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I.  INTRODUCTION

The gencral theory of the experiment has been given in our previous

proposal ’ ). The polarization of the decay proton 'is specified by the parameters
@, f and y. In the co-ordinate system (fig. 1) in which the A 1is at rest,
we choose the z axis to be along the A spin direction, the x axis such that
the proton momentum lies in the x-z plane, and the y axis to form a right
hand co-ordinate system. The angle © 1is the polar angle, i.e. the angle
between the A spin and the proton momentum. In this system the components

of the proton polarization arc?

[}

P = (¢ sin © + PA( 1-v) 8in® cos8) /(1 + a PAcos‘@) (1a)
P;Y = BPASin@/(1+aPA cos ©) (1v)
P, =(y B +acos O+ PA(’I -y) cos?20)/(1 + « P, cos 9). (1¢)

In the experiment we measure in the laboratory system the trans-

verse proton polarization Pt parallel to the production planes:

Pt = Py cog X - szinx (2)

in which X 1is the angle between the projections on the production plane of the

proton momentum in the lambda rest system and in the laboratory, Since the

PS/L92L/k1



IT.

3/692L /K1

proton momentum in the laboratory is close to the A line of flighf, a good
approximation ﬁo X is the azimuthal angle between the x axis (in the

system transcribed above) and the lambda line of flight. See fig., 1.

In terms of o, and vy , the transverse polarization in the

production plane is given by

Ptz(,B P, cos X - [a + PA( 1-y)cos®)sin ¥ )sin®/ (1 + o P, cos ®) (3)

In order to select a sample of events which are useful for determinihg g , it
is necessary to choose thosc events with X near 0° and © near 90°.

These are events in which the proton momentum is really coincident with the

A line of flight in the A rest system. In order to eliminate a dependence
on the accuracy of the kncwn values of a and ¥ , it would also be desirable
to choose events with a distribution in X which is symmetric around 0°.
Deviation from this distribution in the sample chosen by our triggering
system introduces a calculable bias into the cxperiment, which is discussed

below,

PRECISION IN g DETERMINATION

. The' determination of £ from the azimuthal asymmetry of proton
scatterings in a polarization analyser is achieved 1if each event with the
proton scattering at an’ azimuth Py with respect to the A° production

plane. is counted with a weight

dPg\2
W, = PZ(QS,’ By ) sin® (Ps.<=a%> (&)

In this formula P(@s, Es) is the analysing power of the analyser for scat-

terings at energy Es and an angle @S .

The resulting statistical error in £ is

§p = (Z}Wi)-vz ’ (5)

in which the sum extends over lambda events containing useful proton scatters.



The expected error in an experiment in which N A-ecvents are
observed is

1

\2 -Ye |
5B = (N-<<§Zt) °A(Ep)>Av) (6)

exp

in which the average is taken over production and decay distribution of the
observed A - events. A( Ep) is the analysing power of the polarization

analyser,

E m
AE,) = No [ P aE- f 21Td(COS@)P2(®S,E)°=1-- (@S,E) (7)

J-’a’aﬁa’j‘f’ 2

o) (0]

where N, is Avogadro's number, A the atomic weight, and dE/ax the
energy loss per g/cm2 of the analysing material, and doyﬁw (@ 5B ) the
differential cross section for protons of energy WS .

The expression

< @% )2 A(Ep) >

Av

in eq. (5) will be referred to as the figure of merit of the experiment.

We have calculated A(E ) using the polarization and differential
cross section data for proton-—oarbon scattering compiled by Puterson.s)
An average value of 10 MeV proton energy loss duec to inelagtic interactions

was assumed. This curve is shown in Fig. 2.

III.  APPARATUS

The top view of the proposced sct-up is shown in fig. 3. The set of
carbon plate spark chambers, in which the transverse polarization of the
proton will be analysed, will be contained in a slightly modified vcrsion of

the University of Geneva polarimeter. The graphite plate spark chambers, most
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of which already exiét, are made of plates 1 cm thick; the total thickness
of carbon will be such to stop 400 MeV protons. The optical system of the

Geneva polarimeter gives a direct top view and a side view via a 45° mirror.

In practically all of the events accepted by the triggering system, the protc

will remain in the polarimeter.

The polarimeter will also contain
a) the thin platc spark chamber to observe the incoming pion direction;

b) a thin-walled 1liquid hydrogen target. The diamecter and leﬁgth of the
target are not critical, but the endsof the hydrogen volume should be as
QloSé;as possible to the spark chamber in which the lambda decay is
observed, For the present study we have assumed this distance to be 3 cn
and the target length to be 4 cm;

5)‘ the B counter, assumed to be 1 cm thick

‘d) ‘the thin plate dccay chambbr, 10" em thick;

e) the counters and T , the dunen51ons of the m detoctor are such

that it subtends angles from 30° +to 70° as seen from the exit of the
B counter;

f) a proton telescope cons1st1ng of - the counters Py and P> , and perhaps

a Cerenkov counter .

- OPTIMIZATION OP THE EXPWRIMLNI

The expcrlmont w111 use a systen of trlggerlng counters which will

: restrlct the angles and energies of the pion and proton from the decay of

the A° . The experiment must be optlmlzed to achieve the best p0551b1e

accuracy in the determination of f 1in a given amount of machine time.

The following gencral consideration can be made. We have assumed
that the experiment will be performed in a beam of negative pions of momentuw
1503 GeV/c with a maximum intensity of 3°10° pions per PS burst. This is
well within the performance of the g or m beams for a PS intensity of 10'2
protons per sccond. We aim in the first instance to take one ?hotograph per
PS puls¢. The optimization of the experiment aims at obtaining the best pos

sible figure of merit for a triggering rate of 1 trigger per burst.
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This optimization procedure uses a Monte Carlo programme on the
CDC 6600 which generates random artificial events with the production
and decay distributions of the A° , selects those which fit the geometric
constraints of the triggering system, lists the relevant quantities and

plots the corresponding histograms.

As seendgiom eq.(6) the figure of merit involves two factors
the sensitivity ?ﬁg of the measured polarization to B and the analysing
power A( Ep) of the polarimeter. To have the first factor large, one
prefers, according to eq.(3) A decays with & ~ 90°, X = 0°. These are
events in which the proton is emitted parallel or antiparallel to the A line
of flight. In the first case, the proton has in the laboratory preferentially
a high energy, in the second case, it is low. Fig. 2 shows that the analysing
power of the carbon polarimeter increases rapidly with energy. One therefore
prefers to select the events with forward emission of the proton.

These general arguments have led us to consider in more detail

the following two triggering criteria:

Cagse I : A forward going pion with a short projected range of
0.1 < R <2 g/cm ? (Ia)
or 01 < R o< 1 g/cm? (Ip) .

The corresponding low 7 erergy will leave most of the A energy to the proton.
Fig. 4 shows that the requirement of low 7 energy selects forward going

protons in the A° system almost independently of A momentum,

The original proposal used a triggering system in which the pion
went backwards in the laboratory. This system was found to have the dié—
advantages of favouring A° produced with low encrgy and therefore a low
proton energy, which makcs the polarization analysis difficult. We are grate-
ful to Dr, C. Rubbia for clarifying this point. In the prcsent system, we
trigger on m of large but forward angles. This has the additional advantage
that a hydrogen target can be used, with a gain in A polarization. We have
used the results of Crawforda) , that the polarization of A° produced by
1.03 GeV/c m~ is close to 100% over most of the angular distribution.
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For this reason the calculations have been done assuming a polarization of
1069@ for all values of the production angles. This, however, is an approxi-
métion which will be corrected in later calculations. The polarization of
the Abiimust vanish from symmetry considerations at (%f = 0% and 180°.

The polarization data of Steinberger’ )‘at 1.12 GeV/c incident pion energy
indicates that the polarization is small and negative forwalues of QE

less than 60°  This leads us to prefer a triggering system which accepts

a wide range of production angles. - o

Case TI., A minimum range for the profon

Rp > 60 g/cm?

No range requirement for the pion.

These two cases represent the two extremes for this type of trig-

gering. Intermediate cases will be studied in the future.

~Out of a total of 8600 artificial A events produced in the target,
1613 would decay after the anticoincidence counter in the charged mode.

The number satisfying the criteria Ta, Ib and II are 101, 44 and 7k .

Figure 5a shows the cos QK distribution for all the decays and
for the 3 selection criteria. The selection of forward @A‘ by criterium IT
is prominent, and is an argument against,because of the uncertainty of the
A polarization in this region, as discusséé above,

Figure 5b gives the corresponding distributions in'}3'.%§} .
It is clear that all three critcria select a sub-sample with high sensitivity
to B .

Figure 5c¢ + shows the distribution of the figure of merit as defined
in scetion IT. ‘The scleection criteria are quite equivalent with an average
figure of merit of 0.83 x 107 % for case Ia, 1.12x107 2% for case Ib,

and 1.17 x 1072  for case IT.



V.  BACKGROUND AND TRIGGER RATE

In the Cronin- Overseth experiment, with a very simple triggering system
* one picture out of three contained a lambda decay. With our more sophisticated
and selective triggering system essentially every picture should be of this kind.
As long as the trigger rate is the main limitatioﬁ on the number of pictures

taken in the experiment, this will allow a factor 3 more events to be collected.

The main 8ources of background triggers are the following:

a) charge exchange reactions.in which onc of the decay gammarays materialises
in the pion counter and the neutron gives a recoil proton through the
proton telescope. With reasonable assumptions about conversion probabil-
ities we arrive at an upper limit of 0.5 triggers per 10° incoming pions
of .such events. Without the Cerenkov counter, we would also have the

- sdme order of rate from events where a gammaray shower triggers the proton

~telescope.

b) Neutron stars in the last mm of the anticoincidence counter B or in the
thin foil spark chambers sending one particle into the =7 counter and
a proton into the proton telescope. The number of neutrons interacting
is about 10~ % per pion. Only a small fraction of these reactions produce
tracks of sufficient length to trigger the counters, for example by the
reaction |

n n
- T -
1’1+p + P P

, which
at a typical neutron energy of 300 MeV would have a cross section of only
335 geonme tric. We therefore cstimate that this effect gives a rate of

loss than one trigger per 107 pions.

¢c) Associated production with X{ in a charged decay mode triggering the
set-up. These events will be a small fraction of the events triggered
by the lambda, because of the lower probability for charged decay modes
and the diffefént decay kinematics. Furthermore the Eerenkov counter in

the proton télescope will rceduce these background triggers even umore.

S/L92L/k1
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d) Accidental coincidences of different types. The most impbrtant con-
tribution comes from an accidental coincidence of a count in the pion
bcounter with a trﬁé’coinoidénCé in the remaining counters. For a beam
rate of 10° particles/sec this accidental rate is much less than the
rates from backgrounds a) and ¢). This is partly due 6 the fact that
only photomultiplier noise and general room background pulses in the -
pion counter will contribute to the accidental rate because of the anti-

coincidence counter in the incoming beam,

Somecfthese csfimateé of the background are suppértca by the' résult of
a background test run 1n the q beam using a counter set-up similar to that
envisaged in thc expprlment  The trlgger rate found in these runs was of
the order of 3_10 6 per 1nodm1ng pion. In particular the contribution from
pion charge exchange was found to be small since the addition of a lead con-
verter in front of the proton telescope did not increase the trigger rate.
The result further supports our prediction that accidental rates will not

contribute appreciably to the background. .

The triggering-ratgﬁfbr the éXperimént hés'béon estimatéd:frpm
the Monte Carlo results. We aséﬁme an ihcident:pion”bgam.of intensity
3+10°/ burst, which corresponds to an instantaneous rate of 10° pions/scc.
Using the known lambda production cross section, the rate of é&ents'boming
from lambdas OrOdUde in the liquid hydrogen is 0.79/burst. We assume that
we will have approximately the same number of triggers coming from lambdas
produced in the end wall of the hydrogen target and the first 1 mm of the

B counter, which are useful events with lower A° poLmrlzation. The total

trigger rate, therefore, including a possible 209% contribution from5background

events is:

trigger rate ~ 2.0 eventS//burst.

This number has been calculated for the SblOOthn criterion Ib. Tﬁc rate can
be adjusted through thb use of a dlffurent range rnqulrbnent of the pion,
or by introducing a minimum proton range requirement (case II), or both.

The exact trigger requirements remain to be optimized as discussed above.
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BIASES AND FRECISION OF RESULT

The term

[+ PA(1-Y ) cos ] sin X

in the expression (3) for the measurcd transverse polarisation Pt
constitutes a bias in the determination of £ unless the determination is
nade with an apparatus which does not discriminatec between the two signs of
the angle X, between the proton direction in the A° system and the labo-
ratory system. This was approximately true for the very loose triggering
system and wide polarimeter of CO, at least to an extent such that the bias
was. within the wide statistical errors of their experiment. The more
reétrictive triggering systems we propose to use will introduce an asymmetry
in the X distribution, cs shown by the result of the Monte Carlo calculation,
which gives the weighted distribution in tg X of fig.6 and fig. 7 for

case Ia and case II. The average of tg X is 0.2 for case Ia,

The second term in ( 3) would then with @ =0.62 and for a effective

A° polarization of 0.8 give a contribution of 0.16 compared to the expected
theoretical value of f. cos X of 0.08. It is thus clear that this bias

has to be properly treated if we aim at an accurcte value for g,

Two mcthods offer themselves to resolve this problem. If
o and %& arc accuratcly known we can correct for the influence on Pt
using the mcasured distribution over X, without loss of accuracy. With the
present limits of error on « and assuming a 10% uncertainty in PA
this correction would give a systematic error of about 0,02 in pf, of the
sane order as the statistical crror. However, it may bc possible to determine
a and EA moré accurately in the course of the experiment, so that this

systematic error is made negligiblec,

The other method applies if a and ?A arce unknown or badly known
and consists in removing the asymmetry of the cxperimental data with respect
to X by calculating separately Pt for events within symmetrically situated
bins in the X distribution and to take the average between the values for

these bins. This method would not introduce a systematic error but would
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increase the statistical error, It can be shown that the statistical error
is not substantially incrcased (by more than 15% ) if the value of the

asymmetry is less than 3, as seems indeed to be the case.

More refined methods can certainly be devised which optimize the
accuracy of the final result also in the intermediate case with finite, but

non-zero errors in the values o and EA .

We therefore feel confident that this bias will not appreciably
influence the accuracy of the final result. More detailed studies of the

effect will, however, be made using artificial events.

The precision of measurcment of the ranges and angles involved in
the reconstruction of the decay will influence the accuracy of the final result,
via the angles‘ & and X in eq.(3) which are needed for the interpretation.
Freliminary éstimates indicate that these errors will be small compared to

the statiétical errors. However, a more detailed study will be undertaken.

VII. CONCLUSIONS

We find thaf we can gét an event rate of at least one per burst,
leading to 300,000 pictures in 60 shifts at 2.3 sec repetition rate. Our
estimated background event rate is low and we should have 200,000 good
A events. Witha figure of merit of 0.8+ 10~ 2 por event and an average
A polarization of 0.7, we arrive at a statistical error AB = 0,04, compared
to the present value of ref. 2, (Cronin-Overseth), LB =+ 0,24, which will be
improved by a factor of 2 in their present experiment. As discussed, system-

atic errors should be small or could be corrected for,

Manual scanning of 300,000 pictures and measuring of about 20,000
scattering events would requirc about 20 girlemonths. We intend, in col-
laboration with a group from the University of Lund, Sweden, to use a Vidicon
on-linc to the CDC 6600 for the immediate analysis of the results, with

simultancous photography, to be analysed with Luciole or HPD.

Testing time-invariance to this accuracy may require use of
dispersion thecory to interpolste the m—N phase shifts to the relevant

encrgy or possibly more accurate 7 p scattering experiments.

FS/L924/k1



In addition to the production run at the PS, we will need a
calibration of the polarimeter at the SC as an extension of the calibration
run forcscen by the Gencva group. We will also need 3 weeks of parasiting
in the final beanm for setting up and testing of the cquipment. We would be

ready for this in November-December 1965.
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Fig, 1

Fig. 2 :

Fig. 3 :

Fig. 4 :

Fig, 5

FPIGURE CAPTIONS

Diagram which illustrates thc co-ordinate system described in the
text. The systen is in the lambda rest system, with the z axis along
the lambda spin. The X axis is chosen such that the proton momentun
liecs in the x- 2z planc. The dotted line is the projection of the
laboratory momentun projected on the production plane, which is
close to the dircction of the lambda line of flight.

Proton analyzability A(E ) versus the proton kinetic encrgy.
This function is differential scattering timcs the square of the
analysing power intergrated over the scattering angles and inte-

grated over the energy range O to EP o

Diagran of the apparatus. The top vicw of the polarimeter of the
University of Genewa is shown., The dotted lines indicate the cross
section in the side view., The trigger requirement is (B, B s T,
;, Py, P2, ¢ ). All the counters are plastic scintillators

v v
except C which is a lucite Cerenkov counter.

Kinetic energy of the pion Eﬁ versus the angle & Dbetween the
proton momentum and the lambda momentun in the contre of mass system
of the lambda. Curves are drawn for diffcerent lambda laboratory
momenta.

Results of the Monte Carlo calculation for three triggering re-
quircments and for a complete samplc of events. For each quantity,
four distributions arc made:

1) A complete sample (shown at bottom). This distribution is
similar to that in the experiment of CO. The vertical scale for
these histograms are reduced by the factor shown in the lower

left hand corncr.

2) The events in which the pion enters the pion detcctor with
Prog
m

of thec pion in carbon and @w is the laboratcry angle with rospect

to the beam line) is between 0.1 and 2.0 g /cn® (Case Ia).

the projected range (R = Rncos @ﬂ , in which Rw is thc range
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Mg,

Fig.

Fig,

Fig.,

Fig.

5a 3

5b @

-1l -

3) The events in which the pion enters the pion detector with

the projected range between 0.1 and 1.0 g/cm2 (Case Ib).

4) The events in which the projected range of the proton is
greater than 60 g /cn® of carbon (shown at top). (Case II).
The following quantities are plotted in each set of histogranms

with the same horizontal scale.

The cosine of the emission angle of the A° in the production
centre of mass system. In the gencration of the events, the
known production angular distribution was used.
/APy
7)
EA was set equal to'unity and the theoretical value of
B
th dPt 2
The figure of merit for each event <§7§> A(Ep), which is

described in the text.

The quantity §£ described in the text. In the calculation

= - 0.08 was used.

Weighted distribution of tan X for the cvents selected by a
maxinun pion range of ZBP g/zcm2 (Case Ib). The weight for cach
cvent is the quantity <ﬁj§> .A(Ep) as described in the text.

Weighted distribution of tan ¥ for the cvents selected by a
minimum proton range of 60 g/cm® (Case II).
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