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Motivation

● High σ x BR at low masses.

● Sensitive to all Higgs production 
modes.

● Probe direct coupling to leptons

gluon gluon production Vector boson fusion production Associated Higgs production

Motivation                   Introduction                        Analysis                       Results

At M
H
 = 125GeV

19.52pb-1                                1.578 pb-1
0.6966 (0.3943) pb-1 for WH(ZH)
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The CMS Detector

 General purpose detector to study 
physics at LHC

 Subdetectors in form of concentric 
cylinders

 Silicon Tracker (Pixel+Strips)

 Calorimeters (ECAL+HCAL)

 Magnet

 Muon System

Motivation                   Introduction                        Analysis                       Results
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● CMS uses particle flow algorithm (which exploits information of all sub-detectors) to identify & reconstruct 
particles namely charged hadron, e, mu, neutral hadron, gamma.

● The resulting list of particles are used to reconstruct hadronic taus using an algorithm named Hadron Plus 
Strips (HPS).

● Visible product of hadronic tau decays are used to reconstruct the taus.

● Major task of the HPS algorithm is to determine the number of π0  in the decay.

● It combined PF electromagnetic particles in the strip, to take care possible broadening of calorimetric 
deposition because of photon conversion.

● The neutral objects are then combined with existing charged hadrons to reconstruct hadronic tau.

● To differentiate τ
h 
from ordinary gluon or quark jets isolation criteria is used.

● The isolation requires that there are no charged hadron or photon apart from τ
h 
 decay product around τ

h 
.

Tau reconstruction : Hadron Plus Strips (HPS)
Motivation                   Introduction                        Analysis                       Results



27/June/2013             Raman Khurana 5

Tau reconstruction : Performance      

● Tau efficiency flat vs. p
T
 after ~25 GeV

● Fake rate ~3% for a τ
h
 efficiency of ~65%.

Motivation                   Introduction                        Analysis                       Results
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MET : Performance                  
Motivation                   Introduction                        Analysis                       Results

U
┻

U
||

● Resolution of PF E
T

miss degrades rapidly with number of pile up interactions.

● E
T

miss resolution estimated from recoil against Z boson.

● U
|| 

: parallel component of recoil

● U
┻ 

: perpendicular component of recoil

● Resolution of MVA PF E
T

miss is a factor of 2 better than PF E
T

miss 

CMS PAS JME-12-002
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SVFit : Full di-τ mass reconstruction

● SVFit
● Event by event estimator of true

 di τ system mass (using maximum 
likelihood)

● Input : four-vector information of visible 
leptons, x- and y-component of E

T
miss 

● Mass peaks at true value 
● Mass resolution improved by 20%
● Better separation between Higgs & Z

Before SVFit

After SVFit

Motivation                   Introduction                        Analysis                       Results
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Analysis in a nutshell                           
Motivation                   Introduction                        Analysis                       Results

Z→ττ:
● Embedding : in Z→µµ        
   replace µ by simulated
τ decay

● Normalized from Z→µµ 
events.

ttbar :
● From simulations.
● Normalisation from
 sideband.

EWK :
● Mainly W+Jets, 
 measured from high
  M

T
 sideband

QCD :
● Estimated from SS 
 data

Z→ee/µµ :
● From simulations.
● Corrected for measured 
 l→ τ fake rate

● Final states 
● eτ

h         
µµ       µτ

h        
 eµ      τ

h
τ

h     
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Discriminating variables               
To Reject W+Jets in 
eτ

h
 &  µτ

h
 channels

To Reject W+Jets in 
       eµ channel

Motivation                   Introduction                        Analysis                       Results
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Event categories                         
Motivation                   Introduction                        Analysis                       Results

0 Jet

1 Jets

2 Jets/VBF

       0 Jet, low p
T
, 

p
T
(lepton) < 40 GeV

       0 Jet, high p
T
, 

p
T
(lepton) > 40 GeV

    No attempt to 
    extract signal
from this category

       1 Jet, low p
T
, 

p
T
(lepton) < 40 GeV

    Large statistics

       1 Jet, high p
T
, 

p
T
(lepton) < 40 GeV

 Less Z→ττ background

                    2 Jet, VBF,
       Mjj > 500 GeV , |δη| > 3.5
Central Jet veto : no jetp

T
 > 30 GeV

  Suppression of
background from
        Z→ττ

  Most sensitive 
     category

● Fit all categories simultaneously using M
ττ

 templates to

  determine the limit following the asymptotic prescritption
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1-jets                                              

● Harder lepton p
 T 
 

spectrum because of 
additional jet

● Signal dominating 
category

Motivation                   Introduction                        Analysis                       Results
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VBF                                                

● Two jets with |δη| > 3.5

● No other jet with p
T
 > 

30 GeV within tagged 
jets

Motivation                   Introduction                        Analysis                       Results



27/June/2013             Raman Khurana 13

Associated production                       

● Higgs produced in association with 
W/Z boson

● Small background wrt inclusive H→ττ.

● Signal extracted from mass of visible 
decay products.

Motivation                   Introduction                        Analysis                       Results
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Sensitivity per Event Category & Decay channel

● VBF & 1-jet category roughly of equal strength at m
H
 = 125 GeV.

● µτ
h
 is the strongest channel.

Motivation                   Introduction                        Analysis                       Results
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Results                                             
Motivation                   Introduction                        Analysis                       Results

● Broad excess in M
ττ
 distribution
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Limit of H→ττ & VH→ττ Combined          

● Excess is compatible with the the presence of a SM Higgs-boson with mass 
m

H
 = 125 GeV.

Motivation                   Introduction                        Analysis                       Results
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p-Value                                            

● Minimum of p-value is 

2.93 σ at m
H
 = 120 GeV

● At m
H
 = 125.8 GeV,

significance is 2.85 σ

Motivation                   Introduction                        Analysis                       Results
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Summary                                          

Thank you

Motivation                   Introduction                        Analysis                       Results

● Excess compatible with 
newly discovered Boson 
with mass 125 GeV.

● The best fit value for signal 
strength µ = 1.1 +/- 0.4.

● New boson couples to tau 
leptons with a strength 
compatible to the one 
predicted by SM. 

More details about analysis : HIG-12-053, HIG-13-004
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIG
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Back up slides                                    
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Cross-Section                                  
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PFMET : Type 1 correction              
● MET : Imbalance in the transverse momentum of all visible particles that 

interact via the EM or strong forces in the final state of pp collisions

● It is transverse momentum carried by weakly interacting particles, such as 
neutrinos.

● PFMET : The negative of vectorial sum of all PF particle transverse momentum.

● Magnitude of MET can be underestimated because of :

● Minimum energy threshold in calorimeters.

● Minimum p
T
 threshold & inefficiencies in the tracker

● Non-linearity in the response of the calorimeter for hadronic particles.

● This is is reduced by corrected the p
T
 of the jets and recomputing the MET.
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PFMET : Type 0 correction              
● Further corrections are applied to improve the performance of MET for 

events with large number of pileup interactions.

● Each pileup interaction is a minimum bias pp interaction.

● True MET is close to zero 

● Vectorial sum pT of charged particles are expected to be balanced by 
neutral particles.

● But PFMET points in the direction of sum pT of neutral particles

● Calorimeter non-linearity
● Energy threshold in calorimeter for PF reconstruction.

● This is induced MET.

● Vectorial pT sum of charged particles associated to pileup vertices are 
used as an estimator of this induced MET, called type 0 correction.
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PFMET : ϕ−assymetry            
● Particles are produced uniformly in ϕ.
● Some ϕ asymmetry is observed pT sums of calorimeter deposits, tracks, 

particles reco using PF algo, leading to ϕ-asymmetry in MET.

● Cause can be attributed to :

● ϕ-dependence of detector response

● Imperfect allighnment of different detector sub-systems.
● ~4mm shift between the centre of the detector & the detector beamline.

● ϕ−asymmetry present in both data-MC.

● Observed asymmetry is due to shift in X,Y component of MET.

● Increases linearly with number of pile up interactions
● This corelation is used for a correction procedure.

● Linear functions are fitted and then used for correcting the MET.
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PFMET : PU Independent           
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0-jets                                     
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Systematics : Experimental                   
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Systematics : Theoritical                      
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Event Yield Table 
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Event Yield Table 
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Event Yield Table 
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Event Yield Table 
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Event Yield Table 
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Limit value                                 
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                                 Result                                              
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Best Fit : each channel                   
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