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Introduction: core of EFT 

Group theory for Lagrangian invariant

Construct higher dimensional operators

Systematical procedure: Young tensor basis

Summary and outlook 

Linear vs nonlinear Lagrangian
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Core of EFTs

Field d.o.f

Decoupling Theorem

Symmetries

Scales
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Wilsonian

Wilsonian Lagrangian 

top-down approach
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Wilsonian

Symmetry determines Lagrangian

bottom-up approach
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Fields and Interactions

Quantum field theory course:

Scalar

Fermion Gauge boson

Standard 
ModelYu

ka
wa

Scalar QED, Higgs

QED, QCD
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Symmetry

Custodial symmetry, flavor symmetry, …

Standard 
Model

SU(3)

SU(2) U(1)

History of particle physics: find more symmetries
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Standard Model Extensions

Adding more fields and 
higher representations

Considering bigger gauge 
group

SUSY not classified here
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More Symmetry!!!

Finding new symmetries in searching new physics

Left-right model G221

GUT SU(5) SO(10)

Extra dimension

2HDM

Composite Higgs SO(5)

SUSY not classified here



Internal Symmetry
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Group Theory
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Group Theory
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SU(N) Group

Root-weight: obtain transformation matrices for any irrep Young tensor: obtain tensor basis for any irrep 
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SU(N) Tensor Product

http://lieart.hepforge.org

Tensor decomposition

Tensor Product

 renatofonseca.net/groupmath



Jiang-Hao Yu  16

SM Lagrangian
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Beyond SM Lagrangian
First evidence of beyond SM: neutrino masses

Integrate out heavy particles

3 generation = 9 parameters!?
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Dim-5 Weinberg Operator
Repeated fields leads to symmetries in the coupling parameters

3 generation = 6 parameters!

Only one Higgs doublet in SM If more than one Higgs doublet


SS
ijkl (LiLjHkHl)SS + 

AA
ijkl (LiLjHkHl)AA

<latexit sha1_base64="y6WlO4cexZxefVRf0TATjyxjRNc="></latexit><latexit sha1_base64="y6WlO4cexZxefVRf0TATjyxjRNc="></latexit><latexit sha1_base64="y6WlO4cexZxefVRf0TATjyxjRNc="></latexit><latexit sha1_base64="y6WlO4cexZxefVRf0TATjyxjRNc="></latexit>

Higgs self couplings

4-fermion operators

2HDM = 10 parameters
45 parameters in 4-fermion operator

in QM

[ Fonseca, GroupMath]



Jiang-Hao Yu  19

More Repeated Fields
So we need to keep track of S and A symmetries for repeated field

1 coupling parameters?

Keep SS

3^4 = 81 coupling parameters?

1 x 3 = 3 coupling parameters?

Keep AA  only?

[ Fonseca, GroupMath ]
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More Repeated Fields
So we need to keep track of S and A symmetries for repeated field

1 coupling parameters?

Keep SS

3^4 = 81 coupling parameters?

1 x 3 = 3 coupling parameters?

Keep AA  only?

Answer: 19 x 3 = 57 parameters!!!Answer: 0!!!

It is not enough by keeping only S and A symmetries for repeated field!
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Operator with Derivatives
New types of operators beyond SM Lagrangian: operator with more derivatives or more fields than just kinetic term in SM

Which fields Ds should act to?

Dim-5 & dim-6 operators contain D
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Covariant Derivative
SMEFT should be gauge invariant: all derivatives should be covariant derivatives

Gauge field should be gauge field tensor:

Bianchi identity (BI):

Covariant Derivative Commutator (CDC):
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Field Redefinition

Equation of Motion (EOM) Integration by part (IBP)

Total derivatives are removedTwo equivalent operators related by EOM

Gaussian theorem on action

[ Artz, 1995 ]
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EOM and IBP
SM Equations of motion:

Total derivative examples:
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EOM and CDC

Odd power of scalar, and SU(2)L transformation  ̄L�
µ⌫ R
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Dim-5 Operators:

Dim-6 Operators:
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SMEFT Warsaw Basis
Grzadkowski, Iskrzynski, Misiak, Rosiek 2010
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SMEFT Warsaw Basis
Grzadkowski, Iskrzynski, Misiak, Rosiek 2010
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Dim-6 SMEFT

Buchmuller, Wyler 1986

Grzadkowski, Iskrzynski, Misiak, Rosiek 2010

V3 2017

Alonso, Chang, Jenkins, Manohar, Shotwell 2014

5 Fierz
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Higher Dim Operators?
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Neutral triple gauge boson ZZZ, ZZA, ZAA couplings

Expect much smaller effects for dim > 7

HL-LHC starts to probe dim-8

Leading operators at dim-8
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Higher Dim Operators
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[ Heeck, Takhistov, 2020] 
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Higher Dim Operators

[ Cirigliano, Dekens, de Vries, Graesser, 2018] 
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Partial Set of EFT Operator
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Can we only write down partial set of operators?

Operators convert to each other, and to other types!

Hard to pick up unless complete set is known.
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Two Difficulties

Symmetric group and SU(nf)Repeatedly use EOM, IBP, CDC

More symmetries?

Difficult to write down!

Repeated fields Derivatives
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Real Scalar EFT
Real scalar Lagrangian: �n

<latexit sha1_base64="cZOzOmHIY3JUl31MniT5RV5yehA=">AAACAnicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUAby2Ry04ydTMLMRCihOz/ArX6CO3Hrj/gF/obTNgttPXDhcM693HuPn3KmtON8WaWV1bX1jfJmZWt7Z3evun/QVkkmKbZowhPZ9YlCzgS2NNMcu6lEEvscO/7oeup3HlEqlog7PU7Ri8lQsJBRoo3U7qcRuxeDas2pOzPYy8QtSA0KNAfV736Q0CxGoSknSvVcJ9VeTqRmlOOk0s8UpoSOyBB7hgoSo/Ly2bUT+8QogR0m0pTQ9kz9PZGTWKlx7JvOmOhILXpT8V9PmVMiDBbW6/DSy5lIM42CzreHGbd1Yk/zsAMmkWo+NoRQycwDNo2IJFSb1ComGXcxh2XSPqu7Tt29Pa81roqMynAEx3AKLlxAA26gCS2g8ADP8AKv1pP1Zr1bH/PWklXMHMIfWJ8/p+6X+A==</latexit><latexit sha1_base64="cZOzOmHIY3JUl31MniT5RV5yehA=">AAACAnicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUAby2Ry04ydTMLMRCihOz/ArX6CO3Hrj/gF/obTNgttPXDhcM693HuPn3KmtON8WaWV1bX1jfJmZWt7Z3evun/QVkkmKbZowhPZ9YlCzgS2NNMcu6lEEvscO/7oeup3HlEqlog7PU7Ri8lQsJBRoo3U7qcRuxeDas2pOzPYy8QtSA0KNAfV736Q0CxGoSknSvVcJ9VeTqRmlOOk0s8UpoSOyBB7hgoSo/Ly2bUT+8QogR0m0pTQ9kz9PZGTWKlx7JvOmOhILXpT8V9PmVMiDBbW6/DSy5lIM42CzreHGbd1Yk/zsAMmkWo+NoRQycwDNo2IJFSb1ComGXcxh2XSPqu7Tt29Pa81roqMynAEx3AKLlxAA26gCS2g8ADP8AKv1pP1Zr1bH/PWklXMHMIfWJ8/p+6X+A==</latexit><latexit sha1_base64="cZOzOmHIY3JUl31MniT5RV5yehA=">AAACAnicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUAby2Ry04ydTMLMRCihOz/ArX6CO3Hrj/gF/obTNgttPXDhcM693HuPn3KmtON8WaWV1bX1jfJmZWt7Z3evun/QVkkmKbZowhPZ9YlCzgS2NNMcu6lEEvscO/7oeup3HlEqlog7PU7Ri8lQsJBRoo3U7qcRuxeDas2pOzPYy8QtSA0KNAfV736Q0CxGoSknSvVcJ9VeTqRmlOOk0s8UpoSOyBB7hgoSo/Ly2bUT+8QogR0m0pTQ9kz9PZGTWKlx7JvOmOhILXpT8V9PmVMiDBbW6/DSy5lIM42CzreHGbd1Yk/zsAMmkWo+NoRQycwDNo2IJFSb1ComGXcxh2XSPqu7Tt29Pa81roqMynAEx3AKLlxAA26gCS2g8ADP8AKv1pP1Zr1bH/PWklXMHMIfWJ8/p+6X+A==</latexit><latexit sha1_base64="cZOzOmHIY3JUl31MniT5RV5yehA=">AAACAnicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUAby2Ry04ydTMLMRCihOz/ArX6CO3Hrj/gF/obTNgttPXDhcM693HuPn3KmtON8WaWV1bX1jfJmZWt7Z3evun/QVkkmKbZowhPZ9YlCzgS2NNMcu6lEEvscO/7oeup3HlEqlog7PU7Ri8lQsJBRoo3U7qcRuxeDas2pOzPYy8QtSA0KNAfV736Q0CxGoSknSvVcJ9VeTqRmlOOk0s8UpoSOyBB7hgoSo/Ly2bUT+8QogR0m0pTQ9kz9PZGTWKlx7JvOmOhILXpT8V9PmVMiDBbW6/DSy5lIM42CzreHGbd1Yk/zsAMmkWo+NoRQycwDNo2IJFSb1ComGXcxh2XSPqu7Tt29Pa81roqMynAEx3AKLlxAA26gCS2g8ADP8AKv1pP1Zr1bH/PWklXMHMIfWJ8/p+6X+A==</latexit>

@2n�2, @2n�3, @2n�4, · · ·
<latexit sha1_base64="FiQD1qaqPH1fzltn3MvcNk8uPCA="></latexit><latexit sha1_base64="FiQD1qaqPH1fzltn3MvcNk8uPCA="></latexit><latexit sha1_base64="FiQD1qaqPH1fzltn3MvcNk8uPCA="></latexit><latexit sha1_base64="FiQD1qaqPH1fzltn3MvcNk8uPCA="></latexit>

Magic things happen?! [ Elvang 2020]



Spacetime Symmetry
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SO(N) Group

SO(n-1,1)SO(n)

SO(3,1)

covering grouptensor rep
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SO(3,1) Irreps

complexification

SO(3,1) not simply connected, find irrep by its covering group SL(2,C)

Spinor rep under SU(2) x SU(2) 

Complex conjugate

tensor rep
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SM Fields Under SL(2,C)

eR = e†C , uR = u†
C , dR = d†C

<latexit sha1_base64="P8GDqdyGoS70pBNoXhlTrRFAf6I=">AAACNXicbZDLSsNAFIYnXmu9RV26GSyCCymJCHUjFLtxWcVeoI1hMjlph04uzEyEUvooPocP4FYfwIU70aWv4DQNWFt/GPj5zjmcOb+XcCaVZb0ZS8srq2vrhY3i5tb2zq65t9+UcSooNGjMY9H2iATOImgopji0EwEk9Di0vEFtUm89gJAsju7UMAEnJL2IBYwSpZFrVsC9xZcY3Np91ye9HohTnGYonUV+hvxf5Jolq2xlwovGzk0J5aq75lfXj2kaQqQoJ1J2bCtRzogIxSiHcbGbSkgIHZAedLSNSAjSGWUHjvGxJj4OYqFfpHBGZydGJJRyGHq6MySqL+drE/hvTeqv9MGfW6+CC2fEoiRVENHp9iDlWMV4EiH2mQCq+FAbQgXTB2DaJ4JQpYMu6mTs+RwWTfOsbFtl++a8VL3KMyqgQ3SETpCNKqiKrlEdNRBFj+gZvaBX48l4Nz6Mz2nrkpHPHKA/Mr5/AOpmqZo=</latexit><latexit sha1_base64="P8GDqdyGoS70pBNoXhlTrRFAf6I=">AAACNXicbZDLSsNAFIYnXmu9RV26GSyCCymJCHUjFLtxWcVeoI1hMjlph04uzEyEUvooPocP4FYfwIU70aWv4DQNWFt/GPj5zjmcOb+XcCaVZb0ZS8srq2vrhY3i5tb2zq65t9+UcSooNGjMY9H2iATOImgopji0EwEk9Di0vEFtUm89gJAsju7UMAEnJL2IBYwSpZFrVsC9xZcY3Np91ye9HohTnGYonUV+hvxf5Jolq2xlwovGzk0J5aq75lfXj2kaQqQoJ1J2bCtRzogIxSiHcbGbSkgIHZAedLSNSAjSGWUHjvGxJj4OYqFfpHBGZydGJJRyGHq6MySqL+drE/hvTeqv9MGfW6+CC2fEoiRVENHp9iDlWMV4EiH2mQCq+FAbQgXTB2DaJ4JQpYMu6mTs+RwWTfOsbFtl++a8VL3KMyqgQ3SETpCNKqiKrlEdNRBFj+gZvaBX48l4Nz6Mz2nrkpHPHKA/Mr5/AOpmqZo=</latexit><latexit sha1_base64="P8GDqdyGoS70pBNoXhlTrRFAf6I=">AAACNXicbZDLSsNAFIYnXmu9RV26GSyCCymJCHUjFLtxWcVeoI1hMjlph04uzEyEUvooPocP4FYfwIU70aWv4DQNWFt/GPj5zjmcOb+XcCaVZb0ZS8srq2vrhY3i5tb2zq65t9+UcSooNGjMY9H2iATOImgopji0EwEk9Di0vEFtUm89gJAsju7UMAEnJL2IBYwSpZFrVsC9xZcY3Np91ye9HohTnGYonUV+hvxf5Jolq2xlwovGzk0J5aq75lfXj2kaQqQoJ1J2bCtRzogIxSiHcbGbSkgIHZAedLSNSAjSGWUHjvGxJj4OYqFfpHBGZydGJJRyGHq6MySqL+drE/hvTeqv9MGfW6+CC2fEoiRVENHp9iDlWMV4EiH2mQCq+FAbQgXTB2DaJ4JQpYMu6mTs+RwWTfOsbFtl++a8VL3KMyqgQ3SETpCNKqiKrlEdNRBFj+gZvaBX48l4Nz6Mz2nrkpHPHKA/Mr5/AOpmqZo=</latexit><latexit sha1_base64="P8GDqdyGoS70pBNoXhlTrRFAf6I=">AAACNXicbZDLSsNAFIYnXmu9RV26GSyCCymJCHUjFLtxWcVeoI1hMjlph04uzEyEUvooPocP4FYfwIU70aWv4DQNWFt/GPj5zjmcOb+XcCaVZb0ZS8srq2vrhY3i5tb2zq65t9+UcSooNGjMY9H2iATOImgopji0EwEk9Di0vEFtUm89gJAsju7UMAEnJL2IBYwSpZFrVsC9xZcY3Np91ye9HohTnGYonUV+hvxf5Jolq2xlwovGzk0J5aq75lfXj2kaQqQoJ1J2bCtRzogIxSiHcbGbSkgIHZAedLSNSAjSGWUHjvGxJj4OYqFfpHBGZydGJJRyGHq6MySqL+drE/hvTeqv9MGfW6+CC2fEoiRVENHp9iDlWMV4EiH2mQCq+FAbQgXTB2DaJ4JQpYMu6mTs+RwWTfOsbFtl++a8VL3KMyqgQ3SETpCNKqiKrlEdNRBFj+gZvaBX48l4Nz6Mz2nrkpHPHKA/Mr5/AOpmqZo=</latexit>

Hermitian conjugate
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SO(3,1) Spinor Rep

SO(2n+1)SO(2n)

Clifford algebra

S(a) rep of SO(N)

Reducible rep of SO(N)

irreducible rep of SO(N)

For odd N only
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Spinor Notation
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Fierz and Schouten Identities
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LLHH

3 + 3
<latexit sha1_base64="Wmkm0fCGBkigFxoFRcMf1tqQpa0=">AAACAXicbVDLSgNBEOz1GeMr6tHLYBAEIewaQY9BLx4juEkgWcLsbG8yZPbBzKwQlpz8AK/6Cd7Eq1/iF/gbTpI9aGJBQ1HVTXeXnwqutG1/WSura+sbm6Wt8vbO7t5+5eCwpZJMMnRZIhLZ8alCwWN0NdcCO6lEGvkC2/7oduq3H1EqnsQPepyiF9FBzEPOqDaSWyfnpN6vVO2aPQNZJk5BqlCg2a9894KEZRHGmgmqVNexU+3lVGrOBE7KvUxhStmIDrBraEwjVF4+O3ZCTo0SkDCRpmJNZurviZxGSo0j33RGVA/VojcV//WUOWWIwcJ6HV57OY/TTGPM5tvDTBCdkGkcJOASmRZjQyiT3DxA2JBKyrQJrWyScRZzWCati5pj15z7y2rjpsioBMdwAmfgwBU04A6a4AIDDs/wAq/Wk/VmvVsf89YVq5g5gj+wPn8A8paWVg==</latexit><latexit sha1_base64="Wmkm0fCGBkigFxoFRcMf1tqQpa0=">AAACAXicbVDLSgNBEOz1GeMr6tHLYBAEIewaQY9BLx4juEkgWcLsbG8yZPbBzKwQlpz8AK/6Cd7Eq1/iF/gbTpI9aGJBQ1HVTXeXnwqutG1/WSura+sbm6Wt8vbO7t5+5eCwpZJMMnRZIhLZ8alCwWN0NdcCO6lEGvkC2/7oduq3H1EqnsQPepyiF9FBzEPOqDaSWyfnpN6vVO2aPQNZJk5BqlCg2a9894KEZRHGmgmqVNexU+3lVGrOBE7KvUxhStmIDrBraEwjVF4+O3ZCTo0SkDCRpmJNZurviZxGSo0j33RGVA/VojcV//WUOWWIwcJ6HV57OY/TTGPM5tvDTBCdkGkcJOASmRZjQyiT3DxA2JBKyrQJrWyScRZzWCati5pj15z7y2rjpsioBMdwAmfgwBU04A6a4AIDDs/wAq/Wk/VmvVsf89YVq5g5gj+wPn8A8paWVg==</latexit><latexit sha1_base64="Wmkm0fCGBkigFxoFRcMf1tqQpa0=">AAACAXicbVDLSgNBEOz1GeMr6tHLYBAEIewaQY9BLx4juEkgWcLsbG8yZPbBzKwQlpz8AK/6Cd7Eq1/iF/gbTpI9aGJBQ1HVTXeXnwqutG1/WSura+sbm6Wt8vbO7t5+5eCwpZJMMnRZIhLZ8alCwWN0NdcCO6lEGvkC2/7oduq3H1EqnsQPepyiF9FBzEPOqDaSWyfnpN6vVO2aPQNZJk5BqlCg2a9894KEZRHGmgmqVNexU+3lVGrOBE7KvUxhStmIDrBraEwjVF4+O3ZCTo0SkDCRpmJNZurviZxGSo0j33RGVA/VojcV//WUOWWIwcJ6HV57OY/TTGPM5tvDTBCdkGkcJOASmRZjQyiT3DxA2JBKyrQJrWyScRZzWCati5pj15z7y2rjpsioBMdwAmfgwBU04A6a4AIDDs/wAq/Wk/VmvVsf89YVq5g5gj+wPn8A8paWVg==</latexit><latexit sha1_base64="Wmkm0fCGBkigFxoFRcMf1tqQpa0=">AAACAXicbVDLSgNBEOz1GeMr6tHLYBAEIewaQY9BLx4juEkgWcLsbG8yZPbBzKwQlpz8AK/6Cd7Eq1/iF/gbTpI9aGJBQ1HVTXeXnwqutG1/WSura+sbm6Wt8vbO7t5+5eCwpZJMMnRZIhLZ8alCwWN0NdcCO6lEGvkC2/7oduq3H1EqnsQPepyiF9FBzEPOqDaSWyfnpN6vVO2aPQNZJk5BqlCg2a9894KEZRHGmgmqVNexU+3lVGrOBE7KvUxhStmIDrBraEwjVF4+O3ZCTo0SkDCRpmJNZurviZxGSo0j33RGVA/VojcV//WUOWWIwcJ6HV57OY/TTGPM5tvDTBCdkGkcJOASmRZjQyiT3DxA2JBKyrQJrWyScRZzWCati5pj15z7y2rjpsioBMdwAmfgwBU04A6a4AIDDs/wAq/Wk/VmvVsf89YVq5g5gj+wPn8A8paWVg==</latexit>

= 6
<latexit sha1_base64="zeul95p5zKB0uuVUSx2LBo1qTaM=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBch6MVjRPOAZAmzs73JkNnZZWZWCCEHP8CrfoI38eqn+AX+hpNkDxotaCiquunuClLBtXHdT6ewtLyyulZcL21sbm3vlHf3mjrJFMMGS0Si2gHVKLjEhuFGYDtVSONAYCsYXk/91gMqzRN5b0Yp+jHtSx5xRo2V7i7JWa9ccavuDOQv8XJSgRz1XvmrGyYsi1EaJqjWHc9NjT+mynAmcFLqZhpTyoa0jx1LJY1R++PZqRNyZJWQRImyJQ2ZqT8nxjTWehQHtjOmZqAXvan4r6ftKQMMF9ab6MIfc5lmBiWbb48yQUxCpmGQkCtkRowsoUxx+wBhA6ooMzaykk3GW8zhL2meVD236t2eVmpXeUZFOIBDOAYPzqEGN1CHBjDowxM8w4vz6Lw6b877vLXg5DP78AvOxzdEhJYE</latexit><latexit sha1_base64="zeul95p5zKB0uuVUSx2LBo1qTaM=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBch6MVjRPOAZAmzs73JkNnZZWZWCCEHP8CrfoI38eqn+AX+hpNkDxotaCiquunuClLBtXHdT6ewtLyyulZcL21sbm3vlHf3mjrJFMMGS0Si2gHVKLjEhuFGYDtVSONAYCsYXk/91gMqzRN5b0Yp+jHtSx5xRo2V7i7JWa9ccavuDOQv8XJSgRz1XvmrGyYsi1EaJqjWHc9NjT+mynAmcFLqZhpTyoa0jx1LJY1R++PZqRNyZJWQRImyJQ2ZqT8nxjTWehQHtjOmZqAXvan4r6ftKQMMF9ab6MIfc5lmBiWbb48yQUxCpmGQkCtkRowsoUxx+wBhA6ooMzaykk3GW8zhL2meVD236t2eVmpXeUZFOIBDOAYPzqEGN1CHBjDowxM8w4vz6Lw6b877vLXg5DP78AvOxzdEhJYE</latexit><latexit sha1_base64="zeul95p5zKB0uuVUSx2LBo1qTaM=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBch6MVjRPOAZAmzs73JkNnZZWZWCCEHP8CrfoI38eqn+AX+hpNkDxotaCiquunuClLBtXHdT6ewtLyyulZcL21sbm3vlHf3mjrJFMMGS0Si2gHVKLjEhuFGYDtVSONAYCsYXk/91gMqzRN5b0Yp+jHtSx5xRo2V7i7JWa9ccavuDOQv8XJSgRz1XvmrGyYsi1EaJqjWHc9NjT+mynAmcFLqZhpTyoa0jx1LJY1R++PZqRNyZJWQRImyJQ2ZqT8nxjTWehQHtjOmZqAXvan4r6ftKQMMF9ab6MIfc5lmBiWbb48yQUxCpmGQkCtkRowsoUxx+wBhA6ooMzaykk3GW8zhL2meVD236t2eVmpXeUZFOIBDOAYPzqEGN1CHBjDowxM8w4vz6Lw6b877vLXg5DP78AvOxzdEhJYE</latexit><latexit sha1_base64="zeul95p5zKB0uuVUSx2LBo1qTaM=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBch6MVjRPOAZAmzs73JkNnZZWZWCCEHP8CrfoI38eqn+AX+hpNkDxotaCiquunuClLBtXHdT6ewtLyyulZcL21sbm3vlHf3mjrJFMMGS0Si2gHVKLjEhuFGYDtVSONAYCsYXk/91gMqzRN5b0Yp+jHtSx5xRo2V7i7JWa9ccavuDOQv8XJSgRz1XvmrGyYsi1EaJqjWHc9NjT+mynAmcFLqZhpTyoa0jx1LJY1R++PZqRNyZJWQRImyJQ2ZqT8nxjTWehQHtjOmZqAXvan4r6ftKQMMF9ab6MIfc5lmBiWbb48yQUxCpmGQkCtkRowsoUxx+wBhA6ooMzaykk3GW8zhL2meVD236t2eVmpXeUZFOIBDOAYPzqEGN1CHBjDowxM8w4vz6Lw6b877vLXg5DP78AvOxzdEhJYE</latexit>

Symmetry of the coupling parameters:
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LLHH
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QQQL Operator

10 + 8 + 1
<latexit sha1_base64="DIBFgAFEK4YLz8/Zi60/0uJTEeg=">AAACB3icbVBLSgNBEO2Jvxh/UZduGoMgCGFaBLMMunEZwXwgGUJPT03SpKd76O4RQsgBPIBbPYI7cesxPIHXsJPMQhMfFDzeq6KqXpgKbqzvf3mFtfWNza3idmlnd2//oHx41DIq0wyaTAmlOyE1ILiEpuVWQCfVQJNQQDsc3c789iNow5V8sOMUgoQOJI85o9ZJXUx8fIFrrki/XPGr/hx4lZCcVFCORr/83YsUyxKQlglqTJf4qQ0mVFvOBExLvcxAStmIDqDrqKQJmGAyP3mKz5wS4VhpV9Liufp7YkITY8ZJ6DoTaodm2ZuJ/3rGnTKEaGm9jWvBhMs0syDZYnucCWwVnoWCI66BWTF2hDLN3QOYDammzLroSi4ZspzDKmldVolfJfdXlfpNnlERnaBTdI4IukZ1dIcaqIkYUugZvaBX78l78969j0VrwctnjtEfeJ8/Vc2XgQ==</latexit><latexit sha1_base64="DIBFgAFEK4YLz8/Zi60/0uJTEeg=">AAACB3icbVBLSgNBEO2Jvxh/UZduGoMgCGFaBLMMunEZwXwgGUJPT03SpKd76O4RQsgBPIBbPYI7cesxPIHXsJPMQhMfFDzeq6KqXpgKbqzvf3mFtfWNza3idmlnd2//oHx41DIq0wyaTAmlOyE1ILiEpuVWQCfVQJNQQDsc3c789iNow5V8sOMUgoQOJI85o9ZJXUx8fIFrrki/XPGr/hx4lZCcVFCORr/83YsUyxKQlglqTJf4qQ0mVFvOBExLvcxAStmIDqDrqKQJmGAyP3mKz5wS4VhpV9Liufp7YkITY8ZJ6DoTaodm2ZuJ/3rGnTKEaGm9jWvBhMs0syDZYnucCWwVnoWCI66BWTF2hDLN3QOYDammzLroSi4ZspzDKmldVolfJfdXlfpNnlERnaBTdI4IukZ1dIcaqIkYUugZvaBX78l78969j0VrwctnjtEfeJ8/Vc2XgQ==</latexit><latexit sha1_base64="DIBFgAFEK4YLz8/Zi60/0uJTEeg=">AAACB3icbVBLSgNBEO2Jvxh/UZduGoMgCGFaBLMMunEZwXwgGUJPT03SpKd76O4RQsgBPIBbPYI7cesxPIHXsJPMQhMfFDzeq6KqXpgKbqzvf3mFtfWNza3idmlnd2//oHx41DIq0wyaTAmlOyE1ILiEpuVWQCfVQJNQQDsc3c789iNow5V8sOMUgoQOJI85o9ZJXUx8fIFrrki/XPGr/hx4lZCcVFCORr/83YsUyxKQlglqTJf4qQ0mVFvOBExLvcxAStmIDqDrqKQJmGAyP3mKz5wS4VhpV9Liufp7YkITY8ZJ6DoTaodm2ZuJ/3rGnTKEaGm9jWvBhMs0syDZYnucCWwVnoWCI66BWTF2hDLN3QOYDammzLroSi4ZspzDKmldVolfJfdXlfpNnlERnaBTdI4IukZ1dIcaqIkYUugZvaBX78l78969j0VrwctnjtEfeJ8/Vc2XgQ==</latexit><latexit sha1_base64="DIBFgAFEK4YLz8/Zi60/0uJTEeg=">AAACB3icbVBLSgNBEO2Jvxh/UZduGoMgCGFaBLMMunEZwXwgGUJPT03SpKd76O4RQsgBPIBbPYI7cesxPIHXsJPMQhMfFDzeq6KqXpgKbqzvf3mFtfWNza3idmlnd2//oHx41DIq0wyaTAmlOyE1ILiEpuVWQCfVQJNQQDsc3c789iNow5V8sOMUgoQOJI85o9ZJXUx8fIFrrki/XPGr/hx4lZCcVFCORr/83YsUyxKQlglqTJf4qQ0mVFvOBExLvcxAStmIDqDrqKQJmGAyP3mKz5wS4VhpV9Liufp7YkITY8ZJ6DoTaodm2ZuJ/3rGnTKEaGm9jWvBhMs0syDZYnucCWwVnoWCI66BWTF2hDLN3QOYDammzLroSi4ZspzDKmldVolfJfdXlfpNnlERnaBTdI4IukZ1dIcaqIkYUugZvaBX78l78969j0VrwctnjtEfeJ8/Vc2XgQ==</latexit>

⇥3 = 57
<latexit sha1_base64="ZSSTTMfhk/W/wzriYuR6YV0FaKU=">AAACCXicbVBLSgNBFHwTfzH+oi7dNAbBVZjxQ9wIQTcuI5gPJEPo6XmTNOn52N0jhCEn8ABu9QjuxK2n8ARew04yC40WNBRV71Gvy0sEV9q2P63C0vLK6lpxvbSxubW9U97da6k4lQybLBax7HhUoeARNjXXAjuJRBp6Atve6Hrqtx9QKh5Hd3qcoBvSQcQDzqg2ktvTPERFTsklOa/1yxW7as9A/hInJxXI0eiXv3p+zNIQI80EVarr2Il2Myo1ZwInpV6qMKFsRAfYNTSiJsvNZkdPyJFRfBLE0rxIk5n6cyOjoVLj0DOTIdVDtehNxX89ZU4Zor8Qr4MLN+NRkmqM2Dw9SAXRMZnWQnwukWkxNoQyyc0HCBtSSZk25ZVMM85iD39J66Tq2FXn9qxSv8o7KsIBHMIxOFCDOtxAA5rA4B6e4BlerEfr1Xqz3uejBSvf2YdfsD6+AdrCmY8=</latexit><latexit sha1_base64="ZSSTTMfhk/W/wzriYuR6YV0FaKU=">AAACCXicbVBLSgNBFHwTfzH+oi7dNAbBVZjxQ9wIQTcuI5gPJEPo6XmTNOn52N0jhCEn8ABu9QjuxK2n8ARew04yC40WNBRV71Gvy0sEV9q2P63C0vLK6lpxvbSxubW9U97da6k4lQybLBax7HhUoeARNjXXAjuJRBp6Atve6Hrqtx9QKh5Hd3qcoBvSQcQDzqg2ktvTPERFTsklOa/1yxW7as9A/hInJxXI0eiXv3p+zNIQI80EVarr2Il2Myo1ZwInpV6qMKFsRAfYNTSiJsvNZkdPyJFRfBLE0rxIk5n6cyOjoVLj0DOTIdVDtehNxX89ZU4Zor8Qr4MLN+NRkmqM2Dw9SAXRMZnWQnwukWkxNoQyyc0HCBtSSZk25ZVMM85iD39J66Tq2FXn9qxSv8o7KsIBHMIxOFCDOtxAA5rA4B6e4BlerEfr1Xqz3uejBSvf2YdfsD6+AdrCmY8=</latexit><latexit sha1_base64="ZSSTTMfhk/W/wzriYuR6YV0FaKU=">AAACCXicbVBLSgNBFHwTfzH+oi7dNAbBVZjxQ9wIQTcuI5gPJEPo6XmTNOn52N0jhCEn8ABu9QjuxK2n8ARew04yC40WNBRV71Gvy0sEV9q2P63C0vLK6lpxvbSxubW9U97da6k4lQybLBax7HhUoeARNjXXAjuJRBp6Atve6Hrqtx9QKh5Hd3qcoBvSQcQDzqg2ktvTPERFTsklOa/1yxW7as9A/hInJxXI0eiXv3p+zNIQI80EVarr2Il2Myo1ZwInpV6qMKFsRAfYNTSiJsvNZkdPyJFRfBLE0rxIk5n6cyOjoVLj0DOTIdVDtehNxX89ZU4Zor8Qr4MLN+NRkmqM2Dw9SAXRMZnWQnwukWkxNoQyyc0HCBtSSZk25ZVMM85iD39J66Tq2FXn9qxSv8o7KsIBHMIxOFCDOtxAA5rA4B6e4BlerEfr1Xqz3uejBSvf2YdfsD6+AdrCmY8=</latexit><latexit sha1_base64="ZSSTTMfhk/W/wzriYuR6YV0FaKU=">AAACCXicbVBLSgNBFHwTfzH+oi7dNAbBVZjxQ9wIQTcuI5gPJEPo6XmTNOn52N0jhCEn8ABu9QjuxK2n8ARew04yC40WNBRV71Gvy0sEV9q2P63C0vLK6lpxvbSxubW9U97da6k4lQybLBax7HhUoeARNjXXAjuJRBp6Atve6Hrqtx9QKh5Hd3qcoBvSQcQDzqg2ktvTPERFTsklOa/1yxW7as9A/hInJxXI0eiXv3p+zNIQI80EVarr2Il2Myo1ZwInpV6qMKFsRAfYNTSiJsvNZkdPyJFRfBLE0rxIk5n6cyOjoVLj0DOTIdVDtehNxX89ZU4Zor8Qr4MLN+NRkmqM2Dw9SAXRMZnWQnwukWkxNoQyyc0HCBtSSZk25ZVMM85iD39J66Tq2FXn9qxSv8o7KsIBHMIxOFCDOtxAA5rA4B6e4BlerEfr1Xqz3uejBSvf2YdfsD6+AdrCmY8=</latexit>
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Sn x SU(m) Group
Three spin-1/2 particle wave function: 

SU(2) 2-dim irrrep

S3 2-dim irrrep [2 1]

SU(2) 4-dim irrrep 4

S3 1-dim irrrep [3]
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Flavor Tensor
Three 1/2-particle with 3 flavors:

S3 1-dim irrrep [3]

S3 1-dim irrrep [111]

S3 2-dim irrrep [21]

SU(3) 10-d irrrep
SU(3) 8-d irrrep

SU(3) 1-d irrrep

SU(3) 8-dim irrrep

S3 2-dim irrrep [2 1]

Schur-Weyl theorem:
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Plethysm
N Identical non-fundamental particles with nf flavors 

[ Fonseca, GroupMath]
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Characters of SU(N)

Character of semi-simple group SU(N): n-1 complex variables

SU(2) rep:

SU(3) rep:

Weyl character formula in general

Character of discrete Sn group:
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Plethysm of Characters

Schur symmetric function

Schur-Weyl duality
U(n) fund. rep

Plethysm

U(n) higher rep

U(3) x S2
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Plethystic Exponential (PE)
Sum over all possible Plethysm, add spurion (not field) for repeated field

Tensor product of spurions 

[ Lehmann, Martin, 2015] 
[ Hanany, Jenkins, Manohar, Torri, 2010] 

[ Feng, Hanany, He, 2007 ] 
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Hilbert Series

Schur theorem: orthonormal with Haar measure integral

Molien-Weyl formula
Hilbert series: series for group invariant (q)

Project  onto trivial representation

generating function that counts the number (c) of independent group invariants (q)
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Character and Haar Measure
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SMEFT Counting

[ Lehmann, Martin, 2015] 
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Operators with Derivative
Integration by part (IBP):

Symmetrize operator Lorentz indices

Form free field irrep of conformal groupDescendants (total derivatives)

Operators
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Conformal Group SO(4,2)
From SO(3,1) to SO(4,2)

Cartan subalgebra:
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Conformal Group Rep

SO(3,1) Poincare SO(4,2)

M+
<latexit sha1_base64="iYcy3SGph//nTAFk2FdR33gVZ8s=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYBAEIeyKoMegFy9CRPOAZAmzs73JkNnZZWZWCCEHP8CrfoI38eqn+AX+hpNkD5pY0FBUddPdFaSCa+O6X87S8srq2npho7i5tb2zW9rbb+gkUwzrLBGJagVUo+AS64Ybga1UIY0Dgc1gcD3xm4+oNE/kgxmm6Me0J3nEGTVWur/tnnZLZbfiTkEWiZeTMuSodUvfnTBhWYzSMEG1bntuavwRVYYzgeNiJ9OYUjagPWxbKmmM2h9NTx2TY6uEJEqULWnIVP09MaKx1sM4sJ0xNX09703Efz1tT+ljOLfeRJf+iMs0MyjZbHuUCWISMgmDhFwhM2JoCWWK2wcI61NFmbGRFW0y3nwOi6RxVvHcind3Xq5e5RkV4BCO4AQ8uIAq3EAN6sCgB8/wAq/Ok/PmvDsfs9YlJ585gD9wPn8AsYeWSA==</latexit><latexit sha1_base64="iYcy3SGph//nTAFk2FdR33gVZ8s=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYBAEIeyKoMegFy9CRPOAZAmzs73JkNnZZWZWCCEHP8CrfoI38eqn+AX+hpNkD5pY0FBUddPdFaSCa+O6X87S8srq2npho7i5tb2zW9rbb+gkUwzrLBGJagVUo+AS64Ybga1UIY0Dgc1gcD3xm4+oNE/kgxmm6Me0J3nEGTVWur/tnnZLZbfiTkEWiZeTMuSodUvfnTBhWYzSMEG1bntuavwRVYYzgeNiJ9OYUjagPWxbKmmM2h9NTx2TY6uEJEqULWnIVP09MaKx1sM4sJ0xNX09703Efz1tT+ljOLfeRJf+iMs0MyjZbHuUCWISMgmDhFwhM2JoCWWK2wcI61NFmbGRFW0y3nwOi6RxVvHcind3Xq5e5RkV4BCO4AQ8uIAq3EAN6sCgB8/wAq/Ok/PmvDsfs9YlJ585gD9wPn8AsYeWSA==</latexit><latexit sha1_base64="iYcy3SGph//nTAFk2FdR33gVZ8s=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYBAEIeyKoMegFy9CRPOAZAmzs73JkNnZZWZWCCEHP8CrfoI38eqn+AX+hpNkD5pY0FBUddPdFaSCa+O6X87S8srq2npho7i5tb2zW9rbb+gkUwzrLBGJagVUo+AS64Ybga1UIY0Dgc1gcD3xm4+oNE/kgxmm6Me0J3nEGTVWur/tnnZLZbfiTkEWiZeTMuSodUvfnTBhWYzSMEG1bntuavwRVYYzgeNiJ9OYUjagPWxbKmmM2h9NTx2TY6uEJEqULWnIVP09MaKx1sM4sJ0xNX09703Efz1tT+ljOLfeRJf+iMs0MyjZbHuUCWISMgmDhFwhM2JoCWWK2wcI61NFmbGRFW0y3nwOi6RxVvHcind3Xq5e5RkV4BCO4AQ8uIAq3EAN6sCgB8/wAq/Ok/PmvDsfs9YlJ585gD9wPn8AsYeWSA==</latexit><latexit sha1_base64="iYcy3SGph//nTAFk2FdR33gVZ8s=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYBAEIeyKoMegFy9CRPOAZAmzs73JkNnZZWZWCCEHP8CrfoI38eqn+AX+hpNkD5pY0FBUddPdFaSCa+O6X87S8srq2npho7i5tb2zW9rbb+gkUwzrLBGJagVUo+AS64Ybga1UIY0Dgc1gcD3xm4+oNE/kgxmm6Me0J3nEGTVWur/tnnZLZbfiTkEWiZeTMuSodUvfnTBhWYzSMEG1bntuavwRVYYzgeNiJ9OYUjagPWxbKmmM2h9NTx2TY6uEJEqULWnIVP09MaKx1sM4sJ0xNX09703Efz1tT+ljOLfeRJf+iMs0MyjZbHuUCWISMgmDhFwhM2JoCWWK2wcI61NFmbGRFW0y3nwOi6RxVvHcind3Xq5e5RkV4BCO4AQ8uIAq3EAN6sCgB8/wAq/Ok/PmvDsfs9YlJ585gD9wPn8AsYeWSA==</latexit>

N+
<latexit sha1_base64="ouuSXg749KBasR/x1wtvKF9WDa4=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYBAEIeyKoMegF08S0TwgWcLsbG8yZHZ2mZkVQsjBD/Cqn+BNvPopfoG/4STZgyYWNBRV3XR3Bang2rjul7O0vLK6tl7YKG5ube/slvb2GzrJFMM6S0SiWgHVKLjEuuFGYCtVSONAYDMYXE/85iMqzRP5YIYp+jHtSR5xRo2V7m+7p91S2a24U5BF4uWkDDlq3dJ3J0xYFqM0TFCt256bGn9EleFM4LjYyTSmlA1oD9uWShqj9kfTU8fk2CohiRJlSxoyVX9PjGis9TAObGdMTV/PexPxX0/bU/oYzq030aU/4jLNDEo22x5lgpiETMIgIVfIjBhaQpni9gHC+lRRZmxkRZuMN5/DImmcVTy34t2dl6tXeUYFOIQjOAEPLqAKN1CDOjDowTO8wKvz5Lw5787HrHXJyWcO4A+czx+zIpZJ</latexit><latexit sha1_base64="ouuSXg749KBasR/x1wtvKF9WDa4=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYBAEIeyKoMegF08S0TwgWcLsbG8yZHZ2mZkVQsjBD/Cqn+BNvPopfoG/4STZgyYWNBRV3XR3Bang2rjul7O0vLK6tl7YKG5ube/slvb2GzrJFMM6S0SiWgHVKLjEuuFGYCtVSONAYDMYXE/85iMqzRP5YIYp+jHtSR5xRo2V7m+7p91S2a24U5BF4uWkDDlq3dJ3J0xYFqM0TFCt256bGn9EleFM4LjYyTSmlA1oD9uWShqj9kfTU8fk2CohiRJlSxoyVX9PjGis9TAObGdMTV/PexPxX0/bU/oYzq030aU/4jLNDEo22x5lgpiETMIgIVfIjBhaQpni9gHC+lRRZmxkRZuMN5/DImmcVTy34t2dl6tXeUYFOIQjOAEPLqAKN1CDOjDowTO8wKvz5Lw5787HrHXJyWcO4A+czx+zIpZJ</latexit><latexit sha1_base64="ouuSXg749KBasR/x1wtvKF9WDa4=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYBAEIeyKoMegF08S0TwgWcLsbG8yZHZ2mZkVQsjBD/Cqn+BNvPopfoG/4STZgyYWNBRV3XR3Bang2rjul7O0vLK6tl7YKG5ube/slvb2GzrJFMM6S0SiWgHVKLjEuuFGYCtVSONAYDMYXE/85iMqzRP5YIYp+jHtSR5xRo2V7m+7p91S2a24U5BF4uWkDDlq3dJ3J0xYFqM0TFCt256bGn9EleFM4LjYyTSmlA1oD9uWShqj9kfTU8fk2CohiRJlSxoyVX9PjGis9TAObGdMTV/PexPxX0/bU/oYzq030aU/4jLNDEo22x5lgpiETMIgIVfIjBhaQpni9gHC+lRRZmxkRZuMN5/DImmcVTy34t2dl6tXeUYFOIQjOAEPLqAKN1CDOjDowTO8wKvz5Lw5787HrHXJyWcO4A+czx+zIpZJ</latexit><latexit sha1_base64="ouuSXg749KBasR/x1wtvKF9WDa4=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYBAEIeyKoMegF08S0TwgWcLsbG8yZHZ2mZkVQsjBD/Cqn+BNvPopfoG/4STZgyYWNBRV3XR3Bang2rjul7O0vLK6tl7YKG5ube/slvb2GzrJFMM6S0SiWgHVKLjEuuFGYCtVSONAYDMYXE/85iMqzRP5YIYp+jHtSR5xRo2V7m+7p91S2a24U5BF4uWkDDlq3dJ3J0xYFqM0TFCt256bGn9EleFM4LjYyTSmlA1oD9uWShqj9kfTU8fk2CohiRJlSxoyVX9PjGis9TAObGdMTV/PexPxX0/bU/oYzq030aU/4jLNDEo22x5lgpiETMIgIVfIjBhaQpni9gHC+lRRZmxkRZuMN5/DImmcVTy34t2dl6tXeUYFOIQjOAEPLqAKN1CDOjDowTO8wKvz5Lw5787HrHXJyWcO4A+czx+zIpZJ</latexit>

M+
<latexit sha1_base64="iYcy3SGph//nTAFk2FdR33gVZ8s=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYBAEIeyKoMegFy9CRPOAZAmzs73JkNnZZWZWCCEHP8CrfoI38eqn+AX+hpNkD5pY0FBUddPdFaSCa+O6X87S8srq2npho7i5tb2zW9rbb+gkUwzrLBGJagVUo+AS64Ybga1UIY0Dgc1gcD3xm4+oNE/kgxmm6Me0J3nEGTVWur/tnnZLZbfiTkEWiZeTMuSodUvfnTBhWYzSMEG1bntuavwRVYYzgeNiJ9OYUjagPWxbKmmM2h9NTx2TY6uEJEqULWnIVP09MaKx1sM4sJ0xNX09703Efz1tT+ljOLfeRJf+iMs0MyjZbHuUCWISMgmDhFwhM2JoCWWK2wcI61NFmbGRFW0y3nwOi6RxVvHcind3Xq5e5RkV4BCO4AQ8uIAq3EAN6sCgB8/wAq/Ok/PmvDsfs9YlJ585gD9wPn8AsYeWSA==</latexit><latexit sha1_base64="iYcy3SGph//nTAFk2FdR33gVZ8s=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYBAEIeyKoMegFy9CRPOAZAmzs73JkNnZZWZWCCEHP8CrfoI38eqn+AX+hpNkD5pY0FBUddPdFaSCa+O6X87S8srq2npho7i5tb2zW9rbb+gkUwzrLBGJagVUo+AS64Ybga1UIY0Dgc1gcD3xm4+oNE/kgxmm6Me0J3nEGTVWur/tnnZLZbfiTkEWiZeTMuSodUvfnTBhWYzSMEG1bntuavwRVYYzgeNiJ9OYUjagPWxbKmmM2h9NTx2TY6uEJEqULWnIVP09MaKx1sM4sJ0xNX09703Efz1tT+ljOLfeRJf+iMs0MyjZbHuUCWISMgmDhFwhM2JoCWWK2wcI61NFmbGRFW0y3nwOi6RxVvHcind3Xq5e5RkV4BCO4AQ8uIAq3EAN6sCgB8/wAq/Ok/PmvDsfs9YlJ585gD9wPn8AsYeWSA==</latexit><latexit sha1_base64="iYcy3SGph//nTAFk2FdR33gVZ8s=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYBAEIeyKoMegFy9CRPOAZAmzs73JkNnZZWZWCCEHP8CrfoI38eqn+AX+hpNkD5pY0FBUddPdFaSCa+O6X87S8srq2npho7i5tb2zW9rbb+gkUwzrLBGJagVUo+AS64Ybga1UIY0Dgc1gcD3xm4+oNE/kgxmm6Me0J3nEGTVWur/tnnZLZbfiTkEWiZeTMuSodUvfnTBhWYzSMEG1bntuavwRVYYzgeNiJ9OYUjagPWxbKmmM2h9NTx2TY6uEJEqULWnIVP09MaKx1sM4sJ0xNX09703Efz1tT+ljOLfeRJf+iMs0MyjZbHuUCWISMgmDhFwhM2JoCWWK2wcI61NFmbGRFW0y3nwOi6RxVvHcind3Xq5e5RkV4BCO4AQ8uIAq3EAN6sCgB8/wAq/Ok/PmvDsfs9YlJ585gD9wPn8AsYeWSA==</latexit><latexit sha1_base64="iYcy3SGph//nTAFk2FdR33gVZ8s=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYBAEIeyKoMegFy9CRPOAZAmzs73JkNnZZWZWCCEHP8CrfoI38eqn+AX+hpNkD5pY0FBUddPdFaSCa+O6X87S8srq2npho7i5tb2zW9rbb+gkUwzrLBGJagVUo+AS64Ybga1UIY0Dgc1gcD3xm4+oNE/kgxmm6Me0J3nEGTVWur/tnnZLZbfiTkEWiZeTMuSodUvfnTBhWYzSMEG1bntuavwRVYYzgeNiJ9OYUjagPWxbKmmM2h9NTx2TY6uEJEqULWnIVP09MaKx1sM4sJ0xNX09703Efz1tT+ljOLfeRJf+iMs0MyjZbHuUCWISMgmDhFwhM2JoCWWK2wcI61NFmbGRFW0y3nwOi6RxVvHcind3Xq5e5RkV4BCO4AQ8uIAq3EAN6sCgB8/wAq/Ok/PmvDsfs9YlJ585gD9wPn8AsYeWSA==</latexit>

N+
<latexit sha1_base64="ouuSXg749KBasR/x1wtvKF9WDa4=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYBAEIeyKoMegF08S0TwgWcLsbG8yZHZ2mZkVQsjBD/Cqn+BNvPopfoG/4STZgyYWNBRV3XR3Bang2rjul7O0vLK6tl7YKG5ube/slvb2GzrJFMM6S0SiWgHVKLjEuuFGYCtVSONAYDMYXE/85iMqzRP5YIYp+jHtSR5xRo2V7m+7p91S2a24U5BF4uWkDDlq3dJ3J0xYFqM0TFCt256bGn9EleFM4LjYyTSmlA1oD9uWShqj9kfTU8fk2CohiRJlSxoyVX9PjGis9TAObGdMTV/PexPxX0/bU/oYzq030aU/4jLNDEo22x5lgpiETMIgIVfIjBhaQpni9gHC+lRRZmxkRZuMN5/DImmcVTy34t2dl6tXeUYFOIQjOAEPLqAKN1CDOjDowTO8wKvz5Lw5787HrHXJyWcO4A+czx+zIpZJ</latexit><latexit sha1_base64="ouuSXg749KBasR/x1wtvKF9WDa4=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYBAEIeyKoMegF08S0TwgWcLsbG8yZHZ2mZkVQsjBD/Cqn+BNvPopfoG/4STZgyYWNBRV3XR3Bang2rjul7O0vLK6tl7YKG5ube/slvb2GzrJFMM6S0SiWgHVKLjEuuFGYCtVSONAYDMYXE/85iMqzRP5YIYp+jHtSR5xRo2V7m+7p91S2a24U5BF4uWkDDlq3dJ3J0xYFqM0TFCt256bGn9EleFM4LjYyTSmlA1oD9uWShqj9kfTU8fk2CohiRJlSxoyVX9PjGis9TAObGdMTV/PexPxX0/bU/oYzq030aU/4jLNDEo22x5lgpiETMIgIVfIjBhaQpni9gHC+lRRZmxkRZuMN5/DImmcVTy34t2dl6tXeUYFOIQjOAEPLqAKN1CDOjDowTO8wKvz5Lw5787HrHXJyWcO4A+czx+zIpZJ</latexit><latexit sha1_base64="ouuSXg749KBasR/x1wtvKF9WDa4=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYBAEIeyKoMegF08S0TwgWcLsbG8yZHZ2mZkVQsjBD/Cqn+BNvPopfoG/4STZgyYWNBRV3XR3Bang2rjul7O0vLK6tl7YKG5ube/slvb2GzrJFMM6S0SiWgHVKLjEuuFGYCtVSONAYDMYXE/85iMqzRP5YIYp+jHtSR5xRo2V7m+7p91S2a24U5BF4uWkDDlq3dJ3J0xYFqM0TFCt256bGn9EleFM4LjYyTSmlA1oD9uWShqj9kfTU8fk2CohiRJlSxoyVX9PjGis9TAObGdMTV/PexPxX0/bU/oYzq030aU/4jLNDEo22x5lgpiETMIgIVfIjBhaQpni9gHC+lRRZmxkRZuMN5/DImmcVTy34t2dl6tXeUYFOIQjOAEPLqAKN1CDOjDowTO8wKvz5Lw5787HrHXJyWcO4A+czx+zIpZJ</latexit><latexit sha1_base64="ouuSXg749KBasR/x1wtvKF9WDa4=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYBAEIeyKoMegF08S0TwgWcLsbG8yZHZ2mZkVQsjBD/Cqn+BNvPopfoG/4STZgyYWNBRV3XR3Bang2rjul7O0vLK6tl7YKG5ube/slvb2GzrJFMM6S0SiWgHVKLjEuuFGYCtVSONAYDMYXE/85iMqzRP5YIYp+jHtSR5xRo2V7m+7p91S2a24U5BF4uWkDDlq3dJ3J0xYFqM0TFCt256bGn9EleFM4LjYyTSmlA1oD9uWShqj9kfTU8fk2CohiRJlSxoyVX9PjGis9TAObGdMTV/PexPxX0/bU/oYzq030aU/4jLNDEo22x5lgpiETMIgIVfIjBhaQpni9gHC+lRRZmxkRZuMN5/DImmcVTy34t2dl6tXeUYFOIQjOAEPLqAKN1CDOjDowTO8wKvz5Lw5787HrHXJyWcO4A+czx+zIpZJ</latexit> Pµ

<latexit sha1_base64="LXBWJGHNFKw/U33mt/WO14H3IKU=">AAACAXicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWw203bpbhJ2N0IJPfkDvOpP8CZe/SX+Av+G2zYHbX0w8Hhvhpl5YSq4Nq775ZTW1jc2t8rblZ3dvf2D6uFRSyeZYuizRCSqE1KNgsfoG24EdlKFVIYC2+H4dua3H1FpnsQPZpJiIOkw5gPOqLGS3+z3ZNav1ty6OwdZJV5BalCg2a9+96KEZRJjwwTVuuu5qQlyqgxnAqeVXqYxpWxMh9i1NKYSdZDPj52SM6tEZJAoW7Ehc/X3RE6l1hMZ2k5JzUgvezPxX0/bU0YYLa03g+sg53GaGYzZYvsgE8QkZBYHibhCZsTEEsoUtw8QNqKKMmNDq9hkvOUcVknrou65de/+sta4KTIqwwmcwjl4cAUNuIMm+MCAwzO8wKvz5Lw5787HorXkFDPH8AfO5w+6UJdy</latexit><latexit sha1_base64="LXBWJGHNFKw/U33mt/WO14H3IKU=">AAACAXicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWw203bpbhJ2N0IJPfkDvOpP8CZe/SX+Av+G2zYHbX0w8Hhvhpl5YSq4Nq775ZTW1jc2t8rblZ3dvf2D6uFRSyeZYuizRCSqE1KNgsfoG24EdlKFVIYC2+H4dua3H1FpnsQPZpJiIOkw5gPOqLGS3+z3ZNav1ty6OwdZJV5BalCg2a9+96KEZRJjwwTVuuu5qQlyqgxnAqeVXqYxpWxMh9i1NKYSdZDPj52SM6tEZJAoW7Ehc/X3RE6l1hMZ2k5JzUgvezPxX0/bU0YYLa03g+sg53GaGYzZYvsgE8QkZBYHibhCZsTEEsoUtw8QNqKKMmNDq9hkvOUcVknrou65de/+sta4KTIqwwmcwjl4cAUNuIMm+MCAwzO8wKvz5Lw5787HorXkFDPH8AfO5w+6UJdy</latexit><latexit sha1_base64="LXBWJGHNFKw/U33mt/WO14H3IKU=">AAACAXicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWw203bpbhJ2N0IJPfkDvOpP8CZe/SX+Av+G2zYHbX0w8Hhvhpl5YSq4Nq775ZTW1jc2t8rblZ3dvf2D6uFRSyeZYuizRCSqE1KNgsfoG24EdlKFVIYC2+H4dua3H1FpnsQPZpJiIOkw5gPOqLGS3+z3ZNav1ty6OwdZJV5BalCg2a9+96KEZRJjwwTVuuu5qQlyqgxnAqeVXqYxpWxMh9i1NKYSdZDPj52SM6tEZJAoW7Ehc/X3RE6l1hMZ2k5JzUgvezPxX0/bU0YYLa03g+sg53GaGYzZYvsgE8QkZBYHibhCZsTEEsoUtw8QNqKKMmNDq9hkvOUcVknrou65de/+sta4KTIqwwmcwjl4cAUNuIMm+MCAwzO8wKvz5Lw5787HorXkFDPH8AfO5w+6UJdy</latexit><latexit sha1_base64="LXBWJGHNFKw/U33mt/WO14H3IKU=">AAACAXicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWw203bpbhJ2N0IJPfkDvOpP8CZe/SX+Av+G2zYHbX0w8Hhvhpl5YSq4Nq775ZTW1jc2t8rblZ3dvf2D6uFRSyeZYuizRCSqE1KNgsfoG24EdlKFVIYC2+H4dua3H1FpnsQPZpJiIOkw5gPOqLGS3+z3ZNav1ty6OwdZJV5BalCg2a9+96KEZRJjwwTVuuu5qQlyqgxnAqeVXqYxpWxMh9i1NKYSdZDPj52SM6tEZJAoW7Ehc/X3RE6l1hMZ2k5JzUgvezPxX0/bU0YYLa03g+sg53GaGYzZYvsgE8QkZBYHibhCZsTEEsoUtw8QNqKKMmNDq9hkvOUcVknrou65de/+sta4KTIqwwmcwjl4cAUNuIMm+MCAwzO8wKvz5Lw5787HorXkFDPH8AfO5w+6UJdy</latexit>

Kµ
<latexit sha1_base64="bqGZpn6tfBwJGNe6cramIxNIj4g=">AAACAXicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClgqmFNpTNZtIu3WzC7kYopSd/gFf9Cd7Eq7/EX+DfcNvmoK0PBh7vzTAzL8wE18Z1v5zSyura+kZ5s7K1vbO7V90/aOk0Vwx9lopUtUOqUXCJvuFGYDtTSJNQ4EM4vJ76D4+oNE/lvRllGCS0L3nMGTVW8m973STvVWtu3Z2BLBOvIDUo0OxVv7tRyvIEpWGCat3x3MwEY6oMZwInlW6uMaNsSPvYsVTSBHUwnh07ISdWiUicKlvSkJn6e2JME61HSWg7E2oGetGbiv962p4ywGhhvYkvgzGXWW5Qsvn2OBfEpGQaB4m4QmbEyBLKFLcPEDagijJjQ6vYZLzFHJZJ66zuuXXv7rzWuCoyKsMRHMMpeHABDbiBJvjAgMMzvMCr8+S8Oe/Ox7y15BQzh/AHzucPsj+XbQ==</latexit><latexit sha1_base64="bqGZpn6tfBwJGNe6cramIxNIj4g=">AAACAXicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClgqmFNpTNZtIu3WzC7kYopSd/gFf9Cd7Eq7/EX+DfcNvmoK0PBh7vzTAzL8wE18Z1v5zSyura+kZ5s7K1vbO7V90/aOk0Vwx9lopUtUOqUXCJvuFGYDtTSJNQ4EM4vJ76D4+oNE/lvRllGCS0L3nMGTVW8m973STvVWtu3Z2BLBOvIDUo0OxVv7tRyvIEpWGCat3x3MwEY6oMZwInlW6uMaNsSPvYsVTSBHUwnh07ISdWiUicKlvSkJn6e2JME61HSWg7E2oGetGbiv962p4ywGhhvYkvgzGXWW5Qsvn2OBfEpGQaB4m4QmbEyBLKFLcPEDagijJjQ6vYZLzFHJZJ66zuuXXv7rzWuCoyKsMRHMMpeHABDbiBJvjAgMMzvMCr8+S8Oe/Ox7y15BQzh/AHzucPsj+XbQ==</latexit><latexit sha1_base64="bqGZpn6tfBwJGNe6cramIxNIj4g=">AAACAXicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClgqmFNpTNZtIu3WzC7kYopSd/gFf9Cd7Eq7/EX+DfcNvmoK0PBh7vzTAzL8wE18Z1v5zSyura+kZ5s7K1vbO7V90/aOk0Vwx9lopUtUOqUXCJvuFGYDtTSJNQ4EM4vJ76D4+oNE/lvRllGCS0L3nMGTVW8m973STvVWtu3Z2BLBOvIDUo0OxVv7tRyvIEpWGCat3x3MwEY6oMZwInlW6uMaNsSPvYsVTSBHUwnh07ISdWiUicKlvSkJn6e2JME61HSWg7E2oGetGbiv962p4ywGhhvYkvgzGXWW5Qsvn2OBfEpGQaB4m4QmbEyBLKFLcPEDagijJjQ6vYZLzFHJZJ66zuuXXv7rzWuCoyKsMRHMMpeHABDbiBJvjAgMMzvMCr8+S8Oe/Ox7y15BQzh/AHzucPsj+XbQ==</latexit><latexit sha1_base64="bqGZpn6tfBwJGNe6cramIxNIj4g=">AAACAXicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClgqmFNpTNZtIu3WzC7kYopSd/gFf9Cd7Eq7/EX+DfcNvmoK0PBh7vzTAzL8wE18Z1v5zSyura+kZ5s7K1vbO7V90/aOk0Vwx9lopUtUOqUXCJvuFGYDtTSJNQ4EM4vJ76D4+oNE/lvRllGCS0L3nMGTVW8m973STvVWtu3Z2BLBOvIDUo0OxVv7tRyvIEpWGCat3x3MwEY6oMZwInlW6uMaNsSPvYsVTSBHUwnh07ISdWiUicKlvSkJn6e2JME61HSWg7E2oGetGbiv962p4ywGhhvYkvgzGXWW5Qsvn2OBfEpGQaB4m4QmbEyBLKFLcPEDagijJjQ6vYZLzFHJZJ66zuuXXv7rzWuCoyKsMRHMMpeHABDbiBJvjAgMMzvMCr8+S8Oe/Ox7y15BQzh/AHzucPsj+XbQ==</latexit>

Semidirect product of a 
semisimple (Lorentz) and an 
Abelian group (translations)

P invariant subgroup:

3 casimirs

(0, 0), (1/2, 0), (0, 1/2),

(1/2, 1/2), (1, 0), (0, 1)
<latexit sha1_base64="JFbWLJYjNEfdrE3c9YfLU6riCo8=">AAACM3icbZDLSgMxFIYz9VbrrerSTbAILQw1KYoui25cVrAX6Awlk2baYOZCkhHK0CfxOXwAt/oE4k4EV76DaWcW2nog8OX/czg5vxcLrjRCb1ZhZXVtfaO4Wdra3tndK+8fdFSUSMraNBKR7HlEMcFD1tZcC9aLJSOBJ1jXu7+e+d0HJhWPwjs9iZkbkFHIfU6JNtKgfF5FNqrZsIpPGxkg26ABxynNxexWxTbMbYhrg3IF1dG84DLgHCogr9ag/OUMI5oELNRUEKX6GMXaTYnUnAo2LTmJYjGh92TE+gZDEjDlpvP1pvDEKEPoR9KcUMO5+rsjJYFSk8AzLwOix2rRm4n/esp8ZcyGC+O1f+mmPIwTzUKaTfcTAXUEZwHCIZeMajExQKjkZgFIx0QSqk3MJZMMXsxhGTqNOkZ1fHtWaV7lGRXBETgGVYDBBWiCG9ACbUDBI3gGL+DVerLerQ/rM3tasPKeQ/CnrO8fxUugzA==</latexit><latexit sha1_base64="JFbWLJYjNEfdrE3c9YfLU6riCo8=">AAACM3icbZDLSgMxFIYz9VbrrerSTbAILQw1KYoui25cVrAX6Awlk2baYOZCkhHK0CfxOXwAt/oE4k4EV76DaWcW2nog8OX/czg5vxcLrjRCb1ZhZXVtfaO4Wdra3tndK+8fdFSUSMraNBKR7HlEMcFD1tZcC9aLJSOBJ1jXu7+e+d0HJhWPwjs9iZkbkFHIfU6JNtKgfF5FNqrZsIpPGxkg26ABxynNxexWxTbMbYhrg3IF1dG84DLgHCogr9ag/OUMI5oELNRUEKX6GMXaTYnUnAo2LTmJYjGh92TE+gZDEjDlpvP1pvDEKEPoR9KcUMO5+rsjJYFSk8AzLwOix2rRm4n/esp8ZcyGC+O1f+mmPIwTzUKaTfcTAXUEZwHCIZeMajExQKjkZgFIx0QSqk3MJZMMXsxhGTqNOkZ1fHtWaV7lGRXBETgGVYDBBWiCG9ACbUDBI3gGL+DVerLerQ/rM3tasPKeQ/CnrO8fxUugzA==</latexit><latexit sha1_base64="JFbWLJYjNEfdrE3c9YfLU6riCo8=">AAACM3icbZDLSgMxFIYz9VbrrerSTbAILQw1KYoui25cVrAX6Awlk2baYOZCkhHK0CfxOXwAt/oE4k4EV76DaWcW2nog8OX/czg5vxcLrjRCb1ZhZXVtfaO4Wdra3tndK+8fdFSUSMraNBKR7HlEMcFD1tZcC9aLJSOBJ1jXu7+e+d0HJhWPwjs9iZkbkFHIfU6JNtKgfF5FNqrZsIpPGxkg26ABxynNxexWxTbMbYhrg3IF1dG84DLgHCogr9ag/OUMI5oELNRUEKX6GMXaTYnUnAo2LTmJYjGh92TE+gZDEjDlpvP1pvDEKEPoR9KcUMO5+rsjJYFSk8AzLwOix2rRm4n/esp8ZcyGC+O1f+mmPIwTzUKaTfcTAXUEZwHCIZeMajExQKjkZgFIx0QSqk3MJZMMXsxhGTqNOkZ1fHtWaV7lGRXBETgGVYDBBWiCG9ACbUDBI3gGL+DVerLerQ/rM3tasPKeQ/CnrO8fxUugzA==</latexit><latexit sha1_base64="JFbWLJYjNEfdrE3c9YfLU6riCo8=">AAACM3icbZDLSgMxFIYz9VbrrerSTbAILQw1KYoui25cVrAX6Awlk2baYOZCkhHK0CfxOXwAt/oE4k4EV76DaWcW2nog8OX/czg5vxcLrjRCb1ZhZXVtfaO4Wdra3tndK+8fdFSUSMraNBKR7HlEMcFD1tZcC9aLJSOBJ1jXu7+e+d0HJhWPwjs9iZkbkFHIfU6JNtKgfF5FNqrZsIpPGxkg26ABxynNxexWxTbMbYhrg3IF1dG84DLgHCogr9ag/OUMI5oELNRUEKX6GMXaTYnUnAo2LTmJYjGh92TE+gZDEjDlpvP1pvDEKEPoR9KcUMO5+rsjJYFSk8AzLwOix2rRm4n/esp8ZcyGC+O1f+mmPIwTzUKaTfcTAXUEZwHCIZeMajExQKjkZgFIx0QSqk3MJZMMXsxhGTqNOkZ1fHtWaV7lGRXBETgGVYDBBWiCG9ACbUDBI3gGL+DVerLerQ/rM3tasPKeQ/CnrO8fxUugzA==</latexit>

Fields States

�PµKµ
<latexit sha1_base64="f5TcF6a/EDuMqhDUoGV3StKB6Xs=">AAACCXicbVDLSgMxFM3UV62vqks3wSK4scyIoMuiG8FNBfuAdiyZzJ02NMmMSUYoQ7/AD3Crn+BO3PoVfoG/YdrOQlsPJBzOuZd77wkSzrRx3S+nsLS8srpWXC9tbG5t75R395o6ThWFBo15rNoB0cCZhIZhhkM7UUBEwKEVDK8mfusRlGaxvDOjBHxB+pJFjBJjJf8E1++7IsU3Pfv3yhW36k6BF4mXkwrKUe+Vv7thTFMB0lBOtO54bmL8jCjDKIdxqZtqSAgdkj50LJVEgPaz6dJjfGSVEEexsk8aPFV/d2REaD0Sga0UxAz0vDcR//W0XWUA4dx4E134GZNJakDS2fQo5djEeBILDpkCavjIEkIVswdgOiCKUGPDK9lkvPkcFknztOq5Ve/2rFK7zDMqogN0iI6Rh85RDV2jOmogih7QM3pBr86T8+a8Ox+z0oKT9+yjP3A+fwCuHpoW</latexit><latexit sha1_base64="f5TcF6a/EDuMqhDUoGV3StKB6Xs=">AAACCXicbVDLSgMxFM3UV62vqks3wSK4scyIoMuiG8FNBfuAdiyZzJ02NMmMSUYoQ7/AD3Crn+BO3PoVfoG/YdrOQlsPJBzOuZd77wkSzrRx3S+nsLS8srpWXC9tbG5t75R395o6ThWFBo15rNoB0cCZhIZhhkM7UUBEwKEVDK8mfusRlGaxvDOjBHxB+pJFjBJjJf8E1++7IsU3Pfv3yhW36k6BF4mXkwrKUe+Vv7thTFMB0lBOtO54bmL8jCjDKIdxqZtqSAgdkj50LJVEgPaz6dJjfGSVEEexsk8aPFV/d2REaD0Sga0UxAz0vDcR//W0XWUA4dx4E134GZNJakDS2fQo5djEeBILDpkCavjIEkIVswdgOiCKUGPDK9lkvPkcFknztOq5Ve/2rFK7zDMqogN0iI6Rh85RDV2jOmogih7QM3pBr86T8+a8Ox+z0oKT9+yjP3A+fwCuHpoW</latexit><latexit sha1_base64="f5TcF6a/EDuMqhDUoGV3StKB6Xs=">AAACCXicbVDLSgMxFM3UV62vqks3wSK4scyIoMuiG8FNBfuAdiyZzJ02NMmMSUYoQ7/AD3Crn+BO3PoVfoG/YdrOQlsPJBzOuZd77wkSzrRx3S+nsLS8srpWXC9tbG5t75R395o6ThWFBo15rNoB0cCZhIZhhkM7UUBEwKEVDK8mfusRlGaxvDOjBHxB+pJFjBJjJf8E1++7IsU3Pfv3yhW36k6BF4mXkwrKUe+Vv7thTFMB0lBOtO54bmL8jCjDKIdxqZtqSAgdkj50LJVEgPaz6dJjfGSVEEexsk8aPFV/d2REaD0Sga0UxAz0vDcR//W0XWUA4dx4E134GZNJakDS2fQo5djEeBILDpkCavjIEkIVswdgOiCKUGPDK9lkvPkcFknztOq5Ve/2rFK7zDMqogN0iI6Rh85RDV2jOmogih7QM3pBr86T8+a8Ox+z0oKT9+yjP3A+fwCuHpoW</latexit><latexit sha1_base64="f5TcF6a/EDuMqhDUoGV3StKB6Xs=">AAACCXicbVDLSgMxFM3UV62vqks3wSK4scyIoMuiG8FNBfuAdiyZzJ02NMmMSUYoQ7/AD3Crn+BO3PoVfoG/YdrOQlsPJBzOuZd77wkSzrRx3S+nsLS8srpWXC9tbG5t75R395o6ThWFBo15rNoB0cCZhIZhhkM7UUBEwKEVDK8mfusRlGaxvDOjBHxB+pJFjBJjJf8E1++7IsU3Pfv3yhW36k6BF4mXkwrKUe+Vv7thTFMB0lBOtO54bmL8jCjDKIdxqZtqSAgdkj50LJVEgPaz6dJjfGSVEEexsk8aPFV/d2REaD0Sga0UxAz0vDcR//W0XWUA4dx4E134GZNJakDS2fQo5djEeBILDpkCavjIEkIVswdgOiCKUGPDK9lkvPkcFknztOq5Ve/2rFK7zDMqogN0iI6Rh85RDV2jOmogih7QM3pBr86T8+a8Ox+z0oKT9+yjP3A+fwCuHpoW</latexit>

(�, `1, `2)
<latexit sha1_base64="g8Sa4iI7DdFiGxjGQiyfSwnuVNI=">AAACFnicbVDLSsNAFJ3UV62vqBvBzWARKkhJiqDLoi5cVrAPaEKYTG7aoZMHMxOhhPodfoBb/QR34tatX+BvOG2z0OqBYQ7n3Mu99/gpZ1JZ1qdRWlpeWV0rr1c2Nre2d8zdvY5MMkGhTROeiJ5PJHAWQ1sxxaGXCiCRz6Hrj66mfvcehGRJfKfGKbgRGcQsZJQoLXnmQc25Bq7IKXaAc88u/saJZ1atujUD/kvsglRRgZZnfjlBQrMIYkU5kbJvW6lycyIUoxwmFSeTkBI6IgPoaxqTCKSbzy6Y4GOtBDhMhH6xwjP1Z0dOIinHka8rI6KGctGbiv96Uq8yhGBhvAov3JzFaaYgpvPpYcaxSvA0IxwwAVTxsSaECqYPwHRIBKFKJ1nRydiLOfwlnUbdtur27Vm1eVlkVEaH6AjVkI3OURPdoBZqI4oe0BN6Ri/Go/FqvBnv89KSUfTso18wPr4BNiSd9g==</latexit><latexit sha1_base64="g8Sa4iI7DdFiGxjGQiyfSwnuVNI=">AAACFnicbVDLSsNAFJ3UV62vqBvBzWARKkhJiqDLoi5cVrAPaEKYTG7aoZMHMxOhhPodfoBb/QR34tatX+BvOG2z0OqBYQ7n3Mu99/gpZ1JZ1qdRWlpeWV0rr1c2Nre2d8zdvY5MMkGhTROeiJ5PJHAWQ1sxxaGXCiCRz6Hrj66mfvcehGRJfKfGKbgRGcQsZJQoLXnmQc25Bq7IKXaAc88u/saJZ1atujUD/kvsglRRgZZnfjlBQrMIYkU5kbJvW6lycyIUoxwmFSeTkBI6IgPoaxqTCKSbzy6Y4GOtBDhMhH6xwjP1Z0dOIinHka8rI6KGctGbiv96Uq8yhGBhvAov3JzFaaYgpvPpYcaxSvA0IxwwAVTxsSaECqYPwHRIBKFKJ1nRydiLOfwlnUbdtur27Vm1eVlkVEaH6AjVkI3OURPdoBZqI4oe0BN6Ri/Go/FqvBnv89KSUfTso18wPr4BNiSd9g==</latexit><latexit sha1_base64="g8Sa4iI7DdFiGxjGQiyfSwnuVNI=">AAACFnicbVDLSsNAFJ3UV62vqBvBzWARKkhJiqDLoi5cVrAPaEKYTG7aoZMHMxOhhPodfoBb/QR34tatX+BvOG2z0OqBYQ7n3Mu99/gpZ1JZ1qdRWlpeWV0rr1c2Nre2d8zdvY5MMkGhTROeiJ5PJHAWQ1sxxaGXCiCRz6Hrj66mfvcehGRJfKfGKbgRGcQsZJQoLXnmQc25Bq7IKXaAc88u/saJZ1atujUD/kvsglRRgZZnfjlBQrMIYkU5kbJvW6lycyIUoxwmFSeTkBI6IgPoaxqTCKSbzy6Y4GOtBDhMhH6xwjP1Z0dOIinHka8rI6KGctGbiv96Uq8yhGBhvAov3JzFaaYgpvPpYcaxSvA0IxwwAVTxsSaECqYPwHRIBKFKJ1nRydiLOfwlnUbdtur27Vm1eVlkVEaH6AjVkI3OURPdoBZqI4oe0BN6Ri/Go/FqvBnv89KSUfTso18wPr4BNiSd9g==</latexit><latexit sha1_base64="g8Sa4iI7DdFiGxjGQiyfSwnuVNI=">AAACFnicbVDLSsNAFJ3UV62vqBvBzWARKkhJiqDLoi5cVrAPaEKYTG7aoZMHMxOhhPodfoBb/QR34tatX+BvOG2z0OqBYQ7n3Mu99/gpZ1JZ1qdRWlpeWV0rr1c2Nre2d8zdvY5MMkGhTROeiJ5PJHAWQ1sxxaGXCiCRz6Hrj66mfvcehGRJfKfGKbgRGcQsZJQoLXnmQc25Bq7IKXaAc88u/saJZ1atujUD/kvsglRRgZZnfjlBQrMIYkU5kbJvW6lycyIUoxwmFSeTkBI6IgPoaxqTCKSbzy6Y4GOtBDhMhH6xwjP1Z0dOIinHka8rI6KGctGbiv96Uq8yhGBhvAov3JzFaaYgpvPpYcaxSvA0IxwwAVTxsSaECqYPwHRIBKFKJ1nRydiLOfwlnUbdtur27Vm1eVlkVEaH6AjVkI3OURPdoBZqI4oe0BN6Ri/Go/FqvBnv89KSUfTso18wPr4BNiSd9g==</latexit>



Jiang-Hao Yu  57

Operators and Character
Primary operator and descendants: 

Characters

Haar measure

[ Henning, Lu, Melia, Murayama, 2017] 
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IBP and EOM
Keep only the primary operator contribution = solve IBP

tensor decomposition

project onto primary states

[ Henning, Lu, Melia, Murayama, 2017] 
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IBP and EOM
EOM: identify EOM symmetry and remove it 
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Fields Under Conformal Group
Character of product Irrep 
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SMEFT Results

[ Henning, Lu, Melia, Murayama, 2017] 
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SMEFT Results

[ Henning, Lu, Melia, Murayama, 2017] 
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SMEFT Results

Still hard to write down explicit form of operators
[ Henning, Lu, Melia, Murayama, 2017] 



Young Tensor Basis

Hao-Lin Li, Zhe Ren, Ming-Lei Xiao, JHY, Yu-Hui Zheng, 2007.07899 
Hao-Lin Li, Zhe Ren, Jing Shu, Ming-Lei Xiao, JHY, Yu-Hui Zheng, 2005.00008 

Hao-Lin Li, Zhe Ren, Ming-Lei Xiao, JHY, Yu-Hui Zheng, 2012.09188
Hao-Lin Li, Jing Shu, Ming-Lei Xiao, JHY, 2012.11615

ITP-CAS group
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Higher Dim Operators!?

Given numbers of independent operators

does not mean we know explicit form of operators!

2

Repeated fieldsDerivatives

30

Which 2 should be picked up?

QQQL
<latexit sha1_base64="0d+NK5WAtjm3e8/KEf7CebHWVH4=">AAACAHicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLBuwD2lAmk0kzdDIJMxOhhG78ALf6Ce7ErX/iF/gbTtostPXAhcM593LvPX7KmdK2/WVV1tY3Nreq27Wd3b39g/rhUVclmSS0QxKeyL6PFeVM0I5mmtN+KimOfU57/uS28HuPVCqWiAc9TakX47FgISNYF5LruvejesNu2nOgVeKUpAEl2qP69zBISBZToQnHSg0cO9VejqVmhNNZbZgpmmIywWM6MFTgmCovn986Q2dGCVCYSFNCo7n6eyLHsVLT2DedMdaRWvYK8V9PmVMiGiyt1+G1lzORZpoKstgeZhzpBBVpoIBJSjSfGoKJZOYBRCIsMdEms5pJxlnOYZV0L5qO3XTcy0brpsyoCidwCufgwBW04A7a0AECETzDC7xaT9ab9W59LForVjlzDH9gff4AfaiWug==</latexit><latexit sha1_base64="0d+NK5WAtjm3e8/KEf7CebHWVH4=">AAACAHicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLBuwD2lAmk0kzdDIJMxOhhG78ALf6Ce7ErX/iF/gbTtostPXAhcM593LvPX7KmdK2/WVV1tY3Nreq27Wd3b39g/rhUVclmSS0QxKeyL6PFeVM0I5mmtN+KimOfU57/uS28HuPVCqWiAc9TakX47FgISNYF5LruvejesNu2nOgVeKUpAEl2qP69zBISBZToQnHSg0cO9VejqVmhNNZbZgpmmIywWM6MFTgmCovn986Q2dGCVCYSFNCo7n6eyLHsVLT2DedMdaRWvYK8V9PmVMiGiyt1+G1lzORZpoKstgeZhzpBBVpoIBJSjSfGoKJZOYBRCIsMdEms5pJxlnOYZV0L5qO3XTcy0brpsyoCidwCufgwBW04A7a0AECETzDC7xaT9ab9W59LForVjlzDH9gff4AfaiWug==</latexit><latexit sha1_base64="0d+NK5WAtjm3e8/KEf7CebHWVH4=">AAACAHicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLBuwD2lAmk0kzdDIJMxOhhG78ALf6Ce7ErX/iF/gbTtostPXAhcM593LvPX7KmdK2/WVV1tY3Nreq27Wd3b39g/rhUVclmSS0QxKeyL6PFeVM0I5mmtN+KimOfU57/uS28HuPVCqWiAc9TakX47FgISNYF5LruvejesNu2nOgVeKUpAEl2qP69zBISBZToQnHSg0cO9VejqVmhNNZbZgpmmIywWM6MFTgmCovn986Q2dGCVCYSFNCo7n6eyLHsVLT2DedMdaRWvYK8V9PmVMiGiyt1+G1lzORZpoKstgeZhzpBBVpoIBJSjSfGoKJZOYBRCIsMdEms5pJxlnOYZV0L5qO3XTcy0brpsyoCidwCufgwBW04A7a0AECETzDC7xaT9ab9W59LForVjlzDH9gff4AfaiWug==</latexit><latexit sha1_base64="0d+NK5WAtjm3e8/KEf7CebHWVH4=">AAACAHicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLBuwD2lAmk0kzdDIJMxOhhG78ALf6Ce7ErX/iF/gbTtostPXAhcM593LvPX7KmdK2/WVV1tY3Nreq27Wd3b39g/rhUVclmSS0QxKeyL6PFeVM0I5mmtN+KimOfU57/uS28HuPVCqWiAc9TakX47FgISNYF5LruvejesNu2nOgVeKUpAEl2qP69zBISBZToQnHSg0cO9VejqVmhNNZbZgpmmIywWM6MFTgmCovn986Q2dGCVCYSFNCo7n6eyLHsVLT2DedMdaRWvYK8V9PmVMiGiyt1+G1lzORZpoKstgeZhzpBBVpoIBJSjSfGoKJZOYBRCIsMdEms5pJxlnOYZV0L5qO3XTcy0brpsyoCidwCufgwBW04A7a0AECETzDC7xaT9ab9W59LForVjlzDH9gff4AfaiWug==</latexit>

57

What flavor relations should
be imposed?

324
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Operator as Group Invariant

Lorentz invariance: Lorentz indices contracted in pair

Gauge invariance: gauge factor

Start from the effective operator contributing to muon g-2:

'l̄p�
µ⌫DµD⌫er

<latexit sha1_base64="bkTzBVHfbnfYtWlxQGiKTuxEobI=">AAACL3icbVDLSgMxFM34rPVVdekmWARXZUYEXYq6cFnBtoIzDnfS2zaYZIYkI5Sh3+F3+AFu9RPEjbgT/8K0zkKrBxIO59zLvfckmeDG+v6rNzM7N7+wWFmqLq+srq3XNjbbJs01wxZLRaqvEjAouMKW5VbgVaYRZCKwk9yejv3OHWrDU3VphxlGEvqK9zgD66S4FoR3oLMBp2ECuhCjOKOh4X0JN0Uo81DlI3oWOzb+VU4x1nGt7jf8CehfEpSkTko049pH2E1ZLlFZJsCY68DPbFSAtpwJHFXD3GAG7Bb6eO2oAokmKianjeiuU7q0l2r3lKUT9WdHAdKYoUxcpQQ7MNPeWPzXM26VAXanxtveUVRwleUWFfue3ssFtSkdh0e7XCOzYugIMM3dAZQNQAOzLuKqSyaYzuEvae83Ar8RXBzUj0/KjCpkm+yQPRKQQ3JMzkmTtAgj9+SRPJFn78F78d689+/SGa/s2SK/4H1+AeEMqfE=</latexit><latexit sha1_base64="bkTzBVHfbnfYtWlxQGiKTuxEobI=">AAACL3icbVDLSgMxFM34rPVVdekmWARXZUYEXYq6cFnBtoIzDnfS2zaYZIYkI5Sh3+F3+AFu9RPEjbgT/8K0zkKrBxIO59zLvfckmeDG+v6rNzM7N7+wWFmqLq+srq3XNjbbJs01wxZLRaqvEjAouMKW5VbgVaYRZCKwk9yejv3OHWrDU3VphxlGEvqK9zgD66S4FoR3oLMBp2ECuhCjOKOh4X0JN0Uo81DlI3oWOzb+VU4x1nGt7jf8CehfEpSkTko049pH2E1ZLlFZJsCY68DPbFSAtpwJHFXD3GAG7Bb6eO2oAokmKianjeiuU7q0l2r3lKUT9WdHAdKYoUxcpQQ7MNPeWPzXM26VAXanxtveUVRwleUWFfue3ssFtSkdh0e7XCOzYugIMM3dAZQNQAOzLuKqSyaYzuEvae83Ar8RXBzUj0/KjCpkm+yQPRKQQ3JMzkmTtAgj9+SRPJFn78F78d689+/SGa/s2SK/4H1+AeEMqfE=</latexit><latexit sha1_base64="bkTzBVHfbnfYtWlxQGiKTuxEobI=">AAACL3icbVDLSgMxFM34rPVVdekmWARXZUYEXYq6cFnBtoIzDnfS2zaYZIYkI5Sh3+F3+AFu9RPEjbgT/8K0zkKrBxIO59zLvfckmeDG+v6rNzM7N7+wWFmqLq+srq3XNjbbJs01wxZLRaqvEjAouMKW5VbgVaYRZCKwk9yejv3OHWrDU3VphxlGEvqK9zgD66S4FoR3oLMBp2ECuhCjOKOh4X0JN0Uo81DlI3oWOzb+VU4x1nGt7jf8CehfEpSkTko049pH2E1ZLlFZJsCY68DPbFSAtpwJHFXD3GAG7Bb6eO2oAokmKianjeiuU7q0l2r3lKUT9WdHAdKYoUxcpQQ7MNPeWPzXM26VAXanxtveUVRwleUWFfue3ssFtSkdh0e7XCOzYugIMM3dAZQNQAOzLuKqSyaYzuEvae83Ar8RXBzUj0/KjCpkm+yQPRKQQ3JMzkmTtAgj9+SRPJFn78F78d689+/SGa/s2SK/4H1+AeEMqfE=</latexit><latexit sha1_base64="bkTzBVHfbnfYtWlxQGiKTuxEobI=">AAACL3icbVDLSgMxFM34rPVVdekmWARXZUYEXYq6cFnBtoIzDnfS2zaYZIYkI5Sh3+F3+AFu9RPEjbgT/8K0zkKrBxIO59zLvfckmeDG+v6rNzM7N7+wWFmqLq+srq3XNjbbJs01wxZLRaqvEjAouMKW5VbgVaYRZCKwk9yejv3OHWrDU3VphxlGEvqK9zgD66S4FoR3oLMBp2ECuhCjOKOh4X0JN0Uo81DlI3oWOzb+VU4x1nGt7jf8CehfEpSkTko049pH2E1ZLlFZJsCY68DPbFSAtpwJHFXD3GAG7Bb6eO2oAokmKianjeiuU7q0l2r3lKUT9WdHAdKYoUxcpQQ7MNPeWPzXM26VAXanxtveUVRwleUWFfue3ssFtSkdh0e7XCOzYugIMM3dAZQNQAOzLuKqSyaYzuEvae83Ar8RXBzUj0/KjCpkm+yQPRKQQ3JMzkmTtAgj9+SRPJFn78F78d689+/SGa/s2SK/4H1+AeEMqfE=</latexit>

Redundancies: equation of motion, integration by part, covariant derivative commutator
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Operator as On-shell Amplitude

All 3-particle massless amplitudes except F^3 vanish at on-shell

EFT operator = Contact amplitude = Group invariant + little group scaling

[ Shadmi, Weiss, 2018] 
[ Ma, Shu, Xiao, 2019] 

[ Durieux, Kitahara, Shadmi, Weiss, 2019]
[ Falkowski, Machado, 2019]

[14][24]⌧ I
<latexit sha1_base64="4lSuS4JOhWR5X1ue26KC/pFSUuw=">AAACCnicbVBLSgNBEK2Jvxh/UZduGoPgKsyEgC6DbnQXwSTCZBJ6ejpJk54P3TVCGHIDD+BWj+BO3HoJT+A17CSz0MQHBY/3qqiq5ydSaLTtL6uwtr6xuVXcLu3s7u0flA+P2jpOFeMtFstYPfhUcyki3kKBkj8kitPQl7zjj69nfueRKy3i6B4nCfdCOozEQDCKRuq5Tt1za3WvizTt3fbLFbtqz0FWiZOTCuRo9svf3SBmacgjZJJq7Tp2gl5GFQom+bTUTTVPKBvTIXcNjWjItZfNr56SM6MEZBArUxGSufp7IqOh1pPQN50hxZFe9mbiv542p4x4sLQeB5deJqIkRR6xxfZBKgnGZJYLCYTiDOXEEMqUMA8QNqKKMjTplUwyznIOq6Rdqzp21bmrVxpXeUZFOIFTOAcHLqABN9CEFjBQ8Awv8Go9WW/Wu/WxaC1Y+cwx/IH1+QNJSZpn</latexit><latexit sha1_base64="4lSuS4JOhWR5X1ue26KC/pFSUuw=">AAACCnicbVBLSgNBEK2Jvxh/UZduGoPgKsyEgC6DbnQXwSTCZBJ6ejpJk54P3TVCGHIDD+BWj+BO3HoJT+A17CSz0MQHBY/3qqiq5ydSaLTtL6uwtr6xuVXcLu3s7u0flA+P2jpOFeMtFstYPfhUcyki3kKBkj8kitPQl7zjj69nfueRKy3i6B4nCfdCOozEQDCKRuq5Tt1za3WvizTt3fbLFbtqz0FWiZOTCuRo9svf3SBmacgjZJJq7Tp2gl5GFQom+bTUTTVPKBvTIXcNjWjItZfNr56SM6MEZBArUxGSufp7IqOh1pPQN50hxZFe9mbiv542p4x4sLQeB5deJqIkRR6xxfZBKgnGZJYLCYTiDOXEEMqUMA8QNqKKMjTplUwyznIOq6Rdqzp21bmrVxpXeUZFOIFTOAcHLqABN9CEFjBQ8Awv8Go9WW/Wu/WxaC1Y+cwx/IH1+QNJSZpn</latexit><latexit sha1_base64="4lSuS4JOhWR5X1ue26KC/pFSUuw=">AAACCnicbVBLSgNBEK2Jvxh/UZduGoPgKsyEgC6DbnQXwSTCZBJ6ejpJk54P3TVCGHIDD+BWj+BO3HoJT+A17CSz0MQHBY/3qqiq5ydSaLTtL6uwtr6xuVXcLu3s7u0flA+P2jpOFeMtFstYPfhUcyki3kKBkj8kitPQl7zjj69nfueRKy3i6B4nCfdCOozEQDCKRuq5Tt1za3WvizTt3fbLFbtqz0FWiZOTCuRo9svf3SBmacgjZJJq7Tp2gl5GFQom+bTUTTVPKBvTIXcNjWjItZfNr56SM6MEZBArUxGSufp7IqOh1pPQN50hxZFe9mbiv542p4x4sLQeB5deJqIkRR6xxfZBKgnGZJYLCYTiDOXEEMqUMA8QNqKKMjTplUwyznIOq6Rdqzp21bmrVxpXeUZFOIFTOAcHLqABN9CEFjBQ8Awv8Go9WW/Wu/WxaC1Y+cwx/IH1+QNJSZpn</latexit><latexit sha1_base64="4lSuS4JOhWR5X1ue26KC/pFSUuw=">AAACCnicbVBLSgNBEK2Jvxh/UZduGoPgKsyEgC6DbnQXwSTCZBJ6ejpJk54P3TVCGHIDD+BWj+BO3HoJT+A17CSz0MQHBY/3qqiq5ydSaLTtL6uwtr6xuVXcLu3s7u0flA+P2jpOFeMtFstYPfhUcyki3kKBkj8kitPQl7zjj69nfueRKy3i6B4nCfdCOozEQDCKRuq5Tt1za3WvizTt3fbLFbtqz0FWiZOTCuRo9svf3SBmacgjZJJq7Tp2gl5GFQom+bTUTTVPKBvTIXcNjWjItZfNr56SM6MEZBArUxGSufp7IqOh1pPQN50hxZFe9mbiv542p4x4sLQeB5deJqIkRR6xxfZBKgnGZJYLCYTiDOXEEMqUMA8QNqKKMjTplUwyznIOq6Rdqzp21bmrVxpXeUZFOIFTOAcHLqABN9CEFjBQ8Awv8Go9WW/Wu/WxaC1Y+cwx/IH1+QNJSZpn</latexit>

Stripped contact term bases for all 4-point amplitudes

[ Durieux, Kitahara, Machado, Shadmi, Weiss, 2020]
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<latexit sha1_base64="rLpS6uZLf+EZvI+mqjoGbz52s+A=">AAACTHicbZDLSgNBEEV7okaNr6hLN41BcBVmRNCl6EY3EsGo4MRQ01NJmvQ86K4RwpC/8jvc61bBH3Angp0HkkQLGi6nblFdN0iVNOS6L05hbn6huLi0XFpZXVvfKG9u3Zgk0wLrIlGJvgvAoJIx1kmSwrtUI0SBwtugezbo3z6iNjKJr6mXYiOCdixbUgBZ1Cxf+sqaQ2jmng8q7UCf/5IDP0CaBIf9h5FpGg1c3CfIHi6a5YpbdYfF/wpvLCpsXLVm+cMPE5FFGJNQYMy956bUyEGTFAr7JT8zmILoQhvvrYwhQtPIh3f3+Z4lIW8l2r6Y+JBOTuQQGdOLAuuMgDpmtjeA//aM/UoHw5n11Dpu5DJOM8JYjLa3MsUp4YNkeSg1ClI9K0BoaQ/gogMaBNn8SzYZbzaHv+LmoOq5Ve/qsHJyOs5oie2wXbbPPHbETtg5q7E6E+yJvbI39u48O5/Ol/M9shac8cw2m6pC8Qca+bTp</latexit><latexit sha1_base64="rLpS6uZLf+EZvI+mqjoGbz52s+A=">AAACTHicbZDLSgNBEEV7okaNr6hLN41BcBVmRNCl6EY3EsGo4MRQ01NJmvQ86K4RwpC/8jvc61bBH3Angp0HkkQLGi6nblFdN0iVNOS6L05hbn6huLi0XFpZXVvfKG9u3Zgk0wLrIlGJvgvAoJIx1kmSwrtUI0SBwtugezbo3z6iNjKJr6mXYiOCdixbUgBZ1Cxf+sqaQ2jmng8q7UCf/5IDP0CaBIf9h5FpGg1c3CfIHi6a5YpbdYfF/wpvLCpsXLVm+cMPE5FFGJNQYMy956bUyEGTFAr7JT8zmILoQhvvrYwhQtPIh3f3+Z4lIW8l2r6Y+JBOTuQQGdOLAuuMgDpmtjeA//aM/UoHw5n11Dpu5DJOM8JYjLa3MsUp4YNkeSg1ClI9K0BoaQ/gogMaBNn8SzYZbzaHv+LmoOq5Ve/qsHJyOs5oie2wXbbPPHbETtg5q7E6E+yJvbI39u48O5/Ol/M9shac8cw2m6pC8Qca+bTp</latexit><latexit sha1_base64="rLpS6uZLf+EZvI+mqjoGbz52s+A=">AAACTHicbZDLSgNBEEV7okaNr6hLN41BcBVmRNCl6EY3EsGo4MRQ01NJmvQ86K4RwpC/8jvc61bBH3Angp0HkkQLGi6nblFdN0iVNOS6L05hbn6huLi0XFpZXVvfKG9u3Zgk0wLrIlGJvgvAoJIx1kmSwrtUI0SBwtugezbo3z6iNjKJr6mXYiOCdixbUgBZ1Cxf+sqaQ2jmng8q7UCf/5IDP0CaBIf9h5FpGg1c3CfIHi6a5YpbdYfF/wpvLCpsXLVm+cMPE5FFGJNQYMy956bUyEGTFAr7JT8zmILoQhvvrYwhQtPIh3f3+Z4lIW8l2r6Y+JBOTuQQGdOLAuuMgDpmtjeA//aM/UoHw5n11Dpu5DJOM8JYjLa3MsUp4YNkeSg1ClI9K0BoaQ/gogMaBNn8SzYZbzaHv+LmoOq5Ve/qsHJyOs5oie2wXbbPPHbETtg5q7E6E+yJvbI39u48O5/Ol/M9shac8cw2m6pC8Qca+bTp</latexit><latexit sha1_base64="rLpS6uZLf+EZvI+mqjoGbz52s+A=">AAACTHicbZDLSgNBEEV7okaNr6hLN41BcBVmRNCl6EY3EsGo4MRQ01NJmvQ86K4RwpC/8jvc61bBH3Angp0HkkQLGi6nblFdN0iVNOS6L05hbn6huLi0XFpZXVvfKG9u3Zgk0wLrIlGJvgvAoJIx1kmSwrtUI0SBwtugezbo3z6iNjKJr6mXYiOCdixbUgBZ1Cxf+sqaQ2jmng8q7UCf/5IDP0CaBIf9h5FpGg1c3CfIHi6a5YpbdYfF/wpvLCpsXLVm+cMPE5FFGJNQYMy956bUyEGTFAr7JT8zmILoQhvvrYwhQtPIh3f3+Z4lIW8l2r6Y+JBOTuQQGdOLAuuMgDpmtjeA//aM/UoHw5n11Dpu5DJOM8JYjLa3MsUp4YNkeSg1ClI9K0BoaQ/gogMaBNn8SzYZbzaHv+LmoOq5Ve/qsHJyOs5oie2wXbbPPHbETtg5q7E6E+yJvbI39u48O5/Ol/M9shac8cw2m6pC8Qca+bTp</latexit>

[ Refer to Machado’s talk for more details ]
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Currently hard to systematically construct more than 4-particle amplitude

Operator as On-shell Amplitude

N = 4

N = 5

N = 6

N = 7

N = 8

[ Durieux, Kitahara, Machado, Shadmi, Weiss, 2020]
Dim-8 SMEFT

g-2 dim-8:
Add H

†H
<latexit sha1_base64="YFriWggkzQkuE3vYAVPTAHA89/g=">AAACD3icbVBLTsMwEHX4lvJLYcnGokViVSXdwLLApssi0Y/UhspxJq1Vx4lsB1RFPQQHYAtHYIfYcgROwDVw2yyg5UkjPb03o5l5fsKZ0o7zZa2tb2xubRd2irt7+weHdumoreJUUmjRmMey6xMFnAloaaY5dBMJJPI5dPzxzczvPIBULBZ3epKAF5GhYCGjRBtpYJeuggBXGvf9gAyHIHGjMrDLTtWZA68SNydllKM5sL/7QUzTCISmnCjVc51EexmRmlEO02I/VZAQOiZD6BkqSATKy+anT/GZUQIcxtKU0Hiu/p7ISKTUJPJNZ0T0SC17M/FfT5lTRhAsrdfhpZcxkaQaBF1sD1OOdYxn4eCASaCaTwwhVDLzAKYjIgnVJsKiScZdzmGVtGtV16m6t7Vy/TrPqIBO0Ck6Ry66QHXUQE3UQhQ9omf0gl6tJ+vNerc+Fq1rVj5zjP7A+vwBb6abcQ==</latexit><latexit sha1_base64="YFriWggkzQkuE3vYAVPTAHA89/g=">AAACD3icbVBLTsMwEHX4lvJLYcnGokViVSXdwLLApssi0Y/UhspxJq1Vx4lsB1RFPQQHYAtHYIfYcgROwDVw2yyg5UkjPb03o5l5fsKZ0o7zZa2tb2xubRd2irt7+weHdumoreJUUmjRmMey6xMFnAloaaY5dBMJJPI5dPzxzczvPIBULBZ3epKAF5GhYCGjRBtpYJeuggBXGvf9gAyHIHGjMrDLTtWZA68SNydllKM5sL/7QUzTCISmnCjVc51EexmRmlEO02I/VZAQOiZD6BkqSATKy+anT/GZUQIcxtKU0Hiu/p7ISKTUJPJNZ0T0SC17M/FfT5lTRhAsrdfhpZcxkaQaBF1sD1OOdYxn4eCASaCaTwwhVDLzAKYjIgnVJsKiScZdzmGVtGtV16m6t7Vy/TrPqIBO0Ck6Ry66QHXUQE3UQhQ9omf0gl6tJ+vNerc+Fq1rVj5zjP7A+vwBb6abcQ==</latexit><latexit sha1_base64="YFriWggkzQkuE3vYAVPTAHA89/g=">AAACD3icbVBLTsMwEHX4lvJLYcnGokViVSXdwLLApssi0Y/UhspxJq1Vx4lsB1RFPQQHYAtHYIfYcgROwDVw2yyg5UkjPb03o5l5fsKZ0o7zZa2tb2xubRd2irt7+weHdumoreJUUmjRmMey6xMFnAloaaY5dBMJJPI5dPzxzczvPIBULBZ3epKAF5GhYCGjRBtpYJeuggBXGvf9gAyHIHGjMrDLTtWZA68SNydllKM5sL/7QUzTCISmnCjVc51EexmRmlEO02I/VZAQOiZD6BkqSATKy+anT/GZUQIcxtKU0Hiu/p7ISKTUJPJNZ0T0SC17M/FfT5lTRhAsrdfhpZcxkaQaBF1sD1OOdYxn4eCASaCaTwwhVDLzAKYjIgnVJsKiScZdzmGVtGtV16m6t7Vy/TrPqIBO0Ck6Ry66QHXUQE3UQhQ9omf0gl6tJ+vNerc+Fq1rVj5zjP7A+vwBb6abcQ==</latexit><latexit sha1_base64="YFriWggkzQkuE3vYAVPTAHA89/g=">AAACD3icbVBLTsMwEHX4lvJLYcnGokViVSXdwLLApssi0Y/UhspxJq1Vx4lsB1RFPQQHYAtHYIfYcgROwDVw2yyg5UkjPb03o5l5fsKZ0o7zZa2tb2xubRd2irt7+weHdumoreJUUmjRmMey6xMFnAloaaY5dBMJJPI5dPzxzczvPIBULBZ3epKAF5GhYCGjRBtpYJeuggBXGvf9gAyHIHGjMrDLTtWZA68SNydllKM5sL/7QUzTCISmnCjVc51EexmRmlEO02I/VZAQOiZD6BkqSATKy+anT/GZUQIcxtKU0Hiu/p7ISKTUJPJNZ0T0SC17M/FfT5lTRhAsrdfhpZcxkaQaBF1sD1OOdYxn4eCASaCaTwwhVDLzAKYjIgnVJsKiScZdzmGVtGtV16m6t7Vy/TrPqIBO0Ck6Ry66QHXUQE3UQhQ9omf0gl6tJ+vNerc+Fq1rVj5zjP7A+vwBb6abcQ==</latexit>

Add D2<latexit sha1_base64="0kCOihLhoZsICIrgDHWNqrpJMJ8=">AAACBXicbVDLTgJBEOzFF+IL9ehlIph4Irtc9IiPg0dM5GFgJbOzA0yYmd3MzJqQDWc/wKt+gjfj1e/wC/wNB9iDgpV0UqnqTndXEHOmjet+ObmV1bX1jfxmYWt7Z3evuH/Q1FGiCG2QiEeqHWBNOZO0YZjhtB0rikXAaSsYXU391iNVmkXyzoxj6gs8kKzPCDZWur8IQ1S+fqiWe8WSW3FnQMvEy0gJMtR7xe9uGJFEUGkIx1p3PDc2foqVYYTTSaGbaBpjMsID2rFUYkG1n84OnqATq4SoHylb0qCZ+nsixULrsQhsp8BmqBe9qfivp+0pQxourDf9cz9lMk4MlWS+vZ9wZCI0jQSFTFFi+NgSTBSzDyAyxAoTY4Mr2GS8xRyWSbNa8dyKd1st1S6zjPJwBMdwCh6cQQ1uoA4NICDgGV7g1Xly3px352PemnOymUP4A+fzB+Drl/A=</latexit><latexit sha1_base64="0kCOihLhoZsICIrgDHWNqrpJMJ8=">AAACBXicbVDLTgJBEOzFF+IL9ehlIph4Irtc9IiPg0dM5GFgJbOzA0yYmd3MzJqQDWc/wKt+gjfj1e/wC/wNB9iDgpV0UqnqTndXEHOmjet+ObmV1bX1jfxmYWt7Z3evuH/Q1FGiCG2QiEeqHWBNOZO0YZjhtB0rikXAaSsYXU391iNVmkXyzoxj6gs8kKzPCDZWur8IQ1S+fqiWe8WSW3FnQMvEy0gJMtR7xe9uGJFEUGkIx1p3PDc2foqVYYTTSaGbaBpjMsID2rFUYkG1n84OnqATq4SoHylb0qCZ+nsixULrsQhsp8BmqBe9qfivp+0pQxourDf9cz9lMk4MlWS+vZ9wZCI0jQSFTFFi+NgSTBSzDyAyxAoTY4Mr2GS8xRyWSbNa8dyKd1st1S6zjPJwBMdwCh6cQQ1uoA4NICDgGV7g1Xly3px352PemnOymUP4A+fzB+Drl/A=</latexit><latexit sha1_base64="0kCOihLhoZsICIrgDHWNqrpJMJ8=">AAACBXicbVDLTgJBEOzFF+IL9ehlIph4Irtc9IiPg0dM5GFgJbOzA0yYmd3MzJqQDWc/wKt+gjfj1e/wC/wNB9iDgpV0UqnqTndXEHOmjet+ObmV1bX1jfxmYWt7Z3evuH/Q1FGiCG2QiEeqHWBNOZO0YZjhtB0rikXAaSsYXU391iNVmkXyzoxj6gs8kKzPCDZWur8IQ1S+fqiWe8WSW3FnQMvEy0gJMtR7xe9uGJFEUGkIx1p3PDc2foqVYYTTSaGbaBpjMsID2rFUYkG1n84OnqATq4SoHylb0qCZ+nsixULrsQhsp8BmqBe9qfivp+0pQxourDf9cz9lMk4MlWS+vZ9wZCI0jQSFTFFi+NgSTBSzDyAyxAoTY4Mr2GS8xRyWSbNa8dyKd1st1S6zjPJwBMdwCh6cQQ1uoA4NICDgGV7g1Xly3px352PemnOymUP4A+fzB+Drl/A=</latexit><latexit sha1_base64="0kCOihLhoZsICIrgDHWNqrpJMJ8=">AAACBXicbVDLTgJBEOzFF+IL9ehlIph4Irtc9IiPg0dM5GFgJbOzA0yYmd3MzJqQDWc/wKt+gjfj1e/wC/wNB9iDgpV0UqnqTndXEHOmjet+ObmV1bX1jfxmYWt7Z3evuH/Q1FGiCG2QiEeqHWBNOZO0YZjhtB0rikXAaSsYXU391iNVmkXyzoxj6gs8kKzPCDZWur8IQ1S+fqiWe8WSW3FnQMvEy0gJMtR7xe9uGJFEUGkIx1p3PDc2foqVYYTTSaGbaBpjMsID2rFUYkG1n84OnqATq4SoHylb0qCZ+nsixULrsQhsp8BmqBe9qfivp+0pQxourDf9cz9lMk4MlWS+vZ9wZCI0jQSFTFFi+NgSTBSzDyAyxAoTY4Mr2GS8xRyWSbNa8dyKd1st1S6zjPJwBMdwCh6cQQ1uoA4NICDgGV7g1Xly3px352PemnOymUP4A+fzB+Drl/A=</latexit>
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Operator as Spinor Tensor

Each field belongs to a SL(2,C) irrep

How to obtain independent operator with derivatives systematically?

Operator with explicit spinor indices

Ways to add D2
<latexit sha1_base64="sFNa0/yvHns9cABRCnTrpUHqzME=">AAACD3icbVA7TsNAEF2HXwg/B0qaFQkSVWSngTICCsogkY+UmGi8XierrD/aXYMsK4fgALRwBDpEyxE4AddgnbiAhCeN9PTejGbmuTFnUlnWl1FaW9/Y3CpvV3Z29/YPzOphV0aJILRDIh6JvguSchbSjmKK034sKAQupz13epX7vQcqJIvCO5XG1AlgHDKfEVBaGpnVHqQSqwiD5+H69X2zPjJrVsOaA68SuyA1VKA9Mr+HXkSSgIaKcJByYFuxcjIQihFOZ5VhImkMZApjOtA0hIBKJ5ufPsOnWvGwHwldocJz9fdEBoGUaeDqzgDURC57ufivJ/UpE+otrVf+hZOxME4UDcliu5/w/P88HOwxQYniqSZABNMPYDIBAUTpCCs6GXs5h1XSbTZsq2HfNmutyyKjMjpGJ+gM2egctdANaqMOIugRPaMX9Go8GW/Gu/GxaC0ZxcwR+gPj8wdL55tY</latexit><latexit sha1_base64="sFNa0/yvHns9cABRCnTrpUHqzME=">AAACD3icbVA7TsNAEF2HXwg/B0qaFQkSVWSngTICCsogkY+UmGi8XierrD/aXYMsK4fgALRwBDpEyxE4AddgnbiAhCeN9PTejGbmuTFnUlnWl1FaW9/Y3CpvV3Z29/YPzOphV0aJILRDIh6JvguSchbSjmKK034sKAQupz13epX7vQcqJIvCO5XG1AlgHDKfEVBaGpnVHqQSqwiD5+H69X2zPjJrVsOaA68SuyA1VKA9Mr+HXkSSgIaKcJByYFuxcjIQihFOZ5VhImkMZApjOtA0hIBKJ5ufPsOnWvGwHwldocJz9fdEBoGUaeDqzgDURC57ufivJ/UpE+otrVf+hZOxME4UDcliu5/w/P88HOwxQYniqSZABNMPYDIBAUTpCCs6GXs5h1XSbTZsq2HfNmutyyKjMjpGJ+gM2egctdANaqMOIugRPaMX9Go8GW/Gu/GxaC0ZxcwR+gPj8wdL55tY</latexit><latexit sha1_base64="sFNa0/yvHns9cABRCnTrpUHqzME=">AAACD3icbVA7TsNAEF2HXwg/B0qaFQkSVWSngTICCsogkY+UmGi8XierrD/aXYMsK4fgALRwBDpEyxE4AddgnbiAhCeN9PTejGbmuTFnUlnWl1FaW9/Y3CpvV3Z29/YPzOphV0aJILRDIh6JvguSchbSjmKK034sKAQupz13epX7vQcqJIvCO5XG1AlgHDKfEVBaGpnVHqQSqwiD5+H69X2zPjJrVsOaA68SuyA1VKA9Mr+HXkSSgIaKcJByYFuxcjIQihFOZ5VhImkMZApjOtA0hIBKJ5ufPsOnWvGwHwldocJz9fdEBoGUaeDqzgDURC57ufivJ/UpE+otrVf+hZOxME4UDcliu5/w/P88HOwxQYniqSZABNMPYDIBAUTpCCs6GXs5h1XSbTZsq2HfNmutyyKjMjpGJ+gM2egctdANaqMOIugRPaMX9Go8GW/Gu/GxaC0ZxcwR+gPj8wdL55tY</latexit><latexit sha1_base64="sFNa0/yvHns9cABRCnTrpUHqzME=">AAACD3icbVA7TsNAEF2HXwg/B0qaFQkSVWSngTICCsogkY+UmGi8XierrD/aXYMsK4fgALRwBDpEyxE4AddgnbiAhCeN9PTejGbmuTFnUlnWl1FaW9/Y3CpvV3Z29/YPzOphV0aJILRDIh6JvguSchbSjmKK034sKAQupz13epX7vQcqJIvCO5XG1AlgHDKfEVBaGpnVHqQSqwiD5+H69X2zPjJrVsOaA68SuyA1VKA9Mr+HXkSSgIaKcJByYFuxcjIQihFOZ5VhImkMZApjOtA0hIBKJ5ufPsOnWvGwHwldocJz9fdEBoGUaeDqzgDURC57ufivJ/UpE+otrVf+hZOxME4UDcliu5/w/P88HOwxQYniqSZABNMPYDIBAUTpCCs6GXs5h1XSbTZsq2HfNmutyyKjMjpGJ+gM2egctdANaqMOIugRPaMX9Go8GW/Gu/GxaC0ZxcwR+gPj8wdL55tY</latexit>

30
Consider dim-8 g-2 operator with derivatives
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Equation of Motion (EOM)

Only take the highest weight for field with derivatives

EOM removed by taking highest weight!

For fields with derivatives, symmetric and antisymmetric indices:

✓
1

2
,
1

2

◆
⇥
✓
1

2
,
1

2

◆

<latexit sha1_base64="rOE4W4iBuNlJvkftlZ17g7FEvA0=">AAACT3icfZHLSgMxFIYz9dbWW9Wlm2ARKkiZKYIui25ctmAv0Cklk55pQzMXkjNCGfpcPodLF27tI7gT0zqL2ooHAh//+cM5+ePFUmi07Tcrt7W9s7uXLxT3Dw6Pjksnp20dJYpDi0cyUl2PaZAihBYKlNCNFbDAk9DxJg+LfucZlBZR+ITTGPoBG4XCF5yhkQalpivBx4rrK8ZTZ5bWZtcrTF0lRmO8oi6KADT915x5B6WyXbWXRTfByaBMsmoMSnN3GPEkgBC5ZFr3HDvGfsoUCi5hVnQTDTHjEzaCnsGQmU366fLpM3pplCH1I2VOiHSprt5IWaD1NPCMM2A41uu9hfhnT5tVxjBcG4/+XT8VYZwghPxnup9IihFdhEuHQgFHOTXAuBLmAZSPmUkIzRcUTTLOeg6b0K5VHbvqNG/K9fssozw5JxekQhxyS+rkkTRIi3DyQt7JB5lbr9an9ZXLrDkrgzPyq3KFb795tLY=</latexit><latexit sha1_base64="rOE4W4iBuNlJvkftlZ17g7FEvA0=">AAACT3icfZHLSgMxFIYz9dbWW9Wlm2ARKkiZKYIui25ctmAv0Cklk55pQzMXkjNCGfpcPodLF27tI7gT0zqL2ooHAh//+cM5+ePFUmi07Tcrt7W9s7uXLxT3Dw6Pjksnp20dJYpDi0cyUl2PaZAihBYKlNCNFbDAk9DxJg+LfucZlBZR+ITTGPoBG4XCF5yhkQalpivBx4rrK8ZTZ5bWZtcrTF0lRmO8oi6KADT915x5B6WyXbWXRTfByaBMsmoMSnN3GPEkgBC5ZFr3HDvGfsoUCi5hVnQTDTHjEzaCnsGQmU366fLpM3pplCH1I2VOiHSprt5IWaD1NPCMM2A41uu9hfhnT5tVxjBcG4/+XT8VYZwghPxnup9IihFdhEuHQgFHOTXAuBLmAZSPmUkIzRcUTTLOeg6b0K5VHbvqNG/K9fssozw5JxekQhxyS+rkkTRIi3DyQt7JB5lbr9an9ZXLrDkrgzPyq3KFb795tLY=</latexit><latexit sha1_base64="rOE4W4iBuNlJvkftlZ17g7FEvA0=">AAACT3icfZHLSgMxFIYz9dbWW9Wlm2ARKkiZKYIui25ctmAv0Cklk55pQzMXkjNCGfpcPodLF27tI7gT0zqL2ooHAh//+cM5+ePFUmi07Tcrt7W9s7uXLxT3Dw6Pjksnp20dJYpDi0cyUl2PaZAihBYKlNCNFbDAk9DxJg+LfucZlBZR+ITTGPoBG4XCF5yhkQalpivBx4rrK8ZTZ5bWZtcrTF0lRmO8oi6KADT915x5B6WyXbWXRTfByaBMsmoMSnN3GPEkgBC5ZFr3HDvGfsoUCi5hVnQTDTHjEzaCnsGQmU366fLpM3pplCH1I2VOiHSprt5IWaD1NPCMM2A41uu9hfhnT5tVxjBcG4/+XT8VYZwghPxnup9IihFdhEuHQgFHOTXAuBLmAZSPmUkIzRcUTTLOeg6b0K5VHbvqNG/K9fssozw5JxekQhxyS+rkkTRIi3DyQt7JB5lbr9an9ZXLrDkrgzPyq3KFb795tLY=</latexit><latexit sha1_base64="rOE4W4iBuNlJvkftlZ17g7FEvA0=">AAACT3icfZHLSgMxFIYz9dbWW9Wlm2ARKkiZKYIui25ctmAv0Cklk55pQzMXkjNCGfpcPodLF27tI7gT0zqL2ooHAh//+cM5+ePFUmi07Tcrt7W9s7uXLxT3Dw6Pjksnp20dJYpDi0cyUl2PaZAihBYKlNCNFbDAk9DxJg+LfucZlBZR+ITTGPoBG4XCF5yhkQalpivBx4rrK8ZTZ5bWZtcrTF0lRmO8oi6KADT915x5B6WyXbWXRTfByaBMsmoMSnN3GPEkgBC5ZFr3HDvGfsoUCi5hVnQTDTHjEzaCnsGQmU366fLpM3pplCH1I2VOiHSprt5IWaD1NPCMM2A41uu9hfhnT5tVxjBcG4/+XT8VYZwghPxnup9IihFdhEuHQgFHOTXAuBLmAZSPmUkIzRcUTTLOeg6b0K5VHbvqNG/K9fssozw5JxekQhxyS+rkkTRIi3DyQt7JB5lbr9an9ZXLrDkrgzPyq3KFb795tLY=</latexit>

✓
1

2
,
1

2

◆
⇥

✓
1

2
, 0

◆

<latexit sha1_base64="U6iEP3mG+leUwwTUbBKn8M8MtDI=">AAACRXicbVDLSgNBEJyNrxhfUY9eBoMQQcJuEPQY9KDHCOYB2RBmJ73JkNkHM71CWPJJfocf4EnQsydv4lUnyR40sWCgqK6mpsuLpdBo2y9WbmV1bX0jv1nY2t7Z3SvuHzR1lCgODR7JSLU9pkGKEBooUEI7VsACT0LLG11P560HUFpE4T2OY+gGbBAKX3CGRuoVb1wJPpZdXzGeOpO0Ojn7xamrxGCIp9RFEYCmy2Y7c/SKJbtiz0CXiZOREslQ7xXf3X7EkwBC5JJp3XHsGLspUyi4hEnBTTTEjI/YADqGhszkd9PZwRN6YpQ+9SNlXoh0pv7eSFmg9TjwjDNgONSLs6n470ybrwyhvxCP/mU3FWGcIIR8nu4nkmJEp5XSvlDAUY4NYVwJcwDlQ2Y6QlN8wTTjLPawTJrVimNXnLvzUu0q6yhPjsgxKROHXJAauSV10iCcPJJn8krerCfrw/q0vubWnJXtHJI/sL5/AL+7sjU=</latexit><latexit sha1_base64="U6iEP3mG+leUwwTUbBKn8M8MtDI=">AAACRXicbVDLSgNBEJyNrxhfUY9eBoMQQcJuEPQY9KDHCOYB2RBmJ73JkNkHM71CWPJJfocf4EnQsydv4lUnyR40sWCgqK6mpsuLpdBo2y9WbmV1bX0jv1nY2t7Z3SvuHzR1lCgODR7JSLU9pkGKEBooUEI7VsACT0LLG11P560HUFpE4T2OY+gGbBAKX3CGRuoVb1wJPpZdXzGeOpO0Ojn7xamrxGCIp9RFEYCmy2Y7c/SKJbtiz0CXiZOREslQ7xXf3X7EkwBC5JJp3XHsGLspUyi4hEnBTTTEjI/YADqGhszkd9PZwRN6YpQ+9SNlXoh0pv7eSFmg9TjwjDNgONSLs6n470ybrwyhvxCP/mU3FWGcIIR8nu4nkmJEp5XSvlDAUY4NYVwJcwDlQ2Y6QlN8wTTjLPawTJrVimNXnLvzUu0q6yhPjsgxKROHXJAauSV10iCcPJJn8krerCfrw/q0vubWnJXtHJI/sL5/AL+7sjU=</latexit><latexit sha1_base64="U6iEP3mG+leUwwTUbBKn8M8MtDI=">AAACRXicbVDLSgNBEJyNrxhfUY9eBoMQQcJuEPQY9KDHCOYB2RBmJ73JkNkHM71CWPJJfocf4EnQsydv4lUnyR40sWCgqK6mpsuLpdBo2y9WbmV1bX0jv1nY2t7Z3SvuHzR1lCgODR7JSLU9pkGKEBooUEI7VsACT0LLG11P560HUFpE4T2OY+gGbBAKX3CGRuoVb1wJPpZdXzGeOpO0Ojn7xamrxGCIp9RFEYCmy2Y7c/SKJbtiz0CXiZOREslQ7xXf3X7EkwBC5JJp3XHsGLspUyi4hEnBTTTEjI/YADqGhszkd9PZwRN6YpQ+9SNlXoh0pv7eSFmg9TjwjDNgONSLs6n470ybrwyhvxCP/mU3FWGcIIR8nu4nkmJEp5XSvlDAUY4NYVwJcwDlQ2Y6QlN8wTTjLPawTJrVimNXnLvzUu0q6yhPjsgxKROHXJAauSV10iCcPJJn8krerCfrw/q0vubWnJXtHJI/sL5/AL+7sjU=</latexit><latexit sha1_base64="U6iEP3mG+leUwwTUbBKn8M8MtDI=">AAACRXicbVDLSgNBEJyNrxhfUY9eBoMQQcJuEPQY9KDHCOYB2RBmJ73JkNkHM71CWPJJfocf4EnQsydv4lUnyR40sWCgqK6mpsuLpdBo2y9WbmV1bX0jv1nY2t7Z3SvuHzR1lCgODR7JSLU9pkGKEBooUEI7VsACT0LLG11P560HUFpE4T2OY+gGbBAKX3CGRuoVb1wJPpZdXzGeOpO0Ojn7xamrxGCIp9RFEYCmy2Y7c/SKJbtiz0CXiZOREslQ7xXf3X7EkwBC5JJp3XHsGLspUyi4hEnBTTTEjI/YADqGhszkd9PZwRN6YpQ+9SNlXoh0pv7eSFmg9TjwjDNgONSLs6n470ybrwyhvxCP/mU3FWGcIIR8nu4nkmJEp5XSvlDAUY4NYVwJcwDlQ2Y6QlN8wTTjLPawTJrVimNXnLvzUu0q6yhPjsgxKROHXJAauSV10iCcPJJn8krerCfrw/q0vubWnJXtHJI/sL5/AL+7sjU=</latexit>

(0,0) (1,0) (0,1) (1,1)

(0,1/2) (1,1/2)

Covariant derivative commutator, Bianchi identity also removed
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Any operator can be written with totally symmetric spinor indices:

Operator as Spinor Tensor

Transformation under SL(2,C) x SU(N)

= Irrep Irrep…

i, j, k, l = 1 to N
<latexit sha1_base64="/wT9dtfqGMW3vUwPMCQ94rb8uz4=">AAACFXicbVDJSgNBEO1xjXEb9eDBS2MQPIQwI4JehKAXTxLBLJAZQk+nkrTpWeiuEcOQ7/ADvOoneBOvnv0Cf8POctDEBwWP96qoqhckUmh0nC9rYXFpeWU1t5Zf39jc2rZ3dms6ThWHKo9lrBoB0yBFBFUUKKGRKGBhIKEe9K9Gfv0BlBZxdIeDBPyQdSPREZyhkVr2vijeF/tFeeF61EN4xAzjoUdvWnbBKTlj0HniTkmBTFFp2d9eO+ZpCBFyybRuuk6CfsYUCi5hmPdSDQnjfdaFpqERC0H72fiBIT0ySpt2YmUqQjpWf09kLNR6EAamM2TY07PeSPzX0+aUHrRn1mPn3M9ElKQIEZ9s76SSYkxHEdG2UMBRDgxhXAnzAOU9phhHE2TeJOPO5jBPaicl1ym5t6eF8uU0oxw5IIfkmLjkjJTJNamQKuFkSJ7JC3m1nqw36936mLQuWNOZPfIH1ucPngmeSA==</latexit><latexit sha1_base64="/wT9dtfqGMW3vUwPMCQ94rb8uz4=">AAACFXicbVDJSgNBEO1xjXEb9eDBS2MQPIQwI4JehKAXTxLBLJAZQk+nkrTpWeiuEcOQ7/ADvOoneBOvnv0Cf8POctDEBwWP96qoqhckUmh0nC9rYXFpeWU1t5Zf39jc2rZ3dms6ThWHKo9lrBoB0yBFBFUUKKGRKGBhIKEe9K9Gfv0BlBZxdIeDBPyQdSPREZyhkVr2vijeF/tFeeF61EN4xAzjoUdvWnbBKTlj0HniTkmBTFFp2d9eO+ZpCBFyybRuuk6CfsYUCi5hmPdSDQnjfdaFpqERC0H72fiBIT0ySpt2YmUqQjpWf09kLNR6EAamM2TY07PeSPzX0+aUHrRn1mPn3M9ElKQIEZ9s76SSYkxHEdG2UMBRDgxhXAnzAOU9phhHE2TeJOPO5jBPaicl1ym5t6eF8uU0oxw5IIfkmLjkjJTJNamQKuFkSJ7JC3m1nqw36936mLQuWNOZPfIH1ucPngmeSA==</latexit><latexit sha1_base64="/wT9dtfqGMW3vUwPMCQ94rb8uz4=">AAACFXicbVDJSgNBEO1xjXEb9eDBS2MQPIQwI4JehKAXTxLBLJAZQk+nkrTpWeiuEcOQ7/ADvOoneBOvnv0Cf8POctDEBwWP96qoqhckUmh0nC9rYXFpeWU1t5Zf39jc2rZ3dms6ThWHKo9lrBoB0yBFBFUUKKGRKGBhIKEe9K9Gfv0BlBZxdIeDBPyQdSPREZyhkVr2vijeF/tFeeF61EN4xAzjoUdvWnbBKTlj0HniTkmBTFFp2d9eO+ZpCBFyybRuuk6CfsYUCi5hmPdSDQnjfdaFpqERC0H72fiBIT0ySpt2YmUqQjpWf09kLNR6EAamM2TY07PeSPzX0+aUHrRn1mPn3M9ElKQIEZ9s76SSYkxHEdG2UMBRDgxhXAnzAOU9phhHE2TeJOPO5jBPaicl1ym5t6eF8uU0oxw5IIfkmLjkjJTJNamQKuFkSJ7JC3m1nqw36936mLQuWNOZPfIH1ucPngmeSA==</latexit><latexit sha1_base64="/wT9dtfqGMW3vUwPMCQ94rb8uz4=">AAACFXicbVDJSgNBEO1xjXEb9eDBS2MQPIQwI4JehKAXTxLBLJAZQk+nkrTpWeiuEcOQ7/ADvOoneBOvnv0Cf8POctDEBwWP96qoqhckUmh0nC9rYXFpeWU1t5Zf39jc2rZ3dms6ThWHKo9lrBoB0yBFBFUUKKGRKGBhIKEe9K9Gfv0BlBZxdIeDBPyQdSPREZyhkVr2vijeF/tFeeF61EN4xAzjoUdvWnbBKTlj0HniTkmBTFFp2d9eO+ZpCBFyybRuuk6CfsYUCi5hmPdSDQnjfdaFpqERC0H72fiBIT0ySpt2YmUqQjpWf09kLNR6EAamM2TY07PeSPzX0+aUHrRn1mPn3M9ElKQIEZ9s76SSYkxHEdG2UMBRDgxhXAnzAOU9phhHE2TeJOPO5jBPaicl1ym5t6eF8uU0oxw5IIfkmLjkjJTJNamQKuFkSJ7JC3m1nqw36936mLQuWNOZPfIH1ucPngmeSA==</latexit>
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Total Derivatives

total derivatives (integration by part)

Schouten identity

[Such Young diagram also obtained from conformal K harmonics]
[ Henning, Melia, 2019]

Differently we obtain Young diagram using epsilon tensor transformation
No need conformal symmetry!
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Independent Lorentz Structure
To obtain independent operator, we invent a new Young diagram filling procedure!

Fock’s condition removes redundancy

YT method guarantees independence!

Filling rules on semi-standard Young tableau (SSYT)
with given class

New filling: any operator could be converted to this basis

Filling all SSYT guarantees completeness!
Basis
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Dim-8 Young Diagrams

Different filling corresponds different operator!
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Different Operator with Same YD
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30

7

2

EOM

IBP

Young tensor method (No need EoM&IBP)

2

Traditional method

Traditional vs Young Tensor

[ Hays, Martin, Sanz, Setford, 2018]
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Gauge Structure
Gauge structure (internal sym) is easier than Lorentz structure (spacetime sym)

Dim-6 four fermion B-conserving operators: 25

Buchmuller&Wyler wrote 29: 5 redundant operators (Fierz) + 1 missing

Fierz identity for SU(N):

[Grzadkowski, Iskrzynski, Misiak, Rosiek, 2010] 
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Gauge Structure
How to obtain independent and complete gauge structure systematically?

g-2 dim 8 operator

?

We invent Littlewood-Richardson method at Young tableau level

Find the 4-th g-2 dim 8 operator:
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Operator Y-Basis

( )
<latexit sha1_base64="Js3TDh9ZbXJa3DgvJWXkgm+KRok=">AAACEXicbVBLSgNBEO3xG+NvNEs3jUGImzAjgi6DblxGMB/IhNDTqck06fnQXSMMIafwAG71CO7ErSfwBF7DTjILTXxNw+O9Kqrq+akUGh3ny1pb39jc2i7tlHf39g8O7aPjtk4yxaHFE5mors80SBFDCwVK6KYKWORL6Pjj25nfeQSlRRI/YJ5CP2KjWASCMzTSwK54EgKsUc886ikxCvF8YFedujMHXSVuQaqkQHNgf3vDhGcRxMgl07rnOin2J0yh4BKmZS/TkDI+ZiPoGRqzCHR/Ml9+Ss+MMqRBosyPkc7V3x0TFmmdR76pjBiGetmbif962qwSwnBpPAbX/YmI0wwh5ovpQSYpJnQWDx0KBRxlbgjjSpgDKA+ZYhxNiGWTjLucwyppX9Rdp+7eX1YbN0VGJXJCTkmNuOSKNMgdaZIW4SQnz+SFvFpP1pv1bn0sStesoqdC/sD6/AEB1pxM</latexit><latexit sha1_base64="Js3TDh9ZbXJa3DgvJWXkgm+KRok=">AAACEXicbVBLSgNBEO3xG+NvNEs3jUGImzAjgi6DblxGMB/IhNDTqck06fnQXSMMIafwAG71CO7ErSfwBF7DTjILTXxNw+O9Kqrq+akUGh3ny1pb39jc2i7tlHf39g8O7aPjtk4yxaHFE5mors80SBFDCwVK6KYKWORL6Pjj25nfeQSlRRI/YJ5CP2KjWASCMzTSwK54EgKsUc886ikxCvF8YFedujMHXSVuQaqkQHNgf3vDhGcRxMgl07rnOin2J0yh4BKmZS/TkDI+ZiPoGRqzCHR/Ml9+Ss+MMqRBosyPkc7V3x0TFmmdR76pjBiGetmbif962qwSwnBpPAbX/YmI0wwh5ovpQSYpJnQWDx0KBRxlbgjjSpgDKA+ZYhxNiGWTjLucwyppX9Rdp+7eX1YbN0VGJXJCTkmNuOSKNMgdaZIW4SQnz+SFvFpP1pv1bn0sStesoqdC/sD6/AEB1pxM</latexit><latexit sha1_base64="Js3TDh9ZbXJa3DgvJWXkgm+KRok=">AAACEXicbVBLSgNBEO3xG+NvNEs3jUGImzAjgi6DblxGMB/IhNDTqck06fnQXSMMIafwAG71CO7ErSfwBF7DTjILTXxNw+O9Kqrq+akUGh3ny1pb39jc2i7tlHf39g8O7aPjtk4yxaHFE5mors80SBFDCwVK6KYKWORL6Pjj25nfeQSlRRI/YJ5CP2KjWASCMzTSwK54EgKsUc886ikxCvF8YFedujMHXSVuQaqkQHNgf3vDhGcRxMgl07rnOin2J0yh4BKmZS/TkDI+ZiPoGRqzCHR/Ml9+Ss+MMqRBosyPkc7V3x0TFmmdR76pjBiGetmbif962qwSwnBpPAbX/YmI0wwh5ovpQSYpJnQWDx0KBRxlbgjjSpgDKA+ZYhxNiGWTjLucwyppX9Rdp+7eX1YbN0VGJXJCTkmNuOSKNMgdaZIW4SQnz+SFvFpP1pv1bn0sStesoqdC/sD6/AEB1pxM</latexit><latexit sha1_base64="Js3TDh9ZbXJa3DgvJWXkgm+KRok=">AAACEXicbVBLSgNBEO3xG+NvNEs3jUGImzAjgi6DblxGMB/IhNDTqck06fnQXSMMIafwAG71CO7ErSfwBF7DTjILTXxNw+O9Kqrq+akUGh3ny1pb39jc2i7tlHf39g8O7aPjtk4yxaHFE5mors80SBFDCwVK6KYKWORL6Pjj25nfeQSlRRI/YJ5CP2KjWASCMzTSwK54EgKsUc886ikxCvF8YFedujMHXSVuQaqkQHNgf3vDhGcRxMgl07rnOin2J0yh4BKmZS/TkDI+ZiPoGRqzCHR/Ml9+Ss+MMqRBosyPkc7V3x0TFmmdR76pjBiGetmbif962qwSwnBpPAbX/YmI0wwh5ovpQSYpJnQWDx0KBRxlbgjjSpgDKA+ZYhxNiGWTjLucwyppX9Rdp+7eX1YbN0VGJXJCTkmNuOSKNMgdaZIW4SQnz+SFvFpP1pv1bn0sStesoqdC/sD6/AEB1pxM</latexit>

( )
<latexit sha1_base64="Js3TDh9ZbXJa3DgvJWXkgm+KRok=">AAACEXicbVBLSgNBEO3xG+NvNEs3jUGImzAjgi6DblxGMB/IhNDTqck06fnQXSMMIafwAG71CO7ErSfwBF7DTjILTXxNw+O9Kqrq+akUGh3ny1pb39jc2i7tlHf39g8O7aPjtk4yxaHFE5mors80SBFDCwVK6KYKWORL6Pjj25nfeQSlRRI/YJ5CP2KjWASCMzTSwK54EgKsUc886ikxCvF8YFedujMHXSVuQaqkQHNgf3vDhGcRxMgl07rnOin2J0yh4BKmZS/TkDI+ZiPoGRqzCHR/Ml9+Ss+MMqRBosyPkc7V3x0TFmmdR76pjBiGetmbif962qwSwnBpPAbX/YmI0wwh5ovpQSYpJnQWDx0KBRxlbgjjSpgDKA+ZYhxNiGWTjLucwyppX9Rdp+7eX1YbN0VGJXJCTkmNuOSKNMgdaZIW4SQnz+SFvFpP1pv1bn0sStesoqdC/sD6/AEB1pxM</latexit><latexit sha1_base64="Js3TDh9ZbXJa3DgvJWXkgm+KRok=">AAACEXicbVBLSgNBEO3xG+NvNEs3jUGImzAjgi6DblxGMB/IhNDTqck06fnQXSMMIafwAG71CO7ErSfwBF7DTjILTXxNw+O9Kqrq+akUGh3ny1pb39jc2i7tlHf39g8O7aPjtk4yxaHFE5mors80SBFDCwVK6KYKWORL6Pjj25nfeQSlRRI/YJ5CP2KjWASCMzTSwK54EgKsUc886ikxCvF8YFedujMHXSVuQaqkQHNgf3vDhGcRxMgl07rnOin2J0yh4BKmZS/TkDI+ZiPoGRqzCHR/Ml9+Ss+MMqRBosyPkc7V3x0TFmmdR76pjBiGetmbif962qwSwnBpPAbX/YmI0wwh5ovpQSYpJnQWDx0KBRxlbgjjSpgDKA+ZYhxNiGWTjLucwyppX9Rdp+7eX1YbN0VGJXJCTkmNuOSKNMgdaZIW4SQnz+SFvFpP1pv1bn0sStesoqdC/sD6/AEB1pxM</latexit><latexit sha1_base64="Js3TDh9ZbXJa3DgvJWXkgm+KRok=">AAACEXicbVBLSgNBEO3xG+NvNEs3jUGImzAjgi6DblxGMB/IhNDTqck06fnQXSMMIafwAG71CO7ErSfwBF7DTjILTXxNw+O9Kqrq+akUGh3ny1pb39jc2i7tlHf39g8O7aPjtk4yxaHFE5mors80SBFDCwVK6KYKWORL6Pjj25nfeQSlRRI/YJ5CP2KjWASCMzTSwK54EgKsUc886ikxCvF8YFedujMHXSVuQaqkQHNgf3vDhGcRxMgl07rnOin2J0yh4BKmZS/TkDI+ZiPoGRqzCHR/Ml9+Ss+MMqRBosyPkc7V3x0TFmmdR76pjBiGetmbif962qwSwnBpPAbX/YmI0wwh5ovpQSYpJnQWDx0KBRxlbgjjSpgDKA+ZYhxNiGWTjLucwyppX9Rdp+7eX1YbN0VGJXJCTkmNuOSKNMgdaZIW4SQnz+SFvFpP1pv1bn0sStesoqdC/sD6/AEB1pxM</latexit><latexit sha1_base64="Js3TDh9ZbXJa3DgvJWXkgm+KRok=">AAACEXicbVBLSgNBEO3xG+NvNEs3jUGImzAjgi6DblxGMB/IhNDTqck06fnQXSMMIafwAG71CO7ErSfwBF7DTjILTXxNw+O9Kqrq+akUGh3ny1pb39jc2i7tlHf39g8O7aPjtk4yxaHFE5mors80SBFDCwVK6KYKWORL6Pjj25nfeQSlRRI/YJ5CP2KjWASCMzTSwK54EgKsUc886ikxCvF8YFedujMHXSVuQaqkQHNgf3vDhGcRxMgl07rnOin2J0yh4BKmZS/TkDI+ZiPoGRqzCHR/Ml9+Ss+MMqRBosyPkc7V3x0TFmmdR76pjBiGetmbif962qwSwnBpPAbX/YmI0wwh5ovpQSYpJnQWDx0KBRxlbgjjSpgDKA+ZYhxNiGWTjLucwyppX9Rdp+7eX1YbN0VGJXJCTkmNuOSKNMgdaZIW4SQnz+SFvFpP1pv1bn0sStesoqdC/sD6/AEB1pxM</latexit>

+
<latexit sha1_base64="wveYuweAWAfmG071bNY19x2D2Hg=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXBD0GvXhMwDwgWcLsbCcZMju7zMwKYQl+gFf9BG/i1W/xC/wNJ8keNLGgoajqprsrSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/Pbj6g0j+WDmSToR3Qo+YAzaqzUuOiXK27VnYOsEi8nFchR75e/e2HM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVVCMoiVLWnIXP09kdFI60kU2M6ImpFe9mbiv562p4wwXFpvBjd+xmWSGpRssX2QCmJiMouChFwhM2JiCWWK2wcIG1FFmbGBlWwy3nIOq6R1WfXcqte4qtRu84yKcAKncA4eXEMN7qEOTWCA8Awv8Oo8OW/Ou/OxaC04+cwx/IHz+QNTv5WI</latexit><latexit sha1_base64="wveYuweAWAfmG071bNY19x2D2Hg=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXBD0GvXhMwDwgWcLsbCcZMju7zMwKYQl+gFf9BG/i1W/xC/wNJ8keNLGgoajqprsrSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/Pbj6g0j+WDmSToR3Qo+YAzaqzUuOiXK27VnYOsEi8nFchR75e/e2HM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVVCMoiVLWnIXP09kdFI60kU2M6ImpFe9mbiv562p4wwXFpvBjd+xmWSGpRssX2QCmJiMouChFwhM2JiCWWK2wcIG1FFmbGBlWwy3nIOq6R1WfXcqte4qtRu84yKcAKncA4eXEMN7qEOTWCA8Awv8Oo8OW/Ou/OxaC04+cwx/IHz+QNTv5WI</latexit><latexit sha1_base64="wveYuweAWAfmG071bNY19x2D2Hg=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXBD0GvXhMwDwgWcLsbCcZMju7zMwKYQl+gFf9BG/i1W/xC/wNJ8keNLGgoajqprsrSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/Pbj6g0j+WDmSToR3Qo+YAzaqzUuOiXK27VnYOsEi8nFchR75e/e2HM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVVCMoiVLWnIXP09kdFI60kU2M6ImpFe9mbiv562p4wwXFpvBjd+xmWSGpRssX2QCmJiMouChFwhM2JiCWWK2wcIG1FFmbGBlWwy3nIOq6R1WfXcqte4qtRu84yKcAKncA4eXEMN7qEOTWCA8Awv8Oo8OW/Ou/OxaC04+cwx/IHz+QNTv5WI</latexit><latexit sha1_base64="wveYuweAWAfmG071bNY19x2D2Hg=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXBD0GvXhMwDwgWcLsbCcZMju7zMwKYQl+gFf9BG/i1W/xC/wNJ8keNLGgoajqprsrSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/Pbj6g0j+WDmSToR3Qo+YAzaqzUuOiXK27VnYOsEi8nFchR75e/e2HM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVVCMoiVLWnIXP09kdFI60kU2M6ImpFe9mbiv562p4wwXFpvBjd+xmWSGpRssX2QCmJiMouChFwhM2JiCWWK2wcIG1FFmbGBlWwy3nIOq6R1WfXcqte4qtRu84yKcAKncA4eXEMN7qEOTWCA8Awv8Oo8OW/Ou/OxaC04+cwx/IHz+QNTv5WI</latexit>

⇥
<latexit sha1_base64="UmxMqc1XYsyDCaPLVzyCImfHMGU=">AAACAnicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctGMnkzAzEUrozg9wq5/gTtz6I36Bv+G0zUJbDwwczrmXc+cEqeDauO6Xs7K6tr6xWdoqb+/s7u1XDg5bOskUwyZLRKI6AdUouMSm4UZgJ1VI40BgOxjdTP32IyrNE3lvxin6MR1IHnFGjZVaPcNj1P1K1a25M5Bl4hWkCgUa/cp3L0xYFqM0TFCtu56bGj+nynAmcFLuZRpTykZ0gF1LJbUhfj67dkJOrRKSKFH2SUNm6u+NnMZaj+PATsbUDPWiNxX/9bQ9ZYjhQryJrvycyzQzKNk8PcoEMQmZ9kFCrpAZMbaEMsXtBwgbUkWZsa2VbTPeYg/LpHVe89yad3dRrV8XHZXgGE7gDDy4hDrcQgOawOABnuEFXp0n5815dz7moytOsXMEf+B8/gDJnZgN</latexit><latexit sha1_base64="UmxMqc1XYsyDCaPLVzyCImfHMGU=">AAACAnicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctGMnkzAzEUrozg9wq5/gTtz6I36Bv+G0zUJbDwwczrmXc+cEqeDauO6Xs7K6tr6xWdoqb+/s7u1XDg5bOskUwyZLRKI6AdUouMSm4UZgJ1VI40BgOxjdTP32IyrNE3lvxin6MR1IHnFGjZVaPcNj1P1K1a25M5Bl4hWkCgUa/cp3L0xYFqM0TFCtu56bGj+nynAmcFLuZRpTykZ0gF1LJbUhfj67dkJOrRKSKFH2SUNm6u+NnMZaj+PATsbUDPWiNxX/9bQ9ZYjhQryJrvycyzQzKNk8PcoEMQmZ9kFCrpAZMbaEMsXtBwgbUkWZsa2VbTPeYg/LpHVe89yad3dRrV8XHZXgGE7gDDy4hDrcQgOawOABnuEFXp0n5815dz7moytOsXMEf+B8/gDJnZgN</latexit><latexit sha1_base64="UmxMqc1XYsyDCaPLVzyCImfHMGU=">AAACAnicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctGMnkzAzEUrozg9wq5/gTtz6I36Bv+G0zUJbDwwczrmXc+cEqeDauO6Xs7K6tr6xWdoqb+/s7u1XDg5bOskUwyZLRKI6AdUouMSm4UZgJ1VI40BgOxjdTP32IyrNE3lvxin6MR1IHnFGjZVaPcNj1P1K1a25M5Bl4hWkCgUa/cp3L0xYFqM0TFCtu56bGj+nynAmcFLuZRpTykZ0gF1LJbUhfj67dkJOrRKSKFH2SUNm6u+NnMZaj+PATsbUDPWiNxX/9bQ9ZYjhQryJrvycyzQzKNk8PcoEMQmZ9kFCrpAZMbaEMsXtBwgbUkWZsa2VbTPeYg/LpHVe89yad3dRrV8XHZXgGE7gDDy4hDrcQgOawOABnuEFXp0n5815dz7moytOsXMEf+B8/gDJnZgN</latexit><latexit sha1_base64="UmxMqc1XYsyDCaPLVzyCImfHMGU=">AAACAnicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctGMnkzAzEUrozg9wq5/gTtz6I36Bv+G0zUJbDwwczrmXc+cEqeDauO6Xs7K6tr6xWdoqb+/s7u1XDg5bOskUwyZLRKI6AdUouMSm4UZgJ1VI40BgOxjdTP32IyrNE3lvxin6MR1IHnFGjZVaPcNj1P1K1a25M5Bl4hWkCgUa/cp3L0xYFqM0TFCtu56bGj+nynAmcFLuZRpTykZ0gF1LJbUhfj67dkJOrRKSKFH2SUNm6u+NnMZaj+PATsbUDPWiNxX/9bQ9ZYjhQryJrvycyzQzKNk8PcoEMQmZ9kFCrpAZMbaEMsXtBwgbUkWZsa2VbTPeYg/LpHVe89yad3dRrV8XHZXgGE7gDDy4hDrcQgOawOABnuEFXp0n5815dz7moytOsXMEf+B8/gDJnZgN</latexit>
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Direct product of Lorentz and gauge structures gives operator Y-basis

Each type of operator forms

a linear operator space

Complete sets of dim-8 operators forms
a block-diagonal linear space

=<latexit sha1_base64="dcUQ6RTbPwrlDHiBIqYHS9la6WA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBch6MVjAuYByRJmZ3uTIbOzy8ysEELwA7zqJ3gTr36LX+BvOEn2oIkFDUVVN91dQSq4Nq775RTW1jc2t4rbpZ3dvf2D8uFRSyeZYthkiUhUJ6AaBZfYNNwI7KQKaRwIbAeju5nffkSleSIfzDhFP6YDySPOqLFS46ZfrrhVdw6ySrycVCBHvV/+7oUJy2KUhgmqdddzU+NPqDKcCZyWepnGlLIRHWDXUklj1P5kfuiUnFklJFGibElD5urviQmNtR7Hge2MqRnqZW8m/utpe8oQw6X1Jrr2J1ymmUHJFtujTBCTkFkUJOQKmRFjSyhT3D5A2JAqyowNrGST8ZZzWCWti6rnVr3GZaV2m2dUhBM4hXPw4ApqcA91aAIDhGd4gVfnyXlz3p2PRWvByWeO4Q+czx9wgZWa</latexit><latexit sha1_base64="dcUQ6RTbPwrlDHiBIqYHS9la6WA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBch6MVjAuYByRJmZ3uTIbOzy8ysEELwA7zqJ3gTr36LX+BvOEn2oIkFDUVVN91dQSq4Nq775RTW1jc2t4rbpZ3dvf2D8uFRSyeZYthkiUhUJ6AaBZfYNNwI7KQKaRwIbAeju5nffkSleSIfzDhFP6YDySPOqLFS46ZfrrhVdw6ySrycVCBHvV/+7oUJy2KUhgmqdddzU+NPqDKcCZyWepnGlLIRHWDXUklj1P5kfuiUnFklJFGibElD5urviQmNtR7Hge2MqRnqZW8m/utpe8oQw6X1Jrr2J1ymmUHJFtujTBCTkFkUJOQKmRFjSyhT3D5A2JAqyowNrGST8ZZzWCWti6rnVr3GZaV2m2dUhBM4hXPw4ApqcA91aAIDhGd4gVfnyXlz3p2PRWvByWeO4Q+czx9wgZWa</latexit><latexit sha1_base64="dcUQ6RTbPwrlDHiBIqYHS9la6WA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBch6MVjAuYByRJmZ3uTIbOzy8ysEELwA7zqJ3gTr36LX+BvOEn2oIkFDUVVN91dQSq4Nq775RTW1jc2t4rbpZ3dvf2D8uFRSyeZYthkiUhUJ6AaBZfYNNwI7KQKaRwIbAeju5nffkSleSIfzDhFP6YDySPOqLFS46ZfrrhVdw6ySrycVCBHvV/+7oUJy2KUhgmqdddzU+NPqDKcCZyWepnGlLIRHWDXUklj1P5kfuiUnFklJFGibElD5urviQmNtR7Hge2MqRnqZW8m/utpe8oQw6X1Jrr2J1ymmUHJFtujTBCTkFkUJOQKmRFjSyhT3D5A2JAqyowNrGST8ZZzWCWti6rnVr3GZaV2m2dUhBM4hXPw4ApqcA91aAIDhGd4gVfnyXlz3p2PRWvByWeO4Q+czx9wgZWa</latexit><latexit sha1_base64="dcUQ6RTbPwrlDHiBIqYHS9la6WA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBch6MVjAuYByRJmZ3uTIbOzy8ysEELwA7zqJ3gTr36LX+BvOEn2oIkFDUVVN91dQSq4Nq775RTW1jc2t4rbpZ3dvf2D8uFRSyeZYthkiUhUJ6AaBZfYNNwI7KQKaRwIbAeju5nffkSleSIfzDhFP6YDySPOqLFS46ZfrrhVdw6ySrycVCBHvV/+7oUJy2KUhgmqdddzU+NPqDKcCZyWepnGlLIRHWDXUklj1P5kfuiUnFklJFGibElD5urviQmNtR7Hge2MqRnqZW8m/utpe8oQw6X1Jrr2J1ymmUHJFtujTBCTkFkUJOQKmRFjSyhT3D5A2JAqyowNrGST8ZZzWCWti6rnVr3GZaV2m2dUhBM4hXPw4ApqcA91aAIDhGd4gVfnyXlz3p2PRWvByWeO4Q+czx9wgZWa</latexit>⇥
<latexit sha1_base64="UmxMqc1XYsyDCaPLVzyCImfHMGU=">AAACAnicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctGMnkzAzEUrozg9wq5/gTtz6I36Bv+G0zUJbDwwczrmXc+cEqeDauO6Xs7K6tr6xWdoqb+/s7u1XDg5bOskUwyZLRKI6AdUouMSm4UZgJ1VI40BgOxjdTP32IyrNE3lvxin6MR1IHnFGjZVaPcNj1P1K1a25M5Bl4hWkCgUa/cp3L0xYFqM0TFCtu56bGj+nynAmcFLuZRpTykZ0gF1LJbUhfj67dkJOrRKSKFH2SUNm6u+NnMZaj+PATsbUDPWiNxX/9bQ9ZYjhQryJrvycyzQzKNk8PcoEMQmZ9kFCrpAZMbaEMsXtBwgbUkWZsa2VbTPeYg/LpHVe89yad3dRrV8XHZXgGE7gDDy4hDrcQgOawOABnuEFXp0n5815dz7moytOsXMEf+B8/gDJnZgN</latexit><latexit sha1_base64="UmxMqc1XYsyDCaPLVzyCImfHMGU=">AAACAnicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctGMnkzAzEUrozg9wq5/gTtz6I36Bv+G0zUJbDwwczrmXc+cEqeDauO6Xs7K6tr6xWdoqb+/s7u1XDg5bOskUwyZLRKI6AdUouMSm4UZgJ1VI40BgOxjdTP32IyrNE3lvxin6MR1IHnFGjZVaPcNj1P1K1a25M5Bl4hWkCgUa/cp3L0xYFqM0TFCtu56bGj+nynAmcFLuZRpTykZ0gF1LJbUhfj67dkJOrRKSKFH2SUNm6u+NnMZaj+PATsbUDPWiNxX/9bQ9ZYjhQryJrvycyzQzKNk8PcoEMQmZ9kFCrpAZMbaEMsXtBwgbUkWZsa2VbTPeYg/LpHVe89yad3dRrV8XHZXgGE7gDDy4hDrcQgOawOABnuEFXp0n5815dz7moytOsXMEf+B8/gDJnZgN</latexit><latexit sha1_base64="UmxMqc1XYsyDCaPLVzyCImfHMGU=">AAACAnicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctGMnkzAzEUrozg9wq5/gTtz6I36Bv+G0zUJbDwwczrmXc+cEqeDauO6Xs7K6tr6xWdoqb+/s7u1XDg5bOskUwyZLRKI6AdUouMSm4UZgJ1VI40BgOxjdTP32IyrNE3lvxin6MR1IHnFGjZVaPcNj1P1K1a25M5Bl4hWkCgUa/cp3L0xYFqM0TFCtu56bGj+nynAmcFLuZRpTykZ0gF1LJbUhfj67dkJOrRKSKFH2SUNm6u+NnMZaj+PATsbUDPWiNxX/9bQ9ZYjhQryJrvycyzQzKNk8PcoEMQmZ9kFCrpAZMbaEMsXtBwgbUkWZsa2VbTPeYg/LpHVe89yad3dRrV8XHZXgGE7gDDy4hDrcQgOawOABnuEFXp0n5815dz7moytOsXMEf+B8/gDJnZgN</latexit><latexit sha1_base64="UmxMqc1XYsyDCaPLVzyCImfHMGU=">AAACAnicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctGMnkzAzEUrozg9wq5/gTtz6I36Bv+G0zUJbDwwczrmXc+cEqeDauO6Xs7K6tr6xWdoqb+/s7u1XDg5bOskUwyZLRKI6AdUouMSm4UZgJ1VI40BgOxjdTP32IyrNE3lvxin6MR1IHnFGjZVaPcNj1P1K1a25M5Bl4hWkCgUa/cp3L0xYFqM0TFCtu56bGj+nynAmcFLuZRpTykZ0gF1LJbUhfj67dkJOrRKSKFH2SUNm6u+NnMZaj+PATsbUDPWiNxX/9bQ9ZYjhQryJrvycyzQzKNk8PcoEMQmZ9kFCrpAZMbaEMsXtBwgbUkWZsa2VbTPeYg/LpHVe89yad3dRrV8XHZXgGE7gDDy4hDrcQgOawOABnuEFXp0n5815dz7moytOsXMEf+B8/gDJnZgN</latexit>

no meaning for x and y axis

Each block represents one type of operator
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Operators with Repeated Field

Re-organize by symmetric group on repeated field dc

The Y-basis needs to be reorganized if repeated field in type

⇥
<latexit sha1_base64="UmxMqc1XYsyDCaPLVzyCImfHMGU=">AAACAnicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctGMnkzAzEUrozg9wq5/gTtz6I36Bv+G0zUJbDwwczrmXc+cEqeDauO6Xs7K6tr6xWdoqb+/s7u1XDg5bOskUwyZLRKI6AdUouMSm4UZgJ1VI40BgOxjdTP32IyrNE3lvxin6MR1IHnFGjZVaPcNj1P1K1a25M5Bl4hWkCgUa/cp3L0xYFqM0TFCtu56bGj+nynAmcFLuZRpTykZ0gF1LJbUhfj67dkJOrRKSKFH2SUNm6u+NnMZaj+PATsbUDPWiNxX/9bQ9ZYjhQryJrvycyzQzKNk8PcoEMQmZ9kFCrpAZMbaEMsXtBwgbUkWZsa2VbTPeYg/LpHVe89yad3dRrV8XHZXgGE7gDDy4hDrcQgOawOABnuEFXp0n5815dz7moytOsXMEf+B8/gDJnZgN</latexit><latexit sha1_base64="UmxMqc1XYsyDCaPLVzyCImfHMGU=">AAACAnicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctGMnkzAzEUrozg9wq5/gTtz6I36Bv+G0zUJbDwwczrmXc+cEqeDauO6Xs7K6tr6xWdoqb+/s7u1XDg5bOskUwyZLRKI6AdUouMSm4UZgJ1VI40BgOxjdTP32IyrNE3lvxin6MR1IHnFGjZVaPcNj1P1K1a25M5Bl4hWkCgUa/cp3L0xYFqM0TFCtu56bGj+nynAmcFLuZRpTykZ0gF1LJbUhfj67dkJOrRKSKFH2SUNm6u+NnMZaj+PATsbUDPWiNxX/9bQ9ZYjhQryJrvycyzQzKNk8PcoEMQmZ9kFCrpAZMbaEMsXtBwgbUkWZsa2VbTPeYg/LpHVe89yad3dRrV8XHZXgGE7gDDy4hDrcQgOawOABnuEFXp0n5815dz7moytOsXMEf+B8/gDJnZgN</latexit><latexit sha1_base64="UmxMqc1XYsyDCaPLVzyCImfHMGU=">AAACAnicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctGMnkzAzEUrozg9wq5/gTtz6I36Bv+G0zUJbDwwczrmXc+cEqeDauO6Xs7K6tr6xWdoqb+/s7u1XDg5bOskUwyZLRKI6AdUouMSm4UZgJ1VI40BgOxjdTP32IyrNE3lvxin6MR1IHnFGjZVaPcNj1P1K1a25M5Bl4hWkCgUa/cp3L0xYFqM0TFCtu56bGj+nynAmcFLuZRpTykZ0gF1LJbUhfj67dkJOrRKSKFH2SUNm6u+NnMZaj+PATsbUDPWiNxX/9bQ9ZYjhQryJrvycyzQzKNk8PcoEMQmZ9kFCrpAZMbaEMsXtBwgbUkWZsa2VbTPeYg/LpHVe89yad3dRrV8XHZXgGE7gDDy4hDrcQgOawOABnuEFXp0n5815dz7moytOsXMEf+B8/gDJnZgN</latexit><latexit sha1_base64="UmxMqc1XYsyDCaPLVzyCImfHMGU=">AAACAnicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CGMpnctGMnkzAzEUrozg9wq5/gTtz6I36Bv+G0zUJbDwwczrmXc+cEqeDauO6Xs7K6tr6xWdoqb+/s7u1XDg5bOskUwyZLRKI6AdUouMSm4UZgJ1VI40BgOxjdTP32IyrNE3lvxin6MR1IHnFGjZVaPcNj1P1K1a25M5Bl4hWkCgUa/cp3L0xYFqM0TFCtu56bGj+nynAmcFLuZRpTykZ0gF1LJbUhfj67dkJOrRKSKFH2SUNm6u+NnMZaj+PATsbUDPWiNxX/9bQ9ZYjhQryJrvycyzQzKNk8PcoEMQmZ9kFCrpAZMbaEMsXtBwgbUkWZsa2VbTPeYg/LpHVe89yad3dRrV8XHZXgGE7gDDy4hDrcQgOawOABnuEFXp0n5815dz7moytOsXMEf+B8/gDJnZgN</latexit>

( )
<latexit sha1_base64="Js3TDh9ZbXJa3DgvJWXkgm+KRok=">AAACEXicbVBLSgNBEO3xG+NvNEs3jUGImzAjgi6DblxGMB/IhNDTqck06fnQXSMMIafwAG71CO7ErSfwBF7DTjILTXxNw+O9Kqrq+akUGh3ny1pb39jc2i7tlHf39g8O7aPjtk4yxaHFE5mors80SBFDCwVK6KYKWORL6Pjj25nfeQSlRRI/YJ5CP2KjWASCMzTSwK54EgKsUc886ikxCvF8YFedujMHXSVuQaqkQHNgf3vDhGcRxMgl07rnOin2J0yh4BKmZS/TkDI+ZiPoGRqzCHR/Ml9+Ss+MMqRBosyPkc7V3x0TFmmdR76pjBiGetmbif962qwSwnBpPAbX/YmI0wwh5ovpQSYpJnQWDx0KBRxlbgjjSpgDKA+ZYhxNiGWTjLucwyppX9Rdp+7eX1YbN0VGJXJCTkmNuOSKNMgdaZIW4SQnz+SFvFpP1pv1bn0sStesoqdC/sD6/AEB1pxM</latexit><latexit sha1_base64="Js3TDh9ZbXJa3DgvJWXkgm+KRok=">AAACEXicbVBLSgNBEO3xG+NvNEs3jUGImzAjgi6DblxGMB/IhNDTqck06fnQXSMMIafwAG71CO7ErSfwBF7DTjILTXxNw+O9Kqrq+akUGh3ny1pb39jc2i7tlHf39g8O7aPjtk4yxaHFE5mors80SBFDCwVK6KYKWORL6Pjj25nfeQSlRRI/YJ5CP2KjWASCMzTSwK54EgKsUc886ikxCvF8YFedujMHXSVuQaqkQHNgf3vDhGcRxMgl07rnOin2J0yh4BKmZS/TkDI+ZiPoGRqzCHR/Ml9+Ss+MMqRBosyPkc7V3x0TFmmdR76pjBiGetmbif962qwSwnBpPAbX/YmI0wwh5ovpQSYpJnQWDx0KBRxlbgjjSpgDKA+ZYhxNiGWTjLucwyppX9Rdp+7eX1YbN0VGJXJCTkmNuOSKNMgdaZIW4SQnz+SFvFpP1pv1bn0sStesoqdC/sD6/AEB1pxM</latexit><latexit sha1_base64="Js3TDh9ZbXJa3DgvJWXkgm+KRok=">AAACEXicbVBLSgNBEO3xG+NvNEs3jUGImzAjgi6DblxGMB/IhNDTqck06fnQXSMMIafwAG71CO7ErSfwBF7DTjILTXxNw+O9Kqrq+akUGh3ny1pb39jc2i7tlHf39g8O7aPjtk4yxaHFE5mors80SBFDCwVK6KYKWORL6Pjj25nfeQSlRRI/YJ5CP2KjWASCMzTSwK54EgKsUc886ikxCvF8YFedujMHXSVuQaqkQHNgf3vDhGcRxMgl07rnOin2J0yh4BKmZS/TkDI+ZiPoGRqzCHR/Ml9+Ss+MMqRBosyPkc7V3x0TFmmdR76pjBiGetmbif962qwSwnBpPAbX/YmI0wwh5ovpQSYpJnQWDx0KBRxlbgjjSpgDKA+ZYhxNiGWTjLucwyppX9Rdp+7eX1YbN0VGJXJCTkmNuOSKNMgdaZIW4SQnz+SFvFpP1pv1bn0sStesoqdC/sD6/AEB1pxM</latexit><latexit sha1_base64="Js3TDh9ZbXJa3DgvJWXkgm+KRok=">AAACEXicbVBLSgNBEO3xG+NvNEs3jUGImzAjgi6DblxGMB/IhNDTqck06fnQXSMMIafwAG71CO7ErSfwBF7DTjILTXxNw+O9Kqrq+akUGh3ny1pb39jc2i7tlHf39g8O7aPjtk4yxaHFE5mors80SBFDCwVK6KYKWORL6Pjj25nfeQSlRRI/YJ5CP2KjWASCMzTSwK54EgKsUc886ikxCvF8YFedujMHXSVuQaqkQHNgf3vDhGcRxMgl07rnOin2J0yh4BKmZS/TkDI+ZiPoGRqzCHR/Ml9+Ss+MMqRBosyPkc7V3x0TFmmdR76pjBiGetmbif962qwSwnBpPAbX/YmI0wwh5ovpQSYpJnQWDx0KBRxlbgjjSpgDKA+ZYhxNiGWTjLucwyppX9Rdp+7eX1YbN0VGJXJCTkmNuOSKNMgdaZIW4SQnz+SFvFpP1pv1bn0sStesoqdC/sD6/AEB1pxM</latexit>

( )
<latexit sha1_base64="Js3TDh9ZbXJa3DgvJWXkgm+KRok=">AAACEXicbVBLSgNBEO3xG+NvNEs3jUGImzAjgi6DblxGMB/IhNDTqck06fnQXSMMIafwAG71CO7ErSfwBF7DTjILTXxNw+O9Kqrq+akUGh3ny1pb39jc2i7tlHf39g8O7aPjtk4yxaHFE5mors80SBFDCwVK6KYKWORL6Pjj25nfeQSlRRI/YJ5CP2KjWASCMzTSwK54EgKsUc886ikxCvF8YFedujMHXSVuQaqkQHNgf3vDhGcRxMgl07rnOin2J0yh4BKmZS/TkDI+ZiPoGRqzCHR/Ml9+Ss+MMqRBosyPkc7V3x0TFmmdR76pjBiGetmbif962qwSwnBpPAbX/YmI0wwh5ovpQSYpJnQWDx0KBRxlbgjjSpgDKA+ZYhxNiGWTjLucwyppX9Rdp+7eX1YbN0VGJXJCTkmNuOSKNMgdaZIW4SQnz+SFvFpP1pv1bn0sStesoqdC/sD6/AEB1pxM</latexit><latexit sha1_base64="Js3TDh9ZbXJa3DgvJWXkgm+KRok=">AAACEXicbVBLSgNBEO3xG+NvNEs3jUGImzAjgi6DblxGMB/IhNDTqck06fnQXSMMIafwAG71CO7ErSfwBF7DTjILTXxNw+O9Kqrq+akUGh3ny1pb39jc2i7tlHf39g8O7aPjtk4yxaHFE5mors80SBFDCwVK6KYKWORL6Pjj25nfeQSlRRI/YJ5CP2KjWASCMzTSwK54EgKsUc886ikxCvF8YFedujMHXSVuQaqkQHNgf3vDhGcRxMgl07rnOin2J0yh4BKmZS/TkDI+ZiPoGRqzCHR/Ml9+Ss+MMqRBosyPkc7V3x0TFmmdR76pjBiGetmbif962qwSwnBpPAbX/YmI0wwh5ovpQSYpJnQWDx0KBRxlbgjjSpgDKA+ZYhxNiGWTjLucwyppX9Rdp+7eX1YbN0VGJXJCTkmNuOSKNMgdaZIW4SQnz+SFvFpP1pv1bn0sStesoqdC/sD6/AEB1pxM</latexit><latexit sha1_base64="Js3TDh9ZbXJa3DgvJWXkgm+KRok=">AAACEXicbVBLSgNBEO3xG+NvNEs3jUGImzAjgi6DblxGMB/IhNDTqck06fnQXSMMIafwAG71CO7ErSfwBF7DTjILTXxNw+O9Kqrq+akUGh3ny1pb39jc2i7tlHf39g8O7aPjtk4yxaHFE5mors80SBFDCwVK6KYKWORL6Pjj25nfeQSlRRI/YJ5CP2KjWASCMzTSwK54EgKsUc886ikxCvF8YFedujMHXSVuQaqkQHNgf3vDhGcRxMgl07rnOin2J0yh4BKmZS/TkDI+ZiPoGRqzCHR/Ml9+Ss+MMqRBosyPkc7V3x0TFmmdR76pjBiGetmbif962qwSwnBpPAbX/YmI0wwh5ovpQSYpJnQWDx0KBRxlbgjjSpgDKA+ZYhxNiGWTjLucwyppX9Rdp+7eX1YbN0VGJXJCTkmNuOSKNMgdaZIW4SQnz+SFvFpP1pv1bn0sStesoqdC/sD6/AEB1pxM</latexit><latexit sha1_base64="Js3TDh9ZbXJa3DgvJWXkgm+KRok=">AAACEXicbVBLSgNBEO3xG+NvNEs3jUGImzAjgi6DblxGMB/IhNDTqck06fnQXSMMIafwAG71CO7ErSfwBF7DTjILTXxNw+O9Kqrq+akUGh3ny1pb39jc2i7tlHf39g8O7aPjtk4yxaHFE5mors80SBFDCwVK6KYKWORL6Pjj25nfeQSlRRI/YJ5CP2KjWASCMzTSwK54EgKsUc886ikxCvF8YFedujMHXSVuQaqkQHNgf3vDhGcRxMgl07rnOin2J0yh4BKmZS/TkDI+ZiPoGRqzCHR/Ml9+Ss+MMqRBosyPkc7V3x0TFmmdR76pjBiGetmbif962qwSwnBpPAbX/YmI0wwh5ovpQSYpJnQWDx0KBRxlbgjjSpgDKA+ZYhxNiGWTjLucwyppX9Rdp+7eX1YbN0VGJXJCTkmNuOSKNMgdaZIW4SQnz+SFvFpP1pv1bn0sStesoqdC/sD6/AEB1pxM</latexit>

+
<latexit sha1_base64="wveYuweAWAfmG071bNY19x2D2Hg=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXBD0GvXhMwDwgWcLsbCcZMju7zMwKYQl+gFf9BG/i1W/xC/wNJ8keNLGgoajqprsrSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/Pbj6g0j+WDmSToR3Qo+YAzaqzUuOiXK27VnYOsEi8nFchR75e/e2HM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVVCMoiVLWnIXP09kdFI60kU2M6ImpFe9mbiv562p4wwXFpvBjd+xmWSGpRssX2QCmJiMouChFwhM2JiCWWK2wcIG1FFmbGBlWwy3nIOq6R1WfXcqte4qtRu84yKcAKncA4eXEMN7qEOTWCA8Awv8Oo8OW/Ou/OxaC04+cwx/IHz+QNTv5WI</latexit><latexit sha1_base64="wveYuweAWAfmG071bNY19x2D2Hg=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXBD0GvXhMwDwgWcLsbCcZMju7zMwKYQl+gFf9BG/i1W/xC/wNJ8keNLGgoajqprsrSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/Pbj6g0j+WDmSToR3Qo+YAzaqzUuOiXK27VnYOsEi8nFchR75e/e2HM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVVCMoiVLWnIXP09kdFI60kU2M6ImpFe9mbiv562p4wwXFpvBjd+xmWSGpRssX2QCmJiMouChFwhM2JiCWWK2wcIG1FFmbGBlWwy3nIOq6R1WfXcqte4qtRu84yKcAKncA4eXEMN7qEOTWCA8Awv8Oo8OW/Ou/OxaC04+cwx/IHz+QNTv5WI</latexit><latexit sha1_base64="wveYuweAWAfmG071bNY19x2D2Hg=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXBD0GvXhMwDwgWcLsbCcZMju7zMwKYQl+gFf9BG/i1W/xC/wNJ8keNLGgoajqprsrSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/Pbj6g0j+WDmSToR3Qo+YAzaqzUuOiXK27VnYOsEi8nFchR75e/e2HM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVVCMoiVLWnIXP09kdFI60kU2M6ImpFe9mbiv562p4wwXFpvBjd+xmWSGpRssX2QCmJiMouChFwhM2JiCWWK2wcIG1FFmbGBlWwy3nIOq6R1WfXcqte4qtRu84yKcAKncA4eXEMN7qEOTWCA8Awv8Oo8OW/Ou/OxaC04+cwx/IHz+QNTv5WI</latexit><latexit sha1_base64="wveYuweAWAfmG071bNY19x2D2Hg=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoMgCGFXBD0GvXhMwDwgWcLsbCcZMju7zMwKYQl+gFf9BG/i1W/xC/wNJ8keNLGgoajqprsrSATXxnW/nMLa+sbmVnG7tLO7t39QPjxq6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/Pbj6g0j+WDmSToR3Qo+YAzaqzUuOiXK27VnYOsEi8nFchR75e/e2HM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVVCMoiVLWnIXP09kdFI60kU2M6ImpFe9mbiv562p4wwXFpvBjd+xmWSGpRssX2QCmJiMouChFwhM2JiCWWK2wcIG1FFmbGBlWwy3nIOq6R1WfXcqte4qtRu84yKcAKncA4eXEMN7qEOTWCA8Awv8Oo8OW/Ou/OxaC04+cwx/IHz+QNTv5WI</latexit>

( )
<latexit sha1_base64="Js3TDh9ZbXJa3DgvJWXkgm+KRok=">AAACEXicbVBLSgNBEO3xG+NvNEs3jUGImzAjgi6DblxGMB/IhNDTqck06fnQXSMMIafwAG71CO7ErSfwBF7DTjILTXxNw+O9Kqrq+akUGh3ny1pb39jc2i7tlHf39g8O7aPjtk4yxaHFE5mors80SBFDCwVK6KYKWORL6Pjj25nfeQSlRRI/YJ5CP2KjWASCMzTSwK54EgKsUc886ikxCvF8YFedujMHXSVuQaqkQHNgf3vDhGcRxMgl07rnOin2J0yh4BKmZS/TkDI+ZiPoGRqzCHR/Ml9+Ss+MMqRBosyPkc7V3x0TFmmdR76pjBiGetmbif962qwSwnBpPAbX/YmI0wwh5ovpQSYpJnQWDx0KBRxlbgjjSpgDKA+ZYhxNiGWTjLucwyppX9Rdp+7eX1YbN0VGJXJCTkmNuOSKNMgdaZIW4SQnz+SFvFpP1pv1bn0sStesoqdC/sD6/AEB1pxM</latexit><latexit sha1_base64="Js3TDh9ZbXJa3DgvJWXkgm+KRok=">AAACEXicbVBLSgNBEO3xG+NvNEs3jUGImzAjgi6DblxGMB/IhNDTqck06fnQXSMMIafwAG71CO7ErSfwBF7DTjILTXxNw+O9Kqrq+akUGh3ny1pb39jc2i7tlHf39g8O7aPjtk4yxaHFE5mors80SBFDCwVK6KYKWORL6Pjj25nfeQSlRRI/YJ5CP2KjWASCMzTSwK54EgKsUc886ikxCvF8YFedujMHXSVuQaqkQHNgf3vDhGcRxMgl07rnOin2J0yh4BKmZS/TkDI+ZiPoGRqzCHR/Ml9+Ss+MMqRBosyPkc7V3x0TFmmdR76pjBiGetmbif962qwSwnBpPAbX/YmI0wwh5ovpQSYpJnQWDx0KBRxlbgjjSpgDKA+ZYhxNiGWTjLucwyppX9Rdp+7eX1YbN0VGJXJCTkmNuOSKNMgdaZIW4SQnz+SFvFpP1pv1bn0sStesoqdC/sD6/AEB1pxM</latexit><latexit sha1_base64="Js3TDh9ZbXJa3DgvJWXkgm+KRok=">AAACEXicbVBLSgNBEO3xG+NvNEs3jUGImzAjgi6DblxGMB/IhNDTqck06fnQXSMMIafwAG71CO7ErSfwBF7DTjILTXxNw+O9Kqrq+akUGh3ny1pb39jc2i7tlHf39g8O7aPjtk4yxaHFE5mors80SBFDCwVK6KYKWORL6Pjj25nfeQSlRRI/YJ5CP2KjWASCMzTSwK54EgKsUc886ikxCvF8YFedujMHXSVuQaqkQHNgf3vDhGcRxMgl07rnOin2J0yh4BKmZS/TkDI+ZiPoGRqzCHR/Ml9+Ss+MMqRBosyPkc7V3x0TFmmdR76pjBiGetmbif962qwSwnBpPAbX/YmI0wwh5ovpQSYpJnQWDx0KBRxlbgjjSpgDKA+ZYhxNiGWTjLucwyppX9Rdp+7eX1YbN0VGJXJCTkmNuOSKNMgdaZIW4SQnz+SFvFpP1pv1bn0sStesoqdC/sD6/AEB1pxM</latexit><latexit sha1_base64="Js3TDh9ZbXJa3DgvJWXkgm+KRok=">AAACEXicbVBLSgNBEO3xG+NvNEs3jUGImzAjgi6DblxGMB/IhNDTqck06fnQXSMMIafwAG71CO7ErSfwBF7DTjILTXxNw+O9Kqrq+akUGh3ny1pb39jc2i7tlHf39g8O7aPjtk4yxaHFE5mors80SBFDCwVK6KYKWORL6Pjj25nfeQSlRRI/YJ5CP2KjWASCMzTSwK54EgKsUc886ikxCvF8YFedujMHXSVuQaqkQHNgf3vDhGcRxMgl07rnOin2J0yh4BKmZS/TkDI+ZiPoGRqzCHR/Ml9+Ss+MMqRBosyPkc7V3x0TFmmdR76pjBiGetmbif962qwSwnBpPAbX/YmI0wwh5ovpQSYpJnQWDx0KBRxlbgjjSpgDKA+ZYhxNiGWTjLucwyppX9Rdp+7eX1YbN0VGJXJCTkmNuOSKNMgdaZIW4SQnz+SFvFpP1pv1bn0sStesoqdC/sD6/AEB1pxM</latexit>

( )
<latexit sha1_base64="Js3TDh9ZbXJa3DgvJWXkgm+KRok=">AAACEXicbVBLSgNBEO3xG+NvNEs3jUGImzAjgi6DblxGMB/IhNDTqck06fnQXSMMIafwAG71CO7ErSfwBF7DTjILTXxNw+O9Kqrq+akUGh3ny1pb39jc2i7tlHf39g8O7aPjtk4yxaHFE5mors80SBFDCwVK6KYKWORL6Pjj25nfeQSlRRI/YJ5CP2KjWASCMzTSwK54EgKsUc886ikxCvF8YFedujMHXSVuQaqkQHNgf3vDhGcRxMgl07rnOin2J0yh4BKmZS/TkDI+ZiPoGRqzCHR/Ml9+Ss+MMqRBosyPkc7V3x0TFmmdR76pjBiGetmbif962qwSwnBpPAbX/YmI0wwh5ovpQSYpJnQWDx0KBRxlbgjjSpgDKA+ZYhxNiGWTjLucwyppX9Rdp+7eX1YbN0VGJXJCTkmNuOSKNMgdaZIW4SQnz+SFvFpP1pv1bn0sStesoqdC/sD6/AEB1pxM</latexit><latexit sha1_base64="Js3TDh9ZbXJa3DgvJWXkgm+KRok=">AAACEXicbVBLSgNBEO3xG+NvNEs3jUGImzAjgi6DblxGMB/IhNDTqck06fnQXSMMIafwAG71CO7ErSfwBF7DTjILTXxNw+O9Kqrq+akUGh3ny1pb39jc2i7tlHf39g8O7aPjtk4yxaHFE5mors80SBFDCwVK6KYKWORL6Pjj25nfeQSlRRI/YJ5CP2KjWASCMzTSwK54EgKsUc886ikxCvF8YFedujMHXSVuQaqkQHNgf3vDhGcRxMgl07rnOin2J0yh4BKmZS/TkDI+ZiPoGRqzCHR/Ml9+Ss+MMqRBosyPkc7V3x0TFmmdR76pjBiGetmbif962qwSwnBpPAbX/YmI0wwh5ovpQSYpJnQWDx0KBRxlbgjjSpgDKA+ZYhxNiGWTjLucwyppX9Rdp+7eX1YbN0VGJXJCTkmNuOSKNMgdaZIW4SQnz+SFvFpP1pv1bn0sStesoqdC/sD6/AEB1pxM</latexit><latexit sha1_base64="Js3TDh9ZbXJa3DgvJWXkgm+KRok=">AAACEXicbVBLSgNBEO3xG+NvNEs3jUGImzAjgi6DblxGMB/IhNDTqck06fnQXSMMIafwAG71CO7ErSfwBF7DTjILTXxNw+O9Kqrq+akUGh3ny1pb39jc2i7tlHf39g8O7aPjtk4yxaHFE5mors80SBFDCwVK6KYKWORL6Pjj25nfeQSlRRI/YJ5CP2KjWASCMzTSwK54EgKsUc886ikxCvF8YFedujMHXSVuQaqkQHNgf3vDhGcRxMgl07rnOin2J0yh4BKmZS/TkDI+ZiPoGRqzCHR/Ml9+Ss+MMqRBosyPkc7V3x0TFmmdR76pjBiGetmbif962qwSwnBpPAbX/YmI0wwh5ovpQSYpJnQWDx0KBRxlbgjjSpgDKA+ZYhxNiGWTjLucwyppX9Rdp+7eX1YbN0VGJXJCTkmNuOSKNMgdaZIW4SQnz+SFvFpP1pv1bn0sStesoqdC/sD6/AEB1pxM</latexit><latexit sha1_base64="Js3TDh9ZbXJa3DgvJWXkgm+KRok=">AAACEXicbVBLSgNBEO3xG+NvNEs3jUGImzAjgi6DblxGMB/IhNDTqck06fnQXSMMIafwAG71CO7ErSfwBF7DTjILTXxNw+O9Kqrq+akUGh3ny1pb39jc2i7tlHf39g8O7aPjtk4yxaHFE5mors80SBFDCwVK6KYKWORL6Pjj25nfeQSlRRI/YJ5CP2KjWASCMzTSwK54EgKsUc886ikxCvF8YFedujMHXSVuQaqkQHNgf3vDhGcRxMgl07rnOin2J0yh4BKmZS/TkDI+ZiPoGRqzCHR/Ml9+Ss+MMqRBosyPkc7V3x0TFmmdR76pjBiGetmbif962qwSwnBpPAbX/YmI0wwh5ovpQSYpJnQWDx0KBRxlbgjjSpgDKA+ZYhxNiGWTjLucwyppX9Rdp+7eX1YbN0VGJXJCTkmNuOSKNMgdaZIW4SQnz+SFvFpP1pv1bn0sStesoqdC/sD6/AEB1pxM</latexit>

=<latexit sha1_base64="dcUQ6RTbPwrlDHiBIqYHS9la6WA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBch6MVjAuYByRJmZ3uTIbOzy8ysEELwA7zqJ3gTr36LX+BvOEn2oIkFDUVVN91dQSq4Nq775RTW1jc2t4rbpZ3dvf2D8uFRSyeZYthkiUhUJ6AaBZfYNNwI7KQKaRwIbAeju5nffkSleSIfzDhFP6YDySPOqLFS46ZfrrhVdw6ySrycVCBHvV/+7oUJy2KUhgmqdddzU+NPqDKcCZyWepnGlLIRHWDXUklj1P5kfuiUnFklJFGibElD5urviQmNtR7Hge2MqRnqZW8m/utpe8oQw6X1Jrr2J1ymmUHJFtujTBCTkFkUJOQKmRFjSyhT3D5A2JAqyowNrGST8ZZzWCWti6rnVr3GZaV2m2dUhBM4hXPw4ApqcA91aAIDhGd4gVfnyXlz3p2PRWvByWeO4Q+czx9wgZWa</latexit><latexit sha1_base64="dcUQ6RTbPwrlDHiBIqYHS9la6WA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBch6MVjAuYByRJmZ3uTIbOzy8ysEELwA7zqJ3gTr36LX+BvOEn2oIkFDUVVN91dQSq4Nq775RTW1jc2t4rbpZ3dvf2D8uFRSyeZYthkiUhUJ6AaBZfYNNwI7KQKaRwIbAeju5nffkSleSIfzDhFP6YDySPOqLFS46ZfrrhVdw6ySrycVCBHvV/+7oUJy2KUhgmqdddzU+NPqDKcCZyWepnGlLIRHWDXUklj1P5kfuiUnFklJFGibElD5urviQmNtR7Hge2MqRnqZW8m/utpe8oQw6X1Jrr2J1ymmUHJFtujTBCTkFkUJOQKmRFjSyhT3D5A2JAqyowNrGST8ZZzWCWti6rnVr3GZaV2m2dUhBM4hXPw4ApqcA91aAIDhGd4gVfnyXlz3p2PRWvByWeO4Q+czx9wgZWa</latexit><latexit sha1_base64="dcUQ6RTbPwrlDHiBIqYHS9la6WA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBch6MVjAuYByRJmZ3uTIbOzy8ysEELwA7zqJ3gTr36LX+BvOEn2oIkFDUVVN91dQSq4Nq775RTW1jc2t4rbpZ3dvf2D8uFRSyeZYthkiUhUJ6AaBZfYNNwI7KQKaRwIbAeju5nffkSleSIfzDhFP6YDySPOqLFS46ZfrrhVdw6ySrycVCBHvV/+7oUJy2KUhgmqdddzU+NPqDKcCZyWepnGlLIRHWDXUklj1P5kfuiUnFklJFGibElD5urviQmNtR7Hge2MqRnqZW8m/utpe8oQw6X1Jrr2J1ymmUHJFtujTBCTkFkUJOQKmRFjSyhT3D5A2JAqyowNrGST8ZZzWCWti6rnVr3GZaV2m2dUhBM4hXPw4ApqcA91aAIDhGd4gVfnyXlz3p2PRWvByWeO4Q+czx9wgZWa</latexit><latexit sha1_base64="dcUQ6RTbPwrlDHiBIqYHS9la6WA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBch6MVjAuYByRJmZ3uTIbOzy8ysEELwA7zqJ3gTr36LX+BvOEn2oIkFDUVVN91dQSq4Nq775RTW1jc2t4rbpZ3dvf2D8uFRSyeZYthkiUhUJ6AaBZfYNNwI7KQKaRwIbAeju5nffkSleSIfzDhFP6YDySPOqLFS46ZfrrhVdw6ySrycVCBHvV/+7oUJy2KUhgmqdddzU+NPqDKcCZyWepnGlLIRHWDXUklj1P5kfuiUnFklJFGibElD5urviQmNtR7Hge2MqRnqZW8m/utpe8oQw6X1Jrr2J1ymmUHJFtujTBCTkFkUJOQKmRFjSyhT3D5A2JAqyowNrGST8ZZzWCWti6rnVr3GZaV2m2dUhBM4hXPw4ApqcA91aAIDhGd4gVfnyXlz3p2PRWvByWeO4Q+czx9wgZWa</latexit>

8 operators
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Flavor Bland P-Basis
Linear transformation between Y-basis and P-basis:

Compared to dim-8 paper, dim-9 paper tackled flavor structure of operators
[ Li, Ren, Xiao, Yu, Zheng, 2020] 
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Automized Procedure



Jiang-Hao Yu

SMEFT

 83

Dimension-5 Dimension-6 Dimension-7

[Weinberg, 1979] 

[Lehman, 2014] [Buchmuller, Wyler, 1986] [Grzadkowski, Iskrzynski, Misiak, Rosiek, 2010] 

Dimension-8 Dimension-9
[ Li, Ren, Shu, Xiao, Yu, Zheng, 2020] [ Li, Ren, Xiao, Yu, Zheng, 2020] 

2
84 30

993 560

[Liao, Ma, 2020] [Murphy, 2020] 
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Low Energy EFT

Dimension-5 Dimension-6 Dimension-7

[Liao, Ma, Wang, 2020] [Jenkins, Manohar, Stoffer, 2017] 

Dimension-8 Dimension-9
[ Li, Ren, Xiao, Yu, Zheng, 2020] 

10
120 166

783 3774

[Murphy, 2020] 
[ Li, Ren, Xiao, Yu, Zheng, 2020] 
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Landscape of Generic EFTs

Gravity EFT

Dark matter EFT
Sterile neutrino EFT

Li, Shu, Xiao, JHYu, arXiv: 2012.11615

Li, Ren, Xiao, JHYu, Zheng, in preparation

Any EFT with Lorentz inv. and any gauge symmetries, SU(5), LRSM, etc

Standard Model EFT

Low energy EFT

LHC probing scale



Symmetry Nonlinearly!
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EFT Framework

TeV scale
<latexit sha1_base64="5Y9PBttVaetjuHV1Jm3Z1hUKufA=">AAACBXicbVC7TsNAEFyHVwivACXNiQiJKrLTQBlBQxmkvFBiRefzOjnlfLbuzkhRlJoPoIVPoEO0fAdfwG9wSVxAwkgrjWZ2tbsTpIJr47pfTmFjc2t7p7hb2ts/ODwqH5+0dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+nfudR1SaJ7JpJin6MR1KHnFGjZUemtgmmlGBg3LFrboLkHXi5aQCORqD8nc/TFgWozRMUK17npsaf0qV4UzgrNTPNKaUjekQe5ZKGqP2p4uDZ+TCKiGJEmVLGrJQf09Maaz1JA5sZ0zNSK96c/FfT9tTRhiurDfRtT/lMs0MSrbcHmWCmITMIyEhV8iMmFhCmeL2AcJGVFFmbHAlm4y3msM6adeqnlv17muV+k2eURHO4BwuwYMrqMMdNKAFDGJ4hhd4dZ6cN+fd+Vi2Fpx85hT+wPn8AWXPmOI=</latexit><latexit sha1_base64="5Y9PBttVaetjuHV1Jm3Z1hUKufA=">AAACBXicbVC7TsNAEFyHVwivACXNiQiJKrLTQBlBQxmkvFBiRefzOjnlfLbuzkhRlJoPoIVPoEO0fAdfwG9wSVxAwkgrjWZ2tbsTpIJr47pfTmFjc2t7p7hb2ts/ODwqH5+0dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+nfudR1SaJ7JpJin6MR1KHnFGjZUemtgmmlGBg3LFrboLkHXi5aQCORqD8nc/TFgWozRMUK17npsaf0qV4UzgrNTPNKaUjekQe5ZKGqP2p4uDZ+TCKiGJEmVLGrJQf09Maaz1JA5sZ0zNSK96c/FfT9tTRhiurDfRtT/lMs0MSrbcHmWCmITMIyEhV8iMmFhCmeL2AcJGVFFmbHAlm4y3msM6adeqnlv17muV+k2eURHO4BwuwYMrqMMdNKAFDGJ4hhd4dZ6cN+fd+Vi2Fpx85hT+wPn8AWXPmOI=</latexit><latexit sha1_base64="5Y9PBttVaetjuHV1Jm3Z1hUKufA=">AAACBXicbVC7TsNAEFyHVwivACXNiQiJKrLTQBlBQxmkvFBiRefzOjnlfLbuzkhRlJoPoIVPoEO0fAdfwG9wSVxAwkgrjWZ2tbsTpIJr47pfTmFjc2t7p7hb2ts/ODwqH5+0dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+nfudR1SaJ7JpJin6MR1KHnFGjZUemtgmmlGBg3LFrboLkHXi5aQCORqD8nc/TFgWozRMUK17npsaf0qV4UzgrNTPNKaUjekQe5ZKGqP2p4uDZ+TCKiGJEmVLGrJQf09Maaz1JA5sZ0zNSK96c/FfT9tTRhiurDfRtT/lMs0MSrbcHmWCmITMIyEhV8iMmFhCmeL2AcJGVFFmbHAlm4y3msM6adeqnlv17muV+k2eURHO4BwuwYMrqMMdNKAFDGJ4hhd4dZ6cN+fd+Vi2Fpx85hT+wPn8AWXPmOI=</latexit><latexit sha1_base64="5Y9PBttVaetjuHV1Jm3Z1hUKufA=">AAACBXicbVC7TsNAEFyHVwivACXNiQiJKrLTQBlBQxmkvFBiRefzOjnlfLbuzkhRlJoPoIVPoEO0fAdfwG9wSVxAwkgrjWZ2tbsTpIJr47pfTmFjc2t7p7hb2ts/ODwqH5+0dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+nfudR1SaJ7JpJin6MR1KHnFGjZUemtgmmlGBg3LFrboLkHXi5aQCORqD8nc/TFgWozRMUK17npsaf0qV4UzgrNTPNKaUjekQe5ZKGqP2p4uDZ+TCKiGJEmVLGrJQf09Maaz1JA5sZ0zNSK96c/FfT9tTRhiurDfRtT/lMs0MSrbcHmWCmITMIyEhV8iMmFhCmeL2AcJGVFFmbHAlm4y3msM6adeqnlv17muV+k2eURHO4BwuwYMrqMMdNKAFDGJ4hhd4dZ6cN+fd+Vi2Fpx85hT+wPn8AWXPmOI=</latexit>

UV models

Standard Model EFT
EW scale

<latexit sha1_base64="XMq0qwQwUNh3REYsd0yHuhOcRP0=">AAACBHicbVDLSgNBEOz1GeMr6tHLYBA8hd1c9BgUwWME84BkCbOzvcmQ2dllZlYIS65+gFf9BG/i1f/wC/wNJ8keNLGgoajqprsrSAXXxnW/nLX1jc2t7dJOeXdv/+CwcnTc1kmmGLZYIhLVDahGwSW2DDcCu6lCGgcCO8H4ZuZ3HlFpnsgHM0nRj+lQ8ogzaqzUve0QzajAQaXq1tw5yCrxClKFAs1B5bsfJiyLURomqNY9z02Nn1NlOBM4LfczjSllYzrEnqWSxqj9fH7vlJxbJSRRomxJQ+bq74mcxlpP4sB2xtSM9LI3E//1tD1lhOHSehNd+TmXaWZQssX2KBPEJGSWCAm5QmbExBLKFLcPEDaiijJjcyvbZLzlHFZJu17z3Jp3X682rouMSnAKZ3ABHlxCA+6gCS1gIOAZXuDVeXLenHfnY9G65hQzJ/AHzucPhYSYZQ==</latexit><latexit sha1_base64="XMq0qwQwUNh3REYsd0yHuhOcRP0=">AAACBHicbVDLSgNBEOz1GeMr6tHLYBA8hd1c9BgUwWME84BkCbOzvcmQ2dllZlYIS65+gFf9BG/i1f/wC/wNJ8keNLGgoajqprsrSAXXxnW/nLX1jc2t7dJOeXdv/+CwcnTc1kmmGLZYIhLVDahGwSW2DDcCu6lCGgcCO8H4ZuZ3HlFpnsgHM0nRj+lQ8ogzaqzUve0QzajAQaXq1tw5yCrxClKFAs1B5bsfJiyLURomqNY9z02Nn1NlOBM4LfczjSllYzrEnqWSxqj9fH7vlJxbJSRRomxJQ+bq74mcxlpP4sB2xtSM9LI3E//1tD1lhOHSehNd+TmXaWZQssX2KBPEJGSWCAm5QmbExBLKFLcPEDaiijJjcyvbZLzlHFZJu17z3Jp3X682rouMSnAKZ3ABHlxCA+6gCS1gIOAZXuDVeXLenHfnY9G65hQzJ/AHzucPhYSYZQ==</latexit><latexit sha1_base64="XMq0qwQwUNh3REYsd0yHuhOcRP0=">AAACBHicbVDLSgNBEOz1GeMr6tHLYBA8hd1c9BgUwWME84BkCbOzvcmQ2dllZlYIS65+gFf9BG/i1f/wC/wNJ8keNLGgoajqprsrSAXXxnW/nLX1jc2t7dJOeXdv/+CwcnTc1kmmGLZYIhLVDahGwSW2DDcCu6lCGgcCO8H4ZuZ3HlFpnsgHM0nRj+lQ8ogzaqzUve0QzajAQaXq1tw5yCrxClKFAs1B5bsfJiyLURomqNY9z02Nn1NlOBM4LfczjSllYzrEnqWSxqj9fH7vlJxbJSRRomxJQ+bq74mcxlpP4sB2xtSM9LI3E//1tD1lhOHSehNd+TmXaWZQssX2KBPEJGSWCAm5QmbExBLKFLcPEDaiijJjcyvbZLzlHFZJu17z3Jp3X682rouMSnAKZ3ABHlxCA+6gCS1gIOAZXuDVeXLenHfnY9G65hQzJ/AHzucPhYSYZQ==</latexit><latexit sha1_base64="XMq0qwQwUNh3REYsd0yHuhOcRP0=">AAACBHicbVDLSgNBEOz1GeMr6tHLYBA8hd1c9BgUwWME84BkCbOzvcmQ2dllZlYIS65+gFf9BG/i1f/wC/wNJ8keNLGgoajqprsrSAXXxnW/nLX1jc2t7dJOeXdv/+CwcnTc1kmmGLZYIhLVDahGwSW2DDcCu6lCGgcCO8H4ZuZ3HlFpnsgHM0nRj+lQ8ogzaqzUve0QzajAQaXq1tw5yCrxClKFAs1B5bsfJiyLURomqNY9z02Nn1NlOBM4LfczjSllYzrEnqWSxqj9fH7vlJxbJSRRomxJQ+bq74mcxlpP4sB2xtSM9LI3E//1tD1lhOHSehNd+TmXaWZQssX2KBPEJGSWCAm5QmbExBLKFLcPEDaiijJjcyvbZLzlHFZJu17z3Jp3X682rouMSnAKZ3ABHlxCA+6gCS1gIOAZXuDVeXLenHfnY9G65hQzJ/AHzucPhYSYZQ==</latexit>

⇤QCD
<latexit sha1_base64="MQcCZfG/qiWkcGTN+75/P0wSq/w=">AAACD3icbVBLTsMwFHTKr5RfCks2FhUSqypBSLCsKAsWLFqJfqQmihzHaa3aTmQ7oCrqITgAWzgCO8SWI3ACroHbZgEtI1kazczTe54wZVRpx/mySmvrG5tb5e3Kzu7e/oFdPeyqJJOYdHDCEtkPkSKMCtLRVDPSTyVBPGSkF46bM7/3QKSiibjXk5T4HA0FjSlG2kiBXfXuTDhCQe5JDtvNm2lg15y6MwdcJW5BaqBAK7C/vSjBGSdCY4aUGrhOqv0cSU0xI9OKlymSIjxGQzIwVCBOlJ/PT5/CU6NEME6keULDufp7IkdcqQkPTZIjPVLL3kz811PmlBGJltbr+MrPqUgzTQRebI8zBnUCZ+XAiEqCNZsYgrCk5gMQj5BEWJsKK6YZd7mHVdI9r7tO3W1f1BrXRUdlcAxOwBlwwSVogFvQAh2AwSN4Bi/g1Xqy3qx362MRLVnFzBH4A+vzB+GDnFU=</latexit><latexit sha1_base64="MQcCZfG/qiWkcGTN+75/P0wSq/w=">AAACD3icbVBLTsMwFHTKr5RfCks2FhUSqypBSLCsKAsWLFqJfqQmihzHaa3aTmQ7oCrqITgAWzgCO8SWI3ACroHbZgEtI1kazczTe54wZVRpx/mySmvrG5tb5e3Kzu7e/oFdPeyqJJOYdHDCEtkPkSKMCtLRVDPSTyVBPGSkF46bM7/3QKSiibjXk5T4HA0FjSlG2kiBXfXuTDhCQe5JDtvNm2lg15y6MwdcJW5BaqBAK7C/vSjBGSdCY4aUGrhOqv0cSU0xI9OKlymSIjxGQzIwVCBOlJ/PT5/CU6NEME6keULDufp7IkdcqQkPTZIjPVLL3kz811PmlBGJltbr+MrPqUgzTQRebI8zBnUCZ+XAiEqCNZsYgrCk5gMQj5BEWJsKK6YZd7mHVdI9r7tO3W1f1BrXRUdlcAxOwBlwwSVogFvQAh2AwSN4Bi/g1Xqy3qx362MRLVnFzBH4A+vzB+GDnFU=</latexit><latexit sha1_base64="MQcCZfG/qiWkcGTN+75/P0wSq/w=">AAACD3icbVBLTsMwFHTKr5RfCks2FhUSqypBSLCsKAsWLFqJfqQmihzHaa3aTmQ7oCrqITgAWzgCO8SWI3ACroHbZgEtI1kazczTe54wZVRpx/mySmvrG5tb5e3Kzu7e/oFdPeyqJJOYdHDCEtkPkSKMCtLRVDPSTyVBPGSkF46bM7/3QKSiibjXk5T4HA0FjSlG2kiBXfXuTDhCQe5JDtvNm2lg15y6MwdcJW5BaqBAK7C/vSjBGSdCY4aUGrhOqv0cSU0xI9OKlymSIjxGQzIwVCBOlJ/PT5/CU6NEME6keULDufp7IkdcqQkPTZIjPVLL3kz811PmlBGJltbr+MrPqUgzTQRebI8zBnUCZ+XAiEqCNZsYgrCk5gMQj5BEWJsKK6YZd7mHVdI9r7tO3W1f1BrXRUdlcAxOwBlwwSVogFvQAh2AwSN4Bi/g1Xqy3qx362MRLVnFzBH4A+vzB+GDnFU=</latexit><latexit sha1_base64="MQcCZfG/qiWkcGTN+75/P0wSq/w=">AAACD3icbVBLTsMwFHTKr5RfCks2FhUSqypBSLCsKAsWLFqJfqQmihzHaa3aTmQ7oCrqITgAWzgCO8SWI3ACroHbZgEtI1kazczTe54wZVRpx/mySmvrG5tb5e3Kzu7e/oFdPeyqJJOYdHDCEtkPkSKMCtLRVDPSTyVBPGSkF46bM7/3QKSiibjXk5T4HA0FjSlG2kiBXfXuTDhCQe5JDtvNm2lg15y6MwdcJW5BaqBAK7C/vSjBGSdCY4aUGrhOqv0cSU0xI9OKlymSIjxGQzIwVCBOlJ/PT5/CU6NEME6keULDufp7IkdcqQkPTZIjPVLL3kz811PmlBGJltbr+MrPqUgzTQRebI8zBnUCZ+XAiEqCNZsYgrCk5gMQj5BEWJsKK6YZd7mHVdI9r7tO3W1f1BrXRUdlcAxOwBlwwSVogFvQAh2AwSN4Bi/g1Xqy3qx362MRLVnFzBH4A+vzB+GDnFU=</latexit>

Low energy EFT

Chiral Lagrangian + Baryon EFT
MeV scale

<latexit sha1_base64="o47VGq8bIT2YBP5hELI5n8Pr82s=">AAACBXicbVDLSgNBEOyNrxhfUY9eBoPgKezmosegFy9CBPOQZAmzs51kyMzuMjMrhCVnP8CrfoI38ep3+AX+hpNkD5pY0FBUddPdFSSCa+O6X05hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUfAIm4YbgZ1EIZWBwHYwvp757UdUmsfRvZkk6Es6jPiAM2qs9HCLLaIZFdgvV9yqOwdZJV5OKpCj0S9/98KYpRIjwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1NKIStZ/ND56SM6uEZBArW5Ehc/X3REal1hMZ2E5JzUgvezPxX0/bU0YYLq03g0s/41GSGozYYvsgFcTEZBYJCblCZsTEEsoUtw8QNqKKMmODK9lkvOUcVkmrVvXcqndXq9Sv8oyKcAKncA4eXEAdbqABTWAg4Rle4NV5ct6cd+dj0Vpw8plj+APn8wdaaJjb</latexit><latexit sha1_base64="o47VGq8bIT2YBP5hELI5n8Pr82s=">AAACBXicbVDLSgNBEOyNrxhfUY9eBoPgKezmosegFy9CBPOQZAmzs51kyMzuMjMrhCVnP8CrfoI38ep3+AX+hpNkD5pY0FBUddPdFSSCa+O6X05hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUfAIm4YbgZ1EIZWBwHYwvp757UdUmsfRvZkk6Es6jPiAM2qs9HCLLaIZFdgvV9yqOwdZJV5OKpCj0S9/98KYpRIjwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1NKIStZ/ND56SM6uEZBArW5Ehc/X3REal1hMZ2E5JzUgvezPxX0/bU0YYLq03g0s/41GSGozYYvsgFcTEZBYJCblCZsTEEsoUtw8QNqKKMmODK9lkvOUcVkmrVvXcqndXq9Sv8oyKcAKncA4eXEAdbqABTWAg4Rle4NV5ct6cd+dj0Vpw8plj+APn8wdaaJjb</latexit><latexit sha1_base64="o47VGq8bIT2YBP5hELI5n8Pr82s=">AAACBXicbVDLSgNBEOyNrxhfUY9eBoPgKezmosegFy9CBPOQZAmzs51kyMzuMjMrhCVnP8CrfoI38ep3+AX+hpNkD5pY0FBUddPdFSSCa+O6X05hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUfAIm4YbgZ1EIZWBwHYwvp757UdUmsfRvZkk6Es6jPiAM2qs9HCLLaIZFdgvV9yqOwdZJV5OKpCj0S9/98KYpRIjwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1NKIStZ/ND56SM6uEZBArW5Ehc/X3REal1hMZ2E5JzUgvezPxX0/bU0YYLq03g0s/41GSGozYYvsgFcTEZBYJCblCZsTEEsoUtw8QNqKKMmODK9lkvOUcVkmrVvXcqndXq9Sv8oyKcAKncA4eXEAdbqABTWAg4Rle4NV5ct6cd+dj0Vpw8plj+APn8wdaaJjb</latexit><latexit sha1_base64="o47VGq8bIT2YBP5hELI5n8Pr82s=">AAACBXicbVDLSgNBEOyNrxhfUY9eBoPgKezmosegFy9CBPOQZAmzs51kyMzuMjMrhCVnP8CrfoI38ep3+AX+hpNkD5pY0FBUddPdFSSCa+O6X05hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUfAIm4YbgZ1EIZWBwHYwvp757UdUmsfRvZkk6Es6jPiAM2qs9HCLLaIZFdgvV9yqOwdZJV5OKpCj0S9/98KYpRIjwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1NKIStZ/ND56SM6uEZBArW5Ehc/X3REal1hMZ2E5JzUgvezPxX0/bU0YYLq03g0s/41GSGozYYvsgFcTEZBYJCblCZsTEEsoUtw8QNqKKMmODK9lkvOUcVkmrVvXcqndXq9Sv8oyKcAKncA4eXEAdbqABTWAg4Rle4NV5ct6cd+dj0Vpw8plj+APn8wdaaJjb</latexit>

Energy
<latexit sha1_base64="uk/99QyMLKjbdarEn9bsWyQ+6fQ=">AAACAnicbVDLSsNAFL2pr1pfVZdugkVwVZJudFkUwWUF+4A2lMnkph07mYSZiRBCd36AW/0Ed+LWH/EL/A2nbRbaeuDC4Zx7ufceP+FMacf5skpr6xubW+Xtys7u3v5B9fCoo+JUUmzTmMey5xOFnAlsa6Y59hKJJPI5dv3J9czvPqJULBb3OkvQi8hIsJBRoo3UuREoR9mwWnPqzhz2KnELUoMCrWH1exDENI1QaMqJUn3XSbSXE6kZ5TitDFKFCaETMsK+oYJEqLx8fu3UPjNKYIexNCW0PVd/T+QkUiqLfNMZET1Wy95M/NdT5pQxBkvrdXjp5UwkqUZBF9vDlNs6tmd52AGTSDXPDCFUMvOATcdEEqpNahWTjLucwyrpNOquU3fvGrXmVZFRGU7gFM7BhQtowi20oA0UHuAZXuDVerLerHfrY9FasoqZY/gD6/MHqH6X9w==</latexit><latexit sha1_base64="uk/99QyMLKjbdarEn9bsWyQ+6fQ=">AAACAnicbVDLSsNAFL2pr1pfVZdugkVwVZJudFkUwWUF+4A2lMnkph07mYSZiRBCd36AW/0Ed+LWH/EL/A2nbRbaeuDC4Zx7ufceP+FMacf5skpr6xubW+Xtys7u3v5B9fCoo+JUUmzTmMey5xOFnAlsa6Y59hKJJPI5dv3J9czvPqJULBb3OkvQi8hIsJBRoo3UuREoR9mwWnPqzhz2KnELUoMCrWH1exDENI1QaMqJUn3XSbSXE6kZ5TitDFKFCaETMsK+oYJEqLx8fu3UPjNKYIexNCW0PVd/T+QkUiqLfNMZET1Wy95M/NdT5pQxBkvrdXjp5UwkqUZBF9vDlNs6tmd52AGTSDXPDCFUMvOATcdEEqpNahWTjLucwyrpNOquU3fvGrXmVZFRGU7gFM7BhQtowi20oA0UHuAZXuDVerLerHfrY9FasoqZY/gD6/MHqH6X9w==</latexit><latexit sha1_base64="uk/99QyMLKjbdarEn9bsWyQ+6fQ=">AAACAnicbVDLSsNAFL2pr1pfVZdugkVwVZJudFkUwWUF+4A2lMnkph07mYSZiRBCd36AW/0Ed+LWH/EL/A2nbRbaeuDC4Zx7ufceP+FMacf5skpr6xubW+Xtys7u3v5B9fCoo+JUUmzTmMey5xOFnAlsa6Y59hKJJPI5dv3J9czvPqJULBb3OkvQi8hIsJBRoo3UuREoR9mwWnPqzhz2KnELUoMCrWH1exDENI1QaMqJUn3XSbSXE6kZ5TitDFKFCaETMsK+oYJEqLx8fu3UPjNKYIexNCW0PVd/T+QkUiqLfNMZET1Wy95M/NdT5pQxBkvrdXjp5UwkqUZBF9vDlNs6tmd52AGTSDXPDCFUMvOATcdEEqpNahWTjLucwyrpNOquU3fvGrXmVZFRGU7gFM7BhQtowi20oA0UHuAZXuDVerLerHfrY9FasoqZY/gD6/MHqH6X9w==</latexit><latexit sha1_base64="uk/99QyMLKjbdarEn9bsWyQ+6fQ=">AAACAnicbVDLSsNAFL2pr1pfVZdugkVwVZJudFkUwWUF+4A2lMnkph07mYSZiRBCd36AW/0Ed+LWH/EL/A2nbRbaeuDC4Zx7ufceP+FMacf5skpr6xubW+Xtys7u3v5B9fCoo+JUUmzTmMey5xOFnAlsa6Y59hKJJPI5dv3J9czvPqJULBb3OkvQi8hIsJBRoo3UuREoR9mwWnPqzhz2KnELUoMCrWH1exDENI1QaMqJUn3XSbSXE6kZ5TitDFKFCaETMsK+oYJEqLx8fu3UPjNKYIexNCW0PVd/T+QkUiqLfNMZET1Wy95M/NdT5pQxBkvrdXjp5UwkqUZBF9vDlNs6tmd52AGTSDXPDCFUMvOATcdEEqpNahWTjLucwyrpNOquU3fvGrXmVZFRGU7gFM7BhQtowi20oA0UHuAZXuDVerLerHfrY9FasoqZY/gD6/MHqH6X9w==</latexit>

many models ….. 

L� = L⇡(s, p, lµ, rµ) + L⇡N (s, p, lµ, rµ) + · · ·
<latexit sha1_base64="Rs7pzg/YoWZDdBLEsxwZhhi/1t4="></latexit><latexit sha1_base64="Rs7pzg/YoWZDdBLEsxwZhhi/1t4="></latexit><latexit sha1_base64="Rs7pzg/YoWZDdBLEsxwZhhi/1t4="></latexit><latexit sha1_base64="Rs7pzg/YoWZDdBLEsxwZhhi/1t4="></latexit>

Non-relativistic EFT
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Chiral Lagrangian description

PNGB
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<latexit sha1_base64="9IYdtZVtEPSXAqOKhImckOpVgUs="></latexit><latexit sha1_base64="9IYdtZVtEPSXAqOKhImckOpVgUs="></latexit><latexit sha1_base64="9IYdtZVtEPSXAqOKhImckOpVgUs="></latexit><latexit sha1_base64="9IYdtZVtEPSXAqOKhImckOpVgUs="></latexit>

h�i ⌘ f
<latexit sha1_base64="eRUsJgL1rf1JXyoehXza+mvjgZU=">AAACD3icbVBNS8NAEN3Ur1q/oh69LBbFU0lE0GPRi8cK9gOaUDbbSbt0s4m7m0IJ/Qde/CtePCji1as3/42bNgdtfTDweG+GmXlBwpnSjvNtlVZW19Y3ypuVre2d3T17/6Cl4lRSaNKYx7ITEAWcCWhqpjl0EgkkCji0g9FN7rfHIBWLxb2eJOBHZCBYyCjRRurZpx4nYsABexHRwyDMvMaQTbEnCxUeUjbGYc+uOjVnBrxM3IJUUYFGz/7y+jFNIxCacqJU13US7WdEakY5TCteqiAhdEQG0DVUkAiUn83+meITo/RxGEtTQuOZ+nsiI5FSkygwnfnVatHLxf+8bqrDKz9jIkk1CDpfFKYc6xjn4eA+k0A1nxhCqGTmVkyHRBKqTYQVE4K7+PIyaZ3XXKfm3l1U69dFHGV0hI7RGXLRJaqjW9RATUTRI3pGr+jNerJerHfrY95asoqZQ/QH1ucPyEeceg==</latexit><latexit sha1_base64="eRUsJgL1rf1JXyoehXza+mvjgZU=">AAACD3icbVBNS8NAEN3Ur1q/oh69LBbFU0lE0GPRi8cK9gOaUDbbSbt0s4m7m0IJ/Qde/CtePCji1as3/42bNgdtfTDweG+GmXlBwpnSjvNtlVZW19Y3ypuVre2d3T17/6Cl4lRSaNKYx7ITEAWcCWhqpjl0EgkkCji0g9FN7rfHIBWLxb2eJOBHZCBYyCjRRurZpx4nYsABexHRwyDMvMaQTbEnCxUeUjbGYc+uOjVnBrxM3IJUUYFGz/7y+jFNIxCacqJU13US7WdEakY5TCteqiAhdEQG0DVUkAiUn83+meITo/RxGEtTQuOZ+nsiI5FSkygwnfnVatHLxf+8bqrDKz9jIkk1CDpfFKYc6xjn4eA+k0A1nxhCqGTmVkyHRBKqTYQVE4K7+PIyaZ3XXKfm3l1U69dFHGV0hI7RGXLRJaqjW9RATUTRI3pGr+jNerJerHfrY95asoqZQ/QH1ucPyEeceg==</latexit><latexit sha1_base64="eRUsJgL1rf1JXyoehXza+mvjgZU=">AAACD3icbVBNS8NAEN3Ur1q/oh69LBbFU0lE0GPRi8cK9gOaUDbbSbt0s4m7m0IJ/Qde/CtePCji1as3/42bNgdtfTDweG+GmXlBwpnSjvNtlVZW19Y3ypuVre2d3T17/6Cl4lRSaNKYx7ITEAWcCWhqpjl0EgkkCji0g9FN7rfHIBWLxb2eJOBHZCBYyCjRRurZpx4nYsABexHRwyDMvMaQTbEnCxUeUjbGYc+uOjVnBrxM3IJUUYFGz/7y+jFNIxCacqJU13US7WdEakY5TCteqiAhdEQG0DVUkAiUn83+meITo/RxGEtTQuOZ+nsiI5FSkygwnfnVatHLxf+8bqrDKz9jIkk1CDpfFKYc6xjn4eA+k0A1nxhCqGTmVkyHRBKqTYQVE4K7+PIyaZ3XXKfm3l1U69dFHGV0hI7RGXLRJaqjW9RATUTRI3pGr+jNerJerHfrY95asoqZQ/QH1ucPyEeceg==</latexit><latexit sha1_base64="eRUsJgL1rf1JXyoehXza+mvjgZU=">AAACD3icbVBNS8NAEN3Ur1q/oh69LBbFU0lE0GPRi8cK9gOaUDbbSbt0s4m7m0IJ/Qde/CtePCji1as3/42bNgdtfTDweG+GmXlBwpnSjvNtlVZW19Y3ypuVre2d3T17/6Cl4lRSaNKYx7ITEAWcCWhqpjl0EgkkCji0g9FN7rfHIBWLxb2eJOBHZCBYyCjRRurZpx4nYsABexHRwyDMvMaQTbEnCxUeUjbGYc+uOjVnBrxM3IJUUYFGz/7y+jFNIxCacqJU13US7WdEakY5TCteqiAhdEQG0DVUkAiUn83+meITo/RxGEtTQuOZ+nsiI5FSkygwnfnVatHLxf+8bqrDKz9jIkk1CDpfFKYc6xjn4eA+k0A1nxhCqGTmVkyHRBKqTYQVE4K7+PIyaZ3XXKfm3l1U69dFHGV0hI7RGXLRJaqjW9RATUTRI3pGr+jNerJerHfrY95asoqZQ/QH1ucPyEeceg==</latexit>
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Define Goldstone boson matrix, which transform nonlinearly under G 
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QCD chiral Lagrangian SU(2) x SU(2)/ SU(2)

Electroweak chiral Lagrangian SU(2) x SU(2)/ SU(2)

Higgs EFT: singlet Higgs + SO(4)/SO(3)

Pseudo-Goldstone Higgs chiral Lagrangian G/H
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Little Higgs

Twin Higgs

Composite Higgs

Minimal Neutral Naturalness

[Csaki, et. al, 2015] 

[Xu, Yu, Zhu, 2018] 

[Chacko, Goh, Harnik 2006] 

[Agashe, Contino, Pomarol 2004] 

[Arkani-hamed, et.al. 2000] 



More Special EFTs



More Special EFTs



Summary & Outlook



Summary

Internal symmetry SU(n)

Symmetric group S(n)

Lorentz group SO(3,1)

Poincare group

Conformal group SO(4,2)

Coset G/H



Summary

Hilbert series On-shell EFT Young tensor

Take home message 2: Unified construction of Lorentz&gauge by Young tableau

Take home message 1: From operator counting to operator writing systematically

For any generic EFT with Lorentz and any gauge symmetry

up to 4 fields in operator 
(currently)

Only counting Any operator
to any mass dimension

[ ITP-CAS group, 2020] 



Thanks!
Appreciate all materials from web, prepared for this school



Backup Slides
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Different Filling for Young Diagram

SSYT for class 1

SSYT for unique class 
and helicity

Further selection

One-to-one correspondence 
No need selection

SSYT for class 1I

SSYT for helicity = 3/2

SSYT for helicity = 2

….
Operator Lorentz structure
(cannot deal repeated field)

Operator Lorentz structure
(can deal repeated field)

[ Henning, Melia, 2019]

[ Li, Ren, Xiao, Yu, Zheng, 2020]
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Young Tensor with Repeated Field


