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Long lived the Standard Model 
From precision to exploration, precision test of SM at 15 orders !

Triumphant, but with no joy — only despair!
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Full Chain Efforts: Predictions and measurements

Predictions
Measurements

Quantum field structures, 
symmetries and intrinsic 
properties, model parameters

Couplings, interactions Cross-sections Detector observables

From the talk by Yusheng Wu: (Brief) Review of Standard Model Measurements at TeV
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Motivation for new physics

Theoretical motivations

There are experimental challenges in the standard model and theoretical motivation for new physics

Experimental challenges

Neutrino 
masses

Baryon 
asymmetry

Dark 
matter

Inflation

Neutrino  
scale

Higgs hierarchy problemFermion flavor hierarchy

Gauge unification Vacuum stability
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New Physics beyond Standard Model
Λ

4π

Strong dynamics
non-perturbative

Decoupled theories

100 TeV

SM (non-decoupled)

1

100 GeV

SUSY/2HDM
Compoiste Higgs

Twin Higgs
SMEFT

⋯

TeV
Loop 

induced 

Portal 
models

NaturalFine-tunned
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Precison measurements
 at the LHC



Purpose of precision measurements
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σData − σSM

σSM
∼ 1 %New symmetries

New particles
 (D.o.F.)

Effective couplings

Effective Field Theory
(Operators)Bump

hunting

U(1)em

SU(2)L × U(1)Y SU(2)L × U(1)Y



Light quark Yukawa coupling
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The Challenges for Light Quark Case

Xin-Kai Wen (CCAST / IHEP) No.400

Directly measuring the light-quark Yukawa couplings is extremely challenging 

Ø Tiny couplings

Yukawa couplings flip chiralityØ The cross sec8ons or decay rates 

propor.onal to ""# with #$ ≪ 1

Ø Huge QCD backgrounds

Ø QCD confinement

Ø No independent sensi.vity to up- and down-quark Yukawa couplings 



Light quark Yukawa coupling
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➢ Tiny couplings  Special and Unique Probe to “ZOOM IN” 
➢ Huge QCD backgrounds  Lepton Collider, Spin Asymmetry 
➢ The cross sections or decay rates: , ( ) 𝒚𝟐

𝒒 𝒚𝒒 ≪ 𝟏

✓Quark transverse spin  
Chiral-flipping Yukawa interactions generate quark chiral-odd transverse spin via the interference between the 
different helicity states of signal and background amplitudes

∝ 𝒚𝒒

How to Measure ? 

Solution to the Challenges

Xin-Kai Wen (CCAST / IHEP) No.500

Ø Tiny couplings à Special and Unique Probe to “ZOOM IN”

Ø Huge QCD backgrounds à Lepton Collider, Spin Asymmetry

Ø The cross sec.ons or decay rates: ""#, ("" ≪ &) 

Yukaw  a couplings flip chirality

üQuark transverse spin ∝ "'
Chiral-flipping Yukawa interac8ons generate quark chiral-odd transverse spin via the 
interference between the different helicity states of signal and background amplitudes
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Qing-Hong Cao, Xin-Kai Wen, Bin Yan, and Shu-Tao Zhang, arXiv: 2512.16492
Xin-Kai Wen, Bin Yan, Zhite Yu, C.-P. Yuan, PRL 131 (2023) 241801 , PRD112 (2025) 053004, 2408.07255 

How to Measure ? 
Qing-Hong Cao, Xin-Kai Wen, Bin Yan, and Shu-Tao Zhang, arXiv: 2512.16492 

Xin-Kai Wen, Bin Yan, Zhite Yu, C.-P. Yuan, PRL 131 (2023) 241801 , PRD112 (2025) 053004, 2408.07255 



Dihadron FFs and Yukawa coupling 
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Yukawa interactions generate transverse spin of quark through interference between different helicity states of signal and 

backgrounds (rising  to )𝒚𝟐
𝒒 𝒚𝒒

Unpolarized DiFFs Interference DiFFs (transverse spin)

Qing-Hong Cao, Xin-Kai Wen, Bin Yan, and Shu-Tao Zhang, arXiv: 2512.16492

Different spin and CP dependence due to 
three-body nontrivial property
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Dihadron FFs and Yukawa coupling 
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(π+π-)π±

(π+π-)K±

(π+π-)p/p
combine
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3

✓ The single hadron as flavor tags for up- and 
down-quarks, enabling flavor separation  

✓ Yukawa couplings: 𝑶(𝟏𝟎−𝟒 − 𝟏𝟎−𝟑)

Qing-Hong Cao, Xin-Kai Wen, Bin Yan, and Shu-Tao Zhang, arXiv: 2512.16492

Collinear and LO: the integration of the hard coefficients and FFs can be factorized 



Purpose of precision measurements
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σData − σSM

σSM
∼ 1 %New symmetries

New particles
 (D.o.F.)

Effective couplings

Effective Field Theory
(Operators)Bump

hunting

U(1)em

SU(2)L × U(1)Y SU(2)L × U(1)Y



Standard Model 
EFT space

SUSY CHM ⋯
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ℒ = ℒSM +
ci

Λ2
𝒪i + . . .d.o.f. symmetries scale

describes (infinitely) NP models by  
finite Wilson coefficients 

determined by global fit to LHC data

top-down
approach

Example: NP and effective field theory

Henning, Lu, Murayama, 
1412.1837



Example: NP and effective field theory
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ℒ = ℒSM +
ci

Λ2
𝒪i + . . .

Standard Model 
EFT space

UV1
UV2

UV-3
…

Infinite NP models

Step 1

Step 2
EFT
analysis

LHC inverse problem: 
       Once coefficients are known from LHC,  
       how and to what extent can we determine the models?

unknown 
scale

unknown 
d.o.f

unknown 
Running

Bottom-up approach

Henning, Lu, Murayama, 
1412.1837



15

Assumptions:

one and only one NP scale

SM running effects

dim − 5 (LH)2

Λ

dim − 6 59
dim − 7 948 + 594
⋮

L. Lehman 1410.4193; 
Y. Liao .etc. 1607.07309; 
H.L.Li etc. 2005.00008 
B. Henning etc. 1512.03433, 
H.L. Li etc 2012.09188;

Independent
operator sets

Step 1

Step 2
EFT
analysis

Bottom-up approach

Henning, Lu, Murayama, 
1412.1837

Example: NP and effective field theory



Inverse problem in SM EFT
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CERN-TH-2020-140, CP3-20-42

Automated one-loop computations in the SMEFT
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We present the automation of one-loop computations in the standard-model e�ective field theory
at dimension six. Our general implementation, dubbed SMEFT@NLO, covers all types of operators:
bosonic, two- and four-fermion ones. Included ultraviolet and rational counterterms presently allow
for fully di�erential predictions, possibly matched to parton shower, up to the one-loop level in the
strong coupling or in four-quark operator coe�cients. Exact flavor symmetries are imposed among
light quark generations and an initial focus is set on top-quark interactions in the fermionic sector.
We illustrate the potential of this implementation with novel loop-induced and next-to-leading-order
computations relevant for top-quark, electroweak, and Higgs-boson phenomenology at the LHC and
future colliders.

Introduction Observed deviations in accurate mea-
surements would indirectly point to the existence of
physics beyond the standard model (SM), even if heavy
new states remain out of reach of the LHC and foreseen
accelerators. Given the richness of collider observables
and of the models proposed to address SM limitations, a
clear strategy is needed to maximize the reach of present
and future experiments.

The standard-model e�ective field theory (SMEFT)
provides a powerful framework to search for and interpret
possible deviations from the SM [1–3]. Its use is comple-
mentary to direct searches. Higher-dimensional opera-
tors compatible with the symmetries of the SM generate
a well-defined pattern of new interaction terms. Their
relevance is dictated, a priori, by the operator dimen-
sion, i.e., by an expansion in 1/�,

LSMEFT = LSM +
ÿ

i

c(6)
i O(6)

i

�2 + O

3
1

�3

4
, (1)

where LSM is the SM Lagrangian, O(d)
i are operators of

dimension d larger than four, and the c(d)
i are the cor-

responding Wilson coe�cients which encode information
about the ultraviolet (UV) theory. We do not consider
the single operator of dimension five which violates lepton
number and generates Majorana neutrino masses. At di-
mension six, without considering the combinatorial com-
plexity introduced by non-trivial flavor structures, the
number of independent operators is remarkably small [4].
Just 84 parameters encode the leading indirect e�ects
from all flavor-blind scenarios of decoupling new physics.

One can then parametrize possible deviations from the
SM prediction, for any observable on, in terms of the

Wilson coe�cients

�on = oEXP
n ≠oSM

n =
ÿ

i

a(6)
n,i(µ) c(6)

i (µ)
�2 +O

3
1

�3

4
, (2)

where oSM
n and a(6)

n,i are calculated using standard tech-
niques as expansions in the strong and weak couplings,
while µ is the renormalization scale. The expression
above illustrates the key points of a precision approach to
the search for new physics. First, one needs to achieve the
highest precision in both the experimental and SM de-
terminations of the observables on to reliably identify the
corresponding deviation �on. Second, since the SMEFT
correlates these deviations, improving its predictions en-
hances our sensitivity to new-physics patterns. Third, in
presence of a signal, the identification of the UV physics
based on the extracted c(6)

i /�2 can be greatly a�ected by
the accuracy and precision on the a(6)

n,i. Hence, to fully
exploit the measurements, it is not only mandatory to
have the best SM calculations but also to control the ac-
curacy and uncertainties of the SMEFT predictions. In
this article, we present an important milestone in this di-
rection, allowing to automatically compute higher-order
contributions to SMEFT predictions, for any observable
of interest.

Generalities Adopting the Warsaw basis [5] and af-
ter canonical normalization, we implement dimension-six
SMEFT operators in a FeynRules [6] model dubbed
SMEFT@NLO. This implementation is publicly avail-
able online together with its technical documentation,
including operator definitions [7].

We employ GF , mZ and mW as electroweak input pa-
rameters so that propagators do not depend on operator
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Université catholique de Louvain, 1348 Louvain-la-Neuve, Belgium
2
Physics Department, Technion – Israel Institute of Technology, Haifa 3200003, Israel

3
Dipartimento di Fisica e Astronomia, Università di Bologna e INFN,
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Introduction Observed deviations in accurate mea-
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physics beyond the standard model (SM), even if heavy
new states remain out of reach of the LHC and foreseen
accelerators. Given the richness of collider observables
and of the models proposed to address SM limitations, a
clear strategy is needed to maximize the reach of present
and future experiments.

The standard-model e�ective field theory (SMEFT)
provides a powerful framework to search for and interpret
possible deviations from the SM [1–3]. Its use is comple-
mentary to direct searches. Higher-dimensional opera-
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number and generates Majorana neutrino masses. At di-
mension six, without considering the combinatorial com-
plexity introduced by non-trivial flavor structures, the
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n and a(6)
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niques as expansions in the strong and weak couplings,
while µ is the renormalization scale. The expression
above illustrates the key points of a precision approach to
the search for new physics. First, one needs to achieve the
highest precision in both the experimental and SM de-
terminations of the observables on to reliably identify the
corresponding deviation �on. Second, since the SMEFT
correlates these deviations, improving its predictions en-
hances our sensitivity to new-physics patterns. Third, in
presence of a signal, the identification of the UV physics
based on the extracted c(6)

i /�2 can be greatly a�ected by
the accuracy and precision on the a(6)

n,i. Hence, to fully
exploit the measurements, it is not only mandatory to
have the best SM calculations but also to control the ac-
curacy and uncertainties of the SMEFT predictions. In
this article, we present an important milestone in this di-
rection, allowing to automatically compute higher-order
contributions to SMEFT predictions, for any observable
of interest.

Generalities Adopting the Warsaw basis [5] and af-
ter canonical normalization, we implement dimension-six
SMEFT operators in a FeynRules [6] model dubbed
SMEFT@NLO. This implementation is publicly avail-
able online together with its technical documentation,
including operator definitions [7].
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SMEFT Measurements

1) Which operator basis? Field and mass redefinitions?
2) Linear (interference) or Quadratic (operator squared)?
3) RG running effect?
4) QCD corrections? Operator mixings? 

59 independent operators at dim-6 (flavor blind)

(𝒪φW, 𝒪φWB, 𝒪φ□, 𝒪φD, 𝒪(1)
φl , 𝒪(3)

φl )

(𝒪HISZ
W , 𝒪HISZ

B , 𝒪2W, 𝒪2B, 𝒪SILH
W , 𝒪SILH

B )

(𝒪(1)
φl , 𝒪(3)

φl ) (𝒪HISZ
W , 𝒪HISZ

B )

WARSAW basis

HISZ basis

SILH basis

Equivalent by Equations of Motion



Global fit to the LHC data in dim-6 SMEFT
JHEP 11 (2021) 089
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Hard to probe or rule out new physics, any other better way?



Operator correlation shedding lights on NP

Standard Model EFT

UV1
UV2

UV3

ci

Λ2
/

cj

Λ2
= 3

ci

Λ2
/

cj

Λ2
= 1

ci

Λ2
/

cj

Λ2
=

2
2
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Interference effects: 
           operator correlations independent of the NP scale as long as
           it is low enough to yield sizable quantum effects 
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Operator correlation: pictorial illustration

  
or  

Λ → ∞

Ci → 0

19

c2

Λ2

c1

Λ2

3)   A blind direction is established if there is 
      no deviation from the SM theory prediction.

 = (aC1 − bC2)/Λ2

 δσobs1 ≡ σobs1(O1, O2) − σobs1
SM

1) Find the correlated operators, e.g.  and  , in the leading channel (obs-1) of NP searchesO1 O2

2)   Evaluate the operator correction

 aC1 − bC2 ∼ 0

Leading
channel



3)   A blind direction is established if there is 
      no deviation from the SM theory prediction.

4)  Find the next-to-leading channel to probe 
     the orthogonal direction. 

-10 -8 -6 -4 -2 0 2 4 6 8 10
-10

-8

-6

-4

-2

0

2

4

6
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10

C1
Λ2

C
2

Λ
2 SM

It is now the most efficient channel 
to probe or rule out new physics. 

 δσobs2 = (mC1 + nC2)/Λ2

20

c2

Λ2

c1

Λ2

 aC1 − bC2 ∼ 0

5)  If null results were found again, then the NP
     is far away from us, or it does not generate the operators. 

 = (aC1 − bC2)/Λ2

 δσobs1 ≡ σobs1(O1, O2) − σobs1
SM

1) Find the correlated operators, e.g.  and  , in the leading channel (obs-1) of NP searchesO1 O2

2)   Evaluate the operator correction

 aC1 − bC2 ∼ 0

Operator correlation: pictorial illustration

Next-to-Leading
channel

Leading
channel



Operator correlation: pictorial illustration

 δσobs1 =
aC1 − bC2

Λ2
= 0

 δσobs2 =
mC1 + nC2

Λ2
≠ 0

 
C1

C2
=

b
a
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6)  If we are lucky, a deviation was found in the next-to-leading channel 

then we might find NP and

        it is along the direction of 

7)  NP=? 

Next-to-Leading
channel

Leading
channel



Demo: single top production w/ and w/o a Higgs boson

22

}
same

interference
O(3)

qq

Tree level correlation
 in the SM

The correlation in the linear analysis in SMEFT

W

W′￼

TB

W′￼

b t

⟨H⟩ ⟨H⟩ ⟨H⟩ ⟨H⟩W⟨H⟩

b tb tb t

W

WMD

W-prime or Extra quarks

σt(Λ = 1TeV) = [214+2
−1 − 13+2

−1C
(3)
qq + 16+2

−3CuW + 13+1
−2C

(3)
ϕq ] pb

QHC, Jiang, Zeng
 2105.04464
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σtHq(Λ = 1TeV) = [70.0 − 11.3+0.6
−0.3C

(3)
qq + 22+1

−2CuW − 2.6+0.2
−0.2C

(3)
ϕq ] fb

W

W′￼

TB

W′￼

b t

⟨H ⟩ H ⟨H ⟩ HWH

b tb tb t

W
H

More operators involved in tHq channel but bounded

OϕD = (ϕ†Dμϕ)* (ϕ†Dμϕ)
Oϕ□ = (ϕ†ϕ) □ (ϕ†ϕ)
Ouϕ = (ϕ†ϕ) (q̄purϕ̃) + h . c

OϕW = ϕ†ϕWI
μνWIμν H → ZZ*/Zγ /γγ

gg → H, gg → t t̄H

EWPT at LEP
gg → H
H → bb̄

Operators Measurements

The same three operators’ contribution in the tHq channel

Direct correlation induced by the three operators

Demo: single top production w/ and w/o a Higgs boson
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Three operators require at least three independent measurements;
fortunately, single-top production provides richer info than expected. 

σt = σ(tq) + σ(t̄q)

Rt ≡
σ(tq)
σ(t̄q)

AFB =
σF − σB

σF + σB

O(3)
qq , OuW′￼, O(3)

φq

O(3)
qq , OuW

OuW

σtHq = [− 95.1 − 44.0 ×
σt+t̄

σSM
t+t̄

− 266.0 ×
AFB

ASM
FB

+ 479.4 ×
Rt

RSM
t ] fb

σtHq = [106.8 ± 64.8] fb σtHq = [74.3 ± 45.4] fb

Current HL-LHC

The relation serves for checking the consistency of SMEFT.

Demo: single top production w/ and w/o a Higgs boson
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When HEP enbraces Quantum 
Information, Quantum Computation, 
and Artificial Intelligence  



Symmetry determines the interaction form but not the strength.  

Why our mother Universe chooses such a symmetry?
Why 3 generations?
Any good reason for the SM parameters?

Can symmetry emerge from 
entropy extremum conditions?

HEP

QI QC

AI

Problems in HEP that are 
beyond classical easy 
but are "QUANTUM EASY"

10

CLASSICAL 
EASY

real-time dynamics
finite density

quantum interference
out-of equilibrium

``strongly interacting many-body system’’

High Energy Physics

polynomial time

QUANTUM EASY
QUANTUM HARD

e.g. traveling salesmen
problem

Problems in  HEP that are beyond classical easy but are 
``QUANTUM EASY” 

Entanglement measurements at colliders 

HEP, Quantum informaton, and Quantum Computation

26
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粒子物理标准模型中的自由参数

规范对称性 G体现为标准模型 Lagrangian中的自由耦合常数 gG (LI = LI(gG))。

相互作用理论
(LI=LI(gG))

⎧
⎪⎪⎪⎨

⎪⎪⎪⎩

算符形式: LI(gG) =
∑

n

cn(gG)

Λn
Ôn

由 G约束(Ô → g−1Ôg, g ∈ G)

具体数值: cn(gG)由实验输入无先验倾向

量子场论框架无法自洽给出参数数值

寻找超越量子场论的新范式（量子信息）

SU(2)L︸ ︷︷ ︸
g2

×U(1)Y︸ ︷︷ ︸
g1

SSB−−→ U(1)em︸ ︷︷ ︸
e

g1

g2

e

θW

1

g21
+

1

g22
=

1

e2

s2W =
g21

g21 + g22

弱混合角决定破缺方向

祁皓天 (北京大学物理学院) 相对熵与弱混合角 2026年 1月 21日 2 / 13
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“万物起源比特”：信息论视角下的高能物理

对撞机实验首次观测到顶夸克对纠缠

Limit (Powheg + Herwig7)
Limit (Powheg + Pythia8)
Theory Uncertainty
Data
Powheg + Pythia8 (hvq)
Powheg + Herwig7 (hvq)

ATLAS                 
√s = 13 TeV, 140 fb-1

- -

Particle-level Invariant Mass Range [GeV] 

380 < mtt- < 500 mtt > 500340 < mtt < 380

Nature 633(2024) RPP 87(2024)

自旋关联重建末态密度矩阵
(K.Cheng & B.Yan, arXiv:2501.03321)

(K.Cheng & T.Han & M.Low, arXiv:2311.09166, 2407.01672)

ρ(f) =
1

4

(
14×4 +BA

i (σi → 12×2) +BB
i (12×2 → σi) + Cij (σi → σj)

)

构造 Bell/CHSH 不等式：|Cxx ± Cyy| !
√
2

纠缠熵正定性条件约束
(G.Elor et al., arXiv:2402.16956)

(Q.-H Cao & N.Kan & D.Ueda, arXiv:2211.08065)

• 幺正性与解析性 Im{M} > 0

• 限制有效算符 Wilson 系数的符号

纠缠熵极值条件演生对称性
(M.-L.Xiao et al., arXiv:2308.08112)
(A.C-Lierta et al., arXiv:2511.04358)

• 全局对称性（势函数对场量的依赖）
• 规范对称性（Non-Abelian 联络项）

纠缠熵极值条件确定破缺混合模式
(J.Thaler & S.Trifinopoulos, arXiv:2410.23343)
(Q.Liu & I.Low & Z.Yin, arXiv:2509.18251)

• 味道空间：CKM/PMNS 混合角，CP 相角
• 自旋空间：弱混合角

祁皓天 (北京大学物理学院) 相对熵与弱混合角 2026年 1月 21日 3 / 13



1) Positivity bounds in dim-8 operators in SMEFT
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4.1 Single field strength quartics

Let us first consider bounding the operators in Table 1 that contain a single type of gauge field.
It will be useful to first generalize to gauge group SU(N) for N arbitrary, writing the gauge
field as Aa

µ
and field strength at F a

µ⌫
. As shown in Ref. [86], there are eight CP-conserving and

four CP-violating operators of the form F 4, given in Table 4; the larger number of operators,
compared to the SU(3) operators in Table 1, is due to the fact that the identities in Eq. (20) do
not apply for general N .

O
F

4

1 (F aF a)(F bF b)

O
F

4

2 (F a eF a)(F b eF b)

O
F

4

3 (F aF b)(F aF b)

O
F

4

4 (F a eF b)(F a eF b)

O
F

4

5 dabedcde(F aF b)(F cF d)

O
F

4

6 dabedcde(F a eF b)(F c eF d)

O
F

4

7 dacedbde(F aF b)(F cF d)

O
F

4

8 dacedbde(F a eF b)(F c eF d)
eOF

4

1 (F aF a)(F b eF b)
eOF

4

2 (F aF b)(F a eF b)
eOF

4

3 dabedcde(F aF b)(F c eF d)
eOF

4

4 dacedbde(F aF b)(F c eF d)

Table 4: Basis of independent operators for SU(N) Yang-Mills theory that are quartic in gauge
field strengths. Notation is as in Table 1.

We first consider the constraint that causality imposes on this more general set of operators.
Taking the Lagrangian �

1
4F

a

µ⌫
F aµ⌫ + 1

M4

P
i
ciOi, for the Oi in Table 4, the leading-order (i.e.,

uncorrected Yang-Mills) equation of motion is

DµF a

µ⌫
= @µF a

µ⌫
+ g fabcAµbF c

µ⌫
= 0, (25)

where g is the gauge coupling. This equation of motion is solved by a constant F a

µ⌫
, so we take

the background gauge field to be
A

a

µ
= ua

1✏1µw, (26)

where u1 is a constant real vector in color space, ✏1 is a constant four-vector of arbitrary signature,
and w is an arbitrary Cartesian coordinate in spacetime, i.e., @µw = `µ, where `µ is a constant

18

Dim-8 operators in  gauge theory SU(N )

analyticity of gluon-gluon scattering requires the same bound in Eq. (34) as implied by causality.
Marginalizing over  , we have the requirements:14

A > 0, B > 0, and C2 < 4AB, (36)

which must be satisfied for all u1,2 for which fabcua

1u
b

2 = 0. Note that if all the CP-conserving
terms vanish (so that A = B = 0), then the CP-violating terms are forced to vanish as well,
since all our Wilson coefficients are real; we will discuss this feature further in Sec. 5.3.

4.1.1 SU(3)

Let us determine the consequences of the bound in Eq. (36) for SU(3)C . For N = 3, we can
rewrite O7, O8, and eO4 in Table 4 in terms of the other operators, resulting in the basis for O

G
4

i
,

eOG
4

i
in Table 1. Moreover, for SU(3) the identities in Eqs. (17) and (20) imply that U2 = u2

1u
2
2/3,

so we can redefine A, B, C as

A = 3cG
4

3 + 2cG
4

5 + 3(2cG
4

1 + cG
4

3 ) cos2 ⇣

B = 3cG
4

4 + 2cG
4

6 + 3(2cG
4

2 + cG
4

4 ) cos2 ⇣

C = 3ecG4

2 + 2ecG4

3 + 3(2ecG4

1 + ecG4

2 ) cos2 ⇣.

[for SU(3)] (37)

Since the bound in Eq. (36) is now linear in cos2 ⇣, we obtain a basis of bounds by considering
the two cases of cos2 ⇣ = 0 or 1, so the independent bounds are

3cG
4

1 + 3cG
4

3 + cG
4

5 > 0

3cG
4

3 + 2cG
4

5 > 0

3cG
4

2 + 3cG
4

4 + cG
4

6 > 0

3cG
4

4 + 2cG
4

6 > 0

(3ecG4

1 + 3ecG4

2 + ecG4

3 )2 < 4(3cG
4

1 + 3cG
4

3 + cG
4

5 )(3cG
4

2 + 3cG
4

4 + cG
4

6 )

(3ecG4

2 + 2ecG4

3 )2 < 4(3cG
4

3 + 2cG
4

5 )(3cG
4

4 + 2cG
4

6 ).

[for SU(3)] (38)

4.1.2 SU(2)

For the case of SU(2)
L
, the basis and bounds simplify further. The dabc coefficients all vanish

for SU(2), so we reduce to the basis of O
W

4

i
, eOW

4

i
in Table 1 and have U2 = 0. Moreover, since

14In particular, one obtains A > 0 by setting  = 0, B > 0 by setting  = ⇡/2, and C
2

< 4AB by setting
 = ± arctan

p
A/B. One does not find the third bound on the CP-violating term by considering strictly

parallel or perpendicular polarizations alone; equivalently, it would not be obtained by considering positivity
bounds from fixed-helicity amplitudes, but only from superpositions thereof.
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For SU(3) gauge theory

Remmen, Rodd
1908.09845

Analyticity

Unitarity+Locality



Positivity constraints from the relative entropy

30

Defined a distance between two different theories in the approach of information theory

Annual Report 2021, Daiki Ueda

Our idea
We defined a distance between two different theories by information theoretical approach  

Entropy Constraint in E↵ective Field Theory

Qing-Hong Cao1, 2, 3, ⇤ and Daiki Ueda3, †

1
Department of Physics and State Key Laboratory of Nuclear Physics and Technology, Peking University, Beijing 100871, China

2
Collaborative Innovation Center of Quantum Matter, Beijing 100871, China
3
Center for High Energy Physics, Peking University, Beijing 100871, China

Positivity bounds of higher derivative operators are derived from analyticity, causality and unitarity,
and they are used to judge whether e↵ective field theory has a consistent UV completion. We show
that the positivity bounds can be derived from the non-negativity of relative entropy between a
theory with and without interactions between heavy and light degrees of freedom. We also prove
that the correction to thermodynamic entropy at fixed energy and charge is positive, which implies
the extremality relations of a wide class of black holes exhibiting Weak-Gravity-Conjecture-like
behavior. The entropy constraint is a consequence of Hermiticity of the Hamiltonian operator,
therefore, any UV theory violating the entropy constraint would not respect the second law of the
thermodynamics.

Introduction.— Relative entropy [1–3] is a fundamental
quantity in probability theory and information theory.
The relative entropy, which is non-negative, depicts
a distance between two probability distributions and
plays important roles in statistical mechanics [4–6] and
quantum information theory [7–9]. In the context of
information-thermodynamics, the distance between two
probability distributions, which correspond to the initial
and final states of a thermodynamic system, is an
essential concept to derive a positivity of di↵erence in
von-Neumann entropy [4, 5, 10], a so-called second law
of thermodynamics.
Recently, thermodynamics of black hole [11–16] have

been studied in the context of Weak Gravity Conjecture
(WGC) [17], which is motivated to distinguish the
landscape from the swampland [18]. The WGC
states that the U(1) charge-to-mass ratio of extremally
charged black holes is larger than unity in any
gravitational e↵ective field theory (EFT) that admits
a consistent UV completion [16]. Some proofs for this
statement have been made using black holes and entropy
consideration [12, 13], or positivity bounds from unitarity
and causality [19, 20]. In particular, Refs. [12, 13]
are based on a positivity of entropy di↵erence between
Einstein-Maxwell theories with and without perturbative
corrections described by higher-dimensional operators.
It is shown that [16], based on pure thermodynamics,
the WGC-like behavior in the perturbative corrections to
extremality relations can be generalized to a wide class
of thermodynamic system if the perturbative correction
to entropy is positive.
Now the essential role of the relative entropy in

information-thermodynamics implies that the positivity
of entropy di↵erence in the WGC is intimately connected
to the distance between two theories, which has been
studied in di↵erent contexts [21–24]. Then the positivity
of distance is naturally led to consider positivity bounds
on EFT [25] by the relative entropy.
In the Letter we study the relative entropy constraints

on dimension-eight operators in EFT and obtain

�h

�l

�h

�l

g

I0 � P0 Pg � Ig

S(P0 � Pg) = � �Wg � 0

A B

Heavy

Light Light

Heavy

FIG. 1. Schematic illustration of the distance between theory
A and theory B, defined by the action I0 and Ig, respectively.
The distance, i.e. the relative entropy between P0 and Pg, is
equal to the perturbative correction to the e↵ective action.

exactly the same positivity bounds in conventional EFT
studies [17, 26]. We also prove that the perturbative
correction to thermodynamic entropy is indeed positive.

Distance between two theories.— Consider a class of
field theories which contains a set of light fields �l’s and
that of heavy fields �h’s; see Fig. 1. We introduce a
thermodynamic system A described by the Euclidean
action I0[�l,�h], which does not involve interactions
between �l’s and �h’s. We define a probability
distribution function for the system A as P0 =
e
�I0/Z0[�,�l], where � is an inverse temperature of the
system and �l denotes a background field corresponding
to the light field, which is held fixed while the path
integral over �h’s is performed. Note here that heavy
background fields are expressed by the light ones using
equation of motions. The partition function is given
as the Euclidean path integral Z0[�,�l] =

R
�
d[�h]e�I0 ,

which is determined by the Wick-rotated Lagrangian and
boundary conditions. The e↵ective action of the system
is W0[�,�l] ⌘ � lnZ0[�,�l].

The system B is defined by Ig[�l,�h] = I0[�l,�h] +
g · II [�l,�h], where II denotes interactions between �l’s
and �h’s, of which the probability distribution function
is Pg = e

�Ig/Zg[�,�l], where Zg[�,�l] =
R
�
d[�h]e�Ig .

The e↵ective action of the system is given by Wg[�,�l] ⌘

Theory A :  without interaction b/w heavy and light,  Theory B :   with the interaction I0 Ig = I0 + g ⋅ II
 without interaction b/w  heavy and lightI0  with the interactionIg = I0 + g ⋅ II

Distance defined by relative entropy

S (P0 | |Pg) = ∫ d [ϕh] (P0 ln P0 − P0 ln Pg) ≥ 0

P0 = e−I0 /Z0 Pg = e−Ig /Zg

QHC, Kan, and Ueda
2201.00931, 2211.08065



※  : constant vectors lμ, kμ•  :U(1)Y

•  :SU(2)L

•  :SU(3)C

- Classical solution of  :   ∂μFa
μν + g f abcAμ,bFc

μν = 0 Aa
μ = ua

1 ϵ1μw1 + ua
2 ϵ2μw2 with  , , and f abcua

1ub
2 = 0 ∂μw1 = lμ ∂μw2 = kμ

cB4

1 ≥ 0, cB4

2 ≥ 0, 4cB4

1 cB4

2 ≥ (c̃B4

1 )2,

cW4

1 + cW4

3 ≥ 0, cW4

2 + cW4

4 ≥ 0, 4(cW4

1 + cW4

3 )(cW4

2 + cW4

4 ) ≥ (c̃W4

1 + c̃W4

2 )2,

2cG4

1 + cG4

3 ≥ 0, 3cG4

2 + 2cG4

5 ≥ 0, 3cG4

2 + 3cG4

4 + cG4

6 ≥ 0, 3cG4

4 + 2cG4

6 ≥ 0,

4(3cG4

1 + 3cG4

3 + cG4

5 )(3cG4

2 + 3cG4

4 + cG4

6 ) ≥ (3c̃G4

1 + 3c̃G4

2 + c̃G4

3 )2

4(3cG4

3 + 2cG4

5 )(3cG4

4 + 2cG4

6 ) ≥ (3c̃G4

2 + 2c̃G4

3 )2

[G.N. Remmen, and N.L. Rodd, arXiv:1908.09845]
U(1) and SU(2) bounds are the same as positivity bounds from unitarity and causality

• Relative entropy when dim-8 operators are generated by interaction b/w heavy and light fields:

S(PA | |PB) = W0 − Wg + g ⋅ (dWg /dg)g=0 = ∫ (d4x)E
1

Λ4 ∑
i

ci𝒪i ≥ 0
assume the interaction does not involve 
higher-derivative terms

Positivity bounds on  SMEFT  gauge bosonic operators SU(N)

SU(3) bounds are stronger than positivity bounds from unitarity and causality 31



2) Weak mixing angle from Stablizer Renyi Entropy 

32

Liu, Low, Yin, 2509.18251

The stabilizer Rényi entropy (SRE) of order  quantifies 
the non-stabilizerness: the magic of any pure state.

α

ΞP( |ψ⟩) =
1
d

⟨ψ |P |ψ⟩2 =
1
d

Tr(ρP)2

The stabilizer -Rényi entropy of a state  defined asα |ψ⟩

Mα( |ψ⟩) =
1

1 − α
log ∑

P∈𝒫n

Ξα
P( |ψ⟩) − log d

=
1

1 − α
log ∑

P∈𝒫n

1
d

⟨ψ |P |ψ⟩2α

𝒫n = {P1 ⊗ P2 ⊗ ⋯ ⊗ Pn}
Pi ∈ {I, X, Y, Z}

 : the set of -qubits Pauli strings with phase +1𝒫n n

Magic production in Møller scattering  
as a function of the weak mixing angle 

e−e− → e−e−

s2
W
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ΔI (ρ(B), ρ(S)) = I(B)(A : B) − I(S)(A : B)

Quantum Rényi mutual information (RMI)

The fermion mass, generated by Yukawa interaction after EWSB, is a quantum gate Y.  



New Physics beyond Standard Model

4π

Strong dynamics
non-perturbative

Decoupled theories

100 TeV

SM (non-decouple)

1

 100 GeV

SUSY/2HDM
Compoiste Higgs

Twin Higgs
SMEFT

⋯

TeV

NaturalFine-tunned
34

Loop 
induced  

Portal 
models
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Coupling
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Quantum Simulation 

35

Jets

Higgs

quark 
gluon

Jets

Hadronization

Parton showing

Real dynamic

Symbol problem

Classical method: Monte Carlo

Parton prodcution, showing and hadronization

The hadronization mechanism and the baryogenesis 
mechanism are crucial for understanding the origin of 
matter in the universe.

The evolution process of partons (quarks/gluons) is 
an important subject for studying the hadronization 
mechanism.

Parton evolution is a non-perturbative, real-time 
dynamical process — a non-equilibrium physical 
phenomenon —and its description from first principles 
is difficult to achieve using classical methods.



Quantum Simulation 

36

First-principles calculation of nonequilibrium processes in many-body systems: 
Quantum computational methods

量
子
算
法
和
技
术
的
发
展

Peter Shor，因数分
解量子算法，1994

Seth Lloyd，量
子模拟器，1996

David Deutsch，通用
量子计算机，1985

Jordan-Lee-Preskill framework
Spatial 

discretization

Local degrees of freedom
Digitization and encoding

Initial state 
Preparation

Time evolution Observation

⟨ψ (t) |ε( ⃗n1)ε( ⃗n2) |ψ (t)⟩|ψ (t)⟩|Ω⟩



Scalable initial-state preparation schemes for large systems

37

Scalable initial-
state preparation 
schemes in high-
dimensional 
spacetime

LLM

Quantum variational circuit

QHC, Zong-Yue Hou, Ying-Ying Li, Xiaohui Liu, Zhuo-Yang Song, 
Liang-Qi Zhang, Shutao Zhang, Ke Zhao, 

arXiv:2505.06347

Locality of 
quantum 
fields and 
spacetime 
symmetries

Initial-state preparation scheme
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Performance at the Zucongzhi 
quantum computer

1+1d Ising model

HXY =
n−1

∑
i

( 1 + γ
2

σ x
i σ x

i+1 +
1 − γ

2
σy

i σy
i+1) + gz

n

∑
i

σ z
i

Scalable initial-state preparation schemes for large systems
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2+1d scalar field

Spatial discretization

Second quantization of field operators 
& Digitization of  scalar field (JLP)

   Interaction term ϕ3

the operator representation of the 
canonical momentum obtained through 
the quantum Fourier transform

The LLM-generated circuit has 
better depth, number of parameters, 
and extrapolability compared to the 
adiabatic circuit ansatz.

Preliminary

ℋ =
1
2

Π2 +
1
2

(∇ϕ)2 +
1
2

m2ϕ2 +
λ
4!

ϕ4

H = ad ∑
x

1
2

Π2 −
1
2

ϕ∇2
aϕ +

1
2

m2
0ϕ2 +

λ0

4!
ϕ4

̂ϕi =
nQ−1

∑
j=0

2j ̂σ( j)
z,i [ ̂ϕ(i), Π̂( j)] =

i
ad

δi, j
̂I

Scalable initial-state preparation schemes for large systems
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2+1d scalar field

Spatial discretization

Second quantization of field operators 
& Digitization of  scalar field (JLP)

the operator representation of the 
canonical momentum obtained through 
the quantum Fourier transform

ℋ =
1
2

Π2 +
1
2

(∇ϕ)2 +
1
2

m2ϕ2 +
λ
4!

ϕ4

H = ad ∑
x

1
2

Π2 −
1
2

ϕ∇2
aϕ +

1
2

m2
0ϕ2 +

λ0

4!
ϕ4

̂ϕi =
nQ−1

∑
j=0

2j ̂σ( j)
z,i [ ̂ϕ(i), Π̂( j)] =

i
ad

δi, j
̂I

A new method of digitizating the scalar field
Truncations in the 

occupation number representation

Preliminary
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When HEP enbraces Quantum 
Information, Quantum Computation, 
and Artificial Intelligence  



AlphaProof

DeepMind : 2024 IMO

RL引导证明搜索 -> IMO银牌 (28/42)

Problem 6：仅5/609人类选手解出

LLM驱动的搜索与生成
FunSearch

DeepMind : Nature 2024

LLM + 进化搜索 -> 发现新数学定理

Cap set问题：超越数十年人类最优解

Test-Time Compute Scaling

UC Berkeley : 2024

小模型 + 推理搜索 > 大模型 + 直接输出

o1/o3/o4范式的理论基础

o3 on ARC-AGI

OpenAI : December 2024

87.5%（高算力）vs 人类基线85%

但每道题花费数千美元

搜索的热力学代价

LLM解决难题的能力往往依赖于搜索——理解搜索的物理规律至关重要
Romera-Paredes Nature 2024; Snell arXiv:2408.03314; ARC Prize Foundation arxiv:2501.07458



How Far can we go?

Song, Yang, CAO, Luo, Zhu arxiv:2502:09544 
CAO, Hou, Li, Liu, Song, Zhang, Zhang, Zhao arxiv:2505:06347

Song, Cai, Zhang, Wei, Pan, Qiu, CAO, Hou, Liu, Luo, Zhu arxiv: 2510.08317



Song, Yang, CAO, Luo, Zhu arxiv:2502:09544 
CAO, Hou, Li, Liu, Song, Zhang, Zhang, Zhao arxiv:2505:06347

Song, Cai, Zhang, Wei, Pan, Qiu, CAO, Hou, Liu, Luo, Zhu arxiv: 2510.08317

How Far can we go?

Evaluate

LLM

Feedback

Generate

Iterate

Database



用LLM设计IBP约化的算法

在单圈图上评估IBP算法
的效率

在高圈图上做外推性测试

在5圈图上提速1000倍

Song, Yang, Cao, Luo, Zhu 
arxiv:2502:09544 



用LLM设计IBP约化的算法

Integrals Laporta Improved Priority Ratio
s2 1 299 923 3061 2985 1.03
s3 7 276 962 4125 3708 1.11
s4 20 549 627 10 803 7144 1.51
s5 81 359 547 35 065 19 052 1.84
s6 237 961 845 108 215 46 390 2.33
s8 - 791 164 101 549 7.79

s10 - 4 388 968 268 909 16.32
s12 - 19 901 220 802 488 24.8
d1 523 596 154 700 1791 86.38
d3 2 940 855 2 775 780 3466 800.9
d5 11 654 385 21 740 796 7109 3058

46Song, Yang, Cao, Luo, Zhu arxiv:2502:09544 
S. Laporta. hep-ph/0102033



用LLM做符号回归
Evaluator

𝝌 𝟐

𝒏𝒅𝒇
= ∑

(𝒚 − 𝒚𝒑𝒓𝒆𝒅)
𝟐

𝒏𝝈𝟐

Ansatz agent
𝒈𝒆𝒏𝒆𝒓𝒂𝒕𝒆 𝒂𝒏𝒔𝒂𝒕𝒛 

𝒖𝒔𝒊𝒏𝒈 𝑳𝑳𝑴

Database
i𝒔𝒍𝒂𝒏𝒅 𝒂𝒏𝒅 𝒎𝒖𝒕𝒂𝒕𝒊𝒐𝒏

 𝒂𝒓𝒆 𝒂𝒅𝒐𝒑𝒕𝒆𝒅

IdeaSearch 
Framework

Evaluate
d ideas

Best chosen 
ideas

New 
ideas

Cranmer. PySR 2024
Udrescu, Tegmark. Sci. Adv. 2020
Burlacu, Kronberger, Kommenda. GECCO 2020

Song, Cai, Zhang, Wei, Pan, Qiu, CAO, Hou, Liu, Luo, Zhu
arxiv: 2510.08317



LLMsPDF：application to CT18 Global Analysis

● Fix the power-law envelope x(a1-1)(1-x)a2  
● Replace Pi(x;a3,a4...) with an IdeaSearchFitter-discovered ansatz
● Evaluate χ2 against the full CT18 experimental dataset
● One flavor at a time
● 66 candidates obtained from IdeaSearchFitter are used to perform 

the global analysis, with 34 (51%) achieving good fits without any 
human intervention.

CT18 global analysis uses 6 parton flavors, i.e., g, uv, dv, u, b, s, with 29 free parameters.  
The Standard CT18 functional form} at Q0 = 1.3 GeV:

𝑓𝑖(𝑥, 𝑄0) = 𝑎0𝑥𝑎1−1(1 − 𝑥)𝑎2𝑃𝑖(𝑥; 𝑎3, 𝑎4...)

Preliminary

Regge Theory quark counting rule
Bernstein polynomials

IdeaSearchFitter 
models

Tie-Jun Hou（侯铁君）南华大学Song, Cai, Zhang, Wei, Pan, Qiu, Cao, Hou, Liu, Luo, Zhu， in preparation



Category Δχ2 range Count

Improved Δχ2  ≤ 0.0 5
Compatible (68% CL) 0.0 < Δχ2 ≤ 36.96 15

Compatible (90% CL) 36.96 < Δχ2 ≤ 100.0 14

Marginal 100.0 < Δχ2 ≤ 500.0 16
Divergent 500.0 < Δχ2 16

Total 66

Preliminary

● Δχ2 = 100 is concerned as 90% 
C.L in CT18

● 5 of the models from 
IdeaSearchFitter provide better 
Δχ2 then that of CT18

● 68% of converged models (34/50) 
are good (Improved or 
Compatible)

● 51% of all candidates (34/66) 
achieve good fits without human 
intervention

● IdeaSearchFitter gluon models 
with better χ2 use significantly 
more parameters than CT18.

● The larger number of parameters 
leads to larger uncertainties in 
these models.

𝑃7205 = (𝑎3𝑒𝑎4𝑥 + 𝑎5𝑠𝑖𝑛(𝑥))/(𝑎6 + 𝑥𝑎7) − 𝑎8𝑒−𝑥

𝑃7204 = (𝑎3𝑒𝑎4𝑥 + 𝑎5𝑠𝑖𝑛(𝑥))/(𝑎6 + 𝑥𝑎
7) − 𝑎8



Preliminary

● A clear inverse trend between Δχ2 
and Npar is observed. This validates 
IdeaSearchFitter, confirming the 
results are semantically coherent 
rather than random noise.



Functional Family Good Total Success Rate
Trigonometric 4 5 80%
Power-law compound 10 15 67%
Exponential 9 16 56%
Logarithmic 3 6 50%
Rational 7 14 50%
Hyperbolic 2 4 50%
Linear / Polynomial 2 12 17%

PreliminaryLLMsPDF：application to CT18 Global Analysis

Analysis of functional forms from IdeaSearchFitter
● Trigonometric and power-law compound forms perform best
● Simple polynomials (linear/quadratic) rarely succeed (17%)
● Power-law compounds at Npar ≥ 2 are remarkably robust (67%)
● Strange quark achieves 82% success regardless of functional form
● Anti-up quark achieves 0% success regardless of functional form



用LLM设计量子线路

在小尺度Ising模型/格点QCD优化能量

在不同尺度Ising模型/格点QCD上测试
保真度，在真机上测试

AI自动设计的线路可扩展可使用

Z. Davoudi, et al., Quantum 8, 1520 (2024) 
Y. Atas, et al., Nat Commun 12, 6499 (2021)
M. Cerezo et al., Nature Rev. Phys. 3, 625 (2021).



用LLM设计量子线路

53



ColliderAgent： 
AI 智能体驱动的自动化对撞机唯象研究 

arXiv: 2603.14553 

仇是 蔡则宇 卫家燊 李泽宇 殷艺轩

刘畅曹庆宏 罗民兴 袁兴博 朱华星
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高能物理唯象领域的软件生态

Alexander  Belyaev 11

      

“Practical introduction into selected TOOLS for High Energy Physics”

Tools for  theory →  observables link

Collider signatures

Feynman 
Rules

Matrix 
Element

Events Detector

PYTHIA
HERWIG
ISAJET
Sherpa

FAST/FULL
Detector 

Simulation

PGS, Delphes
/

CMSSW, 
ATHENA

LanHEP
FeynRules

SARAH

CalcHEP, CompHEP
FormCalc,MadGraph, 
MCFM, MC@NLO, 
Sherpa, WHizard

micrOMEGAs

C
al

cH
E

P

MadDM

M
adgraph

Relic Density

DM Direct Detection

DM Indirect Detection

BSM 
Model

Analysis Frameworks
Plots, PAW/Root,  Fortran/C++ codes, Private codes, 
MasterCode, CHECKMATE, MadAnalysis, GAMBIT

‣ 高能物理领域有很多非常优秀的程序包


‣ 形成了相对稳定的工作流


‣ 不同程序包的代码约定/风格不一样，学起来很难


‣ 安装时配置各类环境很烦。使用手册比较粗糙


一线科研人员要花费大量时间学习相关程序包的功能
和用法，而要知道程序包内部的运作方式、甚至隐藏
的技巧更是难上加难）


能否自动化的运行整个工作流？

能否减少学习成本？

对撞机物理、暗物质、新物理领域的程序包

Checkmate, SARAH/SPheno, GAMBIT GUM

一些程序尝试自动化工作流的部分阶段、或针对特定
唯象任务进行自动化:

在AI时代，我们能不能做的更好？如何去做？

实现工作流的自动化 
降低软件的学习成本 
实现物理结果的可复现性

😀

😭

😀

😭

😭
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AI与高能物理软件生态的结合

FeynRules 模型文件示例

解决方案：如果可以让LLM来写这些配置程序或轻量级代码，并调用相关程序来执行，就实现了我们的目的

如何告诉LLM各类HEP程序包的使用方法？ 1. 当前LLM已经具备了足够的编程能力

2. LLM的训练集中已经包含了部分HEP程序的手册和文档

3. 通过上下文工程来告诉LLM程序的执行步骤，关键的约定

现状：HEP程序包的差异极大，编程语言涵盖C、Fortran、Python、Mathematica，各程序的约定、输入输出的格式也各不相同

我们发现HEP各类程序包有一个共性：可以通过少量的配置程序，或轻量级的代码来控制

问题：如何用AI解决这些问题，并进一步的实现工作流的自动化？

Agent Skills

MadGraph

脚本示例
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智能体架构

CLI 

orchestrator model-generator
collider

simulator
event

analyzer
pheno

analyzer

pheno-pipeline
orchestrator

feynrules-model
generator

feynrules-model
validator

ufo
generator

madgraph
simulator

madanalysis
analyzer

Mathematica Feynrules PythiaMadGraph Delphes MadAnalysis

subagent

equipped
skills

Cognitive Reasoning Engine

Execution Backend: Magnus

... ...HEP tools

Lagrangian, collider process, kinematic cuts, ... 

natural language input

kinematic distributions, bounds on parameter space, ...

output

User Layer

... ...

基于Agent Skills             多智能体             认知-执行解耦



58

1. Single LQ production at the LHC

‣single leptoquark production by by picking a lepton from one beam and a quark 
from the other beam 

‣requiring the correct use of the LUXlep PDF set to account for leptons inside the 
proton. 

Since Pythia cannot handle incoming leptonic partons, the initial-state leptons in the LHE 
events should be replaced by photons before showering. The parton shower backward evolution 
of PYTHIA then produces only quarks from photon splitting, so after showering the simulation 
includes initial-state quarks instead of leptons.
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(a)

pp ! LQ ! e j

arXiv:2005.06475

ColliderAgent

1. Single LQ production at the LHC

user prompt ≈ research note or paper
SM cross section for lepton-lepton scattering at the LHC

Buonocore, Nason, Tramontano, Zanderighi, 2005.06477

如果不放心的话，还可以 
“请帮我验证arXiv: 2006.06477中的table 1”
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2. ALP production at the LHC in EFT

EW vertices induced by ALP EFT operators
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2. ALP production at the LHC in EFT
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(b)

pp ! aW±∞, W± ! `±∫

arXiv:1701.05379

ColliderAgent
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3. Constraints on  LQ from LHC mono-  searchU1 τ

<latexit sha1_base64="mTWgfRn/cfU7WDR+9UBk/8gdwt4="></latexit>

LU1 = �(DµU1⌫ �D⌫U1µ)
†(DµU⌫

1 �D⌫Uµ
1 ) +M2

U1
U†
1µU

µ
1 +

⇥
gc(c̄�

µPL⌫⌧ )U
†
1µ + gb(b̄�

µPL⌧)U
†
1µ + h.c.

⇤
‣  leptoquark model 

‣full workflow, including event generation for the signal process pp → τν, 
showering and hadronization, detector simulation with ATLAS and CMS 
configurations, experiment-specific event selection, and the extraction of the 
exclusion contour by comparing the resulting signal templates with published 
LHC data in a profile-likelihood analysis. 

U1
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3. Constraints on  LQ from LHC mono-  searchU1 τ

… …
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2æ exclusion from
LHC mono-ø search

arXiv:1811.07920

ColliderAgent
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4. Parameter scan in a minimal  modelU(1)B−L

°0.4 °0.3 °0.2 °0.1 0.0 0.1 0.2

g̃
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0.15

0.20
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g0 1

(c)

Expected 2æ exclusion
from DY at the LHC

arXiv:1605.02910

ColliderAgent

Part of the Lagrangian

Parameter Scan
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Other examples
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(a, b) P. S. B. Dev, A. Pilaftsis, and U.-k. Yang, arXiv: 1308.2209

(c) CMS, arXiv: 2103.02708

(d) H. Davoudiasl, J. L. Hewett, and T. G. Rizzo, hep-ph/9909255

(e, f) P. Asadi, R. Capdevilla, C. Cesarotti, and S. Homiller, arXiv: 2104.05720
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广告：ColliderAgent

项目地址：https://github.com/HET-AGI/ColliderAgent

（安装方法，使用说明）

Multi-Agent + Skills: Claude Code 
Skills: Cursor, CodeX, OpenCode, GitHub Copilot



Summary

HEP

QI QC

AI

Thirty years passed, and the questions that drive me crazy have not yet been answered.

Why is the Higgs boson mass 125 GeV?
What is the origin of the Standard Model parameters?
Do fermions and bosons have the same origin of mass?
What is the mechanism behind large CP violation?
Why are there only three generations of quarks and leptons?
Could there be a fourth generation of matter field particles?
Can all the fundamental forces in nature be unified?
Are there new types of interactions?
Do quarks and leptons have internal structure?
What are the intrinsic properties of dark matter, and how does it interact?
What is dark energy?
Are there extra spatial dimensions?
...

The LHC may no longer be able to answer the above question. 
We are in the era of AI, and it might be able to help us. Keep our fingers crossed. 

Thank You !


