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The Standard Model in 2016
• All measurements more or less consistent with SM (~10%)

• Dedicated searches for new physics 
continually finding null results for NP

• If there is heavy new physics, looks like it decouples
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Where do we go from here?

• Many concrete models, but large degeneracy 
in experimental signatures

e.g. “tails of distributions”



The Standard Model EFT

Why bother with Effective Field Theory?

• Resurgence of model-independent frameworks to go 
beyond SM

(κ framework, anomalous couplings, form factors…)

• completely general
• can be matched to UV completions
• radiative corrections calculable
• allows contact interactions 
• allows power counting
• keeps gauge invariance manifest
• differential distributions
• …
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EFT: Which Lagrangian best describes the currently available data?

L = LSM +
X

i

ciOi

⇤2
(+ . . .)



Why top EFT?
Top plays a special role in most scenarios of electroweak symmetry breaking:

• SUSY: Top partners cancel UV divergences in mh (if light enough)

• Little Higgs and friends: Spin-1/2 top partners with large T-t mixing

DIRECTLY:

INDIRECTLY:

Large effects in electroweak measurements: ripe for deviations
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All lead to modified top couplings



Why top EFT?
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 H (NNLO+NNLL QCD + NLO EW)

→pp 

 qqH (NNLO QCD + NLO EW)

→pp 

 WH (NNLO QCD + NLO EW)

→
pp 

 ZH (NNLO QCD +NLO EW)

→
pp 

 ttH (NLO QCD)

→
pp 

 bbH (NNLO QCD in 5FS, NLO QCD in 4FS)

→
pp 

LHC run 1:
4.57 fb-1 @ 7 TeV
20.3 fb-1 @ 8 TeV

550,000 Higgs produced

>8 million top quarks produced!

(before BRs!)
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Dimension six operators
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Grzadkowski et al, 1008:4884 
see also:

 Guidice et al. [hep-ph/0703164]
 Contino et al. 1303.3876

Gupta, Pomarol & Riva 1405.0181

Choice of basis



Relevant operators
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A handful of operators

And many measurements…

GLOBAL FIT



The TopFitter method
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• Sample a set of points in the N-dimensional parameter space of {Ci}

• Construct parameterising function fb({Ci}) which models change in MC w.r.t Wilson 
coefficient

• Construct goodness-of-fit between fb({Ci}) and data

• Minimise it
GOAL: Global fit of all relevant operators in 
top quark production & decay to available 

data from Tevatron & LHC

� ⇠ �SM + Ci�D6 + C2
i �D62 fb({Ci}) = ↵b

0 +
X

i

�b
iCi +

X

ij

�b
i,jCiCj + . . .



Datasets



Top pair production
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At dimension-six

??

No constraint here, but can probe in Higgs physics

Corbett et al.1505.05516

gg channel dominates @ LHC



Top pair production
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SUMMARY: 6 constrainable operators in top pair production

Kamenik, Shu & Zupan, 1107.5257

Zhang and Willenbrock, 1008.3869

Degrande, Gerard, Grojean, Maltoni & 
Servant, 1010.6304
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Most sensitivity in the tails
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Selected Correlations
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total cross-sections only

totals and differentials

Tevatron only

LHC(7+8) only



Single-top production
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Single top in simple BSM models: in low-energy limit:



Single-top production
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Single top in simple BSM models: in low-energy limit:

Relation to anomalous couplings:

Cao, Wudka & Yuan 0704.2809

Aguiliar-Saavedra 0803.3810

3 constrainable operators in single top productionSUMMARY:



Decay observables
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Stable against 
higher-order 
corrections

Do angular observables give better bounds than cross-sections?

-1 -0.5 0 0.5 1
C̄i = Civ2/�2

Cross-sections
Helicity fractions

Combined
C̄33

uW

Completely different measurements …

…but similar precision

Benefits of a global analysis

F0 ⇡ 0.66, FL ⇡ 0.33, FR ⇡ 0In SM

Czarnecki, Korner and Piclum 1005.2635



Charge asymmetries
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In EFT language:

AFB (more or less) explained by large NNLO QCD

Czakon, Fiedler & Mitov,1411.3007

Is there any room for {Ci}?

Zhang and Willenbrock 1008.3869

correlated with
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tt̄+X

tX, tt̄Z, tt̄�

t¯tZ only
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SM a good fit everywhere?

No significant deviations at 
this stage

Early days in the LHC 
programme

BUT

Many more measurements to come!

Run 1 SUMMARY
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Many measurements 
statistics dominated



The future

Most sensitivity to tails

Target this region 
of phase-space!
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Limits generally poor: how can we improve?  

       Based on 1607.04304 



The future

Limits from low-energy phase 
space get better and better

Boosted constraints 
saturated by 
systematics
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Up to 70% improvement possible!

30 fb-1

300 fb-1

3000 fb-1



The future
Lines: NLO theory uncertainties

Contours: NO theory uncertainties

Little gain in improving theory 
description currently

But it will eventually 
come to dominate
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30 fb�1

3000 fb�1



The bigger picture
What do these projections 

actually mean for new 
physics?

Simplest case:

Ci

⇤2
=

g2⇤
M2

⇤

Current constraints 
not very helpful

Early days for the LHC
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Summary
Top quark physics in a renaissance period

Vast amounts of data already available for global fit

No convincing deviations from SM predictions

BUT

Current constraints relatively weak

Improvements can be made, with work on both sides

LHC is a long-term project, nowhere near full potential 



The Professor method
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Brief detour: MC tuning

• Every MC event generator comes with many free     
parameters that must be tuned in order to describe the 
data 

Different approaches: 

Brute force computation (ND) Tune by hand (!?)

Parameterisation-based tuning:

Parameterise MC response  

Fit to data Optimal ‘tune’

Buckley et al. 0907.2973



Assessing the validity of the EFT

see also Biekotter, Brehmer, Plehn 1602.05202
Brehmer et al. 1510.03443

Unphysical effects in distributions

Ultimately a model dependent question

But so is

Ensures controlled expansion

BUT

28 Contino et al. 1604.06444

2<M⇤
D8MSM

Subtract it off??



Backup: Interpolation order
1
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Normalised distributions: Complicated behaviour



Backup: Interpolation error



Assessing the validity of the EFT
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Assessing the validity of the EFT

g2⇤v
2

⇤2
< 1 and

E2

⇤2
< 1 Overflow bins can be a problem…

No control over scales
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Assessing the validity of the EFT
Compare to a few “models”

Axigluon

Constraints on      map to limits 
on 

Case of W’ in single top is analogous: similar bound 

Masses probed by measurements in fit-> not valid constraints* 
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ci
MG0

MG0 > 1.4 TeV



Tevatron vs. LHC
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