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@ Elementary Particles of Standard Model,

° up type quarks,
Ek (Uh )Jk

° down -type quarks,
- d k
& =5, (U)o
) Lagrangian for a charge-current weak interaction,

Z ( LYed] +U{_’yu||j_> Wi +h.c.

@ Lagrangian rewritten in terms of mass eigenstates,
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Wolfenstein’s CKM matrix *
2 4 .
275>\T — % 2 )\4 Ao —in)
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Symmetry Test

@ Why it's so important ?
o the underlying symmetry of Standard Model
o prediction of a new flavor — n ?
@ Test on the fundamental symmetry of Standard Model:
o Orthogonality test on rows & columns, CP violations
Zvikvgj =Y ViViy=0.foranyi, jwithi #
k k

o Normalization test on rows and columns, Unitarity Test,
DoV =T IVid = Do Vivie =" vk =1
K K K i

@ The best precision is achieved in the top row:
2 2 2
[Vud = + [Vus|® + [Vup|® =1
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B-Decay Rate, '

1 In2 G}
r=o==== ng eru (fV|M|:| + 1N’ |Mgr | ) b —ee——ee—

7 = mean life time,

Gr = fundamental weak interaction coupling constant

gy = vector coupling constant, (gy = 1 if the CVC holds),

me = electron mass

Vyg = upper-left CKM matrix elements

fy = phase-space integral for Fermi transitions

fa = phase-space integral for Gamow-Teller transitions

Mg and Mgt are the Fermi and Gamow-Teller matrix elements, respectively.
The superallowed 0T — (2)+ B-decay

© 6 6 6 6 ¢ ¢ ¢ ¢
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Isotensor : Coulomb + Nucl Hamll (KBsG)

Sim (%)
Present Works® Previous Works
Parent Ucom Jastrow type SRC function without SRC Ormand & Towner &
Nucleus Argonne vig?2 CD-Bonn? Miller-Spencer Brown Hardy®
2Z\Mg 0.022 0.021 0.021 0.023 0.021 0.017% 0.010 (10)
26m 0.012 0.012 0.011 0.013 0.011 0.013 0.025 (10)
26g; 0.046 0.046 0.046 0.046 0.046 0.028* 0.022 (10)
30g 0.028 0.027 0.025 0.030 0.026 0.056% 0.137 (20)
He) 0.037 0.036 0.036 0.036 0.037 0.06° 0.091 (10)
S4Ar 0.006 0.006 0.006 0.007 0.005 0.008* 0.023 (10)
46y 0.036 0.035 0.035 0.032 0.032 0.09° 0.040 (30)
50Mn 0.033 0.032 0.031 0.030 0.030 0.02° 0.057 (20)

lLam, Smirnova, Caurier, 2012 submitted to PRC.
2Propc'sed parameters for Jastrow-type function on the basis of coupled-cluster calculation with Argonne V18 or CD-Bonn.
Ormand W. E. & Brown B. A., Phys. Rev. Lett. 62 (1989) p.866.; Phys. Rev. C 52 (1995) p.2455.
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Zt values
Parent Exp. it3 Corrections (%) Present Towner &
Nucleus St SRo’ B2 s’ work® Hardy®

ZMg 3052 (7)  0.0216(9) 0.370(20) 1.466 (17) -0.225(20) | 3077.6(72)  3078.0 (74)
26Am | 3036.9(9)  0.0120(8) 0.280(15) 1.478(20)  0.005(20) | 3072.9(13) 3072.4 (14)
e 3049.4(12) 0.0363(5) 0.550 (45) 1.443(32) -0.085(15) | 3072.6(21)  3070.6 (21)
34pr 3053 (8)  0.0060(4) 0.635(55) 1.412(35) -0.180(15) | 3070.7(84)  3069.6 (85)

46y 3049.5(9)  0.0034(6) 0.075(30) 1.445(62) -0.035(10) | 3070.1(74)  3073.3 (27)
50Mn 3048.4(12) 0.0032(5) 0.045(20) 1.445(54)  -0.040(10) | 3071.8(52)  3070.9 (28)
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Z of Parent Nucleus

Towner and Hardy. Rep. Prog. Phys. 73 (2010) 046301 —¥—i
Lam, Smirnova, Caurier, 2011, submitted —4—

3090 - ! -
— Lam, Smirnova, Caurier, 2011, preliminary —@—
@
F
g 3080
18. 38Km
8 3070 |- { i { }
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Gy = Ggr9vVud = GFVud
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K 273In2

(he)® — (mec?)s
Gy = Gr9vVud = Gk Vud
Ft =3073.12+0.78 s
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[Vug| = 0.97404 + 0.00021
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2 K 2915.64 + 1.08!
Mul™ = e+ a7t 7t
2(14A¥)Zt t

K 273In2

(he)® — (mec?)s
Gy = Gr9vVud = Gk Vud
Ft =3073.12+0.78 s

[Vud |? = 0.94875 & 0.00041
[Vug| = 0.97404 + 0.00021

[Vus| = 0.22521 =+ 0.000942

Vub

[Vup| = (3.38+ 0.36) x 10~ 2 <— PDG (2010)
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Finally...

Unitarity

[Vua|* + [Vus|? + [Vub|* = 0.99949 + 0.00059
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Nuclear Present Work! Previous Work
Hamiltonian
Jastrow type SRC function |
w/o SRC ucom Jastrow type SRC function
Argonne V18 CD-Bonn Miller Strengths from Ormand &
Spencer OB (1989) Brown (1985)
Sim X 109
34,
usD —37.97 —8.843 —29.69 —48.19 —27.44 —361.2 —3.5
USDA —127.8 —101.2 —118.9 —140.2 —71.25 —_ —_
usDB —134.1 —120.8 —134.5 —142.9 —106.1 —_ —_
Sim X 102
340
usb —3.103 —3.098 —3.061 —3.071 —3.061 —3.960 —2.7
USDA —2.734 —2.730 —2.697 —2.712 —2.695 = =
usDB —3.120 —3.115 —3.076 —3.088 —3.071 = =

Application of Isospin Non-Conserving Hamiltonian
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@ CKM unitarity test can be a check for isospin non-conserving Hamiltonian
@ The unitarity of CKM matrix is tested,

S IVj|? = 0.99949 + 0.00059
i

However, more .#t values of parent nuclei should be included.
For example, parent nuclei of psd, sdpf, pf shell spaces. dgro may be revisited.

@ There is an indication of transition of isospin non-analog states in 3*Ar and 34ClI.
@ INC Hamiltonian can be used to describe isospin-forbidden proton emission.

Application of Isospin Non-Conserving Hamiltonian
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