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I = INTRODUCTICUN

In this experiment we propnse to measure some of the two
body . and quasietwo-body baryon exchange-reaétions induced by n ,
K , 7, on protons (unpolarized and polarized) in the 20-100 GeV
energy region,

In this particular region and for -umin<-u<l(GeV/c)2 the
predicted cross sections are in the nb/(GeV/c)2 range, These
reactions are all cheracterized by a baryon strongly focused in
the forward direction and by a backwvard meson of small momentum
emitted in a wide solid engle, In order to allov measurements
down to such low cross sections, & very high incident flux

(2.101 part/sec) and a low dead time detector are needed,

In addition, to separate these low rate reasctions from
the background, we need a kinemetical overdetermination (LC-fi%)
vhich requires spétial and momentum snalysis on both outgoing
particles, This can be done by using two srectrometers, oné

having a wide so0lid angle,-

In order to avoid prohibitive running time at the
different incident energies, we intend to use a trigger loose
"enough to accept all the wanted reactions, Thus an apparatus

with a high acquisition rate is required,




Il =« PHYSICS JUSTIFICATION

By using the experimental set-up we describe in the
following chapter, we will be able to determine at least two
important parameters in a new energy region : the cross sections
do/du and the polarization parameter P, A number of reactions
can be measured simultaneously : h

+ *
T p * px

k*p + pk

PP * PP

=For the above-mentioned reactiens our first aim is to
obtain the s and u dependence of the cross sections which requires
measurements at different energies in a sizable u-momentum trausfer
range, As the computed efficiency of the proposed apparatus is
almost independent of u, we shall also be able to study the
behaviour as & function of u of the strong structures already

observed at low energies in some channels,

In the framework of the pfesent models which give widely
.divergent predictions at high energies, the set of reactions we
vant to study should provide very rigorous checks for Regge Pole

models, SUé predictions and symmetry breakings,

«In a second stage we intend to replace the hydrogen target
by a frozen polarized target without changing enything else in the
apparatus and we plan to measure the polarization parameter P for
the same reactions, In this case the measurable domain shrinks
somevhat , hovever, essential intofmation vill be gained with regards
to the confused situation in»tﬂe baryon exchange of natural and

. unnatural parity,




In chapter V we calculate the s and u domain in which
measurements cen be performed for each reaction, Not included
in this proposal are the reactions listed below which could be
' measured wvith slight changes of the arparatus, We discuss these

modifications in chapter III,
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III -« EXPERIMENTAL ARRANGEMENT

" The beam

We need a secorndary particle beam with a momentum capabi=-
lity ranging from 20 to 100 GeV/c for both polarities and with
high intensity, We expect to be able to handle 2.107 part/sec,

=The M1 and M6 beams easily meet these requirements, whereas

the M5 beam could also be used satisfactorily,

Therefore we have caicﬁlated the expected triggering rates

for two possible beams (M5 and M6),

We need two suitable éerenkov counters in the beam in

order to identify the incoming particles (v, K, p),

‘The beam will have to be carefully shielded to reduce the
halo to & minimum and to protect our detectors from prohibitive

background,

«~In order for the beam to be kept in a stationary position
at the ‘target with the change in beam momentum, two steé}ing
magnets (v 2 Tesla-meters) have to be placed in the last section

of the besam,

Experimental set-up

The proposed apparstus is shown in figure 1, It consists
of a high momentum spectrometer in the forward direction which
analyzes the proton always emitted with an angle less than U4 mr
in the laboratory, Two threshold .Cerenkov counters used to eliminate
the numerous n's and K's emitted in the forward direction are also

provided, A wide solid angle backward spectrometer surrounding




the target analyzes the scattered meson forvahgles bet seen 75° and
180° in the laboratory, The meson momentum, nearly independent of
the beam energy, ranges from 0,35 to 1,3 GeV/c, For the entire
apparatus the particle trajectories are materialized either by
scintillator hodoscopes in the beam region or by prOportionai wire
chambers, ‘

A) The forward spectrometer

In dealing with the forward spectrometer we are faced with

four main difficulties :

- the high flux of particles (wvhich arc not always
separated in space from the outgoing beam) emittead

in a small forward cone requires delicate handling

-~ an extremely good rejection of all particles faster

than the forward proton is necessary ;

- a wide solid angle (3 mster) is required to cover the

entire u-domain betveen u and -l.O(GeV/c)2 3

min
= the proton momentum components must be devermined with

good accuracy,

By not requiring a too high bending power, we can avoiad
prohibitive transversal dimensions of the forward svectrometer
elements, Instead, compensation must be made by a good spatial

‘resolution of the associated detectors,

The momentum analysis within the 3 mster solid angle is
provided by the C-magnet MIMOSA (20 em high x 40 em wide x 240 cm
long) with & total effective field of 3,12 Tesla-meters,

To deal with the high flux, two scintillator hodoscopes
Ha (b, x 3,8)em> and Hy (14,0 cm wide x 9,0 cm high) serve as
detectors for the upstream lever arm, Note that both hodoscopes
have a 1 mm resolution and are located at 0,5 m and 1.65.m from
the target center respectively, In order to avoid the use of too

. many phototubes, those hodoscopes will overlaﬁ.



The downstream 8 m lever arm 1s made up of two proportional
wire chambers PC 1 (L0 em wide x 20 cm high) and PC 2 (90 cm wide x
hS em high), They both have 1 mm wlrg spacing, Both Cereukov counters
TC 1 and TC 2 are needed to reject the fast particles, TC 1, bm
long, is located mainly in the MIMOSA magnet and should have an
inefficiency of ‘5.10"3 at 100 GeV, TC 2, 8 m long, is placed between
the proportional chambers IC 1 and PC 2, Its inefficiency should be
of the order of S.lO‘h. The globel inefficiency would then be suffi-
cient to reject the fast forward particles which are of the order
of lO5 times more numerous than the protons, TC 1 and TC 2 éan work
for an incident momentunm ranging from 20 to 100 GeV/c when filled

with He' Ne or N2 gas near the atmospheric pressure,

This spectrometer has a 100 % azimuthal acceptance
except at the lowest energies, but even in this case it is the

backward spectrometer which limits the global acceptance,

B) The backward spectrometer

This spectrometer is of the non-focusing type and is
capable of making a momentum analysis in the range of 0,3 GeV/c
to 1,3 GCeV/c for particles emitted between 75° and 180° in the

‘laboratory, The solid"angle subtended is of the order of 3 ste-

radians,

The momentum dispersion is provided by the large magnet

'GOLIATH (fig, 2 ), This magnet can reach a field of 2,0 Tesla

in a cylindrical gap 2 m in diameter and 1 m in height, The

field versus the power is shown in figure 3 ,

We have performed a Monte=Carlo simulation of the experiment
in order to determine the best possible direction of the GOLIATH
field in relation to the beam line, It appears that for a field
parallel to the beam, the meam acceptance is not better than for
our sdopted geometry, even if we would be able to build:cylindrical
proportional chambers, Furthermore with the "Solenold" configuration
the range of u is limited to -uso.a(cev/cjz, and a polarized target

cannot be used to measure the P parameter,




To look at the backward meson'trajecfory ve use 24 propore
tional wire chamber modules distributed on each side of the target
and spaced 12 cm apart, Each module (1,8 m x 0,8 m useful area)
consists of three planes of active wires 2 mm arart, the first
being horizontal, the second vertical, and the third inclineﬁ at
15° with respect to the horizontal plane, All the modules are
mechanically standard, but only the wires which lie in the useful

solid angle are equipped with electronics,

C) Targets

The liquid hydrogen (or deuterium) target is a cylinder

"(# 2 em x TO cm length) which can be moved along the beam trajectory,

The polarized target will be of the frozen type, and pola-
rizatien will be achieved in an adjacent supraconducting dipole
located at the entrance of the beam, The target will then be transe
lated to the experimental position along the beam axis, This target
would be 20 em long x 2 cm wide and made of propanediol, More deteils

are given in Appendix 1,

D) Beam counters

"In order to match the expected rgsolutions of the spectro=-
meters (see further below), wve need a beam vhose momentum spread
" does not exceed + 0,5 %. This is achieved with the momentum slit
- ealone, The required #+ 0,15 mr anguler resolutien is provided by
two hodoscopes Ho and H, located upstreanm at 17T m ard 2,35 m from
the hydrogen target respectively, H (11 x 11 mm®) and Hy (k0 x
4o mma) both have a 1 mm spacing of the cells,



1V = RESOLUTINNS AND BACKGROUND REJECTION

The measurement of angles and momenta of both scattered
particles provides a L-Constraints fit for each 2-body event, A
Monte~Carlo calculation has been made by taking into account the
following factors : -

- the limited size of the target
- the matter encountered by the particles 3
= the inhomogeneity of the field

- the spatial resolution of the detectors ( a square
distribution vhose width is equal to the wire spacing

or to the width of a hodoscope element has been used),

-

a minimum of 4 points on the backward trajectory,

The resulting momentum and angular resolutions for the
forwvard and backvard spectrometers are shown in figure 4, Tne
u-momentum resolution is 0,005 (GeV/c)2 and is practically constant
in the entire u range, These values obtainel for the =p elastic
backward scattering. are essentially of the same order for the Kp
‘and pp scattering, For the backward spectrometer these values are
independent of the incident perticle energy, whereas for the forward
specfrometer the resolutinsns are improved as the energy decreases,

‘'in particular for Ap/p.

A kinematical fit of simulated two-body events hes been
performed using the above mentioned resolutions, The fit clearly
rejects events in which a particle has been misidentified by one

of the ée:enkov counters,

Furthermore, a simulatien of the quasi=two-body reactions

: t

¥ P+ po
»ixo

shows that these channels are easily separated, vhen nothing is

known about the associated »°,
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By-using these resolutions thé UCafit permits us to eliminate
the Fermi momentum contribution when the polarized target is used,
The contamlnatlon duie to the reactions 1nduced on the bound protons
does not exceed.l % for mp scattering, i

In order to study the background we have considered the
three body reactians which simulate most closely the process we
want to study :

* * %
mTp >+ N nm

Lo peo

In the Monte=Carlo program the proton and the 7~ have been
given the estimated resolutions and the reaction has been fitted
as an elastic event, The contamination brought about by this reaction .
is 3 % at 75 GeV/c, The calculations also show that the y rays from =°

decey are emitted in a 16 mr cone (at 75 GeV/e),

Inelastic reactions giving heavier mesons or baryons do not

contribute significantly to the background,



ull -
V « TRIGGER AND DATA HANDLING

The trigger requires at least one charged particle in each
spectrometer and none outside the solid angle covered by the wire

chambers, This condition is fulfillad when t

« the beanm (Ho Hl) is in coincidence with a forward

scattered particle (H2 H Ch) and a backward scattered particle

3 _
(fast OR pulse of the proportienal chamber closest to the target) ;

= no veto comes from the anticoincidence counters AC 1,

AC 2, AC 3

- no fast particle is detected by the two forward Cerenkov

counters TC 1 and TC 2 ,

In the special case of the pp reactions where no fast
baryons are emitted in the forward direction, a simultaneous

trigger logic would not include the veto of the Cerenkov counters,

The counter Ch has & hole in order to let the beam through,

In the case of negatively charged incident particles this hole lies

outside the trajectory of the scattered protons ; when a "positive

beam" is used some of the protons scattered at small u escape through

the hole, Nevertheless we detect events in the whole u range,but

the total efficiency drops to 0,30 (Figure 5),

The. chamber PC 2 has a dead zone in front of the hole,

PC 1 also has a dead zone in the path of the beanm,

For the previously quoted reactions on deuterium ﬁ), the
counters AC 1 and AC 2 are locsted near the target bag and allow us, .
in the covered solld angle, to veto the events for which the
momentum of the proton spectator is > 250 MeV/ec, For the reactions
producing a 7° or an n°, five lead plates (O 4 radiation -length

each) are inserted between the vwire planes of the backward spectro-

‘meter, The total detection efficiency drops by a factor of three

vith respect to the charged channels,
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The reactions b) give a forward proton, and an additional
#° which is fairly well collimated,Therefore the n° can be detected
in counters of reasonable size (- 1m2) and allow for a more strin=
gent trigger,

To give us an idea of the amount of data which must be
‘handled in this experiment, we use the following figures :

~ number of wires : 22900 } )

~ number of hodosccpe ~lements : LIk 3

- number of wire pulses/event : 50 3

- maximum number of events per spill : 4S50 ,
The informetion in the chambers is transfered in sequence onto a
bus line by means of 8-bit words at each pulse of a ten megacycle
clock, The total transfer time is ten microseconds, These data will
be encoded into 50 16=bit words, An additional 16 words are used
for the information pertaining to the hodoscopes, The total acqui=-
sition time will be 120 us per event in our PDP 11-k45 equiped
with a MOS memory, | )

We give in appendix II a short description of the low
price logic we intend to use on the proportional wires,

Special fast electronics connected to the two wire planes
closest to the target as well as a simple treatment by the compu-
ter will allow rough checks for good spatial and kinematical corre-
letions, This will permit us to filter the events before storage on

magnetic tape for later off-line analysis,




VI = CROSS SECTTONS AND DATA RATES

We have computed the number of events per nanobarn with
the following assumptions :

- beam repetition rate : 1 pulse / 4,0 sec 3

- hydrogen target length : 75 cm 3

- 7/K/p intensities determiined from ref.~[i1for the M6

and MS beams;

- total beam intensity 2,107 partlcles/second for Ap/p=

¥ o,5% 3

- pulse length : 1,0 sec j

- running time : 10 days

- security factor : 0,5 3

- detection efficiency =0,4 (see Fig 5)

By using the figures above we can calculate the sensiti=
vity in nb/{(Gev/c)? which is reached for a given statistical accu=-
racy as well as the trigger rates, provided that the do/du values
are known, For these values we use phenomenological predictions, [?]

These predictions are deduced from fits on existing data
in the 5-20 Gev range, extrapolated through a Regge model to higher
energies; they are a first approximation becausethey depend on the
model and on the accuracy of the measurements at low energy,The
sensitivities for séveral different reactions are given in figures
6 and 7 ,For each réaction,'the curves show the variation of Ppeam ©&F
a function of u for fixed %ﬁ values, The limit of sensitivity in
nb/(GeV/c)2 is calculated for every bin of 0,1 (Gev/c)? with a sta=-
tistical accuracy of IO % in the determination of do/du, (100 events
per bin), '

In figures 6 and 7 the hatched zones correspond to this limit, for
the M5 and M6 fluxes, respectively,

The measurable regions for each reaction demonstrate the
ability of the apparatus to perform baryon exchange measurements
between 20 and I00 Gev,

For the polarlzatlon measurements, the reactlon rate is
five times lover than for the liquid hydrogen targets This is due to
the proportion of free protons and to the effective length of the
target (see Appendix I),

In the sensitivity plot (Figures 6 and 7) the hatched zone
is translated by an order of magnitude towards the higher cross



sec?ions. If we perform our measurements in this shrunken domain
for the same running time as ior the unpolarlzed experiment, we
get an indetermination on P lower than 0,05 1in bins of 0.;(Gev/c)2

(AP=0 0% is & maximum indetermination wh1ch is obtained at the 11m1t
of sen51t1v1tv). . _ : )

Data rates,

Integrating the phenomenological cross section extrapolations
between wupjn and u = <1,3 (Ge¥/c)2 and summing all channels which
contridbute simultaneously to the trigger we obtain the trigger rates,
We can have an idea of the background qontr1butlon to the trigger by
looking at the fast forward particles produced in a bubble whamber
(12 GeV/e, n~ exposure of the Genova - Hamburg-Milano - Saclay colla=-
boration) and by extrapolating in a somewhat hazardous vay., It appears
that the total rate is no more than four times the tﬁo-body rate, The

following trigger rates are obtained :

bean

s s 20 Gev/c 75 Gev/c
composition _
LASESS & 600 100
T™ + K +p 350 100

Machine time,

If we want to reach for the backward cross sections the wide
domain in ppegm &nd u shown in figures 6 and 7 we need 10 days
per energy and per beam polarity, As said in the beginning we measure

" gimultaneously : ,
»t

=+ p —> p

T T p =% p "
K+p-—¢pK+
B p —> p P
Py —_— = xt
P — Kk~ k¥

r

In a second stage, when the polarized target is iq place,

we require the same time at each energy to measure the polarization
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parameter of the same reactions, We would like to take data at three
energies in the 20 - 100 GeV range, .. . .

) If, as we hope, our cpparatus can handle a flux twice as
high as the planned one and if the machine runs at U400 GeV, the
‘reguired time would be reduced 'by a factor of two,
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VII = LOGISTICS

We would like N A L to provide :

- tvwo steering magnets at the end of the beam H

~ two lerenkov counters for the beam particle identification ;

« the pover supply for the Goliath and Mimosa magnets (see
characteristics thereafter)

- the refrigerator and controls for liquid hydrogen target,

The Goliath magnet floor surface is 4,8 x 4,8 m®; the gap
center is 154 cm above the ground ; this takes into account the tripod
vhich is 23 cm high and cambe removed if necessary, At full power the
running voltage is 600 V and the water cooling system requires
80 m3/n at 22 kg/ecm2, The total weight is 250 metric tons,

The Mimosa magnet which could be loaned from the Saturne
Department has the overall diménsions of 303 em x 155 em x 245 em,
For a field of 1,4 T, the voltage is 290 V with a power of 150 KW,
The water pressure is. 15 kg/f:m2 at 3,5 m3/h delivery,

' We will provide : :

- all.the phototubes and scintillators 3}

- the proportionnal chambers

-~ the downstream Eerenkov counters;

- the associated electronics and cables 3

- the targets _

« the computer (PDP 11=45) ,

"All the electronic equipment including the PDP 1ll«45 computer,
the tape units, the teletype and the other displays could be installed

in & treiler, The total floor area required is approximately 9 x 25 m2,

Construction schedule,

The construction of the different parts of the apparatus
would take a year and could be achieved.ﬁy mid-lgTh, We intend to do
a complete test of the apparatus at the Saturne accelerator by measu=
ring - P —> pi+ at 2 Ge¥/c 3 months later, Then we could move to
N AL at the end of 1974,



http:achiev.ed

COMMENTS CONCERNING THE RUNNING TIME

We realize that the amount of time we have asked for

at the accelerator is considerable (10 déys per energy),

= Should these conditions be granted we would be able to obtain

e result of extremely high accuracy :

& precision of 10 % (100 events) in the bin

Au = o.1(mw/d2ax the limit of sensitivity where g% is at a

minimum (see figs, 6 and T),

.

-« If our running time was limited (to % the period for instance)

and if we require the esame precision as above, the results
[%g = f(u)] would still be excellent for the = and n~ incident
particles,

However for the x* and p beam the measurable u-domain
shrinks, But up to 40 GeV/c we can still measure the variation

do
of —— versus u,
du :




= APPENDIX I =

¥We plan to use a frozen spin target such as the one now
being tested at CERN, -

- With this propanediol target (03H802, the interaction rate

is five tlmes less than for the H, target because the free and

2
bound protons are in the ratio of 1 to 4 and dbecause its length is

limited to 20 cm,

To perform our measurements we require solid angles at
least as large as for the H2 target, Thus large supplementary
pole pieces cannot be placed in GOLIATH to reach the 2,5 T field
vhich is necessary for conventional target polarization,

.

In the frozen spin techhique'the protons are polarized
in an auxiliary dipole which has the required field strength and
vhich is located near the beam axis at the entrance of the GOLIATH
magnet, The polarizedbtarget is then transferred into the GOLIATH

magnet for the scéttering experiment,

The polarization then decreases as :

P(t) = P_ e~/ To

P_ is the initial polarization, averaging 8o %,

T° is the relaxation time which is devendent on GOLIATH's holding

field and on the target temperature,

For a field of 1,7 T, T, varies with the temperature :
T, = 10 hours for 0,3° K ,
. To = 300 hours for 0,1° K ,

A convenient relaxation time of 2L h lies between those two tempe-
ratures which have been readily reached with a Hes - Heh dilution
cryostat developped by the Helsinki Technlcal University Group,




‘ ' ' - APPENDIX II =

The electronics associated with the multiwire proportional chambers:

We have not yet made our choice between a circuit built in
our laboratory and a MOS integrated circuit, The characteristics
and price of both are equivalent, The overall price is low : §6

per wire, Eech unit handles eight wires,

The Laboratory Circuit works very well but has to be
hybridized because of the little space available, In September,
1973 the MOS integrated device will be produced in large quantities
by the LETI(3),

We have already tested some of these samples which were
connected to a proportional chamber, The diagrams of both circuits

are shown in the figure,

The Laboratory Logic; The first stage is a TLB20 Texas
Instrument comparator used as an amplifier and a monostable multie
vibrator, The threshold is adjustable down to 2 mV and the output
pulse length will be fixed according to the experiment trigger

delay,

The write-read system is a 1/4 (74173) which has a four=bit
latch memory with a built-in writing strobe and a tri-state output

gated by a resd -out pulse,

The LETI Logic; This circuit has the advantages of an
integrated device : compactness, high reliability, low power
consumption (~ 1/5 of the laboratory-made circuit), but on the other
hand it is slightly slower, The minimum threshold is relatively
high : 6 mV and this has to be compensated for by using on the
chambers a voltage 100 | higher to reach the same efficiency as

for the laboratory circuit,
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FIGURE I,

FIGURE CAPTIONS

Side end top views of the apparatus
- Hoy Hyy Hy, Hy ¢ scintillator counter hodoscopes
- PC 1, PC 2 : proportional wire chambers

-« TC 1, TC 2 : atmospheric pressufe gas Cerenkov

counters

- AC 1, AC 2, AC 3 : anticoincidence counters

- Ck : forward scattered rroton coincidence counter,

The bean dispersion corresponds to the gray zone,The

forwvard scattered proten for p = 75 Gev/e and for 03 u> -1 2(Gev/c)2
covers the hatched zone,

FIGURE 2,

FIGURE 3,

FIGURE L,

FIGURE 5,

FPIGURES 6

Graphic design of the Goliath magnet,
Magnetization curve of ihg Goliath magnet,

Monte«Carlo computed resolutions Ap, AA, Aé¢ for the

backward and forward spectrometer.p

Totel detectlon eff1c1ency as a function of momentum

transfer L=,

and T, Var1atlon of pl b (Gev/c) as a function of
-t (Gev/c) for fixed differential cross sections
doc/d u (nb/(GeV/c)z. The lowest do/ 4 u values obtainable
in this experiment are indicated by the dashed and dotted

lineg for the M5 and M6 beams respectively,
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ADDENDUM TO NAL PROPOSAL # 212

SEP 27 1913

(Measurement of backward 2-body and quasi-2-body
reactions induced on unpolarized and polarized

+ + -
protons by m, K, p ranging from 20 to 100 GeV/c)

The main purpose of the present addendum to our proposal # 212 is to
compare the capabilities of our apparatus with the ones of othe:r proposals
(# 165, a, B) aiming at the same physics. This is done in connection with

Prof. Wilson's advices following the Advisory Committee of late July.

I - Two-body backward scattering below 100 GeV/c on unpolarized targets

+
The proposal # 165 intends to measure backward elastic m scattering

in the 0 < -u £ | (GeV/c)2 range at 40 and 75 GeV/c incident momenta. The
focusing spectrometer facility is used to analyse the forward scattered
proton. Due to the small aperture of this spectrometer (20 to 40 uster)
the u range is successively covered by changing the input angle of the

primary beam on the target.

Secondly, a new proposal from Indiana University and NAL [a] looks
for the measurement of the T -p backward elastic scattering near u = 0.
from 15 to 100 GeV/c. They use the same forward spectrometer as proposal
# 165 and additional proportional wire chambers and scintillators to measure

the pion direction in a *15° backward cone around the beam axis. .

Finally, a recent letter of intent from Prof. Hofstadter [B] proposes
to measure the backward pion, using a high momentum resolution spectrometer

of small aperture.

Table 1 summarizes the different properties of these various spectro-
meters and Fig. | gives the expected rates per nanobarn for m-p backward
elastic scattering at 60 GeV/c. Those numbers are given for a 10 days running

time with a security factor of 0.5.
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Further remarks on Fig. |

+ -~ . .- ' . '
~a) As the X and p intensities are an order of magnitude lower than
pion fluxes, our apparatus is the only one allowing a significant storage

of events during the 10 days run.

b) The dependence of do/du can be measured only in experiments # 165
and # 212. In proposal # 165 the u range is covered point to point. This

implies a careful determination of the normalization.

c) The apparatus of proposal # 212 is the only one which is able to
measure quasi two~body channels giving a Yorward baryon de:aying into a
proton plus a pion. This is due to its large momentum acceptance and its

wide forward solid angle.

IT - Two-body and quasi two-body backward scattering below 100 GeV/c on

polarized target

A more careful examination of possibility of using a polarized target
in our magnet has shown that the cheapest way was to use a conventional
butdanol polarized target. This implies the use of shims of limited size

in order to have a dB/B = 4 . 1O~4.

The homogeneity of the field in the
momentum measurement region is not drastically altered. With the 18 kG
field the butanol target will reach a 70 Z polarization. The shimed magnet
and the polarized target are sketched on Fig. 2. Figure 3 gives a first

design of the cryostat.

With this target the interaction rate is 3.53 times less than with

our hydrogen target.

Background rejection

If the kinematical constraints given by the apparatus do not allow
a clean rejection of events produced on bound protons from those produced
on free polarized protons, the polarization measurement is still possible
by the substraction method. In that case the accuracy on P is given roughly
by . : 1
AP
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where 0 is the ratio of events on free protons to events on free + bound

nucleons fitting elastic scattering.

P, is the target polarization and N_ the number of events on free protons.

t H
Monte Carlo calculations show that, for proposal # 165 one has p = 0.25;
with the additional measurement of the backward pion direction (as in a)

p increases to 0.51. For our proposal is p = 0.6

If one wants to compare proposals # 165 and # 212 for polarization

measurements giving the same uncertainty P, the efficiency curves of Fig. 1

have to be lowered by a factor R/p . R 1s the ratio of protons in the hydrogen

target of each proposal to the free protons pf a 20 cm long butanol target.

R is 3.53 and 2.93 for proposals # 212 and # 165 respectively.

Remark |

Measurements of quasi two-body reactions on polarized target are
feasible with the spectrometer of proposal # 212, nevertheless the forward
solid angle is a little bit small for some reactions (2 or more forward
charged decay products). The backward spectrometer of proposal # 212 matched
with the forward spectrometer of proposal # 110 would give a more powerfull

apparatus for these reactions.
Remark 2

As the geometrical efficiency of the forward focussing spectroueier
increases with the beam momentum it could be very useful to match it with a
wide solid angle vertex detector (as proposal # 212) to perform two-body

physics in the 200 GeV/c range.

III - Further details on the apparatus

Careful studies of the different parts of the apparatus have been

performed.

~ For the large MWPC (1.8 < 0.9 m) of the backward spectrometer a
first module 1s being built. A mechanical solution has been found to insure
a high rigidity to the frames with a minimal lost of useful magnetic volume.

Tests in this chamber will start at the end of november.

— In connexion with Prof. Charpak we shall start tests on a small
MWPC (15 > 15 cm) with a spacing of 0.5 mm between the read-out wires

% =10 UP- If it is verified that these chambers can tolerate the fluxes




required in proposal # 212 we shall use this cheapest solution to build

the H0’1’2’3 hodoscopes.

- Monte—Carlo studies have shown that the high efficiency threshold
Cerenkov counters may be used with only one small diameter (§ = 5 cm)
phototube : this allows to usghgmall and fast phototube XP 2020. Straight-
forward mechanical construction is allowed because one can use for the

whole PpAp Fange gases at atmospheric pressure.

(On all these topics notes giving further details may be asked on

reqiest).
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