
Measurement of Higgs decay 
in Bosonic final states at 

LHC  

1

Pamela Ferrari
Nikhef

         on behalf of the ATLAS and CMS collaborations

Tuesday, April 8, 14



Higgs boson production and decay
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σ(pb) 8 TeV

ggF 19

VBF 1.6

Z(W)H 0.4(0.7)

ttH 0.31

BR(%)
bb 57
WW 22
ττ 6.2
ZZ 2.8
𝛾𝛾 0.23
Z𝛾 0.15
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via W and top loop: modest BR(0.2%pb-1)
clean signature (2 photons) 
large QCD backgrounds:  S/B ranging from 1/1 to 1/20. 

To increase sensitivity categorize the events depending on 
- production process (ggF/VBF/VH). 
- γ rapidity
- converted/unconverted γ,
- pTt (pTγγ perpendicular to γγ “thrust” axis)

H→𝛾𝛾
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W or t
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two high-ET (30, 40GeV) isolated photons.
event categorization in 14 categories: additional
categories are added to take into account:
    -VH (including low mass 2 jets)
    -VBF (high mass di-jet): BDT ( mjj, angular    
      distributions of jets and γ)
    

Background evaluated from sidebands in data

signal extracted by fit to mγγ, bkg modeled 
with polynomials.

H→𝛾𝛾
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Phys. Lett. B 726 (2013), pp. 88-119
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H→𝛾𝛾
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Inclusive analyses 4 classes depending on 
BDT score:
MVA selection: MVA for shower
shape and isolation, kinematics
and mass resolution. Uses MVA for photon ID
Cut-based (cross check): uses cut based 
photon ID

Exclusive analyses (also cut based and MVA)
VH: e,𝛍, and MET
VBF: 2 dijet categories (MVA based on BDT output)

CMS-PAS-HIG-13-001

parametric signal model for 9 MVA classes summed (fit to MC)

Tuesday, April 8, 14



H→𝛾𝛾  results

6

ATLASATLAS CMS CMS 

mass(GeV) mH= 126.8 GeV± 0.2(stat) ± 0.7(syst)mH= 126.8 GeV± 0.2(stat) ± 0.7(syst) mH=125.4 GeV± 0.5 (stat) ± 0.6(syst)mH=125.4 GeV± 0.5 (stat) ± 0.6(syst)

local p0 4.1σ exp 7.4σ obs 4.2σ exp 3.2σ obs

       μ 1.65±0.24(stat)            
+0.25
‐ 0.18 0.78            

+0.28
‐ 0.27
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-012
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-012


H→𝛾𝛾  VBF/VH
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MVA

VBF di-jet categories {.
VH categories {

mH(GeV) Exp Obs

123.5 
GeV

1.3σ 2.9σ
126.8 1.3σ 2.0σ
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top leptonic decays (e, 𝛍)

search for narrow m𝛄𝛄 resonance
- two photons, with pT > 50*m𝛄𝛄/120 and 25 GeV

- 1 e/μ with pT > 10 GeV;
- 1 b-jet with pT > 20 GeV;
- most energetic additional jet pT > 20 GeV and η> 1;

resonant bgk (ttH→𝛄𝛄) from simulation, reduced 
with Likelihood product discriminator
non resonant bkgs (𝛄𝛄 continuum) from sidebands 

tHj(𝛄𝛄) 
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0 observed events, observed 95% upper limit therefore 
coincides with expected limit at 4.1 the x-sec with Ct=-1 e.g. with negative Yukawa 

couplings of Higgs to top (production x-section 15 times SM).

CMS PAS HIG-14-001

 122 GeV<mH<128 GeV

New
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Golden channel: Four isolated leptons.

It is possible to fully reconstruct the final state

Very small branching fraction: ~10-4

Extremely pure: S/B ~ 2

Analysis strategy: maximize acceptance for low pT leptons

Signal: select four isolated leptons (e, μ), special care in lepton ID.

Backgrounds: 
-main bkg: irreducible SM ZZ*, estimated from MC
-other bkgs: Z+jets, ttbar  Data Driven
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H→ZZ→4ℓ
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4 leptons (2 OS pairs) pT > 20,15,10,7(e)/6(μ) GeV

Improvements:

    - electron ID tightened
    - Mass measurement uses constrained fit to MZ to 
      improve resolution
    - lepton pairing improved
    - analysis split now in 3 categories: ggF,VBF and VH

signal from m4l fit

Background : 
   - Continuum ZZ: normalization, shape from MC
   - Z+jets, tt: normalized from data control regions
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H→ZZ→4ℓ
Phys. Lett. B 726 (2013), pp. 88-119
ATLAS-CONF-2013-013

120 GeV<mH <130 GeV
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Improved calibrations and 
alignment constants + full 
data set

Significance of the local excess based on a 3D fit 
to: KD, m4l , and kinematic variables.

H→ZZ→4ℓ

2 categories: untagged, dijet (VBF like)

Background: m4l vs kin. KD, discriminant calculated from production and decay kinematics 
which distinguishes from ZZ bkg

121.5 GeV<mH <130.5 GeV

arXiv:1312.5353

New
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H→ZZ→4ℓ
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@mH=146 GeV 2.7 σ

ATLASATLAS CMS CMS 

mH(GeV) 125.6 ± 0.4 (stat) ± 0.2 (syst)125.6 ± 0.4 (stat) ± 0.2 (syst)

local p0 4.4σ exp 6.6σ obs 6.7σ exp 6.8σ obs

       μ                                       0.93       stat          sys
+0.26
‐ 0.23

+0.13
‐ 0.091.7             

+0.5
‐ 0.4

 124.3       stat         sys 
+0.6
‐ 0.5

+0.5
‐0.3
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H→ZZ  VBF/VH
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category signal Backg Data

VBF 0.7 0.14 1(2e2𝜇)
VH 0.1 0.04 0

ATLAS      120 GeV<mH <130 GeV

distribution in di-jet category (VBF like) 
121.5 GeV<mH <130.5 GeV

@mH=125.5 GeV
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Large Branching fraction
No full reconstruction of events due to 2 neutrinos

                  low mass resolution 

reconstruct

signal signature: 
  - Two high pT opposite sign isolated leptons
  - large MET

Backgrounds: 
  - Continuum WW (main source) and 
    top quark production. Data Driven methods 
    using control regions are used to estimate the  
    backgrounds, by both ATLAS and CMS.

H→WW→ℓ𝜈ℓ𝜈
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2 analyses (2 categories: 0/1 jet)
-ee, μμ channel: Cut-based 
  (Δφll ; pTlmax ; pTlmin; mll; mT )
- eμ ( more sensitive):
  uses 2D shape mT vs mll

H→WW→ℓ𝜈ℓ𝜈 
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VBF 2 analyses:
-ee, μμ channel: cut-based
-eμ: mll shape
VH tag: centrally produced jets cut-based 

CMS arXiv:1312.1129 New
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Categories
- ee, μμ (SF)
- eμ (OF)
with
- ggF signal in 0 and 1 jet, 
- VBF signal with at least 2 jet

the signal is extracted from a fit to mT
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Phys. Lett. B 726 (2013), pp. 88-119

VH →WWW→ lvlvlv
- 3 leptons+MET Z-depleted without any pair of SFOS
- 3 leptons+MET Z-enriched with one pair of SFOS 

ZH →ZWW→ lllvlv
- 4 charged leptons+MET 1SFOS
- 4 charged leptons+MET 2SFOS

ATLAS-CONF-2013-075

4-lepton after pre-selection

H→WW→ℓ𝜈ℓ𝜈 

2 jets
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H→WW  results 
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ATLAS 
mH=125 GeV

ATLAS 
mH=125 GeV

CMS 
mH=125.6 GeV

CMS 
mH=125.6 GeV

       μ 1.01 ± 0.21 (stat)± 0.12 (syst)± 0.19 (th) ± 0.04 (Lumi)1.01 ± 0.21 (stat)± 0.12 (syst)± 0.19 (th) ± 0.04 (Lumi)  0.72 ± 0.12 (stat)± 0.10 (syst)      (th) 0.72 ± 0.12 (stat)± 0.10 (syst)      (th)

local p0 3.7σ exp 3.8σ obs 5.8σ exp 4.3σ obs

+0.12
‐ 0.10
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@7TeV

@8TeV

H→WW→ℓ𝜈ℓ𝜈  VBF/VH 
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ATLAS-CONF-2013-075

VBF

VBF signal 
ggF Bkg

μ =1.66 ± 0.79.

±
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similar to γγ, but look for 1 isolated photon and 2 leptons with same flavour and opposite sign 
background: SM Z+γ continuum, Z+jets (fitted from data) 
ATLAS & CMS event categorization in 10 categories depending on S/B and mass resolution
No excess observed 
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Expected Observed

10 10
Expected Observed

9 11

95% CL upper limit on σSMxBRSM

@mH=125 GeV
95% CL upper limit on σSMxBRSM

@mH=125.5 GeV

Physics Letters B 732 (2014) 8–27Physics Letters B 726 (2013) 4–5

H→Z𝛾

New

Tuesday, April 8, 14

http://www.sciencedirect.com/science/journal/03702693/726/4
http://www.sciencedirect.com/science/journal/03702693/726/4


Due to the parity-violating nature of weak interactions and the interference between H → 𝛄*𝛄
and H →Z 𝛄 decay modes, FB asymmetry expected in H → 𝜇𝜇𝛄 (-0.025 to 0.02 ): more 
information on Higgs than 𝛄𝛄 final state.

𝛄*  converts to a muon pair, mH 120-150 GeV 

 m𝜇𝜇  <20 GeV (removes pp➝γΖ and H➝γΖ), m𝜇𝜇𝛄  ∈  110-170GeV.

Bkg:DY+photons(ISR/FSR, fakes) estimated from data with a polynomial

 

H→𝛾*𝛾→μμ𝛾
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Upper observed limit @125 GeV ~10x𝛔SMxBR

CMS PAS HIG-14-003

New
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Concluding
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After the discovery of the Higgs boson in 2012, which was based on the di-
boson channel, the LHC experiments have improved the analyses:

We have analysed the full data set

We have improved the detector calibration, performance and object 
identification. 

We have split out analyses in additional categories 
tailored to  VBF and VH production mechanisms.

We have added more decay channels

There are still few important results to be 
published, that will be soon available and...

Be prepared for the next 
exciting data taking next year!

2e2𝜇  VBF candidate
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