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Double beta decay

Double beta decay can occur when
the single beta decay to the neighbor

nuclei iIs energetically forbidden due Ge —\p | Source: 10 kg of B isotopes (1Mo, 82Se,
to pairing force. . _ b _./-," 116Cq, 967r, 150N d, 48Ca, 130Te)
T8>~ Tracking detector: drift wire chamber
operating in Geiger mode (6180 cells)

«1934: Enrico Fermi, B decay theory Calorimeter: 1940 plastic scintillators

*1935: M. G. Mayer calculated 2vR3R coupled to low PMTS
decay B Magnetic field: 25 Gauss

«1939: W. Furry proposed Ovi313 decay Sarr;ma Shh'.e IICL:_ P3uore Iron (18 cm) ¢ wall). 40
assuming v’s to be Majorana particles cutron snietd. cm water (ext. wall),
cm wood (top & bottom)
Particle identification: e, e*, a, y

The difference between the two
modes Is In the differential
decay rate versus the sum of .
Kinetic energies of the two oo
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Bosonic neutrinos in two-neutrino double beta

deca

1_,_\ } g .. — A v> = a'l0>

&

he transition through the

. : — Mixing of_fermlor_nc ” = cosé fI[0> + sind 0|0 >
ground state of Intermediate j | and bosonic neutrinos .
: . [T J _ ) — cosd |f> + sind |b>
nucleus gives the dominant =
i : ‘ ;A PTe v\ HSD higher states
contribution to the nuclear v \  give contribution an* _ Eiq{:‘%f" fTE?T _ EiqﬁBTfT
: q ' ' S P
matrix element of the double {3 "o e, SSD Eround st [Commutatlon relatlons] ‘ o= e flh— et
\decay. / A, Fis A90.9 18 dominan
‘ - . g - A A% = [cosé* + cosé’sin 6%(1 — cos0)| A
VG = 3 My (ML) M (1) ML) Amplitude of the q . Vo o
er o m Em — E; + €10+ g E — E; 4+ ey + v ZVBB decay + [CDS 62 _I;CDS(S'S“];S (,51 + cos 935')]’1
MM (L) aha] ) \_ y = cosy" A’ + sinyA
SSh = E,—E;+eqg+rvie E —E;i+exn+rvp
4 . N ] 4 - W% = cos X‘i wi 4 sin X‘i e
The difference between SSD and N The decay rate Is a sum of the C 0B W+ B
HSD hypotheses is in the single N S decay rates for pure fermionic
electron energy distribution. ) o~ _and pure bosonic neutrinos
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SuperNEMO experiment
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1 mas |2 m 012 e Planar and modular design [ Development of methods for radon emanation J
o = || ¢ (FoZ ‘ M » ~140 kg of enriched isotopes measurements
1/2 ‘
| (20 modules x 7 kg) ) | Radon transfer scheme |
/Single module: A Sbmodde 55 M ECH — emanation chamber
» Source: ~7 kg of "“Se (**°Nd, “*Ca) i fi = [*T g;lia::lzleCHZ—charcoal
» Tracking: drift chamber in Geiger mode |l g F columns
(2000 cells) | F — flow rate meter
.* Calorimeter: scintillators + PMTs (~550) , ; g N | %)= TETCITEE
‘ CH1 CH2 P —pump
T=-30°C
? m {o3sembled, ~0.5m between source and calorimeter)

ﬂ:hedule highlights:
o 2011-2012: Demonstrator construction, placed in the
NEMO3’s current location at Modane Underground "Results of ohotomultiplier
Laboratory
5 | o 2013: Demonstrator physics run startup \ measurements -
o 2014: Full SuperNEMO detector construction startup Whole photomultiplier — E = (3.8 £ 0.8) -108 Bg-s 1)
T LLULLLL placed in a new cavity N 8 1
§§ @ — 2015: Klapdor-Kleingrothaus claim to be verified Dynodes 7 E = (3'03 £0.5) 10 ]?Sq 5 1
k 2019: sensitivity mg, ~ 0.05 eV / \Glass casing — E =(1.04 £0.8) -107 Bq's Y
collaboration ~1
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