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Introduction: Motivation
• According to a report by L. Leal (ORNL/TM-2005/065)

149Sm capture rate underestimates measured capture rates for PWR experiments by 4.8%

• And

evaluated data files do not provide cross-section covariance information for 149Sm

• A few data sets in EXFOR
• Resonance parameters do

exist but better uncertainties
and covariances are needed
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Introduction: Summary
• We performed capture and transmission measurements with:

− the DANCE (Detector for Advanced Neutron Capture Experiments) instrument
− Capture data from 8 eV – 1 keV

− and DICER (Device for Indirect Capture Experiments on Radionuclides) instruments
− Transmission data from 1meV – 1 keV

• Additional measurements of 147Sm
− Contaminant in the samples
− 3.4 eV strong resonance
− Interesting abnormalities

• Data analysis is complete

• R-Matrix analysis almost (90%) complete 
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The Los Alamos Neutron Science Center - LANSCE
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The Los Alamos Neutron Science Center - LANSCE
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The Los Alamos Neutron Science Center - LANSCE
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• The Los Alamos Neutron 
Science Center (LANSCE) is 
LANL’s accelerator complex

• DICER belongs to the Lujan 
Center instruments which 
serve material and nuclear 
science studies.

• Neutrons are spallation 
products

• 800MeV protons impinge on 
a split W target at a 20 Hz 
duty cycle.

• DICER points to the liquid 
hydrogen moderator

• DICER flux spans from 0.2 
meV – 100 keV

• Total: ~6x107 n/s/cm2

Description of the apparatus: Lujan@LANSCE@LANL

Mark-III
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• 800MeV protons impinge on 
a split W target at a 20 Hz 
duty cycle.

• DICER points to the liquid 
hydrogen moderator

• DICER flux spans from 0.2 
meV – 100 keV

• Total: ~6x107 n/s/cm2

New neutron target at Lujan (Mark-IV)
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Description of the apparatus: Neutron spectrum
• Mark-IV provides an enhanced keV spectrum compared to Mark-III
• Mark-IV is expected to improve the neutron energy resolution

Preliminary
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Neutron capture measurements @ DANCE
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Detector for Advanced Neutron Capture Experiments: DANCE
• DANCE is a 4π spherical detector array ( Heil et al. NIMA (2001) )
• Gamma-ray calorimeter (Eγsum, Multiplicity)
• Spinometer
• 160 BaF2 detectors
• Designed to perform capture measurements on small radioactive samples

4 mm in diameter, mg – 10s mg

Contacts

Aaron Couture
acouture@lanl.gov

Esther Leal-Cidoncha
eleal@lanl.gov
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Detector for Advanced Neutron Capture Experiments: DANCE
• DANCE has an inner cavity of 17 cm
• NEUANCE (Neutron detector array at dANCE) (M. Jandel et al. NIM 00 (2017) 1-

27 ).
• Works in (anti)coincidence with DANCE to tag fission events and perform (n,γ) 

studies on fissile nuclei (i.e. 233U E. Leal-Cidoncha et al., Submitted to Phys. 
Rev. C )

Contacts

Aaron Couture 
acouture@lanl.gov

Esther Leal-Cidoncha
eleal@lanl.gov
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Samples
• 10 mg 149,147Sm sample
• 4 mm diameter
• Procured from ORNL
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Analysis - Multiplicity
• DANCE provides multiplicities
• Different multiplicity distributions

for different Js
• DANCE is used as a spinometer
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Analysis – J-dependent cross sections 
• Doublets can be resolved
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Analysis
• Cross section from 8 eV – 1 keV
• R-Matrix analysis almost complete
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Neutron transmission measurements @ DICER
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Traditional transmission measurements: How to

~10m ~10m

Neutron
detector

Neutron
beam

Collimator

• The neutron spectrum (Cout) and
backgrounds (Bout) are recorded
by a neutron detector (sample out)

• A sample, usually big, is installed and
absorption dips appear (sample in)

• The transmission is the ratio 
sample in/out

• Transmission measurements
provide information on the
total (Γ) and neutron (Γn) widths
and the level spacing (D0)
Γ : Resonance width
Γn : Resonance depth
D0: Level spacing

Γ

Γn

𝑇 =
𝑪𝒊𝒏 − 𝑩𝒊𝒏
𝑪𝒐𝒖𝒕 − 𝑩𝒐𝒖𝒕

D0
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• Binocular mode of operation: Simultaneous measurement of sample in/out
• Binocular collimator is a unique concept conceived, designed and executed 

at DICER.
• No precise repositioning concerns, as long as the sample is precisely 

positioned beforehand: metrology network ~10μm and ~10 mdeg accuracy
• Added bonus: measurements will be completed 50% faster!
• High flux facility à small samples (~10,000 smaller than typical)
• ~50 radionuclides are within reach (t1/2 > 30days, D0<50eV)

Neutron
detectors

Neutron
beam

Collimator

Non-traditional measurements: Binocular approach

A. Stamatopoulos et al, NIMA (1025) 166166, 2022
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Description of the apparatus:
Device for Indirect Capture Experiments on Radionuclides
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Samples

• ~5mg 149,147Sm thin sample
• ~12mg 149,147Sm thick sample
• 1 mm diameter
• Powder stuffed in capillary tubes
• Capillary tubes inserted in Al canisters 
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Analysis

• 163 resonances were resolved
• R-Matrix is almost complete
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Analysis

• Able to detect small neutron widths
• From the 147Sm data: 147Sm + 149Sm (scaled to abundance) reduced widths
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Analysis

• 163 resonances were resolved
• R-Matrix is almost complete
• Simultaneous fits on capture (J=3, 4) and transmission (thick and thin samples) 
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Analysis

• 163 resonances were resolved
• R-Matrix is almost complete
• Simultaneous fits on capture (J=3, 4) and transmission (thick and thin samples) 
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Interesting findings on 147Sm

• Capture widths change abruptly around 300 eV



275/25/23

Thank you for 
your attention!
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9Back-up slides



294/5/21 294/5/21

Introduction: The technique

• Resonances are used to calculate level spacing (D0), strength 
function(S0) and the average radiation width (<Γγ>)

• k       : Wave number
• S0 : Strength function
• D0 : Level spacing
• ＜Γγ＞: Average radiation width
• W       : Width fluctuation factor

Γ = Γ! + 𝚪𝛄 𝑺𝟎 =
< gΓ!$ >
𝐃𝟎

Scattering Capture
Total

= 𝒇(𝚪𝐧, 𝚪, 𝐃𝟎)
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88Zr
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Signal to background: B-Poly wall
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Installation of Mark-IV spallation target@LANSCE

• Underway the upgrade of Lujan spallation target
• Improved flux and resolution                 

Old target
New target
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88Y
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Introduction: Proof of Principle

• Resonance analysis on 151Sm(n,tot) data from RPI
• Normalize TALYS calculations and compare to 151Sm(n,γ) EXFOR data

P. Koehler, LA-UR-14-21466 
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Description of the apparatus: Neutron spectrum
• A set of paddles can be used to filter the neutron spectrum

− Cd, 0.08 cm     : Neutron absorption below 0.5 eV
− Pb, 0.3cm        : Photon attenuation
− Bi, 2.5cm         : Background calculations
− CH2, 2x2.5cm  : Neutron scatterer, photon background
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Description of the apparatus: Single pixel detectors

• A commercial 235U loaded fission chamber is installed at ~7.8 m from the 
neutron source, to monitor the flux.

• Two types of single pixel 6Li-glass neutron detectors are available
− ORELA type: Dual PMT detector.         - Chi-nu type :  Single PMT detector.

Less material in beam                             PMT in contact with glass  
Poorer light collection                              More material in beam
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Description of the apparatus: Multipixel detector

• The Large Area Picosecond Photo-detector (LAPPD) is a multi-channel plate (MCP) 
based detector, able to provide spatial information (nominally ~mm) 

• 8 x 8 pads, 20 x 20 cm total coverage area

20 cm

20
 c

m



444/5/21 444/5/21

Description of the apparatus: Multipixel detector

Pre
lim
ina
ry

• Single pad transmissions agree well with previous DICER data.
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The technique in a nutshell
• Cases where the most probable 

reactions are capture and scattering

Scattering
Capture

Total

• Each resonance can be analytically 
described by its Energy and Width

• Similar to cross sections, resonance 
widths are:  

ScatteringCaptureTotal

𝚪𝐭𝐨𝐭 = 𝚪𝛄 + 𝚪𝐧

< 𝛔𝛄>= 𝐟(< 𝚪𝐭𝐨𝐭 >,< 𝚪𝐧 >,< 𝐃𝟎 >)
• The average (n,γ) cross section will be:
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Description of the apparatus: Metrology and alignment

• Stations have 5&6 DOF 
precision alignment systems

• Collimators are fiducialized
• Alignment over the 30 m 

length must be held to very 
tight tolerances.

• Alignment to better than 
20um and 0.0100

• Universal Spatial Metrology 
Network (USNM)

• Monuments are installed in 
the flight path cave

• Laser trackers are used to 
locate the position of the 
collimators in the flight path 
cave


