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The LHC is a 
discovery machine

And sure enough we 
got our discovery!



  

… but the sweet taste from this 
great triumph might not last long

The Higgs mass is 
where we expected

The Higgs couplings 
are compatible 

with the SM ones



  

… but the sweet taste from this 
great triumph might not last long

Exhaustive NP 
searches with null 

results (so far)



  

Time to panic? 
Obviously NOT!!

Talk given by JS
at ICHEP 2010

But maybe time 
to approach LHC data 
also in a different way



  

● Searching for NP (the agnostic way)

Form Factors

Effective
 Theories

- Minimal assumptions about symmetries (QED, 
QCD, Lorentz) plus independent kinematical 
variables

- General parameterization compatible with 
assumptions
- Gives an ordering principle (power counting)
- Provides correlations between observables

Specific UV
completions

- Provides further correlations
- General if ALL models can be accounted for



  

Outline

● Completing the UV/IR tree-level dictionary
● New Quarks, Leptons and Vectors   
● New Scalars

– Classification
– Calculation of the effective Lagrangian
– Constraints

● Multiple spins

● How to use the effective Lagrangian (at the LHC)
● Conclusions and outlook



  

● Effective Lagrangians (from the top-down) 

● The matching can be performed at an 
arbitrary order in the loop and operator 
dimension expansions

● In this work we are interested in collider 
physics so we can stop at dimension 6

● We also restrict ourselves to tree-level 
matching

● We expect the largest contributions to arise at tree level

● At tree-level different types particles interfere in a limited way

● We can complete the full tree-level matching dictionary



  

New Quarks:
F. Aguila, M. Pérez-
Victoria, J.S., JHEP (00)

New Leptons:
F. Aguila, M. Pérez-
Victoria, J. Blas, PRD (08)

New Vectors:
F. Aguila, M. Pérez-
Victoria, J. Blas JHEP (10)

Tree-level matching dictionary

Only the scalars (and mixed) are missing



  

● Let's compute the effective Lagrangian that results of the tree-
level integration of an arbitrary number (and types) of new 
heavy scalars

● Assumptions:

– Only renormalizable couplings in the UV theory
– Quadratic terms diagonalized (one negative eigenvalue)
– No tadpoles (only relevant for singlet)

● We compute the effective Lagrangian with no assumptions 
about quantum numbers:

– Only new scalar fields that can have linear (renormalizable) 
couplings to SM fields contribute to the effective 
Lagrangian at tree level and dimension 6.



  

Tree level dimension 6 effective Lagrangian

● The effective Lagrangian can be computed at tree level by 
solving the classical EoM for the heavy fields and inserting 
the solutions back in the Lagrangian

● The full Lagrangian reads

● The EoM reads

with



  

Dimension 6 effective Lagrangian

A B

C D



  

Dimension 6 effective Lagrangian

A B

C D

● Only terms coupling to       or               
              contribute: linear couplings

● Four-fermions only from A

● Gauge boson only from A

● Fermion-Scalar operators from B

● C and D generate only terms with six 
Higgs bosons 



  

New scalars with linear couplings to SM

No coupling to fermions
Linear couplings to 
fermions and scalars



  

Dimension 6 operators generated

Plus all independent four-fermion operators
(30, including B- and L-violating)

[Some manipulations -Fierz, completeness, 
EoM, …- are needed to get a minimal basis]



  

Sample result



  

Sample result



  

Phenomenological implications:

● Bosonic operators:

● Oblique, Higgs (self) couplings

● Four-fermion interactions

● Flavor: Extra scalars naturally violate flavor:

– Impose flavor symmetries [Grinstein, Kagan, Zupan, Trott, JHEP (11)]

– Assume flavor alignment (same for B and L violation)
●  4 leptons: Low energy, LEP 2 (LHC not competitive [F. Aguila, M. Chala, 

J. Santiago, Y. Yamamoto, JHEP (15)])

● 2 leptons-2 quarks: LEP 2, LHC di-lepton searches, LHC W 
production

● 4 quarks: LHC di-jet searches



  

Particles with different spins

● Dimensionful couplings imply that particles with different spins can 
simultaneously contribute to L6 at tree level

● We are currently classifying and computing all possible contributions

● This will complete the tree level dimension 6 dictionary



  

● Effective Lagrangians (from the bottom-up) 

Comparison with experiment

● Using the Effective Lagrangian to test new physics:

● Classify all operators that contribute to a specific search (observable)

● Compute the simplest yet most general parameterization of the 
corresponding observable: Master Equation

● Compare with experimental data



  

Do not interfere with SM plus are 
very constrained by pion decay

● Dilepton searches at the LHC
● Classify operators that contribute to the process

J Blas, M. Chala, J.S., 
PRD (13) + to appear



  

● Dilepton searches at the LHC
● Compute the Master Equation (most general contribution)



  

● Dilepton searches at the LHC
● Compute the Master Equation (most general contribution)



  

● Dilepton searches at the LHC
● Compute the Master Equation (most general contribution)

F-B symmetric observable

Isotropic observable



  

EWPT

● Dilepton searches at the LHC
● Complementarity of LHC and LEP measurements



  

● Dilepton searches at the LHC
● Can we distinguish different operators?

– Only classes of operators
– Example: FB asymmetry at LHC14



  

● Summary:
● The tree-level matching dictionary is almost complete: the 

tree-level effective Lagrangian at dimension 6 can be written 
down for any new physics model

● Trivial to obtain cancellations/correlations as eventually 
observed in data

● Comparison with experiment: use of master equations to 
extract maximal info in a model-independent way

● Bounds on four-fermion interactions can be obtained from 
LHC searches and combined with previous constraints

● Outlook:
● Attempt for the experimental collaborations to provide 

necessary information to compute the master equations
● Compute the matching dictionary at one loop
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