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Abstract

Multi-bend achromat lattices allow for the design of ex-
tremely low emittance electron storage rings and hence for
the realization of extremely high- brightness X-ray photon
sources. In these new rings, the beam energy lost to radia-
tion in the insertion devices (IDs) is often comparable to
that lost in the ring dipole magnets. This implies that with
respect to the typical 3rd generation light source, these new
machines are more sensitive to the energy loss variations
randomly occurring as the many users independently oper-
ate the gap of their IDs. The consequent induced variations
in radiation damping time, equilibrium emittance, and
transverse beam sizes at the radiation point sources can be
significant and degrade the experimental performance in
some of the beamlines. In this paper we describe and dis-
cuss a possible method to compensate for such emittance
variations by using a variable dispersion bump localized
inside a fixed gap wiggler.

INTRODUCTION

In the last decade, technological progress and improved
beam dynamics calculation techniques made the construc-
tion of storage rings using Multi Bend Achromat (MBA)
lattices possible. The extremely low emittances achievable
with such schemes (more than an order of magnitude with
respect to the present 3rd generation light sources) allows
for ring-based light sources with often several orders of
magnitude increase in terms of brightness. A number of up-
graded and new light sources based on MBA schemes were
proposed, some funded and the successful commissioning
and first operation of MAX IV in Sweden [1] confirmed
the capability of the scheme of delivering the promised re-
sults.

The low emittance performance of MBA lattices is ob-
tained by strong transverse focusing and large bending ra-
dii in dipole magnets to control and reduce dispersion in
the arcs. Unlike in present 3rd generation light sources, the
large bending radius of MBA-based rings significantly de-
creases the amount of energy radiated in the bends, making
it comparable to that radiated in the insertion devices (IDs).
Consequently, insertion devices can significantly impact
the equilibrium emittance of an MBA-based ring. When ID
gaps are independently adjusted by users during normal
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operation, the resulting modulation of the total radiated en-
ergy results in variations of the beam damping time, of the
electron beam emittance, and ultimately changes the pho-
ton distribution in the beamlines [2]. This is especially true
for short wavelengths, where far from diffraction limit, the
photons reproduce the electron distribution with fidelity.
Some of the beamline experiments, for example those
based on scanning transmission X-ray microscopy
(STXM), are very sensitive to variations of the transverse
photon distribution and the quality of their experiments can
be significantly affected if those variations are not compen-
sated. Estimates for the particular case of the ALS-U, the
MBA upgrade of the Advanced Light Source (ALS) at
Lawrence Berkeley National Laboratory [3], indicate that
up to ~7% (4 sigma) ID-induced emittance variations can
be expected [4]. This value is large enough to require an
active compensation scheme to preserve the quality of the
experiments in those sensitive beamlines.

A number of different methods that could be used for
compensating for these emittance variations, with their
pros and cons, were discussed elsewhere [4]. In this paper
we concentrate on the analysis of the scheme that uses a
variable horizontal dispersion bump inside a fixed gap wig-
gler to compensate for the emittance variations. According
to the analysis in [4] this appears to be the most efficient
and workable approach as it is compatible with user oper-
ation of the wiggler (wigglers typically works at fixed gap
for users), is relatively simple to implement and does not
affect the performance of the ring in any of its other deliv-
erables. In this paper, the v20r baseline ALS-U lattice is
used to demonstrate the technique.

THEORY

Assume that a wiggler is located at the center of the
straight section of a storage ring. The horizontal optical
functions in the straight section are then given by:

- s? —_S -1
Be=Bux (1+5 /g2 ) ax==5/5 . ve=1/p (1)
where a, A, and y are the horizontal plane Twiss parame-
ters, s is the longitudinal coordinate with s = 0 at the center
of the straight section, and £, is the value of the beta func-

tion at the waist located at s = 0.
The natural emittance & of a ring is given by [5]:

v s . Iy
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£ where yis the beam energy in rest mass units, J is the hor-

3 5 izontal partition number and C; is a constant with value
Z3.832 x 103 m. Iy, I and Is are the synchrotron integrals:

I5 = flp—gldsr H = yxn9zc + Zaxnxn’x'i'ﬁxnlazc 3

L=9$%, L=¢%(5+2k)ds, @
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& where 7, and 77’ are the dispersion and its derivative with
3respect to s, pis the radius of curvature and £; is the deriv-
é ative of the magnetic field with respect to the horizontal
2 direction x.

2 The emittance contribution from a dispersion bump in a
Ewiggler is found by integrating /s, [>, and /4 through the
§ wiggler. There are two contributions to the dispersion in-
£ side a wiggler, one from the storage ring, and one induced

? by the wiggler itself,

; = - ()ﬂ)z E—gvsinz—ns (5)
g Nx = Nox 21) (Bp)? T ,

<
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; where ox. is the storage ring contribution, Ay is the wiggler

perlod By, is the wiggler field peak value (By, =
g By, sin2ms/Ay), and (Bp) = (¥ -1)"? mc is the rigidity of
«» the beam, with m the electron rest mass and c the speed of
= light. In our horizontal dispersion bump case, we assume
= Moy constant inside the wiggler which implies ng, = 0.
From equations (1), (3) (5) and assuming k; = 0 inside
2 the wiggler, one can derive the contribution of the disper-
Z sion bump to the three synchrotron integrals:

ution of
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where Ly is the wiggler length.

Using equations (2), (6) and (7) one can conclude that
< the relative emittance variation associated with the disper-
sion bump is given by:

=
g
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where [ is calculated over the whole ring.

SIMULATION USING THE ALS-U CASE

In order to apply the compensation technique to a realis-
< tic case, the ALS-U baseline lattice v20r is used [3].
Z Figure 1 shows the optical functions of this 9BA lattice and
2 Table 1 its main parameters. While the ALS-U will proba-
Z'bly contain superbends (high field dipole magnets in the
¢ arcs), for sake of simplicity they are not included in this
g particular lattice model.

& First, we will verify the validity of (7) using the ELE-
= GANT code [6] to simulate the case of the wiggler pres-
£ ently operating at the ALS (also to be used in ALS-U). For
g the beta function at the waist we used the value of 2.048 m
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of the ALS-U v20r lattice. Figure 2 shows how the simula-
tion results nicely agrees with the analytical prediction of
equation (7).

The next step is to assume a simple four-dipole chicane
layout for generating the dispersion bump in the wiggler as
shown in the cartoon at the bottom of Fig. 3. In this (non
optimized) configuration, the four identical bend magnets
are 0.15 m long and need to generate a field of ~0.9 T for
a 1 cm dispersion bump. Such magnets are realistic alt-
hough a further optimization of the chicane parameter
could provide a weakest field configuration.

ALS-U, v20r, 2 GeV
Win32 version 8.51/15
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Figure 1: ALS-U v20r lattice optical functions.
Table 1: Main Parameters for the ALS-U Lattice v20r

Parameter Value Unit
Energy 2 GeV
Number of bends per period/ 9/12
number of periods
Ring length 196.5 m
Nominal RF frequency 500 MHz
Harmonic number 328
Charge per bunch 1.154 nC
Total average current 500 mA
Reverse bends? Yes in 7 out

of 9 bends
Super bends? No
Natural emittance 91.76 pm
Hor./Vert. emitt. with IBS at 70/70 pm
full coupling
Hor./Vert. emitt. with IBS at 63/63 pm
full coupling and IDs
Betatron tunes (H/V) 41.35/20.35

Beta functions at the straight 2.048/2.998 m
section center (H/V)

R.m.s. bunch length with IBS 112 ps
and harmonic cavities

Energy spread (w / w/o IBS) 0.094/0.102 %

Energy lost/turn (no IDs) 217.24 keV
Hor. partition number (no IDs) 2.0838
Momentum compaction 2.116 10
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Figure 3 also shows the optical functions and the disper-
sion bump in the wiggler straight that is generated using
the chicane.
I
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Figure 2: Contribution of the dispersion bump in the ALS-
like wiggler to /s integral. Analytical prediction from equa-
tion (8) are compared with simulation results.
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Figure 3: Simulation showing the dispersion bump in the
wiggler straight section created by the four dipole chicane
sketched at the bottom of the figure. Chicane and wiggler
are fully contained within the straight section length.

Figure 4 shows the result of the simulation where the
emittance variations for the ALS-U v20r lattice are calcu-
lated when the magnitude of the dispersion bump in the
wiggler is varied. One can see that in order to compensate
for the estimated ID-induced emittance variations of ~7%
for the ALS-U case, one has to consider dispersion bumps
as large as ~1 cm. The 4th power dependence of the emit-
tance on the dispersion bump amplitude shown in Fig.4 is
stronger than the quadratic dependence predicted by equa-
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tion (7). This is due to the fact that the chicane itself gen-
erates a significant emittance contribution as it is clearly
shown in Fig. 5.
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Figure 4: Simulation showing the dependence of the emit-
tance on the dispersion bump amplitude inside the ALS-
like wiggler for the ALS-U v20r case. The dispersion bump
is created by the four-dipole chicane shown in Fig.3.
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Figure 5: Simulation showing the emittance contribution
due to the four-dipole chicane itself.

CONCLUSIONS

The compensation for insertion device driven emittance
variations by a variable horizontal dispersion bump inside
a fixed gap wiggler was studied. This first analysis indi-
cates that the method is feasible and could be potentially
used in the case of the ALS-U, the underway MBA upgrade
of the Advanced Light Source at Berkeley.

The simple implementation of the method using a four-
dipole chicane to create the dispersion bump requires
strong but realistic bend magnets. Further optimization of
the chicane can potentially decrease the required magnetic
field. Alternatively, the bump could be created by detuning
the optical functions in the two sectors adjacent to the wig-
gler.

A machine learning application, similar to the one being
successfully implemented at the ALS for the stabilization
of the transverse beam size [7], could be used in this
scheme as well for controlling the compensation process.
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