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3rd generation light source facility built at the Jagiellonian University Campus in
Krakow, Poland. The machine was constructed in 2015 thanks to the unique

_cooperation with MAXIV Laboratory in Lund, Sweden.
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e Solaris L e

3rd generation light source facility built at the Jagiellonian University Campus in
Krakow, Poland. The machine was constructed in 2015 thanks to the unique

, cooperatlon with MAXIV Laboratory in Lund Swe

TIME SCHEDULE

PP A

April 2010 - project start (Team: 7 persons)

# January 2012 - start of the building construction (Team: 15 persons)

May 2014 - building handover & machine installation (Team: 30 persons)
May 2015 -End of installation and start of commissioning (Team: 40 persons)
December 2015 - End of the project

March 2016 - CERIC ERIC collaboration & operational funds for 5 years

May 2016 - PHELIX beamline project approval and funded

April 2016 - start of the UARPES beamline commissioning

' April 2017 - Start of the PEEM /XAS beamline commissioning (Team 50 persons) |
NOOAEEY. Wy 202909 , i ™,
Apart of the light source facility the team expertise in all areas of acceleratmiP AQ ’
physu:s and accelerator and beamline technology has been built.
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SOLARIS - layout

| 1.5GeV Storage ring
12 DBA Cells - 96 m circ.
Space for ID’s (10 sections) ~ 3.5 m
10 straight sections for Ids

~| 100 MHz RF system

300 MHz Landau Cavities
Injection dipole Kkicker
Ramping

In operation since May 2015

6 accelerating structures combined in 3 units
Accelerating gradient 20 MeV/m

S-band - 2998.5 MHz

3 RF Units & SLED cavities

In operation since Dec. 2014

SOLARIS

NATIONAL SYNCHROTRON
RADIATION CENTRE
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Storage Ring Lattice

Optical Functions (yx = 11.220,z/y = 3.150)
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Optics design by S.C. Leemann - MAXIV

Storage Ring

1.5 GeV

Design current

Number of circulating bunches

Natural bunch length o, /w.
Landau Cavities (LC)
Natural emittance (bare
lattice)

Coupling

Energy spread (bare lattice)

Tunesv,, v,

Natural chromaticities €, &,

Corrected chromaticities &, &,

Momentum compaction
Energy loss/turn

Momentum acceptance

MAXIV Facility, DDR, § 3, http://www.maxlab.lu.se/maxlab/max4/DDR_public

SOLARIS

NATIONAL SYNCHROTRON
RADIATION CENTRE

500 mA

32

14.2 mm /60
mm

5.982 nmrad

1%
0.000745
11.22,3.15

-22.96,-17.14
+1, +1
3.055x 103
114.1 keV
4%
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Phase I May-July 2015

JAGIELLONIAN UNIVERSITY

The
obtain
beam.

goal:

Transfer line
commissioning

Injection

First turn
Accumulation
Stored beam
Orbit correction

to
stored

hase II September- November 2015

;

Storage Ring
Commissioning

The goal: to
reach the design
parameters of
the bare lattice.

Linear optics
correction

Vacuum
conditioning

Ramping to 1.5GeV

Orbit correction &
BPM calibration

Increasing the
current

No IDs in operation

December 2016

Phase III Marc

>

) 4
& SOLARIS
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The goal: to reach
the usable beam
current for
experiments.

Lattice optimisation
with undulator in
place

Beam based
alignment
Injection efficiency
optimisation
Lifetime
Improvements

Landau cavities
tuning

Beamlines
commissioning




RADIATION CENTRE

&Y~ SOLARIS
nauonian waivesie [INJECTION & RAMPING == Iz

Injection at the energy of 525 MeV with the repetition rate of 1 Hz. The injection of 200
mA can be done in 140 s and ramping - in 238s. Injection efficiency - 30%.

’V [ Meas R...1
amplitE |
RMS 5
area 16

Bunch train length ~180 ns in the transfer line.

e | Liesemy
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Phase advance and tune measurements done by exciting the beam with the kicker
and register the TbT data on BPMs.

Horizontal plane
T

250 T T T T T T T T
— ——Measure
"_‘.200— ——Theory
§ 150 -
£ 100} The average phase advance is
= . .
& s 114 deg in the horizontal and

0

10 20 30 40 50 60 70 80 90 30 deg ln the Verthal plane

100

@
(=]

60

40

20

BPMz Ph. Adv. [°]

Position [m]
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¢ 2107 Horizontal tune =0.22044
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5 | 12 .
ol design values 11.22, 3.15
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Chromaticity measurements for two optics
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331/333
&, +2/+1 +1.41/+0.89
&y +2/+1 +1.56/+0.90
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For orbit correction 36 button beam position monitors (BPMs) with Libera
Brilliance+ electronics, 36 horizontal and 36 vertical correctors are used. The
maximum Kick angle of correctors is 0.25 mrad (10 A). To correct the orbit the
measured response matrix and SVD algorithm implemented in MML is used.

uuuuuuuuuuuuuuuuuuuuuu

Horizontal closed orbit
T T

BPMx position [mm]
BPMx [mm]
- o
N

RMS = 160 um
I I
10

nnnnnnnnnnn

[mm]
.

After BBA BPM offsets <0.6 mm
Some of correctors are close to the

saturation

sition

BPMx po

Closed Orbit Without With After BBA
Correction correction

701 pm 200 pm 160 (66.51) pm
Yrms 1090 um 170 um 55.42 um 15%9%
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Horizontal 8 function

I

R

® HCOR measurement
——model B function
@ QFO measurement
® QFI measuremen it
weenes LOGO B function

Vertical B function
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- LOCO B function

|
40 5|0
S position [m]

60

BETA FUNCTIONS
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Quadrupole scan

SOLARIS

NATIONAL SYNCHROTRON
RADIATION CENTRE

AQx,y
Bx,y = £4n A
ORM method

LOCO
2
meas _ pmodel
o (R - Rt ak))
X = )
— o
1,] i
Method | Hor. beating | Vert. beating
QUAD | 26.84% 33.52%
ORM 13.14% 23.49%
LOCO | 16.45% 11.73%

The LOCO studies has revealed that
the quad strength errors are up to
0.8 % for DBAZ. The shunting of the
magnets is planned.

I(I%Q%
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The dispersion measurement has been done by changing the RF
frequency and recording the closed orbit.

Dispersion Function: -a f AOrbit / Af («=0.00306, f=99.930800 MHz, Af=0.001 MHz)
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i -40.01
nominal. The vertical dispersion originates ~ _ " |
1 c £ YUr £
from the (roll angle) misalignment of = .| 10002
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0.05 j u |
0.00 £ ; . -0.02
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v

Synchrotron tune vs. total RF voltage.

487 P 200 A measun_ad data 7
46_- . eoretical value Ilill
= 42 P o
% 20 "./l,,»'
o~
0 20 4(C-);urrent6[(])'nA] 80 100 120 8 . VRF [MeV] i L
[ UO 2 ®c h 2172 2
Pforw_Preflzpcav‘l'T Qs T onE € VRF_UO
. |Designed  |Measured |
U, [keV/turn] 114.1 103.7 (12.3)
E [GeV] 1.5 1.45 ()
P, [KW] 49 39 (1)
O [deg] 168 167.4
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Normalized average pressure vs. beam current

1E-10 5

Beam dump ——Pav/I
20 mA / 1.5 GeV measurement point The average pressure in the storage ring
100 mA / 1.5 Gev measurement point | | With 250 mA of a stored current at 1.5
GeV is 2.2:10° mbar.

Decay (~35h)

Pav /| [mbar/mA]

1IE-11g o e o
1 1.5 GeV
Ramping
o _
0.5 GeV E - 15Gev
Injection (~3min -9 - -
1E-12 r T r T |J I. ( T I. ) T T T T 189 E Installation of Magnetic Tape —0O—|ssm
0 50 100 150 200 250 300 350 ; I oo m @
1E-10 e [c+(12)

CH2+, N+ (14)
CH4+ (16)
H20+ (18)

Beam Current [mA]

1E-11 e & CO+, N2+ (28)

02+ (32)
Ar+ (40)
CO2+ (44)
C5HY+ (69)

1E-12 -
1E-13 -

1E-14 5

1E-15 -

Normalised Average Partial Pressures [mbar/mA]

Analysis of normalized average partial : .
1E16 1 SSM: 1.2e-9x°® R.2~41%/°

pressures over integrated current for section ————y
50 100 150 200 250 300 350 400 450

R]_ - O 1 . Integratd Current [Ah] I(P([A_%
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The bam lifetime is still increasing with the
accumulated beam dose.

2600 - |
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600 3 3 °
4004 £ : umndy winter
200 - g WShut owfinuidow
0j)o o009 @ j |
1 10 100 1000
Integrated Current [A.h]
Maximum injected current over 600 mA. [ %

Maximum current at full energy over 400 mA. °
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The bam lifetime is still increasing with the
accumulated beam dose.
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without Landau Cavities

Bending Magnets

reemxas ([JEESEES]

Message
04-05-2017 17:22 Beam for PEEM

Maximum injected current over 600 mA.
Maximum current at full energy over 400 mA.
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Lifetime measurements @ 1.5 GeV, [=200 mA

15 Ly
A With LC A
O Without LC ] A With LC
_ O Without LC
< 104 3 101
£ £ :
5 i
= =
5 57
0 T T T T : T g T : T 0 " : " : | I | : ' |
0 2 4 6 8 10 0 2 4 6 8 10

Distance between vertical scraper (down) and beam center [mm)]

Distance between vertical scraper (up) and beam center [mm)]

A WithLC _

O Without LC

10 Elastic scattering ;... 22.24
£ Inelastic scattering T, ..sic 37-45 h 43.57h

Touschek lifetime T, e~ 21.13 h

Total lifetime T, 8.41h 12.54 h

0

o 2 4 6 8 10 12 14 .
Distance between horizontal scraper and beam center [mm] PhYSlcal acceptance:

A,(8)= 15.68 mmmrad
M. Jaglarz, WEPABOG7 AL(8)=3.77 mmmrad IPACIT
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Closed orbit changes from injection to injection

Horizontal position after injections Vertical position after injections
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05 Horizontal position after ramping . Vertical position after ramping
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Position [mm]
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Horizontal position after final correction

REPRODUCIBILTY
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Standard deviation of vertical closed orbits

|
40

In the horizontal plane the standard
deviations calculated from injection
and ramping dataset are comparable
reaching 200 pm and the deviation of
final-corrected orbit is significantly
lower (~30 pum).

In the vertical plane,for the injection
orbits the deviation is up to 300 pm,
after-ramping dataset - up to 100 pm
and below 10 pm in corrected orbits at

final energy. I%C%
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The vertical position drift of electron (red) and photon
(blue) beam monitored over 25h without orbit correction.

o Orbit drift during beam decay without orbit correction
T T T T

+15.45 um

[mm]

o
=

o
T

Temperature oscillations in the range of
1.5°C in the storage ring have impact on
beam stabilty.

XBPM position [mm]
BPM Z position

0.48 ‘ ‘ - - Iru 02
20 25
time [h]

The temperature (red) and the photon beam oscillations
monitored over 30 min with aup!plled orbit correctlon

Photon beam position vs. temperatu llations
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Temeperature [deg C]
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| | | | | [PACI17
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A good performance of the Solaris light source has been achieved.

Injection to the storage ring occurs at 525 MeV and the beam is ramped to the
operating energy of 1.5 GeV without losses.

The injection efficiency has been improved reaching now 30% and is still under
optimisation. The chopper is tested and planned for installation during summer.

The optics was corrected close to the design one. However some adjustments are still
needed.

The beta functions were measured with 3 different methods, revealing a beta beating in
both planes in the order of several %. The optics correction with the local shunting is
under way, these should also improve the closed orbit and relax the correctors strength.
Studies of synchrotron tune have shown that Solaris storage ring is operating at c.a.
3.3% lower energy than expected.

The maximum current ramped to the final energy of 1.5 GeV is above 400 mA with
the total lifetime of 8 h.

Tuning of the Landau cavities improved the Touschek lifetime by factor of 3 and
cured some instabilities.

The closed orbit can be restored from injection to injection with tens of microns
range with the orbit correction applied.

Temperature oscillations in the range of 1.5°C in the storage ring have impact on
beam stability. Major changes in the cooling water system are planned in the near

future to improve the thermal stability at Solaris. L «P%g\{\
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Commissioning of the UARPES Beamline by 2018

Commissioning of the PEEM /XAS Beamline by 2018

Installation & commissioning of the PHELIX beamline by 2020

Installation & commissioning of the XMCD beamline (former MAXII 11011 )

USER OPERATION from the beginning of 2018

L SN S S S S

Installation of diagnostic beamline for emittance measurements

I%C%
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First angle-resolved experiment at the UARPES beamline.... Graphene
on SiC(0001) — Dirac cone

Mean ring current: 40 mA

Photon energy 50 eV

3D mode — time 4h 30 min (full dataset)
Electron energy resolution ~20 meV
Room temperature

Piotr Ciochon, Mariusz Garb, Karolina Szamota-Leandersson, Jacek Kolodziej
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