TESLA 2110, Z111
inner surface inspection by Kyoto/KEK camera

2008/5/16 Ken Watanabe (KEK)



Coordinate system

0 degree
Input coupler A

Slit and mirror

Z=0mm
O degree _
A rotation angle :
Input coupler Define 0 degree when the input coupler flange is

/ in horizontal.

9 9 degree Z-axis :

270 degree

Define Omm(origin) at the input coupler side
flange end surface. Cell number starts from the
input coupler, #1, #2,..... #9.



example of position for equator and iris

Unit [mm]
#1 equator
Z=1095 Z = 866 Z =638 Z =408 7 =174

Yy

HOM1
Z =69
Z=1029 Z =801 Z =572 Z =344
BP-#1 iris
Z=1145 Z=916 Z =687 Z =458 Z =229
Z=115
inspection : #1 ~ #9 equator — 9 positions

. BP-#1i, #1-#2i ~ #8-#91 — 9
positions
: HOM1 antena



View size
example: Z=174mm, angle = 300 degree

| to 360 deg side

a

Z=174 mm

300 deg

from 270
deg side

»

from Z = 0 mm side | Z= far side
Z=174 mm



scale reference

at iris (R=35mm) at equator




TESLA cavity Z110 history

Z110 (made by Zanon, Ingot : Tokyo Denkai at August 2001) , 2006/12/19 ~ 2007/8/29
Vertical Test at 2 K : 3 times
1t test: Max Eacc= 13.8 MV/m, Qo= 1.3x10*0, No T-map data (800°C HT)
No Field emission, No Q-disease, 20 min processing : not effective
—all mode measurement : cells 2 or 8 —-14.4 MV/m

cell5 —20.0 MV/m quench limit
field

2nd test: Max Eacc= 14.7 MV/m, Qo= 1.3x10710, T-map measured (800°C HT)
No Field emission, No Q-disease,

Quench was found by T-map in cell 8 (strong heating)

3rd test: Max Eacc= 14.2 MV/m, Qo= 1.5x10710, T-map measured,
: 1350°C HT and BCP -> 110um removal
No Field emission, No Q-disease,
Quench was found by T-map in cell 8 (equator area)

3EIOHENE & HIZ/KFE., field emission (X~ 7=, 2[8]1H L 3EIH OT A K TIE#HS /LN
JRIR CTHLEREBERDHIRE S TWD Z &3 T-map 725550 > T b, 1350°COMLERZ 1T - 7214,
B CP&171-5> CWANZEARMERE Dk F2  T M)~ 7~ .



Cavity
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Z110 history from TTF database

Cavity Information CW-Test Results Power Rise Results
— FE Onset E
= — = - 3t ho3E
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2 = ¥le= = 2% g g < E= =5 S A= S E =2 g =z 2 = 2z == £ =
= = S s U =2 = = - - = &=z past = 2 =2 & oE Sa =S E =z ==
4 Zanon 21| 1948 ep | 800 19Dec.06 1 vz  13.81 1.3E+10 2 bd 13.81 1.3E+10
1378 1.3E+10 2 bd 1378 13E+10
Aim: test of cavity | first test esult:not ok: Early quench at 13.8 MV/m, Remark:No Q disease Only 13.8 MV/m, Q=1.3E+10, no
without FE FE, quench Processing about 20 minutes not
effective. MM : all modes quench limited, no
FE seen, fields from 14 4 MV/m (cells 2&38) to
20.0 MV/m (cell 5). T mapping mounting and a
new measurement 1s proposed now.
1948 ep | 800 07Feb07 2 vl 1476  13E+10 2 bd 1476 13E+10
Aim: test of cavity | new test | T-mapping Result: ok Remark:No Q disease. The same bad result like
added or fail previously:14.8 MV/m, Q=1.3E+10, no MP, no
FE .no other modes.Quench was found by T
mapping in cell 8, nearby equator but alsa
strong heating was found especially i lower
half of the cell Simular to Z108 cavify.
3023 bep |1350 29 Aug07 3 v2 1418 15E+10 1.99 bd 1418  1.5E+10
1418 1.5E+10 2 bd 1418 1.35E+10
Aim: test of cavity | new preparation | low Result:not ok: Still quench at 14 MV/m Remark:No Q disease., but still bad result: 14.2 MV/m,
voltage quench (< 25 MV/m) Q=1.5E+10, BD. no FE no MP. MM :all BD,

no FE and MP. fields 14 to 20 MV/m.After EP
i tests land 2 the same bad result, 14.8
MV/m, BD.In tes t 2 quench was found in cell 8
at and below equator by T map.

195um removal by EP,
then, 107um removal by BCP,

total : 302um removal.



TESLA cavity Z111 history

Z111 (made by Zanon, Ingot : Tokyo Denkai at August 2001
and Teledyne Wah Chang November 2002) , 2006/11/24 ~ 2006/12/07
*Vertical Test at 2 K : 2 times
1st test: Max Eacc= 16.2 MV/m, Qo= 1.8x10*"0, No T-map data (800°C HT)
No Field emission, No Q-disease, 90 min processing : not effective
—all mode measurement : cells 4 or 6 —16.2 MV/m

cell1or9 —26.6 MV/m quench limit
field

Low X-ray seen in modes 8/9 and 3/9 pi.
2nd test: Max Eacc= 16.0 MV/m, Qo= 1.6x10710, T-map measured (800°C HT)
No Field emission, No Q-disease,

Quench was found by T-map in cell 6 (equator area)

2/ DOHERIE & H 12 /KkFEF, field emission [Z#E)-7-, 2[BH OT A b TII#6 /L3 RA
TIEREBRNHIFRE S TS Z &3 T-map 2>5H4503-> T b,

#1. #9/11326.6 MVImE TERNH TV D,



Cavity
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Z111 history from TTF database

Cavity Information CW-Test Results Power Rise Results
— FE Onset E
S = = 3 A 3E
< 2 |g S £ = T 2%
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2 - E £ 3%E 3 % 3 iz Y95 0§ F S5& EQ g1 4 SOt :4 gE :Z
£ = L I Z E# < E = 2 = S = = == == Z s e = 2z S T =
= = = o a2 ot ] — - &= - 3 2] ®2E & - E &3 —E =2ZT ==
4 Zanon 21 1548 ep+ 800 24Nov.06 1 vl 16.15 1.8E+10 2 bd 16.15 1.8E+10
16.19 1.8E+10 2 bd 16.19 1.8E+10
Aim: test of cavity | first test Result:not ok: LOw gradient without FE Remark:No Q disease. Only 16.2 MV/m, Q=1.8E+10,
limited by quench, without FE Processing for
1.5 hour not effective MM:all cells limited by
quench, fields 16.2 (cells 4&6) to 26.6 MV/m
{cells 1&9) Low x rays seen i modes 8/9 and
3/9 pi.
1548 ept+ 800 07.Dec06 2 vl 16.03 1.6E+10 2 bd 16.03 1.6E+10
Aim: test of cavity | new test | Rotating T Result: ok Remark:Cavity 1s limited by quench at 16.0
mapping mounted MV/m,Q=1.7E+9, without % rays_, like in

previous test. T mapping done showed that
quench 1s m cell 6 ( like one could expect from
previous modes measurement) at eqator
area.New BCP or EP 1s proposed now for this
cavity.

155um removal by EP,
no more treatment,

total : 155um removal.



Max Eacc [MV/m]

leO and lel passband measurement

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

+2110 Max Eacc [MV/m] 29-Aug- 07

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

35 | "4 7111 MaxEacc MV/m] 24-Nov-06_

all 1&9 2&8 3&7 4&6 5
Cell No.



Z110 Equator



TESLA cavity Z110: #8 cell equator

#8 equator, =288 ~ 299 deg
" T-map data intest 2, 14.2 MV/m

0 95 B0 75 100 125 150 175 200 295 B0 275 300 325 359

| Cavity 2110 Test 2 File: 2007,02,07_15,15.34_Tmap

-1, 00E-1

Quench location

#8 equator
250 ~ 300 deg

b —— 1, O0E-2

9, cell
1eell’

B:
0 95 50 75 100 195 150 175 200 295 250 275 300 325 359

group of beads(?) with 10mm wide
were observed.

Similar beads group were also observed
in several places. see following slides.



Z110: group of beads(?) (1)

#1 equatar, t=123 de§ | #2:-equator, =68 d




Z110: group of beads(?) (2)

¥ :
#2 equator, t=178 deg - #2 equator, t=123‘deg -.







Z110: group of beads(?) (4
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Z110: group of beads(?) (5)

#5 equator, t=68 ~ 90 deg

(A S S o 4 g T V(Y
W i A ARy g Ly 8 vy

A

68 deg 40mm 90 deg



Z110: group of beads(?) (6)

#7 equator, t=94 deg #8 equator, t=236 de 1
, L.
4

#8 equator, t=274 deg

#8 equator, t=254 deg 3




Z110: group of beads(?) (7)




Z110 Iris



Z110: group of spot(?), scratch iris (1)

% )
#1-#2 iris, =25 d :

E, group of spot? #1-#2 iris, t:143:deg, scratch
i
8
™

. ;(;

I‘-.
g
-
bie

scratch along Z-axis

#1-#2 iris, t=192 deg, scratch along Z-axis [N  #1-#2 iris, t=31feg, Normal




Z110: group of spot(?), scratch iris (2)

N

#2-#3 iris, t=12 ded® group of spot #2-#3 iris, =208

#2-#3 iris, t=21




Z110: group of spot(?), scratch iris (3)

(L ] i
#3-#4 iris, t=26 deli§ scratch #3-#4 iris, 15228 ddg, group of spot




Z110: group of spot(?), scratch iris (4)

#4-#5 iris, t=253 % group of spot #4-#5 iris, t=276 dg , hormal
a \
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#4-#5 iris, t=312 dq:g scratch and spot #4-#5 iris, t=336 de’ scratch

!




Z110: group of spot(?), scratch iris (5)

#5-#6 iris, t=71 d@y, group of spot ? #5-#6 iris, t=48 deg, normal




Z110: group of spot(?), scratch iris (6)

#6-#7 iris, t=12{!deg, group of spot

HO6-#7 iris, t=1 : deg, group of spot




Z110: group of spot(?), scratch iris (7)

#7-#8 iris, t=48 geg, group of spot #7-#8 iris, =181 deg, scratch
8

< -

H#H7-#8 ins, =

#7-#8 iris, t=4b8 deg, scratch




Z110: group of spot(?), scratch iris (8)

’;/3/ 4
#8-#9 iris, t=0 deg: group of spot #8-#9 iris, t=1330deg, scratch
.i'- _,.: ;

1

)
;

:

i

#8-#9 iris, t=19%'deg, scratch
\




Z111 Equator



Two kind of spots in Z111

Type-1; clear bump spots or single spot. Type-2; faint bump spots or single spot.

ex) Z111 #4 equator, =296 deg, group of spot ex) Z111 #5 equator, t=43 deg, group of spot

|
{
|

There was almost no type-2 spot in Z110.
Material removal difference?



TESLA cavity Z111: #6 cell equator

#6 equator, t=193 ~ 204 deg

I
i

T-map data in test 2, 16.0 MV/m
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group of beads(?) with 1.5mm wide
were observed.



Z111: group of spot (1)

i
f S ' % g Tmm = , : !
#1 equator, |[t=1 \ s #1 equator, t=79 dag, single spot

I o s

| ) { -
#2 equator, t=39 ‘jeg, group.f: spot
| [ o
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Z111: group of spot (2)

#2 equator, t=4 dég, group of ‘spot

|

| 4
#2 equator, t=2‘f1 deg, group of spot

F
#3 equator,|t=27 cieg, group. of | 'spot




Z111: group of spot (3)

#4 equatog t¥2§deg, group of spet #4 equatdr, t=23® deg, group lof spot
A \
8 ¥
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Z111: group of spot (4)

y ! ¥ | [ ’
#5 equator,;‘-t:Q'eg, group of spot #5 equator, t=4_3?'deg, group of spot




Z111: group of spot (9)

#6 equator t=198 deg group of spot

4 !
1

| 1
#6 equator,; 286}Jeg group @f spot Ry #6 equato _




’ eg group‘%of spot
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Z111: group of spot (7)

'. . : ‘
#8 equator, t=120 §eg group ‘of spot #8 equator, t=143§eg group. of Spot
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#1 equator :
#2 equator :
#3 equator :
#4 equator :
#5 equator :

#6 equator :
#7 equator :
#8 equator :

Summary: group of spot on equator
Z110 ( total 31 points )

123 deg.

68, 121, 152, 178, 334, 356 deg.
138, 264, 268 deg.

269 deg.

40, 48, 70, 74, 79, 84, 88, 128,
213, 276 deg.

162, 185 deg.

94 deg.

236, 254, 274, 291, 294,

296, 301 deg.

(heat location by T-map : 250 ~ 300 deg.)

#9 equator :

Nothing.

(There were single spots on along equator of every cell.)
#1,#9 = 17 MV/m, #2 #8 = 15 MV/m, #3,#7 = 19 MV/m
#4 #6 = 14 MV/m, #5 = 20 MV/m

fewer clear spot in the cell exceeding 20 MV/m.

Z111 (total 43 spots)

#1 equator: 0, 9, 13,42, 154, 184, 192, 326, 339,
347 deqg.

#2 equator : 4, 8, 17, 21, 39, 57, 168, 224, 229, 234,
251, 268, 272, 304 deg.

#3 equator : 18, 27, 40, 53, 71, 137, 189, 229, 234, 243,
252, 260, 264, 273, 281, 295, 300, 309,
322, 336 deg.

#4 equator : 0, 14, 18, 23, 27, 40, 54, 156, 160, 182,
208, 235, 239, 248, 256, 265, 273, 296,
340, 349 deg.

#5 equator : 0, 34, 39, 43, 83,118, 149, 188, 214,
343 deg.

#6 equator : 0, 20, 34, 80, 172, 190, 198, 234, 286, 295,
304, 318, 322, 348 deg.

(heat location by T-map : 175 ~ 225 deg.)

#7 equator : 0, 6, 66, 87, 142, 185, 225, 243, 264, 277,
300 deg.

#8 equator : 19, 53, 120, 143, 173, 186, 265, 305,
340 deg.

#9 equator : 18, 35, 52, 101, 122, 140, 150, 176, 233,
322, 356 deg.

RED: group of faint spots
(There were single spots on along equator of every cell.)

#1,#9 = 26 MV/m, #2,#8 = 23 MV/m, #3,#7 = 17 MV/m
#4#6 = 16 MV/m, #5 = 23 MV/m



Z111 Iris



Z111: typical pictures iris (1)

#3-#4 iris, t= 71dc




Z111: typical pictures iris (2)

’ ss "
#5-#6 iris, t= 13d%‘ | H#6-#7 iris, t= 242de7,

#7-#8 iris




Summary: group of spot on iris

Z110
#7-#8 iris :spot 48, 335 deg.
#1-#2 iris : spot 25, 36, 47, 59, 119, 335 deg.
scratch 131, 144, 156, 168, 180, 192,
scratch 131, 143,155, 168, 180, 192,
204, 215, 228 deg.
203, 239, 346 deg iy
#8-#9 iris : spot 0, 12, 24, 47, 59, 144, 227, 239,
#2-#3 iris : spot 12, 120, 143, 168, 192, 215,
263, 286, 311, 323 deg.
227, 251, 274, 286, 298 deg.
scratch 132, 144, 156, 169, 181,
scratch 35, 131, 180, 203, 298, 310,
192, 204, 215 deg.
322, 334, 346 deg (many scratches and spots on whole iris around.)
#3-#4 iris : spot 15, 170, 217, 228, 241, 348 deg. scratches on 132deg and 192deg seem to coincide on many of
irises. Maybe, some long tool made them by putting/pulling into
scratch 0, 26, 337 deg. cavity?
#4-#5 iris : spot 25, 37, 217, 229, 253 deqg. Z111
scratch 25, 288, 312, 336, 348 deg. #1-#2 iris : no big spot, no scratch.
H5_HG iris - SpOt 71 deg. #2-#3 ?r?s ' Nno b?g spot, no scratch.
#3-#4 iris : no big spot, no scratch.
scratch 25, 131, 180, 192 deg. #4-#5 iris : no big spot, no scratch.
HO6-H7 iris : spot 13, 121, 181 deg. #5-#6 iris : no big spot, no scratch.
scratch 132, 144, 192 deg. HO-#7 ?r?s ' Nno b?g spot, no scratch.
#7-#8 iris : no big spot, no scratch.
#8-#9 iris : no big spot, no scratch.



Iris
#8-#9i
HT7-#8i
#6-#7i
#5-#6i
#4-#5i

| e | #3-#4i

= -

#9
#8
#1
#6
#5
#4
#3
#2

cell equator

summary
08/05/12
Iris
equator

Z110
Group of spot

Scratch

e mm | #1-#2i
270 360 deg

180

90

#1
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Z111

summary
08/05/15

#8

cell equator

#7

#6

#2

#1

Group of spot

Scratch

Iris

equator

180 270 360 deq

90



Inspection Summary

1. Surface inspection was done on T-map heat spot location
and whole of EBW location (whole of equator and iris).

2. Group of spots (bead or pit will be analyzed later) were found
in coincident with T-map heat location.

3. There were two type of spots on Z111, clear bump spots
and faint bump spots.

4. Clear bump spots are seen on < 23MV/m cell field.

5. Faint bump spots dominant cell has >26MV/m cell field.
(Z111 #1 #9 cell)

6. Z111 #1, #9 cell were relatively smooth surface.

7. Spots are relatively bumpy in lower cell field.

Next: re-inspection of AC71,74,80 (it was done by Y. Tajima (Kyoto)
with in hurry), and compare with Z110,Z111 in detail.
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