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EUROPEAI\T ORGAIVTZÀîTON FOR NUCLEAR RESEAROIT

May 28, L962

Proposal for a meâsurement of tÈe

+He

C, Rubbiar .8. Zavattini

.77
The capture rate of muons in HeJ going to H2 has been measured recentl;r by a

Dubna group with the hë1p of a diffusion cloud chamber. Their results, based. on

26 events, give a capture probability of about 1 capture every 500 stops; â. number

df authors have enphasized, that such an experiment can be analysed. in terms of
coupling constants ahoost as accurately as the capture in liquid hydrogen; Cal-

culations by lrùolfenstein and, by lferntz indicate a capture rate of 1.5I ' 105 
"""-1

with an accuracy of better *art 5% (given the ft value for HJ p decay)

7
A precision measurement of the capture rate of muons going to II- ls an essential

conplenent to the determination of the total capture rate in liquid tqrdrogen. In

the case of the experinents performed. until now with liquid \ydrogen, the muon and

the proton are, at least dwing BA% of the time, in a singlet state. On the other

hand., the hyperfine states of the mesj-c atom of H"5 t"e populated statistically
with no relaxation dr.rring the muon lifetime, with the triplet three times more

likely than the singlet state. By combining the two experiments one can separate

out the capture rates in the slnglet and triplet states. The values of the Gamow-

fell"er and Ferni coupling constants can also be worked out.

The experiment proposed. here is a counter experiment. The expected. counting

rate is of several hundred good counts per hour, ancL it is hoped. to reach an

accuracy ln the result of the ord.er of the theoretieal uncertainties ( - ç%).

p nesons are brought at rest (rig. f) in a container filled up with He} gas at

high pressure (ZO atm). For He5, scintillation properties are assumed. slmilar to
those for He4. lhis is an assumption which needs experimental checking. In case
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EUROPEAN7 ORGANIZATION JFOR INUCLEAR' RESEARGHT 

May 28, 1962 : . “  

Proposal for  a measurement of t h e ‘  
3 - rate of the muon capture proceSS» u- +-He3.—».H - +  v_ I 

c. Rubbia, :E.'Zavattini 

The capture rate of muons in He‘3 going to H3 has been measured recently by a 
Dubna group with the help o f ’ a  diffusiOn Cloud chamber. Their results; based on 

26 events, give a capture probability of about 1 capture every 300 stops; A number 

of authors have emphasized that such an experiment can be analysed in terms of 

coupling conStants almost as accurately as the capture in liquid hydrogen; Cal- 

culations'hy Wolfenstein and by Werntz indicate a capture ratef 1.51 ° 103 see-1 

with an accuracy of better than 5% (given the f t  Value for H3 B decay). 

‘A precisiOn measurement of the capture rate of muons going to H5 is an sesential 

complement to the determination of the total capture rate in liquid hydrogen.’ In 
the case of the experiments performed until now with liquid hydrogen, the muon and 

the proton are, at least during 80% of the time, in a singlet state. On the other 

hand, the hyperfine states of the mesic atom of He3 are populated statistically 

with no relaxation during the muon lifetime, with the triplet three times more 

likely than the singlet state.  By combining the two experiments one can separate 

out the capture rates in the singlet and triplet states. The values of the Gamow— 

Teller and Fermi coupling constants can also be worked out. 

The experiment proposed here is a counter experiment. The expected counting 

rate is of several hundred good counts per hour, and it  is hoped t o  reach an 

accuracy in the result of the order of the theoretical uncertainties ( ~ 3%). 
3 u 'mesons are brought at  rest (Fig. l )  in a container filled up with He gas at 

high pressure (20 atm).  For Heg, scintillation properties are assumed similar to  

those for He4. This is an assumption which needs experimental checking. In case 
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L2of insufficient tight output, .a,mJ-xtuqe of HeiF and He/ cqn be tried' out' The

capture, going on j.n an H, staten is identified. by the energy of the charged frag-
nent(s)r pgo uced in the target corarter" Accord.ing to the finclings of the Dubna

group, the captures to a;: unbound final state give rise to a broad-, flat spectrumt

quite small and. easy to subtract out (see Table I).
'. .:.,". ,, ... . ...., .:::.

fhe various kind"s of background :to b*^ 'expected" a1e surnmarized' in Table Ï'
The capture rate is then determj-ned- by eonpari-ng the number of captures record"ed

with the number of deeay electrons reiorded by the 'telescope (+l). The d'ecay

electrons coming from the walls are about th::ee tj-mes more than the ones coming

from,the gas. lhe time dependence, however, belng quite different, they can be

separated. oirt. uneqtbiguously (f ps after the stop, the wal.I effects are

-alr-eady less than t/" t). fhe solid angle fo1 the decay eleetrons can be calculated-

with a, Monto CarlQ. , The eJ-ectronics need.ed is ç1uite simple and al-read.y, exists.

The ti-me between the stop (signatur:e : 12T5) an-d,the capture (fî) or tfre aecay (45)

is recorded, in one lOO-channel pulsg height analyser, rohil-e in another lOd-channel

pulse height analyser the enerry released by the capture is stored. At the sane

time, energy and time of each event are recorded c,n a punched" tape. The tape is
.:i
then reacl by the lr{ercury computer in which the resul-ts are stored in the fonn of

a 100 x 100 rnatrix.

+o49/p

of insufficient light outputI, Ia mixture of He4 and He.5 can_. beI tried out. The 

capture, going on in an H state, is identified by the energy of the charged frag— 
3 

ment(s) produced in the target counter. ACCording t o  the findings of the Dubna 

group, the captures to  an unbound final state give rise to  a broad, flat spectrum, 

quite small and easy to subtract out (see Table III).I 

The various kinds of background :to be expected are summarized in Table I .  

The capture rate is then determined by comparing the number of captures recorded 

with the number of decay electrons recorded by the telescope (45) The decay 

electrons coming from the walls are about three times more than the ones coming 

. from the gas._ The time dependence, however, being quite different, they can be 

.separatedI out unambiguously ( l  u s  after the s top,  the wall effects are 

Ialready less than M% . ) ,  The sclidI angle for  the decay electrons can be calculated 

with a .  Monte CarlQ.II The electronics needed is quite simple and already exists. 

The time between the stop (signature : 12133) and the capture (Tl)  or the decay (45) 

: ” q i s  recorded in one loo—channel pulse height analyser, while in another loo-channel 

pulse height analyser the energy released Iby the capture is stcred. At the same 

time, energy and time of each event are recorded on a punched tape.  The tape is 

' then read by the Mercury computer in which the results are stored in the form of 

. a IlOO x 100 Imatrix. " 

4049/1) 



3

Table ï

Corlections to the Seeleheô Effect

Process Magnitud.e of the eff'ect l/ay of corre;cting for it

Unbound final
states

Wall- effects;

a) charged prongs
from captures
Ln the wall-s

l) Ioss of good. events
d.ue to finite
target size

Accid.entals

< Lq" Gor 1trÂ counter
resolutj.on)

- LOO% (Iess tlnan O"{7â
after f p *)

<<n6G)

<<r e/"

Flat energy d.istribution;
easy to subtract outn the
resolution of counter being
lcrown.

Negligible after I Ps.

Measurements at clifferent
pressures. Monte Carlo
caleulation.

Difficult to predict,
Quite small extrapolating
from Dubna results.
Paralysis circuit requiring
gê!g, I muon lnciclent
on ihe apparatus at less
than 15 ps from capture.

(o) Monte Carlo calculation for uniform stop d.istribution
(pessimistic assrxnption) .

+o49/p

Table I 

Corrections t o  the Searched Effect  

Process Magnitude of the effect Way of correcting for  i t  

Unbound final 
states 

wall effects :  

a)  charged prongs 
from captures 
in the walls 

b )  loss of good events 
due to  finite 
_target size 

Accidentals 

< 10% (for 30% counter 
resolution) 

~ 100% (less than 0.2% 
after 1 ‘15) 

< <11%(°) 

<<‘ 100% 

Flat energy distribution; 
easy to  subtract out, the 

'resolution of counter being 
known. 

Negligible after 1 u s .  

Measurements at  different 
pressures. Monte Carlo 
calculation. 

Difficult to  predict. 
Quite small extrapolating 
from Dubna results. 
Paralysis circuit requiring 
gnlx l muon incident 
on the apparatus at less 
than 15 u s  from capture. 

( 0 )  Monte Carlo calculation fo r  uniform stop distribution 
(pessimistic assumption). 
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/a" Beam

from ïiuon Cliannel

Carbon

I'ïoderator

I

5 4
Stainless Steel
Vessel ftrl mm

thick fi1led
Iup rrtth lie-

at 20 atm.

3
Electron
Telescope
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[puBeam 

“frOm Muon Channel 

Carbon 

Moderator 

~ —  

W 
Electron 

Telescope 

Stainless Steel 

Vessel ”Vl mm 

thick filled 

up with He5 

at 20 atm. 
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