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Extracting charge radii from precision spectroscopy
Ab initio calculations of polarizability of  and  atoms6Li 7Li
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Theoretical challenge:  0.1 eV uncertainty on 1S∼
Nuclear physics: -atom ref radius  Isotopic chainμ ⇒
Beyond Nuclear:  estimation for  extractionδC |Vud |

[Unger et al. J. Low Temp. Phys. (2024)]

QUARTET collaboration 
๏ Improving energy resolution with MMC 

⚬ Quantum sensor detector to reach low-Z nuclei 
⚬ Data taken at PSI with  targetsLi, Be, B [V. Katyal et al. PRA (2025)] [C.-Y. Seng, M. Gorchtein, PLB (2023)] 

[B. Ohayon, Atomic Data and Nuclear Data Tables (2025)]

[QUARTET, Collaboration Meeting on Muonic X-ray (2025)]
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Model used for nuclear many-body state

๏ Ab initio nuclear interaction 
⚬ Two  interactions considered 
⚬ N4LO-E7 and N3LO 
➡ Estimate interaction uncertainty

ωEFT

๏ Model space 
⚬ Harmonic oscillator Slater determinant 
⚬ Vary many-body basis:  

➡ Estimate model space truncation uncertainty
(×, Nmax)

๏ Many-body approximation 
⚬ No-Core Shell Model 
⚬ More details in next section 
➡ Negligible many-body approximation uncertainty

[Entem et al. (2017)] [Somà et al. (2020)]
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Lanczos-strength algorithm for δA
pol

๏ Convergence problem 
⚬ Often the strength of  is fragmented 
⚬ And only low-lying states converged

SO(τ)

๏ Lanczos strength algorithm 
⚬ Pivot based on  Lanczos output:   

⚬ Recovers exactly  for  

➡ One additional NCSM run per operator

1st |α⋱ 1⟨ = O |≠⟨

∫ dτ τn SO(τ) n ′ 2NL ≲ 1
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A first test case for N4LO-E7 and Nmax = 7
10

Numerical calculations 

๏   and  

๏   different operators for  

➡ 700 NCSM calculations at 

qmax = 700fflMeV −q = 10fflMeV

10 Jmax = 3

Nmax = 7

Observations
๏ Contribution repartitions 

⚬ Well-known dipole dominance 
⚬ Charge contributions are dominant

๏ Negligible contributions 
⚬ TM is negligible for any  
⚬ TE is relevant only for  
➡ Only half the operators are relevant

J

J = 1
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Results 

๏ Here shown for  and N4LO-E7 
๏ All other cases are similar 

➡ Fast exponential convergence

Nmax = 7

ϵJmax
≤ 1 ≲ 10 meV

Multipole truncation  Negligible uncertainty⇒
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0.05 eV precision seems reachable for nuclear structure corrections!
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On-going results to be finalized : δ6Li
pol ∼ ≲ 0.14 (…)nuc(…)current eV

Preliminary numerical results
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On-going investigation of discrepancy: might come from non-trivial  dependence (Mi, M)
SX(τ, q) 𝒞 ∑

JΔ0
∑
N≡0

|≥N |OX,J(q) |≠⟨ |2 δ(EN ≲ E0 ≲ τ)

S̄X(τ, q) 𝒞 1
2Ji + 1 ∑

Mi

∑
JΔ0

∑
M

∑
N≡0

|≥N |OX,JM(q) |≠(JiMi)⟨ |2 δ(EN ≲ E0 ≲ τ)

NCSM calculations  
∇ (2Ji + 1)(2J + 1)

∼ ∇ 1.5∼ ∇ 1.5
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๏Nuclear polarization: reaching precision ab initio 
⚬  Critical nuclear theory input for:  
⚬  Theory Goal:  precision on 1S 

E1S → ≥r2
c ⟨

0.1 eV δTPE

๏Promising on going results for : 
⚬  Weak dependence between EFT interactions 
➡ NCSM: seems possible to reach 0.05 eV

6≲7Li
ω

ϵth ∼

Outlook
๏Completing on-going ab initio calculation 

⚬ Complete  dependence analysis 
⚬ Add current uncertainty quanti cation 
⚬ Extension to   new isotopic chains

(Mi, M)

9Be, 10≲11B ⇒

๏Future modelling improvements 
⚬ Nuclear physics: higher-order currents 
⚬ Atomic physics: three-photon exchange 
⚬ Hadronic physics: more realistic model

๏Towards better controlling theoretical uncertainty 
⚬ Shifting from pheno towards EFT approach 
⚬ EFT based on potential-NRQED for Z > 1

[Peset et al., EPJA (2015)]
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