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EiEZGEKRF ML AR L ABSTRACT

Correlation Between Neutrino Mass and Neutrinoless
Double Beta Decay

ABSTRACT

The origin of the neutrino masses calls for new physics beyond the standard model. It
is natural to connect new physics with the Majorana nature of the neutrinos. The Majorana
neutrino masses can be generated in seesaw mechanisms and radiative neutrino mass generation
mechanisms. And the Majorana nature of the neutrinos can be probed by neutrinoless double
beta decay (Ov3/3). In this paper we discuss the correlation between neutrino mass and 0v303.

We give a brief introduction about the standard interpretation of Ov33. In this model, Ov /33
process is determined by the effective Majorana masss of electron neutrino, so it can be seen in
the running and planning experiments only if the effective masss parameter is big enough.

In many cases, new physics contributions to Ov 3/ cannot be neglected. We review Ov 33
in left-right symmetric model with Type I+II seesaw and analyze every contribution to Ov5/ in
this model. Then we show that in left-right symmetric model with Type-II seesaw dominance,
the dominant contribution to Ov3/3 could come from left-handed current with light neutrino
exchange or right-handed current with heavy neutrino exchange.

An enhanced Ov (33 process can also originate from a tiny effective neutrino masss. In
this paper we introduce some extended two Higgs doublet models. We realize these models
by introducing two scalar singlets among which one carries a singly electric charge while the
other one carries a doubly electric charge. We can obtain a dominant Majorana neutrino mass
matrix at two-loop level. And the structure of the neutrino mass matrix can be fully determined
by the symmetric Yukawa couplings of the doubly charged scalar to the right-handed leptons.
Meanwhile, The one-loop Ov33 process can arrive at an observable level even if the electron
neutrino mass is extremely small. We also study other experimental constraints and implications

including some rare processes and Higgs phenomenology.

KEY WORDS: neutrino mass, neutrinoless double beta decay, loop
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% 1-1 %H 5K

Table 1-1 Oscillation parameters

Parameter Hierarchy Best fit 30 range

om?/10°eV? NHorlH 7.37 6.93-7.97

Am?/1073eV? NH 250  2.37-2.63
Am?/1073eV? IH 246  2.33-2.60

sin? 015/1071 NHorIH 297 2.50-3.54

sin2f;5/1072  NH 2.14  1.85-2.46
sin2f15/1072  IH 218  1.86-2.48
sin20;/10"1  NH 437  3.79-6.16
sin?0;/10"1  IH 569  3.83-6.37
§/m NH 1.35 0-2
§/m H 1.32 0-2
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B 2-1 RFMFRNBEREGHE LA, B FEMTIAE
AP T N R L AR

Fig 2-1 Feynman diagram of neutrinoless double beta decay, the

black box contains any mechanism whatsoever for generating

neutrinoless double beta decay

B AR TC A il RS 34 ] LU AR 2 82 HoA sefE L 72 42, {H 2 Schechter-
Valle & O 20, RELH IR 2 e, WAt a B4R E.
AR A X FRE (Crossing symmetry), AF (2-17) 7] PLAR# N

0 — udude e~ (2-18)

RIGIER2-2f7R, RBFEIIN SUQ2), e Ftt, WG TS u 55w, d 5wl
AR S S I Y oS e SR AIL S o G N A E DAL DT

FE 3% 2 ER 2 MR DU ER 2, AR, X498 B BT
PAIE BT FP s 7 X LS S AR 2 3 i e RO S 20 g st i, (ER A RE g i i
IR, XA E2-1 57, e AN e — ] DA% 3 T P 7 X0 DL AR i Ay
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222 FRERIER
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B 2-2 Schechter-Valle £, L PR FRUNERT LT+

G EOE SRV ]

Fig 2-2 Feynman diagram shows neutrinoless double beta decay

processes induce a Majorana mass term

XA R AT RO WUR ] AR RO

H(x) = %2 Z e (2)VaUuvinj® () + h.c. (2-19)
Fordr g J& a5 B HLI
JO=urydy (2-20)
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(=)? 7
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fHERRZEA (2-25) P53 T A IRRIAE Y, A B L9k f P R 2 5
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(2-28)
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=

(T4 = G e 2 M| 2-31)

R, G RN, RSB RE R MO RO, HIRFRZE R
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B2-3AFMEMRBGTHRTEREER (BB, PRTKRGELRKEAFEREMSOIIEL, BHHEH
CP AL AEZE R, HEMBER XA TEN LFEE 2016 FERLHG PR T RO LR, LhRE
Hr A& 2 d KamLAND-Zen & 8 F 3 2% % LK W% 69 B AT A 200 £ 89 RARIR A
Fig 2-3 (color online). Updated effective Majorana mass in the standard interpretation as function of the
lightest neutrino mass. Neutrino oscillation parameters are determine by the best fit values, Majorana CP
phases are chosen as free parameters. The vertical line is upper limit of the lightest neutrino mass by Planck
2016 intermediate result, The horizontal band is excluded regions of the effective mass by the latest

neutrinoless double beta decay measurement result from KamLAND-Zen.

& 2-1 AP AT N5 R R o a3 AR IR A

Table 2—1 Experiment limt on neutrinoless double beta decay

Isotope T 10/”2 (10%* year) at 90%CL  m,..(meV) Experiment

136 Xe 107 60-161 KamLAND-Zen
Ge 52 6000 GERDA

100010 1.1 300-900 NEMO-3

1307 4.1 270-760 CUORE-0O
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THRIXT 136 X e J0 A - X0 DL I 3 A0 - 5 B 7 1) R BBURE IR B 6 = 1027 4F261, 3h o7 (1)
FHEBFEN mee = 15 — 25meV; A KK MAJORANA DEMONSTRATOR 256 5% 0Ge
(RN B[R AT LA 2K T 1027 47, R R FR 8 AU B LN mee = 20meVE27,

ERF T NS AR R, AR w B R ErN M oE, HE2-
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5.
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FEZE LAEMTREPHPHFRES TRHEFINR
BT

ARFEE A B =FhBBRALH] (Seesaw mechanism) 7= A F 15 & FrY I R PA K Xt
TP RS Z AR R TTRR; RSN H— P A MRS (Left-right symmetric model),
FEIX AR A bl ot & R AR — RN S RIS RAR L A, TR T X LS 22 AR AT LA
W R B = E SR T, WA IR B TR A A F kiR
W B AR A AR I P G I R s dR e DA R ERAR L] 3 5 1 A A R
BRG], 285 Al A0 A T e B RS TG T i AU RS S AR ) R T

3.1 ERERHRAN &
WEB-1 R, PR OB —AN 5 4Efg 2k 7281, B
O = kslilLdo (3-1)

B, ks RMEFEL WULRIRN ks = a5/, A RIRAERR, ARAERRUE Y —MIKEE
AR RAEZ A BERS LL R EH

B 3-1 ZAPRTRE0E4EHF

Fig 3—1 Dimension 5 operator for neutrino mass generation

kg W A RONFRIER SR, WEE— 2 A (1-9) P, i1 s R I
Nv, Ml B-1) ATEE R i &N

1 1
m, = §li5V2 = 5%% (3-2)
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HAEMHEE v = 246GeV, R PHRFFER m, = 0.05eV, as B 1, WA LS 2] EEFR AN
A ~ 10GeV. =B AL AT LAYE i BeAs 72 AR IR AN RO

311 FE—LEREEAR G

B (3-1) A RLERHRXNE/FR A SN ELS. BB3-20R, —M=AEX /) &®E
T T RN 1, — 0 HAER— AR, XA DU A — AN F 9K 7 ST K
K= A T R

B 3-2 % — X BREMRALE
Fig 3-2 Type-I seesaw

SINATHRT Ne KY TSR, XN = Ng + N, RS RE S
S Np W3R, FIEDL. Yukawa #RG 000, JEM UG lEAEOS, HD

Lc—;w@N—mm@M+hm (3-3)
HEZEE212TM AR, P RET LS A
LOHM — —%nLMynf + h.c. (3—4)
Hrr,
VL
ng = [ NG ] (3-5)
M, = [ Agg ﬁi ] (3-6)
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GRS, XA DUE A e A = SR B ACE R R T R
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N /

N K

B 3-3 % = R IRBERALF
Fig 3-3 Type-II seesaw
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EC—&?&H@@AQ+ha (3-11)
A A% W 5537 ] OIE B R B = E S A B RN ARV SRS (0 31 2 BH BB
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V2 YA
WWV—EKQ (3-13)
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B T RERIBR AL 134351,
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B34 ESHBHOAFHTRNBERE
Fig 3—4 Neutrinoless double beta decay mediated by higgs triplet
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FEE, EI_'I:
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FAN, FERTEHE AT, AATF W R FAERS, B
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Fig 3-5 Neutrinoless double beta decay from purely left-handed current contributions
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Fig 3—6 Neutrinoless double beta decay from purely right-handed current contributions
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Fig 3-7 Neutrinoless double beta decay from a left-handed and a right-handed current contributions
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Fig 3-8 Neutrinoless double beta decay from a left-handed and a right-handed triplet contributions
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Fig 3-9 Neutrinoless double beta decay with left- and right-handed W mixing
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Fig 3—10 (color online). Effective mass in left-right symmetric model with Type-II dominant seesaw.
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Fig 4-1 Two-loop diagrams for neuteino masses, the left one is in the weak eigenbasis, the right one is in the

mass eigenbasis.
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Fig 4-3 (color online) The two-loop integral in Eq.(4—43)
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Fig 4-4 Tree and one-loop diagrams for neutrinoless double beta decay
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Fig 4-5 (color online) The one-loop integral in Eq.(4—67)
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Fig 4-6 The doubly charged scalar exchange diagram for electron-antielectron to muon-antimuon process

Arrows show the flow of charge, time flows from left to right.
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