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ABSTRACT : 

We propose to build a scattering apparatus to measure, in 

the 20-100 GeV/c momentum range. two-body and quasi-two-body 

baryon exchange reactions ror ,-u . ~_u~1(GeV/c)2 • The apparatusm1n 

consists or two spectrometer arms which determine the angles and 


momenta or the rorward and backward outgoing particles, 

The detectors cover a wide solid angle and are designed to 

operate at incident beam rates or up to 2,107 tsec in order to match 

cross sections in the nb/{Gev/c)2 range, 

May lOth, lQ73. 

Correspondent: M, DAVID. 	 D,Ph,P,E,. CEN-Saclay 


B.P, n02 


91190GIF/sur/IVETTE - FRANCE 


(+) Collaboration vith other laboratories is under discussion, 



- 2 ­

I - INTRODUCTI~N 

In this experiment we propnse to measure some of the two 

body and quasi-two-body baryon exchange reactions induced by w, 

K , P , on protons (unpolarized and polarized) in the 20-100 GeV 

energy region. 

In this particular region and for -u . <_u<1(Gev/c)2 the
m1n 

predic~ed cross sections are in the nb/(GeV/c)2 range. These 

reactions are all characterized by a baryon strongly focused in 

th~ forward direction and by a backward meson of small momentum 

emitted in a wide solid angle. In order to allow measurements 

down to such low cross sections, a very high incident flux 

(2.107 part/sec) and a low dead time' detector are needed. 

In addition. to separate these low rate reactions from 

the background. we need a kinemLtical,overdetermination (4C-fi~) 

which requires spatial and momentum analysis on both outgoing 

particles, This can be done by using two s~ectrometers. one 

having a wide solid 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, 



II - PHYSICS JUSTIFICATION 

By using the experimental aet-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 


da/du and the polarization paramet~r p. A number of reactions 


can be measured simultaneously 


'II' •P .. p1l'• 
.. p .. ­
.. pK• 

pp- "pp­
- .. 11' ­pp 11' + 

pp­
-For the above-mentioned reacti~ns our first aim is to 

obtain thes and u dependence of the cross sections which requires 

measurements at different energies in a.izable u-momentum trallsfer 

range. As the computed efficiency of the proposed apparatus is 

almost independent of u, we shall also be able to study the 

behaviour as a function of- u of the strong structures already 

observed at low energies in some channels. 

In ~he framework of the present models which give widely 

- divergent predict ions at high energies, the set of react ions we 

want to study should provide very rigorous checks for Regge Pole 

models, SU3 predictions and symmetry breakings. 

-In a second stage we intend to replace the hydrogen target 

by a frozen polarized target without changing anything else in the 

apparatus and we plan to measure the polarization parameter P for 

the same reactions-. In this case the measurable domain shrinks 

somewhat. howeve~ essential information will be gained with regards 

to the confused situation in the baryon exchange of natural and 

unnatural parity. 
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In chapter V we calculate the sand u domain in which 

measurements can be performed for each re~ction. Not included 

in this proposal ar.e the react ions listed below which could be 

measured with slight changes of the a~paratus. We discuss these 

modifications in chapter III. 
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III - EXPERIMENTAL ARRANGEMENT 

The beam 

We need a secondary particle beam with a momentum capabi­


lityranging 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 Ml and M6 beams easily meet these requirements, whereas 

the M5 beam could also be used satisfactorily, 

Therefore we have calculated the expect'!d triggering rates 


for two possible beams (M5 and M6), 


.. 
We need two suitable Cerenkov counters in the beam in 


order to ident ify the incoming part icles ('If, K, p). 


The beam will have to be carefully shielded to reduce the 


halo to a minimum and to protect our detectors from prohibitive 


background. 


-In order for the beam to be kept, in a stationary positi~n 

at the .target with the change in beam momentum, two stee'ring 

magnete (~ 2 Tesla-meters) have to be placed in the last section 

'of the beam. 

Experimental set-up 

The proposed apparatus 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 -- mr 

in the laboratory,' Two threshold .Cerenkov counters used to eliminate 

the numerous w's and K's emitted in'the forward direction are also 

provided. A vide solid angle backward spectrometer surrounding 
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the target analyzes the scattered meson tor angles bet.leE"n 75° and 

1800 in the laboratory, The meson momentum, nearly independent ot 

the beam energy. ra.nges trom 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 proportional wire 

chambers, 

A) The torward s~ectr~meter 

In dealing with the torward spectrometer we are taced with 

tour main ditticult.ies : 

- the high tlux ot particles ·(which arc not always 

separated in space 

in a small torward 

trom 

cone 

the outgoing beam) emitted 

requires delicate handling ; 

- an extremely good rejection ot all particles 
"­

than the torward proton is. necessary • 

taster 

- a wide solid angle (3 mster) 

entire u-domain between u. 

is required to cover 

and -1.0(Gev/c)2 , 

the 

ml.n 

-.the proton momentum components must be de~ermined with 

good accuracy, 

By not requiring a too high bending pover. we can avoid 

prohibitive transversal dimensions ot the torward s~ectrometer 

elements, Instead, compensation must be made by a good spatial 

. resolution ot the associated detectors. 

The momentum analysis within the 3 mster solid angle is 

provided by the C-magnet MIMOSA (20 cm high x 40 cm wide x 240 cm 

long) vith a total ettective tield ot 3,12 Tesla-meters, 

To deal with the high tlux, two scintillator hodoscopes
2 -­

12 (4.4 x 3.8)cm and 13 (14,0 cm ~ide x 9.0 cm high) serve as 

detectors tor the .upstream lever arm. Note that both hodoscopes 

have a 1 mm resolu·tion and are located at 0,5 m and 1.65.m trom 

the target center respectively~ In order to avoid the use ot too 

many phototubes, those hodoscopes vill overlap. 
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The downstream 8 m leve,r arm is made up of two proportional 

wire chambers PC 1 (40 em wide x 20 cm high) and PC 2 (90 cm wide x 

45 cm high), They both have 1 mm wire spacing, Both Eer.nkov counters 

TC 1 and TC 2 are n~eded to reject the fast particles, TC 1, 4 m 

long. is located mainly in the MIMOSA magnet and should have an 

inefficiency of 5.10-3 at 100 GeV, TC 2. 6 m long, is placed between 

the proportional chambers lC 1 and PC 2, Its inefficiency should be 
-4of the order of 5.10 • The global inefficiency would then be suffi ­

cient to reject the fast forward part icl'es which are of the order 

of 105 times more numerous than the protons, TC 1 and TC 2 can work 

for an incident momentum ranging from'20 to 100 GeV/c when filled 

with H • N or N2 gas near the atmospneric pressure,e e 

This spectrometer has a 100 % azimuthal acceptance 


except at the lowest energies, but even in ~his case it is the 


backward spectrometer whiGh limits the global acceptance, 


B) The backward spectrometer 

This spectrometer is of the non-focusing t~pe and is 


capable of making a momentum anaiysis in the range of 0,3 GeVl.c 


to 1,3 GeV/c for particles emitted between 75° and 180 0 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 relat,ion. to the beam line, It appears that for a field 

parallel to the beam. the meBll acceptance is not better ,than for 

our adopted geometry, even if ve would be able to build'cylindrical 

proportional chambers, Furthermore with the "Solenoid" configuration 

the range of u i-s limited to _u~O.2(GeV/c.>'2 I and a polarized target 

cannot be used to measure the P parameter, 
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To look at the backward meson" trajectory we use !4 propor­

tional wire chamber modules distributed on each side of the target 

and spaced 12 cm a~art. Each module (1,8 m x O.A m useful area) 

consists of three planes of active wires 2 mm a~art, the fi~st 

being horizontal, the second vertical, and the third inclined 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. 

0) Targets 

The liquid hydrogen (or deuterium) target is a cylinder 

(¢ 2 cm x 70 cm length) which 'can be moved along the beam trajectory, 

The polarized target will be of the,frozen type, and pola­

rization will be achieved in an adjacent supraconducting dipole
-, 

located at the entrance of the beam,' The target will then be trans­

lated to the experimental position along the beam axis. This target 

would be 20 cm long x 2 cm wide and made of propanediol, More details 

are given in Appendix 1, 

D) Beam counters 

In order to match the expected resolutions of the spectro­

met ers (see further below)" we need a beam whose momentum spread 

does not exceed + 0,5 %, This is achieved with ths momentum slit-alone, The required + 0.15 mr angular resolution is provided by-two hodoscopes HO and Hl located upstream at 17 	m and 2.35 m from 
2the hydrogen target respectively, HO (11 x 11 mm ) and Hl (40 x 

40 mm 2 ) both have a 1 mm spacing of the cells, 
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IV - RESOLUTInNS AND BACKGROUND REJECTION 

The measurement of angles and momenta of both scattered 


particles provides a 4-Constraints fit for each ~-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 , 

- the inhomogeneity of the field , 

- the spatial resolution of the detectors ( a square 

distribution whose width is equal ~o 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 

forward and backward 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 wp 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 particle energy, whereas for the forward 

spectrometer the resoluti~ns are improved as the energy decreases, 

in particular for Ap/p, 

A kinematical fit of simulated two-body events has been " 


performed using the above mentioned resolutions, The fit clearly 


rejects events in which a particle has been misidentified by one 
., 
of the Cerenkov counters, 

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

shows that these channels are easily .eparated. when nothing is 


known about the associat ed '1'0, 
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By uBing these resolutions the 4C-fit permits us to eliminate 

the Fermi momentum contribution vhe, the polarized target is used, 

The contamination due to the reactions induced on the bound protons 

does not exceed 1 % for wp scattering, 

In order to study t~e background ve have considered the 

three body reacti~ns vhich simUlate most closely the process ve 

vant to study : 

In the Monte-Carlo program the proton a~d the w have been 

giyen the estimated resolutions and the reaction has been fitted 

as an elastic event, The contamination brought about by this reaction 
-I 

is 3 % at 75 GeV/c. The calculations also shov that the y rays from WO 

decay are emitted in a 16 mr cone (at 75 GeV/c). 

Inelastic reactions giving heavier mesons or baryons do not 

contribute significantly to the background, 
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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 fulfill~d when : 


- the beam (HO Hl ) is in coincidence with a forward 


scattered particle (H2 B3 C4) and a backward scattered particle 


(fast OR pulse of the proporti~nal chamber closest to the t~rget) , 


- no veto comes from the ant icoincidence counters AC 1, 

AC 2. AC 3 , 


v- no fast part icle is det ected by the two forward Cerenkov 


counters TC 1 and TC 2 , 


In the special case of the ;~ 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 c4 has 8. hole" in order to let the beam through, 

In the case of negatively charged incident particles this hole lies 

outside the trajectory of t·he scattered protons, when a "positive 

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

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

the total efficiency drop~ 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 beam, 


For the previously quoted reactions on deuterium a) , the 

counters AC 1 and AC 2 are located near the target bag and allow us, 
in the covered solid angle. to veto the events for which the . 
momentum of the proton spectator ~s > 250 MeV/c, For the reactions 

producing a 11'0 or an ",0. five lead plates (0.4 radiation :length 

each) are inserted between the wire planes of ~he backward spectro­

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

with respect to the charged channels. 
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The reactions b} give a.forward proton~ and an additional 

.,..0 which fs fairly well colll.mated.Ther-efore. the '!fo 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 hodosc~pe ~lements 414;' 

- number of wire pulses/event : 50 ; 

- maximum number of events per spill : 450 , 

The information in the chambers is transfered in sequence onto a 

bus line by means of a-bit words at ea'ch pulse of a ten megacycle 

clock. The total transfer time is ten microseconds, These data wili 

be encoded into 50 16-bit words, An additional 16 words are used 

for the information pertaining to the ho~oscope&. The total acqui­

sition time will be 120 ps per event in our PDP 11-45 equiped 

with a MOS memory. 

We give in appeqdix II a short description of the low 

price logic we intend to use on the proportional w,ires. 

Special fast electronics connected to the two wire planes 

closest to the target as well as a simple treatment by the ~ompu­

ter will allow rough checks for g~od spatial and kinematical corre­

lations. This will permit us to filter the events before storage on 

magnet ic tape for later off-line analysis, 
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VI - CROSS SECT~ONS AND DA~A RATE~ 

We have computed the number of events per nanobarn with 

the following assum~tions 

- beam r-epetition rate: 1 pulse / l~,O sec, 

- hydrogen target length : 75 cm ; 

- w/K/p intensities determllled from ref,'Ll] for the M6 
and M5 beams a 

- total beam intensity 2,107 particles/second for bp/p= 

! 0.5% ; 


- pulse length 1,0 sec, 


- running time 10 days ; 


- security factor: 0,5 ; 


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


By using the figures above we can calculate the sensiti ­


vity in nb/(Gev/c)2 which is reached for a given statistical accu­

racy as well as the trigger rat es, provided that -the dO/du values 

are known, For these values we use ph-enomenological predict ions, [21 
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 several different reactions are given in figures 

.6 and 7 • For each react ion, the curves show the variat ion of ~eam as 

a function of u for fixed ~ values, The limit of sensitivity in 

nb/(GeV/c)2 is calculated for every bin of 0,1 (Gev/c)2 with a sta­

tistical accuracy of 10 % in the determination of do/du, (IOO 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 100 Gev. 

For the polarization measurements, the reaction rate is 
; 

five times lower than for the li~~id hydrogen t&rge~ This is due to 

the proportion of tree protons fil,nd to the effective Ie ngt.b of the 

target (see Appendix I), 

In the se.nsitivity plot- (Figures 6 and 7) the hatched zone 

is translated by an order of magnitude towards the higher cross 
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sections. If ve perform our measurements in this shrunken domain 

for the same running time as ~or the unpolari~ed experiment, we 

get an indetermination on P lover than 0,05 in bins of 0" (Gev/c)2 

(6P-0,05 is a maximum indete whichrmination is obtained at the limit 
of sensitivity).; 

Data rates, 

Integrating the phenomenological cross section extrapolations 

between umin and u - -1.3 (GeV/c)2 and summing all channels which 

contribute simultaneously to the trigger we obtain the trigger rates, 

We can have an idea of the background contribution to the trigger by 

looking at the fast forward particles produced in a bubble wnamber 

(11 GeV/c. w· exposure of the Genova - Hamburg-Milano - Saclay colla­

boration) and by extrapolating in a somewhat hazardous way, It appears 

that. the total rate is no more than four times the tvo-body rate, The 

following trigger rates are obtained : 

beam 20 Gevlc 75 Gevlccomposition 

IT+ + K+ 600 100 

n- + K- + -p 350 100 

Machine time, 

If we want to reach for the backward cross sections the wide 

domain in Pbeam and u shown in figures 6 and 7 we need 10 days 

per energy and per beam polarity, As said in the beginning we measure 

aimultaneously : 
.+,.. + pp -+ 

,.. w--P -+-- p 

, + K+K P --.. P 

P --+ P P ­-p p ,..- ,..+---- K- K+p- P --.... 
I 

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

we require the same time at each' energy to measure the poiarization 

-
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parameter of the same reacti~ns. We would like to take data at three 


energies i~ the 20 - 100 GeV range •. 

If, as we hope, our ~pparatus can handle a flux twice as 

high as the planned one . and if the Machine'runs at 400 GeV, the 

required time would be reduced by a factor of two. 
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VII LOG I S TIC S 

We vould like N A L to provide : 

- tvo steering magnets, at the end of the beam ; 
v 

- tvo Cerenkov counters for the beam particle identification • 

- the poyer supp11 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~, the gap 

center is 154 cm above the ground ; this takes into account the tripod 

vhich is 23 cm high and callbe removed if necessar1. At full poyer the 

running voltage is 600 V and the vater cooling system requires 

80 m3 /h at 22 kg/cm 2 • The total veight is 250 metric tons. 

The Mimosa magnet which could be loaned from the Saturne 

Department has the overall dimensions of 303 cm x 155 cm x 245 cm, 

For a field of 1.4 T, the voltage is 290 V vith a power of 150 KW. 

The water pressure is 15 k gicm2 at 3.5 m3/h delivery. 

We viII provide : 


- all the phototubes and scintillators , 


- the proportionnal Chambers ; 

v

the downstream Cerenkov counters; 


- the associated electronics and cables ; 


the targets; 


- the computer (PDP 11-45) , 


'All the electronic equipment including the PDP 11-45 computer, 

the tape units, the teletype and the other displays could be installed 

in a trailer. The total floor area required is approximately 9 x25 m2 • 

Construction schedule, 

The construction of the different parts of the apparatus 

vould take a year and could be achiev.ed by mid-1974. We intend to do 

a comple~e test of the apparatus at the Saturne accelerator by measu­

ring w+ p ~ pw+ at 2 GeV/c 3 months later. Then ve could move to 

N A L 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 days per energy), 

- Should these conditions be grante~ we would be able to obtain 

a result of extremely high accuracy : 

a precision of 10 , (100 events) in the bin 

6p. • 0,1 (GeV/c)2 at the limit of sensitivity where ~~ is at a 

minimum (see figs, 6 and 7), 

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

and if we require the same precision as above, the results 

[~~ • feU)] would still be excellent for the n+ and n- incident 

part i cle s, 

However for the K+ and p beam the measurable u-domain 

shrinks, But up to 40 GeV/c we can still measure the variation 
de 

o f du versus u, 
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We plan to use a frozen spin target such as the one now 

being tested at CERN. 

With this propanediol target (C HS0 2 ' the interaction rate
3

is five times less than for the H2 target because the free and 

bound protons are in the ratio of 1 to 4 ~nd because its length is 

limited to 20 em, 

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 

which is necessary for conventional target polarization, 

• 
In the frozen spin technique'the protons are polarized 

in an auxiliary dipole vhich has the required field strength and 

which is located near the beam axis at the entrance of the GOLIATH 

magnet, The polarized target is then transferred into the GOLIATH 

magnet for the scattering experiment, 

The polarization then decreases as 

p(t) • P e-t / To 
o 

Po is the initial polarization, averaging So %, 

To is the relaxation time which is dependent on GOLIATH's holding 

field and on the target temperature, 

For a field of 1,7 T, T varies with the temperatureo 

To. 10~hours for 0,3 0 K • 

To • 300 hours for 0,10 K • 

A convenient relaxation time of 24 h lies between those two tempe­

ratures which have been readily reached with a He! - He4 dilution 

cryostat developped by the Helsinki Technical University Group, 
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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, Each unit handles eig~t 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 th~ figure, 

The Laboratory Logic: The first stage is a 74820 Texas 

Instrument comparator used as an amplifier and a monostable multi ­

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 read .-out pulse, 

The LETI Logic; This circuit has the advantages of an 

integrated device : compactnsss; 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 Yhigher to reach the same efficiency as 

for the laboratory circuit, 
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FIGURE CAPTIONS 


FIGURE 1. Side 	and top views "of the apparatus 

- HO' Hl • 	 H21 H3 : scintillator counter hodoscopes 

- PC 1, PC 2 	 proportional wire chambers 

- TC It TC 2 	 atmospheric pressure gas Cerenkov 

counters 

- AC 1. AC 2. AC 3 : anticolncidence counters 

- c4 : forward 	scattered proton cOlncidence counter. 

The beam dispersion corresponds to the gray zone~The 

forward scattered proton for p. 75 Gev/c and for"o~u~-l.2(G~v/c)2 
covers the hatched zone. 

FIGURE 2. 	Graphic design of the Goliath magnet • 

. 
FIGURE 3. 	Magnetization curve of the Goliath magnet. 

FIGURE ~, Monte-Carlo computed resolutions 	 ~. AA • A+ for the 
pbackward and forward spectrometer.

FIGURE 5. 	 Total detection efficiency as a function of momentum 

transfer -u • 

. 
FIGURES 6 	 and 7. Variation of P (Ge~/c) as a function oflab 

-u (GeV/c)2 for fixed differential cross sections 

dold u (nb/(GeY/c)2, The"lowest dol d u values obtainable 

in this experiment are indicated by the dashed and dotted 

lin•• 
-# 

for the M5 and M6 beams respectively, 
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UCIEllVEID> 
NAL DIRECTOR'S OFFICE 

ADDENDUM TO NAL PROPOSAL # 2]2 
'SEP 21 1815 

(Measurement of backward 2-body and quasi~2-body 

reactions induced on unpolarized and polarized 

+ +­

protons by 'IT-, 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 "'ith the ones of othe.~ proposals 

(# 165, a, S) 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 n- scattering 

in the 0 ~ -u ~ I (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 lJster) 

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 raJ looks 

for the measurement of the n--p backward elastic scattering near u = O. 

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 [6] proposes 

to measure the backward pion, using a high momentum resolution spectrometer 

of small aperture. 

Table I summarizes the different properties of these various spectro­

meters and Fig. I gives the expected rates per nanobarn for n-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. 

f~IBIe~ . c2/~
.Ma. :: 
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Furthe.r remarks on . 1 

.a) As the K
+ 

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 

meabure quas1 two-body channels giving a torward baryon de~aying into a 

proton plus a pion. This is due to its large momentum acceptance and its 

wide forward solid angle. 

II - 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 

1n our magnet has shown that the cheapest way was to use a conventional 

butanol polarized target. This implies the use of shims of limited size 
4in order to have a dB/B 4 10- . The homogeneity of the field 1n the 

momentum measurement region is not drastically altered. With the 18 kG 

field the butanol target will reach a 70 % polarization. The shim€d 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 

!::.P ::::: 

P
t ~ 

\ 
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where P is the ratio of events on free protons to events on free +. bound 

nucleons fitting elastic scattering. 

P is the target polarization and NH the number of events on free protons.t 
Monte Carlo calculations show that, for proposal # ]65 one has p = 0.25; 

with the additional measurement of the backward pion direction (as 1n 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. 

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

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

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

Remark 1 

Measurements of quasi two-body reactions on polarized target are 

feasible with the spectrometer of proposal # 212, nevertheless the forward 

soJid angle is a little bit small for some reactions (2 or more forward 

charged decay products). The backward spectrometer of proposal # 2]2 matched 

with the forward spectrometer of proposal # 110 would give a more powerfull 

appara~us for these reactions. 

Remark 2 

As the geometrical efficiency of the forward focussing spectro'.ieLer 

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 x 0.9 m) of the backward spectrometer a 

first module is 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 

ffiVPC (15 x 15 cm) with a spacing of 0.5 mm between the read-out wires 

(0 = 10 iV' If it is verified that these chambers can tolerate the fluxes 
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required in proposal # 212 we shall use this cheapest solution to build 

the H hodoscopes.0.1,2,3 

- Honte-Carlo studies have shown that the high efficiency threshold 

Cerenkov counters may be used with only one small diameter (0 = 5 em) 
~he . 

phototube : this allows to use small and fast phototube XP 2020. Straight­

forward mechanical construction is allowed because one can use for the 

whole range gases at atmospheric pressure.PLAB 

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

req'lest) . • 

, 
t 
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2000 

~ ,.. , .,,'\,· h~umber of events / ­
. 	 Inanobarn 

\lvi th '1,0 da y s run, securi ty factor:O.5 

Nevts/nb=Ninc.IO-9 (L/25) Eg 

Ninc= Number of incident" in 10 days •. 

L=target length in cm. 

Eg= geometrical efficiency. 

pro pos a I # 21.2­
+-m6' beam 

"* 	 This curve is computed \vith 
figures given in table I of· 
proposal #165. 
L=50 cm. 
Number of ~/pulse=2*I07 
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