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NEUTRINOLESS
DOUBLE BETA DECAY

INn neutrinoless double beta decay
(OvBB) two neutrons are converted intfo
two protons and two electrons are

MAJORANA

The are three main ways to probe the neutrino Heavens

Recent discoveries mass scale. The fechniques are complemen’rary/
have shown that neutrinos have and each is extremely challenging.

emitted. The process is possible only if the mass and ’rho’f they osclillate bg’rween flavours. Underground Surface
. . . . - / /
neutrino Is a Mcuorcma parilcle (IT S Own Some mass differences and mIXII'.\g cmgles. Neutrinoless double beta decoy\ The kinematics of B decays \ T .
Gn’ripqr’ricle) . have been measured but questions remain: is a process (not yet observed) provide a model-independent EO;:ZOAZ?JEEL I:Tswc;]srsetf’rnssgrf/eer
that yields a model-dependent method. ,
- What is the neutrino mass scale? moss. : sfrong model dependencies.
o e The OvpBp half-life depends on the - Are nevutrinos Dirac or Majorana particles? mgs =y |UAm; < 0.35 eV iy = JZ: TPt < 2.3 eV Som=mi<~1cV
\ v Y ] effective Majorana neutrino mass ( mgga) And i1 \ = i=1
(A, Z) g F '._ . (A, Z+2) and a nuclear matrix element (M) that is "ANA many ™~ — /N
others.

# difficult to calculate.

Observation of OvBB is the only practical

—1 way to tell whether the neutrino is a
T1/0 = (G m . .
1/2 ( IM' ﬂﬁ) Majorana rather than Dirac particle.
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THE SOTOPE 7Ge BETA DECAY THE NEXT GENERATION

The signature of OvBp is @ The neutrino’s existence e | The goal of the next generation of |
peak in the summed was inferred from the beta = o[-~ -|iF f Bl experlmen’rs > AN ?rqer o.f improve- AAnidealsource
electron energy af the decay electron energy [ 11 -ﬂ 7 Lemare ment In ’rh.e.mass limit. This requires  High luminosity
reaction Q-value. spectrum. It's shape gives | 1 opwee more statistics, better energy Low end point energy
T informq’ricn on the neu- ] ‘1 m{m resolufion and smaller background. .gﬁslreogfovﬁ gfﬁzre
. because the source can be frino mass {see below) N s L H
: y the detector (HPGe and There is a long history  sw e

of experiments (see right). B 00 99 ok oe o8 o0
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detectors are an established An ideal detector

technology), the Q-value of
Ov 2.039 MeV is higher than
1 many backgrounds and it can
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-Large acceptance

-Short deadtime, no pileup
- Good energy resolution

- Low background rate

Count rate
Count rate
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THE MAJORANA EXPERIMENT SN ) S

ITALIAN PHYSCIST ETTORE MAJORANA (1906-38),
FIRST TO PROPOSE THE MAJORANA NEUTRINO

THE MAJORANA EXPERIMENT IS NAMED AFTER

EE, (eV) The KATRIN main spectrometer arrives in Karlsruhe, Germany.

- The MaJorana experiment will search
for OvBB using an array of HPGe detectors
made from Ge enriched in 7°Ge.

The first phase will be the MAJORANA THE KARLSRUHE TRIT'UM NEUTR'NO EXPER”\/\ENT

DEMONSTRATOR, Which Is designed to show
that the background levels

Disfavored by OvBp

Inverted

l. | .

C

D

! q

: (i
smolo&y

| Disfavored by co

| 10 | IHM{OQ II”.]IO3

: The KATRIN experiment will measure the energy spectrum of electrons from the beta
Mo (MEV) required for a tonne-scale . : : .
. decay of trifium, very close to the 18.6 keV endpoint energy. It will have a mass sensifivity of 0.2 eV.

The MaJorana experiment aims so search experiment can be

for Mpaa in aregion covering the achieved and to test g

inverted hierarchy, which is the allowed claim for observation of < 70m >

region if The,orde”“g of the neu’rrmp . 7y Transport / pump Pre-spectrometer Main spectrometer

mass states is opposite to the ordering OvpB In 7°Ge by 32 105 mbor s 10X 100 mbar \‘
\of the quarks and charged leptons. Kldpdor—KIeingro’rhaus et al. vV, \\\ I/I . \“

*He |
S — o— | o— @ o—

TECHNICAL CHALLENGES ®
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The main fechnical challenge in Majorana
Is the control of backgrounds, which are
reduced by sourcing or producing ultro-
clean materials and running the experiment
deep below ground.

A windowless, gaseous Electrons trans- Low energy

tritium source to provide ported adiabatically  electrons ! | '

a high source density. while the fritium rejected.
pressure is reduced.

Electroforming

The remaining electrons below a final voltage point are
rejected. Surviving electrons are guided to the detector.

Advanced

CIﬂC”YSiS fech- Ss(;%ice)rr critical

ﬂiC]UGS allow components

oackgrounds :vi" bede.'ecfro- TH E KATR' N S P ECTR OM ETE RS

to be further e
reducec oﬂ:hne, extending the ;’;‘;’m‘i;?”“”d The KATRIN spectrometers are MAC-E filters A
experiment’s physics reach. - (electrostatic filters with magnetic adiabatic '

collimation). The electrons are collimated Source Detector

P-TYPE POINT CONTACT Ge DETECTORS > @ magneic field and exposed o

retarding electric potential through
which they can pass only if they have

THE 4850 FOOT LEVEL OF THE SANFORD UNDER-
GROUND LABORATORY IN SOUTH DAKOTA

THE MAJORANA EXPERIMENT WILL BE SITED ON

v Multiple site event Energy threshold Electronics oo
_ \_ sufficient energy. .
Yo7 o~ —pt [V % 0.6F / \ |
\ 1 \H. x\ "g A ' t?.-g'ir:-ail Hug:
5 A N ""*.\__ (|>) ::::':m“ mnmeI-TF["u:_ .
f N P ~23~d] o4f e The pre-spectrometer rejects all
- o, =R electrons < 200 eV below the end-
' . gty : o
[ h ! point. The main spectrometer pro-
Coaxial Point contact 00— L o : ‘aﬁ I vides a finer energy resolution of
detector detector T i Lt ' " { :
Time (us) E wm}j; e v raking advantage of the low noise of 0.93 eV with an mpu’( field of
Point contact HPGe detectors were invented 0 > 10 Ene]rgy (keéj) point contact detectors requires low 45T, an OUTDUT fleld of
at LBNL. They have extremely low noise and Low noise means @ low noise esctionics. The front-end part must 6T and <|J 1‘[eldI in Thef
: : . 10 energy threshold. This will . . : anaitysis plane o
allow single 5|’re. e.ven’r.s, chorcc’rerlsh; of O}/BB e Matoearia sensitive infroducing contaminants close fo the detector. Ay 104 T
events, 1o be dISTIﬂgUIShed from mulhple site to low energy events A tfiny front-end electronics board developed at )
events, characteristic of bockgrounds. The c?oroc’reris’ric of inferactions LBNL (see above) has operated with a world Inside the main spectrometer.
. . of dark matter and axions. record noise level of < 100 eV.
p-type variety are used in MAJORANA.




