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Why MAX 4U ?

MAX 4U – ”surgical” upgrade of the MAX IV 3 GeV ring
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European Context in 2016
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Why MAX 4U ?
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European Context in 2016European Context in >2030

MAX IV

<100
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MAX 4U Goals and Boundary Conditions

• Emittance ≾ 100 pmrad.
• Keep the shielding wall
• Keep the injector: accumulation 
• Keep existing light source positions
• Limited dark period
• Cost-effective 
• Realisable until the early part of the next decade
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MAX 4U Goals and Boundary Conditions
• MAX 4U is NOT a conventional upgrade, which requires the replacement of 

most components.

• MAX 4U is a surgical intervention to provide an outstanding performance 
improvement while maintaining much of the existing hardware.

• How come this is at all possible? 
• The original MAX IV 3 GeV ring design foresaw upgrade options in various ways.
• Various innovative schemes (ultralong bunches, advanced injection methods)
• MAX 4U can take advantage of new developments in the accelerator community in 

recent years.
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Design Approach
• Accelerator Physics (Lattice) design and Subsystem design go hand-in-hand 

from the very start of the project
• Subsystem Engineering Experts are asked not simply to deliver pre-determined 

specs but rather to explore the performance envelope that can be achieved 
within the overall boundary conditions.

• Provide a very fast iteration of lattice design to Engineering validation and 
back.

• Various tools have been developed to share information and automate the 
cycle
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Lattice candidates vs Magnet strengths
making it buildable

Challenge Level 1 2 3 4 5 6 7 8 9 10 11 1000

Description
Existing 

magnets can 
do the job

Starting from this 
point - changes to 

the block are 
needed 

working on 
a solution!
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Where are we now ?
• Design efforts have converged into two main lattice types

• AR : Absolute Requirement Lattice that meets all MAX 4U

requirements at the lowest possible cost.

• SG : Stretch-Goal Lattice that surpasses the MAX 4U emittance 
requirement accepting an increase in costs

• The Conceptual Design Report (to be finalised by Dec. 2025) aims to describe 
these two lattices and map out their relative merits/costs/risks
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Lattice Layouts
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D2D1 S1 S2 S3 S3 S3 S3 S3S4 S5Q3 Q3 Q4 Q4 Q4 Q4D2 D2Q1 Q2

O1 O2 O3

R3: the existing ring

D2D1 S1 S2 S3 S3 S3 S3 S3S4 S4R1 R2 R2 R2 R2 R2D2 D2Q1 Q2

O1 O2 O3

SG: 12 Quads in are turned into 
reverse bends. 

D2D1 S1 S2 S3 S3 S3 S3 S6S4 S5Q3 Q3 Q4 Q4 R1 R1D2 D3Q1 Q2

O1 O2 O3

AR: 4 Quads in U3 are turned into reverse bends. 

ε ~ 95 pm rad

ε ~ 65 pm rad
10

Combined Function Bends Reverse bends Quads Sextupoles Octupoles Combined Sextupole/Quadrupole
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Lattice Parameters
Units SGARR3 

pm rad 6595.1328 Natural Emittance 

 10-48.467.557.69Natural Energy spread 

 m4.2/4.46.8/3.39.0/2.0β @ long straights (x/y) 

mm 5.76.48.8  Natural Bunch length

 58.29/17.1555.28/16.2042.20/16.28 Betatron tunes (x/y) 

 -4.87 , -2.88-4.88/-1.93-2.5/-2.51 Nat. chrom. per achromat 

 +2, +2+2, +2+1, +1 Corrected chromaticity 

 10-40.54, 3.630.94, 2.923.06, 1.62 Mom. comp. factor  (a0, a1)

deg 442395360  Total absolute bend angle  

deg1.291.501.50M1 block deflection angle

mm21.38.90Max. orbit shift

kHz0-1.910Radio-frequency change

keV 474414364 Energy loss per turn 

ms 
11.44 / 22.29 / 

21.18
11.44/22.29/21.1815.73 / 29.05 / 25.19 Damping times (H/ V/ L)  

MV1.01.11.8RF voltage
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AR (Absolute Requirement) Lattice: 95 pm rad

Touschek lifetime  
7.8 +/- 1 h
without optics 

correction or 
Harmonic Cavities
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SG (Stretch-Goal) Lattice: 65 pm rad

Touschek lifetime 
≃ 19.1 +/- 5.4 h
without optics 

correction or 
Harmonic Cavities
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Lattice candidates: Magnet strengths
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Both candidates appear buildable, with different degree 
of effort.

AR lattice SG lattice
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MAX 4U Subsystems Engineering

• From the start, Accelerator Physics design proceeds in parallel with 
the design of various subsystems.

• Enhanced automation of various design processes to enable easy 
handling of a large number of lattice variants.

• Constant and close communication between work packages.
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Magnet blocks

• Solid low carbon steel
• Integrated consecutive 

magnet elements
• Split in beam plane

SD

Image by K. Åhnberg
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The magnet block: a closer look

sextupole magnet half

• Poles of a dipole, pole roots of quadrupoles and correctors are machined out of the iron block.

• Sextupole and Octupole magnets are separate units mounted into guiding slots in a block as 
well as pole tips of quadrupoles and correctors

Figures by A. Vorozhtsov
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Exchanging pole tips
• New pole profile made of Armco or FeCo
• Pole roots, coils & magnet overall dimensions remain the same
• Integrated gradient increases from 6.5 T to 8.0 T
• Reduced good field region radius 10 mm → 7.0 mm
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New pole designs for sextupoles
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Vacuum System : chamber design

• The new chambers would be VERY similar 
to the existing ones.

• Why not keep the chamber and bend it 
into the new shape?

• Do not even need to break vacuum.

• Cheaper

• Faster to install

• Faster conditioning

MAX 4U lattice 
bxx_01 orbit

R3 orbit

Vacuum chamber 
following new orbit R3 vacuum 

chamber

8mm
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Vacuum Chambers

• Bending to fit new lattice
• Reusing existing chambers
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FEA and Bending Tests
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Photon Power Management
• Define the new orbit in CAD (automated)
• Identify new absorbing areas
• Estimate power density
• Check shielding of critical components 

(e.g. BPM, RF fingers…etc.)
• Check Photon clearance to the vacuum 

chamber inboard side (if any).
• Check cooling efficiency with new power 
• Estimate power in areas with no cooling 

(if any).

CAD (Solidworks)
Vacuum chambers in 
defined coordinate 
system

SynRAD+
Generate heat flux

Lattice
Field(T) in position along 
the beam

FEA(Ansys)
Steady-state thermal
Static structural

Solid model

W/mm2 in xyz for the 
surface that sees
Synchrotron radiation

Magnetic region

Surface mesh(*.stl)
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Synchrotron Rad. Power: Ray Tracing

Lattice fly-by.

• Green: new orbit.
• Blue: R3 orbit
• Yellow: photon beam
• Black: max. power 

density
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Conclusion
• MAX 4U is a strategic, surgical upgrade of the MAX IV 3 GeV ring. 
• MAX 4U targets <100 pmrad emittance while preserving existing 

infrastructure. 
• Two lattice candidates are identified, both of which fulfil the MAX 4U

goals.
• Reuses components like magnet blocks and vacuum chambers to 

reduce cost and downtime.



MAX 4U positions MAX IV for next-generation 
synchrotron science beyond 2030. 
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Securing leadership, excellence, resilience, and relevance of Swedish 
research with X-rays for the next decades

A ”surgical” upgrade of our 3GeV ring
from 328 to below 100pm∙rad

V5.0925

V5.0925


