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FDI — Frequency Domain Interferometric reconstruction of
laser-driven wakes
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FDH - Frequency Domain Holographic reconstruction of
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napshots of laser wakefields”, Nature Physics, 2, 749 - 753 (2006)



Parameters of BNL ATF experiment

Patric Muggli, Resonant excitation of plasma wakefields, WG4, AAC 2010

H2 plasma

n.~ 10 to 10%’cm-3
7, ~ 1.1ps to 0.35ps

V ~ 10-20kV
Ang/n,~ 102

l magnet

Capillary

Warning:
measurement,
not simulation!



BNL ATF experiment with FDH diagnostic

Patric Muggli, Resonant excitation of plasma wakefields, WG4, AAC 2010
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Possible 1ssues

Ap
Siders ~102 rad .
Matlis ~10! rad < Small phase shifts
BNL ~103rad  Ap = (2w/2,) AL € 5.6710° to 5.6[7@
H2 plasma
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Take advantage of jitter for temporal sampling.  Measure relative delay between electron bunches and laser pulses on each shot and use this data for postprocessing.  Possible methods – eo sampling or streak camera.


Capillary H2 pressure and plasma density

Reference arm

V ~ 10-20kV

Capillary T Probe arm




Fiber kinematic mount with adjustable
Cooled Cohu CCD collimator. The collimator was

. . adjusted to place the waist at the retro Ytt. Fiber Input
Imaging Objective Safety Shutter ~ mirror.

Steering

Capillary Assembly




Capillary H2 pressure and plasma density

Reference arm

V ~ 10-20kV
| |
|
‘ ~1mm
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Fiber optic from laser clean room

Laser q\

Yb-fiber laser
T~ 200fs, A ~Ium
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Capillary H2 pressure and plasma density

Patric Muggli, Resonant excitation of plasma wakefields, WG4, AAC 2010
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Capillary H2 pressure and plasma density
Plasma density 15kV discharge Plasma density 10kV discharge
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Capillary H2 pressure and plasma density
Plasma density 15kV discharge Plasma density 10kV discharge
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EO time delay and bunch shape measurement

SpeCtrOmeter

Correlated measurements of
bunch and laser delay, bunch
shape, and plasma wave
profile.

Relative centroid

EO CRYSTAL position: ~60fs or less

L~1-2cm

HV Discharge Capillary

ps to 0.35ps

locking Femtosecond X Rays,”



EO time delay and bunch shape measurement

SpeCtrOmeter

Correlated measurements of
bunch and laser delay, bunch
shape, and plasma wave
profile.

Relative centroid
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EO time delay and bunch shape measurement

SpeCtrOmeter
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Conclusion

» Preliminary interferometric plasma stability and uniformity measurements

* FDI measurements unlikely, FDH will probably be necessary

 Setup of FDH will begin after this meeting

 Austin Yi currently simulating FDH probe propagation with electron bunches -
will permit simulation of FDH measurement and determination of resolution

and detection limits.

Ultimate goals:

» Direct measurement of plasma wave structure

» Correlation of local plasma wave and microbunch amplitudes

 Direct observation of resonant wake enhancement in the multibunch
experiments

* Direct observation of different
structures of electron and positron
driven wakes.

 Standard noninvasive diagnostic
complementing particle diagnostics in

next generation of PWFA experiments. T h an k YO u
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FDI: Temporal Overlap in Spectrometer
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