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POSITION DETERMINATION OF CLOSELY SPACED BUNCHES
USING CAVITY BPMs*
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Abstract The ILC and CLIC will operate with typical bunch spac-

. . - i f 300 and 0.5 tively. That makes it es-
Radio Frequency (RF) Cavity Beam Position Monl-Ing © an s respectively at maxes 1t es

. y ... sential to understand the processing of the overlayed sig-
tor (BPM) systems form a major part of precision pOSItlorhals. We operated the BPM system in multi-bunch (techni-

measurement diagnostics for linear accelerators with Io}ﬂvally multi-train) mode during December 2010 run, using

emittance beams. Using cavity BPMs, a position resolutiog unches of aroun@l4- 10'° particles per bunch separated
of less than 100 nm has been demonstrated in single bu %_QEA”’ —154 ns. This separation is short compared to the

mode operation. In the case of closely spaced bunch cay time of the cavities-(= 150 ns forQ;, = 6000).

where the decay time of the cavity is comparable to the ti : .
. i '\‘?Ke report the first analysis of that data below.
separation between bunches, the BPM signal from a bunc P y

is polluted by the signal induced by the previous bunches
in the same bunch-train. This paper discusses our ongo- MULTI-BUNCH MEASUREMENTS

ing work to develop the methods to extract the position \when bunches are closely spaced, their signals overlay
of closely spaced bunches using cavity BPMs. A signals shown in Fig. 1, resulting in a false measurement if pro-

subtraction code is being developed to remove the signgéssed the same way as single-bunch data. This pollution
pollution from previous bunches and to determine the imeeds to be removed in the processing.

dividual bunch position. Another code has been developed
to simulate the BPM data for the cross check. Performance <1000

of the code is studied on the experimental and simulated o ! ! e RéwSig
data. Application of the analysis techniques to the linear N 7:71 [ |— ppcampll
colliders, such as International Linear Collider (ILC) and R |- -- Bunchi
Compact Linear Collider (CLIC), is briefly discussed. I |- -- Bunch2

INTRODUCTION

When a bunch of charged particles passes through a res-
onant cavity, it induces oscillating electromagnetic (EM) e ; ;
fields over various resonant modes [1]. Among all modes, 0 50 100 150  20C

Digitiser count/Amplitude
[$)]

the amplitude of the field induced in the dipole mode has Sample Number
a strong dependence on the position offset from the center
of the cavity, and the excitation is linear around the center Figure 1: Digitised BPM signal.

The phase indicates the direction of the offset. Even after
the bunch leaves the cavity, the induced EM fields continue ]
oscillating, with their amplitudes decaying exponengiall Sgnal Subtraction

in ime. The decay time of each mode is defined by the ¢ jnjtial processing of the multi-bunch data is the same

internal losses and coupling. The RF signal of the dipolgs for the single-bunch data: the amplitude and phase of

mode is extracted through couplers into the electronics. e gigitised IF signal are extracted in the process ofaligit

is dqwn converted to_ |r_1termed|ate_ frequency (IF) for digigown conversion (DDC) [3, 1]. Figure 1 shows the pro-

tisation and further digital processing. cessed amplitude. The amplitude and phase are sampizd at
The ATF2 extraction line of the Accelerator Test Fa; gingle point for each bunch. We color-code all the plats

cility (ATF) at KEK (Japan) [2] is equipped with a total 45 Red, Green and Blue for bunches 1, 2 and 3 respectively
of 37 resonant cavities mounted on the quadrupole magsyyghout the paper.

nets throughout the beamline [3, 4]. Position resolution of The signalV; at a time after thg*" bunch arrives can
250 nm is typical, with 27 nm measured in the best pelye \written as a]phasor:
forming cavities [3].

J -
*The research leading to these results has received funding the V; = Z Ay Q*M WAty (j—k)+¢o) (1)
European Commission under the FP7 Research Infrastreqiugct Eu-

CARD, grant agreement n0.227579, DITANET under EU contPA&N- . k=1 .
GA-2008-215080 and by STFC wherew is the angular frequency of the signal. The phasor
t Nirav.Joshi.2009@live.rhul.ac.uk generated just by this bunch can be found as a difference
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of the phasors measured at the current and the previowseach other. This is due to two reasons. Firstly, a small
bunches: difference of the position and reference cavity frequesncie
/ s .(A‘f’) g!ves a phase offset when the phasors are propagated
V]— = Vj — Vj_l e T e b (2) In time:

As long as the linearity is preserved in the processing, the
same applies to the DDC phasors. AG = Aw Aty . ()

Since a filter is applied to the down-converted signalsecondly, the phase of the contribution from previous
samples corresponding to different bunches are convolveéinches also depends on the bunch spacing, see Eq. 2. This
introducing an error. We set the width of the filter win-latter part is removed during subtraction, leaving a phase
dow to be the same as the bunch separation and the sagvance of 1.09 rad, which is in good agreement with the
pling point in the middle between the arrivals of consecexpecte®nx 1.2 MHz x 154 ns= 1.16 rad.
utive bunches to minimize the pollution. This, however,

Beam Measurements ol . - %

The multi-bunch data was collected parasitically while _; j[~~-|---
ATF was operating in the multi-bunch mode. BPM
MQM13FF was moved iny-direction together with its
quadrupole using the mover supporting the quadrupol ! B e — L T Bunahl
BPM signals were recorded at each mover position for se' 1.0/ -1 g . - Bunch2{
eral machine pulses. A data cut was applied on pulses dt [ v o Bunch3jj )--"f "~ - Bunch3
ing which the digitiser was saturated.

constraints the minimum filter bandwidth to a value large ;5 Experimental _ Simulated
than normally used for single-bunch processing, resultin *  Bunchl *  Bunchl]im
in hiah ibuti f . d d 1.0pcofo +  Bunch2fj ; »  Bunch2 ’gr.
in higher contributions from noise and up-converted com L | -+ Bunch3|| [.-7f-- . Bunch3||2
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To complement beam data, a BPM signal simulatio® °° § ; E
code has been developed. Multi-bunch BPM signals a1 -0.5; 'l g
simulated using a simple model: signals are generated f _; [~--|- | ':E 1S
different bunches according to their positions and arrive )
times as decaying sine-waves, and then added linearly. T ~!° 0.0 05 1‘1.0 15 2.0 0.0 0.5 1‘10 15 2.0

beam jitter is simulated by adding a random position anu
angle variation. All the processing was tested on both, t
beam and simulated, data.

Pollution from previous bunches is subtracted usin
Eq. 2 on DDC phasors. In phase (I) and Quadrature (
values for each bunch are then calculated as:

r]'ialgure 2: 1Q diagrams: experimental and simulated data
before (top left and right, respectively) and after the aign
ubtraction (bottom left and right, respectively).

Figure 2 also shows results for the simulated data. The
mean offset is assumed to be the same for all three bunches.

I eos
I = A, cos (¢; = ¢r.j) (3a) Applying the subtraction yields equal amplitudes and phase
‘ advance of the phasors for all three bunches, which con-
Q=7 L sin (¢ — brj), (3b)  firms that the algorithm works correctly.
" Removing the measured phase advance between the
wherer denotes the reference cavity. bunches and using single bunch calibration [3], we con-

Figure 2 shows IQ diagrams for the multi-bunch data bererted the measurddand@ values into positions. Figure 3
fore and after the subtraction. Clearly, no subtractiomis a shows the position data relative to the mean for each mover
plied to 1Q phasors corresponding to the first bunch as thepsition, i.e. the beam jitter (measured and simulatedg. Th
are no different to single-bunch data. The amplitudes aheasured jitter grows with the bunch number, while simu-
the phasors for the second and third bunches are expectatéd data shows no increase. This can also be seen in the
to be of a similar magnitude as of the first bunch, becaus® diagrams, Fig. 2. As the simulation currently does not
the position of the three consecutive bunches from the sarmelude non-linear effects, it has been suspected that sat-
extraction should be similar. Indeed, after the subtractiouration occurs when the amplitude grows due to addition
this is the case. Before the subtraction, they are roughly 20 the signals. The electronics saturates around 11 dBm,
and 60% for the second and the third bunches respectivetprresponding to 0.8 V or 6500 digitiser counts.

After subtraction, the difference in positions is around. 2% Figure 4 shows the amplitude ratio at two sampling

As can be seen in Fig. 2, the phasors corresponding pmints separated by 16 clock cycles, starting at samples 58,
the consecutive bunches, have a phase advance with respgtaind 66 — all corresponding to bunch 3. It can be seen
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Figure 4: Effect of the saturation at different sampling

points.
Jitter (uim) SUMMARY AND FUTURE WORK
Figure 3: Position jitter observed in the experimental and We tested the signal subtraction code on experimental
simulated data. and simulated BPM data for three consecutive bunches

with 154 ns spacing. The position error due to signal pol-

lution from previous bunches was reduced to around 2%

from 20 and 60% for the second and third bunches of the
that, when sampled at sample 58, the amplitude goes inf@in respectively. Single bunch calibration factors were
saturation with a threshold of around 7000 digitiser countsuccessfully applied to the multi-bunch data after remov-
This is very close to the expected saturation threshold #1g the phase advance due to frequency difference between
the electronics. Sampling at a later time allows to avoigl thithe position and the reference cavities. Increased jitterf
problem either partially (sample 62) or completely (sampléhe third bunch was attributed to the non-linearity in the
66) in our data. The same subtraction algorithm was ajprocessing electronics and rectified by sampling at a later
plied with the third bunch sampled at sample number 6éime. Although the subtraction technique provides a rea-
The position scale had to be altered accordingly assumisgnable position reading for bunches 2 and 3, an increased
an exponential decay. As shown in Fig. 3, the residual fgitter compared to bunch 1 is observed. Simulated data cioes
the third bunch decreases to the same level as for the s&@t show such an artefact. We are planning to acquire-ad-
ond bunch. Table 1 summarises the RMS values of tr#tional data for multiple BPMs at different locations ireth
measured jitter. Although avoiding electronics saturatiobe€am line in order to determine whether the increased jitter
improves the jitter measurement for bunch 3, RMS jittewas caused by the particular mode of machine operatios or
measured for bunches 2 and 3 are almost four times largée algorithm needs substantial redevelopment. Studies in
than that for bunch 1. Further investigations involving mulcluding higher digitisation rate and varying the bunch sep-
tiple BPMs using dedicated beam time are required in ordéfation are foreseen to aid the understanding of the signal
to understand whether this is a systematic effect introducéubtraction.
in the subtraction algorithm, or a feature of the mode in
which the machine was operated at the time the measure- REFERENCES
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