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“粲强子衰变和标准模型的精确检验”2025 年夏季年会 

贵阳, 8月13日, 2025.

万霞 (陕西师范大学)

有效场论视角下的新物理： 
从紫外(UV)模型到QCD强子谱



提纲

• 简介


• 标准模型有效场论(SMEFT)和希格斯有效
场论(HEFT)


• 低能有效场论(Low-energy EFT, LEFT)


• 总结
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标准模型
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粒子(～场) 对称性

SU(3)c × SU(2)L × U(1)Y

• 庞加莱对称性:洛伦兹协变性+平移不变性

粒子被分为庞加莱群的不同表示：
◦ 标量粒子（如希格斯玻色子）对应自旋0表示。

◦ 费米子（如电子、夸克）对应自旋1/2表示。

◦ 光子（自旋1）对应规范场的表示。

• 内部对称性

E.g.

• 动力学和相互作用: 构建Lagrangian量，写出满足对称性的所有可
重整项。

H → UH, H† → H†U† : H†H → H†H  (对称性下不变)

The Standard Model of Particle Physics

12/12/2020 Chen Zhang 2

• Relativistic QFT

• Gauge invariance

• Higgs Mechanism

• Renormalizability

Missing pieces: gravity, DM, neutrino masses, ...

H =
1

2 ( G+

v + h + iG0), ℒSM ⊃
1
2

DμH†DμH +
m2

2
H†H



标准模型是不完备的

Experimental evidence 

• Neutrino mass


• Dark matter, Dark energy 


• Matter-antimatter asymmetry


• Gravity

4



5

新物理模型：新粒子+新对称性
SU(3)c × SU(2)L × U(1)Y

对称性类型     例子                     应用 /动机  

额外规范对称性   Z′, 中微子

离散对称性     暗物质稳定

味对称性             轻子、夸克质量和混合矩阵  

全局G     复合希格斯粒子

超对称    SUSY                   等级问题、暗物质 

大统一模型(GUT) SU(5),SO(10) 规范耦合常数的统一

U(1)′￼, U(1)B−L

ℤ2

U(3)5, S4, A4

SO(5) → SO(4)
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新物理模型有多少种？

理论框架 主流模型总数 模型变化范围说明

大统一理论(GUT) 15-30+种 5种主群 × 3-6种典型破缺路径
超对称(SUSY) 20-50+种 6种主形式 × 不同破缺参数/UV完成方式
复合希格斯 10-20+种 4种陪集类型 × 不同嵌入/共振态结构
跷跷板机制 10-15+种 6种基础类型 × 味结构/能标组合

基础类型  种。55 ∼ 115

另加 暗物质模型，规范扩展模型，其它创新模型
(leptogenesis,ALP)等，保守估计～500种。



LHC实验结果
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Supersymmetry Public Results

没有找到超对称粒子，对其质量做了上限 Mass > 1TeV



LHC实验结果
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[S.  Rappoccio 1810.10579]

没有找到新物理模型预言的粒子，对其质量做了上限 Mass > 1TeV



有效场论
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经验: 

1. New particles are heavy.

2. Top-down (from high energy to low energy ) is good, currently 

down-top (from low energy to high energy ) is better?

SM Effective

M → MPlanck1 TeV

dσ/dM

Model-dependent Vs. Data-driven



有效场论

10

SM Effective

M1 TeV

dσ/dM

2025年

1934年
Effective

M10 GeV

dσ/dM

80 GeV

W玻色子

用于 衰变β



现代有效场论
• 构建完备基。


• 有效场论包含高维算符，在有限
精度上它是可以重整的。
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2012.11343, I. Brivio
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⇢
QeW (l̄p�µ⌫er)�iHW i

µ⌫
Qee (ēp�µer)(ēs�µet)

Q eG fabc eGa⌫

µ
Gb⇢
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⇢
QuG (q̄p�µ⌫T aur) eH Ga

µ⌫
Qdd (d̄p�µdr)(d̄s�µdt)

QfW "ijkfW i⌫

µ
W j⇢
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µ⌫
Q(8)

ud
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QHWB H†�iHW i

µ⌫
Bµ⌫ QHd (H†i

 !
D µH)(d̄p�µdr) Q(1)

qd
(q̄p�µqr)(d̄s�µdt)

Q
HfWB

H†�iH fW i

µ⌫
Bµ⌫ QHud + h.c. i( eH†DµH)(ūp�µdr) Q(8)
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QeH (H†H)(l̄perH) Qll (l̄p�µlr)(l̄s�µlt) Qledq (l̄j
p
er)(d̄sqtj)

QuH (H†H)(q̄pur
eH) Q(1)

qq (q̄p�µqr)(q̄s�µqt) Q(1)
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p
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quqd
(q̄j

p
T aur)"jk(q̄ksT

adt)

Q(1)
lq

(l̄p�µlr)(q̄s�µqt) Q(1)
lequ

(l̄j
p
er)"jk(q̄ksut)

Q(3)
lq

(l̄p�µ�ilr)(q̄s�µ�iqt) Q(3)
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Table 1. L6 operators in the Warsaw basis [42], categorized into eight classes L
(n)
6 as in [48]. Only

baryon number-conserving invariants are retained. The flavor indices p, r, s, t are suppressed in the
operators’ names.

– 6 –

ℒEFT ⊃ ℒSM +
CH

Λ2
(H†H)3 + ⋯

6点振幅的圈图需要8点振幅来抵消，依此类推，会有无穷项, 即不可重整。

但是，对于精度做截断, e.g. ，则无需抵消。因此“可重整”。𝒪(1/M2)



场论和有效场论的发展历程
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from J.H. Yu’s slide

Renormalization and Effective Lagrangians

J. Polchinski, Nucl. Phys. B 231, 269 (1984)



SMEFT/HEFT
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/15Jaco ter Hoeve - ICHEP - 20/07/24

FCC-ee and CEPC
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From Jaco ter Hoeve, ICHEP 2024

data analysis UV models
EFT MatchingSimulation, fitting

1. Construct a complete basis.


2. Data analysis: simulation and fitting. 
Global fitting.


3. Matching: relate the Wilson 
coefficients to the masses and 
couplings of UV models. EFT-UV匹
配词典. 

[H. Sun, M.-L. Xiao, and J.-H. Yu, 2206.07722]

EFT:  3 要素
UV: Ultra-Violet, 紫外，高能标 



15

Complete Basis

Jiang-Hao Yu  18

30

7

2

EOM

IBP

Young tensor method (No need EoM&IBP)

2

Traditional method

Traditional vs Young Tensor

[ Hays, Martin, Sanz, Setford, 2018]

From J.H. Yu’s slide
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From J.H. Yu’s slide

SMEFT Warsaw basis

Complete Basis



Global Fitting

17

2012.02779, John Ellis,Maeve Madigan,Ken Mimasu,Veronica Sanz and Tevong You

FitMaker



Global Fitting
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SMEFiT: a flexible toolbox for global interpretations of particle physics data with effective field theories, T. Giani, G. Magni and J. Rojo,

From Luca Mantani’s Slide, HEFT2021

A Monte Carlo global analysis of the Standard Model Effective Field Theory: the top quark sector, N. P. Hartland, F. Maltoni, E. R. Nocera, J. 
Rojo, E. Slade, E. Vryonidou, C. Zhang
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Matching

SMEFT matching procedure (Covariant Derivative Expansion)
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UV-EFT Matching Dictionary

1. 从实验得到的EFT coefficients 寻找可能的新物理存活空间。

2. 从UV模型匹配到EFT coefficients的模式指导实验。

匹配词典

1711.10391 J. de Blas, J. C. Criado, 
M. Pérez-Victoria and J. Santiago



Automation of SMEFT
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From Alejo N. Rossia’s Silde, SMEFT-Tools,2025

Simulation Global Fitting

Matching



自发对称性破缺机制
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新物理模型

标准模型

v(h) = 1/2m2
hh2+λvEWh3 + 1/4λh4 + . . .
✔

*

* * *

h h

h

λ

from Tao Han’s Slide @ NOPP2025



EFTs at electroweak scale: SMEFT and HEFT

• SMEFT, linear realization of the Higgs and Goldstones, canonical dimension


• HEFT, nonlinear realization, chiral dimension
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H =
1

2 ( G+

v + h + iG0), ℒSMEFT ⊃
1
2

DμH†DμH +
m2

2
H†H − λ(H†H)2 +

CH

Λ2
(H†H)3 + ⋯

[H. Sun, M.-L. Xiao, and J.-H. Yu, 2206.07722]

A Geometric Perspective
(Think O(4), but O(2) is easier to illustrate)

LHEFT =
1

2
(@h)2 +

1

2
[vF (h)]2(@~n)2 � V (h) +O

�
@4

�

SMEFT if O(4) fixed point on manifold → F(h) = 0 somewhere (say, h = -v)

2⇡vF

12

2⇡vF

HEFT not SMEFT: Case I
When there’s a hole s.t. h = -v is not on the manifold  

(no O(4) fixed point about which to expand in SMEFT coordinates)

[Alonso, Jenkins, Manohar 1605.03602]

LHEFT =
1

2
(@h)2 +

1

2
[vF (h)]2(@~n)2 � V (h) +O

�
@4

�

F (h) 6= 0Corresponds to everywhere
13

SMEFT/HEFT 

only HEFT 

vEW

h, U ≡ exp ( iπiσi

vEW ), ℒLO
HEFT ⊃

1
2

DμhDμh − V(h) +
v2

EW

4
F(h)Tr(DμU†DμU) + ⋯

V(h) =
1
2

m2
hh2[1 + (1 + Δκ3)

h
vEW

+ ⋯], F(h) = 1 + 2(1 + Δa)
h

vEW
+ ⋯

HEFT
SMEFT

SM

HEFT encompasses SMEFT. 
R. Alonso, E. Jenkins, A. Manohar [1511.00724,1605.03602]from N. Craig, HEFT2021



Matching a same model both to SMEFT and HEFT
• SM with a singlet extension. 


• 2HDM (i.e. SM+ another Higgs doublet ).


• The Real Triplet Model (i.e. SM + a triplet Higgs).

24

[G. Buchala et al, 1608.03564.

Linear form

extension of custodial-symmetry-violation model. In this section, firstly we introduce linear
forms of the Lagrangian, which describe same UV model but have distinctions for matching.
Then we give a non-linear form, U representation, which separate out U matrix explicitly
and thus is feasible for HEFT matching. We further show a complete matching procedure.
Finally we introduce the tensor notation and generalize U representation to general scalar
multiplet extensions.

3.1 Linear forms

3.1.1 Doublet

Usually the Lagrangian of RHTE in scalar sector can be expressed as [55, 66, 101]

LRHTE(H,!) → (DµH)
†
(Dµ

H) + ↑Dµ!
†Dµ

!↓ ↔ V (H,!) , (3.1)

with

V (H,!) = Y 2

1 H
†
H+ Z1(H

†
H)

2
+ Y 2

2 ↑!
†
!↓+ Z2↑!

†
!↓

2

+Z3H
†
H↑!

†
!↓+ 2Y3H

†
!H , (3.2)

where ↑...↓ denotes the trace, Yis, i = 1, 2, 3 are dimensional parameters while Zis, i = 1, 2, 3

are dimensionless. H is the SM Higgs doublet and ! is the real triplet, which could be
expressed as

H =

(
G+

1→
2

(
vH + h+ iG0

)
)
, ! =

1

2
!iωi =

1

2

(
v! + !

0
↗
2!

+

↗
2!

↑
↔v! ↔ !

0

)
, i = 1, 2, 3,

(3.3)

where vH, v! are vacuum expectation values (VEVs) after spontaneously symmetry breaking
(SSB). G0 is a pseudoscalar which does not mix with the scalar h except for CP violation.
G+ is a charged scalar. !is constitute 3 triplet components, ωis are Pauli matrices. !

0
=

↔v! + !3 is the shifted field along VEV, !±
=

1→
2
(!1 ↘ i!2) are canonically normalized

charged scalars.
Due to two VEVs, G± and !

± should be mixed and give massless Goldstones and
massive charged Higgs, which are

(
G+

EW

H+

)
=

(
cos ε ↔ sin ε

sin ε cos ε

)(
G+

!
+

)
, (3.4)

where G+

EW
represents Goldstone “perpendicular” to electroweak vacuum, the tangent of

rotation angle is

tan ε = 2v!/vH. (3.5)

Under SU(2)L≃U(1)Y gauge symmetry, the doublet H and the real triplet ! transform
as

H ⇐ gL(ω) exp(
i

2
ϑY ) H , ! ⇐ gL(ω) ! gL(ω)

† , gL(ω) = exp(
i

2
ϑiωi), (3.6)

which explain why the potential has the trilinear interaction H
†
!H in Eq. (3.2) .

– 5 –

denotes trace< . . . > are dimensionless,  are dimensionalZis Yis

ℒRHTE(H, Σ) ⊃ DμH†DμH + ⟨DμΣ†DμΣ⟩ − V (H, Σ),

V (H, Σ) = Y2
1H†H + Z1(H†H)2 + Y2

2⟨Σ†Σ⟩ + Z2⟨Σ†Σ⟩2 + Z3H†H⟨Σ†Σ⟩ + 2Y3H†ΣH

[G. Buchala et al, 2312.13885],  [S. Dawson et al, 2205.01561, 2311.16897],[F. Arco et al, 2307.15693]

[Huayang Song, XW, 2412.00355(JHEP 06 (2025) 021), 2503.00707(JHEP 06 (2025) 249)]



Matching Real Triplet Model to SMEFT
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EoM of :   Σ

V =
1
2

⃗Σ T(−DμDμ − M2 − Z3 H†H) ⃗Σ + Y3
⃗Σ ⋅ H† ⃗σH −

1
4

Z2( ⃗Σ ⋅ ⃗Σ )2

⃗Σ c = −
1

−DμDμ − M2 − Z3 H+H
Y3H+ ⃗σH +

1
−DμDμ − M2 − Z3 H+H

Z2( ⃗Σ c ⋅ ⃗Σ c) ⃗Σ c

Expansion with 1/M2

T. Corbett, A. Helset, A. Martin, M. Trott, [2102.02819]
J. Ellis, K. Mimasu, F. Zamperdri, [2304.06663]

(−DμDμ − M2 − Z3 H†H) ⃗Σ c = − Y3H† ⃗σH + Z2( ⃗Σ c ⋅ ⃗Σ c) ⃗Σ c

ℒSMEFT =
1

2M2
Y2

3H† ⃗σH ⋅ H† ⃗σH +
1
2

(H† ⃗σH)T 1
M2

(−DμDμ − Z3H†H)
1

M2
H† ⃗σH + ⋯

ℒRHTE(H, Σ) ⊃ DμH†DμH + ⟨DμΣ†DμΣ⟩ − V,

(Assume  )M2 ≫ v2
EW



Matching Real Triplet Model to HEFT
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extension of custodial-symmetry-violation model. In this section, firstly we introduce linear
forms of the Lagrangian, which describe same UV model but have distinctions for matching.
Then we give a non-linear form, U representation, which separate out U matrix explicitly
and thus is feasible for HEFT matching. We further show a complete matching procedure.
Finally we introduce the tensor notation and generalize U representation to general scalar
multiplet extensions.

3.1 Linear forms

3.1.1 Doublet

Usually the Lagrangian of RHTE in scalar sector can be expressed as [55, 66, 101]

LRHTE(H,!) → (DµH)
†
(Dµ

H) + ↑Dµ!
†Dµ

!↓ ↔ V (H,!) , (3.1)

with

V (H,!) = Y 2

1 H
†
H+ Z1(H

†
H)

2
+ Y 2

2 ↑!
†
!↓+ Z2↑!

†
!↓

2

+Z3H
†
H↑!

†
!↓+ 2Y3H

†
!H , (3.2)

where ↑...↓ denotes the trace, Yis, i = 1, 2, 3 are dimensional parameters while Zis, i = 1, 2, 3

are dimensionless. H is the SM Higgs doublet and ! is the real triplet, which could be
expressed as

H =

(
G+

1→
2

(
vH + h+ iG0

)
)
, ! =

1

2
!iωi =

1

2

(
v! + !

0
↗
2!

+

↗
2!

↑
↔v! ↔ !

0

)
, i = 1, 2, 3,

(3.3)

where vH, v! are vacuum expectation values (VEVs) after spontaneously symmetry breaking
(SSB). G0 is a pseudoscalar which does not mix with the scalar h except for CP violation.
G+ is a charged scalar. !is constitute 3 triplet components, ωis are Pauli matrices. !

0
=

↔v! + !3 is the shifted field along VEV, !±
=

1→
2
(!1 ↘ i!2) are canonically normalized

charged scalars.
Due to two VEVs, G± and !

± should be mixed and give massless Goldstones and
massive charged Higgs, which are

(
G+

EW

H+

)
=

(
cos ε ↔ sin ε

sin ε cos ε

)(
G+

!
+

)
, (3.4)

where G+

EW
represents Goldstone “perpendicular” to electroweak vacuum, the tangent of

rotation angle is

tan ε = 2v!/vH. (3.5)

Under SU(2)L≃U(1)Y gauge symmetry, the doublet H and the real triplet ! transform
as

H ⇐ gL(ω) exp(
i

2
ϑY ) H , ! ⇐ gL(ω) ! gL(ω)

† , gL(ω) = exp(
i

2
ϑiωi), (3.6)

which explain why the potential has the trilinear interaction H
†
!H in Eq. (3.2) .

– 5 –

(h
K) = (cos γ −sin γ

sin γ cos γ ) (h0

Σ0)
• Integrate not  as a whole, but the  and  particles.


•  should be written into a U matrix.

Σ K H±

G±
EW, G0

EW

h, U ≡ exp ( iπiσi

vEW ), ℒLO
HEFT ⊃

1
2

DμhDμh − V(h) +
v2

EW

4
F(h)Tr(DμU†DμU) + ⋯



A non-linear framework 
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H = U
1

2 ( χ±

vH + h0 + iχ0), U ≡ exp ( iπiσi

vEW ) Σ = UΦU†, Φ =
1
2

ϕiσi =
1
2

vΣ + ϕ0 2ϕ+

2ϕ− −vΣ − ϕ0

values of gc, the double expansion in powers of vEW/f (known as the vacuum misalignment
angle) and f/!s = 1/gc should be considered at the same time 4. This is the key feature
when matching a UV theory with multiple scales to an EFT, especially the physics between
the two UV scales is hard to describe separately. In the following, we match the RHTE to
the HEFT in powers of ω by integrating out the BSM states at the tree level 5. One should
note that the chiral dimension provides a systematic way to organize the HEFT operators
but it is generally impossible to perform a matching of the HEFT to a UV complete model
without introducing an extra expansion parameter.

3 The SM with one real Higgs triplet extension (RHTE)

3.1 The triplet in nonlinear form

In the RHTE besides the SU(2)L doublet there exists a triplet with hyper-charge Y = 0.
The Lagrangian of RHTE in scalar sector can be expressed as [46, 57, 83]

L = (DµH)† (DµH) + →Dµ”
†Dµ”↑ ↓ V, (3.1)

V = Y 2

1 H
†H + Z1(H

†H)2 + Y 2

2 →”
†”↑+ Z2→”

†”↑2 + Z3H
†H→”†”↑+ 2Y3H

†”H,(3.2)

where →...↑ denotes the trace, Yis, i = 1, 2, 3 are dimensional parameters while Zis, i = 1, 2, 3

are dimensionless. H is the SM Higgs doublet and ” is the real triplet. After spontaneously
symmetry breaking (SSB) the doublet is

H = U
1
↔
2

(
0

v + h0

)
, U ↗ exp

(
iεiϑi
v

)
(3.3)

where ϑi, i = 1, 2, 3 are Pauli matrices, v is vacuum expectation value (VEV) of the doublet,
h0 is the radial mode associated to the VEV direction, and the unitary matrix U encapsulate
other three degrees of freedom εi. In SM εis are Goldstones while in RHTE they are
generally not. We write H in “polar coordinates” instead of “Cartesian coordinate” so that
it is near the nonlinear form in HEFT.

Similarly we define a nonlinear “rotated” triplet, which is

” = U#U † , # ↗ ϖiϑi/2 =
1

2

(
v→ + ϖ0 ϖ1 ↓ iϖ2

ϖ1 + iϖ2 ↓v→ ↓ ϖ0

)
, (3.4)

where ” is related to # through the U matrix, v→ is the VEV of the triplet field, and
ϖ0 = ↓v→ + ϖ3 is the corresponding radial mode. As the U matrix could be considered as
an SU(2)L rotation with “angles” of εi/(2v), in Eq. (3.4) we rotate # to ” by “angles” of
εi/(2v).This rotation does not change physical features such as electric charge and VEV,
i.e. →”↑ = →#↑. Inserting Eq.s (3.3) and (3.4) back into the potential in Eq. (3.2), it is

4One should notice that even one takes f2/!2 = 1/(16ω2), the double expansion in the number of loops
and in powers of vEW/f should also be performed in the EFT [81].

5Note that the loop expansion here is not the number of loops in the EFT, which is related to the chiral
dimension, but the number of loops in the UV calculation.
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χ± = 2
vΣ

vH
ϕ±, χ0 = 0

• 三个重粒子与U矩阵完全分离，并且是线性相互作用。积掉重粒子
得到HEFT形式变得简单，并易于编程。


• 用张量符号描写 多重态，适用于一般多重态扩展的UV模型。SU(2)

Huayang Song, XW, 2412.00355(JHEP 06 (2025) 021)

Hi = Uj
i 𝔥j, 𝔥 =

χ+

1

2
(vH + h0 + iχ0)
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of the BSM states can be as low as 495 GeV, or the equivalent value of Y2 → 470 GeV , when
ω approaches 0.02, indicating that the SMEFT converges slowly to the full model. This is
clearer in the right panel of Fig. 1. The divergence of the UV model (the black vertical
line) at around ω = 0.0196 is due to the presence of heavy scalars with masses below the
center-of-mass energy. Both the SMEFT and the HEFT lose the predictive power there.
Away from such a value of ω, both EFTs give similar approximations at the same order and
the second order, SMEFT-8 and HEFT(ω3), is a very good replication of the RHTE.

UV Model

HEFT(ξ2)

HEFT(ξ3)

SMEFT-6

SMEFT-8

0.005 0.010 0.015 0.020
ξ34.90

34.92

34.94

34.96

34.98

35.00

dσ/dθθ=θ0
hh→hh (pb)

s =300 GeV
θ0=π/4

UV Model

HEFT(ξ2)

HEFT(ξ3)

SMEFT-6

SMEFT-8

0.005 0.010 0.015 0.020
ξ

0.042

0.043

0.044

0.045

dσ/dθθ=θ0
hh→hh (pb)

s =800 GeV
θ0=π/8

Figure 2. Comparison between the UV model and the HEFT, the SMEFT dim-6 (SMEFT-6) and
the SMEFT dim-8 (SMEFT-8) approaches to it in the di!erential cross-section of hh ↑ hh, for a
center-of-mass energy

↓
s and a scattering angle ε0. On both panels, we take Y3 = 730.14 GeV,

Z2 = 1 and Z3 = 0.758, while all other parameters can be fixed by the SM inputs for a certain
value of ω.

We present similar plots but for a large value of Y3 (Y3 = 730.14 GeV) for di!erent
values of the center-of-mass energy (

↓
s = 300 GeV for the left panel and

↓
s = 800 GeV for

the right panel) in Fig. 2. In this case, both EFTs are still good replications of the RHTE
while the HEFT O(ω3) shows a better description for larger values of ω. The improvement
of the SMEFT can be understood by noticing that the lowest value of Y2 is around 2115

GeV, which is far above both the electroweak scale and collision energy, and makes the
SMEFT expansion under control.

We now discuss the scattering processes of WW ↑ hh and ZZ ↑ hh. The similar plots
are shown in Fig. 3 and Fig. 4. We only consider the longitudinal-mode scattering since 1)
the contributions from transverse modes can be neglected and 2) at the high energy limit
the longitudinal modes are just Goldstones required by the Goldstone equivalence theorem,
which are deeply related to the electroweak symmetry breaking. Similar characteristics hold
for WW ↑ hh and ZZ ↑ hh. The O(ω3) corrections significantly improve the quality of
the replication of the UV model in the HEFT and it provides the best approximation to
reproduce the UV predictions for both large and small values of the collision energy. it is
notable that the SMEFT yields a very poor replication when Y3 is small (top panels).

– 18 –

Y2 > 2TeV

HEFT converges faster,  which is same as in 
 processWW → hh, ZZ → hh

Similar results also from 2504.02580, 
Yi Liao,  Xiao-Dong Ma, Yoshiki Uchida



HEFT 研究的挑战

• HEFT 有多种，不同的Power counting 对应不同的HEFT。


• 退耦的HEFT与SMEFT描述UV模型的参数空间基本一致，
非退耦的HEFT与SMEFT可能会有不同。


• HEFT与UV模型1圈的匹配。

29



EFT-Hadron spectroscopy
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EFT 梯子 (running and matching)
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能量

∼ 1016 GeV

~1 TeV
大统一模型，跷跷板模型

重粒子,e.g. 重的Higgs

SMEFT~246 GeV
  HEFT

~80 GeV W、Z玻色子,t夸克
Low-Energy EFT(LEFT)

u,d,s,c,b夸克~10 GeV

HQEFT, NRQCDu,d,s夸克~300 MeV( )Λc

CHPT(手征微扰理论)BES

LHC/
CEPC

∼ MeV

1709.04486， E.E. Jenkins,A. V. Manohar, P.. Stoffer



LEFT (QCD  QED)×
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1. 轻子味破坏（LFV）过程，

•  过程，  过程，muon g-2(loop), 电子的电偶极矩


• LHC上 过程

τ → μγ μ → eγ

pp → ℓℓγ

夸克(除了t), 胶子，轻子，光子

𝒪dipole =
e

mτ
(μ̄σμνPL/Rτ) Fμν + h.c.

𝒪μτ
eB = (L̄μ σμν τR) H Bμν , 𝒪μτ

eW = (L̄μ σμν τR) σIH WI
μν

LEFT

SMEFT

τ → μγ
例如 ,τ → μγ, μ → eγ τ → 3μ, μ → 3e



 衰变中寻找新物理τ

33



粲介子衰变中的新物理

34

2410.00115，Hector Gisbert, Gudrun Hiller and Dominik Suelmann



Summary
• EFT 3要素：完整基，全局拟合，匹配词典。SMEFT的自动
化工具构建已初步完成。


• HEFT包含SMEFT，描述更多真空自发对称性破缺机制. 我
和合作者构建了UV模型的非线性框架，适用于一般标量场
扩展模型与HEFT的匹配。


• SMEFT可以跑动到LEFT. LEFT应用于GeV能区探索新物
理，并与TeV能区实验开展联合研究。

35
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Thank you for your 
attention!



Backups
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 Y3 = 24.65 GeV, Z2 = 1, Z3 = 10

NOT FOR DISTRIBUTION JHEP_076P_0325 v1

UV Model
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Figure 6. The same as in Fig. 5, but with the SMEFT coe!cients truncated at a certain order of
ω. SMEFT-6(ω2) and SMEFT-8(ω2) represent that the corresponding SMEFT Wilson coe!cients
upto dim-6 and dim-8 operators are truncated at order O(ω2) and O(ω3) respectively.

which can systematically be extended to higher orders. The matching equations for the
parameters of the HEFT Lagrangian were discussed and given analytically.

We then investigated how accurately the HEFT matching reproduces the RHTE results
in the tree-level scatterings hh → hh, WW → hh and ZZ → hh compared to the SMEFT.
Generally this is a non-trivial question due to the di!erent power counting rules used in the
two EFTs. We found that the HEFT at O(ω2) reproduces the RHTE results in all these
scatterings with our choice of input parameters and power counting rules for two EFTs
(1/! for SMEFT and ω for HEFT). Especially at low collision energy, the convergence to
the RHTE can be significantly improved if higher orders of ω’s e!ects are included in the
HEFT while the second order of the SMEFT expansion is not enough. We also show an
explicit failure of the SMEFT in both a phase transition occurring and the characteristic
scale changing in UV theory. The phase transition is closely related to the fundamental
symmetry that should be used to build the EFT, which is already well known. That the
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解析延拓

对于退耦合的HEFT，SMEFT适用的参数空间与其一致。


非退耦的HEFT才能探索到模型其它的参数空间
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 represents there exists another source of spontaneously symmetry 
breaking, which cause the breakdown of SMEFT. Only HEFT works.
Y2

2 ≤ 0

T. Cohen, Nathaniel Craig, Xiaochuan Lu, Dave Sutherland 2008.08597

While   (A Geometrical View)Y2
2 < 0

Y2
2 > 0 Y2

2 < 0

analytic at the invariant point, while HEFT results when m2 < 0 (right panel). The
simple intuition that new sources of electroweak symmetry breaking imply we must
match the theory onto HEFT has been demonstrated by each of our example UV
models.

0 .3 .6

-.6

-.3

0

.3

.6

0 .5 1

-1

-.5

0

.5

1

Figure 4: EFT submanifolds in the triplet model obtained by matching in the uni-
tary basis for two representative sets of parameters, one with m2 > 0 (left panel)
and the other with m2 < 0 (right panel). In each panel, contours of the potential
Eq. (7.48) are shown in the (r, f) plane in arbitrary mass units with the indicated
choice of parameters. We fix �i

= 0. The location of the global minimum is denoted
by a black dot, while the fixed point corresponds to (r, f) = (0, 0). The EFT sub-
manifolds are shown in blue and orange; blue corresponds to solution(s) of @V

@f
= 0

in regions where the UV fluctuations (in f and �i) have a positive definite mass
matrix, and the curve is orange otherwise. The region in which the UV fluctuations
do not have a positive definite mass matrix is shown in light gray, with a dashed
green boundary. In the left panel, the choice of parameters (namely m2 > 0) admits
a SMEFT, as illustrated by the existence of an EFT submanifold connecting the UV
fixed point to the global minimum through a region of positive definite mass matrix.
In the right panel, the choice of parameters (namely m2 < 0) requires a HEFT, as
none of the EFT submanifolds connect the fixed point to the global minimum.
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SMEFT matching procedure (Covariant Derivative Expansion)

How to use the Standard Model effective field theory, Brian Henning, Xiaochuan Lu, and Hitoshi Murayama, 1412.1837

The Universal One-Loop Effective Action, Aleksandra Drozd, John Ellis,  J´er´emi Quevillon and Tevong You, 1512.03003

STrEAMlining EFT Matching, Timothy Cohen,1 Xiaochuan Lu,1 and Zhengkang Zhang, 2012.07851

Linear Standard Model extensions in the SMEFT at one loop and Tera-Z，
John Gargalionis, Jérémie Quevillon, Pham Ngoc Hoa Vuong, Tevong You，2412.01759

From the EFT to the UV: the complete SMEFT one-loop dictionary
Guilherme Guedes, Pablo Olgoso, 2412.14253

https://arxiv.org/search/hep-ph?searchtype=author&query=Gargalionis,+J
https://arxiv.org/search/hep-ph?searchtype=author&query=Quevillon,+J
https://arxiv.org/search/hep-ph?searchtype=author&query=Vuong,+P+N+H
https://arxiv.org/search/hep-ph?searchtype=author&query=You,+T
https://arxiv.org/search/hep-ph?searchtype=author&query=Guedes,+G
https://arxiv.org/search/hep-ph?searchtype=author&query=Olgoso,+P


Effective field theory
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• At each order in , all terms consistent with the symmetries are included.


• Renormalizable order by order, higher order become less relevant.
E/Λ

A linear form under canonical dimension. 
ℒEFT = 𝒪(Λ0) +

E
Λ

𝒪1 + ( E
Λ )2 𝒪2 + . . .

  A non-linear form under chiral dimension. E.g. ChPT. 

树图 1-loop图

CH

Λ2
(H†H)3
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