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Thank you!
brunella.d’anzi@cern.ch

mailto:brunella.d'anzi@cern.ch


Backup slides
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Motivation: the HH production mode

LHC 
center-of-

mass 
energy!

Top quark pair associated
production/ Double Higgs

bremsstrahlung off top quarks
(𝑡 ̅𝑡HH)

Single top quark 
associated production 

(tjHH)
Double Higgs-strahlung/Vector
boson associated production 
(VHH,  V = Z, W!, W" )

Vector boson fusion (VBF)

Gluon-gluon fusion (ggF)
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0,1%Image courtesy of CERN,
Technical report, 2019 
https://cds.cern.ch/record/2
690841.
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Motivation: the HH decay mode
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Scanning of the DNN hyper-parameters
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DNN training strategy

Ø The channels (4e, 4μ and 2e2μ selected separately) are 
merged into just a sample for each MC (the channels will be 
randomized inside the sample);

Ø Each merged sample are divided into two independent sets:

A. Training set: contains 80% of all events (from each sample) 
and is used to train ANNs;

B. Testing set: contains remaining 20% of events and is used to 
test ANN after training;

Ø ANNs are built and trained via the open-source Keras
(standard ML community tool) python package, not linked to 
TMVA.
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DNN over-training (over-fitting)

Gap between training and validation accuracy indicates the amount of 
overfitting.

Ø If validation error curve shows small accuracy compared to training it
indicates overfitting ⇒ add regularization (Early Stopping & Dropout) or use 
more data.

Early Stopping Dropout

remove nodes randomly during training to avoid co-adaptation on training data


