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Gamow-Teller matrix elements from the 2C(d,?He) and ?*Mg(d,?He) reactions at 170 MeV
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The #*Mg(d,?He)?**Na and the'?C(d,?He)*?B charge-exchange reactions have been studied at an incident
energy of 170 MeV. The two protons in tH&,(pp) state(indicated as’He) were both momentum analyzed
and detected by the same spectrometer and detector. BackgrourftHfrespectra with a resolution of about
150 keV(full width at half maximum have been obtained allowing identification of many levels in the residual
nucleus with high precision. It is found that thd,tHe) reaction at 0° is largely governed by the Gamow-
Teller (GT) transition operator for thgg™ direction, which makes the reaction selective for isovectér 1
transitions. In the case 6fMg, the reaction is compared witlp(n) reaction data in which the same levels in
the analog nucleu$®Al are populated. Angular distributions of cross sections for tthg&He) reaction are
presented and compared with distorted-wave Born approximation calculations. GT matrix elements are de-
duced. A level-by-level comparison with shell-model calculations using the univedsalteraction has been
performed. Comparison withp(p') data yields a level scheme for tihe=24 isospin triplet.
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[. INTRODUCTION sufficiently high energies have become available, which al-
low the study of GT transitions rather competitively through
Spin-isospin-flip excitations in nuclei at vanishing mo- the (t,3He) reactiong8]. The d,?He) reaction is another
mentum transfer are generally referred to as Gamow-Telleand potentially even more powerful tool to explore the spin-
(GT) transitions. They are being studied because the simplidsospin-flip transitions in th& .. direction and has been used
ity of the excitation makes them an ideal probe for testingin Refs.[9-13].
nuclear structure models. But also in astrophysics, GT tran- The interest in studying GT reactions in tfie direction
sitions provide an important input for model calculations ofis twofold. First, the summed streng8y- for the T_ and
supernovae and element formation, as they are connected 8+ for the T.. direction are connected through the Ikeda
the weak transition strength that drives the explosion dynamsum ruleS;--S;+=3(N—2Z) [14,15, and second and more
ics of a massive star at the end of its lifetirfig. importantly, theB(GT™) strength distribution is connected
GT transitions in theB™ direction (also referred to as to the rate of the electron capture process during the collapse
isospin loweringT - direction) have been studied extensively of a massive star, which in turn determines the rate of delep-
through (@,n) and GHe,t) charge-exchange reactiofs-6].  tonization and ultimately the explosive power of a super-
The generally good resolution allows easy extraction of thenova. Whereas, testing the lkeda sum rule requires extraction
GT distribution and the totaB(GT™) strength in the final of GT strength also in the continuum region where higher
nucleus. On the other hand, determination BfGT™) multipoles and 2 w excitations can severely mask the signal
strength through a charge-exchange reaction iffthelirec-  [16], the relevance in the latter case is mostly confined to the
tion is considerably more difficult. The neutron beams,easy to analyze low excitation region.
which were used in the pioneering experiments at TRIUMF  In this paper, thed,?He) reaction with an energy resolu-
were produced as secondary beams through ‘ttiép,n) tion of the order of 150 keV is presented to determine GT
reaction [7]. However, the ’Li(p,n) reaction would also matrix elements in th&- direction for a series of individual
leave the’Be nucleus at high excitation requiring compli- states. We denotéHe as two protons coupled to an unbound
cated unfolding procedures when generating fina)pj 1sy(pp), T=1 state. ThelSy(pp) phase shift exhibits a
spectra. Typical values for the resolution obtained were ofesonancelike structure near=0.5 MeV, wheres denotes
the order of 1 MeV. More recently, secondary triton beams athe internal energy of the two-proton final-state systena. If
is kept low enougti.e., below 1 MeV, higher-order partial
waves will not significantly contribute to the final-state inter-
*Present address: SRON, Sorbonnelaan 2, 3584 CA Utrecht, Tragction, thereby leaving 2He” in a well-defined quantum
Netherlands. state. Typically, if the two protons are being analyzed in the
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same magnetic spectrometer, the limited momentum accefB(GT") strength in a similar way as expressed in Eql).
tance will guarantee the low condition, and as the incident For a one-step process, one can further ass0iteebe inde-
deuteron is a rather purdS, (T=0) state, the ¢,’He) re-  pendent of the target mags

action is of isovector spin-flip type with a cross section, Invoking the appropriate kinematic factors and the
which is, apart from the deutero®-wave component, effective interaction at the correct incident energy per
equivalent to that of the corresponding,p) reaction mul- nucleon together with the prescription for evaluating the
tiplied with the spin-flip probabilityS,, [17]. In the case of optical-model distortion factor, Eq1.1) reads

vanishing momentum transfer, the,¢He) reaction proceeds

through theor part of the effective interaction. The mea- [do(q=0) _ w2k ) N
sured cross section will then directly be proportional to the | dQ | , =CX ah2 k—iNDJMB(GT )|
B(GT) strength, which in ther(,p) case ig§18,19 (d."He) (1.5
do(q=0) [ u “Ki 2 BGT 11 The factor C can be determined by comparing the
dQ |\ ;2] k P VT ( ). @D (d,?He) cross sections with known GT strength frggrde-

cay, where available, or by using thd,fHe) reaction on
J,. is the volume integral of the spin-dependent isovectorself-conjugate nuclei like, e.g%'Mg, where the GT strength
central part of the effective nucleon-nucleon interaction aiS expected to be the same in both isospin directions
g=0 and can be obtained from RgR0]. The distortion _ N

factor Np is usually estimated by calculating the ratio of the B(GT)=B(GT"), (1.6

distorted-wavgDW) and plane-wavéPW) cross sections, so that in this caseB(GT") data from p.n) experiments

-0 can be taken as a reference.

opw(q=0) 2~(r 2 :

D= a=0)" 1.2 In the case of thé?’C(d,’He) reaction, thé8(GT) value
Tp(q=0) for the 2B ground-state transition can be evaluated from

The cross sectiodo(q=0)/dQ) is obtained by extrapolating (P:) [5]and (,p) [23,24 experiments as well as from the
the measured cross section =0 using a DWBA B decay logit value_[25]. However, it is known that thét
(distorted-wave Born approximatipmodel calculation. This  Values for the transition to thé’C ground-state for bot}s

is a reliable procedure if measurements are being performedecay directions differ by about 10p26]. Therefore, a com-

in a region close to 0°, parison with theB(GT) value from the?B(B87)*C decay
may be more appropriate for the present situation than taking

do(q=0) 0ca(a=0) doe,(©,q) the (p,n) or (n,p) data. In the case of th&#Mg(d,?He)**Na

a0 Teard©,9) ETo) : (1.3 reaction, there is no similar ground staetransition. High

resolution data for transitions to the mirror nucletfal are
For the @d,?He) reaction a similar approach can be taken,0nly available from p,n) reactions[6], and the symmetry
where the only complication arises from tifele unbound relation of Eq.(1.6) is then used for comparison.
state. The ¢,°He) experimental cross section can be ex- All B(GT) values mentioned in the present paper are in
pressed afll] units whereB(GT) = 3.0 for theB decay of the free neutron.
( do
dQ
(1.4) The present experiments were carried out using the ESN
detector[27-29, which consists of a focal-plane detection
where the integration limits are taken a§;,=0 MeV and  system comprising two vertical drift chambers, and a track-
emax=1 MeV, asP-wave contributions to thep(p) final  ing detector which is a set of four multiwire proportional
state are still negligible in this rand®1]. The factor 1/2 chambers. The detector is located near the focal plane of the
accounts for double counting. The evaluation of the integraBig-Bite spectromete(BBS) [30]. The instrument was pri-
requires a calculation of the effective solid angle of the specmarily built as a proton polarimeter, but has also been shown
trometer as a function of the internal enegyveraged over to be an excellenfHe detection facility. A full account of
all possible momenta of the two protons from thée decay. how the @,’He) experiments are being performed and ana-
This is done by employing a Monte Carlo simulation with lyzed can be found in Ref22].
the ion-optical parameters of the spectrometer as input for 170 MeV deuterons were delivered by the AGOR cyclo-
each spectrometer setting and a model for the final-state irtron. The spectrometer and the beam line were set up in
teraction. The details of such a procedure are given in Refdispersion-matched mode to ensure good momentum resolu-
[22]. tion. Self-supporting targets with high enrichment were used.
As the (d,?He) cross section depends on the range ofThe thicknesses were 9.4 mg/trfor °C (98.9%), and
integration over the’He internal energy, and further, be- 7.0 mg/cn? for 2*Mg (99.9%). Beam currents were mea-
cause of the likely more complicated nature of tilg?He)  sured by a Faraday cup. They ranged from about 0.2 nA to

reaction mechanism, there is an additional calibration factob.0 nA, depending on the spectrometer angle. The detector
C needed to relate the measuretjHe) cross section to the efficiency for two-particle events including the tracking effi-

———————dQ,ds,
emin AQ2pe A e
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ciency of the analysis software has been evaluated to b&heJ™ assignments have been verified by comparing angular
90%. Measurements were made at three different spectrahistributions to DWBA calculations, as is described below.

meter angle settings covering an angular range in the labo-
ratory system from 0° to 5°. Th&C measurement included

five further settings between 15° and 27°. For the three for-
ward angle settings, each data set was divided into two an- For the analysis of the measured data, DWBA and PWBA
gular bins of equal size. calculations have been performed to evaluate the distortion

For the extraction of cross sections we made use of #actor that relates thB(GT) strength value to the zero mo-
peak-fitting program[31]. Spectra were fitted by using mentum transfer cross sectigiqgs. (1.1) and (1.2)]. For
Gaussian peak shapes. The quoted errors in cross sections ak@rlapping peaks, it has been used to extractAhe=0
due to counting statistics and due to a statistical componemiontribution by applying a multipole decomposition using
in the Monte Carlo calculation for the acceptance correctionthe distinct shape of each part.
which is about 5%. An additional systematic error due to For the calculations we utilized theccBa code of Oka-
target thickness, current integration, etc., is estimated to bmura[36], which is specialized for thed(’He) reaction. It
10% at most. applies an ordinary DW formalism in the incident channel

The dispersion of the spectrometer was calibrated usingnd treats the three-body problem in the exit channel in the
the 12C(p,p’) reaction[27]. The accuracy ofHe excitation  adiabatic approximation. This approach is relatively simple
energy was verified by comparing the obtainedand a parameter-free method. The spin-orbit potential is not
12C(d,?He)*B spectrum(Fig. 1) to literature valueg32].  included. However, it is not likely to play an important role
The ?*Na spectrum was calibrated by matching the energy ohearq=0 anyway. The code handles tRewave contribu-
the strongest peak to the known state at 1.35 NI&®]. We tions of the incident deuteron and the outgofide by solv-
estimate the error of the excitation energy of identified peakéng coupled-channel equations, however, the impact is small
to be about 20 keV. and hardly noticeablE36].

Fig. 1 shows excitation energy spectra of the examined For the calculation, deuteron and proton optical model
nuclei at®zgs=0°. The measured data have been treated agarameters by Bameret al. [37] (d+°C, d+2*Mg at 170
described in Ref[22]. We note that the spectra are free of MeV), Comfort and Karp[38] (p+ °C interpolated to 80
any instrumental background or background due to randorivieV), and Olmeret al. [39] (taken from p+28Si at 80
correlations. The resolution is 165 keV full width at half MeV), were used. One may point out that the reaction cal-
maximum(FWHM) for the *°C, and 145 keMFWHM) for culations are quite insensitive to variations of the optical
the 2*Mg target. Both nuclei have recently been subject tomodel parameters within reasonable bounds. For the effec-
(d,?He) experiments by other group42,34,33, too, yet tive interaction, we performed a smooth interpolation of the
resolution was usually not better than 650 keV, so that peakiree NN tmatrix parametrizations by Franey and Ldvi)]
by-peak comparisons are difficult. between 50 and 175 MeVl.e., four point$ to a projectile

The good resolution allows identification of a series ofenergy of 85 MeV per nucleon. At bombarding energies be-
excited states in both daughter nuclei. Spectra have bedow 100 MeV per nucleon, g-matrix approach may be an
analyzed up to excitation energies of 7.2 MeV, where theappropriate alternative, howevdrmatrix parametrizations
density of states is still low enough to analyze single peaksare readily available, and the impact of the choice of the

In the 2B nucleus, T peaks are located at 0 MeV interaction on the GT strength extraction from near 0° cross
(ground statpand at 5.00 MeV. Pure L strength in*Na is  section data is not expected to be significant.
located at 3.41 MeV and 6.70 MeV. The peaks at 0.47 MeV, Nuclear wave functions and one-body transition densities
1.35 MeV, 3.59 MeV, and 6.24 MeV are mainly"1but (OBTDs) were generated by the shell-model conbeBAsH
contain small contributions from overlapping different states[41] using thep model space and the residual interaction by
Their AL=0 fractions at 0° are more than 80% of the total Cohen and Kuratfi42] for the *°C case. For thé*Mg case,
cross section. Several other pealis89 MeV, 3.92 MeV, thes-d model space and the “universsld” residual inter-
5.06 MeV, and 7.2 MeVY still carry someAL=0 strength. action of Brown and Wildenthdl43,44] were employed to

IIl. DWBA ANALYSIS
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FIG. 2. Experimental®C(d,?He)'?B differential cross sections
for the two 1" states at 0 and 5.00 MeWots and theoretical
calculations. The solid line depicts the DWBA calculation with the
reduced tensor force; the dashed line represents a calculation with
the full tensor interaction. The state at 5.00 MeV is masked by a
strong spin-dipole resonance at 4.5 MeV at higher angles, so that

do/dQ [mb/sr]
5|

only the data points of low angular settings are shown. The used 1+ 10691
shell-model wave functions are shown as subscriptd"ofabels, . D
. . 10_ PR IS IS N I I I
the scaling factors of DWBA curves are in square brackets. 0 2 4 6 0 2 4 6 8
8, [deg] 8, [deg]

generate the positive-parity wave functions. Negative-parity ) e ot 2 , )
states can be assumed to originate from transitions between F'Cf;' A;' Exp;erlmentak Mgt(g'ﬁ‘a \ljald;fsfegfn\?a; g;sl\: ‘:'/ec' g
the p shell ands or d subshells, which necessitates calcula-_o"s '0" four Strong peaks at b.47 Mev, 1.55 MeV, 3.55 VeV, an
tions in an enlarged model space. With the untruncpteet 7.20 MeV, which have dominant™lcontributions but are contami-
model space, one needs to in(.:Iude 20 valence particlefated by higher multipole transitions. Thé Talculation is illus-

hich kes th leulati . bl th th rated by the dashed line, the 2r 3" calculations by the dotted
which makes (e calculations 1mpossible wi € Preseni,e The solid line is the sum. DWBA scaling factors are in square

(’dee' We truncated the model space by assuming CompleFerackets. Thd™ subscripts indicate the shell-model wave functions
filled 1pg, subshells for both neutrons and protons. This gaq.

reduces the number of valence particles to 12, which makes
the calculation feasible. For the residual interaction, the “PS-.

DMWK” interaction was used43—46. The calculated se- €S of 27 levels reproduces known levels fifNa satisfac-
torily, however, transitions are described rather simply by

only two OBTDs.

For the DWBA calculations of individual transitions, we
chose the shell-model wave functions of those states whose
excitation energies and strength values are closest to experi-
1 1 ment.

ful Jf . 1" states can be excited via the centret interaction
. tensor (AL=0 componentbut also by the isovector tensor interac-
~ force . X

T - tion (AL=2 component The latter defines the slope of the

full ] calculated curve at the diffraction minima. We mention here
tensor | that for the?*Mg case the tensor force needed to be lowered
by a factor of two in order to get a good fit at the first
diffraction minimum. For the illustration of this feature, cal-
culations with both full and reduced tensor force are shown
| L1 for all pure 1 states, regardless if i®B or *Na (Figs. 2
6 2 4 6 0 2 4 & 8 and 3. Calculations intended for mixed state decomposition
8, . [deg] 8, [deg] . .
were consistently performed with the reduced tensor force

FIG. 3. ExperimentaP*Mg(d,?He)?*Na differential cross sec- (Fig. 4),' . o
tions for the pure 1 states at 3.41 MeV and 6.70 Meldots and In Fig. 2 we show the experimental angular distributions

theoretical calculations. The solid line represents the calculatiofor the two 1" peaks in*’B compared to the respective
with the reduced tensor force, the dashed line a calculation with th®WBA calculations. The strong ground state transition has
full tensor interaction. DWBA calculations are scaled by the factorsbeen measured up to 32°, but the state at 5.00 MeV is com-
indicated in square brackets. TH& subscripts indicate the shell- paratively weak and, therefore, masked by the adjacent spin-
model wave functions used. dipole resonance at 4.5 MeV at angles greater than 6°.
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The experimental differential cross sections of both transults may have to be taken with some reservation also be-
sitions to 2B can be reasonably well fitted by both calcula- cause of uncertainties due to model space truncation. The
tions, either with reduced or full tensor force. The calcula-AL=0 contributions to the 0° cross sections are listed in
tions of the 1" state at 5.00 MeV show the special feature Table I. All the states in this category are indicated by a
that the tensor force acts destructively upon the cross secticgi!perscript “b” in Table I. For theAL=0 cross sections
and sharpens the first diffraction minimum, while in all other €xtracted in this way, overall errors of 30% have been as-
observed cases it contributes constructively, thereby smeagumed. The state at 6.41 MeV does not exhibit ary=0

ing out the diffraction pattern. component.
Figure 3 depicts the experimental angular distributions as
well as the respective calculations for the two state$’ita IV. DISCUSSION

at 3.41 MeV and 6'79 Mgv, which we assume to be _pgTe L In Fig. 5[upper parta) and(b)] we first compare the raw
states. The assumption is based on the characteristic steQ;Mg( d.?He)*Na spectrum with that of the analog
fall off of the angular distributions. The calculations with the 24Mg(p'n)24AI reaction measured by Anderscet al. [6]

full tensor force for these states exhibit curvdashed ling One ob’serves a one-to-one correspondence up fo a. rather

which are even not steep enough to fit the experimental disjetailed level, except for the doublet structure at 3.41 and
tribution. With the tensor part of the effective interaction 3 59 Mev in 24Na. which is not resolved iR?Al. and which

reduced by a factor of two, the calculations reproduce th@yne may treat as a single peak. For further illustration pur-

experimental data of these states well. poses, we have plotted the measufédg(d,?He) cross sec-

In Fig. 4, the differential cross sections for four stron_@ 1_ tion versus the extracte@ T~ strength from the“Mg(p,n)
pealis are shovl/n. These peaks are found to be combinatiops, ~tion in the lower part of the figuf€ig. 5c)]. Although
of 1" and 2'/3" states. a near perfect linear relationship over a wide range of ener-

The lowest energy peak is composed of‘astate known gies is truely remarkable, such a plot may indeed be deceiv-
to be at 472 keV and a'2state at 563 keY33]. These states ing. This is especially true, if different target nuclei are being

cannot be resolved in our experiment, but the centroid of the ;mpined in such a waas, e.g., shown in Ref§12,35)),
peak is observed to shift to higher excitation energies withhacayse the different kinematic and distortion factors in-
increased scattering angle. The differential cross sections a(gyyed are then being ignored. There may, however, be for-
fitted well by a superposition of thejland a weaker 2 itous situations where these factors cancel, as it also hap-
calculation. pens in our case, e.g., for the 5.00 MeV level'i€ and the

The next peak at 1.35 MeV is the strongest peak in thgy 47 MeV level in 2Mg when referring to Table I, where
spectrum and consists of a strong tate, which is also  ¢ross sections anB(GT) values happen to be identical.
known from the**Ne 8~ decay, with some higher multipole  For a consistent analysis, distortion factbs were com-
admixture. A 2" and a 3" state are known to exist close by, pyted using again theccsa code. PWBA cross sections
however in the shell model, which also predicts both statesyave been obtained by setting the optical model potential
only the 3 state gives sufficient transition strength. A sirengths to zero. The results for the presen?iie) reaction
1,/3; combination is used to fit the differential cross sec-averaged over the excitation region under consideration are
tions. Np=0.229+ 0.005 for *2C andNp = 0.160+ 0.003 for *Mg,

The peak at 3.59 MeV is interpreted as a superposition ofvhere the uncertainties indicate the largest variations over
the 13 and the 2 states. Here the transition strength of thethe energy. The volume integral of the effective central
2: state is larger than a similarly close-by lying 3tate. We interaction atE/A=85 MeV has been taken to bd,,|
note that within our range of measured angles, contributions=165 MeV fn? [20]. The fractionso|_ /o, defining the
of 2* and 3" states can, of course, not safely be distin-pure AL=0 contributions in the various peaks have been
guished. However, from the graphs one can see that the 08valuated fog=0 in DWBA. We note that even for purel
cross sections, and, thereby, the GT transition strengths, astates, these are not unity owing to the sni@ll, admixture
only slightly affected by the higher multipole contributions. of the wave function of the incident deuteron .

Finally, the states at 6.24 MeV and 7.20 Mésf. Fig. Individual calibration factorsC; have then been deter-
1(b)] exhibit a rather flat dependence of the cross sectiomined from the experimental cross sectidhere the fraction
with increasing anglédisplayed in Fig. 4 only for the peak for AL=0) by using Eq(1.5 and theB(GT ) values from
at 7.20 MeV). They can be fitted by superpositions of/2~  the 2B B~ decay[25] and the ?*Mg(p,n) reaction[6].
and 1'/2" calculations, respectively. For the peak at 7.20These are listed in Table I. For the strongest peaks, the indi-
MeV, the 2" contribution at 0° is large compared to thé 1 vidual factors are close to each other, while for some weak or

fraction. mixed transitiongespecially the 5.06 and 7.20 MeV states in
Full multipole decompositions have been carried out for*Na) deviations are comparatively large.
the peaks that show no promineft. =0 angular distribu- The “universal” A-independent calibration factd® has

tion. These include the peaks at 1.89 MeV, 3.92 MeV, 5.0@een extracted by using the ground state transitiotBrand
MeV, and 6.41 MeV[see Fig. 1b)]. Form factors forAL the five strongest and purest ltransitions in 2*Na. The
=0, AL=1 and AL=2 have been generated by taking cross section weighted average value is

shell-model matrix elements of states in this excitation re-

gion as mentioned above. Here, the interpretation of the re- C=0.267£0.017.
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TABLE |. GT strength known from?B(3~)?C and?*Mg(p,n) reactiong6,25], and experimental cross
sections, distortion factoy, proportionality factorsC;, and extracted(GT") values from the present
2C(d,?He) and?Mg(d,?He) experiments. For the ratieg_, /o, refer to the text. The errors are statis-
tical errors only, except, the numbers in the second error column of the extBBH") values reflect the
errors from the calibration factor, which are of systematic nature. The overall systematic error due to target
thickness, beam current integration, gsee text is not included.

Target Reference data [6,25] Present data
E, B(GT™) E, doldQ(q=0) o_olo,,, Np C; B(GT™)
[MeV] [MeV] [mb/sr] (q=0) using C=0.267
12c 0.00 0.998 0.00 2.580+0.138 0.988 0.229 0.249* 0.930=x0.050x0.059
2c 5.00 0.138+0.010 0.976 0.229 0.050%+0.004+0.003
24Mg 0.44 0.050 047 0.138+0.012 0.821 0.160 0.263* 0.049=0.004=0.003
24Mg 1.07 0.613 1.35 1.563£0.085 0.948 0.160 0.284* 0.654*+0.035+0.042
24Mg 1.58° 0.020 1.89°  0.087+0.026 0.649 0.160 0.334 0.025%=0.008*=0.002
341 0.667+0.039 0.980 0.160} {0.290i0.016i0.018
24 a
Mg 2.98 0.362 { 3.59 0.266+0.018 0.806 0.160 0.284 0.095+0.006+0.006
Mg 3.33 0.059 3.92°  0.193*0.058 0.809 0.160 0.396 0.070%=0.022*0.004
24Mg 4.69° 0.015 5.06°  0.093+0.027 0.561 0.160 0427 0.024%0.007=0.002
24Mg 6.24°  0.086+0.026 0.818 0.160 0.031+0.010=0.002
24Mg 6.46 0.068 6.70 0.161£0.012 0.972 0.160 0.277* 0.071x0.005*0.004
24Mg 6.87 0.029 7.20 0.173+0.013 0.642 0.160 0460 0.050%0.004=0.003
Mg  Sum 1.216 Sum  1.359+ 0.048+0.087

*Value taken for determination of universal calibration factor C.
®Indicates value obtained from multipole decomposition.

This factor was subsequently applied to all transitions, As mentioned earlier, we had to adjust the tensor interac-
including the weaker and strongly mixed ones, to determindion strength to fit our differential cross sections. The adjust-
their individual GT" strength and, consequently, the total ment was the same for both examined nuclei and was inde-
summed strength. pendent of the momentum transfer. The tensor force is the

Table | shows the extracted individugT" strength of least well known component of the effective interaction, and
the various states if°B and >Na and a comparison of the it iS conceivable that the employed parameterization by
summed B(GT) strength for transitions fron?*Mg. Of Frangy and Lovd40] overestimates the strength. It is also
course, the summed GT strength for the transitiorénm is ~ POSsible that the tensor force is suppressed in théHe)
the same as the one observed fdAl within a standard '€action at the t_)ombardmg energy used in our experiments.
deviation when considering the same levels. The summeg would be desirable that further effort be put into the ex-

. ; . . lanation of this effect, e.g., by the study of stretched-state

Szf{ength Is also consistent with the value determined from thgxcitations, which are mediated predominantly by the tensor
Mg(n, p) reaction by Richteet al. [47]. The totalB(GT) force[48]. On the other hand, Okamued al. used for their
strength predicted by the shell model for the considered eXﬂC(d 2He) analysis a nonmodifietatrix at 140 MeV and

citation energy region is 2.1. Compared to the experimentalchieved a good description of the experimental angular dis-
value of 1.359, this corresponds to a quenching factor ofiputions [36]. However, the effect of the tensor force for
0.65. A=12 nuclei may be too smallcf. Fig. 2 to draw any
The experimentally extracteB(GT) values forA=24  conclusions. Of course, calculations usingganatrix ap-
are compared with the results from the shell-model calculaproach remain a viable future option. At present, however,
tion for individual levels in Fig. 6. Using the USD residual such a calculation lies outside the scope of this paper.
interaction[43,44), the calculation describes the GT strength  Finally, a comparison ofd,’He), (p,n), and (p,p’) data
distribution for excitations up to about 7 MeV well. The [6,49,50 for the A=24 triad has been carried out for the
notable exception is the doublet structure at 3.41/3.59 Me\étates populated byAL=0, AS=1, AT=1) transitions.
in 2Na seen in the experiment, for which the USD interac-The relative strength of the cross sections have been taken as
tion predicts only one state. However, the predicted state ia reference for relating the analog states in the iso-
strong enough to account for the strength of the doublet evespin triplet, and only the strongest states have been consid-
when the quenching factor is taken into account. At higherred. Figure 7 shows the level schemes of the three nuclei
excitation energies, the shell-model calculation yields two?/Na, Mg, and 2*Al. The excitation energies in th&Mg
states that correspond to the two measured states at 6.7 aark offset by 9.52 MeV. Due to isospin symmetry, almost all
7.2 MeV, however, their calculate®(GT) strength is con- strong 1" states can be related among the three 24
siderably overestimated. nuclei.
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3.92/3.33 MeV also seem to have no partnefiig, which

FIG. 5. (a), (b) Direct comparison ofd,?He) and p,n) spectra.
(¢) (d,?He) cross sections #,,,=0.4° of states ir’*Na plotted
versusG T~ strength in?*Al. The respective states are marked by
their excitation energy irf*Na.

Analog states are connected by the dashed lines. We note
that the doublet at 3.41/3.59 MeV seen by us is also present
in the (p,p’) case, but the peaks seem to merge to a single
state in2%Al, or at least come too close to be resolved in the
(p,n) experiment. This interpretation is also corroborated by
considering the total strength.

A strong 1" state in?*Mg at 3.01 MeV(reduced by the
offset of 9.52 MeV), which had been given a=1 assign-
ment through f,p"), has no analog at all, indicating that the
T=1 assignment may be incorrect.

Further, to connect the 5.06/4.69 MeV state$iNa/Al,

a possible candidate state at 4.38 MeV?fivig (i.e., 13.90
MeV total excitation is observed in thé*Mg(p,p ') experi-
ment by Crawleyet al. [49] and also in the spectrum of the
polarized2*Mg(p,p ') measurements of Sawaféa al. [50].
When multiplied with the spin-flip probability in the latter
analysis, only little spin strength remains, and the value may

be consistent with the strength observed in the present FiG. 7. Corresponding analog states in the 24 triad where
(d,?He) and the p,n) experiments. However, the excitation (a) shows present datéb) is data taken from Ref49], and (c) is
data taken from Ref.6].

energy would amount to a Coulomb shift 680 keV in
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may be due to the fact that the respective excitation energiecSamow-Teller transition strengths, and @sindependent
in ?*Mg are around 12 to 13 MeV, and the extraction of factor relating 0° cross sections ®T" strength has been
angular distributions from weak peaks suffers from the unextracted.B(GT") values have been determined for states
derlying background. Looking at thep(p’) spectrum alone, with previously unknown strength.
the states at 7.20/6.87 MeV do seem to have a counterpart in A further comparison with [§,p’) data leads to a level
2"Mg, however, no angular distribution and no explicit scheme containing the'{T=1) levels of theA= 24 triad,
analysis are published in Ref19,50. where several analog states could now be related to each
other.
V. CONCLUSIONS
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