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	  H	  production	  at	  LHC	  

gluon	  fusion	  (GF)	   weak	  fusion	  (VBF)	  

top	  fusion	  (ttH)	  H-‐strahlung	  (VH)	  

In	  pp	  with	  ECM=8TeV	  at	  2012	  LHC	  peak	  luminosity	  (7	  1033	  cm-‐2	  s-‐1)	  
500	  Higgs	  bosons/hour	  

(out	  of	  60	  billion	  collisions	  /	  hour)	  
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H	  decay	  	  

0	  

10	  

20	  

30	  

40	  

50	  

60	  

bb	   WW	   ττ	   ZZ	   γγ	  

•  larger	  cross	  sections	  (also	  for	  background)	  
•  small	  natural	  width	  (few	  MeV)	  
	  	  	  	  	  mH	  is	  reconstructed	  with	  experimental	  width	  

•  accessible	  fermionic	  decays	  (bb+ττ)	  	  

at	  mH=	  125	  GeV	  
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CMS	  

Nov	  20,	  2013	   P.	  Azzurri	  	  	  Higgs	  boson	  to	  fermions	  in	  CMS	   5	  



CMS	  analyses	  

GF	   VBF	   VH	   ttH	  

HàZZ	
 5.1+19.6	  `-‐1	   5.1+19.6	  `-‐1	   5.1+19.6	  `-‐1	   0.0+19.6	  `-‐1	  

Hàγγ	
 5.1+19.6	  `-‐1	   5.1+19.6	  `-‐1	   5.1+19.6	  `-‐1	   0.0+19.6	  `-‐1	  

HàWW	
 4.9+19.5	  `-‐1	   4.9+19.5	  `-‐1	   4.9+19.5	  `-‐1	   0.0+19.6	  `-‐1	  

Hàττ	
 4.9+19.4	  G-‐1	   4.9+19.4	  G-‐1	   5.0+19.5	  G-‐1	   0.0+19.5	  G-‐1	  

Hàbb	
 0.0+19.0	  G-‐1	   5.0+19.0	  G-‐1	   5.0+19.5	  G-‐1	  

analyzed	  data	  samples	  luminosities	  (	  @7TeV	  +	  @8TeV)	  

HIG-‐13-‐004	   HIG-‐13-‐004	   HIG-‐12-‐053	   HIG-‐13-‐019	  

HIG-‐13-‐011	   HIG-‐13-‐012	   HIG-‐13-‐019	  
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most	  recent	  results	  



GF,VBF	  	  Hà	  ττ	  
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•  Visible	  mass	  is	  used	  as	  discriminating	  
observable	  with	  a	  limited	  resolution	  due	  to	  
several	  neutrinos	  in	  the	  final	  state	  (but	  
nearly	  collinear	  with	  the	  visible	  products	  )	  

•  SVFit	  algorithm	  recovers	  MET	  information	  
from	  kinematic	  likelihood	  improving	  the	  
invariant	  mass	  and	  the	  S/B	  discrimination	  

τàμνν	  

τàππν	  

pT=32	  GeV	  

pT=44	  GeV	  

mjj=1.2	  TeV	  
Δηjj=6.2	  

http://cds.cern.ch/record/1528271/files/HIG-‐13-‐004-‐pas.pdf	  
https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig13004TWiki	  

A	  particle-‐flow	  (PF)	  algorithm	  combines	  the	  
information	  from	  all	  CMS	  subdetectors	  to	  
identify	  and	  reconstruct	  individual	  particles	  
(charged	  hadrons,	  neutral	  hadrons,	  photons,	  
muons,	  and	  electrons.)	  



(GF)	  VBF	  	  Hà	  ττ	  
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results	  

modified	  frequentist	  profile-‐
likelihood	  ratio	  test	  statistic	  	  

almost	  3σ	  evidence	  	  

SM	  signal	  strength	  	  
μ	  =	  1.1	  ±	  0.4	  	  

@mH=125	  GeV	  

no	  signal	  measurement	  in	  the	  
0-‐jet	  category	  

(constrains	  syst	  uncertainties)	  

b	  only	   s	  +	  b	  



VH	  	  Hà	  ττ	  
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llτh	  
	  

llττ	   lτhτh	  

V=W(àlν),Z(àll)	  

searched	  final	  states	  	  

https://cds.cern.ch/record/1528147?ln=en	  
https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig12053TWiki	  



VH	  	  Hà	  ττ	  
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results	  

lower	  
	  
	  
	  
mH	  
	  
	  
	  

higher	  

data	  compatible	  with	  both	  the	  background-‐only	  
prediction	  and	  the	  presence	  of	  a	  SM	  Higgs	  boson	  	  



ttH	  	  Hà	  ττ,bb	  
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Jet	  b-‐tagging	  with	  the	  Combined	  Secondary	  Vertex	  
(CSV)	  algorithm:	  combines	  	  tracks	  impact	  
parameters	  and	  reconstructed	  secondary	  vertices	  
within	  the	  jets	  in	  a	  multivariate	  analysis.	  	  

•  search	  for	  semileptonic	  or	  dileptonic	  	  top	  pairs	  
•  dealing	  with	  6	  or	  4	  	  final	  state	  signal	  jets	  	  (2	  τ-‐jets)	  
•  4	  signal	  b-‐jets	  (or	  2b	  &	  2τ)	  
•  irreducible	  ditop	  +	  jets	  background	  



ttH	  	  Hà	  ττ,bb	  
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https://cds.cern.ch/record/1564682?ln=en	  
https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig13019TWiki	  

results	  

Slight	  excess	  observed,	  compatible	  
with	  SM	  Higgs	  at	  125GeV	  	  

“Higgs	  mass”	  defined	  in	  semileptonic	  with	  
many	  jets	  

μ	  =	  0.85±2.47	  	  
@mH=125	  GeV	  



VH	  	  Hà	  bb	  
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Trigger	  with	  the	  lepton(s)	  from	  
the	  W/Z	  and/or	  MET+jets	  	  

CSV	  b-‐tagging	  to	  identify	  the	  jets	  
coming	  from	  the	  Higgs	  decay	  	  

V+(b)jets,	  ttbar,	  single	  top,	  
WW/WZ/ZZ	  	  backgrounds	  

searched	  channels	  with	  
•  Z-‐>ll	  (ee,	  μμ)	  	  
•  	  Wàlν	  (e,	  μ,	  τ)	  	  
•  	  Z-‐>	  νν	  



VH	  	  Hà	  bb	  
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Distributions	  of	  dijet	  invariant	  
mass	  in	  signal	  Z(ll)H(bb)	  

events	  before	  and	  after	  the	  
regression	  is	  applied.	   http://arxiv.org/pdf/1310.3687v1.pdf	  

https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig13012TWiki	  

the	  dijet	  (bb)	  mass	  is	  the	  most	  discriminating	  variable	  	  

Use	  a	  BDT	  regression	  in	  order	  to	  correct	  the	  jet	  
energy	  exploiting	  jet	  and	  b-‐tag	  variables	  	  
=>	  ~	  15%	  improvement	  in	  mass	  resolution	  	  

validated	  on	  	  
Z+bb	  events	  	  

jet	  energy	  regression	  



VH	  	  Hà	  bb	  

Nov	  20,	  2013	   P.	  Azzurri	  	  	  Higgs	  boson	  to	  fermions	  in	  CMS	   15	  

mbb	  for	  all	  channels,	  backgrounds	  	  subtracted	  (except	  VV)	  
Combination	  of	  all	  BDT	  discriminants	  using	  expected	  S/B	  

MVA	  analysis	  
•  2-‐3	  pT	  categories	  per	  channel	  
•  intermediate	  BDTs	  to	  discriminate	  

different	  backgrounds	  	  
•  	  Final	  BDT	  for	  shape	  fitting	  	  

cross-‐check	  analysis	  
•  2-‐3	  pT	  categories	  per	  channel	  
•  Tighter	  selection	  	  
•  Invariant	  mass	  shape	  fit	  	  



VH	  	  Hà	  bb	  
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expected	  and	  observed	  95%	  CL	  
cross	  section	  upper	  limits	  	  

results	  

2σ	  expected,	  2σ	  observed	  !	  
μ=1.0±0.5	  



VBF	  Hà	  bb	  
fully	  hadronic	  four-‐jet	  (qqbb)	  final	  state	  
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https://cds.cern.ch/record/1547579?ln=en	  
https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig13011TWiki	  



VBF	  Hà	  bb	  
ingredients	  &	  steps	  

•  dedicated	  L1	  and	  HLT	  trigger	  paths	  	  	  
	   	  	  

•  offline	  ANN	  event	  discrimination	  using	  
o  VBF	  tagging	  (qq)	  jet	  pair	  kinematics	  	  
o  b-‐tag	  and	  q/g	  jet	  discriminators	  
o  additional	  hadronic	  activity	  
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HT	  of	  “soft”	  track-‐jets	  in	  the	  rapidity	  gap	  



VBF	  Hà	  bb	  
•  b-‐jet	  energy	  regression	  

•  fit	  of	  the	  m(bb)	  distributions	  

QCD	  background:	  floating	  5th	  order	  
Bernstein	  polynomial	  

Other	  (Z,top)	  backgrounds	  fixed	  from	  MC	  
Signal	  shape	  fixed	  
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Z	  peak	  fit	  in	  signal	  depleted	  (CAT0)	  sample	  	  
2844±1127	  events	  in	  the	  Z	  peak	  	  	  
	  with	  2562	  	  expected.	  
Using	  a	  looser	  selection	  :	  
13188±1638	  	  fitted	  with	  13305	  expected	  	  

mbb	  analysis	  



VBF	  Hà	  bb	  

@mH=125	  GeV	  
μ=0.71±1.42	  

https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig13011TWiki	  
https://cds.cern.ch/record/1547579?ln=en	  
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results	  



Conclusions	  

•  is	  it	  fermiophobic	  ?	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  no	  way	  

•  does	  it	  decay	  to	  taus? 	   	  very	  probably	  yes	  

•  does	  it	  decay	  to	  b-‐quarks	  ?	  	  	  	  	  	  	  	  	  	  	  	  	  probably	  yes	  

•  with	  minimal-‐SM	  rates	  ?	  	  	  	  	  	  	  	  possibly	  but	  not	  stringent	  

•  to	  other	  fermions	  ?	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  dunno	  

the	  exploration	  of	  the	  Higgs	  sector	  has	  just	  begun	  	  
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backUp	  
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GF,VBF	  	  Hà	  ττ	  
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event	  yields	  	  

μτh	  	   eτh	  	  

eμ	  	   μμ	  	  

τh	  τh	  	  



GF,VBF	  	  Hà	  ττ	  
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systematic	  
uncertainties	  

(*)	  :	  correlation	  between	  
separate	  channels.	  	  
	  
(†)	  correlation	  between	  
separate	  categories.	  	  



GF,VBF	  	  Hà	  ττ	  
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signal	  limits	  and	  significances	  	  

includes	  associated	  VH(àττ)	  searches	  



GF,VBF	  	  Hà	  ττ	  
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mττ	  distributions	  (+0,1,2	  jets)	  



GF,VBF	  	  Hà	  ττ	  
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mττ	  distributions	  (+0,1,2	  jets)	  



GF,VBF	  	  Hà	  ττ	  
mττ	  distributions	  (+1,2	  jets)	  



VH	  	  Hà	  ττ	  
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systematic	  uncertainties	  



VH	  	  Hà	  ττ	  
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limits	  

Expected	  and	  observed	  95%	  CL	  upper	  limits	  on	  SM	  
Higgs	  boson	  production	  expressed	  as	  σ/σSM:	  the	  
ratio	  of	  the	  excluded	  production	  x	  BR	  to	  the	  SM	  

prediction	  

Observed	  combined	  95%	  CL	  upper	  
limits	  on	  SM	  Higgs	  productions	  
compared	  top	  the	  expectations	  

with	  SM	  signal	  	  



ttH	  	  Hà	  bb	  
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yields	  

lepton+jets	  

dileptons	  



ttH	  	  Hà	  ττ	  

Nov	  20,	  2013	   P.	  Azzurri	  	  	  Higgs	  boson	  to	  fermions	  in	  CMS	   32	  

yields	  

tau	  	  channels	  (all	  events	  have	  two	  τ	  tagged	  jets.)	  



ttH	  	  Hà	  ττ,bb	  
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systematic	  uncertainties	  



ttH	  	  Hà	  ττ,bb	  
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limits	  and	  fit	  values	  



VH	  	  Hà	  bb	  
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VH	  	  Hà	  bb	  
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Selection	  criteria	  	  for	  the	  signal	  region	  



VH	  	  Hà	  bb	  
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Selection	  criteria	  for	  the	  m(jj)	  analysis	  	  



VH	  	  Hà	  bb	  
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sources	  of	  systematic	  uncertainty	  	  

Due	  to	  correlations,	  the	  total	  systematic	  uncertainty	  is	  less	  than	  the	  sum	  in	  quadrature	  
of	  the	  individual	  uncertainties	  	  
	  



VBF	  Hà	  bb	  
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VBF	  Hà	  bb	  
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event	  preselection	  



VBF	  Hà	  bb	  
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4-‐jet	  flavor	  id	  



VBF	  Hà	  bb	  
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mbb	  distribution	  fits	  



VBF	  Hà	  bb	  
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preselection	  and	  classification	  

pT(jets)	  >	  85,	  70,	  60,	  40	  GeV	  
mqq>300	  GeV,	  	  	  Δηqq>2.5,	  	  	  Δφbb<2	  

ANN	  output	  boundaries	  for	  the	  definition	  of	  preselected	  event	  categories	  and	  
expected	  number	  of	  events	  in	  the	  mbb	  interval	  [75,	  255	  GeV]	  	  
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systematic	  uncertainties	  
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signal	  mbb	  shape	  &	  GF	  contributions	  



(VBF	  &	  VH)	  Hà	  bb	  combined	  
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(A)	  2	  jets	  VBF	  Tight	  category	  at	  8	  TeV	  	   (A)	  full	  weighted	  spectrum	  



GF,VBF	  	  Hà	  μμ	  
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(B)	  2	  jets	  VBF	  Tight	  category	  at	  8	  TeV	  	   (B)	  	  0	  jets	  with	  pT(μμ)>15	  GeV	  
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Nov	  20,	  2013	   P.	  Azzurri	  	  	  Higgs	  boson	  to	  fermions	  in	  CMS	   49	  

https://cds.cern.ch/record/1606831?ln=en	  
https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig13007TWiki	  
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https://cds.cern.ch/record/1596283?ln=en	  
https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig13013TWiki	  
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