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1  Introduction

The standard weak interact:on inodel describing semileptonic processes such as 5-decay, e
and p- capture. predicts the followine form of the axial weak ~urrent at the nucleon-level:

Gl <igalg”)

gl (1)

wherte the second and the thivd terins are fedzeed by the structure of the nucleon and depend
on the momentum-transfer ¢[1]. The value of the axial form factor g4(0) is measured in the
widely investigated process of neutron S-decay @ ga(0) = --1.257 4 0.003[2], whereas the
influence of the induced pseudoscalar fonn factos gp becomes significant only at @ > m?

and thus can be observed only in g-capture. 1§ we assume that the induced pseudoscalar
coupling in g-captnre i+ predeninarily due to the capture of the muon by a virtual pion,
then the well-kr own Goldberger- ireiman predictior of gp (using the Partial Conservation
of the Arial Curreni - PC AU ) van be formulatedfid, 4]
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whick is in good agicemens with the average mean value of gp measured for p-capture in

hydrogen!h}:
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The gp term is 70 il one accepos invatiance uuder G-parity transformation.

In case of j-capture by a nucicus the vaines of all forin factors could be influenced by
that of gryn, fx and the raass
of the virtual pon m.. aud therefore sihould he very sensitive to vhe parameters of auclear

the nuclear hadronic iedinm. T ins modification is induced

matter, such as "nielcar teygperature’ . pion density, eic. Some estimations[8] {12} predict
a significant quenching of ¢4 and ;- for "infinite” nuclear medium :

ay o 0ga (4)

a7 o= WS gp {5)

Does such quenching realiv exist” This open question would be answored by the taves-
tigation of semileptonic processes o wuelei of wide mass b Yoday sparse and discrepant
informations o1 g4 in nuclei{13]115]
same conclusion may be reached wn gp n the ardmary p-capture {OMC) in carbon:

indicate that the quenching rathier does not exist. The

g TR 00 3mEY e 90k 1T (43]
= 9o 7 (6)
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On the otner hand. 1he experinent s|19]-[23] on the radiative p -capture { RM C) indicate
the strong dependence of gp on nuclear mass. Unfortunately, RMC data are nuclear modei

2This value was obtained ws~um'ng for the Agrghopare transition rate the cxperimental value of (4.1 =
1.4) - 10% as given in [5]. Tt was, however, pointed out by M. Easinoft|t] that the use of the theoretical one
(Aorthopara = 7-1-10% Ref.{7]) would result in apt (0. R8m?) =-38



dependent and so this conclusion may not bhe sufficiently reliable; some alternatif approaches
conclude even to no sizeable modification of gp at all [24].

As it can be seen from this discussion. it would be very nmportant now to measure
g4 and (especially) gp in OMC for targets with 4 > 12. Such experiments might provide
also informations on nuclear temperature and pion mass and density dependance which is
important for astrophysics.

2 The method of angular correlation

The most sensitive tool to obtain the gp/g4 -value are experiments involving angular corre-
lations in OMC.

Consider the capture of polarized muon by a nucleus (1. Z}. 'This process produces the
excited daughter nucleus (A, Z ~ 1) which has very significant recoil caused by the muonic
neutrino emission (£, ~ m, =~ 100 Mel). Within the lifetime 7 a nuclear excited state
could deexcite by 7 -transition(s) with energy k. and multipolarity L :

e
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The angular correlation between the residual muon polarization P and momenta of
neutrino g and ~-quantum k in elfowed ordinary p-capture{25)-{28] can be written as

2 - P —- - oo _
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where P, is a Legendre polynomial and «a, ¢z by, ¢y arc the correlation coefficients. The
coefficient o gives the asymmetry of the neutrino emission; the other ones depend on the ~-
multipolarity and describe the anisotropy of ~-radiation caused by particular polarization of
the recoil micleus after the capture of polarized muon with the emission of polarized neutrino).

Using the multipole analysis [29, 30, 31} based on the total transterred angular mo-
mentum «, it is possible to describe the process of muou capture by means of the nuclear
amplitudes M, {u+1) and M,{--u) which are the functions of the reduced nuclear matrix
elements (kuwu]. [kwup] and form factors galgD). gvigh). arla®) amlq®). gulg?) and gr(¢®)
(and/or of their linear combinations (iy. Gp) ¢
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Gy = {.(/P —ga — YT =gV — gm} :
In case of an allowed 07 - 1% transition (u=1) these amplitudes are :
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Assuming the absence of ("P-violation, all the correlation coeflicients in (8) could be
expressed as finctions of a unique parameter z which is the ratio

r=M(2)/M(-1) (13)
in the following way : »
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Here, the factor J, depends on spin sequence ({7 — IJ) and the multipolarity L of -y-
transition :

Qa (17— 07, M1 ) = 1,
(18)
Qu (1" =27, MI+E2 ) = %A(I—Gﬁ-é+5é'2)/(l+52) ,

where 6 is the ratio of £2 and MI components in the 4-transition.

The main objectif of the experiment is the determination of the parameter x which
describes the aligninent of the nuclear state produced in the y-capture process. gp/ga can be
extracted from the measured value of r in a nuclear model independent way only using the
so-called Fujii-Primakoff approximation (FPA) [, 32. 33], i.e. neglecting in the expressions
(11) and (12} all matrix elements other than the leading one [101]. One obtains :

Br_ gele®) — gald?) — grle’) — gv(e®) — ou(¢?)
r4+ 2 (2Mx/q- galg?) — gv(g?) — gm(q?)

(19)

For cxample, let us consider the capture of muons by 28Si which was already investigated
by G.H.Miller ¢ al. [34]. Taking into account that the value of the transferred momentum
¢* in this case :

2k, ‘
G = mi . <'——— - 1> ~ (0.848 mi (20)
m,
and using the {ollowing values 12, 10, 33, 35] of ¢.(¢*):
g {0) 41 {{from C'V ()
gl 0) = +3.706 {from C'VC)
gal(0) = —1.25740.003 (from neutron J3-decay) (21)
gv(0.848m7 ) /gv(0) = +0.978 -
gm(0.848m2% ) /gm(0F =  +0.970
ga(0.8348m2)/ga(0) = +0.981
one obtains : a2 e
gp(0.848m’) — g1(0.848m% ) _ 68.37x 971 (22)

94 (0.848m2) T+ V2 B
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If we suppose now that gy = 0. we obtain finally :

wlon = S5L o7 (2
T+ V2

The simple and nuclear model independent expression (23) is not longer valid if one
takes into account the remaining matrix elements ([121], (011p] and [11]p]) and one has to
evaluate the ratio of these 1natrix elements to the dominant [7101]-one. We are aware of two
approaches to this problem: one of $.Ciechanowicz ( C'4) (ref.[36]) and one of R.Parthasarathy
and V.N.Sridhar (refs.[37, 38]). Unfortunately the various correlation coeflicients (14) -(17)
produced by the authors of refs.[37, 38], in their most complete treatment {Model 1I), are
inconsistent as they do not correspond, as they should, to common values of the parameter.
Awaiting a clarification of this inconsistency. we use in this paper exclusively the evaluation
of ref.{36] (CA). )

The angnlar correlations described in (8) can be investigated with the method proposed
in Ref.[39]. The method consists in the precise measurement of the specific shape of ~-
lines corresponding to thc' decay of short-lived excited states of the recoil nuclei. The non
detectable momentum 4 of the neutrino can be infered from the momentum of the recoiling
excited nucleus and if the latter deexcites fast enough it can transmit its recoil information
through the Doppler shift of the subsequent y-emission. The residual muon polarization
ﬁ could be measured independently with the pSR-technique. the momentum I( is simply
determined by the set-up geometry. the angle between k and g can be deduced from the
value of the y-quantum Doppler shift.

In case of a Si target the fines of 1229 and 217/ ke V which are emitted in the decay of
the short-lived ( 17 ) level of the daughter nuclens Al have an asymmetric shape; the first
one has, in addition, an obvious two-hump shape. The slope is caused by the fixed neutrino
helicity anid depends on the ga-value, whereas the dip at the line center is caused by the
alignement of the recoil nucleus and could be explained by the presence of gp.

Such experinments are not easy. A pioneering onel34] achieved in 1972 reached a rather
wide range of solutions for the parameter x. Moreover the various correlation coeflicients of
the y-transition were inconsistent.

To improve the accuracy, various factors should be included into the data analysis
in addition to the ones considered by the authors of ref.{34]. One of the main ones is the
slowing-down of the daughter nucleus before the emission of the v-ray. Because of recoil
after neutrino emission, the ~-energy is, in reality :

B = EY (1 Vi (k- a)) - (24)

where E9 is the transition energy in rest. and Vs the velocity of nucleus at the moment of
y-transition. Just after g -capture {at # = 0) this velocity is

, [T B _F 1/2 ’
vioy= (142 (4 I M) 4 (my, — me) — Es 1 (25)
QW{

(here, M;; represents the mass of initial and final neutral atoms, respectively, and Eis is
the muon binding energy at the 1S-shell in the muonic atom of a target). Because of the
scattering and slowing-down of the recoiling nucleus V (> 0) changes its magnitude. The
subsequent Doppler shift reduction depends on the level lifetime 7 and can be estimated
using the LSS-method [10] [45].



Both the above mentioned effects (the neutrino emission correlated with the muon
residual polarization and the recoil slowing-down). as well as the finite target-detector ge-
ometry and detector response function, produce the specific shape of the measured ~-lines.
In order to understand the relative contribution of all these factors and to choose the most
appropriate target. we simulated the relevant ~-lines for carbon, magnesium. silicon and
sulfur solid targets. Analysis of the simulation results showed that slowing-down in solid
targets plays a very significant role if the level lifetime 7 is more than 10-20 fs and makes
the measurement impossible at = > 100 fs. At the other hand. if 7 < 100 fs. the slowing-
down process modifies the 5-line mainly in a symmetric way (even momenta), whereas the
gp/ga -ratio induces also a line asvimmetry (odd momentun). Both values {gp/ga and 7)
can consequently be determined [rom the experimental line shape.

Finally, taking into account the vield of 4-ravs [16. 17, 18] and the muon de-polarization
in different substances [19]. a single cristal of natural silicon (abundance of i is 92.2%)
has been choosen as the appropriate target. Sonie of the excited levels of 48 Al populated in
muon capture by 57 and relevant to this experiment are shown on Fig. 1. The 2202 keV
level (1™ = 1) is short-lived enough (7 ~ 65 f5 [50]) and decavs by two 5-transitions: either
by a M/ (1% — 0) -trausition of 1229 ke V. or by a mixed M{+£2 (1% — 27) -transition of
2171 ke V. Both 5-lines are good candidates for the analysis.

3 Experimental procedure

The experimental set-up using the secondary p~-beam of the JINR Phasotrou [31] is shown
on Fig.2. A more detailed deseription of it can be found in ref. [52]. The muons with a
momentum of 12516 MeV/c and a longitudinal polarization of about —0.7 cross three plastic
scintillator counters (#1..3) and stop in the silicon target {65x23 mm). As the distance
between the proton-beam target and the muon target is very long (22 m). the admixture
of pions do not exceed 0.5%; the content of electrons is 9% . To reduce the heam cnergy a
graphite moderator of 9 cin thickness is used. As a result. a 1 g A proton beam produces
about 10" j-stops per second in the target.

Two high volume (205 cm? ) HP Ge detectors detect the y-quanta. They are installed
on a platform which can be moved along the beam axis. so that it is possible to change
the angle (P k) from 60 in "Backward” position up to 1207 in "Forward™ position. In a
preliminary test run it was found that muon decay electrons with the energy up to 50 MeV
caused the saturation of the pre-amplifiers (especiallv with cold FETY and distorted the
response function of the 5-spectrometer. To reduce this distortion. the 5-detectors were
shielded with "anti-Michel™ plastic zemtillator counters (#5.6) which produce "veta” signals
long enough as to enable electronic restoration (100 pis).

Fast electronics select the “single”™ incoming muons and open a gate of 2 ps delaved
by 50 ns after the p-stop in order to avoid the prompt radiation detection and reduce
the uncorrelated backgrouund.  Every hour the detectors are moved from "Backward™ to
"Forward™ and vice versa. Twice per day an energy and resolution calibration is made with
the standard "('o, Co and *#Th ~-sonrces.



4 Analysis of the results

The cumulative ~-spectrum shown on Fig.3 represents. for illustration. the sum of "Back-
ward” and “Forward” spectra. Each of them in its turn is the sum of “good 47 measured
by both Ge detectors during the 130 hours of total measuring time. The shifts in energy-
calibration were monitored permanently and duely corrected for.

Several ~-lines of Al have significant Doppler broadening, but only two lines were
analvsed carefully: the 1229 and 207/ kel” ones. both originating from the 1% level at
2902 ke V. As it was mentioned before. the specific shape of v-lines is determined by many
factors. They are:

o The polarization of the beam and the de-polurization process the farget. In our
case the residual mnuon polarization was measured by means of pSR-method. We get

P= (—10.25 + 0.25)%.

o The relative beam-targei-detector gromefry. 11 was ineasured carefully in both positions
{"Backward” and "Forward™ 1. The tongitudinal distribution function of y-stops in the
target was deduced from the “p-stop range curve”. ‘The radial distribution is Gaussian
corresponding to the heam cross-section (FWHMy =6em, FPWH My = 12 em).

& The indial recoil velocity V(03] Tt can be calculated very precisely (Equ.25) from the
energy conservation. It is possible Lecause there is no any significant population of the
level 2202 ke V from the upper states [50] as shown by the ahsence of the corresponding
y-lines in our spectra.

The iife time T of the 2202 ke V' fevel. We suppose it to be roughly known (7 =
65435 fx)[30] but consider it as a parameter to he determined in our fitting procedure.

o The target densdy and s micro-structure. Our target is a single cristal of natural
silicon (p = 2.33 g/cm’).

The angular correlaiion coe flieisnts . ¢,z by . These coefficients are of course
unknown: they are the main parameters to he determined in the experiment. Note
that in the case of 2{71 kel line they contain also the unknown ratio 6 of the transition
multipolarity mixture (Fgn.18).

o The possible y-fecdimg of the 2202 keV level from the upper states. The most probable
candidate for such foeding i 1+ 5705 ke Vievel, but the corresponding +-line of 903 keV’
is not present in spectinun. 5o, (he distortion of the investigated 4-lines through this
effect may be neglecied.

o The population of the 2202 ke Ve vl in the ¥ Si(p,vn) reaction. There are only 4.67%
of i in natural silicon. and from systematics s effective yield, relative to the main
reaction. is not expected 1o exceed ~ 10% [46]. The recoil of daughter nucleus in
this process is determined by the momenta of hoth the neutrino and peutron and so
depends ou the nentron energy whichi is not known with precision. The emission of each
of these two particles would induce a flat "rectangular” broadening of the consequent
~-line, the simultaneons emission of both results in a "isosceles triangular” broadening
which is 1he convolution of two rectangular components. Such a "triangular” addition



is a constant {raction € of both of the investigated lines; the value of this fraction £ 1s
unknown in principle and its effect will be considered below: the half-width A of the
“triangle” could be roughly estimated from the analysis of similar triangular 4-lines
of 1719, 2210 and 2951 keV which are present in the specira due to the 28Si(p, vn)
reaction. ‘

e The shape of background. Background lines should be the same in the "Forward” and
"Backward” spectra and, therefore, could not distort thie odd coeflicients o and ¢,
whereas the values of the even coeflicients a, and b, could be distorted significantly.
Fortunatelv, the 277/ ke V line has a constant flat background. The background of the
second line { 1229 keVy has « much more complicaied structure (see Fig.4) and includes
three ore components:

L. Aunasymmetric and slightly decreasing triangular bump with £ > 1204 keV dne to
the reaction "*Geln, n'y04) 53] cansed in the Ge detectors itself by fast neutrons.
The long right-side tail of this y-line originates froui the pile-up of y-quanta and
the recoil cnergy of Ge nucled 54, 55] which are both detected by the same Ge-
detector.  The precise shape of this bump can be obtained from the analysis of
the sinilar lines of 520 and 608 ke 1V froin “4Ge, as wel) as the 1040 ke'V one from
OGe and the 69/ ke 1 oue from Ge. A similar bump (with a much longer tail)
could be seen in w-capture experiments [56] where the neutrons are emitted with
higher enevgy.

(SN

- A symwetricaly broadened triangular 1222 ke V o4-line emitted from tae short-
lived 3956 keV state of 2TAl populated in the (g, vn)- reaction: this contribution
could he estimated from the analvsis of similar v-lines at 1719, 2210 and 2941 ke V.

3. A "normal” (not broadened ) 1238 ke V y-line emitted frorn the relatively long-lived

2058 ke state of °Fe populated iu (n,n") reaction as well as in the 3% decay of

the long-lived ™ Co nuclel present in the surrounding activated materials.

o The response funciion of the dcicetion system. 1t is a Gaussian with parameters ob-
tained fron: non-broadened background lines at 17175, [332 and 2614 keV, as well as
from the lines of the additional exiernal calibration sources. As a result, the aver-
age energy reselution (W HAT) at the energy 1229 keV (2171 keV) was found to be
2.99 keV 13.70 ke V) for the detector "4 7 and 2.99 keV (4.06 keV) for the detector "B7,
raspectively.

Taking into account the above factors, we calenlated the value of y*, comparing our
spectra with the theoretically simulated lines . Several fits with different conditions were
carried out using the standard "MINUIT” code. In each case all the fitted lines (1229
andfor 2171 ke V', detected by the detector "A7 and "B” in "Forward” and in "Backward”
position) were simulated simultancously by their corresponding theory, consequently the
resulting value of \2 reflected the quality of the fit for all the spectra. The conditions of
the fits and the results, with errors corresponding tu the 67% CL. are listed and discussed
below. The gp/ga ratios presented in the Tables are deduced from the corresponding z-values
using ref.[36] (C'A) and are given here for illustration only. Fits were performed introducing
more and more realistic asswnptions resulting of course in increased complexity. They ave
presented in sections 1.1 to 4.5: the treatment of 4.4 being the most realistic, it provides our
final results.



4.1 1229 keV ~-line only; background linear with no structure.

As the first approximation, the line of 1229 keV’ was analysed assuming the absence of
background lines in the 1215- 1236 keV energy region. This background was first subtrackted
from each of the four spectra and the position of the peak determined from the sum of the
results. Parameters fitled were the following ones™

o the ~-line area (4),
o the "x"-value (1).

The life-time 7 of the 2202 keV level could not be used as {ree parameter and the results
presented in Table 1 computed for fixed values of 7 show a strong dependence on this valne.
Therefore additional information is required to precise x and gp/aa-

[r Table 1. 1229 ke V -line; background linear. j

P r gp/gA X,2
{fs] ‘ (C4) Full | norm.

L1732 | 1758 | 0.720

20 T +0.085 + 0.036 l —23+ 1.3 1688 | 0.692
30 || +0.137 £0.039 | ~0.5%+ 1.4 [ 169.5 | 0.695
10 || +0.193 +0.014 \ 14+ 14 {1706 0.700
| 50 +0.235£0.052 | +3441.6 | 1719 | 0.705 |
~ 60 | +0.328 £0.065 | +5.5= 1.3 I 1733 | 0.710
70 1| 40422 £ 0.095 ‘ +8.0+24 | 1748 | 0.716

| 80 | +0.878 4 0.250

4.2 2171 keV ~-line only: hackground linear unth no structure.

In order to constrain the 7-value, the 217/ keV line was analysed using the following free
parameters :

e the v-line area (1),
o the "i"-value (1).
o the 2202 kel level life-time 7 {1).

The background and the peak position were determined as for the 1229 ke 4-line (cfr. 4.1).
The E2/M1 mixture parameter & is definitely unknown. The only and very rough limitation
which conld be deduced a priori from the systematics and from the level life-time is that this
1+ — 2% ~_transition is fast enough, and therefore might be predominantly M1, The results
for the &-parameter fixed in the region from ~0.2 up to +1.2 are shown in the Table 2.

3The number of free parameters for each contribution is shown in parentheses.
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Unfortunatelyv it ix inpossible to extract “he & value with sufficient acenracy from the

H

2071 keV line alone, but the strong carrelation between o and o on oone hand, and the
relatively weak correlation between ¢ aind 7 on other ling allows oie 1o do it combining

the data on botl ~-Hues as will be disenseed in the following section

4.3 Doth the 1220 and the 21710 ke Vs chimes: backgead Heoar,

In the two separate His discussed belore we did not converge 1o a numinmm i eff the pa-
1

rameters, including 7 ad 0 were kept Treer the 1200 &V lne s too sensitive to 7 oand .

the 2070 ke Vo lme s dess sensitive to o bat depends o oo o botls cases theve s no well-
defined mintmunm on the Fsurface. Lo the joint analvsis of both the 7222 ke Vand the
Jo 1

L

Ca=liy

2071 ke Vines, nowever. the mimirmum hecomes deeper and can be wated., Ater the

determination o the backgrounds and the peak positions as o ussed above the following
parameters retatned free and were Breed:

e the y-hine arcas (81,

e the "o value (1.

o the 2202 LoV devel life-time 7 6710

o the F2/M 7 vixing vatio ¢ for the 2777 AoV~ dine (1,

We obtained the followine result

¢ R S I SR O
; 300 b 5.0tk 2%
. 0269 £ 0041 -
Jriga +3x 0 d L3 e

The precision au o {respe gy ) could e somewhat improved if the mixing ratio &
would be measnred tia separate experiment. This featire i ihstrated in Table 3 below.



hrTable 3. 1229 keVoand 2171 keV ~y-lines: background Imrru:J

Tl [ e
fs] L (1) Sull | norm
70201 7546 5 +0.262 +0.080 ] +3.6 £ 2.4 [ 456.2 | 0.871 |
—0.10 || 70+ 4 | F0.326 £0.082 | 435223 | H32 | 0.346
| 0.00 | 633 || +0.310 10073‘ +5.9+2.0 432‘.;\ 0.825
U 4010 |35 43 | 0820 £ 0.061 4 +5.5 = 1.7 || 1246 | 0510
1+0.20 || 19 + 2 El +0.311 £ 0.051 ?“ +5.0= 1.5 1] 420,10 1 0.502
4040 | 42 £ 9 ! 40280 £ 0040 1424 1.2 1 417.0 | 0.796
+0.60 1| 38 £3 | +0.266 +0.036 | +3.7 2 1.1 || 163 0.795
+0.80 || 38 43 "i +0.263 £0.036 | +3.7 = L1 || 41681 0.795
+1.00 | 39+ 3 *“ 10268 + 0.037 r%b:tl 1] 1168 | 0.795
4120 |30 £3 | 40.265 £0.044 || +38£13 \1 417.0 ObOJ

4.4 Both the 1229 and the ?171 ke V ~-lines; composite background.

As the finai and maost realistic approav b Jet us take uow into account the composite structure
of the background in the 1200 1240 keV region. Asit wasinent ioned above. this background
should include:

1. An asymmetric triangular lne 1205 kel from the reaction 4Ge(n, n' ) Ge?® with the
unknown area Sy05 and with the known width of the high energy tail Niggs. This
valie was estimated from the analysis of the similar 596, 608. 691 and 1040 ke V lines.
In our fit it was fixed to

Ay = 325 kel (27)

2. An isosceles triangnlar line of [22:2 kel from the reaction BG4, vm Y’ AP with the
unknown area Spgz and with the known half-width Nz The value of Ay was
estimated from the analysis of the similar 1719, 2210 and 294/ ke V lines. In our fit it
was Hxed 10

Ay = 635 keV. (28)

) . e . 6T 56 1,,,2085
3. A normal (unbroadened Ganssian) Hine of 1298 ke V from the reaction Fe(n, n')*Fe
with the unknown area Sy

So, we repeated the previous fitting proce dure. after the determination of the linear part of
the background and that of the peak positions as dise wesed above, with the following {ree
parameters :

o the ~-line areas {8

o the "r-value (1),

o the 2207 ke Vlevel life-time 7 (1),

o the [£2/M1 mixing ratio é for the 2171 keV y-line (1).
o the arcas Sqous of the 1205 ke Vo y-lines (4).

e the ratio Syo2/Sizw 1),

10



e the areas Syus of the 1238 kel y-lines (4).

The fit is excellent as illustrated in Fig.4. The resulting parameters do not differ significantly
from the previous one and give us additional confidence in the hackground-independence of
our result : ’

& +0.74 + 0.29;
T = 382 + 28fs;
r - 10254 + 0.034; (29)
5’1212/51229 = 0.106 +  0.014 3
gr/9a = 434+ L0 (CA).

As in the previous fit. the result would be more precise if we would know the é-value
from any other independent experiment. The slight dependance of the results on the 8-value
is illustrated in Table 4.

‘H;Table 4. 1229 keV and 2171 keV ~-lines; composite backgrouvﬂ

é \ T r aplan | \
L [fs] B (CA) || ul | norm.
F—6200 73+£6 || +0.242 £0.072 ’I +3.0+£ 2.2 || 659.4 0.882
—0.10 | 69 +4 || +0.299 £ 0.072 .‘ +4.7+2.1 1| 646.8 0.865
0.00 || 62 £3 1§ +0.315 £ 0.064 l +3.24+ 1.8 || 636.0 0.850
+0.10 [ 551 3 ‘ +0.303 £ 0.055 ‘ +5.0 £ 1.6 || 628.3 0.840
40.20 11 49 £ 2 ) +0.294 £ 0.047 || +4.6 £ 1.4 1 6235 0.834
40.40 || 424+ 2§ +0.269 +0.038 || +3.8 £ 1.1 || 619.9 0.829
+0.60 || 39 £ 3| +0.256 £0.035 || +3.4 £ 1.1 619.4 0.828
|| +0.80 || 3& + 31 +0.255 +£0.034 || +3.4 £1.0 |} 519.4 0.828
+1.00 1 39+3 " +0.259 £ 0.035 | +3.5+ 1.1 || 619.4 0.828
+1.20 || 41 +2 || +0.266 + 0.037 | f37x11 s107]  os ]

It should be noted that the compilated background visible under the 1229 keV line
(Fig.4a, 4b) can he suppressed using a 7-7 coincidence requirement: this approach was
followed by D.S.Armstrong et al.. in a TRIUMF-experiment similar to the one reported here
[57].

4.5 1229 and 2171 keV ~-lines: composite background wncluding the contri-
bution of the *Si(u,vn) rcaction.

Before concluding, we discuss briefly the eventual impact of contributions from the contam-
inant PSi(x. vn) reaction. As it was mentioned above, the contribution of this reaction is
unknown, but if the corresponding 9-yvields for 28G; and 2°Si are similar — then the con-
tribution £ of the "isosceles triangle” to both the 1229 and the 2171 keV ~-lines should be
within several per cent. In order to investigate the impact of this value on the results, the
previous fitting was repeated with the same {ree parameters but with a non-zero fixed value
for £. The half-width of the "triangle” was estimated from /719, 2210 and 2941 keV lines :

Ay = 88keV,
A2171 15.6 keV .

The results are shown below (Table 5).

(30)

i
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aElfi 5. 132’) ke V' an(i ’I/l kol lzms m(ludznq2 Si(p,en) (Amz[rzbuh'oﬂ

Tl T« N |
() t full & norm. J[

5140030 T +3. 0210 ]
|
|

‘ !
[ il
0.00 7 +0.71+£2.96 | 35 +£3 L6191 N 0.832 |
0051 4062 £0 71 [‘l 38+ 5 ” +0.263 £ 0.043 4] +3.6 4 | ‘w 613.6 | 0.825 1
0.10 ll 0.8 £ 0.27 5! Bt ‘.I 2724 0.013 | 43.0 4 1.3 1 6091 - 0819 |
0.131 T—U» LUHN 30 \ 1iﬂ(]1 | 12 1 i :
020 30 0290 40030 | g L1s L
As it can be seen fram ihe Table A0 a slight 5 10% contribution from the #Si(p vny
reaction would nct be crucial but a targe value would signiticantly modify onr results. To

take this cventual modification inte acconnt. oue has to measure the retative yield of the
1998 ke Voand 7220 2050 ke b4 quanta with an enriched 281 tavget and determine the
precise shape of these “triangular” lines,

5 Discussion and conclusions

o Our most reliable 1osuits are the ones ahtained i the analysis disf‘u

wod i LA and
reported in Fable 40 We neasured parameter V2 M- 1y (Equa29). Tts
translation te ogp/gs reqnires however the use ol a0 cuciear nmd(‘l. Ihis feature s
Hhustrated in Fio s where we compare the relation between gy /gy and @ obtained
in a realistic nuclesr madel O e B361 1o the one obtained i the Fujii-Primakof!
apwrm’irlmlimv P g

Cwhich becomes model-independent neglecting all matvix

elenonts other then the leading 1701 one

I Fie s we ~how also Ui measired valne of o0 Fqu 205 and the valne of g fga deduvced

from 1t evalualing the comection terms uang a realistic nmclesr model 1C4).7 Taken at

face valio, “his result wonld idicaie a sizeable (300 = 1/7 ~ (30 1 1A quenching
iy . K l <

of gy /gs compared to its value predicted by PO Thau A=, however, the use off

the [/ appm

Ginasou restdts o no quenching (el Figs
8

oone has to i;l\'mt‘ea e the
sensitiviiv of this iviening resnlt to the model used Ly the author of ve L36] (A A
. wing

proup of theoreticians 1o JINR, Dubna i+ actrally andectaking this task.

o Torediice the

et

U free paranieters and thus fo iimprove precision o the param-
oter o cml tnake i more reliable two additional independent measurements should be
done

. o ‘ S e
Vo Fhe sncasurecni of the sespeetrum in g-captur by ww cnrichod 2S0argel. Such

a velativelr short measurernent would provide the yickd as weil as the precise line
siape of the 1220 and 2171 kel 5 lioes cmitted in the 2"Si(p, #n) reaction with
respect to the 2295 koY s-dine from the #Si(u. ) l’t’a('l}mv I(nowing the detector
elficiency and comparing these data with the 298 AoV 5 line observed in this
work. vie could extract the precise £ and N vahies of ih«' “isosceles triangular”
conttibutions discussed i section 13, We should stress that our result {Eequ.29,
Fie.3 neglects this contribution (6 = 0 and one has 1o verif © the reliability of
this asswmption.

2 The mcaseremcnt of the angadar distribution of the prompl 1229 and 2171 keV
sequanta i the Mgt He ph reaction. The exeited AP nneleus obtained

12
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+ 85135 s A2

\ 2201.5
1 . < ——
!:7 (M1) ‘1!7 (M1+E2) u—capture .
ll\ 1229 kev 12171 keV ,
, x

0+ 48 ps “ 972.4 .1
. |
Z+M |
3+ 0.0 i
28A1 T, 2.24 min f-decay i
ot 1779.0 \\
K ‘!
i |
I
0" y 00 |
28 ~:
Si (target)
L Some of the relevant excited levels of AL populated in nwon capture by #Sh.
Collimator_ Target A

\ Moderator, \ /
\ ‘

i

FORWARD

detector

DBACKWARD postiion
detector
position

1..6 — Plastic scinlillators
A,B - Moveble HP Ge 7y-detectors

Hard trigger

—v (pmstop):= 1-2°3:4
—————— (single pu—-stop):= (u-stop}-((}- 2)petore) " (L1 2)agter)
——— _— ({gate):= (single j~stop) delayed by 50 ns

and expanded to 2000 ns

A (73)F A D (7p)i= B4 6
- Y (gUOd 7A.B).': (7Alu)'(gate)

2. The experimental set-up and trigeer-logie.
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" Deviation
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4. The best fit to the 1229 kel and 2171 ke V +-lines under conditions discussed in section
4.4. Some slight systematic excess of the deviations can be attributed to the non-
Gaussian nature of the respouse function.

15



’5 o deaiada s dan il b dniaadadbailaed Annlilulnuln|/Al||4|lnnlux|lunlnn
/ ’ :
g /g . £
P A . ’ E
/ £
/ -
— (4 ’ E
—~ — - FP4A e 3
/ E
E b — — — — e e - =
5 bt~ (FPA): +7.7 *12
73— PCAC: +7.0 —r> |/ :
Frrf g
3 / E
5'5 7 E
43 / E
o] K (L (CA): +3.4°1.0
273 / . F
3 / E
13 / F
3 i £
03 / i £
E / ! E
-1 / E
3 / E
_25 , // ‘ ;
-34 / / [ ;’
—43 / This experiment : E
_5d , x = +0.254% 0.034 2
¥ o a
] / |
4 e
s v o
3 [
-5/ | ] ‘ @ = M (2)/M,(-1) |
— 1 0 T T e T e e R T T L
-0.1 .0 0.1 0.2 0.3 0.4 5 0

5. Dependence of ge/ga on the parameter 2 measured in this experiment ( C4 : evaluation
of ref.{36].

(cfr.f.4)is shown as well as the resulting value, to be compared to the PCAC-prediction.

FPA : nuclear model independent approximation; cfr. text). Our result
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in this reaction [38. 59] or a similar one would be produced with a non-zero

alignment and. therefore, comparing the angnlar distribution of these (M) and

(M1 + 46 E2) quanta. one could extract the o-value of the 277/ ke 1 transition.
© This would improve the precision on the parameter r (cfr. section 1.4).

e More generally, in order to reduce the eventual systenatic errors and to minimize both
the correlated and the uncorrelated background. the experimental set-up should be
improved 1n various respects:

Loit should be complemented with magnetic coils to use of muon spin rotation in-
stead of moving the ~-detector (this would allow to measure various P-values
sinudtancously in the same experiment and to keep the heam-target-detector ge-
ometry constant )

2. neither shiclding nor beam collimation with heavy materials should be used to
reduce the uncorrelated nentron flux producing the (n.27) reaction in the Ge
detectors:

3. the active shielding of the Ge deteetors should he improved to make this shielding
more effective against both the Michel-electrous and the nentvons and thus to
reduce the correlated background.
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TIpuruMaeTCs MOANUCKa Ha MPENPHHTHY, coobluerns O6beAHHEHHOI0 HHCTUTYTA
SAEpHHX uccnepoBaHuit U «Kpatkue coobuwenns OHAH».

VYceranosnaena cliefyioilas CTOMMOCTb MOANHMCKH Ha 12 MecdlieB Ha H3daHis
OWSIH, BKioYas NEpechUiKy, MO OTAEIBHBIM TEMATHYECKHM KATCTOPHSAM:

HMupekc Temaruxa Hena noanscku
- Ha roj
1. BKCHCPH;{;HT@;;{;;B;!;Ka BBICOKMX 3HEPIHI 22600 p.
2. TeoperHyeckas (PH3UKA BHICOKHX IHEPIHi 59200 p.
3. DkcnepuMeHTaNbHAd HElTpoHHAt DUINKA 7800 p.
4. TeopeTuueckas ¢H3TKa HH3KHMX 3HEPruM - 23400 p.
5. MareMaruka 14800 p.
6. SnepHas CEKTPOCKONHUS H DAIIMOXHMHI T 12000 p.
7. Pu3nKa TAXEIBIX HOHOCB o 2200 p.
8. Kpuorenuka ' 1400 p.
9. YckopHuTenu - 12200 p.
10. Asromatusauus o6paboTky 3.;cnep;me'r;’ranbﬂmx DNaHHbIX 12200 p.
11. BrluMcnpTe/ibHad MareMaTuka H TeXHUMKA 14300 p.
12. Xumus 1200 p.
13. Texsuka (PU3HYECKOroO 3KCNECPHMEHTA ) 21300 p.
14. MiccnenoBaHus TBEPABIX TEJ M KXUIOKOCTEH AXEPHBIMYE METOLAMH 7200 p.
15. DkcnepuMeHTaIbHAg (PH3KKA SACPHBIX PEaKUUi
NP HU3KHMX 3HEPrHsX 2600 p.
16. Ho3zumeTpua W bH3NKa 3ALUHTLI 2200 p.
ﬁ._Teopnﬁ KOH}JEHCHpOBaH}B;’;) COCTOSHHUA 12200 p.

18. Mcnosik30BaHHE Pe3ynbTaToOB
H METONOB (PyHIAMEHTATLHbIX PU3MYECKKX HCCAE0BAHNH

B CMEXHBIX 00NacTsX HaykKH H TEXHHKH 1800 p.
19. Buodusuka 1800 p.
«Kpatkne coobenns OHAN» (5—6 BulllycKoB) 15000 p.

[Moanucka MoXeT GuiTh OpopmMiieHa ¢ noboro Mecsua roma.

OpraHu3aUMAM M NHLAM, JAUHTEPECOBAHHBIM B MOMAYYCHHH H3JaHHH OWIH,
CllellyeT MepeBecTd (WM OTIPABMTH MO MOYTE) HEOOXOMUMYIO CyMMY Ha pacueTHbIi
cuer 000608905 Hybnenckoro duiuana MMKB, r.Jly6na MockoBcKoi obnacTH,
Wang 141980 M®O 211844, ykasas: «3a nognucky Ha uinasus OFSIH».

Bo u3bexanue HelOpasyMeHHil HEOOXOAMMO YBEIOMHTh M3NATE/NbCKHH OTAEN O
NpOM3BEAEHHOH OIUTaTe M BEPHYTh «KapTouky NOANHCYHKa», OTMETHB B Hell HoMepa
H Ha3BaHMA TEMAaTHYECKHMX KaTeropHil, Ha KoTopsle OQOpMIAeTCS INORMMCKA, MO
anpecy:

141980 r. ly6sa MockoBckoii o6r.
yn.2Konuo Kiopu, 6
QMUSIH, u3naTenscKHi OTACH



Bpynauns B. u 1p. E6-94-382
HUamepenune dopmbakTopa nHAYLLAPOBAHHOTO
MCEBIOCKAJISIPHOrO B3aMMOACHCTBHS B 3aXBATE
NOJIIPU3OBAHHBIX MIOOHOB aapamu Si

C nomoumbio Ge-IEeTEKTOPOB BBHICOKOTO PA3pPECLICHUS PETMCTPHPOBAJIMCH
ramMa-kBauTel 1229 x5B w 2171 k2B, compoBoxaarmue peaknuio
2851(,11, v)28Al( 17,2202 x9B) , 4TO MO3BC/IMIIO ONPEEHTD OTHOIIECHME SAEPHbBIX
amriutya x = M(2)/ M(— 1), xapakTepusyiouiee npouecc MIOOHHOTO 3aXBaTa.
B pamkax Teopernueckoi mogesu C.LlexaHoBuua, UCO/B3YIOMIEH 3aBUCIIINE
OT  S[OEPHOW  CTPYKTYPbi  [ONPABOUHbIE  WIEHH, Hall  Ppe3y/abTar
x = +0,254 = 0,034 cooTtBercTByeT CiaeayiolmeMy 3HaueHuio ¢opmdpaxTopa

MHIYLMPOBAHHOIO NCEBAOCKA/IAPHOTO  B3aumonenctsus:  gp/ g4(0,848 mz) =

= 3,4 = 1,0 (runoresa PCAC npeackassiBact 3HaueHue gp/ g, = 7). Bonpoc o

MOJEJIbHOH 3aBHCUMCTH OOHAPY K CHHOTO [101AB/AEHUS gp OCTAETCH OTKPHITBIM.
Pabora Bhiroanesia & Jlaboparopun saephbix npobiem OUAUN.

Ipenpuit O6bEIMHEHHOTO MECTHTYTA SIEPHBIX MCC1e;10BaHMi. [ybua, 1994

Brudanin V. et al. E6-94-382
Measurement of the [nduced Pseudoscalar Form Factor
in the Capture of Polarized Muons by Si Nuclei

The observation with high resolution Ge-detectors of the 1229 keV and
2171 keV gamma-rays emitted in the?8Si(u, v)2A1(17, 2202 keV) reaction
allowed us to determine the nuclear-amplitude ratio x = M(2)/M(—1) charac-
teristic of this muon-capture reaction. Using the nuclear-structure dependent
evaluation of various correction terms (model of S.Ciechanowicz), our result
x = +0.254 = 0.034 provides for the Induced Pseudoscalar coupling gp the

ratio gp/g,4(0,848m2) = 3.4 + 1.0, to be compared to the PCAC-prediction of
gp/ g4 = 7. The model-dependence of this apparent quenching remains to be
assessed.

The investigastion has been performed at the Laboratory of Nuclear
Problems, JINR.
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Maxer T.E.[loneko

[Moanucano B neyats 06.12.94
®opmar 60%90/16. OdceTnas neuars. Yu.-usg.siucros 1,67
Tupax 363. 3akas 47784. Llena 300 p.

Wsnarenbckui otaess O0beIMHEHHOTO MHCTUTYTA SACPHbIX HCC/ICAOBAHMIA
Hy6na Mockosckoit obnactu

[



