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#1P T-mapping system in the world

Cornell: fixed 5-Cell T-Map ready

. .. 9-Cell later this year
(Dav1d Meidlinger & Eric ChOJnaCkl)

LCWSIO & ILCIO @Beymg A
28/Mar/2010




in Opt1ca1 inspection in the world

Defect Location @ Cornell

N 1:: Inspection
yoto C em
Questar long-distanc: S

b - Lab cavity

pection tool based on

long-distance microscope,
oto Camera

LosAlamos: Karl Storz videosee

Tt

High resolution camera system is generally used
at many labs around the world for 1.3 GHz 9-cell
cavities to understand the field limitation.

LCWSI10 & ILC10 @Beijing
K. Watanabe, Sept. 22 2009, SRF2009 in Belrin ?%/Mar/2010)




l'lll‘: General working process at KEK-STF

as received from a vendor
. . fo & Field flatness
[ Optical inspection ]_>

surface treatment

measurement _ (bulk EP~100 um)

surface treatment
(light EP ~20pum)

Cryomodule test h

] |f'
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ZoINiariZoioy " ‘



;I  T-mapping, optical inspection

o

Pass—band
measurement

9 pass-band modes
(m, 8n/9, Tn/9, 61/9, 57t/9,
471/9, 31t/9, 21/9, n/9)
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non-uniform seam

and pass-band measurement (D

Optical
1nspection

oF

D~ I

Suspicious spot
Quality of EBW seam
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;I  T-mapping, optical inspection
e and pass-band measurement @

Pass—band ” B . ” Optical
{measurement} [ 11T J {inspection]

identifying cause of field limit
quench by defect or contamination
or
quench by field emission

confirming whether the found defect

1s problematic, or not
it is actually heating, or not

LCWS10 & ILC10 @Beijing 6
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,','E V.T. Results of MHI#8

Q,vs. E,.. Curve (@ nt mode for B.L. #8 4™ V.T. (2010/2/18)
I
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Comparison of Q, vs. E, . Curves between 4 V.T.s for MHI#8 Cavity
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' I P Result of pass-band measurement for MHI#8

low current density EP (30mA/cm?)
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15t V.T. @9/Jul/2009
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o
cell #2, 172°@16.0MV/m (triangle pit)

Local grinding was performed to remove it!
(Ken will talk about it in detail.)

224N

cell #2, 86° @26.8MV/m (ellipse bump)

After 2" V.T. 195 um removed

(P Result of optical inspection for MHI#3

disappear!

After 40 V.T. 235 um removed

ANMUIIL.ORD.

MHI-08, 2-cell equatot, Outside weld area

IVITI1ITVUO, &7\

11 equator, Outside weld area
from joint point at equator
Upstream

the replica of this bump!

. ; 40mm away
40mm away from joint|point at equator T— 086dec. |
T=086deg. Upstream T g

@ v
2 mm X 2 mm Ken will try to make
LCWS10 & ILC10 @Beijing
(28/Mar/2010)

K. Watanabe
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® Totally, we have 14 results for this case for now.
® The achievable gradient at the heating cell is typically around 20MV/m.

® The typical size of the problematic defect is several hundred microns.

® The bump found in MHI#8 is smallest in these defects. Therefore, higher quench field?

iIPAnalyzed cavities (problematic defect)

Vendor EP V.T. Optical defect shape defect size [pm] Gradient [MV/m]
inspection @heating cell in a pass-band
MHI#8 KEK KEK KEK triangle (pit) 450 x 800 x 115 16.0MV/m @cell #2 in nt
MHI#8 KEK KEK KEK ellipse (bump) 150 x 200 x 20 26.8MV/m @cell #2 in &
AES#1 KEK KEK KEK | two circles (bumps) 800x145, 800x100 22.1MV/m @cell #3in
AES#3 J-Lab J-Lab KEK circle (bump) 900 x >100 2IMV/m @cell #4 in &
AES#5 J-Lab J-Lab J-Lab circle (?) 700 x ? 21MV/m @cell #3in =t
AES#6 J-Lab J-Lab J-Lab two circles (?) 300x 2,500 x ? 1SMV/m @cell #5 in &t
A15 J-Lab J-Lab J-Lab circle (pit) 350x 170 19MV/m @cell #3in
A17 | FNAL/ANL FNAL FNAL circle (pit) 170 x ? 12.3MV/m @cell #4 in 47/9
7130 DESY DESY DESY ellipse (bump) 210x100x ? 17MV/m @cell #1 in n
7130 DESY DESY DESY ellipse (bump) 1200x 100 x ? 35SMV/m @cell #2 in 27/9
7130 DESY DESY DESY circle (pit) 700 x 200 22MV/m @cell #5 in 3n/9
7137 DESY DESY DESY circle (pit) 200 x 200 28MV/m @cell #5 in 5n/9
7142 DESY DESY DESY ellipse (pit) 310x510x ? 21MV/m @cell #6 in &
7142 DESY DESY DESY ellipse (bumps?) 220x230x ?, 36MV/m @cell #9 in 87/9
310x230x ?
LCWSI10 & ILC10 @Beijing 11

“” means unknown data.

(28/Mar/2010)
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This graph shows the correlation between the size and the depth or height of problematic defects.
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The profiles of these defects are unknown,
and they should be observed clearly!

LCWS10 & ILC10 @Beijing
(28/Mar/2010)
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- ,I'?xnalyzed cavities (non-problematic defect)

This graph shows the correlation between the size and the depth or height of non-problematic defects.
Correlatlon between s1Z€ and depth or helght of non- problematlo defect n KEK STF
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Generally, a smaller-size-and-depth defect 1s not problematic for heating.
And, this 1s the common case for a defect in STF (at least)!

LCWS10 & ILC10 @Beijing 13
(28/Mar/2010)



ilgnalyzed cavities (problematic EBW seam)

® Totally, we have 7 results for this case for now.

® The achievable gradient at the heating cell ranges over 14-35MV/m.
® The feature of the problematic EBW seam is various and not common.

Vendor | EP | V.T. Optical Gradient [MV/m] Comments
inspection @cell #

MHI#5 KEK KEK KEK 27.1MV/m @cell #5in =& no visible defect, non-uniform EBW seam,
this heating didn’t disappear even after a
few EP’s
MHI#5 KEK KEK KEK | 31.2MV/m @cell #6 1n 67/9 no visible defect, non-uniform EBW seam,
this heating didn’t disappear even after a
few EP’s
MHI#6 KEK KEK KEK | 34.6MV/m @cell #5 in 57/9 no visible defect, non-uniform EBW seam,
this heating didn’t disappear even after a
few EP’s
LG1 | J-Lab J-Lab | J-Lab/KEK 30MV/m @cell #5 in &t weld repaired by EBW during fabrication
Z110 | DESY | DESY KEK 142MV/m @cell #8 in &t a group of spots exist
Z111 | DESY | DESY KEK 16.0MV/m @cell #6 in &t Holes with sharp edges along grain
boundaries (using SEM)
Z137 | DESY | DESY DESY 25.2MV/m @cell #1 innt rough and steep edges at grain boundaries,

not removed by light BCP (S5um)

LCWS10 & ILC10 @Beijing
(28/Mar/2010)
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'." 'I:MHI-OS 2" Y. T., #5 cell equator, 29.2MV/m @ 7/9

Heating area #5 cell equator : 120°~ 180° : Sensor 120°4T=1 K, 150° 4T=10 K, 180° 4T=5K

nstable welding : Width of the EBW seam is narrow in this area.

- - - g 5
- ™. - o A g - - P — -3 s
. 53 e = TN S St b L AR S 4 el - . .

K. Watanabe
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Analyzed cavities (unknown, but not F.E.)

Vendor | EP V.T. Optical inspection | Gradient [MV/m] @cell #
MHI#5 KEK KEK KEK loMvm ecen#sinz | Around these heatin g locations,
MHI#6 KEK KEK KEK veMvmecl#inz | there were no obvious defects!
MHI#6 KEK KEK KEK 35.5MV/m @cell #7 in 67/9
MHI#7 KEK KEK KEK 33.6MV/m @cell #9 in =
MHI#7 KEK KEK KEK 33.6MV/m @cell #9 in 7 In STF (at least) ’
MHI#7 KEK KEK KEK s2.6Mvim @cen#5in 579 | this 18 the most common case.
MHI#8 KEK KEK KEK 28.4MV/m @cell #1 in 7n/9
MHI#8 KEK KEK KEK 26.5MV/m @cell #3 in 67/9 The quenChing gradient ranges
MHI#8 KEK KEK KEK 37.9MV/m @cell #5 in 51/9
MHI#8 KEK KEK KEK 17.5MV/m @cell #2in 7 | OYET from 16 to 45SMV/m.
MHI#8 KEK KEK KEK 39.1IMV/m @cell #7 in 67t/9
MHI#8 KEK KEK KEK 40aMvm ecell #in6n9 | The cause 1S the chemical residual
MHI#8 KEK KEK KEK 40.4MV/m @cell #8 in 37/9 or th eor etl C al l 1 mlt or any Oth ers t)
MHI#9 KEK KEK KEK 38.8MV/m @cell #5 in 57/9
MHI#9 KEK KEK KEK 27.9MV/m @cell #2 in 47/9
MHI#9 KEK KEK KEK 15.9MV/m @cell #2 in 7
MHI#9 KEK KEK KEK 27.0MV/m @cell #2 in 7
Al12 J-Lab J-Lab J-Lab 32MV/m @cell #7 in &
7134 DESY | DESY DESY 35MV/m @cell #1 in 7 We have to solve out this case
7134 DESY | DESY DESY 37MV/m @cell #5 in 7nt/9 . .
7134 DESY | DESY DESY 45MV/m @cell #6 in 47/9 as the top pl‘lOI‘lty!
7134 DESY | DESY DESY 36MV/m @cell #2 in 37/9
LCWSI10 & ILCI0 @Beijing 16
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,,'E Summary

v T-mapping and optical inspection are crucial technique for
understanding of correlation between heating location and defect.

v" Generally, the problematic defects have the size of several hundred
microns and the achievable gradient around 20MV/m.

v" Generally, the smaller-size-and-depth defect is not problematic for
heating.

v" For the case of the problematic EBW seam, there are various causes.
v" Generally, there is no obvious defect around many heating locations.

v" These defect data should be recorded on the cavity database.

LCWS10 & ILC10 @Beijing 17
(28/Mar/2010)



"'E Kirk’s suggestion

v Before and after every V.T., every equator and iris region
(at least) should be inspected by the optical inspection.

v' If a defect is found there, the profile of the defect should
be measured.

v Every heating location should be identified using T-
mapping for several pass-bands.

v 'When the quench limit is the field emission, the X-ray-
mapping 1s sometimes effective for confirming the
correlation between the heating location and the x-ray
emission.

LCWS10 & ILC10 @Beijing 18
(28/Mar/2010)
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Thank you for your attention!

Special thanks to...
Rong-Li Geng (J-Lab), Camille Ginsburg (FNAL),
Sebastian Aderhold (DESY), Zachary Conway (Cornell)

LCWS10 & ILC10 @Beijing 19
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Back-up slides

LCWS10 & ILC10 @Beijing
(28/Mar/2010)
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Correlation between T-mapping and
X-ray-mapping at 3¢ V.T. of MHI#9

21
LCWS10 & ILC10 @Beijing

(28/Mar/2010)
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Comparison between T-mapping and X-ray mapping @7w/9
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Comparison between T-mapping and X-ray mapping @ 67/9
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Comparison between T-mapping and X-ray mapping @4m/9
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PIN Diodes at Top [V]

P [V] PIN Diodes at Bottom [V]

Comparison of X-ray Scatter for STF B.L.\9 Cavity (*09/12/16)
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'J#{hsition of heating location for MHI#5

15t V.T. @4/Dec/2008 2 V. T. @26/Feb/2009 34 V.T. @16/Apr/2009
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T w\ = 57/9 (26MV/m) T
e #3 0 3K H #3 0. 2
| !g-ox \ ol !;}OK wl !g-w n, 7n/9, Sn/9, 3n/9
o D ) o
T \ ) TR0 GOMVmT 15 (27 28M Vi)
7,309 "V 4n/9 | % .= | \ .=
# B = ===) #6 =)
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T;'J’I@lsition of heating location for MHI#6

15t V.T. @18/Dec/2008
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'J#é'nsition of heating location for MHI#7
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Tillﬁlsition of heating location for MHI#8

13*V.T. @9/Jul/2009 2MV.T. @29/0ct/2009 39 V.T. @26/Nov/2009 4" V.T. @18/Feb/2010
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'lﬂéhsition of heating location for MHI#9

15t V.T. @3/Sep/2009 2" V. T. @12/Nov/2009
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5 ' P Summary of heating location in T-mapping
cavityll B #f VT | Cell#1 Cell #2 Cell #3 Cell #4 Cell #5 Cell #6 Cell #7 Cell #8 Cell #9
MHI#5 1t 60~150
@17,31)
MHI45 2nd 180~240 120~180 252-360 90~150
26) 29) (33?) (20~23)
MHI45 3rd 150~180 288~342
(27~28) (30, 31)
- —
M6 1= i i Lio_lefect or contamination [ZRDRE 240-270 150-210
5 7 & field emission(Z & 2 R E (35) (26)
27 (Funknown(l &k 2 FE
MHI#6 4t 210~300 300~342
(40) (20-22)
MHI#6 6t 240~300 108-210 60~150
(35) 36) (28~32)
MHI#7 1ot 60~150 120~210 30~120
(17-19) 31) 27) FHOBEEAE. (ANEREL TLIEO
24?2;3;30 74— RIMV/ImZ &R,
MHI#7 2nd 150~240 18-108
(35, 43) (33~34)
MHI#8 1ot 180~252 150~198 210270
28) (16-17) 25,27)
MHI#S 2nd 60~120 180~300 108~30
(27-30) (32, 38) @1
MHI#8 3rd 270~360 180~270
(17~20) 39)
MHI#S 4th 90~210 300~30
(40) (40)
MHI#9 1 198~240 120~180 240~300
(27-29) (39) (25~34)
MHI#9 2nd 30~120 270~360
(16~18) (40)
MHI#9 3rd 198~240 210 180~342
(27~28) (17~27) (27~35)
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n Summary of cause of quenching at each pass-band

cami g #of V.T. 1stw 2nd g 8n/9 Tm/9 61/9 5n/9 4n/9 3n/9
MHI#5 1st test stop Cell #5 test stop test stop test stop test stop test stop Cell #5
27 27,N.Q. 31,N.Q.
MHI#5 2nd Cell #8 Cell #8 Cell #8 Cell #5 Cell #6 Cell #3 Cell #8 Cell #8
20, N.Q. 20, N.Q. 23, N.Q. 29, N.Q. 33(7), N.Q. 26, F.E. 21, N.Q. 22,N.Q.
MHI#5 3rd Cell #5 Cell #5 LS. Cell #5 Cell #6 Cell #5 Cell #6 Cell #5
27,N.Q. 27, 1.S. (N.H.) 28, N.Q. 31,N.Q. 27,N.Q. 30, N.Q. 28, N.Q.
MHI#6 st test stop Cell #7 test stop test stop test stop test stop test stop Cell #5
26, F.E. 35,N.Q.
MHI#6 4th Cell #9 Cell #9 Cell #9 Cell #9 Cell #9 Cell #9 Cell #9 Cell #5
20, N.Q. 20, N.Q. 21, N.Q. 21, N.Q. 22,N.Q. 21,N.Q. 21,N.Q. 40, N.Q.

MHI#6 6th Cell #8 Cell #8 Cell #8 power limit Cell #7 Cell #5 Cell #8 skip

29, F.E. 28, F.E. 30, F.E. 36, N.Q. 35,F.E. 32,F.E.

MHI#7 1st Cell #1 Cell #1 Cell #1 Cell #1 Cell #1 Cell #1 Cell #4 Cell #2
15, F.E. 17, F.E. 17, F.E. 18, F.E. 19, F.E. 25, F.E. 27, F.E. 31, UK.
MHI#7 2nd Cell #9 Cell #9 Cell #9 Cell #9 Cell #9 Cell #5 power limit Cell #5
34, N.Q. 34, N.Q. 33, N.Q. 34, N.Q. 34, N.Q. 43,N.Q. 35,N.Q.
MHI#8 1st Cell #2 Cell #2 Cell #2 Cell #1 Cell #3 Cell #3 Cell #2 Cell #2
16, N.Q. 16, N.Q. 17, N.Q. 28, N.Q. 27,N.Q. 25,N.Q. 16, N.Q. 17, N.Q.
MHI#8 2nd Cell #2 Cell #2 Cell #2 Cell #5 Cell #9 Cell #5 Cell #2 Cell #2
27,N.Q. 27,N.Q. 30, N.Q. 32,N.Q. 41, U.K. 38, N.Q. 28, N.Q. 29, N.Q.
MHI#8 3rd Cell #2 Cell #2 Cell #2 Cell #2 Cell #7 Cell #2 Cell #2 Cell #2
20, N.Q. 17, N.Q. 19, N.Q. 19, N.Q. 39, N.Q. 20, N.Q. 18, N.Q. 19, N.Q.
MHI#8 4th test stop test stop Cell #8 skip Cell #9 skip skip Cell #8
(radiation) 34, N.Q. 40, N.Q. 40, N.Q.
MHI#9 1st Cell #2 Cell #9 Cell #9 Cell #9 power limit Cell #5 Cell #2 Cell #2
27,N.Q. 25, F.E. 28, F.E. 34, F.E. >36 39, N.Q. 28, N.Q. 29, N.Q.
MHI#9 2nd Cell #2 Cell #2 Cell #2 Cell #2 Cell #9 Cell #2 Cell #2 Cell #2
16, N.Q. 16, N.Q. 18, N.Q. 17, N.Q. 40, U.K. 18, N.Q. 17, N.Q. 17, N.Q.

MHI#9 3rd Cell #2 Cell #2 Cell #8, 9 Cell #8, 9 Cell #9 Cell #9 Cell #2 skip

26, N.Q. 27,N.Q. 28, F.E. 32,F.E. 35,F.E. 35,F.E. 28, N.Q.
O T Cavity Uroup vreeury
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» F.E. (Field Emission)
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» Power limit
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