RF phase & amplitude
stability of the CTF klystrons

And thanks to Frank Tecker and Daniel Schulte



Layout of klystrons in the CTF

Klystrons MKS03, MKS05, MKS06 and MKSO07
are considered in this presentation
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RF to beam: ~440 MW
Pulse length: 1.6 us
Accelerating gradient : 7 MV/m
Klystron frequency: 3 GHz

Beam current: 3.5A
Beam frequency: 1.5 GHz

From G. McMonagle, CLIC-Note- 694

4 February 2009 CLIC beam physics meeting 2



Single pulse

MKS03
=
— MKS07
Klystron AP A AA/A - |
deg MW % T |
MKSO03 4.16, 67.62] 4.05%| & or 7
MKSO05 1.97 75.85 7.22% ok i
MKS06 518 60.69 5.85% | |
MKSO07 6.24) 37.23 2.31%
ol i
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.
From To .
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1 time unit = 10.406 ns
Data were taken at 17:31:49 on Dec 12 2008
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Pulse2Pulse Stabilit
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Pulse2Pulse. Probability density function. U\}EE@ (——(E?)E)
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Pulse2Pulse. Probability density function. -7z== (-5~
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Pulse2Pulse. Probability density function.

Distribution for MKS06
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Pulse2Pulse. Probability density function. U\}EE@(_ 50
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Pulse2Pulse Ap Stability

MKSO3 Phase Analyze
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Plots of mean values (Ap)
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Pulse2Pulse 02 Stability
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Pulse2Pulse 02 FFT
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Pulse2Pulse g4 Stability
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Main harmonic (Hz) | 6209 0-001 0148 8 0.014 6 0.014 004 | 744
simple att. 0.067, 0.057 0.015| 0.05 0.202 0.091 0.135 0.054 ~ M ;j:
complex att. 0.272| 0.239, 0.088 0.189 0.675 0.189 0.638 0.237 o1 “f] 1 747
ik , . 748
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t 735 736 737 738 739 740 741 742 743 744 745
Hz 0.0139] 0.0139] 0.0139] 0.0139] 0.0139| 0.0139] 0.0139| 0.0139| 0.0139] 0.0139] 0.0139
AHz +0.0035! £0.0035! £0.0035] +0.0035] +0.0035{ +0.0035! +0.0035! +0.0035| £0.0035] +0.0035{ +0.0035
simple att. (deg) 0.227] 0.1931] 0.1944| 0.2092| 0.2032| 0.1923| 0.2008| 0.1985] 0.2106] 0.2042] 0.2132
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O-values after subtraction of Apn and harmonics
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Fast pulse2pulse feed-back
conditionality

Klystron MKS03 MKS05 MKS06 MKS07 Total
deg MW deg MW deg MW deg MW deg MW
Max. A 4.7744) 3.560306] 2.33571 6.852] 6.53312 4.3818 7.85 2.0705] 21.49323| 17.36461
P2P Ap FD 85.50% | 74.63%| B89.82%| 89.11%| F0.27%| 84.35%| J7.17%| 60.66%] T2.30%| 81.41%
P2P o’ FD 5.69% 6.71% 3.75% 2.76%| 10.34% 3.86% 8.12%( 11.44% 7.78% 4.91%
Rest A 28.02%| 13.67% 6.05% 3.42% 7.40% 9.02% 4.81%| 13.46%| 10.89% 8.29%

e Klystron phase can be adjusted to the flat top by
70-90% applying a fast pulse-to-pulse feedback
based on the control of phase waveform

* Klystron power can be adjusted to the flat top by

60-90% applying a fast pulse-to-pulse feedback
based on the control of amplitude waveform
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MKSO5 phase and amplitude long term changes
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MKSO6 phase and amplitude long term changes
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MKSO7 phase and amplitude long term changes
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Slow Pulse2Pulse Phase Stabilization.

DhAaca lAAn
rMrMidot 1VV

O

Phaze =shifter

‘Weaveform generator

K
Phase comparator ﬁ
O— Full @5 ]| IO

Ozgui sition phasze (—@
2dE

AEC AL

Klystron phase loop layout was prepared by J. Sladen in order to
compensate slow RF phase variation in accelerating structures due to
klystron output phase instabilities along day.
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Slow Pulse2Pulse Phase Stabilization. EMA.

Since the fast pulse2pulse phase deviation approximately equals to the slow phase
variation, an acquisition phase averaging is required. An exponential moving average
(EMA) was introduced:

J where {p;} is the phase acquisition
P — Z}'i‘j I, values, nis aintegerand 0 <k<1.In
' =t the CTF case the sampling rate of {p;}
kema,_; +1-kjp, .L=n, is ~1 sec. Normally, ;. n—1
I

The phase error at any acquisition moment can be introduced in the following way using
a Fourier series:

T
gma, =P 2 Ny, ¢° )+ &+ Z Ap sin(f i+ @ ) N, o)+ 8+ &
/ T eSS \ Mg =« Mg

Fast variation Other errors Slow variation
o1 & o (e} = min{g;)
Thus, eM&—P = &e+8+8, nN=iw o le.| £ Z ihp o, 8w % -
Mg Himits

In order to archive a small error, the number n must be between the main slow and
fast harmonics. And the number ¢ limits the quality of a feed-back, which will be
based on the EMA.



Slow Pulse2Pulse Phase Stabilization. EMA.

-107

Acquisition phase is red. EMA is blue.
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Slow Pulse2Pulse Phase
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M = 90
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Slow Pulse2Pulse Phase Stabilization.

Phase loop is ON -
Phase loop is OFF P
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The gain is a constant of 1 deg, n=100 Data were taken in 2006
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Thank you for your attention



