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b-tagging

JINST 13 (2018) P05011

*Several signatures of b-jets

*Displaced tracks

*Secondary vertices

*Soft leptons
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Combined taggers
CSVv2

*Displaced tracks
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b-tagging

*Several signatures of b-jets

*Displaced tracks

*Secondary vertices

*Soft leptons
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Combined taggers

CSVv2 tracks

Super Combined taggers
A\ AY/A\Y
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DeepCSV

JINST 13 (2018) P05011

*DNN with similar input as CSV

13 TeV, 2016

> 1 :I LI LI I L L I LI I LI LI LI I L I LI .,“
= [C cms . —udsg: :
'c% — Szmulatfon ... C .
Global features o i ‘ : o |
12 features [e) -t JetS : e ' 7]
8401 Pr>20 GeV _
Output classes S g ; .
= .
b O 5 RO i

Charged tracks Dense = : - 5.,' .,.:‘c o
8 features 100 nodes bb E 1072 . 9'.?_‘.).?;30 ,o". ' —
6 tracks C ) — : W At e ‘ 3
5 layers udsg = B g R O e JP : -
) — R A — csV (Run1) I
s 0 i s —— CSW2 (AVR) A
- A e —csw2 1
_ RS —— DeepCSV

Sec. Vertex 10 3 == .‘*’o' O —CMVF/{\VZ_:
8 features :I I 1 6: L“I 111 i L‘: 1 1 A [ 1 1 1 I 11 1 i | I T | 11 1 1 1 1 1 1 b I 1 1 I:
1 vertex O 01 02 03 04 05 06 07 08 09 1

b jet efficiency

EMILBOLS (VUB) 5




Trying more complex architectures

*Success of convolutional
neural netwo-rks for
computer vision

*Should jpets be represented as
images:

N
Electromagnetic
Calorimeter

*Challenging for heavy flavour

ID - CMS tracking information .

IS COMm plex with muen chambers
—Muon ——Electron —— Charged hadron (e.g. pion)
-==.Neutral hadron (e.g. neutron) ~ --... Photon

*Particle based architecture
instead
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Deeplet

Global features

15 features

Charged tracks
16 features
25 tracks

Conv. 1x1
64/32/32/8

b
bb
Sec. Vertex Conv. 1x1 Dense Dense lepb
12 features 200 nodes 100 nodes P
i 64/32/32/8 C
4 vertices 1 layer 5 layers
uds
d

Neutral tracks
6 features
25 tracks

Conv. 1x1
32/16/4
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Deeplet

Global features /

1x1 Convolutional layers

Automatic feature engineering

15 features /

Charged tracks
16 features
25 tracks

Conv. 1x1
64/32/32/8

Sec. Vertex
12 features
4 vertices

Conv. 1x1
64/32/32/8

Neutral tracks
6 features
25 tracks

Conv. 1x1
32/16/4

Dense
100 nodes
5 layers

Dense
200 nodes
1 layer
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De e p_l et 1x1 Convolutional layers

Automatic feature engineering

Global features

15 features

RNN (LSTM layers)
Builds summary of the information

Charged tracks
16 features
25 tracks

Conv. 1x1
64/32/32/8

RNN 150

Sec. Vertex
12 features
4 vertices

Dense
100 nodes
5 layers

Dense
200 nodes
1 layer

Conv. 1x1
64/32/32/8

RNN 50

Neutral tracks
6 features
25 tracks

Conv. 1x1
32/16/4
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Deeplet

Global features

15 features

Charged tracks
16 features
25 tracks

Sec. Vertex
12 features
4 vertices

Neutral tracks
6 features
25 tracks

1x1 Convolutional layers
Automatic feature engineering

Conv. 1x1

64/32/32/8

Conv. 1x1

RNN 150

64/32/32/8

Conv. 1x1

RNN 50

32/16/4

200 nodes
1 layer

RNN (LSTM layers)

Dense
100 nodes
5 layers

Can work as c-tagger, b-tagger and
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Builds summary of the information

lepb

Multiclassoutput

qguark gluon tagger



Deeplet CMS DP-2018/033
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Deeplet M DP-2018/058

. . CMS Preliminary 41.9fb™ (13 TeV, 2017)
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misid. probability

Deeplet

CMS DP-2018/058

41.9 fb' (13 TeV, 2017)
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Dee pJ et CMS DP-2018/058

41.9 fo' (13 TeV, 2017)
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I\/l |— St u d IeS CMS DP-2018/058

*Several ongoing studies of the 1 /s =13 TeV
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I\/l |— St u d IeS CMS DP-2018/058

= 1OOM jets
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*Several ongoing studies of the /s =13 TeV
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Summary

*The Deeplet algorithm has been commissioned in data for the first time.

Large gain in performance in data compared to previous taggers, both in the
inclusive sample and in the boosted regime.

*Several ongoing studies to optimize the algorithm, such as model distillation,
pruning and interpretation.
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QG performance
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Without conv. layer

Vs=13 TeV, Phase 1
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