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By riseans of y~y coincidences it bas been shown that the probability of positive pion
B-decay does not exceed 7. 10° of the probability of muon decay of pion. For the constant
G which determines the intensity‘of this process in the case of vector current conservation the
following evaluation bas been obtained: G< 2.5 G 8’ where GB is the constant of weak
vector [3 - interaction.

A rare mode of a charged pion decay

. ,
75 s w0 et 4y (1)

which by analogy with a nucleon B -decay may be called a pion * B —dgacczyf has not been practical-

ly in\{estigcted experimentally up till now due to an extremely small expected value ot its probability
and, hence, to great experimental difficulties. The theoretical analysis of this process was first perfor-
med by Zeldovich/ 2/ , who showed that ir the framework of the Fermi-Yang model a pion B -decay is
analogous to J =0 » J'=0 beta transition of nuclei and, consequently, it should be characterized
by the same value ft as the decay of nuclei of the above type { for instance, 014 +» N ; 4). Hence, it
follows that the probability of the pion B -decay should be one hundred millionth of the probabtlity of

t

the conventional decay % » p* + v .

‘When the weak universal interaction theory was develqped/a/ " the interest to the pion B ~decay
increased sharply due to a necessity of experimental checking the conserved vector current hypothesis
which followed from a deep analogy between weak and electromagnetic interactions. For the first’time
this analogy was noticed by Gerstein and Zeldovich/ 4/ who as long ago as 1955 indicated that the vec-
tor coupling constant for beta decay might not be renormalized by strong interactions. 1If one takes the
above hypothesis, the probability of pion B -decay may be calculated accurately despite the fact that

strong interacting prticles take place in the 'process/ £7 :

i. G’A’

. h = =1 2
+v) 007 { c ) (2)

-
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Here G is the weak interaction vector constant, - A is the difference of masses of charged and neu-
tral plons. Electromagnetic and kinematic corrections to formula ( 2) are not lurge/ >/ (a few per cent).

From comparison ( 2 ) with the known probability of a conventional pion decay it follows that if the

t

) N )
1 Sometimes another process 7~ e 4+ Vv s called a plon B-decay. 1t would be

more correct .o oall it an electron mode of pion decay/l/.



vector current is corserved, the relative probability of the pion B -decay

theory with high accuracy and the investigation of which provides thus a possibility to choose whether one
should accept or reject the theory. A great interest paid at present to the conserved vector current hypo-

thesis urged us, despite the extremely small expected value of the probability A, to make an attempt to

+ ¥
w(nm » n°+: e~'+ v)

w(rt-» ui‘+'v)

evaluate experimentally this probability.

The experimental arrangement is shown In Fig. 1. Positive pions “stapped and dis~i’r.iteigfdted in the

should be equal to 1.1"0'8 to an accuracy of =5%.

2\ 22

M

iy

ek 2

o J

.

[oe)

H

58AVP

Experimental arrangement. M is a focusing magnet lens, 1,2 are scintillation counters of the mom:tor

of the nt beam (with photomultipliers FEU~33), 3 is a scintillation counter (with a photomultiplier

56 AVP), 4 is a counter “stop detector’ (FEU--33), 5,6 are Cerenkov counters (58 AVP), CH, is a po-
Iythene moderator used to slow the beam down, Pb is lead shielding of the spectrometers.

Tz
|

7 Ny

7 y

7

5

—t //

I(K %%
4'/

58AvP

/% %

Fig L

Thus, the pion B -decay ié a rare example of the process the properties of which are predicted by the



.- scintillator of counter 4 which had a selective sensitivity to pion stoppings (the ‘stop detector’ desc-

tibed in pcper/ 6/ ). The characteristics of this detector are shown in Fig. 2. In order to register
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Fig 2

) T:he efficiency ¢ of the ‘stop detector’ to the stoppings of positive pions ( ¢ ) and to relativis-
tic pions (¢, ) versus various voltages V of the detector photomultiplier. st

4
y  quonta from a neutral pion decay accompanying process ( 1), - two Cerenkov total absorption spec-
trometers were used which had a high time resolution and were insensitive to outside radiation back-

ground. -

. Charge exchange of positive pions in flight in the scintillator of counter 4 was the most dangerous
accompanying process which complicated the registration cf the pion B8 -decay. The cross section of
this process with .65 ‘MeV pions was measured by the authors earlier with the help of the device pre-

sented in Fig, 1 and is (10 +:3). 10727 em? per carbon nucleus. Using for the sake of evaluation the
obtcﬁned value of the cross section in the lower energy reglon also (where the.process of charge ex-

change had not been studied earlier) with the conditions of our experiment one should éxbect that the



: intensity of #¥ charge exchange will be 4 orders higher than the intensity of process ( 1 ). This

evaluation which gave the upper limit of the expected backaround showed how serious the difficulties
of pion B-decay investigutions were. In view of the fuqt that the problem of charge exchange intensi-
ty at lower energles is of paramount importance In carrying out the experiments on plon B-decay in-
vestigations, we studied the energy dependence of charge exchange probability. One could expect that
the charge exchange cross section would decrease vﬂth plon energy decreasing due to the influence of

the Pauli principle and the Coulomb repulsion. As a result of measurements it was found (see Fi.g 3)
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Fig.3.
The dependence of the probability of pion charge exchange in carbon upon their enerdy E.

N is the counting rate of coincidences of counters 3,4 and spectrometers 5,6 (ini relative units).



hat the charge exchange probability decreases in’ fact sharply w1th decreasrng energy and consequently,

h luation Nevertheless, it exceeds the expected intensity of process ( 1 )

The use of the stop detector' permitted to suppress the probability of charge exchange registr ation U g
‘approximately by an order (see Fig 2 ) so that in the end the 1ntensrty of charge exchange regrstration

xceeded the expected intensity of process [OF ) a hundred times. F‘ urther essential suppressron of the'

d“only those slmultaneous events in spectrometers 5 6 wh1ch were delayed in trme relat1ve to counters

h was chosen to be equal to 8 10 gsec., the width of the resolution curve (the so-called gate') was

sec. Time adjustment of counters and spectrometers was performed wlth a h1gh energy electron

20 Mev. This allowed to register y quanta from nt decay wrth an efficrency close to a unrty :
: In the described situation we carried out two runs of measurements during which about l 4 109 posr-

tive pions passed the experimental equipment In course of measurements we periodically performed test

,4 as a resulf of pion charge exchange. During measurements which lasted about 30 hours one count of

the apparatus was registered whrcth the units of )\ corresponds to the value

it

' of the fact that with one registered event the value )\ ln question characterrzrng the pion B decay intensi- .

\appropriate tO‘be taken as the limit evaluatlon of )\

~the real background in conditions of our experiment is not so targe as, it was shown by a prelrmrnary eva- g i

nearly 3 orders o \ k

charge exchange registration efficiency was performed with the help ofa fast delayed corncrdence crr-\j"{.\[ Y

'cuit Counters 3 4 and spectrometers S 6 were connected wrth the corncrdence clrcurt so that 1t regrster-’ -

‘3 4vwhlch marked the moment of a pion stop The spectrometer delay relative to the sclntillation counters i k ’

. veam obtained and studred 9011191' in. paper/ /7 The energy characteristics of spectrometers have been SR

7measured with the same beam (see Fi ig. 4) The energy threshold of spectrometers was taken to be /

‘caiibration of spectrometers and scintillatron counters with the help of y quanta, produced m counter : \ kj‘ .

The obtained result may be ygrven in the form of the distributron function of the probabrlity W (,\ > )( ) ',‘k : f“.",, EORR '




Energy resolutton of totaI absorptron spectrometers measured bwn‘h an electron beam of various energy
E :by means of-a .pulse height analyser, :n “is the number of an analyser channel, " E"is the energy
5 ‘correspondmg to the, gzven channel Nis the countmg rate m a channeI (m reIatzve umts)
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The integral probability W, (A> A,) obtained as a result of measurements.
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The probability that A is outside the indicated range equals 1/e. The obtained evaluation of A is ra-
ther close to the theoretically expected valué.Note that evaluations which can be made on the basis of
the analysis of earlier obtained experimental data, in the most perfect case differ from the theoretically

expected value by 3 orders/S/.

'Basing on the evaluation for A, it is possible to find the upper limit for the value of the constant -G
which determines the intensity of the pion’ B -decay. Making use of the formula ( 2) which is justifiable

In the case of the vector current conservation, we obtain the inequality

G <25 G
25'B

which shows that this constant does not exceed practically the constant of the vector interaction

L%
G'3 =.1.4. 1;0'49 etg.cm3 obtatried’3/ on the basis of the 01 4" N; 4 decay {nvestigation.

The experiments performed have shown that after some improvements the described technique will
' give a possibility to carry out quantitative investiqation of the process ( 1) at the level of the theore-

tically expected value of its probability.

In conclusion we take an opportunity to express our gratitude to D.I. Blokhintsev, V.N. Sergienko, -
V.P. Dzhelepov and A.A. Logunov for the great help in carrying out the above experiment, We are thankful
to Ya.B. Zeldovich, §.S. Gersteln, B. Pontecoth and L.I Lapidus for valuable discussions.
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