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Abstract—Results of searches for effects of space-charge accumulation in the gaseous tritium source
in the Troitsk neutrino-mass experiment are presented. The broadening and the shift of the L3 line of
conversion electrons in a 83mKr gaseous source circulating together with tritium was investigated. The
attained limit on the magnitude of fluctuations of the space-charge potential makes it possible to set a limit
on the negative neutrino mass squared in the Troitsk neutrino-mass experiment (−0.8 < ∆m2

ν ≤ 0 eV2),
a spurious effect associated with this potential. A statistically reliable shift of the position of the L3 line is
discovered. This indicates that processes of of space-charge accumulation do indeed proceed in the source
at a level that is significant for the future experiment Katrin.

PACS numbers: 23.40.-s
DOI: 10.1134/S1063778808030046

1. INTRODUCTION

Searches for a kinematical mass of the neutrino
are one of the most important problems in neutrino
physics. Although investigations of neutrino oscil-
lations for different neutrino flavors proved that the
neutrino mass is nonzero, the issue of its absolute
scale remains open. Investigation of the tritium beta-
decay spectrum in the vicinity of the endpoint energy
by means of an integral electrostatic spectrometer
featuring an adiabatic magnetic collimation [1, 2]
seems the most promising in this respect.

Troitsk ν-mass (neutrino mass) was the first setup
of this type. It was designed at the Institute for Nu-
clear Research (INR, Russian Academy of Sciences,
Moscow) [3]. Since 1993, regular measurements
of the tritium beta spectrum in the vicinity of the
endpoint energy have been performed at this setup
with the aim of searches for the electron-antineutrino
mass.

The setup comprises an integral electrostatic
spectrometer featuring an adiabatic magnetic col-
limation [4], a windowless gaseous-tritium source
(WGTS) of electrons that involves circulating molec-
ular tritium in the gaseous state, a cryogenic sys-
tem [5] for the superconductor solenoids of the

spectrometer [6], a high-voltage system, and a data-
acquisition system [7].

The results obtained in this experiment provide
the presently lowest limit on the kinematical mass of
the antineutrino in direct beta-decay experiments, the
anomaly in the tritium beta-decay spectrum in the
vicinity of the endpoint energy being simultaneously
taken into account [8–10]. The observed anomaly
manifests itself as a steplike structure in the inte-
gral beta spectrum, this corresponding to a peak or
a monoenergetic line in the differential spectrum. If
the anomaly is not taken into account in fitting the
experimental spectrum, the squared mass m2

ν appears
to be negative. The position of the step with respect
to the endpoint energy of the beta-decay spectrum
and its absolute height changed from one run to an-
other. The origin of this anomaly, which hinders the
determination of the neutrino mass and which causes
an approximately twofold increase in the systematic
uncertainty, is not clear at the present time.

The results obtained by the Neutrino Mainz group
from searches for the neutrino mass in tritium be-
ta decay have been published within the past three
years [11]. Some of their measurements were per-
formed simultaneously with those of the Troitsk group
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Table 1. Parameters of the 83mKr conversion line [15]

Level Line Ee, eV Γe, eV Intensity, %

1s1/2 K 17 830.0 ± 1.8 2.83 ± 0.12 23.8

2p1/2 L2 30 424.4 ± 3.0 1.84 ± 0.05 24.5

2p3/2 L3 30 477.2 ± 3.0 1.4 ± 0.02 38.1

3p1/2 M2 31 934.2 ± 3.2 1.99 ± 0.32

3p3/2 M3 31 941.9 ± 3.2 1.66 ± 0.06

4s1/2 N1 32 127.8 ± 3.2 0.19 ± 0.04

4p1/2 N2
32 140.9 ± 3.2 0.59 ± 0.04

0.38

4p3/2 N3 0.57

and did not reveal any steplike anomaly. The Neu-
trino Mainz setup has smaller dimensions than the
Troitsk ν-mass setup and employs molecular tritium
frozen onto a graphite substrate as a source of elec-
trons.

In view of the above facts, it seems necessary to
study thoroughly systematic effects associated with
WGTS operation. In the present study, we analyze
effects of space-charge accumulation that are caused
by outgoing fast beta electrons. A nonzero potential
of the space charge at the point of tritium decay shifts
the observed endpoint energy in the beta spectrum,
while the variation of this potential over the source
volume leads to the smearing of the endpoint energy.
This smearing causes an additional negative shift of
the observed neutrino mass squared [12],

∆m2
ν = −2(σ2

1 + σ2
2 + σ2

3 + ...), (1)

where σ2
i is the ith component of the variance of the

endpoint energy and mν is the neutrino mass.
All sources of smearing of the endpoint energy

must be taken into account in data processing; oth-
erwise, the experimental result for the neutrino mass
squared appears to be shifted to the region of negative
values. Variations in the space charge at a level of
several eV units in the gaseous source (the respective
variance of the endpoint energy is about 5 to 10 eV2)
could result in a negative mass squared m2

ν at the
Troitsk setup without such an effect at the Mainz
setup.

Simple estimations demonstrate that the equilib-
rium concentration of electron–ion pairs is 107 cm−3

in the gaseous source of the Troitsk ν-mass setup [13].
With allowance for the source dimensions and the
tritium temperature, this suggests the emergence of a
low-temperature plasma. The analysis of this plasma
is complicated by the presence of a strong magnetic
field [14].

The effects of space-charge generation can be
studied experimentally if some other radioactive gas
that is a source of monoenergetic electrons whose
energy is known and is close to the endpoint energy
of tritium-beta-decay electrons (about 18 575 eV) is
added to the circulating tritium. Since the two gases
are distributed similarly over the source volume for
a first approximation, variations in the space-charge
potential would cause similar broadening of the mo-
noenergetic line, and this broadening is rather easy to
record. The metastable isotope 83mKr, which has sev-
eral conversion lines of small width and appropriate
energy, is such a gas that possesses unique properties
(Table 1).

It should be noted that the 83mKr–tritium mixture
was used previously in a spectrometer of poorer en-
ergy resolution only to determine the line shift—that
is, the mean value of the space-charge potential [12].

The 83mKr isotope, whose half-life is 1.86 h, is a
product of 83Rb decay (86.2 d). In order to obtain
83Rb, targets 1.1 g/cm2 thick were manufactured
from a calcined strontium fluoride powder placed into
a hermetically sealed stainless-steel container whose
walls were 100 µm thick. The atmosphere was inert
within the container. The targets were irradiated with
protons of energy in the range 120–150 MeV and
current up to 6 µA by means the beam channel at
the INR Moscow Meson Factory [16]. The target was
intensely cooled with water on all sides. The 83Rb
yield was 26 µCi/(µA h) at the end of irradiation.
In order to extract 83Rb from the target, irradiated
strontium fluoride was heated in a quartz tube at a
temperature of 1200◦C in a 150-ml/min helium flow
for 4 h, the temperature being raised slowly within
the first two hours in order to remove volatile com-
ponents. The quartz-tube inner surface was covered
evenly with graphite insertions in order to prevent
an active destruction of quartz and any metals by
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Fig. 1. Places of krypton supply to the tritium electron source in (1) Run 39 and (2) Run 40. Here, R1, . . ., R4, B, and N
are steam-mercury diffusion pumps; ZT is a zeolite trap; PS is a pressure sensor; C1 is a storage cartridge; C2 is a purifying
cartridge; and C3 is a transport container.

evolved HF. Under these conditions, 93% of 83Rb was
sublimated, whereupon it was deposited in the form
of a thin layer onto the inner surface of a graphite
receiver at the furnace outlet. The graphite receiver
was cut and placed into a stainless-steel container
connected to the circulating tritium volume of the
Troitsk ν-mass spectrometer. The rubidium-source
activity was up to 30 µCi at the beginning of the
measurements.

The thin rubidium source was heated to 700◦C
during the measurements in order to promote krypton
release. Since rubidium was deposited onto a high-
temperature material whose gas release was low, a
direct connection of the source ampule to the tritium
volume did not impair a vacuum in the spectrometer.
Residual gases in the circulation loop were absorbed
in a purifying cartridge also used to purify tritium.

In order to study effects of the space charge at the
Troitsk ν-mass setup, two measurement runs were
performed in November 2004 (Run 39) and June 2005
(Run 40). Each of them took about two weeks, the
configuration of the magnetic fields of the spectrom-
eter being different, as well as the places of krypton
injection into the source. Technical procedures for ad-
justing stable krypton circulation and an acceptable
counting of krypton in the operating volume of the
source consumed most of the run time.

2. UPGRADE OF THE SETUP

Initially, we planned to use the K conversion line
of krypton (17.8 keV) in our experiment. However,
the counting rate for this line appeared to be overly
low (about 10 s−1) in relation to the intensity of the
tritium spectrum at this point (about 104 s−1). It
was impossible to measure precisely the K-line shape
against this background.

More adequate background conditions can be
achieved by using conversion lines at energies above
the endpoint energy of tritium beta decay. In this case,
the background is due exclusively to lines of higher
energy. The L2 and L3 lines require the smallest
increase in the spectrometer voltage, up to 30.5 kV
(Table 1). The L3 line, which provides a signal-to-
background ratio of about 2 : 1, was preferred as more
intense.

The maximum voltage applied to the spectrometer
previously did not exceed 22 kV. We expected that,
upon increasing the voltage up to 30.5 kV, there
would arise a grave problem of spectrometer insta-
bility to a high-voltage discharge in the region of
a strong magnetic field. In this connection, about
1.5-fold reduction of the current in the supercon-
ductor solenoids of the spectrometer in relation to
that used in regular measurements became necessary.
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Fig. 2. Experimental shape of the 83mKr L3 conversion line according to measurements in Run 39 with the integral
spectrometer for the circulation of (•) pure 83mKr and (�) a mixture of krypton and tritium in the gaseous source. The data
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potential scatter whose variance is 5 and 10 eV2, respectively. The spectrometer resolution was 6.8 eV.

Although the reduction of the current caused degra-
dation of the spectrometer resolution, this enabled us
to measure the krypton spectrum against a nearly
negligible background at an L3-line intensity of 1 to
20 s−1.

An upgrade of the high-voltage system was re-
quired for ensuring spectrometer operation at an in-
creased voltage [7]. The manufacturer (VIVN Ltd.)
raised the output voltage of the high-voltage sources
to 35 kV and developed a new remote-control system.
The configuration of the high-voltage divider was also
changed in Run 40 for the voltage measured with the
precision voltmeter Solartron 7061 to be within its
most precise operating range of 10 V.

At first, the differential-pumping port P3 (point 1
in Fig. 1) was chosen for krypton supply to the cir-
culation loop of the gaseous source. However, the
intensity of the krypton line in the circulation regime
proved to be considerably smaller than the calcu-
lated intensity. In performing the next measurement
run, we changed the place of krypton supply, arrang-
ing it in the region of intermediate pressure in the
source portion opposite to the spectrometer (point 2
in Fig. 1).

The intensity was approximately equal in the two
runs. In Run 40, the whole amount of rubidium was

placed in a single ampule, but this only enabled us to
compensate for the decrease in the intensity because
of 83Rb decay.

3. MEASUREMENT PROCEDURE

The observed line had a steplike shape (Fig. 2),
its descending-portion width being equal to the spec-
trometer resolution ∆E/eU0 = Hmin/Hmax. The sum
of the scattered magnetic field of the superconductor
solenoids, Hcold, and the field of the warm solenoid,
Hwarm, forms the main part of the field Hmin in the an-
alyzing plane of the spectrometer; by Hmax, we denote
the field at the center of the entrance superconductor
solenoid. The currents in the cold and warm solenoids
were maintained at a constant level to within one
percent. Up to 45 high-voltage values with a step of
1 V were chosen for the measurements. These points
covered completely the L3-line portion not distorted
by scattering and the background region. The L2
conversion line was observed simultaneously with the
L3 line in Run 39.

The measurement time was 10 s at each high-
voltage value, and the time of switching between
the points was about 5 s. Each scan over all points
was saved in a separate file. The measurements were
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Fig. 3. Effect of different parameters on the shape of the observed integral spectrum of the L3 line: (dashed curve) original
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performed in direct and in inverse order for the same
sequence of points. Tritium was added to the source
one to two times a day in order to compensate for the
first-order drift.

In choosing the current in the warm solenoid, we
had to compromise between the stability of back-
ground conditions in the spectrometer, this requiring
an increase in the warm-solenoid current, and the
optimization of the spectrometer resolution, this re-
quiring a reduction of the current. The measurements
were performed with a current of 25 and 15 A in the
warm solenoid in Run 39 and only with a current of
15 A current in Run 40 (this enabled us to improve
the resolution from 8.2 to 6.8 eV). The temperature of
the source tritium pipe was 110 K in both runs, which
was above that of the tritium pipe in the investigation
of the tritium beta spectrum, 28 K, since a strong
temperature dependence of the source intensity was
established. At lower temperature, krypton began to
freeze out onto the walls of the source tritium pipe
and then onto the liquid-nitrogen traps of the mercury
pumps.

Tritium density in the source was within the
range (2.0–3.0) × 1014 molecule/cm3 in Run 39 and
was 1.7 × 1014 molecule/cm3 in Run 40; according
to [17], this is equivalent to, respectively, 0.17 and

0.12 of the mean free path of 30.5-keV electrons with
respect to inelastic scattering on a tritium molecule.

4. EXPERIMENTAL-DATA PROCESSING

The results obtained at identical sampling condi-
tions were summed. For the L3 line, we ultimately
had pairs of data samples differing only by the pres-
ence or absence of tritium in the gaseous source.
In addition to line broadening, which we intended to
estimate, tritium supply to the source caused sizable
inelastic scattering of electrons.

In describing the shape of the L3 conversion line,
we used the Lorentz distribution

L(E,Ee,Γe) =
Γe

2π
1

(E − Ee)2 + Γ2
e/4

, (2)

where E is the electron energy, and Ee and Γe are,
respectively, the position and the width of the conver-
sion line.

The line broadening caused by the space-charge
effect and some random factors was assumed to have
a Gaussian shape,

G(δE, σ2) =
1√
2πσ

e−δE2/(2σ2), (3)
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where δE and σ2 are, respectively, the energy shift and
its variance. The energy spectrum of electrons that
traversed the source is determined by the probability
of multiple inelastic scattering and by the spectra of
the corresponding energy losses; that is,

S(∆E) = P0δ(∆E) + P1S1(∆E) (4)

+ P2S2(∆E) + . . . ,

where ∆E is the energy lost by an electron; the
delta function δ(∆E) is the spectrum of electrons

Table 2. Parameters of the optimum fit

Run (Icold/Iwarm) Spectrometer
resolution, eV

Source
thickness, X

40 (100 A/15 A) 6.65 ± 0.20 0.125 ± 0.035

39 (100 A/15 A) 7.14 ± 0.28 0.262 ± 0.027

39 (100 A/25 A) 8.19 ± 0.16 0.18 ± 0.02

that did not undergo scattering; S1(∆E) is the spec-
trum of electrons from a single-inelastic-scattering
event [9]; S2(∆E) = S1(∆E) ⊗ S1(∆E) is the spec-
trum of electrons from a double-inelastic-scattering
event; and Pk is the average of the probability for the
k-fold inelastic scattering of electrons in the source
over the depth and emission angle,

Pk =
〈

(x/ cos θ)k

k!
exp(−x/ cos θ)

〉
k,cos θ

. (5)

In (5), x is the current coordinate, 0 < x < X, where
X is the source thickness expressed in units of the
electron mean free path:

X = σinel

∫
n(x)dx. (6)

Here, σinel is the cross section for inelastic scattering
and n(x) is the number of molecules per cubic cen-
timeter.

The ratio of the number of electrons recorded
by the spectrometer to the total number of elec-
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trons that traversed the strong-field region—that is,
electrons produced within the solid angle Ωsource =
π(Hsource/Hmax)—depends on the excess of their
energy E over the spectrometer potential eU0. This
electron fraction is described by the spectrometer
transmission function

Res(E − eU0) (7)

=

⎧⎪⎨
⎪⎩

0 for E − eU0 < 0,
(E − eU0)/∆E for 0 < E − eU0 < ∆E,

1 for ∆E < E − eU0,

where ∆E = eU0(Hmin/Hmax) is the spectrometer
resolution.

The observed electron spectrum N(E) is obtained
as the convolution of the above functions:

N(E, σ2,X, . . .) = Res ⊗ S ⊗ G ⊗ L. (8)

Here, it is natural to use the normalization condition
N(E) = 1 for E → −∞ (the condition N(E) = 0 for
E → +∞ holds automatically). Figure 3 shows the
dependence of the line shape on some experimental
parameters.

A unidirectional change in the counting rate with
increasing smearing parameter σ2 is a significant fea-
ture of the spectra presented here. By way of exam-
ple, we indicate that, at 30 465 eV, the greater the
smearing, the more pronounced the decrease in the
counting rate. If one seeks small deviations of the
parameter σ2 from zero, it is important to interpret
properly statistical deviations of the counting rate in

the opposite direction (growth of the counting rate in
the above example). It is necessary to define a con-
tinuation of the function N(E, σ 2, . . .) to the region
σ2 < 0 in such a way that statistical fluctuations of
the counting rate do not bias the estimate of σ2. The
following formula provides satisfactory results:

N(E, σ2 < 0) = N(E, σ2 = 0) (9)

− (N(E, |σ2|) − N(E, σ2 = 0)).

We note that it is precisely σ2 (not σ) that obeys
approximately a normal distribution in data process-
ing. It is difficult to compare directly the spectra
taken for pure krypton with those taken for its mix-
ture with tritium since the flat spectrum portion de-
velops a slope because of inelastic losses if tritium
is present in the source, while the total counting
rate increases. Therefore, the pair spectra were pro-
cessed independently, whereupon the resulting pa-
rameter values were compared.

In order to analyze the spectra, we modified the
χ2-minimization code based on the MINUIT pack-
age [18] and applied previously in handling data from
neutrino-mass searches. We fitted (i) the amplitude of
the spectrum (step height), (ii) the magnitude of the
energy-independent background, (iii) the krypton-
line position, and (iv) the krypton-line broadening.

The spectrometer resolution and the source thick-
ness were constant in fitting the data measured with
tritium. The L3-line width was taken from [15] and
was not varied either.
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Previously, the resolution function was determined
with the aid of an electron gun. In the present ex-
periment, this appeared to be impossible because of
special features of the gun designed to be operated
at a lower voltage. At the first stage, the spectra
obtained with pure krypton were therefore fitted at
several values of the spectrometer resolution, whereby
its optimum value and its variance were found by
requiring minimum χ2 and the shift of ∆χ2 = +1,
respectively.

At the second stage, the spectra obtained with
a krypton–tritium mixture were processed by using
the detector resolution determined at the first stage
and various values of the source thickness X, and
the optimum value of this thickness and its variance
were found in a similar way. The results of this data
processing are compiled in Table 2.

Thus, we obtained the position and the broaden-
ing of the pure-krypton line at the first stage and
their counterparts for the tritium–krypton mixture at
the second stage. The correlations with the source
thickness appeared to be small, but the correlations
with the spectrometer resolution were dominant in
the total uncertainty (Fig. 4a).

It should be emphasized that the resolution is de-
termined by the ratio of the field (current) in the warm
solenoid to the scattered field (current) in the cold
solenoid (to a precision of about 1%) and that the gas

distribution over the source cross section is identical
(to a precision of about 10−3). Therefore, the true
resolution value is the same in the two measurements,
and the uncertainty of its absolute value can be taken
into account in the differences of the broadening and
position values, which are virtually independent of
the resolution value (see Fig. 4b). The statistical
uncertainty is dominant in the total uncertainty if the
data are handled in the way outlined above.

It seems that the description used was not abso-
lutely adequate, with the result that the broadening
parameter σ2 was shifted to the region of negative val-
ues in the analysis of the pure-krypton spectra. The
intrinsic L3-line width or the spectrometer resolution
can be varied in order to eliminate this effect. It is
worth noting that the shift of the broadening does not
change considerably in this case.

5. RESULTS OF THE ANALYSIS

Our analysis of the data obtained in Run 39
(100 A/25 A) at the cold- and warm-solenoid cur-
rents of 100 A and 25 A, respectively, did not reveal
any sizable broadening of the 83mKr line in the pres-
ence of tritium in the mixture, but it showed a shift
of the line position. Figure 5 displays the calculated
broadening of the line and its position for three values
of the spectrometer resolution (Table 2) and four
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Table 3. Results of data processing

Measurement run Broadening ∆σ2, eV2 Shift ∆E0 (± syst.), eV

40 (100 A/15 A) –0.28 ± 0.30 0.193 ± 0.051 (± 0.011)

39 (100 A/25 A) –0.24 ± 0.45 0.59 ± 0.065 (± 0.014)

39 (100 A/15 A) 0.32 ± 0.30 0.42 ± 0.060 (± 0.014)

Table 4. Comparison of measurement conditions and results in different experiments

Experiment Source
length, m

Source
diameter, cm

Magnetic
field, kG

Tempera-
ture, K

Source thickness,
1017 mol/cm−2

Shift of 83mKr line,
eV

LANL (Los Alamos) 3.7 3.8 3.1 160 0.07 <0.5

INR (Troitsk), regular 1–3–1 2.0–5.0–2.0 37–5.6–37 30 1.0

measurements

INR (Troitsk), measurements 1–3–1 2.0–5.0–2.0 25–3.7–25 110 0.35–0.50 0.2–0.6

with krypton

FZK (Karlsruhe), KATRIN 10.0 9.0 50.0 30 5.0

project

values of the thickness X (those from Table 2 and
X = 0). It is evident that a variation in the assumed
spectrometer resolution leads to a parallel shift of the
graphs, changing the estimate of the shift parameters
in the presence of tritium only slightly. The source
thickness has only a small effect on the results even if
X = 0.

The data sample obtained with a krypton–tritium
mixture was broken down into three portions in order
to test the statistical properties of the results. The
measurements with pure krypton were performed at
the beginning and at the end of the experiments,
both data samples being separated into two groups.
The measurements with a krypton–tritium mixture
were performed continuously, and the resulting data
were separated into three groups with respect to time.
Figure 6 demonstrates the stability of the observed
shift of the line and the absence of its broadening.

Similar results were obtained by using grouped
data from Run 39 (100 A/15 A) and Run 40. The
results of the analysis are compiled in Table 3. The
uncertainties in the calculated broadening and shift
are determined by the statistical scatter. In calcu-
lating the shift, the systematic uncertainties caused
by the uncertainty in the values of the spectrometer
resolution and the source thickness amounted to less
than 25% of the statistical uncertainties.

The variations in the line position in the different
measurements differed markedly from one another;

however, a comparison of the data in Tables 2 and 3
revealed no correlations with the source thickness.
The observed scatter is likely to be associated with
some other parameter, which could not be revealed
because of insufficient statistics.

6. DATA REPROCESSING

A new code based on the method of quasioptimal
moments [19] was used to verify the results of our
data analysis. A new set of parameters involving the
setup resolution and an analog of the effective source
thickness was used in data reprocessing (all of the
parameters were fitted simultaneously).

The results of this reprocessing are by and large in
agreement with the previous results. The line broad-
ening is close to zero in all data samples, while the
shift is obviously positive. The precise shift values
obtained in Run 39 are in good agreement with those
obtained previously. The shift appeared to be some-
what greater in Run 40, but this can be explained by
the use of a different parameter set and by allowance
for the effect of the resolution.

We have calculated the spectrometer resolution
by tracking particles, taking into account the space
nonuniformity of the electric and magnetic fields. The
resulting averaged values reproduce the experimental
data and explain them.
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7. CONCLUSIONS

An estimate of the possible space-charge-induced
correction to the neutrino mass in the Troitsk ν-mass
experiment has been obtained. From a treatment
of data on the broadening of the L3 conversion-
electron line of the 83mKr source, it has been found
that the variance of the electric potential in the
gaseous-source volume does not exceed 0.4 eV2,
which constrains the negative shift of the measured
square of the neutrino mass to be within the range
−0.8 < ∆m2

ν � 0 eV2. It should be noted that the
measurements have been performed at a temperature
higher by a factor of 3.5 and the source thickness
smaller by a factor of 2 to 3 than in the usual mea-
surements of the neutrino mass at the Troitsk ν-mass
setup (Table 4). Simple considerations [14] give every
reason to hope that, in measuring the neutrino mass
at the Troitsk ν-mass setup, a higher density and
a lower temperature of the neutral gas result in a
lower electron-gas temperature, which determines
the scale of plasma effects in the gaseous source.
Thus, the constraints set here on the variance of the
space-charge potential provide an upper limit on the
corresponding spurious effect in the Troitsk ν-mass
experiment, and the anomaly observed in the vicinity
of the endpoint energy in the tritium beta spec-
trum [8–10] cannot be due to plasma effects in the
tritium source.

A statistically significant shift of the L3-line po-
sition (Fig. 2) has been found in the case where the
source pipe was filled with the isotope 83mKr and
tritium simultaneously. This indicates that processes
of space-charge accumulation do indeed occur in the
source at a level significant for the future joint experi-
ment KATRIN. It is necessary to ensure two order of
magnitude more stringent constraints on the magni-
tude of spurious effects for m2

ν in order to achieve the
goal announced for the KATRIN experiment.

Unexpectedly, the electron energy is shifted in the
positive direction in the presence of tritium—that is,
the source is charged negatively, which is at odds with
the usual concept of plasma formation. No explana-
tion for this phenomenon has so far been found, and
further studies are required to clarify it.

Unfortunately, a reliable rescaling of the observed
space-charge effects for other source parameters—
in particular, for those of the gaseous source in the
KATRIN setup—is hampered by the complexity of
processes in tritium plasma. It is desirable to study
experimentally the dependence of the shift and the
broadening of the 83mKr line on the basic source pa-
rameters to a considerably higher degree of precision.
At present, the spectrometer is being upgraded with
the aim of significantly increasing (by a factor of about

two) its resolution and improving its sensitivity by
enlarging its central part.
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