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Hlstory (6.0 MV EN Tandem): &
1962, installed at Rice
University, Houston, Texas

« 1984, moved to Zagreb

« 1987, first beam at RBI

*  Major upgrades:

« Cryopumps (early '90)

« Turbopumps (late '90)

« Computer control
(2005&2019)

*  SNICS 40 (2006)

Today
Runs with old belts; approximately 1000 hours per year

« Limitations in high voltage (4 MV max) due to leak in vacuum
tubes at higher insulation gas pressures (<10 bar N2, CO2)

« To be closed after installation of new 5 MV tandem in 2024!
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Upgrades and expansion (2004 and further) I IISE
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Problems:
*  Would EN tandem survive much longer ¢
« Limited number of beam lines !

Solutions:

* |AEA project to make an upgrade -> new 1.0 MV
Tandetron |

« New ion sources (IAEA and EU projects)

 New independent beam lines & Dual beam line
possibility (EU projects)!!
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Upgrades and expansion (2004 and further) I IIEE
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Example: Tandetron ion sources (IAEA & EU

|
|

U L

=S
NEC SNICS

NEC SNICS: Obtained through
IAEA and EU projects in 2008,
typical ion beams: H, Li, C, O,
Si, Cu, efc.

HVEE duplasmairon with Na
charge exchange: IAEA
procurement in 2017, used for
He (3 and 4) and high
brightness H with direct
extraction

g
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Laboratory for ion beam interactions

« Strategy, general (RBI):
« globally relevant basic scientific research

- orientation toward research of strategic national importance 2022: all staff =21 1l
« participation in higher education / researchers (5 seniors)
 transfer of knowledge to other areas of public and economic life 3 postdocs

- Strategy, specifics (on Laboratory level): /7 PhD students

« Staff (quantity and quality), more postdocs and PhD students 4 TeCh”iCq' QSSOCIOT@S
- New research areas (detectors, fusion, surfaces, quantum appl.) [ESitleRElegiglielieigh

» Classical IBA + unique capabilities !! -
« More competitive projects (EU) !!

. all staff —only 8 I
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Introduction of all IBA techniques

Target room as it was in 2001
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Routine IBA: PIXE & RBS

In air PIXE
(imaging of large objects
with 0.5 mm beam)
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Figure 2. Representative PIXE spectra of the fine airbome particulate matter collected in
the sampling site.
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Routine IBA: microprobe PIXE&RBS

microPIXE: Numerous applications for cultural
heritage, environment, geology, biomedicine, etc. ‘ TR —
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Routine IBA: RBS channeling
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Towards state of the art: TOF-ERDA

Heavy ion beam - e.g. 20 MeV lodine ions

« sensitivity 1015 /cm?

« 2 nm depth resolution, up to 500 nm probe depth
» all elements are resolved

concentration

RBI supplied
spectrometer for NCSR
Demokritos, Greece

Z. Siketi¢, |. Bogdanovi¢ Radovi¢, M. Jaksi¢, Thin
Solid Films, 518 (2010) 2617-2622
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Other unique capabilities — IBIC

cholar ibic

Focused ion beam fabrication and IBIC characterization of a diamond detector
\.-.-|th buried electrod
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imaging of charge collection in
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Unique capabilities — high resolution PIXE

Parametrisation of He induced x-ray

spectra using HR PIXE spectrometer
— important for calibration of APXS
Alpha Particle X-Ray Spectrometer
(APXS) spectrometer on Mars

77

Fazini¢ et al, NIMB363 (2015) 61
Bozicevi¢ Ml et al., JAAS 31 (2016) 2293
Karlusic et al, Materials 10 (2017) 1041

3 MeV He -> Mg 3 MeV He -> MgO

5N | RBI supplied
I ; oTTRACTION GRYSTAL spectrometer for
e Uni Seville

DETECTOR, CCD chip
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Single cell
molecular
iImaging !l

Unique capabilities — MeV SIMS
(secondary ion mass spectrometry)

The first MeV SIMS system:
Microprobe — TOF MeV SIMS & imaging

(0.5 ym resolution)
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Unique capabilities — Dual beam irradiation
(for fusion research — DIFu)

) EUROfusion YIAEA

International Atomic Energy Agency

=" - Only 4 dual beam irradiation
E\ facilities in Europe
.o 1 - Simulation of fusion reactor
irradiation by: H or He from
small tandem + self ions (e.g.
Fe, W) that simulate neutron
radiation
« Sample heating & control of
sample temperature by IR
camera and TCs
» Used also for all other
irradiation / implantation
tasks
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Unique capabilities — Dual S
miCI‘OprObe o on beam

2 microbeams from 1.0 MV tandem
ion beam

2 accelerators to one area
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Internationalization - providing the I Il?_’
transnational access to RBI beam lines!
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Internationalization - providing the I II?—’
transnational access to RBl beam lines!

Transnational access (+industry) is today RBI'is partner in current

main source of accelerator operation

projects and agreements:
funding !!

. . Central European Research
RBI was partner in these EU projects: Infrastructure Consortium —

Support of Public and CERIC-ERIC
Industrial Research using lon
Beam Technology

Advanced European
AI DA Infrastructures for Detectors
at Accelerators

Research And Development with lon
Beams — Advancing Technology in
Europe

Beam line Agreement with
IAEA
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Upgrades and expansion (future !!

Problems and solution:

+ Increased number of users (mostly international) require more reliable facility (Tandem
replacement) |
National and IAEA funding are insufficient, need for EU funding !

Foreign researchers at RBI accelerator facility: Foreign researchers at RBI accelerator facility:
2007 2017
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Upgrades and expansion (future !!)
RBI structural funds project O-ZIP — 72 MEur

—
Renovation of existing
building with addition of
auxiliary laboratories

~ New accelerator

building
-
el Y
RVICE POSITION /_/'/ -
,//. I
e e
g _/‘ -~
o
./. .
s

—_—
p—

ERDA Channeling
+ l.e. implantation
.~

\

. e
P Q Nuclear physics
-~ -

L
o
L~ -
—_

L= Development / fusion

PIXE/RBS '~ Q


http://www.irb.hr/en/

i
I
I
|
3 1
|
|
I
|
! )
| |
[
]
]
|
[}
}Pru,
ﬁirﬂ
=5 N
&
]
|
I
]
|
[}
|
]
Sl
ety
+
i |
| |
, [
I
}
=
[
T
]
]
I
I
I
]
]
|
[}
]
]
I
|
]
]
I
|
)
o M
L
]
! i
! Fabc
! gl
I u |f
| g (3
EL
] .W- |
! Bolil
| o
w,
1
T
+
I
I
it
|
et M|
FrE
et
I
|
]
|
Ig
[}
|
)
|
I
A
2% 8
I
]
|
I
i
I
r
il
i !
i o TBoremn: « e e



http://www.irb.hr/en/

Conclusions, or how to fund accelerator facility I IE

National (Croatia) funding — can provide only salaries and
utilities ! CF M
Accelerator maintenance per year is > 200 kEur ! ot

1 Ad dM I

Need for the development of state of the art techniques —
and I ** % op
Increased support through high quality internal research: RO = ovcan Reciora
« 3 national projects (HRZZ)
« National Centre of excellence for Advanced Materials
and Sensing Devices (CEMS)
« 2 European Regional Development Fund projects
« Partner in EuroFusion project
 ERA (European Research Area) Chair project:
Paradesec - Expanding Potential in Particle and
Radiation Detectors, Sensors and Electronics in
Croatia — CDSE
« AIDAinnova
* Industry
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