
Outline Searching for 0νββ Status and Outlook

Novel germanium detectors for the
MAJORANA experiment

Michael G. Marino

Center for Experimental Nuclear Physics and Astrophysics (CENPA)
University of (the other) Washington

June 20, 2008

Center for Experimental Nuclear Physics and Astrophysics

Michael G. Marino NNPSS 2008 1/15



Outline Searching for 0νββ Status and Outlook

Searching for 0νββ
Methodology/Backgrounds
Detectors for the MAJORANA Experiment
P-type Point-Contact (P-PC) Detectors

Status and Outlook

Center for Experimental Nuclear Physics and Astrophysics

Michael G. Marino NNPSS 2008 2/15



Outline Searching for 0νββ Status and Outlook

Outline

Searching for 0νββ
Methodology/Backgrounds
Detectors for the MAJORANA Experiment
P-type Point-Contact (P-PC) Detectors

Status and Outlook

Center for Experimental Nuclear Physics and Astrophysics

Michael G. Marino NNPSS 2008 3/15



Outline Searching for 0νββ Status and Outlook

Methodology/Backgrounds

Searching for 0νββ in 4 easy steps

I Identify a candidate isotope: (e.g. 48Ca, 76Ge, 130Te,
136Xe). Obtain lots of it.

I Make a detector (Source = Detector, or Source + Detector)
I Identify and reduce backgrounds (low-background

materials, go underground, analysis cuts, etc.)
I Wait
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76Ge

Advantages of germanium

I Source = Detector
I High resolution (e.g. ∼0.16% at 2039 keV)
I Background rejection (e.g. Pulse-shape

analysis, segmentation)
I High-purity: reduce intrinsic contaminations
I Enriching 76Ge content: established

technique
I Easily arrayed
I Q-value: 2039 keV

76Ge
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Methodology/Backgrounds

Backgrounds of the MAJORANA experiment

dramatic progress in our ability to compensate for high-
momentumphysicsthat iscut out�see, e.g., Bogner et al.
�2003��, but reliably correctingfor low energy excitations
such as core polarization is a longstandingproblem. Par-
tial summation of diagrams, a tool of traditional
effective-interaction theory, ishelpful but apparently not
foolproof.

In the long term these issues will be solved. A s al-
ready mentioned, the coupled-cluster approximation, an
expansion with controlled behavior, is being applied in
nuclei asheavy as 40Ca. With enough work on three- and
higher-body forces, on center-of-mass motion, and on
higher-order clusters, we should be able to handle 76Ge.
The time it will take is certainly not short, but may be
less than the time it will take for experimentalists to see
neutrinoless double beta decay, even if neutrinos are in-
deed Majorana particles and the inverted hierarchy is
realized. A nd the pace of theoretical work will increase
dramatically if the decay is seen. Observations in more
than one isotope will only make things better. Our opin-
ion isthat theuncertainty in thenuclear matrix elements
in no way reduces the attractiveness of double beta de-
cay experiments. Given enough motivation, theoristsare
capable of more than current work seems to imply.

VI. EXPERIMENTAL ASPECTS

A. Background and experimental design

Double beta decay experiments are searching for a
rare peak �see Fig. 5�upon a continuum of background.
Observing this small peak and demonstrating that it is
truly␤␤�0 �is a challenging experimental design task.
The characteristics that make an ideal ␤␤�0 �experi-
ment have been discussed�Elliott and Vogel, 2002; Zde-
senko 2002; Elliott, 2003�. A lthough no detector design
has been able to incorporate all desired characteristics,
each includes many of them. �Section VII.C describes
the various experiments.�Here we list the desirable fea-
tures:

• The detector massshould initially be large enough to
cover thedegeneratemassregion�100–200 kgof iso-

tope�and be scalable to reach the inverted-hierarchy
scale region��1 ton of isotope�.

• The␤␤�0 �source must be extremely low in radio-
active contamination.

• The proposal must be based on a demonstrated tech-
nology for the detection of␤␤.

• A small detector volume minimizes internal back-
grounds, which scale with the detector volume. It
also minimizes external backgrounds by minimizing
the shield volume for a given stopping power. A
small volume is easiest with an apparatus whose
source isalso the detector. A lternatively, a very large
source may have some advantage due to self-
shielding of a fiducial volume.

• Though expensive, the enrichment process usually
provides a good level of purification and also results
in a�usually�much smaller detector.

• Good energy resolution is required to prevent the
tail of the␤␤�2 �spectrum from extending into the
␤␤�0 �region of interest. It also increases the signal-
to-noise ratio, reducing the background in the region
of interest. Two-neutrino double beta decay as back-
ground was analyzed by Elliott and Vogel �2002�.

• Ease of operation is required because these experi-
ments usually operate in remote locations and for
extended periods.

• A large Q␤␤usually leads to a fast␤␤�0 �rate and
also places the region of interest above many poten-
tial backgrounds.

• A relatively slow␤␤�2 �rate also helps control this
background.

• Identifying the daughter in coincidence with the␤␤
decay energy eliminates most potential backgrounds
except␤␤�2 �.

• Event reconstruction, providing kinematic data such
as opening angles and individual electron energies,
can reduce background. These data might also help
distinguish light- and heavy-particle exchange if a
statistical sample of␤␤�0 �events is obtained.

• Good spatial resolution and timing information can
help reject background processes.

• The nuclear theory is better understood in some iso-
topes than others. The interpretation of limits or sig-
nals might be easier for some isotopes.

Historically, most ␤␤experiments have faced U and
Th decay-chain isotopes as their limiting background
component. A continuum spectrum arising from
Compton-scattered␥rays,␤rays�sometimes in coinci-
dence with internal conversion electrons�, and ␣par-
ticles from the naturally occurring decay chains can
overwhelm any hoped for peak from the␤␤�0 �signal.
This continuum is always present because U and Th are
present as contaminants in all materials. The level of
contamination, however, varies from material to mate-

FIG. 5. The distribution of the sum of electron energies for␤␤�2 ��dotted curve�and ␤␤�0 ��solid curve�. The curves
were drawn assuming that �0 is 1% of �2 and for a 1−
energy resolution of 2%.

496 Avignone, Elliott, and Engel: Double beta decay, Majorana neutrinos, and�

Rev. Mod. Phys., Vol. 80, No. 2, April–June2008

ROI

Background
Source Rates for Important Isotopes Total Est.

Background
cnts/ROI/t-y cnts/ROI/t-y

68Ge 60Co

Germanium Gross: 13.49 1.35
Net: 0.09 0.05 0.14

208Tl 214Bi 60Co

All Materials Gross: 1.31 1.12 2.17
Net: 0.6 0.37 0.04 1.01

Surface Alphas Alphas originating from all surfaces 0.56
External Sources 0.35
2νββ <0.01

TOTAL SUM 2.07
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Detectors for the MAJORANA Experiment

Solid State Detectors: A crash course

�

�

A few basic ideas:
I Apply a reverse bias to a

semiconductor diode:
I Sweep out free charge
I Create a ‘depletion’ region

I Depletion region = active
detector volume

I Deposit energy into depletion
region:

I Free electron-hole pairs
(N∼Edep)

I Charge carriers swept to
their respective electrodes
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Detectors for the MAJORANA Experiment

Solid State Detectors: A crash course
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P-type Point-Contact (P-PC) Detectors

P-type Point Contact (P-PC) Introduction
Low capacitance and therefore low noise (Low energy
threshold ∼100 eV)

Luke, et al., IEEE Transactions on Nuclear Science, 36 (1989), 926
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P-type Point-Contact (P-PC) Detectors

P-PC Introduction: Charge collection times

Barbeau, et al. JCAP09 (2007) 009
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P-type Point-Contact (P-PC) Detectors

Background reduction: Low Energy Threshold
68Ge (cosmogenic, ∼ 1− 10 atoms/kg/day at the earth’s
surface, enriched 76Ge)

68Ge 68Ga 68Zn
ε, T1/2 =271 d ε, T1/2 =68 m, Q=2921 keV

Goal: Tag 68Ge when it initially decays, veto for a few 68Ga
half-lives.

68Ge decays Percent Energy (keV)
K-capture 86.4% 10.3
L-capture 11.5% 1.3
M-capture 2.0% ∼0.1
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Background reduction: Low Energy Threshold

Plot from J. Collar
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P-type Point-Contact (P-PC) Detectors

Background reduction: Multi-site rejection

I Dominant energy loss by
γs in Ge at ∼MeVs:
Compton scattering,
multi-site events

I Time expansion of pulse
by P-PC improves
multi-site tagging

6 cm × 6 cm coax Ge detector, simulated photons
on face of detector
IEEE Trans. Nucl. Sci. 31 (1984) 367
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P-type Point-Contact (P-PC) Detectors

MAJORANA experiment’s sensitivity to Dark Matter?

JC
A

P
09(2007)009

Large-mass ultralow noise germanium detectors

Figure 10. Minimal scalar model predictions for spin-independent WIMP
couplings (dark solid lines), displayed together with the threshold-limited
sensitivity of present detector technologies (dashed dark lines) [51]. Vertical
arrows indicate accelerator lower bounds on the mass of a light neutralino
generated by such models [51]. The approximate region of parameter space able
to explain the DAMA modulation and not yet excluded by other experiments
is also shown (blue patch) [48]. The expected sensitivity of a p-type modified
electrode HPGe detector is indicated by red lines, for different scenarios: (i)
present energy threshold and installation in a shallow underground site (300 mwe)
after replacement of aluminum cryostat and addition of anti-Compton shield [31],
(ii) improved energy threshold closer to the state-of-the-art in low noise FET
electronics and a low energy background matching the best achieved with
conventional HPGe detectors in deep underground sites [52], (iii) a MAJORANA-
like array limited by the low energy background from cosmogenic tritium
production [53]. The region labelled ‘CPX’ corresponds to candidates predicted
in [54]. Light candidates like those described in [55] should have couplings
in the range between 10−41 and 10−46 cm2 [56]. An exhaustive exploration
of the WIMP mass region 1–10 GeV c−2, complementary to accelerator and
conventional WIMP searches is within reach.

electrode dissolves for the modified electrode: in the first case, the trajectories along the
dashed field lines followed by electrons and holes generated at similar radial distances in
the crystal are comparable, leading to a trace that would most probably be misidentified as
corresponding to a single-site interaction. In the second, for the same initial distribution
of charge, the hole trajectories are considerably different, leading to positive identification
of the event as a multi-site interaction. In figure 12 this effect is illustrated with the help
of a 59.5 keV 241Am collimated gamma source impinging on the crystal perpendicularly
to its axis and, given the low gamma energy, interacting via single-site photoelectric effect
very close to the surface. Little difference is observed as a function of axial source position
in coaxial traces (top), whereas the prototype traces (bottom) are clearly rich in position
information. In this respect and as a simple curiosity, keeping in mind that the charge
drift speed in depleted Ge is ∼10 ns mm−1, it is possible to extract the rough crystal
radius (2.5 cm in actuality) from the rise time of the d = 43 mm trace (the closest gamma

Journal of Cosmology and Astroparticle Physics 09 (2007) 009 (stacks.iop.org/JCAP/2007/i=09/a=009) 13
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Status for the P-PC
I P-PC detectors have characteristics (low threshold, longer

charge collection) to improve a search for 0νββ

I 4 detectors currently available or under construction within
the collaboration

I MAJORANA plans to deploy an array of unenriched P-PC
detectors for R&D beginning the end of this year
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