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FACET-II LINAC Credit: SLAG
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* L1/L2 phases and their bunch compressors BC1/BC2 manipulate the longitudinal phase space of
the electrons
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Part 1: ES00
Beam-driven Plasma Acceleration



E300: Plasma Wakefield Acceleration (PWFA)

e Two bunches of electrons

fromthe FACET-IILINAC are 4 Fizsimasloction e Plasma
sent into the plasma g (negatively charged) l .
 The first bunch drives a \ '+ i
plasma wave, and the second -
sees strong accelerating - r Trailing " Drive electron
fields ~O(10 GV/m) in the . electron bunch bunch

blowout cavity

 Laser may be used for plasma '% n @
pre-ionization to enhance / eneray 5 . ENERGY

PWFA performance i

Credit: Sébastien Corde
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Laser used for:
e Plasma creation

«  Probe diagnostics Variety of plasma sources:
« Compton collisions * Lithium oven (40 cm)
Uik Jiffarertial . ¢ s ph * Helium/hydrogen static fill
pstream ai erer; 1al pumping system ain ionization iaser o Helium/hydrogen gasjet
'.,-} [ \ Lithium oven plasma source
4 y L7y = US-DPS turbopumps

Electron Beam Hydrogen plasma beamline and viewports

X-band transverse deflecting cavity (a) Downstream differential pumping system

\

Final focus quadrupoles and DPS apertures DS-DPS turbopumps

Upstream beryllium window X-ray and gamma diagnostics (d)
Beam, laser, and plasma diagnostics (b)

Downstream beryllium window

Spectrometer quadrupoles

Spectrometer dipole

Electron diagnostics (c)

Final Focus and US-DPS Interaction Point Imaging Spectrometer and DS-DPS




Plasma Acceleration results

Photocathode two bunch configuration:
* Driver ~1200 pC, 6-8 kA

* Trailing ~150-250 pC

* 40cm Lithium plasma, n_,=4e16 cm™3
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PWFA repeatibility

Credit: Clement Vovard

Laser on = laser pre-ionization of plasma
Laser off =beam ionization of plasma

Top 10% of shots

AE = 4.13 4+ 0.47 GeV
0, = 133+ 18 pC
op = 0.82 +0.21 %
Neoe = 4.3 + 0.4 %
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Section 2: E340
Control and probing of plasma
accelerators and wakeless mode



Plasma acceleration Wakeless
Credit: Igor Andriyash

* Electron beam ionizes gas and drives * Electron bunch only ionizes narrow
plasma wave plasma channel

* Multiple plasma oscillation periods * Electrons are ejected and don’t come back
formed to the axis — straight ion channel is formed

* Driver loses energy and the charge in the * Driver loses energy without acceleration in
back is accelerated trailing

The transition between the two regimes could open promising paths for positron acceleration
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E340: Dark-field shadowgraphy at SLAC
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Experimental shadowgram snapshots

Plasma acceleration Wakeless
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Shadowgrams vs electron spectra

Plasma acceleration
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Electron spectrum

CHER observation
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Conclusions

E300:

* O(10 GeV/m) acceleration observed for 150-250 pC withess bunch
* Sub 1% energy spread of accelerated bunch

* 5-6% total efficiency observed

E340:

* First demonstration of dark-field shadowgraphy images at an
accelerator facilty

* Plasma acceleration and wakeless transition observed by
changing longitudinal phase space
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Thank you

Questions?



Backup



Longitudinal phase space reconstruction
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Impact of laser pre-ionization
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Figure of merit

How to determine “best” shots?

1) Examples of tests to filter shots with no acceleration:
 Max dQ/dE above 10.5 GeV = 50 pC (minimum threshold for accelerated peak)
* total charge accelerated above 10.5 GeV = 10 pC (removes hot pixels)

* RMS (Egms) and mean energy (CE)) of charge above 10.5 GeV satisfy 1.5 Ex ¢ <<E>-10.5 GeV

 Fulllist:

https://confluence.slac.stanford.edu/spaces/FACET/pages/623415042/PWFA+analysis+CHER+pre
All shots that pass tests sorted by Figure of Merit

-processing

2) Define figure of merit on remaining shots:
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https://confluence.slac.stanford.edu/spaces/FACET/pages/623415042/PWFA+analysis+CHER+pre-processing
https://confluence.slac.stanford.edu/spaces/FACET/pages/623415042/PWFA+analysis+CHER+pre-processing
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