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Towards high power klystrons with RF power
conversion efficiency in the order of 90%.

Syratchev(CERN) on behalf of
High Efficiency International Klystron Activity
HEIKA

l. Syratchev, October 2016, Energy for Sustainable science, Hamburg.
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Future large scale accelerators

circular

linear

Schematic of an
80 - 100 km
long tunnel

FCC ©: CW, 0.8 GHz, P, total= 110 MW

l. Syratchev, October 2016, Energy for Sustainable science, Hamburg.
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Motivation for HEIKA

» The increase in efficiency of RF power generation for the future large
accelerators such as CLIC, ILC, ESS, FCC and others is considered a high priority
issue.

» Only a few klystrons available on the market are capable of operating with 65%
efficiency or above. Over decades of high power klystron development,
approaching the highest peak/average RF power was more important for the
scientific community and thus was targeted by the klystron developers rather
than providing high efficiency.

» The deeper understanding of the klystron physics, new ideas and massive
application of the modern computation resources are the key ingredients to
deign the klystron with RF power production efficiency at a level of 90% and
above.

The coordinated efforts of the experts in the Labs and Universities
with a strong involvement of industrial partners worldwide is the
most efficient way to reach the target ... thus HEIKA.

l. Syratchev, October 2016, Energy for Sustainable science, Hamburg.
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CL.IC Multi-beam (6/10 beams) pulsed klystron power balance diagram.
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l. Syratchev, October 2016, Energy for Sustainable science, Hamburg.



The new bunching technology shows a potential to boost klystron efficiency to the 90% level.
Link: http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=7194781 CLIC MBK preIiminary optimisation
“Classical” bunching
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Comparison of the two bunching methods (CLIC MBK).
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HEIKA/HEKCW working team:
I. 1. Syratchev (CERN)

II. G. Burt (Lancaster)

lll. C. Lingwood (Lancaster)
V. D. Constable (Lancaster)
V. V. Hill (Lancaster)

VI. R. Marchesin ( )

VII. Q. Vuillemin ( /CERN)
VIII. A. Baikov (MUFA)

IX. 1. Guzilov ( )

X. C. Marrelli (ESS)

XI. R. Kowalczyk ( )

' 16 beams MBK cavity
- . R/Q=220hm/beam

FCC ¢ CW, MBK klystron (HEKCW)

Tube parameters:

e Voltage:

e Total current: 42A

e N beams: 16

e pK/beamx10°:

* N cavities: 7

e Bunching method #1: COM

« Cathode loading: 2 A/cm”2

* Beam radius: 3 mm
— Filling factor 8 mm

* Length:2.3 m

* Beam circleradius: 75 mm
* Solenoid field (2x): 600 G
* Solenoid radius: 150 mm

* Collector; common
— Nominal load: 170 kW

l. Syratchev, October 2016, Energy for Sustainable science, Hamburg.
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HEKCW #11-02 (highest efficiency) mn=90.1%

HEKCW RF circuit optimisation
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Few tubes were optimised using KlypWin (1D code). Two of them were selected for further study.

HEKCW #11-07 (‘cleanest’ phase trajectories) m=89.2%
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J &) o= Gated mine-cathode for the HEKCW. InitiativeglB

Proposal from | Guzilov VDBT, Moscow
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7 cathodes in unit

1A J ._‘J"‘
— - = \ ; g ‘8 A -
< -\ cathode
— control b

Open state anode Closed state i

0 -0,005 +1,0 . .
Negative V gating
Cathodes

Positive V gating

7 cathodes in 1 unit

J

Control

Gate voltage = 0.04 V nominal

B Cathodes
Il Control
B Anode

Al
0

Open state Closed state

= For CW tube, gated cathode is an effective way for
fast protection of the collector. Thus, the collector
can be designed for the nominal Power (170 kW)

= For the pulsed tube it allows to eliminated the HV
switching system in the modulator.

‘ +1,0

Pm = 0,4 mkA/V*?

Gate voltage = 0.08 V nominal

l. Syratchev, October 2016, Energy for Sustainable science, Hamburg.
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l. Syratchev, October 2016, Energy for Sustainable science, Hamburg.
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TULIP- high gradient compact proton linac for cancer therapy

Courtesy of M. Vaziri, TERA Foundation
I. Syratcheyv, October 2016, Energy tor Sustainable science, Hamburg.
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The BAC bunching technology was studied at SLAC in attempt to improve the performance
of existing S-band SLAC klystron 5045. This is the most mass-produced (>800) high peak RF
power (65 MW) tube. First tests are scheduled to be done in spring 2016.

Typical 5045 Operating Parameters

Operating Parameter Value High efficiency
Frequency 23856 GHz

Beam Voltage 330KV

Perveance 2.0 pAVY

Peak Cutput Power 65 MW 52.5 MW
Average Output Power 41 W

EF Pulse Width 35ps

Pulse Rep. Rate 180 Hz

Gain 50 dB

3 dB Bandwidth 20 MHz

Saturated Efficiency 45% 62.5%

-

Cathode Current Density 8 Alom

0,00

0.65

Webooky {wic)
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l. Syratchev, October 2016, Energy for Sustainable science, Hamburg.
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Strategy for high-efficiency high RF power klystron development
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l. Syratchev, October 2016, Energy for Sustainable science, Hamburg.



CLIC Workshop 2016

18-22 January 2016
CERN

HEIKA day will be held on Thursday, January 21, 2016.
This time we decided to include the new subject: The very high efficiency IOT.

l. Syratchev, October 2016, Energy for Sustainable science, Hamburg.



