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ANNOTATION 

Spectra of meson X-rays, emitted by JAv mesoatoms 'of 
Uf'anium and lead, have been investigated lJy means of a scintil• 
lation ~pectrometer. lt is shown tha! the intensity of 2P-lS 
radiative transitions in mesouranium, normalized to one stopped 
muon, is considerably less than in mesolead.·Tbus, there was 
proved experimentally the existence of a new mechanism of me• 
soatom transitions, in ·which the relevant energy is directly 
·transferred to the nucleus. · · 

I. INTRODUCTION 

In Wheeler's pape/ll two types of fission by f,L ~mesons in heavy nuclei had been predicted:. 

'internal' fission, when the energy necessary fot,;Iission is relea~ed in the nuclear capture of the muon from 

the lo~er mesoato~ level, and 'external' fission, .in which the m~on does not disappear, the energy ne.ces

sary for fission being released in a nonradiative mesoatom transition. 

Zaretsky/2/ has calculated the probability of radiationless . transitions in mesoatoms of heavy nuc· 

le~more exactly, the probability that the 2P.-1S transition energy is not released in the form of mesonic 

X-rays but is directly transferred to the nucleus. 

In the experiment of Belovitsky and other/3/, in which photoplates were used, the conclusion was 

drawn that muons stopping in u238 cause only 'internal' fission with a probability of 0.07 (nonradiative 

fission was not observed by those authors and has a probability less than · 1% ). The research of Diaz* et 

al./4/, carried out by means of electronic methods, sh~ws that radiationless fission, if any, mustbe·rare. 

With the exception of those experiments which gaye negative results, the radiationless mechanism 

proposed by Zaretsky for the 2P-1S transitions had not been investigated experimentally .Thus, up to now 

only two mechanisms for the 2P-1S mesonic transitions were known: 1) mesonic X-ray· emission and 

2) Auger effect, which in heavy nuclei does not practically play any role. 

In the present paper it is shown experimentally that mesonic 2P-1S radiationless transitions really 
take place in heavy mesoatoms. 

The investigation of such phenomenon not only is of interest in itself but could also give valuable 
information on heavy nuclei properties. . 

Zaretskf
2 I indicated that the frobahil,ity of radiatio,nless transitions in a JA... -mesoatom of ura

nium, where the density of nuclear levels is large, must be appreciable. In a ~ · -mesoatom of lead, 

where the density of nuclear levels is small, this probability is practically equal to 'zero. According to this, 

the fraction of 2P-IS radiationless transitions in mesouranium was determined by measuring'the difference 

of the yield of the corresponding radiative X-ray mesonic transitions' in u238 and Ph. The fact that the 

* . We are grateful to Dr. Moyer for communicating to us the .results of this Investigation during the Kiev Confe· 
renee. , 
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transition energies in mesouranium and mesolead are close ( 1'\J 6 \1e V) made the task of comparing photon 

yields easier, since there was practically no need to introduce corrections to the spectra obtained experi

mentally. 

II. EXPERIMENTAL PROCEDURE 

· Use was made of the 270 MeV/ c pion beam from 'the Joint Nuclear Research Institute synchrocyc

lotron. The experimental arrangement is given in Fig. 1. The rate of muons stopping in the target was regiE'

tered by a three scintillation counters telescope in coincidence as 1 t · 2 - 3 (coincidence of counters 

·1 2 in anticoincidence with counter 3) The absorption curve obtained in an experiment with a thin .. . 
( 4 gr/cm2) target is given in Fig. 2. Radiation spectra of mesonic X-ray photons were measured with thic

ker targets, the uranium target ( 100 x 100 mm2 x 10.7 gr/ cm2 and the lead one ( 100 x '100 mm2 x 

X 10.3 gr/cm2) being equivalent as far.as ionisation loss is con~erned. 
Scintillation counter 4, consisting of a NaJ(Tl) crystal 30 mm in diameter and 35 mm in height . 

connected to a photomultiplier served as a detector of lS" quanta. The O -counter output was con-

nected to a 64-channel amplitude analyser which was triggered by a signal of the type . t 1 + 2 - 3) (2+4). 

The accidental coincidence Lackrgound was about 1/20 of the total count. 

A Na24 source giving photons with ene;gies of 1.3·8 MeV and 2. 76 MeV was used in order to cali

brate the energy scale and to check the linearity of the whole system. The urani~m and lead targets were 
/ 

alternated periodically during the measurements. All the spectra had the same form and did not show appre· 
ciable shift with respect to each other. 

Ill. RESULTS AND CONCLUSIONS 
1,.. 

Photon spectra of mesouranium 'ii.nd mesolead in the energy range from 3 MeV to 8 MeV are 

shown in Fig. 3. The spectra are normalizel to an equal number of muons stopped in. the target. In the Pb 

spectrum there appears a clear peak at I'V5,3 MeV. Owing to the relatively small size of the NaJ(Tl) 

crystal, this peak is related to three values of the energy lost by photons in the crystal: 1) E lr , 2) Er -

-0.51 \feV, 3) Elf - 1.02 MeV, where Er:6.02 MeviS/ is the 2P-IS transition energy in mesolead. 

The number of counts in uranium is smaller than in lead in the 5 - 5.5 MeV region, while in regions far 

enough from 5.5 MeV the co~nts in u238 and Pb are practically equal. The mean peak energy correspond,_ 

ing to the 2P..:..Is transition energy .in uranium is approximately 200 Ke V higher than in lead. 

The difference in the· intensity of 6 MeV photons in mesouranium and mesolead under conditions of si

milar geometry and close radiation energies demonstrates the existence of radiationless transitions of 

)A. - mesons to the IS- state of mesonuranium. A quantitative estimation of the probability of this phenomb- .· 

non appears to be difficult. In order to determine the ratio of the intensities of the radiative 2P-1S state 
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and mesolead' l't 1's necessary to know the number of counts in each analyser transitions in mesouranium . 

h l h. h · 11 d t 2P IS photons In other words it is necessary to know the contribution of c anne w 1c 1s rea y ue o - • . . . ,_ 

h .b k d t' t i e of the ~ate which is not connected with 2P-1S transitions. Background t e ac groun coun mg ra e, • • . 

counts .ar.e due to other mesoatom transitions and also to the presence of electrons in the primary beam. 

The determination of the background is rather a complicated problem :which is under study now. At pr~

sent we can only indicate rough limits within which the background must lie. From measurements carried 

out wi~h a gas . Cerenkov counter it became clear that the background count for photon energies E) 4 4 \1e V ·· 

both in the case of uranium and lead is mostly due to electrons. This background practically does not de-

pend upon the target material and the analyser channel number. It is clear that the counting rates in ura-

nium and lead for energies close to 8 MeV are lower limits of the background levels in uranium and lead i11 

the energy region of interest around 5 ~1e V (Fig.3). On the other hand the upper limit of the background 

(Fig. 3) will correspond to the line obtained by a smooth interpolation of uranium and lead spectra .between 
the regions with E~<5 ~leV and E))5 MeV. 

Assuming that the probability of radiationless transitions Wexc in lead is negligibly small in compa-

rison with the probability of photon emission \.VM~1 ' 

into account the above background limits we obtain: 
and taking 

(t_J 
Another rough e~timate of the ,background can be made from the condition that the uranium and lead 

peak widths must be about equal. From this estimate we obtain (WexciWLv)u238 N0,2, i.e., a value close, 
to the lower limits of ( 1 ). ' 

Thus one can conclude that the probabilities of radiative and nonradiative transitions in u238 are 

comparable*, the radiative tr~nsitions apparently predominating •. 

Preliminary experiments show th,at nonradiative. transitions take place in Th232 

In Zaretsky~s paper a magnitude 5-20 wa~predicted for the ratio (Wexc/W{.v )u238. This result 

does not agree with the value ( 1 ). It is necessary to point out, however, that in the original Zare-tsky's 

esti~ate it was assumed that in a nucleus of uranium f ~c)) 1, where · f is the m~an density o£ the 

uramum levels excitable by the _2P-IS ,mesonic transition and ""· is their mean nuclear width. Under 

such assumption we can neglect the processes in which the excited nucleus with a muon in the IS-state 

undergoes a transition into the ground state of the nucleus, the muon g~ing back to the 2P-state. As Zaretskr 

* In OUJ' prellmlnuy oommunloatlon at the Kiev Conference (19~9) It was stated that the probabilities of the 2P-IS 
nonradlatlve and radiative transitions In u238 ue approximately equal. This was an overstatement. 
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pointed out while discussin~ our results, the hypothesis J ~))l is not really justifiable a priori. If . 

p ~ "'~ 1, the processes of muon oscillation between the 2P and lS states with simultaneous os• 

\ cillation of the nucleus between the excited and the ground states are no more negligible, so ·that the 

ratio (WexciW.A,.tJ ) greatly decreases/6/, 

At present more accurate measurements of the ratio (Wexc;w4 .., in different mesoatoms are being 
carried out. 

The authors are sincerely grateful to A.I. Alikhanov fo~ his constant interest and to D.F. Zaretsky for 

illuminating discussions. 
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Experimental arrangement. 1- Concrete shielding. II- Collimator (g 100 mm). 
Ill -Deflecting magnet. IV-Jr.meson beam. V.- Scintillation counters: 1,2- Plastic 
counter B 100 mm, thickness 10 mm. 3- Plastic counter 0 125 mm, thickness 
12 mm. 4. - CrY.stal NaJ (TI) 8 30 mm, thickness 35 mm. IV - Filter ( 75 gr/cm2 
Cu+. 32 gr/cm2 B4C). VII- Target. VIII -Shielding of counter 4 (20 em Pb ). 
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Fig. 3. . Photon spectra from mesouran.ium and mesolead. I - Pb, f -U. . . 
I -The upper limit of the background. II. -The lower limit of the background in lead: 
Ill._ The· lower limit of the hackground in uranium. 


