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Introduction

Why is it important to achieve low beam emittance in a storage ring?

An important figure of merit brightness = photon flux per unit area and per unit solid angle at the source.
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Introduction

Undulator brightness in Gaussian Electron beam Gaussian distribution
approximation (single electron )
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1) Emittance dominated regime for peak brightness

2) Radiation dominated regime for peak brightness
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Low emittance lattice concepts

The natural horizontal emittance and energy spread
(balance between the radiation damping and the quantum excitation)
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Low emittance lattice concepts

Natural emittance in FODO, DBA and TME lattices (app. valid for small dipole bending angle)
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Low emittance lattice concepts

Combination of DBA and TME - Multi-bend achromats

dispersion
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Low emittance lattice concepts

AS a summary

Achromats have been popular choices for storage ring lattices in third-generation synchrotron light

sources for two reasons:

A they provide lower natural emittance than FODO lattices;
A they provide zero-dispersion locations appropriate for insertion devices (wigg. and undul.).

Light sources | Lattice type Emittance | Energy Circumference
SPring8 DBA 3.4 nm rad 8 GeV 1436 m
_ _ ESRF DBA 4 nm rad 6 GeV 844 m
Light sources using
dOUbIe and tl‘iple-bend DIAMOND DBA 2.7 nm rad 3 GeV 560 m
achromats SOLEIL DBA 3.9nmrad | 2.75 GeV 354 m
ELETTRA DBA 7 nm rad 2.4 GeV 259 m
CANDLE DBA 8.4 nm rad 3 GeV 216 m
ALS TBA 2 nm rad 1.9 GeV 197 m
SLS TBA 4.8 nmrad 2.4 GeV 288 m

Increasing the number of bends in a single cell of an achromat("multiple-bend achromats") reduces
the emittance, since the lattice functions in the "central" bends can be tuned to conditions for
minimum emittance.

"Detuning" an achromat to allow some dispersion in the straights provides the possibility of further
reduction in natural emittance, by moving towards the conditions for a theoretical minimum emittance
(TME) lattice.



Low emittance lattice concepts

Recent approaches:
Multi-Bend Achromat concept

Use of damping wigglers

A

A

A Use of vertical focusing bending magnets (and/or Robinson wiggler)

A Around beam by coupling using skew quadrupoles (PETRA Ill, ALS upgrade)
A

Use of dipoles with longitudinal field variation (SIRIUS, ESRF upgrade, SLS upgrade)

Name Lattice type | Energy | Circumference Emittance
I Al = e
MAX-1V 7BA 3.0 528 326
SIRIUS 5BA 3.0 518 280
ESRF upgrade Hybrid 7BA 6.0 844 132

APS upgrade Hybrid 7BA 6.0 1104 65
SPRING 8 upgrade study 6-10BA 6.0 1436 68
DIAMOND upgrade

ANKA upgrade study

SLS upgrade studies Hybrid 7BA
ELETTRA upgrade study 6BA
ILSF project

CANDLE upgrade study
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Low emittance upgrades
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Low emittance upgrades
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SIRIUS: 5-MBA Structure, E = 3.0 GeV, U= 280 pmrad, N =20, C =518 m

100 * DispX /m

277 4.10 1.40 4.10 2.77

DBA-structure S I m DBA-structure

25



Machinefunction / m

Low emittance upgrades
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ESRF-ll: 7-HMBA Structure,
E=6.0GeV,e=132pmrad,
N=32,C=844 m
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1.)The achromat has at the beginning and end a DBA structure with
combined bendings. 2.)The long bendings have a longitudinal
gradient. 3.)The phase advance between the sextupoleis an*" .



Low emittance upgrades
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The people at APS made a comparison between the MAX IV lattice
(/MBA) and the lattice of the ESRF (HMBA) and found that the HMBA
as some advantages (the sextupole strengths are smaller).
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Low emittance upgrades

Diamond Il: DDBA Structure, E = 3.0 GeV, U=280 pmrad, N = 24, C =543 m
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Low emittance upgrades
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Low emittance upgrades
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- ELETTRA Il 6-MBA Structure, E = 2.0 GeV, U= 280 pmrad, N=12,C =259.8 m
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Low emittance upgrades
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Low emittance upgrades
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