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ÔGT = στ±

S− − S+ = 3 (N − Z )

Q ≈ 0.6

C. Gaarde et al., Nucl. Phys. A 334, 248 (1980)
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ÔGT = στ±

S− − S+ = 3 (N − Z )

Q = 0.88± 0.06± 0.16

K. Yako et al., Phys. Lett. B 615, 193 (2005)
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ÔGT = στ±

S− − S+ = 3 (N − Z )

Q = 0.92± 0.06± 0.05

M. Sasano et al., Phys. Rev. C 79, 024602 (2009)
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Relativistic Quasiparticle RPA

Transitions are obtained by solving the pn-RQRPA equations
(
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B∗ A∗

)(
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Y λ

)
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1 0
0 −1

)(
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)

Residual interaction is derived from the Lagrangian density

Lρ+π = −gρψ̄γµ~ρµ~τψ −
fπ
mπ

ψ̄γ5γ
µ∂µ~π~τψ
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Bλ,J(GT ) =

∣∣∣∣∣
∑

pn

〈
p
∥∥∥ÔJ
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Measured strength corresponds to

T̂(±) = j0(qr)Στ±

For small momentum transfer

j0(qr) ≈ 1− q2r2
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Ô(±) = Στ± −
q2

6
r2Στ±

Isovector spin monopole operator
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Isovector spin-monopole excitations
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Ep = T + m, pp =
√

E2
p −m2,

En = Ep − Ex , pn =

√
E2

n −m2,

|q| =
∣∣pp − pn

∣∣ =
√

p2
p + p2

n − 2pppn cosϑ ≈ |pp − pn| .
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L = 0 strength
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Radial part of the matrix element:
∫ (

1− q2r2

6

)
r2dr , where
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6
< 1

T. Marketin (TU Darmstadt) MSU, November 2012 7 / 28



0.95 =
∑Ei≤E95%(N,Z )

i Bi (GT )∑
i Bi (GT )

η =
∑Ei≤E95%

i Bi (T ,O)∑
i Bi (T ,O)

ζ =
∑

i Bi (T ,O)∑
i Bi (GT )
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SL=0 SGT S′ S′′

β− 33.5 29.3 33.5 35.6
β+ 5.4 2.9 6.3 6.3

Sum rule:
S′β− − S′β+ = 27.2

S′′β− − S′′β+ = 29.3

K. Yako et al., Phys. Lett. B 615, 193 (2005)
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Particle-vibration coupling model

The response function:

R(ω) = R̃0(ω) + R̃0(ω)W (ω)R(ω)

with the interaction

W (ω) = Vρ + Vπ + V LM
δπ + Φ(ω)− Φ(0)

The strength function is

S(E ,∆) = −1
π
=
〈
P+R(E + i∆)P

〉
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Transition operator:

Ôλ
L=1 = r [σ ⊗ Y1]λ τ±

K. Yako et al., Phys. Rev. C 74, 051303(R) (2006)
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Sum rule:

Sλ
− − Sλ

+ =
2λ+ 1

4π

[
N
〈

r2
〉

n
− Z

〈
r2
〉

p

]

T. Wakasa et al., Phys. Rev. C 85, 064606 (2012)
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Gamow-Teller resonance
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Isovector spin monopole mode
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β-decay

Decay rate:

λi = D
∫ W0,i

1
W
√

W 2 − 1
(
W0,i −W

)2 F (Z ,W )C(W )dW

T1/2 =
1
λ
, D =

1
ln 2

(GF Vud )2

2π3

(
mec2)5

~
Allowed decays shape factor:

C(W ) = B(GT )

First-forbidden decays shape factor:

C(W ) = k
(

1 + aW + bW−1 + cW 2
)
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Z = 26 isotopes
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Z = 48 isotopes

10
-2

10
-1

10
0

10
1

10
2

T
1

/2
 [

s
]

GT
GT + FF
exp.

72 74 76 78 80 82 84 86

A

0

5

10

15

20

25

1
0

0
λ

F
F
/λ

G
T

+
F

F

Cd

T. Marketin (TU Darmstadt) MSU, November 2012 22 / 28



20 ≤ Z ≤ 50 mass region
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20 ≤ Z ≤ 50 mass region
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Iron revisited

0.001

0.01

0.1

1

10

100
T

1
/2

 [
s
]

GT
GT + FF
exp.

38 40 42 44 46 48 50 52 54 56 58 60 62 64

N

0

10

20

30

1
0

0
λ

F
F
/λ

G
T

+
F

F

Fe

T. Marketin (TU Darmstadt) MSU, November 2012 25 / 28



Z = 25
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Odd nuclei?
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90Zr 208Pb
S− − S+ (g.s.) 160.925 fm2 1222.044 fm2

S− − S+ (calc.) 160.963 fm2 1213.562 fm2

S− − S+ (exp.) 148± 6± 7± 7 fm2
√〈

r2
〉

p (g.s.) 4.193 fm 5.459 fm
√〈

r2
〉

n (calc.) 4.308 fm 5.731 fm√〈
r2
〉

n (exp.) 4.26± 0.04 fm
δnp (calc.) 0.115 fm 0.272 fm
δnp (exp.) 0.07 ± 0.04 fm 0.083 < δnp < 0.111 fm

0.156+0.025
−0.021 fm

0.19 ± 0.09 fm
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