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2.

1. Higgs Reconstruction : Train with matchable events only.

2. Limitation of Cut-and-count?

3. Increase Statistics & Irreducible Background, ttW.

4. Shape Method using all DNN scores.

Updates



3.

Signal & Backgrounds

• ttH, ttbbH, ttZH, ttVV, ttbbV, ttbb, ttbbbb, ttW -> BR(SL + DL) = 0.543
• tttt -> Inclusive.

tt -> l+ q q b b
W -> l+
Pass selection if 1 fake b.
Turns out to be First Dominant 
Irreducible BKG.

(CPU_4 + slurm is so fast.)



4.

Event Selection

1. Exact 2 Letpon.

2. Same Sign of the leptons.

3. MET > 30 GeV

4. bJet ≥ 3

5. Ht > 300 GeV

Object & Event Selection

Matchable Event Ratio = Matchable / Selected



5.

TTW is the main background.

Cutflow Result



6.

Training with only matchable ttHH_WWbb_SL signal events only.

Assign 2b / 5b -> 10 labels.

Matchable Event Ratio ~ 0.45

Inputs (53) : nbJet, nJet, nAK8Jet, bJet 4vec, Lepton 4vec,

                   ΔR(b,b), ΔR(l,l), ΔR(b,l), m(ll), HT(Jet), Higgs mass, 

                   ΔR(bb_DNN), HT(bb_DNN), Δη(bb_DNN), Δφ(bb_DNN)

Matching Efficiency_DNN = 0.89   >  Previous, 0.85 

Matching Efficiency_MinChi2 = 0.13

Higgs Reconstruction

Recap!

Matching Efficiency = Correct / Matchable 



7.

Input (53) : nbJet, nJet, nAK8Jet, bJet 4vec, Lepton 4vec, ΔR(b,b), ΔR(l,l), ΔR(b,l), 

m(ll), HT(Jet), Higgs mass, ΔR(bb_DNN), HT(bb_DNN), Δη(bb_DNN), Δφ(bb_DNN)

Signal Extraction

ttnb      : ttbb + tt4b
Others : ttZH, ttbbH, ttVV, ttbbV



8.

Pass the shape to Combine.



9.

Limitation of current interpretation. 

- Cut-and-count considers only one bin.

- Too small events.. -> S/sqrt(B) Gaussian approximation breaks & Result is too sensitive.

Cut and Count & S/sqrt(B) (One bin)

Only 5 Events..



10.

1. Get DNN Histogram normalized to cross section weights.

2. Binning the score (10, 0, 10).

3. Analyze the shape (all bins) to get the result.  -> Higgs Combine. 

Higgs Combine v10.1.0 (Latest) / CMSSW_14_1_0_pre4

datacard.txt : 

Shape Method (All bins)



11.

$text2workspace.py datacard.txt -o datacard.root

$combine -M Significance -t -1 --expectSignal=1 datacard.root

$combine -M AsymptoticLimits -t -1 --expectSignal=1 datacard.root

Results 

Significance = 1.30447

Shape Method (All bins)

Interpretation :
This analysis can observe ttHH signal if  the signal is 
produced  more than 2.4 times of SM expectation.

Expected Improvements to go :
- Optimizing Binning Strategy. 
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