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Schedule (on 2010)

ALBA founded April 03
ALBA 1st worker Dec 03

…
Start main building works July 06
Start Linac installation Feb 08
Linac commissioning Sept - Oct 08
Booster and SR installation Feb 09 – Dec 09
Booster commissioning Jan 10
SR Installation Feb – June 10
Storage Ring commis. Sept – Nov 10
Beamlines commis. Nov 10  – Feb 11

Start of Users Operation ~ May 2011

ALBA Schedule

~ Beginning 2012

Mar – Oct 11

Oct - Dec 11
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Workshop

Electricity

Cooling,
HVAC

Offices

Size of the ground: 250m *450m

SR and Booster Tunnel

ALBA Site
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Courtyard

Service Area

100 MeV Linac

BTS

LTB
3 GeV 
Booster 
Synchro-
tron

3 GeV 
Storage 
Ring

Accelerator 
complex of ALBA:
Followed the 
concept of the SLS
to have the booster
and the storage 
ring in the same 
tunnel

Accelerators Complex

Storage Ring 268,8m
Booster 249,6m
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BL11
(NCD)

FE34

FE01

FE02

FE04

FE09

FE11

FE13
FE22

IVU source (not installed)

SCW31 source
20kW total power
48kW/mrad2

BL04
(MSPD)

BM source
Diagnostic: Visible Light Mirror

BM source
Diagnostic:X-ray pinhole

BM source
0.1kW total power
0.25kW/mrad2

BL09
(MISTRAL)

IVU21 source
3kW total power
26kW/mrad2

IVU21 source
3kW total power
26kW/mrad2

BL13
(XALOC)

MPW80 source
7kW total power
8kW/mrad2

BL22
(CLÆSS)

BL24
(CIRCE)

BL29
(BOREAS)

17 ID beam ports
17 BM beam ports

7 Beamlines (6 ID + 1 BM)
2 Diagnostic FEs
1  FE (for future beamline)test

ALBA

Phase IFE24
EU62
2. tot. 
7.5kW/mrad

7kW power
2

 source

FE29
EU71
3.3 tot. 
7.5kW/mrad

kW power
2

 source

IDs, Front Ends and Beam Lines
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- 22.12.2009, 3:00 first beam into the booster 

Booster Commissioning Phases

- Phase I: 10 th to 24 th of January 2010
Cross check all the sub-systems 

- Phase II: July 2010
Problems with power supplies
No success and no progress

- Phase III: September - October 2010
Tunnel opened in the morning for storage ring 
installation and closed in the afternoon for booste r 
commissioning
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10 turns

300 turns 250 us

40 ms 0.8 GeV 

160 ms 3 GeV

First beam accelerated to 3 GeV and 
decelerated to 100 MeV

297 ms back to 100 MeV

Results of BO in 
ramping mode 

4 Oct. 2010

Booster Commissioning Results

First synchrotron light 
EVER IN SPAIN
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BPMs used for orbit monitoring...

Vertical orbit change vs. Energy
m

m

Energy (GeV) BPM #
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... and also for Tunes ...

Tunes measurement during the Ramping
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• First beam to 3 GeV: injection on w.p. (12.42, 7.38)

• Large drop of Qx at the start due to nonlinear magnet calibration

• Vertical tune is flat: most of the vertical focusing is provided by the gradient bending

Tunes measurement during the Ramping

... and also for Tunes ...



Angel Olmos, CELLS-ALBA                                                            Libera Workshop 2011

110 MeV 130 MeV 360 MeV

650 MeV 1.6 GeV 1.9 GeV

2.5 GeV 2.8 GeV 3.0 GeV

... and for Orbit Correction

110 MeV 130 MeV 360 MeV

650 MeV 1.6 GeV 1.9 GeV

2.5 GeV 2.8 GeV 3.0 GeV

orbit corrected to ±±±± 3 mm along the ramp

Correcting the orbit while ramping
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σ(x) = 0.86 mm, σ(y) = 0.19 mm
ε(x) = 13 nmrad, ε(y) = 2,6 nmrad

We are 30 % off to the theoretical emittance and 
have a coupling factor of roughly 20%.

Booster extraction to SR

1st beam extraction to BTS, 28th of October 2010
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Commissioning Evolution

� Waiting for CSN license since October’10
� First try over one week-end (special permission): 4 shifts
� 2 shifts/day for 10 consecutive days
� Normal commissioning: 9 shifts/week

� Total commissioning phase I:  <90 shifts (8 hours/shift)

2 shifts

1 shift

License 
arrived

(~14 months)

3 months 
shutdown for 
water upgrade
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09h00 Beam spot at 1st screen on sector 2
Completely defocused horizontally

All SR Quadrupoles with wrong polarity

9th March – First beam into the SR

Commissioning Evolution
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� Recabling Quads:

� Sectors 1&2

� Quadrant 1

� Quadrant 2

� Quadrants 3&4

19h35: 1st turn !

On axis injection

9th March – First beam into the SR

Commissioning Evolution
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Vacuum

FCT

Maximum 

Average 

13th March - 1 second stored beam

Commissioning Evolution
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Lifetime

Qinteger = (18 , 8)
Dispersion

Energy
2.92 GeV

13-14th March – First measurements

Commissioning Evolution
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Current Booster
Current SR

Accumulation

1.5 mA stored

16th March - Beam Accumulated

Commissioning Evolution

FCT
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The Accelerator Division celebrating this success

16th March - Beam Accumulated

Commissioning Evolution
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Once the MPS was operational…

Commissioning Evolution

23rd March – 1st April
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The commissioning could
only be done with 3 to 4 

cavities, with a  maximum 
current of 200 mA

Commissioning Evolution

The day before last MAC (7th June)
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Commissioning Evolution

The day before last MAC (7th June)
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LOCO Measurements

SR-Machinefunctions-June 2011
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H

VQx(nom) = 18.18

Qy(nom) = 8.37

Tune

Tunes during the commissioning
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Injection Efficiency

Booster DCCT

SR DCCT

<I> = 0.55 mA

I = 21 mA

t = 40 s

Injection efficiency ~ 95%
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Beam Size / Emittance

71 um 31 um

Quite ok with model:
Emittance = 4.5 nmrad

Coupling = 0.4 %

Pinhole camera

σ(x) = 72 um, σ(y) = 31 um
ε(x) = 6.07 nmrad, ε(y) = 0.03 nmrad

Coupling = 0.5%
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Streak Camera

• Visible Radiation from a dipole is extracted using 
a mirror
• Mirror position (in-vacuum) controlled with 
thermocouples 

STREAK 
CAMERA

CCD
Visible 
Light

2ns

30-45ps

future 6 RF cav.
3600kV

Done with only 
3 RF cav.

Bunch length
15ns
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Needs improvements ☺

Filling Patterns

Cheers!!
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Closing Insertion Devices

Three insertion devices have been closed:

� EU62
� EU71
� MPW80

Without much influence in the machine:
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trigger 
unit

lead wall 
unit

Bremsstrahlung
unit

pneumatic 
valve unit

moveable 
mask unit

pumping 
unit

photon 
shutter 

unit

XBPM
unit

1st mask 
unit

Closing Insertion Devices

Horiz.
polarization

Circular.
polarization

Vertical
polarization
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33mm

1.37mm

Photon beam image in FE09 (MISTRAL) Fluorescence Sc reen

1st Photon Beam for Experiments   

Closing Insertion Devices
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Raw orbit without correctors

Horizontal orbit < 3mm
Vertical orbit     < 2 mm Good alignment

Horizontal Vertical

m
m

Orbit Correction

s(m)
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Horizontal

2.5 mm

0.4 mm

max.

sigma

Change RF
frequency

BBA
survey

Orbit Correction, evolution
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Vertical

1.5 mm

0.4 mm

max.

sigma

Orbit Correction, evolution
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Orbit Correction, reproducibility

Horizontal rms error
32 um

Vertical rms error
29 um

Raw orbit with correctors

Horizontal Vertical

     Long straight sections

m
m

s(m)
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BPM0503

Vertical

Horizontal

55 um

30 um

45 min

Beam current 22 mA

No DSC
No Switching

BPM stability
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BPM stability

Changing DSC / Switching

H
or

iz
on

ta
l

V
er

tic
al
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BPM stability

Horizontal orbit change

Changing DSC / Switching

Horizontal std Vertical std
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SOFB Test

BPM0907y

BPM0970x

BPM1001y

BPM1001x

• Running inside Matlab Middle-Layer
• Tested for a few hours without problem
• Compensate the effect of the multipole wiggler
• 0.5Hz as fastest correction for the time being (problem reading/setting correctors)

ID gap

B
P

M
 P

os
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on
 (

m
m

)

0,04

-0,10

ID
 G

ap
 (

m
m

)

350

0
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Fast MPS (us)

Slow MPS (ms)

Fast MPS ���� Through timing event system

Slow MPS ���� Through EPS PLCs bus

MACHINE PROTECTION SYSTEM
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EVG

Fan Out

EVR EVR EVR EVR EVR EVR EVR EVR EVR

Fan Out Fan Out Fan Out

Input

Output Output Output Output

Timestamp
Timestamp

Timestamp Timestamp

RF input (499.654MHz)
50 Hz

Output

Fast MPS on Timing System:
Event Based Model

 

12.01.10

MACHINE PROTECTION SYSTEM
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Input

EVG

Fan Out

EVR EVR EVR EVR EVR EVR EVR EVR EVR

Fan Out Fan Out Fan Out

Timestamp
Timestamp

Timestamp Timestamp

Fan Conc Fan Conc Fan Conc

Fan Conc

Input Output Input Input Output Input Output Input Output

Timestamp

Timestamp RF input (499.654MHz)
50 HzEVR

5 microseconds
promised !!

Output Output

MACHINE PROTECTION SYSTEM

Interlocks handling
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Fast MPS detects an orbit interlock on sector S13
--> Interlock event goes up to the Timing Generator  and from there down to RF plants

--> RF plants are interlocked <5usec after interloc k detection on sector S13 BPMs
--> Beam is killed by RF and 290us after that, the BPMs in other sectors detect the orbit out of 

thresholds and trigger their interlocks

MACHINE PROTECTION SYSTEM

Example: Interlock while doing orbit bumps

< 5usec
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MOVEMENT OF LIBERAS UP AND DOWN
- Initial installation of 120 Liberas on Storage Ring (one per BPM)

- 16 units moved to Booster for BO commissioning

- Same units later moved to Lab for testing purposes

- Swapping Liberas 3-4 on each Storage Ring sector (16 units)

MISCELLANEOUS
- Lost of Triggers and Post-Mortem events

- High ADC counts without beam

- Temperature regulation loops

PROBLEMS WITH LIBERAS

MPS RELATED PROBLEMS
- Current dependence of position interlocking didn't work on day one

- AGC too slow for high injection rates
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BPMs Interlock + Gain did not work for 1.82 release

- We detect the problem on 21 March
- Informed ITech support team same day
- Patch on ITech server the day after
- Problem solved in the afternoon

MPS problems

Interlock threshold 20mA

Beam killed

10mA

5mA

14mA

2.5mA

Beam being continuously killed even 
for currents below preset threshold

Liberas were “ the guilty guys”

Thanks guys 
for the effort
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AGC algorithm too slow on 1.82

Time

A
D

C
 c

ou
nt

s 
#

B
ea

m
 C

ur
re

nt
 (

m
A

)

20mA

0mA

30.000

0

ADC saturation limit

ADC interlock limit

MPS problems

40.000
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AGC algorithm too slow on 1.82

MPS problems

Beam current (mA)

Gain (dB)
Beam current (mA)

Gain (dB)

Beam killed

Some seconds to reach
correct gain setting

Before upgrade to 2.0
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• AGC on 1.82 works in 12 sec. intervals
• AGC on 2.0 works in 1 sec. intervals
• That was the main point to upgrade to 2.0

AGC algorithm too slow on 1.82

MPS problems

Beam current (mA)

Gain (dB)

After upgrade to 2.0
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Lost of Events

3.000

500

4.207

4.206

4.200

~2.500 lost triggers

Libera Device Server loses many triggers while they  do reach the Libera unit

All ALBA Liberas

After correcting the problem
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Lost of Events

31

23

• Multicast events of Liberas collapsed sectors sub-ne t
• No SA events package has been used to avoid so many 
multicast events

• Same happened with Post Mortem 
events
• Both problems focalized on 
crowded sectors in service area
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High ADC counts w.o. Beam

8.000

-8.000

BEAM ON
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High ADC counts w.o. Beam

500

-200

400

300

BEAM OFF

0

What about DSC 
learning threshold?
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Temperature regulation

BPM #

BPM #

ALBA Liberas
normal operation

Temp from 44º to 48º

RPM from 4.200 to 4.600
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Temperature regulation
30º

19º 3 days

Inside rack

On buttons (inside tunnel)

1º

0.5º

Some Liberas do weird control 

5.400rpm

4.200rpm

50º

40º

4.250rpm

No change for 2 days

4 days

Increase rpm
why?

47º

46º

45º

>5.000rpm
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Distributed architecture using various racks:
• Network: Build optical network
• Diagnostics: Liberas
• Controls: Computation units / Interface with 
power converters
• Correctors: Power converters

FOFB system status
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ONE SECTOR DEVICES AND CONNECTIONS

FOFB system status
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- Even though we have 104 (120) BPMs and their corres ponding Liberas, only position 
data from 88 BPMs will be used for orbit correction ���� Why?

- Representation of β functions vs. phase advance shows that some BPMs giv e almost the
same information (same info = no info)

CORRECTION CALCULATION

“Possible fights between BPMs / Correctors”, Beam dy namics people

FOFB system status
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- ESRF lend us one of their sniffers Virtex-II FPGA boards for testing purposes

1- Modify sniffer code for latency meas. on ALBA design

- Distribution of data using Diamond Communication Controller

2- 10sec of FA data using Device Server not yet done

BPMs DATA TRANSFER

237-340 us

Curtiss Wright

FOFB system status
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BPMs DATA TRANSFER

FOFB system status

- Market survey to analyze FPGA vendors and models

- Decision to buy Virtex-5 Alpha Data ADM-XRC-5T1

- Prototype unit + carrier on stock (Curtiss Wright 20 weeks delivery)

- 16 units: 8-10 weeks delivery (Curtiss Wright 20 weeks)

- Price for 16 boards + carriers 33% cheaper

- Wrong delivered carrier

- 2 months delay for optical SFP transceivers

Alpha Data



Angel Olmos, CELLS-ALBA                                                            Libera Workshop 2011



Angel Olmos, CELLS-ALBA                                                            Libera Workshop 2011



Angel Olmos, CELLS-ALBA                                                            Libera Workshop 2011

Next steps

� Keep on with SR & Beamlines commissioning

� Slow orbit feedback
� Vacuum cleaning

� Better control of filling pattern

� Fast orbit feedback
� Multibunch feedback

� Topping up
� …
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LI
BO

LI
BO

LI
BO

Off

SR

RF

RF

SR

BL

BL

BL

BL

BL US

US

US

Off

Off

Off

Off

Off

Off

Off

Off

Off

Off

Off

Off

SR

SR

SR

SR

SR

SR

SR

SR

SR

SR

Off

Off

Off

Off

Off

Off

SR

BL

BL

US

BLSR

LI
BO

13 weeks

3 weeks

7 weeks

3 weeks

Off 19 weeks

March      April      May       June     July       Aug.      Set.      Oct.       Nov.      Dec.

... until end 2011
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