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With the aid of Cerenkov spectrometers we have 
detected 43 instances of pion beta-decay. The 
relative probability of this decay is found to 
equal X - (1.1 ;r 0.2) x 10 -8 , which confirms 
the hypothesis of vector-flux conservation. The 
values of the constants G and Gp , character- 
izing pion and nucleon beta-decay, coincide: 
G- (1.03 2 0.11) Gp . The energy spectrum of 
positrons formed in pion beta-decay agrees with 
that calculated on the basis of the vector-flux 
conservation hypothesis. 

l- Introduction 

The characteristics of pion beta-decay .+ * + a0 + e + y (1) 

are predicted with great accuracy by the weak-interaction 
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theorycref l9 2, if the hypothesis of vector-flux conservation 

is valid. (ref 3, 2) Within the framework of this hypothesis 

the probability of pion beta-decay can be determined with an 

error not exceeding several percent: 

Here G is the constant of weak vector interaction, & the 

mass difference between a charged and neutral pion, (ref 6, 7) 

/" 
the mass of the V+ meson, m the electron mass, and 6 the 

radiative correction. 

Notwithstanding the exceptionally small relative probability 

x = &(rT++ Tl" + e+ + \, )/&(?r++/u+ + V), which according to 

theory amounts in all to only 1.04 x 10 -8 , initial studies 

carried out in 1961-62 (ref 8-11) did show that process (1) is 

accessible to measurement. The probability x then arrived at 

was close to the value predicted on the basis of the vector-flux 

conservation hypothesis. Reported below are results of further 

studies of pion beta-decay, (ref 12) undertaken for the purpose 

1) Formula (2) was obtained by Gershteyn. (ref 9) 
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of measuring the positron spectrum and refining the probability 

value x l 

2- Experiment setup 

To detect pion beta-decay, we used an apparatus (ref 13) 

containing four Cerenkov total-absorption spectrometers (Figure 1). 

Pm. I. llocra~oe~e 0nbfTa. 1-6 - cumrtmnmmowb~e CS~T~HKH, 7-qepeiiKoecKKe cnercrpo- 
hterpbl nonHot- nornouewa, 8-cuKHTwmriuKonwe CWTWKH eKTtfcoenanemI4, 
K -rop~osnurK~ +KnbTp. B cneKrpoMeTpax KcnonbSoeaHbl ~oToy~no~KTenn Y' 
58 ALP, B CuKHTtmnRuKOnHblX CSeTYHKaX - 56 AVJ 

Figure 1: &Cperim@At SetUp: 1-6 = SCiAtillatiOA COUnterS; 
7 = Cerenkov total-absorption spectrometers; 8 - anti- 
coincidence scintillation-counters, K/-meson/-retarding 
filter.TN IA the spectrometers we used /type/ 58 AVP 
photomultipliers, in the scintillation counters /type/ 
56 AVP. 

TN = Translator's Note: 
Words or phrases enclosed in obliques /in this manner/ 
have been added by the translator for the purpose of 
attempting to clarify (for himself) the presumed 
intended meaning. 
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The experiments were conducted at the end of 1962 in the synchro- 

cyclotron of the Nuclear Problems Laboratory of the Joint 

Institute for Nuclear Research. Extracted from the accelerator 

chamber, a beam of.positive pions was shaped by lead diaphragms 

and magnetic lenses. The pions passed through the series of 

scintillation counters l-5, and were stopped in the scintillator 

of the last counter 6, designed to detect the decay positron. 

An amplitude analysis of the pulses from these counters enabled 

us to distinguish clearly occurrences of pion stopping. (ref 14) 

Gamma quanta from the decay of no mesons were detected with 

Cerenkov spectrometers. Between counter 6 and the spectrometers 

we placed scintillation counters which shielded the spectrometers 

from charged particles (aAt.iCOiACideACe counters). 

The scintillation counters and Cerenkov spectrometers were 

placed in multilayered magnetic shields to eliminate the influence 

of the accelerator's stray magnetic field. All the counters and 

spectrometers were furnished with sources of light pulses, of 

nanosecond duration, with the aid of which we were able to 

simulate the pion stop and the decay /process/ (1). This made 
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it possible rapidly to calibrate the entire apparatus as the 

measurements proceeded. 

The CereAkOV spectrometers and counter 5 were connected 

into a coincidence circuit (ref 15) with a delayed "gate," of 

8 x loo8 set duration, which triggered the sweep of a five-beam 

high-speed oscilloscope. (ref 16) The pulse-buildup time on the 

oscilloscope screen wa8 4 x loo9 set, the beams having 

a vertical-deflection sensitivity of 60 q v/cm. The pulses from 

all the counters and spectrometers of the apparatus were mixed 

together(ref ") and fed into the oscilloscope inputs. IA the 

process, the pulses of counters 3, 4, 6, and 8 were shaped with 

respect to length. Particular attention was given to the shaping 

of the pulse in counter 6. For this counter we selected feed 

conditions that cut to a minimum overshoots and afterpulses. 

Counter 6 was tested with the aid of two sources of light pulses 

that simulated the pulse from a stopped pion and that from the 

decay positron occurring shortly thereafter. Varying the delay 

time and amplitudes of these pulses showed that the positron in 

decay (1) can be reliably detected if the time delay t between 
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the instant of its formation and the stopping of the pion 

exceeds 6 x 10" sec. The same result was obtained from our 

analysis of the occurrences of m+-' 
/" 

+ decay detected in the 

calibration experiments (see Figures 2 and 10). 

Pnc. 2. ~ororpacgmn cnyvan “+-r;’ -pecnena. D -nNnynbcbr* eoaHKK*nLu”e I) CqeTYH- 
KBX 5, 4, 3, 6 nptf TopMoweem H 0cTaHoere 
nmcq 6 of C+-hfe30Ha. 

r+ -wmoHa, p -wkinynbc D met- 

Figure 2: Photograph of an instance of r+-fL' decay. 
The r pulses occurring in counters 5, 4, 3, and 6 
due to retardation and stopping of a r~+ meson; 
the /"c pulse in counter 6 produced by a p' meson. 

To photograph the pulses, we used a Zeiss lens (German 

Democratic Republic) having a speed of 1:0.75 and focal length 

of 100 mm. The photographing was done with an RFK motion-picture 

Translator's Note: The RFK may stand for "Russian Photographic 
Camera," but the translator is not sure. 



camera on highly sensitive "Isopanchrome 13" film. 

The tuning and calibration of the apparatus were done in 

experiments in which we recorded the charge exchange of To me80118 

stopped in a target placed between /the/ Cerenkov spectrometers. 

Translator's Note: 
'In the translator's opinion the presence (or absence) 
of "the" here makes a difference, i.e., affects the 
meaning. There being no word for "the" in Russian, 
however, the reader will have to draw his own conclusions. 

We used as target liquid hydrogen and lithium hydride. Final 

calibration of the apparatus was done.on the basis of 

a time/amplitude analysis of photographs taken during detection 

of the low-intensity charge-exchange process 

7T- +p+V'+n (ref 17) 

in the scintillator of counter 6 (see Figure 3). This analysis 

showed that the selected detection method assures a resolving 

time of 2 x lOWlo set for the scintillation counters, 

7 x lo-lo set for the spectrometers. 
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\PRc. 3. @or rpa+un cnyqar nepe3apanrn 
89 

a --tde30na B cuuimmxnrope cqeTwfKa 6. 
\ re xe mnynbcbt, qs'o Ha pm. 2, y - HNflyJlbCN 01 ABYX lIpOTKS~OlIOXCHNX 

CnerTpoMeTpoe. 

Figure 3: Photograph of an instance of the charge 
exchange of a TT- meson in the scintillator of 
counter 6. The 77 pulses are the same ones as 
in Figure 2; the 7 pulses'are from two 
opposite spectrometers. 

3- The measuring 

The basic measuring lasted some 500 hours. During this time 

4 x 1ol0 pions were passed through the apparatus. In the course 

of the measurements the entire unit was test-calibrated every 

two hours by means of light-pulse sources (Figure 4). The. 

. stability and linearity of the oscilloscope's sweep were 

checked also ---by photographing standard sine waves, having 
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Pm. 4. Ont4oepet+tewioe cpe6krbma~ee nhtnynbcnbtx ncTowwcoB cseta 00 scex cqerwxax 
tt cnexrpokierpax ycTaHoeltw (xam6poexa). 2, 3, 4, I - “N”y&b, OT CPetYHKOB 
5,4.3.6. AI-A4 - mmynbcbt OT cqewmo~ awncoBnanemtA. C -C - whtnynr 

1 4 
cbl OF w3penKoecKKx cnesTpoueTpoe. 

Figure 4: Simultaneous operation of the light-pulse 
sources in all the counters-and spectrometers of the 
apparatus (calibration). 2,.3, 4, and 1 are pulses 
from counters 5, 4, 3, and 6. Al to A4 are pulses 
from the anticoincidence counters, Cl to C4 pulses 
from the Cerenkov spectrometers. 

a frequency of 100 mc, from a stabilized quartz-crystal 

oscillator. In addition, repeated periqdically were test 

experiments in which we recorded the charge exchange of negative 

pions in the scinti'llator of counter 6 and in the lithium-hydride 

target. 

The photographs obtained were examined first via slide 

projector. We singled out those instances in which the 
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photograph showed a pion 
:'. 

stop accompanied by a 
ji;‘ I 8 ~..-~..,,,.,,,,~:~~,l=,- _ ,i'& l.'*... 

,;, 
I'.. delayed pulse and an absence _..A_ Le..,_. _A-..-., / I 4.----,---.-. - ,a)y----- ..I -.-.. ~~-y-yyp;&$""~ 

. . .- 1 / 

of pulses from the anti- 

coincidence counters (see 

Figure 5a, b, c). The 

photographs on which anti- 

coincidence-counter pulses 

appeared (Figure 6) were 

analyzed separately, and 

served as a source of 

information on the pion's 

radiative decay 

TT+ +y+ e+ +J. 

pm. 5 a, 6, 8. TH~HW te +ororpe+n~ 6eT8-p6cn8n8 IIHOHOB. IV n y - Te me A ___ 
nNnynbCb1, ‘#TO H HB p-3. e - ~MnynbCb, 01 “OJHTPOHOB peCnaAa. ! 
r -17, 31~ 25 lo-’ CeK, COOTBeTCTBeHHO. 

Figure 5a, b, c: Typical photographs of pion 
beta-decay. The r and ,' pulses are the 
same as in Figure 3. The e pulses are from 
decay positrons. t - 17, 31, and 25 /x/ 10 -9 

set, respectively. co 
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,. ’ . / 
(‘Pm. 3. ~ororpec#~~e pan~au~o~~oro pecnana .+* y + .+ + v. I n Y - re me “unynbcbl, 

vro na pm. 3. e- mnynbcbr OT nosnrposa a CYBTWIK~X 6 II 8 w B cnerrpohierpo. 

Figure 6: Photograph of the radiative decay 
rT++y +e++ti. The TT and )/ pulses 
are the same as in Figure 3. The e pulses 
are from positron/s/ in counters 6 and 8 and 

' in /the/ spectrometer. 

The 330 photographs left after we had taken out the first 

group were subjected to a time analyiis.' It was found that 61 

events satisfying the necessary time criteria (pulses from Y 
quanta and positrons coincide in the time-resolution range) 

were in the decay (1) category. A final sorting of the events 

was made on the basis of an amplitude analysis of the pulses 

from the Cerenkov spectrometers. This analysis showed that, as 

the energy threshold Eth of the detected gamma quanta rises, 

the background-noise level abruptly drops, (ref 12) and at 



12 

*th - 30 mev pion beta-decay events are reliably distinguishable. 

Translator's Note: 
The subscript in the Russian, notwithstanding its 
resemblance to the Greek pi, is believed to be 
a Russian p standing for porolq - "threshold" - th. 

After introduction of the threshold Eth - 30 mev . 

52 events satisfied the time and amplitude criteria. The.random- 

coincidence background-noise level we determined in terms of the 

time distributions of the pulses from the Cerenkov spectrometers 

and in counter 6. One of these distributions is shown in 

Figure 7. F (iii) 

’ 10 ’ , 
Time distribution of 
detected events. A t is 
the delay of the pulse from 
counter 6 (positron) in '. 
comparison with the pulses 0,s 
from the spectrometers. t 
The curve is the same 
distribution obtained in 
the calibration experiments 

. 

I ( 

with detection of the -30 -25-20 - JS -JO -5 0 5 JO J5 20 25 30 

charge exchange of T;T- mesons, 
m 

A f ,I0 -%~ (= SC) 

Figure 7 I 
Pec.7. Bpet.se&e pacnpeneneHwe sapekcTp~boea&b!x c06bmtR. bf - 3aLlepXxa nt.tnynZi ‘1 

Of CYeTYHI(a 6 (IIO~KTPOH) OTHOCHTWlbHO HMIlJJlbCOB Of Cflk?KTpOMeTpOB. Kpman - 
To nce pacnpeneneaee, 
3apnmm v* -Me3onoe. 

nonygetinoe B rene6ponow~~x onbmax npe perncspouHe nepe- 

.- 

Translator's Note: (?),= illegibility on translator's copy of 
original Russian. 
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The number of random Y)’ - e+ and v”+‘y coincidences was 

found to be six. The background associated with the simulated * 

/^ 
+ 0-8 + decay process (with emission of a 7 quantum) was 

determined on the basis of photographs (Figure 8), on which we 

observed, between the pulses from the stopped pion and the positron, 

a pulse from a 
/" 

+ meson (1 event). Finally, we had to 'expect 
,_ .._ _-.,. .:_. . _- . , ; j --- _ / *I .,..,.. ,." ., 'I. 

I 
Figure 8: ..we...-.-.-C-_. 

Photograph of one of the 4 
1 

instances.wherein, be- ( . 

tween the pulses from 
i :.: 1. 

the pion and positron, I 
I ..:,, 

" ,-l~--'-I)~-Llb..L.ij"..-ly.L.:.-.~;-.l __,_ &.;. ̂  -+?.------w..r~...-~ j‘_ .,q *~.-,.,.er~~-~~ I. I',-.- yIu.b-+J-- ""nrrriTTRLr ____- -__ ,.., ----r-_)- _). ,; 
we observed a pulse from : 
a 

r 
+ meson. , 

. 
/ Pwc. 8. / * *oTorpac@n omoro ~3 cnyrl+aes, me Mexny wmynbcsu~ of mom I i103m 

i 
rpom mPeH wt.fnynhc 01 p -“eOOK*. 

, 

two more background events on the basis of the two detected 

instances wherein the amplitude of the pulse from the positron 

was too large.' The total number of background events was 

found, therefore, to be nine. The number N of detected instances 

of pion beta-decay comes to: N = 43 2 7. 
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4- Measurement results 

In the described experiments we recorded coincidences of 

pairs of 
Y 

quanta traveling both in opposite directions 

(Figure 3) and at an angle /to each other/ of 90' (Figure 9). 

‘\ 
1 

I PKC. 8. To xe, wo II ne PHC. 5, HO Y 
: 

‘KI3aHTbI 3aperKCTpRpOBaHbI nDyMR COCenHHMW ' 

I CneKTpoMeTpaMR. -6 f =15.10 cert. + 

Figure 9: Same as Figure 5, but the 2 quanta 
are recorded by two adjacent spectrometers. 
t = 15 x loos sec. 

The 7 quanta forming in the decay (I) fly apart at an angle 

close to ,180O.. Under the conditions of our experiments the 

result of this should have been that (allowance made for the 

angular resolution of the apparatus) the expected number NII 

of pion beta-decay occurrences recorded by the opposed 
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spectrometers will exceed by /one/ order of magnitude the 

number Nl recorded by the two adjacent spectrometers: 

NL'NII = 0.12. In the case of the selected events the indicated 

angular correlation indeed does occur: $/N,, = 0.16 2 0.U.. 

With Eth - 36 mev we get NLIN I( = 0.05 2 0.13. 

The time distribution of the recorded instances, shown in 

Figure 10, also confirms the correctness of our identification 

of the observed decay. 4 ^ 
N I 

Integral time distri- ' 
bution of the recorded 
events. * - instances?oG 
of pion beta-decay; 6 

0 - the decay 6 

r+*p+ +J. The :4 

straight line cor- 
responds to a mean ; ‘2 

lifetime of 
T- 25.5 x lo-' sec. l 

f0 

8 
Figure 10 

6 

0 

0 
0 

0. 
000 

4 

I* 

0 

2 0 

,i , I , I I 1 1, 
0 10 20 30 40 50 

.  

I P,IC. 10. ~~~erpenwtoe npe~emoe pncnpenenewe saper~c;p~poea,wm CO~W~HR. 
l - cnyqaa 6eta-pacnaaa IIHOHO, 0 - pacnaa v++ F(++ v .’ llpm.fae 

cooreercrnyer cpemexy ape~en~ ncmnn r a25,5* 10-O cefc. 

I - 

i- 

, - 



16 

As seen from that Figure---where, for comparison, we give the 

distribution for an ordinary IT+-,u+ decay---the mean lifetime 

of the observed decay coincides with the mean lifetime of the 

r+ meson. The amplitude distribution of the pulses in the 

Cerenkov spectrometers (energy spectrum of 7 quanta) is also 

close to that expected for pion beta-decay (Figure 11). 

Integral distribution F(A) 

F(A) of the recorded 
events in terms of 40 - 
the amplitudes A 
of the pulses in the 
Cerenkov spectrometers. 0,s - 

The curve is the same 
distribution obtained ;$6 - 

in the calibration 
tests with recordings !94 - 

of the charge exchange 
of 77-O mesons. :qz t 

Figure 11 
I 0 

. A,MM ,. 

- 

i: PHC. Il. MnrerpenbKoe pacnpenenwite 
. 

F(A) eaperncrpHpoaaKKb~x co6bfrHR no at.mnK- 
-8’ynm.d A mmynbcoe a .qepeHKoecKKx cneKrpoMimpax. Kpmae - TO )Ke pac- 
npeneneme, nonyseaaoe B KanK6poeoPHbtx onbmex npe perncrpauiw nep~apm- 

KH rt- -tdeaoxor+ 
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The energy spectrum of the positrons that form in a pion 

beta-decay is shown in Figure 12. It coincides with the spectrum 

calculated on the basis of vector-flux conservation and corrected 

to allow for the resolution of counter 6. 

. E,+,MeV 
.- / . 

PHC. 12. 33eprewuecn3A cnewp n03XtpOHoB, 06pa3y~~~xc~ npd 6eTa-pacnane ~OHOB. Kpmarr Buqwcnewa ! 

., c yqerou pa3pemenma annaparypu. CrpenroR Ha+umue 33epruR noaimpo~oe E& yrra3ano nononm- ’ 
33e Mawxrdykta pacnpenenexrn ntdnynbcoa or P -ue30ffos s pacnene w *fi++v 

Figure 12: Energy spectrum of the positrons that 
form in a pion beta-decay. The curve is plotted 
with allowance made for the resolution of the 
apparatus. The arrow on the positron energy-scale 
E,+ points to the position of peak distribution of 
pulses from + mesons in the decay nr++ ++ Il. I /" 

We determined the probability of pion beta--decay in terms 

of the number N of detected decay occurrences, allowance being 

made for the experimentally determined efficiency of our equipment. 
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To determine the efficiency, the spectrometers were irradiated 

with 
Y 

quanta from the charge exchange of 7T' mesons in 

hydrogen. The place and angle at which the 7 quanta entered 

the spectrometer were varied. The obtained velocity of /the/ 

light was compared with the velocity of light from 7 -quanta 

scintillation detectors of known efficiency. In determining the 

efficiency of the apparatus we took into account the shift and 

finite length of the "gate" (10 < t < 85 x 10" see), the energy 

thresholds for 3' quanta (Eth - 30 mev) and the positron (0.6 mev), 

the absorption of 2' quanta in counters 6 and 7, and the scanning 

efficiency. For the efficiency of pion beta-decay detection 

we got (10.5 t 1.4)s. 

The relative probability of pion beta-decay was found to be 

A - (1.1 f; 0.2) looa ---which agrees with the value theoretically 

expected. The constant G characterizing the beta decay of 

a pion Lice (217 coincides with the vector constant G 
P 

characterizing the beta decay of nuclei: G - (1.03 2 O.ll)G 
b ' 

Averaging the findings in this paper with the results 

obtained at CERN, (ref la) we get: G - (1.04 2 0.07)G 
P 

. 
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