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ilp Overview
Ho

* Quick review of FLASH facility

Dipole mode related theory

Model used and curve fitting method
Analysis results (mainly focus on narrowband data)

— Comparison with broadband data
Summary
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'-'IE Detailed mix-down electronics
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':'IE Time domain HOM signal
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Power [a.u.]

'-IE Frequency domain HOM signal (1)

Calibration mode overlaps with the HOM mode
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,-’I't: Frequency domain HOM signal (2)

Calibration mode overlaps with the HOM mode
(ACC4, CAV1, Downstream, 2007-01-22T091106.mat)

Power spectrum of the downstream coupler

Bx 10? (module nurlnber: ACC4;cavity numlber: CAV1)

5\ A 1
4 -
3l HOM mode Cal. mode i

Power [a.u.]

\__

- ———— |
1 .%955 1.696 1.6965 1.697 1.6975 1.698
Frequency [GHZz]

Wake Fest 07 - ILC wakefield workshop at SLAC Dec. 11-13, 2007 8



'-'IE Frequency domain HOM signal (3)

Calibration mode splits with the HOM mode
(ACC4, CAV2, Upstream, 2007-01-22T091106.mat)
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'-IE Frequency domain HOM signal (4)
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Mode axis along the cavity, a little different from cavity axis.

V, o x e ~%9% gin (wt) Vg = =@ e~7/3% cog (wt) B, o —q ¢~3% cog (wt)
For 9-cell cavity, their relation can be roughly estimated as

Vaamp __ ‘wagtan ()

Voamp xc

I, C€sin (M—L)
woitan(a)| =+ c

Vaamp 2 2w
14 o c2cos?(0) . wL \_ Lccos(6) wL

gamp ¢ tan (9){ 40?2 (c cos(9) E) COS(C COS(Q))}

x £+c sin (MTL)

Voamp . 2 2w
14 o c?2cos?(0) . wL \ Lccos(H) wL

gamp tan (9){ 102 ! (c COS(B)) 4w cos ccos(@))}
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'-'IE Dipole mode response (2)

* Due to the very short bunch length in TTF, bunch tilt angle
caused dipole signal can be ignored. While for dipole
signal excited by bunch trajectory obliquity angle,
sometimes it can also be ignored, sometimes not (bunch
offset relative to the mode axis is not so large).

* The signal at HOM coupler will be
Viom (£) =V, (8) + Vo (8) + V,(8) =V, () + Vo ()

= | Gsamp)? + Vaamp ) cos(wt + )
* While if there are many dipole modes, we have

Vaou (£) = Z A cos(wont + @)

n=1
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ip Dipole mode phase

1V
Region 2 (® Region 1
<) (®)
A\ —/
Region 3 X Region 4
HOM coupler 1 HOM coupler 2

If HOM signal is excited by beam with constant offset at region 1
(similar for beam at other regions), the phase difference of the two
polarization modes will be 0° at HOM coupler 1 and 180° at HOM
coupler 2. while if the beam trajectory has some angle of obliquity 6,
the phase difference of the two polarization modes will deviate from 0°

or 180¢°.
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ilp Model used
Hu

HOM signal in time domain
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Real part [a.u.]
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Fitting method (2)

HOM signal of the upstream coupler

(module humber: ACC4;cavity number: CAV2;pulse number: PUL1)
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For later analysis, we will use this method.
With VBA (Visual Basic for Application) language, we wrote some
macros to do the fitting automatically.
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Frequency [GHz]
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Dipole mode frequency
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Fitting error of the
frequency is about
several kHz.
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ilp i
i Dipole mode Q

2007-01-22T091106, ACC4, CAV2
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Amplitude [a.u.]

ilp Dipole mode amplitude
o

In order to reduce the systematic error, we do the fitting with same
dipole mode frequency and Q, while different initial phase and
amplitude for the 36 pulses. So there will be 36x4+2+2=148
parameters need to be fit at the same time.
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At both upstream and downstream coupler, the amplitude of the two
polarization modes have similar shape.
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Phase [degree]

'-,IE DipoIe mode Iinitial phase variation
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Initial phase variation means that we cut off the from part of the raw
data, fit the dipole mode and cal. mode phase at the cut off point, then
got the mode initial phase variation relative to the cal. mode (the phase
of the cal. mode for the 36 pulses is almost constant).

The initial phase variations at both couplers for each mode are similar,
and not so large, which means the HOM signal excited by nonzero
beam trajectory obliquity angle is relatively small and can be ignored.
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o

ilr Dipole mode characteristics (1)

For CAV2 in ACC4, with data set 2007-01-22T091106, if we
ignore the HOM signal excited by beam trajectory angle (not
always true, which will be shown later), the dipole mode

center and polarization axis can be roughly determined by
further fitting the fitted HOM signal’s amplitude.
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'-’I'l: Dipole mode characteristics(2)

 From the fitted mode amplitude at upstream coupler, the
dipole mode center can be determined to be (-2.888mm,-
2.364mm), the polarization angles of mode 1 and 2 are
90.945° and 3.189°.

« Similar, from the fitted mode amplitude at downstream
coupler, these values are (-2.906mm, -2.460mm), 93.960°
and -0.206°.

 To determine the mode center and polarization angle
precisely, and also determine the mode axis along cavity,
timing information need to be considered to separate the
HOM signals excited by beam offset and trajectory obliquity
angle (More measurement need to be done).
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Real part [a.u.]

Real part [a.u.]

P
o

Analysis on CAV1in ACC4

36x6+3+3=222 parameters need to be fit at the same time.
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1k

i Analysis on CAVS5 in ACC4 (1

2007-01-22T091156, ACC4, CAVS
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.-'IE Analysis on CAV5 in ACC4(2)

2007-01-22T091156, ACC4, CAVS
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CAVG6 in ACC4 (1
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Analysis on CAV6 in ACC4 (2)
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Analysis on CAV8 in ACC4 (2)
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,:,IE Cavities in ACC3/ACC4/ACC5 (1)
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,:,IE Cavities in ACC3/ACC4/ACC5 (2)

2007-01-22T091106

50000 — | —— ]
+ Mode 1 (Upstream coupler) 1
x Mode 2 (Upstream coupler
: v Mode 1 (Downstream coupler)
40000 - Mode 2 (Downstream coupler]
&
30000 |- . X ¥ .
¥ £ X
G X
i ¥ v 9
20000 [ v ¥ ]
[ X v ]
¥ t &
; ¥ x ¥ ¥ ¥ 4

_ -|v- X x i
tooo0 f ¥ X e X x X 2
- % X X X ¥ X u i

: X

f ¥
oL | l

° ACC3 : ACC4 ' ACC5 *
Cavity #
Wake Fest 07 - ILC wakefield workshop at SLAC Dec. 11-13, 2007



'-'IE Comparison with broadband data

2007-01-22T091106, ACC4, CAV1
Narrow band | Broad band
Upstream Mode 1 Freq. 1696.346 1696.335
coupler Mode 2 Freq. | 1697.107 1697.092
Downstream | Mode 1 Freq. 1696.345 1696.329
coupler Mode 2 Freq. | 1697.108 1697.092
Upstream Mode 1 Q 9672 9672
coupler Mode 2 Q 22931 22773
Downstream Mode 1 Q 9620 9602
coupler Mode 2 Q 22592 21770

NB data and BB data have almost the same Q.

NB data and BB data have some difference on frequency, which is
because of the frequency resolution difference(~0.03MHz for NB,
0.05MHz for BB).

BB data is more irregular than NB data due to much noise and many
spurious modes existence.
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ilp
Hi Summary(1)

 We have investigated one new method to analyze the
HOM signal data, and some results have been obtained.

 The new method can be used to extract the HOM mode
frequency, Q and relative phase from the HOM signal
data. On the other hand, this method can also be used to
find the HOM mode center, polarization axis, mode axis
along the cavity, while careful handling of beam timing
information need to be considered both in measurement
and analysis.

« Comparing with SVD, this method is more physical, and
can also be used in the beam diagnostic data analysis to
obtain the beam position and beam trajectory obliquity.
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1ls Summar 2
m o o oEel e

 More measurements need to be done to get better
understanding of HOM mode characteristics.

— Sampling time or sampling frequency need to be
Increased to increase frequency resolution.

— Do the measurements when the beam travel through
the cavity along a circle with pure beam offset or the
beam travel through the cavity along different beam
trajectory with different obliquity angle while the
Initial beam position is fixed.

— Try to get the absolute initial angle of the HOM
sighal in the measurements to separate the HOM
signal caused by different sources.
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