


Plasma wakefield accelerators (PWFASs)
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* Drive bunch blows out plasma electrons 28 o
leaving behind a stationary ion column TS| —
: : Nl
* Witness bunch loaded into back of the wake oLl 2 WL, L L
“feels” large longitudinal electric field X (mm) A (pC/mm)
 Accelerating gradient sensitive to bunch Go ~ 7GeV/m
separation O(Nslum) To date no PWFA has preserved beam’s

transverse emittance
[1] Litos et al Nature 2014, [2] Litos, et al. Plas Phys. Cont. Fusion (2016)



Withess beam emittance growth

Chromatic phase spread causes projected emittance
growth in anion column.

Mismatched beam:

Saturated, projected emittance is given by:"

€ 1
— = 3 (57m — 20y, + 75?%)
€0 2

subscript ‘m’: matched CS parameters

[3] Xu et al PRL 2016, [4] Lindstrom et al IPAC Proceedings 2016
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Offset witness beam:

Saturated, projected emittance is given by:™

1 [ Ax? m
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Matched witness bunch will still undergo emittance growth if it is
transversely offset! O(~5 um)









Principles of detection:
* Electron bunch passing by an EO crystal at
speed c resembles a transient THz field

travelling through the crystal.

 The THz field induces a birefringence on

the crystal

* Phase retardation occurs between
polarization components of a probe pulse

—— Induced birefrigence

—— Probe pulse

THz
reflection

[5] Cavalieri et al PRL 2005

(5]

Spatial encoding:

An ultrafast probe pulse is sent into the EO

crystal at an angle, sweeping across the whole

crystal and mapping time into space.




EOS at FACET
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EOS was used at FACET to measure the longitudinal separation of the drive and

witness beams (Az) for a PWFA. It was calibrated against the X-band TCAV.



EOS-BPM at FACET-
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@ Monitoring beam’s transverse offset
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Detector operating modes

Drive beam signal difference Witness beam signal difference
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Longitudinal resolution

Input current profile
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Transverse resolution
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For both beams observe ~1% drop in signal (signal difference) per micron of beam offset.



summary

PWFAs sensitive to ~ 5pum errors in drive-witness
longitudinal separation and transverse offset

EOS-BPM compares relative strength of signal between twin
crystals on opposite side of e-beam

Ultra-short laser pulse incident to EO crystal at an angle
provides compact, non-destructive signal in a single-shot

Single crystal (EOS) measures drive-witness separation with
~10um resolution

Dual crystal (EOS-BPM) measures transverse drive-witness
offset with ~ 5um resolution
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