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UCLA [aser In and Out

Quality of drive and probe laser beams (and green pump beams!)
»AM central frequency, bandwidth, spatial/temporal phase
» 1 pulse shape, pre- and post-pulse
» Energy
» Wavefront amplitude and phase distortion
» M2, focal quality, intensity
» Pointing, pointing jitter

» Contrast, ASE
Quantify output beams

» Phase modulations
» Ao spectral changes
» At pulse distortion
» Absorbed power

» Scattering

» Guiding




UCLA Laser In and Out

Pulse shape and temporal phase
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UCLA Laser In and Out (cont.)

Pulse shape and temporal phase
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UCLA The “Target” & the Plasma

Characterization of accelerator’s local environment
> Profile of gas/clusters in a “gas jet”
» Gas uniformity in capillaries
» Lithium vapor profile in a heat-pipe oven
» Edge effects
» Vibrations of target
» Vacuum quality

Parameters of plasma itself
» lonization state
» Density profiles, longitudinal and transverse
» Optical properties of plasma fiber
» Plasma parameters in a capillary discharge
» Hydrodynamic evolution both pre- and post-acceleration
» Laser- Beam-Plasma instabilities with Driver present
» X-Rays, fast ions



UcLA  Laser pointing and jet profile

Plasma afterglow and interferometry

v’ Focusing + spatial overlapping of beams: dumb-bell+interferometer TOp view
v Femtosecond synchronization . T
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Parameters of Plasma Itself
UCLA Optical probing of plasma—Theory

Spatio-temporal geometry determines best ‘theory’
Probe crosses many crests/valleys of ‘wave’ & 7o, >> Oyave’

» Ensemble-average of scattered field from each electron in
scattering volume (thermal Thompson scattering)
» OR Fluid description of i(r,t) + Maxwell's equations

1

Probe sees slowly-varying or ~ static n(r.,t)
» Refractive index description of density perturbation
-> Interferometry, “Photon acceleration”, etc.
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UCLA

Optical probing of plasma—Theory

Probe crosses many crests/valleys of ‘wave’

Incident probe
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UCLA Probe crosses many crests/valleys of ‘wave’
Importance of k-matching

Wave-wave coupling
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UCLA Optical probing of plasma—Theory
Probe sees slowly-varying or ~ static ii(r,t)
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Longitudinal & transverse profiles
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UCLA Plasma Wave/Accelerating Structure

Characterization of accelerating wave structure
» Amplitude of density perturbation along z.
» Magnitude of longitudinal/radial fields
» Spatial/temporal scale of fields, “acceptance”
» Phase velocity
» Self-trapping
» Beam loading



UCLA Characterization of accelerating wave structure

Probe sees quasi-static structure
Probe
Axial distance (x/x.)
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WI.A Characterization of acceleratlng wave structure
Probe sees quasi-static structure

Refractive index probe Pure phase-modulation (FM)
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UCLA Characterization of accelerating wave structure
Collinear Thomson Scattering
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UCLA Characterization of accelerating wave structure
Photon Acceleration

Spectrometer
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UCLA Characterization of accelerating wave structure
Frequency-domain interferometry
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fs-time-r esolved measur ement of Resonant LWFAJ
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Characterization of accelerating wave structure
Frequency-domain interferometry w/ radial info
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UCLA ©

haracterization of accelerating wave structure

Single-shot, 2D longitudinal “holography”

[ FD Interferometry

C. Froehly et al_ J. Opa. Paris, 4, 163 (1973)

-

FD Holography ]

C. W. Siders ef al. IEEE Trans. Plas. Sci., 24 301 {1996)
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C.W. Siders et al., 1EEE Trans. Plas. Sci.. 24, 301 (1996)

LeBlanc et al., Opt. Lett. 25, 764 (2000)



UCLA Electrons In and Out

Quality of injected electrons
» Central energy, energy spread, temporal chirp
» T pulse _shape, pre- and post-pulse
» Total charge
» Emittance, focal quality, brightness
» Pointing jitter
» Dark current

Quantify output electrons
» Energy spectrum, charge
» Number of buckets
» Bunch length within single bucket
» Source size, beam density
» Betatron phase, amplitude



Characterization of electrons out
Correlations with sidescatter and Laser Out

Exit
Mode Electron
Of beam
Side scatter Laser divergence

Don Umstadter, U of Michigan



UCLA

Characterization of electrons out
Transverse emittance via scanned “pepper pot”

Method X=dx

/J/
1

0

Data at I

‘single’

RCF

energy
0.0s}

Ax’ (mrad)
=1
a

005

-0.50 -0.25

0.00

¥ (mm)

025

.50

Variation

with beam*?[

energy _

g, , (m mm mrad

J0

20

10

0

B

+

——

10

20 30 40
Electron Energy (MeV)

50

B0



w Characterization of electrons in & out ff: 5\
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USC Characterization of electrons 1n |
Time-domain interferometry (many shots)
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UCLA

Characterization of electrons 1n or out
Electrooptic effect, wiggler radiation
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UCLA Summary

“Measurement is King”
» Quantify
» Correlate
» Improve input parameters
» Improve output parameters
» Understand physics
» Advanced Accelerator community is pioneering in many
advanced diagnostic techniques.



Sub-100 ps synchronization between CO,
laser and e-bunch
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Characterization of electrons in USC

Simulation of longitudinal phase space——
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UCLA “Measurement is King!”

Laboratory

!

Apparatus <

g = oo Diagnostics
Experiment
1 = oo Diagnostics

Physics Results <

Correlations
Parametric dependencies
-> |mproved understanding



w Characterization of electrons in

(Partial) bunch length measurement i;':fl,: “ -
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UCLA
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w Characterization of electrons in

Non-invasive energy spectrum measuren =2/

Xray “wiggler” located in high-dispersion (x-plane)
region of FFTB

~2mrad
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ON-FREE Propagatlon of 1 TW Pulses

-

exit mode He EIHH?F}{IL J

spectral intensity

T80mm  B00 nm T 820 nm

~ 50% throughput

Highest intensity-length product demonstrated:
0.2x 10®¥ W/cm? x 1.5cm
Suitable for stable LWFA up to GeV energy



@
/ Setup for Laser Wakefield and
Frequency-domain interferometry

Ecole Polytechnique
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mLA Self Modulated Laser Wakefield Accelerator Setup
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Compressor
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uc Characterization of accelerating wave structure
Collinear Thomson Scattering ~ cross ¢ modulation

To position
monitor
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