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Measurement of Kr in the atmosphere
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’developmg mtoa aj 'tool

, in Nxagara—on—the-lake
it *'Kr could be an ideal tracer
I and geophysical pro ’rties‘

7% 10-” [5] :
In’ pamcular’ S'Kr' is

due ‘_toitts, umque
AL 8'Kr has a
k'produced m the atm

|ce sheets as wel] as old groundwater. Whereas f’us mea-
: 'surements of ¥'kr were I rformed with Low Lev .

forc in the producuotl rate of 8'Kr are smoothed out: With

mated pre-nuclear Kr/l(r ratio of 3 X 10"8 h

of 5.9 % 1071 [3]; a: g]obal roduction rate of 1.5 X 107%'
81Kr atoms cm™2 s~ stimated [1]. -
@) There is litde i \tamination of natural 8'Kr

from anthropogen
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the assumption of secular equilibrium and a ®'Kr/Kr ratio -

In ‘atmosphenc nuclear:test-
ing, 81Kr can be prod ced via the reactions Kl(n -y)s'l(r '

Sin-
creased to a pxesent day ratio of about 1.3 X 10"»l '[6 7]

for measunng 8 Kr concentrauons and our efforts have
been oriénted ‘at developtng a viable counting techmque
for #'Kr. However due to the low atmospheric concentra-
tions of *'Kr (¥'Kr/Kr = 5 2% 10~ ") it is estimated that
only approximately 1500 ' Kr atoms are contained in the
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Fig. 2. lon current versus mass/charge from the MSU superconducting ECR ion' source operated with: cnnched s“Kr gas and oxygen
support.gas.
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: vpoules as well as'a highly enriched (> 99%) Kr sample

‘which - was.mainly used for beam set P-; The krypton,

sample material and the support gas were mtroduced into

the ion source plasma through two, separate remotely'

controlled needle valves. This system: couplcd to-a vacuum:
pump and valve permitted to change sample-gas ampoules

without: affecung the ion source: semngs Due to the lack of

“absolute. pressure transducers in_this sy:
possnble to roughly -estimate the krypton
“rate.An upper limit of ~ 1 cm
established, but the actual consumpuo
i srderably lower (see Section 5. for plan
A spectmm of the charge-state dist

: degeneracy within t.he bandwndt.h (28 XbIO‘ A(M/Q))fi

of the cyclo;r n, cept for ® Br that is not eliminated in
the acceleration process due to its A(. M/Q) of 3 71X 1078

Between the exu of lhe cyclo(ron and the A1200 mass
spectrome{er a Be stnpper foil (18.8 mg/cmz) provided. a
70% smppmg efficiency for the 36 + charge state. The
ions emergmg from' the foil were: analysed in the A1200

"-mass ‘separator- and were finally detected in 2 AE~E

telescopes (75 pm, 100 pm, 500 wm, 1000 pm Si
detectors). An addmonal time -of : fhght information was
provrded by a’ scmtrl]ator p]aced aftcrtthe ﬁrst bendmg

700 - |—

dE (Channel riumber)
g
|

200 | —

. ] RN I BN L
o 100 200 300 D 400

Time of flight (channel humber)

Fig. 3. AE versus TOF spectra measured with the A1200 mass-separator after mass-81 ions of 45 MeV/A are stripped in an 18.8 mg/cm?
thick beryllivm foil. The identified groups correspond to réaction products induced in the Be foil by the bl : T background The sample
used was a neutron activated krypton sample (*'Kr/Kr= 2.2 X 10~ ),
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effecuvcly eliminated the 8'Br:’s’f ions it 'was not possnb]e T T mamm | MesTRONACTIATED KeveToN
to directly monitor the ‘bromine background and.the. Br 600 : ) '_;,1:_,_:,,; 10
counts’ were. therefore used durmg the cxpcnment, as'a :
monitor for the conmbutnon of ‘nuclear reaction products , 00T
from mtcractlons of ¥ Br with the Be stripper foil. ol
‘As thc support gas ‘in the SCECR was consxdcred a :

possnble source - of bromme it was' decxded o’ place a- S0 :
dry—lce cold trap on the suppon gas lmc m an attcmpt o U * , '

ceze out any possible | ‘bromi i 600 - MATUBAL KRYPTOH. -

e .mnmgtpurposcs oxygen h 2 esax107

&E (channeél number)

3‘of the ® ") Br: background :
f"Kr/”Br = 1/16 was

the latter samples was
tmty of short-lnved :

roducts a30m1nmn
c.gas valve closed. The
15;;9:l:~l.‘l“Was used - to

"krypton sam ‘ -
neutrp activated krypton samples (samplc #1 s'rl(lr = was mad wnth the Krypton
'(22;t02)x 1071, sample #2 “’Kr/x: a 4;|;02)x resulting ratio of "Br/ *'Kr:

Table 1
Summary of the 8'Kr/Kr measurements et o . ‘
Sample - "Kr/xr o MSsgps o ToalM'Kr Background : Runtime - *'Kr/Kr
: o _ . (epA) - (coumts) (counts) (min). " measured ®
Cmat | (22102X 10"° 285 1044 R 22 ref. value
n-act (14£02) %107 17.2 3713 16 219 (13202 x 107!
natiral (52+06)%x10712¢ 19.3 34 3 405 (53+£1.2)x10° 9
%Kr depleted in "Kr 213 7 3 413 (60;!; 48)x 1071

* " The background was determined from measurements with the Kr sample gas turned off. ® a'l(r/ Kr mtxos are dctermmed relative to the
reference value of 2.2 X 10~ '°, Uncertainties are statistical only. € This value is the average of (5.9'+ 0.6) X 1013 {3] and (4.5 £ 0.3) X

10713 o).
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determme the conmbuuon of reacuon products (normal-
ised to the observed 79Br counts) to thc 'Kr count rate. -

The excellent agreement between the AMS measured
8'Kr/l(r ratio and-the: accepted concentration in: the atmo-
sphere, -encourages” us to" continue.. our measurements
However, consrdcnng the small number of 'Kr events

actually detected, we. view. this' agreement. as somewhat

‘ accidental, and at this time do not take ‘it as a firm proof
that modern krypton has the same -isotopic abundance of
81K as the pre-nuclear value of "Kr/Kr . (524 0.6) X

10—-!3

““-*prewo“s')' mentic ‘ned“one of the problems when

from the Oxford C02 gas source [9] compnsmg the fol-

lowing features:
(1) It should handle four different gas samples allowmg

Vacuum, Pump 1

echniques fo ‘r 8'Kr remains. the sam-

sample changes with little loss of time. and without affect-

-ing the settings of the ion source.

(2) It should suppress any bromine present in the
sample, through the use of a cold trap. As krypton and
bromine ‘respectively have meltmg points of —156.6°C
and —7.2°C ‘it was decided to suppress any bromine
present in the sample by freezing it-out..

Bn should be nansponable and adaptable to any ECR
source

The system consists of two secnons (an 5) One; at
ground potentral that handles the initial sample preparation
and the second part, at source potennal that handles the

freezmg-out and uansfer of the sample gas to the, ion

into‘ he ion 'source while retammg the bromme in'the trap.
‘ The ‘whole procedure is computer controlled wrth a PC-

On fon Source Extraction Potential

Fig. 5. Schematic view of the mulnple-sample gas handling system developed for handlmg small’ krypton ‘gas samples: The samples are
supplied in sealed quartz ampoules of ~ 4 cm? volume to the flexible sample holdérs; where they ¢an be broken under vacuum. The sample
gas is transporied with helium as support gas 10 the cold trap, where it is frozen out together with any. possible bromine ‘contaminant.
Through' controlled hcatmg of ‘the trap, krypton can. be released to the ion source while retaining  the bromine, thus reducing the * Br
interference for the *' Kr detection. The gas transfer procedure is computer controlled with.a PC-based software program. The controls for
the system-part that is at source extraction potential (~ +13 kV) is made possible thanks to the use of optic fibre cables.
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-based software program. First on-line tests, of this system

coupled to the. Mlchlgan State Umversnty SCECR in 1995
were satnsfactor;,',1 although certain improvements still have
10 be made to optimise the freezmg out process. In order to

~determine the gas consumption of the ECR source it will
-also be necessary to replace the pressure transducer in the
'cold trap wnth -one that provxdes absolute pressure readings.

6: Conelus‘iOnsi’ , 4

The results-in Table 1 are very encouragmg, although

~,-work sull has to' . ‘s‘done m order 0 ehmmate the 8'Br'

*First test: the gas ‘handl"‘”g system are very
promising althougt _,mprovements still have to be made in

order 10 opt:mnse the transfer and freezmg out process.
Future runs at Mlchlgan State University are planned
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