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Part A: Underlying Mathematics to construct the algorithm. 

Part B: Introducing “GrIP” and its utility. 

How do we proceed ?

Part C: Impact of the effective operators 
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Aim: To understand the dynamics and interactions of the subatomic particles 

Q. What will be the starting point?

Q. Then, how do we construct a Lagrangian (up to any mass dimension)?

A. Lagrangian !

But Lagrangian is more like a “building”. So it’s better to start with “bricks”

Q. What are our “bricks”?

A. Quantum fields that represent the particles and the underlying symmetry.

A. I hope by the end of this talk we will have the answer.
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Initial restriction : space-time is 3+1 dimensional for this talk.

S =

Z
d4x L

<latexit sha1_base64="oJNpd0zWZos4JZzOr3qQOU+Ghj0=">AAACE3icbZDLSsNAFIYn9VbrLerSzWARxEVJpKBShKIbFy4q2gs0sUym03boZBJmJmIJeQc3voobF4q4dePOt3HSBtHWAwMf/38Oc87vhYxKZVlfRm5ufmFxKb9cWFldW98wN7caMogEJnUcsEC0PCQJo5zUFVWMtEJBkO8x0vSG56nfvCNC0oDfqFFIXB/1Oe1RjJSWOuaB4yM1wIjF14lTgafQoVxp6N6W4T10Kj/2ZdIxi1bJGhecBTuDIsiq1jE/nW6AI59whRmSsm1boXJjJBTFjCQFJ5IkRHiI+qStkSOfSDce35TAPa10YS8Q+nEFx+rviRj5Uo58T3emK8ppLxX/89qR6h27MeVhpAjHk496EYMqgGlAsEsFwYqNNCAsqN4V4gESCCsdY0GHYE+fPAuNw5JdLp1clYvVsyyOPNgBu2Af2OAIVMEFqIE6wOABPIEX8Go8Gs/Gm/E+ac0Z2cw2+FPGxzcSrp0N</latexit>

Action:

Mass dimensions: 

In natural units: [L] = [T ] = [M ]�1

<latexit sha1_base64="i4rhHi44PdshNlA3Xb3pto/jEiY=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpJIQV0IRTcuFCr0BWksk+mkHTqZhJlJoYT+iRsXirj1T9z5N04fC209cOFwzr3ce0+QcKa043xbuZXVtfWN/GZha3tnd8/eP2ioOJWE1knMY9kKsKKcCVrXTHPaSiTFUcBpMxjcTvzmkErFYlHTo4T6Ee4JFjKCtZE6tu3d+9dezdSD/5SdueOOXXRKzhRombhzUoQ5qh37q92NSRpRoQnHSnmuk2g/w1Izwum40E4VTTAZ4B71DBU4osrPppeP0YlRuiiMpSmh0VT9PZHhSKlRFJjOCOu+WvQm4n+el+rw0s+YSFJNBZktClOOdIwmMaAuk5RoPjIEE8nMrYj0scREm7AKJgR38eVl0jgvueXS1WO5WLmZx5GHIziGU3DhAipwB1WoA4EhPMMrvFmZ9WK9Wx+z1pw1nzmEP7A+fwD3XZKa</latexit>
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Role of SymmetryS =

Z
d4x L

<latexit sha1_base64="oJNpd0zWZos4JZzOr3qQOU+Ghj0=">AAACE3icbZDLSsNAFIYn9VbrLerSzWARxEVJpKBShKIbFy4q2gs0sUym03boZBJmJmIJeQc3voobF4q4dePOt3HSBtHWAwMf/38Oc87vhYxKZVlfRm5ufmFxKb9cWFldW98wN7caMogEJnUcsEC0PCQJo5zUFVWMtEJBkO8x0vSG56nfvCNC0oDfqFFIXB/1Oe1RjJSWOuaB4yM1wIjF14lTgafQoVxp6N6W4T10Kj/2ZdIxi1bJGhecBTuDIsiq1jE/nW6AI59whRmSsm1boXJjJBTFjCQFJ5IkRHiI+qStkSOfSDce35TAPa10YS8Q+nEFx+rviRj5Uo58T3emK8ppLxX/89qR6h27MeVhpAjHk496EYMqgGlAsEsFwYqNNCAsqN4V4gESCCsdY0GHYE+fPAuNw5JdLp1clYvVsyyOPNgBu2Af2OAIVMEFqIE6wOABPIEX8Go8Gs/Gm/E+ac0Z2cw2+FPGxzcSrp0N</latexit>

“Action” is invariant under the symmetry of the system, so does the “measure”. 

Thus the Lagrangian(density) must be invariant under the symmetry.

Lagrangian of a real scalar field:

Lagrangian of a real scalar field with discrete       symmetry:Z2

<latexit sha1_base64="arLcTwnOgRfYybUQzqBLicT+s+I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwwWcLspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YRK81g+mHGCfkQHkoecUWOl+8depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwB41GNjw==</latexit>

Lagrangian of a complex scalar field:

In the same spirit one can construct the SM Lagrangian.
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SM Lagrangian:

6



Invariant operator structures:

7



Part A: Underlying Mathematics to construct the algorithm. 
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Hilbert Series :

Plethystics :

Haar Measure : in terms of +ve roots !

�R

<latexit sha1_base64="13oepPGVh8THq8fqo6t8c3tsfMM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGMQ9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0M/VbT1QbpuSDHSc0FHggWcwItk5qdsmQ9e575Ypf9WdAyyTISQVy1Hvlr25fkVRQaQnHxnQCP7FhhrVlhNNJqZsammAywgPacVRiQU2Yza6doBOn9FGstCtp0Uz9PZFhYcxYRK5TYDs0i95U/M/rpDa+DDMmk9RSSeaL4pQjq9D0ddRnmhLLx45gopm7FZEh1phYF1DJhRAsvrxMmmfV4Lx6dXdeqV3ncRThCI7hFAK4gBrcQh0aQOARnuEV3jzlvXjv3se8teDlM4fwB97nD11CjwM=</latexit>

 is the character of representation R

�, 

<latexit sha1_base64="OJeWxQraz9MWJ1+iQTCsZu3qbwo=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBg5RdKVRvRS8eK9gP7C4lm2bb0Gw2JFmhLP0XXjwo4tV/481/Y9ruQVsfDDzem2FmXig508Z1v53C2vrG5lZxu7Szu7d/UD48auskVYS2SMIT1Q2xppwJ2jLMcNqViuI45LQTjm9nfueJKs0S8WAmkgYxHgoWMYKNlR59OWIXyJea9csVt+rOgVaJl5MK5Gj2y1/+ICFpTIUhHGvd81xpggwrwwin05KfaioxGeMh7VkqcEx1kM0vnqIzqwxQlChbwqC5+nsiw7HWkzi0nTE2I73szcT/vF5qoqsgY0KmhgqyWBSlHJkEzd5HA6YoMXxiCSaK2VsRGWGFibEhlWwI3vLLq6R9WfVq1ev7WqVxk8dRhBM4hXPwoA4NuIMmtICAgGd4hTdHOy/Ou/OxaC04+cwx/IHz+QP4cJB7</latexit>

 are spurion variables that tag the fields

Z
dµG �Ri �Rj = �ij

<latexit sha1_base64="/lf5Q7WUBOIHQC32lxbWBsvX6T4=">AAACJHicbVDLSsNAFJ3UV62vqEs3wSK4KokIKkUoutBlFfuAJoTJZNJOO3kwMxHKkI9x46+4ceEDF278FidtFrX1wMDhnHuZe46XUMKFaX5rpaXlldW18nplY3Nre0ff3WvzOGUIt1BMY9b1IMeURLgliKC4mzAMQ4/ijje6zv3OI2acxNGDGCfYCWE/IgFBUCjJ1es2iYTh22HqSjuEYoAglTdZZtdtNCCuvHfJDB9ml7aPqYCuJMPM1atmzZzAWCRWQaqgQNPVP2w/RmmII4Eo5LxnmYlwJGSCIIqzip1ynEA0gn3cUzSCIeaOnITMjCOl+EYQM/XUyRN1dkPCkPNx6KnJPAef93LxP6+XiuDckSRKUoEjNP0oSKkhYiNvzPAJw0jQsSIQMaJuNdAAMoiE6rWiSrDmIy+S9knNOq1d3J1WG1dFHWVwAA7BMbDAGWiAW9AELYDAE3gBb+Bde9ZetU/tazpa0oqdffAH2s8v4RemOA==</latexit>

Orthonormality:
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Character of irreducible representation “R”

Vandermonde determinant (denominator)

SU(N)

<latexit sha1_base64="LRoMkAa13JWZyv1hKgQeRG0pHkY=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSLUS9mVgnorevEkFd220C4lm2bb0GyyJFmhLP0NXjwo4tUf5M1/Y9ruQVsfDDzem2FmXphwpo3rfjsrq2vrG5uFreL2zu7efungsKllqgj1ieRStUOsKWeC+oYZTtuJojgOOW2Fo5up33qiSjMpHs04oUGMB4JFjGBjJf/Br9yd9Uplt+rOgJaJl5My5Gj0Sl/dviRpTIUhHGvd8dzEBBlWhhFOJ8VuqmmCyQgPaMdSgWOqg2x27ASdWqWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpiS6DjIkkNVSQ+aIo5chINP0c9ZmixPCxJZgoZm9FZIgVJsbmU7QheIsvL5PmedWrVa/ua+X6dR5HAY7hBCrgwQXU4RYa4AMBBs/wCm+OcF6cd+dj3rri5DNH8AfO5w+6eI3/</latexit>

Character of irreducible representation

Numerator

M(✏)

<latexit sha1_base64="7JAG14c7XUSio5fM2kdDghww9vw=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQL2VXCuqt6MWLUMF+wHYp2XS2Dc0mS5IVytKf4cWDIl79Nd78N6btHrT1wcDjvRlm5oUJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20tU0WhRSWXqhsSDZwJaBlmOHQTBSQOOXTC8e3M7zyB0kyKRzNJIIjJULCIUWKs5N9Xe5BoxqU475crbs2dA68SLycVlKPZL3/1BpKmMQhDOdHa99zEBBlRhlEO01Iv1ZAQOiZD8C0VJAYdZPOTp/jMKgMcSWVLGDxXf09kJNZ6Eoe2MyZmpJe9mfif56cmugoyJpLUgKCLRVHKsZF49j8eMAXU8IklhCpmb8V0RBShxqZUsiF4yy+vkvZFzavXrh/qlcZNHkcRnaBTVEUeukQNdIeaqIUokugZvaI3xzgvzrvzsWgtOPnMMfoD5/MHttSQ6A==</latexit>

r1, r2, · · · , rN�1

<latexit sha1_base64="Vpuj6DONhUu7K/Ww6Giw/9UXh0g=">AAACAXicbZDLSgMxFIYzXmu9jboR3ASL4KKWmVJQd0U3rqSCvUA7DJlM2oZmkiHJCGWoG1/FjQtF3PoW7nwbM+0stPWHwMd/zuHk/EHMqNKO820tLa+srq0XNoqbW9s7u/befkuJRGLSxIIJ2QmQIoxy0tRUM9KJJUFRwEg7GF1n9fYDkYoKfq/HMfEiNOC0TzHSxvLtQ+m7ZSj9armHQ6FVxuntmTvx7ZJTcaaCi+DmUAK5Gr 791QsFTiLCNWZIqa7rxNpLkdQUMzIp9hJFYoRHaEC6BjmKiPLS6QUTeGKcEPaFNI9rOHV/T6QoUmocBaYzQnqo5muZ+V+tm+j+hZdSHieacDxb1E8Y1AJmccCQSoI1GxtAWFLzV4iHSCKsTWhFE4I7f/IitKoVt1a5vKuV6ld5HAVwBI7BKXDBOaiDG9AATYDBI3gGr+DNerJerHfrY9a6ZOUzB+CPrM8fCEqVXg==</latexit>

 are integers and r1 > r2 > · · · > rN�1 > 0

<latexit sha1_base64="1yv9bV402/w1hSLkw0W0l/CeiQY=">AAACA3icbZDLSgMxFIYzXmu9jbrTTbAIbiwzpaBuStGNK6lgL9AOQyaTtqGZZEgyQhkKbnwVNy4UcetLuPNtzLSz0NYfAh//OYeT8wcxo0o7zre1tLyyurZe2Chubm3v7Np7+y0lEolJEwsmZCdAijDKSVNTzUgnlgRFASPtYHSd1dsPRCoq+L0ex8SL0IDTPsVIG8u3D6Xv1qD0K7UeDoVWGae3Z+6k5vh2ySk7U8FFcHMogVwN3/7qhQInEeEaM6RU13Vi7aVIaooZmRR7iSIxwiM0IF2DHEVEeen0hgk8MU4I+0KaxzWcur8nUhQpNY4C0xkhPVTztcz8r9ZNdP/CSymPE004ni3qJwxqAbNAYEglwZqNDSAsqfkrxEMkEdYmtqIJwZ0/eRFalbJbLV/eVUv1qzyOAjgCx+AUuOAc1MENaIAmwOARPINX8GY9WS/Wu/Uxa12y8pkD8EfW5w9ea5YW</latexit>
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Realisation of      through   ~r

<latexit sha1_base64="bqTpDQ+K3X2YH6ort2yfwYuuJhs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZTtqlm03Y3RRK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G93O/PUGleSyfzDRBP6JDyUPOqLFSuzdBlqlZv1xxq+4CZJ14OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4K/VSjQllYzrErqWSRqj9bHHujFxYZUDCWNmShizU3xMZjbSeRoHtjKgZ6VVvLv7ndVMT3vgZl0lqULLlojAVxMRk/jsZcIXMiKkllClubyVsRBVlxiZUsiF4qy+vk9ZV1atVbx9rlfpdHkcRzuAcLsGDa6jDAzSgCQzG8Ayv8OYkzovz7nwsWwtOPnMKf+B8/gCspY/Q</latexit>

~�

<latexit sha1_base64="Krmk1+IfvNnqMMgtgQ9SkVZHN3A=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiQiqLuiG5cV7AOaUCaTm3bo5OHMpFBCv8ONC0Xc+jHu/BunbRbaemDgcM653DvHTwVX2ra/rdLa+sbmVnm7srO7t39QPTxqqySTDFssEYns+lSh4DG2NNcCu6lEGvkCO/7obuZ3xigVT+JHPUnRi+gg5iFnVBvJc8fIcleYfECn/WrNrttzkFXiFKQGBZr96pcbJCyLMNZMUKV6jp1qL6dScyZwWnEzhSllIzrAnqExjVB5+fzoKTkzSkDCRJoXazJXf0/kNFJqEvkmGVE9VMveTPzP62U6vPZyHqeZxpgtFoWZIDohswZIwCUyLSaGUCa5uZWwIZWUadNTxZTgLH95lbQv6s5l/ebhsta4Leoowwmcwjk4cAUNuIcmtIDBEzzDK7xZY+vFerc+FtGSVcwcwx9Ynz8bWpJX</latexit>
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Cartan Matrix for SU(N)

Weight Tree of LDF

Realisation of      through   ~r

<latexit sha1_base64="bqTpDQ+K3X2YH6ort2yfwYuuJhs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZTtqlm03Y3RRK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G93O/PUGleSyfzDRBP6JDyUPOqLFSuzdBlqlZv1xxq+4CZJ14OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4K/VSjQllYzrErqWSRqj9bHHujFxYZUDCWNmShizU3xMZjbSeRoHtjKgZ6VVvLv7ndVMT3vgZl0lqULLlojAVxMRk/jsZcIXMiKkllClubyVsRBVlxiZUsiF4qy+vk9ZV1atVbx9rlfpdHkcRzuAcLsGDa6jDAzSgCQzG8Ayv8OYkzovz7nwsWwtOPnMKf+B8/gCspY/Q</latexit>

~�

<latexit sha1_base64="Krmk1+IfvNnqMMgtgQ9SkVZHN3A=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiQiqLuiG5cV7AOaUCaTm3bo5OHMpFBCv8ONC0Xc+jHu/BunbRbaemDgcM653DvHTwVX2ra/rdLa+sbmVnm7srO7t39QPTxqqySTDFssEYns+lSh4DG2NNcCu6lEGvkCO/7obuZ3xigVT+JHPUnRi+gg5iFnVBvJc8fIcleYfECn/WrNrttzkFXiFKQGBZr96pcbJCyLMNZMUKV6jp1qL6dScyZwWnEzhSllIzrAnqExjVB5+fzoKTkzSkDCRJoXazJXf0/kNFJqEvkmGVE9VMveTPzP62U6vPZyHqeZxpgtFoWZIDohswZIwCUyLSaGUCa5uZWwIZWUadNTxZTgLH95lbQv6s5l/ebhsta4Leoowwmcwjk4cAUNuIcmtIDBEzzDK7xZY+vFerc+FtGSVcwcwx9Ynz8bWpJX</latexit>
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TN�1 = U(1)⌦ U(1) · · ·⌦ U(1)

<latexit sha1_base64="kC/CJs5qMyWN31mI+VpEw8caMMA=">AAACHnicbVDLSgMxFM3UV62vqks3wSLUhWVGKupCKLpxJRU6baGtJZOmbWhmMiR3hDLMl7jxV9y4UERwpX9j+ljU1gOBwzn3cnOOFwquwbZ/rNTS8srqWno9s7G5tb2T3d2rahkpylwqhVR1j2gmeMBc4CBYPVSM+J5gNW9wM/Jrj0xpLoMKDEPW8kkv4F1OCRipnT1r+gT6nhdXkof47sRJ8BV2885xUwL3mZ5w2pGgZ5V2NmcX7DHwInGmJIemKLezX82OpJHPAqCCaN1w7BBaMVHAqWBJphlpFhI6ID3WMDQg5lIrHsdL8JFROrgrlXkB4LE6uxETX+uh75nJURg9743E/7xGBN2LVsyDMAIW0MmhbiQwSDzqCne4YhTE0BBCFTd/xbRPFKFgGs2YEpz5yIukelpwioXL+2KudD2tI40O0CHKIwedoxK6RWXkIoqe0At6Q+/Ws/VqfVifk9GUNd3ZR39gff8C3omgdg==</latexit>

zi = ei✓i

<latexit sha1_base64="ua1y9RHNSWIxCx9VTwXvB0Ag+SI=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRbBU0lEUA9C0YvHCvYD2hg220m7dPPB7kSpsT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zM8xPBFdr2t1FYWl5ZXSuulzY2t7Z3zPJuU8WpZNBgsYhl26cKBI+ggRwFtBMJNPQFtPzh1cRv3YNUPI5ucZSAG9J+xAPOKGrJM8uPHr+Au4x3cQBIPT72zIpdtaewFomTkwrJUffMr24vZmkIETJBleo4doJuRiVyJmBc6qYKEsqGtA8dTSMagnKz6elj61ArPSuIpa4Iran6eyKjoVKj0NedIcWBmvcm4n9eJ8XgzM14lKQIEZstClJhYWxNcrB6XAJDMdKEMsn1rRYbUEkZ6rRKOgRn/uVF0jyuOifV85uTSu0yj6NI9skBOSIOOSU1ck3qpEEYeSDP5JW8GU/Gi/FufMxaC0Y+s0f+wPj8AZjvlD4=</latexit>

✏a = ✏a (z1, z2, ..., zN�1)

<latexit sha1_base64="5TUQG93E6M/xNx6e2m1XVpgJVmw=">AAACInicbZDLSgMxFIYzXmu9VV26CRZBoQ4zIqgLoejGlVSwWuiUIZOeaYOZC8kZoR36LG58FTcuFHUl+DCmteD1h8CX/5xDcv4glUKj47xZE5NT0zOzhbni/MLi0nJpZfVSJ5niUOeJTFQjYBqkiKGOAiU0UgUsCiRcBdcnw/rVDSgtkvgCeym0ItaJRSg4Q2P5pUMPUi2kQUaP6NfFkxDiVt93K7Tv71Zs2x5CfrbjDjwlOl3c9ktlx3ZGon/BHUOZjFXzSy9eO+FZBDFyybRuuk6KrZwpFFzCoOhlGlLGr1kHmgZjFoFu5aMVB3TTOG0aJsqcGOnI/T6Rs0jrXhSYzohhV/+uDc3/as0Mw4NWLuI0Q4j550NhJikmdJgXbQsFHGXPAONKmL9S3mWKcTSpFk0I7u+V/8Llru3u2Yfne+Xq8TiOAlknG2SLuGSfVMkpqZE64eSW3JNH8mTdWQ/Ws/X62TphjWfWyA9Z7x9bRKJM</latexit>

Here,  and

Maximal Torus of SU(N)
A torus in a compact Lie group G is a compact, connected, abelian Lie subgroup of G

A maximal torus is one which is maximal among such subgroups.
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SU(2)

<latexit sha1_base64="OScsGQr2SRQtX6TKDvKj6QWgJJM=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahXspuKai3ohePFV1baJeSTbNtaDZZkqxQlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48etQyVYT6RHKpOiHWlDNBfcMMp51EURyHnLbD8c3Mbz9RpZkUD2aS0CDGQ8EiRrCxkn/vV+vn/XLFrblzoFXi5aQCOVr98ldvIEkaU2EIx1p3PTcxQYaVYYTTaamXappgMsZD2rVU4JjqIJsfO0VnVhmgSCpbwqC5+nsiw7HWkzi0nTE2I73szcT/vG5qossgYyJJDRVksShKOTISzT5HA6YoMXxiCSaK2VsRGWGFibH5lGwI3vLLq+SxXvMatau7RqV5ncdRhBM4hSp4cAFNuIUW+ECAwTO8wpsjnBfn3flYtBacfOYY/sD5/AGP7I3j</latexit>

✏1 = z1, ✏2 = z�1
1

<latexit sha1_base64="jni+kcdztRw/tjAB5nc0kDmpxdE=">AAACE3icbZDLSgMxFIYz9VbrbdSlm2ARRLRMSkFFhKIblxXsBTrjkEkzbWjmQpIR6tB3cOOruHGhiFs37nwb03YQbf0h8POdczg5vxdzJpVlfRm5ufmFxaX8cmFldW19w9zcasgoEYTWScQj0fKwpJyFtK6Y4rQVC4oDj9Om178c1Zt3VEgWhTdqEFMnwN2Q+YxgpZFrHtg0loxri+A5vHfRIbTP4A8sT+BteoSGrlm0StZYcNagzBRBppprftqdiCQBDRXhWMo2smLlpFgoRjgdFuxE0hiTPu7StrYhDqh00vFNQ7inSQf6kdAvVHBMf0+kOJByEHi6M8CqJ6drI/hfrZ0o/8RJWRgnioZksshPOFQRHAUEO0xQovhAG0wE03+FpIcFJkrHWNAhoOmTZ02jXEKV0ul1pVi9yOLIgx2wC/YBAsegCq5ADdQBAQ/gCbyAV+PReDbejPdJa87IZrbBHxkf304rm+0=</latexit>

~� = (1, 0)

<latexit sha1_base64="Ixv4OB1kAsuHiee52ca6d/i5IwQ=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEClISKagLoejGZQX7gCaUyeSmHTp5MDMplFDwV9y4UMSt3+HOv3HaZqGtBwYO59zDvXO8hDOpLOvbKKysrq1vFDdLW9s7u3vm/kFLxqmg0KQxj0XHIxI4i6CpmOLQSQSQ0OPQ9oZ3U789AiFZHD2qcQJuSPoRCxglSks988gZAc0crhM+meAbXLHPrbOeWbaq1gx4mdg5KaMcjZ755fgxTUOIFOVEyq5tJcrNiFCMcpiUnFRCQuiQ9KGraURCkG42O3+CT7Xi4yAW+kUKz9TfiYyEUo5DT0+GRA3kojcV//O6qQqu3IxFSaogovNFQcqxivG0C+wzAVTxsSaECqZvxXRABKFKN1bSJdiLX14mrYuqXateP9TK9du8jiI6Rieogmx0ieroHjVQE1GUoWf0it6MJ+PFeDc+5qMFI88coj8wPn8A+RuUMw==</latexit>

~⇢ = (1, 0)

<latexit sha1_base64="+nJImr4OJgAxSVpA4sgAu3NEAq0=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUoiBXUhFN24rGAf0IQymU7aoZOZMDMplpBfceNCEbf+iDv/xmmbhbYeuHA4517uvSeIGVXacb6twtr6xuZWcbu0s7u3f2AflttKJBKTFhZMyG6AFGGUk5ammpFuLAmKAkY6wfhu5ncmRCoq+KOexsSP0JDTkGKkjdS3y96E4NSTI5HBG1h1z52zvl1xas4ccJW4OamAHM2+/eUNBE4iwjVmSKme68TaT5HUFDOSlbxEkRjhMRqSnqEcRUT56fz2DJ4aZQBDIU1xDefq74kURUpNo8B0RkiP1LI3E//zeokOr/yU8jjRhOPFojBhUAs4CwIOqCRYs6khCEtqboV4hCTC2sRVMiG4yy+vkvZFza3Xrh/qlcZtHkcRHIMTUAUuuAQNcA+aoAUweALP4BW8WZn1Yr1bH4vWgpXPHIE/sD5/AMs6kv0=</latexit>

~r = ~�+ ~⇢ = (2, 0)

<latexit sha1_base64="a+9ZVmzJrkYyA3uagBde2xKCd5k=">AAACE3icbVBLS8NAGNz4rPUV9ehlsQj1QUlKQT0IRS8eK9gHNKFsNpt26ebB7qZQQv6DF/+KFw+KePXizX/jJs1BWwcWZme+YfcbJ2JUSMP41paWV1bX1ksb5c2t7Z1dfW+/I8KYY9LGIQt5z0GCMBqQtqSSkV7ECfIdRrrO+DbzuxPCBQ2DBzmNiO2jYUA9ipFU0kA/tSYEJzyF1zBnFlNZF6VnsxsfhZlVrZ8bJwO9YtSMHHCRmAWpgAKtgf5luSGOfRJIzJAQfdOIpJ0gLilmJC1bsSARwmM0JH1FA+QTYSf5Tik8VooLvZCrE0iYq78TCfKFmPqOmvSRHIl5LxP/8/qx9C7thAZRLEmAZw95MYMyhFlB0KWcYMmmiiDMqforxCPEEZaqxrIqwZxfeZF06jWzUbu6b1SaN0UdJXAIjkAVmOACNMEdaIE2wOARPINX8KY9aS/au/YxG13SiswB+APt8wfxnZzp</latexit>

Vandermonde determinant:

Torus coordinates:

Haar measure:

~� = (2, 0)

<latexit sha1_base64="EzSUGhyl6xL+m9WUr4KKzozZVQA=">AAAB/HicbVDLSsNAFJ34rPUV7dJNsAgVpCSloC6EohuXFewDmlAm05t26GQSZiaFEOqvuHGhiFs/xJ1/47TNQlsPDBzOuYd75/gxo1LZ9rextr6xubVd2Cnu7u0fHJpHx20ZJYJAi0QsEl0fS2CUQ0tRxaAbC8Chz6Djj+9mfmcCQtKIP6o0Bi/EQ04DSrDSUt8suRMgmct0YoCnN5XahX3eN8t21Z7DWiVOTsooR7NvfrmDiCQhcEUYlrLn2LHyMiwUJQymRTeREGMyxkPoacpxCNLL5sdPrTOtDKwgEvpxZc3V34kMh1Kmoa8nQ6xGctmbif95vUQFV15GeZwo4GSxKEiYpSJr1oQ1oAKIYqkmmAiqb7XICAtMlO6rqEtwlr+8Stq1qlOvXj/Uy43bvI4COkGnqIIcdIka6B41UQsRlKJn9IrejCfjxXg3Phaja0aeKaE/MD5/AEL3k+A=</latexit>
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Curious case of space-time symmetry and derivatives

1. We are interested in a complete set of operators, and that includes operators  
involving derivatives.

2. Since the derivatives transform under space-time symmetry, we need  to 
understand their transformation properties along with the internal symmetries.

3. Due to the intrinsic properties of derivatives, additional constraints might appear 
in the form of Equations of Motion (EOMs),  and Integration by Parts (IBPs). 

4. It leads to the over counting of the operators. 

5. Thus we should carefully identify the redundancy in the operator set to construct 
only independent operators, so that they can form a basis. Now we will discuss 
how the HS construction can automatically take care of this issue, which is one of 
the most significant merits of this program. 



Inclusion of  “dynamic variables”

Q.  What will happen if the “variables” are dynamic in nature?

Q. What do I mean by the “dynamic variables”?

A. “variables” which respect some Equations of Motion (EOM).

Here       is the  “differential” operator

EOM  behaves  more like a constraint in our construction.

Thus the “invariants” at a given order of polynomial 
may not be independent to each other  

Don’t forget about IBP.

Q. Why?  A. These lead to some sort of constraints.



Curious case of space-time symmetry and derivatives

We are working within 3+1 dimensional framework

1. The extra two dimensions (+2) increase the rank of the conformal group by one unit which appears as a “Scaling” dimension

2.    In our analysis, “Scaling” dimension is the mass dimension of the operator/fields, e.g., 1 for boson, 3/2 for fermions, 
 

� is the scaling dimension

<latexit sha1_base64="dqi2B6/FfnBM9aMbj2RVhygEKR4=">AAACEXicbVC7SgNBFJ2NrxhfUUubwSCkCrsiqNgEtbCMYB6QXcLs5CYZMvtg5q4YlvyCjb9iY6GIrZ2df+NskkITDwwczr1nZs7xYyk02va3lVtaXlldy68XNja3tneKu3sNHSWKQ51HMlItn2mQIoQ6CpTQihWwwJfQ9IdX2bx5D0qLKLzDUQxewPqh6AnO0EidYtm9BonMvaAuwgOmQlMcANWcmRv7tCsCCDPzuFMs2RV7ArpInBkpkRlqneKX2414YvzIJdO67dgxeilTKLiEccFNNMSMD1kf2oaGLADtpZNEY3pklC7tRcqcEOlE/e1IWaD1KPDNZsBwoOdnmfjfrJ1g78xLRRgnCCGfPtRLJMWIZvWYwAo4ypEhjCth/kr5gCnG0ZRYMCU485EXSeO44pxUzm9PStXLWR15ckAOSZk45JRUyQ2pkTrh5JE8k1fyZj1ZL9a79TFdzVkzzz75A+vzB4jRnYE=</latexit>

D is the covariant derivative operator

<latexit sha1_base64="H6DZq3t6p8yHx7R0jsj5wbYWVuk=">AAACInicbVDLSgNBEJyN7/iKevQyGARPYVcCKl5EPXhUMCpkQ+iddJIhszvLTG8wLPkWL/6KFw+KehL8GCcxB18FA0VVN9NVUaqkJd9/9wpT0zOzc/MLxcWl5ZXV0tr6ldWZEVgTWmlzE4FFJROskSSFN6lBiCOF11HvZORf99FYqZNLGqTYiKGTyLYUQE5qlg7CGKgrQOWnw/CQh4S3lEvLqYtc6D4YCQnxFhrZdxt95DpFA6TNsFkq+xV/DP6XBBNSZhOcN0uvYUuLLMaEhAJr64GfUiMHQ1IoHBbDzGIKogcdrDuaQIy2kY8jDvm2U1q8rY177qCx+n0jh9jaQRy5yVEg+9sbif959Yza+41cJmlGmIivj9qZ4qT5qC/ekgYFqYEjIIx0t3LRBQOCXKtFV0LwO/JfcrVbCaqVg4tq+eh4Usc822RbbIcFbI8dsTN2zmpMsDv2wJ7Ys3fvPXov3tvXaMGb7GywH/A+PgH3naU2</latexit>

1. We are interested in a complete set of operators, and that includes operators.  involving derivatives.

2. Since the derivatives transform under space-time symmetry, we need  to understand their transformation properties along with the internal symmetries.

3. Due to the intrinsic properties of derivatives, additional constraints might appear in the form of Equations of Motion (EOMs),  and Integration by Parts (IBPs). 

4. It leads to the over counting of the operators. 

5. Thus we should carefully identify the redundancy in the operator set to construct only independent operators, so that they can form a basis. Now we will 
discuss how the HS construction can automatically take care of this issue, which is one of the most significant merits of this program. 
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Curious case of space-time symmetry

We are working within 3+1 dimension: Lorentz Group

SO(4, C) character with highest weight (l1, l2) ) �
(4)
(l1,l2)

(x1, x2)

<latexit sha1_base64="3YXr7/anke6LpLue28R/ksoSq/Y="></latexit>

SU(2)L character with highest weight (j1) ) �(j1)(y1)

SU(2)R character with highest weight (j2) ) �(j1)(y2)

<latexit sha1_base64="4JC6KQySwUZ8uW0tr9UN5EXWsj0="></latexit>
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Inclusion of “derivative” operators and modifications..

Modified Plethystics:

Modified Haar measure:

Modified Hilbert Series:

20



 

  

Connected 
Compact Groups 

[𝐺: 𝑆𝑈ሺ𝑁ሻ, 𝑈ሺ1ሻሿ 

 

Lorentz Group 
(Non-Compact) 

Direct Product of two 
Compact Groups 

 

Irreducible Representations  
(For 𝑼ሺ૚ሻ, consider the Charge (𝒒)) 

Mapping onto the Maximal 
Torus 

 
(Coordinates = ࣕ𝒊  ) 

 

Dynkin Labels corresponding 
to the Representation 

 

Highest Weight State 

 
 

 

Schur Functions / Weyl 
Character Formula 

 

 

 

Verma Module Characters of  
𝑆𝑂ሺ4ሻ as a linear combination 

of product of two 𝑆𝑈ሺ2ሻ 
Characters 

 

Lorentz Characters 

 
(Accounts for EOM 

Redundancy) 
 

 

Characters for 
Representations of 𝑮 

 
(For 𝑼ሺ૚ሻ, Character = ࢠ𝒒) 

 

Haar Measure 

 
 

Spurions 
denoting (Super) 
Fields, Covariant 

Derivative 𝐷 

Plethystic Exponential 
 

For integer spin fields: 

 
For half-integer spin fields: 

 
 

HILBERT SERIES 

 

Parameterizing the 
Coordinates Using the Weight 

Tree of the Lowest 
Dimensional Fundamental 

Representation 

 

Vandermonde Determinant 

 

Momentum 
Generating Function 

 
(Accounts for IBP 

Redundancy) 
 

Representation 
of the Fields 

 

Representations 
under the Conformal 

Group 

 
 

Extracting out the 
Scaling Dimension              

 



Two Higgs Doublet Model (2HDM) : an example



Arguments of Plethystics



Dictionary for translating HS output to covariant forms of operators 

2HDM: example



2HDM: example

HS output

EFT Operator classification

25



2HDM: dim-6 effective operators in covariant form

26



2HDM: dim-6 effective operators in covariant form

27



Part B: Introducing “GrIP” and its utility. 

28



Introduction to “GrIP”

Download from: https://teamgrip.github.io/GrIP/

“GrIP” is a Mathematica based scientific package that automatizes the computation of Group Invariant Polynomials 

GrIP.m : main program
GrpInfo.m : representations of SU(N) 

MODEL : folder containing example model input files
CHaar.m : sub-program to compute characters of representations  

                    and Haar measure of any connected compact groups.
Example_SM, Example_MSSM, Example_CHaar : example Mathematica Notebooks.

Package contains:

https://teamgrip.github.io/GrIP/


 

 

 

 

 

 

 

 

 

 

Symmetry Group 
Class 

(Super) Field 
Class  

(Super) Field Strength Tensor 
Class 

Model Name 

Lorentz Group 
Haar Measure 

Lorentz 
Character 

Total Haar 
Measure 

Characters of Different 
Representations of (Super) 

Fields/ (Super) Strength Tensors 
and Their Conjugates 

Total Character 

Plethystic 
Exponential 

HILBERT SERIES 

Polynomial in (Super) Field 
Variables 

I 

N 

P 

U 

T 

Symmetry Group 
Haar Measure 

(Super) Field 
Variables 

G 

r 

I 

P 

 

Operator Basis at Each Order 

O 

U 

T 

P 

U 

T 

Momentum 
Generating 
Function 



Paving the path to prepare the “input” model file



“Rep” is used 

consistently

“Dyn” is used 

consistently

Multiple instances 
of same group is 

properly 
distinguished

multiple 

occurenece of

same group must 

be distingushed

“Dyn” or “Rep” 

both cannot be used 

in same input file. 

Either of them 

should be used 

consistently.

Warnings to remember while preparing the “input” model file





User input based on minimal knowledge:

“Conjugate” fields are prepared internally and  

Returns the “complete” the set:
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Invariant operators having mass dimension 4 :

SU(3)⌦ SU(2)⌦ U(1)

<latexit sha1_base64="VUqBTINs0QP7tiv/yp0HfC2MMMc=">AAACB3icbVDLSgMxFM3UV62vUZeCBIvQbspMLai7ohuXFZ1WaIeSSTNtaCYZkoxQhu7c+CtuXCji1l9w59+YtoNo64HAuefcy809Qcyo0o7zZeWWlldW1/LrhY3Nre0de3evqUQiMfGwYELeBUgRRjnxNNWM3MWSoChgpBUMLyd+655IRQW/1aOY+BHqcxpSjLSRuvbhjVc6KXeEphFR0BTVn8IrueWuXXQqzhRwkbgZKYIMja792ekJnESEa8yQUm3XibWfIqkpZmRc6CSKxAgPUZ+0DeXIbPLT6R1jeGyUHgyFNI9rOFV/T6QoUmoUBaYzQnqg5r2J+J/XTnR45qeUx4kmHM8WhQmDWsBJKLBHJcGajQxBWFLzV4gHSCKsTXQFE4I7f/IiaVYrbq1yfl0r1i+yOPLgAByBEnDBKaiDK9AAHsDgATyBF/BqPVrP1pv1PmvNWdnMPvgD6+MbeoyXKw==</latexit>

Haar measures of gauge groups: 

Characters of SM fields and their conjugates:

35



“Operators” are multiplied by suitable  

couplings to form the “Lagrangian”

Searching for “specific” operators:

Counting total number of operators:

36





Focussing on the utility of “GrIP”

1. For a complicated framework, manual computation of group invariant operators                           
can be tedious and error prone. Having an automatised tool would be relaxing :) 

                         It can take care of over- and(or) under-estimation of invariants very easily.

2. Based on the current situation of particle physics, it’s time to look for a “method”  
which can smell the “unusual” things even without knowing the exact “source” of it. 

             Effective Field Theory !
It’s a tool to reveal the hidden things without unfolding it   

High Energy Theory

Low Energy 
Theory



Integrating Out heavy degrees of freedom
(and / or)

Symmetry Breaking

Renormalizable Lagrangians of UV Theories

Complete set of 
Effective Operators

s ub s e t s  o f  op e r a t o r s

Renornmalizable 
Lagrangian of IR 

Theories

GrIP

“CoDEx”

https://effexteam.github.io/CoDEx/

CoDEx: Wilson coefficient calculator connecting SMEFT to UV theory
  Supratim Das Bakshi, Joydeep Chakrabortty, Sunando Kumar Patra

• Eur.Phys.J.C 79 (2019) 1, 21 • e-Print: 1808.04403 [hep-ph]

Available at 

With “CoDEx” and “GrIP” in arsenal one can 

 use effective field theory to connect UV and IR  

 theories very easily and of course automatically.

39

https://arxiv.org/search/hep-ph?searchtype=author&query=Bakshi%2C+S+D
https://arxiv.org/search/hep-ph?searchtype=author&query=Chakrabortty%2C+J
https://arxiv.org/search/hep-ph?searchtype=author&query=Patra%2C+S+K
https://arxiv.org/abs/1808.04403


Paving the path to BSM-EFT

SM extended by other IR DOFs

40



BSM-EFT: examples

Right handed fermion singlet (N )

<latexit sha1_base64="0lVdTTumn1T9pgHGQ+U324xI/N0=">AAAB9HicbVDLSsNAFL2pr1pfVZduBotQNyWRgrorunElFewD2lAm00k7dDKJM5NCCf0ONy4UcevHuPNvnKRZaOuBgcM593LPHC/iTGnb/rYKa+sbm1vF7dLO7t7+QfnwqK3CWBLaIiEPZdfDinImaEszzWk3khQHHqcdb3Kb+p0plYqF4lHPIuoGeCSYzwjWRnKr/QDrMcE8uZ+fD8oVu2ZnQKvEyUkFcjQH5a/+MCRxQIUmHCvVc+xIuwmWmhFO56V+rGiEyQSPaM9QgQOq3CQLPUdnRhkiP5TmCY0y9fdGggOlZoFnJtOMatlLxf+8Xqz9KzdhIoo1FWRxyI850iFKG0BDJinRfGYIJpKZrIiMscREm55KpgRn+curpH1Rc+q164d6pXGT11GEEziFKjhwCQ24gya0gMATPMMrvFlT68V6tz4WowUr3zmGP7A+fwBTEJHV</latexit>

A couple of vector-like fermions (�E ,�N )

<latexit sha1_base64="cdtsgNQRaoan9IjKHCE3xjaV8/s=">AAAB/HicbZDLSsNAFIZP6q3WW7RLN8EiVJCSSEHdFUVwJRXsBdoQJtNpO3QyCTMTIYT4Km5cKOLWB3Hn2zhts9DWHwY+/nMO58zvR4xKZdvfRmFldW19o7hZ2tre2d0z9w/aMowFJi0cslB0fSQJo5y0FFWMdCNBUOAz0vEn19N655EISUP+oJKIuAEacTqkGClteWa52sdj6qU32ekc7rITz6zYNXsmaxmcHCqQq+mZX/1BiOOAcIUZkrLn2JFyUyQUxYxkpX4sSYTwBI1ITyNHAZFuOjs+s461M7CGodCPK2vm/p5IUSBlEvi6M0BqLBdrU/O/Wi9Wwws3pTyKFeF4vmgYM0uF1jQJa0AFwYolGhAWVN9q4TESCCudV0mH4Cx+eRnaZzWnXru8r1caV3kcRTiEI6iCA+fQgFtoQgswJPAMr/BmPBkvxrvxMW8tGPlMGf7I+PwB6+WUUw==</latexit>

A scalar (�)

<latexit sha1_base64="8da1xW1+oRtrN/1bXu8hWvILnPA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHFewHtEvJptk2NpssSVYoS/+DFw+KePX/ePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbRMFaFNIrlUnRBrypmgTcMMp51EURyHnLbD8e3Mbz9RpZkUD2aS0CDGQ8EiRrCxUqva80fsvF+uuDV3DrRKvJxUIIffL3/1BpKkMRWGcKx113MTE2RYGUY4nZZ6qaYJJmM8pF1LBY6pDrL5tVN0ZpUBiqSyJQyaq78nMhxrPYlD2xljM9LL3kz8z+umJroKMiaS1FBBFouilCMj0ex1NGCKEsMnlmCimL0VkRFWmBgbUMmG4C2/vEpaFzWvXru+r1caN3kcRTiBU6iCB5fQgDvwoQkEHuEZXuHNkc6L8+58LFoLTj5zDH/gfP4ArYeOkA==</latexit>

41



List of example models encoded in “GrIP” 

SM and extended by :

•Singly Charged Scalar; 
•Doubly Charged Scalar;
•Complex Triplet Scalar; 
•SU(2) Quadruplet Scalar; 
•SU(2) Quintuplet Scalar; 
•Left-Handed Triplet Fermion; 
•Right-Handed Singlet Fermion; 
•Scalar Lepto-Quarks; 
•SU(2) Doublet Scalar (with different hypercharge); 
•Real Triplet Scalar; 
•Color Triplet Scalars and Sterile Neutrino; 
•SU(2) Triplet and Quadruplet Fermions.

•MSSM; 
•NMSSM;
•Supersymmetric Pati-Salam; 
•Minimal Supersymmetric Left-Right models. 

MSSM and extended by :

UV models:
•Two Higgs doublet; 
•Minimal Left-Right Symmetric; 
•Pati-Salam;
•SU(5) Grand Unified models. 

Models below electro-weak scale.                  

                                        and extended by additional : SU(3)C ⌦ U(1)em

<latexit sha1_base64="nLR6N7emTrVI3tqPBwiCgVi4Q50=">AAACAXicbVBNSwMxEM3Wr1q/Vr0IXoJFaC9lVwvqrdiLx4puW2iXJZumbWiyWZKsUJZ68a948aCIV/+FN/+NabsHbX0w8Hhvhpl5Ycyo0o7zbeVWVtfWN/Kbha3tnd09e/+gqUQiMfGwYEK2Q6QIoxHxNNWMtGNJEA8ZaYWj+tRvPRCpqIju9TgmPkeDiPYpRtpIgX1055XOy0G9KzTlREGv5JaDlPBJYBedijMDXCZuRoogQyOwv7o9gRNOIo0ZUqrjOrH2UyQ1xYxMCt1EkRjhERqQjqERMuv8dPbBBJ4apQf7QpqKNJypvydSxJUa89B0cqSHatGbiv95nUT3L/2URnGiSYTni/oJg1rAaRywRyXBmo0NQVhScyvEQyQR1ia0ggnBXXx5mTTPKm61cnVbLdauszjy4BicgBJwwQWogRvQAB7A4BE8g1fwZj1ZL9a79TFvzVnZzCH4A+vzBz1glYI=</latexit>

•Scalar Dark Matter; 
•Vector-like Fermion Dark Matter. 



Part C: Impact of the effective operators 
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Scalar field redefinition Gauge field redefinition

Impact of the effective operators 
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Effective operators and their impact on observables

45



Weinberg’s angle Fermi constant and rho-parameter S, T, U parameters

Tree - unitarity

Rare processes : LNV and CLFV



Examples: production and decay of charged scalars

 production @ LHC 

 decay modes

How does the collider phenomenology get affected ?

47



What else…

1. Scattering amplitudes and invariant structures. 

2. Implementation of space-time symmetry beyond 3+1. 

3. Application in GR-EFT. 

4. Methods for invariant polynomial computation apart from HS.

1. Covariant formulation of BSM-EFT. 

2. EWPO and Low energy observables in the light of effective 
operators. 

3. Readdressing the exclusion limits of BSM parter space in presence 
of effective operators. 

4. Addressing “semi-inverse” problem using “CoDEx” and “GrIP”.

Formalism

Phenomenology


