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Brightness and emittance SEEEEEaEES

AAIl beamline experiments require high

brightness of the light_
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which depends on emittance
AExample: Undulator

p 0 — 7.25 x 10592N2[(A) K% f(K) photons /s
B = o2\ a2\ 1 +K%/2 * mm2mrad?(0.1%BW
crx(mm)a).(mm)(l + 2' ) (l + 9, ) ( 5 ) mm-mrad-(0.1%BW)

where, /- fand, & /-7
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Damping term —p O —uv

Radiative Effects

ABalance between Beam damping and Quantum fluctuation
AEmittance can be determined by
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where 5
Qi) o0 ¢l O fOean
which can be adjusted by vary magnetic strength
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Radiative Effects

AMost Storage rings use identical bending radius
AStrongly focusing machines generally have p
AThe emittance becomes
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whereais length of bending magnets
AOptimize’Q(i ) to reduce the emittance
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Chasema+ttsreen Lattice DBA
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Evolution of optical parameters in Bending

A Find evolution ofo(i )hHO (i )R (i)h (i) for
Qi) 10 ¢l O 0=

A For dispersion
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Evolution of optical parameters in Bending

ForBetatronfunction (transformation Matrix for drift space)
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Emittance

Hence F
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Minimum Emittance

Differentiate respects to initial condition
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Minimum Emittance

Double Bend Achromat lattice (DBA)
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Multi Bend Achromat (MBA)

AD.Einfeldet al. proposed the use of MBA in 1993.
AFrom
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where Qs factor depends oBetatronfunction
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MAX IV (emittance ~200330 pmrad)
— BetaX /m — BetaY /m 10 * DispX /m

IVI BA = 20 ¢ DIFL: 7-VBA Structure, E = 3.0 GeV, £ = 500 pmrad,N =12, C =404,3 m
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MBA

AMore bending> reduce space for IDs
ARequire combine magne® increase) which reduce
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Hence U o constant
Alncreasa) will reducel -> increase energy spread
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MAX IV
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MBA storage
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MAX IV

Consists of MAX IV

A3 GeV LINAC (300 m)

A 10 Hz for full energy injection
AXFEL

Al.5 GeV 96 m circumference
A Soft xray and UV users

A3 GeV: 528 m circumference
AHard xray users

A A
VIAX



MAX IV

Comparison between
ANSLSI
AMAX IV

Energy (GeV) 3 3
Circumference (m) 792 528
Current (mA) 500 500
No. of StraighBection 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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MAX IV: Magnets

Aln order to reach low emittance
with small circumference
ACompact magnet

AReduce magnets gap Strong
magnetic field

A Shorter

Alntegrated units

ABM, QM pole are machined out of
a pair of iron blocks

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

ACompact magnet design lead to narrow
low-conductance vacuum chambers

ADistributed pumping and heat load

AHeat load problem
AUse copper as a chamber
AWater cooling

APumping problem

AProvide by norevaporable getter (NEG)
coating at the inner surface

AReduce number of pumps and absorbers




Advance Photon Source (APS) upgrading
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Advance Photon Source (APS) upgradin

MBA
A . Radiation-integral-related quantities
1104 m circumference B Sisaas 7 6 GeV
A Natural emittance 2527.5 66.9 pm
U pg rade Energy spread 0.095 0.096 Vi
AAPSU MBA |
A67 pmrad 10%% MBA/SCU

1021

A100 fold increase in brightness

and coherent flux 10} N
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Max. Brightness (standard units)
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Photon Energy (keV)
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