
•• Part of the Department of Physics (JYFL)Part of the Department of Physics (JYFL)

•• Basic research in nuclearBasic research in nuclear--, accelerator, accelerator-- and materials physicsand materials physics

•• Applications in spaceApplications in space-- and medical physics & paper industryand medical physics & paper industry

•• Center of Excellence status of the Academy of FinlandCenter of Excellence status of the Academy of Finland

•• EUEU’’ss Major Research Facility i.e. Major Research Facility i.e. ““Large Scale FacilityLarge Scale Facility””

Accelerator Laboratory of the 
University  of Jyväskylä

Accelerator Laboratory of the Accelerator Laboratory of the 
University  of JyvUniversity  of Jyvääskylskylää

RADECS Thematic Workshop @ JYFL RADECS Thematic Workshop @ JYFL –– F1 F1 –– AriAri VirtanenVirtanen



Machine descriptionMachine description
KK--130 cyclotron:130 cyclotron:

HeavyHeavy--ions up to ions up to XeXe ≤≤ 1.3 1.3 GeVGeV, protons , protons ≤≤ 60 60 MeVMeV

All gaseous and 19 metallic elementsAll gaseous and 19 metallic elements

Dedicated beam cocktails for the irradiation tests Dedicated beam cocktails for the irradiation tests 

•• Two ECR (6.4 and 14.5 GHz) ion sources for heavyTwo ECR (6.4 and 14.5 GHz) ion sources for heavy--ionsions
•• TWTA transmitter  for double/triple frequency modeTWTA transmitter  for double/triple frequency mode
•• MulticuspMulticusp ionion--source for protonssource for protons

RADECS Thematic Workshop @ JYFL RADECS Thematic Workshop @ JYFL –– F1 F1 –– AriAri VirtanenVirtanen



The New ESA Sponsored Test Site The New ESA Sponsored Test Site 

ESTEC/Contract No. 18197/04/NL/CPESTEC/Contract No. 18197/04/NL/CP

””UtilisationUtilisation of the High Energy  of the High Energy  
Heavy Ion Test Facility Heavy Ion Test Facility 

for for 
Component Radiation StudiesComponent Radiation Studies””

•• The development phase started in summer 2004The development phase started in summer 2004

•• Acceptance test took place in April, 2005Acceptance test took place in April, 2005

•• Inauguration is tomorrow May 27, 2005 Inauguration is tomorrow May 27, 2005 
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Laboratory floor planLaboratory floor plan
from/to ALBA

Lift/stairs to restaurantKeys

Coffee 
room

Controlled area

Controlled area

Safety officer

Dosimeters



Usage and managementUsage and management

Beam times for basic research
• Two annual calls of proposals to PAC

Dedicated beam times for
• MAP MedTech Ltd. - radioisotope production (~ 10%) - weekly

• ESA and European space industry (~ 10%) – upon request

Hours in a year
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RADEF beam linesRADEF beam lines

Proton line

Heavy ion line

Beam modificationBeam modification

Beam tuningBeam tuning

DosimetryDosimetry
andand

DUT chamberDUT chamber
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Dosimetry

Area 0.5 cm2
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Beam monitoringBeam monitoring
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DUT plate installation

25 x 25 cm223 cm

Ø M10

23 cm

Standard connectors:
chamber (female) panel (male) shack (male)
• 3 x 40 PIN 
• 2 x D25 PIN 
• 2 x D9 PIN
• 3 x BNC
+ Ethernet + others upon request
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Monitoring the DUT
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Radiation Safety Procedures



##
AAIonIonqq++

E       E       
[[MeVMeV]]

RRSRIMSRIM

[[µµmm]]
RRBNLBNL

[[µµmm]]
St.St.powerpower

[SRIM][SRIM]
LETLET
[[BNL]BNL]

∆∆m/qm/q
[[‰‰]]

11 1515NN4+4+ 139139 202.1202.1

145.8145.8

130.1130.1

117.9117.9

97.497.4

94.094.0

89.189.1

0.00.0

22 2020NeNe6+6+ 186186

1.71.71.81.8218.0218.0

149.0149.0

132.0132.0

117.0117.0

0.00.0

33 3030SiSi8+8+ 278278

99.099.0

3.53.5

96.096.0

3.63.6

6.46.4

10.210.2

-- 0.90.9

44 4040ArAr12+12+ 372372

18.518.5

32.132.1

6.06.0

10.010.0

18.018.0

97.097.0

-- 0.60.6

55 5656FeFe15+15+ 523523

60.060.0

30.030.0

53.053.0

-- 5.65.6

66 8282KrKr22+22+ 768768 -- 7.17.1

77 131131XeXe35+35+ 12171217 -- 2.62.6

Standard High Penetration Cocktail Standard High Penetration Cocktail (9.3 (9.3 MeVMeV/A)/A)

+ Protons up to 60 MeV
+ Other cocktails with E/A ~ 3.6 MeV/A or 6.1 MeV/A
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Heavy Ion Test Results Heavy Ion Test Results –– AtmelAtmel AT60142E AT60142E 
Atmel AT60142E 3.3 V 512K8 SRAM - Heavy Ion SEE 

Results (UCL0211), (UCL0404) & (JYFL0504).
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Pumping takes about 5 minutesPumping takes about 5 minutes

1 roots < E1 roots < E--2 mbar2 mbar

2 2 turbosturbos < E< E--4 mbar4 mbar1 turbo < E1 turbo < E--5 mbar5 mbar

Beam Characteristics and OperationBeam Characteristics and Operation
• Spot size ~ 4 x 4 cm2 with a homogeneity of ± 10 %
• Flux adjustable up to ~ 106

• 4 hours reserved for tuning
• Ion change + calibration: 

- inside the same cocktail ~ 1 hour
- between cocktails ~ 2 hours
- from heavy ions to protons ~ 4 hours
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Scheduling and chargingScheduling and charging

• Beam time scheduled quarterly
• ESA beam time requests to RHS, others to AV
• 4 hours set-up time will be used by JYFL 
• Cancellations caused by:

• customer - no charging if done two weeks before
- after that 50 % charging

• us – no charging
• ESA has fixed cost – others 525 €/h)

RADECS Thematic Workshop @ JYFL RADECS Thematic Workshop @ JYFL –– F1 F1 –– AriAri VirtanenVirtanen



Future developments
A more penetrating cocktail (10.9 A more penetrating cocktail (10.9 MeVMeV/A) will be developed:/A) will be developed:

##
AAIonIonqq++

E       E       
[[MeVMeV]]

RRSRIMSRIM

[[µµmm]]
RRBNLBNL

[[µµmm]]
St.St.powerpower

[SRIM][SRIM]
LETLET
[[BNL]BNL]

∆∆m/qm/q
[[‰‰]]

11 1414NN4+4+ 151151 241.8241.8

151.5151.5

117.1117.1

113.1113.1

102.4102.4

0.00.0

22 2828SiSi8+8+ 302302

1.61.61.61.6247.8247.8

150.4150.4 -- 1.01.0

33
5656FeFe16+16+ 604604 119.3119.3

5.95.9

117.2117.2

5.85.8

17.117.1

30.230.2

17.117.1

113.3113.3 57.557.5

28.428.4

50.550.5

-- 1.41.4

44 8484KrKr24+24+ 906906 -- 1.31.3

55 129129XeXe37+37+ 14021402 -- 4.84.8

•• Third frequency to the ECR will be installedThird frequency to the ECR will be installed
•• Design/construction of a new chamber will be startedDesign/construction of a new chamber will be started
•• Position sensitive detector for protons will be constructedPosition sensitive detector for protons will be constructed
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During the test:
• Operation of the ion sources, accelerator and RADEF

– calibrations, flux-, fluence-, homogeneity monitoring…
• Electronic and mechanical workshops 

– cabling, connectors, feed troughs…
• Radiation safety

– dosimeters, keys…
• Internet, e-mail connections…

Support and contacts
Before the test:

• beam time reservations, planning…
• technical information, help – e.g. mounting fixture…
• hotel reservations, traveling information

All inquiries to ari.virtanen@phys.jyu.fi and more info from
www.phys.jyu.fi/research/applications/index.html
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