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Nuclear weak charge “𝑸𝑾”.

Measurement: 𝑬𝟏𝑷𝑵𝑪 with another forbidden amplitude 
such as   𝑀1, 𝐸2 or 𝑬𝟏𝑺𝒕𝒂𝒓𝒌
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 Others
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= Core (n<6) + Main (n=6-9)  + Tail 

 -0.002(2)   + 0.893(7) + 0.018(5)                         1%   

[Blundell et al, Phys. Rev. Lett. 65, 1411 (1990)]

 -0.0020   + 0.8823(17) + 0.0195                          0.27 %   

[Porsev et al, Phys. Rev. Lett. 102, 181601 (2009)]

 +0.0018(8)  + 0.8823(17) + 0.0238(35)             0.5 %   

[Dzuba et al, Phys. Rev. Lett. 109, 203003 (2012)]

The main objective of  the present work is to address 

the issue of  large differences in the core-contribution.



Ψ𝑛
0

→ |Φ𝑛〉

Random phase approximation (RPA):

and Ψ𝑛
1

→ Ω𝐼,𝐶𝑃
(∞,1)

Φ𝑛 = Ω𝑅𝑃𝐴
(1)

|Φ𝑛〉

Configuration interaction (CI) method:
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Commonly used many-body methods
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First-order perturbed RCC method

Advantages:    

1.    Treats “Core”, “Main” and “Tail” contributions on an equal footing unlike the 
“Sum-over-states” approach; thus enables to estimate  errors consistently.

2.    Incorporates all physical effects including double-core-polarization (DCP) effects  
implicitly to all orders in correlation effects at a given level of particle-hole excitation.        
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Our error estimation is more consistent 
as we treat all three contributions on 
an equal-footing in the RCC method.



New value for nuclear weak charge

−73.37 25 𝑒𝑥 24 𝑡ℎ

−0.14 35 .



Summary & Outlook

 Our RCC method treats the ``Core”, ``Main” and ``Tail” 

contributions to E1PNC on an equal footing.

 It also accounts for DCP contributions implicitly.

 Our calculation demonstrates ``Core” contribution is 

agreeing with Porsev et al (2009 & 2010).

 It estimates uncertainties to ``Core”, ``Main” and 

``Tail” in a consistent manner and unambiguously. 

 We are developing RCC methods to remove non-

terminating series in the calculations.

 S  D transition or experiments in other systems.

 A novel technique using optical lattices is proposed.
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