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. ANGULAR DISTRIBUTION OF FRAGMENTS FROM
FISSION OF Au'”7 WITH CARBON IGNE"

‘Glen E. Gordon, Almon E. Larsh, snd Torbjgrn Sikkeland

Lawrence Radiation Laboratory
University of California
Berkeley, California

Jenuary 1960
ABSTRACT

The kinetic energy and angular .distri‘but‘ion of fragments >from
fission of a7 yith 123- and 93-Mev carbon ions have been determined
by observation of the fragments in gas scintiilation and solid-state
detectoré. Between 20 deg and 160 aé.g in the center-of-mass system,
both angular distributions lie slightly aﬁove a 1/sin @ curve, fau;ng [
velow it beyond those jangles. The snisotropies [5(00)‘/'0'(900_)} are
4,7 and 3_.8 for 123~ and 93-Mev carbon 101:5, respectively. The most
probable fragment kinetic energles in -ﬁhe center-of-mags system are |

73 % 3 Mev end T1 # 3 Mev,

# S - :
This work was performed under the suspices of the U. 5. Atomic Energy Commission.
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ANGULAR DISTRIBUTION OF FRAGMENTS .FROM
. L *
~+FISSION .OF Aul97,WITH;CARBON'IONS
‘Glen.E. Gordon, Almon.E. Larsh, and Torbjérn Sikkeland
Lawrence Radiation Laboratbry
University of California

Berkeley, California

vDecémber, 1959_

The.kinétic energy and angular distributionzof fragments from fission of
vAu197 with 123~ and 93-MeV.C:I72 ionsvhave beenuﬁeﬁermineduby observation of the
fragments ih"gas scintillation and_gblid-state detectors.

Tﬁe‘fragments enteréﬁ the sCintillétion.chamber through a l/h-in.ediam.
.window of O.d3—mil;Ninfoil_suppérted against the vacuum by a h9%-transmission
grid. Thé‘scintillétiﬁg gas was .argon. which flowed thrpugh the chamber at 1
atmosphere. Theiéhamber walls weré.coéted_with Tyéon.?aint (refleqtof) and

: diphényl Stilbener(wave-length shifter)f..The fa¢e of the DuMont 6292 photo-
miltiplier tube Was-also,coated,withbdiphenyl stilbene; Pulses from the
photomultiplier tube were amplified befére being analyéed by é Penco pulse

| height analyzer. |

The .energy scale,was-caliﬁrated with a,Cf252 spontaneousffissioh source.

The.vaiues-of the kinetic energiesbof the peaks of_that»spectrum,were téken

fiom the data of Fraser aﬁd’»Milton.l Corfections‘for energy loss of the:
fragments in passing through the window were maée with the help of{Fulmer's
fragment range-energy da.ta...2 |

‘The targets were lOO-to,ZOO‘pg/cmzﬂof Au.§aporizediopto 0.1-mil Al
backing foil. Corrections for energy loss.in the target material were made

empirically by bombarding a series of targets of various thicknesses -and

extrapolating the energy to zero thickness.

% v : : _
‘This work was supported by the U.S. Atomic Energy Commission.
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The solid-state detector consistéd_qf_a p-n junction-prqduced.by diffusion
of n-type impurity into one face of atf-typs Si,ﬁafer. Charged éarticles pass=-
ing thro#gh the depletion layer create'eléctrons and.holes, These are collected
and -the pulses are amplified and recorded as described.above. - The Jjunction was
reverse-biased by a 9-v potential. Under this .condition, the edge of the deple-
.tion.layer extended to ~1.25u below the surface of the detector and -had a total
thickness of ~30p. The resolution and stability of the solid-state countef..
were much better than fof,the gas scintillation chamber: -itﬂshodld be possible
to produce a solid-state detector in_wﬁich the depletion-layer extends to the |
surface. g

'~ The data were analyzéd by assumihg that the most probable kinetié energy
represents the kinetic energyvper fragment when symmetric division OCCQTS...ThQ
plot of kinetic enérgy as a function of laboratory angle was fitted to calculated
curves to;obtain the values of the most probable kinetic energy per fragment in
the center-of-mass system, and the ratio

" n = v/V
where v is the-veloéity of the .compound nucleus in the direction'of_the beam,
and V is the velocity of the;fragmept in the moving system.

The analysis yields n‘values Bf 0.223 % 0.01 and 0.190 + 0.01, and-EK(c.m.)
values of 73 = 3 Mev and 71 £ 3 :Mev for 123~ and 93-Mev bombardments,
respectively. These n values were used to transform,the laboratory angular
distributions (Fig. 1) into the centef;of-mass.system (Fig. 2). :Within
experimental error, the mn values represent full momentum transfer by the bom-

‘barding particle to the fissioning nucleus.

PN
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“The following details of the results should be noted:
(a) The center-of-mass angular distributions are symmetric about 90 deg,

within experimental error.

(5).BetWeen 15 deg and 165 deg on the 123-Mev curve, the points lie some-
what above 1/sin®, in fair agreement with Griffin's predictions.3
" (c) The ‘shape of the .93-Mev angular distribution near 0 deg and 180 deg is
in better agreement with thé'predictiéns of Halpern and Strutinski

“than with. those of Griffin.

Preliminary results with 160-Mev 016.on a7

5

confirm‘the‘results of

Quintoﬁ, Britt, Knox, and Anderson. |
.The authors gratefully acknowledge;the.assistance of William Hansen, who

prepared theisolid-state‘detector, and of AlbertEGhiorso; who made many helpfui

suggestions.
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Fig. 1. Angular distribution of fission fragments in
the laboratory system. Upper curve, Aul97 + 123-
Mev Clzg lower curve, Au197 + 03-Mev Clz.
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Fig. 2. Angular distribution of fission fragments in‘
Aul97 +

+ 93-Mev Clz.

the center-of-mass system. Upper curve,

l23-Mev ClZ; lower curve, Au197
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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 enployee 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.





