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Outline

» Large scale shell model calculations of

neutrinoless double beta decay nuclear
matrix element (0 vB6NME) of 48Ca

 Double Gamow Teller Resonance and its
relation to 0 vB6NME of 48Ca

 Relation between double Gamow Teller
transition and 0vgS NME, systematic study



Nuclear Matrix Element (NME) of neutrinoless
double-beta decay
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SM calc. for nuclear matrix element (NME) of
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48Ca 0vpp decay
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Why does the NME increases by extending the
model space?

decompose this sum
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ovppr-decay NME and double Gamow-Teller
(DGT) transition

* (Ovpp-decay nuclear matrix element (NME)
with closure approximation
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« DGT transition
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Double Gamow-Teller transition
* DGT transition probability
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Theory: Auerbach 1989, Zheng 1989, Muto 1981, Sagawa 2016

« DGTR itself attracts attention as an exotic
collective motion

* In the first half of this talk, focus on 48Ca

—one of S decay nuclei with large Q value
— shell model calc. is a suitable theoretical method

— DGT resonance (DGTR) was/will be measured

experimentally

Takaki at RCNP/Osaka, plan: RIBF/RIKEN, INFN/Catania
c.f. Cappuzello et al., Euro Phys. J. A. 51 145 (2015)




48Ti 2+, 0+

DGTRA=0,2

ONA

48Sc 1+

By studying the stronger DGT
transitions experimentally (...),
o1 theoretically, one may be able to
“calibrate” the calculations of 24-
48Ca 0+ decay nuclear elements.

BB decay N. Auerbach, L. Zamick and D.C.Zheng
DGTA=0 48Ti O+ Ann. Phys. 192, 197 (1989)

“smearing” the Fermi surface. The matrix element, however, still remains very small
and accounts for only a 10~* to 102 fraction of the total DGT sum rule [13]. A
precise calculation of such hindered transitions is, of course, very difficult and is
inherently a subject of large percent uncertainties. At the present there is no direct
way to “calibrate” such complicated nuciear structure calculations involving
miniature fractions of the two-body DGT transitions. By studying the stronger
DGT transitions and, in particular, the giant DGT states experimentally and as we
do here, theoretically, one may be able to “calibrate” the calculations of 2f-decay
nuclear elements.



Both sides of the Gamow-Teller

transitions are also useful for
48Sc 1+ the “calibration” of the ff-decay
nuclear elements. However only
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Exp. K. Yako et al., Phys. Rev. Lett. 103, 012503 (2009).



Double Gamow-Teller
Resonance in 48Ca
by shell-model calculations



DGTR strength of 48Ca by shell-model calc.
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Dependence of
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[soscalar pairing dependence:
OvB S decay NME and DGT
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DGTR width vs NME
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DGTR and Isovector pairing
H' = H 4 G pi=T=l E.=3 E/B(DGT2,f)/ Y B(DGT2. f).
———————— 7 7

B(DGT)

A =27 Gz +0.5 Mey
20 23
{ 3=0
fl' % Y
i — — : :
40} 3™ 20,05 Mey
20 ;
; #
y : :
H— - L — e — [
401 a™= g25 Mey
zﬂ H
f ' " g
g a
e = - RS e am—
a0t ™= 05 Mev
o .
f T
(¥ o —
aol c™s .1.0Mev
ant
% 1
L I ] 5, ¥
Q i, e "'ITI K.""' =
i 20 40 G0

NME

DGTR centroid energy vs. NME

6 T
4 ol
g |
g |
O
|
2F |
|
|
|
ok . P e e PR g .
l— - i Tensor-type
| Fermi-type
L | ] ]
20 i 25 30 35



DGT transition between the ground states

See the relation between DGT(A = 0) and
0vpL NME (initial and final states are
common)
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DGT(A = 0) transition vs. Ov
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DGT transition vs Ovbb decay NME
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DGT and OvBB NMEs: distance and
momentum dependences : 48Ca
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DGT and 0vBB NMEs: distance and momentum
dependences : 136Xe
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Why linear correlation between DGT and
O0vi5 NMEs?

« Similar dependence in distance dependence, contrary to
momentum dependence

* Intermediate and long-range parts show cancellation,
resulting small contribution to the NME. The short-range
character dominates

 factorization: short-distance details decouple from long-
distance dynamics

— E. R. Anderson, S. K. Bogner, R. J. Furnstahl, and R. J. Perry,
Phys. Rev. C 82, 054001 (2010)

— S. K. Bogner and D. Roscher, Phys. Rev. C 86, 064304 (2012).
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Summary

* Using the shell-model calculations, double
Gamow-Teller Resonance of 4Ca and its
relation to 0vpfs NME is studied.

— DGTR is correlated to the 0vg5 NME via isovector
and isoscalar pairing correlations.

 DGT and 0vpps NMEs show clear linear
correlation. They are dominated by the short-
range character.

* The HIDCX reaction may be useful to “calibrate
theoretical studies of 0vg5 NME. Challenges
remain: reaction theory of HIDCX, ...
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