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IShort history of SOLARIS

o

SHORT HISTORY OF SOLARIS
Community of SR users in PL- since the advent of synchrotron sources
1991 Polish Synchrotron Radiation Users Society (PTPS)
Polish Synchrotron Consortiumi 36 members
== C Long lasting initiative to built a'SR-source in PL i user driven initiative
Jagiellonian University management support
2009 money allocated (40 MEUR)== C

ECONOMY DEVELOPMENT FUND

MATIOMAL COHESIOM STRATECY

ﬁ INNOVATIVE EUROPEAN UNION
EUROPEAN REGIONAL

Feasibilty 2?7

V Dbrain storms
V correlation with MAX ~ -IV project and decision by Max -1l lab management
Decision taken by JU => SOLARIS asJU unit i but available for all researchers at no cost

—= C 2010 contract signed i green ‘field project started

DleLHlULI"




I SOLARIS 1.5GeV ring design - MAX -lab accelerator team - Mikael Eriksson




I SOLARIS- MAX IV synergy - challenges

U Replicaof MAXIV 1.5 GeVring T but:

A Different building

A Different storage ring tunnel

A Different building infrastructure
A Different injection i linac but not full energy
A Ramping

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

U Challenges- terra incognita:
o Forthe SOLARISteam
A no team, no expertise (employment of Carlo Bocchetta)
o For the Polish contractors
A e.g. building, technological infrastructureé é..
o Forthe Administration
A Difficult money i public procurments i EU restrictions

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



I Building SOLARIS- challanges

DELIVERABLES : GREEN FIELD PROJECT
ABuilding S —_——————=
Alinac —f=—= e =
AStorage ring
ABeamline

ATEAM




I National Synchrotron Radiation Centre

KRAKOW
SOLARIS CITY CENTER

A 31 generation synchrotron lightsource
constructed from 2010 to 2015

A Seed funding from EU Regional Development Fund
A Commissioned between 2016 and 2018

JAGIELLONIAN UNIVERSLLY
NEW CAMPUS

SOLARIS Centre




I SOLARISaccelerators

J o & 2

600 MeVLinac

RFThermionic Gun

6 accelerating structures (in 3 unit
Accelerating gradient 20 MeV/m
Sband¢ 2998.5 MHz

3 RF Units :

- ScandiNova&2 modulators

- Toshiba klystrons

S)

- SLED cavities

EmE

1.5GeV Storage ring

12 DBA Cellg 96 m circ.

{ LI OS FT2NJ L5Qa
10 straight sectionsfor Ids

100 MHz RF system

300 MHzLandauCavities
Injection dipole kicker

Ramping

Current: 500mA

Emmitance(bare Lattice): 6nmrad

D M J1

Q¢
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2.8 MeV

December2015- Projectcompleted
Commissioning
2018first call¢ 2 Beamlines (PIRX & URANdIBSt users




I Development and operation pillars at SOLARIS

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
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1. Synergybetween SOLARIS & research centers 335502,
a. Addressing expectations of research groups

b. Addressing new research ideas and challenc

Technologiczny

i

2. Integration of research groups
U<
3. User drivendevelopment: i
1. users + SAC => ROAD to new research infrastructure A SOLARIS
2. 0 Sl Y AY Scqdorlgpmenhd dew ldeamlines
result of initiatives of external groups [[[]]]JJ % H
AGH KAU UAM 2;;;:

4. Userdrivenoperation: operation of each beamline is backed
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Beamlines and cryo - microscopes Krios G3i 300 kv  SPA & MED

SPA screening
Cryo - tomography

Glacios 200 kV

SAMPLE ENVIRONMENT MAIN TECHNIQUES
ASTRA AMBIENT, OPERANDO EXAFS, XANES :
e 4T
POLYX AMBIENT TOMOGRAPHYUXAS, uXRF AL o xas B SOLARIS Cryo-EM FACILITY
‘ A

CIRI AMBIENT FT-IR,SSNOI\/VAFM-IR,OPTIR“

PHELIX ORV, VT XPS, ARPES, xAS, xLD |N0cEEkev)] b2 A At I p— \

A
URANOS UHV, VTI ARPES W BE 7 AT ANCEE N\ RN TG N
PIRX LV(He)- UHV, VTI, B NEXAFS, XLD, XMCD 03blekev |7 -
UHV, VTI, B, E, | X- PEEM 0.1b 2 keV £\ MY
DEMETER 0 an s A —

LV(He), LIQUID CELL STXM 0.1b 2 keV

____________

SMAUG* LIQUID CELL SAXS 6 b 15 keV

7Ew e
_x B 3
e M # e &8
Infrared Ultraviolet o ) s i;f _—¥n
- C vrcic SR ucivios W v Y v )
\ X7 ' / i I L8 - , i -
. - — Ty A ik,
Visible light Vacuum Ultraviolet Soft X-ray Hard X-ray
0.001 0.01 0l 1 Phonton energy (keV) O AVAILABLE FORUSERS ~ {__ ! UNDER CONSTRUCTION/PROJECTS
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Status of the r

w

esearch infrastructure

Instruments available for users (1 3)

O O0OO0OO0OO0OO0OOoOOo

IRmicrospectroscopy at CIRI (3)

VUV spectroscopy at URANOS

soft X - ray spectroscopy at PIRX and PHELIX(2)
soft X - ray microscopy at DEMETER(2)

tender & hard X -ray spectroscopy at ASTRA
hard X - ray microscopy & tomography at POLYX
200kV (GLACIOS) and 300kV (KRIOS) Cryo - EM(2)
small angle X -ray scattering at SMAUG

Instruments under construction ( 4)

(0]

o
0
o

NAP- XPS end- station at PHELIX
MX at ARYA

soft - tender - hard X -ray spectroscopy at MAVKA

universal operando end - station O- XAS

Projects ( 5)

0]

0]
o)
0]
0]
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AP- HAXPES end- station at MAVKA
operando RXESbeamline (HEROES

XRD & XAS beamline with surface scattering end - station

next gen eration 300kV (SPECTRA) Cryo - EM
UV- VIS beamline
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New Beamlines Development: ARYA

Technical Design Report of ARYA Beamline
3

2019b
Superconducting
Wiggler SCW
(Budker Institute
of Nuclear
Physics)

2021 b SCW -
Design Study
(FMB)

modification
of the storage
ring

022 b SCW
Final Design
Report
(Budker
Institute of
Nuclear
Physics)

JAGIELLONIAN A
% | UNIVERSITY — SOLARJS
IN KRAKOW h RADIATION CENTRE
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Straight
section
Conceptual
Design
eport (CDR)

023 b 3PW -
Design Study
(FMB)

modification
of the storage
ring straight
section

2023 b New
source 3 Pole
Wiggler (3PW)
from KYMA
ordered

2025 bDelivery of
the 3PW(KYMA)
Straight Section
Preliminary
Design Review
(PDR)

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

2026 b FAT, SAT,
Delivery of

straight section
components

FDR

Multipole
Injection Kicker




I New Beamlines Development: ARYA

ARYA:- under construction

The ARYA(Acromoleculax-RaYcrystAllography

Is an advanced research infrastructure designed to utilize-aigdrgy
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:

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

U high#flux operation for routine diffraction data collection from
protein crystals.

Sart of user experiments are planned for late 2027.

Beamlineparameters

PARAMETERS VALUE
Source 3-pole wiggler
Available energy range 4-22 keV

Energy resolutiomE/E

DCM 1 x18: DMM 1 x1¢

Beam size at sample (H x V)

Hcn E yn xY

Photon flux at sample

~10° ph/s

Endstation

MX



I New Beamlines Development: SMAUG

SMAUGoeamline(SmallAngleX-ray Scattering
bendingmagnetbasedbeamlinedeliveringhard Xxraysin the rangeof
6 to 14keV.

Theplannedresearchcapabilitiesof the endstationwill offer
measurementapabilitiean the followingtechniques
U bioSAX$studiesof biologicalsystemsan solutiong

U SECSAXScombinedSAXStudieswith simultaneous
chromatographiseparatior),

U SAXStaticmeasurementgincludingtestsat low and high
temperatures magneticor electricfield)

U and SAXkquid measurementsat highpressures

Beamlineparameters

PARAMETER

VALUE

Source

Bendingmagnet

Availableenergyrange

6-14 keV

BeamlineEnergy
Resolution

~1.5x 10 (DCM)

Beam size at sample (H x
V)

Hnn E wnn XY

Photonflux at sample

5-6 X 10° ph/s (DCM), 1 x
10" ph/s (DMM)

Endstation SAXS

Spot Size On Sample Vert 200k Y
Divergence Hor 160k NJ R
Divergence Vert 80k NJ R



I New Beamlines Development: MAVKA

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

Beamlineparameters

PARAMETERS

VALUE

Source

Planarin-vacuumundulator U19 (PSI)

Available energy range

0.5¢9.0keV

Energy resolutiomE/E

2 x 16' (DCM)

Beam size atsample HxV)f mMn xY 0¢. 50

The broad energy range, from soft to haralays, available at
MAVKA beamline will be applied to different types of

Photon flux at sample

~1011ph/s

spectroscopic techniques, including photoemission, absorpti
and fluorescence spectroscopies of solid and liquid samples

Polarization

Linear (horizontal)

various experimental conditions.

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

Endstation XPS/XAS

Research techniques:

Micro ¢ X-ray photoemission
aLISO0NRPXPSZ LB 0 X
Micro¢ X-NJ & | 6 &2 NLJG A 2-y
XAS)

Micro ¢ X-ray fluorescence spectroscopy
0 ¥KRF)

EndstationARHAXPES

Research techniques:
Ambient pressure hard-Kay
photoelectron spectroscopy (ARAXPES)



New Beamlines Development: CIRI . .'5'

2024 b
Installation
2022 b TDR 2023 b
H H : : - o 2021b CDR (SOLARIS) Manufacture & .
Installation and Commissioning of the CIRI Beamline . o . ° Commissio

o .
' ° 2021b
" Z 2018 b CDR ~ ZOigMbB';'DR Manufacture 2023 b
7 (FMB) Installation &

Commissioning

Photon beam inside
experimental hutch

JAGIELLONIAN %
UNIVERSITY = SOLARIS
IN KRAKOW h RADIATION CENTRE




SOLARIS OPERATION

O Thursday, November 16th 2023, 9:15 a|
SOLARIS Machine Status Portal ureday, November 168 "

Current Energy ID Beamlines BM Beamlines
Gap State State

23.22 mm

Lifetime |-t product PHELIX 2213 mm

nstructior

Storage Ring Status:
Operation Mode: User Operation
Next injections:

8:00 am and 8:00 pm during User Operation
mode

OPERATOR MESSAGE

2023-11-16  07:48:42 Injection postponed due to

STANDRAD OPERATIOIR4/7 since 2025r.

5000
4500
4000
3500
3000
2500
2000
1500
1000

500

TIME [h]

2 shifts (8:00 -16:00; 14:00 22:00),
Mondays (from 8:00 am) for machine
studies, developments and maintenance
Tue- Mon (until 8:00 am) bUser Operation
On- call duties 22:00 -2:00

Operation in decay mode, full filling

pattern

2 injections/day

i

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
YEAR

m Beamlines and user operation extras
m Beamlines and user operation

B Accelerators development

JAGIELLONIAN &
% | UNIVERSITY — SOLARIS
IN KRAKOW > RADIATION CENTRE




SOLARIS OPERATION: STATISTICS

Failures by number
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SOLARISusers - statistics

USERBEGISTEREDSNN (SOLARIS User Network):

3000

2500 2427

2044
2000
1531
1500
1090
1000 821
423 293
“zull
, m [

2018 2019 2020 2021 2022 2023 2024 2025

o

Free of charge (for non - proprietary research)
Regular calls for proposals twice a year
o Peerreviewed (5 PRP9

o

o

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

Lastcall - 2026 ===)

NUMBER OF PROPO!

NUMBER OF PROPOSALS

ﬁ
1

SUN AND CERIC SUBMITTED PROPOSALS

B SUN Submitted

20
15
23 9
27
13 S 64 217
7 71 78
5 a :
6 130
; iil HH EI - EH
2 3 4 5 8 7 8 e 10 11 12 13 14 15

CALLNR

B CERIC Submitted

SUN AND CERIC ACCEPTED PROPOSALS

B Accepted M Accepted

6
10 2
5
5 4
3 4 3
23

6 74
!H r ’
1 2 3 5 6 7 8 9 10 11 12 13 14 15

4

CALLNR

e PHEle“E

PIRX U
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

UNIWERSYTET Q’é SOLARIS
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I Publications of NUMBER OF GRANTED PROPOSALS AND
SOLARISusers PUBLICATIONS

B Accepted M Publications

246
195
116 109 122
86
78
64
46 I 36 41 41 I I
: . i i
: - i
2018 2019 2020 2021 2022 2023 2024




Resultsa® POLYMKeamline

Microimaging of metal distribution at POLYX

High
Zn

Low 0 ®H pvoxelY

Zn phasecontrast¢ 600 mmsampledetectt

distance & Focus omeproductiveorgans

Cranefly in 40MYearsBalticamber

0/+Zn treatment +2n/+Zn treatment +Zn/0 treatment 0/0 treatment

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

Zn transport in plantoots

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

22


https://synchrotron.uj.edu.pl/en_GB/start

S+53 mA) T N E HYADES critically needs SOLARIS
— as a strong source of Lyman-alpha

URANQOS beamline-(81 n

Support of national Horizon and ERC projects radiation for the development of the
tunable filter and tests & calibration

HYADES of the satellite’s science instrument
(HYdrogen And DEuterium Surveyor of comets & asteroids)

% Inexpensive off-the-shelf CubeSat

A small space mission with three big goals: platform in Low Earth Orbit
. . .. % Sensitive to Lyman-alpha radiation
< Explain the origin of of hydrogen (switchable between
water on our planet H and D) at 121.6 nm
s Search for new ¢ Innovative tunable filter
reservoirs of water
in our Solar System % Excellent sensitivity thanks to:

= Long ionisation lifetime of hydrogen

< Search for water = Extreme brightnessin Ly a
= Large imaging field of view

’_tracers around_ = Reduced sky background
interstellar objects

Lider projektu ERC: Micharhus michal.drahus@uij.edu.pl
%S&aLls OY tA20NB] DdzZd A1 A aArilzole {|

23
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SOLARIS partnerships

w

Surface Physxcs

Ty
T

=/
-«

tra Sincrotrone Trieste

!
C=RIC

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,
lons, Microscopy, Nanolabs , Laser science, Testing, etc.

UNIWERSYTET Q’é SOLARIS

JAGIELLONSKI gl NARODOWE CENTRUM

;agg'i_ MNAXKTV

diamond

@LEAPS

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

W KRAKOWIE 2 SYNCHROTRONOWEGO




I SOLARIS partnerships
SOLARI& part of CentralEuropeanResearchnfrastructure ConcortiumCERIERIC

CERIERICa unique distributed research facility in 8 countries

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

Ao transfer of money, but transferand shareof values,| Tfundsthe Seat
Asingleentry point, offering over 40 availabletechniques

Aoeerevaluation systemto selectthe bestproposals é
Aree and openaccessdy quality selectiononly; Ty
STRUCTURE:

Participating Country (member) Slm
Representing Entity e
Partner Facilities &

Elettra Sincrotrone Trieste

PROVIDINGENVIRONMENFORMULTITECHNIQURESEARCH




