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Paul Scherrer Institut (PSI) (1988)

 Basel Zurich Germany  Aarau/Bern 

PSI West

PSI East
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Eidgenössisches Institut für Reaktorforschung (1960)

Schweizerisches Institut für Nuklearphysik (1968)
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Paul Scherrer (1890–1969)
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• Studied physics and mathematics at 
the Swiss Federal Institute of Tech-
nology (ETH) Zurich, in Koenigsberg
and in Goettingen, Germany

• 1920: professor of experimental 
physics at ETH Zurich; 1927: Director 
of the Institute of Physics. Was 
famous for the clarity of his lectures

• Researched x-ray scattering on 
crystals, liquids and gases (Debye-
Scherrer method).

• Later research work was in nuclear 
physics 1946: President of the Swiss 
Study Commission on Atomic Energy

• Involved in the foundation of CERN
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Particle Physics
8%

Nuclear Energy
and Safety
13%

Materials Research
35%

Energy and
Environment
19%

Life Sciences
25%

Distribution to main research areas (first- and third-party funding)

PSI in a nutshell

• better materials for long-life batteries
• better materials for fuel cells
• new materials for data storage

in technologies of the future
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PSI in a nutshell
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Proton therapy

Proton accelerator

Nanotechnology
Radiochemistry
Radiopharmacy

Material sciences

 Basel Zurich Germany  Aarau/Bern 

PSI West

PSI East
Hotlab

Particle physics

SwissFEL

Energy research

Biology
ESI Platform
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SINQ cooling water 7Be, 22Na, 88Y

Proton of 590 MeV and a 

beam current of up to 2.4 mA.

Copper beam dump

44Ti, 53Mn, 26Al, 60Fe,  59Ni, 32Si,  60Co 

SINQ Target 
Irradiation 
Program-STIP
44Ti, 53Mn, 26Al

Special irradiations positions with 
590 MeV protons

V for 44Ti and 32Si production

Bi for 205Pb production

p-beam

Myon production 
station

 Operation 1-3 years

 Source for 10Be

SINQ target

 207Bi, 172Hf,

 173Lu, 194Hg,

 202Pb, 125Sb,

 106Ru, 44Ti

“Useful” components

Page 6



26 February 2019, NUSPRASEN SHE-Workshop, GSI26 February 2019, NUSPRASEN SHE-Workshop, GSI

Copper beam dump

44Ti, 53Mn, 26Al, 60Fe,  59Ni, 32Si,  60Co 

SINQ cooling water 7Be, 22Na, 88Y

SINQ Target 
Irradiation 
Program-STIP
44Ti, 53Mn, 26Al

Special irradiations positions with 
590 MeV protons

V for 44Ti production

Bi for 205Pb production

Myon production 
station

 Operation 1-3 years

 Source for 10Be

SINQ target

 207Bi, 172Hf,

 173Lu, 194Hg,

 202Pb, 125Sb,

 106Ru, 44Ti

Nuclide production facilities, Basic nuclear physics research , Nuclear
astrophysic , AMS measurement,  Environmental chemistry

44Ti, 53Mn, 26Al, 

Galactic 26Al distribution 

[http://hera.ph1.uni-koeln.de/~heintzma/Integral/Artikel/Al26.htm]

44Ti, 26Al and 53Mn for nuclear astrophysics: for describing galactic 
evolution and for understanding of the history of the universe.

Information on 44Ti (t1/2 = 59.1±0.3 y) nucleosynthesis in 
supernova. The production of the isotope 44Ti is considered to be 
a distinctive signature of core-collapse SN, from stars more 
massive than 8–10 solar masses.

32Si is a new chronometer for nuclear dating

60Fe is an important chronometer for periods of several Mill. y

“Useful” components
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 We can provide different  “exotic” isotopes:

 by their extraction from components of the proton accelerator at PSI, e.g. 26Al, 59Ni, 
53Mn, 60Fe,
44Ti, 10Be, 7Be 14C, 207Bi, 182Hf 146Sm, several Dy isotopes, 22Na, 88Y and many others….

 or produce them in dedicated p- or n- high energy (up to 560 MeV) irradiation 
experiments, e.g. 
44Ti from V and 205Pb from Bi.

 We can produce targets out of them, with different size, shape and activity, using different 
techniques, e.g. molecular plating and vaporization of different size droplets. 

Conclusions
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Targetry
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 The target material must be as chemically and isotopically pure as reasonably 
possible. Impurities could, in fact, enhance the background during the cross section 
measurement.

Starting material 
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Starting material 
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38Cl

Starting material 
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Starting material 



26 February 2019, NUSPRASEN SHE-Workshop, GSI26 February 2019, NUSPRASEN SHE-Workshop, GSI Page 14

Starting material 
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Targetry
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Separation of 44Ti
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dissolution in 1 M HCl 
precipitation with H2O2 + NaOH

precipitate
Fe(OH)3 Ti(OH)4 MnO2

precipitate
Al(OH)3 Fe(OH)3 Ti(OH)4 Cr(OH)3 Mn(OH)2

final aqueous phase
Ti, Mn

Filtrate
stable ammonia complexes
CrO4

2- [Ni(NH3)6]2+

MoO4
2+ [Co(NH3)6]2+

filtrate
[Al(OH)4]- CrO4

2-

final organic phase
Fe

precipitation with NH3

dissolution in 7 M HCl
extraction with
di-ethyl-ether

organic phase
anionic chloride complexes:
FeCl4

- MoO2Cl3
-

Fe, Cr, Ni, Mo, Mn, Co, Al, Ti, V, W

aqueous phase
Cr, Ni, Mn, Co, Al, Ti, traces of Fe and Mo

STIP sample

extraction into di-ethyl-ether

dissolution in 8 M HCl + conc. HNO3. Heating for 30 

min at 60 ºC. Filtering to remove undissolved particles.

Washing with 8M HCl

Investigation of the 44Ti(α,p)47V reaction in inverse kinematics at CERN ISOLDE

Totally available amount: 
several hunded MBq
Separated activity: 100 MBq
(2.7 1017 atoms, 20 μg) 
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R. Dressler et al. J. Phys. G: Nucl. Part. Phys. 39 (2012) 105201

Separation of Ti and Mn was performed using ion-exchange 
chromatography.
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Targetry
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Targetry
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Molecular plating Deposition of Droplets
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Target preparation methods
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Physical vapor deposition

Target preparation methods

Manual hydraulic press
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Off-line mass separation at ISOLDE 
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7Be target
 ≈ 100 ng of 7Be (≈ 1.3 GBq)

 Chemically pure (7Li free)

 Isotopically pure (9-10Be free)

 On a backing

 Thin, uniform and homogeneous layer

7Be target

ISOLDE General Purpose 

Separator (GPS)

heated up 
to 1873 K and

laser ionized

Target assembly: (1) aluminium backings; (2) aluminium frame, (3) 
target holder.

7Be target
 ≈ 100 ng of 7Be (≈ 1.3 GBq)

 Chemically pure (7Li free)

 Isotopically pure (9-10Be free)

 On a backing

 Thin, uniform and homogeneous layer

7.2 × 1015 ions, ≈ 1GBq, were estimated to be implanted over 10 h

(1) Al backings: 50 × 50 × 0.018 mm

(2) Al Frame: 50 × 50 × 1 mm with a 
40 mm diameter central hole

(3) Target holder

40 mm
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Targetry
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Target characterization:
Activity measurement
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The measurement was performed by means of a coaxial HPGe-detector. The target was placed 
at 389 cm from the detector in order to keep the total impulse rate on the measurement chain 
on a reasonable range.

Result: (1.03 ± 0.02) GBq. 6.8 × 1015 ions (against the 7.2 × 1015 foreseen)

389 cm 
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 The incident particles should have the same probability of interaction with the target nuclei 
and the energy loss of all the detected particles should be similar. This implies that the 
deposited target material must be homogeneous and have uniform thickness. 

Target Characterization
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The fit was obtained with an Al-thickness value of (5.25 ± 0.07) µm and a fluctuation of 
(0.50 ± 0.02) µm. The value of fluctuation indicates a variation of the thickness of about 10%.

Target Characterization: measurement of thickness  



26 February 2019, NUSPRASEN SHE-Workshop, GSI26 February 2019, NUSPRASEN SHE-Workshop, GSI

3500 4000 4500 5000 5500

100

101

102

103

104

105

IV

MaxI   = 5475 keV
MaxII  = 4557 keV
MaxIII = 4381 keV
MaxIV = 3998 keV

ED-Target

C
ou

nt
s 

pe
r 3

.4
 k

eV

Energy / keV

 241Am standard 
 fit 241Am standard 
 241Am + ED-target
   fit componets
 fit 241Am + ED-target

III

II

I
(dE/dx)I-III = 1094 keV

The ED-Target spectrum was simulated considering that beryllium was deposited as Be(OH)2 .

The main peak, III, at 4381 keV, about 84% of the distribution, was attributed to the energy loss resulting 
from the combined effect of the Al backing and the average deposition layer with a thickness of (1.04 ±
0.40) µm (energy degradation of 176 keV). 

Target Characterization: measurement of thickness  
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Target characterization:Distribution map
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Radiographic imaging method: 

GE Typhoon™ FLA 7000 Imaging Plate Reader 
with spatial resolution down to 25 µm was used 
in combination with reusable Fujifilm imaging 
plates. 



26 February 2019, NUSPRASEN SHE-Workshop, GSI26 February 2019, NUSPRASEN SHE-Workshop, GSI Page 28

7Be distribution: Radiographic imaging

The implanted area has a planar cross section of an ellipse and is shifted with respect to the geometrical 
centre of the target.

Target Name x-centre [mm] x-width [mm] y-centre [mm] y-width [mm] rotation [°]

RI of 

Target_1GBq
1.699 ± 0.183 2.064 ± 0.011 -5.200  ± 0.112 2.440 ± 0.012 0.13 
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7Be distribution: Radiographic imaging
RI 2D graphs superimposed to the n_TOF neutron beam profile 

The centre of the beam profile was overlapped to the geometrical centre of the target

The implanted area of Target was exposed only to about 85% to 75% of the 
neutron beam intensity
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The People of LRC
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