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Double-Beta Decay 1

Fermi’s effective QFT of beta decay ?

is still valid at energy scales K my;: n > < 8-
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Double-beta decay (2vB~ ) is a rare 2"%-order process which can
occur even if single-beta transition is forbidden or suppressed:

aIX— , Y+ 287 + 27, "

So far observed for 11 isotopes, ——
with half-lives ~ 101°—10%1 y:

48Ca 8ZSe 100MO 128Te 136Xe 238U I—

76Ge 96Zr 116Cd 130Te 150Nd



Neutrinoless Double-Beta Decay

Neutrino oscillations = " @
Vv are massive and mixed: Of(x) ai Vi (x)

Newr 5 N12.3 @ @
If massive neutrinos are Majorana fermions: CﬁiT(x) = v;(x)

* Neutrinos v, = antineutrinos v,
* Total lepton number L is not strictly conserved
* Neutrinoless double-beta decay mode (0vf~ [ 7) exists: AL =2

éX —> Z+2Y + IB + IB_ phase-space factor |
nuclear matrix element
/1n2/T1/2 /

0vBpB decay rate: T'°VBB = GVBB(Z,0) |M°"5ﬁ| |mﬁﬁ| .
Effective Majorana v mass:  "* :Z_ Ugmi > : > B~
* Absolute scale of v masses m; | VM

* Leptonic CP violation — baryon asymmetry " > \"\ 2
* KamLAND-Zen: |mgp|<0.3eV )



Single-Electron Mode of OV~ 5~

Ove™ B : Nucleus is always surrounded by electron shells. What if
one e~ remains bound and [ particle carries away entire K.E. Q?
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* Peak at the endpoint of 5 | AE, ~1—10eV _
. | _ -5
single-electron spectrum: ob s Ep mmelMevl ] 0
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SuperNEMO: Cupername

20 X% 5 kg source modules @ g o
= thin foils of 82Se or 1°°Nd === | - - .

* High-granularity tracking chamber
— 9 || of drift cells in B Nparticle ID &s. e. . ]

 Segmented calorimeter walls

— organic scintillator + PMT
FWHM /E ~ 7%/VE [MeV]




Relativistic Electron Wave Functions

Solutions to the stationary Dirac equation with Coulomb potential:

spinor spherical harmonics
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Screening effect — effective atomic number of daughterion ,,4Y?":

* e : L, =2

° Z’BzZ‘FZO@H e/_, \\\
e = 4n;m;il J1(P7) Yin(B) Y () I' \
Continuous spectrum — dommant/ | 0, \
. . Y
term from partial-wave expansion: \ %2 I’
\
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Ove™ [~ Decay Rate 5

Ove B~ decay rate: Eg—m,=Q + Ep,
o KE.of B~ B.E.of e
0 - I 0 2 2
r vef _— (27-[)34-7TR2 |M V'Bﬁ| |mﬁﬁl z B(Ze’Ee) F(ZB’E.B) EB bp
n
Fermi functions: vacant s; /, and p,/, subshells above valence shell of ‘;X

summed over numerically up ton = 103

B(Z,En) = fif_1(R) + g,%,ﬂ(R\)
F(Z,E) = f4(R,E) + g%,(R,E)

R ~ 1.2 fm Al/3

Ovp~ B~ decay rate:
G
(21)5R2

Mme+Q

|M0Vﬁﬁ|2|mﬁ,8|2 j dE; F(Zﬁ:EJ F(Zﬁ»Ez) Ei E;p1 02

e p=[E2—m;

» Ratio V¢ /T%FF does not depend on M®VFF and mg
— purely kinematic problem!

rovBB —




Relative Ove™ f~ Half-Lives T

AX Q[MeV] TP /TY P

20Ca 0.990 4.63 x 10°
35Ca 4.272 8.20 x 107
07Zn 1.001 7.13 x 108
Ge 2.039 2.64 % 107 )
50Se 0.134 7.31 x 10°
82 7

52Se 2.996 6.16 x 10 v

36Kr 1256  1.32 x 107 0vep /Tl P 0 vBB 108 ]
20Zr 1.144 2,03 x 107

187r 3.350 1.47 x 108
22Mo 0.112 0.23 x 10°

00Mo  3.034 8.70 % 107
'9iRu  1.300  2.00 x 107 &
11”Pd 2.000 4.59 x 107 T
11‘*Cd 0.537 1.04 x 107

11'30d 2.805 1.42 x 108

ms 0.366 7.29 % 108

1248 2.287 1.05 x 108

123Te 0.867 2.38 % 107

130Te 2.520 1.39 x 10®

13Xe 0.830 2.48 x 107

138%e 2.468 1.45 x 108

142Ce 1.417 9.35 % 107

146Nd 0.070  3.10 x 10°
LENG 1029 1.73 x 10° 0!
130Nd  3.368 4.94 % 108
1gésm 1.251 9.45 x 107 20
%9ad  1.730 1.76 x 108

1TOEr 0.654 5.36 x 107

78Yb  1.087 1.19 x 108

1§2W 0.488 5.35 x 107

19208 0.414 4.99 % 107

98Pt 1.047 1.29 x 10®

2sHg  0.416 6.45 x 107

68Th 0842 3.86 x 10° Q values:

255U 1.145 6.67 x 10° [V. I. Tretyak and Y. G. Zdesenko, Atom. Data Nucl. Data Tabl. 80, 83 (2002)]

‘/Z + 14Q/MeV = const.




Conclusion & Outlook ;

Exponential fit with 10 parametric uncertalnty

107 :
TOvep OVﬁﬁ ~ rad(Z+14Q/MeV) & .
T, / ce Sy 10%
_ +0.509 5 S
c = 1.096_0.347 x 10 Sl
d = 8.07877733 x 1072 o 109
<
1 . 5 - N . ‘
Conclusion: | 0° 0 %0 100
* Effectof Ove™ [~ ons.e.s. is small Z + 14 OMeV

* Primary source of overall suppression = screening effect of
nuclear charge (substantial reduction of e~ wave functionon R)

Outlook: 20725733
) . ) e \ 14
* Other interesting atomic modes of [ o e ) rN‘PI
Ove~e~, OVECECy, 0v3p, 0v4p, 2v... \‘\\:_,:;7

* Calorimetric exp. ECHo = mg below eV

J NEC in **Ho _
mpg = ZIUeLIZm <22eV ¢ <

\ Thank you for your attention!
effective v mass



