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* Opportunity to study “bare” quark: Top quark is the heaviest known particle in SM,

lifetime (10~2° s) < Hadronisation time (10724 s)
» Top taggers address leptonic or Hadronic decay modes of top......
* leptonic decay tagging example: one of the recent works entitled, Tagging a boosted top quark with
a T final state [Phys.Rev.D 108 (2023) 3, 035011], tagging top in t—= b W, W = 19, mode.
* Another one Boosted top quark tagging and polarization measurement using machine learning[Phys. Rev. D,

105(4):042005, 2022].

* Hadronic decay tagging example: JH Top-Tagger [Phys. Rev. Lett. 101, 142001 (2008)],
HepTopTagger[/HEP 10 (2010) 078] ... works for t— b W, W having a hadronic decay mode.

* Top can have FCNC decay modes too, like t— ¢ H, there these taggers may fail!!
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Sample type Process simulated Generation level cuts
Signal pp—>tW—, t—scH, W~ — p v, H— bb p;ﬁipmm = 300 GeV
Background 1 | pp = tW—, t > bW, W~ — p~ 5, W' — ¢35 p;pmm = 350 GeV
Background 2 pp — jj pJijm — 390 GeV
Background 3 pp — jj PTomin = 900 GeV
Background 4 pp = gW=, W+ = p*y, pgf;f?n — 350 GeV

o Iz

Signal Background1




Low top pt High top pt

https://cds.cern.ch/record/2800123/files/ATL-PHYS-SLIDE-2021-
758.pdf

* High pT in the generation level =
collimated decay products.
* Depending on the separation between final

state objects jet Radius determined..

Normalized to unity
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Low top pt High top pt
0.07 —
W hoost E AR _(t — cH)
- 0.06 — bb
N — AR, (t — bW)
£ 005k
= -
b = C
, S 0.04F
https://cds.cern.ch/record/2800123/files/ATL-PHYS-SLIDE-2021- E -
758.pdf = :_
E 0.03 n
= -
Z  0.02F
* High pT in the generation level = :
0.01
collimated decay products. Df
0 0.5 1 1.5 2 2.5
* Depending on the separation between final AR

state objects jet Radius determined..

H Phoenix 2023




Low top pt High top pt

https://cds.cern.ch/record/2800123/files/ATL-PHYS-SLIDE-2021-
758.pdf

* High pT in the generation level =
collimated decay products.
* Depending on the separation between final

state objects jet Radius determined..

Normalized to unity

Delphes card CMS, Fast]et, anti-kT
clustering algorithm.....
Radius=1.0

pT -jet(min)= 200GeV

Signal and Background1 peaking at one.....
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* Jetwith, 140GeV < mass < 200GeV
and pT > 400 GeV, considered as

top candidate jet... eliminate almost

80% QCD background..

* Checked with matching of top quark
with the jet, obtained only 10%
discrepancy in result..

e To be more convenient with

experiment, proceed with the first

approach.

Normalized to unity
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invariant mass of c—jet and light—jet

mass of the top—candidatejet

* Number of subjets

0.14

* Fractional distribution of the invariant

= [ —= bW
0.12

mass.

—pp =] {pjT=35(}L'icV]
=1 {pJT=S()("K_'icV]
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Normalized to unity
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AEC—jet =

energy ofthe top—candidatejet

* Number of subjets.

* Fractional distribution of the invariant

— cH

mass. 0.06 oW
— pp =i (p‘T=35c)GeV}

ooslk L pp — i (| =500GeV)

[—— e

* Energy fraction of the subjets.
0.04

0.03

Normalized to unity

0.02
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AEC—jet =

energy ofthe top—candidatejet

* Number of subjets.

t —»cH

* Fractional distribution of the invariant

0.0 -t —= bW

mass. —— pp — ji (p.=350GeV)

 Energy fraction of the subjets. g 0.0 - > Ji (p|=500GeV)
* Number of tracks E 0.0
* Number of Displaced tracks % 0.0
* Number of displaced vertex 2 0.0

* Invariant mass of the displaced vertices

* N-subjettiness(ty, Tn/ Ty—1) q

1 0.28 0.46 0.64 0.82
* Number of b-jets, c-jets, light-jets AE

c-jet

 pT and mass of leading b-jet and c-jet.




Algorithm: BDT

Ranking | variable Classifier: AdaBoost .
L. AX.; Cuts:1b-jet, 1c-jet + Weight =1 X oy X BR x [ Ldt
2, AX),
1
3 32 R * Ny = Number of monte carlo
1 T3 B 095 events generated
- = C
2 AEy_jen E 09
6. ﬂ-{c__. jet % 085k * oyc = Production cross—section
T. pr § el el R for the process
N, -&E;:—jﬁ'! g 0755_ — Case-ll: equal weight
9, py S  BR = Net branching fraction of the
10. AX, 2 07 combined decay channel
11 M, = ossp
: Th—jet - B o
12, iﬁf{z‘gh:—;et 082 o loa T os os o s oe * f’/‘:dt = Integrated luminosity
132, N{; biet Signal efficiency

Considering only the Background1 XGBoost proved to be better
than AdaBoost....
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Output(0.3)

|

Output(0.3) |..{:I:|! {H o

SHAP >"? ——

t |
[

f3
SN

Base rate=0.1 T

Base rate=0.1

* Proposed by Lloyd Shapley in 1954..

S

- 1! Y @S Ui} - v(S)

n!
{.;':_: .-"'-r"'."{n!-}'

S :subset of the total number of
features n, removing i th one

* |S]: cardinality of the set S

e v :afunction which maps the subset
of features to an integer number




Summary plot:

Mcj

Niight — jet

AX cb

N.Subjet

c—jet

Pr

=1.0 ——:
4 >:

MC_fE't ————
=10
) °
‘M—:c—jet
Mb—jet T
0

) -1 1
SHAP value (impact on model output)

High

Feature value

Decreasing order of importance .....
Positive value € Signal like

Negative value € Background like
Thick regions represent high density of
data points around that Shapley value.
Ex:

* Mostimportant feature Ax;, Higher
value of the feature = background-like
events, smaller value of the feature =
signal-like events.

* Lower value of number of light-jets =
signal-like events, higher value of the

feature = background-like events.




Scatter dependence plot:

0.4

* Global interpretation of data .... 024

« Shows distribution of Shapley values of a

)
feature with respect to that feature.. % o 20 g
> _-‘S,
* Shows dependence of particular feature on o =
»  -02-
other feature ..
 Ex:
~0.4 1
Axj around 0.6 have negative Shapley
value = background-like 0.0

* 2 or more than 2 number of light-jets

mostly in background region.
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Scatter dependence plot :

* Global interpretation of data ....
« Shows distribution of Shapley values of a 0-27
feature with respect to that feature.. °
[ D.U i SN -« - — —
* Shows dependence of particular feature on E N
=l 5,
other feature .. Tz 43
o = -0.21 =
<T
 Ex: 5
* 3 subjets and zero light-jet events 0.4 ] 3
identified as signal..
: °a
* 3 subjets with one light-jet events as —0.6 1 | | | | | .
0 1 2 3 a
background... Niight - jet

* More than one light-jet events understands

the event as background-like..
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Decision plot :

Xy (0.692)
Niight - jet (2)

NSubjet (5)
contribution.. Mg | e

* Event by event representation of feature

»  Starts from base value, ends at the predicted output et e
Ste 0.669
(0.529)
* Feature at bottom is the least important, and at the DBy s < (0.216)

top is most important.... pl et (108.317)

DE, _jet (0.301)

* Order of importance different from the summary plot o B
mb ~Jet (7.918)

as portrays local trait.. - (18.946)

* Ex: The features chiefly responsible for proper péiet (156.58)
. L . 15 -10  -05 0.0 05 10 15
identification of this event Model output value

* theresidual mass fraction of the c-tagged jet b- Correctly classified signal
tagged jet pair carrying value 0.529 for this
event, T3, and 7,1 with values 0.669 and 0.715

respectively, number of subjets 5.
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—-0.75 —-0.50 —-0.25 0.00 0.25 0.50 0.75

Decision plot : T ——
NSubjet MJ T

. pc—jet
* Event by event representation of feature T
Mc—jet

contribution..

X, 702)

value.. Moo

. ) Niight - jet

* Feature at bottom is the least important, and at the PTRY |
21

b—jet
Pr

« Starts from base value, ends at the predicted output AE, et T > (01213 -
(0.767)

W
(0.55)

top is most important.... ”(2”41;55'7)”' -
* Order of importance different from the summary plot e e

. AEp —jery (0.577)
Ve (0.359)

+ Ex: The features chiefly responsible for improper o o 0 o

075 -050 -025  0.00 0.25 0.50 0.75

identification of this event
Model output value

* the pT of c-jet 41.99 for this event, T3, and
Misclassified Signal
Toq With values > 0.5, number of subjets 4, pT of

b-jet 241.56.
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0.14
— M, =600GeV

* Model independent generic approach. 0.12

0.1

— M, =1TeV

 Efficiency of Signal identification with conventional
0.08

top taggers found to be around 30%.

0.06

Normalized to unity

0.04

 Efficiency of Signal identification with the tagger

described in this work is 80%, over the background 0.02

L.|III
200 400 600 800 1000 1200 1400 1600

M, [GeV]

efficiency of 15%.

* (Can be used in other BSM particles with similar
substructure.

* Checked with Vector-like quark Y having at least 1b 1c 7M W' o
in final state, successfully reconstructed jet mass at

mass of Y.
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i [ —=cH
— [ = bW
102 — mp —)jj{p;,=35(}(_'ic‘~ff]
- T ] 5
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= - PR = 101P,
= - — pp =W
= L
= L
£
=
3
E 3
g 10
|
=
Z
10°*
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0.07 — —
- t — cH C
0.06 | — et bW 0.6=
= - — pp — jj (p =350GeV) - t —cH
E 0.05 — pp —> i (p,=500GeV) 05— .. ] t— bW
= = — pp — W & - — pp — ij (p =350GeV)
0.04 | — E e ot
E - = pp — jij {pT—SUDGeV}
= - =2 — pp = gW
E o0.03 g
= I
Zz = =
D.02F =
= s
0.01— <
0 50
NTrack
6
Npv
0.4
035F—— t —cH
B 107 t — bW
= 0.3 c —pp — §j (p =350GeV) E —— pp — ij (p =350GeV)
E oosk Ve PP > ii (p,=500GeV) = {f kB e pp — ij (p,=500GeV}
= e — - pp — gW E — pp — W
= C
E o2f E
= =
= £
= =
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Normalized to unity

Normalized to unity
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Ranking | variable 12 :
1. AX,; i 3/—\
- 2 09 ]
2 AXpe : 085
1 ‘g e 3101-E
3' THE ‘g 0.8; == Case-I: event weight 3 //—\
'-1. T:-..El g 0_755_ — Case-ll: equal weight i ]
- 5 E 1
2 &Eb_j‘:”' En 0'7% 100 4+ — BR(t-=>cH)=10% /_\
. -ﬂfﬁ—j:?! 2 0-35; _: ﬁi::::;i?ﬂl
- =L Bl b v i i b e b 03 _0.2 01 0.0 01 0z 0.3
i ;u;- . 062 ‘ ) 05 05 ‘ 65 0s bat cut
B .& E ) Signal efficiency
: Li;f;.! Branching ratio(t — ¢H) | BDT Cut || max(Significance)
9 Py 100% 0.08 270
10. A Xy, . 10% 0.08 69
11. .ﬂfb_jﬁ.! s 095 1% 0.12 14.6
£ o —
12, -'h"'!:'yht—.jr:! X 0.9;— 0.1% 0.15 19
13. Ngubjet T o :
14 JI1,'.IrLi'.:.l:'l|Lr!'£:¢.':E'r..l' § 08 — Case-l: event weight Samp]e Zype We]g]]t
: T'rack g P _casel equal weight -2
15, Mpy B 0 * Backgroundl 4.6 X 10
16, Npv g " *  Background2 2.1 x 103
2 065
S e e Background3 1.8 x 103
%203 04 05 06 07 08 09
Signal efficiency ® BHCkgr0und4 6.7 X 10_1
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