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Use of ML in object
reconstruction



Example: CMS merged
photon reconstruction

CMS simulation m, = 0.4 GeV
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Use: end to end ML approach, : } jm
makes use of more granular % 8 16 24 32

information Crystal ¢ index

https://cms-results.web.cern.ch/cms-results/public-results/publications/EGM-20-001/
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https://cms-results.web.cern.ch/cms-results/public-results/publications/EGM-20-001/

Example: CMS merged
photon reconstruction

_ 4CMS Simulation m, = 0.4 GeV |
o | om oo | s Number of ECAL crystals
S o *8 2 in either direction, each
= I °6 & pixel in the image exactly
= 003 | oot 04 £ corresponds to the energy
g 1 T A 02 deposited in a single

; - I ECAL crystal.

0 1 2 3 4

A¢(y1,yz)gen [crystal units]

To improve spatial resolution: split the ECAL images described above into a two-layer image
that contains the transverse and longitudinal components of the crystal energy. And include
the crystal seed coordinates.
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Example: CMS merged
photon reconstruction

CMS simuiation m, = 0.4 GeV

7 4 . 1 <

E 0.00 | 0.00 | >

R 0.8 *§' No rotation is performed on the

» . . .

5 0.6 § Images since electromlagnenc

5 o [F R S S = showers are not rotationally

o 0.4 % symmetric. In addition to the

= Z -0 symmetry being broken by the

= 1 I S S n-¢ sy y 9 y

< 0.2 CMS magnetic field, general rotations
0 , l of square pixels are destructive
0 1 2 3 4 operations that distort the particle

Ad(y,y,)"" [crystal units] shower pattern

To improve spatial resolution: split the ECA
that contains the transverse and longitudinal COmponents O
the crystal seed coordinates.
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Example: CMS merged
photon reconstruction

RESNET CNN, outputs regressed mass in a global
maximum pooling layer. Concatenated with the crystal seed
coordinates, gives regressed diphoton mass.
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Example: CMS merged
photon reconstruction

RESNET CNN, outputs regressed mass in a global
maximum pooling layer. Concatenated with the crystal seed
coordinates, gives regressed diphoton mass.

BUT...

[ When regressing below the mass resolution, the left tail of the mass
distribution becomes underrepresented in the training set. Middle:

As mA — 0O, only half of the mass distribution is represented. The
regressor subsequently defaults to the last full mass distribution at

mA =~ o(mA). With domain continuation, the generated mass
UCHMA  (istribution of the original training samples (A — yy, red region) is
B  2ugmented with topologically similar samples that are randomly
assigned nonphysical masse. This allows the regressor to see a full g

mass distribution over the entire region of interest
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Example: CMS merged
photon reconstruction

CMS Simulation A—- 7Y %107 > CMS Simuiation Aoy
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0.8 N o \ .
§ + Efficiency
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m, [GeV]

Final result, also
validated in data



Events / 0.05 GeV
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Used in Search:

https://arxiv.org/abs/2209.06197
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https://arxiv.org/abs/2209.06197

Example: b/c-jet tagging

displaced

charged C MS

lepton

jet
Input variable Run1CSV CSVv2

_ SV 2D flight distance significance
eavy flavour et
]et Track #,e)
Corrected SV mass
Number of tracks from SV
SV energy ratio
AR(SV, jet)
3D IP significance of the first four tracks
: Track pryrel
jet | AR(track, jet)
Track pr,e ratio
) AT L A S Track distance —
= Track decay length —

Input | Description Summed tracks Er ratio —

X

| ae]ine e s )

AR(summed tracks, jet) —
First track 2D IP significance above c threshold —
Number of selected tracks —
Jet pr
Jety

S840 dy/o40: Transverse IP significance

5.0 208in 0 /0 ,04ine: Longitudinal IP significance

log pl/ ¢ log p'r®“* /p?e": Logarithm of fraction of the jet pp carried by the track

logAR Logarithm of opening angle between the track and the jet axis
IBL hits Number of hits in the IBL: could be { 0, 1, or 2 }

PIX1 hits Number of hits in the next-to-innermost pixel layer: could be { 0, 1, or 2 }
shared IBL hits | Number of shared hits in the IBL

split IBL hits Number of split hits in the IBL

nPixHits Combined number of hits in the pixel layers

shared pixel hits | Number of shared hits in the pixel layers US| ng deep sets mode| ||ng
split pixel hits Number of split hits in the pixel layers ’

nSCTHits Combined number of hits in the SCT layers jetS asS a Set Of traC kS
shared SCT hits | Number of shared hits in the SCT layers

XX X X X X X X X X X X X X X X X X

DeepCSV tagger



https://cdsweb.cern.ch/record/2718948
https://cms-results.web.cern.ch/cms-results/public-results/publications/BTV-16-002/

Input

Track 2
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I m trk features

Track 1 |
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Sdo

520
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split IBL hits
nPixHits

shared pixel hits
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m trk features

100 relu units

100 relu units

128 relu units

11y

Number of split hits in the IBL
Combined number of hits in the pixel layers
Number of shared hits in the pixel layers
Number of split hits in the pixel layers

Combined number of hits in the SCT layers
Number of shared hits in the SCT layers
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Track n
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Sum over the
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Quiz

Why so much effort on b-tagging”
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Average track multiplicity / 60 GeV
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Example: b/c-jet tagging

13 TeV, 2016
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2D IP/c of most displaced track
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Light-flavour jet rejection
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Example: b/c-jet tagging

ATLAS
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Misidentification
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An aside: ROC Curves



Signal-Background
Discrimination/ROC

Signal efficiency: fraction of signal events
From MC right of the line

Inverse background efficiency:
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Signal-Background
Discrimination/ROC

Signal efficiency: fraction of signal events
From MC right of the line

Inverse background efficiency:
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Signal-Background
Discrimination/ROC

Signal efficiency: fraction of signal events
From MC right of the line

Inverse background efficiency:
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Arbitrary Units

Signal-Background
Discrimination/ROC

Signal efficiency: fraction of signal events
From MC right of the line
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Arbitrary Units

Signal-Background
Discrimination/ROC

Signal efficiency: fraction of signal events
From MC right of the line
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Arbitrary Units

Signal-Background
Discrimination/ROC

Signal efficiency: fraction of signal events
From MC right of the line
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Arbitrary Units

Signal-Background
Discrimination/ROC
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Jet Tagging




Jet Substructure

ttH(bb)

W prime
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Motivation

e Large number of jets in final state, a combinatorial
nightmare

* |Large multijet background

Any way out”

20



Motivation

* For atwo body decay, we can write: PTy = ZPT
. . o PTy = (1 — E)pT?
* For a (quasi)collinear splitting:

M? = (E: + E2)? — (pT, +pT,) X (PT, + PT,) = 2PT,PT,
* |In terms of the angular separation:

AR® = 4M°/pr

27



Jet constitL

e

ts are almost massless, then

how can |e

ts I

ave mass”?
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Jet mass

Jet mass: the constituents of a jet usually have zero or very small mass, however the jet
itself often ends up having a non-negligible mass, as the jet mass can be calculated as:

1y — 2 =.\2
m = \/(ZiejetE’) o (Ziejetp’) ’

29



Motivation

)
\S)
\S)

— B R L R I I IR UL n
= 20 ATLAS Smuaton - o . :_ ATLAS Simulation Ifgg
T 18- Pythia Z> i, t > Wb~ I Pythia Z'— tt, t = Wb
< 160 E < 3 /=160
1.45 - . ERLE
1.2 - - 1 =120
i - 2F | 100
0.85 - 150 {80
0.6F - £ 3160
0.4 = - 18840
0.2F - 0.5 - 20
%100200300 400500 600700800900  ° %100 200 300 400 500 600 700 800 °
P [GeV] pY [GeV.

A large radius jet of R = 2m/p1A2 can contain all decay products
30



High pr means
transverse Lorentz boost!

More probable with
higher LHC energy

Hadronically decaying top quark, Higgs/W/Z bosons, new
heavy particles ...

31



Vool

Leptonic \/ /h" “

side 2 =

P 4
h-jet Hadronic

— | ,» Side

( —
/((\‘ﬂ"
of /

Je
Hadronic side
‘qr' \qq‘ !
®° | .
. | @ .
h

32



- 271516
. ' +: TTEE0ET
15-07-13 09:33:38 CBS?
e

EXPERIMENT

C:MIUSTBIC CONED

made on img




Signal vs Background

The boosted jet coming from top quark (hadronic) decay
should be distinguishable from the boosted jet coming from
events with no top quarks.

Low top pr High top pr We want to exploit the
“substructure” of the
large-radius jet to
identify original particles

Background: light guark/gluon/lepton jets



Can you think of any possible disadvantage
of using large-radius jets”
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First Application

The so-called BDRS paper (Butterworth-Davison-
Rubin-Salam, 2008)

Looked at VH (V=W/Z), with H decaying to bbbar.

Charged leptons in the final state help to reduce
background.

Conventional methods result in Hob swamped by
multijet background.

36



BDRS

e Start with fat (C-A 1.2) boosted (pr > 200) b-tagged jet.

e 1. Break the jet 7 into two subjets by undoing its last
stage of clustering. Label the two subjets 71, 72 such
that m;, > mj,.

® 2. If there was a significant mass drop (MD), m;, <

um;, and the splitting is not too asymmetric, y =

min(pf- ,pf- ) 2

J% Jz_ARJl ,j2

heavy-particle neighbourhood and exit the loop.
Note that y ~ min(py;, , Ptj,)/ max(pej, , Dej, ).

> Yeut, then deem 35 to be the

il

3. Otherwise redefine 5 to be equal to 57 and go back
to step 1. .
1= 67  Yeue = 0.09



BDRS

e Start with fat (C-A 1.2) boosted (pr > 200) b-tagged jet.

g1y < Lipp,

Rair = min(0.3, Ry5/2)

38



BDRS

e Start with fat (C-A 1.2) boosted (pr > 200) b-tagged jet.

® De-cluster the jet. At each stage, mass drop and
symmetric splitting requirement.

e Continue till an interesting splitting has been found.

mass drop filter

39



BDRS

* Then use the three hardest %
b-tagged subjets to (re)form @

the large-radius jet. g
 The mass of the large-radius E
jet Is Higgs boson mass.

« Fora 115 GeV Higgs, 450

for 30 fb-1.
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Lessons

 \We need to clean the jet.

* \WWe need observables (like jet mass) to discriminate
signal against background.

* BDRS technigue did not work in ATLAS/CMS
directly.

41



Jet Grooming

e Jets need to be "groomed”.

e Need observables which would be sensitive
to signal-like or background-like nature of

these |ets.

Why?

The large-radius jets n

coming from the int

eres

pileup,

O

- only include partic

'

unde

42
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Jet Grooming

e Jets need to be "groomed”.

o © 0141 433 6627
m Seottond s W Kound 07855 6655 99

M Speceattd Restoration Speciabisls @ office@trojanjets.com

Home Drain Care & Repair Surface Restoration Cleaning Services Carpet & Upholstery Vehicle Valeting

Landscaping Facility Mantenance All Trades High Pressure Cleaning 24/7 Call Out Gallery Contact

Cutting, Trimming, Pruning

Hedges by design, are usually (but not
exclusively) maintained by hedge trimming,
rather than by pruning. We can maintain your
hedging any size, anywhere, and our
maintenance can be arranged to be carried out
yearly for effective long term management. We
can also shape your hedging as requested.

Our experts can maintain and improve lawn and
grassy areas of any scale. We can control weed
issues through cultural weed control (essentially
removing the weeds by hand) or through
selective chemical weed killing which can control weeds without damaging unwanted shrubbery.

43



Mass drop filtering
Pruning
Trimming

Soft Drop

Jet Grooming

44



Soft Drop

Start with a l

it is split into last two subjets

Otherwise the higher pr subjet is taken asi]
and iterated ... |

Advantage: can be compared directly to analytic
calculations



Tagging boosted objects:
observables and taggers

(&} Desktop Help » Connecting

particles!

| Tag M your posts
Friends
Add tags to anything you post,

Tags can point to your friends
Like or anyone else on Facebook.
Adding a tag creates a link that
people can follow to learn

more.

Lists

Target is to identity jets resulting from the decay of top quark
or Higgs against jets coming from light quark/gluons.




Mass
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Mass peaks clearly visible over background!



Subjet multiplicity
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= [_] Syst. uncertainty =

800 —— Exp. uncertainty =

600 = . * —— Mod. uncertainty —;

400E- E

200F- E

— | = . | -

E 2F | | — | =

R T e RN s — o, i

g, L . . —
'a 0 2 4 6 8 10

Subjet multiplicity
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ki splitting scale

VvV dij = min(pri, prj) X AR;j When Combining
two subjets with
ki algorithm:

% —I TTIrT I LI I LI I TTIrrr I Trrr I TT1rrr l TIrorr | LI I L [ L l— 3 I ' I l l ' l ' =

@ 10000~ ATLAS w2010 Data, | L= 35pb" » —e— Data (Syst + stat unc. ATLAS 3
C . ] (Sys ) - .

v  anti-k, R=1.0 jets . ] - 25 ALPGEN+HERWIG Data 2010 (V'S{ =7 Tev) ]

2 5000l 300 < p, < 400 GeV —— Pythia B 3 SHERRA (MENLOPS) f‘L_dt = 36pb .

- | NPV = 1, |y| < 2 . | ° i : V'. 02 > 20 GQV -

N e Herwig++ ] © 2= -=-- MC@NLO W s v —

i 4 . ——— POWHEG+PYTHIAG da -

6000~ | _ = ] 15—~ FUORLEGE WL R - s

; | R

- | 1 | | —

i 1 —— .

- 7 B2 -

‘_ ] 0.5 C — .

= ] Sy ]

C . 0E — : 1

S 1 = T \'-;-;;-‘-‘-'-:ﬂ:

S z —— H— r—-fn.:a =

= = I —— 3

L I I I I 1 I L I 05 = {-M.J"‘“"' -

0 10 20 30 40 50 60 70 80 _ 90 100 Bt e ——— =

- 1 L 1 1 1 1 1 L

\/dm [GeV] 107 !

V/0a/d2

Symmetric for heavy particle two body decay
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Step 0:
Input momenta

Merge 3 — 2

P23

Step 3:
Merge 1 — 0



N-Subjettiness

Quantify the degree to which jet radiation is aligned
along specific subjet axes.

y Smaller values: N or less

-

1 | energy deposits
' dlsmme to nearest subjet Larger values: more than N
d,=R X sum of p, of all constituents energy deposit

™~-1 > Tn for N prong substructure

Calculated by ki clustering the constituents, and requiring
exactly N subjets
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N-Subjettiness

The ratio of ™n/Tn-1iS used as discriminant

Events / 0.04

Data/MC

More like 2 subjets than 1

T T T I T T T | T T

_ ATLAS

 \s=8TeV,20.3fb"

1200 — anti-k, R=1.0 jets

[~ Trimmed (f =5%,R =0.2)
cut sub

1400

1000 - Iml<12, P, > 200 GeV
Mass Cut
800
600

II|III|III|III|II]

I T T T | T T T I T
——— Daia
3 tt (W) (POWHEG+Pythia)

B Single Top (W)

3 tt (non-W) (POWHEG+Pythia)

[ Single Top (non-W)
B W-+jets

[ Z+jets

(] Diboson

B QCD Multijet

7 Uncertainty (Stat. Only)
N Uncertainty (Stat.+Syst.)

III|III|III|III|III|III|III|

—
N

WTA
121

W-like <= MJ-like
- -

Events / 0.06

Data/Sim.
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More like 3 subjets than 2

T T T T T I T T T T T T I T T T

900~ dus ATLAS
— [ tt (matched)

800~ 37 i (not matched) Ldt=20310", Vs=8TeV

700E Wi Trimmed anti-k, R=1.0

600 E @ Z+jets
— [ Syst. uncertainty
— Exp. taint

5005~ B uncertanty |

400E- -

300F Yt

200F-

100E- 2 ]

15 G — L T Ff

1 %..7’.‘—.— ............. .-.—._'_........_.‘._.?.ru._._....;;._.+.. .....
0.5 F — |

0 02 04 06 08 1 1.0
Large-R jet 1,

Top-like g MdJ-like
- -



More like 2 subjets than 1

0] I L L — T ]
o L _
° C  _e— 2010 Data, I L = 35pb’ ATLAS -
~ 6000 -
5 - Pythi .
5000 ~— -
E ------ Herwig++ E
4000— ]
3000(— — -
: T o
2000 —o- —]
C anti-k, R=1.0 jets ]
1000 300 <p <400 GeV e -
- Ney =1, ly[ <2 i‘_’;
- 1 1 I 1 1 1 I 1 1 1 I 1 1 1 N
[0 1 8 E T =
© 1.6 =
e 1.45— oo _g
o 12 SR
= 08E E
0.6 =
0.4 E_l : —g

0% 02 04 06 08 1 1.2

W-like <= MJ-like
- -

N-subjettiness t,,
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Jets / 0.08

N-Subjettiness

The ratio of Tn/Tn-1is used as discriminant

More like 3 subjets than 2

— T I T T T l T T T I T T T I T T T l T T —
12000~ _ o 2010 Data, I L=35pb" ATLAS
10000~ Pythia ~

8000:— ------ Herwig++ == _:
e000- | e —

[ anti-k, R=1.0 jets i

4000[. 300 <Py <400 GeV B
B Npy =1, |yl <2 7]
2000(— -
o 1.8 B ' ' =
g 1.6 =
1.4F L 5
O 1'%5: ‘\_'—h_'—l_._ I—'_ E
= 0.8E] et E
0.6 E
0.4F gooiee E
0% 0.3 04 06 0.8 | 1.2

N-subjettiness 1,

Top-like g MdJ-like
- -



Energy Correlation
Functions

Discriminate between:

L=

q/g

W/Z/H

& L
)
{
L
Signal: Two-prong jet Background: One-prong jet
Characteristic angular size No intrinsic angular size

determined by mass
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ECF

Over all constituents (beta: angular exponent):

ECF(N+1) << ECF(N)

ECF(2,) = 3 pripry (Riy)? < ioc o s Zanderig
ECF(3,8) = Z pri prj Pric (Rij Rk Ris)’

i<j<k

ECF(N,B8)= ) (N energies) x ((g ) angles)ﬁ

sets of N

for N subjets

Define (double) ratio = [ECF(N+1)/ECF(N)]/[ECF(N)/ECF(N-1)]

ECF(N + 1, 83) ECF(N — 1, 8)

(B) _ : : :
On = ECF(N, §)? Analogous to N-subjettiness ratio

The energy correlation double ratio Cn effectively measures higher-order radiation from
leading order (LO) substructure. For a system with N subjets, the LO substructure consists
of N hard prongs, so if Cn is small, then the higher-order radiation must be soft or collinear

with respect to the LO structure. If Cy is large, then the higher-order radiation is not
strongly-ordered with respect to the LO structure, so the system has more than N subjets.
Thus, if Cn is small and Cn-1 is large, thengye can say that a system has N subjets.



ECF

For this multiple soft radiation case,
with only 1 real subjet

E5 Cz > 121

Er
% Nsubjettiness will identify this as

more 2 subjet-like while ECF will
identity more as 1 subjet-like

D-observables are further optimised by exploiting boost-
invariance of the difference of one and two prong
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Normalised Entries

0'16; ATLlAS Sirlwulationl | | | | i
0141 \s=8 TeV 24 W-jets (in W— WZ)
C n"™M<1.2 22 Multijets (leading jet)
0120 350<p ""<500GeV  ---cG&T _ 509 -
[ M Cut i
0.1 | anti-k R=1.0 jets _]
L Trimmed (f =5%,R =0.2) i
O 08 - cut sub __
- 7 . .
0.06F i 7y .
- B ]
0.04- : -/,! .//7///_ ]
0.02f- 7 %, -
Vet 2 k&5 §
AT T R T T T

O 0.05 0.1 0.15 0.2 0.25 0.3 0.35 04
(B=1)

C2

ECF results
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a\

/0.1

Events

Data/Pred.

1101010 S5 B L BN B LI B LN BRI LR BRI =

~ ATLAS Preliminary —e— Data 2015+2016 ]

- Vs=13TeV, 36.1fb" [ tt (top) -

12000: AR(large jet, b-jet) > 1.0 E’ % E(mer) 7

10000__ Jet Pr> 200 GeV [ Single Top (W) _

— B Single Top (other) -

— ] Wijets _

8000 B VV, Z+ets, QCD —

B Total uncert. _

— I Stat. uncert. -

6000— —— tt modelling uncert. ™
4000
2000

1 5 ............................................................................................................................................

Trimmed large-R jet D,



Matrix—-Element

Templates

Shower Deconstruction

Some of the tools developed

Jet Declustering

for boosted W/Z/H/top

Seymour93

YSletter

Mass-Drop+F|Iter

JHTopTagger

CMSTopTagger

HEPTopTagger Twist
(+ dipolarity) __J

reconstruction

Jet Shapes

ATLASTopTagger

— Planar Flow

N-jettiness

Pruning \ /
Trimming /
ACF

CoM N-subjettiness (Kim)
N-subjettiness (TvT)

|

Qjets

AN —

Multi-variate tagger

apologies for omitted taggers, arguable links, etc.
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HEPTopTagger

Browsing through all the branches of jet recombination history:

mass-drop

undomelastshepofchsterng |fn11 > 30 GeV,
further decompose |1
Mcut

we want to tag a top like this first find large-R (1.2/1.5/1.8) jets with C/A my = my: if my > 0.8 m, throw away me

© filtering
=>

re-cluster using C/A with
' . - Rfilter = min{ 0.3, ARK?2 )
constituents in the triplet 5 hardest filtered jets are taken,
- P compare with top window [140,
e. 200] GeV
ED \\ ,
re-cluster constituents of \ ' W mass requirements TOp tagged'
Neubjet 3 leading jets using C/A with Rjet \ b M
3 leading pr subjets out of 5 Rijet exactly 3 C/A jets are built e " Ly fw
032112013 (ordered in pr) . 20
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> IR IS L RN IS LIRS RS RS
© 6000 Lo
O - J Ldt=20.3fb" ATLAS Preliminary
o C —8— Data 2012 1
—~ 5000 y{s =8 TeV =1 -
9 B h. @ Single Top -
@ C D Z+ets .
4000 s Statistical uncertainty ]

] C/ALCW jets with R=1.5 ]
3000~ -
2000} -
10001 -

%100 200 300 400 500 600 700" 500

HEPTopTagger results

Jet Mass [GeV]

500

400

300

Top Quark Candidates / 4 GeV

100

OO

B [ I [ [
- ATLAS Preliminary

.[Ldt=203fb1
/s =8 TeV

—&— Data 2012
C

[ WHjets
@ Single Top

Illlllllll[

Illlllllllllll

-c -1 ety
30 60 90

Before and after tagging by HepTopTagger

Pileup resilience
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What does H

2 In H

PTopTagger stand for?
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Shower deconstruction

Top

\5 / Top quark jet

shower history

Light quark et
shower history
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-e- T T 71T I T TT l LI l L ] L L I L L | L L
25l ATLAS Preliminary Simulation = Anti-k, R = 1.0 -
=2 - » Calorimeter clusters ]

C Z' > ttevent,m,. = 1. eV 7

e Decompose the large- |
radius jet into small L) :

radius subjets.

e Build all possible shower R A R
histories with the subjets. < e T

e Assign probability
whether signal-like or
background-like.

e A single analytic
function:

X({p}N) _ P({p}N‘S>

P({p}n|B)




Events

Data/Sim.

600

500

400

300

200

100

SD with data

TLAS

- —e— Data

- [ tt (matched)

— [ tt (not matched)

— [ Single top

— [ W+jets

— [_] Syst. uncertainty
—— Exp. uncertainty
—— Mod. uncertainty

A
j Ldt=203f0", ys=8TeV

“anti-k, R=1.0
C/A R=0.2 subjets
p, > 350 GeV

_ e
............. '..;.L...f*mw_ M

-6 4 -2 0 2 4 6 8 10
SD In(y)

LogChi

modelled well
by MC
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Signal over background
discrimination

) BN LN B LN BN BN B
% _ ATLAS Preliminary Simulation
2 02 (s=8Tev —
— N T LT TS
o - .
- X (Pass) L .
- | "7SD _
S 015 7 m=175Tev) g |
(s - - Dijet '
@ - s
w o ]
0.05 .
0 | Pt | z—|—|_|rl I | ) l_l=1=,
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Tagger Comparison (W)

—_
o
N

10°

—_
o
N

T IIIIIII.'

Background rejection (1 / g,

T TTTTT

T

—— DNNW ATLAS  Simulation Preliminary
..... BDT W \s=13TeV
e 2-var optimised tagger anti-k; R=1.0 jets, ™" < 2.0
D2! mcomb [60, 100] GeV Trimmed (fcut = 0.05 Rsub = 0.2)
pﬁ“‘h = [500, 1000] GeV
W tagging

E Better! .
I 1 1 1 | L 1 1 1 | MI L 1 1 | | I I |
3 04 0.5 0.6 0.7 0.8 0.9 1

Signal efficiency (eg,)
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W tagging
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Signal efficiency (eg,)



Tagger comparison (top)

—
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o
™

||||||Illlllllllllllll]lllllllllll
—— DNN top ATLAS Simulation Preliminary
..... BDT top Is=13TeV
---------- Shower Deconstruction anti-k R=1.0 jets, 0" < 2.0

e 2-var optimised tagger Tfimmed (f  =0.05R_, =0.2)

Ao HEPTopTagger v1 P =[1500, 2000] GeV
----- T, mM®™ > 60 GeV  Top tagging

—— DNN top ATLAS  Simulation Preliminary

..... BDT top Is=13TeV

---------- Shower Deconstruction anti-k; R=1.0 jets, """ < 2.0
e 2-var optimised tagger 1fimmed (f =0.05R , =0.2)
Ao HEPTopTagger v1 pI*" =[500, 1000] GeV

----- 1, M®™ > 60 GeV  Top tagging
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| IIIIIII|
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>

Background rejection (1 / &
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Signal efficiency (eg;,) Signal efficiency (&)

Better top quark finding efficiency with SD at the same
rejection of multijets when compared to other taggers
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Example: top tagging in ATLAS
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Example: tagging in CMS

Particles

= o mey R e e =
S i oo

particles, ordered by pr R Fully

connected Output

qg — ]:Il_Lll_l_l_l_l_l_l ! ] (I layer)
*05)‘ I

T
=" "SVs, ordered by Siap

DeepAKS8: a multiclass classitier for the identification of
hadronically decaying particles with five main categories, W/Z/
H/t/other. A mass-decorrelated related version as well.

https://cms-results.web.cern.ch/cms-results/fublic-results/publications/JME-18-002/




Example: top tagging in CMS

QCD

CMS simulation

pixel

IIII|IIII|I

—
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IIII|,|,|,I IIIIlI|_|,| 111

> -
— " 35
0 X
'S 30F
1072 -
25
1072

o
L

107

CMS simulation

top

LL1iil

ALULIII 11 IIIIII|

Ensemble of
overlaid
images after
the image

: ; post processing
O:I-Illllllll IIII|IIII|I 10—7 O'_l-lllllllll IIII|IIII|I 10—7
0O 5 10 15 20 25 30 35 0O 5 10 15 20 25 30 35
pixel pixel
X X
Inputs
6x37x37
PFIDColors 128x37x37 64x36x36
— . . 64x18x18 64x}7 64x.17 " Gi\
. = | ] =] ™ 0 AN
The ImageTop network architecture. The neural network ’ . . MaxPool 2x2 Dense
inputs are the 37x37 pixelized PF candidate ${p_{\mathrm Comrand Comaeg  MaxPool2x2 Convdxd  Conv4x4
{T}}$ map, which is split into colors based on the PF
candidate flavor, and the DeepFlavor subjet b tags applied
to both subjets. The pixelized images are sent through a 256 256 256
two-dimensional CNN, and the subjet b tags are inputs to a \\ AN top
dense layer. After flattening the CNN, the two networks are Merge \ \ \
taken as input to three dense layers and finally to the two- Inputs QCD
node output, which is used as the top tagging discriminator. 13 Dense
SJ1
b,bb,blep,c,uds,g e{\
‘ Msp
SJZ }nse
b,bb,blep,c,uds,g
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Example: top tagging in CMS
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Experimental Considerations
in Jet Tagging



Truth Labelling

* In order to calculate the efticiency of the taggers,
the labelling of the initiating particle is necessary.

* [Three step process: match jets to truth jets, truth
jets to truth top/W, then partonic decay products of
top/W to match jets. Rather generator dependent.

» Update: b-hadron ghost associated, and mass/k:
splitting scale requirments.
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Containment
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Mass Sculpting
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