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To s " The E.E.C.

From : 8. Andersson, C. Daum, F, Erné, J.P. Lagnaux, J.C. Sens,
F. Udo,

Herewith we submit a proposal for an experiment

at the PS. The principle features are indicated below.

- It is proposed to measure Ki-and P scattering

on polarised protons in the 1.0 - 5,0 GeV/c region.

~ It 1s suggested to start with P py, L.0 - 2,0
GeV/c in the short beam from PS target #’8, and to continue
with (K'+ p) p and K'p from 2.5 to 5.0 GeV/c in the long
beam from target #8, In this manner for at least part of the
experiment PS target # e is shared with one of the other
proposed experiments for the long ?%8 beam; hence this
arrangement is to be preferred over other solutions such as
using the long # 8 bean (wherc the usable p rate is higher

than in the short ?58 beam) for the entire experiment,

- It is suggested to incorporate into the
experiment the recent advances made in polarised target work
and superconducting magnet design. We ask for approval of the
construction of a 50 KGauss magnet for this and other future
polarised target experiments. Setting up in the short beam with
target sharing on.?%B will provide the desired conditions for

testing the new equipment under experimental conditions.
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NP/161/mk : 23,11,1967

PROPOSAL FOR AN EXPERIMENT

To . E.E.C.

- From ': 8. Andersson, C. Daum, F. Erné, J.,P, Lagnaux,
' JsCe Sens, F. Udo. ¢ ‘

Re

¥t ang D scattering on polarised protons, 1.0 -~ 5,0 GeV/c

. INTRODUCTION

We propose to extend the previous measurements of the
angular digtributions of cross sectlons and polarlsatlons of

‘K ‘and P elastlc scatterlng on polarlsed protons.
We propose to measure 3
1) X7p elastlc scattering + polarlsatlon in the region. 2,5 - 5,0 GeV/c

2) K'p elastic scattering + polarisation at a few

energies in the same momentim reg10n.~
' 3) p P elastlo scatterlng + polarlsat1on 1n the reglon 1.0 - 5.0 GeV/c,
At present the following counter experiments-on- polarisations

in K— P scattering in the region of 1,0 =~ 5.0 GeV/c have been

completed or are.in progress :

a) Nimrod - © Kp Lol - 1.4 GeV/e ' (ready)”

b) CERN K'p 1.4 - 2,4 GeV/c (ready)

¢) Argomne K+p 1.0 - 2.0 GeV/c  (scheduled for e?rly
‘ 1968

d)' Brookhaven K'p 1.4 - 2.4 GeV/e . (approved)

e) CERN : P p 1.75/3,10/2.40/3,00 GeV/c (ready)

The proposed experiment isy, with several improvements in
the experimental technique, a continuation of. our earlier work

mentioned above.
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The K p experimental data show ciearly the presence of
the .resonances at 2035 and 2100 MeV; spins and parities of
these resonances have been deduced from the data. The smaller
elas%icitiés Bflthe resonances at 2260 and 2340‘MeV‘near the
upper and of the momentumbrange covered in thé ﬁrevious experiment
complicate the analysis. More data above the resonance energies
would provide sensitive constraints in a search for the spins
"and parities of these resonances.  The earlier XK p work has
further more revealed, that at small values of ¥ the polarisation
can not be fitted with the parameters of the Py P, 9 , A, and
w trajectories, obtained by -fitting the Regge pole motel 1o

scattering data at high energy.

The reasons for continuing the KX p investigation at

higher incident momenta are then the follOWing':

1) To clarify the structure in the 2.0 - 3,0 GeV/c region.
" Apart  from the 2260 and 2340 resonances mentioned above' there
are structures at 2450 and 2595 and possibly others not seen in
the total cross section data. The rescnances seem to become less
and less elastic with increasing momenta, so that the precision
-of the proposed experiment must be increased over that of the

previous experiment,

~.2) To investigate the behaviour of the polarisétion at small
t values by continuing the experiment in an energy region where

the Regge pole mcdel should become applicable.

It is of interest to compare K p with K+p data because

a) The same trajectories contribute with different combinations
of sign; there should thus be a difference between the XK p
and K+§ differential cross sections and polarisations at

small values of 1.

b) The. presence of many resonances in the K p system and the
presence of a few or no resonances in_the~K+p system should

be visible in strong structure in the direct channel for
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Kp scattering and in the backward peak in the K+p
scattering.,

Concerning ' p p, recent Brookhaven data on total cross
_sections in Pp-and pa show the structures, at 1.32 GeV/c
(2190 MeV mass), 1.76 GeV/c (2345 MeV) and 1.86 GeV/c (2380 MeV),
These structures can all three be iﬁterpreted as threshold
effects (of the 1236 and 1400 MeV nucleon isobars) or as resonances;
1n the latter case the 2190 and 2380 MeV structures can be tentatively
identified with the structures found by Chikovani et al, at
approx1mately these energies (although the widths are very

different in the two experlments)

In view of this interesting situation we have in the
previous experiment measured the p p elastic differential
cross sectlons and polarlsatlons at four momenta. It was found
that there is large positive polar1Sat10n over most of the angular
"reglon at 1.75 GeV/c, but many more measurements in this momentum
region are necessary before quantitativé'ébnclusions can be
reached, TFor this reason we propose to continue the D p data

taking in the 1.0 - 2,0 GeV/c region,

From our data at the three remalnlng momenta (2 15, 2. 40
and 3,00 GeV/c) it appears that the polarlsatlon 1s decreas1ng
towards hlgher energles and is always posltlve w1th smqll t region,
contrary to Regge.pole predictions. It is thus of 1mportance to
‘continue the’ P p data taking towards energles - 245 GeV/c. No
extra PS time is involved in taking p p data 2.5 GeV/c, since
in an unseparated beam K p and 5;p data are obtained simultaneously

by tagging the incident particle.

APPARATUS

The apparatus is substantially the same as the one used in

the previous experiment,; i.e. hodoscopes of counters forthe determin-
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ation of the polar and azimuthal angles of the soattered

and recoil particles and the electronic requlrement that one
and only one particle has scattered into the left and one

and only one into the right hodoscopes with respect of the
incidenht beam. The coplanarity requirements, being too complex
for electronic treatment, are imposed in>9ubsequent computer

analysis of the stored data.

Several modifications to the system used before are
necessarys; they stem partly from experience gained in the previous
experlment, partly from the partlcular requlrements of thls
energy region and the fact that here also K is con51dered in

the design. They are :

1) The angular resolution will be-improved by increasing
vthe distance between target and counters. This improves the

_h'distinctipn between free and bound proton events.

2) Extensive use will be made of time of flight information
1) to separate elestic from reversed elastic events in the angular
regidnswhere a measurcment of angles alone will not remove this |
ambiguitys; 2) to improve the accuracy of the very forward
( ‘t;ALO.B (GeV/c)2 ) region by measuring the flight time of
the slow proton at large angles; 3) to reduce the background for

the backward region where the cross sections are <’2C>Fb/sr.

3) The monitoring of the experiment in the production phase
will be improved by use of the IBM 1800 on~line, thus reducing

‘losscés due -to failures and errors.

4)'The beam electronics will be made faster;'this’wiil allow
for a higher maximum flux of beam particles @ostly pfdtbns and/or
pions}to pass through the apparatus; in the upper part of the
previously studied momentum region the rate of data taking was
limited by the electronics, rather than by the avallable flux
from the PS,
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Pigure 1 shows an outline of the proposed set. up.
Ninety counters are placed in the angular interval - 909 Z
92L553_+ 90°,

Klnematlcs tells us, that llmltlng the counter hodoscope
to this angular reglon we reach scatterlng angles with cos B mj>
R —0 85. ) : )

- - The azimuthal acceptance ig 20° divided in “bins of 2°
aﬁfeach.sideeby-lo counters. The radius of the counter: systenm
is:114 cm. ' _ S o
"The backward scattering range (-0,92 > cos 9 n > =0 99)

. w111 be. measured by a separate counter system, located between
lOO°: and 155° in congunctmm.w1th a C counter viewing. the correspond~

ing angular range for the recoil proton (- 40419 <~9°),

- The counters A and B serve to measure time of flight.

This is necegsary. to..disentangle the left-rlght ‘confusions for

.. the k" p scatterlng. Counter A is placed in such a Way, that the
arrlval of a. kaon there 1s 001n01dent Wlth the correspondlng proton

~:,1n counter B. . _

Figure 2 shows the differences in arrlval tlmes in the

b counters over the whole angular range.

Because of the special arrangement of. the counters. A and
© “B-both ‘types of events (kaon left, proton right versus.proton
left, kaon rlght)-have now a characterlstlegdlffe¥eneej;n;t;me
of arrival ( > 1, 2 nsec). in these counterss In.the.forward
direction the differences in flight time-for different scattering
angles become so large, that a determination of the scattering
angle of the event via time of flight .becomes more accufate, than
the geometrical determination, in particular at higher energies,
In principle one then measures with a constant accuracy on
“the t scales, This way of measurlng the angles has the addltlonal
advantage that it is not 1nf1uenced by “the uncertalnty TH 1nteract10n
.point in the target and by the effects of multlple scattering
on the trajectory of the partlcle. ..
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THE BEAM

Concernlng the beam requlrod for thls experlment,

there are several p0551b111tles.

1) The K, k* and p sca+ter1ng > 2. 5 GeV/c can only be
done in thgﬂlgngfbeam from target # 8, .The rates for this beam
: afeigiVeniig‘iables 1 anhd 2 for the case of full flux on the

targedt, and,fop the case where the upper limit tolerated by the

*electronics is 10§-particles through the equipment per burst.

It appears that When runnlng on K~ and p (the data are

taken olmultaneously) the optlmum ‘Fraction of beam on target # 8
ranges from “ 30 £0 45 7 (for 10l protons/burst) Increasing
" this percentage does not speed up the experiment further. When

running on K' the optimum fraction ranges from -~ 10 to 20 %,

2) The p scatterlng in the range 1.0-2, O GeV/c (K is not
proposed, since at Argonne this experiment is scheduled for
early 1968; K~ has been done at Nimrod and by this group recently)
can be done in the 4b beam, in the loung bean from.q#S, or in the
short beam from #&. The ‘rates for the long beam from ?fS are
given in tables 1 and 2. The rates in the m4b beam are comparable
to those for the long beam from 7# 8, The rates for the short
beam from # 8 are given in- table 3. The rates have been calculated
from an empirical formula of Ranft l). It is apparent fhat all
these beams are of compatable quality for the performance. of the
experiment.

1) P.S. handbook M6 page 8. .

RATE OF EVENTS; REQUIRED PS TIME

Prom the (scarce) data on differential cross sections in

the region 2.5 — 5.0 GeV/c it appears that a sensitivity of
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10 events per ACos 6~ = 0,05 per /Lb/sr is required to
arrive at meaningful conclusions in the analys1s. Scallng w1th
the aid of data from the previous experlment, we obtaln that

100 evenps .per ACos 6* = 0,05 in a region where the dlfferentlul

cross section is 10 #b/sr require 3 x 109
. . 0

~an average of 10

1n01dent kaons, Far

kaons/burst and a burst rate of 3000 per hour
“this’ requlres 100 hours per momentum. With an overall eff1c1ency
of v~7O 7 and data taking at 10 momenta this leads to approx1mately
10 PS weeks as the tlme requlred for- runnlng 1n the long beam

h from F 8 between 2,5 and 5.0 GeV/c,

For the .p p -data in the range 1.0 - 2,0 GeV/c

.approximately 5 P8 Weeke are requlred to complete a set of

15 momenta in the shart # 8 beam. It may be noted that several
other experlments have been scheduled for the long , #:8 beam,
while the short #’8 bean is at present free. For the p P

at 1.0 - 2,0 GeV/c the short 7 8 beam is thus to be preferred
over the other possibilities mentioned above : the use of target

¥ 8 becomes more efficient and somewhat more time is available

for running in the improved set up.

The background is caused by elaéfié’sd&ﬁ%ébiﬁg on
bound protons and to a lesser extent by inelastic reactions
with one charged particle going to the right hand telescopes,
and oneéharged particle going to the left hand telescopes.  In
the region of low cross sections (10 -»ZOfAb/sr) both soiirces
of background are about equally important. Their*infemsif&*is
estimated by'extrapolating the variation with incident moméntum
of the background in the previous experiment to the 2.5 ~5.0 GeV/c .
region, With an improved angular resolution (see 1) above) this
results in 100 - 150 background events for 100 elastic events at
the lolub/sr) level, This is a factor two better than the

previous experiment,
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TN TARGETfVERSUS'ALCOHOL TARGET

The required PS time indicated above i$ based on the

"use ofa IMN~-type polariscd target. The use of an alcohol target
at 50 KGaussy which has an estimated polarisation of 50 %, will
reduce this time by a factor two to three,; due to the difference
in density of free protons (0§07 g/cm3 for IMN, 0.14 g/cm3
for'aldohol) and the. improved ratio of bound/free proton events
(5.5 for IMN, »~ 1.5 for alcohol). It will in addition =
reduce the requirednumber of magnetic tapes and the computer

tine requirqd-for;the analysis by a factor of two to throee.

A -point not yet investigated is the effect of the fringe
-field of such a nagnet on the detectors. If this can be handled
:the construction of a 50 KGauss superconducting coil would be

of great advantage to this experiment.

REQUIRED COMPUTER TIME

At this stage we can not ﬁake an réliable estiﬁéfét
concerning the computer time needéd. An ﬁpper»liﬁit is of“
the order of 100 hrs 6600 — equivalent per year. It is
envisaged to spread the load over the CDC 6600, the IBM 360/44,

the IBM 1800 of our'groﬁp5 and possible outside computers{
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Negative particle fluxes in Q x beam from 7 8

Beam data

Length of beam : 40 m
Production angle .12 rad
Acceptance 1 .22 nsterad

Momentum bin : + 1 %

A 1012 protons on target, 75 % target efficiency:
Scc.Mom : N - N~ NK— % beam
1,00 GeV/c 0.98 x 10° 4000 360 100
1.50 1495 x 10° 8600~ - - - 3500 . 100
2,00 2.75 x 106 13600 11000 100
2450 3.23 X 1O6 17900 21300 100
3500 . 3.38 x 10° 21000 131000 - 200
4,00 3.0 x 106 21000 42000 100
5,00 2,1 x 10° 17000 39000 100

S . 6 . . ':*
B Beam limited to 10  particles per burst above 2.5 GeV/c
1.00 1 x 106 4000 360 100
1.50 2k 10° 8600 .. 3500 . .- 100
2450 3e2 xulO6 13600 11000 100
3,00 S 106 . 6300 .. 9300 30.
4,000 w100 7000 . 14000 33,

6 50,

5,00 W90 85007 . . 19000

. ¥ Below 2,50 GeV/c the separator is effective.
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TABIE 2

Pogitive beam fluxes in Q x beam from #8

Beam data

Length of beam : 40 m
Production angle : 0,12 rad
Acceptance ¢ 0.22 msr

Momentum bin ¢ + 1 %

A 1012 protons on target, 75 % target efficiency.

Seces Mome N+ v __I_I_B_ ;NK+ % beam'
2.50 GeV/c 4.0 x 10° 3,0 x 10° 56000 100
%400 4,3 £ 10° 4.0 x 10° 90000 100
4,00 2,0 x 10° 5.3 x 10° 150000 100
5,00 3.1 x 10° 5.7 x 10° 1700000 100

Bean limited to 106 particles pexr burst

B

2,50 GeV/c 0.57 x 100 0.42 x 106*~ 8000 _ 14 -
3,00 0,59 x 10°  0.41 x 10° 12000 14
4.0C 0.45 x 10°  0.57 x 10° 16000 11
5.00 0.35 x 10®  o.64 x 10° 19000 11
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TABIE 3

Negative beam fluxes in X x beam from target 8

Beam data

Length of beam 3 17T m
Production angle : 0.26 rad
Acceptance : 0.30 msr

Momentum bin +1%

A lO12 protons on target, 75 % target efficiency

Sgc. Mom, NT—— NE . NK— . % beam
0.80 GeV/e 0,90 x 10° 2400 3000 100
1.00 1.1 x 10° 3400 6600 100
1,50 1.4 x 10° 5300 17000 100
2,00 1.2 x 10° 5900 23000 100
| 6

2.50 .9° x 10 5400 23000 100

B Beam limited to 106 prarticles per burst

Sec. Mom. NT;-; N5 Nkf % bean

0.80 0.9 x 106 24000 3000 100

1.00 lO6 3100 6000 90

1«50 lO6 3700 12000 ' 70

2,00 106 4700 18000 , 80 -
6

2.50 10° 5400 23000 100
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