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Regime of laser-plasma acceleration Laser/plasma 
parameters Facilities 

Blowout 
 
 1-12 J 

25-60 fs 
ne=1019 cm-3 

τlaser~τplasma 
 

Callisto (LLNL) 
LCLS-MEC (SLAC) 

Self modulated 
Or 
Direct laser  
Acceleration 
 50-1000 J 

1 ps 
ne=1019 cm-3 

τlaser>>τplasma 

 
Titan (LLNL) 

NIF-ARC (LLNL) 
OMEGA EP (LLE) 
LMJ-PETAL (CEA) 

Vulcan (RAL)* 
 

We are developing betatron radiation platform based on 
the self-modulated LWFA regime 
 

10–20 micrometers
Ion bubbleElectron sheath

Laser pulse
Trapped electron

*S. Kneip et al, PRL (2008) 

C. Joshi PRL 1981 
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Developing directional, hard X-ray sources on large 
HED drivers will enable new capabilities 
 

NIF - ARC 

•  400 J 
•  2 ps 
•  2 beamlets 

Laue 
diffraction 

X-ray phase contrast 
imaging of laser-driven 

shocks 

High energy x-ray 
absorption 

HED  P L A S M A  S C I E N C E  W I T H  S U B P I C O S E C O N D  L A S E R - D R I V E N  X - R A Y  S O U R C E S  L A B  13 -958  
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Time.resolved'EXAFS'and'XANES'measurements'on'HED'plasmas'

In0this0task,0we0will0use0betatron0x#ray0source0as0the0probe0for0absorption0spectroscopy0
measurements,0which0can0be0divided0into0two0categories:0(i)0XANES/EXAFS0on0laser#heated0matter0
(shock0compression)0and0(ii)0XANES/EXAFS0on0LCLS#heated0matter0(isochoric0heating0via0K#shell0
photo#absorption).0Except0for0the0driver0(laser0or0LCLS),0each0experiment0will0be0fairly0similar.0
These0experiments0will0be0performed0at0the0LCLS#MEC0end0station,0first0with0aluminum,0then0with0
iron.0We0have0chosen0these0two0materials0because0Fe0is0the0most0abundant0element0in0the0earth0
core0(6th0in0the0whole0universe)0and0Al0serves0as0an0excellent0material0for0which0to0validate0
theoretical0models0on0electron#ion0equilibration0mechanisms0in0HED0plasmas.0Our0simulations0and0
previous0experiments0show0that,0with0the0initial030#TW0laser0at0LCLS#MEC,0betatron0radiation0will0
peak0at01#20keV,0an0ideal0spectral0region0for0the0Al0K#edge0(1.560keV).0When0the0laser0is0later0
upgraded0to02000TW,0betatron0radiation0will0peak0around0100keV0(based0on0experiments0done0at0
LLNL0with0the02000TW0Callisto0laser0system),0in0order0to0probe0the0iron0K#edge0(7.10keV).0

XANES/EXAFS1Theory1and1modeling1tools1

XANES0and0EXAFS0are0powerful0diagnostic0tools,0providing0direct0information0on0valence0and0core0
electronic0structure,0as0well0as0on0local0atomic0order.0It0is0therefore0suitable0to0characterize0changes0
of0structures0and0phase0transitions.0At0standard0conditions0(no0heating,0solid0density,0and0room0
temperature),0the0absorption0spectrum0exhibits0a0sharp0K#edge0that0reveals0the0clear0separation0
between0occupied0and0unoccupied0states0in0the0conduction0band0at0the0Fermi0energy.0The0K#edge0is0
followed0by0EXAFS0modulations0expected0from0the0lattice0structures0of0a0solid,0which0disappear0
after0the0heating0x#ray0source0is0absorbed,0indicating0a0rapid0loss0of0order0while0the0electronic0and0
ionic0temperatures0increase,0and0evidencing0a0fast0phase0transition.0In0addition,0the0broadening0of0
the0K#edge0slope0reveals0the0expected0broadening0of0the0Fermi0level.0To0show0how0EXAFS0and0
XANES0measurements0play0a0role0in0electron#ion0equilibration0mechanisms,0we0have0calculated0
XANES0and0EXAFS0spectra0around0the0Al0K#edge0for0several0electron0and0ion0temperatures,0shown0
in0Figure08.0The0electron0temperature0is0determined0by0the0slope0of0the0K#edge0whereas0the0ion0
temperature0(due0to0electron#ion0coupling)0will0be0determined0by0the0oscillations0in0the0EXAFS0
region.0

0

0

To0predict0and0interpret0our0measured0spectra,0we0will0perform0simulations0using0two0different0
codes.0First,0we0will0use0a0theoretical0model0derived0from0first#principles0density0function0theory0
and0local0density0approximation0(DFT#LDA)87.0This0code0can0calculate0the0fine0structure0near0the0
edge0with0high0accuracy0in0the0XANES0region.0The0absorption0spectrum0will0be0first0calculated0and0
also0measured0at0room0temperature:0the0Fermi0distribution0for03000K0will0be0applied0to0the0solid0x#
ray0absorption0cross0section.0For0the0initial0state0(before0heating),0a0face#centered0cubic0solid0at03000
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XANES EXAFS Figure'8.'Example'XANES'and'
EXAFS'spectra'around'the'Al'
K5edge'as'a'function'of'the'
electron'temperature'Te'and'
the'ion'temperature'Ti.''
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JLF - Titan 

•  150 J 
•  1 ps 
 

LMJ - PETAL 

•  2 kJ 
•  500 fs 
 

OMEGA-EP 

•  400 J 
•  1 ps 
•  2 beams 
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Titan experiment team 2015 
 
 

A. Saunders 

W. Schumaker 

C. Goyon 
J. Shaw 

N. Lemos 

F. Albert 
(PI) 

B. Pollock 

S. Andrews 
(JLF) 

F/10 OAP 
2.5 m focal length 

Installation of a new F/10 optics in Titan for LWFA 
experiments.  
 

50 % in 15 µm 
86 % in 28 µm 

a0 ~ 1-3  
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Recent demonstration of betatron radiation at Using  ps-
class laser - Titan 
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149.8 J ne = 0.85 x 1019 cm-3  

142.7 J = 0.76 x 1019 cm-3  
134 J = 1.45 x 1019 cm-3  
 

electrons 
betatron x-rays 
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Electrons up to >200 MeV with self modulation 
 
 IPA 

IPB 

Fiducial #1 
154 MeV, - 8 mrad 

Fiducial #2 
90 MeV, - 5 mrad 

Fiducial #3 
68.7, - 0.9 mrad 

Electron spectrum Transmitted laser spectrum 

149.8 J ne = 0.85 x 1019 cm-3  

X-rays 
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X-ray yield measured through thin filter wheel 
 
 

Cr 15 µm 

Fe 10.5 µm 

Co 10 µm
 

C
o 30 µm

 

N
i 24.35  µm

 

V 20 µm 

Ti
  3
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Cd 52 µm 

Nb 22.5 µm 

Zr 30 µm 
Zn 19 µm 

C
u 
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138.4 J  
ne =1.3 x 1019 cm-3  

X-ray intensity on IP (normalized) 
Filter wheel 

X-rays through filters on IP 
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X-ray signal through filters fitted with theoretical synchrotron 
spectra gives a reasonable fit with ωc= 27keV 
 
 

X = 

Image plate QE 

Transmission 
through window 

Theoretical spectra Signal in each filer 

Exp. data 

ωc= 1 keV 

ωc=27 keV 

ωc= 50 keV 

X 
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ωc= 1 keV 

ωc= 27 keV 

ωc= 50 keV 

Best fit for ωc = 27 keV +/- 5 keV (least squares fit) 
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2D Simulations 
Electron acceleration 
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Capturing the radiation: post-processing modeling* 

run 
simulation 

tag all 
particles 

select 
particles 

tracks 

OSIRIS tracks workflow JRad* 

spectrum detector 
grid 

input 
parameter
s 

run simulation 
again 

detector 
grid 

radiated 
energy 

*Courtesy of Joana 
Martins  

Jackson, J.D., Classical 
Electrodynamics 
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2D Simulations 
Radiation spectrum 
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Radiation spectrum 
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Spectrum fitted with synchrotron spectrum with critical photon energies 
 of 13 and 45 KV respectively, emitted by two groups of electrons with  
similar energies but very different initial radii. 
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Total spectrum of tracked particles consistent with 
experimental observation of ~ 20 keV critical energy 
 

X-ray spectrum 
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§  We have characterized betatron x-ray radiation in the self-modulated 
regime of laser-wakefield acceleration 

§  In SMLWFA electrons with energies > 200 MeV and betatron x-rays 
with ~ 27 keV critical energies are measured 

§  2-D PIC PIC simulations with mobile ions, show a similar electron 
spectrum with contribution from both SMLWFA and DLA* 

§  The X-ray spectrum calculated using JRAD code can be fitted with a 
synchrotron spectrum with critical photon energies of 13 and 45 KV 
respectively, emitted by two groups of electrons with similar energies 
but very different initial radii. 

§  Promising applications on large-scale HED science facilities 

 

Conclusion 

* Nuno Lemos et al, LPAW proceedings (to be published) 
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Detecting radiation in a “virtual 
detector” 

n
v

Energy deposition pattern and spectral features 

Jackson, J.D., Classical 
Electrodynamics 

Power 

Spectrum 

Jackson, J.D., Classical 
Electrodynamics 

*Courtesy of Joana 
Martins  


