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Proton pickup data have been obtained through ¥tén(d,*He)>Cr (E4 = 46 MeV) reaction in the
6°—30° angular range using a magnetic spectrometer with a resolution 40 keV full width at half
maximum. Spectroscopic factors associated with transitions téfQd final states E* < 6.104 Me\} were
determined from local, zero-range distorted-wave Born approximation analyses of the measured angular dis-
tributions allowing for/ = 0, 1, 2, and 3 transfer. A spin-dependent sum-rule analysis of ftfe @oton
transfer data has been performed using complementary stripping data from a study 58¥it{e,t) >6Fe
reaction. The 0, proton transfer data have also been compared to results frdripesbell-model calculation
based on a new effective interaction #r= 41-66 nuclei] S0556-28136)05109-9

PACS numbegps): 25.45.Hi, 21.10.Jx, 21.60.Cs, 24.10.Eq

[. INTRODUCTION toba who used thed,t) reaction to study transitions to
twelve ®Fe final states. Spectroscopic factors associated
The analysis of spin distributions of spectroscopicwith transitions to seven of these states were reported. These
strength associated with one-nucleon pickup and stripping odata, in conjunction with the adopte§Fe final state spins
odd-evenfp shell nuclei by means of nonenergy weighted[5,6], are tabulated in Table I.
sum rules(NEWSR continues to be of interest. A recent Two previous studies also exist of proton pickup on
innovation has been the introduction of a normalization pro->>Mn. In the first, Colliet al.[7,8] reported transitions to five
cedure based on the symmetric form of the NEW$RThis  final states observed via the,() reaction. However, they
has been successfully applied to a study ff0single- only derived the spectroscopic factor for the transition to the
proton transfer data oPtV and *°Co, and has pointed out the “Cr ground state. The second study, by Yntestal. [9],
possibility that the spin distribution of high-lying spectro- who employed the d,%He) reaction, yielded no spectro-
scopic strength is proportional t8J’ + 1), whereJd’ is the  scopic factors.
final state spirf1]. A reliable set of spectroscopic factors fof,@ proton
NEWSR analyses have mostly been performed 67,0 pickup on®*Mn was therefore needed. In the present study
transfer data acquired in the lower part of the shell[2].  these were obtained through distorted-wave Born approxi-
This is because the large energy gap between thg &d  mation (DWBA) [10] analyses of the differential cross sec-
Of 5, orbitals allows a confident assignment di;@ to any  tion for the **Mn(d, *He) %“Cr reaction at a beam energy of
/=3 transition to a low excitation energy final state in this46 MeV. This beam energy was chosen so as to exploit
mass region. The chosen target should have as high available parametrizations of the mass dependence of optical
ground-state spid, as possible, since for an angular momen-potentials for3He at 39 MeV[11] and 41 MeV[12], and
tum transferj, the number of linear relations constituting the thus to determine distorted-wave functions for the exit chan-
NEWSR is equal to miiJ.],[j]} where[x] = (2x+1) [2].  nel. The form of the optical potential used to generate the
Thus, the larged, , the greater the number of linear relations distorted waves for the entrance channel was identical to one
representing the NEWSR, and the greater the overdetermitsed to obtain a global parametrization of deuteron optical
nancy of any quantity to be determined through the sunmodel parametergl3]. An analysis of the angular distribu-
rules (e.g., the normalizatiom in Sec. IVB. A NEWSR tion for the **Mn(d,d) ®**Mn(g.s) (E4 = 46 MeV) reaction
analysis requires the spin distributions of transfer strengthvas made in order to obtain optimum parameters for this
for one-nucleon stripping and pickup on the same nucleupotential.
[2]. Before the present work!’Ti and °Mn were the only Recently, a shell-model calculation has been performed
remaining targets in the lower part of thg shell with  for A = 41-66 nuclei, using a new two-body effective in-
J;=3 for which NEWSR analyses had not been performederaction and a model space which allows for the excitation
[1,2]. We focus on the second of these targets in this studyof a 0f;, particle to the ps,, Ofs,, and I, subshells
Two earlier studies of proton stripping 6AMn exist. The  [14]. Theoretical energy levels and static electromagnetic
first study was performed by Hinrichsen and Rosner whanoments have been shown to be in good agreement with
employed the {Hed) reaction and studied transitions to their experimental counterparfé4]. In order to further as-
only three%®Fe final state§3]. No spectroscopic factors were sess the quality of this calculation the derived wave functions
reported. A more extensive stuf§] was undertaken by Ma- were used to calculate spectroscopic factors to be compared
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TABLE |. Spectroscopic information o = 3 stripping strength from th&Mn(a,t) >Fe reaction as
reported by Matobd4]. The possible®Fe adopted level$5,6] which correspond with observed states
reached viz’ = 3 transfer are showrd; andJ’ denote target ground and final state spin, respectively.

——— From Refs/[5,6]
E* AE* g E*

From Ref.[4]
AE* / [J']

mczs

(MeV) (keV) (MeV) (keV) !
0.0 o* 0 3 0.01
0.847 <1 2+ 0.85 3 1.45
2.085 <1 4+ 2.09 3 0.36
2.658 <1 2" 2.66 3 0.14
2.942 <1 o*
2.960 <1 2+

2.97 40 3 0.04
3.070 30 (37)
3.120 <1 ")
3.123 <1 4+

3.18 40 3 0.04
3.370 <1 2+
3.388 <1 6"

3.40 40 3 0.90
3.748 5 2
3.756 <1 6"
3.760 10 (2-6)

3.78 40 3 0.25
3.832 <1 2"

8Mlember of the state complex observed 297 + 3.15 MeV with a combined”” = 3 strength of 0.08.

with those determined through single-proton transfer orwith negative high voltages of 3.50 kV and 550 V applied to
SSMn. the foils and guard wires, respectively, while using a 90%
The experimental methods used to collect the pickup and\r/10% CO, gas mixture at atmospheric pressure.
elastic scattering data are discussed in Sec. II. The extraction In the following the first scintillator will be called paddie
of angular distributions from these data and the subsequedtand the next one paddle 2. These were 3.2 mm and 12.7
calculation of spectroscopic factors via DWBA analyses ardhm thick, respectively. When acquiring elastic scattering
described in Sec. lIl. In Sec. IV we first outline the results ofdata, i.e., operating the spectrometer in tligdf mode,
the shell-model calculation after which we describe how the?addle 1 was operated in coincidence with paddle 2 in order
stripping and pickup spin distributions fof £, proton trans- 10 generate an event trigger. For a beam energy of 46 MeV,
fer strength were established. Nonenergy weighted and dhelions €He particle$ associated with an excitation energy
pole sum-rule analyses of these spin distributions are thefif Up to 6 MeV in >‘Cr were stopped inside paddle 1. Paddle
described. A concluding summary is presented in Sec. V. 2 was therefore operated in anticoincidence with paddle 1 to
reduce the noise background when acquiring pickup data in

Il. EXPERIMENTS

The differential cross sections for th@Mn(d,3He)%*Cr
and >°Mn(d,d) °®Mn(g.s) reactions aE4 = 46 MeV were
measured at the National Accelerator CefiNAC) [15,16],
Faure, South Africa. A recently commissioned 600 MeV

the (d,3He) mode.

Data were collected at spectrometer anglesarying be-
tween 6° and 50° in 2° steps by operating the spectrometer
in a normal angle mode#&e 18°) and a small angle mode
(6°<60=<18°). When operating in the normal angle mode
the deuteron beam was stopped in an external Faraday cup,

magnetic spectrometer similar in design to the K600 magwhile a 40 mm thick graphite block served as an internal

netic spectrometer at the Indiana University Cyclotron Facil-beam stop in the small angle mode. The latter arrangement
ity [17] was used. The reaction products were detected in gave rise to a high background in the 301 mm diameter
focal-plane detector array consisting of a vertical drift cham-scattering chamber used, ruling out the use of a monitor de-
ber (VDC) followed by two plastic scintillation counters. tector to check the consistency of the charge collection.

The VDC negative high voltage planes comprised two 27 A 20 mm thick brass collimator with a vertical aperture of
um Al foils separated by 16.0 mm. A wire plane comprising 14 X 55 mm defined the acceptance of the spectrometer. The
198 earthed signal wires, each 28n thick and 4.0 mm back edge of the collimator was located 735.5 mm from the
apart, interspersed by 199 guard wires each of thickness 5Enter of the target. This gave an in-plaherizonta) angu-
pum, was situated midway between these foils. All wireslar acceptance of 1.09° and an out-of-pldwaertical) accep-
were made from Au-plated tungsten. The VDC was operatetance of 4.28°.
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The deuteron beam was produced with the NRG 8 5
MeV solid-pole light-ion injector cyclotron, accelerated to 4 10
MeV, and then injected into the separated-sector cyclotron
and further accelerated to a nominal energy of 46 MeV. No p
pulse selection was used since the associated beam-burst pe-
riod of 101.2 ns facilitated particle identificatidi?ID) via
time of flight as discussed below. Slits were used to keep the
energy spread te- 10 keV. The beam halo was reduced by
tuning the beam in order to minimize the paddle count rate
from an empty target frame. In this manner it was possible to
reduce the halo rate down t 4% of the count rate obtained
with the target in place. An achromatic beam varying in in-
tensity between 1 and 29 nA was used to collect the pickup
and elastic scattering data. The accumulated charge associ- .
ated with pickup data sets varied between 96 and 506 -
while that for elastic scattering varied between 0.02 and 48
HC. 10° E— T

The target consisted of a layer of 99.9% puteMn 0 30 60 90 120
evaporated onto a 1,6m thick Mylar backing. Layer thick- time—of—flight (ns)
nesses were measured using Rutherford backscattering spec-
trometry(RBS) performed at the Va_n de Graaff facility at the FIG. 1. A typical spectrum of the time of flight through the
';ISAC' The fgll W'O,'th a.t half maXImgm(FWHM) of the spectrometer associated with rigidity-selected charged reaction

Mn peak, in conjunction with stopping powers, was usedyoqycts while acquiring pickup data. The timing start signal was

to determine the thickness of the deposited layer by simulagerived from the paddie plastic scintillation detectors while the stop
tion of the RBS spectrum with the computer progrRbMP  signal was generated from the cyclotron rf signal.

[18]. Two targets having®Mn layer thicknesses of 159 and
235 ug cm™?, respectively, were used in this work. The array, resulting in no further PID being required while oper-
uncertainty(1lo) associated with these thicknesses was estiating the spectrometer in thel,l) mode.
mated by nonstatistical meafis9] to be 5%.

Standard electronics were used to process the paddle and lll. DATA ANALYSIS
cyclotron radio-frequencyf) signals in order to, among oth-
ers, generate an event trigger. VDC wire signals were pro-
cessed by a LeCroy 4290 drift chamber readout system. The Focal-plane position spectra associated with helion and
effective dead time was monitored using a clock and twadeuteron events of interest were generated via off-line analy-
scalers, one of which was inhibited by the busy signal assoses of acquired event-by-event data. These events were se-
ciated with the focal-plane electronics. While acquiring dataected by first setting a gate on the relevant peak in the TOF
the dead time was typically 4% but never more than 11%spectrum. VDC datadrift times and wire numbeysassoci-
Digitized paddle pulse heights, time of flight, VDC drift ated with each event which fell in the selected TOF peak
times, and scaler information were interfaced with a VAX- were checked to ascertain whether drift times fell within an
11/750 computer by means of a microprogrammable branchcceptable range and whether the VDC hit pattern was sat-
driver. The data acquisition and analysis software packagisfactory. A VDC-wire hit analysis revealed that the number
XsYs[20,21] was used to process these data which were alsof wires,n,,, which fire should range between 5 and 8. Stud-
written to tape in an event-by-event format for off-line analy- ies of the VDC intrinsic efficiency made using the deuteron
sis. elastic scattering data have shown, however, that the effi-

The time of flight(TOF) through the spectrometer of the ciency is optimal when this condition is relaxed to 3
rigidity selected reaction products facilitated particle identi-<n,,< 10. This revised condition was therefore used in the
fication. The start signal for the TOF measurement was obfinal replay of all the data.
tained from the paddles operated in mean-timing mode, The integral-time-spectrum methg22] involving the use
while the stop signal was generated from the rf signal. Aof a lookup table was used to convert drift times associated
typical TOF spectrum acquired in the,6He) mode show-  with each accepted event to drift distances. These drift times
ing the location of the helion peak, among the other particleand corresponding wire numbers were used to determine the
peaks, can be seen in Fig. 1. The helion TOF peak widthposition where the helion and deuteron trajectories, respec-
calculated using extreme path lengths through the spectrontively, intersect the focal plane. This was done by least
eter, also shown in Fig. 1, corresponds well with the measquares fitting a linear function to points which have wire
sured widths. The helion peak was always well separatedumber and drift distance, respectively, as coordinates.
from the other TOF structure, obviating the need for an ad- Because of the trigger logic used in thay {He) mode, the
ditional means of particle identification. A single TOF peak signal-to-noise ratios in the spectra were still rather low. Two
associated with the deuterons of interest was observed whemditional software cuts were therefore implemented during
acquiring the elastic scattering data. This is because all pathe analysis of pickup data. This involved the setting of gates
ticles with the same rigidity as the deuterons of interest weren spectra in which pulse heights for paddle 1 associated
stopped in the materials constituting the focal-plane detectowith the left and right photomultiplier tubes, respectively,

counts/channel

A. Data reduction
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tile momenta. Following atr-test analysis of reduced chi-

1000 ' ' ' ' ‘ ' ' squared values in which a quadratic function was found to
*Mn(dHe)*Cr B, = 46 MeV 8 = 1T L optimally parametrize the dependence of the focal-plane po-
250 4 N sition on helion momenta, a quadratic linear least squares fit

EE 5 - was used to obtain the momentum calibration of the focal
s < p plane. This momentum calibration in conjunction with the
<. 5001 E 3 B peak centroids was used to calculate the excitation energies
§ 3 E* of the final states observed. The total uncertainty associ-
S ospd B L ated with these energies was determined by combining in

quadrature the uncertainties associated with the momentum

ol calibration and peak centroids, respectively. This uncertainty
500 1050 500 2000 ranged from 1 to 13 ke\(see Table ).

position dlong focal plane (channel) In the nonrelativistic approximation the relationship be-

tween the momentum resolving powetP/P, the particle

energyE, and energy resolutioAE is given by

o

FIG. 2. A focal-plane position spectrum associated with the
55Mn(d,3He)%“Cr reaction obtained at a spectrometer angle of AE 2AP
14°. The 1*N(g.s) peak is due tod,3He) reactions on the oxygen —_=—. 1)
. ; . E P
nuclei present in the Mylar target backing used.

. . ) The energy resolution for each run was calculated from Eq.
were plotted against the focal-plane position. A typical focal-(l) using the momentum calibration and the FWHM of re-

plane position spectrum generated from helion data is showg,}eq states, and was found to vary between 32 and 60 keV

in Fig. 2. Since paddle 1 was operated in coincidence with o data analyzed. An average resolution-of0 keV was
paddle 2 when acquiring the elastic scattering data, thgpisinaq.

signal-to-noise ratio in focal-plane spectra was excellent,
thereby obviating the need for the two cuts discussed above. o
A typical focal-plane position spectrum generated from B. Angular distributions

(d,d)-mode data is shown in Fig. 3. Since the counting statistics associated wificr final

All peaks appearing in focal-plane position spectra generstates observed in spectra for angless 30° were rather
ated from pickup data were fitted using the peak-fitting propoor, only pickup data acquired in the 6°~30° angular range
gramriT2.1[23] assuming Gaussian line shapes. An initial fit were used to extract spectroscopic factors. Pickup differen-
was done to the resolved peaks in each spectrum to obtain @l cross sections were calculated only for final states which
average FWHM. The spectra were then refitted with the pealgere observed at the same excitation energy, to within sta-
widths fixed to the average FWHM value, allowing the in- tistical uncertainty, at more than six spectrometer angles.
tensities and centroids of the resolved and closely spacethe excitation energies of the 2%Cr states which were
peaks to be extracted. found to satisfy this criterion are tabulated in Table IIl. Only

For each pickup data set a momentum calibration of thewo of these states, observed at excitation energies of 5.574
focal plane was established using the centroids of five to sixjev and 5.771 MeV, respectively, did not correspond to
prominent (counts > 60) peaks corresponding to known within statistical uncertainty with the adopted levels for
SiCr final states in conjunction with knowledge of the mea- 54cy [26,27).
sured beam energy and spectrometer angle. Standard nonrel-The absolute center-of-magsm) differential cross sec-
ativistic kinematicg 24,25 were used to calculate the ejec- tion associated with the transition to thi¢h final state,
reached via the®®Mn(d,3He)%‘Cr; reaction, at an angle
0. m., Was calculated using the formula

1 s i s | 2 [ ) |
20004  %Mn(d,d)*Mn E, = 46 MeV = 18" - do J,Y;coq 6/2)
1 da (Fem)= NgAQN Tyeod-€vep @
g 15007 SMn(g.s.) i
£ C(gs) I J,r is the nonrelativistic Jacobian used to transform differen-
& 1000 1 - tial cross sections from the laboratory to the c.m. frame. The
3 ] uncertainty in this factor, which was calculated using stan-
° 5004 L dard formulaq24], was found to be negligible.
*0(g.s.) I The background in the focal-plane position spectra was
0 . IJ*HL RS G assumed to be negligible in the determination of the yield
1300 1350 1400 1450 1500 1550 1600 Y; associated with the transition to thth final state. Two
position along focal plane (channel) approaches were used to determifie In the case of well-

resolved statesy; was determined by summing the counts in
FIG. 3. A focal-plane position spectrum associated with thethe peak of interest, while for unresolved states a Gaussian
55Mn(d,d) ®*Mn reaction obtained at a spectrometer angle of 18° peak-fitting procedure, again using the programe.1, was
The $0(g.s) and 12C(g.s) peaks are due tod(d) reactions on the Used to determine the yields. In the former case the uncer-
oxygen and carbon nuclei present in the Mylar target backing usedainty associated witfy; was taken to ba/Y;, while in the
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latter case the corresponding uncertainty was obtained fronmtegration, and solid angle was estimated to be 5%. Figure 4
the programmiNuIT [28], which FIT2.1 calls to do the func- shows the c.m. elastic scattering angular distribution ob-
tion minimization. The uncertaintflo) associated with tained while measured c.m. angular distributions associated
yields stemming from the setting of software gates menwith transitions to the 244Cr final states observed are plot-
tioned above was estimated to e 2%. ted in Figs. 5—-11. Only the uncertainties contributing to ran-
The cos@/2) term in Eq.(2) is included because the target dom scatter obtained by combining in quadrature the uncer-
angle was always set to half the spectrometer angle in ordéainty due to counting statistics and the estimated uncertainty
to fix the target transformation factor to a value of 1.0. (10) in target thickness are shown in these figures. The latter
N4, the number of deuterons incident on the target, wasomponent was included since two targets were used to mea-
obtained from the measured accumulated beam charge. sure the angular distributions.
was electronically corrected for the fractional live time of the

dat_a ac_quisition systemt,, Whi_ch was monitored as de- C. DWBA analyses
scribed in Sec. Il. The uncertainty in the measured accumu- _ _ )
lated charge wass 1%. Pickup spectroscopic facto@zsﬂ are associated with

The solid angle\ Q) subtended by the entrance collimator the transfer of a proton having orbital and total angular mo-
to the spectrometer for the geomefry used was 1.34 msr. THE€Ntum/” andj, respectively, in theé*Mn(d, *He) >Cr; re-
uncertainty inAQ, calculated by propagating the experimen-action, leading to théth final state of *Cr. These were
tally measured uncertainties in the collimator radius, lengthdetermined by normalizing a distorted-wave Born approxi-
and the target-collimator distance in the normal manner, wagation(DWBA) angular distribution to the measured angu-
< 1%. The uncertainty i Q) due to the beam spot size was lar dlst_rlbutlon. The normalization was done by minimizing
negligible. X2, defined by

The number of°*Mn nuclei per unit target surface area, o _c2 o 2
n,, was calculated from the measured thickness of the 2=y Texpl Oo.m)i Sijt Towea( fem)ij ,
5Mn layer deposited onto the Mylar backing by making use fcm. A expl Oc.m)i
of the same®Mn density used byrumP to calculate thick-
nesses from the RBS speciigee Sec. )l As discussed i where oo, 6. m)i is the experimentally measured c.m. dif-
Sec. Il the uncertainty im; was estimated to be 5%.0). ferential cross section associated with the transition to the

The transmission efficiency of the= 600 spectrometer, ith final state Aoy 0 m)i IS the uncertaintfobtained by
Tysoo, Was investigated using a variable slot collimator. Itcombining in quadrature the uncertainty due to counting sta-
was found that 100% transmission occurred when using #stics and estimated uncertainffo) in target thickness
slot located at= 27.5 mm in both vertical and horizontal associated with this cross section, anglyga(6c.m)ij is the
directions from the center of this collimator. In view of the corresponding DWBA differential cross section.
collimator geometry used in this study,gq Was therefore DWBA differential cross sections were calculated with
taken to be 100%. the computer codewuck4 [29] using a local, zero-range

The total VDC detection efficiency,, for helions is the formalism. Nonlocal and finite-range correctiof80] were
product of its geometric and intrinsic efficiencies. The rela-not applied since in the first instance we are interested in
tive VDC geometric efficiency was checked by sweeping theelative spectroscopic factors which have been shown to be
helion peak associated with the excitation of the first excitednsensitive to the inclusion or omission of these corrections
state of >*Cr, across the focal plane, by adjusting the spec-
trometer magnetic fields. It was found to be 100% to within
statistics. The intrinsic efficiency was obtained by studying 107
the VDC hit patterns for deuteron elastic scattering data. An 1 —— Bojowald et al.
average efficiency of 99% was obtained. The former effi-
ciency was determined relative to the paddle efficieagy
which was assumed to be 100%. ]

The average uncertainties associated with the pickup dif- —. 103
ferential cross sections due to counting statistics ranged be- ]
tween 24%(for the weakest transition to th&*Cr ground 2
statg and 3% (for the transition to the state observed at 3
3.788 MeV excitation while the combined uncertainty
(10) associated with the target thickness, current integration, 10 T 5 s 4
solid angle, and setting of software gates was estimated to be 0 (deg)

6%. Absolute differential cross sections for the o

SSMn(d’(.j) "Mn(g.s) rea_ction atEyg=46 MeV were calcu- FIG. 4. Measured c.m. angular distribution for the

lated using an expression similar in form to EQ). The 5Mn(d,d) ®*Mn(g.s) reaction at an incident energy of 46 MeV. If

(gseuteron yield was obtained by summing the counts in the ot shown the uncertaintisee text in differential cross section is
Mn ground state peak since the background in focal-plangmajier than the size of the plotting symbol. The solid curve is a

spectra was negligible when acquiring elastic scattering datgyediction based on the global parametrization by Bojoveldl.
The uncertainties associated with the,d) cross sections [13], while the dashed line is a prediction based on a potential

due to counting statistics were 4% while the combined having the same form as that of Bojowadd al., but with param-
uncertainty(lo) associated with the target thickness, currenteters optimized using the codsioopys[32].

()

. SNOOPY8 best fit
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TABLE II. Optical-model potential parameters used in the DWBA analysis of angular distributions
associated with th&Mn(d,3He) >‘Cr reaction at an incident energy of 46 MeV.

Channel \ ry a, W, AW M ay Vs M.s a.s re
(MeV)  (fm) (fm) (MeV) (MeV) (fm) (fm) MeV) (@fm) (fm) (fm)

5Mn + d 8214 118 0.79 0.08 53.00 1.27 084 473 092 061 1.30

SCr+ °He 171.63 1.14 071 19.07 1.60 0.88 1.40
Proton a 1.21 0.65 A=25 121 0.65 1.30
aVell depth was adjusted by the programwucks [29] to reproduce the experimental proton separation
energies.
3 . .
[_2,31]. In the case of thed, °He) reaction, DWBA Qn‘feren— . Texpl Ocm) — Tiheof Oc.m) 2
tial cross sections are related to the correspondiwgcka X = ' (6)
. . . 2 AO'expl( Oc.m)
cross sections via the relation c.m.

o whereoe,{ 6. m) is the measured c.m. elastic scattering dif-
apwsa(fe.m) = 2i11° owucka( Oe.m) (4)  ferential cross section) ey f.m) is the uncertainty asso-
ciated with this cross section, afmghe(f.m) iS the corre-

wherej is the total angular momentum transfer aglis the sponding differential cross section calculated sNoopye

Bassel normalization factor which is equal to 2.95 in the casénit?al values of the potential' parameters used in thg mi'nimi—
of the (d,3He) reaction[29] zation procedure were obtained from the parametrization of

Part of the input needed lywucka to calculater g, is Bojowald et al. The potential parameters which yielded the

> ; . .
a specification of the potentials needed to generate the diégwgst)( are shown in T_able Il, while the elast_|c angular_
torted waves for the entrance and exit channels, and to Ca’g[strlbutlon calculated using these parameters is shown in
culate the bound-state wave functions. An optical-mode

ig. 4.
(OM) potential having a form identical to the one used by Bound-state potential parameters, especially the radius
Bojowald et al. to obtain a global OM potential for deuteron

parameter, strongly affect the magnitude of spectroscopic
scattering up to 100 Me\[13] was used to obtain the factors: In this study, a 1% change in the bo_und—state poten-
distorted-wave functions for thd + 5Mn channel. This tial radius was found to cause a 7% change in absolute spec-
potential, which comprised Coulomb, central, imaginary vo

I_troscopic factors but negligible change in relative spectro-
ume, imaginary surface, and real spin-orbit terms, had th copic factors. A standard bound-state potential comprising a
form

oulomb, central, and Thomas spin-orbit term with= 25
was used. Standard values=a,.;=0.650 fm were used.
The potential well depth was automatically adjusted by
U(r)=Vg(r)—Vi,(r,R,,a,)—i [Wvolfw(rva ay) DWUCK4 to reproduce the experimental proton separation en-
ergies. The bound-state potential rad®,(= R,.¢ were ad-
justed in order to obtain afp shell proton occupancy of
~ 5in **Mn. The bound-state potential parameters used are
shown in Table II.
2 Since helion beams are not available at NAC, an optical
m) (|-S)F afLS(r,RLS,aLS), (5) potential and the corresponding distorted wave functions for
g the exit channel could not be determined from the analysis of
measured helion elastic scattering data. Instidd optical
potentials found in the literature were used. Tretsal. stud-
1 ied the mass dependence of the helion optical potential for
_ 1+exr<r_ Rk” light to medium weight nuclei at a beam energy of 41 MeV
[12]. They employed a “physical” potential characterized
by a volume integral of the real park(®Ni) = 330 MeV
and fm3. This potential has the same form as that given by Eq.
(5), but with W,,, andV, ¢ set to zero. The other study of
Re=r, A 3He optical potentials was by Barr and DelVecchld] who
studied *He elastic scattering data at 39.7 MeV on targets
The values of the parameters used in conjunction with theanging fromC to °’Au. The optical potentials they stud-
potential form above are given in Table Il. These parameterged had a form similar to the one in E¢p), but with Wy,
were obtained from an analysis of the angular distributiorandV, ¢ set to zero.
associated with the®Mn(d,d) **Mn(g.s) (Eq = 46 MeV, Since the 6 ®Cr final state observed at 3.220 MeV ex-
6°< 0#<48°) reaction. This analysis was performed usingcitation can only be reached vid £, transfer, the angular
the computer codeNooPYs[32] which utilizes a chi-square distribution associated with this state was used to assess the
minimization procedure to obtain best-fit OM potential pa-relative merits of the potential parametrizations of Trost
rameters, by minimizing a quantity?, defined as et al.and Barr and DelVecchio. DWBA angular distributions

d
- 4aWWsurfa fw( r, Rw ’ aw)

+V, 4

where
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TABLE Ill. Spectroscopic information from th&Mn(d,3He)%‘Cr reaction at an incident energy of 46
MeV. New spin assignments shown have been made as discussed in the text.

—— From Ref.[27] —— —————— Present work
c?’s New J'™
E* AE* g E* AE* /=0 /=1 /=2 /=3 assignment
(MeV) (keV) (MeV) (keV)
0.0 o+ 0.0 0 0.02
0.835 =<1 2+ 0.835 1 0.85
1.824 <1 4% 1.824 2 0.99
2.620 <1 2+ 2.622 4 0.01 0.02
3.074 <1 2+ 3.076 3 0.05 0.09
3.160 <1 4% 3.159 1 0.09 0.84
3.222 <1 6)* 3.220 5 0.27 6
3.437 <1 2+ 3.429 8 0.01 0.05
3.655 <1 4+ 3.656 4 0.34
3.786 <1 495" 3.788 3 1.06 5
3.928 =<1 2+ 3.926 4 0.05 0.22
4.042 <1 N 4.041 4 0.13 6
4.127 <1 3" 4.128 5 0.04 0.07
4.245 5 273" 4.237 4 0.61 0.35 3
4.561 11 4.551 6 0.02 0.11 (1-49~
4.618 6 4,619 4 0.02 0.11 (1-49~
4.865 4 (1,4%) 4.868 7 0.03 0.67
4,936 6 4.936 8 0.05 0.87 (1-49~
5.189 <1 0,1,2 5.191 11 0.04 0.47 (1,2
5.321 10 5.310 9 0.96 (2-3 -
5.574 10 0.02 0.33 1-4~
5771 12 0.05 0.34 (1-4~
5.981 10 5.983 13 0.12 0.59 2,3~
6.113 10 6.104 6 0.02 0.22 (1-4~

associated with the transition were obtained using these patead it was further assumed that 4r 1 transfer implied

rametrizations along with the OM entrance channel andip,, proton transfer for £J'< 4, an/ =2 transfer implied
bound-state potential parameters shown in Table Il. Two regd,,, proton transfer for £J’< 4, and an/=3 transfer

SUlting fits to the eXperimental data are shown in Flg 5. Tthp“ed Of7/2 proton transfer for £J'< 6.

parametrization labeled “FIT G” used by Barr and DelVec-  \ixed transitions involving at most two types of £)

chio was found to be the most suitable, as it resulted in gransfer, say, ji,,/,) and (,./s), were considered pos-
better fit to experimental points at forward angles which aresiple. Spectroscopic factors associated with each transfer

more important for determining spectroscopic factors. Theyere extracted using Eq(3) with the expression for
corresponding parameter values used are shown in Table 255, .. now reading

For Mn it was assumed that proton pickup from the
Of 712, Ofsi2, 1Ppaj2, 1p1s2, Odsp, Odszpp, and By, subshells
was possible. Sinc&®Mn has a known ground-state spin and
parity of 37, it is possible to establish the range Y€r final
state spins and parities for proton pickup from these sub- — 295025
shells. This was done using the relation between parities arh

C28a+ b pweA( Oc.m)

Y
o7y ool i,

= ar 7 (1-y)
Tfinal™ Tinitial 7 transfer (7 +2jb_+10-DWUCK4( ec.m)jblb , 9)

and the triangular inequality

where Gsy=<1. Spectroscopic factors associated with
(ja./a) and (p,/ ) transfers to the same final state are thus
given by

| —jl=I <I+], (8)

wherel’ is final state spinJ, the ground-state spin, andhe

spin transfer. Since for a giveri transfer DWBA angular
distributions are insensitive to ttjetransfer[33], it was not
possible to uniquely determine thetransfer by fitting the
calculated angular distribution to the experimental data. Inand

C?S | (em)=YC?Sarp(fom) (10
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FIG. 5. Measured c.m. angular distribution associated with the
55Mn(d,3He) %“Cr(E* = 3.220 Me\j reaction at an incident energy Gc.m_(deg)

of 46 MeV. The curves result from DWBA calculations made using

the descriptions of Barr and DelVeccHitb1] and Trostet al.[12]

FIG. 6. Measured c.m. angular distributions associated with the

for the exit channel potential, respectively. The optical model po-55yin(d,3He)5“Cr reaction at an incident energy of 46 MeV for
tential parameters used to calculate the entrance channel and bounira| state excitation energies ranging between 0.0 and 2.622 MeV.

state wave functions are shown in Table II.

C?S) 1. (0m)= (1= ¥)C?Sap(Oem). (1)

If not shown the uncertaintisee textin differential cross section is
smaller than the size of the plotting symbol. The curves result from
DWBA calculations made using the potential parameters shown in
Table Il and assumingj(l) transfefs) as indicated.

were not seen. These observations support the expectation

Fits to_ each pickup angu_lar distribution measgreq Werghat the G5, proton orbital is essentially empty iR°Mn.
made using the corresponding DWBA angular distributionfyrther support for this comes from shell-model calculations
associated with” = 0, 1, 2, or 3 transfer. Those angular as discussed in Sec. IV B. Any remainirig= 3 strength was

distributions which were not well fitted with oné transfer
were refitted, allowing for mixed transitions involving any
two of / = 0, 1, 2, or 3 transfers. By finding thé trans-
fer(s) which yielded the lowesg? the (j,|) transfets) asso-
ciated with that transition could be ascertained. In the final
analysis spectroscopic factors associated with measured an-
gular distributions which displayed afi=3 transfer signa-
ture were calculated by restricting the angular range in Eq.
(3) to the forward angled. ,,<20°, where the cross section
peaks.

The best fits of the calculated angular distributions to the
corresponding measured data are shown in Figs. 6—-11, while
the spectroscopic factors extracted via these fits are shown in
Table 1ll. We stress here that the pickup normalization was
arbitrarily adjusted as described above in order to reproduce
the simple shell-model result of five protons residing in the
fp shell. Because of the weighting used in E8), the un-
certainties in the extracted spectroscopic factors stemming
from the uncertainties in experimental cross section ranged
between 16% and 6% for the transitions to the ground and
3.788 MeV states oP“Cr, respectively.

All /=3 strength was found to be localized to an excita-
tion region below 4.1 MeV in®Cr. A relatively small
strength of 0.02 was found for the transition to tR&Cr
0™ ground state which can only be reached thyQtransfer,

PRSI ROV S N S R E N N R R NI
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while the other 0 adopted levels at 2.830 and 4.013 MeV energies ranging between 3.076 and 3.429 MeV.

40

FIG. 7. The same as in Fig. 6 but f6fCr final state excitation
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FIG. 8. The same as in Fig. 6 but f6fCr final state excitation

energies ranging between 3.656 and 4.041 MeV. FIG. 10. The same as in Fig. 6 but f8iCr final state excitation

energies ranging between 4.868 and 5.310 MeV.

therefore assumed to be associated with,aransfer.

Pickup from the 80d shell was also observed, leading to basis of such small’=0 contributions. We have thus as-
final states beginning with the known 3state at an excita- SignedJ’ = (1-4~ to these states in Table Ill. However,
tion energy of 4.127 MeV. For all such states the best fits tdor the adopted levels at 4.245, 5.321, and 5.981 MeV the
the angular distributions were obtained using a mixture o =0 contribution to the pickup cross section is much more
/ =0 (j=2% and /=2 (assumed = 2) pickup. However, secure, allowing us to assight = (2,3 ~ to these states and,
wherever the”=0 spectroscopic factor was less than 0.05hence ]’ = 3 to the 4.245 MeV state using prior informa-
the improvement over puré=2 was marginal, and we feel tion. Also, the spin assignment 8f = (0,1,2 to the adopted
it prudent not to assigd’ = (2,3~ to these states on the level at 5.189 MeV can be tightened (,2) ~.

'IO E 1 1 1 1 | 1 1 11 I 1 1 1 1 | 1 1 4 1 ; ,|O . Ll L L I L L L L L L L L L
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— 10" 3 4.819 MeV  1s1/2 + 0d3/2 3 o 0 3 E
N 3 g | 07 2 6.104 MeV 1s1/2 + 0d3/2 i
10° 4 Pl x10° [ 6 £
He) E| b E — —
SR g ERE C TN x10t E
1078 4551 Mev  1s1/2 + 0d3/2 3 N C
10" E F 107 g 5983 Mev 1s1/2 + 0d3/2 =
- g E £ 3 E
I8 3 F H 4 [ r
& g E °10 3 sl 3
s - S 7 . xi02
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FIG. 9. The same as in Fig. 6 but f6fCr final state excitation

energies ranging between 4.128 and 4.619 MeV.

FIG. 11. The same as in Fig. 6 but f8iCr final state excitation

energies ranging between 5.574 and 6.104 MeV.
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TABLE IV. Calculated stripping strengths associated with tran- TABLE V. Calculated pickup strengths associated with transi-
sitions to positive parity states reached via tiein(«,t) 5®Fe reac-  tions to positive parity states reached via fiisin(d,3He)%“Cr re-
tion. Results were obtained from a shell-model calculation using action. Results were obtained from a shell-model calculation using
new effective interaction foA = 41-66 nuclei[14]. Shown are a new effective interaction foA = 41-66 nucle{14]. Shown are
only those final states for which the spectroscopic strength assocenly those final states for which the spectroscopic strength associ-

ated with any/” transfer is= 0.02. ated with any/ transfer is= 0.02.
Ji E* ] c?s ~ Ji E* C3s
(MeV) 0f 712 1P3[/£ . Of 5 1py;2 (MeV) ?f:w; }p:/i g/fj,g ;pzlli
/=3 /=1 /=3 /=1 : : i
24 0.911 0.804 0.004 0.002
21 0.888 1.400 0.003 0.002 4, 1.902 1186 0.002
41 2.107 0215 25 2.352 0.130 0.015 0.001
2, 2.567 0.237 0.003 0.001 2, 2799 0.034 0.005
25 3.148 0.033 0.007 0.002 0.002 4, 2808 1.096 0.021 0.001
4 31620071 0011 4, 2996 0016 0003  0.001
1, 3.197 0.175 0.004 6, 3.049 0.278
31 3316 0.016 0.002 31 3.230 0.151 0.006
61 3.458 0.714 35 3.438 0.046 0.001
2, 3.527 0.004 0.091 0.007 0.025 5, 3521 1075 0.001
32 3.585 0.041 0.004 4, 3.602 0.050 0.001
25 3.675 0.154 0.007 0.042 6, 3754 0.159
62 3.737 0.310 4g 4.278 0.087 0.001
33 4.044 0.001 0.173 0.006 0.062 3, 4557 0.018 0.003
4, 4.176 0.030 5, 4701 0.034
3, 4.421 0.004 0.006 0.004 0.016 3, 4.738 0.015
4, 4.480 0.026 0.005 65 4.990 0.026
35 4.608 0.007 0.450 0.036 0.099
63 4.614 0.076
2g 4.663 0.017 0.002 0.005 0.016  |V. SHELL-MODEL CALCULATIONS AND SUM-RULE
45 4.668 0.003 0.021 ANALYSES
iz jgég 8825 822(8) 8831 0.007 A. Shell-model calculations
5, 4.969 0.018 The shell-model calculations assume an inéa core
1, 5.042 0.006 0.034 and a model space consisting of
4 .042 . 242 .07
52 2.861 0008 ° 0(.)0(1)68 02 1P320F 521 p1y) ™+ 0 5 1 (1p30Fsslpy) ™
35 5.100 0.002 0.027 0.001 . . .
1, 5.400 0.034 0.003 configurations, withn+m the number of valence nucleons

for a given nucleus, and the maximum number of nucleons
allowed in the ®,,, orbit by the Pauli principle. Matrix ele-
~ments of the effective interaction were fixed by the require-
The observed adopted level at 4.865 MeV has a spin asnent of a best fit between experiment and theory for a large
signment of(1~,4"). An optimal fit to the corresponding set of energy levels i = 41—66 nuclei[14]. Calculated

angular distribution was obtained by allowing fortransfers  spectroscopic factors associated with transition&%e and
of 1 and 2, and itis likely that the state observed is a doublets4cy  fing| states reached via théMn(a.t)®Fe and

No new information about the spin assignment for this Ievel55Mn(d 3He) 5Cr reactions are shown in Tables IV and V

was therefore obtained. respectively. No significant fQ,, stripping strength is pre-
As mentioned in Sec. Il B, two new levels were observedgicted to lie above 3.737 MeV. This is in good agreement
at excitation energies of 5.574 and 5.771 MeV, respectivelyyith Matoba’s resultésee Table)lwhich show the last frag-
Their associated angular distributions were fitted well by al4nant of (05, strength to be located at 3.78 MeV. The shell-
lowing for /= 0, 2 transfer, and we again assigh =  odel results also show negligiblef & and I, pickup
(14~ to these states. strength, thus supporting the assumption made in the DWBA

All new spin assignments made on the basis of theyhalyses that' = 3 transfer implies 0, transfer and that an
DWBA analyses, as discussed above, are shown in the lagt

- X 7'=1 transfer implies fi3, transfer.
column of Table lll. The spin assignments of 65*, and
6" made to states at observed excitation energies of 3.220,
3.788, and 4.041 MeV, respectively, will be discussed in
Sec. IV together with the results of shell-model calculations Here we concentrate on thd £, transfer strength. The
and NEWSR analyses off §, pickup and stripping transfer establishment of stripping and pickup spin distributions of
strength. this strength is first discussed.

B. Sum-rule analyses



54 0f;, PROTON TRANSFER ON°Mn 1783
For the stripping strength a summary of the spectroscopian uncertain spin assignment of' 7However, the angular
information from Matoba’s study4] is given in Table I, distribution for pickup to this state is unambiguously= 3,
together with the most recent adopted levels* (< 4.0  and the assumption that this correspondsftg,@ickup lim-
MeV) [5,6]. Except for the transition to thé®Fe ground state its the spins of this state tot1<J'< 6. It is therefore
(0"), it was assumed that thé=3 strength seen by Matoba unlikely that the 4.042 MeV state has a spin of. 7Gamma
is associated with fQ,, proton transfer. The negligiblef§), = decay selection rules favor a large value of the spin. The
strength below 4.0 MeV excitation predicted by the shellshell-model results shown in Table V indicate & 6tate at
model (see Table IV supports this assumption. 3.754 MeV with a pickup strength of 0.16. In view of the
The *%Fe excited states at excitation energies of 0.85above we make a spin assignment of f the 4.042 MeV
2.09, and 2.66 MeV as reported by Matoba correspond urstate.
ambiguously with the adopted levels at 0.847, 2.085, and The next uncertain spin assignment was the one associ-
2.658 MeV, respectively. These three states have spins afted with the state observed at an excitation energy of 3.788
2%, 4%, and 2", respectively. MeV. This excitation energy is consistent with that of the
The mapping of the next three states reported by Matobadopted level at 3.786 MeV which has(4®,5%) spin as-
to the presently adoptetfFe levels is ambiguous because of signment. There is also ¥Cr adopted level at 3.799 MeV
a relatively large uncertainty of 40 keV associated with the~ 13 keV away from the 3.786 MeV state which cannot be
excitation energies of these states. Matoba found’a83 resolved experimentally. This level is known to have a spin
stripping strength of 0.08 to be associated with the complexf 4™, however, so that the pickup strength of 1.06 must be
state at(2.97 + 3.15 MeV. By considering only excitation associated solely with final state spin of 4r 5. The shell-
energies, this strength could be associated with transitions tmodel calculations predict a significant fragment of strength
adopted levels at energies of 2.94P (= 07), 2.960 0’ = (1.08 to be located in a 5 state at an excitation of 3.521
2%),3.070[J" = (37)],3.120[J" = (1%)],0r3.123 0" =  MeV. Also, unless it is assumed that the bulk of the experi-
4") MeV. *Mn has a ground-state spi, and if it is  mentally observed strength is associated with & final
assumed that arf=3 transfer implies a transfer of a proton state, very poor fits to the NEWSR are obtained. We thus
to the (f7, subshell, the only possible transitions are to themake a spin assignment of'5to the adopted level state at
2.960, 3.120, and 3.123 MeV states. The small stripping 786 MeV, and assume that the 4tate at 3.799 MeV is
strength of 0.08 was therefore shared equally amongst finglot seen. The possibility that the 3.799 MeV state is seen but

state spins of 1, 2", and 4" not resolved will be explored further below.
The state seen by Matoba at 3.40 MeV could correspond  ginaly the adopted level observed at 3.220 MeV in this

to adopted levels at excitation energies of 3.370 M&V ( study has an uncertain spin assignment &t @his level,

=2") or 3.388 MeV (' = 6+).' .With the latter being Fhe which has an associated strength of 0.27, most likely corre-
one suggested by Matolja]. If it is assumed that this is a sponds to the shell-model level Gstate at 3.049 MeV which

2" state, a significant deterioration in the quality of NEWSR .5 an associated strength of 0.278. Changing this spin as-

fits result;. Eurthermore, the shell-model results .s_hown Ir%ignment would also result in a significant deterioration of
Table IV indicate the presence of a strong transition to 8he sum-rule fits

6" S%Fe final state at an excitation energy of 3.458 MeV. It All the spin assignments made SFe and *Cr final
Wg N tth((jarle for? ?835 ggg ?\Aﬂ?t_rtﬁ's stat:z corre_spo?ds tt?] ﬂi?ates, as discussed above, are tabulated in Table VI, and are
adopted level at . €V. The spectroscopic strength o ompared with the corresponding results of the shell-model
0.90 was therefore associated with & 6nal state. alculation in Figs. 12 and 13

Tge sta:jtel se(Tn by Matoba at 3.78 MercouIdgti?r:e)spong Figures 12a) and 13a) compare the experimental and
to adopted levels at excitation energies of 3.748=27), hell- | distributi f thef X
3.756 (' = 6%), or 3.760 0’ = 2—6) MeV. In view of this shell-model distributions of thef@,, proton spectroscopic

P . ) trength as a function of final state excitation energy and
and the uncertainties in parity assignments to the 3.760 Me g 9y

. . in, and Figs. 1) and 13b) compare the corresponding
state, the strength of 0.25 associated with Matoba'’s state ; - ;
' i mmed strengths as a function of final state spin. The over-
3.78 MeV was shared equally betweerf 2nd 6" final g unet I b v

all agreement is good, particularly in the latter case.
states.

For the pickup strength, and in particular the particle oc Finally we turn to a sum-rule analysis of thé-} proton
' “strippi d pickup spin distributions, using a technique
cupancy in>>Mn of proton orbits other than thef§,, Table Suipping and pickup Spin distributions, UsIng qu

; based on a symmetrical form of the NEW$R. The basic
Il shows that the summedpl strength observed in the e . .
5Mn(d, 3He) %“Cr reaction is 0.24. Further, the weak excita- quant|_t|es mvglved a_re the pgrtlal Sp_eCtrOSCOp'C Slﬁﬁs
tion of the 5“Cr ground statd0™*) in this reaction strongly andS;, associated with transitions to final states of spin
suggests a similarly smallfg, occupancy. These observa- given in Table VI, together with the corresponding errors
tions are in line with the shell-model findings that ffMn ~ AS), andAS], . The latter are estimated assuming a com-
the Ip,, proton occupancy is 0.06, and that the;4 and  mon fractional erroir in the partial sums, so that
Of», proton occupancies are negligible. As shown in Table N N _ _
I, three 5“Cr final states observed which are reached via AS; =08y, AS;=0S;, (12)
/=3 transfer have uncertain spin assignments.

An /=3 pickup strength of 0.13 was found for the tran-

sition to the %Cr state observed at 4.041 MeV. This statewheres = 0.10 in the absence of further informatiph,2].
corresponds with the adopted level at 4.042 MeV which hagorJ > 0, we then construct the quantities
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FIG. 12. Comparison of results from a receifiip shell-model FlG'_13' C_omparison of results from a recefip shgll-model
calculation with the ©,,, proton stripping spectroscopic strength calculat!on with the 0, proton p'CkL_jp spectrosgoplc strength
shown in Table VI. In(a) spectroscopic strength is plotted as a ShOV\{n n -l;?ble VII Iq(a) spectroscqplc strength is plotted as a
function of 5®Fe excitation energy while the summed spectroscopicfunCtIon qf Cr excitation energy while thg summed spec_troscoplc
strength is plotted as a function GfFe final state spin irb). strength is plotted as a function GfCr final state spin in(b).

Shown are only those final states for which spectroscopic strength I{éhgv(v)ré are only those final states for which spectroscopic strength is
> 0.05. e

303 3 transferred spinn is a normalization constaff] to be de-
Q,=> (_1)Jt+j+J’{ , a _‘]{nsjr/Jr(_l)JSJ—,}’ termined, and is constrained by €J<(N—1) whereN =
3 I min{[ J;1,[j I}. For a perfect fit to the sum rules, a single value
(13 of n would result inQ; = 0 for each of theN values of
whereJ; = 3 is the **Mn ground-state spinj = 1 is the J> 0. However, the erroraS;, andASS;, of Eq. (12) propa-
gate into errord\Q; in the Q;, so that
TABLE VI. Spectroscopic factors forfQ, proton transfer on )
55Mn to reach final states of spili at excitation energf* in the b
2_ 2f 2/t 2 —\2y.
final nucleus. The partial surrsg,, S, , used in the text, are ob- (AQy) _? J i o {n (Sy0) +(SJ’) }'
tained by summing over final states of the same SpirThe exci-
. : . i : (14
tation energies of final states reached via stripping were obtained

from Refs.[5,6] while those for pickup final states were obtained therefore, a standard form of the goodness of fit indicator,

from this study. sz is given by
Stripping (3] Pickup 1 Qz
J E* Mev) Wlog 3 E* (Mev) C%S 2_ J 15)
3] X TN-2)%% (2Qy)° (
2 0.847 1.45 2* 0.835 0.85 he fi b imized b . d .
4+ 2085 0.36 4t 1.824 099 T e fit can now 2e_optlzmlze y varying to determine the
o+ 2 658 014 ot 2 622 0.02 mlﬂlmum valuex® = xmin,» and tr_\e c.orrespondlng.value qf
5+ 2 060 0.02% o+ 3076 0.09 n= ninm .hThehresuIts arle slzgoxvrélrj Ft;g.d|14];_CI<()jser |Ss_peﬁtlon
1+ 3.120 0.027 4+ 3159 0.84 reyeqslt at the sfur;: ru eh rl— is ? y |tteb,a_n :jsft e
4+ 3123 0029 @ *d 3220 0.27 prmmpla_ cg_uselz It:e Lat er argﬁ v? uexﬁr(]i_no tameI or
6 +b 3.388 0.90 ot 3.429 0.05 cu;vte bln |gt.. Il Iurt errT:pre,tt etlt toft is fsu;n ru ::-ht;]rns
o+ 3.748 0.128 4+ 3.656 034 Outtobe particularly sensitive to a transfer of strength from
6+ 3.756 0128 5 *d 3788 1.06 the p'a.rt.lz.il sumS; to.the parthl .surrSA} . Of course,'other
o+ 3026 022 possibilities of reducing the original discrepancy exist, but a
6 +d 4'041 0'13 virtue of applying the sum rules is to focus attention on

likely candidates. In the present case, the obvious focus is on
3Strength of 0.08 distributed equally over final state spins 6f 1 S, andS; .

2%, and 4" as discussed in the text. In this regard the possibility that the strong State seen
bAssignment made on basis of Matoba’s suggesfiéln sum-rule  at 3.788 MeV excitation in®Cr could be masking some
analyses, and shell-model calculations as discussed in the text. strength to the 3.799 Me4 *) state was investigated. This
Strength of 0.25 distributed equally over final state spifisshd  was done by attempting to deconvolute the yield which in
6" as discussed in the text. the analysis above was assumed to be associated with the
dSpin assignments made as discussed in the text. 3.786 MeV (4*,5%) adopted level. Pickup data for which
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same region of the spectrum. In this casg’s of 2.78 was
8 bl b obtained. The fit obtained is also shown in Fig. 15. Although
the reducegy® was lower using two Gaussians, the FWHM
of the superposition of the two Gaussians was larger than
average for this run. Since the FWHM of the superposition
fell within three standard deviations of the average, however,
it is possible that the 3.799 MeW ") state is excited. Using
the fits described above, it was possible to establish an upper
limit on the intensity of the state at 3.799 MeV relative to
that at the 3.786 MeV. This intensity ratio was found to be
~ 20:100. No lower limit on the relative intensities could,
however, be established. Curve Il in Fig. 14 shows the re-
sults of the optimization ofy? following the assigning of
~ 17% of the 5 strength associated with the observed
3.788 MeV state to the %4 strength associated with the 3.799
0 Frrrrrrrrrrrrrer e MeV state.
0.6 0.8 1.0 1.2 1.4 Also of interest is that, although the fit to the sum rules
shown in curve Il of Fig. 14 is much improved over that for
n curve |, the value ofh,,, is similar for the two cases. This
feature of sum-rule fits has been noted befidk and im-
~ FIG. 14. Plot of goodness of fit indicata” versus normaliza-  pjies that the optimal renormalization of the data is robust
tion n. See text for discussion. against possible errors in the data.

With n.,;, determined in this way, the absolute normaliza-
tionsn® andn~ of the stripping and pickup data of Table VI
%an be extractefi], given an estimate of the fractiop of
the total G, proton strength that resides outside the excita-

fits to resolved states in the vicinity of 3.786 MeV, while then%'on energy region probed by the transfer experiments. With

: . in = 0.89 from curve | of Fig. 14 ang = 0.2 = 0.1[1],
eak centroid was fixed to that expected for the 3.786 Me\}'mn. A ;
gtate. The resulting fit having an agsociaxéoper degree of we find that the stripping and pickup data of Table VI should

inli + — -
freedom ) of 4.43 is shown in Fig. 15. Two Gaussians be mult!plled byn = 0.74% 0.09 andn =0.83% 0.10,
with centroids fixed at 3.786 and 3.799 MeV, and bothreSpeCt'VeW' The diagonal contributions of thi, proton

widths fixed to the value used before, were then fitted to the rbit to various one-body observables can now be calculated,

in particularJy, the contribution tal;, the maximunz pro-
jection of the spin of the®®Mn ground state. Using the

X

500 ' ! ! pickup data of Table VI, for example,
2
wod  XMv = 443 L
3788 MeV (adopted level) 1 o L L
3001 3786 Mev - Jf=m§ {3+ D +j(j+1D) - A'+1)}n"S,,,
200 L (16

100 F

with a similar expression involving the stripping quantities.
Taking the average of these two estimates, we Jinet 2.05

counts/channel
o

wol XYV =278 | + 0.21. As far as othefp valence orbits are concerned, our
5788 MoV results indicate that their contribution 8 is negligible.
300 \ (adopted level) | Since a fractional increase of {1y) generates an identi-

3.786 Mev cal fractional increase afi” andn~ [1], a value ofy~ 0

results inJ=J,. Thus, in common with other sum-rule

analyses in the loweip shell[2], the transfer data are con-

sistent with the simple picture in which the £, orbit is

. : : being preferentially filled, with the low-lying spectroscopic

0 780 790 800 810 strength close to the corresponding shell-model values. This
position along focal plane (channel) is at odds with the spectroscopic factors for pickup from

valence orbits determined using the & p) reaction on me-
FIG. 15. (top) A fit to the 5%Cr peak observed at an excitation dium mass nuclef34,35. Although some enhancement of
energy of 3.788 MeV using a Gaussian line shdpettom) Afitto  the latter may be in ordd86,37, we should stress here that
the same peak using two Gaussian functions. The solid curve regur determination ofy ~ 0 is model dependent, in particular
resents a superposition of these Gaussians. See text for discussidn.the spin distribution assumed for the unseen strefigjth

200
(adopted level)

3.799 MeV
100 4

\eO
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V. SUMMARY Our symmetric NEWSR fits, though acceptable, are infe-

o . , 3 rior to those previously obtained f3fV and %°Co[1], point-
Angular distributions associated with t&Mn(d,He) ing to some deficiencies in thef£, proton transfer data

5 — i -
“Cr (Eq = 46 MeV) reaction have been measured and anay,sed. Nevertheless, good overall agreement with the results

gﬁegxé?tﬁiilg (s)?eGCtlrgzc&p;c\:/f?n%ac():rrs fg;éﬁqg?r?é S,:Iaés\fslg) tOof a recent shell-model calculation using a new eff_eqtive in-
' ' : ; teraction for the 01p shell has been found, emphasizing the

analyses of thef,, transfer data, together with comparisons __ .~ .. : :

: ; reliability of this calculation.

with shell-model results, have allowed us to make spin as-

signments of 6, 57, and 6" to the levels in>*Cr located at

3.222, 3.786, and 4.042 MeV excitation, respectively. For

the remaining orbitals of thef@p shell, our findings are

consistent with a smallds,, and negligible ®s, and Ip,;, The assistance of D. R. Geduld during the target manu-

proton occupancy irt°Mn. We have also located a substan- facture and thickness measurement is much appreciated. One

tial fraction of the @1d proton pickup strength above 4.128 of us (R.T.N)) is grateful to the Foundation for Research

MeV, allowing us to make some further spin and parity as-Development, the University of Cape Town Research Com-

Ei%nments, in particular that of 3to the 4.245 MeV state of mittee, and the Mellon Foundation for financial support re-

r. ceived.
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