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Abstract

We developed an X-ray mapping system sX-map for superconducting cavities. The sensors are inserted under the
stiffener rings between cavity cells, whose locations are close to the iris areas. The whole circuits are immersed in liquid
He and the multiplexed signals reduces the number of cables to the room temperature region.  sX-map has the advantages
in its compact size, low cost and simple setup for nondestructive inspections. The sX-map system detected X-rays from
field emissions in vertical RF tests of ILC 9-cell cavities at Jefferson Lab (JLab) and KEK. sX-map showed an excellent
performance in the measurement test at JLab, it exhibited a high sensitivity compared with an the fixed diode rings

colocated at irises and ion chamber located outside of the vertical test cryostat.
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Figure 1: The inter-connection for the XT-map system and
Stiffener-X-map in the schematic design.
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Figure 2: New FPC assemblies for Ver.4 XT-map (1/4 cell)
and the Ver.2 Stiffer-X-map (2 iris). These have sensors,
amplifiers and multiplexers on FPC sheets (polyimide film
with several layers).
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Figure 3: Stiffener-X-map FPC strips are installed under
the stiffener rings.
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Figure 4: XT-map (1 cell) and Stiffener-X-map (10 strips)
test circuits and its installation with vertical test at JLab.
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Figure 5: The data acquisition system for SX-map (Ver.2
FPC board). A USB connected PC oscilloscope converts
the multiplexed sensor voltage train transmitted through a
pair of signal lines together with a clock signal. The
acquired data is processed in a notebook-PC. A screen shot
of the measurement software is shown in the bottom, where
sX-map detects the infrared light from fluorescent room
lamps as shown in the photo above. A shade bar was placed
on SX-map. The red dots indicate detection of infrared
light from fluorescent room lamps.
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A)acc. grad. 17 MV/m, 168 ms/scan

B)acc. grad. 15 MV/m, 168 ms/scan
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C) acc. grad. 14 MV/m, 168 ms/scan

D) acc. grad. 13 MV/m, 168 ms/scan

°

||

||

|-

[

||

= 3

=

L]

|-

= 1
s

= :

=

=

==

45°

g
a
&
3
g
X
5
3
-
g
g

®omomomomomom
R S T S

#8
#9
#10/

45° 90" 135" 180° 225" 270" 315’ 360"

o

E
&

#* o ox ox o
& FEESE

P
> 8% %

E)acc. grad. 12 MV/m, 168 ms/scan

F) acc. grad. 12MV/m, 488 m/scan

e

45"

o
B
g
g
g
§
§
3
e
3
g
g

#om o ow oo ;oo ow o
EIE SR S T S
=
—

#10

45° 90 135" 180° 225" 270° 315’ 360"

e

®ow o ow owow oo ow oxom o
o885 55X 882

G)acc. grad. 11 MV/m, 488 ms/scan

H)acc. grad. 10.5 MV/m, 2443 ms/scan

o

# o owo: ox o o®ox oxow
&85 35X SIS E

#10

45° 90" 135" 180° 225" 270’ 315° 360"

45" 90" 135°  180° 225" 270" 315" 360"

R N T
s &2 T HEEEIE

Figure 6: The screen shots of measurement results with
Stiffener-X-map. For example, #6 SX-map board is
installed at an iris between 5th and 6th-cell from the cavity
top. The horizontal axis is an angle of sensor position on
each iris. The signal display becomes close to red when an
output signal is strong.
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