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Two higgs doublet model

Model specification:
o Type | (¢1 — —®1) (no
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Feynman diagram of analysis process
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Signal jet kinematic

Non-boosted topology:
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Neural network for m(H*) reconstruction

Input Hidden Output
layer layers layer
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Parameters of the neural network

During the network’s hyperparameters tuning (random search in
the grid) the following set of parameters turned out to be optimal:
> Number of hidden layers: 5
— Nodes in each hidden layer: 200
— Batch size: 100
—» Activation function for nodes in hidden layers: softplus
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Data for training

MC-generated events with m(h;) = 100 GeV and
m(H*) = 200,250, ..., 600 GeV were used for training

~+ ~3-10° events

— unbalanced data (from ~ 36 - 10% events for m(H*) = 200
GeV to ~ 14 - 10% events for m(H*) = 600 GeV) — using
weighted MSE as a loss function

— training : test : validation =81:10:9
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Results (4-momenta, m#®"(H*) = 250 GeV)

Energy reconstruction of H* (mgex(H) = 250 GeV) px reconstruction for H* (Mgen(H) = 250 GeV)
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Results (4-momenta, m#®"(H*) = 400 GeV)

Energy reconstruction of H* (Mge(H) = 400 GeV) P reconstruction for H* (Mge(H) = 400 GeV)
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Results (4-momenta, m#®"(H*) = 600 GeV)

Energy reconstruction of H* (mge(H) = 600 GeV) P reconstruction for H* (Mge(H) = 600 GeV)
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Results (m”(H*) for m&"(H) = 250 GeV) o

Mass reconstruction of H* (mge,(H) = 250 GeV)
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Results (mP?(H*) for m&"(H*) = 400 GeV) o

Mass reconstruction of H* (mge,(H) = 400 GeV)
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Results (mP(H*) for mé"(H*) = 600 GeV) o

Mass reconstruction of H* (mge,(H) = 600 GeV)
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Correlation plot for E(H*)(mgen(H) = 250 GeV) Correlation plot for p,(H*)(Mges(H) = 250 GeV)
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Correlation plot for E(H*)(mgen(H) = 400 GeV) Correlation plot for p,(H*)(Mges(H) = 400 GeV)
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Correlation plot for p,(H*)(Mgen(H) = 600 GeV)

Correlation plot for E(H*)(mge,(H) = 600 GeV)
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Analysis status (31.07)

What is achieved so far:

— Neural network is implemented
— Training process is optimised (GPUs are used)

— Trained neural network is able to predict m(H¥) for low
masses and gives shifted results for higher masses

Plans:

— Include background events into dataset for training
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Results (4-momenta, m®*"(H*) = 0 GeV, bkg— Ob

Energy reconstruction of H* (Myen(H) = 0 GeV) Pr for H* (Myen(H) = 0 GeV)
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Results (4-momenta, m#®"(H*) = 250 GeV, bkg—

Energy reconstruction of H* (mge(H) = 250 GeV) P reconstruction for H* (Mge(H) = 250 GeV)
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Results (4-momenta, m#®"(H*) = 400 GeV, bkg—

Energy reconstruction of H* (mgen(H) = 400 GeV) Px reconstruction for H* (mye,(H) = 400 GeV)
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Results (4-momenta, m#®"(H*) = 600 GeV, bkg—

Energy reconstruction of H* (mgen(H) = 600 GeV)
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Results (m”/(H*) for m&"(H*) = 0 GeV, bkg— 0‘

Mass reconstruction of H* (mgen(H) = 0 GeV)
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Results (m”(H*) for m&"(H) = 250 GeV, bkgi)

Mass reconstruction of H* (mge,(H) = 250 GeV)
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Results (m(H*) for m&"(H) = 400 GeV, bkgi)

Mass reconstruction of H* (mge,(H) = 400 GeV)
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Results (m”(H*) for m&"(H) = 600 GeV, bkgi)

Mass reconstruction of H* (mge,(H) = 600 GeV)
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Correlation plot for p,(H*)(Mges(H) = 250 GeV)

Correlation plot for E(H*)(mgen(H) = 250 GeV)
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E(H*) predicted

py(H*) predicted

Correlation plot for p,(H*)(Mges(H) = 400 GeV)

Correlation plot for E(H*)(mge,(H) = 400 GeV)
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Correlation plot for p,(H*)(Mgen(H) = 600 GeV)

Correlation plot for E(H*)(mge,(H) = 600 GeV)
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Comments on other approaches of including bkg‘t

We have tried these approaches:

— Predict for background events 4-momentum with high mass
(in our case: 103 GeV and 10* GeV) and p = 0 GeV

— Predict for background events 4-momentum randomly:
E ~ U[0 GeV,500 GeV], px, py, p; ~ U[-500 GeV,500 GeV]

Results: worse than for bkg — 0
Decision: remove (temporarily?) background events from training

CMX
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New proposal: we decided to use more complicated architecture of
the neural network. Specificially, based on some positive results
(see "ML applications to jet tagging in CMS", Mauro Verzetti) we
added convolutional input layers before the Dense Layers.
We form a table 6 x 4 with the inputs (particle x momentum).
Particles were ordered by p;.
Hyperparameters tuning gives us this set:

Number of hidden layers: 2

Nodes in each hidden layer: 50

Batch size: 175

Activation function for nodes in hidden layers: softplus

Convolutional layer: 1

Number of kernels: 4

Size of kernel: 3 x 4 (particle X momentum)
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Analysis status (07.08)

What is achieved for this week:

— Bkg was included into training (and then removed)

— Some new architectures have been tested
Plans:

— More architectures?

> 7 Consider events with more than 4 jets ?
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