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Basics of neutrinoless double beta decay N

Modes of 55 decay:
(Z,A) - (Z+2,A)+2e +20. (2vBP)

(Z,A) = (Z+2,A)+2e (0vpp)

Total decay rate of Ov3p3: Mee =y UZmi

2 MO nuclear matrix element
Ov _ Ov \—1 __ 2 (0]7 Ov
r / In 2 = (T1/2) = ‘Mee| ‘M G (Q Z) C(“'(‘Q.Z)' phase space factor
@ o N(E)
W //\Eyﬁﬁ 0vBs
Sy
171
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Basics of neutrinoless double beta decay B

Modes of 55 decay:
(Z,A) - (Z+2,A)+2e +20. (2vBP)

(Z,A) = (Z+2,A)+2e" (0vB5)
Mee = Z/. Uﬁ,-m,-

Total decay rate of Ovj3/3:

MO nuclear matrix element

2
rOV/ In 2 == (T10/112)—1 - ‘Mee|2‘MOV GOV(Q Z) C“"(‘Q.Z)' phase space factor
dL up N(E)
NS BB
e
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New Physics mechanisms for the black box AN

@ Mass mechanism @ Higgs triplet e SUSY
model

(oY

o
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Schechter—Valle theorem

@ Assumptions:
o u quark, d quark and e are
massive
e standard left-handed
interaction exists:
(Tervper + Uryude) WH

@ Connects Ov53 and a non-zero
Majorana neutrino mass.

Schechter and Valle, Phys. Rev. D25 (1982) 2951
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Schechter—Valle theorem AW

How big is this mass?

5
Estimation: my, ~ iy MO ~ 1023 eV
w (1672)* My,
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Parameterization of the black box AN

Most general Lorentz-invariant Lagrangian for Ov3 (point-like operators):

G2
L=—"Fm p (61JJ_] + 62./“”-/”1/,/ + 63J“JM + €4JMJuVJ + 65J’uJ_]#)

2
with J =1 (1 4+ 75) d, Jb =1y* (1 + 75) d etc. Pas et al., Phys. Lett. B498 (2001) 35
Je1] |e2] le5t2], |e5Re) esRe, |efte| |eal Jes|
from [Pas et. al, 2001] 3x10~7 2x10™° 4 x 1078 1x1078  2x10°% 2x1077
our calc. 2.0x 1077 1.5 x 10°8

W (k) d(a1) d(a2) W (k)

u(k + q1) u(ky + q2)

>

e(p — ko)

(o) (o 1 k) (7)
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Decay mediated by the operator JgJ,rji1 N

@ Choose JEJRO'J.L x 0v° PrdUy, PrdeP e
@ Mass correction

 128g*GEesmZmZm? 5, o
oy = (1672)4my, F (MW/'u )

For p = 100 MeV:

dm, = 9.4 x 1072° eV

Michael Duerr (MPIK) LNV New Physics and 0v33 NOW2012, 10 Sep 2012 9
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Discussion AN

@ The radiatively generated masses are many orders of magnitude
smaller than the observed neutrino masses.

@ Lepton number violating New Physics (at tree-level not necessarily
related to neutrino masses) may induce black box operators which
explain an observed rate of Ov50.

@ The smallness of the black box contributions implies that other
neutrino mass terms (Dirac/Majorana) must exist.

@ v's mainly Majorana: Mass mechanism is the dominant part of the
black box operator.

@ v's mainly Dirac: Other lepton number violating New Physics
dominates Ov33. Translating an observed rate of Ov(5 into neutrino
masses would be completely misleading.

Michael Duerr (MPIK) LNV New Physics and 0z NOW2012, 10 Sep 2012 10
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Motivation N\

TeV-scale particles can lead to the same contribution to Ov
sub-eV-scale neutrinos:

Contribution of two heavy scalars or vectors with mass M; and a
heavy fermion with mass M,:

Michael Duerr (MPIK) LNV New Physics and Oz NOW2012, 10 Sep 2012
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Colored seesaw scenario — the model AN

@ Extend SM by color octet scalar and fermions
®~(8,2,+1) and V; ~ (8,1,0)
@ Lagrangian of the new sector:
—L, = YLy ioo Tr(®*W;) + %Mw,.Tr(\Tl,-C\II,-) + Ao Tr(®TH)? + H.c.

= no neutrino mass at tree-level.
@ Coupling of ® to quarks:

,CQ = dRRDq)T QL + EIRﬁuQLq) + H.c.
Perez, Wise, Phys. Rev. D 80 (2009) 053006, Perez et al., JHEP 01 (2011) 046.

Current mass limits: My > 1.92 TeV, My = 1 TeV.

ATLAS Collaboration, arXiv:1108.6311 [hep-ex] and arXiv:1109.6572 [hep-ex]

Michael Duerr (MPIK) LNV New Physics and 0 NOW2012, 10 Sep 2012 13
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Colored seesaw scenario — neutrino mass AN
. . (H®) (H°)
@ One-loop neutrino mass matrix
-
A
2 \OH | \
M =>"v 67 Y Y T( Mg, My,) S SV S

i

My
M2 —M2, +M3 (-2

M2
. . o _ 2
with loop function Z; = Z(Me, My,) = My, VE—E, )
]
Express Yukawas as
1672 1 [(Td)—
Y, =4/ ok U/ MR \/(Z9)
G203 €253 %
with Casas—lbarra matrix R = | —¢153 — 515,63 €183 — 51553 516
5153 — 01883 5183 — G158 Gl

Michael Duerr (MPIK) LNV New Physics and NOW2012, 10 Sep 2012 14
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Neutrinoless double beta decay

@ direct contribution @ indirect contribution
d T P U d u
|
o | W
|
e (—pp— ¢
\Ifi VA
U, vy
| e ©
o A W
|
d . L - U d U
2
~ Vi1 (e)? 2%
o A kY w, o A GEE

1672 Y11
For Rjj = d;: A~ /\¢HV2 e i Mw,I,-

Current limit for "®Ge: Ti2 > 1.9 % 10%° yrs

Klapdor-Kleingrothaus et al., Eur. Phys. J. A12 (2001) 147

Michael Duerr (MPIK) LNV New Physics and NOW2012, 10 Sep 2012 15



LNV and LFV through color octet states MAX-PLANCK-INSTITUT

\\\ FUR KERNPHYSIK

- Q\\- HEIDELBERG

Lepton flavor violation

2 RN
Br(lo — l57) = 52285 [ Y (YS) () A
64352253 —6x2 In(x: M2
with F(x;) = = 6X'+3:f2&?ff1)46xf n09) and x; = S
! ®

For choice Rj; = d;;

30em  (1672)?
4 GEMG N3, v*

Br(j — 1) = > T usum
i 1

Current limit at 90% C.L.:

Br(u — ey) < 2.4 x107*2

MEG Collaboration, Phys. Rev. Lett. 107 (2011) 171801

Michael Duerr (MPIK) LNV New Physics and 0z

NOW2012, 10 Sep 2012 16
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Three non-degenerate color octet fermions A

LNV and LFV through color octet states QAX»PLANCKJNSTITUT
SN

Ratio of particle physics amplitudes A/ A,

2 2 )2
A ~ 167" Y11 Z m,Ug. AI — G2 Mee
XonvZ M\ &i My Z; F{p?)
normal hierarchy inverted hierarchy
sin? 01 7 0 i 013 £0
U — j PO —
10000 Ao =107 mwm 10000 Aot = 107" mm
Xon =102 Ao =1072
100 100
< 1 < 1
< <
0.01 0.01
0.0001 0.0001
10°% 1072 107! 10°* 1072 107!
mi [eV] ms [eV]
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Three non-degenerate color octet fermions N

LNV and LFV through color octet states wa,pLANCK,]NSTWUT
NN\

effective mass

“color effective
Mee = Zi Ue2imi

sin? 613 # 0

G2 : 10
sin® 03 = 0.013 inverted hierarchy
normal hierarchy mm—

10° . : T
10} ‘ -
p 5
_ g :
i ‘ B
— 1072 +
E_w
1073 b
my[eV]
1074 L L
0.0001 0.001 0.01 0.1 03 —8
Aoy = 10

my [eV]
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Summary N

@ Neutrinoless double beta decay is a sensitive test for lepton number
violating New Physics.
@ The black box theorem is valid, but it is only of academic interest:
o Radiatively generated masses are far too small to account for the
neutrino masses observed in oscillation experiments.
o Other operators must give the leading contribution to neutrino masses,
which could be of Dirac or Majorana type.
@ In the colored seesaw model, “direct” and “indirect” contributions to
Ov 35 exist: Depending on the model parameters, either of the
contributions can be dominant.

Michael Duerr (MPIK) LNV New Physics and 0z NOW2012, 10 Sep 2012 20
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Thanks for your attention!
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Neutrinos are massive N

B TR
&’
H
ohtiiri
3
<<
=
3

Neutrino oscillation -

T oo experiments show " - R
g atmospheric 1
K 2 1 ~207%V? atmospheric
e —> that neutrinos have . s
N solar~7x107%eV2
R a mass. m’ — —
. 180 ? NORMAL I? INVERTED

Mohapatra et al., arXiv:hep-ph/0412099

01 002 003 004 005 006
s 6,

Gonzalez-Garcia et al., JHEP 04 (2010) 056

, @ Is lepton number conserved
& in Nature?
— 0vBp
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Oscillation parameters AN
parameter best fit +10 20 30
Am3; [107% eV 7.597529 7.24-7.99 7.09-8.19

2.5079:99 2.25 —2.68 2.14 —2.76
2 -3 a\/2 0.16
Amsy [L0T2VI T (5 40008 —(223-258) | —(2.13—2.67)
sin? 012 0.31279:017 0.28-0.35 0.27-0.36
0.5279:9¢ 0.41-0.61
-2 —0.07 —|
sin” 023 0.52 + 0.06 0.42-0.61 0.39-0.64
9 0.01313.95¢ 0.004-0.028 0.001-0.035
sin® 013 10008
0.01679-0%8 0.005-0.031 0.001-0.039
—0. 61+0 .75
5 o gg 0-—2r 0—2n
—0.417575) ™

upper (lower) values refer to normal (inverted) hierarchy

Michael Duerr (MPIK)

Schwetz et al., New J. Phys. 13 (2011) 109401
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Effective mass |Me| N

@ Normal hierarchy: T T
| o, | R
— Jm? £ Am2  and — M2 L Am2. AR e |
07 To
2 2 200 2 28 2
ee — (1 1€12 sy s
Mee = iy [ micd, + e2%sh/m2 + Am3, ) + P sty /m + Am3,
sin?fy3 =0 sin? 13 = 0.053

10° T T 10° T T

best fit values range
30 values range -+ - -

best fit values range
30 values range --- - - - 101 -

|Mee| [eV]
5
b

104 10
0.0001 0.001 0.01 01 03 0.0001 0.001 0.01 01 03

my [eV] my [eV]
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No symmetry can protect zero Majorana mass "\

Assume an unbroken discrete symmetry:

Vel —> MuVel, €L —7 Ne€L,

aL — 1qqu(q = u,d), W, — nu W

e Majorana mass term forbidden: 72 # 1

@ Invariance of the left-handed interaction: n}nenw = ninanw =1

o Existence of 0vBS3: n2niPn2 =1

These equations cannot be solved simultaneously!

Takasugi, Phys. Lett. B149 (1984) 372, Nieves, Phys. Lett. B147 (1984) 375

Michael Duerr (MPIK) LNV New Physics and 0 NOW2012, 10 Sep 2012 5
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SV — decay mediated by the operator J; J,j; N

Choose J; J;j; < TP, duP;deP, e
Mass correction

om, =X(p=my) x p2’

p=m,

Physical neutrino mass m,, is solution of

P—=2(B)lp=m, =0

@ Result:

om, =0

W (ky) d(q1) d(a2) W (k)

Michael Duerr (MPIK) LNV New Physics and 0v33 NOW2012, 10 Sep 2012
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2 color octet fermions — normal hierarchy N
Ti(yrs)
’ Br(u—ey)
5x10% -
5x 107
1x10%
5105 1x107H ¢
'# 5x10712}F
1x105}
5% 104 | 1x10°2 ¢ 1
y 5x1083}
/ . : . L My(Gev)
2000 4000 6000 8000 10000 ‘ : ‘ = My (Gev)
2000 4000 6000 8000 10000
5 Ta(yrs)
Top figures :
5x10% |
Aoy = 0.15 x 1078; Aoy = 0.1 X 10-8; -
Aoy = 0.7 X 109, 1xa0
5x10%

Right figure ol

5x10% |
)\¢H = 10_9; M¢\U = 600, ) . : .
Meow = 380: Moy — 190, 2000 4000 6000 8000 10000

| A

M, (GeV)

Michael Duerr (MPIK) LNV New Physics and 0v 33 NOW2012, 10 Sep 2012



MAX-PLANCK-INSTITUT
\\\\ FUR KERNPHYSIK

. . . -ca\\- HEIDELBERG
2 color octet fermions — inverted hierarchy N
T%(yrs) Br(u— ey
5x107 5x10°1 |
1x 1077 ¢ 1x10-1
5x10% F 5x10712 ¢
1x10% ¢ 1x 1012 F
5% 105 | 5x10° 8}
L [ L L L My(GeV)
. . . L My(Gev) N
2000 4000 6000 8000 10000 Ve 4000 6000 8000 10000

Parameters

Aoy = 0.15 x 1078, Aoy = 0.1 x 1078
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Case of three color octet fermions — setup AN

@ Minimal deviation from tri-bimaximal mixing with non-zero 6013:

_2 1 Ae— 0
1 \/)é\ i 1 \/g)\ i 1 i i
Upmns =~ N %el 3 + %el V] diag(l, e'“, e’(BJﬂS))
1 A Lid 1 A Lid 1
BTEE VAT U
GE (2m | my 202
2 16 2 2 2 )\2 2B
oA ~ yili ™ . mp 4 moe i maA~é€
M¢ )\¢HV 311 M\IJ1 312 M\p2 13 M\u3
e Br(pu — ey) x ‘(2ei‘s)\ - \f2)ml]I:(Xl)
1
2
+(\/§ei2a T /\ei2a+i6)m2§(x2) _ 3i20+id ) m3-7I:(X3)
2 3

Michael Duerr (MPIK) LNV New Physics and 0v33 NOW2012, 10 Sep 2012 9
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