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Motivation

Spherical even-even and odd-mass nuclei
* Power counting

* Energy spectra

e E2and M1 properties

f decays from odd-odd nuclei

* Low-lying odd-odd states

» Effective Gamow-Teller operator
* Uncertainty estimates

BB decays



TECHNISCHE
UNIVERSITAT
> DARMSTADT

LONG TERM GOAL

* Calculate matrix elements for Ovf decays and provide an associated uncertainty
estimate

IN THIS WORK

* Describe observed [ and 2vf[5 decays in order to establish whether our ET is capable
to describe them consistently



Spherical nuclei
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Effective theory for collective nuclei
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Energy

protons, neutrons

nucleonic densities
and currents

Bertsch, Dean, Nazarewicz, SciDAC Rev. 6, 42 (2007)

Chiral EFT
*Nucleon and pion fields

BREAKDOWN SCALE A ~ 1500keV

Collective ET w

*Phonons K <1

*Few fermions

w ~ 500keV
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Relevant energy scales in even-even nuclei
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Relevant energy scales in odd-mass nuclei
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Effective degrees of freedom

Hamiltonian in terms of boson creation and annihilation operators (collective excitations) and
fermion creation and annihilation operators (for the description of odd-mass systems)

[dwdm = Opw {au, al} = 0,1
LO: Bohr and Mottelson’s harmonic vibrator model
HLOEw1N N=d -d
NLO: Interactions between collective core and the odd fermion
S YO
HNLoEngJ-J+CU2N7'L J= 10(d ®d) J =
NNLO: Anharmonicities

HNNLoEgNN2—|—gU]\2+ng2 AQE—(deT) (cic?)—i—](ﬂ—?)]ff

Coello Pérez, Papenbrock; Phys. Rev. C 92, 064309 (2015)
Coello Pérez, Papenbrock; Phys. Rev. C 94, 054316 (2016)



Order-by-order improvement
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LO:
*One LEC
*Harmonic behavior

NLO:
*Two additional LECs
*Particle-core interactions

NNLO:
*Three additional LECs
eAnharmonic corrections

Accuracy and precision show an
order-by-order increase of
precision at the expense of
reduced predictive power



Testing the power counting
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Most general positive-parity rank-two tensor

Q = Qo (d’f+ci) + Q1 (d*@d)(2)

All terms scale similarly at breakdown

[w
Q1 ~ KQO
Natural scaling
W A
Ay —, Ay —
V A’ W
LO

*Phonon-annihilating transitions

B~A = B¢

NLO
*Phonon-conserving transitions
*Static E2 moments

Energy [A. U.]
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E2 transition matrix elements

exp

EFT
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E2 transition matrix elements
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EFT
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E2 transition matrix elements
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E2 transition matrix elements

exp

EFT
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Most general operator of rank one

L . RETeY
i :,udJ + Hal + |:<dJr + d) & (:udl'] + ,UJa1J>:|

LO term:

*Two LECs
*Phonon-conserving transition
*Static M1 moments

NLO term:

*Two LECs
*Phonon-annihilating transition
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Static M1 static moments and M1 transition matrix elements
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Low-lying positive-parity odd-odd states

Low-lying positive-parity odd-odd states are
constructed as

[IM:; s jn) ZCIMJV n!p}|0)
where
|]n _jp| S I S]n +.]p
and

TnTp =1
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Effective Gamow-Teller operator

From the power counting

Most general rank-one operator coupling

C
odd-odd and even-even states Bt EFT

C
- 0.58(142) and —£E£ PP 0.33(29)
5

Cp

05 =Cs (p @ 1)
+ Z Coe [(d'+d) ® (0 7)) v “Br “Kr

(L) (1)
+3 Cope [(d*@dud@d) @(ﬁ@ﬁ)“)]
Le

LO term:
*Couples states with AN =0

NLO term:
*Couples states with AN =1

NNLO term:
*Couples states with AN = 2




Uncertainty estimate for single-f8 decays to the ground state

Corrections to odd-odd states
(05| Oar ALY ~ %MGT (I — 0)
Corrections to the effective GT operator
(051A0cr |1} ~ T Mer (17 = 0f)
Uncertainty estimate
AMgr (I = 0f) ~ =Mar (I — 0f)

or

w 2
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Popescu et al., Phys. Rev. C 79, 064312 (2009) Thies et al., Phys. Rev. C 86, 044309 (2012)
Thies et al., Phsy. Rev. C 86, 014304 (2012) Akimune et al., Phys. Lett. B 394, 23 (1997)

Frekers et al., Phys. Rev. C 94, 014614 (2016) Puppe et al., Phys. Rev. C 86, 044603 (2012)
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Matrix elements for single-f decays

B~ exp
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Data: Nuclear Data Sheets

Coello Pérez, Menéndez, Schwenk; arXiv:1708.06140
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Matrix elements for single-f3
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Coello Pérez, Menéndez, Schwenk; arXiv:1708.06140
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Matrix elements for single-f3

B~ exp
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Data: Nuclear Data Sheets

Coello Pérez, Menéndez, Schwenk; arXiv:1708.06140
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Matrix elements for single-f3
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Coello Pérez, Menéndez, Schwenk; arXiv:1708.06140
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SSD approximation for 2v( 3 decays

GT matrix elements for 2vf[ decay

l OOM 0 | OOTC 1 OORU
LA 2y ooy []) +
M2y — <f|| Za S n n b b + 12
GT ; an /me .................. 2 1 ( )
+
w - gs

SSD approximation — —

Mg (i — f) »

Percentual uncertainty estimate

D1y w o Dy +w
W

o(gs — gs) = Tq’ (K’ L,

where

©.@) n

O(z,5,a) = Z (aj—n)s

n=0
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Summary and outlook

SUMMARY

Matrix elements for § and 2vB 3 decays from spherical nuclei can be consistently described
within our simple ET when theoretical uncertainties are taken into account

OUTLOOK

NLO corrections to the Hamiltonian for the odd-odd system and the effective GT operator are
expected to decrease the uncertainty by a factor of 1/3. These corrections are feasible

05 T T T ‘

Ni
Zn
Ge
Se

GCN

The correlation between the matrix
element of the double Gamow-Teller 0.4
operator and the matrix element for .

OvfS [ decay can be employed to g, 03 Jﬁ:i
. 1
calculate the later matrix element 5 EDF
5 0.2
within the ET, thus providing a %

matrix element for this decay with g

uncertainty estimate .

o
-
N
w
N
(¢}

MOvﬁﬁ(ogs_> Oas)



TECHNISCHE
UNIVERSITAT
DARMSTADT

Thanks



