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~n our previcus paper I) an experiment has been 
described m wh,ch the reaction 

~- -~ He 3 - E 3 + z., (I) 

~ras observed and its rate was estimated roughly. 
B~ mal vsing 14 events of react'_.on (I). the H~r ?- 
co~.t enerTF ~:~,.s a c c u r a t e l y  d e t e r m i n e d ,  so  tha t  ',~ 
v~.~ pes..~ib!e t~ ~ v e  q m t e  a low (< 8 MeV)  u p p e r  
Iim,~ re; the m a s s  of the  n e u t r a l  p a r t i c l e  --mitred 
Lz ~ e  much c a p t u r e  by the nuc leon .  T h i s  r e s u l t  
sho,~-¢d :hat m the  r o u e n - n u c l e o n  i n t e r a c t i o n  a 
neutrino ~s em~t~ed and ~hat the  r e l e v a n t  p r o c e s s  i s .  
m f ac t ,  

~," + p - n + ~,. ( 2 )  

R e c e n t b  H i l d e b r a n d  2) , , a s  we l l  a s  B l a s e r  et  al.  3) 
o b s e r v e d  r e a c t i o n  (2) in l iquid h y d r o g e n .  

~lere a r e  g iven  the  r e s u l t s  of an i n v e s t i g a t i o n  of 
re~action (i) which is based on a statist~_ca] mater~al 
an order of maa'nitude better than that obiamed ear- 
Her. The rate of.. reaction (i) was measured in or- 
der to s tudy the  q u e s t i e n  of the ~:~: , :o- . :_e=~_r~n 

s~-mmetrv. . in the  m t e ~ a c t i o n  of . . . . .  ~ , ~  ~:.art.~c!es wiLh 

The ~am.,c e x ~ e m m e n t a l  te~_m-o.~_- .~  ~:, - '  :~as 

C~ f[!!ed with He 3 at 20 . . . .  

in the 2!7 MeV/c meson beam ~-f the Dutn~ ~80 
~.~e~ s y n c h r o c y l o z r o n .  Tg, e m e ~ , c : ~  u ~: ~- s l ewed  
dc<~,~ by a con~er moderator pb~ced m front of the 
chamber A t~ical photoFraph cf ~ ...... 

~ p ~ d m g  to reaction (I) is sbcvn m f~-~..~. All the 

scamned ~n.ce, Since stopp~'.H ~ , ~  couid he 

H ~ H~ 

Fig. 1. Photograph of an event of the reaction ~.- + He 3 -- 
He 3 + p. A rouen stopping and decaying in the 
chamber is also visible. 

identified x~Jth great confidence ff their len[~hs L o 
were 20 mm, only such stopped particles were 
considered in the further analysis. R was estab- 
lished that the scanning efficiency for stopping 
mesons is close to unity and practically independ.- 
ent of the character of the event at the end of the 
track. 

The absolute capture probability is determined 
in t e r m s  of the  wel l -kno ,am muoa l i f e t ime  (2.21 x 
10-6 s - c ) ,  if one m e a s u r e s  the ratio of the number  
of c a p t u r e  e v e n t s  to  t ha t  of ( ~ e ) - d e c a y s  f r o m  the 
He 3 m e s i c  a t o m  s t a t e .  S i n c e  the  tr i t ium produced  
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in reaction (!) has a definite energy (1.897 MeV),  
the problem of identifying events of react ion (1) 
( t r i t ium s tars)  consis ts  in selecting a group of 
one-prong s ta rs  with the corresponding range f rom 
the background due to other  processes .  The num-  
be r  obtained in this  way m u s t  be then cor rec ted  for  
the record ing  efficiency,, i . e . ,  i t  is  n e c e s s a r y  to 
take into account the f rac t ion  of s ta r s  in which the 
t r i t ium leaves the sensi t ive  region of the chamber .  
Such a procedure r equ i r e s  that the stopping of 
secondary  par t ic les  be re l iab ly  identified in a l l  
c a s e s ,  including those when the range ends in the 
vicir, KT of the insensit ive region of the chamber .  
To avoid this difficulty we used the two following 
methods.  

F i r s t ,  the total number  of events (I) was d e t e r -  
mined f rom the spectr tun of the visible t,-acks of 
the secondary par t ic les  belonging to al l  the s t a r s  
with the exception of those which on the bas i s  of 
the ionization charac te r  obviously could not be 
t r i t i um s t a r s  (fig. 2). 

.t 
r 

1[ 
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Fig. 2. Spectrum of" the visible track lengths of second- 
ary particles from all the stars produced by 
stopping mesons. 

Second, such a number  was determined f r o m  
the range spectrum of the secondary pa r t i c l e s ,  the 
stopping of which was cer ta in  (fig. 3). in this  case,  
an additional correct ion is  necessary ,  t~tking into 
account the t r i t ium s t a r s  in which the H 3 s tops ,  but 
the t r ack  end charac ter  of which is unclear .  

Two peaks can be c l ea r ly  seen ill both the spec-  
t ra .  One peak in the range interval  (2.0 - 2.6) rag /  
cm 2 corresuonds to the react ion (1) and the other  
one in the interval (5.3 - 5.9) m g / c m  2 correspond:s 
to the radiative capture  of pions in He 3 Or" + He 3 -" 
H 3 + v). Solid lines in f igs.  2 and 3 a re  resolution 
c u r v e s .  

The background level ~ a s  determine~l by l inear  
interpolation between the regions of the spectrun~ 
close to the peak on the left  and on the r ight  s ides.  
It should be noted that if the interpolation interval  
is extended from 2.0 m g / c m  2 to the left and f rom 
2.6 m g / c m 2  to the r~.ght, the changes in the number 

& R  

O5 tO Lq 20 25 30 35 
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Fig. 3. Range spectrum for secondary particles which un- 
doubtedly are brought to rest.  

of t r i t ium s t a r s  we are  determining are  smal l  and 
do not exceed the stat is t ical  fluctuations of the 
backgrouna. 

F i r s t ,  the recording efficiency for the t r i t ium 
s ta rs  ~-as calculated, the rea l  topography of the 
meson stoppings in the chamber  being taken into 
account. Secondly, the efficiency was found exper -  
imental ly f rom the analysis of a l l  the s tars .  The 
two es t imat ions  are  in good agreement ,  and the 
efficiency was taken to be 0.90 + 0.02. In the second 
method an additional correct ion to the efficiency 
was made on the basis of the fract ion of (~e)-decays 
with unclear  end points and was found to be (6.5 =t= 
1.5)%. 

The expe r imen~l  resu l t s  relevant  to the number  
of t r i t ium s t a r s  are  presented in the left side of 
table 1. 

Table 1 
Lata on muons stopping in He 3. 

N= r of 
reaction (1) 

events 
(L o ~ 20 ram) 

Cor- 
rected 

Re- for 
~orded effi- 

ciency 
. . . .  

I 95.5 106.0 
+ 11.9 + 13.1 

11 88.3 105.2 
_.+ 10.4 + 12.7 

_ _  . ,  

Number of (,~e)-decays 
(L o >- 2.0 ram) 

With- Corrected 
With out 

visible visible for C and 
electron elec- O mesic 

tron I atoms 

24 861 10963 ! -358 
_+ 157 ± 440 _+ 121 

Final 
value 

3 5  461 

+ 611 

In the r ight  side of table 1 are  given the exper i -  
mental  data on the number of (pe)-decays f rom the 
states of He 3 meso-a tom.  

The f inal  resul ts  for the ra te  of reaction (1) is 

(AH3)eXPe = (1.36 =L 0.18) x 103 sec "1 

This is to be compared with the theoret ical  value 

319 
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Of Wo]fensteln 4) (AHe3)theo r = 1.54 x 103 sec - I .  
The c ~ ~ m  of (AHe3~ t s  D a s e a  o n  the theo- 
ry  at the universal vector and axial-vector interac- 
tion with account of virtual pion corrections, under 
the assumptions that the vector current is con- 
served~ Sta t is t ica l  popu.taC[~ o~ the hyperf lne 

"- .ee ls  in the  He $ mes tc  a tom i s  a s sumed .  
The ~ ~,ence of an effective mechan i sm for  the 

t rans i t ion  between the  hyperflne s t r u c t u r e  levels  in 
the He 3 mesic atoms and the insensi t iv i ty  of 
(AHe3)theo r even to e x t r e m e  deviat ions f rom • s ta -  
t i s t i c 1  population of the levels make one th ink that 
¢rom this  point of view the  He 3 exper iment  cPu be 
In terpre ted  unambiguously.  The uncertainty m 
(AHe3)theo r due to the inexact knowledge of th,: 
r o o ~ m e ~ n - s q u a r e  r ad ius  of the nucleus and to the 
e r r o r  in the fl value of the  H 3 ~-decay,  i s  5% 4). 
The uncert~_ Inty In the c~lculaflons of the pseudo- 

con.~ gp~ is difficult to estimate, but: it 
t u rn s  out to be essential only in the reg ion  g ~  < 
• 8 ~A ~, where gA # is the axial-vector consl.at in 
the ~r-capture. The experimental magnihzle at the 
rate of the reaction (1) definitely sh~ws that ~ 
= d  ~A" have equal s l ~ s  and that e e  absolut;P~Mue 
c~ gF u cannot be smal l  (5 g i  ,z < gpP < 35gpP) *. 
Therefore, the uncertainty in the cmlmdat~ed value 
.~p~ cannot play at, importsnt role. 

T~us. it should be emphasized t.hat the r a t e  of 
r eac~on  (I) p ~ e d ~ e d  by the un iver :~ l  t heo ry  agrees  
wi~h the exper iment  wi th in  the theoret ica l  and ex- 
perL-nental i naccu rac i e s .  T~fls implies t l ~ t  the 
muon-electron s y m m e t r y  in lepton capture  by nu ~ 
cle ;us. which is at the bm,i~ of the un ive r sa l  theo- 
ry .  ~oes not cont radic t  our 13% a c c u r a c y  exper i -  
memal  result .  

~ i o w  we shn!l d i scuss  ~ e  problem of the Fe rmi  
inte~ ' . t~on,  tbe v e r )  p r e sence  of which in the pro-  
c e s s  o~ muon cap ture  by nucleons is  s t i l l  to be 
proved. Reactim~ (I)  i s  a mixed t r ans i t ion ,  the ra te  

~nich  depends on two p a r a m e t e r s ,  the F e r m i  
G F and the Gmnow-Te l le r  GGPhenomenological  
cons~.uts (AHe3 ~ (GF2 + 3GG2)). 

It ~s desirable to get irdormation on GF ~uhout 
making any "a priori" assumption ~ the form o~ 
the four-fermion inter-action. 

This is possio!e, i f  the a~na]ys~s is ~ i e  of both 
our ~rknenta/ results axed those on the rate ol 
the r ezct4.on 

U- "~ C 1 2 -  B 1 2 -  ~ , (3) 

~-hich zs a pure Oamow-Tel!er trans:tzor~. U~or- 
h n ~ e l y ,  there is a considerable discrepancy 
among di~erent measurements ~ the rea~ion (3) 
rate. It seems re&sonzble to consider o..dy fihe 

An analogo'Js conclusion f~.Hows si~.o from the analysis 

t~re hy comulex nuclei 5). 

m o r e  r e c e n t  meaJmremen~  of .~oyer  e t  aL 6)  
(Ac12 = (6 .31  :k 0.24) x 10 a s ec"  ). Then we get 

tha t  IGF[ = (0.8 +. 0.8 )0"4" IGGI . The e r r o r  indicated 

takes  into account the exper imenta l  i naccurac i e s  
and the uncer ta in ty  in the nuc lea r  mat r ix  e l emen t s  
of r eac t i ons  (1) and (3), Accord ing  to Wolfenstetn 4), 
the l~t ter  amoums to 20% and  i s  the  main one. 

Another  possibi l i ty  of get t tn8 information about 
• the F e r m i  constant  i s  to u s e  our He 3 r e su l t  t o -  
ge ther  with the r e su l t  of the  exper iment  with hydro-  
gen 3). The rat io  of t h e  muon capture r a t e s  f r o m  
the hydrogen mes ic  molecu le  and He a m e s l c  a tom 
s ta tes  An,,r~AWe3 tu rns  out to be sensi t ive  to the  
GF/G G ~ t ~ o 4 ~  Of cou r se ,  the resu l t  will  depend 
on the not ve ry  well  known accu racy  .in the ca l cu l a -  
tion at  Appp. 1t only exper imenta l  e r r o r s  a r e  taken 
into account ,  we get tha t  GF/G G < - 0.1. The final 
value of the F e r m i  constant  i s  taken to be 

G F = - (0.8 + 0.4 - 0,7 ) G G ,  

This resu l t ,  conf i rming the presence of the F e r m i  
in te rac t ion  in the muon cap ture ,  exc!udes the p o s -  
s ibi l i ty  ~ G F exceeds considerably GG, and i s  
quite compatible with the value  predic ted by the 
u n i v e r s a l  (V-A)-Interact lon theory.  

Of course ,  the ex is tence  at  the vector  i n t e r a c -  
tion follows from our  m e a s u r e m e n t s  much m o r e  
evtden_~y if i t  a s sumed  tha t  gAP = gA~ 4 )  and gn/J = 
8gA/~ 7}. Indeed, if the vec to r  interact ion were~ab - 
sent ,  the react ion (1) r a t e  would be expected to be 
0 .93  × 103 sec "1, i .e . ,  e s sen t i a l ly  smal le r  than the 
m e a s u r e d  value. However ,  the above values  of gA p 
and gp~ cannot be equally well  justi i ied.  

The authors  a r e  ve ry  grateful  to S. S. Ger s t e in  
and V.  S. Yevseev for  the  d iscuss ion of the r e s u l t s ,  
a s  well  a s  A. G. Zhukov, N.V.  Lebedev, V.N. O r e -  
kov, V . F . P o e n k o ,  A. G. Potekhin,  A .L  TokarskaFa  
and Ye. A. Shvaneva for  help in making the m e a s -  
u r e m e n t s .  
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