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Ov DBD and Nuclear Matrix Elements

Ov double beta decay
« Majorana v is emitted and absorbed.
Nucleus is kicked by 50~100 MeV/c twice.

Majorana
%

Ov life time and v mass
Phase space / weak coupling ~ “nuclear matrix element” (NME)

(TOV)—l Géf<m >2‘MOV M O |l nuclear structure
vzj vipp GT F calculation

i Shell model, RPA, ...
effective majorana mass of electron neutrino

2
+...

NME is important!
e analysis ... absolute mass / mass limit of v
e research planning ... which nucleus is the best candidate?



mother
intermediate

Neutrino

Suhonen, 2005 -

__potential « |arge uncertainty
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In GT(1+) component
e largest contribution /\
from dipole (2-)
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Intermediate states:

° Q.S.
e other states

of various J7.

Double GamowTeller
Double SpinDipole

(A,Z+2)

Y

J™ of intermediate state



Several Methods... e ) 2
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< HHE-AHMEE
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e Stolmade
BATES S——
oupled cluster . .
Calculation l (Light nuclei)
%) RPA}+ . ‘ Renormalization
§ | (nn/p-ppai)  N\on perturbative of transition operator
= | | Higher order o, - e roaseon
. Hagen et al. . .
Generator (ORNL+Osl0...) Large-basis calculations
Coor. meth.
p-n pair,

large (deform) fluctuation
... the first convergence

may appear for the 48Ca case



Correlations or model spaces?

For example, comparing SM w/ QRPA

e Each has uncertainty of
~ 30% QRPA

e SM predictions ...

20-50% smaller than \I
ORPA.

« Concerns...
SM : limited model space
QRPA :

sufficient correlation?

Menendez, PRL100(2008)052503

...Guides from Experiments are necessary.



Experimental attempts to guide the calculation

1. Static properties: particle occupation / vacancy
2. Single transitions

\
i

— Single beta decay "ﬁ
— GT transitions Charge- vt
. x exchange "°Ge ~« "AS ! daughter
— Other transitions o S .|
3. Double transitions AN
— 2v[3[3 decay (|\/|2V) mother intermediate '°S€

— Double GT resonance?



GT strength distributions...comparison with shell model

Shell model ...

with quenched operator
Spectra agree gqualitatively

up to ... full fp, Qe = 0.6
(p,n) : E, =15 MeV
(n,p) : 8 MeV

Strengths beyond ‘ |
... underestimated.

VSM? improved

Necessity of larger model space? Correlations?, ...



Double GT resonance...Challenge by experimentalist

Giant
resonance?

DGTGR
336(?)

Constraint of

double transition

(in addition to M2Y)

... Double GT resonance

Sum rule:
2B(DoubleGT)
= 6(N-Z)(N-Z-1)
= 336 for *8Ca

L]

Only 0.02 is going
to g.s. of 48T

0.02




10 days of experiment was fully approved
at RCNP BPAC, Mar2014

Search for
Double Gamow-Teller Giant Resonances in 48Ti
via
the Heavy-lon Double Charge Exchange
8BCa(t°C, 1°Be(02")) Reaction

Motonobu Takaki (CNS, University of Tokyo)
&
Tomohiro Uesaka (RIKEN Nishina Center)



Exp by Takaki
New ldea: (*°C,?Be(0*2)) Reaction

12C(gnd)—12Be(02") transition is strong.

Opl/Z—Ap%T (lZC’12Be)

0p3/2-0-0-0-0 90O reaction

= Double GT
probe
proton neutron

... Effective in Double GT excitation.

Delayed-y tagging enables clear event

27

d®0/d0,dE [nb/sr/MeV]

300 | 5,=3.2 MeV

0 I Al 1 ]
=5 0 5 Eﬂ 15
Excitation Energy of '*Be [MeV]

3.180

identification.

2.251

"“"Be+n
1
N
.ﬂ.-b* ,‘ﬂ#
:!T. 0F (r=331+12na)

e 7(*2Be(02*)) = 330 ns > TOF ~ 150 ns 2.i07

» ~70% of the ?Be(0*2) state can
survive until reaching the GR F.P.

two 511 keV y-ray
In back to back

-1



Exp by Takaki
Experimental setup

/

Plastic + 16 Nal(TI) FC
— Identify back-to-back
511 keV phOton Target
48Ca:10 mg/cm?
511keV
i Nal(Tl) H180:20 mg/cm?

12C beam (100 MeV/u, 30 pnA)
511keV



Exp by Takaki
Test Experiment

180(12C,12Bey)'8Ne(gnd)

w/o y-tag

BG due to particle
mis-identification with y-tag

/ o

2y time spectrum

decay time constant:
395%%% ns
< 331 nsin literature

Time [ns]

511keV Nal(Tl)

\ 17kHz

511keV



EXp vs. Theory

static Occupation No. @ A
single transition Beta decay @/ O O
B(GT) dist. at Low Ex © A
High Ex @ X
Dipole: 07, 1, 2- A/O A

double trans M2V © O/ HIREH
Double GT X X
Double SD X X

Occupation No. Z B<feih 3 X3 EMmETE DA Ty &
-> QRPA & Shell model ED MY FEE AIXIZ—
J. Menéndez, PRC 80(2009) 048501.

. HERREBRT —FEEREEEEOR LIC&ZRIIH>TLNS,



Summary

e Ov nuclear matrix element M% is necessary to deduce the
majorana v mass from the Ov half life.

* Prediction of M% depends on the models of nuclear structure
- Guiding data are needed.

e B(GT) distributions in the 4Ca(p,n)*8Sc / 48Ti(n,p)*Sc

— B(GT; B+) is underestimated
... correlations/model space is not enough.

e Search for double GT resonance in ¥Ca(**C,1’Be) reaction
... main component of the double GT transition is studied.
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