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|. Motivation BBl g
Accelerator Mass Spectrometry (A I\ﬁé}‘“’

= Standard method for the determination of very small
|sotope ratios

A - \ f_‘.‘_,
b
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schematic overview:

Low energy mass | _,, Accel erator High energy mass
Spectrometer > spectrometer
—> »\

|

lon source Detection of heavy ions

In comparison with conventional mass spectrometry:
* background suppression due to use of an accelerator
(e.g. breaking up molecules, separation of stable isobars)
e Sensitivity enhanced by about 10°
— Determination of isotoperatios at alevel of 1010 - 10-16
— Example: radio carbon dating: determination of 4C/12C

Conventiona semiconductor detectors /ionization chambers
are limited in energy resolution, detection efficiency,
resistivity against radiation damage etc.

— Calorimetric low temperature detectors for heavy ions can
provide an alternative.




Thermistor: superconduction Al film

Absorber: sapphire

|I. Experimental Setup %\_Lg

a.) Caorimetric LTDs based onk@i’y

Al transition edge thermistors and
sapphire absorbers

Thin Al film(d=10nm): T.=15K
(photolithographically deposited onto sapphire substrate)
Meander structure to match impedance to conventional
preamplifiers

Thermal coupling to heat sink viatwo gold wires

(D =25 um)

- I Gs1 KRYO 10-48

4 - -

& Fideeh Tt 3 mm
Al thermistor deposited onto sapphire substrate

Dimensions: 330 pm X 3 mm x 2.5 mm
For sapphire: Debye temperature ©®, = 1000 K

Single crystal material in high purity and with few lattice
defects available
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Environmental Research Accelerator

Cs sputter
ion source:
neg. ions

Analyzing
Injection (i ® | . magnet
magnet S — ;

Pumped “He bath

cryostat Faraday cups:

measurement of ——— 4|\
20° beam line stableisotopes
S SO R [O)
) Switching Electrostatic
\ 21 7 - , magnet analyzer/
.-"'-..__ ) - e ¢
Cublock * Entrance dlits

detectors

lons range from 1°Be up to 238U
Energy range 10 - 60 MeV
Determination of isotope ratio:

— stable isotope is measured as a current in a Faraday cup

— radio isotope is detected in the heavy ion detector at the
end of the beamline

lﬁi’”ﬁé‘w\
b.) AMS facility VERA = Vienndt,

TS




Systematic investigations for variousions (12C, 197Au,

I11. Calorimetric LTDsin AI\/I%
a.) Detector response to low

energetic heavy ions
(S. Kreft et a., AIP Conf. Proc. LTD-9 (2002) 405)

238J) at VERA:

16

..] Relative energy resolution: achieved energy
3 resolution
] AE/E=6x 103
10 h 4
g ] v especially for uranium
. -
§ 6—‘ """"""" i ';xt;; """"" * """"" * =T = One O.rda Of
magnitude
4_ -
N better than with
- conventional detectors
° 0 1|0 2|0 3|0 4|0 5|0 6|0 70
energy [MeV]
%7 Linearity:
7000
? 6000—-
£ 5000 no pulse height defect
S 4000+ observed
é 3000—-
é 2000_‘ <_130, 197AU, 238U
1000—-
0 | T T T T T T T
0 10 20 30 40 50 60
energy [MeV]
‘ 4He ‘ 13C * 197Au [ | 238U




experiment: precise determination of the
Isotope ratio 23°U/238U in natural uranium

Motivation:
— 236 produced by neutron capture:
235U +n-—o 236U + Y

— Abundance of 23U is an excellent neutron flux monitor
for geological time scales (e.g. can prove the excistence
of so called , natural reactors* like in Oklo, Gabon, West
Africa)

Expected isotope ratio:
In natural uranium; 236U/23%yY = 1010 - 10-14

— one of the heaviest radio nuclides interesting for AMS
First step:

— establisn a material standard for which the absolute

isotope ratio 236U/238U is precisely known.

— increase sensitivity to measure down to 10-4
Experimental conditions:

— for detection of 238U: background from 234U, 235U, 2381

— conventional setup: energy and TOF determination to
distinguish between the different isotopes and suppress
background

— senditivity limited due to detection efficiency in TOF
setup (foils, scattering) and conventional detectors
(entrance windows, dead layers)




V. Results B\

a.) Detector performance

incident ion: 238U at E = 17.39 MeV
operating point T =151 K
temperature rise AT = 1.2 mK

Preamplifier signal:

. 1 — sufficient
s 1 for typical
S countrates
| ~ 200 us 1
[t <10Hz
I )
time [us]
Spectrum: AE =80 keV, AE/E =4.6 x 103
500 uu i
400 - z \ . (with
- Z \ - conventional
»n 300 - - . . .
g™ & | ionization
° 200 - i chambers:;
AE/E > 5 %)
100 —+ .
e ey y f t f t 1 T
17.0 17.1 17.2 17.3 17.4 17.5 17.6 17.7

energy [MeV]




counts

Background suppression
Simulation: Separation of 234U, 235U, 236, 238
with AE/E = 4.6 x 10°3;

assumed ratio 236U to 234235238 = 1:10

140000 T I T I T I

T T T T T T T T T T T

1 236, 1. — _
120000 ] U: E=17.54 MeV

100000 — -

238, \. — _ 1
U: E=17.39 MeV 235UZ E=17.61 |\/|eV_

234

80000

U: E = 17.69 MeV
60000 .

40000 -

20000 — -

' V
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170 171 172 173 174 175 176 177 178 179 180
energy [MeV]

— advantages of calorimetric LTD:
e no TOF setup necessary
e no entrancefoils

= better detection efficiency

= increased sensitivity
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counts
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Establishing a material standard: ™
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Samples from Joachimsthal
Detector performance: AE = 159 keV, AE/E = 9.1 x 103
250 T T T
“U: E = 17.54 MeV
07 ;,,Z%U: E =17.61 MeV?
150 — 4
' “‘U: E = 17.69 MeV
ol U E =17.39 MeV A i
50 — 1 _
\
- Wi
0 o "J—DM””I' i A
17.0 17.2 174 17.6 17.8 18.0
energy [MeV]

Joachimsthal 1: 236U/238U = 4.35 + 0.09 + 0.69 x 1011
Joachimsthal 2; 236U/238U = 2.65 + 0.08 + 0.42 x 1011

Limiting factor: systematic error from determination of

transmission 0.65 + 0.1

Result of earlier measurement with conventional E/TOF
setup: transmission 0.2 + 0.06, sample Joachimsthal 1:

236238y =6.1+ 04+ 1.8x 1011
(C. Vockenhuber et al., Int. J. Mass Spectrometry

223-224 (2003) 713)
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Determination of 236U/238U in “xe®

spring water from Bad Gastein

— limited amount of sample material!

With 65 % transmission and 30 minutes of measurement time:

I ! I ! I ! I
. ?°U: 19 + 4 counts
2 _
12
5
235
1 2
3 AN U
L #**U: 2 counts “*U: 10 + 3 counts
- \\ u
» L7 N \\
0 ! I ! I I I
17.0 17.2 17.4 17.6 17.8 18.0
energy [MeV]

236U/?8Y =1.2+0.3+0.2x 10t

= smallest isotope ratio for 236U/238U ever measured
(Factor of 6 lower as compared to previous measurements)!

Limiting factor: statistics!




Conclusion

Calorimetric low temperature detectors for heavy ions

> show good energy resolution of AE/E = 4.6 x 103 for low
energetic heavy ions (one order of magnitude better than
conventional detectors)

> aretherefore suitable as replacement for a conventional
E/TOF spectrometer in AMS

» substantially improve background discrimination and
detection efficiency

A first AMS measurement to precisely determine the isotope
ratio of 23U/238U in the AMS laboratory VERA resulted in

» anew material standard with higher precision

> improved level of sengitivity: 236U/238U = 1.2 x 101
(smallest isotope ratio ever measured)

Perspectives

e energy resolution improved by factor of 2:
= better background suppression

= increase of sensitivity to measure smaller isotope
ratios

e |arger detector surface /detector array: increase
transmission to 100 %

= systematic error from transmission eliminated
e investigation of Pu isotopes




