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EFT description for neutrino 0vbb



Jiang-Hao Yu (ITP-CAS)

Neutrino  
scale

Why neutrino masses so tiny? Why Higgs mass so light?

Origin of Neutrino Mass

The existence of neutrino masses is the first evidence of new physics beyond Standard Model
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How to forbid the Majorana term?
Lepton number conservation

Tiny Yukawa coupling

The Majorana term should be there
Lepton number violation

Yukawa coupling not small, but mR heavy

Dirac vs Majorana Neutrino

Simplest way to give neutrino masses is introducing the right-handed neutrino
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[ See Zhi-Zhong Xing’s talk ] 
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Majorana Neutrino: Origin of Matter

Majorana neutrino also explains matter-antimatter asymmetry

Neutrino  
scale

Why neutrino masses so tiny? Why Higgs mass so light?

Leptogenesis Electroweak baryogengesis
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[ See Ramsey-Musolf’s talk ] 
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Nature of Majorana Neutrino

How to distinguish Dirac vs Majorana neutrino?
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Chirality flip

Neutrino Oscillation experiments

0vbb exp.
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Neutrinoless Double Beta Decay

EW scale
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MeV scale
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Low energy probe of high energy new physics

Weinberg operator [ Weinberg, 1979 ]

… the effective field theory point view had 
predicted the neutrino masses

[ Weinberg, 2021 ]
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Why EFT framework? it is natural to consider different EFTs to avoid large Logs 

Tower of effective field theories
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NP Scale

New physics scenarios, SUSY, …

Standard model effective field theory

Low energy effective field theory
⇤QCD
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<latexit sha1_base64="2q7ImVMV0/Ukx9LrQnG2rmusCO0=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJczO9iZDZmeXmVkhLDn4AV71E7yJVz/FL/A3nCR70GhBQ1HVTXdXkAqujet+OqWV1bX1jfJmZWt7Z3evun/Q1kmmGLZYIhLVDahGwSW2DDcCu6lCGgcCO8H4euZ3HlBpnsh7M0nRj+lQ8ogzaqx0Fw86g2rNrbtzkL/EK0gNCjQH1a9+mLAsRmmYoFr3PDc1fk6V4UzgtNLPNKaUjekQe5ZKGqP28/mpU3JilZBEibIlDZmrPydyGms9iQPbGVMz0sveTPzX0/aUEYZL60106edcpplByRbbo0wQk5BZGCTkCpkRE0soU9w+QNiIKsqMjaxik/GWc/hL2md1z617t+e1xlWRURmO4BhOwYMLaMANNKEFDIbwBM/w4jw6r86b875oLTnFzCH8gvPxDStClpQ=</latexit><latexit sha1_base64="2q7ImVMV0/Ukx9LrQnG2rmusCO0=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJczO9iZDZmeXmVkhLDn4AV71E7yJVz/FL/A3nCR70GhBQ1HVTXdXkAqujet+OqWV1bX1jfJmZWt7Z3evun/Q1kmmGLZYIhLVDahGwSW2DDcCu6lCGgcCO8H4euZ3HlBpnsh7M0nRj+lQ8ogzaqx0Fw86g2rNrbtzkL/EK0gNCjQH1a9+mLAsRmmYoFr3PDc1fk6V4UzgtNLPNKaUjekQe5ZKGqP28/mpU3JilZBEibIlDZmrPydyGms9iQPbGVMz0sveTPzX0/aUEYZL60106edcpplByRbbo0wQk5BZGCTkCpkRE0soU9w+QNiIKsqMjaxik/GWc/hL2md1z617t+e1xlWRURmO4BhOwYMLaMANNKEFDIbwBM/w4jw6r86b875oLTnFzCH8gvPxDStClpQ=</latexit><latexit sha1_base64="2q7ImVMV0/Ukx9LrQnG2rmusCO0=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJczO9iZDZmeXmVkhLDn4AV71E7yJVz/FL/A3nCR70GhBQ1HVTXdXkAqujet+OqWV1bX1jfJmZWt7Z3evun/Q1kmmGLZYIhLVDahGwSW2DDcCu6lCGgcCO8H4euZ3HlBpnsh7M0nRj+lQ8ogzaqx0Fw86g2rNrbtzkL/EK0gNCjQH1a9+mLAsRmmYoFr3PDc1fk6V4UzgtNLPNKaUjekQe5ZKGqP28/mpU3JilZBEibIlDZmrPydyGms9iQPbGVMz0sveTPzX0/aUEYZL60106edcpplByRbbo0wQk5BZGCTkCpkRE0soU9w+QNiIKsqMjaxik/GWc/hL2md1z617t+e1xlWRURmO4BhOwYMLaMANNKEFDIbwBM/w4jw6r86b875oLTnFzCH8gvPxDStClpQ=</latexit><latexit sha1_base64="2q7ImVMV0/Ukx9LrQnG2rmusCO0=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJczO9iZDZmeXmVkhLDn4AV71E7yJVz/FL/A3nCR70GhBQ1HVTXdXkAqujet+OqWV1bX1jfJmZWt7Z3evun/Q1kmmGLZYIhLVDahGwSW2DDcCu6lCGgcCO8H4euZ3HlBpnsh7M0nRj+lQ8ogzaqx0Fw86g2rNrbtzkL/EK0gNCjQH1a9+mLAsRmmYoFr3PDc1fk6V4UzgtNLPNKaUjekQe5ZKGqP28/mpU3JilZBEibIlDZmrPydyGms9iQPbGVMz0sveTPzX0/aUEYZL60106edcpplByRbbo0wQk5BZGCTkCpkRE0soU9w+QNiIKsqMjaxik/GWc/hL2md1z617t+e1xlWRURmO4BhOwYMLaMANNKEFDIbwBM/w4jw6r86b875oLTnFzCH8gvPxDStClpQ=</latexit>

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>

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>

Electroweak chiral Lagrangian with Higgs

QCD chiral Lagrangian with heavy baryon

Chiral nuclear force and nuclear matrix

RGE running effects not so small

EFT framework!

Strong coupling region

chiral expansion is perturbative!
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Complete EFT Framework for 0vbb 
Operator bases for different EFTs are necessarily needed to provide most general description

LE
FT

[ Cirigliano, Dekens, de Vries, Graesser, Mereghetti, 2018] 
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[ See Shun Zhou’s talk ] 
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Operator bases for different EFTs are necessarily needed to provide most general description

LE
FT

[ Cirigliano, Dekens, de Vries, Graesser, Mereghetti, 2018] 
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Quark level operators

Hadronic level operators

Nuclear level operators

[ See Shun Zhou and Jingyu Zhu’s talk ] 

[ See Gang Li’s talk ] 

UV models new particles

[ See Bingwei Long and Tai-Xing Liu’s talk ] 

[ See Pengwei Zhao and Chun-Lin Bai’s talk ] 
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Complete EFT Framework for 0vbb 
Operator bases for different EFTs are necessarily needed to provide most general description

LE
FT

[ Cirigliano, Dekens, de Vries, Graesser, Mereghetti, 2018] 
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Quark level operators

Hadronic level operators

Nuclear level operators

UV models new particles
Repeat for each model

Operator correlation

External source not enough

Nucleon matrix element incomplete

How to do matching
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Complete EFT Framework for 0vbb 
Operator bases for different EFTs are necessarily needed to provide most general description

LE
FT

[ Cirigliano, Dekens, de Vries, Graesser, Mereghetti, 2018] 

13

Quark level operators

Hadronic level operators

Nuclear level operators

UV models new particles

Need complete operators at each level
Setup a general framework
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Quark level EFTs: SMEFT and LEFT

[ Hao-Lin Li, Zhe Ren, Ming-Lei Xiao, J.H.Yu, Yu-Hui Zheng, 2201.04639 ] 

[ Hao-Lin Li, Zhe Ren, Ming-Lei Xiao, J.H.Yu, Yu-Hui Zheng, 2012.09188 ] 

[ Hao-Lin Li, Zhe Ren, Ming-Lei Xiao, J.H.Yu, Yu-Hui Zheng, 2007.07899 ] 

[ Hao-Lin Li, Jing Shu, Zhe Ren, Ming-Lei Xiao, J.H.Yu, Yu-Hui Zheng, 2005.00008 ] 
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Standard Model Effective Field Theory

Standard model is viewed as the leading renormalizable terms of most general effective field theory

Standard  
Model

Weinberg 
Operator

[ Weinberg, 1980 ]

Standard Model Effective Field Theory (SMEFT) provides systematic parameterization of all possible 
Lorentz-inv. new physics 

15

17 elementary particles

19 parameters, all measured but theta term

[ from Shun Zhou’s talk ] 
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Operators for 0vbb

16

SMEFT dim-5,7,9 operators provides most general parametrization of new physics for 0vbb

Dim-9

Dim-7 Dim-7, 9Dim-5, 7

Dim-7 Dim-7, 9
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Operator Correlation for nv mass/0vbb

Very tiny loop-level neutrino mass

Dim-5, 7, 9 neutrino mass

Correlated between mv and 0vbb

Lepton number violation 
 operator

SMEFT dim-5,7,9 operators provides most general parametrization of new physics for neutrino 
masses and 0vbb

0vbb does not need to be related to the total neutrino masses

17
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0vbb and Neutrino Masses
Schechter-Valle Theorem: Whatever processes cause 0vbb, its observation would imply existence of 

Majorana mass term

18
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SMEFT Dimension-6 Operators

Dim-5 
Weinberg

Dim-6 
Buchmuller&Wyler

1980 1990 2000 2010 2020
0

50

100

150

200

year

ci
ta
tio
n

Dim-6 
Warsaw/ y

ea
r

Dimension-6 operators parametrize new physics effects at low energy, electroweak precision, and Higgs 
boson physics, etc 

[ Buchmuller and Wyler, 1986 ]

One important task of LHC run-3 : dim-6 operator Wilson coefficients

Why take 25 years to write down complete and independent dimension-6 operators?

[ Grzadkowski, Iskrzynski, Misiak, Rosiek, 2010 ] 
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Equation of motion (field redefinition)

Integration by part (total derivatives)

Covariant derivative commutator

Bianchi identity
80 59

80-1-16-5+1 = 59 

Fierz identity

SMEFT Dimension-6 Operators
[ Buchmuller and Wyler, 1986 ] [ Grzadkowski, Iskrzynski, Misiak, Rosiek, 2010 ] 

20
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Operator with Spinor Indices

SO(3,1)

On-shell operator 

Field as irreducible rep of Lorentz group

Operator has more symmetries than what we expected

SL(2,C) Spinor-helicitySU(2)l ⇥ SU(2)r
<latexit sha1_base64="C7E8K5Hjp+W7E86aNpchl2EKAXs=">AAAB/3icbVBNS8NAEJ34WetXVPDiZbEI9VKSKuix6MVjRdMW2lA22027dLMJuxuhxB78K148KOLVv+HNf+O2zUFbHyy8eW+GmX1BwpnSjvNtLS2vrK6tFzaKm1vbO7v23n5Dxakk1CMxj2UrwIpyJqinmea0lUiKo4DTZjC8nvjNByoVi8W9HiXUj3BfsJARrI3UtQ/vvHL1tMtRR7OIKjQrZdcuORVnCrRI3JyUIEe9a391ejFJIyo04Viptusk2s+w1IxwOi52UkUTTIa4T9uGCmyW+dn0/jE6MUoPhbE0T2g0VX9PZDhSahQFpjPCeqDmvYn4n9dOdXjpZ0wkqaaCzBaFKUc6RpMwUI9JSjQfGYKJZOZWRAZYYqJNZEUTgjv/5UXSqFbcs0r19rxUu8rjKMARHEMZXLiAGtxAHTwg8AjP8Apv1pP1Yr1bH7PWJSufOYA/sD5/ABszlDs=</latexit>

Field transforming under Little group of Poincare

Building blocks in spinor-helicity form
�

<latexit sha1_base64="mLx+FFfgRsektn1vuW1zHX0Eml4=">AAACAHicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUAbymRy0wydTMLMRCihGz/ArX6CO3Hrn/gF/oaTNgttPXDhcM693HuPn3KmtON8WZW19Y3Nrep2bWd3b/+gfnjUVUkmKXZowhPZ94lCzgR2NNMc+6lEEvsce/7ktvB7jygVS8SDnqboxWQsWMgo0YU0TCM2qjecpjOHvUrckjSgRHtU/x4GCc1iFJpyotTAdVLt5URqRjnOasNMYUrohIxxYKggMSovn986s8+MEthhIk0Jbc/V3xM5iZWaxr7pjImO1LJXiP96ypwSYbC0XofXXs5EmmkUdLE9zLitE7tIww6YRKr51BBCJTMP2DQiklBtMquZZNzlHFZJ96LpOk33/rLRuikzqsIJnMI5uHAFLbiDNnSAQgTP8AKv1pP1Zr1bH4vWilXOHMMfWJ8/FFuXGA==</latexit><latexit sha1_base64="mLx+FFfgRsektn1vuW1zHX0Eml4=">AAACAHicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUAbymRy0wydTMLMRCihGz/ArX6CO3Hrn/gF/oaTNgttPXDhcM693HuPn3KmtON8WZW19Y3Nrep2bWd3b/+gfnjUVUkmKXZowhPZ94lCzgR2NNMc+6lEEvsce/7ktvB7jygVS8SDnqboxWQsWMgo0YU0TCM2qjecpjOHvUrckjSgRHtU/x4GCc1iFJpyotTAdVLt5URqRjnOasNMYUrohIxxYKggMSovn986s8+MEthhIk0Jbc/V3xM5iZWaxr7pjImO1LJXiP96ypwSYbC0XofXXs5EmmkUdLE9zLitE7tIww6YRKr51BBCJTMP2DQiklBtMquZZNzlHFZJ96LpOk33/rLRuikzqsIJnMI5uHAFLbiDNnSAQgTP8AKv1pP1Zr1bH4vWilXOHMMfWJ8/FFuXGA==</latexit><latexit sha1_base64="mLx+FFfgRsektn1vuW1zHX0Eml4=">AAACAHicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUAbymRy0wydTMLMRCihGz/ArX6CO3Hrn/gF/oaTNgttPXDhcM693HuPn3KmtON8WZW19Y3Nrep2bWd3b/+gfnjUVUkmKXZowhPZ94lCzgR2NNMc+6lEEvsce/7ktvB7jygVS8SDnqboxWQsWMgo0YU0TCM2qjecpjOHvUrckjSgRHtU/x4GCc1iFJpyotTAdVLt5URqRjnOasNMYUrohIxxYKggMSovn986s8+MEthhIk0Jbc/V3xM5iZWaxr7pjImO1LJXiP96ypwSYbC0XofXXs5EmmkUdLE9zLitE7tIww6YRKr51BBCJTMP2DQiklBtMquZZNzlHFZJ96LpOk33/rLRuikzqsIJnMI5uHAFLbiDNnSAQgTP8AKv1pP1Zr1bH4vWilXOHMMfWJ8/FFuXGA==</latexit><latexit sha1_base64="mLx+FFfgRsektn1vuW1zHX0Eml4=">AAACAHicbVDLSsNAFL2pr1pfVZdugkVwVRIRdFl047KCfUAbymRy0wydTMLMRCihGz/ArX6CO3Hrn/gF/oaTNgttPXDhcM693HuPn3KmtON8WZW19Y3Nrep2bWd3b/+gfnjUVUkmKXZowhPZ94lCzgR2NNMc+6lEEvsce/7ktvB7jygVS8SDnqboxWQsWMgo0YU0TCM2qjecpjOHvUrckjSgRHtU/x4GCc1iFJpyotTAdVLt5URqRjnOasNMYUrohIxxYKggMSovn986s8+MEthhIk0Jbc/V3xM5iZWaxr7pjImO1LJXiP96ypwSYbC0XofXXs5EmmkUdLE9zLitE7tIww6YRKr51BBCJTMP2DQiklBtMquZZNzlHFZJ96LpOk33/rLRuikzqsIJnMI5uHAFLbiDNnSAQgTP8AKv1pP1Zr1bH4vWilXOHMMfWJ8/FFuXGA==</latexit>

2 (2, 0)
<latexit sha1_base64="q3MAYsovVDXnjzwINhfZ2C5l3YU=">AAACBXicbVDLSgNBEOz1GeMr6tHLYBAiSNgNgh6DXjxGMA9JljA7O5sMmZldZmaFsOTsB3jVT/AmXv0Ov8DfcJLsQRMLGoqqbrq7goQzbVz3y1lZXVvf2CxsFbd3dvf2SweHLR2nitAmiXmsOgHWlDNJm4YZTjuJolgEnLaD0c3Ubz9SpVks7804ob7AA8kiRrCx0kOPSVSpnbtn/VLZrbozoGXi5aQMORr90ncvjEkqqDSEY627npsYP8PKMMLppNhLNU0wGeEB7VoqsaDaz2YHT9CpVUIUxcqWNGim/p7IsNB6LALbKbAZ6kVvKv7raXvKkIYL60105WdMJqmhksy3RylHJkbTSFDIFCWGjy3BRDH7ACJDrDAxNriiTcZbzGGZtGpVz616dxfl+nWeUQGO4QQq4MEl1OEWGtAEAgKe4QVenSfnzXl3PuatK04+cwR/4Hz+AMPbl98=</latexit><latexit sha1_base64="q3MAYsovVDXnjzwINhfZ2C5l3YU=">AAACBXicbVDLSgNBEOz1GeMr6tHLYBAiSNgNgh6DXjxGMA9JljA7O5sMmZldZmaFsOTsB3jVT/AmXv0Ov8DfcJLsQRMLGoqqbrq7goQzbVz3y1lZXVvf2CxsFbd3dvf2SweHLR2nitAmiXmsOgHWlDNJm4YZTjuJolgEnLaD0c3Ubz9SpVks7804ob7AA8kiRrCx0kOPSVSpnbtn/VLZrbozoGXi5aQMORr90ncvjEkqqDSEY627npsYP8PKMMLppNhLNU0wGeEB7VoqsaDaz2YHT9CpVUIUxcqWNGim/p7IsNB6LALbKbAZ6kVvKv7raXvKkIYL60105WdMJqmhksy3RylHJkbTSFDIFCWGjy3BRDH7ACJDrDAxNriiTcZbzGGZtGpVz616dxfl+nWeUQGO4QQq4MEl1OEWGtAEAgKe4QVenSfnzXl3PuatK04+cwR/4Hz+AMPbl98=</latexit><latexit sha1_base64="q3MAYsovVDXnjzwINhfZ2C5l3YU=">AAACBXicbVDLSgNBEOz1GeMr6tHLYBAiSNgNgh6DXjxGMA9JljA7O5sMmZldZmaFsOTsB3jVT/AmXv0Ov8DfcJLsQRMLGoqqbrq7goQzbVz3y1lZXVvf2CxsFbd3dvf2SweHLR2nitAmiXmsOgHWlDNJm4YZTjuJolgEnLaD0c3Ubz9SpVks7804ob7AA8kiRrCx0kOPSVSpnbtn/VLZrbozoGXi5aQMORr90ncvjEkqqDSEY627npsYP8PKMMLppNhLNU0wGeEB7VoqsaDaz2YHT9CpVUIUxcqWNGim/p7IsNB6LALbKbAZ6kVvKv7raXvKkIYL60105WdMJqmhksy3RylHJkbTSFDIFCWGjy3BRDH7ACJDrDAxNriiTcZbzGGZtGpVz616dxfl+nWeUQGO4QQq4MEl1OEWGtAEAgKe4QVenSfnzXl3PuatK04+cwR/4Hz+AMPbl98=</latexit><latexit sha1_base64="q3MAYsovVDXnjzwINhfZ2C5l3YU=">AAACBXicbVDLSgNBEOz1GeMr6tHLYBAiSNgNgh6DXjxGMA9JljA7O5sMmZldZmaFsOTsB3jVT/AmXv0Ov8DfcJLsQRMLGoqqbrq7goQzbVz3y1lZXVvf2CxsFbd3dvf2SweHLR2nitAmiXmsOgHWlDNJm4YZTjuJolgEnLaD0c3Ubz9SpVks7804ob7AA8kiRrCx0kOPSVSpnbtn/VLZrbozoGXi5aQMORr90ncvjEkqqDSEY627npsYP8PKMMLppNhLNU0wGeEB7VoqsaDaz2YHT9CpVUIUxcqWNGim/p7IsNB6LALbKbAZ6kVvKv7raXvKkIYL60105WdMJqmhksy3RylHJkbTSFDIFCWGjy3BRDH7ACJDrDAxNriiTcZbzGGZtGpVz616dxfl+nWeUQGO4QQq4MEl1OEWGtAEAgKe4QVenSfnzXl3PuatK04+cwR/4Hz+AMPbl98=</latexit> �↵������
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�
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On-shell Brackets

EOM and CDC
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Operator as On-shell Amplitude
Operator

Spinor Tensor Symmetrize indices

SL(2,C) x SU(N) 

On-shell Amplitude

On-shell Amplitude correspondence

SSYT 

Momentum conservation

[ Li, Ren, Xiao, Yu, Zheng, 2007.07899 ] 

[ Li, Ren, Xiao, Yu, Zheng, 2201.04639 ] 
[ Li, Ren, Xiao, Yu, Zheng, 2012.09188 ] 

[ Li, Ren, Shu, Xiao, Yu, Zheng, 2005.00008 ] 
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Dim-8 operators: 993 (44807) operators for 1 (3) generations

Operator as Spinor Young Tensor

2

30

7

2

EOM

IBP

Traditional method

[ Hays, Martin, Sanz, Setford, 2018]
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EFT Operator Bases

[Lehman, 2014] 

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

[ Li, Ren, Shu, Xiao, Yu, Zheng, 2020] 

[ Li, Ren, Xiao, Yu, Zheng, 2020] 

[Liao, Ma, 2020] 

[Murphy, 2020] 

[Liao, Ma, 2016] 
[ Henning, Lu, Melia, Murayama, 2015] 

Dim-9

Dim-7

Dim-6

Dim-8

[ Fermi, 1934 ] 
[ Lee, Yang, 1956 ] 

[Liao, Ma, Wang, 2020] 

[Jenkins, Manohar, Stoffer, 2017] 

[ Li, Ren, Xiao, Yu, Zheng, 2020] 

[Murphy, 2020] 

[ Li, Ren, Xiao, Yu, Zheng, 2020] 

[ Li, Ren, Xiao, Yu, Zheng, 2020] 

Dim-8

Dim-9

Dim-7

Dim-6

Dim-5 [Weinberg, 1979] Dim-5 [Dirac, 1932 ] 

Standard Model Effective Field Theory Low Energy Effective Field Theory

SU(3) x SU(2) x U(1) gauge symmetry SU(3) x U(1) gauge symmetry

24
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ABC4EFT Package

25

https://abc4eft.hepforge.org/

Amplitude Basis Construction for Effective Field Theory [ Li, Ren, Xiao, Yu, Zheng, 2201.04639 ] 

Fully Automatic

Gravity EFT

Dark matter EFT
Sterile neutrino EFT

Axion EFT
…
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Hadronic level EFTs: ChPT and ChEFT

[ Gang Li, Chuan-Qiang Song, J.H.Yu, 2507.02538 ] 

[ Chuan-Qiang Song, Hao Sun, J.H.Yu, 2404.15047 ] 

[ Xuan-He Li, Hao Sun, Feng-Jie Tang, J.H.Yu, 2404.14152 ] 

[ Hao Sun, Yi-Ning Wang, J.H.Yu, 2501.14018 ] 

[ Chuan-Qiang Song, Hao Sun, J.H.Yu, 2501.09787 ] 
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EFTs in Broken Phase

Matching

Running

approximate custodial symmetry 
SU(2) x SU(2) approximate chiral symmetry 

SU(3) x SU(3)

SM fields and Goldstone meson and baryon

Standard Model Effective Field Theory Low Energy Effective Field Theory

Electroweak Chiral Lagrangian QCD Chiral Lagrangian

SM Fermion masses from Higgs VEV Baryon masses around 1 GeV from Trace anomaly 
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CCWZ Chiral Lagrangian
Define the nonlinear Goldstone matrix

Building block dµ(⇧), Eµ⌫(⇧)
<latexit sha1_base64="5gETOCapY7rRyZO3/bIGwaAXJho=">AAACCnicbZDLSsNAFIYn9VbrLerSzWgRKkhJRNBlUQSXFewFmhAmk2k7dDKJcxFK6NqNr+LGhSJufQJ3vo3TNAut/jDw851zOHP+MGVUKsf5skoLi0vLK+XVytr6xuaWvb3TlokWmLRwwhLRDZEkjHLSUlQx0k0FQXHISCccXU7rnXsiJE34rRqnxI/RgNM+xUgZFNj7UeDFuuY16dEx9O40iuBVkBnkcT3JcWBXnbqTC/41bmGqoFAzsD+9KME6JlxhhqTsuU6q/AwJRTEjk4qnJUkRHqEB6RnLUUykn+WnTOChIRHsJ8I8rmBOf05kKJZyHIemM0ZqKOdrU/hfradV/9zPKE+1IhzPFvU1gyqB01xgRAXBio2NQVhQ81eIh0ggrEx6FROCO3/yX9M+qbtO3b05rTYuijjKYA8cgBpwwRlogGvQBC2AwQN4Ai/g1Xq0nq03633WWrKKmV3wS9bHNzLymU4=</latexit><latexit sha1_base64="5gETOCapY7rRyZO3/bIGwaAXJho=">AAACCnicbZDLSsNAFIYn9VbrLerSzWgRKkhJRNBlUQSXFewFmhAmk2k7dDKJcxFK6NqNr+LGhSJufQJ3vo3TNAut/jDw851zOHP+MGVUKsf5skoLi0vLK+XVytr6xuaWvb3TlokWmLRwwhLRDZEkjHLSUlQx0k0FQXHISCccXU7rnXsiJE34rRqnxI/RgNM+xUgZFNj7UeDFuuY16dEx9O40iuBVkBnkcT3JcWBXnbqTC/41bmGqoFAzsD+9KME6JlxhhqTsuU6q/AwJRTEjk4qnJUkRHqEB6RnLUUykn+WnTOChIRHsJ8I8rmBOf05kKJZyHIemM0ZqKOdrU/hfradV/9zPKE+1IhzPFvU1gyqB01xgRAXBio2NQVhQ81eIh0ggrEx6FROCO3/yX9M+qbtO3b05rTYuijjKYA8cgBpwwRlogGvQBC2AwQN4Ai/g1Xq0nq03633WWrKKmV3wS9bHNzLymU4=</latexit><latexit sha1_base64="5gETOCapY7rRyZO3/bIGwaAXJho=">AAACCnicbZDLSsNAFIYn9VbrLerSzWgRKkhJRNBlUQSXFewFmhAmk2k7dDKJcxFK6NqNr+LGhSJufQJ3vo3TNAut/jDw851zOHP+MGVUKsf5skoLi0vLK+XVytr6xuaWvb3TlokWmLRwwhLRDZEkjHLSUlQx0k0FQXHISCccXU7rnXsiJE34rRqnxI/RgNM+xUgZFNj7UeDFuuY16dEx9O40iuBVkBnkcT3JcWBXnbqTC/41bmGqoFAzsD+9KME6JlxhhqTsuU6q/AwJRTEjk4qnJUkRHqEB6RnLUUykn+WnTOChIRHsJ8I8rmBOf05kKJZyHIemM0ZqKOdrU/hfradV/9zPKE+1IhzPFvU1gyqB01xgRAXBio2NQVhQ81eIh0ggrEx6FROCO3/yX9M+qbtO3b05rTYuijjKYA8cgBpwwRlogGvQBC2AwQN4Ai/g1Xq0nq03633WWrKKmV3wS9bHNzLymU4=</latexit><latexit sha1_base64="5gETOCapY7rRyZO3/bIGwaAXJho=">AAACCnicbZDLSsNAFIYn9VbrLerSzWgRKkhJRNBlUQSXFewFmhAmk2k7dDKJcxFK6NqNr+LGhSJufQJ3vo3TNAut/jDw851zOHP+MGVUKsf5skoLi0vLK+XVytr6xuaWvb3TlokWmLRwwhLRDZEkjHLSUlQx0k0FQXHISCccXU7rnXsiJE34rRqnxI/RgNM+xUgZFNj7UeDFuuY16dEx9O40iuBVkBnkcT3JcWBXnbqTC/41bmGqoFAzsD+9KME6JlxhhqTsuU6q/AwJRTEjk4qnJUkRHqEB6RnLUUykn+WnTOChIRHsJ8I8rmBOf05kKJZyHIemM0ZqKOdrU/hfradV/9zPKE+1IhzPFvU1gyqB01xgRAXBio2NQVhQ81eIh0ggrEx6FROCO3/yX9M+qbtO3b05rTYuijjKYA8cgBpwwRlogGvQBC2AwQN4Ai/g1Xq0nq03633WWrKKmV3wS9bHNzLymU4=</latexit>

Dµ
<latexit sha1_base64="85q/O5B6ZhuRPSEScmeDReWFvSA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiHjxWMG2hDWWz3bRLdzdhdyOE0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nilCfxDxW3RBrypmkvmGG026iKBYhp51wcjvzO09UaRbLR5MlNBB4JFnECDZW8u8GfZEOqjW37s6BVolXkBoUaA2qX/1hTFJBpSEca93z3MQEOVaGEU6nlX6qaYLJBI9oz1KJBdVBPj92is6sMkRRrGxJg+bq74kcC60zEdpOgc1YL3sz8T+vl5roOsiZTFJDJVksilKOTIxmn6MhU5QYnlmCiWL2VkTGWGFibD4VG4K3/PIqaTfq3kW98XBZa94UcZThBE7hHDy4gibcQwt8IMDgGV7hzZHOi/PufCxaS04xcwx/4Hz+AKHGjpE=</latexit> Building block

dµ = uµ
<latexit sha1_base64="E/6P2lTaMw+CaD4cGpOA8+BhdNw=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiRV0I1QdOOygn1AG8pkMmmHziRxHoVS+h1uXCji1o9x5984abPQ1gOXezjnXubOCVLOlHbdb6ewtr6xuVXcLu3s7u0flA+PWioxktAmSXgiOwFWlLOYNjXTnHZSSbEIOG0Ho7vMb4+pVCyJH/Ukpb7Ag5hFjGBtJT/s94RBN8hkvV+uuFV3DrRKvJxUIEejX/7qhQkxgsaacKxU13NT7U+x1IxwOiv1jKIpJiM8oF1LYyyo8qfzo2fozCohihJpK9Zorv7emGKh1EQEdlJgPVTLXib+53WNjq79KYtTo2lMFg9FhiOdoCwBFDJJieYTSzCRzN6KyBBLTLTNqWRD8Ja/vEpatap3Ua09XFbqt3kcRTiBUzgHD66gDvfQgCYQeIJneIU3Z+y8OO/Ox2K04OQ7x/AHzucP8nGRkA==</latexit>

[Callan, Coleman, Wess, Zumino, 1969] 
CCWZ Coset Symmetric Coset

QCD Chiral Lag EW Chiral Lag
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Adler Zero Condition for Goldstone

Expand the soft-limit amplitude into the SSYT basis

Put constraints on the SSYT basis 

Amplitude (soft limit of external leg s)
[ Adler, 1965 ] 

[ Low, Shu, Xiao, Zheng, 2022] 
[ Sun, Xiao, Yu, 2206.07722 ] 
[ Sun, Xiao, Yu, 2210.14939 ] 

custodial/chiral symmetry breaking: spurion

Chiral symmetry

At low energy

Goldberger-Trieman, Callan-Trieman, Adler-Weisberger, etc

Adler Zero condition
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Higher Order Chiral Lagrangian

LO Lagrangian [ Weinberg, 1979 ] 

nucleon-meson

Pure mesonic

nucleon-nucleon

NNLO Basis

NLO 2-fermion

NLO bosonic

NLO 4-fermion

LO Lagrangian [ Weinberg, 1979 ] 

[ Appelquist, Bernard, 1980 ] 

[ Longhitano, 1980, 1981 ] 

[ Feruglio, 1993 ] 

[ Sun, Xiao, Yu, 2206.07722 ] 

[ Buchalla, Cata, Krause, 2014 ] 

[ Pich, Rosell, Santos, Sanz-Cillero, 2015, 2018 ] 

[ Sun, Xiao, Yu, 2210.14939 ] 

[ Gasser, Leutwyler, 1984, 1985 ] 

[ Fearing, Scherer 1994 ] 
[ Bijnens, Colangelo, Ecker, 1999 ] 

[ Bijnens, Hermansson, Wang,  2018 ] 

[ Fettes, Meisner, Mojzis, Steininger, 2000 ] 

[ Krause, 1990 ] 
[ Ecker, 1994 ] 

[ Oller, Verbeni, Prades, 2006 ] 
[ Frink, Meisner, 2006 ] 
[ Jiang, Chen, Liu, 2017 ] 

[ Jiang, Ge, Wang, 2014 ] 

[ Petschauer, Haidenbauer, Kaiser, Meisner, Weise, 2020 ] 

[ Petschauer, Kaiser, 2013 ] 

[ Weinberg 1990 ] 
[ van Kolck, Ordonez, 1992 ] 

ChPT and Chiral EFT EW Chiral Lagrangian = HEFT

[ Buchalla, Cata, Krause, 2014 ] 

6 term missing

30

[ Chuan-Qiang Song, Hao Sun, J.H.Yu, 2404.15047 ] 

[ Xuan-He Li, Hao Sun, Feng-Jie Tang, J.H.Yu, 2404.14152 ] 

[ Hao Sun, Yi-Ning Wang, J.H.Yu, 2501.14018 ] 
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Ab initio nuclear structure

31

[ See Pengwei Zhao’s talk ] 



Jiang-Hao Yu (ITP-CAS)32

Nuclear force

Yukawa Pion 
Theory 
1935

One-Boson 
Exchange 

Model 
1936 - 1960

Weinberg 
nuclear chiral 

EFT 
1990 - 

N-N from 
quark/chiral-
bag model 

1970 - 1980

Two-Pion 
Exchange 

1950 - 1980

High precision 
potential 
1990 - 

Proca, Kemmer,  
Moller,  

Rosenfeld and  
Schwinger, 

Pauli, …

Taketani,  
Nakamura 

Sasaki, Bruckner,  
Watson, …

AV18,  
CD Bonn,  

Nijm,  
Reid93 

…



Jiang-Hao Yu (ITP-CAS)

Chiral nuclear force
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Meson Exchange Model Chiral EFT

Repulsive central
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Weinberg’s nuclear force
Hard-core nucleon-nucleon interaction

= 2(1-2+2/2) = 0 = (0-2+4/2) = 0

Weinberg power counting

Weinberg 2021

2PR Diagrams2PI Diagrams

Breakdown in perturbation theory = nuclear bound states

[ Weinberg 1933 - 2021 ] 

Nuclear potential from Irre. 2PI only
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Chiral effective field theory
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Pinch singularity

[ Weinberg, 1990 ]Chiral EFT with Pion

1. calculate nuclear potential from irreducible diagrams

2. Truncated nuclear potential is iterated to all order

pinch diagrams subtracted

Solve Schrodinger equation

Pionless EFT

Pinch singularity

Infrared enhancement!

a. Natural scattering length

Kaplan, Savage, Wise 1998

b. Unnatural scattering length

Relevant

Irrelevant 
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Power counting schemes
Complicated due to non-perturbative natures and renormalization problems

Weinberg Scheme

KSW Scheme

Modified Weinberg

Renormalization problem!

Converge problem!

Pion are perturbative

Solve both but why?

[ Nogga, Timmermans, van Kolck, 2005 ]

[ S. Wu, B. W. Long, 2019 ]
[ Epelbaum, Gegelia, 2012 ]

[ See Bingwei Long’s talk ] 
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High precision nuclear force
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[ Entem, Machleidt, Nosyk, 2020 ] 

Weinberg scheme
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Non-relativistic operators
Operator

Spin Relation EOM and CDC

Schouten Identity

IBP

SU(2) YD On-shell Amplitude

Non-linearized Lorentz symmetry

Missing Goldstone

[ Yong-Kang Li, Yi-Ning Wang, J.H.Yu, in preparation ] 
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NN and 3N operators 

NLO

LO

NNLO

[ Petschauer, Haidenbauer, Kaiser, Meisner, Weise, 2016 ] 

[ Petschauer, Kaiser, 2013 ] 

[ Weinberg 1990 ] 

[ van Kolck, Ordonez, 1992 ] 

Nucleon-nucleon sector 3 nucleon sector

[ Nasoni, Filandri, Girlanda, 2023 ] [ Girlanda, Pastore, Schiavilla, Viviani, 2010 ] 
[ Xiao, Geng, Ren, 2019 ] 

[ Weinberg 1991 ] 

[ Hao Sun, Yi-Ning Wang, J.H.Yu, 2501.14018 ] 

[ Yong-Kang Li, Yi-Ning Wang, J.H.Yu, in preparation ] 
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Nuclear many body effects for 0vbb
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Long-range and short-range weak currents

[ Cirigliano, Dekens, de Vries, Graesser, Mereghetti, 2019] 

[ See Pengwei Zhao’s talk ] 
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Ab initio nuclear structure
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[ See Pengwei Zhao’s talk ] 
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Complete EFT Framework for 0vbb 
Operator bases for different EFTs are necessarily needed to provide most general description

LE
FT

[ Cirigliano, Dekens, de Vries, Graesser, Mereghetti, 2018] 

42

Quark level operators

Hadronic level operators

Nuclear level operators

UV models new particles

Setup a general framework
How to find complete UV?
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UV Completion for nv mass and 0vbb 

[ Hao-Lin Li, Yu-Han Ni, Ming-Lei Xiao, J.H.Yu, 2204.03660 ] 

[ Gang Li, J.H.Yu, Xiang Zhao, 2311.15422 ] 

[ Hao-Lin Li, Yu-Han Ni, Ming-Lei Xiao, J.H.Yu, in preparation ] 

[ Xu-Xiang Li, Zhe Ren, J.H.Yu, 2307.10380 ] 
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SMEFT Inverse Problem

LHC probing scale

SMEFT

LEFT

chPT, chEFT

Low energy experiments

44

Given effective operators, how to find complete UV ?
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UV of Weinberg Operator

SMEFT
H

<latexit sha1_base64="PT7pcYKAdxF73rEWwP5ehiolakA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeglxwTMA9IljA725sMmZ1dZmaFEIIf4FU/wZt49Vv8An/DSbIHTSxoKKq66e4KUsG1cd0vp7CxubW9U9wt7e0fHB6Vj0/aOskUwxZLRKK6AdUouMSW4UZgN1VI40BgJxjfz/3OIyrNE/lgJin6MR1KHnFGjZWa9UG54lbdBcg68XJSgRyNQfm7HyYsi1EaJqjWPc9NjT+lynAmcFbqZxpTysZ0iD1LJY1R+9PFoTNyYZWQRImyJQ1ZqL8npjTWehIHtjOmZqRXvbn4r6ftKSMMV9ab6NafcplmBiVbbo8yQUxC5lGQkCtkRkwsoUxx+wBhI6ooMzawkk3GW81hnbSvqp5b9ZrXldpdnlERzuAcLsGDG6hBHRrQAgYIz/ACr86T8+a8Ox/L1oKTz5zCHzifP4IUlaU=</latexit><latexit sha1_base64="PT7pcYKAdxF73rEWwP5ehiolakA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeglxwTMA9IljA725sMmZ1dZmaFEIIf4FU/wZt49Vv8An/DSbIHTSxoKKq66e4KUsG1cd0vp7CxubW9U9wt7e0fHB6Vj0/aOskUwxZLRKK6AdUouMSW4UZgN1VI40BgJxjfz/3OIyrNE/lgJin6MR1KHnFGjZWa9UG54lbdBcg68XJSgRyNQfm7HyYsi1EaJqjWPc9NjT+lynAmcFbqZxpTysZ0iD1LJY1R+9PFoTNyYZWQRImyJQ1ZqL8npjTWehIHtjOmZqRXvbn4r6ftKSMMV9ab6NafcplmBiVbbo8yQUxC5lGQkCtkRkwsoUxx+wBhI6ooMzawkk3GW81hnbSvqp5b9ZrXldpdnlERzuAcLsGDG6hBHRrQAgYIz/ACr86T8+a8Ox/L1oKTz5zCHzifP4IUlaU=</latexit><latexit sha1_base64="PT7pcYKAdxF73rEWwP5ehiolakA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeglxwTMA9IljA725sMmZ1dZmaFEIIf4FU/wZt49Vv8An/DSbIHTSxoKKq66e4KUsG1cd0vp7CxubW9U9wt7e0fHB6Vj0/aOskUwxZLRKK6AdUouMSW4UZgN1VI40BgJxjfz/3OIyrNE/lgJin6MR1KHnFGjZWa9UG54lbdBcg68XJSgRyNQfm7HyYsi1EaJqjWPc9NjT+lynAmcFbqZxpTysZ0iD1LJY1R+9PFoTNyYZWQRImyJQ1ZqL8npjTWehIHtjOmZqRXvbn4r6ftKSMMV9ab6NafcplmBiVbbo8yQUxC5lGQkCtkRkwsoUxx+wBhI6ooMzawkk3GW81hnbSvqp5b9ZrXldpdnlERzuAcLsGDG6hBHRrQAgYIz/ACr86T8+a8Ox/L1oKTz5zCHzifP4IUlaU=</latexit><latexit sha1_base64="PT7pcYKAdxF73rEWwP5ehiolakA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeglxwTMA9IljA725sMmZ1dZmaFEIIf4FU/wZt49Vv8An/DSbIHTSxoKKq66e4KUsG1cd0vp7CxubW9U9wt7e0fHB6Vj0/aOskUwxZLRKK6AdUouMSW4UZgN1VI40BgJxjfz/3OIyrNE/lgJin6MR1KHnFGjZWa9UG54lbdBcg68XJSgRyNQfm7HyYsi1EaJqjWPc9NjT+lynAmcFbqZxpTysZ0iD1LJY1R+9PFoTNyYZWQRImyJQ1ZqL8npjTWehIHtjOmZqRXvbn4r6ftKSMMV9ab6NafcplmBiVbbo8yQUxC5lGQkCtkRkwsoUxx+wBhI6ooMzawkk3GW81hnbSvqp5b9ZrXldpdnlERzuAcLsGDG6hBHRrQAgYIz/ACr86T8+a8Ox/L1oKTz5zCHzifP4IUlaU=</latexit>

H
<latexit sha1_base64="PT7pcYKAdxF73rEWwP5ehiolakA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeglxwTMA9IljA725sMmZ1dZmaFEIIf4FU/wZt49Vv8An/DSbIHTSxoKKq66e4KUsG1cd0vp7CxubW9U9wt7e0fHB6Vj0/aOskUwxZLRKK6AdUouMSW4UZgN1VI40BgJxjfz/3OIyrNE/lgJin6MR1KHnFGjZWa9UG54lbdBcg68XJSgRyNQfm7HyYsi1EaJqjWPc9NjT+lynAmcFbqZxpTysZ0iD1LJY1R+9PFoTNyYZWQRImyJQ1ZqL8npjTWehIHtjOmZqRXvbn4r6ftKSMMV9ab6NafcplmBiVbbo8yQUxC5lGQkCtkRkwsoUxx+wBhI6ooMzawkk3GW81hnbSvqp5b9ZrXldpdnlERzuAcLsGDG6hBHRrQAgYIz/ACr86T8+a8Ox/L1oKTz5zCHzifP4IUlaU=</latexit><latexit sha1_base64="PT7pcYKAdxF73rEWwP5ehiolakA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeglxwTMA9IljA725sMmZ1dZmaFEIIf4FU/wZt49Vv8An/DSbIHTSxoKKq66e4KUsG1cd0vp7CxubW9U9wt7e0fHB6Vj0/aOskUwxZLRKK6AdUouMSW4UZgN1VI40BgJxjfz/3OIyrNE/lgJin6MR1KHnFGjZWa9UG54lbdBcg68XJSgRyNQfm7HyYsi1EaJqjWPc9NjT+lynAmcFbqZxpTysZ0iD1LJY1R+9PFoTNyYZWQRImyJQ1ZqL8npjTWehIHtjOmZqRXvbn4r6ftKSMMV9ab6NafcplmBiVbbo8yQUxC5lGQkCtkRkwsoUxx+wBhI6ooMzawkk3GW81hnbSvqp5b9ZrXldpdnlERzuAcLsGDG6hBHRrQAgYIz/ACr86T8+a8Ox/L1oKTz5zCHzifP4IUlaU=</latexit><latexit sha1_base64="PT7pcYKAdxF73rEWwP5ehiolakA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeglxwTMA9IljA725sMmZ1dZmaFEIIf4FU/wZt49Vv8An/DSbIHTSxoKKq66e4KUsG1cd0vp7CxubW9U9wt7e0fHB6Vj0/aOskUwxZLRKK6AdUouMSW4UZgN1VI40BgJxjfz/3OIyrNE/lgJin6MR1KHnFGjZWa9UG54lbdBcg68XJSgRyNQfm7HyYsi1EaJqjWPc9NjT+lynAmcFbqZxpTysZ0iD1LJY1R+9PFoTNyYZWQRImyJQ1ZqL8npjTWehIHtjOmZqRXvbn4r6ftKSMMV9ab6NafcplmBiVbbo8yQUxC5lGQkCtkRkwsoUxx+wBhI6ooMzawkk3GW81hnbSvqp5b9ZrXldpdnlERzuAcLsGDG6hBHRrQAgYIz/ACr86T8+a8Ox/L1oKTz5zCHzifP4IUlaU=</latexit><latexit sha1_base64="PT7pcYKAdxF73rEWwP5ehiolakA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeglxwTMA9IljA725sMmZ1dZmaFEIIf4FU/wZt49Vv8An/DSbIHTSxoKKq66e4KUsG1cd0vp7CxubW9U9wt7e0fHB6Vj0/aOskUwxZLRKK6AdUouMSW4UZgN1VI40BgJxjfz/3OIyrNE/lgJin6MR1KHnFGjZWa9UG54lbdBcg68XJSgRyNQfm7HyYsi1EaJqjWPc9NjT+lynAmcFbqZxpTysZ0iD1LJY1R+9PFoTNyYZWQRImyJQ1ZqL8npjTWehIHtjOmZqRXvbn4r6ftKSMMV9ab6NafcplmBiVbbo8yQUxC5lGQkCtkRkwsoUxx+wBhI6ooMzawkk3GW81hnbSvqp5b9ZrXldpdnlERzuAcLsGDG6hBHRrQAgYIz/ACr86T8+a8Ox/L1oKTz5zCHzifP4IUlaU=</latexit>

L
<latexit sha1_base64="J3F/2xQxK5gCazgmdkGVvxDdQ+0=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFw8eEjAPSJYwO9ubDJmdXWZmhRCCH+BVP8GbePVb/AJ/w0myB00saCiquunuClLBtXHdL6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0SiOgHVKLjEpuFGYCdVSONAYDsY3c789iMqzRP5YMYp+jEdSB5xRo2VGvf9csWtunOQVeLlpAI56v3ydy9MWBajNExQrbuemxp/QpXhTOC01Ms0ppSN6AC7lkoao/Yn80On5MwqIYkSZUsaMld/T0xorPU4DmxnTM1QL3sz8V9P21OGGC6tN9G1P+EyzQxKttgeZYKYhMyiICFXyIwYW0KZ4vYBwoZUUWZsYCWbjLecwyppXVQ9t+o1Liu1mzyjIpzAKZyDB1dQgzuoQxMYIDzDC7w6T86b8+58LFoLTj5zDH/gfP4AiHiVqQ==</latexit><latexit sha1_base64="J3F/2xQxK5gCazgmdkGVvxDdQ+0=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFw8eEjAPSJYwO9ubDJmdXWZmhRCCH+BVP8GbePVb/AJ/w0myB00saCiquunuClLBtXHdL6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0SiOgHVKLjEpuFGYCdVSONAYDsY3c789iMqzRP5YMYp+jEdSB5xRo2VGvf9csWtunOQVeLlpAI56v3ydy9MWBajNExQrbuemxp/QpXhTOC01Ms0ppSN6AC7lkoao/Yn80On5MwqIYkSZUsaMld/T0xorPU4DmxnTM1QL3sz8V9P21OGGC6tN9G1P+EyzQxKttgeZYKYhMyiICFXyIwYW0KZ4vYBwoZUUWZsYCWbjLecwyppXVQ9t+o1Liu1mzyjIpzAKZyDB1dQgzuoQxMYIDzDC7w6T86b8+58LFoLTj5zDH/gfP4AiHiVqQ==</latexit><latexit sha1_base64="J3F/2xQxK5gCazgmdkGVvxDdQ+0=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFw8eEjAPSJYwO9ubDJmdXWZmhRCCH+BVP8GbePVb/AJ/w0myB00saCiquunuClLBtXHdL6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0SiOgHVKLjEpuFGYCdVSONAYDsY3c789iMqzRP5YMYp+jEdSB5xRo2VGvf9csWtunOQVeLlpAI56v3ydy9MWBajNExQrbuemxp/QpXhTOC01Ms0ppSN6AC7lkoao/Yn80On5MwqIYkSZUsaMld/T0xorPU4DmxnTM1QL3sz8V9P21OGGC6tN9G1P+EyzQxKttgeZYKYhMyiICFXyIwYW0KZ4vYBwoZUUWZsYCWbjLecwyppXVQ9t+o1Liu1mzyjIpzAKZyDB1dQgzuoQxMYIDzDC7w6T86b8+58LFoLTj5zDH/gfP4AiHiVqQ==</latexit><latexit sha1_base64="J3F/2xQxK5gCazgmdkGVvxDdQ+0=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFw8eEjAPSJYwO9ubDJmdXWZmhRCCH+BVP8GbePVb/AJ/w0myB00saCiquunuClLBtXHdL6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0SiOgHVKLjEpuFGYCdVSONAYDsY3c789iMqzRP5YMYp+jEdSB5xRo2VGvf9csWtunOQVeLlpAI56v3ydy9MWBajNExQrbuemxp/QpXhTOC01Ms0ppSN6AC7lkoao/Yn80On5MwqIYkSZUsaMld/T0xorPU4DmxnTM1QL3sz8V9P21OGGC6tN9G1P+EyzQxKttgeZYKYhMyiICFXyIwYW0KZ4vYBwoZUUWZsYCWbjLecwyppXVQ9t+o1Liu1mzyjIpzAKZyDB1dQgzuoQxMYIDzDC7w6T86b8+58LFoLTj5zDH/gfP4AiHiVqQ==</latexit>

L
<latexit sha1_base64="J3F/2xQxK5gCazgmdkGVvxDdQ+0=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFw8eEjAPSJYwO9ubDJmdXWZmhRCCH+BVP8GbePVb/AJ/w0myB00saCiquunuClLBtXHdL6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0SiOgHVKLjEpuFGYCdVSONAYDsY3c789iMqzRP5YMYp+jEdSB5xRo2VGvf9csWtunOQVeLlpAI56v3ydy9MWBajNExQrbuemxp/QpXhTOC01Ms0ppSN6AC7lkoao/Yn80On5MwqIYkSZUsaMld/T0xorPU4DmxnTM1QL3sz8V9P21OGGC6tN9G1P+EyzQxKttgeZYKYhMyiICFXyIwYW0KZ4vYBwoZUUWZsYCWbjLecwyppXVQ9t+o1Liu1mzyjIpzAKZyDB1dQgzuoQxMYIDzDC7w6T86b8+58LFoLTj5zDH/gfP4AiHiVqQ==</latexit><latexit sha1_base64="J3F/2xQxK5gCazgmdkGVvxDdQ+0=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFw8eEjAPSJYwO9ubDJmdXWZmhRCCH+BVP8GbePVb/AJ/w0myB00saCiquunuClLBtXHdL6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0SiOgHVKLjEpuFGYCdVSONAYDsY3c789iMqzRP5YMYp+jEdSB5xRo2VGvf9csWtunOQVeLlpAI56v3ydy9MWBajNExQrbuemxp/QpXhTOC01Ms0ppSN6AC7lkoao/Yn80On5MwqIYkSZUsaMld/T0xorPU4DmxnTM1QL3sz8V9P21OGGC6tN9G1P+EyzQxKttgeZYKYhMyiICFXyIwYW0KZ4vYBwoZUUWZsYCWbjLecwyppXVQ9t+o1Liu1mzyjIpzAKZyDB1dQgzuoQxMYIDzDC7w6T86b8+58LFoLTj5zDH/gfP4AiHiVqQ==</latexit><latexit sha1_base64="J3F/2xQxK5gCazgmdkGVvxDdQ+0=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFw8eEjAPSJYwO9ubDJmdXWZmhRCCH+BVP8GbePVb/AJ/w0myB00saCiquunuClLBtXHdL6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0SiOgHVKLjEpuFGYCdVSONAYDsY3c789iMqzRP5YMYp+jEdSB5xRo2VGvf9csWtunOQVeLlpAI56v3ydy9MWBajNExQrbuemxp/QpXhTOC01Ms0ppSN6AC7lkoao/Yn80On5MwqIYkSZUsaMld/T0xorPU4DmxnTM1QL3sz8V9P21OGGC6tN9G1P+EyzQxKttgeZYKYhMyiICFXyIwYW0KZ4vYBwoZUUWZsYCWbjLecwyppXVQ9t+o1Liu1mzyjIpzAKZyDB1dQgzuoQxMYIDzDC7w6T86b8+58LFoLTj5zDH/gfP4AiHiVqQ==</latexit><latexit sha1_base64="J3F/2xQxK5gCazgmdkGVvxDdQ+0=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFw8eEjAPSJYwO9ubDJmdXWZmhRCCH+BVP8GbePVb/AJ/w0myB00saCiquunuClLBtXHdL6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0SiOgHVKLjEpuFGYCdVSONAYDsY3c789iMqzRP5YMYp+jEdSB5xRo2VGvf9csWtunOQVeLlpAI56v3ydy9MWBajNExQrbuemxp/QpXhTOC01Ms0ppSN6AC7lkoao/Yn80On5MwqIYkSZUsaMld/T0xorPU4DmxnTM1QL3sz8V9P21OGGC6tN9G1P+EyzQxKttgeZYKYhMyiICFXyIwYW0KZ4vYBwoZUUWZsYCWbjLecwyppXVQ9t+o1Liu1mzyjIpzAKZyDB1dQgzuoQxMYIDzDC7w6T86b8+58LFoLTj5zDH/gfP4AiHiVqQ==</latexit>

SMEFTH
<latexit sha1_base64="PT7pcYKAdxF73rEWwP5ehiolakA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeglxwTMA9IljA725sMmZ1dZmaFEIIf4FU/wZt49Vv8An/DSbIHTSxoKKq66e4KUsG1cd0vp7CxubW9U9wt7e0fHB6Vj0/aOskUwxZLRKK6AdUouMSW4UZgN1VI40BgJxjfz/3OIyrNE/lgJin6MR1KHnFGjZWa9UG54lbdBcg68XJSgRyNQfm7HyYsi1EaJqjWPc9NjT+lynAmcFbqZxpTysZ0iD1LJY1R+9PFoTNyYZWQRImyJQ1ZqL8npjTWehIHtjOmZqRXvbn4r6ftKSMMV9ab6NafcplmBiVbbo8yQUxC5lGQkCtkRkwsoUxx+wBhI6ooMzawkk3GW81hnbSvqp5b9ZrXldpdnlERzuAcLsGDG6hBHRrQAgYIz/ACr86T8+a8Ox/L1oKTz5zCHzifP4IUlaU=</latexit><latexit sha1_base64="PT7pcYKAdxF73rEWwP5ehiolakA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeglxwTMA9IljA725sMmZ1dZmaFEIIf4FU/wZt49Vv8An/DSbIHTSxoKKq66e4KUsG1cd0vp7CxubW9U9wt7e0fHB6Vj0/aOskUwxZLRKK6AdUouMSW4UZgN1VI40BgJxjfz/3OIyrNE/lgJin6MR1KHnFGjZWa9UG54lbdBcg68XJSgRyNQfm7HyYsi1EaJqjWPc9NjT+lynAmcFbqZxpTysZ0iD1LJY1R+9PFoTNyYZWQRImyJQ1ZqL8npjTWehIHtjOmZqRXvbn4r6ftKSMMV9ab6NafcplmBiVbbo8yQUxC5lGQkCtkRkwsoUxx+wBhI6ooMzawkk3GW81hnbSvqp5b9ZrXldpdnlERzuAcLsGDG6hBHRrQAgYIz/ACr86T8+a8Ox/L1oKTz5zCHzifP4IUlaU=</latexit><latexit sha1_base64="PT7pcYKAdxF73rEWwP5ehiolakA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeglxwTMA9IljA725sMmZ1dZmaFEIIf4FU/wZt49Vv8An/DSbIHTSxoKKq66e4KUsG1cd0vp7CxubW9U9wt7e0fHB6Vj0/aOskUwxZLRKK6AdUouMSW4UZgN1VI40BgJxjfz/3OIyrNE/lgJin6MR1KHnFGjZWa9UG54lbdBcg68XJSgRyNQfm7HyYsi1EaJqjWPc9NjT+lynAmcFbqZxpTysZ0iD1LJY1R+9PFoTNyYZWQRImyJQ1ZqL8npjTWehIHtjOmZqRXvbn4r6ftKSMMV9ab6NafcplmBiVbbo8yQUxC5lGQkCtkRkwsoUxx+wBhI6ooMzawkk3GW81hnbSvqp5b9ZrXldpdnlERzuAcLsGDG6hBHRrQAgYIz/ACr86T8+a8Ox/L1oKTz5zCHzifP4IUlaU=</latexit><latexit sha1_base64="PT7pcYKAdxF73rEWwP5ehiolakA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeglxwTMA9IljA725sMmZ1dZmaFEIIf4FU/wZt49Vv8An/DSbIHTSxoKKq66e4KUsG1cd0vp7CxubW9U9wt7e0fHB6Vj0/aOskUwxZLRKK6AdUouMSW4UZgN1VI40BgJxjfz/3OIyrNE/lgJin6MR1KHnFGjZWa9UG54lbdBcg68XJSgRyNQfm7HyYsi1EaJqjWPc9NjT+lynAmcFbqZxpTysZ0iD1LJY1R+9PFoTNyYZWQRImyJQ1ZqL8npjTWehIHtjOmZqRXvbn4r6ftKSMMV9ab6NafcplmBiVbbo8yQUxC5lGQkCtkRkwsoUxx+wBhI6ooMzawkk3GW81hnbSvqp5b9ZrXldpdnlERzuAcLsGDG6hBHRrQAgYIz/ACr86T8+a8Ox/L1oKTz5zCHzifP4IUlaU=</latexit>

H
<latexit sha1_base64="PT7pcYKAdxF73rEWwP5ehiolakA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeglxwTMA9IljA725sMmZ1dZmaFEIIf4FU/wZt49Vv8An/DSbIHTSxoKKq66e4KUsG1cd0vp7CxubW9U9wt7e0fHB6Vj0/aOskUwxZLRKK6AdUouMSW4UZgN1VI40BgJxjfz/3OIyrNE/lgJin6MR1KHnFGjZWa9UG54lbdBcg68XJSgRyNQfm7HyYsi1EaJqjWPc9NjT+lynAmcFbqZxpTysZ0iD1LJY1R+9PFoTNyYZWQRImyJQ1ZqL8npjTWehIHtjOmZqRXvbn4r6ftKSMMV9ab6NafcplmBiVbbo8yQUxC5lGQkCtkRkwsoUxx+wBhI6ooMzawkk3GW81hnbSvqp5b9ZrXldpdnlERzuAcLsGDG6hBHRrQAgYIz/ACr86T8+a8Ox/L1oKTz5zCHzifP4IUlaU=</latexit><latexit sha1_base64="PT7pcYKAdxF73rEWwP5ehiolakA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeglxwTMA9IljA725sMmZ1dZmaFEIIf4FU/wZt49Vv8An/DSbIHTSxoKKq66e4KUsG1cd0vp7CxubW9U9wt7e0fHB6Vj0/aOskUwxZLRKK6AdUouMSW4UZgN1VI40BgJxjfz/3OIyrNE/lgJin6MR1KHnFGjZWa9UG54lbdBcg68XJSgRyNQfm7HyYsi1EaJqjWPc9NjT+lynAmcFbqZxpTysZ0iD1LJY1R+9PFoTNyYZWQRImyJQ1ZqL8npjTWehIHtjOmZqRXvbn4r6ftKSMMV9ab6NafcplmBiVbbo8yQUxC5lGQkCtkRkwsoUxx+wBhI6ooMzawkk3GW81hnbSvqp5b9ZrXldpdnlERzuAcLsGDG6hBHRrQAgYIz/ACr86T8+a8Ox/L1oKTz5zCHzifP4IUlaU=</latexit><latexit sha1_base64="PT7pcYKAdxF73rEWwP5ehiolakA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeglxwTMA9IljA725sMmZ1dZmaFEIIf4FU/wZt49Vv8An/DSbIHTSxoKKq66e4KUsG1cd0vp7CxubW9U9wt7e0fHB6Vj0/aOskUwxZLRKK6AdUouMSW4UZgN1VI40BgJxjfz/3OIyrNE/lgJin6MR1KHnFGjZWa9UG54lbdBcg68XJSgRyNQfm7HyYsi1EaJqjWPc9NjT+lynAmcFbqZxpTysZ0iD1LJY1R+9PFoTNyYZWQRImyJQ1ZqL8npjTWehIHtjOmZqRXvbn4r6ftKSMMV9ab6NafcplmBiVbbo8yQUxC5lGQkCtkRkwsoUxx+wBhI6ooMzawkk3GW81hnbSvqp5b9ZrXldpdnlERzuAcLsGDG6hBHRrQAgYIz/ACr86T8+a8Ox/L1oKTz5zCHzifP4IUlaU=</latexit><latexit sha1_base64="PT7pcYKAdxF73rEWwP5ehiolakA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeglxwTMA9IljA725sMmZ1dZmaFEIIf4FU/wZt49Vv8An/DSbIHTSxoKKq66e4KUsG1cd0vp7CxubW9U9wt7e0fHB6Vj0/aOskUwxZLRKK6AdUouMSW4UZgN1VI40BgJxjfz/3OIyrNE/lgJin6MR1KHnFGjZWa9UG54lbdBcg68XJSgRyNQfm7HyYsi1EaJqjWPc9NjT+lynAmcFbqZxpTysZ0iD1LJY1R+9PFoTNyYZWQRImyJQ1ZqL8npjTWehIHtjOmZqRXvbn4r6ftKSMMV9ab6NafcplmBiVbbo8yQUxC5lGQkCtkRkwsoUxx+wBhI6ooMzawkk3GW81hnbSvqp5b9ZrXldpdnlERzuAcLsGDG6hBHRrQAgYIz/ACr86T8+a8Ox/L1oKTz5zCHzifP4IUlaU=</latexit>

L
<latexit sha1_base64="J3F/2xQxK5gCazgmdkGVvxDdQ+0=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFw8eEjAPSJYwO9ubDJmdXWZmhRCCH+BVP8GbePVb/AJ/w0myB00saCiquunuClLBtXHdL6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0SiOgHVKLjEpuFGYCdVSONAYDsY3c789iMqzRP5YMYp+jEdSB5xRo2VGvf9csWtunOQVeLlpAI56v3ydy9MWBajNExQrbuemxp/QpXhTOC01Ms0ppSN6AC7lkoao/Yn80On5MwqIYkSZUsaMld/T0xorPU4DmxnTM1QL3sz8V9P21OGGC6tN9G1P+EyzQxKttgeZYKYhMyiICFXyIwYW0KZ4vYBwoZUUWZsYCWbjLecwyppXVQ9t+o1Liu1mzyjIpzAKZyDB1dQgzuoQxMYIDzDC7w6T86b8+58LFoLTj5zDH/gfP4AiHiVqQ==</latexit><latexit sha1_base64="J3F/2xQxK5gCazgmdkGVvxDdQ+0=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFw8eEjAPSJYwO9ubDJmdXWZmhRCCH+BVP8GbePVb/AJ/w0myB00saCiquunuClLBtXHdL6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0SiOgHVKLjEpuFGYCdVSONAYDsY3c789iMqzRP5YMYp+jEdSB5xRo2VGvf9csWtunOQVeLlpAI56v3ydy9MWBajNExQrbuemxp/QpXhTOC01Ms0ppSN6AC7lkoao/Yn80On5MwqIYkSZUsaMld/T0xorPU4DmxnTM1QL3sz8V9P21OGGC6tN9G1P+EyzQxKttgeZYKYhMyiICFXyIwYW0KZ4vYBwoZUUWZsYCWbjLecwyppXVQ9t+o1Liu1mzyjIpzAKZyDB1dQgzuoQxMYIDzDC7w6T86b8+58LFoLTj5zDH/gfP4AiHiVqQ==</latexit><latexit sha1_base64="J3F/2xQxK5gCazgmdkGVvxDdQ+0=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFw8eEjAPSJYwO9ubDJmdXWZmhRCCH+BVP8GbePVb/AJ/w0myB00saCiquunuClLBtXHdL6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0SiOgHVKLjEpuFGYCdVSONAYDsY3c789iMqzRP5YMYp+jEdSB5xRo2VGvf9csWtunOQVeLlpAI56v3ydy9MWBajNExQrbuemxp/QpXhTOC01Ms0ppSN6AC7lkoao/Yn80On5MwqIYkSZUsaMld/T0xorPU4DmxnTM1QL3sz8V9P21OGGC6tN9G1P+EyzQxKttgeZYKYhMyiICFXyIwYW0KZ4vYBwoZUUWZsYCWbjLecwyppXVQ9t+o1Liu1mzyjIpzAKZyDB1dQgzuoQxMYIDzDC7w6T86b8+58LFoLTj5zDH/gfP4AiHiVqQ==</latexit><latexit sha1_base64="J3F/2xQxK5gCazgmdkGVvxDdQ+0=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFw8eEjAPSJYwO9ubDJmdXWZmhRCCH+BVP8GbePVb/AJ/w0myB00saCiquunuClLBtXHdL6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0SiOgHVKLjEpuFGYCdVSONAYDsY3c789iMqzRP5YMYp+jEdSB5xRo2VGvf9csWtunOQVeLlpAI56v3ydy9MWBajNExQrbuemxp/QpXhTOC01Ms0ppSN6AC7lkoao/Yn80On5MwqIYkSZUsaMld/T0xorPU4DmxnTM1QL3sz8V9P21OGGC6tN9G1P+EyzQxKttgeZYKYhMyiICFXyIwYW0KZ4vYBwoZUUWZsYCWbjLecwyppXVQ9t+o1Liu1mzyjIpzAKZyDB1dQgzuoQxMYIDzDC7w6T86b8+58LFoLTj5zDH/gfP4AiHiVqQ==</latexit>

L
<latexit sha1_base64="J3F/2xQxK5gCazgmdkGVvxDdQ+0=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFw8eEjAPSJYwO9ubDJmdXWZmhRCCH+BVP8GbePVb/AJ/w0myB00saCiquunuClLBtXHdL6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0SiOgHVKLjEpuFGYCdVSONAYDsY3c789iMqzRP5YMYp+jEdSB5xRo2VGvf9csWtunOQVeLlpAI56v3ydy9MWBajNExQrbuemxp/QpXhTOC01Ms0ppSN6AC7lkoao/Yn80On5MwqIYkSZUsaMld/T0xorPU4DmxnTM1QL3sz8V9P21OGGC6tN9G1P+EyzQxKttgeZYKYhMyiICFXyIwYW0KZ4vYBwoZUUWZsYCWbjLecwyppXVQ9t+o1Liu1mzyjIpzAKZyDB1dQgzuoQxMYIDzDC7w6T86b8+58LFoLTj5zDH/gfP4AiHiVqQ==</latexit><latexit sha1_base64="J3F/2xQxK5gCazgmdkGVvxDdQ+0=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFw8eEjAPSJYwO9ubDJmdXWZmhRCCH+BVP8GbePVb/AJ/w0myB00saCiquunuClLBtXHdL6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0SiOgHVKLjEpuFGYCdVSONAYDsY3c789iMqzRP5YMYp+jEdSB5xRo2VGvf9csWtunOQVeLlpAI56v3ydy9MWBajNExQrbuemxp/QpXhTOC01Ms0ppSN6AC7lkoao/Yn80On5MwqIYkSZUsaMld/T0xorPU4DmxnTM1QL3sz8V9P21OGGC6tN9G1P+EyzQxKttgeZYKYhMyiICFXyIwYW0KZ4vYBwoZUUWZsYCWbjLecwyppXVQ9t+o1Liu1mzyjIpzAKZyDB1dQgzuoQxMYIDzDC7w6T86b8+58LFoLTj5zDH/gfP4AiHiVqQ==</latexit><latexit sha1_base64="J3F/2xQxK5gCazgmdkGVvxDdQ+0=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFw8eEjAPSJYwO9ubDJmdXWZmhRCCH+BVP8GbePVb/AJ/w0myB00saCiquunuClLBtXHdL6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0SiOgHVKLjEpuFGYCdVSONAYDsY3c789iMqzRP5YMYp+jEdSB5xRo2VGvf9csWtunOQVeLlpAI56v3ydy9MWBajNExQrbuemxp/QpXhTOC01Ms0ppSN6AC7lkoao/Yn80On5MwqIYkSZUsaMld/T0xorPU4DmxnTM1QL3sz8V9P21OGGC6tN9G1P+EyzQxKttgeZYKYhMyiICFXyIwYW0KZ4vYBwoZUUWZsYCWbjLecwyppXVQ9t+o1Liu1mzyjIpzAKZyDB1dQgzuoQxMYIDzDC7w6T86b8+58LFoLTj5zDH/gfP4AiHiVqQ==</latexit><latexit sha1_base64="J3F/2xQxK5gCazgmdkGVvxDdQ+0=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFw8eEjAPSJYwO9ubDJmdXWZmhRCCH+BVP8GbePVb/AJ/w0myB00saCiquunuClLBtXHdL6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0SiOgHVKLjEpuFGYCdVSONAYDsY3c789iMqzRP5YMYp+jEdSB5xRo2VGvf9csWtunOQVeLlpAI56v3ydy9MWBajNExQrbuemxp/QpXhTOC01Ms0ppSN6AC7lkoao/Yn80On5MwqIYkSZUsaMld/T0xorPU4DmxnTM1QL3sz8V9P21OGGC6tN9G1P+EyzQxKttgeZYKYhMyiICFXyIwYW0KZ4vYBwoZUUWZsYCWbjLecwyppXVQ9t+o1Liu1mzyjIpzAKZyDB1dQgzuoQxMYIDzDC7w6T86b8+58LFoLTj5zDH/gfP4AiHiVqQ==</latexit>

Consider Angular momentum conservation

[ Demir, Karahan, Sargm, 2021 ]

Top-down Approach Bottom-up Approach

[ Schecheter, Walle, 1980, Cheng, Li 1980, Magg and Wetterich 1980 ] 

[ Foot, Lew, He, Joshi 1989 ] 

[ Yanagida 1979, Gell-Mann, Ramond, Slansky1979, Mahapatra, Senjanovic, 1980 ] 
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[ See Xiao-Gang He’s talk ] 



Jiang-Hao Yu (ITP-CAS)

Why only 3 Tree-level Seesaw?

LH ! LH channel
<latexit sha1_base64="iXvx2CTznwqq69KOhAI2qmGPJmQ=">AAACEXicbZDLTsJAFIaneEO8oSzdTAQTV6Rlo0uiGxYsMJFLAg2ZTk9hwnTazExNmoan8AHc6iO4M259Ap/A13AKLBT8k0n+/OecnDOfF3OmtG1/WYWt7Z3dveJ+6eDw6PikfHrWU1EiKXRpxCM58IgCzgR0NdMcBrEEEnoc+t7sLq/3H0EqFokHncbghmQiWMAo0SYalyu1dguPdITbrRqmUyIE8HG5atfthfCmcVamilbqjMvfIz+iSQhCU06UGjp2rN2MSM0oh3lplCiICZ2RCQyNFSQE5WaL4+f40iQ+DiJpntB4kf6eyEioVBp6pjMkeqrWa3n4b02ZU6bgr63XwY2bMREnGgRdbg8Sjg2BHA/2mQSqeWoMoZKZD+RUJKHaQCwZMs46h03Ta9Qdu+7cN6rN2xWjIjpHF+gKOegaNVELdVAXUZSiZ/SCXq0n6816tz6WrQVrNVNBf2R9/gDDlZwo</latexit><latexit sha1_base64="iXvx2CTznwqq69KOhAI2qmGPJmQ=">AAACEXicbZDLTsJAFIaneEO8oSzdTAQTV6Rlo0uiGxYsMJFLAg2ZTk9hwnTazExNmoan8AHc6iO4M259Ap/A13AKLBT8k0n+/OecnDOfF3OmtG1/WYWt7Z3dveJ+6eDw6PikfHrWU1EiKXRpxCM58IgCzgR0NdMcBrEEEnoc+t7sLq/3H0EqFokHncbghmQiWMAo0SYalyu1dguPdITbrRqmUyIE8HG5atfthfCmcVamilbqjMvfIz+iSQhCU06UGjp2rN2MSM0oh3lplCiICZ2RCQyNFSQE5WaL4+f40iQ+DiJpntB4kf6eyEioVBp6pjMkeqrWa3n4b02ZU6bgr63XwY2bMREnGgRdbg8Sjg2BHA/2mQSqeWoMoZKZD+RUJKHaQCwZMs46h03Ta9Qdu+7cN6rN2xWjIjpHF+gKOegaNVELdVAXUZSiZ/SCXq0n6816tz6WrQVrNVNBf2R9/gDDlZwo</latexit><latexit sha1_base64="iXvx2CTznwqq69KOhAI2qmGPJmQ=">AAACEXicbZDLTsJAFIaneEO8oSzdTAQTV6Rlo0uiGxYsMJFLAg2ZTk9hwnTazExNmoan8AHc6iO4M259Ap/A13AKLBT8k0n+/OecnDOfF3OmtG1/WYWt7Z3dveJ+6eDw6PikfHrWU1EiKXRpxCM58IgCzgR0NdMcBrEEEnoc+t7sLq/3H0EqFokHncbghmQiWMAo0SYalyu1dguPdITbrRqmUyIE8HG5atfthfCmcVamilbqjMvfIz+iSQhCU06UGjp2rN2MSM0oh3lplCiICZ2RCQyNFSQE5WaL4+f40iQ+DiJpntB4kf6eyEioVBp6pjMkeqrWa3n4b02ZU6bgr63XwY2bMREnGgRdbg8Sjg2BHA/2mQSqeWoMoZKZD+RUJKHaQCwZMs46h03Ta9Qdu+7cN6rN2xWjIjpHF+gKOegaNVELdVAXUZSiZ/SCXq0n6816tz6WrQVrNVNBf2R9/gDDlZwo</latexit><latexit sha1_base64="iXvx2CTznwqq69KOhAI2qmGPJmQ=">AAACEXicbZDLTsJAFIaneEO8oSzdTAQTV6Rlo0uiGxYsMJFLAg2ZTk9hwnTazExNmoan8AHc6iO4M259Ap/A13AKLBT8k0n+/OecnDOfF3OmtG1/WYWt7Z3dveJ+6eDw6PikfHrWU1EiKXRpxCM58IgCzgR0NdMcBrEEEnoc+t7sLq/3H0EqFokHncbghmQiWMAo0SYalyu1dguPdITbrRqmUyIE8HG5atfthfCmcVamilbqjMvfIz+iSQhCU06UGjp2rN2MSM0oh3lplCiICZ2RCQyNFSQE5WaL4+f40iQ+DiJpntB4kf6eyEioVBp6pjMkeqrWa3n4b02ZU6bgr63XwY2bMREnGgRdbg8Sjg2BHA/2mQSqeWoMoZKZD+RUJKHaQCwZMs46h03Ta9Qdu+7cN6rN2xWjIjpHF+gKOegaNVELdVAXUZSiZ/SCXq0n6816tz6WrQVrNVNBf2R9/gDDlZwo</latexit> LL ! HH channel

<latexit sha1_base64="l8gp8p71BjBQQD4RtGm/PiwYk8U=">AAACEXicbZDLTsJAFIaneEO8oSzdTAQTV6Rlo0uiGxYsMJFLAg2ZTk9hwnTazExNmoan8AHc6iO4M259Ap/A13AKLBT8k0n+/OecnDOfF3OmtG1/WYWt7Z3dveJ+6eDw6PikfHrWU1EiKXRpxCM58IgCzgR0NdMcBrEEEnoc+t7sLq/3H0EqFokHncbghmQiWMAo0SYalyu1dhuPdIRbrRqmUyIE8HG5atfthfCmcVamilbqjMvfIz+iSQhCU06UGjp2rN2MSM0oh3lplCiICZ2RCQyNFSQE5WaL4+f40iQ+DiJpntB4kf6eyEioVBp6pjMkeqrWa3n4b02ZU6bgr63XwY2bMREnGgRdbg8Sjg2BHA/2mQSqeWoMoZKZD+RUJKHaQCwZMs46h03Ta9Qdu+7cN6rN2xWjIjpHF+gKOegaNVELdVAXUZSiZ/SCXq0n6816tz6WrQVrNVNBf2R9/gDDrZwo</latexit><latexit sha1_base64="l8gp8p71BjBQQD4RtGm/PiwYk8U=">AAACEXicbZDLTsJAFIaneEO8oSzdTAQTV6Rlo0uiGxYsMJFLAg2ZTk9hwnTazExNmoan8AHc6iO4M259Ap/A13AKLBT8k0n+/OecnDOfF3OmtG1/WYWt7Z3dveJ+6eDw6PikfHrWU1EiKXRpxCM58IgCzgR0NdMcBrEEEnoc+t7sLq/3H0EqFokHncbghmQiWMAo0SYalyu1dhuPdIRbrRqmUyIE8HG5atfthfCmcVamilbqjMvfIz+iSQhCU06UGjp2rN2MSM0oh3lplCiICZ2RCQyNFSQE5WaL4+f40iQ+DiJpntB4kf6eyEioVBp6pjMkeqrWa3n4b02ZU6bgr63XwY2bMREnGgRdbg8Sjg2BHA/2mQSqeWoMoZKZD+RUJKHaQCwZMs46h03Ta9Qdu+7cN6rN2xWjIjpHF+gKOegaNVELdVAXUZSiZ/SCXq0n6816tz6WrQVrNVNBf2R9/gDDrZwo</latexit><latexit sha1_base64="l8gp8p71BjBQQD4RtGm/PiwYk8U=">AAACEXicbZDLTsJAFIaneEO8oSzdTAQTV6Rlo0uiGxYsMJFLAg2ZTk9hwnTazExNmoan8AHc6iO4M259Ap/A13AKLBT8k0n+/OecnDOfF3OmtG1/WYWt7Z3dveJ+6eDw6PikfHrWU1EiKXRpxCM58IgCzgR0NdMcBrEEEnoc+t7sLq/3H0EqFokHncbghmQiWMAo0SYalyu1dhuPdIRbrRqmUyIE8HG5atfthfCmcVamilbqjMvfIz+iSQhCU06UGjp2rN2MSM0oh3lplCiICZ2RCQyNFSQE5WaL4+f40iQ+DiJpntB4kf6eyEioVBp6pjMkeqrWa3n4b02ZU6bgr63XwY2bMREnGgRdbg8Sjg2BHA/2mQSqeWoMoZKZD+RUJKHaQCwZMs46h03Ta9Qdu+7cN6rN2xWjIjpHF+gKOegaNVELdVAXUZSiZ/SCXq0n6816tz6WrQVrNVNBf2R9/gDDrZwo</latexit><latexit sha1_base64="l8gp8p71BjBQQD4RtGm/PiwYk8U=">AAACEXicbZDLTsJAFIaneEO8oSzdTAQTV6Rlo0uiGxYsMJFLAg2ZTk9hwnTazExNmoan8AHc6iO4M259Ap/A13AKLBT8k0n+/OecnDOfF3OmtG1/WYWt7Z3dveJ+6eDw6PikfHrWU1EiKXRpxCM58IgCzgR0NdMcBrEEEnoc+t7sLq/3H0EqFokHncbghmQiWMAo0SYalyu1dhuPdIRbrRqmUyIE8HG5atfthfCmcVamilbqjMvfIz+iSQhCU06UGjp2rN2MSM0oh3lplCiICZ2RCQyNFSQE5WaL4+f40iQ+DiJpntB4kf6eyEioVBp6pjMkeqrWa3n4b02ZU6bgr63XwY2bMREnGgRdbg8Sjg2BHA/2mQSqeWoMoZKZD+RUJKHaQCwZMs46h03Ta9Qdu+7cN6rN2xWjIjpHF+gKOegaNVELdVAXUZSiZ/SCXq0n6816tz6WrQVrNVNBf2R9/gDDrZwo</latexit>

L
<latexit sha1_base64="J3F/2xQxK5gCazgmdkGVvxDdQ+0=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFw8eEjAPSJYwO9ubDJmdXWZmhRCCH+BVP8GbePVb/AJ/w0myB00saCiquunuClLBtXHdL6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0SiOgHVKLjEpuFGYCdVSONAYDsY3c789iMqzRP5YMYp+jEdSB5xRo2VGvf9csWtunOQVeLlpAI56v3ydy9MWBajNExQrbuemxp/QpXhTOC01Ms0ppSN6AC7lkoao/Yn80On5MwqIYkSZUsaMld/T0xorPU4DmxnTM1QL3sz8V9P21OGGC6tN9G1P+EyzQxKttgeZYKYhMyiICFXyIwYW0KZ4vYBwoZUUWZsYCWbjLecwyppXVQ9t+o1Liu1mzyjIpzAKZyDB1dQgzuoQxMYIDzDC7w6T86b8+58LFoLTj5zDH/gfP4AiHiVqQ==</latexit><latexit sha1_base64="J3F/2xQxK5gCazgmdkGVvxDdQ+0=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFw8eEjAPSJYwO9ubDJmdXWZmhRCCH+BVP8GbePVb/AJ/w0myB00saCiquunuClLBtXHdL6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0SiOgHVKLjEpuFGYCdVSONAYDsY3c789iMqzRP5YMYp+jEdSB5xRo2VGvf9csWtunOQVeLlpAI56v3ydy9MWBajNExQrbuemxp/QpXhTOC01Ms0ppSN6AC7lkoao/Yn80On5MwqIYkSZUsaMld/T0xorPU4DmxnTM1QL3sz8V9P21OGGC6tN9G1P+EyzQxKttgeZYKYhMyiICFXyIwYW0KZ4vYBwoZUUWZsYCWbjLecwyppXVQ9t+o1Liu1mzyjIpzAKZyDB1dQgzuoQxMYIDzDC7w6T86b8+58LFoLTj5zDH/gfP4AiHiVqQ==</latexit><latexit sha1_base64="J3F/2xQxK5gCazgmdkGVvxDdQ+0=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFw8eEjAPSJYwO9ubDJmdXWZmhRCCH+BVP8GbePVb/AJ/w0myB00saCiquunuClLBtXHdL6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0SiOgHVKLjEpuFGYCdVSONAYDsY3c789iMqzRP5YMYp+jEdSB5xRo2VGvf9csWtunOQVeLlpAI56v3ydy9MWBajNExQrbuemxp/QpXhTOC01Ms0ppSN6AC7lkoao/Yn80On5MwqIYkSZUsaMld/T0xorPU4DmxnTM1QL3sz8V9P21OGGC6tN9G1P+EyzQxKttgeZYKYhMyiICFXyIwYW0KZ4vYBwoZUUWZsYCWbjLecwyppXVQ9t+o1Liu1mzyjIpzAKZyDB1dQgzuoQxMYIDzDC7w6T86b8+58LFoLTj5zDH/gfP4AiHiVqQ==</latexit><latexit sha1_base64="J3F/2xQxK5gCazgmdkGVvxDdQ+0=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFw8eEjAPSJYwO9ubDJmdXWZmhRCCH+BVP8GbePVb/AJ/w0myB00saCiquunuClLBtXHdL6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0SiOgHVKLjEpuFGYCdVSONAYDsY3c789iMqzRP5YMYp+jEdSB5xRo2VGvf9csWtunOQVeLlpAI56v3ydy9MWBajNExQrbuemxp/QpXhTOC01Ms0ppSN6AC7lkoao/Yn80On5MwqIYkSZUsaMld/T0xorPU4DmxnTM1QL3sz8V9P21OGGC6tN9G1P+EyzQxKttgeZYKYhMyiICFXyIwYW0KZ4vYBwoZUUWZsYCWbjLecwyppXVQ9t+o1Liu1mzyjIpzAKZyDB1dQgzuoQxMYIDzDC7w6T86b8+58LFoLTj5zDH/gfP4AiHiVqQ==</latexit> H

<latexit sha1_base64="PT7pcYKAdxF73rEWwP5ehiolakA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeglxwTMA9IljA725sMmZ1dZmaFEIIf4FU/wZt49Vv8An/DSbIHTSxoKKq66e4KUsG1cd0vp7CxubW9U9wt7e0fHB6Vj0/aOskUwxZLRKK6AdUouMSW4UZgN1VI40BgJxjfz/3OIyrNE/lgJin6MR1KHnFGjZWa9UG54lbdBcg68XJSgRyNQfm7HyYsi1EaJqjWPc9NjT+lynAmcFbqZxpTysZ0iD1LJY1R+9PFoTNyYZWQRImyJQ1ZqL8npjTWehIHtjOmZqRXvbn4r6ftKSMMV9ab6NafcplmBiVbbo8yQUxC5lGQkCtkRkwsoUxx+wBhI6ooMzawkk3GW81hnbSvqp5b9ZrXldpdnlERzuAcLsGDG6hBHRrQAgYIz/ACr86T8+a8Ox/L1oKTz5zCHzifP4IUlaU=</latexit><latexit sha1_base64="PT7pcYKAdxF73rEWwP5ehiolakA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeglxwTMA9IljA725sMmZ1dZmaFEIIf4FU/wZt49Vv8An/DSbIHTSxoKKq66e4KUsG1cd0vp7CxubW9U9wt7e0fHB6Vj0/aOskUwxZLRKK6AdUouMSW4UZgN1VI40BgJxjfz/3OIyrNE/lgJin6MR1KHnFGjZWa9UG54lbdBcg68XJSgRyNQfm7HyYsi1EaJqjWPc9NjT+lynAmcFbqZxpTysZ0iD1LJY1R+9PFoTNyYZWQRImyJQ1ZqL8npjTWehIHtjOmZqRXvbn4r6ftKSMMV9ab6NafcplmBiVbbo8yQUxC5lGQkCtkRkwsoUxx+wBhI6ooMzawkk3GW81hnbSvqp5b9ZrXldpdnlERzuAcLsGDG6hBHRrQAgYIz/ACr86T8+a8Ox/L1oKTz5zCHzifP4IUlaU=</latexit><latexit sha1_base64="PT7pcYKAdxF73rEWwP5ehiolakA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeglxwTMA9IljA725sMmZ1dZmaFEIIf4FU/wZt49Vv8An/DSbIHTSxoKKq66e4KUsG1cd0vp7CxubW9U9wt7e0fHB6Vj0/aOskUwxZLRKK6AdUouMSW4UZgN1VI40BgJxjfz/3OIyrNE/lgJin6MR1KHnFGjZWa9UG54lbdBcg68XJSgRyNQfm7HyYsi1EaJqjWPc9NjT+lynAmcFbqZxpTysZ0iD1LJY1R+9PFoTNyYZWQRImyJQ1ZqL8npjTWehIHtjOmZqRXvbn4r6ftKSMMV9ab6NafcplmBiVbbo8yQUxC5lGQkCtkRkwsoUxx+wBhI6ooMzawkk3GW81hnbSvqp5b9ZrXldpdnlERzuAcLsGDG6hBHRrQAgYIz/ACr86T8+a8Ox/L1oKTz5zCHzifP4IUlaU=</latexit><latexit sha1_base64="PT7pcYKAdxF73rEWwP5ehiolakA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeglxwTMA9IljA725sMmZ1dZmaFEIIf4FU/wZt49Vv8An/DSbIHTSxoKKq66e4KUsG1cd0vp7CxubW9U9wt7e0fHB6Vj0/aOskUwxZLRKK6AdUouMSW4UZgN1VI40BgJxjfz/3OIyrNE/lgJin6MR1KHnFGjZWa9UG54lbdBcg68XJSgRyNQfm7HyYsi1EaJqjWPc9NjT+lynAmcFbqZxpTysZ0iD1LJY1R+9PFoTNyYZWQRImyJQ1ZqL8npjTWehIHtjOmZqRXvbn4r6ftKSMMV9ab6NafcplmBiVbbo8yQUxC5lGQkCtkRkwsoUxx+wBhI6ooMzawkk3GW81hnbSvqp5b9ZrXldpdnlERzuAcLsGDG6hBHRrQAgYIz/ACr86T8+a8Ox/L1oKTz5zCHzifP4IUlaU=</latexit>

H
<latexit sha1_base64="PT7pcYKAdxF73rEWwP5ehiolakA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeglxwTMA9IljA725sMmZ1dZmaFEIIf4FU/wZt49Vv8An/DSbIHTSxoKKq66e4KUsG1cd0vp7CxubW9U9wt7e0fHB6Vj0/aOskUwxZLRKK6AdUouMSW4UZgN1VI40BgJxjfz/3OIyrNE/lgJin6MR1KHnFGjZWa9UG54lbdBcg68XJSgRyNQfm7HyYsi1EaJqjWPc9NjT+lynAmcFbqZxpTysZ0iD1LJY1R+9PFoTNyYZWQRImyJQ1ZqL8npjTWehIHtjOmZqRXvbn4r6ftKSMMV9ab6NafcplmBiVbbo8yQUxC5lGQkCtkRkwsoUxx+wBhI6ooMzawkk3GW81hnbSvqp5b9ZrXldpdnlERzuAcLsGDG6hBHRrQAgYIz/ACr86T8+a8Ox/L1oKTz5zCHzifP4IUlaU=</latexit><latexit sha1_base64="PT7pcYKAdxF73rEWwP5ehiolakA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeglxwTMA9IljA725sMmZ1dZmaFEIIf4FU/wZt49Vv8An/DSbIHTSxoKKq66e4KUsG1cd0vp7CxubW9U9wt7e0fHB6Vj0/aOskUwxZLRKK6AdUouMSW4UZgN1VI40BgJxjfz/3OIyrNE/lgJin6MR1KHnFGjZWa9UG54lbdBcg68XJSgRyNQfm7HyYsi1EaJqjWPc9NjT+lynAmcFbqZxpTysZ0iD1LJY1R+9PFoTNyYZWQRImyJQ1ZqL8npjTWehIHtjOmZqRXvbn4r6ftKSMMV9ab6NafcplmBiVbbo8yQUxC5lGQkCtkRkwsoUxx+wBhI6ooMzawkk3GW81hnbSvqp5b9ZrXldpdnlERzuAcLsGDG6hBHRrQAgYIz/ACr86T8+a8Ox/L1oKTz5zCHzifP4IUlaU=</latexit><latexit sha1_base64="PT7pcYKAdxF73rEWwP5ehiolakA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeglxwTMA9IljA725sMmZ1dZmaFEIIf4FU/wZt49Vv8An/DSbIHTSxoKKq66e4KUsG1cd0vp7CxubW9U9wt7e0fHB6Vj0/aOskUwxZLRKK6AdUouMSW4UZgN1VI40BgJxjfz/3OIyrNE/lgJin6MR1KHnFGjZWa9UG54lbdBcg68XJSgRyNQfm7HyYsi1EaJqjWPc9NjT+lynAmcFbqZxpTysZ0iD1LJY1R+9PFoTNyYZWQRImyJQ1ZqL8npjTWehIHtjOmZqRXvbn4r6ftKSMMV9ab6NafcplmBiVbbo8yQUxC5lGQkCtkRkwsoUxx+wBhI6ooMzawkk3GW81hnbSvqp5b9ZrXldpdnlERzuAcLsGDG6hBHRrQAgYIz/ACr86T8+a8Ox/L1oKTz5zCHzifP4IUlaU=</latexit><latexit sha1_base64="PT7pcYKAdxF73rEWwP5ehiolakA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeglxwTMA9IljA725sMmZ1dZmaFEIIf4FU/wZt49Vv8An/DSbIHTSxoKKq66e4KUsG1cd0vp7CxubW9U9wt7e0fHB6Vj0/aOskUwxZLRKK6AdUouMSW4UZgN1VI40BgJxjfz/3OIyrNE/lgJin6MR1KHnFGjZWa9UG54lbdBcg68XJSgRyNQfm7HyYsi1EaJqjWPc9NjT+lynAmcFbqZxpTysZ0iD1LJY1R+9PFoTNyYZWQRImyJQ1ZqL8npjTWehIHtjOmZqRXvbn4r6ftKSMMV9ab6NafcplmBiVbbo8yQUxC5lGQkCtkRkwsoUxx+wBhI6ooMzawkk3GW81hnbSvqp5b9ZrXldpdnlERzuAcLsGDG6hBHRrQAgYIz/ACr86T8+a8Ox/L1oKTz5zCHzifP4IUlaU=</latexit>

L
<latexit sha1_base64="J3F/2xQxK5gCazgmdkGVvxDdQ+0=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFw8eEjAPSJYwO9ubDJmdXWZmhRCCH+BVP8GbePVb/AJ/w0myB00saCiquunuClLBtXHdL6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0SiOgHVKLjEpuFGYCdVSONAYDsY3c789iMqzRP5YMYp+jEdSB5xRo2VGvf9csWtunOQVeLlpAI56v3ydy9MWBajNExQrbuemxp/QpXhTOC01Ms0ppSN6AC7lkoao/Yn80On5MwqIYkSZUsaMld/T0xorPU4DmxnTM1QL3sz8V9P21OGGC6tN9G1P+EyzQxKttgeZYKYhMyiICFXyIwYW0KZ4vYBwoZUUWZsYCWbjLecwyppXVQ9t+o1Liu1mzyjIpzAKZyDB1dQgzuoQxMYIDzDC7w6T86b8+58LFoLTj5zDH/gfP4AiHiVqQ==</latexit><latexit sha1_base64="J3F/2xQxK5gCazgmdkGVvxDdQ+0=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFw8eEjAPSJYwO9ubDJmdXWZmhRCCH+BVP8GbePVb/AJ/w0myB00saCiquunuClLBtXHdL6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0SiOgHVKLjEpuFGYCdVSONAYDsY3c789iMqzRP5YMYp+jEdSB5xRo2VGvf9csWtunOQVeLlpAI56v3ydy9MWBajNExQrbuemxp/QpXhTOC01Ms0ppSN6AC7lkoao/Yn80On5MwqIYkSZUsaMld/T0xorPU4DmxnTM1QL3sz8V9P21OGGC6tN9G1P+EyzQxKttgeZYKYhMyiICFXyIwYW0KZ4vYBwoZUUWZsYCWbjLecwyppXVQ9t+o1Liu1mzyjIpzAKZyDB1dQgzuoQxMYIDzDC7w6T86b8+58LFoLTj5zDH/gfP4AiHiVqQ==</latexit><latexit sha1_base64="J3F/2xQxK5gCazgmdkGVvxDdQ+0=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFw8eEjAPSJYwO9ubDJmdXWZmhRCCH+BVP8GbePVb/AJ/w0myB00saCiquunuClLBtXHdL6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0SiOgHVKLjEpuFGYCdVSONAYDsY3c789iMqzRP5YMYp+jEdSB5xRo2VGvf9csWtunOQVeLlpAI56v3ydy9MWBajNExQrbuemxp/QpXhTOC01Ms0ppSN6AC7lkoao/Yn80On5MwqIYkSZUsaMld/T0xorPU4DmxnTM1QL3sz8V9P21OGGC6tN9G1P+EyzQxKttgeZYKYhMyiICFXyIwYW0KZ4vYBwoZUUWZsYCWbjLecwyppXVQ9t+o1Liu1mzyjIpzAKZyDB1dQgzuoQxMYIDzDC7w6T86b8+58LFoLTj5zDH/gfP4AiHiVqQ==</latexit><latexit sha1_base64="J3F/2xQxK5gCazgmdkGVvxDdQ+0=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFw8eEjAPSJYwO9ubDJmdXWZmhRCCH+BVP8GbePVb/AJ/w0myB00saCiquunuClLBtXHdL6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0SiOgHVKLjEpuFGYCdVSONAYDsY3c789iMqzRP5YMYp+jEdSB5xRo2VGvf9csWtunOQVeLlpAI56v3ydy9MWBajNExQrbuemxp/QpXhTOC01Ms0ppSN6AC7lkoao/Yn80On5MwqIYkSZUsaMld/T0xorPU4DmxnTM1QL3sz8V9P21OGGC6tN9G1P+EyzQxKttgeZYKYhMyiICFXyIwYW0KZ4vYBwoZUUWZsYCWbjLecwyppXVQ9t+o1Liu1mzyjIpzAKZyDB1dQgzuoQxMYIDzDC7w6T86b8+58LFoLTj5zDH/gfP4AiHiVqQ==</latexit>

H
<latexit sha1_base64="PT7pcYKAdxF73rEWwP5ehiolakA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeglxwTMA9IljA725sMmZ1dZmaFEIIf4FU/wZt49Vv8An/DSbIHTSxoKKq66e4KUsG1cd0vp7CxubW9U9wt7e0fHB6Vj0/aOskUwxZLRKK6AdUouMSW4UZgN1VI40BgJxjfz/3OIyrNE/lgJin6MR1KHnFGjZWa9UG54lbdBcg68XJSgRyNQfm7HyYsi1EaJqjWPc9NjT+lynAmcFbqZxpTysZ0iD1LJY1R+9PFoTNyYZWQRImyJQ1ZqL8npjTWehIHtjOmZqRXvbn4r6ftKSMMV9ab6NafcplmBiVbbo8yQUxC5lGQkCtkRkwsoUxx+wBhI6ooMzawkk3GW81hnbSvqp5b9ZrXldpdnlERzuAcLsGDG6hBHRrQAgYIz/ACr86T8+a8Ox/L1oKTz5zCHzifP4IUlaU=</latexit><latexit sha1_base64="PT7pcYKAdxF73rEWwP5ehiolakA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeglxwTMA9IljA725sMmZ1dZmaFEIIf4FU/wZt49Vv8An/DSbIHTSxoKKq66e4KUsG1cd0vp7CxubW9U9wt7e0fHB6Vj0/aOskUwxZLRKK6AdUouMSW4UZgN1VI40BgJxjfz/3OIyrNE/lgJin6MR1KHnFGjZWa9UG54lbdBcg68XJSgRyNQfm7HyYsi1EaJqjWPc9NjT+lynAmcFbqZxpTysZ0iD1LJY1R+9PFoTNyYZWQRImyJQ1ZqL8npjTWehIHtjOmZqRXvbn4r6ftKSMMV9ab6NafcplmBiVbbo8yQUxC5lGQkCtkRkwsoUxx+wBhI6ooMzawkk3GW81hnbSvqp5b9ZrXldpdnlERzuAcLsGDG6hBHRrQAgYIz/ACr86T8+a8Ox/L1oKTz5zCHzifP4IUlaU=</latexit><latexit sha1_base64="PT7pcYKAdxF73rEWwP5ehiolakA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeglxwTMA9IljA725sMmZ1dZmaFEIIf4FU/wZt49Vv8An/DSbIHTSxoKKq66e4KUsG1cd0vp7CxubW9U9wt7e0fHB6Vj0/aOskUwxZLRKK6AdUouMSW4UZgN1VI40BgJxjfz/3OIyrNE/lgJin6MR1KHnFGjZWa9UG54lbdBcg68XJSgRyNQfm7HyYsi1EaJqjWPc9NjT+lynAmcFbqZxpTysZ0iD1LJY1R+9PFoTNyYZWQRImyJQ1ZqL8npjTWehIHtjOmZqRXvbn4r6ftKSMMV9ab6NafcplmBiVbbo8yQUxC5lGQkCtkRkwsoUxx+wBhI6ooMzawkk3GW81hnbSvqp5b9ZrXldpdnlERzuAcLsGDG6hBHRrQAgYIz/ACr86T8+a8Ox/L1oKTz5zCHzifP4IUlaU=</latexit><latexit sha1_base64="PT7pcYKAdxF73rEWwP5ehiolakA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeglxwTMA9IljA725sMmZ1dZmaFEIIf4FU/wZt49Vv8An/DSbIHTSxoKKq66e4KUsG1cd0vp7CxubW9U9wt7e0fHB6Vj0/aOskUwxZLRKK6AdUouMSW4UZgN1VI40BgJxjfz/3OIyrNE/lgJin6MR1KHnFGjZWa9UG54lbdBcg68XJSgRyNQfm7HyYsi1EaJqjWPc9NjT+lynAmcFbqZxpTysZ0iD1LJY1R+9PFoTNyYZWQRImyJQ1ZqL8npjTWehIHtjOmZqRXvbn4r6ftKSMMV9ab6NafcplmBiVbbo8yQUxC5lGQkCtkRkwsoUxx+wBhI6ooMzawkk3GW81hnbSvqp5b9ZrXldpdnlERzuAcLsGDG6hBHRrQAgYIz/ACr86T8+a8Ox/L1oKTz5zCHzifP4IUlaU=</latexit>

H
<latexit sha1_base64="PT7pcYKAdxF73rEWwP5ehiolakA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeglxwTMA9IljA725sMmZ1dZmaFEIIf4FU/wZt49Vv8An/DSbIHTSxoKKq66e4KUsG1cd0vp7CxubW9U9wt7e0fHB6Vj0/aOskUwxZLRKK6AdUouMSW4UZgN1VI40BgJxjfz/3OIyrNE/lgJin6MR1KHnFGjZWa9UG54lbdBcg68XJSgRyNQfm7HyYsi1EaJqjWPc9NjT+lynAmcFbqZxpTysZ0iD1LJY1R+9PFoTNyYZWQRImyJQ1ZqL8npjTWehIHtjOmZqRXvbn4r6ftKSMMV9ab6NafcplmBiVbbo8yQUxC5lGQkCtkRkwsoUxx+wBhI6ooMzawkk3GW81hnbSvqp5b9ZrXldpdnlERzuAcLsGDG6hBHRrQAgYIz/ACr86T8+a8Ox/L1oKTz5zCHzifP4IUlaU=</latexit><latexit sha1_base64="PT7pcYKAdxF73rEWwP5ehiolakA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeglxwTMA9IljA725sMmZ1dZmaFEIIf4FU/wZt49Vv8An/DSbIHTSxoKKq66e4KUsG1cd0vp7CxubW9U9wt7e0fHB6Vj0/aOskUwxZLRKK6AdUouMSW4UZgN1VI40BgJxjfz/3OIyrNE/lgJin6MR1KHnFGjZWa9UG54lbdBcg68XJSgRyNQfm7HyYsi1EaJqjWPc9NjT+lynAmcFbqZxpTysZ0iD1LJY1R+9PFoTNyYZWQRImyJQ1ZqL8npjTWehIHtjOmZqRXvbn4r6ftKSMMV9ab6NafcplmBiVbbo8yQUxC5lGQkCtkRkwsoUxx+wBhI6ooMzawkk3GW81hnbSvqp5b9ZrXldpdnlERzuAcLsGDG6hBHRrQAgYIz/ACr86T8+a8Ox/L1oKTz5zCHzifP4IUlaU=</latexit><latexit sha1_base64="PT7pcYKAdxF73rEWwP5ehiolakA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeglxwTMA9IljA725sMmZ1dZmaFEIIf4FU/wZt49Vv8An/DSbIHTSxoKKq66e4KUsG1cd0vp7CxubW9U9wt7e0fHB6Vj0/aOskUwxZLRKK6AdUouMSW4UZgN1VI40BgJxjfz/3OIyrNE/lgJin6MR1KHnFGjZWa9UG54lbdBcg68XJSgRyNQfm7HyYsi1EaJqjWPc9NjT+lynAmcFbqZxpTysZ0iD1LJY1R+9PFoTNyYZWQRImyJQ1ZqL8npjTWehIHtjOmZqRXvbn4r6ftKSMMV9ab6NafcplmBiVbbo8yQUxC5lGQkCtkRkwsoUxx+wBhI6ooMzawkk3GW81hnbSvqp5b9ZrXldpdnlERzuAcLsGDG6hBHRrQAgYIz/ACr86T8+a8Ox/L1oKTz5zCHzifP4IUlaU=</latexit><latexit sha1_base64="PT7pcYKAdxF73rEWwP5ehiolakA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeglxwTMA9IljA725sMmZ1dZmaFEIIf4FU/wZt49Vv8An/DSbIHTSxoKKq66e4KUsG1cd0vp7CxubW9U9wt7e0fHB6Vj0/aOskUwxZLRKK6AdUouMSW4UZgN1VI40BgJxjfz/3OIyrNE/lgJin6MR1KHnFGjZWa9UG54lbdBcg68XJSgRyNQfm7HyYsi1EaJqjWPc9NjT+lynAmcFbqZxpTysZ0iD1LJY1R+9PFoTNyYZWQRImyJQ1ZqL8npjTWehIHtjOmZqRXvbn4r6ftKSMMV9ab6NafcplmBiVbbo8yQUxC5lGQkCtkRkwsoUxx+wBhI6ooMzawkk3GW81hnbSvqp5b9ZrXldpdnlERzuAcLsGDG6hBHRrQAgYIz/ACr86T8+a8Ox/L1oKTz5zCHzifP4IUlaU=</latexit>

L
<latexit sha1_base64="J3F/2xQxK5gCazgmdkGVvxDdQ+0=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFw8eEjAPSJYwO9ubDJmdXWZmhRCCH+BVP8GbePVb/AJ/w0myB00saCiquunuClLBtXHdL6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0SiOgHVKLjEpuFGYCdVSONAYDsY3c789iMqzRP5YMYp+jEdSB5xRo2VGvf9csWtunOQVeLlpAI56v3ydy9MWBajNExQrbuemxp/QpXhTOC01Ms0ppSN6AC7lkoao/Yn80On5MwqIYkSZUsaMld/T0xorPU4DmxnTM1QL3sz8V9P21OGGC6tN9G1P+EyzQxKttgeZYKYhMyiICFXyIwYW0KZ4vYBwoZUUWZsYCWbjLecwyppXVQ9t+o1Liu1mzyjIpzAKZyDB1dQgzuoQxMYIDzDC7w6T86b8+58LFoLTj5zDH/gfP4AiHiVqQ==</latexit><latexit sha1_base64="J3F/2xQxK5gCazgmdkGVvxDdQ+0=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFw8eEjAPSJYwO9ubDJmdXWZmhRCCH+BVP8GbePVb/AJ/w0myB00saCiquunuClLBtXHdL6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0SiOgHVKLjEpuFGYCdVSONAYDsY3c789iMqzRP5YMYp+jEdSB5xRo2VGvf9csWtunOQVeLlpAI56v3ydy9MWBajNExQrbuemxp/QpXhTOC01Ms0ppSN6AC7lkoao/Yn80On5MwqIYkSZUsaMld/T0xorPU4DmxnTM1QL3sz8V9P21OGGC6tN9G1P+EyzQxKttgeZYKYhMyiICFXyIwYW0KZ4vYBwoZUUWZsYCWbjLecwyppXVQ9t+o1Liu1mzyjIpzAKZyDB1dQgzuoQxMYIDzDC7w6T86b8+58LFoLTj5zDH/gfP4AiHiVqQ==</latexit><latexit sha1_base64="J3F/2xQxK5gCazgmdkGVvxDdQ+0=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFw8eEjAPSJYwO9ubDJmdXWZmhRCCH+BVP8GbePVb/AJ/w0myB00saCiquunuClLBtXHdL6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0SiOgHVKLjEpuFGYCdVSONAYDsY3c789iMqzRP5YMYp+jEdSB5xRo2VGvf9csWtunOQVeLlpAI56v3ydy9MWBajNExQrbuemxp/QpXhTOC01Ms0ppSN6AC7lkoao/Yn80On5MwqIYkSZUsaMld/T0xorPU4DmxnTM1QL3sz8V9P21OGGC6tN9G1P+EyzQxKttgeZYKYhMyiICFXyIwYW0KZ4vYBwoZUUWZsYCWbjLecwyppXVQ9t+o1Liu1mzyjIpzAKZyDB1dQgzuoQxMYIDzDC7w6T86b8+58LFoLTj5zDH/gfP4AiHiVqQ==</latexit><latexit sha1_base64="J3F/2xQxK5gCazgmdkGVvxDdQ+0=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFw8eEjAPSJYwO9ubDJmdXWZmhRCCH+BVP8GbePVb/AJ/w0myB00saCiquunuClLBtXHdL6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0SiOgHVKLjEpuFGYCdVSONAYDsY3c789iMqzRP5YMYp+jEdSB5xRo2VGvf9csWtunOQVeLlpAI56v3ydy9MWBajNExQrbuemxp/QpXhTOC01Ms0ppSN6AC7lkoao/Yn80On5MwqIYkSZUsaMld/T0xorPU4DmxnTM1QL3sz8V9P21OGGC6tN9G1P+EyzQxKttgeZYKYhMyiICFXyIwYW0KZ4vYBwoZUUWZsYCWbjLecwyppXVQ9t+o1Liu1mzyjIpzAKZyDB1dQgzuoQxMYIDzDC7w6T86b8+58LFoLTj5zDH/gfP4AiHiVqQ==</latexit>

L
<latexit sha1_base64="J3F/2xQxK5gCazgmdkGVvxDdQ+0=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFw8eEjAPSJYwO9ubDJmdXWZmhRCCH+BVP8GbePVb/AJ/w0myB00saCiquunuClLBtXHdL6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0SiOgHVKLjEpuFGYCdVSONAYDsY3c789iMqzRP5YMYp+jEdSB5xRo2VGvf9csWtunOQVeLlpAI56v3ydy9MWBajNExQrbuemxp/QpXhTOC01Ms0ppSN6AC7lkoao/Yn80On5MwqIYkSZUsaMld/T0xorPU4DmxnTM1QL3sz8V9P21OGGC6tN9G1P+EyzQxKttgeZYKYhMyiICFXyIwYW0KZ4vYBwoZUUWZsYCWbjLecwyppXVQ9t+o1Liu1mzyjIpzAKZyDB1dQgzuoQxMYIDzDC7w6T86b8+58LFoLTj5zDH/gfP4AiHiVqQ==</latexit><latexit sha1_base64="J3F/2xQxK5gCazgmdkGVvxDdQ+0=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFw8eEjAPSJYwO9ubDJmdXWZmhRCCH+BVP8GbePVb/AJ/w0myB00saCiquunuClLBtXHdL6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0SiOgHVKLjEpuFGYCdVSONAYDsY3c789iMqzRP5YMYp+jEdSB5xRo2VGvf9csWtunOQVeLlpAI56v3ydy9MWBajNExQrbuemxp/QpXhTOC01Ms0ppSN6AC7lkoao/Yn80On5MwqIYkSZUsaMld/T0xorPU4DmxnTM1QL3sz8V9P21OGGC6tN9G1P+EyzQxKttgeZYKYhMyiICFXyIwYW0KZ4vYBwoZUUWZsYCWbjLecwyppXVQ9t+o1Liu1mzyjIpzAKZyDB1dQgzuoQxMYIDzDC7w6T86b8+58LFoLTj5zDH/gfP4AiHiVqQ==</latexit><latexit sha1_base64="J3F/2xQxK5gCazgmdkGVvxDdQ+0=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFw8eEjAPSJYwO9ubDJmdXWZmhRCCH+BVP8GbePVb/AJ/w0myB00saCiquunuClLBtXHdL6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0SiOgHVKLjEpuFGYCdVSONAYDsY3c789iMqzRP5YMYp+jEdSB5xRo2VGvf9csWtunOQVeLlpAI56v3ydy9MWBajNExQrbuemxp/QpXhTOC01Ms0ppSN6AC7lkoao/Yn80On5MwqIYkSZUsaMld/T0xorPU4DmxnTM1QL3sz8V9P21OGGC6tN9G1P+EyzQxKttgeZYKYhMyiICFXyIwYW0KZ4vYBwoZUUWZsYCWbjLecwyppXVQ9t+o1Liu1mzyjIpzAKZyDB1dQgzuoQxMYIDzDC7w6T86b8+58LFoLTj5zDH/gfP4AiHiVqQ==</latexit><latexit sha1_base64="J3F/2xQxK5gCazgmdkGVvxDdQ+0=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegFw8eEjAPSJYwO9ubDJmdXWZmhRCCH+BVP8GbePVb/AJ/w0myB00saCiquunuClLBtXHdL6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0SiOgHVKLjEpuFGYCdVSONAYDsY3c789iMqzRP5YMYp+jEdSB5xRo2VGvf9csWtunOQVeLlpAI56v3ydy9MWBajNExQrbuemxp/QpXhTOC01Ms0ppSN6AC7lkoao/Yn80On5MwqIYkSZUsaMld/T0xorPU4DmxnTM1QL3sz8V9P21OGGC6tN9G1P+EyzQxKttgeZYKYhMyiICFXyIwYW0KZ4vYBwoZUUWZsYCWbjLecwyppXVQ9t+o1Liu1mzyjIpzAKZyDB1dQgzuoQxMYIDzDC7w6T86b8+58LFoLTj5zDH/gfP4AiHiVqQ==</latexit>

Type-II: SU(2) triplet, or singlet (excluded by repeated field)Type-I and III: SU(2) single and triplet

J = 0
<latexit sha1_base64="EpBR5EZEFkFL5VSFFFVhTiV0uZ4=">AAACAXicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBch6EU8RXCTQLKE2dneZMjsg5lZISw5+QFe9RO8iVe/xC/wN5wke9DEgoaiqpvuLj8VXGnb/rJKK6tr6xvlzcrW9s7uXnX/oKWSTDJ0WSIS2fGpQsFjdDXXAjupRBr5Atv+6Gbqtx9RKp7ED3qcohfRQcxDzqg2kntHrojdr9bsuj0DWSZOQWpQoNmvfveChGURxpoJqlTXsVPt5VRqzgROKr1MYUrZiA6wa2hMI1RePjt2Qk6MEpAwkaZiTWbq74mcRkqNI990RlQP1aI3Ff/1lDlliMHCeh1eejmP00xjzObbw0wQnZBpHCTgEpkWY0Mok9w8QNiQSsq0Ca1iknEWc1gmrbO6Y9ed+/Na47rIqAxHcAyn4MAFNOAWmuACAw7P8AKv1pP1Zr1bH/PWklXMHMIfWJ8/L9uWfA==</latexit><latexit sha1_base64="EpBR5EZEFkFL5VSFFFVhTiV0uZ4=">AAACAXicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBch6EU8RXCTQLKE2dneZMjsg5lZISw5+QFe9RO8iVe/xC/wN5wke9DEgoaiqpvuLj8VXGnb/rJKK6tr6xvlzcrW9s7uXnX/oKWSTDJ0WSIS2fGpQsFjdDXXAjupRBr5Atv+6Gbqtx9RKp7ED3qcohfRQcxDzqg2kntHrojdr9bsuj0DWSZOQWpQoNmvfveChGURxpoJqlTXsVPt5VRqzgROKr1MYUrZiA6wa2hMI1RePjt2Qk6MEpAwkaZiTWbq74mcRkqNI990RlQP1aI3Ff/1lDlliMHCeh1eejmP00xjzObbw0wQnZBpHCTgEpkWY0Mok9w8QNiQSsq0Ca1iknEWc1gmrbO6Y9ed+/Na47rIqAxHcAyn4MAFNOAWmuACAw7P8AKv1pP1Zr1bH/PWklXMHMIfWJ8/L9uWfA==</latexit><latexit sha1_base64="EpBR5EZEFkFL5VSFFFVhTiV0uZ4=">AAACAXicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBch6EU8RXCTQLKE2dneZMjsg5lZISw5+QFe9RO8iVe/xC/wN5wke9DEgoaiqpvuLj8VXGnb/rJKK6tr6xvlzcrW9s7uXnX/oKWSTDJ0WSIS2fGpQsFjdDXXAjupRBr5Atv+6Gbqtx9RKp7ED3qcohfRQcxDzqg2kntHrojdr9bsuj0DWSZOQWpQoNmvfveChGURxpoJqlTXsVPt5VRqzgROKr1MYUrZiA6wa2hMI1RePjt2Qk6MEpAwkaZiTWbq74mcRkqNI990RlQP1aI3Ff/1lDlliMHCeh1eejmP00xjzObbw0wQnZBpHCTgEpkWY0Mok9w8QNiQSsq0Ca1iknEWc1gmrbO6Y9ed+/Na47rIqAxHcAyn4MAFNOAWmuACAw7P8AKv1pP1Zr1bH/PWklXMHMIfWJ8/L9uWfA==</latexit><latexit sha1_base64="EpBR5EZEFkFL5VSFFFVhTiV0uZ4=">AAACAXicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBch6EU8RXCTQLKE2dneZMjsg5lZISw5+QFe9RO8iVe/xC/wN5wke9DEgoaiqpvuLj8VXGnb/rJKK6tr6xvlzcrW9s7uXnX/oKWSTDJ0WSIS2fGpQsFjdDXXAjupRBr5Atv+6Gbqtx9RKp7ED3qcohfRQcxDzqg2kntHrojdr9bsuj0DWSZOQWpQoNmvfveChGURxpoJqlTXsVPt5VRqzgROKr1MYUrZiA6wa2hMI1RePjt2Qk6MEpAwkaZiTWbq74mcRkqNI990RlQP1aI3Ff/1lDlliMHCeh1eejmP00xjzObbw0wQnZBpHCTgEpkWY0Mok9w8QNiQSsq0Ca1iknEWc1gmrbO6Y9ed+/Na47rIqAxHcAyn4MAFNOAWmuACAw7P8AKv1pP1Zr1bH/PWklXMHMIfWJ8/L9uWfA==</latexit>

J =
1

2
<latexit sha1_base64="MekLTrScCHxifHfzZZtAHdkM21Y=">AAACDXicbZDLSsNAFIZP6q3WS6Mu3QwWwVVJiqAboehGXFWwF2hDmUwm7dDJJMxMhBLyDD6AW30Ed+LWZ/AJfA2nbRba+sPAz3/O4Zz5/IQzpR3nyyqtrW9sbpW3Kzu7e/tV++Cwo+JUEtomMY9lz8eKciZoWzPNaS+RFEc+p11/cjOrdx+pVCwWD3qaUC/CI8FCRrA20dCu3qErNAglJpmbZ418aNecujMXWjVuYWpQqDW0vwdBTNKICk04VqrvOon2Miw1I5zmlUGqaILJBI9o31iBI6q8bH54jk5NEqAwluYJjebp74kMR0pNI990RliP1XJtFv5bU+aUMQ2W1uvw0suYSFJNBVlsD1OOdIxmaFDAJCWaT43BRDLzAUTG2KDRBmDFkHGXOayaTqPuOnX3/rzWvC4YleEYTuAMXLiAJtxCC9pAIIVneIFX68l6s96tj0VrySpmjuCPrM8fyWGbLA==</latexit><latexit sha1_base64="MekLTrScCHxifHfzZZtAHdkM21Y=">AAACDXicbZDLSsNAFIZP6q3WS6Mu3QwWwVVJiqAboehGXFWwF2hDmUwm7dDJJMxMhBLyDD6AW30Ed+LWZ/AJfA2nbRba+sPAz3/O4Zz5/IQzpR3nyyqtrW9sbpW3Kzu7e/tV++Cwo+JUEtomMY9lz8eKciZoWzPNaS+RFEc+p11/cjOrdx+pVCwWD3qaUC/CI8FCRrA20dCu3qErNAglJpmbZ418aNecujMXWjVuYWpQqDW0vwdBTNKICk04VqrvOon2Miw1I5zmlUGqaILJBI9o31iBI6q8bH54jk5NEqAwluYJjebp74kMR0pNI990RliP1XJtFv5bU+aUMQ2W1uvw0suYSFJNBVlsD1OOdIxmaFDAJCWaT43BRDLzAUTG2KDRBmDFkHGXOayaTqPuOnX3/rzWvC4YleEYTuAMXLiAJtxCC9pAIIVneIFX68l6s96tj0VrySpmjuCPrM8fyWGbLA==</latexit><latexit sha1_base64="MekLTrScCHxifHfzZZtAHdkM21Y=">AAACDXicbZDLSsNAFIZP6q3WS6Mu3QwWwVVJiqAboehGXFWwF2hDmUwm7dDJJMxMhBLyDD6AW30Ed+LWZ/AJfA2nbRba+sPAz3/O4Zz5/IQzpR3nyyqtrW9sbpW3Kzu7e/tV++Cwo+JUEtomMY9lz8eKciZoWzPNaS+RFEc+p11/cjOrdx+pVCwWD3qaUC/CI8FCRrA20dCu3qErNAglJpmbZ418aNecujMXWjVuYWpQqDW0vwdBTNKICk04VqrvOon2Miw1I5zmlUGqaILJBI9o31iBI6q8bH54jk5NEqAwluYJjebp74kMR0pNI990RliP1XJtFv5bU+aUMQ2W1uvw0suYSFJNBVlsD1OOdIxmaFDAJCWaT43BRDLzAUTG2KDRBmDFkHGXOayaTqPuOnX3/rzWvC4YleEYTuAMXLiAJtxCC9pAIIVneIFX68l6s96tj0VrySpmjuCPrM8fyWGbLA==</latexit><latexit sha1_base64="MekLTrScCHxifHfzZZtAHdkM21Y=">AAACDXicbZDLSsNAFIZP6q3WS6Mu3QwWwVVJiqAboehGXFWwF2hDmUwm7dDJJMxMhBLyDD6AW30Ed+LWZ/AJfA2nbRba+sPAz3/O4Zz5/IQzpR3nyyqtrW9sbpW3Kzu7e/tV++Cwo+JUEtomMY9lz8eKciZoWzPNaS+RFEc+p11/cjOrdx+pVCwWD3qaUC/CI8FCRrA20dCu3qErNAglJpmbZ418aNecujMXWjVuYWpQqDW0vwdBTNKICk04VqrvOon2Miw1I5zmlUGqaILJBI9o31iBI6q8bH54jk5NEqAwluYJjebp74kMR0pNI990RliP1XJtFv5bU+aUMQ2W1uvw0suYSFJNBVlsD1OOdIxmaFDAJCWaT43BRDLzAUTG2KDRBmDFkHGXOayaTqPuOnX3/rzWvC4YleEYTuAMXLiAJtxCC9pAIIVneIFX68l6s96tj0VrySpmjuCPrM8fyWGbLA==</latexit>

Generalized partial wave analysis for Poincare/Gauge Casimir

Angular momentum conservation for space-time Poincare symmetry

H
<latexit sha1_base64="PT7pcYKAdxF73rEWwP5ehiolakA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeglxwTMA9IljA725sMmZ1dZmaFEIIf4FU/wZt49Vv8An/DSbIHTSxoKKq66e4KUsG1cd0vp7CxubW9U9wt7e0fHB6Vj0/aOskUwxZLRKK6AdUouMSW4UZgN1VI40BgJxjfz/3OIyrNE/lgJin6MR1KHnFGjZWa9UG54lbdBcg68XJSgRyNQfm7HyYsi1EaJqjWPc9NjT+lynAmcFbqZxpTysZ0iD1LJY1R+9PFoTNyYZWQRImyJQ1ZqL8npjTWehIHtjOmZqRXvbn4r6ftKSMMV9ab6NafcplmBiVbbo8yQUxC5lGQkCtkRkwsoUxx+wBhI6ooMzawkk3GW81hnbSvqp5b9ZrXldpdnlERzuAcLsGDG6hBHRrQAgYIz/ACr86T8+a8Ox/L1oKTz5zCHzifP4IUlaU=</latexit><latexit sha1_base64="PT7pcYKAdxF73rEWwP5ehiolakA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeglxwTMA9IljA725sMmZ1dZmaFEIIf4FU/wZt49Vv8An/DSbIHTSxoKKq66e4KUsG1cd0vp7CxubW9U9wt7e0fHB6Vj0/aOskUwxZLRKK6AdUouMSW4UZgN1VI40BgJxjfz/3OIyrNE/lgJin6MR1KHnFGjZWa9UG54lbdBcg68XJSgRyNQfm7HyYsi1EaJqjWPc9NjT+lynAmcFbqZxpTysZ0iD1LJY1R+9PFoTNyYZWQRImyJQ1ZqL8npjTWehIHtjOmZqRXvbn4r6ftKSMMV9ab6NafcplmBiVbbo8yQUxC5lGQkCtkRkwsoUxx+wBhI6ooMzawkk3GW81hnbSvqp5b9ZrXldpdnlERzuAcLsGDG6hBHRrQAgYIz/ACr86T8+a8Ox/L1oKTz5zCHzifP4IUlaU=</latexit><latexit sha1_base64="PT7pcYKAdxF73rEWwP5ehiolakA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeglxwTMA9IljA725sMmZ1dZmaFEIIf4FU/wZt49Vv8An/DSbIHTSxoKKq66e4KUsG1cd0vp7CxubW9U9wt7e0fHB6Vj0/aOskUwxZLRKK6AdUouMSW4UZgN1VI40BgJxjfz/3OIyrNE/lgJin6MR1KHnFGjZWa9UG54lbdBcg68XJSgRyNQfm7HyYsi1EaJqjWPc9NjT+lynAmcFbqZxpTysZ0iD1LJY1R+9PFoTNyYZWQRImyJQ1ZqL8npjTWehIHtjOmZqRXvbn4r6ftKSMMV9ab6NafcplmBiVbbo8yQUxC5lGQkCtkRkwsoUxx+wBhI6ooMzawkk3GW81hnbSvqp5b9ZrXldpdnlERzuAcLsGDG6hBHRrQAgYIz/ACr86T8+a8Ox/L1oKTz5zCHzifP4IUlaU=</latexit><latexit sha1_base64="PT7pcYKAdxF73rEWwP5ehiolakA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeglxwTMA9IljA725sMmZ1dZmaFEIIf4FU/wZt49Vv8An/DSbIHTSxoKKq66e4KUsG1cd0vp7CxubW9U9wt7e0fHB6Vj0/aOskUwxZLRKK6AdUouMSW4UZgN1VI40BgJxjfz/3OIyrNE/lgJin6MR1KHnFGjZWa9UG54lbdBcg68XJSgRyNQfm7HyYsi1EaJqjWPc9NjT+lynAmcFbqZxpTysZ0iD1LJY1R+9PFoTNyYZWQRImyJQ1ZqL8npjTWehIHtjOmZqRXvbn4r6ftKSMMV9ab6NafcplmBiVbbo8yQUxC5lGQkCtkRkwsoUxx+wBhI6ooMzawkk3GW81hnbSvqp5b9ZrXldpdnlERzuAcLsGDG6hBHRrQAgYIz/ACr86T8+a8Ox/L1oKTz5zCHzifP4IUlaU=</latexit>
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Pauli-Lubanski Casimir W2hpL, hL; pH , hH |P, J, Jzi = �P 2J(J + 1)hpL, hL; pH , hH |P, J, Jzi
<latexit sha1_base64="RYetID8Gl0KN9v5j2JwFqscQ5pU="></latexit><latexit sha1_base64="RYetID8Gl0KN9v5j2JwFqscQ5pU="></latexit><latexit sha1_base64="RYetID8Gl0KN9v5j2JwFqscQ5pU="></latexit><latexit sha1_base64="RYetID8Gl0KN9v5j2JwFqscQ5pU="></latexit>

[ Li, Ni, Xiao, Yu, 2204.03660 ] 
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Jiang-Hao Yu (ITP-CAS)

Complete Dim-7 Tree-level Seesaw 
59 UV tree-level models, 19 topologies, one genuine dim-7 seesaw

[ Bonnet, Hernandez, 
Ota, Winter, 2009]

34/59

[ Li, Ni, Xiao, Yu, 2204.03660 ] 
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Jiang-Hao Yu (ITP-CAS)

Top-Down from Bottom-up

[ Du, Li, Yu, 2201.04646 ] 
[ Zhang, Zhou, 2107.12133 ] 
[ Li, Zhang, Zhou, 2201.05082 ] 

One-loop CDE

48

[ Xu-Xiang Li, Zhe Ren, J.H.Yu, 2307.10380 ] 



Jiang-Hao Yu (ITP-CAS)

Complete Dim-7 UV Resonances
[ Li, Ni, Xiao, Yu, 2204.03660 ] 
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Jiang-Hao Yu (ITP-CAS)

Complete Dim-7 UV for 0vbb

50

[ Xu-Xiang Li, Zhe Ren, J.H.Yu, 2307.10380 ] 



Jiang-Hao Yu (ITP-CAS)

Complete Dim-7 UV for 0vbb

51

[ Xu-Xiang Li, Zhe Ren, J.H.Yu, 2307.10380 ] 



Jiang-Hao Yu (ITP-CAS)

Complete Dim-9 UV for 0vbb

[ Li, Ni, Xiao, Yu, in preparation ] 
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[ Li, Yu, Zhao, 2311.15422 ] 



Jiang-Hao Yu (ITP-CAS)

Summary



Jiang-Hao Yu (ITP-CAS)

Summary
Operator bases for different EFTs are necessarily needed to provide most general description

LE
FT

54

Quark level operators

Hadronic level operators

Nuclear level operators

UV models new particles
Repeat for each model

Operator correlation

External source not enough

Nucleon matrix element incomplete

How to do matching



Jiang-Hao Yu (ITP-CAS)

Summary
Operator bases for different EFTs are necessarily needed to provide most general description

LE
FT

55

Quark level operators

Hadronic level operators

Nuclear level operators

UV models new particles

Need complete operators at each level
Setup a general framework



Jiang-Hao Yu (ITP-CAS)

Summary
Neutrino experiments (0vbb, etc):  low energy probe of high energy new physics

For physics involving in several energy scales, natural theoretical framework is EFT

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
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>

EFT operators provide most general parametrization on new physics relevant to neutrino pheno

The complete UV resonances can be explored using the Casimir projection

Chiral nuclear EFT

( Light sterile neutrino EFT not discussed in this talk )
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Thanks for your attention!
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Matching: external source vs spurion
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Find same lepton structure, and same T spurion, and matching

Reformulate using SU(3) x SU(3)

[ Gang Li, Chuan-Qiang Song, J.H.Yu, 2507.02538 ] 
[ Chuan-Qiang Song, Hao Sun, J.H.Yu, 2501.09787 ] 
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Electroweak processes at nuclear scale
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Many body nuclear effects in nuclear physics and particle physics community


