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BACKGROUND

- Power extractor driven by high charge beam
Normal conducting at room temperature (X-band long pulse):
150 MV/m (single-cell), 120 MV/m (multi-cell)
Normal conducting at cryogenic temperature (X-band long pulse):
250 MV/m (single-cell), 150 MV/m (multi-cell)

- Short-pulse acceleration is a promising approach to achieve high gradient
Experimental observation of BDR dependence on gradient and pulse length

BDR « E3075
New breakdown physics may exist in short-pulse regime

- Short-pulse acceleration requires special structure R&D
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SHORT PULSE RF SOURCE AT AWA

- Power extractor driven by high charge beam
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RECENT SHORT-PULSE RF BD STUDY AT AWA

Credit to Maomao Peng (TSU) and Jiahang Shao(AWA)

- Design and optimization
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RECENT SHORT-PULSE RF BD STUDY AT AWA

Reflection Transmission
- Cold test
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RECENT SHORT-PULSE RF BD STUDY AT AWA

- High power test

400 MW RF power generated from PETS with 450 nC drive beam
~300 MeV/m gradient in the middle cell, ~500 MV/m peak surface field
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RECENT SHORT-PULSE RF BD STUDY AT AWA

- Preliminary breakdown study
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RECENT SHORT-PULSE RF BD STUDY AT AWA

Major Breakdowns
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RECENT SHORT-PULSE RF BD STUDY AT AWA

- Over-coupled standing-wave gun

Gun exit
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RECENT SHORT-PULSE RF BD STUDY AT AWA

- Over-coupled standing-wave gun
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STRUCTURE R&D OF SHORT-PULSE SWFA

- Dielectric-loaded structure

Simple geometry

Low cost

No surface field enhancement

High group velocity but moderate shunt impedance
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STRUCTURE R&D OF SHORT-PULSE SWFA

- Dielectric-disk structure
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STRUCTURE R&D OF SHORT-PULSE SWFA

- Metamaterial structure

[—Fundamenal Mo
I~ Light Line |

Frequency (GHz)

0 30 60 90 120 150 180
Phase Advance (deg)

(b)
- CST w/ avernge charge
400 |+~ CST w! charge bleer st ‘\,'
Al

= i
§ 300
5

200
&

100

0

Time (n&)
- Other candidates
Distributed-coupling

Technique

Circuit Halves Aligned with Elastic Averaging

Precision Alignment Holes | &
Coupling Hole 2

P
Tuning Pin
(2 per Cell)
Feed Waveguide

S. Tantawi, et al, PRAB 23, 092001 (2020)

UCHICAGO e (FENERGY (oaimiimmst,
we

managad by UChicaga Argeane, LLC

(a)

¥ position (mm)
o w o o

'
n

2
Backward port

40

5

Power (MW)
w0
2

s

—Backward Port
|—Forward Port

0 1 2 3 4

Time (ns)

(b)

- 1
Forward port
05
0
=—>Bunch
-0.5
-

60 80

Z position (mm)

Cryogenic temperature

SLED-Il Line

Variable
phase delay
LN vent line

Faraday
cup (Fc) Dipole

Quad A Tested
Cryostat
Detector Linac

[station 2]

‘ Station 1 ‘

M. Nasr, et al., arXiv 2011.00391
(2020)

(c)

X. Lu, etal, APL 116, 264102

(2016)
mm-wave/THz
3 us Pulses
SiWafer, . .. _ I
(a)
10 ns Pulse r
RF Window :
Accelerating
Cavity
Current Monitor

M. Othman, et al, APL 117, 073502
(2016)

Argonne &

NATIONAL LABORATORY



SHORT-PULSE SWFA DEMONSTRATORS

- 500 MeV TBA demonstrator
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SHORT-PULSE SWFA DEMONSTRATORS

- CWA energy doubler

Unobstructed
beam path
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SUMMARY

- Short-pulse structure acceleration may be a new paradigm of high gradient
acceleration.

- At AWA, short RF pulses (<20 ns) are generated from power extractors driven by
high charge bunch train

- Systemic study is needed to explore gradient limitation as well as to understand the
breakdown physics in this regime

- Short-pulse acceleration needs advanced structure R&D for high efficiency and high
gradient acceleration

- The next big step is to integrate technologies in demonstrators
- Strengthen collaboration in the SWFA community and the high gradient community
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