-

brought to you by . CORE

View metadata, citation and similar papers at core.ac.uk

REAFEEBUKNSFY

Tohoku University Repository

Proton single-particle strength in 19F
measured via 180(d,n) reaction

00 OO0 OO

journal or Physical review. C

publication title

volume 66

number 6

page range 064313-1-064313-7

year 2002

URL http://hdl.handle.net/10097/35231

doi: 10.1103/PhysRevC.66.064313


https://core.ac.uk/display/235795686?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

PHYSICAL REVIEW C 66, 064313 (2002
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Proton single-particle strengths #iF were investigated up to an excitation energy of 14 MeV through the
(d,n) reaction on'®0 at E;=25 MeV. Spectroscopic strengths were deduced from adiabatic-deuteron-
breakup-approximation analysis. Most of the strengths for gigZhell orbitals were observed in the present
measurement. Strength distributions were compared with the shell-model predictions in the framework of the
complete 31d-shell basis. Results for thedi,, and Z,,, strengths were in good agreement with the shell-
model calculation, but the theoretical estimate for tlikdstrength did not reproduce the observation. The
occupation probabilities and single-particle energies of proton orbitals near the Fermi surfd€® foere
evaluated from a combined analysis of the present stripping data and previous proton pickup data.

DOI: 10.1103/PhysRevC.66.064313 PACS nunier21.10.Pc, 25.45.Hi, 27.26n

[. INTRODUCTION extensively been investigated by means of high-resolution
(d,n) experimentg8,9]. In comparison with a recent shell-
One-nucleon transfer reactions are useful probes to studypodel prediction[10], which is based on the complete
the single-particle nature of nuclear excitation. The stripping2s1d-shell space, the results for tf8*Ne(d,n)***Na re-
reaction, transferring one nucleon into a single-particle oractions[9] have shown that a 25-MeWd(n) reaction pro-
bital with quantum numberalj, allows one to extract the Vides reliable spectroscopic factors.
spectroscopic factors which manifest the single-particle fea- In this paper we present the result for tﬁ@(d,n)m':
ture of the final states in the residual nucleus. Because of th&action at 25 MeV. Although proton single-particle strengths
completeness relation of the wave functions, the summatiofl = F have so far been studi¢d1-13 using (He,d) and
of the spectroscopic factors over all final states with  («.t) reactions, little is known about the high-lying strengths
yields the number of holes in the orbital for the initial ground @bove the one-proton emission threshold .= 7.994
state[1,2]. Furthermore, the distribution of the spectroscopicMeV. On the other hand, the shell model predic§] that
factors gives us information about not only the single-the significant strengths of thedj,, proton reside in the
particle energy but also the spreading width due to the dampeXcitation region abovEe,.=9 MeV. In this work we aim to
ing of the single-particle excitation. investigate the proton single-particle strength of the
In recent years experimental efforts to measure occupa2sld-shell orbitals up td.,.= 14 MeV, and to test the shell-
tion probabilities of shell model orbitals have been made tgnodel wave function$10] by comparing the experimental
study nucleon-nucleon correlations in nuclei. Occupatiorfésults with the predictions. Furthermore, we attempt to de-
numbers of the 8 proton in the Pb region have precisely duce occupation probabilities and single-particle energies of
been evaluated using both relative spectroscopic factors arifoton orbitals near the Fermi surface f&f0 using the
charge density differences between neighboring niigldi. present stripping results in combination with pickup data ob-
The shapes of the proton Fermi surface for tred@shell  tained from the*®0(d,*He)''N reaction[14].
and 1f2p-shell nuclei have been studied from occupation
probabilities and single-particle energies deduced from
analyses on the basis of both stripping and pickup reactions
on the same target nucle[5-7]. The experiment was performed using a momentum-
Proton single-particle states in theldl-shell nuclei have analyzed beam of 25-MeV deuterons from the AVF cyclotron

II. EXPERIMENTAL PROCEDURE
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University. The target was®0 gas isotopically enriched to
98.7% and kept in a gas cell with a diameter of 1.5 cm and a
length of 2 cm along with the beam direction. The target Zero-range distorted-wave analyses with finite-range and
thickness was 1.5 mg/ctn The window of the gas cell was nonlocality corrections were performed using the code
a 10-mg/cn? thick platinum foil. Dwuck4 [17] in the framework of adiabatic-deuteron-
Energies of the emitted neutrons were measured by mea$eakup approximatiotADBA) [18] to assign orbital angu-
of a time-of-flight (TOF) technique using the CYRIC TOF lar momentuml of the transferred proton, and to deduce
facility [15,16. Twelve neutron detectors containing liquid Spectroscopic factors. An adiabatic-deuteron potential was
organic scintillator NE213 of 23.4 | in total were located at aproduced by the Wales and Johnson metftt®] using pro-
distance of 43.2 m from the target. Angular distributions ofton and neutron potentials at a half energy of the incident
the neutrons were measured with the beam-swinger systefleuteron. These nucleon potentials were taken from the glo-
in an angular range from,,,=10° to 60° in the laboratory bal potential of Becchetti and Greenlees for a prq@s] and
system. that of Martin for a neutrof21]. The parameters for the
For the neutron-gamma discrimination the pulse shape
discrimination method was used. In addition, the low energy.

A. Distorted-wave analysis

TABLE |. Potential parameters used in the present analysis.

neutrons overlapping the fast neutrons in the neutron energy a 1804+ ¢ 194 nb 180+ p
spectrum were removed using a software threshold for the
light output spectra from the detectors. Finally, the Vrv (MeV) 98.44 51.7-0.26E adj®
excitation-energy spectra itPF were obtained from the en-  rry (fm) 1.18 1.18 1.25
ergy spectrum through the kinematical calculation for the agy (fm) 0.74 0.66 0.65
80(d,n)1%F reaction at 25 MeV. Wy (MeV) -0.40 —2.9+0.2E

Figure 1 shows the excitation-energy spectrum of the ry, (fm) 1.30 1.28
180(d,n) 1% reaction a,,= 10°, together with the result of ~ a,, (fm) 0.61 0.55
a peak-fitting procedure using Gaussian functions with con- wg (MeV) 15.45 9.3-0.1%
tinuous backgrounds. The background in the present experi- r ¢ (fm) 1.30 1.28
ment includes both experimental and physical background g (fm) 0.60 0.55
neutrons. The experimental background is due to the win- v, (MeV) 5.95 57 \=25¢
dows of the gas cell, while the physical background comes | __ (fm) 1.01 1.00 1.95
from the reaction processes such as deuteron breakup and,__ (fm) 0.58 0.41 0.65
neutron evaporation. For the background subtraction in the o (fm) 1.30 1.25
peak-fitting procedure, the fourth degree polynomial was Ny, (fm) 0.43 0.85

used to reproduce the overall background shape. The present

measurement has covered the excitation region uURdJdge  ®The potential parameters consist of real-volu(R¥), imaginary-

=14 MeV in 1%F. The overall energy resolution of about 180 volume(1V), imaginary-surfacélS), spin-orbit(SO), and Coulomb

keV has been achieved for the most energetic neutron. (C) terms. Nonlocality correction parameteXs, are also listed.
The neutron-detection efficiency has been determined vi&inite-range parameteéd -z was 0.695 fm.

an activation analysis for théLi( p,n)’Be reaction[15,16.  °E is the neutron energy in the exit channel.

Errors in the absolute magnitude of the cross section hav@vell depth is adjusted to reproduce the separation energy.

been estimated to be less than 15%. “Thomas spin-orbit strength.
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emitted neutrons were also taken from Refl]. The single- whereC is a Clebsh-Gordan coefficient. The normalization
particle wave function of the transferred particle was generfactor of 1.55 is a standard val(i#7] for a (d,n) reaction.
ated by the separation-energy method with a local Woods- Measured angular distributions of the differential cross
Saxon potential. In the case of proton unbound transitionsections are shown in Figs. 2 and 3, together with the results
leading to final states &> 7.994 MeV, resonant form of the ADBA analysis. The measured angular distributions
factors were calculated according to the procedure of Vincenare well reproduced by the theoretical results, as far as the
and Fortune[22]. The potential parameters used in thedata at the forward angles are concerned. In the present
present analysis are listed in Table I. analysis| assignments have been made for 28 transitions up

Spectroscopic factor§;; were obtained from the follow- to Eq =14 MeV.
ing relation for the spin zero target:

B. Shell-model calculation

do do . . . . .
(dQ =1.552J+ 1)CZSH o , (1) Microscopic description of the low-lying levels in the
exp calc mass regiomA=17—39 can be made in terms of the shell
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100 M - T T 3
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L . .
S 101 | 455MeV ¥ 754 MV ¥ 967 MeV ¥ 11.02MeV ¥ 1286 MeV states, the solid line represents the result of the
o 100 [ ] £01 1L ] 1 ] least-squares fit for the sum of theoreti¢a 2
S 1 i i i = i ] (dot-dashed lineand O(dotted ling transitions to
10 the data.
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TABLE Il. Experimental spectroscopic strengths .

(23+1)C?S
Eexc (MeV) 2 Jm 7@ Eexc (MeV) P nlj ® b c d e
0 1/2¢ 0.00 X1 0.45 0.6 0.42 0.51
0.110 1/Z 0.24 0.224
0.197 5/7 0.20 1dg), 2.18 2.55 2.45 4.00
1.459 31z 0.144 0.098
1.554 3/2 1.55 1d4) 0.99 1.17 1.01 1.65
4.550 5/2 4.55 1ds)» 0.39
5.535 5/2 5.54 1ds), 0.18 0.29 0.31 0.44
6.088 3/2 6.09 D3 0.15 0.426 0.12
6.255 1/2 6.26 X1 0.28 0.41 0.19 0.60
6.497 32 6.50 1d4) 0.13 0.133 0.24
6.787 31z 6.79 D3 0.11 0.29 0.17
6.927 712 6.93 i1 0.41 0.385 0.37
7.11 1, 1ds), | 0.21, 0.19 0.52 0.087
7.540 5/2; 312 7.54 g, 1.33 0.82 0.665 1.76
8.014 5/2 8.06 1dgp+ 25 0.38+0.22 0.40
8.138 1/2
8.310 512 8.30 1dg) 0.14
8.592 31z 8.59 D3 0.15
8.793 1/2; 312 8.79 By 0.49 0.60
9.14 1z, 1dg), 0.09%,0.08
9.668 317 9.67 1dy), 0.38
10.308 312 10.31 g, 0.38
10.555 3/1Z; (312 10.56 g, 0.18
10.86 5/2 10.88 s, 0.15
11.02 My, ", 1dg), 0.11,0.10
11.540 5/2 11.55 s, 0.11
11.653 3/1Z; (32 11.74 s, 0.18
11.221 3/2 11.22 g, 0.25
12.86 317312 12.86 Ha), 0.48
13.317 712 ; (312 13.34 171 0.22 0.11
13.732 712 ;312 13.75 1, 0.22 0.29
3Referencd 18].

b(d,n) reaction at 25 Me\(present work
°(®He, d) reaction at 11 Me\(Ref. [11]).
93He, d) reaction at 16 Me\V(Ref.[12]).
% a, t) reaction at 50 MeMRef.[13]).
fAssumed strength in sum-rule analysis.

model based on the complete space s1@ configurations. age coefficients between the shell-model wave functions

The shell-model wave functions for thesPd-shell nuclei of A=18 and 19 systems were calculated with the code

have been derived by Wildenthfl0] using an effective oxBasH [23].

Hamiltonian specified by one-body and two-body matrix el-

ements. The one-body matrix elements corresponding t0 |y SPECTROSCOPIC RESULTS AND DISCUSSION

single-particle energies were fixed for eaclsld-shell

nucleus, while the mass dependence of A)8F was as- Spectroscopic results for the present experiment are sum-

sumed for the two-body matrix elements between nucleomnarized in Table Il, together with the previous dpta—13.

states. The Hamiltonian parameters have been fitted by @pins and paritie§™ of the observed states it?F have al-

least-squares method to a set of about 440 energy data foeady been assignef?4], except for those of theEg,,

2s1d-shell nuclei. =7.11-MeV, 9.14-MeV, and 11.02-MeV states. The experi-
In order to interpret the proton single-particle strength inmental and theoretical strength distributions of the

19F by means of the €1d shell model, one-particle parent- 2sl1d-shell orbitals are shown in Fig. 4.

064313-4
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A. =0 and 2 transitions tation of the high-lying strength, suggesting that more com-

Large components of thesg, strength have been located pIe>_< configurations including theptshell and/or T2p-shell
at the E¢=0-MeV, 6.26-MeV, 8.14-MeV, and 8.79-MeV Orbitals are needed for these states.
states. Figure @ shows the experimental and theoretical
distributions of the 28, proton strength. Significant B. =1 and 3 transitions

strengths of the firsT=1/2 and 3/2 states &,,=0 and The =1 transitions leading to the 372states atEy,
8.79 MeV have been reproduced by the shell-model calcula—=6 09, 6.79, and 8.59 MeV have been observed together

tions [10]. A large theoretical strength predicted Bt ith the | =3 transitions leading to the 7/2states atE.,

=7.82 MeV appears to be fragmented into two states at 6.2&6 93. 13.32 and 13.73 MeV. The summations over the
and 8.14 MeV. 99, -4, . .

. . 1f,, and 25, strengths observed up ,,.=14 MeV cor-
an(-JII—hS(’a/ ZldSSt/;tdeanEgth —ISO %%n(ﬁgga;i% 'g ‘t‘ge I\I/Ioevillﬁrzslpl) 2ec respond to about 11% and 10%, respectively, of the sum-rule
exc— Y- : ) -

tively, while small strengths are distributed in the region“mlt'
Eoxe=5—8 MeV. The experimental results for thedds,
strength have been properly reproduced by the shell-model
estimate[10] as seen in Fig. @). Summed spectroscopic strengths of ttsd @ orbitals and

In the case of the d3, orbital, a large amount of the their centroid energies are compared with the shell-model
strength, except for a dominant oneft, .= 1.55 MeV, was  predictiong10] in Table Ill. The errors show only the statis-
missing in the previous proton-stripping experimefté—  tical errors resulting from the least-squares fits of the theo-
13] although the shell mode[10] predicts significant retical cross sections to the data. For ke transitions into
strengths in the high-lying region. The present work revealsinknownJ™ states aE.,.=7.11, 9.14, and 11.02 MeV, as-
many states with fragmentedi],, strengths abov&,,.=9 sumed spinsJ=3/2 or 5/2 are indicated in Table II.
MeV in addition to a low-lying dominant component at The present analysis shows that most of thgld®
Ecx=1.55 MeV. A comparison between the experimental resstrengths have been located bel&y,.=14 MeV. This ob-
sult and the shell-model predictioh$0] shown in Fig. 4c) servation appears to be supported by the shell-model calcu-
indicates that the shell model fails to reproduce the fragmenlation [10]. The centroid energies of thedj, and 2,

C. Summed strengths and centroid energies

TABLE Ill. Sums of the single-particle strengths #iF and their centroid energies.

3 (2J+1)C?s Centroid energyMeV)
Orbital Experiment CalculationdRef. [10]) Experiment CalculationgRef.[10])
an a a b a a b
1ds, 5.05+0.41 5.90 6 4.36¢:0.30 3.91 4.14
2s1) 1.44+0.82 1.98 2 5.451.61 5.31 5.45
1ds, 3.17+0.30 3.75 4 7.920.46 9.46 9.90

®valuated for final states up ®,,.=14 MeV.
PEvaluated for all final states.
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TABLE IV. Occupation probabilitie®,; and single-particle energi&s; of the proton orbitals ino.

Orbital nlj Oy Ej; (MeV)
Experiment CalculationgRef.[10]) Experiment CalculationgRef.[10])
1Py 0.87£0.07 1 —14.95+0.42
251 0.19+0.02 0 ~5.31£0.49 ~2.54
1ds), 0.07£0.02 0 ~4.81+0.23 -3.85

strengths in the probed region are in good agreement witAccording to Baranger’s definitiof25] a single-particle en-
the theoretical values, while the predicted energy for theergy is given as a centroid energy evaluated from both the
1d4, strength is higher than the observed value by about 1.5tripping and pickup strengths:

MeV.

D. Occupation probabilities and single-particle energies

Ein" Y G +E;n" X G;

Eij= (7)
Occupation probabilities and single-particle energies of S cr+enS 6o
proton orbitals near the Fermi surface ffiO have been 2 ! 2 !
estimated according to the procedure used in the previous
studie5—7]. This method is based on a relation between thevhere
single-particle strengths obtained from stripping and those
from pickup reactions on the same target: 2 GEE;xc
Ej= —B(A+1), )
> G+ G =2j+1, ) S G
where+ and— denote values for stripping and pickup reac-
tions, respectively, and > Gy Eexc
. Ei=— —B(A). 9
Gy =(2]+1)C?S;, @ (RS ©
lj
G;=C?%S;. (4)

Here,B(A) denotes the one-proton separation energy in the
Evaluation of the occupation probability needs the summaground state of a nucleus with maés
tion of the strengths over all final states. However, it is ex- In the present work we deal with the protop;},, 2s;,,
perimentally difficult to measure the high-lying strengths inand 1d,,, orbitals of 0. The stripping data were taken from
the continuum region. Furthermore, the summation of thehe present results for thes2d orbitals, and from the
strengths may be inaccurate since absolute spectroscopic fg@He, d) result[12] for the 1p,,, orbital. The pickup data
tors strongly depend on distorted-wave Born approximationwere taken from thed,3He) result[14]. Occupation prob-
parameters. Thus, one makes two assumptions in thigbilities and single-particle energies obtained from the analy-
method. First, relative spectroscopic factors can be extractesls are listed in Table IV. The resulting normalization factors
with high precision. Second, the summations of observegvere n*=1.10+0.03 andn— =0.86+0.15. The uncertain-
strengths for individual orbitals near the Fermi surface corties were estimated from the statistical errors. The result for
respond to the same fraction of the total strengths for thene analysis indicates that the occupation probabilities devi-
respective orbitals. Under these assumptions one may rewritge from expectation of a simple shell model that predicts

Eq. (2) as follows:
n*> Gi+n X G =2j+1, (5)

wheren™ andn~ are normalization factors which are deter-
mined from the linear regression so that E§). is simulta-

proton shell closure up to thepl,, orbital, in other words,

the empty 21d shell for oxygen isotopes. These deviations
are probably due to configuration mixing caused by ground-
state correlations. As seen from Table IV, the shell model
[10] employed in the present work does not account for the
experimental results, since the calculations included only
2sld-shell orbitals. The explanation of the experimental re-

neously satisfied for the individual orbitals. Using these norjts seems to require shell-model calculations including the
malization factors we define the occupation probability as an p_shell as well as &1d-shell orbitals.

average of the results for the stripping and pickup reactions:

n*t> G,}“

2j+1

n"> G;

Oy = 2j+1

1
> (6)

V. SUMMARY AND CONCLUSION

The distributions of the proton single-particle strengths in
19 up to Eg=14 MeV have been deduced via the

064313-6
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180(d,n) reaction at 25 MeV. Almost all thedk, and 2, We deduced occupation probabilities and single-particle
strengths have been observed in the present measuremegitergies of the f;,, 1ds, and 2,,, proton orbitals in the
Many states with fragmenteddy,, strengths have newly ground state of®0. Obtained occupation probabilities devi-
been identified abovE.,.=9 MeV in the present measure- ate from the simple shell-model values.
ment. The observeddk, strengths amount to about 80% of
the shell-model limit.
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