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Nuclear Science User Program

Presentation given to the LANSCE User Group Executive Committee on March 7, 2011.
Discusses LANSCE-NS’s three major experimental efforts, the new building to be
constructed, and information on our user program.



Nuclear Science User Program

LANSCE User Group Executive Committee Meeting
March 7, 2011

Steve Wender

LANSCE Nuclear Science
(LANSCE-NS)

UNCLASSIFIED
AAAAAAAAAAAAAAAAAA LUG Exec 2011

EST. 194
Operated by Los Alamos National Security, LLC for the U.S. Department of Energy’'s NNSA #J"agi

Siide 1



Outline

= Nuclear science facilities

= User program
o Statistics
 Userguide
e Schedule

= Three major experimental efforts
e Fission neutron output measurements (ChiNu)
* Fission cross section measurements—Time-projection chamber (TPC)
« Single-event effects (SEE)

= New building at WNR
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Nuclear Science research is performed at many
experimental areas at LANSCE

Proton Radiography

lon source . Linear Accelerator Tlea s
S / Area A (future MTS)
Weapons Neutron Research W Line D

Facility Beam distribution: 60 120 Hz from linac |
Target-4 ~ 20 Hz to Lujan l/ i
High-energy neutron research 40,108z to WNR \ ,I —

9 Target 1

Target-2 N f'n’

- Proton-induced reactions  Low-energy neutrons

: : ' - Lujan Center
- Sjimgle-pulse experiments
ﬂg) P P -- Material science
» Los Alamos

- Nuclear science
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The WNR Facility Has Two Versatile Experimental Areas

- Target-2
-5 flight paths
-Proton induced reactions and irradiations eagans eutron Rossarcn Facaty
-Radiation effects, SNS target tests, LSDS, isotopes ~ +"
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. Target-4- high-energy neutron source

Proton beam
&N

_ 6 flight paths

- Determine energy of neutron by time-of-flight -
- GEANIE, FIGARO, (n,z), FISSION AT
Few-body physics: n-p capture - : 7 1

Single Event Effects: ICE house
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The Lujan Center Provides an Intense Source of Low-
Energy Neutrons

Calculated Flux Lujan Center
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- Three nuclear science flight paths

- FP 14 Reactions on short lived nuclei
(DANCE) Radchem, AFCI, Astrophysics
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- FP 12 Cold neutron, UCN source,

Polarized neutrons 2 -
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Many instruments have been developed for
measurements at LANSCE

GEANIE (n,xy) FIGARO (n,xn+y) ~ DANCE (n,y

¢ = ’ « 8
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Strong collaborations with other nuclear science
laboratories- CEA
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Nuclear Science User Program statistics
from 2010 run cycle

User Visits

Unique User Visits

Proposals Received

Proposals Run

2010 User Statistics

m 2009

m 2007

m 2005

2002

m 1997

200 400

800

- 2009 Distribution of Unique Users

National
Labs
Foreign 10% LANL
100/0 240/0

EST.1943

University Industry
30% 26%
Single 2009 Beam Usage
Event
Effects Basic
8% \ Nuclear
Nuclear 2%
Tech
22%

Defense
Related
Nuclear
Science
48%
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2010 run cycle is very productive with significant student
participation

2010 run cycle: June--December 2010

79 proposals received
* 16 Defense
16 Basic
27 Technology
16 Single-event effects (industry)

339 days Defense, 329 days Basic, 532 days
Technology
Total 1200 days requested

Daniel Pamplin Dana Duke Adam Silvernail

12 students working with us this summer from
Abilene Christian University, Colorado School of _ -
Mines, MIT, Houghton College, Univ. of NM, Cal Poly, Nick Fuller Katrina Koehler

Northern NM College

Lucas Montoya  jonifer French

Four student posters were selected for laboratory
presentation at Laboratory-wide exhibition. One
poster won a “Blue Ribbon” award.
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Fission neutron output measurements is a major
experimental effort

FIGARO--Chi-Nu (n,f)> n+y
An accurate determination of the neutron output Detectors ~1m . <« s "," /,
spectra following fission (chi-matrix) is from fission _;:4*"\ 288 e /
important for Defense and Nuclear Energy chamber -
programs

Both the fission neutron energy spectrum and Fission chamber

the fission cross section depend on the energy LANSCE/
of the incident neutron WNR TOF(1)
. source
We measure these spectra as a function of
incident neutron energy by a “double time-of-
flight” experiment
Experiment is challenging because low-energy :
part of spectrum has large backgrounds from . -
gamma-rays (Li-glass detectors) and high : = |
energy part has low production rate (Large n % 100 > '
number of liquid scintillators) S 10
® — ‘:',' - -
]
p - .
4 0.1 1 10 100
: L°5A'am°5 oncLassirien 0  Ea(Mey)

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA Slide 10

o Vl‘@‘-"



Higher precision is needed in #°Pu(n,f) reaction

= Current uncertainties are 2-3% below 14
MeV and not completely understood.
Goal is a 1% absolute measurement.

= Past fission measurements used ion

chambers.

= lon chambers only record pulse height

and time.

= The Time Projection Chamber will not be

subject to the systematic errors
associated with past measurements.

beam
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Time Projection Chamber will improve on past
measurements

TPC replaces solid charge collection foil
with pixilated collection plane

TPC allows 3-D event reconstruction

TPC allows particle identification. Alphas
are clearly differentiated from fission
fragments

TPC has been funded by WP and by
DOE/NE NERI-c program. Collaboration
includes 6 universities and 3 national labs

Proton track

Sample

. Los Alamos
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Neutron Single Event Effects (SEE) are faults in electronic device
caused by neutrons from cosmic rays

altitudes

produce charged particles

Depletion Region
Sensitive Volume

Valume Recailing

Charged Secondaries
(protons, alphas)

Neutrons induced nuclear reactions create charged

particles. Generated charge collects in depletion

Neutron

Nuclear Fragment

regian and generates a logic upset.
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Charged particles deposit charge in the sensitive volume which
can cause the state of a node to change
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Neutrons are produced by cosmic rays in the upper atmosphere
Neutrons have long mean-free paths so they penetrate to low

Neutrons interact with Si and other elements in the device to

| P&/

Neutron Flux at Los Alamos and LANSCE/WNR

Neutron spectrum at LANSCE/WNR
divided by 5x10°

' Flux mesurement by Goldhagen 1997
 atLos Alamos

1 10 100 10C
Neutron Energy (MeV)
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Single-Event Effects are an important concern for the
semiconductor Industry

=  Types of single-event effects
« Softerrors
—  Single event upset
—  Multiple event upset (a few % of SEU rate)
 Hard errors
— Single event latchup
—  Single event burnup, gate rupture, etc.

= High power devices: IGBTs
s First experiments were performed by the Boeing Co. for 777 certification

= Industry trends to lower voltages and smaller feature size are thought to
increase the failure rate due to SEE — increased usage of semiconductors

= Similar devices have very different failure rates
= The failure rate due to SEU is equal to all the other failure modes combined

= “Since chip SER is viewed by many as a legal liability (something that you
know may fail) the public literature in this field is sparse and always makes
management nervous”. SER History, Trends and Challenges, James
Ziegler and Helmut Puchner
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Industry use of WNR for Single-Event Effects is
important for semiconductor development

= At this time the ICE House is fully subscribed. Industry users would
like to see our flight path booked ~ 70% of the time so that they can
get time if they need it on short notice.

= We have had requests from industry for another flight path for SEU
testing
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New building in WNR yard

= New building (MPF-1302) is being built to:

To provide industry with another flight path for single-event effect studies- need
30° flight path for spectrum shape

Support ChiNu experiment
Give more room for TPC experiment

= The building is being funded from LANS fee (this is a first!). High
visibility at LANL

= Building is ~ 4000 ft? located between Target-4 shield monolith,
MPF-29 and ICE House

= 5-ton crane
= Pitin floor under ChiNu flight path 7' deep, ~18 ft X 18 ft

= Building is under severe financial and time constraints (~28 weeks)
Total funding for building is ~$2M (~$500/ft?)
Run cycle beginning before building will be complete

7

» Los Alamos
NATIONAL LABORATORY UNCLASSIFIED
EST.1943 LUG Exec 2011
Operated by Los Alamos National Security, LLC for the U.S. Department of Energy’s NNSA I YA [ =% Slide 16

WA 4



Nuclear Science research is performed at many

Weapons Neutron Research
Facility ~

-y +# Line B
Target-4 Linear Accelerator @
High-energy neutron research

A ﬁ o EreaAiinactive)

Proton Radiography
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- 12
3 IV 13
% '_ 14
g 15
Target-2 i I |16
. . 5 | 2 EB-£
- Proton-induced reactions . .
Single-pulse experiments (Sandia) . 60R - \
Lead Slowing-Down Spectrometer Lujan Center -
SNS target testing Low-energy neutrons i
Isotope production testing - Material science 51 30L
, - Nuclear science
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Nuclear Science research is performed at many
experimental areas at LANSCE

Weapons Neutron Research Proton Radiograpily
Facili it
acility | \ s unes D
Target-4 Linear Accelerator

Line D

|

( }
@ 9 Target 1
12

-ﬂk._}_ .E.p_.,ll " aE

High-energy neutron research ﬁ i
‘A,_ Area A (inactive)

Target-2
- Proton-induced reactions
Single-pulse experiments (Sandia)
Lead Slowing-Down Spectrometer
SNS target testing
Isotope production testing - Material science R e

- Nuclear science
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Plan view of new WNR building
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Artist view of new WNR building

New building

Looking Northwest

Looking West AT : .
Mo A Lookmg North Looklng South
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Floor plan of new WNR building
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. Move old FIGARO experiment

which was on 30R to 15L
« Use 30R for ICE-II
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Schedule for new building

The project is on schedule and budget. Status of specific tasks are as follows:

Funding approved in early Dec 2010

Contract to perform design (AE) approved early January 2011

Site preparation scheduled to complete Feb 28, 2011

60% design review completed Feb 16, 2011

100% design scheduled to complete March 30, 2011

Submit for construction bids in Mid-March (90% design)

Building construction scheduled to start in April 6, 2011

Building construction scheduled to complete July 7, 2011

Installation of programmatic equipment expected to complete by August 2011
Plan to operate Target-2 in June and July while construction is ongoing
TPC and GEANIE flight paths should be operational as soon as we get beam
ICE House and ICE-Il should be next flight paths ready

ChiNu flight path and then 15R will follow

Los Alamos
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WNR building schedule

D [rask Name [ Duration Start Finish T = —
o ! Aug [Sep |Oct INov ]Dec Jan ]Feb [Mar [Aprmy rJun ! Jul VIAug [Sep[
1 [E4<. FY11 MAINTEHANCE OUTAGE 95days  Fri2f8M1  Thu 6/30/11
3 =4 Project Management 286 days Mon 81610  Fri 91611 —
4 DEFINITION & DESIGH 128 days Thu 9/3010 Mon 32811 ﬁ=='
N Proj Eng - Planning & RFP Docs 43 days Thu 930110 Mon 11:29410 T 5
14 Design Procurement 44 days Wed 10:20110 Mon 12:20:10 [ BE—-—
21 Engineering Design 60 days Tue 1411 Mon 3/28/11 —
35
36 CONSTRUCTION 129 days Mon 1101 Wed 7/6/11 L P
37 Demolition by User 60 days Mon 111011 Fri 4111 —
—«59—# Project Eng - Procure Prep 15 days Wed 126111  Tue 211511 “
44 Construction Procurement 36 days Tue 211511  Tue 4511 —
52 Sub Mobe & Equip Procure 35days Wed 3611  Tue 52411 ' e —)
58 Construction Activities 81 days Mon 31411 Sat 7211 [~ S—
69 Commissioning 5 days Fri7111 Wed 7/611 w
75 |54 Project Closeout 15 days Mon 74811  Fri 91611 —
QNLA%AIEJH%§ UNCLASSIFIED
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Target-4 experimental yard

f--.-
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i 1Ml mmmp

December 8, 2010 February 10, 2011
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Summary

= Last run cycle has been very successful

= The new building at WNR will greatly enhance the experimental
capabilities

= Lots of work to do before come up in June
* Repair 15R shutter
» Replace neutron production target
 Repair Dorothy-J magent

* Reinstall flight paths: shutters, collimators, sweep magnets, shielding, cabling,
electrical service, etc.

= Other enhancements are being considered for the future
* Pulse stacking
— Increase intensity in few kev to 2 MeV energy region
» Variable-energy proton beam

/A
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