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Ikaros I. Bigi

On Charm:

I know she invented fire,
but what has she done recently?



what are we looking at?

FIT

PREDICTION
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hence we need a parameterization…
the weak Hamiltonian:

the operator basis:
the U-spin components:

CP conserving

CP violating
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weak amplitude + rescattering + small SU(3)f breaking amplitudes
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negative phases positive phases

LHCb: PRL 116 (2016) 191601 [arXiV:1602:03160]

fit to ΔACP (LHCb)
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future prospects

-- fit predictions from ΔACP have comparable or smaller errors than what Belle II will probe with 50 ab-1

-- predicted errors do not depend on the sign of the phases

-- hence predicted errors do not depend on the size of (P+Δ3)/T but only on the precision with which it 
can be determined.
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Measurement of (P+Δ3)/T

assuming the phases are negative

(current)
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Samuel Beckett
Worstward Ho!

On Beauty:

Ever tried. Ever failed. No matter.
Try again. Fail again. Fail better.
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On the Higgs:



two paths to the throne

-- find a new degree of  freedom --

-- find a modified coupling --
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Higgs production with an associated jet is driven by:

the idea
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ü We gauge LHC potential by looking into the                                       channel.

ü We separate the events into a low and a high pT bins 300 GeV as the discriminating pT .

ü We get a ct [0.66, 1.42] at 68% CL from our naïve estimate.
18

the outcome
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ü there is an invisible Higgs decay width, so that the total width of the Higgs and its couplings can be varied 
independently 

ü variations of all the Higgs couplings are universal 
ü there are no higher dimensional operators affecting either Higgs decay or production 

signal signal gg background

the context
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ü There is no invisible Higgs decay width.
ü There are dim. 6 operators affecting Higgs production.

After EWSB:

While the signal is affected by the modified 
couplings, the background is not.

The differential cross-section is given by:

the idea
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The difference between the linear and non-linear 
analysis at 14 TeV is large.

This difference falls off at higher energy colliders.

Open to improvement in both 
theoretical and experimental 
technologies.

linearized vs. non-linearized analysis
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• Higgs and top quark associated production: almost a direct measurement of ct with very little pollution 
from cg

• boosted Higgs production: sensitive to ct and cg

• off-shell Higgs production: sensitive to ct and cg but also to effective ttZ couplings 

• double Higgs production in gluon fusion:
• occurs at energies much above the top quark mass – top loops and contact interaction can be resolved
• higher-point interactions make it really sensitive to the top-Yukawa sector

The Processes
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The Combination
SM signal injected

the Higgs is a part of a doublet

inclusive production projection from:
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an EFT is valid if…

• Small energy requirement:

• Small coupling requirement:

• supression of dimension-8 operator:

EFT simulation with MCFM
full theory computation with FeynArts/FormCalc/LoopTools

Y*	=	2,	3,	4,	5

Solid: linear theory
Dashed: non-linear theory
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full theory vs. EFT

ü SM signal injected
ü the linear and the non-linear theory overlap

ü bins are added with increasing mass and hence the jagged shape of the EFT/non-linear model

27Ayan	Paul	-- DESY	Theory:	Fellow's	Meeting	2017



Flavour Physics
meets

Higgs Physics
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why…??
ü The flavour paradigm of models with an extra Higgs doublet is often limited to escape flavour

bounds. But there there are the recent results for 𝒉⟶ 	𝝉𝝁 and 𝒕 → 𝒄𝒉.

ü Stringent bounds on the masses of the expanded Higgs sector can be avoided by proposing certain 
flavour textures for the Yukawa interactions.

ü We show that we can go beyond the flavour diagonal regime for the couplings of the SM fermions to 
the neutral Higgs states, yet respect bounds from flavour phsyics.

ü Once we allow for one or more of the expanded Higgs family to have lower masses, interesting and 
yet unexplored collider signatures can arise.

ü We show this with a axion variant model with the right handed top quark charged -1, two Higgs 
doublets charged 0 and -1 under a Peccei-Quinn symmetry.

ü We also introduce a top-charm mixing between right handed up-quark sector. We implement a 
similar structure in the lepton sector too.



fits to the Higgs couplings
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we focus on the low tanβ range

Higgs width modifier: Higgs-gauge field coupling modifier: Higgs-fermion
coupling modifier:

Run 1 ATLAS-CMS combination 
arXiV:1606.02266
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J. P. Kennedy
or

Knute Rockne

On HEPfit:

When the going gets tough,
the tough get going.
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Thank you…!!
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