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QD Abstract

() The Majorana Experiment will use arrays of enriched HPGe detectors techefar the neutrinoless double-beta decay®@e.
Such a decay, if found, would show lepton-number violatiod eonfirm the Majorana nature of the neutrino. Searchesufdn s
rare events are hindered by obscuring backgrounds which lreusnderstood and mitigated as much as possible. A padtgntia
important background contribution to this and other dotli#éa decay experiments could come from decays of alphthegni

r—isotopes in th&32Th and?38U decay chains on or near the surfaces of the detectors. Aa akarticle emitted external to an HPGe

D) crystal can lose energy before entering the active regigdhefletector, either in some external-bulk material or withe dead

| _region of the crystal. The measured energy of the event wijl oorrespond to a partial amount of the total kinetic egergthe
“¢ 5 ‘alpha and might obscure the signal from neutrinoless debéla decay. A test stand was built and measurements wecemed
—5 to quantitatively assess this background. We presentteefom these measurements and compare them to simulatsimg u
C Geant4. These results are then used to measure the alptgadnants in an underground deteciositu. We also make estimates
—of surface contamination tolerances for double-beta degpgriments using solid-state detectors.

—i

L?) 1. Introduction The signature of €88 is a peak at the Q-value of the de-
o) cay, corresponding to the sum of the kinetic energies ofitloe t

«— . Observation of neutrinoless double-beta decapgPrep- emitted electrons. Alpha particles, emitted from decaythén

(O resents the best chance for discovering the nature of the net??Th and?®U natural decay chains with energies of 3.9-8.8

; trino (Majorana or Dirac)/[1,/2,!3, 4]. Experimental seaiche MeV, can lose kinetic energy before entering the activearegi
using high-purity germanium (HPGe) detectors—enriched t@f an HPGe crystal. These degraded alphas can result in a con-
86% '°Ge—have demonstrated the most stringent half-life lim-tinuum of events, obscuring a possible signal fror®

its for this decay T7), > 1.9x 10y [5]) to date. Future ex- , . _
-+ periments with tonne-years of exposure should be able threa _PGe diode detectors have and p™ ohmic contacts for
half-life limits greater than 13 y, but only through concerted Pias and signal connection. The layer, created with diused
efforts in understanding and reducing backgrounds. Current efthium ions, is typically 05 — 1 mm in depth. Thep” layer
periments using®Ge, such as Miorana[6, [7,/8] and GERDA is created by implanting boron ions, resqltlng in a deadraye
Phase II[9] 10], will attempt to reach background levels-of on the order Of,” O'S“r_n,' The§e fqrm regions within the de-
4 background eventenne-year in the £83 region-of-interest tector that are mse_nsmve to ionizing radiation, wherergy
around 2039 keV to demonstrate the viability of future tonne 1St bY @ particle will not be registered. Because alphas can
scale experimerﬁsAchieVing these background goals will re- not trgverse the thick* layer, a detector’s suscepht_nhty to al-
quire ultra-clean materials, fficient shielding, sophisticated phas is dependent upon the amount of surface wih aon-

background-rejection techniques, and a deep-undergrsetad tact. HPGe detectors are characterized by their dopants, be
ing either n-type or p-type. The dopants then determine the
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ting. ,
g type of ohmic contacts for the crystal; n-type detectorsimyv
central contacts while p-types hagé. The outer surface con-
“Corresponding author tacts are reversed for each detector type. The diagram in Fig
Email address: robjenpl.washington.edu (R.A. Johnson) [@ shows a depiction of these detector types with exaggerated
“Currently at University of Colorado, Boulder, CO 80309 thicknesses. The thin outer contact means that n-type -detec

N Y .
Currently at Physics Division, Lawrence Berkeley Natiohaboratory, _ . _
Berkeley, CA 94720 tors have more alpha-susceptible surface area than p-t¥pes

3A background of 4 eventmnne-year in the Miorana and GERDA exper-  P-type with a point contact (p-pc, [11]) will be used in the-M
iments will scale to- 1 eventtonne-year in a tonne-sized experiment. jorANA DEmonsTrATOR[7] @and Phase Il of GERDA [12]. The re-
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gion between the* andp* layers is typically passivated and is sponse of an HPGe detector to alpha decays is discussed and
characterized by incomplete and hard to predict chargecoll applied to the test stand data. In Sec. 3 this model is apmied
tion (shown as dashed in the figure). The response of a detectdata taken with aim situ detector located underground. These

to alphas incident on this surface is still an unknown. The presults are discussed in the context of backgroundsAs ex-

pc detectors used in the A¥brana DemonsTrRATOR Will have @  periments using HPGe detectors in Séc. 4.

minimal amount of this type of surface.

2. Background Test Stand
e N ™) J

An n-type, semi-coax HPGe detector manufactured by
ORTEC[15] was modified to facilitate measurement of an al-
pha source on the surface of an HPGe crystal. The original de-
tector was enclosed within an aluminum outer vacuum cryosta
that sealed against the base of the detector canister. Hee ba
is mounted securely to the cold finger and contains all electr

n-Type p-Type p-pc cal feedthroughs. The inside of the canister contains tipemup
cold finger and cold plate, front-end electronics for theapne
Figure 1: Cross-section diagrams offdrent HPGe detectors. plifier, and the crystal. The crystal mount consists of a tanal
The thin outline represents tipe (thin) dead layer and the thick aluminum cup attached to the cold finger with the HPGe crys-
outline represents the dead layer. The n- and p-type detectorstal affixed inside this mounting cup. A thin sheet of aluminized
are of the common semi-coax design. The p-type point contachylar that originally covered the crystal’s front face was r
detector has far less thin surface than either the p- or estyp placed with a crystal cap fabricated from aluminum. Theexte
The area on the bottom of the crystals (dashed line) repiesemal vacuum enclosure—sealed against the detector basanvith
the passivated surface that insulatesthandp™ contacts. O-ring—was replaced with a larger, custom cryostat encosu
for ease of source transfer and for external-source maatipul

Broadly speaking, alpha backgrounds fo8 experiments  The test stand was operated in two separate modes to study bot
with HPGe detectors fall into two categories, depending orsurface-type and bulk-type alpha backgrounds.
where the degradation in kinetic energy occurs: surfadesalp
and external-bulk alphas. D

Surface-type alpha events are characterized by decays at th a
surface of the crystal, with the alpha losing kinetic energy
within the dead region of the crystal. Only alphas that ente
the crystal at extremely shallow incidence angles (witipees
to the normal of the crystal surface) will lose an appre@abl
amount of energy within this thin dead region; alphas entgri
the crystal at or near normal to the surface will lose a négkg EE - C
amount of energy before entering the active region of the-cry b |
tal, resulting in minimal energy loss and a peak structurerwh [ )
measured by the detector. The classic example of this back- < B //d
ground arises from exposure3Rn. The decay of?’Rn (3.8
days) and its subsequent daught&éf®o, 214Pb, 214Bi, ?'4Po
eventually lead t?'%Pb. Along the way, these daughters of
222Rn can implant onto surfaces[131°Pb decays t6'%Bi, and
then?1%Po, which emits a 5.3 MeV alpha upon its decay. The
relatively-long half-life of?1%Pb (22 years) means that even a
brief exposure of a detector or its surroundings can lead to a
steady supply of 5.3 MeV alpha backgrounds[14, 13]. Figure 2: Side-view of top portion of modified detector criais

The other category of alpha backgrounds, external-bulk alenclosure. A rotational feedthrough (a) is built into the tiod-
phas, originate in bulk materials external to the crystal. ified cryostat enclosure (b). The feedthrough rotates aceour
a contact pin or detector mount. Energy loss of the alpha odc) in a circle above the collimation plate (d). The collimat
curs in this bulk material before it hits the detector suefand  plate (Fig[B) rests on the crystal mounting cup above the#lPG
depends on the amount of external material the alpha travetgystal (e) and provides a collimated source of alphas fitzen t
through. The result is a broad continuum of events with ngsource to illuminate the crystal face.
peak structure.

This paper presents work to quantify the role of alpha back-
grounds on 933 experiments using HPGe detectors. in Sec.2.1. Surface Background Model
a test stand that was designed and built to study alpha back- For studying surface-type backgrounds, the test stand (see
grounds is described. Also in this section a model of the reschematic, Fig. [12) employed a rotational feedthrough (a)
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Table 1: The alpha decay 6F'Am has five prominent alphas
and two prominent gamma lines from the deca$?fdlp (22.35

keV at 2.27% and 59.54 keV at 35.9% branching ratio). The
two gammas only accompany the main alpha peak (c), leading
to alpha-gamma pileup that contributes more counts to pgaks
and e. Values of energy and branching ratio taken from [16].

Peak Centroid (keV) B.R.(%)

a 5388.0 1.66
b 5442.8 13.1
c 5485.56 84.8
d 5511.5 0.225
e 55445 0.37
(a) Top-down view
CC/——— 1
&‘
Ge Detector Surface
a
5250 5300 8380 5400 5450 B200 st
(b) Side view Energy [keV]

Figure 3: The plate that sits just atop the HPGe crystal hafigure 4: Representative energy spectrum (from simulation
collimation holes, drilled atQ 30°, 45°, and 60 with respect  of a collimated®*Am source. The 5 peaks, labeled a-e, corre-
to the normal of the plate, and all situated at a radius of 0.6%pond to the peaks in Tall¢ 1. The centroids of the peaks are
from the center of the plate (a). The alpha source is comgidai lower in energy than the centroids from Table 1 due to energy
to rotate above this circle, allowing it to shine through @amg  loss in the dead region of the detector, as described in ke te

of these holes via an external rotational feedthrough imfitt

the detector cryostat. The side view (b) shows the source and

alpha shine through a representative hole onto the surfabe o detector will reflect this with some of the events from the 548
HPGe detector. keV alpha going into a higher energy peak. This structure can

be seen in Fid.14.
Data were collected using fourftirent collimation holes,
at the top of the modified cryostat enclosure (b). Thetorresponding to alphas striking the surface of the detestto

feedthrough connects to an arm and source holder (c) in whiciicidence angles as described above. Figlire 5 shows datibra
a windowless-alpha source is placed. The source can bedotat€N€rgy spectra for all four data sets.

in a circle above the aluminum cap (d), through which holes A (_:harged-|0n interaction model was constructed to char-
were drilled at diferent angles (Figl13). These angled holes2cterize the detectqr’s response to surfgce alphas. Araalph
allowed alphas of dierent incidence angles{(@®®, 45, and traversing a non-active region of lengtlx will undergo a mean
60° with respect to the normal of the surface) to reach the crysEnergy 10ss of

tal’s (e) face. The source used was a windowké$am alpha AX gE

source from Isotope Products with an activity of 161.9B¢{[17 AE = f — (E)dx, (1)

The decay of*'Am—23"Np (Q-value: 5637.82 keV) results in o dx

the emission of an alpha particle 100% of the time. The five alwhere the stopping power (itself a function of the alpha’s en
pha branches with probabilities greater than 0.1% are rinted ergy) is integrated oveix. A Bohr model of non-relativistic
Table[1. There are two gamma emissions with non-negligibléeavy particles on thick absorbers/[18, 19] was used toerelat
branching ratios that occur with the 5485.56 keV alpha. Give the energy straggling to the expected width of a mono-etierge
the proximity of the source to the detector, a large fractbn alpha beam incident on an absorbiee.(a non-active region).
these decays will deposit both an alpha and a gamma in cdn idealized energy spectrum (as measured by an HPGe detec-
incidence, and the energy spectrum as measured by the HP®#) of alphas of initial kinetic energg traveling through an
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absorber of thicknessx would then be described by a gaussian
with meanEp — AE and widtho:

)

Here, N, is Avogadro’s number, is the classical radius of
the electronm, the mass of the electron, apdZ, andA the

Z
o? = 47rNar§(mecz)2pz\Ax.

The weightsw; for a given single incidence angle are de-
termined via a line-of-sight simulation that takes into @aut
the collimation angle, size, and the position of the soultis.
important to note that the peaks in Fig. 5 are wider than they
would be with a perfect collimator.

The analytical model was fit to the test stand data using a
maximume-likelihood fit. All four data sets (with nominal inc

density, atomic number, and atomic mass of the absorber mgence angles of0 30, 45°, 60°) were fit simultaneously with

terial. In practice there are two further required modifimas.
Nuclear quenching within the HPGe detector results in gnerg

the goal of extracting the dead layer parameber The com-
bined model for the data sets with the data are shown in Fig.

losses that do not register with the ionization detectois T 5 The value of the dead layer, as extracted from the fits -is de

sults in a further energyftset, AEng, that must be included.
Furthermore, HPGe detectors do not have 10@iency for
charge collection, resulting in a low-energy tail. For tt@ason,
an exponentialy-modified Gaussian (a Gaussian convolvid wi

termined to be B07+ 0.005:um. This is in agreement with the
dead layer thickness as given by the data sheet from ORTEC
(0.3um, no stated uncertainty).

Simulations of the test stand were also performed using the

an exponential) is used in the model to account for this asymgeant4- and ROOT-based software packag&Mwith the test

metry in the peak signal. Incorporating these two additidmes
model-predicted energy spectrum from a mono-energetiwalp
source traversing an absorber becomes

G(E. po,0) = (3)
1 o> E-puo E - o o
2r exp(ﬁ T )Erfc( V2o ’ \/57')

whereyo = AE + AEng, 7 is the exponential parameter, asmd
is defined as in Eq.] 2.
Tailoring Eq. [3 to the?**Am source in the test stand re-

quires summing 5 such peaks and also taking into account th@
K

background from cosmic ray-induced events. The cosmic-bac
ground is well-described by a linear polynomigj in the re-

gion around the peak structure (5100-5600 keV). The energ

loss and straggling parametess; ando, depend on the path
length through the dead layer (depfh) via Ax = D/ cosd,
whered is the incidence angle of the alpha. The probability
density function describing surface alphas fréfiAm imping-

ing on an HPGe crystal surface at incident argjie the test
stand is then

R(E, 6, D) =

5
Nam Nag
cG(E, uk, o) + ——P1, 4
Ntotal kz:; ( H ) Ntotal ! ( )

where the cofficientscy represent the weights of the alpha
peaks in Tablgll and sum to 1.

2.2. Test Stand Operation

The test stand was operated at Los Alamos National Labora-

tory at 2200 meters above sea level. The high cosmic-evientra
coupled with the relatively weak source (161.9 Bq), fordesl t
size of the collimation holes to be larger than ideal. Therpoo
collimation power resulted in a larger range of incidencgles
for a particular hole than desired, and required a modifietpr
ability density function composed of a weighted sum of sAgl
angle p.d.f.s. The final p.d.f., taking into account the agref
angles around the nominal collimation angJéhen becomes

R(E, 8, D) = Z WR(E, 6;, D). (5)

stand incorporated into the package's geometry. A dead laye
was simulated in the crystal surface as a step function,rigno
ing any energy deposits within the dead region (this assump-
tion is the same as our analytic treatment). The simulatéd ou
put spectra were convolved with a detector-response fumgcti

i.e. a modified gaussian incorporating the same skew param-
eter from the model fit. The width of the response function
was determined by measuring the detector resolution fram fit
to gamma peaks in the detector (between 100 and 2600 keV),
fitting the resolution values to a parametrized resolutiamcf

tion f(E) = a+/1+ BE [20], and extrapolating the resolution

at 5.4 MeV from that function with the fitted values@findg.
omparing the simulations to the data (Fijy. 6) revealedejsc
ancies in both the width andfset of the peak structure. The
simulated éfset and width do not match with the data or the
Xnalytic model. A simplified simulation of a mono-energetic
alpha incident on the surface of a detector was performed for
a range of incidence angles (corresponding to a range of dead
layer thicknesses) to determine théelience in alpha peakfo

sets and widths between simulation and the model (Eig. 6).
These discrepancies were then used to create a secondwonvol
tion function that was applied to the simulated data (as a-fun
tion of incidence angle). As shown in Fid] 5, the corrected
simulated spectrum is in good agreement with the data and the
analytic fit. It should be pointed out that this particulansla-

tion was performed using Geant4 version 9.0, and simulation
run with newer versions resulted infidirent discrepancies.

2.3. External-Bulk Backgrounds

The rotational feedthrough was replaced with a blafikay

the bulk-type background study. A 4 cm length of thorium wire
(99%232Th)[21] was looped 5 mm above the crystal face, al-
lowing direct shine from the wire to the face of the crystdieT
energy spectrum from this data set is shown in Fig. 7. The
close proximity of the wire to the detector surface means tha
the detector is inundated with gammas from & h chain in
addition to the alphas. Double and triple coincidence gasmmma
from 2°8T| are evident in the energy spectrum up to 3710 keV
(511 keV+ 583 keV + 2615 keV). The step structure above
3700 keV is evidence of thorium alphas with the high-energy
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Figure 5: Surface-type alphas frofftAm at incidence angles of03(, 45°, and 60 with respect to the surface normal. Also
shown are the analytic-model fits (solid line) and simulatpectra from Geant4 (dashed line, corrected via the cotigalfrom
Fig.[8).

end of each step corresponding to the initial kinetic enefgy

given alpha. 1 E+Eq—AE

- _-r=— Ak

f (E, Eo,d,0) = Voo exp( 502 ) (6)
o? = 47TNar§(I’T19C2)2p§AX
= 2899Ax
d/ cosd dE
A model, similar to that of the surface-type detector re- AE =f &dx.
0

sponse, was constructed to describe bulk-type data on tee-de
tor. The typical range of an alpha in solid materials of iagtr where we once again assume a Bohr model of energy straggling
(thorium, copper, lead, gold, germanium) is on the ordes ®0'  ando? is calculated using, Z, andA of thorium. Whilef could

um. Thus only the outer portion of material facing the crystalbe described with an exponentially-modified gaussian athéor

will contribute alpha backgrounds. An alpha of originalegye  surface data, such details are washed out in practice bechus
Ep, emitted in an external-bulk material at a degtfrom the  the continuum nature of the energy spectrunf &sintegrated
material surface at an anglavith respect to the normal of that overg andd.

surface, will then lose an average energy similar tolfEq. rghe  The model spectrum for a particular decay is then found by
dE/dx is a function of the alpha’s energy and distance traveledintegrating Eq.[16 ovef andd. Values fordE/dx were taken
Similarly, energy straggling will widen the resulting pedthe  from alpha stopping-power and range tables [22], and this in
spectrum from an alpha of initial ener§y at a deptid emitted  tegration was performed for all the alphas in #i&Th decay

at an anglé would then be given as chain. The corresponding energy spectra were then summed,



16
C AE =0 + BAX +yAX?
14— a = 15.59¢ 0.01
ST L = .7.64£ 0.05
o 12 P
= [ y =0.50+0.03
=
B 10
= [
o5} L
Qo 8-
=
% [
£ 6
o r
A
o P T A R RN SR VR

TR B
04 0.6

O

0.2 14 16 18 2

08 1 12
Distance jum]

(a) Deficit in peak ffset position AE = panai— tsim)-

16

1/2

0= (0 +pAx)
o =0.17+ 0.06
B =112.5% 0.20

14

12

10

° Peak Width (From Geant4)

Fitted Width Function

Peak Width [keV]

Width Function From Model

. PR B
0.2

TR T R
14 16 18 2

Loy
1.2
fim]
(b) Differences in peak width between simulation and the model. &npet-
ric function of dead layer distance & +a + Box is shown for the analytic
model (red, dashed line) and is also fitted to the simulatéadtp(blue, solid
line).

Lol
04 06

O

08 1
Distance

N
Q,

B
QU

pa
)

Counts / 20 keV

=
Q,

PR Y
6000

PR Y
4000

8000 10000 12000
Energy [keV]

Figure 7: Data from a thorium wire source in the test stand.
Alphas from the?®?Th decay chain produce steps in the energy
spectrum. The specturm is shown only from 2.7 MeV to 12
MeV to emphasize the high-energy alpha spectrum. Data below
2700 keV are dominated by betas and gammas from¥iid
chain. The peaks visible below 4 MeV are from double- and

triple-coincidence gammas froffeTl.

assuming the chain is in secular equilibrium. This assupnpti

is valid in our comparison with our data because all alpha de-
cays in the?32Th chain, except the first, happen within days of
each other. The first alpha decay in the ch&mTh) emits a

4 MeV alpha which is not discernable below the pgtanma
continuum in the data set.

This model was compared with the data set (Elg. 8). The fast
alpha decay (300 ns) 6f?Po, coming after the beta decay of
212gj, occasionally results in pileup in the detector of thehalp
(8.8 MeV) and the beta (endpoint 2252 keV, intensity 55.4%).
To treat this, the p.d.f. representing tHéPo alpha spectrum
was convolved with the beta spectrum??Bi. A combined
p.d.f. consisting of the unmodifigd?Po p.d.f., thé'?Po+?12Bi
p.d.f., the uppef3?Th chain p.d.f., and a cosmic-ray spectrum
p.d.f. consisting of a constant plus exponential functiasw
constructed. This combined p.d.f. was fit to the data setlaad t
results are shown in Fi@] 8.

Figure 6: Discrepancies between simulation and analytic

model. When compared to the measured data, the Geant4 sii
ulation overestimates the peak positidiiset (a) while under-
estimating the peak width (b). A quadratic function was fit to
the peak position fiset and a square root function was fit to
the width dfset. These functions were then used to generate
convolution to modify the simulated energy spectra. The o
set deficit at O distance is consistent with the expectéskb
from nuclear quenching which is not taken into account in the
original Geant4 simulation.
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Figure 8: Fit of bulk-alpha energy spectrum with composite

model from a thorium-wire source in the test stand.
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E In Situ Data
3. In Situ Measurement L — Model
U | Y Surfacé*®Po
h . . . X ﬂfg Bulk %o
e model developed in the previous sectionwas usedtoal o [ - Bulk 2Th
alyze the energy spectrum of in-situ backgrounds from an ex = S Cosmic
isting underground detector. An n-type HPGe detector, inde E :
ground at the Waste Isolation Pilot Plant near Carlsbad, NM % 102
was discovered to have a peak in its background energy spe O [
trum at 5.3 MeV as seen in Fig] 9. We model the spectrun i
assuming that all events above 2.7 MeV (i.e. above the 261 1= ; ] { w
keV gamma peak from the decay#fTI) must originate from 000 e000 8oon 10000 12060
either surface-alpha events, external-bulk alpha evenisps- Energy [keV]

mic events. A muon-veto scintillator panel was installedwa _ )

the detector for a portion of the data taking, giving an eperg Figure 10: Fit to the spectrum of an underground HPGe de-
spectrum of cosmic-ray muons from events that were taggetCtor's energy spectrum with a composite alpha model. The
with the veto. The same constant plus exponential functiof2rgest contributions above 2700 keV are frétiPo surface
that was used for the test stand data in Sec. 2 was fit to thvents and from external-butk’Th and®%o events.
cosmic-tagged data and subsequently used in the background

fit. A p.d.f.—consisting of individual p.d.f.s of the surflac  Table 2: Yields and rates of individual components of com-
and external-bullé®2Th, 238U, and?'%Po events and the cos- Posite alpha model, fitted to high-energy data of undergioun
mic p.d.f.—was used to fit to the spectrum. This fit is shown inHPGe detector. The data set represents 317.27 days ofrlveti
Fig.[10 and the results are summarized in Table 2. Components
from the 228U chain—save*'®Po—were consistent with zero Contribution Yield  Countg Day
and so were gxcluded from the final _fit. Alpha yields and rates Cosmic Events 103_@3 3-338%

are tabulated in Tablg 2. The only evidence of bulk eventafro '

10, 37 0.12
the 238U chain were found to b&%Po. This could conceivably Surface?!%Po 90735 298715
come from bulk material containing short half-life daughte Bulk #%Po 6417 189703
lower in the?3®U decay chain (anything belo#?°Ra). This Bulk 232Th 10198 327708

would have decayed to the long-livétPb (22 year half-life),
allowing a lead-supported supply 8fPo alphas.

calculated from simulations using MaGe. For a nominal dead
layer value of 0.3um, the probability that the energy detected
from a2%Po decay on the surface falls within thesg region-
of-interest (ROI) is (121 + 0.05) x 10°. Assuming a possi-
ble variation in dead-layer ¢£0.01 um adds a systematic un-
certainty of+0.04 x 10°°. This includes the corrective con-
volution that was required in Sectign P.1, although thiedi
ence in calculatedficiency with and without the convolution
was only 001 x 107°. The final, simulated ficiency is then
100 (1.21 + 0.05(stat}0.04(sys))x 107°. The same ficiency was
also calculated using the surface alpha analytic model. The
‘ Mm model was used to generate an energy spectrum from surface
6000 8000 10000 12000 210pg decays, and thefziency for a decay to land in the 4
Energy [keV] keV-wide ROl is calculated to be @67+ 0.004)x 10°5. Al-

Figure 9: Energy spectrum from underground HPGe detectoIPWIng for the same0.01um variation in dead layer, the model

- 004 5
showing a 5.3 MeV alpha peak (characteristic of the alphafro efficiency becomes (47  0.004(stat)y g(sys))x 107,
210pg decay).
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The two techniques ffier by Q26x 107°. The test-stand data
was in better agreement with the analytic model—parti¢ular
the bulk comparison —and so this value is used as the final
calculated #iciency. The discrepancy between simulation and
4. Alpha Backgroundsand Ov8B model is added as a systematic lower uncertainty. Anoth&r po

sible systematicféect arises from uncertainty in the dead-layer

The dficiency for a surface alpha decay onpa surface, profile. Both the simulation and the analytic model assume a
eg. the alpha fron?'%Po, to populate the region-of-interest step-like dficiency function for the dead layer. In this case,
in a double-beta decay experiment using HPGe detectors wam® charge collection happens at all within the dead regiah, b
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charge collection is 100%fécient within the active region. The
stopping power,g—ﬁ, is a non-linear function of alpha energy,
and so the amount of energy lost in a dead region is depen
dent upon both energy of the alpha and the charge-collectiol
efficiency within that region. A smoothly-varying dead-layer
profile will result in less charge being collected than a dilep
profile. Assuming a worst-case scenario (with thigcency
profile a linear function, representing the largest possitit-
ference in the energy spectrum), the energy spectrum can b
compared with the uncorrected (step-functighiceency pro-
file) and this is shown in Fig._11. When this correction is atide 10° ‘ ‘

— Without Dead Layer Correction
---- With Dead Layer Correction
Il "°Ge OvpB ROI

<
[

Efficiency / 10 keV
S

2
2

to the simulated and model energy spectra, thieiency for a 0 Zooﬁnergy [keV] 4000
decay of?'%Po to land in the ROI increases by 7%. A related @

effect would come from non-uniformity in the dead layer over
the surface of a detector. If the dead layer varies from point
to point on the detector, then théieiency for an alpha decay
would vary from point to point as well. Accounting for the dif
ferent predictions of the simulation vs. the analytic moded
folding in the possibility of a dead-layeffect, the value for the
efficiency of a?'°Po alpha, emitted from thg* (thin) surface

0.04/—

— Without Dead Layer Correction

Efficiency / 10 keV

of an HPGe detector. is (4_7+0.10 % 10—5)_ 0.02— -~ With Dead Layer Correction
' -020 ) Il "°Ge OvpB ROI
The goals of the Miorana DemonstraTOR Will be to test the
0vBB claim by Klapdor et al..[23] and to demonstrate the back- 0.01

ground goals necessary for a future tonne-scale experimen
The alpha background rate of a detector (or array of detggtor 0 !
in units of background counts within the/&B ROI per tonne- 2000

|
2200

2100
Y Energy [keV]
yeatr, is given as
(b)
R, = % fﬂ(r)g(r)g(r)ds, @) Figure 11: The dead-layer profile (as a function of depth) af-
s

fects the energy spectrum for surface alphas emitted 8o
where M is the mass of germanium in the detedfort the (5.3 MeV). The diciency for surface decays is shown over (a)
surface-alpha activity in Bgnm?, ande(F) the dficiency for a  the full simulated energy range and (b) a close up around the
decay at positio’ to count as a background. The integral is region-of-interest at 2039 keV. The solid, black line shaies
over all relevant surfacedS, andQ(F) is the solid angle op*  energy spectrum from the analytic model with a step-likeddea
area with which the area elemed® has direct line-of-sight. layer profile. The red, dashed line assumes a linear profile.
The codficientk converts the subsequent background rate fromThis profile represents the greatedtetience in energy spec-
counts per second-kilogram into counts per tonne-years Thitra, and the resultant change iffieiency for a surface-alpha
formula can be significantly simplified for decays that ocour ~ background hit is 7%.
the surface of the detector itself:

where the uncertainty comes from the quoted toleranceseof th
detector dimensions for the Canberra BE®&e detectors that
will be installed in the first module of the Morana Demon-

with S the total susceptible surface aredag the average . . -
surface-activity rate, andthe dficiency calculated in the pre- STRATOR. FOr comparison, the susceptibility for a typical n-type
' detector is over 400 times greater. Plugging in the sudmiéipti

vious section (a true “surface” event with solid anfle= 2r). qth lculat . the rate then b
The factorA is the ratio of susceptible surface area to active?Nd € calcuiatediciency, the rate then becomes

mass (with units of ar¢mass). Because thesldonstraTor will

S
R, = kmﬂavgg = k/lﬂavgg (8)

be composed of modified, p-type point contact (p-pc) detec- — 1570165 108 in Ba/crm
tors, it will have a particularly-low susceptibility to dip back- Re=1 o * 10 Aaup. . Haug In By
grounds, especially in comparison to n-type detectorsl€@b = 1.82° 51 Aavg Aavg in DecaygDay/cnt  (9)

This is because the vast majority of surface area that,ior
“thick”. The susceptibility for the modified p-pc detectas-
pected to be used in theeRonstraTOR iS 0.34:0.03 cnt/Kg,

Table[4 displays expected background rates fféfRo alphas
for several values of surface activiffa,g. The alpha rate from
the Sudbury Neutrino Observatorysle proportaional counter
detectors represents the cleanest detector surface easurad
The usual method is to udd as the amount of active mass, but alpha N terms of alpha contamination[24]. Also shown are thesate
backgrounds will not dfer for enriched vs. unenriched detectors. for a typical n-type detector, given the same activity rates




Table 3: Surface areas categorized by surface type for aedlypi and p-type detector, and the modified p-pc natural geium
detectors used in the NMbrana DemonstrATOR. The factord is the alpha-susceptibility factory as defined in the text.

Detector Type Mass [Kg] Surface Ar@atio [cnt/%)] A [cm?/kg]
passivated p* n* Total

n-type 1.1 30.412.7 177.574.1 31.§13.3 239.7 161.4

p-type 1.1 1.8 0.8 35.4/14.8 202.§84.5 239.8 32.2

p-pc 0.579 1.9 1.8 0.2/ 0.2 104.598.0 106.6 0.35

If the alpha decays are not coming from the surface of theMajorana from a surface-alpha standpoint (to say nothing of
HPGe crystal, then the solid angle simplification no longer a their other important qualities). As Talblk 4 notes, theedence
plies. For configurations involving complicated surfacasrig  in surface-alpha background rates between p-pc deteatdrs a
the p* area of a detector, the integral in EEdj. 7 can be calculated-types is large. Without further cuts from pulse-shapdyana
using Monte Carlo methods. An upper limit on the activity cansis, Tabld ¥ makes it clear that n-type detectors are urseita
also be placed, assuming that §hieregion of the crystal has a for 0v38 experiments without heroic measures to limit surface
line-of-sight view of a contaminated surface with average s activity. A final comment should be made about the passivated

face activityAagex. The limitis then surface—the annulus of material betweenthandp* surfaces.
This area has 10 times the surface of ghidayer for the mod-
Ryext < KAAavgexe (10) ified p-pc detectors, and so must be addressed. Our test stand

was modified to allow thé**Am source to have a direct shine
where the equality holds if all of the solid angle that the-sen path on the passivated surface of the crystal. Not only were n
sitive area “sees” is emitting alphas at the surface #fge«  alphas present visible in the resultant energy spectrutmdu
(and EqL8 is the limiting case for this). Equatlon 10 holds vi 59 keV gammas were visible either. If the passivated surface
a simple flux argument. were as susceptible to alphas as phesurface, the background

count rate from a given surface contamination would inaeas

Table 4: Estimated background count rates from surfaceaalph py a factor of 10, but still be far better than that from n-type
for modified p-pcC detectors as will be used in thesbkana detectors. We are Continuing to Study the issue.

DemonsTrRATOR, and for typical n-type detectors. These rates

are based upon assuming various surface-activity levete T

clean room entry corresponds to a class-100 clean room buig_ Conclusion

for radon-deposition testing for the Borexino experimerd]|

and surface-activity values in the table represent themrado

deposited activity on nylon in that clean room. The caldatat e builta test stand for the purpose of studying surfacaaalp

for the SNO®He detectors is found in [L4]. decays of radioactive isotopes on surfaces of HPGe desector
A simple detector response model was constructed and fit to
Source Activity Background Rate test-stand data, and Geant4 simulations were compared with
[Bg/crm?] [Counts in ROV t-y] test stand data and the detector response model. flicacy
of simulations of surface-alpha decays foiB@ experiments
P-FC n-type was examined and we propose a correction factor to be used for
Clean Room Dx10°% 0.16 70 such simulations. We calculate allowable contaminatidues
In Situ Detector Px 107 0.14 61 for n-type and p-pc HPGe detectors used in double-beta decay
MJ BG Model 50x 107 0.08 35 searches given desired surface-alpha background assumspti
SNO®He Detector D x 10° 0.0008 0.35

The susceptible surface of a modified p-pc detector, |Ocateécknowledgements
right at the point contact, only has a direct line-of-siglithw
the detector mount. Alphas can only pose a background if they We gratefully acknowledge support from thedfi©e of Nu-
originate from surface plate-out (on the surface of theaete clear Physics in the U.S. Department of Energy (DOE) Of-
or the detector mount) or from the bulk material of the detect fice of Science under grant numbers DE-FG02-97ER4104, DE-
mount. Because of this compartmentalization, the ratepifaal FG02-97ER41033, and DE-FG02-97ER41020 as well as con-
backgrounds (in counts per tonne-year) should be the same rgact number 2011LANLE9BW. We also acknowledge the sup-
gardless of the number of detectors. The rate formula for-p port of the DOE through the the LANLDRD program. Fi-
(Eq.[9) would still be valid, then, for a one-tonne scale expe nally, we thank our friends and hosts at the Waste Isolation P
iment made up of p-pc detectors with the same susceptibilityot Plant (WIPP) for their continuing support of our actigg
factorA. The usage of p-pc detectors is extremely beneficial tainderground at that facility.
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