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Abstract 

New beam diagnostics tools have been developed for 
the SPES [1] project in the perspective of reusing them to 
upgrade the system currently in operation at LNL in the 
superconducting Linac ALPI. 

 The goal is providing the new R.I.B. facility, that will 
use ALPI as re-accelerator, with an homogenous set of 
tools and a common user interface to support beam 
transport over the future accelerators complex.  This 
paper focuses on the realization of  a new emittance meter 
and on design of control software that has been written 
using EPICS. 

 

OVERVIEW 

The Spes Project and the New Ion Source. 
SPES is a new facility under construction at LNL 

whose aim is the production  of radioactive nuclei beams 
that will be injected into the Linac ALPI.  The production 
of  unstable nuclei is accomplished by impinging a proton 
beam delivered by a commercial cyclotron (energy range 
40-70 Mev) into a UCx target. The diagnostics on proton 
beam will be part of cyclotron delivery and will not be 
presented in this paper; instead, we shall discuss the 
diagnostics on secondary beam with particular emphasis 
on devices that have been realized to characterize the new 
ion source currently under test in the SPES Target 
laboratory. 

The Beam Diagnostics at LNL 
The  Linac  ALPI, together with its injector PIAVE, has 

about 80 QWR resonators in operation.  Beam transport  
is carried  out  by observing  its profile and measuring its 
current by means of 48 diagnostic boxes  installed  along 
the machine. Each diagnostic box contains a faraday cup 
and a couple of grids (horizontal and vertical), each one 
made of 40 wires. Current signals are converted to 
voltage by an analogue board closely installed on top of 
box, in order to minimize the noise induced by cables; the 
conversion factor is selectable by software and covers 
four decades.  Grid signals are multiplexed and serialized 
before being transferred, over coaxial cables, to the data 
acquisition system. Serialization strongly simplifies the 
overall  wiring: in fact,  only one coaxial cable is required 
for a 40 wire grid  The multiplexer is driven by a counter 
whose clock is generated by the ADC itself, to have the 
signal transmission synchronized with the conversion. 

DEVICES FOR BEAM DIAGNOSTICS 
Figure 1 shows the faraday cup designed for beam 

current measurement. Behind this device it is possible to 
notice the grid based profiler.  The faraday cup is inserted 
or removed by means of a pneumatic actuator while the 
grids are moved by a stepper motor. 

 

 
 

Figure 1: Faraday cup and beam profiler. 

The Data Acquisition System 
Signals from beam profilers and faraday cups are 

acquired by ADC cards installed in VME crates. The 
boards are XVME566 produced by XYCOM; they have 
12 bit resolution and support a conversion rate of 100 
KHz in streaming mode. Although higher performance 
products are available today we decided to continue using  
these modules, already installed in ALPI diagnostics 
system, because of the on board timer chip we use to 
generate the clock for the external multiplexer.  
The stepper motor controllers are VME cards, designed in 
house, together with the associated power drivers; one 
controller manages 8 motors.  The crate controller is an 
Emerson MVME3100, based on the PowerPC8540 
processor and including 256MB RAM.  The need of 
keeping the stream of serialized analogue signals coming 
from front-end electronics synchronized with the A/D 
conversion cycle imposes strict constraints in terms of 
response time. Because of this, the data acquisition 
software runs under the real time operating system 
Vxworks; the release currently in use is 6.8. The OS 
image has been tailored to support all features required to 
host an  EPICS IOC using Wind River Workbench 3.2. 

MOPMS035 Proceedings of ICALEPCS2011, Grenoble, France

412C
op

yr
ig

ht
c ○

20
11

by
th

e
re

sp
ec

tiv
e

au
th

or
s—

cc
C

re
at

iv
e

C
om

m
on

sA
tt

ri
bu

tio
n

3.
0

(C
C

B
Y

3.
0)

Upgrade of control systems



T
Measuring

evaluate the 
The emittanc
two identical
of a couple o
an aperture o
mm. By mov
left and acqu
to scan the 
divergence b
collimator’s p
the output vo
the measure
mechanical r
 

 
Figure

 
 
 

 

 
 

HE EMITT
g the  emittanc
quality of  be
ce meter desi
l moveable sl
of horizontal a
of  0.3 mm. an
ving the collim
uiring data fro

whole beam
by measuring 
positions  (the

oltage of a line
ement schem
realization.  

e 2: Scheme o

Figure 3: In

TANCE M
ce  is of  essen
eam produced 
igned for SPE
lits (collimato
and vertical gr
nd the distance
mators up and
om vertical gr

m area and e
 the grid cur
e position is o
ear encoder). 

me, while fig

f emittance m

strument mech

ETER 
ntial importan
 by an ion so

ES [2] is base
ors) placed in 
rids. The slits
e from grids i
d down (or rig
rids ) it is pos
evaluate the 
rrents for diff
obtained by rea
Figure 2 illus
ure 3 shows

measurement. 

hanics. 

nce to 
ource. 
ed on 
front 
 have 
s 300 
ght to 
ssible 
beam 
ferent 
ading 
trates 
s the 

 

 

On
in p
comp
softw
cohe
gene
take 
user 
distr
archi

Th
diagn
legac
since
Vxw
mod
comm
stron

The
Ac

impl
the f






The 
prov
C-su
clien
grap
throu
acqu
posit
num
the 
displ

Da
an E
versi
conju
Repl
on H
The
Syste
envir
EPIC
func
etc.)
a uni
the f
 
 
 

SOFTW
ne key point o
erspective of 
plete remake
ware tools fo
erent with our
eral  framewor

advantage of
community o

ribution syst
itecture. 
his choice als
nostics upgra
cy hardware i
e  the XYCOM

works are supp
difications wer
munity but t
ngly reduced.

e Emittance 
ccording to E
lements an IO
following func
acquisition o
configured as
acquisition o
encoder  
control of 
collimator mo
database load

vides minimal
ub records. M
nt side, which
hic interface.
ugh the Cha
uired by subse
tion and store

mber of progra
acquisition c
lays the result
ata used for e
EPICS Archiv
ion currently
unction with 
lacement by a

Hypertable [3] 
user interface
em Studio)[
ronment  tha
CS records m
tions (i.e. ala
.  Figure 4 is 
ique panel the

faraday cup cu

WARE DEV
of  SPES  new
f ALPI diagn
e of control 
or beam diag
r previous de
rk for  SPES c
f a plenty of 
other than the 
tem offered

so fits natural
ade: reusing t
installed in A
M  I/O boards
ported by EPI
re required on
the overall c

Measureme
EPICS termino
OC  (Input Ou
ctions: 
of grid signa
s an instance o
of collimator 

stepper mot
otion with the 
ded in the IO
l processing o

Most calculatio
h is a Linux 
The program

annel Access 
equent sample
es all informa
ammed steps 
cycle it calcu
t.  
emittance ana
ver for off-li
y in use is 

 mySQL ru
a higher perfo
is planned fo

e has been rea
[4], the ne
at provides a

management a
arm handling,
a snapshot of

e raw beam pr
urrent and the 

VELOPME
w diagnostics 
ostics renova
software. Th

gnostics deve
ecision of usi
controls.  It w
utilities deve

 great perform
d by Chan

ly with our p
the rather larg

ALPI will be n
s  and the ope
ICS since its o
n drivers avail
cost of migra

ent Software
ology, the VM
utput Controll

als, an array
of waveform r

position fro

ors, to sync
grid signals a

OC is relativel
on raw data, 
ons are perfo
PC also use

m is written in 
the grid cu

s  together  w
ation in its d
is reached.  A
ulates the em

alysis can also
ine review. T

configured 
unning on a L
formance insta
r the near futu
alized using C
w Java ba
a seamless i
and high lev
 interface to 
f user interfac
rofile as colle
phase space d

ENT 
system – and

ation – is the
he choice of
elopment was
ing EPICS as
ill allow us to
eloped by the
mance of data
nnel Access

plan of  ALPI
ge amount of
not a problem
erating system
origin.  Some
lable from the
ation will be

e 
ME processor
ler) providing

y of integers
record 
m the linear

chronize the
acquisition 
ly simple and
mainly using

ormed on the
ed to run the
C++; it reads
urrent arrays

with collimator
disk, until the
At the end of
mittance and

o be stored in
The Archiver

to work in
Linux server.
allation based
ure. 
CSS  (Control
ased graphic
ntegration of

vel supervisor
the Archiver,
e, showing in
cted by grids,
distribution. 

d 
e 
f 
s 
s 
o 
e 
a 
s 

I 
f 

m 
m 
e 
e 
e 

r 
g 

s 

r 

e 

d 
g 
e 
e 
s  
s 
r 
e 
f 
d 

n 
r 
n 
. 

d 

l 
c 
f 
r 
, 

n 
, 

Proceedings of ICALEPCS2011, Grenoble, France MOPMS035

Upgrade of control systems 413 C
op

yr
ig

ht
c ○

20
11

by
th

e
re

sp
ec

tiv
e

au
th

or
s—

cc
C

re
at

iv
e

C
om

m
on

sA
tt

ri
bu

tio
n

3.
0

(C
C

B
Y

3.
0)



 
 

Figure 4:  Snapshot of  user interface based on CSS. 
 
 

 

CONCLUSION 
New diagnostics instruments were developed for SPES 

and are today in use in the Ion Source and Target 
Laboratory.  The emittance  meter has proven to be a very 
sensitive  tool for the characterization of beams generated 
by the ion source prototype.  The software migration to 
EPICS resulted in a significant increase of  flexibility and 
performance of overall system. The software developed 
for SPES is being ported with minimal adaption to ALPI, 
in order to have an unique interface for the diagnostic 
systems of  both facilities. 
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