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Motivation: high-charge bunch shaping

Roussel et al., PRL 124, 044802, 2020

EM field in the dielectric wakefield structure
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High-gradient, high-transformer ratio wakefield accelerators:
‘ High charge bunch shaping
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Motivation: high- charge bunch shaplng
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Loisch et al., NIMA 909, 2018.
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P. Muggli et al., PRL 101, 054801, 2008.
Muggli et al., PRST-AB 13, 052803, 2010.
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Correlation-based shaping

High quality bunch shaping for high charge beam:
‘ Mitigation of collective effects (space charge, CSR)
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Transverse deflecting cavity-based (TDC)
Bunch shaping method
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A solution to high-Q shaping: TDC-based bunch shaping

»  Originally suggested in: Kur et al., Rep. No. LBNL-2670E, 2009.

> TDC: Transverse deflectlng cavity > Extended study reported in: Ha et al., PRAB 23, 072803, 2020.
»  X-band TDC shaping: Kim et al., In. Proc. IPAC’22 (WEZOSP1), 2022: Euclid SBIR project
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No dipole magnet is used: CSR-free
Ultra-relativistic beam is shaped: space-charge less considered
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Particle tracking simulation results
» with AWA drive linac accelerator
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Introduction to AWA facility

» Multipurpose R&D test facility for high-gradient, beam-driven wakefield accelerator
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Reconfigurable Switchyard

Argonne Cathode Test Experimental Switchyard
Stand — ACT (2 - 4 MeV) « Highly reconfigurable beamline
- Cathode research and diagnostics « 6D beam phase space manipulation

» Physics of high-gradient breakdown
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OPAL tracking simulation with AWA drive linac

» OPAL: Adelmann et al., arXiv:1905.06654v1 (2018), https://qgitlab.psi.ch/OPAL/src/-/wikis/home
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https://gitlab.psi.ch/OPAL/src/-/wikis/home

Shaping case 1: triangular distribution: 40 nC case

TDC #1 Quad TDC #2
Horizontal kick Transverse mask (hor. focusing) Horizontal kick
_TFTTTL_ __ I TTL_ Fina
>
o L L LT [ 11
¢ @
Before mask After mask ®
1.0 ;
082 Charge after system:
o.sg 11.0 nC
0.4%)
0.2 g
o | |2 Head
1.0 x
o.sg |
06% Charge distribution:
04;—2 | Triangle
0.2§
0.0

1.0

o o o
~ o [o"]

Normalized density

o
(N}

0.0

Bunch shaping using TDC | 2022. 11. 08 | Seongyeol Kim | 10 Argonne s

AAAAAAAAAAAAAAAAAA




Shaping case 1: triangular distribution: 40 nC case

Calculation using: P. Piot, F. Lemery, and J. Wang, DiWakeCyl: https://github.com/NIUaard/DiWakeCyl
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Calculation of the wakefield: based on
> K.-Y. Ng, PRD 42, 1990
> M. Rosing, W. Gai, PRD 42, 1990
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https://github.com/NIUaard/DiWakeCyl

Shaping case 2: shaped drive + withess beam
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Shaping case 3: triangular distribution: 5 nC case

» Preliminary FBPIC simulation for beam-driven PWFA (https://github.com/fbpic/fbpic)
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» High-transformer ratio with optimized beam parameters can be achieved:
> Roussel et al., PRL 124, 044802, 2020 == TR ~ 8
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https://github.com/fbpic/fbpic
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Bunch train generation for THz application

Ha et al., PRAB 23, 072803, 2020.

Beam manipulation for two-beam acceleration (TBA)

»

Two-beam acceleration scheme
Accelerator

——.
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Witness [ \ ——
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Power extractor (decelerator)

Experimental demonstration @ AWA:
Jing et al., NIMA 898, 2018.

TDC-based bunch shaping method:
Versatile beam distributions for high-gradient CWA/TBA
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Conclusion and future works

» TDC-based bunch shaping:
» CSR-free, space charge is less considered: flexible beam manipulation against collective effects

is made possible

» Beam manipulation for high-gradient CWA and TBA
» High charge beam can be shaped: high-gradient + high-transformer ratio

» Future plan: Experimental demonstration of bunch shaping using TDCs @ AWA
» Bunch shaping will be performed using L-band TDC existing in the AWA beamline
» Experiments such as high-transformer ratio + beam acceleration will be carried out with

collaborators (Euclid, NIU)
» Also, X-band TDC-based shaping driven by power extractor* is under investigation

* X-band TDC shaping: Kim et al., In. Proc. IPAC’22 (WEZOSP1): Euclid SBIR project
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