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In-medium nucleon mass renormalization detected in8 decays of spin aligned*?B and 2N
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The axial charge in the weak nucleon axial vector current has been precisely determined by measuring the
alignment correlation terms in thg-ray angular distributions of the purely spin aligned mirror pair nuclei
2B(1™=1%,T,,=20.2 ms) andN(1"=1",T,,=11.0 ms). The axial charge was determined toybe
=4.96+0.09 (stat.)-0.05 (syst.) at a 90% confidence level. The previously obtained data in the year 1996
was reanalyzed to be added to the present result. The combined regsltti90+0.10 at a 90% confidence
level. The axial charge is enhanced as much ast@®6 from the impulse approximation model calculated
valuey,,=2.85. Calculations using the impulse approximation with the sofentributionyy,=4.15 explain
the data quite well but not completely. If we introduce the in-medium mass renormalization the unexplained
part of the experimental result corresponds to an in nuclear-medium nucleon mass reductioh Y%l &t a
90% confidence level relative to the free nucleon mass, at the place where the decaying nucleon resides.
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[. INTRODUCTION for the large enhancement was proposed by Kirchbatlah
[8], where the short-range exchange currents originating
In order to study non-nucleonic degrees of freedom in thdrom the exchange of heavier mesons were taken into ac-
nucleus, the axial charge matrix element is one of the bestount. On the other hand, Warburton and Towmér9]
playing fields. Theoretically, Kubodera, Delorme, and Rhoshowed by including the heavy-meson exchange currents
pointed ouf 1] that the axial charge matrix element, which is with the short-range correlation and the hardnodel that
defined by the time like component of the axial vector cur-the numerical values of the axial charge matrix elements are
rent divided by the Gamow-Teller matrix element, is signifi- not so much different from those derived from the soft-
cantly enhanced by the meson exchange current relative ®xchange current. Their analysis of tBedecay rates of the
the value derived from the impulse approximati®®). The  nuclei in the Pb region using a realistic nucleon-nucleon po-
magnitude of the enhancement in the axial charge was estiential with a weaker tenor force gave values close to the
mated to reach 40% of the IA value, considering the soft- experimental ones with a still unexplained excess of about
effect[2]. Measurements of the axial charge in the mAss 25%. Therefore, more precise experimental values of the
=12 system shows an enhancement of as much as 60%ght nuclei where nuclear structures agddecays are well
[3,4]. Such huge mesonic effects have not yet been found istudied are required to give a conclusive understanding on
other phenomena such as the proton capture of a neutron, tkilee meson exchange mechanisms and the possible in-
photodisintegration of a deuteron and the effectiviactors  medium mass renormalizatidd]. We began measurements
of nuclear magnetic momeng§]. The large size of the me- in the year 1980 to determine an accurate value of the axial
sonic effects make it possible to perform detailed studies ocharge by measuring the alignment correlation terms in the
the effect inside the nucleus in spite of the lack of completemassA=12 system. We not only improved the experimental
knowledge of the nuclear structure. In 1991, Warbuebal.  technique but also studied all the possible systematic errors
[6] showed that the axial charge matrix elements around Pthat may cause some effect in the extraction of the results
nuclei, obtained from the first forbidde® decay rates, were [3,4]. Parallel to the recent experimental progress, theoretical
systematically enhanced by 80% compared with the l|Acalculations have been made on the relevant refined nuclear
value. In light nuclei the 8 decay rate of 1®N(0") structures and wave functions of leptons in ghelecay pro-
—1N(0") also shows a 60% enhancement of the axialcess[10,11]. The latest value of the axial charge from the
charge[ 7] which cannot be explained completely by the IA alignment correlation experiment in the mafss 12 system
value and exchange currents. Also in the massl2 system, [4] is y=4.66+0.06 (stat.)-0.13 (syst.) in b level. The
where a large enhancement of 60% was found, the theoretiesult, however, has a large systematic error coming from the
cal calculation based on the IA value and the soffheorem  uncertainty in evaluating the converted alignments. The de-
was still —18% different from the experimental vallid]. tected alignment terms have a spurious effect caused by the
The large experimental enhancements may be explained bgtensity fluctuation of the incident production beam in the
including the heavier meson exchange currents, the renopositive and the negative alignment creation cycles. In the
malization of the nucleon mass and thedecay constant in present study the large systematic error was eliminated by
the nuclear medium and a reduction of the tensor force in thase of a newly developed timing program for the measure-
effective interaction in the nucleus. One of the explanationsnent of the alignment correlation terms.
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Il. NUCLEAR B DECAY I=1 wherea; are the magnetic substate populations. Ne-
glecting higher order terms in the 1A the alignment correla-

_ _ tion term is simply described as
Weak nuclear processes are described with the well-

A. Interaction Hamiltonian

known current-current-typeV-A interaction [11] as H, 1 By(E) 2 fr\ oy
= V12V, + A { ey (1+ v5) ¥, } + H.c., whereV, andA, E Bo(E) :§[ i( NS m] : (4)

are the vector and the axial vector currents, respectively. Due

to the strong interaction in the nucleus, Lorenz invariance hereM is th | dth bscrbtref
allows for several other currents. As a result, the most genN€reM Is the nucleon mass and the subscriptrefers to

eral forms of the vector and the axial vector currents mad&'€Ctron or positron decays. The first team Eq. (4) is due
up of the Dirac matrices, as well as the four-momentum to the weak magnetism and is given by the strong form of the
transferk, are given by conserved vector currefCVC) theory [15,16. The third

term is the ratio of the timelike component in the main axial
vector current, also called the axial charge, and the main

V= ¢y + fwo K, +if k) ¢, (1) axial vector currenty=—2M [ivysr/ [ o. Thus, the correla-
tion coefficient contains the weak magnetism term, the coef-
A)\zapwys(fA—y)\-f— froy K, +ifpky) ¥, (2)  ficient of the induced tensor term, and the axial charge. From

the sum of the alignment correlation term given in E4).
with o, ,=[ y, ,7,]/2i andk, =k, —k, . Along with the main ~ between B and N, the axial chargey=[y_(*’B)
vector f, and the main axial vectof, currents, four other +Y(*°N)]/2, can be extracted as
currents are included in the representation. They are the

weak magnetisnfiy,, the induced scaldrs, the induced ten- 1 B,(E) 1 B,(E) 2y
sor f1, and the induced pseudoscafar currents. The form E Bo(E) E Bo(E) BEERYE )
factors are real if time-reversal invariance holds and gener- 12z 127

ally they are the functions df?. The structure of the weak

nucleon currents is characterized by the magnitudes of tho€en the other hand, the difference gives the induced tensor
six form factors in the vector and the axial vector currentsform factor as

and is well described in Ref12].

B. B-ray angular distribution from oriented nuclei 3

1 B,(E) 1 B,(E) 4 fr Ay

= -z =sla-+57]. ©®
E Bo(E) 1o E Bo(E) oy fa 2M

A theory of nuclearB decay was formulated by Morita

gt aII. [1%13] in V\{.hichfhigtrrl]er]?rﬂer c_orre(;titohns suclh as th%where Ay is the possible asymmetry in the axial charge

h|c|“1hf[erkpart.|atl Wwaves OI tEe I?ﬁton Wav?[ functl_on Wfrte.pmp'duced tensor form factor is one of the important keys to test
erly taken into account. For th€ present experiment it 1S r'ect'heG—parity symmetry in the weak nucleon current as well as

essary to employ a formalism with.these cprrections since W know how close we can get to the fundamental level of the
are concerned with the small recoil terms in fhelecay. The nuclear 3 decay as a direct decay of the quark inside the

iotri i — 12
,(li’z:'{laydangullar d!strlbuﬂon for thg mass= '1r’r22C(:)f hB and  nycleus. A detailed discussion on this subject can be seen
ecaying into the ground state in"C, that is, gisewherd16,17.

(m7T,7,:1%,1,¥1)—(0%,0,0), from oriented nucleus is

given by
I1l. EXPERIMENT
w B.(E) The 2B and **N nuclei were produced i-
_E\2 produced at the Osaka Uni
dEdQOCIOE(EO E) BO(E)(1+F’BO(E)P1(C050) versity 4.75-MV Van de Graaff accelerator. The reaction

chamber and part of the experimental apparatus are shown in
&) Fig. 1. All the components of the experimental equipment

other than counter telescopes and the electromagnet were

contained in a steel vacuum chamlgeot shown in the fig-
whereE(E,) is the B-ray energy(endpoint energy 6 is the  ure). Part of the chamber was made of plastic to reduce scat-
angle between the polarization direction and the direction ofered 8 rays. The energy of the scattered electrons is very
the emittedB ray, p is the electron momentun®; is the  much reduced{4 MeV) by the plastic before reaching the
Legendre polynomialsB, /B, is the polarization correlation B-ray counters even if electrons scattered by the steel wall.
term, andB, /By is the alignment correlation term. Here, the The experimental procedure consisted of four steps. These
radiative or other corrections to the raty /B, are negli- steps are summarized in the following sections. Section
gible as studied by Yokoet al.[14]. TheseP andA are the Ill A: production of the polarized nuclei, Sec. Il B: recoil
degree of the nuclear spin polarization and the nuclear spimplantation into the Mg catcher, Secs. Il C and Il D: spin
alignment, respectively, which are defined &-=a,;  manipulation from polarization to alignment, and Sec. Il E:
—-a_q, A=1-3aywitha,;+apg+a_, = 1fornuclear spin B-ray detection of the aligned nuclei.

B2(E)
+AmP2(COSQ)
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B. Recoil implantation

The produced'?B (*°N) were ejected at a recoil angle
40°-75° (20°-55°) which was chosen by the target groove
and the effective area of the catcher so that maximum polar-
ization was obtained. The nuclei were then implanted into a
recoil catcher of Mg single crystghcp placed under an
external magnetic field o0H,=600 Oe applied parallel to
the direction of the polarization. The typical size of the
catcher was 15 mmx 20 mm in area and 50@m in thick-
ness. The maximum recoil energy 6fB (}°N) was 0.44
MeV (1.5 MeV), and the maximum implantation depth in the
catcher was 1..wm (2.7 um). The energy spread caused by
the nuclear reaction and the target thickness, resulted in an
implantation depth in the catcher distributed almost uni-
formly from the surface to the maximum depth. The polar-
ization created through the nuclear reaction was about 10%
(20%) and a small alignment of 2%8%) was also produced.
The degree of polarization produced was measured with the
B-NMR (nuclear magnetic resonancechnique by detect-

standard

light pulse ing the asymmetrig-ray distribution relative to the polar-
: ization direction with a set of plastic scintillation counter

E counter telescopes placed abovep) and below(down) the catcher

In
Compressed
air jet

FIG. 1. Main part of the reaction and NMR chamber. The

relative to the direction of the polarization axis.

C. Spin manipulation

1. Principle of the spin manipulation

vacuum chamber is not shown in the figure. The part of the chamber The polarization resulting from the nuclear reaction was
close to theg-ray path to the counter system is made of plastic toartificially converted into the alignment with, ideally, no re-
reduce the scattered rays. The target ribbon is attached to the sjdual polarization. By the use of spin manipulation, we were
rotating target systerftarget arep which rotates at a period of 75 aple not only to produce a large alignment compared with the
ms. “B(*N) produced through the nuclear reaction is implantedsmal| initial alignment produced through the nuclear reaction
into Mg catcher and thg rays from the stopped nuclei are detected technique but we were also able to create both positive and
by the counter telescopes placed above and below the catcher. negative alignments. In this technique we use NMR with a
magnetic interaction between the magnetic momenof
12B8(12N) and an external magnetic field, superposed on
the electric interaction between a quadrupole montgmaf

A. Production of B and N

The 2B (*?N) nuclei were produced through the nuclear
reaction 'B(d,p)**B [**B(*He,n)*N]. A 1.5 MeV deuteron 12B(12N) and the electric field gradient in the Mg single

3 .
(3.0 MeV “He) beam provided by the 4.75-MV Van de qyqta) “The crystak axis of the Mg catcher was placed
Graaff accelerator at Osaka University was used to bombar:

a 1B(98.0%: 198 2.0%) [B(90.4%: B 9.6%) or fia;alliléoH%vg:rz|nteract|on Hamiltonian is written a&$,
108(99.8%; 1B 0.2%)] enriched reaction target300 MeTE

wuglen?) evaporated on a 0.15-mm-thick Mo backing ribbon
(430x 3.2 mm) attached to a rotating target holder with the
grazing angle of 10° relative to the incident beam direction.
The target, withstanding currents up to A@\, was cooled
from inside the holder by a compressed air jet. A typical
counting rate ofB rays from stopped?B (*?N) in the Mg  Here, | is the nuclear spin of the implanted nucleesiQYh
catcher detected by two sets of counter telescope was 4 kcjigsthe quadrupole coupling constant, dnd(l_) is the rais-
(200 cp3 at a beam intensity of 1A (30 wA). The target ing (lowering) operator of the magnetic substate For *2B
wheel rotated at a frequency of 75 ms. The Mo target ribborand *°N in the Mg crystal, the electric field gradient is sym-
was attached to one third of the circumference of the targemetric around the crystat axis so that the asymmetry pa-
wheel as illustrated in Fig. 1. The pulsed incident beam wasameter » of the electric field gradient is zerop
synchronized to the rotation of the target wheel so that we= (Vyx-Vyy)/Vzz=0 [18]. Here the electric field gradient is
had the beam on target for 25 ms. During the beam-off timelefined by the principal components\f =d?V/dX; dX; as
(50 m9, the target wheel was hidden in a radiation shield|Vyx| <|Vyy|=<|Vzz| andV,,=q. In the first-order perturba-
to avoid background radiation from the target, and duringtion calculation, the energy levels, for the magnetic sub-
this time theB-ray counting and the spin manipulation were statesm are unequally split because of the quadrupole inter-
performed. action

Huw=—wuHo,

eqQ

B 2 n.2 2
HE_m BZ-1(I+ D)+ 5(15+15) 1. (7)
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hvg (3 cosp—1
6\ 2

x{3m?—1(1+1)},

En=—hv.m+ + ysir’B cos 27)

3eqQ
T 2r21-D)h ®
Here, v, is the Larmor frequency and andy are the polar
angles between the principal axis of the electric field gradient
and the external magnetic field. In the present experimenta
condition 3=0° and =0, the energy splits between the
magnetic substaten= 10 denoted- as a corresponding
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12N. The alignment was created from the polarization by use o ,
of spin manipulation. For the spin manipulation, two types of FIG. 2. New fiming programmain sequence progranand
rf applications were used. One is an adiabatic fast passag%agnet'c substates populations. The main sequence program is il-

. — — . strated in which positive and negative alignment are produced.
(AFP) field denoted byF, andFy, which interchanges the The regions labeled from | to VI are the counting times. The

populations of two specific magnetic substates. The other is & ares and the ellipses between the counting times represent the rf
depolarization(dep field denoted byF, and Fy, which  for spin manipulation. The rf hatched with gray represents the pro-
equalizes the populations of two specific magnetic substateguction of positive alignment, white represents negative alignment,
Applying a set of rf fields, the population in the unequally and hatched by lines the destruction of the second component. The
separated magnetic substates are equalized and/or inte;, andAj, cycles are shown in the upper part of the figure together
changed so that the positive and the negative alignment argith the change of the magnetic substates populations by the spin
produced. manipulation. After the spin manipulation by use of the NMR tech-
niqgue was completed following the end of the production tifge,

ray counting was started. In the lower part tA§ and Py, cycles

. . . e ) are shown from whiclg was determined. A set of main sequence
The spin manipulation for the artificial creation of the program consisted of 20 pairs 8, andA; cycles, which were

alignment and3-ray detection were performed in accordancefojiowed by 10 pairs oP;; andPj, cycles. The sets were repeated

with the timing programs controlled by a microcomputer. yntil the preset counting statistics were obtained.
There were two types of newly developed timing programs

usef?' |n.th|s experiment. On% was a t|m|n_g program na_lr_negne negative alignment in another beam cycleﬁq‘}, we
the “main sequence program” for the creation of the positive i iy ) — 2
and the negative alignment and the measuremerg-cdy replaced thd-, andF_ rf set with theF andF rf set. The

energy spectra from the aligned nuclei. The other was a timtyPical result of the polarization change A}, andAy, as a
ing program named the “test sequence program” in whichfunction of time are illustrated in Fig. 3. The alignments
the efficiency of the spin manipulation was checked. Eachvere successfully created in Secs. Il and V. The other part of
program consisted of several production beam cycles syrthe main sequence program were ®ig andPy, cycles for
chronized with the rotating target. the measurement of the geometrical center. These cycles
a. Main sequence program set of main sequence pro- were performed to determine the counting rate rgtamrre-
gram processed four kinds of beam cycles which are illussponding to zero polarization. As shown in Fig. 2 the time
trated in Fig. 2. The\; andA,, cycles for the production of dependent decay of the polarization produced through the
the positive and negative alignment were the principal part ofuclear reaction was measured in tAg cycle with no rf,
the experiment and measured teray spectra from the while in the Py, cycle the time dependent decay of the in-
aligned nuclei. In theAy cycle, by applying a depolarizing verted polarization created ;-F, - Fy, rf was measured. A
field F, before counting Sec. | and sequentially applying anset of the main sequence program consisted of 20 pairs of
AFP field F, before counting Sec. II, we obtained the posi-Aw andAy cycles, which were followed by 10 pairs &%,
tive alignment in Sec. II. To confirm the alignment in Sec. Il, and Py, cycles. The set was repeated until a preset counting
the alignment was converted back again into the polarizatiostatistics were obtained. An ideal spin manipulation yields
in Sec. lll. Right after counting Sec. lll, alignment with the the alignment asA;; =(+3Py—Ag)/2 and A, =(*3P,
opposite sign was produced in counting Sec. V. To start from-A,)/4 where P, is the initial polarization,A, the initial

2. Timing program for the creation of alignment
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FIG. 3. Typical result of the spin manipulation in the Main
sequence program. The upper part of the figure is the resdfiNof
and the lower part of?B. A in the ordinate is the asymmetry pa-
rameter(—1 for 2B and +1 for 2N). The full circles are for the
polarization change in tha;, cycle and the open circles in tig,
cycle. The lines in the figure schematically illustrate the change o

the polarization by the spin manipulation. At time zero the incidentinitial

beam was chopped. The alignments were successfully created
Secs. Il and V. The smaller polarizationAq, cycle relative to that

in the A}, cycle is due to the initial alignment produced through the
nuclear reaction.

TABLE |. Result of the spin manipulation.

128 12N

P (%) 11.25+0.01 20.12:0.06
a (%) ~94.8+0.04 ~94.9+0.09
n(LF) (%) 98.13+0.08 99.10.3
n(HF) (%) 98.29+0.07 99.1-0.3
A (%) 39.99+0.06 84.2:0.4
AP (%) —0.09+0.01 0.28-0.05
T.(P) (M9 78.1+0.4 2473
T.(A) (M9 30.4+0.3 75+ 8
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FIG. 4. New timing progranttest sequence prograrand mag-
netic substates populations. The test sequence program is illustrated
in which the efficiency of the spin manipulation was measured. The
regions labeled from | to IV are the counting times. The squares and
the ellipses between the counting times represent the rf for spin
manipulation. The rf hatched with gray represents the production of
positive alignment and white represents negative alignment. The
A andA; cycles are shown in the upper part of the figure together
with the change of the magnetic substates populations by the spin
manipulation. In the lower part thef , P71, andPf ™ cycles are
shown from which the geometrical centgrand the spin lattice
relaxation timeT; were determined. The test sequence program was
performed for an houftwo hourg in every 5 h(10 h) run of the
main sequence program B (*°N) experiment.

alignment produced through the nuclear reaction Andis
the alignment created in Sec. |. The difference of the positive

f';md the negative alignment becomes 4.5 times larger than the

polarization A= (A; —A;)+ (A —Ay)=4.5P,,
wihich reached actual values of 40% f6B and 85% for'2N
as listed in Table I. This large effective alignment makes the
experiment very efficient and reliable.

b. Test sequence progranThough an ideal spin ma-
nipulation yields the difference of the positive and the nega-

tive alignment toA=4.5P,, actuallyA varied from the ideal
amount because of the imperfect efficiency of the spin ma-
nipulation. To determine the true alignment, the efficiency
for the interchange of two specific populations of magnetic
states §;—a;,,) had to be measured in a set of the test
sequence program. As shown in Fig. 4 five kinds of beam
cycles were used for this determination. They ware and

A7 cycles for the measurement of the degree of achievement
of spin manipulation for the creation of the positive and the
negative alignment, respectively. The procedure of the test
sequence program was the same as that of the main sequence
program except for the absence of counting Secs. Il and V,
where thep-ray energy spectrum from the aligned nuclei
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Table 1. In the tableP is the initial polarization produced
- HH gy —. ] through the nuclear reactiory the efficiency of the spin
0 S inversion defined by the inverte’ = aP, 7(F,) the effi-
o M ciency for creation of the positive alignmenj(Fy) the ef-
—_ o+ —O— o . . .
= 151 —o— ° A . ficiency for creation of the negative alignment amng the
:C)’ o Alcycle spin lattice relaxation time.
® m Pjrcycle
N 110+~ i
5 i D. Mg catcher
£ — — s y A catcher was cut out from a bulk Mg single crystal so
_;J sl N that thec axis was in the plane of the catcher. For the cutting,
= a spark slicer was used to minimize the damage on the sliced
N crystal. In the next step, the surface of the sliced crystal, the
catcher, was etched by 50m at room temperature with
O t } } — citric acid (5% concentrationto a thickness of about 500
0 10 20 30 40 um, to remove damages and defects on the surface produced
oF ' ' ' "] by the slicing process. After the etching the residuals on the
surface were quenched by deionized water and the water was
2 N blown off by a jet of dry N gas. The x-ray diffraction pattern
q b e of 'the crystal was checked to confirm the orientation ofche
= 4 —— —0o—— - axis and the structure near the surface. The Mg catcher was
o C mounted on the tip of an Al holder of 0.5 mm in thickness
© |-6F - which was attached on the coil holder along with an rf coil.
N . .
s The backing was cooled by water flow to prevent heating
E sk —e— i due to irradiation of the production target and from eddy
< —— currents created by the rf fields. During the experiment, the
<lioL . = N surface of the catcher slowly I_aeca_mg conta_minated by_ the
. " ' sputtered target due to beam irradiation. This resulted in a
12k - " ] gradual decrease in the measured polarization as used. To
remove the contamination and to recover the polarization,
(l) 1*0 2%0 350 4*0 the surface of the Mg catcher was etched every 72 h. For

reliable spin manipulation accurate knowledge of the quad-
rupole interaction is very important. We found a new minor-
ity location of 2B and N in Mg (second componenf18]

FIG. 5. Result of the spin manipulation in test sequence prowhich might affect the result of the spin manipulation and, in
gram. The upper part of the figure is fofN and the lower partfor  the worst case, would have about 15% of population relative
'’B. Ain the ordinate is the asymmetry parameted for ?B and {5 the population of the well known majority locatigmain
++1 for 12N). The full circles are for the polarization change in the component From detailed studies, it has been shown that
A7 cycle and the open circles in th&; cycle. The lines in the (1) the second component is caused by micrograins intro-
) . ) > "Yuced into the crystal during the growth process and/or of
spin manipulation. An alignment was created between the countlngne cutting and treatment of the crysté) the c axis of the
Secs. | and Ii(lll and 1V) and immediately converted back to po- . S .
larization. The difference of the polarization between Secs. | and Ifnlcrograln is perpendicular to that .Of t_he bulk c_rystal, and

: - . : (3) the absolute value of the electric field gradient for the
(I and 1V) is due to the efficiency of the manipulation and to the . .
T,. The full squares are for the polarization change inRkecycle second componer_lt is the Same. as that for the main compo-
in which no rf was applied for the measurementTaf nent r_:md perpendicular to tleaxis of the bulk cry_stal. The
coupling constant for the second componentei3Qh~
_ _ —45 kHz for B andeq@h~—60 kHz for 12N with q
were measured. Right after the alignment was produced, thgartical to thec axis of the bulk crystal. The amount of the
alignment was immediately converted back again to polarsecond component is strongly dependent on the way the Mg
ization. Thus, the deviation between the initial and the finalcatcher is treated. Thus, in the present experiment a spark
polarization represents the achievement of the applied rf fieldjicer was used for the cutting out a catcher and its surface
andT;. A typical result of the polarization change as a func-was etched. Every time a newly treated catcher was used the
tion of time in the test sequence program is illustrated in Figamount of the second component was shown to be Bero
5, where part of the beam cycles are shown. In addifsn, =0 within the experimental error by detecting the NMR sig-
P;, and P{ " cycles measured and T, by detecting the nal from that component. To ensure the absence of the effects
time dependent decay of the initial polarization. The test sefrom the second component in the final result, we destroyed
quence program was performed for 12hh) in every 5 h(10  the polarization of the second component by applying a set
h) run of the main sequence program B (}°N) experi-  of rf fields before each measurement of the energy spectra as
ment. The results of spin manipulation are summarized inllustrated in Fig. 2. Moreover, since the crystadxis of Mg
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catcher was placed parallel to the external magnetic field, thtHAMAMATSU R1250) of an E counter had a relatively
two set of resonance frequencies resulting from the main anshort decay constant of aboutids and were further short-
the second component were well separated. Thus the spened by the delay line clipping method to about 500 ns. After
manipulation for the main component was not affected bythe clipping they were selected by the trigger signals men-

the second component at all. tioned above to reject all the unwanted events. The selected
true events were digitized by the ADC after being amplified.
E. B-ray energy spectrum The spectrum data were finally read out through a CAMAC

crate controller. The linear signals which originated from
LED standard light pulser were led to the gain stabilizer
The B rays from aligned*?B and '°N in Secs. Il and V  loop. The gain shift of the system detected by the change of
were detected with a 150 mpn< 175 mm plastic scintilla- ~ pulse height of the LED light was fed back to the amplifier
tion counter named th& counter. The counter was large SO as to cancel the gain shift.
enough to measure the entieray energy and was placed _
above(up) and below(down) the catcher relative to the po- 4. Counter response function
larization direction. The counter system telescope is Shown The g-ray energy spectrum from unoriented nuclei is
in Fig. 1. The solid angle of each telescope (l.4given as
X102 sr/4mr) was defined by two sets of thin plastic scin-
tillation counters named thB counter (55 mnpx1 mm) S(E)=pE(Eq—E)’F(+Z,E)[1+Ry(E,Ep)],  (9)
placed right in front of theE counter and a counter named ) ) )
the A counter (12 mmp X 0.5 mm), which was placed Whgre_F(iZ,E) is the Fermi function andRy(E, Eg) the
close to the catcher. The cone shaped plastic scintillatiof@diative correction. The measurgray spectra, however,
veto counter named th€ counter was used to reject un- varied from the shape given I5(E) because of the response
wanted 8 rays scattered by the return yokes of the air core®f the B-ray counter.g rays in the plastic scintillation
B-NMR magnet. To prevent the photomultiplier tubes counter lose kinetic energy by electric excitation in the plas-
(PMTS) of the E counter from saturation due to the prompt ic @nd by the bremsstrahlung process. Since the energy
radiation during production time, the high voltage fed to thedeposition by the monochromati¢ ray in the plastic has a
first dynode of the PMTs was dropped during beam-on timdow energy tail in the pulse height spectrum because a part of
so as not to amplify those photoelectrons. Using this methoé® Premsstrahlung may escape from the surface of the
we were able to avoid unwanted effects in fBeay count- counter without depositing its energy in the counter and also
ing time. Because of the long data acquisition tifaeveral h_as a hlg_h energy tail because of the positron annihilation, a
weeks, the stability of the energy counter system had to peSimple minded theoreUcal response function doe_s not repro-
very high for the accurate determination of the alignmentduce the lower energy tail and the shape at the higher energy
correlation terms. In the experiment, a pulse-height-gain std@il at all. Scattereg rays in the Mg catcher also contributed
bilizer was used in the amplifier system. A standard light!© the lower energy tail. Thus in the present analysis the
pulse from an LED pulser maintained at a constant tempergeharacter of the monochromayitray energy deposition was
ture was used at the end of every beam cycle to ensure tridudied based on Monte Carlo simulation of the electromag-
stability of theE counter, as illustrated in Figs. 2 and 4. The Netic_cascade shower EGS49]. The response function
stability of the counter system was monitored by the chang&(X,E) of B ray with monochromatic enerdy is dependent

in the center of gravity of th@-ray energy spectrum and was UPOn the energy deposit functidify,E) which was simu-
found to be within=1% for both the'?B and 12N experi- lateéd using the EGS4 code taking into account the geometry

ments. This stability was sufficient for the precise measure®f the counter system and the NMR chamber and the effects
ment of alignment correlation terms. The small time depen®f annihilation gamma in flight and also the one or two pho-

dent energy shift was properly taken into account as 40N €scape in scintillator were taken into account. The re-
systematic error as discussed later. sponse function is given by the energy deposit function con-

voluted with the counter resolution

1. B-ray detectors

2. Trigger signal
(x=y)?

o? dy. (10

1
Real events were selected by the trigger signal R(x,E)zf f(y,E)Fex;{
ANBNCNE in the coincidence unit. Furthermore, two sig- 2mo

nals arriving within the timing interval of 500 ns were re- fyarex is the observed energy, the energy deposit, and

jected as pile-up events. The signals from these rejectefhe resolution of the counter, wheseis expected to have the
events were consistent with back-scatteferthys or cosmic form o\E and oy is a constant. In Fig. 6, a part of the

rays. The resultant events were further inhibited during th‘?esults of the simulations is shown. In the figuféy,E) in

.10 HS busy .time of the ADC' Al the'discriminators WETe the upper part an®(x,E) in the lower part are shown for

inhibited during beam on time and rf time. electrons and positrons, where the incident energy ofghe

rays areE=5, 8, and 11 MeV for electrons arke=5, 8, 11,

and 14 MeV for positrons. Thus, the observed energy spec-
To ensure as high a counting rate as possible the linearum W(E) is given by the statistical shaf®%E) in Eq. (9)

signals obtained from the dynode of the PMT convoluted with the response function

3. Linear signal
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FIG. 6. Energy deposit functiony,E) in the upper part and
response functionR(x,E) in the lower part are shown for electrons 20 =~ =
and positrons. The incident energy of tBeays areE=5, 8, and 11
MeV for electrons an€E=5, 8, 11, and 14 MeV for positrons. For
the convolution of the counter resolutiey=0.12 was used.

10-3 B-Ray Counts
>
I

W(E)= f S(WR(E,w)dp, (1)

whereE is the observed energy and the incident energy.
The reliability of the simulation was checked by measuring
monochromatigd* and 3~ rays using a spectrometer. From
the experimental check, we fined£@20)% difference at the
lower energy tail of the shape of the experimental response 0 5 10 15
function _and that of simulated one, which was tgken i_nto B-Ray Energy (MeV)
account in evaluating a systematic error. The obtained simu-
lated energy spectrum was used for the lagsfitting to the FIG. 7. B-ray energy spectrum ofB and »2N. The upper part
measured energy spectra. A typical result of the fitting isshows a typical energy spectrum %8 and the lower part?N. The
shown in Fig. 7. The fitting parameters were the zero energylots are the experimental data and the solid lines are the best fit of
channel, the endpoint channel, and the normalization of th#éhe simulated energy spectrum to the data. Together with the spec-
amplitude. In this fit, the counter resolutionr, trum the residualsNe,—Ng)/Ngy, are plotted, wherde,, and
—0.12 MeV'! for the up counter system andr, N¢; are the experimental data and the fit result, respectively. The

—0.08 MeV ! for the down counter system were used. érrors are from the experimental data. The fitting regions were 4.1—

. o : 13.0 MeV for 2B and 4.6—15.1 MeV foN indicated by arrows.
These values were determined by fitting the simulated energy . typical spectrum we hag?/v—1.29 for 128 and y?/v

spectrum to another set of experimental data obtained for the 1 4 o, 127

determination of the resolution. We found excellent agree-

ment between the simulated spectrum and the experimentalas performed in which the free parameters were the zero-

data. point energy, the end-point energy, and the normalization
factor.

Residual

5. Energy calibration IV. ANALYSIS

The energy scale was determined by measuring the end-
point energies of3-ray spectra from sever@d emitters pro-
duced through nuclear reactions. For tH8 experiment, The alignment correlation term can be extracted from the
2B (Eqn=13.369 MeV), °F (E.,=5.390 MeV), and [-ray counting ratio of positively and negatively aligned nu-
Al (Eon=2.863 MeV) were produced and measured. Forclei for a giveng-ray energyEi= E; = AE. In this analysis,
the 12N experiment, !N (En=16.3161 MeV),*P (E..q  E; ranged from 5 to 13 MeV in total energy féfB and from
=3.210 MeV), and 0 (E¢,=1.732 MeV) were pro- 5to 15 MeV in total energy fot®N andAE=0.5 MeV. The
duced and measured. In the extraction of the end-point erdouble ratio of up or down counters in Secs. Il and V in the
ergy, the leasty? fitting of the simulated energy spectrum main sequence program is defined by

A. Principle of the extraction of B,/B

015209-8



IN-MEDIUM NUCLEON MASS RENORMALIZATION . . . PHYSICAL REVIEW C65 015209

TABLE Il. Correction to the alignment correlation terms and systematic errors. Corrections indicated by
an asterisk have contributions both from the energy independent and dependent part. In the table the values
of energy independent part multiplied by the dependent §&g) are shown, wher& is the g-ray total
energy. The values of the systematic errors are given in relative % to the alignment correlation coefficient and
the absolute values of the total systematic errors are shown in the last row.

lZB 12N
Correction C Error (%) C Error (%)
Solid angle 1.054 0.33 1.055 0.36
(p/E) 0.997 <0.01 0.998 <0.01
Polarization correlation term 1.001 0.01 0.974 0.02
Alignment calculation 0.08 0.24
Energy calibration 0.50 0.50
Beam position 0.80 0.20
Catcher thickness 0.29 0.28
Decay branch 0.988CgR(E) 0.03 0.97CgR(E) 0.03
Counter response CedE) 0.80 Ced{E) 0.81
HD" admixturé 0.99QC,,p(E) 0.13
Sum 1.31 111
Total systematic error in alignment
correlation coefficient (1/2) <0.01 0.06

TiNlT(Ei) XT: N§(Ei) from up and down counters the small but finite effects of the

Ruon(E)=|——= . residual polarization can be rejected as
TN (ED - TENG(ED ]
. . A Ba(Ei) 1[|Ba(E)| [Ba(E)
Bo(E)) =P, B.(E))+ A, B,(E; — == —| + -
_| BoE)=PuBalB)+ Av BalB) Bo(E) (Bo<Ei>U Bo(En D)
| Bo(Ei) =P B1(Ej) + A Ba(E))
1 . .
Bo(E)+Pv (B +AYB,(E) Eﬁ[Ru(Ei)—lJrRD(Ei)—l]- (14
Bo(E)+Pv (B +AB,(E)

UorD
(12) In the actual analysis the higher order contributions from the

alignment and the small residual polarization were properly

whereT* andT* are the possmle time dependent asymmetaken into account by directly solving E(L2).

try in the B-ray counting inA,, andAy, cycles caused by the _ )
intensity fluctuation of the incident beam;" are theg-ray B. Systematic corrections and errors

counting from the positivet and the negative- alignment We made some systematic corrections to our experimen-
in counting Sec. | in the main sequence program and théally determined alignment correlation terms and evaluated
upper and lower signs are for up and down counters, respethe uncertainties of the corrections considered systematic er-
tively. Here it should be noted that in E(L2) the time de- rors. Correction factors denoted K are defined as

pendent asymmetr§~ andT* are completely canceled out.
Neglecting higher order contributions from the alignment
and the residual polarization, the alignment correlation term
is ideally given by

B,(E))
Bo(E;)

B,(E))
Bo(E;))

=]] c;x

: (15

uncorr

corr

wherei’s are(), P, BR, RES, and HD defined below and
(13) ranges from 5 to 13 MeV by 1 MeV step. Since the align-
' ment was deduced from the observed polarization averaged
over B-ray energy, corrections to the observed polarization
R P P ) ) and hence to the alignment are energy independent. Correc-
whereA=(Au _AIL)J’(A\L_A\L) is the effective alignment  {iong of the alignment correlation terms themselves are en-
and AP= (P, —Py)+(Py —Py) is the residual polariza- ergy dependent. The correction factors considered in the
tion caused by the imperfect spin manipulation and was negyresent analysis are summarized in Table II. The energy de-
ligibly small |AP/A|<0 35% as shown in Table I. More- pendent corrections are illustrated in Fig. 8 in solid lines
over, summing the alignment correlation terms obtainedogether with the total correction in dotted lines. The effects

B,(E))
Bo(E))

RUOrD<E

)~
UorD A
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however, suffers from the scattering effect caused by the Mg
106 /' Croa catcher and thus the distribution is modified. This was taken
into account by the EGS4 simulatidd9]. The correction
o L041 . factor C, is then given by
m 102 .
g J f P,(cosh)g(6,E)S(E)dE dQ
S 100k 4 Co= , (18
& f J P,(cos6)g(6,E)S(E)dE dQ
8 0.98 |- —
whereg(6,E) is the scattering effect of thg rays emitted
0.96 |- i from the catcher. The correction factor affects the slope of
the alignment correlation terms by 5.38% for 1B and +
094 ] 5.51% for **N.
b. B-ray energy dependence of the angular distribution
In the B-ray angular distribution, the polarization term is
given by = P(p/E)(B./Bg)P1(cosf). Because the factor
(p/E)B1 /By is slightly deviated from unity, the difference
. 1.00- 7 needs to be corrected. The correction fadBy is energy
g independent and is given by
i
E o095k -
2 | [ swrwer e, BoRr s ExdudE
g Cp: ’ (17)
kS | [ swrueanae
090 -
where theR(u,E) is the counter response function. This
factor affects the slope of the alignment correlation terms by
—0.21% for 2B and —2.82% for 1°N.
0.85 I ! ! ! I c. B-decay branchesThe 8 decays of'?B and 1?N have
4 6 8 10 12 14 16 small decay branches to the excited stated?6f. Since the

B-Ray Total Energy (MeV) branch to the first excited state has a different maximum
-ray energy and a change of spinf 2" from that of
ain branch to the ground state, which results in the change
of angular distribution, the measured alignment and polariza-
tion are distorted due to the small mixture from the branch.
The latest branching ratid20] (1.28 and 1.898 % for’B
and 12N, respectively were used for the correction. The en-
ergy dependent palttéR(E) and energy independent part
Chr Of the correction factors are given by
of the corrections of the alignment correlation terms on
2Mf+/f, andy can be roughly estimated from the change of

FIG. 8. Energy dependent and total correction factors. The tot
correction factor is defined in E§L5) asC,u=11;C; . The energy
dependent correction factors fdfB (uppe) and *°N (lower) are
shown in the solid lines as functions @fray total energy in the
analyzed energy region. The dotted lines are the total correctio
factors, which include energy independent part. Each correctio
factors is defined in Sec. IV B.

-1

the slope of the alignment correlation terms as a function of 9 f Si(w)R(w,E)du
the B-ray energy (alignment correlation coefficientas ChiE)=| 1-—
_ : , 10 ’
shown in Eq.(5). The systematic errors are also shown in J' S(1)R(,E)d
Table Il in relative % to the slope. Each correction is ex- RO EIER

plained briefly below.
a. The finite solid angle of thg-ray detectorsThe de-

gree of alignment was deduced from the polarization. The 3 f S| (w)R(u,E)du dE
polarization term, however, has a different angular distribu- cP—1-2> (18)
tion from that of the alignment. Since the counter solid angle BR 2 R(u Edu dE ’

was finite, the observed polarization is the average of the S(w)R(m.E)dp

P,(cos#) dependence over the present solid angle while the

alignment correlation term is the averagePof cosé) depen-  respectively. Heres, is the B-ray spectrum of the decay to
dence as shown in Ed3). Thus the calculated alignment the first excited state of’C. These factors affect the slope of
correlation term has a correction factor the alignment correlation terms by 0.42% for B and
[P, (cos)dQ/ [P,(cosh)df). The actual angular distribution, —1.48% for 12N.
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d. Response function of thg-ray detectors The ob- T 1 T 1
servedpB-ray energy spectrum is distorted from its original
statistical shape due to the response of SRy counter as
discussed above. Because of the response, the alignment €
fect at the given energy spreads out into another energy re
gion. The correction facto€,.{E) for this effect is energy
dependent and is given by

IS(M)R(MyE)dM

CredE)=E ) 19

f S(u)uR(u,E)dp

which affects the slope of the alignment correlation term by
—3.86% for 2B and —4.07% for 1N.

e. Admixture of the HD beam in the®’He beamIn the
production of?N a small but finite admixture of HD beam
produced'?B, to disturb the measuretfN energy spectrum.
The HD' can be mixed in théHe beam through the residual
H and D atoms on the wall of the ion source and in the canal
of the gas inlet forming HD molecules and ionized and ac-
celerated by the Van de Graaff accelerator. Since the mixec
HD" in 3He beam cannot be separated out by the analyze
magnet, it hit residuat'B in the 1%B enriched target90.4 —
99.8% enrichmentand produced unwantetfB through the
118(d,p)'?B reaction. Due to large cross section of the
(d,p) reaction, this contamination can be significant with p-Ray Total Energy (MeV)
even a small admixture. This contamination was monitored
from the analysis of th@g-ray time spectra and the polariza-
tion correlation term which is sensitive to the admixture of
12B, to obtain the ratio of the yield of the unwantééB to
that of N to be 1+0.5%. The energy dependent part
CﬁD(E) and energy independent palﬁD of the correction
factors are given by

4

Alignment Correlation Term (%)

1 1 1 =
5 10 15

=N

FIG. 9. Alignment correlation terms ofB and '2N. The cor-
rected alignment correlation terms &fB and >N are shown as
functions of 3-ray total energy. The full circles are the data used in
the extraction of the final result. The solid lines are the theoretical
curves best fit to the present dajg/»=1.02 was obtained.

to the nonlinearity is limited. The possible effect within the

present sensitivity was taken into account as a systematic
J[S(M)+Smix(u)]du error.
CﬁD(E)Z , h. Incident beam position on the targéthe change in
fS(M)R(M,E)dM incident beam position on the target resulted in a slight
change in the distribution of the recoiling nucleus on the

surface of the catcher. Thg-ray scattering effect and the

energy loss in the catcher depends on that distribution and

b thus is affected by the beam position changes. This effect

Cho= (20 was evaluated by the EGS4 simulation and taken into ac-
f J [S(x) + Spix(p) JR(x,E)du dE count as a systematic error.

i. Catcher thicknessAs previously described, the Mg
respectively. HereS,,, is the mixed 2B energy spectrum. catcher_was etched_ every 72 h because of t_he gradual de-
These factors affect the slope of the alignment correlatioffré@se in the polarization due to the contamination on the
terms by—0.25% for 12N. _surface of the.catc.her. Each time the.Mg catcher was etched

f. Propagation of the error in the observed alignment its decrease in thickness affected, i.e., reduced ghray
The error in alignment affects evenly all the data points ofScattering effect and the energy loss in the catcher. The effect
different energy bins. Although the origin of the effect wasWas evaluated by the EGS4 simulation and taken into ac-
statistical, the error was taken into account as a systematfgPUnt as a systematic error.
error from the nature of the error.

g. Energy calibration The energy scale was experimen-
tally determined by producing severglemitting unstable
nuclei and by detecting their end point energies. The nonlin- The alignment correlation terms were obtained as a func-
earity of the scale directly affects the slope of the alignmention of the B-ray total energy as shown in Fig. 9 after the
correlation term but the sensitivity of the present procedureareful consideration of the corrections and errors. In this

| [ swrueanae

V. RESULT AND DISCUSSION
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TABLE IIl. Result of the theoretical curve best fits to the data. asymmetry in the axial chargesy=0.10+0.05 has been
The results of the data obtained in the present study and 1996 atgken into account. This result is consistent with but more
summarized. Errors are evaluated at a 90% C.L. and all the valuggrecise than previous resi#].
are in units of 1/81. The asymmetry in the axial chargky

=0.100.05 was used. B. Combined result of the present and 1996 studies

Year  2Mf;/fu Error Year 'y Error To combine the present result with the previous one ob-
stat. syst. theory stat. syst. tained in 19944], we applied newly studied systematic cor-
- rections to the alignment correlation terms obtained in 1996
Without Ay Present 4.96 0.09 0.05 54 considered systematic errors. We did not include results
Present —0.31 0.09 0.07 1996 4.65 0.17 0.14 gptained before 1996 because they have large systematic er-
1996  -0.02 0.17 0.15 o rors resulted from the counter response and from the un-

known hyperfine interaction in Mg catcher at that time. The
main part of the reanalysis of the systematic correction was
made in theB-ray scattering effect in the Mg catcher, which
affects the correction of the counter solid angle. The correc-
tion factor C,=1.031 for the alignment correlation terms
was replaced by 1.054 fo¥’B and by 1.055 for?N. As a
Mean  —0.15 0.12 0.05 result from the data obtained in 1996 we have

Mean 4.90 0.10
With Ay
Present —0.21 0.09 0.07 0.05
1996 +0.08 0.17 0.15 0.05

y=4.65+0.17 (stat)+0.14 (syst), (22

figure the full circles are the present alignment correlationgt 3 90% C.L., where the systematic errors due toghay
terms used in the extraction of the final result and the opeRcattering was added which turned out to be small relative to

circles at lowB-ray energy are not. The solid lines are the the original one. Finally, combining the 1996 and the present
theoretical curves best fit to the data as discussed below. results we have

y=4.90+0.10, (23
A. Result of our present study

In order to determine precisely the axial charge from theat @ 90% C.L. Here the quadratic sum of .the statistical and
alignment correlation term, higher order effects had to béhe systematic errors was used for the weight of the sum.
taken into consideration as stated in Sec. Il B. For this pur-
pose we adopted a formulation of the angular distribution C. Soft-zr theorem
which makes it possible to introduce higher order partial
waves for leptons, Coulomb corrections for the finite size o
nuclei and radiative correctiof40,11]. Using the full for-

¢ According to the theoretical work11,22 the impulse
value which includes the core-polarization effect is evaluated
. . to bey,,=2.85 and the softr contributionygys..=1.30 us-
mula, we have made a Iea,gf fit of 'irzle theoretical curves tri/eleHauge-Maripuu moddR3]. The E:/cS)?fet:-polarization
simultaneously to a set of*B and N data resulting in  gffect was calculated in the 402)%w configuration space to

slightly curved lines for alignment terms as functions of, ., 435103 by use of the M3Y interactiof24], the
B-ray energy. The analyzed region of the experimental datdength of which is consistent with the one obtained in the

was fr?Zm 4.5 to 13.5 Me\(data points of 5-13 MeV in Fig.  5na\vsis of the magnetic form factor in the inelastic scatter-
9 for "B and 4.5 to 15.5 Me\V(data points of 5-15 MeViin i, of electrons onC. Thus, the total theoretical axial
Fig. 9 for ““N in B-ray total energy. The free parameters forcharge reaches

the fit were the axial chargeand the induced tensor terfn

as shown in Eqs(5) and(6). To extractft we used a value Yineor= Yia T Ysofe » = 4.15, (24

for the experimental weak magnetism df12=4.04+0.03,

which was determine@17] from all the available data per- which corresponds to an enhancement of 46% relative to the
taining to the transition strength of ti¢1-y decay from the vy, value. This predicted value is still 26% less than the
15.11 MeV excited state if’C [21], I',=(38.2:0.6) eV. present experimental enhancement of 72%.

From the fit of the theoretical curves to the experimental

data, we obtain the results listed in Table Ill, where we had D. Heavy meson contribution

the reduced¢® minimum y?/v=1.02, v being the degree of

freedom of the fit. We have the axial charge from the present | "€ €xchange current effect based on short range correla-
data as tions of heavy mesonss{(, w, andp) in the masA= 12 triad

was evaluated by Koshigiret al. [22] using the hards
y=4.96+0.09 (stat)+0.05 (syst), (21)  model[8,9] for the p-7 diagrams with the Hauge-Maripuu
model[23]. They retained only the pair currents which in-
volve the scalar mesoro{ and the exchange of vector me-
at a 90% confidence levelC.L.) and 2Mf;/f,=—0.21  sons  andp) up to O(1M?). The exchange current opera-
+0.09 (stat.)}x0.07 (syst.)-0.05 (theory)17], where the tors and related parameters were essentially the same as
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TABLE IV. Enhancement of the axial charge by the heavy me-wheremy, m,, m,, andm, are the masses of the hadrons
sons{22]. The Bonn potential parameter adopted in the Kirchbach'sandf  is thew decay constant. Here the asterisks refer to the
paper(8] is used for model A and model B corresponds to anothefrenormalized values in the nuclear medium. The enhance-

set of Bonn potential in the configuration spdes. ment factor defined by Warburton is written as
Yhardar M* + M*
Meson Model A Model B EmEc= 1 2 _ 1 1+ & , (27)
no src src no src src My ®(p) M
TP 0.843 0.853 0.593 0.602  with M*=M,/®(p), whereM?* is the in-medium single-
7 0.304 0.219 0.323 0.231 particle axial-charge matrix elemeiA) and M?% is the in-
@ 0.355 0.266 0.352 0.266 medium exchange current matrix element and the values of
P —0.016 0.019 0.101 0.086 M, without an asterisk are calculated wilh(p)=1. In the
octwtp 0.643 0.504 0.777 0583  mass A=12 triad with the experimental enhancement,
Total 1.487 1.357 1.369 1186 ©emec=1.72+0.04 and the theoretical ratio oM;/M;
=0.45+0.06, we have
those used by Kirchbacht al. [24]. The numerical values ®(A=12)=0.84x0.04. (28

summarized in Table IV give the contribution of the ex-

change current to the axial charge matrix element. In th&hus, in the present framework the nucleons decayingin
table two types of calculations based on different models aré'?N) are (16-4)% lighter than the free nucleon mass. To
listed and the values without short range correlation are alsoheck consistency with other systems, we have dfjec
tabulated for comparison. For modalthe Bonn potential value for the Pb region where the observed enhancements
parameters in the Kirchbaceét al. [8] are adopted in the were fairly well accounted for by the IA values plus the
configuration spac¢25]. Model B uses another set of the exchange current effec{®]. The amount left unexplained,
Bonn potential parameters. Since both values are close to thess than 25% of the experimental enhancement, can be at-
soft- value of 1.30 given above, we may take the meartributed to in-medium renormalizatidi26]. The experimen-
value Y.q-=1.27 as the theoretical value for the mesonictal value ofeygc=1.79+0.04[28] and the theoretical ratio
effect. We assume an uncertainty ©0.17 that is twice as M,/M;=0.5x0.1, which is quite insensitive to the details
much as the difference of these two predictions. Finally, weof the nuclear models and also to nuclear mag28k gives

have the total theoretical axial charge as ®(A=208)=0.84*0.06, leading to a mass reduction rela-
tive to the free nucleon mass of (2®)% for the nucleons
Yiheor= Yia T Yhard»=4.12£0.17, (25 decaying in the nuclei in the Pb region. Also if we apply the

same analysis foeygc obtained from the first forbidden
which is inconsistent with the experimental valye4.90  g-decay rates in other nuclear masses using the value of
+0.10. A better agreement between theory and experimer¥,/M, given above29], the enhancement factor ef;ec
might be obtained by introducing still higher order exchange=1.61+0.03 [28] in the massA=16 region suggests a

current terms. nucleon mass reduction of {76)%, eyec=1.7+0.1[30] in
the massA=18 region gives (13 8)%, eyec=1.52+0.07
E. In-medium mass renormalization [31] in the massA=50 region gives (¥8)%, eyec=1.8

] +0.3[32] in the masA =96 region gives (14 16)% and in

In 1991, Warburtonet al. systematically analyzed the ihe massA=132 regione yec=1.82+0.07 [33] gives (18
first-forbiddenB-decay rates of the nuclei in the lead region +6)% mass reduction. Such mass renormalizations are also
and shown that the axial charges are enhanced by 80% relgnenomenologically in agreement with the ones evaluated
tive to the IA values. This is about twice that obtained from¢om magnetic moments. A renormalization of about 3% was
the calculation based on saft exchange currents. The large 5,nd [34] for nuclei with the masA=16+1 and 401
enhancement in the Pb region may show its dependence Qfhich have one nucleon added to or removed from the dou-
mass around thg-decaying nuclei. To explain the large en- |y closed shell nuclei. The renormalized unit of the mag-
hancement, they proposed in-medium renormalizations Gfetic moment, the nuclear magnetag, was extracted from
the nucleon masgs] which are also theoretically discussed heir isoscalar magnetic moments. Also, a mass reduction of

in the framework of chiral perturbation theof26,27. The (8+3)% was extracted by Yamazald5] from the anoma-
experimental excess of about 26% over the theoretical valug, ;s orbital g factors of the nuclei in the Pb region. The

Yin~4.15 might be also accounted for by the baryonic scalyclear mass dependence of the mass renormalization is il-

ing in & nuclear medium. According to the in-medium renor-|,strated in Fig. 10. Apparently, the mass reduction of about
malization of hadron mass¢&6], the nucleon mass should 1094 can be seen throughout a wide range of nuclear masses,
be reduced as although the error bars are relatively large. We need even

m* m* omt mt more precision and data points to reveal the mass depen-
N e P e Z=d(p) (26)  dence of the nuclear medium effects on mass renormaliza-
My m mp m,, f7T , tion.
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FIG. 10. Mass renormalization. For the extraction ®f the
valueM; /M,=0.5+0.1[29] was consistently used. The full circle

is the present result, the open circles are from the result of the firsét
forbidden 8 decays in several nuclear mass and the open squareé

are the result from the isoscaler magnetic moments.

VI. CONCLUSION

The alignment correlation terms in thgeray angular dis-
tributions from the purely spin alignedB and >N have

PHYSICAL REVIEW C 65 015209

=4,96+0.09 (stat.)>0.05 (syst.) at a 90% C.L., which is
consistent with but more reliable than the previous results. If
we combine the present result with the previous one obtained
in 1996, the corrections of which were newly considered and
applied, we havg=4.90+0.10 at a 90% C.L., which shows

as much as (724)% experimental enhancement relative to
the IA valuey,=2.85. The result can be fairly well ex-
plained by the theoretical calculation that includes the 1A
value, the core polarization effect and the saftontribution
Yin=4.15 which shows 46% enhancement. There is, how-
ever, still 26% difference between the experimental enhance-
ment and theoretical values. The heavy-meson exchange ef-
fect with the IA value does not account for the difference,
either. If we introduce the in-medium renormalization of
hadron masses, the experimental excess suggests an in-
medium nucleon-mass reduction of (18)% at the place
where the decaying nucleon resides for the nfas4.2 triad.
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