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Introduction

Tagging boosted hadronically decaying top quarks, which are reconstructed as a single jet.
Jet shapes, prong finding, grooming used in combination ((ATLAS 2016, CMS 2016))
Understand what drives this type of tagging procedure

Focus on Yn-Splitter (M Dasgupta, M Guzzi, J Rawling, G Soyez, 2018) with a cut on the
N-subjettiness ratio 732 (J. Thaler, K, Tilburg 2011), and grooming with mMDT/ Soft drop
(M. Dasgupta, A Fregoso, S Marzani, G Salam, 2013) (A. Larkoski, S Marzani, G Soyez, J. Thaler,
2014)
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figure adapted from arXiv:1909.12285FERMILAB-PUB-19-492-CMS-E
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Y m-Splitter

m Cluster jet using Gen-k¢(p = 1/2) (M. Cacciari, G. Salam, G. Soyez, 2011 ) dj; = min(zi,zj)efj

® Undo last two clusterings

min(mi2, mi3, M23) > Mmin

Minin S M

5 min(z, 22, 23) > ¢
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N-subjettiness ratios

1 P
T](VB) = W Zp; min ((AR1;)?, (ARs )", ..., (ARN ")
tdljet 4

Use Gen-k¢(p = 1/2) axes 2 _ 75
(dij = min(z;, zj)OZQJ) 32 %
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mMDT / Soft drop

Cluster jet using Cambridge Aachen algorithm
Undo last clustering

Check if lower p; sub-jet has energy fraction, z > zeut0P . If not, discard this sub jet and go
back to 2.

If it does, this is the jet.

Use 2yt = ¢ = 0.05 throughout this work

/o
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Monte Carlo Study

m Performance

B Impact of non-perturbative effects

Using Pythia 8

B 160 GeV < mjer < 225 GeV
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Monte Carlo Stu

Signal significance
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grooming with mMDT.
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Background Distribution at LO

B Yn-Splitter requires 3 particles (2 emissions)

S

Pmm 2
pdE C> (—QSCF) In (_p ) In? ©).
d,0 i Pmin

C<i"pm a,Cg 2 [ Pmin 3 Pmin
() () (o e (52))

(M Dasgupta, M Guzzi, J Rawling, G Soyez, 2018)

2
— m
B p= P2 R2
m 732 =0 at O(ag)
m double logarithmic accuracy
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Background: Small 7 resummation (no grooming)

B Leading log accuracy
m Strong ordering in angle and mass
= min(z19%,229§), T3= 24 221922
m LO result multiplied by Sudakov factor
2 2 2 : 2 2
pi = z0; Pa = max(z1 67, 2205) pp = min(z 07, 203)
a
b
s eouoy
S(fixed—coupling, soft) _ exp | — Cro In2 1 B Cao In2 Pa Caag In2 1
27 TPb 2T TPy 2T 7|’
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Background: Finite 7 resummation (no grooming)

Accuracy goal of oy Ly f (7).

L, is a log or a mass scale i.e. In(p) or In(pmin)

Strong ordering in angle only

N 21 Pi = Pa— Pb
m2({pi}) = S i pa mﬁ%b

TG0

Result valid for 7 < %

exp[—R — g R’]
I+ R

)

Following method of (D. Napoletano, G. Soyez: 2018)

pdo iz g 2Fi(LR, 1+ R, 1)
odp

Rfixed coupling _ a;Cp In2 b T
2m 1—-7
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Background: Grooming

® Sudakov modified as soft wide angle emissions removed

m Complicated by emission 3 setting 73 but emission 1 being able to stop the groomer

®m Grooming only affects primary emissions (Angular ordering)

B Removes sensitivity to most non perturbative region of phase space

~In(6?)

In(20)
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Signal distribution: Y,-Splitter

0 0 O

(M Dasgupta, M Guzzi, J Rawling, G
Soyez, 2018)
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Signal distribution: cutting on T35

Key difference between signal and background:

m At LO invariant mass is just the top mass

m No soft/collinear divergences at LO

1
X<z (pmaX7 Pmin, Cv T) =

1 s
0'_0/|Mt_>bqq|2d(1)35( 123 _pt> @CIust@Ym—Splitter

R?p?
R= as—CFInz (min (1 T

2

e R—vg R’

T[1+ R

min(diz, di3, d23), Pmax — Pt))

J.Helliwell (U.0.M) Understanding top tagging with N-subjettiness



Signal distribution: cutting on 735

Condition for 7 constraint to be stronger than jet mass constraint:

M2, — M2

max

M2, — M3 + p;Min(d2, di3, da3)

T32 <

For Mmax = 225 GeV the jet mass constraint does not affect the signal
distribution for 7 < 0.76
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Effect of the Mass cut

B Reducing Mmax suppresses the background with very little effect on the signal

—— VaryingT, Mp,ax =185 GeV
24 === Varying T, Mmax =225 GeV
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Figure 9: Jets pre-groomed with mMDT, tagged with Ym-Splitter and a cut on 7395
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B mMDT + Yn-Splitter 4+ 732 is an effective top-tagger and resilient to non-perturbative
effects.

m Used analytic calculations to understand the physics driving this tagging procedure.

B Understanding the interplay between cuts allowed us to use the mass cut to greatest effect.
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