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Introduction to 23°Pu(n,~)

@ The Advanced Reactor Concepts (ARC) program envisions reactors with
a fast neutron spectrum, and a sensitivity study has been performed to
characterize what systems need measuring and what uncertainties are
needed

@ 239Py(n,y) is important for defense programs, providing a channel to
destroy 2%°Pu

@ Accurate measurements of 2°Pu(n,v) are needed for both programs,
particularly above 1 keV

@ Desire: 10% or better above 10 keV':2

M. Chadwick, private communication, 2012
2@. Aliberti et al, Annals of Nuclear Energy, 2006
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Previous Measurements
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@ Data rather sparse and widely spread in keV region

@ Old methods have technological limitations - less information to work with

@ Exploit new experimental method to improve on these measurements
(successfully performed same measurement on 23°U)3

3M. Jandel et al, PRL 109, 202506 (2012)
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A Detector for Advanced Neutron Capture Experiments

@ 160 BaF; crystals w/ 4 crystal
geometries
@ 320 channels of digital DAQ
® 85% Efficiency - calorimeter
@ Radioactive / Rare targets
(5 pg target in January)

@ ~-ray energy / multiplicity
information for sopisticated data
reduction

@ Capture identified by unique
Q-value

@ SLiH sphere reduces scattered
neutron background

M. Weigand, 2013
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Experimental Details

@ Four run conditions used to obtain cross section across all relevant

energies:

1. Thin target (1 mg 2**Pu) experiment with fission-tagger

2. Thick target (50 mg 2*°Pu) experiment without fission-tagger (3/2013)

3. 298Pp run to characterize scattered neutron background (3/2013)
4. 2Py delayed fission characterization (12/2013)

@ Target, flux related uncertainties removed by measuring fission, capture

simultaneously (ratio measurement)

@ Fission tagging PPAC provided by LLNL
collaborators

® Sample serves as central cathode

@ Small size accommodates DANCE
beamline
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Method works on 23U
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@ Same basic procedure
published for 225U

@ M. Jandel et al, PRL 109,
202506 (2012)
@ Uncertainties:

o 2.3% at 1 keV
® 4% at 10 keV

® 9% at 100 keV
® 16% at 500 keV

@ Expect similar results for
239 Pu
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Data Analysis Overview

DANCE Yields
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@ Fission produces unwanted signals in DANCE
@ Scattered neutrons moderate in DANCE crystals,
produce light
@ Primary challenge for this analysis: appropriately
characterize, subtract off these backgrounds
@ Old experiments provide limited disentanglement
+ LosMAlamad8netic Energy (eV)
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Prompt Fission ~-ray Background / PPAC
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Prompt Fission ~-ray Background Subtraction
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@ PPAC / DANCE coincidences
define fission ~-ray profile

@ Only fission contributes to high
MC/Esum (boxed) region

® Normalize fission surface to data
in boxed region and subtract
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Delayed Fission ~-ray Background Subtraction
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@ Long lived fission products grow in and cause background that is
constant in time

@ “Look-back window” lets us see events prior to beam TO
@ Background environment thus characterized - dominates spectrum below

3 MeV
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Scattered Background

x104
T T T T T T T T T T

B — n,f suppressed |

- remaining n,f |

---- prompt n,f subj

W~
T

—— delayed n,f subj
- scatter

—— final

—— 239py g-gate

[N]
T

Counts/50 keV

Equm (MeV)

@ Data taken with blank PPAC taken (no 2%°Pu) to characterize scattering
background - method depends on calorimetry
@ Characterized as function of energy, normalized in high Egum region

Calorimetry allows gate on 23°Pu(n,v) Q-value to select capture events
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Subtraction Results On Resonance

Counts/100 keV
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On resolved resonances, backgrounds are fairly small but can change
significantly

Background subtraction as function of energy important
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Cross Section Calculation
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@ Signal/Background limits the 1 mg sample dataset to 1 keV
@ Target Mass ~ count rate - put 50 mg sample in Spring 2013
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Fission Cross Section Tests
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@ Comparison to fission cross section serves as a check
® Good agreement with evaluations lends confidence to analysis
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Fission 10 - 100 eV
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1 mg Sample Results

1000 ¢ . ————y —_——
3 — ENDF/B-VIL1
r i DANCE
100 E
g ; !
I ’ \
~ 10 I I i A
E | i A [ ‘. 'my
= [t i i ‘ ‘ i
LE il |
Ll |
L I |‘
0.1 : e b : S
10 20 50 100 200 500 1000
Neutron Kinetic Energy (eV)
—‘ENDF/]‘B—VILI . L
o0 @ Overall structure is similar to
B existing evaluation
i; 10 @ Individual resonance parameters
£ appear to be different in some
1 cases

L (Kl 65 70 75 80 85 90
¢ NA?&AAL .Emgg Neutron Kinetic Energy (eV)
esrisa

LA-UR-14-265¢
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Capture 10 - 100 eV

4 — ENDF/B-VIL1
DANCE

— ENDF/B-VIL1
DANCE

750
’[é\ L
& 500
2
5 250 | 4
1000
100 |
Z} F
3 bV
< 10 |
=
) 1 L
0.1
10
» Los Alamos

NATIONAL LABORATORY
£s7.1943

20 50
Neutron Kinetic Energy (eV)

LA-UR-14-26594

100

Slide 17 of 35

Operated by Los Alamos National Security, LLG for the U.S. Department of Energy’s NNSA

VYA L=3%)
NN AR



Capture 100 - 500 eV
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Capture 500 - 1000 eV
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Extension to Higher Energies
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Thick Target (n,f) Treatment
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Background at High Neutron Energy
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@ Signal-to-noise crosses through 1in 10 keV - 100 keV energy decade
@ Fission is dominant background - absolutely critical to get this right
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Thick Target Preliminary Results
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@ Closer consistency with ENDF at highest energies
@ Looking into details of the keV region
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Conclusions

@ Improved measurements of 22°Pu(n,y) cross section are important to
nuclear energy and defense programs

® The DANCE calorimeter setup is capable of making this measurement
and disentangling the relevant backgrounds - demonstrated for 23°U

® Improved statistics from a thick target, combined with the fission ~
spectrum measured from the PPAC coinc data extend this measurement
into the 100s of keV
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Background Comparison with 23°U Publication

— Thick target
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The 100 keV to 1 MeV Region (Very Rough)

NKE 100 keV - 300 keV
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Incident neutron energy smears Q-value - shift Q-gate accordingly
Fission dominates backgrounds - absolutely critical to get this right!

@ In progress: matching of detector thresholds to improve bg lineshapes
@ .. fission rejection w/ massive targets would help (NEUANCE?)
@ ~200mg/cm? Ni backing is next most significant background

» Los Alamos

NATIONAL LABORATORY

£sT.1943

LA-UR-14-26594

Slide 27 of 35

Operated by Los Alamos National Security, LLG for the U.S. Department of Energy's NNSA

PV A =32
N AR



Why Nickel Plating Matters (for 50 mg target)
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@ Ratios calculated from cross section folded with illuminated mass
@ No adjustment for relative detection efficiency / gating

@ Ni plating had 5x areal density of 22°Pu deposit

@ Neutrons scattering from Ni adds a lot to the scatter background
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Interesting Observations (1)
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@ This is what you'd expect for PFGS...
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Interesting Observations (2)

[[Fission Total Gamma Energy Profile |
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@ ...and this is what we get!
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Interesting Observations (3)
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@ ...and the behavior is anti-correlated with neutron emission

@ Evidence for 22°Pu(n,~f) e.g. Lynn 1965?

@ Qualitative behavior reported by Shackleton in 1972
@ Further analysis, conversations with T-2 underway...
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~-ray Cascade Information
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® ~-ray cascades resulting from capture can provide structure information
@ Segmentation, efficiency of DANCE allows us to see this structure

@ Differe
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DANCE Timing Properties

10 T T T

Card 1 (ns)
o

Clndf=19691147| =5

Constant 60.04 +1.94 L 4 L 4

Mean  -0.01148 +0.02215
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e T

i)

Card 0 (ns)

Qffpumtan b 4t s 272101 2.73.10% 2.74-10* 2.75. 101

5 1
Relative Time (ns)

Run Number

@ Crystal-to-crystal timing allows narrow coinc gates (<10 ns)
@ PPAC requires wider gate - 12 ns

— 104
— 105
106
107

--- Avg.
— Begin Au (486)
—— Begin Blank (497)

Begi

n S8Y (524)

@ Temp dependence of digitizers in vs. time plots (red=18:30, blue=04:00)
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Energy Calibrations / Drift Corrections
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Scattered Background

%10* x10* 5 xl0t
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0 0 —
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Equm (MeV), 9 eV < KEjewr < 30 eV Equm (MeV), 30 eV < KEjey < 1 keV/ Equm (MeV), 1 keV < KEjeye < 1 MeV
31—
I — n,f suppressed ] @ Data taken with blank PPAC taken
- remaining n.f (no 23°Pu) to characterize
%4l 7 promph nyfsub) scattering background
= — delayed n,f sub)| . .
5 -- scatter @ Characterized as function of
I — final energy, normalized in high Egynm
“ — Z%Puq-gate | region
B o @ Calorimetry allows gate on
0 = 1 1 1 239
0 ) A 6 s 10 12 Pu(n,v) Q-value to select
o (MeV) capture events
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