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Introduction

At the present time it is almest certasin that the w-meson
decays mainly according to the mode w ot nT o+ oae. Since the
charge parity of the w-meson is negative the decay mode w — 3n° is
forbidden, but radiative decay modes w — mn + y, where m 2 1, are
permissible, Az shown in the thecretical work of Kobzarev and Okun
the small width of the w-meson cbserved experimentally means that
the probability of radiative decays may be rvelatively high., In
particular, the theoretical estimates of the ratic between the probabi-
lity of the decay modeés (w = n° + Y)/(m T n°) give a value
of ~ 0.2 2'. On the cother haﬁd, among radistive decays of the

.
w = un® + v  type, the decay w — n® + vy should be predominant )).

The existence of w-meson decays into neutral particles has

4-6)

been confirmed experimentally by several authors o The average

+ v . , A . .
(w =" +n + n°)/(w - neutral particles) probability ratic according
to these authors is 5 + 1. However the nature of the neutral products

of w-meson decays was not established in these experiments,

The purpese of the present work is o prowvide evidence for

the decay o —= n° + y.

Theory
Let us consider the radiative decay, according to the mode
X = u® 4 v = 3y, of the neutral vectorial X°wmeson with negative
internal parity. This decay is described by three diagrams, one of
which is reproduced in Fig. 13 the others can be obtained by permuta-

tion of the final y-gquanta.

The matrix element of the decay X° - n° + v is written

N

£ B5]
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where o = 1/137, ¥ and ¥ are the four dimensional momenta of the
n®-meson and the photon, eY and 9y Gre the wave functions of the
photon and the X°-meson, and Lx is the decay constant with length
dimensionality. The matrix element of the decay n°® — 2y can be

written as follows :

M = al

7 7 Eaﬁyﬁ Koo &

(1)8(2) (2)

26 Ty &

where K, end K2 are the four dimensional momenta of the photons,
9(1) and 9(2) the wave funcltions of the photons, Lﬂ the decay
constant linked to the probability ' of the decay n° — 2y by the

relation

where ig the mass of the n°-meson,
'ﬂ: , .

‘By chocsing the n°-meson propagabor as follows

oy _ :
D(K°) = o B (n- /27 ] {(4)

where %the complex addition to the mass m takes into account the
instability of the n°-meson, one can, on the basis of diagrams cf
the type shown in Pig. 1 and relations (1), (2) and {4) cbtain the

matrix element of X° — 3y decay :

Fuw

] ) 27
M o= Mg My Di(p~Kj) J
1

(5)

J

where the sum according tc J corrvesponds to 3 possible X° - 3y

decay disgrams.
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The probability of X° — 3y decay cof an X°-meson in motion

is expressed by the matrix element according to the formula

aokq aoks a°

8 (2n)9

e ] 2 4.4 K3
gw = =y 1M (o) (p-K?—K2~K5) — (6)

17273

where ¢ and E  are the four-dimensional momentum and the energy of
the X°-meson, Kq’ Kg, K5’ and Wqys Wps wj are the four—dimgnsional
momenta &nd the energy of the photons. Since P/m ~ 10 7, only the
real n°-meson states contribute to the probability (6) and when
F/mn ~ 0 the expression (6) takiﬁg into asccount the equation (3), (4)
and (5) can be writiten as follows

aLz(m2~m?) -

RO . . 2 ga(sz ~m2+m2) + 8(2pK -m2+m2) +
12,31 (on ) B T7xn 2w

3K1 d3K2 d3K3 4(p-K ~K K ) (7)

2 2
+ & (2pK_-m“+m )%
; A 7x 0w 1 2 3

Thus it is found that the probability of X° - 3y decay does not
depend on the probability of n° — 2y decay. This result was not
unexpected, since on account of the small width of I' the n°-mesons
will decay into 2 photons over distances much greater than the
characteristic area for X° - n® + vy decay (1/T ~ 10 /m , whereas

~ /1. 6m_ )).

By integrating expression (7) by means of the 3d-functions

one obtains

2, 2 2y 2 2 2
oL {m”=n)Im m”~m
dw,: X X T i X T +
2 ( - 2 2. 2 Bq4012
288E(2r) (b~p005®1)(E~pCOS®2)«(m -m)8in® Zl2
i X T
+ L 40050 ,dC080,4dg
30 5 5. 2. 26 2
Sin’"12 vq&x+mn) Sin" 12 4m (BE-pCos0, ) (E-pCos @, )
2 2

(8)
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Where ®1 and @2 are the angles of flight of 2 y~gquants in rela-
tion %o the direction of motion of the X°-meson, ®12.the angle between
these y-quanita and ¢ the azimuthal agﬁle of ogi of the yuquant&

in relation to the plane containing the K1 and p vectors. It
should be noted that the first item in (8) describes the distribution
according to the angle between the y-quantum from X° — n°® + v decay
and one of the y-quanta from n° — 2y decay, and the second item.

refers only to n° — 2y decay.

Now, assuming in (8) that p = 0 and integrating with

respect to @ one obtains the angular distribution of the Yuqﬁantg

12°
in the  X°-meson rest system :
aLi (mi—mz)3 .
dw = L - dCos0,dg : (9)
253 1772
96(211) m:)c R S

It is clear that the momenta of the 3 y-quanta from the
decay of the X°-meson at rest are in the same plane, How, Supposing
one returns to the system in which the X°-meson is in motion, on the
basis of geometrical considerations’ and relativistic angle transforma-

tion formulae one obtains the relation {see mnnex)

cos § - s o
V1~v2+‘v281n2®18in2@2 |

where v = p/E is the velocity of the X°-meson and the angle of
aperture of the circular cone on the surface of which are located the
momenta f1 fé and. 23 of the 3 y-guanta from the X°® — n® + y — 3y decay.

This cone will-be referred to as the "decay cone'.

By using expression (10) and integrating with (9) we obtain
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bf aperture

the probability distribution according to the angle of aperture of

the decay cone :

x X T
d.'W = - j * bt 2_& (11)
96.(2n).mx Vv Sll’l 2
as shown in the annex,
mx
2 aresin =g B K 7 (12)

By integrating (11) within these limits one finds a total probability
2 2
of w = q Li (m -m_ )3/96nmx3, which agrees with the results of the .

work of Kobzarev and Okun /.

From (12) it follows that the decay come has a minimum angle

Brin for which

Sin 5 B (15)

Thus having éstablished the existence of X° ~ 3y decay experimentally,
by studying the distribution of decays according to the angle § ocne
can obtain the wvalue 3m1n and asssess the mass of the particle m
using the relation (13), and also compare the experimental distribu-
tion dw/d@ with the theoretical distribution (11). This is the basic
method for discovering w — n° + vy decay, developed and applied in

this paper.

Experimental section

W= n° + v decay was studied investigating the reaction

A N (14)



For this reaction in thae n -meson-proton centre of mass
system, the w-mesons have a constant momentum which can be calculated
according to the known momentum of the n -meson in the laboratory
system. Thus in the n p cenire of mass system the reaction (14) is
a source of mono-energetic w-mesons ahduiﬁ'brder to adapt the data
measured to this system, one can use the method of identifying

w ~n® + vy decay described in chapter 2.

The reaction (14) was studied with a & -meson beam of the
proton. synchrotron of the Theoretical and Experimental Physics
Institute. The x beam had a momentum resolution of 4% as shown
by measurement using a live wire in a magnetic field. A 17-1itre
bubblg-chamber 7) wog placsd in this beam; it had o useful observa;
$ion volume of 15 x 22 x‘48 em’ and was filled with a mixture of
05H8 propane and xenon. The density of the mixture was 0.84 g/omg,
the weight content of xenon in the mixture being 57.3%. The chamber
worked Wifhout a magneiic field, The working liguid used was highly
efficient for recording radiative processes, The y-quanta were ‘
observed in the chamber upon conversion into electron-positron pairs.
To increase efficiency, the n Deam was collimated so that its
section measured 4 x 14 cm2. Moreover, the statistlics included only
those events cccuring in the fipst three~quarters of the volume of the

chamber.

'lExﬁeriments were carried oub with 1,25 BeV/c, 1.55 BeV/c and
2.8 BeV/c n -nesoms. 11,000, 20,000 and 60,000 stercoscopic photo-
graﬁhs mére taken res@ebtivelﬁ. ::EQenfs'of interest wore'souéht by
tro in&ependoﬁt scanning oporatiohs.  The cfficiency of this double

scanning wes 95 to 96%.

The events sought were those in which three or more .electron-
positron conversion pairs were directed towards the stopping point of
2} nuwmeson, provided that the stop was not accompanied by any tracks
of nuclear interactions (zero prong stars). . The events found were

interpreted as being the result of such interactions of n -mesons

T149/p



with free hydrogen or with protons of € - Xe nuclei which gave rize
to charge exchange of protons and generation of one or more neutral

p rticles, which then decay into y-guanta. For instance, an event
with 3% ye~qu anta can be brought about by the reaction T+ p = n
w=n + 3y or the reactions =« + p —n + m° = n+ 2my {m > 2), when
only 3 of the 2m y~guanta are recorded in the chamber, It is evident

that everts with 4 y-quanta also have their source in the reaction

- -

n +p=n+m® (m) 2) or for instance the reaction = + p ~ n + - 1
with subsequeny decays of n° — 2y and 1 — 2y etc. Thus for the

basic process n  + P~ n + 3 the accompanying reactlons are a source

of background noise, How to deduct this background will be discussed

in detsil later,

The majority of events found were measured on a stereo-
projector in which the image of the event photographed in the chamber
was reconstructed in space by means of the pairs of stereoscopic

photographs. For each event with any given number of pairs we measured :

(1) Potential lengths f» i.e. the distances from the n -meson
stop to the limit of the useful volume of the chamber along

the line of flight of the y-guanta recorded for this event.

(2) 8, angles between the y-quanta and the direction of the

- ~Mes 0N,
(3) 8,5 043 ®23 etc, angles between any given pair of y-quanta,

The mean accuracy of measurement of the angles was + 1°, Moreover
for part of the events the distance Ty from the n ~-meson stop to the

beginning of the conversion pairs was measured,

The values e and ﬁk were used for the experimental

determination of the conversion length £,+ The same method was used
8
as for measuring the lifetime of A hyperons + The value BO was

determined from N = 1977 events by the equation 3
.

L,
1 J
by = ﬁsz;(rj +é¥57ﬂo_1> (15)

7149/p
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and was found to be 17.8 + 2.2 cm, It is evident that the value of
ﬂo g0 obtained is a mean value for the energy spectrum of the y-quanta

recorded in the chamber.

For all the events measured and for each conversion péir the
potential length mk was used to calculate the recording efficiency
of separate Y—duanta n = 1~exp(—£k/ﬂo) when £ = 17.8 cm.  The
mean value of ﬁ was found to be different for cvents with different
multiplicity. When the number of y-quanta increases 17 decroases,
since the nunber of events with +y-guanto 2t larges angles %o the beam
grows, which on account of the shape of our chember leads to a_réducn

tion of ¢ Furthermore 1 also depends on the energy of the

k*
n -LDCSONS, When the energy grows n also incresses, because the
forward stretch azlong the chamber becomes greater. The wvalues of g

were found to be between 0.50 and 0,65,

-TheIVﬁlues obtnined for 1n for ench group of events with a
given meltiplicity aﬁd for o given nmomentum of the n -mesons werc used
to calcoulante the probabilitics of recording 1 vy-gquonte out of X
which would be nceded later. These values wére calculated according

to the formula

$oei, ey kei ;
Py = o 0 (1-7) (16)

where C; ig the number of combinations of K elements by i.

o, Yor the calculation in each case of the angle of aperture
of the-decay oone in the n p centre of mass system, the measured
angles 8, were adapted to this system by means of the usual foraulae.
The angles between the y-quanta were adapted to the centre of mass

system éccording to the formula :

(1nB2)(1-Cos@ik)
Cos®'yy = 1 = ‘ (17)
(1—BCos®i)(1~BGos@k)

where B is the velocity of the = p centre of mass system,



e Results obtained and discussion of these results

The distribution according t¢ the number of -conversion

pairs of the events found is given in Table I.

Table T
Momentum of Thernumber of events with ¥ Y-quanta'
the n-mesons

in BeV/co N N N N
Bev/o | 3 4y 5y 6y
1925 .40 13 y -
1455 118 25 6 2
2,80 : 43%3 136 5% 24

Let nk"be the number of m + p - n + ky reactions whioh
have occurred in the chamber during the experiments. Then the number

of reactions with K y-quanta found can be writien as follows 3

N3y = Pszfy * Pyyfy + Pysls o Prghg

Ny = PagPs T Pysts t Pyete (18)
Y5y = Pssfs * Psghg
Vey = Pec®6

where represents the probability of observing 1 y-guanta out of

P.
K, calcuiZted according to formula {(16). Resolving system (18) for
all three distributions of NkY shown in Table I (with correction of
t?e figures NkY for scauning efficiency) gives the number of

n + P -—n+ 3y rezctions which we are seeking, according to the
momentum of the @ -mMesons. The result expressed =3 & parcentage of
the total number of 8li n -meson interactions at the given momentum
is shown in figure 2, In order to determine the total number of
interactions special scanning of part of the films was carried out

For each of the three groups.

7149/p
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Thus the experimental distridbutions. of the reactions found
acoording to the number of conversion pairs and the recording proba-
bility already give an unambiguous indication that at energies of. the
m -mesons 2 1.2 BeV there is a considerable source of 3 y~quanta in
T -p collisions which are not acoompanled in the photographs by tracks
of nuclear interactions. It was assumed that the main source of
these 3 y-quanta is the w-meson, namely that the phenomenon observed
by us can be explained by the reaction =n. + p=n +w =1 + 5° + v
- n + 3y, ooccurring in the range 1.25 - 2,28 BGV/Ch The threshold of
this reaction is shown by an arrcw in figure 2, It can be seen that
the section o5 of the process 7 + p - 1+ 3y increasgs‘sharply
exactly after fhis threshold, which is strong evidence in favour of
the above hypothesis. In figure 2 is also marked the point correspon-
ding to the result obtained st Saclay at 1.15 BeV/o 2) when the

reaction n + p—on + w —n + 3y was not observed.

Let us consider other possibvle sources of the n; + p—=n+ 3y
reaction apart from the w-meson, One of the other possible reactions
may be the formationm of p°~meson, the mass of which is close to the .
mass of the ‘w=meson and ite radistive decay p° = rw® + v — 3y,

However, in the energy range concerned, the cross-sections of the
reactions n + p-on+w and § + p—n + p°. are about the same and
for the same number of w and p° mesons the decay ratio (p° — mn°® + Y)/
(0 — 71° + v) =T 7 /P I*  where T’ and T are the widths of the
w- and p° rGSOLSHGgS,andp r , &nd wP areptheir radiative widths.
Further, wa 2 PYP and oonsequently (;°‘4 e+ v)/(w T ne 4 y) Pw/P .
But experlment ghows that T /P < 0.1 and from theory it follows
that D /P ~ 0.01, which means that in this paper the decay p°® - n° + vy
can be neglected° A more appreciable source of the T+ p-on o+ 3y
process may be the reaction n + p —» Z° + K° + n° = A + K° + 3y when
K° and A-particles are not recorded in the chamber. However, . at

248 BeV/c this reaction can simulate no more than 5% of all =~ + p ~n
+ 3y  reactions, and even less al other energies. These conversions
were made according to the number of A pnd K° events found, taking

into account the recording efficiency.

7149/
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In order to control the correctnass of the results shown
in figure 2 we proceeded as follows. Concurrently with the search
for events with three or more vy-quanta, reanciions were sought with

1 and 2 y-quanta in all three series of photographs, i.e, the values

N and N vrere determined. I+t is evident that
Ty 2y
'N‘jY == 'p_121l2 4 1)131'}.3 s e aae + :O'}6rl6 (19)
and
ar . )
o, = Poplip + Doghis + eeees t Dol | {20)

From expression (20) in combination with (18) all the n,  numbers

of n 4+ p-—n+ky (K »2) reactions were found, and the value

N1Y was then calculated according to the formula {19) and compared
vwith the number of events with one y-quantum found, from which had

been deducted the possible contribubtion from the w4 p o K° 4+ T°

- K® + A 4+ v resction, when K° and A are not recorded in the
chanber. This contribution was westimated for 1.55 BeV/o and 2.8 B@V/c
according to the number of these reactions found, taking into account
the recording efficiency of strange particles. The results are given

in Table II.

Table IT

. |
Momenta of I Value of N
T=IIGE O | Ty
BeV/c .
Found by scanning
‘C&lculatod recording | (after deduction of
| to formuls (19) tho contribution
l from strange par-
} ticles)
1,25 D227 t 44 247 *+ 16
1455 . 308 £ 55 383 + 23
2,80 [ 501 + 75 611 + 6O
!
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As can be seen from Table II both wvalues of N1Y agree,

within the error limits.

In order at this stage to apply the method of identifying
w = n° + vy décay described in Chapter 2 it is necessary to plot the
distribution of events with 3 y-quanta according to the angular
aperture of the decay cone B in the = p centre of mass system.
This is shown in figures 3a and 4a for 1.55 BeV/c and 2.8 BeV/c
n -mesons. VWhen plotting the graphs in figures 3%a and 4a the recor-
ding efficiency of each separate event was taken into consideration.
Instead of one event, a value of 1/7;1 Ny N3 was taken along the
¥ oxis. The areas of the spectra were normalized for the number

of events measured.

It is obvious that the distributions shown in figures 3a
and 4a are due not only to the reaction = + p—n + 3y but also
to processes with higher multiplicity, namely, including background.
For the experimental determination of the shape of the background
distributions we made combinations of three with all the events with
4, 5 and 6 y-quanta, calculating the B angles for these combinations,
and we then plotted distributions for them according to the aperture
of the decay cone, As a correction for efficiency we introduced
factors of the type (1 - nm)/ni N N, N, for ikl combinations of
events with 4 y-quanta, (1 - nm)(1 - nn)/ni e My T n for a similar
combination of events with 5 y-quanta etc. The results are shown in
figures 3b, 4b and 4c. The distributions of combinations of three
of the events with 5 and 6 y-quanta were amalgamated since the number
of n + Pp—=n+ 5 reactions is very small and in practive all the
events with 5 y-quanta have their source in the rcaction no+ p-=n
+ 6y, This result is obtained fron the resolution of systen (18).
The distributions of éombin%tions for 5 and 6 y-guenta 2t 1.55 BcV/c

were not plotted, on account of the small amount of stotistical data.

7149/p
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Figure 5 shows the resulite of deducting the background,
namely the distributions according to the § angle for the reaction
n 4+ p-on o+ 3% e The graph shows only statistical errors. When
deducting the backgreound for 2.8 BeV/c the distributions in figures
4o and 44 were deducted from those in figure 4a with the corresponding
standardisations., The digtribution 44 was obtained as the difference
between 44 and 4o, According to caleulations the contributions of
4c and 44 to 4a were 13% and 33%, which means that the backgréund,in
the distribution for 3 y-quanta at 2,8 BeV/c was 46%. The background
for 1.55 Bev/c wag 36%. When deducfing this background it was assunmed
that the shape of the distridbutions for combinations of 5 and 6 y-quanta
wag the same as for 4 y-guanta, namely as shown in figure 3b. This
supposition is fairly probable since the contribution of 5 and 6 y-guanta
to 3b distribution is high (47%). Furthermore, the fact of ignoring
the actual shape of the distribution for 5 and 6 y~guanta cannot
substantially distort the result at 1.55 BeV/o since the contribution

of this distribution to the graph 3z is only 8%.

The arrows in figure 5 show the values of the minimum angles

of aperture of the decay cone for a w-~meson with a mass of

B,
782 MeV, Thezznvalues are 119° for 1.%5 BeV/c and 82° 30! for 2.8 BeV/c.
At the top of the gragh are shown the mass values in BeV calculated from
the relation Sin (Smin/z) = mX/E. It can be seen that the graphs in
figure 5 differ from the background distributions shown in 3b,; 4b and

4G The rumber of ovents in the graphs in flgure 5a between 0° and

120° is 12 + 6 and, between 120 and 180°, 50 % 9, In the graph-in
figure_5 there are 20 % 8 events between 0° and 80° and 172 £ 2% between
80° and 180°, It 1s evident.that this sharply asymmetric -character of
the distributions of the n + p — n + 3y reactions in relation fo the

angle proves that these distributions are the result of w — n°

Bmin
+ v = 3y deecays,

In order to compare the experimental results in figures ba

and 5b with the theoretical dependence dw/dp, the possidble alignment of
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a w-meson generated in the #  + p = n + w vreaction must be taken
into account. Let us define the distribution of y-guanta from.
w—=n® + ¢y decay as a + b0082®, where @ 18 the angle pgtween,the
y~guantum from © ~ n° + y decay and the direction Qf,mofiqn of the
wemeson in its rest system. Then, by using expression (11) and
defining the ratio a/b, which is =zn unknown function of the parameters
of the n + p - n+ w reaction, one can obtain the distribution
acecording to B taking into account the alignment. The results
are given in figure 6. The comparison of the curves in figure 6
with the results.in figure 5 shows that the curves which take into
account the alignment are in beiter agrecement with the experimental
datas Evidently it is not out of the guestion that the increased
number. of events observed for large § engles might be due not
ohly tofthe-alignment of the w-meson, but also to the presence of
a particle with a greater mass than the w-meson and the same mode

of decay.

The graph in figure 5 shows a snall number of @ven%s'pro~'
duced at angles B < Boin® - Such events may be the result of statig-~
tical fluctuations but they may also be partly due to the background

creaction n + p = K° 4+ L + n°, mentioned above, or to systemdf;c

erroxrs which were not taken into account.

Tt was also possible to detefmine'experimentally the upper
limit of the ratic of decay prbbabilities'(w mnT rn 4 ) (e =’ o+ oy).
For this purpoéé we scanned part_of the photographs from the 1.55 and
the 2.8 BeV/c series in searoh:ofl'nf +p=n+n +n +my reactions
where m » 2. The distributipﬂs obtained were ﬁséd'fqr calculating
the number of n o+ r—n+ nt o+ o+ ome reactidhs whidh naturally
inciudés both w = ' + 1 + n° decays and non-resonant states of
3 ﬁwﬁesons. In this‘way it ﬁés'foﬁnd that the ratio of fhe‘ﬂumber
of events (n” + pon+n +n +n°)/(n” +p=nto-on+n° +y)
= Te3 £ 1,7 for 1.55 BeV/c and 8,6 * 2,3 for 2.8 BeV/c. It follows

T149/p
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that (0 =" + 1" +7°)/(0 = n° +v) < 8 + 1.5, If one considers
that the o - '+ vy decay is the mean decay mode of the w-meson
into neutral particles, then the result cbtained agrees with the
value (0 = n' + n  + n°)/{v— neutral particles) = 5 * ? known from

experiments 4-6)

Let us also consider the guestion of w = 2r° + vy decay..
The resolutions .of system (18) show that the maximum possible value
of the ratio of the number of reactions (n“ + p=n +,5y)/ Ot“ + p
~n + 3y), averaged out for the whole series of measurements, is
0,09 ices T = (0 = mo o+ v}/ {(w = n° +y) £ 0.1.. This result agrees
with the theoretioal estimste of Singeér -/, who obtained = = 1/9 on
the hypothesis that the radiative decays of the w-meson pass through

intermediate states with a p°-meson,

Let us now deduce from the data obtained information con-
cerning the cross-scction of the # + p—n+ w —n + n° + vy reaction.

It can be caleculated according to the formula

B n

1 3 |
%% = 'E'"'-gg“*— P - (21)
;Jnk

k=2

[l

where S1 ‘ig the afea of the spectrum shown in figures'5é Of'Sb“in

the range from Bpiy O 180°, 8 the area of the whole spectrum, n
the numbér of n + p -» n + Ky "réacétions calculated as shown above,
and o, 18 the cross-section #f the reactions # + p — n + neutral

10,11) .

particles known from experiments The wvalued of o were

teken as: 4.6 mb at 1.25 Bev/o 10), 4.0 mb at 1,55 BeV/¢ 103 and 2.2 fb
for 2.8 Bev/é 11). When using the forﬁula (21) it was assumed that
the nB/an ratid was the same for ﬂnémesén:interactions with free
protons and beund protons of the nuclei. It should be noted that the
fraction of quasi hydrogen events for the xenon-propane mixture used

in the present work is 35%, as can be shown by calculation.
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The results of the calculations are given in figure 7.
The correction $,/8 was not introduced for 1.25 BeV/c. . Both
gtatistical errors and the error in the value of £, .were taken
into acecount.  In addition to our points, figure T includes data
from other work 12’13), reduced by a factor of 5 in order to adapt .
them to the decay mode (w — mneutral particles). As can be seen,
the result at 1.25 BeV/c obtained for fthe charge symmetrical
reaction ' +n=p+w 12 agrees well with our result. Two
other pointe ét 1.9 BeV/c and 2.2 BeV/c TB) can ve considered to
agree satisfaétorily with cur data, since these results are purely
tentative and are given by suthors without indication of the measure-
ment error. The foregoing comparison between the values of the
cross-sections o(n + p = n + w)/5 and o{n” + p—n+w =8+ + y)
leads to the conclusion that among w~meson decays into neutral par-

ticles w — r° + vy decay is predominant.
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ANNEZX

Kinematios of 'X° = 1° + vy — 3v - decay

Figure 8 shows the pléné F formed in the system of ‘rest
of the X°~meson by the vectors of.the momenta of the 3 y-quanta
from X° - n° o+ vy = 3y decay. The direction of motion of the
X°-meson in the centre of mass system of the n~ + p - n + X° .
reaction is fepréée@tédfip‘figure 8 by the vector D, and the direcw

tiong of motion of 2 y-guanta by the VGcfbfs X, eand K Plane

0CB is perpendioulgr to plane F, plane ACB 1; perpendfcular to
0CB, plane ABD is ﬁer;éﬁdicular to AOD the ztraight line OO!
is perpendiculsr to plane ¥, point B'_ls 81tuated on the continua-
tion of the straighf 1ine' CB. The vector p forms wmth the plane
P an angle BOC. E_‘and w1th the vector K1 ~en angle AOC = ®1
Angle ACB = ¢1 is the a21muthal angle of the vector K1, and angle

BAD = ¢, is the azimuthal angle of ¥, in relation to the plane

2z
AQD. The following relations can be easily obtained from geometrica;

considerations 1

S

58 € = tg 8 Cos gy  --3 o Qi)

It

Sint = Sin @, Sin g, o " (2)
Let us now carry out the relativistio transformation of the
angles ®1, E and ¢ = - § in & syste? where :he X°-megon is in
motion. Let the directions (A, OB, OB and 00 in figure 8 be
represented in that system by the vectors ’ E', ¢‘ nd‘ﬁ. Let
the Z axis of the system be directed along the vector p. Since
the transformation is carried out along p, the vectors E‘ ¢' and

7 will be situated in the same plane as 3.
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Geometrical considerations and the use of the formulase of the relati-

vistic transformation of angles and of relation (1) gives

Cosw = v 5int (%)

W1-v20032£

where « is the angle between the vectors f% and 7N, and v = p/E
is the velocity of the X°-meson. By writing the angle (?‘, E} =

angle (', n) = B/2, one also obtains the relation :

{rSinE’, (4)
vv1»v20082£

After comparing (3) and (4) we find that the vectors of
the momenta of y-guanta in the system where the X°-meson is in motion,

are on the surface of a circular cone with an angle of aperture B.

Cos%—=

The vector K is the axis of this cone.

As can be geen from figure B the angle £ is within limits
0 ¢t n i.es the angle of aperture of the decay cone, in agreement

with (4), varies within the following limita

2 arcsin T—v2 LB L& (5)

Furthermore by using formulse {2) and (4) one can obtain 3

Gosg-= v 9in@q Singo - (6)

V1~v2+v281n2®181n2¢2
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