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Classical Double Beta Decay Problem
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The Nobel Prize in
Physics 2015

g |
Photo © Takaaki Kajita Photo: K. McFarlane.
Takaaki Kajita %ﬁ%ﬂigumvers'ty
Prize share: 1/2 Arthur B. McDonald

Prize share: 1/2

The Nobel Prize in Physics 2015 was awarded jointly to Takaaki
Kajita and Arthur B. McDonald "for the discovery of neutrino
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TR Neutrino oscillations parameters

Oscillation parameters
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Neutrino masses: Dirac vs Majorana

The fermions and the W/Z bosons get mass: by interacting
with the Higgs field.

This mechanisms could also work for neutrinos, 1f they would
be Dirac fermions. Then, 1t would be difficult to explain why
their masses (Yukawa couplings) are so small.

The mass terms come from the Yukawa interaction :

) e N Y Y, Y, <¢p> where <¢>=246 GeV
e e
U A Weinberg’s dimension-5
"R . .
ot : BSM operator contributing
t x .t Dirac mass : :
. % to Majorana neutrino mass
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Fork on the Road: Are Neutrinos Majorana or Dirac Fermions?

Best (Only?) Bet: Neutrinoless Double-Beta Decay.
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SRR We learned that neutrinos have

mass, but we don’t know how to
extend the Standard Model!

Nobel prize 2025: Neutrinoless
Double Beta Decay?

Probably the best chance of the low-
energy nuclear physics community
to get another Nobel prize!
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Neutrino P effective mass
arxiv:1507.08204

KamLAND - Zen, PRL 117, 082503 (2016): *°Xe
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Shell Model Nuclear Matrix Elements

many — body two — body
0 . 2 2
MSV _ E (r)<0f [(a;a;,)](an/an)j] O:.> pp,,j fqqu g h(q;.(];iQZ)GF SRC TI_TZ_]nnI;j — closure
Jp<p’

as

p<n
ar’ 2
Short range correlations (SRC): f SRC — I-ce (1 ~br )
TABLE II. Parameters for the short-range correlation
M =M ~(g, /gA)szi” + M} (SRC) parametrization of Eq. (11).
ort,0,T, Gamow —Teller (GT) SRC a b c
S= T, 7T, Fermi (F)
oA AN MS SRC  Miller-Spencer 1.10 0.68 1.00
3G, 1)(5, 1) - (5 T. T
(3@ 6y (@ )l Tensor M) 0 CD-Bonn 1.52 1.88 0.46
Avig SRc AV13 1.59 1.45 0.92
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CENTRAL MIGHIGAN Other models: Left-Right symmetric model and
SUSY R-parity violation
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compidieren DBD signals from different mechanisms

R. Arnold et al.: Probing New Physics Models of Neutrinoless Double Beta Decay wi arxXi1v:1005.1241
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amemenen  T'wo Non-Interfering Mechanisms 48

GO (2) |MOv/N (2)°
GOy (1) | MOv/N (1)’

r(v/N) =T D /ITN(2) =

Ge/Se Ge/Te Ge/Xe Se/Te Se/Xe Te/Xe
Ge Se | Ge Te | Ge Xe | Se Te Se Xe | Te Xe
GOy x 10 0.237 1.018(0.237 1.425|0.237 1.462|1.018 1.425(1.018 1.462|1.425 1.462
M (1/2) 3.57 3.39|3.57 1.93|3.57 1.76 |3.39 1.93(3.39 1.76 |1.93 1.76
M°N (1/2) 202 187 | 202 136 | 202 143 | 187 136 | 187 143 | 136 143
Vo (1)/TY)5(2) 3.87 1.76 1.50 0.45 0.39 0.85
Ty, (1)/T1),(2) 2.73 3.09 0.74 0.84 1.13
R(N/v) present (?)TZ?D 1.55 2.06 163 |( 217 )| 133
R(N/v) [45] 1.02 1.39 1.42 1.36 1.39 1.03

R(N/v)=r(N)/r(v)

See also PRD 83,113003 (2011)
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Heavy neutrino-exchange NME M,
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- Towards an effective OvDBD operator

Similarity Renormalization Group (SRG) evolution
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e owards an effective OvDBD operator:

heavy neutrino-exchange NME
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heavy neutrino-exchange NME

O;L = U)LO)L=00U;L-
76Ge

ON
M 200
250

200

150
100

11
0

NoSRC  MSSRC  CDBSRC AVIBSRC  Lalsg La2.0 La2.2

MEDEX17, May 29, M. Horoi CMU SLDAC
2017 k



76GC

NoSRC MSSRC ~ CDBSRC AV18SRC  Lal.8 La2.0 La2.2

MEDEX17, May 29, M. Horoi CMU S2iDAC
2017 M



il

CENTRAL MICHIGAN 0 o 4 L R
UNIVERSITY . |:T1/V2:| pu— GOlgA |770VMOI/ —|_ (UNR + HNR) MON
One mechanism ,
dominance + ngMg + nx My + ma X\ + ny Xy| ™
T (°Ge)>5x10% years T,y (' Xe)>1.1x10% years
10 10 H H H H H H
*Ge NME | ; ; ; ; 76
XeNME | | i u : 136GXee
8 . ]l | | | | |
6 1 6l |
7 ’ m
I
4t 1 4l " |
I ] ¢ i 4 u |
2 1ot S "
’ . ® .
¢
0 é ) . ) ) 2 0
MOVIO Xklo MONlO Mqlo M}JIO ano n0V107 n}\107 T]0N109 n61109 n}\y109 T]‘[]109

MEDEX17, May 29, M. Horoi CMU q S3iDAC
2017 mﬂr Lasconwry



Tﬂa

(L1

CENTRAL MICHIGAN
UNIVERSITY

(a) The generic OvBS decay (b) Light left-handed neutrino
diagram at the quark-level. exchange diagram.

(c) The long-range part of the (d) The short-range part of

OvpBp3 diagram. the OvB6 diagram.
G2
. . Lo :ﬁ e1JJj+ e " J g +esJ g
P
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Effective field theory after hadronization

(a) The generic Ov38 decay (b) Light left-handed neutrino (c) The long-range 2N mode (d) The short-range part of
process nucleon-level diagram exchange diagram the OvBB diagram
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(e) The pion-neutrino (f) The one-pion long-range (g) The two-pion long-range
long-range diagram contribution of the K}, SUSY contribution of the R}, SUSY
induced OvgBB diagram induced OvBp3 diagram
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Consequences: - scales for new physics

- baryogenesis via leptogenesis

PHYSICAL REVIEW D 92, 036005 (2015)

g
Lp=-5=30p
Ap
_ g Grér  g°v
Me€s = : ,
€T A V2 2A3
Grég _ ﬁ Grén _ g%v?
2m,, A3’ 2m,, AT,

d u g=1 wv=174 GeV ( Higgs expectation value )
e .
Op €D Ap
p e Os 2.8x1077 2.12 x 10™
4 ) . Or 2.0x 1077 3.75 x 10*
(c) Oy 1.5x 1077 2.48 x 10°
O11 1.5x 1077 1.16 x 10°
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Consequences: - scales for new physics

- baryogenesis via leptogenesis

PHYSICAL REVIEW D 92, 036005 (2015)

Lp=—7 0,

(AD)D_4

g*(yv)? Grér  g°(yv)

Me€s =

As V2 - 2(A7)3’
Grég _ g* Grén _ 9°%(yv)?
2my, (Ag)®’ 2my, (A11)7

TABLE VIII. The BSM effective scale (in GeV) for differ-
ent dimension-D operators at the present '*®Xe half-life limit
(A}) and for T} /5 ~ 1.1 x 10*® years (Ap).

Op €p Ab(y=1) [Ab(y=y.) Ap(y=ye))

Os 2.8-1077 2.12-10* 1904 19044
O; 20-1007 3.75-10% 541 1165
Oy 15-1077 2.47-10° 2470 3915
O 1.5-1007 1.16-10° \ 31 4?)
. . -6
g= 1 v=174 §'er (J”flcqgf expectation Wdﬁlnf) y,= 3Ix107° electron mass Yukawa
MEDEX17, May 29, M. Horoi CMU
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lllllll Summary e

* The physics of the neutrinos 1s very exciting and offers a
lot of research opportunities.

* Double beta decay (DBD), if observed, will represent a
big step forward in our understanding of the neutrinos,

and of physics beyond the Standard Model. A Nobel
prize may be awarded for its discovery.

* The physics learned from DBD 1s complementary to that
learned from Large Hadron Collider (future colliders).

» Better nuclear matrix elements and effective DBD
operators are needed, especially for the short range
mechanisms. And we are working hard for that!

MEDEX17, May 29, M. Horoi CMU
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