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Investigating the sensitivities of the photon beam line flux with a deforming electron beam orbit
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Department of Nuclear Science, National Tsing Hua University and Synchrotron Radiation Research Center, Hsinchu, Taiwan
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Beam experimental and numerical studies are performed to examine the effects of an electron beam position
and orbit slope at the source point on the photon beam lines’ flux. Results obtained from the beam line studied
herein indicate that 10mm vertical beam position displacement causes a relative photon flux change of
0.9%60.3%, as measured at the entrance slit downstream. This observation corresponds to the numerical
results. On the other hand, a vertical beam angular change of 10mrad causes a relative photon flux change of
1.2%60.4%. The different mechanisms causing the beam line flux to fluctuate by the beam position change
and by the beam angular change are discussed as well.@S1063-651X~97!11005-4#

PACS number~s!: 07.85.Qe, 29.20.Dh, 52.65.Cc
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I. INTRODUCTION

A photon beam line having an extremely high resoluti
is one of the primary characteristics of a third generat
synchrotron radiation light source. Such a characteristic
caused the beam lines’ optical systems to become quite
sitive to their photon sources’ position and angle, i.e.,
electron beam orbit. A fundamental issue in all of these li
sources, the beam line flux fluctuates due to instabilities
the electron beam position and angle. This study exam
the beam line flux sensitivity due to an electron beam’s
sitional and angular changes at the source point of the b
line. The fact that synchrotron radiation sweeps in the h
zontal plane accounts for why the sensitivity of the verti
beam displacement is significantly higher than that of
horizontal beam displacement. Therefore, the former is
dressed herein. Beam experimental and numerical studie
undertaken. The former are performed by varying the size
either the electron beam’s orbit local position bump or t
of the local angular bump. Changes in the beam line flux
measured at the entrance slit downstream. Those two t
of local bumps are created by four correction magnets.
strength of four correction magnets must adhere to a cer
ratio to control the amplitude and slope of the electr
beam’s orbit at a given position in a ring@1#. The general
method proposed herein can be applied in any synchro
radiation light source. The Taiwan light source~TLS! of the
Synchrotron Radiation Research Center~SRRC!, is one of
several third generation synchrotron radiation light sour
currently operating. The experiments in this study are c
ducted on the 6-m-HSGM~six-meter high-energy spherica
grating monochromator! @2# beam line at the TLS. In addi
tion, the optical parameters of the beam line of the 6-
HSGM are used in the numerical studies as well.

This study experimentally provides a conversion factor
the electron beam’s orbit instabilities to the beam line fl
fluctuations. This study also provides further insight into t
decoupling of the instability sources which may origina
from either the accelerators or the beam line systems,
vibration of mirrors. Also, with a knowledge of this conve
sion factor, accelerator physicists can use their own diagn
tic devices to investigate the orbit instabilities, and sub
quently to convert their results into the effects on beam lin
551063-651X/97/55~5!/6011~5!/$10.00
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Comparing the beam experimental and numerical results
lows us to check the front part of the beam line’s opt
system. Results obtained from the beam line studied he
indicate that 10mm vertical beam position displaceme
causes a relative photon flux change of 0.9%60.3%, as
measured at the entrance slit downstream. This observa
corresponds to the numerical results. In addition, a vert
beam angular change of 10mrad causes a relative photo
flux change of 1.2%60.4%. The above two values depen
on the electron beam size and the slit size, as well as
beam line’s optics. The general requirement of the be
line’s relative photon flux fluctuation is around 0.1% to 0.5
@3# for a typical high resolution beam line of a third gener
tion synchrotron radiation light source. Herein, the beam
perimental studies provide a more thorough understandin
the different mechanisms causing the beam line flux to fl
tuate by the beam position change and by the beam ang
change.

II. EXPERIMENT

The experiments are performed by varying the size
either the electron beam’s orbit local position bump or th
of the local angular bump. Changes in the beam line flux
measured at the entrance slit downstream. The photon
was measured by a photon electric detector located nex
the entrance slit. The sensitivity certainly depends on the
of the entrance slit. The slit size was set at 50mm in all of
the experimental and numerical studies presented herein.
electron beam orbit position bump and angular bump w
created by using four vertical orbit correction magne
Therefore, the electron beam position and angle could
independently controlled at the beam line’s source po
Figure 1 depicts a typical orbit position bump~upper! and a
typical orbit angular bump~lower! used in the experiments
The beam line’s source point is located at the angu
bump’s zero-cross point.

The electron beam position and angle at the beam lin
source point were calculated by reading two beam posi
monitor~BPM! values: one upstream and one downstream
the source point. Herein, we demonstrate how they were
culated. The orbit between the two BPM’s can be assume
have been deformed by two dipole errors, which are se
rated by 90° in the betatron phase@4#. By using the two BPM
6011 © 1997 The American Physical Society
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6012 55IAN C. HSU
readings and their betatron phases and Twiss parameters@4#,
as well as the closed-orbit distortion equation@5#, the
strength of the assumed dipole errors can be obtained. T
orbit position at the beam line’s source point can be ident
fied by again applying the above results to the closed-orb
distortion equation by knowing the betatron phase and Twis
parameters of the source point. The orbit slope at the sour
point can be derived by the same method.

As Fig. 2 indicates, the BPM’s resolution at experimenta

FIG. 1. The position bump and the angular bump.

FIG. 2. The raw data of one of the BPM readings. The error ba
is the standard deviation of ten measurements.
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time was about 10mm. For the case involving the positio
bump in each step, about 20–40mm of the beam position a
the source point were varied. For the case involving the
gular bump in each step, about 20–40mrad of the beam
angle at the source point were varied. We began with a
sonably good orbit, i.e., the rms of the vertical displaceme
less than 200mm. The angle of the vertical focusing mirro
~VFM! was then adjusted until a maximum photon flux w
obtained@6#. This adjustment ensured that the focused p
ton beam’s center passed through the center of the entr
slit. After each step of either the position bump or angu
bump variations, the change in photon flux was recorded;
VFM was then readjusted until obtaining the maximum ph
ton flux again. Then the next step of the variation was p
ceeded with. This procedure would ensure that the res
obtained herein would not depend on special initial con
tions~i.e., the initial beam orbit!. Gaining the maximum pho-
ton flux by adjusting the VFM’s angle is a routine fine tunin
done by the beam line user after every injection.

Figure 3 presents the measurement results for which o
the position bump was varied. The horizontal axis deno
the beam position at the source point. The left vertical a
represents the relative photon flux fluctuation (DI 0 /I 0) per
unit beam position displacement at the source point. Wh
varying the beam positions, the beam angle should rem
unchanged. Due to the position bump’s imperfection,
beam angle at the source point slightly changes. This fig
also plots the beam angle’s value at each step on the r
vertical axis, i.e., theX-X8 correlation. The angular bump
study results presented below clearly imply that the effe
due to the beam angle changes in those sizes~with most of
them less than 5mrad between each step! can be neglected a
compared to the effect caused by a 20–40mm change per
step. Therefore, from this figure, we can infer that 10mm
vertical beam position displacement causes a relative ph
flux change of 0.9%60.3%.

Figure 4 presents the measurement results for which o
the angular bump was varied. Horizontal axis depicts
r

FIG. 3. Results of the position bump variation. The horizon
axis denotes the beam position at the source point at each step
left vertical axis represents the relative photon flux fluctuat
(DI 0 /I 0) per unit beam position displacement at the source po
The beam angle’s value at each step was plotted on the right v
cal axis, showing theX-X8 correlation.
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beam angle at the source point. The left vertical axis rep
sents the relative photon flux fluctuation (DI 0 /I 0) per unit
beam angular change at the source point. While varying
beam angles, the beam position should also remain
changed. Again, due to the angular bump’s imperfection,
beam position at the source point slightly changes. This
ure also plots the beam position’s value at each step on

FIG. 4. Results of the angular bump variation. The horizon
axis denotes the beam angle’s value at the source point at each
The left vertical axis represents the relative photon flux fluctuat
(DI 0 /I 0) per unit beam angular change at the source point.
beam position at each step was plotted on the right vertical a
showing theX8-X correlation.
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right vertical axis, i.e., theX-X8 correlation. The position
bump study results also imply that the effects due to
beam position changes in those sizes~with most of them less
than 10mm between each step! is minor as compared to th
effect caused by a 20–40mrad change per step. Therefor
from this figure, we can infer that 10mrad vertical beam
angular change causes a relative photon flux change
1.2%60.4%.

During the experiments, the BPM value is the average
ten readings. We, therefore, have the error bar for each B
value. Through the error propagation, we derive the er
bars for the position and slope at the source point. They
the horizontal error bars denoted in Figs. 3 and 4. Here
only one data set is denoted in each figure. The photon
value is also the average of several readings, which a
provide the error bar of the photon flux value. The err
propagation, including the photon flux error, the positio
and the slope errors, are all used herein to derive the ver
error bars in Figs. 3 and 4.

III. NUMERICAL STUDIES

Figure 5 depicts the front part of the layout for the 6-m
HSGM beam line, i.e., the beam line object of our expe
ments. According to this beam line’s optics system, we p
formed a ray tracing study for the case involving positi
bump change. The vertical electron beam size~2s! at the
source point of the beam line was around 75615mm during
the experiments mentioned in Sec. II. The reduction in p
ton flux can be calculated for a Gaussian photon beam p
ing through a slit with a 50mm opening. The relation be

l
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n
e
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FIG. 5. The front part layout of the 6-m-HSGM beam line.
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6014 55IAN C. HSU
tween the electron beam size at the source point and
photon beam size at the slit is the lateral magnification of
optics system: starting from the source point through
VFM and ending at the slit. The ray-tracing results by t
programSHADOW @7# show that the lateral magnification
1.0.

Normalized to the photon beam flux without orbit devi
tion, Fig. 6 depicts that the intensity reduces as the be
centroid deviates. This figure presents the results for the
different vertical photon beam sizes, where 2s equals 65 and
100 mm. For the latter case, a vertical beam position d
placement of 20mm would cause a relative photon flux los
of 2.0%. This finding corresponds to the experimental
sults. As discussed in Sec. II, for the left vertical axis in F
3, the intensity reduction has been normalized to the
placement size for different initial conditions, which are d
ferent orbit positions representing the horizontal axis.

IV. RESULTS AND DISCUSSION

Experimental and numerical results obtained herein in
cate that a vertical beam position displacement of 10mm
could cause a relative photon flux change of 0.9%60.3%, as
measured at the entrance slit downstream. In addition, a
tical beam angular change of 10mrad would cause a relativ
photon flux change of 1.2%60.4%. The above two value
depend on the electron beam size and the slit size, as we
the beam line optics.

FIG. 6. The photon beam line ray-tracing results. The inten
reduces~normalized to the photon beam flux without orbit devi
tion! as the beam centroid deviates.
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During the experiment, the electron beam current was
stricted around 20 mA. At this low current, the electro
beam is more stable, and the relative photon flux fluctuat
remained below 0.2%, while no orbit variation was impl
mented. The source point position changes made by
bump are around 20–40mm per step; therefore, the size o
the background fluctuation is always below 10% of our m
surement.

During the experiments, when varying the position bum
over a large range of the displacement, the photon fluxI 0
could be brought back to the original value, e.g., the va
before the orbit was changed, after readjusting the VFM
angle. However, when varying the angular bump, in m
cases, the previous maximum value could not be obtai
after readjusting the VFM’s angle. This inability is owing t
the fact that when the source angle was changed by intro
ing the angular bump, part of the photon beam fell outs
the VFM. Therefore, the photon flux could not be broug
back to the previous value by adjusting the VFM’s ang
However, for the case involving a variation in source po
tion by introducing the position bump, the photon flux w
reduced, since part of the focused photon beam fell outs
the entrance slit. Therefore the photon flux could be brou
back to the previous value by adjusting the VFM’s ang
This difference is owing to the fact that the photon beam
incident into the VFM with a very small grazing angle, an
that the distance between the source point and the mirro
large. In a normal~design! situation, the incident photon
beam nearly covers the entire VFM. The above discuss
also explains why the data of angular variation~Fig. 4! has a
greater uncertainty. From the above observation, if a
crease in photon flux occurs, the origin of beam posit
errors can be distinguished from the origin of beam an
errors by optimizing the VFM’s angle.

As discussed above, to estimate the correlation betw
orbit slope and flux loss numerically, the energy depende
of the opening angle, i.e., the angular spectrum, of synch
tron radiation as well as the spectrum response function
the photon electric detector must be considered. Such a
cumstances is more complicated than the case involving
orbit position’s change.
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