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WHY IS THE CONCLUSION OF THE GERDA
EXPERIMENT NOT JUSTIFIED?

H. V. Klapdor-Kleingrothaus ', 1. V. Krivosheina *
Heidelberg, Germany

The first results of the GERDA double-beta experiment in Gran Sasso were recently presented. They
are fully consistent with the HEIDELBERG-MOSCOW experiment, but because of its low statistics
cannot prove anything at this moment. It is no surprise that the statistics is still far from being able
to test the signal claimed by the HEIDELBERG-MOSCOW experiment. The energy resolution of
the coaxial detectors is a factor of 1.5 worse than in the HEIDELBERG-MOSCOW experiment. The
original goal of background reduction to 10~2 counts/kg/y/keV, or by an order of magnitude compared
to the HEIDELBERG-MOSCOW experiment, has not been reached. The background is only a factor
of 2.3 lower if we refer it to the experimental line width, i.e., in units counts/kg/y/energy resolution.

With pulse shape analysis (PSA) the background in the HEIDELBERG-MOSCOW experiment
around Qpp is 4 - 10~ counts/kg/y/keV [11, which is a factor of 4 (5 referring to the line width) lower
than that of GERDA with pulse shape analysis.

The amount of enriched material used in the GERDA measurement is 14.6 kg, only a factor
of 1.34 larger than that used in the HEIDELBERG-MOSCOW experiment. The background model is
oversimplified and not yet adequate. It is not shown that the lines of their background can be identified.
GERDA has to continue the measurement for about further 5 years, until they can responsibly present an
understood background. The present half-life limit presented by GERDA of T7, > 2.1-10% y (90%

confidence level, i.e., 1.60) is still lower than the half-life of 77/, = 2.237('5] - 10°® y [1] determined
in the HEIDELBERG-MOSCOW experiment.

Hen BHO ObUTM mpescT BieHHI IepBble pe3ynsT Thl dkcrepuMeHT GERDA mno moucky OBoiHOro
6er -p cim 1 B moxg3emMHoi 11 6op Topuu I'p H-C cco. DTu pe3ynsT Tl MOTHOCTBIO COINT CYIOTCS C BKC-
nepumenTtoM HEIDELBERG-MOSCOW u ¢ cuny HU3Koii cm mucmuku He MO2Ym 4mo-1ubo ce200HA
00K 3 mb uau onposeepeHyms. He ymUBUTENBHO, YTO 3T CT THCTHK BCE elle 1 JIEK OT TOro, 4ToObI
I Th BO3MOXHOCTb IPOBEPHTb H JIMYHE CHUTH JI , oOH pyxeHHoro B skcnepumente HEIDELBERG-
MOSCOW. Daepretnyeckoe p 3pelieHne Ko KcH JbpHbIX aerekTopoB GERDA mpumepno B 1,5 p 3
xyxe, yeM y perekropoB akcrnepumMeHT HEIDELBERG-MOSCOW. GERDA we gwnonnun usn u ao-
Myl 3 0 4y — JIOCTHYb HOHHXeHHZ (hoH 10 ypoBHA 1072 COGBITHI/KI/NET/KaB, T.e. IPUMEPHO H
nopsnox Jyydute, yeM B akcnepumente HEIDELBERG-MOSCOW. Hwmeromuiica ypoBeHb (OH 6ceeo
Auws B 2,3 p 3 HHUXKE, €CTH €r0 COOTHOCHUTh C LIMPHUHOHM SKCIEPUMEHT JIbHOH JHMHHH, T.e. Op Tb B
SIMHUL X COOBITHE/KT/TeT/(9HEPreTHIECKOe P 3pelieHHe).

C yuemom e H 1m3 ¢dopmbl umnynsc  (PSA) ¢oun oakcnepument HEIDELBERG-
MOSCOW B 0611 ctu Qgp coct Biser 4 - 1072 coBpITuii/Kr/ner/kaB, 4To IPUMEPHO & uempbipe p 3
HUXe (UIU 6 NAMb P 3 HUXKe, eClU CPp 6HU6 mob ¢ wupuHo aunuu), yeM B akcrepumente GERDA c
y4€TOM H U3 (DOPMBI UMITYJBC .

'E-mail: prof.klapdor-kleingrothaus @hotmail.de
2E-mail: irinakv57 @mail.ru
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M cc o6or LIEHHOTO M TepH J , UCIOb3yeMOro B u3Mepenusx akcnepumMeHT GERDA, coct Biger
14,6 xr, uyro Bcero ymib B 1,34 p 3 Gombine, yeM B akcniepumenTe HEIDELBERG-MOSCOW. Ormu-
¢ Hue (hOH CITUIIKOM YNPOILEHO M MOK ele He JeKB THo. He Mok 3 HO, 4To Ko/t 6op Ius crocoOH
UIEHTU(UIUPOB Th CBOM (POHOBBIE JIMHUU. [[JI TOro 4TOOBI MMOJTHOCTHIO NMOHATh U JE€KB THO OIUC Tb
¢on, sxcriepumenT GERDA nomxeH HpofoKuTh U3MepeHud elne B TedeHne ~ 5 neT. OmyOiauKkoB H-
Hbll Hex BHO akcrnepumeHnToM GERDA npenen H BpeMms Hojyp cIl [J Tlo/”2 > 2,1-10% ner (90 %-it
YPOBEHb JOCTOBEPHOCTH, T.€. 1,60) Bce eme Hirke, yeM u3MepeHHoe B akcrnepumente HEIDELBERG—
MOSCOW 31 4yeHue BpeMeHU HOIyp CII 1 TIO/”2 = 2,23f8:§1‘ -10%° per.

PACS: 14.60.Pq; 23.40.-s; 29.40.-n; 95.55.Vj

INTRODUCTION

Nuclear double-beta (5/3) decay is one of the flagships of nonaccelerator particle physics
searching for beyond-Standard-Model physics underground [2]. For many years (since 1992)
the HEIDELBERG-MOSCOW experiment using the first enriched high-purity “°Ge detectors
dominates the field in sensitivity [3].

However, recently some fresh breeze arose in the field. The EXO and the KamLAND-Zen
experiments looking for 33 decay of 13Xe reached half-life limits of order of 10%° y (1.6
and 1.9 - 1025 y (90% C.L.), respectively) [4]. These results are consistent with HEIDEL-
BERG-MOSCOW [1] within 1 or 20 with the matrix elements of [5]. They unfortunately
suffer, however, from low energy resolution (~ 30 times less than Ge detectors).

These days the GERDA experiment in Gran Sasso reported its first results [6,7]. It
used the idea of the GENIUS Project [8], namely installing naked Ge detectors in liquid
nitrogen or liquid argon. Operating 14.6 kg of enriched °Ge — of them 10 kg from
the HEIDELBERG-MOSCOW experiment — GERDA derived after exposure of 1.5 y a
lower limit of TIO/”2 > 2.1-10% y at 90% confidence limit (1.60) from their pulse-shape
selected spectrum. On this basis they claim «refuting of the HEIDELBERG-MOSCOW signal
at high probability» [6]. To this experiment and this conclusion we have the following
comments.

GENERAL DEFICIENCIES OF THE EXPERIMENT AND THE ANALYSIS

Half-Life and Double Line. The conclusion that the result of the HEIDELBERG-
MOSCOW experiment (a signal at a 6.40 C.L. [1]) is refuted is wrong.

The reason is very simple. The authors of [6,7] compare their result to the line at
((2038.1-2038.5)+£0.5(stat.)+1.2(syst.)) keV in the full (not PSA-treated) spectrum taken by
HEIDELBERG-MOSCOW (exposure 71.7 kg-y), see [9]. They ignore the result, given
in [1], that this line at Qgg in the HEIDELBERG-MOSCOW experiment is a double line
which cannot be resolved by the energy resolution of a Ge detector. Two lines of almost equal
intensity occur at 2037.5 and 2039.3 keV. They can be separated, however, by pulse shape
analysis (PSA), since the first one consists essentially of single site events as expected for a
OvB0 line, the second essentially of multiple site events, as expected for a gamma line. Their
intensities are 11.0 £ 1.8 and 10.3 £ 3.3, respectively, adding to the line found in the full (not
PSA-treated) spectrum of 19.6 £ 5.4 events obtained after 51.39 kg -y (the time during which
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the time structure of pulses has been recorded in the HEIDELBERG-MOSCOW experiment).
The Ov33 half-life is consequently (2.2370:37) - 10% y [1], and not (1.197035) - 10%° y as
deduced in [9] from the full spectrum and as assumed in the GERDA report.

Therefore, in their window around @)sg GERDA should expect (3.1 £ 0.8) events only
(but not 5.9+ 1.4 (1o error!) as they claim). This signal should be searched at an energy
of (2037.5+0.5(stat.)+1.2(syst.)) keV, where the single site line is found, nor at 2039 keV
where we observe the multiple v-line.

The fact that the line at ()gg in the full spectrum in the HEIDELBERG-MOSCOW ex-
periment is a double line has been observed independently also by I. Kirpichnikov [10]. He
found further indication of a tiny third line at ~ 2034.5 keV, unresolved from the line seen
at 2038.5 keV. It shows up also in our spectrum of multiple site events rejected by PSA
(see Figs.5 and 6 of DARK2007 Proc. [1,2]). He claimed that the lines at 2039.3 and
2034.5 keV each are a sum line of two consecutive gamma transitions (as it is the case also
for the 2016.7 keV line — see below and [12]). He also showed that this is supported by
the GEMMA Experiment [11]. So their existence does not contradict the findings of Gromov
et. al [13] and Dorr et al. [14] that there is no gamma transition of this energy in known
radioactive isotopes.

Concluding, GERDA has to compare its 1.6¢ limit of 2.1 -102° y to the HEIDELBERG-
MOSCOW 6.40 signal of single site events yielding Ty, = (2.23%0:31) - 10%° y [1]. This
means that the GERDA limit is lower than the HEIDELBERG-MOSCOW half-life, and is
fully consistent with HEIDELBERG-MOSCOW, but because of its low statistics GERDA
cannot prove anything at this moment.

In their slides 54-57 [6] they show their 90% upper limit. This is nor a fit, but simple
superposition of a Gaussian line with fixed energy, intensity and width on the background.
In the upper parts of slides 56, 57 [6], they compare this to their expectations from the
erroneously assumed half-life for the HEIDELBERG-MOSCOW experiment [9] — and not
at the energy position where the line has been observed. The correct expectation from
HEIDELBERG-MOSCOW [1] is shown in Fig. 1 of this paper, which should replace the

Model: LineGauss1Area
Chi"2/DoF = 0.41862

3073 0 4.42506 * 17.42609
55 — AfterPSD k —0.00204 % 0.00854
] x¢ 2037 = 0
> 20 FWHM 4.8 + 0
=7 S3.1%0
z 157
g m
= N
o o
© 1.0
0.5
0 -
2020 2030 2040 2050 2060
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Fig. 1. GERDA spectrum after pulse shape discrimination (PSD), from [6,7]. The solid line corresponds
to the correct expectation from the HEIDELBERG-MOSCOW experiment [1,2] (see text)
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dotted red line in the slides 56, 57 of [6]. In Fig. 1, from the 5 parameters of the fit program
all, except the two background parameters, are fixed: position of the line and its expected
intensity according to [1], FWHM according to GERDA experimental resolution.

No contradiction to the GERDA result can be seen here.

But even the discrepancy between the limit of T} /5 > 2.1-10%° y (90% C.L., ie., 1.60
level) of GERDA and the half-life of 1.19 - 10?® y, which they assumed erroneously, is
less than the 20 uncertainty of this half-life (which is (1.197555 - 10%° y). Already this
certainly would not justify the strong statement of refuting the HEIDELBERG-MOSCOW
result.

Background and Background Model Building. It has been mentioned that the main goal
of reaching a background of 10~2 counts/kg/y/keV, or by an order of magnitude lower than
in the HEIDELBERG-MOSCOW experiment, was not reached by GERDA. The background
of GERDA in the energy window 2000-2060 keV around ()gg is 0.031 counts/kg/y/keV.
This is a factor of 3.5 lower than the HEIDELBERG-MOSCOW background of 0.113 £+
0.007 counts/kg/y/keV [9]. It is, however, only by a factor of 2.3 smaller than HEIDELBERG-
MOSCOW, if we refer to the line width, i.e., in units of counts/kg/y/energy resolution. It is the
latter value which defines the sensitivity of the experiment concerning background (without
PSA). With pulse shape analysis the background in the HEIDELBERG-MOSCOW experiment
is ~ 4-1073 counts/kg/y/keV [1] around Qgs (range 2000-2060 keV). This is a factor of 4
(5, when referring to the line width) lower than that found by GERDA with PSA.

A general criticism has to be made concerning the treatment of background by GERDA,
which is completely unsufficient at this moment. The main point is that they do not show
that all lines in the spectrum are understood. The spectra are shown in [6,7] — except for
a range of ~ 1900—2200 keV around Q)33 — only binned into energy bins of 5 keV. This is
hardly adequate to an energy resolution of 4.8 keV. More critical is that they compare most
part of their spectra in a 30 keV binning to a background model averaging also over 30 keV.
This means that, for most part of the spectrum, individual gamma lines are not shown and
their intensities were not determined or at least are not listed. In this way the usual procedure
of localizing the sources of radioactive impurities in the setup cannot be applied. Further, in
such a way it cannot be checked whether there exist lines in the spectrum not included in
their background model. Strange is also that they (their slide 55, from [6]) exclude «lines»
at 2104 and 2119 keV from their background — at least the first of them being not visible.
If the 2104 and 2119 keV lines are accepted as lines, then there are many lines in their
2 keV-binned spectrum to be accepted and to be explained.

Also about the background in the individual detectors nothing can be said in this way. It is
clear that under such circumstances the background cannot yet be claimed to be understood.

In the HEIDELBERG-MOSCOW experiment more than 70 lines have been seen and
identified in the spectrum [13,14]. A special investigation of the background around Q)gs
and of the intensity ratios of the 214Bj lines, some of which occur in the window around
Qpp (range 2000-2100 keV), has been performed with a 225Ra source [12]. In particular, the
effect of true coincidence summing on the intensities has been studied, in particular, for the
line at 2016.7 keV, which as F0 transition can be seen only as sum line of two consecutive
gamma transitions — as the line identified at 2039.3 keV (see above).

Concerning their background models: The comparison between measured spectrum and
calculated background in the GERDA reports, in spite of the smoothening of the data in
30 keV bins — which suppresses local deviations — shows differences up to a factor of 2
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and more (a factor of 2.3 in the region around ()gg!) (Slides 33, 34 in [6]). This raises the
question whether these models are sufficient.

Highly surprising is the statement that a so-called minimal background model not including
lines from 2'“Bi should be sufficient. 2'Bi was found in the HEIDELBERG-MOSCOW ex-
periment to yield the famous lines closest to Qs [9,12], and is clearly seen also by GERDA
(e.g., at 2204 keV), and seems to show up also already in the region around @gg.

Figure 2 shows a fit which could complement their full spectra shown in slides 54, 55, 56
(lower part) of [6].

Besides the strong 2'*Bi line at 2204 keV, some lines of low statistics (between 1 and 20)
are indicated in the range around Qs (2000-2120 keV) at energies corresponding to 2'4Bi
lines (2016.7 keV, not resolvable from 2010.7 and 2021.9 keV Bi lines), 2052.9, 2119 keV.
A line at 2065 keV is not understood. Also a line at 2037.5 keV is indicated, not separable
from 2034.5 and 2039.3 keV lines. Its intensity of (4.9 £ 3.8) counts is consistent with
the expectation from HEIDELBERG-MOSCOW [1,2], which is (4.4 & 1.0) counts, adding
the expectations from the 2037.5 keV line and for half of the 2039.3 keV line (because of
lower background of GERDA without PSD). In case GERDA would not see the 2039.3 keV
line, the expected value from HEIDELBERG-MOSCOW would be 3.1 £ 0.8, both being
fully consistent with the above given fit. Considering the number of events to be expected
in the GERDA spectrum before PSD, in a region of 2 FWHM (4.60) around 2037.5 keV,
a value of (8.9 + 1.8) events is expexted, with the background of 0.5 counts per keV
determined by the fit in Fig.2. The observed value of events in this range is 10. So, the
present GERDA result is fully consistent with the result of HEIDELBERG-MOSCOW [1,2].

14 A3 191143 + 1.55413
i Model: LineGauss6Spec xc3 2051.17523 * 6.34469
Chi*2/DoF = 1.15096 fw3 4.6283 + 3.31998
12 — BeforePSA 50 0145 + 1.63985
B k —0.0015 =+ 0.0008 A41.96818 = 1.19238
104 xc4 2064.81863 * 3.85369
Al 1.91574 * 1.27553 fwd 5.90712 + 3.70829
Z xcl 2016.22045 + 4.22665
=84 fwl 4.87237 + 2.88063 A5 1.98744 * 1.27283
% - Xc5 212041721 % 4.29087
g 64 A2 1.89274 * 1.45704 fw5 4.90785 + 2.78379
e Xc2 2037.5 * 5.79129
fw2 4.95285 + 2.92888 A6 11.92895 + 2.19279
4 Xc6 22.04.04025 % 0.94082
fw6 2.97037 + 0.63713
2 —

1900 1950 2000 2050 2100 2150 2200
Energy, keV

Fig. 2. GERDA spectrum before PSD with 2 keV binning (from [6,7]). Besides the strong '*Bi
line at 2204 keV, our fit finds indications of lines (on 1—2¢ level) at known positions of 214Bj lines
2016.7 keV (not separable from 2010.7 and 2021.8 keV), 2052.9, 2119 keV. Further, it finds a line
at 2037.5 keV (not separable from lines 2034.5 and 2039.3 keV). (The parameter «A» of the fit is
connected with the intensity «N» by N = 5/2, S = A(FWHM/2)/7/In2. The other parameters are
self-explainable (see text))
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Fig. 3. The GERDA spectrum before PSD, with 4 keV binning and our fit. Two structures arise around
2014 keV (unresolved *'2Bi — 2010.7, 2016.7, 2021.8 keV), and a broad unresolved structure covering
the range 2034-2040 keV (lines 2034.5, 2037.5, 2039.3 keV). (In the fit «S» determines the number of
counts N in the line, N = S/4)

Figure 3 shows the full GERDA spectrum (before PSA) with a binning of 4 keV. Two
structures dominate the spectrum, a broad line at the location of the unresolved 214Bj lines at
2010.7, 2016.7 and 2021.8 keV (known from the HEIDELBERG-MOSCOW experiment) [9],
and a broad unresolved structure covering the range 2034 to 2040 keV, which includes the
lines 2034.5, 2037.5 and 2039.3 keV known from HEIDELBERG-MOSCOW [1]. The fit
yields for the second line E' = (2036.4 £ 2.5) keV and an intensity of (3.9 & 3.0) events,
consistent with the expectation (see above) of (4.441.0) events. A word of caution: It should
be mentioned, however, that different ways of 4 keV binning can give rather different result.
Thus, Figs.2 and 3 show that at the low statistics GERDA has at present, and with the low
energy resolution the GERDA detectors have, at this moment it is premature and marginal
to search for resolved lines in this region. The statistics of GERDA at present is simply not
sufficient to check the result of the HEIDELBERG-MOSCOW experiment. But what is found
is consistent with the expectation from HEIDELBERG-MOSCOW [1,2].

The GERDA report claims no excess of signal counts above background. However, even
according to their Table (Slide 52 in [6]) an excess is there.

Unusual is that the authors show and determine the background spectrum not over the full
measuring time (November 2011 until May 2013) but only until January 2013 [6,7,18]. The
reason should be given: Why 4-5 months of statistics remained unused? One would need
some further proof that the background during the period January to May 2013 was the same
as in the period before!

Detector Resolution and Stability of Electronics. The energy resolution and its time
stability of the coaxial detectors through 1.5 years of operation is rather modest, the energy
of the 2614.5 keV Th line floating between —1.4 and +2.5 keV around the average value.
The average resolution lies for the different detectors between 4.2 and 5.8 keV, and averaged
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over the detectors is 4.8 keV. This is a factor of 1.5 worse than the resolution of the same
detectors during eight years of measurement in the HEIDELBERG-MOSCOW experiment,
which was 3.27 keV [9]. The reason should be given. This could also indicate some time
instability of the electronics in the GERDA experiment. No analysis of a possible temperature
dependence of the setup and electronics is mentioned.

Pulse Shape Analysis. The training of the neuronal net for GERDA is done with the
method given in [16] using the 1592.5 keV double escape line of the 2614.5 keV 228Th line
for simulating single site events, and the 1612 keV total absorption peak from the 228Th
daughter nuclide 2'2Bi for multiple site events. Unfortunately, the time structure of all
individual events in the relevant range of energy around ()gg is not shown by GERDA. The
reduction of the ~y-background is rather modest (order of factor 2).

There are, however, still differences between OvG3 (and 2v(33) events and DE—y-events
in time structure and size (partial volumes in the Ge detector inside which the energy of the
events is released), see Monte Carlo simulations in [15].

These differences of Ov (33 events of different effective neutrino mass m and right-handed
current parameters 6, A from single site (DE) v events are such that even with the typical
spatial resolution of a large Ge detector it might not be excluded to separate Ov33 events
sharper from any kind of ~-event, if the neuronal net could be properly «calibrated».

In [1] this has been tried in some empirical way, with the result of a drastic further
reduction of the whole y-background to ~ 4 - 1073 counts/kg/y/keV (see [1] and also Fig.3
(left) in [9]). With this reduction the candidate Ov3( line stands out clearly of the back-
ground.

Problems with Detectors in Liquid Argon? Despite GERDA operated its detectors in
liquid argon in shrouds of very thin copper (does this mean that it is tried to not use naked
detectors?) already two detectors could not be used. This led to the fact that instead of
17.7 kg of enriched material only 14.6 kg have been used (not much more than the 10.9 kg
used in the HEIDELBERG-MOSCOW experiment). As reason was given too high leakage
current. Nothing is said in the report about the behaviour of the leakage currents of the other
detectors as function of running time in the liquid argon.

The experience from our GENIUS Test Facility, in which we operated six (nonenriched)
naked Ge detectors over the period of three years in Gran Sasso was the following [19,20]:
Limited long-term stability of naked detectors in liquid nitrogen as a result of increasing
leakage current. After three years none of the six detectors was working any more with the
nominal leakage current. Three of the detectors did not work any more at all.

CONCLUSIONS

The most sensitive double-beta decay experiments at present under operation, EXO and
KamLAND-Zen [4] and GERDA [6, 7] reported lower limits for neutrinoless double-beta
decay on a 90% C.L., which are consistent with the 6.40 signal delivered by the HEIDEL-
BERG-MOSCOW experiment [1]. All of these experiments plan improvements of their
sensitivity. The future SNO+ experiment with the 33 emitter *°Te still is only under
discussion [17]. It is obvious that it will take quite some more years, until checking of the
HEIDELBERG-MOSCOW positive result becomes possible.
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In the case of EXO and KamLAND-Zen, the modest energy resolution of ~ 90 keV
may make serious problems in the moment where indications of a signal might be found —
remember the lines close to the Ov3 line from HEIDELBERG-MOSCOW.

In the case of GERDA:

1. The treatment of background data, which at present is on an unacceptable level, should
be improved considerably. It is not acceptable that no list of identified lines and intensities
exists and consequently no comparison with expectations. Consequently, no satisfactory
localization of the radioactive impurities in the setup could be performed. It is further not
acceptable that lines remain unexplained in the spectrum.

2. The statistics of the experiment has to be decisively improved before any relevant
statements can be made, to avoid premature conclusions as in the present report.

3. The reasons for the limited energy resolution of the detectors have to be explained, and
the resolution has to be improved to an acceptable level.

4. The time structure of their events in the relevant energy range around (g should be
individually shown, and also their fits by their pulse shape approximation library (as has been
done in [1]).

5. In view of the experience with GENIUS-TF [19,20], the development of the leakage
currents of the detectors as function of time should be shown. After two detectors already
did not work because of too high leakage current in the present run of GERDA, it should be
made sure that not more detectors will be lost by the operation in liquid argon.

Because of its similar background and detector mass, GERDA would require similar
measuring times as HEIDELBERG-MOSCOW to get comparable statistics.

Some outlook on the future of 53 experiments is given in [20].
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