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High Dimensional Operators

Ø The Physics beyond the Standard Model: Supersymmetry? Composite 
Higgs? Extra dimension?

Ø Extend SM by adding new particles with masses much larger than the 
Electroweak Scale. 

Ø The complete Lagrangian of the extended theory is unknown, but we can 
construct the low energy effective field theory.

M � v
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High Dimensional Operators

Ø It can be very hard to generate and classify the high dimensional 
operators. The number of operators increase very fast as dimension 
increases.

Ø We start by construct a simpler set of operators: gluon operators.
Ø Gluon operators also play major role in Higgs-EFT, obtained by 

integrating out top quarks.
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Infinite tower of high 
dimensional operators

Wilson coefficients
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Kinetic Operators

Ø Gluon operators only contain field strength tensor          and covariant 
derivative        . For example, 

Ø It can be split into a kinetic part K and a color part C:

Ø K will be called a kinetic operator.

O = Tr(Fµ⌫
DµF⇢�D⌫F

⇢�)
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C = Tr(T a1T a2T a3)
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Kinetic Operators: notation

Ø A kinetic operators can be split into several DF blocks:

Ø For compactness we drop the color indices:

Ø The color indices can be retrieved by adding        to the i-th DF block.
Ø Simplify K further by replacing Lorentz indices by numbers:

K = Fµ⌫a1DµF
a2

⇢� D⌫F
⇢�a3
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Other Representations

Ø Besides the DF-form, we propose two other representations of kinetic 
operators, which can be useful in different problems.

Ø 1, The operator diagram.
Ø 2, The minimal form factor.
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Operator Diagrams

Ø A diagrammatical representation of operators.
Ø Each DF-block corresponds to a vertex.
Ø Each pair of Lorentz index      corresponds to an edge.
Ø Suppose      is a D-index in the vertex v, then add an arrow to the edge      

pointing to v.

Ø The diagrammatical representation makes the relations among operators 
more transparent.

µ
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Minimal Form Factors

Ø Physical constraints like equation of motion, Bianchi identities are 
automatically satisfied by minimal form factors.

Ø There is a one-to-one correspondence between minimal form factors and 
inequivalent operators. DF-form and operator diagrams have redundancy.

Ø Drawback: may have lengthy expressions.

F(K) = K|D1···nFab!pi1···pin(pia✏ib�pib✏ia)
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(p2 · p3✏2 · ✏3 � p2 · ✏3p3 · ✏2)

<latexit sha1_base64="aV52PFFk3dFPhbdh5Pgz0QaiXaQ="></latexit>



GRADUATE SCHOOL OF CHINA ACADEMY OF ENGINEERING PHYSICS

Physical constraints

[D1, D2] = O(F ) ) [p1, p2] = 0

D1F12 = 0 ) p1(p1✏2 � p2✏1) = p2✏2 � (p · ✏)p2 = 0

D[1F23] = 0 ) p[1p2✏3] = 0 .

<latexit sha1_base64="13e2Bsymjdn51HVEE/i/cRKufho="></latexit>

From inequivalent condition

Equation of motion

Bianchi identity

+ + = 0 = 0
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Arrow Configurations

Ø Each v-vertex has v-2 arrows coming in.
Ø A topology may have multiple arrow configurations:

Ø There are           arrow configurations for a topology. Very large number 
for complicated diagrams. How to reduce the number?

F12D1F34D2F45F35
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Reduce the number: Bianchi identity

Ø For                        , each         is associated with a Bianchi identity.
Ø Reduce the configurations from            to n+1.
Ø We are left with                configurations. 

Ø Still can be large number for complicated diagrams.

D1···nFab
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<latexit sha1_base64="w61SuFSpo/Z8K4eT1v8R8KdYcyE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRZBEMpuqeix2IvHCvZD2rVk02wbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3tr6xuZXfLuzs7u0fFA+PWjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H4/rMbz9RpVkk780kpr7AQ8lCRrCx0kO9n8qLyvSx0i+W3LI7B1olXkZKkKHRL371BhFJBJWGcKx113Nj46dYGUY4nRZ6iaYxJmM8pF1LJRZU++n84Ck6s8oAhZGyJQ2aq78nUiy0nojAdgpsRnrZm4n/ed3EhNd+ymScGCrJYlGYcGQiNPseDZiixPCJJZgoZm9FZIQVJsZmVLAheMsvr5JWpexVy5d31VLtJosjDydwCufgwRXU4BYa0AQCAp7hFd4c5bw4787HojXnZDPH8AfO5w/iO4/R</latexit>

VY

i=1

(vi � 1)

<latexit sha1_base64="A7wkkNqShCaXhWqmO4fT6qF0jgQ=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEurAkUtGNUHTjsoJ9QBvDZDJph05mwsykUELBX3HjQhG3foc7/8ZJ24VWD1w4nHMv994TJIwq7ThfVmFpeWV1rbhe2tjc2t6xd/daSqQSkyYWTMhOgBRhlJOmppqRTiIJigNG2sHwJvfbIyIVFfxejxPixajPaUQx0kby7YNeIkXoZ/TKnTy0KiOfnronJd8uO1VnCviXuHNSBnM0fPuzFwqcxoRrzJBSXddJtJchqSlmZFLqpYokCA9Rn3QN5Sgmysum50/gsVFCGAlpims4VX9OZChWahwHpjNGeqAWvVz8z+umOrr0MsqTVBOOZ4uilEEtYJ4FDKkkWLOxIQhLam6FeIAkwtoklofgLr78l7TOqm6ten5XK9ev53EUwSE4AhXgggtQB7egAZoAgww8gRfwaj1az9ab9T5rLVjzmX3wC9bHN1ktlG8=</latexit>



GRADUATE SCHOOL OF CHINA ACADEMY OF ENGINEERING PHYSICS

Primary Operators

Ø If                        , then       is called a descendant of       . 
Ø If an operator K is not a descendant, it is called a primary operator.
Ø The physical properties of descendants can be completely determined by 

the primary operators.
Ø Their minimal form factors are related by:

Ø However, the number of primary operators still increase very fast as the 
dimension increases.

K1 = @2K2

<latexit sha1_base64="N1pjiKpHTzUC1eF99w1Cx+WATjw=">AAAB/XicbVDLSsNAFL3xWeMrPnZuBovgqiSlohuh6EbopoJ9QBvDZDpph04mYWYi1FD8FTcuFHHrf7jzb0zaLrT1wIXDOffO3Hv8mDOlbfvbWFpeWV1bL2yYm1vbO7vW3n5TRYkktEEiHsm2jxXlTNCGZprTdiwpDn1OW/7wOvdbD1QqFok7PYqpG+K+YAEjWGeSZx3WPOeyG2OpGebovlzzyqbpWUW7ZE+AFokzI0WYoe5ZX91eRJKQCk04Vqrj2LF20/xVwunY7CaKxpgMcZ92MipwSJWbTrYfo5NM6aEgklkJjSbq74kUh0qNQj/rDLEeqHkvF//zOokOLtyUiTjRVJDpR0HCkY5QHgXqMUmJ5qOMYCJZtisiAywx0VlgeQjO/MmLpFkuOZXS2W2lWL2axVGAIziGU3DgHKpwA3VoAIFHeIZXeDOejBfj3fiYti4Zs5kD+APj8wfDeJN8</latexit>

K1

<latexit sha1_base64="ZaDscTE/SoShilW9C8i5wilPpI0=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkoseiF8FLBdMW2lA22027dLMJuxshhP4GLx4U8eoP8ua/cdPmoK0PBh7vzTAzL0g4U9pxvq3K2vrG5lZ1297Z3ds/qB0edVScSkI9EvNY9gKsKGeCepppTnuJpDgKOO0G09vC7z5RqVgsHnWWUD/CY8FCRrA2knc/dG17WKs7DWcOtErcktShRHtY+xqMYpJGVGjCsVJ910m0n2OpGeF0Zg9SRRNMpnhM+4YKHFHl5/NjZ+jMKCMUxtKU0Giu/p7IcaRUFgWmM8J6opa9QvzP66c6vPZzJpJUU0EWi8KUIx2j4nM0YpISzTNDMJHM3IrIBEtMtMmnCMFdfnmVdC4abrNx+dCst27KOKpwAqdwDi5cQQvuoA0eEGDwDK/wZgnrxXq3PhatFaucOYY/sD5/ADOcjaM=</latexit>

K2

<latexit sha1_base64="dlDlVq8VJ9jjHijZ3ifT2kEznVg=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0lKix6LXgQvFUxbaEPZbDft0s0m7G6EEvobvHhQxKs/yJv/xk2bg7Y+GHi8N8PMvCDhTGnH+bZKG5tb2zvlXXtv/+DwqHJ80lFxKgn1SMxj2QuwopwJ6mmmOe0lkuIo4LQbTG9zv/tEpWKxeNSzhPoRHgsWMoK1kbz7Yd22h5WqU3MWQOvELUgVCrSHla/BKCZpRIUmHCvVd51E+xmWmhFO5/YgVTTBZIrHtG+owBFVfrY4do4ujDJCYSxNCY0W6u+JDEdKzaLAdEZYT9Sql4v/ef1Uh9d+xkSSairIclGYcqRjlH+ORkxSovnMEEwkM7ciMsESE23yyUNwV19eJ516zW3Umg+NauumiKMMZ3AOl+DCFbTgDtrgAQEGz/AKb5awXqx362PZWrKKmVP4A+vzBzUijaQ=</latexit>

F(K1) = �(p1 + · · ·+ pn)
2F(K2)

<latexit sha1_base64="3YMXwKeXXAnNR4z22OHtc/d10M0=">AAACH3icbVDLSgMxFM3UV62vqks3wSK0FMtMqY+NUBREcFPBPqAdh0wmbUMzyZBkhDL0T9z4K25cKCLu+jfOtF3Y1gOBwznnknuPGzCqtGmOjdTK6tr6Rnozs7W9s7uX3T9oKBFKTOpYMCFbLlKEUU7qmmpGWoEkyHcZabqDm8RvPhOpqOCPehgQ20c9TrsUIx1LTva84yPdx4hFt6P8vWMVrk7zgWMVO9gTWsFi4PDCU3k+VC5knGzOLJkTwGVizUgOzFBzsj8dT+DQJ1xjhpRqW2ag7QhJTTEjo0wnVCRAeIB6pB1Tjnyi7Ghy3wiexIoHu0LGj2s4Uf9ORMhXaui7cTJZVC16ifif1w5199KOKA9CTTieftQNGdQCJmVBj0qCNRvGBGFJ410h7iOJsI4rTUqwFk9eJo1yyaqUzh4quer1rI40OALHIA8scAGq4A7UQB1g8ALewAf4NF6Nd+PL+J5GU8Zs5hDMwRj/Ai7toJE=</latexit>



GRADUATE SCHOOL OF CHINA ACADEMY OF ENGINEERING PHYSICS

Primitive Operators

Ø More operators can be related to lower dimension operators if we use 
less stringent relations:

Ø will be called a non-primitive operator, which contains a D-pair(a pair 
of D with the same index). Operators without D-pair will be called primitive 
operators.

F(K1) = �(p1 · pj)F(K2)

<latexit sha1_base64="ppceKsoRzbtSxNYNI8W5FZEo+Uo=">AAACGnicbVDLSsNAFJ3UV62vqEs3g0VoF5ZMqehGKAoiuKlgbaEJYTKZtGMnD2YmQgn9Djf+ihsXirgTN/6NSZuFbT1w4XDOvdx7jxNxJpVh/GiFpeWV1bXiemljc2t7R9/du5dhLAhtk5CHoutgSTkLaFsxxWk3EhT7DqcdZ3iZ+Z1HKiQLgzs1iqjl437APEawSiVbR6aP1YBgnlyNKzc2qp4fVyIbmcQNFYzsh+qsX6+WbL1s1IwJ4CJBOSmDHC1b/zLdkMQ+DRThWMoeMiJlJVgoRjgdl8xY0giTIe7TXkoD7FNpJZPXxvAoVVzohSKtQMGJ+nciwb6UI99JO7ND5byXif95vVh5Z1bCgihWNCDTRV7MoQphlhN0maBE8VFKMBEsvRWSARaYqDTNLAQ0//Iiua/XUKN2ctsoNy/yOIrgAByCCkDgFDTBNWiBNiDgCbyAN/CuPWuv2of2OW0taPnMPpiB9v0LFQifAg==</latexit>

K1 = F12D4F23D4F31, K2 = F12F23F31

<latexit sha1_base64="1hLXHLHnVlqz6qI15W7XzvUZ0pA=">AAACIHicbZDLSsNAFIYn9VbjLerSzWARXEhJ2krdCEVFhG4q2FpoQ5hMp+3QyYWZiVBCHsWNr+LGhSK606dx0mShrQcGPv7/HM6c3w0ZFdI0v7TC0vLK6lpxXd/Y3NreMXb3OiKIOCZtHLCAd10kCKM+aUsqGemGnCDPZeTenVym/v0D4YIG/p2chsT20MinQ4qRVJJj1JuOdX7txFYluXJqCirVHKpWctKHTaeS25mXGbruGCWzbM4KLoKVQwnk1XKMz/4gwJFHfIkZEqJnmaG0Y8QlxYwkej8SJER4gkakp9BHHhF2PDswgUdKGcBhwNXzJZypvydi5Akx9VzV6SE5FvNeKv7n9SI5PLNj6oeRJD7OFg0jBmUA07TggHKCJZsqQJhT9VeIx4gjLFWmaQjW/MmL0KmUrVr59LZWalzkcRTBATgEx8ACddAAN6AF2gCDR/AMXsGb9qS9aO/aR9Za0PKZffCntO8fgTafeg==</latexit>

F(K1) = �p2 · p3F(K2)

<latexit sha1_base64="xYNDQWDli1b5xnUquGXKLfwhXY8=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VoF9akVnQjFAUR3FSwD2hCmEym7dDJg5mJUEI/w42/4saFIm6782+ctFnY1gMXDufcy733uBGjQhrGj5ZbWV1b38hvFra2d3b39P2DlghjjkkThyzkHRcJwmhAmpJKRjoRJ8h3GWm7w9vUbz8TLmgYPMlRRGwf9QPaoxhJJTn6meUjOcCIJXfj0oNjlq9PI6dqYS+UMHLO591queDoRaNiTAGXiZmRIsjQcPSJ5YU49kkgMUNCdE0jknaCuKSYkXHBigWJEB6iPukqGiCfCDuZPjaGJ0rxYC/kqgIJp+rfiQT5Qox8V3Wmh4pFLxX/87qx7F3ZCQ2iWJIAzxb1YgZlCNOUoEc5wZKNFEGYU3UrxAPEEZYqyzQEc/HlZdKqVsxa5eKxVqzfZHHkwRE4BiVggktQB/egAZoAgxfwBj7Ap/aqvWtf2vesNadlM4dgDtrkF+Ilnmc=</latexit>

K1

<latexit sha1_base64="ZaDscTE/SoShilW9C8i5wilPpI0=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mkoseiF8FLBdMW2lA22027dLMJuxshhP4GLx4U8eoP8ua/cdPmoK0PBh7vzTAzL0g4U9pxvq3K2vrG5lZ1297Z3ds/qB0edVScSkI9EvNY9gKsKGeCepppTnuJpDgKOO0G09vC7z5RqVgsHnWWUD/CY8FCRrA2knc/dG17WKs7DWcOtErcktShRHtY+xqMYpJGVGjCsVJ910m0n2OpGeF0Zg9SRRNMpnhM+4YKHFHl5/NjZ+jMKCMUxtKU0Giu/p7IcaRUFgWmM8J6opa9QvzP66c6vPZzJpJUU0EWi8KUIx2j4nM0YpISzTNDMJHM3IrIBEtMtMmnCMFdfnmVdC4abrNx+dCst27KOKpwAqdwDi5cQQvuoA0eEGDwDK/wZgnrxXq3PhatFaucOYY/sD5/ADOcjaM=</latexit>



GRADUATE SCHOOL OF CHINA ACADEMY OF ENGINEERING PHYSICS

Primitive Operators

Ø There are only a finite number of primitive operators for a given length.

Ø Non-primitive operators can be generated by adding D-pairs to primitive 
operators.

length− 2 length− 3



GRADUATE SCHOOL OF CHINA ACADEMY OF ENGINEERING PHYSICS

Non-primitive Subdiagram

Ø A diagram has non-primitive configurations only if it contain edges without 
2-vertex.

Ø These edges are called non-primitive edges. The sub-diagram formed by 
non-primitive edges is called the non-primitive sub-diagram.
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Converge Regions

Ø The primitive configurations are characterized by converge regions of 
non-primitive sub-diagrams.

Ø Each vertex and edge in a tree sub-diagram can be a converge region. All 
arrows in the sub-diagram flow to the converge region.

Ø In a 1 loop sub-diagram, the converge region is the loop. Multi-loop sub-
diagram has no primitive configurations.
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Length-4 Primitive Operators

Ø 6 topologies, 7 configurations:

1 2 3 4

5 6 7
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Length-5 Topologies



GRADUATE SCHOOL OF CHINA ACADEMY OF ENGINEERING PHYSICS

Gluon Operators

ØHigh dimensional operators
ØOperator diagram and primitive operators
ØClassify operators by Sn Symmetry
ØSummary and outlook
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Outer Production

Ø The topology has the symmetry               .
Ø The configuration is a                 representation of                . 
Ø The       representation can be found by the outer production:

1

2

3

4

5 6P = F12F34D13F56D24F56

<latexit sha1_base64="oXD8N6ZCNNOj6Ut73dK3ksTnAhI=">AAACD3icbZBNS8MwGMfT+TbnW9Wjl+JQPI1269SLMFTE4wT3AlspaZZuYWlaklQYpd/Ai1/FiwdFvHr15rcx3XrQzQcSfvz/z0Py/L2IEiFN81srLC2vrK4V10sbm1vbO/ruXluEMUe4hUIa8q4HBaaE4ZYkkuJuxDEMPIo73vgq8zsPmAsSsns5ibATwCEjPkFQKsnVj5sXN25iVVN11+z0WnEt4/ppxlU7Z1cvmxVzWsYiWDmUQV5NV//qD0IUB5hJRKEQPcuMpJNALgmiOC31Y4EjiMZwiHsKGQywcJLpPqlxpJSB4YdcHSaNqfp7IoGBEJPAU50BlCMx72Xif14vlv65kxAWxRIzNHvIj6khQyMLxxgQjpGkEwUQcaL+aqAR5BBJFWFJhWDNr7wI7WrFsiv1O7vcuMzjKIIDcAhOgAXOQAPcgiZoAQQewTN4BW/ak/aivWsfs9aCls/sgz+lff4AE0Ka0A==</latexit>

S2 ⇥ S2

<latexit sha1_base64="cgfBkMMkrwoiSUquG1yUMWsnafY=">AAAB9HicbZBNTwIxEIZn8QvxC/XopZGYeCK7BKNHohePGAVJYEO6pQsN3e7azpIQwu/w4kFjvPpjvPlvLLAHBd+kyZN3ZjLTN0ikMOi6305ubX1jcyu/XdjZ3ds/KB4eNU2casYbLJaxbgXUcCkUb6BAyVuJ5jQKJH8Mhjez+uOIayNi9YDjhPsR7SsRCkbRWv59t9JBEXFDLHWLJbfszkVWwcugBJnq3eJXpxezNOIKmaTGtD03QX9CNQom+bTQSQ1PKBvSPm9bVNQu8ifzo6fkzDo9EsbaPoVk7v6emNDImHEU2M6I4sAs12bmf7V2iuGVPxEqSZErtlgUppJgTGYJkJ7QnKEcW6BMC3srYQOqKUObU8GG4C1/eRWalbJXLV/cVUu16yyOPJzAKZyDB5dQg1uoQwMYPMEzvMKbM3JenHfnY9Gac7KZY/gj5/MHtJWRag==</latexit>

S2 ⇥ S2

<latexit sha1_base64="cgfBkMMkrwoiSUquG1yUMWsnafY=">AAAB9HicbZBNTwIxEIZn8QvxC/XopZGYeCK7BKNHohePGAVJYEO6pQsN3e7azpIQwu/w4kFjvPpjvPlvLLAHBd+kyZN3ZjLTN0ikMOi6305ubX1jcyu/XdjZ3ds/KB4eNU2casYbLJaxbgXUcCkUb6BAyVuJ5jQKJH8Mhjez+uOIayNi9YDjhPsR7SsRCkbRWv59t9JBEXFDLHWLJbfszkVWwcugBJnq3eJXpxezNOIKmaTGtD03QX9CNQom+bTQSQ1PKBvSPm9bVNQu8ifzo6fkzDo9EsbaPoVk7v6emNDImHEU2M6I4sAs12bmf7V2iuGVPxEqSZErtlgUppJgTGYJkJ7QnKEcW6BMC3srYQOqKUObU8GG4C1/eRWalbJXLV/cVUu16yyOPJzAKZyDB5dQg1uoQwMYPMEzvMKbM3JenHfnY9Gac7KZY/gj5/MHtJWRag==</latexit>

S4

<latexit sha1_base64="CxHYlKJ3u5t8/AoUwEj74hQ5Neo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Qe0oWy2m3bp7ibsToRS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ncLa+sbmVnG7tLO7t39QPjxq2SgxjDdZJCPTCajlUmjeRIGSd2LDqQokbwfj28xvP3FjRaQfcRJzX9GhFqFgFDPpoV8r9csVt+rOQVaJl5MK5Gj0y1+9QcQSxTUySa3tem6M/pQaFEzyWamXWB5TNqZD3k2ppopbfzq/dUbOUmVAwsikpZHM1d8TU6qsnagg7VQUR3bZy8T/vG6C4bU/FTpOkGu2WBQmkmBEssfJQBjOUE5SQpkR6a2EjaihDNN4shC85ZdXSeui6tWql/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAYjeIZXeHOU8+K8Ox+L1oKTzxzDHzifPw9sjZo=</latexit>
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CSCO Method

Ø The CSCO method is probably the most convenient and “physical” way to 
find the explicit expressions of irreducible representations.

Ø CSCO: 
Ø The basis of                        can be chosen as:

Ø The matrix of CSCO in this basis is

{O1} = {(12) + (13) + (14) + (23) + (24) + (34)}

<latexit sha1_base64="QAPt0pJFqEiYhgZ58JU9QD3ITtU=">AAACFHicbZBLS8NAEMc3Pmt8RT16CRahpVCSNKIXoejFmxXsA5oQNtttu3TzYHcjlJAP4cWv4sWDIl49ePPbuGlz0NaBHX78Z4bZ+fsxJVwYxreysrq2vrFZ2lK3d3b39rWDww6PEoZwG0U0Yj0fckxJiNuCCIp7McMw8Cnu+pPrvN59wIyTKLwX0xi7ARyFZEgQFFLytJqT3nqmk106acW0qrWK2ciTLZOVk5VTw646map6WtmoG7PQl8EsoAyKaHnalzOIUBLgUCAKOe+bRizcFDJBEMWZ6iQcxxBN4Aj3JYYwwNxNZ0dl+qlUBvowYvKFQp+pvydSGHA+DXzZGUAx5ou1XPyv1k/E8MJNSRgnAodovmiYUF1Eeu6QPiAMI0GnEiBiRP5VR2PIIBLSx9wEc/HkZehYddOun93Z5eZVYUcJHIMTUAEmOAdNcANaoA0QeATP4BW8KU/Ki/KufMxbV5Ri5gj8CeXzB1B9mAw=</latexit>

{�P |� 2 S4}

<latexit sha1_base64="/6rdeUdsQvH3G/3gaXNgXWaX1RA=">AAACBnicbZDLSsNAFIYn9VbjLepShMEiuCqJVHRZdOOyor1AE8JkOm2HzkzCzEQosSs3voobF4q49Rnc+TZO2iy09YeBj/+cw5nzRwmjSrvut1VaWl5ZXSuv2xubW9s7zu5eS8WpxKSJYxbLToQUYVSQpqaakU4iCeIRI+1odJXX2/dEKhqLOz1OSMDRQNA+xUgbK3QO/cxXdMARbDzMwKcC3oY16E9sO3QqbtWdCi6CV0AFFGqEzpffi3HKidCYIaW6npvoIENSU8zIxPZTRRKER2hAugYF4kQF2fSMCTw2Tg/2Y2me0HDq/p7IEFdqzCPTyZEeqvlabv5X66a6fxFkVCSpJgLPFvVTBnUM80xgj0qCNRsbQFhS81eIh0girE1yeQje/MmL0DqterXq2U2tUr8s4iiDA3AEToAHzkEdXIMGaAIMHsEzeAVv1pP1Yr1bH7PWklXM7IM/sj5/AE7Vl7g=</latexit>

ei = {P, (23)P, (24)P, (13)P, (14)P, (13)(24)P}

<latexit sha1_base64="rc//Xo2FSbIU0pu3yufqNDG6jS8=">AAACH3icbVDLSsNAFJ34rPUVdelmsAgVpCS1PjZC0Y3LCvYBTQiT6aQdOpmEmYlQQv/Ejb/ixoUi4q5/Y16gtl4Y7rnn3Mude9yQUakMY6YtLa+srq2XNsqbW9s7u/refkcGkcCkjQMWiJ6LJGGUk7aiipFeKAjyXUa67vg21buPREga8Ac1CYntoyGnHsVIJZSjXxCHXltx69SC1frZSZ4beTaL2vypM82alh29YtSMLOAiMAtQAUW0HP3LGgQ48glXmCEp+6YRKjtGQlHMyLRsRZKECI/RkPQTyJFPpB1n903hccIMoBeI5HEFM/b3RIx8KSe+m3T6SI3kvJaS/2n9SHlXdkx5GCnCcb7IixhUAUzNggMqCFZskgCEBU3+CvEICYRVYmlqgjl/8iLo1Gtmo3Z+36g0bwo7SuAQHIEqMMElaII70AJtgMETeAFv4F171l61D+0zb13SipkD8Ce02TfLbZtf</latexit>

O1 =

0

BBBBBB@

2 1 1 1 1 0
1 2 1 1 0 1
1 1 2 0 1 1
1 1 0 2 1 1
1 0 1 1 2 1
0 1 1 1 1 2

1

CCCCCCA

<latexit sha1_base64="pUBpsrde2l1w8E2IjqP4NPwMpmY="></latexit>
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CSCO Method

Ø The eigenspaces of CSCO gives the irreducible representations:
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D-pairs

Ø Non-primitive operators are generated from P by adding D-pairs, or         
factors in the language of form factors. These factors should also be 
classified by Sn symmetry. 

Ø For example, for dim=14 operators generated by P, the factors are

sij

<latexit sha1_base64="a+taI/XXLknNOBm9zK83fEpSIkM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ae0oWy203btZhN2N0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZeEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU0lGiGDZZJCLVCahGwSU2DTcCO7FCGgYC28HkNvPbT6g0j+SDmcboh3Qk+ZAzaqzU1v2UP85K/XLFrbpzkFXi5aQCORr98ldvELEkRGmYoFp3PTc2fkqV4UzgrNRLNMaUTegIu5ZKGqL20/m5M3JmlQEZRsqWNGSu/p5Iaaj1NAxsZ0jNWC97mfif103M8NpPuYwTg5ItFg0TQUxEst/JgCtkRkwtoUxxeythY6ooMzahLARv+eVV0rqoerXq5X2tUr/J4yjCCZzCOXhwBXW4gwY0gcEEnuEV3pzYeXHenY9Fa8HJZ47hD5zPHx7Tj28=</latexit>

ei = {s12s34, s13s24, s14s23}

<latexit sha1_base64="LIHjiyfiJlmakvVLLpcPtYapJBE=">AAACHHicbVDLSsNAFJ34rPUVdelmsAgupCRNRDdC0Y3LCvYBTQiT6bQdOnkwMxFKyIe48VfcuFDEjQvBv3GSBtHWAzOcc+69zNzjx4wKaRhf2tLyyuraemWjurm1vbOr7+13RJRwTNo4YhHv+UgQRkPSllQy0os5QYHPSNefXOf17j3hgkbhnZzGxA3QKKRDipFUlqdbxKOXTiq81Gxk6rbs7NSBubRy2fiRdiGtzMmqnl4z6kYBuEjMktRAiZanfziDCCcBCSVmSIi+acTSTRGXFDOSVZ1EkBjhCRqRvqIhCohw02K5DB4rZwCHEVcnlLBwf0+kKBBiGviqM0ByLOZruflfrZ/I4YWb0jBOJAnx7KFhwqCMYJ4UHFBOsGRTRRDmVP0V4jHiCEuVZx6COb/yIuk06qZdP7u1a82rMo4KOARH4ASY4Bw0wQ1ogTbA4AE8gRfwqj1qz9qb9j5rXdLKmQPwB9rnN0sooD8=</latexit>
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Tensor products

Ø The representation of                  can be obtained by the tensor products 
of       representations. For example:

Ø The result is

sijsklP

<latexit sha1_base64="Q34xry2HxpLihrs3E8Ma+0MbocE=">AAAB9XicbVDLTsMwENyUVymvAEcuFhUSpypBRXCs4MKxSPQhtaFyXKc1dZzIdkBVlP/gwgGEuPIv3PgbnDYHaBlpV6OZXXk9fsyZ0o7zbZVWVtfWN8qbla3tnd09e/+graJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp37nUcqFYvEnZ7G1AvxSLCAEayNdK8GKXvITJ/wrFkZ2FWn5syAlolbkCoUaA7sr/4wIklIhSYcK9VznVh7KZaaEU6zSj9RNMZkgke0Z6jAIVVeOrs6QydGGaIgkqaERjP190aKQ6WmoW8mQ6zHatHLxf+8XqKDSy9lIk40FWT+UJBwpCOUR4CGTFKi+dQQTCQztyIyxhITbYLKQ3AXv7xM2mc1t147v61XG1dFHGU4gmM4BRcuoAE30IQWEJDwDK/wZj1ZL9a79TEfLVnFziH8gfX5A7VnkqY=</latexit>

S4

<latexit sha1_base64="GnNA+Ck4/m0CvLlEOfIs2hOgv6A=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolU9Fj04rFS+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WjmSToR3QoecgZNVZqNPrVfqnsVtw5yCrxclKGHPV+6as3iFkaoTRMUK27npsYP6PKcCZwWuylGhPKxnSIXUsljVD72fzUKTm3yoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPEzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2naEPwll9eJa3LiletXD1Uy7XbPI4CnMIZXIAH11CDe6hDExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AHaZ42G</latexit>
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Color Factors

Ø The representations of color factors can be decomposed similarly:

Ø Due to Bose symmetry, the color dressed operator must be invariant 
under     , which means it is a             representation.

Ø So physical form factors corresponding to             in the tensor product of 
kinetic form factors and color factor.

S4

<latexit sha1_base64="GnNA+Ck4/m0CvLlEOfIs2hOgv6A=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolU9Fj04rFS+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WjmSToR3QoecgZNVZqNPrVfqnsVtw5yCrxclKGHPV+6as3iFkaoTRMUK27npsYP6PKcCZwWuylGhPKxnSIXUsljVD72fzUKTm3yoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPEzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2naEPwll9eJa3LiletXD1Uy7XbPI4CnMIZXIAH11CDe6hDExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AHaZ42G</latexit>
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Color Factors

Ø Two irreducible representations contains a            if and only if they are 
equivalent.

Ø Suppose the kinetic form factors                    , and color factors               
their tensor product

Ø So P generates 9+13+12=34 single trace operators, and 9+13=22 double 
trace operators at dim=14.

K =
X

�

k�[�]

<latexit sha1_base64="t4pvHWY0CrglwS7D7isWczYJhpw=">AAACD3icbZDLSsNAFIYnXmu9RV26GSyKq5JIRTdC0Y3gpoK9QBLCZDJph84kYWYilNA3cOOruHGhiFu37nwbJ21Abf1h4OM/53Dm/EHKqFSW9WUsLC4tr6xW1qrrG5tb2+bObkcmmcCkjROWiF6AJGE0Jm1FFSO9VBDEA0a6wfCqqHfviZA0ie/UKCUeR/2YRhQjpS3fPLq5cGXG/dxleihEYzj8YacEr+qbNatuTQTnwS6hBkq1fPPTDROccRIrzJCUjm2lysuRUBQzMq66mSQpwkPUJ47GGHEivXxyzxgeaieEUSL0ixWcuL8ncsSlHPFAd3KkBnK2Vpj/1ZxMRedeTuM0UyTG00VRxqBKYBEODKkgWLGRBoQF1X+FeIAEwkpHWIRgz548D52Tut2on942as3LMo4K2AcH4BjY4Aw0wTVogTbA4AE8gRfwajwaz8ab8T5tXTDKmT3wR8bHN/JknJo=</latexit>

C =
X

�

c�[�]

<latexit sha1_base64="S62IUjyJlmXKtWlQWheCxyRru+g=">AAACDnicbZDLSsNAFIYn9VbrLerSzWApuCqJKLoRit24rGAvkIQwmUzaoTNJmJkIJfQJ3Pgqblwo4ta1O9/GSRtQW38Y+PjPOZw5f5AyKpVlfRmVldW19Y3qZm1re2d3z9w/6MkkE5h0ccISMQiQJIzGpKuoYmSQCoJ4wEg/GLeLev+eCEmT+E5NUuJxNIxpRDFS2vLNRvvKlRn3c5fpoRBN8Q86JXg136xbTWsmuAx2CXVQquObn26Y4IyTWGGGpHRsK1VejoSimJFpzc0kSREeoyFxNMaIE+nls3OmsKGdEEaJ0C9WcOb+nsgRl3LCA93JkRrJxVph/ldzMhVdejmN00yRGM8XRRmDKoFFNjCkgmDFJhoQFlT/FeIREggrnWARgr148jL0Tpv2WfP89qzeui7jqIIjcAxOgA0uQAvcgA7oAgwewBN4Aa/Go/FsvBnv89aKUc4cgj8yPr4BeaycYA==</latexit>
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Gluon Operators

ØHigh dimensional operators
ØOperator diagram and primitive operators
ØClassify operators by Sn Symmetry
ØSummary and outlook
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Summary and Outlook

Ø A diagrammatic representation of gluon operators is proposed to manifest 
their symmetries and relations.

Ø The infinite set of high dimensional operators are generated from a finite 
set of "primitive operators" by adding pairs of covariant derivatives.

Ø Can we extend the method to operators with fermions, like those appear 
in SMEFT?
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