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New measurement of theB-y directional correlation in ??Na
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We have measured th@-y directional correlation coefficier,, in the decay of?Na to the 2 1275 keV
excited state of’Ne. We findA,,=(5.3+2.5)x 10" *. This measurement has higher precision but disagrees
with most previous experiments. The value f5,, combined with other experimental inputs, gives recoil-
order form factors in disagreement with theoretical estimates. This experiment demonstrates the capabilities of
Gammasphere as an instrument for pre@se correlation measuremen{s$0556-28139)01702-1

PACS numbegs): 23.40-—s, 23.20.En, 27.36:t

I. INTRODUCTION Second-class terms are expected to be zero from symmetry
arguments, but isospin symmetry breaking can result in small
The allowed approximation description of nuclggrde-  second-class induced tensor currgr8]. Limits on the ex-
cay accounts for only the=0 part of the lepton current. In istence of second-class currents derive from measurements in
this approximation, there is ng-y directional correlation. the A=12 isotriplet of theg™ directional correlation with
Interference between allowed and higher-order matrix ele@ligned nuclei using contributions from weak magnetism
ments (+0) leads to nonzero directional correlations. How-t€rms from other observablgs1-13. The most recent mea-
ever, the correlation is suppressed by the ratio of forbiddefurements iM=12 by Minamisoncet al. have indicated a
to allowed matrix elements, typically I6. With suppressed SMall but nonzero second-class induced tensor teG01

allowed matrix elements, th@-y directional correlation may <2|M fg/fa< g|0.43r].22§lonstraln|ng selcorcti;classft?_rnls Iusmg
be larger. TheB" decay of 2Na to the 1275 keV excited °NY Obs€rvables ImiNa requires caicuiations ot first-class

25 . oo ! contributions to induced terms, and a complete set of
state of "Ne (3" —27) (see Fig. 1 proceeds by aIIow_ed complementary measurements to constrain the forbidden-
Gamow-Teller decay. However, the large lidgzalue of this

order form factors.
decay(7.42 indicates a suppression 6f100. If the mecha-
nism responsible for the suppression of the allowed matrix

element does not also reduce the relevant forbidden matrix Il. THE B-y ANGULAR CORRELATION

elemesnts, then theg-y directional correlation should be |n this experiment we measure a correlation of the form
~107°.

The large logt value for ?Na has stimulated interest in 3
observing and constraining second-order corrections to the W(6)ocl+ §A22CO$2 g, 23

decay(Refs.[1-6]). Measurements of the electron capture to
B*-decay branching ratioe(8") disagree with allowed-
order calculationg6], suggesting that higher order matrix
elements in*’Na are large. For example, Firestoeteal. [5]
have shown that the inclusion of large higher order matrix 2t 1952
elements in the calculation @/ 3" can remove the discrep- —
ancy between experiment and theory, while Skaksegl.[7] M1

argued that corrections beyond second order in recoil are 1+_E33
probably negligible. Kunzet al. [6] concluded that the dis- log ft=7.42
crepancy between the measuret3™ with allowed-order 34 l 2.6 yr.
calculations remained significant. Large second-order terms

would result in a large3-y directional correlation or other
observables. Precise measurements of these observables con-
strain second-order fundamental form factors ®fdecay,
inpluding those reIaFed to so'—called §econd—class current con- 4 1275 B+ 90.4%, EC 9.5%
tributions to hadronic weak interactiop8,9]. The accessib-
lity of other observables of interest in théNa(3+) m

—22Ne(2+) system, from which one can construct a com- o+ B+ 0.06%
plete set of form factors for the decay and thus infer forbid- B
den order contributions motivates our experiment. Moreover, 22
the existence of inconsistent but precise measurements of the

22Na angular correlatiofisee Table Il invites a resolution. FIG. 1. Decay scheme d¥Na, energies in keV.

where|A,,| <1, and#é is the angle between the" and the
subsequeny-ray momenta. Using the expansion in Ré]

22
Na

Ne
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whereE (Eg) is the total(maximumn) energy of theg par-
ticle (Eq=1056 keV), M is the nuclear masR is the 10' b
nuclear radius, and is the nucleon number. The form fac-
torsc, b, andd are associated with the Gamow-Teller, weak 10°
magnetism, and induced tensor matrix elements. To this or-
der, it is sufficient to retain the momentum-transfgy de- ¥ Energy (keV)
pendence only for the Gamow-Teller form factor, defining
c(gq?)=c;+c,0%+ - - -. In principle, a measurement &,
as a function of thgd™ energy can distinguish the relative
contribution ofc, from that ofb andd. _ ) o ) o
To measuréd,,, we used the Gammasphere array at the!Ons in the full-energy coincidence to singles efficiency. In
88-inch Cyclotron at Lawrence Berkeley National Labora-coincidence events, the positron normally annihilates in the
tory. Gammasphere is a spherical array of Compton detector, while in singles events, the positron is more
Suppressed Ge detectors into which we inserteazma I|ke|y to have annihilated at the inner surface of the vacuum
source and g detector, in order to detect coincidences be-chamber. The difference in triggering and event rejection
tween theB detector and 1275 key rays in each Ge detec- Ccould cause a systematic difference between the coincidence
tor. To normalize the coincidence counts accounting for thénd singles efficiency. The BGO detectors were disabled by
different Ge detector efficiencies which vary by20%, we  turning off the photomultiplier tubes’ high voltage supply.
also collected single 1275 key rays for each detector. The  Each~7 cmdiax8 cm Ge detector is 25 cm from the
number of singles counts for a Ge detector at amglelative ~ ~ Na source, subtending 0.5% solid angle, and the probabil-
to the B detector,Ny(6) = e(#)N.(6), whereN.(6) is the ity for a 1275 keVy ray which hits a detector to deposit its
number of y rays emitted in directiord and e(6) is the full energy is rqu_ghly 25%. Therefore, each Ge detector has
efficiency of the Ge detector at angie Similarly, N,(g)  ~0-1% probability of absorbing the full energy ofjaray

_ N’(8) for coincid ounts. Then the ratio of coin- coming from the center of the array. The full width at half
cicfégz:eé(tz)sinrglceénig ence counts. Then the ratio of coin maximum (FWHM) of the full energy peak is typically 2.3

keV. Annihiliation photons at 511 keV are completely re-
, , solved. Annihilation in-flight photons at 1275 keV are a neg-
N(0) _ elONc(6) _Nelf) 'y (23 ligible contribution.
Ns(6)  e(ONL(H) N.L(O) ' ' To measure an event in a Ge detector, a fast linear signal
from a Ge detector is discriminated, adding a constant volt-
We have assumed tha( ) is the same for singles and co- age pulse to an analog sum bus. An adjustable discriminator
incidence counts. We determind,, from a fit of the on the bus sets the minimum multiplicity of Ge detector hits
coincidence-to-singles ratio as a function of detector afigle required to trigger an event acquisition. The threshold was
one or more Ge detector hits, forming the pretrigger. After a
pretrigger is generated, the slow Ge detector signals are digi-
tized with 14-bit resolution. A constant fraction discrimina-
During the experiment, Gammasphere was configuredor on each detector signal also provides the start signal for a
with 100 Compton-suppressed Ge detecfd®;17. The Ge time to amplitude convertefwe call this signal GeTAL
detectors occupyat mosj 110 hexagonal surfaces of a 122- Each GeTAC receives a stop signal from the delayed pretrig-
element polyhedron surrounding an 18 cm radius targeger signal.
chamber. The 12 pentagonal surfaces of the polyhedron are The ?Na source and thg detector were inserted into the
used for entrance and exit beam padet used in this ex- center of the Gammasphere array through the access port at
perimeny, or for additional detectors. 27° relative to the beamline. The angular position of ghe
Each Ge detector assembly is a cylindrical Ge detectodetector is known to about 2 °, and the associated fractional
surrounded by six bismuth german@BGO) scintillators on  systematic error inA,, is <0.1%. The 8 detector is a
the sides and one BGO scintillator in back. The BGO detec3 mm thick<12.5 mm diameter disk of Bicron 404 plastic
tors are normally used to improve the photopeak toscintillator attached to a Hamamatsu R1450 photomultiplier
Compton-scattered ratio in the Ge detector spectrum by opgube (PMT). The 6 uCi source was deposited from NaCl
erating them in anticoincidence. In this experiment, howeversolution onb a 1 mmspot and sandwiched between two
the BGO detectors were not used, since theay of interest 1 mg/cnt Kapton foils[18,19. The source was mounted on
(1275 keV} has negligible background from Compton scat-a nylon fixture 10.7 mm from the end of the scintillator.
tering of y rays of higher energy, as illustrated in Fig. 2. According to Monte Carlo simulations, this source to detec-
Moreover, it is essential to avoid detector-dependent variator distance optimizes hig8 detector solid angle versus

P AT S T NN S ST M N S
500 1000 1500 2000 2500

FIG. 2. Singley event energy spectrum summed for all Ge
Gammasphere detectors.

Ill. DETECTORS
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finite detector size. The source was centered in the Gamma- RRRERRERR RN RN RN RN R
sphere array to within 0.5 mm. This position uncertainty cor- 10° .
responds to a 4% uncertainty &,,. The solid angle sub- 5? ]
tended by the3 detector is~6% of 44r. The thickness of 107 3
the scintillator was chosen to stg@" particles with maxi- i j\ ]
mum energy546 ke\), while minimizing the Compton scat-

tering background from 511 key rays.

A LeCroy fast encoding and readout ADEERA) digi-
tized theB detector signal. The FERA was gated by a coin-
cidence between a discriminatg’l detector pulse and the
pretrigger from the Ge array. The delays and gate widths :
were chosen so that the timing of the FERA gate was deter- 100 b L ,
mined only by theB detector signal. This was required be- 5000 5500 6000 6500 7000 7500 8000
cause the timing of the pretrigger relative to {Bedetector TAC Channel Number
signal varies by up to 20 ns, depending on which Ge detector ,
generated the pretrigger. Gating the FERA with the Ge pre- /G- 3. Time spectrum summed for glidetectors generated by
trigger alone would result in systematically differeten- SUbtrac.t'ngﬁ TAC from GeTAC for all y events. Prompt singles
ergy spectra associated with each Ge detector. For even’?md coincidence event windows are shown in shaded bars. The

. . . . srsnall peak to the left of the coincidence window is caused by digi-
with no 8 signal, the FERA is gated by the Ge pretrlggertal overflow in theBTAC spectrum(shifted by the subtractiorand

alone. This arr_ange_ment makes singles and coinci(_je_r_lqﬁe small peak just outside the coincidence window to the right is
events appear identical to the downstream data acquisitiofenerated by three germanium detectors with anomalously slow
electronics, avoiding possible systematic differences in thgming responséremoved from the final analysis

readout process. The level discriminator on ghsignal also

starts a TAC BTAC), which is stopped by the delayed pre- dences are subtracted based on an equal-length timing win-
trigger signal. dow on the GeTACBTAC spectrum shown in Fig. 3.

For each hit Ge detector, the digitized energy, the GeTAC The angular correlation coefficient is determined by fit-
value, and a detector identifier are recorded. For each everlng the ratios for each detector to the linear function
the beta energy an@TAC are also included. For events with N.(8)/Ng(6)=R+acos 6 (where 4 is the included angle
no detectedB, the beta energy is at the pedestal of thepetween thg3 and y detectors minimizing x? to extracta.
FERA. Each event is processed on-line by a “farm” of Geometric corrections described below are appliedato
crate-based processors which apply energy and timing coljelding A,,. Figure 5 shows all of the data binned by com-
rections to the Ge detector data. The data stream was writtefjon detector angles with the best fi{(6)/N(6) —R)/R
to several 8 mm tapes in parallel for off-line data sorting.:(a/R)Co§ ¢ function for the January and June data sets. To
The deadtime was-15 us, and with the 6uCi source  garrive at our final value of\,,, the data were averaged by

Counts/channel

_‘
o
N
T
Coincidences
Accidentals
Singles

used here, the measurement was count rate limited. calculatinga/R for each of the 15 individual data tapes per
run and averaging the results. Statistical uncertainty for each
IV. ANALYSIS detector per tape is derived from the number of counts ob-

served. The statistical error on the tape-averag&iderived

The results presented here are based on data runs in Jantkm this procedure is increased hiy? to account for an
ary and June of 1997, with a total of 9 days of data vaUiSi'elevated reducedy? of ~1.4 for the distribution ofa/R

tion. Approximately 8< 10° events were written to tape, with among 15 tapes. This scatter is larger than expected, but

4.5<10° photopeak 1275 keVy's. To reduce the amount of ¢,nsistent with a time drift in the extract@term, although
data written to tape, we used online Gammasphere event

processing to reject events without at least gneith energy —

above~1000 keV. 10x10°
For each detector, coincideBty and singley events are

selected in the off-line analysis. We identify photopeak 1275

keV y's within a 10 keV energy window for both coinci- g 8r i
dences and singles. For singles counts, the 1275 ka¥ =

required to be in prompt coincidence with the pretrigger. ﬁ 6r 7
This requirement is enforced by placing a cut on GeTAC, 2

illustrated in Fig. 3. Coincidence counts are identified by 2 4f s
making the same cut on GeTAC, and a cut on the difference ¥ E, = 546 keV
between GeTAC and th8-TAC, in order to selecty’s ac- oL 4

companied by promptB’s. We use the difference
(GeTAC-BTAC) to eliminate Ge detector dependent timing N .
offsets in theBTAC value. The energy of thg is required to 500 1000 1500 2000
be in the range of-120-505 keV. This eliminates a low-
energy background in th8* spectrum and spurious high-
energy counts above the end-point energy. The meagiired  FIG. 4. 8% energy spectrum for events with a coincident 1275
energy spectrum is shown in Fig. 4. Accidengaly coinci-  keV y. Energy uncertainty is about 8 keV.

Energy Channel
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D . V. CORRECTIONS

To extractA,,, we correct for the solid angles gfandy
detectors. We apply an angular correction fa€eg- Q,,, to

. our fit-extracted cds terma
T ] Azp=2al(Q25Q2,), (5.9
- ® * <
05 o Detector Average] whereQ,, andQ,; are the convolution of the angular cor-
- | — Fit ; relation and detector angle. For our geometry inside Gamma-
T T T sphere, the produd®,z- Q,,=0.736+0.029 where the un-
¥ Detector Angle (Degrees) certainty results from the spatial variation of tBedetector

efficiency across the surface of the detedepending on
FIG. 5. Averaged coincidence/singles ratio as a functioryof incident positron angle and eneigy an estimated 20%;
detector angle in the array—Ge detectors at the same angle hagid the 0.5 mm measurement uncertainty of the diameter and
been binned together for both data runs. The constant e(see position of thed detector relative to the source.
main tex} has been subtracted and the data normalize® to Angular anisotropy introduced b@+ scattering from the
exhibit the angular depedence more clearly. . . . .
source holder material should increase the effective solid

a linear drift in time ofa/R is not statiscially resolved in our angle of theg detector by roughly 1%3™ scattering from
data. We observe a resolved time drift in the constant rat¢he aluminum Gammasphere target chamber is estimated to
term R of 0.3% among the tapes in the June run, likelyproduce a count rate 10 times the unscattered rate. For the
caused by time drifts in triggering electronics among the 3 mm thick 8 detector, the ratio of events where a 511 keV
detectors or gain drift in th@ detector photomultiplier tube. annihilation photon triggers the detector to tiBevents can
Any systematic shift ina/R caused by the time drift ilR  be estimated to be roughly 8.0 4, thus negligible in ex-
should be accounted for within our renormalized statisticatracting the coincidence/singles ratio.
uncertainty. A correction for background under the 1275 keV photo-
We performed an additional analysis on the June 199feak in the coincidence/singles ratio amounted to roughly
data set in which theg energy spectrum was divided into 1073 of the ratio in early an analysis of a subset of the data,
four equal statistics bins. We calculated;(N)(6) for each  and thus was ignored in our final analysis. Measured back-
bin, using only 1275 keVy events coincident with #* of  ground count rates under the photopeak would extrapolate to
appropriate energy. The results for the extragiggifor each 5 packground rate during the data run. The background rate
energy range are shOV\_/n in Table | with statisticall eITOrSyuring the run was roughly 210~ times the singles rate.
given for each energy bin. The energy scale uncertainty is %itting the angular dependence of the background 1275 keV

keV per bin. Systematic uncertainty for eaéfy, is 0.5 d : : :
. . - ata in the array yielded a cos angular correlation pa-
X 10" 4. These results are consistent with the linear depen7 yy g P

dence ofA,, on 8" energy predicted by Eq2.2), but the rarr}ete'r with theB detector direction of 0.022), so the
statistical errors are large. projection of backround counts to the measufed Wo_uld

Th A , be at most (X10 %)x0.022=4.4x10°, substantially

e data acquired in January 1997 is not used forghe I

energy-dependent analysis. For this run, the FERA digitizingsmal,ler than our statistical error. The observed gngular cor-
the 8 energy signal was gated with the delayed Ge pretrigget€ation from the background data is caused by fvaetec-
alone, resulting in slightly differeng energy spectra for co- tprs in t_he forward beam direction with 127_5 keV rates five
incidences with different Ge detectors, as discussed in thémes higher than the rest of the detectors in the array, prob-
previous section. It is still possible to use the data from Janu@bly due to*Na activation of the aluminum target chamber
ary 1997 for a full-spectrum,, by using only the level in this region. Eliminating these detectors from the analysis
discriminator to determine whether or notgaof sufficient ~ resulted in a change of oux,, value of only 2<107°.
energy had hit the detector. For this data, the digitigzd Seven of the 100 operational Ge detectors were left out of
energy was ignored. our analysis. In four cases, the FWHM of the 1275 keV peak
was anomalously large and showed a low-energy tail char-
acteristic of radiation damage. For three other detectors, the
SGeTACBTAC spectrum had coincidence timing peaks
roughly three times as wide as the other detectors.

For the data set taken in June 1997, the coincidence/

TABLE |. MeasuredA,, values for differentB energy bins.
Energy uncertainty for each bin is 8 keV and only statistical error
are shown forA,,. Systematic error for each bin is X804,

N _
p" Energy(keV) Azl X10™") singles ratios among the detectors yield an angular correla-
110-216 4.26.0 tion (corrected for solid angleof A,,=(3.4+3.3)x10 *
216-291 4.66.0 (statistical error only The January 1997 data yield,,
201-361 —23r6.1 =(7.5+3.6)x 104 (statistical error only Averaging to-
361-505 12.36.1 gether the two data sets, we obtay,=(5.3+2.4+0.5)

X 104, where the first error is statistical and the second
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T I 1 TABLE II. Measured values of?Na -y directional correlation
r ] Azz.
2 015 A»,=0.099 (0.004)
g [ A ,,=0.004 (0.004) 1 Author Ax(x1073)  Egz (keV)
[
g) I i Steffen (1959 [1] —1.8+0.3 350
% 0.10f - Daniel and Eaking1960 [24]  —20.0x2.0
2 i | Subba Rad1961) [25] —15.0+3.0 120-450
S I ] Grabowskiet al. (1965 [26] -1.0+5.0 400
2 - . Miiller (1965 [2] -0.3£0.5 140-250
S 005 ] Miiller (1969 [2] ~0.3+0.4 250-480
% L J Sastryet al. (1968 [27] —-1.0+1.2 400
5 r 1 This result 0.5%30.25 120-505
0.00
(1) ' ' 1%0 —— In our measurement this extrapolation is unnecessary. The
Included Anele (D use of 100 independent detectors greatly reduces the prompt
ncluded Angle (Degrees) summing effects while still maintaining high detection effi-

FIG. 6. Coincidence/singles ratio as a function of included angIeCienCy' In addition, the high resolution of Ge detectors, as

between detector pairs for 1173/1332 ke coincidences from ©PPOsed to Nal detectors used in the previous measurements,
SONi. Ge detector pairs with similar angles have been binned tof€duces the effect of summing in to the 1275 keV photopeak.

Finally, the position of the3 detector is such that it is still
roughly in the geometrical center of the Ge array. Therefore,
systematic. The systematic uncertainty stems from backpositron annihilation in the8 detector results in essentially
ground subtraction and solid angle correction uncertainty deisotropic distribution of 511 keVy's in the Ge array. Using

gether for clarity.

scribed above. Gammasphere, prompt summing has a negligible effect on
As a test of our technique, we also measured the wellthe measured asymmetry.
known y-y angular correlation in®%Co. A 10 uCi %Co Our measurement d%,,, combined with existing results

source was used with 92 Ge detectors. The trigger was for other ?2Na observables gives values for the form factors
single Ge detector hit, ang 2.5x 10° events were written to  of interest, which can be compared with shell-model based
tape. For each detector, 1173 and 1332 keWNi photo-  calculations from Ref[7] using matrix elements calculated
peaks were defined with 10 keV energy windows and thdn Ref.[22]. Referencd5] describes the dependence of the
requirement of a prompt coincidence with the triggeripg various accessible observables on the form factors, which we
ray. For each of the-8000 pairs of detectors, the number of summarize here:

coincidences between an 1173 ke\in one and a 1332 kev

v in the other were divided by the product of the singles
counts. The average coincidence to singles ratio is plotted
versus the included angle between detector pairs as shown in
Fig. 6. Pairs of detectors with similar included angle have S=—(1.78-0.1D +0.00074 —7.78C;)

been binned together. For thgy angular correlation in X102 MeV ™%, (6.2
%0Ni, we measureA,,=(0.099+0.004), (statistical uncer-

tainty) compared to the expected theoretical value of 0.1020 p, =1—(2.46B—0.13C,+1.23D +0.003H) X 10" B,
from Ref. [20], and the experimental valua,,=(0.1010 6.3
+0.0011) measured in Ref21]. Our value A = (0.004

+0.004) is consistent with the theoretical value of 0.009 Ay,=(4.4B+4.4D—0.6C,) X 10 °, (6.4
[20], and the measurefl,,= (0.0092+ 0.0007)[21].

R=1—(1.568—0.7D+0.00134+18.0C,)x 10 3,
(6.9

VI. DISCUSSION

Previous measurements éf,, for ?Na are shown in 2f E
Table Il and in Fig. 7. Our results differ significantly from E YSphere ]
several measurements with comparable stated precision, & f '
most strongly disagreeing with experiments described in B O —5—F ]
Refs.[1] and [2]. One source of systematic error in these F 1989 T T
measurements is the prompt summing of the 1275 and 511 E i Nt/ 1968
keV v's. 511 keV y’s are produced when positrons annihi- 3 1968 ]
late in the B8 detector, creating a false angular correlation. 3 H ]
Measurements of,, with absorbers of varying thickness 2 n 6 3
were used to extrapolate to an ideal large absorber thickness Experiment Number
where the effect of the 511 key summing is negligible, but
the corrections applied to the results were large compared to FIG. 7. Comparison of our measurement f&f, (circle) with
Ass. earlier experimentgésquareslisted in Table II.
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The observables are respectively the skew ratio of the mede compared with the calculation of the first-class part of

surede/B* rate to allowed order theonR), the shape fac- D=2.5 with an estimated uncertainty of 20% in Rgf]. In

tor of the 8" spectrum §), the longitudinal polarization of principle, this disagreement with the prediction Dfcould

the emitted 8* (P.), and the 8-y angular correlation be attributed to a large second-class current contribution, but

(evaluated at a totg8 ™ energy of 850 keY. The dependence this amplitude of second-class tensor interaction is strongly

of the recoil order form factors is exhibited, with excluded by théd=12 experiment§ll]. Therefore, it seems

the  reparametrization B=b/Ac;, D=d/Ac;, C, more likely that either the theoretical estimate of the first-

=c,/R¢;, H=h/A%c;, with R the nuclear radiusA the class part oD, or the extraction of the weak magnetism term

nucleon numbem the induced pseudoscalar form factor, andB from I'y;; is incorrect. More precise measurementd’gf;

c, and ¢, the terms in the recoil order expansion of the from the (2"—3%) branching ratio, as well as reassessment

Gamow-Teller coupling. of the calculated transition matrix elements are required. To
The value ofA,, depends most strongly on the weak mag-establish a more reliable set of form factors, our group is

netism and the induced tensor terrBsand D, respectively. pursuing a magnetic spectrometer measurement of the shape

The value of the weak magnetism form factor in the decayfactor of the 8 spectrum in?’Na as well as a new y;

can be fixed by the measured value of the width of the anameasurement.

log M1 (2*—3%) transition in ?Na, I'y;=3.6(1.7)

X 10 * eV [23]. This result, together with a theoretical bias

for a negative value oB from Refs.[23] and[7], implies

B=—14(4). We carthen extractD =26(7) from our mea- We would like to acknowledge the assistance of the tech-

sured A,,. Although the choice of experimental inputs to nical staff at the 88-inch Cyclotron. This work was supported

determine all of the form factors is problematic, our deter-by the Director, Office of Energy Research, Office of Basic

mination of D is nearly independent of contributions from Energy Sciences, of the U.S. Department of Energy under

observables other thaky,, I'\y1, and logft. This resultisto  Contract No. DE-AC03-76SF00098.
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