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Electromagnetic polarizabilities describe the second-order 

response of hadrons to external electromagnetic fields:

Extracting polarizabilities via low-energy Compton scattering amplitude in forward limit:

where
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Experimental data for the nucleon system (10−4 fm3) :

⚫ A pure constituent-quark picture cannot fully reproduce the observed polarizabilities.

⚫ Pion-cloud fluctuations and low-lying excited states are essential.

ChPT naturally resolves this discrepancy[1]:

[1] V. Bernard, et al, Nucleons with chiral loops: Electromagnetic polarizabilities, Nucl. Phys. B 373, 346 (1992).
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For a massive particle with spin 𝑠, the number of independent polarizabilities is 

2(𝑠 + 1)(2𝑠 + 1). We can organize the structures according to the irreducible spin

structures formed by the initial and final polarization vectors.

In a multipole expansion ordered by the photon energy, the corresponding effective 

interaction Hamiltonian is written as
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spin 0

spin 1/2

spin 1
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As in the scalar case, the amplitude can be systematically expanded in terms of a 

complete basis of 12 independent structures:
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Singly Heavy mesons ഥ𝑸𝒒:

𝐽𝑃 = 0− 𝐽𝑃 = 1−

Doubly Heavy baryons 𝑸𝑸𝒒 :

𝐽𝑃 = 1/2+ 𝐽𝑃 = 3/2+ 𝑃 → 𝑃′ = ℎ𝑃

𝐷𝜇𝑃 = 𝜕𝜇𝑃 + 𝛤𝜇𝑃

Heavy Diquark-Antiquark 

symmetry (HDAS)

Triplet representation  
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Doubly Heavy baryons bc𝒒:

𝐽𝑃 = 1/2+ 𝐽𝑃 = 3/2+

bc pair:

cq pair:

[2] Y. Ma, et al, Ground state baryons in the flux-tube three-body confinement model using diffusion Monte Carlo, Phys. 
Rev. D 107, 054035 (2023).

Chiral eigenstate

Mass eigenstate
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Fig1. The degrees of freedom in ChPT

Perturbation Expansion

𝑝

Λ𝜒
𝑔

(QCD coupling 

constant)

~ 𝑚𝜋 0.1 GeV

~ 4𝜋𝑓𝜋 1 GeV

Consistent with the Symmetries of 

the Underlying Theory (QCD)

The Degrees of Freedom 

Lorentz Symmetry

Chiral Symmetry

Baryon Number Conservation

C, P-parity invariance

……
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Heavy Hadron Chiral Perturbation Theory

Heavy-hadron masses 𝑚 ≫ 𝑚𝜋 break naive chiral power counting.

integrate out the heavy component

Non-relativistic expansion 

(FW transformation)
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Chiral Lagrangian for Singly Heavy mesons

Chiral Lagrangian for Doubly Heavy baryons



Electromagnetic Polarizabilities 

15

Fig2. The Born and loop diagrams contributing to the electromagnetic polarizabilities up to 𝑂(𝑝3) . Wavy, 

dashed, and solid lines denote photons, Goldstone bosons, and heavy hadrons, respectively. The single and 

double lines represent the pseudoscalar mesons (spin 
1

2
baryons) and vector mesons (spin

3

2
baryons).
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𝛥 = 𝑚𝐷∗ −𝑚𝐷 ≈ 142 𝑀𝑒𝑉

𝑚𝜋 ≈ 140 𝑀𝑒𝑉

Threshold singularity 
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In the long-wavelength limit, second-order perturbation theory gives

The dipole operators associated with the pion cloud can then be written classically as

We can estimate  the characteristic momentum and velocity scales as
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⚫ Pion-cloud dynamics: Chiral loops dominate electric polarizabilities.

⚫ Giant electric polarizability of 𝑫∗ : the exact kinematic coincidence (𝛥 ≈ 𝑚𝜋) induces a 

threshold singularity in the chiral loops, leading to anomalously large polarizabilities.

⚫ Doubly heavy baryons: Electromagnetic properties depend strictly on the heavy-flavor 

composition, with the bcq system dominated by mixing with the scalar state T.

⚫ Spin-dependent polarizabilities of 𝑫∗: 𝑀1𝑀1-type polarizabilities are suppressed by 

momentum of pion.

⚫ More precise calculation: Further segregate energy scales in proximity to the threshold and 

reconduct power counting.

⚫ Benchmark: Our rigorous estimations offer explicit quantitative benchmarks for future lattice 

QCD studies.
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