
S3Be 24 Jan. 2014 Adrien Caudron (UCL-CP3) 1

ZH→llbb search 
using a Matrix Element technique

Université catholique de Louvain
Camille Beluffi, Roberto Castello, Adrien Caudron, Ludivine Céard, 

Christophe Delaere, Tristan du Pree, Vincent Lemaitre, Arnaud Pin, Jesus Vizan

Scalar Search and Study in Belgium
23-24 January 2014

Full description in
AN-12-476



S3Be 24 Jan. 2014 Adrien Caudron (UCL-CP3) 2

Motivations

● Important to probe SM in the fermionic sector
● H boson coupling to fermions harder to probe:

● High background for H → bb due to QCD
● Associate production (ZH)

● Worse mass resolution

● At CP3:
● llbb final state: Z+b(b) cross-section
● ME automatized tool: MadWeight

● Search for Z(ll)H(bb)
● Use ME method to discriminate signal 

process from the background processes
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Selection

SR:

CR:

For background 
estimation

Regions:

Basic selection

  2 jets:
>2 jets:

2 jets
μμ
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Matrix Element method
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ME observables
2012 data, 8 Tev
2 jets category
Signal Region
Bkg scaled to fit of the CR

Good modelling of the ME weights

   gg → Z+bb

qq → Z+bb

ZZ with E-p 
conservation

ZZ no E-p 
conservation

ttbar

ZH(125) no E-p 
conservation

ZH(125) with E-p 
conservation
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Choice of event categorization

● Problem: events with >= 3 jets
– Bigger background 
– Worse dijet mass resolution

 

● Solution: separate categories 
– 2 categories based on the number of jets 

● p
T
 > 20 GeV: 2 or >= 3 jets categories

– Improves sensitivity

– Special treatment for events with extra jets
● ISR: transverse boost to LO ME rest frame
● FSR: use M(bbj) and ΔR(b,j)

– Z pt spectrum found in agreement in 

each category

ZH(125)

3 jets 3 jets
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Background normalisation

  

● Considering Zbbx production
● All SFs consistent
● SF_Zbx > 1

● 2D simultaneous fit in 4 cats:
● ee & μμ 
● 2 jets & 3 jets
 

● 2 discriminating observables
(1) MLP TTbar vs Zbb 

● ME weights: qqZbb, ggZbb, tt
(2) CSV product 

● Product of CSV of the 2 b-tagged jets

2 jets - μμ :

(1) (2)

       + jet

Z+bb
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ZH and ttbar hypo. ME weights

Construction of final discriminant

ZH and Zbb hypo. ME weights ZH and ZZ hypo. ME weights

MVA ZH vs DY MVA ZH vs ttbar MVA ZH vs ZZ

MVA ZH vs Background
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Unblinded ZH search 
2011+2012

● Full unblinding of the analysis
● Signal injection at 125: 3.9 x σ/σ

SM
 

● Expected limit at 125:   2.6 x σ/σ
SM

  
● Observed limit at 125:  1.8 x σ/σ

SM

● At 125 GeV
● Compatible with background only within 1 s.d.
● Compatible with a SM H boson within 2 s.d.

● Data/simulation of multivariate 
discriminant at 125 GeV

● Signal: 100*SM
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ZZ search cross-check
 2011+2012

● Limits

– Expected: 0.8 x σ/σ
CMS Meas

– Observed: 1.4 x σ/σ
CMS Meas.

– Signal injection: 1.8 σ/σ
CMS Meas. 

 

● Significance
– Expected: 2.4

– Observed: 1.5 

● Signal strength: μ=0.6±0.4
● Compatible with SM 
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Summary
● Matrix Element technique was used to perform a search of 

Z(ll)H(bb) process

– The MW weights are used in NN to discriminate signal and 
backgrounds

– Extra jets are included with complementary info
● Presented unblinded result for 2011+2012

– ZZ compatible with SM

– ZH just unblinded and results compatible with SM H within 2 s.d.
● Analysis competitive

– Many ways to improve it (CHS jets, jet energy regression...)
● Outlook

– H → bb properties

– Exotic searches in scalar sector with llbb final state
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Backup
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Documentation
● Arnaud Pin thesis: Technique, validation 

and first 2011 results (link)
● AN-12-476

– To be updated with unblinded ZH results

http://dial.academielouvain.be/handle/boreal:134458?site_name=UCL#
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Scale factors for the background estimation

- 2D simultaneous fit of the 4 channels ee – μμ in both jet categorization (2 jets and 3 jets)
- Variables used :

- CSV product: product of the CSV value attached to the 2 b-tagged jets
- MLP TTbar vs Zbb trained with 2011 or 2012 MC

* inputs are the qqZbb, ggZbb and tt MW weights

SF_Zbb → Zbb in  the 2 jets category → Zbb LO process 
SF_Zbx → Zbb 3 jets category + Zbx → Zbb+j
SF_Zxx → same in both categories (DY+jets)
SF_tt → same in both categories

ZZ normalisation fixed to CMS measurements

2j ee2j μμ

3j μμ

2j ee

3j μμ 3j ee

2j μμ

3j ee

Fit Region

Each channel:
- MLP: left
- CSVprod: right
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Scale factors: results

Very good agreement between all four cases, 
except for SF_Zxx, where the fake rate is affected by pileup in 2012
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Strategy
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ME TF
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ME ISR
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Datasets 
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PU discussion

● Brown is purely PU events contribution:
● Both b-tagged jets are unmatched with a     

gen-jet
● Cut on jets lower: pt>20 and no cut on pt Z

No CHS on the jets

CHS

● Same cuts, comparing same DY vs DY 
events. (~12% of whole sample)

● Raw number of selected events
● Old DY is part of the DY on the right, 
● Zbb, Zbx and Zxx used CHS jets
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CR: Variables used to perform the SFs fit
2 jet: CSV product

2 jet: MLP tt vs Zbb 3 jet: MLP tt vs Zbb

3 jet: CSV product

ee+μμ
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Systematics
● B-tag unc.: 

– shape unc., b, c SFs unc. and light SFs 
unc. are taken uncorrelated

● JES unc.: 

– shape unc. (MW weights recomputed)

● MC statistics unc.: shape unc.

– Allow a bin by bin fluctuation of the 
MC normalisation according the 
statistical uncertainties in the 10 most 
sensitive bins.

● Luminosity unc.: 
– 2.2% (4.4%) on signal normalisation at 7 TeV (8 

TeV)

● Theoretical unc. on signal cross-section: 
– 4% on signal normalisation

● Lepton Reconstruction and Trigger 
Efficiency: 
– 4% on the signal normalisation

● ZZ cross-section measurement unc.:
– 40% (15%) at 7 TeV (8 TeV)

● Background normalisation unc.:
– Uncorrelated unc. from the fit unc.

● JER unc.:
– 2-6% normalisation on the signal normalisation
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Systematics: Background fit correlations
 Diagonalization of covariance Matrix → we obtain transformation Matrix T 

such as T-1 Cov T = Diag.

Correlated 
Uncert.

bg1 bg2 bg3

e1 a 0 0

e2 0 b 0

e3 0 0 c

 e1, e2, e3 correlated

 ePrime1, ePrime2, 
ePrime3 not 
correlated

Not correlated bg1 bg2 bg3

Eprime1 x11 x12 x13

Eprime2 x23 x33 x23

Eprime3 x13 x23 x33

 Error matrix=

 ModifiedError=T-1Error=

input in data card: unity matrix + Modif_error 
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Systematics breakdown
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ZZ search: strategy
● Signal region defined as M(bb) in [45,115] in the 2 jets category and M(bb) in 

[15,115] in the 3 jets category. 

● Same strategy but only 2 intermediate NNs trained against DY and TTbar

● Difficult training as the background peak around the Z mass

ee+μμNEWNEW

   2 jets                                                                 3jets
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Signal EWK NLO p
T
(Z) reweigting 

NEW

- We use the official values to reweight our signal samples to higher order corrections.
- Signal yields decrease by ~3-4%
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Limitation and room for improvement
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