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Status of Nuclear Data Needs 
document

 yeah, err, working on it...
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Status of Nuclear Data Needs 
document

 yeah, err, working on it...
 aim to finish draft by Dec 2011, finalize by budget 

briefing time
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Although we have many users in 
different fields, the way they use the 
data is similar
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We already have many products that 
feed this pipeline
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* ENDF
  ** neutrons
  ** decay
* NuDat
* ...

* MCNP
* GEANT
* CINDER
* ...



However, many of the data needs I 
will discuss require us to rethink 
things
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* muons?
* neutrinos?
* correlations?
* what format?
* ...

* unified 
code 
interface 
(GIDI)?
* ...
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Bread-n-butter data needs

 Activation cross sections for unstable 
isotopes
• Minor actinides -- bred in by reactors/bombs
• Prompt and delayed fission products
• And, things get activated by just being near 

radiation:
- Structural materials
- Air (C, N, O, H, ...)

 Photonuclear data
• NRF state cross sections in SNM
• Photofission, up to 100 MeV
• EXFOR is collecting this stuff regularly now
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Bread-n-butter data needs (cont.)

 Decay data
• Prompt and delayed 

fission products, 
neutrons and gammas

• Both LANL and BNL 
have made major 
progress

• Toshihiko (LANL): CGM 
code impressive

• You should have gone 
to the mini-session on 
beta-delayed neutron 
emitters!
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Multiple Neutron Emission

Several neutrons can be emitted when Sn is small (neutron-rich).
Precursor A-1,Z+1

β decay
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γ •• We have extended CGM to include

all γ-rays, even if more than one
neutron is emitted.•• Calculation performed at every 10 keV
energy bin.
•• very time consuming calculations
•• in some cases, takes a week

We calculated the delayed neutron and γ-ray spectra
for 1412 precursors, and converted the results into CINDER library.



Mobile applications
 Common request of HS folks
 Android, Mac, BlackBerry 

 Start with simple ones - e.g., 
Wallet Cards

 More complex suitable for tablets
 May replace paper copies

• always at hand
• always 

up-to-date
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Should be easy to 
understand and easy to use



Antineutrinos
 LLNL’s SONGs detector 

• In place at San Onofre
• Strong IAEA interest for safeguards

 Antineutrino reaction and elastic 
cross sections

 Emission spectra from reactors
• This should be straightforward

13
25 meters

Ground 
level

Tendon 
gallery

Reactor core

(a) (b)
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Lawrence Livermore National Laboratory

S&TR July/August 2008 Antineutrino Detectors

with the necessary shielding. ,Q�$SULO��WKH�WHDP�LQVWDOOHG�WKH�ILUVW�
JHUPDQLXP�EDVHG�SURWRW\SH�GHWHFWRU�DW�621*6��

7KH�/DERUDWRU\¶V�DQWLQHXWULQR�GHWHFWLRQ�WHFKQRORJ\�FRXOG�RIIHU�
WKH�,$($�D�PRUH�DFFXUDWH��OHVV�WLPH�FRQVXPLQJ��DQG�PRUH�FRVW�
effective method for reactor assessments. Although more precise 
detectors have been developed to study the fundamental properties 
of neutrinos, they are often much larger and more expensive than 
WKH�/LYHUPRUH±6DQGLD�GHVLJQV��³2XU�GHWHFWRUV�DUH�UREXVW�DQG�
simple to operate and maintain, which allows for widespread 
GHSOR\PHQW�´�VD\V�%HUQVWHLQ��7KH�DXWRQRPRXV�V\VWHPV�DUH�DOVR�
VHOI�FDOLEUDWLQJ�DQG�UHTXLUH�QR�PDLQWHQDQFH�IRU�PRQWKV�DW�D�WLPH��
'DWD�DERXW�WKH�GHWHFWRU��VXFK�DV�WHPSHUDWXUH��DQG�WKH�KRXUO\�
DQWLQHXWULQR�FRXQW�UDWH�DUH�FROOHFWHG�WKURXJK�D�VHFXUH�GLDO�XS�
FRQQHFWLRQ�WR�6DQGLD�DQG�VKDUHG�ZLWK�WHDPV�DW�ERWK�VLWHV��

Antineutrino detection research could also help in developing 
or improving devices to detect gamma rays and neutrons for 
RWKHU�QDWLRQDO�VHFXULW\�DSSOLFDWLRQV��$FFRUGLQJ�WR�%HUQVWHLQ��
³$QWLQHXWULQR�GHWHFWRU�UHVHDUFK�LV�WKH�SHUIHFW�PDUULDJH�
between basic science and applications that are relevant to the 
Laboratory’s national security missions.” For a particle that has 
no electric charge and practically zero mass, the antineutrino may 
have a big future.

—Caryn Meissner

Key Words: DQWLQHXWULQR�GHWHFWRU��&HUHQNRY�OLJKW��FRKHUHQW�QHXWULQR�
QXFOHXV�VFDWWHULQJ��¿VVLOH�PDWHULDO��,QWHUQDWLRQDO�$WRPLF�(QHUJ\�$JHQF\�
�,$($���LQYHUVH�EHWD�GHFD\��QXFOHDU�UHDFWRU�VDIHJXDUGV��6DQ�2QRIUH�
1XFOHDU�*HQHUDWLQJ�6WDWLRQ��621*6���VFLQWLOODWRU�

For further information contact Adam Bernstein (925) 422-5918 
(bernstein3@llnl.gov).

detectors are underground, they are somewhat protected from these 
cosmic particles. However, the two scintillation detectors still require 
VSHFLDO�VKLHOGLQJ��7KH�WHDP�LV�FRQGXFWLQJ�WHVWV�WR�GHWHUPLQH�WKH�
DPRXQW�RI�VKLHOGLQJ�QHHGHG�IRU�WKH�ZDWHU�EDVHG�GHWHFWRU�

7KH�WZR�QHZ�SURWRW\SHV�ZHUH�LQVWDOOHG�LQ�WKH�VDPH�UHDFWRU�DV�
621*6��DQG�WHVWHG�GXULQJ�D�UHDFWRU�VKXWGRZQ�LQ�'HFHPEHU�������
7KH�WHDP�LV�HYDOXDWLQJ�GDWD�IURP�DOO�WKUHH�GHWHFWRUV�WR�FRPSDUH�
WKHLU�SHUIRUPDQFH��,Q�$XJXVW�������WKH�UHDFWRU�ZLOO�XQGHUJR�
required maintenance, and all three detectors must be removed. 
One or both of the newer detectors will be tested at a surface 
location to determine the potential for aboveground operation. 

7KH�WHDP�LV�DOVR�ZRUNLQJ�ZLWK�VFLHQWLVWV�IURP�WKH�8QLYHUVLW\�
RI�&KLFDJR�WR�GHYHORS�DUJRQ��DQG�JHUPDQLXP�EDVHG�V\VWHPV�
that will detect antineutrinos through a process called coherent 
QHXWULQR±QXFOHXV�VFDWWHULQJ��,Q�WKLV�SURFHVV��DQ�DQWLQHXWULQR�
collides with a nucleus of argon or germanium, which results 
in nuclear recoil. As the recoiling nucleus collides with its 
QHLJKERUV��LW�VKDNHV�ORRVH�D�IHZ�HOHFWURQV��7KH�JHUPDQLXP�EDVHG�
GHWHFWRU��ZKLFK�LV�EHLQJ�GHYHORSHG�DW�WKH�8QLYHUVLW\�RI�&KLFDJR��
uses a sensitive transistor to extract and amplify the electrons. 
7KH�DUJRQ�GHWHFWRU�XVHV�D�GXDO�SKDVH�GHWHFWLRQ�SURFHVV��,Q�WKH�
ILUVW�SKDVH��WKH�HOHFWURQ�VLJQDO�LV�SURGXFHG�LQ�OLTXLG�DUJRQ��,Q�
WKH�VHFRQG�SKDVH��WKH�VLJQDO�LV�DPSOLILHG�LQ�DQ�DUJRQ�JDV�EODQNHW�
above the liquid to generate copious scintillator light, which is 
detected by photomultiplier tubes. 

�³7KH�FRKHUHQW�VFDWWHU�SURFHVV�KDV�D�PXFK�KLJKHU�DQWLQHXWULQR�
interaction rate per volume of detection medium compared with 
GHWHFWRUV�WKDW�UHO\�RQ�LQYHUVH�EHWD�GHFD\�´�VD\V�%HUQVWHLQ��³7KLV�
SURFHVV�KDV�ORQJ�EHHQ�SUHGLFWHG�EXW�QHYHU�REVHUYHG��'HWHFWLQJ�
the coherent scatter signal with either approach would signify a 
PDMRU�EUHDNWKURXJK�´�%HFDXVH�GHWHFWRUV�WKDW�XVH�FRKHUHQW�VFDWWHU�
have a high probability of interaction per unit mass, they can also 
KDYH�D�PXFK�VPDOOHU�IRRWSULQW��SRVVLEO\�DV�VPDOO�DV���FXELF�PHWHU�

(a) For the field tests, detector 
prototypes are housed in the 
tendon gallery at SONGS. (b) The 
tendon gallery is a ring-shaped area 
about 10 meters underground and 
25 meters from the reactor core.



Cosmic rays (esp. muons)

 Source of background 
• nearly all detections schemes 

considered for homeland security 
applications

• ... and also many basic science 
applications

 At ground level, muons 
dominate shower 
particles 
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LLNL-PRES-440411 

Cosmic rays produce showers in rock; neutrons from these 

showers must be modeled to understand backgrounds 

  The nuclear data community 

  What is an evaluation, what is a data library? 

  Overview of low energy nuclear data libraries 

  Overview of the evaluation process 

•  Making evaluations 

•  Testing evaluations 

  Processing data for use in transport codes 

  How will they get into GEANT in the future? 

Moon as seen by Soudan2 in cosmic rays 

At low energies (<20 MeV) all transport 

codes get there physics from data libraries  



One person’s background is another 
person’s signal

 Cosmic rays are the muon 
source for muon 
tomography developed by 
LANL.

 Commercialized in the 
Multi-Mode Passive 
Detection System by 
Decision Sciences Corp. 

 http://
www.decisionsciencescorp.
com

 LLNL’s CRY code
 Generates showers for use 

in simulations
 http://nuclear.llnl.gov
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Targeted modeling gaps of high value to DNDO 
All three physics models released on external website: http://nuclear.llnl.gov 

Lawrence Livermore National Laboratory 
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Multiple neutrons and gamma-rays 
produced from fission 

Essential physics for fission-chain 
detector concept: can detect shielded 
HEU 

Source term for SNM in all gamma-ray 
detection concepts 

Significant background in neutron 
detection, especially for maritime 
cargo applications 

Gamma-ray source intensity for aged 
mixtures of Special Nuclear Material 

Energetic particles produced in upper 
atmosphere that reach the ground 

Fission multiplicity Gamma-ray Emission Cosmic-ray showers 

DHDO 06-08: $1.6M 

Interface also provided for MCNP, MCNPX, Geant4, COG 

Doug Wright (PI), Dave Brown, John Buyer, Chris Hagmann,Tom Gosnell, Jeff Gronberg, Larry Hiller, David Lange, Jerome Verbeke, Ramona Vogt 



If we can handle Hauser-Feshbach 
theory, then muons shouldn’t be 
hard...
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Neutron energy spectra are difficult to measure; relatively few examples 
exist. Neutron energies usually fall exponentially, N(En) = exp(-En/T) with 
T ~ 10 MeV. Thus most neutrons have energies below 10 MeV.  

Inclusive neutron energy spectra for muon capture on 16O. The fit consists 
of a peak at 5.1 MeV (15±5% yield, presumably transition to 15N ground state), 
another peak at 6.5 MeV (5±3% yield) and an evaporation spectrum. 

µ� + p ! n+ ⌫µ

Petr Vogel, “Muon Capture” Cosmogenic 
Activities and Backgrounds Workshop LBL, 
Apr. 13-15, 2011

µ� +16 O !16 N⇤ + ⌫̄µ

continuum

15N 1st excited state

15N 2nd excited state

 In hydrogenous material, 
muons get captured by H, 
then transfer to nuclei w/ 
essentially zero energy 

 Elementary process is

neutrino carries off 99.1 
MeV, neutron gets 5.2 MeV

 Leave nucleus w/ 10-20 MeV 
of excitation (5 MeV + 
binding energy)

 Perfect for Hauser-Feshbach



Correlations

 Many detection schemes rely on detecting 
things either in coincidence or with specific 
timing

 Beats down background dramatically
 Data needed to support correlated signals 

often huge:
• 235U, 239Pu beta delayed gamma data as big 

has rest of ENDF library
• This is too big to be used effectively 

 Better is to have in-line event generators
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Correlations are handled better with 
in-line event generators

 Fission:
• fragments, neutrons, 

gammas, etc.
• FREYA (LLNL: Vogt)

 Gamma-gamma: need 
in-line gamma cascade 
widget
• GammaWare and 

RadWare are nice, but 
neither integrated into 
transport code

• Radware, web-based 
coincidence finder not 
enough either

• Following (n,n’), similar 
reaction

 Decay products: need 
in-line MC decay 
widget short-ish 
timescales < 10 sec.
• Need inline, Monte-

Carlo version of CGM 
for transport codes

• Need timing information
 Needs identified in 

original Data Needs 
Document
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Pulling it all together

 Current state-of-the-art is the ENDF format
• Inflexible
• Opaque
• Punchcard ready

 Need new format + tools to accommodate new data 
needs
• GND movement under way
• New tools from LANL (CGM), LLNL (FREYA) enable new 

classes of correlations in simulations

 New tools & data need to be integrated into 
simulation codes
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The Generalized Interaction Data 
Interface (GIDI) allows GND use in 
applications
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Client library (MCAPM, libndf, libtdf, G4LEND, ...)
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The biggest need: you!

 After talking to actual people 
involved in Homeland Security 
tasks at BNL, LLNL and LANL, 
there is one thing that keeps 
coming up: they need 
collaborators

 There are a lot of cool 
projects to do, so lets get 
cracking
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Potential collaborator: 
he has neat toys


