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Two important tasks 1n the design eiRKIN/SIenRSs

with high output power: fior: aCCeleratons

@ To get high efficiency
@ To reduce the length of interaction space

The most Interesting and practically
Important aim Is to combine these two
tasks into one, global —

to get high efficiency in a short space
of interaction
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How to get high effICIERCYZ

fast particles overtake slow particles
\
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Phase trajectories for 83% efficiency

But there are difficulties for implementation of this plan:

1. The electrons of the core are subjected to the action of the strong forces in the
gaps of the cavities and have high difference in velocities.

2. The peripherals — “outsiders” - are subjected by weak forces in the gaps and
have a small modulation of velocities. While outsiders reach the core, fast core
particles can overtake slow particles, which leads to the destruction of the
bunch. Nevertheless, the influence of this part on efficiency is great — if you
want to get high efficiency, they must become part of the bunch.
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How to get high efIcIERCY/?

(oscillations ofi COre SPACECHante)

Corre of thhe bhbunch
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Phase trajectories for 83% efficiency
To avoid the destruction of the core its electrons should make oscillatory movements in drift
tubes, first go towards the center of the bunch, then change the direction towards the border
of the bunch. These oscillations may occur due to space charge waves.

If you want to increase efficiency, you should increase the length of interaction space and
wait while outsiders join the bunch successfully.

This traditional way to increase efficiency (up to 94% - A.Baikov)

The main drawback of such approach is a very long length of interaction space —
17 Le for klystron with 90% efficiency.

where L =v,-T= f%Uﬂ .7 - electronic wavelength
m
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Get high efficiency: In a SHeEIRIErACHORISPECE

(BAC methoed)

Oscillation of the core
LY

LY

s

[

|

|

\

______——:__—'—

|
\

=14

—

| T VS
AR

(B) - Bunching /S
(A) - Alignment velocities
(C) - Collecting ""outsiders"’

Phase trajectories for 80% efficiency

In order to intensify the process of the core oscillations, you can use the external
forces — this is the base of BAC method
Each oscillation in BAC method consists of 3 stages:
first cavity gap - traditional bunching, which increase the space charge density of the core;
second cavity gap - alignment velocity spread of electrons;

third cavity gap — collecting the “particles-outsiders”, which reduce the space charge density
of the core.
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Comparisen eiBACHHENLU
with traditional Way2e it REHING

1. Increasing of efficiency for the short length of interaction space

(S-band)
Klystron KIU-147
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General Available
parameters
Working
frequency, GHz
Output pulse
power, MW
Output mean
power, kW

Cathode voltage,
kv

Gain,dB | 50

Mass with
focusing system,
kg

Usedin | accelerators




Comparsen el BACHHENGH

with traditional Way2e it REHING

The length of interaction space is only 4,5 Le, it includes only
one oscillation of the core
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Oscillation of the core
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Variant of: optics Wit ControlIECRSIECIIOGIE

1 optical unit (total quantaty is 30 units)
@5 (7 cathodes in one unit)

@158 | 0,5 @12

0 25KV 52kV

D=6 mm

I=51A
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52KV

cathode
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anode I=51A

cutting

0B -100V 32KV

Cut voltage for central channel U= -220 B



ComparseneiiBACHHENGH

with traditienal WayAe it UREHING
2. Reducing of interaction space length for klystrons

with same 80% efficiency (L-band - klystron for CLIC)

Parameter Value

Frequency, GHz 1,0

Peak output power, MW 20,0

Average output power, kW 150

Efficiency, % 80
Variant 1 2
Beam voltage, kV 162 116
Pulse current, A 155 216
Number of beams 8 30
Cathode diameter (for each beam) 35 22
Channel diameter, mm 20 18
Cathode loading, A/lcm?2 2,0 2.4
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Comparison ofi BAC meEmMpP eI c6IiieREl

way of bunching (LL=andEKIVSIGHINOINE N (@)
Cathode unit

Cathode

Focusing electrode
with cathode potential

Variant 1

Number of beams 8,

Pulsed current 155 A,
Cathode diameter 35 mm,
Cathode loading, 2,0 A/cm?

Variant 2

Number of beams 30,
Pulsed current 216 A,
Cathode diameter 22 mm,
Cathode loading, 2,4 A/lcm?
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Comparison ofi BAC meEmMpP eI c6IiieREl

way of bunching (LL=andEKIVSIGHINOINE N (@)

Cavities
1 harmonic 2 harmonic
Variant 1 Moo Ring HOM
R/Q factor 2 R/
) Ring HOM
Variant 2 Ring HOM

5

0230

40

) R/Q factor 9
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Comparison ofi BAC meEmMpP eI c6IiieREl

way of bunching (LL=andEKIVSIGHINOINE N (@)

Bunching (same efficiency 80 %)

2 ocsillations of the core
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Reduction of length due to:

1. BAC method - 2,1 times

2. Voltage decrease (from 162 to 116 kV) — 20 %
Total: 2,5 times
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Dimensions of body for 2 variants

Energy of magnetic field inside the body

Variant 1. 8 beam traditional klystron

46,5 I,,[mA]
Ryp1=5 My, 1,;=20576 mA, Up=162 kV, Hy [G]= Ry [mm]\ JU, V] =374 G=0,0374 T

Vi=3,14.0,0923,0=0,083 m*  Wu=Hpa2Vi
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Variant 2. 30 beam BAC klystron :

Rpy=4,5 »M, I;,=7184 mA, Uy=116 kV, Hy,=267 G=0,0267 T Ry = radius of beam, I —beam current,

V,=3,14-0,122-1,3=0,059 m? Wao=Hp2?-Va V — volume of klystron body

1 harmonic cavities — 2 harmonic cavity 3 additional cavities
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Wui=2,76 W, >> W, 1!
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Conclusion

New BAC method of bunching iIs proposed. The method
allows achieving 80% efficiency on a short length due to
Intensifying of the core oscillations by external forces in the
special gaps.

2 comparisons of traditional klystrons and klystrons with
bunching by BAC method were made. Here is summary of
results:

1. Klystrons with same short interaction space (4,5 Le).
Usage of BAC method leads to 10 % increase in efficiency
(from 64 to 74%).

2. Klystrons with the same efficiency - 2 variants klystrons for
CLIC application — 30-beam and 8-beam.

Usage of BAC method together with reduction of voltage
from 162 to 116 kV leads to 2,5 decrease of body length.
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Thank you for attention!
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