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Actinide fission reactions are important

Major actinides (3>238U and 23°Pu) are well measured with direct techniques,
and continue to be looked at

Neutron-induced reactions are particularly important

Longer lived minor actinides (233234236, 240.242p 237Np, etc) have also been
studied directly as much as possible

Even short-lived minor actinides have been studied (a long list)

But, there are limits
Where triton beams can help...

| will be discussing 23’U and 23°U as examples
And for background, t,,, for 23U and %3°U are 6.75 d and 23.45 m, respectively
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Pommard

* Nevada Test Site underground test used for (unclassified) nuclear data
measurements

* LA-4220 FISSION CROSS SECTIONS FRQM POMMARD, P Seeger (1970)

* “Neutron-induced fission cross sections measured by LASL...on the Pommard
event of March 15, 1968”

* The isotopes 232233.235.230.237 ) 238.242py 243Am and 2%*Cm were measured
« Only 27U(n,f) discussed here

PHYSICAL REVIEW C VOLUME 9, NUMBER 2 FEBRUARY 1974

Neutron-induced fission cross section of ®'U

J. H. McNally, J. W. Barnes, B. J. Dropesky, P. A. Seeger, and K. Wolfsberg
Los Alamos Scientific Laboratory, University of California, Los Alamos, New Mexico 87544
(Received 5 March 1973)
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The Measurement (figures from Seeger, Hemmendinger

and Diven)
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FISSION CROSS SECTIONS OF **'Am AND ?**™Am

P. A. SEEGER, A. HEMMENDINGER and B. C. DIVEN
University of California, Los Alamos Scientific Laboratory, Los Alamos, N.M.*

Received 27 December 1966
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237U(n,f) from Pommard

» Technical difficulties during the measurement, causing a loss of data for some

of the measurement time. Two separate incoming neutron energy ranges
were reported.
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Fig. 12. Fission cross section of 2374y, data corrected for “7Np content of target.
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But Mcnally’s Cross Section has issues in the Higher E,
Range: Systematics of (n,f) in the U Isotopes

NUCLEAR SCIENCE AND ENGINEERING: 116, 213-217 (1994)

101 T I[Y”"l T lllll”l T IT-IHII I B IIH] T T]l””l T TTT1T I'I T 1I|TI|L
] Statistical Model Calculation of the 27U
e McNally et al.

Fission Cross Section
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J. P. Lestone and A. Gavron

Los Alamos National Laboratory, Neutron and Nuclear Science Group
Los Alamos, New Mexico 87545
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237U(n,f) Cross Section (b)
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mard shot data of McNally et al.* 2oy 0.5+0,05 ug
238Np 2.9% 10! atoms
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What happened?

From the preface of the original report (LA-4220):

... The flight path for Pommard was 214.43m and recordings were made with
resolutions of 0.2 and 1 usec.

A malfunction of every amplifier at 50 usec after the burst, presumably triggered
by electro-magnetic noise, caused a calibration signal to be overwritten on every
signal. For most amplifiers, there apparently was also a shift in the operating
point of the amplifier input stage that led to considerable uncertainty in the base
lines following this “catastrophe.” Essentially all data from 100 keV to about 10
keV (the lower limit being different for each signal) were lost....
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A retry at 27U(n,f) at LANSCE

LSDS (partially assembled) LSDS with Cadmium sheets
and tungsten target
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A Lead Slowing Down Spectrometer (LSDS)

* Neutron source - pulsed

« Big lead cube
- Lead has small absorption
cross section
n Pb
- Lead has heavy nucleus - W-target 800 MeV
small energy loss for neutrons ¢ protons
elastically scattered 0 -\ - - () r----
- Elastic scattering cross /—\/\)
. C ----- n
section approx, constant with ¥ Q(\'\ o
neutron energy -+ fission
« Measure reaction rate (e.g. fission) chamber

as a function of time
« ForE,< 100 keV

<E,>=K/(t+ tp)?

——— 12m —»
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Energy (MeV)

LSDS energy spectrum — time of flight in a Pb cube
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LSDS 237U(n,f) Cross Section Result (Preliminary)
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The sample was 1% 23U at the
time of the measurement, and on

the order of 1% %3’"Np, and 98%
236

Produced in a HFIR irradiation of
236|

Compensated fission chamber
with the cell using 235U

M. Jandel, T. A. Bredeweg, E. M. Bond, M. B. Chad-
wick, A. Couture, J. M. O’Donnell, M. M. Fowler, R. C.
Haight, A. C. Hayes-Sterbenz, R. S. Rundberg, et al.,
Fission and Properties of Neutron-Rich Nuclei, Proceed-
ings of the Fifth International Conference on ICFNS5,
Sanibel Island, Florida, USA | 416 (2013).



Why consider (t,pf)?

238p,J 239plJ 240PU Z41PU 242PU 243PU 244PU
94 5 ;
89y 24,360y | 6760y 3y J31x10yg 498h QJT76x10y
© 93 el
«Q /
Q
' 234y 235y 236 237 238 239 240
92 5 8 1 9
2.48x10°y §7.13x10 y] 2.39x10°y | 6.75d 451 x10°y | 23.5m 4.1 h
9|
230Th 21Th 22Th 233Th 284TH 235Th
90 0
76,000 y 25.6h J1.39xI0y}] 22.lm 24.10d <jm
140 142 144 146 148 150
NEUTRONS

y = years, d = days, m = minutes
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Prior Surrogate Work

NUCLEAR SCIENCE AND ENGINEERING: 41, 177-187 (1970)

Neutron Fission Cross Sections for Z'Th, 2*Th, **U,
®U, U, *Pu, and **Pu from 0.5 to 2.25 MeV

Using (t, pf) Reactions

J. D. Cramer* and H. C. Britt

Los Alamos Scientific Laborvatory, University of California
Los Alamos, New Mexico 87544

Received January 26, 1970
Revised Mavch 23, 1970
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CROSS SECTIONS (barns)
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PHYSICAL REVIEW C VOLUME 9, NUMBER 5 MAY 1974

Fission of doubly even actinide nuclei induced by direct reactions*

B. B. Back and Ole Hansen
Los Alamos Scientific Laboratory, University of California, Los Alamos, New Mexico 87544,
and The Niels Bohr Institute, University of Copenhagen, Copenhagen, Denmark

H. C. Britt and J. D. Garrett!
Los Alamos Scientific Laboratory, University of California, Los Alamos, New Mexico 87544
(Received 5 December 1973)
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What is actually in ENDF/B: 23’U(n,f) Cross Section

ENDF Request 2787, 20249-Mar-12,17:05:21
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What is actually in ENDF/B: 23’U(n,f) Cross Section
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Surrogate techniques and (t,pf) reactions are the best
way to get some actinide fission cross sections

* (but I’'m sure you already knew that)
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Questions?
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