Right-handed Currents in Single and Double Beta Decay

\\\\\ WERNER RODEJOHANN

Gl ¢ 1D

N\ NDM 2015
MANITOP

03/06/15 ITOP..

|o g and Phen

MAX-PLANCK-INSTITUT
FUR KERNPHYSIK

“ PHYSIcs )

N’ M] r
J J//r\ KYLA, ﬁJJIL;\J\[D_,
J

2l=9, 209

Heisenberg-
Programm




Left-right Symmetry
very simple extension of SM gauge group to SU(2)p x SU(2)g x U(1)p_,

usual particle content:
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: R/
UR
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. R/

for symmetry breaking:
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Left-right Symmetry
very rich Higgs sector (13 extra scalars)
rich gauge boson sector (Z/, MVV%) with

My = \/ 2 — My, ~ 1.7 My, 2 4.3TeV

1—tan? Oy

'sterile’ neutrinos vg

type | + type |l seesaw for neutrino mass

2 2
right-handed currents with strength G (g—f) ( M )

Mw

m, x 1/Myy,: maximal parity violation <+ smallness of neutrino mass

(Note: in case of modified symmetry breaking 91, # 9R and MZ/ < MWR possible. . .)




Left-right Symmetry
6 neutrinos with flavor states n, and mass states ny = (v, N§)*

KL Uu S Vr,
nr —
Kg T V] \Ng

Right-handed currents:

o =2 Lo Kpng (W, + e *Wy,) + py" Krng (—€e Wi, + Wy,)]

V2
(K1 and Kg are 3 x 6 mixing matrices)

plus: gauge boson mixing
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Connection to Neutrinos

Majorana mass matrices My = fr vy from (Ap) and Mr = frvg from (AR)

(with fr, = fr = f)

rv 1 (_ /C> ML MD V}JC
: ML Mg \ v,

mass =

= m, = My, — Mp Mzp"' M},

/
Vr Vg

useful special cases

(i) type | dominance: m, = Mp M5' ML = Mp f5" /vr M}

(ii) type Il dominance: m, = fr v,
for case (i): mixing of light neutrinos with heavy neutrinos of order

m TeV\ */?
Sl ~ |TL| ~ Y <107
S 2 18] = [ < 107 ()

1

small (or enhanced up to 102 by cancellations)




Right-handed Currents in Double Beta Decay
(A, Z) = (A, Z +2) + 2e~

3
Lt = % > [y (Ueivri + SeiNg,) (Wi, + £€°W5,,)
1=1

+ egyH(Thvi; + VezNRi)(—fe_mWﬂL T W2_M)}

£t =T iosALfiL, — LriosAgfrLk
classify diagrams:
e mass dependent diagrams (same helicity of electrons)
e triplet exchange diagrams (same helicity of electrons)

e momentum dependent diagrams (different helicity of electrons)




Mass Dependent Diagrams

electrons either both left- or right-handed:

2 ) 2
Arr ~ G% (14 2tan + tan?¢) >, (% _ }9\4_6)
4 2

m m T*-2 ; V*-2
Arp >~ G% (M;; + 2M§VL tan & + tan2§) S (eq_Zm _ ]\64—>

WRr

leading diagrams:




Triplet Exchange Diagrams

leading diagrams:

(negligible)




Momentum Dependent Diagrams

electrons with opposite helicity

2 2

My, My, 2 * 1 « 4
+ tan & + tan & 4 tan f) (UeiTei— — SeiVei—>
" My, 2 1 M

7

leading diagrams (long range):

P ur, dr, P
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Limits

TV — Gg;(Q, Z) ’Mx(Aa Z) 77:6”2

Xe-limit is stronger than Ge-limit when:
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Current Limits on |m..|
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mechanism amplitude current limit

light neutrino exchange (A, ) 1M 0.3 eV

heavy neutrino exchange (A% ) 74 % 10~2 GeV L

heavy neutrino exchange (Af ) m . - 17 % 10-16 QeV =5

Higgs triplet exchange (As,) b 1.7 % 10-16 QeV >

A-mechanism (A ) G L ' ei 3.8 x 10~11 QeV 2

1
n-mechanism (\A,) G%;‘tan& > Uei T 3.0 x 107




Type |l dominance (Senjanovic et al., 1011.3522)

2
_ (% . *
mV:ML—MDMRlMg:va—EYDf Lyl Zsop f

= m, fixes Mr = fvr and exchange of Nr with Wg fixed in terms of PMNS:

4

2 2

myw V2 U=

= AN, ~ G% g ez. X g m?z
( 1

M, M

normal

0.1\ mverted

|MEF| in eV

Myrp=3.5TeV

largest my =0.5TeV

o 0.001 0.01 0.1 4 10~ 0.001 0.01 0.1 . 1
lightest neutrino mass in eV lightest neutrino mass in eV

* (for leptogenesis: Joshipura, Paschos, W.R., JHEP 0108)




Constraints from Lepton Flavor Violation




Constraints from Lepton Flavor Violation
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Adding diagrams

dr,

My, =3 TeV
My =1TeV
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= lower bound on m(lightest) & meV

Bhupal Dev, Goswami, Mitra, W.R., PRD88




LHC Tests

Senjanovic, Keung, 1983
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Excluded 5.

Bhupal Dev, Goswami, Mitra, W.R., PRD88




Type | Dominance: Mixed Diagrams can dominate

dL .: .: U'L dR

Wt

2 ) My 4 V2
q Nr MWR MR

with T' >~  / 7= ~ 10~7 (or huge enhancements up to 1072)

2
) T ~10°(=3) T

Barry, W.R., JHEP 1309




Type | Dominance: Mixed Diagrams can dominate

dy, ur

Normal

Barry, W.R., JHEP 1309

(tests with SuperNEMO and e~e™ colliders)




KATRIN and right-handed currents

e left-handed contribution
e right-handed contribution
e interference contribution

Neutrino masses up to m = 18.6 keV testable




Imprint of keV neutrinos on 3-spectrum

Ve cos@ —sinO \ Vi
vV, ~ {sin@ CoSO N Vieavy

drIGE, [au)

T

Susanne Mertens

Mertens et al., 1409.0920




Imprint of keV neutrinos on 3-spectrum

-

o
o
0

no mixing

_3||||x

dr/dE [a.u]

—— m = 10 keV, sin“® = 0.2

} sin’ (@)

/

keV neutrino

OO

Susanne Mertens

Mertens et al., 1409.0920




10

— differential

5 integral

0__Il 1L [ L1 1 Iill 1 [ L1 IIIII
10° 108 107 10° 10
sin%(6)

(i) energy resolving detector (differential) or (ii) counting detector (integral) or
(iii) time-of-flight




full correlation
--- AE =5 keV
- AE = 0.5 keV

no correlation

.J.‘*
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o

= mixing down to 10~" in reach!?

Mertens et al., 1409.0920




DY KB+ mo)pX[1 +2Ctang]
iE ),

[V KT =2 O(X — me) + Sl XT=ITZ O(X — M)

dE

4 2
(dF> ~ K'(E + me)pe X [mWL —|—tan2§—|—20mWL tanf]

My,
R
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ary mw, )’
(dE>LR_ (MWR) g
X [UeiTeimi\/XQ —m20O(X —my) + SeiVei M/ X2 — M2?O(X — Mz)} }
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Focus for simplicity on

total contribution of keV neutrino with mass M to beta decay:

2.5 TeV
Mw

R

4
) > |82 (X-rays...)

02 = |Sus]2 + 1.1 x 10~ awg(

and note that M does Ov33 with amplitude o |V,;|? (mw /My, )* M

= connection to O3 constraints!




connection to Ov3( constraints:

Me

02 = |S..|°
eff ’ Jl +M]

M2 (G8) T (T0) = IS2M;/m.|?

— §4=107%,M,=2 keV

— 8¢=10"%, M;=4 keV

— 8,=107°,M;=7 keV

E KATRIN

LHC HINT
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Barry, Heeck, W.R., JHEP 1407




How the additional interactions save the day
double beta decay without RHC: 0?M =7 x 10719 keV = 70 peV

double beta decay with RHC: (my, /My ,)* |Vei|* M = 8 meV
Truc(N; = 7y) _ miyy, |Sal®  myy,
Psm(N; = vy) — My, [Tal* My,

decay:

4
beta decay: 675 ~ [Sc;|* + 1.1 x 1079 |V,;|? (QJ\Z;‘F;V) > |Se;?




Energy Spectrum

(45 ) =2 V@ B = (@(Q~ E) (B +ma) + bmem,)

Jackson, Treiman, Wyld; Lee, Yang; Cirigliano et al.; Severijns et al.

b from interference with scalar or tensor (here right-handed) interactions is
derived actually in non-relativistic limit. . .(relativistic: see e.g. Valle, Weinheimer

et al.; Simkovic, Dvornicky, Faessler)

Goal (Ludl, W.R.): relativistic calculation of process, full spectrum, include all
possible neutrino masses. . .




Energy Spectrum

most general matrix element

IM(A— B+e +5;)|]" = A+ B, E. + ByE; + CE.E; + D, E? + D, E?

and energy spectrum

dl 1
dE. ) 64m3my

J

1
(A+ B1Ee + D1E§)(Ej —FE;_ )+ 5(32 - CEe)(E]2-+ — E]2_)

1 3 3
D2 (B - Ej—)}

with maximal/minimal neutrino energy (2o = m?% — mp + mZ 4+ m3)

~(ma = B)(Eema = o) £ |7l (Bema — a+ m2)? = mim3

m? — 2mE. + m?

Ejy =




Summary

o Left-right symmetry has rich phenomenology in various areas
e Many possibilities to influence single and double beta decay

e allows connecting single and double beta decay different from standard light

neutrino exchange




LHC signal in eejj? (1407.3683)

19.7 fo' (8 TeV

T T T I T L T T LI I T T T T | T T T ]
MNe= MWH/‘Z
——— Observed limit
Expected limit
[ Expected+1c
[ ] Expectedt2c

 =—— Theory (gH= gL)

T T \]'Ivll'!l T T T T TTTT

T WIIIII‘

3 35
My, [TeV]

local 2.80 at My, = 2.1 TeV, only in ee-channel




Interpretation

Modified LRSM, gr = 0.6 g1, (scalar fields of SU(2), have different masses than
scalar fields of SU(2)R)

1029,,,,,,,,.,....,...

g
o
o
T
Z
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o
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15 20 25 3 1000 1500
My, [TeV] My (GeV)

=
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Deppisch et al., 1407.5384




Tests of the \ diagram

dr, |

dr

dE; d]_ggrdcosﬁ x (1= f1 B2 cost) gz dggdcose x (E1 — E2)* (1 + B1 B2 cos )

Defining asymmetries

Ag=(Ny —N_)/(Ny +N_) and Ap = (N> — No)/(N> + N<)




Tests of the A diagram

Defining asymmetries

SuperNEMO et al., 1005.1241




Tests of the A\ diagram

-

OvBs3 W-Wg production

ee =W, Wgr, s=9 TeV?

2700. 2800.

mwg [GeV]

Barry, Dorame, W.R., EPJ C72




