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Gamma-ray absorption & radiation by the nucleus is N
an “isotope-specific” signature of the material
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NRF energy is dependent upon the number of protons AND the number of neutrons in the
nucleus and involves interactions with BOTH the strong & EM forces




Selective excitation of NRF is possible with narrow H
bandwidth gamma-rays (AE/E ~ 10-3)
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NRF energy is dependent upon the number of protons AND the number of neutrons in the
nucleus and involves interactions with BOTH the strong & EM forces




NRF transitions are common and many have cross L
sections larger than the atomic background
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Gammas in the 1 MeV to 3 MeV range are both highly penetrating and non-activating




At higlher gamma-ray energies (>5 MeV) photons ]
can also split/fission the nucleus




Laser Compton back scattering off of high energy L]
electrons can produce tunable gamma-rays
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1965 First Light: 8 photons

PHYSICAL REVIEW VOLUME 138, NUMBER 6B 21 JUNE 1965

High-Energy Photons from Compton Scattering of Light on 6.0-GeV Electrons™

Carro BemporADf, RicHARD H. MILBURN, AND NOBUYUKI TANAKA
Depariment of Physics, Tufts University, Medford, Massachusells

AND

MirceEA ForiNo
Cambridge Eleciron Accelerator, Harvard University, Cambridge, M assachusells
(Received 28 January 1965; revised manuscript received 1 March 1965)

Compton scattering of optical photons on 6.0-GeV electrons has been observed at the Cambridge Electron
Accelerator. A giant-pulsed ruby-laser burst of 0.2 J, impinging upon a 2-mA circulating electron current,
was observed to yield about 8 scattered photons per pulse. These photons acquire, through a twofold
Doppler shift, energies of hundred of MeV, and are expected to retain to a high degiee the polarization of
the laser beam. The observed yield is compatible with predictions based upon the theory of Compton

scattering.
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The Thomson cross section for laser-electron L
scattering is very small: 6 X 102> cm?

Compton

Doppler upshift l F recoil
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High photon and electron densities are required




High-flux, laser-Compton scattering arrangements aim to produce
high photon & electron densities at a common focus

“Symmetric” scattering
Laser duration = electron duration
~ nC per bunch, J per laser pulse

108 Compton photons per pulse
repetition 10 Hz to 100 Hz

At 250 MeV, scattered radiation is Doppler upshifted by ~1,000,000x and is
forwardly-directed in a narrow, polarized, tunable, laser-like, gamma beam




High-flux, laser-Compton scattering arrangements aim to produce
high photon & electron densities at a common focus
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To first order no laser photons are used in laser-Compton scattering and the
laser pulse may be reused to interact with subsequent electron bunches




Overall Compton scattering is broadband, but it is N
highly angle correlated and is ‘narrowband’ on axis
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Overall Compton scattering is broadband, but it is N
highly angle correlated and is ‘narrowband’ on axis
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Overall Compton scattering is broadband, but it is N
highly angle correlated and is ‘narrowband’ on axis
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Overall Compton scattering is broadband, but it is N
highly angle correlated and is ‘narrowband’ on axis
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Overall Compton scattering is broadband, but it is
highly angle correlated and is ‘narrowband’ on axis

1
AQ; | —
Y

few mrad

2

H

H

<

X<

| 2

0.8

Intensity (arb. unit)
o o
N (o))

o
N

)

0.0 0.5 0.6 0.7 0.8
Normalized y—ray energy

0.9

1.0

/




Overall Compton scattering is broadband, but it is N
highly angle correlated and is ‘narrowband’ on axis
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Many factors contribute to the minimum
laser-Compton bandwidth that can be obtained

ossible
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Modern, high gradient accelerators can create very ]
small emittance & low energy spread at low charge

25 pC electron beam phase space

25 pC e—beam energy distribution
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For low emittance e-beam and ps laser pulses, the L]
dominant bandwidth factor is detection aperture
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The characteristics of optimized MEGa-ray sources N
are unprecedented and enable “nuclear photonics”
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T-REX: Thomson-Radiated Extreme
X-rays Moving X-Ray Science into the
"Nuclear" Applications Space with
Thompson Scattered Photons

C. P.J. Barty, F. V. Hartemann

September 27, 2004
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Narrow band peaked at 478 keV

The T-REX (Thomson-Radlated Extreme X-ray)
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Jocts shielded by a high-Z dense ¢
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The T-REX (Thomson-Radlated Extreme X-ray)
prOJect created LLNL’s first MEGa-ray source

Isotope-specific detection of low-density materials
with laser-based monoenergetic gamma-rays

F. Albeet,* S, G, Anderson, G, A Anderson, S, M. Betts, I . Giksons, C. A Hageann, ). Hall,
M. S, Jehmson, M. [ Messerly, V. A Semesor, M. Y. Shverdin, A, M. Tressaine, E V. Hartemann,
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Transmission-based detection was used for our N
initial material detection experiments
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Transmission-based detection was used for our
initial material detection experiments
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Transmission-based detection was used for our N
initial material detection experiments
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Transmission-based detection was used for our N
initial material detection experiments
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Transmission-based detection was used for our N
initial material detection experiments
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Transmission-based detection was used for our
initial material detection experiments
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initial material detection experiments

Transmission-based detection was used for our ‘ ! | .

However, single-photon-counting
spectroscopy is not well suited to
high-flux/pulse, MEGa-ray sources
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Transmission-based detection was used for our N
initial material detection experiments
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Dual Isotope Notch Observation (DINO) eliminates ]
the need for high resolution spectroscopy

MEGa-ray Source

AE/E =103

US patent #8,369,480 Dual isotope notch observer for material identification, assay and imaging
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Dual Isotope Notch Observation (DINO) eliminates ]
the need for high resolution spectroscopy
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Dual Isotope Notch Observation (DINO) eliminates ]
the need for high resolution spectroscopy

This technique not only avoids single A I ()
photon spectroscopy but also enables
precision ASSAY as well as detection
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MEGa-ray sources and DINO detectors could transform
our ability to assay nuclear fuels & monitor nuclear waste




Improving the Scientific Basis for Managing DOE's Excess Nuclear Materials and Spent Nuclear Fuel
hitp:/www.nap.edu/catalog/10684.html

Improving the Scientific Basis for Managing DOE's Excess Nuclear Materials and Spent Nuclear Fuel
http:/veww.nap.edu/catalog/10684.html

IMPROVING THE
SCIENTIFIC BASIS FOR

MANAGING
’ DOE manages an assortment of over 250 spent nuclear fuel (SNF)
types that altogether comprise about 2,500 metric tons of heavy metal
(MTHM).> DOE spent fuel was generated in military and civilian reactor
ExcEss development, research, and fuel testing programs. The inventory also
includes irradiated fuel and target® assemblies that were placed in stor-
age when DOE stopped reprocessing nuclear fuel for production pur-
Nuc LEAR poses in 1992. DOE plans to dispose of its SNF along with commercial

SNF and vitrified high-level waste in a repository at Yucca Mountain.
MATERIALS Because DOE has only recently begun to prepare a license application
for Yucca Mountain, uncertainty exists in the future waste acceptance
criteria for the various types of DOE spent fuel.
AND SPENT Mast types of DOE spent fuel have important characteristics that are
different from commercial spent fuel, which will comprise most of the
Nuc LEAR waste disposed in Yucca Mountain, if licensed and constructed. These
are primarily differences in the chemical forms of the fuel and the
cladding materials that encase it, and the isotopic composition of the
F“EL fuel. The different characteristics affect the spent fuel’s chemical stabil-
ity and potential for gas generation, decay heat generation and poten-
tial for thermal damage under different storage and accident conditions,

potential for inadvertent nuclear criticality, and attractiveness of the
material for theft.

Committee on Improving the Scientific Basis for Managing Nuclear Materials and

The EMSP should support research to help ensure safe and secure
Spent Nuclear Fuel through the Environmental Management Science Program PP P

storage and disposal of DOE SNF. Research should emphasize materi-
als characterization and stabilization, including developing a better
understanding of corrosion, radiolytic effects, and accumulated
stresses. This research should be directed toward determining a lim-
ited number of basic parameters that can be used to evaluate the
long-term stability of each of the types of DOE SNF in realistic storage
or repository environments.

Board on Radioactive Waste Management

Division on Earth and Life Studies

OF THE NATIONAL

NATIONAL RESEARCH COUNCIL

Ihe primary re and opportunity in characterization
is nondestructive assay O itoniur ther isotopes in the high-
radiation environment that Is typical of most spent fuels. Interim storage

THE NATIONAL ACADEMIES PRESS
Woshingfon, D.C. "MTHM refers to the mass of uranium and/or plutonium used to fabricate the
www.nop.edu fuel. It does not include the mass of the fuel cladding or ancillary components.

Mast of DOE’s nuclear materials were created in nuclear reactors through the
capturé of neutrons by various target isotopes, e.g., U-238 (see Appendix A).

The primary research challenge and opportunity in characterization

is nondestructive assay of plutonium and other isotopes in the high-
radiation environment that is typical of most spent fuels...

I Copyright © National Academy of Sciences. All rights reserved.




We are currently designing DINO detectors for Pu N
and U detection and assay applications

MC model of single-stage DINO detector system* (COG):

N, = photons — scintillator
N, = photons — Compton liner

——

T

Object under inspection High-Z collimator High-Z collimator
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“Rotating target wheel” approach

Design considerations include dimensions & configuration of the witness “pins”, solid
angle & composition of the calorimeter, thickness & composition of Compton liner, etc...




Proper design of the Compton liner can increase the

ratio of NRF to background seen by the scintillator

Response [photons/(src p) @ given E]
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Monte Carlo simulations using COG

Precision assay and imaging of nuclear fuel is
possible via resonant MEGa-ray absorption

| 2

Simulation Test Object

Conventional x-ray Image

1.73 MeV MEGa-ray Image

low density m

under enriched

Fuel rod with density and
enrichment defects

Can only identify the
presence of density defects

Variations in enrichment can
be seen & measured

Simulations indicate that the enrichment of fuel rods could be measured to ~3% accuracy
in 5 to 6 minutes with future MEGa-ray sources and DINO detector arrangements




NRF-based materials evaluation will be much
easier elsewhere in the periodic table

atomic isotope oxide natural REE-Oxide = REE Atomic % at REE Isotope % costperkgin NRFgamma NRFcross Background NRF to
number isotopic weight % at Mountain Pass at Mountain 2009 (US$) energy (keV) section cross section background
abundance Mountain Pass Pass (barns) (barns) cross section
(%) ratio
2350 UO0: 80.0 na na na na 1733 26.0 20.0 1.3
39 89Y Y203 100.0 0.130 0.0092 0.0092 $13.50 1507 245 6.9 3.6
40 90Zr na 51.5 na na na na 2186 55 6.1 0.9
57 138La Laz03 0.1 33.784 2.5925 0.0023 $5.85 no data no data no data
57 139La La203 99.9 33.784 2.5925 2.5902 $5.85 1538 7.2 0.7
58 136Ce Ce203 0.19 49.581 3.8096 0.0070 $4.15 552 54 0.2
58 138Ce Ce20s 0.25 49.581 3.8096 0.0096 $4.15 789 16 0.4
58 140Ce Ce203 88.45 49.581 3.8096 3.3696 $4.15 1596 10.5 1.6
58 142Ce Ce20s 11.11 49,581 3.8096 0.4234 $4.15 2187 19.3 9.4 2.1
59 141Pr Prz20; 100.0 4.119 0.3168 0.3168 $15.15 no data nod no data
60 142Nd Nd203 27.2 11.158 0.8610 0.2342 $15.25 46.8 5.1
60 143Nd Nd203 12.2 11.158 0.8610 0.1050 $15.25 0.9
60 144Nd Nd203 23.8 11.158 0.8610 0.2049 $15. 17.4 . 1.8
®  ieNd  Naor 172 i ' 0 08
© | o | N0, | 17 The ratio of the NRF to 140 L T
3 . . . A

60 150Nd  Nd:0s 5.6 i 1.8 14 0.1
62 144Sm  Sm20: 3.1 baCkground Cross SeCtlon 55.2 TS —-> 5.8
62 144Sm Sm203 3.1 H H 16.6 115 14
@  17sm  Smoy 150 for many materials is 2
62 148Sm Sm20s 11.2 = =gn 8.4 12 0.7
62  19Sm  Sm0: 138 significantly greater than o1
62 150Sm Sm203 7.4 = = 1.7
62 1s8m  SmOs 268 that for the actinides
62 152Sm Sm20s 26.8
62 154Sm Sm20s 22.8
62 154Sm Sm20s 22.8
63 151Eu Eu204 47.8
63 153Eu Eu203 52.2
64 152Gd Gd20s 0.2
64 154Gd Gd203 22
64 155Gd Gd203 14.8
64 156Gd Gd204 20.5
64 156Gd Gd20s 20.5
64 156Gd Gd204 20.5
64 156Gd Gd20s 20.5
64 157Gd Gd20s 15.7
64 158Gd Gd20s 24.8 :
64 158Gd Gd20s 24.8 0.210 0.0164 0.0041 $6.50 3201 25.0 9.9 25
64 160Gd Gd20; 21.9 0.210 0.0164 0.0036 $6.50 1224 56.5 13.7 4.1
65 159Tb Tb203 100.0 0.016 0.0013 0.0013 $350.00 58 192.7 3800 0.1
65 159Tb Tb204 100.0 0.016 0.0013 0.0013 $350.00 581 44 28 0.2




MEGa-rays could provide a rapid, element-specific, non-chemical
approach to segregation and assay of REE mining materials

US patent #7,564,241
detection, assay and imaging with MEGa-rays

MEGa-rays penetrate the gangue and are absorbed
by element (isotope) specific nuclear resonances of
the material to provide a definitive and quantitative
indication of the presence and amount of specific
desired materials




The Potential NRF-based Applications of MEGa-rays and DINO are Numerous
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Waste Imaging & Assay

non-invasive content certification

micron-scale & isotope specific

Medical Imaging

low density & isotope specific

Dense Plasma Science

isotope mass, position & velocity




Compact, mobile or relocatable MEGa-ray
sources are desired in many applications

Desired MEGa-rays:
1.73 MeV photons
(250 MeV electrons)
106 ph/s/eV flux
0.1% bandwidth
Truck size or smaller




Conventional S-band RF technology can be

scaled to higher flux but will never be compact S-band ~ 4 GHz
enough for many applications ( 10 MeV/m
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Desired MEGa-rays:
1.73 MeV photons
(250 MeV electrons)




Laser wakefield “accelerators” can be extremely , i

small but have large energy spreads and will ~ [SAS= ﬂ -~ Laser Wakefield
require very large, complicated lasers to scale A
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10,000 MeV/m!
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Dream beam

The dawn of b rtdle accelerators
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X-Band ~ 12 GHz
Grad > 100 MeV/m

Desired MEGa-rays:
1.73 MeV photons
(250 MeV electrons)




Specific Spectral Density (photons/sec/eV/FSB)

The key metric for isotopic applications is “Specific Spectral Density”
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Specific Spectral Density (photons/sec/eV/FSB)
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The key metric for isotopic applications is “Specific Spectral Density”

Line-width-resolved,-nuclear-spectroscopy

Isotope-Specific Medical Radiography & Radiology

Precision, Non-destructive Isotope Imaging

Isotope-Specific Tomography
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Isotope-Specific Assay

Isotope Detection

Gamma optics R&D

Isotope Assay PoP

PoP Detection
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2013 “Picket Fence” multi-GHz, laser-Compton source concept

potential bandwidth = 0.1%
effective repetition rate = 240 kHz
FOM > 1,000,000x that of T-REX

This configuration enables near “unity” efficiency, operates with high beam
current, minimizes bandwidth and is intrinsically synchronized to RF clock




“CW” method for generation of 11.424 GHz, N
synchronized train of picosecond IR pulses
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“CW” method for generation of 11.424 GHz,
synchronized train of picosecond IR pulses
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Widely tunable 11 GHz femtosecond fiber laser
based on a non-modelocked source

Matthew A. Prantil,’” Eric Cormier,’ Jay W. Dawson,' David J. Gibson,' Michael J. Messerly,’
Christopher P. J. Barty,'
‘Lawrence Livermore National Laboratory, Livermore, California 94550
2University of Bordeaux, France
*Corresponding author: prantil2@linl.gov

Received Month X, XXXX; revised Month X, XXXX; accepted Month X,
XXXX; posted Month X, XXXX (Doc. ID XXXXX); published Month X, XXXX

An 11 GHz fiber laser built on a modulated CW platform is described and characterized. This compact, vibration-

insensitive, fiber based system can be d at

g
RF signal directly, and is tunable over a wide range of drive

nm is capable of 50 ns bursts of 575 mil 1

micro-pulse energies are 1.8 uJ and 3.2 nJ

with high energy fiber technology, is driven by an

The d ion system when op d at 1040
p p ata pulse rate of 83 kHz where the macro-pulse and
pectively. Its micro-pulses are ¢ to a duration of 850 fs.

OCIS Codes: 060.3510, 140.7090

Very-short-pulse laser sources (in the range of
picoseconds to femtoseconds) with high repetition rates
(100 MHz to tens of GHz) are needed to drive short-
wavelength high-energy photon sources via higher-order
nonlinear optical parametric interactions, and as photo-
cathode illuminators to create photo-electrons in high
frequency particle accelerators. Other applications of
these ultrafast pulse laser systems include materials
processing, 3-D lithography, high-data-rate laser
communication, and remote sensing systems. The
system architecture described here is wavelength
compatible with high energy fiber technology, is driven
directly by an RF source (and thus sidesteps
synchronization issues), and allows for amplification to
materials-processing pulse energies. Moreover, the
ability to modify electronically the temporal pulse shape,
in amplitude and phase [1, 2], offers the possibility of
controlling various complex photochemical processes and
quantum control of interactions on molecular time scales.
We generate a laser pulse train by modulating a
continuous-wave (cw) laser with an RF source. Several
groups (2, 8] have converted cw lasers to sub-ps, high
frequency pulse trains; however, these groups have
relied on “time-lens” techniques [4] to generate ps-level
bandwidths, then used soliton compression at 1550 nm
in specially optimized fibers to generate further
bandwidth while simultaneously compressing the pulse.
At the 1030-1070 nm wavelengths where we wish to
work, the soliton compression scheme is not feasible
because the dispersion in standard fibers has the
opposite sign from dispersion at 1550 nm. In the
demonstration of this ew-modulation concept reported
here, we rely on self-phase modulation (SPM) [5] to
generate 3.2 nm of bandwidth and compress the pulse
with a grating-pair compressor. To reduce allow high
pulse energies at modest average laser power, we

the groups (macro-pulses) occur at mult-kHz rates while
the individual pulses (micro-pulses) are at multi-GHz
rates. Alternatively, the micro-pulses might be directly
amplified to modest energies for a clock-distribution
scheme, or driven to micro-joule energies to create tens of

kilowatts of power for machining or supercontinuum
sources.

I RF synthesizer I I Feedback circuit " Feedback circuit

N [

I CW Laser H 11 GHz EOM 500kHz EOM

Figure 1 Schematic diagram of the experiment.

The architecture, shown in Figure 1, begins with a cw
laser: a New Focus Velocity laser set to provide a 1040
nm beam. The beam is sent through an EOSPACE-
brand, Z-cut, 20 GHz, dual drive Mach-Zehnder electro-
optic modulator (EOM) monitored by a control circuit
(YY Labs, Inc) to keep the modulator null-biased — that
is, biased to block light when the RF drive is off.. This
modulator is driven with 20.1 dBm of 5.7 GHz RF power.
Because of the null bias, the RF creates an 11.4 GHz
laser pulse train with 44 ps pulse length and no cw
component as shown in Figure 2; the latter prevents
stimulated Brillouin scattering from damaging
subsequent fiber amplifiers. A second EOM temporally
slices macro-pulses at a 500 kHz rate with 50 ns

duration: thus_each macro-nulee containg annrovimately
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B194 X-Band
Test Station

LLNL has designed & constructed a compact x-band accelerator in order to develop
| & demonstrate advanced, high-flux, laser-Compton x-ray & gamma-ray architectures
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Modeling and design of an X-band rf photoinjector

R.A. Marsh,* F,
D.J. Gibson,

Lawrence Livermore National Laix

Albert, S.G. Anderson, G. Beer, T. 8. Chu, R.R. Cross, G. A. Deis, C. A. Ebbers,
Houck, F. V. Hartemann, and C. P.J. Barty

atory, Livermore, California 94530, USA

A. Candel, E.N. Jongewaard, Z. Li, C. Limborg-Deprey, A.E. Vlicks, F. Wang, J. W. Wang,
F. Zhou, C. Adolphsen, and T. 0. Raubenheimer
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L INTRODUCTION

The development of rf photoinjector technology has
cnabled free clectron lasers and other fourth generation light
sources, such as the Linac Coherent Light Source (LCLS) at
Stanford Lincar Accelerator Center (SLAC) National
Accelerator Laboratory. At Lawrence Livermore National
Laboratory (LLNL) a novel gamma-ray light source is being
developed and built taking advantage of inverse Compton
scattering to extract encrgy from high brightness electron
bunches to boost laser photons to MeV energies. At SLAC
advanced compact X-band (11.424 GHz) photoinjector
R&D is being done to inv te the possibility of generat-
ing short enough high ¢ ess clectron bunches that
at least one stage of bunch wm"'.\s‘.on may become un-

ssary, as well as to enable an all X-band free-clectron
oy establishing a proven electron beam source.

Nuclear resonance fluorescence (NRF) is a process in
which a nucleus, excited by gamma rays, reradiates high-

Menlo Park, Cal nia $4025, USA
| Linear Accelerator
ted. The photoinjector 1
ellipical contoured irses:
input coupler; &nd

m e symmetry have been ana
d SLAC are discussed.

PACS numbers: 07,77 Ka, 29.25Bx, 2927

the only process capable of producing a narrow bandwidth
radiation (below 1% Aw/w) at gamma-ray cnergics by
using state-of-the-art accelerator and laser technologics. In
Compton scattering sources, a short laser pulse and a rela-
tivistic electron beam collide to yield tnable, monochro-
matic, polarized gamma-ray photons. Building on prior
work on narowband gamma-ray light sources at LLNL
[1-8], the LLNL Nuclear Photonics Facility (NPF) will be
cquipped with a tunable MEGA-ray source using an all
X-band linac including an X-band rf photoinjector. The
advantages of o ng at X band and further detail on the
linac design are J.\..l].’lh[. in [9].

This paper describes an rf photoinjector which will be
tested at the X-band test area (XTA) at SLAC, at an X-band
test station at LLNL, :md will serve as the injector for
the X-band very cnergetic light for the observation and
characterization of isotopic resonances and the assay
and precision tomography of objects with radiation
(VELOCIRAPTOR) linac, designed to drive the precision,

LLNL has designed & constructed a compact x-band accelerator in order to develop
& demonstrate advanced, high-flux, laser-Compton x-ray & gamma-ray architectures




X-band accelerator and diode-pumped laser technology will
enable compact and relocatable MEGa-ray sources
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Specific Spectral Flux (photons/sec/eV/FSB)

A path to extreme MEGa-ray capability has been defined at LLNL
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LLNL’s planned Nuclear Photonics Facility (NPF) would house the world’s first
“purpose built” MEGa-ray capability and will develop compact and rapid,
isotope-specific material detection, assay and imaging technologies

Very
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B391 Nova Target Bay




LLNL’s planned Nuclear Photonics Facility (NPF) would house the world’s first
“purpose built” MEGa-ray capability and will develop compact and rapid,
isotope-specific material detection, assay and imaging technologies
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Specific Spectral Flux (photons/sec/eV/FSB)

A path to extreme MEGa-ray capability has been defined at LLNL
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1E+06 PRL 108, 184802 (2012) PHYSICAL REVIEW LETTERS 4 MAY 2013 [
Isoic Refractive Index of Silicon at v Ray Energies [
D. Habs,"> M. M. Giinther,2 M. Jentschel,3 and W. Urban® i
1 E+05 1Ludwig—Ma.:cimilians-Universin’z’t Miinchen, D-85748 Garching, Germany
2Max-Planck-Institut fiir Quantenoptik, D-85748 Garching, Germany
3Institut Laue-Langevin, F-38042 Grenoble, France
(Received 11 November 2011; published 1 May 2012)
For x rays the real part of the refractive index, dominated by Rayleigh scattering, is negative and
E+0 converges to zero for higher energies. For vy rays a positive component, related to Delbriick scattering,
1E+04 Gam increases with energy and becomes dominating. The deflection of a monochromatic ¥ beam due to
refraction was measured by placing a Si wedge into a flat double crystal spectrometer. Data were obtained
in an energy range from 0.18 MeV to 2 MeV. The data are compared to theory, taking into account elastic
and inelastic Delbriick scattering as well as recent results on the energy dependence of the pair d
ISOtC cross section. Probably a new field of y optics with many new applications opens up.
1 E+03 DOI: 10.1103/PhysRevLett.108.184802 PACS numbers: 41.50.+h, 12.20.—m, 42.50.Xa, 7|
In optics the index of refraction n(E,) = 1 + 8(E,) + effect, for which experimental knowled|
iB(E,) is split into a real part & and an imaginary part 3,  up to about 200 keV. _
1E+02 describing refraction and absorption, respectively. In this An experiment ‘follgwing the conce] &
publication we report on the first measurement of & for ¥ rays from an in-pile target at thel
silicon up to 2 MeV and the totally unexpected finding that ~ reactor at Institut Laue-Langevin (ILLJ
PoP it changes sign above 0.7 MeV, causing n to be larger than ~ carried out. Samples with a totzal mass
i e . g . A
T— R 1 0'" 1 ! 1
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Specific Spectral Flux (photons/sec/eV/FSB)

A path to extreme MEGa-ray capability has been defined at LLNL
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Next generation MEGa-ray projects are now
emerging to pursue isotope science & applications
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Conclusions Summary

ELI NUCLEAR PHYSICS WORKSHOP

Bucharest, 1-2 February, 2010




ELI NP - ELI Nuclear Physics
Bucharest, Romania

293M euro project will include a
1MeV-20MeV MEGa-ray beam line
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ELI: Extreme Light Infrastructure — Feasibility Study
Appendix x: Detailed description of Research Activity 2
High Brilliance Gamma Source
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Fig. 14a and 14b: Overall view of the proposed ELI-NP y source
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The age of “Nuclear Photonics” is upon us

» Laser-Compton gamma-ray sources are becoming for the “isotope” what
the laser was for the “atom”
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* Mono-energetic gamma-rays enable novel, isotope-specific material
detection, assay & imaging capabilities for a wide range of applications

* New nuclear science and nuclear engineering opportunities are emerging

Y- ray

photo-flssmn and micron-scale, ps-duration ps-duration, pulsed isomer physics and
transmutation pulsed neutron sources positron sources spectroscopy







