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The capture of stopped negative pions in He 3 

allowed by the conservation laws: 

11,21 
has been considered theoretically •• The following processes are 

1. 1T + lie 3 
-+ p + n + n ( 55.5% )] 

He
3

-+ 

absorption 
2. 1T + n + d ( 27.8%) 

3. 1T + He 3
-+ Hs + ,o ( 9.4%) charge exchange 

4. 7T + He 3
-+ H 3 + y 

( "' %) ] 
5. He 3

-. d + ( 2.0 %) 
radiative 

7T + n + y 
capture 

6. 7T + lle 3 
-+ p + n + n + y (0.5% ). 

The relative rates of these process:s have been calculated in ref. I 11 in terms of impulse approximation, the known data on 

meson capture in hydrogen and deuterium being used. The capture was also considered to take place from the S- state of the me­

sic atom. It has been shown I 2 I that the ratio of the rates of reactions ( 3) an~ ( 4) which we shall call the Panofsky ratio in 

II e 3 and denote by P , may be directly related to the value of the root- mean- square radius of the transition from He 3 to 

H 3 in radiative processes. The following equation takes place: 

p = 1-Lk2r:: _l_k 4 r 4 : :: ruruH [; ~(: ::rJ~ (I) 
3 18 H H 

where P0 is the Panofsky ratio, r is the root- mean- square radius, em, k is the photon wave number in process ( 3) , em - 1, 

w is the photon energy in process ( 4) , ru H is the photon energy in 77 - - meson capture in hydrogen, m is the neutron 

mass, IL is the rr0 
- meson mass, M is the tritium mass, E is the energy released in process ( 3) , E H is the energy re.­

leased in the process rr + p -+ n + rr 0 • The particle masses and the energies are given in MeV. 

The experimental determination of the root- mean- square radius is of great interest at present, for instance, for the interprets-. 

tion of the results on muon capture in He 3 • 

In the present investigation the experimental study of "-- meson capture in lie 3 was undertaken for the first time. 
141 

Pions were brought to rest in the diffusion chamber, filled with helium- 3 at 20 atm pressure ~ The chamber was in the 

magnetic field II = 6 000 Qe. One "-_meson stop on average occured per 4 pictures. The contamination of muon stops was 

32 % of the total number of stops. During two runs - 8 500 photographs were o~tained. The whole material was scanned three 

times. The results of scanning are given in Table I where the number of events of each type is indicated. 

* 

One- prong stars 

Prong 
end 

visible 

805 

Prong 
end not 
visible 

1567 

Total 
number 

of 
stars 

2372 

Table I . 

... IL- e decay 

Electr­
on 

visible 

Electr­
on not 

visible 

353 

Many-

prong 

stars 

21 

17-JL Events not 

decay identified 

or IL - e TT-jL 
pion decay decay or 

scatter- or a a star 
ing star 

1423 61 33 

The value quoted in ref. /l/ have been corrected according to the recent, most accurate measurements of the P?ofsky ratio, 
P0 = 1.533 ± 0.21 31 . 
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rr- -mesons captured in He 
3 

provide only one-prong stars. Due to this the registered many- prong stars should be related to the 

capture in carbon or oxygen nucai belonging to the vapour of methyl alcohol. 

In reactions ( 2), ( 3) and ( 4) the energy of secondary particles is strictly fixed. Therefore, they can be easily identified by 

measuring the ranges or momenta of secondary particles. In all other processes energy is distributed between three or more par_ 

ticles . In this investiption the main attention. was paid to reacti011:s ( 3) and ( 4). As seen from Table I, the number of stars 

satisfying the selection criteria and related in the overwhelming majority to meson capture in He 3 amounted to 2372. It was estab­

lished that on scanning three times the observation efficiency for rr- -m~on stops in the chamber was independent of the event 

type at the end of the meson track and was close to 100 %• 

The selected events were measured with a stereo-projector. The range spectrum of secondary particles from one-prong stars 

is shown in Fig.I. Two peaks with R- 0.2 mgl cm2and R- 5.5.mgl em 2 corresponding to the two monoenergetic particle groups are 

well seen in this spectrum. The tritium energy in the reactions rr - + He 3 
... 11 3 

+ rr o and rr- + He 3 ... 11 3 + y 

""' is 0.19 MeV and 3.27 MeV. The expected values of tritium ranges with such energies correspond to the rsnge values of the peaks 

in the spectrum. This indicates that the peak in the region of 0.2 mg I em 2 refers to charge exchange process ( 3), while in the re­

gion of 5.5 me I em 
2 

- to process of radiative capture ( 4). Fig. 2 presents two photographs showing stars related to these proces­

ses. The deuteron range length from reaction (2) is too great to be registered as a star with a track ending in the chamber. The ap­

proximately smoothly distributed background which is present in the spectrum is formed by a part of events from reactions(1),(5),(6). 

In separating the events, due to charge exchange and radiative capture, it was supposed that the behaviour of the background in 

the region of peaks is monotonous. In the left side of Table II there are data on reaction ( 3). 

Table II 

Reaction ( 3) Reaction ( 4) 
s-----

Range Number Back- Back- Number Range Number Back· Number 
interval, of ground ground of interval of ground of 

mgl em 2 
events of due to events 

2 
events due to events 

muon other 3 mg/cm other 3 
events re- H " 

0 H re- y 
·actions actions correct-

ed for 
efficiency 

_,.. 

0-0.5 382 + 19.5 23.3 + 4.2 43 + 6.5 315.7 + 21 5.2-5.9 114 + 10.7 14.2+ 2.7 146.6 + 16.5 

As seen from the quoted spectru;t, secondary particles from reactio~ ( 3) have very short track lengths. Therefore, to assure a 

high selection efficiency in scanning not only obvious short prong events were considewd to be stars but also all the events when 

the meson track end had any peculiarity (distortion, inhomogeneity ) • The background of false stars in this case is determined by 

the muon background (muon scattering, etc. ). In order to evaluate this background the results of scanning the material obtained 

durin& the p.- exposure were used I 51. Due to a small pion contamination ( < 2% ) and an incO!Isiderable yield of stars from 

muon capture in ll e 3 practically all the events with a peculiarity at the end are false imitations of short track length stars. 

Because of possible unfavourable space orientation of star prongs theirs length (if R < 0.3 mgl em 2 ) was not measurable in 

all the cases, therefore a fracti011 of events was included in the range interval ( 0 - 0.5 me I em 
2 

) indicated in Table n without 

measuring ( 93 events ) • The performed measurements of secondary particle track lengths from the capture of thermalneutrOIIs 

n + He 11
-+ H 

3 
+ p, and also from the reacti011 rr- + He 3 

... H 3 + y show that in measurements the deviation from the 

mean path length does not exceed 0.3 mgl em 2 • Therefore, it ca be considered that the overwhelming majority of events from 
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. It was estab-

Number 
of 

events 

3 
H y 
correct­
ed for 
efficiency 

146.6 + 16.5 

to assure a 

events whea 

Jetenlliaed by 

obtailled 

from 

stars. 

teas:urab~e ia 

D without 

reaction (3) will be included in the region of track lengths from 0 to 0.5 mgl em 2 . The detection efficiency in the chamber for 

the prongs of such a length (i. e., the probability that a prong is not cut off by the edges of the sensitive layer) was taken to be 

equal to 100 % . "It was assumed that in the track length interval from 0 to 0.5 mg I em 2 the background due to other reactios 

remained the same as in the neighbouring interval from 0.5 to 1 mg I em 2 . 

The results of detecting the reaction 11- + Tie 
3

-+ H 
3 

+ y are shown in the right side of Table n. The detection 

efficiency of a prong 5.5 mg I em 2 long was derived by analysing the prong distribution of all the stars. The mean value of the 

efficiency (for both the exposures) turned out to be ( 68.2 ± 2)% • The background due to other reactions was det~rmined from 
3 

the nearest zones to the right and to the left of the peak Tl y • The mean range of tritium in this reaction was (5.55 :!: 0.05) 

mglcm 
2 

Using the data of Table ll, we find the Panofsky ratio in He 3 to be: 

p "' 2.16 ::!:: 0.28. 

The relative rates of reactions(3) and ( 4) prove to be the following: 

w, .. (13: o.9 J% , W4 "' (6.2 : o.7J% • 

The evaluation of the root- mean- square radius ofthe. transition from lle 3 to H 
3 

, made on the basis of relation (I) and 

the experimentally obtained value P, gives 

+ 0.30 -u 
r "' ( 1.24 _ 0. 46 ) . 10 em. 

This value of the root- mean- square radius is in better agreement with the value 1.56.10-
13 

em calculated in ref. I 6 I on 

the basis of the known magnitude of lie 3 binding energy and on taking into account a hard core potential for nucleon-nucieon 

interaction, than with 1.78.10- 13 em quoted by ,Fujii and Primakoff 17 I. 
The yield of the processes 11- + He 3 

-+ II 3 + 110 and 11- + Tl e 3 -+ TI 3 + y turns out to be somewhat larger 

th · di d · f I 11 
an It was pre cte In re . . 

Finally, it should be noted that further augmentation of experimental material will make sufficiently accurate(- 10%fde~er-

mination of the transition radius He 3 -+ ll 3 possible. 

The authors are grateful to S.S. Gershteia, B.Pontecorvo, B. V .Struminsky for the discussion of the results and to A. I. Tokars­

kaya, E.A.Shvaneva, A.G.Zbukov, N.V.Lebedev, V. I.Orekhov, V.F.Poenko and A.G.Potekhin for help in measurements 811d car­

ryillg out the experiments. 
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