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Timeline - SOLARIS

JAGIELLONIAN UNIVERSITY
NATIONAL SYNCHROTRON
RADIATION CENTRE

IN KRAKOW

September 2013

September 2013

Expected beginning of installation: December 2013

Building handover: 05.05.2014
Postponed installation caused logistic problems

First stored beam &

First corrected DBA first light
VAC chambers found
VAC chamber installed Last DBA magnet
out of spec. closed
Fri 15-06-19
Fri 15-03-27
Mon 14-09-08 Fri 14-11-28 oda
|'14May19 |'14JunB |'14Jul23 |'14Lepﬂ1 |'140Ct06 |'14NOV1D |'14Dec15 |'15Jan 19 |'15FEBB |"|5Mar30 "15May04 |'15Ju 08
* * +* *—Eni
Start ] L Finish
Man 14-05-05 Linac installation o Linac commisioning com... Wed 15-07-01
Won 14-06-02 - Fri 14-11-14 M... Kon 14-12-01 - Fri 15-02-06 Mo...
SR vacuum installation
Fri 14-11-28 - Fri 15-03-20
* * * * * * * * *
| | | ' '
Building Delivery of first DBA Ring vacuum cl Linac restarted 8th MAC Meeting
hand Linac i lati magnet
START Mon 15-05-04
Fri 15-03-20 Wed 15-07-01
Mon 14-05-0° Tue 14-09-02
Mon 14-06.02 Opening of TL covers  Ring roof closed Beam in front of DBA
. R1-01 320MeV
Courtesy of P.Bulira Mon 15-02-23 Wed 15-04-08
Thu 15-05-28
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Storage of components ~~~ SOLARIS

&'\/~ JAGIELLONIAN UNIVERSITY
.,
A

AR 12.2013-05.2014 S,

Accelerating structures - building of Solaris
Waveguides - storage place at UJ

Main cavities - Max Lab
Modulators + Klystrons - Scandinova
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% Electron Gun System &%~ SOLARIS

JAGIELLONIAN UNIVERSITY

&%) IN KRAKOW Test assembly | > RADIATION CENTRE

March 2014 at Max LAB

Good training to avoid assembly mistakes
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> %) Bake-out - SOLARIS

% ¥
N\,
O

JAGIELLONIAN UNIVERSITY
4 NATIONAL SYNCHROTRON

%/ IN KRAKOW Of Waveguides - RADIATION CENTRE

June -July 2014
3 days cycle at 110 °C
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4 JAGIELLONIAN UNIVERSITY

Injector Y2+ SOLARIS

IN KRAKOW Installation oM. ST
02.06.2014 Start of linac installation
17.06.2014 Start of linac vacuum assembly
08.2014 Linac under vacuum
08-11.2014 Cabling and water installation
09.2014 Gun system and transfer line under vacuum
10.2014 SAT of modulators
11.2014 Connecting of Klystrons to waveguides
11.2014 Conditioning of waveguides and accelerating structures
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RF sub-system test - SOLARIS
"\ JAGIELLONIAN UNIVERSITY
.A., IN KRAKOW

n NATIONAL SYNCHROTRON
Linac -

RADIATION CENTRE

Start-up of high power RF

One K2 modulator driven up to 33MW on dummy load

Water cooled waveguide
dummy load

waveguide directional
coupler

Klystron
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RF cables - SOLARIS

JAGIELLONIAN UNIVERSITY

IN KRAKOW NATIONAL SYNCHROTRON

RADIATION CENTRE

1. Education of sub-contractor about importance of work quality
2. Each RF cable examinated before and after installation in terms of:
Attenuation at working frequency
Distance to fault
VSWR
3. Each RF cable has unique serial numer and , from-to” descritpion
4. Around 5% of cables have to exchanged
DTF Cable: LMR240 07/11/14 13:36

Ref: 0.0dB =+BW: 1kHz Points: 1201 Trace: Clear/Write
s Att: 10 dB TG Power: 0 dBm  Suppr: Off

I
. by
W llsthonnd B o 0 LR Tl TG T
14 A 1 . T
--II-"I--II“-I-
L [ [ ] -

Start: 0m Stop: 256m Center: 3.57546 GHz
Peak Next Peak Minimum Marker
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; Injector &%~ SOLARIS

y JAGIELLONIAN UNIVERSITY
A NATIONAL SYNCHROTRON
Y d

)/ IN KRAKOW Issues during installation BT oo

1. Contamination of waveguides during venting after baking.
* Viton sealings have broken, exchange to copper one for the next batches
2. Dimension of 3m long waveguides.
*  Manufacturing process - extrusion, not straight
*  Correct order of works to fit with flanges to accelerating structure
3. Water leak in connection on accelerating structure
*  Research Instruments has fixed in-situ
4. Accident with accelerating structure
*  Fortunately directional coupler took impact but it is destroyed
*  RF measurement, alighment check and leak test have shown good state of acc.struct.
5. Vacuum leak in waveguide, LIL flange brazing
* New one has been manufactured by HERT Beijing, leaking one has been re-brazed
6. Vacuum leak in waveguide directional coupler
 Exchange to new one
7. Wrong length of the CPR type waveguide, no possibility to connect gun’s modulator
* Mistake in 3D model.
* New waveguide has been manufactured by MaxLab in one week!
8. Re-arrangment of water manifold around gun body
*  Collisions with support plate
9. Water leak in modulator during SAT
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Injector - SOLARIS

NATIONAL SYNCHROTRON

\ ) IN KRAKOW Conditioning strategy -

%
-~

'\/ JAGIELLONIAN UNIVERSITY
'\\

1. Short RF pulse without SLED phase inversion at 1Hz

* Increasing of klystron’s high voltage, then elongation of RF pulse and start from lower
voltage

* Since conditioning of waveguides after power divider were not efficient, SLED have
been used

2. Short RF pulse with SLED phase inversion at 1Hz

* Increasing of Kklystron’s high voltage, then elongation of RF pulse and start from lower
voltage

*  When reasonable high voltage has been achieved, increasing of repetition rate to 5Hz,
10Hz, 50Hz and 100Hz with start from lower voltage (it depends on vacuum activation)

3. Nominal RF pulse length at 100Hz,

Baking out of waveguides before installation helped in conditioning process
but

Baking out of whole linac is necessary

Shifts organisation for linac conditioning (January- February & May-June):

Monday -Friday; 7 a.m. - 9 p.m.
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Injector &%~ SOLARIS

JAGIELLONIAN UNIVERSITY .y g NATIONAL SYNCHROTRON
IN KRAKOW Condltlonlng “ RADIATION CENTRE

January - February 2015

Il R pulse length P08 | Linac structure conditioning Unit 03 - KO3 B puiss ength 1 e
i itioni i - RF pulse length 2 us
-EE pulse :Em ; s a0 Linac structure konditioning Unit 02 - K02 -RF PUISE |e|-|gu-| . .5“_ - RF pulse length 2 us
Il FF puise le us 7 -
AF puiss longth 4.5,s|  Linae structure condioning Unit 01 - KO1 p— RF pulse length 4.5us
1000 4
1000 -
a0 ] &00
800 4
=
s ] -
= h
z i
400 4 -
. 400
= 200 200 4
° 1= zm mm 3|0 60z 1202 7oz mo o= T T 0
= - e - . 21.01 Zam 602 16.02 2202 - T
2101 2801 602 16.02 202
Date Jan-Feb Date Jan-Feb

Diate Jan-Feb

Courtesy of A.Wawrzyniak
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- Injector Y2+ SOLARIS

4

p JAGIELLONIAN UNIVERSITY

MAK =g = NATIONAL SYNCHROTRON
X-,, IN KRAKOW Condltlonlng - RADIATION CENTRE

May - June 2015

Il RF pulse length 4.5 ps
Diode mode

Linac structure conditioning Unit 01 - K01
1200 4
Gun conditioning KOD
1200
1000 4
1000
800 -
200 s
= i
£ 800
= 800
=
I
400
400
200 200
i oA
14.05.2015 22052015 1.08.2015 £8.06.2015 16.08.2015

7.05.201515.05.20121.05.20126.05.20151.06.2015 4.06.2015 8.06.201512.00.20158.08.2015

Date May-June Il R puise length 45 us Date May-June
Linac structure conditioning Unit 02 - K02 Diode mode

12004 - RF pulse length 4.5 us
1200 Linae structure conditioning Unit 03- KO3 | _D‘iﬂd'3 mode
1000
1000 4
7 200
& 0 = o0
z =
+ T
400+ 4004
200 -| 200
ol - T T
7.05.201515.05 201521.05.20156.05 20151.08.2015 4.06.2015 0,06 201512.06.201 85,08 2015 7.05.201515.05 20151 05 201%6.05 20151 06 2015 408 2015 0.06 201512.06 201513.06.2015 '
Date May-June Date May-June Courtesy of A Wawrzyniak
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/ Injector - SOLARIS

JAGIELLONIAN UNIVERSITY
NATIONAL SYNCHROTRON

IN KRAKOW Issues during commissioning -

}H

3
&

* Broken 9 pieces of 20dB attenuators and 2 RF sensor diodes

*  Still many vacuum activation at high power

Significant pressure increase in gun’s vacuum waveguide system, not possible to pump down.

* Vented with nitrogen, leak check, leak tight, pumped down, problem solved but what
was a reason?
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Injector &%~ SOLARIS

Jﬁ,\/ JAGIELLONIAN UNIVERSITY
> ‘ NATIONAL SYNCHROTRON

&%/ IN KRAKOW 2 RADIATION CENTRE

Phase matching of waveguides within accelerating unit

Unit Phase difference [ °] Phase difference
after matching| °]

1 -20,78 2,39

2 -16,70 3,03

3 -12,04 -1,83
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First beam - SOLARIS

JAGIELLONIAN UNIVERSITY
(N ICRAKOW from RF thermionic gun B MewON e
e ey 19.12.2014
';Mea N " T B First electrons from
e e - / B " SOLARIS RF GUN
' / ==l RF Power Forward to the
| gun= 0.86MW

Electron current = 100mA
Merry Christmas
and 2 Happy New Year

SOLARIS TEAM

ile Horizontal Trigger Vertical Math Cursor Meas Masks Search Analysis Display
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iy Beam commissioning &%~ SOLARIS

'*YJ” JAGIELLONIAN UNIVERSITY
‘ NATIONAL SYNCHROTRON

&%/ IN KRAKOW in gun System ‘ RADIATION CENTRE

Courtesy of A Wawrzyniak
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Beam - SOLARIS

JAGIELLONIAN UNIVERSITY
NATIONAL SYNCHROTRON

IN KRAKOW in linac : RADIATION CENTRE

-

22.02.2015

YAG

1000 1200

Courtesy of A Wawrzyniak
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Storage Ring RF
Integration

JAGIELLONIAN UNIVERSITY
IN KRAKOW
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SOLARIS

SOLARIS

NATIONAL SYNCHROTRON
RADIATION CENTRE

Poland e Max IV Services
Sweden Tomommmooomoooeod
Quality Assurance | ,‘ Equipment
Eelliy S 4 SHG, LLRF
Cavities
————— Conditioning

Exir
Sweden

Rigid coax line

P

100MHz, Landau

Installation
companies

Services

Cabling, Cooling

Cavities

Vacuum
pumps

Research

Vacuum
valves

Instruments
Germany

Gamma
Vacuum
USA

VAT
Switzerland
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Storage Ring RF - SOLARIS

“"/ | JAGIELLONIAN UNIVERSITY
NATIONAL SYNCHROTRON
v

%/ IN KRAKOW High power RF - RADIATION CENTRE

o

1. Modification of raised floor, electrical grid in service galery 02.2015

2. Signature of contract with Rhode&Schwarz, Sweden in December due to formal reason with
delivery date 10.03.2015

e SAT of transmitters 23 - 27.03.2015
*  First THR9 system and highest installed RF power in Band II in Poland

3. Signature of contract with Rhode&Schwarz Poland for installation of transmitters and
assistance during SAT

* 16-20.03.2015

4. Signature of contract with Exir, Sweden for installation of rigid line and assistance during SAT of
circulators

*  Connection of transmitters to circulators with rigid line 07.04.2015
*  Connection of circulators to cavities with rigid line 15-17.04.2015
5. SAT of circulators 08 - 10.04.2015. AFT required to fix SAT date 8 weeks in advance
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Storage Ring RF - SOLARIS

NATIONAL SYNCHROTRON

%,/ IN KRAKOW High power RF - RADIATION CENTRE

%
-~

'\/ JAGIELLONIAN UNIVERSITY
'\\

High power SR RF installed and tested within 5 weeks
10.03.2015 to 17.04.2015
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JAGIELLONIAN UNIVERSITY

LH Rohde & Schwarz plants RADITION CENTRE

.,

s

-

b Storage Ring RF - SOLARIS

‘&I\ >
&

1. Delivery and installation

« Among of 24 delivered packages one with water connectors was missing, it has been
shipped in 2 days

* Change of water hoses routing, additional bleeders have been purchased. Lower flow
losses, longer pumps lifetime, bleeders at the highest point.

* Mistake of R&S during installation of glycol hoses (inlets to outlets)

* Some glycol leaks on clamp connection

« Installation time not correctly estimated, finishing during SAT of 1st system
2. SAT of transmitters on dummy load

« PLCinterlocks not ready (Solaris), local wired interlock loop

* Both systems achieved 60kW RF output
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Storage Ring RF - SOLARIS

JAGIELLONIAN UNIVERSITY

i AFT circulators p " owon e

Delivery and installation

* New 2-ports arc detector electronics
SAT

« Testat dummy load and 0A, 1/8A, 1/4A, 3/8A terminations

®

to Generator Interlock ARG - TCUB AT ;Ie;:m:r:z:lre Control
-—
Detector ]
@ Eg?]?rl;?‘:k Tin, Tout, Tamb, Coil Current Water Pressure Gauge
4
— e e b o= Water in
Fiber Optic Cables from Water out

Circ. & Waterload (Port3)

Circulator

|
1
1
I
‘
@ DUT (Isclator) : Short circuit of
———— Port3 ' variable phase
(External) 1 I .
Directional Coupler, Prus ! g»:g;ggri?:n
RF Detect: .—I—\ i
eeeers - 1 ! offset length:
1
=TT b @ I i 0 A
1 ]
RF 1 (Isolator Port 3) : [ ] ! :]Iﬁ i
: Directional Coupl
Generator: | irectional Coupler, .I 28
1
1

T— RF Detectors Water
1 Load

' 120kW
1

Matched

Waterload
120 kWew

Temperature Control @
Flowmeter @ Pra Prevz
Water Pressure Gauge (External)
Directional Coupler,
RF Detectors

Courtesy of AFT GmbH
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Storage Ring RF - SOLARIS

JAGIELLONIAN UNIVERSITY i :
lntegratlon lSSueS RADIATION CENTRE

IN KRAKOW

Vibroisolators damage in cooling fan support, replaced for new, safe type

Foreign object in cooling circuit, removed
Damage of ceramic insulator in ion HV connector. Exchange of ion pump, additional venting was

necessary
False alarms from arc detectors in circulators. After long investigation found that ground

connection between arc detector and PLC works like antenna. Optocouplers has been installed.
Overlooked B tuning (from 1 to 2) during installation for beam operation, additional venting was

necessary. Phase matching of pick-ups at the same time.
Not sufficient flow in water cooling of main cavities, additional pump installed

\1
ij
i

1
}
f
§
]
§
f

- o
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by Storage Ring RF - SOLARIS

’&\ p JAGIELLONIAN UNIVERSITY NATIONAL SYNCHROTRON
%, ) IN KRAKOW LLRF - RADIATION CENTRE

Delivered on 18.05.2015
Commissioning with presence A.Salom (Alba synchrotron).

03.06.2015 first RF in one cavity from LLRF

«% Applications Places System @aE = = (©) ) @ =¥ [ wedjun 3, 6:30PM Operator
= TaurusTrend -8 x
1e-06 [ 28+00 o pistrorward
M TaurusTrend - o x
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30 4e+07
" I 4e+06
b 3e+07
S| 20407
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le+07
0 e E o
—T T T T T T
D O D D A0 O [~ 3e+06
SR R R )
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1e-08 o
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‘ ~1le+06
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Storage Ring RF - SOLARIS

2

JAGIELLONIAN UNIVERSITY NATIONAL SYNCHROTRON
IN KRAKOW LLRF e RADIATION CENTRE

Automatic cavity conditioning:

* Disabling RF transmitter at 1,3e-07mbar, manual reset is required

* High vacuum level at 5,0e-08mbar

* Low vacuum level at 1,0e-08mbar

* Controlling of RF power to keep vacuum between low and high

* Additional code for sweep of RF power especially around multipacting area
* Both cavities conditioned up to 30kW

] TaurusTrend - 0O =
N VYV VAN T

i - 3e+06 — RfStReflected
le-07

2.5e+06 = CAV1 Vacuum

- 2e+06
1le-08 o -
] -1.5e+06
1le-09 - le+06
] - 500,000
le-10 - ~0
I I I I [ I
o 2 e o a° R
,\;\. A\*\. ,Q- {L— {L— {L—
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by Storage Ring RF - SOLARIS

&'\/"“ JAGIELLONIAN UNIVERSITY
NATIONAL SYNCHROTRON

&%/ IN KRAKOW Landau CaVitieS : RADIATION CENTRE

07.2015 Baked out
Manufacturing of plunger for detuning

Installation in December 2015
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by Beam in SR Q, SOLARIS

p JAGIELLONIAN UNIVERSITY NATIONAL SYNCHROTRON
%, ) IN KRAKOW “ RADIATION CENTRE

04.05.2015 restart of linac after storage ring installation

= DIA_CAM_R1_01S - o x
[ R1-015-DIA-CCAM1 ]
Acquisition = Image | BPM
Image width  [Iazs0)
Image height [ 024
27.05.2015 first beam in storage ring, wi: D :
ot
Energy 320 MeV
Charge 1.5 nC
Rep. rate 10Hz
-400 -200 o 200 400 600 800 1000 IZDDV 1400 1600
(pixels)
Yag Screen
G [Commands.. 3] | Move IN I Move OUT ]
Enum Position: SN o [2| Physical Position: [E—AGE
Step Position: [MMMMMMEISO | 0000 [:] Screen Status: |Zilimitireached| (e [ (FE=EL

O sG] =100 oA
| ey T

11.06.2015 first turn in storage ring
stripline kicker connected
to scope . .l —

OWER uss PROBE COMPENSATION __ PROBE CAL

=

|
| | -
I === Te— —

+ moL ouTPUT SO0
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by Beam in SR Q, SOLARIS

A JAGIELLONIAN UNIVERSITY NATIONAL SYNCHROTRON
IN KRAKOW “ RADIATION CENTRE

31.07.2015 Max. accumulated current 13,5 mA

R1-04FEEM-DIA-CCAM1

100
200
300
_ 400
500
2000
BO0O :
T00 -

1000
BOO

200 400 G600 g - 1000 200 1400

[pixels)

Photon beam @ BL04 front end YAG screen
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Wy - SOLARIS

*/*| JAGIELLONIAN UNIVERSITY ACkﬂOWlEdgment . SATIONAL SYNCHROTRON

d "\. IN KRAKOW RADIATION CENTRE

| WOULD LIKE TO EXPRESS SPECIAL THANKS TO
MAX IV TEAM for sharing their knowledge and time

ELETTRA TEAM for the assistance and consultancy in various areas of the
project

ANGELA SALOM for support with LLRF

ALEKS BOGUSZ for help during start-up of linac
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NATIONAL SYNCHROTRON
IN KRAKOW ‘ RADIATION CENTRE

uly &Y~ SOLARIS
JAGIELLONIAN UNIVERSITY

21.09.2015 Opening ceremony

Thank you for your attention
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