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1992

Charts

1994 1996 1998 2000 2002 2004 2006 2008 2010 2012

Run time as of 12.11.2013 at 14:40is 129 424 hours. The average per year (after 1.1.1996) is 6 667 hours.
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H 18 — 30 MeV
d- 9 - 15 MeV
| beam current  200/62 pA
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Accurate measurements of nuclear masses
and radia provide input and critical test

for nuclear models, nuclear astrophysics
and standard model
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Superallowed Qg values
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Trap-assisted spectroscopy
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PROBING PROTON-RICH AND HEAVY NUCLEI WITH

RECOIL - DECAY - TAGGING (RDT)
very neutron deficient heavy nuclei

© can be produced via fusion evaporation with stable-ion beams and stable targets

@ cross-sections down to 1 nb |
© short-living alpha or proton emitters — tagging methods

57 first observations of excited states

No III

— 82 126

Sn £ 50

N——»

50

82

First Observation
of Excited States
O New [sotope
—— Last Known Isotope
(Karlsruher 1995)




RDT wiTH JUROGAM + RITU + GREAT

JUROGAM
- Ge array

Focal plane T
Detectors
GREAT Sepa rator Jll
RITU A
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prompt
events

TDR Total Data Readout
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delayed events 256Rf: in beam gamma 1_7 nb
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RECOIL — B — TAGGING

Application: Energy Differences
between Isobaric Analog States of T=1 bands in A = 66 nuclei

34-32
32 MED = Mirror Energy Differences
50ms | 33-33 TED = Triple Energy Differences

66 A833

96ms 32 -34 @

66 » High-energy B decays (compared to other reaction products)
Ge34 * Relatively fast super-allowed Fermi 8 decays:

T 2.6h
?
6* 6t 6+
/ \
II III

4+ 4+ L g « Continuous B- spectrum overlapping with those
. from uninteresting evaporation channels
\2+ 2 / 2

T,=-1 T,=0 T,=+1
T=1 bands



66SE(Z = 32, N = 34)

Charged particle veto > efficient suppression
of disturbing proton-evaporation channels

40Ca(?8Si,2n) %Se ~ 200nb
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66SE (Z =32, N=34)
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MED AND TED

A=66 is the heaviest MED=Mirror Energy Differences
triplet of T=1bands up to 6+ B0~
s 100 ehasq MED=
o6 - S0F . S Zi:g 7 Ex(Tz: '1) - Ex(Tz: +1)
Sés) > of e e ]
_ ¢ Ny _y
50 ms 33-33 E’ S0F NN e + v Vpp Vnn
66As S -100f -
33 S = Charge symmetry
Z370E : 130T 1 Sign of MED defined by
56Ge,, oz 4 o s 1w 1z particle type of active pair
J
2:6h TED=Triple Energy Differences
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2 150k . Charge independence
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T=1 bands 250 - s T .
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FUTURE

_The new vacuum mode separator — MARA
> better mass selection in RDT experiments

e Solid angle acceptance (central m/q and energy) 10 msr
e Typical transmission ~12% per charge state A
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Materials physics at Pelletron laboratory

@ Main research fields
— Fundamental ion-matter interactions (cross sections, stopping forces, straggling)
— lon beam analysis (IBA) for thin film samples
— Development of IBA techniques (detectors, data acquisition, simulations)
— Thin film processing (ALD, proton beam writing, irradiation)
— Materials research applications

# Key facilities

— 1.7 MV Pelletron accelerator (in Jyvaskyla since 2006)
» Three ion sources, four beam lines
* H, He, CI, Cu, Br, I, and other heavy ion beams, 0.2 — 20 MeV
* RBS, ToF-ERD, PIXE, and proton beam writing facilities

— Atomic layer deposition (ALD) tool for thin film research
— K130 cyclotron used for fundamental research and ion track production

SNICS ‘

. TSls PIXE i
i =
- el

&8

Lithography

Y

PEL% e
g

Alphatross

1.7 MV Pelletron accelerator




Development of ion beam analysis techniques

# ToF-ERD (Time-of-flight Elastic Recoil Detection)

Quantitative depth profiling for all elements (H-Au),
sensitivity < 0.1 at.%, depth resolution <2 nm

Optimized timing gate design for improved energy resolution

Development of gas-ionization detector to improved mass
separation

Digital data acquisition to improve high count rate
perfomance and detection of low energy signals

# PIXE (Particle Induced X-ray Emission)

High sensitivity (ppm) for elements heavier than Al,
no depth information

Superconductive transition edge sensor (TES) with 3 eV
resolution @ 5.9 keV

4000

1PIXE Copper sample 2 MeV proton beam
3500 Tl

3000 4 10004

2500 1
. 100+
2000

Counts

i 104
15004  gpp

1000

500-: JL 1

7800 8000 8200 8400 8600 8800 9000
Energy [eV]

7000 7500 8000 8500 9000

Concentration (at.%)

70

60

Inverse time-of-flight

g H 10B.11B

Energy

8.6 nm thick Al,O./Si
ToF-ERD —H
, —CcC
" depth profiles o
— AI(+Si),

2 0 2 4 6 8 10 12
Depth (nm)



Thin films processing and applications

@ Atomic layer deposition (ALD)

— Oxides, nitrides, carbides, fluorides, sulphides and metals with excellent control of film
thickness and high conformality for 3D structures

— Mechanical properties of thin films on MEMS structures o .‘ . .
— Biomimetic materials (hydroxyapatite)

— Hydrophilic/hydrophobic surfaces ' @ ‘ ® 9 .
@ Lithography with proton beam writing “

— Large area exposures for high-aspect ratio structures } .

— Microfluidic chips for borrelia infection diagnostics

# Functionalized ion tracks o @
— Enhanced electron multiplication in ALD coated pores - -

Microfluidic chip ALD too

\‘
W




Commercial activity T
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for

space, microfilter and
medical industry




RADEF; test laboratory of ESA since 2005 T

UNIVERSITY OF JYVASKYLA

ESA/ESTEC/Contract No. 18197/04/NL/CP
”Utilisation of the High Energy Heavy lon
Test Facility for Component Radiation Studies”

Tested satellite electronics in RADEF for ESA,
NASA, JAXA (Japan), CNES (France) and more
than 30 satellite companies

International Space Station
Telecommunication satellites
Global Positioning System, GPS
Mission satellites

Earth observation, i.e. EO- satellites
o Global warming

o Weather etc...

U 0O 0O 0 O




How do we test? T
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’ SEE Cross-
— Section ¢
| N [om?] 4
By determining the error cross-
1’ section 0o as a function of LET* we Saturated cross-section
S cfine the LET threshold and /
l Saturated cross-section. [T TTTTTTTTToTTo

The higher LET,,, and lower o, the
) more RadHard the component

= Theincreasein LET is done by
] iIncreasing the mass (i.e. charge) of
the ions

* LET = Linear Energy Transfer

] | LET [MeV/(mg/cm?)]




Two major problems T

] UNIVERSITY OF JYVASKYLA
c[cm?]

= lechnical: 1

] In order to define LET,, and o

M O, we need several ions up to -

2 twice of the LET-value of Fe, ,_/ ______________

l l.e. LET ~ 60 MeV-cm?/mg

Business related:

= In order to keep project

] costs low we have to do this

Ml in as short time as possible, LETw

A je. the change of ions must .

] be fast LET [MeV/(mg/cm?)]




Solution: lon cocktail 9.3-A MeV

Alona* E Range LET LET
[MeV] [Hm] @surface @bragg
- 0-27 [MeV-cm2/mg] | [MeV-cm2/mg]
N4+ 139 202 2 6
2ONeb+ 186 146 4 9
3058+ 278 130 6 14
40Ari2+ 372 118 10 19
S6Fel5+ 523 97 19 21
82Kr22+ 768 94 32 41
131Xes3>* | 1217 89 60 69

1. LET > 60 MeV/(mg/cm?)
2. Fast ion change with 7 ions

3. Bragg peak behind 50um in silicon = this cocktail allows backside
irradiation and do it also in air

Note: ECR type ion source and cyclotron type accelerator is the
necessary combination '

LET 81 [ ..

UNIVERSITY OF JYVASKYLA

Sensitive area

w
o

—_— e 1217 MeV
e Kr: 768 MeV
=—Fa: 523 MeV
——Ar 372 MeV
Si; 278 MeV

- Ne: 186 MeV
—_—N 139 MeV

calculated with SRIM-2003.26

NOTE: O° incident angle

N
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f
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105 pores / cm?
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Production of radiopharmaceuticals T
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K-130 accelerator:

= Weekly production of 123-iodine (T,,,=13 h)
» Local company fabricates a compound and “fly” it to hospitals
» The last iodine irradiation was done in September, 2008.

Gamma - camera picture

Used for diagnosing brain based
diseases in largest hospitals in r"i‘\;
Finland g - . o
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lack of dopamine

SPECT= Single Photon Emission Computer Tomography




Plans for the K-30 cyclotron T

UNIVERSITY OF JYVASKYLA

Start 18-Fluorine (B*-emitter withT,,,=110 min!) production?

Used for early stage diagnosis of cancer with PET camera




The latest update at RADEF T
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Old Varian Clinac 2100CD radiation therapy accelerator from Kuopio University Hospital
* Provides very intense electron and x-ray beams up to 20 MeV and 15 MeV, respectively
* Installed during the summer
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*  Will be used for irradiation studies of semiconductor materials and devices

* Especially foreseen is the next large-scale satellite mission of ESA, JUICE = Jupiter Icy moon
Explorer, aimed to be launched in 2022

* The data from previous missions indicate extremely severe electron fluxes and x-ray dase



Accelerator laboratory today
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Accelerator laboratory today T
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