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MoTnBaumAa N Lenu

Llenb: metogom MoHTe-Kapno cmoaennpoBaTb cObbITUA acCOUMATUBHOTO POXKAEHUA BO30Ha
XUIrrca ¢ OAMHOYHbIM TOM-KBAapPKOM M COOTBETCTBYHOWNX GOHOBLIX MPOLLECCOB ANA
AaNbHENLLEro NX UCNoNb30BaHNA B HEMPOHHbIX CETAX.

MoTunBaumA: NOUCK peaKoro npouecca pp — tH Ha BAK ¢ Lenbto UsmepeHmna KOMNIeKCHOM
da3bl KOHCTaHTbl B3aMMoAencTBnA 6030Ha XUrrca c Ton-KBapKkom M ee cpaBHeEHUE C
TeopeTnyeckumu npeackasaHunamm CtaHgaptHon Moaenn.

Ounarpammbl ®eitHmana ana npouecca pp — tH 7




MHpopmauma o reHepaLmm cobbiTuin

€ N
/PDF set: CT10 [eHepaumna: MadGraph5 aMC@NLO 3.5.7 KJets: )
m(b) = 4.2 GeV ApgpoHunsauma: PYTHIA 8.313 anti-KT
m(t) = 172.5 GeV . PeKkoHcTpyKuma cTtpym: Fastlet 3.4.3 ) p:™n =20.0 GeV
* — —
ib* m((tlj)_ 147§ SeGVV 6rpaqueva Ha cobbITnA: p,ead > 27 GeV,; h m_l e
t m - . E/ pTV'reco Z 10 Gev’- | n | lead S 2.7’- 3 S Nb'jEtS S 4" KR B 0.5 /

Inbiet<2.4 y

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 3




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 rmnotesbl 0 TOM, 4TO BCe COObITUA COOTBETCBYHOT CUTHA/IbHOMY NPOLLECCY, PEKOHCTPYUPOBAHbI 52
KMHEMATUYECKNX NepeMeHHbIX. ITU nepemeHHble 6bian nepeaaHbl HEMPOHHOM CETU, Pa3AeNAloLLLEN CUTHAbHbIN
n GOHOBbIE NPOLECCHI.




VlHBaleaHTHaFl 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 CI)OHOBbIX rnpoueccoB

2
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VlHBaleaHTHaH MaCCa PEROHCTPYMNPOBAHHbIX 60o30Ha Xurrca u TOM-KBapKa AN1A CUTHAa/IbHOTO U CI)OHOBbIX npoueccos

Invariant mass of Higgs and top Invariant mass of Higgs and top
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[lepeaHAA CTpyA

Number of forward-jets Number of forward-jets
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MIHBapMaHTHas Macca PEKOHCTPYMPOBaHHOIO 6030Ha XM1rrca U LeHTPabHOW CTPYU ANA CUTHANbHOMO U GOHOBbIX

NpoLLeccos

Invariant mass of Higgs and Central Jet Invariant mass of Higgs and Central Jet
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|A | mexkay peKkoHCTPYMPOBaHHbLIM TOM-KBAPKOM M nepeaHein (TarnpytoLen) ctpyen Ana CMrHanbHoro M GoHoOBbIX

npoueccoB
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3aKka4yYeHune

B xoae AaHHOM paboTbl 6bia creHepupPoBaH CUTHAIbHbBIA NPOLECC aCCOLMATUBHOTO POXKAEHUA
6030Ha XmUrrca COBMeCcTHO C OANHOYHbIM TOM-KBAPKOM M COOTBETCTBYOWMX GOHOBBIX
NPOLLECCOB CO CTaTUCTMKOM ropa3no bonbluen, Yyem B npeablayLem stane paboTsbl.

JanbHenwmnm atan paboTbl — reHepaUmna CUTHA/IbHOTO npouecca N GOHOBbIX MPOLECCOB C
Hanbonbwmnmm ceyeHnamm c ydetom NLO-nonpaBoK
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BACK-UP
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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
» correct reconstructed m,, all combinatio correct reconstructed m,,
£ - x10°
3 B cqrrect_reco_top ‘% 1601~ correct_reco_higgs
W 140 Entres 2981606 & C Entries 1190903
- Mean 190.3 140 — Mean 105.6
120 Std Dev 6933 C Std Dev 19.28
: %2 / ndf 1.497e+04 /19 120 j X2 / ndf 4.6566+04 /7
-l Constant; 1.4560+097% 1.3066302 B Constant 1.233e+05 + 1.741e+02
- Mean HEHZRE00 100— Mean 110.3+0.0
B Sigma 26.64 +0.02 : Sigma 18.59 £ 0.04
80— 80—
60 sol
40— \ a0l
20— L 20/
- . C L
07\\\\\\\\‘\\\\MJ\L\\‘\\\\‘\\\l‘l\\J‘\\\\ 0‘\\‘\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000
m, GeV m,, GeV 15



2 for the signal and background processes

2
X .
il chi2_min
% = Entries 978131
L%’ i Mean 2.563
50000 Std Dev 4.038
o) —tHbq
400001 — ttbar
; ttZ
30000 — {tH
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20000 _——izl ttob
s :i
— H
10000{— £
O_Illlllll -Ei !"|""|lIl|l||l||||||||||
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Events

X2
A chi2_min
60000 N Entries  1.001424e407
uE Mean 24948
il Std Dev 4935
50000
il —tHbq
il — background
40000+
E SP: 3.55%
30000
20000
10000{—
G_IIIIIIII ! |||||||||||J||||||||||||||
0 5 10 15 20 25 30 35 40 45 250
Xma'n
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Reconstructed masses of the top quark and Higgs boson for the signaling process

Events

Events
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Tails in distributions of reconstructed Higgs boson and top-quark masses for the signaling process

reconstructed my, 2.

AP Foe FiEeE e reconstructed my, with correct b-jets set, x2
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Two-dimensional distributions on the reconstructed Higgs boson and top-quark masses

1 -
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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

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

Moduia draitprenceiph EhtbatweanHiggeand.top Module of difference of Phi between Higgs and top
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Fastlet vs SlowJet
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Aplanarity, spherisity and Fox-Wolfram Moments

: N
{ P PziPyi pa:ipzi\

2
M ryz — . PyiPzi pyz' PyiPzi
2

\ \pzipazfi pzz’pyz’ p 21 }/

full momentum tensor

Fox-Wolfram Moments:

i J y
B Zz’j prprPi(cos 0;;)

H; =

(Zz’pfir)z

The individual eigenvalues are
normalized and ordered such that

A1>A2>)\3

Y oA =1

Spherisity: S = g()\z + A3) A
' 3
Aplanarity: A = 5)\3
U )




Aplanarity for the signal and background processes

Aplanarity of all jets Aplanarity of all jets
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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

First Fox-Wolfram Moment of objets Second Fox-Wolfram Moment of all jets
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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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Transverse

mass of all jets for the signal and background processes

Transverse mass of all jets
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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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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
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Distance between b-jet with maximum
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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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Transverse momentum of b-jet with maximum P,

Characteristics b-jet with maximum

n of b-jet with maximum p;

for the signal and background processes

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
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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,
x10° x10°
8 8 [
§ 14_— § 14|
L — T o
5 — tHbq B
- — ttbar e
.l ttZ n — tHbq
B HH 10—
- tt - — background
8— _thq B__ SP: 3.15%
- ttob -
5_— ttwW B_—
4 =
2 2
G_I II|IIII|IIII|IIII|IIII =t D_ II|IIII|IIII|IIII|IIIIII |||||| —:&
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400 450 _ 500
P GeV P, GeV

39




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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A set of variables most sensitive to the selection of signalling process events
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