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Outline
● Explain the concept various basis in our framework

● How to obtain the J-basis

● Use J-basis to find UV orgin for an operator

● Dim-8 Contribution to qqWW at LHC

● Summary and Outlook

H.-L.Li, Y.-H.Ni, M.-L.Xiao, J.-H.Yu, 2204.03660

C. Degrande, H.-L.Li, 2206.xxxxx

H.-L.Li, Z.Ren, M.-L.Xiao, J.-H.Yu, Y.-H. Zheng, 2201.04639
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Operator Basis
Operator Type: Fixed field contents and the number of derivative

➢ Y-basis: obtained with Young tablueax 
method and amplitude operator 
correspondence.

SU(2)

H.-L.Li, Z.Ren, M.-L.Xiao, J.-H.Yu, Y.-H. Zheng, 2201.04639

3



  

Operator Basis
Operator Type: Fixed field contents and the number of derivative

➢ Y-basis: obtained with Young tablueax 
method and amplitude operator 
correspondence.

➢ M-basis: independent monomial operators

H.-L.Li, Z.Ren, M.-L.Xiao, J.-H.Yu, Y.-H. Zheng, 2201.04639

3



  

Operator Basis
Operator Type: Fixed field contents and the number of derivative

➢ Y-basis: obtained with Young tablueax 
method and amplitude operator 
correspondence.

➢ M-basis: independent monomial operators
➢ P-basis: irrep of symmetric group of 

repeated fields—also irrep of SU(n
f
)

H.-L.Li, Z.Ren, M.-L.Xiao, J.-H.Yu, Y.-H. Zheng, 2201.04639

3



  

Operator Basis
Operator Type: Fixed field contents and the number of derivative

➢ Y-basis: obtained with Young tablueax 
method and amplitude operator 
correspondence.

➢ M-basis: independent monomial operators
➢ P-basis: irrep of symmetric group of 

repeated fields—also irrep of SU(n
f
)

➢ F-basis: independnent flavor tensor spaces 
– eliminate the improper and redundant 
flavor tensors

H.-L.Li, Z.Ren, M.-L.Xiao, J.-H.Yu, Y.-H. Zheng, 2201.04639

3



  

Operator Basis
Operator Type: Fixed field contents and the number of derivative

➢ Y-basis: obtained with Young tablueax 
method and amplitude operator 
correspondence.

➢ M-basis: independent monomial operators
➢ P-basis: irrep of symmetric group of 

repeated fields—also irrep of SU(n
f
)

➢ F-basis: independnent flavor tensor spaces 
– eliminate the improper and redundant 
flavor tensors

H.-L.Li, Z.Ren, M.-L.Xiao, J.-H.Yu, Y.-H. Zheng, 2201.04639

3
Forbidden If n

f
 = 2



  

Operator Basis
Operator Type: Fixed field contents and the number of derivative

➢ Y-basis: obtained with Young tablueax 
method and amplitude operator 
correspondence.

➢ M-basis: independent monomial operators
➢ P-basis: irrep of symmetric group of 

repeated fields—also irrep of SU(n
f
)

➢ F-basis: independnent flavor tensor spaces 
– eliminate the improper and redundant 
flavor tensors

➢ J-basis: Eigen-basis of Casimirs

ABC4EFT: powerful to obtain the transformation matrix between different bases

H.-L.Li, Z.Ren, M.-L.Xiao, J.-H.Yu, Y.-H. Zheng, 2201.04639
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The origin of the J-basis—Generalizd partial wave basis

...
...

...
...

A J-basis amplitude for M-to-N scattering with specific 
angular momentum of in and out states
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Casimir of Poincare Symmetry 

Pauli-Lubanski operator

Poincaré CG coefficients

2-body states (unique):

 Massive spinor state: χI(P) 

M.-Y. Jiang, J.Shu, M.-L.Xiao, Y.-H.Zheng, 2001.04481
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Pauli-Lubanski operator

Poincaré CG coefficients

2-body states (unique): M.-Y. Jiang, J.Shu, M.-L.Xiao, Y.-H.Zheng, 2001.04481
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Casimir of Poincare Symmetry 

Pauli-Lubanski operator

Poincaré CG coefficients

3-body states (degenerate):

...

Not systematic, need to find 
some other way to construct BJ
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Casimir of Poincare Symmetry 

E. Witten, hep-th/0312171
M.-Y. Jiang, J.Shu, M.-L.Xiao, Y.-H.Zheng, 2001.04481

Poincaré Algebra for Functions of Spinor variables
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Casimir of Poincare Symmetry 

Define the action on the amplitude: 

As one expact the partial wave basis is eigen-basis of the Casimir W2

For a complete set of amplitudes for a specific set of particles and of a 
fixed dimension—the amplitude generated by a type of operator, we 
expect to find a representation matrix of the Casimir operator W2: 

Acting only on the momentum 
of particle in the part I
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Casimir of Poincare Symmetry 

Take L
1
L

2
H

3
H

4
D2 as an example: 
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Gauge Amplitude

One can do the same thing for the gauge amplitude 

Representation of the i-th index

A complete set of invariant tensors Representation matrix of Casimir
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Gauge Amplitude
Take again L

1
L

2
H

3
H

4
D2 as an example: 
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Definition of J-basis operator
Amplitude operator correspondence defines J-basis operators

It annihilates multiparticle states with fixed angular momentum and Gauge quantum numbers

Automatic generation of J-basis operator for a given type in our package
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Application 1: Finding UV Origin

Top Down: 

Bottom up:                                 we can exhaust all the tree level resonance without UV models 

Forbidden, as Higgs have 
only one flavor

13



  

Application 1: Finding UV Origin

So far we only discuss two partite channel, extension to multi-partite is straight forward 

Can Find simultanous eigenbasis for each Casimir operator

Can be obtained by integrating out heavy fields
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Application 1: Finding UV Origin

So far we only discuss two partite channel, extension to multi-partite is straight forward 

Can Find simultanous eigenbasis for each Casimir operator

Three steps finding tree-level UV origins of an operator type:
1)  Finding all the tree topologies and partitions for fixed number of external legs,
2)  Finding all possible J-basis for all the partitions of the given topologies.
3)  Expand J-basis with P-basis, and find out those contribute to allowed permutation symmetry
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Application 2: Analysis Dim-8 Contritution to qqWW

Motivation: Dim-6 Operator inteference effects maybe suppressed:

May vanishes due to helicity 
selection rules

A. Azatov, et.al.,1607.05236

If one considers the dim-6 square contribution, it better to 
taking into accout the dim-8 inteference for consistency
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C. Degrande, H.-L.Li, 2206.xxxxx



  

Application 2: Analysis Dim-8 Contritution to qqWW

The dim-8 interference amplitude at most scales as 

CP Violating

Other dim-8 operators at least suppressed by 
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Application 2: Analysis Dim-8 Contritution to qqWW

Scaling beheaviour of each operator as high energy

Zero can be explained 
by J-basis analysis
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Application 2: Analysis Dim-8 Contritution to qqWW

Scaling beheaviour of each operator as high energy

Only J=1 & J=0 channel 
contribute to right-handed 
u qark scattering
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Application 2: Analysis Dim-8 Contritution to qqWW

Numerical result: comparison with dim-6 EFT² and inteference

19



  

Application 2: Analysis Dim-8 Contritution to qqWW

Angular distribution

dσ8
int

dσ9
int

dσ10
int

dσ12
int

dσ13
int

dσQW
int

dσQW
EFT2

0 π/4 π/2 3π/4 π
-0.2

0.0

0.2

0.4

0.6

0.8

1.0

θ

d
σ
/d
θ
[p
b
/r
ad

]
pp → W

+
W

-, s=14 TeV, Λ=1 TeV, ci=1

s

min=300 GeV, s


max=700 GeV

20



  

Summary and Outlook:
1) Our package automate the enumeration and convertion between 

operator basis

2) J-basis is useful in many applications: UV origins, Anomolus 
Dimension, vanishing interefrence, etc.

3) Dim-8 contrituion to the qqWW is significant.

4) Angular distribution of dim-8 contribution is different.

5) Bring back the EOM information.

6) Positivity and Unitarity bound on certain dim-8 operators.

7)Enumeration of ChPT or ALP EFT with Adler Zero condition.
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Lorentz Structure – Conventions
Using Spinor Indices

SO(3,1) SL(2,C) ~                       
Spinor 

Helicity
Variables

N.A.

Field Building Block:
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Convertion of non-SSYT
Automated in the program

Non-SSYT Amp # of Fields

Credit to Ming-Lei Xiao



  

Type: with repeated fields

Flavor-Blind {         } Y-Basis
i = 1,2,…, d

G
·d

B

reducible

Repeated Field: Y-Basis to P-Basis

39

Type with repeated fields:

Obstancle finding independent flavor entries



  

Type: with repeated fields

Flavor-Blind {         } Y-Basis
i = 1,2,…, d

G
·d

B

reducible

Type: with repeated fields

Flavor-Blind {     } P-Basis
i = 1,2,…, d

G
·d

B

Repeated Field: Y-Basis to P-Basis

Schur-Wely duality



  

Permute transfer
An operator point of view

Rename the 
dummy indices

Example:

Allowed irreps of flavor is 
determined by irreps of gauge 
and Lorentz



  

Example of LQQQ

Final result:



  

The use of the package
● Define the Model

Initiate the name of the model

Adding Global and Gauge group

Adding Fields

Setting number of flavor



  

The use of the package
● Define Group Profile (SU(3) and SU(2) templates so far)



  

The use of the package
● Basic Counting and Enumeration

Counting

Changing number 
of the flavor

Enumeration



  

Example of LQQQ



  

Clarification 
An amplitude point of view

Amp transforms as 1-dim irrep of the S
m

Each factor spans a representation of the S
m
 group

Spin-Stat


