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OUTLINE

• Covariance and chiral power counting: a simple strategy

• One-loop examples in SU(2) examples (nucleons)

• One-loop examples in SU(3) situation (octet baryons)

• Summary and prospects
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Covariance and chiral power counting: a 
simple strategy
• Chiral power counting (𝜒PC) obeyed by the pseudo-scalar meson (Goldstone) sector:

𝑄~𝑚𝜋, Λ𝜒 ≫ 𝑚𝜋 𝜖 ≪ 1 ∶ 𝑙𝑜𝑜𝑝 𝑑𝑖𝑎𝑔𝑟𝑎𝑚𝑠 = 𝒪 𝑄𝑛

Λ𝜒
𝑛 = 𝒪 𝜖𝑛

• 𝜒PC violated by the baryonic sector:

𝑄~𝑀𝐵~Λ𝜒: 𝑙𝑜𝑜𝑝 𝑑𝑖𝑎𝑔𝑟𝑎𝑚𝑠 = 𝒪 𝑄𝑛

Λ𝜒
𝑛 = 𝒪 1 !

• Observation:  the 𝜒PC-violating pieces are actually LOCAL(!)

• Strategy:  simply remove these local 𝜒PC-violating pieces via counter-terms (in any 
conventional scheme, say MS), 𝜒PC is restored in the terms leftover

𝒪
෨𝑄𝑛

Λ𝜒
𝑛 , ෨𝑄~ 𝑄 −𝑀𝐵 ~𝒪 𝑚𝜋
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Lagrangian

• SU(2):

ℒ 𝛹 = ഥ𝛹 𝑖𝛾𝜇𝜕𝜇 −𝑀𝑁 +
𝑔𝐴
2𝑓𝜋

𝛾5𝛾𝜇𝝉 ∙ 𝜕𝜇𝝅 − 1

4𝑓𝜋
2𝝉 ∙ 𝝅 × 𝛾𝜇𝜕𝜇𝝅 + 𝑜 𝝅3 𝛹

ℒ𝐻𝐵,𝑖𝑛𝑡 = ഥ𝛹𝑣 −𝑔𝐴
2𝑓𝜋

𝑆𝜇𝝉 ∙ 𝜕𝜇𝝅 − 1

4𝑓𝜋
2𝝉 ∙ 𝝅 × 𝑣𝜇𝜕𝜇𝝅 + 𝑜 𝝅3 𝛹𝑣

𝑆𝜇 ≡ 𝑖
2𝛾

5𝜎𝜇𝜈𝑣𝜈 = −1
2𝛾

5 𝛾𝜇𝛾𝛼𝑣𝛼 − 𝑣𝜇 , 𝜎𝜇𝜈 ≡ 𝑖
4 𝛾

𝜇 , 𝛾𝜈 , 𝑣2 = 1, 𝑆𝜇𝑣𝜇 = 0,𝛹𝑣 ≡ 𝑒𝑖𝑀𝑁𝑣∙𝑥1
2 1 + 𝛾𝛼𝑣𝛼 𝛹

• SU(3):

ℒ 𝐵, 𝑇 = 𝑖Tr ത𝐵𝛾 ∙ 𝐷𝐵 −𝑀𝐵Tr ത𝐵𝐵 + 𝐷Tr ത𝐵𝛾𝜇𝛾5 𝐴𝜇 , 𝐵 + 𝐹Tr ത𝐵𝛾𝜇𝛾5 𝐴𝜇 , 𝐵

+𝑖 ത𝑇𝜇𝛾
𝜇𝜈𝛼𝒟𝛼𝑇𝜈 −𝑚𝑇

ത𝑇𝜇𝛾
𝜇𝜈𝑇𝜈 +ℋത𝑇𝜇𝛾 ∙ 𝐴𝛾5𝑇𝜇 + 𝒞 ത𝑇𝜇Θ

𝜇𝜈𝐴𝜈𝐵 + ℎ. 𝑐.

+𝑏1Tr ത𝐵 𝜉†𝑚𝜉† + 𝜉𝑚𝜉 𝐵 + 𝑏2Tr ത𝐵𝐵 𝜉†𝑚𝜉† + 𝜉𝑚𝜉

−𝑐 ത𝑇𝜇𝛾
𝜇𝜈 𝜉†𝑚𝜉† + 𝜉𝑚𝜉 𝑇𝜈 + 𝜎Tr 𝑚𝑈 +𝑚𝑈† Tr ത𝐵𝐵 − ത𝜎Tr 𝑚𝑈 +𝑚𝑈† ത𝑇𝜇𝑇𝜇

𝛾𝜇𝜈𝛼 ≡ 1
2 𝛾

𝜇𝜈 , 𝛾𝛼 , 𝛾𝜇𝜈 ≡ 1
2 𝛾

𝜇 , 𝛾𝜈 , Θ𝜇𝜈 ≡ 𝑔𝜇𝜈 − 𝛾𝜇𝛾𝜈; 𝛾𝜇𝑇𝜇 = 0, 𝜕𝜇𝑇𝜇 = 0;𝑈 = 𝜉2
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• One-loop examples in SU(2) situation (Z. Liu, L.-H. Wen, JFY, 
NuclPhysB963(21)115288)

➢ One external nucleon:  𝑁 𝒪⋯
⋯ 𝑁

a             b             c             d              e                  f            g

➢ Two external nucleon:  𝑁𝑁 𝒯 𝑁′𝑁′

A                 B1              B2                 C                  D
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𝑁 𝒪⋯
⋯ 𝑁 , primary

• Fully covariant formalism: 𝛤𝑡𝑟 ≡ 𝐴 1 ത𝑢𝜏𝑎𝛾𝜇𝑢; ℓ𝜋 ≡ ln 4𝜋𝜇2

𝑚𝜋
2 , ℓ𝑁 ≡ ln 4𝜋𝜇2

𝑀𝑁
2 , 𝜌 ≡

𝑀𝑁
2

𝑚𝜋
2 ; ℛ…

… = 𝑜 𝜌−
1

2

Fig a= 𝛤𝑡𝑟 −
𝑔𝐴
2𝑚𝜋

2

4 4𝜋𝑓𝜋
2 −Γ 𝜖 − ℓ𝜋 − 2 ln 𝜌 + 3 + ℛ1𝑎

𝑐

Fig b = 𝛤𝑡𝑟
𝑔𝐴
2𝑚𝜋

2

4𝜋𝑓𝜋
2 2𝜌 Γ 𝜖 + ℓ𝑁 + 1 + Γ 𝜖 + ℓ𝑁 − 3 ln 𝜌 + 7 + ℛ1𝑏

𝑐

Fig c = 𝑐ℎ𝑖𝑟𝑎𝑙

Fig d = 𝑐ℎ𝑖𝑟𝑎𝑙

Fig e = 𝛤𝑡𝑟 −
3𝑔𝐴

2𝑚𝜋
2

4 4𝜋𝑓𝜋
2 −Γ 𝜖 − ℓ𝜋 − 2 ln 𝜌 + 3 + ℛ1𝑎

𝑐

Fig f = 𝛤𝑡𝑟 −
𝑔𝐴
2𝑚𝜋

2

4𝜋𝑓𝜋
2 𝜌 Γ 𝜖 + ℓ𝑁 + 1 + Γ 𝜖 + ℓ𝑁 + 2 + ℛ1𝑓

𝑐

Fig g = 𝛤𝑡𝑟
𝑔𝐴
2𝑚𝜋

2

4𝜋𝑓𝜋
2 𝜌 Γ 𝜖 + ℓ𝑁 + 1 + Γ 𝜖 + ℓ𝑁 + 2 + ℛ1𝑓

𝑐
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𝑁 𝒪⋯
⋯ 𝑁 , decomposed

• Fully covariant formalism: ln 𝜌 = Γ 𝜖 + ℓ𝜋 − Γ 𝜖 + ℓ𝑁

Fig a= 𝛤𝑡𝑟 −
𝑔𝐴
2𝑚𝜋

2

4 4𝜋𝑓𝜋
2 2 Γ 𝜖 + ℓ𝑁 + 3/2 − 3 Γ 𝜖 + ℓ𝜋 + ℛ1𝑎

𝑐

Fig b = 𝛤𝑡𝑟
𝑔𝐴
2𝑚𝜋

2

4𝜋𝑓𝜋
2 2𝜌 Γ 𝜖 + ℓ𝑁 + 1 + 4 Γ 𝜖 + ℓ𝑁 + 7/4 − 3 Γ 𝜖 + ℓ𝜋 + ℛ1𝑏

𝑐

Fig c = 𝑐ℎ𝑖𝑟𝑎𝑙

Fig d = 𝑐ℎ𝑖𝑟𝑎𝑙

Fig e = 𝛤𝑡𝑟 −
3𝑔𝐴

2𝑚𝜋
2

4 4𝜋𝑓𝜋
2 2𝜌 Γ 𝜖 + ℓ𝑁 + 3/2 − 3 Γ 𝜖 + ℓ𝜋 + ℛ1𝑎

𝑐

Fig f = 𝛤𝑡𝑟 −
𝑔𝐴
2𝑚𝜋

2

4𝜋𝑓𝜋
2 𝜌 Γ 𝜖 + ℓ𝑁 + 1 + Γ 𝜖 + ℓ𝑁 + 2 + ℛ1𝑓

𝑐

Fig g = 𝛤𝑡𝑟
𝑔𝐴
2𝑚𝜋

2

4𝜋𝑓𝜋
2 𝜌 Γ 𝜖 + ℓ𝑁 + 1 + Γ 𝜖 + ℓ𝑁 + 2 + ℛ1𝑓

𝑐
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𝑁 𝒪⋯
⋯ 𝑁 , subtracted

• Fully covariant formalism:

Fig a= 𝛤𝑡𝑟 −
𝑔𝐴
2𝑚𝜋

2

4 4𝜋𝑓𝜋
2 −3ℓ𝜋 + 𝑜 𝜌−1/2

Fig b = 𝛤𝑡𝑟
𝑔𝐴
2𝑚𝜋

2

4𝜋𝑓𝜋
2 −3ℓ𝜋 + 𝑜 𝜌−1/2

Fig c = 𝑐ℎ𝑖𝑟𝑎𝑙

Fig d = 𝑐ℎ𝑖𝑟𝑎𝑙

Fig e = 𝛤𝑡𝑟 −
3𝑔𝐴

2𝑚𝜋
2

4 4𝜋𝑓𝜋
2 −3ℓ𝜋 + 𝑜 𝜌−1/2

Fig f = 𝛤𝑡𝑟 −
𝑔𝐴
2𝑚𝜋

2

4𝜋𝑓𝜋
2 0 + 𝑜 𝜌−1/2

Fig g = 𝛤𝑡𝑟
𝑔𝐴
2𝑚𝜋

2

4𝜋𝑓𝜋
2 0 + 𝑜 𝜌−1/2
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𝑁 𝒪⋯
⋯ 𝑁 , primary

• Mixed formalism=covariant propagators + HB vertices:

Fig a= 𝛤𝑡𝑟 −
𝑔𝐴
2𝑚𝜋

2

4 4𝜋𝑓𝜋
2

5

2
𝜌 Γ 𝜖 + ℓ𝑁 +

3

5
+ 3

4
Γ 𝜖 + ℓ𝑁 +

1

3
− 3 ln 𝜌 + 6 + ℛ1𝑎

𝐻𝐵𝑣

Fig b = 𝛤𝑡𝑟
𝑔𝐴
2𝑚𝜋

2

4𝜋𝑓𝜋
2

5

8
𝜌 Γ 𝜖 + ℓ𝑁 +

11

10
− 1

2
Γ 𝜖 + ℓ𝜋 + 1 − 5

2
ln 𝜌 + 6 + ℛ1𝑏

𝐻𝐵𝑣

Fig c = 𝑐ℎ𝑖𝑟𝑎𝑙

Fig d = 𝑐ℎ𝑖𝑟𝑎𝑙

Fig e = 𝛤𝑡𝑟 −
3𝑔𝐴

2𝑚𝜋
2

4 4𝜋𝑓𝜋
2

5

8
𝜌 Γ 𝜖 + ℓ𝑁 +

11

10
− 1

2
Γ 𝜖 + ℓ𝜋 + 1 − 5

2
ln 𝜌 + 6 + ℛ1𝑏

𝐻𝐵𝑣

Fig f = 0

Fig g = 0
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𝑁 𝒪⋯
⋯ 𝑁 , decomposed

• Mixed formalism=covariant propagators + HB vertices:

Fig a= 𝛤𝑡𝑟 −
𝑔𝐴
2𝑚𝜋

2

4 4𝜋𝑓𝜋
2

5

2
𝜌 Γ 𝜖 + ℓ𝑁 +

3

5
+ 15

4
Γ 𝜖 + ℓ𝑁 +

5

3
− 3 Γ 𝜖 + ℓ𝜋 + ℛ1𝑎

𝐻𝐵𝑣

Fig b = 𝛤𝑡𝑟
𝑔𝐴
2𝑚𝜋

2

4𝜋𝑓𝜋
2

5

8
𝜌 Γ 𝜖 + ℓ𝑁 +

11

10
+ 5

2
Γ 𝜖 + ℓ𝑁 +

11

5
− 3 Γ 𝜖 + ℓ𝜋 + ℛ1𝑏

𝐻𝐵𝑣

Fig c = 𝑐ℎ𝑖𝑟𝑎𝑙

Fig d = 𝑐ℎ𝑖𝑟𝑎𝑙

Fig e = 𝛤𝑡𝑟 −
3𝑔𝐴

2𝑚𝜋
2

4 4𝜋𝑓𝜋
2

5

8
𝜌 Γ 𝜖 + ℓ𝑁 +

11

10
+ 5

2
Γ 𝜖 + ℓ𝑁 +

11

5
− 3 Γ 𝜖 + ℓ𝜋 + ℛ1𝑏

𝐻𝐵𝑣

Fig f = 0

Fig g = 0
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𝑁 𝒪⋯
⋯ 𝑁 , subtracted

• Mixed formalism=covariant propagators + HB vertices:

Fig a= 𝛤𝑡𝑟 −
𝑔𝐴
2𝑚𝜋

2

4 4𝜋𝑓𝜋
2 −3ℓ𝜋 + 𝑜 𝜌−1/2

Fig b = 𝛤𝑡𝑟
𝑔𝐴
2𝑚𝜋

2

4𝜋𝑓𝜋
2 −3ℓ𝜋 + 𝑜 𝜌−1/2

Fig c = 𝑐ℎ𝑖𝑟𝑎𝑙

Fig d = 𝑐ℎ𝑖𝑟𝑎𝑙

Fig e = 𝛤𝑡𝑟 −
3𝑔𝐴

2𝑚𝜋
2

4 4𝜋𝑓𝜋
2 −3ℓ𝜋 + 𝑜 𝜌−1/2

Fig f = 0

Fig g = 0
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𝑁𝑁 𝒯 𝑁′𝑁′ , primary

• Fully covariant formalism: 3 ± 2 𝜏1 ∙ 𝜏2 ≡ 3 ത𝑢1𝑢1 ത𝑢2𝑢2 ± 2 ത𝑢1𝜏1𝑢1 ∙ ത𝑢2𝜏2𝑢2

Fig A = 𝑐ℎ𝑖𝑟𝑎𝑙

Fig B 1= 𝜏1 ∙ 𝜏2
𝑔𝐴
2𝑚𝜋

2

8 4𝜋 2𝑓𝜋
4 2𝜌 Γ 𝜖 + ℓ𝑁 + 1 + Γ 𝜖 + ℓ𝑁 − 3 ln 𝜌 + 7 + ℛ𝐵1

𝑐 =Fig B2

Fig C = − 3 − 2 𝜏1 ∙ 𝜏2 ൜

ൠ

𝑔𝐴
4𝑚𝜋

2

8 4𝜋 2𝑓𝜋
4 ൤

൨

𝜌 Γ 𝜖 + ℓ𝑁 + 3 − 1

4
Γ 𝜖 + ℓ𝜋 + 1 + 4 ln 𝜌 − 3 −

12𝜌 tan−1 4𝜌−1

4𝜌−1
+ ℛ𝐶

𝑐

Fig D = − 3 + 2 𝜏1 ∙ 𝜏2 ቄ

ቅ

𝑔𝐴
4𝑚𝜋

2

8 4𝜋 2𝑓𝜋
4 ൣ

൧

3𝜌 Γ 𝜖 + ℓ𝑁 +
1

3
+ 1

4
Γ 𝜖 + ℓ𝜋 + 1 − 4 ln 𝜌 + 4 +

ℛ𝐷
𝑐
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𝑁𝑁 𝒯 𝑁′𝑁′ , decomposed

• Fully covariant formalism:

Fig A = 𝑐ℎ𝑖𝑟𝑎𝑙

Fig B 1= 𝜏1 ∙ 𝜏2
𝑔𝐴
2𝑚𝜋

2

8 4𝜋 2𝑓𝜋
4 2𝜌 Γ 𝜖 + ℓ𝑁 + 1 + 4 Γ 𝜖 + ℓ𝑁 + 7/4 − 3 Γ 𝜖 + ℓ𝜋 + ℛ𝐵1

𝑐 =Fig 

B2

Fig C = − 3 − 2 𝜏1 ∙ 𝜏2 ൜

ൠ

𝑔𝐴
4𝑚𝜋

2

8 4𝜋 2𝑓𝜋
4 ൤

൨

𝜌 Γ 𝜖 + ℓ𝑁 + 3 − 4 Γ 𝜖 + ℓ𝑁 + 13/16 − 15

4
Γ 𝜖 + ℓ𝜋 −

12𝜌 tan−1 4𝜌−1

4𝜌−1
+ ℛ𝐶

𝑐

Fig D = − 3 + 2 𝜏1 ∙ 𝜏2 ቄ

ቅ

𝑔𝐴
4𝑚𝜋

2

8 4𝜋 2𝑓𝜋
4 ൣ

൧

3𝜌 Γ 𝜖 + ℓ𝑁 +
1

3
+ 4 Γ 𝜖 + ℓ𝑁 + 17/16 − 15

4
Γ 𝜖 + ℓ𝜋 +

ℛ𝐷
𝑐
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𝑁𝑁 𝒯 𝑁′𝑁′ , subtracted

• Fully covariant formalism:

Fig A = 𝑐ℎ𝑖𝑟𝑎𝑙

Fig B 1= 𝜏1 ∙ 𝜏2
𝑔𝐴
2𝑚𝜋

2

8 4𝜋 2𝑓𝜋
4 −3ℓ𝜋 + 𝑜 𝜌−1/2 =Fig B2

Fig C = − 3 − 2 𝜏1 ∙ 𝜏2
𝑔𝐴
4𝑚𝜋

2

8 4𝜋 2𝑓𝜋
4

15

4
ℓ𝜋 −

12𝜌 tan−1 4𝜌−1

4𝜌−1
+ 𝑜 𝜌−1/2

Fig D = − 3 + 2 𝜏1 ∙ 𝜏2
𝑔𝐴
4𝑚𝜋

2

8 4𝜋 2𝑓𝜋
4 −15

4
ℓ𝜋 + 𝑜 𝜌−1/2
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𝑁𝑁 𝒯 𝑁′𝑁′ , primary

• Mixed formalism:

Fig A = 𝑐ℎ𝑖𝑟𝑎𝑙

Fig B 1= 𝜏1 ∙ 𝜏2
𝑔𝐴
2𝑚𝜋

2

8 4𝜋 2𝑓𝜋
4

5

8
𝜌 Γ 𝜖 + ℓ𝑁 +

11

10
− 1

2
Γ 𝜖 + ℓ𝜋 + 1 − 5

2
ln 𝜌 + 6 + ℛ𝐵1

𝐻𝐵𝑣 =Fig B2

Fig C = − 3 − 2 𝜏1 ∙ 𝜏2 ൜

ൠ

𝑔𝐴
4𝑚𝜋

2

8 4𝜋 2𝑓𝜋
4 ൤

൨

45

64
𝜌 Γ 𝜖 + ℓ𝑁 +

881

270
− 133

64
Γ 𝜖 + ℓ𝑁 + 15

4
ln 𝜌 − 3745

384
−

12𝜌 tan−1 4𝜌−1

4𝜌−1
+ ℛ𝐶

𝐻𝐵𝑣

Fig D = − 3 + 2 𝜏1 ∙ 𝜏2 ቄ

ቅ

𝑔𝐴
4𝑚𝜋

2

8 4𝜋 2𝑓𝜋
4 ൣ

൧

417

64
𝜌 Γ 𝜖 + ℓ𝑁 +

587

834
+ 197

64
Γ 𝜖 + ℓ𝑁 − 15

4
ln 𝜌 + 1399

128
+

ℛ𝐷
𝐻𝐵𝑣
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𝑁𝑁 𝒯 𝑁′𝑁′ , decomposed

• Mixed formalism:

Fig A = 𝑐ℎ𝑖𝑟𝑎𝑙

Fig B 1= 𝜏1 ∙ 𝜏2
𝑔𝐴
2𝑚𝜋

2

8 4𝜋 2𝑓𝜋
4

5

8
𝜌 Γ 𝜖 + ℓ𝑁 +

11

10
+ 5

2
Γ 𝜖 + ℓ𝑁 +

11

5
− 3 Γ 𝜖 + ℓ𝜋 + ℛ𝐵1

𝐻𝐵𝑣 =Fig 

B2

Fig C = − 3 − 2 𝜏1 ∙ 𝜏2 ൜

ൠ

𝑔𝐴
4𝑚𝜋

2

8 4𝜋 2𝑓𝜋
4 ൤

൨

45

64
𝜌 Γ 𝜖 + ℓ𝑁 +

881

270
− 553

64
Γ 𝜖 + ℓ𝑁 +

3745

2388
+ 15

4
Γ 𝜖 + ℓ𝜋 −

12𝜌 tan−1 4𝜌−1

4𝜌−1
+ ℛ𝐶

𝐻𝐵𝑣

Fig D = − 3 + 2 𝜏1 ∙ 𝜏2 ቄ

ቅ

𝑔𝐴
4𝑚𝜋

2

8 4𝜋 2𝑓𝜋
4 ൣ

൧

417

64
𝜌 Γ 𝜖 + ℓ𝑁 +

587

834
+ 653

64
Γ 𝜖 + ℓ𝑁 +

1399

874
− 15

4
ሺ

ሻ

Γ 𝜖 +

ℓ𝜋 + ℛ𝐷
𝐻𝐵𝑣
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𝑁𝑁 𝒯 𝑁′𝑁′ , subtracted

• Mixed formalism:

Fig A = 𝑐ℎ𝑖𝑟𝑎𝑙

Fig B 1= 𝜏1 ∙ 𝜏2
𝑔𝐴
2𝑚𝜋

2

8 4𝜋 2𝑓𝜋
4 −3ℓ𝜋 + 𝑜 𝜌−1/2 =Fig B2

Fig C = − 3 − 2 𝜏1 ∙ 𝜏2
𝑔𝐴
4𝑚𝜋

2

8 4𝜋 2𝑓𝜋
4

15

4
ℓ𝜋 −

12𝜌 tan−1 4𝜌−1

4𝜌−1
+ 𝑜 𝜌−1/2

Fig D = − 3 + 2 𝜏1 ∙ 𝜏2
𝑔𝐴
4𝑚𝜋

2

8 4𝜋 2𝑓𝜋
4 −15

4
ℓ𝜋 + 𝑜 𝜌−1/2
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NN scattering: pionful to pionless mapping

• Dominant contribution to 𝐶0 ത𝜓𝜓 2 from one-loop diagram (JFY, ModPhysLettA29(13)1450043):  

The anomalous piece comes from the two-particle reducible (2PR) component in Fig C

3 − 2 𝜏1 ∙ 𝜏2 𝑔𝐴
4𝑚𝜋

2

8 4𝜋 2𝑓𝜋
4

12𝜌 tan−1 4𝜌 − 1

4𝜌 − 1
≈
3 3 − 2 𝜏1 ∙ 𝜏2 𝑔𝐴

4𝑀𝑁𝑚𝜋

128𝜋𝑓𝜋
4

With parametrization

𝐶0 =
4𝜋

𝑀𝑁 Λ
⟹ Λ Fig C ≈

512𝜋2𝑓𝜋
4

9𝑔𝐴
4𝑀𝑁

2𝑚𝜋

≈ 𝛼𝑚𝜋, 𝛼 = ቐ

0.97, 𝑔𝐴 = 1.26
0.88, 𝑔𝐴 = 1.29
0.80, 𝑔𝐴 = 1.32

➢Higher order such ‘anomalous’ contributions need to be computed and summed up
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• One-loop examples in SU(3) situation (H.-F. Zhou, Z. Liu, J.-F. Yang):
𝐵 ℳ𝐵 𝐵

➢ Octet to octet

a           b           c             d                e                 f           g

➢ Decuplet to octet

A             B              C                 D                    E

2021/8/18 19



𝐵 ℳ𝐵 𝐵 , decomposed 

• O to O: ℓ𝜙 ≡ ln 4𝜋𝜇2

𝑚𝜙
2 , ℓ𝐵 ≡ ln 4𝜋𝜇2

𝑀𝐵
2 , 𝜌𝐵 ≡

𝑀𝐵
2

𝑚𝜙
2 ; ℛ…

… = 𝑜 𝜌𝐵
−1/2

Fig a = 𝜆𝑎
1

4𝜋𝐹 2 2𝑀𝐵
3 Γ 𝜖 + ℓ𝐵 + 1 + 2𝑀𝐵𝑚𝜙

2 Γ 𝜖 + ℓ𝐵 + 2 + ℛ𝑎
𝑐

Fig b = 𝜆𝑏
𝑚𝑠𝑚𝜙

2

4𝜋𝐹 2 6𝜌𝐵 Γ 𝜖 + ℓ𝐵 +
1

3
+ 4 Γ 𝜖 + ℓ𝐵 +

3

4
− 3 Γ 𝜖 + ℓ𝜙 + ℛ𝑏

𝑐

Fig c = −𝜆𝑐
𝑚𝑠𝑚𝜙

2

4𝜋𝐹 2 6𝜌𝐵 Γ 𝜖 + ℓ𝐵 +
1

3
+ 4 Γ 𝜖 + ℓ𝐵 +

3

4
− 3 Γ 𝜖 + ℓ𝜙 + ℛ𝑏

𝑐

Fig d = 𝜆𝑑
𝑚𝑠𝑚𝜙

2

4𝜋𝐹 2 −2 Γ 𝜖 + ℓ𝐵 +
3

2
+ 3 Γ 𝜖 + ℓ𝜙 + ℛ𝑑

𝑐

Fig e= 𝜆𝑒
𝑚𝑠𝑚𝜙

2

4𝜋𝐹 2 −2 Γ 𝜖 + ℓ𝐵 +
3

2
+ 3 Γ 𝜖 + ℓ𝜙 + ℛ𝑑

𝑐

Fig f= 𝑐ℎ𝑖𝑟𝑎𝑙

Fig g= 𝑐ℎ𝑖𝑟𝑎𝑙
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𝐵 ℳ𝐵 𝐵 , subtracted 

• O to O: ℛ…
… = 𝑜 𝜌𝐵

−1/2
(useful for extrapolation in meson masses!)

Fig a = 𝜆𝑎
1

4𝜋𝐹 2 0 + ℛ𝑐
𝑐

Fig b = 𝜆𝑏
𝑚𝑠𝑚𝜙

2

4𝜋𝐹 2 −3ℓ𝜙 + ℛ𝑎
𝑐

Fig c = −𝜆𝑐
𝑚𝑠𝑚𝜙

2

4𝜋𝐹 2 −3ℓ𝜙 + ℛ𝑎
𝑐

Fig d = 𝜆𝑑
𝑚𝑠𝑚𝜙

2

4𝜋𝐹 2 3ℓ𝜙 + ℛ𝑑
𝑐

Fig e= 𝜆𝑒
𝑚𝑠𝑚𝜙

2

4𝜋𝐹 2 3ℓ𝜙 + ℛ𝑑
𝑐

Fig f= 𝑐ℎ𝑖𝑟𝑎𝑙

Fig g= 𝑐ℎ𝑖𝑟𝑎𝑙
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𝐵 ℳ𝐵 𝐵 , decomposed

• D to O：𝜂𝐵 ≡
𝑀𝐵

𝑀𝑇
，Ω ≡

𝑀𝐵
2−𝑀𝑇

2−𝑚𝜙
2

2𝑚𝜙𝑀𝐵
=

𝜌𝐵 1−𝜂𝐵
−1 −1

2 𝜌𝐵
，ℛ…

… = 𝑜 𝜌𝐵
−1/2

Fig A = ሚ𝜆𝐴
1

24 4𝜋𝐹 2൛

ൟ

𝑀𝑇
3 −𝜂𝐵

−3 − 2𝜂𝐵
−2 + 2𝜂𝐵

−1 + 6 + 6𝜂𝐵
2 + 2𝜂𝐵

3 − 2𝜂𝐵
4 − 𝜂𝐵

5 Γ 𝜖 + ℓ𝐵 + −2𝜂𝐵
−1 + 44 + 51𝜂𝐵 − 4𝜂𝐵

2 − 10𝜂𝐵
3 − 4𝜂𝐵

5 + 2𝑀𝑇𝑚𝜙
2 ሾ

ሿ

ሺ

ሻ

3𝜂𝐵
2 + 2𝜂𝐵

3 +

2𝜂𝐵
−3 + 3𝜂𝐵

−2 Γ 𝜖 + ℓ𝐵 + 3𝜂𝐵
−1 + 28 + 14𝜂𝐵 − 2𝜂𝐵

2 + 7𝜂𝐵
3 + ൣ

൧

𝑀𝑇
3 𝜂𝐵

−3 + 2𝜂𝐵
−2 − 2𝜂𝐵

−1 − 6 + 6𝜂𝐵
2 + 2𝜂𝐵

3 − 2𝜂𝐵
4 − 𝜂𝐵

5 + 2𝑀𝑇𝑚𝜙
2 ሺ

ሻ

−2𝜂𝐵
−3 − 3𝜂𝐵

−2 + 3𝜂𝐵
2 +

2𝜂𝐵
3 Γ 𝜖 + ℓ𝜙 + 4 𝑀𝑇

2𝑚𝜙 𝜂𝐵
−3 + 2𝜂𝐵

−2 − 𝜂𝐵
−1 − 4 − 𝜂𝐵 + 2𝜂𝐵

2 + 𝜂𝐵
3 −𝑚𝜙

3 3𝜂𝐵
−3 + 4𝜂𝐵

−2 + 2𝜂𝐵
−1 + 4 + 3𝜂𝐵 1 − Ω2 cos−1 −Ω + ℛ𝐴

𝑐

Fig B = − ሚ𝜆𝐵
𝑚𝑠

36 4𝜋𝐹 2൛

ൟ

𝑀𝑇
2 3 3𝜂𝐵

−3 + 5𝜂𝐵
−2 − 4𝜂𝐵

−1 − 9 − 3𝜂𝐵
2 − 𝜂𝐵

4 − 𝜂𝐵
5 Γ 𝜖 + ℓ𝐵 + −3𝜂𝐵

−1 + 269 + 441𝜂𝐵 − 26𝜂𝐵
2 − 174𝜂𝐵

3 − 12𝜂𝐵
5 +𝑚𝜙

2 ሾ

ሿ

3ሺ

ሻ

−8𝜂𝐵
2 − 9𝜂𝐵

3 +

3𝜂𝐵
−3 + 4𝜂𝐵

−2 Γ 𝜖 + ℓ𝐵 + 6 3𝜂𝐵
−1 + 50 + 50𝜂𝐵 − 𝜂𝐵

2 + 2𝜂𝐵
3 + 3 𝑀𝑇

2 −3𝜂𝐵
−3 − 5𝜂𝐵

−2 + 4𝜂𝐵
−1 + 9 − 3𝜂𝐵

2 − 𝜂𝐵
4 − 𝜂𝐵

5 +𝑚𝜙
2 8𝜂𝐵

−3 + 9𝜂𝐵
−2 + 3𝜂𝐵

2 + 4𝜂𝐵
3 ൫

൯

Γ 𝜖 +

ℓ𝜙 + 12 𝑀𝑇𝑚𝜙 −3𝜂𝐵
−3 − 5𝜂𝐵

−2 + 𝜂𝐵
−1 + 4 + 𝜂𝐵 + 𝜂𝐵

2 + 𝜂𝐵
3 1 − Ω2 cos−1 −Ω + ℛ𝐵

𝑐

Fig C = − ሚ𝜆𝐶
𝑚𝑠

36 4𝜋𝐹 2൛

ൟ

𝑀𝑇
2 3 3𝜂𝐵

−3 + 5𝜂𝐵
−2 − 4𝜂𝐵

−1 − 9 − 3𝜂𝐵
2 − x𝜂𝐵

4 − 𝜂𝐵
5 Γ 𝜖 + ℓ𝐵 + −3𝜂𝐵

−1 + 269 + 441𝜂𝐵 − 26𝜂𝐵
2 − 174𝜂𝐵

3 − 12𝜂𝐵
5 +𝑚𝜙

2 ሾ

ሿ

3ሺ

ሻ

−8𝜂𝐵
2 − 9𝜂𝐵

3 +

3𝜂𝐵
−3 + 4𝜂𝐵

−2 Γ 𝜖 + ℓ𝐵 + 6 3𝜂𝐵
−1 + 50 + 50𝜂𝐵 − 𝜂𝐵

2 + 2𝜂𝐵
3 + 3 𝑀𝑇

2 −3𝜂𝐵
−3 − 5𝜂𝐵

−2 + 4𝜂𝐵
−1 + 9 − 3𝜂𝐵

2 − 𝜂𝐵
4 − 𝜂𝐵

5 +𝑚𝜙
2 8𝜂𝐵

−3 + 9𝜂𝐵
−2 + 3𝜂𝐵

2 + 4𝜂𝐵
3 ൫

൯

Γ 𝜖 +

ℓ𝜙 + 12 𝑀𝑇𝑚𝜙 −3𝜂𝐵
−3 − 5𝜂𝐵

−2 + 𝜂𝐵
−1 + 4 + 𝜂𝐵 + 𝜂𝐵

2 + 𝜂𝐵
3 1 − Ω2 cos−1 −Ω + ℛ𝐵

𝑐

Fig D = ሚ𝜆𝐷
𝑚𝑠

36 4𝜋𝐹 2൛

ൟ

𝑀𝑇
2 3𝜂𝐵

−4 + 4𝜂𝐵
−3 − 2𝜂𝐵

−2 + 12𝜂𝐵 + 6𝜂𝐵
2 − 8𝜂𝐵

3 − 5𝜂𝐵
4 Γ 𝜖 + ℓ𝐵 + 2𝜂𝐵

−2 + 8𝜂𝐵
−1 − 5 − 8𝜂𝐵 + 2𝜂𝐵

2 + 8𝜂𝐵
3 + 4𝜂𝐵

4 + 2𝑚𝜙
2 ሾ

ሿ

−9𝜂𝐵
−2 − 8𝜂𝐵

−1 − 2 +

12𝜂𝐵 + 15𝜂𝐵
2 + 𝑀𝑇

2 −3𝜂𝐵
−4 − 4𝜂𝐵

−3 + 2𝜂𝐵
−2 + 12𝜂𝐵 + 6𝜂𝐵

2 − 8𝜂𝐵
3 − 5𝜂𝐵

4 + 24𝑚𝜙
2 𝜂𝐵 + 𝜂𝐵

2 Γ 𝜖 + ℓ𝜙 + 4𝑀𝑇𝑚𝜙ሺ

ሻ

−3𝜂𝐵
−4 − 4𝜂𝐵

−3 + 𝜂𝐵
−2 − 1 + 4𝜂𝐵 +

3𝜂𝐵
2 1 − Ω2 cos−1 −Ω + ℛ𝐷

𝑐

Fig E = ሚ𝜆𝐷
𝑚𝑠

36 4𝜋𝐹 2൛

ൟ

𝑀𝑇
2 3𝜂𝐵

−4 + 4𝜂𝐵
−3 − 2𝜂𝐵

−2 + 12𝜂𝐵 + 6𝜂𝐵
2 − 8𝜂𝐵

3 − 5𝜂𝐵
4 Γ 𝜖 + ℓ𝐵 + 2𝜂𝐵

−2 + 8𝜂𝐵
−1 − 5 − 8𝜂𝐵 + 2𝜂𝐵

2 + 8𝜂𝐵
3 + 4𝜂𝐵

4 + 2𝑚𝜙
2 ሾ

ሿ

−9𝜂𝐵
−2 − 8𝜂𝐵

−1 − 2 +

12𝜂𝐵 + 15𝜂𝐵
2 + 𝑀𝑇

2 −3𝜂𝐵
−4 − 4𝜂𝐵

−3 + 2𝜂𝐵
−2 + 12𝜂𝐵 + 6𝜂𝐵

2 − 8𝜂𝐵
3 − 5𝜂𝐵

4 + 24𝑚𝜙
2 𝜂𝐵 + 𝜂𝐵

2 Γ 𝜖 + ℓ𝜙 + 4𝑀𝑇𝑚𝜙ሺ

ሻ

−3𝜂𝐵
−4 − 4𝜂𝐵

−3 + 𝜂𝐵
−2 − 1 + 4𝜂𝐵 +

3𝜂𝐵
2 1 − Ω2 cos−1 −Ω + ℛ𝐷

𝑐
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𝐵 ℳ𝐵 𝐵 , subtracted

• D to O： 𝜉𝐵𝑇2 𝜂𝐵 = 𝜊 𝜌𝐵
−1 , 𝜉𝐵𝑇1𝜙 𝜂𝐵 = 𝜊 𝜌𝐵

−1/2
; 𝜉𝐴𝑇3 𝜂𝐵 = 𝜊 𝜌𝐵

−3/2
, 𝜉𝐴𝑇1𝜙 𝜂𝐵 = 𝜊 𝜌𝐵

−1/2
, 𝜉𝐴𝑇2𝜙 𝜂𝐵 = 𝜊 𝜌𝐵

−1 ; 𝜉𝐷𝑇2 𝜂𝐵 = 𝜊 𝜌𝐵
−1 , 𝜉𝐷𝑇1𝜙 𝜂𝐵 =

𝜊 𝜌𝐵
−1/2

; 𝑎⋯ = 𝑏⋯ = 0 𝑖𝑛 𝐻𝐵 𝑓𝑜𝑟𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛

Fig A = ሚ𝜆𝐴
1

24 4𝜋෩𝑓
2 𝑀𝑇

3𝜉𝐴𝑇3 𝜂𝐵 + 2𝑀𝑇𝑚𝜙
2 𝜉𝐴𝑇1𝜙 𝜂𝐵 ℓ𝜙 + 4 𝑀𝑇𝑚𝜙

2 𝜉𝐴𝑇𝜙2 𝜂𝐵 −𝑚𝜙
3 3𝜂𝐵

−3 + 4𝜂𝐵
−2 + 2𝜂𝐵

−1 + 4 + 3𝜂𝐵 1 − Ω2 cos−1 −Ω + ℛ𝐴
𝑐

= ሚ𝜆𝐴
𝑚𝜙
3

4𝜋 ሚ𝑓
2 −

4
3𝜋 + 𝑎𝐴ℓ𝜙 + 𝑏𝐴 +

1
24ℛ𝐴

𝑐

Fig B = − ሚ𝜆𝐵
𝑚𝑠

36 4𝜋෩𝑓
2 3 𝑀𝑇

2𝜉𝐵𝑇2 𝜂𝐵 +𝑚𝜙
2 8𝜂𝐵

−3 + 9𝜂𝐵
−2 + 3𝜂𝐵

2 + 4𝜂𝐵
3 ℓ𝜙 + 12𝑀𝑇𝑚𝜙𝜉𝐵𝑇1𝜙 𝜂𝐵 1 − Ω2 cos−1 −Ω + ℛ𝐵

𝑐

= − ሚ𝜆𝐵
𝑚𝑠𝑚𝜙

2

4𝜋 ሚ𝑓
2 2 + 𝑎𝐵 ℓ𝜙 + 𝑏𝐵 +

1
36ℛ𝐵

𝑐

Fig C = − ሚ𝜆𝐶
𝑚𝑠

36 4𝜋෩𝑓
2 3 𝑀𝑇

2𝜉𝐵𝑇2 𝜂𝐵 +𝑚𝜙
2 8𝜂𝐵

−3 + 9𝜂𝐵
−2 + 3𝜂𝐵

2 + 4𝜂𝐵
3 ℓ𝜙 + 12𝑀𝑇𝑚𝜙𝜉𝐵𝑇1𝜙 𝜂𝐵 1 − Ω2 cos−1 −Ω + ℛ𝐵

𝑐

= − ሚ𝜆𝐶
𝑚𝑠𝑚𝜙

2

4𝜋 ሚ𝑓
2 2 + 𝑎𝐵 ℓ𝜙 + 𝑏𝐵 +

1
36ℛ𝐵

𝑐

Fig D = ሚ𝜆𝐷
𝑚𝑠

24 4𝜋෩𝑓
2 𝑀𝑇

2𝜉𝐷𝑇2 𝜂𝐵 + 24𝑚𝜙
2 𝜂𝐵 + 𝜂𝐵

2 ℓ𝜙 + 4 𝑀𝑇𝑚𝜙𝜉𝐷𝑇1𝜙 𝜂𝐵 1 − Ω2 cos−1 −Ω + ℛ𝐷
𝑐 = ሚ𝜆𝐷

𝑚𝑠𝑚𝜙
2

4𝜋෩𝑓
2 2 + 𝑎𝐷 ℓ𝜙 + 𝑏𝐷 +

1

24
ℛ𝐷
𝑐

Fig E = ሚ𝜆𝐸
𝑚𝑠

24 4𝜋෩𝑓
2 𝑀𝑇

2𝜉𝐷𝑇2 𝜂𝐵 + 24𝑚𝜙
2 𝜂𝐵 + 𝜂𝐵

2 ℓ𝜙 + 4 𝑀𝑇𝑚𝜙𝜉𝐷𝑇1𝜙 𝜂𝐵 1 − Ω2 cos−1 −Ω + ℛ𝐷
𝑐 = ሚ𝜆𝐸

𝑚𝑠𝑚𝜙
2

4𝜋෩𝑓
2 2 + 𝑎𝐷 ℓ𝜙 + 𝑏𝐷 +

1

24
ℛ𝐷
𝑐
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𝐵 ℳ𝐵 𝐵 , comparison to HB calculation

• GMO relations：

1

4
𝓜𝚲 + 𝟑𝓜𝚺 − 𝟐𝓜𝑵 − 𝟐𝓜𝚵 = 𝟎

➢ Jenkins(NuclPhysB368(92)190)：

1

4
𝓜𝚲 + 𝟑𝓜𝚺 − 𝟐𝓜𝑵 − 𝟐𝓜𝚵

= 𝟏 −
𝟐

𝟑

𝟐

𝟑
𝑫𝟐 − 𝟑𝑭𝟐 −

𝟏

𝟗
𝓒𝟐

𝒎𝑲
𝟑

𝟏𝟔𝝅𝒇𝟐
−

1𝟔

𝟑
𝒃𝑫𝑫

𝟐 +
𝟐

𝟑
𝒃𝑫 +

𝟓

𝟑
𝒃𝑭 +

𝟓

𝟗
𝒄 𝓒𝟐

𝒎𝒔𝒎𝑲
𝟑

𝟒𝝅𝒇 𝟐
ln

𝒎𝑲
𝟐

𝟒𝝅𝝁𝟐

➢ Cov EFT： ෨𝒇𝟐 = 𝟐𝒇𝟐，𝒃𝟏 = 𝒃𝑫 + 𝒃𝑭，𝒃𝟐 = 𝒃𝑫 − 𝒃𝑭
1

4
𝓜𝚲 + 𝟑𝓜𝚺 − 𝟐𝓜𝑵 − 𝟐𝓜𝚵

= 𝟏 −
𝟐

𝟑

𝟒

𝟑
𝑫𝟐 − 𝟑𝑭𝟐 −

𝟐

𝟗
𝓒𝟐

𝒎𝑲
𝟑

16𝝅෨𝒇𝟐
−

𝟑𝟐

𝟑
𝒃𝑫𝑫

𝟐 +
𝟒

𝟑
𝒃𝑫 +

𝟏𝟎

𝟑
𝒃𝑭 +

𝟏𝟎

𝟗
𝒄 𝓒𝟐

𝒎𝒔𝒎𝑲
𝟑

𝟒𝝅෨𝒇
𝟐 ln

𝒎𝑲
𝟐

𝟒𝝅𝝁𝟐
+ ∆ 𝝆𝑩

lim
𝑯𝑩 𝒍𝒊𝒎𝒊𝒕

∆ 𝝆𝑩 = 𝟎
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Summary and prospects

Prescription:  Covariant Chiral EFT--@each divergent loop with baryonic lines

• 𝜒𝑃𝐶 is restored after the large (non-chiral) and local pieces are isolated and 

subtracted, the residuals are characterized by the chiral scale 𝑄~𝑚𝜙.

• But, there may be nonlocal/definite ‘anomalous’ terms associated with threshold 

effects/IR enhancement, which must be kept and summed up somehow via 

relativistic propagators.

➢To be examined and applied to more topics in hadronic and nucleonic systems.
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