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MoTnBaumAa N Lenu

Llenb: nccnegosaHmne metogom MoHTe-Kapao cobbiTUin accoumMaTMBHOTO poXKaeHUsa 6030Ha
XUrrca ¢ OAMHOYHbIM TOMN-KBapKom B pamKax CtaHgapTHo Moaenu un UBT/ITC
(MHBepTMpoBaHHOe B3anmopencreme Ton-kBapka/Inverted Top Coupling).

MoTuneauma: NOUCK peaKoro npouecca pp — tH Ha BAK ¢ uenbto uasmepeHna KOMNAEKCHOU
da3bl KOHCTAaHTbl B3aumoaenctesma 6030Ha XMrrca ¢ TON-KBapKOM M ee CpaBHEHUE C
TeopeTnvyeckummn npeackasaHmnamm CtaHgaptHon Mogaenw.
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[eHepaumm cobbITUM

‘m(b)=4.2MB
m(t) =172.5 =3B
m(H) =125 3B
Yy *m(b) =4.2 2B

)
feHepauma: MadGraph5 aMC@NLO, POWHEG (ttbar)

AppoHusaumsa: PYTHIA 8, Herwig7 (ttbar)
PeKoHCcTpyKumA cTpyn: Fastlet

Y*m(t) = 172.5 1B

Framework: Rivet
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O1b6op cobbiTni: plead > 27 3B;
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In|bet < 2.4

NHbopmauma o creHepnpoBaHHbIX CObbITUAX

tHbg (NLO) BSM CPO/CP180

tHbq (NLO) SM
tt (NLO)

ttbb (LO)

ttZ (LO)

ttH (NLO)

tZbq (LO)

ttW (LO)

5497 800

8782291

30 000 000
65979470
22 000 000
2 750 000

22 000 000
22 000 000

13.29/157.20

13.41
404843.62
4807.00
34.10
128.85
31.37
212.20

842.96/13021.37
Nevents - ypc0 creHepPUpPOBaAHHbIX COObITUN

Nweighted _ y1cnoO B3BELLIEHHbIX COOLITUI, COOTBECTBY-
lowee oxknaaemon ctatuctmke Run3 (500 ¢61)

822.26
526296.71
148296.95
2953.06
13097.60
1648.49
791.77



PekoHCTpyKUMA COBbITUSA

e [lna Bcex cobbITMi NpeanpUHUMAETCS NONbITKA PEKOHCTPYKLUUM CUTHANIbHOTO npouecca:
pp — tH(H — bb,t — blv)

* CTpyu PEKOHCTPYUPYIOTCA U3 aJPOHOB KOHEYHOIO COCTOSIHUA.

* [lonepeyHbi UMNYAbC HEUTPUHO PEKOHCTPYMPYETCA KaK HeJOoCTatoWm NonepeyHbim
MMMNYNbC CTPYN U 3aPAXKEHHOTO NeNTOHa.

* [lpoaonbHaA KOMNOHEHTA UMMYAbCa HEUTPUHO BOCCTAHAB/IMBAETCA U3 KUHEMATUYECKOIO
OrPaHUYEHUA : My, = M.

* b-cTpyn npmunucbiBatoTCA pacnagy Ton-KBapKa uam 6030Ha Xurrca nytem nepebopa Bcex
KOMOUWHaUMM 1 BbIbOpa TON U3 HUX, YTO AAET MACChI 7 , bAvXKanwme K HOMMHabHbIM.

B pamKax runoTesbl 0 TOM, YTO BCe COObITUA COOTBETCBYIOT CUTHAIbHOMY MPOLLECCY, PEKOHCTPYMPOBAHbI 51

KMHEMATUYECKNX NePEMEHHbIX. ITU NepemMeHHble bbln nepeaaHbl HEMPOHHOM CETU, PA3AENAIOLLEN CUTHAIbHBIN
n GOHOBbIE NPOLECCHI.



VlHBaleaHTHaH MaCCa PERKOHCTPYNPOBAHHOTIO 6030Ha Xurrca u TOM-KBapKa AN1A4 CUTHa/1IbHOTO U d)OHOBbIX rnpoueccoB
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PacnpeneneHns nepemeHHbIX C BbICKOM pa3aeinTelbHOM CnocobHOCTbIO curHan/doH
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PasgenutenbHaa cnocobHocTb curHana CM n NUBT
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OueHKa YyBCTBUTENbHOCTKM aKNepmmeHTOoB Ha BAK K npoueccy tH B pamkax CM
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OueHKa YyBCTBUTENbHOCTK 3KNepmmeHToB Ha BAK K npoueccy tH B pamkax moaenn UBT
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3aKka4yYeHune

CmoaennpoBaH CUTHaNbHbIWM NPOLECC aCCOUNATUBHOIO PoXKAeHUA 6030Ha XUrrca ¢ O4UHOYHbIM t-
KBapKom (npouecc tH), a Tak»Ke cooTBeTcTBYlOWME POHOBbLIE npoLecchl B npnbamkennn NLO ans
SHepruun ctonkHoseHU 13.6 TaB B cucteme ueHTpa macc B pamkax CtaHaaptHon Moaenu u UBT.

PeKoOHCTpPYMpPOBaHbl U NPOAaHANN3NPOBAHbI KWNHEMATUYECKME NEPEMEHHbIe, 0TOOpaHbl Hanbonee
BaXKHbl€ U3 HMUX AN BblAENEHUA CUTHA/IbHOIO NpOoLEecca OT OCHOBHbIX GOHOBbIX MPOLECCOB.

[MpoBeaeHa OUEHKA YYBCTBUTENbBHOCTU aKcnepumeHToB BAK K curHanbHoMy npoueccy (tH) ana
Run2+Run3 mn npeacroawero High-Luminosity Run.

[Mony4yeHHble pe3ynbTaTbhl YKa3bliBalOT Ha TO, YTO CUTHabHbIN Npouecc tH B pamKkax CM morkeT 6biTb
obHapyxeH TonbKo Ha High-Luminosity Run, npu 3Tom € BbICOKOW BEPOATHOCTbIO CUTHAJIbHbIN
npouyecc tH B pamkax UBT moaenun, ecam oH cywecTByeT, MOXKeT BbiTb OOHapyXeH Ha
CKOMOUMHMPOBAHHbIX AaHHbIX Run2+Run3

Cnacmbo 3a BHMMaHue!
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BACK-UP
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Process ____ News | Cevenme (96) NN

tt (NLO) 30 000 000 404843.62 174 976 526296.71
tt (LO) 220 000 000 367015.60 1010650 843009.81
ttbb (LO) 65979 470 4807.00 4 069 410 148296.95
ttZ (LO) 22 000 000 34.10 3 809 967 2953.06
ttH (NLO) 2 750 000 128.85 559 133 13098.96
ttH (LO) 22 000 000 103.40 4 100 869 9637.04
tZbq (LO) 22 000 000 31.37 2313 062 1648.49
ttW (LO) 22 000 000 212.20 164 175 791.77

tt(NLO) = total * k-factor * semileptonic = 811(pb)*1.138546122 * 0.4384373
tt(LO) = sigma_semileptonic * (total_official/total madgraph) = 194.6(pb)*(923.6/489.6)

total_oficial (13.6 TeV) = 923.6 pb : https://twiki.cern.ch/twiki/bin/view/LHCPhysics/TtbarNNLO

ttH(NLO) = total*(tt->semileptonic)*(H->bb) = 507.2(fb)*0.438%0.58


https://twiki.cern.ch/twiki/bin/view/LHCPhysics/TtbarNNLO

8782291

SM LO

HC_NLO X0 NLO
CPO

HC_NLO X0 NLO
CP180 (ITC)

22 000 000

5497 800

5497 800

13.41 1077004 822.03
12.45 2 613 269 739.44
13.29 700 892 842.96
157.20 910 801 13021.37

H->bb = 0.58 : https://pdg.Ibl.gov/2024/reviews/rpp2024-rev-higgs-boson.pdf

t->11 = 0.332 : http://pdg.ihep.su/listings/particle properties.html

tt->semileptonic: https://pdg.lbl.gov/2023/reviews/rpp2023-rev-top-quark.pdf
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SN ENIZE

I"I('."-('.‘-.:J(.‘,‘l('JB‘clilll(.‘- POz JIeHIs] 60130[1%1 X[-l[‘F(.“cl COBMECTHO C
* PDF set: CT10; m(b): 4.2 GeV; m(t): 172.5 GeV

« m(H):125GeV; Y, *m(b):42GeV; Y, *m(t): (+1) * 172.5 GeV (SM) and (-1)* 172.5 GeV (BSM)

OJIMHOYHBLIM TOII-KBapKOM MCTOIO0M ‘\'IOil'l'('.‘-K‘c'l}ﬁ)..-’l()

] smooel TT A e 1,2 IR P e :
N.P.Boiiko", H.A T'yceitnos ™+, and O.A.Kosasb « Number of generator events = 34119 (as in ATLAS Ntuples)

1O6bemmennbIii HHCTHTYT sijlepHBIX HeeaeoBaniii, ly6Ha ~ ~ _ h~ n
g L epp>tthbbqg,h>bb~ (t>w+b, w+>allall), (t~¥>w-b~, w->all all)

B ‘asivibps 2021 1 Cross Section MadGraph, pb Cross Section ATLAS MC (for Nevents 300k), pb
/_ \ SM 0.03205 + 6.9e-05 0.031216
L]
IVIadGraph MGS_EMC_V2_6_3_2 BSM 0.4135 + 0.00078 0.422364
(last version)
* LHAPDF-6.1.6 (last version)
* ExRootAn alysis: A package to convert Reconstructed mass of top-quark ,
(1 solution per event) Reconstructed mass of Higgs
\_ the various output (LHE) in a ROOT format. ~/ @ 4o Eniies 3546 0 e 4268
. —— 5 = I S -
" Pythla 8.2: A package containing Pythia6 & F I '
350 — =
and PGS. Pythia6 is able to shower and So0L- — oot omnation 300 e il
to hadronize your events and is able to 2s0f- 250
s it . 200/ 200
perform the matching for multi-jet production. g E
150;’ 150 —
PGS is a fast detector simulation package. 100} 3
or Pythia 8. 50/ oF-
1| = S . L . L .--"nl\ { L I e RSN =
" DE|phES: A package allowing to have * - = = = zsfnt(Ge\fT -

a fast detector simulation, in replacement of

PGS. 14



Information about the neural network SM
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Information about the neural network ITC

- MadGraph, LO & NLO
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Crossentropy
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Validation of the signal process

NHeapuaHTHas macca 3-x CTpyil ¢ HaubonbWUM pr PeKOHCTpYMpOBaHHAan Macca 6030Ha Xurrca, 2. PeKOHCTpYyMpPOBaHHAsA Macca Ton-KBapka, 2.
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conservatlon law of the

2 i
r mW (plea,d + pV) the four-momentum

W-boson
1
Phv= 51 (#PZl + By /2 — PE,(Bpiss)? )
2
m
p=—"+ Px,E7"*" + Py E7"*Y: my, = 80.35 GeV

2

miss,r Emzss,y E E
E — E pcharged lepton E pJet T p charged lepton p jet

Emzss \/Emiss,azZ 4+ Emz'ss,y2 <——— neutrino momentum
T T

—

pv1 = Vecd(Ep™™", E3"*"",p}, \/EW“2 + piy)

two solutions for the
neutrino momentum

_ MISS,T  FaMiss,y  — miss2 —2
pl/,2 - V€C4(ET 7ET 7pz,1/7 \/ET —I_pZ,I/)

18



Neutrino reconstruction

,GeV
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i
1]
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40
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2
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140 0
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60 80

Formula for calculating the z-component of neutrino momentum:

2
I% l@ where Q= ﬂ

miss,x miss,y
+ Px B + Py B 77

truth
v.iuth - ey

Pz

1 :
Py, = o pPz;+ El\/#2 — P (E7*)? ),

Tl

v, truth Vv, reco
P VS P, -
250: pz_vs_pz_neutrino Haue _52
0ol Entries 5226592 " N,
Mean x -0.1119 [
h —2
1504 Meany  -0.3533
Std Dev x 86.16 N .
Std Dev y 87.17 ;
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1.2
1

0.8
0.6
0.4
0.2
0

25950 7100
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p;’ reco, Gev

each event gives 2 entries: correct solution and wrong
solution
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ANTOPUTM PEKOHCTPYKLMM TOMN-KBapKa M BO30Ha Xurrca
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2 for the signal and background processes

2
® x10° xmin
o 2
Z tHbg (NLO) £ 5 — tHbg
— ttbar (NLO)
HZ (LO) - — background
— ttH (NLO) SP: 0.98%
— tZbq (LO) 501
ttbb (LO) g
40—
W (LO) -
30—
20—
10—
0 = — e I — : : 0:|||||||||||||||I|||i|.._f'..—'Egégggégg:d_
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
I‘fmﬂ xmin
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PeKkoHCTpynpoBaHHblie Macchl 6030Ha XMrrca U ToM-KBapKa A/19 CUrHa/IbHOro npoLecca

Yucno cobbiTUia

Yucno cobbIiTHUA
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Tails in distributions of reconstructed Higgs boson and top-quark masses for the signal process
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Reconstructed masses of the top quark and Higgs boson for background processes
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Reconstructed masses of the top quark and Higgs boson for background processes

2 2
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Two-dimensional distributions on the reconstructed Higgs boson and top-quark masses

Mmu(x2,.) vs myx2.)

mH(X,an,fn) vSs mt(X,rzmn)

2
Mu(X min) VS MX i)
x10° i SIS T x10° e ) x10° i e x10*
= x : 7 [ m_higgs_vs_m_top % Srie el A i . { m_higgs_vs_m_top % - m_higgs_vs_m_top
9 s “[Entries 2613296 25 < b %St 7-: 7 [Entdes 3800967 S Entries 4069410 | —|18
= -1 Mean x 127 = F - Mean x 1239 —125 e | Mean x 131.7
8E I Meany 197.3 8E = Mean y 196.5 oE | Mean y 1949 || —16
E S StdDevx  56.28 ‘é-’ Std Dev x 57.6 ‘g’ ‘| SidDevx  63.53
StdDevy  81.39 =0 0.7 Ty SdDevy 7473 | _lag StdDevy 7634 —14
08 . 06 - s o e g 12
—15 3 s oy 3 . Ty n
—15
0.5 I 0558 t;bb 10
04 0.4 =
10
g 03 03 ’
iy :
0.2 et et 5 0.2 |
C 0.1 0.1
0:‘"'‘""‘‘"'“"'‘""‘""“""""“""‘HI 0 0:""""‘|"""“'l""l'“"""l""""‘l"" 0 OEHH\\|||\|||\||H||\|||\|||\||H\|\H|\\|||\|||\ 0
¢ T B0 foy A B DR TR 82?0( 290)0 e 0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000
H Xm:'n ' mH(ijn)’ GeV mH(Xifn): GeV
2 2
& o . mH(men) VS mf(ijn) i 1 «10°
> 15 = % > 1B b 7 3 = —ﬁ(] % m_higgs_vs_m_top | —125
3 m_higgs_vs_m_top 2 m_higgs_vs_m_top 0} e -|Entries 2313082
. 09 Entries 4100869 _ Entries 1010650 LY “| Mean x 115.1
T " Mean x 126.1 o5 = Mean x 109.3 o E s )
wE B = wE S : ean y 187.4
< 08 | Meany i x Meany i g ol “.|stdpevx 5517| 120
g : Std Dev x 48.76 E‘ Std Dev x 23.41 £ e StdD
07 ; evy 71
0.7 . Std Dev y 70.27 Std Dev y 38.49 : 5 = =
' A —20
0.6 N 0.6 —15
) \
05 I 15 tt { 0.5
0.4 0.4 - 10
0.2 0.2 5 5
5 L
0.1F = 0.12
0:\\\I|I\\\|I\\\ll\l\ll\l\‘III\‘IIII‘IIII‘IIII‘\III 0 OZI\I\llll\‘IIII‘\I\Il\\\Ill\l\llll\‘IIII‘\I\I'\\\I 0 0:""|‘"‘|""""'l'"“""l“"l""“"'l"" 0
0 100 200 300 400 500 600 700 800 2900 1000 0 100 200 300 400 500 600 700 8OO 900 1000 0 100 200 300 400 500 600 700 800 2900 1000
mH(men)! GEV mH(Xﬁain)! GeV mH(men)’ GBV

26



Invariant mass of the top quark and Higgs boson system for the signal and background processes

Invariant mass of Higgs and top Invariant mass of Higgs and top
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and

Higgs boson for the signal

and background processes
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Events

Distance in n between Higgs and top
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| between top quark and Higgs boson for the signal and background processes
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Events

Events

Forward and Tagging jet

tHb@H

The jet generated by the quark-spectator can
be used to extract the signalling process
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|A | between top quark and Forward (Tagging) Jet for the signal and background processes
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Distance in
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between Higgs and Forward (Tagging) Jet for the signal and background processes
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Invariant mass of Top-quark and Forward (Tagging) Jet for the signal and background processes
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Invariant mass of Higgs and Forward (Tagging) Jet for the signal and background processes
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Invariant mass Higgs and Central Jet for the signal and background processes
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Fastlet vs SlowJet
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Number of jets for the signal and background processes
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Number of central and forward jets
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Aplanarity, spherisity and Fox-Wolfram Moments
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Aplanarity for the signal and background processes
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Sphericity for the signal and background processes
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First and Second Fox-Wolfram moment for the signal and background processes
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Invariant mass of 3 jets with highest  for the signal and background processes

Invariant Mass of 3 jets with highest P, Invariant Mass of 3 jets with highest P,
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Total  of all jets for the signal and background processes
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Transverse mass of all jets for the signal and background processes
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Distance between b-jet with maximum
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Distance between nearest b-jet and Forward (Tagging) Jet for the signal and background processes
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Characteristics b-jet with maximum  for the signal and background processes
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Characteristics other b-jets for the signal and background processes
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Transverse momentum non-b-jet with maximum  for the signal and background processes

Transverse momentum of non-b-jet with maximum P, Transverse momentum of non-b-jet with maximum P,
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Leading leton
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Distance between jets from W-bozon for the signal and background processes
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NLO vs LO
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2 for the signal and background processes

0.12

0.1

0.08

0.06

0.04

0.02

_I\I‘III|I\I|.II-ILIIh|III-|

=)

2

6

. ttbar NLO (POWHEG+Herwig7)

u ttbar LO (mg5_aMC+Pythia8)

Events

0.12

0.1

0.08

0.06

0.04

0.02

an'n
1
g + thbg NLO
|
. = thbq LO
e
_H|I||I“"|"'8 10 12 14 16 18 20

o

Events

90

80

70

60

50

40

30

20

%1072 men

o

2 * tth NLO
e

o = tth LO
-

e

— 9

E u

? '..
0:||||||\|||||||\é\||1|0|||1|2|\1-1\4...1é.%0

55



Reconstructed masses of the Higgs boson for the signal process and background processes
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Reconstructed masses of the top quark for the signal process and background processes
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Invariant mass of the top quark and Higgs boson system for the signal and background processes
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and  Higgs boson for the signal and background processes

Transverse momentum of Higgs Transverse momentum of Higgs Transverse momentum of Higgs
.  x10° " x107° " x10~°
= C T 60 - T 50—
g s*e | 3 41 5 L ey
w 60 :_ = 1:I . ttbar NLO (POWHEG+Herwig7) w - :-.. :';:: N thbq NLO L - :':;t 1-‘_ " tth NLO
r ES . ] ttbar LO (mg5_aMC+Pythia8) 50— & £ - e
- E S |- - & 40— - -..+
- % - 3 - = thbg LO = % * = tth LO
- s 40— - - [ -.-:.:
[ - = —
40— = k. 3 .
S - - . . 34 =
30— ke - 11 - u
C - 20— -
C* ¥ 20[ # ™ C -
20— - - - i +*
C - - E - -
b .--'- B :t:t;t B e
[ - 10— 10— -
10 ud ..-"'-.- g **h - l'."#
'.."'.'.\_._ F :':*';_M““ - .'-.-._-'-
L B 2 L - .
00 L1 5|0 L1 |1{|]0| L |1\50| L |2{|)0\ L \25|0\ L mo 00 o 5\0 L1 \1{|]0| ) |1\50\ L \2{|,0| L1 |2é0\ | \Béol ) |350 Env s By Be SRR FEE SR0G BN PRia ppaE g |-.-
b GeV b . GeV 0 50 100 150 200 250 300 350
TH TH PTH, e
n of Higgs n of Higgs n of Higgs
£ 40 ﬂﬂ_a %) x10” 2] 510—3
5 il ..'. ...'i #  tibar NLO (POWHEG +Herwig?) e i = 45 i "
i a5 = '. 4 W ubarlO(mgSs aMC+Pythiag) ,_%’ 35 :— '"=:' ==|**' s Thbq NLO :>j - ‘-hni.... s 2 * tth NLO
o < " F 8 Tt . 40— N .
C 7 v £ P F ] [ |
- \ ’ 30 . + :+ = thbg LO 351 : = tth LO
25 & H 25— & i 30 f_ . .
P £ il . .
20— : 8 20 a : e
- 4 - 20 . :
Ly . 15— H : c 2
- o 8 C . & 15— 2
10— 10— 5 = 1 .
c - N i : .. 10 i :
- a = i E
51— . . 5 " i e . .
C o "a C -. 'I 5: . %
= ut! | | | i c o Yy [S—— i
0 L — . — T R A T N N N N R 0 A T SR [N N T SN SO N N MI! .’.'F'!Mll
6 4 -2 0 2 4 o 0% A 2 0 2 4 6 8 - 3 0 2 4 6 59



Distance n between top quark and Higgs boson for the signal and background processes
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| between top quark and Higgs boson for the signal and background processes
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Forward and Tagging jet
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Forward and Tagging jet
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|A | between top quark and Forward (Tagging) Jet for the signal and background processes
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Invariant mass of Top-quark and Forward (Tagging) Jet for the signal and background processes
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Invariant mass of Higgs and Forward (Tagging) Jet for the signal and background processes
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Invariant mass Higgs and Central Jet for the signal and background processes
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Number of central jets
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Number of b-jets and non-b-jets
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Aplanarity for the signal and background processes
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Sphericity for the signal and background processes
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First and Second Fox-Wolfram moment for the signal and background processes
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Invariant mass of 3 jets with highest  for the signal and background processes
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Total  and transverse mass of all jets for the signal and background processes
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Distance between b-jet with maximum
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Distance between nearest b-jet and Forward (Tagging) Jet for the signal and background processes
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Characteristics b-jet with maximum
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Characteristics b-jet with maximum  for the signal and background processes
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Characteristics other b-jets for the signal and background processes
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Characteristics other b-jets for the signal and background processes

Energy third by P, b-jet Energy third by P, b-jet Energy third by P, b-jet
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Transverse momentum non-b-jet with maximum
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Leading leton
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Leading leton
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Distance between jets from W-bozon for the signal and background processes
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Inverted Top Coupling (ITC)
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2 for the signal and background processes
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Reconstructed masses of the top quark and Higgs boson for background processes
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Invariant mass of the top quark and Higgs boson system for the signal and background processes
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Higgs boson for the signal and background processes
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Distance n between top quark and Higgs boson for the signal and background processes
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| between top quark and Higgs boson for the signal and background processes
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Forward and Tagging jet
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|A | between top quark and Forward (Tagging) Jet for the signal and background processes
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Distance in
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Invariant mass of
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Invariant mass of Higgs and Forward (Tagging) Jet for the signal and background processes
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Invariant mass Higgs and Central Jet for the signal and background processes
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Number of jets for the signal and background processes
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Number of central and forward jets
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Aplanarity for the signal and background processes
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Sphericity for the signal and background processes
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First and Second Fox-Wolfram moment for the signal and background processes
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Invariant mass of 3 jets with highest  for the signal and background processes
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Total  of all jets for the signal and background processes
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Transverse mass of all jets for the signal and background processes

Transverse mass of all jets Transverse mass of all jets
x10° x10”°
2 40 2 L
E "L & 30—
> - > -
Woas i Bk HC_NLO_X0_UFO_v1p3-4Fnoyb
i L &
& 25— —
30— — background i tHbq CPO
- SP: 8.44% it — tHbq CP180
- = SP: 0.65%
ey 15—
15— E
& 10 —
10— -
5 E— 51—
: | | | | | | | | | | | | | | 1 | 1 | | | T t —!— | : | | | 1 | | 1 | | | | 1 | | 1 | | | | | 1 1 | 1 | | |
% 500 1000 1500 2000 2500 3000 % 500 1000 1500 2000 2500 3000
Nﬁ-“ ;ets’ GeV Nfll.“ ’Ets, GeV

108



Distance between b-jet with maximum  and Forward (Tagging) Jet for the signal and background processes
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Distance between nearest b-jet and Forward (Tagging) Jet for the signal and background processes

Distance between nearest b-jet and Forward Jet Distance between nearest b-jet and Forward Jet
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Characteristics b-jet with maximum  for the signal and background processes

Transverse momentum of b-jet with maximum p_ n of b-jet with maximum P, Invariant mass of b-jet with maximum p_
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Characteristics other b-jets for the signal and background processes

Transverse momentum second by p_b-jet n second by P, b-jet Energy third by P, b-jet
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Transverse momentum non-b-jet with maximum  for the signal and background processes

Transverse momentum of non-b-jet with maximum P, Transverse momentum of non-b-jet with maximum P,
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Leading leton
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Distance between jets from W-bozon for the signal and background processes
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A set of variables most sensitive to the selection of signalling process events
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Variables descriptions

mass_3jet
sphericity_all_jets
aplanarity_all_jets
delta_eta_top_higgs
delta_eta_top_fwd
delta eta_top_tag
mass_th

mass_higgs
mass_top

pt_fwd
max_pt_nonbjet
eta_tag
mass_higgs_fwd
mass_higgs_tag
mass_top_fwd
mass_top_tag
q_lead

n_nonbjet

fwjets2

fwinujetl
deltaR_bjetmax_fwd
deltaR_bjetmax_tag
deltaR_nearest_bjet_fwd
deltaR_nearest_bjet_tag
mT_all_jets

eta_lead
sum_pt_jets
energy_third_bjet
delta_phi_higgs_top
delta_eta_higgs_fwd
delta_eta_higgs_tag
max_pt_bjet

pt_second_bjet

Invariant mass of three jets with the largest p;

Measure of uniformity of the distribution of jets in the space

Measure of deviation of the jets from the common plane

Difference of pseudorapidities from the top quark and Higgs boson
Difference of pseudorapidities of the top quark forward jet

Difference of pseudorapidities of the top quark tagging jet

Invariant mass of top quark and Higgs boson

Reconstructed mass of Higgs boson

Reconstructed mass of the top quark

Transverse momentum of the forward jet

Largest transverse momentum among light jets

Tagging jet pseudorapidity

Invariant mass of Higgs boson and forward jet

Invariant mass of Higgs boson and tagging jet

Invariant mass of the top quark and forward jet

Invariant mass of the top quark and tagging jet

Charge of the lepton with the largest p;

Number of jets produced by quarks other than a b quark

Second Fox-Wolfram moment composed of the momenta of jets

First Fox-Wolfram moment composed of the momenta of objects
Difference between the pseudorapidities of the forward jet and the b jet with the largest p;
Difference between the pseudorapidities of the tagging jet and the b jet with the largest p;
Difference between the rapidities of the forward jet and the b jet closest to it
Difference between the rapidities of the tagging jet and the b jet closest to it
Transverse mass of all jets

Pseudorapidity of the lepton with the largest pr

Algebraic sum of transverse momenta of all jets

Energy of the b jet third in its transverse momentum

Difference between the azimuthal angles of the top quark and Higgs boson
Difference between the pseudorapidities of Higgs boson and for-ward jet
Difference between the pseudorapidities of Higgs boson and tagging jet
Transverse momentum of the b jet with the largest p;

Transverse momentum of the b jet second in its p; value

13.20

14.75

14.52

6.06

4.96

11.47

4.87

3.11

2.59

3.53

1.39

14.97

5.12

14.63

9.05

18.35

55

1.34

464

1.56

2.82

9.63

2.48

10.95

11.55

0.02

1.25

1.40

0.92

0.92

4.01

1.08

0.52

7.89

11.90

14.01

0.44

244

6.17

1.63

3.48

1.86

3.62

0.10

18.20

10.41

20.38

7.19

11.83

1.50

3.43

133

0.47

4.81

12.44

5.76

14.86

8.44

0.15

0.89

0.48

0.23

4.67

12.40

3.00

1.77

eta_higgs
eta_second_bjet
m_max_bjet
eta_max_bjet
mass_higgs_central_jet
n_forward_jet
n_central_jet

chi2_min
deltaR_qq_W_max_pt

deltaR_qq_W_nearest_mass_W

pt_lead
has_tag_jet
has_fwd_jet
has_central_jet
Abjet

n_jet*
sphericity_Inu*
pt_tag*
aplanarity_Inu*
pt_higgs*

eta_fwd

n_nonbjet

sphericity_all_jets

pt_tag*

aplanarity_all_jets

pt_higgs*

Reconstructed pseudorapidity of Higgs boson

Pseudorapidity of the b jet second in its p; value

Invariant mass of the b jet with the largest p;

Pseudorapidity of the b jet with the largest p;

Invariant mass of Higgs boson and central light jet

Number of forward light jets

Number of central light jets

Quality (x2 criterion) of determining the masses of Higgs boson and top quark
Difference between the rapidities of the light jets with the largest p;

Difference between the rapidities of the light jets whose masses are closest to the mass
of the W boson

Largest transverse momentum among leptons

Binary mask for the presence or absence of a tagging jet

Binary mask for the presence or absence of a forward jet

Binary mask for the presence or absence of a central jet
Number of jets produced by b quarks

Number of jets

Measure of uniformity of the distribution of objects in the space
Transverse momentum of the tagging jet

Measure of deviation of objects from the common plane
Reconstructed transverse momentum of Higgs boson

Forward jet pseudorapidity

n_jet* 0.971
sphericity_all_Inu* 0.879
max_pt_nonbjet 0.866
aplanarity_Inu* 0.812
max_pt_bjet 0.807

0.75

0.80

0.17

1.01

6.38

8.59

11.68

0.98

8.87

4.68

0.39

6.12

0.48

14.38

1.28

14.36

0.94

3.21

0.32

0.09

0.79

0.18

5.22

8.74

15.39

1.24

13.00

7.33

0.43

571

.8

10.43

0.41

13.07

3.60

6.46
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Additional information

Process Generator Order (scheme)  PDF set Partor shower PDF set (tune)
Signal

tHqg MADGRrRAPHS_AMC@NLO2.6.2 NLO (4FS) NNPDF3.0nLo nf4  PyTHia 8.230 NNPDF2.3L0 (A14 tune)

Backgrounds
I PowHEG Box v2 NLO (5FS) NNPDF3.0NLO PyTHiA 8.230 NNPDF2.3L0 (A14 tune)
V+jets SHErPA 2.2.1 NLO+LO NNPDF3.0nNLO - -
Diboson Suerpa 2.2.1-2 NLO+LO NNPDF3.0nNLO - -
Triboson  SHErRPA 2.2.2 NLO+LO NNPDF3.0nNLO - -
tZ MapGraPHS_AMC@NL0O2.3.3 NLO NNPDF3.0NLO PyTHiA 8.210 NNPDF2.3L0 (A14 tune)
nHw SHErPA 2.2.10 NLO NNPDF3.0nnLO - -
1H Pownec Box v2 NLO (5FS) NNPDF3.0nLO PyTHia 8.230 NNPDF2.3L0 (A14 tune)
t-channel Powncc Box v2 NLO (4FS) NNPDF3.0nLo nf4 Pyrtina 8.230 NNPDF2.3L0 (A14 tune)
twW PowneG Box v2 NLO (5FS, DR) NNPDF3.0nLO PyTHiA 8.230 NNPDF2.3L0 (A14 tune)
s-channel PownHec Box v2 NLO NNPDF3.0nLO PytHia 8.230 NNPDF2.3L0 (A14 tune)
tZq MapGrarHS_AMC@NLO2.3.3 NLO NNPDF3.0nLO PyTHIA 8.230 NNPDF2.3L0 (Al4 tune)
tWH MapGraru5S_aMC@NLO2.8.1 NLO (5FS,DR) NNPDF3.0nLO Pytaia 8.245p3 NNPDF2.3L0 (A14 tune)
tWZ MapGrarHS_AMC@NLO2.3.3 NLO NNPDF3.0nLO PyTHia 8.212 NNPDF2.3L0 (Al4 tune)
tit MapGraru5S_aAMC@NLO2.2.2 NLO NNPDF3.1NLO PyTHia 8.186 NNPDF2.3L0 (A14 tune)
it MapGraruS_aMC@NLO2.3.3 NLO NNPDF3.1NLO PyTHiA 8.230 NNPDF2.3r0 (A14 tune)
geH PowHEG Box v2 NLO CT10 PyTtHiA 8.210 CTEQ6L1 (AZNLO tune)
qqH PowHeG Box vl NLO CT10 PyTHiA 8.186 CTEQ6L1 (AZNLO tune)
WH PyTHiA 8.186 LO NNPDF2.3L0 - -
ZH PyTHia 8.186 LO NNPDF2.3L0 - -

Processes Pre-selection
tH T3IBO £+0.15
tWH 49.62 £0.04
tt +=1b 60170 = 50
tt+=lc 33585+ 29
tt + light 106290 £ 90
ttH 1676.9 £ 1.4
iz 891.0£0.8
w 362.01 £ 0.31
(Zq 170.54 + 0.25
IWZ 2.2157 £ 0.0019
Wt channel 5849+ 5
t channel 3223+ 4
s channel 259.71 £ 0.22
W + jets 4072+ 4
7 + jets 609.5 £ 0.6
VV 291.79 £ 0.26
other Higgs 25.054 £ 0.023
Rare top 8.936 £ 0.008
Fakes 8028+ 7
Total 225640 +£ 190
Data 244167
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Additional information

R B el e L T TR L
ATLAS Vs =13 TeV, 140 fb™
—_— tot.
stat.
(tot) (stat)
2LSS i ar . L
+6.9 +5.6
3L - & - 6.6 6.9 -5.6
H— bb -l 5.9 ig:g j:g
""""""""""""""""""""" 33 426 |
Combined - ® - 8.1 733 26
P T T T A I N TN TR TN NN TN NN SR TR N TN TN NN SN NN NN TN NS SN NN RN NN R
-10 0 10 20 30 40 50
Best-fit M
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