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- TOTAL MUON CAPTURE RATES IN ACTINIDE NUCLEI

o. HaShimotof S. Nagamiya K. Nagamine and T. Yamazaki

Department of Physics, Faculity of Sclence Unlversity of Tokyo
Hongo, Bunkyo—ku Tokyo, Japan
and
Lawrence Berkeley Laboratory, University of California
Berkeley, California 9&720

:  ABSTRACT |
Lifetimes of negative muons bound to 232Th'235 238 and 239pu have been
determined to be 80.4 £ 2.0 ns(232Th), 78 + &4 ns(235U) 81 5 + 2.0 ns(238 ) and

T17.5 + 2.0 ns(239

Pu) by observing decay electrons from muons. - Systematics of
total muon capture‘retes is discussed.” They are also compared with the lifetimes
determined by fission fragments in view of poeeible fission-isomer excitation by -

muons.

In actinide nuclei several lifetime measurements of bound muons’ have been
reported [l—6ikgthere are 51gn1f1cant dlsagreements among them. They were carried
out mostly by observ1ng flSSlon fragments after muon capture except in 238U
where the lifetime was determlned also through the detection of electrons emitted
from muons. In order to study the-systematics»of total'muon capture rates in
this actinide region in:more'detail we have.measuredtlifetimes.of muons bound to :
232Th,235U,238U end ?39Pu through the detection of electrons. Another.iqtention
of this experiment.is to look for any difference between T (lifetime viewed
through the electron decay mode) and.tf (lifetime yiewed through the_fiesion mode )
» since recently Bloom [7] pointed out that there could be a difference'between.

238 o 238

Te.and s for U due to the presence of a fission isomer (1 ~ 195 ns) in

which might be populated by the radiationless muonic 2p + 1s transition.

U
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The éxperimental set-up and the procedﬁre of measurements were the same as
those reported before [8]. Muons from the 184" Cyclotron at LBL were stopped in

a metallic target of 6.3 cm height, 7.6 cm width and thickness of 7.3 g/cm2 for

23 235 238U and 10.1 g/cm2 for 239Pu.

235U and 238U)

2Th, 6.7 g/cm2 for U, 12.4 g/cm2 for

The target was placed in an external magnetic field of 9.4 kOe (

232 239Pu) to wipe out possible angular-distribution effects of

or 6.8 k0e (“““Th and
decay electrons on the time spectrum. In order to reduce random coincidence
rate, the beam inténsity was kept sufficientlyilow; the étopped muon. events were
about 3000 /sec aﬁd_the decay electron events were 10;30 /sec. The time interval
between stopped muon and its decay electron was measured‘by a digitizéd clock
counter (HP 5360A)and'recorded by a PDP-15 computer. In the fast logic the decay
electron signal, which was anti-gated at time zero by many counters, might be
slightly suppressed in the early parﬁ of the time spectrum up to a few 10 ns.

238

Therefore, in the case of

238

U, we measured time spectra for a carbon target and

the U target alternately every few hour$ in order to correct for possible

distortion in the early part of the time spectrum.

A typical time spectrum for 2380 is shown in Fig. 1. It involves two

COmponénts of exponential decays, the short-lived component from muons bound to

238U and the long-lived one from those stopped in éﬁrrounding counters. The

latter component is one tenth the true signal of uu. Wé fitted the raw time

speétrum by a function of Nlexp(—t/r) + Neexp(-t/IL) + B, and obtained 1 =

81.5 = 1.5 ns as a preliminary value. Furthermore, we have done a more extended
analysis. First, the time spectrum was analyzed from to to t0+h pus with various

values of t, (from 20 ns to 160 ns) in order to exclude possible distortion effect

on the time spectrum. Second, the time spectrum for the 2380 was divided by the

time spectrum for the carbon target to obtain a normalized time spectrum.
Third, the effect of the long-lived component was examined by artificially

éhanging 7. between tL(best fit) + 100 ns. Even aftervthese analyses the value

L
of T stayed within % 1.0 ns. Takihg into account these possible systematic

(238U)I= 81.5 * 2.0 ns, which is shorter than

_errors we finally obtained T,

P
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the‘lifetimebreportéd by Sens [5] (re = 88 + b'ns). - Similar analyses were done

232 235 239

for Th, 77U and Pu, and the results ‘were summarized in Table 1 together

with several reported values of T

£ »
The total muon capture rate,fAc(A,Z), vhich'is equal to l/r - l/Tfree’ is
given by the Primakoff gross theory (9] as
A(A,Z) = const. <p>[1 - 8(A-2)/24] (1)

where § is the nuclear correlation parameter and <o5 is an overlap of muon and
nuclear‘charge Reduced capture rates, Aﬁ/<p> are tabulated in the last column
of Table 1, and they are plotted in Fig. 2 as a function of (A-Z)/2A. The solld

stralght line in Flg. 2 corresponds to § = 3.12 with xz/;2 = 11.4 which was

“obtained from the best fit for:reletively high-Z elements from Ca to 239Pu‘ (81
data, (A-Z)/2A ranged from 0.2506 to 0.3068]. - We excluded odd-mass elements in
light-mass region in order to make syétematicéifree'from the hyperfine effect.
Roughly speeaking, our data fall on a stralght ‘Iine as expected from the Primaskoff
theory. In actlnlde nuclel, however, the reduced capture rates in the electronic
decay mode are less dependent on (A - Z)/QA In the case of (A - Z)/2A = 1/§

v 0. 32 the formula (1) may not be phy51cal because it would give a vanishing
capture rate. _Our observation suggests that Ac(A,Z) needs to be expressed by
inciuding additional terms. Very recently, Goulard andfPrimakoff {10] derived

. glnew formula which contaihelan A/Z term as

A (A,2) = const. <p>[ 1 + &' A/Z - §"(A-2)/2] (2)

Using this three-parameter formula, we obtained a better égreement with the

experimental data with §' = 0.18, 6" = 4.66 and x /x '=¢9,3. The result is

plotted by dashed line in Fig. 2.

238U

Next, let us discu;s a poseibie'difference'betWeen Te and Te for the
case. The averege value of T, SO far reported is 75.8 + 0.8 ns, which is a
a little smaller than the present value of Te.-‘-Bloomi[7] considered possible
populatlon of the flSSlon 1somer of 38U(tl/2 = 195 ns) through the radiationless
2p -+ 1ls muonic tran51t10n of about 6 Mev; probabilityvof'uhich is known to be

' 0.23 £ 0. Oh from the m1351ng K x-rav inten51ty [11]. PopulatiOn of this isomer
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would arfect the épparent lifetimes of both fission and electron decay modes,
because the isomer undefgoes both spontaneous fissidn and-muon capture and also

populates the ground state which then decays into electron and fission. Taking

into account these processes, Bloom derived a simple formula of Wq defined by
wy = l/jcf - l/re‘tg be
"
_ P -1 i f :
“a®T T-PF o e, “i . (3)

‘where a is the fission probability per muon capture, P is the population proba-
bility of the fission isomer per stopped muon, ws is the isomeric decay rate, 0,
is the muon captufe rate and w§ is the spontaneous fission rate from the isomer.

. 'Using the experimental values of w, = 5 x 106 /sec [12], mc = 12 x 106 /sec

i
(derived from our result of Te) and wi/wi = 5 & 25 [12], and assuming that all the

0.23), we obtain an

radiationless transifion populates the fission isomer (P
d

x 106 /sec for a = 0.03 [3]. These expected values of w, are of the same order

of megnitude as the experimental value of wy = (0.92 + 0.33) x lO6 /sec.

upper limiﬁ of w, which is (0.36 ~ 1.8) x 106 /sec for o = 0.07 [13], (0.83 ~ L4.1)

However, it is expected that prompt fission is dominant at the excitation energy
which correéponds to the muonic transition (v~ 6 MeV), and‘thus the population
pfobability of_the fission isbmer by the muonic radiationless transition would
be a.few order of maghitude smaller than the préﬁpt fission probability.

Therefore, the.éxperimental value of w, seems to be too large to be accounted for

d
from the preéent knoﬁledge. We may suspect whether thé experimentél difference .
: between Te and TeAis‘real or not in viewt::,azzf the observed values of T, are
considerably scattered compared with T, Further extended measurements would
_ givé more clear information whether the fission isomer could be excited by nega--
tive muons. |
We Qquld like to expresé our thanks to Dr. S. D. Bloom for his valuable
suggestions and discussions. Target arrangements by Dr. A. R. Smith and thé

members of the Safety Service Division at LBL are gratefully acknowledged.
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TABLE I

- Lifetimes and reduced capture rates of muons bound to actinide nuclei

. : Mean b)
Nucleus (A-Z)/2A Modea) lifetime Ac/<p>

(nsec) -(Sec-lfm3107) :

232m 0.3060 £ 74.2(56)  k.so(3u)Y)
£ 87(k) 3.81(28)3)

e 80.4(20) 4.1b(11)

233 0.3026 £  61.7(38) - 5.24(33)%)
23%y 0.3043 £ 65.3(28)3  4.98(22)2)
¢ 66.5(k2) - k.89(31)Y)

£ 8u(6)  3.84(28)3)

. | e T8 hau(e)®)
238y ' o.3067 £ - 715.6(20) W.3207)Y

| | ¢ hi(28)  waa(an?

£ 76.0(10) : Y 30(6)3)

e sk 36907

| e  8L.5(20)  3.99(20)°)
23Txp 0.3038 £ 12(2) 4 Lu(13)®)
L%y o033+ M) b.2sen®)
| ¢ 03 bs19)®

| | e  77.5(20)  h.06(12)°)
242, 0.3058 19(5)  4.02(25)%

a) The detection of fission fragments and that of deéay electrons are denoted

by f and e, respectively.

b) A defined by'A =1/t - 1/ . The value <b>¢was calculated by
c c - free .

solving the Dirac equation for a spheriéal nucleus.

c) Preéént_result.
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Figure captions

Fig. 1 The time spectrum of decay electrons from muons bound to 238U.

Fig. 2 Reduced muon capture rate plotted as a function of (A - Z)/2A.

T2 available data from Ca to 39Pu are shown, where the black circles
- afé‘the present results ( Ni : 165.6 *+ 2.0 ; Zn': 158.3 + 2.0
d : 91.5 £ 1.5 ; Pb P T7.5 £ 2.0 nsec). Daﬁa of odd-mass nuclei are
excluded to . obtain systematics free from the hyperfine effect.
In the inset; data of heavy nuclei ( (A - Z)/2A > 0.3 ) are presented
'together‘with fission data in actinide region. bThe‘solid lines are
the bestffif-by the equation (1) and the dashed. lines:were obtained by

assuming the formula of Goulard and Primakoff [10].
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any legal liability or responsibility for the accuracy, completeness
or usefulness of any information, apparatus, product or process
disclosed, or represents that its use would not infringe privately
owned rights. ‘
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