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L'effet Jesse - l'effet des impuretés et des composants ajoutés
intentionnellement à l'ionisation des gaz rares - est décrit brièvement.
Les expériences destinées à mesurer cet effet dans un système de
conception spéciale comportant une source de particules bêta de 63Ni sont
également décrites. Les résultats montrent que les étalonnages de la
chambre d'ionisation avec l'hélium comme gaz d'entraînement changent
rapidement avec.l'addition de gaz ou d'impuretés à faible concentration,
et atteignent un palier (variation d'étalonnage de 50Z approximativement)
à 4000 p.p.m. Avec l'argon comme gaz d'entraînement, on ne note que de
faibles variations. On examine les conséquences de cet effet dans les
expériences sur les gaz de balayage de couverture de réacteur de fusion.
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Abstract

The Jesse effect - the effect of impurities and intentionally added components on
ionization in noble gases - is briefly described. Experiments to measure this effect in a
specially constructed system with a 63Ni beta-particle source are described. Results show
that ionization chamber calibrations with helium carrier gas change rapidly with gaseous
additions or impurities at low concentrations, and reach a plateau (approximately 50%
calibration change) at 4000 ppm addition. Only small changes are seen with argon carrier
gas. Implications of this effect in fusion blanket sweep-gas experiments are discussed.
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1. INTRODUCTION

Three problems are typical in ionization-chamber measurement systems:

* tritium loss (HTO) along system piping,
* contamination of the ion chamber, leading to high backgrounds, and
* possible calibration changes due to different carrier gases or impurities in the

gases.

These problems can manifest themselves in fusion blanket sweep-gas experiments, which
usually use ionization chambers for on-line tritium measurements. The latter two points
were clearly seen in BEATRIX—U \̂ as well as in other vented capsule tests (e.g.,
MOZART, EXOTIC and TRIDEX). The "Jesse effect'*2"4) provides an explanation for this
phenomenon. Point 1 was also clearly seen in CRITIC-I and TRIO, and probably accounts
for some of the observations in BEATRIX-II. In this paper, we briefly review the essence of
the Jesse effect, and describe experimental work to clearly demonstrate and measure the
effect for various impurities in He and Ar carrier gases.

2. BACKGROUND -JESSE EFFECT

The decay of tritium produces beta particles (average energy of 5.6 keV and maximum
energy of 18 keV), which can ionize carrier-gas atoms. In a noble gas carrier, the beta
particles also excite some carrier-gas atoms to metastable states without ionizing them.
These do not contribute to the electric current when a voltage is placed across the gas; only
the ion pairs (electrons and positive noble gas ions) contribute to the current.

If a second component is present in the carrier gas (either an intentional addition such as
hydrogen or impurities), it can cause two effects. First, the beta particles from the tritium
decays will ionize some atoms of the second component, leading to a change in the current;
i.e., a change in the ion-chamber calibration. If the second-component concentration is
small, this effect will not be large unless the additive ionizes much more readily and is
present in more than trace quantities. Second, if the ionization energy of the additive is
less than the energy of any of the noble gas metastable states, these excited noble gas atoms
may transfer their energy to the additive atoms and, thus, ionize them. These newly
created ions will, naturally, contribute to the ion current. This can be a large effect,
changing the ion-chamber calibration significantly; it is called the "Jesse effect".
Increasing the amount of the second component increases the magnitude of this effect,
although the effect saturates as the concentration of carrier gas atoms in metastable states
diminishes. Further additions will not contribute to the effect, although the calibration
may still change slightly due to the first effect mentioned above.

The "Jesse effect" ionization of impurity molecules by excited noble gas atoms can be
written:

N*+I = I+ + e"+N

where N denotes a noble gas atom, I an impurity atom, e an electron, and * an excited,
metastable state.

The current measured in an IC is related to the tritium concentration in the carrier gas:

I = KC
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where C is the tritium concentration (Ci/m3),
I is the measured current (A), and

K is the IC calibration factor (A-m3/Ci).

K can be expressed as the ratio of two constants:

K = k/W

where k is a constant determined by IC geometry, gas pressure and energy of the ionizing
particles, and W is a constant equal to the mean energy deposited per ion pair formed in the
gas, but independent of the IC geometry, gas pressure or energy of the ionizing particles.

In experiments studying this effect, carrier gases that have metastable state energies lower
than the ionization energies of the additives should not show the Jesse effect; carrier gases
with metastable state energies higher should show the Jesse effect. Ionization currents
should change rapidly with additive concentration at low concentrations, but reach a
plateau at higher concentrations.

Table 1 shows metastable energy levels for three noble gases, He, Ne and Ar, and
ionization energies for several common impurity gases, as well as the noble gases.

We see that the ionization levels for all the impurity gases shown are lower than the
metastable state energy levels for He carrier gas, but larger than those for Ar. Therefore,
we expect a significant Jesse effect for these impurities (additives) in He, but not in Ar.
Note, however, that the effect, as documented in the literature and as seen in experiments
described below, is not as clean as suggested here. For example, a small effect is seen with
argon gas even though its metastable states are all lower in energy than the ionization
potentials of the selected impurities.

Direct measurement of the Jesse effect with tritium is difficult because:

• tritium gas standards with controlled amounts of impurities are required, but
difficult to obtain,

• a comprehensive study would require a large number of such standards, and
• ion-chamber background-signal buildup can make accurate measurements

difficult.

Therefore, a source of 63Ni, an emitter of beta particles of approximately 20 keV average,
was used as a tritium substitute. This has several advantages:

• it provides a constant source of betas,
• there are no tritium contamination problems, and
• the ion chamber can be degassed at high temperatures between runs (not

possible if an internal tritium source, such as titanium tritide, is used).
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Tablel - Ionization Energies and Metastable State Energies

Gas

He
Ne
Ar
H2

D2
o2
CO
CO
co2H2O2

Ioniz. E
(eV)

24.6
21.6
15.8
15.4
15.5
12.1
14.1
14.1
13.8
12.6

W
(eV)

41.3
35.4
26.4
36.5
35.6
30.8
32.2
32.2
33.0
29.9

Metastable Levels (eV)
3 P 2

 3 P 0
 1S0

 3 S !

21 21 20 20.6
16.6 16.7
11.5 11.7

EXPERIMENTAL PROCEDURES

An ion chamber was constructed containing a 63Ni source/2^ Procedures for all impurity
additions were as follows:

• evacuate ionization chamber to 10"6 Pa,
• admit impurity gas (UHP) to a pre-selected pressure,
• admit carrier gas (UHP) to standard pressure (1 atmosphere),
• measure ion current vs. applied voltage to saturation level (all ion-pairs

collected), and
• make all measurements at saturation voltage.

4. RESULTS

Figure 1 shows the fractional change in ionization current (or ionization yield) in the ioni-
zation chamber with helium carrier gas, as hydrogen gas is added. Tests with both
protium and deuterium were done. This also represents the change in calibration factor, K,
as these hydrogen gases are added. As expected, the ionization current changed rapidly at
low concentrations, but tended to level off as the number of excited helium atoms
diminished. Figure 2 shows similar information for eight gases. For some impurities,
the calibration factor continued to change slowly at the higher concentrations for a number
of possible reasons that will not be discussed here (but which include different ionization
energies and stopping powers for the impurities compared to the carrier gas^). Figure 3
shows the same information as Figure 2, but plots the W-value, using W=41.3 eV for pure
He.

Figure 4 shows the W-value for six impurities in argon gas (note the change scale on the
y-axis, compared to Figure 3). In essence, the calibration stays nearly constant for these
impurities, including hydrogen, in argon, as predicted. (There is a small decrease for two
of the hydrocarbon gases tested, particularly propane, which decreased 12%.)



-4-

0.5

0.4

«A 0.3

i
ta

0.2

0.1

0.0

<

o
•

'. o

' o

• o

• o
1

1

•

o

•
o

(
(

o H2

• D2

2000 4000 6000 8000 10000

H2 (D2) Concentration (ppm)

Figure 1 - Relative Ionization Yield Versus H2 (Déconcentration in He



-5-

0.5 r

0.4

a o.2

0.1

0.0

à ,
nà.—'
.—
———• 0 "

. • —

^ —

^

- —

a

o

A

+

X

•

•

A

—
^

— -1

C3H8

C2H6

CH4

CO2

N2

02

Ar

D2

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

Impurity Concentration (ppm)

Figure 2 - Effect of Impurities on the Ionization Yield in He



50

40

I
30

20

(b)

-6-

! i ::r

a CSH8

o C2H6

A CH4

• 002

x N2

• 02

« Ar

A H2

• D2

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

Impurity Concentration (ppm)

Figure 3 - W-Values Versus Impurity Concentration in He



-7-

Table 2 shows the change in calibration of an ion chamber with helium carrier gas as a
function of the amount of H2 in the carrier gas.

Table 2. Ionization chamber calibration changes for various H2 concentrations in He
carrier gas.

H2 Concentration in He,
ppm

0
500

1000
5000
10000

Relative
Calibration

L00
L21
1.32
L43
L43

5. msnnssTON

These results validate and provide the physical basis for the empirically made calibration
modifications in the BEATRIX-II experiment/1) Initially, these effects in BEATRIX-II
had been interpreted as changes in the steady-state tritium recovery rate/5) The work also
supports similar observations and corrections made in other sweep-gas experiments (e.g.,
MOZART, EXOTIC and TRIDEX). The effect was not observed in the CRITIC-I
experiment^6), because 7 mL/min O2 gas was always added to the sweep gas (usually
flowing at 100 mL/min) just upstream of the ionization chamber. The O2 gas was added to
reduce background buildup on the ionization chamber, but it also altered the calibration to
the plateau (see Figure 2), thus holding the calibration relatively constant. (Adding H2 to
form a ternary gas nr> hire does not increase the effect.) Ih-situ calibration is required to
obtain the most accurate measurements in helium-based sweep-gas systems. Table 2
above shows the effect on the ionization chamber due to additions of 0.05,0.5 and 1% to the
helium carrier gas. Without in-situ calibrations, these numbers should be used to correct
ionization chamber calibrations made (or calculated) for pure helium gas.

6. TKI'l'l IJM TRANSPORT

A program has been initiated to examine the transport of tritium (HTO form) in a dry gas
system by moisture swamping. First results show that even short lengths of tubing
(<0.25 m) can cause considerable tritium holdup in carrier gases with 2 Ci/ni3 tritium
concentration. Contamination of the ion chamber (background buildup) and the ability for
humidified helium to reduce this is clearly shown in Figure 5. The top half shows
measured tritium release (out-reactor) from a Li2O sample using pure helium carrier gas.
The lower half shows measurements under the same conditions when humidified helium
gas is added to the carrier gas downstream from the furnace, but upstream of the ion
chamber. The tritium release shape changed dramatically.

These results show that humidifying the purge gas can reduce or eliminate tritium holdup
on piping and background buildup in ion chambers. Heating gas lines or ion chambers
may also accomplish the same purpose. In CRITIC-II, described in the subsequent paper in
these proceedings^6), humidified gas will be used to minimize contamination of the ion
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chambers and heating gas lines (to 250° C) from the reactor to the measuring equipment
will be used to minimize loss on the gas lines.

7. SUMMARY

• The Jesse effect — the effect of impurities on the ionization yield in noble gases - has
been demonstrated in a specially designed experimental system.

• The ionization yield in He increased sharply at low impurity concentrations
(< 1 000 ppm) and reached a plateau at 4 000 ppm.

• The maximum ionization yield was about 50% higher than with UHP-He for each of the
impurities tested (including H2).

• Since tritium itself can be considered an impurity, the calibration factor will also
depend on the tritium concentration in He up to the impurity saturation level (about
1%).

• Great care must be used when making measurements of tritium concentration in He
sweep gas. Impurity levels, and even the tritium level, affect the calibration.

Experimental data for H2 in He:

• Little effect was seen with argon carrier gas, as predicted by theory. For experiments
that do not pass the carrier gas into a reactor, argon gas may be a better choice for the
carrier gas than helium.

• Hold-up of HTO on surfaces can drastically alter the observed response of an ioniza-
tion chamber to changes in the tritium release.
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