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Ground-state energies and widths of°He and °Li nuclei
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We extract energies and widths of the ground state¥-af and®Li from recent single-leveR-matrix fits to
the spectra of théH(d, v) *He and®He(d, y) 5Li reactions. The widths obtained differ significantly from the
formal R-matrix values but they are close to those measured as full widths at half maxima of the spectra in
various experiments. The energies are somewhat lower than those given by usual estimates of the peak
positions. The extracted values are close to $matrix poles calculated previously from the multiterm
analyses of thé\-*He elastic scattering datfS0556-281@6)02208-X]

PACS numbes): 21.45+v, 24.30.Gd, 25.45:z, 95.30.Cq

The ground-state properties 6He and °Li nuclei have In Ref. [3] the 3H(d,y)°He and 3He(d,y)°Li spectra
been studied in several experiments, see Rdfs3] for a  have been measured &;=8.6 MeV and 6,,,=90°. The
review. In the most recent work3] values of theA=5 spectra were fitted by the expression
widths were reported which are significantly larger than the
previous ones. In the present work we reconsider the experi- I'r(Ena) )
mental data of Ref.3]. We extract the widths and the posi- [Ena— Eres— A(Eng) 12+ [T r(Eng)/2]?
tions of theA=5 levels from these data.

The present work has been done in connection with som
applications of an astrophysical inter¢dt-6]. In addition,

imes a slowly varying function in the enerdy,. Here
Ne IS the relative motion energy of thé(+ «) subsystem,
and A(E,.9=0. The energy dependencies of the width

one may note that at present there exist difficulties in obtainr (E) and of the shift function\(E) corresponded to the
ing p-waveN-“*He phase shifts at low energy from a realistic siﬁgle-levelR—matrix expression, that id]r(E) =272P(E)

noncent_raNN inFer_action(s_ee, e.g.[_?]) which hinder a mi- 54 A(E)=—yS(E)—S(E,.d]. Here 7 is the reduced
croscopic description of |Ig.ht multicluster nuclear systemswidth, while the penetrabilitP and the shift functiors for
(see, €.g8)). The phase shifts are governed by fiite and  the '~ 1 orbital momentum are defined as us[@1]. The
°Li ground-state resonances and it would be convenient t@yerall normalizations of the spectra and the reduced widths
analyze the problem directly in terms of their energies andyere fitted to the experimental data while for thg ener-
widths. gies the values from Refl] were used. As a result the
In Ref. [3] a single-termR-matrix fit to experimental following values of the widthsI'g(E,.d Were obtained,
y-ray spectra of that work was undertaken to determine thevhich we shall denot&':
widths, while in most of the previous work the widths were 5
estimated by measuring the full widths at half maximum I'r(°*He)=(1.36-0.19 MeV,
(FWHM) of the spectrdsee Table | in Ref.3]). The ground- I'r(5Li)=(2.44+0.21) MeV @)
state energies were mainly estimated from the positions of R B '
the peaks(see[2]). In Ref.[9] the °He energy and width Here and below the input parameters 8 the channel
were extracted from aR-matrix fit to the whole set of the radiusR=3.6 fm, E,.<=0.89 MeV, y?=(3.32+0.46) MeV
“He(n,n)*He cross section and polarization data in the elasin the °He case, andR=3.6 fm, E,—1.97 MeV,
tic region. Thep-wave R-matrix elements were approxi- y?=(3.33+0.29) MeV in the®Li case. In Eq(2) and below
mated by resonant terms plus linear functions in energy repthe errors correspond to those in the reduced widths.
resenting contributions from distaR-matrix levels. The The previous values of the width ranged from
position of the pole of the expression obtained was found0.55+0.03) MeV to (0.85-0.05) MeV in the®He case. In
giving the energy and width ofHe. In Ref.[10] a similar  the 5Li case the previous widths were grouped around 1.5
type of analysis was carried out fotHe(n,n)*He and MeV except for one value of (2:60.4) MeV. The latter
*He(p,p)*He scattering using another form of tSematrix ~ value[12] was obtained using a method in principle similar
parametrization. These multiterm analyses are considerably that of Ref.[3], while the others were obtained in several
influenced by potential scattering interference. It is of inter-experiments by measuring FHWM's of spectra for various
est to study the pole structure of tBematrix for other types
of processes involvind=5 nuclei.
1In Eq. (1) we express the spectra in terms of the endggy that
coincides withEy from Ref.[3]. Our E, coincides with that of
*Permanent address: Russian Research Centre “Kurchatov InstRef. [3] in their Table Il but differs fronE,in their Eq.(1). Our
tute,” 123182 Moscow, Russia. quantityI"'r(E) coincides withI"(E) from Ref.[3].
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reactions (see [1,3]) and with the help of the above- made is quite compatible with thg? value deduced in Ref.

mentioned analysef®,10] of the elasticN-*He scattering. [3] from the fit to the data. The point is that in order to allow

The FWHM'’s for the spectra of Ref3] are rather close to for spectrum calibration errors the fitting procedure in Ref.

the above-mentioned values. [3] included shifts up or down in energy of the entire ob-
We shall extract the poleE=E;—iI'/2 of the scattering served spectrum resulting from a convolution with a detector

matrix from the results of Ref3]. These poles determine the response function. The information on the latter function

physicalresonance energi€s, and widthsl", which are dif- listed in the papef3] does not suffice to perform the convo-

ferent fromE,.sandI'g=T"r(E,.d entering Eq(1). The dif- lution. If, nevertheless, one adopts the shifieds value one

ference proves sometimes to be quite significant; see, e.gobtains the following energy and width GHe:

[13]. In particular,I' and notl" determines the lifetime of a

system as is required, for example, in the applicat{dr<s]. Eo(°He)=(0.80-0.02 MeV,

One can see thdig(E,.9 cannot serve as the estimate of a

width even in a narrow resonance case. The quantity

I(E)=[1-A'(E,ed] Tr(E) at E=E,s could have I'(°He)=(0.65+0.02 MeV. ®)

served as such an estiméfd]. HereA'’ is a derivative over h | . Kabl ¢ with th | ;
E taken at the poinE,.,. (The quantityT's(E) enters the ese values are in remarkable agreement wi e values o

resonant factor of a reaction when written in the form=o=0-77 MeV andl'=0.64 MeV, and also with the values

T'(E){(E—E .)2+[Ts(E)/2]2}) In our case the widths ©f Eo=0.78 MeV andl'=0.72 MeV obtained in Refd9]

arseg b)ro{sgd andretie a[bos\ge-)mgn{ioned estimate is not very agNd[10], respectively, from multiterm analyses of the elastic

curate. however. n-“He scattering. The measured FWHM'see Table | in
In case of the parametrization of E€l) the complex Ref. [3]) are also in accordance with the width value ob-

: : - tained
energyE of the resonance is the solution to the equation ’ . . .
9y g In the °Li case,A(E) andI'g(E) entering Eq(3) include

Coulomb functions with complex arguments and their de-
rivatives. They were calculated with the help of the computer
code of Ref[15]. Equation(3) was solved with a Newton-

at the conditiork=(2uE)Y%% =k, —ik,, k;>0, k,>0. In .
the SHe case this equation can be represented in the form g’rge method. The results corresponding to Ee.and (5)

[E—Ees— A(E)]?+[Tr(E)/2]?=0, )

(X—Xred L ¥ 2E(X+ 1)+ (X rect 1) 112+ x3=0, Eo(5Li)=(1.635+0.03 MeV,
where we introduced the n_otaticE_1=ﬁ2/QyR2), u being I'(°Li)=(1.16+0.03 MeV, (6)
the reduced mass, and=E/E, X,e= E,es/E. We obtained q
an
5 —
Eo( He)—(O?S& 0.02 MeV, E0(5L|):(l72i 003) MeV,
I'(°He)=(0.57+0.02 MeV. (4) I'(5Li)=(1.28-0.03 MeV, @

Note that the value oE, obtained is slightly shifted down- respectively. Thé&, values are in accordance with the value
wards with respect to the position of the peak of the specef Eq=1.6 MeV obtained in Ref[10] from the multiterm
trum which is at 0.81 MeV. This is due to the asymmetricanalysis of elastiqp-*He scattering. Similarly to theHe
form of the spectrum. case, these values are shifted downwards with respect to the
The valueq4) should be somewhat corrected for the fol- peak position of 1.97 MeV. The widths obtained are lower
lowing reason. The value of 0.89 MeV taken in Rgf] as  than the value of' =1.45 MeV from Ref[10] and than the
E,.s Was actually obtainedi2] as the mean position of the mean FWHM valud1] of ~1.5 MeV, but they are close to
resonant peak. In general, this position differs from the opthe FWHM value of (1.24 0.03) MeV for the spectrum of
timal E value or, which is the same, from the energy atRef.[3].
which the resonant phase shift reache$ %0e changed the It may be noted that the abo®matrix pole widths can-
value of E,.sto shift the position of the peak to the value of not be “reduced” as were thR-matrix widths in Ref[3] to
0.89 MeV. The resulting, . value,E,.<=0.98 MeV, is close  obtain reduced widths? . The reduced widths ofHe and
to those given in Refd1,9,14 for elasticn-*He scattering.  °Li extracted in Ref.[3] turned out to be equal, which
It is not clear whether the small change in tBg, value  showed that charge symmetry is not violated. The ratio of the
R-matrix widths[3] thus has a direct physical meaning, as
well as theS-matrix pole results.

2A pleasant peculiarity of the result of E(d) for the width is a In conclusion, the experimental data of RE3] on the
considerable reduction of the relative errors as compared tEq. ~H(d,y) °He and *He(d, y) °Li reactions allowed safe ex-
The same holds true for Eq&)—(7) below and this is due to the trapolations to thé&-matrix poles. From these extrapolations
difference in they? dependence in the equations determining therather accurate values of the complex energieds® nu-
widths. Note as well that the highedowes) E, value, of course, clei have been determined. They are in good agreement with
corresponds to the loweghighesi I’ value in Eq.(4) and in the  those obtained from the multiterm analysesNbf*He cross
relations below. section and polarization data set in the elastic region. In spite
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of the broad resonances the widths obtained proved to be This work was supported by Fonds zurrfferung der
close to those measured as FWHM'’s. However, the real partwissenschaftlichen Forschung irst@rreich and by the Inter-

of the poles are shifted downwards with respect to the posinational Science Foundation and Russian Government

tions of the peaks in the spectra. (Grant No. J4M100
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