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SCATTERING OF AIPHA PARTICLES BY 55Mn*
I. Gabrielli+,AB. G. Harvey, D. L. Hendrie, J. Mahoney,
J. R. Merivether'! and J. valentin™*t
Lawrence Radiation Leboratory
University of Californis
Berkeley, California

September 1968 |,

Summary , .

The elastic and inelastic scattering of 50 MeV alpha particles by 55Mh has
‘been measured. The angular distributions of the scattered alphas from several
excited levels were analyzed by means of the distorted-wave Born approximation.v
Transition strengths were determined for most of the levels observed. Energy
resolution permitted the observation of the first excited state (0.126 MeV)
ééparated from the elastic peak. Two singlé'states previously observéd in alphé
scattering were éach resolved into two states (2.25 and 3.37 MeV, probable fran-

sition, £ = 2; 4.27 and 4.39 MeV, probable transition, £ = 3).

*This work was performed under the auspices of the U. S. Atomic Energy Comission. -

tNATO fellow. Present address: Istituto di Fisica dell'Universita

Trieste, Italy.
t+
Present address: University of Southwestern Louisiana, Lafayette, Louilsiana.

+t P < N
Presgent address: Universite de Grenoble, Grénoble, France.
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nucleus has an unusual feature in that its ground state has five (f
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Introduction.

A number 6f studies have recently been performed on levels of 55Mh. ‘This

) protons

7/2
. In addition to investigations of the excited

(2,3,4) (5)

-(1)

coupled to give the spin of 5/2

and neutrons'”’, a measurement

(6)

states ﬁy inelastic scattering of brotons
by means of 43 MeV alpha scattering has been reported . In the latter experi- -
ment, with a resolution of 280 keV, the first excited state (126 keV) could not

be resolved from the elastic peak. The angular distribution of alphas elastical-

1y scattered from 5SMh haes been studied in terms of optical model parameters for

a beam energy of 43 MEV(7), 22.2 MeV(8), and 24,7 MeV(9). :
We have measured the scattering of 50 MeV alphas, with the improved resolu-r

tion which is now available with cooled silicon counters, in order to obtain the

angular distribution 6f alphas from the first excited state, to investigate the

. levels of a collective nature and to determine transition strengths. In addition, :

the availability of better alpha scattering data from 55Mh, along with other ek- -
perimental data, can be the basis for a description of the low-lying excited states

of a quadrupole nature as a coupling of a proton to the quadrupole state of a

Cr core, or a hole to the 56Fe(10,ll).

.

Experimental Procedure

The beam of 50 MeV alphas, provided by the 88f éycloﬁfon was Pfocused qnﬁo
a self-supporting evaporated foil of 55M’n, which wésﬁ250 g/cme thick. In addition
to carbon and okygen, a small améunt of Al and Cl contaminants were present in
the Mn target due to the method of target construction. Scattered particles were
detected in four lithium-drifted silicon detectors, éooléd to -25 °C, yielding
resolutions of 50 to 75 kéV-depending on the scattering angle. The beam was col-

lected in a Faraday cup and checked with a monitor counter placed at a Tixed angle
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of 20° with réspéct to the Eeaﬁ. A sample spectrﬁm is shown in Fig.-i, with an .;f;-'i
indication of the analyzed levels and the values of their excitation energies;
computed with reference to the elastic peak aﬁd to the 1.884 MeV level. For the
final extraction of the cross sections an IBM 709& computer program(lg) has_ '»v '_i ﬁf
been used, with which several levels not completely resolved in the spectra have |
been separated.

._Results

Fig. 2 shows the_éxperimental.élastic angular distfibution and its best:w

fit to the optical model with four free parameters(lB).

r - R v , v ‘

vop.t = (V0 + iW) (1 + exp

Tﬁe values of.the'optical.parameters (V=198 MéV, W = 27.9 MeV, R = 1.35 Fm;bv

and a = 0.59 Fm) are consistent with those of other alpha.scattering experiments;, };;
The experimental ineléstic angulér digtributions were compared with theoretical o
differential cross sections obtained from the.cbllective model distorted-wave_

vBorn approximation  (DWBA) using these optical parameters(lu). By comparison of

the experimental and theoreticsal differentiai cross sections at the first four

- diffraction maxima, the transition strengths were compﬁted for most of the

observed levels. The strengths are reported in terms of B(Ef)4 which is indepen=-:

dent of the spin of the initial and final states.

B(EL)t = [gﬁz Ré} [(%QE’-) /(%%) ] . | )

f exp DWBA : : 4

‘where R, is the charge radius ( = l.QA;/B), ! is the angular momentum transfer, g/
and Z 1s the charge of the target nucleus. In addition, the strengths are given

(16),

in single partitle’units for the states of known spin
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T e
M (e? L,

G cle-re e ; B(EZ)

where Jo is thé>s§ih Qf the ground state ahd J the spin éf the excited state.
The estimated precision of thé gtrengths is aboutvlo%. |

In Fig. 3 are‘given the experimental differential cross secfions of alphés
scattered from levels which are well represented by the theoretical distributions
for an angular momentum transfer of two:(l = 2). The latter are shown as the -
dashed curves which have been normalized to the data.

The transition strengths to these states are listed in Teble 1. It should

“be noted that the sum of the observed I = 2 strengths in 55Mn (sum of the Bi

values) is nearly equal that of the 0.847 MeV, 2+ state in 56Fe (15’16) and in

the range of values reported for the 0.835 MeV, 2+ state in 5uCr (26)

. - Neverthe- ’
less, it does not look appropriate to invoke the weak coupling model here. The
vl ='2 strength is spread over nearly 3 MeV and a dispropoftionate fraction of thé
stfength goes to the 0.126 MeV state..

In Fig. 4 are shown the experimental angular distributions which appeaf to
agree with a value of f = 3; the theorétiéal'predicfions of the DWBA analysis aré"
shown as the dashed curves. Our data is not consiétent with a.negative parity
assignmént fo the state at 1.289 MeV; it appears to be'populgted by reasonablyv
strong £ = 3 trénsition. Although the possibility of a double excitation procesév
forming this state cannot be ruled out, it is interesting to note that an ll/2+
assignment is gléo consistent with the data of Ref. 5; ' | o

(&)

Peterson has recently conjectured about the validity of the weak coupling
model for states.with octuple core &xcitations. In general our results are
consistent with this view and with his spin assignments. Although we find the

.27 MeV state slightly stronger than the L4.39 MeV states our uncertasinties

~
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ﬁake it undeéirable‘to reversé his'assignments here. Aithough we were unablevtd;.
- reliably extract the 3.60 MeV level that Peterson saw, we were able to get énﬂ
additional 2 = 3 transition to a levél at 5.05 MEV;. Comparing the relative
strengths of the two states, we decided to assign 3/2+ to the 3.05 MeV staté.and o »
to change Peterson{s assignment to the 3.60 MeV state from 3/2% %o ;/2+; Table iI f
 reflects these assignments and their strengths compared with 56Fe. o

The 1.527 MeV, 3/2” state is present at all angles, but with a low cross
section (less than 1 mb/sr at.the Smaliest measured angles). The hypothesis,
thaﬁ this is a single particle level, is consistent with our‘data. Thé angular
' distribution of the state at 5.04 MeV agrees fairly well with the DWBA curve for .

an £ = b4 transition, but the oscillations are quite small and not well-defined.
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Table*I.»_Tfansition_sﬁrengths'for the quadrupole levels -
” of Pun, Por, and Pre

t4

Q B(E2) 4 (fm”)‘ J7 ¢
DMy -0.126 . 426.0 7/2" 25.8
-0.983 167.0 . (9/27) 8.09
ot -1.884 . 119.0 (5/2')i 9.53
(7/27) TS
S2.25 % .02 35.7 o
 ‘2'57,i 02 53,7
-2,82 * 02 . 'ahl.o
total ' 8u3.0 |
o -0.835 570-1060% o
6. -0.817 8T 2
8Ref. 16
Pper. 15
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Ref. 15

~ Teble II.. - e octupole levels
‘ of 55Mh and 56Fe o v '
Q B(E3) 1 (£md) JT G
Dy ~1.289 586 (11/29% 1.6
,=3.05 * .02 647 (5/2*)b 5.4
- =3.60 * .02 kop® (1/2™) 7.6°
409t .02 765 (5/21° k.3
h20 *.02 0 370 (11/2*)b 8.8
e al02 1537 (1297 6
439 % 02 W67 . (9/2H° k.9
total | 8008 |
- S6p, .50 82162 3= 7.1%
PRef. 5
bRef. 4

®Taken from Ref. k:and calculated from his strengths.

v

. ™



-9~ UCRL-~18488

Figure Captions

Fig. 1. A sample energy spectrum at a laboratory anglé of 5é°.

Fig. 2. The elastic angulsr distribution in terms of the ratio of the experi-
mental to the Rutherford cross section. The dashedicurve is the optical
model fit to the data.

Fig. 3. The angular distributions from the levels which agree with an !

=2
distribution according to-the DWBA analysis (dashed curve).
Fig. W. The éngular distributions from the levels which agree with an £ =3

distribution acéording~to the DWBA‘analyéis (dashed curve).
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.





