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UH
The Heavy Object Tagger with Variable R (HOTVR) i
n

@ Use known distance measures (with Variable R)

dy = min[p37, pRIAR?

P
dig = Py R3 Reff = —
eff eff
pPT
@ Veto condition for clustering step
mj < [
6 - mjj > max[m;, mj]
@ Store i and j as subjets if
PT,is PT j > PT sub
Parameter in top tagging mode
@ Ryin = 0.1: Minimum radius @ 4 = 30GeV: Mass jump threshold
@ Rmax = 1.5: Maximum radius @ 0 = 0.7: Mass jump strength
@ p = 600 GeV: Slope of Ryt @ proub = 30GeV: Minimum subjet py
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UH
Clustering example 1, top quark pp &~ 240 GeV m
n

Cambridge/Aachen clustering HOTVR clustering

Pythia 8 pp — tt , /s = 13TeV PythlaSpp—}tt s =13TeV
C34””‘””‘HH‘HH‘HH‘HH¥ o 3 T T
[ Eventl : ] [ Event1l . ]

[ clustered.with CA . ] [ clustered,with HOTVR o ]
2 : ‘ E 2 : : L .
1 E 1k N
G ] Fa - g
oF ..~ ~ ] OfF .. = A A
af ] -1 : R
2 1 = S
) R T P I ST Bk ! ! Lowoubyey o]
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
® ?

o CAS8 jets too small @ All decay products clustered
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Clustering example 1, top quark pr ~

240 GeV

UH
_iﬁ
n

Cambridge/Aachen clustering

Pythla 8 pp — tt s = 13TeV

HOTVR clustering

Pyth_ig 8 pp — tt,

[ Event1

N

pr=22

: clustered.with CA . ’ E
0 GeV. o ]
Iie=55Gev. .

N

[ Event 1
[ clustered,with HOTVR

pr=240 GeV
mjet_186 GeV

s =13TeV
R RN

. 1 " 4 | . ]
e B e bl T
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o CAS8 jets too small @ All decay products clustered
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Clustering example 2, top quark pp =~ 850 GeV o
n

Cambridge/Aachen clustering HOTVR clustering

Pythla 8 pp —> tt \/§ = 13TeV Pythia 8 pp — tt, /s = 13 TeV

- ‘ s 34HJ“HH“H“HH‘HH‘HH#
ZEvent2 © ] L.Event2 . /R
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o CA8 jets too large @ All decay products clustered
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UH
Clustering example 2, top quark pp =~ 850 GeV m
n

Cambridge/Aachen clustering HOTVR clustering

Pyth|38pp—>tt \/§:I3TeV Pythia 8 pp — tt, /s = 13 TeV
= 3T e R & o RETTTTTTTT T T T
.. Event2 s ] L. Event2 .. .

B0 Gev ST epr=BB0GeY
1m,et_lgz GeV ] m,et_lgo Gev

N

2 . ‘*"a g
B AR
- 4 pr=870GeV{  af - ke pr=860GeV
L : mjet'='1§§ Gg\{: LE RIS ..fnjet_‘—_;]-?z GeV
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s =2 -4 0 1 2 3 3 =2 -1 0 1 2 3
¢ ¢
o CA8 jets too large @ All decay products clustered
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Computational time

Shower deconstruction
=0.
o

OptimalR HEP TT

HOTVR

Massjump algorithm

CMSTT
Ry=0.8

CA algorithm
R,=0.8

CPU time normalised to CMS TT

@ Test performed on 3M events
o Fastjet 3.0.5, Fastjet Contribs 1.017

Tobias Lapsien (University of Hamburg) BOOST 2016 Ziirich, 21.07.2016 8 /17



Substructure variables

0.06 T T T ; 015 T
T 200 < p < 400 GeV 1 1000 < p, < 1200 GeV
— tt

a.u.
a.u

— it
0.04 |~ = QCD — 0.1

002 - 0.05
ol L olin T . Y
0 50 100 150 200 250 _ 300 o 50 100 150 200 250 300
Mg, [GeV] My [GeV]

@ Jet mass peaks at the top quark mass and is stable over a large pt range
@ Separation power increases with increasing pr
@ Other peaks caused by unmerged jets

@ Standard selection: 140 < mje; < 220 GeV

Tobias Lapsien (University of Hamburg) BOOST 2016 Ziirich, 21.07.2016 9 /17



Substructure variables

5 Ol T T T 5 048 T T
© I 200<p_<400GeV B © 1000 < p_ < 1200 GeV i
008~ — i ] r—tt T

L - ] 0.1f— —

0.06 |— — = -
0.04 - — L E

B ] 0.05 [— —
002 - L i

P S R B B e 2 N L
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140

m..., [GeV] m.in [GeV]

@ Minimum pairwise mass: Mpin = Min[my2, My3, Mo3]
@ Signal distribution peaks at the W mass

@ Standard selection: muin > 50 GeV

Tobias Lapsien (University of Hamburg) BOOST 2016 Ziirich, 21.07.2016 10/



Substructure variables

@ Signal distribution peaks at 3 (3 decay products of the top quark)
@ Separation power increases with increasing pr
@ Jets with only one subjet are already rejected

@ Standard selection: Ny, > 3

Tobias Lapsien (University of Hamburg) BOOST 2016 Ziirich, 21.07.2016 11 /17



Substructure variables

S e e e e
© 200<pT<400 GeV i
| — ]
02| = QCD
01
P ISR Y EE RN B —
0 0.2 0.4 0.6 0.8 1
pT‘subllpT,jet
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0.3

0.2

0.1]

1000 < p, < 1200 GeV

— tt
QCD

FERTERINN RR R
0.4 0.6 0.8 1

p__.[p

T.subl’ Tjet

0.2

@ Transverse momentum more distributed among all subjets for signal events

@ Standard selection: prsub1/pTjet < 0.8

Tobias Lapsien (University of Hamburg)

BOOST 2016

Ziirich, 21.07.2016




Efficiency & Matching

Parton jet

o Cluster all final state
partons, use top quark
instead of its decay partons

@ Cluster with anti-kp with
Ro = 0.4 ( pt > 100 GeV)

hadronisation

Matching

@ Matching to parton jet with
AR < jet size

Efficiency and mistag-rate

- matched & tagged parton jets
~ all parton jets (containing a top quark)

€s/B

Tobias Lapsien (University of Hamburg) BOOST 2016 Ziirich, 21.07.2016 13 /17



Efficiency & mistag-rate

Efficiency: Mistag-rate:
K T T e R A I R
| —HOTVR o= cMs i 40 —HOTVR - e cMs ]
Fo HEP OptimalR B o HEP OptimalR B
04— — 0.015 |— —
I i 001~ -
o2l i Ty T L ]
i ] -
obebd ol L
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
p_ [GeV] P [GeV]

@ Normalised to average efficiency of 30% in pr = 600 — 1000 GeV using
cut on 7'3/7'2
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Efficiency & mistag-rate

Efficiency: Mistag-rate:
B = e e e B & T T T
L —hHoTvR M cMs 4 021 hotv Em cMs
_ HEP OptimalR _ o HEP OptimalR
04 — 0015

0.01
02—

0.005

po bt b by 1

A R I N B R R
% 500 1000 1500 2000 2500 1000 1500 2000 2500
p_ [GeV] P [GeV]

@ Normalised to average efficiency of 30% in pr = 600 — 1000 GeV using
cut on 7'3/7'2
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Efficiency & mistag-rate

Efficiency: Mistag-rate:

» T & T T
| —HoTVR L cMs i %L —HoTvR b cMs
Foo HEP OptimalR 4 B optimalR

04— — 0.015

0.01

02—

0.005

po b b b 1

PRSI SRS RS T S NN R
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@ Normalised to average efficiency of 30% in pr = 600 — 1000 GeV using
cut on 7'3/7'2

Tobias Lapsien (University of Hamburg) BOOST 2016 Ziirich, 21.07.2016 14 /17



Efficiency & mistag-rate

Efficiency: Mistag-rate:
o ———————— £ on e
— HOTVR e CMs . — HOTVR == CMSs
HEP OptimalR o HEP OptimalR
0.4 0.015

bl i 1

b

0.01
0.2
0005\ TN =
ol L ol L
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
p_ [GeV] P [GeV]

@ Normalised to average efficiency of 30% in pr = 600 — 1000 GeV using
cut on 7'3/7'2

o HOTVR efficient already below 300 GeV
@ HOTVR reaches plateau around 500 GeV, constant above
@ Very small mistag rate (similar to CMS TT)
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Performance

@ 10" Errr T T T TS o 10" Er T T T T TS
w F = w - 3
F 200<pT<4OO GeV = F 1000<pT<2000 GeV =
10° E
= 0% E
OptimalR + 1, ] i ]
ot b i L L Py 2 A SN SRR RS B
0 005 01 015 02 025 03 035 04 0 0.1 0.2 0.3 0.4 0.5 0.6
€ €
s s

@ Performant in low and high pr regions
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comparison study: HOTVR & softdrop
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10"

ol L b b b b b L -4 s i - P i
0 005 01 015 02 025 03 035 04 10 0 0.1 0.2 0.3 0.4 0.5 0.6
Es Es
Tobias Lapsien (University of Hamburg) BOOST 2016 Ziirich, 21.07.2016

Replace mass jump criterion with softdrop criterion

200 < p, < 400 GeV
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Summary

The HOTVR algorithm
o Low complexity

@ in one sequence:
adapting jet radius (variable R),
subjet finding (massjump criterion)
and rejecting soft clusters

Good computational performance
Infrared and collinear safe
Performant in low and high pr

Also usable for W/Z/H tagging
(currently in progress)

HOTVR in Fastjet contribs:

" contribs/HOTVR”

Tobias Lapsien (University of Hamburg) BOOST 2016

weee CMS +Ty,
HEP +1,,,

[ Event1
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Backup

Tobias Lapsien (University of Hamburg) BOOST 2016 Ziirich, 21.07.2016




Standard working points

UH
_iﬁ
n

CMS top tagger HEP TT OptimalR
Ry = 0.8 Ry =15 Ry = 0.5-1.5
0p > 0.05 farop = 0.8 ma3/my3 > 0.35 same as HEP TT
A = 0.0004 Meut = 0.2 < | AR=0.1
30 GeV arctan % <13
N, > 3 Raie = 0.3 fw = 0.15 m3 — myee > 0.2mk53
Mppin > 50 GeV Ngiy =5 140 < mpp3 < ARopt < 0.5
250 GeV
140 < Mjet < PT,sub >
250 GeV 30 GeV
Tobias Lapsien (University of Hamburg) BOOST 2016 Ziirich, 21.07.2016 19 /17



Performance

Intermediate pr range

o 107

K LARREARRANRARAS RRARNRARMY

400 < p, < 600 GeV

T T 1T
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@ Best performance in both pr regions

Tobias Lapsien (University of Hamburg)
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