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Introduction

. Excited bottom quarks (b*) |

Combination of all-hadronic and I+jets

Using PUPPI and HOTVR |

| Vector-like quarks (T/B) !
e T—1tZ(wr), BB —6b |

e Cover merged, partially merged and
resolved regime

| . .
e Different widths tested
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Heavy gauge boson (W’)

e W —tb, W — VLQ+q

 Using PUPPI + DeepAK8-MD and
imageTop-MD

b
qw ' : . >T
N w g

Disclaimer: | will present recent
results of the CMS Collaboration
with my personal selection. | will
also stress new technigues used
in the different analyses
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http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G/index.html

Excited bottom quark (b*)

\\ b’ // e Search for b* — tW
f Hl\ e Combination of |+jets (cMS-PAS-B2G-20-010)
g W

and all-hadronic (cMs-B2G-19-003) channels

b

e Sensitive variables: m, and m,y,

 Bkg. estimation from data and simulation
using control regions with pass and falil
(graphic credit to Lucas Corcodilos) ratio/ transfer function

e Using PUPPI for large-cone jets

e |+jets: using HOTVR to identify the large-
cone jet originating from the t quark

(graphic credit to Alexander Frdhlich)
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http://cds.cern.ch/record/2758828?ln=en
https://arxiv.org/abs/2104.12853
https://arxiv.org/abs/1407.6013
https://arxiv.org/abs/1606.04961

Pileup per particle identification
(PUPPI)

Performance studied in CMS extensively in CMS-JME-18-001
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¥ . [ [ [ [ | [ [ [ [ | [ [ [ [ | [ [ [ [ | [ [ [ [
charoed P N - -
rgea v ALL sorts of PU C - CMS ~— CHS g/g jets
AR S ge’cs removed = T Q; ; i
Leut \AS gets removed  ® 1 oL Simulation ~&— PUPPI g/g jets .
k@ O B |
/ ) - Anti-k;, R=0.8 —A— CHS W boson jets -
N = 1‘_ 400 <p_< 600 GeV |
d i % PUPPI W boson jets |
\ i B
U 0.8 N 5
L - W ar
——O O-O-OOO-O0—0—0 O
CHS PUPPI 0.6 B
0.4 n—onetstslSTTE - ~
- - e 0 _
02 ] [ I | [ I | [ I | [ I | [ I

0 10 20 30 40 50
Number of vertices

PUPPI has a high pileup stability compared to CHS


https://arxiv.org/abs/2003.00503
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https://arxiv.org/pdf/2004.08262.pdf
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- Classical tagger suffer from inefficiency at low p because of cone size

- HOTVR adapts the jet radius to the p of the jet
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Excited bottom quark (b*) §—<

e Combination of |+jets (cms-PAS-B2G-20-010) and all-hadronic (€MS-B2G-19-003)
channel

* Improved by almost a factor two compared to previous results

e Excluded at 95% CL up to 2.95 (LH), 3.03 (RH) and 3.22 TeV (LH+RH)
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http://cds.cern.ch/record/2758828?ln=en
https://arxiv.org/abs/2104.12853
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Heavy gauge boson (W’)

t jet
(DeepAK8-MD)

b jet
(DeepJet)

CMS-PAS-B2G-20-005

Search for W’ — tb, all-hadronic

Back-to-back topology
Sensitive variable: m,,

Bkg. estimation from data using control
regions with pass and fail ratio

Using PUPPI + DeepAK8-MD for large-
cone jet



https://arxiv.org/abs/2004.08262
https://arxiv.org/abs/1712.07158
https://arxiv.org/abs/1407.6013
https://arxiv.org/abs/2004.08262
http://cds.cern.ch/record/2748033?ln=en

A.U.

DeepAKS8-MD

Performance studied in CMS extensively in CMS-JME-18-002

1072
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200

) [GeV

HOTVR

Deep neural network with 2 input
list:

e Particle list of jet constituents
e Secondary vertex information

“tagger” can shape the QCD
multijet background

Challenge when doing a “bump
hunt” search

Mass decorrelation with penalty
function


https://arxiv.org/abs/2004.08262

A.U.

DeepAKS8-MD

Performance studied in CMS extensively in CMS-JME-18-002
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Deep neural network with 2 input
list:

e Particle list of jet constituents
e Secondary vertex information

“tagger” can shape the QCD
multijet background

Challenge when doing a “bump
hunt” search

Mass decorrelation with penalty
function


https://arxiv.org/abs/2004.08262

A.U.

DeepAKS8-MD

Performance studied in CMS extensively in CMS-JME-18-002

(13 TeV) e Deep neural network with 2 input

L L L B B :

- CMS (linclusive (AK8) 1 list:

- Simulation — Inclugive (CA1S) o . .

" Dijet sample — DeepAK3 1 e Particle list of jet constituents

1 Top quark tagging, & =30 % ----DeepAK8-MD )

E 600 <p™™ <1000 GeV, 'l < 2.4 ImageTop . : ;

SR -~ ImageTop-MD e Secondary vertex information
1:32+b

e : e “tagger” can shape the QCD
N multijet background

e Challenge when doing a “bump
hunt” search
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https://arxiv.org/abs/2004.08262

A.U.

DeepAKS8-MD

Performance studied in CMS extensively in CMS-JME-18-002

(13 TeV) e Deep neural network with 2 input

L L L B B :

- CMS (linclusive (AK8) 1 list:

- Simulation — Inclugive (CA1S) o . .

" Dijet sample — DeepAK3 1 e Particle list of jet constituents

1 Top quark tagging, & =30 % ----DeepAK8-MD )

E 600 <p™™ <1000 GeV, 'l < 2.4 ImageTop . : ;

SR -~ ImageTop-MD e Secondary vertex information
1:32+b

e : e “tagger” can shape the QCD
N multijet background

e Challenge when doing a “bump
hunt” search
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https://arxiv.org/abs/2004.08262

Heavy gauge boson (W’)
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e Search for W — tb (CMS-PAS-B2G-20-005)

e Left- and right-handed W’ excluded at
95% CL below 3.4 TeV

LR B B
- CMS

137 b (13 TeV)
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-------- Median expected
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http://cds.cern.ch/record/2748033?ln=en

Heavy gauge boson and vector-like
quarks (W’ and T/B)

CMS-PAS-B2G-20-002

e Search for W — VLQ + g, all-hadronic
e Sensitive variable: invariant 3 jet mass

 Bkg. estimation from data using control
regions with a transfer function

e Using PUPPI for large-cone jets +
image Top-MD

H,Z

(graphic credit to Kevin C. Nash)
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https://arxiv.org/abs/1407.6013
https://arxiv.org/abs/2004.08262
http://cds.cern.ch/record/2756265?ln=en

Image Top-MD

Performance studied in CMS extensively in CMS-JME-18-002
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* Pixelizing the energy deposit of a jet

* |Image is flipped horizontal and vertical
such that energy maxima is in the lower-
left corner

 Deepdet b-tagging subjets added

e Decorrelation done by equally shaped p
distribution of t and QCD sample
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https://arxiv.org/abs/2004.08262

Events/Bin

(Data-Bkg)/o

Heavy gauge boson and vector-like

quarks (W’ and T/B)
N >

B

e Search for W — VLQ + g, all-hadronic (CMS-PAS-B2G-20-002)

o Almost reached sensitivity to exclude scenarios with my q ~ 1/2my,
and my q ~ 3/4my,

» Excluded W’ at 95% CL for my; q ~ 2/3my, below 3.2 TeV
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http://cds.cern.ch/record/2756265?ln=en
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Heavy vector-like t quark partner (T)

CMS-PAS-B2G-19-004

e Searchfor T — tZ(vv)

W(ZiT * Covering full range of merged, partially
' merged and resolved top topology

T o Test different widths of the VLQ T
g b(t) L :
» Sensitive variable: transverse mass M
._CMS preiiminary (2016+2017+2018, 13TeV) @ Bkg estimation from data and simulation
g using control regions with correction
& factors
)

20k

e Using PUPPI for large-cone jets +
substructure tagging

15

101

" 95% CL ijper limit on

e Excluded at 95% CL mass hypotheses
S between 0.98 and 1.4 TeV depending on
the width of the T
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http://cds.cern.ch/record/2754160?ln=en
https://arxiv.org/abs/1407.6013

Heavy vector-like b quark partner (B)

CMS-B2G-19-005

e Search for BB — bZbZ, bHbH, bZbH, all-
hadronic, 6 b-jets

* Covering full range of merged, partially
merged and resolved H/Z topology

o Sensitive variable: Mpp

b
= [ T = L L R B A BRI
E CMS E CMS —e— Observed
|% 10 100% bH decay _ vLQpairproduction |% 10 100% bZ decay VLQ pair production E
\6 F \6 F and associated uncertainty

 Bkg. estimation from data using control
regions with a transfer function

o (2] 1
g 8z g
LA 2

e Using PUPPI for large-cone jets + DoubleB

Cov v b b b b b e b by 0 o b b b b b e b by 0
1000 1100 1200 1300 1400 1500 1600 1700 1800 1000 1100 1200 1300 1400 1500 1600 1700 1800

mg [GeV] mg [GeV] . .
e e Using CHS for small-cone jets + DeepJet
IE-; 102 50% bH decay :Sll_nge;::ip ooooooooo A
\bf E 50% bZ decay ;:Z:t;zclated uncertainty

e B excluded at 95% CL below 1570 GeV,
1390 GeV and 1450 GeV

Cov v b b b b b e b by 0
1000 1100 1200 1300 1400 1500 1600 1700 1800

m; [GeV]
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https://arxiv.org/abs/2008.09835
https://arxiv.org/abs/1407.6013
https://arxiv.org/abs/1712.07158
https://arxiv.org/abs/1712.07158

Summary

e Using novel substructure techniques allows to probe for extremely

heavy resonances

* New tagging techniques increase efficiency while background
rejection stays stable

* Novel pileup mitigation technigue PUPPI used as standard for large-

cone jets

e Several analysis improved significantly with the new techniques
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oy X B( W'— (Tb,tB)) (pb)
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Backup

Excited bottom quark (b*)

Heavy gauge boson (W’)

PUPPI in detall

DeepAKS in detalil

o &~ L bh -

HOTVR in detall
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Search for an excited
bottom quark (b*)

nnnnnnnnnnn



Summary

Excited bottom quark (b*)

CMS-B2G-19-003

Event selection

e Search for b* —tW, all-hadronic, dijet signature
® th > 12 TeV
» Top tagged: 105 < M, < 220 GeV, 73, < 0.65, DeepCSV tag

o W tagged: 65 < M, <105 GeV, 75, < 0.4 (0.45)
e |Ay| <1.6& |A¢| > n/2

QCD estimation with pass and fail control regions

CDy/ - CD/:
”I(3 (1)2”1(:2 (Z)R%’/I/%(mt/th)Rratio<mt/th)f

(graphic credit to Lucas Corcodilos)
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xcited bottom quark (b*
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Excited bottom quark (b*)
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Summary

Excited bottom quark (b*)

CMS-PAS-B2G-20-010

Event selection

e Search for b* —>tW, l+jets
e Single lepton trigger

e Top tagged: 140 < M, < 220 GeV, 73, < 0.56

e Split events in Ob, 1b and 2b-tagged category  (9raphic credit to Alexander Frohlich)

Background estimation

e Alpha method for all backgrounds except tf

e ¢t from simulation and CR to constrain normalisation
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Summary
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Excited bottom quark (b*)
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Search for a heavy
gauge boson (W’)



Summary

Heavy gauge boson (W’)

CMS-PAS-B2G-20-005

Event selection

t jet e >=1 AKS jet with p> 550 GeV

(DeepAK8-MD) o >=1 AK4 jet with p> 550 GeV, no
overlapping to AKS jet

e Highest top scored AKS jet is taken as top

b jet candidate
Deepdet
(Deepdet o Highest p; AK4 jet with A¢ > /2 and AR
> 1.2
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Summary

Heavy gauge boson (W’)

CMS-PAS-B2G-20-005

Jet Variable SR VR CR1 CR2

t mgp € [105,210] GeV € [105,210]GeV < 105GeV < 105GeV

t top quark pass fail pass fail
tagging

b b tagging pass pass pass pass

Jet Variable SR’ VR’ CRY’ CR2’

t mgp € [105,210] GeV € [105,210]GeV < 105GeV < 105GeV
top quark pass fail pass fail
tagging

b b tagging fail fail fail fail

Pass and fail ratio for QCD multijet background estimation
tt and ST from simulation

Anna Benecke
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Summary

Heavy gauge boson (W’)

CMS-PAS-B2G-20-005

59.7 tb" (13 TeV) 59.7 fb” (13 TeV)
Fr T T [ T T T T [ T T T T[T T T T L I LA B LA
%J - CMS + Data x % >| CMS + Data |
(2 [ Preliminary Single top ] 9 10 Preliminary Single top
T 'VERRe. . o 0 M Multijet 3 € M Multijet -
2 ot —Wg(2TeV) 7 2 10 — W'z (2 TeV) =
LLI oy W (2 TeV) ] W - W' (2TeV) -
; e o Wr(BTev) | A, - W'- (8 TeV) |
SRi
-1 ] 7
10 § 10—1
1072 1072
o 1SFmToaibkg. wo. ], 18 :
X i X
% 1: % 1': LN R A S s v ¥ + + }
5 + 5
Q [ O i
os5n- - os5- -
2000 3000 4000 5000 2000 3000 4000 5000
my, [GeV] m, [GeV]

Anna Benecke 29


http://cds.cern.ch/record/2748033?ln=en

=== Heavy gauge boson and vector-like
quarks (W’ and T/B)

CMS-PAS-B2G-20-002

e Top tagged: 140 < M, < 220 GeV

’ \\ >T e Htagged: 105 < MSD < 140 GeV + doubleB

B

o Ztagged: 65 < M¢p < 105 GeV + 75

H,Z

e Using PUPPI for large-cone jets + imageTop-
MD

Anna Benecke 30
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=== Heavy gauge boson and vector-like
quarks (W’ and T/B)

4

CMS-PAS-B2G-20-002

Label Tag Discriminator Mass

Tight i 0.6 < Dbtag 105 < mgp(H) < 140 GeV
Vi Ty < 0.45 65 < map(Z) < 105GeV
t 0.9 < imageTopyp 140 < mgp(t) < 220GeV

Medium | H 0.0 < Dbtag < 0.6 | 105 < mgp(H) < 140 GeV
v 0.45 < T,y < 0.6 65 < map(Z) < 105GeV
t | 0.3 < imageTopyp < 0.9 | 140 < mgp(t) < 220GeV

Loose H —1.0 < Dbtag < 0.0 5 < mgp(H) < 30GeV
Z 0.6 < 1T <1.0 5 < mgp(Z) < 30GeV
t | 0.0 <imageTopyp < 0.3 | 30 < mgp(t) < 65GeV
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CMS-PAS-B2G-20-002

Heavy gauge boson and vector-like
quarks (W’ and T/B)

Summary

1

\\

\xB

LL

O

HZ

i,
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PUPPI in detall



== Pilleup per particle identification
(PUPPI)

Performance studied in CMS extensively in JME-18-001

1. Define variable o to discriminate
AlL sorts of PUL pileup from leading vertex

gets removed

Charged PU
Jux oY 2 gets remeoved

S’C.U\\AS 2
\ P
&» \ a; =log ) ( )
f ff | j#i,AR;; <Ry ARi]'
PU

2. Assume charged pileup has the
same shape as neutral pileup

N

3. Use a on an event-by-event basis
to calculate a per-particle weight

34
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== Pilleup per particle identification
(PUPPI)

Performance studied in CMS extensively in JME-18-001

(13 TeV) (13 TeV)
; 82 B I I I I | I I I I | I I I I | I I I I | I I I I & 1 .4 i I I I I | I I I | I I I I | I I I I | I I I I
[ - CMS —A~— CHS W boson jets 1 ; B CMS —&— CHS q/g jets
O, 81— Simulation —&— PUPPI W boson jets N 8 1 o Simulation —&— PUPPI g/g jets i
2 . i © s |
% - ] ) - Anti-k;, R=0.8 —A— CHS W boson jets
c 80_— N = 1__ 400 < p_ <600 GeV ]
- - —£3— PUPPI W boson jets
TR [ : :
S 79F B R 0.8 -
. — i i B o W i
8 - * #}ﬁ} {hﬂ}ﬁ # | —O0——0-0-0-00-0+~0—0 O i
i # Bulk graviton | ! A A |
77 ) # Anti-k,, R=0.8 0.4 —n——tetedets 7
- T 400 <p_ <600 GeV ] — —0oooOA .
B ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] ] i ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] |
76O 10 20 30 40 50 0'20 10 20 30 40 50
Number of vertices Number of vertices

PUPPI has a high pileup stability compared to CHS
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Summary

PUPPI in Detall

1. Define variable o to discriminate pileup
from leading vertex

2. Assume charged pileup has the same

shape as neutral pileup

3. Use o on an event-by-event basis to
calculate a per-particle weight

Anna Benecke
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Summary

1. Define variable o to discriminate pileup

from leading vertex

2
v =1o Y P1j for |;| < 2.5, jarecharged particles from leading vertex
=08 AR;; for |n;| > 2.5, j are all kinds of reconstructed particles

j#i,AR;; <Ry

0.364 fb™ (13 TeV)
| T T T T | T T T T

. L L B
S N ]
= 10 Jet sample, hl <2.5 =
® = CMS Data, charged F
- Simulation, charged PU
1 4 Data, charged LV
= Simulation, charged LV
B Jata, heutre ]
101 —— Simulation, neutral —
10‘25— E
107 =
10~ —=
c 1.5 —
Q9 P ]
Ss 1 E
3 |1 -
C|E 0.5¢ E
o - ]
0 25
o

Anna Benecke 37



Summary

2. Assume charged pileup has the same

shape as neutral pileup

K, = lOg Z

2
( Prj ) {for 1n;| < 2.5, jare charged particles from leading vertex

j#i,AR;; <R, AR;; for |n;| > 2.5, j are all kinds of reconstructed particles
1
- 102?'|'"'|'"'|""|$'.'|8'np|('13'1:ey%
C!i 10;? CMS PU sample, nl <2.5 é
1 = ¢ Data, charged =
? — Simulation, charged ?
_1? —
10 = { Data, neutral =
107 £ — Simulation, neutral 3
10° 5 =
10k é
10 E
107 -
107l | —
S 1.5:— ' ' ' =
© E 1?‘.”..MWG¢+ +‘< """""""""""" £
© S C 0”' ‘ i
QlE 0.5F 't =
n OE | | | f
0 5 10 15 20 25
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Summary

3.

Use o on an event-by-event basis to

calculate a per-particle weight

N—

0.364 fb™' (13 TeV
| T T T T | T T T T

1. Calculate Median and RMS
of charged PU shape (blue)

Apr, RMSpy;

L] T | T T T T | T T T | T T T T
-, B ]
. 10 Jet sample, Inl < 2.5 =
© = CMS ¢ Data, charged PU .
- —— Simulation, charged PU -
1 A Data, charged LV -
= —— Simulation, charged LV 3
- + Data, neutral ]
10 —— Simulation, neutral _
1072 = =
107 E
% Lt i PTUCLL SR
a =

Anna Benecke
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Summary

Use o on an event-by-event basis to

calculate a per-particle weight

3.18 nb™'- 0.364 fb™ (13 TeV)
T T T T | T T T T

. 11— 5 .
c?i CMS Neutral particles - 1. Calculate Median and RMS
oL i <2.5 - of charged PU shape
- LSimuIation ] &PU’ RMSPU
10‘22— I:P):llt:ample _E .
- " Simulation - 2. For each particle calculate
10_35— = _ _
- : )(2 - (o, — apy) | @; — apy|
107 = I 2
- E RMS5,;
107
S 1.5¢
SE . f
8z "
@ 0.5t
-5
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Summary

Use o on an event-by-event basis to

calculate a per-particle weight

| | 1 04 E T | T T T | T T | I3.I1 8I n|b-1l - |O.3I64|- flb-1l(1I3 -lrel\/g []
S5 F | 1. Calculate Median and RMS
ﬂi 10%E CMS Neutral particles, hl <5 -
" Jet sample : of charged PU shape
E ™ + Data E
- — Simulation = -
10 ™ — [\/1
- PU sample - aP U» R SP U
1= + Data E

—— Simulation

—_ - o o 4

S 33 3 3

5 T T~ S RN
l

2. For each particle calculate

2= (a; — apy) | a; — apy|
l RMS3,

5150 Th T - 3. Assign a weight to each
85 1 A ! : particle
AosE - _ 9
0 02 04 06 QSWeiéht Wi — F)(Z,NDF=1()(i )
Pileup > Hard scattering

Anna Benecke
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DeepAKS In detall



Architecture
Performance studied in CMS extensively in JME-18-002

. Particles
(D]
1§ ID CNN
o 141
= particles, ordered by pr i) Fully
connected Output
) —>>
. Secondary Vertices ||
¢ ID CNN (1 layer)
& (10 layers)

us LE}
(A Lr}
....

Classification

output L=Le— Awp

Mass Loss
prediction Lmp

--------------------------

back propagation
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HOTVR in detall



= Heavy object tagging with variable R
(HOTVR)

ARmax(DaQ)

Roman Kogler,
The coming of age of jet substructure
at the LHC (in preperation)

AL L LI L BN B L BRI B
- t — bW — bqg’ i
A Percentiles for pT,q>20 GeV: -
A N 70% 80% 90% -

..... MPV .
— 2m, p? i
---------- (800 GeV) pj j

ATLAS —

g
o
"
“
,,,,,,
Ly
"
L

iy,
iy,
:::::
L
|||||||||||||
llllll
lllllll
[

1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1
%OO 400 600 800 1000 1200 1400

P [GeV]

Efficiency

o
©

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0

- Jet cone is relevant for the "p threshold”

- Classical tagger suffer at low pr

Anna Benecke

(13 TeV)

B | | L | I L I L | I | L | I |
- CMS -=- DeepAKS8 ] N
— . . -o- DeepAK8-MD —| o
- Simulation ImageTop 1 4
— Top quark tagging, &, =30%  -m-ImageTop-MD &
- gen gen == Mgp+ T ] QA
5 300 < pTAKa< 2000 GeV, ?*"l <2.4 e Mo 4 Tz: +b ° X
[ 105 <mg, <210 GeV - BEST 1 <
- 110 <mSA™ <210 Gev —+ HOTVR 1 8
L 140 < my, g g < 220 GeV —#— N;-BDT (CA15) ] %
: 1%
- I
N o Y T T g
: C—— o R S
— =—{— — - WY X - =
b BaESS =
- 4 32
n 1 4
- 1 3
N 1 <

?l | | | ] | | | | | ] | | | | | ] | | | | | ] | :

400 600 800 1000 1200 1400 1600 1800 2000

en 1
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“=Heavy object tagging with variable R

(HOTVR)

Performance studied in CMS extensively in JME-18-002

rl' |E| T Ts !t |1| T T T T T T T HéITIVIh-I: = 3 T rrJr[rrrrrrrr[rrror [ rrrr] .: T T T
- Even - - i
clustered,with HOTVR - . [ 5:’:::: dzw ith HOTVR, HOTVR '
- ' Lo B 21 - .
2 A ' : . ¢ G 1 :— ) K —
B . B K . E " .. : - Q. bwb
- Qe T L of LR g -
. ..6 ': o%0 o ) . . . R " . .....;1 - . i '.Q. )
*en . ° ...o o - . S . . . e Lo
- - _1 - . N
— B 2 F -
T e L b b Lm0 d e = _3:|' ||||| |:|| A B R |.|.| T R A L ||'|:
A 2 3 3 2 -1 0 1 2 3

Anna Benecke

pr = 240 GeV

pr = 850 GeV

HOTVR adapts the jet radius to the p; of the jet

https://arxiv.org/abs/1606.04961
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Summary

HOTVR in details

The full HOTVR algorithm can be summarised as follows.

1) If the smallest distance parameter is d;g, store the pseudojet i as jet and remove it from the

input list of pseudojets.

2) If the smallest distance parameter is d;; and m;; < p, combine ¢ and j.

3) If the smallest distance parameter is d;; and m;; > pu, check the mass jump criterion 6-m;; >

max|m;, m;).

a) If the mass jump criterion is not fulfilled, compare the masses of the two pseudojets

and remove the one with the lower mass from the input list.

b) If the mass jump criterion is fulfilled, check the transverse momenta of the subjets ¢

and j.

i) If pr; < prsub O PT; < PTsub, remove the respective pseudojet from the input

list.

ii) FElse, combine pseudojets i and j. Store the pseudojets ¢ and j as subjets of the
combined pseudojet. In case ¢ or j have already subjets, associate their subjets

with the combined pseudojet.

4) Continue with 1) until the input list of pseudojets is empty.

d;; = min [p%?i:p%?j] AR},

17 9
dip = p7% Reg(pri)
0
Reff (pT) - -
pT

Anna Benecke

.
Rmin
Rmax

\P/pT

for p/pr < Rmin

for /O/pT > Rmaxa
else .

https://arxiv.org/abs/1606.04961
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Summary

Background efficiency

Anna Benecke

HOTVR in details

Parameter Default Description
Ruin 0.1 Minimum value of Rgg.
Rax 1.5 Maximum value of Reg.
p 600 GeV Slope of Reg.
0 30 GeV Mass jump threshold.
6 0.7 Mass jump strength.
DT ,sub 30 GeV Minimum pt of subjets.
Table 1: Parameters of the HOTVR algorithm. The default values are given for the top-tagging mode.
(13 TeV) (13 TeV)
10 E I I I I | I I I I I I I I I I I I I I I I | I I I I E 5\ 10 E I I I | I I I I I I I I I | I I I E
- CMS ] c - CMS ]
. : ] o . : ]
- Simulation i 'O - Simulation i
1E" Top quark vs. QCD multijet 3 HHCI:J 1E" Top quark vs. QCD multijet 3
F 300<p’" <500 GeV, hi*™" <2.4 . o F 1000 < p?™" <1500 GeV, h/*™" <2.4 .
B 105<m2§8<210 GeV 7] c B 105<m2§8<210 GeV 7]
-
107 110<mgy™® <210 Gev = o 10'F 110 <m5"® <210 GeV =
- 140 <my, g1y, < 220 GeV . g) - 140 <my, g1y, < 220 GeV .
[ i &) [ — DeepAKa i
) — DeepAK8 © ) --- DeepAK8-MD
107 3 ---DeepAK8-MD 3 m 107 3 ImageTop 3
- ImageTop ] - --=-lmageTop-MD 1
i --ImageTop-MD ] [ —Mgp + Ty i
3l — Mgy + T, n sl “eMgy + T, + b |
107E Mg+, +b 3 107E — BEST E
- HOTVR ] - HOTVR ]
- —N,-BDT (CA15) - —N,-BDT (CA15)
1 0—4 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 1 0—4 " 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0 0.2 0.4 0.6 0.8 1

Signal efficiency

Signal efficiency
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Image lop-MD In
detall



Summary

ImageTop-MD architecture

Performance studied in CMS extensively in JME-18-002

Inputs
6x37x37
PFIDColors 128x37x37 64x36x36

-

NN t
op
AK8 Merge
PUPPI jet s NN N\ QCD
Dense
Si1
b,bb,blep,c,uds,g 6\4\\
‘ m
SJ2 SD N\
b,bb,blep,c,uds,g ense
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