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2. 3-top vs 4-top Next Leading Order Studies




4-top process predicted by Standard Model was detected

4 top generation is a rare process ) o : .
predicted by the Standard Model :
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Motivation for 3-top NLO studies:

§ " ATLAS Internal [ ]ttt (old) 2 ATLAS Internal L
" Rt (new):3.58% - SR )
AR |ttt (new) I iren) divided i
ol Ot i S - 3-top process divided into ttt+q

(including ttt+b) and ttt+W.

- ol - ttt+W process is larger and expected
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even with the GNN distributions




3top NLO sample would benefit the
analysis with improved modeling

Motivation:

- Free floating both 4-top and 3-top
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Comparing tttjp, tttjm, tttwp, tttwm Feynman Diagrams

: [ O \ . | . - The difference between tttxp
(e-) % </ 3 and tttxm is that Jet/W
, S "@"‘ ¢ charge is positive for p, and
negative for m.

23l diagram 11 OCDaA, QEDAZ

tttjp: PO_bxd_ttxtxu tttjm: PO_bdx_tttxux

Between tttj and tttw, one
process generates a jet and
another generates W boson.

23l diagram 1 QCDa4, QED~1 (23l diagiam 1 QCD~4, QEDA1

tttwp: PO_bxg_ttxtxwp tttwm: PO_bg_tttxwm 8




5-top NLO cross sections produced Outside Atlas(MG alone)

NLO
(reproduced
theorist
results)

tttjp

0.2022
12.6e-03 fb

tttjm

0.4442+
1.9e-03 fb

tttj

0.6464 b

tttwm

0.5185+
1.5e-03 fb

tttwp

0.5212 +
1.6e-03 fb

tttw

1.04 fb

NLO
(theorist)

0.646 fb

1.02 fb

LO
(reproduced
theorist
results)

0.1132+
2.1e-04 fb

0.2485
14.5e-04 fb

0.3617 fb

0.2919 =
6.1e-03 fb

0.2923
16.1e-04 fb

0.5842 fb

LO
(theorist)

0.363 fb

0.576 fb

Cross sections
from theorist are
reproduced from
our study

tttW has a higher
signal compared to
ttt]
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The tttjp sample produced inside ATLAS

Normed to unit

(10k events)
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The scalar sum ot - The scalar sum of

jets since each t decays

into W+b, and tttj has
an extra jet, so there’s
at least 4 jets

transverse
momentum of the
jets and leptons

transverse
momentum of the

jets
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The tttjp sample produced inside ATLAS (10k events)

';E, 2200 .
2100 ATLAS Interna é L ATLAS Internal % | iias e
2 I 2 100
— ttfj 1507 — ) L it
I I Parton level
I ol : with inclusive
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50 r
: 50_
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d us ¢ b g Number of Tops Number of quarks
Type of jet or gluon _ ltis3asexpected because it’s 3-top Either 1 or 2 as expected. At Leading order,
production there’s only a jet production but at next leading

order the jet decays into 4 or 5 quarks/gluon
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Feynman Diagrams
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5.BDT OPTIMIZATION




What are Boosted Decision Trees?

- Boosted Decision Trees are a
common Machine Learning
technique in Particle Physics that
separates signal from Background

1 1 +0.9

+2 +0.
- Data is recursively split based on @
2 -

their individual features 0s=29 (G )=-1+09=-01

https://xgboost.readthedocs.io/en/stable/tutorials/r

.. del.html
- An ensemble of decision trees are

used, hence the boosting.

14



Motivation

- Using BDT, we are able to
distinguish tttt production from
its remaining background

- The goal is to separate tttt from
ttt, however, we don't have triple
top production data yet for R23 ->

S/\B
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BDT training

Use MVA framework from ttZ ML group

written by Steffen (instead of my private

XGBoost BDT framework used in SM 4t)

BDT is trained in SR (>=2b,>=6j,HT>500GeV) to

reproduce similar results as before

BDT training with same input variable used in

SM 4t observation paper

o DL1rupgraded to DL1d and other

variables involving b-jet are tagged at 77%
WP with DL1

| Variable Category  Description |
Sum of DL1r pseudo-continuous b-tagging score over leading four jets
3 y— P gging 2 J
ZioWoLir  b-tagging with highest DL1r scores
Niets Jet Jet multiplicity
AR({,€)min Distance  The minimum distance between any lepton pair
jet . A
Pr Jet Transverse momentum of leading jet
p};'JetO Jet Transverse momentum of leading b-tagged jet
p;‘fpo Lepton Transverse momentum of leading lepton
EP' Energy Missing transverse energy
i Sum of the distance between leading and sub-leading leptons in SS
ZAR(6£) Disance or leading, sub-leading and third-leading leptons in 3¢
HY feadjet " Energy  Scalar sum of all lepton and jet pT except leading jet
AR(£,b)max Distance  The maximum distance between leptons and b-tagged jets
pl;ﬁ Jet Transverse momentum of 6th leading jet
AR(j,b)min Distance  The minimum distance between b-tagged jets and jets
jetl . 5
Pt Jet Transverse momentum of sub-leading jet
Ntree 400
(patience=20)
Learning rate 0.025
MaxDepth 2
MaxFeatures 8
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https://gitlab.cern.ch/skorn/mva-trainer

Difference between R21 and R22 (from HuiChi Lin)

R21 R22
. Single lepton trigger (SLT) , ,
Trigger & Di-lepton trigger (DLT) Single lepton trigger (SLT)
Isolation WP PLImprovedTight (electrons & muons) T'ghgaiib(.ﬁgm—c:ﬁ:;agn (S(I)e:;)" ons)
B-tagging WP DL1r 77% DL1d 77%
Sherpa 2.2.10
{HW t#W QCD+EW e e
(with all sub-leading correction)
QmisID Data-driven MC

Looser
PLIV

19



BDT training

e Samples are trained with the nominal MC weight
e Negative weight treatment: removes negative

H o e . OtherFake ATLAS Inte;rn?l
weights and scales remaining weights down to sgsmewo B |
Eggmf Evenls; 1387:0
Nr of Events: 2031.0 [
IntCO

account for difference (previously just ignore negative

1 Nr of Events: 2215.0 [T2"
weight o
Nr of Events: 2999.0 [%°
LF i
Nr of Events: 3080.0 =55

atCO

e 2 Fold training depending on the event number with Nt B aror0. [0

misID
Nr of Events: 3330.0 [
additional validation set from 25% of data (might Mot Eveis: ass0

Nr of Events: 72351.0 [0

. . . . . . tz
expect gaining sensitivity with more folds)

Nr of Events: 377637.0  [Trt = e maa S 1
10° 10* 10°
Raw MC Events

e No additional increase of weight for ttW 7-jet and ttW
8-jet, nor increase the whole ttW weight (ttW weight
can be further tuned to achieve better separation)



Model 0 Model 1

BDT performance
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D  Cltesting —— Fold 1 (Test) AUC=0.874 1 5 i E AD‘%zlsr:?SigA(BkgA) P=0.453 (0.578) L S m s [ AD Test: Sig.(Bkg.) P=0.274 (0.988) L &
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BDT performance

Fraction of Events

[
:I TTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT ] TTTT | TTTT | AT l:
025; ATLAS Internal [ ]signa _f
- Cl testing i i Background .
0.2~ Separation=43.27% —
0.15 3
0.1 —
0.05 =
0 _.I | I e | | 1111 I | B iy I | I 1111 | 1111 I LB I | o I | | 1111 I 1111 | B 15

Separation power seems okay enough to have the preliminary sensitivity
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BDT Output
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tw
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SingleTop
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OtherFake
MatCO
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IntCO
HFm
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Diboson
Data

0
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BDT Output

Fraction of Events [%]
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Final MVA shape and S/B

e Only simple optimization for the moment, still have room to improve like increase the ttW
weight to seize a better separation

R21 Sig: 4.15

*: normalised to total Bkg.
T e RS o A ARRERR Rann

ATLAS Internal O (1 Ctiw*

Vs =13 TeV, 140 fo"' [tW Wtiww
SM 4tops SSML Wtz WttH

SR [JQmisiD [@Mat CO
Post-Fit 13 [EHFe
EHF.  ELF

[l Other fake[Jt(H)X
v

Events

[Mothers
// Uncerlamty

02 03 04 05 06 07 08 09 1
SMBDT

Events

1=
10+ I T TR = {LEEL,
(@ E 2/ndf 260/17 x2prob = 0.07
41250 E
n 2.75F P
13750 e : E

R22 Sig: 4.02 0
e oMmalised to total Bkg.
ATLAS Internal ¢ Asimov RO 1 ]
10 Vs =13 TeV, 140 fb™' [Jtiw* .tfw' =
SM 4tops SSML Witz WttH E
SR [JMC QmisiD [iMatCO
10° Post-Fit ' [HFe -
HEHFu WLF E
W Other fake  [IJt(HX ]
10? vy Wothers
ZUncertainty -

10 = ol

o E
01 02 03 04 05 06 07 08 09 1
BDT

Second to last

bin

Last bin

S 5.21 12.23
B 7.20 6.02
S+B 12.41 18.24
S/B 0.72 2.03
S/sqrt(B) 1.94 4.98

23




Final fit results
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- R22 result also
return to injection.
NF stays around 1
and ttw dd have
similar scaling
factors.
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Final Fit Results

R21 R22

ATLAS Internal ATLAS Internal
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4. Next Steps




Summary and Next Steps

1. 3-top process vs 4-top process
a. We successfully reproduced theorist cross sections of tttj+, tttj-, tttW+, and tttW- at LO
and NLO with dynamic scales (HT/2)
b. However, we need to reproduce inside atlas samples for tttj-, tttW+ and tttW- which we
haven’t successfully accomplished yet

2. BDT trained with R22 samples (continued work from Meng-ju)
a. Hyperparameter optimization resulted in less loss, better matched training and learning
data, and effected prevented overtraining
BDT samples could be better trained
c. Further tunes with other parameters and set up an optimized BDT model with optimized
hyperparameter, k-folding and weight fraction strategy
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5. Zurich! (and a lake near france)
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The tttjp sample produced inside ATLAS (10k events)

=200 =
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Asimov vs. post-fit

e Good agreement between Asimov and post-fit as expected
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‘qc: C ATLAS Internal  -#-Asimov [t i 5 ATLAS Internal | $-Asimoy Lt
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