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Motivation 2

A common problem: data ≠ MC, we need quality cuts

❖The usual way: 

❖manual adjustment

❖ visual inspection

❖ Slow

❖ Biased

❖What I suggest:

❖ Automated optimization

❖ Analogous to tuning ML model hyperparameters

❖ But our target is a metric describing the agreement between 2 distributions
(𝜒2, …)

❖ Less human bias

❖ Faster

❖ Better results

github.com/pkalaczynski/data_MC_autotune

https://github.com/pkalaczynski/data_MC_autotune
https://github.com/pkalaczynski/data_MC_autotune


Toy data 3

Synthetic MC and data:
❖ LHC-inspired

(„fake Z-boson” measurement)

❖ With intentionally introduced mismatch

❖ Some fake parameters:

▪ Track 𝜒2

▪ Isolation

▪ Hits Count

▪ Timing [ns]

▪ Hadronic Fraction

▪ Vertex Distribution [mm]

❖ Observable: Energy [GeV]

▪ Range: 20 – 120 GeV

▪ Signal peak: 82 – 98GeV

❖ Statistics:

▪ Data: 600k events

▪ MC: 800k events



Optimization 4

Our optimization problem:
❖ Objective minimize the loss function

❖ loss: 𝜒loss
2 = ∑

𝑤data−𝑤MC
2

𝑤data+𝑤MC

❖ Tool: HyperOpt.jl

❖ Method: Random Search



Optimization results 5

Some comments:
❖ The cut is ofc on track 𝜒2 , not 𝜒loss

2
☺

❖ We allow lower and upper bounds

because why not

❖ Overall improvement

❖ Would be more interesting to 

compare against some human-made

cuts though …



Let’s try real data! 6

Some comments:
❖ I use a random subset of 100k events to have something a bit more manageable with modest resources

❖ The dataset was originally not intended for data/MC tuning but we don’t mind

❖ MC is real, „data” obtained by reweighting

❖ What is important: it comes with a set of official cuts



Optimization 7

Our optimization problem:
❖ Same as for synthetic data

❖ Just different parameters



Optimization results 8

Some comments:
❖ Red band: excluded from the loss calculation

❖ Overall improvement

❖ The result is not really crazy compared to 

benchmark cuts



Summary & Outlook 9

Summary:
❖ Automation in data/MC tuning can really make life easier and results nicer!

❖ Succesfull test on both synthetic and real LHC data

❖ Definitely not making use of the full potential of the machinery yet …

❖ You can play with it yourself:           github.com/pkalaczynski/data_MC_autotune

Thank you for your attention!

Outlook:
❖ Try on other real data from:

▪ KMNeT neutrino telescope (data & MC already available)

▪ 3D𝜋 PET scanner developed @ Astrocent (for now only MC)

▪ … your experiment(s)? ☺

❖ Try longer searches, more sophisticated search types, etc …

https://github.com/pkalaczynski/data_MC_autotune
https://github.com/pkalaczynski/data_MC_autotune
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Backup



Performance comparison: HyperOpt.jl vs Optuna 11

Dataset: synthetic data & MC



Performance comparison: HyperOpt.jl vs Optuna 12

Dataset: HiggsML
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