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LETTER OF INTENT FOR AN EXPERIMENT ON MUON CAPTURE IN LIGHT
NUCLEI LEADING TO EXCITED NUCLEAR LEVELS -

Milano Group
_ _ (E. Fiorini et al. )
l -~ INTRODUCTION -

Capture of negative muons to bound nuclear statés of well

defined quantum numbers represents an unique mean to obtain

informations on the four form gfactors gﬂ ) g:} g::, 3";. and

 SaaEeling

particularly on the induced pseudoscalar and weak magnetlsm
:ones(l 3). One can also investigate in ‘principle —e univer=

. salivy, existence of second class currer_;ts, value of the Ca=
bibbo angle and T-invariance. Moreover important results on
nuclear structure can also be obtained.

-Let us consider the muon capture to bound states:
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We would like to obtain the capturé rates to the various
‘excited levels of (A,Z-1) by measuring with a large Ge(Li)
. " the deexcitation Y ~rays, which are generally emitted
promptly. If the half lifetime for beta decay is long enough
; " the target gould then be moved 1n a region with low background
: where the de excitation of (A, Z) would be measured and the
! o “total rate for processes (1) determined. The capture rate to
athe ground level of (A,Z- l) can thus been obtained by dlfference.
T our 1etter of intent is still very preliminary for the f01=
_lowlng reasona‘
a) the design proaect of the experiment is not yet deflnl-
tely fixed; *
b) we have not yet dec1ded if it would be preferable for us
E to run the experiment at CERN SCIP or at SIN;
c) the experiment has not yet subjected to approval of the.
'Itallan Nat1onal Institute for Nuclear Physics (I.N.F.N. ),



d) the experiment could not be run, in eny case, before
mid 1975. ' , _ -

We conalder in the next sectzon muon capture on flve 1ight
nuclei with 0 ground state (for the seke of elmplzclty).'
We want to stress however that our interest is meznly con=
cerned v1thrw capture on 2881, usln%h§ sol1d state Sl(Ll)
detector both as target and counter . '

- ANALYSIS OF j~ CAPTURE ON FIVE LIGHT 0% FUCLEI -
. 4 _ e e e
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Ae.shown by the nucleer seheme of this "isobaric doublet"
- (fig. 1) three rather vell esteblished levels of 123 exist,
‘vhlch decay promptly to the ground state. Upper levele are
unstable under n emission. Whlle the rates for capture to
the various 123 have not been measured gseparately, the total

transition rate has been obtained in various experiments from

12

beta decay of the ground state of B to.the ground state

of 2 (brenchzng ratio of 97%). In particular E.J. Maier

(s5)

_et_el. have measured the total rate of muon capture lea=
ding to excited 12, levels y¥hich amounts to about 10% of the

total capture rate 1eed1ng to bound 123 stetes.

Measurements on r.cepture to the slngle excited states of
12y could be done with =& large Ge(Lz) detector only if the
stopping muon beam is intense and narrow. With 103 muons per
second stopping in a 2-3 gr cm_2 thick cefbon target, and a
beam cross section of a few square centimetere one could éeé
. tect e'1r—ray from de-excitation of 12g every minute. The
measurement of the total rate for reaction (a) from de-exci=m
tation of the h.U3 MeV level of 12¢ is somsswst less compe=
‘titivé‘with other experiments, since the branching ratios

for decay to this level is only 1.3%. The counting rate would
therefore be of about a count every 10 minutes, rather hard |
- to detece,expecielly if one takes into sccount that the low .

lifetime for beta decay (20.3 msec) makes almost impossible

1



the mechanical transfer of the target to a region reasonably
free from background. : '
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As shown in fig. 2 the excitation emergy of the three rather
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wvell established levels of.lsﬂ is much lower than in the pre=
ceding case,.making rL capture to excited levels more probas=
ble {~/30%). |

In addition the O 1level at O. 120 MeV is metastable (Qb
= 5.0 r.sec) thus allowing & det;zled 1nvest1gat10n on the
time dependence of its decay to "N . The half lifetime
for beta decay of 16N (7.2 sec)'allgég.the mechanical trans=
fer of the target to & remote region where one can measure
de-excitation of the 6.131, T.115 and 8.8T70 MeV 160 levéls,_
to which beta decay occurs with.brandhing ratios of 68%, L4.9%
and 1.1% respectively. The experiment has in fact been cmrried
out by various groups( -8)
.'used by J.P. Deutsch et al.

by an order of maegnitude due to higher intensity and larger

, and a Ge{Li) detector has been
(8)

. We could improve these results

detector and poséibly measure capturé rate tq'3_ state at

0.296 MeV, for which only an upper limit exists at presentd
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This capture, which has not been studied up to now, looks

g8 +'{2raya.

1nterest1ng due to the presence of reasonably established nu=
clear levels of 20 (fig. 3) and to the fact that beta decay
occurs only to the 1.63 MeV excited 20y state, which totally



Qecayé to the ground level. The half lifetime for betsa décay
(11.% sec) is large enough to allow the mechanical transfer of
& liquid neon target; pneumatic transfer of high pressure
gaseous or liquid neon seems also feasible, even if difficult,
‘With a muon beam with a cross section of a few cm® and an inten=
sity of 103 muons per second stopping in 2 em of liquid neon
the rate of detected.gamma rays from excited 20F 1evels_wduid
bé about 1 per minute, but the counting rate for de-excitation
of 20Ne_following beta decay should be about an order of magni=
tude higher. '

| The isotopic aboundance of-aoNe is rather high (90.92%).
-,A~20Ne enriched target could however be used if one wants to
eliminate the background fronm rf—capture on the less favourable
"isotope 22ye. This is also true for the isotopes considered in

.-d) and e).
- o
a) ’A« + ahMg — 2hNa_+ y
| P Y- — 11 p
L’ehﬂag

2hNag s > 2th.+ e +-;1

L, 2,

a. + K‘- rays followed by N

s, +i‘-rays |
Even in this case a number of reasonably well defined.ahua
excited nuclear levels exist (fig. L), and the ground ehNa state

~ decays almost completely (99%) to the excited 2hMg level at L4.1225

MeV »giewd which then decays to ground state via an intermediate
level at 1.368 MeV. An unique feature of this "isobaric doublet"
is however the very long half lifetime for beta decay of 2hNa

(15 hburs). One could think to expose the Mg target to the }L_-
beam for periods of up to 20 hours measuring the de-excitation
of the exciﬁed levels of 21I'Na., and then move the irradiated tars=
- get to a low background 1aboratorf even outside CERN (for ins=
tance the Mont Blanc laboratory), to measure pfecisely thewi'rays
from the U.1225 MeV state. In this particular case a very tntense
beamn, like the intgrnal muon beam at SIN, could be very useful

if the pion contamination would be tolerable.



drifted silicon solid etate detector as an "active" target
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This muon'capture is prdmising due to the number of rea=
sonabfy well known nuclear states in 2BA1 (fig. 5) and be=
cause beta decay occurs only to the excited 2 state at 1.780
MeV. The lifetime for beta decay (2.3 min) allovs & very easy
mechanical tranafer 6f the target to = reﬁote region. Whet
makes however in our opinion this_ﬁrocess-as the Meost suitable
to study muon capture is the possibility to use & lithium

(%)

which can detect the electron in the muon decay and in the
beta decay of 28Al. ' _

A very tentative sketch of the experimental setup is shown
in fig. 6. A narrow muon beam defined by a cdunter télescope

and collimators, is degraded in energy and stops in a Si(Li)

': detector (Sil). These detectors can be presently made in form

ot diaka with a diameter of a few centimetres and with thickness

up to 2 gr em 2, which are reasonable for a stopping target.
I ois

(8)q

The "active" target is viewed by a large Ge{Li) (Gel) protected

Sl(Ll) have proved to be able to stand crossing by up to 10
lightly ionizing particles without visible radiation damage

by the anticoincidence counter AC. The {-Tay signals from

Ge are transmitted to the analysis chain only if for a period
of. say, 20 F.aec there is no further pulse from: 51 + This
procedure should eliminate -f'-raya due to bremmstrahlung of
the electron in p decays {about L40% of the total stopping rate)
and also many muon captures vith neutron or charged partlcle
emission, followed by nuclear breakup. In fact the pulses from

"Ji colils be used to yield very interesting informations on
1l

%“he nuclear processes followzng ru capture.

After & few minutes of exposure to the muon beam the detec=

.tor 811 should be mechanicaelly interchanged with a similar

detector Si2 and.placed in a remote, background frees region,



" the pulse from Ge

near & second Ge(Li) detector (Gee) Since de~excitation of
the 2~ 2831 level at 1.780 MeV follows immediately P decay
from . hAl, one can make use of a 'ﬁ ﬁ‘ coincidence, sending
2 to the analysing chain only when accompe=
nied by a suitable pulse from the Si(Li). Anticoincidence
- counters will probably be needed to shield against spurious

counting both in position I &and II of fig. 6.

3 -~ SOME DETAIL ON THE ORGANIZATION OF THE EXPERIMENT -

We are mostly interested to the study of muon capture in
an "sctive" S8i(Li) target and will refer here only to this
experiment, since the others can be considered as subproducts

ah

of this one; apart possibly the experiment on .

i) Detailsd of the_p:beam -

| The ‘stopping P beam Zhould be narrow)w1th s cross section
npot exceeding a few e¢m . The pion or other contaminations
should be lower than 1%. We would like to start the experiment
with a stopping muon intensity Of'v103 muons/sec in a target
.of 2-3 gr/cm2 and increase further the intensity by an order

of magnitude.

ii) Measuring apparatus -

The group already owns a 90 cm3 useful dimension Ge(Li) with:
associated electronics and a 4096 multichannel analyser. By
buying the Si(Li) detector and buying (or better bvorrowing)
_éome additional electroniecs we would be'in'position to carry
on the first tests, since the long lifetime for beta decay of
_EBAl allows to move to the remote region both the Si(Li) end
the associated Ge(Li) detectors together. To complete the ex=
periment the group should buy a second Ge(Li)} and buy or bor=
row the associated electronics, possibly including a second

anelyser.



iii) S8CIP - SIN alternsative -

If the required intensity will be available at SCIP wve
would obviously prefer to start our experiment, or at least
our tests, a¥ CERN for obvious logistical and practical
reasons. Moving to SIN would later allow to increase the

intensity between one and two orders of magnitude, even

if the'experiment should be run parasitically in the ex=
tracted beam(g). The use of the SIN internal beam could
be considered oﬁly for the exp05ure-of the-ZhMg target

*if the pion background would be tolerable.

(E. Fiorini) .

on behalf of Milano Group
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