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Outline

• Description of the scope of the system
• Performance specification of the system
• Primary technical issues and the strategy to address them
• Goals of the plan by year
• Role of outside collaborators.
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System Scope

• Primary Elements
– Cryomodules
– RF Systems

• Related Systems (other WBS elements)
– Controls, Vacuum Systems, Instrumentation, Cryogenics, 

Conventional Facilities
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Breakdown of primary elements

• Cryomodules
– Cavities
– RF couplers
– Magnets
– Instrumentation
– Mechanical & cryogenic design

• RF Systems
– Modulators
– Klystrons
– RF distribution, including vector modulators
– Low-level RF controls
– Interlocks
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Requirements (from ICD 1.0)
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Technical Issues

• Lattice design optimization
• Cryomodule mechanical and cryogenic design
• Design of the beta=0.81 cavities and cryomodules
• Determination of need for HOM couplers
• Design of RF power coupler
• Choice of klystron: 5 MW single-beam vs 10 MW multi-beam
• Choice of modulator: Bouncer vs Marx
• RF distribution configuration and components
• Low-Level RF control system
• Impact of upgrade plans
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Technical Strategy

Lattice design optimization
• The Fermilab Accelerator Physics Center (APC), in collaboration 

with Argonne and Oak Ridge, will perform beam physics studies 
with the following objectives:
– Meet overall system performance requirements
– Minimize beam losses
– Efficiently utilize cavities, RF systems and magnets
– Provide operational flexibility in case of equipment failures

e.g., operations with offline cavities
– In view of upgrade plans
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Conclusion and Outlook

Accelerator physics is well advanced
Iterate beam physics with engineering design, cost optimization
– Cryomodule design
– Alignment errors and tolerances
– RF distribution system
– RF errors, include realistic LLRF, transient analysis
– Specs to beam diagnostics system
– Beam losses

Failure modeling 
Linac tuning, start-up

Lattice studies in progress

Peter Ostroumov
Project X Collaboration Meeting
Nov 2008
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Cavity parameters and focusing lattice

CH

SSR-1

SSR-2

TSR

S-ILC

ILC-1

ILC-2

Section CH   SSR-1  SSR-2 TSR S-ILC ILC-1 ILC-2 

βG - 0.2 0.4 0.6 0.83 1.0 
# of res. 16 18 33 42 64  63  240 
# of cells  4-5  2 2 4 8 9  9 
# of cryostats -   2 3 7 8 9  29 
EPEAK (MV/m) - 30 28 30 50 50 
EACC(MV/m) 1.8-3.0 11.5 8.64 9.65 23 25 
LF (m) 0.52-0.75 0.75 1.6 3.81 6.1 12.2 24.4 
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High statistics simulations for 8-GeV, 100 seeds with all errors

Envelopes                                        RMS emittances
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HE Linac Lattice

Beta = 0.81

0.42 – 1.2 GeV

Beta = 1.0

1.2 – 2.4 GeV

“ILC-1”

Beta = 1.0

2.4 – 8.0 GeV

“ILC-2”

Quadrupole
Magnet

Used in beam physics model to date

Option 1: symmetric, but stand-along quad

Option 2: symmetric, preserves CM length, 
requires cavity/quad interchangeability
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Technical Strategy

Cryomodule mechanical and cryogenic design
• Design basis is Fermilab Type-4 cryomodule

– Derived from European XFEL (Type 3+) cryomodule design
– 8 cavities plus center-mounted quadrupole & BPM

• Issues to be addressed
– Retain 5K shield?
– Retain piping sizes?
– Cavity tuner type and position
– Number of cavities and magnets; overall length
– Cost optimization / compatibility between beta=0.81 and beta=1.0

cryomodules
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Technical Strategy

Design of the beta=0.81 cavities and cryomodules
• Guiding principles:

– The beta=0.81 cryomodule design will be based on the Fermilab Type-4 
cryomodule

– Strive to maintain compatibility and similarity between the beta=0.81 and 
beta=1.0 cryomodules

Sharing of components reduced development and construction costs
• Start with the beta=0.81 cavity design that was prototyped at MSU

– Carry on the processing & testing of the prototype cavities
• Optimize the cavity design with respect to:

– Number of cells
– Cell geometry and coupling
– HOM spectrum and HOM damping requirements
– Multipacting
– Integration with Type-4 cryomodule design



Page 12AAC, February 3, 2009 – Mark Champion

Technical Strategy

Determination of need for HOM couplers
• Calculate mode spectra for cavities for range of variations on ideal cavity 

geometry
• Examine mode excitation based on baseline and upgrade beam 

parameters
• In case of mode excitation, determine damping requirements to avoid 

emittance degradation, beam loss, and cryogenic system loading
• Collaborate with Oak Ridge regarding SNS design and experience with 

HOM couplers
• Consult with DESY and Jefferson Lab colleagues
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Parameters Units 1 MW 2 MW Upgrade 4 MW Upgrade 

Beam energy GeV 8 8 8

20

10

25

1.25

0.212

2.5

2.712

Peak power / coupler kW 500 500 500

13.6

Current          mA 20 20

Repetition rate       Hz 5 10

Acc. Gradient (beta=1) MV/m 25 25

Q external 106 1.25 1.25

Filling time ms 0.212 0.212

Pulse length (flat-top) ms 1.25 1.25

Total RF pulse length ms 1.465 1.465

Average power / coupler kW 3.7 7.3

Primary challenge:    Average power dissipation

Technical Strategy
RF Couplers
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Technical Strategy
RF Couplers

Starting Point:  XFEL TTF-3 Coupler Design
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Cornell ERL Coupler
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Cornell ERL Coupler
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Technical Strategy
RF Couplers – SLAC Collaboration
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Technical Strategy
RF Couplers

Existing TTF-III coupler doesn’t work at required 
average power of 7.5 kW (upgrade PrX to 1MW)
- Limitation: overheating of the bellows of an internal 
conductor in warm vacuum part 
- Means used to cure the problem (in coupler for ERL):

• Increase of the inner conductor diameter and the coaxial 
impedance – helps up to 7.5 kW CW.

• Air cooling of the warm part of the inner conductor – helps up 
to >10 kW CW.

A number of existing 1.3 GHz couplers provide needed 
average power, for peak power need tests.

- KEK STF coupler, 
- KEK ERL coupler;
- Cornell ERL coupler.

It is necessary to review these couplers in details in order to 
decide whether it is possible to use them as a prototype or to 
adapt directly.

Conclusions

Solyak and Yakovlev

FNAL
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Technical Strategy
Choice of klystron: 5 MW single-beam vs. 10 MW multi-beam
• Depends largely on economics and upgrade strategy
• Baseline configuration

– One 10 MW klystron per two cryomodules
• ILC R&D plan supports long-term testing of MBK and development of 

sheet-beam klystron at SLAC
• Will also benefit from ongoing work at DESY (XFEL)
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Technical Strategy

Choice of modulator: Bouncer vs. Marx
• Baseline design calls for proven 

Fermilab “bouncer” modulator
• SLAC Marx modulator will undergo 

continued development as part of ILC 
R&D program
– Extensive testing planned in FY09-10

• Choice will be made based on 
performance, reliability and cost 
considerations
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Technical Strategy
RF distribution configuration and components

• ILC developments in support of NML 
over next few years

– Select configuration and components 
based on experience and cost & 
performance considerations
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Technical Strategy

Low-Level RF control system
• DESY / Fermilab collaboration well established

– LLRF control systems for A0 photo-injector, capture cavity II, and 
horizontal test system

• Single klystron / multiple cavity LLRF system being prepared for
New Muon Lab (NML) at Fermilab
– Will support testing of first cryomodule this year

• Ongoing development for NML will result in LLRF system for 
high-energy Linac of Project X
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Technical Strategy

Impact of upgrade plans
• ICD 1.0 calls for 1 MW beam power at 8 GeV

– 20 mA, 1.25 ms, 5 Hz
• Achieve 2 MW beam power by doubling rep rate to 10 Hz
• Achieve 4 MW beam power by doubling pulse length to 2.5 ms
• Issues:

– RF coupler ratings
– Heat load to cryogenic system
– Modulator and klystron ratings

Number of RF systems
AC power and cooling water
Layout: floor space, penetrations, RF distribution
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Goals and Timeline
• FY09

– Lattice design optimization
– RF coupler design, prototyping, testing
– HOM studies
– Modulator & klystron testing
– Test cryomodule 1 at NML
– LLRF for cryomodule 1 at NML
– Beta=0.81 cavity design studies; test 7-cell prototypes at MSU
– Complete Type 4 cryomodule design

• FY10
– Ongoing design studies and optimization
– Complete cryomodule 2 (Type 3+, aka XFEL)
– Fabricate prototype beta=0.81 cavities
– Modulator & klystron testing

• FY11
– Test prototype beta=0.81 cavities
– Complete cryomodule 3 (1st Type 4)

• FY12
– RF Unit test at NML
– Complete cryomodule 4 (2nd type 4)
– Complete 1st beta=0.81 cryomodule
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Collaborators

• Argonne and Oak Ridge
– Linac beam physics studies

• Argonne and Jefferson Lab
– Cavity processing; also testing at JLab

• Indian Institutions (RRCAT, BARC, VECC, IUAC, DU)
– Design, prototyping and production of beta=0.81 cryomodules

• SLAC
– High-Level RF System: Klystrons, modulators, RF distribution
– RF couplers

• CERN
– Power distribution, choppers

• LBNL 
– LLRF, timing and synchronization, beam physics

• MSU
– Beta=0.81 cavities
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Summary

High-Energy Linac issues are relatively clear
– Need to conduct detailed studies on several fronts

Lattice optimization, beam physics studies
HOM damping requirements

– Prototyping and testing required, especially for RF couplers and
beta=0.81 cavities

– Cost/performance optimization needed; share components across 
range of cryomodules

– Take advantage of ongoing ILC/SRF R&D programs
Modulators, klystrons, RF distribution, LLRF

– Need to firm up RD&D plan details and collaborations
– Need to gain experience through cryomodule production and 

testing/operations at NML
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