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[1] C. A. Lindstram et al., “Emittance Preservation in an Aberration-Free
Active Plasma Lens”, Phys. Rev. Lett. 121, 194801 (2018)
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SACKGROUND
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THE STUDY

Experimental quantification of limitations of APLs for high-brightness beams
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Ultimately: can we expect to use APLs for high-brightness / -luminosity beams”?
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INITIAL ANALYTICAL ESTIMATIONS

Normal parameters for FLASHForward:
Beam energy: 1 GeV
Normalized emittance: 2 mm mrad
Beam size: 150 ymrms — [ =22 m
Fit beam inside capillary (1.5 mm diameter) with 5 stdevs

Gas pressure in 50-mm capillary: 1-15 mbar — ny = 2-40x 10" cm3
“Regular” multiple-scattering emittance growth

50 mm mrad (Ar)

4mtreng 287
= L-1.647Z(Z+ 1)In ﬁ ~ 20 mm mrad (N,)

0.8 mm mrad (H,)
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INITIAL ANALYTICAL ESTIMATIONS

But wait a second...
Estimated emittance growths much larger than seen in [1]
Using parameters from [1], expect ~4 mm mrad growth

Observed emittance growth <0.25 mm mrad at 90 % confidence

Turns out: far from multiple scattering
3 (Ar)

Ny=ng- oL << 1(N,)

0.05 (H,)

Estimated number of scattering events <1 — not even single-scattering
No analytical emittance growth formula for this regime

Monte Carlo simulations in GEANT4 [2]
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COMPARISON WITH SIMULATIONS

Initial bunch:
Gaussian transverse profiles
Matching beam parameters from experiment
Close to parameters on p. 5
Single-scattering module

1M particles

“Cleaned” data — full beam larger but more erratic for N,

Keep particles within 4o

More realistic expectations for the experiment
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- XPERIMENTAL SETUP

Using bunches from the FLASH linac:

[3] C. A. Lindstrgm et al., “Energy-Spread Preservation and High Efficiency
in a Plasma-Wakefield Accelerator”, Phys. Rev. Lett. 126, 014801 (2021)
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- XPERIMENTAL SETUP

Emittance measurements through quad scans

[3] C. A. Lindstrgm et al., “Energy-Spread Preservation and High Efficiency

” Ener
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= XPERIMENTAL RESULTS

Scanned gas densities for argon, nitrogen and hydrogen
Neutral gas
Capillary gas pressures in 1-15 mbar range

Limited by discharge (lower) and vacuum pumps (upper)
Emittance trends similar to simulations, but...
Small max values — particularly for argon

Several data points shows emittance de-crease

Why this discrepancy?
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= XPERIMENTAL RESULTS

Machine drifts
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COMPARISON WITH SIMULATIONS, PART I

[4]S. Tomin et al., “OCELQOT as a framework for beam dynamics
simulations of X-ray sources”, in Proc. of IPAC’17, p. 2642 (2017)
https://qgithub.com/ocelot-collab/ocelot
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CONCLUSIONS

Measurement flawed but still gives insight
Short devices and low gas densities — not in multiple-scattering regime!
Smaller emittance growth than analytic theory
Still — simulations suggest noticeable increase even for low gas densities

Lower limit on gas density: discharge must work
So: does this rule out using APLs for high-brightness / -luminosity beams?
Not quite — circumstances matter
Many things still unknown

E.g. scattering contribution during discharge

Electrons, ions, near-neutrals (i.e. Are*), ...
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CONCLUSIONS —

BONUS DATA

If an APL is to be used, nitrogen likely better than argon

Very early analysis — nearly raw data

~120 T/m for Ar, N, — consistent with 340 A discharge current

Gradient enhancement only in H,

More analysis and data needed for final verdict
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OQUTLOOK

More to come
Refinement of experiment
Upgraded experimental setup — larger beam pipes
Upgraded diagnostics — measure both transverse planes
Take care not to lose any charge

Careful optics setup

Extended simulations of scattering and transport
More particles = ‘more better’
Model vertical optics more accurately

If necessary include measured magnet misalignments, etc.
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THE END

Thanks for your attention!

Questions, comments, ...
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