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Investigating the sensitivities of the photon beam line flux with a deforming electron beam orbit
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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 1Qum vertical beam position displacement causes a relative photon flux change of
0.9%=*0.3%, as measured at the entrance slit downstream. This observation corresponds to the numerical
results. On the other hand, a vertical beam angular change pfddcauses a relative photon flux change of
1.2%=*0.4%. The different mechanisms causing the beam line flux to fluctuate by the beam position change
and by the beam angular change are discussed as[®&063-651X97)11005-4

PACS numbgs): 07.85.Qe, 29.20.Dh, 52.65.Cc

I. INTRODUCTION Comparing the beam experimental and numerical results al-
lows us to check the front part of the beam line’s optics
A photon beam line having an extremely high resolutionsystem. Results obtained from the beam line studied herein
is one of the primary characteristics of a third generationindicate that 10um vertical beam position displacement
synchrotron radiation light source. Such a characteristic hagauses a relative photon flux change of 08%3%, as
caused the beam lines’ optica| Systems to become quite Seﬂleasured at the entrance slit downstream. This observation
sitive to their photon sources’ position and angle, i.e., thecorresponds to the numerical results. In addition, a vertical
electron beam orbit. A fundamental issue in all of these ligh?®am angular change of l@rad causes a relative photon
sources, the beam line flux fluctuates due to instabilities ofUx change of 1.2%:0.4%. The above two values depend

the electron beam position and angle. This study examine@? the electron beam size and the slit size, as well as the

the beam line flux sensitivity due to an electron beam’s po_t_)ea,m Ilne_s optics. The genera_l requirement of the beam
e’s relative photon flux fluctuation is around 0.1% to 0.5%

sitional and angular changes at the source point of the bea 1 for a typical high resolution beam line of a third genera-
line. The fact that synchrotron radiation sweeps in the hori; yp 9 9

zontal plane accounts for why the sensitivity of the verticaltion synchrotron radiation light source. Herein, the beam ex-
b g | tis si .f.y v high '?/h that of th erimental studies provide a more thorough understanding of
eam dispiacement 1S signiticantly nigher than that o he different mechanisms causing the beam line flux to fluc-

horizontal beam displacement. Therefore, the former is adg, ;0 by the beam position change and by the beam angular
dressed herein. Beam experimental and numerical studies fRange.

undertaken. The former are performed by varying the size of
either the electron beam’s orbit local position bump or that
of the local angular bump. Changes in the beam line flux are
measured at the entrance slit downstream. Those two types The experiments are performed by varying the size of
of local bumps are created by four correction magnets. Theither the electron beam’s orbit local position bump or that
strength of four correction magnets must adhere to a certaiof the local angular bump. Changes in the beam line flux are
ratio to control the amplitude and slope of the electronmeasured at the entrance slit downstream. The photon flux
beam’s orbit at a given position in a rirfd]. The general was measured by a photon electric detector located next to
method proposed herein can be applied in any synchrotrothe entrance slit. The sensitivity certainly depends on the size
radiation light source. The Taiwan light sourCELS) of the  of the entrance slit. The slit size was set at/&f in all of
Synchrotron Radiation Research Cen8RRQ, is one of the experimental and numerical studies presented herein. The
several third generation synchrotron radiation light sourceglectron beam orbit position bump and angular bump were
currently operating. The experiments in this study are conereated by using four vertical orbit correction magnets.
ducted on the 6-m-HSGMsix-meter high-energy spherical Therefore, the electron beam position and angle could be
grating monochromatdf2] beam line at the TLS. In addi- independently controlled at the beam line’s source point.
tion, the optical parameters of the beam line of the 6-m+igure 1 depicts a typical orbit position bunipppe) and a
HSGM are used in the numerical studies as well. typical orbit angular bumglower) used in the experiments.
This study experimentally provides a conversion factor ofThe beam line’s source point is located at the angular
the electron beam’s orbit instabilities to the beam line fluxbump’s zero-cross point.
fluctuations. This study also provides further insight into the The electron beam position and angle at the beam line’s
decoupling of the instability sources which may originatesource point were calculated by reading two beam position
from either the accelerators or the beam line systems, e.gnonitor(BPM) values: one upstream and one downstream of
vibration of mirrors. Also, with a knowledge of this conver- the source point. Herein, we demonstrate how they were cal-
sion factor, accelerator physicists can use their own diagnosulated. The orbit between the two BPM’s can be assumed to
tic devices to investigate the orbit instabilities, and subsehave been deformed by two dipole errors, which are sepa-
guently to convert their results into the effects on beam linestated by 90° in the betatron ph4dgH. By using the two BPM
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@ FIG. 3. Results of the position bump variation. The horizontal
5 axis denotes the beam position at the source point at each step. The
(&1 . . . .
S 0.0 et et vy e e left vertical axis represents the relative photon flux fluctuation
e | (Alg/lp) per unit beam position displacement at the source point.
% The beam angle’s value at each step was plotted on the right verti-
8 cal axis, showing th&-X' correlation.
)
20 | \ o | time was about 1Q:m. For the case involving the position
0.00 40.00 80.00 120.00 bump in each step, about 20—4n of the beam position at

the source point were varied. For the case involving the an-
gular bump in each step, about 20—4@ad of the beam
- angle at the source point were varied. We began with a rea-

FIG. 1. The position bump and the angular bump. sonably good orbit, i.e., the rms of the vertical displacements

) _ ) less than 20Qum. The angle of the vertical focusing mirror

readings and their betatron phases and Twiss paraniéers (yem) was then adjusted until a maximum photon flux was
as well as the closed-orbit distortion equatif8], the  piained[6]. This adjustment ensured that the focused pho-
strength of the assumed dipole errors can be obtained. Thg, heam's center passed through the center of the entrance
orbit position at the beam line’s source point can be identiyii aAfter each step of either the position bump or angular

fied by again applying the above results to the closed-orbifmp, variations, the change in photon flux was recorded; the

distortion equation by knowing the betatron phase and Twis§/Fpm was then readjusted until obtaining the maximum pho-
parameters of thg source point. The orbit slope at the sourgg, fux again. Then the next step of the variation was pro-
point can be derived by the same method. _ ceeded with. This procedure would ensure that the results

As Fig. 2 indicates, the BPM's resolution at experimentalypiained herein would not depend on special initial condi-

tions(i.e., the initial beam orbjt Gaining the maximum pho-
1.0 ton flux by adjusting the VFM’s angle is a routine fine tuning
done by the beam line user after every injection.

Figure 3 presents the measurement results for which only
the position bump was varied. The horizontal axis denotes
the beam position at the source point. The left vertical axis
represents the relative photon flux fluctuatiakl §/1,) per
unit beam position displacement at the source point. While
4 varying the beam positions, the beam angle should remain
unchanged. Due to the position bump’s imperfection, the
beam angle at the source point slightly changes. This figure
1 also plots the beam angle’s value at each step on the right
vertical axis, i.e., theX-X' correlation. The angular bump
study results presented below clearly imply that the effects
7 due to the beam angle changes in those siwéth most of
| , | them less than rad between each stegan be neglected as

compared to the effect caused by a 20440 change per
0 5 10 15 20 step. Therefore, from this figure, we can infer that [t
Step No. vertical beam position displacement causes a relative photon
flux change of 0.9% 0.3%.

FIG. 2. The raw data of one of the BPM readings. The error bar Figure 4 presents the measurement results for which only

is the standard deviation of ten measurements. the angular bump was varied. Horizontal axis depicts the
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300 -0.04 right vertical axis, i.e., thex-X’ correlation. The position
7 I bump study results also imply that the effects due to the
1 L beam position changes in those sig@ith most of them less
¢§‘ i than 10um between each stgps minor as compared to the
*\g 200 — } { L 006 ’g effect cgused by a 20—4,(D_rad change per step: Therefore,
S § E from this figure, we can infer that 1@rad vertical beam
% 8 } i i angular change causes a relative photon flux change of
N 1 § 1.2%=+0.4%.
< 100 ] 008 § During the experiments, the BPM value is the average of
;? ] A ten readings. We, therefore, have the error bar for each BPM
~ 1 % = value. Through the error propagation, we derive the error
T % (Aloloyscrns X % i bars for the position and slope at the source point. They are
o N the horizontal error bars denoted in Figs. 3 and 4. Herein,
0 L S s B -0.10 only one data set is denoted in each figure. The photon flux
0.5 0.0 value is also the average of several readings, which also
Angle: X' (mrad) provide the error bar of the photon flux value. The error

propagation, including the photon flux error, the position,
FIG. 4. Results of the angular bump variation. The horizontaland the slope errors, are all used herein to derive the vertical
axis denotes the beam angle’s value at the source point at each st&tror bars in Figs. 3 and 4.
The left vertical axis represents the relative photon flux fluctuation
(Alg/lp) per unit beam angular change at the source point. The
beam position at each step was plotted on the right vertical axis,
showing theX’-X correlation.

Ill. 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 experi-
beam angle at the source point. The left vertical axis reprements. According to this beam line’s optics system, we per-
sents the relative photon flux fluctuatioal/1,) per unit  formed a ray tracing study for the case involving position
beam angular change at the source point. While varying thbump change. The vertical electron beam gj2e) at the
beam angles, the beam position should also remain ursource point of the beam line was aroundt/E um during
changed. Again, due to the angular bump’s imperfection, théhe experiments mentioned in Sec. Il. The reduction in pho-
beam position at the source point slightly changes. This figton flux can be calculated for a Gaussian photon beam pass-
ure also plots the beam position’s value at each step on thiag through a slit with a 5Qum opening. The relation be-
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FIG. 5. The front part layout of the 6-m-HSGM beam line.
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100 ———o : : : During the experiment, the electron beam current was re-
TRl : ! stricted around 20 mA. At this low current, the electron

beam is more stable, and the relative photon flux fluctuation

remained below 0.2%, while no orbit variation was imple-

% mented. The source point position changes made by the
: 26 =65 pm . S bump are around 20—40m per step; therefore, the size of
00 boooveint Lo o \ _____ R the background fluctuation is always below 10% of our mea-
; : o ‘ surement.
During the experiments, when varying the position bump
6 f f f over a large range of the displacement, the photon Ifjux

could be brought back to the original value, e.g., the value
before the orbit was changed, after readjusting the VFM'’s
: : : : . angle. However, when varying the angular bump, in most
80 [ P T S S cases, the previous maximum value could not be obtained
: ‘ : : after readjusting the VFM’s angle. This inability is owing to

the fact that when the source angle was changed by introduc-

Intensity normalized to centroid beam (%)

5 g 3 20 3 20 50 ing the angular bump, part of the photon beam fell outside
the VFM. Therefore, the photon flux could not be brought
Displacement (m) back to the previous value by adjusting the VFM's angle.

However, for the case involving a variation in source posi-

FIG. 6. The photon beam line ray-tracing results. The intensitytion by introducing the position bump, the photon flux was
reduces(normalized to the photon beam flux without orbit devia- reduced, since part of the focused photon beam fell outside
tion) as the beam centroid deviates. the entrance slit. Therefore the photon flux could be brought

back to the previous value by adjusting the VFM's angle.

tween the electron beam size at the source point and thEhis difference is owing to the fact that the photon beam is
photon beam size at the slit is the lateral magnification of théncident into the VFM with a very small grazing angle, and
optics system: starting from the source point through théhat the distance between the source point and the mirror is
VFM and ending at the slit. The ray-tracing results by thelarge. In a normal(design situation, the incident photon
programsHADOW [7] show that the lateral magnification is beéam nearly covers the entire VFM. The above discussion
1.0. also explains why the data of angular variatigig. 4) has a

Normalized to the photon beam flux without orbit devia- greater uncertainty. From the above observation, if a de-
tion, Fig. 6 depicts that the intensity reduces as the bearirease in photon flux occurs, the origin of beam position
centroid deviates. This figure presents the results for the twéfrors can be distinguished from the origin of beam angle
different vertical photon beam sizes, whereéquals 65 and  errors by optimizing the VFM's angle.
100 um. For the latter case, a vertical beam position dis- As discussed above, to estimate the correlation between
placement of 2Qum would cause a relative photon flux loss orbit slope and flux loss numerically, the energy dependence
of 2.0%. This finding corresponds to the experimental re-0f the opening angle, i.e., the angular spectrum, of synchro-
sults. As discussed in Sec. Il, for the left vertical axis in Fig.tron radiation as well as the spectrum response function of
3, the intensity reduction has been normalized to the disthe photon electric detector must be considered. Such a cir-
placement size for different initial conditions, which are dif- cumstances is more complicated than the case involving the
ferent orbit positions representing the horizontal axis. orbit position’s change.
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