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Abstract

Femto-second (fs) slicing beamline has been brought to
the operation at the Advanced Light Source (ALS) since
2002. It employs the resonant interaction of an electron
bunch with a fs laser beam in a wiggler to energy-modulate
a short section of the bunch. The induced energy modula-
tion is then converted to a transverse displacement using a
vertical dispersion bump downstream of the wiggler. Thus,
the radiation from the fs pulse can be separated from the
main bunch radiation. The current dispersion bump design
has proved to be an effective and reliable one. However,
the ALS storage ring lattice is under an upgrade to improve
its brightness. After the completion of the upgrade, a new
low emittance lattice will be implemented, and the current
dispersion bump design needs to be modi ed to provide the
adequate vertical displacement, while minimizing the ver-
tical emittance and spurious dispersion. In this paper, we
present the new design of a vertical dispersion bump using
Multi-Objective Genetic Algorithm (MOGA) for the ALS
upgrade lattice.

INTRODUCTION

The Advanced Light Source (ALS) is one of the earli-
est third generation synchrotron light sources at Lawrence
Berkeley National Laboratory and is serving more than
2200 users every year. To generate short pulses of x-rays
with duration of few-hundred femtoseconds, an innovative
technique to slice longer electron bunches has been pro-
posed [1] and successfully demonstrated 10 years ago [2]
at the ALS. It employs the resonant interaction of an elec-
tron bunch with a femtosecond (fs) laser beam in a modu-
lator (such as a wiggler) to energy-modulate a short section
of the bunch. The induced energy modulation is then con-
verted to a transverse displacement using a vertical disper-
sion bump downstream of the modulator. When the elec-
tron bunch go through the radiator (such as an undulator
or a bending magnet), the radiation from the fs-sliced elec-
tron bunch can be separated from the main bunch radiation.
With apertures in the beamline to block the radiation for
the unsliced part of the bunch, we can then produce fs x-
ray pulse. The schematic of a fs slicing beamline is shown
in Fig. 1.

Initially, a bending magnet has been used as a radiator
for scienti c experiments until 2005 [2, 3]. Based on the
performance limitations of this bending magnet beamline,
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Figure 1: Schematic of a femtosecond slicing beamline [2].

particularly the very low ux, an upgrade to an undula-
tor beamline was successfully implemented in 2007 [4, 5],
which enables more experiments that make use of time re-
solved spectroscopic techniques and require higher aver-
age photon ux. The dispersion bump has proved to be
an effective and reliable design to separate the fs sliced
bunch from the main bunch. To keep the ALS competitive
with new synchrotron light sources, however, the ALS stor-
age ring lattice is under an upgrade to improve its bright-
ness [6]. After the completion of the upgrade, a new low
emittance lattice will be implemented, and the current dis-
persion bump design need to be modi ed to provide the
adequate vertical displacement, while minimizing the ver-
tical emittance and spurious dispersion. In this paper, we
present the new design of a vertical dispersion bump using
Multi-Objective Genetic Algorithm (MOGA) for the ALS
upgrade lattice [7]. First, we brie y introduce matrix nota-
tions of global and local couplings of a linear lattice.

GLOBAL AND LOCAL COUPLING

The 4 × 4 one-turn transfer matrix T of a storage ring
can be written as

T =
(

M m
n N

)
, (1)

where M,N,m and n are 2×2 matrices. For an uncoupled
lattice, the matrices m and n equal zero, and the transfer
matrix T is block diagonal. In the presence of coupling,
however, we can decompose the matrix T into a normal
mode as [8, 9, 10]

T = VUV−1, (2)

where the normal mode matrix U is block diagonal and the
coupling matrix V is symplectic. They are given by [8, 9,
10]

U =
(

A 0
0 B

)
,V =

(
γI C

−C† γI

)
, (3)

where I is the identity matrix, “†” is the symplectic conju-
gator, and γ2 + ||C|| = 1.
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The block diagonal matrix U de nes two uncoupled
eigenmode motions. The two eigentunes are given by

cos 2πνa,b =
1
4
Tr[M+N]± 1

4

√
Tr[M − N])2 + 4||H ||,

(4)
where

H ≡ m + n+. (5)

Therefore, the tune separation of the two normal modes is
given by

(cos 2πνa − cos 2πνb)
2 =

1
4
(Tr[M−N])2 + ||H ||. (6)

On the coupling resonance, Tr[M − N] = 0, the min-
imal separation δν =

√||H||/(2π sin 2πν). The closet
approach of tune νa and νb is one measure of the global
coupling in the lattice. The procedure to minimize δν is
often called global decoupling.

The matrix C characterize the amount of local coupling
in a lattice. If C = 0, then V = 1 and the motion is
decoupled. However, it is convenient to normalize out the
Twiss function dependence in C via the matrix G

G =
(

Ga 0
0 Gb

)
, (7)

where

Ga,b =

( 1√
βa,b

0
αa,b

βa,b

√
βa,b

)
. (8)

Thus, the normalized normal mode matrix U and coupling
matrix V are given by

U = GUG−1,V = GVG−1 =

(
γI C

−C
+

γI

)
, (9)

and
C = GaCG−1

b . (10)

C is useful for characterizing the local coupling. The rms
beam size in the x and y planes for the a mode are [11]

σx,a = γ
√

εaβa, σy,a =
√

εaβb

√
C

2

22 + C
2

12, (11)

where εa is the a mode emittance, βa is the beta function
of a mode. The local coupling for the a mode is given by

Ra =
σy,a

σx,a
=

1
γ

√
βb

βa

√
C

2

22 + C
2

12. (12)

For b mode, the rms beam size are

σx,b =
√

εbβa

√
C

2

11 + C
2

12, σx,b = γ
√

εbβb, (13)

and the coupling is

Rb =
σx,b

σy,b
=

1
γ

√
βa

βb

√
C

2

11 + C
2

12. (14)

Thus, to reduce the local coupling, we can minimize the
coupling ratio Ra,b of both normal modes.
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Figure 2: Vertical Dispersion Bump.
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Figure 3: Local coupling at different locations. (Top) cou-
pling matrix C element, (Middle) coupling coef cient γ
and (Bottom) coupling ratio Ra and Ra.

DISPERSION BUMP DESIGN

To separate the sliced bunch from the main bunch, differ-
ent techniques can be used. The vertical dispersion bump
design is used at the ALS since it allows the use of the radi-
ator in wiggler mode and the use of dispersive spectroscopy
in the beamline. The dispersion bump is created using skew
quadrupole by coupling the horizontal dispersion into the
vertical plane. The design was demonstrated using only 4
skew quadrupoles at the ALS in 2002 [3]. This was the
minimum scheme to generate a closed dispersion bump be-
cause coincidentally the phase advance between the skew
quadrupoles cancel coupling effects nearly perfectly. How-
ever, while the beamline was being built, a new improved
lattice was implemented in the ALS. It features smaller
beta functions in straights resulting in higher brightness.
However, the phase advance between the skew quadrupoles
for the dispersion bump in the new lattice changed enough
that the cancellation effect with respect to coupling did not
work any more. Therefore, a modi cation of the skew
quadrupole scheme was required: 12 (instead of 4) skew
quadrupoles are used, spanning 3 (instead of 2) arcs [5].
Although this design is complex, it has proved to be an ef-
fective one and is used in the routine operation.

To keep the ALS competitive in the frontier of soft x-ray
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Figure 4: Dynamic aperture with (top) skew quads off and
(bottom) skew quads on.

synchrotron radiation sources, the ALS storage ring lattice
is under an upgrade to improve its brightness [6]. After the
completion of the upgrade, total 48 (four families) com-
bined sextupole/corrector/skew-quadrupole multi-magnets
will be installed and a new low emittance lattice will be im-
plemented. The current dispersion bump design needs to
be revisited to provide the adequate vertical displacement,
while minimizing the vertical emittance and spurious dis-
persion. Since additional four families skew quadrupoles
are installed, we have more knobs to create the dispersion
bump. The new scheme will have 12 skew quads, sym-
metrically spanning 2 arcs. To minimize the vertical emit-
tance and spurious dispersion, for the bump design we need
to minimize the global coupling ||H||, the local coupling
everywhere (Ra and Rb), and the dispersion outside of
the bump, and maximize the dispersion inside the bump
(straight 6). It is a multi-objective and multi-variable op-
timization problem. The Multi-Objective Genetic Algo-
rithm [7] (MOGA) is applied for this design. One of the
bump solution is shown in Fig. 2. It has 4 cm amplitude
bump, and the dispersion function is close to zero outside
of the bump. Fig. 3 shows the local couplings which are
minimized along the ring.

The main issue that has been studied in connection with
the vertical dispersion bump design is its impact on the
nonlinear dynamics of the ALS storage ring, particularly
dynamic aperture and lifetime. The Figs. 4 and 5 show the
dynamic aperture and Touschek lifetime comparison before
skew quadrupoles turn on and off. Clearly, the dispersion
bump does not have an signi cant impact on them.
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Figure 5: Touschek lifetime with (top) skew quads off and
(b) skew quads on.

CONCLUSIONS

Using MOGA, we have successfully designed a vertical
dispersion bump for the fs slicing beamline at the ALS, and
evaluated its impact on the nonlinear dynamics of the stor-
age ring. This design could provide a suf cient dispersion
bump to separate the fs sliced pulse from the main bunch
radiation, while minimizing its impacts on the nonlinear
beam dynamics of the storage ring as well as other beam-
lines.
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