


Conditioning of the 50MW

repaired klysfron ,
Klystron Gain Curves vs Modulator Voltage (kV)
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Conditioning of the tube is

the responsibility of CERN.
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X-BAND WAVEGUIDE
INT EE\EF& OMETRY @ XBOX1
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Xbdx Tinferferometry: N
BO CI( g roun d [imeasier® ~ Feasibility Measurement Scheme 4':)

Tha Cozkeroft ety

« Crab cavifies are used for bunch alignment RF1 =11.994 GHz
RF2 =11.902 GHz

at the IP.
phase
— . shifter e DC pulse

- These cavities are |located approximately 25 —— IF (46 MHz)

metres either side of the CLIC IP. - — RF

2 : o . . Directional coupler actuater voltage Lo

« The luminosity target requires synchronisation L control | |for pulse

Of Their RF phdses on The Order Of fS rms i National Instruments PXI| Crate

. . 16 bit ADC at 120MS/son 4 channels
«  Phase jitter is currently too large for the phase T O ————

synchronisation target to be met channel 2 = DC signal DBM (range * 20° )

channel 3 = IF signal from right waveguide arm

« The proposed solution is to split power from a
single RF single source to drive both crab
cavities . LO =11.948 GHz

channel 4 = |F signal from left waveguide arm

- The length of the two waveguide paths needs - " —7—— +20dBm = AN
° 7 EUCARD Lnhanced Luropean Coordination for Accelerator (;1. ,“l -t b=
to be precisely measured e Sz

Rescarch & Development

- Phase advance would be controlled with an

active phase shifter operating in a feedback A.C. Dexter, $.J. Smith, B.J. Woolley, A. Grudiev,
|OOp Femto-second synchronisation with a waveguide interferometer,
https://doi.org/10.1016/j.nima.2017.11.046.



Xbox | Interferometry: Theory of Operation

- The length of the high power
waveguide network which connects
Xbox1 and CLEAR is approximately y\LYSTRON
30m .

« This waveguide network will be subject | PORT1  PORT2
i i £, Klystron TWT
to vibrations, ground movement and
temperature changes

+ The disturbances alters phase of the RF
arriving at the accelerating structure

- The proposed measurement method
requires low power RF pulses be
injected into the waveguide alongside
the high power pulses in a parasitic
mode

Mode _
Connection

into CLEAR

Convertors S

-l

 The low power measurements pulses
operate at a different frequency hence
the

- Effectively a diplexer is needed




Xbox | Interferometry: Theory of Operation

Without a high power
magic tee the only four-
port component available
for injection is a hybrid
which will infroduce a 90°
phase shift depending on
the input port.

The two arms have a
specific length which is
calculated to allow correct
recombination at the tee
for both frequencies

We tune the length to be
exact by heating the long
arm of the loop

Port1 - Klystron
FREQUENCY 1.
11.9942GHz

PORT1
KLYSTRON

0+90°

0+90°+¢-90°

Port 2 - TWT
FREQUENCY 2:
11.9399GHz

8+90°

0+90°+¢ 0+¢+90°




Xbox | Interferometry:
Thermal Stabilisation

- Describe the heating tapes: We heat the long arm using heating tapes
and the arms are insulated

- The “short' arm is also held at a constant temperature using water
cooling

« this ensures that the temperature different between the two arms
(thus the difference in path length) is maintained

Heating Tapes

(- AR AR N

Temperature Probes - the reflected phase at port 2 (TWT) changes with

the temperature of the heaters
RTD4

N AN N AN NN NN N




S21 - Portl (Klystron), Thermally Stabilised

Xbox | Interferometry:
Lab Tests

The system is
assembled and tested
in the lab in air.
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The low power system
is validated in two
steps
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Firstly, a load is used | | | | | | | |
11.8 11.85 1.9 11.95 12 12.05 121 12.15

on The OUTpUT TO Frequency (GHz)

replicate the long

waveguide network.

at the OppropriOTe ) nes 19 1195 12 1205 124

temperature, the reduensy O  HeatingTapes
pulses from both input EANAAA AR
ports must pass .

through the system

with minimum

reflection .

W
Cooling Blocks

The interferometer system should be
‘invisible' to high power klystron pulses
entering into port 1 RTD4,
The reflections should be minimised for

the TWT port and the TWT frequency

W Temperature Probes




Xbox | Interferometry:
Lab Tests

After the system was stabilised, a
short is used on the output to
replicate the reflected TWT signal

In this case the power is reflected
back to the TWT port and the
phase response is sensitive to
phase changes from the load. The
low power ftest is also used to
characterise the thermal stability of
the interferometer.

When the reflected phase s
rotated through 180° wusing a
variable short, only the phase at
port 2 responds proportionally

The reflected amplitudes and the
reflected phase at port 1 remain
relafively unchanged
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Portl = Klystron Port

Port 2 = TWT Port

TWT
Frequency
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Reflected Amplitude (dB)
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Xbox | Interferometry:
High Power Installation

Power (dBm)

The interferometer was transferred from the lab to
Xbox1 and assembled in the CTF2 klystron gallery

The pulse compressor was removed and the klystron
port connected

After installation the process was repeated to find
the stable operating point

TWT Port - Frequency Sweep @76°
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TWT Port
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Electronics: Power
supply, power
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water cooling
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X.bOX I In Terferomef!’y: Std of Reflected Phase of 5us TWT Pulses
High Power Installation

« The TWT pulses have much less

phase jitter with respect to the
klystron pulses

Number of Pulses (#)

« There are two reasons for the
reduction in phase jitter. Firstly,
the klystron is the most
significant contributor to the
phase jitter which is not
included in this signal chain

-0.2 -0.1 0.0 0.1 0.2 0.3

Std of Klystron Pl',I|S€S for 250ns RF Pulse Normalized Std (°

1400

1200

-
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« Secondly the TWT pulses are
much longer, SUs, SO
averaging across a much
longer  pulse significantly

reduced the phase jitter.

Number of Pulses (#)

CLIC PM #37
1.0 _ Xbox1 new LLRF and acquisition
Normalized Std (MW) system



Oscillations of Reflected Phase and CTF2 Air Temperature

Xbox | Interferometry: I8 —
Results . W\\ AM/ \ AT

- The reflected phase at the TWT T (rine)
exhibits phase changed over two | — e

distinct timescales A '", '
ST |-/ v\os \/W\/\ AN

- There are ‘fast’

320 400 480

are on the order of 20 minutes. :
These are attributed to temperature
Chgnges due _I_O _I_he oir Condi_l_ioning 5 eflecte ase Shift, aveguide Surface Tempera ureandThermaIIyStabilil::z::;:r:;:::Osft:r’lm 21c

in the CTF2 klystron gallery e

———y =0,

- Secondly, the reflected phase from ~~
the TWT also exhibits ‘slow’ phase
changes which take place over the
course of the day

o
o

o
@

=
()]
cted Phase Shift (°)

Stabilised Temperatures (°C)
WR90 Temperature (°)

=
o
Refle
=)
D

©

@]
(=]
B

©

(=]
o
L]

08/10/2021 06:00 18:00 09/10/2021 06:00 18:00 10/10/2021 06:00 18:00 11/10/2021 06:00 18:00 12/10/2021 06:00
Time (UTC Hours)




§ '
Xbox | Interferometry:
Results

« The rekjﬂonsh]p between the reflected | Copper Surface Temperature vs Reflected Phase Shift from 08.10.2021
phase and copper surface temperature is
shown

« Thisis calculated by comparing the
gradient of the phase and temperature
using a sliding window

*  The window for the temperature can be
larger than the phase window as the
temperature is a much slower changing

property
- The correlation is very high
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* R2=0.90777
- The linear fit shows that a change in phase Ty LAATRe oy 2 Sde s
of 1°C corresponds to a change in surface

temperature of 1.4919°C

-0.12 -0.06 0 0.06 0.12

- Could be used to create a feedback Change in Copper Surface Temperature (*C)
system on the klystron output phase




XBOX2 PLANS - KLYSTRON, SC SOLENOID & TD31

Relocating the S50MW
klystron from Xbox1 to
Xbox2

Finishing fully testing the SC
solenoid

Plan to install two TD31
structures — designed for
380GeV CLIC

Two structures are ready for
installation, two ore will
arrive at CERN later this

week

@ NC1

@ Ncg32 ® SC Scaled
60000000
g OOOQQQ@OQO

od® 8050%0%

® CP| Xbox2 @SC Sol Xbox2

400 600
KLYIN Corr (Watt)
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XBOX3 RESULTS - SARI STRUCTURE
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XBOX3 RESULTS — RF WINDOW

 Three have been manufactured « Conditioned up to 41MW
« One was assembled and tested ¢ Window will be installed in CTF2
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XBOXS3 PLANS - CRAB CAVITY & SPIRAL LOADS

Newly improve®spiral
load design to avoid
supports and allow
stacking

= Two spiral loads
installed

= Crab cavity installed
and vacuum
conditioning has
started

= The previous crab
cavity reached an
input power level in
excess of 40MW, with
a measured
breakdown rate of
pbetter than 10-5
breakdowns per pulse
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MERRY CHRISTMAS
THANKS FOR LISTENING!

On behalf of: Nuria, Marca, Lee, Xiaowei, Walter,

Igor, Alexej, Gerry, Matteo, Alejandro, Alan,
Stephane, Pedro, Serge, Ruben, Ben...
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