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Get oriented
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The Frascati Laboratory

DAΦNE
electron positron

collider

SPARC
Free Electron Laser
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Under INFN responsibility

SPARC 3D CAD model

Under ENEA

responsibility

Collaborations
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Spring 2008

Summer 2008

today
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Matching onto the Local Emittance Max. 

(Ferrario’s working point)

S-band photoinjector up to 150 MeV,     HOMDYN simulation

(RF Gun + 2 Traveling Wave Structures)

Q=1nC, L=10ps, R=1 mm, Epeak=140 MV/m, TW Eacc = 25 MV/m
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ELECTRON BEAMELECTRON BEAM

PARAMETER LIST PARAMETER LIST 

Electron Beam Energy (MeV) 155

Bunch charge (nC) 1.1

Repetition rate (Hz) 1-10

Cathode peak field (MV/m) 120

Peak solenoid field @ 0.19 m (T) 0.273

Photocathode spot size (mm, hard edge radius) 1.13

Central RF launch phase (RF deg) 33

Laser pulse duration, flat top (ps) 10

Laser pulse rise time (ps) 10%→→→→90% 1

Bunch energy @ gun exit (MeV) 5.6

Bunch peak current @ linac exit (A) (50% beam

fraction)

100

Rms normalized transverse emittance @ linac exit

(mm-mrad); includes thermal comp. (0.3)

< 2

Rms slice norm. emittance (300 µµµµm slice) <  1

Rms longitudinal emittance (deg.keV) 1000

Rms total correlated energy spread (%) 0.2

Rms incorrelated energy spread (%) 0.06

Rms beam spot size @ linac exit (mm) 0.4

Rms bunch length @ linac exit (mm) 1
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SPARC layout

36m

RFModulators
Vacuumpumps
Vacuometers
Programmable delays
Magnet PS
Flags
Cameras
BeamPositionMonitors
BeamCurrent Monitors
Faraday cup

2
30
12
3

50
24
24
12
2
1
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The 3D vision of SPARC building

Control Room
SPARC bunker

Modulator 

Magnet PS
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Design problem

• Few people involved full time on the 

control system

• Short time: in 3 years the machine to be 

operative.

• Delay in the information about the 

element to be controled
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Design statements

• Commercial technologies as  much as 

possible

• Easy development and maintenance

• Personal computers with native OS 

everywhere

• LabVIEW® as development environment 

for all the software
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Why are we using LabVIEW®? 

• LabVIEW® is used as development software in the 
DAFNE control system we can re-use the software;

• In LabVIEW® you can easily write a good GUI interface;

• You can find a lot of hardware from different manufacture 
with LabVIEW® driver;

• LabVIEW® is available on different operating systems;

• In our laboratory the use of LabVIEW® is diffused a lot of 
people know.
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Main operation in a control system

• Data taking

• Display of information

• Analysis

• Command execution

• Storage

• Expandability

• Automatic feedback
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What we control

• Magnet control

• RF control

• Vacuum control

• Laser

• Diagnostics acquisition

• Analysis



server

service

gigabit switch
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Data storage
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Number of computers

• Front-end processors (12): one for each 

element class (with its interface)

• Console: 6 with at least two monitors

• Service: 2 (one as program server and a 

second to run some service program 

example: e-logbook, web server…)



PCaPAC 2008, Ljubljana, Slovenia

Front-end CPU choice

• Use the best processor in function of the 
element to be controlled.

• Industrial PC for serial or slow control

• To acquire the digital I/O or low speed 
ADC and DAC we will use a fieldbus like 
CAN, Fieldpoint or Profibus

• PXI for high performance application

• Real-time or embedded CPU.
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Front-End skeleton program
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How to interconnect all computers

GigaBit  Ethernet gives us all the necessary 

bandwidth.

Today in every personal computer is 

available the Ethernet connection.

We can use the network as a channel 

between the fieldbus and the CPU reducing 

the number and the length of the cables.
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CONTROL SYSTEM
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service
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.

THIRD LEVEL

Status log machine

Based on TCP/IP database (PostgreSQL).
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ELEMENTS
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Object abstraction
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Magnet

To control a magnet means to control a power 

supply.

• 9 Solenoids Modbus RS485 Hazemayer

• 20 Quadrupoles Modbus TCP/IP Home made

• 3 Bendigs Modbus TCP/IP

• 12 Correctors Modbus TCP/IP
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RF

Modulators: come with an Ethernet interface. 
It is based on Siemens PLC it send at 10Hz 
the complete status (proprietary protocol)

Amplifier (Milmega) is remote controlled 
trough Ethernet (proprietary protocol)

Defined number and type of control
50 pulse shape phase and amplitude readout 
digitizer
5 attenuator and phase shifter motorized
4 analog signal
6 digital I/O

Attenuator and Phase shifter motor control 
RS232 (proprietary protocol)
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RF
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Vacuum

• Pump  30

– Fieldpoint with Ethernet interface (3 ADC, 1 DI, 1 DO)

– Serial RS232 with proprietary protocol 

• Vacuumeter 12

– serial RS232 proprietary protocol 

For serial interface we are using an Ethernet to serial converter
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Vacuum

8 10-10

8 10-9 2 10-9 5 10-8
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Vacuum
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Diagnostic
• Acquisition camera.

– Interface IEEE1394 or GigE Vision

• Flag movement.

– Stepper motor with fieldbus interface.

• BPM reading.

– Bergoz electronics and ADC

• Charge monitor reading

– Electronic from Bergoz with DIMM

– Faraday cup and digitizer.



PCaPAC 2008, Ljubljana, Slovenia

DIAGNOSTIC
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an automated  emittance scan has been developed, making use of the centroids 

and rms calculated from envelope scan.

• 30 images each slit position

• 13 slit positions each z position (sampling the beam with σ/2 step width)

• 30 z positions

• 11700 images & ~450 motor movements each ε evolution measurement

The high measurement resolution allows to precisely reconstruct not only the

second moment but the entire transverse trace space distribution (x-x’ or y-y’)

Emittance automatic measure
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The emittance-meter moves and stops in several (15-30) positions.

Several images are collected at each point, and an algorithm calculates

the RMS parameters and the error bars.

Envelope automatic measure
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SPARC WEB PAGE
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Documents repository
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Layout

Camera
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Conclusion

•The control system (hardware & software) is completely 

defined, tested and used.

•All the main element of the machine are under control

Complete the laser, seeding, and undulator integration in 

the control system


