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. Nuclear threats high in current
%)  National priorities

ARThere i s no greater threat to

weapons of mass destruction, particularly the danger posed
by the pursuit of nuclear weapons by violent extremists and
their proliferation to addition

!

SUSTAINING U.S.
GLOBAL LEADERSHIP:

PRIORITIES FOR 21" ~ .
CENTURY DEFENSE nNTerrori st access to even

devices poses the prospect of &
devastating consequences for the U.S. 0

AThe priority S&T invesdliment a
Program Objective Memorandum are...advancesinDo D0 s
ability to locate, secure, monitor, tag, track, interdict,

el i minate, and attribute WMD weapgns"a

—
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D o D oisclear mission space
IS defined by military utility

International and U.S.

Terrorism and nation
State

Cooperative and non-
cooperative states

Permissive and denied
environments

Interdiction
Materials and weapons
Overt and covert

Science through
transition

Fixed and expeditionary
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Nuclear Technologies key

strategic challen&es
S 3l = B B I B BRI EE

A Radiation detection insufficient for wide-area search

I Redirect nuclear detection portfolio toward a more holistic nuclear THREAT
detection ISR solution

A Shorten nuclear forensics timeline
i Develop prompt diagnostics, forward-deployed collection capabilities, and
fieldable analytic methods

A Nuclear survivability must be robust to support effective

deterrence and survivable U.S. nuclear response forces
i Develop survivability standards, hardening technologies, and the
experimental capability to test survivability

A Nuclear weapons effects expertise subcritical and declining
i Develop interagency Nuclear Weapons Effects Network

A Terrorists and rogue nations pursuing nuclear capability
i Develop capability to detect, identify, and locate evasive and low-yield
testing

—
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Develop technologies to locate and
identify nuclear and radiological threats

Develop technologies to rapidly and
reliably conduct post-detonation
nuclear forensics

Neutron Straws: Boron-
carbide coated

Deliver nuclear weapon effects subject

matter expertise, models, and tools

Harvester
Particle
Sampling Pod

Ensure that critical DoD systems and
national infrastructure can accomplish
their designated missions when

; 2
D s RCRG

Photonuclear ‘ nterrogation
and Threat Assessment

System (PITAS)

00X
Wiomeser

exposed to a nuclear weapons effects
environment

Develop innovative approaches and
technologies to support the full
spectrum of current and future treaties

E .
PITHON - ¢ -

Nuclear effects
simulator

Interrogating
nuclear material
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Electromagnetic pulse
modeling




FY12 Funding: $168 M

Survivability, $28.7

Nuclear Forensics,

$37.2 \

Nuclear Weapons
Effects, $16.6

Treaty Verification
Technologies, $7.5

Acquisition and
Integration
Support, $5.7

External Funds,

$3.5
Advanced

Detectors, $68.7
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During a closed-door hearing in
December, 1945, Senator Millikin
asked "What instrument would you
use to detect an atomic bomb

hi dden somewhere 1 n

Oppenheimer responded dryly, "A
screwdriver -- to open each and *~
every crate or suit

J. Robert Oppenheimer
Scientific Director of the
Manhattan Project
1904-67
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Fissile materials present vastly

i) different source terms
LSO B I =B E = mmEln

7 Particles per second passing through a perfect 1 m?
detector at a distance of:
S meters 20 meters 200 meters
8 kg PU (n/sec) 20,284 1,586 54
25 kg HEU (gisec) | 18 1 1 every 7.5 min

Physical Limits of Detection against bare HEU IND for 10 sec integration
time (100% intrinsic efficiency, known background):

Handheld (0.02 m?) Backpack (0.16 m2) Vehicle (1.0 m2)

Better radiation detectors: part of the solution, not a silver bullet!
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Inherent limitations in relying
solely on radiation detection

you canot Sl

C
I Material attenuation
I Geometric attenuation
A What you can change . ,

I Source - active interrogation

I Distance - get close

I Size - larger detectors

I Efficiency - more efficient materials
I Time - longer counting times

I Background mitigation - improve signal to noise ratio
I Directionality/imaging

Radi ati on detecti on cange
shielded radioactive materials
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. Advances in IED detection not a result of
) better explosives detection

Ground Moving Target Indicator i vehicle tracks
+ Imagery i vehicles, dismounts

+ Synthetic Aperture Radar T digging signatures
+ MASINT 1 trace explosive, command wire detection
+ SIGINT T cell phone, radio emissions

+ HUMINT 7 human sources, dumpster diving
+ Forensics T exploitation and analysis

+ Data fusion

= |[ED Threat Signature

What are the analogous modalities and signatures for nuclear threats?
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Mission: Develop technologies to
locate and identify nuclear and
radiological threats

A Develop advanced radiological

Nuclear Detection

detection materials and systems ARDIMS pod

A Investigate novel signatures and
active interrogation systems to

Photonuclear Interrogation
and Threat Assessment
System (PITAS)

extend stand-off detection ranges ¥ 3 ol
A Develop advanced dosimetry F & |
systems | \\
A Deliver detection capabilities to DoD ok
Users and acquisition Programs of GeMiQi portable S o\
igh purity 2 2, , o8 .
— == detection and 4 Rt 12 Detection
e identification WHERAT, 5 System
Neutron Straws: Boron- e = - : = 2igs
carbide coat e -GS =0 & - N g 2
—
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% Nuclear forensics supports attribution and response
) following a nuclear or radiological attack

£ 3
\,)‘ \‘ vy
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Where did it

What was it?
! come from?

Starting with
Post-detonation samples

How do we
Who did it? recover?

Clues, not conclusions T nuclear forensics supports full range of

national capabilities
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Nuclear Forensics
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Mission: Develop technologies to
rapidly and reliably conduct post-
detonation nuclear forensics

Urban Optical
Yield Determination

A Develop prompt diagnostic
capabilities for determining yield
and characterizing device

A Improve ground and airborne
debris sample collection
capabilities

A Advance debris sample laboratory
analysis

A Implement new data evaluation
and knowledge management i mm—— A
SyStemS Sampling Pod

Multi-Mission
UAS

. [ Fallout collection
1 and analysis
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U.S. and Soviet Union conducted
extensive high-altitude nuclear tests

Hardtack |
AYucca 28 April 1958, 1.7
ATeak, 1 August 1958, 3.8 Mt,
AOrange, 12 August 1958, 3.8 Mt, 43 km

d Johnston Atoll, Pacific Ocean
kt , 26 km
77 km

Argus 0 South Atlantic Ocean
AArgus |, 27 August 1958,
AArgus II, 30 August 1958,
AArgus lll, 6 September 1958,

1-2 kt, ~480 km
1-2 kt, ~480 km
1-2 kt, ~480 km

Dominicl & Johnson Atoll, Pacific Ocean
ABluegill, 5 June 1962, failed
ABluegill Prime, 25 July 1962, failed
ABluegill Double Prime, 15 October 1962, failed

ABluegill Triple Prime, 26 October 1962, s ub-Mt
A Starfish, 20 June 1962, failed

A Starfish Prime, 9 July 1962, 1.4 Mt, 400 km
ACheckmate, 20 October 1962, Low, 1008s
AKingfish, 1 November 1962, sub -Mt , 1knd s

1961 tests 0 Kapustin Yar
1 Test #88, 6 September 1961, 10.5 kt, 22.7 km
1 Test #115, 6 October 1961, 40 kt, 41.3 km
1 Test#127, 27 October 1961, 1.2 kt, 150 km
1 Test#128, 27 October 1961, 1.2. kt, 300 km

1962 tests 0 Kapustin Yar
1 Test #184, 22 October 1962, 300 kt, 290 km
1 Test #187, 28 October 1962, 300 kt, 150 km
9 Test #195, 1 November 1962, 300 kt, 59 km

, 10 d

k m

Bluegill Triple Prime

Starfish Prime
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A E171 prompt gammas produce Compton

High-altitude nuclear detonations produce
) 3types of electromagnetic pulse

electrons in upper atmosphere which spiral
around Earth's magnetic line producing large
currents (nanoseconds)

E2 1T scattered gammas and inelastic gammas | El EMP
from neutrons induce Compton current. Similar
to lightning (microseconds to 1 second)

EXPANDING FIREBALL

EXPELS MAGNETIC FIELD,
DISTORTING FIELD LINES

ES3Tnucl ear detonation di
magnetic field which then restores creating MHD
effect (tens to hundreds of seconds)

CONDUCTING X-RAY PATCH
SHIELDS UNDERNEATH BURST

E3 EMP

DISTORTED FIELD LINES INDUCE
ELECTRIC FIELD IN EARTH'S SURFACE
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