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A SIMPLER METHOD FOR SR INTERFEROMETER CALIBRATION
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Abstract

SR interferometers are used for transverse beam size
measurement at KEKB. Previous methods of performing
absolute cdlibration of the SR interferometers are very
time-consuming, and require dedicated machine time to
take the necessary data. We report on a new, simpler
method we have developed, wherein we create small lo-
cal bumps at the SR source point and observe the resulting
shifts in the phase of the interference fringes. From these
data we can perform an absolute calibration of the system,
including the effects of mirror distortion.

INTRODUCTION

Methods which have been used at KEKB for the abso-
Iute calibration of the SR interferometers include measur-
ing mirror distortion with a pinhole mask[1], virtual beam
broadening via local bumpg2], physical beam broadening
via dispersion bumps[3]. These methods all require dedi-
cated machine time, during which the beam size monitor
cannot be used for luminosity tuning. Some of the meth-
ods are also quite time-consuming, requiring hours of ma-
chine time to take the required data. We present here a
new method which of absolute calibration, for which the
required data can be taken in a very small amount of time
(tens of minutes), and can in principle be taken in parallel
with physics running, without stopping the beam-size mea-
surement system or interfering with its use for luminosity
tuning. By taking the cdlibration data at different beam
currents and correlating the magnification at each current
with the appropriate interference pattern fit parameters, we
can aso obtain the parameters needed for real-time mirror
distortion correction.[1].

PRINCIPLE OF CALIBRATION

If the light intensities at both dlits are the same (though
equa light intensities are not a requirement for this
method), the interference pattern has the form:
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where Iyis the light intensity through the dlits, D is the
separation between the double dlits, w is the dit width, f
is the distance between the secondary principal point of the
lens and the camera CCD plane, and X is the wavelength
of light used. ¢ and « are phase offsets depending on the
position of the beam off-axis from the dlit-camera system.
Now let us examine the dependence of ) on the position
of the beam. The path length difference between the two
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paths through the dlits, from the beam to the center of the
camera CCD plane, isgivenby Al = (a — ¢) + (b — d),
where a, b, ¢ and d are the path lengths shown in Figure 1.
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Figure 1: Path lengths from beam to camera

The path components b and d do not change, so for a
beam displacement Az peqm, Al = a — ¢, or:

D D
Al = \/F2 + <5 - Ambeam>_\/F2 + (? + AIbeam)a

where F' is the distance from the beam to the double dlits.
Since D and Az peqn, are both much smaller than F, this
can be expanded as:
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Now, the change in phase of the cosine term at the CCD

plane, Avy (inradians) is given by
Al
Ay =27 3
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Thus, by changing the beam position by a known amount
Axpeqm, and observing the change in phase of the cosine
term in the interferogram, and knowing the wavelength A,
we can calculate the quantity %, which can then be used to
calculate the beam size according to:
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for an assumed-Gaussian beam profile.
The procedureis as follows:
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e 1) Createalocal bump at the SR source point of height
Zxa%eanﬁ

e 2) Measure the shift in the cosine fringes of the inter-
ference pattern, Ap;

e 3) Since Ay = 2xAp/T, where T is the cosine pe-
riod, then calculate
D Ap A

F ? AZpeam

Using typical KEKB parameters, A = 500 nm, D = 40
mm, F' = 40 m, a 1-mm Ax gives a A« of about 13 ra-
dians, or two complete cosine periods. To avoid changing
significantly the shape of the mirror due to changing where
the light hits it, it is better to keep the local bump height
well below 1 mm. To this end, a series of bumps between
+0.125 mm gives a range of A of up to +x/2, which
is easily measured. The BPMs have an accuracy of 2-3
pm, which is much smaller than the bump size range. (The
aboveisfor the vertical interferometers. For the horizontal
ones, where D is 13 mm, a A of /2 requires bumps of
+0.4 mm.)

Measuring % in this way eliminates the need to measure
D and F separately. This method does not depend on the
beam size, and can be performed in paralel with physics
running without stopping the interferometer, so there is
minimal adverse effect on collision tuning, which is very
sensitive to beam size.

In the current system at KEK B, where we havethe CCD
dlightly offset from the focal point of the lens, the above
measurements can be conducted at different beam currents
(mirror distortions), and the resulting values of % plot-
ted against certain of the interference pattern fit parameters
(separation of the sinc terms) to give a calibration curve
that can be used for the real-time correction of changes
in magnification (or effective %) due to mirror heating
distortions.[1]. These data can also in principle be taken
in parallel with physics operation, though to measure over
arange of mirror distortionsit is necessary to take dataover
arange of beam currents.

Note: with a variable dlit separation, this method could
also be used to map part of the surface of the mirror.

PRELIMINARY EXPERIMENT

Preliminary calibration data were taken in both the hori-
zontal and vertical directionsat the KEKB LER. A series of
local orbit bumps were created at the SR source point; the
horizontal and vertical bump heights are shown in Figures
2 and 3, respectively. The height of the bump is measured
by using the values of the two BPMs on either side of the
source point:

dzg dls
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where d; 5 is the distance between the SR source point and
BPM 1, and d», isthedistance between the SR source point

06 Beam Instrumentation and Feedback
T03 Beam Diagnostics and Instrumentation

TUPCHO056

and BPM 2, and Axppp, and Az ppyy, are the changes
in the closed orbit at BPMs 1 and 2, respectively.
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Figure 2: Horizontal bump height as function of time.
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Figure 3: Vertical bump height as function of time.

The data can be taken in a few minutes, as seen from
the time scales. Indeed, due to orbit drift, it is important
to take the data as quickly as possible, particularly in the
vertical direction. The reason for this is that as the beam
moves around, the location of the SR fan on the the extrac-
tion mirror changes, which changes the shape of the mirror
due to heat distortion. This effect is not noticeable in the
horizontal direction, because we have horizontal bending
magnets as our source magnets, so the distribution of SR on
the mirror does not change appreciably as the beam moves.
In the vertical direction, however, due to the vertical nar-
rowness of the fan, the change in the shape of the mirror as
the beam moves cannot be ignored. The changein the cur-
vature of the mirror both changes the magnification of the
mirror from the steady state value that oneistrying to mea-
sure, and also introduces extraneous shifts in the phase of
the cosine term as a function of bump height, which skew
the calibration. To minimize this effect, the vertical bump
is“tilted”; as the beam moves off-axis, the orbit is also an-
gled so that the location where the SR fan hits the mirror
is kept constant. This is accomplished by creating a local
bump defined by:
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and
dm 2

dms ’

where d,,1 is the distance between the extraction mirror
and BPM 1, d isthedistance between the extraction mirror
and BPM 2, and d,,, is the distance from the extraction
mirror and the SR source point. An example of a tilted
bump is shown in Figure 4.
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Figure 4: Example of a “tilted” closed orbit bump in the
vertical direction. Note: height of bump illustrated is 10
times larger than that used for SR monitor calibration.

The difference between the BPMs on either side of the
source point is monitored in addition to the bump height.
The location of the mirror spot Ay.,iror 1S calculated as:

A2
— Ayppim, ) —= + AYBPMs»

d12

where d15 is the distance between BPM 1 and BPM 2. To
ensure that the data were taken when the beam orbit is sta-
ble in position and angle at the SR source point, only data
during which both Aybeam and Aymir'ror are constant are
used.

Aymi'm‘or = (AyBP]Wg
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Figure 5: Horizontal cosine-term phase as a function of
closed-orbit bump height.

The phase of the cosine term is plotted as a function of
bump height in Figures 5 and 6. From the linear fits shown
in these plots, the ratio % can be calculated and compared
to the results of calibration by pinhole mask. In the hor-
izontal direction, 2 = 1.08 x 107* + 0.04 x 10~* (fit-
ting error), which is within ~ 1o away from the value of
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Vertical calibration data
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Figure 6: Vertical cosine-term phase as a function of
closed-orbit bump height.

1.05 x 10~ £ 0.03 x 10~* derived from calibration via
pinhole mask. The corresponding valuesin the vertical di-
rection are 5.94 x 10~4 + 0.08 x 10~4 and 6.19 x 10" +
0.02 x 10~* (fitting errors), for the bump calibration and
mask calibration, respectively. The vertical bump calibra-
tion data were taken at an average beam current of 1553
mA, and the mask calibration datawere taken at an average
beam current of ~ 1540 mA. Note that the value of D/F
in the vertical direction has an observed dependence on the
beam current due to the heat load of the SR fan, whereas
the horizontal direction shows no such dependence. The
extraction windows and some of the mirrors in the optical
beam line have been changed since the pinhole mask cali-
bration was performed, so the calibration may in fact have
changed somewhat. Nevertheless, the two methods do give
results to within ~ 4% of each other.

SUMMARY

We have presented a new method for calibrating the SR
interferometer, which is much simpler and faster than pre-
vious methods employed, and requires no additional equip-
ment beyond the interferometer and BPMss, only the ability
to move the beam at the SR source point. For a horizontal-
bending source magnet, preliminary measurements show
that the method gives excellent agreement with pinhole-
mask calibration in the horizontal axis, where moving the
beam does not change the heat distribution on the surface
of the extraction mirror significantly. Care must betakenin
the vertical direction when moving the beam that the loca-
tion on the mirror where the synchrotron radiation fan hits
is held constant. Thisrequires a“tilted” local bump in the
vertical direction.
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