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IntroducCon	  

•  July	  2012:	  observaCon	  of	  a	  new	  
boson	  by	  the	  ATLAS	  and	  CMS	  
experiments,	  with	  mH	  ~	  125	  GeV.	  

•  ObservaCon	  made	  in	  the	  bosonic	  
decay	  modes:	  WW,	  ZZ	  and	  γγ.	  
QuesCon	  remains:	  Does	  it	  decay	  to	  
fermions?	  

•  H!ττ	  has	  high	  (~7%)	  branching	  raCo	  
at	  low	  Higgs	  masses,	  but	  also	  large	  
backgrounds	  from	  Zàττ,	  W+jets,	  
QCD	  and	  others.	  
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à	  Study	  final	  state	  with	  H!ττ	  

H	  branching	  ra6os	  (BR):	  
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IntroducCon	  

•  Results	  in	  this	  talk	  are	  the	  latest	  CMS	  Hàττ	  analysis	  with	  the	  full	  dataset	  
from	  2011	  (7	  TeV)	  and	  2012	  (8	  TeV)	  for	  a	  recent	  paper:	  

R.Lane	  (I.C.)	   4	  

 [GeV] HM
80 100 200 300 400 1000

 H
+X

) [
pb

]  
  

→
(p

p 
σ

-210

-110

1

10

210
= 8 TeVs

LH
C 

HI
G

G
S 

XS
 W

G
 2

01
2

 H (NNLO+NNLL QCD + NLO EW)

→pp 

 qqH (NNLO QCD + NLO EW)

→pp 

 WH (NNLO QCD + NLO EW)

→
pp 

 ZH (NNLO QCD +NLO EW)

→
pp 

 ttH (NLO QCD)

→
pp 

Target	  Higgs	  producCon	  modes:	  includes	  gluon	  fusion	  
(ppàH),	  VBF	  (ppàqqH)	  and	  associated	  produc6on	  
(ppàW/ZH)	  

pp!WH	  

pp!ZH	  

H	  cross	  sec6ons	  (σ):	  

pp!H	  

pp!qqH	  
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associated	  
produc6on	   gluon	  fusion	  

VBF	  
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Analysis	  Overview:	  Events	  
•  Select	  events	  in	  `channels’	  based	  on	  all	  possible	  final	  states	  of	  the	  two	  τ’s:	  

eτh,	  μτh,	  eμ,	  τhτh,	  μμ	  and	  ee,	  where	  τh	  =	  a	  tau	  decaying	  hadronically.	  	  
•  Further	  split	  into	  `categories’	  to	  separate	  events	  of	  different	  S/B	  and	  

enhance	  selecCon	  of	  the	  different	  Higgs	  producCon	  modes:	  
–  1-‐jet	  sensiCve	  to	  ggH,	  2-‐jet	  for	  VBF	  and	  dedicated	  (separate)	  VH	  analysis.	  
–  0-‐jet	  background	  dominated:	  helps	  control	  backgrounds	  and	  their	  uncertainCes.	  

Most	  signal	  sensiCve	  categories:	  
“6ght	  VBF”	  and	  “1	  jet	  high	  
boost”	  categories	  
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Analysis	  Overview:	  Backgrounds	  
•  Use	  data	  driven	  methods	  for	  background	  esCmaCon.	  
•  Plot	  of	  mττ	  in	  background	  dominated	  category	  shows	  major	  contribuCons:	  
	  

Strategy:	  
•  Suppress	  QCD	  with	  isolated	  leptons.	  
•  mT	  <	  30	  GeV	  cut	  to	  suppress	  W+Jets.	  
•  Extract	  signal	  from	  binned	  maximum-‐likelihood	  	  
	  	  	  	  	  fit	  to	  mττ.	  Combine	  channels	  and	  categories.	  
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Z!ττ	  
Uses	  Zàμμ	  data	  embedded	  
with	  simulated	  τ’s.	  	  

EWK	  (W+jets)	  
NormalizaCon	  from	  high	  mT	  
sideband	  in	  data.	  
Shape	  from	  MC.	  

QCD	  
Measured	  in	  same-‐sign	  
control	  region.	  

mT	  =	  transverse	  mass	  
between	  lepton	  and	  ETmiss	  

08/04/2014	  
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•  Always	  have	  at	  least	  one	  neutrino	  from	  tau	  decays.	  
•  Can	  construct	  “visible	  mass”	  using	  just	  the	  visible	  products,	  or	  use	  a	  likelihood	  

based	  approach	  to	  reconstruct	  the	  full	  mass	  of	  the	  tau	  pair.	  
•  Mass	  resoluCon	  15-‐20%,	  and	  gives	  berer	  separaCon	  of	  Z/H:	  

10/15/12 P. Harris Higgs Preapproval 40

Mass Fitting

● In each category: fit mass distribution  
● Baseline : SVFit likelihood based mass reconstruction
● Cross check : Visible mass distribution (30% degradation)

ICHEP SV Fit ICHEP visible mass

•  Signal	  extracted	  from	  fit	  to	  mττ.	  
•  Analysis	  blinded	  in	  signal	  sensiCve	  region:	  100	  <	  mττ	  <	  150	  GeV.	  
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Expected	  Limits	  
NOTE:	  Associated	  produc6on	  VH	  
also	  included	  in	  final	  combina6on.	  

Split	  by	  channel	   Split	  by	  category	  
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For	  combinaCon,	  expected	  limit	  at	  125	  GeV	  is	  0.53	  à	  within	  standard	  model	  sensiCvity	  	  

08/04/2014	  
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Results:	  Post-‐fit	  Mass	  DistribuCons	  
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e.g.	  μτh	  channel,	  8	  TeV	  	  

0-‐jet	   1-‐jet	   VBF	  
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Band	  generated	  from	  toys	  with	  
125	  GeV	  Higgs	  injected.	  

Excess	  of	  events	  over	  background	  
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Observed	  (expected)	  limit	  	  
at	  125	  GeV	  is	  1.26	  (0.53)	  
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Results:	  S/B	  plots	  	  
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Combined	  mass	  plot,	  weighCng	  by	  
expected	  S/(S+B).	  Includes	  eτh,	  μτh,	  eμ,	  τhτh	  
channels	  

Arranging	  events	  in	  bins	  of	  S/(S+B),	  and	  
highlighCng	  the	  contribuCons	  of	  the	  
different	  categories.	  Includes	  all	  channels.	  
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SMσ/σBest fit for 
0 2 4
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Results:	  Signal	  Strength	  	  

Split	  by	  channel	   Split	  by	  category	  

Best	  fit	  μ	  =	  0.78	  ±	  0.27	  	  
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VH	  
VH	  
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Results:	  Significance	  
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>	  3σ	  à	  “evidence”	  
for	  Hàττ	  

08/04/2014	  



Results:	  Mass	  Scan	  
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Likelihood	  distribuCon	  shows	  
observed	  best	  fit	  mass	  compared	  
with	  the	  expectaCon	  for	  a	  125	  GeV	  
Higgs.	  
	  
We	  fit	  a	  parabola	  to	  extract	  the	  
best	  fit	  mass.	  
	  
Best	  fit	  mass	  =	  122	  ±	  7	  GeV	  	  
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•  A	  search	  has	  been	  performed	  in	  the	  Hàττ	  final	  state	  using	  
the	  complete	  2011	  and	  2012	  dataset	  from	  the	  CMS	  detector.	  

•  An	  excess	  of	  events	  above	  the	  expectaCon	  from	  backgrounds	  
has	  been	  seen.	  	  

•  This	  excess	  corresponds	  to	  an	  observed	  significance	  of	  3.2σ	  
compared	  with	  3.7σ	  expected	  for	  125	  GeV	  Higgs,	  meaning	  we	  
have	  >	  3σ	  evidence	  for	  H!ττ.	  

•  This	  excess	  is	  compaCble	  with	  the	  parCcle	  observed	  in	  the	  
bosonic	  decay	  modes:	  
–  μ	  =	  0.78	  ±	  0.27,	  with	  all	  channels	  and	  categories	  consistent.	  
–  Best	  fit	  mass	  mH	  =	  122	  ±	  7	  GeV.	  
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Summary	  
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Backup	  
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Hadronic	  taus	  

τ→a1	
τ→ρ	
τ→π+	


•  “ParCcle	  Flow”	  used	  to	  
combine	  informaCon	  from	  all	  
sub-‐detectors	  to	  classify	  all	  
candidate	  parCcles	  in	  an	  
event.	  	  

•  This	  informaCon	  is	  used	  to	  
reconstruct	  all	  the	  different	  
decay	  modes	  of	  the	  tau	  

•  Mass	  distribuCon	  used	  to	  
control	  energy	  scale	  in	  each	  
decay	  mode.	  
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Categories	  for	  all	  channels	  
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correlated across bins in the individual templates. A summary of the considered systematic
uncertainties is given in table 3.

Table 3: Systematic uncertainties, affected samples, and change in acceptance resulting from a
variation of the nuisance parameter equivalent to one standard deviation. Several systematic
uncertainties are treated as (partially) correlated for different decay channels and/or categories.

Uncertainty Affected processes Change in acceptance
Tau energy scale signal & sim. backgrounds 1–29%
Tau ID (& trigger) signal & sim. backgrounds 6–19%
e misidentified as th Z ! ee 20–74%
µ misidentified as th Z ! µµ 30%
Jet misidentified as th Z + jets 20–80%
Electron ID & trigger signal & sim. backgrounds 2–6%
Muon ID & trigger signal & sim. backgrounds 2–4%
Electron energy scale signal & sim. backgrounds up to 13%
Jet energy scale signal & sim. backgrounds up to 20%
Emiss

T scale signal & sim. backgrounds 1–12%
#b-tag b jets signal & sim. backgrounds up to 8%
#b-tag light-flavoured jets signal & sim. backgrounds 1–3%
Norm. Z production Z 3%
Z ! tt category Z ! tt 2–14%
Norm. W + jets W + jets 10–100%
Norm. tt tt 8–35%
Norm. diboson diboson 6–45%
Norm. QCD multijet QCD multijet 6–70%
Shape QCD multijet QCD multijet shape only
Norm. reducible background Reducible bkg. 15–30%
Shape reducible background Reducible bkg. shape only
Luminosity 7 TeV (8 TeV) signal & sim. backgrounds 2.2% (2.6%)
PDF (qq) signal & sim. backgrounds 4–5%
PDF (gg) signal & sim. backgrounds 10%
Norm. ZZ/WZ ZZ/WZ 4–8%
Norm. tt + Z tt + Z 50%
Scale variation signal 3–41%
Underlying event & parton shower signal 2–10%
Limited number of events all shape only

8 Results

The search for an excess of SM Higgs boson events over the expected background involves a
global maximum likelihood fit based on final discriminating variables which are either mtt or
mvis in all channels except for ee and µµ [88, 89]. In these two channels the final discriminating
variable D is built for a given event from the output of two boosted decision trees B1 and B2.
The two BDTs are based on kinematic variables related to the `` system and the ~Emiss

T , on the
distance of closest approach between the leptons, and, in the 2-jet category, the mjj and |Dhjj|
variables. The first BDT is trained to discriminate Z ! tt from Z ! `` events, whereas the
second BDT is trained to discriminate H ! tt from Z ! tt events. Both BDTs are separately
trained in the 2-jet category and in the combined 0-jet and 1-jet categories. The final discrimi-
nant is defined as
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Properties: mass and couplings

9
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