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Types of HPGe Detectors

N-type Detectors

P-PC Detectors

    There are many advantages to a 0��� search using 76Ge.  The source of the decay is also the
detector, eliminating excess mass and possible backgrounds from the experiment.  What's
more, HPGe (High-Purity Germanium) detectors provide the best possible energy resolution for 
detection of radiation.
    HPGe detectors come in two varieties, depending on the type of impurity dopant.  Each has
subtle differences which need to be investigated to determine which is best for a  ���� search.

HPGe detectors made with germanium crystals with donor (N-type)
impurities. 
   *  The majority of the surface area of the detector ( the outer shell ) 
       is made up of a very thin dead layer of implanted boron ions.  This
       allows low-energy x-rays access to the active region, but also is not
       thick enough to stop � particles.  Typical depths are 0.1�m-1.0�m
   *  The thin outer dead layer also makes the detector somewhat more
       fragile to work with than P-types.
   *  The thin dead layer does allow easy segmentation of the outer contact, effectively creating
       many detectors out of one and allowing higher efficiency of background rejection.

P-type Detectors
HPGe detectors are made with germanium crystals with acceptor (P-type)
impurities. 
   *  Unlike N-types, P-types have a thick outer dead layer made with diffused 
       lithium.  A typical depth is ~0.5 mm, and is thick enough to stop all  ��
       particles from radioactive decay.
   *  The thick skin makes for a more robust detector.
   *  Segmentation with P-types is more difficult than with N-types.

A relatively new type of P-type detector is showing promise.  A point
contact is used instead of the inner core of a coaxial crystal.
   *  All of the desirable properties of P-types such as thick dead layer,
       and robust design.
   *  Charge collection is slowed which gives a boost to pulse-shape analysis.
   *  This design results in a detector with very low capacitance.   This in turn means much less
       noise, so a lower energy threshold can be attained.  This is important for tagging on low
       energy x-ray events which are correlated in time with other backgrounds.

The Experimental Signal from 0���
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Neutrinoless double-beta decay (0���� experiments
rely on measuring the kinetic energies of the two
emitted electrons.  No neutrinos are emitted, so the
sum of the two energies is equal to the Q-value of the
decay. The signal from the decay would show up as
a peak in the energy spectrum at the Q-value.
For 76Ge, this value is 2039 keV.  A separate decay
where two neutrinos are emitted can also occur and
has been observed in several isotopes.
    * 2��� in 76Ge:  T1/2 = 1.4 x 1021 years
    * 0��� in 76Ge:  T1/2 > 1.9 x 1025 years

These experiments are hard because many 
other physical processes can deposit energy
in the detector at the Q-value, possibly
mimicking the signal from 0���.  It is then
important to 
   * Minimize backgrounds by as much as
      possible
   * Be able to distinguish signal from
      backgrounds through analysis.

Dead Layer

Active
Region

Backgrounds from Surface Alphas
     Any radioactive decay that can deposit energy greater than the Q-value of 0��� is a potential 
background.  Such decays might lose a portion of their kinetic energy outside of the detector, and
then make a hit with the same energy as the expected 0 ��� peak.  These backgrounds are not only
of interest to MAJORANA, but also to other 0��� experiments as well as dark matter experiments.
     Decays of � emitters are a source of background in 0��� experiments in two ways:

�-Energy Loss in the Dead Layer
     The thin dead layer on an HPGe detector is
approximately 0.1-1.0 �m, where as the typical range of

a 5.3 MeV � in germanium is ~20�m.  A decay on the
surface of a detector will emit alphas isotropically.  Most
of those that travel into the detector will deposit most
of their energy, typically far above 2 MeV.  A small
fraction will enter at an unfortunate angle and lose
just enough energy to mimic 0���.   
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     Alphas that first pass through external material
before travelling into a detector will also suffer
energy loss.  A common example of this would be
� decays from the 238U and 232Th decay chains
occuring within dust particles next to a detector.

Surface Alpha Simulations
     Simulations can help us to understand the effects of surface � depositions and to determine
our cleanliness requirements for a given desired sensitivity.  The MAJORANA and GERDA
collaborations have jointly developed MaGe, a simulation toolkit based upon GEANT4 and
ROOT.  
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     Simulating surface events of complicated
geometries presents unique difficulties.  For
this reason we have created the Generic Surface 
Sampler1.  The sampler allows a user to randomly
sample the surface of any geometry in GEANT4
in a uniform fashion.  
     

      Understanding the role of the dead layer in HPGe
detectors is of central importance for surface alpha
simulations.
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Impact for the MAJORANA Experiment

Cleanliness Requirements
     One of the goals of these surface ��studies is to determine the required levels of cleanliness
needed for MAJORANA.  This includes both exposure to particulate matter (dust), radon gas, and the
required purity of materials adjacent to detector surfaces.  Simulation results indicate we will need
< 1 �/m2/day of alpha activity on the detector to achieve our background goal.  This result assumes
no pulse-shape discrimination, and the final surface activity limit may be relaxed.

Detector Selection
     Surface � activity induces different background levels for different detector types.  The choice of
N-type, P-type, or P-PC detectors for use within MAJORANA  will depend on many variables. The
information gleaned from these surface � studies will be used in conjunction with other data in a
maximum likelihood calculation to determine the types of detectors to be used. 

     The MAJORANA R&D project wants to achieve a half-life sensitivity of 1026 years with 3-years of
running and show low enough background levels to justify a 1-tonne experiment (~1 count per 
tonne-year in a 4 keV region of interest around 2039 keV).  Surface ��backgrounds, like other
backgrounds, will need to be understood and mitigated. 

Experimental Checks
The WIPP-n Detector
     The WIPP-n detector is an N-type
detector located underground at the
Waste Isolation Pilot Plant (WIPP)
in southeastern New Mexico.  The
detector is used as a low-background
counting detector, but it has also
given us an opportunity to study 
surface � activity.
     Simulations of 210Po on the surface
of an N-type detector match the peak
structure of the WIPP-n data very well,
but the continuum of events below
the peak is greater than expected. A fuller understanding of this is necessary, as this continuum 
could spill into the region of 0��� in 76Ge.
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The SANTA Detector
     The precise nature of the surface � contamination on the
WIPP-n detector is unknown.  A controlled � source is the next
experimental step to take.  The Surface Alpha N-Type Analysis,
or SANTA, will allow us to do just that.  SANTA is an ORTEC N-
type HPGe detector with a modified cryostat and a windowless
241Am � source.  The source is mounted on a rotational feed-
thru.  A collimation plate separating the source and the crystal
contains several collimation holes, allowing for a range of �
intensities and incidence angles.
     SANTA was recently installed at Los Alamos National Lab.
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