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Cavity alignment requirements for ILC are less than 300 pm offset and 300 prad tilt with respect to cryomodule axis.
To achieve these requirements, we need to confirm alignment quality of the existing cryomodule. Beam induced HOM
was measured with beam trajectory sweep in STF (Superconducting rf Test Facility) accelerator in 2012 - 2013. To
detect alignment of 9-cell superconducting cavities, we propose to use electrical centers of TE111-1 and beam pipe
modes. The detailed data analysis is discussed in this paper.
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Figure 2: Simplified Layout of HOM detection. An
electron beam comes in from the left through dipole
magnets, beam position monitor (BPM), two SC cavities,
and another BPM.
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Table 1: Parameter of Beam

Parameter value
Frequency of accelerator 1.300 GHz
Number of beam bunches 28

Bunch spacing 6.15 ns
Bunch charge ~50 pC
Repetition 5Hz
Gradient of RF Gun 40 MV/m
Gradient of cavl 16 MV/m
Gradient of cav2 24 MV/m
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Figure 5: Conceptual diagram of detecting an electrical
center.
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Table 2: Observed frequencies of TE111-n in cavl
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Figure 3: FFT of data from Figure 4: V-shape response
HOMI in cavl of TE111-1(a)
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Figure 6: Schematic diagram of IQ Converter.

Table 4: Observed frequencies of the beam pipe mode

Af[GHz]
from 2.100 GHz
HOMI a 0.0327
HOM1 b 0.0331
HOM2 c 0.0202
HOM2 d 0.0208
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Figure 7: Electrical centers of TE111-1 in cavl: Left one
is analysis of TE111-1 from HOM1 and right one is that
from HOM2.

Table 3: Electrical center of TE111-1 in cavl

HOMI HOM2
X [pm] 1179 + 725.6 1189 +363.4
y[um] | -7059+186.0 | -682.0+82.63
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Figure 8: Electrical centers of beam pipe modes in cavl:
Left one is at upstream beam pipe and right one is at

downstream beam pipe.

Table 5: Electrical centers of beam pipe modes in cavl

HOMI HOM2

x [um] 1054 + 138.4 311.1 £126.2

y[um] | -533.5+6025 | -582.9+5291
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Figure 9: Electrical center of TE111-6 in cavl

Table 6: Electrical center of TE111-6 in cavl

HOMI HOM?2
X [um] — 1313 £37.13
y [um] — -803.9 +32.45
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Figure 10: Preliminary alignment detection results of

cavl, plotted along the cavity z-axis.
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Figure 11(a): Beam Figure 11(b): V-shape
position vs. amplitude of response of TE111-1(b)
TE111-1(a)
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Figure 12: Electrical centers of TE111-1 when RF power
into 9-cell superconducting cavities was turned off
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Table 7: Electrical centers of TE111-1 when RF power
into 9-cell superconducting cavities was turned off

HOMI HOM2
X [pm] 4001 +397.5 3831 +209.0
y [um] 1229+ 119.6 -1262 + 80.82
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