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By ~.teans of y-y coincidences it has been shown that the probability of positive pion 

{3-decay does not exceed 7. ~o·B 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 has been obtained: G< 2.5 G f3, where G {3 is the constant of weak 
vector {3 • interaction. 

A rare mode of a charged pion decay 

17:!:. ... 17° +: e± + 11 ( 1 ) 
t 

which by analogy with a nucleon {3 -decay may be called a pion {3 -decay has not been practical-

ly investigated 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/21, who showed that in the framework of the Fermi-Yang model a pion {3 -decay is 

analogous to J "'0 ... J ,.o 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 ... N14). Hence, it 

follows that the probability of the pion {3 -decay should be one hundred millionth of the probability of 

the conventional decay 77:1: -+ 1-tt + II • 

When the weak universal interaction theory was develC?pe/31 the interest to the pion {3 -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 firsr'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. If one takes the 

above hypothesis, ·the probability of pion {3 ~decay may be calculated accurately despite the fact that 

strong interacting prticles t~ke place in the proces/31: 

. G2 11 s + 0 ± w ( 17- ... 17 + e + 11) ,. 3 30 17 
( 1l "' c 1) ( 2) 

Here G is the weak interaction vector constant, . 11 is the difference of masses of charged and neu

tral picins. Electromagnetic and kinematic corrections to formula ( 2 ) are not large/5/ (a few per cent). 

From comparison ( 2 ) with the. known probability of a conventional picin decay it follows that if the 
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vector current is coPserved, the relative probability of the pion f3 -decay 

A 
+ +" w('l'l":" + 77° +· e-'+ 11) 

W ( n± -> /.!±' + II) 

should be equal to 1.10-B to an accuracy of"" 5%. 

Thus, the pion f3 -decay is a rare example of the process the properties of which are predicted by the 

theory with high accuracy and the investigation of ,;hich provides thus a possibility to choose whether one 

should accept or rejecf 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 

evaluate experimentally this probability. 

The experimental arrangement is shown in Fig. 1: Positive pions stopped and disfntegrated in the 

W#/~ ~~/10 

2 

VW(. o/@1.cu1 J~~._;j___, 
~ ,.t ~ ;I// --·--.. ~ /f ff '( Jt ~ /- // 58RVP 

58AVP % ff 4 ff {{ fj 1---

% 1 ~ 
Fig. 1. 

Experimental arrangement. M is a focusing magnet lens, 1,2 are scintillation counters of the monitor 
of the 17+ beam (with photomultipliers FEU-33), 3 is a scintillation counter (with a photomultiplier 
56 AVPJ, 4 is a counter 'stop detector' (FEU-33), 5,6 are l5erenkov counters (58 AVP), CH2 is a po-

lythene moderator used to slow the beam down, Pb is lead shielding of the spectrometers. 



scintillator of CO\lnter 4 which had a selective sensitivity to pion stoppings (the 'stop detector' desc

fibed in pape/61 ), The characteristics of this detector are shown in Fig. 2. In order to register 
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The efficiency ( of the 'stop detector' to the stoppin~s of positive pions ( ( ) and to relativis-
tic pions ( (

0
) versus various voltages V of the detector photomultiplier. st 

y quanta 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 of the pion (3 -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 ) • w-27 cm2 per carbon nucleus, Using for the sake of evaluation the 

obtained value of the cross section in the lower energy region also (where the. process of charge ex

chanqe had not been studied earlier) with the conditions of our experiment one should expect that the 
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intensity of 17 + charge exchange will be 4 orders higher than the intensity of process ( 1 ). This 

evaluation which gave the upper limit of the expected background showed how serious the difficulties 

of pion f3 -decay investigations were. In view of the fact that the problem of charge exchange intensi

ty at lower energies is of paramount importance in carrying out the experiments on pion f3 -decay in

vestigations, we studied the energy dependence of charge exchange probability. One could expect that 

the charge exchange cross section would decrease with pion 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 energy E. 

N is the counting rate of coincidences of counters 3,4 and spectrometers 5,6 (in relative units). 
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'that the' charge' exchange probability decreases in fact sharply with decreasing energy and, consequently, . 
' . • .. ' ," - ·. ' . ,i 

th~ real backgro~nd in condi~ions of our experiment is n6t so large as,it was shown by ci'preli~inary,eva- . 
. . . '. , .... :· . ···~.-- .. (> :. ,' '··;,: ... --.~.,./·.,_··· ... _~· ',. ·_.· .. · -\ .·· . 
/( luation. ;Nevertheless, :it ~xceedsthe expestedintensity of process H l, nearly_ 3 orders.··· · ; 

'.· '.; 

· The use ~£the ·~t6p. detector' permitted to suppress the probability, of charg~ exch~nge 'registration 
' ,- , . ~ , . , . . . . I . . . . 

~proximately by ~n order {see Fig.· 2 ) so th;Hn the end the intensity. of charge.~xchange registration · . 
•._., ' / / ' ' : o ' ' T ' ,•' .~' -; •• :- , / ' , •. ' ' ' '. ' • • • ; ,._ • ~-- ' : , -' 

exceeded the expected intensity of process { .1) ·a hundred times.' Further essential suppression of the' 
. . . . . . . ' . • i . ., . . . . . . . ' . . . . . . . : \ 

1 chcn2ge exchange registration. efficiency wds perform~d with th~.help of. a fast delayed coincidence cir-'. 1
. 

· · 'cuit. Counters 3,4: and spectrometers 5,6
1
were ·connected ~ith. the coincidence circuit so that it register

.' ed only. ~hose simultaneous events in ~pectromeikrs 5,6 which. were d~l~;ed in time r~lativ~ to counter~ . 
•. ;:: , ". '". .- ,,' ' :• t· ;c \' '-._:: ", • • ', ,-' • ',,. • • , <• ,'. ; • , ~ ~·· 1 · / ~ ; • 

0 '\~ \ •. • ' < I'. • " • ' ' • 

. , 3,4 which marked the moment of a pion stop~ The spectrometer delay relative to. the scintillation counters 

: ··whs .chosen to be e~~al. to 8.w~9se~; I ~he· width ~f' th~ re.solu~ion curve (t~e s~-calied I gate'; was 

·.' 6J0-9sec.· Tiine ~diustment of c~unters and ~~~ctr~meters wos .per~ormed: with a high. energy elect~on 
beam bbtai~~d an\! ~tudi~d ~arlier·i~ pa~e/7 1, T~e.energy ch~ract~ri~U~s of .spectrb~eters have b~en> · · 

-~~eas!lred w~th'thesam~ beam (~~e Fig. 4): :The energy thres~old ofspe~trom~ters was. ta~en to b~-: I 

io Mev: This ailo~edto :register y ~uanta from- 11'~ decay with a; efficiency close to a unity ... •. ~ 
,.. : l ,, . ' ·.: . ~ ~ '.' >,' . . ' '. • ' • • . : • ' " 

' ·• I~ the d~scribed sit:auori we ccirried o~ttwo rims~ of ~eas'ur~m~nts du~ing which ab~ut 1.4.109 posi-
1 . I '~ ' ,· . - ' . ~:I . . f : • .. ' •• I - . ·, ~' . _. . f . - I 

tive pions passed the exp~rimental equipment. In course.of measurements we periodically_performed test 

c'a!ib~ation ofspectr6meters .cind scintillatio~ counters wi~h the h~lp ~f y quanta; producedin counter 

'· ·-·~·~~.a result o{plon ,charge e~chan~e. Durin~ meas~e~ents whichlasted-~bciut 30 ho~~. one co~~t- o~ 
'• ·"' ''' .-: .. :·:/.. _ .... , ·. -~ ~ ~ ~ - ·:-- : .. _ '' . . '_.., ' '. ~ ,. - ,.·. _' , .. ' ' .. · . .. ' . '-

. the apparatus was registered which)n the units of..\ corresponds to the.value 
->, •• ' ' •• ' - • •• -' 

'·"""· . ' 

... : .. , ...... ·.·. · .. ·.\r.:..s.l0~8.· _, ._ ·.,. .. 

Thi~ c~unt may _b·e attrib~ted both to ~ion' f3 -deca~ and to the ch'arg~ ex:;hcmge p~ocess; ·The pr9bability · 

· :~f r~?isteri~g 6£the iatte~ a~cording,t~ test.measurem~ni~·wcis·, (i; th~ sam~ tirJits~' .\b~·8.5110;8. . .. 
•' • ... : . ~""i' .. , '~- "-,' :. I : ••• :·'' -' ' ,· ',.1- ,', • '-(.: \, ' ·, /' ~~ • I •' ,:.·'.' •< ,.-, : • ' ~-' 

, The obtained re~ult maybe given in the. form o{Jhe distribution function of the probability W '(.\ ;> .\.) 
' I '. ~ I . : >. \ . ' ': ' . . ...._, , . • . '. .- , . . ;. . ! . - . , ·; , . ·, . '. ' J ~ 1 ' m . 

' ';of the fact that with one registeredevent the value ,\ ln question characterizing: the pion f3 ~decay in tens!-

. . . '. ·. ·, ty exceeds . .\m' lntegrciu-~g th~ n~~i:naliz'ed P~i~s6n.distribuuonwe det: ·:. . .-.· . ... . 
,•-' >• ' ' ~' • #' ' • •.'-, •' \ ~ '• \.-~ ~ , I /•:' ;. ... </ ",,.·, ' • •• 

' . 1 .... , .. · .. ·.· ..;~1.\ , ·,\mi.\, ,·., · · · 
JV(.\> . .\ )=·el ,m. '·(1+ · .:.)· (3} 

.. 1· .. .-: m .·· .... •: .. . : .·. 1,-+ ,\b<.\·,1 . 

. - .-Substituting in.('3 ) the obtained valu~s of\' a~d: ,\b . wese~ thc:tthe func;t!on W 1 in' our case di£- ~· 
', . -~er~ little from>th~ e~ponentiai function. with the irid~x 7; 10~8 (see Fi~.S). Th~ v~lue of this index is . 

' " •• lo , '. • ,' ': ;, •• •• , \ ~I ( •: ~ 'I '.. ' , ,'o 

appropriate to· be taken as .. the' limit evaluation of,·>.: 
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The integral probability W1 (A> Am) 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 value. 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 order/81 . 

. Basing on the evaluation for A, it is possible to find the upper limit for the value of the constc;rnt G 

which determines the intensity of the pion {3 -decay. Making use of the formula ( 2 ) which is justifiable 

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

G < 2.5 G/3 

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

G/3 =·1.4.10-49 erg.cm3 obtained/3/ on the basis of the o14 .. N;4 decay investigation. 

The experiments performed have shown that after some improvements the described technique will 

give a possibility to carry out quantitative investigation 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. ~ergienko, . 

V.P. Dzhelepov and A.A. Logunov for the great help in carrying out the above experiment. We are thankful 

to Ya.e. :Zeldovich, S.S. Gerstein, B. Pontecorvo and L.I, Lapidus for valuable discussions. 
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