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Abstract

Beam transverse quadrupole oscillation can be excited in
the injection stage if injected beam parameters(twiss pa-
rameters or dispersion) are not matched with the parame-
ters in the injection point of the storage ring. In order to
measure the beam transverse quadrupole oscillation in the
injection stage for the HLS-II storage ring, some axially
symmetric stripline BPMs were designed. Transverse
quadrupole component for these BPMs was simulated and
off-line calibrated. Beam transverse quadrupole oscillation
has been measured when beam was injected into the HLS-
IT electron storage ring. The spectrum of the transverse
quadrupole component showed that beam transverse quad-
rupole oscillation is very obvious in the injection stage and
this oscillation isn’t the second harmonic of beam betatron
oscillation. The relationship between transverse quadru-
pole oscillation and beam current was also analyzed and
the result shows that the relationship is not linear.

INTRODUCTION

When twiss parameters and dispersion of injected beam
are not matched with injected point of storage ring, some
oscillaitons can be excited[1, 2]. The most obvious oscilla-
tion is beam betatron(transverse dipole) oscillation, which
can be used to measure betatron tune. In some machines,
beam transverse quadrupole oscillation can also be excited
in the injected stage. In the HLS-II electron storage ring,
beam transverse quadrupole oscillation can be measured
based stripline BPM in the injected stage.

TRANSVERSE QUADRUPOLE OSCILLAI-
TON MEASUREMENT SYSTEM INTRO-
DUCTION

Axially symmetric stripline BPM was used to measure
beam transverse quadrupole oscillation in the HLS-II elec-
tron storage ring The cross-section of this stripline BPM is
shown in Fig. 1.

The stripline BPM should be offline calibrated before
experiment. Simulation of beam positon and transverse
quadrupole component can be as shown in reference 3. Of-
fline calibration of beam positon and transverse quadrupole
component can be as shown in reference 4. Beam trans-
verse quadrupole component can be obtained and is shown
as follows:
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QOax is the beam transverse quadrupole signal acquired by
the difference/sum method and can be espressed as:

_ VY-V

- @
QA/Z VR+VL+VT+VB

Vr, V1, V1, VB are induced voltages on the right, top, left,
bottom electrode. Oax can be obtained by BPM proces-
sor(Libera Brillianceplus). Beam position(x, y) can be ob-
tained based the eqution(4) of the reference 4. So Beam
transverse quadrupole component(s.>-6,?) can be finally
obtained.

The measurement system block diagram is shown in Fig.
2. In the injected stage, The stripline BPM electrode signals
are processed by Libera Brillianceplus and the turn-by-turn
data is obtained by Labview code(or Matlab code) of PC,
then, the relationship between beam transverse quadrupole
component(c,>-0,?) and injected turn number n can be ob-
tained.
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Figure 2: Measurement system block diagram for beam
transverse quadrupole oscillation in the the injected
stage.

EXPERIMENT AND DATA ANALYSIS

The turn-by-turn data of beam position(x, y) can be used
to measure fractional part of machine tune(Avy, Avy). When
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multi-bunches were injected into the HLS-II electron stor-
age ring and beam current was 174.8 mA, horizontal posi-
2 tion and corresponding spectrum normalized to revolution
frequency(4.534 MHz) were acquired and is shown in Fig.
s 3. Vertical position and corresponding spectrum normal-
ized to revolution frequencywere acquired and is shown in

isher, and DOI

X, /mm

15 L L L L L
0 200 400 600 800 1000

turn number

(a) Horizontal position xg

Y, /mm

06 1 1 1 1 1

0 200 400 600 800 1000
turn number

(a) Vertical position yg

-0.765
-0.770

-0.775

-0.780

o’ -0785

-0.790

-0.795

-0.800

-0.805 1 1 1 1 1
0 200 400 600 800 1000

turn number

(a) Beam transverse quadrupole signal Qars

Content from this work may be used under the terms of the CC BY 3.0 licence (© 2018). Any distribution of this work must maintain attribution to the author(s), title of the work, publ

, TUPC12
@ 326

[0)

IBIC2018, Shanghai, China

JACoW Publishing
doi:10.18429/JACoW-IBIC2018-TUPC12

Fig. 4. Beam transverse(horizontal) quadrupole signal and
corresponding spectrum normalized to revolution fre-
quency were acquired and is shown in Fig. 5.
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Figure 3: Horizontal position and corresponding spectrum in the injected stage.

s0 | (0.3623,49.01)

FFT(y,)

20

0

L L L L L L L L J
005 010 015 020 025 030 035 040 045 050

normalized frequency

(b) The spectrum of yo

Figure 4: Vertical position and corresponding spectrum in the injected stage.
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Figure 5: Beam transverse quadrupole signal and corresponding spectrum in the injected stage.
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Figure 6: Beam transverse quadrupole component and corresponding spectrum in the injected stage.

As is shown in Fig.3, Fig.4 and Fig.5, machine tune
Av,=0.4414, Av=0.3623. The fraction part tune Avy of
beam transverse quadrupole oscillation can also be ob-
tained and is equal to 0.1182. Avy is equal to (1-2*Av,). So
beam transverse quadrupole oscillation can be measured
based stripline BPM in the injected stage.

According to the equation(1), beam transverse quadru-
pole component (0,2-6,%) can be obtained. (6,°-6;%) and cor-
responding spectrum normalized to revolution frequency
were acquired and is shown in Fig. 6. From the result of
Fig.6, the spectrum peak of beam transverse quadrupole
component is very obvious. Since contribution of beam po-
sition to (0y%-0,%) is eliminated, the effect of beam position
for (0,%-6,%) is very small.

The relationship between beam transverse quadrupole
component (6,%-6,%) and beam current in the injected stage
was obtained and is shown in Fig.7. Since duration turn
number of beam transverse quadrupole oscillation is not
too long(about 1000 turns), interpolated FFT method was
used to improve frequency domain measurement resolu-
tion. As is shown in the Fig.7, the relationship between
beam transverse quadrupole oscillation and beam current
is nonlinear.
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Figure 7: The relationship between beam transverse quad-
rupole component (0,>-,?) and beam current in the injected
stage.
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CONCLUSION

Based on the stripline BPM, beam transverse quadrupole
oscillation can be measured. The relationship between
beam transverse quadrupole component (0,*-6,%) and beam
current was also obtained. In the future, beam transverse
quadrupole oscillation for different bunches will be excited
by stripline transverse quadrupole kicker.
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