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THE EXPERIMENT 

1. Introduction 

The experiment described hereinwas performed from 

f.lay 1969 till September 1969 at the Argonne National 

Laboratory. It was a pure counter experiment ".' 

measuring the He3 production rat.e from the reaction 

p + d ~ He3 +(missing mass). The purpose of the 

experiment was to investigate the He3 production cross­

sections for a missing mass (M.M.) region of 0.5 ••• 1.3 

Gev/c 2 and 1.8 ••• 3.0 Gev/c 2 and to see if any structure 

in the r.1.~JI. spect."'!:l. is detectable, indicating possible 

meson resonances. The general layout can be seen 

in fig.1 & 2. 

For reasons of high counting rates and good 

resolution, the Jacobian Peak method was being uscd, 

as described in sect.3 • Identification of the emitted 

He3 was done ày pulse height selection and time-of-flight 

measurement between the counters TO,T1 , and T2 • The 

reaction kinematics are completely defined, including 

the determination of the 1'::.i\~. value, by measuring the 

angle and momentum of the He3 particles at a given beam 

energy. Angular and momentum acceptances are defined by 
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a collimator inside the.magnet and by the geometries 

of the trigger system TO,T 1 ,T2 • 

The magnet deflected the He3 by 280 upwards into 

the trigger system, thus decoupling the measurement of 

the emission angle from the mOmel'ltUIll.. Very convenient 

were the focussing properties of the magnet in the plane 

perpendicular to the bending plane, allowing to ob tain 

the angle of emission at the target from the response 

of a certain element out of a sevehty element scintillat-

ion coun~er hodoscope placed at the focal plane of the 

magnet ( see sect.4 & 6 ). 

As indicated in fig.2, the magnet could be rotated 

v€:rtically and the target shifted along the beam line 

together with a shift of a movable rack, on which the 

hodoscope and the counters T1 and T2 had been mounted, 

to give a total sw~ep of the He3 production angle from 

20 to 40'aegrees. 

Using the setup 'VIi th a proton beam from the External 

Proton Beam Line II at the ZGS, at an incident beam 

momentum of 12.33 GeV/c or 5.0 GeV/c , the He3 production 

rate has been measured in an angular range from 25 0 to 

35 0
, and resonant as weIl as non-resonant a.ifferential 

cross-sections for production of missing masses in the 

range from 0.5 ••• 1.3 Gev/c 2 at p.=5 GeV/c and frOID' 
-l 
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2 1.8 ••• 3.0 GeV/c at Pi = 12.33 GeV/c have been 

calculated. It is the aim of this \'lork to show how 

the data had been taken and were evaluated. 
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2. Some Remarks on the Motivation of the Ex~~riment 

1r.ri thin the last few years, physicists have become 

increasingly aware of the necessity to obtain data with 

good statistics about the possible existence of boson 

resonances with high mass values. The basic and so far 

most complete work in this direction for non-strange 

mesons has been done by a group at CERN( 1) '\'lhich used 

a missing mass spectrometer for the reactionn~p~ p+MM. 

One of the many famous results is the strong evidence for 

a split A2 meson, and the discussions about a satisfactory 

explanation of this fact ar8 only starting.(Since then, also 

strange mesonic resonances have been investigated in reactions 

of the type rZ±+ N -? N + ~ll'~.) The non-strange resonances 

have been surveyed up to a mass region of~2.5 Gev/c 2 , but 

the resul ts for r.Tc 2..è 2.0 GeV are still in doubt: Peculia-

rities in cross-section spectra are ref§rred to merely as 

"bumps" or "structures" under careful avoidance of the term 

"resonances fl (2). Renee, the reaction p + d ~ He3 + 'MN. 

at p. =12.33 GeV/e has been proposed with the following lne 

aims: 

a)to inerease statistics in the range below 2.5 GeV/c 2 , and 
2 b)to gather new data for mass values up to 3.5 GeV/c • 

The last point is in fact the main motivation: 

- 4 -



It is of' great importance to study the behaviour of'·.,·· 

the Regge trajectories for high mass values. So far, 

the resonances A2' R, S, T, and U (for convenience only~ 

l will use the term "resonance" throughout) seem to 

follow a straight line if plott.ed in a diagram "peak 

number" versus squared mass; the peak number is identical 

to the spin if' the latter could be established, and th en 

the line represents a trajectory. If.this behaviour con­

tinues, then the separation between the mass values of the 

resonances will decrease, and the widths will have to get 

narrower(3,4). This effect, if present, should become 

noticeable at around 3.0 GeV/c2 and would present some 

problems in vievl of the Regge the ory : In general, the 

imaginary part of any trajectoryOC(t) is expected to in-

crease with t, hence thewidths are expected to increase, 

vlhich is possible only for a deviation of the mass2 - peak 

number - curve from the straight line. This opposite effect, 

].. f t ""'/ 2 presen , wpuld appear also at roughly 3.0 Gev c • 

It should be possible to obtain sorne evidence about 

these effects by studying the reaction p + d ~ He3 + Hr'l. 

~here are several points in favour for this reaction: 

i) He3 can be identified in a r~àtively easy way (sect.4&5). 

ii) Isospin is restricted to the values 0 and 1, which 

allows to assign a definite isospin 1=1 to the R, S, T, and U 
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-mesons in case they show up, because it is knovro that 

they have an isospin l ~ 1 (2). 

iii) The dominant vertex f'or p + d --.)\. He3 + r'lM is 

expected to be of' the type 

compared to 

--.> --y 

~ for 7C+ N--+ N + MM. 

In (b), the resonance producing ve.rtex involves the 

coupling to an exchanged meson1' and dependent on the 

nature of 1" i t is possible that some resonances MIVI. are 

very much suppressed. If for instance a ~-meson is exchanged, 

production of a ~(1019) is very low, as the ~ has a very 

small "rid th. 

In Ca), however, the nucleon - antinucleon vertex is open 

to aIl channels; consequently: if resonances are being 

produced by Ca), they should appear in a Iarger number 

in Ca) than in (b) for 1=0 or 1. 

Graphs shoviing the boson spectrum and the peak number pl~~ 

as present at the time that the experiment p + d ----:> He3 + MM 

vlas performed, are gi ven in fig. 3 and 4- • 
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3. The Jacobian Peak Method 

The effec,t employed in the Jacobian Peak method is 

a wellkno~m fact from relativistic ( and non-rela­

tivistic ) kinematics : under certain circumstances, 

the angle at "fhich one of the tv.,ro outgoing particles 

in an inelastic two-body-collision is emitted may not 

exceed - in the laboratory coordinate system - a certain 

maximum angle, ~rhich depends only on the particular 

mass values and the incident momentum. 

Let m., p., E., p. be the masses, momenta, energies, 
J. J. J. J. 

and 4-momentum-vectors involved in the reaction 

1+2---+ 3+4. 

Furthermore, the subscripts L and a shall designate 

variables as given in the laboratory and the ONS system, 

respectively: 

• , 
p~ - ~ _.~)-- <. te/-. -. 110'\, 

L A B CMS 

Applying the Lorentz transformation between the two 

systems, vie get a relation betvleen the angles ( for a 

deri vation of the follovring formulae, see app.1 ) : 
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= 

( 1 ) 

tg 94L = sin 9C 1 t x (-cos 9C + f 4 ) 

with B = P1L / ( E1L + m2 ) = velocity of the CMS 

and f= 1 IV 1 - B 
2 i , and 

f3(4) = B x E3(4)C / P3(4)C = 13 1 V,3(4)C • 

Then ~3L 'lllill assume a maximum wi th respect to 9C if 

cos 9C = -1 / ~ 3 ' which shows up the almost natural 

condition that f3> 1 , i.e. v3C< 13 • 

If particle 4 represents the effective mass of a 

multi-particle system, then the continuously variable 

mass m4 is a unique function of either P3L or 93L 
at the Jacobian peak. 

The analytical expressions are: 

(2) 

cos 9C,JP = (-) 

( 2 )2 Hith t = P3 - P1) and s = ( P1 + 'P2 ' and 

À(a,b,c) -- a 2+b 2+c 2-2ab-2ac-2bc • The maximum. angle 
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of G3L ' G3L,JP , is obtained by inserting (2) in (1). 

These formulae also show that there existsan angle 

93L beyond which m3 may not appear under any circum­

stances: G3L,max. = G3L,JP,(m
4

=0) , for instance in 

the reaction of the experiment, e3L ,max. = 380 13' for 

Pinc. = 12.33 GeV/c 

For the reaction P + d ---~ He3 + M.M., the 

kinematics in the lab.-frame are displayed in fig.5 for 

various values of the effective masse 

Two short remarks on the formulae shall be made: 

a) aIl eO,JP lie between 900 and 1800 
, 

aG3/âp3L(m4=const) 
b) from dm4/àp3L(e3=const) =(-)-----------------­

~e3/dm4(p3L=const) 

(3) one gets: am4/~P3L(G3~const=e3L,JP) = O. 

The Jacobian Peak method is quite usefully apPliedt" in 

evaluating an effective mass spectrum of a reaction of 

the type (1): a + b ---~ c + X. 

The assumptions entering are: 

i)The production of the non-resonant background in (1) 

varies only slowly with 930 and pb at - as weIl as off -

the Jacobian peak angle. 

ii)Any resonances produced in (1) should have small 

widthc in arder ta make full use of the J.P. method • 
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The advantages are: 

i)At the J.P., the effective mass is a function of 

G3L,JP only at fixed incident momentum - equ.(2). 

ii)The results of the mass spectrum become independent 

of the accuracy 1.'li th which P3I is measured - equ .• (3) • 
J 

iii)At the J .P., d~L /dQO = 0, and therefore counting rates 

are strongly enhanced: ~'lith a small angular bite &93L it 

is possible to cover .several degrees in the OMS system. 

iv)Nost resonance producing.reactions of type (1) are 

perip,heral processes which favor forward production 

of X(5). Thus 930 is distributed mainly between 900 and 1800
, 

encreasing the effect of the J.P.method strongly. 

v)All these advantages become especially useful in the 

case of counter experiments, as then the crucia.l condition 

of a small bi te Â~3L is mostly fulfilled. 
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4. Instrumental Details 

The Beam: 

The time structure of the external protonbeam,at 

the ZGS is 0iven.in fig.6 • The momentum was 12.33 GeVjc 

with a spread of ± 4 MeVjc (In/HM) and a stability of the 

nominal value of ~ 0.05%. The beam. spot at the target 

had a diameter in the range of ~ 0.5" (FilTHM); the spot 

size was nearly independent of the position of the 

target because the beam came to a focus at some twenty 

feet behind the target. The phase space area \"as ~ 0.57& 

mrad-inches(FWHM) both v:ertically and horizontally. 

Hence we gêt an angular spread L16 due to the beam emi tt­

ance of "V1.0 mrad(FWRM), which shall be called ~6". 

Rates ,.,ere av:ailable in the range of 2x1 011 protons 

per spill. Three beam rate monitors were being used: An 

absolute one provided by ZGS, giving the beam intensity 

directly in protons per burst, and two relative ones 

,·,hich had to be calibrated against the ZGS-moni tore The 

location of these two monitors may be seen in fig.2 • They 

used a thin slab of lucite and a thin mylar foil as 

scattering targets. For calculations of cross sections, 

these two relative monitors had to be used, as the ZGS 

moni tor could not De gated by our electronics. .!yor 

further details on the monitors, see sect.6 • 
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For a short period of time, proton momenta of 

5 GeV/c were available using a "front porch" ex­

trac'ted beam (fig.6). In this case, however, the 

angular spread was much larger, and a tapered collim­

ator in front of the target was necessary. This made 

the determination of absolute cross sections impossible. 

Only orders of magnitude could be obtained. 

The Target: 

A schematic view of the target may be seen in fig.7 • 

It consisted of a mylar cylinder of 24" length and 2" 

diameter contained in a vacuum chamber. The whole target 

setup could be moved along the beam line by +4 feetin 

order to cover the desired angular range., The 'liquid-gas­

system was completely closed so that, once a main reservoir 

l'las filled 'ltlith pure liquid deuterium, the liquid in the 

target l'laS - and stayed - practically free of any con­

taminations. The target could be emptied by allo-vling 

vapor pressure to build up above the liquid surface; 

the term "empty target" is in the following understood 

as a target filled with cold (teuterium. gas. - For thermic 

isolation, the target had been wrapped into aluminized 

mylar foils v.rhich had a total thiclmess, together vri th 

the target "'rall i tself, of 0.004". 
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In general, the target could never be seen comple-

tely by the spectrometer except ~or low angle settings; 

then the end regions of the target were seen by the 

outer elements of the hodoscope. Ten elements ~rom 

ei ther end of the hodoscope, hO~Tever, were anyway 

always excluded in the data analysis because o~ too 

low counting rates. 

Nul tiple scattering du.e to the '!JThole target setup 

is composed from the ~ollowing contributions: 

a} a spreading in deuterium before He3 production, 

b) r; fi " " "after" " " "and 

c} n " at entering through the vacuum chamber 

window (mylar), the reflecting foil, and the target wall, 

and at leaving through the same layers. The corresponding 

L1S due to aIl three effects together shall be called A"t • 

The I"Iagnet 

~~e magnet '!JTas operated between 8 and 16 KGauss. J3eing 

equipped with end guards, the magnet produced a field 

distribution that could sa~ely be called uniform within 

tne used volume of the gap; the variations were less 

1 n-3 
v • 

~he field strength was monitored continuously by a 

Qigital voltmeter and the fluctuations were also Iess 
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than 10-3 • The correct gauge of the voltmeter was 

obtained by checking with a Hall probe. 

Essential were the focussing properties o~ the 

magnet. "'li th wire orbi t measurements" the central 

point o~ the ~ocal plane and the tilt o~ the plane, 

itsel~ have been measured for a typical ~ield strength. 

For geometrical proportions o~ the magnet and 

the collimator inside, see fig.S • 

The Counters: 

The scintillation material was consistently lucite o~ 

various thicknesses which are indicated in ~ig.9 • 

TO '\IlaS looked at by ~our phototubes, one at each side 

o~ the square. The ~our signaIs .... Tere siI!iply added as -

because of the small size of the counter - , even the 

worst possible timing difÎerences between the pulses 

resulted in no appreciable ef~ect upon the shape and 

height of the total acldeà. signal. T 1 H "laS being looked 

a t by tvlO phototubes, one a.t each end, and again the 

pulses had been added. Pulse uniformity across the whole 

counter '\'lEtS checked and found ta lie between peak 

value (in the center of t::'1.e c01L"'lter) and 10% below • 

T1V '\'!8.S looked at by t"ro tu'";)es, too; but the pulses 

\'rere not ac1d.ed, but treateè. seps.rately as T1U and T1L 
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" - these are the' upper and lower tubes, respectively -, 

because the two ends of the counter corresponded to 

different momentum ranges, giving appreciable timing 

differences. On the other hand, these timing differences 

had not to be equalized by a variable delay line; it 

was possible to insert a fixed delay cable, because 

the signal from the T1 L discrimina tor \lIas made very 

large (30 nanosec. ).- T.2 was subdivided into four 

sections, T:21 , T22 ' T23 , and T24 , each having attached 

to itself three tubes. The three pulses from each section 

had been added, and after pulse height discrimination, 

the four sections were joined in an OR-circuitry. Similar 

to T1V ' the four pulses had a relative timing that was 

dependent on the chosen nominal P3Lo But as the, pulses 

had to be narrow (T2 is essentia:l for the time-of-flight 

determination), the relative timing between them had to 

be adjusted each time that the mean value of P3L was 

changed. 

The hodoscope consisted of seventy elements of an 

average ,,,idth of 0.276". The widths varied very slightly 

from element to element, resulting in a variation of 

efficiency 0 The elements vrere each looked at by one tube, 

al terna.tingly located at the top and at the bottom, 'lrlhich 

might produce an "odd-even" effect in the counting rates 
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across the hodoscope. Both effects had been investi­

gated (see sect. 6). 

Behind T 2' f'inally" a pulse height monitor had 

been installed, alucite counter of about one third 

the size of the whole T.2 • Its purpose was to produce 

a pulse height spectrum of aIl the events that pro­

duced a master trigger, and to present a continuous 

check upon how weIl the trigger system was tuned for 

He3 pé',rticles. 

The Electronics: 

Fig. 10 sho\'rs the main features of the circui try. 

AlI counter signaIs from TO' T1H , and T2 were treated by 

differential discriminators in the low-level-timing 

mode (LLT), in vlhich output and input signaIs are 

separated by a fixed time interval \'fhich is almost 

independent of the shape and height of the input signal. 

After the very high rates of TO and T2 had each been 

reduced considerably by a slow coincidence with T1L, 

the logic signaIs from TO' T1U' T1H, and T2 were fed 

into a fast master coincidence circuit. This master 

coincidence determined essentially the time resolving 

power of the fast electronics and thus the velocity 

discrimination of the counter telescope. 
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The output from the fou~fold coincidence produced a 

master trigger and was identified with the passage of 

a He3 particle with the desired momentum through the 

telescope (see sect.5) • It established a gating signal 

for the pulse height monitor r.f as "Tell as for the 

discriminators associated with the seventy counters of 

the hodoscope. The output signal from these discrimi­

nators consisted of a steady D.C. level. As the gating 

master signal was the criterion for identification of 

He3, there was no need for careful pulse height selection 

of the hodoscope signaIs. The element number of the counter 

'vfhich had responded vri th a TI. C. level was being converted 

into a SBven bi-i.; digital number represented by seven TI. C. 

levels. The information values that none, or that two or 

more elements responded were also represented by seven bit 

numbers; these data provided a rough check for proper 

timing of the circui try cOl1.cerning the hod'Jscope discri-

minators. They might also be used te estim.ate the chance 

coincidence rates in the hodoscope spectra and the efficiency 

of the detectors. Two further bits coded the information 

about 'Vihich of the four T2 , sectiJl1s responded. This \Vas 

necessary as the accepted I!lomerit".,,1.I!l cite \-;as qui te large. 
Cl. 

AlI this digi talizec1 information ','laS being read. byVSmal1 

computer; it accumulated and stored these data for final 
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readout onto paper tape, the latter being processed 

off-line by an IBM-360 computer for the data analysis. 

The whole proc:ess from producing a master trigger and­

reading the status of the seventy discriminators up to 

resetting the D.C. levels required a dead time of some 

250 fLsec. lience a vetoing signal of this length was 

entered into the circuitry. The time delay between 

producing afDurfold coincidence and gating off of this 

sarne coincidence could be reduced down to roughly 

10 nanosec. 
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'5. Resolution 

Contaminations: ..;;....;;..=...;;.==---
In the reaction p + d ~ He3 + ffi1, the He3 particles 

emerging ~rom the target and passing through the 

magnet may be contaminated by the following charged 

particles: nt, p, d, t, and He4. 

The ranges of He3 momenta that are covered, are 

2.1 ••• 2.5 GeV/c for the 5 GeV/c runs, and 2.8 ••• 3.7 GeV/c 

for the 12.33 GeV/c runs. In ~ig.11, the velocities (in 

terms of time-o~-flight) and the relative pulse heights 

o~ the above mentioned particles 8.re plotted against their 

momenta. Concerning the problems in selecting He3 out o~ 

aIl the reaction products, the worst case is given for high 

momentum. Taking 3.7 GeV /c 8.S representative, the resul ts 

are read o~f from ~ig.11: 

Protons and pions are easily rejected by proper pulse height 

selection, tritons by time-of-flight selection. Deuterons 

have to be rejected carefully by both methods combined. AlI 

these arguments hold wi th a momentum bite .âp/p ~ +7% per T2-

section and a time-of-flight resolution of +5 nanosec (given 

by the pulse widths entering the main coincidence c1~cuit). 

Fe4 production is relatively low, as a double process is 

needed, e.g. p + d ~ P + d and d + d --+ He4· + X, or a 
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very rare process (phase space!) like p + d ~ He4 + n, 
and the few He4 produced are then suppressed by time-of­

flight. It should benoted that aIl particles which are 

not He3 but arrive at the same angle and are bent through 

the same 28 0
, could never be produced in a single process 

inside the target; kinematically they have to be the result 

of a multiple process (c.f.fig.5). 

The resultant contamination stems from pions; protons, 

and dFu:èerons which produce a dE/dx that is far off the mean 

value and on the Landau tail. A safe estimate for the upper 

limi t of this contamination, (-\llhich will not be detectable 

in the pulse height spectrum of the monitor counter M) is 

~ 10-4 (4). 

As far as the He3 production itself is concerned, we get 

three different contributions: (a)from the liquid, (b)from 

the target walls and heatshield, and (c) from nuclear 

interactions in the counters. (c) may be completely neglected 

against (b) - Ta for instance has a thickness of 6 x 10-3 

collision lengths - ; Cb) turned out, however, to be a serious 

problern of background in (a). An estimate for (b) can be 

obtained from (target empty rate)/(tareet full rate) = 

= (rate from (b) )/(rate from (a) + rate from (h) ). There-

fore, at several times this ratio had been measl1red (sect.S) 

- 20 -



Resolution: 

The v.Tanted observable is the missing mass spectrum of m4 ! 

m4 is now given uniquely aR m4 = m4 (P1,P3,g3) in the 

LAB-frame. Renee from the theory of propagation of errors: 

(4m4 )2 = (dm4/ap1 )~(4P1)2 + (dm4/oP3)~(t1P3)2 + 

+ Cd ID4 ,1C) 9
3

) ~(Àg3) 2 + higher order terms. 

As e.lready mentioned, êlm4 /é)P3 = 0 at the Jacobian peak; 

hence the last term and the first term dominate by far over 

the middle one, considering that the momentum bite per 

T2-section (FW1IH) is only ±7% (see sect. 6) and that the 

momentum loss of the He3 inside the target is at the very 

most 1%. - Ag
3 

is composed of a 'A93h as accepted per hodoscope 

element, of a Li gb and of a dgt (see sect. 4) • d P1 is gi ven 

by the beam conditions (sect.4) and by dE/dx within the target. 

Ag3h is composed of the counter element size, the 

chromatic aberration of the focussing magnet, and the trans-

formation of target related spherical angles into spectro-

meter related cartesian angles. Tt has been calculated \ . .ri th 

an acceptance program (sect. 6); the F~;,THJ'if of Âg3h is found to 

be just about the mean angular displace:nent from element to 

element, LI g3h ~ 0.045 0
• 

,18t can be found \'li th the formula for multiple scattering 

as given e.g. in (6): 
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with each ll9 = z. 21.2 T'ŒeV ~ L 

PHe3· BEe) Lrad 
in radians 

For .:19proton' L ~half the target length : 4 9pr • = 1. 8mrad at :Ge' 

and 0.72mr at 12.33" 

F "g L ...... target radius 
. or" He3' ..., 

sin 9
3 

2.55 mrad 

A9foi1 may safely be neglected, because the total "foil" 

consisted of 0.003" of target wall and 0.001" of heatshield, 

",hich adds up to :3.5 x 10-5 radiation lengths of mylar. 

Ll9t is then tabulated in table 1 alo~g ".ri th Âgb and.<:3.~ 

to yield a total combined Ll 9
3

• It should be noted that the 

.1. g t may very \11ell be overestimated by using the quoted 

formula for values L fLrad. 

ÔP1 may be written as (âP1 )2=(6Pb)2;':(APt)2. 

From sect. 4: t1Po/Pb = ( (±5. 2x1 0-4 ) 2+( -t::5x1 0-4 ) 2 ) 1 /2 

= +6x10-4 

This figure is correct for the 12.33 GeV/c runs but is very 

probable to be highly underestimated ~or the 5 GeV/c runs. 

~he ma.in contribution forLlm
4

, however, comes from âQ3' hence 

the effect on /!J m4 by 101f1 LI P1 should not be very important. 
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~Pt is given by(1/2target length)xdE/dx; hence: 

dPt=10HeV, assuming minimum ionizing velocity, and thus 

~P1 = 12.5 HeV/c for the 12.33 GeV/c runs 

= 10.5 " " " 5.0 " " 

The total Llm4 is presented in table 1. 

~tematic .. _~~:r:9.J::~ 

The most important systematic errors enter 

i) in the knowledge of Pinc. At 12.33 GeV/c, the beam was 

weIl tuned, but at 5 GeV/c there was no means to check the 

stability of the mean momentum. 

ii) in measuring the angular production distributions. By 

shifting the hodoscope only, it was made sure that no peculiar 

things were going on in the hoâoscope; by changing the central 

angle setting i t '\I18.S ma.de sure that blLTJlpS showing up in the 

spectra are not due ta some re~lections within the spectrometez 

system. Possible reflections of the incident beam could not 

te excluded this way; in fact, a change in the experLnenta.1 

setup dO\lJ"nstreayp. behind our t8.re;et resul ted in a slight 

change of the total production rates of about 1 SD. As far as 

total rates are concerned, this effect was taken care of by 

proper normalization of the rat~s, but the effect on the 

details of the obtained spectra is unpredictable. 
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iii) in measuring P3' The mean value is given by the -knowledge of the magnetic field; B was ~onitored in the 

beginningby a Hall probe, but later on measured by reading 

the voltage across a shunt resistor. This method is open to 

systematic errors. The mass distribution, however, is quite 

insensitive against an unprecise setting of P3 (seèt.2); 

only the momentum dependence of the production is affected. 

In fact, there are reasons to believe in a slight deviation 

of the mean momentum (sect.7). 
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THE RES U L T S 

6. Data Analysis 

De~initions and Assumptions: 

This section isdevoted to show how the data have been 

manipulated. First l shall proceed to de~ine the measured 

cross-sections; starting pOint is the de~inition: 

(1 ) 

with: N = observed number of He3 particles 

No = " " " incident protons 

1;/ = .Kt . f-
Hw 

A{= Avogadro number 

Hw = molecular '\r-reight of deuterium 

po = (constant) densi ty o~ LD2 
r. = probability that a proton that has been 

registered by the monitors passes through 
-1. 

the point R. of the ta.rget. 
...l 

e~= +1 if a He3 pa.rticle, created at ~ with a 

momentum P3 a.nd emerging at an angle Jl.J (as 

defined in fig.12) from the target, do es 

geometrically fulfill the trigger r§<luirements. 

= 0 else 

'(z. = probabili ty that a He3 "ri th eAU. =+1 will be 
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registered as a count in the n-th hodoscope 

element out of seventy. 

Clearly, several assumptions will have to be made: 

a) Û gives the combined efficiency of the counter tele-

scope and the hodoscope. As far as efficiency of the 

electronics is concerned, it·is assumed to be 100%. Experi­

mentally this is justified, because aIl counters operated 

safely in the plateau region of the diagram counting rate 

versus HT. Data taken during runs in "rhich this condition 

was not unambiguously met had been handled separately. Renee, 

it suffices to regard ~ as a functionreflecting possible 

fluctuations in the geometrical size of the hodoscope elements. 

b) 0, : The length of the target, 24 inches, corresponds to 

0.24 collision lengths of LD2' taking a total cross­

section estimate of 80mb = twice the nucleon-nucleon cross­

section at 12 GeV/c. Thus the attenuation of the beam over 

the \<Thole target length is in the range of about 20%. This 

should have a non neglegible effect upo~ the ~cceptance of the 

single elements; letting ~= const = 0.9, however, means 

i!1troducing an error that i8 much less than the errors "rhich 

will be described below. ~nd after aIl, this simplification 

means a large reduction in co~putation time. Tt should be 

:nentioned that because of scattering, the si3e of the beam 

spot c~anges along the target, and the distribution describing 
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the spot is contained in t, ;however, the slight conver­

gence of the beam due to a downstream focal point and the 

spreading due to multiple scattering tend to cancel each 

other. In order to further simplify calculations, the 

three dimensional target is replaced by a line target in 

formula (1). The horizontal size of the beam spot gives only 

a second order effect, and the vertical size will be taken 

into account as an uncertainty in ~ • Thus, t. drops out as 

a constant that shall be absorbed into To ': To=(def) O.9~T~. 

c) No : No is the number of protons as registered by the 

monitors, but not neeessarily the number arriving at the 

target. The difference should per def. be contained in t, . 
This difference can have several origins:incorrect monitor 

gauge ( because of changes of constellations upstream near 

UBI1, the ratio UBr1/Sem2 has a discontinui ty at some point, 

being quite constant~f6re a~d after that time; this renders 

UBr.1 rather useless for data e.ne.lysis, and only 8em2 ha.s been 

used); introduction of a collimator ( this was necessary for 

aIl 5 GeV/c runs,because of a halo around the beam, and. for 

sorne of the 12.33 GeV/c runé); introduction atîd change of 

dead tirae - c. f. sect. 4 - , 'l:Thich ':,las noticeable as a change 

of N/No • AlI these effects can be reduced essentially by 

fitting the total rates N/~ as function of angle to a smooth 
o 

curve; this method will suppress the effect of uncertainty in 
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NO on the shape of the missing mass spectrum, but it will 

leave a considerable uncertainty in the absolute values of 

production cross-section. 

d)~~~Last not least, we have formally also an integration 

over the incident beam momentum. Similarly to b), this 

effect shall be neglected in the integration, but taken into 

account as a ~Pinc (introduced in sect. 5). 

Phas~_Space and Effj&:!:~nQX: 

Formula (1) has so far been reduceël ta: 

N/ - T.. Sfr a2." "Fl le ""- Je' 'r J..R. J. 1, 71.10 - 0 ) ~r 1,St t14.C:C: a ~ 0.. 

(? ) JC f f f Bc.cc (ri Jl.,~) te 8lrl Sl.) Je' ~ Je' J..pl.ILJt 
Ap .... .4).2 . 
.0/2:- :f 12" 

AlI values for cross-sections will ~e calculated using 
d~cr" the à.efinition Of<"l"pô,R>in (2). The i:1tegral is the phase 

space and t is the uniform phase space population defined 

by ~ (r,2) = c 0?1st, If E, le cl p J,Sl = 1-
.or.l~ 

Formula (2) shall now be used for each single hodoscope 

olemPTIt and each T2-section. The rate N is then to write 

as N lY/K), 1:rh.ere 'V desig'(}8.tes the element llUIl11-er (y =1 ••• '70) 

a:Jd l( i8 Give:1 as t:i.e part of T? that raspollc'lpd (11(=1 ••• 4) • 

. . 'e get t~1e~ t::,e ',\ra'1 tad cross-sectio:.s as averace va.lues 
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statistics. Rence a different additional cross-section 

has been introduced by interpreting formula (2) for variable 

V only, i.e. by summing over ~ • These data will have no 

longer details concerning the momentum dependance, but they 

should show much better statistics. 

The phase space integral, or simpler acceptance, shall 

he written as 

and (2) reduces to 
(3 ) 

Because of the normaliz~tion of E. , the integral is 

independent of the ranges 6r and A12. as long as these include 

cOT!lpletely the region vrhere Bca.cc:fo 0 . 

The i ntegral can o'Clly be solved if 6LCoC is knO\·m; or else, 

the integral has to ~e solved 1~ populating the phase space 

Âf' AJll:J2 uniformly, as demanêted by the function ê(PIJ2), and 

then nray-tracing". Several a:pI>roaches are possible for this 

tracing through the magnet. l ~2ve chosen to follow the first 

order matrix method as described by severa.l a.uthors (7,8,9) 

The farmulae that l have used are given in app.2. They are 

valid as long as .d~ a:1d AJl ca'1 ! e :nade 8mall: 

Treati ng the ;:JJ)closcone as a \'ll'}J)le, the L:.f accepted per T2-

section is ±.7;f l.ri th a total of +1 W" over the \',hole T2 (the 
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ranges of IIp per T2-section overlap). Similarly, âCf per 

T2-section is ±3° and for the \\Thole T2 +5 0
; L\6 for the full 

hodoscope is ±1.5°. Renee, the only problem is the conside­

rably large range ~r ; Steffen, ho,..,ever, pointed out(loc.cit.) 

that large values of Ar may still be treated with first order 

matrix formalism if the magnet constants - radius ofcurva­

ture, focal lengths ~ are made momentum dependent. 

A~/~) has been calculated for various central angle 

settings 9
3 

using a IVIonte Carlo method and then least-squares 

fitting thf~generated fluctuating data to a polygon, the 

general features of i'lhich are itiell understood and justified. 

Accuracy has been chosen such that the error in the polygon 

A6"J<} is less than 1/10 the statistical fluctuations in N(Y,K). 

Tt should he mentioned that one may also defi:1e an acceptance 

in the conventional vmy "Dy: ot..L'I1/K)::" A Cv, K.)~e~tlv,l() and a total 

acceptance of our spectrometer, ft.. , by sltnming over )1 and K. 

The values for ct., that have been obtained are: 

33 31 29 27 25 (degrees) 

.7233 .7226 .7174 .7038 .6718 
'7, 

(10-~sterad x mom.%) 

Finally, O:.1e has to knoVl the efficiencies t.z. of the hoclo-

scope elements; thir mea~s both the effects mentioned on p.15. 

A convenie"lt 'v,ay to measure t2. is to i~1vestigate the 

prod'J.ction of He3 from l':alsa wood: 
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'w'here the "carbon" cross-section represented by f(y/t<.) is 

assumed to vary smoothly in y and K • Hence, by a least­

squares fit, 'fi could be obtained to an accuracy given 

essentially by the errors of A(~K) .This method relies, 

hO .... lever, Bssentially upon the shape and position of the 

carbon target as being identical to the ones of the LD2 
target. But this was by no means guaranteed. Thus instead 

of using the calculated Atv,'<J, the ra .... l carbon spectrum 

itself has been teen fitted to a polygon-like shape with 

the geometries and the position of the piece of balsa entering 

as free parruneters. 

An investigation of the t~obtained from several balsa 

runs shovrs that- no' v'alues of )1 exist for which 12('1) is con­

sistently different from 1.0 , i.e. within statistics, no 

eleme 11ts coulel 1~e found wi th an efficiency different from 

the average for aIl balsa runs(!). This does "t10t exclude 

the po~sibility of transient variations in efficiency due to 

temporary outer influences, e.g. humidity of the air affecting 

the phototube hases. But these effects are impossible to 

detect ar:d have to le discarded as systems.tic errors. 

Cov:seque11tly, '!2{>I)= 1 will be asswned throughout. 

2TO\'1 't,Te have aIl the tools to calc"l1.late o~~ 
( (lr'ôÏ? > 
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The momentum dependence is given by assigning to K the 

mean momentum r3l~ of the K-th T2-section; 93 is obtained 

from the fooussing properties of the spectrometer: By 

ray-tracing it has been found that the mean 9
3 

accepted per 
o hodoscope element changes by 0.0447 = 0.78 mrad from 

element to element. To thi8 angle one has to add the central 
a~6" angle of the spectrometer setting to obtain 93 • Once(~p~Q) 

has been expressed as a function of P3 and 93 , the obtained 

values can be combined from different spectrometer settings. 

The results of these calculations are given in the following 

two paragraphs .• 
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7. 5 GeV /c Data 

Figures· 14 and 15 show the results of the calculations 

described in the last section for the 5 GeV/c runs: fig.14 

for each T2-section and fig.15 as a-verage over aIl T2-

sections. The abscissa bins correspond each to the Ôe 

covered by th~ee hodoscope elements, which is one ha If , 

the F1IRH of the total angular resolution (see table 1). 

The error bars that are marked in the diagrams are those 

due to statistics of the ra\,,,, spectra only. A typical raw 

spectru.rn as i t has actually '['een collectec1 by the computer 

is givel1 in fig.17 for the SUffi of the four T2-sections. The 

dotted li~es in figs.14&15 correspond to the estimated back-

1\.. very nice !I0lUUp!l may be seen in fig 15. The total size 

of' t}::.e 1lunp"i:;;, after acldi'c.g the four high counting bins 

together, about 0.86 x 10-32 cm2 ; this represents the wanted 

productio''1 cross-section for this bump. The significance 

of t~1,e 'tump is roughly four standard deviations ( 3D ). The 

c e~ter appea,rs at 30.71 0 ± 4.45 mrp..d (table 1); acc ording 

to sectio'l 3, the reSOîl8.nCe has a T'IN value of 775 ± 33 I,~eV /c 2 • 

A"otl:.er 'hump is also apJ/eari·'g in fig.15, but only part 

of it :::''''118 L,tn the coveree! Y.'P..Jge. Assu:ni'lg that \Ile see 

ablOst t'le l,"''1,ole 1n11np L1 th .. cUagram, theiJ its production 
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cross-section is roughly 0.54 x 10-3~ cm2 , its significance 

is about t"ro S:B, a~,è. its location is 32.25 0 ± 4.5 mrad or 

530 ± 40 J:.IIeY!c2 • 

For the first bump, fig.16 gives the background sub-

tracted pro~~ction. 

From fig.14 o~e ca:1 read off the momentu..TJl dependence 

of the - ..... 
procuc~lO~; it is found to berather steep. Remem-

beri ng t:hat pl'9::::: :P3( 1 + 0.027) for K = 2 and 3, and 

~t/.()= P3(1 + 2.C31) for K. = 1 and 4 (sect.6), one finds at 

30.50 for tlle :ac~-cgrouTId: 
~ .. > 4-

•• -s"c_&j. .. 

~ 

'-
l''{&<J 

Quali tatively, t-:;- ls bel1aviour ca~1. be interpreted in terms 

of a m~lti-pic~ ?r~d~ction background(11). For the reso-

n.ating :?roc1:"1c~io-:: 0"""".9 may obtain the following estimates: 
<~~.t> . 

',0 .', --I __ -..a ___ ......... ____ --'-__ ~ P(fI(J/fDJ 

Expected i2 2. :-:'i.::-::::,i-;'""):~io~: sy:ili.'TIetric arou~1d :93. Several 

expla~atio~s ~:~ t~is ~isagr~eme~t exist:a) The gauge of 

the me.g'"'.et is -:;~= !.~:~ 5.-: 'out 1 O;~ (cf. p. 24). b) Tao 10\': 

statistics ~TeT:. c~ ;:,.t ~.;}:.e Jaco 1)ian peak, the lJUIilp '\'rould 



s! 

be produced at a CMS-angle of 500 (cf.fig.5); due to true 

physics, the cns angular distribution might be e:lhanced at 

smaller a:lgles (cf. p.1 0), 'V'lhich '1JTould shift the mean momentum. 

tO'\'J'ards Im'ler values. 

Identification of the observed bumps: 

If the structure at 32.25 0 is real, it is easily identified 

as the'1 mesou. The resolutiol1 of + 40 MeV /c 2 or + 2.5 0 from 

table 1 i8 in full agreemeut id th the observed ''J'id th. 

The bump at 30.71 0 islocated near the t.)- and p - masses. The 

width of the W i8 a fraction of the resolution, the width of 

the ~ i8 about three times as large as 6M • Then \'Te can say: 

For sure the w is observed. The ~, however, ca~lnot be ex-

c1uded; if it appeared, it would be too broad to be detec-

table. To obtain the error of the production croBs-sections, 

an ~l~;certaillty of 10% in the rno"li tor gauge seems appropriate 

(cf.p.27). Then: 

es ("2). 'V' 
iot JLAB - s.~'" 10-

3 r g. + I~ % 

lS -tet:,LAB (WJ f J ~ 9.' '< 
10-3 .&. r :t l' Ïo 
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8.12 GeV/c Dati 

Fig. 18 shows the results forthe'12.33 GeV/c runs as the 

analogue to fig.15: It i8 the average of the cross-section 

over the vlhole T2 v'ri th the lün size DOW chosen as 0.2680 = 

= 4.7 mrad , \'/hich is twice the resolution. Half this bin 

size had been tried before ,,,i thout showing up any special 

features; 11e,1ce the resul t is somevrhat disappointing: 

~o resonances could be detected at 12.33 GeV/c in the 

chosen range of lm; the cross-section i8 a completely smooth 

f"LE1ction of the rlf1'!i. 

Then, without loss of any details, the bin size had been 

doubled to give fig.18. The error bars are again only due to 

the statistics 1'1 the ra"Vl spectra, and a typical error in 

the mO~li tor gauge i8 agàin of the order of 10%. Furthermore, 

nothi:'1g i8 gained by listing the results for the single T2-

sections; merely at a representative angle of 28°, the 

l1lomentlli!l depende".-:, c e s11all be gi ven: 

0.1 

< C'> 
'-
-n-

.0 c*.. 

1.0 1.1 Pl 

rr~l"e rcsult i8 similar to the 5 GeV/c r1ata, o:lly the mome:1.tum 

è1 epen.(l e ce lS Elightly steeper. \ possible expla~ation for 
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this fact is that the process is open to a higher multi­

plicity of pion-production. 

As for the not appearing resonances, the missing of 

bumps is very probably due to a very 10'1ll cross-section, 

because from recent CERN experiments(12,13) there are 

several reso"nances esta"blished in the mass region of 2 to 

3 GeV Ic 2 , a:1.d there is no obvious reason "vrhy they should 

not be produced in the present reaction except if aIl of 

these resona~ces ''-lould have an isospin that is higher than 

1 (cf.p.5). Hence V-Te get the result: 

The total cross-section in the LAB-frame for producing 

reSO:lances of mass 2 •.... 3 GeV Ic 2 in the reaction p+d--? He3+Mr-'I 

at Pinc=12.33 GeV/c and with widths that are smaller or 

erJ. ual to ~t1 (t8ble 1) J is of the order of at most 5 x 10-4 t'Ir . 
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9. Final RemarIes 

a) As the vast majority of our data is from non-resonant 
':L 

production, it is impossible to relate P3 to 9 3 in <a~?ft3> 

because ]0 model is available for this relation. Conse-

quently the cross-sections could not be transformed into 

the m'IS cross-sections Dor iuto the invariant <d~~ 

b) Sorne estimate as to the origin of the He3 production 

ca~ be given. He3 is produced mainly in three processes: 

1 • as bac'<:grou!'ld from. the target 'livalls, 2. as"~tr.ue He3 pro-

duction from the reactio:'1 p+d--~ He 3 +IITIYI , and 3. as l1ackground 

'from mul tip;J:e processes .. 'li th LD2 • 

It is aS:::-Uliled that 1. and 3. are rougilly independent 

from 9
3

• The~ 1. i8 obtai:J.ed from measuring the empty target 

rate (cf.p.20) vrith the result 01' ........ 1.0 triggers per 1012 

protons compared to , Ïor instance, 5.6 triggers per 1012 

proto~s from a full target at 29 0
• 

To obtain some estimate about 3., a further simplifying 

assUluption has to be made, that this backgrou'(ld is about 

twice as ~uch as a rate of Re3 Cl) in a reaction p + p; this 

i8 ré8so'i8.hJ.e, r'ecause fl,t high e ergies the total nuclear 

croGs-2ectio''''s ·3.re rouc;111y tl:e ~"!.I11 of tl1'? :=;ingle,')ucleonic 
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evident from the following: Ai 380
, no prQcess from 2. is 

allowed; yet the total target full trigger rate is 3.5x10-12 • 

Direct values for 3. had been obtained by filling the target 

",Ti th liquid hydrogen. The He3 trigger rate at 30.5 0 "'las 

measured ta 1.7x10-12 • Hence, the p-p multiple process rate 

is ~0.7x10-12. This gives a":1 estimate for 3. : 
-12 The p-d multiple process rate is of the order of 1.5x10 • 

Then just 1. and 2. can already explain - within statistics -

the target full rate at 38°. Their sum of 2.5x10-12 triggers 

per proton is indicated as dotted line in fig.18. 

c) As already me~tioned, the ~{M spectrum in ~+p--~ p+MI1 has 

recently been extended ~y the CERN group beyol1d 2.5 GeV/c 2 • 

For further reference, see (12,13). l will merely quote the 

resul ts: peaks '<Ti th a significance of at least 4 SD have 

bcen or'served at: 

2.62 / 2.80 / ?.88 / 3.02 / :.. 08 / 3.15 / 3.45 / 3.54 GeVp2 
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AEpendices 

(1) see page 7 

~'re have the lavis of conservation of energy and momentum: 

P,L. = f:J1. COS ~L -1- ?1fJ. c.C,j -J2'tL 

o = -:polL. si ..... ~J. - 'fltl. .s,j,4f.,p~1.. 

E1L + "'""2 = E,l. -1- E'IL 

(i::. 1 ..••. -4) 

have further the coordinate transformation lavis: 
~t Si ..... -Pc :: 1l3L oS ..... .J)3~ 

(( p~ 'DoS ~ +-p. E3C.) ::: i',3L. c..O,j ~J.. ct) 

From (b) we obtain easily equation (1) ·on p.B. 

From Ca) v18-get very fast the derivatives of m4 as needed in 

sect.5. (a) ca~ also be used to show the existence of a 

Jacobian peak angle Q3L,JP: cos Q3L,JP = v3L / B ; this is, 

however, not very useful, as v3L i8 itself a function of Q3L' 

To obtain formula (2) 0'1 p.S, i t i8 co'''venient to use the 

invariants s,t,and u. For more details, see ref.(10) • 

(II) see page 29 

Followi~g steffen (7), one obtains the relations: 



One recognize~ the lens formulae: 

The z-motion is givenas a drift space of length f''f 

sandwiched .. between tW'lenses, one at each end of the 

magnet. Thè x-motion involves also two lenses of just 

the negative focal str~ngth a~d a drift space inbetween 

'vlhich, however, exerts sorne distortion, and a dispersion 

terrn is added. 
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• Table (I) 

5 GeV /e: 

63L L16",," Ll9UeJ 
46t AB .. Aet 'AB .3 .6r, 

20 1 .8 2.52 3.10 .3.0 .785 4.38 10.5 

25 Il 2.50 3.10 " Il 4.~8 Il 

30 " 2.60 3.16 " Il. 4.43 " 
35 " 2.80 3.33 li Il 4.55 Il 

6,3L ~e.3 AM~ .!1p, /:J.,., f/" Llrv( 

28 4.42 26.5 10.5 2.8 26.6 

30 4.43 30.1 " 3.1 30.3 

32 4.47 36.7 " 4.0 36.9 

3 t1r 4.51 79.0 " C).6 7g.") 

12.33 GeV/e: 

9 .. u . Ae".,. 4OB""1 .66'b .6B" 06 8"",(. .A63 ~r, LlM.a. AMr, AM 
:a 

20 .72 1. 36 1 .54 1 .0 .735 2.00 12.5 11 .0 2.5 11 .3 ~. 

25 " 1 .41 1 .58 " " 2.03 " 14.1 2.2 14.3 

~'"' )u " 1 .51 1 .67 " " 2.10 Il 19.2 1 .9 19.3 

35 " 1 .68 1 .83 Il " 2.23 " 32.9 1 .7 32.9 

"ote: aIl a,~[les in mracI 

2,-11 m8.~ses L~. ~'Te\T / e2 
. " 

a11 mO;:1e;"1 ta in è.'fpiT / C • j ...... 

- 42 -



• 
(1) Phys.Lett. 22,233 

(2) Revie\'[ of particle properties, UCRL-8030 

(3) Phys.Rev.Lett. ~,778 

(4) ZGS-Proposal for the experiment p+d--~He3+Xo, 

Sept.24,196.s 

(5) Phys.Lett. lê,185 

(6) Yuan 80 vJu,7':uclear Physics, Vol.5, lT.Y.1961 

(7) K.G.Steffen, High energy beam optics, N.Y.1965 

(8) Rev.of Scient.I11str.22,717 

(g) K.L.Brown, SLAC-Report ~o.75, July 1967 

(10) G.K§ll~n, Elementary particle physics, 

Reading, Mass. 1164 

(11) D.G.Rya:l, priyate COrTF"1u"icatioi1 

(1?) Phys.Lett. 30,12C) 

(1 7
) R. T~aud et al., SpectrU'1. of c',arged non-strange 

boso:s i~ the mRSS regio~ from 3.0 to 

3.3 GsV (to be pu1üished i:l PhjTs.Lett.) 



.. -.... _-----
-.,' .... 

L1>~ "t
l 

-ta. of" qC 1: 
\! 

r 

\ .\\ 
o \ 0 

o l .. 

=======----._-_. _ .. -

Ji a 1 

> -'.--
_t~.~··:~_:::·­
./~ 

vie t.V 

'\ \ 
.\ \ \ \ \ \ 

\ \ ~ 
\ .' \ \ 

t 0 f vie eN"" 



-:..:.: ..... -;"- '~"l..II~'. ''''''-.: - '_" ;!~ .,..: ... ', .. : - ." ..... !"'.-\. -.":.. ... - -.'.~ l' .• :·r ...... ~ .:'" ;- .. ":. - _ ~-~ .. , "'': .... - -"'..- : ..... ....... . -'t"'-:' :::.'-:"":.... .:. :'.~ _ ...... :;;' '-;;',- :-- .. ~- '-," .:.. .' ..... ~" _.... .~.' -; .. '" . .. .. 

?~):~~.~. ~:·l'~~Î~:~~jr~~;(~:;/~}~:~'~::::-~: ,-·~Bo$6~~·t~~~SS~SF~Ëfiju;~1·,~~~~+·p .' .... ·'~~.(B~~~~)~~ :. _~.:;':.:.:~:~::; >: ... :"~.:.::_:. ~'>,"~': ~~. 
;:"'::> :~'-. ~~r .~\:-:' .:'>:. ~ ·\.'t·3;:.'·:~::' .. · ". '. ' ... :. . (CERN.MISSING -WiASS' SPEC.TRD:-4TËF:l . ~:.~. '.,". :. ..- ',.' . 

. ; .... ; . '~'.:." [$d{lOt.1~1·· ".:::<~.:- '.:'~ .:.:: ..... ~~~. -~:'~.-. :~'. T/i::;~~;~': .~::::; :' .. :~'. '~.<~:'?'~;~:~:,:' .;~~~(i~~··~·:· :.::)::,~:':(' '. ;: .:' .. ':'~.' ',): '~'.'#'.: '. --: -:', . -< .. : '. 
: '.~ : .. ': .' . :. ~.(7e8J: . ' .. : ~ (~~~), :-... .' A2 1'2S5). ' .. '. _ . ..' .' Ra(IS30). .:R 3 (175'Jj S(,IS30) T( 2155) U (23;2) . 

,:;·;:~~:'~~,t:,r;:'~::::;' :".~>\~ ;~~;: I~ :.,. _: ...... '~." ''.'l'J~',,.;,. :,<: __ .::,}. :fc~:: } :>/', ,; '. . 1 '. ~~ 
'. . m'II.. . _ _ .' 

..... : .. ,; , ... :'. "; . ~ . A . . . 

. jl! RI 
i'111.l'n~tHII:l'.1 l' l'II"Jhljmll\i, Al!(t'.~J,'I\l' J""'L' :.id Il!~!.19 ln l'H' 1 •• " l' '1 1:1 . 'n:H-li;'li~,~l.JJ!rd 1 ~ ".' , .:_' _.~.,." _ " 1 

~. . . '.. ':~llf~rrf{rlf! .. ti-9rri--.---lli~' rl'iIIHl'tÙ/fi1 ". ~~v r· r Itflr~~j" 1:;' :".: 1 l :;'ij ';1:!1 ;:. 1 \! 
011" <:~~;;.'.'.:", -Il ~ \1 ",:1 l .. '" ., III rlIIL l'l'Ii' 1 li 

..... " . ':~~i~:~.~: 3.O.3.5.1i5.5.0.~:o·· , Jl~ '.6.0, 7.0=-6.0--:"1~7.0.IlS,'20=1. .• Z.o . >, 
a,N/c)l' Il 1 l ','! ~ l " 1· iJ l ,----1 ___ , , '_,,-

'. . 9.6 0.7 o.a os lO .. U 12 13 1.4 .l5 . 1.6' lJ 18 19 . 2.0 2.1 2.2 2.3 2.4 

.. ~-. ", 

,. "\. 

: 

'.~ . 

1::;.55 (G:\, ) '-<~~.~ .. ::., '~".~':::"~-. :,:':;,.. '",.' -~. '-:: ... :, ::~':':<,~';~';'~:~:.-: .. :.~':.'.:' /':'.:.". :",:: :::~.'. : .. \ ". 
,':.~. . .... H.rf~·~~,"t·O;;,st.~ t'!i:_~i:-~·< d,:'·.·~~Ji~~ "':t'-;:-~ ~-:.:.> W~···.ë(.·~~e,:~a e,~_~B. Cl oS: o~~. Re SO,1-l-o...~;c:esT' 
.:'::::<:.:,' . .: .' "':.':' .-:.;"~ . .- .. '.;-'. ,,' .. " ".-:::.",-. ,-- .,< .::......... NP l'k.te.;,,"-~e 1?epo.f: t ~i'- 2S"' 

~~H yt:;· :,:/, ':,~t';,,", ;<~, '/" '" ;::;L~':}:2';,:':,,'-", :. -' '. ,.' Â" i', '&8 J C E RAI' 

' .. 
.... 

.. , 

'. 

" 

, . 

e) 

'.": 

'" 

.. , 
" 



<\.: "... ,::~~F1{~:~y;: ~,: .. }) ~S~~~ ~::~~7;"fil~~~~~~~~>;i~j!;~~~~:~j~;!:~:.~~+~ft~::~i~/X~~:<·-·· -:'-. .,' :0'" ~, 
:,,:-,-,.;, . .; .:' .• -, •.... :: .... -, .. :~ ;-;."~~-: ... '. ":'~-:""'.!.P'-':~"":":'.:-.:.:::'::' ""< ..•. : .... : ;,;". :,'. ". '.' .', ~3?2~24)\t \' 

'. \.- - . 

'.: . 

:. 

. ,:. '::---. ;::.:·~.>;~~~:-:i~::~::~Z?·:-~~~~l~-r~/·,)~.~~~~·::-~~.:··::/·2:t;:~·\~······ T-~ .. \~ ~ - • e .. ' , . 
. . ', ~. . . 

". 

~ . . ~"'>' :.":. --. ~." 
~ .' 

·S· "; .: ..... 
= '. 

Z 
'~"3 
~ 
cu 
~. 

'·2 
" 

.: ... 

.,;. - . 
- ..... !.~": . -;' ..... 

. '. 
104 (1700'±30)'~feV:':O:·.:.··.~.:··. ;,:: '.~ o',:: " 

.,.,.' ,. , .• "C. ,:," :';' :.' ,' •. ',. . .' 

.', . It p ,/' (1292±81\I·Y ,é .. :' :;:::::.\":;.~,,./:,: ': 
o J' i . .//'!' _ ' • > :'" :' :~.:::;>':'.·;:f <.:,~ .:;. >~ " : ' 
•• 5-<>t

V 
(/67 + ~) ~Ie V '. --' ..." .':: :,~ /; .. " :)::: :.:, ;:' ;::'.-' --. .'-

0

0 
'.' -{. . .'. '.'. '~-' ., .... ~~'?':}:~;~.:.'.'::, '. .. 

.· ... 3 l~ 

-, 

.1 __ ' _-1.., 
, - 6· ;) . . 

J\lt5~~(à~v.,.2 . 
~, 

" ' . .. .' 

" 

Fi a. 6• rA plot of the' 'clomi~ant ,'m~sonic excitations o9serve'd in the niaction 
;r- + p-)p'-t- (missing mass) stu'died' \vi~h the fnissing nla,SS spectro'r!let~; by 
the, .Mag1ie grOt:lP at CERN·ui>..The peaks '. âre~, nun1bered -n ·in order of' 

, increasingm'ass, 'start~~g .'-V/ith·, the . p.rrieso·~;· and ··n. is 'plotted ag~i~st. 

,.' 

'(mass)2 'fo! each rn,esonic exc'lt-âtion'- .. ':"' .. :~. ~_. '~.'. ~.' ... ':., .' . 
~~-"----.. _--- . -----------_._--

". ;.-! 

:-.," -- ";-
'.' ~ 

.. ~. ~ 
.--

~ . .' " '-
~ ..... ;- -:. -
~.~ ",', 

• J .. ' ,,_ 

'~ .. :,.. 

" . 

',' 
.:~ 

" . .' 

w. if. ~ e. ~ ~ I!.-e J ~ oS 0 -.. . ~e S 0"""'- o...~ ~~S'""r 
NP J..~tf!,.r -.1). t 1J.e.f.tJ ,rt· '?-.2S-; .. 

. A'f.,f,}. ',a j C E.1l N 
:. .. '.~.". ' .. -'," -.. ':":" . 

'. ' . , 

" ;s:~; ~, ;~,.:~t.: i;~;~B:;;'~ "::\,::i-;;:~,à?-~: '~';;;;:.:~L;·}}·;.~:"~~/:~·: .;~ , '. ' ....... ,;' .. : : ...•... ' ••.. ··6 . ., 



l'II 

LI> 

Il) 

" 
Ir 
l1J ci 1-
l1J U 

:l:: cr .., 
ï= 1/1 

Z 
1/1 .., 

l1J 011 U 
.J 

l1J .., 
X ... 
1- .. 

:::> o . .., 
I-::!: li: 

U 
0., 
-", 

x)( 
2! 
W 
i: 

o 

~~~J:!;+j~ \W ::~: < > < / :::: > ~~:! :!~! :~~~:::! < < lillÎ~~! ~~! !;~[ !~~: j~~~ ~~~~~~~ ~~~ ::!: ~:~! ~!~: ~!~: :::: :::: :~~: !!~~ !i~ ~~!~ ~~+ '" ...... , ........................................ !l~:: .1. . • t" Tfltlh·j·t llrltl .tt· lIt· .... P ................................... , ... 1 ......... . 
:::: :::: :::1 !;:! :;,: :::: ::.:1;";:: :::: :::: :in ::!: :~.!t..;!\; ft!: ! ... ~' .~.t. ft.·~ 1."' q .. t d:~ L,t ::t: t~:: :::: :::: ::::. :::! :::: :::: :::: :::: ;::.: ::~: !:j: :::: 
::::::::: :::: :::: :::: i::' :::: ~. :::: r::: :::1 j:t: ':!~l~t:'Ij ~:.; t;:i ·:.t~!itl :+t'I ·tll·t lfLt . t·t ttt: tr..: :::: :::: :::: :::: :1:: :;:; i;:-; ::..:-: ;::t' ':;: :...,.~ :::; 
... :1 .................................... , ... "·t l' tl t "1'\.1' "11 tlt,H'H 1" l.j' t 't· ..................................... lit 1. ... 1/ • .. t· 
~:~--'l: i~'~ h~ftf:H i~~i j:-f~i~ ~~H ;;;; ;;;; :~;; ;;~i :;~; .;:~ ;~ fu! tl!~ t·:t :;;ï ;tl·1~ 't!;'1 ft-' ;~: .;;;; ~~;; ;;;; ~;;~ ~;;; ;;;~ ;;~; :~;; ~;;i ~t.: ::;: ~;;;S 
. . .. _. _. .... .... ...• .•.• .••. .... .... 1'" 1 1 ... •••• '1 l' 11' . Il' !". l , f .. li.. ..." 1 "1' • t • t ~ 1 ~.... •••. .•.. . •.. t. . .. .... ..' ..., . ... .... .11. 1" - t •• , 
•••••••• ,., ...... 1 •••••••• 1. •••• •••• • •••••••• 11 ,. • Il. • ." ., •• ~ .1 ,. ,1 .. 1 l' • I.H' ,. • .... .•. • •• t t·· .. · ..... ." . - ..•..•...••••..•...... 

p ................................... "1' •••••• , ............. ti'- ·t-l 11-;'"- ... , :r:ll~ 'jl,l~ttl ;it .... 1.. . ................................... .. .... .... .... .... .... .... .... .... .... .. '!ï l ' 1'" lm Il!' '1" ::~tii:!Jltf't ..... :iÎ:ilm '!tlltttl Eà! ............................................. .. 
::::t >+f H++ H ::~~ ::;: p ::;~ ;;;; ;~;: ::~: ;~.; t :~; ;;~; ,;++ ~.;: 'r:: ; 'j •• , t~.1 ,t' . ~~L: :::~ +: :::: ~::: :::: ~::: :;;: 4:1 Hf H :;;~;:~~ ............ 1 .................. , ................. "'1 .... L:: '''J L'j' .~"!Jt, "llt tll IH! I l ,:+ ._, .lt: I : ....... 1. ....................... , ........ " . 
•..• 1 ........................ 'of" •••• 1 ................ , •• 1, •••. ~ ... "~ ,.1 .. 0 .~r+- .U , .... "':k: ..................................... ,.t· 
.... , ................... , .......................... !'l' ..... '. ·tl· ·t·1 1'" H'~""'n .... -... ~ ..... : ... 'r~· ................... , .. , ..... "'1 .... , .......................... -: ................. t." .. '1" ........ t Ü' t "It' IH; ............ , ............... '''' ............. .. 
~:; .. tt~;~: :!.;; ~:.:'::':': ::.:.: :::: :.::.: :::: :::: :::: :::: :t:~ r~~: i.!~ :!~lt!~ÎI ::.' "1 ! 11 d. ·~1 .. !:: .. ,! ........ !~ :.:::.r:':":':I~ ::.:: :.::..: ::!: ::1: :i!: :::: .::.:; 
....................... I~ ................................... f't7:'!'~·I· ·'j!lil'.UI1 !TI 'l" ................ , ........ r.: .......................... . 
;:;: :::: :::: ;::; :::: :::: :::: :::: :::: !::; I::: ;;:i :!;: ::.1: !i:t ~:i: !!+~ i-Li if. i~t·tt1~:ù rH :.!! .:~t: :~:: :::: ::::1:::: :::: :::: :::: :::: :w.:. !::: :::i ::::-
.... 1 ........................................ ",lt ~-= -1" ·t .. ·:i!IC-.J 'j't'ltt'!l l-il,~ .. 9·'Il t;;.J .......... :1 ~., ................ ":1:' ......... .. 
~)44 ::::.,ç :::: :::: :::: :::: :::: :::: :::: :~~: .!:: ~::~ :::: ;~l:Ii!L t;t!t~~I,t;tW.f . tr :!+~ ~:~i:::: :::: :::Y:~ :::: :::: ~~b :::~ 1::: :~::rllit 
........... :1 ........ t ......... " ................ d·· tl'I .... lUlIliH frP ·mnœltnl tH Htlfilt= t~ ......... t·_· ................ I~f~ l''! tftt ::::,:::: :.::1:::; :::~ :::. :::: :::: :::: ::~: !:::. :;:! ::-:t ... :. i::: .! .1 .. ~ .• f! tH. ~t..~ 1. ~.L .• : ~:~ ~~:: :~:: :::: :::: !::: :::: i~:: :::d~~i .'!, .... .::.. 
::::t:::: :::: :::: ::::1:::: :::: :::: ::.: ::.:: :::: :::. :~i':· ::!: :1:' 'j~. j:jb tjl11[1;1 iitt ·1~:·i·I·: t:j'~~ Hir Li!i !::: :::: ::.;: :::: :::: :::: :::: :::l :::: :t!j,Ht 
... >1 ........ t ...................... i. ......... t~ 'foI .... 1 '~:~ '!~i 1r. 4 tt4. r: ~j.lr- t1"ilt~~ :1 ft" •. ~~; r:'" ... u ............................... 01 10,1 '·'1 .~H 
~:l:-:~:t7:7T: :ft:::~'i~:::: -::::.:::: :~:: ::~: :::: :::: :::. :::. :: ... " 4-.4.· ... : .•. ; ..... ; l': .:~ ~' .. ~ ~::: :::: :::: :::: :::: :::: :::: :::: ~::: :::: :::: ::.: .~.: .... ! ......................... , ................... "'1 '1'. ·l t • irltlWll-lltl'jr;:t .. ;ti tttl.1t.H1 ttt'"!''' .... - ... ~ ..... - ................ / .. t'" 1'1- !H_ 
::::,:::: .::: :::: ::.: :::: .::. :::: :::: :::~ :::: :::: ::1+. t.;tt ! ::. ;:ttlttt..!rr-r-r, tn' .r-aJ !'i-.ttt-t.tt ':~tr:;:·:: :.::: :::: :::: :::: :::: :::: :::: :::; :t~~ :::.: t .... 1:1 
........ ''':1' .... ·t .. ~ .............................. ,,,. '1!' 't·,ml····· " I·t IHlt!- 11-f' "'1ffl1tt'- .................................... '1" '1" • .-.:! ..... " ... :! ........................................... ,. "lrH~ ""'1 "H' li tl!! 1'1" I.I~,.· , ................. , ............. ·t .. ..•. t· '''f1 

.:.;.:..:. ~~; ~~:.;~; .::.:: :~ '.:' ::.~ ;..:.;;1:::: :::: :;:: ;::: :::: :,,! ::n l.t. !J .... t;!! jjt~ ,.: .. .f.4:- ..• :1 :::! :::: ~ :~: :..:.:.:. :::. :~!! :j:: .U.:! ;! .. ... J ..... ::i ...... ··1· .. ·177:7b.~ ........... r,:;' 'iiF~~·'· '1" ·'t· , ..... JI" m' ml T' ., ......... ·• .. 1· .. · .... / ........................ i.;.g:f :::!H::: ::::1:::; :::: :::: :::: :::'R:::~:: ;;. '.' :j' .;.1..:: ~H ;d~ tb·t Hf! Hl~ .dl·! ··1', tr-HH-i~ ~::: :;;: ::::.~::: :::: :!:: :::: :::~ :;:; :!:: :E: ~.:F!' 
::::i:::: ::::1::::1+4:::: ::;: :::4-' :::: :::: :) ::ç:.:::: :;;.! ;l'::;; :'-1: lm :li! tJli)::', Itrt'j~tz tJ~i ~::: :;:: :::: ::::1:::: >::1:::: :::: :::: :::: :::: :1:: ::r: 
H 

... I ....... :! ....................................... :~ ..... I.!lii,. t., ! .l·I·~,· tit·· rt. tr, ............. ~., ...... :~ ... ·· .. F .. · .... , .... ·~~ .. ·E'" 
_.- _.0-- _ .. - --'- ~ - 7l~ -- . ·--t-'-r~ ............ 1 ................ ::c-: ............ , .............. ·t , ... 'tt .tl' t~+r 'F'i' '1~rl j t· 'h~ ,-, ........... 1 ......... 7: ... :::J .::.; ........ . :::y:: ;;:: :;:; ::::i:::: .::y:: :::: ;:i; ::::':::: :::; ::!: :!:: ;HJ l;H!1':!1F: Il!:! LW. r:! ~Il :::: :1:) +-: .:l~ ':' . ~:~::l+ :jv,':/Y. :::: :::: 

.... 1 ....... J ................ 1· .. · ." ....... J ..................... t- :Ut· '1' 'm' l'" 'j'l" ........ ,....... . .. .. .. \.. .. ........ t ... · ....... . .................... 1 ......................................... , .. '1 t· l' 't~· . l'L:l t' j' •. j.;::.; ............. ,~ ............. '''1 ............... . 
.:.::J;~~ ~ ':1:: :!:: :::: :::. :::~ :'::': ... :::":' :::: :::; :.;.;: :::: :t!~ : •• 1 :tl - !.t!. !it~·t t-f'H ... r: t!:.!I~: ;::: ::::~J::':":'::':':'':':'':: :::: ~::. ::!: ::1: :'2 ::;: 
.... 1 ........ ! ............................. ~ ........... "tlltjJt·· .. 'H" 'H' 11~ rI' ,++ HII ............ , ............ :::-:- ................ r..:: 
:::; :::: :::: :::: ;::: ::;: ;::: :::: ::::1:::: :::;I::;i :::i :::i iUi iEtrHtt tf!! fi HErJlltr ih!il!:î t •• ! ::::1:::: ::.!:::: :::: :::: :::; :::; :::i :::: :::: :;:: 
.... j ................ p ... "+.w.' ........ j .................... tH' .. ·~t !ll!",· .. · H,t· "1' t· ... ··,t;FI .... ··t·.. ~ .... "'f4'" ...................... .. •... • " ...................................... " ......... ! f.· ..... t11"· Jttt if' ,. 1 iUi lill' fh:t .. t·I .... .... . ..................................... . 

~+r+ H ;>i+ :>H: :::: :::::::: :;;: :::~ :::; :~:; ~:~; :;~;lt~.~I:l}+i~ Il. df .:;lt~: ~~~ ~::: ::::~ :~:: > ::;: ~::; ~ )~ -a!:~:+ 
... , .............. :I .. t ..... 1 ................ 1 .......... 1 •. it' ".1 .tl' jll' 18,IH.::. :I~:' .t" .... Ut ............. 7 ..... 1·~ .. :J::1, .t":~.)' ... 1.;.:,', ................... :1 ............................................. ' ..... -i- ..... ~ttJ~ 4'" 1" ...,.. ................... :/- .••. P •• :'~:'i . .,.r; t..;:J'. :"t.t;~_~ 
::T;:: :::: :::: ::::/;::: ::::j:::: ;::: :::: ::;:j:::; ::!: !:îi .!P il:: :JWuH 11:J·t; iLt!ctt!ff: Ii:l:ti ;i;~ f!:: ~!:it:::: :::;:~ :G: ::;: :::Y:: :::: ::i; ;::; :.;:: 
.. '1"" .. :, ... "'1"" ......................... -..... 1.%1 1 .. •• t 111: •.••. ," :~.ji'H·l~j ,.,! .'. -,' ........ .... 1 .... ................... " ...... ,~'nn 
:::7r.-:-:-:-;-;-: ::7: :-:-:. :-:-:-: 7 ...... - ....• f ............ ". t-". '''f. 0-- .... 14 .• '.' +0-' .1 -0" ..... 1'.' .............. :-~ ............. ::-:- :-:'77r:-:-:-:- ::~i~' .... 1 ..................... :-;;-r:: ................. .. t· .... ·ll.1:!1J ~t;, !-HI ::±:I:-l!ILt; .... ,.,. '-'1 ............ 1 ................ I.t ................. . 
:::: :::: :::: :::: :::: ::.:: ::::':.;.;.: .::: :::: :::.; :::: ;L: ::!! :'-." !:t~ :1t::· tu: tl-trnttl ~o-t: ;t!: :.;.t: ·ai. !.!::" :!:: ::::1:::: :::: :::: :::: :::: !~i: :::: :::: :!:: 

i~J::: V !!~: :~:~ !~~~ :~~~2.~:Ui ~!~~ ~~~~ < El: :~!: ~~!~ m~ i~ ;!~!~ ~~ :~~~~ ~ii~ i:~~ ~~~: !!!! !!!! !!!! ~~~ k~ > !!!! ?! !!!~ <ê ............ , ................... F-.,c.: ... t.,' .:L "'1 .... ~~.rJ.t. f?1:l 1-i1llff: t='t;lr ... HJt 1 ........ ~ .............................. '1" ....... . 
:.': :~:: i:~: :::: ::-:: ::l~ :!:: ::;. ::;: :::~r:-i~ :';l~ :::: !:;. n.:· :!::~:t.; , .. ; •. lU ttH. ... t.~·1 .tat tr,t ::11 z:rt !"::: :::: :::: :::: ::;: ::1: 1::: :.::: : !": :::: :::.1 "'4'''' ........................................ j.jH: ..... ~!,r "1 ··"'L:.t~.' , ... 't1:jl ';F,ll~ .-., .............................................. .. 
~: :::: :::: ::!: :::: :::: :::: :::: :::::::: :::: :~::I~ ~:! :!~ ::j:~!r.;~!~ r,' ",,: ~"IV~ ~~ :::: :::: :::: ~:: :::: :::: E :::: :~~ :::: :1:: :::: 
1 ................... t .... , ....... ~ H~ :::rl: .... tt. ,- .. I:t:.: .:b .L!J,1T!t1hl t:I:i l1tW 11:1 ~.;h ....... + ........................ t ........ . 
::::t:::: :::: :::: ::::1:::: ::_::I~:: :!:: ~::: ~!!: ttt: ~!:;~t • . :.~. :-..ti'f1t.n:;-tH:t ~tj tH .. ~ ::;: :~:-:.::~: ~::: :::.: :::: :::: ::!~ ::!: ~::: :~::. 
::::!:::: ::::1:::: ::::1:::: :::.'.:: :::: ::!: :::~ :::. '!il: i!:i ;:::tt';'l: ~i!.:l:f:!pJln ~J lIn ,,~!'; :~ff ~!:! tri: ;.::: :::: :::: :::: :::: :::: :::: :::: :ll: :::: :::: 
~~~H~~ :~::I:::~ Ti":·:: ;.:: :::: :::: :::: :::: :::: :~:: ::':~ ~:jI; :!.::: t ~~ :-.:·~tü ~:Hl7 ·n 111 t---r.t 4;! Ii· !~: :::: :::: :::: :::: :::~ :~~: :::~ :::: :::: :::: :::~ .................... , ......................... " .•• ::th!;:; IEt.t~.L' lithJi' WltltHtttHJ:rlt rt::1 ... , .-...... j .... q ........... , ...... , ...... .. 
:.::1:::. ::::;:::: :::: :::: :::: :::: :::: :::.: !::~ ::!: ~llt"l~l~ .t.+!I:i~N;-:tt"Htt IHIH:!"H.tttHt:-;-r tt::!:;--: t··: :::: :::: ::::~:::: :::: r:::-: :::: :t~: j:~ :::.:: 

:.:::: .. : :: .. ,.::: :::: :::: :::: :::: ::::,:::: ;::! ::~: tH! ~:r: :;jrl·~-:-. ::ll :::j\.!.i tt ttEi t:1 1 dit :ifl;1:: :~:: :::: :::!F:::lliili::::t~:.:: :::T::; :::: :::. :;r: :::: 
~~~;~~~ ;:~:L~:~ ~::: :::: :::: ::::l::i: :::: :::: :.:.:: :::: :L: :~;: ~::~ .~:.: '.~. ~t·!~ ~t:: ... ::~ ~~:t ::.~ ::~: :::: ::::t~ :::: ~~~~t0:~::@ :::: :::: :::: . 
.... 1 ........ ! ................ / ............... "1' 1'" 1 ... 1+ .11 1 Itl.k:::~ ttD-IIl'I.i.: ,.1 •• t, •. t'·tr:i'- ........... :1 .................................. .. 
:'.:.:::: .;.:::::: ::. :::: ::::f~: :::! ::;;- :::: ::.-: .::: ttt~ .U;· !'!.:. !.!:!·n;'':'l''+HHt!~ ':'Z: t!!"l !:tr~:.! !!:; ::;: :.:::t:::: :::: :!:: :::: :::: :::: :::~ :::: :::: 

;~~1l~~ < ~WIWl0.~2.~; [!!~ ~!~~ Y ~~:: ~~~! ~!!~~~l! !H !t~ ii~!~11l!~ !~~~:! f!i: ~~~! !!!! !!:: /i:!~: ::!!l> > > !!!! :!~! < > ... 1 .............................. "H ..... • t .. ..... 1 •. '/-JI .itf .1-.. tl'.t:7.· 1illi !i+:~;;;Fi2: t'" ........... :! .................................. .. 
::.: .::. :::: :::: :~:. :::. :::: :.::: :::: :::! :::r ~:!: :::: ::!: -1 .: t:.: :-t!i !:!.~~! .t:"!. :"; r.-:-:d~ ~::: ::!: :::. ::::!:::: :::: ::!: :::: :::: ::-:: t::: ~::: ::.;: 

LP: ::J < Ut ::~: :::: ~~;: ~:~~ ~~f: :1# ~i~ ~;:; ~~; ~:~: ... : ~t:: :"~: l~ .;.g; :;:!~,tili~il Ul~ gfi ;~~: ~::: F~ ~yk: : ::: ~:~: : ~:f U F !:n 
... :1-:-:-:: ~ ........................ ~ L'" 1" ''1'' ..... -!1 n:' .:-rlj!l Hf!:ffi ').t; Iltl ' • "tl.ill· 1'" ............... , ...... :-:7 .................... '';~I'''' 
::::1::;: ::::1:;:: :::: ::~! :;:! :::: ::H .:1:.; :i!: !'1": ·H;; lE.t :1:!. trt~ rtH.J.tt t:t ~dt !!·!tl-:tJ .1f~:: :-::.: :::: ::::t::~: ::::::::: :::: :::: '::: ;:1: ::~:. ;~:t 
... 1 ............................ - ......... ~. · .. ·tX·1!I t:.' .... ..• ~.: ·~·t If ~~ .~ .. , ............................ 1..... .. .... r.:..:·! :;:: :::: ::::f!!:; ::-::1 :::: :~.:: i;:: ;:::.t:.:.! :.!±l t-!!( ';J :t~. -: r '-r-. • !-:-~ .. ~.:-•. ' .:.:'.':. '._~.:'.".::.:.:. ·.:.:.: .• 1.:· ... :.: ....... :.: .:: .• : ..• .-: .. ::: .. : . • .•• :t::~ .... r. •. ,~u. 
~:"""~"""""'f"""''''''_'''.'.i ................... ~.~r.;:~ .... -~ - ~ ..... 1J4 .. --H 

~:J;~~ ~i~i ~i~j ~m ~t;i ~~l Ë~ it~ ;~11 ~~ ~::-t • + ~i lli:: g~~ :::; i~~~ ~::~.;::~ ~~~1 :~~~ ~~~~ü~H ft 
, :'!1: fim 1[6 ~y~ ~l ~üi j~!; ~~ :ggIHt~11 

'H+ H+HIl++ 
~ ..... :;..: ;.;;: .:j-: .:~: 



• 
/. \_-----
~I(-----:;'" 3. S- ;,j e c. 

/2.33 Ce~ 

\ 
-' -r" S- G;e V/ c 

.. =.::-::-==_: '" .... - -.- '.~'::--=-=--:'=-":'::'::"':~_ .. _ .... ~-

f.; if r 

L D~ 
..t'-eS e ... ..rD I·.r, 

-':,-:-~--=------'--'--""" '----"'" 
1 • 

: :tlt- .rIe t 

-- \, - -----

V"('t C 1C.1A. ...... 

C(A._G"T 
0-+ is Q. 'ée--re .rlA-t'fA...re 

S e. "'f, s i t ~' "e. ..r e s e,' S t: D .r 



•• 

T. 
/ \ 

,-f--·-t---. 
-i-J-

\ 

~"}( S?")( .l.t" 

T,'JC. \ 

'-----
\ '. T,L 

20"l( 31" ~ %/" 

• 

.-' 

TZ 

" , ,. . . .. 

.. --..-":~.r, 
1 

1 
~---r--7\""-'-1 

ji;e 

. .-

._.,._----



7: : ~~~'D . 1":.D',. 
o :.--:--r~· H " ---~. 

---'" . _._----i. 

- l"Ac .~i ~ ~ 
- '---l 

-!j-~---"7. D r'- - -- -- . 

--~ ~~---------. T,H ._-- ·)t~J _ 

~/~.j-~{~J 

T:u-G+Ji . 
. .J i 1 - ~t T 7 3- .- -.) +-. ~~ J) -" 

oC. ---'~L J L 

T~lf 
'jO--, ri 
> f. t -:)i J> !-I ----" 

"- - J 1...J 

• 

-T 
1 

., ., 
+ 

l' If 

.D 

'iJ.!! 

(/~ f! t ) 
~_ (s~) 

il1lt't· ..... j l't'''t~ 
fo r fI6" t. 0'1' e 

C-irc 'kit 

~olJ~.r 

d . . . t 
~ r.. ~.5 r..s < ·t4~ ~ ·f .. C\. '. C',r 

to Scttlexs 
---=: fD f..oJ..osc. _,a.ies 
~ t" ~ D ..... ,~/;ojJ " 

1,( e,cte ......... Q.f 
3a.te5 

Jo ... C04«f'tttf>.r 

• l' r ..J '/ l ., ." r.> 
.J'~..r ., /). \.> • (' -.~ t~ . ./ c,? {t t:e 

'. 

.. 



ï , 
... _.! .......... . 

-:!1-r.' .. . 

. ~·i J> 

'·~.r ' 
. .1.-

1 

L 

1 

f· 

~:l 

~ 
NI 
;ô 
Xx 
" ",-
nO 

" l:-t 
~·o .. ... ... ... 
• 
'" .. .. .. 
'" n 
o 

-t 
:I: 
1'1 

n 
1'1 
z 
::! 
3: 
1'1 
-t 
1'1 
AI 

::,. 
~OI 
z_ 
!'UI --?-N 

CI,\ 



.', :. -, . 

------::.;:=--:.:.-_:.~.~-.:.;..:.:.::.- -:: .=.::... .. :.:..:..:..:.;;.~----_. -.... 

1 

1 
. 3 u---'----~---1_·-·-'-~--±"*-~ 

. .'li Y3 

1 

1 

25"° 

~~e_ ...... t 
M.~ ...... ~(!r 

3'" 

> 

d. ü r t fi. J of 

A(Y,K.~) 't""-

~ r .c i /. .r ta.. ., J 
III 'l'l~"t S 

À OtMo{ B 
,.tef~' c $ ('~l-{ 

"-1:: J. Il 
t\. -rJe + fi,,:,," .s -

effects 



CIl 

li) 



Nè 
-,; 
Ul,; 
-z 
co: 
'<l'~ . 
II: 
l&I 
1-
l&I 
::E 
j: 
Z 
l&I 
U 
UI 
J: 
1-

O· 
1-:1: 
OU 
_Vl 

'" Xx 

2~ 

~ 
X 

ci 
U 
0: 

'" en 
en 

'" '" .J 

'" .. .. 
:> .. 
l< 

, 

ï 
--,-----.j_.~ 

i 
1. 



" 

CIl .. -.. 10,; 
-:: 
I!)w 
-:~ • 
0: 
101 ci 1- U 101 
:l:: 0: ... 
j: U\ 

U\ 
Z ... 
101 011 U 

.J 
101 ... 
X ... 
1- .. 

::> 
o· ... 
I-!l': l< 

OU 

-~ 
Xx 

2~ 

~ 
:st: 

l' 

•... 1.··· · , 
1 

.. l' ...... t'.. " .. ,.' .... ' ~ ", ........ " .. I,:l i.l~t H;; .... I .. ;t ,,, . ./WIll.: ''1'. ' .. ' ................................ " 
,! .'::: 1:.:: :iii ~~ll ~i l::; :: :f ; 1:: 1-7# :.:.:: ilil ;!li iii: Pi: ;tH lW lim IHil Irh, .H! ~If:ri!-tt lil-d l~iil~l ~l~!i :jifilr3l: ~:~~ iL UU Jill ii: ~ii 
:.':,'~.':.'I':,::.:: :~,':-,':.·II·.:.;,~. il:: li:: ,Il: Il:: :1:: ::::~: ::1: 1:1: ;!It ::1: .,., di: f:: tttli njliW Iiti ~Î:lJ;::j :'I:fT:t: Il:: :::: :::: ,li: .::: :::: :::: :::: ::::1:::: 

::': :i:. :::: ;::: !::: i:!i ;::: !::: r:tt!:: !;!! !!i! d~t .dJ rt1-t dt ·tH~·!i t f1lt~;~;· iht ~Ut ::!: :::t :;:i :::: :::: ::!; :!:: ::!: ::::1:::: 
::'.t'·:·: :::'1 :: ::::1:;:: ,:;:'t:::: :::: Il:: Il:: :;1: "'t' Il:: :n' ::.: ilr: Ir, 'It!"!'!i :H: lTfl!+!.rt ft 11"11:1: l':: :::: ::::1:::: ::::1:::: 'j;:' :;:: :::;1:::: .. . . .. . .. . .. .... . .. .... . ......... ,. ..1 ..... I! ••.• , • ~ ri, t. t r ~ 1 ~-J. fi-r: .16.'!··,·· 1 i tn 1 I. t··· .11. "" ... : f···· .... . .. , 1..··.· .. :! '" ::::'1:::: :::::ti~~ :~:~r~:-: ~:~ ~j:±~ ::::~~&':~;I: ;;;; ;;;. ;;;; 1;;; :;;; ml :;ii j;t:Î ;;;:~;;~ :;I;:jiSf: 7:::'!:~~~~J~:: :l.:: :::-;:.:..::~:-:-:-: ::-:: :-:-:~-
: ..... :. :: .:: .. :::,:::: ::;: :::: :;:: :"~I~~ l.;:~;i. !i!: l::i :It :::: Hf' ': ... ttd tI. :~.~:l'!!~ 11I7.1:~ ::!: :!;: :::~ :::. :::. :::: .::: :::: ::;: :;': :.:: 
:,,:' .:' ::::1: :. ::::1:':: ;;:: :::: il:! .~; ::1: l,'j: Irl,' ij!: II'; Il:i tl i tp: I:l! tiU p::I~: ;lt'lln! il:: ;:i; U:m: li:: :::! :::: ;::: :ii; ::i: li:: ::i: ;:;: 
:.::1::.: §:::: ::' ,.:::,:::: il:: :::: :::T::: Il:: 1:,: 1.: :liilid. 1111 '11.11.1' li. J;Hjt:tli~:: lit! hl "i; q .... " ...... " ............ , ... , ;:;;1 .... , .•. 
"':7+'.-:: .. , ... ~r-:-:-:- :-::- .... j ., .:., •••••••• 1 l' 1 .. 1 •• '1 ..... , •••• ~ ••• ",-,- ... 1 I~t .'1 t ~I. tll, ,.......- ..................... ~""":": ...... - ........ - · ....... -t-~ .• ~~ ---...... " .. . . .' ... : i .... .... .... ..'. .... ., .. , ....... 111 • t •• 1. 1-. t·~ q .... l. 1 t t,l t rl f t 1.., ~ 111. 1 tif • l t .1.· .,: :.':.;. i. :.':! :,1.::_:,:. '.::,:,: •. : '.:;:, :,:. :,':, :.:. :.' ~ :.'.: :.1:, :. Il:.:. :.:. '.!:. :, :.' i.:, 
.:: i:::: :::;!:::, .::!I:::: :::: :::: :::: :::: :::: :-::; :::: :~!: ::i~ :z:: rt1; a~! :,41 +-;.!J .-,~t -::tt: t~l:- !!., i·t~ 

::: , t: 
~:":'L.: 
:,,';. 
::.j' :, 
••• j ••• 
• , • • 1 ••• 

I-j,:_~-+::: 
::::1:::· 

::::1:-
• 't • 

• f' .:::Î· 
F~':-:-:-j ... 
.. : ; ~ .. :. '. ,1: ~ : : 
····1· .' ....... . 

:H~:~; ~+2 ;~~~ 
::::1":: .... :::: :.;:: 

,-' -.-,.- '-'. 

ttt't tt: ~t· .1. •••••• '·1' ·t· 1 
•••••••• ····ft··· ............. ,. 

Idt. li It.! tlH !;:: ~i:i ;!:: :::: Ii:: :::i :::! ·::j:~i::cilil ;::: 
t!t·, 'ft. -t • j'!1 1 .. , .••• ~:j' :!:: i!l: •• :-: •.... ::-7 •• !i. "!' :-:-:-:-

·i rH :l1-l;t: :1.i Hn :!:! :!:i ;:!: :::: :i:: :::: :::: :::: :::: ::.~: 

h·E: !::: :~:. !.E 11i~ -=-!R~; 
H·t: r:·: IW,-:=I+tji lI: 



cr ... 
1-... 
:l: 
1-
Z ... 
U 

ci 
U 
0: 
loi 
en 
fi) 
loi 

'" ... ct 
:t ... 
1- ... 
o . i3 
.... ~ x 
OU 
-" .... 
x)( 
2~ 

Il 

_____ • ___ -'_ .. __ 1 __ : 

__ . i 



Il: 
LIl ci ... 
LIl U 

::E 0: 

ï= 
... 
"' Z "' ... 

LIl 
U '" 
LIl 

..J ... 
:I: ... ... ... 

:> 
0 Id 
1-:;: " OU 
_Vl 

N 

Xx 

2~ 

~ 
~ 


