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~G J~~ue1~bE1.cl1, Itobr!:~->t J6 l~o~:e1:!it1g:., ~~tcgeltl, E. fJillo 
Jerll~iil.f3 0 Joscpll 1'\ La.cito ~~r.ad !~Jorlrr!.an 1-l, lJil:v!nan. 

· .t.avn."ence Ra-!.~H&t~.t~lt".:. Labo:t·ato:ry 
Unive1.·eity off Califo:.·nia 

Bel"keleve CaHio:,;.orAia 

in tb.h; o;;~peri.ment agT.eco ve:ry. well 'l.vith the :r<:).'f.:G ploed.:l.ded ou the be.sia of the 

l.Jn;lV'Zl"B<:>l..-Fe:n:ni~~nteracG:ion .. ~ (UFI) theory. 1 To dete:..omin.re the capturte :rate, 

a L 9-MeV de!<1.yed 

:t'at'£: to ~~ trrlto:u. fitla.l ~tt-ite(J and f:.rro i.s trt.e $U1.~ of tX~.e Alr1uon decay ra .. te, 
. . ~ 

AD = ~1. 545 X! 0 5 
sec -l, 2 <?Js'!.d the captul"G :r,a~e to aU final states. Thus, f:l."om 

peig 

18.ye:r !Olf :lvigOQ and a 50-Fg/c~2 ~thick layel' of p~p' diphony~stilbene) (DPS} 

which shift•ed the shol"t wenrelent:;~h Hzht el'.t.'1H:ted by the He 3 scintillator into the 



~ ... 

.•',. 
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'' visible resion. . ' . z The lucite window had a traruapa~nt coating o! ... 30 JAg/ em 
. . 

of DPS. Light from the gaa r;cinUUator was channeled through a hollow 

aluminized elbow into an RCA 7046 photomultiplier. Energy calibrations of 

the gas sdnUllator were obtain~d at 0,8 MeV by uoing the thennal-neutron

cap',ura 7eaction (aee Fig. 3b), at 1. 9 MeV.·by usdng the triton-recoil peak 
• f . 

Z41 . 
itself, and at 5.47 MeV by using an Am alpha source, which could be inserted 

' 3· . . . . . 
into .di£f0rent parte ot the He gaa. · The light output waa !pund to be linear 

. ·' ' " . 

with energy loss ln the gas, and to vary 'only 5% over the ~olume of the counter. 
, . I 

A beam of negatively charged part_iclea was extracted f~om the Lawrence 

R,~diation La~ratory•_s 184-in. synchrocyclotron. Tbia beam was focused and· 
; . . : . 

momentum•analyzed so that the partlcleo incident on the He target had a . 

momentum of 110 :1: .z MeV/c~ A £•at coincidence (B ) between the time-of-flight . . . . . ~ . ': . . . 

. counters, Bl and B2, identi£ied the. muon ·component of the beam (see Fig. Z.)~l 
. . . . . , . ·' .. I 

. • .· I 

A stopped muon (S ) was electronically identified by a .prompt colnci'dence of ' 
. . ~ . . . ' 

a..,. and the. He3 counter, wi~h 11:0 signal irom the cup co_untel" (No. 5), i.e. •. ·' 

.sfJ. = B~ He 5. Delayed pulses from the He counter, occurring ~the interval 

0.2 to 6.4-~sec after S • trigge_red the coincidence Circuit T.R. and were then . . .· . . . .,. . . . . . . . . . ; . . 

sorted on the basis of pulse height ~nd timing. Countera 3 and 5 whl~b ·surrounded 

.the gaQ were used to d.etect ~- e decay& (detec~ion efficiency 86o/~) •. and . 
,• . . . . . 

any .T. R. event that wao associated with a pulse in counters 3- or 5 was vetoed. 
' • ' ' I ' ' ' ' 

. True T. R. events (:1. 9·MeV) bad a range of .o~y 1. 5 mm in the gas and were . 

. not vetoed. Thuo, a T. R. event wa• of the type T. R.. = S followed by a delayed 
•. . . . . . . f.L . . 

He 3 g. Such events opened a _line~r gate and allowed the· hel~Um pule.e height to be· 

mea~ured on a pulae~heigbt analyzer~· Decay electrons from ~- e +· ~ + v were 
. ' . . . 

detected by the circuit. ~-~~. which loOked at delayed _events in counter a 3 and 5 
. . ~ . . . . . . . . ~ . . . . 

. . 
· occurring 20 .ns to .11 IJ.41 after a stopped ~· . The time dletributlonti ·of ~-e events and o! 

. . . . 

T. R.· evente. w~re. meaau;a:ed and~found to tollow the expected z.zo~.-.sec lifetime 
' ~ ' . . . . . . - . . . . . '· . . . . . . . . '. . . . . . . ~ . . ' . ' . : 

to within 4% •. During one part of the _experim~nt. a; logic;'· re.qulrement ... ·. : 
' . . . . . . ; .~' . ' . . :· .... ; .· . ·.. ·,. . . ' ... ,, ,· <· . : . ·,. ". 

· ', :.l ', .,:•, ··~ ~. ·.·~ •·> ...... : : ... ::":." ./f~ ' '' J' ·' I 1 
·. . . . ':'· '.. . .. . ,. ; .... · .. •·.; 

'. •,. · .. ·: ·~ :· . . . . . . . · ... · . ,. ' ~. . . .. 
. ; .. ::··' ,. . . ... ' 

:·; ;·.' ••• ;' \· • .. ~. :~ .. '.'· ~~ :·::·· 1 -· t •• ~·· ~·;.·. : .. ~ !l.: .. ~ .. t. ... 

"',• . ·.•·. ··: 

,.. .··, .· 



UCRL-10831, 

(.,..-e logic) was applied which cancelled any apparent T. R. events if a ._., .... 

event was seen for the aame stopped muon (the ._..can only die once). Thio 

technique could cut down random a in T. R. by 86'ro. 

Data were taken in four main :rune, in which the experimental conditions 

wore varied to chock for syetematic or:ro:ra. In addition, runo were made 

without the veto requirement trom counter 5. Thia made it pooalble to aee 

br0altup events 

- . 3 
1.1. + He ~ p + n + n + y 

- d + n + "• 
which might otherwise have been vetoed it the proton or deuterQn had sufficient 

range to hit counter 5. Data of thla type were taken with He 3, and later with 
4 . 3 4 .. 

He in the target, and may yield total capture rates in He and He • Theoe runo 

• 4 + 
also gave come insight into background problems. Runs with J.L in He and J.L 

in He3 under normal operating conclitiona gave further insight into the back· , 

grounds. Table I liata the conditione under which the various runs were taken. 

The pulse-height spectrum for Run A at high gao,preoaure (445 paig) ic 

plotted in Fig. 3a. The sharply doing backgro,.md at low energy is from J.L•to•e 

decays in which the electrons mlaoed the veto counters. The ohape of this 
• +. 3 • 4 . . 

"electron tail" was established from the runs on J.L He and ~ He • Figure 3b 

shows the energ~ spectrum for the run·at reduced gas presoure (245 psig). At 

this pressure, electrons lose lees energy in the gas, and thus there is a better 

separation between the 1.9•MeV T. R. peak and the ele_ctron tail. Only- 1/?."/o 

ot the area of the triton gaussian is l~volved in the region of overlap, as compared 

with 4% in Run A. Random background accounts for an area of leas than lo/o in 

the energy region covered by the 1.9 MeV triton peak. Random events were 

known to an acc11racy of lOo/o and thus contributed no significant error to the 

final reowt. The background which remaino _le due to muon capture resulting 

in many•body final states. This break11p background contrlb11tes lOs 4% to the 

area under the triton peak and represents the largest uncertainty in tbio experiment. 
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For the present report, we assumed that the breakup background varies 

linearly with energy. This background was extrapolated into the triton-peak 

region by fitting the data abo~e the peak with a atraight line. In Runs A and 

B we removed the "electron tail" by 8\.lbtracting the appropriately normalized 
'· 

- 4 . - 3 p. He cpectra from the 1.1. He spectra. The low-preooure and the ~J.•e logic 

- 4 nd ba . runs had no accompanying .,. He data •. a the ckground contributions were 

determined by curve fitting. The energy spectra from these runo were fitted 

by an IBM 7090 using a proiram which ~asumed that the triton peak a~ the 

''electron tau:• had a ,gaussian shape and ~bat/.he breakup background varied 
.. ~, ~·t 

linearly with energy. This computer prOgf'~m minimized the goodness-of-fit 

parameter x 2, and gave the fitting constants and their .rms errors. We quote 

a conservative error.to allow for uncertainties in the shape of the breakup back· 

ground. However, a more detailed investiga!ion into the shape of this background 

is under way, and we feel that this will lead to a reduction of the errors. 

A correction has been made for muons signalled as atopped, which in 

fact tlltopped in the "dead layer," 1. e., which stopped in the cup coating materials, 

or did not penetrate deeply enough into the cup counter to give sufficient light 

to be vetoed. This correction was determined experimentally by replacing the . . . 
3 . 

He with an equivalent stopping thickness of xenon. The nu:mber of muons stopped 

in the low·Z material• of the dead layer waa recognized by .,. - e decays with a 

long lifetime. Stopa in Xe show a very short.,.- e lifetime (90 nsec), which 

may be oeparated out by a time analysio. 'Thio correction to the measured 

number of stopped muons is 3.1:~:0.9<fn at 445 polg, and 7.0~~:2.0o/o at 245 psig. 

The nwnber of triton recoils are corrected for an edge effect in which the hiton 

hits the counter walls, l.le0.3% at 445 psig and 2.1a0.5o/o at 245 psig. The 

T. R. events must also be multipUecl by 1.17 5 :As 0. 007 to correct for the finite 
' . 

width of the time gate. 

. . 
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The corrected reaulta are lioted in Table 11. The four rune aro in good 

eta.tistical agreem~nt, and the weighted mean ia 

A = 15ZO:t:50 aec· 1• c 

The rate measured by Falomkin et al. using a He3 difiu~ion chafuber3 

-1 (1\.c = 1410::t 140 oec ) iu consistent with our reoulta. On the· basis of the 

· Universal .E"'ermi Interaction, and using the most recent value a of the .He 3 rma . . 

• I " radius obtained from elect;ron-acattering experiments, .L. Woltenatein predicted 

a rate o£
5 

~ 1 
A = 1450 sec· "• c 

The error in the th~ory is diflicult to estimate, but including the uncertaintieo 
. . 3 

in the triton ft value, the He radius, and the magnitude of the induced pccudo-

ecalar coupling, it may be as high ao 10%. 1 The reoult of our experiment agrees 

well with the prediction of"the Univermal Fermi Interaction. 

We are 'pleased to fil,Ck.nowledge the oupport and interest of Professor 

Emilio Segr~, the advice of Professor Norman E. Booth, and the sustained 

effort of ~he target group--in particular Messrs. Willla~ Pope. Richard Schafer,· 

and Raymond Fu.zeey,· who engi~eered and test~d the high-pressure gas target. 

The crew of the 184-in. cyclotron under Mr. James Vale maintained a steady. 

and reliable beam throughout the experiment~ , 

... 
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_________ T . .=:.~e I. Summar-r of the runs made durini.! __ h_e_e_x'""p,_e_r_im~e7'n..:..t;_ ___ ~------

Designation Purpose Pressure Numb~r of 
· (psi~) event.a .... 

- '3 
J1 .·He A . 445 12. 000 

.. ' 3 

~ . 
' 3 

(.1-: He B J1 capture by He 445 14000 

- 3 (j!-e logic) 
~ 

w He giving 1. 9-MeV triton 445 . 6 000 

- 3 low-pressure 1 11.·: He .... · 245 '' 11 000 

.. 3 ' 

} 
- ' 

11.. He_ breakupe c 3) . • . 445 7000 
Ji capture by He 4 into all channels 

·- 4 11. ·:, He. breakups . . .. He . · · 445 2 000 .- .. ' 

' - ' 
·- "4 

} tl~ He~ 445 
• .. Study of backgrounds + "3 

!1 He f ~ 445 -... 
. -.. 

.: .. 
p. .. _ Xe Study of "dead layer''· 100 

~. 

.. 
-

• -.1 

• 

~ 
0 
~ 
t-t 
' .... 
0 
co 
w .,... 
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Table U. Re~P.titG 
~"t!'W55,.,.. B:!!IBD.ft...~ii:--UW ........................ .,, .. ;:A ....... .,_,.,.IH!;,.._,., _______ ..,...,.,.....,.,.,,..,.,""'_, 

!1D ....... z:uu:u: 

Run 

A(445 p~ig) 

B{445 psig) 

Low pre.aeure 

p.-e Logic 

Co!'rected numbcs- of 
triton recoil~ 

13 760± 710 

16 360:710 

ll660:!: 370 

7 ZOO* 530 

f 

Corrected number of 
otopped muons 

(X 1 0
3

) 

4130~40. 

.· 

.4 970*45 

3 730d: so 

. 2190:2! 20 

.• 

,. 

TR -=F s c 
p. 

(X 10""3) 

3 .. 33 

3 .. 29 

3 .. 39 

3 .. 28 

He 3 

Ac 
. -1 

(sec ) 

1 520~35 

1'500 :£:75 

1 550* 60 

1500:t:l20 

• 0> 
• 

c.: 
(') 
~ 
tt 
I -0 
~ 
w 
0' 
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FIGURE CAPTIONS 

fig. 2. (a). Comp~sition of the beam, as measured by time-of-flight a:n.dysis 

with countero over a flight path of 18.5 .ft: 60o/o muona, 38o/o electrons, . . 
and 2% pions. (b) The marne, spectrum when. the U.nie eorte r is gated 
' .J . ' . 

_.:mly. on the fast coincid19nce, .B&J.., , : , 

Fig. 3 •.. (a) Pul0e-height spectrur.r pf Run A (.;145 psig) showing the triton 

recoil peak, ~he "electron taU, 11 and the background :due to breakup 
. . 

data •.. The dashed curve shows _the relative amount of random back· 

3 3 
B_round ~ue moeUy to ~he neut.ron absorption reaction (n + He -<> .H + p), 

in which 0.8 MeV is releaaed •. . ! ' 

I\, ' ,, ' 

' .· 

.. _. · ....... ~ ..... ... ....... , 

\ 

.. 



.-.~-<0""-,__.. ___ ~- -- •.. ~--~ . .,_-~---

3 

I 
Pressure jacket 

RCA 7046 

· p:totub~. 

-Beam---:- F!ll ll ~- I I · He~ ~1 I 1- I II 5 ---~---

Vacuum 
tank 
wa 11----~' 

Liquid- N2 
cooling jacket 

r ...... ·--.... ~--~ .---~----·---~ ... --
t 

Fig. 1 

counter 

I 2 3 4 

Inches 

MUB-167l 

··-· --- ..... ~ 

~ 
·\' 
r 

" f 

·I 

I 
i 
I 

l 
i 

--- . -.. --. -··--- -.- ....... -·· . . ·-- ... ----·---~--- -·- l 

I .,_. 
0 
I 

C! 
() 

::u 
t-t 
I 

...... 
0 
CX> 
I.J..l 
Cl' 



-11_; UCRL-10836 

fk 
80 f\ (a) 

G \ 

60, I 0 

40~ e l ~ \ ' 
(/) 7T -c 0 
::J 
0 

fk u 

·~ (b) 

1 \ 
• 
\ 
c 

'0 5 10 

'• ·~T (nsec) 
MU-29937 

,------
f 

i Fig. 2 
I . 
I 
·------~·----- ..................... ~---··-··-



~ ; 
'j 

' i 

·I 

! 
! 

(/) -c 
Cl.) 

> 
w 

-12- UCRL-10836 

soor-----~r-----~------~------.-------~--~--~ 

(a} 

200 

0 

(b) 

1500 
C h 4 9 = I. 9 MeV 

• 
1000 

" 3 8.4'1o 
500 

Random 
background 

20 40 60 80 '100 120 

-~- He pulse height (channel) 
MUB·IS45 

Fig. 3 



I . .. 

I 




