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Le Cern aurait capté des "signaux" du 
boson de Higgs. �

Science: les physiciens pensent avoir approché 
le mystérieux boson de Higgs. 

Data Hints at Elusive Particle, but the Wait 
Continues 

Higgs boson hunters scent their elusive quarry 
at the LHC.  
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In	  the	  News	  December	  2011…	  
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Taken individually, none of these excesses is any more statistically significant 
than rolling a die and coming up with two sixes in a row (~3%).  
 
 
What is interesting is that there are multiple independent measurements pointing 
to the region of 124 to 126 GeV. 
 
 
 It's far too early to say whether ATLAS and CMS have discovered the Higgs 
boson, but these updated results are generating a lot of interest in the particle 
physics community. 
 

…	  in	  the	  CERN	  Press	  Release	  
Excerpts	  
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1976
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Proceedings	  of	  LHC	  Workshop	  	  
(Aachen,	  1990):	  √s	  =	  16	  TeV,	  100	  [-‐1	  

1990
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4	  µ	  event	  …	  Standard	  EW	  only	  or	  Higgs?	  

2011 
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The	  ATLAS	  and	  CMS	  Detectors	  In	  a	  Nutshell	  

Sub	  System	   ATLAS	   CMS	  

Design	  

	  
	  
	  
	  
	  

Magnet(s)	  
Solenoid	  (within	  EM	  Calo)	  2T	  

3	  Air-‐core	  Toroids	  
Solenoid	  3.8T	  

Calorimeters	  Inside	  

Inner	  Tracking	  
Pixels,	  Si-‐strips,	  TRT	  
PID	  w/	  TRT	  and	  dE/dx	  

	  

Pixels	  and	  Si-‐strips	  
PID	  w/	  dE/dx	  

	  

EM	  Calorimeter	  
Lead-‐Larg	  Sampling	  

w/	  longitudinal	  segmentabon	  
	  

Lead-‐Tungstate	  Crys.	  Homogeneous	  
w/o	  longitudinal	  segmentabon	  

	  

Hadronic	  Calorimeter	  
	  	  	  	  	  Fe-‐Scint.	  &	  Cu-‐Larg	  (fwd)	  	  	  	  	  	  

	  
	  	  	  Brass-‐scint.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  &	  Tail	  Catcher	  

	  

Muon	  Spectrometer	  System	  
Acc.	  ATLAS	  2.7	  &	  CMS	  2.4	  

Instrumented	  Air	  Core	  (std.	  alone)	  
	  
	  
	  

Instrumented	  Iron	  return	  yoke	  
	  
	  
	  

4	  
11	  
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7	  or	  8	  TeV	  ?	  

14	  TeV	  

13	  TeV	  



Luminosity and Beam cross section 

Reduction factor W/ Beam 
crossing angle O(0.9) 
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Two	  Years	  of	  Remarkable	  LHC	  operabons	  
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Re-‐discovery	  of	  the	  SM	  at	  LHC	   Closing	  in	  on	  the	  Higgs	  search	  

! 

33" 40 pb"1

Measurement	  of	  rather	  
detailed	  properbes	  of	  the	  W	  
and	  Z	  boson	  producbon	  

Measurement	  of	  di-‐
boson	  producbon	  and	  

Higgs	  searches	  

2010	   2011	  
Glimpse	  at	  the	  Luminosity	  

1.0!1.2 fb!1 2.2 fb!1

EPS 

LP 
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Council 
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O(2)	  Pile-‐up	  events	  (per	  bunch	  crossing)	  

2010	   2011	  
O(6)	  Pile-‐up	  events	  (per	  bunch	  crossing)	  

150	  ns	  inter-‐bunch	  spacing	  	   50	  ns	  inter-‐bunch	  spacing	  	  

Illustrabon	  of	  events	  taken	  at	  random	  
(filled)	  bunch	  crossings	  	  

Two	  Years	  of	  Remarkable	  LHC	  operabons	  
The	  Pile-‐up	  (PU)	  evolubon	  
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The	  2011	  Dataset	  

-  New runs at higher luminosity… 
-  Much higher PU! 

Recent event with 15 Vertices 

~ 5 fb!1



The	  Higgs	  Hunt	  in	  the	  LHC	  Era…	  

17	  

2010	   2011	  
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Preamble	  :	  Breakthroughs	  in	  Phenomenolgy	  
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Several	  breakthroughs	  in	  the	  past	  decade	  have	  drasbcally	  changed	  the	  theory	  
prospecbve	  to	  the	  hadron	  collider	  processes.	  

	  

-‐ 	  The	  “Next-‐to…”	  revolubon	  :	  	  
-‐ 	  Breakthrough	  ideas	  in	  computabon	  of	  loops	  (sewing	  together	  tree	  level	  amplitudes).	  
-‐ 	  NLO	  generators,	  blackhat,	  NLOjet++,	  Phox,	  MCFM,	  etc…	  
-‐ 	  NLO	  generators	  w/	  PS,	  MC@NLO	  and	  POWHEG.	  
-‐ 	  NLO+NLL	  or	  NNLL,	  CAESAR,	  ResBos,	  HqT	  
-‐ 	  NNLO,	  FEHIP,	  FEWZ,	  HNNLO,	  DYNNLO	  
-‐ 	  …	  

-‐ 	  NNLO	  PDFs	  sets	  
-‐ 	  Parton	  Shower	  (and	  Matrix	  Element	  matching)	  improvements	  :	  

Pythia	  (8.1),	  Herwig++,	  Sherpa	  and	  CKKW	  (1.3)	  and	  MadGraph	  (5.0)	  performing	  
very	  well	  (Including	  descripbon	  of	  the	  Pile	  Up	  and	  the	  underlying	  event).	  	  	  

-‐ 	  The	  Jet	  revolubon	  (Fast	  Jet)	  :	  Allowing	  to	  compute	  in	  reasonable	  bme	  infra-‐
red	  safe	  kT	  jets.	  	  

	  

	  



QCD	  
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QCD	  
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The	  Main	  Producbon	  Modes	  	  	  

-‐	  Gluon	  fusion	  process	  :	  

Dominant	  process	  known	  at	  NNnLO	  
However	  rather	  large	  TH	  uncertainty*	  	  ~O(15%)	  due	  to	  the	  
large	  correcbons	  for	  gluon	  inibated	  process	  

*	  TH	  uncertainty	  mostly	  from	  scale	  variabon	  and	  PDFs,	  δσ	  PDF-‐αs~8-‐10%	  and	  δσ	  Scale~	  	  7-‐8%	  

Data	  driven	  background	  esbmates	  legibmate	  use	  of	  NNLO	  cross	  secbons!	  
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The	  Main	  Producbon	  Modes	  	  	  

-‐	  Gluon	  fusion	  process	  :	  

Dominant	  process	  known	  at	  NNnLO	  

*	  TH	  uncertainty	  mostly	  from	  scale	  variabon	  and	  PDFs,	  δσ	  PDF-‐αs~8-‐10%	  and	  δσ	  Scale~	  	  7-‐8%	  

Data	  driven	  background	  esbmates	  legibmate	  use	  of	  NNLO	  cross	  secbons!	  

~100	  kEvts	  produced	  at	  120	  GeV	  
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The	  Main	  Producbon	  Modes	  	  	  

-‐	  Gluon	  fusion	  process	  :	  

-‐	  Vector	  Boson	  Fusion	  :	  

Dominant	  process	  known	  at	  NNnLO	  

Rather	  disbncbve	  features	  w/	  two	  
conspicuous	  forward	  jets	  and	  a	  rapidity	  gap	  

known	  at	  NLO	  TH	  uncertainty	  ~O(5%)	  

*	  TH	  uncertainty	  mostly	  from	  scale	  variabon	  and	  PDFs,	  δσ	  PDF-‐αs~8-‐10%	  and	  δσ	  Scale~	  	  7-‐8%	  

Data	  driven	  background	  esbmates	  legibmate	  use	  of	  NNLO	  cross	  secbons!	  

~100	  kEvts	  produced	  at	  120	  GeV	  
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The	  Main	  Producbon	  Modes	  	  	  

-‐	  Gluon	  fusion	  process	  :	  

-‐	  Vector	  Boson	  Fusion	  :	  

-‐	  Associated	  Producbon	  with	  W	  and	  Z	  :	  

Dominant	  process	  known	  at	  NNnLO	  

Rather	  disbncbve	  features	  w/	  two	  
conspicuous	  forward	  jets	  and	  a	  rapidity	  gap	  

known	  at	  NLO	  TH	  uncertainty	  ~O(5%)	  

Very	  disbncbve	  feature	  with	  a	  Z	  or	  W	  decaying	  leptonically	  

known	  at	  NNLO	  TH	  uncertainty	  ~O(5%)	  

-‐	  Associated	  Producbon	  with	  top	  pair	  :	  

Quite	  disbncbve	  but	  also	  quite	  crowded	  

known	  at	  NLO	  TH	  uncertainty	  ~O(15%)	  

*	  TH	  uncertainty	  mostly	  from	  scale	  variabon	  and	  PDFs,	  δσ	  PDF-‐αs~8-‐10%	  and	  δσ	  Scale~	  	  7-‐8%	  

Data	  driven	  background	  esbmates	  legibmate	  use	  of	  NNLO	  cross	  secbons!	  

~100	  kEvts	  produced	  at	  120	  GeV	  
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Decay	  Modes	  

-‐	  The	  dominant	  b-‐decay	  channel	  

-‐	  The	  ττ channel	  

Huge	  backgrounds,	  needs	  disbncbve	  features	  at	  
producbon	  level	  and	  beyond…	  Associate	  producbon	  
W,Z	  H	  and	  Boost!	  
	  

Also	  needs	  disbncbve	  producbon	  features,	  typically	  
VBF.	  Can	  also	  be	  done	  inclusively,	  especially	  since	  
the	  NEW	  MASS	  RECOSTRUCTION	  techniques	  

Pure Branching Fractions 
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Decay	  Modes	  

-‐	  The	  dominant	  b-‐decay	  channel	  

-‐	  The	  ττ channel	  

-‐	  The	  γγ channel	  

Huge	  backgrounds,	  needs	  disbncbve	  features	  at	  
producbon	  level	  and	  beyond…	  Associate	  producbon	  
W,Z	  H	  and	  Boost!	  
	  

Also	  needs	  disbncbve	  producbon	  features,	  typically	  
VBF.	  Can	  also	  be	  done	  inclusively,	  especially	  since	  
the	  NEW	  MASS	  RECOSTRUCTION	  techniques	  

Dominant	  Channel	  in	  the	  very	  low	  mass	  range.	  Small	  
branching	  but	  sizable	  yield.	  Very	  disbncbve	  
signature	  on	  its	  own.	  

-‐	  The	  WW	  Channels	  
-‐ 	  Dilepton	  (lnln)	  channel	  is	  dominant	  in	  the	  low	  mass	  (very	  poor	  mass	  resolubon,	  essenbally	  counbng	  experiment)	  
-‐ 	  Semi	  leptonic	  (lnqq)	  largest	  event	  yield	  effecbve	  at	  large	  mass	  where	  the	  background	  is	  smaller.	  	  	  	  

-‐	  The	  ZZ	  Channels	  
-‐ 	  4-‐leptons	  :	  “Golden	  mode”	  smallest	  event	  yield	  but	  large	  s/b	  rabo	  
-‐ 	  semi-‐leptonic	  (llqq)	  larger	  event	  yield	  but	  also	  much	  larger	  background	  (make	  use	  of	  the	  large	  branching	  Z	  in	  bb)	  
-‐ 	  2-‐leptons	  2-‐neutrinos	  (llnn)	  :	  Best	  compromise	  yield/purity.	  Dominant	  channel	  at	  high	  mass	  	  

Exclusive Modes Cross Sections 
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Producbon	  Modes	  and	  Decay	  Channels	  

Channel	   ggF	   VBF	   W,Z	  H	   xH	  

γγ	
 ✓	   ✓	   ✓	   ✓	  
ττ	   ✓	   ✓	  

W,Z	  H	  (bb)	    	   ✓	  

ZZ	  (llll)	   ✓	   ✓	  

WW	  	  
(lνlν)	  

0-‐jet	   ✓	  

1-‐jet	   ✓	   ✓	  
VBF	   ✓	   ✓	  

WW	  
(lνqq)	  

0-‐jet	   ✓	   ✓	  
1-‐jet	   ✓	   ✓	  

ZZ	  (llνν)	   ✓	   ✓	  
ZZ	  (llττ)	   ✓	   ✓	  
ZZ	  (llqq)	   ✓	   ✓	  

Take home message : - Mostly ggF analyses 
     - VBF important at High Mass (caution with the Higgs width) 

Low Mass : 
Challenging Range 

Intermediate : 
Wide Range 

High Mass : Larger 
contribution from VBF 

110 -150 GeV/c2 

110 - 600 GeV/c2 

200 - 600 GeV/c2 

Not theory difficulties above 
500 GeV/c2 



Channels	  nano	  Review	  
Channel	   btag	  

(veto)	   Jets	   MET	  
(GeV)	   Shape	   Mass	  Range	  

(GeV/c2)	   Main	  	  backgrounds	  

γγ	
 Mγγ	
 110-‐150	   γγ (from	  sidebands)	  

ττ	   ✓	   ✓	   Mττ	
 110-‐140	   Z	  from	  data	  driven	  methods	  

WH	   ✓	   2	   Mbb	   110-‐130	   Top	  (3j	  -‐	  high	  Mbb)	  and	  W+jets	  (low	  Mbb)	  	  

ZH	   ✓	   2	   Mbb	   110-‐130	   Z+jets	  (low	  Mbb)	  	  

WW	  	  
(lνlν)	  

0-‐jet	   0	   >30	   110-‐600	   WW	  (control	  region	  Mll)	  

1-‐jet	   veto	   1	   >30	   110-‐600	   Top	  (from	  reverse	  btag)	  and	  WW	  (Mll	  CR)	  	  

VBF*	   veto	   2	   >30	   110-‐600	   Top	  from	  CS	  

WW**	  
(lνqq)	  

0-‐jet	   0	   >30	   MWW	   200-‐600	   W+jets	  (sidebands)	  

1-‐jet	   veto	   1	   >30	   MWW	   200-‐600	   W+jets	  (sidebands)	  

ZZ	  (llll)	   IP	   M4l	   110-‐600	   ZZ	  (from	  MC),	  	  Z+jets	  and	  top	  (CR)	  

ZZ	  (llττ)*	   M2l2τ	
 200-‐600	   ZZ	  (From	  Z	  -‐	  data)	  

ZZ	  (llνν)	   ✓	   >30	   MT	   200-‐600	   VV(from	  MC)	  and	  top	  (MC	  and	  checks)	  

ZZ	  (llqq)	   ✓	   2	   <50	   Mllqq	   130*-‐600	   Z+jets	  (from	  MC)	  and	  top	  (from	  MC)	  

* CMS only / ** ATLAS only Seminaire	  CEA	  	  24/01/2012	   31	  



Channels	  Overview	  
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The	  Complete	  ATLAS	  Picture	  
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=7 TeVs, -1 L dt ~ 1.0-4.9 fb CLs limitsATLAS Preliminary
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Channels	  Overview	  
The	  Complete	  CMS	  Picture	  



Statistical Interpretation 
How to read Higgs Search Plots 

Hypothesis testing using the 

Profile likelihood ratio… 
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L(µ,! ) = fb"b(M## )+ fs"s (M## )

fs !µ

Simplified 

Likelihood	  Definibon:	  

ns = µ!BrL"

Relates to 
Higgs mass 
hypothesis 

Global coherent factor 



Statistical Interpretation 
How to read Higgs Search Plots 

Hypothesis testing using the 

Profile likelihood ratio… 
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How to Read Higgs Exclusion Limits Plots 
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!µ = !(µ," ) =
L(µ, ˆ̂" (µ))
L(µ̂,"̂ )

qµ = !2 ln!µ
Background likeliness 



How to Read Higgs Exclusion Limits Plots 
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!µ = !(µ," ) =
L(µ, ˆ̂" (µ))
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qµ = !2 ln!µ
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How to Read Higgs Observation Estimates 
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!0 = !(0," ) =
L(0, ˆ̂" (0))
L(µ̂,"̂ )

q0 = !2 ln!0

p0 Probability that a background 
only experiment be more signal 
like than observed 

Signal likeliness 



Local vs. Global Probability  
Look Elswhere Effect 
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Probability of observing an excess at 
one specific mass (in absence of 
signal)… 

(over)Simplified View 

What is the probability of observing 
an excess at least as large as 
observed within a mass range ? 

Trial factor ~ Number of possible independent outcomes within 
a mass range… 
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Fast Forward Evolution Since Moriond 2011 

Seminaire	  CEA	  	  24/01/2012	  

 [GeV]Hm
100 200 300 400 500 600

SM
/

95
%

 C
L 

Li
m

it 
on

 

-110

1

10

210

Observed
Expected

ATLAS 2010
, 7 TeV-1 L dt ~ 35 pb

 LimitssCL

LEP	  (95%CL)	  
mH	  >	  114	  GeV	  

Tevatron	  exclusion	  (95%CL):	  
100	  <	  mH	  <	  109	  GeV	  
156	  <	  mH	  <	  177	  GeV	  

Moriond 2011 (2010 Data) 
…in ATLAS… 



43	  

Fast Forward Evolution Since Moriond 2011 
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Fast Forward Evolution Since Moriond 2011 
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Fast Forward Evolution Since Moriond 2011 
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Concentrate on this area 

Council 2011 



The	  Low	  Higgs	  Mass	  Domain	  
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G. Tonelli, CERN/INFN/UNIPI                                          HIGGS_CERN_SEMINAR                                         December 13 2011           ! 4!

The  SM Higgs boson 
SM Higgs could be an excellent candidate to 

understand the ElectroWeak Symmetry Breaking 

mechanism. 

Constraints from EWK precision measurements 

favour a light Higgs with Standard Model like 

couplings (WW, ZZ). 

Recent exclusion limits based on the ATLAS+CMS 

Combination using 1.1-2.3fb-1 of data have 

costrained significantly the search. 

I’ll present preliminary results of our exploration 

in mass up to 600GeV but a special attention will 

be dedicated to the search of the SM Higgs 

Boson in the low mass region. 

Will Concentrate on low mass SM Higgs boson searches 

Apologies for the uncovered general Higgs searches sujects 
(material in backup) 
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H! ZZ! !!!!

ATLAS    4.9 fb-1 

CMS    4.6 fb-1 

Most sensitive Channel in [180-250] GeV Mass range  
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m4μ=	  124.6	  GeV	  

pT	  (μ-‐,	  μ+,	  μ+,	  μ-‐)=	  61.2,	  33.1,	  17.8,	  11.6	  GeV	  
m12=	  89.7	  GeV,	  m34=	  24.6	  GeV	  
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m2e2μ= 124.3 GeV 

pT	  (e+,	  e-‐,	  μ-‐,	  μ+)=	  41.5,	  26.5,	  24.7,	  18.3	  GeV	  
m	  (e+e-‐)=	  76.8	  GeV,	  m(μ+μ-‐)	  =	  45.7	  GeV	  







Higgs	  Boson	  Search	  in	  the	  ZZ(*)→4l  
“Golden	  Channel” 

-  One Z allowed to be off-mass shell (mH < 180 GeV) 

-  pT thresholds important for lower mass reach 

-  Invariant mass selections also important to optimize low mass selection 

-  Main Background ZZ from Monte Carlo (ATLAS) and derived from Z (CMS) 

-  Other backgrounds (Zbb and top) data driven (but small) 
Yield after cuts (low mass) ~1 /fb-1 



Delicate	  Quesbon	  of	  Electron	  (esp.	  low	  pT)	  Efficiencies 

Variation of electron efficiency w/ PU 

CMS able to cover down to 7 GeV with Z 
Internal Brem. Treatment important at low pT 



54	  

Reaching	  Lower	  Mass	  Sensibvity 
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Comparabve	  Cut	  Flow	  and	  Resolubons 
Selecbon	  CUT	   ATLAS	  Value	   CMS	  Value	  

Lowest	  PT	  (e/m)	   7	  /	  7	  GeV/c	   7	  /	  5	  GeV/c	  

h	  Range	  (e/m)	   2.47	  /	  2.7	   2.4	  /	  2.5	  

Highest	  PT	  (e/m)	   20	  GeV/c	   20	  GeV/c	  

MZ1	   ~[75,	  105]	  GeV/c2	   [50,	  120]	  GeV/c2	  

MZ2	   [15-‐60*,	  115]	  GeV/c2	   [12,	  120]	  GeV/c2	  

FWHM@130 GeV 4  (4µ) and 6 (4e)  FWHM@150 GeV 3.8 (4µ) and 6.3 (4e)  

*cut dependent on the  4l invariant mass 120-200 GeV 



ATLAS	  vs.	  CMS	  comparison 

ATLAS : - ID optimization (electrons) at low pT  
  - Extending pT cut 
  - Mass cut otimization  

CMS… 

Difference mostly in the low mass range (sizable) 



57	  Seminaire	  CEA	  	  24/01/2012	  

Higgs	  Boson	  Search	  in	  the	  ZZ(*)→4l  
CMS  
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Higgs	  Boson	  Search	  in	  the	  ZZ(*)→4l  

Excluded	  (95%	  CL):	  	  135	  <	  mH	  <	  156	  GeV	  and	  181	  <	  mH	  <	  415	  GeV	  (except	  234-‐255	  GeV)	  	  
Expected	  (95%	  CL):	  137	  <	  mH	  <	  158	  GeV	  and	  185	  <	  mH	  <	  400	  GeV	  	  

ATLAS 
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ATLAS	  	  ZZ(*)→4l	  Discussion  

mH	  (GeV)	  	  	  	  Local	  (global)	  p0	  	  	  	  Local	  significance	  	  	  Expected	  from	  SM	  Higgs	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
125	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  1.8%	  (~50%)	  	  	  	  	  	  	  	  	  	  	  	  2.1	  σ	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  1.4σ	  	  
244	  	  	  	  	  	  	  	  	  	  	  	  	  	  1.1%	  	  (~50%)	  	  	  	  	  	  	  	  	  	  	  	  2.3	  σ	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  3.2σ	  	  	  	  
500	  	  	  	  	  	  	  	  	  	  	  	  	  	  1.4%	  (~50%)	  	  	  	  	  	  	  	  	  	  	  	  2.2	  σ	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  1.5σ	  	  	  	  	  

Excluded	  at	  	  
95%	  C.L.	  by	  	  	  
ATLAS+CMS	  	  
combinabon	  
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ATLAS	  	  ZZ(*)→4l	  Discussion  

mH	  (GeV)	  	  	  	  Local	  (global)	  p0	  	  	  	  Local	  significance	  	  	  Expected	  from	  SM	  Higgs	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
125	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  1.8%	  (~50%)	  	  	  	  	  	  	  	  	  	  	  	  2.1	  σ	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  1.4σ	  	  
244	  	  	  	  	  	  	  	  	  	  	  	  	  	  1.1%	  	  (~50%)	  	  	  	  	  	  	  	  	  	  	  	  2.3	  σ	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  3.2σ	  	  	  	  
500	  	  	  	  	  	  	  	  	  	  	  	  	  	  1.4%	  (~50%)	  	  	  	  	  	  	  	  	  	  	  	  2.2	  σ	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  1.5σ	  	  	  	  	  

Excluded	  at	  	  
95%	  C.L.	  by	  	  	  
ATLAS+CMS	  	  
combinabon	  
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CMS	  ZZ(*)→4l	  Discussion	  (Full	  Mass	  Range)  
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CMS	  ZZ(*)→4l	  Discussion	  (Low	  Mass)  
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Interesbng	  Control	  Measurement 
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H! !!

ATLAS    4.9 fb-1 

CMS    4.8 fb-1 

Most sensitive Channel in [115-125] GeV Mass range  



DiPhoton	  Channel	  
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-‐	  Small	  branching…	  but	  amongst	  largest	  yields	  (Dominant	  Channel	  in	  the	  very	  low	  mass	  range	  110-‐125	  GeV)	  

- If observed implies that it does not originate from spin 1 : Landau-Yang theorem  
L.	  Landau,	  Dokl.	  Akad.	  Nauk.	  ,	  USSR	  60,	  207	  (1948)	  and	  C.	  N.	  Yang,	  Phys.	  Rev.	  77,	  242	  (1950).	  

…	  Not	  so	  obviously	  enhanced	  (e.g.	  SUSY,	  SM4)	  A	  priori	  potenLally	  large	  enhancement…	  

SLll	  e.g.	  NMMSSM	  (U.	  Ellwanger	  Phys.LeQ.	  B	  698,	  293-‐296,2011)	  up	  to	  x6	  at	  low	  masses,	  Fermiophobia…	  	  

-‐	  Main	  producbon	  and	  decay	  processes	  occur	  through	  loops	  :	  

Common	  Misconcepbons	  and	  Basic	  Facts	  

- Extremely simple event selection : two photons 25/40 GeV (ATLAS) and 30/40 GeV (CMS) 
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γj + jj << γγ irreducible (purity ~ 70%) 

Photon identification efficiency: ~ 85±5% from MC, cross-checked with data   
(Zà ee, Zà eeγ, μμγ) 

Esbmabon	  du	  Bruit	  de	  Fond	  

Performances similaires dans CMS… 



-‐ Key	  features	  :	  
-‐Invariant	  mass	  resolubon	  

	  -‐	  Energy	  response	  caraterisbcs	  of	  EM-‐Calorimeters	  
	  -‐	  Energy	  calibrabon	  
	  -‐	  Interacbon	  vertex	  posibon	  (IP spread of 5.6 cm, assuming (0,0,0) 

adds ~1.4 GeV in mass resolution equiv. to the calo. Mγγ resolution itself). 
 

 
	  	   FWHM ~ 4.0 GeV

Transparence Calibration Crucial Calibration for Material Upstream important 
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FWHM ~ 3.5 GeV

G. Tonelli, CERN/INFN/UNIPI                                          HIGGS_CERN_SEMINAR                                         December 13 2011           !30!

Low Mass Higgs Search : H! !!"

 !1= 86 GeV!

 !2=56 GeV!

Signal: 2 energetic, isolated !. 
Search for a narrow mass excess over 
a smoothly falling background.  

Background: Large and mostly irreducible QCD di-photons. Measured from M!! 
sidebands in data!

Challenges: vertexing with PU, 

calibrations and transparency 

corrections for the crystals.!

Calibration constants derived 

from Z!ee data!





*Zγ not (yet) used for calibration 
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G. Tonelli, CERN/INFN/UNIPI                                          HIGGS_CERN_SEMINAR                                         December 13 2011           !33!

Improvemens in Photon Energy Resolution 

•" Comprehensive energy resolution studies made with Z !ee, W 

!e! and E/p, "# intercalibrations and laser signals for transparency 

corrections 

Effect of new laser corrections and intercalibration on!

barrel-barrel Z!ee!
Resolution in data improves typically by 10%, EB, |$|>1, 

R9>0.94!
Instrumental contribution to the mass resolution in 

the best EB category is 0.99 ±0.01 GeV!

Energy scale for W%e! and Z%ee stable 
throughout 2011 at the level of 0.1 GeV. !

EB inter-calibration and transparency 

correction fully understood for EB for the 
entire 2011 data set.!

Photon	  Energy	  Reconstrucbon	  (CMS)	  
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Primary	  Vertex	  Reconstrucbon	  (ATLAS)	  

m2
γγ= 2 E1 E2 (1-cosα) 

Use longitudinal (and lateral) segmentation of  
EM calorimeter  
 
crucial at high pile-up 

σZ ~ 1.5 cm 

Z (γ1) – Z (γ2) 

Δz  in γγ events 

- Calorimeter pointing resolution 
     ~ 5.6 cm (LHC beam spot) to ~ 1.5 cm 
à Contribution to mass resolution from 
     angular term is negligible with calo 
     pointing (γ àee vertex also used)  
- Robust against pile-up 

74	  

α=opening angle of 
the two photons 

ϑ 

Deduce Z 
of primary 

vertex 
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G. Tonelli, CERN/INFN/UNIPI                                          HIGGS_CERN_SEMINAR                                         December 13 2011           !32!

Improvements in Vertex finding Efficiency  

•" Training BDT using input variables computed from 

–" Track momenta 

–" Photon kinematics 

•" BDT improves correct vertex selection efficiency  

 by 3% with respect to ranking algorithm used in  

 EPS/LP analyses. 

•" ‘Correct vertex’ is defined as being within  

 10mm of true vertex z position 

•" Vertex finding efficiency 

–" From Z !µµ and !+ jets 

–" Photon Selection efficiency 

–" From Z ! ee 

Primary	  Vertex	  Reconstrucbon	  (CMS)	  
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Selecbon	  and	  Categories	  (ATLAS	  and	  CMS)	  

ATLAS (9 Categories) : 
 

 - Pseudo-rapidity 
 - Conversion status (tracks) 
 - Transverse momentum w.r.t. thrust axis 

CMS (4 Categories) : 
 

 - Pseudo-rapidity 
 - Conversion status (R9) 
  

ATLAS : 
 - |η|<2.5 
 - Crack removed (1.37-1.52) 
 - E1>40 GeV and E2>25 GeV 
 - Isolation (Calorimeter only) 

CMS : 
 - |η|<2.5 
 - Crack removed (1.4442-1.566) 
 - E1>mγγ/3   and  E2>mγγ/4 
 - Isolation (Calorimeter and tracks)  

! ~ 40%! ~ 35%

R9 : 3x3/Super Cluster  

Yield after cuts ~O(15) /fb-1 



Inclusive Mass Spectra  
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Steeper slope du to the 
sliding thresholds 



CMS	  



ATLAS	  



ATLAS	  



Systemabc	  Uncertainbes	  (ATLAS) 



Systemabc	  Uncertainbes	  (CMS) 

Effect on mass ? 



- ATLAS and CMS very similar performance 
- Main differences between ATLAS and CMS :   

 - Use of PT
γγ categories 

-  Photon pointing capabilities 
-  Photon energy resolution 
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H	  →	  γγ	  projecbon:	  114GeV	  

"  Extrapolate	  current	  
results	  using	  1/√L	  
–  Neglects	  
improvements	  

–  Also	  neglects	  
pileup	  
degradabons...	  

"  ATLAS	  &	  CMS	  
idenbcal	  
–  Curves	  overlap	  

"  8[-‐1	  for	  SM	  
exclusion	  	  
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H!W +W " ! !!!!

ATLAS    2.3 fb-1 

CMS    4.6 fb-1 

Most sensitive Channel in [125-180] GeV Mass range  



Higgs Boson Search in the WW→lνlν 
Key features :   

-  Not a search for a mass peak : Counting experiment only! 
-  Search carried out in 0 and 1 bins (VBF for CMS) in numbers of jets 
-  ATLAS cut based only / CMS cut based and MVA (EPS only) 
-  Good control of the WW and top backgrounds is essential! 

ATLAS MET distribution (not as easy as in the 2010 data!) 
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Data: 4949 
MC: 5000±600 

Njets with pT>25 GeV 

After leptons, mZ and ET
miss cuts 

Z+jets à ET
miss  is mix  

of fakes and real ν‘s 

top à ET
miss 

from real ν‘s 
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BDT Shape Comparison 

!"#

"$%&'#()# *$%&'#()#"$%&'#+)#
*$%&'#+)#

Expected range: 127 < MH < 270 GeV!

Observed range: 129< MH < 270 GeV!

1xH(130GeV)! 1xH(130GeV)! 1xH(130GeV)! 1xH(130GeV)!

Higgs Boson Search in the WW→lνlν 
Key features :   

-  Not a search for a mass peak : Counting experiment only! 
-  Search carried out in 0 and 1 bins (VBF for CMS) in numbers of jets 
-  ATLAS cut based only / CMS cut based and MVA (EPS only) 
-  Good control of the WW and top backgrounds is essential! 
-  Use of spin correlations is essential for the analysis and to define control 
regions… CMS also use a BDT (kinematic variables) 
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A Word on Control Regions 

- WW : From side bands in Mll  - Top : b-tagging CS  (MC for CMS) 

- W+jets : Loose ID on second lepton - Z+jets : ABCD method in Mll MET plane 
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Higgs Boson Search in the WW→lνlν 
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Slight excess (at 125 GeV 1.4σ 
observed and expected in 
presence of signal…) 

Excluded (95% CL):  
145 < mH < 206 GeV 
(expected: 134-200 GeV) 



Higgs Boson Search in the WW→lνlν 

Main differences between ATLAS and CMS :  
-  Use of BDT 
-  Luminosity 
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Very slight excess… 
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Combination
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The	  ATLAS	  and	  CMS	  Combinabons	  	  

Combinabon	  of	  All	  Channels	  

Expected : 117 – 543 GeV 
Observed : 127 - 600 GeV 

Expected : 125 – 520 GeV 
Observed : 113-116, 131-237,   

   251-453 GeV 
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Limits on !/!sm (CLs method) 

95%CL: obs 127-600, exp:117-543 GeV!



Observabon	  of	  an	  Excess	  in	  ATLAS	  
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Beware	  of	  the	  trial	  factor	  (factor	  of	  ~O(40))	  !	  

Local	  p0-‐value:	  1.9	  10-‐4	  	  	  
à  local	  significance	  of	  the	  excess:	  3.6σ	  	  
~	  2.8σ	  Hà	  γγ,	  2.1σ	  Hà	  4l,	  1.4σ	  Hà	  lνlν	  

Global	  p0-‐value	  :	  0.6%	  à2.5σ	  	  LEE	  over	  110-‐146	  GeV	  
Global	  p0-‐value	  :	  1.4%	  à2.2σ	  	  LEE	  over	  	  110-‐600	  GeV	  

Expected	  from	  SM	  Higgs:	  ~2.4σ	  local	  (~1.4σ	  per	  channel)	  

3	  visible	  excesses	  …	  but	  
one	  	  in	  parbcular	  
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Anatomy of an excess: local and global p-values 

Maximum local significance 2.6!.!
LEE-corrected significance (full mass range: 110-600GeV)= 0.6!!
LEE-corrected significance (low mass range: 110-145GeV)= 1.9!"

The excess we see in the low mass region has a modest statistical 

significance and could be reasonably a fluctuation of the 

background. 
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Conclusions and  Outlook



Tantalizing	  Hints	  around	  125	  GeV…	  

97	  Seminaire	  CEA	  	  24/01/2012	  

-  Significant excess in ATLAS  

-  Multiple excesses in CMS 

    Energy scale compatibility? 

-  Excess also in TeVatron 

 

-  Lucky if we have a SM signal 
-  Unlucky if there is only background 
-  Need ~20 fb-1 to : 

-  Confirm (5σ sensitivity) 
-  Infirm (exclude at 95% CL with such a large excess) 
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	  	  	  	  	  	  	  	  What	  Next?	   The	  Tevatron,	  the	  world’s	  highest-‐energy	  proton-‐	  
anbproton	  collider,	  has	  shut	  down	  on	  Sept.	  30,	  2011.	  

Year	   Lumi	   Total	   c.o.m.	  Energy	  

2011	   5	   5	   7	  TeV	  

2012	   10-‐15	   15-‐20	   7-‐8	  TeV	  

2013	   LS1	   15-‐20	   LS1	  

2014	   LS1	   15-‐20	   LS1	  

2015	   >10	  	   >25	   >12	  TeV	  



The	  Higgs	  Hunt	  in	  2012…	  
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-  Preferred option 8 TeV / 25 ns ? 

-  To reach optimal analyses will require 

-  More work on performances  
    (at all levels of the analyses) 
-  Analysis improvements/optimization 

-  Carefully prepare 2012 for a robust 
independent check 

-  The Higgs boson will not be unveiled 
easily… 

  



The	  Higgs	  Hunt	  in	  2012…	  

100	  Seminaire	  CEA	  	  24/01/2012	  

-  Preferred option 8 TeV / 25 ns ? 

-  To reach optimal analyses will require 

-  More work on performances  
    (at all levels of the analyses) 
-  Analysis improvements/optimization 

-  Carefully prepare 2012 for a robust 
independent check 

-  The Higgs boson will not be unveiled 
easily… 

  



Luminosity and Beam cross section 

Reduction factor W/ Beam 
crossing angle O(0.95) 
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What	  do	  we	  learn?	  
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