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

e Project context

* Requirements

e Production process

* Sequence and key details
e EP illustration
e VTA test data
e Project status
e Plan for balance of project
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CEBAF 12 GeV Upgrade

12 GeV CEBAF

Upgrade magnets
and power

J supplies

20 cryomodules

Add 5
cryomodules

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:

- @207K <300 W /CM
. <29 W/ cavity, avg.
Cavity: 1.497 GHz
0.7m

“Low loss” cell shape

Higher order mode damping:
« Transverse (R/Q)Qk <2.4x10°Q/m
« Longitudinal (R/Q)Q <6.5x10%*Q
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12 GeV Upgrade Cavities

* Production process

* 160 pum BCP and pre-tuned by vendor
* Receipt inspection — mechanical and rf
e US>>Bake: 600C, 10 hrs

e US>>EP: 30 um, @20°C regulated by external water spray
e US>>Tune

* Helium vessel welding

* Flange lapping

e HPR

e Partial assembly

e HPR >>dryin Class 10 cleanroom

* Final assembly, leak check

e Bake:120C, 24 hrs

* Vertical test @ 2.07 K

e HPR>>dryin Class 10

String assembly

Jefferé}m Lab FNAL AP&T Seminar 052411 cer Slide 5 @ éjﬁg



12 GeV Upgrade Cavities

* Improved EP process is how standardized and controlled
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Exploiting New Electrochemical Understanding of
Niobium Electropolishing for Improved Performance of
SRF Cavities for CEBAF

C. E. Reece and H. Tian, LINAC10 THPO010

._leffer‘é}bn Lab
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C100-6 Electropolishing 10/6/2010
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In-house fabricated pre-production cavities
4

max. Eqee  Bpeqk

\

(MVim)  (mT)  testlimit
QG ® RI100-1 325 122 RF power
1=2.0/K & R100-2 285 107 RFpower
IEI I @ R100-3 28.1 105 rad. limit at TmSv/hr
¢ R100-4 374 140 quench
¢ RI100-5 270 101 rad.limit at TmSv/hr
¢ RI00-6 355 133 rad. limit at TmSuv/ihr
& R100-7  36.7 137 LHe(facility shutdown)
\ R100-8  not measured yet _/
lel0
™y
Sﬁ‘fﬁj‘ﬂ: npRraie
\  |cavity spectficafion
29 Watts dynamic load
0 5 10 15 20 25 30 35 40
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F. Marhauser et al. LINAC10 THP0O09

Critical Dipole Modes in JLab Upgrade Cavities

FNAL AP&T Seminar 052411 cer
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State-of-the-art production SRF cavity

7-cell CEBAF 12 GeV Upgrade Cavity

1.E+11
o
O 1E+10 ' T00000¢ 009469 ¢
e s S Vi B B R i A
— Qg at 2.07K, 1.497 GHgz, fine-grain bulk niobium
Acid etch + 30 um electropolish + 24 hr 120 C bake
10 20 30 40

3 Nov 2010

Accelerating Gradient (MV/m)

Q is BCS-limited
Slide 9 @ @JSA
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State-of-the-art production SRF cavity

7-cell CEBAF 12 GeV Upgrade Cavity

1.E+11
o
01E+1() : Ll L LA AT LINTHL O AT T Iy
v, 10
Project specification

— Qg at 2.07K, 1.497 GHgz, fine-grain bulk niobium
Acid etch + 30 um electropolish + 24 hr 120 C bake

10 20 30 40

3 Nov 2010

Accelerating Gradient (MV/m)

Q is BCS-limited
Slide 10 @ @JSA
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12 GeV Upgrade Cavities

Project conservatism for first two CMs:

Project specification: 19.2 MV/m average, with 29 W avg. heat
Operational limit in CEBAF, RF power: 25 MV/m

« 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

7-cell CEBAF 12 GeV Upgrade Cavity

1.E+11
2
o
C'1E+10 2
e T — E
29 watts |~ 70
— watts
Q, at 2.07K, 1.497 GHz, fine-grain bulk niobium
Acid etch + 30 um electropolish + 24 hr 120 C bake
1.E+09
0 10 20 30 40

3 Nov 2010

Accelerating Gradient (MV/m)
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Critical Heat Load For He Vessel Outlet
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JLab CEBAF Upgrade Cavities - May 2011

e (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
e Analyzing microphonic sensitivity in CM — (no stiffening rings)

Jeffergon Lab ENAL AP&T Seminar 052411 cer Slide 13 @ 6;’3‘\



12 GeV Upgrade Cavities

Production cavity tracking screen

you have been authenticated |2y
‘ Pa nSOP hy who am i click here to logout
- A System of Universal Knowledge
Travelers Logbooks Support DocuShare
C100 Cavity Status Board
Serial ID| INSP RN | PERReat et | Thkn | DRER | EPOL gL TUNE HELY Lap aoe | assy ﬁng ASSY2 BAKE VTRF
[C100-CAV-INSF[C100- CAV-RFIN[C100- AV DIE G R|C100- CAV-HEAT|C100- CAV-THE N[C100- CAV-DE GR[C100- CAV-EP OL[C100-CAV-DEGR___ |C100- CAV-TUNE[C00- CAV-INST- HE LV[C1 00- CAV-LAP[C100- CAV-HF R [C100- CAV-AS SY[C100- CAV-HFR C100-CAV-ASEYE C100-CAv- BAKE[CT00-CAVTRF|
100z
1003
c100-4
C100-RI1-001 211
C100-RI-002 312 3436
C100-RI-003 1624
CA00-RI-004. 61614
C100-RI-005 B15 F1317258 b
CA00-RI-008 8818
C100-RI-007 ai1rza 12149
c100-RI-008 8131840 1332 10132353 101114253168 101126 37
C100-RI-009 9 20
c100-RI-010
C100-RI-011 2223
C100-RI-012 24
C100-RI-013 24 38
C100-RI-014 15 26 30
C100-RI-015 12 27 32
C100-RI-016 31 117 45 51 [afs] 35
C100-RI-017 13 28 s 3942
C100-RI-012 30 116 40
C100-RI-013 32 118
C100-RI-020 20 33 119 3642 4346
C100-RI-021 35 120 384345 4447
C100-RI-022 23 34 121 3944 4548
C100-RI-023 24 36 122 4046 49
C100-RI-024 49 46
C100-RI-025 25 27 37 123 4148 a051
C100-RI-025 45 55
C100-RI-027 26 38 |24 2934 36 384245 4752586067 |30 59 2
| | >|_
& .
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JLab SRF Cavity Team - 2011
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» (B. Carpenter, T. Reilly, F. Marhauser, and R. Geng missing) JSA
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12 GeV Upgrade Cryomodule

First cavity string

Installation of super-insulation
on upgrade cryomodule

BN

a1
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“C100” cryomodule assembly and testing

I el

B U —

I Nt

Cauvity string with He piping
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R100 Cryomodule Performance

Static 2 K load: 22 W
Static 40 K shield load: 240 W

In-house fabricated upgrade-style cavities

Qo vs. Eacc R100
Acceptance Testing 04/11 - 05/11

1.0E+11

Qo Cav 1
Qo Cav 2
Qo Cav3
Co Cav4
Qo Cavh
Qo Cav g
Qo Cav’y

ij :b -"—-
& 10E+10 —F ,
< ’ .
Qo Cav8

= =20 Watt Line

B ok

\

\

\
TR EEE R

// 2.07K
1.0E+08 frofinpon 7LV 1O PR OO OV OO0 1OV FOOPL O 1OV VP08 U OV O OV OO 1OV OO 0

4 5 8 7 B @ 10 11 12 13 14 15 18 17 18 19 20 21 22 23 24 25 26 27 28
Eace (MV/im)

. Preliminar
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Baseline Work Plan Coordinated with TEDF

2010 2011 2012 2013 2014
[J[a[s[o[n[D[J[FMaMJ[J]a]s]OM[D]J[FMaMJ[J[alsS[ON[D][J[F[M[aM[J[J[aTSTOND[J[FIMAMIJ[I]A]S]O[N]D[J]F|M]aM]J
: Procureme

Cavity Calification & String Assembly

Cfomodule Assembly

Acceptance Testing & Installation

12-Month
Down

Now /

SRF Facility Downs

Jeffersfon LB FNAL AP&T Seminar 052411 cer Slide 19 @ @jﬁA



JLab SRF Facilities Upgrade Plans

TEDF Project

e Technology and Engineering Development Facility
* Motivations
* QOverview
e SRF facility changes
* QOverview
e Attention to chemical processing
* Photo album

Jefferé:;m Lab FNAL AP&T Seminar 052411 cer Slide 20 @ g_ﬁg



TEDF Project

| —  1NaECTOR BLDG| ]
| = T
: G _ i { PR\OE]?S
s BUILDING
@ F al
Ratley Rd T T g

.................. ... [ i
PROPOSEL
BLD LARS
G. 58
TEST HouEE

Test Lab UL LB R . i 0 1 oy ‘ —
Renovation I [

l"F\L"F' ISED
{ILLER
\ I ILDING

Lawrence Dr

e e e v e s

TED Building
Test Lab Addition
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TEDF Project

e Department of Energy — “Science Laboratory Infrastructure” Project
e Investment in facilities for:

* Improved energy efficiency

* Improved life-safety code compliance

* Improved work-flow efficiency

* Improved facility sustainability

* Improved human work environment

e Improved technical quality of facilities for future work

* Increased build-out capacity

e Will provide new home for JLab orgs:
* SRF Institute
* Engineering division

* Physics instrumentation groups

) Slide 22 JSA
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TEDF

g
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TEDF

New SRF Facilities

— f PROCESS SUPPORT
i BUILDING (PSB)

Present SRF Facilities
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SRF Facilities In  chemistry, cavity

TEDF Project

Advanced Conceptual Design 4/1/09

Cavity and
cryomodule
~ cryo/RF testing -

. Cleanroom

treatments, and - R&D
support areas = .
o | RN T N | = = fﬁg
§F fiw : = E:
S

enovation and Addition - First Floor

ne

Cryomodule Fabrication
Lr Y =
assembly E
L et =
== = I“NElT .,.--_




Cavity testing — (VTA) April VTA activity

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

Jefferson Lab

CTF
date |dewar 1| dewar 2 dewar 3 dewar 4 dewar 5 |dewar 6 dewar 7 dewar 8 cM | Refill
cold? rate
(%/hr)
1 fill, pump fill, pump, fill from D 4K fill, pump N 4.3
2 warm up 4K N 4.1
3 warm up N
N

:

9 fill fill warm up Y .
10 warm up 4K 4K warm gas path Y idle
11 cool to 5K warm gas path fill, pump fill from D8 _| | Y 3.6
12 cool to 5K [ warm up fill from D4 | Y 4.7
13 warm up warm gas path 4K fill, pump Y 4.9
14 cool to 5K fill, pump Y 4.9
warm gas path fill, pump Y 3.7
warm gas path fill from D4 warm up Y 3.9
warm gas path 4K Y idle

4K Y idle
fill, pump, fill from D3 4K fill, pump Y 4.9
fill 2K 4K Y 4.5
pump, fill from D4, 5 warm up 4K warm gas path Y 3.5
warm up, fill, pump fill from D3 fill, pump warm gas path Y 5.2
warm up warm gas path | 4K fill, pump Y 1.6
fill, pump warm gas path 4K wanm up Y 4.4
Jlab 7-cell

Jlab 9-cell

>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

FNAL AP&T Seminar 052411 cer Q @‘&



TEDF Infrastructure Design = [l rirle9
30,000 sf — new
Cavity fabrication (presses, EBW...) " o i B
RF structure development
Process development il
QC/ Inspection
Clean analytical lab L
Production chemroom 2 :
R&D chemroom ., =ll=]
Flexible ISO 4 cleanroom suite CET TR | w (i
Dedicated CEBAF-support CM i Jﬁ:“ﬁ%m T‘j

assembly lines =it =r- — | = *
Expansion space for other DOE b TR A s f—
project support : ! _H@m;;éﬁ_ﬂ%_ e i
_jw| E‘“#_E%m IC; T be
B EE
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ICP (Integrated Cavity Processing) tool concept will integrate
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TEDF Infrastructure Design
Integration of cleanroom/chem processing/waste collection
Architectural elevation through process support area

IEEEEEEEEEEEEEEEEN
8
i1
7
:

s 18T FLOOR
EL. 0 (40407 AS INDICA
)

ON CIVIL DWGS, |

I I I O

SECTION ELEVATION - PROCESS SUPPORT AREA

e
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TEDF Project Phasing

Phase 2: et
Prep Bldg BE ik E% Phase 1.
58 for Construct
Shutdown PRk TED Bldg &
Test Lab
Addition
Phase 3:
Renovate
Bldg 58 ]
i
g Phase 4:

TED BUILDING

PHASE1 || TEMP PHYSICS
CONSTRUCT | EXPERIMENT AREA

d
: @ sHPPING/
i RECEIVING

m e
i) 1P d
=l O

[

CRYOMODULE ASSEMBLY

>
Jefferson Lal ENAL AP&T Seminar 052411 cer

Restore TED Bldg
for Final
Occupancy
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TEDF Feb 2011

> Slide 34 JSA
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TEDF April 2011

Demolition of Acid Transfer building

Commissioning of new
Process Support Building (PSB)

Slide 35
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TEDF May 2011

e v s 2

Jefferson Lab ENAL AP&T Seminar 052411 cer



TEDF Project Schedule

13

14
15
16
17
18

Activity Marme

Accelerator Down Periods

12 GeV Cryomodule Schedule

1.3.1.1 Procurements

1.3.1.2 Cavity String Assembly

1.5.1.3 Cryomodule Assembly

1.3.1.4 Cryomodules Acceptance Test
1.3.1.5 Cryomodule Installation & Test

TEDF Schedule

Early Start’/Finish

6.3.1.1 Civili5ite & Early Procurements
6.3.1.2 TED Building Construction
§.3.1.3 TL Addition Construction
6.3.1.4 TL Renowation

.!effergon Lab

Start
Date

1140
Ti2zMo0
SHMEM
oManz

1520008
Ti26M0
A0 4H0
2MEM1
SMaMz

3231M0
2010

26410

1052011

Finizh
Date
2510
/210

11150111
SM5M3

222M1
12

MMz
sz

4083

/310
Q5301
9530/
Qi2oM2
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Ante-TEDF (First JLab cavity processing facility— 1988)
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