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Production and Performance of SRF 
Cavities for the CEBAF 12 GeV Upgrade 

and 
JLab SRF Facilities Upgrade Plans

C. Reece



12 GeV Upgrade Cavities

• Project context
• Requirements

• Production process
• Sequence and key details

• EP illustration

• VTA test data

• Project status

• Plan for balance of project
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CEBAF 12 GeV Upgrade

6 GeV CEBAF11

CHL-2

12 Upgrade magnets 
and power 
supplies

First two cryomodules - installation summer 2011
Eight more CMs in 2012
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Key Project Parameters

New cryomodules : 10
Voltage per cryomodule: ≥ 108 MV  avg.
Cavities per cryomodule: 8
Heat budget: 

• @ 2.07 K ≤ 300 W / CM
• ≤ 29 W / cavity, avg.

Cavity: 1.497 GHz
0.7 m 
“Low loss” cell shape

Higher order mode damping: 
• Transverse (R/Q)Qk < 2.4 x 1010 Ω/m 
• Longitudinal (R/Q)Q < 6.5 x 1011 Ω
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12 GeV Upgrade Cavities
• Production process

• 160 µm BCP and pre-tuned by vendor
• Receipt inspection – mechanical and rf
• US >> Bake: 600 C, 10 hrs
• US >> EP:  30 µm, @20°C regulated by external water spray
• US >> Tune
• Helium vessel welding
• Flange lapping
• HPR
• Partial assembly
• HPR  >> dry in Class 10 cleanroom
• Final assembly, leak check
• Bake: 120 C, 24 hrs
• Vertical test @ 2.07 K
• HPR >> dry in Class 10
• String assembly
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12 GeV Upgrade Cavities
• Improved EP process is now standardized and controlled

Slide 7

Exploiting New Electrochemical Understanding of 
Niobium Electropolishing for Improved Performance of 
SRF Cavities for CEBAF
C. E. Reece and H. Tian,   LINAC10  THP010
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In-house fabricated pre-production cavities
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Critical Dipole Modes in JLab Upgrade Cavities
F. Marhauser et al. LINAC10 THP009
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State-of-the-art production SRF cavity

Q is BCS-limited
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State-of-the-art production SRF cavity

Q is BCS-limited
Slide 10

♥
Project specification
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12 GeV Upgrade Cavities
• Project specification: 19.2 MV/m average, with 29 W avg. heat
• Operational limit in CEBAF, RF power: 25 MV/m
• Project conservatism for first two CMs:

• To avoid any potential risk of degradation from “pushing,”
• Limiting vertical cavity acceptance testing to 27 MV/m
• (rather frustrating to us cavity people who look into the future)

• Vertical rf test only after HV attached
• Piping size limits heat load to ~70 watts @ 2.07 K
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Gacc(MV/m)

12 GeV Upgrade Production Cavities
Acceptance Test Maximum Gradient 

Administrative limit @ 27 MV/m

Project Specification 19.2 MV/m avg.

HPR wand 
accidental 
damage

9/23/2010 - 5/3/2011
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12 GeV project cavities

w/ and 
w/o HV



JLab CEBAF Upgrade Cavities  - May 2011
• C100 cavity – production system is running

• 84/86 cavities received

• 50/86 cavities EP’d (2/wk)

• 31/86 cavities VTA tested

• 30/86 cavities qualified in HV  (1 damaged)

• 16/80 cavities = 2/10 strings completed,  ready for #3

• Procedure suite established and tracked

• No SRF performance issues currently open

• Found weak spec on SS helium vessel material

• High permeability, degraded cavity Q

• Found early, material replaced

• Issue was resolved quickly

• Analyzing microphonic sensitivity in CM – (no stiffening rings)
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12 GeV Upgrade Cavities
• Production cavity tracking screen
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JLab SRF Cavity Team - 2011

(B. Carpenter, T. Reilly, F. Marhauser, and R. Geng missing)
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12 GeV Upgrade Cryomodule

Slide 16

First cavity string

Installation of super-insulation 
on upgrade cryomodule
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“C100” cryomodule assembly and testing
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Cavity string with He piping

R100 cryomodule in test cave



R100 Cryomodule Performance
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Static 2 K load: 22 W
Static 40 K shield load: 240 WIn-house fabricated upgrade-style cavities

Preliminary

2.07 K



Baseline Work Plan Coordinated with TEDF

Now

6-Month 
Down

12-Month 
Down

Cryomodule Installation 
& CommissioningSRF Facility Downs

Slide 19FNAL AP&T Seminar 052411  cer



JLab SRF Facilities Upgrade Plans

TEDF Project 
• Technology and Engineering Development Facility

• Motivations

• Overview

• SRF facility changes

• Overview

• Attention to chemical processing

• Photo album
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TEDF Project

Test Lab 
Renovation

Test Lab Addition
TED Building
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TEDF Project

• Department of Energy – “Science Laboratory Infrastructure” Project

• Investment in facilities for:

• Improved energy efficiency

• Improved life-safety code compliance

• Improved work-flow efficiency

• Improved facility sustainability

• Improved human work environment

• Improved technical quality of facilities for future work

• Increased build-out capacity

• Will provide new home for JLab orgs:
• SRF Institute

• Engineering division

• Physics instrumentation groups
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TEDF
• Pro
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TEDF
• Pro
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TEDF

75 m

40 m

Present SRF Facilities

New SRF Facilities
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SRF Facilities in JLab TEDFChemistry, cavity 
treatments, and 
support areas

Cavity and 
cryomodule 
cryo/RF testing

R&D

Cleanroom

Cryomodule 
assembly

Fabrication

SRF Facilities in 
TEDF Project
Advanced Conceptual Design 4/1/09

New



Cavity testing – (VTA)
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April VTA activity

>3440 test cycles and counting…
27 different styles of multi-cell cavities + uncounted single cells

Cryogenic supply system recently upgraded with help from 
FNAL ARRA “through-put” improvement contribution.
Speeds fill and increases LHe draw capacity - thanks

VTA will survive the 
renovation with 
expanded staging area, 
otherwise unchanged.



TEDF Infrastructure Design
30,000 sf – new

Cavity fabrication (presses, EBW…)
RF structure development
Process development
QC/ Inspection
Clean analytical lab
Production chemroom
R&D chemroom
Flexible ISO 4 cleanroom suite
Dedicated CEBAF-support CM 

assembly lines
Expansion space for other DOE 

project support
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IPC

BCP

HPR

US

EP

Dry

ICP (Integrated Cavity Processing) tool concept will integrate 
multiple process steps with minimum handling in new TEDF facilities

Other
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TEDF Infrastructure Design
Integration of cleanroom/chem processing/waste collection

Architectural elevation through process support area
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TEDF Project Phasing
Phase 1:
Construct 
TED Bldg & 
Test Lab 
Addition

Phase  2:
Prep Bldg 
58 for 
Shutdown

Phase  3:
Renovate 
Bldg 58 

Phase  4:
Restore TED Bldg 
for  Final 
Occupancy
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TEDF Summer 2010
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TEDF Feb 2011
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TEDF April 2011
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Demolition of Acid Transfer building

Commissioning of new 
Process Support Building (PSB)



TEDF May 2011
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TEDF Project Schedule
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Ante-TEDF  (First JLab cavity processing facility– 1988)

Slide 38

Progress continues …
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