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ML Session OverviewML Session Overview
Primary Session Secondary Other GroupsPrimary Session Session Other Groups

Monday Cavities and HLRF meet with Monday Cryomodule CFS

Cryomodule
Tuesday HLRF/LLRF Design 

Details

SC Quad/BPM
Wednesday

SC Quad/BPM,
Beam Dynamics 

and RTML

LLRF Studies 
at Flash

Thanks to
S Fukuda C Nantista for HLRF slidesS. Fukuda, C. Nantista for HLRF slides 

J Carwardine, S. Fukuda, S. Michizono for LLRF slides
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Erik Jongewaard





HLRF Interlock Module and ATCA*
Ray LarsenPlatform R&D Plan



Modular 2-Cavity PDS Unit for 1st FNAL CM
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BENEFITS OVER LINEAR BCD:

turned for 
visibility

coupler • fewer types of splitters (2 vs. 9)
• power division adjustable by pairs (VTO)
• permits elimination of circulators (hybrid)

First (of 4) 2-cavity unit for ILCTA@NML CM-1 tested and delivered to Fermilab.  
The other three are about to be high-power tested and shippedThe other three are about to be high power tested and shipped.







Distributed RF Source (DRFS) Scheme
One Klystron feeds power to a few cavities.

( )
S Fukuda

Likely Plan

Cost estimates 
being made



C i f LLRF C fi tiComparisons of LLRF Configurations



TTF/FLASH 9mA Experiment
Recent Machine Studies and Results

10 M V 550 b h

Recent Machine Studies and Results

10 MeV over 550 bunches 
(~1%)
(~4 MeV over 1st 500)

Stable operation with 450 bunches
– Several hours of data

Currently under analysis– Currently under analysis

Long bunch trains (~2.5 nC/bunch)
550 b h t 1MH– 550 bunches at 1MHz

– 300 bunches at 500KHz
– 890 MeV linac energy

All modules (RF) running with 
800us flat-top and 1GeV total

Increase from 450 to 550 bunches 
eventually caused vacuum event



Developing Common Metrics 
and Models for RF Overheads

Gradient



Vector Sum Amplitude w/o Beam
FB Off / AFF Off / No Beam FB On / AFF Off / No Beam FB On / AFF On / No Beam
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Flat top amplitude percentage standard deviation is decreased by factor 2-6.
FB can decrease the percentage std, AFF can flat the flat top amplitude.



Correlation of Jitter Amplitude RMS & 
Detuning RMS for the 24 Cavities in ACC 4-6Detuning RMS for the 24 Cavities in ACC 4-6
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RF Control Models & Simulators
(Goal: A Common Matlab Model)

Gustavo CanceloGustavo Cancelo
Brian Chase



RF Regulation Requirements from Physics 
and RF Systems Viewpoints

Nick WalkerNick Walker
Brian Chase



Evaluating Wide-Bandwidth ADCs for Direct 
Digital Down ConversionDigital Down Conversion

Shin Michizono
Stefan Simrock
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CIEMAT SC Quad Test at SLAC
Cos(2φ), 0.6 m Long, 0.36 T/A Quad + X/Y Correctors

C Spencer, J Sheppard



Center Motion with 20% Field Changeg
Motion Shown in Plots with +/- 5 μm Horizontal by +/- 5 μm Vertical Ranges

5 A 10 A 20 A
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FNAL SC Quadrupole Designg
A “superferric” design was chosen where 
saturated iron poles form a substancialsaturated iron poles form a substancial 

part of the magnetic field in the 
quadrupole aperture.

V. Kashikhin 



Center Motion with Field ChangeCenter Motion with Field Change

50 Microns

2 Microns



XFEL Prototype Superferric 6 T SC Quad 

In first prototype see significant asymmetricIn first prototype, see significant, asymmetric
magnetization plus dipole influence on quad

Fernando Toral



SLAC Half Aperture S-Band BPMp
• SLAC approach:

– S-Band design with reduced aperture (35 mm)
– Waveguide is open towards the beam pipe for 

better cleaningg
– Successful beam measurements at SLAC-ESA, 

~0.5 µm resolution
– No cryogenic tests or installationNo cryogenic tests or installation
– Reference signal from a dedicated cavity or source

M Wendt



FNAL Full Aperture L-Band Designp g
Window –
Ceramic brick ofCeramic brick of 
alumina 96%
εr = 9.4
Size: 51x4x3 mmSize: 51x4x3 mm

Frequency, GHz, dipole
monopole

1.468
1.125

Loaded Q (both monopole 
and dipole)

~ 600

Beam pipe radius mm 39Beam pipe radius, mm 39
Cell radius, mm 113
Cell gap, mm 15 N type receptacles,g p,
Waveguide, mm 122x110x25
Coupling slot, mm 51x4x3

yp p ,
50 Ohm



Reentrant Cavity BPM for XFELy
Achieved ~ 5 μm
Resolution

Twelve holes of 5 mm diameter 

Cryogenics tests at 4 K on 
feed-throughs is OK

drilled at the end of the re-entrant 
part for a more effective cleaning 
(Tests performed at DESY).

Cu-Be RF contacts welded in 
the inner cylinder of the cavity 
to ensure electrical conduction.

Copper coating (depth: 12 µm) to 
reduce losses. Heat treatment at 
400°C to test: OKto ensure electrical conduction. 400°C to test: OK

Eigen  F (MHz) Ql (R/Q)l (Ω) at (R/Q)l (Ω) at 10 g
modes

( ) l ( )l ( )
5 mm

( )l ( )
mm

Measured Measured Calculated Calculated
Monopole  
mode

1255 23.8 12.9 12.9
mode
Dipole  
mode

1724 59 0.27 1.15



TM12, Full Aperture, 2.0 GHz BPM
Sun Young Ryu, Jung Keun Ahn (Pusan National University)

and Hitoshi Hayano (KEK-ATF)
Achieved ~ 0.5 μm
Resolution



SummarySummary
S lid P ll F t• Solid Progress on all Fronts
– New Modulator and RF Distribution Systems designs 

b i t t dbeing tested
– Good progress in 9 mA FLASH program and better 

understanding of cavity perturbationsunderstanding of cavity perturbations
– Quad and BPM that meet ILC requirements

LLRF Pl i• LLRF Planning 
– List of measurements for next run 
– Ideas on how to characterize pulse-to-pulse variation 

in cavity gradient profiles
Pl h t l t Kl t Cl t h i– Plan on how to evaluate Klystron Cluster scheme in 
terms of LLRF control


