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@ High Gradients «— S-LINAC Cost
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saclay 1 18} ——-{linac activelength e I/E, |- |cavity wall lossese< E2_/Q, |--A
116 _ (modules, tunnel ) (cryogenic: dynamicload) | __

2 3

Relative Cost ( €/$/¥)

Baseline Configuration Document for ILC (500 GeV) operating @ 31.5 MV/m
recommendation E...> 35 MV/m (including fabrication scatter 5%) — 37 MV/m

acC —
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K. Saito - SRF Workshop 1997
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Recipe for High Gradients

Electropolishing
( EQuench )

+ Baking
(Q-slope)
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° o e Electropolishing

dapnia Chemistry : Nb Surface Renewal
(&) Oxideattack by HydroFluoricacid:  Nb,O, +10HF — 2H,NbOF; +3H,0
saclay re-oxidation

Electrochemistry :
Rotating Anode (+) : Nbcavity ~ Cathode (-) : Al Standard Chemistry cr)

FS(1:9) V (17volt)—J(60mA/cm?) plateau Dunked cavity ~ FNP(1:1:2)

Nb oxidation : 2Nb+5H2010H++10e‘ Nb oxidation :
6Nb-+10HNO, +1ONO T +5H,0
H,S0, — anodic film with

_ o . H,PO, —» buffer element (control)
high resistivity — polishing

gas
evolution

Current [a.u.]

BCP

E guencs = 30MV /M

Va
= ve Voltage [awu.]

E e — 40MV /m

Hypothesis:  Surface roughness ( better water rinse — lower H field enhancement )

ER
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A Electropolishing
o O = Q ®

dapnia

0 Electropolishing at DESY .

saclay

Faced to this superiority — To set up an EP facility for 9-cell cavity

L. Lilje - SRF Workshop 2005
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o oL e Electropolishing

e Electropolishing at DESY
saclay
10" | Results both from
KEK and DESY EP 10" - Low power test
[ Cavity ACT72 o High power pulsed test 1Hz
High power pulsed test SHz
| | Accelerator RF test
i gl
giid B ob £ P g
g 10"
Q  qpt0

AACTO

e ACT2

+ ACT3 L

m ACT8 L~

o ACT6 L

®ACT1

10° . . . 10°
0 10 20 30 0 5 10 15 20 25 30 35 40
E,.. [MV/m] Eace [MV/M]
laser driven bunch
electron gun ACC 2 ACC 3 compressor ACC 4 ACCT' S ACC'6
=} (===} {====] TTFLinac
superconducting
4 MeV accelerator 120 MeV 400 MeV 800 MeV 1GeV
module

ACC6 module with 8 EP cavities @ 35 MV/m ( Summer 2006) | = = w © w & e
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O =~ O Electropolishing

o
dapria Reproducibility - Field Emission
G0

-

Unfortunately, in spite of the EP success

saclay o : : :
alarge spread exists in the cavity production compare to standard chemistry
40 A After Standard etch Averagsg
1:"__ 289+~ 1.1 MV/m
35 : ;
H s+—— After EP Average
P 30 - 356 +/-2.3 MVim |
[z : :
© 25 : -
b ] :
© : .
2 - :
5 15 & :
< :
10 &
5 =1 N
D I I E . I
25 30 35 40
Eacc.[MV/m]
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LA Electropolishing
o O = O o
dapnia ] ] ]
=) Optimization of EP Treatment
saclay Nb sample — mono-cell cavity — 9-cell
« EP bath impurities JRAL - SRF

Cathode corrosion (Al) and Sulphur deposition
2Al +4H,90, — Al (S0,), +@+4HZO

solution — alcohol rinse
« EP bath ageing ( Nb dissolved ): T HF concentration
F:S concentration 1:9 (9 g/l) — 4:9 (23 g/l)

e Optimize parameters (V-1 )

Explore different working zones ( plateau, ...)

EP test bench for mono-cell

F. Eozénou - SRF Workshop 2005
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Q 2 0O
Large Grain Cavity — =g it

Electropolishing

wl —
-’

High Gradient shape 1.5 GHz with Standard Chemistry « BCP »

Very smooth surface ( EP not necessary )

After — 80 micron BCP 1:1:2

-

RMS Surface Roughiess 27 nm per A WUJLAB on 2 0.2 X 0.2 mm a

RMS surface roughness:

« finegrain (BCP)
« finegrain (EP)
 large grain (BCP)

Bernard Visentin

: 1274 nm
: 251 nm

- @m

Annual Meeting

P. Kneisel

Inoot “A”
1E+11

PAC 2005 & SRF Workshop 2005

# Before baking | After baking

HEpg g
#00000 IR LY ’ .

& 1E+10 |




O = O Electropolishing

dapnia

saclay

- -

BCP large grain cavity <=> BCPfinegran cavity (30 MV/m)

with better surface roughness than EP fine grain cavity @ 40 MV/m

Open Question

High Gradients @ 40 MV/m arethey linked to

Electro-Polishing (surface roughness) or just to Electro-Chemistry ?

Potential Advantages of Large Grain Nb

* Niobium discs dliced directly from ingots

( saw cut or electrical discharge machining : no forging , no rolling )

 Reduced cost

adopted as :

e Lessimpurities Alternative Option for ILC 500 GeV

e Quality control more easy

Bernard Visentin

WG 5 Report - 2 [ LC Workshop
( Showmass 2005 )
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A Electropolishing
® O 4 0 ®

dapnia

- EP Large Grain Cavities at DESY
saclay

TESLA Shape (1.3 GHz) —Electropolishing P47 S8

first test (before baking) : Q-slope - 28 MV/m

o
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. O EEAE_O Baking o
dapnia Baking = Wide Application Area

sadiay | in-situ(UHY) T=110-120°C  t=1-Zdays |
1E+12 1E+11
1E+11 | i —1 e Baseline T=2K
o Tt . o il ’JJJJ#CMS_ || = After 120C, 24 hbake |
’ g.nﬁ-..-= 1E+11 4 . | 1 1 :nfry s
1E+10 C1-03(EP cavity)! \a ..! %a I‘ OO 1E+10 ﬂ%
L 16410 .| @ I1-beforebaking
F;;p;ﬁ: e E | 12- after baking @ 110° H o ‘b.
1E+09 1 : : 1E+09 Ii}rrit‘atio‘n ‘ ‘ ‘ 1E+09 +rrrrr
0 10 20 30 40 0 10 20 30 40 0 5 10 15 20 25 30 35 40 45 50
E.ec (MV/m) Eace ( MV/m) E... [MV/m]
TTF 1.3 6Hz - Saclay / KEK TTF 1.3 6Hz - Saclay LL 2.2 6Hz - JLab
Polycrystalline PO'YC'”ZS*G”"_‘Z Single crystal
No Thermal Treatment 13007C / Ti 800°C - 1250°C / Ti
Electropolishing Chemical Etching 1:1:2 Chemical Etching 1:1:1

Whatever the niobium structure... ( single or Poly-crystal,) & Cavity Shape (H6 LLRE)
Whatever the fabrication method...( EB Welding or Hydroforming, bulk Nb or clad Nb/Cu)
Whatever the thermal treatment... (nothing, 800°c, 1300°¢/Ti )

Whatever the chemical treatment... ( Electropolishing or Standard Chemistry )
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Baking

. Q = O
dapnia
=0 Baking = Permanent Treatment
saclay
o 1E+11 +
T =120 °C /2 days
Qo Eﬂw N Fug I
+ DD.E'EHD
]
Can
0 E5:(120°C/60h) "o
AI'/" ZXPOS'U/"e 1E+10 — B |1:HF chemistry (20 mn) |
- for 4 years - C1-03 (EP @ KEK - Tests @ Saclay) i
) ) ; - Tests clay
without any Ra/qf/CU/afﬂ 11 = E5 + air exposure 46 months
precautions +20' HF + HPR
1E+09 | ‘ | |
0 10 40

Hydrofluoric Treatment
High Pressure Rinse

Bernard Visentin

Eae (MV/M)
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O an O Baking

- -

o Baking = Diffusion
saclay

interstitial oxygen

Rs Change through electron Mean Free Path ( £ ) decrease

- .
1 | —A/KT
(nQ) m C1-05 ( BCP cavity) Rs = R,as + A(/1|_ , f,: ,6)—e /
"Ny T
100 + I.- DDD
=g
(o]
10 B no baking %-LLEI [:”!E&I:LED:D- 110 C
60 hours
® 110°C - 48h . .
In-situ
1 1 1 1 ( UHV )
0,2 0,3 0,4 0,5 0,6 0,7
UT (K ™)
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Baking

Bernard Visentin

O > QO

Baking

Explanation of
Q-slope Improvement by Baking

Doping Effect
iIn Niobium

Diffusion of
| nterstitial Oxygen

Annual Meeting BRI

B. Visentin

dapnia

saclay

SRF Workshop 2005

CERN — 23/11/ 2005
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o oML e Baking o
dapnia Baking Parameters(T,t ) dapnie
G with Unchanged Oxygen Penetration &

saclay saclay
2
. dC 0°C : .
2M Fick'slaw |=—= =D /R~ — analytic solutions
0 2
ot oX
6,E+05 )
cQ O Diffusion :Z \ &/Cs O Diffusion
5,E+05 (Thin Oxide Layer ) os ( Semi Infinite Solid )
/Q = ' =
cQern () 110 °C / 60 hours | © s o)
4,E+05 | : \
—110°Cl60h 0.8
3,E+05 ——145°C/3h CQUIVGIZHCZ 05 \\ 110°C/60h
0,4 145°C/3h
2,E+05 - o 03
145 °C / 3 hours .
1,E+05 ’
0,1
0,E+00 ‘ ‘ \ 0,0 ‘ ‘ ‘ — ‘
0 10 20 30 40 50 60 0 10 20 30 40 50 60
X (nm) X(nm)

thin oxide layer : C(x,0) = Q 8(x) semi infinite solid : C(0,t) = C.
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O > QO

dapnia

saclay

Baking

« Fast » Baking (UHV )

+ Infra-Red emitters (short T rise time)

Bernard Visentin

+ Cavity pumped out ( Ultra High Vacuum )

1E-06

Rs [m=
(Q) C1- 09 (BCP)
a fast UHV baking
5]

1E-07 ]

1E-08 -L
= Q
[ | @ without Baking - .

[ | mBaking (145°C/3hours)

ol 1 [ ]
020 0,30 0,40 0,50 0,60 0,70

UT (K™

Annual Meeting

dapnia

€S

saclay

1E+12 £ : :
C1-09 ( BCP cavity )
Qo fast UHV baking
1e+11 - gBRdfiY LE38PrRRS
[w] o
Q
=] 'L l'q
1E+10 = mV2:baking145°C/3hours o
E @ V1:no baking
quench
1E+09 ‘
0 10 20 30
Eacc (MV/m)

145 °C - 3 hours

Similarities with Standard Baking

CERN — 23/11/ 2005
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Baking

ELAN
' O > O
dapnia
S |
O % from interface Nb,O; — NbO, / Nb
saclay

>

110°C 110°C 145 °C 145 °C
3h 60 h 3h 60 h
( Standard ) ( Fast)
under —_ _
vacuum — + <,_> + =
Control oxygen penetration in niobium
Bernard Visentin Annual Meeting CERN - 23/11/ 2005



o O = Q Baking

dapnia

S Fast Baking : | mprovement for dapnia
saclay Cavity Mass Production Celil
saclay

Savetime & Possibility to ssimplify the cavity preparation

Electropolishing + Electropolishing +
Ultra Pure Water Rinse Ultra Pure Water Rinse
p
High Pressure Rinse - 85 bars (FE) High Pressure Rinse - 85 bars (FE)
(CéTgsnsRl%%m) b Air Drying : 3 hours Air Baking : T °C / t hours
Assembly + Helium Test Assembly + Helium Test
"
r (mrmimim i, !
. (RF Test ) !
RF Test Bed % Baking Ultra High Vacuum
( Cryostat ) 110°C /2 days — 145°C/ 3 hours
L RF Test RF Test

Bernard Visentin Annual Meeting CERN - 23/11/ 2005 22
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dapnia

saclay

« Air - Baking » in Clean Room

-

Fast Air-Baking on Wet Cavity under Laminar Flow (FE)

N

OK (UHV
| OK(URV)

T

Turbulences

~

)

Alternative Configuration Document

adopted to substitute
the “in-situ” baking

(1LC 500 GeV )

=

Bernard Visentin Annual Meeting

WG 5 Report - 2" |LC Workshop
( Showmass 2005 )

06/04/2005

CERN — 23/11/ 2005
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® O ELAN O

- -

=" Nb Cavity Performances (1991 - 1999)
1E+11 ‘ ‘ ‘
saCIay O Nb Hydrides => 800°C ( C114) |
® Field Emission => HPR( C110) [
Bgm O Thermal Quench =>1400°C/Ti (C110) [ |
=] O0g Bm @ Q-Sope =>Baking 110°C/ 2 days( C105)
QO e 08 g o .4'1. ® Quench with &d Chemistry => EP (C110) [ |
5%!15 et Em -'_.7':' R IC R B HPR + Baking + EP ( C103)
0O g m O Bp g
Q:I—. a8 .—I—L
pEEE g g | = Bg
? L B T m By
(m| - Thermal ] [}
h
1E+10 5 - Quene o8
Dn 5 [ ] =]
] = -
O = Thermal Quench
O u g Quench
o ] ]
o - -
o L ) = Q-slope
O m Fed @ Power
Nb Hydrides o) S Limitation Eacc| (V/M)
1E+09
0 10 20 30 40 50

Continuous improvements with Heat Treatments @ 800 and 1400°C,
High Pressure Rinse, Baking & ElectroPolishing.

42 MV/m hard barrier (— 2004 )

Bernard Visentin Annual Meeting EEESES CERN — 23/11/ 2005
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or surface peak magnetic field Hp>Hc (2000 Oe)

Reduce Hp
Ratio Hp/Eacc

(determined by geometry)

o _
dapnia New Shape to Reduce H,/E,,
&0 Quench (SC Breakdown) : thermal effect on local defect if T >Tc (9.2K)
saclay
Experimental
limitation @ 1750 Oe
3000 r : r T
5 K € e |
. @3@, _________ ‘
Elﬁﬂl}_ u .*.-..H\
Eoo - :
500: ...... e T — J. Sekutowicz
N . \ S_AC Talk 2005
0.2 0.4 0.6 0.8 1
t (=T/Te)

K. Saito - SRF 2005

TTF : Optimized to reduce

field emission & multipacting

(irisrounded — cell rounded
far from pill-box geometry)

Bernard Visentin

LL RE
TTF
DESY /JLab. Cornell
@ iris (mm) 70 60 70/ 60
Ep/ Eacc 1.98 2.36 2.412.28
Hp/ Eacc
41.5 36.1 37.8/35.4
(OCe/MV/m)

New shape : decrease surface H field — increase magnetic volume
(for lower P dissipation — small @ iris & maximize R/Q* G parameter)
Critical Points : cleaning and preparation (Ep/Eacc increase) - stiffness

Annual Meeting CERN —23/11/ 2005
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SingleCell LL Cavity @ 45 MV/m

dapnia
saclay
e Y e Y T Y
== f/ o’é&%m‘wr alh —
W W
1E+11 —
— @ Baseline T=2K
| m After 120 C, 24 h bake
S 1E+10 | ==
-.‘\ll
®
1E+09 rrrrrrrrrrrrrrrrrrrrrrr T T T T T T T T T T T T T T T T T T T
0O 5 10 15 20 25 30 35 40 45 50
E... [MV/m]
-

Bernard Visentin Annual Meeting

SngleCrystal (2.2 GHz)
Sandard chemistry

P. Kneisel — PAC 2005

CERN —23/11/ 2005
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o Q = O
“"  Single Cell RE Cavity @ 52 MV/m

saclay T S
e
B 01,5166 1]

FineGrain (1.3 GHz)
Electropolishing + Baking

......................

(LM A soft MP barrier '
near EON'IVJ'{IH, i+ I i &t - i i A "ll ! l']']'],

RE quench

|| L 1T 1 P T T || Eaee=52.31MV/m
Qo 00 ] [T | Qe=0o7E9

47 MV/m pulsed §&
Hpk=1755 Oc [N
0 10 20 30 40 50 T courtesy of | e

|| |Eace=47.34MV/m -
Eacc [M vfm] ..... K aﬂ]j i %j to e ___..._._E.___:._... Qu=l’13E l“ —r

10’

10? —

R.L. Geng — SRF Workshop 2005 SEE=

S . -

| A Reentrant Single cell cavity @ 2K |
L | O Low Loss Single cell cavity @ 2K

ot LLTTTTTT T TTTTT)
0 10 20 30 40 50 61
Eace [MV/m]

Bernard Visentin Annual Meeting

CERN — 23/11/ 2005 28



o O = O o

2:;3 SingleCell LL or RE Cawvities
saclay EaCC > 40 MV/ m

Obviously new step is crossed with

cavity shape modification 70

o}
(=]

eddopted as L om R
Alternative option for ILC 500 GeV B

( Baselinefor 1 TeV upgrade)

wn
o

Eacc, max [MV/m]
-
o

E...>40MV/m 1 Electropolshing (EP) +{———+——
. . _— Otol (| [[ | | +HPRH120CBake | | | | | | | 1
( including fabrication scatter ) e o
ol B |
- 42MV/m
Y —————

WG 5 Report - 2" | LC Workshop
( Showmass 2005 )

Date 20056
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° O = O
Multi Call LL Cawvities

LL Cavities for Renascence - VIA Performance

Four 7-Cell @ 1.5GHz installed in“ Renascence’
3'd prototype CW cryomodule - CEBAF upgrade 12 GeV

Vertical tests— Q slope - 25 MV/m

“1CHIRO”
cavities
Goal :
: 51 MV/m
Four 9-Cell (1.3 GHz) T. Saeki — SRF Workshop 2005
<
Bernard Visentin Annual Meeting CERN - 23/11/ 2005 30




o O = O

=P Conclusions
saday High gradients required for future e linear accelerators :

within reach, at least f¢ smgle ell cavities

» Physical explanations ( ERa

Fundamental R&D '_ - goes on
« Mangoal : 7 e
Technical R&D to optifii | Smplify the preparation process

> decréasein field emission
» Dbetter reproducibility of EP ( scatter in performances)

» performing «fast air-baking » in clean room

Bernard Visentin Annual Meeting CERN - 23/11/ 2005
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