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(De-)constructing operators within the EFT paradigm:
(Building a dictionary for new physics)



Overview 
Introduction: stepping beyond the SM

The EFT paradigm: a bridge between the unknown and the observed


Model building through invariant polynomials - The Hilbert Series program


 The building blocks


Automating the cumbersome


EFT Diagrammatica: Re-thinking Model Discrimination


Assumptions (abiding by a notion of minimalism)


The building blocks


Implementation for SMEFT


Challenges



New Physics

Stepping beyond the SM



New Physics
Shortcomings of the

Standard Model

Dark Matter, Dark Energy

Neutrino masses

Matter - antimatter
Asymmetry

WHY

Stepping beyond the SM



New PhysicsRemedial Proposals

Grand Unified Theories 

Supersymmetry

Minimal Extensions of the 
Standard Model

HOW

Stepping beyond the SM



ISSUES New Physics

Lack of direct detection

New fields == New scales
(Characterised by particle masses)

Multiple models offering similar 
predictions

Mathematical elegance
alone is insufficient

Physics at the interface 
can be tricky

How to pinpoint 
the most appropriate 

UV completion?

Stepping beyond the SM

Formulation of a framework well - equipped to handle multi-scale theories, while also providing the 
platform to conduct comparative analyses between multiple Beyond Standard Model (BSM) proposals.

The aim

+
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Stepping beyond the SM

Formulation of a framework well - equipped to handle multi-scale theories, while also providing the 
platform to conduct comparative analyses between multiple Beyond Standard Model (BSM) proposals.

The aim

Effective Field Theory

Only valid between two fixed energy scales Same predictions as the “full” high scale theory Dynamics encapsulated within higher order interactions 



The EFT paradigm

The Standard Model (SM) of Elementary Particles

SM + EFT = SMEFT
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High energy 
scale

Wilson
Coefficients

Effective
Operators

SMEFT
Lagrangian

LSMEFT = LSM +
1X

n=5

NX

i=1

1

⇤(n�4)
Ci Oi
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The EFT paradigm

LSM +
1X

n=5

NX

i=1

1

⇤(n�4)
Ci Oi
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Describes the interactions between all 
known particles and the agents of 

fundamental forces

Kinetic terms

Potential terms

Describe the propagation 
of fields

Describe the interactions 
among fields



The EFT paradigm

LSM +
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Describes the interactions between all 
known particles and the agents of 

fundamental forces

Kinetic terms

Potential terms

Describe the propagation 
of fields

Describe the interactions 
among fields

How do we know which 
terms must be present 

in the Lagrangian ?



The EFT paradigm

LSM +
1X

n=5

NX
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1
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Describes the interactions between all 
known particles and the agents of 

fundamental forces

Kinetic terms

Potential terms

Describe the propagation 
of fields

Describe the interactions 
among fields

How do we know which 
terms must be present 

in the Lagrangian ?

Observations
(Resonances, Decay patterns)

How nature works must be 
reflected in the Lagrangian



The EFT paradigm

LSM +
1X

n=5

NX

i=1

1
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Describes the interactions between all 
known particles and the agents of 

fundamental forces

Kinetic terms

Potential terms

Describe the propagation 
of fields

Describe the interactions 
among fields

How do we know which 
terms must be present 

in the Lagrangian ?

A first principle 
theoretical prescription



The EFT paradigm

High energy scale

LSM +
1X

n=5

NX

i=1

1

⇤(n�4)
Ci Oi

<latexit sha1_base64="aHT+w6kdYqrRMUw9BWoZhRAzrcc="></latexit>



The EFT paradigm

High energy scale

LSM +
1X

n=5

NX

i=1

1
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Mass of the lightest “heavy field” 
beyond the low energy Lagrangian

Llow
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4 - Fermi theory mW
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NREFTs (HQET, NRQCD) mQ
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beyond the low energy Lagrangian

Llow
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4 - Fermi theory mW
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is valid between two scales ⇤1,⇤2
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SMEFT

vh (246 GeV)
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Description of BSM physics 
through SM d.o.f.s

Exhibit departures from / add 
to the SM predictions 

Parametrize the signatures of 
individual operators
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Description of BSM physics 
through SM d.o.f.s

Exhibit departures from / add 
to the SM predictions 

Parametrize the signatures of 
individual operators

Encapsulation of BSM 
propagators within 
contact interactions 
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Description of BSM physics 
through SM d.o.f.s

Exhibit departures from / add 
to the SM predictions 

Parametrize the signatures of 
individual operators

Encapsulation of BSM 
propagators within 
contact interactions 

Violation of flavour symmetry.
accidental symmetries 

Novel interactions
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Model Independent Model Dependent

In principle, an 
exhaustive set of 
operators must be 

taken into account.

Exact origin of the 
operators remains 

unknown.

Specific subsets 
are relevant for 

specific BSM 
scenarios.

Interrelations exist 
between effective 
operators and BSM 

interactions.

WCs - free parameters WCs - functions of 
BSM parameters



The EFT paradigm

Wilson 
Coefficients

Effective 
Operators

LSM +
1X

n=5

NX

i=1

1

⇤(n�4)
Ci Oi

<latexit sha1_base64="aHT+w6kdYqrRMUw9BWoZhRAzrcc="></latexit>

Complete set of effective 
operators

Bottom-up

Top-down

Top-down
Top-down



The EFT paradigm

Effective 
Operators

LSM +
1X

n=5

NX

i=1

1

⇤(n�4)
Ci Oi

<latexit sha1_base64="aHT+w6kdYqrRMUw9BWoZhRAzrcc="></latexit>

Mass Dimension 
(>5)

Operator 
basis



The EFT paradigm

Effective 
Operators

LSM +
1X

n=5

NX

i=1

1

⇤(n�4)
Ci Oi

<latexit sha1_base64="aHT+w6kdYqrRMUw9BWoZhRAzrcc="></latexit>

Mass Dimension 
(>5)

Operator 
basis

"
S =

Z
d4xL

#

<latexit sha1_base64="VVQH5IPcv8pvu0EuHAQiYwntMWw=">AAACKXicbVBNS8MwGE7n15xfVY9egkPwMEYrE70IY148eJjoPmCtI82yLixNS5KKo+zvePGveFFQ1Kt/xHTrYW6+EHh4Psj7Pl7EqFSW9WXklpZXVtfy64WNza3tHXN3rynDWGDSwCELRdtDkjDKSUNRxUg7EgQFHiMtb3iZ6q0HIiQN+Z0aRcQNkM9pn2KkNNU1q06N+n7HKTkl6ARIDTBiye0YXkCHcgU127uvwEc4K1+PYeqfJN2uWbTK1mTgIrAzUATZ1Lvmm9MLcRwQrjBDUnZsK1JugoSimJFxwYkliRAeIp90NOQoINJNJpeO4ZFmerAfCv30ehN2NpGgQMpR4Glnuq2c11LyP60Tq/65m1AexYpwPP2oHzOoQpjWBntUEKzYSAOEBdW7QjxAAmGlyy3oEuz5kxdB86RsV8qnN5VitZbVkQcH4BAcAxucgSq4AnXQABg8gRfwDj6MZ+PV+DS+p9ackWX2wZ8xfn4BP12kMg==</latexit>

is dimensionless

+

<latexit sha1_base64="Q8EZmtSVqbuXVl6n+yQgGB/TTTM=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVFnss6MFjBfuB7VKyabYNzSZLkrWUpf/CiwdFvPpvvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3sbm1vZPfLeztHxweFY9PWlomitAmkVyqToA15UzQpmGG006sKI4CTtvB+Gbut5+o0kyKBzONqR/hoWAhI9hY6bF3KycCKyUn/WLJLbsLoHXiZaQEGRr94ldvIEkSUWEIx1p3PTc2foqVYYTTWaGXaBpjMsZD2rVU4IhqP11cPEMXVhmgUCpbwqCF+nsixZHW0yiwnRE2I73qzcX/vG5iwpqfMhEnhgqyXBQmHBmJ5u+jAVOUGD61BBPF7K2IjLDCxNiQCjYEb/XlddK6KnuVcvW+UqrXsjjycAbncAkeXEMd7qABTSAg4Ble4c3Rzovz7nwsW3NONnMKf+B8/gDNIpD7</latexit>

[�] ⌘ 1, [ ] ⌘ 3/2,
⇥
Aa

µ

⇤
⌘ 1, [Dµ] ⌘ 1

<latexit sha1_base64="fMnzRVWZkOVvCUn1jfQcO1ex/ns="></latexit>

(scalars) (spinors) (vector bosons) (derivatives)



The EFT paradigm

Effective 
Operators

LSM +
1X

n=5

NX

i=1

1

⇤(n�4)
Ci Oi

<latexit sha1_base64="aHT+w6kdYqrRMUw9BWoZhRAzrcc="></latexit>

Mass Dimension 
(>5)

Operator 
basis

Define an order in 
the EFT expansion

Of the same mass 
dimension

Orders of the 
EFT expansion

characterised by 
the powers of 

1

⇤

<latexit sha1_base64="/H6gXEoUxshPP5f63uSNSO5a5zo=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUmkosuiGxcuKtgHNKFMppN26GQSZiZiCfkVNy4UceuPuPNvnLZZaOuBgcM593DvnCDhTGnH+bZKa+sbm1vl7crO7t7+gX1Y7ag4lYS2Scxj2QuwopwJ2tZMc9pLJMVRwGk3mNzM/O4jlYrF4kFPE+pHeCRYyAjWRhrYVY+EEpPMzTPvzsSGOB/YNafuzIFWiVuQGhRoDewvbxiTNKJCE46V6rtOov0MS80Ip3nFSxVNMJngEe0bKnBElZ/Nb8/RqVGGKIyleUKjufo7keFIqWkUmMkI67Fa9mbif14/1eGVnzGRpJoKslgUphzpGM2KQEMmKdF8aggmkplbERlj04U2dVVMCe7yl1dJ57zuNuoX941a87qoowzHcAJn4MIlNOEWWtAGAk/wDK/wZuXWi/VufSxGS1aROYI/sD5/AB2klIA=</latexit>



The EFT paradigm

Effective 
Operators

LSM +
1X

n=5

NX

i=1

1

⇤(n�4)
Ci Oi

<latexit sha1_base64="aHT+w6kdYqrRMUw9BWoZhRAzrcc="></latexit>

Mass Dimension 
(>5)

Operator 
basis

Define an order in 
the EFT expansion

Orders of the 
EFT expansion

characterised by 
the powers of 

1

⇤

<latexit sha1_base64="/H6gXEoUxshPP5f63uSNSO5a5zo=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUmkosuiGxcuKtgHNKFMppN26GQSZiZiCfkVNy4UceuPuPNvnLZZaOuBgcM593DvnCDhTGnH+bZKa+sbm1vl7crO7t7+gX1Y7ag4lYS2Scxj2QuwopwJ2tZMc9pLJMVRwGk3mNzM/O4jlYrF4kFPE+pHeCRYyAjWRhrYVY+EEpPMzTPvzsSGOB/YNafuzIFWiVuQGhRoDewvbxiTNKJCE46V6rtOov0MS80Ip3nFSxVNMJngEe0bKnBElZ/Nb8/RqVGGKIyleUKjufo7keFIqWkUmMkI67Fa9mbif14/1eGVnzGRpJoKslgUphzpGM2KQEMmKdF8aggmkplbERlj04U2dVVMCe7yl1dJ57zuNuoX941a87qoowzHcAJn4MIlNOEWWtAGAk/wDK/wZuXWi/VufSxGS1aROYI/sD5/AB2klIA=</latexit>

Of the same mass 
dimension

Removal of 
redundancies



The EFT paradigm

Effective 
Operators

LSM +
1X

n=5

NX

i=1

1

⇤(n�4)
Ci Oi

<latexit sha1_base64="aHT+w6kdYqrRMUw9BWoZhRAzrcc="></latexit>

Mass Dimension 
(>5)

Operator 
basis

Define an order in 
the EFT expansion

Orders of the 
EFT expansion

characterised by 
the powers of 

1

⇤

<latexit sha1_base64="/H6gXEoUxshPP5f63uSNSO5a5zo=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUmkosuiGxcuKtgHNKFMppN26GQSZiZiCfkVNy4UceuPuPNvnLZZaOuBgcM593DvnCDhTGnH+bZKa+sbm1vl7crO7t7+gX1Y7ag4lYS2Scxj2QuwopwJ2tZMc9pLJMVRwGk3mNzM/O4jlYrF4kFPE+pHeCRYyAjWRhrYVY+EEpPMzTPvzsSGOB/YNafuzIFWiVuQGhRoDewvbxiTNKJCE46V6rtOov0MS80Ip3nFSxVNMJngEe0bKnBElZ/Nb8/RqVGGKIyleUKjufo7keFIqWkUmMkI67Fa9mbif14/1eGVnzGRpJoKslgUphzpGM2KQEMmKdF8aggmkplbERlj04U2dVVMCe7yl1dJ57zuNuoX941a87qoowzHcAJn4MIlNOEWWtAGAk/wDK/wZuXWi/VufSxGS1aROYI/sD5/AB2klIA=</latexit>

Of the same mass 
dimension

Removal of 
redundanciesN = 2, 84, 30, 993, ...

<latexit sha1_base64="oUoaDMhqwbipWgE8KHyEKAcGOls=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgocQkrZiexCKXjxJBWsLbSib7aZdutmE3Y1QQi/+FS8eFPHqz/Dmv3Hb5qCtDwYe780wM8+PGZXKcb6N3Mrq2vpGfrOwtb2zu2fuHzzIKBGYNHHEItH2kSSMctJUVDHSjgVBoc9Iyx9dT/3WIxGSRvxejWPihWjAaUAxUlrqmUe38BKWLFitWLDsWLBWK1vQtu2eWXRsZwa4TNyMFEGGRs/86vYjnISEK8yQlB3XiZWXIqEoZmRS6CaSxAiP0IB0NOUoJNJLZw9M4KlW+jCIhC6u4Ez9PZGiUMpx6OvOEKmhXPSm4n9eJ1FB1UspjxNFOJ4vChIGVQSnacA+FQQrNtYEYUH1rRAPkUBY6cwKOgR38eVl8lCy3Yp9flcp1q+yOPLgGJyAM+CCC1AHN6ABmgCDCXgGr+DNeDJejHfjY96aM7KZQ/AHxucPWaWRxA==</latexit>



Questions encountered thus far…

How do we know which terms must be present in the Lagrangian ?

Encapsulation of BSM propagators within contact interactions. 

Removal of redundancies

How do we assemble the interactions / 
construct operators for SM, BSM, SMEFT, 

WET(LEFT), BSMEFT etc. at different orders of 
EFT ?

Which of these interactions / operators can be 
included in a complete and independent set ?



Model building and cataloguing

Symmetry



Model building and cataloguing

Symmetry

field transformation under  
a local (gauge) symmetry 
described by a Lie group

gauge invariance necessitates 
the introduction of a 
covariant derivative

the requirement of a 
“covariant” 

transformation

defines the 
transformation law of 

the gauge fields 

- gauge fields

- symmetry generators



Model building and cataloguing

Symmetry
Space-time symmetries

Conservation laws
(Invariant quantities)

Internal symmetries Accidental symmetries



Model building and cataloguing

Symmetry
Space-time symmetries

Conservation laws
(Invariant quantities)

Internal symmetries Accidental symmetries

Described by the Poincare 
group in 3+1 dimensions

for SM and SM-like proposals

Fields 2

<latexit sha1_base64="flwdk0od+mQV0xZ4MePcHk6aI28=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoseiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknd7nfeWLa8Fg92mnCAklGikecEptLfa7woFrz6t4ceJX4BalBgeag+tUfxjSVTFkqiDE930tskBFtORVsVumnhiWETsiI9RxVRDITZPNbZ/jMKUMcxdqVsniu/p7IiDRmKkPXKYkdm2UvF//zeqmNboKMqyS1TNHFoigV2MY4fxwPuWbUiqkjhGrubsV0TDSh1sVTcSH4yy+vkvZF3b+sXz1c1hq3RRxlOIFTOAcfrqEB99CEFlAYwzO8whuS6AW9o49FawkVM8fwB+jzB6Xhjf0=</latexit>

representations of

SO(3, 1) or SU(2)⇥ SU(2)

<latexit sha1_base64="yWADnQdn2cyi2KGQ++V6q+jG9ZU=">AAACGXicbVDLTgIxFO34RHyNunTTSEwwMWQGMbokunEnBgdIGEI6pUBD52F7x0gm/IYbf8WNC41xqSv/xgKzUPAkTc49597c3uNFgiuwrG9jYXFpeWU1s5Zd39jc2jZ3dmsqjCVlDg1FKBseUUzwgDnAQbBGJBnxPcHq3uBy7NfvmVQ8DG5hGLGWT3oB73JKQEtt06pe50+O7SPs3sWkg11gD5CEcpTWVSdf1B5wn6lp0TZzVsGaAM8TOyU5lKLSNj/dTkhjnwVABVGqaVsRtBIigVPBRlk3ViwidEB6rKlpQPSqVjK5bIQPtdLB3VDqFwCeqL8nEuIrNfQ93ekT6KtZbyz+5zVj6J63Eh5EMbCAThd1Y4EhxOOYcIdLRkEMNSFUcv1XTPtEEgo6zKwOwZ49eZ7UigW7VDi9KeXKF2kcGbSPDlAe2egMldEVqiAHUfSIntErejOejBfj3fiYti4Y6cwe+gPj6wfPwJ2y</latexit>



Model building and cataloguing

Symmetry
Space-time symmetries

Conservation laws
(Invariant quantities)

Internal symmetries Accidental symmetries

Well-defined patterns followed 
by a collection of fields

SU(3)C ⌦ SU(2)L ⌦ U(1)Y

<latexit sha1_base64="3+M4pw3JB2UjDS92HkCSo41TI8A=">AAACGnicbZDLSsNAFIYn9VbrLerSzWARWpCS1Ioui924cFHRtJUmhMl02g6dXJiZCCX0Odz4Km5cKOJO3Pg2TtosausPAx//OYcz5/ciRoU0jB8tt7K6tr6R3yxsbe/s7un7By0RxhwTC4cs5B0PCcJoQCxJJSOdiBPke4y0vVEjrbcfCRc0DO7lOCKOjwYB7VOMpLJc3byzSmdltwHtUzuU1CdCEVRmtezepDjnWiWz7D64etGoGFPBZTAzKIJMTVf/snshjn0SSMyQEF3TiKSTIC4pZmRSsGNBIoRHaEC6CgOk1jnJ9LQJPFFOD/ZDrl4g4dSdn0iQL8TY91Snj+RQLNZS879aN5b9SyehQRRLEuDZon7MoAxhmhPsUU6wZGMFCHOq/grxEHGEpUqzoEIwF09ehla1YtYq57e1Yv0qiyMPjsAxKAETXIA6uAZNYAEMnsALeAPv2rP2qn1on7PWnJbNHII/0r5/AUKsnKo=</latexit>

(For the Standard Model)



Model building and cataloguing

Symmetry
Space-time symmetries

Conservation laws
(Invariant quantities)

Internal symmetries Accidental symmetries

A hierarchy of such symmetries along with sequences of 
symmetry breaking can unveil chapters in cosmic history

SU(3)C ⌦ SU(2)L ⌦ U(1)Y

<latexit sha1_base64="3+M4pw3JB2UjDS92HkCSo41TI8A=">AAACGnicbZDLSsNAFIYn9VbrLerSzWARWpCS1Ioui924cFHRtJUmhMl02g6dXJiZCCX0Odz4Km5cKOJO3Pg2TtosausPAx//OYcz5/ciRoU0jB8tt7K6tr6R3yxsbe/s7un7By0RxhwTC4cs5B0PCcJoQCxJJSOdiBPke4y0vVEjrbcfCRc0DO7lOCKOjwYB7VOMpLJc3byzSmdltwHtUzuU1CdCEVRmtezepDjnWiWz7D64etGoGFPBZTAzKIJMTVf/snshjn0SSMyQEF3TiKSTIC4pZmRSsGNBIoRHaEC6CgOk1jnJ9LQJPFFOD/ZDrl4g4dSdn0iQL8TY91Snj+RQLNZS879aN5b9SyehQRRLEuDZon7MoAxhmhPsUU6wZGMFCHOq/grxEHGEpUqzoEIwF09ehla1YtYq57e1Yv0qiyMPjsAxKAETXIA6uAZNYAEMnsALeAPv2rP2qn1on7PWnJbNHII/0r5/AUKsnKo=</latexit>

SU(4)C ⌦ SU(2)L ⌦ SU(2)R

<latexit sha1_base64="OXCZSWV/8irEfUn7ULKA02wo1a0=">AAACG3icbZDLSsNAFIYn9VbrLerSzWARWpCSlIoui924cFEvaQtNCJPppB06uTAzEUroe7jxVdy4UMSV4MK3cdJmoa0/DHz85xzOnN+LGRXSML61wsrq2vpGcbO0tb2zu6fvH3RElHBMLByxiPc8JAijIbEklYz0Yk5Q4DHS9catrN59IFzQKLyXk5g4ARqG1KcYSWW5ev3OqjSqbgvap3YkaUCEIqjMetW9znDJvXX1slEzZoLLYOZQBrnarv5pDyKcBCSUmCEh+qYRSydFXFLMyLRkJ4LECI/RkPQVhkjtc9LZbVN4opwB9COuXijhzP09kaJAiEngqc4AyZFYrGXmf7V+Iv0LJ6VhnEgS4vkiP2FQRjALCg4oJ1iyiQKEOVV/hXiEOMJSxVlSIZiLJy9Dp14zG7Wzm0a5eZnHUQRH4BhUgAnOQRNcgTawAAaP4Bm8gjftSXvR3rWPeWtBy2cOwR9pXz/s6J0C</latexit>

SU(3)C ⌦ SU(2)L ⌦ SU(2)R ⌦ U(1)B�L

<latexit sha1_base64="X77VVQMPEGZ494Mxx5RK6fuA/Fk=">AAACMXicbZDLTgIxFIY7eEO8jbp000hMIFEygxhdEtiwYIGXARJmMumUAg2dS9qOCZnwSm58E+OGhca49SUslwWCf9Lkz3fOyen5vYhRIQ1joqU2Nre2d9K7mb39g8Mj/fikKcKYY2LhkIW87SFBGA2IJalkpB1xgnyPkZY3rE7rrWfCBQ2DJzmKiOOjfkB7FCOpkKvXHq3cdd6tQvvSDiX1iVAOKljMu/WpXaMPy8jKmXk3qVzVx66eNQrGTHDdmAuTBQs1XP3N7oY49kkgMUNCdEwjkk6CuKSYkXHGjgWJEB6iPukoGyC10klmF4/hhSJd2Au5eoGEM7o8kSBfiJHvqU4fyYFYrU3hf7VOLHt3TkKDKJYkwPNFvZhBGcJpfLBLOcGSjZRBmFP1V4gHiCMsVcgZFYK5evK6aRYLZqlwc1/KliuLONLgDJyDHDDBLSiDGmgAC2DwAt7BB/jUXrWJ9qV9z1tT2mLmFPyR9vML4Uukmw==</latexit>

SU(3)C ⌦ U(1)em

<latexit sha1_base64="kNppmj0lHPj/FoBbP0UbQrW3yok=">AAACDHicbVDLSgNBEJz1GeMr6tHLYBASkLCrET0GvXhUdBMhu4TZSScZMvtgplcMSz7Ai7/ixYMiXv0Ab/6Nk8dBjQUDRVU1PV1BIoVG2/6y5uYXFpeWcyv51bX1jc3C1nZdx6ni4PJYxuo2YBqkiMBFgRJuEwUsDCQ0gv75yG/cgdIijm5wkIAfsm4kOoIzNFKrULx2S0fl1jn1DrwYRQjaMOqWnHLLQ7jHDMKhSdkVeww6S5wpKZIpLluFT68d8zSECLlkWjcdO0E/YwoFlzDMe6mGhPE+60LT0IiZtX42PmZI943Spp1YmRchHas/JzIWaj0IA5MMGfb0X28k/uc1U+yc+pmIkhQh4pNFnVRSjOmoGdoWCjjKgSGMK2H+SnmPKcbR9Jc3JTh/T54l9cOKU60cX1WLtbNpHTmyS/ZIiTjkhNTIBbkkLuHkgTyRF/JqPVrP1pv1PonOWdOZHfIL1sc3Z0iZXQ==</latexit>



Model building and cataloguing

Symmetry
Space-time symmetries

Conservation laws
(Invariant quantities)

Internal symmetries Accidental symmetries

Baryon and Lepton number conservation in SM

(Need not be preserved in BSM extensions)



Model building and cataloguing

Symmetry
Space-time symmetries

Conservation laws
(Invariant quantities)

Internal symmetries Accidental symmetries

The fields of SM and their transformation properties (codified in terms of quantum numbers):  

spin-0

spin-1/2

spin-1

Spin assigned based on the transformation 
property of the field under the Lorentz 

group SO(3,1) 



Symmetry

Space-time symmetries Internal symmetries Accidental symmetries

Building + Cataloguing

+

<latexit sha1_base64="Q8EZmtSVqbuXVl6n+yQgGB/TTTM=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVFnss6MFjBfuB7VKyabYNzSZLkrWUpf/CiwdFvPpvvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3sbm1vZPfLeztHxweFY9PWlomitAmkVyqToA15UzQpmGG006sKI4CTtvB+Gbut5+o0kyKBzONqR/hoWAhI9hY6bF3KycCKyUn/WLJLbsLoHXiZaQEGRr94ldvIEkSUWEIx1p3PTc2foqVYYTTWaGXaBpjMsZD2rVU4IhqP11cPEMXVhmgUCpbwqCF+nsixZHW0yiwnRE2I73qzcX/vG5iwpqfMhEnhgqyXBQmHBmJ5u+jAVOUGD61BBPF7K2IjLDCxNiQCjYEb/XlddK6KnuVcvW+UqrXsjjycAbncAkeXEMd7qABTSAg4Ble4c3Rzovz7nwsW3NONnMKf+B8/gDNIpD7</latexit>

{�, �2, �3, �4, �5}

<latexit sha1_base64="pmP/b6rSylMc+HyxZaoIfY18cqk=">AAACJ3icbVDLSsNAFJ34rPUVdelmsAguSklqi66k6MZlBfuAJpbJdNIOnUzCzEQooX/jxl9xI6iILv0Tp2kWsfXCwHncy517vIhRqSzr21hZXVvf2CxsFbd3dvf2zYPDtgxjgUkLhywUXQ9JwignLUUVI91IEBR4jHS88c3M7zwSIWnI79UkIm6Ahpz6FCOlpb555STQiUa0DJ2yU07hQzVPzvOklid16Ez7ZsmqWGnBZWBnoASyavbNN2cQ4jggXGGGpOzZVqTcBAlFMSPTohNLEiE8RkPS05CjgEg3Se+cwlOtDKAfCv24gqman0hQIOUk8HRngNRILnoz8T+vFyv/0k0oj2JFOJ4v8mMGVQhnocEBFQQrNtEAYUH1XyEeIYGw0tEWdQj24snLoF2t2LVK/a5WalxncRTAMTgBZ8AGF6ABbkETtAAGT+AFvIMP49l4NT6Nr3nripHNHIE/Zfz8AlOPoVY=</latexit>

{ ̄L  R,  ̄L  R �,  ̄L �
µ⌫ R Fµ⌫}

<latexit sha1_base64="2g5h+Ewn73soVPy+sZt2VanjZCU="></latexit>

{ 2
L �

2,  4
L,R,  

2
L  

2
R}

<latexit sha1_base64="6TguS88TDskcZcD67JhqcwBRPqA=">AAACKXicbZDLSsNAFIYnXmu9RV26GSyCi1KSUtFl0Y2LLmqxF2jSMJlO2qGTCzMToYS8jhtfxY2Com59ESdtFrX1wAwf/38OM+d3I0aFNIwvbW19Y3Nru7BT3N3bPzjUj447Iow5Jm0cspD3XCQIowFpSyoZ6UWcIN9lpOtObjO/+0i4oGHwIKcRsX00CqhHMZJKcvS6lViRoE5jULXKVjSmg2oZKlJXJieNcisd1BalvFNRS1Hq6CWjYswKroKZQwnk1XT0N2sY4tgngcQMCdE3jUjaCeKSYkbSohULEiE8QSPSVxggnwg7mW2awnOlDKEXcnUCCWfq4kSCfCGmvqs6fSTHYtnLxP+8fiy9azuhQRRLEuD5Q17MoAxhFhscUk6wZFMFCHOq/grxGHGEpQq3qEIwl1dehU61YtYql/e1Uv0mj6MATsEZuAAmuAJ1cAeaoA0weAIv4B18aM/aq/apfc9b17R85gT8Ke3nFya6pCI=</latexit>

X

<latexit sha1_base64="jVReiIXhqYJ6Ag+sQkGjCeGtaYA=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIrkoiFV0W3bisYB/QhDKZ3rRDZpIwMxFKiBt/xY0LRdz6F+78G6dpFtp64MLhnHvnzj1+wqhUtv1tVFZW19Y3qpu1re2d3T1z/6Ar41QQ6JCYxaLvYwmMRtBRVDHoJwIw9xn0/PBm5vceQEgaR/dqmoDH8TiiASVYaWloHrnFG5nPUsgzl0yAhByLMB+adbthF7CWiVOSOirRHppf7igmKYdIEYalHDh2orwMC0UJg7zmphISTEI8hoGmEeYgvazYnlunWhlZQSx0Rcoq1N8TGeZSTrmvOzlWE7nozcT/vEGqgisvo1GSKojIfFGQMkvF1iwOa0QFEMWmmmAiqP6rRSZYYKJ0aDUdgrN48jLpnjecZuPirllvXZdxVNExOkFnyEGXqIVuURt1EEGP6Bm9ojfjyXgx3o2PeWvFKGcO0R8Ynz+/Mpe7</latexit>

X

<latexit sha1_base64="jVReiIXhqYJ6Ag+sQkGjCeGtaYA=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIrkoiFV0W3bisYB/QhDKZ3rRDZpIwMxFKiBt/xY0LRdz6F+78G6dpFtp64MLhnHvnzj1+wqhUtv1tVFZW19Y3qpu1re2d3T1z/6Ar41QQ6JCYxaLvYwmMRtBRVDHoJwIw9xn0/PBm5vceQEgaR/dqmoDH8TiiASVYaWloHrnFG5nPUsgzl0yAhByLMB+adbthF7CWiVOSOirRHppf7igmKYdIEYalHDh2orwMC0UJg7zmphISTEI8hoGmEeYgvazYnlunWhlZQSx0Rcoq1N8TGeZSTrmvOzlWE7nozcT/vEGqgisvo1GSKojIfFGQMkvF1iwOa0QFEMWmmmAiqP6rRSZYYKJ0aDUdgrN48jLpnjecZuPirllvXZdxVNExOkFnyEGXqIVuURt1EEGP6Bm9ojfjyXgx3o2PeWvFKGcO0R8Ynz+/Mpe7</latexit>

{�2, �4}

<latexit sha1_base64="pZOWaA5PUIC2TNYKcI+0XcYxAwA=">AAACAnicbVDLSgMxFL1TX7W+Rl2Jm2ARXJQyUyq6LLpxWcE+oDOWTJq2oZnMkGSEMhQ3/oobF4q49Svc+Tem7Sy09cCFk3PuJfeeIOZMacf5tnIrq2vrG/nNwtb2zu6evX/QVFEiCW2QiEeyHWBFORO0oZnmtB1LisOA01Ywup76rQcqFYvEnR7H1A/xQLA+I1gbqWsfeSny4iG7r5SQV/JK80cVeZOuXXTKzgxombgZKUKGetf+8noRSUIqNOFYqY7rxNpPsdSMcDopeImiMSYjPKAdQwUOqfLT2QkTdGqUHupH0pTQaKb+nkhxqNQ4DExniPVQLXpT8T+vk+j+pZ8yESeaCjL/qJ9wpCM0zQP1mKRE87EhmEhmdkVkiCUm2qRWMCG4iycvk2al7FbL57fVYu0qiyMPx3ACZ+DCBdTgBurQAAKP8Ayv8GY9WS/Wu/Uxb81Z2cwh/IH1+QNNnpV1</latexit>

X

<latexit sha1_base64="jVReiIXhqYJ6Ag+sQkGjCeGtaYA=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIrkoiFV0W3bisYB/QhDKZ3rRDZpIwMxFKiBt/xY0LRdz6F+78G6dpFtp64MLhnHvnzj1+wqhUtv1tVFZW19Y3qpu1re2d3T1z/6Ar41QQ6JCYxaLvYwmMRtBRVDHoJwIw9xn0/PBm5vceQEgaR/dqmoDH8TiiASVYaWloHrnFG5nPUsgzl0yAhByLMB+adbthF7CWiVOSOirRHppf7igmKYdIEYalHDh2orwMC0UJg7zmphISTEI8hoGmEeYgvazYnlunWhlZQSx0Rcoq1N8TGeZSTrmvOzlWE7nozcT/vEGqgisvo1GSKojIfFGQMkvF1iwOa0QFEMWmmmAiqP6rRSZYYKJ0aDUdgrN48jLpnjecZuPirllvXZdxVNExOkFnyEGXqIVuURt1EEGP6Bm9ojfjyXgx3o2PeWvFKGcO0R8Ynz+/Mpe7</latexit>

{ ̄L  R �}

<latexit sha1_base64="VfGH3MnIg6JwNV1jzQjLIyrhHWI=">AAACCXicbZC7TsMwFIZPyq2UW4CRxaJCYkBVgopgrGBhYCiIXqQmihzXba06F9kOUhVlZeFVWBhAiJU3YONtcNoM0HIky5/+/xzZ5/djzqSyrG+jtLS8srpWXq9sbG5t75i7e20ZJYLQFol4JLo+lpSzkLYUU5x2Y0Fx4HPa8cdXud95oEKyKLxXk5i6AR6GbMAIVlryTOSkyPGxSJ1Yssy7cU5y8O7ye8SQk3lm1apZ00KLYBdQhaKanvnl9COSBDRUhGMpe7YVKzfFQjHCaVZxEkljTMZ4SHsaQxxQ6abTTTJ0pJU+GkRCn1Chqfp7IsWBlJPA150BViM57+Xif14vUYMLN2VhnCgaktlDg4QjFaE8FtRnghLFJxowEUz/FZERFpgoHV5Fh2DPr7wI7dOaXa+d3darjcsijjIcwCEcgw3n0IBraEILCDzCM7zCm/FkvBjvxsestWQUM/vwp4zPH82imcU=</latexit>

X

<latexit sha1_base64="jVReiIXhqYJ6Ag+sQkGjCeGtaYA=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIrkoiFV0W3bisYB/QhDKZ3rRDZpIwMxFKiBt/xY0LRdz6F+78G6dpFtp64MLhnHvnzj1+wqhUtv1tVFZW19Y3qpu1re2d3T1z/6Ar41QQ6JCYxaLvYwmMRtBRVDHoJwIw9xn0/PBm5vceQEgaR/dqmoDH8TiiASVYaWloHrnFG5nPUsgzl0yAhByLMB+adbthF7CWiVOSOirRHppf7igmKYdIEYalHDh2orwMC0UJg7zmphISTEI8hoGmEeYgvazYnlunWhlZQSx0Rcoq1N8TGeZSTrmvOzlWE7nozcT/vEGqgisvo1GSKojIfFGQMkvF1iwOa0QFEMWmmmAiqP6rRSZYYKJ0aDUdgrN48jLpnjecZuPirllvXZdxVNExOkFnyEGXqIVuURt1EEGP6Bm9ojfjyXgx3o2PeWvFKGcO0R8Ynz+/Mpe7</latexit>

X

<latexit sha1_base64="jVReiIXhqYJ6Ag+sQkGjCeGtaYA=">AAACAXicbVDLSsNAFJ3UV62vqBvBTbAIrkoiFV0W3bisYB/QhDKZ3rRDZpIwMxFKiBt/xY0LRdz6F+78G6dpFtp64MLhnHvnzj1+wqhUtv1tVFZW19Y3qpu1re2d3T1z/6Ar41QQ6JCYxaLvYwmMRtBRVDHoJwIw9xn0/PBm5vceQEgaR/dqmoDH8TiiASVYaWloHrnFG5nPUsgzl0yAhByLMB+adbthF7CWiVOSOirRHppf7igmKYdIEYalHDh2orwMC0UJg7zmphISTEI8hoGmEeYgvazYnlunWhlZQSx0Rcoq1N8TGeZSTrmvOzlWE7nozcT/vEGqgisvo1GSKojIfFGQMkvF1iwOa0QFEMWmmmAiqP6rRSZYYKJ0aDUdgrN48jLpnjecZuPirllvXZdxVNExOkFnyEGXqIVuURt1EEGP6Bm9ojfjyXgx3o2PeWvFKGcO0R8Ynz+/Mpe7</latexit>

{ 4
L,R,  

2
L  

2
R}

<latexit sha1_base64="YDqma+ULIbmARA1ADtgOtZyn50A=">AAACEnicbZC7TsMwFIYdrqXcAowsFhUSSFWVVEUwVrAwdCgVvUhNGjmu01p1LrIdpCrKM7DwKiwMIMTKxMbb4LQZoOVItj7/5xwdn9+NGBXSML61ldW19Y3NwlZxe2d3b18/OOyIMOaYtHHIQt5zkSCMBqQtqWSkF3GCfJeRrju5yfLdB8IFDYN7OY2I7aNRQD2KkVSSo59biRUJ6iSNcisd1MrQKlvqyqTGoKoeGbUUpY5eMirGLOAymDmUQB5NR/+yhiGOfRJIzJAQfdOIpJ0gLilmJC1asSARwhM0In2FAfKJsJPZSik8VcoQeiFXJ5Bwpv7uSJAvxNR3VaWP5Fgs5jLxv1w/lt6VndAgiiUJ8HyQFzMoQ5j5A4eUEyzZVAHCnKq/QjxGHGGpXCwqE8zFlZehU62YtcrFXa1Uv87tKIBjcALOgAkuQR3cgiZoAwwewTN4BW/ak/aivWsf89IVLe85An9C+/wBkFScKA==</latexit>

specific operators, e.g., lL q3L

<latexit sha1_base64="0oEM+EnWV+X9zXKp7QVvcwWHv/k=">AAACGXicbVBNS8NAEN34WetX1aOXxSJ4KCHRih6LXjz0UMGq0NSw2U7bpZts3J2IJfRvePGvePGgiEc9+W9Mag9+PRh4vDfDzLwglsKg43xYU9Mzs3PzhYXi4tLyymppbf3cqERzaHIllb4MmAEpImiiQAmXsQYWBhIugsFx7l/cgDZCRWc4jKEdsl4kuoIzzCS/5HgIt5iaGHiuUhWDZqi0qVCwe3aFjqj0617l2q9f7VHPK/qlsmM7Y9C/xJ2QMpmg4ZfevI7iSQgRcsmMablOjO2UaRRcwqjoJQZixgesB62MRiwE007Hn43odqZ0aFfprCKkY/X7RMpCY4ZhkHWGDPvmt5eL/3mtBLuH7VREcYIQ8a9F3URSVDSPiXaEBo5ymBHGtchupbzPNOOYhZmH4P5++S8537Xdqr1/Wi3XjiZxFMgm2SI7xCUHpEZOSIM0CSd35IE8kWfr3nq0XqzXr9YpazKzQX7Aev8EC5Ke/w==</latexit>

can be further filtered out

<latexit sha1_base64="xIwmHfmt0gcy4ZsUh5J902t5sdk=">AAACC3icbVC7TsNAEDyHd3gZKGlOREhUkY1AUEbQUIJEAlJiRefLmpxyvrPu1ojISk/Dr9BQgBAtP0DH33BJXPCaajSzq52dOJPCYhB8epWZ2bn5hcWl6vLK6tq6v7HZsjo3HJpcS22uY2ZBCgVNFCjhOjPA0ljCVTw4HftXt2Cs0OoShxlEKbtRIhGcoZO6/k4H4Q4LzhSNgSa5wT4YmgiJYKBHdY6jrl8L6sEE9C8JS1IjJc67/kenp3megkIumbXtMMgwKphBwSWMqp3cQsb4gN1A21HFUrBRMfllRHed0qOJdiG0QjpRv28ULLV2mMZuMmXYt7+9sfif184xOY4KobIcQfHpoSSXFDUdF0N7wgBHOXSEcSNcVsr7zDDumrBVV0L4++W/pLVfDw/qhxcHtcZJWcci2SY7ZI+E5Ig0yBk5J03CyT15JM/kxXvwnrxX7206WvHKnS3yA977F1fFm0A=</latexit>

Model building and cataloguing



Challenges associated with model building

Increase in number of fields 

Increase in mass dimension

Interrelations among 
operators: redundancies

remedy ?
Increase in complexity

Source of error Automation

algorithm ?



Hilbert Series: a prescription for constructing invariants
Complex scalar fields with U(1) symmetry – a toy example

Transformation 
property:   

Possible 
invariants:

Number of invariants for each n = 1

An infinite series containing all possible invariants

| {z }

<latexit sha1_base64="PbTDqu2x3IZAP6GIDJ0BUcaEcMc=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyyCq5JIRZdFNy4r2Ae0oUwmN+3QySSdh1BCceOvuHGhiFu/wp1/47TNQlsP3MvhnHuZuSdIGZXKdb+twsrq2vpGcbO0tb2zu2fvHzRlogWBBklYItoBlsAoh4aiikE7FYDjgEErGN5M/dYDCEkTfq/GKfgx7nMaUYKVkXr2UVfzEEQgMIGsOxppHM77pGeX3Yo7g7NMvJyUUY56z/7qhgnRMXBFGJay47mp8jMsFCUMJqWulpBiMsR96BjKcQzSz2YnTJxTo4ROlAhTXDkz9fdGhmMpx3FgJmOsBnLRm4r/eR2tois/ozzVCjiZPxRp5qjEmebhhFQAUWxsCCaCmr86ZIBNHMqkVjIheIsnL5PmecWrVi7uquXadR5HER2jE3SGPHSJaugW1VEDEfSIntErerOerBfr3fqYjxasfOcQ/YH1+QNX5ZgM</latexit>

+

<latexit sha1_base64="Q8EZmtSVqbuXVl6n+yQgGB/TTTM=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVFnss6MFjBfuB7VKyabYNzSZLkrWUpf/CiwdFvPpvvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3sbm1vZPfLeztHxweFY9PWlomitAmkVyqToA15UzQpmGG006sKI4CTtvB+Gbut5+o0kyKBzONqR/hoWAhI9hY6bF3KycCKyUn/WLJLbsLoHXiZaQEGRr94ldvIEkSUWEIx1p3PTc2foqVYYTTWaGXaBpjMsZD2rVU4IhqP11cPEMXVhmgUCpbwqCF+nsixZHW0yiwnRE2I73qzcX/vG5iwpqfMhEnhgqyXBQmHBmJ5u+jAVOUGD61BBPF7K2IjLDCxNiQCjYEb/XlddK6KnuVcvW+UqrXsjjycAbncAkeXEMd7qABTSAg4Ble4c3Rzovz7nwsW3NONnMKf+B8/gDNIpD7</latexit>



Hilbert Series: a prescription for constructing invariants
Complex scalar fields with U(1) symmetry – a toy example

“Characters” corresponding 
to +1, -1 charges of U(1)

for a spurion ' transforming under

<latexit sha1_base64="h+ikQiamsleHYxIfKpcijHp4c+E=">AAACIXicbVDLSgNBEJz1bXxFPXoZDIKnsCuKHkUvHiMYDSQh9E56kyGzs8tMrxiW/IoXf8WLB0VyE3/GyeOgiXUqqqrp7gpTJS35/pe3sLi0vLK6tl7Y2Nza3inu7t3bJDMCqyJRiamFYFFJjVWSpLCWGoQ4VPgQ9q5H/sMjGisTfUf9FJsxdLSMpAByUqt40SB8ojxKDAdu08w4lQ944xFM2pV84nIyoK3LxFJ3eKbbaAatYskv+2PweRJMSYlNUWkVh412IrIYNQkF1tYDP6VmDoakUDgoNDKLKYgedLDuqIYYbTMffzjgR05p89GVUaKJj9XfEznE1vbj0CVjoK6d9Ubif149o+iimUudZoRaTBZFmeKU8FFdvC0NClJ9R0AY6W7logsGBLlSC66EYPbleXJ/Ug5Oy2e3p6XLq2kda+yAHbJjFrBzdsluWIVVmWDP7JW9sw/vxXvzPr3hJLrgTWf22R943z8zF6TL</latexit>

representation R of a Lie group

<latexit sha1_base64="ECR3CkRbHyElpY67SLDE+4jJKQM=">AAACInicbVBNS8NAEN34WetX1aOXxSJ4Koko6q3oxYOHKrYKTSib7aQubrJhdyKW0N/ixb/ixYOingR/jJvYg18PBh7vzTAzL0ylMOi6787E5NT0zGxlrjq/sLi0XFtZ7RiVaQ5trqTSlyEzIEUCbRQo4TLVwOJQwkV4fVT4FzegjVDJOQ5TCGI2SEQkOEMr9WoHPsIt5hrslIEES5mOqB8zvOJM5meWly1URZTREwF0oFWWjnq1uttwS9C/xBuTOhmj1au9+n3Fs9hu4ZIZ0/XcFIOcaRRcwqjqZwZSxq/ZALqWJiwGE+TliyO6aZU+jZS2lSAt1e8TOYuNGcah7SwuN7+9QvzP62YY7Qe5SNIMIeFfi6JMUlS0yIv2hQaOcmgJ41rYWym/YppxtKlWbQje75f/ks52w9tp7J7u1JuH4zgqZJ1skC3ikT3SJMekRdqEkzvyQJ7Is3PvPDovzttX64QznlkjP+B8fAKnV6Tv</latexit>

zj � variables parametrizing the character

<latexit sha1_base64="czaS5L1j41eCFG/7TfdEBTqxzaU=">AAACG3icbVBNSwMxFMzW7/q16tFLsAheLLtS0aPoxaOCVaEtSzZ9bWOz2SV5W6xL/4cX/4oXD4p4Ejz4b0zrgto6EBhm3vDyJkykMOh5n05hanpmdm5+obi4tLyy6q6tX5o41RyqPJaxvg6ZASkUVFGghOtEA4tCCVdh92ToX/VAGxGrC+wn0IhYW4mW4AytFLh7d8EN3aV1hFvMekwLZpOGJkyzCFCLO6HaFDtAecdKHEEPArfklb0R6CTxc1IiOc4C973ejHkagUIumTE130uwkTGNgksYFOupgYTxLmtDzVJlN5tGNrptQLet0qStWNunkI7U34mMRcb0o9BORgw7Ztwbiv95tRRbh41MqCRFUPx7USuVFGM6LIo2hQaOsm8J41rYv/50YIq2BH/85ElyuVf2K+X980rp6DivY55ski2yQ3xyQI7IKTkjVcLJPXkkz+TFeXCenFfn7Xu04OSZDfIHzscX2W2h9A==</latexit>

General case

Integration measure Generating function

j � rank of the group

<latexit sha1_base64="4i6ra7lras0ftaC5/53vcFOBD2k=">AAACBXicbVA9SwNBEN3zM8avqKUWi0GwMdxJRMugjWUEo0ISwt5mLlmzt3vszonhSGPjX7GxUMTW/2Dnv3ETU2jig4HHezPMzAsTKSz6/pc3Mzs3v7CYW8ovr6yurRc2Nq+sTg2HGtdSm5uQWZBCQQ0FSrhJDLA4lHAd9s6G/vUdGCu0usR+As2YdZSIBGfopFZh55Ye0AbCPWaGqR7VEcUu0I7RaTJoFYp+yR+BTpNgTIpkjGqr8Nloa57GoJBLZm098BNsZsyg4BIG+UZqIWG8xzpQd1SxGGwzG30xoHtOadNIG1cK6Uj9PZGx2Np+HLrOmGHXTnpD8T+vnmJ00syESlIExX8WRamkqOkwEtoWBjjKviOMG+FupbzLDOPogsu7EILJl6fJ1WEpKJeOLsrFyuk4jhzZJrtknwTkmFTIOamSGuHkgTyRF/LqPXrP3pv3/tM6441ntsgfeB/fnlKYCg==</latexit>

Underlying principle

characters of compact Lie groups form an 
orthonormal set of basis functions on zjL. Lehman, A. Martin (2015), arxiv: 1503.07537



Building blocks
For SU(N)

numerator

denominator
Vandermonde 
determinant

Cartan subalgebra

related to co-ordinates 
of the maximal torus 

(character formula)

(formula for Haar measure)
Vandermonde 
determinant



Building blocks

Characters and Haar measures w.r.t. spacetime symmetry

Issues: 
➢ Inclusion of derivatives brings into picture redundancies due to Equations of motion (EOM) of the fields and Integration by parts (IBP) 

relations between different operators with identical composition.  
➢ SO(3,1) is a non-compact group on account of the Minkowskian metric and the Haar measure is only defined for connected, compact groups. 

remedy ?

we first shift to the Euclidean group SO(4) (more appropriately, the conformal group SO(4,2)) and we express it as the tensor product SU(2)L x SU(2)R

Subtraction of EOM and IBP redundancies is automatically implemented when conformal characters are taken into account

 Note: — The derivative is a singlet under the internal symmetry groups and only transforms under the Lorentz group.

(Once again, by exploiting character orthonormality)



Building blocks

Characters under the 
conformal group for fields 

with spin-0, ½ and 1.

Full Hilbert Series

B. Henning, X. Lu, T. Melia, H. Murayama (2015), arxiv: 1512.03433     -     For SMEFT                                                                    
B. Henning, X. Lu, T. Melia, H. Murayama (2017), arxiv: 1706.08520     -     For explicit details on conformal characters



Automation

https://TeamGrIP.github.io/GrIP/

GrIP - acronym for Group Invariant Polynomials

Mathematica package available from



Automation

https://TeamGrIP.github.io/GrIP/

GrIP - acronym for Group Invariant Polynomials

Mathematica package available from

User friendly interface:  
Model info (symmetry information, field content) read through an input file 
Commands entered through a notebook file 
Results displayed on the same notebook file 

Familiarity with characters, Haar measures and Hilbert series is not required   

Additional capabilities: 
Filters based on the degree of baryon and lepton number violation 
Number of fermion flavour can be modified 

Functionality

U Banerjee, J Chakrabortty, S Prakash, SU Rahaman (2020), arxiv: 2004.12830



Automation

https://TeamGrIP.github.io/GrIP/

GrIP - acronym for Group Invariant Polynomials

Mathematica package available from

User friendly interface:  
Model info (symmetry information, field content) read through an input file 
Commands entered through a notebook file 
Results displayed on the same notebook file 
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Filters based on the degree of baryon and lepton number violation 
Number of fermion flavour can be modified 

Functionality



Automation
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GrIP - acronym for Group Invariant Polynomials
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User friendly interface:  
Model info (symmetry information, field content) read through an input file 
Commands entered through a notebook file 
Results displayed on the same notebook file 

Familiarity with characters, Haar measures and Hilbert series is not required   

Additional capabilities: 
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Functionality



Automation

https://TeamGrIP.github.io/GrIP/

GrIP - acronym for Group Invariant Polynomials

Mathematica package available from

User friendly interface:  
Model info (symmetry information, field content) read through an input file 
Commands entered through a notebook file 
Results displayed on the same notebook file 

Familiarity with characters, Haar measures and Hilbert series is not required   

Additional capabilities: 
Filters based on the degree of baryon and lepton number violation 
Number of fermion flavour can be modified 

Functionality

Limitations

Only works for spin - 0, 1, 1/2 fields in 3+1 
space time dimensions. 
Only reports operators in a complete and 
independent basis, no provisions for 
Green’s basis 
Results are reported in “raw” form

(Dimension 6 SMEFT operator basis)



SMEFT ( d = 6 ) operator basis

B Grzadkowski, M Iskrzynski, M Misiak, J Rosiek (2010), arXiv:1008.4884



SMEFT ( d = 6 ) operator basis continued …

B Grzadkowski, M Iskrzynski, M Misiak, J Rosiek (2010), arXiv:1008.4884

Only B-, L- 
Conserving



Operator - observable correspondence

At the level of operator class

W Buchmuller, D Wyler (1986)

<latexit sha1_base64="ZjvX+sW2d+EtGStCLGdaLC3ct34="></latexit>

EWPO-LO :

<latexit sha1_base64="BIA+jLTMO7OK4N2yLj90zxwa+Ck="></latexit>

{QHD, QHWB, Q
(1)
Hq

, Q(3)
Hq

, Q(1)
Hl

, Q(3)
Hl

, QHe, QHu, QHd, Qll}

<latexit sha1_base64="AjPBq/oBlg0wVc3hhCeaH+3Qu+s="></latexit>

EWPO-NLO-I :
<latexit sha1_base64="2ycvA7o45qWoP36VjkrXUVPo6uc="></latexit>

{QHB, QHW , QH⇤}

<latexit sha1_base64="zkdZxOpbT5loZ6IhSWDcqL1IrO8="></latexit>

Higgs Signal Strength (HSS) :

At the level of individual operator  
or groups of operators

SD Bakshi, J Chakrabortty, M Spannowsky (2020), arxiv: 2012.03839
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Integrate out

heavy fields
Higher (>4) mass 

dimensional SMEFT operators 
connect to Relevant 

Observables

look for
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Judge the 
validity of the 

chosen model

Our proposed approach:

Observable 
showing anomalous 

behaviour

identify Relevant SMEFT 
operators Feynman diagrams

Identify 
heavy field 
propagators

Unfold

into

Model discrimination

Popular approach

Using symmetry 

arguments 

SD Bakshi, J Chakrabortty, S Prakash, SU Rahaman, M Spannowsky (2021), arxiv: 2103.11593



Effective Operators -> Feynman diagrams



Lorentz invariant unfolding (simple examples)

The building blocks: Tree-level diagrams

Scalar

Fermion

 4

<latexit sha1_base64="VHu5JqBGvEIPx+cRupR2o4F9NGQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVih6LXjxWsB/QriWbZttoNglJVihL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXKc6M9f1vr7Cyura+UdwsbW3v7O6V9w9aRqaa0CaRXOpOhA3lTNCmZZbTjtIUJxGn7ejxeuq3n6g2TIo7O1Y0TPBQsJgRbJ3U6inD7mv9csWv+jOgZRLkpAI5Gv3yV28gSZpQYQnHxnQDX9kww9oywumk1EsNVZg84iHtOipwQk2Yza6doBOnDFAstSth0Uz9PZHhxJhxErnOBNuRWfSm4n9eN7XxZZgxoVJLBZkvilOOrETT19GAaUosHzuCiWbuVkRGWGNiXUAlF0Kw+PIyaZ1Vg1r1/LZWqV/lcRThCI7hFAK4gDrcQAOaQOABnuEV3jzpvXjv3se8teDlM4fwB97nD1Gyjvg=</latexit>

�6

<latexit sha1_base64="e2x7Zbs/hKrl2o/KfkjO7XRAIJ4=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKfByDXjxGMA9I1jA7mU3GzM4sM7NCWPIPXjwo4tX/8ebfONnsQRMLGoqqbrq7gpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvpn57SeqNJPi3kxi6kd4KFjICDZWavXiEXu46JcrbtXNgJaJl5MK5Gj0y1+9gSRJRIUhHGvd9dzY+ClWhhFOp6VeommMyRgPaddSgSOq/TS7dopOrDJAoVS2hEGZ+nsixZHWkyiwnRE2I73ozcT/vG5iwis/ZSJODBVkvihMODISzV5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3uLLy6R1VvVq1fO7WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz9D7Y7v</latexit>

 2�3

<latexit sha1_base64="d+fR0kG/3Ej5b1/W3ekWoPeiT6Q=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Kru1oseiF48V7Ad0tyWbZtvQbDYkWaEs/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeKDnTxnW/nbX1jc2t7cJOcXdv/+CwdHTc0kmqCG2ShCeqE2JNORO0aZjhtCMVxXHIaTsc38389hNVmiXi0UwkDWI8FCxiBBsr+b7UrFf15Yj1Lvulsltx50CrxMtJGXI0+qUvf5CQNKbCEI617nquNEGGlWGE02nRTzWVmIzxkHYtFTimOsjmN0/RuVUGKEqULWHQXP09keFY60kc2s4Ym5Fe9mbif143NdFNkDEhU0MFWSyKUo5MgmYBoAFTlBg+sQQTxeytiIywwsTYmIo2BG/55VXSqla8WuXqoVau3+ZxFOAUzuACPLiGOtxDA5pAQMIzvMKbkzovzrvzsWhdc/KZE/gD5/MHjZSRYA==</latexit>



Lorentz invariant unfolding (simple examples)

The building blocks: 1-loop diagrams

Scalar

Fermion

 4

<latexit sha1_base64="VHu5JqBGvEIPx+cRupR2o4F9NGQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVih6LXjxWsB/QriWbZttoNglJVihL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXKc6M9f1vr7Cyura+UdwsbW3v7O6V9w9aRqaa0CaRXOpOhA3lTNCmZZbTjtIUJxGn7ejxeuq3n6g2TIo7O1Y0TPBQsJgRbJ3U6inD7mv9csWv+jOgZRLkpAI5Gv3yV28gSZpQYQnHxnQDX9kww9oywumk1EsNVZg84iHtOipwQk2Yza6doBOnDFAstSth0Uz9PZHhxJhxErnOBNuRWfSm4n9eN7XxZZgxoVJLBZkvilOOrETT19GAaUosHzuCiWbuVkRGWGNiXUAlF0Kw+PIyaZ1Vg1r1/LZWqV/lcRThCI7hFAK4gDrcQAOaQOABnuEV3jzpvXjv3se8teDlM4fwB97nD1Gyjvg=</latexit>

�6

<latexit sha1_base64="e2x7Zbs/hKrl2o/KfkjO7XRAIJ4=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKfByDXjxGMA9I1jA7mU3GzM4sM7NCWPIPXjwo4tX/8ebfONnsQRMLGoqqbrq7gpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvpn57SeqNJPi3kxi6kd4KFjICDZWavXiEXu46JcrbtXNgJaJl5MK5Gj0y1+9gSRJRIUhHGvd9dzY+ClWhhFOp6VeommMyRgPaddSgSOq/TS7dopOrDJAoVS2hEGZ+nsixZHWkyiwnRE2I73ozcT/vG5iwis/ZSJODBVkvihMODISzV5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3uLLy6R1VvVq1fO7WqV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz9D7Y7v</latexit>

 2�3

<latexit sha1_base64="d+fR0kG/3Ej5b1/W3ekWoPeiT6Q=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Kru1oseiF48V7Ad0tyWbZtvQbDYkWaEs/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeKDnTxnW/nbX1jc2t7cJOcXdv/+CwdHTc0kmqCG2ShCeqE2JNORO0aZjhtCMVxXHIaTsc38389hNVmiXi0UwkDWI8FCxiBBsr+b7UrFf15Yj1Lvulsltx50CrxMtJGXI0+qUvf5CQNKbCEI617nquNEGGlWGE02nRTzWVmIzxkHYtFTimOsjmN0/RuVUGKEqULWHQXP09keFY60kc2s4Ym5Fe9mbif143NdFNkDEhU0MFWSyKUo5MgmYBoAFTlBg+sQQTxeytiIywwsTYmIo2BG/55VXSqla8WuXqoVau3+ZxFOAUzuACPLiGOtxDA5pAQMIzvMKbkzovzrvzsWhdc/KZE/gD5/MHjZSRYA==</latexit>



Possible SM - BSM field interactions (scalar sector)

The building blocks: fixing quantum numbers

V1 V2 V3 V4

Assumption - all incoming fields at each vertex 



Possible SM - BSM field interactions (scalar sector)

The building blocks: fixing quantum numbers

V1 V2 V3 V4

(i) �1 = �2 = H(1,2, 12 )
or H†

<latexit sha1_base64="bJKAAmWm8imW6f1QurkGZCKm06s="></latexit>

)

<latexit sha1_base64="BwttjCQqzrTbpCEpJtPXZhKYmPc=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMV+wFpKJvtpl262Q27E6WU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmFldW19o7hZ2tre2d0r7x80jco0ZQ2qhNLtiBgmuGQN5ChYO9WMJJFgrWh4M/Vbj0wbruQDjlIWJqQvecwpQSsFnXveHyDRWj11yxWv6s3gLhM/JxXIUe+Wvzo9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cU+s0nNjpW1JdGfq74kxSYwZJZHtTAgOzKI3Ff/zggzjq3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZeXSfOs6p9XL+7OK7XrPI4iHMExnIIPl1CDW6hDAygoeIZXeHPQeXHenY95a8HJZw7hD5zPH5OzkXU=</latexit>

�3 2 { (1, 3, 1), (1, 1, 1) }

<latexit sha1_base64="7YgHA+JPJK2S8oqks57CH/eJa5I=">AAACDXicbZBNS8MwGMdTX+d8q3r0EpzCBmW0bqLHoRePE9wLrKWkWbaFpWlJUmGUfQEvfhUvHhTx6t2b38as60E3nxD48f8/D8nzD2JGpbLtb2NldW19Y7OwVdze2d3bNw8O2zJKBCYtHLFIdAMkCaOctBRVjHRjQVAYMNIJxjczv/NAhKQRv1eTmHghGnI6oBgpLfnmqdscUb/mWi7lbupaZceqWU7Fykifinamvlmyq3ZWcBmcHEogr6Zvfrn9CCch4QozJGXPsWPlpUgoihmZFt1EkhjhMRqSnkaOQiK9NNtmCs+00oeDSOjLFczU3xMpCqWchIHuDJEayUVvJv7n9RI1uPJSyuNEEY7nDw0SBlUEZ9HAPhUEKzbRgLCg+q8Qj5BAWOkAizoEZ3HlZWifV5169eKuXmpc53EUwDE4AWXggEvQALegCVoAg0fwDF7Bm/FkvBjvxse8dcXIZ47AnzI+fwAx0pfT</latexit>

(ii) �1 = H, �2 = H
†

<latexit sha1_base64="yKKRH3yRPU9MLmcubBMaTDADDpE=">AAACGHicbVDLSsNAFJ3UV62vqks3g0WoUGpSKroRim66rGAf0MQwmUzboZNJmJkIJfQz3Pgrblwo4rY7/8ZJm4W2Hhg495x7uXOPFzEqlWl+G7m19Y3Nrfx2YWd3b/+geHjUkWEsMGnjkIWi5yFJGOWkrahipBcJggKPka43vkv97hMRkob8QU0i4gRoyOmAYqS05BYvypSe2xW7Au1oRF0L3sCm5lqY17W0fkxsHw2HRExhwS2WzKo5B1wlVkZKIEPLLc5sP8RxQLjCDEnZt8xIOQkSimJGpgU7liRCeIyGpK8pRwGRTjI/bArPtOLDQSj04wrO1d8TCQqknASe7gyQGsllLxX/8/qxGlw7CeVRrAjHi0WDmEEVwjQl6FNBsGITTRAWVP8V4hESCCudZRqCtXzyKunUqla9enlfLzVuszjy4AScgjKwwBVogCZogTbA4Bm8gnfwYbwYb8an8bVozRnZzDH4A2P2A4q5nGM=</latexit>

)

<latexit sha1_base64="BwttjCQqzrTbpCEpJtPXZhKYmPc=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMV+wFpKJvtpl262Q27E6WU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmFldW19o7hZ2tre2d0r7x80jco0ZQ2qhNLtiBgmuGQN5ChYO9WMJJFgrWh4M/Vbj0wbruQDjlIWJqQvecwpQSsFnXveHyDRWj11yxWv6s3gLhM/JxXIUe+Wvzo9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cU+s0nNjpW1JdGfq74kxSYwZJZHtTAgOzKI3Ff/zggzjq3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZeXSfOs6p9XL+7OK7XrPI4iHMExnIIPl1CDW6hDAygoeIZXeHPQeXHenY95a8HJZw7hD5zPH5OzkXU=</latexit>

�3 2 { (1, 3, 0), (1, 1, 0) }

<latexit sha1_base64="Es2FlXwAATnvPIxc/53kzTAs/T4=">AAACDXicbZDLSsNAFIYn9VbrLerSzWAVKoSS2Ioui25cVrAXaEKYTKft0MkkzEyEEvoCbnwVNy4UcevenW/jNM1CWw8MfPz/OZw5fxAzKpVtfxuFldW19Y3iZmlre2d3z9w/aMsoEZi0cMQi0Q2QJIxy0lJUMdKNBUFhwEgnGN/M/M4DEZJG/F5NYuKFaMjpgGKktOSbJ25zRP2aa7mUu6lrVRyrZtlnVkaOJu1MfbNsV+2s4DI4OZRBXk3f/HL7EU5CwhVmSMqeY8fKS5FQFDMyLbmJJDHCYzQkPY0chUR6aXbNFJ5qpQ8HkdCPK5ipvydSFEo5CQPdGSI1koveTPzP6yVqcOWllMeJIhzPFw0SBlUEZ9HAPhUEKzbRgLCg+q8Qj5BAWOkASzoEZ/HkZWifV5169eKuXm5c53EUwRE4BhXggEvQALegCVoAg0fwDF7Bm/FkvBjvxse8tWDkM4fgTxmfPy62l9E=</latexit>



Possible SM - BSM field interactions (scalar sector)

The building blocks: fixing quantum numbers

V1 V2 V3 V4

�1 = H or H†
,

<latexit sha1_base64="VbnuDn45uM9KAmp3FpglH3PlKCo=">AAACDXicbVC7TsNAEDzzDOEVoKQ5EZAoUGSjIGiQImhSBok8pNhE58s6OeX80N0aEVn5ARp+hYYChGjp6fgb7CQFJEw1mtnVzo4bSaHRNL+NhcWl5ZXV3Fp+fWNza7uws9vQYaw41HkoQ9VymQYpAqijQAmtSAHzXQlNd3Cd+c17UFqEwS0OI3B81guEJzjDVOoUDu2oLzoWvaRVaiM8YEJDRUe0epfYXdbrgRqd5DuFolkyx6DzxJqSIpmi1il82d2Qxz4EyCXTum2ZEToJUyi4hFHejjVEjA9YD9opDZgP2knG34zoUap0qZfG8MIA6Vj9vZEwX+uh76aTPsO+nvUy8T+vHaN34SQiiGKEgE8OebGkGNKsGtoVCjjKYUoYVyLNSnmfKcYxLTArwZp9eZ40TktWuXR2Uy5WrqZ15Mg+OSDHxCLnpEKqpEbqhJNH8kxeyZvxZLwY78bHZHTBmO7skT8wPn8Ax2qaIQ==</latexit>

�2 2 (RC2 , RL2 , Y2),

<latexit sha1_base64="I84sKZjdGhsY8iCYofud5UOpajw=">AAACDHicbVDLSsNAFJ3UV62vqks3wSJUCCUJFV0Wu3Hhoop9SBPCZDpph04mYWYilNAPcOOvuHGhiFs/wJ1/46TNQlsvDPdwzrncucePKRHSNL+1wsrq2vpGcbO0tb2zu1feP+iIKOEIt1FEI97zocCUMNyWRFLcizmGoU9x1x83M737gLkgEbuTkxi7IRwyEhAEpaK8csVpjYhnO4ZDmGNUb7206dlTQ/XrrN979qmhXGbNnJW+DKwcVEBeLa/85QwilISYSUShEH3LjKWbQi4JonhachKBY4jGcIj7CjIYYuGms2Om+oliBnoQcfWY1Gfs74kUhkJMQl85QyhHYlHLyP+0fiKDCzclLE4kZmi+KEioLiM9S0YfEI6RpBMFIOJE/VVHI8ghkiq/kgrBWjx5GXTsmlWvnd3UK43LPI4iOALHoAoscA4a4Aq0QBsg8AiewSt40560F+1d+5hbC1o+cwj+lPb5AyXwmSQ=</latexit>

�3 2 (RC3 , RL3 , Y3)

<latexit sha1_base64="DlWk7Uvd36YQs1Md6Zoo0d8R00s=">AAACC3icbVDLSsNAFJ3UV62vqEs3oUWoUEpiK7osduPCRRX7kCaEyXTSDp1MwsxEKKF7N/6KGxeKuPUH3Pk3TtostPXAcA/n3Mude7yIEiFN81vLrayurW/kNwtb2zu7e/r+QUeEMUe4jUIa8p4HBaaE4bYkkuJexDEMPIq73riZ+t0HzAUJ2Z2cRNgJ4JARnyAoleTqRbs1Im7NrtiE2ZXyrZs03dq0oup1Wu/d2omrl8yqOYOxTKyMlECGlqt/2YMQxQFmElEoRN8yI+kkkEuCKJ4W7FjgCKIxHOK+ogwGWDjJ7JapcayUgeGHXD0mjZn6eyKBgRCTwFOdAZQjseil4n9eP5b+hZMQFsUSMzRf5MfUkKGRBmMMCMdI0okiEHGi/mqgEeQQSRVfQYVgLZ68TDqnVatePbuplxqXWRx5cASKoAwscA4a4Aq0QBsg8AiewSt40560F+1d+5i35rRs5hD8gfb5A7lGmPI=</latexit>

with

<latexit sha1_base64="Ho9Uxpmhuq0uCansEiK0ioOqciY=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPSUDbbbbt0swm7E7WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuh9RwKRRvoEDJ24nmNAolb4Wjm6nfeuDaiFjd4zjhQUQHSvQFo2glv4P8CbNHgcNJt1xxq+4MZJl4OalAjnq3/NXpxSyNuEImqTG+5yYYZFSjYJJPSp3U8ISyER1w31JFI26CbHbyhJxYpUf6sbalkMzU3xMZjYwZR6HtjCgOzaI3Ff/z/BT7V0EmVJIiV2y+qJ9KgjGZ/k96QnOGcmwJZVrYWwkbUk0Z2pRKNgRv8eVl0jyreufVi7vzSu06j6MIR3AMp+DBJdTgFurQAAYxPMMrvDnovDjvzse8teDkM4fwB87nDw8wkcU=</latexit>

RC2 ⌦ RC3 = 1,

<latexit sha1_base64="aDWB3IGFr+P/7mxb4pzKAU13H5k=">AAACEHicbZBLS8NAEMc3Pmt9RT16WSyih1KSWtGLUOzFYxX7gCaEzXbTLt082N0IJeQjePGrePGgiFeP3vw2btIctHVglx//mWFm/m7EqJCG8a0tLa+srq2XNsqbW9s7u/refleEMcekg0MW8r6LBGE0IB1JJSP9iBPku4z03Ekry/ceCBc0DO7lNCK2j0YB9ShGUkmOfnLnJC2nnlpVaIWS+kRAhbl4lmZ4lX1m1dErRs3IAy6CWUAFFNF29C9rGOLYJ4HEDAkxMI1I2gnikmJG0rIVCxIhPEEjMlAYIDXaTvKDUnislCH0Qq5eIGGu/u5IkC/E1HdVpY/kWMznMvG/3CCW3qWd0CCKJQnwbJAXMyhDmLkDh5QTLNlUAcKcql0hHiOOsFQelpUJ5vzJi9Ct18xG7fy2UWleF3aUwCE4AqfABBegCW5AG3QABo/gGbyCN+1Je9HetY9Z6ZJW9ByAP6F9/gCQoZm7</latexit>

Y2 + Y3 = ⌥1

2
,

<latexit sha1_base64="CouBUGoEldZUHVO/cV0B7ybG1II=">AAACD3icbVDLSgMxFM3UV62vUZdugkURLGWmVnQjFN24rGBfdIYhk2ba0MyDJCOUYf7Ajb/ixoUibt2682/MtLPQ1gO5OZxzL8k9bsSokIbxrRWWlldW14rrpY3Nre0dfXevLcKYY9LCIQt510WCMBqQlqSSkW7ECfJdRjru+CbzOw+ECxoG93ISEdtHw4B6FCOpJEc/7jk1qwJPoSo95yy7rrJi+ZHlcYQTM01qacXRy0bVmAIuEjMnZZCj6ehf1iDEsU8CiRkSom8akbQTxCXFjKQlKxYkQniMhqSvaIB8Iuxkuk8Kj5QygF7I1QkknKq/JxLkCzHxXdXpIzkS814m/uf1Y+ld2gkNoliSAM8e8mIGZQizcOCAcoIlmyiCMKfqrxCPkIpBqghLKgRzfuVF0q5VzXr1/K5eblzncRTBATgEJ8AEF6ABbkETtAAGj+AZvII37Ul70d61j1lrQctn9sEfaJ8/TcWZHA==</latexit>

RL2 ⌦ RL3 = 2,

<latexit sha1_base64="cFDzKA4Mj+nSTEZSs303QsyibNI=">AAACEHicbZA9T8MwEIad8lXKV4CRxaJCMFRVUopgQapgYWAoiJZKTRQ5rtNadT5kO0hVlJ/Awl9hYQAhVkY2/g1OmgFaTrL16L073d3rRowKaRjfWmlhcWl5pbxaWVvf2NzSt3e6Iow5Jh0cspD3XCQIowHpSCoZ6UWcIN9l5N4dX2b5+wfCBQ2DOzmJiO2jYUA9ipFUkqMf3jrJtdNIrRq0Qkl9IqDCXDxOMzzPvkbN0atG3cgDzoNZQBUU0Xb0L2sQ4tgngcQMCdE3jUjaCeKSYkbSihULEiE8RkPSVxggNdpO8oNSeKCUAfRCrl4gYa7+7kiQL8TEd1Wlj+RIzOYy8b9cP5bemZ3QIIolCfB0kBczKEOYuQMHlBMs2UQBwpyqXSEeIY6wVB5WlAnm7Mnz0G3UzWb95KZZbV0UdpTBHtgHR8AEp6AFrkAbdAAGj+AZvII37Ul70d61j2lpSSt6dsGf0D5/AK8nmc4=</latexit>



Possible SM - BSM field interactions (scalar sector)

The building blocks: fixing quantum numbers

V1 V2 V3 V4

)

<latexit sha1_base64="BwttjCQqzrTbpCEpJtPXZhKYmPc=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMV+wFpKJvtpl262Q27E6WU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmFldW19o7hZ2tre2d0r7x80jco0ZQ2qhNLtiBgmuGQN5ChYO9WMJJFgrWh4M/Vbj0wbruQDjlIWJqQvecwpQSsFnXveHyDRWj11yxWv6s3gLhM/JxXIUe+Wvzo9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cU+s0nNjpW1JdGfq74kxSYwZJZHtTAgOzKI3Ff/zggzjq3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZeXSfOs6p9XL+7OK7XrPI4iHMExnIIPl1CDW6hDAygoeIZXeHPQeXHenY95a8HJZw7hD5zPH5OzkXU=</latexit>

)

<latexit sha1_base64="BwttjCQqzrTbpCEpJtPXZhKYmPc=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMV+wFpKJvtpl262Q27E6WU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmFldW19o7hZ2tre2d0r7x80jco0ZQ2qhNLtiBgmuGQN5ChYO9WMJJFgrWh4M/Vbj0wbruQDjlIWJqQvecwpQSsFnXveHyDRWj11yxWv6s3gLhM/JxXIUe+Wvzo9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cU+s0nNjpW1JdGfq74kxSYwZJZHtTAgOzKI3Ff/zggzjq3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZeXSfOs6p9XL+7OK7XrPI4iHMExnIIPl1CDW6hDAygoeIZXeHPQeXHenY95a8HJZw7hD5zPH5OzkXU=</latexit>

(i) �1 = �2 = �3 = H or H†

<latexit sha1_base64="es/+29TpxbX51gUvx22zmXWRzB4=">AAACJnicbZDJSgNBEIZ7XGPcRj16aQxCBAkzLuglEPSSo4JRIRNDT6cmadKz0F0jhiFP48VX8eIhIuLNR7GzCBqt08f/V1FVv59IodFxPqyZ2bn5hcXcUn55ZXVt3d7YvNZxqjjUeCxjdeszDVJEUEOBEm4TBSz0Jdz43fOhf3MPSos4usJeAo2QtSMRCM7QSE27XBR73r63T72kI5ouLY/h4BsODVSph/CAGY0V7dPqXea1WLsNqp9v2gWn5IyK/gV3AgUyqYumPfBaMU9DiJBLpnXddRJsZEyh4BL6eS/VkDDeZW2oG4xYCLqRjd7s012jtGhgrgjiCOlI/TmRsVDrXuibzpBhR097Q/E/r55icNrIRJSkCBEfLwpSSTGmw8xoSyjgKHsGGFfC3Ep5hynG0SQ7DMGdfvkvXB+U3KPS8eVRoXI2iSNHtskOKRKXnJAKqZILUiOcPJJnMiCv1pP1Yr1Z7+PWGWsys0V+lfX5BXgYojA=</latexit>

(ii) �1 = �2 = H, �3 = H
†

<latexit sha1_base64="PdehjviRaTLMhiMksl1BGibOaMk=">AAACIXicbZBNS8MwGMdTX+d8m3r0EhzChDHaOXEXYehlxwnuBdZa0jTbwtK0JKkwyr6KF7+KFw+K7CZ+GdNuB918IPB7/v88JM/fixiVyjS/jLX1jc2t7dxOfndv/+CwcHTckWEsMGnjkIWi5yFJGOWkrahipBcJggKPka43vkv97hMRkob8QU0i4gRoyOmAYqS05BbqJUov7LJdhnY0oq4Fb+ZQ1dDUonay/jLtHxPbR8MhEVOYdwtFs2JmBVfBWkARLKrlFma2H+I4IFxhhqTsW2aknAQJRTEj07wdSxIhPEZD0tfIUUCkk2QbTuG5Vnw4CIU+XMFM/T2RoEDKSeDpmwFSI7nspeJ/Xj9Wg7qTUB7FinA8f2gQM6hCmMYFfSoIVmyiAWFB9V8hHiGBsNKhpiFYyyuvQqdasWqVq/tasXG7iCMHTsEZKAELXIMGaIIWaAMMnsEreAcfxovxZnwas/nVNWMxcwL+lPH9A2+yn2k=</latexit>

�4 2 { (1, 4,⌥3

2
), (1, 2,⌥3

2
) }

<latexit sha1_base64="K4IKOnoIo6qCwy+ZN6QxUDEZ7tw=">AAACJ3icbVDLSsNAFJ3UV62vqks3wSJUCCWpEV1J0Y3LCvYBnRAm00k7dDIJMxOhhPyNG3/FjaAiuvRPnD4W2npg4HDOPdy5J0gYlcq2v4zCyura+kZxs7S1vbO7V94/aMs4FZi0cMxi0Q2QJIxy0lJUMdJNBEFRwEgnGN1M/M4DEZLG/F6NE+JFaMBpSDFSWvLLV7A5pL4LLUg5zKBVdSzXglECQ4FwdpZn9fzUmsr1RVlncr9csWv2FOYyceakAuZo+uVX2I9xGhGuMENS9hw7UV6GhKKYkbwEU0kShEdoQHqachQR6WXTO3PzRCt9M4yFflyZU/V3IkORlOMo0JMRUkO56E3E/7xeqsJLL6M8SRXheLYoTJmpYnNSmtmngmDFxpogLKj+q4mHSFehdLUlXYKzePIyaddrjls7v3Mrjet5HUVwBI5BFTjgAjTALWiCFsDgETyDN/BuPBkvxofxORstGPPMIfgD4/sH3GWjhA==</latexit>

�4 2 { (1, 4,⌥1

2
), (1, 2,⌥1

2
) }

<latexit sha1_base64="32aoIpHOZ99gmOT9ejVLUkLpf/o=">AAACJ3icbVDLSsNAFJ34rPUVdekmWIQKoSSloispunFZwT6gE8JkOmmHTiZhZiKUkL9x46+4EVREl/6J0zYLbT0wcDjnHu7cEySMSuU4X8bK6tr6xmZpq7y9s7u3bx4cdmScCkzaOGax6AVIEkY5aSuqGOklgqAoYKQbjG+mfveBCEljfq8mCfEiNOQ0pBgpLfnmFWyNqN+ANqQcZtCuunbDhlECQ4Fw5uZZPT+zZ3J9UdaZ3DcrTs2ZwVombkEqoEDLN1/hIMZpRLjCDEnZd51EeRkSimJG8jJMJUkQHqMh6WvKUUSkl83uzK1TrQysMBb6cWXN1N+JDEVSTqJAT0ZIjeSiNxX/8/qpCi+9jPIkVYTj+aIwZZaKrWlp1oAKghWbaIKwoPqvFh4hXYXS1ZZ1Ce7iycukU6+5jdr5XaPSvC7qKIFjcAKqwAUXoAluQQu0AQaP4Bm8gXfjyXgxPozP+eiKUWSOwB8Y3z/WA6OA</latexit>



Possible SM - BSM field interactions (scalar sector)

The building blocks: fixing quantum numbers

V1 V2 V3 V4

(i) �1 = H, �2 = H
†

<latexit sha1_base64="xRaR5TEfMFCyrCjgX3d615GkITs=">AAACF3icbVDLSsNAFJ34rPUVdelmsAgVSkhKRTdC0U2XFewDmlomk0k7dDIJMxOhhP6FG3/FjQtF3OrOv3HSZqGtBwbOPede7tzjxYxKZdvfxsrq2vrGZmGruL2zu7dvHhy2ZZQITFo4YpHoekgSRjlpKaoY6caCoNBjpOONbzK/80CEpBG/U5OY9EM05DSgGCktDUyrTM/ciluBbjyiAwdewYbmWpjV1ay+T10fDYdETGFxYJZsy54BLhMnJyWQozkwv1w/wklIuMIMSdlz7Fj1UyQUxYxMi24iSYzwGA1JT1OOQiL76eyuKTzVig+DSOjHFZypvydSFEo5CT3dGSI1koteJv7n9RIVXPZTyuNEEY7ni4KEQRXBLCToU0GwYhNNEBZU/xXiERIIKx1lFoKzePIyaVctp2ad39ZK9es8jgI4BiegDBxwAeqgAZqgBTB4BM/gFbwZT8aL8W58zFtXjHzmCPyB8fkDs4yb8A==</latexit>

(ii) �1 = �2 = H or H†

<latexit sha1_base64="52QA57N2ZC2r5cNCB3KlUBOWBU0=">AAACHnicbZA9SwNBEIb3/IzxK2ppsxiECBLuQkQbQbRJGcGokIthbzOXLO59sDsnhuN+iY1/xcZCEcFK/417SQqNTvXwvjPMzOvFUmi07S9rZnZufmGxsFRcXlldWy9tbF7qKFEcWjySkbr2mAYpQmihQAnXsQIWeBKuvNuz3L+6A6VFFF7gMIZOwPqh8AVnaKRu6aAixJ677+5TNx6IrkOPx1Az0KAuwj2mNFI0o42b1O2xfh9UVuyWynbVHhX9C84EymRSzW7pw+1FPAkgRC6Z1m3HjrGTMoWCS8iKbqIhZvyW9aFtMGQB6E46ei+ju0bpUd9c4Uch0pH6cyJlgdbDwDOdAcOBnvZy8T+vnaB/1ElFGCcIIR8v8hNJMaJ5VrQnFHCUQwOMK2FupXzAFONoEs1DcKZf/guXtapTrx6c18snp5M4CmSb7JAKccghOSEN0iQtwskDeSIv5NV6tJ6tN+t93DpjTWa2yK+yPr8BYBafnQ==</latexit>

)

<latexit sha1_base64="BwttjCQqzrTbpCEpJtPXZhKYmPc=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMV+wFpKJvtpl262Q27E6WU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmFldW19o7hZ2tre2d0r7x80jco0ZQ2qhNLtiBgmuGQN5ChYO9WMJJFgrWh4M/Vbj0wbruQDjlIWJqQvecwpQSsFnXveHyDRWj11yxWv6s3gLhM/JxXIUe+Wvzo9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cU+s0nNjpW1JdGfq74kxSYwZJZHtTAgOzKI3Ff/zggzjq3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZeXSfOs6p9XL+7OK7XrPI4iHMExnIIPl1CDW6hDAygoeIZXeHPQeXHenY95a8HJZw7hD5zPH5OzkXU=</latexit>

)

<latexit sha1_base64="BwttjCQqzrTbpCEpJtPXZhKYmPc=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMV+wFpKJvtpl262Q27E6WU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmFldW19o7hZ2tre2d0r7x80jco0ZQ2qhNLtiBgmuGQN5ChYO9WMJJFgrWh4M/Vbj0wbruQDjlIWJqQvecwpQSsFnXveHyDRWj11yxWv6s3gLhM/JxXIUe+Wvzo9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cU+s0nNjpW1JdGfq74kxSYwZJZHtTAgOzKI3Ff/zggzjq3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZeXSfOs6p9XL+7OK7XrPI4iHMExnIIPl1CDW6hDAygoeIZXeHPQeXHenY95a8HJZw7hD5zPH5OzkXU=</latexit>

�3 2 (RC , RL, Y ), �4 = �†
3

<latexit sha1_base64="F8gLP0Kpw4F/+aGwUS8EGvihIB0="></latexit>

�3 2 (RC3 , RL3 , Y3), �4 2 (RC4 , RL4 , Y4),

<latexit sha1_base64="7sutrju1+5B7rvIu4j84Imr10EY="></latexit>

with

<latexit sha1_base64="Ho9Uxpmhuq0uCansEiK0ioOqciY=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPSUDbbbbt0swm7E7WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuh9RwKRRvoEDJ24nmNAolb4Wjm6nfeuDaiFjd4zjhQUQHSvQFo2glv4P8CbNHgcNJt1xxq+4MZJl4OalAjnq3/NXpxSyNuEImqTG+5yYYZFSjYJJPSp3U8ISyER1w31JFI26CbHbyhJxYpUf6sbalkMzU3xMZjYwZR6HtjCgOzaI3Ff/z/BT7V0EmVJIiV2y+qJ9KgjGZ/k96QnOGcmwJZVrYWwkbUk0Z2pRKNgRv8eVl0jyreufVi7vzSu06j6MIR3AMp+DBJdTgFurQAAYxPMMrvDnovDjvzse8teDkM4fwB87nDw8wkcU=</latexit>

RC3 ⌦ RC4 = 1,

<latexit sha1_base64="qEb/KIPsv/xEk4utC5n5RX6014s=">AAACEHicbZBLS8NAEMc39VXrK+rRy2IRPZSSaEUvQrEXj1XsA5oQNttNu3TzYHcjlJCP4MWv4sWDIl49evPbuElz0NaBXX78Z4aZ+bsRo0IaxrdWWlpeWV0rr1c2Nre2d/Tdva4IY45JB4cs5H0XCcJoQDqSSkb6ESfIdxnpuZNWlu89EC5oGNzLaURsH40C6lGMpJIc/fjOSVrOWWrVoBVK6hMBFeZiI83wKvvMmqNXjbqRB1wEs4AqKKLt6F/WMMSxTwKJGRJiYBqRtBPEJcWMpBUrFiRCeIJGZKAwQGq0neQHpfBIKUPohVy9QMJc/d2RIF+Iqe+qSh/JsZjPZeJ/uUEsvUs7oUEUSxLg2SAvZlCGMHMHDiknWLKpAoQ5VbtCPEYcYak8rCgTzPmTF6F7Wjcb9fPbRrV5XdhRBgfgEJwAE1yAJrgBbdABGDyCZ/AK3rQn7UV71z5mpSWt6NkHf0L7/AGT1pm9</latexit>

RL3 ⌦ RL4 = 1 or 3,

<latexit sha1_base64="5ie7pJrdAdqtINSmhGuNbbQ+0Io=">AAACHnicbZBNS8NAEIY39avWr6hHL4tF8CAlsRW9CKIXDx6qWCs0JWy2G7t0kw27E7GE/BIv/hUvHhQRPOm/cVN70Oochod3ZpiZN0gE1+A4n1Zpanpmdq48X1lYXFpesVfXrrRMFWUtKoVU1wHRTPCYtYCDYNeJYiQKBGsHg5Oi3r5lSnMZX8IwYd2I3MQ85JSAkXx778LPzvx67u1gTwKPmMYGR2IjL/CwSC72gN1BhqXCOa7v+HbVqTmjwH/BHUMVjaPp2+9eT9I0YjFQQbTuuE4C3Ywo4FSwvOKlmiWEDsgN6xiMiTmkm43ey/GWUXo4NLtDGQMeqT8nMhJpPYwC0xkR6OvJWiH+V+ukEB50Mx4nKbCYfi8KU4FB4sIr3OOKURBDA4Qqbm7FtE8UoWAcrRgT3MmX/8LVbs1t1PbOG9Wj47EdZbSBNtE2ctE+OkKnqIlaiKJ79Iie0Yv1YD1Zr9bbd2vJGs+so19hfXwBl2KfCA==</latexit>

Y3 + Y4 = ⌥1,

<latexit sha1_base64="+rE4Tcd2NI/UijKldlBoNXThXWA=">AAACBXicbVBNS8MwGE79nPOr6lEPwSEIjtHqRC/C0IvHCe6LtZQ0S7ewpC1JKoyyixf/ihcPinj1P3jz35huPejmA3nz8DzvS/I+fsyoVJb1bSwsLi2vrBbWiusbm1vb5s5uU0aJwKSBIxaJto8kYTQkDUUVI+1YEMR9Rlr+8CbzWw9ESBqF92oUE5ejfkgDipHSkmcedLwzpwxPoC4dr5pdV1lxeGyXPbNkVawJ4Dyxc1ICOeqe+eX0IpxwEirMkJRd24qVmyKhKGZkXHQSSWKEh6hPupqGiBPpppMtxvBIKz0YREKfUMGJ+nsiRVzKEfd1J0dqIGe9TPzP6yYquHRTGsaJIiGePhQkDKoIZpHAHhUEKzbSBGFB9V8hHiCBsNLBFXUI9uzK86R5WrGrlfO7aql2ncdRAPvgEBwDG1yAGrgFddAAGDyCZ/AK3own48V4Nz6mrQtGPrMH/sD4/AFKSZSg</latexit>



Possible SM - BSM field interactions (Yukawa sector)

The building blocks: fixing quantum numbers

V5 V6 V7 V8

Assumption - all incoming fields at each vertex,
arrows not shown explicitly 



Possible SM - BSM field interactions (Yukawa sector)

The building blocks: fixing quantum numbers

V5

)

<latexit sha1_base64="BwttjCQqzrTbpCEpJtPXZhKYmPc=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMV+wFpKJvtpl262Q27E6WU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmFldW19o7hZ2tre2d0r7x80jco0ZQ2qhNLtiBgmuGQN5ChYO9WMJJFgrWh4M/Vbj0wbruQDjlIWJqQvecwpQSsFnXveHyDRWj11yxWv6s3gLhM/JxXIUe+Wvzo9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cU+s0nNjpW1JdGfq74kxSYwZJZHtTAgOzKI3Ff/zggzjq3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZeXSfOs6p9XL+7OK7XrPI4iHMExnIIPl1CDW6hDAygoeIZXeHPQeXHenY95a8HJZw7hD5zPH5OzkXU=</latexit>

)

<latexit sha1_base64="BwttjCQqzrTbpCEpJtPXZhKYmPc=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMV+wFpKJvtpl262Q27E6WU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmFldW19o7hZ2tre2d0r7x80jco0ZQ2qhNLtiBgmuGQN5ChYO9WMJJFgrWh4M/Vbj0wbruQDjlIWJqQvecwpQSsFnXveHyDRWj11yxWv6s3gLhM/JxXIUe+Wvzo9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cU+s0nNjpW1JdGfq74kxSYwZJZHtTAgOzKI3Ff/zggzjq3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZeXSfOs6p9XL+7OK7XrPI4iHMExnIIPl1CDW6hDAygoeIZXeHPQeXHenY95a8HJZw7hD5zPH5OzkXU=</latexit>

(i)  1 =  2 = e(1,1,�1)

<latexit sha1_base64="oj7uaEzhPyPKGad1Wbrxc/+rgU8=">AAACD3icbZDLSgMxFIYz9VbrbdSlm2BRWhjLpFR0IxTduKxgL9AZhkyatqGZC0lGKEPfwI2v4saFIm7duvNtTNtZaOsPgY//nMPJ+f2YM6ls+9vIrayurW/kNwtb2zu7e+b+QUtGiSC0SSIeiY6PJeUspE3FFKedWFAc+Jy2/dHNtN5+oEKyKLxX45i6AR6ErM8IVtryzNMSKzuWY0EnlsxD8GoOVQ3US0vIQtYZKk88s2hX7JngMqAMiiBTwzO/nF5EkoCGinAsZRfZsXJTLBQjnE4KTiJpjMkID2hXY4gDKt10ds8EnminB/uR0C9UcOb+nkhxIOU48HVngNVQLtam5n+1bqL6l27KwjhRNCTzRf2EQxXBaTiwxwQlio81YCKY/iskQywwUTrCgg4BLZ68DK1qBdUq53e1Yv06iyMPjsAxKAEELkAd3IIGaAICHsEzeAVvxpPxYrwbH/PWnJHNHII/Mj5/ALD4mKk=</latexit>

(ii)  1 =  2 = l(1,2,� 1
2 )

<latexit sha1_base64="LrXpe0Mtwr83V4VCMbocaNlBvPU=">AAACGnicbZDLSgMxFIYzXmu9VV26CRahhbFMhopuhKIblxXsBTrDkEkzbWjmQpIRyjDP4cZXceNCEXfixrcxvSy09YfAx3/O4eT8fsKZVJb1baysrq1vbBa2its7u3v7pYPDtoxTQWiLxDwWXR9LyllEW4opTruJoDj0Oe34o5tJvfNAhWRxdK/GCXVDPIhYwAhW2vJKqMJY1TEdEzqJZB6CVzOwNXAvqyDTNs+cQGCSoTyz82rulcpWzZoKLgOaQxnM1fRKn04/JmlII0U4lrKHrES5GRaKEU7zopNKmmAywgPa0xjhkEo3m56Ww1Pt9GEQC/0iBafu74kMh1KOQ193hlgN5WJtYv5X66UquHQzFiWpohGZLQpSDlUMJznBPhOUKD7WgIlg+q+QDLHOQek0izoEtHjyMrTtGqrXzu/q5cb1PI4COAYnoAIQuAANcAuaoAUIeATP4BW8GU/Gi/FufMxaV4z5zBH4I+PrB8EMnaI=</latexit>

(iii)  1 =  2 = d(3,1,� 1
3 )

<latexit sha1_base64="bG7afsEKa8SkSPNW9NzW6Sd4eRU=">AAACG3icbZDLSsNAFIYnXmu9RV26GSxCC7EkbUU3QtGNywr2Ak0Ik8mkHTq5MDMRSsh7uPFV3LhQxJXgwrdxello6w8DH/85hzPn9xJGhTTNb21ldW19Y7OwVdze2d3b1w8OOyJOOSZtHLOY9zwkCKMRaUsqGeklnKDQY6TrjW4m9e4D4YLG0b0cJ8QJ0SCiAcVIKsvVa2VKacU2bAPaiaCuBa9mUFPgu1m5bljGmR1whDMrz+p5JXf1klk1p4LLYM2hBOZqufqn7cc4DUkkMUNC9C0zkU6GuKSYkbxop4IkCI/QgPQVRigkwsmmt+XwVDk+DGKuXiTh1P09kaFQiHHoqc4QyaFYrE3M/2r9VAaXTkajJJUkwrNFQcqgjOEkKOhTTrBkYwUIc6r+CvEQqRykirOoQrAWT16GTq1qNarnd41S83oeRwEcgxNQBha4AE1wC1qgDTB4BM/gFbxpT9qL9q59zFpXtPnMEfgj7esHj9CeDw==</latexit>

)

<latexit sha1_base64="BwttjCQqzrTbpCEpJtPXZhKYmPc=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMV+wFpKJvtpl262Q27E6WU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmFldW19o7hZ2tre2d0r7x80jco0ZQ2qhNLtiBgmuGQN5ChYO9WMJJFgrWh4M/Vbj0wbruQDjlIWJqQvecwpQSsFnXveHyDRWj11yxWv6s3gLhM/JxXIUe+Wvzo9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cU+s0nNjpW1JdGfq74kxSYwZJZHtTAgOzKI3Ff/zggzjq3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZeXSfOs6p9XL+7OK7XrPI4iHMExnIIPl1CDW6hDAygoeIZXeHPQeXHenY95a8HJZw7hD5zPH5OzkXU=</latexit>

(iv)  1 =  2 = u(3,1, 23 )

<latexit sha1_base64="qMcOLkY7j6gmL710iePErNUHc6c=">AAACGXicbZDLSsNAFIYnXmu9RV26GSxCC6EkbUU3QtGNywr2Ak0Ik+mkHTq5MDMplJDXcOOruHGhiEtd+TZO2yy09YeBj/+cw5nzezGjQprmt7a2vrG5tV3YKe7u7R8c6kfHHRElHJM2jljEex4ShNGQtCWVjPRiTlDgMdL1xrezendCuKBR+CCnMXECNAypTzGSynJ1s0wnFduwDWjHgroWvF5ATUHipuW6YRm2zxFOa1lazyqZq5fMqjkXXAUrhxLI1XL1T3sQ4SQgocQMCdG3zFg6KeKSYkayop0IEiM8RkPSVxiigAgnnV+WwXPlDKAfcfVCCefu74kUBUJMA091BkiOxHJtZv5X6yfSv3JSGsaJJCFeLPITBmUEZzHBAeUESzZVgDCn6q8Qj5DKQaowiyoEa/nkVejUqlajenHfKDVv8jgK4BScgTKwwCVogjvQAm2AwSN4Bq/gTXvSXrR37WPRuqblMyfgj7SvH3RDnYQ=</latexit>

)

<latexit sha1_base64="BwttjCQqzrTbpCEpJtPXZhKYmPc=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMV+wFpKJvtpl262Q27E6WU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmFldW19o7hZ2tre2d0r7x80jco0ZQ2qhNLtiBgmuGQN5ChYO9WMJJFgrWh4M/Vbj0wbruQDjlIWJqQvecwpQSsFnXveHyDRWj11yxWv6s3gLhM/JxXIUe+Wvzo9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cU+s0nNjpW1JdGfq74kxSYwZJZHtTAgOzKI3Ff/zggzjq3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZeXSfOs6p9XL+7OK7XrPI4iHMExnIIPl1CDW6hDAygoeIZXeHPQeXHenY95a8HJZw7hD5zPH5OzkXU=</latexit>

(v)  1 =  2 = q(3,2, 16 )

<latexit sha1_base64="Lqf1o1UEy7G2KBSNkvge1ICsNDE=">AAACGHicbZDLSsNAFIYn9VbrLerSzWARWig1qfWyEYpuXFawF2hCmEwndejk4sykUEIew42v4saFIm67822ctllo6w8DH/85hzPndyNGhTSMby23srq2vpHfLGxt7+zu6fsHbRHGHJMWDlnIuy4ShNGAtCSVjHQjTpDvMtJxh7fTemdEuKBh8CDHEbF9NAioRzGSynL009KobFWsCrQiQR0TXs+hpuDJSUpnlVrF8jjCiZkmF2k5dfSiUTVmgstgZlAEmZqOPrH6IY59EkjMkBA904iknSAuKWYkLVixIBHCQzQgPYUB8omwk9lhKTxRTh96IVcvkHDm/p5IkC/E2HdVp4/ko1isTc3/ar1Yeld2QoMoliTA80VezKAM4TQl2KecYMnGChDmVP0V4kekcpAqy4IKwVw8eRnatapZr57f14uNmyyOPDgCx6AETHAJGuAONEELYPAMXsE7+NBetDftU/uat+a0bOYQ/JE2+QGa6J0Q</latexit>

)

<latexit sha1_base64="BwttjCQqzrTbpCEpJtPXZhKYmPc=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMV+wFpKJvtpl262Q27E6WU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmFldW19o7hZ2tre2d0r7x80jco0ZQ2qhNLtiBgmuGQN5ChYO9WMJJFgrWh4M/Vbj0wbruQDjlIWJqQvecwpQSsFnXveHyDRWj11yxWv6s3gLhM/JxXIUe+Wvzo9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cU+s0nNjpW1JdGfq74kxSYwZJZHtTAgOzKI3Ff/zggzjq3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZeXSfOs6p9XL+7OK7XrPI4iHMExnIIPl1CDW6hDAygoeIZXeHPQeXHenY95a8HJZw7hD5zPH5OzkXU=</latexit>

� 2 (1, 1, 2)

<latexit sha1_base64="VzIE+exSYvJPI0KM8Cw6kcF9mBc=">AAAB/XicbVDLSsNAFL3xWeurPnZuBotQIZSkVHRZdOOygn1AE8pkOmmHTiZhZiLUUPwVNy4Ucet/uPNvnD4W2nrgwuGce7n3niDhTGnH+bZWVtfWNzZzW/ntnd29/cLBYVPFqSS0QWIey3aAFeVM0IZmmtN2IimOAk5bwfBm4rceqFQsFvd6lFA/wn3BQkawNlK3cOzVB8yzPSaQZ6OSa7t25bxbKDplZwq0TNw5KcIc9W7hy+vFJI2o0IRjpTquk2g/w1Izwuk476WKJpgMcZ92DBU4osrPpteP0ZlReiiMpSmh0VT9PZHhSKlRFJjOCOuBWvQm4n9eJ9XhlZ8xkaSaCjJbFKYc6RhNokA9JinRfGQIJpKZWxEZYImJNoHlTQju4svLpFkpu9XyxV21WLuex5GDEziFErhwCTW4hTo0gMAjPMMrvFlP1ov1bn3MWles+cwR/IH1+QOVFJK4</latexit>

� 2 (1, 1 or 3, 1)

<latexit sha1_base64="UHkhTL31BckIQKNKVJ8luAUmUL8=">AAACDHicbVDLSsNAFJ34rPVVdelmsAgVSkm0osuiG5cV7AOaUCbTSTt0MgkzN2IJ/QA3/oobF4q49QPc+TdO2yy09awO55zLvff4seAabPvbWlpeWV1bz23kN7e2d3YLe/tNHSWKsgaNRKTaPtFMcMkawEGwdqwYCX3BWv7weuK37pnSPJJ3MIqZF5K+5AGnBIzULRTd+oC7ZZdL7JZxySk72AX2ACmOFB7jszJ2TkzKrthT4EXiZKSIMtS7hS+3F9EkZBKoIFp3HDsGLyUKOBVsnHcTzWJCh6TPOoZKEjLtpdNnxvjYKD0cmPVBJAFP1d8TKQm1HoW+SYYEBnrem4j/eZ0Egksv5TJOgEk6WxQkAkOEJ83gHleMghgZQqji5lZMB0QRCqa/vCnBmX95kTRPK061cn5bLdausjpy6BAdoRJy0AWqoRtURw1E0SN6Rq/ozXqyXqx362MWXbKymQP0B9bnD4McmBo=</latexit>

� 2 (3 or 6̄, 1,
2

3
)

<latexit sha1_base64="gb2LQflOSJzjYxyW1Djs9rEtfDA="></latexit>

� 2 (3 or 6̄, 1,�4

3
)

<latexit sha1_base64="e6VePMYjcuYbuawdOzdsubcbshw="></latexit>

� 2 (3 or 6̄, 1 or 3,�1

3
)

<latexit sha1_base64="LAVviw6SUQzQn7djRwNPfXAhqwc="></latexit>

(vi) ( 1,  2) = (l̄, e)

<latexit sha1_base64="itH9YTw/flECTucXnm1Kp1r5/Dw=">AAACGHicbZDLSsNAFIYn9VbrLerSzWARUig1KRXdCEU3LivYCzQhTKaTdujkwsykUEIfw42v4saFIm67822cpllo64GBb/7/HGbO78WMCmma31phY3Nre6e4W9rbPzg80o9POiJKOCZtHLGI9zwkCKMhaUsqGenFnKDAY6Trje8XfndCuKBR+CSnMXECNAypTzGSSnL1S2NCK9Cu2lXDjgV1LUUwo/pCvlU3w/YQT9lMOaTi6mWzZmYF18HKoQzyarn63B5EOAlIKDFDQvQtM5ZOirikmJFZyU4EiREeoyHpKwxRQISTZovN4IVSBtCPuDqhhJn6eyJFgRDTwFOdAZIjseotxP+8fiL9GyelYZxIEuLlQ37CoIzgIiU4oJxgyaYKEOZU/RXiEeIIS5VlSYVgra68Dp16zWrUrh4b5eZdHkcRnIFzYAALXIMmeAAt0AYYPINX8A4+tBftTfvUvpatBS2fOQV/Spv/AJztnGs=</latexit>

(vii) ( 1,  2) = (q̄, d)

<latexit sha1_base64="lpmZL2LVzorLw/Y0gn8geV9frA4=">AAACGXicbZDLSsNAFIYn9VbrLerSzWARWiglKRXdCEU3LivYCzQhTKaTdujk4sykUEJfw42v4saFIi515ds4SbPQ1gMD3/z/Ocyc340YFdIwvrXC2vrG5lZxu7Szu7d/oB8edUUYc0w6OGQh77tIEEYD0pFUMtKPOEG+y0jPndykfm9KuKBhcC9nEbF9NAqoRzGSSnJ0ozKltAqtmlWrWJGgjqkIZtRI5St1q1gu4snDXDnDqqOXjbqRFVwFM4cyyKvt6J/WMMSxTwKJGRJiYBqRtBPEJcWMzEtWLEiE8ASNyEBhgHwi7CTbbA7PlDKEXsjVCSTM1N8TCfKFmPmu6vSRHItlLxX/8wax9C7thAZRLEmAFw95MYMyhGlMcEg5wZLNFCDMqforxGPEEZYqzJIKwVxeeRW6jbrZrJ/fNcut6zyOIjgBp6ACTHABWuAWtEEHYPAInsEreNOetBftXftYtBa0fOYY/Cnt6wd6v5zi</latexit>

(viii) ( 1,  2) = (ū, q)

<latexit sha1_base64="pyAWoSdFhoy+xmzsb2pCd7kpkRQ=">AAACGnicbZDLSsNAFIYn9VbrLerSzWARUiglKRXdCEU3LivYCzQhTKbTdujk4sykUEKfw42v4saFIu7EjW/jJM1CWw8MfPP/5zBzfi9iVEjT/NYKa+sbm1vF7dLO7t7+gX541BFhzDFp45CFvOchQRgNSFtSyUgv4gT5HiNdb3KT+t0p4YKGwb2cRcTx0SigQ4qRVJKrW8aUUlqBdtWuGnYkqGspghnVU/lK3QzbQzyJ58p5qLh62ayZWcFVsHIog7xarv5pD0Ic+ySQmCEh+pYZSSdBXFLMyLxkx4JECE/QiPQVBsgnwkmy1ebwTCkDOAy5OoGEmfp7IkG+EDPfU50+kmOx7KXif14/lsNLJ6FBFEsS4MVDw5hBGcI0JzignGDJZgoQ5lT9FeIx4ghLlWZJhWAtr7wKnXrNatTO7xrl5nUeRxGcgFNgAAtcgCa4BS3QBhg8gmfwCt60J+1Fe9c+Fq0FLZ85Bn9K+/oBbLidZg==</latexit>

)

<latexit sha1_base64="BwttjCQqzrTbpCEpJtPXZhKYmPc=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMV+wFpKJvtpl262Q27E6WU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmFldW19o7hZ2tre2d0r7x80jco0ZQ2qhNLtiBgmuGQN5ChYO9WMJJFgrWh4M/Vbj0wbruQDjlIWJqQvecwpQSsFnXveHyDRWj11yxWv6s3gLhM/JxXIUe+Wvzo9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cU+s0nNjpW1JdGfq74kxSYwZJZHtTAgOzKI3Ff/zggzjq3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZeXSfOs6p9XL+7OK7XrPI4iHMExnIIPl1CDW6hDAygoeIZXeHPQeXHenY95a8HJZw7hD5zPH5OzkXU=</latexit>

)

<latexit sha1_base64="BwttjCQqzrTbpCEpJtPXZhKYmPc=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMV+wFpKJvtpl262Q27E6WU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmFldW19o7hZ2tre2d0r7x80jco0ZQ2qhNLtiBgmuGQN5ChYO9WMJJFgrWh4M/Vbj0wbruQDjlIWJqQvecwpQSsFnXveHyDRWj11yxWv6s3gLhM/JxXIUe+Wvzo9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cU+s0nNjpW1JdGfq74kxSYwZJZHtTAgOzKI3Ff/zggzjq3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZeXSfOs6p9XL+7OK7XrPI4iHMExnIIPl1CDW6hDAygoeIZXeHPQeXHenY95a8HJZw7hD5zPH5OzkXU=</latexit>

)

<latexit sha1_base64="BwttjCQqzrTbpCEpJtPXZhKYmPc=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMV+wFpKJvtpl262Q27E6WU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmFldW19o7hZ2tre2d0r7x80jco0ZQ2qhNLtiBgmuGQN5ChYO9WMJJFgrWh4M/Vbj0wbruQDjlIWJqQvecwpQSsFnXveHyDRWj11yxWv6s3gLhM/JxXIUe+Wvzo9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cU+s0nNjpW1JdGfq74kxSYwZJZHtTAgOzKI3Ff/zggzjq3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZeXSfOs6p9XL+7OK7XrPI4iHMExnIIPl1CDW6hDAygoeIZXeHPQeXHenY95a8HJZw7hD5zPH5OzkXU=</latexit>

� 2 (1, 2,
1

2
)

<latexit sha1_base64="jVt3y9123F9r1Z69KrX4qzNcsyg=">AAACCXicbVDLSsNAFL2pr1pfVZduBotQoZSkVHRZdOOygn1AE8pkOmmHTiZhZiKUkK0bf8WNC0Xc+gfu/Bunj4W2HrhwOOde7r3HjzlT2ra/rdza+sbmVn67sLO7t39QPDxqqyiRhLZIxCPZ9bGinAna0kxz2o0lxaHPaccf30z9zgOVikXiXk9i6oV4KFjACNZG6heR2xwxt+IygdwKKjsVVKsgN5CYpE6W1rLzfrFkV+0Z0CpxFqQECzT7xS93EJEkpEITjpXqOXasvRRLzQinWcFNFI0xGeMh7RkqcEiVl84+ydCZUQYoiKQpodFM/T2R4lCpSeibzhDrkVr2puJ/Xi/RwZWXMhEnmgoyXxQkHOkITWNBAyYp0XxiCCaSmVsRGWETgzbhFUwIzvLLq6Rdqzr16sVdvdS4XsSRhxM4hTI4cAkNuIUmtIDAIzzDK7xZT9aL9W59zFtz1mLmGP7A+vwBQ7aXig==</latexit>

� 2 (1 or 8, 2,
1

2
)

<latexit sha1_base64="7IYKwQC8XZOvZW8tFeehegBx3wU=">AAACG3icbVDLSgNBEJyNrxhfUY9eBoMQIYTdEDHHoBePEcwDsiHMTmaTIbOzy0yvGJb9Dy/+ihcPingSPPg3Th4HTaxDU1R1093lRYJrsO1vK7O2vrG5ld3O7ezu7R/kD49aOowVZU0ailB1PKKZ4JI1gYNgnUgxEniCtb3x9dRv3zOleSjvYBKxXkCGkvucEjBSP19xGyPullwusVvCRQe7wB4gwaHCKa6VjFaZFtdXhCZOmlTS836+YJftGfAqcRakgBZo9POf7iCkccAkUEG07jp2BL2EKOBUsDTnxppFhI7JkHUNlSRgupfMfkvxmVEG2Df3+KEEPFN/TyQk0HoSeKYzIDDSy95U/M/rxuDXegmXUQxM0vkiPxYYQjwNCg+4YhTExBBCFTe3YjoiJgYwceZMCM7yy6ukVSk71fLFbbVQv1rEkUUn6BQVkYMuUR3doAZqIooe0TN6RW/Wk/VivVsf89aMtZg5Rn9gff0Agi6eAA==</latexit>

� 2 (1 or 8, 2,
1

2
)

<latexit sha1_base64="7IYKwQC8XZOvZW8tFeehegBx3wU=">AAACG3icbVDLSgNBEJyNrxhfUY9eBoMQIYTdEDHHoBePEcwDsiHMTmaTIbOzy0yvGJb9Dy/+ihcPingSPPg3Th4HTaxDU1R1093lRYJrsO1vK7O2vrG5ld3O7ezu7R/kD49aOowVZU0ailB1PKKZ4JI1gYNgnUgxEniCtb3x9dRv3zOleSjvYBKxXkCGkvucEjBSP19xGyPullwusVvCRQe7wB4gwaHCKa6VjFaZFtdXhCZOmlTS836+YJftGfAqcRakgBZo9POf7iCkccAkUEG07jp2BL2EKOBUsDTnxppFhI7JkHUNlSRgupfMfkvxmVEG2Df3+KEEPFN/TyQk0HoSeKYzIDDSy95U/M/rxuDXegmXUQxM0vkiPxYYQjwNCg+4YhTExBBCFTe3YjoiJgYwceZMCM7yy6ukVSk71fLFbbVQv1rEkUUn6BQVkYMuUR3doAZqIooe0TN6RW/Wk/VivVsf89aMtZg5Rn9gff0Agi6eAA==</latexit>



Possible SM - BSM field interactions (Yukawa sector)

The building blocks: fixing quantum numbers
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(ix) ( 1,  2) = (q, l)

<latexit sha1_base64="o4WwgBNK1NJ1I1XC4E+e514SNw0=">AAACEnicbZDLSsNAFIYn9VbrLerSzWARUiglKRXdCEU3LivYCzQhTKaTdujk4sxELKXP4MZXceNCEbeu3Pk2TtIstPWHgW/+cw4z5/diRoU0zW+tsLK6tr5R3Cxtbe/s7un7Bx0RJRyTNo5YxHseEoTRkLQllYz0Yk5Q4DHS9cZXab17T7igUXgrJzFxAjQMqU8xkspy9YpBHyrQrtpVw44FdS1FMKN6al+om3GnPFZx9bJZMzPBZbByKINcLVf/sgcRTgISSsyQEH3LjKUzRVxSzMisZCeCxAiP0ZD0FYYoIMKZZivN4IlyBtCPuDqhhJn7e2KKAiEmgac6AyRHYrGWmv/V+on0z50pDeNEkhDPH/ITBmUE03zggHKCJZsoQJhT9VeIR4gjLFWKJRWCtbjyMnTqNatRO71plJuXeRxFcASOgQEscAaa4Bq0QBtg8AiewSt40560F+1d+5i3FrR85hD8kfb5A6uImbQ=</latexit>

(x) ( 1,  2) = (u, d)

<latexit sha1_base64="gaU+gBhHdYUHJXjp8CXRQEK5CE8=">AAACEXicbZDLSsNAFIYnXmu9RV26GSxCCqUkpaIboejGZQV7gSaEyWTSDp1cmJmIJfQV3Pgqblwo4tadO9/GSZuFtv4w8M1/zmHm/F7CqJCm+a2trK6tb2yWtsrbO7t7+/rBYVfEKcekg2MW876HBGE0Ih1JJSP9hBMUeoz0vPF1Xu/dEy5oHN3JSUKcEA0jGlCMpLJc3TAeqtCu2TXDTgR1LUVwRo3cvlQ3I1WeX3X1ilk3Z4LLYBVQAYXarv5l+zFOQxJJzJAQA8tMpJMhLilmZFq2U0EShMdoSAYKIxQS4WSzjabwVDk+DGKuTiThzP09kaFQiEnoqc4QyZFYrOXmf7VBKoMLJ6NRkkoS4flDQcqgjGEeD/QpJ1iyiQKEOVV/hXiEOMJShVhWIViLKy9Dt1G3mvWz22aldVXEUQLH4AQYwALnoAVuQBt0AAaP4Bm8gjftSXvR3rWPeeuKVswcgT/SPn8A0NmZPQ==</latexit>

(xi) ( 1,  2) = (u, e)

<latexit sha1_base64="RuUPmczVCeDCefedhKCZECE3i5A=">AAACEnicbZDLSsNAFIYnXmu9RV26GSxCCqUkpaIboejGZQV7gSaEyXTSDp1cmJmIJfQZ3Pgqblwo4taVO9/GSZqFtv4w8M1/zmHm/F7MqJCm+a2trK6tb2yWtsrbO7t7+/rBYVdECcekgyMW8b6HBGE0JB1JJSP9mBMUeIz0vMl1Vu/dEy5oFN7JaUycAI1C6lOMpLJcvWo80Cq0a3bNsGNBXUsRzKmR2ZfqZiTKI1VXr5h1MxdcBquACijUdvUvexjhJCChxAwJMbDMWDop4pJiRmZlOxEkRniCRmSgMEQBEU6arzSDp8oZQj/i6oQS5u7viRQFQkwDT3UGSI7FYi0z/6sNEulfOCkN40SSEM8f8hMGZQSzfOCQcoIlmypAmFP1V4jHiCMsVYplFYK1uPIydBt1q1k/u21WWldFHCVwDE6AASxwDlrgBrRBB2DwCJ7BK3jTnrQX7V37mLeuaMXMEfgj7fMHpxiZsQ==</latexit>

)

<latexit sha1_base64="BwttjCQqzrTbpCEpJtPXZhKYmPc=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMV+wFpKJvtpl262Q27E6WU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmFldW19o7hZ2tre2d0r7x80jco0ZQ2qhNLtiBgmuGQN5ChYO9WMJJFgrWh4M/Vbj0wbruQDjlIWJqQvecwpQSsFnXveHyDRWj11yxWv6s3gLhM/JxXIUe+Wvzo9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cU+s0nNjpW1JdGfq74kxSYwZJZHtTAgOzKI3Ff/zggzjq3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZeXSfOs6p9XL+7OK7XrPI4iHMExnIIPl1CDW6hDAygoeIZXeHPQeXHenY95a8HJZw7hD5zPH5OzkXU=</latexit>

)

<latexit sha1_base64="BwttjCQqzrTbpCEpJtPXZhKYmPc=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMV+wFpKJvtpl262Q27E6WU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmFldW19o7hZ2tre2d0r7x80jco0ZQ2qhNLtiBgmuGQN5ChYO9WMJJFgrWh4M/Vbj0wbruQDjlIWJqQvecwpQSsFnXveHyDRWj11yxWv6s3gLhM/JxXIUe+Wvzo9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cU+s0nNjpW1JdGfq74kxSYwZJZHtTAgOzKI3Ff/zggzjq3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZeXSfOs6p9XL+7OK7XrPI4iHMExnIIPl1CDW6hDAygoeIZXeHPQeXHenY95a8HJZw7hD5zPH5OzkXU=</latexit>

)

<latexit sha1_base64="BwttjCQqzrTbpCEpJtPXZhKYmPc=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMV+wFpKJvtpl262Q27E6WU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmFldW19o7hZ2tre2d0r7x80jco0ZQ2qhNLtiBgmuGQN5ChYO9WMJJFgrWh4M/Vbj0wbruQDjlIWJqQvecwpQSsFnXveHyDRWj11yxWv6s3gLhM/JxXIUe+Wvzo9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cU+s0nNjpW1JdGfq74kxSYwZJZHtTAgOzKI3Ff/zggzjq3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZeXSfOs6p9XL+7OK7XrPI4iHMExnIIPl1CDW6hDAygoeIZXeHPQeXHenY95a8HJZw7hD5zPH5OzkXU=</latexit>

� 2 (3̄, 1 or 3,
1

3
)

<latexit sha1_base64="onhn8YBC67zV4195xQT6JOGQnXY=">AAACHHicbVDLSsNAFJ34rPVVdelmsAgKoSS2osuiG5cVbBU6oUymEzs4mYSZG7GEfIgbf8WNC0XcuBD8G6ePha+zOpxzL/fcE6ZSGPC8T2dmdm5+YbG0VF5eWV1br2xsdkySacbbLJGJvgqp4VIo3gYBkl+lmtM4lPwyvDkd+Ze3XBuRqAsYpjyI6bUSkWAUrNSr1ElrIIhLhMLExXskpDqvF66PCfA7yHGicYHrLiaRpiz3C2vu9ypVr+aNgf8Sf0qqaIpWr/JO+gnLYq6ASWpM1/dSCHKqQTDJizLJDE8pu6HXvGupojE3QT5+rsC7VunjyAaJEgV4rH7fyGlszDAO7WRMYWB+eyPxP6+bQXQc5EKlGXDFJoeiTGJI8Kgp3BeaM5BDSyjTwmbFbEBtDWD7LNsS/N8v/yWdg5rfqB2eN6rNk2kdJbSNdtAe8tERaqIz1EJtxNA9ekTP6MV5cJ6cV+dtMjrjTHe20A84H1/UmZ9g</latexit>

(xii) ( 1,  2) = (d, e)

<latexit sha1_base64="Ppz4cYgw/KMjaGddOjE/sut+Di8=">AAACE3icbZDLSgMxFIbP1Futt1GXboJFaKWUmVLRjVB047KCvUCnlEwm04ZmLiQZsZS+gxtfxY0LRdy6cefbmGm70NYfAl/+cw7J+d2YM6ks69vIrKyurW9kN3Nb2zu7e+b+QVNGiSC0QSIeibaLJeUspA3FFKftWFAcuJy23OF1Wm/dUyFZFN6pUUy7Ae6HzGcEK231zNPCA2NF5JScUsGJJevZmtCUKql9qW8FT3u02DPzVtmaCi2DPYc8zFXvmV+OF5EkoKEiHEvZsa1YdcdYKEY4neScRNIYkyHu047GEAdUdsfTnSboRDse8iOhT6jQ1P09McaBlKPA1Z0BVgO5WEvN/2qdRPkX3TEL40TRkMwe8hOOVITSgJDHBCWKjzRgIpj+KyIDLDBROsacDsFeXHkZmpWyXS2f3Vbztat5HFk4gmMogA3nUIMbqEMDCDzCM7zCm/FkvBjvxsesNWPMZw7hj4zPH2IkmhM=</latexit>

(xiii) ( 1,  2) = (q̄, e)

<latexit sha1_base64="LTOouF5xEGv70PLfhGjml9jDWns=">AAACGnicbZDLSsNAFIYn9VbrLerSzWARUiglKRXdCEU3LivYCzQhTKbTdujk4sxELKHP4cZXceNCEXfixrdxkmahrQcGvvn/c5g5vxcxKqRpfmuFldW19Y3iZmlre2d3T98/6Igw5pi0cchC3vOQIIwGpC2pZKQXcYJ8j5GuN7lK/e494YKGwa2cRsTx0SigQ4qRVJKrW8YDpbQC7apdNexIUNdSBDOqp/KFuhm2h3hyN1MOqbh62ayZWcFlsHIog7xarv5pD0Ic+ySQmCEh+pYZSSdBXFLMyKxkx4JECE/QiPQVBsgnwkmy1WbwRCkDOAy5OoGEmfp7IkG+EFPfU50+kmOx6KXif14/lsNzJ6FBFEsS4PlDw5hBGcI0JzignGDJpgoQ5lT9FeIx4ghLlWZJhWAtrrwMnXrNatRObxrl5mUeRxEcgWNgAAucgSa4Bi3QBhg8gmfwCt60J+1Fe9c+5q0FLZ85BH9K+/oBV7qdWA==</latexit>

(xiv) ( 1,  2) = (l̄, u)

<latexit sha1_base64="jtf8h/wsPHZGO7ZvEdGnaqFgIzs=">AAACGXicbZDLSsNAFIYn9VbrLerSzWARUiglKRXdCEU3LivYCzQhTKbTdujkwsykWEJfw42v4saFIi515ds4SbPQ1gMD3/z/Ocyc34sYFdI0v7XC2vrG5lZxu7Szu7d/oB8edUQYc0zaOGQh73lIEEYD0pZUMtKLOEG+x0jXm9ykfndKuKBhcC9nEXF8NArokGIkleTqpvFApxVoV+2qYUeCupYimFE9la/UzbA9xBM2V05ccfWyWTOzgqtg5VAGebVc/dMehDj2SSAxQ0L0LTOSToK4pJiRecmOBYkQnqAR6SsMkE+Ek2SbzeGZUgZwGHJ1Agkz9fdEgnwhZr6nOn0kx2LZS8X/vH4sh5dOQoMoliTAi4eGMYMyhGlMcEA5wZLNFCDMqforxGPEEZYqzJIKwVpeeRU69ZrVqJ3fNcrN6zyOIjgBp8AAFrgATXALWqANMHgEz+AVvGlP2ov2rn0sWgtaPnMM/pT29QOmNpz9</latexit>

)

<latexit sha1_base64="BwttjCQqzrTbpCEpJtPXZhKYmPc=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMV+wFpKJvtpl262Q27E6WU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmFldW19o7hZ2tre2d0r7x80jco0ZQ2qhNLtiBgmuGQN5ChYO9WMJJFgrWh4M/Vbj0wbruQDjlIWJqQvecwpQSsFnXveHyDRWj11yxWv6s3gLhM/JxXIUe+Wvzo9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cU+s0nNjpW1JdGfq74kxSYwZJZHtTAgOzKI3Ff/zggzjq3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZeXSfOs6p9XL+7OK7XrPI4iHMExnIIPl1CDW6hDAygoeIZXeHPQeXHenY95a8HJZw7hD5zPH5OzkXU=</latexit>

)

<latexit sha1_base64="BwttjCQqzrTbpCEpJtPXZhKYmPc=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMV+wFpKJvtpl262Q27E6WU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmFldW19o7hZ2tre2d0r7x80jco0ZQ2qhNLtiBgmuGQN5ChYO9WMJJFgrWh4M/Vbj0wbruQDjlIWJqQvecwpQSsFnXveHyDRWj11yxWv6s3gLhM/JxXIUe+Wvzo9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cU+s0nNjpW1JdGfq74kxSYwZJZHtTAgOzKI3Ff/zggzjq3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZeXSfOs6p9XL+7OK7XrPI4iHMExnIIPl1CDW6hDAygoeIZXeHPQeXHenY95a8HJZw7hD5zPH5OzkXU=</latexit>

)

<latexit sha1_base64="BwttjCQqzrTbpCEpJtPXZhKYmPc=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMV+wFpKJvtpl262Q27E6WU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmFldW19o7hZ2tre2d0r7x80jco0ZQ2qhNLtiBgmuGQN5ChYO9WMJJFgrWh4M/Vbj0wbruQDjlIWJqQvecwpQSsFnXveHyDRWj11yxWv6s3gLhM/JxXIUe+Wvzo9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cU+s0nNjpW1JdGfq74kxSYwZJZHtTAgOzKI3Ff/zggzjq3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZeXSfOs6p9XL+7OK7XrPI4iHMExnIIPl1CDW6hDAygoeIZXeHPQeXHenY95a8HJZw7hD5zPH5OzkXU=</latexit>

(xv) ( 1,  2) = (l̄, d)

<latexit sha1_base64="g33H2x17NZMsPU0d5WcGF3bdD5g=">AAACGHicbZDLSsNAFIYn9VbrLerSzWARUig1KRXdCEU3LivYCzQhTCbTdnByYWZSLKGP4cZXceNCEbfd+TZO0yy09cDAN/9/DjPn92JGhTTNb62wtr6xuVXcLu3s7u0f6IdHHRElHJM2jljEex4ShNGQtCWVjPRiTlDgMdL1Hm/nfndMuKBR+CAnMXECNAzpgGIkleTq58bTuALtql017FhQ11IEM6rP5Wt1M2wP8ZRNleNXXL1s1sys4CpYOZRBXi1Xn9l+hJOAhBIzJETfMmPppIhLihmZluxEkBjhRzQkfYUhCohw0myxKTxTig8HEVcnlDBTf0+kKBBiEniqM0ByJJa9ufif10/k4MpJaRgnkoR48dAgYVBGcJ4S9CknWLKJAoQ5VX+FeIQ4wlJlWVIhWMsrr0KnXrMatYv7Rrl5k8dRBCfgFBjAApegCe5AC7QBBs/gFbyDD+1Fe9M+ta9Fa0HLZ47Bn9JmP7S6nHk=</latexit>

)

<latexit sha1_base64="BwttjCQqzrTbpCEpJtPXZhKYmPc=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMV+wFpKJvtpl262Q27E6WU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmFldW19o7hZ2tre2d0r7x80jco0ZQ2qhNLtiBgmuGQN5ChYO9WMJJFgrWh4M/Vbj0wbruQDjlIWJqQvecwpQSsFnXveHyDRWj11yxWv6s3gLhM/JxXIUe+Wvzo9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cU+s0nNjpW1JdGfq74kxSYwZJZHtTAgOzKI3Ff/zggzjq3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZeXSfOs6p9XL+7OK7XrPI4iHMExnIIPl1CDW6hDAygoeIZXeHPQeXHenY95a8HJZw7hD5zPH5OzkXU=</latexit>

� 2 (3 or 6̄, 1,�1

3
)

<latexit sha1_base64="vGIZhvCQXLhORNNMaVdyzRBvcj0=">AAACH3icbVDLSgMxFM34tr6qLt0Ei6Awlhnfy6IblxVsFZpSMmmmDc1khuSOWIb5Ezf+ihsXioi7/o3pY6HWszqccy/33BMkUhjwvIEzMzs3v7C4tFxYWV1b3yhubtVNnGrGayyWsb4PqOFSKF4DAZLfJ5rTKJD8LuhdDf27B66NiNUt9BPejGhHiVAwClZqFc9ItSuIS4TCxMX7x5gAf4QMxxrnmARUZ2e5S1zfxYck1JRlfp4d5wetYskreyPgaeJPSAlNUG0Vv0g7ZmnEFTBJjWn4XgLNjGoQTPK8QFLDE8p6tMMblioacdPMRv/leM8qbRzaTGGsAI/UnxsZjYzpR4GdjCh0zV9vKP7nNVIIL5qZUEkKXLHxoTCVGGI8LAu3heYMZN8SyrSwWTHrUlsD2EoLtgT/78vTpH5U9k/KpzcnpcrlpI4ltIN20T7y0TmqoGtURTXE0BN6QW/o3Xl2Xp0P53M8OuNMdrbRLziDb4eOoDY=</latexit>

� 2 (3̄, 1,
1

3
)

<latexit sha1_base64="Qajvp/P288mW/hvHn4PZ08uBSgw=">AAACEHicbVDLSsNAFJ34rPUVdelmsIgVQkm0osuiG5cV7AM6oUymk3boZBJmJkIJ/QQ3/oobF4q4denOv3HaZqGtBy4czrmXe+8JEs6Udt1va2l5ZXVtvbBR3Nza3tm19/abKk4loQ0S81i2A6woZ4I2NNOcthNJcRRw2gqGNxO/9UClYrG416OE+hHuCxYygrWRuvYJqg8YchATEDmwjAIss/OxgxzPgSiUmGTe2AinXbvkVtwp4CLxclICOepd+wv1YpJGVGjCsVIdz020n2GpGeF0XESpogkmQ9ynHUMFjqjys+lDY3hslB4MY2lKaDhVf09kOFJqFAWmM8J6oOa9ifif10l1eOVnTCSppoLMFoUphzqGk3Rgj0lKNB8Zgolk5lZIBtjEoE2GRROCN//yImmeVbxq5eKuWqpd53EUwCE4AmXggUtQA7egDhqAgEfwDF7Bm/VkvVjv1sesdcnKZw7AH1ifPxsFmsM=</latexit>

� 2 (3̄, 1,
4

3
)

<latexit sha1_base64="+0QJGqu7dSOJtEa3I909cKaTiDc=">AAACEHicbVDLSsNAFJ34rPUVdelmsIgVQkm0osuiG5cV7AM6oUymk3boZBJmJkIJ/QQ3/oobF4q4denOv3HaZqGtBy4czrmXe+8JEs6Udt1va2l5ZXVtvbBR3Nza3tm19/abKk4loQ0S81i2A6woZ4I2NNOcthNJcRRw2gqGNxO/9UClYrG416OE+hHuCxYygrWRuvYJqg8YchATEDmwjAIss/OxgxzPgSiUmGTVsRFOu3bJrbhTwEXi5aQEctS79hfqxSSNqNCEY6U6nptoP8NSM8LpuIhSRRNMhrhPO4YKHFHlZ9OHxvDYKD0YxtKU0HCq/p7IcKTUKApMZ4T1QM17E/E/r5Pq8MrPmEhSTQWZLQpTDnUMJ+nAHpOUaD4yBBPJzK2QDLCJQZsMiyYEb/7lRdI8q3jVysVdtVS7zuMogENwBMrAA5egBm5BHTQAAY/gGbyCN+vJerHerY9Z65KVzxyAP7A+fwAfoJrG</latexit>

� 2 (3, 2,
7

6
)

<latexit sha1_base64="W5FriEEQPOA3Rel3EMMOsicOnOM=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0WoEEpSq3VZdOOygn1AE8pkOmmHTiZhZiKU0LUbf8WNC0Xc+gXu/BunbRbaeuDC4Zx7ufceP2ZUKtv+NnIrq2vrG/nNwtb2zu6euX/QklEiMGniiEWi4yNJGOWkqahipBMLgkKfkbY/upn67QciJI34vRrHxAvRgNOAYqS01DOP3caQupZLOXQtWDq3XKtiQTcQCKe1SXo5OeuZRbtszwCXiZORIsjQ6Jlfbj/CSUi4wgxJ2XXsWHkpEopiRiYFN5EkRniEBqSrKUchkV46e2UCT7XSh0EkdHEFZ+rviRSFUo5DX3eGSA3lojcV//O6iQquvJTyOFGE4/miIGFQRXCaC+xTQbBiY00QFlTfCvEQ6RiUTq+gQ3AWX14mrUrZqZYv7qrF+nUWRx4cgRNQAg6ogTq4BQ3QBBg8gmfwCt6MJ+PFeDc+5q05I5s5BH9gfP4AJBmYCA==</latexit>

� 2 (3̄, 2,�7

6
)

<latexit sha1_base64="PrzC58tRGV4fPyJfZ9QH2Ge+92k=">AAACEXicbVDLSgMxFM3UV62vqks3wSJUGMtMrdZl0Y3LCvYBTSmZNNOGZjJDkhHKML/gxl9x40IRt+7c+Temj4W2HrhwOOde7r3HizhT2nG+rczK6tr6RnYzt7W9s7uX3z9oqjCWhDZIyEPZ9rCinAna0Exz2o4kxYHHacsb3Uz81gOVioXiXo8j2g3wQDCfEayN1MsXUX3IkI2YgMiGReRhmZynNrLLNjxDvsQkqabJZXrayxeckjMFXCbunBTAHPVe/gv1QxIHVGjCsVId14l0N8FSM8JpmkOxohEmIzygHUMFDqjqJtOPUnhilD70Q2lKaDhVf08kOFBqHHimM8B6qBa9ifif14m1f9VNmIhiTQWZLfJjDnUIJ/HAPpOUaD42BBPJzK2QDLGJQZsQcyYEd/HlZdIsl9xK6eKuUqhdz+PIgiNwDIrABVVQA7egDhqAgEfwDF7Bm/VkvVjv1sesNWPNZw7BH1ifP54UmwQ=</latexit>

� 2 (3̄, 2,�1

6
)

<latexit sha1_base64="TPSgO6xR2hVBS8Jjv/JG93b+v+Y=">AAACEXicbVDLSgMxFM34rPU16tJNsAgVxjJT62NZdOOygn1AU0omzbShmcyQZIQyzC+48VfcuFDErTt3/o3pY6GtBy4czrmXe+/xY86Udt1va2l5ZXVtPbeR39za3tm19/YbKkokoXUS8Ui2fKwoZ4LWNdOctmJJcehz2vSHN2O/+UClYpG416OYdkLcFyxgBGsjde0iqg0YchATEDmwiHws07PMQU7ZgacokJikXpZeZCddu+CW3AngIvFmpABmqHXtL9SLSBJSoQnHSrU9N9adFEvNCKdZHiWKxpgMcZ+2DRU4pKqTTj7K4LFRejCIpCmh4UT9PZHiUKlR6JvOEOuBmvfG4n9eO9HBVSdlIk40FWS6KEg41BEcxwN7TFKi+cgQTCQzt0IywCYGbULMmxC8+ZcXSaNc8iql87tKoXo9iyMHDsERKAIPXIIquAU1UAcEPIJn8ArerCfrxXq3PqatS9Zs5gD8gfX5A5Temv4=</latexit>



Possible SM - BSM field interactions (Yukawa sector)

The building blocks: fixing quantum numbers

V6

� = H

<latexit sha1_base64="mkCO7HroDJS3bkcpd1s/q3CyBho=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgopREKroRim66rGAf0IQymUzaoZOZMDORltBfceNCEbf+iDv/xmmbhbYeuHA4517uvSdIGFXacb6twsbm1vZOcbe0t39weGQflztKpBKTNhZMyF6AFGGUk7ammpFeIgmKA0a6wfh+7nefiFRU8Ec9TYgfoyGnEcVIG2lgl71ATEiYecmIetVbr9qcDeyKU3MWgOvEzUkF5GgN7C8vFDiNCdeYIaX6rpNoP0NSU8zIrOSliiQIj9GQ9A3lKCbKzxa3z+C5UUIYCWmKa7hQf09kKFZqGgemM0Z6pFa9ufif1091dONnlCepJhwvF0Upg1rAeRAwpJJgzaaGICypuRXiEZIIaxNXyYTgrr68TjqXNbdeu3qoVxp3eRxFcArOwAVwwTVogCZogTbAYAKewSt4s2bWi/VufSxbC1Y+cwL+wPr8AVoUk/8=</latexit>

� = H
†

<latexit sha1_base64="+4I3q5olvwhqn8xj65NWNyCKWuE=">AAACBXicbVDLSsNAFJ3UV62vqEtdBIvgopREKroRim66rGAf0MQymdykQycPZiZiCdm48VfcuFDErf/gzr9x+lho64ELh3Pu5d573IRRIU3zWyssLa+srhXXSxubW9s7+u5eW8QpJ9AiMYt518UCGI2gJalk0E044NBl0HGH12O/cw9c0Di6laMEnBAHEfUpwVJJff3QduMH8DI7GVC7cmlXGneZ7eEgAJ7nfb1sVs0JjEVizUgZzdDs61+2F5M0hEgShoXoWWYinQxzSQmDvGSnAhJMhjiAnqIRDkE42eSL3DhWimf4MVcVSWOi/p7IcCjEKHRVZ4jlQMx7Y/E/r5dK/8LJaJSkEiIyXeSnzJCxMY7E8CgHItlIEUw4VbcaZIA5JlIFV1IhWPMvL5L2adWqVc9uauX61SyOIjpAR+gEWegc1VEDNVELEfSIntEretOetBftXfuYtha02cw++gPt8wdb5ph/</latexit>

(i)  = l )  2 (1, 1 or 3, 0)

<latexit sha1_base64="n+HNlmbGVK1MvfXYvllO8pcY3PM="></latexit>

(vi)  = l )  2 (1, 1 or 3, 1)

<latexit sha1_base64="hS8ggLgLbBgWReZuS8k5sCqgPGE="></latexit>

(iii)  = q )  2 (3̄, 1 or 3, �2

3
)

<latexit sha1_base64="HrGNt2yKwZluI2f+LxP5jTmSpzQ="></latexit>

(viii)  = q )  2 (3̄, 1 or 3,
1

3
)

<latexit sha1_base64="AmqzFg93GeHZWb0d4UqEelNPdL0="></latexit>

(ii)  = e )  2 (1, 2,
1

2
)

<latexit sha1_base64="3O0T5paBHZnklc7okw+u6kUaDDw="></latexit>

(vii)  = e )  2 (1, 2,
3

2
)

<latexit sha1_base64="H37mAQVSzBJEV+f4lE07fhHUnRk="></latexit>

(iv)  = u )  2 (3̄, 2, �7

6
)

<latexit sha1_base64="0ar9FMWVhE6LeD/c2MmkPdQSTFg="></latexit>

(ix)  = u )  2 (3̄, 2, �1

6
)

<latexit sha1_base64="9DWUdwLUj2C//hCsozU9QdtX7tI="></latexit>

(v)  = d )  2 (3̄, 2, �1

6
)

<latexit sha1_base64="m7cm2rGsQGCzJkJv/fmOFMXtYYI="></latexit>

(x)  = d )  2 (3̄, 2,
5

6
)

<latexit sha1_base64="T7tGcG2kIwkY/4cn2E3TKhwW+oY="></latexit>



Possible SM - BSM field interactions (Yukawa sector)

The building blocks: fixing quantum numbers

V7

V8

with

<latexit sha1_base64="Ho9Uxpmhuq0uCansEiK0ioOqciY=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPSUDbbbbt0swm7E7WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuh9RwKRRvoEDJ24nmNAolb4Wjm6nfeuDaiFjd4zjhQUQHSvQFo2glv4P8CbNHgcNJt1xxq+4MZJl4OalAjnq3/NXpxSyNuEImqTG+5yYYZFSjYJJPSp3U8ISyER1w31JFI26CbHbyhJxYpUf6sbalkMzU3xMZjYwZR6HtjCgOzaI3Ff/z/BT7V0EmVJIiV2y+qJ9KgjGZ/k96QnOGcmwJZVrYWwkbUk0Z2pRKNgRv8eVl0jyreufVi7vzSu06j6MIR3AMp+DBJdTgFurQAAYxPMMrvDnovDjvzse8teDkM4fwB87nDw8wkcU=</latexit>

(i)� (v)  = fSM 2 (RC , RL, Y ) )

<latexit sha1_base64="J7Zz3XmWXDDQn9fCvEK5vRL/tr0="></latexit>

� 2 (RC1 , RL1 , Y1)

 2 (RC2 , RL2 , Y2)

<latexit sha1_base64="kz/RUIQyvyCdxbWQ5D65q9PdQVg=">AAACLXicbVDLSgMxFM34tr5GXboJFqGFUmZKRZeiLly4qGJrpRmGTJq2oZnMkGSEMvSH3PgrIrhQxK2/YaadhbVeCPdwzrnc3BPEnCntOO/WwuLS8srq2nphY3Nre8fe3WupKJGENknEI9kOsKKcCdrUTHPajiXFYcDpfTC8yPT7RyoVi8SdHsXUC3FfsB4jWBvKty9RY8BQBTGBKqVbP73w3XHF9OusP/huGSIEUUPNemq5p5Z5amXfLjpVZ1JwHrg5KIK8Gr79iroRSUIqNOFYqY7rxNpLsdSMcDouoETRGJMh7tOOgQKHVHnp5NoxPDJMF/YiaZ7QcML+nkhxqNQoDIwzxHqg/moZ+Z/WSXTv1EuZiBNNBZku6iUc6ghm0cEuk5RoPjIAE8nMXyEZYImJNgEXTAju35PnQatWdevV45t68ew8j2MNHIBDUAIuOAFn4Ao0QBMQ8ARewDv4sJ6tN+vT+ppaF6x8Zh/MlPX9AyaVpQc=</latexit>

RL1 ⌦ RL2 = RL

<latexit sha1_base64="e/uFHa7TMdxZgbRxh/H79h9FF2s=">AAACEXicbZBLS8NAEMc39VXrK+rRy2IRepCSlIpehKIXDz1UsQ9oQthsN+3SzYPdjVBCvoIXv4oXD4p49ebNb+MmzUFbBxZ+858ZZufvRowKaRjfWmlldW19o7xZ2dre2d3T9w96Iow5Jl0cspAPXCQIowHpSioZGUScIN9lpO9Or7N6/4FwQcPgXs4iYvtoHFCPYiSV5Oi1OydpO2ZqnUIrlNQnAirMxUaa4eU8bzt61agbecBlMAuogiI6jv5ljUIc+ySQmCEhhqYRSTtBXFLMSFqxYkEihKdoTIYKA6R220l+UQpPlDKCXsjVCyTM1d8TCfKFmPmu6vSRnIjFWib+VxvG0ruwExpEsSQBni/yYgZlCDN74IhygiWbKUCYU/VXiCeIIyyViRVlgrl48jL0GnWzWT+7bVZbV4UdZXAEjkENmOActMAN6IAuwOARPINX8KY9aS/au/Yxby1pxcwh+BPa5w/OUpp1</latexit>

RC1 ⌦ RC2 = R̄C

<latexit sha1_base64="SI6syrhelrCMQgan44A9LxH++FA=">AAACF3icbZBLS8NAEMc3Pmt9RT16WSyCBwlJqehFKPbisRb7gCaEzXbTLt082N0IJeRbePGrePGgiFe9+W3cpDlo68AuP/4zw8z8vZhRIU3zW1tZXVvf2KxsVbd3dvf29YPDnogSjkkXRyziAw8JwmhIupJKRgYxJyjwGOl701ae7z8QLmgU3stZTJwAjUPqU4ykklzd6Lhpy7Uy+xzakaQBEVBhIdazHK/zz/YQTzuZ23L1mmmYRcBlsEqogTLarv5ljyKcBCSUmCEhhpYZSydFXFLMSFa1E0FihKdoTIYKQ6Q2cNLirgyeKmUE/YirF0pYqL87UhQIMQs8VRkgORGLuVz8LzdMpH/lpDSME0lCPB/kJwzKCOYmwRHlBEs2U4Awp2pXiCeIIyyVlVVlgrV48jL06obVMC7uGrXmTWlHBRyDE3AGLHAJmuAWtEEXYPAInsEreNOetBftXfuYl65oZc8R+BPa5w+rpp0f</latexit>

Y1 + Y2 = �Y

<latexit sha1_base64="upfCi09Kuhdlme+YNAr4NWOzevY=">AAACA3icbVDLSgMxFL1TX7W+Rt3pJlgEQS0zpaIboejGZQX7oh2GTJqpoZkHSUYopeDGX3HjQhG3/oQ7/8ZMOwttvZB7T865l+QeL+ZMKsv6NnILi0vLK/nVwtr6xuaWub3TkFEiCK2TiEei5WFJOQtpXTHFaSsWFAcep01vcJ3qzQcqJIvCOzWMqRPgfsh8RrDSlGvutV27e4KOkU5tt5yWyzSd6ptZtErWJNA8sDNQhCxqrvnV7UUkCWioCMdSdmwrVs4IC8UIp+NCN5E0xmSA+7SjYYgDKp3RZIcxOtRMD/mR0CdUaML+nhjhQMph4OnOAKt7Oaul5H9aJ1H+hTNiYZwoGpLpQ37CkYpQagjqMUGJ4kMNMBFM/xWReywwUdq2gjbBnl15HjTKJbtSOrutFKtXmR152IcDOAIbzqEKN1CDOhB4hGd4hTfjyXgx3o2PaWvOyGZ24U8Ynz9/3ZOY</latexit>

� = H or H† )

<latexit sha1_base64="YhZKSXk3qMqk9JBo6hA0gcOfM5A="></latexit>

 1 2 (RC1 , RL1 , Y1)

 2 2 (RC2 , RL2 , Y2)

<latexit sha1_base64="dLhHR7QgeTljHpFvChPGgo09BHE="></latexit>

with

<latexit sha1_base64="Ho9Uxpmhuq0uCansEiK0ioOqciY=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPSUDbbbbt0swm7E7WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuh9RwKRRvoEDJ24nmNAolb4Wjm6nfeuDaiFjd4zjhQUQHSvQFo2glv4P8CbNHgcNJt1xxq+4MZJl4OalAjnq3/NXpxSyNuEImqTG+5yYYZFSjYJJPSp3U8ISyER1w31JFI26CbHbyhJxYpUf6sbalkMzU3xMZjYwZR6HtjCgOzaI3Ff/z/BT7V0EmVJIiV2y+qJ9KgjGZ/k96QnOGcmwJZVrYWwkbUk0Z2pRKNgRv8eVl0jyreufVi7vzSu06j6MIR3AMp+DBJdTgFurQAAYxPMMrvDnovDjvzse8teDkM4fwB87nDw8wkcU=</latexit>

RC1 ⌦ RC2 = 1

RL1 ⌦ RL2 = 2

<latexit sha1_base64="OSAlzOZf2N8ATDKQAyzH9kfWqoQ="></latexit>

Y1 + Y2 = ⌥1

2

<latexit sha1_base64="aE8xJbrOFAnB42WtMrdGUXM1D9U=">AAACDnicbVBNS8MwGE7n15xfVY9egmMgKKMdE70IQy8eJ7gv1lLSLN3CkrYkqTDKfoEX/4oXD4p49ezNf2O69aCbD+TNw/O8L8n7+DGjUlnWt1FYWV1b3yhulra2d3b3zP2DtowSgUkLRywSXR9JwmhIWooqRrqxIIj7jHT88U3mdx6IkDQK79UkJi5Hw5AGFCOlJc+s9DzbOYOnUJeeV8uuq6w4PHYCgXBqT9Pa1DPLVtWaAS4TOydlkKPpmV/OIMIJJ6HCDEnZt61YuSkSimJGpiUnkSRGeIyGpK9piDiRbjpbZworWhnAIBL6hArO1N8TKeJSTrivOzlSI7noZeJ/Xj9RwaWb0jBOFAnx/KEgYVBFMMsGDqggWLGJJggLqv8K8QjpFJROsKRDsBdXXibtWtWuV8/v6uXGdR5HERyBY3ACbHABGuAWNEELYPAInsEreDOejBfj3fiYtxaMfOYQ/IHx+QPXuZjk</latexit>



Disclaimer on assumptions and ground rules

Operator Unfolding

1. SM Gauge group not extended -> No heavy gauge boson propagators considered 

2. Types of diagrams considered: 

• For a given operator if a field appears at tree level, we have not drawn a 1-loop diagram for the same 
heavy field in the context of the same operator. 

• Diagrams with least variety of vertices are preferred. 

• 1-loop diagrams where the entire loop is composed of the same heavy field have been considered 

• For light-heavy mixing in the loop, only a single propagator has been considered. 

• Mixed statistics have been incorporated in the diagrams. 

3. The considered diagrams do not form an exhaustive set.



 2�3

<latexit sha1_base64="d+fR0kG/3Ej5b1/W3ekWoPeiT6Q=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Kru1oseiF48V7Ad0tyWbZtvQbDYkWaEs/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeKDnTxnW/nbX1jc2t7cJOcXdv/+CwdHTc0kmqCG2ShCeqE2JNORO0aZjhtCMVxXHIaTsc38389hNVmiXi0UwkDWI8FCxiBBsr+b7UrFf15Yj1Lvulsltx50CrxMtJGXI0+qUvf5CQNKbCEI617nquNEGGlWGE02nRTzWVmIzxkHYtFTimOsjmN0/RuVUGKEqULWHQXP09keFY60kc2s4Ym5Fe9mbif143NdFNkDEhU0MFWSyKUo5MgmYBoAFTlBg+sQQTxeytiIywwsTYmIo2BG/55VXSqla8WuXqoVau3+ZxFOAUzuACPLiGOtxDA5pAQMIzvMKbkzovzrvzsWhdc/KZE/gD5/MHjZSRYA==</latexit>

Operator wise catalogue



 4

<latexit sha1_base64="VHu5JqBGvEIPx+cRupR2o4F9NGQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVih6LXjxWsB/QriWbZttoNglJVihL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXKc6M9f1vr7Cyura+UdwsbW3v7O6V9w9aRqaa0CaRXOpOhA3lTNCmZZbTjtIUJxGn7ejxeuq3n6g2TIo7O1Y0TPBQsJgRbJ3U6inD7mv9csWv+jOgZRLkpAI5Gv3yV28gSZpQYQnHxnQDX9kww9oywumk1EsNVZg84iHtOipwQk2Yza6doBOnDFAstSth0Uz9PZHhxJhxErnOBNuRWfSm4n9eN7XxZZgxoVJLBZkvilOOrETT19GAaUosHzuCiWbuVkRGWGNiXUAlF0Kw+PIyaZ1Vg1r1/LZWqV/lcRThCI7hFAK4gDrcQAOaQOABnuEV3jzpvXjv3se8teDlM4fwB97nD1Gyjvg=</latexit>

(only a subset)
p, r, s, t - generation indices
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<latexit sha1_base64="VHu5JqBGvEIPx+cRupR2o4F9NGQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVih6LXjxWsB/QriWbZttoNglJVihL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXKc6M9f1vr7Cyura+UdwsbW3v7O6V9w9aRqaa0CaRXOpOhA3lTNCmZZbTjtIUJxGn7ejxeuq3n6g2TIo7O1Y0TPBQsJgRbJ3U6inD7mv9csWv+jOgZRLkpAI5Gv3yV28gSZpQYQnHxnQDX9kww9oywumk1EsNVZg84iHtOipwQk2Yza6doBOnDFAstSth0Uz9PZHhxJhxErnOBNuRWfSm4n9eN7XxZZgxoVJLBZkvilOOrETT19GAaUosHzuCiWbuVkRGWGNiXUAlF0Kw+PIyaZ1Vg1r1/LZWqV/lcRThCI7hFAK4gDrcQAOaQOABnuEV3jzpvXjv3se8teDlM4fwB97nD1Gyjvg=</latexit>

(only a subset)

Vector - vector 
interaction

Scalar - scalar 
interaction

Fierz

relations 

p, r, s, t - generation indices



 4

<latexit sha1_base64="VHu5JqBGvEIPx+cRupR2o4F9NGQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVih6LXjxWsB/QriWbZttoNglJVihL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXKc6M9f1vr7Cyura+UdwsbW3v7O6V9w9aRqaa0CaRXOpOhA3lTNCmZZbTjtIUJxGn7ejxeuq3n6g2TIo7O1Y0TPBQsJgRbJ3U6inD7mv9csWv+jOgZRLkpAI5Gv3yV28gSZpQYQnHxnQDX9kww9oywumk1EsNVZg84iHtOipwQk2Yza6doBOnDFAstSth0Uz9PZHhxJhxErnOBNuRWfSm4n9eN7XxZZgxoVJLBZkvilOOrETT19GAaUosHzuCiWbuVkRGWGNiXUAlF0Kw+PIyaZ1Vg1r1/LZWqV/lcRThCI7hFAK4gDrcQAOaQOABnuEV3jzpvXjv3se8teDlM4fwB97nD1Gyjvg=</latexit>

(only a subset)

Vector - vector 
interaction

Scalar - scalar 
interaction

Fierz

relations 

p, r, s, t - generation indices

(q̄p �
µ qr)(ūs �µ ut)

<latexit sha1_base64="dZaubZ4pa5S4SCk3mG12Fg9CFvM=">AAACJXicbZDLSsNAFIYn9VbrLerSzWARKpSSSEUXLkQ3LhWsCk0NJ9NpO3QmiXMRSujLuPFV3LiwiODKV3HadKHVAwM//3cOZ84fpZwp7XmfTmFufmFxqbhcWlldW99wN7duVGIkoQ2S8ETeRaAoZzFtaKY5vUslBRFxehv1z8f89pFKxZL4Wg9S2hLQjVmHEdDWCt2TShCBzB6GYRpUgy4IAfeBMEEVP4RyP4dmGCpr5DTMqQn1fil0y17NmxT+K/ypKKNpXYbuKGgnxAgaa8JBqabvpbqVgdSMcDosBUbRFEgfurRpZQyCqlY2uXKI96zTxp1E2hdrPHF/TmQglBqIyHYK0D01y8bmf6xpdOe4lbE4NZrGJF/UMRzrBI8jw20mKdF8YAUQyexfMemBBKJtsOMQ/NmT/4qbg5pfrx1e1cunZ9M4imgH7aIK8tEROkUX6BI1EEFP6AW9oZHz7Lw6785H3lpwpjPb6Fc5X98GkqRR</latexit>

= (q̄↵p �µ
↵↵̇ q↵̇r ) (ūs, �̇ �̄

µ�̇� ut, �)

<latexit sha1_base64="I49pFLmWOo60LXF/B7mV4AXNH7U="></latexit>

= 2 (q̄↵p ut, � ūs, �̇ q
↵̇
r ) �

�
↵ ��̇↵̇

<latexit sha1_base64="/Pqi1jPb/0XPCBlgD52fmRdQgmg="></latexit>

= 2 (q̄p ut) (ūs qr)

<latexit sha1_base64="C1KjEEkHLn+qt5pKLj56gPDfQ0w=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VoodSkVHQjFN24rGAf0IQwmU7aoZNHZyZCCfkMN/6KGxeKuO3Ov3HaRtDWAxcO59zLvfe4EaNCGsaXlltb39jcym8Xdnb39g/0w6O2CGOOSQuHLORdFwnCaEBakkpGuhEnyHcZ6bij25nfeSRc0DB4kJOI2D4aBNSjGEklOfo5zHANa1alZLmIJ+PUiaxK7MjyjxKnjrAqY4eXHb1oVI054CoxM1IEGZqOPrX6IY59EkjMkBA904iknSAuKWYkLVixIBHCIzQgPUUD5BNhJ/PHUnimlD70Qq4qkHCu/p5IkC/ExHdVp4/kUCx7M/E/rxdL78pOaBDFkgR4sciLGZQhnKUE+5QTLNlEEYQ5VbdCPEQcYamyLKgQzOWXV0m7VjXr1Yv7erFxk8WRByfgFJSACS5BA9yBJmgBDJ7AC3gD79qz9qp9aJ+L1pyWzRyDP9Cm31/CnP0=</latexit>
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<latexit sha1_base64="VHu5JqBGvEIPx+cRupR2o4F9NGQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVih6LXjxWsB/QriWbZttoNglJVihL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXKc6M9f1vr7Cyura+UdwsbW3v7O6V9w9aRqaa0CaRXOpOhA3lTNCmZZbTjtIUJxGn7ejxeuq3n6g2TIo7O1Y0TPBQsJgRbJ3U6inD7mv9csWv+jOgZRLkpAI5Gv3yV28gSZpQYQnHxnQDX9kww9oywumk1EsNVZg84iHtOipwQk2Yza6doBOnDFAstSth0Uz9PZHhxJhxErnOBNuRWfSm4n9eN7XxZZgxoVJLBZkvilOOrETT19GAaUosHzuCiWbuVkRGWGNiXUAlF0Kw+PIyaZ1Vg1r1/LZWqV/lcRThCI7hFAK4gDrcQAOaQOABnuEV3jzpvXjv3se8teDlM4fwB97nD1Gyjvg=</latexit>

(only a subset)

Vector - vector 
interaction

Scalar - scalar 
interaction

Fierz

relations 

p, r, s, t - generation indices

(q̄p �
µ qr)(ūs �µ ut)

<latexit sha1_base64="dZaubZ4pa5S4SCk3mG12Fg9CFvM=">AAACJXicbZDLSsNAFIYn9VbrLerSzWARKpSSSEUXLkQ3LhWsCk0NJ9NpO3QmiXMRSujLuPFV3LiwiODKV3HadKHVAwM//3cOZ84fpZwp7XmfTmFufmFxqbhcWlldW99wN7duVGIkoQ2S8ETeRaAoZzFtaKY5vUslBRFxehv1z8f89pFKxZL4Wg9S2hLQjVmHEdDWCt2TShCBzB6GYRpUgy4IAfeBMEEVP4RyP4dmGCpr5DTMqQn1fil0y17NmxT+K/ypKKNpXYbuKGgnxAgaa8JBqabvpbqVgdSMcDosBUbRFEgfurRpZQyCqlY2uXKI96zTxp1E2hdrPHF/TmQglBqIyHYK0D01y8bmf6xpdOe4lbE4NZrGJF/UMRzrBI8jw20mKdF8YAUQyexfMemBBKJtsOMQ/NmT/4qbg5pfrx1e1cunZ9M4imgH7aIK8tEROkUX6BI1EEFP6AW9oZHz7Lw6785H3lpwpjPb6Fc5X98GkqRR</latexit>

= (q̄↵p �µ
↵↵̇ q↵̇r ) (ūs, �̇ �̄

µ�̇� ut, �)

<latexit sha1_base64="I49pFLmWOo60LXF/B7mV4AXNH7U="></latexit>

= 2 (q̄↵p ut, � ūs, �̇ q
↵̇
r ) �

�
↵ ��̇↵̇

<latexit sha1_base64="/Pqi1jPb/0XPCBlgD52fmRdQgmg="></latexit>

= 2 (q̄p ut) (ūs qr)

<latexit sha1_base64="C1KjEEkHLn+qt5pKLj56gPDfQ0w=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VoodSkVHQjFN24rGAf0IQwmU7aoZNHZyZCCfkMN/6KGxeKuO3Ov3HaRtDWAxcO59zLvfe4EaNCGsaXlltb39jcym8Xdnb39g/0w6O2CGOOSQuHLORdFwnCaEBakkpGuhEnyHcZ6bij25nfeSRc0DB4kJOI2D4aBNSjGEklOfo5zHANa1alZLmIJ+PUiaxK7MjyjxKnjrAqY4eXHb1oVI054CoxM1IEGZqOPrX6IY59EkjMkBA904iknSAuKWYkLVixIBHCIzQgPUUD5BNhJ/PHUnimlD70Qq4qkHCu/p5IkC/ExHdVp4/kUCx7M/E/rxdL78pOaBDFkgR4sciLGZQhnKUE+5QTLNlEEYQ5VbdCPEQcYamyLKgQzOWXV0m7VjXr1Yv7erFxk8WRByfgFJSACS5BA9yBJmgBDJ7AC3gD79qz9qp9aJ+L1pyWzRyDP9Cm31/CnP0=</latexit>

Working in 
Weyl basis

using

(�̄µ)↵̇↵ = "↵� "↵̇�̇ (�µ)��̇

<latexit sha1_base64="9JhevYfkh5HySAx2Uzy5FW84P9o="></latexit>

(�µ)↵↵̇ (�µ)��̇ = 2 "↵�"↵̇�̇

<latexit sha1_base64="0n60TPA2d4+eFxF6O5ACBmhQBNk="></latexit>

"↵� "
�� = ��↵

<latexit sha1_base64="y2AMigu+3+DHeyqqHzwv7bWEVnw="></latexit>
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Operator classes containing derivatives

1. The covariant derivatives cannot be replaced with a gauge boson because electroweak 
symmetry breaking has not occurred.  

2. Equations of motion of the fields give relations between different operator classes, this 
information can be encoded in the way we unfold operators.

Atypical cases

QeH , QuH , QdH| {z }
 2�3

<latexit sha1_base64="FOX+q60dhNvtyXeVhfAlbIhS7H4="></latexit>

(H†
H)(H†D2

H)| {z }
related to QH⇤ through IBP

<latexit sha1_base64="ZK7PVN3pN+p0I0dm7FgYg1iLhZA="></latexit>
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Multi-loop diagrams or multiple heavy fields

Atypical cases

 2�X

<latexit sha1_base64="EzaHZ5YP9Ong5Abymar0BS/azRs=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9ktLXosevFYwX5Ady3ZNNuGZrMhyQpl6d/w4kERr/4Zb/4b03YP2vpg4PHeDDPzQsmZNq777RQ2Nre2d4q7pb39g8Oj8vFJRyepIrRNEp6oXog15UzQtmGG055UFMchp91wcjv3u09UaZaIBzOVNIjxSLCIEWys5PtSs8eaL8cM9Qblilt1F0DrxMtJBXK0BuUvf5iQNKbCEI617nuuNEGGlWGE01nJTzWVmEzwiPYtFTimOsgWN8/QhVWGKEqULWHQQv09keFY62kc2s4Ym7Fe9ebif14/NdF1kDEhU0MFWS6KUo5MguYBoCFTlBg+tQQTxeytiIyxwsTYmEo2BG/15XXSqVW9erVxX680b/I4inAG53AJHlxBE+6gBW0gIOEZXuHNSZ0X5935WLYWnHzmFP7A+fwBZ3KRRw==</latexit>
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 2�X

<latexit sha1_base64="EzaHZ5YP9Ong5Abymar0BS/azRs=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9ktLXosevFYwX5Ady3ZNNuGZrMhyQpl6d/w4kERr/4Zb/4b03YP2vpg4PHeDDPzQsmZNq777RQ2Nre2d4q7pb39g8Oj8vFJRyepIrRNEp6oXog15UzQtmGG055UFMchp91wcjv3u09UaZaIBzOVNIjxSLCIEWys5PtSs8eaL8cM9Qblilt1F0DrxMtJBXK0BuUvf5iQNKbCEI617nuuNEGGlWGE01nJTzWVmEzwiPYtFTimOsgWN8/QhVWGKEqULWHQQv09keFY62kc2s4Ym7Fe9ebif14/NdF1kDEhU0MFWS6KUo5MguYBoCFTlBg+tQQTxeytiIyxwsTYmEo2BG/15XXSqVW9erVxX680b/I4inAG53AJHlxBE+6gBW0gIOEZXuHNSZ0X5935WLYWnHzmFP7A+fwBZ3KRRw==</latexit>
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 2�X

<latexit sha1_base64="EzaHZ5YP9Ong5Abymar0BS/azRs=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9ktLXosevFYwX5Ady3ZNNuGZrMhyQpl6d/w4kERr/4Zb/4b03YP2vpg4PHeDDPzQsmZNq777RQ2Nre2d4q7pb39g8Oj8vFJRyepIrRNEp6oXog15UzQtmGG055UFMchp91wcjv3u09UaZaIBzOVNIjxSLCIEWys5PtSs8eaL8cM9Qblilt1F0DrxMtJBXK0BuUvf5iQNKbCEI617nuuNEGGlWGE01nJTzWVmEzwiPYtFTimOsgWN8/QhVWGKEqULWHQQv09keFY62kc2s4Ym7Fe9ebif14/NdF1kDEhU0MFWS6KUo5MguYBoCFTlBg+tQQTxeytiIyxwsTYmEo2BG/15XXSqVW9erVxX680b/I4inAG53AJHlxBE+6gBW0gIOEZXuHNSZ0X5935WLYWnHzmFP7A+fwBZ3KRRw==</latexit>
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 2�X

<latexit sha1_base64="EzaHZ5YP9Ong5Abymar0BS/azRs=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9ktLXosevFYwX5Ady3ZNNuGZrMhyQpl6d/w4kERr/4Zb/4b03YP2vpg4PHeDDPzQsmZNq777RQ2Nre2d4q7pb39g8Oj8vFJRyepIrRNEp6oXog15UzQtmGG055UFMchp91wcjv3u09UaZaIBzOVNIjxSLCIEWys5PtSs8eaL8cM9Qblilt1F0DrxMtJBXK0BuUvf5iQNKbCEI617nuuNEGGlWGE01nJTzWVmEzwiPYtFTimOsgWN8/QhVWGKEqULWHQQv09keFY62kc2s4Ym7Fe9ebif14/NdF1kDEhU0MFWS6KUo5MguYBoCFTlBg+tQQTxeytiIyxwsTYmEo2BG/15XXSqVW9erVxX680b/I4inAG53AJHlxBE+6gBW0gIOEZXuHNSZ0X5935WLYWnHzmFP7A+fwBZ3KRRw==</latexit>

Magnetic moment interaction
( ̄L �µ⌫  R Xµ⌫)

<latexit sha1_base64="eUjiXiOSHNh2iZMKPpShHCLOJtw=">AAACHHicbZDLSgMxFIYz9VbrrerSzWARKpQyoxVdFt24cFHFXqAZh0yatqFJZkgyQhn6IG58FTcuFHHjQvBtTNsRtPVA4Of7z+Hk/EHEqNKO82VlFhaXlleyq7m19Y3Nrfz2TkOFscSkjkMWylaAFGFUkLqmmpFWJAniASPNYHAx9pv3RCoails9jIjHUU/QLsVIG+Tnj4swQDKBkaIj/wqWoKI9jvwE8hiKeGSAcfwbWGrd/bBDP19wys6k7HnhpqIA0qr5+Q/YCXHMidCYIaXarhNpL0FSU8zIKAdjRSKEB6hH2kYKxInykslxI/vAkI7dDaV5QtsT+nsiQVypIQ9MJ0e6r2a9MfzPa8e6e+YlVESxJgJPF3VjZuvQHidld6gkWLOhEQhLav5q4z6SCGuTZ86E4M6ePC8aR2W3Uj65rhSq52kcWbAH9kERuOAUVMElqIE6wOABPIEX8Go9Ws/Wm/U+bc1Y6cwu+FPW5zd0u6I7</latexit>
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 2�X

<latexit sha1_base64="EzaHZ5YP9Ong5Abymar0BS/azRs=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9ktLXosevFYwX5Ady3ZNNuGZrMhyQpl6d/w4kERr/4Zb/4b03YP2vpg4PHeDDPzQsmZNq777RQ2Nre2d4q7pb39g8Oj8vFJRyepIrRNEp6oXog15UzQtmGG055UFMchp91wcjv3u09UaZaIBzOVNIjxSLCIEWys5PtSs8eaL8cM9Qblilt1F0DrxMtJBXK0BuUvf5iQNKbCEI617nuuNEGGlWGE01nJTzWVmEzwiPYtFTimOsgWN8/QhVWGKEqULWHQQv09keFY62kc2s4Ym7Fe9ebif14/NdF1kDEhU0MFWS6KUo5MguYBoCFTlBg+tQQTxeytiIyxwsTYmEo2BG/15XXSqVW9erVxX680b/I4inAG53AJHlxBE+6gBW0gIOEZXuHNSZ0X5935WLYWnHzmFP7A+fwBZ3KRRw==</latexit>

Magnetic moment interaction
( ̄L �µ⌫  R Xµ⌫)

<latexit sha1_base64="eUjiXiOSHNh2iZMKPpShHCLOJtw=">AAACHHicbZDLSgMxFIYz9VbrrerSzWARKpQyoxVdFt24cFHFXqAZh0yatqFJZkgyQhn6IG58FTcuFHHjQvBtTNsRtPVA4Of7z+Hk/EHEqNKO82VlFhaXlleyq7m19Y3Nrfz2TkOFscSkjkMWylaAFGFUkLqmmpFWJAniASPNYHAx9pv3RCoails9jIjHUU/QLsVIG+Tnj4swQDKBkaIj/wqWoKI9jvwE8hiKeGSAcfwbWGrd/bBDP19wys6k7HnhpqIA0qr5+Q/YCXHMidCYIaXarhNpL0FSU8zIKAdjRSKEB6hH2kYKxInykslxI/vAkI7dDaV5QtsT+nsiQVypIQ9MJ0e6r2a9MfzPa8e6e+YlVESxJgJPF3VjZuvQHidld6gkWLOhEQhLav5q4z6SCGuTZ86E4M6ePC8aR2W3Uj65rhSq52kcWbAH9kERuOAUVMElqIE6wOABPIEX8Go9Ws/Wm/U+bc1Y6cwu+FPW5zd0u6I7</latexit>

Mass dimension
> 4

<latexit sha1_base64="1dmFG3r0hKQHLql3WNLrRueyIOU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolU9CRFLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3U791hPXRsTqEccJ9yM6UCIUjKKVHq5JtVcquxV3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns1Ak5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06RRuCt/jyMmmeV7xq5eK+Wq7d5HEU4BhO4Aw8uIQa3EEdGsBgAM/wCm+OdF6cd+dj3rri5DNH8AfO5w9aro0y</latexit>
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CP violating operators

Atypical cases

Tr[�µ�⌫�⇢���5] = �4i "µ⌫⇢�

<latexit sha1_base64="44a2EyVYBN/u7gR7aRZ0rIRgmt8="></latexit>

Dual of the Field strength tensor

X̃µ⌫ =
1

2
"µ⌫⇢� X

⇢�

<latexit sha1_base64="0FVmrpr4mbxfrepAV9PvTEOpuZU="></latexit>

signature of CP-violation encoded
through relation between 

�5 and "µ⌫⇢�

<latexit sha1_base64="B2lxhe09eq4FagP5bHBQshvsNwY="></latexit>



CP violating operators

Atypical cases

SD Bakshi, J Chakrabortty, C Englert, M Spannowsky, P Stylianou (2020), arxiv: 2009.13394

Tr[�µ�⌫�⇢���5] = �4i "µ⌫⇢�

<latexit sha1_base64="44a2EyVYBN/u7gR7aRZ0rIRgmt8="></latexit>

Dual of the Field strength tensor

X̃µ⌫ =
1

2
"µ⌫⇢� X

⇢�

<latexit sha1_base64="0FVmrpr4mbxfrepAV9PvTEOpuZU="></latexit>

signature of CP-violation encoded
through relation between 

�5 and "µ⌫⇢�

<latexit sha1_base64="B2lxhe09eq4FagP5bHBQshvsNwY="></latexit>

W Naskar, S Prakash, SU Rahaman (2022), arxiv: 2205.00910
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Consider SM extended with 
a lepto-quark scalar ⇥ ! (3, 2,

1

6
)

<latexit sha1_base64="7PqIYEIK9xvXCtFL3rCwI/hqa50=">AAACH3icbVDLSgMxFM34rPU16tJNsAgVpMzUWl0W3bis0Bd0SsmkmTY08yC5o5Shf+LGX3HjQhFx178x01bQ1hNyOZxzL8k9biS4AsuaGCura+sbm5mt7PbO7t6+eXDYUGEsKavTUISy5RLFBA9YHTgI1ookI74rWNMd3qZ+84FJxcOgBqOIdXzSD7jHKQEtdc2yUxswINg5Tw92JO8PgEgZPv5I+Qtdiyn3JKGJPU7K47OumbMK1hR4mdhzkkNzVLvml9MLaeyzAKggSrVtK4JOQiRwKtg468SKRYQOSZ+1NQ2Iz1Qnme43xqda6WEvlPoGgKfq74mE+EqNfFd3+gQGatFLxf+8dgzedSfhQRQDC+jsIS8WGEKchoV7XDIKYqQJoZLrv2I6IDoG0JFmdQj24srLpFEs2KXC5X0pV7mZx5FBx+gE5ZGNrlAF3aEqqiOKntALekPvxrPxanwYn7PWFWM+c4T+wJh8Awqtn+M=</latexit>

Most ubiquitous heavy field representation among our results



Validation of results

L⇥ = LSM + |Dµ ⇥|2 �m2
⇥|⇥|2

<latexit sha1_base64="QAME2W/pqfb3yCX4QhQwPqsEuKU="></latexit>

�⌘1 (H
†
H)(⇥†⇥)� ⌘2 (⇥

†
⌧
I⇥)(H†

⌧
I
H)

<latexit sha1_base64="oXBm4PaKp2pp8hokV263gF7A3Bg="></latexit>

��1 (⇥†⇥)2 � �2(⇥
†⌧ I⇥)2 � ypr

⇥
(✏ij ⇥

↵i dp↵ ljr + h.c.).

<latexit sha1_base64="3z+tZtaCdGRtN46d8jSkZV6fOqk="></latexit>

Consider SM extended with 
a lepto-quark scalar

Construct the BSM 
Lagrangian

(GrIP)

<latexit sha1_base64="x41PHHeJSJX7MiTyLOCyXEtTa9g=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEI9VISqeix6EG9VbAf0Iay2W7apZtN2J2INfSXePGgiFd/ijf/jds2B219MPB4b4aZeX4suAbH+bZyK6tr6xv5zcLW9s5u0d7bb+ooUZQ1aCQi1faJZoJL1gAOgrVjxUjoC9byR1dTv/XAlOaRvIdxzLyQDCQPOCVgpJ5d7AJ7BIC0fK1u6yeTnl1yKs4MeJm4GSmhDPWe/dXtRzQJmQQqiNYd14nBS4kCTgWbFLqJZjGhIzJgHUMlCZn20tnhE3xslD4OImVKAp6pvydSEmo9Dn3TGRIY6kVvKv7ndRIILryUyzgBJul8UZAIDBGepoD7XDEKYmwIoYqbWzEdEkUomKwKJgR38eVl0jytuNXK2V21VLvM4sijQ3SEyshF56iGblAdNRBFCXpGr+jNerJerHfrY96as7KZA/QH1ucPZzGS7Q==</latexit>

⇥ ! (3, 2,
1

6
)

<latexit sha1_base64="7PqIYEIK9xvXCtFL3rCwI/hqa50=">AAACH3icbVDLSgMxFM34rPU16tJNsAgVpMzUWl0W3bis0Bd0SsmkmTY08yC5o5Shf+LGX3HjQhFx178x01bQ1hNyOZxzL8k9biS4AsuaGCura+sbm5mt7PbO7t6+eXDYUGEsKavTUISy5RLFBA9YHTgI1ookI74rWNMd3qZ+84FJxcOgBqOIdXzSD7jHKQEtdc2yUxswINg5Tw92JO8PgEgZPv5I+Qtdiyn3JKGJPU7K47OumbMK1hR4mdhzkkNzVLvml9MLaeyzAKggSrVtK4JOQiRwKtg468SKRYQOSZ+1NQ2Iz1Qnme43xqda6WEvlPoGgKfq74mE+EqNfFd3+gQGatFLxf+8dgzedSfhQRQDC+jsIS8WGEKchoV7XDIKYqQJoZLrv2I6IDoG0JFmdQj24srLpFEs2KXC5X0pV7mZx5FBx+gE5ZGNrlAF3aEqqiOKntALekPvxrPxanwYn7PWFWM+c4T+wJh8Awqtn+M=</latexit>

U Banerjee, J Chakrabortty, S Prakash, SU Rahaman (2020), arxiv: 2004.12830

Most ubiquitous heavy field representation among our results



Validation of results

L⇥ = LSM + |Dµ ⇥|2 �m2
⇥|⇥|2

<latexit sha1_base64="QAME2W/pqfb3yCX4QhQwPqsEuKU="></latexit>

�⌘1 (H
†
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†
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H)

<latexit sha1_base64="oXBm4PaKp2pp8hokV263gF7A3Bg="></latexit>

��1 (⇥†⇥)2 � �2(⇥
†⌧ I⇥)2 � ypr

⇥
(✏ij ⇥

↵i dp↵ ljr + h.c.).

<latexit sha1_base64="3z+tZtaCdGRtN46d8jSkZV6fOqk="></latexit>

Consider SM extended with 
a lepto-quark scalar

Construct the BSM 
Lagrangian

Integrate out the 
heavy field

(GrIP)

<latexit sha1_base64="x41PHHeJSJX7MiTyLOCyXEtTa9g=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEI9VISqeix6EG9VbAf0Iay2W7apZtN2J2INfSXePGgiFd/ijf/jds2B219MPB4b4aZeX4suAbH+bZyK6tr6xv5zcLW9s5u0d7bb+ooUZQ1aCQi1faJZoJL1gAOgrVjxUjoC9byR1dTv/XAlOaRvIdxzLyQDCQPOCVgpJ5d7AJ7BIC0fK1u6yeTnl1yKs4MeJm4GSmhDPWe/dXtRzQJmQQqiNYd14nBS4kCTgWbFLqJZjGhIzJgHUMlCZn20tnhE3xslD4OImVKAp6pvydSEmo9Dn3TGRIY6kVvKv7ndRIILryUyzgBJul8UZAIDBGepoD7XDEKYmwIoYqbWzEdEkUomKwKJgR38eVl0jytuNXK2V21VLvM4sijQ3SEyshF56iGblAdNRBFCXpGr+jNerJerHfrY96as7KZA/QH1ucPZzGS7Q==</latexit>

(CoDEx)

<latexit sha1_base64="f1B/61K3NN5hfcFfPxcyYpZ8ZbM=">AAAB+XicbVBNS8NAEN34WetX1KOXxSLUS0mkosdiFTxWsB/QhrLZbtqlm03YnZSW0H/ixYMiXv0n3vw3btsctPXBwOO9GWbm+bHgGhzn21pb39jc2s7t5Hf39g8O7aPjho4SRVmdRiJSLZ9oJrhkdeAgWCtWjIS+YE1/WJ35zRFTmkfyCSYx80LSlzzglICRurbdATYGgLRYje7uxxfTrl1wSs4ceJW4GSmgDLWu/dXpRTQJmQQqiNZt14nBS4kCTgWb5juJZjGhQ9JnbUMlCZn20vnlU3xulB4OImVKAp6rvydSEmo9CX3TGRIY6GVvJv7ntRMIbryUyzgBJuliUZAIDBGexYB7XDEKYmIIoYqbWzEdEEUomLDyJgR3+eVV0rgsueXS1WO5ULnN4sihU3SGishF16iCHlAN1RFFI/SMXtGblVov1rv1sWhds7KZE/QH1ucPJPWTWA==</latexit>

⇥ ! (3, 2,
1

6
)

<latexit sha1_base64="7PqIYEIK9xvXCtFL3rCwI/hqa50=">AAACH3icbVDLSgMxFM34rPU16tJNsAgVpMzUWl0W3bis0Bd0SsmkmTY08yC5o5Shf+LGX3HjQhFx178x01bQ1hNyOZxzL8k9biS4AsuaGCura+sbm5mt7PbO7t6+eXDYUGEsKavTUISy5RLFBA9YHTgI1ookI74rWNMd3qZ+84FJxcOgBqOIdXzSD7jHKQEtdc2yUxswINg5Tw92JO8PgEgZPv5I+Qtdiyn3JKGJPU7K47OumbMK1hR4mdhzkkNzVLvml9MLaeyzAKggSrVtK4JOQiRwKtg468SKRYQOSZ+1NQ2Iz1Qnme43xqda6WEvlPoGgKfq74mE+EqNfFd3+gQGatFLxf+8dgzedSfhQRQDC+jsIS8WGEKchoV7XDIKYqQJoZLrv2I6IDoG0JFmdQj24srLpFEs2KXC5X0pV7mZx5FBx+gE5ZGNrlAF3aEqqiOKntALekPvxrPxanwYn7PWFWM+c4T+wJh8Awqtn+M=</latexit>

QHD,Qll,QHu,QHd,QHe,Q(1)
Hq

,Q(1)
Hl

,Q(3)
Hl

,Q(3)
Hq

,QHWB ,QH⇤,QHB ,QHW ,

<latexit sha1_base64="wA1yjtQgslPaVH1RZHk/aLA2K+Q="></latexit>

QH ,QG,QHG,QeH ,QuH ,QdH ,Q(1)
qq

,Q(3)
qq

,Quu,Qdd,Q(1)
ud

,Q(1)
lq

,

<latexit sha1_base64="pX9iUeDK3qMjwbbej4rD67KanV4="></latexit>

Qee,Qeu,Qed,Qle,Qlu,Qld,Qqe,

<latexit sha1_base64="Cem6UDpv2E97maxcdt3gsrJE8s0=">AAACZ3icbZHNS8MwGMbT+jXrx6oTEbxEh+BBRisTPQ69eNzAfcBWSpqmMyz9MEmFUeYf6c27F/8L060H1/pC4OH3vg9588RLGBXSsr40fWNza3untmvs7R8c1s2j44GIU45JH8cs5iMPCcJoRPqSSkZGCSco9BgZerOnvD98J1zQOHqR84Q4IZpGNKAYSYVc82MSIvmKEct6CzcjZHED10laIX6ZsNxVQhUbq9jelM01m1bLWhasCrsQTVBU1zU/J36M05BEEjMkxNi2EulkiEuK1R7GJBUkQXiGpmSsZIRCIpxsmdMCXiniwyDm6kQSLulfR4ZCIeahpybzRUW5l8P/euNUBg9ORqMklSTCq4uClEEZwzx06FNOsGRzJRDmVO0K8SviCEv1NYYKwS4/uSoGty273brrtZudxyKOGjgHl+Aa2OAedMAz6II+wOBbM7SGdqL96HX9VD9bjepa4WmAtdIvfgHLX7tZ</latexit>

Q(1)
qu ,Q

(1)
qd ,Q

(3)
lq ,QW ,Q(8)

ud ,Q
(8)
qd ,Q

(8)
qu

<latexit sha1_base64="TE/y1SlWQAb/Adw8PdQAf/WMIms="></latexit>

SD Bakshi, J Chakrabortty, SK Patra (2018), arxiv: 1808.04403  

Most ubiquitous heavy field representation among our results



Validation of results

L⇥ = LSM + |Dµ ⇥|2 �m2
⇥|⇥|2

<latexit sha1_base64="QAME2W/pqfb3yCX4QhQwPqsEuKU="></latexit>

�⌘1 (H
†
H)(⇥†⇥)� ⌘2 (⇥

†
⌧
I⇥)(H†

⌧
I
H)

<latexit sha1_base64="oXBm4PaKp2pp8hokV263gF7A3Bg="></latexit>

��1 (⇥†⇥)2 � �2(⇥
†⌧ I⇥)2 � ypr

⇥
(✏ij ⇥

↵i dp↵ ljr + h.c.).

<latexit sha1_base64="3z+tZtaCdGRtN46d8jSkZV6fOqk="></latexit>

Consider SM extended with 
a lepto-quark scalar

Construct the BSM 
Lagrangian

Integrate out the 
heavy field

(GrIP)

<latexit sha1_base64="x41PHHeJSJX7MiTyLOCyXEtTa9g=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEI9VISqeix6EG9VbAf0Iay2W7apZtN2J2INfSXePGgiFd/ijf/jds2B219MPB4b4aZeX4suAbH+bZyK6tr6xv5zcLW9s5u0d7bb+ooUZQ1aCQi1faJZoJL1gAOgrVjxUjoC9byR1dTv/XAlOaRvIdxzLyQDCQPOCVgpJ5d7AJ7BIC0fK1u6yeTnl1yKs4MeJm4GSmhDPWe/dXtRzQJmQQqiNYd14nBS4kCTgWbFLqJZjGhIzJgHUMlCZn20tnhE3xslD4OImVKAp6pvydSEmo9Dn3TGRIY6kVvKv7ndRIILryUyzgBJul8UZAIDBGepoD7XDEKYmwIoYqbWzEdEkUomKwKJgR38eVl0jytuNXK2V21VLvM4sijQ3SEyshF56iGblAdNRBFCXpGr+jNerJerHfrY96as7KZA/QH1ucPZzGS7Q==</latexit>

(CoDEx)

<latexit sha1_base64="f1B/61K3NN5hfcFfPxcyYpZ8ZbM=">AAAB+XicbVBNS8NAEN34WetX1KOXxSLUS0mkosdiFTxWsB/QhrLZbtqlm03YnZSW0H/ixYMiXv0n3vw3btsctPXBwOO9GWbm+bHgGhzn21pb39jc2s7t5Hf39g8O7aPjho4SRVmdRiJSLZ9oJrhkdeAgWCtWjIS+YE1/WJ35zRFTmkfyCSYx80LSlzzglICRurbdATYGgLRYje7uxxfTrl1wSs4ceJW4GSmgDLWu/dXpRTQJmQQqiNZt14nBS4kCTgWb5juJZjGhQ9JnbUMlCZn20vnlU3xulB4OImVKAp6rvydSEmo9CX3TGRIY6GVvJv7ntRMIbryUyzgBJuliUZAIDBGexYB7XDEKYmIIoYqbWzEdEEUomLDyJgR3+eVV0rgsueXS1WO5ULnN4sihU3SGishF16iCHlAN1RFFI/SMXtGblVov1rv1sWhds7KZE/QH1ucPJPWTWA==</latexit>

⇥ ! (3, 2,
1

6
)

<latexit sha1_base64="7PqIYEIK9xvXCtFL3rCwI/hqa50=">AAACH3icbVDLSgMxFM34rPU16tJNsAgVpMzUWl0W3bis0Bd0SsmkmTY08yC5o5Shf+LGX3HjQhFx178x01bQ1hNyOZxzL8k9biS4AsuaGCura+sbm5mt7PbO7t6+eXDYUGEsKavTUISy5RLFBA9YHTgI1ookI74rWNMd3qZ+84FJxcOgBqOIdXzSD7jHKQEtdc2yUxswINg5Tw92JO8PgEgZPv5I+Qtdiyn3JKGJPU7K47OumbMK1hR4mdhzkkNzVLvml9MLaeyzAKggSrVtK4JOQiRwKtg468SKRYQOSZ+1NQ2Iz1Qnme43xqda6WEvlPoGgKfq74mE+EqNfFd3+gQGatFLxf+8dgzedSfhQRQDC+jsIS8WGEKchoV7XDIKYqQJoZLrv2I6IDoG0JFmdQj24srLpFEs2KXC5X0pV7mZx5FBx+gE5ZGNrlAF3aEqqiOKntALekPvxrPxanwYn7PWFWM+c4T+wJh8Awqtn+M=</latexit>

These are the same effective operators which reveal this lepto-quark propagator upon unfolding

QHD,Qll,QHu,QHd,QHe,Q(1)
Hq

,Q(1)
Hl

,Q(3)
Hl

,Q(3)
Hq

,QHWB ,QH⇤,QHB ,QHW ,

<latexit sha1_base64="wA1yjtQgslPaVH1RZHk/aLA2K+Q="></latexit>

QH ,QG,QHG,QeH ,QuH ,QdH ,Q(1)
qq

,Q(3)
qq

,Quu,Qdd,Q(1)
ud

,Q(1)
lq

,

<latexit sha1_base64="pX9iUeDK3qMjwbbej4rD67KanV4="></latexit>

Qee,Qeu,Qed,Qle,Qlu,Qld,Qqe,

<latexit sha1_base64="Cem6UDpv2E97maxcdt3gsrJE8s0=">AAACZ3icbZHNS8MwGMbT+jXrx6oTEbxEh+BBRisTPQ69eNzAfcBWSpqmMyz9MEmFUeYf6c27F/8L060H1/pC4OH3vg9588RLGBXSsr40fWNza3untmvs7R8c1s2j44GIU45JH8cs5iMPCcJoRPqSSkZGCSco9BgZerOnvD98J1zQOHqR84Q4IZpGNKAYSYVc82MSIvmKEct6CzcjZHED10laIX6ZsNxVQhUbq9jelM01m1bLWhasCrsQTVBU1zU/J36M05BEEjMkxNi2EulkiEuK1R7GJBUkQXiGpmSsZIRCIpxsmdMCXiniwyDm6kQSLulfR4ZCIeahpybzRUW5l8P/euNUBg9ORqMklSTCq4uClEEZwzx06FNOsGRzJRDmVO0K8SviCEv1NYYKwS4/uSoGty273brrtZudxyKOGjgHl+Aa2OAedMAz6II+wOBbM7SGdqL96HX9VD9bjepa4WmAtdIvfgHLX7tZ</latexit>

Q(1)
qu ,Q

(1)
qd ,Q

(3)
lq ,QW ,Q(8)

ud ,Q
(8)
qd ,Q

(8)
qu

<latexit sha1_base64="TE/y1SlWQAb/Adw8PdQAf/WMIms="></latexit>

Most ubiquitous heavy field representation among our results



Summary 
Limitations of SM -> Motivation for stepping beyond SM


Effective Field Theories: a capable platform for comparative analyses


The vernacular: Operators (Contact interactions); the grammar: Symmetry


Simplify model comparisons


Model choice must not be arbitrary, 


Repetition of elaborate computation must be avoided


Diagrammatic unfolding of operators reveals BSM propagators


Enables cataloguing of new physics with respect to EFT operators


Completes the link between observables <-> operators <-> new physics models



THANK YOU


