! < 0,65,

o3 L

The dotted curve is a two-parameter fit over a wider rangce of t.
for |t| < 0.65 the two curves overlap

ot
Fig, 2. Total ond elastic scattering cross—sections for X p as a

=

function of incident momentun.

Pig. 3, TForward differential cross-section computed from the optical
theorem, and experimental values, as a function of incident
momentum,

Momentum dependence of the narameters o and B in a fit to the

=t
e
o
N

. . , . . o .
differential crosg-~section of the form e The dashed

/
. e . 14
lines are the predictions of the van Hove model\ ) for the

e
1

meximun velue of its porometer fo.
Fig. 5, MNomentum dependence oif the ratio OE/GT of elastic to total

4

cross~section, The dotied line 1s the upper limit of this

Linc
. . . 14
rotio in the van Hove mouol.( ).

Fig., 6. The total and elestic scattering cross-scctions are compared
) s - 15
to the Regge-pole model of Phillips and ﬂarlta( ).
Mg, 7. a, b, c) The xperimental elastic scattering differential
cross-—-scctionsg at 3, 3.5 and 5.0 GeV/c compared to the
predictions of Phillips and Rarita, The two curves correspond

to their solutions 1 and 3.

. / . - } 12
d) Same comparison at 2 GeV/c with the data of Chinowsky et al.( ).
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TABLE TT

Fite to the differential cross-—-section

| 3.46 GeT/e. 4.97 ceV/e.
i ..(jl"-g- — /..g'_q\\ O +
| s \at/ oxp (o)

)2

b | (cev/e 0.027 < |t] < 0.679 | 0.027 < |t| < 1.847 | 0.041 < |4| < 0.622 | 0.041 < |4] < 1.658

o e e A e e e A s e o s & e e w0 4 e e b el a1 a o a s b e m e o d e m e i a B A e 4 e B e e e o 8 e B 8 B .1 . R R S

| (%S/ b (cev/c) 16.6 & 1.5 1 168 I o1 17.9 ¥ 1.9 f 17.8
o !

-
1+

T N SR — o PSP OSSR S - B SR

T —" o ‘ e T S H e S
o (zev/c) 3.85 - 0,12 ; 3,91 & 0.08 | 4.70 T 0.21 4,68 £ 0.14
ds _ Ao\ 2
t (coT/c)? 0,027 < |t] < 1.086 10,027 < || < 1.847 11 0.041 < |t] < 1.036 | 0.041 < |%] < 1.658
0 GOS0 O U G 1 R . [P S . SR

(%ﬁ) b (GeV/c) 2 7.0 £ 1.8 16.4 = 1.6 18.9 = 2.7 L 18,4 I 2.3
o]

L T S o S LT 2 T S ST U P S 1) AN [

o (ceV/c) 72 4.10 ¥ 0.29 5.73 £ 0.21 5.24 % 0.45 4.94 % 0.76
I e Tl e B R . .
£ (GeV/c) | 0.33 = 0.33 -0.17 -~ 0.19 0.72 = 0,55 i 0.29 - 0.36
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