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EFT for spherical even-even nuclei
e Effective Hamiltonian and power counting
* E2 properties at LO

Odd-mass nuclei within the EFT

e Power counting for fermion operators
* Spectra at NNLO

* E2 and M1 properties at LO

f decays from odd-odd nuclei

* Low-lying odd-odd states within the EFT

* [ operator for Gamow-Teller transitions

* Sizes of the matrix elements from the power counting
* Uncertainty estimates
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Relevant energy scales in even-even nuclei

2000
1500 — —> AFE ~ w
2 1000} —— -
RV
= A ~ 1500keV
a3
500} -
w ~ 500keV
Op  — o —— Exp|]
OI+ 2I+ 3I+ 4-I—|_ 6I+

I



TECHNISCHE
UNIVERSITAT
DARMSTADT

Boson quadrupole operators

Hamiltonian in terms of boson quadrupole The states are constructed as phonon
operators excitations of the even-even ground state
T] — ny (1)
[dlﬂdy} o 6,1“/; (d]L >M ‘O>
df, and d, = (—1)"d_, Spectrum up to three-phonon excitations

rank-two tensors '

o+ 2+ 3+ 4+

6+

Most simple rotational-invariant Hamiltonian

O+
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4+

HLO = wlN,

Energy [A. U.]

2+

0+

multiphonon states

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



Power counting for the boson operators
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At low energy scales and the breakdown
scale the LO Hamiltonian scales as

Hio ~ Nw
and
Hio~A
The boson DOF scale as

d~ VN

and

e
W

Example: A term with four boson operators
shift the energies by w at breakdown. Thus

Cod* ~w or Oy ~ (%)Qw

At low energies

Nw\?
Ohd* ~ [ ==
'~ (%)
NNLO Hamiltonian
Hxnio = gy N2 + g, A2 + g5 J2
With

A= (d"-d") (d-d) + N* - 3N,

J= M(dT®d>(l)
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Observables (energy as an example)
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*Cacciari, Houdeau; Nucl. J. High Energy Phys. 09 (2011) 039
*Furnstahl, et al.; J. Phys. G 42, 034028 (2015)



Most general rank-two tensor
. . L ooA®@
O = Q, (d +d) +Q (d ®d)

From the power counting
LO term:

I,
Q1 ~ KQO
*One LEC

*Phonon-annihilating transition strengths

NLO term:

*One LEC

*Phonon-conserving transition strengths
*Static E2 moments

Energy [A. U.]
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States coupled by the E2 operator

0+
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4+

Qo
@

multiphonon states




LO matrix elements for phonon-annihilating E2 transitions
LO matrix elements for phonon-annihilating E2 transitions in [W. u.]
Nucleus| |Qo |<01I|Q|I21>| [(21]1Q1102)| [(21]1Q1122)] [(21]1Q141)]

®2Ni |3.4(11)| 7.8  7.5(25) 4.8(16) | 8.6(2) 10.7(36)[13.7(2) 14.3(48)
®INi [3.4(11)| 6.2  7.6(25) | 3.3(9) 4.8(16) 10.7(36) | 7.8(1) 14.3(48)
%7n |4.3(14)| 9.3  9.6(32) 6.0(20) [12.8(5) 13.5(45)|12.7(1) 18.1(60)
%7n |3.9(13)| 8.6  8.7(29) | 2.3(2) 5.5(18) [12.0(1) 12.3(41)| 9.9(1) 16.5(55)
©Ge [4.5(15)| 10.2 10.0(33)| 6.9(5) 6.3(21) |17.9(3) 14.2(47)| 15.0 19.0(63)
™Se [6.2(21)| 12.9 13.9(46)| 1.1(1) 8.8(29) |10.5(1) 19.7(66)|21.1(1) 26.5(88)
%0Ge [5.3(17)| 11.1 11.8(39)| 2.6(2) 7.4(25)| 9.6 16.6(55)| 17.8 22.3(74)
BKr |7.2(24)]18.4(1) 16.0(53)| 6.9(3) 10.1(34)| 5.3(2) 22.7(76)|28.1(1) 30.4(101)
S0Kr |5.8(19)]13.7(1) 12.9(43) 8.1(27) [11.2(2) 18.2(61)[25.1(2) 24.4(81)
2Kr |4.1(14)| 10.3 9.2(31) | 3.9(6) 5.8(19) 13.0(43)|17.0(3) 17.5(58)

LEC fitted to even-even and odd-mass nuclei E2 transitions strengths
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LO E2 moments

From the power counting

[w
Q1 ~ KQO
Uncertainty due to LEC
a2 a5
w

B~A = B¢
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LO E2 static moments for even-even first

excited states in [eb]

Nucleus Q1] |Q(21)]
%2Ni | 0.071(F32) |0.050(120) 0.121(F%%
S4Ni | 0.055(F29) |0.400(200) 0.093(FS8
647n | 0.082(FS2) | 0.140(20) 0.139(F192
67n | 0.089(F5%) | 0.081(13) 0.150(F:L°
87Zn | 0.072(33) | 0.106(16) 0.123(F%9
O7n | 0.085(F52) | 0.240(30) 0.144(F1%¢
OGe | 0.111(F51) | 0.030(60) 0.188(F%38
0.090(60)
Se | 0.0106(F7) | 0.260(90) 0.180(F 132
898e | 0.099(T73) | 0.310(70) 0.169(F133
BKr 0.0152(F:Y) 0.258(7159)
SOKr | 0.142(F30¢ 0.240(F17%)
Kr | 0.106(*7; 0.180(* 75




Relevant energy scales in odd-mass spherical nuclei with %-ground states
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| a2~ (3)«
' AE ~ ()« '
w ~ H00keV -
_ 109 Aq — Exp|
12~ 3/2- 52~ 7/2- 9/2-
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Power counting for the fermion operators
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The fermion operators

{au,al} = Oy

create and annihilate a fermionina j© = 1/2~
orbital

Base on the energy scales, the following
power counting for fermionic n-body
operators is proposed

<On> ~ <On—1>

| &

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

From the power counting, the NLO
contribution to the Hamiltonian is

Hnio = ngj j+ wa N

where

and
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Cumulative distributions for fitted LO and NLO expansion coefficients for the energies are in
agreement with the power counting




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



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

NLO:
*Two additional LECs
*Particle-core interactions



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

NLO:
*Two additional LECs
*Particle-core interactions

NNLO:
*Three additional LECs
eAnharmonic corrections

Accuracy and precision increases
order by order at the expense of
reduced predictive power
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LO phonon-annihilating B(E2) values

LO B(E2) values for phonon-annihilating
transitions [W. u.]

Nucleus I — If B(E2)exp B(E2)ErT

198pd 27 — 07 49(1)  34(11)
05 — 27 52(5)  69(23)
25 — 27  71(5)  69(23)
47 — 27 73(8)  69(23)
WAg 27— 2 40(40)  34(11)
%1_ — él_ 41(6) 34(11) LEC fitted to even-even and odd-mass nuclei
22 7 21 27(23) E2 transitions strengths
5, — 2 41(23)
S, — 3. 49(24)  47(23)
2 =2 20(23)
2, 2 8(4)  14(23)
2, — 3, 10(7)  54(23)
= 61(23)
I3 7(23)
2. 3 683(23)




LO relations between even-even and odd-mass E2 observables
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LO relations between even-even and odd-mass E2 observables
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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 strengths
*Static M1 moments

NLO term:

*Two LECs
*Phonon-annihilating transition strengths
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LO M1 static moments and phonon-conserving B(M1) values

LO M1 static moment in [uy] LO B(M1) values for phonon-conserving
transitions in [W. u.]

Nucleus I]  prexp(I7) pmrr(I])

%pq 2 0.79(2)*  0.79(5) Nucleus IT — I B(M1)exp, B(M1)gpr
25 0.71(10)  0.79(10) TAg 37— 27 0.033(4) 0.036(2)
47 1.8(4) 1.58(8) s, 5, 0.036(4)
TAg 1 —-0.117  —0.11 5. = 2. 0.040(2)
2. 0.98(9)  0.78(5) '9Ag 37— 37 0.043(7)  0.036(2)
27 1.02(9)  0.68(4) 5, 5, 0.036(3)
- 1.6(1) 3. — 3. 0.040(2)
21 1.5(1)
9%pd 2F 0.71(2)*  0.71(4)
27 0.71(9)
47 1.42(7) . .
1097 o %1— _0.13* 013 LECs fitted to static M1 moments
5, 1.10(10) 0.72(5)
2. 0.85(8)  0.58(4)
= 1.5(1)
5. 1.3(1)




LO phonon-annihilating B(M1) values
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LO B(M1) values for phonon-conserving
transitions in odd-mass nuclei [W. u.]

Nucleus I]

—)I;cr B(Ml)exp B(Ml)EFT

Rh 20— 4] 0.12(1) 0.10(2)
5, 5 0.08(8)
5, — 5. 0.10(4)
2, — 2 0.03(4)
2, — 3, 0.014(2)  0.018(28)
2, — 3, 0.020(3)  0.023(28)
=3 0.17(2)

WAg 20— 3, 0.117(15) 0.122(27)
5, — 3, 0.10(11)
2, — 2. 0.16(7) 0.07(5)
RN 0.05(5)
2, — 3, 0.036(16) 0.033(36)
2, — 3, 0.10(4) 0.07(4)
I =32 0.22(3)

LECs fitted to even-even and odd-mass
nuclei M1 transitions strengths
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Odd-odd nucleus as a core + nh + p

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

SOBI. SIBI.
|IM).]p’.]n ZCJI,,%] v ,upy > 1+ 3/2-
where T
n = 9l < T < g + i nh+p p
and ‘
TpTp = 1 7986 nh 8086
1/2° 0"
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[ operator for Gamow-Teller transitions

From the power counting

Most general operator of rank one that (é/” PN 0.58(F42) and Cg” FET 0.33(12)
couples odd-odd and even-even states . P
1+
Op =Cj (p@ 7)Y
(1)
+2_ G (d+d) e pen”] o*
A w
i D) . (1) . CIBLE ~ C/j’K
+3 Core [(d*@dud@cz) ®(ﬁ®ﬁ)(>] 2
Le
LO term:
Couples states with AN =0 N -
2" Cpe~Cp A

NLO term:
*Couples states with AN =1

NNLO term:
*Couples states with AN =2 0" Cj
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Relative sizes of f-decay matrix elements

The matrix elements of the f operator between low-lying odd-odd states and even-even
ground, one- and two-phonon states are

{ —Cp/3(—1)ir—intli [ =1

0 otherwise ’

0|0\ 15 Gin; Jp) =

Cor,V/3(=1)p=dntl [, 1| <2< [ +1

0 otherwise

(2; N = 1|Os]| L5 jns Jip) = {

(I5; N = 2(|Og| |15 jin; p) =

Cﬁfffz‘ \/6(_1)jp_jn+li |Ii - 1| < If <I;+1
0 otherwise

From Fermi’s golden rule

. /O i
(P = 2L 4710511
95 (110511 (£110516)

— /108 t)is—1og(ft) s

For  decays from low-lying 1* odd-odd states

/10108 (F D) gs = —108(f 1) g 11 — %—B 1058722 and V1008 D s —los(f g 20n — _ Y2Cs1,1 wrr 0.47+3°

3 Cp
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Relative sizes of f-decay matrix elements

LO matrix elements for 8 decays to excited states relative to the matrix element for
the S decay to the ground state

Parent — Daughter |log(ft)es 10g(f1),+ log(ft)or log(ft),+ | 121 1|06]I11)] | (03 1105l117)1| 12511051117
02Cu = %°Ni 5.16 7.03 6.00 598 | 0.12 0.58(132)(0.38 0.47(F35)|0.39 0.47(*37)
%4Cu = %*Ni 4.97 5.50 0.54 0.58(132)
66Cu L5 %7n 5.33 5.43 6.01 5.82 | 0.79 0.58(132)|0.46 0.47(F35)]0.57 0.47(F37)
68Cu % %7n 5.76 5.16 6.30 5.80 | 1.97 0.58(132)|0.54 0.47(*35)]0.95 0.47(F37)
%Ga = °*Zn 5.19 5.49 6.90 588 | 0.71 0.58(%52)|0.14 0.47(*33)[0.45 0.47(F57)
Ga s ™Ge 5.09 5.89 5.43 0.40 0.58(*32)|0.68 0.47(*37) 0.47(*39)
0As Ly 808e 5.70 5.70 7.20 6.70 | 1.00 0.58(732)]0.18 0.47(F57)]0.32 0.47(F32)
2745 55 925e 6.19 6.91 7.44 7.00 | 0.44 0.58(32)]0.24 0.47(*35)]0.39 0.47(F37)
8By 25 Ky > 5.80 0.58(+42)

"Br = "™Se 4.75 5.07 6.50 6.60 | 0.69 0.58(F52)|0.13 0.47(*35)[0.12 0.47(*33)
0By 75 80Ky 5.48 5.98 6.34 6.27 | 0.56 0.58(32)|0.37 0.47(F35)]0.40 0.47(F37)
%0Br 5 Se 4.67 4.94 5.30 570 | 0.73 0.58(F32)]0.48 0.47(733){0.30 0.47(*5)
*Rb = *Kr 4.93 5.19 5.88 587 | 0.74 0.58(%32)]0.33 0.47(133)[0.34 0.47(*37)
2Rb = %°Kr 4.58 4.86 6.72 6.29 | 0.72 0.58(132)/0.08 0.47(F35)|0.14 0.47(*37)
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Cp from a PPQ model

Within the PPQ model®

|\IJIM> :ZCJIT%JPV .;rnﬂ .7p |\IIO>

v

and

JpmJnn Jpm

C}g;) _ WZCM {ngUgn( )Jn—i-naT ajn—n+‘/ijjn(_ ) m+]n+na]p—majn—n
+ Uj anaj m%j, n+V.7pVJn( 1)7»=m QXjp— moz; n}
We identify
—<jp‘|:;§”jn>‘/ijjn (@, ®6,,)" & CoEen)™

and

(oGS W) & (0110slILi3 s )

*Kisslinger, Sorensen; Rev. Mod. Phys. 35 (1963) 853
*Futami, Sakai; Nucl. Phys. A 92, 91 (1967)
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Uncertainty estimates for log(ft),s 4 values

Uncertainties of the matrix element for the [ decay to the ground state

A . . EFT A . .
A(O[|Og||1T; Gps jn) ~ (O1|OB||1; Jp; jn)

= &

The Taylor expansion of

2I; + 1
&% | 1110513

10g(ft)if =log | K D)

yields for the uncertainty

EFT 2 W

Alog(ft)ir ~ 1952
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PPQ model f-decay matrix elements with EFT uncertainties

PPQ model lof(ft)g ¢ values with EFT uncertainties

Parent — Daughter |log(ft)exp log(ft)prq| g4 |C3|
%2Cu = 92Ni 5.16 5.80(29) [0.462 0.214(71)
660y 2y 667y 533 5.40(29) |0.462 0.339(113)
0Ga 'l ™Ge 500  5.20(29) |0.462 0.427(142)
Br 5 "®Se 4.75 5.00(29) [0.462 0.537(179)
sogy 7, 80Ky 5.48 5.70(29) ]0.462 0.240(80)
80Br % #9Se 4.67 4.90(29) [0.462 0.603(201)
S0Rb = 89Kr 4.93 5.20(29) |0.462 0.427(142)
$2Rb 5 %2Kr 4.58 5.10(29) |0.462 0.479(159)
104y, 2, 104pg 4.55 4.40(29) [0.291 1.698(566)
106Rp 2, 106pg 517  4.50(29) |0.291 1.514(504)
106Ag 5 196pq 4.92 5.00(29) [0.291 0.851(284)
108 o 2, 108014 452 4.40(29) |0.291 1.698(566)
108 Ag 5 198Pd 4.70 4.90(29) [0.291 0.955(318)
10pg 2, 1100 466  4.50(29) |0.291 1.514(504)
H2In 5 M12Cd 4.64 5.00(29) [0.291 0.851(284)
1y 2, 114gy 447 4.60(29) |0.291 1.349(450)
1287 2, 1284 6.06 5.70(29) |0.248 0.447(149)

1281 5 1287 5.05 4.80(29) [0.248 1.259(420)
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The EFT approach employed to describe spherical nuclei consistently describes the spectra, E2
and M1 properties of these systems at low energies

The systematic construction of the Hamiltonian and transition operators allows for the
estimation of uncertainties

Assuming a simple form for low-lying odd-odd nuclei, a description of § decays from the later
is attempted. The sizes of the matrix elements for decays to excited states relative to the
matrix element for the decay to the ground state scale as expected

An identification of the matrix elements for the decay to the ground state calculated within a
PPQ model to those calculated within the EFT, allows for the “calculation” of the relevant LEC.

This increases the EFT’s predictive power and provides the model with uncertainty estimates
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Thanks



