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Abstract 
A new cavity diagnostic system has been introduced for 

vertical testing of 9-cell L-band superconducting cavities 
at KEK-STF. The present system is based on 
approximately 300 carbon resistors for temperature-
mapping (T-mapping), and approximately 40 PIN photo 
diodes for detecting emission of X-rays. While most of 
the sensors are attached to the cavity exterior in a pre-
determined regular pattern, some sensors can be 
strategically placed at non-regular positions so as to 
watch the areas which are considered “suspicious” as per 
the surface inspection done prior to vertical testing 
(pinpoint attachment). Although the T-mapping system 
identified perfectly the heating location in every vertical 
test, there was no correlation between the heating location 
and the suspicious spot. 

INTRODUCTION 
The vertical testing has been routinely performed since 

October 2008 at KEK-STF [1]. The new cavity diagnostic 
system is introduced for every vertical test. The most 
important goal is to investigate whether there is a 
correlation between the heating location detected by T-
mapping and the suspicious spot observed by the optical 
inspection camera [2]. Moreover, it is also important to 
identify the cause of the field limit by combining the 
results between T-mapping and the pass-band mode 
measurement, which modes are from 3π/9 to π. 

Each carbon resistor covers the area of 25mm x 25mm 
on the cavity surface. It is sufficient to catch the heating, 
because the heating usually expands to one fifth or sixth 
of the circumference on the equator region. 

In this proceeding, the recent results of the T-mapping 
for AES#001, MHI#5 and MHI#6 cavities are reported. 
As the other interesting topics, the pre-heating 
phenomenon before the thermal quenching and the 
heating at the top flange, which is made by stainless steel, 
are reported. 

CAVITY DIAGNOSTIC SYSTEM 
The use of the carbon resistor for the identification of 

the heating location is a traditional way for the vertical 
test in SCRF field. In KEK-STF, the fixed-type T-
mapping system is introduced and the number is about 
300. Before the vertical test, the cavity surface is 
thoroughly investigated by the optical inspection camera 
and the location of the suspicious spots is identified. One 

carbon resistor is directly attached at each suspicious spot 
(pinpoint attachment). Figure 1 shows the photos of the 
cavity diagnostic system at KEK-STF. 

    
Figure 1: The cavity diagnostic system at STF. 

Several PIN diodes are attached at the both end flanges 
for the detection of x-ray due to the field emission. Many 
PIN diodes will be attached around the stiffening ring in 
the future, although only 22 diodes are attached there now. 
This PIN diode system is under development. 

CAUSES OF FIELD LIMIT 
There are three causes of the cavity field limit in the 

followings. It is possible to distinguish between the 
thermal quenching and the field emission using the results 
of the T-mapping and the pass-band mode measurement. 

Thermal Quenching 
This is a clear and usual phenomenon which is 

generated by a defect or contamination. There is a good 
correlation between the results of T-mapping and the 
pass-band mode measurement, although any suspicious 
spot is not almost found at the heating location. 

Field Emission 
This is a significant problem which cause is not 

identified. There is no correlation between the results of 
T-mapping and the pass-band mode measurement. The 
heating is triggered by the electron bombardment due to 
the field emission. 

Multipacting 
Multipacting is easily overcome in one situation and it 

takes a long time to do it in other situation. If the RF 
conditioning is performed for a longer time, it is possibly 
overcome in the end. 
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RESULT OF T-MAPPING 

AES#001 Cavity 
The performance tests for this cavity were done totally 

twice with the new T-mapping system. The heating 
location, where was already detected in FNAL, was 
observed by the optical inspection camera before the 
vertical test, and two suspicious spots were found there. 
Therefore, many additional resistors were attached to that 
location. The heating location in second and third vertical 
test was cell #3 in π mode, which was the same location 
as FNAL’s result. Figure 2 shows the time trend graph 
and heating location for T-mapping at the third test. In the 
left figure, the blue line shows the transmit power from 
the cavity and ΔT means the temperature difference 
between the liquid helium and the heating location. The 
cell #3 was also heating in 5π/9, 6π/9 and 8π/9 except for 
π mode and the #5 and the #8 cell were heating in 3π/9. 

 
Figure 2: Trend graph and heating location from T-
mapping result for AES#001 cavity at 3rd V.T. 

MHI#5 Cavity 
MHI#5 cavity was vertical-tested totally three times. 

Figure 3 shows the trend graph of the heating for the 
second and third test. In the second test, although some 
resistors including #213 were noisy, the heating signal 
was clearly observed. Figure 4 shows the T-mapping for 
three vertical tests and the electro-polished amount before 
each test. The heating at cell #5 certainly occurs in every 
vertical test when the gradient achieves around 30MV/m.  
The source of the heating at cell #5 still remains there in 
spite of performing the removal of averagely over 200μm 
from the surface by the electro-polish. Although the size 
should be sufficiently large to search by the inspection 
camera, it is strange that any suspicious spot is not also 
found there [3]. 

MHI#6 Cavity 
The vertical test of MHI#6 was carried out totally four 

times including two tests for the study of the magnetic 
shield. Figure 5 shows the time trend graph and heating 
location for T-mapping at the first test. The limiting cell in 
π mode was #7 and the field was limited by the field 
emission. The gradient at cell #7 was 25.7MV/m for π  

 
Figure 3: Trend graph of heating at 2nd (left) and 3rd 
(right) V.T. for MHI#5 cavity. 

 
Figure 4: Changes of the heating location for MHI#5 
cavity among three tests. 

mode and 32.6MV/m for 5π/9 mode from the result of the 
pass-band measurement. Any heating at cell #7 was not 
observed for 5π/9 mode, although the field was higher. It 
is considered that the heavy field emission occurs in only 
π mode and the heating due to the electron bombardment 
was generated there. 

 
Figure 5: Trend graph and heating location from T-
mapping result for MHI#6 cavity at 1st test. 

Figure 6 shows the time trend graph and heating 
location for T-mapping in the fourth test. The cavity field 
was limited by the heating at cell #9 in every mode except 
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for 3π/9 mode, which occurred around 20MV/m. The #5 
cell was heating in 3π/9 mode, which was heating at the 
same location in the first test. From the left figure, it was 
found that the heating at cell #9 was gradually decreasing 
during the test. It took a very long time to do RF 
conditioning at each pass-band mode. If RF conditioning 
was done one more day, the barrier of the multipacting 
may be overcome. Normally, in the experience at STF, the 
barrier is easily overcome after a few thermal quenching. 

 
Figure 6: Trend graph and heating location from T-
mapping result for MHI#6 cavity at 4th test. 

OTHER TOPICS 

Pre-heating Before Thermal Quenching 
Before the thermal quenching, a little heating is 

occasionally observed with the x-ray emission. The 
situation is shown in the left of Figure 7. This heating is 
usually small, compared to that at the thermal quenching. 
The pre-heating location is limited, because only a few 
resistors respond to it. 

 
Figure 7: Example of the pre-heating before the thermal 
quenching (left) and the heating at the top flange (right). 

Heating at Top Flange 
Several carbon resistors were attached at the top flange 

of the beam pipe which is made by stainless steel. They 
detected a little heating at the thermal quenching as 
shown in Figure 7. This phenomenon is probably 

generated by the electron bombardment due to the field 
emission. 

SUMMARY & FUTURE PLAN 
The new T-mapping system perfectly detected the 

heating location at π mode in every vertical test at STF. 
Although the result of AES#001 cavity was very clear 
because of the consistency between the heating location 
and the suspicious spot, it was not a general case. For 
MHI#5 and #6 cavities, although the heating location was 
detected at every vertical test, any suspicious spot was not 
observed there. The summary of T-mapping result is 
shown in Table 1. 

Table 1: Summary of T-mapping 
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Cavity # of 
V.T. 

Eacc, max 
[MV/m] 

Heating cell 
in π mode 

Cause of field 
limit 

AES#001 2nd  15.7 #3 Found defect 

AES#001 3rd  21.8 #3 Found defect 

MHI#5 1st  27.3 #5 Defect or 
contamination 

MHI#5 2nd  19.7 #8 Defect or 
contamination 

MHI#5 3rd  27.1 #5 Defect or 
contamination 

MHI#6 1st  25.7 #7 Field emission 

MHI#6 4th  19.6 #9 Multipacting 
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