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The Frascati Laboratory
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PCaPAC 2008, Ljubljana, Slovenia



; ':},/‘/ /
W / nder ENEA

responsibility

Collaborations

) = INFM Synchrotron
PATRLA] LARCEUATONY ORI TRASAS - r * L
AR UNTRARTERGE CFTICA SOFMCE o e 151
Sl DO T AT t:l.ul
Stanford
Linear
Accelerator
CQnter

' )La Sapienza

"7 Universita degli Studi di Roma




. \“‘A . v

K : _‘V‘ZR\Q\. 3 !

el
?///,/ XN

Spring 2008

Summer 2008

PCaPAC 2008, Ljubljana, Slovenia



i % D/
hdld ! o T l 1 U 1 | L 1 ' ! J
3 ]
rmsinorm. emittance [uin] .
2.5 :
rmsibeam size [mm] .

Matching onto the Local Emittance Max.

(Ferrario’s working point)

llllillll

0.5

Ll

Linac

|

|

N -

!

Rs [m]

oooo
c8:23:2%¢
§8igigis

0 Evereereeeien
-0.003 0,002 0007
2520 [m]

2520 (m]

ooooo

ooooo

PCaPAC 2008, Ljubljana, Slovenia

“0.001
2520 (m]




Electron Beam Energy (MeV) 155
Bunch charge (nC) 1.1
Repetition rate (Hz) 1-10
Cathode peak field (M'V/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 | 100
fraction)

Rms normalized transverse emittance @ linac exit | <2
(mm-mrad); includes thermal comp. (0.3)

Rms slice norm. emittance (300 pwm 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

ELECTRON BEAM
PARAMETER LIST
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SPARC layout

RF Modulators 2
Vacuum pumps 30
Vacuometers 12
Programmable delays
Magnet PS

Flags

Cameras

Beam Position Monitors
Beam Current Monitors 2
Faraday cup
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The 3D vision of SPARC building

Modulator

SPARC bunker Control Room
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Design problem

AA1A

* Few people involved full time on the
control system

e Short time: 1n 3 years the machine to be
operative.

e 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

LabV

EW® as development environment

for all the software
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Why are we using LabVIEW®?

LabVIEW® 1s 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® 1s available on different operating systems;

In our laboratory the use of LabVIEW® 1s 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

e RF control

e Vacuum control

e Laser

e Diagnostics acquisition

e Analysis
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Operating system
download

Data storage
Data base

Electronic logbook
Web information
Automatic acquisition

[P | Service.!

First level

| | server =l

¥ gigabit switch

SECOND LEVEL

MAGNET

VACLUM

DIAGNOSTIC

THIRD LEVEL







Front-end CPU choice

Use the best processor 1n function of the
element to be controlled.

Industrial PC for serial or slow control

To acquire the digital I/0 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 1s
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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Operating system
download

Data storage
Data base

Electronic logbook
Web information
Automatic acquisition

CONTROL SYSTEM
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Object abstraction

static
variables dynamic
(parameters) variables
MG 1Sta.ctl| MG1Dyn.ctl|
MG1HCISta.ct! | elemName [0.00
recordClass [0 SHES|[o
elemName|o .00 consoleName |0
elemType [0 errorMask |0
maxCmdExeTime#0 [0.00 cmdExeStartTime |0
maxCmdExeTime#1 [0.00 maxCmdExeTime |0
maxCmdExeTime#2 [0.00 CEISreeiEn
i Fl
maxCmdExeTime#3 [0.00 sysFlags onLineD
polaritySwitch |0 byPass I:l
interpolCoeff m remote I:l
o_| busy []
readOutArray triggerArmed []
ﬂ rampOn
0_, readOutName [0.00 X I:
currentPreSetting [0.00
slope |0.000000 statusSetting [0
offset 10.000000 . A
. polaritySetting |0
|0 006000 currentSetting [0.00
max={0.000000 slewRateSetting [0.00
sensitivity [0.000000 cycleMode [0
errorRange 0.000000 outputPolarity [0
settingArray outputCurr |0.00
£ slewRateReadout |0.00
v .
settingName 10.00 outputVolt [0.00
slope 10.000000
offset 10.000000 (s _,go@
min 10.000000
max 10.000000
precision 10.000000
MG1ExtraSta
serialChID |0

slaveAddress |0

E642PgmTable D
o

PCaPAC 2008, Ljubljana, Slovenia



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/II

12 Correctors Modbus TCP/II
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RF

Modulators: come with an Ethernet interface)
It 1s 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)

e
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[ Customize Links [ 7] Free Hotrmail [ 7] Windows Marketplace [ 1) Windows Media £ Windows ¥ LabYIEW virtual User ...

C || ¥¢ hitp:/fsparcserver1/

Last Entry: 2795

Data: 2005-10-03 16:541:58
Author: elisabetta. pace
Subject: lettura ioniche

Welcome User:
giampiero. dipirro

previous next

Date:
2007-11-23
18:53:09

Author:
giampiero. dipirro
Type:
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Level:
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start RF
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Vacuum

e 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
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Diagnostic
e Acquisition camera.

— Interface IEEE1394 or GigE Vision

* Flag movement.
— Stepper motor with fieldbus interface.

e BPM reading.

— Bergoz electronics and ADC

e Charge monitor reading
— Electronic from Bergoz with DIMM
— Faraday cup and digitizer.

PCaPAC 2008, Ljubljana, Slovenia



File Edit Operate Tools Browse ‘Window Help

DIAGNOSTIC

-

[@  Opened at: 1001906 02:04:04 PM

15.44

Hi

MOVE OUT
0
& 1.000E+D
ositio
0.0000E+0
0 0
0.02
= o

192

e

=k

0.000E+0

0.03

MOVE IN

100

1598.5




13

g | [0 Opened at: 10/15/2005 10:03:45 4M

Camera
3d

— 2d
ACACAMD1 v]i@GRAB
| 3D Surface
o

Case Constant
(See Context Help) 2

Brightriess Gain  Shutter
walle walue value |
300 AquireRAal
|16 ]i |s00 S
Setialue ‘Setvalue Setialue
]_16 1 j]SDD I—SDD 'Ig(T),fGrab
Waveform Chart Plot 0 ﬂ

|
Iy HN' |LI ||||.u||.,| i'“h|||'|\ ||"l||||I| ||‘\‘|r" "I |||||

Histogram Graph. T histogram count [a=m
120 TEar
581.58
100
80—
E
§ 60 -
40—
Il
0- s e
S?El 5?5 SSU 585 59E| 595 6EIEI 6E|5 I Flot 0 4 fetch Mask.
D.P.E-m_. CAMHCIDyn. acquisizionImage N;J ?.E.r.?._,r o — err_o = AL -
et A4 Jizsn status  code o o
el errorrate 2
10000 e i) rror aut 2
) — e e B =] status  code
= \za75.00 g B wr
Z oo0- d B
[=% -
z Sourte

4000 -
2000 -

' '
150 200 256

i
100
Time

Time

errnacqulrelmage
‘D

PCaPAC 2008, Ljubljana, Slovenia



Emittance automatic measure

Emittance vs z Phase space reconstruction
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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’)
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SPARC WEB PAGE
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//sparcserver 1/

« . The SPARC Project

The overall SPARC [Sorgente Pulsata Auto-amplificata di Radiazione Coerente] project consists of 4 main lines of
activity aiming at several goals: their common denominator is to explore the scientific and technological issues that set
up the most crucial challenges on the way to the realization of 3 SA5SE-FEL based ¥-ray source, the SPARX proposal,
These are:

SparcDoc
SPARCpictures
SPARCtelecamere

150 MeV Advanced Photo-Injector

Since the performances of X-ray SASE-FEL's are critically dependent on the peak brightness of the electron beam
delivered at the undulator entrance, we want to investigate two main issues - generation of the electron beam and
bunch compression via magnetic and/or RF velocity bunching - by means of an advanced system delivering 150 Mel
SPARClayout electrons, the minimum energy to avoid further emittance dilutions due to time-dependent space charge effects,

SPARC shift

SPARCmeetings

SASE-FEL Visible-VUVY Experiment

In order to investigate the problems related to matching the bearm into an undulator and keeping it well aligned to the
radiation beam, as well as the generation of nan-linear coherent higher harmonics, we want to perform a SASE FEL
experiment with the 150 MeV beam, using a segmented undulator with additional strong focusing, to observe FEL
radiation at 330 nm and below,

X-ray Optics/Monochromators

The X-ray FEL radiation will provide unigue radiation beams to users in terms of peak brightness and pulse time
duration [100 fs], posing at the same time severe challenges to the optics necessary to guide and handle such
radiation, This project will pursue also a vigorous R&0 activity on the analysis of radiation-matter interactions in the
spectral range typical of SASE X-ray FEL's [from 0.1 to 10 nm), as well as the design of new optics and monochromators
compatible with these beams.

Soft X-ray table-top Source

In arder to test these optics and to start the RED on applications, the project will undertake an upgrade of the
presently operated table-top source of ¥-rays at INFM-Politecnico Milano, delivering 10°7 soft X-ray photons in 10-20 fs
pulses by means of high harmonic generation in @ gas.
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Entry time: 2008 Oct 17 12:39:13
Author: giampiero. dipirro
Subject’; [prova |
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Category': h@m-
Level: Control System
Diagnostic
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Lina Installatian « Find Sparc Book
Last Entry: 2795 \
Data: 2008-10-03 16:51:55 FIND SPARC BOOK
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[ .1t Sparc Book :::. start v R v
€« C | ¥% N/ isparcserverl/ »| OG- £~ entry date | end v v I~
[ Customize Liks [ FreeHotmal [ ‘Windows Marketplace [ Windows Media £ Windows ¥ LabWIEW irtusl User .., [ Alri Preferti showfast || yoor |
author |- Select - ~|
A 156 type 'RF V|
- * e category |- Select - v
e -
g subject  phase|
J level |- Select - v
beam
parameters - Select - v
tables
entry
number |
previous nest (1-2795)
Date:
FRR 20071123 Subject: Entry:
18:53:09 start RF 1121
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Conclusion

*The control system (hardware & software) 1s 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
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