=

e e — I

: T S
'LIN REFERTNOT . RUkRmm. |

7-.__4_. el L J Lt §

AED-Conf- 6 3- 0 #£- 7.2,
Washington April, 1963

J.C.D.*Mi}ton
Energies and Yields of Prompt Neutrons from Individual.
Fragments in the Fission of U e 5

e, i i TSR X

In the last few year§ coﬁs1derab1e interest has
centered on the prompt neutrons emitted during the fission
process, These measurements are important to the under-
standing of the fisslion process since the neutrons carry off
about 70% of the total excitation energy. '

An experiment to study the prompt neutrons

from thermal neutron fissilonable nucleli has been set wup

at the NRU reactor. The apparatus is illustrated in slide one.

A beam of neutrons from the reactor travels normal to the
slide thru the source of fisslonable material. The beam isg
fitered thru 6" of Bi to remove ¥'s from the reactor and |
thru 8" of cr&étalline quartz to improve the ratio of thermal-
to-fast-neutrons. Even 80 background due to fast neutrons
is a serious problem and a liquid N2 cooler 1s being installed
for the quartz filter to increase the transmission of thermal_
neutrons without changing that for the fast neutrons.

Both fragments are timed over nearly equal 140 cm flight
paths, All three fission detectors are of the secondary .
electron type. The passage of one of the fragmants thru the
"start" detector gives the zero for all 3 timing measurements .
The neutron flight path is 1 meter., All 3 flight times,
together with a code specif¥ing which of the 4 neutron counters
was responsible: for the quadrupde colnclidence are punched on
5 channel paper tape., The data‘are'aubsequent;y converted thru

]

done on

cards to magnetlic tape and all further data procéssﬁ?ﬁl
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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.
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a Bendix G-20 computer,
A complete time calibration on all counters will be |
done automatically every 16,000 events by aimotor driven helical
. delay ‘line with a range of 100 nsec, The/time calibration is
kmown to an absolute acouracy of better than 1%, The efficiency
of the neutron detectors was measured by comparing the time-of-
flight Spgctrum.with'tge known energy spectrum of the 0235 |
neutrons. For this purpose the fission fragment time-of-flight -
system was replaced by 27 solid angle gas scintéillation couhter.' N
The efficiehcy measurements were not made with high precision

‘ énd'must be repeated. COnsequently the results presented today .
should be considered as a progress report. : o

All data so far have been taken using a U233 aourcét In‘ |

- one month of continuous operation 300,000 events were recorded,

| over half of which were background. Because of the two problems,

lbackground and neutron efficlency, moat of what I will say today .

has been deduced from ﬁhe 10° data only, In that counter we

observed 150,000 events, of which 42,000 were neutrons and

| 29,000 prompt v rays. The normal spectrum (fragments only,

no neutron coincidence required) contained 73,000 events,

An extendive series of data reduction programs have been -
tested on the G-20 . There is of course a great wealth of information'
in experiments of thia type and one of the problems 13 how to
present yourself with this 1nrormation in a form ready for

assimilation¢ Generally speaking our philosophy has been to

calculate the moments of the velocity épectrum as a function
of the mass and energy of the fission rragmenta, In particular |
we have calculated the 0, 1..2 and k moments in both the lab,
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and center-of-mass co-ordinate systema. I will have time for i
only one illustration of how these moments can be used, Let |
us look at the center-of-mass moments in Slide two, The lower
. curve shows the zeroeth moment, or the numbeyr of neutrons v,

as a function of fragment mass, The'ﬁiddle curve shows
‘eaxentially the second moment, or the average energy n. The

fourth moment 1s used in finding the statistical errors in n.

The upper curve is the "normal" mass yleld shown for orientation.
| It has been shown, at least for C£292, that the assumption of

isotroplc emission from the fully acceleratdd fragments, an as~ -

sumption necessary for the interprstation of this figure, is
sufficiently well fulfilled,.
This 1s the first direct measurement of v for U233 yitn

high precision, It 18 in excellent agreement with the indirect

determination made by Terrell from the comparison of prompt and

final mass yields, even down to the flat portion in the light frag- v
ment which is less prominent in the heavy. Notice that v drops to zero .
in the neighborhood of mass 80 and 130. This suggests that the
expected mass resolution of 1.8 mass units FWHM, has been achleved,
_The figure has not bean corrected.for any instrumental reaolut;bnm
This slide also illustrates an interesing feature and one
that was observed in the Cf experiment, Despite the saw tooth
variation of v, the average neutron eneﬁgy 7. 18 symmetric about
the symmetric mass point, so that even tho there are very few
neutrons emitted b: a mass 132 fragment,;fhe neutron energy is never-
theldss high, Or in dbther words the temperature of a mass 132 frag~
ment in the nelghborhood of the neutron binding_energy i8 the same as

the temperature in & mass 102 ;ragment at_an excitation energy some

10's of Mev higher,
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There are two rather different modezs which can exp1ain ;"f'

both of these observation These models differ mainly . in their J}fif
description of the fragments at the time of sciseion, i.e. as the f%-'”
two fragments are Just separatins- In the etatistical model the ;tjn o

fragments are thought of as. nearly spherical. hot with little or ff";'

no energy tied up in deformation and in thermal equilibrium.‘ This ;?L’“

- model. automatically ensurea that the two fragmenta in a pair will - nf“
. be at the same temperature and_so the appearance of the middle l- :
curve falls out immediately. The eaw tooth v curve cevers—about '

as a consequence of . the wide level spacing at low excitation energies

in the near magic. nuclei. The point 1s illustrated in SLIDE 3. ‘This i~

slide shows the. excitation energy on the spenified fragment when the'“'
< two fragments have 10, 20, 30 and 40 MeV to share between them.’ j”jlfi‘

i

Notice the saw tooth behavior at low excitation energiea..‘Without
too much difficulty this model can be’ made to fit ‘the observed v

curve very well, - ' 3 . v 'ti-?f--". 5..";‘:": *F}

Nevertheless there are reasons for dohbting the validity ;j;;

-

of such a model.» Briefly there are two. such reasons. ~Firet, the IR RN
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model does not give reasonable values ror the kineticqenergies of the:
lﬂ,
fragments unless one tampers rather arbitrarily with the separation l;

’

-

hof the contre of the spheres. Second, if two nuclei in such proximity
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are to remain spherical in spite of the very strong polarizing forcee

present they must be rather stiffer than ordinary nuclei. To meet

.

these obJections an opposing model has been developed which pictures
the fragments at sOission as completely cold, all the energy which |
subacquently appears as excitation enersy being present as deformation
energy. This model prediots reasonably we11 the two features of the
neutron variation shown on the previous slide, as well aa bath the -

absolute magnitude and variation with fragment mass of the total kineti: .
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cnerly. The saw tooth v-curve rollows from'the'ektra'stiffness‘, '

»

towards deformation possessed by near magic nuole1 and the
symmetric n variation follows, provided that this stiffness 1s
,1nverse1y proportional to,the speoiflc heat.-.- P

The question then arises. is theré some qualitative 't'ﬁ.k i

-

feature that would distinguish between these two pictures,

I believe that there 18, Let us consider the extra neutrons .ﬁﬂ

coming from ‘one of the fragments when an addttional Mev. of

~excitation energy 1s put 1nto the system of both fragments, 1n .

" other words ' %% o B According to the hot spheres 1n con-'
x total . " \

tact model,'this derivative 13 closelj related to the separation .
of adjacent lines on the plot of Siide’ three. Thus 1t 1s . ’

-+ expected to be generally 1ncreasing from light to heavy masses. but
rather constant over the light mass. peak and extremely large at
mass 132, The actual experimental values for —E-'* - are shown

: total
by the crosses in Slide h They . are completely at variance with
the picture I have Just presented verying by e very large ‘fastor
over the light peak and being abnormally low at mass 132 On
the other hand they lend support to the second pioture 1n whioh
‘the stiffness of the fragments 1s large when_they are near elosed:'
shells. Thus, just as in the stretohing of a weak'spring'oonplea -
to a strong one, the stiff~fragment.w111 pick»up-very littletof.
the extra eneruy and the floppy one, most of it. The data then-
seem to support the picture of cold rrsgments et soission, at
. least one of which is highly distorted. The dashed lines on the
figure show the behavior of' dv/dE if the additional excitation

energy is distributed equally between the rrsgments. the solid

line if it all goes onto the one rragment,. In the regdon of
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mass 90 the. 1ight. fragmenta takeg‘almost all of the additional

enersy, and in meneral appears to get more than 1ts fair share,
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asain 4n contraat to the hot sphere pioture which wouid give

"most of the additional energy to the heavy fragment.
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In closing I wauld like to atresa that I have discussed

':only one, example of the results and thaﬁ a11 the experimental

points were deduced directly from moments of the observed-

‘.,,«.

; distribution.‘ This 8. true even in the last slide where the

A <dv/dE> points are essentially given by the mixed moment or g
' - covariance c(v,E) = (vE) <v)<E) '
covariance is directlJ related to the slope or the linear 1easts

Aksquares fit to the' average vaxue of v as a”function Of E through

. 'the. equation C(V,E) o 02(3) <%g>¢
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It turns out that the
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A.EC.L. Ref. # A.2920.8
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A.E.C.L. Ref. # A-2911.H
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A.E.C.L. Ref. # A.2910-J
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