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THALES

B

All Linac4 power sources perform as specified, beam has been accelerated to
ready to accelerate to full 160 MeV.

uly, and everything is

O. Brunner, F. G
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Normalconducting

RFQ and DTL 2900 Klystron In kind (ESS Bilbao) 2019

Normalconducting
bunchers

Spoke linac 400 Tetrode In kind (Elettra) 2019

30 Solid State In kind (ESS Bilbao) 2019

Medium beta linac 1500 Klystron Prototyping 2019

High beta linac 1500/1200 MB-IOT (decision Prototyping 2022-23
Klystron/IOT end 2017)

M. Jensen, C. Marnrelli
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High-f Linac: 80% of RF power!
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Frequency
Maximum Power
RF Pulse length
Duty factor
Efficiency

High Voltage

Design Lifetime

TU2A01

704.42 MHzZ Bandwidth > + 0.5 MHz

1.2 MW
Up to 3.5 ms
Up to 5%

> 65%

Low

> 50,000 hrs

Average power during the pulse
Beam pulse 2.86 ms

Pulse rep. frequency fixed to 14 Hz

Expected < 50 kV

27 September 2016
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Beam Voltage - 42 kV

Efficiency

EFFICIENCY

/ 0 5 10 15
0 s L Je M. Jensen, M. Kifshner
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Beam Voltage - 42 kV

Efficiency

/ (0] 5 10
(0] 5 10

Linac1é E. Jensen: RF Sourc IQ"T'I{J?XE)ER [KW]

70% Efficiency > 60% from
600 kW to 1.2 MW

(HV efficiency only)

EFFICIENCY

115

15 Courtesy of L3
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MB-IOT prototype L3 L6200 Klystron Toshiba E37504, from FAT
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Alamos Newtron Scienee Conter

e

® Excess

®* Manufacturer u

* Ceramic/metal seals stressed leat ramic crack
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» Los Alamos
MATIONAL LABORATORY Alamas Neutron Scence Conter
EST. 1943

“TACTIVE_ REGION
OF THE TUBE

EXTERNAL CIRCUIT

ANODE !
CYLINDER VACUUM ENVELOPE

GRID
CYLINDER

a)

i

}--c

hig o

l-i—rj l—mmmmo - N 7— l

EXTERNAL

ANODE/ N CIRCUIT
CYLINDER VACUUM ENVELOPE

GRID
CYLINDER Y]

Diacrode is actually a double-ended Tetrode, also the Burle triode is double-ended.
.J. L)’|
36
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e@sAIamoc LANSCE—

NATIONAL LABORATORY mas Newtran Science Camter
E5T. 1943

- Designed 2009 — 2011, Tested > 9000 hours 5 tubes
« Tested to (2 ...2.5) MW at 12% DF, operated at (1.3 ...1.8) MW
« Commercialized by Continental Electronics/Corp., 7 built
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Linac1é

Three

First two

Second pair of TH62 :
Third pair installed and commissioned in June, 2016.

No tube failures so far, present inventory of 9 tubes.
~ne

please >

E. Jensen: RF Sources TU2AO01

oﬁs Alamos ((LA

NATIONAL LABORATORY Newtran Scignce Canter
E5T. 1943

gradation

adation
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326 klystrons 326 klystrons
33 MW, 139 ps i 33 MW, 139 ps
combiner rings

drive beam accelerator Circumferences drive beam accelerator

delay loop 724
238 GeV, 1.0 GHz “CR?F;MSQ 2.38 GeV, 1.0 GHz

CR24343m 1 km

delay
loop

decelerator, 2i _sectors of 868m
rF/

-

N
e main linac , 12 GHz, 100 MV/m, 20.8 km e*main linac

47.9 km

CLIC 3TeV

booster linac,
9 GeV, 2 GHz or 4 GHz ?

Main Beam
Generation
Complex

e injector e injector,
24 GeV ) 24 GeV

R. Corsinil et cb
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326 klystrons 326 klystrons
33 MW, 139 ps i 33 MW, 139 ps
combiner rings

drive beam accelerator Circumferences drive beam accelerator

delay loop 724
238 GeV, 1.0 GHz “CR‘:F;MEQ 238 GeV, 1.0 GHz
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CLIC RF powe

delay
loop

o e = = o

decelerator, 2i _sectors of 868m
rF/

-

N
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47.9 km

CLIC 3TeV

booster linac,
9 GeV, 2 GHz or 4 GHz ?

Main Beam
Generation
Complex
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& injector e* injector,
24 GeV ) 2.4 GeV




RE in RF to load

No beam

il 3

“short” structure - low Ohmic losses

R. Corsinil et
Linac1é E. Jensen: RF Sources TU2AO01 27 September 2016 45



No RF to load

RF in

No beam

High current
beam

most of RF power
(=2 95%) to the beam

e 3 ¢ 8 71 31 B

“short” structure - low Ohmic losses

R. Corsini| et
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RE in No RF to load

No beam

High current
beam

most of RF power
(= 95%) to the beam

e 3 ¢ 8 71 31 B

“short” structure - low Ohmic losses

RF pulse at structdre inpu:t

A\

| ¢——— 1.5 us beam pulse

, RF pulse at structure outpgt \‘

| analog signal

R. Corsinil et
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efficient acceleration in fully loaded linac

-———L—h——h—‘—h—h——‘—‘—//—h—‘—‘ —

CLIC main beam

R. Corsini| et
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efficient acceleration in fully loaded linac

-———L——h——h—‘—h—h——‘—‘—//—h—‘—‘ —

CLIC main beam

140 us total length - 24 x 24 sub-pulses - 4.2 A
2.4 GeV - 60 cm between bunches (500 MHz)

R. Corsini| et
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gap creation, pulse m

efficient acceleration in fully loaded linac compression & frequency

multiplication
. / SN

pulse compression &
frequency multiplication

pulse compression &
frequency multiplication

CLIC main beam

140 s total length - 24 x 24 sub-pulses - 4.2 A
2.4 GeV - 60 cm between bunches (500 MHz)

R. Corsini| et
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gap creation, pulse m

efficient acceleration in fully loaded linac compression & frequency

multiplication
. / SN

pulse compression &
frequency multiplication

pulse compression &
frequency multiplication

CLIC main beam
ucture - final

140 us total length - 24 x 24 sub-pulses - 4.2 A
2.4 GeV - 60 cm between bunches (500 MHz) 24 pulses — 100 A — 2.5 cm between bunches (12 GHz)

: R. Corsini| et
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gap creation, pulse m

efficient acceleration in fully loaded linac compression & frequency

multiplication
. / SN

pulse compression &
frequency multiplication

pulse compression &
frequency multiplication

Power Extraction

CLIC main beam
ucture - final

140 s total length - 24 x 24 sub-pulses - 4.2 A
2.4 GeV - 60 cm between bunches (500 MHz) 24 pulses — 100 A — 2.5 cm between bunches (12 GHz)

. R. Corsini| et
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Efficiency n [%]
Gain Gp [dB]
Output Power po [MW]

10 120 130 140 150 160

Beam Voltage epy [kV]

S. Doebe
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ent.

A 10 MW, Toshiba, E3763
© 10 MW, CPL, VKL-8301
W 20 MW, Toshiba, E37503
@ 20 MW, Thales, TH-1803

® Tra

Efficiency, %

® Arece

—> A. Baikov, C. M
KIySfI"OﬂS With RF Pow 0 02 04 06 038

Perveance x 10

90%"”, IEEE Transactions on

An international collaboration, including -qus, Universities ‘qnd Industry was init ated;
Members of “HEIKA”: I. Syratchev/CERN, A. Baikov/MFUA, I. Guzilov/VDBT, C. Lingwood, D. Constable, V. Hill /U
Lancaster, R. Marchesin, Q. Vuillemin/TED, C. Marrelli /ESS, R. Kowalczyk/L-3, T. Habermann/CPI, A. Jensen/SLAC
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4>

The Cockcrcﬁ lnstltute

rator Science and Technology

Core oscillations

Traditional approach

1 1.5

Perveance x10-°
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BB
=000 0%

Final compression and bunch After deceleration all the
rotation prepare congregating electrons have identical
FS bunch. velocities.

The fully saturated (FS) bunch

V. Kochetova, C. ngwood
Linac1é E. Jensen: RF Sources TU2AO01 27 September 2016
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B Sus +23. 400us DReady.

At 3.004 GHz (in saturation)

i
Reflection
from RFload

Peak current 205 A
(cathode)

Peak output
power 7.02 MW |\

™

i [ ~130mv

Edge
4: 1000V 3
DC1HQ DCIMQ 0509
v 2. 73vEmpty V. S4Tmvjav 547nv|

RF frequency 2.99855 GHz 3.004 GHz
Peak power > 6 MW 7.02 MW

RF gain > 45 dB 48 dB
Efficiency > 60% (aiming at > 70%) 66%
Voltage < 60 kV (aiming at 52 kV) 51.7kV
pulse length X rep rate > 7.5 ps x 300 Hz = 2.25 - 1073 7.5 us X 300 Hz

o
Klystron in the test set-up

Linac1é E. Jensen: RF Sources TU2AO01 27 September 2016

l. Guziloy, I. SZ'orqtch ?



™

v

I. Guzilov, I. SZ]rc:'rche ?
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(Thal
N.B.: The te

® The very high po ver:

better suited for CW or Iqlrg DFs.
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A ™5 NATIONAL

=@ ACCELERATOR

1
B ™\ L 15ORATORY
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* Specific

* Now shipped to
'C - ( Y 6 o °
CLS-IISSA system: 99.99

#) C. Adolphsen: uptime for L

i D. Yeremian, C. Nantjsta
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.
® Single tran

probably as 'go d ¢ Y

Power combiners are key!
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2 53¢ 1, YW
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L

Slediresys ‘ i
2 32 240 (W

—

- P wers
BAE3 m 1 el”

Palllips —
25 1.1 MW

E. Montes|nos
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I THALES GBRAC.

\ THALES

@ ELECTROMAGNETISME

W WEEEETT | )

? iProTo'rype: 1 (of.32)
80:1, cavity combiners
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® Exci

® Very hig ‘

* Solid-state Power Ar i elelde!

Thank yo for your interest! /
o o
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M.
M. Kirsh

J. Lyles from LA

C. Adolphsen, C. Nom’rs"ra and D. Ye an from LAC,

the HEIKA collaboration (“High Efficiency International K: ystron Activity”)

TU2A01 27 September 2016
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