ASS SPECTROMETRY;
ting technique

I=I”milippe Collon,
University of Notre Dame






= ~1 decay/hour

In a Mass Spectrometer a sample material is converted to an ion
beam that is then magnetically (and electrostatically) analysed

\— MS separates ions by their mass only



e ions of interest.

0 not depend on ionic charge.
9 Range

- Stopping power . (A 2)
- TOF

The high sensitivity of the method makes it possible to measure
down to several counts per hour from a beam of the order of
microamperes (1.6 A = 1 x 1013 ions).



Low-energy
analysing Mass spectrometry

magnet ion detector

Tandem accelerator

Low-energy ‘ High-energy

analysin i nalysing

magnet magnet
Stripper

N

Cyclotron

Low-energy

analysing
magnet @

Detector setup

Positive ion source




RinRciple aff AMS

lons

(positive or negatively
charge atoms)

Aré*

lon Source

i (Sputtering, ECR,...)

'} LOW ENERGY

High-energy ACCELERATOR

analysing
magnet (TANDEM, LINAC, CYCLOTRON

Low-energy
analysing
magnet

REJECTED PARTICLES REJECTED PARTICLES

Electrostatic
analyser

PARTICLE DETECTOR

REJECTED PARTICLES



Iypicall AMS, setup

Tandetron Accelerator Mass Spectrometer

recombinator tandem accelerator 110 degr. magnet

simultaneous 12,13,14 separation
injection

driver
parallel Cockroft

ion source it .
58 sample caroussel i ectrostatic
Cs sputtering deflector

graphite targets 90 degr. magnet
mass 14 analyzer

Low Energy MS High Energy MS




FemICAbBNIdatngthe Ice Man:

&/ Compton gamma-ray obs.

ing **Ti nucleosynthesis

The measurement of the cross-section of the R

suspected main production channel of #4Ti:

40Ca(a, 7)*Ti L.




seimerapplications of AMS

s and adapted to different

Strate: ‘
 environmental studies
)ped for 2 different isotopes

ear physics

(t,,, measurements, cross-section,...)
- Nuclear astrophysics
- Archeology

(*C,19B,...)



uman activities are
o longer negligible

nding of environmental
ms IS necessary

N . A

The environment is not a controlled laboratory but

an extremely complex dynamical system

!

Special tools are needed to trace the main environmental
transport processes and to determine their dynamics:
ISOTOPES



I NGHEMBUENIC radionuclides as tracers

hn

'

Galactic Component: .
, Solar component:
0.1 <E <10 GeV / 10 < E < 100 MeV
Flux ;3/cm /sec Flux ~100/cm?/sec
p~87% p ~98%
L a~12% o~ 2%
\A = 4-1% A >4-~1%

Altitude (km)

ONOSPHERE

MESOPAUSE

MESOSPHERE
BOMB TESTS

5 STRATOPAUSE

TRATOSPHERE

NUCLEAR
INDUSTRY

TROPOPAUSE

TROPOSPHERE
=~

//’\
//’)x

‘3H,3He, 4He|14C,3GCI| 37Ar, 3£}kr,‘mAr,81Kr,85Kr,129I,222Rn ‘

} SUBSURFACE SOURCE




ase tracers makes the
chnique so important - |

IS possibly the only cosmo-
potential to become an
ating polar ice caps and old



ray induced spallation

r reservoir of 81Kr on earth

H The eﬁ‘ission products are negligible

e 8lKris shielded by stable 81Br from b-decay feeding through mass-81

fission products.
« The direct 8IKr fission yield has been estimated to be as low as 7x1011



WAJAUSEAMS to measure 1Kr?

55 .5x10>cm3 STP/liter
200 81Kr atoms

anthropoge ic _

~ 50 years ago modern

(85Kr/Kr: 3x10-18 > 1.3x1011)




AMS fier &K, t i ain difficulties

NREHgE— S BifISehaigseparation in the cyclotron
S (VIISYER IO VSR SEl((VI/Q) =4 x 107°).
8 Smallfges samples to be transferred to the
O SOUICE ~~~—_4§‘KJ
s Overall transmission
(1kg of modern water or ice contains —1500
atoms of 1Kr

!
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ViEmNerehIEm: reduce: the 81Br intensity

tripper foil (Be 18.8 mg/cm?)

|

A1200

a

8lBr35+

~»
1Kr T’

nary react. Prod

In order to reduce this factor, a substantial reduction in the Br
Background intensity in the beam must be made
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sampling trip

RECHARGE AREAS

NON-FLOWING BORE

[SUBARTESIAN)
FLOWING BORES

POTENTIOMETRIC SURFACE (ARTESIAN]

SPRINGS
\

\N SEA LEVEL

LEGEND

| Bedrock
| Aquifer

Direction of Water Movement

|:| Impervious Material
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/ oluWaieIssample (Watson Creek)
\

'_I.

TOF vs. dE spectra Watson Creek samples
b01 min
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NEtINKyeton sample
e

TOF vs. dE spectra Natural krypton sample
480 min
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EXPERMENtal results

Clhtelighy

Atmosphere

Raspherny Creek 2 _ m 22 0)0]0 +(12.7% * 1)

+50,500 +(15.3% * 1)

+44,200 +(13.4% * 1)

Watsor Craegi 402,000 +51,000 +(15.4% * 1)
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AtlERtic conveyor belt circulation

‘_l

Great Ocean {Inn'-.'ley.rcrr' Belt

el E T E N S

IR
1




120°W

> Surface flow > Deep flow

The application of 3°Ar dating to groundwater is limited by the fact that
underground production in granitic rock 3°K(n,p)*°Ar can be substantial.




Ic ray induced spallation on
, 2n)39Ar Q=-9.87 MeV
)0 ' s estimated to be below 5% [Loosli

« Subsurface produc can be significant in rocks with high
uranium content °K(n,p)3°Ar



Activity off 1 |l water

BNNNGGEan Sea water contains — 6500
=A-aems (In ocear W@r: Ar solubility =
0.4 cmp STP/I)

1077 Bg or ~17 decays

s
TRIS tenuls to make Statistics rather poor



SeWAcan A e counted?

*‘l.mole, (—=1000 I), done by H.H.

V. [ cor “entration makes this a
difficult isotope for laser techniques

m AMS (with small vel. samples)
m several difficulties (AM/M, low concentration, ...)




AMS for =“Ar

spViainranmcuues

= The 2Ar/Ar = 8.1x10-16 ratio

m| [SEIEN SEparation’ between °K and S°Ar
(AM/MF=1.55%1.0

= A tandem (as used in traditional AMS lab)
cannot be used for noble gasses

m Source efficiency
m Overall transmission



B 2200 e

mthe gas filled magnet

—~.. MAGNETIC FIELD
REGION
. (vacuum)

HEAVY 10N

In the gas filled magnetic region, the discreet charge states coalesce around a
trajectory defined by the mean charge state of the ion in the gas

Bpocmv/(g



ed magnet setup

Enge Split Pole spectrograph

PPAC + ionisation chamber

Scattering chamber

Nitrogen (10 torr)
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SYIEMmEnLall setup |

| J'm]"r]?ll beam 'ELJrJ]rJg

m Total transmission —20% (without stripping)



i Eaier detector set-up
|rf -r “\_I'B.-.eam
#.
2.50 mylar mobile shield Shield
PPAC ¢ = / - 12.61 mylar
\

I

IC dE1 |

dE2 JE3
/E4

dES

Beam: Pr=113.6 MeV
Booster = 348.8 MeV
ATLAS = 464 MeV

Cath: - 430 V
Anode; + 575V
Grid: + 300

Div: +240V / -365V

N2 =12.1 Torr
PPAC = 3 torr (Isob)
IC = 21 torr (Isob)



USTnEReREUEItZIIRErR I the plasma chamber




HOWRIORSAMIPIE ocean water?
4 |
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44% mod.
5) 23x10 -16 65% mod.
4.35x10-17 5.4%
1.21x105 | 2.61x1016 32% mod.
3.96x10° |8.53x1016
2.79x102 | 6.01x1014

3.76 x10°=8.1 x 1016
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