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The Higgs boson -  
a first of its kind?
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• Probing matter with very high energy in order to study the 
particles that made the universe. 

• In the LHC, we can probe for the first time the highest 
energy ever (100GeV-1TeV) and the smallest distance ever 
(10-18-10-19m).

High Energy Physics
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 SU(3)×SU(2)×U(1)
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Particle Content
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The Higgs Boson
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• XS and BRs

 [GeV] HM
80 100 200 300 400 500 1000

 H
+X

) [
pb

]  
  

→
(p

p 
σ

-210

-110

1

10

= 8 TeVs

LH
C

 H
IG

G
S 

XS
 W

G
 2

01
4

 H (NNLO+NNLL QCD + NLO EW)

→pp 

 qqH (NNLO QCD + NLO EW)

→pp 

 WH (NNLO QCD + NLO EW)

→
pp 

 ZH (NNLO QCD +NLO EW)

→
pp 

 ttH (NLO QCD)

→
pp 

 bbH (NNLO QCD in 5FS, NLO QCD in 4FS)

→
pp 

 [GeV]HM
90 200 300 400 1000

H
ig

gs
 B

R
 +

 T
ot

al
 U

nc
er

t

-410

-310

-210

-110

1

LH
C

 H
IG

G
S 

XS
 W

G
 2

01
3

bb

ττ

µµ

cc

gg

γγ γZ

WW

ZZ

Theory Inputs



6

Needle in the Haystack
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• Hunting a new short lived particle means looking for a bump 
in the invariant mass (minv

2 = (p1+p2)
2) distribution of its decay 

products. 
• The significance of the bump must be high enough to make a 

statistical fluctuation of the known background highly unlikely.

m

  

 

Bump Hunter (H->γγ)
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• We have two photons.
γ

γ
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Bump Hunter (H->γγ)



Bump Hunter (H->γγ)
We have two photons in the background too:
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• Identify discriminating variables to 
suppress our backgrounds. 

What should we do?



• How did we do it?  
https://twiki.cern.ch/twiki/pub/AtlasPublic/
HiggsPublicResults//Hgg-FixedScale-
Short2.gif
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H->γγ

https://twiki.cern.ch/twiki/pub/AtlasPublic/HiggsPublicResults//Hgg-FixedScale-Short2.gif
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• How did we do it?
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H->γγ



• H->ZZ events in ATLAS

18-Jun-14
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• How did we do it? https://twiki.cern.ch/
twiki/pub/AtlasPublic/HiggsPublicResults//
4l-FixedScale-NoMuProf2.gif 
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The Golden Channel

https://twiki.cern.ch/twiki/pub/AtlasPublic/HiggsPublicResults//4l-FixedScale-NoMuProf2.gif
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• How did we do it?
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The Golden Channel
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The Glory Day
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• Problems in the Standard Model  
(Neutrino mass, dark matter…). 
• Fermions come in three families, 

why only one Higgs family? 
• With two Higgs families, five 

states; Charged Higgs – the 
smoking gun.
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Beyond the Standard Model
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Motivation from Run1
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• How to find it?  
Depends on its mass.

19

light
heavy

Pre ATLAS 
(LEP 
bounds)

Decay Products

Charged Higgs
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light

• How is it produced?
Light Charged Higgs
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• How is it produced?

heavy

Heavy Charged Higgs
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Figure 2: p-value for the background-only hypothesis p0 as a function of the mass mX of a probed NWA resonance
signal.
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Figure 3: Expected and observed upper limits on �fiducial ⇥BR(X ! ��) expressed at 95% CL, as a function of the
assumed value of the narrow-width scalar resonance mass.
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Getting there….
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Figure 4: Observed and expected 95% CL limit on the fiducial cross-section times branching fraction
BR(X ! ��) as a function of mX in the range 65 < mX < 600 GeV. The discontinuity in the limit at mX

= 110 GeV (vertical dashed line) is due to the transition between the low-mass and high-mass analyses.
The dark and light shaded bands show the ±1� and ±2� uncertainties on the expected limit. The inset
shows a zoom of the limit in the 65 < mX < 170 GeV range.

a simultaneous fit to the three conversion categories is performed. Over the full mass range 65–600 GeV,
only two excesses with a 2� local significance above the background are observed, for mX=201 GeV and
mX=530 GeV, consistent with the absence of a signal. Consequently, a 95% limit on �fid · BR(H ! ��)
is computed using the procedure of Ref. [3].

The systematic uncertainties listed in Table 2 are accounted for by nuisance parameters and pseudo-
measurement terms in the likelihood function. In the low-mass analysis, the dominant uncertainties are
the Drell-Yan normalization and the mass-dependent systematic uncertainty on CX . In the high-mass
analysis, the largest uncertainty arises from the energy resolution, except around 126 GeV where the
contribution of the theoretical uncertainty on the production rate of the Standard Model Higgs boson is
significant.

The observed and the expected limits, shown in Figure 4, are in good agreement, consistent with the
absence of a signal. The limits on �fid · BR(H ! ��) for an additional scalar resonance range from 90 fb
at the low end of the search interval, to 1 fb for mX= 600 GeV. These results extend over a considerably
wider mass range than the previous searches by the ATLAS and CMS collaborations [1, 2] and are the
first such limits independent of the event topology.

6

Recap
Run1 (65-600GeV):

Two regions: low mass (65-110GeV) and high (110-600GeV). 
Extending the SM Higgs search that was done form 
100-160GeV. 
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Run 2
Changes from run1 to run2:

New energy, upgraded detector ->  
Re-optimization of the cuts (pT, isolation -> BG reduction).

Improving analysis:

Background modelling.

Signal parametrization.

24



DRAFT
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Figure 16: Background-only fits of the smeared DIPHOX MC sample in the [150-2950] GeV mass range using the
functional forms fk;d=1(x; b, d, {ak}) for k = 0, 1, 2.
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Figure 17: Background-only fits of the SHERPA diphoton MC sample in the [150-2950] GeV mass range using the
functional forms fk;d=1(x; b, d, {ak}) for k = 0, 1, 2.
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Run 2
Changes from run1 to run2:

New energy, upgraded detector ->  
Re-optimization of the cuts (pT, isolation -> BG reduction).

Improving analysis:

Background modelling.

Signal parametrization.
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1) Define the event selection:  2 isolated photons
9 must be loose and model-independent

2) Reconstruct the γγ invariant mass

9 photon reconstruction
9 energy resolution and scale
9 dedicated vertex identification technique

3) Signal extraction

Clean final state at 
hadron colliders

m(γγ)

#
ev

en
ts

Diphoton bump search
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Figure 55: The true m�� distributions of the resonance with mX = 1500 GeV and width of (a) 5%, (c) 7% and (e)
10% of mX . In each plot on the left, the dashed red line is the gluon-gluon luminosity, Lgg obtained from Figure 52;
the dashed green line represents Bggm��; the dashed blue line is the Breit-Wigner distribution with the same mass
and width as generated in the sample. The product of these three is represented by the solid blue line and agrees
well with the true invariant mass distribution, shown with black markers. No selection cuts have been applied to
the true photons.
On the right, the reconstructed m�� distributions after selection of the resonance with mX = 1500 GeV and width
of (b) 5%, (d) 7% and (f) 10% of mX are shown. In each plot, the blue line is the same BggLggm�� · BW while
the magenta line represents the outcome of the convolution and the black markers show the reconstructed invariant
mass distribution.
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Run 2
Changes from run1 to run2:

New energy, upgraded detector ->  
Re-optimization of the cuts (pT, isolation -> BG reduction).

Improving analysis:

Background modelling.

Signal parametrization.
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Mass spectrum
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Figure 1: Invariant mass distribution of the selected diphoton events. Residual number of events with respect to the
fit result are shown in the bottom pane. The first two bins in the lower pane are outside the vertical plot range.

The events in this region are scrutinized. No detector or reconstruction e�ect that could explain the larger
rate is found, nor any indication of anomalous background contamination. The kinematic properties of
these events are studied with respect to those of events populating the invariant mass regions above and
below the excess, and no significant di�erence is observed.

The Run-1 analysis presented in Ref. [13] is extended to invariant masses larger than 600 GeV by using the
new background modeling techniques presented in this note (cf. Section 7). The compatibility between
the results obtained with the 8 TeV and 13 TeV datasets is estimated under the NWA hypothesis and
assuming a large-width resonance with ↵ = 6%, using the best fit value of the ratio of cross sections. For
an s-channel gluon-initiated process, the parton-luminosity ratio is expected to be 4.7 [43]. Under those
assumptions, the results obtained with the two datasets are found to be compatible within 2.2 and 1.4
standard deviations for the two width hypotheses respectively.

The 95% CL expected and observed upper limits on �fiducial⇥BR(X ! ��), corresponding to the fiducial
volume defined in Section 6, are computed using the CLs technique [39, 44] for a scalar resonance with
narrow width as a function of the mass hypothesis mX , and are presented in Figure 3. The larger diphoton
rate in the mass region around 750 GeV is translated to a higher-than-expected cross section limit at the

13

Mass spectrum
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Final Result
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