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Abstract

This paper presents the initial design of the Global Fast Orbit Feedback (FOFB) system for the ALBA Storage Ring. The FOFB system is designed to reach a submicron stability of the electron beam working at frequencies of at least 100 Hz. It compensates the small perturbations produced by vibrations, electromagnetic noise and changes in the gap or phase of the insertion devices, etc. A description of the model is shown. The different subsystems have been identified and modeled: the BPM processor, the iron lamination and the vacuum chamber. The power converters for the correctors play an important role in the system, and they have been designed (strength, resolution, bandwidth, voltage output) accordingly with the FOFB requirements. We have also studied the latency of the system (communication network, processing times). The orbit correction is computed by a PID controller. The simulations of the closed loop response show a damping of the perturbation between 0 and 100 Hz, although the system also introduces a small amplification of the noise just after this bandwidth. Finally the paper presents the initial design of the hardware architecture of the FOFB system.
introduction
ALBA is the first Spanish Light Source which is intended to provide Spain with a powerful source of X-rays. The project is funded by the Spanish and Catalan Governments at equal parts. The first phase includes the construction and commissioning a linear accelerator, a booster accelerator, a storage ring and 7 beamlines, with the start of operation planned for 2010.
ALBA is a 3rd generation 3 GeV light source, with a perimeter of 268 m, With such an energy the brilliance at 20 keV reaches 1019 Ph/s/mm2/mrad2/0.1%BW for in-vacuum undulators with 5 mm gap.

The lattice has 16 cells with a 4-fold symmetry in order to increase the number of available straight sections for experiments, providing 16 medium straight sections of 4.2 m, 4 longs ones of 8 m and 12 short ones of 2.2. For more information see reference [1]
Orbit correction basics
In order to provide a stable beam for the experiments, the electron beam has to be stable to values smaller than 10% of the beam size. In the vertical plane, where the beam size is of the order 5 to 10 µm in the medium straight section, this corresponds to a sub-micrometer stability of the electron beam. The closed orbit correction system is in charge of keeping the beam stable. The system is composed of two conceptual parts: The slow and the fast orbit feedback. The two components share most of the hardware, and could be integrate in a single loop in the future. The main components of the orbit correction system are the Beam Position Monitors (in charge of reading the position of the electron beam around the ring), the Corrector Magnets (that introduce displacement in the beam to bring back the orbit to the desired one) and a system of CPUs that predict the settings of the corrector magnets based in the readings of the BPMs.
The slow orbit feedback takes care of the correction of the orbit created by “large” static perturbation, such as misalignment of magnets, etc. It would compensate errors up to a few mm, with corrector strength up to 1 mrad, and is mostly a static system, taking care also of adjusting the frequency of the RF to have a centred horizontal orbit.

The fast global orbit feedback system is in charge to stabilize the electron beam up to frequencies of at least 100 Hz, compensating the small perturbations produced by vibrations, electromagnetic noise and changes in the gap or phase of the insertion devices. Typically, the maximum corrector strength needed will be of circa 50 µrad at 50 Hz. The elements involved in the FOFB are the BPM detectors and the BPM electronics, the corrector power supplies, the corrector magnets, the vacuum chamber, the frequency of the RF system, and a computer system and network, that collects the information from the BPM electronics, runs correction algorithms and acts on the storage ring corrector magnets and in the frequency of the RF. Those elements are described in the next section.
Fast orbit feedback subsystems
This section describes the influence of the different subsystems involved in the FOFB: 

•
BPM electronics. 

•
The Power supply. 

•
Iron lamination, corrector coil, and vacuum chamber. 

Figure 1 shows the model of the correction loop.
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	Figure 1: Model of the FOFB correction loop.


BPM Electronics: Libera Electron Processor
Libera Electron [2] is a standalone device composed of a RF analogue front-end, four ADCs, a FPGA, and a Single Board Computer. The electron beam is determined by sampling at 118.2218 MS/s the signals from the four BPM buttons for the storage ring and by processing the samples in a multiple-stage filtering and decimation scheme.

We have measured the step response of the fast acquisition data path, which is shown in Figure 2.
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Figure 2: Libera Fast acquisition response, with a sampling rate of 10 kHz.
This is a second order underdamped system, with a damping ratio of 0.47 and an undamped natural frequency of 11918 rad/s. We have to add the latency of the digital system, as we could correlate this value with the turn-by-turn acquisition (1 us resolution). This gives a latency of 350 µs. So, the transfer function, including the group delay of the digital calculation is:
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where to=350 µs, wn=11918 rad/s, ζ=0.47.
Iron Lamination and Vacuum Chamber
The Storage Ring sextupoles of ALBA will have additional coils to provide horizontal and vertical corrections to the beam. Due to the fact that the vacuum chambers are made with metal, eddy current will appear, therefore, the magnitude of the magnetic field will be reduced for high frequencies. The ALBA vacuum chamber is made of 3 mm thick stainless steel, but there is a reduction of the vacuum chamber thickness (2 mm) at the location of correctors only at the location of the sextupole poles instead over the whole width of the corrector. Also, the thickness of the laminations of the sextupoles is 0.5 mm, in order to reduce the Eddy currents in the core of the sextupoles.

The document [3] has a simulation of the magnetic field attenuation of the Vertical corrector field in the vacuum chamber. Those simulations take into account the effect of the iron losses on the iron core and the vacuum chamber. A step has been used to measure the bandwidth of the vacuum chamber [4]. The rise time (10-90%) for the vertical field is 1.2 ms, so the cutoff frequency is 290 Hz if a first order system is assumed. The rise time for the horizontal field (vertical correction) is 0.155 ms, and the cutoff frequency is 2.4 kHz. It was also simulated the effects of the eddy current currents due to a sinusoidal waveform. The field attenuation is shown in Figure 3.
[image: image4.emf]
Figure 3: Attenuation of the magnetic field.
The -3 dB attenuation measured in this case is 235 Hz for the horizontal correction and 1551 Hz in the vertical correction. We have adjusted the transfer function for both plots. The vertical correction field has a slope of 40 dB/dec, which corresponds to a second order filter. We have fitted the curve (up to 4 kHz), and it has the following transfer function:
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 , with fc=2.3 kHz.

The response for the horizontal correction is neither a first order filter. It has a slope of 8.5 dB/dec (the first order filter is 20 dB/dec). We could take a conservative approach, and consider a first order filter with a cut-off frequency of 235 Hz
Corrector Power Supply

This section shows the specification of the power supplies, according to the simulations done in the vacuum chamber and the measurements done by the corrector coil manufacturer.

When the project of the FOFB started, the Libera electron processor, the magnet coils and the vacuum chamber where already decided. The only components that we have designed for the optimization of the FOFB system are the corrector power supplies.

The corrector magnets were designed for higher correction fields in static mode. In order to avoid the need of cooling the coils, the magnets present a small resistance but a large inductance. The vertical correction coils have (according to the measurements made by the magnets manufacturer) an inductance of 211 mH and a resistance of 2.24 Ohms. In the dynamic mode requested by the FOFB system, we have to dimension the power supply accordingly, in order to produce current with the appropriate strength and bandwidth the power supply.

Following the experience in other light sources (SLS, Elettra), the dominant noise sources that the fast orbit feedback should cancel are in a range up to 100 Hz, and the highest component is related with the mains network (50 Hz). The correction signal will be the addition of sinusoidal waveforms, and the highest component is 50 Hz. So we calculate the required voltage for a correction of 80 µrad at 50 Hz in the vertical plane, for our load (L=220 mH and R=2.2 Ohms): 
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 = 55 V. We have to add to this voltage the DC component, which is 1 mrad (10 A). The resistance of the magnet is 2.2 Ohms, and the resistance of the cable is 0.5 Ohms, so the total DC voltage is 2.7*10=27 V. The total voltage will be 55+27≈ 85 V.
The bottom line is a power supply with ± 12 A and ± 85 V. This power supply allows DC corrections of ±1 mrad (10 A) and in addition an AC correction of ±80 µrad (0.8 Apeak) at 50 Hz (or ±40 µrad at 100 Hz) in the vertical plane. The same power supply will be used for the horizontal correction and it will provide a correction of ±115 µrad (1.16 Apeak) at 50 Hz (or ±58 µrad at 100 Hz) in the horizontal plane.

Fast orbit feedback COrrection

The FOFB system is closed loop system. The beam position is measured by the BPM, and compared with the reference orbit (set point). The error signal is applied to a PID controller, which computes the correction and it generates a control signal for the corrector power supplies. 

The target of the FOFB is to cancel (or attenuate) perturbations below 100 Hz. In our system, the perturbation is modelled as the input signal, and the output is the attenuation of the perturbation. 

We simulate the sensitivity transfer function, which is defined by:

(x_beam_position)/(x_noise)=1/(1+H)

where H = HLibera * Htransport_delay * HPower supply * Hmachine_optics. 
This transfer function gives the suppression of possible disturbances over the frequency range. The idea is the get the larger and higher attenuation in the stopband. We consider the bandwidth of the system, as the attenuation lower than 3 dB.
Figure 4 shows the Simulink model with the models of the different subsystems involved the in FOFB. The transport delay models the latency of the system: BPM position distribution, processing times, corrector settings distribution.

[image: image7.emf]
Figure 4: Simulink model of the FOFB.

Using a PI controller 
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 with Kp=0.2 and Ti=1/(2*(*50), the frequency response of the sensitivity function is shown in Figure 5. With these moderate values of the PI parameters, the 0 dB point is in the range desired (between 100 and 200 Hz), and the system can compensate realistic values of the noise under 100 Hz.
[image: image9.emf]
Figure 5: Amplitude and phase response of the sensitivity function.
conclusion
We have studied the different subsystems involved in the FOFB. We have measured their response and simulate their behaviour, in order to produce precise model that will help us study the behaviour of the system. With this complete model, we have adjusted the PID parameters in order to get the desired bandwidth, with the highest attenuation. The idea is to use this model, and together with the real noise measurements in our accelerator, decide the final parameters of the PID. The next steps are to decide in the communication model for the data sharing between the Liberas, the corrector magnet power converters and the CPUs in charge of the PID.
Acknowledgments

We would like to thank Thomas Schilcher and Michael Boge from SLS for the discussions in our visit to their facility.

References

[1]
D. Einfeld, “Status of the ALBA Project”, Proceedings of EPAC-06, Edinburgh 2006.

[2]
http://www.i-tech.si/.
[3]
M. de Lima “Eddy current studies on the ALBA SR sextupoles”, Internal report, 2007.

[4]
M. de Lima “Field attenuation and delay at SR correctors dune to eddy currents in the sextupoles vacuum chamber”, Internal report, 2007.
















_1253868323.unknown

_1253868327.unknown

_1253867931.xls
Chart1

		12347

		12348

		12349

		12350

		12351

		12352

		12353

		12354

		12355

		12356

		12357

		12358

		12359

		12360

		12361

		12362

		12363

		12364

		12365

		12366

		12367

		12368

		12369

		12370

		12371

		12372

		12373

		12374

		12375

		12376

		12377

		12378

		12379

		12380

		12381

		12382

		12383

		12384

		12385

		12386

		12387

		12388

		12389

		12390

		12391



Va

FA counter

Va amplitude [a.u.]

Va - step response

263582

263132

262599

262584

263078

263217

263158

263406

263684

263548

263377

263381

263247

263107

262972

262775

262626

1062714

8109997

16109195

18644386

19955078

21189290

22133125

20677136

18892082

19207255

20020768

20802766

21405516

20516121

19419165

19606748

20100208

20586461

20965962

20424405

19750185

19858602

20154883

20456500

20695955

20362828

19946936

20011682



fa

		263582		427076		303510		441271		1435439		-2098695		-179269		-377048		12347		0x0000

		263132		426702		302712		441138		1433684		-2106433		-175380		-376763		12348		0x0000

		262599		427482		302544		441243		1433868		-2117224		-182610		-374553		12349		0x0000

		262584		428029		303956		441338		1435907		-2108959		-195437		-380811		12350		0x0000

		263078		428072		304001		441076		1436227		-2103212		-194391		-375476		12351		0x0000

		263217		427960		303802		441405		1436384		-2104910		-188946		-376152		12352		0x0000

		263158		427567		303906		441591		1436222		-2103393		-186071		-381361		12353		0x0000

		263406		427687		304701		441625		1437419		-2095457		-190320		-384251		12354		0x0000

		263684		427807		305265		441606		1438362		-2088931		-193150		-385021		12355		0x0000

		263548		427638		304185		441389		1436760		-2097037		-187129		-378546		12356		0x0000

		263377		427776		303018		441267		1435438		-2108401		-182174		-370144		12357		0x0000

		263381		428133		302754		441265		1435533		-2112546		-182796		-365752		12358		0x0000

		263247		428096		302532		441102		1434977		-2114452		-183131		-364403		12359		0x0000

		263107		427899		301797		440920		1433723		-2119760		-179037		-360676		12360		0x0000

		262972		427611		301745		440595		1432923		-2117971		-179974		-361198		12361		0x0000

		262775		427863		302648		440398		1433684		-2112306		-190683		-365547		12362		0x0000

		262626		427909		303694		440670		1434899		-2106482		-197275		-375141		12363		0x0000

		1062714		1331458		1160930		1335882		4890984		-907171		-191765		-209855		12364		0x0000

		8109997		9295057		8707746		9221174		35333974		-480695		-190081		-148261		12365		0x0000

		16109195		18333795		17271614		18172482		69887086		-447216		-189410		-143246		12366		0x0000

		18644386		21198292		19987837		21010701		80841216		-442443		-189388		-142979		12367		0x0000

		19955078		22679379		21391146		22475781		86501384		-440332		-189553		-142479		12368		0x0000

		21189290		24075907		22708140		23854983		91828320		-439239		-189459		-141342		12369		0x0000

		22133125		25144851		23715634		24912811		95906421		-438855		-189199		-140811		12370		0x0000

		20677136		23499447		22157492		23285237		89619312		-440759		-189084		-141280		12371		0x0000

		18892082		21480477		20247849		21288079		81908487		-443009		-189011		-142032		12372		0x0000

		19207255		21835976		20586248		21641531		83271010		-442411		-188953		-142252		12373		0x0000														TM		600		us

		20020768		22755024		21459295		22552200		86787287		-440981		-189123		-142382		12374		0x0000														A		22133125

																																		B		20695955				-2.734399453

		20802766		23637252		22298339		23425798		90164155		-439414		-189324		-142420		12375		0x0000

																																		(A-B)/A		0.0649329907		t		658.279827413

		21405516		24319140		22941680		24098856		92765192		-438828		-189343		-141850		12376		0x0000

		20516121		23317581		21985180		23104265		88923147		-440891		-189194		-141216		12377		0x0000														A0		22133125

																																		A1		21405516				0.03287421		-3.4150668181		175.6920235996

		19419165		22079571		20809908		21877320		84185964		-442807		-189223		-141174		12378		0x0000														A2		20965962				0.0527337644		-2.9424993372		407.8165744452

																																		A3		20695955				0.0649329907		-2.734399453		658.279827413

		19606748		22290380		21011249		22087335		84995712		-442342		-189132		-141354		12379		0x0000

		20100208		22845898		21541192		22640402		87127700		-441294		-188973		-141801		12380		0x0000																tau		407.8165744452		chi		0.2279897955

																																								wo		10755.2304060885		rad/s

		20586461		23394269		22065362		23185785		89231877		-440227		-189101		-142372		12381		0x0000

		20965962		23822260		22473854		23609604		90871680		-439306		-189338		-142534		12382		0x0000																tau		658.279827413		chi		0.1435617272

																																								wo		10581.5863067801		rad/s

		20424405		23209580		21892694		23001064		88527743		-439810		-189410		-142302		12383		0x0000

		19750185		22449458		21166765		22245539		85611947		-441299		-189284		-141646		12384		0x0000																tau		175.6920235996		chi		0.4775448624

																																								wo		11918.8341824152		rad/s

		19858602		22574819		21278967		22367275		86079663		-441977		-189116		-140895		12385		0x0000

		20154883		22910748		21595444		22700020		87361095		-441894		-189018		-140775		12386		0x0000

		20456500		23250398		21918961		23037521		88663380		-441271		-188954		-140935		12387		0x0000

		20695955		23518028		22176420		23305165		89695568		-440469		-188786		-141322		12388		0x0000

		20362828		23140326		21823673		22934632		88261459		-440561		-188818		-142208		12389		0x0000

		19946936		22670569		21383424		22470118		86471047		-440647		-189304		-142942		12390		0x0000

		20011682		22742682		21453676		22539356		86747396		-439976		-189667		-142790		12391		0x0000





fa

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Va

FA counter

Va amplitude [a.u.]

Va - step response

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0




_1253868293.unknown

_1253048119.unknown

