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Overview

• Accelerator Mass Spectrometry 

DREsden AMS

• Applications of AMS to Astrophysics

some examples (only very brief)
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Application

Astrophysics

DREAMS 

(DREsden AMS)

HST Crab Nebula

Crab nebula ~ 2000 pc

Near-Earth Supernova 

~ 100 pc 1 pc ~ 3 Lyr

Messengers:

Radionuclides

Detectives:

Accelerator Mass Spectrometry 

(measure rare isotopes)

MLL 

AMS

at TU Munich
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Accelerator Mass Spectrometry

Counting individual atoms (like conventional MS) 

But

• accelerator (mostly a tandem –

but new developments)

• molecules destroyed by stripping

• challenge: isobar separation 

techniques: e.g. gas-filled magnet (GFM), 

degrader foil, + detector (ionisation chamber)

• mostly for radionuclides

• extremely sensitive (isotopic ratio ~ 10-16)

Logo of operators Rossendorf
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Historical

1939 Alvarez and Cornog discovered accidentally 3He (cyclotron).
From 1939 until 1977, for around 40 years, dark and silent!

1977 Muller proposed to measure 14C or 10Be by means of a cyclotron.
Independently, Gove, Litherland, and Purser suggested the use
of a Tandem accelerator for 14C measurements. 

2020 Much more than 100 AMS laboratories worldwide. 
From small table top accelerators until large facilities with 
more than 10 MV terminal voltage.
Isotopes of interest from 3H until the heaviest nuclides like 244Pu.

The majority of AMS 

laboratories is dedicated to 
14C and 10Be.

Every 3 years AMS conference:

2021 online (Sydney) –

A lot of new ideas, developments!
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Why Accelerator Mass Spectrometry (AMS)?
We are impatient scientists …

• Long-lived radionuclides (T1/2 ~ millions of years)

• Isotopic ratios (radio/stable)

• Decay counting too long

• Count atoms instead

• AMS most sensitive technique

Part of the chart of nuclides, 9th edition, 2015

# of neutrons

Mass #

# of 
protons
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Nucleosynthesis

Radiogenic Isotope Geology 
Alan P. Dickin, Cambridge University Press; radiogenic.com

Neutron number, N

after Seeger et al. (1965)
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Radionuclides detected by AMS

Fig. 4 from D.Fink, NIM B 268, 2010
modified/updated from W. Kutschera 1981

Status 

1981

Status 

1996

Status 

2008
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From VERA
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AMS Setup at Munich

Wien filter 2

1

high-energy MS 

(+ positive ions)

low-energy MS 

(- negative ions)
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6 MV-tandem accelerator (HVE)

DREAMS - DREsden AMS

electrostatic
analyser

ion sources

bouncer magnetanalysing magnet

electrostatic
analyser (ESA)

ionisation 
chamber

10 m
Faraday cups 

degrader foil

high-energy MS 

(+ positive ions)

low-energy MS 

(- negative ions)

Separation by 

nuclear charge and mass  

no molecules no isobars 
Akhmadaliev et al., NIMB, 2013.; Rugel et al., NIMB, 2016.

Ar stripper
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AMS Facilities

max. voltages: 3 MV; 0.5 MV; 0.2 MV

Vienna

Poznan Zurich

5 m
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ANU/Canberra

Vienna

ETH ZurichANSTO Sydney

AMS at different labs

Slide from Anton Wallner
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New dedicated AMS

@ HZDR

Building Construction started 2022

max. voltage: 1 MV

Novel projects – like:

Isobar suppression at low energy side

“Laser”

contact: 

Anton Wallner, Johannes Lachner
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2022-02
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2022-03-10
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Conventional
Mass Spec. 

(TIMS, 
ICP-MS, ...)

Laser Mass
Spectrometry

(RIMS @ UMz)

AMS
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adapted from
Klaus Wendt 

Typical isotopic ratios

→ accuracy

for non-14C radionuclides:

1-2 % 
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Isotopic ratios @ 10-15 ?

Frauenkirche Dresden, Germany

e.g. sand grain Ø 0.44 mm

One black grain : ~ 10-15
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Careful extraction of RN 

(quantitative, no contamination,

1st isobar separation)

AMS target holder

1 cm

Wheel for 200 samples (4 x 50)

20 cm

AMS needs a high performance

negative ion source

AMS needs chemistry 

(sample material into an ion source!)

100 g

1 mg

6 mm
Sometimes possible to avoid chemistry; 
e.g. cross section measurements
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Chemical AMS sample preparation

@ DREAMS

Volatile elements:
36Cl, 129I

Other elements:

e.g. 10Be, 26Al, 41Ca 

(53Mn, 60Fe, …)

(operational since September 2009)

many users; two laboratories

6 mm
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Negative Ion Sources

Criteria:

High, stable ion currents

High efficiency

Low cross talk

Working horse:

Sputter ion 

sources 

Middleton type

Ion cook book referenz internet

No double or 

triple charged 

negative ions!

http://tvdg10.phy.bnl.gov/

COOKBOOK/

Scanned version 

available under:
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Electron affinity and ionisation
potential

[eV] 14C 14N

Ionisation

Potential
11.26 14.53

Electron

Affinity
1.263 -0.07

Complete suppression 
in the ion source

--
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Electron affinity and ionisation

potential
[eV] 60Fe 60Ni

Ionization

Potential
7.87 7.64

Electron

Affinity
0.163 1.156

Ni makes much more 

likely neg. ions!

Trick: 

FeO
-
and NiO

-
have 

about the same (high) 

electron affinity
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(Cs Sputter)
Negative 

Ion Source

Sample 90° Injector Magnet
(1st Mass Separation)

18° Electrostatic 
Deflection

Carbon 
Stripper 

Foil

S

v>viv<vi

v<vi

+

−

N

N

−

+

v>vi

m<mi

m>mi

Wien 
Filter

Wien 
Filter

90° Analyzing Magnet
(2nd Mass Separation)

Switching Magnet

Gas-filled
Analyzing 
Magnet 
System

135° Magnet
B= 0.6-1.2 T
p= 3.5-7 mbar N2

Ionization Chambers

S

Faraday 
Cup


m>mi

m<mi

Accelerator Mass Spectrometry
at the 

14 MV Munich MP TandemNegative
Ions

Positive
Ions

TOF
Start

TOF
Stop

Wien 
Filter

Time-of-flight setup
(3.19m flight path)



Thanks to Iris Dillmann
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AMS ion source: 

Cs sputter ion source SO-110 (HVEE)

insulator

insulator

extractor

negative ions

ioniser
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cathode

magnetic 

manipulator

(HV insulated)

0 - 30 kV

extraction voltage

0 - 10 kV

sputter voltage

target

aperture

cooled base shielding for insulators

c
o

o
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n

g

AMS target holder

1 cm

Wheel for 200 samples

20 cm
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10 m

AMS Ion 
Sources

Bouncer
Magnet

Pre-Acceleration
Post-Deceleration

Pre-Deceleration
Post-Acceleration

Fast Sequential Injection
• Quasi-simultaneous

stable and radio-
nuclides

• E.g. 9Be16O- and 10Be16O-

• Change 𝑬 not 𝑩

𝐸

𝐸

𝐸

𝐸

𝐵 𝐵

𝑝

𝑞
= 𝐵 𝑟

Quasi-Simultaneous Measurements

BeO-
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10 m

AMS Ion 
Sources

Bouncer
Magnet

6 MV Tandem Accelerator

• Strip ions to 2+ → highest efficiency
• Destroy molecules

o Major advantage of AMS
• Accelerate

Tandem: Getting Rid of Molecules

High-Energy
(+ ions)

Low-Energy
(- ions)

BeO-

Be2+
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10 m

AMS Ion 
Sources

Bouncer
Magnet

6 MV Tandem Accelerator

HE 90°
Magnet

radioisotope path

BeO-

Be2+

Measure Stable 9Be

• 9Be measured at Faraday Cup 
• 10Be go to radioisotope path

Faraday cup chamber

radioisotope path

Moveable FC
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10 m

AMS Ion 
Sources

Bouncer
Magnet

6 MV Tandem Accelerator

HE 90°
Magnet

Moveable 
FCs

HE 35 °
ESA

Electrostatic 

analyser

(ESA)

10Be4+ ☺

9.84 MeV

10B4+

9.41 MeV

10Be4+

9.84 MeV

10Be2+, 10B2+

10.74 MeV

Si3N4 foil 1 µm

Foil

10Be into detector - no 10B

BeO-

Be2+

2𝐸

𝑞
= 𝐸 𝑟

10B4+ loses more energy

Be4+
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Typical performance data DREAMS

1.387·

0.5 mg BeO
10Be/9Be: 10-12 at/at

→ 1.2 * 107 at 10Be

Total efficiency: 1:1400

→ 6.6 * 103 cts 10Be at detector

Blank: 5 * 10-16 (10Be/9Be)

0.3 mg Al2O3
26Al/27Al: 10-12 at/at

→ 7 * 105 at 26Al

Total efficiency: 1:2000

→ 350 cts 26Al at detector

Blank: 6 * 10-16 (26Al/27Al)
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Tandem Accelerator Laboratory Garching 
Part of the MLL (Maier Leibnitz Laboratory) 

Ludwig Maximilians Universität and Technische Universität München

Length:

about 76 m
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Low-energy side of the Tandem
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e.g.: 60Ni11+ + 60Fe11+

isobars not yet 

suppressed

High-energy side of the Tandem
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magnetic rigidity

in a gas-filled magnet (GFM)

Isobar Separation in a Gas-filled Magnet

𝐵𝜌 =
𝑀𝑣

𝑞𝑒0

𝐵𝜌~
𝑀

𝑍0.4

𝑞 ~𝑣𝑍0.4
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Isobaric suppression with
GAMS-setup:

106: 79Se

108: 53Mn, 59Ni, 63Ni

1011: 60Fe (DZ = 2) Gas-filled Analyzing

Magnet System
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e1l
e1r

e2l

e2r

e3

e4

e5

Frisch grid: Etot

y-angle: dt

9 „independent“ signals

position: p

x-angle: dp

Ionization chamber

dE
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Isobaric separation 
in the detector

+ dE5

+ x angle
+ y angle
+ pile up rejection
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spectra for calibration; sample: 60Fe/Fe = 5 ·10-12

positionposition position

positionposition position

Etot dE1 dE2

dE3 dE4 dE5

60Fe

60Fe

60Fe

60Fe

60Fe

60Fe

60Ni

Ni/Fe ≈ 10-5 => 60Ni/60Fe ≈ 106
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spectra for crust sample: 60Fe/Fe ~ 2·10-15

positionposition position

positionposition position

Etot dE1 dE2

dE3 dE4 dE5

60Fe

60Fe

60Fe

60Fe

60Fe

60Fe

with windows

60Ni
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spectra for crust sample: 60Fe/Fe = 1.4 ·10-15

positionposition position

positionposition position

Etot dE1 dE2

dE3 dE4 dE5

60Fe

60Fe

60Fe

60Fe

60Fe

60Fe

with windows
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some numbers

1 mA 56FeO- => 6·1012/sec

transmission 5% => 3·1011/sec

for 60Fe/56Fe = 10-15 => 3·10-4/sec = 1event/hour

10 mg 56Fe => 1020 atoms

1 mA 56FeO- => 6·1012 atoms/sec

neg. ion yield 10-3 => 6·1015 atoms/sec used

sample lasts for => 1.5·104 sec = 4 hours

Slide from Thomas Faestermann
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Supernova fingerprints on Earth?
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SN-I

Supernova fingerprints on Earth?
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SN-II

Supernova fingerprints on Earth?



Member of the Helmholtz AssociationPage 46

Georg Rugel | Institute of Ion Beam Physics and Materials Research I www.hzdr.de | g.rugel@hzdr.de

SN-IIISupernova fingerprints on Earth?
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SN-IV

Supernova fingerprints on Earth?



Live radioactivity as signature of 

nearby SNe

Search for long-lived, 

SN produced radionuclides with 

negligible abundance inside the 

solar system:

10Be, 26Al, 36Cl, 53Mn, 59Ni, 
60Fe, 129I, 146Sm, 244Pu

Ellis et al. ApJ 470(1996)1227,

Korschinek et al., Radiocarbon 38(1996)68

Slide from K. Knie, <2000
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55Fe 2.7 years
3H 12.3
44Ti 60
63Ni 100
32Si 140
39Ar 269
14C 5 730
59Ni 75 000
41Ca 104 000
81Kr 230 000
79Se 280 000
36Cl 301 000
26Al 720 000
10Be 1 388 000
60Fe 2 600 000
53Mn 3 600 000
182Hf 8 900 000
129I 17 000 000
236U 23 000 000
239-244Pu, 247Cm    - 81 000 000

fundamental physics

applied sciences

new: 55Fe, 68Ge, 93Zr, 106Pd, 135Cs, 146Sm, 
202Pb, 210Bi, 226Ra, 229Th, stable, …

Some radionuclides 

measured with AMS

Slide from Anton Wallner

atom counting of radionuclides via isotope ratio measurements

Independent of sample mass

Independent of half-life



Systematic deviations in AMS-TOF (n,g) measurements ND2019 A. Wallner

Measurement of Cross Sections
online method

➢ detection of prompt g-rays of 

reaction product (characteristic) 

➢ or: recoil separator technique

➢ if continous E-distribution: + TOF

➢ all reaction products accessible

➢ radioactive beams

offline method

➢ activation technique: 

⚫ Sample irradiation

⚫ Determination of reaction product

➢ quasi-stellar spectrum at once

➢ sensitive technique

o detects decay products

o needs radioactive samples (not too long 

half-life)

▪ atom counting (AMS)

▪ related to few applications

▪ most sensitive

Different systematic uncertainties involved
Slide from Anton Wallner
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Applications of AMS to Astrophysics
Nuclear reaction data - cross-section 
measurements

• 9Be(n, g)10Be, 13C(n, g)14C, 14N(n,p)14C

• 35Cl(n, g)36Cl, 40Ca(n, g)41Ca

• 54Fe(n, g)55Fe, 58Ni(n, g)59Ni,  
62Ni(n, g)63Ni, 78Se(n, g)79Se, 

• 209Bi(n, g) 210Bi, 

• ....

Nucleosynthesis of elements in stars

all reactions: identical irradiation geometry

Slide from Anton Wallner
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Maxwellian averaged cross sections

(1) Activation

(2) Offline – AMS measurement

Experiment KIT

same conditions for all experiments

Slide from Anton Wallner
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AMS basics

…radionuclides

Slide from Anton Wallner
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New group 

Prof. Anton Wallner at TU Dresden

with focus on

AMS

and astrophysics
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Anton Wallner’s group at HZDR

2022-03-01


