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Currently, No Bright Sources > 50 keV, < 50 ps

« 3rd-Generation: < 50 keV, > 50 ps
 LCLS: max. energy 24 keV
 K-a: energy limit ~ 100 keV, 4n

 PLEIADES: has already established record brightness
at 140 keV



Compton Scattering X-Ray Source
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PLEIADES Modeling Capabilities

Step 1: PARMELA-SUPERFISH Design Step 2: Phase Space
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Axial Position, z (cm) Electron Axial Momentum, p,/m,c

Step 3: 3D X-Ray Simulations
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FALCON Laser Overview
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Number of Shots

PLEIADES Electron Bunch Measurements
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PLEIADES Electron Bunch Measurements

Energy Spectrometer Beam Spot At Interaction
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PLEIADES 180-Degree Interaction Region

| Note that x-rays propagate
through BKY7 folding mirror

Dipole Magnet

Focusing

Csl Scintillator Quads

Fiber coupling
CCD

15 T/m
(“f20”)

FALCON

Streak
Camera




First Light: 200 ms X-Ray CCD Capture




PLEIADES: Theory and Experiment

« BKY flat (800 nm fold mirror) attenuates x-rays according
to their energies (higher att. at low energy)

* Angular correlation between scattering angle & energy
results in narrowing of the angular distribution

« X-Ray energy distribution is given by:
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PLEIADES: Theory and Experiment

However, emittance and 3D focusing broaden angular
distribution:

All these effects must be accounted for to match data
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X-Ray Dose per Shot: > 2 x 107
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PLEIADES Normalized Dose Versus Delay
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Red: experimentally measured data

Blue: theoretical Lorentzian profile for Gaussian pulses, using the
measured laser parameters

The asymmetry reflects the fact that the electron beam current
is higher at the tail than at the front: for positive delays, the bunch tail
is closer to the focus where the highest photon density is reached



On-Axis Spectral Brightness
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Radiography and Tunability

0.005” Tantalum foil; K-edge @ 67.46 keV
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U K-Edge 115.6 keV

73.5 MeV, 15 mil 71.5 MeV, 15 mil 73.5 MeV, 33 mil 71.5 MeV, 33 mil

800 x 800 pixels 800 x 800 pixels 800 x 800 pixels 800 x 800 pixels




Dynamic Diffraction Experimental Setup

Gated X-Ray MCP/ICCD X-Ray Probe
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HOPG Static Diffraction

5 . L RN m“'_ Diffracted Beam ;%
--.‘ Ly .. b ® 3 - _ _. - * ) -

.
3 -
i o a

"4
FE A
(:

>, 02 T L>>* T T
o c
3 5
- — o - —
8 s ] 8
4= v
"LE L
C ir —

< o
__g 0.1 _ "8
8 © -
= =
5 0.05 1 ()]

L 0 I |

16 18 0 1 2 3 4 5

Rocking Curve (°) at Cu K Diffraction Angle asin(A/2d) (°)



High-Contrast Dynamic Diffraction
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Gaussian Shape is Due to Pump Laser lllumination on Crystal
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Edge Shift is a Direct Measurement of 2d-Spacing Diffraction Angle +/- 2.5 mrad



Linear Absorption (cm-)

By using K-edge tagging, one can considerably improved the data

K-Edge Tagging: 250 um Sn

collection technique used by LBNL on InSn
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Diffraction Efficiency

Darwin Curve Au (111)
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Au (111) High-Contrast Static Diffraction

Bragg 7\’ > 7\’Sn
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Au (111) High-Contrast Dynamic Diffraction
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Autocorrelation Signal (normalized)
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Linear & Nonlinear Compton Scattering
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Linear & Nonlinear Compton Scattering




3D NL Code:

Linear Polarization
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NL Compton Scattering: Off-Axis Spectrum
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3D NL Code: Circular Polarization




Spectral Control: Laser pulse Shaping

Approach:
1) Circular Polarization, to Eliminate High Harmonics

2) Temporal Pulse Shaping, to Eliminate “Transient” Lines
(Dazzler)
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High Brightness NL Compton Scattering
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keV/eV

Picosecond Positron Pulse Production at
PLEIADES
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