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Motivation: AWA map
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Method: designh of the W-band* PETS

Power Extraction and Transfer Structure : PETS
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Total length of the grooved structure : 12 cm

When fixed the gap =0.94 mm : f, =91 GHz, Ay =3.3mm

70t harmonic of L-band (1.3 GHz) RF at the AWA

* Similar to Valery Dolgashev (SLAC) 100 GHz structure
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Method: wakefield (RF) generated by single bunch
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Method: enhance power with drive bunch train

RF bucket with adjustable time structure :
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Method: drive beam line at AWA

Single (sub) bunch charge: g, 5nC 10 nC
Bunch RMS length: g, (mm) 0.50 0.60
Formfactor at 91 GHz: F(o,) 0.60 0.37
RMS beam size: g, (mm) 0.2 0.35

@
@)

g ? EL d(13GH)I k ’
RF gun \\\\\\\Q}&@Q Solen0|§s an z) linac tanks 65 MeV eIecK)rh';lrla‘i{m E
- XA - R e A S A =

p th B



Single bunch experimental set up

Detectors :
« 1. Energy meter (calibrated): RF output energy
« 2. Spectrometer. energy loss of electron beam
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I W-band structure
ICT 2

Single bunch experimental results_(1)

ICT 1
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Charge before structure (ICT 1): 3nC Charge of the drive bunch - average loss

Transmltted charge after (ICT 2): 1nC 2.6 mJ (Fig.a) = 1.3 MeV (Fig.b) * 2nC
Effective charge convert to the RF: 2nC

energy conservation : beam energy loss = RF output
RF: 0.77 MW * 3.4 ns



Single bunch experimental results_(2) R
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Power vs. drive bunch charge RF simulation code: CST
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RF frequency measurement set up

Detectors :

« 3. Michelson interferometer: RF frequency measurement
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RF frequency measurement results

Frequency measurement of the W-band structure:
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..
Challenges : diagnose the high frequency RF envelope

? No detector to look at the 91 GHz RF pulse directly, currently oscillator (up to 60
GHz at most)

? No easy way to figure out how to alignment the bunch train in right wakefield
phase
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Highlight : two wakefield interferometry method
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Bunch train experimental set up: laser train

Generation of tunable bunch train:
e 1. UV laser slitter
e 2. Movable mirror on stage

Initial interval around: zy = 230 mm (1.3 GHz / 0.769 ns)

laser bunch train
to the photocathod

Y

\ Beam splitter

| } 4] Mirrors on the stage
I | Beam block

Movable stage 1

UV laser pulse
from excimer

Movable stage 2
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2-bunch train experimental results
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2-bunch train experimental results
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3-bunch train experimental results
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—> Precise control of RF phase (bunch1~3 Epear = 85 MV /m (high gradient)
loss energy of :1.3 MeV, 3.2 MeV, 4.4MeV)
> Generate maximum RF power Derived output RF pulse:

Ppeak = 5 MW (high power)
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Plan: increase the power and gradient

With structure attenuation coefficient a: E, = NE | ((1—e‘“L) / aL)
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Plan: accelerate the witness beam to higher energy

400

300 | 3 drive beams of 5nC for example

200 [ a small witness beam

100

L

Ez (z=L) (MV/m)

=100

=200 |
91 GHz RF signal
=300

—400
0

time (ns)

Energy gain of withess beam ~ 20 MeV after the structure (~0.12 m)

20



Summary

1. We measured 5 MW RF @ 91.3 GHz, wakefield gradient is 85
MV/m. The W-band structure turns out to be a high power RF
generator & also compact /advanced accelerator of high gradient

2. The newly-developed two-beam wakefield interferometry method
Is an effective diagnostic for wakefield, which benefits the precise
RF phase control in advanced wakefield accelerators.

3. We plan on the 100 MW & 400 MV/m in the W-band structure in
future (promising)
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Method: parameter of the PETS

Table. parameters of the W-band PETS

RF frequency* fo 88.0 ~ 94.0 GHz

The aperture between the two plates 2a 0.80~1.20 mm

Period length Zy 1.10 mm

Half length of the groove in y direction Ymax 1.25 mm

Depth of the groove Xmax 0.90 mm

Total length of the structure L 123.20 mm

Relativistic group velocity By 0.105 *

Total quality factor Q 2560 *

“R over Q" per unit length R/Q 83.3 kQ/m *

Loss factor per unit kj, 1.33 x 10°v/(C -m) *

*Frequency f0 can be tuned by adjusting gap 2a
*Value at f =91 GHz
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W-band RF generation with two electron bunches
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