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Gamow-Teller strength of 2Mg

H. M. Xu, C. A. Gagliardi, G. K. Ajupova, B. Kokenge, and Y.-W. Lui
Cyclotron Institute, Texas A&M University, College Station, Texas 77843
(Received 15 July 1996

We have measured cross sections fHe)-induced reactions 0A°Mg at an energy oE4=125.2 MeV.
The measured Gamow-Teller strength is significantly smaller than that inferred fromy (eactions. We
demonstrate thg8* Gamow-Teller strengths fof,+1 states deduced fronp(n) reactions may have sig-
nificant systematic uncertainties due to ambiguities in the large backgrounds that must be subtracted.
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PACS numbeis): 25.45.KK, 25.40.Kv, 25.1@:s, 27.30+t

Recently significant efforts have been devoted to extrac{p,p’) reactions with energy systematics and shell model
the B Gamow-Teller(GT) strengths in medium-mass nu- calculations can identify thd,+1 states unambiguously.
clei (A=20-70, particularly those related to outstanding They further demonstrated this idea fqu,Q) reactions on
unresolved issues in nuclear and astrophysics. The most nd®Mg and 8Ni. However, this technique, as they argued,
table issues involve thog@" matrix elements that play roles works only for certain nuclei whose isospin is neither too
in understanding Gamow-Teller quenching or missingsmall nor too largg14].
strength[1-3], B capture and nucleosynthesis in supernova We have investigated th&Mg(d,?He) ?Na reaction and
processef4], and doublesd-decay processg¢s]. Direct mea-  compared it to?®Mg(p,n)2°Al in order to test this idea. We
surements of3* strengths have been performed with inter- conclude that, while it is indeed possible to dedygé
mediate energyr(,p) reactions[6—10. However, the data Gamow-Teller strengths fronp(n) reactions, ambiguities in
are still scarce mainly because neutron beams can only kiae large background subtraction may lead to significant un-
produced as a secondary beam, and so the counting rates aestainties in the conclusiong®Mg was selected for this
usually low. As a result, the energy resolution is often poorstudy because bothp(n) data[15] and full sd-shell-model
usually 1 MeV or worse. This poor resolution can sometimesalculationg14—16 are available; so rigorous comparisons
make interpretation of the data difficuf]. Heavy-ion are possible. Shell model calculations indicate that the
charge-exchange reactions such %€ (*?N) have also been T,+1 strength is more sensitive to configuration mixing
used in measuring ™ strengthd11,12. For such reactions, than is the strength of the lower isospin states. By calculating
however, the reaction mechanisms are complicated and suthe strength for the case 8fMg and by exploring its depen-
cessive transfer reactions could dominate at energies belodence on both the model spddell sd-shell or two-patrticle—
E/A~100 MeV[11-13. two-hole (2p2h space$ and the coupling schemfgj or

Isospin symmetry implies that the GT strengths in theSU(3) LS coupling, it was concluded that®™Mg is close to
B direction can be deduced from ti#= reactions such as the SU3) limit while other heavy targets, such &&e, are
(p,n), using the isospin geometric factor close to thejj limit [16]. Even with the fullsd-shell space,
B(GT)z+/B(GT)z-=(To+1)(2To+1) for reactions on 40% of additional strength fof®Mg is still missing, pre-
the sameN=Z target with ground state isospify, populat-  sumely due to 2p2h correlations outside the major shell. Be-
ing analogTy+1 final states withil,=Ty*=1. In contrast to  cause of sensitivity to details of the shell model calculations,
(n,p) reactions, resolutions of 300 keV or better can be easit is important to subject them to detailed experimental tests
ily achieved in f,n) reactions. Better resolution than and calibration.
achievable with ,p) reactions is required to make critical  The experiment was performed using 125.2 MeV deu-
tests of different theoretical models, particularly in those nuteron beams from the Texas A&M University K500 super-
clei which involve doubleB decay or supernova evolution. conducting cyclotron. A self-supporting®™g (5.3 mg/
However, for a target withN>Z, B~ reactions excite cm?) target was used for the present study. An optimized
T,=Ty—1 states of three different isospingg—1, Ty, and  detection system, the Texas A&M Proton Spectromgtét,
To+1. TheT,+1 states are frequently obscured by states ofvas used to detect the correlated protons frée decay.
lower isospin, especially if they are only populated weakly.The Proton Spectrometer includes a magnetic spectrometer
In contrast, (,p) reactions on such a target populate awith point-to-parallel optics, two drift chambers, and X and
unigue isospinTy+ 1. To resolve the ambiguity about iso- Y scintillator trigger arrays. Each of the two drift chambers
spin, a novel idea has been proposed recently by Anantaragonsists of five sense wire layers—twdayers, one diago-
manet al.[14]. They argued that a comparison @f,(0) and  nal layer, and twg layers. To minimize multiple scattering,
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FIG. 1. The measured spectra f8Mg(d,?He)?®Na reactions at
0° (upper lefy, 3° (upper righy, 6° (lower leff), and 8° (lower
right) at E;=125.2 MeV as a function of the excitation energy FIG. 2. The measured cross section as a function of center-of-
E* of the residualP®Na. mass angle for thé®Mg(d,?He)%®Na transition to the first 1 ex-

cited state o”®Na at 0.09 MeV.

a gas mixture of 20% Ne and 80%,8 ¢ is used for the drift
chamberg18]. Charged particles are traced through the twofrom the 'S, state of 2He, an off-line cut on the relative
drift chambers. Their energies and scattering angles are thenergy of2He, E,=<1 MeV, has been used. The strongest
determined using the results of a detailed field map of thepeak atE* ~ 0.09 MeV, which decreases at larger angles,
magnet. The solid angle for detecting an individual proton isndicates the dominankL =0 transition to the 1 first ex-
nearly 20 msr, while the effective solid angle for detecting acited state of?*Na. [The transition from?®Mg(g.s.,0") to
2He within a fiducial region £<3°, A¢<1°) is ~1.3  %Na(g.s.,3") would have a different angular distribution
msr. The acceptance ifi is flat over the fiducial region. A characteristic ofAL=2.] The detailed angular distribution
beam stop mechanism, consisting of several Faraday cupfr this transition is shown in Fig. 2 as a function of center-
stops the beam inside the spectrometer magnet at small scaf-mass angle. Overall, the measured cross sections decrease
tering angles §<7°), near the entrance to the magnet atrapidly with angle, similar tod,’He) reactions on other tar-
intermediate scattering angles, and outside the magnet in tlgets we measureld 9]. However, in contrast to thp-shell
target chamber at large scattering anglés (5°). Using the  targets where the diffraction patterns characteristic of
kinematic constraints ofd,?He) reactions on several targets, AL=0 transfer are damped due to the 2, tensor interac-
notably *H, SLi, and *°C, we were able to determine the tions[12,13,19, one now sees clearly a diffraction minimum
incident beam angle to better than 0.1° and the beam energyear 8°.(The minimum occurs af, ,~8°. The next bin at
to better than 200 keV. ThéHe energy resolution for the 6. ,~8.3°, which shows the sudden increase, was obtained
present study was 600—700 keV full width at half maximumsimultaneously. Thus data on both sides of the diffraction
(FWHM). The ?He angular resolution was better than 0.4° minimum share a common normalizatiphe minimum
FWHM. We have recently measured the, {He) cross sec- can also be clearly seen in Fig. 1, where this state is seen to
tions on severalp-shell nuclei and ansd-shell nucleus be populated strongly &,,=0°. It becomes comparable to
2"Mg with the Proton Spectromet¢t9]. The measured 0° the broad transitions at higher excitation energies at
cross sections for these nuclei show a well-defined lineaf.,=3°, smaller than those at higher excitations at
relation with the known Gamow-Teller strengths deducedf,,=6°, and become larger again &f,=8°.
from B decay and from,n) studies, thus providing a cali- Figure 3 shows our measured 0d,{He) cross sections at
bration for the present study. Ey=125.2 MeV as a function of the corresponding Gamow-
Figure 1 shows the excitation functions of Teller strengths deduced frog+decay studies, when avail-
26Mg(d,?He)*®Na reactions measured at 0°, 3°, 6°, andable, or from ,n) reactions, taken from our earlier studies
8°, respectively, after subtracting the random coincidencg¢l9]. Though the data are shown for nuclei in two different
backgrounds obtained from two protons triggering in neigh-major shells and include transitions with momentum trans-
boring beam bursts. The spectra are shown as a function éérs ranging fromg~ 0.05 to 0.22 fmi ! (q being the half
E*, the excitation energy irf®Na, after correcting for the momentum transfgr a well-defined linear relation has been
reactionQ value. Very few events are recorded at excitationobserved, indicating the usefulness of tdg?He) reaction to
energiesE* < 0 after subtracting the random backgrounds,study Gamow-Teller strengths. The solid line in Fig. 3 indi-
indicating that the backgrounds were well understqdthe cates a least-squares fit of a linear relation,
backgrounds, however, are typically only a few counts peda/dQ(0°)=aB(GT), to the data fromPLi, *2C, 13C, and
bin or less for Fig. ). To ensure that the two protons are Mg [19]. This fit yields a slope parameter=1.30+0.04
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| | T | to separate. In contrast, as one can see from Fig. 1, these
backgrounds are absent in out,{He) reaction.

£ In fact, three different backgrounds3) a calculated qua-

2 F Li - sifree (p,pn) background[22] plus a cosmic-ray back-
8Bs; ——- B Decay ground,(2) a polynomial background for the entire spectrum,
8B ——— (p,n) and (3) a separate polynomial background for each of three
- - different excitation energy regions—were considered in Ref.
12c [15]. These different background treatments, however,
: g yielded significantly different values in cross sections, with

B C 7] deviations as large as 50%, particularly in the high excitation

2Mg energy region where thg,+1 states start to be populated. It
Mg | was argued15] that, because method$) and (2) yielded
B(GT) from this work similar results, with differences of 8% to 20% in the three
J7 <7 B(GT) from (p,n) regions, and because methdd is based on a model for the
! ] ] observed background, it provided the best estimate of the
0 1 ) underlying background. This led Madey al. [15] to adopt
the largest of their three sets of extracted GT strengths as
B(GT) their preferred value. Determining the quasifree background,
however, requires the renormalization of the calculated con-
tinuum at a certain cutoff energg* =39.3 MeV. It is not

FIG. 3. The measured center-of-mass’He) cross sections at  known how the extracted cross sections depend on this cutoff
0° as afunctlt_)n of the Gamow-TeII_er strengths dedu_ceq elther fronénergy. Moreover, it is unclear whether the calculated qua-
f-decay studies or flrzocmpl(%“) reaCtz'O”S[lg]- The solid line is @ gjfreq line shape is reliable at 0° since the model has only
I|r?§e;]r f'ft tho tEe 'Fl" dan _Ca_and Wé data[19]. Th? vertical oo compared to data at angles larger thar[28F. Even at
width of the hatche areaz'n 'CZ%teSt mncertalnty OTOUrNEW 150 the calculations started to deviate from data at high
measurement of th&Mg(d,?He)2Na(0.09 Me\) 0° cross section. o ie422] wh h lculated back d
The B(GT) values deduced from this work and from the previousexcItatlon e_nergl_es{ | where the calculate ackgroun
(p.n) study[15] are indicated by the arrows. Was_normallzed iMn15]. In c_ontrast,_ Ref[15] WOL!|d have

obtained &B(GT) value consistent with our result if the third
(mb/sp/B(GT). Using this linear relation, we fin8(GT*)  (larges} background had been adopted. The problem is that,
~0.44+0.04 for the *®Mg first excited state. This value is given the f,n) cross section data alone, one does not known
consistent with the low valuB(GT ")~ 0.37 deduced from how to treat the continuum background unambiguously.
(d,?He) reactions at much higher energif20]. It is also Perhaps the most important implication of this discrep-
consistent with the shell-model calculati@(GT*)=0.48  ancy is not for*™g alone. Indeed, as shown in Fig. 3, the
after inclusion of the 40% empirical correction factor (P.n) and (d,’He) reactions provide consistent results con-
[16,21). Furthermore, it is notable that the similarities in the cerning the 8 Gamow-Teller strengths for the other
target masses, momentum transfers, and measured cross se@-shell nucleus,?*Mg, for which To=0 and no quasifree
tions for 2“Mg(d,?He) ?*Al and ?®Mg(d,?He) ?°Al reactions  background is present inp(n) reactions in the region of
imply that our deduce®(GT) is essentially model indepen- interest[23]. As the target ground stat€, increases, the
dent in this case. To+1 Gamow-Teller strengths become smalleughly pro-

Our newB(GT) value for 2Mg, B(GT*)~0.44+0.04,  portional to 1T3) in (p,n) reactions. At the same time, they
however, is significantly smaller than the val@BGT™) shift to higher excitation energies in the residual, where the
=6B(GT)=0.72 obtained from the best determination, quasifree backgrounds become bigger. F8Mg where
B(GT )=0.12 for theT=2, 1" state in®®Mg(p,n)?°Alre-  To=1, the GT peak is already comparable to the continuum
actions[15]. In Figs. 3a)-3(c) of Madey et al. [15], the  background in §,n) reactions. For this system, we find a
narrow peak near channel 1640 was identified as a transitiop0% systematic uncertainty in extracting tB¢GT) yield
to the lowesfT=2, 1" state in?%Al at an excitation energy from (p,n) reactions. Comparable or larger uncertainties
of E*=13.6 MeV. The analog of this state is the first 1 could be expected fomn) reactions for targets with larger
excited state of%Na at an excitation energy of 0.088 MeV ground stat€T, such as doublg-decay daughters and nu-
that we find to be populated strongly fiMg(d,?He)2°Al.  clei in the fp shell that play a role in supernova evolution.
Indeed, better energy resolution, 370 keV FWHM, wasWe also note that, while inp,n) reactions the GT cross
achieved in thef§,n) study, compared to 650 keV FWHM in sections become diminishingly smallerggincreases due to
our (d,?He) reactions. However, inf,n) reactions, the isospin geometric factors, the correspondijfg GT cross
T=2, 1" states, which can be used to deduce the analogections are roughly independent ©f. Thus theTy+1
To+1 GT strength in thgg™ direction, are positioned on top strengths can be readily measured in dirgctreactions.
of a large background. This background, caused mainly by In conclusion, we have measurétMg(d,?He)?°Na cross
(p,pn) quasifree scattering and population of 1T,—1,  sections at 125 MeV. The Gamow-Teller strength that we
andT, final states, is comparable to or larger than the peakdetermined for the’®Na first excited state is significantly
of T=2,1" states. Furthermore, several smaller peaks, obsmaller than that inferred in th8Mg(p,n)?°Al reaction,
served at higher excitation energies in Réf5], are results populating its analog state. Our message is simple: For tar-
of overlapping states witfi=0, 1, and 2, which are difficult gets with large ground sta®g, values, the™ Gamow-Teller
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strengths forTy+1 states deduced fronp(n) and (p,p’) direct 3" measurements, such a%,p), (d,?He), and
reactions, though with better resolutions, may have large sygt,?He), are available.

tematic uncertainties due, not to detector resolutions, but to  \va would like to acknowledge R. E. Tribble for many

ambiguities in the large backgrounds which must be subysefy| discussions during the course of this experiment. This
tracted. Final conclusions concerning their GT strengths caork was supported in part by the U.S. DOE under Grant
only be reached when a better understanding of the backNo. DE-FG03-93ER40773 and the Robert A. Welch Foun-
grounds is obtained or when the detailed comparisons witldation.
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