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THE *¢Fe (d, n) 57Co REACTIONS AND 5Co LEVELS!

ALBERT ADAM*, OLIVIER BERSILLON*, SERGE JOLY*, Montrouge

The (d, ) reaction on a, natural Fe target has been studied at 6.0 and 8.0 MeV deuteron

bombarding energies using the neutron time

ured between 20° and 100°. The measured cross sections were analyzed in the framework

deduce I, values and Proton spectroscopic factors. For the
the compound nucleus mechanism was taken into account.
with the corresponding date from (3He, d) and other (d, n)

lowest bombarding energy
The results are compared
studies.

A considerable amount of experimental [1—9] and theoretical [10—13] works have

been devoted to the study of 57Co levels. Level Pproperties have been studied with nucleon
transfer reactions [1— 5] and y-ray decay experiments [6—9]. Assignments of spin and
parity (J=) have been made [6—

9] and lifetimes measured [8— 9] for several levels below
the 3 MeV excitation energy. Single particle amplitudes are determined directly from
nucleon spectroscopic factors. The spectroscopic factors have thus been obtained from
transfer reaction studies for comparison with theoretical estimates [11]. However, severe
discrepancies exist between previous (d, n) studies [2—4] and also between previous
(®He, d) studies [1—5]. In order to attempt clarification of the transfor amplitudes, we

have completed a new study of the differential cross section of the 56Fe(d, %)57Co reactio
The angular distributions were m

and at two incident energies,
beam of the Bruyéres-le-Chate
repetition rate of 1.25 MHz, an

ns.
easured using pulsed beam time-of-flight techniques

6 and 8 MeV. In this experiment, the pulsed deuteron
1 tandem Van de Graaff had a burst width of 1.5ns, a
d an average current of ~ 0.8 #A. Neutrons were detected

tors located at 18.4m from the
target. The overall time resolution was about 2 ns (see Fig. 1).

Absolute detection efficiences were calculated with the Monte-Carlo code of Textor
and Verbinski [14]). The results of this code have been carefully tested in a separate
set of measurements of detector efficiencies for these detectors [15]. The entire experi-
mental system is described in detail in Ref. [15].

Angular distribution measurements were taken at 6 and 8 MeV
in 5° steps from 20° to 100°. Two different natura)
470 ugfem? at 6 MeV and 870 #glem? at 8 MeV.

incident energies,
1 Fe target thicknesses were used:

! Contribution delivered at the International Symposium on Neutron Induced Reac-
tions, September 2—6, 1974 at SMOLEN ICE, Czechoslovakia.

* Service de Physique Nucléaire Centre d’Etudes de Bruyéres-le-Chitel B. P.
N° 61-92120 MONTROUGE, France.
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Fig. 1. Part of the 56Fe(d, n)57Co neutron time-of-flight spectrum, taken at a %abc?ra,tory angle of 4?\1 a;d with a flight path o
e , showing the low-lying levels of 57Co up to an excitation energy of 5.5 MeV.
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At a 6 MeV incident energy, the compound nucleus part of the reaction cross section
is not negligible. The theoretical cross section is there expressed as an incoherent sum of
direct reaction and compound nucleus components:

do do do

40 de /5.1, de2 /c.n.
where the reduction factor R takes account of the incident flux going into the direct
non-elastic reaction channels. The statistical model of the Wolfenstein-Hauser-Feshbach
(WHF) calculations were performed using a modified version of the code MANDY [16].
The code was modified to be used with incident particles of spins different than .

The compound nucleus part was subtracted from measured differential cross scetions,

and the remainder was compared to the DW.BA results calculated with the code DWUCK
[17]. Since neither deuteron nor neutron scattering was studied in this experiment, the
Potential parameters for the DWEBA caleulations were taken from the literature [18—19],
and the parameters used are presented in Table 1. All the calculations included the usual
corrections for the non-locality of the potentials [20] and the finite range of the n-p
interaction which is here given the value 0.62 fm [21]. Tt is important to note here that
at an 8 MeV incident energy, the compound nucleus contribution to the cross sections

could be ignored: the analysis there consisted simply of comparing the measurements
and the DWBA calculations.

Table 1
Optical model parameters used in DWBA analysis
Particle Vo ro <o W, i % * Vso __ Qg0 50 7o * 8
d [(MeV)( (fm) | (fm) [(MeV) (fm) | (fm) | (fm) _ {fm) | (fm) | (fm) i (fm)
_ 85.50 _ 17.84 ~ ‘ _q
dv | aw 1.175 | 0.821 &.v _ 1.366 ; 0.688 7.5 1.1756 | 0.821 | 1.30 | 0.54
n?) 1.290 | 0.66 1 1.250 | 0.48 7.0 1.30 | 0.66 0.85
P 1.25 [0.65 | _ ! 1 A=25 1.25 | 0.85
_ ‘ ‘ * _
a) Ref. [18]
b) Ref. [19]

¢) Vo = 47.01 — 0.267 £ — 0.0018 B2
d) Wi = 9.52 — 0.053 E

When doublets were not resolved, they were summed as one group and the transition

strengths extracted by fitting the observed cross-sections with the relation:

do dg do
) =@ nes,, () + @+ nesy, (2 @
AR /ep dQ / pr dQ / »r

At a 6 MeV incident energy the eompound nucleus contributions from both levels were
subtracted before fitting the remainder to equation (2).

2Jf 4+ 1
2J: + 1

The transition strengths G, = 28y, deduced from the analysis are listed
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in Table 2 and compared with previous (3He, d) and (d, n) reaction results. When two
final values are possible, strengths are computed for both.

The measured angular distributions together with the Hauser-Feshbach and DW.BA
predictions are shown in Fig. 2 for an incident deuteron energy of 6.0 MeV. All the
transition strength of the f I state is contained in the transitions to the ground and the

Table 2

Comparison of transition strengths between the (d, n) and (®He, d) measurements
Where two spin values are possible, transition strengths are caleulated for both.

Gy
" J ’ :
B Ip nlj (d, )P | (dn)? | (d,n)2 | (dn)® |(3He,d)o] (3He,d) |
(MeV) 6.0 MoV | 8.0 MeV | 10.0 MeV | 11.7 MeV | 16.5 MoV | 22.0 MeV
0.00 3| 1f72 1.95 1.83 2.88 520 | 1.80 0.89
1.377 1| 2p3/2 1.16 0.94 1.73 1.69 1.80 0.52
1.504 1| 2p1y2 0.56 0.36 0.63 1.12 0.72 0.35
1.759 1| 2p3/2 0.18 0.19 0.27 0.30 0.13
2.134 3 | 1f5/2 1.19 1.13 2.22 2.00 1.20
2.312 3 175/2 0.28 0.37 (0.79) 0.70 0.20
2.881 1| 2p3/2 0.16 0.12 0.26 0.47 0.39 0.11
3.124 1| f2p1y2 0.10 0.09 0.02
" 2p3/2 0.08 0.09
3.179 3| 1552 1.19 0.73 1.14 0.84 0.55
3.266 3 | 1f5/2 1.28 0.74 1.62 0.65
i n 157/2 0.54 0.52
3.359 1 |{2p1/2 0.32 0.25 0.46 0.88 0.56 0.16
| 2p3/2 0.27 0.23
3.463 1 “ 2p1/2 0.25 0.23 0.39 0.38 0.14
2p3/2 0.21 0.21
3.722 (0) 251/2 0.02
3.922 11 2p1/2 0.04
A+w 1f5/2 0.11
4.002 1] 2p1/2 0.02 0.04 0.03
~+ 3 | 1f5/2 0.23 0.30
4.048 ” 1| 2p1/2 0.02
+3 175/2 0.12 .
"».so 1 1(2p1/2 0.03 0.02
4.219 | 2p3/2 0.01
"ﬁﬁ (3) A 115/2 0.56 0.70 0.26
4.254 1f7/2 0.41
4.295 n 1] 29172 0.03
+3 | 152 0.57
4.379 1 | 2p1/2 0.03
4.399 “ 2p3/2 0.02
—_——

&) the excitation are those from Ref. [22].
b) present work.

c) ref. [4].

d) ref. [2].

)} ref. [1].

£) ref. [5).

47



d6 /da (mb/sry

Ty LI A A S A N B I B S R A T-T T 1T 7 [ U171
o b Eya 2804 Mo Ey=3359 MeV Ex-3856 Mev Ex 4190+ 4219 MoV
: | . 3 151 1 ] t
aos
R T o b
DON L R w k
[ o - 4
0 Exc= 2861 Moy ] i 7 {
Qs - 1pa1 N Ex=3922 Mev Ex k24144254 MeV
) i L lpe3 i
a2 E m
01} i Wm Wx. ._wam MeV
Qos Fraes, . = ot L -
50 f Exal377 M oo2 |- i . : .m as F . L
. x=1377 Mev 4 7 S ; Exe 4295 Mev
20 dped ¢ % w . £rad002 Mev T ®r Bp=1e3 ]
10 1 Ex= 2960 MeV o ¥ 1 Lp«te3 o] »\ﬂrl,.// -
Qs | 02 | * i — H Qb -
b L 2 o1 - E |
00s
o1+ i E
L St ) 002 Ex=3722 MeV
008 e . - ﬁ *. o e @l 1pn0 | Exad79+ 4399 MeV
S J — * _ ] os L * Exa 3124 Mev N 02 Apt
20 |- Exu1504 MeV/ fpu1 7] 4
0 2pa1 i L Ex-2561Mev
o i 4
H 005 4
......................... 47
a2 -
7 obur*\r 2 IS S B R S B
o1 . aw | _\ , 0 20 40 60 80 100
0os - i Exe3179 Mev
..... . Ex= 2612 MeV os | 2.3 B
002 Sl B o1 N } P=
............ aos |- | | 02 | £ R Fig. 2. Angular distributions of deuterons from the 5Fe(d, n) reaction. The dashed lines
o1 L Rt -A::v :-_ ........... o1 |- i represent compound nucleus contributions calculated with the WHF formalism. The
— i fo W2 |- A 1 005 |- | solid lines are the incoherent sum of the WHF and the DWBA predictions. The I, values
t * H.- * 1_!!.% | oo 7 o = and the excitation energies are shown.
o2 =TT _ B = -
Ex2724Mev b +
10 Ex «1759 MeV _| Ex= 3266 MeV . B .
hw.. - @ k- ey a5 |- uwn 3 - 2.312 MeV levels. The transition to higher levels characterized by a I, = 3 momentum
os h w * . L 1 oz [ . ; | transfer can be assumed to go to the f § subshell. For the [, particle states it was
4._.,..:; ] il y assumed that levels below 3.5 MeV had the spin J = 2 and higher levels the spin
J = %. The DWBA curves were calculated with these assumptions. Since the time
separation of peaks decreases when the deuteron energy increases, yield extraction
becomes more difficult at Eq = 8.0 MeV. Thus, at the energy fewer angular distributions
were obtained. However, the results obtained at both energies are in good agreement,
O 20 <0 60 8 100 0 20 40 60 as it can be seen in Table 2.
80 100 0 20 40 60 80 100 In general, the DWBA fits to the data are quite good except for the 2.134 MeV level
P for which several I, values were tried, but without success. We chose the I, = 3 value
€m because the spin was known to be J= = 5~ from previous experiments [6--8]. The
2.980 MeV level was populated with an I, = 0 transfer in the 36Fe(3He, d) reaction [5].
The figure continues on the noxt P, The ‘mxmols\ﬁsom‘_ distribution is not in disagreement with such an assumption, but
nothing can be deduced here because of the lack of the forward angle data.
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Level assignments and comparisons between different experiments are very difficult
for levels with excitation energies above 3 MeV. The level density there is quite high,
as seen in a recent high resolution study of the #0Ni(p, «)57Co reaction [22].

The angular momentum transfers deduced from this experiment are in agreement with
those determined from earlier (d, n) and (*He, d) studies. The transition strengths have
not been well determined in previous experiments, as noted in the introduction. For this
reason, a comparison of strengths determined in the two types of transfer reactions has not
been possible. Qur strengths, determined by different analyses at two bombarding ener-
gies, are in agreement with each other and with those of Couch et al. [4] obtained from
the same reaction at E, — 10 MeV. This would seem to resolve ‘the disagreement between
the results of Couch et al. and those of Okorokov et al. [2]. Since the results of two
different (3He, d)} measurements are not in agreement, it is difficult to compare our
results to those from the (*He, d) reactions.
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