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Sensibilita’	  a	  mH	  
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mH<285	  @	  95%	  CL	  dopo	  Lep1,	  Lep2	  
Confronta	  con	  mH<152	  @	  95%	  CL	  dopo	  mW,	  mtop	  a	  
Tevatron	  
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Dove	  trovare	  Higgs	  
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Sez.	  d’urto	  produzione	  di	  
Higgs	  a	  LEP	  

•  Alle	  energie	  di	  LEP1	  Higgs-‐strahlung	  da	  	  bosoni	  Z	  
reali	  

•  Alle	  energie	  di	  LEP1	  Higgs-‐strahlung	  da	  	  bosoni	  Z	  
virtuali	  

Higgs production�crossǦsection at�LEP
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Sez.	  d’urto	  produzione	  di	  
Higgs	  a	  LEP	  

•  Essenzialmente	  la	  sezione	  d’urto	  si	  esaurisce	  per	  
√s-‐MZ<MH	  

•  Diagramma	  soVo-‐dominante	  per	  lo	  stato	  finale	  
Hνν à	  estensione	  di	  sensibilita’	  ad	  alta	  massa	


The total width of the Higgs boson remains narrow throughout the low-mass range, rising
from a few MeV near 120 GeV to about 1 GeV at the ZZ threshold. Thus, the width in
this mass range is below the experimental resolution.

For Higgs decays to final states without multiple neutrinos and with sufficient background
control, the Higgs boson can fully be reconstructed. Most attractive modes, particularly in
the LHC environment, are the γγ decays at low Higgs masses and the ZZ → """" channel
at medium to large masses. These final states generate resonance peaks above smooth back-
grounds, thus allowing the Higgs reconstruction in a model-independent way – the classical
procedure for a particle as fundamental as the Higgs boson.

Figure 4: Higgs production cross section σ[e+e− → H ν̄ν] [32]. The total cross section
is built up by Higgs-strahlung HZ with Z decaying to neutrinos, WW fusion and their
interference (intf). Higgs-strahlung falls off rapidly above the threshold (thr) region. Other
than ν̄ν final states in Higgs-strahlung can be derived from the short-dashed curve by re-
adjusting the Z-decay branching ratio properly. Diagrams on top describe the Higgs-strahlung
and the vector-boson fusion mechanism for Higgs production in e+e− collisions.

(b) Higgs production in e+e− collisions

Four processes, primarily, have been exploited at LEP to search for Higgs bosons [17,29–32]

8

5	  



Decadimen?	  del	  bosone	  
di	  Higgs	  

•  Nel	  range	  di	  interesse	  di	  LEP	  essenzialmente	  
decadimen?	  in	  coppie	  di	  quark	  b	  e	  coppie	  di	  tau	  
sono	  state	  u?lizzate,	  con	  Z	  in	  coppie	  di	  quark,	  
leptoni	  carichi	  o	  neutrini	  

•  Background	  dominato	  dalla	  produzione	  di	  di-‐
bosoni:	  	  ZZ,	  WW,	  	  Z(γ)	  (radia?ve	  return	  to	  the	  Z)	  
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Topologia	  degli	  even?	  
studia?	  al	  LEP	  

21

HZ search topologies

q

q

b

b

−

−
ν

b

b

ν

−

−

e+ or µ+

b

b

e− or µ−

−

τ+

b

b

τ−

−

Four jets, 60%

H → bb , Z → qq

Missing energy, 18%

H → bb , Z → νν

Leptonic, 6%

H → bb , Z → "+"−
Tau channels, 9%

H → bb(τ+τ−) , Z → τ+τ−(qq)

Pippa Wells July 2003

7	  



A	  “good”	  Higgs	  event	  

•  Per	  separare	  I	  jet	  
origina?	  da	  b-‐quark	  
dagli	  altri	  essenziali	  
I	  rivelatori	  di	  
ver?ce	  al	  silicio	  
installa?	  in	  larga	  
scala	  nei	  primi	  anni	  
90	  a	  LEP	  e	  Tevatron	  

• leptonic final states (H → bb̄)(Z → !+!−), where ! denotes charged leptons e, µ, τ 3,

• missing energy final state (H → bb̄)(Z → νν).

Background from two-photon processes and from the radiative return to the Z boson,
e+e−→ Zγ(γ) fermion pairs and WW or ZZ production is effectively reduced by selective
cuts and the application of multivariate techniques such as likelihood analyses and neural
networks. The identification of b-quarks in the decay of the Higgs boson, by secondary ver-
tices for instance, is essential in the discrimination between signal and background. The
details of these analyses by the four experiments are given in [54]. In Figure 6 an example
of a candidate event from one of the LEP experiments in the four-jet channel (a bb̄ pair
together with a qq̄ pair) is shown.

Figure 6: Four-jet event, shown in the view transverse to the beam. The insert shows a
closeup of the charged particles at the interaction region. Two secondary vertices are clearly
reconstructed, consistent with two decaying b-quark particles.

The data from the four experiments are combined using subsets of specific final-state
topologies or of data sets collected at different centre-of-mass energies. Essentially, two vari-
ables are used to statistically discriminate between signal and background events.

The most discriminating variable is the reconstructed Higgs boson mass mrec
H , in the dis-

tribution of which the signal events would accumulate around the real Higgs boson mass.
In Figure 7 the observed distributions together with the expectations are shown for illus-
tration at two levels of signal purity. Reasonable agreement of the data with the expected
background is observed. The enhancement in the vicinity of the Z boson mass is from the
ee → ZZ background process. However, for Higgs boson production close to the kinematic

3Tau pairs can also contribute through the (H → τ+τ−)(Z → qq̄) final state.
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4Ǧjet�event;�2�bǦjet
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Tagging heavy quarks - lifetimes

Heavy hadrons have long lifetime and large boost at LEP

Impact  
parameter, d0

Decay length, L

Primary vertex

 

Secondary vertex

B

B

Fragmentation 
track

d0 and L are signed quantities. A badly measured track may
intercept the “wrong-side” of the beam spot. Rely on silicon
microvertex detectors for resolution. Use several variables together.

Pippa Wells July 2003
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Test	  Sta?s?cs	   22

Counting candidates?

bi expected background
si(MH) expected signal, function
of “test mass” MH

Count these in bins of event recon-
structed Higgs mass M rec

H and
global discriminating variable G

si (MH),bi

MH
rec

G

Discriminant takes into account b-tagging, τ -id, kinematic variables
that distinguish signal and background.

Expectations account for luminosity, Ecm, resolution, efficiency...

Compare likelihoods of “s + b” and “b only”. Likelihood from
Poisson probability of observing ni data events in bin.

Q(MH) =
Ls+b

Lb

=
∏

i

(si + bi)nie−(si+bi)/ni

bni

i e−bi/ni

−2 lnQ(MH) = 2stot − 2
∑

i

ni ln

(

1 +
si(MH)

bi

)

Sum is over all bins, channels (four jet, missing energy...), and
experiments.

Pippa Wells July 2003
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Test	  Sta?s?cs	  

•  In	  linea	  generale	  in	  un	  approccio	  sta?s?co	  frequen?sta	  I	  livelli	  di	  confidenza	  
vengono	  calcola?	  sulle	  distribuzioni	  della	  sta?s?ca	  di	  test	  u?lizzando	  
mol?ssime	  repliche	  indipenden?	  dell’esperimento	  generate	  via	  tecniche	  
MonteCarlo	  

•  Per	  proteggere	  il	  risultato	  rispeVo	  a	  fluVuazioni	  del	  livello	  di	  confidenza	  
osservato	  dovuto	  alla	  bassa	  sta?s?ca	  nel	  caso	  di	  scarsa	  separazione	  tra	  
segnale	  e	  fondo	  si	  introduce	  il	  conceVo	  di	  CLs.	  Si	  impedisce	  di	  fare	  un	  claim	  
di	  esclusione	  quando	  non	  c’e’	  la	  sensibilita’	  sufficiente	  per	  poterlo	  fare	  
(ovvero	  quando	  le	  curve	  rosse	  e	  verde	  sono	  quasi	  sovrapposte).	  

24

Confidence levels

For EACH test mass, MH, define confidence levels
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Pippa Wells July 2003

10	  

Anche	  chiamato	  p-‐
value	  o	  p0=1-‐Clb	  



Test	  Sta?s?cs	  plot	  

23

Likelihood ratio,−2 ln Q

−2 lnQ vs. test mass MH. Example plot - what you might hope to
see in the data!

Find expected (median) curves and statistical spread from a set of
ficticious MC samples of the same luminosity/Ecm mix as the data.
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1σ	  /2σ	  band	  :	  	  rappresentano	  le	  bande	  in	  cui	  	  cade	  il	  risultato	  
della	  ricerca	  	  il	  68%	  o	  il	  95%	  delle	  volte	  che	  ripe?ssimo	  il	  
nostro	  esperimento	  



Risultato	  finale	  a	  Lep	  2	  
Phys.LeV.B	  565:61-‐75,	  2003	  

•  Il	  bosone	  di	  
Higgs	  ha	  massa	  
mH>114.4	  GeV	  
@	  95	  %	  CL	  

•  Limite	  
aspeVato	  
115.3	  GeV	  	  

35

The final word on the SM Higgs (April 2003)

-30

-20

-10

0

10

20

30

40

50

106 108 110 112 114 116 118 120

mH(GeV/c2)

-2
 ln

(Q
)

Observed
Expected for background
Expected for signal plus background

LEP

0

0.02

0.04

0.06

0.08

0.1

0.12

-15 -10 -5 0 5 10 15

-2 ln(Q)

Pr
ob

ab
ili

ty
 d

en
sit

y

Observed
Expected for background
Expected for signal
plus background

LEP
mH = 115 GeV/c2

(a)

Full dataset, calibration updates, some improvements to analyses.
Higgs boson excluded up to 114.4 GeV at 95% CL

Pippa Wells July 2003

35

The final word on the SM Higgs (April 2003)

-30

-20

-10

0

10

20

30

40

50

106 108 110 112 114 116 118 120

mH(GeV/c2)

-2
 ln

(Q
)

Observed
Expected for background
Expected for signal plus background

LEP

0

0.02

0.04

0.06

0.08

0.1

0.12

-15 -10 -5 0 5 10 15

-2 ln(Q)

Pr
ob

ab
ili

ty
 d

en
sit

y

Observed
Expected for background
Expected for signal
plus background

LEP
mH = 115 GeV/c2

(a)

Full dataset, calibration updates, some improvements to analyses.
Higgs boson excluded up to 114.4 GeV at 95% CL

Pippa Wells July 2003

10
-6

10
-5

10
-4

10
-3

10
-2

10
-1

1

100 102 104 106 108 110 112 114 116 118 120

mH(GeV/c2)

C
L s

114.4
115.3

LEP

Observed

Expected for
background

Figure 9: The ratio CLs = CLs+b/CLb for the signal plus background hypothesis. Solid line: ob-
servation; dashed line: median background expectation. The dark and light shaded bands around
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horizontal line for CLs = 0.05 with the observed curve is used to define the 95% confidence level lower
bound on the mass of the Standard Model Higgs boson.
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Modi	  di	  decadimento	  del	  
bosone	  di	  Higgs	  
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Modi	  di	  decadimento	  del	  
bosone	  di	  Higgs	  
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Pra?camente	  tuI	  i	  modi	  di	  decadimen?	  saranno	  visibili	  ad	  LHC	  
N.B.	  	  BR	  di	  Z	  e	  W	  negli	  sta?	  finali	  osservabili	  (ad	  esempio	  leptoni	  
carichi)	  non	  sono	  inclusi	  nel	  grafico	  (vedi	  pag.	  seguente)	  
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Pra?camente	  tuI	  i	  modi	  di	  decadimen?	  saranno	  visibili	  ad	  LHC	  
	  



Design	  dei	  rivelatori	  

•  La	  ricerca	  dell’Higgs	  ha	  determinato	  in	  larga	  parte	  le	  
stringen?	  richieste	  nella	  concezione	  dei	  rivelatori	  di	  LHC	  

•  La	  capacita’	  di	  riconoscere	  fotoni	  rigeVando	  il	  fondo	  e	  di	  
misurarli	  con	  oIma	  risoluzione	  per	  risolvere	  il	  picco	  di	  
massa	  invariante	  gamma-‐gamma	  (Higgs	  a	  bassa	  massa)	  

•  La	  grande	  acceVanza	  in	  pseudo-‐rapidita’	  e	  in	  impulso	  
per	  muoni	  ed	  eleVroni	  per	  sfruVare	  il	  “golden	  mode”	  
HàZZà4l	  

•  La	  possibilita’	  di	  misurare	  jet	  adronici	  a	  grande	  
rapidita’	  (VBF	  jets)	  	  

•  La	  riduzione	  della	  risoluzione	  nella	  missing	  transverse	  
energy	  per	  riconoscere	  I	  decadimen?	  con	  neutrini/tau	  
(estensione	  dei	  calorimetri	  a	  grande	  pseudo-‐rapidita’)	  

•  Altri	  aspeI	  di	  fondamentale	  importanza	  nel	  design	  degli	  
esperimen?,	  riguardano:	  
–  La	  capacita’	  di	  sopportare	  flussi	  di	  par?celle	  ionizzan?	  

molte	  elevate	  specialmente	  nelle	  zone	  in	  avan?	  (radia?on	  
hardness	  di	  rivelatori	  ed	  eleVronica	  associata)	  

–  La	  necessita’	  di	  raccogliere	  I	  segnali	  senza	  dover	  integrare	  
su	  troppe	  collissioni	  successive	  (bunch	  spacing	  25	  ns,	  cf.	  
Tevatron	  396	  ns)	  	  

–  Trigger	  sofis?ca?	  in	  grado	  di	  riconoscere	  e	  taggare	  il	  bunch	  
crossing	  correVo	  in	  modo	  da	  temporizzare	  l’intera	  
acquisizione	  
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Esperimento	  CMS	  	  
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Esperimento	  ATLAS	  
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Hàγγ	  (ATLAS)	  

•  Poche	  cen?naia	  di	  even?	  
•  S/B	  ~	  O(1%)	  
•  Fondo	  riducibile	  ppàjj	  ;	  ppàjγ	

•  Fondo	  irriducibile	  ppàγγ	
 21 

The largest absolute signal yield as defined above is
taken as the systematic uncertainty on the background
model. It amounts to ±(0.2−4.6) and ±(0.3−6.8) events,
depending on the category for the 7 TeV and 8 TeV data
samples, respectively. In the final fit to the data (see
Section 5.7) a signal-like term is included in the likeli-
hood function for each category. This term incorporates
the estimated potential bias, thus providing a conserva-
tive estimate of the uncertainty due to the background
modelling.

5.6. Systematic uncertainties
Hereafter, in cases where two uncertainties are

quoted, they refer to the 7 TeV and 8 TeV data, respec-
tively. The dominant experimental uncertainty on the
signal yield (±8%, ±11%) comes from the photon re-
construction and identification efficiency, which is es-
timated with data using electrons from Z decays and
photons from Z → !+!−γ events. Pile-up modelling
also affects the expected yields and contributes to the
uncertainty (±4%). Further uncertainties on the sig-
nal yield are related to the trigger (±1%), photon isola-
tion (±0.4%, ±0.5%) and luminosity (±1.8%, ±3.6%).
Uncertainties due to the modelling of the underlying
event are ±6% for VBF and ±30% for other produc-
tion processes in the 2-jet category. Uncertainties on the
predicted cross sections and branching ratio are sum-
marised in Section 8.
The uncertainty on the expected fractions of signal

events in each category is described in the following.
The uncertainty on the knowledge of the material in
front of the calorimeter is used to derive the amount of
possible event migration between the converted and un-
converted categories (±4%). The uncertainty from pile-
up on the population of the converted and unconverted
categories is ±2%. The uncertainty from the jet energy
scale (JES) amounts to up to ±19% for the 2-jet cate-
gory, and up to ±4% for the other categories. Uncertain-
ties from the JVF modelling are ±12% (for the 8 TeV
data) for the 2-jet category, estimated from Z+2-jets
events by comparing data and MC. Different PDFs and
scale variations in the HqT calculations are used to de-
rive possible event migration among categories (±9%)
due to the modelling of the Higgs boson kinematics.
The total uncertainty on the mass resolution is ±14%.

The dominant contribution (±12%) comes from the un-
certainty on the energy resolution of the calorimeter,
which is determined from Z→ e+e− events. Smaller
contributions come from the imperfect knowledge of the
material in front of the calorimeter, which affects the ex-
trapolation of the calibration from electrons to photons
(±6%), and from pile-up (±4%).
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Figure 4: The distributions of the invariant mass of diphoton can-
didates after all selections for the combined 7 TeV and 8 TeV data
sample. The inclusive sample is shown in (a) and a weighted version
of the same sample in (c); the weights are explained in the text. The
result of a fit to the data of the sum of a signal component fixed to
mH = 126.5 GeV and a background component described by a fourth-
order Bernstein polynomial is superimposed. The residuals of the data
and weighted data with respect to the respective fitted background
component are displayed in (b) and (d).

5.7. Results

The distributions of the invariant mass, mγγ, of the
diphoton events, summed over all categories, are shown
in Fig. 4(a) and (b). The result of a fit including a signal
component fixed to mH = 126.5 GeV and a background
component described by a fourth-order Bernstein poly-
nomial is superimposed.
The statistical analysis of the data employs an un-

binned likelihood function constructed from those of
the ten categories of the 7 TeV and 8 TeV data samples.
To demonstrate the sensitivity of this likelihood analy-
sis, Fig. 4(c) and (d) also show the mass spectrum ob-
tained after weighting events with category-dependent
factors reflecting the signal-to-background ratios. The
weight wi for events in category i ∈ [1, 10] for the 7 TeV
and 8 TeV data samples is defined to be ln (1 + S i/Bi),

10



HàZZ*	  (ATLAS)	  

•  ~10	  even?	  ma	  S/B>1	  
•  Fondo	  riducibile	  ppàZ+jj	  ;	  ppàV	

•  Fondo	  irriducibile	  ppàΖΖ	
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HàWWàeνµν	  (Atlas)	  

•  Circa	  100	  even?	  con	  S/B	  ~	  10%	  
•  Massa	  Higgs	  non	  ricostruibile,	  uso	  della	  

massa	  trasversa	  
•  Fondo	  dominante	  ppàWW;Z+jj	  ;	  ppàV	

•  Altri	  fondi	  ppàΖ+X;	  ppàWZ	  etc.	  
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Discovery	  (CMS)	  
Phys.	  LeV.	  B	  716	  (2012)	  30	  
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Discovery	  (ATLAS)	  
Phys.	  Le).	  B	  716	  (2012)	  1-‐29	  

•  Signal	  strength	  µ	  =	  σ*Br/(σ*Br)SM	   25	  

p0	  =	  1-‐Clb	  	  
Esprime	  la	  
probabilita’	  che	  data	  
il	  background	  aVeso	  
osserviamo	  una	  
deviazione	  con	  
significanza	  pari	  o	  
superiore	  a	  quella	  
osservata	  

Cls=CL(s+b)/(1-‐Clb)	  
Esprime	  il	  livello	  di	  
confidenza	  “correVo	  
per	  l’ipotesi	  di	  
fluVuazione	  del	  
fondo”per	  l’ipotesi	  di	  
segnale+background	  	  



p0	  combinato	  (ATLAS)	  
Phys.	  Le).	  B	  716	  (2012)	  1-‐2	  

•  EsaVamente	  6	  sigma	  (γγ,	  WW	  
+	  ZZ)	  
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Figure 9: The observed (solid) local p0 as a function of mH in the
low mass range. The dashed curve shows the expected local p0 under
the hypothesis of a SM Higgs boson signal at that mass with its ±1σ
band. The horizontal dashed lines indicate the p-values corresponding
to significances of 1 to 6 σ.

110–150 GeV, which is approximately the mass range
not excluded at the 99% CL by the LHC combined SM
Higgs boson search [139] and the indirect constraints
from the global fit to precision electroweak measure-
ments [12].

9.3. Characterising the excess
The mass of the observed new particle is esti-

mated using the profile likelihood ratio λ(mH) for
H→ZZ(∗)→ 4# and H→ γγ, the two channels with the
highest mass resolution. The signal strength is al-
lowed to vary independently in the two channels, al-
though the result is essentially unchanged when re-
stricted to the SM hypothesis µ = 1. The leading
sources of systematic uncertainty come from the elec-
tron and photon energy scales and resolutions. The re-
sulting estimate for the mass of the observed particle is
126.0 ± 0.4 (stat) ± 0.4 (sys) GeV.

The best-fit signal strength µ̂ is shown in Fig. 7(c) as
a function of mH . The observed excess corresponds to
µ̂ = 1.4 ± 0.3 for mH = 126 GeV, which is consistent
with the SM Higgs boson hypothesis µ = 1. A sum-
mary of the individual and combined best-fit values of
the strength parameter for a SM Higgs boson mass hy-
pothesis of 126 GeV is shown in Fig. 10, while more
information about the three main channels is provided
in Table 7.

In order to test which values of the strength and
mass of a signal hypothesis are simultaneously consis-
tent with the data, the profile likelihood ratio λ(µ,mH) is
used. In the presence of a strong signal, it will produce
closed contours around the best-fit point (µ̂, m̂H), while

)µSignal strength (
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Figure 10: Measurements of the signal strength parameter µ for
mH=126 GeV for the individual channels and their combination.

in the absence of a signal the contours will be upper
limits on µ for all values of mH .

Asymptotically, the test statistic −2 lnλ(µ,mH) is dis-
tributed as a χ2 distribution with two degrees of free-
dom. The resulting 68% and 95% CL contours for the
H→ γγ and H→WW (∗)→ #ν#ν channels are shown in
Fig. 11, where the asymptotic approximations have been
validated with ensembles of pseudo-experiments. Sim-
ilar contours for the H→ ZZ(∗)→ 4# channel are also
shown in Fig. 11, although they are only approximate
confidence intervals due to the smaller number of can-
didates in this channel. These contours in the (µ,mH)
plane take into account uncertainties in the energy scale
and resolution.

The probability for a single Higgs boson-like particle
to produce resonant mass peaks in the H→ ZZ(∗)→ 4#
and H→ γγ channels separated by more than the ob-
served mass difference, allowing the signal strengths to
vary independently, is about 8%.

The contributions from the different production
modes in the H→ γγ channel have been studied in order
to assess any tension between the data and the ratios of
the production cross sections predicted in the Standard
Model. A new signal strength parameter µi is introduced
for each production mode, defined by µi = σi/σi,SM. In
order to determine the values of (µi, µ j) that are simul-
taneously consistent with the data, the profile likelihood
ratio λ(µi, µ j) is used with the measured mass treated as
a nuisance parameter.

Since there are four Higgs boson production modes at
the LHC, two-dimensional contours require either some
µi to be fixed, or multiple µi to be related in some way.
Here, µggF and µt  tH have been grouped together as they
scale with the t  tH coupling in the SM, and are denoted
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p0	  per	  componen?	  
Phys.	  Le).	  B	  716	  (2012)	  1-‐2	  
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UPDATE	  CON	  TUTTI	  I	  DATI	  
DEL	  RUN1	  A	  7+8	  TEV	  DI	  LHC	  
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HàZZ*	  (latest/ATLAS)	  
Phys.	  Rev.	  D	  91,	  012006	  (2015)	  

•  Due	  trucchi	  per	  migliorare	  la	  risoluzione	  
in	  massa	  invariante:	  

•  Constraint	  cinema?co	  alla	  massa	  dello	  Z	  
per	  una	  coppia	  di	  leptoni	  

•  Recovery	  dei	  fotoni	  emessi	  per	  
radia?one	  di	  stato	  finale	  dai	  muoni	  

29	  

V. Ippolito - CSN1 - January 19th, 2015

Z Mass Constraint Fit

12

H→4µ
H→4e

channel 
(125 GeV)

σ 
[GeV]

σconstr 
[GeV]

4µ 2.00 1.64

2µ2e 2.38 2.15

2e2µ 2.10 1.85

4e 2.70 2.54

O(10%) improvement in resolution
need 5% less luminosity to obtain the same significance



HàZZ*	  (latest/ATLAS)	  
Phys.	  Rev.	  D	  91,	  012006	  (2015)	  
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HàZZ*	  (latest/ATLAS)	  
Phys.	  Rev.	  D	  91,	  012006	  (2015)	  

•  Soppressione	  del	  
fondo	  ppàZZ	  
u?lizzando	  la	  
differente	  cinema?ca	  
e	  le	  correlazioni	  aVese	  
nel	  segnale	  di	  Higgs	  
con	  JP=0+	  

31	  

t	  channel	   qq	  inisital	  state	  vs	  gg	  Spin	  correla?ons	  



HàZZ*	  (latest/ATLAS)	  
Phys.	  Rev.	  D	  91,	  012006	  (2015)	  
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Fit	  alle	  distribuzioni	  	  
2D	  di	  segnale	  e	  fondo	  



HàZZ*	  (latest/ATLAS)	  
Phys.	  Rev.	  D	  91,	  012006	  (2015)	  
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Reference	   Significance	   µ=σ/σSM	  

ATLAS-‐
CONF-‐2013-‐013	  

6.6	  σ	
 1.7	  +0.5	  -‐0.4	  

PRD	  91,	  012006(5015)	  	   8,2	  σ	  	   1.44	  +0.44	  	  -‐0.33	  
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HàZZ*	  (latest/ATLAS)	  
Phys.	  Rev.	  D	  91,	  012006	  (2015)	  

•  Separazione	  della	  componente	  VBF,	  
principale	  “fondo”	  	  ggF	  Higgs+2	  jets	  
addizionali	  
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HàZZ*	  (latest/ATLAS)	  
Phys.	  Rev.	  D	  91,	  012006	  (2015)	  

•  Discriminante	  
combinato	  
che	  u?lizza	  le	  
variabili	  
cinema?che	  
VBF	  

35	  

•  Discriminante	  
combinato	  con	  la	  
normalizzazioni	  
aspeVate	  per	  
segnale	  ggF,	  
segnale	  VBF	  e	  
fondo	  



HàZZ*	  (latest/ATLAS)	  
Phys.	  Rev.	  D	  91,	  012006	  (2015)	  
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