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13.1 Large Grain Cavity
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Large grain Nb produce a small performance scatter (5%) but
No way to the ILC BCD performance with BCP

Large Grain ,TESLA Cavity Shape, before post-purification

By P.Kneisel
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Large grain Nb cavity is close to the ILC BCD performance but
The scatter still ~10%

|.0E+11 LG single cell cavity
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Single crystal Nb cavity (1.3GHz single cell cavity ) @ DESY

By W.Singer

Measured at JLAB by P.Kneisel
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FE. set on field on single crystal niobium

. . . Smger

=120 MV/m, 0 emutters = 150 MV/m, 2 emitters =200 MV/m, 4 emuitters
FE scans on smgle crystal Nb sample aftel 30 um BCP.

e®.
DESY

L )

E MV/m)
0 60 9 12

E:aple of imila FE scans on fine gmin EP Nb sample. (left) E =90 M\/m, 3 emitters
(right) E =120 MV/m, 8 emitters

Ep=120MV/m = Eacc =50MV/m with ICHIRO cavity



Shorter Baking on L.G/Single crystal cavities

Baking effect appears for 3hr on single crystal cavity
By P.Kneisel
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12 hr baking is enough for both BCP’ed/EP’ed cavities.



Oxygen contamination layer is thinner
on the LG/Single crystal Niobium

By W.Singer
e ede  curface
|  contamination 151 Nb? (metal)
=+ Nb0s Nb™ (Nb,05) '
NbES (NbO)

XPS spectrum for BCP
polyerystalline Nb

XPS spectrum for BCP single erystal Nb

The oxide layer is thicker in

polycrystalline Nb compare
to single crystal

The thinner oxygen layer can explain why baking period

11-13/May/2011
K.Saito

Is shorter with LG/single crystal cavities.
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Orientation of the Crystal Surface

Nb

Miller index

Figure 15 This plane intercepts the a,, a;, a; axes at 3a,, 2a, 2a, The

reciprocals of these numbers are }. 1. 4. The smallest three integers having
the same ratio are 2, 3, 3, and thus the indices of the plane are (233).

Ex. (3a,,2a,,2a,)

(a,/3,a,/2,a,/2)

1
X6

Figure 16 Indices of important planes in a cubic crystal. The plane (200} is parallel to (100) and to

(2,3,3) (100).

(100}




Thickness of oxygen contamination layer is different
among crystal orientations

By P.Russel, NC State University

>y
G5
:

(1,0,0)
Orientation (1,0,0) (1,1,0) (1,1,1)
Surface density ratio 1 J2 L

O thickness [A] 480 830 750
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(1,1,0) and (1,1,1) surfaces have ticker O/C contamination layers with as received

As received E*08 ‘ (1 1 O) (1 1 1)
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After 90°C baking, the O/C contamination layers disappear.
Q-slope might be related to the contamination? 701



Benefits/Disadvantages of LG Nb

Benefits
1) Cost reduction
Opinions are distributed 10-50% reductions
Development of the ingot slice machine is a key.
2) Narrow performance scatter
3) Shorter Baking period
4)  No Magnetic shield ??

Disadvantages
1) Machining error
2)  Stiffness
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An ldea for Cost-effective Nb sheet production
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How simple in the sheet Nb production from L.G. ingot

By H.Umezawa

1. Mother Material 5. Cutting 9. Annealing 13. Chemical Palishing
720C x 120min
TELEDYNE WAH CHANG —— P et e HEHING, H3PO,
Nb RS Test Piece a =lilil,
> Nb Grade | powder
Powde: 60 +200 Mesh o PR, P
— =, Base plate:
Use for next ingot
14 Annealing
2. Pressing 6. Forging 10. Rofing —
e 720%C x 120 min
40 xwxL [mm] < 1E-5 Torr
Size: Cold Farging | I
65x80x380 [mm)] | |
Weight: This process is | |
12.5 Kg / block done at anather L L
company.
15. Testing
3. EB Melting(1st) 7. Mechanical 11. Cutting
grinding Hardnass
~~ Gas content
The material is 4.0 xWx L [mm] I i | o
supoliad from Remove a SC“EE ] E Grain size
Side bar feeder. 35x195xL [mm
L Tansie test
L—
16, Packing
3. EB Melting 8. Rolling 12. Pol
. . Palishi
(2nd, 3rd) | . —
14 xwxL [mm] f
The material is I
Emery Paper

supplied from

k_ -) / olectrada,

[V S P

EREMER
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Estimated Nb waste in high purity Nb sheet production

Current 15% waste 29 waste| | 0-7% waste
T 7}
High Purity : , - - Grindi Light CP
i rinding | Lig
Nb Ingot Forging Peeling — Rolling —{ Cutting

y

27.4% waste

Annealing

V

6.4% waste
| Waste ratio [%]

O H;SE rur'ty — Pee”ng : S||c|ng - |_|ght CP = Annea“ng :> Current 451
e Slicing 15.1
y 0.7% waste
8%
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Successfully Developed Wire Sawing Method for Nb Ingot

IHCT-TOYO
|_E450 E-i2H |

l
- ‘” t!. W — VTV DRFIREITET
g LI _

2 B S

15 T
| W “ /_l — =
—— WSl e O
e = RS
. AEFAV_/ 8




LG Nb ingot Wire sawing sample

—ATHEaARNERMN! ?
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Material cleaning @ KEK

Ultrasonic rinsing
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Deep Drawing on CBMM material

Thickness

Before Deep Drawing
Large Grain from CBMM
2 2.75,2.80 mm

Fine Grain : 2.80 mm




Deep Drawing for Ningxia material




EBW @ KEK Machine Shop
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CBP(Centrifugal Barrel Polishing)

Rotated ~100rpm on a oppositely rotating table

CBMM cavity

Rough stone : 5 times

Green stone : Once

Brown stone : Once

White stone : Once

Totally ~ 200 um removed @ equator

NI~ 7%, StOne

N o

KK ITIXT Y

!

KOTIRE,
“’"“"‘\\ "( 2(“ .”

Remove
large defects!

Fine grain cavity after CBP Large grain cavity after CBP
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Surface Cleaning by BCP(~10um) after BCP

10 um each

‘equator

Fine Grain Cavity after CP equator
and Annealing

Large Grain Cavity after CP
and Annealing
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Ichiro#9 LG 9-Cell Cavity D4 gE
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_arge Grain Nb Material
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13.2 Nb Seamless Cavity
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Hxtaxk

1.2

0.8

0.6

0.4

0.2

Present Fabrication Cost

— A IOMEEELEBWHAEERD

KEK

Nb Material
36%

EBW

47%

Fabrication 17%

80%% 5 HTLVS,

JXAMHEBD=6H1ZIEZD =D
ZRIEN LI ITNIXIRSAELY,

Europe (INFN-LNL, DESY):
Nb bulk seamless cavity ? 5 F

=@
Nb/Cu clad cavity® B $

KEKER K 244k %
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Estimated TESLA Fabrication Cost:
Mass-production Effect

1.2
B Nb material KEK
1 [] Fabrication
B EBW
0.8
_“nlz 0.6 HEaXk
2
2 04
EENR
0.2 0%l | ($5DLBMSRHGE)
0
RITRE TESLA
EENRZANTLRITEEEZOERTIE., F-E5a3RM?
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Spun Cavity In Italy(INFN-LNL

— RS RE =9 i
o ERfklY)) TERZEET B,

By V.Palmieri



Spun Multi-cell Cavity
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Seamless Pipe Technology In Italy

Deep drawing

| Firat Draw

Punch

l Redian

Fig. 4 - Direct Deep-Drawing of seamless tubes from
circular blanks. Top picture: Firs drawing of a blank.
Bottom picture: Redrawing of the cup imio a taller one
with a smaller diameter. On the left (s displaved the
configuration before drawing, while that on the right is
dvring the operation.

11-13/May/2011 RAYMEBREZERESRESR/— 724
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Reverse Deep Drawing Technology in Italy

Purch 1or tirs: draaw

- ) e 4 :
die (or revens draes Olankholder for first o

-y
e g— ——— .
P T -
¥ !
a
“ -I‘ -
e
1 .

Fig. 7 - Reverse deep-drawing of seamless tubes. During

each redrawing, the extersal surface of the cup to be

11-13/May/2011 drawn becomes the istemal of the drawn part.
K.Saito



Cracking Problem of
Spun Cavity Technology In the Early State

MEADZER, BELWLSBE<NT=,

11-13/May/2011 RAMBEREREPER/—F 726
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None Uniform Wall Thickness
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Jlab/INFN-LNL
By CP
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0 S

Cavity Performance of
Spun Nb Bulk Cavity

IP3 after 50 uym BCP
e |P3afier 120um BCP
e |P4 after 130 um BCP
230 um BCP

| P4

attcs

L
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10 15
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-
“

‘ ¥ s eyl o
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Sta’ Moy

AT (K]

728



10™

Qo

10 10

10°

Electropolishing of Spun

Cavity

KEK/INFN-LNL

oh
: EIETAs
"0000 6, iy
()(r>
No X-ray
KENZO-6 3rd
Barrel(84hr), CP(4min.), Anneal(750 °CX3hr)
EP(50pm), HPR
LS
0 5 10 15 20 25 30 35 40
Eacc [MV/m]
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Hydroforming of Nb Bulk Cavity in DESY
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DESY Hydroformed Cavities
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Thickness [mm]

Wall thickness distribution with
hydroforming
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Cracking in Nb Bulk Seamless Cavity
In DESY
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Electropolished Hydroformed Cavity

1011

Qo

1010

© 1BTL CPI50pm)

100 ©

] A 1K2: CP(250 um)
{ ]
o

1BT1: CP(150 um) + EP(100 pm) i
1K2: CP(250 um) + EP(100um) |.. S0 VO VO O T W N

108 i f 5 f i i f f f ] f § 1 f i I £ i f f
0 10 20 30 40 50

Eacc [MV/m]
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Necking and Hydro-forming machines in KEK

&=

Machines will be constructed
at KEK In JFY2005.




Successful Multi-necking test $100 to ¢50 copper tube

Necking system
fabrication

In 2005 JFY

$138 to $60 necking test — Necking system design—"

11-13/May/2011 RAYMEBREZERESRESR/— 736
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Nb/Cu Clad Seamless Cavity
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Necking machine
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First successful necking test
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Availability of Improvement for 9-cell
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Thickness variation of necked pipe

¥ : JIS H3300 C1220T 1304 X3tX500L
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Nb/Cu Clad Seamless Cavity 31tJLF
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_Hydroforming of Seamless 3-cell cavity @ KEK

tEFEEDERYSAL
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Seamless ICHIRO 3-cell Cavity (Copper model) DERX _

KEKI{Et 32—
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9-cell Necking machine




Necked 9-Cell

Necked 9-Cell
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DESY 3-cell Seamless x 3 Cavity

ol B B
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13.3 Nb/Cu Clad Seamless Cavity
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Nb/Cu Clad Cavity® X +EE{ih

B Material
[] Fabrication

Bl EBW

HiEaXk

KEK IRk
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(BERRER)

B EC 2 i i —

TESLA
(Nb/CuClad)
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Nb/Cu Clad Cavity, KEK
. \
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|ldea of KEK

Canning

,,,,,,,,,,,,

o O Bonding

Work

- 2000kg/cm® —|-
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SRR

Tube drawing

Chuck Drawing Direction

Supporting bar

Short Plug

IR ST B B BRI e S T A e g

Tube Drawing Mouth
Approach
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Tube Drawin

KEK/HiLE# (3%)
IEHERE(EHE
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Drawn Nb/Cu Clad Tubes and Cutting

I B #/KEK
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Fabrication Process in KEK for
Hydroforming
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Beam Pipe SO ATV
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Hydroforming of Nb/Cu Clad Cavity In
KEK

KEK/Z= {81 H '
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Cavity Performance

KEK/%J? Elf%(HE)/DESY JLAB/DESY/KEK
108 —— . .._1011
: e NbICuClad Cavity i beore chereh
_ 1 a0
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..“‘...........“... 10 MAA A A AALA a |, A hla I o ° o
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Flux Trapping Problem
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Merits of The Sandwich Structure

No material degradation
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Better Formability with Clad Nb/Cu Material
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13. Summary
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