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Introduction

>= 4 jets, >= 2 b-tags

AAnalysis Grand Challenge H = onm
ADeveloping and testing workflows envisioned for thelHIC I | —t
AShowing the performance and scalability o b

Uproot T 2000 1
A Specification of a physics analysis i;r_.-—==:_

A <dcrosssection measurement
A Top-quark masseconstruction
A via simplified conventional approaches
A via machine learning
A 2015 CMS Open Data U 2
A Handling systematicariations
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Airis-hep/analysisgrand-challenge

ARDataFramé& AGC project
A root-project/analysisgrandchallenge

reconstructed top mass
E=cabinetry

service
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https://github.com/iris-hep/analysis-grand-challenge
https://github.com/root-project/analysis-grand-challenge

RDR&: AGC project

ALYLIX SYSY Ul adA2y 2F 1yl féara DNy
analysis interface
ARDataFrame
Aflexibility to express virtually any HBRalysis
Aallows execution of any C++ code
Aseamlesscaling out to computinglusters

At N22S00GQa 321 fa FT2NJ adzyYSN)
AUpdateRDataFramémplementation to AGC v1
AUpdateRDataFramémplementation to AGC v2



ootanalysis specification

1. Analysis taskstrosssectionmeasurement 5. Calculation of observables

5 ¢ q q Reconstructed top mass
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<pair production 6. Systematic uncertainties
2. Input dataset2015 CMS Opebata A Jet kinematics variations
3. Event selection A Eventweights variations
A Semileptonicdecay channel 7. MachinelLearningComponent
A 2jets 2 bjets 1 lepton A Jetpartonassignment

4. Account for weights A BDT


https://cms.cern/news/first-cms-open-data-lhc-run-2-released

Moving to the latest AGC version

V Data schema

Selection cuts

Machinelearning

jets jets, tagged SN2y a
POET
A P> 25 GeV é Pr>25GeV 1 & p > 25 Gev None
1 NanoAOD b-tag > 0,5
A P> 30 GeV
A P>30Gev [A|'|<21
5 NanoAOD é :D,T|><38 fev Al'l<24 A sip3d < 4 BDT to predict jeparton
SR A btag > 05 |A cutBased=4 assignment irdlevents
A jetld == 2T .
A jetld == A tightld

A prellgoO4_alu <0.15

A Switched POETew input data schemaNanoAOD

A tag vl

A Added new selection cuts of version 2
A root-project/analysisgrandchallenge

A Added boosted decision tree inference for the-petrton assignment
A andriiknu/agcroot/tree/ add_inference



https://github.com/root-project/analysis-grand-challenge/releases/tag/v1.0.0
https://github.com/root-project/analysis-grand-challenge
https://github.com/andriiknu/agc-root/tree/add_inference

Top mass reconstruction

A Semileptonicdecay channel
schema b

AThe top mass is a mass of three jets

(@) —

AAt least four jets in every event We

AChoose three jet combination g
which is the product of top decay k.



Trijetcombination

A Consider alfrijet combinations

A Assign them some propertiefe@tures
Als there at least 14agged jet? i§ool)
ATotal transverse momentum
A Set some criteria how to conclude from these properties (features) vihijeh is
the best candidate for being top decay product
AChoose the combination with the largest combined transverse momentum



Histograms validation against reference

RDataFrame
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All of 122 histograms are in perfect matching-bybin alignment




Machine learning component: why IS
needed?

AThe way explained previously to geriget combinationistoo rough
AWhy only two properties (features)? (mBxand b-tag)
AThe criteria were not very reliable

AMachine learning allows us to create more complicated schemas to
choose the best option

AWe can construct many more properties for jet combinations to
express more physics

ABy using ML we delegate the work of making decisions to the
computer




Boosted decision trees

A Decisions are made via decision trees length

- 10

A A decision tree takes a set of input features and splits input K
/ 1
N

data recursively based on thossatures

A Allows estimate probability to be a candidate of top decay

by much more complicated logic: chain of decision e

A Increasing the depth of the tree allows for expressing the/ \\m

logic of arbitrary complexity

A The magic occurs because we can: . 2 ]
. . charge
A create a forest of decision trees 100

A delegate to the computer to draw the content of each o \
tree by fitting the model with data (training) X

\

(. ] 0.6

The image takethere

(.05
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https://indico.fnal.gov/event/15356/contributions/31377/attachments/19671/24560/DecisionTrees.pdf

ML implementation

Almagine event with four jets
A Assign the label to each jet:

Ab

W, orb

top-lep?

top-had

ABuild allunique permutations of 4ets

jet, jet, jet, jet,

W btop—lep blop—had

jet, jet, jet, jet,

V'

W blop—lep btnpfhad

jet, jet, jet, jet,

W bmp—lep btop—had

jet, jet, jet, jet,

L=<

W biop—\ep btn p-had

jet, jet, jet, jet,

W btop—lep blop—had

jet, jet, jet, jet,

W blop—lep b‘mp—had

jet, jet, jet, jet,

W bmp—lep btop—had

jet, jet, jet, jet,

w btop—\ep btn p-had

jet, jet, jet, jet,

W bt lep bl had

jet, jet, jet, jet,

jet, jet, jet, jet,

w b b

pppppppppppppp

jet, jet, jet, jet,

w blop-\ep bto p-had

(not only 2
ABDT inference gives the best candidate

top-lep

see full details at officiadGC documentation
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https://agc.readthedocs.io/en/latest/index.html
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Validation of ML output histograms

RDataFrame
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A1211 out of a total of 1220 histograms are perfectigtchedbin-by-bin!!
A9 of them are within tolerance of 1%
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A The time scale is logarithmic

Benchmarks
A Dataset of total size 1.78 T®40160174vents

517818 & time ® memory o
2555 8
1429- —
| o ©]
7281 o - ¢
_ §4_
3741 o
‘ °
206 o 2
o o
126 { S — o & * ol
1 8 16 32 04 1 2 4 8 16 32 04

Number of threads

A Total throughputfor 64 cores 7.4Mvents/s
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A Speedup up to 41x



The main achievements

A{ ¢ A (il OK S RDataRramingpementation of AGC to version 1.
AUsed new input data schemB&noAOLD

A{ 4 A (i OK S RDawaRrémtinipiementation of AGC to versich

ADefined new selection cuts (slide 5)

AAdded calculation variables which are input features for machine

learning inference

AAdded implementation of ML inference
Aw h h RRaidrameintegrated with the C+¥FastForeslibrary

AValidation

AWe are in good agreement with IR

P reference implementation

AThe performance benchmarks show good scalability
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Thanks a lot for your attention!
Questions?
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Backup
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Input data

[ Input datastruct }

¥>rocesseS

[ﬂ [i-chan} [ c‘}chan] [ W -chan] [ w -jets ]

Variations

i &avaidi o aed|dp Qu @i [ PSL &

Datasamples

A 2015CMS Open Data

A 9 subsets of root files produced in MC simulation
A 5interaction channel#\ 5 processes involved

A 4kinds of variationg\, given as 4 additionalets

Data schemas
A Physics Objects Extractor TGBDET)

Fields

A NanoAOD
(Electron ] Muon

y

jet

jet

b-tag



https://cms.cern/news/first-cms-open-data-lhc-run-2-released

Observables

Signal regior{reconstructedop mass:

>=4 jets, 2 b-tag
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Top-quark mass peak plot

Control region(sum of the=s of all jets in each event):

>=4 jets, 1 b-tag
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Scalaisum of transversenomenta plot

A



Comparisorof ML outputhistograms

Coffea
7000 - BN ttbar

W single top_s chan
6000+ B single top_t chan
5000 - Bl single top tW

B wjets

4000
3000
2000

1000

100 200 300 400 500
mpji [GeV]

A built-in anotherway to generatgoermutations
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