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A COMPARISON OF LARGE GRAIN AND FINE GRAIN
CAVITIESUSING THERMOMETRY
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An important limitation for SRF niobium cavities is the 85 LE1-87 afer baldng

high field Q-slope. To investigate this phenomenon w
compare the behavior of large grain and fine grain cavitie Jr i

using thermometry. Thermometry allows us to distinguisl| LT Y .__.,.' s

between different problems which occur in cavities, an 1E104 : Slw S . gy
to distinguish between different areas showing high fiel o
Q-slope. We looked for the difference in heating betwee
grain boundaries and inside grains. We have found inte
esting differences between the heating of high field slog
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regions and the heating of point-like defects. 1E9 +——————————————————
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INTRODUCTION Figure 1: Results for the large grain cavity.

In this contribution we discuss recent results with large
grain cavity and compare results with previous tests on RESULTS
fine grain cavities. We use thermometry mapping system
to look for any correlations between the pattern of grai
boundaries and the heating pattern of the wall. We also d rE
some gquantitative analysis of thermometry data and co
pared results with small grain cavity results.

1ermometry map (Fig.2) showed a point like heatatg

In Fig.1 the results of all tests are presented. In first test
e cavity quenched at 40 MV/m peak electric field. The

smgular spot, which suggested a defect on the cavity sur-

face. After removal from the test stand and inspection of
the inside surface we found a small pit right under ther-
mometer that showed high signal. We assumed that cav-
EXPERIMENTS ity quenched because of sharp edges of the pit and we de-
cided to remove more material chemically in order to re-

The large grain cavity is elliptical shape 1.5 GHz cavioye sharp edge. In second test the cavity reached higher

ity with 3 mm wall thickness which was made of 300
RRR material purchased from OTIC, China. Before eac® 10 1 3
test, the cavity was rinsed for two hours in the cleal | | I |

room with high purity water under 1000 psi high pres-
'ﬂ“x"

sure. Assemblings and disassemblings from the test sta
were done in the clean room class 100. The descri|
tion of test stand, cryogenic and RF setup can be four
in [1]. Temperature mapping system [2] was used to s¢
heating distribution on the cavity surface. Baking wa: 10—
done by hot air flow, where heater was controlled by conr

puter. The temperature distribution around the cavity we
within 5°C. The following experiments were carried out:

e The cavity was tested at the helium bath tempera-
ture of 1.5°K. i

e The cavity was chemically treated with BCP(1:1:2)
for 200:m and then anodized for 50 Volts to re-

move the defect. Figure 2: Temperature map for first test at Epk = 40 MV/m.
e The cavity was tested at the helium bath tempera-
ture of 1.5°K. field and showed a high field Q-slope. The temperature
e The cavity was baked at 100 C for 48 hrs. map at the highest field is shown in Figure 3. It shows
¢ The cavity was tested at the helium bath tempera-several regions heating up. The original defect site also
ture of 1.5°K. showed up as one of the several hot spots in the temperature
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map of (Fig.3). Finally after baking the high field Q-slope el i
was removed. The temperature map showed that the cav  »—
guenched at new defect-like spot. And again we found
pit-like irregularity on the inside surface of the cavity.

Figure 5: Temperature map for small grain cavity.

boundaries are easily distinguished and can be superim-
posed on the temperature map. In Fig.3 you can see grain
Figure 3: Temperature map for second test at Epk = 4@0_undarie_s as Whi_te_ lines over_the temperature_ map. We
MV/m. failed to find a definite correlation between grain bound-
aries and hottest spot distribution. The hottest spots are
clearly not on the grain boundaries.

DISCUSSION —m— Temperature distribution form defect
We want to compare high field behavior of large grair s00{ —®— Calculated temperature distribution

cavity to small grain cavity. In Fig.4 we plot results for g Lo e ORGSR BRRION A HOE P
both cavities when they showed high field Q-slope befor ool 1| el 1 1 L 1 1 1|
baking. The large grain cavity has a slightly higher Q a eoo |1 ]
all fields, though this improvement is within experimen- 500 o
tal error. The high field Q-slope onset fields and Q-slop E 400 .
strength are similar. ~ One the other hand the temper ':; 300 =
200 - o
—m— Large grain 10 [ 12 - ]
1E11 . . —e— Small grain ; ; r 0 me—N=ra B
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1E10 1 Ll ".-1._: [ 1] Figure 6: Spatial distribution of hot spots.

Another interesting topic is to compare the heating pat-
tern of a high-field Q-slope dominated region (e.g. see
Fig.3) with the heating pattern of a defect dominated re-
S8 28 30 8 T8 o 0 O N AR R gion (e.g. see Fig.2). It is clear that hot spots that ap-
O % A5 2 0 B0 50 A A A0 pear due to the high field Q-slope are not caused solely
Epk, MV/m by defects: In fig.6 we compare spatial distribution for this

hottest spots with that for a point-like defect. We also show

Figure 4: Results for the large grain cavity and small graithe results of calculations[4] which suggest that for known
cavity before baking. thermal conductivity, Kapitza resistance[5] and wall thick-
ness of niobium cavity the width of a hot spot on the outer

ture map(Fig.5 [3]) of the small grain cavity looks differentsurface from a point-like defect on the inner surface should

from the temperature map of the large grain cavity at highe about 1 cm. The distance between thermometers is also

fields. By comparing Fig.5 and Fig.3 we see that in case @fbout 1 cm. So for point-like defect one would expect to

large grain cavity the hot spots are more localized than faree 1-2 hot thermometers along one axis. This what we
small grain cavity. see in our first and last test, which were both limited by

The advantage of large grain material is that graia quench at a defect. But in the test when we had a high

1E9
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Figure 7: Spatial distribution as function of field for hig
field Q-slope region.
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Figure 8: Spatial distribution as function of field for defect

region.

field slope, the spatial distribution was more than 1-2 ther-
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lution of the temperature distribution corresponding to the
high field Q-slope region (Fig.8). While defect site dom-

inates at all fields, the high field Q-slope region is quite

different: the hot spot is centered at one spot at low field,
but as field increases a different spot overcomes the initial
hot spot.

CONCLUSION

Large grain cavity shows Q-slope with onset compara-
ble to that of small grain cavity. The Q-slope heating in
a small-grain cavity is spread out over a larger area than
the Q-slope heating in a large grain cavity. But the hottest
spots on the large grain are not on the grain boundaries. The
spatial distribution of Q-slope is broader then spatial distri-

hbution for point-like defect. Therefore Q-slope is not due

to the expansion of the hot spots. We are going to carry out
more experiments with this cavity and another large grain
cavity.
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