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This is the detailed description of the second part (high-
energy) of the CERN-lrieste proposal of April 1967 to study
pion-deuteron elastic scattering The first part (low-energy)
of this study is being completed at the CERN Proton Synchrotron
(see the attached CERN-Trieste Progress Report of February 1968)
The main change concerns the quality of the beam, which should
be of the d-type The geometry of the experiment is now some-
what different in order to take into account the changes in the
kinematical confiiguration  ihe counters, spark chambers, and

their related electronics stay essentially the same

Geneva - 22 Lebruary 1968
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INTRODUCTION

Thé aim of the present paper is to give some experimental details
on the high-energy part of the measurement of the 7d elastic differ-
ential cross-section; we intend to work at incident pion momenta be-
tween 6 and 12 GeV/b, and in the region of momentum transfers to the
deuteron (0 15 5 |t| <1 35)(GeV/c)? For the theoretical justific-
ation of such an experiment we refer to our proposal of April 19671
Here we want only to point out that in the framework of the Glauber
theory the detailed knowledge of the md elastic differential cross-
section gives the possibility of measuring the ratio between the real
and the imaginary parts of the pion-nucleon scaftering amplitude in
the non-forward direction. Our preliminary reéultsz) at 0 9 GeV/c look
gquite promising in that sense, because a dip in the do/dt versus t is
shown to exist for the expected value of t (see Fig 8 of the attached
Progress Report)

We want also to stress the following points:

i) Whilst until sbout 2 GeV/e it is possible to compute, from the
known partial waves phase-shifts analy%iss), the phase of the
scattering amplitudes at momenta transfer different from zero,
the method suggested in Ref 1 seems the only one possible at
high energy, due to lack of phase~shift analysis.

ii) The behaviour of the pion-nucleon cross-sections shows that the
pion-nucleon system does not seem to resonate strongly for energies
above 4 GeV  The absence of resonances should simplify the pic-
ture, since in the Glauber method it is implicitly assumed that
the scattering amplitudes are slowly varying functions of the
energy

iii) Some approximations in the Glauber theory are of the "high-energy"
type and, therefore in the high~energy experiment one should be
able to handle the experimental data in a more confident way;
in particular, the same values ef t correspond at high energy to
smaller values of the scattering angle in the ¢ m s , and there-

fore the goodness of the approximations is improved



iv) It is likely that at high energy the spin dependence of the
scattering amplitude becomes less important; this fact‘helps
the theoretical analysis of the data, since the md differential
cross-section becomes a function of a more limited number of
parame ters

v) There are some doubts about the validity of the Glauber approx-
imations at very high energy, both from the theoretical side”
and from experimental results on pp, np, and pd total cross-
sectionss) These doubts concern the terms to be added to the
single-scattering term (in the Glauber theory the double~scat-
tering term) It should therefore be important to check the
theory in a situation in which the projectile is épiﬁless, and, (
more important, not in the forward direction where the double-
scattering term is a small correction, but in thé region of the
sécond maximum [around 0 6 (GeV/c)? of momentum transfer),where
the double=-scattering contribution is supposed to:giée almost

all the cross-section

The expected da/dt was computed by introducing in the Glauber
formula the experimental values of the total pion-nucleon cross-sections
and of the slope of the diffraction peak in pion-nucleon scattering4
The ratio of:the real to the imaginary part of the pion-nucleon scat-
tering amplitudes was assumed constant with the momentum transfer and

equal to the experimentally measured value in the forward directions)
The deuteron wave function was assumed to be of the Gartenhaus-Moravesik ‘

7
type The results are given in Fig 1 for a pion momentum of 9 0 GeV/c

2, THE EXPERIMENTAL LAYOUT

Let us choose a pion momentum of 9 O GeV/c The dependence of
the momentum transfer and the scattering angle on the recoil angle for
this momentum is given in Figs 2 and 3 for pion-deuteron and pion-
proton scattering, respectively

We propose to use thé layout sketched in Fig L4 ;The components
of ‘this set-up are essen%ially the same as the oﬁes used in the low-
energy experiment  However, taking advantage;of the fact that the scat-
tered pions are concentroted in the forward direction, we propose to

have a second symmetric deuteron detector; furthermore, in order to

68/337/3
SIS/jm



337/3
6§4é/ﬁm

increase the pion detection efficiency, we would like to have one more
chamber (which has already been built) in the scattered pion cone  The
C, (i =0, , 7) are scintillator counters, the Sj(j =1, , 9) are

spark chambers

A pion beam with the properties required in Section 4 hits a liquid
deuterium target of 20 cm length and 3 cm diameter The beam signal will
be the coincidence C1C1b52; if it is necessary to separate the negative
pions from the antiprotons and the kaons, the coincidence with a

v
Cerenkov counter could be required

The recoil deuterons are detected in the solid angles defined by the
counters 5607 and CQCQ, respectively, which correspond to the wanted range
of momentum transfers (0 15 £t <1,35)(GeV/c)® The Cy and C} are sets of
10 scintillators of (13t x fo x 1) cm® each The scattered pions will be
&etected in the telescobes C;CS and C4CL, respectively. Eventually, the
triggeftwi;l be (beam) 53C4C556C7 By time-of-flight selection on coun-
ters Co énd C}, one will be able to separate roughly the deuterons from
the badkgréund of quasi-elastic protons For the C; counter positioen indi-
cated in Fig L4, the dependence of time-of-flight on the recoil angle is
given in Fig 5 for the pion-deuteron and pion-proton scattering; the
propagation time of the 1light in the scintillator is included Taking
into account the angular correlation which forbids pions of less than
% 5° for momenta transfer less than 0 6 (GeV/b)z, it appears that a
threshold for time-of-flight above 28 nsec will be sufficient to cut down
the quasi-elastic proton background The block diagram of the trigger
electronics is given in Fig 6 The elimination of the background will
be completed through a geometrical and a kinematical fit of the tracks
detected in the wire spark chamber system, with magnetostrictive read-
out The genergl characteristics of the chambers were given elsewhere8

The accuracy in the reconstruction of the tracks will allow (as

previously) a definition of the momentum transfer better then 2%

MAGNETOSTRICTIVE SPARK CHAMBERS AND READ-OUT ELECTRONICS

As can be seen from Fig L, nine wire spark chambers are used to
measure the reaction; they are all already in operation In particular,

two special multiple-gap spark chambers have been built for the recoil
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particle branch in order to have the least possible material along the
trajectory of thé}recoii particle (with kinetic energy as low as ~30 MeV) ;
only one mylar window (0 1 mm thick) lies between the target vacuum cham-
ber and the three sensitive gaps; the chamber itself is filled with a
conventional HeNe mixture, reducing the multiple scattering as much as
possible

A total of 30 coordinates will be recorded on magnetic tape, using
the already existing read-out electronics  Some details of the acquisi-

tion system are shown in Fig 7; a more precise description can be found
9
elsewhere

BEAM_REQUIREMENTS

We propose to perform the hlgh~energy cxperlment in the d-Dbeam,
puttlng the centre of the deuterium target in its flrst focus The mo-
mentum range will be between L and 12 (possibly 14) GeV/b. At 12 GeV/e,
with 30% of 10'%/burst circulating protons on target 1 and a 40% target

efficiency, one will expect, in a momentum bite of +1ﬁ, a nhmber of pions:

either 2 7 x 105/$urst with a PS energy of 25 GeV and a ‘repétition time
of 2 3 sec

or 0 5 x 10°/burst with a PS energy of 19 GeV and a repetition time
: of 1 6 sec

The image will have a diameter of 12 mm; a divergence of *5 mrad in

both the vertical and the horizontal planes could be reached )

To observe a dip in the cross-section at a level of 1 ub/(GeV/c)?
for a t-bite of 0 05(GeV/c)? (see Fig 1) and with a 10% statistical
accuracy, we will need, for 20 cm D, target,

102

s %1 5 x 10'° pions,
06 x008 x20x1D " x 0 6

equivalent to two days with the PS working at 25 GeV, and to six days
with the PS working at 19 GeV
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We are limited in the triggering rate by the dead—-time required
to write an event onbto magnetic tape (total deec-time ~ 40 nsec)
This means that for a PS burst 200 msec long, oaly 5 events/burst can
be recorded If we suppose a reasonable signal-to-noise ratio (extra-
polated from our present experiment), we will be able to measure at the
same time cross-sections less than 200 b/(GeV/c)? (apart from a small
part of the diffraction peak, seen in Fig 1, this is always our case)
However, if the length of the beam were to be shortened or the signal-
to-noise ratio became woise then the 1equired time for the measurement

would be longer

Therefore a reasonable schedule would be:
1 PS week for sesting up the beam
2 PS weeks oi setting up the experiment
2 PS weeks for data teking '

DATA HANDLING

)
The reconstruction programméi ‘ recognizes and selects the tracks

in each wire chamber telescope and provides a geometrical fit of the
interaction vertex; a second part of the programme fits our kinematical
hypothesis and completes the analysis  The basic set-up which the pro-
gramme handles is a telescope ol wire chambers; a.l orthogonal to sor2

z axis, and each one vith “wo magnetostrictive read-out lines (say x axis
and y axis) at 90° to each other The number of telescopes, the number
of chambers per telescope, the numbe: of bracks per telescope, as well
as the number of sparks per chamber; are all completely free The pro-
gramme reads the data from a tape; it checks, renrders, and names the
coordinates; then it picks up the tracks among the possible spurious
sparks The xz and yz pldnes are kept separate Some additional infor-
mation (in our case & wire chamber per telescope with a magnetostrictive
read-out, t-axis at 45° with x axis and y axis) is needed to resolve
ambiguities in the case of many tracks per telescope, i e 1o couple the
xz plane and yz plane projected tracks A fit of the interaction vertex
and of the track directions is then done by using a generalized least
squares method, starting from the knowledge of the position of the read
spark-points and their eirors; <+the errors of the points in each tele-
scope are assumed to be correlated by Coulomb scattering and other physic-

al reasons
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The programme is written in general form and incorporates many
other facilities; it is now running both on the CERN CDC 6600/6L.00
under SCOPE and on University of Trieste IBM 704k under IBSYS

Time Schedule

We are ready to starteny time after the 1968 shut-down
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Figure Captions

Fig

Fig

Fig

Fig

Fig

Fig

Fig

1

Theoretical md » 7d differential cross—-section, computed

for the following values of the parameters:

crtot(ﬂp) =26 8 mb

ctot(m) =25 0 mb
oc,”p = -0 15
aﬂn = -0 24

Plot of momentum transfer versus recoil angle in pion~

deuteron and pion~proton scattering

Plot of recoil angle versus scattering angle in pion-deuteron

and pion-~proton scattering
Experimental layout
Times-of-flight of the recoil particles (including light

propagation in scintillator) versus recoil angle, for pion-

deuteron and pion-proton scattering

Block diagram of the electronics for the trigger

Block diagram of the read-out electronics for the spark

chambers
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