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 Outline

Amplitude-operator correspondence by symmetry 

Summary and outlook

Relativistic EFT operators from Poincare symmetry

Nonlinear Lorentz symmetry and spin symmetry

Heavy quark effective theory operators from spin symmetry

Apologize for missing references in this talk
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C.N. Yang: quantization, symmetry, and phase factor

 Symmetry dictates interaction

Gauge symmetry dictates interactions

Weyl U(1)

Yang-Mills SU(2)

GSW SU(2) x U(1)

Can spacetime symmetry dictate interactions?

Minkowski 

Poincare symmetry

Lorentz symmetry
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 QFT: two equivalent descriptions

Lagrangian based on local field Amplitudes based on on-shell particle

Field transform under Lorentz rep Particle transform under Little group 

Impose gauge condition Satisfy EOM and gauge inv automatically

Expansion with mass dimension Classified by scattering particle numbers

Symmetry is manifest !

Impose EOM
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 Poincare symmetry for scattering amplitudes
Scattering amplitudes transform under the Poincare symmetry

Translation symmetry

Momentum conservation
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Massless U(1) Little group

Lorentz symmetry

Massive SU(2) Little group

Little group scaling SU(2) transformation
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The building blocks of scattering amplitudes are 3-point amplitudes

 3-point amplitudes (massless) dictates interactions

[ Benincasa, Cachazo, 2007 ] 

[ Witten, 2003 ] 

Little group scalingMom. Conserv. +

Yang-Mills Theory Einstein TheoryQED Theory Yukawa Theory 
MasslessMassless

Amplitude-interaction correspondence
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Also determines non-renormalizable interactions involving in 3-particles

 3-point amplitudes (massless) dictates Operators

[ Benincasa, Cachazo, 2007 ] 

[ Witten, 2003 ] 

Little group scalingMom. Conserv. +

Dim-6 Yang-Mills Modified GravityMagnetic dipole QED
Massless

inconsistent 
Locality

x

Amplitude-operator correspondence
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No simple little group scaling, momentum conservation complicated

 Massive 3-point amplitudes

Find 2 linearly independent basis span the SL(2,C) space

Electroweak Theory XQED Theory Yukawa Theory 

[ Arkani-Hamed, Huang, Huang, 2017 ] 

Just list Lorentz structures

Any spacetime symmetry to guarantee 
exhaust all possible structure?
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 Spacetime symmetry extension
Spacetime and internal symmetry can’t be mixed except supersymmetry, massless CFT, discrete, SSB theory

Internal space
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 with R-charge

Internal space

Relate to chirality

with transversality-charge

SO(5,1)/[SO(2) x SO(3,1)]
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Superspace (Grassmann) Hyperspace (spinor)

[ Yu-Han Ni, Chao Wu, Yi-Ning Wang, J.H.Yu, 2412.03762 ] 
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SO(5,1) isomorphic to conformal group: highest weight rep by scaling, then descendent ones

 Massive 3-point amplitudes again

Electroweak Theory XQED Theory Yukawa Theory 
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Chirality flip

[ Yu-Han Ni, Chao Wu, Yi-Ning Wang, J.H.Yu, 2412.03762 ] 

Massive MassiveMassive



Jiang-Hao Yu (ITP-CAS)

On-shell Higgs mechanism: massless Goldstone bosons are eaten by longitudinal gauge boson 

 Massless-massive correspondence

[ Yu-Han Ni, Chao Wu, Yi-Ning Wang, J.H.Yu, 2501.09062 ] 
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 U(N) symmetry extension
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SL(2,C) x SU(N) U(1)n little group

Chiral superspace
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ZAB = 0

SU(N) R symmetry (no central charge)

SUSY with U(N) R symmetry Spinor with U(N) symmetry

In above, 3-pt amplitude dictates operators with 3-particles, how about operators with n-particles?
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 Operator-amplitude correspondence

Operators

On-shell amplitudes SL(2,C) x SU(N) 

On-shell amplitude no redundancySSYT 

total derivatives

Schouten identity

[ Hao-Lin Li, Zhe Ren, Ming-Lei Xiao, J.H.Yu, Yu-Hui Zheng, 2201.04639 ] 
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 Standard model effective field theory

Standard  
Model

Weinberg 
Operator 84 30 993 560

Dim-8: 993 operators from 16 Young diagrams [ Hao-Lin Li, Jing Shu, Zhe Ren, Ming-Lei Xiao, J.H.Yu, Yu-Hui Zheng, 2005.00008 ] 

SMEFT provides systematic parametrization on all possible Lorentz-invariant new physics
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 Tower of EFTs from EW to low scales

Standard model EFT

Low energy effective theory

Electroweak chiral Lag

QCD chiral Lagrangian

Nuclear Chiral EFT

Matching

[ Hao Sun, Ming-Lei Xiao, J.H.Yu, 2206.07722 ] 

[ Hao Sun, Ming-Lei Xiao, J.H.Yu, 2210.14939 ] 

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

[ Hao-Lin Li, Zhe Ren, Ming-Lei Xiao, J.H.Yu, Yu-Hui Zheng, 2105.09329 ] 

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

[ Yong-Kang Li, Yi-Ning Wang, J.H.Yu, in préparation ] 

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

[ Hao Sun, Yi-Ning Wang, J.H.Yu, 2211.11598 ] 

Non-relativistic EFT

[ Zhe Ren, J.H.Yu, 2211.01420 ] 

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

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

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

[ Huayang Song, Hao Sun, J.H.Yu, 2305.16770 ] 

[ Huayang Song, Hao Sun, J.H.Yu, 2306.05999 ] 

[ Chuan-Qiang Song, Hao Sun, J.H.Yu, 2501.09787 ] 

R
unning

R
unning

EW scale 
(246 GeV)

W mass scale 
(80 GeV)

QCD scale 
(1 GeV)

Nuclear scale 
(MeV)

Atomic scale 
(eV)

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

Describe collider physics, flavor physics, hadronic physics, nuclear physics and atomic physics

Heavy quark effective theory

B quark scale 
(5 GeV)
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 Scattering amplitudes at low energy

Field transform under SU(2)A x SU(2)B Lorentz rep Particle transform under SU(2)j Little group 

Weinberg: Wave function is just CG Coefficients of two groups

non-unitary rep unitary irreps

The spin symmetry (little group) plays essential roles to describe physical particles

3-particle amplitudes can be determined by CG Coefficients from spin-orbital couple and then boost back

[ Yi-Ning Wang, J.H.Yu, in préparation ] 



Jiang-Hao Yu (ITP-CAS)

The spin symmetry in spinor-helicity provides spin-orbital covariant decomposition without the need of boost 

 3-point covariant spin-orbital amplitudes

Subsequent decay Fermion bilinearTwo body decay Dark matter scattering 

NR partial wave analysisN-body amplitudes

Relic abundance: s-wave, p-wave

Spin space projection + covariant orbital [ Yi-Ning Wang, J.H.Yu, in préparation ] 

without boost
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 Explicit spin symmetry
Since the spin symmetry could determines 3-pt amplitudes, suggest the Lorentz symmetry can be hidden

Lorentz symmetry Spin symmetry

CCWZ Coset description

Shift symmetry
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|v, 0,�i+ |v,~ki = |v,~k,�i

Missing Goldstone

Rest state k stateGoldstone

Boost relates different k Reparametrization invariance (RPI)

[ Yong-Kang Li, Yi-Ning Wang, J.H.Yu, in préparation ] 
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 Heavy quark effective theory
Two equivalent descriptions on heavy quark effective theory (HQET) Lagrangian with NR fields

Top down integrate out Bottom up nonlinear trans.

Expand to a non-relativistic basis Nonlinear little group trans. = RPI

FW trans.
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Third description: spinor-helicity formalism with projection to determines the HQET operators

 3-point amplitudes for HQET and black hole EFT

Heavy quark effective theoryDirect construction Heavy black hole effective theory

3-pt scaling for highest weight [ Yong-Kang Li, Yi-Ning Wang, J.H.Yu, in préparation ] 

Linear RPI
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 Heavy quark effective theory

Dual space operator SU(2) x SU(N) Spin space operator

Young diagram construction for n-pt amplitudes

Obtain the complete/non-redundant operator basis for HQET

Validated by Hilbert series

Similarly heavy baryon chiral EFT

Light dark matter detection
phonon, plasmon, superfluid, etc

[ Yong-Kang Li, Yi-Ning Wang, J.H.Yu, in préparation ] 
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The NR operator basis for any spins can be obtained, and perform spin-orbital partial wave decomposition

 Non-relativistic effective theory

Spin-s dark matter operatorsPion-less nuclear EFT NR Fermion bilinear

SU(2) x SU(N) Young diagram

NR 4 fermion operators

Spinning binary black holeCold atom EFT

[ Yong-Kang Li, Yi-Ning Wang, J.H.Yu, in préparation ] 

NR partial wave analysis
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The spacetime symmetry dictates interactions (operator basis)

 Summary and outlook

Explore the internal symmetry Explore the spacetime symmetry

1927 - 1980 2000 - 
[ Witten, Cachazo, Arkani-Hamed, …. ] [ Weyl, Yang-Mills, Weinberg-Salam, Gell-mann…. ] 

Field Particle

Relativistic EFT NR EFT

Massive EFT
SMEFT HQETWeak EFT

Massless EFT

Heavy baryon ChPT

EFT without anti-particle NR EFT
Pion-less nuclear EFT

Cold atom

Spinning black holeGravity EFT Low energy EFT

NR with more modes
NRQCD

Phonon, plasmon

Poincare symmetry Spin symmetry

Superfluid, … 

Goldstone
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Thanks for your attention!


