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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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Effective source size and angular 

divergence of radiation determined by the 

phase space convolution of single electron 

radiation and electron beam properties. 
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Introduction 

Undulator brightness in Gaussian 

approximation (single electron )  
Electron beam Gaussian distribution  

-)(1 wF photon flux of single electron 

within spectral bandwidth 
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From convolution theorem 
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1) Emittance dominated regime for peak brightness 

( )ryxryx and ¡¡¡ >>>> ssss ,,

2) Radiation dominated regime for peak brightness 
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For X-ray range ï from several 10s to several 100s pm 



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) 

Lattice 
type 

Minimum 
Emittance 

Conditions  

180ϲFODO 

(90ϲFODO) 
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Low emittance lattice concepts 

Combination of DBA and TME  - Multi-bend achromats 

Dipoles with the same bending radius 

32

0
1

1

1512

1
qge

-

+
º

M

M
Cq

For M-bend achromat 

-º3 3b value obtained from 

emittance minimization 



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: 

Å they provide lower natural emittance than FODO lattices; 

Å they provide zero-dispersion locations appropriate for insertion devices (wigg. and undul.). 

 

 

 

 

Light sources using  

double and triple-bend  

achromats   

 

 

 

 

 

 
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. 

Light sources  Lattice type Emittance Energy Circumference 

SPring-8 DBA 3.4 nm rad 8 GeV 1436 m 

ESRF DBA 4 nm rad 6 GeV 844 m 

DIAMOND DBA 2.7 nm rad 3 GeV 560 m 

SOLEIL DBA 3.9 nm rad 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 nm rad 2.4 GeV 288 m 



Low emittance lattice concepts 

Recent approaches: 

Å Multi-Bend Achromat  concept 

Å Use of damping wigglers  

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

Å A round beam by coupling using skew quadrupoles (PETRA III, ALS upgrade) 

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

Name Lattice type Energy 
[GeV] 

Circumference 
[m] 

Emittance 
[pm] 

MAX-IV 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 4BA 3.0 562 280 

ANKA upgrade study 4BA 2.5 110 8600 

SLS upgrade studies Hybrid 7BA 2.4 288 135 

ELETTRA upgrade study 6BA 2.0 260 280 

ILSF project 5BA 3.0 528 477 

CANDLE upgrade study 4BA 3.0 257 933 

971 

2928 

4136 



Low emittance upgrades 
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MAX-IV: 7-MBA Structure, E = 3.0 GeV, Ů= 326 pmrad, N = 20, C = 528 m 



Low emittance upgrades 

SIRIUS: 5-MBA Structure, E = 3.0 GeV, Ů= 280 pmrad, N = 20, C = 518 m   

2.77 2.774.10 4.10

1.43 1.43

1.40

2 T 0.585 T 0.585 T

DBA-structure DBA-structure



Low emittance upgrades 

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 sextupole is å n* .́ 



Low emittance upgrades 

BE BE BE BE

APS II: HMBA Structure, 

E = 6.0 GeV, Ů= 65 pmrad 

The people at APS made a comparison between the MAX IV lattice 

(7MBA) and the lattice of the ESRF (HMBA) and found that the HMBA 

as some advantages (the sextupole strengths are smaller).    

C=1104 m 



Low emittance upgrades 

Diamond II: DDBA Structure, E = 3.0 GeV, Ů= 280 pmrad, N = 24, C = 543 m   

3.07 4.43
4.43 3.07
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Low emittance upgrades 

ANKA/LESR: DBA Structure, E = 2.5 GeV, Ů= 8.6 nmrad  C=110 m 2 



Low emittance upgrades 

C=110 m 

ELETTRA II: 6-MBA Structure, E = 2.0 GeV, Ů= 280 pmrad, N = 12, C = 259.8 m 

4.4 5.6 5.0 5.0 5.6 4.4

0.683T 1.358T 0.685T



Low emittance upgrades 

B=-0.3633 T 

k= 3.87 m^-2 

ū=-0.78 degr. 

B=0.70636 T 

k= -3.6441 m^-2 

ū=1.09 degr. 

There are 5 bendings in a unit cell 

SLS II 

unit cell 



E=2.4 GeV, Ů=134 pm*rad, C=288 m, N=12

Unit 
Cell

Unit 
Cell

Unit 
Cell

Unit 
Cell

Unit 
Cell

Matching     
Cell

Matching     
Cell

Low emittance upgrades 

7Bend 

Achromat 

of SLS II 

Ĕ  Scaling MAX IV to SLS size and energy gives e º 1 nm U 

Ĕ  LGB/AB-cell based MBA   Ĕ   e º 100...200 pm V 


