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Overview

● Introduction
➢ Drell-Yan neutral search features
➢ State of art with LHC results at 8 TeV
➢ Motivations for the introduction of the AFB observable

● Approach
➢ Model independent search for these objects
➢ Interference effects

● Results
➢ Exploring the main features of some realistic models
➢ Importance of the AFB in a wide resonance scenario
➢ Showing predictions for a future LHC run at 13 TeV

● Conclusions



  

Neutral Channel Drell-Yan Z' search

Introduction

Motivations:
Leptons in the final state are:

● Easy to detect
● Precise to measure
● Almost background-free

CTEQ6L1 PDFs were used



  

Introduction
LHC 
most 

recent 
results 

at 8 
TeV

Analytical 
results at 

8 TeV

ATLAS : CERN-PH-EP-2014-053 CMS : CMS-PAS-EXO-12-061



  

Definition
Definitions for the Forward-Backward Asymmetry

θ is the angle between incoming quark and lepton in the qq CM frame



  

Approach
Model Independent Approach

Low Energy Lagrangian:

As the structure of the interaction is fixed, the free parameters are:

● u-like, d-like quarks and electrons chiral couplings 
(gauge couplings can be absorbed into their definition)
 
(6 model dependent parameters)

● Mass and Width of the Z' boson
(Width of the Z' boson can be the proper width of the model or can be taken as 
free parameter for model independent searches)

(2 parameters)



  

Approach

With this kind of interaction we end with 
the usual form for the matrix element 
and then for the cross section

Cross section 
contribution

AFB 
contribution

The two coefficients are defined by 
different combination of the couplings



  

Interference
Interference effects play a role in the shape of AFB and cross section

In the AFB the 
interference effects 
cannot be neglected

Putting appropriate cuts we 
can neglect interference 
effects
Accomando et al. : Phys. Rev. D 83, 075012 (2011)

  JHEP 1310 153 (2013)



  

E6-χ model

The Significance of the AFB can be at most 
competitive with the one of the cross section



  

E6-I model

Large interference effects accentuate the peak in 
the AFB, and its significance becomes even larger 
than the one coming from the cross section



  

GLR-LR model

Large interference effects shift the peak of the AFB: 
this creates a region just below the resonance 
mass where the AFB significance is greater than 
the cross section significance.
This kind of models are the ideal candidates for a 
combined analysis



  

Wide resonance

In the case of a very wide resonance 
the cross section becomes 
undistinguishable from the background, 
while the AFB maintain a definite shape

Altarelli, Mele, Ruiz-Altaba: 
Z.Phys. C45 (1989) 109

GSM-SSM model



  

Limits at 13 TeV
Required luminosity for a discovery in the LHC next run

These plots show the prediction about the Z' mass limit we can put for the next LHC 
run at 13 TeV.

Reaching a luminosity of 300 fb-1 we can be sensitive to Z' masses up to ~ 5.5 TeV

Including the AFB (a combined analysis) may eventually lead to a lower required 
luminosity



  

Conclusions
Summarizing

● AFB can be a useful observable in case of:

➢ A resonance with very chiral couplings may have a great significance in 
the AFB search

➢ Large interference effect that may shift the peak in a lower invariant 
mass region

➢ Wide resonance where the information coming from the cross section is 
essentially lost
(I.E. strong interacting models like technicolor models, or SUSY models 
with exotic decay channels have this feature)

● A combined analysis can:

➢ Extend the region of exclusion as the the required luminosity is reduced 
when considering both AFB and cross section contribution

➢ Enable a discovery sooner than only via the cross section



  

ThankThank
you!you!



  

Real models
Table of couplings:



  

Motivations

➢ AFB contains informations about the couplings:
in particular we can obtain information about the chirality of the 
couplings of the new resonance.

➢ As it comes from the difference between the cross section 
integrated in two separate regions normalized with respect to the 
total cross section, it can cancel systematic uncertainties which are 
present in the cross section (I.E. luminosity and PDFs 
uncertainties).

➢ Large interference effects can be visible in the AFB while they can 
be neglected in the cross section once appropriate cuts are 
considered

➢ Wide objects lose their typical “bump” profile, while they can still 
preserve a visible AFB profile

Why including a Forward-Backward Asymmetry analysis?

Rizzo : JHEP 0908 082 (2009)



  

Uncertainties

All the following results were cross-checked with an independent Monte Carlo code 
based on HELAS subroutines and in turn validated against CalcHEP predictions

Definition of uncertainties and significance



  

“Truth” asymmetry
Problem in the definition of “Forward” and “Backward”:

In order to construct the asymmetry, we need to know which one is the forward direction, as in 
a Drell-Yan process we actually don't know from which proton the specific quark comes from.

General rule:

In this case of neutral 
process, we expect that 
the dilepton longitudinal 
momentum tells us where 
the quark and the anti-
quark come from.

Dittmar : Phys.Rev.D55:161-166,1997



  

“Truth” asymmetry
Comparing the Significances before and after the 

reconstruction:

As a result of the reconstruction, we typically lose a factor ~ 3 in the significance
Anyway the qualitative behaviour of the asymmetry is unchanged



  

GLR
GLR-LR model

Combined Analysis

Collecting the data for AFB and cross 
section in two different regions we can 
combine the two significances simply 
adding them up, in order to improve our 
overall significance



  

Rapidity cuts
Rapidity cuts for the “reconstruction”
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