




⇒



Π3𝐵
′ 0 ⇒ መ𝑆 = 0 ? ?



Π3𝐵
′ (0)





𝜑𝜑 → 𝜑𝜑





𝑥𝜇 → 𝑥𝜇(𝑥)

⇒

𝑅𝜇𝜈 = 8𝜋𝐺 𝑇𝜇𝜈 → ෨𝑅𝜇𝜈 = 8𝜋𝐺 ෨𝑇𝜇𝜈

෨𝑅𝜇𝜈 =
𝜕𝑥𝛼

𝜕 𝑥𝜇
𝜕𝑥𝛽

𝜕 𝑥𝜈
𝑅𝛼𝛽 ෨𝑇𝜇𝜈 =

𝜕𝑥𝛼

𝜕 𝑥𝜇
𝜕𝑥𝛽

𝜕 𝑥𝜈
𝑇𝛼𝛽

𝜙 → ෨𝜙 𝜙 :



o 𝜙 → ෨𝜙 = 𝑓(𝜙)

o 𝜙 → ෨𝜙 = 𝑓 𝜙, 𝜕𝜇𝜙, 𝜕𝜇𝜕𝜈𝜙,… = 𝐹[𝜙]

o



𝜙𝑖 𝑖

𝜙𝑖 = 𝜙𝑖 ෨𝜙

ℒ = −𝑉 𝜙 +
1

2
𝑔𝑖𝑗 𝜙 𝜕𝜇𝜙

𝑖 𝜕𝜇𝜙𝑗 + 𝒪 𝜕4 = −෨𝑉 ෨𝜙 +
1

2
𝑔𝑖𝑗 ෨𝜙 𝜕𝜇 ෨𝜙

𝑖 𝜕𝜇 ෨𝜙𝑗 + 𝒪 𝜕4

෨𝑉 ෨𝜙 = 𝑉 𝜙( ෨𝜙)

𝜕𝜇 ෨𝜙
𝑖 =

𝜕෩𝜙𝑖

𝜕𝜙𝑘 𝜕𝜇𝜙
𝑘

𝑔𝑖𝑗 ෨𝜙 =
𝜕𝜙𝑘

𝜕෩𝜙𝑖

𝜕𝜙𝑙

𝜕෩𝜙𝑗 𝑔𝑘𝑙 𝜙( ෨𝜙) →

[Alonso, Jenkins, Manohar, 1511.00724 + 1605.03602]

[(Callan,) Coleman, Wess, Zumino] [Honerkamp] 

[Volkov] [Tataru] [Alvarez-Gaume, Freedman(, Mukhi)] 

[Vilkovisky] [DeWitt] [Gaillard] [Georgi]



ℒ = −𝑉 𝜙 +
1

2
𝑔𝑖𝑗 𝜙 𝜕𝜇𝜙

𝑖 𝜕𝜇𝜙𝑗 + 𝒪 𝜕4

𝑔𝑖𝑗

Γ𝑗𝑘
𝑖 =

1

2
𝑔𝑖𝑙 𝑔𝑙𝑗,𝑘 + 𝑔𝑙𝑘,𝑗 − 𝑔𝑗𝑘,𝑙

𝑅𝑖𝑗𝑘𝑙 =
1

2
𝑔𝑖𝑙,𝑗𝑘 − 𝑔𝑗𝑙,𝑖𝑘 − 𝑔𝑚𝑛 Γ𝑖𝑘

𝑚 Γ𝑗𝑙
𝑛 − (𝑘 ↔ 𝑙)

∇𝑘𝑇 𝑗…
𝑖… = 𝜕𝑘𝑇 𝑗…

𝑖… + Γ𝑘𝑙
𝑖 𝑇 𝑗…

𝑙… + ⋯ − Γ𝑘𝑗
𝑙 𝑇 𝑙…

𝑖… +⋯



⇓



𝑣2

Λ2

𝑛



⇒



⇒

𝛾(𝜆)



1

𝜖𝑈𝑉
⇒

⇒



𝜑𝑖 = {Φ𝐴, 𝜙𝑎} 𝑀Φ ≫ 𝑚𝜙

Φ𝐴

⇒ 𝜙𝑎



∼

∼ ∼



ℒ𝑈𝑉 = ⋯ ℒ𝐸𝐹𝑇
[1]

= ⋯

ℒ𝑈𝑉 Φ,𝜙 = ℒ 𝜙 +
1

2
𝐷𝜇Φ

2

−
1

2
𝑀2 + 𝑈 𝜙 Φ2

+𝒪 Φ3

⇒



ℒ𝑈𝑉 = ⋯ ℒ𝐸𝐹𝑇
[1]

= ⋯

ℒ𝑈𝑉 Φ,𝜙 =
1

2
𝑔𝑖𝑗 𝜑 𝜕𝜇𝜑

𝑖 𝜕𝜇𝜙𝑗 − 𝑉 𝜑

⇒ ℒ𝐸𝐹𝑇
1

=
1

16𝜋2
σ𝑖 𝑐𝑖 tr 𝒪𝑖



o 𝜙 → ෨𝜙 = 𝑓(𝜙)

o 𝜙 → ෨𝜙 = 𝑓 𝜙, 𝜕𝜇𝜙, 𝜕𝜇𝜕𝜈𝜙,… = 𝐹[𝜙]

o



→

𝜙𝑖 → 𝜙𝑖 𝑥 𝜙𝑖 𝑝

→ = ∞

→

𝜙 = 𝑓 ෨𝜙 𝜙 = 𝑓 ෨𝜙 , 𝜕𝜇 ෨𝜙 , 𝜕𝜇𝜕𝜈 ෨𝜙 ,… = 𝐹 ෨𝜙



𝜕𝜇𝜙
𝑖

ℒ ⊃
1

2
𝑔𝑖𝑗 𝜙 𝜕𝜇𝜙

𝑖 𝜕𝜇𝜙𝑗 ⇒ 𝑔𝑖𝑗 𝜙 →



𝜙 = 𝐹 ෨𝜙



𝜙3 + 𝜙4



Γ 𝜙





𝑝𝑖
2 = 𝑚𝑖

2







𝛾𝑏𝑐
𝑎



o 𝜙 → ෨𝜙 = 𝑓(𝜙)

o 𝜙 → ෨𝜙 = 𝑓 𝜙, 𝜕𝜇𝜙, 𝜕𝜇𝜕𝜈𝜙,… = 𝐹[𝜙]

o





→



⇒

→ ⇒



തg → ത𝑔







o 𝜙 → ෨𝜙 = 𝑓(𝜙)

o 𝜙 → ෨𝜙 = 𝑓 𝜙, 𝜕𝜇𝜙, 𝜕𝜇𝜕𝜈𝜙,… = 𝐹[𝜙]

o


