
INSTITUTE OF THEORETI CAL AND EXPERIMENTAL PHYSICS (U . S . S . R. ) 
OF THE STATE COMMITTEE FOR THB USE OF ATOMIC ENERGY . Moscow 1963 . 

71 49/p 

Report No . 161 

Evidence for w + n° + x decay 

by 

V. V. B~ rmin, A. G. Dolgolenko , Yu . S . Kresti nikov , 

A.G . Meshkovskij , Yu . P. Nikitin, V. A. Shebanov 

Translated at CERN by 

N. Mouravieff and A. T. Sanders 

Geneva 





1, Introduction 

At the present time it is almost certain that the w-meson 

decays mainly according to the mode + w--)n: +rt Since the 

eharge parity of the w-meson is negative ti1e ·decay mode w ---7 3n° is 

forbidden, but radiative decay modes 
1 ) 

As shown in the theoretical work of Kobzarev and Okun 

w ~, mn + y, where m >. 1, are 

permissible. 

the small width of the w-meson observed experimentally means that 

the probability of radiative decays may be relatively high. In 

particular, the theoretical estimates of the ratio between the probabi-

lity of the decay mod~s give a value 
')) 

f 0 0 '··. 
0 rv o<:... • On the other hand~ a.mong radiativE:; cl(~cays of the 

w->mn°+y type, the d.eoay Ul->7t 0 +y should be predominant 3) 

The existence of (JJ-meson decays into neutral particles has 

been confirmed experimentally by several authors 4- 6 ). The average 

(w ~ rt+ + n + n")/(w ~neutral particles) probability ratio 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 purpose of the present work is to provide evidence for 

the decay w ~ n" + y. 

2, Theory 

7149/p 

Let us consider the radiative decay, according to the mode 

xo ~ n" + y ~ 3y 1 of the neutral vectorial X"-meson with negative 

internal parity, ~rhi[~ decay is described by three diagrams, one of 

Vlhich is reproduced in Ji'ig. 1; the others can be obtained by permuta

tion of th'o final y--quanta. 

1 ) 
as 

The matrix element of the decay X" ~ n" + y is written 

( 1 ) 
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where a= 1/137, K and K are the four dimensional momenta of the 

n°-meson and the photon, 

photon and the X"-meson, 

ey and cp0 
and :L is 

X 

are the wave functions of the 

the doeay eonstant v1i th length 

d.imensionali ty, ThE; matrix elenwnt of the cleoa~r n ° -0 2y cct.n be 

written as follows 1 

aL 
1t c n ' K1 K2n o:f,yo o: .,, 

(1) (2) 
e e 

y 0 
(2) 

v1here K1 and K
2 

e( 1) and e( 2) the 

are the four dimensional momenta of the photons, 

wave functions of the photons, L 
1t 

constant linked to the probability 

relation 

r of the decay 

L 
1t 

8 
a m 

1t 

where m is the mass of the rt 0 -meson. 
1t 

the decay 

n: 0 -~ 2y by the 

( 3) 

·By choosing the n•-meson propagator as follows 

i 

where the complex addition to the mass m 
1t 

(4) 

takes into account the 

instability of the n"-meson, one can, on the basic3 of diagrams of 

the type shown in J<'ig, 1 and relations (1), (2) and (4) obtain the 

matrix element of x· ~ 3y decay 

( 5) 

where the sum according to J corresponds to 3 possible X" - 3y 

decay diagrams. 
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The probability of X0 --> 3y decay of an X0 -meson in motion 

is expressed by the matrix element according to the formula 

where p and E are the four-dimensional momentum and the energy of 

the X0 -meson, K1, K2, K
3

, 
momenta and the energy of 

and w1 , w
2

, w
3 

are the four-dimensional 

I -8 the photons, Since r m ~ 10 , only the n 
real n°-meson states contribute to the probability (6) and when 

rim ~ 0 the expression (6) taking into account the equation (3), (4) 
n 

and (5) can be written as follows ' 

aL2(m
2 

-m
2

) 
du~ x x n 5o(2pK 1 -m!+m~) + o(2pK2 -m~+m~) + 

1 2 • 3 ~ ( 2n ) JE ( 

(7) 

Thus it is found that the probability of xo -> 3Y deoay does not 

depend on the probability of n°-> 2y decay. This result was not 

unexpected, since on account of the small width of r the n°-mesons 

will decay into 2 photons over distances much greater than the 

characteristic area for· X0 
_, n° + y dec·ay (1lr ~ 10

8
lmn' whereas 

I 1) L ~ 1 1. 6m ) • 
X 1t 

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

one obtains ' 

2 2 2 2 
o:L (m· -m )m 

x x n n 
2 288E( 2n) 

2 2 
5 mx-mn 
( 2 2 2 e :~2 + I (E-pCose 1) (E-pCose 2)-(m -m )Sin _j~J 
L x n 2 

2 
}dcose1dcose 2d<p 2 

-4mn(E-pCose 1)(E-pCose2) 

(8) 
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Where 81 and 82 are the angles of flight of 2 y-quanta in rela

tion to the direction of motion of the X 0 -meson, 8 12 the angle between 

these y-quanta and ~ 2 the azimuthal angle of one of the y-quanta 
_, -> 

in relation to the plane containing 

should be noted that the first item 

the K
1 

and p 

in (8) describes 

vectors. It 

the distribution 

according to the angle between the y-quantum from X0 -> n° + y 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 e12 , one obtains the angular distribution of the y-quanta 

in the· X0 -meson rest system 

dw = 

a:L 2 (m2 -m2) 3 
X X 1t (9) 

It is clear that the momenta of the 3 y-quanta from the 

decay of the X0 -meson at rest are in the same plane, How, supposing 

one returns to the system in which the X0 -meson is in motion, on the 

basis of geometrical considerations and relativistic angle transforma

tion formulae one obtains the relation (see annex)·: 

(10) 

where v = pjE is the velocity of the X0 -meson and ~ the angle of 

aperture of the circular cone on the surface of which are located the 

momenta of the 3 y-quanta from the X0 -> n° + y -> 3y decay. 

This cone will be.referredto as the "decay cone". 

By using expression (10) and integrating with (9) we obtain 
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the probability distribution according to the angle of aperture of 

the decay cone : 

d w = _rx_L.:c!_< m_x,.;.
2

_-m....::.:..),..
3
_ • i_1 -_v_

2
_' • _d_0.,.,. 

96.(2n).m~ v Sin2~ 
( 11 ) 

as shown in the annex, 

m 
2 arcsin Ex ~ 0 ~ n (12) 

By integrating (11) within these limits one finds a total probability 
2 2 2 3; 3 of w = ex 1 . (m -m ) 96nm , which agrees with the results of the 
X X n 1 ) X 

work of Kobzarev and Okun • 

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

of aperture 0min for which 

~ . 
S. m~n 
~n-2-

m 
X 

= ,-- (13) 

Thus having established the existence of xo 4 3y decay experimentally, 

by studying the distribution of decays according to the angle ~ one 

can obtain the value A and assess the mass of the particle m , Pmin x 
using the relation (13), and also compare the experimental distr.ibu-

tion dw/d~ with the theoretical distribution (11), This is .the basic 

method for dis covering w _, rt 0 + y .decay, developed and applied in 

this paper. 

3. Experimental section 

w-> rt 0 + y decay was studied investigating the reaction 

(14) 

7149/p 
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For this reaction in t:1e 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--rneson in the laboratory 

system. Thus in the n p centre of mass system the reaction (14) is 

a source of mono-energetic w-mesons and in order to adapt the data 

measured to this system, one can use the method of identifying 

w ~ n" + y decay described in chapter 2, 

The reac·bion (14) was studied with a n -meson beam of the 

proton.synchrotron of the Theoretical and Experimental Physics 

Institute. 'I' he beam had a momentum resolution of ± 4% as shown 

A 17-litre by measurement using a live wire in a magnetic field. 
7) bubble chamber ':•c.s placccd in this boc,m; it hc:1_d c. usefB.l obseTvL~-

tion volume of 15 x 22 x 48 cm3 and was filled with a mixture 

c
3

H8 propane and xenon. The density of the mixture was 0,84 

the weight content of xenon in the mixture being 57.3%, The chamber 

worked without a magnetic field. The working liquid 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 ·)oeam was collimated so that its 

section measured 4 x 14 
2 

om e Moreover, the statistics included only 

those events occuring in the fi;rst three-qnarters of the volnl'le of the 

chamber. 

Experiments v1ere carried out with 1,25 BeVjc, 1.55 BeV/c and 

2. 8 BeY /c rt -nos ons e 11,000, 20,000 and 60,000 stereoscopic photo-

graphs ·.-<3're taken :ros}?e.oti vA1y. E:vents of interest \Yoro sought by 

tno independ0nt s cnnning op~.;r.'1 tions. 

s c2.nning wc,s 95 to 98%. 

The officiency of this double 

~'he events sought V/ere those in which three or more ele.ctron

positron conversion pairs were directed towards the stopping point of 

a n--meson, provided that the stop 

of nuclear interactions (zero prong 

was not accompanied by any tracks 

stars). The events found were 

interpreted as being the result of such interactions of n -mesons 
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with free hydrogen or with protons of C - Xe nuclei which gave rise 

to charge exchange of protons and generation of one or more neutral 

p rticles, which then decay into y-quanta. For instance, an event 

with 3 y -quanta can be brought about by the reaction n + p _, n + 

w _, n + 3y or tho reactions n + p _, n + mn° _, n + 2my (m >-. 2), when 

only 3 of the 2m y-quanta are recorded in the chamber, It is evident 

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

n + p ~ n + mn° (m ~ 2) or for inst'1nce the reaction n + P _, n + no 

with subsequen·c decays of no _, 2y and 1] _, 2y etc. Thus for the 

basic process n + p _, n + 3y the accompanying reactions are a source 

of background noise, 

in detail later, 

How to deduct this background will be discussed 

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 fk' 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-quanta recorded for this event. 

(2) ®k angles between the y-quanta and the direction of the 

n--meson. 

(3) ®12 ®
13 

®
23 

etc. angles between any given pair of y-quanta. 

the angles was± 1°, Moreover The mean accuracy of measurement of 

for part of the events the distance rk from the n--meson stop to the 

beginning of the conversion pairs was measured, 

The values and fk were used for the experimental 

determination of the conversion length £
0

, The same method was used 
8) 

as for measuring the lifetime of A hyperons 

determined from N = 1977 events by the equation 

N 

~ \ (r. .L. J J;=• 

The value was 

(15) 

D 
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and was found to be 17.8 ± 2,2 em, It is evident that the value of 

£
0 

so 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 pair the 

potential length fk was used to calculate the recording efficiency 

of separate y-quanta '1 ~ 1-exp(-fk/£
0

) when £
0 

= 17,8 em. The 

mean value of '1 was found to be different for ovents with different 

multiplicity. When the number of y-quanta increases '1 decreases, 

sin co tho nuubor of events '"i th y-qac,ntr\ ·cct large angles to the beam 

gro·.c·s, which on account of tho shccpo of our chc"'ilbor lo2,ds to a reduc-

tion of £
1 

, 
_{ -

Furthermore n also depends on the energy of th0 

n -nosons, Vlhen tho energy gro;::s 1J c,lso incror...ses, bocause the 

forc.·ard stretch along the chamber becomes Ereator, 

were found to be between 0.50 and 0.!65, 

The values of '1 

-ThG v:cl.ues obtr,inod for '1 for or,ch group of events with a 

given nultiplicity and for a given nonantum of the n; -r:wsons r:ero used 

to cn.lculr\to the probabili tics of recording i y-qucmte, out of K 

which ·::auld bo needed later, 

to the formula 

These values were calculated according 

P Ci ~i(1-~) k-i ik = k 'I 'I (16) 

where C~ is the number of combinations of K elements by i. 

() 
For the calculation in each case of the angle of aperture 

of the decay cone in the n p centre of mass system, the measured 

angles ek were adapted to this system by means of the usual formulae, 

The angles between the y-quanta were adapted to the centre of mass 

system according to the formula ' 

Cose 1 • 
~k 1 -

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

(17) 
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4. Results obtained and discussion of these results 

7149/:P 

The distribution according to the number of conversion 

:pairs of the events found is given in Table I. 

Table I 

Momentum of The number of events with K y -q_uanta 
the n-mesons 

in BeV/o N3y N4y N5y N6y 

1,25 40 13 1 -
1,55 118 25 6 2 

2,80 433 136 53 24 

Let nk ' be the number of n + p ~ n + ky reactions which 

have occurred in the chamber during the experiments. Then the number 

of reactions with K y-quanta found can be written as follows 1 

N3y = 

N4y = 

N5y = 

N6y 

P33n3 + :P34n4 + P35n5 + :p36"6 

:P44n4 + :P45"5 + :P46n6 

:P55n5 + :P56n6 

:P66n6 

( 18) 

where :pik represents the :probability of observing i y-quanta out of 

K, calculated according to formula (16). Resolving system (18) for 

all three distributions of Nky shown in Table I (with correction of 

the figures Nky for scanning efficiency) gives the number of 

rt' + p _, n + 3y reactions which we are seeking, according to the 

momentum of the n -mesons. The result expressed as a :percentage of 

the total number of all n -meson interactions at the given motnentuin 

is shown in figure 2. In order to determine the total numbe'r of 

interactions special scanning of part of the films was carried out 

for each of the three groups. 
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Thus the ex:per;imental distri"Qutions of the reaotio.ns found 

according to the num"Qer of conversion :pairs and the recording pro"Qa

"Qility already give an unambiguous indication that at energies of the 

" -mesons :<, 1, 2 BeV there is a consid.erable source of 3 y-g_uanta in 

" -p collisions which are not accompanied in the photographs by tracks 

of nuclear interactions. It was assumed that the main source of 

these 3 y-g_uanta is the w-meson, namely that the phenomenon observed 

by us can .b.e explained by the reaction ro. + p _, n + w -> n + 11° + y 

-> n + 3y, occurring in the range 1,25 2,28 BeV/c. The threshold of 

this reaction is shown by an arrow in figure 2, It can be seen that 

the section o
3
Y of tho process " + p -> n + 3y increases sharply 

exactly after this 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 at Saclay at 1.15 BeV/c 9) when the 

reaction " + p -> n + w -> n + 3Y was not observed, 

Let us consider other possible sources of the ro + p -> n + 3y 

reaction apart from the w-ineson, One of the other possi"Qle ·:reactions 

may be the formation of p 0 -meson, the mass of which is close to the 

mass of the ·w-,meson and its radiative decay p 0 -> 11° + y-> 3y. 

However, in the energy' range concerned, the cross-sections of the 

reactions ro + p-+ n + w and· " + p _, n + p 0
. are about the same and 

for the same number of w and p 0 mesons the decay ratio (p 0 
..., ro 0 + y)/ 

(w..., ro 0 + y) ~ r r /r r , where r and r aro the widths of the 
yp w yw p w p 

w· and p 0 resonances, and r and P are their radiative widths. yw yp . 
Further, Pyw ';;; ryp and cons.eg_uently (p 0 

_, 11 ° + y)/(w-> ro 0 + y)-;;;: rjrp' 

But experiment shows that P /r < 0.1 and from theory 1) it follows 
w p 

that Pw/Pp ';; 0.01, which means that in this :paper the decay p 0 -> ro 0 + y 

can be neglected, A more apprecia"Qle source of the " + p ..., n + 3y 

:process may "Qe the reaction ro + p..., ~o + :I( 0 + 11° ..., A + K0 + 3y when 

K0 and A-particles are not· recorded in the. chamber, However,. at 

2,8 BeV/c this reaction can simulate no more than 5% of all ro + p -> n 

+ 3y reactions, and even less at other energies, These conversions 

were made according to the number of A ~nd K0 events found, taking 

into account the recording efficiency. 
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In order to control the correctness of the results shown 

in figuro 2 \te proceeded as follovso Concurrontly ':rith tho search 

for evuntG YJith throu or more y-quant2.~ ron,ctionn 1·-J~.ore sought 1Jith 

1 and 2 y-qunnta in fLll three series of photographs, i~o. tho values 

N1y lmd 

and 

N 
2y 

N2 y 

It is evident that 

(19) 

(20) 

Prom oxpresoion (20) in oorllbint:,tion 17ith (18) all the nk numberu 

of n + p _, n + ky (K >. 2) reactionn ware found, and tho vr,tlue 

N
1

y vas them caloulatod wocor·ding to the formulr1 (19) r1nd compared 

n:l th tho numbor of c;vents tli th one y-quantum found, from which had 

boon d.cductod tho possible contribution from tho n + p -> K0 + zo 

chamber. This contribution ~rts estimated 

are not rocorded in 

for 1.55 BaV/c and 

the; 

2,8 lleV/c 

according to tho number of thNJe roactionn found, taking into account 

the recording efficioncy of stru.ngo par·t~icles ~ 

in Table II. 

1Yhe results are given 

1'abl" II 

- I 
Momenta o.f I Value of N 
n -;·_·!::.;_•, OYl::; 9 

1y 

:ScV/c 
-

Pound by scanning 
JCalculatod nccording (after cloduction of 
I to formula (19) tho contribution 

I f:rom s' )ran go par-

·-j 
tiolos 

' 1.25 227 ± 44 247 ± 1 6 

1 • 5 :J 
i 

308 ± 55 383 + 2.3 
2,(30 '501 ± 75 611 ± 60 

j 
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As can be seen from Table II both values of N1y agree, 

~ithin the error limits . 

In order at this stage to apply the method of identifying 

w ~ n° + y decay described in Chapter 2 it is necessar y to plot the 

distribution of event s ~ith 3 y-quanta according t o the angula r 

aperture of t he decay cone ~ in the n-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. When plotting the graphs in figures 3a and 4a the recor-

ding effici ency of each separate event was taken into consideration. 

Instead of one event, a value of 1 /r1 1 TJ 2 TJ 
3 

v1as t aken a long the 

Y (~.xis . The ar eas of the s pectra Her e normalized for the number 

of events measured. 

It is obvious that the distributions shown in fi gures 3a 

and 4a are due not only to the reaction n + p ~ n + 3y but a lso 

to processes wi th higher multiplicity, namely, including background . 

For the experimenta l determination or the shape of the ba ckground 

distributions we made combinations of three with a ll the events with 

4, 5 and 6 y-quanta , calcul~ting the ~ angles for thes e combinations, 

and we then plotted distributions for them a ccording to the aperture 

of the decay cone. As a corre ction for effici ency we introduced 

f a ctors of the type (1 - TJ )/TJ· TJk TJn TJ for ik£ combina tions of m 1. k m 
events with 4 y-quanta , (1 - TJm)(1 - TJn)/TJi T)k T)£ T) m T)n for a similar 

combination of events with 5 y-quanta. e t c . The r esults are shown in 

figures 3b, 4b and 4c . The dis tributions of combina tions of three 

of the events with 5 and 6 y-quantn. were ama l gamat ed s ince the number 

of n + p ~ n + 5y r eactions is very small and in practive a ll the 

event s with 5 y-qunnta have their source in the ronction n + p - n 

+ 6y . This r esult i s obtninod f r on th~ reso lution of Gys ten (1 8) . 

The di stributiom: of conbinn.tions for 5 .n.nd 6 y-qu-mte. ?..t 1. 55 BoV/c 

uo r o no t pl otted , on nccount of th~ snall aoount of s t ~tisti cel data. 
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Figure 5 shows the results of deducting the background, 

namely the distributions according to tho ~ angle for the reaction 

11 + p _, n + 3y. 'rhe graph shows only statistical errors. When 

deducting the background for 2.8 BeV/c the distributions in figures 

4c and 4d were deducted from those in figure 4a vii th the corresponding 

standardisations, The distribution 4d was obtained as the difference 

between 4d and 4c, According to calculations the contributions of 

4c and 4d to 4a wore .13% and 33%, which means that the background in 

the distribution for 3 y-quanta at 2,8 BeV/c was 46%. The background 

for 1,55 BeV/c was 36%, When deducting this background it was assumed 

that the shape of the distributions for combinations of 5 and 6 y-quanta 

was the same as for 4 y-rauanta, namely as shown in figure 3b, This 

supposition is fairly probable since the contribution of 5 and 6 y-quanta 

to 3b distribution is high (47%). Furthermore, the fact of ignoring 

tho actual shape of the distribution for 5 and 6 y-quanta cannot 

substantially distort the result at 1.55 BeV/c since the contribution 

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

The arrows in figure 5 show the valu.es of the minimum angles 

of aperture 

782 MeV, 

Q of the decay cone for a w-meson with a mp,ss of '-'min 
These values are 119° for 1.55 BeV/c and 82° 30 1 for 2,·8 BeV/c. 

At the top of tho graph are 

the relation Sin (~ . /2) ~ 
m~n 

sho,vm the mass values in BeV calculated from 

m /E. 
X 

It can be seen that the graphs in 

figure 5 differ from the background distributions shown in 3b, 4b A.nd 

4c. Tho number of events in the graphs in figure 5a between oo and 

120° is 12 ± 6 and, betw8en 120 and 180°, 50 ± 9o In the graph in 

figure 5 there are 20 ± 8 events between oo and 80° and 172 ± 23 between 

80 ° and 1 80 o , It is evident that this sharply asymmetric·character of 

the distributions of the n + p ~ n + 3y reactions in relation to the 

angle R proves that 'these distributions are the result of w -> rt 0 
~min 

+ y -> 3y decays, 

In ordE!r to compare .thfl experimental results in fig'!-res 5a 

and 5b with the theoretical dependence dw/d~, the possible alignment of 
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a w-me~on generated in the n + p -> n + w reaction must be taken 

into account. Let us define the distribution of y-~uanta from 
2 d0cay as a + bCos 0, where 0 is the angle betw13en .the 

y-~uantum from w _,no + y decay and the direction of motion of the 

w-meson in its rest system. 'l'hen, by using expression ( 11) and 

defining the ratio a/b, which is an unknown function of the parameters 

of the n + p -> n + w reaction, one can obtain the distribution 

according to ~ taking into account tho alignment, Tho results 

are givon in figure 6, The 

with the results in figure 5 

compar~son of the curves in figure 6 

shows that the curves which take into 

account tho alignment are in better agreement with the experimental 

data, Evidently it is not out of the ~uestion that the increased 

number of events observed for large ~ angles might be due not 

only to· the alignment of the w-meson, but also to the presence of 

a particle vdth a greater mass than the w-meson and the same mode 

of decay.,. 

The graph in tigure 5 sho·.!s a srw.ll number of events pro-

duoed at angles ~ < ~ ~ ~min' 
Such events may be the result of statis-

tical fluctuations but they may also be partly due to the background 

reaction n + p ~ K0 + Z + n°, mentioned above, or to systematic 

errors which were not taken into account, 

It was also possible to determine experimentally the upper 

limit of the ratio of decay probabilities (w-> n+ + n + n°)/(w-> n° + y). 

~'or this purpose we scanned part of the photographs from tho 1. 55 and 

the 2,8 BeV/c series in soaroh of n + p ~ n + n+ + n +my reactions 

where m ~ 2. 

the number of n 

The distributions obtained were used for calculating 
+ +p,...n+n +n + n° reactions which naturally 

includes both w-+ n+ + n + n° decays and non~rcsonant states of 

3 n-mesons, 

of events (n-

In this way 
+ +p->n+n 

= 7•3 ± 1.7 for 1.55 BeV/c 

it wrois found that the ratio of the number 

+ n- + n°)/(n- + p-> n + w __. n + n° + y) 

and 8,~ ± 2.3 for 2,8 BeV/c. It follows 
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that ( w -> n + + n- + n °) I ( w _, n ° + y) < 8 ± 1 , 5, If one considers 

that tho w _, n "+ y decay is the mean decay mode of the w-meson 

into neutral particles, then the result obtained agrees with the 

value (w _, n+ + n- + n°)1(w-> neutr.al particles)= 5 ± 1 known from 

experiments 4-6), 

Let us also consider the question of w -> 2n° + y decay, 

The resolutions .of system (18) show that the maximum possible value 

of the ratio of the number of reactions (n- + p -> n + 5y) I (n- + p 

_, n + 3y), averaged out for the whole series of measurements, is 

0,09 i,e, r = (w _, n° + y)l(w-> n° + y) ~ 0.1. This result agrees 

with the theoretical estimate of Singer 3), who obtained r = 119 on 

tho hypothesis that the radiative decays of the w-meson pass through 

intermediate statGs with a p 0 -meson, 

Let us now deduce from the data obtained information con

cerning the cross-section of tho n + p _, n + w _, n + 11° + y reaction, 

It can be calculated according to the formula 

(21) 

where. s1 "•is the area of the spectrum shown in figures' 5a or 5b in 

the range from A to 180° 
~min ' 

the number of n + p -4 n + Ky 
S the area of the whole spectrum; nk 

·reactions calculated as shown above,· 

and o 0 is the cross-section ~f the reactions 

particJ,es known from experiments 10 • 11 ). ·· The 

I 10) 1.25 BeV o , 4.0 mb at 

1t + p --> n + neutral 

values of a~ 

I 10) 1,55 BeV c 

vrere 

and 2,2 Iilb taken as: 4,6 mb at 
. 11 ) 

for 2,8 BeVIo , When using the formula (21) it was assumed that 

the n31I:nk ratio was the same for n--meson interactions with free 

protons and bound 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 s1js was not introduced for 1.25 BeV/c. Both 

statistical errors and the error in the value of / 0 .were taken 

into account, In addition to our points, figure 7 includes <lata 

from other work 12 • 13), reduced by a factor of 5 in order to adapt 

them to the decay mode (w ~ neutral particles), As can be seen, 

the result at 1.25 BeV/c obtained for the charge symmetrical 

reaction n+ + n-> p + w 12 ) agrees well with our result. Two 

other points at 1.9 BoV/c and 2.2 BeV/c 13) can be considered to 

agree satisfactorily with our data, since these results are purely 

tentative and are given by authors without indication of the measure

ment error. The foregoing comparison between the values of the 

cross-sections a(n- + p-> n + w)/5 and o(n- + p-> n + w-> n + n° + y) 

leads to the conclusion that among w-meson decays into neutral par

ticles w _, n° + y decay is predominant. 
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A N N E X 

Kinematics of ·x· -+ n• + y _, 3y decay 

Figure 8 shows the plane F formed in the system of rest 

of the x•-mesori by the vectors of.the moment~ of the 3 y-quanta 

'from x•-+ n• + y ~·3y decay. The direction of motion of the 

x·~meson in the centre cf.mass system of. the n + p-+ n + x· 
.... 

reaction is represented-in figure 8 by the vector p,·and the direc-

tions of motion of 2 y-quanta by the vectors Plane 

OCB is perpendioul~r. to plane F, plane ACB is perpendicular to 

OCB, plane ABD is perpendicular to AOD, the straight. line 00.1 

is perpendicular to plane 

tion of the straight line 

B' is situated on the continua-F, point 

OB. The vector p, ,fo;rm~ with the j>lime 
.... 

F an angle BOO = 1'. and with the vector K1 an angle 
-+ 

Angle ACB = <p 1 is the azimuthal angle of the vector K1' and angle 

BAD = '1'2 is ·the azimuthal angle of 
.... 
K2 in ·relation to ·the plane· 

- .. - -· ·.· 

AOD. The following relations can be easily obt,ained from geometrical 

considerations : 

tg r:: = •tg e · Cos •m' • · · 1 , . T 1 . ( 1) 

Sin 1'. (2) 

Let us now carry out the relativistic transformation of the 

angles e1 , 1'. and q, = n - 1'. 

motion. Let the directions 

represented in that system by 

the Z axis of the system be 

in a system where the x•-meson is in 

OA, OB, OB 1 and 00
1 in figure 8 be 

the vectors K1' t•' it• .nd rr. Let .... 
directed along the vector p. Since 

the transformation is carried out along 
_, 
p, the vectors and 

.... -> 
n will be situated in the same plane as p. 

7149/P 
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Geometrical considerations and the use of the formulae of the relati

vistic transformation of angles and of relation (1) gives 

Cosw = 
v Sin t; (3) 

where w is the angle between the vectors and 
-> 
n, and v = pjE 

-> .... 
is the velocity of the By writing the angle (t;'' n) = 

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

Cos~= v Sin !; (4) 

After comparing (3) and (4) we find that the vectors of 

the momenta of y-quanta in the system where the X0 -meson is in motion, 

are on the surface of a circular cone with an angle of aperture ~· 

The vector 

0 ( t; ( n 

with ( 4), 

-> 
n is the axis of this cone, 

As can be seen from figure 8 the angle !; is within limits 

i.e, the angle of aperture of the decay cone, in agreement 

varies within the following limits 

2 arcsin~~ ~ ~ n (5) 

Furthermore by using formulae (2) and (4) one can obtain 

Cosf = (6) 
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