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Isospin Symmetry Breaking / Isospin Non-Conserving Hamiltonian
Motivation

Theoretical Approaches

for the isospin mixing in nuclear states

@ Collective (hydrodynamic) model
Bohr & Mottelson (1977)

@ Hartree-Fock theory + RPA(TDA)
Hamamoto & Sagawa (1993); Sagawa (1995);
Dobaczewski & Hamamoto (1995);
Colo & Nagarajan & Van Isacker & Vitturi (1995);
Sagawa & Van Giai & Suzuki (1996);
Alvarez-Rodriguez & Moya de Guerra & Sarriguren & Moreno (2006);
Petrovichi et al. (2008); Liang & Van Giai & Meng (2009);
Rafalski et al. (2009); Satula et al. (2009)
@ Shell Model
Towner & Hardy (1973-2009); Ormand & Brown (1985, 1989);
Ormand (1997); Cole (1997);
Zuker et al. (2002); Caurier & Navratil & Ormand & Vary (2002)
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@ Isospin symmetry in nuclear states is broken:

@ Coulomb force
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@ Isospin symmetry in nuclear states is broken:
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@ Isospin sym. breaking is crucial for the tests of fundamental
symmetries underlying the Standard Model:
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o superallowed 0 — 07 transitions (CVC and CKM matrix, V,q)
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@ Isospin symmetry in nuclear states is broken:

e Coulomb force
o Charge dependent nuclear forces v, # vt # v/

@ Isospin sym. breaking is crucial for the tests of fundamental
symmetries underlying the Standard Model:

T= % mirror transitions (CVC and CKM matrix, Vq)
superallowed 0 — 07 transitions (CVC and CKM matrix, V,q)

search for G-parity violated terms in the axial weak current
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@ Newly updated and extended experimental data

4Brown B. A. & Richter W. A., PRC 74 (2006) 034315; Richter W. A. et al., PRC 78 (2008) 064302.
Martinez-Pinedo G. et al., PRC 55 (1997) p.187 - 205.

CCaurier E. et al., Rev. Mod. Phys. 77 (2005) pp.427 - 488. ; Caurier E. & Nowacki F., Acta Phys. Pol. B 30 (1999) p.705.
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newly compiled exp. data provides almost full coverage of sd model space

@ More accurate nuclear Hamiltonian

e sd shell (USD’89 -> USDA, USDB)*
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@ More accurate nuclear Hamiltonian

e sd shell (USD’89 -> USDA, USDB)?
e pf shell (KB3G, etc.)®
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newly compiled exp. data provides almost full coverage of sd model space
@ More accurate nuclear Hamiltonian

e sd shell (USD’89 -> USDA, USDB)?
e pf shell (KB3G, etc.)®
o ...
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@ code of higher computation power, ANTOINE®,
allows us to calculate without truncation
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Methods
Basic Formalism

Isospin Non-Conserving (ISB) Nucl. Hamiltonian
Isobaric Mass Multiplet Equation (IMME)

@ Wigner (1957)¢, Weinberg & Treiman (1959)°

E(, T, T2) = a(¥, T) + b(s, T) Tz + ¢(v, T T,
v = all relevant quantum numbers + mass number

dWigmer E. P, Proc. of the Robert A. Welsch Conf. on Chemical Research (R. A. Welsch Foundation, Houston Texas, 1957) vol. 1, p.67
€Weinberg S. & Treiman S. B., Phys. Rev. 116 (1959), p.465.
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Isospin Symmetry Breaking (ISB) Nucl. Hamiltonian
Isobaric Mass Multiplet Equation (IMME)

@ We aim to reproduce IMME, and begin with isospin symmetry invariant
nuclear Hamiltonian

[H, T]=0

HIWT) = (o Vo) = Er o) [uT) = S ek [of)
k

fNolen J. A. & Schiffer J. P., Ann. Rev. Nucl. Sci. 19 (1969), p.471.
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Isobaric Mass Multiplet Equation (IMME)

@ We aim to reproduce IMME, and begin with isospin symmetry invariant
nuclear Hamiltonian

[H,T] =
)= )= ) - et
k
@ Nolen-Schiffer anomaly":

Coulomb force alone cannot reproduce
mass difference between T = % analog states;

fNolen J. A. & Schiffer J. P., Ann. Rev. Nucl. Sci. 19 (1969), p.471.
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Isospin Symmetry Breaking (ISB) Nucl. Hamiltonian
Isobaric Mass Multiplet Equation (IMME)

@ We aim to reproduce IMME, and begin with isospin symmetry invariant
nuclear Hamiltonian

[H,T] =
)= )= ) - et
k
@ Nolen-Schiffer anomaly":

Coulomb force alone cannot reproduce
mass difference between T = % analog states;

@ Extra forces are added to break the isospin symmetry,

Viss =Sc- Vo + 8 Ve + S, V,, + Sivspe - Eisovectorspe

s¢ = Coulomb strength parameter, s,, = Yukawa potential (1 = =, p) strength parameter, ...

fNolen J. A. & Schiffer J. P., Ann. Rev. Nucl. Sci. 19 (1969), p.471.
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Methods
Basic Formalism

Isospin Symmetry Breaking (ISB) Nucl. Hamiltonian
Isobaric Mass Multiplet Equation (IMME)

@ We aim to reproduce IMME, and begin with isospin symmetry invariant
nuclear Hamiltonian

[H, T]=0

HIWT) = (o Vo) = Er o) [uT) = S ek [of)
k

@ Nolen-Schiffer anomaly":
Coulomb force alone cannot reproduce
mass difference between T = % analog states;

@ Extra forces are added to break the isospin symmetry,
Viss =S¢ Ve + 8x - Ve + 5, - V, + Sspe - Eisovectorspe

s¢ = Coulomb strength parameter, s,, = Yukawa potential (1 = =, p) strength parameter, ...

e We evaluate (1" |Visg|¥") ... and we fit strength parameters...

fNolen J. A. & Schiffer J. P., Ann. Rev. Nucl. Sci. 19 (1969), p.471.
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Basic Formalism

Combinations of Isospin Sym. Breaking Force

Isovector, b coefficients

Coulomb + Isovector Single Particle Energies (ISV SPE)
Coulomb + Yukawa Pion + ISV SPE

Coulomb + Yukawa Rho + ISV SPE

Coulomb + Yukawa Pion + Yukawa Rho + ISV SPE
Coulomb + Nucl. Hamiltonian + ISV SPE

(simply constructed combinations) => higher root mean square values
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Combinations of Isospin Sym. Breaking Force

Isovector, c coefficients

Correspond to combinations in b coefficients
Coulomb + Yukawa Pion

Coulomb + Yukawa Rho
Coulomb + Yukawa Pion + Yukawa Rho
Coulomb + Nucl. Hamiltonian

(simply constructed combinations) => higher root mean square values
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Basic Formalism

Isospin Sym. Breaking Nucl. Hamiltonian
Isobaric Mass Multiplet Equation (IMME)

E(wv Tv TZ) = a(wa T) + b(l/’» T) TZ + C(w7 T) T227
2

Htotal - Z H(k)

k=0
E(wa T7 TZ) = <¢7 T TZ‘HIDIa/hZ)a T7 TZ>

2
T Kk T
=S (L6 L) TlHeslu, T
k=0

Htota { 'nucl. Hamil. + Hlsoscalar} + H/SB
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Basic Formalism

Isospin Sym. Breaking Nucl. Hamiltonian
Isobaric Mass Multiplet Equation (IMME)

1

E(, T, T;) = N

(W, TIIH e, T)

+\/T(2T+Tz1)(T+1)<¢’THH‘(’1)W’T>

N BTZ-T(T+1)
\/T(2T+ 1T +1)2T+3)2T —1)

(W, DIH? e, T)

E@,T,T.) = EO@W, T)+ EO(, T) - T+ E® (4, T) x [3TZ — T(T +1)]
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Methods
Basic Formalism

Isospin Sym. Breaking Nucl. Hamiltonian
Isobaric Mass Multiplet Equation (IMME)

rearrange...
a(, T) = EQOw, T) = T(T+ 1NE® (4, T)
by, T) = ED(y, T)
c(y, T) =3E®(y, T)
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Methods
Basic Formalism

Isospin Symmetry Breaking Hamiltonian

b and c coefficients

by, T) = EN(y, T)

= T +11)(T )<w,r||Hé‘>Hw,T>

T(2T+:13)(T+1) X Z {Tz- Eisg(¥, T, T2)}

c(u, T) =3E®(y, T)
= 3 (b, TIHP |, T)
VTRT+ )T+ NE@T+3)2T-1) = °
15
T TET+1)(T+1)(2T +3)(2T - 1)

T

x Y ABTE = T(T+1)] x Eisa(v, T, T2)}

T,=—T
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Results
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Fitted b and ¢ coefficients
Results

Isotensor, ¢ coefficients (25 data points)
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Fitted b and ¢ coefficients

Results E Spectrum

Isovector, b coefficients (166 data points)
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Fitted b and ¢ coefficients

Results E Spectrum

Isovector, b coefficients (166 data points)

Britz J., Pape A., Antony M. S., At. Data Nucl. Data Tables 69 (1998) pp.125-159.
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Fitted b and ¢ coefficients
Results

Isotensor, ¢ coefficients (56 data points)

Britz J., Pape A., Antony M. S., At. Data Nucl. Data Tables 69 (1998) pp.125-159.
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Fitted b and ¢ coefficients

Results E Spectrum

Isotensor, ¢ coefficients (56 data points)

Britz J., Pape A., Antony M. S., At. Data Nucl. Data Tables 69 (1998) pp.125-159.
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Fitted b and ¢ coefficients

Results E Spectrum

Isovector, b coefficients (166 data points)

Britz J., Pape A., Antony M. S., At. Data Nucl. Data Tables 69 (1998) pp.125-159.

8.0
Coulomb + Nucl. Hamiltonian + Isovector Single Particle Energies
Short Range Correlation [1+4£{r)] .
USDA 2t
7.0 F |b| Coefficients of f 7
IMME Nuclei T=1/2, 1, 3/2,2 P
=57.238 keV "
_ ms e 5
3 "
Zo0r i ]
Z
5 Nh.
2 #
Gsof tat é‘ ]
= o +
L
4
.
wop, ¥ ]
1 exp. b coeffiiens oo
3.0

17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
Nuclear Mass Number: (major tics, A mass), (minor tics, J states)

Lam, Smirnova, Caurier, Bender Isospin Sym. Breaking Hamil. for sd Shell



Fitted b and ¢ coefficients

Results

Isotensor, ¢ coefficients (56 data points)

Britz J., Pape A., Antony M. S., At. Data Nucl. Data Tables 69 (1998) pp.125-159.
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Fitted b and ¢

Results IMME Spectrum

Outline

@ Results

@ IMME Spectrum
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Fitted b and ¢ coeff

Results IMME Spectrum

Spectrum of IMME nuclei A=25

@ Isovector
Coulomb + Yukawa Pion + Yukawa Rho + Isovector Single Particle
Energies
Isotensor
Coulomb + Yukawa Pion + Yukawa Rho
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Fitted b and ¢ coefficients

Results IMME Spectrum

Spectrum of IMME nuclei A=25

@ Isovector
Coulomb + Yukawa Pion + Yukawa Rho + Isovector Single Particle
Energies
Isotensor
Coulomb + Yukawa Pion + Yukawa Rho

@ Isovector
Coulomb + Nucl. Hamil. (USD/USDA/USDB) + Isovector Single Particle
Energies
Isotensor
Coulomb + Nucl. Hamil. (USD/USDA/USDB)
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Fitted b and ¢ coefficients

Results IMME Spectrum

Spectrum of IMME nuclei A=25
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Fitted b and ¢ co

Results IMME Spectrum

Spectrum of IMME nuclei A=25
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Summary

Outlook:
@ Selection of data points...
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Outlook:
@ Selection of data points...
@ Yukawa potential = and p, reconsidered mass of p, m, ...
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Summary

Summary

Outlook:
@ Selection of data points...
@ Yukawa potential = and p, reconsidered mass of p, m, ...
@ Improve the fitting method...
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