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What do we identify?

e 7t —v+hadrons - TAU-16-002

» Jet tflavour:
e b-jets - DP-201/7-013
e C-jets - BTV-16-001
e quarks vs. gluons - CMS-JME-16-003

 Boosted objects:
e t = bgg - CMS-JME-16-003
« W/Z = qq - CMS-JME-16-003
e X = bb (not discussed in this talk) BTV-15-002
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TAU-16-002/
http://cds.cern.ch/record/2243476/files/DP2017_002.pdf
http://cds.cern.ch/record/2205149?ln=en
http://cds.cern.ch/record/2256875/files/JME-16-003-pas.pdf
http://cds.cern.ch/record/2256875/files/JME-16-003-pas.pdf
http://cds.cern.ch/record/2256875/files/JME-16-003-pas.pdf
http://cds.cern.ch/record/2195743?ln=en

Why? - from our spokesman LHCP highlights
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SUSY Searches .

(cm-2s?) Top pair production at 13 TeV CM

energy is mainly (80%) produced by

2.11x10%* gluons, providing important

1.51x1034 information on the gluon distribution
at relatively high x, up to ~0.25
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Broad program: 19 searches completed with full 2016 CMS dataset,

with several already submitted to journals

* Probing different models (inclusive production, strong and electroweak
production, and 3" generation sparticles (stops)

» Different final states(with leptons, photons, jets) and analysis techniques
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CMS
Higgs >t Ny

Four decay topologies for t*t™: ey, et,,ut,, T, T, HIG-16-043
Three production modes: O-jet (gg), VBF, boosted (addrtional
objects)

Irreducible sources of systematics: W+jets, DY Z/y =2 l,tr, t-tbar,
QCD
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Boosted Objects, e.g., M
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Traditional cut-based
approach on isolation.

Additional MVA (BDT)
approach including strip shape
and lifetime information

MVA approach outperforms

the cut-based one
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https://cds.cern.ch/record/2255737

Heavy flavors
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http://cds.cern.ch/record/2243476/files/DP2017_002.pdf

Heavy flavor jets
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http://cds.cern.ch/record/2243476/files/DP2017_002.pdf

Heavy flavor jets

multi-layer perceptron + likelihood

36 fb!, Vs =13 TeV, 2016
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http://cds.cern.ch/record/2243476/files/DP2017_002.pdf

Charm tagging

Use two BDT's to discriminate the charm from the light and

B components

(13 TeV)

5 1_| T T | [ | [ | [ [ | T l T | [ | [ | [ | T T I_

= - CMS tt simulation o N

f= 0'8:_ Preliminary p’:t >20GeV, n |<24 A

E osf M E

| v ," -*"E:‘f :'““_’ ?ﬁ.?'-’"x"“"' :

B 0.4 : : 2 —

o L L ]

m 0.2F ” -
O 0OF
-0.2F
-0.4-
-0.6[—
-0.8F

_1:I [ | L 11 | L 11 | L 11 | L 11 | L 11 | L 11 | L 11 | L 11 | [ I_

-1 -08-06-04-02 0 02 04 06 08 1

CvsL Discriminator

Mauro Verzetti - U. Rochester

light efficiency (€"9")

—
<

(13 TeV)
T | T T T T T T T T T T T 1T |
L — (o)
- CMS (ec = 90%)
- Preliminary
- tt simulation
L je (o)
p‘T‘>20GeV (SC — 40 A))
<24
E charm efficiency contours
: O £°=0.2 O &°=0.25
i =03 o €°=0.35 i
L 2 =04 €° =045 L™ i
c=0. . ec=o _ o)
i €°=05 €°=06 \.‘ (EC — 20 /O)
+ €=07 =08
" =09 i,
_I | | | | | | 1 1 1 | | | | | | 1 1 1 | __
1072 107 1
bottom efficiency (€P)
12 BTV-16-001



http://cds.cern.ch/record/2205149?ln=en

Heavy flavor jets with DNN — DeepCSV
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http://cds.cern.ch/record/2243476/files/DP2017_002.pdf

Heavy flavor jets with DNN — Trying deeper networks
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Dense

Secondary Vix (8 features) x1

Global variables (12 features)

100 nodes x 5 layers

Output classes:
b, bb, c, |

Deep Flavor

Charged (16 features) x25

1x1 conv. 64/32/32/8

Neutral (8 features) x25

1x1 conv. 32/16/4

Secondary Vix (17 features) x4

1x1 conv. 64/32/32/8

Global variables (6 features)

Mauro Verzetti - U. Rochester

Dense

350 nodes x1,
100 nodes x6

Output classes:
b, bb, c, |
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Heavy flavor jets with DNN — Trying deeper networks

—

AL

-k

FETTT

T LU T TR PR vkt b e et
CMSSImUIatlonPfellmmaly ______________
_QCD events -
. AK4jets (150 GeV<pT.<300,G,eV) S SRS S 4

P T o M T L B e e RmEREEEE e
C SSImulatlonPrellmm ____________________ S
it events A
- AKdjets (p..> 30 GeV)

-1~ DeepCSV

b s o4

| = noConv

-1 — _DeepCSV ,’ ....... '.;:.‘.,' ................................ —

misid. probability
o

misid. probability

.| — DeepFlavour

T TTTUT SUTTTTTTTTTINY UTTOTTT _’a_._'“____’_l‘,_j__;_’_,f __________________________________ —ung _, ............... '..’...’ ................................................................. _udsg '_
"' ',' ’,l "'C ‘,‘ ’¢‘ --.C

- . S -3 .. t i ' i / -

10 3 ST TR Attt vt SR (e ettt it (B A S SHTHIRHH St R 10 o SHOGT St S o R S o i T Ty =l

0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1

b-jet efficiency b-jet efficiency

Deep Flavor

Charged (16 features) x25 1x1 conv. 64/32/32/8

Neutral (8 features) x25 1x1 conv. 32/16/4 Dense

Output classes:

350 nodes x1,

Secondary Vix (17 features) x4 1x1 conv. 64/32/32/8 { 100 nodes x6 2 leley &

Global variables (6 features)

Mauro Verzetti - U. Rochester 15 DP-2017-013



http://cds.cern.ch/record/2243476/files/DP2017_002.pdf

Quarks vs. gluons



Quark / gluon likelihood
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fragmentation
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Boosted resonances



Boosted objects

Low top prt High top pt
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Efficiency

Boosted objects - W/Z tagging

Cut-based approach SoftDrop mass and to/t+

Alternative tagger with mass/pr decorrelated (DDT approach)
Flat fake rate (advantage for background estimates)
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Boosted objects - top

Multiple approaches (cut-based or MVA) leveraging SoftDrop
mass, 1s/12, Sub-jet pair masses, and sub-jet b-tagging
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-16-049/index.html

Summary / Outlook

 Hadronic objects are of paramount importance for the
CMS physics program

* Wide range of objects identified
e T —v+hadrons
e Jet flavour (b, ¢, quark/gluon)
» Boosted objects (top, W/Z, X = bb)

» Constant struggle to improve current performance and
identify more objects
* Modern machine-learning tools introduced wisely can
greatly boost the performance

Mauro Verzetti - U. Rochester 22
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Boosted tau tagging
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b-tagging performance measurements

36 fb", {s=13 TeV, 2016
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Boosted b-tagging

------------------------------------------------------------------------------------------------------------------------------------------------------------
g .

\ Fatdet: CSVv2 w/o retraining.
\ Custom (relaxed) track and SV
association directly on anti-k10.8

* *
lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
------------------------------------------------------------------------------

Sub-jet: CSVv2 w/o retraining
applied to sub-jets (soft drop,
pruned, etc...). Used for boosted top

-
- )
N Double b: dedicated training
targeting boosted resonances X—bb
\ double-b /
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Boosted b- tagglng

**

CMS Simulation Preliminary (13 TeV)
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Tagging efficiency (H—bb)
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SoftDrop ( arXiv:1307.0007, arXiv:1402.2657) and pruning
(arXiv:0912.0033)

CMS Simulation
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