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Brightness and emittance

ÅAll beamline experiments require high 
brightness of the light 
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which depends on emittance
ÅExample: Undulator

NSLS-II (emittance=0.55 nm-rad)

where „ ‐‍and  „ᴂ ‐Ⱦ‍
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Radiative Effects

ÅBalance between Beam damping and Quantum fluctuation

ÅEmittance can be determined by
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where
Ὄί ‎Ὀ ς‌ὈὈ ‍Ὀᴂȟ

which can be adjusted by vary magnetic strength 
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Damping term ‌ ρ Ὀ ὐ
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Radiative Effects

ÅMost Storage rings use identical bending radius 

ÅStrongly focusing machines generally have ὐ ρ

ÅThe emittance becomes
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whereὰis length of bending magnets

ÅOptimize Ὄί to reduce the emittance
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Chaseman-Green Lattice DBA

ÅDesigned by Renate Chaseman
and George K. Green of BNL in 
mid-1970s

Å!ƪŀ άŘƻǳōƭŜ ōŜƴŘ ŀŎƘǊƻƳŀǘέ

ÅDispersion, $ πȟὈᴂπin 
straight section for IDs

ÅOptimize Betatronfunction
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Evolution of optical parameters in Bending

ÅFind evolution of ὈίȟὈ ίȟ‍ίȟ‌ί for 

Ὄί ‎Ὀ ς‌ὈὈ ‍Ὀᴂ

ÅFor dispersion
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Evolution of optical parameters in Bending

For Betatronfunction (transformation Matrix for drift space)
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Emittance

Hence
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Minimum Emittance

Differentiate respects to initial condition
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TME cell

Minimum Emittance

For Chasman-Green lattice (double bend achromat)

‐ ÎÍ ÒÁÄωτȢχɡ Ὁ 'Å6

bƻǘŜ ǘƘŀǘ ƛŦ ƛǘΩǎ ƴƻǘ !ŎƘǊƻƳŀǘ ƭŀǘǘƛŎŜ

when Ὀ πand Ὀᴂπ
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ὐ
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This is the theoretical minimum emittance (TME)
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Double Bend Achromat lattice (DBA)

Ὀ
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Multi Bend Achromat (MBA)

ÅD. Einfeldet al. proposed the use of MBA in 1993.

ÅFrom 

‐ ὅ
‎

ὐ
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where Ὂis factor depends on Betatronfunction

Åɡ ς“Ⱦὔ, N is number of bending

ÅHence

‐ᶿ
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ÅIncrease ὔ-> reduce ɡ-> reduce ‐
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MBA

ÅStronger focusing

ÅHigh Chromaticity 
(negative)
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Require (expensive ) strong 
Sextupolestrength -> reduce 
Dynamics Aperture -> difficult 
to inject

MAX IV (emittance ~200 - 330 pm-rad)

Dieter EinfeldόнлмпύΣ άaǳƭǘƛ-ōŜƴŘ !ŎƘǊƻƳŀǘ [ŀǘǘƛŎŜǎ ŦƻǊ {ǘƻǊŀƎŜ wƛƴƎ [ƛƎƘǘ {ƻǳǊŎŜǎέΣ {ȅƴŎƘǊƻǘǊƻƴ wŀŘƛŀǘƛƻƴ bŜǿǎ



MBA

ÅMore bending -> reduce space for IDs

ÅRequire combine magnet -> increase ὐwhich reduce‐
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Hence ὐ ὐ σconstant

ÅIncrease ὐwill reduce ὐ-> increase energy spread
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MAX IV
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528 m circumference

¢ƘŜ ǿƻǊƭŘΩǎ ŦƛǊǎǘ 
MBA storage 
ring, Lund, 
Sweden



MAX IV

Consists of

Å3 GeV LINAC (300 m)
Å10 Hz for full energy injection

ÅXFEL

Å1.5 GeV 96 m circumference
ÅSoft x-ray and UV users

Å3 GeV: 528 m circumference
ÅHard x-ray users
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MAX IV

Parameters NSLS-II MAX IV

Energy (GeV) 3 3

Circumference (m) 792 528

Current (mA) 500 500

No. of StraightSection 15 (9.3 m) / 15 (6.6 m) 20

Horizontal Emittance (nm rad) 0.55 ~0.2 - 0.33

Vertical Emittance (pm) 8 2 - 8
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Comparison between
ÅNSLS-II
ÅMAX IV



MAX IV: Magnets

ÅIn order to reach low emittance 
with small circumference
ÅCompact magnet

ÅReduce magnets gap -> Strong 
magnetic field 

ÅShorter

ÅIntegrated units
ÅBM, QM pole are machined out of 

a pair of iron blocks

ÅEach unit holding all the magnets 
of a complete cell
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Top and bottom parts of multiple function magnet of MAX IV
Credit: Danfysik



Magnets
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Two complete 7-bend achromats at MAX IVSeparated function magnets (NSLS-II)



MAX IV: Chamber

ÅCompact magnet design lead to narrow 
low-conductance vacuum chambers
ÅDistributed pumping and heat load

ÅHeat load problem
ÅUse copper as a chamber

ÅWater cooling

ÅPumping problem
ÅProvide by non-evaporable getter (NEG) 

coating at the inner surface

ÅReduce number of pumps and absorbers
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Advance Photon Source (APS) upgrading
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Advance Photon Source (APS) upgrading

Å1104 m circumference

ÅUpgrade
ÅAPS-U MBA

Å67 pm-rad

Å100 fold increase in brightness 
and coherent flux
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DBA MBA
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/ǊŜŘƛǘΥ ά{ǘŀǘǳǎ ƻŦ 
the Diamond Light 
{ƻǳǊŎŜ ǳǇƎǊŀŘŜέΣ 
R. Bartolini, et al.,
EuCARD2 topical 
workshop
Barcelona, 23 April 
2015


