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Development of Optical Inspection System of L-band SRF Cavity

Yujiro TAJIMA*!, Yoshihisa IWASHITA*? and Hitoshi HAYANO*3

Abstract

The International Linear Collider (ILC) will require about 15,000 1.3 GHz superconducting radio frequency (SRF)
accelerating cavities with high accelerating gradient (>35 MV/m) in its main linac. The high yield (80%) of success-
ful high gradient cavities is necessary. Both of the yield and the accelerating gradient of SRF cavities does not reach
the required level at present. We think that the gradient of the SRF cavities is limited by irregularities on the interior
surface of the cavities, for example, fine dusts (1 um), balls (100 um) and pits (100 um): electrons emitted from the
fine dusts by the tunnel effect are accelerated in the electric field, and consume the stored energy of the cavities (Field
Emission) . The balls and pits cause a breakdown by a magnetic field enhancement or a thermal current concentration
(Thermal Breakdown). To prevent these problems the interior surface are treated by polishing and rinsing. The rela-
tion between the surface states and the gradient limitations, however, is still not clarified. To study the relation, we are
developing an optical inspection system of the interior surface.
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Fig. 1 Schematic diagram of our cavity inspection sys-
tem. A cavity swallows the camera cylinder by
moving longitudinally. The cylinder does not
move. The interior surface reflected in a mirror
is obsereved. The mirror is located in front of

the camera.
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Fig. 2 Overview of our inspection system.
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Fig. 3 Inside the camera cylinder. The inset shown in
upper right corner shows the or the front illumi-
nation explained in Fig. 11.

N A S & BOHAINC WIS %5 &, ORI
Wyﬁﬂay2®tb®xTyVX®%%U%WDﬁ
7.

H A 5121, 150 HiEZE 3 B CMOS Color Camera
(ToshibaTeli, CSF6M7C3L18NR) #FH\/z. LV &
13 f2 3% 0.15 x 2 5 0.35 x @ Distortion Lens (V.S.
Technology Corp., VS-LD75) # H\ /- (Fig. 3). %
# | Extension Tube OE Y 712 k- TIHAZ® T
B, ZEEALVOFREFH THRAO0.70X ThHAH.
ELTHE, BARN=Z%H GHICWT, mAENE
(Electric Luminescence, EL) #h A 531 v A MFE

Wi A2 LR TES. /235 —FAICLED
%%E?%L&#T%%.vakwéﬁ@ﬁ®ﬁ%
Ik 4 472512, Linear Actuator (/S)U AT — &
ER—=IVRL) ICEONASHENASV Y VRO
FICEN A CEMTET, NIy P AL v T &
T—RDO/)N A TE=ZXT 5. CMOSt /¥ &
v ADBOMEEEVL Extension Tube Zfi A4 5 Z 41T
FDEFEMICHAEITE, CRICLD W ASOBEREYE
25T ENHKS.

NATHTTOI T —1TEMANZ RERS L D12,
BHREIT—EN e TAETEZAT ENTES.
ZORBEBEREIL L= v FHETICRD 5N T\ 5. BRE)
IF OV AE—2 A, BERAEEIZY Iy P ALy
FTCRAEZHREL, E—FXDO/OVAKTE=XT 5.

COBRAY AT LE, ARSI, ZEHRA iR E) s
FUMEEET 5720 CThH%5 (Fig. 4). I5—HAT
BAHAZV Y /AN TEH /2T T, ZREETEHL

T\ Fox LA 70— T TR BRI 3 22 A T
MIZENNT, B AT HEENEICT ST 5 R G
LTWASD ., Fex Dy AT AOF ST, 22PN mEIC



LSy F IR I S A 7 AOBITE

c . _,"v‘. \\.
path
~100 mm

[ |

Eq . EL ; oylinder
| 1 |_to camera o axls
| mirror\,  25mm_[ i =P
‘ I i| The camera can be
o ~ il moved by a Linear

70mm "i| Actuator to adjust the
i working distance.

Mirror can be tilt
by a Pulse Motor.

Fig. 4 Schematic description of the cavity inspection.

Fig. 5 Pointer to confirm the position monitored by the
camera on the exterior wall of a cavity.
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Fig. 6 Schematic drawing of the wall gradient meas-
urement. The wall gradient, the incident angle
and the reflection angle are all the same. The
value 6 can be calculated from the position z of
the illuminator.
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Fig. 7 Measurable wall gradient by the stripe illumina-
tion (denoted by EL) and the front illumination
(denoted by LED). The numbers shown in the
bottom of this figure correspond to the number-
ing of EL stripes shown in Fig. 8.

Fig. 8 Stripe illuminator. The mirror is located under
the hole between the two stripes numbered #1
and #-1. These fourteen stripes can be indepen-
dently turned ON/OFF.
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Fig. 9 Pictures taken by the stripe illuminator. The
number in the upper left corner of each picture
shows the illuminator turned ON shown in Fig.
8. The shift of the illuminated region from right

to left can be seen.
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Fig. 10 Wall gradient (left) and the relative height
(right) of the spot shown in Fig. 9, on the
broken line in the inset of the left figure. The
curve in the left figure is the fitted differential
gaussian.
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Fig. 11 Schematic layout and pictures of the front il-
lumination.
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Fig. 12 Example of the cat’s eye spot found on the equ-
ator region of ZANON#84.
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Fig. 13 Diameter histogram of the cat’s eye spots of
ZANON#84. The total number of the spots (>
100 [um]) is 35.
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Fig. 14 Positions of the two hot spots found at FNAL
(left) and positions of spots found at Kyoto
(right). The inset of left figure shows the loca-
tion of the thermometers. The two thermome-
ters (#4 and #5) that showed abnormal tem-
perature rise are marked. (Courtesy of FNAL/
JLAB.)
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Fig. 15 Temperature of the exterior wall of AES#001
in the CW test, measured by the thermometers
shown in Fig. 14 (left). (Courtesy of FNAL/
JLAB.)
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Fig. 16 Two spots found at the equator region of #3
cell. The azimuthal position of the spot (a) is
168 deg and the spot (b) is169 deg. The di-
ameter of both of the two spots is about 600
[um]. The larger grain size of the left half of
the picture indicates an area of the EBW seam.
Insets show the same locations with enhanced
brightness. Both of the two spots look like the
cat’s eye spots found in ZANON#84, but these
spots are locally dark.
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Fig. 17 Cat’s eye spot found at the equator region of #3
cell, 181 deg. The diameter of the spot is about
400 [um].
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Fig. 18 Cat’s eye spot found at the equator region of #7
cell, 325 deg. The diameter of the spot is about
400 [um].
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Fig. 19 Wall gradients of the spot (a) (left) and (b)
(right) shown in Fig. 16. These data show that
both of the spot(a) and (b) is a convex (ball).
The black curves are the fitted differential
gaussians. From the fitted differential gaussi-
ans, the height of the spot (a) is 1.0x102
[mm] and that of the spot (b) is 97 [um].
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Fig. 20 Wall gradient and height of the spot shown in
Fig. 17. These data show that the spot is a con-
vex (ball). The black curve in the left figure is
the fitted differential gaussian again, from
which the height of the spot is 40 [um]. The
black curve in the right figure is the fitted
gaussian, from which the height of the spot is
42 [um].
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Fig. 21 Wall gradient and height of the spot shown in
Fig. 18. These data show that the spot is a con-
cave (pit). Again, the black curve in the left
figure is the fitted differential gaussian, from
which the height of the spot is 29 [um]. The
black curve in the right figure is the fitted
gaussian, from which the height of the spot is
28 [um].
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Fig. 22 Critical field as a function of defect radius.
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