
Some Geometric Stuff.

Michael Trott, NBI

Key collaborators on these developments:

A. Helset T. Corbett A. Martin C. Hays
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Consequences of the Higgs field becoming a number

Michael Trott, NBI

Image credit: Hitoshi’s Higgs2020 talk

D  4
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Gives masses, mass eigenstate fields, useful combinations of fields and couplings

The Higgs field takes on a vev, recall what happens:
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Consequences of the Higgs field becoming a number

Michael Trott, NBI

The Higgs field takes on a vev, recall what happens:

4-point
W⌫

B = UBCAC,⌫
<latexit sha1_base64="74EgtAnLHeTnI55gGYT9OrG6b+A=">AAACG3icbZDLSsNAFIYnXmu9RV26GSyCCylJFRRBqO3GZQV7gSaGyXTaDp1MwsxEKCHv4cZXceNCEVeCC9/GSRtEWw8M/PzfOcw5vx8xKpVlfRkLi0vLK6uFteL6xubWtrmz25JhLDBp4pCFouMjSRjlpKmoYqQTCYICn5G2P6pnvH1PhKQhv1XjiLgBGnDapxgpbXlmxQmQGmLEknZ6lzg8Tr0avIRNL6nVU/gDrzSsH8OMQ88sWWVrUnBe2Lkogbwanvnh9EIcB4QrzJCUXduKlJsgoShmJC06sSQRwiM0IF0tOQqIdJPJbSk81E4P9kOhH1dw4v6eSFAg5TjwdWe2rJxlmfkf68aqf+4mlEexIhxPP+rHDKoQZkHBHhUEKzbWAmFB9a4QD5FAWOk4izoEe/bkedGqlO2TcuXmtFS9yOMogH1wAI6ADc5AFVyDBmgCDB7AE3gBr8aj8Wy8Ge/T1gUjn9kDf8r4/AY2J6DX</latexit>

2-point (mass)WB = {W1,W2,W3, B}
AC = {W+,W�, Z,A}

<latexit sha1_base64="XWDocLWDVQwBoHXRNZTHme9LjjM="></latexit>

3-point 2-point (mass)
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What is the Geometric SMEFT?

Michael Trott, NBI

D  4
<latexit sha1_base64="oiOw7H3hhhB6KW1bxPDgWucS7G4=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0Y0GNQDx4jmAckS5id9CZDZmc3M7NCCPkJLx4U8ervePNvnCR70MSChqKqm+6uIBFcG9f9dtbWNza3tnM7+d29/YPDwtFxQ8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbD25nffEKleSwfzThBP6J9yUPOqLFS6450BI5IpVsouiV3DrJKvIwUIUOtW/jq9GKWRigNE1Trtucmxp9QZTgTOM13Uo0JZUPax7alkkao/cn83ik5t0qPhLGyJQ2Zq78nJjTSehwFtjOiZqCXvZn4n9dOTXjtT7hMUoOSLRaFqSAmJrPnSY8rZEaMLaFMcXsrYQOqKDM2orwNwVt+eZU0yiXvslR+qBSrN1kcOTiFM7gAD66gCvdQgzowEPAMr/DmjJwX5935WLSuOdnMCfyB8/kDxuqPJA==</latexit>

Gives masses, mass eigenstate fields.

D > 4
<latexit sha1_base64="evV6McnWrlLgznxSN8WqY8V5Z8c=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqezWgp6kqAePFdy20C4lm2bb0Gx2SbJCWfobvHhQxKs/yJv/xrTdg7Y+GHi8N8PMvCARXBvH+UaFtfWNza3idmlnd2//oHx41NJxqijzaCxi1QmIZoJL5hluBOskipEoEKwdjG9nfvuJKc1j+WgmCfMjMpQ85JQYK3l3+BrX++WKU3XmwKvEzUkFcjT75a/eIKZpxKShgmjddZ3E+BlRhlPBpqVeqllC6JgMWddSSSKm/Wx+7BSfWWWAw1jZkgbP1d8TGYm0nkSB7YyIGellbyb+53VTE175GZdJapiki0VhKrCJ8exzPOCKUSMmlhCquL0V0xFRhBqbT8mG4C6/vEpatap7Ua091CuNmzyOIpzAKZyDC5fQgHtoggcUODzDK7whiV7QO/pYtBZQPnMMf4A+fwA8RY2m</latexit>

 Powers of         
and symmetry generators

H
†
H

⇤2
<latexit sha1_base64="h9x9LwF6Q+Sonsgs5zUCRAgbjYo=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclaQKuiy46cJFBfuAJi2TyU07dPJgZiKUkJUbf8WNC0Xc+g3u/BunbRbaemDgcM493LnHSziTyrK+jZXVtfWNzdJWeXtnd2/fPDhsyzgVFFo05rHoekQCZxG0FFMcuokAEnocOt74Zup3HkBIFkf3apKAG5JhxAJGidLSwDxxAkFo1ug7PhkOQeBGnjm3Ou+Tfi0fmBWras2Al4ldkAoq0ByYX44f0zSESFFOpOzZVqLcjAjFKIe87KQSEkLHZAg9TSMSgnSz2Rk5PtOKj4NY6BcpPFN/JzISSjkJPT0ZEjWSi95U/M/rpSq4djMWJamCiM4XBSnHKsbTTrDPBFDFJ5oQKpj+K6YjontRurmyLsFePHmZtGtV+6Jau7us1K2ijhI6RqfoHNnoCtVRAzVRC1H0iJ7RK3oznowX4934mI+uGEXmCP2B8fkD1maYqA==</latexit>

Gives geometries that define the mass 
eigenstate fields and interactions in the EFT

…
…
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Curved SMEFT spaces: scalar fields

M.Trott, HEFT 2015 - Chicago,USA. 11Nordic Winter School on Particle Physics and CosmologyMichael Trott, NBI, Sept 9-13 Maria Laach 814Michael Trott, NBI, Sept 30 - Oct 4 Oxford

Curved SMEFT field space manifest in background field formulation  

Where

here C̃i =
hH†

Hi
⇤2

Ci
<latexit sha1_base64="GbzFWKt74y+H/S1u67cv/DPOcEQ="></latexit>

Metric on Higgs field space, SM a FLAT field space

(sqrt) Metric in SMEFT, a curved field space1002.2730 Burgess, Lee, Trott
1511.00724 Alonso, Jenkins, Manohar
1605.03602 Alonso, Jenkins, Manohar

In general terms: G. A. Vilkovisky, Nucl. Phys. B234 (1984) 125.

RI
JKL 6= 0

<latexit sha1_base64="L37auyvKk6j37wmCZWIHnwCSpzU=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFclaQKiquCG1+LKvYBbQyT6aQdOpnEmUmhhP6JGxeKuPVP3Pk3Th8LbT1w4XDOvdx7T5BwprTjfFsLi0vLK6u5tfz6xubWtr2zW1NxKgmtkpjHshFgRTkTtKqZ5rSRSIqjgNN60LsY+fU+lYrF4kEPEupFuCNYyAjWRvJt+/7xys+ub26HqCXoE3J8u+AUnTHQPHGnpABTVHz7q9WOSRpRoQnHSjVdJ9FehqVmhNNhvpUqmmDSwx3aNFTgiCovG18+RIdGaaMwlqaERmP190SGI6UGUWA6I6y7atYbif95zVSHZ17GRJJqKshkUZhypGM0igG1maRE84EhmEhmbkWkiyUm2oSVNyG4sy/Pk1qp6B4XS3cnhfL5NI4c7MMBHIELp1CGS6hAFQj04Rle4c3KrBfr3fqYtC5Y05k9+APr8wfxhpKI</latexit>

Michael Trott, NBI

Small perturbations so positive semi-definite 
Matrix and unique square root
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Curved SMEFT space: gauge fields

M.Trott, HEFT 2015 - Chicago,USA. 11Nordic Winter School on Particle Physics and CosmologyMichael Trott, NBI, Sept 9-13 Maria Laach 81Michael Trott, NBI, Sept 30 - Oct 4 Oxford

Similarly in the gauge coupling space a curved field space

Where

here C̃i =
hH†

Hi
⇤2

Ci
<latexit sha1_base64="GbzFWKt74y+H/S1u67cv/DPOcEQ="></latexit>

Metric on gauge field space, SM a FLAT field space

(sqrt) Metric in SMEFT, a curved field space

WA =
�
W 1,W 2,W 3, B

�
<latexit sha1_base64="fnhpYn5HmDgWG+XrqilhpHfsooY=">AAACFHicbVC7SgNBFJ2NrxhfUUubwSBEDGE3CWgjRG0sI5hsIJuE2clsMmT2wcxdISz5CBt/xcZCEVsLO//GyaPQxAMXDufcy8w5biS4AtP8NlIrq2vrG+nNzNb2zu5edv+gocJYUlanoQhl0yWKCR6wOnAQrBlJRnxXMNsd3kx8+4FJxcPgHkYRa/ukH3CPUwJa6mbPHJ/AgBKR2OPOFb7EjmAe5O2OVbA7JT3lwjV2JO8P4LSbzZlFcwq8TKw5yaE5at3sl9MLaeyzAKggSrUsM4J2QiRwKtg448SKRYQOSZ+1NA2Iz1Q7mYYa4xOt9LAXSj0B4Kn6+yIhvlIj39Wbkwhq0ZuI/3mtGLyLdsKDKAYW0NlDXiwwhHjSEO5xySiIkSaESq7/iumASEJB95jRJViLkZdJo1S0ysXSXSVXrczrSKMjdIzyyELnqIpuUQ3VEUWP6Bm9ojfjyXgx3o2P2WrKmN8coj8wPn8AQeOcXQ==</latexit>

1803.08001 Helset, Paraskevas,Trott
1909.08470 Corbett, Helset, Trott

5Michael Trott, NBI
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All orders SM Lagrangian parameters

M.Trott, HEFT 2015 - Chicago,USA. 11Nordic Winter School on Particle Physics and CosmologyMichael Trott, NBI, Sept 9-13 Maria Laach 816Michael Trott, NBI, Sept 30 - Oct 4 Oxford

Low n-point interactions of fields are parameterised in terms of  
couplings,

Masses

Mixing angles:

Michael Trott, NBI

(Interesting way to think of the Weinberg angle)

2001.01453 Helset, Martin, Trott
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All orders expressions are known now

M.Trott, HEFT 2015 - Chicago,USA. 11Nordic Winter School on Particle Physics and CosmologyMichael Trott, NBI, Sept 9-13 Maria Laach 817Michael Trott, NBI, Sept 30 - Oct 4 OxfordMichael Trott, NBI

All orders scalar metric -leading to gauge boson masses in SMEFT

All orders gauge metric - gives mass eigenstate couplings in SMEFT

Number of operator forms saturate in geosmeft.   
This is due to reducing possible generator insertions on the Higgs manifold
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SM weak-mass eigenstate relations

M.Trott, HEFT 2015 - Chicago,USA. 11Nordic Winter School on Particle Physics and CosmologyMichael Trott, NBI, Sept 9-13 Maria Laach 818Michael Trott, NBI, Sept 30 - Oct 4 Oxford

Mass eigenstateWeak eigenstates

Rotations
Flat field space’s.  
Due to

What else could you write?

Michael Trott, NBI

�AB
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�JK
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D  4
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SMEFT weak-mass eigenstate relations

M.Trott, HEFT 2015 - Chicago,USA. 11Nordic Winter School on Particle Physics and CosmologyMichael Trott, NBI, Sept 9-13 Maria Laach 819Michael Trott, NBI, Sept 30 - Oct 4 Oxford

Mass eigenstateWeak eigenstates

Rotations
SMEFT field space metrics  
(Now known to all orders)

1909.08470 Corbett, Helset, Trott

Generator transform

What else could you write? Nothing that generalises to all orders.

Michael Trott, NBI

(True in any operator basis.)
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Dim 6 SMEFT EW  Lagrangian terms

M.Trott, HEFT 2015 - Chicago,USA. 11Nordic Winter School on Particle Physics and CosmologyMichael Trott, NBI, Sept 9-13 Maria Laach 8110Michael Trott, NBI, Sept 30 - Oct 4 Oxford

EW sector parameters redefined in the SMEFT (already in SMEFTsim) 

Mass redefinitions Mixing angle redefinitions 

Interactions to remaining SM fields via: 

1312.2014 Alonso, Jenkins, Manohar, Trott

Michael Trott, NBI



LO Automation of this approach

118

Breaks the RI! RI not broken

arXiv:1303.3876].

M.Trott, Durham, 6th September 2017

Need to keep all operators and carefully compute S matrix elements avoiding 
uncontrolled approximations (and human error)

https://arxiv.org/abs/1709.06492
https://arxiv.org/abs/2012.11343

Nordic Winter School on Particle Physics and CosmologyMichael Trott, NBI,  Feb 18

Automation of LO (geo)SMEFT already in the SMEFTsim package 

Michael Trott, NBI 10a

https://arxiv.org/abs/1709.06492
https://arxiv.org/abs/2012.11343
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Generalisation for composite ops

M.Trott, HEFT 2015 - Chicago,USA. 11Nordic Winter School on Particle Physics and CosmologyMichael Trott, NBI, Sept 9-13 Maria Laach 81Michael Trott, NBI, Sept 30 - Oct 4 Oxford 11

v/M < 1

Composite operator form 
With minimal scalar field  
coordinate dependence

Dµ�
<latexit sha1_base64="+Vv6vi8OYVnN/8qWJpenXWb3ejk=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtguKpoAePFewHdteSTbNtaJJdkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzL0w408Z1v53Cyura+kZxs7S1vbO7V94/aOk4VYQ2Scxj1QmxppxJ2jTMcNpJFMUi5LQdjq6nfvuJKs1ieW/GCQ0EHkgWMYKNlR5uHn2RIj8Zsl654lbdGdAy8XJSgRyNXvnL78ckFVQawrHWXc9NTJBhZRjhdFLyU00TTEZ4QLuWSiyoDrLZxRN0YpU+imJlSxo0U39PZFhoPRah7RTYDPWiNxX/87qpiS6DjMkkNVSS+aIo5cjEaPo+6jNFieFjSzBRzN6KyBArTIwNqWRD8BZfXiatWtU7q9buziv1qzyOIhzBMZyCBxdQh1toQBMISHiGV3hztPPivDsf89aCk88cwh84nz8Fc5B3</latexit>

Scalar field coordinate dependence  
And insertions of symmetry generators

Derivative expansion Vev expansion

Mixes expansions, but grouped with derivative forms.

Michael Trott, NBI
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Generalisation for composite ops

M.Trott, HEFT 2015 - Chicago,USA. 11Nordic Winter School on Particle Physics and CosmologyMichael Trott, NBI, Sept 9-13 Maria Laach 81Michael Trott, NBI, Sept 30 - Oct 4 Oxford 12

Such connections can be defined from the Lagrangian expansion constructively

non-trivial Lorentz-index-carrying Lagrangian  
terms and spin connections

Limited number of such connections for up to three point functions

With fermions

Gluon fields

Michael Trott, NBI
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Generalisation for composite ops

M.Trott, HEFT 2015 - Chicago,USA. 11Nordic Winter School on Particle Physics and CosmologyMichael Trott, NBI, Sept 9-13 Maria Laach 81Michael Trott, NBI, Sept 30 - Oct 4 Oxford 13

Such connections can be defined from the Lagrangian expansion constructively

non-trivial Lorentz-index-carrying Lagrangian  
terms and spin connections

Limited number of such connections for up to three point functions

This is a non trivial fact proven in 2001.01453 Helset, Martin, Trott

Michael Trott, NBI

Same  reasoning built into, and led to the “Warsaw basis”. 
Also why we were able to renormalise the Warsaw basis completely in 2013. 

EFT Industry standard in flavour physics, chiral pert theory etc. 

There is a  theory choice here - its REMOVE DERIVATIVE OPS, USE EOM.
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An instant pay off of this approach

M.Trott, HEFT 2015 - Chicago,USA. 11Nordic Winter School on Particle Physics and CosmologyMichael Trott, NBI, Sept 9-13 Maria Laach 81Michael Trott, NBI, Sept 30 - Oct 4 Oxford 14

Growth in operator forms in connections 
Always saturate to fixed number, this is just the 
simplest organization exploiting this

2001.01453 Helset, Martin, Trott 

Michael Trott, NBI

Once we have things to dim eight 
it is sufficient in many observables

Mases
Couplings and mixing angles
TGC, Higgs to ZZ,WW
QGC,TGC + Higgs

Yukawas

Dipoles

W,Z couplings to fermions +higgs 

Basis choice changes entries in these geometric structures, but geometric organization exist 
in any basis. The trend of saturation of effects at dimension eight is a general feature.
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Whats under control? 

M.Trott, HEFT 2015 - Chicago,USA. 11Nordic Winter School on Particle Physics and CosmologyMichael Trott, NBI, Sept 9-13 Maria Laach 81Michael Trott, NBI, Sept 30 - Oct 4 Oxford 15Michael Trott, NBI

General growth in operator forms from  Hilbert series
https://arxiv.org/pdf/1512.03433.pdf

https://arxiv.org/abs/1706.08520

https://arxiv.org/abs/1503.07537

https://arxiv.org/abs/1510.00372

Pole parameters O(10’s)

Tails are exponential

https://arxiv.org/pdf/1512.03433.pdf
https://arxiv.org/abs/1706.08520
https://arxiv.org/abs/1503.07537
https://arxiv.org/abs/1510.00372
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GeoSMEFT All orders result ex.

M.Trott, HEFT 2015 - Chicago,USA. 11Nordic Winter School on Particle Physics and CosmologyMichael Trott, NBI, Sept 9-13 Maria Laach 8116Michael Trott, NBI, Sept 30 - Oct 4 Oxford

What does this allow one to do?

Consider a             coupling to a fermion bilinear.

The all orders coupling in the SMEFT is a sum of  
two field space connections.

W±, Z
<latexit sha1_base64="/Ex5I7IUClPU7WWf9mkJ7GJ/2Pc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBg5TdVlA8Fbx4rGA/sF1LNs22oUl2TbJCWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyK6tr6xv5zcLW9s7uXnH/oKmjRBHaIBGPVDvAmnImacMww2k7VhSLgNNWMLqe+q0nqjSL5J0Zx9QXeCBZyAg2Vmq3HrqxOEP3vWLJLbszoGXiZaQEGeq94le3H5FEUGkIx1p3PDc2foqVYYTTSaGbaBpjMsID2rFUYkG1n87unaATq/RRGClb0qCZ+nsixULrsQhsp8BmqBe9qfif10lMeOmnTMaJoZLMF4UJRyZC0+dRnylKDB9bgoli9lZEhlhhYmxEBRuCt/jyMmlWyl61XLk9L9WusjjycATHcAoeXEANbqAODSDA4Rle4c15dF6cd+dj3ppzsplD+APn8wckII9a</latexit>

:with a consistent change weak to  
mass eigenstates in SMEFT

Added to this is the scalar, fermion connection
(with a  background field expectation)

Michael Trott, NBI

2001.01453 Helset, Martin, Trott

…

…
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What does this allow one to do?

Consider a             coupling to a fermion bilinear.W±, Z
<latexit sha1_base64="/Ex5I7IUClPU7WWf9mkJ7GJ/2Pc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBg5TdVlA8Fbx4rGA/sF1LNs22oUl2TbJCWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyK6tr6xv5zcLW9s7uXnH/oKmjRBHaIBGPVDvAmnImacMww2k7VhSLgNNWMLqe+q0nqjSL5J0Zx9QXeCBZyAg2Vmq3HrqxOEP3vWLJLbszoGXiZaQEGeq94le3H5FEUGkIx1p3PDc2foqVYYTTSaGbaBpjMsID2rFUYkG1n87unaATq/RRGClb0qCZ+nsixULrsQhsp8BmqBe9qfif10lMeOmnTMaJoZLMF4UJRyZC0+dRnylKDB9bgoli9lZEhlhhYmxEBRuCt/jyMmlWyl61XLk9L9WusjjycATHcAoeXEANbqAODSDA4Rle4c15dF6cd+dj3ppzsplD+APn8wckII9a</latexit>

Compact all            orders answer!v̄T /⇤
<latexit sha1_base64="EnI1bOAcsmNwiTocE5B8LukpXhQ=">AAAB+nicbVDLSsNAFJ3UV62vVJdugkVwVZMqKK4Kbly4qNAXNCHcTKbt0MkkzEwqJfZT3LhQxK1f4s6/cdpmoa0HBg7n3MO9c4KEUals+9sorK1vbG4Vt0s7u3v7B2b5sC3jVGDSwjGLRTcASRjlpKWoYqSbCAJRwEgnGN3O/M6YCElj3lSThHgRDDjtUwxKS75ZdgMQ2XjqN8/dex0LwTcrdtWew1olTk4qKEfDN7/cMMZpRLjCDKTsOXaivAyEopiRaclNJUkAj2BAeppyiIj0svnpU+tUK6HVj4V+XFlz9Xcig0jKSRToyQjUUC57M/E/r5eq/rWXUZ6kinC8WNRPmaVia9aDFVJBsGITTQALqm+18BAEYKXbKukSnOUvr5J2repcVGsPl5X6TV5HER2jE3SGHHSF6ugONVALYfSIntErejOejBfj3fhYjBaMPHOE/sD4/AEDQpPP</latexit>

Michael Trott, NBI

2001.01453 Helset, Martin, Trott

…

…

GeoSMEFT All orders result ex.
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What does this allow one to do?

Consider a             coupling to a fermion bilinear.W±, Z
<latexit sha1_base64="/Ex5I7IUClPU7WWf9mkJ7GJ/2Pc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBg5TdVlA8Fbx4rGA/sF1LNs22oUl2TbJCWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyK6tr6xv5zcLW9s7uXnH/oKmjRBHaIBGPVDvAmnImacMww2k7VhSLgNNWMLqe+q0nqjSL5J0Zx9QXeCBZyAg2Vmq3HrqxOEP3vWLJLbszoGXiZaQEGeq94le3H5FEUGkIx1p3PDc2foqVYYTTSaGbaBpjMsID2rFUYkG1n87unaATq/RRGClb0qCZ+nsixULrsQhsp8BmqBe9qfif10lMeOmnTMaJoZLMF4UJRyZC0+dRnylKDB9bgoli9lZEhlhhYmxEBRuCt/jyMmlWyl61XLk9L9WusjjycATHcAoeXEANbqAODSDA4Rle4c15dF6cd+dj3ppzsplD+APn8wckII9a</latexit>

The coupling of the canonically normalised mass eigenstate fields is then

Michael Trott, NBI

2001.01453 Helset, Martin, Trott

…

…

GeoSMEFT All orders result ex.
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Can build up observable quantities, such as a decay width.

Consider a             coupling to a fermion bilinear.W±, Z
<latexit sha1_base64="/Ex5I7IUClPU7WWf9mkJ7GJ/2Pc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBg5TdVlA8Fbx4rGA/sF1LNs22oUl2TbJCWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyK6tr6xv5zcLW9s7uXnH/oKmjRBHaIBGPVDvAmnImacMww2k7VhSLgNNWMLqe+q0nqjSL5J0Zx9QXeCBZyAg2Vmq3HrqxOEP3vWLJLbszoGXiZaQEGeq94le3H5FEUGkIx1p3PDc2foqVYYTTSaGbaBpjMsID2rFUYkG1n87unaATq/RRGClb0qCZ+nsixULrsQhsp8BmqBe9qfif10lMeOmnTMaJoZLMF4UJRyZC0+dRnylKDB9bgoli9lZEhlhhYmxEBRuCt/jyMmlWyl61XLk9L9WusjjycATHcAoeXEANbqAODSDA4Rle4c15dF6cd+dj3ppzsplD+APn8wckII9a</latexit>

Two body decay widths:

Michael Trott, NBI

…

…

GeoSMEFT All orders result ex.

Can do LEP to dim 8 in about 3 weeks of work if you learn this stuff.



What convinced me..Pause.



What convinced me..Current geosmeft limitations
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Can build up observable quantities, such as a decay width.

Consider a             coupling to a fermion bilinear.W±, Z
<latexit sha1_base64="/Ex5I7IUClPU7WWf9mkJ7GJ/2Pc=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBg5TdVlA8Fbx4rGA/sF1LNs22oUl2TbJCWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyK6tr6xv5zcLW9s7uXnH/oKmjRBHaIBGPVDvAmnImacMww2k7VhSLgNNWMLqe+q0nqjSL5J0Zx9QXeCBZyAg2Vmq3HrqxOEP3vWLJLbszoGXiZaQEGeq94le3H5FEUGkIx1p3PDc2foqVYYTTSaGbaBpjMsID2rFUYkG1n87unaATq/RRGClb0qCZ+nsixULrsQhsp8BmqBe9qfif10lMeOmnTMaJoZLMF4UJRyZC0+dRnylKDB9bgoli9lZEhlhhYmxEBRuCt/jyMmlWyl61XLk9L9WusjjycATHcAoeXEANbqAODSDA4Rle4c15dF6cd+dj3ppzsplD+APn8wckII9a</latexit>

Not all physics is derivable from two and three point functions

Michael Trott, NBI
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GeoSMEFT Pushing to higher n points

M.Trott, HEFT 2015 - Chicago,USA. 11Nordic Winter School on Particle Physics and CosmologyMichael Trott, NBI, Sept 9-13 Maria Laach 81B2Michael Trott, NBI, Sept 30 - Oct 4 Oxford

How to incorporate such higher n-point effects is the key challenge.

Michael Trott, NBI

Pert corrections advancing fast- higher n points also moving.
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Note these integration by parts steps were used

These steps were critical to reducing the number of connections for two 
and three point functions. This just fails for four points and higher.

One knows that there are an infinite set of higher derivative terms lurking 
In higher n points, dependent on 

Michael Trott, NBI

This is a problem for measurements away from SM resonances.

GeoSMEFT Pushing to higher n points



What convinced me..Generators for SMEFT vs SM
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Generators on scalar SMEFT space
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To think in a unified gauge space  
manifold  need generators 
(reformulate SM generators)

Some interesting math here, we also define

(this last one also “i”)

Michael Trott, NBI

1803.08001 Helset, Paraskevas,Trott
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Field space connections to all orders
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Field space connection for W,Z coupling to fermion pairs
2001.01453 Helset, Martin, Trott

Not that many op forms. Closed form field space connection.

Notice the clean form due to generator structure and real fields.

Michael Trott, NBI
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Field space connections to all orders
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2001.01453 Helset, Martin, Trott

Off shell operators contributing to three points

This connection saturates last in op dimension. This is due to EOM 
reduction. No entries at dim 6 in Warsaw basis.

Michael Trott, NBI



What convinced me..Input parameter/scheme dependence



Strong input scheme dependence in SMEFT

118M.Trott, Durham, 6th September 2017 30Nordic Winter School on Particle Physics and CosmologyMichael Trott, NBI, Sept 9-13 Maria Laach 104

Scheme Scheme

Michael Trott, NBI, Sept 30 - Oct 4 Oxford

At leading order (tree level) already strong input parameter  dependence, 
different than case in SM!

Michael Trott, NBI,  Feb 18Michael Trott, NBI B14



Strong input scheme dependence in SMEFT

118M.Trott, Durham, 6th September 2017 30Nordic Winter School on Particle Physics and CosmologyMichael Trott, NBI, Sept 9-13 Maria Laach 104

Scheme Scheme

29Michael Trott, NBI, Sept 30 - Oct 4 Oxford

Completely expected from decoupling theorem. UV physics preserving SM 
symmetries being absorbed into measured low scale parameters now.

Michael Trott, NBI,  Feb 18 118M.Trott, Durham, 6th September 2017 30Nordic Winter School on Particle Physics and CosmologyMichael Trott, NBI, Sept 9-13 Maria Laach 104Michael Trott, NBI, Sept 30 - Oct 4 OxfordMichael Trott, NBI,  Feb 18Michael Trott, NBI B15



Need input parameters defined at all orders

118M.Trott, Durham, 6th September 2017 30Nordic Winter School on Particle Physics and CosmologyMichael Trott, NBI, Sept 9-13 Maria Laach 104

Scheme

29Michael Trott, NBI, Sept 30 - Oct 4 OxfordMichael Trott, NBI,  Feb 18

Hays, Helset,  Martin Trott: 2007.00565
Sorted in

Input parameter dependence 
Increased order by order 
due to Lagrangian parameters 
being redefined geometrically

118M.Trott, Durham, 6th September 2017 30Nordic Winter School on Particle Physics and CosmologyMichael Trott, NBI, Sept 9-13 Maria Laach 104Michael Trott, NBI, Sept 30 - Oct 4 OxfordMichael Trott, NBI,  Feb 18Michael Trott, NBI B16


