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No sign of New Physics at the LHC (yet) 



  

The Higgs mass is 
where we expected

The Higgs couplings 
are compatible 

with the SM ones

We got the Higgs, of course, but ...



  

Interpretation of null results

● In the absence of any significant excess we 
would like to interpret the results in the most 
general possible way

● Effective Lagrangians: model-independent 
parameterization with minimal assumptions

– Light degrees of freedom and symmetries identified
– (Large enough) mass gap between experiment and NP

● Complete-minimal bases only recently 
proposed

Grzadkowski, Iskrzynski, Misiak, Rosiek '10
Contino, Ghezzi, Grojean, Mühlleitner, Spira '13
Elias-Miró, Espinosa, Masso, Pomarol '13



  

Eff. Lagrangians and LHC results

● Higgs (and other) LHC data have been 
comprehensively analyzed in terms of effective 
Lagrangians (as reviewed in this workshop)

● All these studies have an irreducible source of 
uncertainty: restricted information from the 
experimental side
● Higgs data reported in terms of signal strength 

Interpretation in terms of new physics 
requires the assumption of unmodified 
experimental efficiencies



  

Eff. Lagrangians and LHC results

● This is a problem not only for Higgs physics: 
LHC searches quite comprehensive but 
interpreted in terms of a small set of models

● Other NP might have different kinematics and 
therefore different efficiencies

● Several proposals to circumvent this problem:
– Report full likelihoods, detailed cut efficiencies, fiducial 

cross sections, use simplified model interpretations, …

● Not a dramatic problem now (in Higgs physics) 
but it might be in the future 

Pomarol, Riva 1308.2803
Banerjee, Mukhopadhyay, Mukhopadhyaya 1308.4860 



  

Eff. Lagrangians and LHC results

● Our suggestion: parameterize observables, at 
detector level, in a general, yet minimal way 
with master equations

● The (differential) parton-level x-secs can be 
always written as a polynomial in the 
coefficients of the new operators

 are functions of the phase space point. 
Different operators can have the same functional 
dependence on phase space and can therefore 
be combined.



  

Observables at the LHC: Master Eq.

● Experimental observable: parton-level xsec 
convoluted with initial parton PDFs and 
integrated over a region of parameter space 
(experimental cuts)

● We can write a master equation for each 
observable

–             operator-dependent coefficients (combinations of 
the coefficients of the higher-dimensional operators)

–             observable-dependent coefficients (includes the 
effect of PDFs, experimental cuts, efficiencies, etc.) 



  

Observables at the LHC: Master Eq.

● This kind of parameterization has been used in 
the past but typically for inclusive observables 
(total xsec, decay widths) or for single ops.

● Typically not too many independent operators 
(easy to compute with MC simulations)

● Dependence of the kinematic distributions on 
NP automatically incorporated



  

Kinematics parameterization
Double Higgs production mediated by

Alloul, Fuks, Sanz 1310.5150



  

Kinematics parameterization
Double Higgs production mediated by

Alloul, Fuks, Sanz 1310.5150



  

Detailed Example:
Drell-Yan from lepton-quark contact 

interactions

J. de Blas, M. Chala, J.S. 1307.5068



  

A case study: lq contact interactions

● Classify operators that contribute
● Ten operators contribute to dilepton production 

Do not interfere with SM 
(and are very strongly 

constrained by pion decay)

J. de Blas, M. Chala, J.S. 1307.5068



  

A case study: lq contact interactions

● Compute contribution to observable
● Dilepton production at partonic level

J. de Blas, M. Chala, J.S. 1307.5068



  

A case study: lq contact interactions

● Master Equation: general parameterization at 
detector level

J. de Blas, M. Chala, J.S. 1307.5068

Operator-dependent 
coefficients



  

A case study: lq contact interactions

● Master Equation: general parameterization at 
detector level

– The observable-dependent coefficients,             ,  can 
only be computed with detailed MC simulations

– There are relations for certain observables:

● Forward-backward symmetric observables

● Isotropic observables

J. de Blas, M. Chala, J.S. 1307.5068



  

A case study: lq contact interactions

● Calculation of observable-dependent coeffs.

● Symmetric and isotropic obs.: only 5 coeffs.
● Relations satisfied better than 3%
● Can experimental collaborations do this? YES!

J. de Blas, M. Chala, J.S. 1307.5068



  

A case study: lq contact interactions

● Calculation of observable-dependent coeffs.
● Symmetric and isotropic obs.: only 5 coeffs.

It would suffice that experimental collaborations give the 
expected number of  events in the SM (signal and 
background separately) and for two different values of the 
coefficients of two higher-dimensional operators, for 
instance                        and

Any extra information (for instance more operators) can 
be used as cross-check of the approximation

J. de Blas, M. Chala, J.S. 1307.5068



  

A case study: lq contact interactions

● Include ME into global fit:
– LHC results are competitive and often complementary to 

EWPT

EW PT

J. de Blas, M. Chala, J.S. 1307.5068

J. de Blas Ph.D. Thesis (U. Granada)



  

A case study: lq contact interactions

● Can we distinguish different operators?
– Only classes of operators
– Sample: forward-backward asymmetry at LHC14

J. de Blas, M. Chala, J.S. 1307.5068



  

Can be also applied to Higgs 
physics

● Sample case: 
– Many operators contribute

J. de Blas, A. Carmona, J.S., to appear

Preliminary

Contino, Ghezzi, Grojean, Mühlleitner, Spira '13
Alloul, Fuks, Sanz '13



  

Can be also applied to Higgs 
physics

● Sample case: 
– We take as our observable the number of events with       

                            after the cuts in ATLAS-CONF-2013-013

– Simplifying assumption (just for the sake of the example, 
not realistic!): neglect photon exchange and anomalous Z 
decays

– Caution: most operators more constrained (currently) by 
other observables

J. de Blas, A. Carmona, J.S., to appear

Preliminary

Pomarol, Riva 1308.2803



  

Can be also applied to Higgs 
physics

● Sample case: 
J. de Blas, A. Carmona, J.S., to appear

Preliminary



  

Can be also applied to Higgs 
physics

● Sample case: 
J. de Blas, A. Carmona, J.S., to appear

Preliminary



  

Discussion and outlook

● Model independent interpretation of LHC 
results require further input from experiments

● Master equations provide a simple but general 
parameterization of new physics:

– General parameterization of observables at detector level
– Dependence of kinematic distributions on NP included
– Easy to combine with EWPT

● Easy to implement in LHC searches:
– Usually small number of simulations needed
– Cuts can be optimized for different operators

J. de Blas Ph.D. Thesis (U. Granada)
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