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From Flavor to Top, Higgs, and beyond ….
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from prediction to discovery
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Effective Hamiltonians 
beyond the Leading Order 
and their applications
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Updates from UTfit Collaboration for Summer 2021 Marcella Bona
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Figure 1: Top: |+21 | vs |+D1 | plane showing the values reported in Table 1. We include in the average the
LHCb ratio measurement [6] that is shown as a diagonal band. Bottom: d̄-[̄ plane with the SM global fit
results using only exclusive inputs for both +D1 and +21 (left) and using only inclusive inputs (right).
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Figure 2: Left: global fit input distribution for the angle U (in solid yellow histogram) with the three
separate distributions coming from the three contributing final states cc, dd and dc. Right: global fit input
distribution for the angle W (in solid yellow histogram) obtained by the HFLAV [3] average compared with
the global UTfit prediction for the same angle.

obtained via the GGOU (Gambino, Giordano, Ossola and Uraltsev [7]) calculation, and then we
add a flat uncertainty covering the spread of central values from the other calculations: this results

3



from discovery to  precision physics
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Mt becomes a crucial input 
in precision fits of the SM 
(EW and flavor)

Anomalies in Top-quark EW couplings (W,Z,H) possible hint of BSM physics

Top



from prediction to discoveryHiggs
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LHC@Run1: MH=125.09±0.24 GeV

LHC@Run1+2



from discovery to precision physics
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Stress-testing the SM
A recent challenge: CDF new MW measurement
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The big open questions
Thermal 

History of 
Universe

Higgs 
Physics

Origin of 
EWSB? Higgs Portal 

to Hidden Sectors?

Stability of Universe

CPV and 
Baryogenesis

Origin of masses?

Origin of Flavor?

Is it unique?

Fundamental 
or Composite?

Naturalness

Thermal History of 
Universe

Origin of EWSB?

The discovery of the Higgs boson has sharpened 
the big open questions and given  us a unique 

handle on BSM physics.

What is the origin of the EW scale?

Ø Why the MH≪Mplanck hierarchy problem? 
Ø What are the implications for Naturalness?
Ø Can we uncover the origin of BSM physics from precision measurement of Higgs 

properties (couplings, width, …). Elementary vs composit? One Higgs? More?
Ø Can we measure the shape of the Higgs potential Higgs self coupling(s)
Ø Can Higgs properties give us insights on flavor and vice versa?

Ø Couplings to heavy flavors (bottom, top, ..)
Ø Couplings to light quarks and leptons



The LHC era: exploring the TeV scale

We are only here

Many years of HL running ahead of us

➔ 2-fold increase in statistics by the end of Run 3
➔ 20-fold increase in statistics by the end of HL-LHC!

Indirectly via Higgs and Top:

Ø Run 2 delivery for Higgs 
couplings outperformed 
expectations 

Ø LHC will define top physics till 
the next high-energy collider
Ø e+e- > 500 GeV
Ø pp@100 TeV
Ø µ+µ- > 10 TeV



zooming on couplingsHiggs

Ø Couplings to W/Z at 5-10 %, couplings 
to 3rd generation fermions to 10-20%

Ø First measurements of couplings to 2nd

generation fermions

Ø HL-LHC projections from YR: 2-5 % on 
most couplings and <50% on Higgs self-
coupling

Full Run2 results drastically improve 
partial Run 2 results (baseline for YR 
projections)

k=gX/gX
SM



Theory has come a long way
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• Observe excellent perturbative convergence & uncertainty coverage
• Crucial to consider every variation to probe all parts of the prediction

• DivideH ! �� branching ratio B�� out of data [LHC Higgs Cross Section WG, ����.�����]
• Data are corrected for other production channels, photon isolation e�ciency
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Several backgrounds also know at 
NLO QCD+EW or improved NLO (+NNLL)
(e.g. W/Z+j, ttbb, ttW, ttZ, ttg,…)

LHC Higgs WG

Anastasiou et al. [1502.06056]

Kulesza et al. [1812.08622]
Poncelet et al.



PROJECTIONS FOR HIGGS COUPLINGS

S. Dawson

62

ILC250 ILC500
kg 1.1 1.0
kW 1.8 0.4
kZ .38 0.3
kg 2.2 0.97
kb 1.8 0.60
kt 1.9 0.80

Uncertainties in % with 2 ab-1
CLIC350 GeV, 

1 ab-1
3 TeV, 
5 ab-1

kg - 2.3
kW 0.8 0.1
kZ 0.4 0.2
kg 2.1 0.9
kb 1.3 0.2
kt 2.7 0.9

CLIC, uncertainties in %

Large theory errors 
at HL-LHC Energy critical at e+e- machines; negligible theory error

zooming on couplings, a little more …Higgs

Generically:
Dk/k ~ O(v2/L2)

Improved systematics 
probes higher scales

Theory could become main 
limitation

Theory need to improve modeling and interpretation of LHC events, in particular when new 
physics may not be a simple rescaling of SM interactions

For new physics at 1 TeV
expect deviations of O(6%)



Beyond total rates
INDIRECT SEARCHES

S. Dawson 48

Precision calculation at low energy where rates are large or
Small deviations at tails of distributions

Ev
en

ts
/G

eV

Energy

SM process
EFT regime

Renormalizable 
SM Lagrangian

Higher
Dimensional
Operators

EFT 
breakdown

Resonance 
produced 
on-shell

off-shell precisionon-shell precision direct searches

EFT operators 
with HiggsesExamples: EFT operators 

with derivatives
EFT: light new 
physics

Need SM precision calculations at differential
level both at lower energy, where rates are 
large and at higher energy where rates are 
small but effects of new physics may be more 
visible.

Extending the SM via effective interactions 
above the EW scale SMEFT

Crucial to control EFT sensitive regions

dim=6

dim>8



Ex: Interpreting ttZ measurements 
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Anomalous top couplings

Effective operators

CMS [arXiv:1907.11270] …

0 100 200 300 400 [GeV]Z
T

p

50

100

N
um

be
r o

f e
ve

nt
s 

/ 2
5 

G
eV Data Ztt )Xtt(

WZ gX ZZ
Rare Nonprompt Uncertainty

 (13 TeV)-177.5 fbCMS

0 100 200 300 400
(Z) [GeV]

T
p

0.5
1

1.5

D
at

a 
/ P

re
d.

)µ(µµµ )µe(µµ /e)µee(µ eee(e)

100

200

300

N
um

be
r o

f e
ve

nt
s 

Data Ztt )Xtt(
WZ gX ZZ
Rare Nonprompt Uncertainty

 (13 TeV)-177.5 fbCMS

)µ(µµµ )µe(µµ /e)µee(µ eee(e)
0.8

1
1.2

D
at

a 
/ P

re
d.

ttZ searches in 3l and 4l 
signatures



EFT allows multiple probes

Kinematic distributions add 
substantial constraining power

Global fits of top observables

Accurate modelling of tt+X
differential cross sections and 

signatures becomes crucial

V. Miralles, et al. [arXiv:2107.13917]



… exploring boosted kinematics and off-shell signatures
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Pointing to the need for precision in modelling signatures from tt+X processes in regions where 
on-shell calculations may not be accurate enough

Top+additional leptons

Top pair + boosted Z/H

Effects in tails of 
distributions but also 
anomalous shapes
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EFT global fits

GGI - Tea Breaks - 9 June - On Line                                                             Fabio Maltoni 

Global fits: EWPO+H+EW+Top
Global fits

• Already now and without a dedicated experimental effort there 
is considerable information that can be used to set limits:


•Fitmaker [Ellis et al. 2012.02779]

•SMEFiT  [Either et al. 2105.00006]

•SFitter [Biekötter, Corbett, Plehn, 2018] +  [Brivio et al., 1910.03606]  (separated)

•HEPfit [de Blas, et al. 2019]

•  30+ operators, linear and/or quadratic fits, Higgs/Top/EW at 
LHC, WW at LEP and EWPO.
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EFT connects different processes with large correlations: pattern of 
coefficients give insights on underlying BSM model
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… adding EW + Higgs + top and flavor!Constrain new physics via flavour observables
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Strong constraints from B-meson semileptonic decays and intriguing relation with

flavor anomalies.

near ! including

HL-LHC and Belle II

[Bißman, Grunwald, Hiller,Kröninger, arXiv:2012.10456]
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Strong constraint from B-meson semileptonic decays 
and intriguing relation with flavor anomalies

Bissman et al. [arXiv:2-12.10456]
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