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MAX IV – X-rays has come a long way

W.C. Röntgen
1845-1923

A.B. Röntgen
1845-1923

Röntgen’s lab 1895, Univ. Würzburg

Make things visible to the naked eye !



Twins but not identical

● Light (X-rays)

● Swedish funded

● MAX-lab since 25 years
MAX IV opens 2016

● … microscopy, fast 
measurements …

● Neutrons
(from atomic nucleus)

● 17 member states
(SWE, DK, NOR, …)

● Building started Sep 2nd 2014
Science starts ≈2023

● … large & thick samples, water …



MAX IV – currently two facilities

MAX -lab

Turning off 
and 
turning on 
the light

MAX IV

6 months of darkness in Lund

MAX IV 2016





What is unique with MAX IV?

● Technological breakthrough
● Brightness (≈ x 100):

Small spot & divergence

● High coherence



NSLS II

MAX IV

NSLS-II First Girder:
14-foot, 8-ton structure 
holding multiple magnets 
installed in the accelerator 
ring. June 15, 2010 

MAX IV First MBA magnet:
dipole & multipol magnets 
installed @ mock-up.
May 6, 2014 



Investment in accelerator ~1150 MSEK
13 beamlines ~900 MSEK

Operations ~350 MSEK/year (2016)
Secured until 2019 (VR + LU)

~26 beamlines in 2026 is the plan



Building Project completed: 2015-06-01!



“It will be interesting to 
see if it works”





Already old news …

Stored Beam !

Only a few days later …

Hey Alla,

Another milestone of 3 GeV ring 
commissioning has just been reached –
as we powered up two of the six RF 
cavities in the ring, we could capture the 
injected electron beam and keep it 
circulating in the machine until the next 
LINAC pulse, 2 seconds later. Here is a 
picture of the signal as seen on an 
oscilloscope and also of a very happy 
commissioning team getting ready to 
celebrate !

Cheers
Pedro



Already old news …

Ramping up!

Yesterday

“Today we have demonstrated
current stacking in the 3 GeV ring,
reaching over 4 mA of stored beam
current. That means that we are
capable of adding electrons to the
already circulating beam, which
opens the way to reaching higher
currents in the next stages of
commissioning. The attached picture
shows the process of charge
accumulation.”

Cheers
Pedro



January 2015

Hutch for the BioMAX beamline completed and ready for installing the equipment.

Example of an experimental station - BioMAX



BioMAX – May 2015

Experiments mid - 2016
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1. FemtoMAX
fs dynamics in solid

2. NanoMAX
Nano-imaging & - spectroscopy

3. BALDER
Chemical spectroscopy: real-time & -conditions

4. BioMAX
Protein crystallography

5. Veritas
Electronic & magnetic excitations: solids

6. Hippie
Photoemission: mBar gas pressure

7. ARPES
Electronic structure: solids

8. FinEstBeaMS
Electronic structure: gases, aerosols

9. SPECIES
Electronic & magnetic excitations: surfaces

10. MAX-PEEM
Microscopy: surfaces

11. FlexPES
Electronic structure: surfaces & gases

12. CoSAXS
Geometric structure & correlation: (bio) liquids

13. SoftiMAX
Microscopy & method development

14. DanMAX
Powder diffraction & imaging:  materials science



BL Expansion Strategy
● 13 Funded BLs in opeation in 2018:

1. FemtoMAX
2. NanoMAX
3. BALDER
4. BioMAX
5. Veritas
6. Hippie
7. ARPES
8. FinEstBeaMS
9. SPECIES
10. Transfer_PEEM
11. Transfer_XPS
12. CoSAXS
13. SoftiMAX
 DanMAX
 MicroMAX
 MedMAX
 ForMAX
 DiffMAX
 iMAX

● New application 2019 - 20XX.
– Ramp-up to 20 BLs?!
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Spectroscopy

1.5 GeV
FinEstBeaMS

ARPES
Species

3 GeV
Veritas
Hippie
FlexPES
Balder

Diffraction

Linac
FemtoMAX

3 GeV
BioMAX
CoSAXS

DanMAX

MicroMAX?
ForMAX?

Imaging

1.5GeV
MAX-PEEM

3 GeV
NanoMAX
SoftiMAX
DanMAX

MedMAX?
ForMAX?



HOW TO REACH OUT WITH WHAT 
WE CAN DO ?

Challenge 1



Biology at different length scales

NanoMAX
SoftiMAXMedMAX I BioMAXMedMAX II MicroMAX

CellsTissues BiomoleculesOrgans

CellbiologyHistopathology Molecular Medicine/Chemical BiologyDisease 
models

Animals

10-6 m 10-9 m 10-10 m

AtomsMicro-
structures

coSAXS

Molecular 
complexes

FemtoMAX
Balder



HOW TO BECOME WORLD LEADING?
Challenge 2



How to become world leading?
● The unique qualities of the beam will attract people who are 

interested in technical and methods development

● Cutting edge and easy to use methods will attract the leading science

● Already happening for bio-imaging:

Martin Bech, Lund University
Spoke person MedMAX

Rajmund Mokso, PSI
Project leader MedMAX

Chris Jacobsen APS 
Consultant MAX IV



HOW TO HANDLE THE DATA?
Challenge 3



EIGER X 1M: 6.5 GB/s raw data rate, 180,000 images/minute

Not only brighter beams but also 
bigger and  faster detectors 



Keeping track of experiments and data: 
Data Catalogues

● Raw data

● Pre processed data

● Meta data

● Workflows

● (Analysis results)

(file system)
Databases
Web portals



Future: automation and remote access 
Laboratory Information Management 
System (LIMS)



HOW TO ANALYSE THE DATA?
Challenge 4



Au

Data collection and
experiment monitoring

Automated
data reduction

Automated structure 
solution

Courtesy of Alun Ashton, Diamond Light Source

On-line 
Analysis



Provide analysis as a Service 
– on line and remotely

Set up national/international portals that provides storage, software and compute
● Provide pre installed analysis tools

– Computing + high performance file system
– Remote access

● Setup has to be done by experts
– Application experts
– Scientists

Needs to be resolved:
● Pan-DaaS – agreeing on meta data to be stored including format

– H2020 application failed – work continues
– Most European Photon and Neutron facilities

● Federated Identity Management
– Umbrella
– Edugain, Eduroam



HOW TO INVOLVE INDUSTRY?
Challenge 5



Industrial use of MAX IV - the emerging picture

New 
industrial 

users

Industry/Academic collaborations
Industry centers @ universities
Industry portals @ universities

Mediator companies

Institutes Advanced
users

Universities



Partnering with Institutes
● First concrete examples of working with institutes





ForMAX Cost of ownership (salaries + investment)
4 year building + 10 years operation:
• ForMAX beamline: 202 MSEK
• Education & training: 2 MSEK
• Additional endstation 20 MSEK

SUMM ≈220 MDKK

Specific discussions ongoing:



1st ForMAX Partners



MAX IV Inauguration

Tuesday, June 21st 2016, noon (local time)



June 18 &19

General public

● Open house

● BL’s & accelerator, 
site, ...

June 20

All users, scientists

● Key-note

● Quick reports: 
accelerator, 
building, workshop, 
IT & controls, BL,….. 
Open BLs

● Dinner

June 21

Close collaborators, 
Funders, VIP, Staff, 
Board, committees, 

... 

● Inauguration 
ceremony

Inauguration – Midsummer 2016
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