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P(%Be) = 10.87[0] + 0.52[Mg] + 0.39[Si] + C.45 [AlL] + 0.18(Fe]
P(HC) = 31.3(C] + 5.3(Mp) + 4.2[Al) + 4 3[5i] + L2[Fe]
PCOAL) = 225{A1] + 77 (Si] + 0.15 [Fe]

POSCI) = 129(K] + 65(Ca] +16[T]] +0.9{Fe]

P(*Ne) = 98[Naj + 131[Mg] + 63[A1] + 39{Si] + 4{Ca] + 0.20{Fe)
P(He) = 135[0] + 116[Mg] + 107(Al] + 111{8i] +61(Ca] +40[Fe]

after J. Masacik and R.C.Reedy('96)
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Calculated and measured production rates of cosmogenic nuclides at the Farth's surface al
sea lzvel {atmospheric thickness of 1033 g cm™?) with no geomagnetic cutoff and caleulated

and measured e-folding lengths (L.) below the surface.
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* Does not include any muon contributions.

b K. Nishiizumi, J. Poths, &b al., Personal communication, 1993,

¢ Calculations done for Fag olivine (41.9% O, 25.8% Mg, 18.4% 5i, and 13.9% Fe).
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latitude correction factors of [1].
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The Erlangen AMS Facility and its Applications in Interdisciplinary
Research

Prof. W. Kretschmer
Univ. Erlangen, Germany

Before starting my talk, I would like to thank Prof. Suzuki and also Dr. Shibata
for the invitation to participate in this special symposium on the occasion of opening
the AMS facility. I wish this facility much success. I apologize that I cannot talk
1n Japanese.

First I want to show where I'm coming

The Erlangen AMS Facility and its Applications
in Interdisciplinary Research

from. This is middle Europe, you may know
Munich, and Erlangen is about 200 km north

Ry of Munich. I want to discuss our Erlangen
University of Eflangen, Germany
1 totroduction AMS facility including the sample
1L The Exungen AMS acily preparation, show some selected examples of

- sputter lon source

e its applications, and give a summary of the
:f::"':'l‘j::‘d':“::.’::;nmm results. Due to the introduction by Professor

Nakamura, I can skip almost all of the
introduction, and I want to start with a hst
of AMS facilities in Europe. First there are

facilities based on EN tandem accelerators

« stuble Isolopes = posilion sensitive Faraday cup
- rudioisalopes =» AE-L gas deleclor
- snmple preparation
111. Applications
- ""C : archacotogy, environmenial research, geology

- “Sr: fast detection in cose of nuctesr accidents

V- Summacy and outlook which have been used for many years for

nuclear physics and have now switched to
OHP-1 AMS. Then there are some facilities based
on Tandetrons and small tandems, and some new AMS facilities, like Groningen
Netherlands, Kiel Germany, and Vienna Austria.

This shde shows a schematic picture of the Erlangen AMS facility, which we have
built by ourselves. Here is the ion source, where the radioactive ions as well as
stable isotope ions are produced, for example carbon 12, carbon 13, and carbon 14.
The negative ions are injected into the tandem, and for the beam transport we have,
from the injection magnet up to the analyzing magnet, only electrostatic elements for
all three isotopes to have the same ion optics. We inject the different carbon isotopes
by applying high voltage onto the chamber of this injection magnet. The negative ions
are accelerated to the terminal, where charge exchange takes place at the voltage of 5
MV. The most frequent charge state 4+ is selected in an electrostatic 15 degree
deflection and the mass separation is performed by this 55 degree magnet used for



carbon. Carbon 14 1s detected in a gas 1onization chamber, carbon 13 and carbon 12
in Faraday cups. From the isotope ratio the age of the sample can be deduced. For
heavier ions like Strontium-90, we use the high resolution 120 degree magnet. This
slide shows the principle of our ion source. Cesium vapor is ionized to Cs* at a
spherical electrode made from Tantalum which has a temperature of about 1100
Celsius. As the computer simulations show, the Cs* beam is focused to the sample by
a potential difference of 5 kV between ionizer and sample, the sputtered negative
carbon ions are extracted into the opposite direction by the same potential difference.

This shows our 30 ms cycle for fast isotope switching. The injection magnet is
adjusted to mass 14, for 28.5 ms carbon 14 1s injected. If we increase the kinetic
energy of the particles by applying a 1 ms high voltage pulse of about 4.4 kV to the
deflection chamber, carbon 13 is injected, and a further increase of the kinetic energy
by a subsequent 0.2 ms high voltage pulse of 9.2 kV results in the injection of carbon
12 into the tandem beam line. "

This shows a delta E - E spectrum of a sucrose calibration standard, which is
150 % modern. You see here the energy loss in the gas detector versus the
remaining energy of the ions, this peak shows the carbon 14 events, and in the lower
half of the picture the same is shown for a graphite sample. In just ten minutes run,
we have 42,000 counts for the calibration sample containing modern carbon
compared to only 22 counts for the graphite sample, which represents the
background of the facility corresponding to an apparent age of the graphite of 58,000
years. ' ‘

For the conversion of a sediment sample to a sputter target, we first apply the
usual AAA treatment, which means acid - alkali - acid. In this way both the
carbonates and humic acids, which may obscure the dating result, are removed. The
remaining material is centrifuged, dried in an oven, combusted by copper oxide to
CO: at 900 C and then reduced to carbon with hydrogen and iron as catalizer at 625 C,
the resulting graphitized carbon is very well suited for-sputter target giving high
negative ion currents. '

Especially for sediment samples, we also tried to date ﬁo]lens, which should be
representative for the age of a layer. The procedure is schematically shown here. Due
to the limited time I cannot discuss too much details. We select a fraction between 20
and 100 micrometer by appropriate sieving and treat it repeatedly with sodium
hydroxide and hydrochloric acid at 80 C. The fraction larger than 20 micrometers
contains pollen, but it can also contain sand. Sand is then dissolved by 40%
hydrofluoric acid. ~ Cellulose, which can also be in this fraction, is removed by



sulfuric acid. The remaining material predominantly consists of pollen, which are
mspected under the microscope with the result shown here. If it looks quite pure,
then we oxidize it to CO: and reduce it to produce the sputter target.

I will show some examples for measurements:

Some examples from archaeology (OHP-

Archacology
ning aqoeducs i el 2). From aqueducts in Israel we extracted
small wooden admixtures lo the mortas small wooden admixtures to the mortar.
. ! . We get a radiocarbon age for two samples
. ;"T“”gﬁgjjilg;‘:f from Bethlehem and Susita, about 2000, and
Catibration = Ctendar age if we apply the calibration curve, like this

here, by Stuiver et al., we get a probability

1 - l.\"k'-u o distribution for the calendar age. For a one
. \l\, sigma standard error we end up with the age
|._ "‘:\ of between Christ's Birth and 140 AD, and
_ ”“ so the construction of the aqueducts was
N ﬁ\kf_\q ) Roman. Another example is shown here.

The influence of the Romans in southern
Result construction of the agueducts about Christs birth Germany was considerable. For example,
for the reconstruction of old

OHP-2 trading streets, we did the excavation (two
meter depth and 8 m length) of an old street covered with thick wooden slices located
n a moor site close to Murnau, 60 km southwest of Munich. Close to this site there is
a farm house from 1100 AD which rises the question whether the street was Roman
or medieval. The result of our AMS measurement 1s 1835 = 38 BP corresponding to
a calibrated age of 130 to 220 AD, which means that the trading street is of Roman
origin.

Now I show another application of C-14. We had a project with an expert for
tropical trees. Growth rate of tropical trees is important due to the worldwide
deforestation. The standard method for the determination of growth rate would be
just tree ring counting and measurement of the diameter, but due to the absence of
regular summer/winter seasons tropical trees usually have no tree rings. Only in
some regions with periodical severe dry seasons or long inundation phases trees form
Asome periodical structures. But it's not clear whether these structures are annular
structures or not. Here I show some examples. Look at the example 11 and 12. As
just the same sort of tree, tree number 111s in a hight stand where enough light

comes in. This forms some regular structures, but the other tree of the same sort



(No.12) is in dense stand and it shows not such structures, and therefore it is quite
difficult to determine the growth rate. As an alternative to tree ring counting we
use the carbon 14 peak of the '60s as a tracer. Due to the nuclear bomb tests, the
carbon 14 concentration reached a maximum around 1963. We determined the
carbon 14 content, and compared it with the carbon 14 curve of air samples from
southern hemisphere.

So another two examples. Here we had a Leguminosae tree from the region of
River Amazon. It was roughly predated by structure analysis. Our AMS data show
an increase of about 60 to 70 % due to the nuclear bomb peak after 1960. From a
comparison with the atmospheric 14C concentration of the southern hemisphere a
shift of this predating by about two years has to be applied, which enables a
calibration accuracy of % 1 year for the different layers of this tree. Another
example, shows AMS data of an Ayous tree from Cameroon, Africa, where again from
the steep increase of 14C concentration the calibrated age could be very well
determined.

Now we will talk about some sediment samples. This is interesting since after
the end of last glacial period, the temperature raised by about 10 degrees in our
region, and now it is interesting how the vegetation in southern Germany evolved
from just a few species to this huge variety we have now. In a collaboration with Dr.
Kuester, University of Munich, we investigated several sediment cores from bog sites-
in Bavaria. From a simultaneous determination of pollen distributions and of the
absolute age of the core layers one can deduce the vegetation history. Now the
sediment samples. Here I will present the results for three sediment cores from Lake
Starnberg, Lake Chiemsee and one close to Oberammergau. For the Lake Chiemsee
core we have dated three fractions, one bulk sediment, second pollens, and another
fraction larger than 100 micrometer. The calibrated calendar age shows an increase
vs. depth, and we have agreement here among three fractions which gives us
confidence about the calibrated ages. This sediment sample starts at four meter
depth, since above there are three meter fifty water and another fifty centimeters soil.
The pollen distributions determined by our collaboration partner are shown below for
pine, hazel and beech. The pine pollen exhibit a sharp increase at about the age of
12000 BC, hazel and beech like warmer climate, and they came up at 8000 BC and at
2500 BC, respectively. For another profile north of Lake Starnberg we have the same
findings for thé subsequent pollen. So this is one of our projects to determine the age
of different layers of sediment cores, and look how the different pollens evolved as a
function of time.



Now I show a completely different
application. We also measured Sr-90 which
1s a quite dangerous nucleus due to its half

1. 905y - Measurements

Fast quantitative deteclion of 905r by
direct counting ] o .
life of 28 years and its incorporation into

98r. Ty=285a Epg= 0.5 McV ) )
sigrcd in bones! bones. In anuclear accident, like

measure isotope ratios 0SS = 108 1010 ohernobyl accident, Sr-90 might be emitted

into the air, and since it is time consuming to
Problems: detect it conventionally, we tried to measure
« nio stable St (but stable SrF™: 200 nA) it djrectly by counting, using our AMS-
» high resolution analyzing magnct required

+ isobar nucleus 99Zr 11 facility. The aim of this project was the
Q)possiblc solutions: measurement of the isotope ratio, Sr-90 vs
= high quality chemical separation = * SI‘-SS, in the range of 10%to 10°. But there

- » measurement of stable Zr isotopes >

detection of $9Zr content are some plOblemS- There is no stable

* gasfilled analyzing magnet - scparation negative Sr ion, so we had to look for SrF,.
according o Znye, possible )

» Ny Second, a higher resolution analyzing

* coilaboration with Prof. Knoeht (Hamburg) magnet 1s required since the relative

difference in mass is much smaller compared
OHP-3 to carbon. The other difficulty is the isobar
zirconium-90.  So some possible solution for this zirconium problem is to use high
quality chemical separation, and this is what we have done together with Professor
Knoechl from Hamburg, a radiation chemist. Alternative solutions would be the use
of a gas filled analyzing magnet or the measurement of stable zirconium isotopes,
which can be used to deduce the zirconium-90 content.

Now we use SrF,-compound with the negative SrF,ion as the most abundant peak
after the ion source. We use a terminal voltage of 5 MV with the most frequent
charge state 8+. Here we have AE-E spectra for a blank, for three calibration samples
of a known amount of Sr-90. If we subtract the background determined from the
blank we have agreement with the expected values for the calibration samples within
the errors. This demonstrates that we can directly measure strontium isotope ratios
down to 10°,

Now I summarize the status of our AMS-facility and what we will do in future.
With our high current ion source we can obtain negative ion currents up to 150 pA
carbon 12 with the terminal voltage of 5 MV and charge state 4+. We use fast
1sotope switching as [ have shown before. Particle transmission is up to 80 % and
we have a count rate of about 100 Hz for such a 150 pMC calibration sample for 25
uA 12°C.. For the machine background we obtain 0.07 pMC corresponding to 58000



1¥. Summary and outlook

Status

i, ion source current: < 150pA 'C
2. terminal voltage SMY, charge siate 4*
3 st isotope switching: C: . 2ms ; "*C: < bdms ; "*C; 28mis
d. parlicle transmission vp to §0%
5.'C count rate 1000z for ANU sample and 25uA B C
6. machine background:
0.07 PMC «» 58ka (untreated graphite samptle)

0.6 PMC for chemically Lreated sample

Main research project

Dating of sediment cores from southern Germany

Future plans

L insiallation of a new injection system:
00° electrostatic anatyser
90" magnelic analyser
2. new source for element analysis «~ SIMS AMS

years for an untreated graphite sample
and 0.6 pMC for a chemically treated
sample. Our main research project
right now is dating of sediment cores from
southern Germany. For future plans,
next month we will install a new injection
system with an electrostatic analyzer in
addition to the magneﬁc analyzer. Anew
injection magnet of higher magnetic field is
good for even heavier ions. As a new
project, we want to apply for a new source
for SIMS-AMS, which can be used for
detection of elemental analysis, e.g., for the
detection of impurities of semiconductor
material. The upper and lower picture just
show us the high potential of the AMS for
the detection of impurities of

semiconductor material. Here silicon is

investigated by extracting negative secondary ions. Before the tandem accelerator

you see a lot of molecular background resulting in lower detection limits of about 10+,

and if one looks after acceleration and magnetic and electrostatic analysis the

molecular background is removed and detection limit of 10¢ and better can be

achieved for the same sample. Lots of elements can now be identified: Cu, Ni. Fe, Ga,

Se and so on. Therefore AMS offers a very strong method for elemental analysis.

This shows the schematic view of the-new injection system. We put here

electrostatic deflector which can be switched. Our old AMS source is here and a

new ultraclean source for elemental analysis will be placed here. Ultraclean means

that first the Cs beam has to be cleaned By a Wien filter so that we investigate

impurities in the sample and not in the Cs. And lastly [ will show our team,

collaborators shown here.

Thank you for your attention.
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