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MoTnBaumAa N Lenu

Llenb: uccneposaHme metogom MoHTe-Kapsio cobbiTMii accoumMaTMBHOIO poXaeHna 6030Ha
Xurrca ¢ 04MHOYHbIM TOM-KBAaPKOM U COOTBETCTBYIOLLUX POHOBbBIX MPOL,ECCOB.

MoTunBaLma: NOUCK peaKoro npouecca pp — tH Ha BAK c uenbto namepeHms KOMNAeKCHOM
da3bl KOHCTAHTbl B3aMmMoaencTBma 6030Ha XUITca C TON-KBAPKOM M ee CPpaBHEHUE C
TeopeTnyecknmm npeackasanmamm CraHgaptHon Mogenw.
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MHPopmauma o reHepaumm cobbitnm (NLO)

‘m(b)=4.2 Gev
m(t) = 172.5 GeV
Y, *m(b) = 4.2 GeV

* —
Ye*m(t) = 172.5 GeV,

/Tenepauusa: MadGraph5_aMC@NLO (tHbg; ttH), POWHEG (ttbar) )
ApponHunsauma: PYTHIA 8 (tHbq; ttH), Herwig7 (ttbar)
PeKoHCTpyKUMA cTpyn: Fastlet

AV

O1b6op cobbiTni: plead > 27 GeV;
prvrece > 10 GeV; |n|'ead < 2.7; 3 < Nbiets < 4;
|n|biet< 2.4

NHdopmauma o creHepupoBaHHbIX COObITUAX

Framework: Rivet
4

/Jets: \
anti-KT
p:mn =20.0 GeV
In|ma=5.0

\R =0.5 /

Events generated pslead > 27 GeV pyVrece =2 10 GeV
3 < Nbiets< 4 In I lead < 2.7
In|tiet< 2.4
tHbq 8 782 291 1777 571 1077 004 NNPDF30_nlo_as_0118 nf 4
ttbar 2 750 000 676 834 559 135 NNPDF30_nlo_as 0118
ttH 30 000 000 230 807 174 976 NNPDF30_nlo_as_0118_nf 4



PeKoHCTpYyKLUMA cOBbITUA

* Bce cobbITMA PEKOHCTPYMNPYIOTCA KaK COBbITUA CMTHANbHOMO Npouecca:
pp — tHbg(H — bb,t — blv).

* CTpyu PEKOHCTPYUPYIOTCA U3 aJPOHOB KOHEYHOIO COCTOSIHUA.

* [lonepeyHbi UMNYAbC HEUTPUHO PEKOHCTPYMPYETCA KaK HeJOoCTatoWm NonepeyHbim
NMMY/1bC CTPYMN.

* [lpoaonbHaA KOMMNOHEHTA UMMY/NbCa HEMTPMHO BOCCTAaHAB/IMBAETCA U3 peLLUEeHUS
YPaBHEHUA : 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 COOTBETCBYHOT CUTHA/IbHOMY NPOLLECCY, PEKOHCTPYMUPOBAHbI 52
KUHEMaTUYECKUX NePEMEHHbIX.




IHBapMaHTHasA Macca PeEKOHCTPYMPOBaHHOro 6030Ha Xurrca a8 cCUrHaabHoOro n GoHoBbix npoueccos (LO)
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VlHBapl/laHTHaﬂ MaCCa PERKOHCTPYNPOBAHHOTIO 6030Ha Xurrca ANA CUTHA/IbHOTO U CI)OHOBI:)IX rnpoueccoB
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VlHBaleaHTHaFl MaCCa PEROHCTPYNPOBaAHHOIO TOM-KBapka 414 CUTHAa/IbHOTO U C])OHOBbIX rnpoueccoB
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|A | mexkay peKkoHCTPYMPOBaHHbLIM TOM-KBAPKOM M nepeaHein (TarnpytoLen) ctpyen Ana CMrHanbHoro M GoHoOBbIX

npoueccoB
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Yncno cTpym
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Bannaoauma cMrHaabHOTo npoLecca

Reconstructed m, x2 _ , Invariant Mass of 3 jets with highest p_ Reconstructed my, x2
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Inverted Top Coupling (ITC)
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https://arxiv.org/pdf/1306.6464

OueHKa YyBCTBUTE/IBHOCTM aKNepnmMmeHTOB Ha BAK K npoueccy tHbg
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3aKka4yYeHune

e CreHepupoBaH CUTHAJIbHbIM NPOLECC aCCOLMNATUBHOTO poXaeHnsa 6030Ha Xurrca c
OAMHOYHbIM t-KBapKom (npouecc tHgb), a TakKe cooTBeTcTBYlOWME GPOHOBbLIE MPOLECCHI B
npubaunkenmax LO n NLO ana sHeprnm ctonkHoseHuit 13.6 TaB B cncteme UeHTpa macc.

 [loCTpOEeHbl M NPOAHANN3UPOBAHbLI pacnpeaeneHNs KNHEMATUYECKNX NEPEMEHHDIX,
Hanbonee BaXKHbIX ANA BblAENEHMNA CUTHA/IbHOTO npouecca Ha ¢poHe POHOBbLIX NPOLLECCOB.

 HayaTo Npomn3BOACTBO M aHaNU3 ntuple anAa curHanbHOro npouecca B pamkax mogenm ITC.
* Havarta Bananaaumna c opmumanbHbiMmn MoHTe-Kapno gaHHbiMU SKcnepumeHTa ATLAS.

* [lpoBeaeHa oueHKa YyBCTBUTENbHOCTU 3KcnepnumeHToB BAK K curHanbHomy npoueccy (tHbq)

Cnacmbo 3a BHMMaHue!
13




BACK-UP
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[Mpeablaywmim aHanms (Run2)

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_U2_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 a00f- — : 300 e sl
to hadronize your events and is able to 2501 250
s it . 200/ 200
perform the matching for multi-jet production. g E
o= 150 —
PGS is a fast detector simulation package. 100} 3
or Pythia 8. soF- 50"
ok " B 2o e BT S e . L .--"nl\ { L [ e 0 PSR SEY =
" DE|phES: A package allowing to have * - = = = zsfnt(Ge\fT -

a fast detector simulation, in replacement of

PGS. 15



NHdopmauma o reHepaumm cobbituin (LO)

T : N
6DF set: CT10 Y ;eHepau,Mﬂ. M?g\?;ilT:Z_;gC@NLO 3.5.7 /Jets: N
m(b) = 4.2 GeV PSS:HHcTaiMZ;q CTpyMW: Fz;lstJet 343 anti-KT
m(t) = 172.5 GeV F pyk_”R_ t ZVO ; & p;™in = 20.0 GeV
Y. *m(b) = 4.2 GeV \ Framework: |Ye 0. ) Im[mex = 5.0
Y. *m(t) = 172.5 GeV ‘OT60p cobbITHIA: plead > 27 GeV; ) R=05
\t / pYreco > 10 GeV; | N | lead < 2.7;3< Nb-jets < 4; K ' /
|n|biet< 2.4
A 4

NHbopmauma o creHepupoBaHHbIX COBbITUAX

tHbq 22 000 000 12.45 2 567 765 202.08
tt 220 000 000 194 600.00 986 383 228 729.39

bb Nevents - ycno creHepPUpPOBaAHHbIX COObITUN
tt 65979 470 4807.00 1941 358 19 670.26 NSel - YUC/I0 COBBITHIA, NPOLLEALIMX OTEOP
ttZ 22 000 000 34.10 2532704 545.80 Nweight - yic0 B3BELEeHHbIX CObbITUI
ttH 22 000 000 103.40 2948 179 1926.04
tZbqg 22 000 000 31.37 2 336 142 463.02

ttwW 22 000 000 212.20 157 993 211.82 16




Neutrino reconstruction

> 1 ;
bb Formula for calculating the z-component of neutrino momentum: P;Z,V = P_2 /.LPZ’l + F; \/#2 — P%,Z(E?ws)z ]
T,

2
m : .
Q l@ where 4 = W + PX’IE;MSS’w + PY’ZE?zSS’y; mwy = 80.35 GeV

miss, truth miss, reco v, truth v, reco
E," vs E. ¢ VS p.
:é"; 140 al nu_v___trh :;:- 150 pz_vs_pz_neutrino —2200
A L Entries 2567765 O Entries 5135530
5 - Mean x 57.72 £ Mean x 0.6232 — 13000
%" 120 _ Mean y 49.68 *:»N 100 Mean y 0.6656
B » StdDevx  29.99 Q. Std Dev x 60.6 15
H u StdDevy  28.22 StdDevy  62.68
—— 1600
100|— 50
80—
60— _.
- -50 800
40— -
20 :— -100 -
: 200
% 20 40 60 80 100 120 140  ° 10050 100 50 0 50 100 150 °
E:ISS, IECD’ GBV p;‘, reco, Gev
each event gives 2 entries: correct solution and wrong
solution
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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/)
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Algorithm of top-quark and Higgs boson mass reconstruction

% ot ot o 71 six combinations
H™° = bg + b’ ,,J,k=1,3 taking into

jet q1get q jet g _ _ B
t q ” bl ’b2 ’b3 > greco — [ 4 precot | biet i FjFk account two

I% ll/@ If the number of b-jets is four, | solutions for

the three with the largest p; neutrinos
are selected

The parameters My, My, OH, 0

2 2 )
| he b o 9 My, — My Mply, — Myt . are taken from the fit of
Selecting the best combination: p— —m A
g X =+ M the correct combination
OH oF;
rrect reconstr m,, all combination
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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 the signal process
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Tails in distributions of reconstructed Higgs boson and top-quark masses for the signal process
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Two-dimensional distributions on the reconstructed Higgs boson and top-quark masses
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Reconstructed masses of the top quark for the signal 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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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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Events

Events

Forward and Tagging jet
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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  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

Invariant mass of Higgs and Forward Jet

Invariant mass of Higgs and Forward Jet

X

iy

(=]
]

§ . 5 700
S i
o ibos oE
3 1tz - — tHbq
= — ttH 5:_ — background
= — tzbq -
4— ttbb 4 SP: 4.01%
- tw C
3 3
= 2
- g -
N 5 C
C 1&______ 1=
C TE T T NN TN TR N A |‘|-H-|;_|_--|—_]_‘_| e ———— -
[}0 200 400 600 800 1000 1200 1400 O_Illl\lll\\lll\‘lll Illll\l
L o O 0 200 400 600 800 1000 1200 1400 1600 1800 2000
W, twa-jet €
" Invariant mass of Higgs and Tagging Jet Invariant mass of Higgs and Tagging Jet
x1 %10°
£ F 2 20~
@ 18— $ F
B Ho1g
16 _tHbC] -
: — ttbar 16—
14— ttZ E — tHbg
i — ttH B — background
= L —tzbq 12—
- B P:14.439
- ttw =
B—_ L\ 8
= =1 [
6? [.' '?_7 6:_
a— | 4
o 2
0:| I‘Illl\llll\li —-——I — 0: I|III|II\|II\ ) l"lll\l
0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200 1400 1600 1800 2000 33

My, g jer GEV H, tag-jet: 1€




Invariant mass Higgs and Central Jet for the signal and background processes

Invariant mass of Higgs and Central Jet Invariant mass of Higgs and Central Jet
x10° %10°
g E § 101
m 95_ — tHbqg = B
8— — ttbar =
E_ ttZ 3_— tHbq
= —ttH E — background
6F- —tzbq s SP: 9.52%
- ttW B
ot -
3 B
2;— 2_—
s B
:III IIII|IIII|IIII | N e s e e = _III IIII|IIII|IIII|III Pesclic t
2 100 200 300 200 500 600 700 % 100 200 300 400 500 600 _ 700 800

GeV

H, central jet? H, central jet?

3) |peentraliet) < 1 .74 with max pr

34




Fastlet vs SlowJet
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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
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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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Transverse momentum of b-jet with maximum P,

Characteristics b-jet with maximum
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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
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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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Reconstructed masses of the top quark and Higgs boson for background processes
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NLO vs LO
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2 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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Invariant mass of the top quark and Higgs boson system 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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Number of b-jets and non-b-jets
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Number of central 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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and transverse mass of all jets 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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Distance in  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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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
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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
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Transverse momentum non-b-jet with maximum  for the signal and background processes
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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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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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