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Summary 

 introduction - extracted beams: why? 

1.  external beams: 

• ion beam induced damage 
• beam exit windows 

2.  external microbeam set-ups 

3. examples of interest in CH field 

 conclusions 
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Extracted beam 
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Advantages: 

•no limitations to the dimensions of the objects to analyze 

•ease of handling, moving and monitoring the target 

•no time-consuming pump-down and vent of the vacuum 
chamber 

•no need for sampling 

•effective target  heat  dissipation 

•no charging  effects ⇔ no coating 

 

External beams: why? 
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Beam extraction into atmosphere 
Beam  extraction  into  the  atmosphere  requires  some 
cautions  not  to  degrade  beam  quality. 

Angular  and energy  straggling  induced  by  the  window  
and  the external  path  in  the  atmosphere worsen beam 
quality:   
• increase beam angular divergence 
• increase beam dimensions  
• broaden energy distribution of transmitted ions [σΕ ∝ (ρt)0.5] 

i.e. the  shorter the thickness of the external path (window + 
atmosphere), the better the external beam 
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Polymeric (kapton) 8 µm thick windows 
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8 µm kapton windows 
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8 µm kapton windows 
• let’s assume φ = 1017 H+cm-2         
as the fluency security threshold 

• incoming beam diameter: 1 µm 

• security threshold for 1µm2 beam: 
109 H+  

• Let’s assume a beam current;         
I = 1.6 nA = 1.6 10-9A 

• number of ion per second hitting 
the target: 1.6 10-9A/1.6 10-19 H+s-1 
= 1010 H+s-1 

• window usage time tst=100 ms 
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Breaking of an 8 µm kapton window 
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Non-polymeric windows: the pioneer study 
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Non-polymeric windows: a survey  
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Non-polymeric windows 

Microbeam 
setup  
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100 nm Si3N4 
definitely better than                    

750 nm Al foil 

100 nm Si3 N4 
  
 

          vs 
 
 

750 nm Al 

(trim 2008 simulations) 
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100 nm Si3 N4   

windows + 
2 mm He 

 
vs  
 

750 nm Al 
windows + 
2 mm He 
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Si3 N4  windows + atmosphere (air or He) 
(SRIM 2008 simulations) 

Path lenght in 
atmosphere 

FWHM FW1/100M 
Air He Air He 

2 mm ∼6 µm ∼3.5 µm ∼25 µm ∼14 µm 
3 mm ∼11 µm ∼5 µm ∼50 µm ∼21 µm 
4 mm ∼18 µm ∼7 µm ∼74 µm ∼30 µm 

Path lenght in 
atmosphere 

Energy loss Straggling(σ) 
Air He Air He 

2 mm 28 keV 6 keV 4 keV 1.5 keV 
3 mm 40 keV 8 keV 5 keV 2 keV 
4 mm 54 keV 10 keV 6 keV 2 keV 
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External set-up: micron resolution is a limit? 

path lenght in the sample FWHM FW1/100M 

10 µm ∼0.3 µm ∼1.5 µm 
20 µm ∼0.7 µm ∼4 µm 
30 µm ∼2 µm ∼8 µm 
40 µm ∼3 µm ∼10 µm 

(3 MeV protons in a medium Z sample (Pyrite) 3 MeV; range = 40 µm ) 

Sample contribution 
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1.0 x 1.0 mm2  window 
(close up of the exit snout) 

External set-up: Si3 N4 exit windows 

2.0 x 2.0 mm2  window 

• standard microbeam measurements: 
– frame: 2.6 x 2.6 mm2 wide, 0.2 mm thick 
– membrane: – 100 nm thick 

– 0.5 x 0.5 mm2 

– 1.0 x 1.0 mm2 
 

• wide area samples: 
– frame: – 5 x 5 mm2 wide, 0.2 mm thick  
– membrane:  – 200 nm thick 

– 2.0 x 2.0 mm2  

• sub-millibeam applications: 
– frame: – 7.5 x 7.5 mm2 wide, 0.2 mm thick 
– membrane: – 500 nm thick 

– 2.0 x 2.0 mm2 
– 3.0 x 3.0 mm2 
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Si3 N4  window, 
tem membrane, 
film... 
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So this is the end of the story: the only possible choice 
is the adoption of 100 nm Si3N4 exit windows! 
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1 µm spatial resolution with a 4 µm Mylar window at 
Jaeri Takasaki 
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Wakasa Wan external microbeam facility  
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Wakasa Wan external microbeam facility  
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Wakasa Wan external microbeam facility 
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External microbeam with glass capillary 
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External beam with metal capillary 
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External beam with metal capillary 
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External microbeam with metal capillary 
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External microbeam at the AGLAE external microbeam 
1 - 1998 
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External 
microbeam at the 
AGLAE 2 - 2000 
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External microbeam at the AGLAE  
3 - 2004 

1 

2 

3 

4 

5 
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the AGLAE external microbeam 
 4 - 2005 
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the AGLAE 
 external 
 microbeam 
 5 – 2008 
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the AGLAE external microbeam 4 – 2008 
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the AGLAE external microbeam 5 – 2011 
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the AGLAE external microbeam 6 – 2014 
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LABEC PIXE-PIGE-BS measurements 

PIGE 

PIXE 

PIXE 

BS 

charge measurement 

Beam 
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LABEC PIXE-
PIGE-BS-IL 

setup 
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PIXE  
analysis 

of the  
Trivulzio portrait 
by Antonello da 

Messina 
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scanning-PIXE: why? 
1 

mm 
Unusual surface with 
darker spots with  
sub-millimetre 
dimensions 
  

photograph after the removal 
of the old varnish 

need of good spatial resolution probe and an 
imaging approach, in order to correlate elemental 
distributions to visible details 
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The red mantle 
 
 

 Other elements presents (Al, K), 
not  characteristic of a particular 
pigment 

 PIXE spectra dominated by   Hg and S X-ray peaks 
 cinnabar (HgS) 
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Al, K and Hg 

1 mm 

Min. 

Max
. 

Hg M + S Kα 

K Kα 

Al Kα 
EX ∼ 1.5 keV 

EX ∼ 3.3 keV 

EX ∼ 2.3 keV 

...maybe an indication 
for the substitution of  
Cinnabar (Hg +S) with 
a red pigment based on 
K and Al? 
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 Hg: M and L lines 

The Hg LOW energy X rays map shows the”lack” of cinnabar    
The Hg HIGH energy X rays map does not show the lack of 
cinnabar. 
This effect suggests the presence of a very thin layer over the 
cinnabar,  sufficient to absorb the low energy X rays from Hg      
but practically transparent for those of higher energy. 
 

Hg M + S Kα Hg Lα 

Min

. 

Max

. 
1 mm 

E ∼ 2.3 keV E ∼ 10 keV 
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LEONARDO DA VINCI STUDY OF A DRAPERY 
ROMA, ISTITUTO NAZIONALE PER LA GRAFICA  

metal point + lead white red prepared paper 

FILIPPINO LIPPI - STUDY  
Firenze, Opificio delle Pietre Dure  

metal point +  prepared paper 

Metal point drawings 
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• Problem: non uniform track 
of the metal stylus makes 
material identification 
difficult  

Metal-point drawings 
on prepared paper 
• Knowledge of materials to allow 
    restorers to deal with fragile and precious works, 

so far little studied from a scientific point of view 

• Need of a non-destructive 
imaging technique, spatial 
resolution better than 100 µm 1 mm 
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Example of challenging 
metal point drawings 

Pb stylys on 
cinnabar + Pb-white 

prepared paper 

Pb X 

Hg X Ca X 
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PIGE Na 

LAZURITE (Na and S) 

FLOGOPITE (Mg, K e F) IL  Map 

PIXE Mg 

Min. 

Max. 

DIOPSIDE (Ca e Mg) 

PIXE S PIXE Ca 

IL PIGE F PIXE K 

Results - I 
Mineral 

identification 
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• external beams are used in many different fields of applications, such 
as CH, biology, earth sciences,… 

• extraction window and external path are critical parameters to 
maintain beam quality 

• Si3N4 membranes are the typical, although not the unique, choice for 
beam exit windows 

• a variety of external beam set-ups has been developed so far 

• advantages and limitations of these solutions are to  be analyzed in 
order to find the best solution for the applications of interest  

• external micro-beam may constitute the solution to problems where 
the beam induced damage is critical and high spatial resolution is 
required, e.g. in many CH studies 

Conclusions 
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Thank you for your attention 

Albrecht Dürer 
Study of Hands, 1508 
Brush and ink, highlighted with 
white on blue tinted paper,       
29 x 20 cm 
Graphische Sammlung 
Albertina, Vienna  

giuntini@fi.infn.it 
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