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Abstract

Presently, at the Free Electron Laser in Hamburg
(FLASH) four bunch arrival time monitors (BAMs) are in-
stalled and in permanent operation. Moreover, they are in-
corporated in a longitudinal intra-bunch train feedback. In
this paper, we present a review of the performance and the
limitations of the current BAM design, based on the most
recent machine studies. The detection principle of the mon-
itor implements the electro-optical modulation of synchro-
nised laser pulses. The RF and electro-optical front-ends
are designed to be operated in a frequency band from DC
up to 10 GHz. This allows for measuring the arrival time of
each individual electron bunch at femtosecond resolution.
The current design of the BAMs has been tested under the
influence of disturbances on the arrival time measurement,
such as variation of the bunch charge as well as deviation
from the reference transverse bunch position. Those results
will be incorporated in an upcoming design revision to up-
grade the application and robustness of the BAMs.

INTRODUCTION

At FLASH four bunch arrival time monitors of different
opto-mechanical design versions have been installed dur-
ing the last few years. The progressive design revisions im-
proved the stability and reliability of the arrival time mea-
surement to a large extent. [1]

The BAMs are an integral part of the pulsed optical
synchronisation system [2, 3]. They utilise a commercial
electro-optical modulator (EOM) in order to measure the
electron bunch arrival times relative to the optical timing
reference [1, 4]. The button type RF-pickup as well as the
EOMs are rated for RF signals bandwidths of up to 10 GHz.
It was shown, that the intrinsic resolution of the BAMs is
be better than 10 fs [4].

MEASUREMENTS

Recently, we have performed measurements during
scheduled FEL study periods at FLASH in order to bench-
mark the reliability and operability of the currently in-
stalled BAMs. The goal was to investigate the dependency
of the bunch arrival time on different machine parameters
and to determine the dependence of the arrival time mea-
surement on variations of the transverse orbit and of the
bunch charge. The latter issue has a large impact on the fu-
ture design of the next generation BAM, not only regarding
the RF pickup [5], but also the optical front-end. With the
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extension to FLASH II and for the European XFEL, an op-
eration mode with low bunch charge for short FEL pulses
is demanded increasingly, requiring special diagnostics ap-
plicable at both, low and high bunch charge modes. In the
following, we present some of the recent results, evaluating
the current BAM design.

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
−110

−100

−90

−80

−70

−60

−50

−40

−30

−20

−10

Bunch Charge Setpoint [nC]

C
al

ib
ra

tio
n 

C
on

st
an

t [
fs

/ %
 m

od
.]

Dependency of Calibration Constant on Bunch Charge

 

 

BAM No. 1
BAM No. 2
BAM No. 3
BAM No. 4

Figure 1: Charge dependent calibration constants of all
BAMs.

Charge Dependence of Calibration

The calibration is done by measuring the laser pulse am-
plitude modulation while sweeping the relative timing be-
tween the reference laser pulses and the RF pickup signal at
the EOM within the linear BAM signal regime [6]. The cal-
ibration constant is then given in units of [fs] timing change
per [%] modulation.

As shown in Figure 1, the calibration and hence the res-
olution depends only weakly on the bunch charge above
200 pC, whereas below 150 pC the resolution of the BAMs
strongly decreases with decreasing bunch charge. This lin-
ear drop exhibits the limitation in signal bandwidth of the
current RF-frontend design of the BAMs.

Orbit Dependence of Arrival Time Measurement

We measured the bunch arrival times while varying the
electron beam position by use of horizontal and vertical
steerer magnets in front of each BAM. From earlier sim-
ulations and measurements, we expected a slight quadradic
dependence of the arrival time measurement, symmetri-
cally around the nominal beam position. This behaviour
remains although the RF-pickup and cabling design is al-
ready intended to minimise the orbit dependency, by com-
bining the outputs of two opposing RF pick-up buttons.
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Figure 2: Schematic of the laser-based synchronisation system at the upgraded FLASH accelerator facility.
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Figure 3: Arrival time vs. beam position in the vertical
plane for BAM No.1, located in front of BC2. The arrival
time does not depend on the horizontal position for this
BAM.

Figure 3 to 5 show the orbit dependencies for BAM No.1,3
and 4, being numbered after their longitudinal position
along the FLASH accelerator facility (see Fig. 2). Mea-
sured arrival times at BAM No. 2 (not shown here) have
a similiar behaviour as at BAM No.4. Any deviation from
the expected orbit dependence, could be due to an asym-
metry in either the RF pick-up itself or in the RF cabling
between pickup and RF power-combiner. The transverse
offset of about 3 mm in case of BAM No.4 (Fig. 5, lower
plot) is probably due to a misaligned pickup.

Longterm Arrival Time Measurement

Recently, during several FEL study and user shifts, the
longitudinal beam-based feedback (BBF) [7] has been es-
tablished on request, especially for low charge operation,
i.e. below 0.4 nC. The gained information will be used
to further improve the feedback algorithms. Figure 6 and 7
show exemplarily 13 hours of arrival time data, which were
taken from a 48 hours BBF shift. The feedback has been
switched on after the first 3 hours and used two indepen-
dent feedback loops to stabilise the arrival time at BAM
No. 2 and 3. The steps in the data of BAM 1 in Fig. 7
are due to hourly automatic calibrations. Arrival times at
BAM 3 and 4 are strongly correlated, if not counting for the
slow drift in arrival time offset between those two BAMs,
which is most probably due to temperature induced polar-

isation rotation in the fibre links and due to temperature
induced timing drifts in the unstabilised fibre parts in the
BAM chassis [3, 1]. During this measurement no active
polarisation adaption has been switched on in any of the
timing stabilised fibre links which connect to the BAMs.
This might be a large contribution to the arrival time drifts
in BAM 1, which in contrast to BAM 3 and 4 has a temper-
ature stabilisation in the BAM chassis avoiding laser pulse
timing drifts.

SUMMARY AND OUTLOOK

Several measurements had been performed to bench-
mark the current BAM design. This information will be
used in an upcoming design revision to further improve the

Figure 4: Arrival time vs. beam position in the horizontal
(upper plot) and in the vertical plane (lower plot) for BAM
No.3, located at the exit of BC3.

TUPD28 Proceedings of DIPAC2011, Hamburg, Germany

366C
op

yr
ig

ht
c ○

20
11

by
th

e
re

sp
ec

tiv
e

au
th

or
s—

cc
C

re
at

iv
e

C
om

m
on

sA
tt

ri
bu

tio
n

3.
0

(C
C

B
Y

3.
0)

03 Longitudinal Diagnostics and Synchronization



Figure 5: Arrival time vs. beam position in the horizontal
(upper plot) and in the vertical plane (lower plot) for BAM
No.4, located downstream of the last accelerator module,
ACC7
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Figure 6: Long-term arrival time measurement with BAM
4. Shown is data from bunches No. 5, 15 and 25 of bunch
trains with 25 bunches. Only the last one was used to gen-
erate FEL pulses. Those short-term timing oscillations are
due to not optimal BBF settings in the first accelerator mod-
ule ACC1 and are then transported thoughout the whole
machine.

reliability of the BAMs and to expand their application to
low bunch charge operations. This includes a redesign of
the RF-pickup and RF cabling. [5, 8].
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BAM No.1,
Running Average: 100 sec.
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Running Average: 100 sec.
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Figure 7: Long-term measurement with all BAMs. Arrival
time is stabilised at BAM 2 and 3, while BAM 4 is used as
an out-of loop monitor. The arrival time feedback loop on
the injector is not yet commissioned.
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