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•  p0	
  to	
  test	
  
background	
  	
  
hypothesis	
  

	
  
•  CLs	
  to	
  test	
  	
  

signal	
  
hypothesis	
  
(e.g.	
  μ=1)	
  
	
  

•  Signal	
  limits	
  on	
  
μ	
  for	
  CLs=e.g.	
  5%	
  

•  	
  	
  	
  	
  	
  	
  to	
  es.mate	
  
signal	
  strength	
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Profile likelihood ratio, p0 and 
CLs…in 60 seconds 

µ̂

Follow	
  LHCHCG	
  Combina.on	
  Procedures	
  
3	
  

µ̂ ! µtrue ±!µ, (µtrue = 0,1,whatever)



Look-­‐elsewhere	
  effect	
  

•  Consider	
  a	
  	
  search	
  with	
  predicted	
  
background	
  10-­‐7	
  
–  1	
  observed	
  event	
  is	
  a	
  5.2σ	
  discovery	
  

•  Now	
  consider	
  107	
  searches	
  each	
  with	
  10-­‐7	
  
background	
  
–  Expect	
  on	
  the	
  average	
  1	
  event	
  with	
  local	
  p-­‐
value	
  of	
  10-­‐7	
  but	
  this	
  is	
  certainly	
  not	
  a	
  
discovery!	
  

–  Probability	
  to	
  make	
  a	
  false	
  discovery	
  is	
  

–  Trials	
  factor	
  from	
  LEE	
  is	
  0.63x107	
  

•  How	
  to	
  apply	
  in	
  general?!	
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P(n !1| b =1) =1"e"1("1)0 /1!= 63%



Look-­‐elsewhere	
  effect	
  (Gross&Vitells)	
  
•  Approxima.on	
  best	
  above	
  3σ	
  
•  Example:	
  

–  qtest=	
  4.5	
  (2.1σ)	
  	
  
–  3	
  crossings	
  at	
  0.5σ	
  	
  
–  significance	
  reduced	
  
	
  to	
  about	
  0.3σ	
  	
  

–  trials	
  factor	
  about	
  22	
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p0
global ! p0

local + N(qref )  e"(qtest"qref )/2

3	
  crossings	
   Local	
  
σ	
  

Crossings	
   σ	
  
ref.	
  

Trials	
  
factor	
  

Global	
  
σ	
  

3.5	
   3	
   1.0	
   47	
   2.3	
  

5.0	
   3	
   2.0	
   290	
   3.8	
  

7.0	
   3	
   2.0	
   400	
   6.1	
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qtest = !2 " llr # $!
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SM	
  Higgs	
  Status	
  @	
  HCP	
  18.11.2011	
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95%	
  CL	
  exclusions:	
  
	
  SINDRUM,	
  Barr	
  et	
  al.	
  (π,K	
  decays):	
  ~10-­‐110	
  MeV	
  
	
  CLEO+CUSB:	
  ~2*mμ-­‐5	
  GeV	
   	
  	
  
	
  LEP+Tevatron:	
  ~2*mτ-­‐114.4	
  GeV	
  
	
  Tevatron+ATLAS+CMS:	
  141-­‐476	
  GeV	
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0.02750±0.00033
0.02749±0.00010
incl. low Q2 data

Theory uncertainty
July 2011 mLimit = 161 GeV



LHC	
  test	
  of	
  background	
  hypothesis	
  @	
  HCP	
  

•  Dips	
  of	
  p0(local)	
  
–  119	
  GeV	
  (2.6	
  σ)	
  
–  Ignored:	
  126	
  GeV	
  (2.2	
  σ)	
  
–  Ignored:	
  145	
  GeV	
  (3.1	
  σ)	
  

•  Roughly	
  (!)	
  0.9,	
  0.5,	
  1.6	
  σ	
  	
  
global	
  (up-­‐crossings	
  from	
  data)	
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ATLAS	
  Combined	
  Higgs	
  Search	
  
CERN	
  Public	
  Seminar	
  
December	
  13,	
  2011	
  



SM	
  Higgs	
  produc.on	
  and	
  decay	
  
•  +Trigger,	
  bg-­‐

rejec.on,	
  ID-­‐eff.	
  
•  Theory	
  uncert.	
  

Typically	
  few-­‐20%	
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VBF	
  

gg-­‐fusion	
  

V-­‐Assoc.	
  Prod.	
  

p-­‐Assoc.	
  

Important	
  and	
  fruiqul	
  theory-­‐experiment	
  collabora.on:	
  Higgs	
  X-­‐Sec	
  Working	
  Group	
  



ATLAS	
  Channels	
  in	
  Combina.on	
  
Higgs	
  decay	
  mode	
   Mass	
  range	
  (GeV)	
   Luminosity	
  (1/@)	
  

VH-­‐>Vbb	
   -­‐	
   Not	
  included	
  

WW-­‐>lνqq	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  240<-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐>600	
   1.04	
  (EPS11)	
  (Back	
  in)	
  

ττ-­‐>lh3ν,ll4ν	
   110<-­‐>150	
   1.06	
  (LP11)	
  

ZZ-­‐>llqq	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  200<-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐>600	
   2.05	
  

ZZ-­‐>llνν	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  200<-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐>600	
   2.05	
  

WW-­‐>lνlν	
   110<-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐>300	
   2.05	
  

ZZ-­‐>4l	
   110<-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐>600	
   4.8	
  

γγ	
   110<-­‐>150	
   4.9	
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New	
  

New	
  

New	
  

New!	
  

New!	
  



ATLAS	
  Updates	
  

•  	
  	
  	
  	
  	
  	
        and        	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  quickly	
  analyzed	
  due	
  to	
  
rela.ve	
  simplicity	
  

•  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
            back	
  in	
  combina.on,	
  compliant	
  with	
  
LHC	
  Combina.on	
  Procedures	
  and	
  LHC	
  Cross-­‐Sec.on	
  
Working	
  Group	
  Recommenda.ons.	
  

•  Other	
  channels	
  will	
  be	
  updated	
  early	
  in	
  2012.	
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H!!!

H!WW ! l!qq

11	
  

H! ZZ (*) ! 4l
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H!!!



•  1.1	
  -­‐>	
  4.9/z	
  
•  ~70%	
  of	
  (data-­‐driven)	
  

background	
  is	
  SM	
  diphotons	
  
•  9	
  categories	
  based	
  on	
  	
  
γèe+e-­‐	
  conversion	
  status,	
  
posi.on	
  in	
  the	
  calorimeter,	
  
pTγγ	
  w.r.t	
  γγ	
  thrust	
  axis	
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  results	
  

•  Seen	
  in	
  isola.on	
  this	
  channel	
  has,	
  at	
  mH~126	
  GeV	
  	
  
p0	
  (local)	
  =	
  0.27%	
  (2.8	
  σ)	
  or	
  	
  
p0	
  (global)	
  =	
  6.5%	
  (1.5	
  σ)	
  

•  P.S.	
  LEP	
  hint	
  at	
  115-­‐116	
  GeV	
  is	
  threatened	
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H!!!

14	
  



03/01/12	
   ATLAS	
  Higgs	
  -­‐	
  Nordic	
  Par.cle	
  Physics	
  -­‐	
  A.	
  L.	
  Read	
   15	
  

H! ZZ (*) ! 4l



•  2.0-­‐2.3	
  -­‐>	
  4.8/z	
  
•  Improved	
  e-­‐ID	
  and	
  reco	
  (brem.	
  fi{ng/GSF)	
  
•  For	
  mH=130	
  FWHM=4.5	
  GeV	
  	
  (4μ)	
  –	
  6.5	
  GeV	
  (4e)	
  
•  For	
  mH=400	
  FWHM=35	
  GeV	
  (~ΓH)	
  
•  m4l	
  in	
  likelihood	
  

–  |m12-­‐mZ|	
  <	
  15	
  GeV	
  
–  m34	
  >	
  15-­‐60	
  GeV	
  for	
  mH=120-­‐>=200	
  GeV	
  

•  Good	
  mass-­‐resolu.on	
  and	
  few	
  candidates	
  
–  Structures	
  in	
  p0	
  and	
  limits	
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•  “Low	
  mass”:	
  100	
  <	
  m4l	
  <	
  180	
  GeV	
  
•  “High	
  mass”:	
  180	
  <	
  m4l	
  <	
  600	
  Gev	
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  signal	
  limits	
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H! ZZ (*) ! 4l

•  No-­‐signal	
  expected	
  exclusion:	
  137-­‐158,	
  185	
  	
  	
  	
  	
  	
  	
  	
  -­‐	
  	
  	
  	
  	
  	
  	
  	
  	
  400	
  GeV	
  
•  Excluded	
  regions:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  135-­‐156,	
  181-­‐234,	
  255-­‐415	
  GeV	
  



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  background	
  tests	
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•  p0	
  (local)	
  of	
  1.8	
  %	
  (125	
  GeV),	
  1.1%	
  (244	
  GeV),	
  1.4%	
  (500	
  GeV)	
  
•  p0	
  (global)	
  >	
  50%	
  for	
  all	
  peaks	
  if	
  en.re	
  mass	
  range	
  considered	
  for	
  LEE,	
  O(30%)	
  

for	
  lowest	
  peak	
  if	
  LEE	
  restricted	
  to	
  HCP	
  allowed	
  region	
  (146	
  GeV	
  @	
  99%	
  CL)	
  
•  Seen	
  in	
  isola.on,	
  none	
  of	
  the	
  excesses	
  of	
  this	
  channel	
  are	
  significant	
  

HCP	
  

20	
  

HCP	
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H!WW (*) ! l!l!
•  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  leptonic	
  final	
  states	
  
•  H+0,1	
  jet	
  exclusive	
  final	
  states	
  (gg,	
  VBF,	
  VH)	
  
•  	
  	
  
•  Sliding	
  transverse	
  mass	
  cut	
  
	
  
	
  

•  Mass-­‐dependent	
  	
  	
  Δφll	
  	
  cut	
  (spin	
  correla.ons)	
  

•  	
  	
  

0.75 !mH <mT <mH for mH < 220GeV
0.60 !mH <mT <mH for mH > 220GeV

!!ll <1.3 for mH <170GeV
!!ll <1.8 for 170GeV <mH < 220GeV

e+e!, e±µ !, µ+µ!

ET ,rel
miss = ET

miss !sin(min(! / 2,""miss,l, j ))> 40(ll), 25(l #l )GeV

ml !l >10GeV or (mll >15GeV and mll "mZ >15GeV )
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2

TABLE I: The expected numbers of signal (mH = 150 GeV) and background events after the requirements listed in the first
column, as well as the observed numbers of events in data. All numbers are summed over lepton flavor.

H + 0-jet Channel Signal WW W + jets Z/γ∗ + jets tt̄ tW/tb/tqb WZ/ZZ/Wγ Total Bkg. Observed
Jet Veto 99± 21 524± 52 84± 41 174± 169 42± 14 32± 8 15± 4 872± 182 920
p!!T > 30 GeV 95± 20 467± 45 69± 34 30± 12 39± 14 29± 8 13± 4 648± 60 700
m!! < 50 GeV 68± 15 118± 15 21± 8 13± 8 7± 4 5.8± 1.8 1.9± 0.6 166± 19 199
∆φ!! < 1.3 58± 13 91± 12 12± 5 9± 6 6± 3 5.8± 1.8 1.7± 0.6 125± 15 149
0.75mH < mT < mH 40± 9 52± 7 5± 2 2± 4 2.4± 1.6 1.5± 1.0 1.1± 0.5 63± 9 81

H + 1-jet Channel Signal WW W + jets Z/γ∗ + jets tt̄ tW/tb/tqb WZ/ZZ/Wγ Total Bkg. Observed
1 jet 50± 9 193± 20 38± 21 74± 65 473± 124 174± 26 14± 2 967± 145 952
b-jet veto 48± 9 188± 19 35± 19 73± 61 174± 49 66± 11 14± 2 549± 83 564
|ptot

T | < 30 GeV 39± 7 154± 16 18± 9 38± 32 106± 30 50± 9 9.7± 1.5 376± 48 405
Z → ττ veto 39± 7 150± 17 18± 8 34± 23 102± 23 48± 8 9± 2 361± 38 388
m!! < 50 GeV 26± 6 33± 5 3.3± 1.4 8± 7 20± 7 11± 3 1.8± 0.5 77± 12 90
∆φ!! < 1.3 23± 5 25± 4 2.1± 1.0 4± 6 17± 6 9± 3 1.5± 0.4 60± 10 72
0.75mH < mT < mH 14± 3 12± 3 0.9± 0.4 1.3± 1.9 8± 2 4.0± 1.6 0.7± 0.3 28± 4 29

Control Regions Signal WW W + jets Z/γ∗ + jets tt̄ tW/tb/tqb WZ/ZZ/Wγ Total Bkg. Observed
WW 0-jet (mH < 220 GeV) 1.7± 0.4 223± 30 20± 15 6± 8 25± 10 15± 4 8± 3 296± 36 296
WW 0-jet (mH ≥ 220 GeV) 10± 2 173± 23 24± 12 13± 19 15± 6 8± 3 3.3± 0.6 236± 33 258
WW 1-jet (mH < 220 GeV) 1.0± 0.3 76± 13 5± 3 5± 5 56± 14 23± 5 5.3± 1.4 171± 21 184
WW 1-jet (mH ≥ 220 GeV) 5.8± 1.5 51± 9 3.9± 1.8 10± 10 35± 9 18± 4 2.8± 0.6 120± 17 129
tt̄ 1-jet 0.9± 0.3 3.9± 1.0 - 1± 17 184± 64 80± 19 0.2± 0.9 270± 69 249

parameter significance of tracks in the jet and the topol-
ogy of semi-leptonic b- and c-hadron decays [16]. The
missing transverse momentum Emiss

T [17] is reconstructed
from calibrated energy clusters in the calorimeters and
the reconstructed momenta of the muons, which gener-
ally deposit only a small fraction of their energy in the
calorimeters. The Emiss

T distribution in the presence of
pile-up has been studied, and both Emiss

T as a function of
the number of reconstructed primary vertices and Emiss

T
as a function of the event’s position in the bunch train
are well-modeled by MC.

Exactly two opposite-sign lepton candidates (e or µ)
with pT > 15 GeV for muons or ET > 20 GeV for elec-
trons are required. The leading lepton must have trans-
verse momentum > 25 GeV so the selected events have
a high efficiency for the trigger selection.

After the selection of events with two leptons, the sig-
nificant backgrounds are the Drell-Yan process, tt̄ and
single top (tW/tb/tqb), WW , other diboson processes
(WZ/ZZ/Wγ), and W+jets where a jet is misidenti-
fied as a lepton. In addition to data-driven validations
of the background estimates discussed later, MC simula-
tions of the signal and backgrounds are studied in detail.
The gg → H and qq → qqH processes are modeled using
Powheg, with Pythia to handle the parton shower [18],
and the gg → H Higgs boson pT spectrum is reweighted
to agree with the prediction of Ref. [19]. Pythia is used
to model WH/ZH production. Signal MC is generated
in steps of 5 GeV for mH below 200 GeV and in steps of
20 GeV for larger masses. Signal expectations for inter-
mediate mass values are obtained by linear interpolation
of the signal efficiency. The tt̄, s-channel single top (tb),
and qq/qg → WW/WZ/ZZ processes are generated with

MC@NLO, t-channel and Wt single top with AcerMC

(interfaced to the parton shower algorithm in Pythia),
gg → WW with gg2ww interfaced to the parton shower
algorithm in Herwig [20], Wγ with MadGraph inter-
faced to Pythia, and W+jets and Z/γ∗+jets with Alp-

gen interfaced to Pythia [21].
If the two leptons have different flavors, their invariant

mass (m!!) is required to be above 10 GeV. Otherwise,
they must satisfy m!! > 15 GeV and they must lie out-
side the region with |m!! − mZ| < 15 GeV to suppress
backgrounds from Υ and Z production, respectively.
The quantity Emiss

T,rel is defined as Emiss
T if the angle

∆φ between the missing transverse momentum and the
transverse momentum of the nearest lepton or jet is
greater than π/2, or Emiss

T sin(∆φ) otherwise. Emiss
T,rel is

less sensitive to the mismeasurement of a single lepton
or jet than Emiss

T . To suppress backgrounds from multi-
jet events and Drell-Yan production, it is required that
Emiss

T,rel > 40 GeV if the two leptons have the same flavor,

or Emiss
T,rel > 25 GeV if they have different flavor.

After these requirements, the data are separated into
H + 0-jet and H + 1-jet [22] samples based on whether
they have zero or exactly one jet. In the H +0-jet chan-
nel, the dilepton system is required to have a large trans-
verse boost, p!!T > 30 GeV, to suppress backgrounds from
Z+jets and continuum WW production.
To suppress background from top-quark production,

events in the H + 1-jet channel are rejected if the jet is
identified as the decay of a b-quark. These candidates are
further required to have |ptot

T | < 30 GeV, where p
tot
T is

the vector sum of the transverse momenta of the jet, the
two leptons, and the Emiss

T vector. This latter selection
suppresses events with significant hadronic activity that

03/01/12	
   ATLAS	
  Higgs	
  -­‐	
  Nordic	
  Par.cle	
  Physics	
  -­‐	
  A.	
  L.	
  Read	
   23	
  

H!WW (*) ! l!l!



03/01/12	
   ATLAS	
  Higgs	
  -­‐	
  Nordic	
  Par.cle	
  Physics	
  -­‐	
  A.	
  L.	
  Read	
   24	
  

H!WW (*) ! l!l!

•  Largest	
  excess	
  1.9	
  σ	
  
•  No-­‐signal	
  expected	
  95%	
  CL	
  
exclusion	
  in	
  range	
  134-­‐200	
  GeV	
  

•  Exclusion	
  at	
  ≥95%	
  CL	
  in	
  region	
  	
  
145-­‐206	
  GeV	
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H! ZZ! l+l"!!, l = e,µ

•  Some	
  similarity	
  to	
  
but	
  no	
  eμ	
  	
  channel	
  and	
  

H!WW (*) ! l!l!
mZ !mll <15GeV
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H! ZZ! l+l"! l! l, l = e,µ
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Figure 2: The distributions of ∆φ(!p missT ,!pjetT ) (a), the number of b-jets (b), EmissT (c) and ∆φ(",") (d), for
events with exactly two oppositely charged electrons or muons inside the Z mass window. The insets

at the bottom show the ratio of the data to the combined background expectations as well as a band

corresponding to the combined systematic uncertainties of the analysis. The histograms labeled “Other

Backgrounds” include QCD multijet andW boson events.

Figures 2(c) and 2(d) show the distributions of these variables after the application of them"" window cut.

Since inclusive Z production gives rise to a steeply falling EmissT distribution, systematic uncertainties on

the EmissT reconstruction are particularly important to estimate this background correctly. The dominant

contributions to the EmissT uncertainty come from the knowledge of the jet energy scale and the modelling

of inclusive Z production. Figure 2 shows a disagreement between data and Monte Carlo at low EmissT

values. This disagreement disappears if PYTHIA instead of ALPGEN is used to model the inclusive

Z background. At higher EmissT values, however, ALPGEN provides a slightly better agreement. The

difference between these two models is included in the systematic uncertainties in this search and the

inset at the bottom of Figs. 2 shows that within these uncertainties agreement is achieved between the

data and the combined background expectation. In the low mH region, events are required to satisfy

EmissT > 66 GeV, whilst in the high mH region the requirement is EmissT > 82 GeV. These cuts reduce
significantly the backgrounds from processes with no or modest genuine missing transverse momentum

originating from high momentum unobserved neutrinos.

The boost of the Z bosons originating from a Higgs boson decay increases with mH, thus reducing

4

mH	
  <	
  280	
  GeV	
   mH	
  >	
  280	
  Gev	
  

ETmiss	
   >	
  66	
  GeV	
   >	
  82	
  GeV	
  

Lepton	
  opening	
  angle	
   1	
  <Δφll	
  <	
  2.64	
   Δφll<	
  2.25	
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H! ZZ! l+l"! l! l, l = e,µ
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H! ZZ! l+l"! l! l, l = e,µ

•  Fit	
  to	
  mT	
  distribu.on	
  
•  No-­‐signal	
  expected	
  95%	
  CL	
  exclusion	
  

between	
  320-­‐460	
  GeV	
  
•  95%	
  CL	
  excluded	
  region	
  310-­‐470	
  GeV	
  
•  Impact	
  on	
  limit	
  of	
  uncertainty	
  in	
  off-­‐shell	
  	
  

Higgs	
  produc.on	
  ~3-­‐20%	
  for	
  200-­‐600	
  
GeV	
  



•  Small	
  missing	
  ET	
  
•  Leptonic+hadronic	
  Z	
  decays	
  
•  Z+jets	
  background,	
  Z-­‐>bb	
  

20%:	
  2b-­‐tagged	
  and	
  
untagged	
  categories	
  
–  εb~70%,	
  light	
  q-­‐rejec.on	
  ~100	
  

•  Z’s	
  boosted	
  for	
  mH>300	
  GeV	
  
(“low/high	
  mass”	
  searches)	
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H! ZZ! l+l"qq
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H! ZZ! l+l"qq
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H! ZZ! l+l"qq
b-­‐
Ta
gg
ed

	
  

Low-­‐mass	
   High-­‐mass	
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H! ZZ! l+l"qq

•  p0=0.13-­‐0.5	
  (no	
  sig.	
  excesses)	
  
•  Max	
  signal	
  sensi.vity	
  @	
  360	
  GeV	
  

•  1.7xSM	
  expected	
  limit	
  
•  1.2xSM	
  excluded	
  @	
  95%	
  CL	
  

•  Limits	
  1.2-­‐12xSM	
  200-­‐600	
  GeV	
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H!WW ! l! jj

•  No	
  excesses	
  
•  Maximum	
  signal	
  sensi.vity	
  	
  

4.5	
  x	
  SM	
  @	
  400	
  GeV	
  
•  Exclude	
  2.7-­‐20	
  x	
  SM	
  

between	
  250-­‐600	
  GeV	
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H!! +! " ! l+l"4"

•  2	
  leptons,	
  1	
  jet	
  (VBF,	
  gg-­‐NLO),	
  missing	
  energy	
  
•  H-­‐boost	
  enhances	
  S/B	
  a�er	
  toplogical	
  

selec.on	
  
•  Collinear	
  approxima.on	
  used	
  to	
  es.mate	
  

mττ	
  (ν’s	
  //	
  to	
  l’s)	
  
•  Count	
  events	
  in	
  mass	
  window	
  100-­‐150	
  GeV	
  
•  Irreducible	
  Z-­‐>ττ	
  es.mated	
  by	
  embedding	
  

simulated	
  τ’s	
  into	
  μ+μ-­‐(Z)	
  events	
  
•  Exclusion	
  limits	
  ~30xSM	
  obtained	
  

Table 6: Selected number of events after all the selection criteria in data and expected from simulation

for SM Higgs boson signal and backgrounds for a data sample corresponding to 1.06 fb−1. Errors are

statistical only.

ee + µµ + eµ

Z/γ∗ → τ+τ− 25.4 ± 2.7

Z/γ∗ → #+#− (#=e,µ) 3.7 ± 1.2

tt̄ 13.2 ± 2.2

Single-t 1.2 ± 0.5

Di-boson 1.6 ± 0.6

Backgrounds with fake Leptons 2.2 ± 0.9

Total Background expectation 47.4 ± 3.9

Observed data 46

SM signal gg→ H VBF

mH = 110 GeV 0.39 ± 0.06 0.35 ± 0.02

mH = 115 GeV 0.39 ± 0.06 0.35 ± 0.02

mH = 120 GeV 0.44 ± 0.05 0.38 ± 0.02

mH = 130 GeV 0.40 ± 0.04 0.33 ± 0.01

mH = 140 GeV 0.21 ± 0.02 0.19 ± 0.01

8 Systematic Uncertainties

Systematic uncertainties related to the simulation of the detector response and energy scales, MC normal-

isation, MC generator uncertainties, data-driven estimation of the background processes and luminosity

are taken into account. Object-based uncertainties are applied to all MC samples.

Lepton Scale Factors: The reconstruction and identification of electrons and muons as well as the

efficiency of the trigger chain with which they are recorded differ between data and MC. Appropriate

scale factors are applied to the electrons and muons in the MC simulation to correct for this effect. The

quadratic sum of the statistical and systematic uncertainties on the scale factors is taken as a systematic

uncertainty. These variations are applied to all MC samples.

Muon Momentum Scale and Resolution: The muon momentum scale and resolution are smeared to

match what is observed in data. The uncertainty associated with the smearing is taken into account and

ID and MS smearing are varied separately in this approach.

Electron Energy Scale and Resolution: The electron energy resolution is smeared in MC to match

what is observed in data. The electron energy is corrected in data according to in-situ calibrations. The

uncertainties associated to the re-scaling and smearing are taken into account.

Jet Energy Scale: The uncertainty is determined from “up” and “down” variations, created using the

corresponding 1σ uncertainties obtained from data studies. An alternative data-driven estimation of the

jet energy scale uncertainties for the Z+jets background was also used and provided compatible results.

11
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H!! +! " ! lh3"

•  1	
  leptonic,	
  1	
  hadronic	
  decay,	
  missing	
  ET	
  
•  MMC	
  (Missing	
  Mass	
  Calculator),	
  allows	
  

non-­‐collinear	
  ν’s,	
  mode	
  of	
  mττ	
  from	
  
scanning	
  over	
  under-­‐determined	
  
kinema.c	
  variables,	
  weighted	
  by	
  pdf	
  of	
  
3D	
  opening	
  angle	
  between	
  visible	
  and	
  
invisible	
  decay	
  products	
  

•  Exclusion	
  7-­‐26	
  x	
  SM	
  (expected	
  12-­‐30)	
  



Combined	
  Results	
  

L(mH ,µ,
!
! ) = Li (mH ,µ,

!
! i )

i
!



Correlated	
  syst.	
  uncert.	
  on	
  signal	
  yield	
  (%)	
  

03/01/12	
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  L.	
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Note:	
  Signal	
  uncertain.es	
  affect	
  limit,	
  less	
  important	
  for	
  tes.ng	
  background.	
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Table 3: Main correlated signal systematic uncertainties used in the analysis. These relative uncertainties

(%) correspond to the overall effect on the signal yield of the ±1σ variation of the source of systematic

uncertainty for a Higgs boson mass hypothesis of 120 GeV for the H → γγ , H → ττ → !τhad3ν , H →
ττ → !+!−4ν , H → WW (∗) → !+ν!−ν and H → ZZ(∗) → !+!−!+!− analyses and 300 GeV for the

H → ZZ → !+!−qq, H → ZZ → !+!−νν and H →WW → !νqq′ analyses.

H → τ+τ−
H → γγ

H →WW (∗) H → ZZ(∗)

!τhad3ν τ!τ!+ jet !ν!ν !νqq !!!! !!νν !!qq

Luminosity +3.8
−3.6

+3.8
−3.6

+4.0
−3.8

+3.8
−3.6

+3.8
−3.6

+3.9
−3.8

+3.8
−3.6

+3.8
−3.6

e/γ eff. ±3.5 ±2.0 +13.5
−11.9 ±2.0 ±0.9 ±2.9 ±1.2 ±1.2

e/γ E. scale +1.3
−0.1 ±0.3 - ±0.4 - - ±0.7 ±0.4

e/γ res. - +0.2
−0.5 - +0.20

−0.05 - - ±0.25 ±0.1

µ eff. ±1.0 ±2.0 - - ±0.3 ±0.16 ±0.7 ±0.5

µ res. Id. - +0.2
−0.5 - +0.02

−0.04 - - ±1.1 ±1.1

µ res. MS. - - - +0.04
+0.08 - - +1.1

−1.0 ±1.1

Jet/τ/MET E. scale +18.9
−16.4

+3.4
−10.0 - +4.46

−6.47
+18.4
−15.5 - ±1.6 ±15.0

JER - ±2.0 - +1.8
−1.7

+9.0
−8.2 - +0.3

−0.0
+4.0
−0.0

MET - +4.4
−5.3 - +1.8

−1.7 - - - -

b-tag eff. - - - ±0.5 - - ±0.3 ±3.7

τ eff. ±9.1 - - - - - -

Table 4: Main correlated background systematic uncertainties used in the analysis. These relative un-

certainties (%) correspond to the overall effect on the background yield of the ±1σ variation of the

source of systematic uncertainty for a Higgs boson mass hypothesis of 120 GeV for the H → γγ ,

H → ττ → !τhad3ν , H → ττ → !+!−4ν , H →WW (∗) → !+ν!−ν and H → ZZ(∗) → !+!−!+!− analyses

and 300 GeV for the H → ZZ → !+!−qq, H → ZZ → !+!−νν and H →WW → !νqq′ analyses.

H → τ+τ−
H → γγ

H →WW (∗) H → ZZ(∗)

!τhad3ν τ!τ!+ jet !ν!ν !νqq !!!! !!νν !!qq

Luminosity +3.0
−2.9

+3.8
−3.6 - ±0.2 - +3.7

−3.6
+2.4
−2.3

+0.3
−0.2

e/γ eff. ±2.4 +0.5
−1.6 - ±2.3 ±0.8 ±1.6 ±0.8 ±0.1

e/γ E. scale +0.9
−0.3 ±0.8 - +0.2

−0.1 - - +1.7
−1.6 ±0.1

e/γ res. - +0.3
−2.6 - +0.1

−0.0 - - ±0.6 ±0.2

µ eff. ±1.4 +0.5
−1.6 - - ±0.3 ±0.1 ±0.5 ±0.03

µ res. Id. - +0.3
−2.6 - −0.03

−0.06 - - +1.7
−1.6 ±0.2

µ res. MS. - - - +0.00
−0.02 - - +1.7

−1.6 ±0.2

Jet/τ/MET E. scale +10.0
−8.9

+7.0
−9.8 - +8.5

−10.4 - - +6.9
−5.2 ±1.0

JER - ±2.5 - +3.3
−3.0 - - +1.8

−0.0
+0.3
−0.0

MET - +0.4
−2.7 - +0.6

−0.5 - - - -

b-tag eff. - - - ±1.8 - - +7.0
−5.5 ±0.2

τ eff. ±7.2 - - - - - -

8
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Table 3: Main correlated signal systematic uncertainties used in the analysis. These relative uncertainties

(%) correspond to the overall effect on the signal yield of the ±1σ variation of the source of systematic

uncertainty for a Higgs boson mass hypothesis of 120 GeV for the H → γγ , H → ττ → !τhad3ν , H →
ττ → !+!−4ν , H → WW (∗) → !+ν!−ν and H → ZZ(∗) → !+!−!+!− analyses and 300 GeV for the

H → ZZ → !+!−qq, H → ZZ → !+!−νν and H →WW → !νqq′ analyses.

H → τ+τ−
H → γγ

H →WW (∗) H → ZZ(∗)

!τhad3ν τ!τ!+ jet !ν!ν !νqq !!!! !!νν !!qq

Luminosity +3.8
−3.6

+3.8
−3.6

+4.0
−3.8

+3.8
−3.6

+3.8
−3.6

+3.9
−3.8

+3.8
−3.6

+3.8
−3.6

e/γ eff. ±3.5 ±2.0 +13.5
−11.9 ±2.0 ±0.9 ±2.9 ±1.2 ±1.2

e/γ E. scale +1.3
−0.1 ±0.3 - ±0.4 - - ±0.7 ±0.4

e/γ res. - +0.2
−0.5 - +0.20

−0.05 - - ±0.25 ±0.1

µ eff. ±1.0 ±2.0 - - ±0.3 ±0.16 ±0.7 ±0.5

µ res. Id. - +0.2
−0.5 - +0.02

−0.04 - - ±1.1 ±1.1

µ res. MS. - - - +0.04
+0.08 - - +1.1

−1.0 ±1.1

Jet/τ/MET E. scale +18.9
−16.4

+3.4
−10.0 - +4.46

−6.47
+18.4
−15.5 - ±1.6 ±15.0

JER - ±2.0 - +1.8
−1.7

+9.0
−8.2 - +0.3

−0.0
+4.0
−0.0

MET - +4.4
−5.3 - +1.8

−1.7 - - - -

b-tag eff. - - - ±0.5 - - ±0.3 ±3.7

τ eff. ±9.1 - - - - - -

Table 4: Main correlated background systematic uncertainties used in the analysis. These relative un-

certainties (%) correspond to the overall effect on the background yield of the ±1σ variation of the

source of systematic uncertainty for a Higgs boson mass hypothesis of 120 GeV for the H → γγ ,

H → ττ → !τhad3ν , H → ττ → !+!−4ν , H →WW (∗) → !+ν!−ν and H → ZZ(∗) → !+!−!+!− analyses

and 300 GeV for the H → ZZ → !+!−qq, H → ZZ → !+!−νν and H →WW → !νqq′ analyses.

H → τ+τ−
H → γγ

H →WW (∗) H → ZZ(∗)

!τhad3ν τ!τ!+ jet !ν!ν !νqq !!!! !!νν !!qq

Luminosity +3.0
−2.9

+3.8
−3.6 - ±0.2 - +3.7

−3.6
+2.4
−2.3

+0.3
−0.2

e/γ eff. ±2.4 +0.5
−1.6 - ±2.3 ±0.8 ±1.6 ±0.8 ±0.1

e/γ E. scale +0.9
−0.3 ±0.8 - +0.2

−0.1 - - +1.7
−1.6 ±0.1

e/γ res. - +0.3
−2.6 - +0.1

−0.0 - - ±0.6 ±0.2

µ eff. ±1.4 +0.5
−1.6 - - ±0.3 ±0.1 ±0.5 ±0.03

µ res. Id. - +0.3
−2.6 - −0.03

−0.06 - - +1.7
−1.6 ±0.2

µ res. MS. - - - +0.00
−0.02 - - +1.7

−1.6 ±0.2

Jet/τ/MET E. scale +10.0
−8.9

+7.0
−9.8 - +8.5

−10.4 - - +6.9
−5.2 ±1.0

JER - ±2.5 - +3.3
−3.0 - - +1.8

−0.0
+0.3
−0.0

MET - +0.4
−2.7 - +0.6

−0.5 - - - -

b-tag eff. - - - ±1.8 - - +7.0
−5.5 ±0.2

τ eff. ±7.2 - - - - - -

8

Table 3: Main correlated signal systematic uncertainties used in the analysis. These relative uncertainties

(%) correspond to the overall effect on the signal yield of the ±1σ variation of the source of systematic

uncertainty for a Higgs boson mass hypothesis of 120 GeV for the H → γγ , H → ττ → !τhad3ν , H →
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H → γγ

H →WW (∗) H → ZZ(∗)

!τhad3ν τ!τ!+ jet !ν!ν !νqq !!!! !!νν !!qq

Luminosity +3.8
−3.6

+3.8
−3.6
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−3.8

+3.8
−3.6

+3.8
−3.6

+3.9
−3.8

+3.8
−3.6

+3.8
−3.6

e/γ eff. ±3.5 ±2.0 +13.5
−11.9 ±2.0 ±0.9 ±2.9 ±1.2 ±1.2

e/γ E. scale +1.3
−0.1 ±0.3 - ±0.4 - - ±0.7 ±0.4

e/γ res. - +0.2
−0.5 - +0.20

−0.05 - - ±0.25 ±0.1

µ eff. ±1.0 ±2.0 - - ±0.3 ±0.16 ±0.7 ±0.5

µ res. Id. - +0.2
−0.5 - +0.02

−0.04 - - ±1.1 ±1.1

µ res. MS. - - - +0.04
+0.08 - - +1.1

−1.0 ±1.1

Jet/τ/MET E. scale +18.9
−16.4

+3.4
−10.0 - +4.46

−6.47
+18.4
−15.5 - ±1.6 ±15.0

JER - ±2.0 - +1.8
−1.7

+9.0
−8.2 - +0.3

−0.0
+4.0
−0.0

MET - +4.4
−5.3 - +1.8

−1.7 - - - -

b-tag eff. - - - ±0.5 - - ±0.3 ±3.7

τ eff. ±9.1 - - - - - -

Table 4: Main correlated background systematic uncertainties used in the analysis. These relative un-

certainties (%) correspond to the overall effect on the background yield of the ±1σ variation of the

source of systematic uncertainty for a Higgs boson mass hypothesis of 120 GeV for the H → γγ ,

H → ττ → !τhad3ν , H → ττ → !+!−4ν , H →WW (∗) → !+ν!−ν and H → ZZ(∗) → !+!−!+!− analyses

and 300 GeV for the H → ZZ → !+!−qq, H → ZZ → !+!−νν and H →WW → !νqq′ analyses.

H → τ+τ−
H → γγ

H →WW (∗) H → ZZ(∗)

!τhad3ν τ!τ!+ jet !ν!ν !νqq !!!! !!νν !!qq

Luminosity +3.0
−2.9

+3.8
−3.6 - ±0.2 - +3.7

−3.6
+2.4
−2.3

+0.3
−0.2

e/γ eff. ±2.4 +0.5
−1.6 - ±2.3 ±0.8 ±1.6 ±0.8 ±0.1

e/γ E. scale +0.9
−0.3 ±0.8 - +0.2

−0.1 - - +1.7
−1.6 ±0.1

e/γ res. - +0.3
−2.6 - +0.1

−0.0 - - ±0.6 ±0.2

µ eff. ±1.4 +0.5
−1.6 - - ±0.3 ±0.1 ±0.5 ±0.03

µ res. Id. - +0.3
−2.6 - −0.03

−0.06 - - +1.7
−1.6 ±0.2

µ res. MS. - - - +0.00
−0.02 - - +1.7

−1.6 ±0.2

Jet/τ/MET E. scale +10.0
−8.9

+7.0
−9.8 - +8.5

−10.4 - - +6.9
−5.2 ±1.0

JER - ±2.5 - +3.3
−3.0 - - +1.8

−0.0
+0.3
−0.0

MET - +0.4
−2.7 - +0.6

−0.5 - - - -

b-tag eff. - - - ±1.8 - - +7.0
−5.5 ±0.2

τ eff. ±7.2 - - - - - -
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CLs	
  limits	
  all	
  channels	
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  Read	
  

CLs	
  –	
  test	
  of	
  SM	
  signal	
  hypothesis	
  
	
  

40	
  

Expected	
  exclusion	
  region:	
  125-­‐520	
  GeV	
  
Observed	
  exclusions:	
  112.7-­‐115.5,	
  131-­‐237,	
  251-­‐453	
  GeV	
  
	
  
(LHC@HCP:	
  Expected	
  124-­‐520,	
  Observed	
  141-­‐476)	
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  Physics	
  -­‐	
  A.	
  L.	
  Read	
  

CLs	
  upper	
  limits	
  on	
  σ/σSM	
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p0	
  –	
  test	
  of	
  background	
  hypothesis	
  

03/01/12	
   ATLAS	
  Higgs	
  -­‐	
  Nordic	
  Par.cle	
  Physics	
  -­‐	
  A.	
  L.	
  Read	
  

•  At	
  126	
  GeV	
  local	
  p0=1.9	
  x	
  10-­‐4	
  (3.6	
  σ)	
  
•  6	
  crossings	
  in	
  full	
  mass	
  range	
  (see	
  also	
  Cyan	
  Band	
  plots)	
  

•  Global	
  p0=1.1%	
  (2.3	
  σ)	
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Es.mate	
  of	
  signal	
  strength	
  μ=σ/σSM	
  

•  Allowing	
   nega.ve	
   values	
   of	
   μ	
   using	
   a	
   specific	
  
treatment	
  to	
  not	
  allow	
  pdfs	
  to	
  have	
  nega.ve	
  values.	
  

•  Don’t	
   use	
   these	
   to	
   set	
   limits	
   or	
   test	
   background	
  
hypothesis,	
  they	
  are	
  for	
  illustra.on.	
  

Signal	
  strength	
  ~1.5	
  around	
  126	
  GeV	
  is	
  not	
  incompa.ble	
  	
  
with	
  SM	
  Higgs	
  expecta.on	
  of	
  1	
  



3	
  most	
  sensi.ve	
  channels	
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Asympto.cs	
  (baseline)	
  vs.	
  MC	
  ensemble	
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Next	
  steps	
  
•  Finalize	
  2011	
  results	
  
•  Combine	
  published	
  ATLAS+CMS	
  2011	
  results	
  

–  Inter-­‐experiment	
  energy	
  scale	
  systema.cs	
  important	
  
•  Prepare	
  improved	
  analyses	
  for	
  2012	
  

–  ~4	
  .mes	
  data	
  and	
  a	
  bit	
  higher	
  √s	
  could	
  take	
  	
  
ATLAS+CMS	
  within	
  spi{ng	
  distance	
  of	
  5σ	
  or	
  exclude	
  present	
  excess	
  as	
  
fluctua.on	
  

–  Should	
  decide	
  on	
  LEE-­‐region	
  before	
  the	
  data	
  arrive	
  
•  If	
  ~124-­‐6	
  GeV	
  persists:	
  

–  Measurement	
  of	
  mass	
  (ML,	
  not	
  Mσ)	
  
–  γγ:	
  It’s	
  not	
  a	
  vector	
  
–  ττ,	
  bb,	
  WW,	
  ZZ	
  decays	
  all	
  accessible	
  for	
  measurements	
  	
  
–  Consequences	
  for	
  BSM…	
  

•  If	
  not:	
  
–  Go	
  down	
  in	
  the	
  couplings	
  
–  Don’t	
  forget	
  (difficult)	
  high	
  mass	
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Conclusions	
  

•  Preliminary	
  results	
  for	
  SM	
  Higgs	
  boson	
  searches	
  
with	
  ATLAS	
  in	
  up	
  to	
  4.9/z	
  of	
  2011	
  data	
  

•  Expected	
  exclusion	
  region	
  mH=124.6-­‐520	
  GeV	
  
•  3	
  regions	
  excluded	
  at	
  >=	
  95%	
  CL	
  
–  112.7-­‐115.5,	
  131-­‐237,	
  251-­‐453	
  GeV	
  

•  Excesses	
  observed	
  in	
  3	
  most	
  sensi.ve	
  channels	
  
near	
  mH=126	
  GeV	
  (local:	
  2.7,	
  2.0,	
  1.4	
  σ)	
  
– Global	
  probability	
  for	
  background	
  to	
  give	
  this	
  
combined	
  excess	
  is	
  approximately	
  1%	
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