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TH{E IDENTIFICATION OF HIGH ENERGY AC's, AOt's AND

09's IN BUBBLE CHAMBER EXPERIMENTS

1. INTRODUCTION

In order to make efficient use of a large propane chamber in
conjunction with beams from the PS, it is essential that the
processes occurring in the chamber can be analysed with a good
amount of certainty. In some high energy experiments involving
strange particles one of the difficulties encountered is the
identification of the decays:

AO - p 4+ 1 +ev37 MeV,

7? - P+ +a37 MeV,
6° (or 6°) - ' + 1" +mn 214 Mev,

due to the kinematic similarity of those decays at high energies.,
In this report we present a rough estimate of the probability of
identifying a /P, ff or 8° as a function of the momentum of the

decaying particle, in the momentum range from 1 to 25 GeV/c.

Two general cases have been considered. In case I we have
assumed that the total decay angle, the partial decay angles and
the two secondary momenta are measurable, whereas in case II the

above angles and only one secondary momentum are measurable.

To investigate these problems we considered three methods of
analysis of neutral V-events:
a) the calculation of the Q - value;
b) the use of the o - p, diagram;
¢) the use of the o - £ diagram;
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where o and € are the well known parameters of Podolanski and

Armenteros 1 .

We have assumed that the identification of these particles
is determined solely by the decay scheme and have ignored the
possibility of further information from the production interaction
or from interactions of the decay products, or from ionization
measurements, Only identification of individual events was
studied; for instance, the statistical distribution of the events
in the a - % diagram which is often made was not considered.

To estimate the errors in the computed quantities involved,
what seem reasonable errors in the measured quantities (momenta
and angles) were assumed., Computer programmes have been used to
calculate the kinematics and the associated errors., When
experimentally determined measurement errors for a particular
chamber are known it will be a relatively simple matter to replace

our guesses at these quantities by the actual wvalues.

In what follows an "identifiable /P” means a V° not compatible
with the decay 8° = n' + 7. An "identifiable 8°" means a V° not
compatible with the decays Af - p+ n and 7? -~ P+ . Three-
body decays have not been considered.

It was assumed that /Ps, }EFT; and 6°s decay isatropically in their

rest framee

(1Y : J. Podolanski and R. Armenteros: Phil. Mag. 45, 13 (1954),



2., NOMENCLATURE

Below is a list of the symbols used in this report and their

meanings.

o o
momentum of /\ or € ;

= momentum of positive decay product ;

= momentum of negative decay product ;

= transverse component of momentum of either decay product ;
angle in laboratory system between positive and negative
decay products (decay angle) ;

= angle in laboratory system between positive decay product

J{S S SO
i

and direction of primary particle ;

angle in laboratory system between negative decay product

S

and direction of primary particle ;

angle in centre-of-mass system between positive decay product

L
*
i

and direction of primary particle.

3, CASE I, IDENTIFICATION WHEN P,» P_s Uﬂ}<fl AND({’ARE MIEASURABLE

3,1 Identification by means of Q - values

For the case of a /P decaying to a proton and a m , for a
given momentum P of the ﬁe the angle@* was varied between 0° and
1800, and the two secondary momenta P, and p and the decay angle

@ were calculated as a function of (P*,

It was then assumed that these values of P,s D and q9referred
to a 0°, and the corresponding Q(m, n) - values were calculated.
To calculate the errors AQ(m, %) in these Q(n, n) - values the

following assumptions were made.
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a) In a heavy liquid bubble chamber the main source of
error in momentum measurement seems to be multiple
scattering. This error can be calculated, and is found
to lie roughly in the range 4 - 10% for particles of
momentum greater than 1 GeV/c in most of the liquids
currently used in large chambers, assuming a track
length of about 50 cm and a magnetic field of 20 000 gauss.
Consequently the assumption was made that the error in

momentum is = 10% and is independent of the value of the

momentum,.

b) The error in P is X 1° , which seems to be a realistic

estimate.

¢) The contributions of the errors in these three quantities

are independent: *)

/
£Q- (R_FC:B +) (fDuAF) <m& A‘P) 27% -

Fop

To be able to conclude that alq? is not mistaken for s OO,
it is assumed that the Q(m, n) - value as calculated above must be
at least two standard deviations away from the Q - value of the Oo,
this latter incorporating the experimental error of one standard

deviation.

) g

he expressions for errors are given in full to indicate

precisely which variables were used in their calculation.
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Accordingly, for a given ﬁf momentum curves of Q(mn, =n),
aln, n) + 2. AQ(n, =) and Q(n, n) - 2.AQ(%n, =) were plotted
as a function of %9*, On the same graph was plotted the Q - value
of the QO, taken as 214 : 5 MeV. The region of overlap represents

those j\o's which would not be distinguished from a 0°.

Since the curves are plotted as a function of {P* the

percentage of ﬁf's which are distinguishable is readily obtained.

This procedure was repeated for various ﬁe momenta, the
diagrams for fe's of 1, 5, and 10 GeV/c being shown in figures
1, 2 and 3 respectively. The resultant percentage of
distinguishable fe's is plotted as a function of the‘ﬂf momentum in

curve A of figure 4.

To find the percentagce of 0°ts which are distinguishable from
f@'s, the above procedurs was applied to the e° - decays. For a
given momentum P of the QO, @* was varied between 0° and 1800,
and P,y P_ and Y were calculated as a function of @*. The values
of P,y P_ and P were used to calculate @(p, m) - values on the
assumption that they referred to a /\O, and the above criteria
were again applied. The diagram for 0%s of 5 GeV/c analysed as

/?'s is shown in figure 5.

We assumed that if the @(p, n) + 2. AQ(p, =) and
alp, n) - 2.Aa(p, ©) - values lie in the range O - 50 MeV the
0% was not distinguishable. We see from figure 5 that even if
we extend this range to 0 - 100 MeV the percentage of identifiable
0%'s is not greatly affected. The percentage of identifiable

0 . 0 . ; . .
0 's as a function of O  momentum is shown in curve A of figure 6,
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It is important to notice that the Q - value criterion gives
the percentage of Oo's wnich are distinguishable from [f's and

from ZF'S.

An important feature of the above analysis is the following.
In deciding whether a /f of a given momentum was distinguishable
from a OO, no assumption was made about the womentum of the OO.
Consequently the figures obtained refer to the distinguishability
of a N of given momentum from a 0% of any momentum, and similarly

for the identification of a 0°.

3,2 Identification by means of the « - pt diagram

Let us consider first the fﬁ's. As in the case of the
@ - value criterion, for a given momentum P of the fe the angle
(P * was varied between OO and 1800, and P.s P_s %1, #’- and ¢ were
calculated as a function of 47*3 We then assumed that p, and p_

being both measurable, the parameter a is calculated from the

expression:
2 2 2 2
P, - P_ Py = P_ (2)
o = 5 - = 5 >
P p, + P_ +2p D cos P

and that its error is then given by

/

ax- (;‘%AB)—F( p)+( o )2 2 )

Due to the fact that in ff decay P, is greater than p , we
used p_and P  to calculate p, in order to keep the errors

as small as possible:
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The curves of a plotted as a function of p, are ellipses such as
those shown in figures 7 and 8. The dots on the ellipses

correspond to values of QQ* from OO to 180o in steps of lOO.

To determine the error in a, it was assumed that as before
the error in p, OT p_ is constant and equal to 10% of the momentum.
The errors in P and (P were optimistically taken to be Io.5°
and the error in P to be x 0.70. Hence the standard deviations
in o and p, were calculated, and twice these values plotted on
the a - p, diagram for values of P from 0° to 180° in steps of
10°.  This is shown in figure 7 for the case of 5 GeV/c A”'s,

the ellipse for the 0%1s also corresponding to 5 GeV/c°

As in the case of the Q - value analysis, it was assumed that
for a jYD to be distinguishable from a Qo, the point on the
diagram corresponding to it must lie at least two standard
deviations away from the 0° curve. The range of values of (P*
for which this condition is satisfied gives us the percentage of
identifiable j\?‘s of a given momentum, This percentage is
plotted as a function of the _ff momentum from 1 to 25 GeV/c in

curve B of figure 4.

Referring to figure 7 it is seen that the error lines
representing two standard deviations in the «'s of the pf fall
very close to the o - p, curve of the 0° for small C.M. angles 9792
and it is largely a matter of taste whether toe /X?‘s are
considered distinguishable or not. The results represented by
curve B of figure 4 were obtained by applying strictly the
criterion described above, i.e. considering as identifiable all
ff's corresponding to small %7* for which two standard deviations
of o fall outside the a = p, curve of the QO. The result of this
is that the percentage of identifiable j\?'s given by the o - Py

analysis (curve B of figure 4) is apparently appreciably higher
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than the percentage of identifiable .Ap's given by the Q - value
analysis (curve A of figure 4). Now, in the Q - value analysis
we included the uncertainty of 5 MeV in the accepted Q - value of
the 0° (214 ¥ 5 Mev). %)

included in the o - P, analysis since the e° mass uncertainty will

This same uncertainty can be

lead to an uncertainty in the value of o for the o°. If we take
this into account, the /\O's corresponding to small values of LP**
will no longer be identifiable. In tnis case the number of
identifiable fP's given by the a - Py criterion is the same as

that given by the @ - value criterion, i.e. by curve A of figures 4.

Similar use of the a - Py diagram was made to obtain the
percentage of identifiable 0%1s of a given momentum, Figure 8
shows the plot of two standard deviations of « and of P, for a
0° of 5 GeV/c, for P * ranging from 0° to 180° in steps of 10°.
In the same figure the a - p, curves for 5 GeV/c /f's and 7F's

are given.

The percentage of 0%'s that are distinguishable from /f‘s
and from._ﬁF's as a function of the ° momentumn, obtained from the.
@ - Py diagram, is again given by curve B of figure 6. If we
ignore the ]P's, the percentage of 0%1s which are distinguishable
from'/f's is given by curve B of figure 6, situated half-way between

curve A and the line corresponding to 100%.

—_

This takes into account the proposed shift of the Q - value of
the 0° to 219 MeV (A.H. Rosenfeld, F.T. Solmitz and R.D. Tripp:
Phys. Rev. Lett., 2, 110 (1959)).
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3.3 Identification b~ means of the o - £ diagram

In order to use the a and Evparameters, we constructed on the
o - & plane three families of curves corresponding to constant
P, P_ andn%’* respectively, for the ]\o and the OO decays. The
curves relative to the 0° are shown in figure 9,

H

Let us consider first the identification of ff's. For a

. 0
given /\ momentum, values of P, p_,»Qﬁl, QCL and.QQ\Nere calculated

as a function of P*, as described in section 3.2. Then o and
A X have been calculated from expressions (2) and (3), and £
and A€ from:

EZQP'[: f) /Q 5/}? (P / (5)
T(ErErzpEest]E

£=|(== FAP*) (De M ;Mﬁ@% AKQZ z (6)

The errors in momenta and angles are the same as those assumed

in section 3.2,

For each Jﬂ? momentum we calculated a set of values of «,
Ao, €, A | ° °
o, , corresponding to each value of q9* from O to 180 1in
0 + As ) + ﬁSE
steps of 10 . The values of a - 2.00a and & = 2.
corresponding to a ff of a given momentum were plotted on the
a - € plane of the 0° - decay. The ranges of values of P, and p_
covered by these errors were then read from the diagram. The
/\O was considered not identified if these ranges of values of
P, and p_ covered the values corresponding to those of the x+ and
n emitted in the decay of a 8°. The momentum of this 6° was
taken to be equal to that of the AO, but a spread was considered

as the V° momentum cannot be determined precisely from the

measured quantities.,
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Figure 9 shows the plot for A’'s of 1 GeV/c.

This procedure was repeated for various values of the j&o
momentum, so that a curve of probability of identification of a
/\O as a function of the _ﬂe momentum was obtained. This curve

is practically the same as curve A of figure 4.

The identification of.OO's from the o« and & parameters was
treated in a similar way. Values of « YT o.0aand EX2.0E
corresponding to a given momentum of 0° were plotted on the o - &
plane of the ;Ai_decag. The resulting ranges of P, and p_ were
compared with the values corresponding to a /\O, in the same way
as described above. The probability of identification of a 0°
as a function of @° momentum, given by this criterion, is shown by
curve D of figure 6. If the 0°'s are to be identified from both

0 AC . .
Ats and A 's, curve C is obtained.

4. Case II., IDENTIFICATION WHEN (FL’ 99 9 P AND ONE MOMENTUM

ARE MEASURABLE

When only one secondary momentum can be measured well the
resultant errors in the Q- value are so great that the Q - value
becomes a less reliable criterion. Consequently only the

@ - P, and o - E analysis were considered in tuis case.

4.1 Identification by means of o - 1 diagram

As only one momentum is well measured, it was assumed that «

and its errors are calculated from 99+ and q’ :

sin (LP— ~ S0+)
Sin <(fL + 9Q+.)

X =

(1)
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Even with the optimistic assumption mentioned in section 3.2
that Aqﬁ_and AKP are h 0,50, the errors in « are now much
larger, by a factor between 2 and 5, than those obtained solely

from errors in momentum.

The transverse momentum and its errors were calculated from
P andlp .

By repeating the analysis described in 3.2 it is concluded that
due to the large errors in o the number of identifiable /\O's is
very much reduced. The «a - P diagram for a /\o of 5 GeV/c is
given in figure 10. The percentage of;ﬂ?'s which would be
identifiable is shown in curve C of figure 4, as a function of the

f\o momentum. The percentage of identifiable /\O's in this case

is much smaller than in case I.

An example of a similar analysis for 5%1s is given in
figure 11 for a 0° of 5 GeV/c. The percentage of identifiable
0°1s as a function of the 0° momentum is agalin given by curve A
or B of figure 6, depending on whethcr the )Ka's are or are not
included in the analysis. The result is that the percentage of
identifiable 0%'s of a given momentum is in this case the same as

that obtained in case I.

4.2 Identification be means of the o - E'diagram

In case Il it was assumed that o and.[ka are given by

expressions (7) and (8) respectively, and € and A Evpy:

£-__2 sin®. sin Yy

sin (kﬂ—(r-w_l,j 2
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3
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Even with A(P+ = A(P_ -z 0.50 the errors in € are much larger
than those given by expression (6). The curves of constant P,
and p_on the a - E;plane were used as described in section 3.3,
The result for 'Ao's is again given by curve C of figure 4. In
the case of 0°'s the result is worse than is shown in figure 6,

curves C and D, and was not plotted.

5., TIDENTIFICATION OF ANTI - A°ts

As a consequence of the symmetry in the decays of the /\O

and ﬁ@, the results given in figure 4 are valid also for the ]E.

6. CONCLU:ZIONS

It is worth repeating that we assumed that the only
information available is that from the decay scheme itself, except
for the point of production of the v° in the case when q9+ and

QP_ need to be determined. We did not consider a statistical

distribution of events.

It is also worth emphasizing that, apart from the criteria
adopted, the results expressed in figures 4 and 6 must be taken as

approximate, and should not be trusted to better than 5%.
Under the assumption that the secondary momenta are measured

with 10% error and the partial angles to : 0.50, the following

first two conclusions are reached.
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1) When 99+, 99_, ¥ and both secondary momenta are measurable,
the percentage of identifiable .Ao‘s as a function of J\o momentum
is given by curve A of figure 4, whichever of the three methods

of analysis is used., The percentage of identifiable 6%'s as a
function of 0° momentum is given in figure 6, as explained in the

legend.,

2) When Y9+, Qp 9 ¥ and one secondary momentum are measurable,
the percentage og identifiable /\O's is given by curve C of

figure 4. /Ya‘s with momentum greater than about 3 GeV/c will
not be identified. The percentage of identifiable Oo's will be

the same as in case I, provided one uses the a - Py diagram.

The reason why the o - Py diagram gives the same result for
the 0°'s in cases I and II, and gives a much worse result for
/\O's in case II than in case I is the following. The
identification of a 0° by means of this diagram depends strongly
on p,, which was made to have the same errors in both cases, wihile
the identification of a /\O depends on a, which has larger errors

in case II than in case I.

%) In many cases in practice it will not be possible to measure
all the quantities used in case I (e.g. the decay may occur near
the edge of the chamber, the tracks of the secondaries may be
shorter than the 50 cm mentioned in section 3.1, the accuracy
may not be uniform through the whole chamber, etc.). Since the
probability of identification of a /\° found in case II is so
very much worse than that of case I, it seems that the realistic
probability of identification of /\O's will be appreciably less
than that given by curve A of figure 4. On the other hand when
the point of production of a 2° is known (which will generally
be the case in a bubble chamber), the proba»ility of identifying
the 0° decay will never be much smaller than that given by curves

A and B of figure 6.
PS/1393
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4) The percentage of identifiable N 's as a function of the j\

momentum will be the same as that for the ff in cases I and II.

Finally, if the errors are different from those we assumed,
the results can easily be changed by substituting in expressions
(1), (3), (6), (8) and (10), the new errors assumed.

We should like to thank Drs. R, Armenteros, B.P. Gregory

and A, Lagarrigue for profitable discussions.,

R.A., Salmeron.
R.G.P. Voss.

Distribution : Magnet Group

Parameter Committee
(open)
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