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What is the Higgs Boson ?
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Electro-Weak Interaction
Weak and Electromagnetic interactions are unified

Sheldon L. Glashow Steven Weinberg Abdus Salam

W- Zγ

mγ=0 mZ=91 GeVmW=80 GeV

SU(2)L*U(1)Y
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Symmetry Breaking

4

Why the photon is massless while the W+ W- and Z are 
massive ?

What breaks the symmetry among the carriers of the 
Electroweak interaction ?

Possible Explanation :
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Symmetry Breaking

4

Why the photon is massless while the W+ W- and Z are 
massive ?

What breaks the symmetry among the carriers of the 
Electroweak interaction ?

Peter W. Higgs (1964). "Broken Symmetries and the Masses of Gauge Bosons". 
Physical Review Letters 13 (16): 508–509.

F. Englert and R. Brout (1964). "Broken Symmetry and the Mass of Gauge Vector Mesons". 
Physical Review Letters 13 (9): 321–323

The Englert-Brout & Higgs Mechanism
Possible Explanation :
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Peter Higgs visits CMS  

Robert BroutPeter Higgs
Francois Englert
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Mass of Fermions

The Higgs field can be used to give mass to the 
fermions in a way similar to the ElectroWeak 

symmetry breaking
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The E.B.H. Mechanism
The Standard Model is extended by adding a complex scalar 
SU(2) doublet               w  whose potential has a “mexican hat 
shape”                     . 
                               with redundant minima and the minimum 
energy state  is the Vacuum Expectation Value  of the field
VEV= <Φ> . The direction of Φ is arbitrary and breaks the 
symmetry

Before the spontaneous symmetry breaking in SU(2)L*U(1)Y 
we have 4 massless gauge bosons (8 d.o.f.) and 2 complex 
scalars (4 d.o.f.) 8+4=12
After spontaneous symmetry breaking we have 3 massive 
bosons (W±, Z), the photon and the Higgs fields  for a total of 
3*3+2+1 
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Spontaneous Symmetry Breaking in classical physics

Symmetry breaking is realized in nature when 
among many solutions that are “equipotential” 
only one is realized.
Cooling a ferromagnet below the Curie 
temperature

out all possible direction the magnetization will 
point in one particular direction breaking the 
symmetry

TC
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The Higgs Field permeate the Universe

Its vacuum expectation value    is linked to 
the mass of the W boson and the weak 
charge g

The mass of the Higgs boson is unknown
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Electroweak interaction tested at LEP/SLC

10

with great precision
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Electroweak interaction tested at LEP/SLC

10

with great precision

However : no direct proof of the EBH mechanism
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Indirect limits on the Higgs boson mass in the Standard Model

11

The precision of the LEP/SLC experiments is such that 
radiative corrections are needed to compare calculations 
and measurements

These corrections involve the
Higgs boson and its mass can
be constrained performing a global
Standard Model Fit to all precision
measurements
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However : these are only consistency  checks. They are 
not a direct proof of the E.B.H. mechanism.

The direct proof is :
 
1) find the Higgs Boson
2) Measure its properties
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The search for the Higgs Boson is one of the 
primary goals of the LHC program 
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LHC has been [and is] working well above  expectations

2012

2011
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6 months in 2011

√s=8 TeV√s=7 TeV

7 months in 2012
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Z! μμ 

ATLAS and CMS have excellent performance. They are 
capable to precisely measure leptons, photons, jets and 

Missing Transverse Energy also in the difficult conditions of 
the high pile-up environment

CMS EXPERIMENT AT LHC
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SM Higgs production  pp@ 7-8 Tev

17

σ ~ 17 pb @ 7 TeV
σ ~ 22 pb @ 8 TeV
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SM Higgs production  pp@ 7-8 Tev

17

σ ~ 17 pb @ 7 TeV
σ ~ 22 pb @ 8 TeV

If mH ~ 125 GeV
~ 200.000 Higgs Bosons 
produced in 10 fb-1 of pp 
collisions 
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SM Higgs production  pp@ 7-8 Tev

17

σ ~ 17 pb @ 7 TeV
σ ~ 22 pb @ 8 TeV

If mH ~ 125 GeV
~ 200.000 Higgs Bosons 
produced in 10 fb-1 of pp 
collisions 

However......
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approx. NLO

Key SM Background processes

18

V. Sharma

AT LHC

in 10 fb-1 ~ 1015 min bias ,  ~ 1012 di-jets mjj>100 GeV, ~ 3109 W   
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Higgs Searches

19

BR

4l      1.2 10-4    (ZZ->4l)
γγ     2.3 10-3

2l2ν  1.0 10-2       (WW->2l2ν)
ττ      6.0 10-2

bb     5.8 10-1

High mass : ZZ and WW

Low Mass: many channels

125
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Higgs Searches

20

@ 125 GeV  <σ> ~ 20 pb.  
     σ*BR*10 fb-1

4l     ~24 Excellent mass resolution, small 
bkg. After selection 6 events and bkg of 1 
event per ~ 1-2 GeV resolution
γγ     ~450 Excellent mass resolution, large 
bkg. After selection 200 events and bkg of 
2500 event per  ~ 2 GeV resolution
2l2ν  ~2000 Poor mass resolution, large 
bkg. After selection 60 events and bkg of 
300 event 
ττ      ~12000 15% mass resolution, large 
bkg. After selection 14 events and bkg of 
140 event 
bb     ~100000 10% mass resolution, 
overwhelming bkg. After selection 8 events 
and bkg of 80 event

Very rough figures, 
to guide the eye.....
Analyses much 
more sophisticated
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Typical analysis

21

Design a selection at a given 
mass maximizing an 
estimator (eg s/√bkg)
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Typical analysis

21

Design a selection at a given 
mass maximizing an 
estimator (eg s/√bkg)

Often cutting the phase-space 
in many regions
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Typical analysis

21

Design a selection at a given 
mass maximizing an 
estimator (eg s/√bkg)

Compute the expected SM 
background from control samples, 
side bands, etc.. also with the help 
from MC simulation (shapes). 
Assess the systematic error.

Often cutting the phase-space 
in many regions
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Typical analysis

21

Design a selection at a given 
mass maximizing an 
estimator (eg s/√bkg)

Evaluate the signal efficiency
using SM Higgs MC simulation

Compute the expected SM 
background from control samples, 
side bands, etc.. also with the help 
from MC simulation (shapes). 
Assess the systematic error.

Often cutting the phase-space 
in many regions
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Typical analysis

21

Design a selection at a given 
mass maximizing an 
estimator (eg s/√bkg)

Compute with statistical 
methods the largest signal 
cross section one can 
accommodate in the data.

Evaluate the signal efficiency
using SM Higgs MC simulation

Compute the expected SM 
background from control samples, 
side bands, etc.. also with the help 
from MC simulation (shapes). 
Assess the systematic error.

Often cutting the phase-space 
in many regions
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The “typical plot”

22

Analyses optimized for exclusion.
The result is expressed at a given mass as 
exclusion at 95% of a cross section.
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The “typical plot”

22

Analyses optimized for exclusion.
The result is expressed at a given mass as 
exclusion at 95% of a cross section.

The excluded cross section
is computed in unit of SM 
cross section (µ).
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The “typical plot”

22

Analyses optimized for exclusion.
The result is expressed at a given mass as 
exclusion at 95% of a cross section.

The excluded cross section
is computed in unit of SM 
cross section (µ).

Expected sensitivity: measures
how performing is the analysis
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The “typical plot”

22

Analyses optimized for exclusion.
The result is expressed at a given mass as 
exclusion at 95% of a cross section.

The excluded cross section
is computed in unit of SM 
cross section (µ).

Expected sensitivity: measures
how performing is the analysis

The colored bands 
give the expected 
statistical⊕systematic 
variation of the result 
wrt to the “expected” 
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The “typical plot”

22

Analyses optimized for exclusion.
The result is expressed at a given mass as 
exclusion at 95% of a cross section.

The excluded cross section
is computed in unit of SM 
cross section (µ).

Expected sensitivity: measures
how performing is the analysis

The colored bands 
give the expected 
statistical⊕systematic 
variation of the result 
wrt to the “expected” 

Nearby points are correlated 
depending on the mass 
resolution
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Expected sensitivity and p-value

23

Exclusion Potential

Measures which cross 
section can be excluded 
with the present statistics

Measures which fluctuation 
of the bkg can mimic a 
signal of SM Higgs in the 
present statistics

Discovery Potential

CMS
CMS
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Expected sensitivity and p-value

23

Exclusion Potential

Measures which cross 
section can be excluded 
with the present statistics

Measures which fluctuation 
of the bkg can mimic a 
signal of SM Higgs in the 
present statistics

Discovery Potential

CMS
CMS
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CERN Seminar on July 4th

24

Status&of&the&CMS&&
SM&Higgs&Search&

Joe&Incandela&
UCSB/CERN&
July%4,%2012&

Raw ΣET~2 TeV 
14 jets with ET>40 
Estimated  PU~50 

2 
1 

Fabiola Gianotti (CERN),  
representing the 
ATLAS Collaboration 

Using the full datasets recorded in 2011 at √s= 7 TeV 
and 2012 at √s=8 TeV: up to 10.7 fb-1 

Status of Standard Model 
Higgs searches in ATLAS 

Fabiola Gianotti (CERN), representing the ATLAS Collaboration 

Update most of the analyses to full statistics 
~ 5 fb-1 @ 7 TeV (2011)  + 5 fb-1 @ 8 TeV (2012)

Updates for HCP November 2012

( 5  + 13 )  fb-1 ( 5 +5 ) fb-1

bb  ττ  WW  γγ
4l in CMS 4l in ATLAS
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VH --> Vbb Overwhelming bkg from QCD. Reduced 
requiring associated production with 
V .and boosted H

198 GeV Met (Z-->νν)

2 tagged b jets, mbb 105 GeV

mailto:gigi.rolandi@cern.ch
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VH-->Vbb

2 b-tagged jets
large MET  (HZ,Z-->nunu)
1l + MET (HW,W-->lnu)
2l , no MET (HZ, Z-->ll)

Same signature of 
WZ,ZZ with Z-->bb

This is just a visual 
representation.

Analysis split into 
many channels to 
improve the 
sensitivity
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VH-->Vbb
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Combined (2011 & 2012) result 

15 14th November 2012 Phil Clark (University of Edinburgh / CERN) 

•  Observed (expected) limit at mH =125 GeV 
!  1.8 (1.9) x SM prediction 
!  σ/σSM = µ = −0.4 ± 0.7(stat.) ± 0.8(syst.)  

•  Observed (expected) p0 value: 0.64 (0.15) 
•  Exclusion at mH ~ 110 GeV 
More than doubled the analysis sensitivity  � 

Previous publication 
http://arxiv.org/abs/1207.0210 

  

 

µexp(125)=1.9 µexp(125)=1.2
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VH-->Vbb
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15 14th November 2012 Phil Clark (University of Edinburgh / CERN) 

•  Observed (expected) limit at mH =125 GeV 
!  1.8 (1.9) x SM prediction 
!  σ/σSM = µ = −0.4 ± 0.7(stat.) ± 0.8(syst.)  

•  Observed (expected) p0 value: 0.64 (0.15) 
•  Exclusion at mH ~ 110 GeV 
More than doubled the analysis sensitivity  � 

Previous publication 
http://arxiv.org/abs/1207.0210 

  

 

µexp(125)=1.9 µexp(125)=1.2

Expected for 125 GeV Higgs
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H --> ττ

µ PT =20 GeV 

Jet2 ET =46 GeV  

Visible Mass(ττ) = 75 GeV 

Mass ( jj ) = 580 GeV 

Δη (jj) = 3.5 

Missing ET = 97 GeV 

Jet1 ET = 177 GeV!

τ  → π+π0 ν$
τ PT

vis = 70 GeV 

•   ττ selection: μ+τhad , μ+τhad , μ+e!
•  SM-Boosted mode added !
•  VBF mode cleanest, most sensitive!

VBF cleanest most 
sensitive channel

2l        4ν
1l τhad   3ν
2 τhad    2v
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Event categorization

9

Event Categorization

0-Jet

● Large statistics.

Increasing p
T
(τ/μ)

1-Jet

2-Jet/VBF

1-Jet, p
T
(lep.)>30 GeV1-Jet, p

T
(lep.)≤30 GeV

● Cut based: mjj>XXX, |Δη|>XXX, central jet veto.

2-Jet, VBF

0-Jet, p
T
(lep.)>30 GeV0-Jet, p

T
(lep.)≤30 GeV

No attempt to extract signal from these categories.

Suppression of  
backgr. from Z→ττ

In situ calbration 
of backgrounds

Most sensitive 
single event 
category.

● Improved resolution 
of m

ττ
.

● Less background 
from Z→ττ.

● Apply template fit to m
ττ
 with B and S+B model. Determine limit 

following prescritption of asymptotic CLs method.

32

Search for H → ττ in Pictures
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  additional	
  leptons	
  from	
  V	
  decay
	
  ·∙	
  less	
  bkg	
  from	
  Z-­‐>ττ
	
  ·∙	
  main	
  background	
  from	
  dibosons

+	
  VH,	
  H-­‐
>ττ
analysis
less	
  sensitive	
  with
respect	
  to	
  1	
  and	
  2jets	
  
due	
  to	
  low	
  cross	
  
section

Associated
	
  5.1	
  2-­‐1	
  @	
  7	
  TeV	
  (2011)	
  +	
  12.2	
  2	
  -­‐1	
  @	
  8	
  TeV	
  (2012):	
  
HIG-­‐12-­‐051	
  

Suppression	
  of	
  
bkg	
  from	
  Z-­‐>ττ
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2jet VBF category

30

10

2-Jet VBF Category

τ
μ
τ
μ

τ
μ
τ
e

τ
μ
τ
had

τ
e
τ
had

τ
had
τ
had

● After template fit 
has been applied 
(S+B hypothesis).

● Uncertainties after 
fit.
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H --> ττ

µexp(125)=1.0
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(a) 2011 (b) 2012
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(c) Combined 2011 plus 2012

Figure 15: Observed (solid) and expected (dashed) 95% confidence level upper limits on the Higgs boson
cross-section times branching ratio, normalised to the SM expectation, as a function of the Higgs boson
mass. Expected limits are given for the scenario with no signal. The bands around the dashed line
indicate the ±1� and ±2� uncertainties of the expected limit. Results are given for the H ! ⌧lep⌧lep ,
H ! ⌧lep⌧had , and H ! ⌧had⌧had channels combined for 2011 and 2012 alone, as well as 2011 plus
2012 data.

40

µexp(125)=1.2
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H --> ττ

µexp(125)=1.0
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Figure 15: Observed (solid) and expected (dashed) 95% confidence level upper limits on the Higgs boson
cross-section times branching ratio, normalised to the SM expectation, as a function of the Higgs boson
mass. Expected limits are given for the scenario with no signal. The bands around the dashed line
indicate the ±1� and ±2� uncertainties of the expected limit. Results are given for the H ! ⌧lep⌧lep ,
H ! ⌧lep⌧had , and H ! ⌧had⌧had channels combined for 2011 and 2012 alone, as well as 2011 plus
2012 data.

40

µexp(125)=1.2

Slight excess is observed , compatible with H125 signal
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H --> WW-->2l2ν

Large 
sensitivity 
125/180 GeV

No mass 
peak !

Counting 
experiment

Small mll !
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H --> WW-->2l2ν
Two opposite sign 
leptons + large MET
BKG estimation  crucial

WW: control sample (mll) - 
shape from simulation
top: control samples 
(N_jet, b tagging)
Z +jets: |m −mZ | <15 
GeV, correcting for mis-
modeling of MET tails.
W + jets: inverted lepton 
ID passing loose criteria.

OF - 0-jet  - Preselection

OF - 1-jet  - Preselection
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Signal to bkg ~ 15% in the final selection

34
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H --> ZZ-->4l Best s/bkg, however very small statistics
(at low mass)
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Low momentum acceptance is crucial
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Leptons Identification

Efficiency	
  to
select	
  prompt	
  
isolated	
  leptons
-­‐	
  reconstruction
-­‐	
  identification
-­‐	
  isolation
-­‐	
  IP	
  requirement

computed	
  with	
  TnP	
  techniques

efficiency	
  correction	
  factor	
  
muons:	
  0.98	
  -­‐	
  1.03
electrons:	
  0.84	
  -­‐	
  1.01

Muons

Electron
s

J/ψ￫μμ Z￫μμ Z￫μμ

Z￫ee

reco+ID+iso+IP

Iso	
  vs	
  IDreco+ID

37
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Lepton Energy Scale and Resolution

Muons
Electron
s

Scale	
  corrections	
  on	
  
muon	
  momentum	
  
obtained	
  with	
  a	
  
calibration	
  procedure
on	
  Z-­‐>mm	
  /	
  J/psi	
  -­‐>	
  mm	
  
events	
  in	
  data	
  are	
  applied
MC	
  is	
  smeared	
  to	
  match	
  
the	
  resolution	
  in	
  data

residual	
  DATA/MC	
  difference:	
  ~	
  0.1%	
  in	
  scale,	
  20%	
  in	
  resolution	
  
The	
  ECAL	
  contribution	
  to	
  
the	
  electron	
  momentum	
  
and	
  its	
  uncert	
  is	
  from	
  an	
  
MVA	
  regression	
  approach:

10-­‐15%	
  improvements	
  
on
resolution

Energy	
  scale	
  and	
  MC	
  
smearing	
  obtained	
  from	
  
calibration	
  with	
  Z-­‐>ee	
  
events	
  are	
  then	
  appliedresidual	
  DATA/MC	
  difference:	
  ~	
  0.4%	
  in	
  scale,	
  20%	
  in	
  resolution	
  [conservative]38
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CMS expects in the  same range  
SM Higgs (125)   13 ± 1 events
B only                    6 ± 1 events
Observed in data   17 events
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CMS Matrix ELement Analysis (MELA)
Data vs Bkg Expectation

Perform'2D'fit''
!  MELA'
discriminant'
versus'm4l'
!  Data'points'shown'
with'per=event'
mass'uncertainties'

Data vs Signal Expectation

K
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CMS Matrix ELement Analysis (MELA)
Data vs Bkg Expectation

Perform'2D'fit''
!  MELA'
discriminant'
versus'm4l'
!  Data'points'shown'
with'per=event'
mass'uncertainties'

Data vs Signal Expectation

K
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4 - Leptons  P value

41

Expected significance  5.0 σ
Observed significance 4.5 σ 

Expected significance  2.6 σ
Observed significance 3.4 σ
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H --> γγ

Main backgrounds:
* ιrreducible (30 pb);
* reducible  j (200 nb);
* reducible jj (500 µb).

Powerful /jet 
separation is 
crucial.

Need an excellent
 mass resolution.
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The importance of Energy Calibration 

Date (Day/Month)
03⁄01 05⁄01 07⁄01 08⁄31 10⁄31 

R
el

at
iv

e 
en

er
gy

 s
ca

le

0.995
0.996
0.997
0.998
0.999

1
1.001
1.002
1.003
1.004
1.005

RMS: 0.054%
RMS: 0.052%

 E/pieA W
ee inv. massA Z

ATLAS     Preliminary

-1 = 4.9 fbtdL0=7 TeV, sData 2011, 

Stability of EM calorimeter response vs time 
(and pile-up) during full 2011 run better than 0.1% 

Mass insensitive to pileup

date (day/month)
12/04 19/04 26/04 03/05 10/05 17/05 24/05 31/05 07/06

Re
la

tiv
e 

E/
p 

sc
al

e

0.93
0.94
0.95
0.96
0.97
0.98
0.99

1
1.01
1.02
1.03

with LM correction
without LM correction
1 / LM correction

CMS 2012 Preliminary
-1 = 8 TeV   L = 3.95 fbs

ECAL Barrel: Prompt Reco

Mean        1
RMS    0.0019

0 50 100

Mean        1
RMS    0.0019
Mean     0.97
RMS    0.0063 Electrons*with*

low*or*no*
Bremsstrahlung*
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γγ mass Distribution

44

	
  	
  	
  	
  	
  Sum	
  of	
  mass	
  distributions	
  for	
  each	
  
event	
  class,	
  weighted	
  by	
  S/B
B	
  is	
  integral	
  of	
  background	
  model	
  over	
  

a	
  constant	
  signal	
  fraction	
  interval
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H --> γγ

45

Events with two jets (VBF motivated selection) are separated 
from the rest [ in MC the sample is 70% VBF and 30 % gluon 
gluon]
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H --> γγ

46

Remaining events are 
split in 4 categories 
depending on photon 
id / resolution / mass 
resolution with an 
MVA method
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µ=1.56±0.43µ=1.9±0.5

Most sensitive categories

Combined  µ ~ 1.7±0.33

Warning: in this channel with small S/B it is more likely  to see a positive fluctuation of the signal 
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γγ p-value

48

 [GeV]Hm
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 PreliminaryATLAS

-1 Ldt = 4.8 fb0= 7 TeV, sData 2011, 

-1 Ldt = 5.9 fb0= 8 TeV, sData 2012, 

 2011+2012
0

Observed p
 2011+2012

0
 expected  paaASM H

 2011+2012 (with energy scale uncertainty)
0

Observed p
 2011

0
Observed p

 2011
0

 expected  paaASM H
 2011 (with energy scale uncertainty)

0
Observed p

 2012
0

Observed p
 2012

0
 expected  paaASM H

 2012 (with energy scale uncertainty)
0

Observed p

Expected from  
SM Higgs at  
given mH 

Expected significance  2.4 σ
Observed significance 4.5 σ

Expected significance  2.8 σ
Observed significance  4.1 σ
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COMBINATION

Sandra Kortner
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SM 

Mass

125.8 ± 0.5 GeV126.0 ± 0.6 GeV
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Combined  0.88 ± 0.21Combined  1.3 ± 0.3
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Signal Strenght at mH=125.8 GeV

A	
  combination	
  of	
  channels	
  
associated	
  with	
  a	
  particular
decay	
  mode	
  and	
  explicitly	
  targeting	
  
different	
  production	
  mechanisms	
  
can	
  be	
  used	
  to	
  test	
  the	
  relative	
  
strengths	
  of	
  the	
  couplings	
  to	
  the	
  
vector	
  bosons	
  [μqqH+VH]	
  and	
  top	
  
quarks	
  [μggH+ttH]

ZZ	
  analysis:	
  the	
  different	
  
production	
  mechanisms	
  are	
  
not	
  yet	
  explicitely	
  
separated
[diagonal	
  band	
  
corresponding	
  to	
  same	
  
values	
  of	
  total	
  cross	
  section]

Other	
  analyses:	
  different	
  
production	
  mechanisms	
  are	
  
explicitely	
  exploited
[elliptical	
  allowed	
  regions]

52
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Universal vector and fermion 

Prod. Decay Signal yield scale Approx

VH bb κV
2 κF

2 / [¾ κF
2 + ¼ κV

2] κV
2

ttH bb κF
2 κF

2 / [¾ κF
2 + ¼ κV

2] κF
2 

VBF ττ κV
2 κF

2 / [¾ κF
2 + ¼ κV

2] κV
2

ggH ττ κF
2 κF

2 / [¾ κF
2 + ¼ κV

2] κF
2 

ggH WW, ZZ κF
2 κV

2 / [¾ κF
2 + ¼ κV

2] κV
2

VBF WW κV
2 κV

2 / [¾ κF
2 + ¼ κV

2] κV
4 / κF

2 

ggH γγ κF
2  |κV

 – 0.21 κF |2 / [...] κV
2

VBF γγ κV
2  |κV

 – 0.21 κF |2 / [...] κV
4 / κF

2 

κ
F

κV

κ
F

κV

κ
F

κV
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Universal vector and fermion couplings	
  
2D	
  likelihood	
  scan	
  of	
  the	
  test	
  statistic	
  q(kv,	
  kf)	
  vs	
  the	
  (kv,	
  kf)	
  parameters

Solid,	
  dotted,	
  dashed	
  contours	
  show	
  the	
  68%,	
  95%,	
  99.7%	
  CL	
  ranges
Yellow	
  diamond	
  shows	
  the	
  SM	
  point	
  (kv,	
  kf)	
  =	
  (1,1)

Likelihood	
  scan	
  in	
  two	
  
quadrants	
  (++),	
  (+-­‐)

Likelihood	
  scan	
  constrained	
  
to	
  the	
  (++)	
  quadrant

54
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Probing the custodial symmetry

55

Probing custodial symmetry of the W/Z Coupling 
 Similar to previous benchmark model, but V  W and Z, 

so there are three free parameters W , Z and F. Identical 
couplings scale factors for the W and Z are required within 
tight bounds by SU(2) custodial symmetry and  parameter. 
 The VBF process is parametrized with W and Z according 

to the Standard Model. 
 

HCP-2012, Kyoto, Japan Higgs Property Measurement - H. Yang (SJTU) 11 

Compatibility 
      33% 
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BSM Physics in loops

Processes	
  induced	
  by	
  loop	
  diagrams	
  (H￫γγ,	
  gg￫H)	
  
can	
  be	
  particularly	
  susceptible	
  to	
  the	
  presence	
  of	
  
new	
  particles	
  

Combine	
  and	
  fit	
  data	
  for	
  scaling	
  factors	
  kγ	
  	
  and	
  kg	
  for	
  
these	
  two	
  processes

                      σggH ~ κg
2
 Γgg ~ κg

2
 Γγγ ~ κγ2

	
  	
  	
  	
  	
  	
  (assume	
  the	
  tree-­‐level	
  couplings	
  between	
  Higgs	
  and	
  the	
  other	
  
	
  	
  	
  particles	
  	
  as	
  they	
  are	
  in	
  the	
  SM)

56
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BSM Physics in loops
	
  
2D	
  likelihood	
  scan	
  of	
  the	
  test	
  statistic	
  q(kγ,	
  kg)	
  vs	
  the	
  (kγ,	
  kg)	
  parameters:
interplay	
  of	
  different	
  decay	
  modes

Solid,	
  dotted,	
  dashed	
  contours	
  show	
  the	
  68%,	
  95%,	
  99.7%	
  CL	
  ranges
Yellow	
  diamond	
  shows	
  the	
  SM	
  point	
  (kγ,	
  kg)	
  =	
  (1,1)

gg￫H￫γγ	
  
drives	
  the	
  elliptical	
  
shape The	
  best	
  fit	
  value	
  is	
  (kγ,	
  kg)	
  =	
  (1.43,	
  

0.81),
while	
  the	
  95%	
  CL	
  intervals	
  for	
  these	
  
coupling	
  separately	
  are:
kγ	
  [0.98	
  -­‐	
  1.92]	
  kg	
  [0.55	
  -­‐	
  1.07]

The	
  data	
  agree	
  with	
  
the	
  SM	
  expectations

57
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Spin and Parity
The	
  new	
  state	
  decays	
  in	
  γγ	
  -­‐>	
  SPIN	
  1	
  Hypothesis	
  ruled	
  out
The	
  H-­‐>ZZ-­‐>4l	
  channel	
  can	
  exploit	
  the	
  angular	
  information	
  using	
  the	
  “MELA”	
  
methodology	
  to	
  test	
  the	
  hypothesis	
  JP=	
  0+	
  vs	
  JP=	
  0-­‐

58

Signal BKG separation

Text

0+ 0-   separation
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Spin and Parity
The	
  new	
  state	
  decays	
  in	
  γγ	
  -­‐>	
  SPIN	
  1	
  Hypothesis	
  ruled	
  out
The	
  H-­‐>ZZ-­‐>4l	
  channel	
  can	
  exploit	
  the	
  angular	
  information	
  using	
  the	
  “MELA”	
  
methodology	
  to	
  test	
  the	
  hypothesis	
  JP=	
  0+	
  vs	
  JP=	
  0-­‐
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Signal BKG separation

Text

0+ 0-   separation

CLs	
  criterion:	
  	
  ~	
  3%	
  disfavouring	
  JP=	
  0-­‐
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2012 run  prospects : JP

59

http://arxiv.org/abs/1208.4018

Angular analysis of final state H--> ZZ, WW, γγ

35 fb-1 1 experiment
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2012 run prospects: couplings

60
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Conclusions 1

61

A narrow resonance has been observed by ATLAS and CMS at 
a mass near 125 GeV . The observation is consistent in both 
experiment and in both 2011 and 2012 data sets. It is a robust 
observation. The probability that this excess is a background 
fluctuations is  smaller than 10-6 in each experiment becoming  
less than 10-5 when including the LEE effect.
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Conclusions 1

61

A narrow resonance has been observed by ATLAS and CMS at 
a mass near 125 GeV . The observation is consistent in both 
experiment and in both 2011 and 2012 data sets. It is a robust 
observation. The probability that this excess is a background 
fluctuations is  smaller than 10-6 in each experiment becoming  
less than 10-5 when including the LEE effect.

It is compatible with the Standard Model Higgs.

There are however tantalizing 2 sigma effects that, if 
confirmed by the larger statistics to be collected in 2012, 
would be the first observation beyond the Standard Model.
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Conclusions 2

The LHC experiments have given extensive proof of being able 
to deliver at high quality and over short time scales

We are just at the beginning of a long journey: with the 14 TeV
run LHC will go in a new territory 
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Conclusions 2

The LHC experiments have given extensive proof of being able 
to deliver at high quality and over short time scales

We are just at the beginning of a long journey: with the 14 TeV
run LHC will go in a new territory 

1 %

69%

31%

0%
qq at M=2 TeV with

300 fb-1 @ 14 TeV

gg at M=2 TeV with
300 fb-1 @ 14 TeV

NOW  M=2 TeV with
30 fb-1 @ 8 TeV
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