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ABSTRACT

e prépose to scatter pions off the protons in a target polar-
ized in the scattering plané, and to measure the polarization of the
recoil proton. The measurements would be made between 5 and 18 GeV/c,
in the interval 0.15 < |t| < 0.55 (GeV/c)®.  In this interval the
predictions for the parameters A and R vary considerably according to

the model used.
The apparatus consists of a polarized proton target, a super-
conducting magnet, scintillator hodoscopes and-a total absorption spark

chamber to measure the polarization of the protons.

*) Letter of intention of 5 November 1965.
Discussion meeting of 14 April 1966.
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1. INTRODUCTTION

bﬂfkpresent there exist experimental results from pion-
nucleon interaction for the unpolarized differential cross-sections
ﬂtp - ﬂip1) and ﬂ-p - wonz), for the polarization p in ﬂ_p - ﬂfp3),
and in the very near future they will be available for p in the charge

- o _4
exchange m p » 7 n .

The scattering matrix for these reactions is composed of

spin=f1ip terms g and non-spin=-flip terms f in the direct channel

- -
q. X
= £(s, t)+ig(s,t)T* A with # = =5 jf
|41 x ge|

(ai’ Ef are the momenta of the incident pion and the scattered pion).

+ + -
For each of the channels m p - 7T p, ™ p » 7°n there is a corresponding

amplitude Mwip’ Mwon' These amplitudes are related to the amplitudes

Mo and Mq4 for the isotopic spin T = 0 and T = 1 in the crossed channel

M+ =M+ M
T 0 P ]

i

My = 4= i \
Moo, = V2l = w[2<M7T+p mﬂ_p/ .

In the general case of scattering off a target with arbitrary
polarization ﬁi’ where both the differential cross=-section I and the

polarization ﬁf of the recoil proton are measured, the following
>

relationships between I, Pf and f, g are obtained?

I:lfP+|Q2+ZMfyﬁi'ﬁ

=2 2 2 2 2,2 o /o o oA o
1P, = (|£]% - |g]®)P; + 2|e]*(Py * A)fi+ 2Re £g#(Pyx i) + 2Infg* A
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polarization P

-4)

. The quantities which have been measured so far1 are
differeﬁtial cross-sections with unpolarized targets Io = If|24-|glz,
and differential cross-sections with a target polarized perpendicularly

tc the scattering plane I = Io(1~+PoPi), where

_ _2Infgt
|£]% + |gl?

is equal to the polarization of the recoil proton from an unpolarized

target in the case of invariance with respect to parity and time

‘reversal.

The moduli and the relative phase of f and g cannot be
determined by these experiménts, but only by a measurement of the
9f with a target polarized in the scattering plane. One
usually relates the components of the polarization proportional to

J£]2-]gl? and to 2Re fg* to the quantities A and R. These quantities

correspond to a measurement, in the lab. system, of the transverse
component of the recoil proton polarization in the scattering plane,
with a target which is polarized in a direction either parallel or

)

perpendicular to the dirsction of the incident pion6 .

If ¢ and @L are the angles between the recoil proton and the
incident pion in the c.m. system and in the lab. system, one has the

relations

R =] (|f]®~]g|?)cos(® ~o1) + 2Re fg* sin(d - &) | =

A= —“(IfIz - |g|?)sin(@ - &1,) - 2Re £g* cos(® - 31) | =—

More generally, if the target ﬁi has & polarization which
is given by the components Pi sin a cos ¢, Pi sin & sin ¢ and Pi cos o
in the frame of refercnce (Ax{i, fi, §;) (Fig. 1), measurcuent of the
transverse polarization of the recoil proton in the scattering plane

will determine
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- (A cos @+ R sin o cos @)Pi

1 +PoPy sin a sin ¢

where 0/ is the effective direction of analysis of the polarization,

" is the transform of G through rotation by an

)

angle of (231 -®) around the fi axis'’.

in the c.m. system. 1

For our target the angle o can be chosen close to either 18°,

or 87°, or 39°, ¢ will be between * 15° (or between 180% 15°) (¥Fig. 2).

The recoil protons are emitted on the average at 72° (Table I)
with @ = 87° one therefore measures principally R (and Refg*) and with

a = 18° one measures A (and Iflz-lglz); with a = 39° one obtains a

‘combination of A and R.

The predictions for the parameters A and R are quite different

. 8,9
according to the models used ’ ’/.

a) An optical model, or a Regge pole modelg) which both fit the

experiments on angular distributions, predict different behaviours for

A(s,t) and R(s, t) (Figs. 3 and 4).

b) "R. Phillips has fitted a Regge pole model to the data on
angular distribution and on polarization 12, He predicts a difference
of the order of 0.2 between A and R in W+p and in ﬂ_p, at 5 GeV/c, ior

-0.15 > t >=0.40 (GeV/c)®. The difference vanishes at high energies.



2. APPARNTUS

e e e

m

The apparatus consists o the following parts (Mig. 5) :

gy

- A beam of' negative or positive pions, vertical divergence < * 3 mrad,

horizonitel divergence < * 5 mrad, intensity moie than 10°7/cycle.

-~ A scintillator hodoscope in the beam (five horizontal elements, three
vertical elements). According to the intensity, either a defining
. ¥ ,
telescope or a monitor telescope. A gas Cereunkov counter to

separate pions from protons.

- A polarized proton target (L = 6 cm, Py 2 0.5) within a super-
conducting magnet1o) (rig. 6). The magnet is made of two Helmholtz
coils which produce a stable and homogeneous field, and which have a
large angular aperture (~ 90°) along the axis. A similar magnet of

half the size has already been buillt at Saclay.
- A hodoscope along one side of the target (eight elements).

- A hodoscope in a variable position for the scattecred pions (16 ¢

elements, 16 @ elements).
- A hodoscope for the scattered protons (1i ¢ elements, 8 ¢ elements).

~ A spark chember o. transverse dimensiocns 80x 60 cm® , made of 32
carbon plates 4 cn thick, for the analysis of the polarization of

the recoil proton.

Similar counver hodoscopes and polarized targets have been
used at Saclay, in 1965 and 1966, in a proton-proton scattering experiment
between 0.5 and 1.2 GeV“)° The technique of measuring proton polar-
ization by means of a carbon plate spark chamber has also been used before,
to measure the polarization in pion-proton scattering at 410 and 490 MeV12).
In the case of an optical spark chamber, the sutomatic scanning device
"ARIANE"13) would be able to mecasure about 100'000 photographs per week.
The electronics group is also developing wire chambers. If such a
chamber can be rcady for the experiment, it would be preferable to the

optical one because of its shorter dead-timec during data acquisition.
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Elastic scattering off free protons will be selected by fast
colncidences between corresponding counters of the pion-hodoscope and
the proton-~hodoscope. This selection should lead to not more than one
trigger from bound nucleons for one trigger from free protons. This
estimate is based on a ilonte-Carlo calculation. The analysis of the
code numbers of the elements which are triggered in each hodoscope should
reduce the background from bound nucleons to 10 or 20%. We intend also
to measure the counting rate with a dummy target, and the polarization

for the background events.
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The . transverse polarization of the protons is measured at

a. distance of a2bout one metre from the target. The protdns have to

travel through the magnetic field which is necessary to polarize the

target. This results in a rotation of both the momentum and the
polar‘zation. The field map being known, the trajectories for

momentum and spin can easily be calculated.

. -> .
Prior to the second scattering we know the momentum Q of the

~

.recoil proton-and the direction N which is the transform of i thrbugh

the magnetic field. The  transverse components of the polarization of

the proton by the second scattering are measured along the two directions

v

=4

V,“x

|ox ]

~ A ~
and U = gx V. There is a small mixing of the components as they are

OV
=

X

->

defined at the target. But the component U is close to d. The value
S 4

of the component U will be obtained from the four counting rates H,, B,,

where H and B are the rates Tor scattering to one side or the the other
of the plang (U Q), and where * are the signs of the target polarization.

Since U is nearly equal to U, we have, according to formula (2)

A cos a+ 1 sin a cos
H, ~ 1% e 252 \p P
s 1t PoPisina sin ¢ i“e
5o~ o+ A oosha-+u.51n a.cos ] PP .
¥ 1% PoPisina sin ¢ iec

-
. one can determine U in four

from the -our rates H_, B

different ways, thus reducing the risk of hidden experimental bias.



-
Measurement of the component V yields mainly the value of

Imfg*. It does not depend very much on the target polarization (Eg. 1).
This muasuremgnt can be done only in one way, namely by measuring the
differcnce of scattering rates to the left and to the right of the plane
(7, 2.

The error on the measurcd value of U depends mostly upon the
error on the target polarization Pi’ upon the error on the analyzing
power of carbon PC, and upon the statistical error on the scattering
rates. We have estimated that with a total of 2000 double scattering
events (H+B) the error may reach about 0.1. At ecach energy we
propéseito measurce simultaneously six points within the interval of t.
This corresponds'to 12'000 double scattering cvents for a measurement

of either A or R, at one energy and for one charge state.



b NUMBER 0" EVENTS AND OF TRIGGERS

The number of events N is calculated from the formula

- 0.55
Nene L2%(1,x)n [ 99 44
p ch 27 T 9t
- C.15
n_ number of free protons per cm® = 3.8x 10%? protons/cm’;
€ on geometrical efficiency of the chamber, estimated by a Monte-
Carlo programme for a = 87°, €op = 0485 (the effective solid
angle is not the one given by A¢ and At);
I = 6 cm, length of the target;
%%‘ azimuthal aimension of the spark chamber for the existing
optical chamber12) Ap = 28°% for a possible wire chamber A¢ = 21.5°;
k background ratio from bound nucleons k = 1.

The number of triggers n depends upon the dead time 7 of the
data acquisition system, and upon the length T of the beam spill

according to the formula

In Teble ITI are given the number of triggers per cycle for
the two tynes of spark chamber (optical chamber with two fast cameras,
three tracks per photograph, T = 12 msec; wire chamber, 7 = 4 msec)

“and for two types of beam "D" and "E".

Beam "D 10° to 2x 10° pions/2.3 sec, T = 250 msec;

Beam "E" 5x 10° to 10° pions/2.3 sec, T = 100 msec

(estimated performance of beams from experimental targets).

L/e31/3
1/ pe



- 10 -

T VTR
L LNE

The following beam characteristics are requested:

D
T - . - . . o
7 at 5, 10, 15 and 18 ZeV/c,

./ .
Ap/p o=k G.01,
0.8 cm image dianmeter,

beam divergence € < * 5 mrad, €y < * 3 mrad,

T

o Il o 5 " -
beam intensity greater than 10 plons/cycle.

The machine time is estimated for 60C'000 triggers, including
a "safety factor" of 2, and an average efficiency of 0.04 for useful
double scatters. This leads to 2000 double scatters for each of the
six dintervals in t. “7ith an optical spark chamber this number of
triggers corresponds to 200'000 photographs and a measuring time of
two weeks using "ARIANE" (Table II).

We are considering starting with a measurement of R at high
energy (p; 2 1 GeV/c). Once the apparatus is installed the requested
time is divided in the following manner:

2 weeks parasitic operation for electronic tests;
1 week for tests with hydrogen, crystal and dummy crystel;
1 week rfor final test and for the first measurements with the

polarized target.

Following this first part we would like to request an
interval of one month, in order to analyse the results.

e would then ask for:
1 or 2 weecks (depending on beam intensity) for a first measurement of R.

The amount of machine time requested to complete the
experiment would be at most .our or twelve weeks, depending on beam
intensity. This would be used to measure A and R for T and T at
tvo cnergies. With the optical chamber this represents 1.6x 10°

photographs or siztecen weeks of measurement with "ARIANE"

56/631/3
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The apparatus will be tested at SATURNE. It could be
installed at the P3S early in 1967.

We want to stress the point that the experiment would lose
much of its interest if measurements were made for only one charge state.
Since we do not want to be at CERN for more than one year, it would be
necessary to be able to make the measurements with T and with 7

without moving the apparatus, that is in a beam from an external target.
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figurc captions

Fig. 1 ¢ Definition of nonentun and polarization of the particles

L T A LN 4o ) S - R R >
(U. ig the unit veetor of dirccutlon u).

o) _c.n. frome

-> -> : re o4 . . . 7 ! 3

g5 dp nomente of the incident ond the scattered wion

i’ ci?lective direetion of anclysis of the polarization

=

i = (8% 8p)/18 % 4l

cos ¢ = §. - Qf

1
cos & = =8, . §., .
’ e

ﬁi polorization cf the target protons

a tronsversce component of the recoil proton
polarization in the scattering planc

E nonentuir of the recoil proton

cos & = . §
1

2w}

cos a = §
9

i
¢ angle between the oxis Ux ﬁi end' the projection
of P, in the plenc (A, fix ﬁi).

Q

) Leb. freme, sceond scatburing

ronentu: of rccoil proton prior to second scattering
transforn of {4 through the magnetic ficld
A A A~ A
(@xm)/lexn|
-~

= 0x §

<P Ch = D)
Tl

o

s ¥ necsurcd trensversc corponents of the polarizotion
of the rccoil proton.
The sccond scatterings cre defined vith respect to the
o A A -
tiro nlenes (Q, V) and (§, 0). H and B correspond to
. ) \ N
scatterings towerds the * V axes, G and D towards the

- D
T U oxos.
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Figo 2

e oy

Fig. 3

o e

Mg, 4

eram e

.o

_1[._—

Positions of the supereonducting coils, comnpatible with
Tp rcaction kinemotics and with the shape of the coils.

Two positions arc sulfficicnt to necosurc A end R.

Bohaviour of A and R at 20 GeV/c according to the optical
nodel with the assumptionsg):
a) (dotted linc): zero spin-flip amplitude g(s,t) = 0
b) (full linc) : svin-flip amplitude proporticnal to
non spin-flip cmplitude
s(s,t) = V8T 2(s,t)

vhere mp is »roton nass.

Bchaviour of A ond R occording to the Regge pole model
E .- . 9 - 1 3
proposed by R. Phillips ) fitted to the experinentel results
+ + -
he anguler distributions wp » 7 p, 7 p = 7n, and the

polarization m p » 7 p.
Apparatus.

Polarized torget in o superconducting nagnet. The cryo-

o]

tats for the terget and coils arc independent of each

other.
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Table captions

Table I : Angular intervals calculated from the kinematics at
4, 10 and 16 GeV/c.

Table II : Time necessary to measure one parameter (A or R) at one

energy and for one charge state.

The time is expressed in numbers of shifts of six hours each,
It is calculated flor two types of beam. It inciudes a
"safety ractor" Ksec = 2. The following figures were used
for the two possible spark chambers:

Optical chamber: 80x 60x 64 cm®, dead time 12 msec with
- 2

three tracks per photograph and with two cameras of 36 msec
dead time.

Wire chamber : 80x60x 96 cm’, dead time L msec. The

times are calculated for 1000 double scatterings of recoil
protons from "free proton" scatters (one trigger from free
piotons for one trigyger from bound nucleons), two signs of

the initial polarization * Pi’ six intervals of t, and an
eff'iciency of 0.0L for useful second scatterings within the
chamber. This leads to a total number of 1000x 2x 2x 6x 25 =

e 5 o
6x 107 triggsrs.

The optical chamber would take 2x 10° photographs. The

measuring time with "ARIANE"™ would be two weeks.
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