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Confession: I really hate to code.

So               ?



What convinced me..   Was hard. We also need one loop      and 

Michael Trott, NBI 1
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Maybe not. Can the SMEFT for precise experiment be practically simpler?

Physical results are field redefinition invariant. Operator bases are the result of 
using field redefinitions to fix variables for calculations. Any non redundant 
operator basis is not field redefinition invariant. And this is a pain in the…

Your development of tools in a fixed operator basis is guaranteed to have many 
technical hurdles. So, let us minimise them.

Main message: If you start to think field space geometrically, and 
make sure your tools are consistent with conventions of the 
geoSMEFT, long term you (and everyone using your tools) will benefit.

Is pure automation the only way forward? It has been claimed a few times.



What convinced me..GeoSMEFT basics.



What convinced me..Field coord. invariance leads to field space geometry

Michael Trott, NBI

geoSMEFT

Field coordinate choice invariance

in amplitudes

Space-time coordinate general covariance


Mathematical quantities: metrics, 

Curvature, tensors of INTERACTION

TERMS (field spaces)

Mathematical quantities: metrics, 

Curvature, tensors for SPACE TIME

Rµ⌫ � R

2
gµ⌫ + ⇤ gµ⌫ = Tµ⌫

<latexit sha1_base64="VJjcBJ+wkez8bT6R0NzaxwgTv28="></latexit>

General Relativity. 

WA =
�
W 1,W 2,W 3, B

�
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2

LSMEFT =
1

2
hIJ(�)(Dµ�)

I(Dµ�)
J � 1

4
gAB(�)WA

µ⌫W
B,µ⌫ + · · ·
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What convinced me..Field coord. invariance leads to field space geometry

Michael Trott, NBI

(Small perturbations so positive semi-definite matrix and unique square root)


C̃i =
hH†

Hi
⇤2

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

Dimensionless expansion into operator bases

Geometric field space quantities are useful (True independent of mass dimension of ops) 
Amp. perturb. are:

A ' ASM + hOi1N1 + hOi2N2 + · · ·
<latexit sha1_base64="zWWgHrjJ74egTDb75bokrnXNjp4="></latexit>

Fun. of 4 vectors (kinematics)

Defined by field space geometries

LSMEFT =
1

2
hIJ(�)(Dµ�)

I(Dµ�)
J � 1

4
gAB(�)WA

µ⌫W
B,µ⌫ + · · ·
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The intermediate language between 
Pure amplitudes, and pure operators, 
is field space geometry. You can use it.



What convinced me..More basis independent results desired.

All orders expression for Higgs to gamma gamma

can be defined in closed form as:

What convinced me..What is better about it?

Kinematic structure
Geometric Dressings

No explicit SMEFT expansion op forms. But all orders in vev expansion 


How do we get to such results?

 More basis independent results are possible!

9Michael Trott, Friday March 15thMichael Trott, NBI, Sept 9-13 Maria LaachMichael Trott, NBI, Sept 30 - Oct 4 OxfordMichael Trott, NBI,  Feb 18 7Michael Trott, NBI 9Michael Trott, Friday March 15thMichael Trott, NBI, Sept 9-13 Maria Laach 313Michael Trott, NBI, Sept 30 - Oct 4 OxfordMichael Trott, NBI,  Feb 18Michael Trott, NBI 4

Yes! Its a Vielbein of a Higgs space defining asy. 
particle states in SMEFT
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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 815Michael 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 space

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

RI
JKL 6= 0
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Michael Trott, NBI

Small perturbations so positive semi-definite

Matrix and unique square root

1002.2730 Burgess, Lee, Trott
1511.00724 Alonso, Jenkins, Manohar
1605.03602 Alonso, Jenkins, Manohar 

https://arxiv.org/abs/1002.2730
https://arxiv.org/abs/1511.00724
https://arxiv.org/abs/1605.03602
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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

�
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Michael Trott, NBI 6

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

https://arxiv.org/abs/1803.08001
https://arxiv.org/abs/1909.08470
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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 817Michael 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)

1909.08470   Corbett, Helset, Trott 

https://arxiv.org/abs/1909.08470


112

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 818Michael 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 819Michael 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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D  4
<latexit sha1_base64="oiOw7H3hhhB6KW1bxPDgWucS7G4=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0Y0GNQDx4jmAckS5id9CZDZmc3M7NCCPkJLx4U8ervePNvnCR70MSChqKqm+6uIBFcG9f9dtbWNza3tnM7+d29/YPDwtFxQ8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbD25nffEKleSwfzThBP6J9yUPOqLFS6450BI5IpVsouiV3DrJKvIwUIUOtW/jq9GKWRigNE1Trtucmxp9QZTgTOM13Uo0JZUPax7alkkao/cn83ik5t0qPhLGyJQ2Zq78nJjTSehwFtjOiZqCXvZn4n9dOTXjtT7hMUoOSLRaFqSAmJrPnSY8rZEaMLaFMcXsrYQOqKDM2orwNwVt+eZU0yiXvslR+qBSrN1kcOTiFM7gAD66gCvdQgzowEPAMr/DmjJwX5935WLSuOdnMCfyB8/kDxuqPJA==</latexit>



112

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 8110Michael Trott, NBI, Sept 30 - Oct 4 Oxford

Mass eigenstateWeak eigenstates

Rotations
SMEFT Field space metrics 

(Now known to all orders)

Generator transform

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

Michael Trott, NBI

1909.08470 Corbett, Helset, Trott

https://arxiv.org/abs/1909.08470
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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 8111Michael 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:


Michael Trott, NBI

Dim 8,10 etc solved in closed form. Just expand.
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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

v/M < 1

Michael Trott, NBI

A ' ASM + hOi1N1 + hOi2N2 + · · ·
<latexit sha1_base64="zWWgHrjJ74egTDb75bokrnXNjp4="></latexit>

Fun. of 4 vectors (kinematics)

Defined by field space geometries

Making this decomposition more manifest from the start

The usual operator focused language is not particularly helpful.
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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

Composite operator form

With minimal scalar field 

coordinate dependence

Dµ�
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Scalar field coordinate dependence 

And insertions of symmetry generators

Derivative expansion Vev expansion

Mixes expansions, but grouped with derivative forms.

Michael Trott, NBI

A ' ASM + hOi1N1 + hOi2N2 + · · ·
<latexit sha1_base64="zWWgHrjJ74egTDb75bokrnXNjp4="></latexit>

Reformulate!

Reformulate!
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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

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 14

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 

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.

2001.01453   Helset, Martin, Trott

https://arxiv.org/abs/2001.01453
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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 8115Michael 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.

2001.01453   Helset, Martin, Trott

https://arxiv.org/abs/2001.01453
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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
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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 17

Growth in operator forms in connections

Always saturate to fixed number, this is just the 
simplest organization exploiting this

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


2001.01453   Helset, Martin, Trott

https://arxiv.org/abs/2001.01453
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Application to theory error

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 18Michael Trott, NBI

General growth in operator forms from  Hilbert series

Pole parameters O(10’s)

Tails are exponential

1503.07537  Lehman, Martin. 1512.03433  Henning, Lu, Melia, Murayama
1510.00372  Lehman, Martin. 1706.08520  Henning, Lu, Melia, Murayama

https://arxiv.org/abs/1503.07537
https://arxiv.org/abs/1512.03433
https://arxiv.org/abs/1510.00372
https://arxiv.org/abs/1706.08520
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Application to theory error

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 18aMichael Trott, NBI

General growth in operator forms from  Hilbert series

Pole(s) built of 2,3 pts

Tails built o
f 4pts/higher

Number of parameters


Grows with a factorial


In general with mass dim

Parameters O(10’s)

Number of parameters 

saturates to a constant

with mass dim

1503.07537  Lehman, Martin. 1512.03433  Henning, Lu, Melia, Murayama
1510.00372  Lehman, Martin. 1706.08520  Henning, Lu, Melia, Murayama

geoSMEFT exploits this structure

https://arxiv.org/abs/1503.07537
https://arxiv.org/abs/1512.03433
https://arxiv.org/abs/1510.00372
https://arxiv.org/abs/1706.08520
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GeoSMEFT example

M.Trott, HEFT 2015 - Chicago,USA. 11Nordic Winter School on Particle Physics and CosmologyMichael Trott, NBI, Sept 9-13 Maria Laach 8119Michael 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

https://arxiv.org/abs/2001.01453


112M.Trott, HEFT 2015 - Chicago,USA. 11Nordic Winter School on Particle Physics and CosmologyMichael Trott, NBI, Sept 9-13 Maria Laach 8119aMichael Trott, NBI, Sept 30 - Oct 4 Oxford

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

…

…

GeoSMEFT example

2001.01453   Helset, Martin, Trott

https://arxiv.org/abs/2001.01453
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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

…

…

GeoSMEFT example

2001.01453   Helset, Martin, Trott

https://arxiv.org/abs/2001.01453
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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 example
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SMEFT expansion correction error estimate by process.

Process by process many of the dimension 8 corrections are also fully 
known now. We can examine process by process to be informed

in defining the error. Ex.

LO SMEFT in SMEFTsim

Michael Trott, NBI

2102.02819    Helset, Corbett, Martin, Trott

https://arxiv.org/abs/2102.02819
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SMEFT expansion correction error estimate by process.

EWPD to dim 8 now known in both input parameter schemes.

Few new dimension 

Eight parameters

Many cross terms

NOT in quadratics

but known for error

Estimates

Michael Trott, NBI

2102.02819    Helset, Corbett, Martin, Trott

https://arxiv.org/abs/2102.02819
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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>

Michael Trott, NBI

GeoSMEFT directly informs theory error

Dim 8 effects on

Z decay now known

…



Yes people do over interpret EWPD.

118M.Trott, Durham, 6th September 2017 36Nordic Winter School on Particle Physics and CosmologyMichael Trott, NBI, Sept 9-13 Maria Laach 102Michael Trott, NBI, Sept 9-13 Maria Laach 111

1502.02570, 1508.05060, Berthier, MT ,1606.06693 Berthier, Bjorn, MT , arXiv:1701.06424 Brivio, MT

Michael Trott, NBI, Sept 30 - Oct 4 Oxford 25Michael Trott, NBI

(Heretical) Doubts were raised years ago that dim 8 neglect and loop neglect

In EWPD can significantly impact naive bounds with significant implications

Significant implications for 
future collider studies.

2102.02819    Helset, Corbett, Martin, Trott

https://arxiv.org/abs/2102.02819


112

GeoSMEFT for the Higgs

M.Trott, HEFT 2015 - Chicago,USA. 11Nordic Winter School on Particle Physics and CosmologyMichael Trott, NBI, Sept 9-13 Maria Laach 8126Michael Trott, NBI, Sept 30 - Oct 4 OxfordMichael Trott, NBI

How much does dim 8 effect things? Alot.

EFT studies that ignore

this geoSMEFT enabled 
information can be 
misleading. 

Loop processes are more subject to SMEFT theoretical errors 

in the cases we looked at.

…

2007.00565    Hays, Helset, Martin, Trott

https://arxiv.org/abs/2007.00565
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GeoSMEFT based loop corrections?

M.Trott, HEFT 2015 - Chicago,USA. 11Nordic Winter School on Particle Physics and CosmologyMichael Trott, NBI, Sept 9-13 Maria Laach 8127Michael Trott, NBI, Sept 30 - Oct 4 Oxford

The simplicity of the results for two and three point functions points to

radiative corrections being more elegant than expected. 


The renormalisation follows the dependence on the Wilson coefficients.

Do we have hints of this yet? Yes.

Background field gauge fixing with preserved background

Gauge invariance

Gauge fixing confusion directly solved generalising to GeoSMEFT

Michael Trott, NBI

…
LGF

<latexit sha1_base64="tHIBwlrQCdIhy/keem29rQq+Tl0=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFclaQKiquCoC5cVLAPaEOYTCft0MkkzEwKJfRP3LhQxK1/4s6/cdJmoa0HBg7n3Ms9c4KEM6Ud59taWV1b39gsbZW3d3b39u2Dw5aKU0lok8Q8lp0AK8qZoE3NNKedRFIcBZy2g9FN7rfHVCoWiyc9SagX4YFgISNYG8m37V6E9ZBgnj1M/ezudurbFafqzICWiVuQChRo+PZXrx+TNKJCE46V6rpOor0MS80Ip9NyL1U0wWSEB7RrqMARVV42Sz5Fp0bpozCW5gmNZurvjQxHSk2iwEzmOdWil4v/ed1Uh1dexkSSairI/FCYcqRjlNeA+kxSovnEEEwkM1kRGWKJiTZllU0J7uKXl0mrVnXPq7XHi0r9uqijBMdwAmfgwiXU4R4a0AQCY3iGV3izMuvFerc+5qMrVrFzBH9gff4AqJqTpQ==</latexit>

1803.08001 Helset, Paraskevas,Trott. 

https://arxiv.org/abs/1803.08001


What convinced me..Consistency checks at one loop
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The operator and loop expansion are not independent.

Consistency checks at one loop/dim8 for tools

If you choose to rescale  (or not) the Wilson coefficient at L6 it changes the 
one loop result and the dimension 8 result in a correlated way.

Only game in town for full dimension 8 with all input redefinitions etc is 
geoSMEFT. Loops should be done in BFM for consistency with background 
field independent formulation defining geoSMEFT.



What convinced me..Consistency checks at one loop
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Benefits of the Background Field method one loop approach in SMEFT.

Consistency checks at one loop/dim8

Many cross checks afforded (Ward identities and more).

Clean understanding of ward identities.

One loop redefinition of input parameters INDIVIDUALLY gauge 
independent.

Cross checks of Our calc in 2107.07470   

Stoffer/Denkens in 1908.05295

https://arxiv.org/abs/2107.07470
https://arxiv.org/abs/1908.05295
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Cancelation of large mt dependent logs in relations between observables:

Expected and anticipated in Hartmann/Trott. 1505.02646


Consistency checks at one loop/dim8

Expected cancelation confirmed in 2107.07470  and  1908.05295

Cancelation in single Higgs, single dev observables with tadpole term and 
GF extraction.

https://arxiv.org/abs/1505.02646
https://arxiv.org/abs/2107.07470
https://arxiv.org/abs/1908.05295
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Gauge independence of a common partial matrix element in single Higgs 
processes in BFM:


Consistency checks at one loop/dim8
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GeoSMEFT based loop corrections?

M.Trott, HEFT 2015 - Chicago,USA. 11Nordic Winter School on Particle Physics and CosmologyMichael Trott, NBI, Sept 9-13 Maria Laach 8132Michael Trott, NBI, Sept 30 - Oct 4 Oxford

Will this simplify the NLO SMEFT radiative correction program?(Yes)

Immediate BFM Ward Identities have already been derived:

Background field gauge transformation

Photon identities: Z identities:

One loop behaviour works!

Michael Trott, NBI

Geometric mass

1909.08470 Corbett, Helset, Trott

https://arxiv.org/abs/1909.08470
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GeoSMEFT based loop corrections?

M.Trott, HEFT 2015 - Chicago,USA. 11Nordic Winter School on Particle Physics and CosmologyMichael Trott, NBI, Sept 9-13 Maria Laach 8133Michael Trott, NBI, Sept 30 - Oct 4 Oxford

Expanding out the Ward ID you get expressions like this:

Michael Trott, NBI

Consider the operator CHWB
<latexit sha1_base64="oaingZztZWq1tQlec3QqF2s0AJU=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQfFU7KXHCrZbaJeSTbNtaDa7JFmhLP0RXjwo4tXf481/Y9ruQVsfDDzem2FmXpAIro3jfKPCxubW9k5xt7S3f3B4VD4+6eg4VZS1aSxi1Q2IZoJL1jbcCNZNFCNRIJgXTBpz33tiSvNYPpppwvyIjCQPOSXGSl5jkDW9+9mgXHGqzgJ4nbg5qUCO1qD81R/GNI2YNFQQrXuukxg/I8pwKtis1E81SwidkBHrWSpJxLSfLc6d4QurDHEYK1vS4IX6eyIjkdbTKLCdETFjverNxf+8XmrCWz/jMkkNk3S5KEwFNjGe/46HXDFqxNQSQhW3t2I6JopQYxMq2RDc1ZfXSadWda+qtYfrSv0uj6MIZ3AOl+DCDdShCS1oA4UJPMMrvKEEvaB39LFsLaB85hT+AH3+ANZ+jzc=</latexit>

Which exactly cancels:

Geometric mass

All one and two point ward ID working out at one loop. Powerful new 

NLO code tool is being developed using this as a theory cross check by 
Tyler Corbett.

2010.08451 Corbett, Trott
2010.15852 Corbett

https://arxiv.org/abs/2010.08451
https://arxiv.org/abs/2010.15852
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GeoSMEFT based loop corrections?

M.Trott, HEFT 2015 - Chicago,USA. 11Nordic Winter School on Particle Physics and CosmologyMichael Trott, NBI, Sept 9-13 Maria Laach 8133aMichael Trott, NBI, Sept 30 - Oct 4 Oxford

There was some debate about something called the “higgs basis”

Years ago.  Here is an explicit example of the problem using such 

A construction, you need to track the modifications of the tadpoles

Somehow to not violate gauge invariance:

Michael Trott, NBI

If you violate gauge invariance, you can write down many other gauge 
dependent interactions. The resulting construction is difficult to map

To a consistent SMEFT result

2010.08451 Corbett, Trott

https://arxiv.org/abs/2010.08451
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GeoSMEFT based Theory error/higher order.

M.Trott, HEFT 2015 - Chicago,USA. 11Nordic Winter School on Particle Physics and CosmologyMichael Trott, NBI, Sept 9-13 Maria Laach 8134Michael Trott, NBI, Sept 30 - Oct 4 OxfordMichael Trott, NBI

GeoSMEFT efficiently organised the physics for dimension 8 calc that 
follow from rescaling dimension 6 results with the same kinematics.

An algorithm to develop calc to dimension 8 efficiently to use, and 
also inform theory errors

SMEFT RGE is transparent to simulation chain. Thus infer logs of

missing pert corrections for theory error.

Use geoSMEFT to rescale dim 6 results with common kinematics to 
post-facto (avoid redundant Monte Carlo) get dim 8 from SMEFTsim

Extra dim 8  bits with novel kinematics define in geoSMEFT consistent 
basis. Put in code. (A SMEFTsim mod by T Corbett exits for a few terms)

Being applied to associated production, already done for 

2106.13794 Trott “Methodology…”

https://arxiv.org/abs/2106.13794
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What convinced me..Conclusions.

5446Michael Trott, NBI

         Higgs/SMEFT physics is the physics 

                 of curved field space(s).

Tools designed consistent with geoSMEFT 
allow you to leverage some dim 6 results 
with analytic rescaling, to obtain higher 
order results.

Still true (and cool!)


