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Los Alamos Neutron Science Center (LANSCE)
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Los Alamos National Laboratory

Weapons Neutron Research: Time of Flight (TOF) facility
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Los Alamos National Laboratory

WNR facility survey with LIDAR measurements
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Los Alamos National Laboratory

IMCNP simulation of WNR neutron production via spallation
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Precise mapping of the WNR facility for improving the f1de11ty of MCNP modeling
Sweeper & Super-sweeper will be used to reduce background at forward angles

This improved MCNP modeling would be used optimizing new experiments with
better predictive power in systematic uncertainties, backgrounds, etc.
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Los Alamos National Laboratory

Low Energy (n,z) (LENZ): Direct measurement of
double differential cross sections

* Designed for measuring (n,z) reactions
simultaneously with a large detection coverage
and a low detection threshold for various
applications, using solid targets & digitizers

* Twin Frisch grid ionization chamber coupled

Illlll ‘
IV VYV

with silicon strip detectors to measures angles Seesiein:

. . 19'0'0'0 0000 -
and energies of charged particles as a O A Ei
telescope LLEI =

Post processing of digitized waveforms enables high
selectivity for signals and high-quality data based on
redundant information and preserving raw data

Instead of gas targets,
we developed solid &
thin-film target
fabrications for
reducing systematic
uncertainty

Double Sided Silicon

Strip Detectors
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Los Alamos National Laboratory

High precision measurements of charged particles
are interest for nuclear application at LANL

Current evaluations on the *O(n,a) reaction differ by 30-80 %, requiring new data
For the case of reactors, mostly used UOX and MOX fuels contain lots of oxygen

New LENZ measurement at LANSCE with advanced analysis method will provide

an independent data set with reduced systematic uncertainties in the neutron
energy range of interest

LENZ geometry is modeled using the
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Los Alamos National Laboratory

LENZ: 1%O(n,z) simulation

Slide from L. Zavorka
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160(n,n) yield comparison with MICNP

IMCNP simulation

§

550

LENZ data

500
450F 450 £
2 400 £ 400
L T8
0 o
350 F 350
300
300
250
2501

2 3 4 5 6 7 8 9 10

alpha energy (MeV) 2 4 6 8 10

Deposited energy (MeV)

LENZ data was taken using a 65 micron thick silicon strip detector in 2016
Forward Propagation Analysis is being progressed to deduce *O(n,a) reaction
cross section, by sampling different cross sections within the parameter
uncertainty boundary NVSE
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Los Alamos National Laboratory

LENZ Measurement of 3°Cl(n,p)3°S at LANSCE
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New data evaluation for improving charged particle outputs

New double-differential cross sections (DDX MF6) for charged-particle production
New angular distributions for (n,p) and (n,a)
New data include discrete gamma-rays
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Radioactive Ni-89 No data available. LENZ is scheduled to take data in 2019 runcycle
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Los Alamos National Laboratory

Submitted to Nucl. Instr. Meth. A

New Evaluation on Angular Distributions and Energy Spectra for
Neutron-Induced Charged-Particle Measurements

H.I. Kim®P, H.Y. LeeP*, A. Georgiadou®, S. KuvinP, L. ZavorkaP,
T. Kawano®, M.W. Herman®

@ Nuclear Data Center, Korea Atomic Energy Research Institute, Yuseong-gu, Daejeon, Korea
b Physics Division, Los Alamos National Laboratory, Los Alamos, NM, 87545, USA
¢Theoretical Division, Los Alamos National Laboratory, Los Alamos, NM, 87545, USA
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Pinning Down the Neutrino-Proton Process Importance in Heavy
Element Production via Reaction Studies on Radioactive °*Ni

In hotLENZ chamber, a
radioactive sample
mounting to the front
face of silicon detectors
1s automatically
controlled by remote
system

Stable 1, 7.6edy A Stable Stable
s m ;100*\\26.2% 1.1%
57Co v SSCOY 59CO

271.7d 709d Stable
€:100 % €:100%

56Fe 57Fe 58Fe
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5.8% 2 8% 21% 0.3%

® For the interest of heavy ion production via
neutrino-proton process in explosive
supernovae, knowing the %Ni(n,p) reaction
cross section is crucial

® Until now, this direct measurement was
impossible, due to the limited access to
radioactive targets and unavailable neutrons

® First and the only effort in the world shielding cask

/Los Alamos




Los Alamos National Laboratory

Isotope irradiation at IPF and chemical separation, fabrication at TA48

Hot Cell Target Irradiation Chamber

: The Hot Cell Facility in TA48 consists of 13 hot cells
100 MeV (230 pA) H* for ;adiochemical purificatipn. Isotopes of %nterest
Proton irradiation 3 Stack Target are isolated from targets using remote manipulators
Irradiation and standard wet chemistry techniques such as ion
exchange chromatography.

fabrication
Top
'DVOV,\VAVA"OVQ 2. Micro-jet printing: Developing

00 pm boc a NEW small-quantity radioactive

' Q=99 0. target fabrication method, which

X X e o S

1D 910 D Q- Q- manipulates tiny drops using a
® mw

o

|

1.Electrodeposition: Developed an ®) Oo Q @) OO Q transducer for fluid at ambient

OQOOOC pressure with 100 % efficiency,

optimized electodeposition device to DOOO
be used in the Hot Cell with radioactive V" Q

, , : , - introducing some impurities
samples for uniformity & no impurity
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Los Alamos National Laboratory

Target fabrication by Isotope Production Facility

* NiCl,-6(H,O) samples were made by manually dispensing a solution
using a micropipette on a different backing materials
®* Improving signal-to-noise ratio is crucial

For the flight path of the LENZ location, the TOF at 1000 ns corresponds ~ 1MeV
neutrons and the TOF at 510 ns, ~ 4 MeV neutrons

100 times more concentrated solution than
that of the final radioactive sample inside
double-layered Kapton foils (each Kapton
tape is 50 micron thick)

4000 times more concentrated solution that
of the final radioactive sample on the 6
micron thick Brass foil.

B o . 10 _
CI-100 times concentration in Kapton sandwich - . Co .
T SR NiC1-4000 tiems concentration on Au backing
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Waveform Analysis to Investigate Radiation Effect on
detectors’ performance
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® Beta decays make small energy deposit in a silicon detector, causing pile
ups for causing energy resolutions worse

® Can be improved by optimizing the silicon thickness and waveform analysis
to be able to handle high throughput rate and pile up corrections

® Enhancing throughput rate by optimizing triggering method and on-board
processing

® Also investigate diamond detectors for radiation resilience
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Enhancing our understanding of radiochemistry diagnostics,
through “high quality” data on radioactive nuclei

< (n,2n)
> (n,y)
A (n,p)
V¥ (n,np)
., decays

*Until now, this direct measurement was difficult, due
to the limited access to radioactive targets and
available neutrons

*Upon completion of LDRD-ER (PI by Lee, FY18-20),

the capability of producing radioactive samples and

measuring their reaction cross sections at LANSCE
will be demonstrated

*Many New & First radioactive nuclei measurements

will be generated for better nuclear data evaluation

Only LANL can perform this study by
producing short-lived radioactive
samples at IPF and carrying out
nuclear reaction studies at LANLSE

Evaluated cross sections on As isotopes
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Los Alamos National Laboratory

Conventional
(n,Z) studies

Optimized for
radioactive
reactions

Blue line: LANSCE neutron beam
Yellow sphere: intrinsic beta decays
Gray sphere: intrinsic gamma decays
Red envelop: charged particles from reactions
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5T Solenoid is here at LANSCE

Bore diameter = 90 cm

Bore ler}gth = 1.4 meters Under the axial B filed, Betas swirl inside the hollow tube
Magnetic Field = 5 Tesla

L

Neutrons
on target

Charged particles emitted at different angles intersect
the detector at different locations in beam direction
Different charged particles are identified by cyclotron
period
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Summary and Outlook

LENZ measurements will provide high-quality differential data for better
understanding of nuclear modeling for applications, with close collaboration
of improving on nuclear reaction modeling and evaluations.

LANSCE with Isotope Production Facility is the only place in the world to
perform neutron-induced nuclear reaction studies directly on “short-lived”
radioactive nuclei

Extending experimental capability to unstable nuclei certainly enhance our
reach to benefit nuclear astrophysics, radiochemistry diagnostics, nuclear
forensics, etc.

Complete information obtained by this proposed high-quality measurements
on stable and radioactive nuclei will directly be used for the in-depth nuclear
reaction modeling in close collaboration with a reaction modelers, under the
DOE-Office of Science, the US Nuclear Data Program, and the continuous tie
through the international nuclear data community.
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