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Main elements of the LNL singleMain elements of the LNL single--ion ion 
microbeammicrobeam apparatusapparatus

(S. (S. GerardiGerardi etet al, al, RadRad. Res. 161(2004)93. Res. 161(2004)93--94)94)

•• Different light ions (Different light ions (11HH++, , 22HH++, , 33HeHe++++, , 44HeHe++++) and ) and enegiesenegies available (0.8 available (0.8 
–– 14MeV, in air)14MeV, in air)

•• Pinhole Pinhole MicrocollimatorMicrocollimator in air (and its alignment system)in air (and its alignment system)
•• A fast beam deflection system: electrostatic deflectorA fast beam deflection system: electrostatic deflector
•• Particle detectors:Particle detectors:

-- high efficiency singlehigh efficiency single--ion counterion counter
-- spatial particle in air distribution monitorspatial particle in air distribution monitor
-- track detectortrack detector

•• SemiSemi--automatic Cell visualization and localization systemautomatic Cell visualization and localization system
•• Automatic Cell Automatic Cell micropositioningmicropositioning and revisiting systemand revisiting system
•• Especially designed Petri dishEspecially designed Petri dish
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……peculiar characteristicspeculiar characteristics
((RefRef.:S. .:S. GerardiGerardi etet al, al, RadRad. Res. 161(2004)93. Res. 161(2004)93--94)94)

•• Pinhole Pinhole microcollimatormicrocollimator installed in airinstalled in air

•• Inverted phase contrast optical microscopeInverted phase contrast optical microscope

++
Software for Software for cellcell imageimage acquisitionacquisition and and coordinatecoordinates s logginglogging (semi(semi--automatically)automatically)

⇓⇓
NO FLUORESCENT CELL STAINING NO FLUORESCENT CELL STAINING NO UV LIGHTNO UV LIGHT

•• Precision Precision micropositioningmicropositioning stages (stages (PhysikPhysik InstrumenteInstrumente, D):, D):
−− 0.10.1µµm positioning resolution and unidirectional repeatabilitym positioning resolution and unidirectional repeatability
−− 0.10.1µµm minimum stepm minimum step
−− No backlashNo backlash

⇓⇓
•• Overall positioning precision under microscope: < 1 Overall positioning precision under microscope: < 1 µµm m 

•• Counting rate: < 1 ion / secondCounting rate: < 1 ion / second
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3D scheme of the 3D scheme of the 
SingleSingle--ion Singleion Single--cell cell microbeammicrobeam facilityfacility
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Pinhole microcollimatorPinhole microcollimator

•• Material: tantalumMaterial: tantalum
•• Thickness: 200Thickness: 200µµmm
•• Hole diameter: 2Hole diameter: 2÷÷33µµm or 5m or 5µµmm
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In air ion beam extraction flange and In air ion beam extraction flange and 
microcollimator alignment systemmicrocollimator alignment system

Technical drawing: 
lateral section Photo: front view
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Beam monitor and single ion Beam monitor and single ion 
spatial distribution in airspatial distribution in air

CustomCustom--made made cooled CCD camera:cooled CCD camera:

-- no no opticaloptical lenslens
-- no no shuttershutter
-- 3.0 3.0 µµm m HavarHavar windowwindow
-- pixel : 6.8 x 6.8 pixel : 6.8 x 6.8 µµmm22

-- arrayarray : 2184 x 1472

Ultrathin window 
for particle detection

: 2184 x 1472
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Electrostatic beam deflectorElectrostatic beam deflector

Plate A 3V0 (Volt)

Wires  1-1 2V0 (Volt)

Wires  2-2 V0 (Volt)

Wires  3-3 0

Wires  4-4 - V0 (Volt)

Wires  5-5 -2V0 (Volt)

Plate B -3V0 (Volt)
V0 = 200 V, during deflection stage
Response time = 150 ns

beamline

Ion
bea

m

Trigger signal:
Beam on / Beam off

(Bizzetti et al., NIM 159 (1979) 575-579)
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Single Particle DetectionSingle Particle Detection

•• Active detectionActive detection
–– silicon detectorsilicon detector
⇒⇒ spectrometer         spectrometer         
⇒⇒ deflector triggerdeflector trigger

•• Passive detectionPassive detection
–– track detector track detector 

(CR39)(CR39)
⇒⇒ ion impact pointion impact pointss
⇒⇒ overlapping with   overlapping with   

cellcell mapmap

Ion beam

Microcollimator

Petri dish
20um thick cell room

Silicon detector

Electrostatic
deflector

Vacuum-air
window
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Especially designed Petri dishEspecially designed Petri dish

Ext. Diam.: 100mm
Int. Diam.: 75mm
Cell room thickn.: 20µm

Ion Beam

7µm mylar7µm mylar

Culture medium

Mammalian cell
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Cell visualization, Cell visualization, micropositioningmicropositioning and and 
revisiting systemrevisiting system

video
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SingleSingle--ion cell irradiation protocolion cell irradiation protocol
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Ion beam monitoring and spectrometry during Ion beam monitoring and spectrometry during 
cell irradiation cell irradiation 
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……..Perspectives…..Perspectives…

•• Radiobiological studies Radiobiological studies (cell survival, (cell survival, 
micronuclei induction, chromosomal aberrations, micronuclei induction, chromosomal aberrations, 
DNA damage, protein expression) … “bystander DNA damage, protein expression) … “bystander 
effect”effect”

•• SubSub--micrometric collimator in silicon wafer micrometric collimator in silicon wafer 
(etching /micromachining technique)(etching /micromachining technique)

•• …twin microbeam facility for heavy ions …twin microbeam facility for heavy ions 
(6(6≤≤AA≤≤20) at TANDEM20) at TANDEM--ALPI acceleratorALPI accelerator
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