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Short history of SOLARIS

SHORT HISTORY OF SOLARIS

Å Community of SR users in PL - since the advent of synchrotron sources

Å 1991 Polish Synchrotron Radiation Users Society (PTPS)

Å Polish Synchrotron Consortium ï 36 members

== Č Long lasting initiative to built a SR source in PLïuser driven initiative

Å Jagiellonian University management support

Å 2009 money allocated (40 MEUR)== Č

Å Feasibilty ???

V brain storms

V correlation with MAX -IV project and decision by Max -II lab management 

Å Decision taken by JU =>  SOLARIS as JU unit ï but  available for all researchers at no cost

== Č 2010 contract signed ï green field project started



SOLARIS 1.5 GeV ring design - MAX - lab accelerator team - Mikael Eriksson 
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Ring circumference 96 m

Electronsô energy1.5 GeV

Injection energy 0.4-0.7 GeV,

upgrade to 1.5 GeV

Current 500 mA

Bends 12

Straight section 

length

3.48 m

H beam size: 184 um
V beam size:13 um
Emmitance: 5.6 nm rad



ü Replica of MAX-IV 1.5 GeV ring ï but:
Å Different building

Å Different storage ring tunnel
Å Different building infrastructure

Å Different injection ï linac but not full energy
Å Ramping

ü Uniqueness (first  such facility in PL)
Å There are no commercially available synchrotrons
Å Tailored made design
Å Tailored made equipment

ü Challenges- terra incognita:
o For the SOLARISteam

Á no team, no expertise (employment of Carlo Bocchetta)
o For the Polish contractors

Á e.g. building, technological infrastructureéé..
o For the Administration

Á Difficult moneyïpublic procurments ïEU restrictions

ü Tight collaboration with MAX-lab and other SR facilities critical for success of the project

SOLARIS - MAX IV synergy - challenges



DELIVERABLES :

ÅBuilding

ÅLinac

ÅStorage ring

ÅBeamline

ÅTEAM

GREEN FIELD PROJECT
Å No technologicalexpertise
Å No immediatelyavailableexperiencedstaff 

Building SOLARIS - challanges



Å 3rd  generation synchrotron lightsource  
constructed from 2010 to 2015

Å Seed funding from EU Regional Development Fund

Å Commissioned between 2016 and 2018

Å User facility  (free of charge, open access) 
financed by a dedicated program of the Ministry 
of Science and Higher Education, Poland

Å Operates as a unit of the  

Å The largest and most advanced 
multidisciplinary research tool  in Poland

National Synchrotron Radiation Centre 
SOLARIS
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SOLARISaccelerators
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1.5GeV Storage ring 
12 DBA Cells ς 96 m circ.
{ǇŀŎŜ ŦƻǊ L5Ωǎ όмл ǎŜŎǘƛƻƴǎύ Ϥ оΦр Ƴ
10 straight sectionsfor Ids
100 MHz RF system
300 MHz LandauCavities
Injection dipole kicker
Ramping
Current: 500mA
Emmitance (bare Lattice): 6nmrad

600 MeV Linac
RF Thermionic Gun
6 accelerating structures (in 3 units)
Accelerating gradient 20 MeV/m
S-band ς 2998.5 MHz
3 RF Units :
- ScandiNova K2 modulators
- Toshiba klystrons
- SLED cavities



SOLARIS infrastructure

e-   Linac
550 MeV

e-   Synchrotron
1.5 GeV storage ring 
dodecagon of 96 m perimetere-   Source

2.8 MeV

e-   Transfer line
vertical

Beamlines
max. 20

ID
BM  (ὄ ρȢσρ Ὕ)

Ec º 1.96 keV
lc º 0.63 nm

December2015 - Project completed
Commissioning
2018 first callς2 Beamlines (PIRX & URANOS) - first users
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Development and operation pillars at SOLARIS

1. Synergy between SOLARIS & research centers
a. Addressing expectations of research groups
b. Addressing new research ideas and challenges

2. Integration of research groups

3. User driven development:
1. users + SAC => ROAD to new research infrastructure
2. άōŜŀƳƭƛƴŜ ŎƻƴǎƻǊǘƛŀέ ς development of new beamlines - 

result of initiatives of external groups 

4. User-driven operation: operation of each beamline is backed 
ǳǇ ōȅ άōŜŀƳƭƛƴŜ ŎƻƴǎƻǊǘƛŀέ

Due to the very limted budget serious compromizes had to be made - To utilize the full potential of the 
infrastructure further investment has been needed



Beamlines and cryo - microscopes

SAMPLE ENVIRONMENT MAIN TECHNIQUES

ASTRA AMBIENT, OPERANDO EXAFS, XANES

POLYX AMBIENT TOMOGRAPHY, uXAS, uXRF

CIRI AMBIENT FT- IR, sSNOM/AFM- IR, O- PTIR

PHELIX UHV, VTI XPS, ARPES, XAS, XLD

URANOS UHV, VTI ARPES

PIRX LV(He)- UHV, VTI, B NEXAFS, XLD, XMCD

DEMETER
UHV, VTI, B, E, I X- PEEM

LV(He), LIQUID CELL STXM

SMAUG* LIQUID CELL SAXS

6 Ь 15 keV
4 Ь 15 keV

0.01 Ь 0.5eV
0.05 Ь 1.8 keV

8 Ь 500 eV
0.3 Ь 1.6 keV
0.1 Ь 2 keV

MAVKA

SMAUG

ARYA

XRD & XAS

HEROES

NAP- XPS

UV- VIS

Krios G3i 300 kV SPA & MED

Glacios 200 kV SPA screening
Cryo - tomography

AVAILABLE FOR USERS  UNDER CONSTRUCTION / PROJECTS

O- XAS

SPECTRA

1 Ь 15 keV

4 Ь 15 keV

0.01 Ь 0.12 eV

0.05 Ь 1.8 keV

8 Ь 500 eV

0.3 Ь 1.6 keV

0.1 Ь 2 keV

0.1 Ь 2 keV

6 Ь 15 keV

1 Ь 15 keV



MAVKA

SMAUG

ARYA

XRD & XAS

HEROES

NAP- XPS

UV- VIS

Status of the r esearch  infrastructure
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Instruments available for users (1 3)
o IR microspectroscopy  at CIRI (3)
o VUV spectroscopy at URANOS
o soft X - ray spectroscopy at PIRX and PHELIX(2)
o soft X - ray microscopy at DEMETER (2)
o tender & hard X - ray spectroscopy at ASTRA
o hard X - ray microscopy & tomography at POLYX
o 200kV (GLACIOS) and 300kV (KRIOS) Cryo - EM (2) 
o small angle X - ray scattering at SMAUG

Instruments under construction ( 4 )
o NAP- XPS end- station at PHELIX
o MX at ARYA
o soft - tender -  hard X - ray spectroscopy at MAVKA
o universal operando end - station O- XAS

Projects ( 5)
o AP- HAXPES end- station at MAVKA
o operando  RXES beamline (HEROES)
o XRD & XAS beamline with surface scattering end - station
o next  gen eration  300kV (SPECTRA) Cryo - EM
o UV- VIS beamline

AVAILABLE FOR USERS  UNDER CONSTRUCTION / PROJECTS

O- XAS

SPECTRA
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New Beamlines Development: ARYA
Technical Design Report of ARYA Beamline
̘̄̒̒ ̠̗ ˲̃̊˲з

CDR

Kicker

3 Pole Wiggler (ARYA)

R1-03S

e

FDR
Multipole 
Injection Kicker  

2019 Ь 
Superconducting 

Wiggler SCW 
( Budker  Institute 

of Nuclear 
Physics)

2021 Ь SCW -  
Design Study 

(FMB) 
modification 
of the storage 

ring

2022 Ь SCW Ь 
Final Design 

Report 
( Budker  

Institute of 
Nuclear 
Physics)

2023 Ь New 
source 3 Pole 

Wiggler (3PW) 
from KYMA 

ordered

2023 Ь 3PW  -  
Design Study 

(FMB) 
modification 
of the storage 
ring straight 

section

2024 Ь 
Straight 
section 

Conceptual 
Design 

Report (CDR)

2025 ЬDelivery of 
the 3PW(KYMA) 
Straight Section 

Preliminary 
Design Review 

(PDR)

2025 Ь Straight 
section (FMB) 
Final Design 
Review (FDR)

2026 Ь FAT, SAT, 
Delivery of 

straight section 
components



ARYA - under construction

The ARYA (mAcromolecular x-RaY crystAllography) 
is an advanced research infrastructure designed to utilize high-energy 
synchrotron radiation for structural analysis of proteins, nucleic acids, 
and small molecules. Its primary goal is to support research in 
structural biology, chemistry, and pharmaceutical sciences.

The MX end station has been designed for maximum flexibility and 
precision. It will enable:

ü wavelength selection for MAD (Multiwavelength Anomalous 
Diffraction) experiments,

ü high-flux operation for routine diffraction data collection from 
protein crystals.

Start of user experiments are planned for late 2027.

PARAMETERS VALUE

Source 3-pole wiggler

Available energy range 4-22 keV

Energy resolution ɲE/E DCM 1 x10
-4
; DMM 1 x10

-2

Beam size at sample (H x V) нсл Ȅ ул ҡƳ

Photon flux at sample ~10
12

ph/s

End station MX

BeamlineparametersNew Beamlines Development: ARYA



PARAMETER VALUE

Source Bendingmagnet

Availableenergyrange 6-14 keV

BeamlineEnergy 
Resolution

~ 1.5 x 10
-4

(DCM)

Beam size at sample (H x 
V)

нлл Ȅ нлл ҡƳ

Photonflux at sample 5-6 x 10
10

ph/s (DCM), 1 x 
10

12
ph/s (DMM)

End station SAXS

Spot Size On Sample Vert 200ҡƳ

Divergence Hor 160ҡǊŀŘ

Divergence Vert 80ҡǊŀŘ

SMAUG beamline(Small AngleX-ray Scattering) 
bendingmagnet basedbeamlinedeliveringhard X-raysin the rangeof 
6 to 14 keV.

The plannedresearchcapabilitiesof the end stationwill offer
measurementcapabilitiesin the followingtechniques:

übioSAXS(studiesof biologicalsystemsin solutions)

üSEC-SAXS (combinedSAXS studieswith simultaneous
chromatographicseparation),

üSAXS staticmeasurements(includingtestsat low and high 
temperatures, magneticor electricfield)

üand SAXS liquidmeasurementsat high pressures.

Beamlineparameters
New Beamlines Development: SMAUG



BeamlineparametersNew Beamlines Development: MAVKA

MAVKA beamline is being constructed within the Light for 
Ukraine (L4U) project initiated by League of European 
Accelerator-based Photon Sources (LEAPS) and aimed to 
expand opportunities for the Ukrainian scientific community 
and reinforce scientific collaborations with Europe.

The broad energy range, from soft to hard X-rays, available at 
MAVKA beamline will be applied to different types of 
spectroscopic techniques, including photoemission, absorption 
and fluorescence spectroscopies of solid and liquid samples at 
various experimental conditions.

Construction of the MAVKA beamline is co-financed by the Paul 
Scherrer Institute (PSI) within SERI/SNSF (State Secretariat for 
Education, Research and Innovation / Swiss National Science 
Foundation) grant and via the in-kind contributions.

PARAMETERS VALUE

Source Planarin-vacuumundulator U19 (PSI)

Available energy range 0.5 ς9.0 keV

Energy resolution ɲE/E 2 x 10
-4

(DCM)

Beam size at sample (H x V)ғ мл ҡƳ ό¢.5ύ

Photon flux at sample ~ 1011ph/s

Polarization Linear (horizontal)

Endstation XPS/XAS Research techniques:
Micro ςX-ray photoemission 
ǎǇŜŎǘǊƻǎŎƻǇȅ όҡ-XPS)
Micro ςX-Ǌŀȅ ŀōǎƻǊǇǘƛƻƴ ǎǇŜŎǘǊƻǎŎƻǇȅ όҡ-
XAS)
Micro ςX-ray fluorescence spectroscopy 
όҡ-XRF)

EndstationAP-HAXPES Research techniques:
Ambient pressure hard X-ray 
photoelectron spectroscopy (AP-HAXPES)
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New Beamlines Development: CIRI

VK1m

M1

M2
M3

M4

M5

M6

UHV

LV

experimental 
hutch

Installation and Commissioning of the CIRI Beamline

Photon  beam inside 
experimental hutch

2018 Ь CDR 2020 Ь TDR 
(FMB)

2021 Ь  
Manufacture 

(FMB)
2023 Ь 

Installation & 
Commissioning

2021 Ь CDR
2022 Ь TDR 
(SOLARIS)

2023 Ь 
Manufacture

2024 Ь 
Installation 

& 
Commissio

ning
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SOLARIS OPERATION
STANDRAD OPERATION 24/7   since 2025r.

ü 2 shifts  (8:00 - 16:00; 14:00- 22:00), 

ü Mondays (from 8:00 am) for machine 

studies, developments and maintenance

ü Tue- Mon (until 8:00 am) ЬUser Operation

ü On- call duties 22:00 - 2:00

ü Operation in decay mode, full filling 

pattern

ü 2 injections/day
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Beamlines and user operation extras

Beamlines and user operation

Accelerators development



SOLARIS OPERATION: STATISTICS

User time

3970h 

Availability

96.8%

MTBF 

76.3h

MTTR 

1.7h
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SOLARISusers - statistics

o Free of charge  (for non - proprietary research)
o Regular  calls  for proposals twice a year
o Peer reviewed (5 PRPs)  

o Rolling call for rapid access
o mail - in or remote  experiments @ selected instruments

216
423

593
821

1090

1531

2044

2427

0

500

1000

1500

2000

2500

3000

2018 2019 2020 2021 2022 2023 2024 2025

USERSREGISTERED IN SUN

PIRX STXM PEEM CIRI URANOS PHELIX ASTRA POLYX Cryo-EM Total

SUN Proposals 18 6 15 24 40 26 48 23 48 248

CERIC Proposals 5 3 1 0 1 6 8 4 4 32
280

Lastcall - 2026

(SOLARIS User Network)



D Liberda, M Hermes, P Koziol, N Stone, TP Wrobel, Journal of Biophotonics , 8, 2020

Publications of 
SOLARIS users



22

Much more @ : https://synchrotron.uj.edu.pl/en_GB/start

Results@ POLYX beamline

Zn transport in plant roots

оΦнр ҡƳ voxel
phasecontrastς600 mm sample-detector
distance

Cranefly in 40 MYearsBalticamber

Focus on reproductiveorgans

Magdalena Pypka  et al. , Zinc translocation from Zn - sufficient to 
Zn- deficient roots as an adaptation to heterogeneous Zn 
availability , BMC Plant Biology (2025) 25:1341

Microimaging of metal distribution at POLYX

https://synchrotron.uj.edu.pl/en_GB/start
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URANOS beamline (8-млл Ŝ±Σ нтл Ȅ ол ˃m2) 

Support of national Horizon and ERC projects

Lider projektu ERC: Michal Darhus, michal.drahus@uj.edu.pl
½ŜǎǇƽƱΥ tƛƻǘǊŜƪ DǳȊƛƪ ƛ aƛƪƻƱŀƧ {ŀōŀǘ όh! ¦Wύ ƻǊŀȊ ¢ƻƳŀǎȊ YŀǿŀƭŜŎ όLC ¦Wύ

mailto:michal.drahus@uj.edu.pl


D Liberda, M Hermes, P Koziol, N Stone, TP Wrobel, Journal of Biophotonics, 8, 2020

SOLARIS partnerships

Member of the League of European 
Accelerator bases Photon Sources, which 
is formed by 16 organizations representing 
19 light source facilities in Europe 

SOLARIS contributes 10% of research time to the Central 
European Research Infrastructure Consortium, which gathers 
unique research facilities in 8 countries of the region

Open access to NMR, Mass Spectroscopy, Neutrons, Photons, 
Ions, Microscopy, Nanolabs , Laser science, Testing, etc.



SOLARIS partnerships

CERIC-ERIC: a unique distributed research facility in 8 countries

Number of infrastructures (Partner Facilities), one from each member countries made 
available to member countries for free 

Åno transfer of money, but transfer and share of values, IT funds the Seat 

Åsingle entry point, offering over 40 available techniques; 

Åpeer evaluation system to select the best proposals; 

Åfree and open access by quality selection only; 

STRUCTURE:
Participating Country (member)
Representing Entity
Partner Facilities

SOLARIS ςpart of Central EuropeanResearchInfrastructureConcortiumCERIC-ERIC

PROVIDINGENVIRONMENTFORMULTITECHNIQUERESEARCH


