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Abstract
ALS-U is an ongoing upgrade of Advanced Light Source

(ALS) at Lawrence Berkeley National Laboratory. The up-
graded ALS will replace the existing Triple-Bend Achro-
mat (TBA) storage ring lattice with a compact Multi-Bend
Achromat (MBA) lattice. This MBA technology allows us to
tightly focus electron beams down to about 10 µm to reach
diffraction limit in a soft x-ray region. The beam size mea-
surement is a challenging task for this tightly focused beam.
The interferometer technique with visible light from syn-
chrotron radiation has been developed in many facilities to
measure their beam size at a micrometer-level accuracy. In
this paper, we will present the feasibility study of this tech-
nique for the ALS-U storage ring beam size measurement.

INTRODUCTION
Advanced Light Source Upgrade (ALS-U) is an on-going

upgrade project at Lawrence Berkeley National Laboratory
which will provide x-ray beams at least 100 times brighter
than those of the existing ALS [1]. The upgraded ALS will
occupy the same facility as the current ALS, replacing the
Triple Bend Achromat storage ring lattice with a compact
Multi-Bend Achromat lattice which has a tightly focused
beam of about 10 µm in both horizontal and vertical direc-
tions. The accurate beam size measurement of this small
beam is a challenging task. Several techniques have been
developed in many synchrotron light source facilities to mea-
sure a small beam size with a micrometer-level accuracy.
Among these techniques, the interferometer with visible
light from synchrotron radiation is the most powerful and
simple method to resolve a small beam size.

The interferometer technique was first applied to measure
electron beam size byMitsuhashi at the ATF damping ring [2,
3]. Nowadays, it has become a common method to measure
electron beam sizes for synchrotron light sources. At ALS-U,
we plan to use this technique to measure electron beam size
for the storage ring. In this paper, we present the feasibility
study of this technique to measure the ALS-U beam size
with a micrometer-level accuracy.

INTERFEROMETER TECHNIQUES
The working principle of the interferometer technique has

been well discussed in papers [2, 3]. Here we give a brief
description of this technique and introduce formulas that
will be used in our studies.
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Figure 1: Sketch of the interferometer setup for beam size
measurements.

According to the Van Citterut-Zernike theorem, the pro-
file of an object is given by the Fourier Transform of the
complex degree of spatial coherence γ at longer wavelengths
as in the visible light. Therefore, the beam profile and the
beam size can be derived from a measured spatial coherence.
The spatial coherence can be measured using a wavefront-
division type of two-slits interferometer with polarized quasi-
monochromatic light as shown in Fig. 1. When the focused
beam passes through the two slits, it will create interference
fringes on the image plane. Assuming the two slits are illu-
minated with the same intensity, the interference fringes can
be calculated by

I(x) = I0

[
sinc(

2πa
λR

x + φ)
]2 (

1 + |γ | cos(
2πD
λR

x + ψ)
)
,

(1)
where I0 is the light intensity through the slits, a is the
half width of the slit, R is the distance between the two
slits and the image plane, λ is the working wavelength,
and D is the separation of the two slits; φ and ψ are
phase shifts; |γ | known as visibility is the real part of the
complex degree of spatial coherence γ. It is defined as
|γ | = (Imax − Imin)/(Imax + Imin), where Imax and Imin are
the maximum and minimum intensities of the interference
fringes. Assuming the electron beam has a Gaussian distri-
bution, the visibility is related to the beam size according
to

σ =
λL
πD

√
1
2

ln
1
|γ |
, (2)

where σ is the RMS beam size and L is the distance between
the source point and two slits. D/L will define the accep-
tance angle of these two slits. Therefore, by measuring and
fitting the interference fringes to obtain the visibility |γ |, we
can derive the beam size information σ.
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