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Introduction

Neutrinos
massive particles
.
Dirac vs. Majoranc &N
VFYV V=Y

OV v=v,m, >0



Introduction

Heidelberg-Moscow Ge experimeft,), :

2.23%2%.10"y (Mg ~ 0.3+ 0.5€eV)

—0.31

(Heidelberg, Klapdor et al. hep-ff)512263)

Sum spectrum of the 7 Ge detectors Nr. 1.234.5
;s HEIDELBERG-MOSCOW, 2004 56.66 kg y

T & _ Period: November 1995|- May 2003
X L2 2
(0.67-445) x 10 0,23 - 0.59

i 1410

>1.6-10°y (90% C.L.)
(Moscow, Belyaev et al.)
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Introduction

NuclearOvBB-decay ¢ = v)

Light neutrino
exchange mechanism

continuum

virtual excitation
of states of all multipolarities
in (A,Z+1) nucleus

0+
AZ) (A,Z+1)

(A,Z+2)



Introduction

Nuclear2vgg-decay

second order weak process
within SM




Introduction

measureCle/Vz (compilation of A. Barabash, 2005)

Isotope T, in 10y

48 2.1

Ca 4.275 1
5Ge 150 + 10
82Se 9.2 + 0.7
B7r 2.0+0.3
100Mo 0.71 + 0.04
116Cd 3.0+0.2
5Te (2.5+0.3) x 10°
130Tea 90 + 10
136X e > 81 (90% CL)
150Nd 0.78 + 0.07

238 J 200 + 60
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Inverse Half-Lives [T;/,(0" — 07)]7}

o
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Eff. neutrino massy; = Z m;Uz
J

G¥(Q2)IMZE  mGY(Q.2) (M - MY

Uej — first raw of the neutrino mixing matrix
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Nuclear Matrix Elements
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ORPA vs. SM

8 — —
Calculated values

77| Nuclear matrix |[*
76 Ge
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J.Bahcall, H.Murayama, C.Pena-Garay
1 PRD 70 (2004)
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“In the foreseeable future, it does not seem possible toeania direct and controlled manner
from QCD nuclear matrix elements for large
Thus, there is no way of quantifying with absolute confidetheerange of uncertainties"...



World status oM, light neutrino mass mechanism
A. Escuderos, A. Faessler, V. R., F. Simkovic, J.Phys.G37q2adXiv:1001.3519 [nucl-th]
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PHFB = K. Chaturvedit al., PRC78(2008)



ORPA vs. SM

Complete theory of nuclear structure does not exist!
Nuclear models to calculate3g-amplitudes

Mean field— s.p. states— configuration space— diagonalization

Tubingen; Strassbourg-
Jyvaskyla Madrid
QRPA NSM

S.p. bases N7w Ohw

configurations limited all




ORPA vs. SM

Shell Mode

Model Space: “°Ca—fp; °Ge,**Se —p, f5,2, 9o 2

96Zf, 1OOMO — s, d, g; 128’130Te, 136Xe — S, d’ g7/2’ h11/2

e A lot of GT strength is missing (Ilkeda Sum Rule is violated o@©%)

several spin-orbit partners are missing eve@/in model space

e Many Ovgg-transitions via negative parity intermediate stai@sle, spin-dipole
etc.) are missing.They contribute a lot td®” (shown by QRPA)



ORPA vs. SM

QRPA

e \Works quite well when applied to description of collectivates
e Fulfills exactly various model-independent sum rules

M% andM?” are integral quantities (sums over all intermediate states
challenge for experimental verification, but favors QRPAaigtion

Jpp-Problem
2v6 1S sensitive to degree of violation of the Wignher SU(4)
symmetry= gpp-sensitivity Is unavoidable!



ORPA vs. SM

Systematic study of QRPA uncertainties

V.R., A. Faessler, F. Simkovic, P. Vogel, PRC 68 (2003); NB& 72006); NPA
793 (2007); PRC7(2008)

dpp fitted to2vBB-decay half-life= stableM®”

Tested sensitivity oM?” to:

e Size of the single-particle basig, @, 5 7iw)

e different realistic representations of the nucl&@matrix
(Bonn-CD, Argon, Nijmegen)

e quenching of the axial vector strendgii



Light Majorana Neutrino Exchange Mechanism

ORPA vs. SM

e RQRPA (g=1.25)
m RQRPA (g=1.0)
e QRPA (g=1.25)
m QRPA (g=1.0)
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ORPA vs. SM

Effect of short range correlation

F. Simkovic, A. Faessler, H. Muether, V.R., M. Stauf, PR&(2009)
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ORPA vs. SM

Partial contributions tdv®”

o MY =3 5 Mﬁ; — particle-hole channel

~

MY = % apnpn(0sl|Ch&nl, [cf ], 100
pnp/n/ .

o M = 3 4 I\/IgY,T —particle-particle channel

ME: = 3 bonpr(O [Sei P eX-



QRPA vs. SM

A. Escuderos, A. Faessler, V. R., F. Simkovic, J.Phys.G37qRanXiv:1001.3519 [nucl-th]

Ov

Se L QRPA[q)p=2.3]: M., =1.64




ORPA vs. SM
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ORPA vs. SM

8 T T T T TT II T T T LI I|
RFSV-07

Calculated values ORPA

| Nuclear matrix |

76 Ge Y

Shell Model
TFS5G-86
l VAMPIR
BKS-01

3 SRQRPA l i

o |

NCALC
B
I

10—15 10—14 10—13 10—12

Fy (yr')
BKS-01= A. Bobyk, W. Kaminski, F. Simkovic, PR&3 (2001) < 2vp5 20 times too slow
Shell Model= E. Caurier, G. Martinez-Pinedo, F. Nowacki, A. Poves A. ZukkMP77 (2005)
RFSV-07= V.R., A. Faessler, F. Simkovic, P. Vogel, NP3 (2007) (2003)= 2vAp fitted
TFSG-86= T. Tomoda, A. Faessler, K. W. Schmid, F. Grummer, XBA(1986)
& 2yB3B 8 times too fast




ORPA vs. SM

A. Faessler, G. L. Fogli, E. Lisi, V. R., A. M. Rotunno and Fatkovic,
“QRPA uncertainties and their correlations in the analys@®gp decay” arXiv:0810.5733 [hep-ph]
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Scatter plot of QRPA = logM?, with 1o error ellipse



ORPA vs. SM

[l Exp. bounds + NME, 90 % C.L.

., 90 % C.L.

] Klapdor et a
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" Ov
MeasuringM¢

Can one measure nuclear matrix elements of
neutrinoless double beta decay?

V.R., A. Faessler, PR80, 041302(R) (2009) [arXiv:0906.1759 [nucl-th]]



' Ov
MeasuringM¢

NuclearOvBB-decay ¢ = v)

Light neutrino
exchange mechanism

continuum

(AZ+1) B(GT) of 1* — from charge-exchange reactions

(D. Frekers, H. Sakai, R. Zegers, et al.)

(A,Z+2)



' Ov
MeasuringM¢

Double Fermi transition (JZ = 0™)

1T, Tg-2>

0> — (T2 Ty2>

B o

M2” = 0 if isospin SU(2) symmetry is exact Wiolated by Coulomb



" Ov
MeasuringM¢

ng = Z Pv(rab)T;TB - é[f_a [-I’:_, \7C]]
ab

) -7)

I'ab

. . n . A e? Q-7
Isospin lowering operatof~ = ', 7,; Coulomb interactioryc = 5 Z
azb



" Ov
MeasuringM¢

Zp(rab)T == [T [T, Vel

1 -t -

Isospin lowering operatofF~ = Y, 75; Coulomb interactioc = 5 Z

a#b Fab
Ve = VO 4+ v 4 v
oo _ f Z 1+ % o _ _i Z rﬁf’) + Tf)3) U@ — f Z ﬁ (T(z) _ (3) (3) T, Tb)
© 8 wb eb ¢ 8 T 8 5 ab

Only isotensoN contributes tqT-, [T, Vc]|



' Ov
MeasuringM¢

N\

I:Itot =T I:Istr T \7C

If Hgr exactly isospin-symmetric{:‘f", Hstr] =0

U

WY = é[f_, [T, |:|tot]]



' Ov
MeasuringM¢

MOV —

2 R
S 2, @«0{1T100¢0¢T7101)
S

ws = Es— (Eor + Eor)/2



: Ov
MeasuringM¢

2 _ ~ n
M ~ 2 W as{OF| T ITAS){I ASITT|0;")

1 ~ n
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" Ov
MeasuringM¢

Measure the\T =2 isospin-forbidden matrix
elemenk07|T [l AS)

charge-exchanga(p)-type reaction

Challengex0?|T-|I AS) ~ 0.005
(ASIT-0"y~ VN-Z ~5

M2(QRPA)/M2(SM) ~ 3 + 5



' Ov
MeasuringM¢

But MgV/MgVT ~ 0.3

Ratio M2 /M2~

may be more reliably calculable thaf” and M2 separately
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' Ov
MeasuringM¢

C(r)dr = M®”

IS

82 —
A=124

A
A
A
A=130 ——

A=136

r(fm)



" Ov
MeasuringM¢

Only smallry, ~1-2 fm determinev®”
= nucleon pairs in the relativewave contribute= T =1,S = 0 pairs

o1-0-5S=0,T=1)=-3|S=0,T =1)

U

0
Mgt = —3M¢’

provided the neutrino potential isthe same in both F and GT cases

High-order terms of nucleon weak curreat M /MOV ~ —2.5



Reaction analysip

Basic requirements for a charge-exchange
probe

Measure cross secticnKnow (I AS|T*[0t)
79?7



Reaction analysip

Any hadronic probe adds isospin to nuclear system
(weak interaction probe would be ideal)

to probe small admixture ¢DI AS) to |0F)
= must be forbidden to connect in reaction
main components ¢fAS) and|07) (AT = 2)

Only T = 2 probes (G, p), (t,°He),...)



Reaction analysip

ornp(0F — 1AS) oc (| AS|T*(0F)
27?7

0:7) = [To To); IAS) = ——=[0") + a|To—1To— 1)

\/ﬁ

)
07) = [To—-2To=2)+B[To-1To-2)+y — (;TO <107

= |DIAS)



Reaction analysip

SZSe

onp(yDIAS — 1AS) Is 10 times large than other
mechanisms



Reaction analysip

IAS of “*Ca (T = 4,T,=3)in *Sc

1.locates akE, =6.678 MeV

2.100%y-decay tol™ state aE, =2.517 MeV
(E,=4.160 MeV)



Reaction analysip

E. W. Grewe, D. Frekera al., PRC76, 054307 (2007)

Resolution= 40 keV
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Conclusions

e 0vBB-decay Is arexperimentum crucis for revealing the Majorana
nature of neutrinos and a feasible way to determine the atesol
neutrino mass scale down to 10 meV'’s.

e Uncertainties in the QRPA calculations & could be greatly
reduced by using the experimental data2ofgs.

e The M% of the SM are substantially smaller than the QRPA and
otherM?®’. Reason for such a deviation is under active study now
(too small basis of the SM?).



Conclusions

e ReliableM?”:
Understanding essential nuclear physicswiz-decay
Devising nuclear model capable of catching this physics
Trying to separate out less model-dependent contributmive’”
Comparison with relevant experimental data is indispdasib

e Non-accelerator methods playing more and more importaat ro
In deciphering new physics.
M% — very probably not the last input needed from nuclear
physics.

Supported by: DFG%;B TR27 “Neutrinos and beyond”



