Status of the MICE RF System

K Ronald, University of Strathclyde
For the MICE RF team
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Satus update: Highlights

A Distribution network
A Adapted from components procured under NRI for earlier
configuration

A Contractor identified, trial section modified
A Modified component returnedquality of work high
A Workshop viewed as qualified
A Less expensive and faster than further procurement

A Status of RF drive system
A Upgraded triode modulator No.1 operational at Daresbury

A Triode No. 2 under test, started mid March
A Exploiting $tetrode, and upgraded No. 1 modulator racks
A Triode achieved 1MW using-48IS valve (close to limit of valve)

A Interface channels for RF controls defined
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Satus update: Highlights T

A Cavity module status
A Production couplers tested at MTaffer enhanced tuning and installation ease
A Proven to be very robust in operation

A Cavities selected for natural frequency
A Cavity body EP complete at LBNL

A Couplers: component fabrication complete
A Upgraded tuner actuators, components available
A Cavity vacuum vessels being fabricated at contractor

A Muon-RF phase determination
A Subsample method with Fourier domain signal reconstruction
A Accurately rebuilding signals from MTA experiments
A Digitisation hardware is on order
A RF discriminator delivered, currently under test at Strathclyde
A Required for TDC approach to determining RF phase
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MICE High Power RF system: Requirements

A MICEHigh Power REystem
A Twocavities driven by two RF power amplifieMW output each
A Estimated gradient 10.3 MV/apartial restoration of axial momentum
A Allowing for realistic LLRF overhead éosbes
A Bracketedby two thinLiHabsorbers, sandwiching maatsorber
A 1st Amplifier proven and installed @ RAL(triode stage remains installed)
A 2nd Amplifier test and build underway @ Daresbury
A Cavity proving well underway @ MTA
A Cavity construction in hand @ LBNL
A LLRF system to hold phase and amplitude; Cavity control to regulate freq.
A DetermineRF phase on transit of eaatuon
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RF Distribution Network
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A Therefore will be pressurised by SF
A 1.5 bar gives safety factor of 2 in power handling (c.f. 1MW and full reflect)
A Will be treated as pressure vessels
A{2YS 2F GKS cé¢ YR né¢ ftAYS FTNRY GKS
A All components/devices will be drawn from the NSF procistedk
A Quotes obtained for -
calibration equipment
A Procurement in next
FY for component tes
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RF Drive System

A 1sttriode modulator upgraded with solid state crowbar

A Crowbar bench test previously reported
A Now tested up to 35kV (maximum intended operating voltage) in triode modulator

A Coupled to the triode amplifier
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RF Drive Systems f
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A 15t Modulator set and Tetrode recommissionederebury

.| A2ndTriode now under proving tests

. A 1MW achieved using ex ISIS triode valve at 25kV

A= Ah: 57%, Gain: 8.6 dB, Tetrode: 136k\52%, Gain: 19 dB
& A Triode input return loss 11.584

B A At MICE duty and pulse duration

A US team participating in amplifier testgliiorad Popovi¢
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RF Drive System

A First Amplifier Chain
A Has delivered required 2MW at Daresbury test stand
A Installed and commissioned at RAL autumn 2@iESvered 500kW
A Output (triode) stage remains installed at RAL
A Modulators and preamplifiers returned to Daresbury
A Crowbar upgraded
A Preamplifier recommissioned at Daresbury
A Includes modification to the input circuimproves reliability
A Delivered220kW B PR T
AwSGdz2Nya 2 w! | S 13 | ”:.;;{;’2}‘;;‘
A Second amplifier chain s
A Output stagecomplete
and under test
A Secondetrode amplifier
mechanically complete
A Solid state power amplifier
tested
A Components for second
modulator under construction
A ISIS Injector team worklng on upgrade to tetrode screen grid modulator
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LLRF Control System

A LLRF hardware development with effort from I1SIS Injector RF team

A Selection of clock and operation frequency refined
A Hardware under testprototype batch of filters delivered
A Next batch of filters will be slightly refined, leading to order for production filters
A Required for both MICE and ISIS LLRF future requirements

A Block diagram of system shown
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N M RFCavities: Proving Tests

Prograc®

©®~ MICE production cavityiests underway at the MTA
A Using production couplers, installed®3Jan 6t Feb 2016
A Installation verifies much easier tuning expected for revised design
A Tuned to 2 of criticatoupling, arm$alanced tol %
A UK staff (Colin Whyte) participated in coupler swap and tuiseful experience
A Opportunity taken to inspect cavity
A No evidence of sparks
A Couplers and cavity continue to behave as expected undergugler
A MTA tests continue to provide critical data to Strathclyde for Muon timing diagnostics
A Cavity room frequency centre frequency adjustsdspacingings
A Brings §201.3MHz (from 200.8MHz). Tuning range +3000kHz
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M RF Cavities: Proving Tests

Prograc®
A lonising radiation monitoring systems upgraded at MTA

A Allows operation in static magnetic field (e.g. shielded scintillator detectors)

A Increased speed of scintillation detectors and photomultipleaproaching

A Removal of obstacles in line of sight from cavigpesovide realistic
representation of tracker exposure

A Apertures opened on both sides of cavity on vessel axis (strongesfidl@)E
A i.e. thin windows in heavy steel vessel endplates

A Scintillators may be placed upstream or downstream (or one either side)
A Scintillators supplanted byaldetector for spectral measurements

w= A Fast scintillating detectors provide
diagnostic ofmultipactingbands

A Impact of MICEiHabsorbers simulated by
filtering radiation through representative
low Z materials

A Dataobtained in last week: currentlyeing

analysed
A Initialimpressions are that exposure is
significantbut manageable
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é}% RF Cavities: Module Progress

g A
0o Production couplers completed@ sent to MTA, 4 retained for MICE modules

A TiNplated on loops and inner of coaxial line
A Incorporates locating bracelet/clamp design to facilitate installation
A Improved gas isolation between jacket and cavity inner,
A Vacuum system modified to provide protection system for Be windows

A New vessels completed at contractor
A Incorporates additional aperture to enable better coupler tuning
A Window for inspection of Be caps will be added (delivered from MTA)
A Manufacturer is leak testing preelivery: LBNL will verify and test for contaminants

A LBNL has assembly fixtures from MTA, cleanrooms ready for assembly
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Deflection (mm)

j&{ RF Cavities: Module Progress

Prograc®
A Actuator upgrades completedll pressurised elements now outside vacuum vessel
A Actuator lifetime tests: 40 hrs ¢ psi at 50 kHz, 10,000 cycles
A Tests at 3 offset background pressure settings, 0, 15 and 30 psi (corresponds to frequel
offset)

A Tuner forks: 25 delivered to LBNL from University of Mississippi (12 required)
A Contact pads machined to match selected cavity and marked, cleaned to UHV standard

A Testing shows very similar response to previous design tested (and currently
installed) at MTA

251 2/ ndf 0.3835/7
oF.| PO 0.04198£0.03101 | & i i i
- | pt 0.02221+ 0.0006052 il
15: ....... ............... /‘("’/ .............
13 P
n,sf
of
-0155 .......................
A b
1 5F] 22/ ndf 047177 |
= po 0.01393 £0.03171 : : ¥ i
-2 -] p1 -0.02529 + 0.0005479 e e ~
SR I I T T S P N B B
25 0 10 20 30 40 50 60 70

Pressﬁ?e (PSI)
MICE Project Board, 6th April 2016




o Pccelg,,

TN RF Cavities: Module Progress
T

Progras®
A 4 cavities selected for centre freq. and surface finish @edtropolish

A Be windows empirically selected for their impact on frequency
A Pair windows and cavities to give closest natural frequency of cavity pairs
A Welding of cooling feedthroughs complete and ready for installation
A Cavities closed by Al plates & kept in clean rooms pending final assembly

A Expected delivery at RALAQg S L0 Qmc
A Preparation for offline testing in parallel with amplifier No. 1 installation
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