08:30 Closed Session
09:00 Introduction to R&D Board Task Forces (Bill Willis )

Part | - Gathering information for SO (Chair: L. Lilje)
09:20 How to assess the experience on cavity production? (Hasan Padamsee )
- First assessment of recent cavity productions

- Explain the basic evaluations needed (e.g. number of cavities in the sample, average results,
number of re-treatments, etc.)

09:40 What are the available multi-cell cavities in the US in year 2006/7? (Harry Carter )

09:55 Current planning and status of infrastructure esp. ANL EP (Claire Antoine, ) (Ken Shepart )
10:25 What would be the cavity preparation rate with EP (incl. Cornell, ANL and (Shekhar Mishra )
10:40 Coffee Break

10:55 What would be the model for cavity testing ? (Shekhar Mishra (FNAL) )

Part Il - Working towards a best recipe (Chair: M. Ross)
- 11:10 - Adressing contamination issues on multi-cells - 20 min — Discussion - 5um EP a la K.
Saito - Alcohol rinse - Other rinses?

11:30 Possibilities of integrating this into the existing/planned facilities - (Shekhar Mishra )
11:45 Use of DESY facilities for part of this program (Lutz Lilje (DESY) )

12:00 Lunch

Part Il - Statistics for integration into modules (Chair: H. Padamsee)

13:00 Assessment of the experience at TTF (Lutz Lilje (DESY) )

13:20 Module assembly tests at FNAL - How many on which time line? (Tom Peterson (FNAL) )
13:40 S1 Work Plan (Lutz Lilije (DESY) )

14:00 S2 Workplan (Hasan Padamsee )
14:30 Closed session 15:30 FNAL Facilities Tour




Part | - Gathering information for SO

* How to assess the experience on cavity
productions?
— First assessment of recent cavity productions

— Explain the basic evaluations needed (e.g. number of
cavities in the sample, average results, number of re-
treatments, etc.)

— Lessons learned?

» - First assessment of recent cavity productions
(e.g. number of cavities in the sample, average
results, number of re-treatments, etc.)

» Task force should assemble a coherent report
on existing statistics of cavities



Data Sets to Evaluate

Jlab — SNS

Jlab — Upgrade/FEL

Daresbury ERLP

DESY — TTF (Lutz will talk about it later)
KEK (starting, Higo)




Jlab SNS: 3 largest production
1st: LEP-II (Nb-Cu), 2"d: CEBAF (not relevant here)

» 23 cryomodules, 81 cavities, 2 year
production testing
» 35 medium beta cavities tested 73 times

— Field emision was a frequent limitation in early
stages

» 48 High beta cavities tested 72 times

— More multipacting in this geometry

* (not fully understood, not expected from cell
geometry)



SNS Cavity Properties

Table I : Cavity Parameters f =800 MHz
. Cavitvy Type
Parameter = (.61 E=D 81

Operating Gradient (MV/m) 10.2 12.6

Q. spec at Operating Gradient | =3 x 10° | =5x10°

Epeat (MV/m) 27.6 4.2

Hpear (mT) 28.0 73.2

Epear/ Eaee 2.71 219

Bpea/Eaee (mT/(MV/m)) 3.72 472

Operating Temperature (K) 2.1 2.1

STITS e
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Test Results of p<1 Superconducting
Elliptical Cavities : Experience and Lessons
Learned

Joseph Ozelis

for the SNS Cavity Team at

Institute for SRF Science and
Technology

Jefferson Lab
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Important Learning Experience

Table II : Medium 3 Cavity Average Performance

Processing
Procedures
Parameter Original § Improved
Gradient at Q, spec (MV/m) 11.0 £ 155
Maximum Gradient (MV/m) 12.0 16.4
Q, at Operating Gradient 6x10° §1.2x10"
Field Emussion Onset (MV/m) 8.3 10.7

Number of Tests to Qualify 1.9 1.1




Improved Cavity Processing - Reduce FE

» Two reviews (Sep & Oct 2003) to identify process improvements
« An internal review (S&T and assembly staff)

« An external review, including management, cavity and process
experts (4 involved directly in DESY effort)

~ ldentified process changes
- Additional rinsing after chemistry and for HP rinsing
- Keeping the cavity surface wet between chemistry and HPR steps
- Allowing the cavity surface to dry between HPR steps

» Adjust HPR head to increase the number of nozzles and reduce the
nozzle diameter to increase impact force

- |solate cavities from test stand by evacuation in the cleanroom
- Add flow thru rinsing during degreasing steps

- Use fresh acid for all final processing (<10g/L Nb)

- Remove more material after furnace treatment (100um)

-"__'T,f:ﬁr:‘ pav e — s Thomas Jefferson National Accelerator Facility _‘@ e ﬂf_
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Medium p Cavity Results — Revised Procedures

ENE Madium & Cavides
Field Emizziom Omzst

[
[

[ Ol 2003 Revew
M+

Results after

2 .oba e e sendiee
= " A e a adopted
T:: B e e i el R b - b -

! A & A
- Y

f “oa e, s h Qualified SNS m.-_-dhés\ef:avmes
| 'y

o f . . . . . ; ; E
Ooifd  Deesll  Febeid  Apedd  Jue03 A3 Ol Deocld  Febeld i - oK
Dae E .

i
E

=

B G

g 3 \

; X

= 4 . -

: \

2 :

- 3 o i g : ) i i

=

3 1 i

§ AT " =
[

k=

3t

T Upilerson CFd— mm Thomas Jefferson National Accelerator Facility :
- ;_:j,'r';_,f”:, ,;;";,ﬂ_, " W L4 Science
SEF 205 - 12th Internafional Warlc:hop on BF Superconductivicy, Ithaca, NY. LLE. DEPANTMENT OF ENERGY



Medium p Cavity Results — Revised Procedures

1.0E+11
Results before

new procedures
adopted

Results after
new procedures

adopted
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Figure 6. Fraction of 30 VTA tests of f=0.61 cavities
exceeding a gradient at various Q.



Medium p Cavity Results — Revised Procedures

Production testing resumed in October 2003, after revised
processing and assembly procedures were implemented.

Performance was measurably improved!

Onset of FE delayed (but still large variability)... RF pulse-
processing used to “destroy” early emitters, before “burn-in”.

Average performance for remainder (11) of medium p cavities :

Gradient at Q, spec (MV/m) 15.5 (1) Q, at Operating Gradient 1.1 x 1010 (1)

7
Maximum Gradient (MV/m7 16.4 (1) Field Emission Onset (MV/m) 10.7(Better)
Number of Tests to Qualify 1.1 (Nicel)

Pl

Almost high p
specl
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High p Cavity Results

Production testing of the bulk of high p cavities began at the end of
‘03/beginning of '04, upon completion of medium p cavity
production testing. Identical (improved) processing/assembly
procedures were used for high p as for medium p.

Field emission onset earlier... even with improved processes.
Pulse-processing (developed in medium p testing) helped improve
cavity test yield.

A new problem - Multipacting

Average performance for 48 medium p cavities

Gradient at Q, spec (MV/m) 15.8 (OK) Q, at Operating Gradient 7 x 109 (~OK)
Maximum Gradient (MV/m) 15.9 (OK) Field Emission Onset (MV/m) 5.9 (Bad)
Number of Tests to Qualify 1.4 (Tolerable...)
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Table ITT : High § Cavity Average Performance

Parameter All Tests Passed
Tests
Gradient at Q, spec (MV/m) 15.8 17.7
Maximum Gradient (MV/m) 15.9 18.7
(), at Operating Gradient 67x10° | 99x10°

Field Enmussion Onset 50 6.2
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Figure 1. Gradient at Q, = 5 x 10° . The gradient spec for

the medium (high)—f3 cavities is indicated with the dashed
red (blue) line.



Summary of SNS Cavity Performance

20

# of Cavilies

)
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SNS Qualified Cavity Performance Distribution of
Peak Surface Fields
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Lessons Learned

Evaluate & optimize facilities for applicability to
particular design or process

. Reduced effectiveness of HPR system

v Larger cavity equator and iris radii - reduced impact
energy

v" Larger cavity surface area — reduced coverage
v" Cell shape (B<1) - lower momentum transferas 6, ., =0
v Cavity weight 2 component wear and failures

. HPR pump failures
v Original pump not designed for continuous use

v" Additional rinsing = motor lifetime impact, H;O capacity
limitations

v Replacement (spare) pumps not identical (grease)

»  Additional process monitoring
v" Particle counts (air, HPR water)
v TOC monitoring
v" RGA scan for hydrocarbons during cavity pumpdown
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Lessons Learned

Guiding Principles for production-scale SRF
implementations...

Prototype program must be comprehensive.

Consider a pre-production phase.

Personnel continuity, discipline, and training key to performance.
Facilities must be matched to design/process specifics.

Module performance may only be weakly coupled to vertical
cavity performance if significant handling occurs in between...
so minimize it, or control & monitor it explicitly.

< Quality control measures are important throughout every
dimension of the process, with timely and frequent feedback
required. Everything matters... this is difficult work!
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Renascence Cavity Fabrication

+ Production set
—5 HG and 4 LL 7-cell cavities

" » - - i W
ﬂul-ﬂ-ll."*—"'-I.|-I.'_I'IH o W

—RRR 347 Nb k. : -

—Nb,:Ti flanges and helium . ¥ .
vessel transition plate Y S e m"ﬁ »_ 1 WESY --ﬂ G B e )

—Endgroups on HG and LL are , 4" ! % : “ ' el -
identical

—Developed standard
production drawings and
procedures

—Refined assembly sequence
details for efficiency and QA

—Mix of internal/external shop

machining
—All in-house chemistry and
EBW
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Compare Properties

Sronal | Chign | Frow 2| TESLA | sNs | sNs

Comell | Gladint | Loss | oy | peo6t | R=0.8t

f MHZ | 14483 | 14689 | 14754 | 12780 | 7928 | 79258

. MHZ | 1497.0 | 1497.0 | 1497.0 | 13000 | 8050 | 805.0

k., %] 3.29 1.89 1.49 1.9 152 1.52

E o/Euce : 256 1.96 217 | 198 | 266 2.14
B JE. | ImUMvim] | 456 4.15 374 | 415 | 544 4.58




Cavity Testing - HG

* Planned 12 GeV
cavity temp: T-cell HG Cavities - VTA Performance
2.07 K + 11 {'“_Jr_reif Project Spec
1.|:|E_1 : _________________________________________________________ hG’ ;911;.‘- atts
« Rlloeated 3@ 9| 7 o mi T ol I TiTET S L IIiIEOCOTIIED X Eggg;
dynamic heat e e e e T e et e R o e B e R s HGODA
S (N 7%t i 2l P sy SR T S PR D T s HGOD3
budget: | = EEEE%
29 W o HGOOT
L= I T L HG 26 T
HG design & 1.0E+10 - ;;EEEE_ _______
+ No MP e e Sl e e e e e o
encountered I === - T
CEBAF
+ Only HG004 was | - **PE“ -----------------------------------------------------------
FE-Imted = | 30000 b e e e ey
*« Q-drop 18-20
MV/m observed . j‘ - o
without radiation ¢ ’ 1D 1 2
T=7K Gradient (MV/m) 6105 cer
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LL design

* No MP
encountered

+ No FE-limited
cavities

* Q-drop 17-21 MV/m
observed without
radiation

« 120 C bake
improved
Qp < 15 MV/m only

(Input coupler
heating suspected)

T e R
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Cavity Testing - LL

LL Cavities for Renascence - VTA Performance

1.0E+11

# 12 GeV Project Spec
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Summary of basic evaluations needed

— Cavity properties, Epk/Eacc, Hpk/Eacc
— number of cavities in the sample,

— average results, spread

— number of re-treatments,

— field emission onset levels, spread

— Qvs E curve,

— nature of highest field limitation
« quench, Q-slope, field emission, H- contamination

— Number of cavities with fabrication defects (e.g weld)

— Number of cavities with material defects (needs thermometry)
— fraction of cavities reaching design Q at design field,

— Procedure variations

— Recipe variations

— Lessons learned



Addressing contamination issues
on multi-cells



Sources of Reproducibility
Problems

* Thermal breakdown of superconductivity from
material or manufacturing defects

— Weld Problems at new industry
« Deviation from specification
* Insufficient quality control

— Industry is improving welding procedures to avoid
problems

* Imperfections in final surface treatment,
— e.g electropolishing (EP)
— Final rinsing
* Field Emission from particle contamination



Electro-polishing (EP) Studies

* Field emission onset levels vary strongly
» Sulphur contamination of EP ?

 Efforts on better contamination control (e.g. H202 rinse,
better filtering acids, cleanliness for EP)

« Measure NDb, F, S contents of acids during EP
« Control EP parameters, V, |, acid temp...

o Series of control studies on EP underway at
DESY, KEK, Jlab, and other places

 World collaboration effort to document
procedures, parameters & problems (after SMTF
and TTC meetings)
« Aim: to assemble the best recipe
 First draft of reports available

 Active exchange of information - through website set up
after collaboration meetings



Other Studies

Final High Pressure Rinsing (HPR) rinsing anomalies?
— Accidental dust...
Water quality

— Resistivity, Particle Count, Bacteria, TOC
— Monitor and improve

Final pump down anomalies
— e.g pump oil contamination in line
— see later for KEK results

Need excellent control of facilities
H absorption => Q-disease in some cases

Higher RRR material more prone to H pick-up
— Need good temperature control
— Uniform RRR selection



Task Force to Digest Existing EP
Study and Proposal

» Tajima, Boffa Review Paper on EP
 Kneisel, Reschke Plan for EP Studies



Goal: S1 should address the successful gradient
yield of cryomodules.
The goal should also include Q, dark current (or
Xray), alignment

At minimum, S1 is a proof-of-principle
demonstration, needed soon

DESY cryomodule#6 has a good chance of
reaching 31.5 MV/m.

Gathering information

— We need to bring together existing statistics on TTF
cryomodule performance “vertical test results vs
cryomodule test results”, to see what is the expected
yield of cryomodule gradients.




Comparison w/ Cryomodule Performance

Gradientat Q; = 5 x 107

Cavity gradients in the CMTF were found to be ~35% higher than those measured in the
VTA. This increase is perhaps due to the much lower RF duty factor (6-7%) employed during
module testing. Note — no MP was ever observed in CM testing.
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Comparison w/ Cryomodule Performance

Onset of Field Emission

No strong correlation exists. As FE onset is largely determined by environmental factors, and the
cavities were re-processed before sting assembly, it is reasonable fo conclude that vertical test FE

onset is not a good predictor of onset of FE in a completed cryomodule.
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Operation at 2.1 Kvs. 4.2 K

— SNS

16

14

Maximum Fields

'|H I|I IHH]I[IF S0l

E 2.1 K Closed loop m 2.1 K Open loop (1 4.2 K Open ImD|
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Accelerator Systems Division 29
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Assemblies, Installations and Cold
Operation

Overview Assemblies and Cold Tesis TTF-Cryomodules

Status: 15-Feb05 R_Lange DESY -MKS1- [

Module [Type |Assembly Installation and Test Therm. Cycles
Year Days [in TTF-Linac coldiwarm

Capture |Spec. |Saclay 1996 Oct-96 96—»5ep-03 |c/w 13

M1 | 1997 == |Mar-97 97—=5ep-97 |ciw 2

M1 rep. |1 1997/98 == |Jan98 98—=Mar-99 |c/w 3

M2 Il 1988 »» |Sep-98 88—>May-02 [c/w 3

M3 1l 1999 35+15/Jun-99 99—=May-02 |c/w 1

M1~ 1l 2000 24 Jun-02 02— ciw 3

Ma [ 2001 18+10 |Apr-03 03— ciw 1

Ms [l 2002 30 Apr-03 03— ciw 1

MSS Spec. (2002 36 Jun-02 02—=Sep-03 |ciw 3

M3 1l 2003 18+6 |[Apr-03 03—= ciw 1

L P 1l 2004 20 Feb-04 0d—= ciw
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Performance of Accelerator Module 5

A State-of-the-art module In single cavity measurements

* cryogenic type lll 6 out of 8 cavities reach 30 ﬁty\/t:rstial (CW)

- latest coupler generation R (2] Horizontal (10Hz)
N Equal power feeding Bl Module 5 (1HZz)

* BCP cavities <Eaccs = 25 MV/m EZZ Module 5 (5Hz)
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Module 6 expectations...

Eacc[MV/M]

Module 6 Cavities

Status 03-May-06 RLange -MKS @ Vertical
45 m Horizontal
20 LS AC81 OMTS
v | ACT6 287 zg3  285( “0219222?0 — O FLASH
30 Z90 ACY5 spare
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5 |

0 : =
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Cavity Position in Module




All 5 Electropolished Cavities at 35 MV/m show less radiation

than BCP cavitiesa 25 MV/m

Radiation Dose from the naked cavities while CW tested in the vertical dewar
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Again, Electropolished cavities at 35 MV/m show less radiation than
BCP cavitiesat 25 MV/m

Radiation Dose from the fully equipped cavities while High Power Tested in "Chechia”
“Chechia" is the horizontal cryostat equivalent to 1/8 of a TTF Module

1,00E-02
BCP cavities @ E,., = 25 MV/m
1, 00E-03
O ACSS
1,00E-04 WACSE
BCP = Buffered Chemical Polishing e
HACHS
- . _Palichi x ACHD
- EP = Electro-Polishing e non
- + 064
] n -G48
: -
9 1.00€-08 = » 752
e WACTD (5 Hz)
_ * ®ACTZ
A ACTI
1,00E-07 W,
1,00E-08
1,00E-08

v L L] 1
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cavity / quad string alignment
is measured using a stretched
wire system

at warm and at cold

tfemnerafiire
acc.module #4 acc.module #5

corresponds to a
perfectly aligned
cavity / quad string

~th horizontal alignment with respect to module axis
TDR specifications (RMS): Results ( ): B 20-Jun-03 300K
cavities xly: +/-0.5mm || cavities x: +/- 0.35 mm A 22-Jul-03 2K
r > +/-= 1 mm y: +/- 0.25 mm @ 06-Oct-03 300 K
quad/dip xly: +/- 0.3 mm || quad/dip x: +0.1/-0.4 mm & 31-Mar-04 2K
Z: +/- 1 mm y: +0.2/-0.5mm
roll: +/- 0.1 mrad || overall module tilt ~ 0.1 mrad




HOM Messungen

(J. Frisch, M. Ross, N. Baboi et al.)

acc:4 cawty centers Xstd =0.1048 err =0.036773

0.5F

acc:4 cavity centers Ystd =0.31549 err =0.023571

—+— C:\Data\HOM_06\2006-03-05T203730.mat

#— C:\Data\HOM_06\2006-03-06T214849.mat

C:\Data\HOM_06'2006-03-06T223034. mat
—+— Wire Data




mm

HOM Messungen

(J. Frisch, M. Ross,

acc:5 cavity centers Xstd =0.24111 err =0.0089929

N. Baboi et al.)

—+— C:\Data\HOM_06'2006-03-05T125750.mat
* C:\Data\HOM_0642006-03-05T140037 mat
C:\Data\HOM_0642006-03-05T140858.mat
C:\Data\HOM_0642006-03-05T145433.mat
C:\Data\HOM_0642006-03-05T200241.mat
C:\Data\HOM_0642006-03-05T203730.mat

—4—— C:\Data\HOM_0642006-03-05T213945.mat
——— C:\Data\HOM_06'2006-03-05T221437.mat
g C:\Data\HOM_062006-03-06T062359.mat

B C:\Data\HOM_0642006-03-06TO70602.mat
—#— C:\Data\HOM_0642006-03-06T073227_mat
i | —%— C:\Data\HOM_06'2006-03-06T223034.mat

acc:5 cavity centers Ystd =0.20323 err =0.0048113
05

8 —a— C:\Data\HOM_06'2006-03-07T004436 mat
—&— C:\Data\HOM_06'2006-03-08T203843 . mat
—4— Wire Data




Propose to develop the S2 Task Force
R&D work plan in three stages:

Stage 1

A plan to answer R2 issues in TRC report. These issues may be expanded
to include further tests

Stage 2
Determine the number of RF units (or string length) needed for

demonstration of ILC readiness, i.e. a sufficient technology demonstration to
launch ILC.

— One approach is to work backwards from the ILC construction scenario
(construction period 5 years) to determine the level of industrial/laboratory
preparedness necessary between now and ILC approval (2007 — 2010).

Define a plan to realize the desired number of RF units.

Define the goals of system tests to be carried out with the RF units.
Stage 3

Determine if a Test Linac needs to be assembled from the RF units.

Define the properties of the beam and the beam-related studies that need
to be carried out with the linac.

Define a plan to assemble the Test Linac including cost estimate and time
line.

Work to be done in consultation with S3 (Damping Rings Task Force)



Tentative list of Members of Task Force S2

 Padamsee (Chair), Himel, Kephart,
Hayano, Nobu, Weise (no answer yet)

» Consultants: Nagaitsev, Solyak, Lutz,
Ross, Schulte



Tentative Charge for S2 Task Force (to be approved by EC)

The conceptual plan for the R&D for the ILC includes the building and testing of a
string of cryomodules after the proof of principle milestone of reliable production of
cavities and single cryomodules has been achieved. As the basic building block of
the linac, the minimal string is one RF Unit containing three cryomodules with full RF
power controlled substantially as in the final linac. The desired string for the ILC R&D
plan may consist of many RF units. The definition of the details of this milestone,
which we call S2, needs to be defined by GDE, along with a timeline for its
realization. Some of the crucial specifications of the string have been defined in the
R2 ranking of the R&D issues in the TRC report (2003). More specifications may be
necessary. The full scope and goals should be well-established and accepted soon,
since the they will constitute an important milestone on the road to final construction
approval. The R&D Board is asked to set up a Task Force to propose a Plan with a
set of goals and specifications and a time scale for accomplishing them, which will be
submitted to the GDE for action. Examples of the parameters to be determined are
the number of modules needed in the string, the performance specifications, the
nature and duration of the tests, the rules for the deviations from the final production
specifications and final environmental conditions. The Task Force should take care
that the whole project is as well-defined as possible, interacting with the Area
communities involved. Without anticipating the result of the Task Force analysis of
the number of modules required, it is likely to be large enough so that industrialization
is required to render their production practical. The Plan should contain the practical
information to show how the transitions from proof-of-principle to the S2 Milestone
and start of main linac production should be accomplished.

There is no GDE specification dealing with a Test Linac, and the Task Force proposal
should address the question of whether there should be a Test Linac, and with what
parameters. Such a linac would imply the injection of a beam into the string defined
in S2. The Task Force should establish the relationships between the functions of
the string, the operation of the string in realistic conditions, and the use of a Test
Linac as a facility for beam measurements.



Next Steps

» Task Force to prepare a more detailed
work plan

| can circulate a draft-plan for comments
» Set up phone meetings, emails...



Next Modules 2005-2008

Order at A, B,( C) Nov-06

Order at Zanon Oct-05
2 cryostats

cold mass/vac-vessel
Delivery Oct-06

M8

M9

Goal:

Modify for Type3+

Must:Compatible with
Type3(spare TTF)

Learn specification

EN13445/without authority

M8 assembly by industry?

2(3) x 2 cryostats

cold mass/vac-vessel

Delivery July-07

MA1l

MB1

M C1

Goal:

Qualify

2(3) vendors for
improved design
XFEL prototype
AD2000/TUV joined

assembly by industry

Delivery Dec-07

M A2

M B2

M C3

Goal:

Qualify

2(3) vendors for
XFEL prototype
Best/cheap solution

Order at ? Jul-08

3 Pre-cryostats
complete module
Delivery Jun-09

-

Goal:

Production and
Test of 3 XFEL
complete preseries
modules delivered
by industry



END



Preparation: First ACCEL Cavity at Cornell

BCP Complete HPR Complete




KEK: Check Reproducibility of final
rinsing procedure: HPR

e N L T

| Reproducibility @ 2K and Error

Low Loss (@ 2K Reentrant@ 2k
Eacc.max Qo @ Eacc,max Eacc,max Qo @ Eacc,max

46.5 1.20E10 51.2 0.59E10
47.3 1.L13E10 52.3 0.97E10
46.6 1.50E10 51.9 1.11E10
45.0 1.O3E10 524 1.21E10
44.0 1.20E10 0.98E10

45913 MV/m.0Q0=(1.21+0.18) E10




Seven Single Cell Cavities, Search for Best Preparation
Procedures, Example :

cavity date meas. treatment Eacc Qo
[S—#2 11 B188 1=t KEK. recipe - -
11 H29H9 2rd HPR{KEK) a7 1.53E+10
12858 3rd HPR{MormLira) 37.6 1.42E+10
128188 Atk HF rins+HPR (Nomura) 28 4 56E+09
128278 Sth  warm-up + Baking (120C+48hr) 25 5.77E+09
18118 Bth HPR{KEK) a7 1.64E+10
18128 Tth keep 100K+12hr 35.8 1.57E+10
dF208 Bth EP (3um, c|osed) +HPR (UPW) +Bak i ng 393 9. 69E+09
38218 Stk 100K*12hrs 41.6 1.00E+10
4848 10th  EP{(20+3um, c losed) +HPR (UPW) +Baking  47.07  1.06E+10
oavity date meas. treatment Eacc Qo
[5—#3 118218 1st KEK. recipe 31.4 B.66E+09
11 H308 2rd HP R Mormura) 32.7 7.27E+09
128288 3rd HF rins+HPR (Nomura) 36.7 1.43E+10
3F238 4th  EP (3um, closed) +HPR (UPW) +Bak ing an4 1.32E+10
38258 Sth 100K=38hrs 403 1.28E+10
oavity date meas., treatment Eacc Qo
1S54 118228 1st KEK recipe 45.1 9.07E+09
168 2nd HPR{KEK) 427 566E+09
18188 3rd  HPR (Nomura) 437 6.07E+09
18188 Atk add L. He 40 6.06E+09
3fg13g Sth  HF rins +HPR (UPW) 50.4 9. 97E+09
38158 Bth 100K+12hrs 473 1.12E+10
3f288 Tth EP (3um, c | osed) +HPR (UPW) +Bak i ng 41.13 1.17E+10

3H308 8th 100K#40hrs 40.12 1.20E+10



Assembly or |
° Repeat A L L HPR problem

treatments with y
- ;Acclfen?l
i 16.7 /’

7 single cell
cavities
' ' FE initiated
by MP16.7%

(LL/lchiro)

» Check success
rate for 45
MV/m and
limitation
statistics ~POxidation, EBW.

field enhancement ?

Statistics



11

10

10

10

Qo

10

10

® Qof2nd) Z2nd meas

B Qofist) ICHIRO 9cell #1

200512122 Thu.

processing 12~18MV/m

40min.

o~ | | | |

Eacc=18.71

q ‘_'W Qo=1.06e10
= &
]

. u-_-lk&@;“ Aﬁer

-

¥ 2nd VT Eacc=

L after processing

=— X-ray started from 9MV/m

Eacc[MV/m]

| 15t VT Eacc=21 MV/m .
l"n‘:ql.n;m:_h
limited by FE
~HPR{UPW)@Nomura (12/16)
TOC=11~12ppb, Bacteria=0
2 2 2 2 1 2 2 2 2 |
0 10 20 30 40 50




ICHIRO 9cell #0

® Qo

N 3rd meas. 2006/2/8 Wed.
10 PR PSP SR SR | P, S P (S P, e S e S IS, S SRS ST FEET. T Err e | . ap—
":_'_'_'_'i'_'_'_'_ """" et ey e *""_t'_'_'_'_':'_'_'_'_['_'_'_'_"-'_'_'_'_'_t'_'_'_'_"-'_'_'_'_'-'_'_'_'_'_1'_'_'_'_'-"_'_'_'_1'_'_'_'_:
start X-ray i i “iprocessing 7-17M/m, 20min. {2 T I T
at?dMWm--@ """ §""Jbutcould not process out PR
..... !.....E.....E... ":-“-T--".-"-T--"."---:--"-.----.-"--I---".-----I----.?"-"?-"--:“--..E-"--:“-.“!“-"!“"--:"-“!"“":--".
' : ; ' o I - beremrnnnnn remadenne. ..4..4 rmdhmmrnbranadeannain.

Eacc-zzrmwmi RN
; DG'B 38&9 @El‘E ".'::;:::::::.;‘::::.‘;:::::;’::.':.‘;::::::::.'::.‘;:::.'.
r___i‘__after PFUCEESII‘IQ S 0 S SO MO O N T
..... ;L..start }{-ray at 12M'\Hm-----.f-----;~----a;- ...tryr prncessmg 3EIm|n
Qo --1but -:nuld not process nut----4.----§----;----f, .....
e , ..... >| ..... +..+ ..... f-----4||m|ted byFE-:--c ..... |. ..... ,..

: | e
1O B e e
..... S S S ot e e i S et S e e i
-.,.4, ..... FT,._+ ..... SRR RS N S O AN U S A M S —
----EF’{EDum}+HPR{UPM@Nnmura + -----
| __+Baking(120C*48hr)+evacuation ; | & i i i i ¢ 44 b4 4 i
TOC=10-12pphb, Bacteria=0 :

e A A A O

0 10 20 30 40 50

Eacc [MV/m]



ICHIRO 9cell #0
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latest result 9-cell cavity result on ICH
ICHIRO-0 latest result g

t_u_lf

- [
d Do oy piod |-

RF proocessing 20=28MV./'m for 1hr
[ | 1

[ |
Qo T 3 [
4 1T T et -‘j Eacc = 28, TMY ./ 'm
pulmt; o= 8 57/al

Aty
10" -"ﬂ—fM-.i

| X =ray started i
|_from MY/ 'm quench
man owt L. He

10"

— EP{ 20um)+EP{ 3um, clossd naw aaid)

| «HPRUPW+Baking(1 200 %48hr)

TOC=l=dppb, Bacteriasl =0
e d A F Gl BB 0 R
40 S0

o 10 20 a0

Eace [MV/m]



» 8 medium beta and 2 high beta
cryomodules were tested at Jlab

 The rest were tested at SNS



* Final preparation for cryomodule cavity
string:

» « Degrease

e« «20um BCP 1:1:2 @ 10°C

« « 62 C UPW rinse to >17 MQ-cm resistivity

12 7-cell 1.5 GHz cavities for 12 GeV
upgrade

* 4 || shape (lower Hpk) and 8 HG shape
(lower Epk)



* Degrease

« 20 um BCP 1:1:2 @ 10°C

* 62 C UPW rinse to >17 MQ-cm resistivity

* HPR 2x2 hours with fan spray nozzle

* Flange assembly (HOMs, FP, FPC tophat)

* HPR 2x2 hours with fan spray nozzle

» Overnight static drying in Class 10 environment
* Assembly

* Pumpout with clean vacuum system

 Leak check

» Sealed vacuum

* VTA test with coax/waveguide tophat QI ~ 7x109
» Option for 120°C bake, 48 hours and retest

* Final tuning

* Helium vessel welding



HPR 2x2 hours with fan spray nozzle

* Flange/feedthrough assembly (HOMSs,
FP)

* HPR 2x2 hours with fan spray nozzle

* Overnight static drying in Class 10
environment

* Assembly on string for cryomodule



Summary of Large grain/Single Crystal Tests at Jlab

Cu
RRR/Ta F Q [1019 Fabrication
Suppl. Ingot Type/ Nc acc
PP o [ppm] P [GHz] | (2K, Eqgy) [MV/m]
CBMM A 280/800 HG /1 1.5 1.25 34 W-EDM
CBMM B 280/800 HG /1 1.5 0.93 32 W-EDM
CBMM C 280/1500 ILC LL/1 1.3 1.4 34 S-cut / W-EDM
CBMM B 280/800 OC /1 1.5 0.5 25 S-cut (80 um)
cBMM | B 280/800 HG / 1 15 0.48 275 S-cut, removal test
~ 75 micron removal
CBMM A 280/800 HG /1 2.2 0.5 38 W-EDM
(single) ' ' (185/165 mT)
CBMM . A 280/800 ILC_LL/M 2.3 0.7 45 W-EDM
(single)
25.6
CBMM A 280/800 HG /7 1.5 0.85 W-EDM
guench
cBMM | ¢ 280/1500 ILC_LL /7 13 S-cut/W-EDM
fabrication completed
Ninxia 330-360/150 OoC/1 1.5 0.87 36'6. S-Cut, machined
After baking
Wah 1 cyic2 | >300/<500 HG/1 2.2 0.24 265 W-EDM
Chang Q - drop
Wah 0.45
B1/B2 > 300/<500 HG/1 2.2 27 W-EDM
Chang Rres ~ 0

October 5-7, 2005

SMTF Meeting at FNAL




== vercal et Niobium Cavity Gradients Keep
B horizontal test I mprOV| ng |

Lingar [ horizontal test )

Eacec [MV/m]

{ —Linear [verical test | All with Old Treatment : Buffered Etching
gl 0 O 0 S
Jad -
niobium, f=1.3G I -I I I m
| _ M fln ]
25 Jhlrl -
20 Ol
15
10
5 —
D —
1996----—--—=-euuem-- 1999 1998----—--—oceeme 2000 2000------- EDQEI
first production second production third production
average gradient average gradient average gradient
21,6 MV/m vertical 27 .5 MV/im vertical 30,3 MVim vertical

21.7 MV/m horizontal 287 MV/m horizontal 33.4 MVim hornizontal



Problems: Reproducibility in the EP Process

1.E+71
MR Come o 3
1.E+10 L] Sio _
+
Strong field * -
Qn emission LO l
1.E+09 T =AC71 Good Surf. Prep.
= AC71 Bad Surf. Prep
AC76 Bad Surf. Prep
AC76 Good Surf. Prep
1.E+08 | | | |
0 10 20 30 40 50
E... [MV/m]
Lutz Lilje DESY -MPY- [yl = 12" International Workshop on RF Supercenductivity 17.5.2005

Earnell University. thaca, New York, USA - July 10-15, 2005
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Overview

 Current status
— Type Il and Type lll cryostats are in use at FLASH
— Type lll nearly meets all requirements for XFEL

— Design for improved cryostat finished: Type I+
 XFEL features included
« Still FLASH-compatible

 On the way
« Module Assembly Study

« Full fabrication drawings of Type IllI+ cryostat available
by November 2006

« Try to comply with EN13445 without external authorites

* Next steps and limitations

« Qualification of cryostat vendors in one (or two) stages
by mid 2007 (end 2007)

* Include AD 2000 with german authorities (TUV)



Next cryomodules assemblies/repairs/orders

Plan
Jan-06

required

performa
nce

assembly/

disass/rep
air

material

Modifications
(Ideas)

tests on/

usage for

comments

M7 23MV/m assembly | Complete fast tuning CMTB/ Industry
TTF-1l | operation | Sep-06 Wait for cav | (EP-cavities?) | FLASH Design/
al delay test ACC3 assembly
study?
M5 >25MV/m | repair Complete no CMTB/ depends on
TTF-I tuner Tuner repair | FLASH schedule
May-07 only ACC5 FLASH
M3*/3* | 23MV/m disass. Complete | (fasttuning?) | CMTB depends on
* operation | M3*? New cav | better crash/ schedule
TTF-Il | al ass. M3**? treatm performanc | spare FLASH
FLASH




1/2

3

Degre|

#1 HPF| |60
80 Dryin

1/5 21/9

1
3

|
0 - 800

12 1

Drying= Assembl{  evacuatic

1113 1 1/16 3 1/23 1
Tune Field H=—— 119 2
EP 10 um HPR Final Asse]

2127 3

2/22 3

HPR
1/4 1/6 1712 —
113 1/18 1/20 1/23
124\ 3
15 | 3110 | 2112 1118 1 120 C bake
Degre HPR | |600-80| | Tune Fiel EP 10 127 | 1z
#2 — Dryings— #2 — #2 3 #2 | 119\ 3 ]
80 um Vertical
HPR #1 Warr
1/9 1111 116 117 118 | Dryin| 1/24 5
#2 Assemb 1/k
123 Hpr [ ———— | Assemb
1/10 113 2 1125 Evacue
1117 31/20 1123 1 —
Degreas HPR 2/2 3
80um I Dryingl|600-80| | Tune Fie EP1C 4241 3 190 G Pak
#3 — um#3 1/27 2 ake
#3 Flat#3 ] rer
1m2 | Dryingl—| Assembl 27\Z® 3
1/19 1/20 1/23 HPR
Vertical 1
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113 1/18 2
1/26
Degread [ HPR /20 |  31/25 1 21100 1
80um I Dryingl] 600-80 | Tune Fie EP1q 47| 3 ;
#4 #4 [ Flat#4 um#4 2/1 2 Assemb
HPR Evacue
1117 1/ Drying—{ Assemb \y
1/24 1/25 1/26 HPR 211310 3
A—.
1/31 2/2 120 C bake
216 3
Vertical |
Warm |
#3
2210 1
Assemb
Evacug
I
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1
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1.0E+00 — * Spec. oo b——rono— o —
— 1 = MBI11 MBI4 f[———-=——-—=-—-——-——=—=-—-—=—=—=-==-
] x MBI15 MBIS |- ____________”____Z
-1 o MRBI19 oMBR2l " """ —————— — — —
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10 15
Gradient (MV/m)

Figure 2. A set of Q, vs E curves for the medium-f3
typical spread in performance
resulting from FE loading.

cavities,

showing a



1.0E+11
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1.0E+09
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|

| ® Avg Spec. ®Mm Spec. — 0000000
— | ® HB10 B HB11 B o e e e e
| 4 HR1? * HRB132 - _ _ _ _ ______-__-——-_C
—1 + HB14 B I e e
| © HB16 HB17 | -
=i #HBIE 0 | eeesessssseesees

| | | I | | | I | | | | I | | | | I | | | | I
0 5 1154 15 20 25

Gradient (MV/m)

Figure 3. A set of Q, vs E curves for the high-[} cavities.
showing a typical spread in performance resulting from

FE loading.
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Summary of SNS Cavity Performance

Average CW performance of all cavities that met
specifications

Parameter Medium p High B

Gradient (E;,) at Q_, spec (MV/m) 13.3 (36.0) 18.2 (39.9)
Maximum Gradient (E,) (MV/m) 14.3 (38.8) 18.7 (41.0)
Q, at Operating Gradient 8.8x 109 9.9 x 10°
Field Emission Onset (MV/m) 9.7 6.2
Total number of cavities tested 35 48
Total number of tests (incl. non- 73 72
qualification tests)

The above tests were performed in the span of ~ 2 years.

e

b

P=5" Office of

SEF 205 - 12th Internafional Warlc:hop on BF Superconductivicy, Ithaca, NY. LLE. DEPANTMENT OF ENERGY

w4 Science™
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Vertical Test Results

- ® ACCELI1
- ACCEL2
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1.E+11 @ 12 GeV Project Spec

- _ —_ - - -~ -~ ”-—_-—-—~-—=-=-°Z HG 29 Watts —__-Z
- _ ____ . ____ x HGOO2 —
—————— T=207K -———— * HGO03 - -
————————————————— o HGO004 - ==
————————————————— * HGOO0S - -
_________________ + HGOO6 o
o HGOO1
- MU*G"*@J"OE%'* YERERE HG20W -
= . . +
SILE+10 s Il S ——
[ g, __TFX . O N T~ T T
::::::::::::::::f:::-*f"';:_*;.%*:"‘!-ﬁgﬁ
I . S
lE_U_L) 1 1 1 1 : 1 ] 1 1 : 1 1 1 1 : 1 1 1 1 : 1 1 1 1 :
0 S 10 15 20 25
E ... (MV/m)

Figure 1. Qualification vertical tests of the High Gradient
(HG) cavities.
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| E+l]l m—m—m——————— ¢ 12 GeV Project Spec ————
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SLEA0 p et e i ey
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(MV/m)

E.I:II

Figure 2. Qualification vertical tests of the Low Loss (LL)
cavities.
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Dark Current (d.c.) Measurements

The on-axis d.c. was measured for ACC4 / ACCS.

]

— setup incompatible with accelerator operations e

Only one cavity in module ACCS produced a
mentionable dark current.

— Captured dark current measured only at exit ACCS
— Nod.c. observable from this cavity at entrance ACC4 [
The d.c. decreased as a function of time

— after module commissioning in August 2003 “
100 nA at 16 MYim t

increasing by a factor 10 for each 4.4 MVim gradient step i
i.e. approx. 10 pA at 25 MVIm E

RF only feed-forward

n&] dark cerrent ACCT
RLILL F

O,

— May 2004 ava. 4 May 2004
100 nA at 20 MVim pomply = ™ e e e e
increasing by a factor 10 for each 3.7 MV/m gradient step, — tess o uf-24 Tus]
ie. 1.2 pA at 25 MVIm _ —
Dietuning of cavity no. 6 left over an integrated dark current of [ [ rwram |
the order of 20 to 25 nA at 25 MV/m average gradient . (Al sars cacrant sCt

— September 2004 (extended operation at 20-25 Mv/m) 5 el )
250 nA at 25 Mvim i t| Cav. #6 is detuned,

— July 2005 b 4 l-e. it has aimaost no
Mo d.c. measurement, but cavity improved further i :. gradient

Reminder:

— The TESLA limit is defined by additional cryogenic losses:

— The captured d.c. has to stay below 50 nA per cavity (see -
TESLA Report 2003-10).

Lutz Lije DESY -MPY- .";.Ir'fp—_. - 12" International Workshop on RF Supercenductivity

Earnell University. thaca, New York, USA - July 10-15, 2005

May 2004
T W0, ke,
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Figure 5. Fraction of 30 VTA tests of 3=0.61 cavities
exceeding a Q, at various operating gradients.
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Figure 7. Fraction of 61 VTA tests of f=0.81 cavities
exceeding a Qg at various operating gradients.
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Figure 8. Fraction of 61 VTA tests of 3=0.81 cavities
exceeding a gradient at various Q,,.
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