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What convinced me..Lecture Three
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What convinced me..Outline for today

Michael Trott, NBI

Third lecture

W mass anomaly as a SMEFT example.

Higgs width calculation as a SMEFT calculation example (kinematics x geometry)

Comments on the Hierarchy problem in SMEFT/EFT to motivate size of effects

we are looking for…in these two examples etc.



The SMEFT is a key tool for interpreting such deviations:
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Any one measurement can just dictate a 

parameter in a theory. But a PATTERN of 

measurements can show a theory does not describe 

Global data.

LSM
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LSMEFT
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LSM + Lmodel
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The SMEFT is a key tool for interpreting such deviations:
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Any one measurement can just dictate a 

parameter in a theory. But a PATTERN of 

measurements can show a theory does not describe 

Global data.

SMEFT allows the experimental pattern to deviate

From the SM expectation - while still doing well

Defined field theory.

SMEFT Game plan: (we are ready for deviations!)

Find deviations       Map to pattern in SMEFT


Follow pattern to underlying model



Choose inputs, define predictions

Probably the paper we should be citing on the W mass shift 
using a (proto)-SMEFT op basis is E.O.M.

Phys.Lett.B 265 (1991) 326-334

Modern result all over (.      .      …..) , using Warsaw basis:1606.06502

Scheme

Measurement to constraint this shift in this scheme, or cause deviations 
elsewhere in Scheme
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Strong input scheme dependence in SMEFT

Scheme Scheme

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

When a large set of experimental
results are combined in global SMEFT,
Input parameter dependence is reduced.



1

What convinced me..SMEFT inputs best practices

1Michael Trott, NBI

Good input observables to fix numerical values to make predictions 
should be:

Experimentally precise


Theoretically well defined (IR insensitive)


Largely calculable in pert theory.

Under good control for radiative corrections

Extra problems in SMEFT: Make sure the extraction of the input 
observable does not have intrinsic SM assumptions, and has all 
operator effects included in SMEFT

Do not use combined measurements if the SMEFT effects are different 
for different contributions to the global combinations

5



Mw measurements in SMEFT
Mw is a template fit at LEP and at the Tevatron

Transverse mass Jacobian peak
1606.06502 Bjorn, Trott

Semi-analytic understanding W. L. van Neerven et al. NIKHEF-H/82-20.

Pdf ’s feed in

Jacobian peak
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Mw measurements in SMEFT
Mw is a template fit at LEP and at the Tevatron

Transverse mass Jacobian peak
1606.06502 Bjorn, Trott

i.e. W coupling normalization and width shifts.

SMEFT interpretation concern - other shifts compared to SM feed in.

Does that screw up mapping to mass shift formula?
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Mw measurements in SMEFT
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Mw is a template fit at LEP and at the Tevatron
Transverse mass Jacobian peak

1606.06502 Bjorn, Trott

Way to check 



Mw measurements in SMEFT
Mw is a template fit at LEP and at the Tevatron

Transverse mass Jacobian peak
1606.06502 Bjorn, Trott

Way to check 
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Mw measurements in SMEFT
Mw is a template fit at LEP and at the Tevatron

Transverse mass Jacobian peak
1606.06502 Bjorn, Trott

Way to check 
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Mw measurements in SMEFT

The error quoted on the extraction for the Tevatron is OK in the SMEFT

For old measurement due to width and coupling shifts also floated. Seems likely this is 
still the case with smaller errors ( 9.4 MeV) so that the deviation can be directly 
mapped to the mass shift (note however a 2-d scan is really required).


1606.06502 Bjorn, Trott

118M.Trott, Durham, 6th September 2017 30Nordic Winter School on Particle Physics and CosmologyMichael Trott, NBI, Sept 9-13 Maria Laach 112113M.Trott, HEFT 2015 - Chicago,USA. 15M.Trott, PI, 26th July 2016 12Nordic Winter School on Particle Physics and Cosmology 10Michael Trott, NBI



What convinced me..Comments on combinations



Combinations
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Q: If we want to constrain SMEFT from 

the data which measurement to use? 

A: Use the global combination of course.

It is not that simple.

A global combination of data needs a theory to define theory 
correlations as well as experimental correlations. The SM is NOT 
the same field theory as the SMEFT.

Combine in the SM ! (Good luck!)

Michael Trott, NBI



SMEFT Combinations
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Each measurement needs to be 

examined for SMEFT interpretability

and combination

Similar transverse kinematic 

procedures (diff pdf’s etc).


SMEFT bias analysis laid out 

should be redone.

Michael Trott, NBI



SMEFT Combinations
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What about LEPII? 

Two different techniques: threshold scan

SMEFT bias in this case

Is under control too

1606.06502 Bjorn, Trott

Combine away!

Michael Trott, NBI



SMEFT Combinations
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What about LEPII? 

Two different techniques: 

Away from threshold scan with TGC 

and Width shifts set to 0?!?!

1606.06502 Bjorn, Trott
Not interpretable in SMEFT to my 

knowledge

A SM global data combination is not the same as a SMEFT one 
for constraints. These are different theories.

Michael Trott, NBI



What convinced me..Higgs Width in SMEFT



State of the art Higgs properties

118M.Trott, Durham, 6th September 2017 45

Raw events are processed to measured (relative) event rates.

Narrow width

Factorisation of

Production and decay

Higgs production 
Higgs decay

Michael Trott, IPMUMichael Trott, NBI, Sept 9-13 Maria Laach 117113M.Trott, HEFT 2015 - Chicago,USA. 15M.Trott, PI, 26th July 2016 12Nordic Winter School on Particle Physics and Cosmology 15Michael Trott, NBI



Under a SM like assumption

118M.Trott, Durham, 6th September 2017 46

Raw events are processed to measured (relative) event rates.

Narrow width

Factorisation of

Production and decay

You need a theory to do the inference to define the relative event rates.

This analysis uses a “SM like” assumption at many key points.

Michael Trott, IPMUMichael Trott, NBI, Sept 9-13 Maria Laach 118113M.Trott, HEFT 2015 - Chicago,USA. 15M.Trott, PI, 26th July 2016 12Nordic Winter School on Particle Physics and Cosmology 16Michael Trott, NBI



State of the art Higgs properties

118M.Trott, Durham, 6th September 2017 47

Various operator based perturbations can appear

Q: Does the analysis “SM like” 

assumption fail in the SMEFT?

Can we use the result?

A: “yes.”
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State of the art Higgs properties

118M.Trott, Durham, 6th September 2017 47

Various operator based perturbations can appear

Michael Trott, IPMUMichael Trott, NBI, Sept 9-13 Maria Laach 119

Function of cuts and kinematics

113M.Trott, HEFT 2015 - Chicago,USA. 15M.Trott, PI, 26th July 2016 12Nordic Winter School on Particle Physics and Cosmology 18Michael Trott, NBI



SMEFT interpretation of Higgs

118M.Trott, Durham, 6th September 2017 46

Step one, what is the inclusive Higgs width?

Michael Trott, IPMUMichael Trott, NBI, Sept 9-13 Maria Laach 121
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What is the inclusive Higgs width in the SMEFT?
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SMEFT interpretation of Higgs

118M.Trott, Durham, 6th September 2017 46

Inclusive Higgs width critical, as we measure:

Michael Trott, IPMUMichael Trott, NBI, Sept 9-13 Maria Laach 122

Easy bits with no acceptance subtleties:

SM:

B yukawa dictates width and Ŷb ' 0.02
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SMEFT:

Taking the Higgs to canonical kinetic term
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SMEFT interpretation of Higgs
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SM loop level decay

SMEFT tree level result interference

Where
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SMEFT interpretation of Higgs

118M.Trott, Durham, 6th September 2017 46Michael Trott, IPMUMichael Trott, NBI, Sept 9-13 Maria Laach 124

SM through charged currents four fermion
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SMEFT interpretation of Higgs
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SMEFT through charged currents four fermion

Modified momentum flow through vertex

Modified momentum flow through propagator

113M.Trott, HEFT 2015 - Chicago,USA. 15M.Trott, PI, 26th July 2016 12Nordic Winter School on Particle Physics and Cosmology 23Michael Trott, NBI



SMEFT interpretation of Higgs

118M.Trott, Durham, 6th September 2017 46Michael Trott, IPMUMichael Trott, NBI, Sept 9-13 Maria Laach 126

Connections to final state fermions not present in the SM

(H† !
D

I
µH)f̄⌧ I�µ

f
<latexit sha1_base64="/bsVeWeFP4KB2DPuiDk2A9ylmUs="></latexit>

Need to “remove a propagator” compared to final SM amplitude squared

All of these effects need to be integrated over four body phase space for

an inclusive result.

113M.Trott, HEFT 2015 - Chicago,USA. 15M.Trott, PI, 26th July 2016 24Nordic Winter School on Particle Physics and Cosmology24 24Michael Trott, NBI



How much does the phase space change?

118M.Trott, Durham, 6th September 2017 46Michael Trott, IPMUMichael Trott, NBI, Sept 9-13 Maria Laach 127

SM kinematics (inclusive)

SMEFT kinematics (inclusive)

40%
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Effect

5%, 30%
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40%
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Pure ZZ neutral currents
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In SM two different final state connections, two kinematic numbers

SMEFT modification of kinematics - generally ~40 percent effects here

113M.Trott, HEFT 2015 - Chicago,USA. 15M.Trott, PI, 26th July 2016 12Nordic Winter School on Particle Physics and Cosmology 26Michael Trott, NBI



More serious, breakdown narrow width

118M.Trott, Durham, 6th September 2017 46Michael Trott, IPMUMichael Trott, NBI, Sept 9-13 Maria Laach 129

Operators that must be loop suppressed in SM (due to renormalizability)

are now interfering at tree level. EW neutral current interferences.

Modified pole structure compared to SM, so kinematic number 

differences >40% effects

113M.Trott, HEFT 2015 - Chicago,USA. 15M.Trott, PI, 26th July 2016 12Nordic Winter School on Particle Physics and Cosmology 27Michael Trott, NBI



More serious, breakdown narrow width

118M.Trott, Durham, 6th September 2017 46Michael Trott, IPMUMichael Trott, NBI, Sept 9-13 Maria Laach 130

Narrow width approximation failing badly, as multiple intermediate states

6=
<latexit sha1_base64="2gvMXKUSMG/u1stmbk37mROsXcE=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fjw4rGCaQttKJvtpF262cTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzvz2EyrNE/lgJikGMR1KHnFGjZX8nsRH0q9U3Zo7B1klXkGqUKDZr3z1BgnLYpSGCap113NTE+RUGc4ETsu9TGNK2ZgOsWuppDHqIJ8fOyXnVhmQKFG2pCFz9fdETmOtJ3FoO2NqRnrZm4n/ed3MRDdBzmWaGZRssSjKBDEJmX1OBlwhM2JiCWWK21sJG1FFmbH5lG0I3vLLq6RVr3mXtfr9VbXRKOIowSmcwQV4cA0NuIMm+MCAwzO8wpsjnRfn3flYtK45xcwJ/IHz+QNvy45u</latexit>
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113M.Trott, HEFT 2015 - Chicago,USA. 15M.Trott, PI, 26th July 2016 12Nordic Winter School on Particle Physics and Cosmology 28Michael Trott, NBI



Neutral -charged current interferences
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“Tree level” treatment of ops

Consider a higgs decay

p2 = m2

h

With perturbative mediators
 With non-perturbative couplings

at loop level (not a diagram sum)


With non perturbative

bound state substructure


Beyond the SM can modify this decay in many ways

Can calculate
 Cannot calculate

(honestly)


Cannot calculate

(honestly)


Key point of EFT so long as characteristic scale is large we

CAN parameterize in all 3 cases in a systematically improvable way for measurements

Energy through unknown literal

“black box” limited to higgs mass
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What do you get in total?
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Scheme
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What do you get in total?
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Scheme
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What is the shifted Higgs Width in the SMEFT?
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SchemeScheme

Considering the inclusive phase space differences, cuts will matter.  

https://arxiv.org/pdf/1906.06949.pdf Brivio, Corbett, Trott

To push an STXS measurement to SMEFT properly, acceptance corrections needed.
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Efficient calculation at dimensions six
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A ' ASM + hOi1N1 + hOi2N2 + · · ·
<latexit sha1_base64="zWWgHrjJ74egTDb75bokrnXNjp4="></latexit>

Func. of 4 vectors (kinematics)

If SM kinematics 

- rescaling for some Wilson 

- coefficient dependence.

If non-SM kinematics then a unique phase space

Integral set. Novel kinematic factors

Many Wilson coefficient dependencies in the width calc. The calc was 
organised around dependency on kinematics x parameter dependence.

hH†
Hi

⇤2
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pi · pj
⇤2

<latexit sha1_base64="PX23xTpuo5RVa9LTFsHrYzePAVw=">AAACCXicbVC7TsMwFHXKq5RXgJHFokJiqpKCBGKqxMLAUCT6kJoQOY7TmjqxZTtIVZSVhV9hYQAhVv6Ajb/BfQzQcqQrHZ1zr33vCQWjSjvOt1VaWl5ZXSuvVzY2t7Z37N29tuKZxKSFOeOyGyJFGE1JS1PNSFdIgpKQkU44vBz7nQciFeXprR4J4ieon9KYYqSNFNjQiyXCuQgo9HDENRTBPSxy79o8EaG7ehHYVafmTAAXiTsjVTBDM7C/vIjjLCGpxgwp1XMdof0cSU0xI0XFyxQRCA9Rn/QMTVFClJ9PLingkVEiGHNpKtVwov6eyFGi1CgJTWeC9EDNe2PxP6+X6fjcz2kqMk1SPP0ozhjUHI5jgRGVBGs2MgRhSc2uEA+QiUab8ComBHf+5EXSrtfck1r95rTauJjFUQYH4BAcAxecgQa4Ak3QAhg8gmfwCt6sJ+vFerc+pq0lazazD/7A+vwB8kGZ0w==</latexit>

Expansion will not change

Kinematics. Some dim 8

effects for free? Different SMEFT Expansion factors 


present

Can this kinematics based approach make higher order calcs easier/more 
efficient or possible? HELL YES! This is what the geoSMEFT is exactly 
about.



Automation of this approach (Just L6)

118

Breaks the RI! RI not broken

 [hep-ph/0602154 ].

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)

Automation of leading order SMEFT in the SMEFTsim package now
https://arxiv.org/abs/1709.06492
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What convinced me..How big should these effects be?

1Michael Trott, NBI

W mass shift: 

Higgs width shifts (anomalous Higgs couplings)

The SMEFT effects (the numbers in the formula) are calculable in the EFT —
independent of the UV. Calculate once and done! 

How big depends on Wilson coefficients and the cut off.

36



What convinced me..The Hierarchy Problem

…not this one, the physics one…



1

What convinced me..Hierarchy Problem

Hierarchy problem solid example

118M.Trott, Durham, 6th September 2017 46Michael Trott, IPMUMichael Trott, NBI, Sept 9-13 Maria Laach 136

Consider it in the context of a model you probably think is sensible. 

The seesaw model

Integrating out the seesaw at tree level 

Extremely well known result

p summed over
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What convinced me..Hierarchy Problem
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Consider it in the context of a model you probably think is sensible. 

The seesaw model at one loop:

How such a fermion 

talks to the SM at d  4

Direct threshold matching onto LSM

In agreement with J. A. Casas et al. 
Phys. Rev. D 62, 053005 (2000) others..Measured Higgs mass


Absorbs this UV physics effect, but it can be BIG!

What is the Hierarchy problem?
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What convinced me..Hierarchy Problem

Details of the Matching
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+
1

2
[
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]
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The problem here is we are starting with

Taylor expand for low energy experimental measurements (i.e. match)

Tree level:

Neutrino masses. Good!

V (H†
H) = �(H†

H)2 � v
2
H

†
H + �

v
4

4
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�
m

2
p!

2
p

8⇡2
H

†
H + · · ·
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Loop level:
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Did this just violate the decoupling theorem?
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Decoupling theorem:T. Appelquist, J. Carazzone, Phys. Rev. D11, 2856 (1975

Consistent with decoupling theorem and 

hi ⇠ O
0
SM +

f1(s, t, u)

M2
heavy

+
f2(s, t, u)

M4
heavy

+ · · ·

Its just that the “coupling constant” higgs mass has a finite renormalization.

Its a problem because dimensional analysis is not working as we expect.
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Details of the Matching
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Removed by renormalizing the UV theory

Remaining terms simplified by expanding.

Details of the Matching
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Removed by renormalizing the UV theory

Remaining terms simplified by expanding before integrating.

Scaleless integrals vanish in dimensional regularisation these are all 0

One loop contributions from the            operator dropped as all IR scales expandedH
†
H
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Details of the Matching
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Removed by renormalizing the UV theory

Remaining terms simplified by expanding before integrating.

Removed by wavefunction reform

DO this calculation yourself to check! (see SMEFT review for details 1706.08945)

Details of the Matching
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But.. this keeps happening with UV field content..
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What do we measure at low scales:

v20 +
Ni g2im

2
B

16⇡2
� N2 g2Fm

2
F

16⇡2
+ · · ·
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m̂h =
p
2�v ⌘ 125.09Gev
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Why do all these numbers cancel

so much down to the EW scale?
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Does this parameter violate a symmetry?
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So long as the SM has a scale to start with :

Consider the SM in the scaleless limit, however

When no mass scales a conformal symmetry: x ! �x

t ! �t

H ! H/�
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In scalar sector.
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Scales of the SM..
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Not that simple, the SM spontaneously generated a scale:

Famously:

A scale of order ⇤QCD ⇠ mp ⇠ 1GeV
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In the theory. A further scale due to 

Asymptotic nature of perturbation theory.

These scales are less than 
m̂h =

p
2�v ⌘ 125.09Gev
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Very Interesting scales a bit out of direct reach

mt
mh

The interesting scales! ⇠ 4⇡v/c

Michael Trott, Niels Bohr Institute, May 24th 2018 10

SM Higgs?


v

⇤QCD

Mpl

Mheavy?

Expect % effects on Higgs properties

We need a precision Higgs pheno program!

Are % level deviations ruled out? NO.

47Michael Trott, NBI

⇤?



We are after % level effects

48

SM Higgs?

Mpl

Mheavy? ⇤?

v

⇤QCD

Avoiding tuning one expects the Higgs mass scales

1

|ASM |2

✓
ASM

Civ2

⇤2

◆
⇠ 1

ASM

Ci v2

⇤2

⇠ 1

ASM

Ci v2 |i|2 Ni

m̂2
h16⇡

2

⇠ 1

gSM

Ci |i|2 Ni

� 16⇡2
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SMEFT Effects avoiding tuning scale as: 

Michael Trott, NBI

mh ⇠ |i|Mheavy

p
Ni/4⇡

<latexit sha1_base64="GvjDMb7vUVeJG1yDu13ZvSdadJg=">AAACGHicbVA9SwNBEN2L3/ErammzGASreBcDilXAxkZRMCaQO465zcYs2b1bd/cCx5mfYeNfsbFQxNbOf+MmptDEBwOP92aYmRdJzrRx3S+nMDe/sLi0vFJcXVvf2Cxtbd/qJFWENkjCE9WKQFPOYtowzHDakoqCiDhtRv2zkd8cUKVZEt+YTNJAwF3MuoyAsVJYOhRhD/uaCfzg90FKCNkDvgjzHoVBNrTOvTL5ZciGh7iGfcnCUtmtuGPgWeJNSBlNcBWWPv1OQlJBY0M4aN32XGmCHJRhhNNh0U81lUD6cEfblsYgqA7y8WNDvG+VDu4mylZs8Fj9PZGD0DoTke0UYHp62huJ/3nt1HRPgpzFMjU0Jj+LuinHJsGjlHCHKUoMzywBopi9FZMeKCDGZlm0IXjTL8+S22rFO6pUr2vl+ukkjmW0i/bQAfLQMaqjc3SFGoigR/SMXtGb8+S8OO/Ox09rwZnM7KA/cD6/AScOn8w=</latexit>


