
Search  for  the  SM  Higgs  
boson  decaying  to  𝝉  pairs  in  

CMS    
High  Energy  Physics  in  the  LHC  Era    

Valparaiso,  Chile  
  

Ivo  Nicolas  Naranjo  Fong  
LLR-­‐‑Ecole  Polytechnique  

on  behalf  of  the  CMS  collaboration  
19-­‐‑12-­‐‑2013	




Motivation	

•  New  Higgs  boson  discovered  at  LHC  with  a  mass  around  125  GeV  in  

2012.	


	

	

	

•  Is  it  THE  SM  Higgs  boson?	

•  How  does  it  couple  to  Fermions?	

	

	

	

•  H→𝝉𝝉  is  the  best  available	

                channel  that  can  probe  	

                    coupling  to  Leptons.	
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Higgs  search  at  the  LHC    	

•  Higgs  production  modes  at  LHC  :	


	

•  Different  production  modes  lead  to  different  topologies  for  the  signal  
events.	


•  Favorable  branching  ratio  at  low  mass	

•  The  only  channel  available  today  able  	

to  probe  the  Higgs  couplings  to  leptons	
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BR(SM  H125à𝝉𝝉)  ~  6  %	




Hàττ  channel	
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•  Analysis  strategy  :  Look  for  an  excess  in  the  reconstructed  
di-­‐‑τ  mass  distribution.	


•  Key  ingredients  :	

o  Hadronic  τ  reconstruction  	

o  Missing  energy  estimation  (presence  of  neutrinos)	

o  Di-­‐‑τ    mass  reconstruction	

o  Event  categorization	


Final  states	




	
  

τ  lepton  reconstruction  in  CMS	

•  τ  lepton	


o  Mass  =  1.78  GeV	

o  cτ = 87 µm 	

o  The  only  lepton  that  can  	

decay  hadronically  :	


	


•  Based  in  the  Particle  Flow	

  algorithm	
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~2/3  of  	

times	




•  π°s  candidates  	

form  clusters    in  the  ECAL  (π°→γγ).  	

•  π±    candidates  :  track  +  Energy  deposit  	

in  the  ECAL  +  HCAL.  	

•  Combine  Charged  hadrons  (π±s)  and  π°s  for  each  decay  mode.	


•  Jet  → τ fake  rate  in  the  order  of  ~3%  for  70  %  efficiency.	

Ø  Dedicated  cut  based  isolation.  	

•  Lepton  (e/µμ)  →  τ fake  rate  in  the  order  of  per  mil    level.	

Ø  Dedicated  anti-­‐‑muon  (cut  based)  and  anti-­‐‑electron  (MVA  based)  

discriminators. 
 
 
 
 
 

	
  

Hadron  Plus  Strips  Algorithm	
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The Tau Lepton in CMS 
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•  Uses  Particle  Flow  to  determine  jet  	

constituents  contribution.	

•  MET  resolution  degrades  with  Pile-­‐‑up	

•  MVA  MET  regression  corrects  for  	

the  pile-­‐‑up  contribution.	

Ø  Pile-­‐‑up  robust.	


•  Key  ingredient  for  the  di-­‐‑τ   mass  	

reconstruction.	
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Di-­‐‑τ    mass  reconstruction	

•  Maximum  Likelihood  method	

•  Estimate  the  tau  decay  kinematics	

using  :  ETmissx,y    ,    Ptvis(τ 1,2)  observables.	

Ø  Test  hypothesis  :  Mττ from  Mτ  to  2  TeV  	

⇒  maximisation  of    L(Mττ).	

•  15-­‐‑20%  resolution  of  the  reconstructed  mass.	
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•  Here  we  focused  in  the  semileptonic  H→𝝉𝝉  →e/µμ  +  𝝉  𝝉  →e/µμ  +  𝝉    →e/µμ  +  𝝉  
channels.	


•  Lepton  selection  :  electron  (muon)  	

o  Pt  >  24(20)  GeV  |η*|<  2.1  	


•  Tau  selection	

o  Pt  >  30  GeV,  |η|<  2.3	

	


•  Event  selection	

o  Opposite  sign  between  lepton	

and  Tau	

o  MT(lep+MET)  <  30  GeV  	

(W+jets  Bkg  rejection)	

o  Third  lepton  veto	


H→𝝉𝝉    candidate  selections	
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Topologies/Categories	


•  Calibration  of  
backgrounds.	


 

•  Jet  Pt  >  30  GeV	

•  Improved  
resolution  of  mass  
reconstruction.	


•  2  “tag”  jets  Pt  >  30  
GeV	


•  Central  jet  veto	
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Background  estimation	

Z→𝝉𝝉  :	

Embedded  technique.  	

Data  Z→µμµμ,  µμ  replaced  by  MC    𝝉.

Z→ee  :	

MC  simulation.	


ElectroWeak  :	

MC  simulation,  normalized  
from  Data  extrapolation  
from  sideband.	


QCD  :	

Data  driven.	

SS  not  isolated  events.	


TTBar:	

MC  simulation	

normalized  from  Data  extrapolation.	
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H125	




Systematic  uncertainties	

Z→𝝉𝝉  :	

𝝉  Id  efficiency  :  8-­‐‑19%	

𝝉  energy  scale  :  3%  (shape)	

Norm  (σ)  :  3%	

Extrapolation  (/cat.)  :  2  to  14%	


Z→l+l-­‐‑    :	

l→Tau  Fake-­‐‑rate  :  20  to  74%.	


ElectroWeak  :	

Norm  W  :  10  to  100%	

-­‐‑   extrapolation  	

-­‐‑   control  region	

Norm  VV  :  15  to  45%	

Z+Jetsàτ  :	

-­‐‑   jàτ fake-­‐‑rate  :  20  à  80  %	

-­‐‑   shape  :  bin  by  bin	


QCD  :	

Norm  QCD  :  6  to  70%	

Shape  QCD  :  bin  by  bin	


TTBar:	

Norm  ^bar  	

σ +  stat  :  8  to  35%.	
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H125	


COMMON	

•   e/µ  selection  :  2  to  6%	

•   jet  energy      :  0  to  20%  	

•   MET                        :  1  to  12%	

•   PDF                          :  4  to  10%	

•   H  scale                :  3  to  41%	




Systematic  uncertainties	
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HIG-­‐‑13-­‐‑004	


•  Perform  a  simultaneous  binned  maximum  likelihood  fit  in  all  
channels  /categories.  	


•  Treat  the  uncertainties  as  nuisance  parameters  to  the  fit.  	


Experimental	


Bkg  estimation	


Theory	




Mass  plots  eτh	
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Mass  plots  µμτh	


 [GeV]ττm
0 100 200 300

 [1
/G

eV
]

ττ
dN

/d
m

0

20

40

60

80

100

120

140

160
 at 8 TeV-1CMS Preliminary, 19.7 fb

h
τµ

)hτ(T
0-jet high p

ττ→SM H(125 GeV)
observed

ττ→Z
tt

electroweak
QCD
bkg. uncertainty

 [GeV]ττm
0 100 200 300

 [1
/G

eV
]

ττ
dN

/d
m

0

5

10

15

20

25

30

35

40
 at 8 TeV-1CMS Preliminary, 19.7 fb

h
τµ

)hτ(T
1-jet high p
boost

ττ→SM H(125 GeV)
observed

ττ→Z
tt

electroweak
QCD
bkg. uncertainty

I. N. Naranjo Fong-HEP in the LHC Era 2013 

 [GeV]ττm
0 100 200 300

 [1
/G

eV
]

ττ
dN

/d
m

0.0

0.1

0.2

0.3

0.4

0.5

 at 8 TeV-1CMS Preliminary, 19.7 fb

h
τµ

Tight VBF tag

ττ→SM H(125 GeV)
observed

ττ→Z
tt

electroweak
QCD
bkg. uncertainty

19/12/13 15 
 [GeV]ττm

0 100 200 300

 [1
/G

eV
]

ττ
dN

/d
m

0

200

400

600

800

1000

1200

1400

 at 8 TeV-1CMS Preliminary, 19.7 fb

h
τµ

)hτ(T
0-jet low p

ττ→SM H(125 GeV)
observed

ττ→Z
tt

electroweak
QCD
bkg. uncertainty

 [GeV]ττm
0 100 200 300

 [1
/G

eV
]

ττ
dN

/d
m

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0
 at 8 TeV-1CMS Preliminary, 19.7 fb

h
τµ

Loose VBF tag

ττ→SM H(125 GeV)
observed

ττ→Z
tt

electroweak
QCD
bkg. uncertainty

 [GeV]ττm
0 100 200 300

 [1
/G

eV
]

ττ
dN

/d
m

0

10

20

30

40

50

60

70
 at 8 TeV-1CMS Preliminary, 19.7 fb

h
τµ

)hτ(T
1-jet high p

ττ→SM H(125 GeV)
observed

ττ→Z
tt

electroweak
QCD
bkg. uncertainty

HIG-­‐‑13-­‐‑004	




Weighted  distributions	


•  Weighted  S/S+B  mass  distribution.	

•  Combined  distribution  for  all  final  states.  	

•  Ordered  in  log(S/S+B)  shows  clear  excess  of  events  in  the  

most  sensitives  bins.	
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Results  :  Evidence  for  a  Higgs  boson	


•  Observed  significance  at  125  GeV  =  3.38  σ 	

•  Observed  significance  at  115  GeV  =  3.59  σ 	

•  Excess  >  3  σ  for  110  <  MH  <  130  GeV.	
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Results  :  signal  strength  modifier  	


•  Best  fit  µμ  =  σ/σSM  =  0.87  ±  0.29  	

•  Compatible  with  the  SM  Higgs  boson  (125  GeV)  

prediction.	

I. N. Naranjo Fong-HEP in the LHC Era 2013 19/12/13 18 

SMσ/σBest Fit for 
0 2 4

0.29±0.87
ττ→H

0.41±0.93
2-jet (VBF tag)

0.47±1.06
1-jet

1.13±0.40
0-jet

 = 125 GeVHm

 at 8 TeV-1 at 7 TeV, 19.7 fb-1CMS Preliminary, 4.9 fb

SMσ/σBest Fit for 
0 2 4

0.29±0.87
ττ→H
0.42±1.04

h
τµ

0.62±0.30
hτe

0.72±1.31
hτhτ

1.03±0.90
µe

1.38±-0.54
µµ

1.60±0.05
ee = 125 GeVHm

 at 8 TeV-1 at 7 TeV, 19.7 fb-1CMS Preliminary, 4.9 fb

HIG-­‐‑13-­‐‑004	




Results  :  mass  measurement	


•  Likelihood  scan  gives  mH  =  115-­‐‑2+8  GeV.	

•  Compatible  with  the  measurements  in  high  resolution  channels  (γγ,  

ZZ).  mH  =  125.7±0.3(stat)  ±0.3(syst)  GeV	

•  Best  fit  of  µμ  shows  compatibility  with  H125.	
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Combination  with  Hàbb  at  mH  =  125  GeV	


•  Hàbb  observed  (expected)  significance  at  125  GeV  =  2.1  (2.3)  σ	

•  Hàττ  observed  (expected)  significance  at  125  GeV  =  3.4  (3.6)  σ 
•  Combination  observed  (expected)  significance  at  125  GeV  =  3.9  (4.3)  σ 
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Summary	

•  H→𝝉𝝉  analysis  successful  thanks  to    Particle  
Flow,  𝝉  lepton,  MET  and  di-­‐‑𝝉  mass  reconstruction.	


•  Excess  of  more  than  3  σ  for  110  <  MH  <  130  GeV.	

•  Significance  at  125  GeV  =  3.38  σ  	

•  Best  fit  µμ  =  σ/σSM  =  0.87  ±  0.29  	

•  H→𝝉𝝉  analysis  shows  compatibility  with  SM  
H(125).  Evidence  that  the  new  boson  discovered  
couples  to  𝝉  leptons.  	


•  Combination  with  Hàbb  leads  to  3.9  σ  evidence  
of  fermionic  Higgs  decays.	
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Thank  you.  Questions?	
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Back  up  Material	
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Yields  µμτh	
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Yields  eτh	
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Yields  τhτh  and  eµμ	
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Results  :  95%  CLs  upper  limits  on  σ	


•  After  a  binned  maximum  likelihood  fit  in  all  channels  /
categories	


•  Excess  of  events  over  a  broad  range  vs  mH  hypothesis.	

•  Excess  compatible  with  the  SM  Higgs  boson  (125  GeV)  

prediction.	
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Fermion/Vector  couplings	


•  Likelihood  scans  as  a  function  of  κV and  κF.  	

•  H→WW  contribution  is  considered  as  part  of  the  signal.	

•  Compatible  with  the  SM  (κV =  κF =  1)	
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Vector  and  fermion  
couplings  grouped	

κV: κW=κZ            	

κF:  κt=κb=  κτ=κg	

Only  SM  particles  in  the  
loop  for  κg  &  κγ  	




Channels/categories  sensitivity	


•  VBF  tag  most  sensitive  category  followed  by  1jet.	

•  µμτh  most  sensitive  channel  followed  by  eτh  and  τhτh  .	
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Combined  distributions	


•  Combined  distribution  ordered  in  log(S/S+B)  shows  
clear  excess  of  events  in  the  most  sensitives  bins.	


•  Separately  for  category  (left)  and  channel  (right).	
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Channel  compatibility	


•  All  channels  are  fairly  compatible.	
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H125  as  background	
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DiTau  mass  reconstruction	
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CMS  detector	
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Limits	
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Mass  plots  8  TeV	
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Mass  plots  µμτh	
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Mass  plots  µμτh	
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Mass  plots  eτh	
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Mass  plots  eµμ	
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Mass  plots  τhτh	
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Mass  plots  µμµμ	
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Mass  plots  ee	
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Mass  plots  7  TeV	
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Mass  plots  µμτh	
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Mass  plots  µμτh	
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Mass  plots  eτh	
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Mass  plots  eµμ	
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Mass  plots  µμµμ	
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Mass  plots  ee	
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Moriond’13	
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Topologies/Categories  Moriond’13	


•  Calibration  of  
backgrounds.	


 

•  Jet  Pt  >  30  GeV	

•  Improved  
resolution  of  mass  
reconstruction.	


•  2  “tag”  jets  Pt  >  30  
GeV	


•  Central  jet  veto	
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    low  pT(τh)  	


  high  pT(τh)  	

VBF  tag	


0-­‐jet	
   1-­‐jet	
   2-­‐jet	
  

low  pT(τh)  	


high  pT(τh)  	
pT(τh)  >  45  GeV	


	

mjj  >  500  GeV	
  
|Δηjj|  >  3.5	


baseline	




Results	


•  1 jet and VBF categories of similar power. 
•  Driving channel H→𝝉𝝉 →µ + 𝝉. Then semileptonic :  
e + 𝝉. 
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Moriond’13	
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Expected  Limits  injecting  Higgs  signal  with  

mH=125  GeV	

Moriond’13	


 [GeV]Hm
110 120 130 140

SM
σ/

σ
95

%
 C

L 
lim

it 
on

 

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0
observed
H(125 GeV) injected

 H(125 GeV) injectedσ 1±

 H(125 GeV) injectedσ 2±

CMS τ τ →, H -1=7-8 TeV, L = 24.3 fbsPreliminary, 

I. N. Naranjo Fong-HEP in the LHC Era 2013 

 [GeV]Hm
110 120 130 140

SM
σ/

σ
95

%
 C

L 
lim

it 
on

 

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0
observed
H(125 GeV) as BG

 H(125 GeV) as BGσ 1±

 H(125 GeV) as BGσ 2±

CMS τ τ →, H -1=7-8 TeV, L = 24.3 fbsPreliminary, 

19/12/13 54 



Best  fit  for  signal  strength	

Moriond’13	


SMσ/σbest fit for 
0 2 4
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2-Jet (VBF)

1-Jet

CMS ττ→, H-1=7-8 TeV, L=24.3 fbsPreliminary, 

 = 125 GeVHm
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CMS ττ→, H-1=7-8 TeV, L=24.3 fbsPreliminary, 

 = 125 GeVHm

•  Signal strength µ =1.1+-0.4, obtained in the global fit 
combining all channel 
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Best  fit  for  signal  strength  	
 Moriond’13	
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•  Signal strength µ =1.1+-0.4 
•  Log likelihood versus SM Higgs boson fit mass, combining 

all search channels. mH = 120+9
-7(stat+syst) GeV 
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Yields	
 Moriond’13	
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MSSM	
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Standard  Model  and  Supersymmetry	
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•  SM  describe  physics  at  weak  scale,  but  Hierarchy  
problem  in  Higgs  sector.	

o  There  are  no  high-­‐‑mass  particles  which  couple  to  the  Higgs  field  

(even  indirectly)	

o  Striking  cancellation  are  needed  in  high-­‐‑order  loop  corrections  to  

mH	

Ø  SUSY  solution  to  hierarchy  problem  at  TeV  scale	


o  Introduces  super-­‐‑partners  of  SM  particles  and  cancels  
problematic  loop  corrections  	


	

•  MSSM  	


o  2  Higgs  doublets  à5  physical  Higgs  states:  H±,  h,  A,  H.  	

o  Result  interpretation  in  the  mh

max  scenario  where  :	

mh~130  GeV  and  mH~mA.	

o  2  free  parameters  mA  and  tanβ  =  v2/v1.	




MSSM  Neutral  Higgs→ττ  search	
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•  2  main  production  modes	

Ø  Specific  analysis  categories  :	




MSSM  Neutral  Higgs→ττ  search  results	
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•  No  excess  observed.	

•  Large  mA-­‐‑tanβ  plane  excluded.	



