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Xbox-2 Overview
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* 50MW CPI VKX-8311A Klystron.
* ScandiNova Modulator.

e 1.5us pulse length.

* 50Hz rep rate.

e Currently equipped with BOC
(Barrel Open Cavity) pulse
compressor and Tsinghua
university’s Correction Cavity Chain
(CCC).

* Most recently tested the T24PSI1
and T24PSI2 structures in 2018.

Bunker Pulse Compressor || Klystron

ScandiNova Modulator

T e —

PN .w’ﬂ:!m-—'

SSA and LLRF/PXI Racks




Engineering | Lancaster E&S
University # #

0@

Planned Installation

NEXTorr Water Cooled

NEG/lon Pump RF Load
3dB Hybrid
Faraday Cup
— Spiral Load
Varia .e (Additive
Phase Shifter manufactured
/3D Printed)

Polarix TDS
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Installation of RF Network

Additionally installed are the new BOC and Correction ]
Cavity Chain. Directional Coupler Outside
Bunker
Currently seven high power directional couplers are g 4 $-

installed as in the arrangement pictured right.

ccc

3dB Hybrid used instead of splitter to facilitate reflection |

BOC

measurement (direction dependent on phase). ssA soMW lon Pump

Planned to collect the following RF Signals for analysis: B ide

* PKI (Klystron Pulse) Bunker

* PCI (Correction Cavity Chain Pulse)

* PSI/PSR (Structure incident and reflected) Variable Phase Shifter pr=

* PRI (Power reflected to spiral load) “tt" . ]
EEIals/ez r&m 'ggasrllsrrg rlrgteeno'lc )power to each load for delta .. > SR S

Note: KLY IN used for diagnostics, not general operation. \ -4

Additional channels are use for interlocking via log spiral Load e bres High Power Load

detectors (amplitude information only): PKR, PER1/2...

Figure: Bunker Arrangement showing fast RF
channels. 4



Engineering | Lancaster E=3
University # #

0@

BOC and Correction Cavity

PKI Amplitude [/~ &

Operation with 180 - Eg;:j:m ~
phase flip only.

[] PSIPhase
PSR Amplitude [
[] PSR Phase

PEl Amplitude [
[] PEIPhase
[[] BLM TIA
[] DC Down
PSR log
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Data Acquisition

Additional channels required significant

software upgrades and a redesign of the doio e “Ff{"a”““ ——
LLRF system: ’
* Mixing crate redesigned to use an IF of = Loo l :

200MHz, sampled at 800MS/s. l

(Previously 400MHz interleaved and P = | I WS S i e

sampled at 1.6GS/s) 4o o

1 Fre;;tnw RF Mixer 4 | : : BL‘\ "

* 8 “slow” channels (250MS/s) for Log = iy ‘ g X v

det. Signals, Faraday cups, BLMs. - 2 | | e
* Temperature recorded via RTD, now R v ; g "ac 101

tnrougf} an NI TB-4357 to increase no. rom modat 1 4 B

channels to 20.

) J * 5772AC ' 575100'

* Vacuum data also logged at each o — B L |

NEXTorr. e o et s

A

 Radiation dose rate date available and A o | vasuum dta

regularly analysed. Master Clock 10 MH& 7;:00 — T:T::;i < Temperature voltages

ey Timing unit 2

* Faraday C}Jdps to measurg — [ EEIEJ

upstream/downstream dark current i HH E E‘"‘

ETHERNET - gl il
and breakdown current. = — ﬂ .,ii..ﬂ.;s-:.eb_.'.“.‘_”.“..g..

NI PXI CRATE

Figure: XB2 Upgraded LLRF system.
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Current Status:

Figure: Planned installation (left) and Polarix TDS in
the XB2 bunker(right).
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Summary of Installation Status:

e Mixing crate upgraded and additional

cables pulled. v

» Software upgraded to acquire additional v
channels.

e Structure installed and waveguide
network under vacuum. (Currently at = v
10° mbar and dropping)

e Qutput arms characterised for delta v
phase measurement.

e Cooling water circuit completed and v

running.

* Final cable calibrations for accurate phase -In progress
and power measurement.

* Measurement and installation of three -In progress
waveguide to coax adaptors for DCs.

e Add two additional RTDs . -In progress

Figure: Installation of the Polarix TDS in XB2.

Pulsing planned to commence tomorrow.
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Thank you. Questions?
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Summary Of Signals

Fast RF Channels: Slow Channels:

* PKI (Klystron Pulse) * DCUP (Upstream Faraday Cup)
* DCDOWN (Downstream Faraday Cup)

*  PKR (KlystronPER1 /PER2 (Reflections from loads)

* PCI (Correction Cavity Chain Pulse)

* PSI/PSR (Structure incident and reflected)

. flected
* PRI (Power reflected to spiral load) reflected)

] * 3 xSpare (possibility to add BLMs/additional RF signals).
* PEI1/2 ( Transmitted power to each load for delta phase
measurement)

* Reference Channel Vacuum Readings:
*  Klystron (internal)

RTD Channels: cec

* Llinel
* Structure In

e BOC
*  Structure Out

e Line?2

* lLoad 1+ Load 2 )
* Before Hybrid

* Spiral Load *  Structure Input

* BOC * Lloadl

e CCC * Lload2

*  Waveguide Network x 2 ¢ Waveguide Network

10
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ing Curve for PSI1 IN XB2

Condition

Bonus Slides

History Gradient
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Bonus Slides: Conaitioning Curve for PSI2 in XB2
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Bonus Slides: Conditioning Curve — CLIC Crab Cavity

. 52.5M- 5800~ g T - - — T - - 7 - —1E-3  -300n
Another deflecting structure SoM-  segg | | ncident power =l - o AT N PR ! T
tested in XB2. Structure saw 475M-  spsp||  #Structure BDs e
TH : 45M- 5000~ Pulse Width -260n
almost 390 million pulses with oo o] | BOR (Vpuise mov. avg)
over 5700 breakdown events. aom- asood i o ~240m
ssm- 4250 b : B4 oo
_ 4000\,
Performed well above the Ml 2 200n
. i . 32.5M- E
operatlng limit of 13.35 MW: oM. 35007 §-180n -
3250~ - £
43MW, 200ns flat-top, BDR 3e-6. &7z I 3 10 8
g 25M- 2 , 1E-5 o 2
Peak power reached: 51 MW, 100 oM 512n
ns flat-top, BDR 3e-5. 175M 2000- g -100n
ISM= 4750+ -
12.5M- 1500~ lefﬁ -80n
For a detailed post mortem 10M- 1250- .
analysis see: “High Power Crab D ; o
Cavity Testing” talk by Ben 25M-  500- S o Al R SR A P BT o
Woolley delivered at EUCARD-2 N’ AN R | 8 TR B S 1 S SO 1 NS EE I AT Y P
3rd Annual Meeting’ Malta. _ 0 20M 40M 60M 80M 100M 120M 140M 160M 180M 200M 220M 240M 260M 280M 300M 320M 340M 360M  390M

#Pulses
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Bonus Slides: History of Component Performance

H History Gradient
Phase Shifter oy radent T
19u-  19M- | : ; H 32 B Norm Grad
* Tested up to 42MW at 50ns flat top pulse length. 180 18M- : Note: Power in each I!ne, | 0 B;:“ - A~
P— . hence output of BOC is EE——— . ~
. . . . _28
¢ Reached 30MW for 100ns before installation of new device. 1?: iﬁ ~double this. e puise width |
i = ! Gradient
. 14u-  14M- 24 {
Spiral Load. 130 1M 2
= 1.2u- 12M- 20 5 "()75573
* Operated from 50-200 ns up to 200Hz. £ 11 v S8g|
S 1u- g 1M b B o
. . . . ﬁ 900n- 5 M -} h=p =15 m @ Export to history tet
e Tested to 35.5 MW (Maximum available in the line) for 50nsa nd 25MW for 200ns. 2 oo o, 2 P
A . 700n- M- -12
* The maximum average power put into the load was 2.1 kW. 600~ 6M 40
s00n-  sMFT 0 5 8
BOC 4000 am L &
2 e I H ’6
300n-  3M ¢ i
. ' ‘ 200~ 2M*”’Wf e e P . . T A o S ;‘j -4
* Previously reached 20MW compressed pulse for 250ns. Limited by vacuum 1000~ 1M- u : -2
activity in load, not breakdowns. B e RS e e e

Pulses

Stainless Steel Loads
Figures: Preliminary conditioning of the BOC (above) and summary of spiral load (below).

e Operated from 50-200 ns up to 200Hz.

Spiral load
* Tested to 35.5 MW (Maximum available in the XB3 line at time of testing) for 50ns 40
and at 25MW for 200ns. .
=35
=
* The installed loads recently saw 10MW each for 250ns, limited by vacuum activity < 30 \\
in he new one. Q
225
cpens . 20
See: “X-band test facilities at CERN” by Nuria 50 100 150 200
Pulse width (ns) 14

Catalan Lasheras at CLIC workshop 2019
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Bonus Slides: PSI2 Conditioning Summary
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Bonus Slides: PSI2 BDR Results of Flat Runs

100ns Pulse
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