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When you do measurements below a particle threshold

⇠ 1

s�m2 + i�(s)m

   IF     the collision probe does not  reach  
THEN  observable’s dependence on that scale simplified 
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This is the core idea of EFT interpretations of the data.
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 UV dependent Wilson coefficient 
and suppression scale

 IR operator form
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The SMEFT as a consistent theory.
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A theory with a tower of composite operator forms, useful (by assumption and definition) 
when interfacing with “decoupling” situation experimentally 

v/M < 1

v/M < 1

QHWB , QHD, Q(1)
H `
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H `
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H q
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, QHe, QHu, QHd, Q` `

Michael Trott, NBI/CERN



9Michael Trott, Friday March 15thMichael Trott, NBI, Sept 9-13 Maria Laach 315Michael Trott, NBI, Sept 30 - Oct 4 Oxford

A theory with a tower of composite operator forms, useful (by assumption and definition) 
when interfacing with “decoupling” situation experimentally 

v/M < 1

v/M < 1

Decoupling theorem:T. Appelquist, J. Carazzone, Phys. Rev. D11, 2856 (1975

LSMEFT 6= LSM + LNP

Michael Trott, NBI/CERN
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v/M < 1

LSMEFT 6= LSM + LNP

ZSMEFT 6= ZSM + ZNP

The SMEFT is a different theory than any particular NP model. Matching does  
not equate the theories.  Consider the counterterms (Z) for renormalisation

Matching forces the SMEFT to reproduce the IR behaviour of a NP model.  
Only for a limited momentum regime, for some lower scale measurements.

SMEFT is a consistent field theory, it is not the NP model.  
We want to understand SMEFT and use it to interface with the data

v/M < 1

Michael Trott, NBI/CERN
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Premise: SMEFT is a stand alone theory.

Q’s: What is the core physics of the SMEFT? Is there any?  
Is this field theory too complicated to study bottom up?

A: The physics of the SMEFT near resonances is interacting fields on  
a curved higgs field space. Using this idea, the theory is dramatically simplified.

Geometric SMEFT

Michael Trott, NBI/CERN
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a curved higgs field space. Using this idea, the theory is dramatically simplified.
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A: The physics of the SMEFT near resonances is interacting fields on  
a curved higgs field space. Using this idea, the theory is dramatically simplified.
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Premise: SMEFT is a stand alone theory.

Q’s: What is the core physics of the SMEFT? Is there any?  
Is this field theory too complicated to study bottom up?
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Geometric SMEFT
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A: The physics of the SMEFT near resonances is interacting fields on  
a curved higgs field space. Using this idea, the theory is dramatically simplified.

Michael Trott, NBI/CERN

Premise: SMEFT is a stand alone theory.

Q’s: What is the core physics of the SMEFT? Is there any?  
Is this field theory too complicated to study bottom up?

7cMichael Trott, NBI/CERN

 Powers of         
and symmetry generators
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Geometric SMEFT

7

A: The physics of the SMEFT near resonances is interacting fields on  
a curved higgs field space. Using this idea, the theory is dramatically simplified.

Michael Trott, NBI/CERN

Premise: SMEFT is a stand alone theory.

Q’s: What is the core physics of the SMEFT? Is there any?  
Is this field theory too complicated to study bottom up?

7dMichael Trott, NBI/CERN
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Curved SMEFT spaces: scalar fields
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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
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Michael Trott, NBI/CERN

Small perturbations so positive semi-definite 
Matrix and unique square root
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Curved SMEFT space: gauge fields
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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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1803.08001 Helset, Paraskevas,Trott
1909.08470 Corbett, Helset, Trott

9Michael Trott, NBI/CERN
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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 10

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/CERN
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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

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/CERN
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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

This is a non trivial fact proven for: via the following:

Michael Trott, NBI/CERN

2001.01453 Helset, Martin, Trott
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The connections can be defined to all orders

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

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

https://arxiv.org/pdf/1512.03433.pdf

Growth in operator forms in connections

Number of operator forms saturate.  
This is due to reducing possible 
generator insertions on the Higgs manifold

2001.01453 Helset, Martin, Trott 

Michael Trott, NBI/CERN

rather overwhelming…

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
https://arxiv.org/pdf/1512.03433.pdf
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Generators on scalar SMEFT space

M.Trott, HEFT 2015 - Chicago,USA. 11Nordic Winter School on Particle Physics and CosmologyMichael Trott, NBI, Sept 9-13 Maria Laach 8114Michael Trott, NBI, Sept 30 - Oct 4 Oxford

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/CERN

1803.08001 Helset, Paraskevas,Trott
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Generators on scalar SMEFT space

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

The mapping of operator forms works via: 

It is useful to “real” the SM symmetry representation on the scalar 
manifold for lots of reasons. Makes more manifest possible contractions

All orders results follow, for example:

2001.01453 Helset, Martin, Trott

Michael Trott, NBI/CERN
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Field space connections to all orders

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

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/CERN
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Field space connections to all orders

M.Trott, HEFT 2015 - Chicago,USA. 11Nordic Winter School on Particle Physics and CosmologyMichael Trott, NBI, Sept 9-13 Maria Laach 8117Michael Trott, NBI, Sept 30 - Oct 4 Oxford

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/CERN
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All orders weak mass eigenstate relations
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Mass eigenstateWeak eigenstates

RotationsField 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/CERN
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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 8119Michael Trott, NBI, Sept 30 - Oct 4 Oxford

EW sector parameters redefined in the SMEFT

Mass redefinitions Mixing angle redefinitions 

Interactions to remaining SM fields via: 

1312.2014 Alonso, Jenkins, Manohar, Trott

Michael Trott, NBI/CERN
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All orders SM Lagrangian parameters
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Low n-point interactions of fields are parameterised in terms of  
couplings,

Masses

Mixing angles:

Michael Trott, NBI/CERN

(Interesting way to think of the Weinberg angle)

2001.01453 Helset, Martin, Trott
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GeoSMEFT a friend with benefits
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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/CERN

2001.01453 Helset, Martin, Trott
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GeoSMEFT a friend with benefits

M.Trott, HEFT 2015 - Chicago,USA. 11Nordic Winter School on Particle Physics and CosmologyMichael Trott, NBI, Sept 9-13 Maria Laach 8122Michael Trott, NBI, Sept 30 - Oct 4 Oxford

What does this allow one to do?

Consider a             coupling to a fermion bilinear.W±, Z
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Compact all            orders answer!v̄T /⇤
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Here we have introduced the generators:

Michael Trott, NBI/CERN

2001.01453 Helset, Martin, Trott



112

GeoSMEFT a friend with benefits
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What does this allow one to do?

Consider a             coupling to a fermion bilinear.W±, Z
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The coupling of the canonically normalised mass eigenstate fields is then

Rather compact result.

Michael Trott, NBI/CERN

2001.01453 Helset, Martin, Trott
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GeoSMEFT a friend with benefits

M.Trott, HEFT 2015 - Chicago,USA. 11Nordic Winter School on Particle Physics and CosmologyMichael Trott, NBI, Sept 9-13 Maria Laach 8124Michael Trott, NBI, Sept 30 - Oct 4 Oxford

Can build up observable quantities, such as a decay width.

Consider a             coupling to a fermion bilinear.W±, Z
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Two body decay widths:

Many further contributions and radiative corrections constructible from 
two and three point functions

Michael Trott, NBI/CERN
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GeoSMEFT a friend with benefits
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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>

Many further contributions and radiative corrections constructible from 
two and three point functions

Or?

Michael Trott, NBI/CERN
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GeoSMEFT a friend with benefits
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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

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

Michael Trott, NBI/CERN
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GeoSMEFT where is the body?
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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/CERN

This is a problem for measurements away from SM resonances.



112

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.
LGF

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

Background field gauge fixing with preserved background 
Gauge invariance 1803.08001 Helset, Paraskevas,Trott

Further exploration of gauge fixing based on this idea: 1812.11513 Misiak et al
Gauge fixing confusion directly solved generalising to GeoSMEFT

Michael Trott, NBI/CERN
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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 8128Michael 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

1909.08470 Corbett, Helset, Trott

Photon identities: Z identities:

One loop behaviour is being checked - it looks promising.

Michael Trott, NBI/CERN

Geometric mass
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GeoSMEFT for the Higgs
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SMEFT diphoton decay

One loop result known and counter term structure  
through tree level ops in           metric did pave the way.gAB

<latexit sha1_base64="1jVC7qOCnhbGHRXEES5G7jKK1gI=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtguKp6sVjBfsB7VKyabaNzSZLkhXKsv/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdb6ewsrq2vlHcLG1t7+zulfcPWlomitAmkVyqToA15UzQpmGG006sKI4CTtvB+Hbqt5+o0kyKBzOJqR/hoWAhI9hYqTXsp9c3Wb9ccavuDGiZeDmpQI5Gv/zVG0iSRFQYwrHWXc+NjZ9iZRjhNCv1Ek1jTMZ4SLuWChxR7aezazN0YpUBCqWyJQyaqb8nUhxpPYkC2xlhM9KL3lT8z+smJrz0UybixFBB5ovChCMj0fR1NGCKEsMnlmCimL0VkRFWmBgbUMmG4C2+vExatap3Vq3dn1fqV3kcRTiCYzgFDy6gDnfQgCYQeIRneIU3RzovzrvzMW8tOPnMIfyB8/kDWDuO8w==</latexit>

https://arxiv.org/abs/1505.02646, https://arxiv.org/abs/1507.03568 

Open question for years. What is the detailed difference between 
squaring the dimension 6 correction, and the full dimension 8 result?

https://arxiv.org/abs/1505.02646
https://arxiv.org/abs/1507.03568
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SMEFT diphoton decay

One loop result known and counter term structure  
through tree level ops in           metric did pave the way.gAB
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https://arxiv.org/abs/1505.02646, https://arxiv.org/abs/1507.03568 

Now Solved! Using the expression above, just expand.

“Naive square” proportional to 

Where: 

Open question for years. What is the detailed difference between 
squaring the dimension 6 correction, and the full dimension 8 result?

https://arxiv.org/abs/1505.02646
https://arxiv.org/abs/1507.03568
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GeoSMEFT for the Higgs
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SMEFT diphoton decay

One loop result known and counter term structure  
through tree level ops in           metric did pave the way.gAB
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https://arxiv.org/abs/1505.02646, https://arxiv.org/abs/1507.03568 

Now Solved! Using the expression above, just expand.

Correct result: 

Where: 

Open question for years. What is the detailed difference between 
squaring the dimension 6 correction, and the full dimension 8 result?

First self isolation paper: Hays, Helset,  Martin Trott - to appear

https://arxiv.org/abs/1505.02646
https://arxiv.org/abs/1507.03568
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GeoSMEFT for the Higgs
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All orders SMEFT higgs coupling to W±, Z
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All orders SMEFT higgs coupling to W±, Z
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SM like kinematics
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All orders SMEFT higgs coupling to W±, Z
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SM like kinematics

Anomalous kinematic population 
correction factor - not many!
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GeoSMEFT and flat directions
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Mass eigenstateWeak eigenstates

Rotations
Field space metrics 

Play a role? 
↵̂ · Ŵ = �̂ · Â
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1909.08470 Corbett, Helset, Trott

Deep irony of the GeoSMEFT. As soon as people started to use the full 
SMEFT - immediately data analysis indicated this hidden structure.

Key early one going in right direction: Han,Skiba 0412166

They found flat directions in LEP data. We now know due an invariance.
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 ̄ !  ̄ scattering has a  
reparamatrization invarianceV

 arXiv:1701.06424  Reparameterization!  Ilaria Brivio, MT

M.Trott, Durham, 6th September 2017M.Trott, Oct 27th  2017Michael Trott, NBI, Sept 9-13 Maria Laach 106

LEP data can’t see EOM equivalent to parameters cancelling in                  ↵̂ · Ŵ = �̂ · Â
<latexit sha1_base64="vr/UVmcfTEr1lMaqR4DnG8A30Ks=">AAACMXicbVDLSgNBEJz1GeMr6tHLYBA8hd0Y0IsQ8ZJjBPOAbAi9k0kyZPbBTK8Qlv0lL/6JeMlBEa/+hLNJDpqkYKCmupruLi+SQqNtT62Nza3tnd3cXn7/4PDouHBy2tRhrBhvsFCGqu2B5lIEvIECJW9HioPvSd7yxg9ZvfXMlRZh8ISTiHd9GAZiIBigkXqFmjsCpC7IaATUZf3QfIySuD7giIFMWmlK7+jc5XFcb7pP016haJfsGegqcRakSBao9wpvbj9ksc8DZBK07jh2hN0EFAomeZp3Y80jYGMY8o6hAfhcd5PZxSm9NEqfDkJlXoB0pv7tSMDXeuJ7xpntqJdrmbiu1olxcNtNRBDFyAM2HzSIJcWQZvHRvlCcoZwYAkwJsytlI1DA0IScNyE4yyevkma55FyXyo+VYrWyiCNHzskFuSIOuSFVUiN10iCMvJB38kE+rVdran1Z33PrhrXoOSP/YP38AnX9qlw=</latexit>

EWPD flat directions

35Michael Trott, NBI, Sept 30 - Oct 4 Oxford

Flat directions due the invariance, fundamentally its  ↵̂ · Ŵ = �̂ · Â
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Michael Trott, NBI/CERN
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↵̂ · Ŵ = �̂ · Â
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Flat directions in many data sets project onto EOM equivalents to 
what cancels in the invariant 

Input scheme independent.

be careful and keep all 

operators!

⇣
C̃HB , C̃HW

⌘
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EWPD flat directions

↵̂ · Ŵ = �̂ · Â
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Michael Trott, NBI, Sept 30 - Oct 4 Oxford 36Michael Trott, NBI/CERN
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1502.02570, 1508.05060, Berthier, MT ,1606.06693 Berthier, Bjorn, MT , arXiv:1701.06424 Brivio, MT

Global analysis of data from PEP, PETRA, TRISTAN, SpS, Tevatron, SLAC, LEPI and LEP II  
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Must combine data sets in a well defined SMEFT, so no matter what  
operator basis you choose you get consistent results
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SMEFT reparameterization invariance

Michael Trott, NBI, Sept 9-13 Maria Laach 107

Breaks the invariance.  
Probes the scalar and gauge  
metric connections directly.

Breaks the invariance. This channel dominant at LEP2
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Precision Higgs physics data will compete and we need to combine it consistently
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SMEFT reparameterization invariance
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This channel dominant at LEP2
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Precision Higgs physics data will compete and we need to combine it consistently
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What convinced me..Conclusions.

5440Michael Trott, NBI/CERN

         Higgs physics is the physics  
                 of curved field space.


