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Motivation

What we know: ECR ion sources show a “fine structure” with respect to magnetic 
field and RF frequency tuning

O. Tarvainen et al. Plasma Sour. Sci. Tech. 2014 

Evidences of plasma instabilities 
when tuning B

D. Mascali et al., Rev. Sci. Instrum. 2014

Evidences of strong fluctuations with the 
RF  frequency correlated to X-ray emission 
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So… Does exist an INTERPLAY between the plasma structure and the beam shape, 
 brightness, emittance?

Motivation
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So… Does exist an INTERPLAY between the plasma structure and the beam shape, 
 brightness, emittance?

Motivation

D. Nicolosi et al. This conference L. Celona et al., Rev. Sci. Instrum. 2008

•Does the plasma distribute uniformly?  

•Are electrons of different energy domains merged each other or not?

sim. density

single mode distrib.

It’s not just a matter of beam dynamics…  
but also the plasma parameters play a fundamental role!
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Motivation

Two main goals… Source parameters 
Beam properties

VS

Search for the best material to be used as beam viewer 

20Ne6+  11 µA  

BaF2 screen

(current and shape)

a)

b)

CAESAR  
ECR Ion Source

(RF frequency and power, 
magnetic fields, etc)

BaF2, CaF2, KBrPossible candidates:
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Scintillating screens @ INFN-LNS

Scintillating screens: simple, reliable, cheap and efficient devices for beam imaging

free electrons Conduction band

Valence band

E
xc

it
onImpurity  

traps

Exciton 
 band

free holes

Activation 
center

Scintillation 
Light
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Scintillating screens @ INFN-LNS

Scintillating screens: simple, reliable, cheap and efficient devices for beam imaging

free electrons Conduction band

Valence band

E
xc

it
onImpurity  

traps

Exciton 
 band

free holes

Activation 
center

Scintillation 
Light

Real time beam monitoring 
Direct access to the beam shape 

2D beam profiles 

Better beam transport and 
quality

Scintillating screen + 
CCD camera and optics + 

Image acquisition System 

BaF2 screen
40Ar8+  

Ibeam: 9.5 µA
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Scintillating screens @ INFN-LNS

BaF2 screen preparation @ LNS chemical laboratory*

L
N

S
 E

va
po

ra
to

r

evaporation 
 in progress 

BaF2 tablet
BaF2 deposited layer  

t = 2 µm

Al background  
t = 2 mm

*Special thanks to dr. J. Mader and dr. F. Maimone (GSI-Darmstadt)

7 mm

5 mm
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Scintillating screens @ INFN-LNS

KBrPossible candidates:

BaF2

CaF2

 dim: 5 cm X 5 cm 
t: 2 µm on 2 mm Al plate 

status: virgin

 dim: 5 cm X 5 cm 
t: 2 mm plate 
status: virgin

dim: 5 cm X 5 cm 
t: 2 mm plate 

status: irradiated

20 keV 
 p spot

Scintillator Density
 [g/cm3]

Refractive
index

Melting point
[°C]

Primary decay
time [ns]

Wavelength of 
max. em. [nm]

Photon Yield
[ph./MeV]

BaF2 4.88 1.5 1386 600 280 9400

CaF2 3.18 1.47 1418 940 435 24000

KBr 2.74 1.53 734 - - -
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Experimental set-up

CAESAR ECR  
ion source

Focusing 
solenoid 1

Dispersive 
dipole

Faraday Cup

Focusing  
solenoid 2

BaF2 screen

CCD camera

energy range of 40–170 keV. CsI(Tl) is reportedly
one of the best scintillators with respect to light
production, transparency, afterglow. We stress
that, to our knowledge, previous attempts made by
other people to produce on-line beam images with
other scintillators in such an energy range were
unsuccessful. We placed a ground-connected grid
of thin tungsten wires just on the crystal face
(1 mm pitch), in order to prevent its charge-up
which would unavoidably scatter away the in-
coming low-energy ions, thus producing no image
at all.

Our first tests consisted in detecting several
different beams (H, O, F, Ni, Ag) by means of
FC2, after displacing sideways the scintillator, and
then by re-inserting it. We easily detected corre-
sponding well defined images, with intensities
going down to the order of <100 fA (!105 parti-
cles per second) for light ion beams.

As our video-camera was connected to a frame
grabber computer board, which also allows live
display capture, we decided to perform a wide scan
of the ion species present in the source by sweeping
the magnetic field in the bending magnet. At first
we did this while reporting the current values
measured by FC1, then we performed the same
magnetic sweep while recording a real-time movie
of the scintillator placed in the beam. By examin-
ing the movie we easily identified a whole set of
additional beams, which were put in correlation
with peaks on the ion-source spectrum acquired
through FC1 in the previous sweep. These peaks
are produced by several ion species coming: (i)
directly from the ionisation of the primary chem-
ical species; (ii) from additional compounds they
can form; (iii) from impurities due to previous

operations of the ion source with different species.
A few image analysis tricks (basically background
subtraction and integration), coordinated with the
corresponding values of magnetic field, allowed to
obtain numerical information from the light spots
appearing on the movie, after suitably extracting
and averaging sets of individual frames.

We discovered that not only were all the ‘‘offi-
cial’’ peaks (measured via FC1) present on the
‘‘unofficial’’ spectrum (produced through the scint-
illator), but we also discovered that our device was
detecting additional species actually escaping the
detection through the standard sensor. Estimating
the precise intensity of such beams is not easy, at
least for three reasons: first, the camera was not
perfectly suitable for the task; second, the light yield
of CsI(Tl) depends on the atomic number of the
impinging ion, and in this low energy domain the
dependence is not well known; third, the overall
transport efficiency through the slits was<1%.What
we did was to normalise two scintillation peaks to
the readings on FC1, and then, after assuming the
light production as proportional to the energy lost
via electronic collisions [5,6], we produced the rough
data reported in Table 1. The first column shows the
mass number, according to the magnetic field value
set in the bending magnet; the second column is the
(most likely) corresponding ion species, also con-
sidering possible molecules and isotopes; the third
column shows the measured beam current using
FC1; in the fourth column we report the final cur-
rent reaching the CsI(Tl) sensor (after transport and
collimation); in several cases the amount of light
was such that the CCDwas saturated. The two rows
marked with an asterisk represent the beams used
for the calibration of the scintillator.

Most of what we measured could be explained
after looking up into the logbook of the ion source
back to a couple of months before, and we con-
cluded that our device is by far more sensitive to
the low intensity beams than a standard Faraday
cup like FC1, and yet more sensitive than FC2.
Moreover, in our spectrum we found the presence
of several isotopes and isotopic compounds, con-
sistent with the expected abundance.

In order to prove that a scintillating device
based on the described technique can be quite
useful for simple and reliable beam diagnostics of

Ion source

Bending
magnet FC1 FC2

XY slits CsI(Tl) plate

CCD
camera

Frame
grabber

Pepper-pot grid

Fig. 1. Sketch of the experimental setup.

444 L. Cosentino, P. Finocchiaro / Nucl. Instr. and Meth. in Phys. Res. B 211 (2003) 443–446

Frame  Grabber

Two step  
motor

CCD camera + 
16 mm optics

IN

OUT

Operating parameters
Source magnetic fields: 

axial 
 Binj = 1.1 T  

Bmin = 0.38 T 
Bextr = 0.75     10% T 

radial 
up to 0.95 T  

(permanent hexapole) 

±

Microwaves: 
TWT (8-18 GHz) 

Power up to 270 W

Gas: 
Ne and Ar gases  

 pressure 2.8E-6 mbar 
(gas mixing mode)
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First results

Investigating the Frequency Tuning Effect…

Current in the focusing  
solenoids fixed 

Only the RF frequency  
is varied
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Really encouraging results! 
Innovative, reliable and high performance beam 

viewers can be used as a powerful tool for 
improving beam transport and matching with  

the accelerator machine
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the overall intensity in the whole beam profile. Besides, by taking
into account the spatial calibration of the imaging system, the beam
intensity inside each ROI was expressed in pps/cm2 in order to
calculate the particle fluence in the ROIs.

3. Discussion

The screen was continuously irradiated for 6 h, and a set of
pictures was acquired while verifying that in the mean time the
overall beam intensity was constant at the reference value of
1.3 pA, as measured by means of the Faraday cup. With ImageJ we
measured the statistical parameters of the gray levels (mean and
standard deviation) inside the ROIs in all the pictures; then we
plotted the measured normalized values as a function of the

particle fluence (ions/cm2), thus obtaining the light loss curves
corresponding to the four ROIs, as shown in Fig. 3. The error in the
normalized efficiency has been quantified by propagating the
standard deviation in the gray levels. The errors in the fluence
take into account the various contributions, including the uncer-
tainties in the measurement of the beam intensity inside the ROIs.
Such experimental plots show a fast drop of efficiency, which
tends to a value below 10% of the initial one for fluence beyond
3!1012 ion/cm2. The curves have been fitted by the equation
L0/L¼1þK!fluence, see Ref. [8], where L0 and L are the light
intensities of the non-irradiated and irradiated screen, respec-
tively, and K is a fit parameter that includes the quenching factor
and the density of the quenching centers for fluence unit. As an
example in Fig. 3b the light loss curve corresponding to the ROI
1 is shown; also shown is the fit, which is in good agreement with
the data, as for the other ROIs.

4. Conclusion

We have tested the radiation hardness of a CsI(Tl) scintillating
screen with a 100 keV 16O beam, by acquiring the beam profiles
by means of a high performance cooled CCD still camera. Image
analysis has allowed selecting the regions on the screen where
the beam density was reasonably homogeneous and therefore
studying the behavior of the light yield inside these regions. We
have found that decrease of the luminosity as a function of
number of deposited particles is in agreement with the model
of Quaranta et al. [8]. Unfortunately the short beam time available
for the measurements has not allowed performing other experi-
mental activities in order to reproduce the data, but for the future
we are planning a systematic study in a wider energy range and
comparing the behavior of different kinds of scintillating screens.
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Fig. 3. (a) Plots of the measured efficiencies inside the ROIs, with some of the
beam profiles acquired during the irradiation, where the loss in the brightness
shows clearly. The error bars are omitted for better clarity. (b) Data corresponding
to ROI 1 fitted with a function that takes into account the production rate of
quenching centers.
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