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The TESLA Collaboration's TDR
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... has to be converted into the ILC TDR

International Linear Collider Communication
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ILC Cavity Parameters

 Nine-cell Nb structures at 1.3 GHz;

ILC parameters: BCD (baseline) | ACD (alternative)
Cavity shape TESLA Low Loss or
Reentrant
Cavity Acceptance | E_.. [MV/m] 35 40
Performance
Q, 0,8 - 10" 0,8 - 1010
Cavity Operation E... [MV/m] 31,5 36
Performance
Q, 1,0 - 1070 1,0 - 1019
Coupler .1 TF type I
Cryomodule ,irype V"
8(9) cav. /module | 8(9) cav. /module

Detlef Reschke l. ’ ﬁ 12.03.2007
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SCREF Basics: Surface Resistance R((T)
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SCRF: Surface resistance R, > 0 for T > OK'!
For Nb: Rs (T’ w, H) = (RBCS(T’ (1)) + Rres) + Rs (H)

\

1.00E+H

e.g. ,Q-slope w/o field emission”
=> 120C bake" for EP-cavities

Qo

1.00E+10 A

1.00E+09

0 5 10 15 20 25 30 35
MV/m

40

Geometry factor: G

G =270 Ohm R,

Typical Quality factor:
Q, ~ 2:107° at 2K

12.03.2007 8
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SCRF basics (ctd.)

« Critical magnetical field of Niobium at 1.3 GHz ?
- RF field penetrates for less than 109 s => Delayed penetration in the

fluxons (superheating)

Experimental data [mT] | Calculated field [mT] | E,e. MV /m]
Property at 4.2 K at 0 K at 2 K at 2 K
B 130 164 37 What is really
B. 158 200 45 } the fundamental
Bin 190 240 54 limit for RF
B 248 312 62 cavities?

K. Saito, 2001: H_Tis 180 mT at <2K ! => end of discussion ??7?

« Experimental:
- (180-190) mT achieved in single-cell cavities
- 170 mT achieved in nine-cell cavities

Detlef Reschke l. ’ P 12.03.2007 9
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Limitations: Thermal breakdown

Experimental field limitation by thermal breakdown (Quench)
- T of part (or all) of surface exceeds T, dissipating all stored energy
- Quench: surrounding material cannot transport the increased thermal

load to the helium

Low RRR| | T4 High RRR || T

6RFE

=> high purity Nb with high thermal conductivity (RRR > 300) required
=> |LC Industrialization: large amounts of reproducable high quality Nb

Defect Defect

Detlef Reschke l.’n 12.03.2007 10
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Limitations: Field emission

Major limitation of the last years in multi-cell cavities:

Field Emission!!

Typical (good) onset of field emission at 1.3 GHz
- single-cell cavities: Eacconset > 30 MV/m
- multi-cell cavities (vertical + horizontal): E.cconset ® (20 - 25) MV/m

Origin of field emission (FE) in SRF cavities:
- Metallic (conducting) particles of irregular shape; typical size: 0,5 - 20 ym
- hydrocarbon contamination of the vacuum system

=> Quality of final cleaning & dustfree assembly is crucial

for field emission free cavities !

Detlef Reschke l. I ﬂ 12.03.2007 11
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Cavity shape

depends on the cell

acc

« Relation of magnetic surface field and gradient E
shape: : '

i)

| P
I-|.5 a v - = —— - = |
k 0 1.9 B 1 field flatness
:E | | ”

fiE | max gradient (E limit)
| ek acc . J
|B

ook —ars [T/ m)] . 3.61 3.76 mazx gradient (B limit)

| - fil] 133.7 ] stored energy
[£3] 284 fi | dissipation

['"'"(l] 37970 . .dlss.lp:-]hnn ::ﬂ:_hyu lirmart) .

* TTF shape (BCD): Lower Eg + tilted iris area, but higher H /E,.. (~15%)
=> good wet cleaning, optimized for FE, stronger cell-to-cell coupling

* Low Loss (ACD): Lower H /E

* Reentrant (ACD): Compromise for rf.Pﬁrameters, but difficult cleaning
(courtesy of J. Sekutowicz) ;’b 12.03.2007 12

but reduced iris diameter + higher E /E
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ILC Cavities

— TESLA-like
— cavities at KEK
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Cavity preparation

« BCD cavity preparation scheme:
- Cleaning after fabrication, entrance-check + 1. tuning
- Electropolishing (EP) of (120-150) um for removal of damage layer
- 800C firing for mechanical stress release & H-degassing
- Electropolishing for final preparation (20-50)um
- HPR + Assembly + Vertical acceptance test

—
=

Electro-polished Cavities
Measured in Vertical Test

R,
Tt

_ﬁﬂE B8 HEH 7==J.7.7::::7_,; =

Unloaded Quality Factor
o

- AAC70 ®ACT2 s
N 0.5
- #AC73 mACTS ; R e
109 | | | | | | | | (1um roughness)
0 10 20 30 40
Accelerating Gradient
Detlef Reschke  (MV/m) iln 12.03.2007 14
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EP facilities all over the world
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Cavity preparation: High Pressure Rinsing

« Advanced cleaning techniques

From ultrapure
water system

Pressure [
regulator Filter C)
C% Rotation
LA

; .

100 atm jet water rinsing

(courtesy of H. Padamsee) e 12.03.2007 16
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ILC R&D: S0/1 task force

« S0: Cavities & S1: Cryomodule

=> Mission of task forces:
- Provide the information needed for gradient choice
- Time scales: mid 08 / end 09
with a phased approach to match design /cost effort

« S0/S1 task force:

Hitoshi Hayano (KEK)
Toshiyasu Higo (KEK)
John Mammosser (JLab)
Hasan Padamsee (Cornell)
Marc Ross (FNAL)

Kenji Saito (KEK)

Lutz Lilje (DESY)

Detlef Reschke l. ’ P 12.03.2007
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SO (cavity) situation + task:

* Improve the yield for cavity gradients !

« The situation before us :
— Proof of principle for 35- 40 MV/m exist

— Single cell results (40 - 50 MV/m) show that baseline preparation
procedures are in hand

— But low yield for 35 MV/m in 9-cells
=> many tests limited by field emission, some by quench, few by H-Q-disease
=> Examples of Variables to address:

Preparation: EP parameters (electrolyte, operation mode, Sulphur, H, .)
Rinsing parameters (water quality, time, pressure, ...)

Particulate contamination (assembly procedures)
Quiality control !!

Fabrication: Cavity production (e-beam welds, quality control, ...)
Nb material (RRR, grain size, defects, quality control...)

(courtesy of H. Padamsee) l.’n 12.03.2007 18
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Some results

; 1.00E+11 "\\'5 '
e aﬁﬁﬁf‘” 4
i ‘ Eacf;ofaf‘l;?h'b'l:;’/m ]
Y Qo B ° o
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[ ¢ e B N
| World Record! > 50 MV/m T 4 oogero
ol (Cornell / KEK) 111 .
SSESEE e Collection of 9- + 1-cell *
i Eﬁf:‘fﬁ';;‘ glﬂéﬁ Eiﬂ‘é?.iliigiﬁ results of TTF +
o LI LI L T Tl CERN/DESY/Saclay
0 10 20 30 40 50 60
Eacc [MV/m] 1.00E+09
1011
10 u \
10 — — ¥ 25
Qo " !
Several cavities
0w s2toh g gchieved more than
E S et 5 45 MV/m at high Q!
12 g (KEK)
0t LI LI 1311
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Eacc[MV/m] 12.03.2007 19
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But Work needed: Reproducibility in Preparation

1.E+11 Avoiding field
emission is an
R ey ongoing struggle !
1.E+10 Wt S —
| * 4
Strong field ”
Q,,_. emission s b
1.E+09 |- o"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]
Detlef Reschke 1 I ﬁ 12.03.2007 20
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Program for SO:

« Several tasks before us
— Improve reproducibility of cavity processing => 80% vyield in first test

— Carry out coupled R&D programs in parallel to improve processes

» multi-cell tests with diagnostics, single cells prep/tests, preparation R&D,
materials R&D, diagnostics and QA on EP, HPR...systems

— Valuable input from TTC community on R&D
— Results from R&D programs feed into 9-cell activities
— Establish final best recipe to use for subsequent productions applied at
all institutions
« S0, Part1: i) “tight-loop” experiments
=> define baseline yield in all regions
=> interregional exchange of qualified nine-cell cavities

ii) inject process improvements from parallel R&D program
=> repeat exchange as necessary

« S0, Part 2: Cavity production: order staged batches of 50 nine-cells each
=> “final production” batch mid of 2009 with 35 MV/m in 1-2 tests

(courtesy of H. Padamsee) l.’n 12.03.2007 21
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R & D activities (program under discussion)

 Focus on
i) single-cell prep + tests
- Rinsing studies (ethanol, US, H,O,, HF-rinse, ...)
- investigation + removal of sulphur contamination after EP
i) improved quality control
- Process monitoring (acids, water,...)
- Qualify HPR systems with force sensor system by INFN Milano

« Activities at CARE, TTC, SMTF and individual labs (KEK, Cornell, CEA
Saclay,...)

- Additional studies ongoing ( S-deposition, field emission, etc.)

« Use synergy effects with European XFEL

(courtesy of H. Padamsee) ;’ﬁ 12.03.2007
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*

University of Wuppertal: Correlation of FE onset field and emitter size ?

scratch width (19)

Field emission scanning microscope and SEM analysis of 38 field emitters

particle average size (19)

50 : 30 MV/m (XFEL)
0.1 1I - '110 |
scratch width or particle size (um)
Evidence for corre
G. Miiller, 15.11.2006 Wz Bergische

at Wuppertal

== :}J %
W=,

100
lation = fast FE quality control by emitter size

e

CAREO0G6, Frascati




EP and Vertical Testing at Jlab

« Jlab has commissioned the EP, HPR, Bake and Vertical Testing for
the 1.3 GHz cavities.

* Jlab will be the center of the S0-1 “Tight Loop™” actives in USA.

A7 Second Qualifying Test 1/18/07
1011

Rt eh e -

10°

10°

3/12/2007 courtesy of J. Mammosser Eacc (MV/m) 24



Surface Processing Facility at ANL/FNAL

E&r&nilab and Argonne are jointly building a surface processing facility for ILC Cavity

The facility will have capability to perform BCP, EP and HPR.

The BCP Facility is under final phase of construction and will be safety reviewed by
Spring of 07.

Design of the EP facility is r?/%ressing with plans to be commission with 9 Cell 1.3
GHz Cavities by the end of FYO7.

r |-
lrad

Detlef Reschke 12.03.2007




KEK: Vertical Tests of TESLA style Cavities

Up to now, 9 tests for 4 cavities.

3/12/2007

#1 cavity : 3 tests (max 19.2MV/m)
#2 cavity : 2 tests (max 20.3MV/m)
#3 cavity : 3 tests (max 24.5MV/m)
#4 cavity : 1 test (max 17.1MV/m)

Summary of Vertical Tests i
& 3 Cavity
1 & 3 Cavity
10
____________ eI T
: Ny
10 .
¥y
10°
10°
0 5 10 15 20 23 30
Eace [MV/m]



S1 - Modules

« Goals:

« Achieve 31,5 MV/m at Q,=10"° as operational gradient as specified in the
BCD in more than one module of 8 cavities

— including e.g. fast tuner operation and other features that could affect gradient
performance

« At least 3 modules should achieve this performance.
- Re-assemblies (exchange of cavities) can be included.
- Not necessarily final module design.
- Each module should be operated a few weeks under realistic conditions.

* Intermediate goal:
One module with 31,5 MV/m average gradient as proof-of-existence
(If necessary with adapted rf distribution)

(courtesy of H. Padamsee) L ’n 12.03.2007 27
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DESY Cryo Module Test Bench (CMTB)

- CMTB: Test facility for 12m modules independant FLASH operation
- Test of module 6 ongoing (goal 35 MV/m)

JCMTB under full
=7 operation

= 3

__ __ Module 6 rf tested

S :Now: Cryogenic
| cycling of module 6 +
final rf checks

wagiar-

o T

Detlef Reschke l’ " 12.03.2007 28
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Coupler conditioning for FLASH

Horizontal test stand conditioning:
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KEK: STF SC infrastructure

EP: under construction. will be completed in Mar. 2007
HPR:under construction. will be completed in Dec. 2006
Clean room: under use of short cryomodule assembly.

Cryomodule
Assembly

- -
= SRR ll.l“ e
-—|-|-|. i-‘ﬂm--— -l—l—ll-lll

l" -
i l' -
= ]
4 i

Clean room

(courtesy of H. Hayano)

12.03.2007
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Cavity Dressing and Cryomodule Assembly Facility

« Fermilab has finished the construction of the Cavity Dressing and
Cryomodule Assembly Facility.

+ Detailed development and check out of the tooling is in progress.
« DESY Is sending two dressed cavilies 1o debug this facility.
= FNAL is awaiting the delivery of Cryomodule Kit from DESY.

-’F 12.03.2007 32
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Cryomodule Fabrication Plans for an RF Unit

Cryomodule 1

Cryomodule 2

Test at ILCTA@Fermilab

Cryomodule 3

Dressed
Cavity Provided
By DESY

Standard Length
Cavity Purchased
By Fermilab

ILC Length
Cavity Purchased
By Fermilab

Cold Mass
By DESY/INFN

Surface Processing
At Cornell/Jlab

Surface Processing
Cornell/Jlab/ANL

Vertical Test
At Cornell/Jlab

Vertical Test

Cornell/Jlab/FNAL

Cryomodule
Assembled at
Fermilab

Dressed and HT
At Fermilab

Dressed and HT
At Fermilab

Qtaren 07>

Cold Mass
From Zanon
By Fermilab/INFN

Cold Mass Type-IV
From US Company
By Fermilab
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A (Alternative)CD: Continous R&D

« “ACD is part of the BCD”:

« ACD Examples from BCD document:
— Large grain Nb material and cavities
— Alternate shape cavities: Low Loss & Re-Entrant

* Important Long-Range R&D:
— Address field emission as a long-range issue
— Aggressive quality control for EP, rinsing, assembly
— In-situ processing of emitters
— Re-visit : High Pulsed Power processing
— Other Cost reduction ideas

(courtesy of H. Padamsee) L ’ﬁ 12.03.2007
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ACD: Large-grain + mono-crystal cavities

« Activities on large-grain + single-crystal single-cell cavities at JLab, KEK,
DESY, ...

» 3 nine-cell cavities at DESY after BCP treatment only: E, . = 28 MV/m

e/ 3 ;

- (; [‘ : / Y - 5 ;
LT &, "4, e A ;

: L) 1lll.”1_‘|;{-._- ;,(‘- i j’!" 7 # ; |‘

. vEg e Mgy o VR

1.00E+11 Single Crystal DESY Cavity, Heraeus Niobhium
m 1AC3 EP-treatment after bake | D0E+11 112 micron bep 1:1:2
« 1AC4 EP treatment after bake a e
Qo A 1AC5 EP treatment after bake ®°T= 2K, befors baking’
IAA., g — -
s “zA. g E m FYE I T - =
*A A ,“’A‘ Ll . Oo‘,"....‘ = .
v W L2 ’ L]
1.00E+10 oy ARSI
‘o 100E+10 120 ® *% o oes bakin
= L] i
o . Srrerchr @ 3T 5 R im
t
1.00E+09 1 T T T T T T T Q_drﬂp
0 5 10 15 20 25 30 35 40 45 1.00E+09 . . . . . . . .
MV/m ] 5 10 15 20 25 0 35 40
acc) curve arter on ace
JQ(E frer only 80  Ewc [MVIm]
Detlef Reschke aum BCP and in situ baking

120°C for 12 hrs.
| B 4



ACD: LL-type Ichiro 9-cell Cavity Vertical Test
#1 . with HOM /input port

#0 : without HOM /input port
4 EP, 8 measurement => up to 19 MV/m
19#1 8th meas.

ICHIRO 9—cell cavity #0 (w/0 HOM)
1011

rtical Test

1011

ZE10
101 ) ‘ P
: acc=19. 08MV/ mi
: Qo0=3.64€9 -

e

y -

10°

1010

est
i o ~add lig. He ;
without evacuation:
P i N

8Ll il withou
0 10 20 30 40
Eacc [MV/ m]

30 40 50
#2 . with HOM /input port
1st measurement => reached 12,4 MV/m

50

I19#2 1st meas.
2006,/9/2 Sat.

X-ray started
from 9MV/m
>

10°
0 10 20
Eacc [MV/m]

4 EP, 16 measurement -> reached to 30MV/m
Now under modification of end-group 10"

e
"""" **  Eacc=12.4MV/m
Qo=1.17e10
A
quench

10°
CBP + CP + Anneal + EP(80+3, 8/24~25)
+ HPR(UPW, 6+1) + dying + Baking(120C*48hr)
+ slow cooling + 100K*14hr
g TOC=9~4ppb, Bacteria=1~0
0 10 20 30 40 50
Eacc [MV/m]
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Thanks !

Thanks to all colleagues who provided me information, especially

H. Hayano, D. Kostin, L. Lilje, J. Mammosser, H. Padamsee, D. Proch, H.
Weise
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The end !
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