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BBE/IEHNE

[Tocrpoerne Crangaprroit Mmogesnn (CM) 3aBepuimioch OTKpbITHEM 6030~
wa Xwurrca B srcrnepumenTax ATLAS (A Toroidal LHC ApparatuS) u CMS
(Compact Muon Solenoid) wa Bosbmom Agponnonm kosaiiiepe (BAK) [1},2],
[IO3TOMY B HACTOSIIEEe BPeMsI SKCIIEPUMEHTHI B 00JsiacTi (PU3UKK 3JIeMEeHTap-
HBIX YaCTHIL HAIIPABJIEHBI IPENMYIIECTBEHHO Ha MPENU3nOHHOe N3MepeHne Ia-
pamerpoB CM u nonck «HOBOI bu3uKm» — siBjieHnit, He onucoiarormxcas CM
1 BBIXOJSIIINX 328 PAMKI €€ TeOPETHIECKUX [PeICKA3aHMii.

Be camble Tszkesnble dacTuibl CTaHIapTHONH Momean — 0030H Xwurrca u
TOI-KBAPK, U3y4YeHbl ¢ OTHOCUTEILHO HEBLICOKOH TOUYHOCTDLIO, IIO3TOMY HCCJIe-
JIOBaHIE B3aMMOJIEHCTBIS MEZK Iy HUMU IIPEJICTABIISIET OCOOBIN MHTEPEC, TaK KAaK
IO3BOJIUT JIyUIlle TOHSITh MPUPOLy 6030Ha XUITCA 1, BO3SMOYKHO, OTKPOET JBEPh

B «HOBYIO (DUBUKY ».

1. UICCJIEJIOBAHUY TTPOITECCA pp — tH
HA BAK

OcHoBHBIME KaHaJIaMU POXKIAeHNA 0030Ha XUI'TCA B IIPOTOH-ITPOTOHHBLIX CTOJIK-

HOBeHHUsAX, Habmomaembivu Ha BAK, asistiores (pucl):
e gg — H (rmoonnoe ciustaue);
e VV — H (ciusinue BeKTOPHBIX 0030HOB, fgajee V — W nu Z 6030HbDI);
e pp — V H (coBMmecTHOE DOXK/ICHIE C BEKTOPHBIM HO30HOM);

e pp — ttH (coBMecTHOE POXKJICHNUE C TTapoil TON-KBAPKOB).
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Pucynok 1 — /IlmarpaMMmbl B HU3IIEM TOPSJIKE TEOPUU BO3MYIIEHUS, JTAIONIE

OCHOBHOI BKJIa/I B ITPOIIECCHI POrKJIeHMS 0030HAa XUI'TCa ¢ yKazaHueM OPIHINHIA

Coretytomuit o BeJImauHe cedeHns KaHal poyK/IeHnsi 06030Ha XUTTCa — POK-
JIeHIe COBMECTHO C OJIMHOYHBIM TOII-KBAPKOM, B HACTOSIIIIEE BPEMsI BCE eIle He
obnapyzken Ha BAK.

Cuita B3amMoJeiicTBIsI MexK 1y 6030HOM XHUITCa U TOI-KBapPKOM OIpeesisi-
ercst koncranToir FOkaBbl y;. Eciu ee abcosoTHas BendnHa OblIa n3MepeHa
B mporecce pp — ttH [3,4], To KomiLTekcHast dbasza 70 CUX MOp HEM3BECTHA U
MOKeT OBITh TIOJTyUeHa Iy TeM aHa i3a mporecca pp — tH, iuarpamma KoTopo-
ro NpuBeJIeHa Ha PUCYHKe [2] 1 mpejicTaBiisieT co00i B paMKax MepBOro MOPSIIKa
TEOPUN BO3MYIIEHUsI CYMMY JIBYX JINArPaMM, COOTBETCTBYIOIINX POXKICHNIO OO-
3oHa Xurrca B BepiuHax ttH n WW H. B CM stu guarpaMmbl JeCTPyKTHBHO
nHTEpdEPUPYIOT M3-3a TOTO, 9TO UX KOMILIEKCHBIE (hasbl MPOTHBOIOIOKHBI [D).
Onnako cyrmectByer Mojiesib (MHBepTUpoBaHHOE B3anMOJIeficTBIE TOI-KBapKa,
NBT), B xoropoii komIitekcHas dasza y; m3menena Ha 180°, 4To NPUBOIUT K
KOHCTPYKTHUBHON MHTep(EpPEHITNI JruarpaMM U, Kak CJIeJICTBHE, YBEIUIeHHIO
ceuennst peaknun Gosiee dem Ha nopsok (pucf3)) [6]. Tlosromy necsemyenmbrit
IPOIECC poXKieHns 0030Ha XUITCa ¢ OAMHOYHBIM TOI-KBAPKOM TyBCTBUTEJIEH

K 3HAKY KOHCTaHTbI B3aumo/ieiicTeust KOKaBbl, 4TO 1I03BOJIsIET IIPOBEPUTH IIPE/I-

ckazanuga CM n IBT.
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Pucynok 2 — /lmarpammsr pp — tH B iepBoM HopsijiKe TeOPUN BO3MYTIIEHUIT
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Pucynok 3 — 3aBucumMocTh cedeHuii mporeccoB pp — tH u pp — ttH ot

KOMILJIEKCHOI a3bl KOHCTaHTbI KOKaBbI

OcHoBHOII TTPOOJIEMOIT aHaIN3a PEJIKIX MPOIECCOB ABJISIETCST BBICOKUIT yPO-
Benb (ona Ha BAK. Hampumep, nHK/I103uBHOE cedeHne pozKjieHusi b-KBapKOB
Ha BAK ma BoceMb MOPSIJIKOB MTPEBOCXONT CUTHAJIBHBIN 1poriece tH , 1iist Ko-
TOPOrO TAKZKEe XapPAKTEPHO Hajmumue b-KBapKoB B KOHeUHOM coctostHun [7], ).
[TosTomy nambosiee ONTUMAJILHBIM KaHAJIOM HCCIEOBAHUS JIJIA JAHHONW peak-
IUN FBJIAETCA MOJA, B KOTOPOH TON-KBapK PaCHaIaeTcsd IO MOJYJIeNTOHHOMY
kaHay (t — [vb), a 6030n Xurrca - 1o ceoemy ocHoBHOMY Kanasy (H — bb),
Ha KOTOPbIi mpuxogures H8% Beex pacnaoB. Takue coObITHs XapaKTepusy-
I0TCS HAJTUINEM 3aPs2KEHHOTO JIEITOHA ¢ OOJIBIIIM MTOTIEPETHBIM UMITYTHCOM 1
3HAYNTEJ/ILHOI HEJIOCTAIOIIEeH TOoIIepeYHOoll SHeprueil, YHOCUMOI HeHTPUHO.

CiitejlyeT OTMETHTD, YTO C PA3BUTHEM U YCJIOKHEHUEM SKCIIEPUMEHTAIbHBIX
YCTaHOBOK YCJIOKHsATCS W (DUBMIECKIIT aHAIN3, TaK KaK CTAHOBUTCS HEOOXOTH-

MO YHYUTBIBATb HE TOJIbKO PacCIIPCACJICHUA N3MEPACMbBIX CbHSI/I‘{eCKI/IX BEJINYUH,



HO 1 KoppeJisiiny Mexk 1y HuMu. OHIM U3 crIocoO0B Y1y dIlIeHs KauecTBa aHa-
JIN3a 9KCIIEPUMEHTAJILHBIX JIAHHBIX SIBJIIETCSI IPUMEHEHIEe MeTO/I0B MAIIIIMHHOI'O
o0yJeHn.

[TosToMy 1I€/IbIO JIAHHON pabOThI ABJISIETCS MOJEJIUPOBAHIE W UCCJIEI0Ba-
HUEe IIPOIECCOB POXKjeHusi 6030Ha XMUITCa B acCOIUAIUU C OJUHOYHBLIM TOII-
kBapkoM(t Hbq) 1 X OCHOBHBIX (DOHOBBIX IPOIECCOB € UCIIOJIB30BAHIEM METO-
noB Monte-KapJio. [Tosygennbie cMoienpoBanable JaHHbIe UMEIOT KII0UeBOe
3HAYEHUE JIJIsl TEKYIIero aHaJin3a, BKJIodas o0yueHne HeiipoHHoil ceTu, HalpaB-
JIEBHHOE Ha OIITUMM3aII0 KPpUTepreB 0TO0pa CUTHAJIBHOIO IIPOIECCa B SKCIIEPH-

MeHTax Ha BAK.

2. TEHEPAILIYA I PEKOHCTPVKIINYA
COBBITUN

B pannoit paboTe coObITHSI CUI'HAJILHOIO 1 (DOHOBBIX IIPOIECCOB MOJIEINPO-
sasuck Monre-KapJsio (MC) reneparopom MadGraphb  aMC@NLO (v3.5.5) [9]
B TIEPBOM MOPSIJIKE TeOpHN BO3MYIIeHuil. Paciipe/iesienne mapToHOB B CTAJIKI-
BAIOIIUXCsl My4IKax omuchbiBasoch ondsanorexkoit CT10 w3 LHAPDF (v6.3) [10].
Passurue napronHbix JjimBHeil u ajponusaius Mmojesuposaiucs MC Pythia
(v8.310) [11]. dust xmacrepusanuu cTpyit ncnosb3oBasics maker FastJet (v3.4.3)
[12].

Boiia mocra/ieHa 3aja4da CreHepupoBaTh COOBITHS 63 MOJIEINPOBAHUS IKC-
MePUMEHTAJIbHO YCTAHOBKU B (hopMaTe HACKOJIBKO 9TO BO3MOMKHO OJIM3KOM K
dbopmaTy sKCIeprUMeHTATbHBIX JaHHBIX. [[09TOMY 00BEKTBI, ¢ KOTOPBIME PO~
BOJINJIACH PAbOTa U O KOTOPBIX 3AIMCHIBAIACH HH(MOPMAIINS — 9TO 3apsizKeHHbIE
JIEIITOHBI, HEITPIHO U CTPYH.

EcrecrBennbiM TpeboBaHUEM Ha 3alliCh COOBITUSI ABJIAETC HAJIUIUE TPEX
uin dersipex b-crpyit (em. pucl2)). Jonosmurenbuble yeaoBust, KOTOPLIM J0JIXK-
HO YJIOBJIETBOPSTH CMOJICTIPOBAHHOE COOBITHE, UTOOBI OBITH 3aINCAHHBIM B Cre-

HEPUPOBAHHYIO 0a3y JTaHHBIX:

° pl_ﬁad > 27 I'9B, e p?ﬁad — MOINEPETHBINT UMITYJIHC JTUIUPYIONIETO JENTOHA

<3apH}K€HHbIﬁ JIEIITOH C HAMOOJILIINM ITOII€PpEIHbIM I/IMHYHBCOM); JaHHOE



OIrpaHn4Y€HNE COOTBETCTBYET OJHOMY M3 TPHUITEPOB Ha 3allCb COOBLITUS C

3apsizZKeHHBIM JIelITOHOM B skcriepumenTe ATLAS.

o [n/°d| < 2.7, te 1’ — nceBnOOLICTPOTA MMAUPYIOMIErO JCNTOHA; YUeT

reomerpun Jierekropa ATLAS.

° v,reco > 10 F B v,reco o
Pt > b, rae pr [OIIEPEYHbI UMITYJILC PEKOHCTPYUPOBAHHO-
r0 HEUTPUHO; HEJIOCTAIONINIl IOIePeYHblil NMITYJIbC BOCCTAHAB/INBACTCA B

srcrrepuMente ATLAS ¢ paspemennem nopsaka 10 I9B.

o 7| < 2.4, rne n®~7¢ - ncepnobLICTPOTA b-CTPYil; OrpaHUUenHne IpIMep-

HO COOTBETCTBYIOIIee akcenTancy TpekoBbix cucrem ATLAS u CMS.

B Tabsune [1{ mpegocrapiena nHdopMalims 0 KOJIHIECTBE CMOJIETNPOBaHHBIX
1 OTOOPAHHBIX JIJIs 3allICH B 0a3y JAHHBIX COOBITUSIX JIJI CUT'HAJIBHOIO U (ho-

HOBBIX IIDOILIECCOB.

Tabmuma 1 — KosmmdecTBO ¢MOJICTUPOBAHHDBIX U OTOOPAHHBIX JJIsT 3AIUCH B Oa-
3y JIAaHHBIX COOBLITHII JIJIs CUTHAJILHOIO 1 (POHOBBLIX Iporiecco; NS — ypcjio
CreHepUPOBAHHbLIX COOBITHIN, 0 — cedenne nporecca; N* — uncso cremepupo-
BAHHBIX COOBITHII, IPOIIEAIINX ONUCAHHDIH Bblie ot6op; NY9" — qpucio B3Be-

IIEHHBIX COOBITHI, TTPOIle/Iypa B3BEINBAHUSA COOBITHIl ONnucaHa HUXKe

TMporece Nevents o ($6) Nsel Nweight
tHbq 22 000 000 12.45 2 567 765 202.08

it 220 000 000 194 600.00 986 383 228 729.39
ttbb 65 979 470 4807.00 1 941 358 19 670.26
itz 22 000 000 34.10 2 532 704 545.80
ttH 22 000 000 103.40 2948 179 1926.04
tZbq 22 000 000 31.37 2 336 142 463.02
ttW 22 000 000 212.20 157 993 211.82

2.1. PEKOHCTPYKIIS HEUTPHO

[Tonepevnblit UMITYJIHC HEUTPUHO PEKOHCTPYUPOBAJICA KaK BEKTOP, MPOTHU-

BOIIOJIO?KHBIIT CyMMAapPHOMY IIOIIEPEYHOMY UMITYJIbCY BCEX CTPYI U 3apAZKCHHBIX

JICIITOHOB.




Eg“mssvx - = Zpiharged lepton — Zp;?et (21)

E;nzss’y - = Zpgcjharged lepton ~— Zp?et (22)
Egn’ss — p% — \/(E;uss,x)Q + (Ezrzwss,y)Q (2‘3)

s onpenenenus MpoI0bHON KOMIIOHEHTHI UMITYJILCAa HEMTPUHO NHBAPU-
aHTHadA Macca JIMJIUPYIONIEro JICNTOHA U HEATPUHO NpPUpPaBHUBAJIACH K HOMHU-

HasibHOI Macce W-6030na (myy = 80.35 I'9B).

(plead + py,reco)2 - m%/vg (24)

L€ Pleads Pvreco — Y€THIPE-UMILYJILCBI JIMJUPYIONIETO JICHTOHA U HEHTPUHO COOT-
BETCTBEHHO.

Ypasuenue [2.4] numeer jiBa perenust:

pzz/:;teco - %ﬁ” (:uplzead + Elead\/ﬂ2 - (pljf“iadElmiSSy) ) (25)
(p79)
F'ZLe ’LL - % + pfeadE;niSS,x —l_ p:lgeadEg”.SS’y

Nudopmaliust 0 ToM, Kakoe U3 JBYX UMEIONUXC PelIeHn BLIOUPAJIOCh JIJIsT
JaJibHediieii paboThl ¢ CMOAEJINPOBAHHBIME JAHHBIME, OYIET IPeJICTaBIeHO Hil-
xKe.

Ha pucynke [l(a) npusegeHo aBymepHOe DaclpejesieHue 10 IpOJ0/IbHOI
KOMIIOHEHTE UMITY/IbCA CMOJIEIMPOBAHHOIO U PEKOHCTPYHPOBAHHOIO HEHTPHHO.
Kazki0e cobbITie Tpe/IcTaBAeHO IBYMsT TOYKAMU JIJIs TIPABIJIBHOTO (TOYKIE TI0
JMaroHa M) U HEMpaBIJIBHOTO (TOUKH, oOpasyomime «KpecTs) perienns. Ha
pucyrke [4[(6) npeacrasieno AByMepHOE pacupeie/IeHue 0 HONePeTHOH KOMIIO-
HEeHTEe UMITYJIbCa CMOJIEINPOBAHHOTO I PEKOHCTPYHNPOBAHHOTO HefTpuHO. Toukn
B OCHOBHOM BOJIM3M JUaroHa Il YKa3bIBAIOT Ha TO, YTO PEKOHCTPYKIIU HeHTpu-

HO OCYIIECTBJIAETCS KOPPEKTHO.
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Pucynok 4 — JIBymepHOe pacrpe/ieieHre pacrpe/iesieHre a) Mo MpoI0JIbHOI
KOMIIOHEHTe, §) 10 MOIEePEeTHON KOMIIOHEHTE HMITY/IhCa CMOJIETUPOBAHHOIO U

PEKOHCTPYUPOBAHHOI'O HEATPUHO

2.2.CTPYN OT B-KBAPKOB

Kaxk 0bLI0 yIOMSIHYTO BBIIIE, KJIACTEPU3aIUs U PEKOHCTPYKIUST CTPYH 13
CMOJIEJTUPOBAHHBIX (DOTOHOB U JIOJITOXKUBYIINX aJIPOHOB OblJIa, OCYIIECTBJICHA C
romolbio naxkera FastJet.

«O0beMHEHNEy YACTHUI[ B CTPYIO OCYINECTBJISIETCS CJIEYIONTIM 00Pa30M:
YETBIPE-UMITYJIbC CTPYH OIPEJIE/IeTCs KaK CyMMa YeThIpe-IMITYJIbCOB BCEX da-
CTHUII, TPUIUCAHHDBIX JIAHHON CTpye, W B HACTOsINEee BpeMs MMEHHO 3Ta CXeMa
HCIIOJIb3YEeTCsT BO Beex sKciepuMenTax Ha BAK.

Kiacrepuszarus cTpyii npoBouIach Ipu moMoru ajropurma anti-KT
CO CJIEJIYIONUMU TTapaMeTpaMi: MUHUMAJbHBINA TOMEPEIHBII UMITYJILC CTPYN
pn = 20 T'sB, xapaxTepHas mupuna crpyn R = 0.5, qnanason ncesjio0bicT-
potr Beex cTpyii || < 5.0 . Mepa paccrostHusi B 9TOM aJrOpuTMe MEXKIY i-Oif I

J-Oif YacTUIAMU OIIpejiesisieTcs 1o hopMy.Jie:

1 1\ AR
p%,i 7 p%,j R?

rie AR = /(Ay)? + (Ag)2.
Eciu d;; oxasbiaercs Menbire, deM d;p = 1/ p%m, TO YaCTUIBI ¢ U ] 00b-

eJINHSIIOTCA B HOBBI KJjlacTep, B 0OpPaTHOM cJjydae — YacTHUIla ¢ O0bABJISIETCs
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IEHTPOM (PUHATLHON CTPpYH U He paccMaTpuBaeTcs Oojiee ajJropuTMOM KJla-
crepusain. Biarogapst 3asucumocru d;j ~ 1/ p% 60J1ee BHICOKOSHEPreTHUHbIE
YACTUILI OKA3bIBAIOT MUHUMAJbHOE BANdAHNIE Ha MPOIece 00beMHeHNs, B pe-
3yJbTATE Yero CTPpyn 0Opa3oBaHHBIE JAHHBIM aJrOPUTMOM MMEIOT MMOYTH WJIe-
aJIbHYT0 KPYIIIyto hopMy B (Y, ¢) MPOCTPAHCTBE.

Metka «b-cTpyst» npumnucbiBagach CTpye TOJIbLKO B TOM CJIydae, €CJIN PAcCTO-
sTHIE MKy UMITYJIbCOM b-KBapKa 1 nMiyjibcom crpyn AR < 0.1 u orHOIIEHNEe

SHEPIUM CTPYU K SHEPruy b-KBapka JiexKutT B juanasone (0.5 < % < 1.5.

OcHOBHBIM (POHOBBIM IPOIIECCOM HCCJIEYEMOro KaHaJia pOXKJieHusl 0030HA
Xurrca gpisercd pp — tt, ¢ yaeToM TpebOBaHUS OJHOTO 3aPIzKEHHOT0 JIETOHA
KaHasl pactiaja umeer suj pp — tt — (blv)(bgq') u B nepsom npub/IzKeHIN
OHOBBII TIPOIIECC MOYKET OBITH TOJIABJIEH YCJIOBUEM Ha HAJINYNE KAK MUHUMYM
Tpex b-cTpyit B cobbiTun. OJiHaKO B pPeasibHOCTU M3-3a OIPAHUYEHHON TOYHO-
CTH 3KCIEPUMEHTAJILHLIX YCTAHOBOK CTPYS OT C-KBapKa € BEpOATHOCTHIO 12%
MOKeT ObITh ujeHTudUINpoBaHa Kak b-ctpyst B skciepumentax ATLAS [14]
u CMS [15]. Ctpyn or serkux kBapkos (u,d,s) ommbOTHO UACHTHDUIUPYIOTCS
Kak b-ctpynu ¢ Bepogrnoctbio 0.3%. Dror addekT ObLI yUTEH IpU MOICJNPO-
BaHuUM mporecca pp — tt.

B wucnoszyemom it asiponmn3arnun MC Pythia cymectByer cBoit BCTpo-
eHHBII KJIAacC JIJIsl KJIacTepu3allui U peKOHCTpyKiun crpyii — SlowJet, ocHoB-
HOIT HEJJOCTATOK KOTOPOI'0 OTPayKeH B €ro Ha3BAHWHM — OH OYeHb Me/JIeHHbIH. B
JIAHHOI paboTe OBbLIO MPOBEJICHO cpaBHeHNE 3(PMEKTUBHOCTH PEKOHCTPYKIINN
b-cTpyit oT ToIn-KBapka, 6030Ha XUITCa U IVIIOOHA B 3aBUCUMOCTHU OT IOIIeped-
HOI'O MMITYJIbCA U TICEBJIOOBICTPOTHI b-KBapkoB Mexkty FastJet m SlowlJet. 13
PUCYHKA [0 BUIHO, 9TO 00a KJiacca Mo 3(HEeKTUBHOCTH PEKOHCTPYKITNHI MAJIO UeM
OTJINYAIOTCs JIPYT OT Jipyra, ojHako FastJet 3arpaumBaer mMeHbIlle BpeMeHHBIX
PECYypCoB U TPEJIOCTABISACT OOJIbINE WHCTPYMEHTOB JIJIsT PAOOTHI CO CTPYSIMHU,

JeMm SlowlJet, mosromy B manmoit paboTe NCHOIB3YETCS UMEHHO 3TOT MaKeT.

10



efficiency b-jet from top P,

efficiency first b-jet from higgs P,
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efficiency b-jet from spectator eta
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Pucynok 5 — DddeKTuBHOCTb PEKOHCTPYKIUU b-CTpyit B 3aBUCHUMOCTH OT 110~
MEePETHOr0 UMITYJIhca (a,0,B,r) U OT MCeBIAOOBICTPOTHI (J1,€,2K,3) b-KBapka OT

TOI-KBapKa, 0030Ha XUITca U CIeKTaTopa COOTBECTBEHHO
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2.3. PEKOHCTPYKIINA MACC TOII-KBAPKA 11
BO30OHA XUI'TCA

Uccneayembrit nporece: pp — tHbg — (blv)(bb)bg xapakrepusyercs: HaJu-
queM Tpex Win deTbipex b-crpyit. [las pekoncTpykimn cobbiTus HeOOXOIUMO
OIpEJIESINTH KaKie CTPYH MPOUCXOJIAT OT Paciajia TOl-KBapKa, U KaKue — oT 00-
30Ha XUITCA. DTO OCYIIECTBIISIETCsS] BBIDOPOM KOMOMHAIINN, JAONIEell HauIydIiee
puOINKeHne peKOHCTPYNPOBAHHBIX MacC TOI-KBapKa U 0030Ha XHUrrca K nUx
HOMWHAJbHBIM 3HadeHnsM. Macca Ton-KBapKa peKOHCTPYUPYeTCs U3 JIMIUPYIOo-
IIEro JIEIITOHA, HEUTPUHO U b-cTpyn, Macca 0030Ha XUITCa BOCCTaHABINBAETCS
13 OCTABIIMXCH ABYX b-cTpyii. Ecan uncio b-cTpyit B coOBITUN paBHO YeThIPEM,
TO MCXOJsl U3 PACIPEIENICHHs 110 [HOIePedHOMY UMILYJIbey b-crpyii (pucfd)), or-
O0p Tpex U3 HUX C HAaUOOJILIINM P JOJI2KEH OTOPOCUTH b-CTPYIO OT ClIeKTaTopa,

IIOTOMY 4YTO IPEUMYIIECCTBEHHO OHa UMEET HaUMEHbIINIA HOHepe‘{HbIﬁ HNMIIYJIBC.

P, b-jets

0.04

0.035 .
| b-jet from top

Normalised to Unity

0.03 _ first b-jet from higgs

HH‘HH‘\ H‘HH
v‘,/ —

_ second b-jet from higgs

0.025 -
b-jet with higgs and top

0.02

0.015

0.01

0.005

.
trntemlE et boee Ble e piecn ol 1

50 100 150 200 250 300 350 _ 400
P GeV

o

Pucynok 6 — Pacripeiesienne 1o ronepednoMy UMITYJIbCY b-Tpyil 7718 mporiecca

pp — tHbq

13 Tpex b-crpyit M JABYX peIIeHMH I UMITYJIbCa HEHTPUHO MOXKHO CO-
CTaBUTDL IIECTH KOMOMHAIMI JIJIsi PEKOHCTPYKINH MacC TOI-KBapKa U 0030HA

Xurrca (puc|7), a1 KasKI0# 13 KOTOPOH paCCINTHIBAIACH BETUINHA Y2 1o

dopmyite:

Mpp — Mg Mply — My

)+ ), (2.7)

oHy O¢

X = (
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rjie apaMeTpbl My, My, O, 0 ONPEJETISAINCH ITyTeM (DUTUPOBAHUS pacipe/ie-
JIEHUIT JIJISI PEKOHCTPYUPOBAHHBIX MaCC, COOTBETCTBYIOIINX 3aBEIOMO IIPABUJIb-

Hoil koMGuHarun (pucfg).

reconstructed m,, all combinations reconstructed m,, all combinations
x10° reco_top x10° reco_higgs
‘UE) : Entries 1.540659¢+07 ‘UE) 350 ; Entries 1.540659¢+07
“>’ 500— Mean 242.3 “>’ = Mean 176.6
w w =
[~ Std Dev 130.2 = Std Dev 123.1
C 300—
400— E
r 250/—
300/ 200~
L 150 —
ZOOj C
C 100
100/— E
C 50—
oleeliv e b e b Lt | oE L L T I A
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,, Ge'
a) 6)
Pucynok 7 — Pacmpejenennss peKOHCTPYHPOBAHHON MacChl a)TOI-KBapKa,

0)6o30Ha Xurrca i Beex KoMOMHAINIT 1151 Tipotiecca pp — tHbg

correct reconstructed m,, all combination correct reconstructed my,
" x10° " 1601103
‘q:: C correct_reco_top ‘q:: E correct_reco_higgs
G 140l Entries 2381806 & L Entries 1190903
C Mean 190.3 140, Mean 105.6
= Std Dev 69.33 C Std Dev 19.28
120~ ¥2/ ndf 1.497e+04/ 19 120 - *2/ naf 4.656e+04 /7
: Constant 1.456e+05 + 1.306e+02 C Constant 1.233e+05 + 1.741e+02
100 [ Mean 167.90.0 100— Mean 110.3 £0.0
- Sigma 26.64 £0.02 Sigma 18.59 £ 0.04
80— 80—
60— \ 60
C | C
40— 1 40—
20— iy 20— JJ
ol e L Lo O*Jw‘LM\M\Hmm‘mmwum‘w”
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
a) 6)
Pucynoxk 8 — Pacnpenenenns peKoHCTPYHMPOBAHHON MaCChI a)TOH—KBapKa,

0)6030Ha Xurrca Jijisi 3aBeJIOMO TTPABUJIBHON KOMOMHAIMN JIJIsT TIPOIECca pp —
tHbq

PekoHcTpyupoBaHHbIE MacChl OIIPE/Ie/Isl/INCh 13 KOMOMHAIINM, COOTBETCTBY-

[OITICH HamMeHbIIeMy 2. XBOCTBI B PACIPEICJICHHUSX Ha pmc.@ 00 bSICHAIOTCS
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TEeM, 9TO U3 OTOOPAHHBIX JIJIsl 3AIMCH COOBITHUIl IIPUMEPHO B IIOJIOBIHE CJIydaeB
B HabOp Tpex b-cTpyil, u3 KOTOPBHIX PEKOHCTPYUPYIOTCS MACChI TOI-KBapKa U
6o30Ha XuUrrca, BXOAUT b-cTpys oT crekraropa. Harisgano 3To MoxKHO yBUIEeThH
o pactpe/eienusiv #a puc/L0], rie paccMaTpuBaJIICh TOJBKO T€ COOBITUS, JITsT
KOTOPBIX HAOOP b-cTpyil He coyep:KuT b-cTpylo oT cuekTaTropa. B aTux ciydasix

XBOCTbI OTCYTCTBYIOT.

reconstructed my, 2. reconstructed my, x7,,

" x10° reco_top_chi2 " x10° reco_higgs_chi2

g 220 Eniries 2567765 | £ 50l Eniries 2567765

:_I>’ E Mean 199.7 :_I>’ - Mean 1259

200 StdDev 8237 r StdDev 5529
180[— -
= 200—
160 C
140— L
£ 150—
120f— C
100} C
80— 100~
60— -
40— S0
20 C

ob o T N N T ol 1T Lo i b b L
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
a) 6)
Pucynok 9 — Pacmpejiesiennst peKoHCTPYHPOBAHHON MaccChl a)TOI-KBapKa,

6)6030Ha Xurrca [yis KOMOMHALIMU C HaMMEHBIINM X2, JJId Hpollecca pp —
tHbq

iﬁaoconstructed m; with correct b-jets set, )(mm i?oconstructed my with correct b-jets set, Xmm
g reco_top_chi2_111 g 160 — reco_higgs_chi2_111
o L Entries 1190903 14 C Entries 1190903
W 400 Mean 1782 w H Mean 109.9
r SdDev 4924 140— StdDev 1981
100 120~
g0 100
60— r
§ 60
40— r
L 40—
2 20F
I A Ao b b cn b b :\\\\\L\\‘J_Uu\uu\uuMu\\uu\uu\uu\uu
O j60 500" 300400500 600706 800" §00 1000 % 100 200 300 400 500 600 700 800 900 1000
m, GeV m,, GeV
a) 6)
Pucynok 10 — Pacmpesenenusi peKOHCTPYHPOBAHHOI MacChl a)TOI-KBapKa,

0)6o30Ha Xurrca Jijisi KOMOUHAIIUK C PABIJILHBIM HAOOPOM b-CTpyil, cooTBeT-

CTBYIOIIEH HaMMeHbIIeMy X2, IJis Tiporiecca pp — tHbg

14



Pacripejiesiennst peKOHCTPYNPOBAHHBIX MACC TOIN-KBapKa W 0030Ha XWUTTCA
JJI KOM6I/IH&LLI/H/I C HaUMEHbIINM X2 JJIg CUTHaAJIBHOI'O U BCEX CMOJC/INPOBaHHBIX
(DOHOBBIX MPOIIECCOB TIpeJicTaBeHbl Ha pucyHKax] 1] u [[2] cooTBeTcTBEHHO.

Pacripejiesiennst ¢ HaJIOXKeHneM BCEX TTPOIECCOB OBLIN TTOCTPOEHBI C TIPe/IBa-
pUTEJILHBIM B3BC€HINBaHUEM TI'MCTOI'PaMM JIJIgd KazKJI0I'0 IIpomecCa 1 HOPMHUPOB-
KOIf Ha rucTorpamMmy s tt, 9ToObl BKJIaJ] KayKJI0TO ITPOIECCa COOTBETCTBOBAJ
€ro ceueHunio poxaeHns. Bec coObITHiT paccanuThIBaICA 10 popMyJie:

o-L

- N events ? <28)

w

rJie o — ceuenne, paccuntannoe MadGraph5, L — cserumocts LHC (L = 139 6 1),
NS — qpcio crenepupoBaHHbIX COOBITHIT (CM. Ta6J'II/II_L. Konu1ecTBo B3Be-
ITEHHBIX coObITHil N9 = () . N grpaskaeT CTATHCTHKY, O:KHJIAEMYIO Ha
KoJLTafijiepe Ipu MHTErpaJbHoit ceeTuMocTu 139 cb6_1. UckmovenneM siBJsieT-
cs Bec Jiist poHOBOrO 1poriecca tt. OOIIEn3BeCTHBIM SIBJISIETCS TOT (DAKT, 4TO
BBIYHCJICHNST B JINAUPYIOIeM mopsiyike Teopun Bo3mytenunii (LO) mpubusu-
TeJILHO BJIBOE HEJIOOIEHUBAIOT MOJTHOE CeveHnne POK/IeHNs Maphl TON-KBAPKOB,
IIO9TOMY BEC 3TOT'O IPOIecca ObLI JIOMHOYKEH Ha KOPPEKTUPYIONNii Koaddum-
eHT, SIBJISTIOIIN{ICS OTHOIIEHNEe MOJTHOrO cedenns u3 [16] k mosHOMY cevenmio,
BBIUNCIEHHOMY T€HepaTOPOM.

3 pacupesenennit curnaJbHOTO MPOIEcca U CyMMapHOTO POHOBBIX TPOIIEC-
COB TI0 KaKOM-TM00 TepeMEeHHOl MOXKHO BBIYHCJIUTDH Pa3eTUTETbHYIO CIIOCOD-

HocTh (S P — Separation Power) pamnoit nepemeHHO# 110 hopmy.ie:

2
Sp — 1 Z M) (2.9)
2 - (SZ' + bz)

rie S;(b;) — amueso cobbITHii B (-TOM OUHE [Tl CHTHAJBHOTO U (DOHOBOTO IPO-
IIECCOB COOTBETCTBEHHO. Paclipeiesienns CUTHAJBHOIO U (DOHOBBIX IIPOILIECCOB
JIOJIZKHBI OBITh HOPMUPOBAaHbI HA €IMHIYHYIO T101a/1b. [[pnban3nrebHbIil du-
BUYECKUII CMBICJI JAHHON HepPEeMEHHON — 9TO JI0JIsd CTATUCTUKU, KOTOPas 103BO-
Jinia Obl IIPH IIOJIHOM OTCYTCTBUU (DOHA U3MEPUTH CUIHAJ C TOI K& TOUHOCTHIO,
€ KOTOPOI1 curHaj (pakKTUIeCKN U3MepsieTcs Ipu HaJImdIun (poHa [17].

Bes m3ioxkeHHasi BBIIIE JIOMMKA IIOCTPOEHUsI THCTPOrpaMm OyaeT pacipo-
CTPaHATLCA Ha BCe MOJAOOHbIE paclpeiesieHnsl B 9TOil padoTe.

[IpakTiaecKn MoTHOE OTCY TCTBIE XBOCTA B DACIIPE/IeIeHIsIX Ha prucyHKax [L1]

15



u JUIst TIpoliecca pp — tt, a TakyKe OJIM3KOE K CUTHAJIBHOMY IIPOIECCY 3Ha-
YeHUe PEeKOHCTPYUPOBAHHONI Macchl 6030Ha XUITca 00bsICHSIETCA OTCYTCTBHEM
4eTBepTOil b-cTpyn u TeM, 9TO B OCHOBHOM (POHOBOM TIpoliecce 6030H Xurrca
BOCCTAaHABJIMBAECTCsI IIyTeM OTOpachbiBaHUsI OJIHOM W3 Tpex cTpyil, Ha KOTOpbIe
pacraJjicst TOI-KBapK. JTa CTPysl HeceT KMHETUYECKYI0 SHEPIHIO, PABHYIO MpPU-
MepHo 1nojioBute Macchl W-6030Ha (~ 40 ['9B). Eciir 91y sHEpruio BbIYecTs 13
MacChl TOI-KBapKa, TO IOJydaeTcs Macca 0030Ha XUITca, 9TO BUIHO Ha Pac-
HpeJieIeHnH 110 MHBAPUAHTHON Macce b 1 ¢ KBApKOB U3 aJIpOHHOI'O TOI-KBapKa
(puc[l3). D10 coBuaseHne He NO3BOJSET OTAE/ATH CUTHAIBHBLI IpoLece oT tt

110 3HAYEHUIO PEKOHCTPYUPOBAHHOI Macce 6030Ha Xurrca.

2 2
reconstructed m, x5, reconstructed my, X7,

X
<
<

Events
N
&
Events

— tHbqg
— background
SP: 4.60%

20

o

e
IRN
n
=]
L L L L B

= — [ M PR B L L
50 100 150 200 250 300 350 400 450 500 100 200 300 400 500 600
m,, GeV m, GeV

a) 6)

Pucynok 11 — Pacnpenenennsi peKOHCTpYUPOBAHHON MAacCChl TOI-KBApKa a)c
0TOOpazKeHNeM BCeX MPOIECcCOoB, 0)¢ 0TOOPayKeHNEeM CHUIHAJIBHOTO TIPOIecca u

CYMMapHOT'O BKJ1aJ1a, (POHOBBIX IIPOIECCOB JI/Isi KOMOMHAIINK C HAUMEHbIIEeHM X2

2 2
reconstructed my, X2, reconstructed my, X7,

X
2
2

Events

— tHbqg
— ttbar
ttz
—ttH
—tzbq
ttbb
ttwW

20 20

— tHbq
— background
SP: 4.95%

[

LN L B A

3

L L L B L B B B 4

o

=2

—— [—— o L
250 300 350 400 100 200 300 400 500
my, GeV my, GeV

Pucynok 12 — Pacripeie/ierst peKOHCTPYHPOBAHHOI Macchl 6030Ha XUITca a)c
oTOOpazKeHNeM BCeX IMPOIEeCccoB, 0)¢ 0TOOpayKeHNeM CHTHAJIBHOTO TIPOIecca N’

CYMMapPHOT'0 BKJIaJ1a (POHOBBIX IIPOIECCOB JII KOMOMHAIINN C HAMMEHBIINM X2
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mass c-quark and b-quark from hadronic top-quark

%)

0 )i1 0 truth_mass_hadronic_top
5 [ Enties 958474
o 70— Mean 95.05
= Std Dev 24.04
60—
50—
40
30—
20—
10
G:III|III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0 100 200 300 400 500 600 700 800 900 1000
My GeV

Pucynok 13 — Pacnpeenenue mo nHBaApuaHTHON Macce b 1 ¢ KBAPKOB U3 a/l-

POHHOI'O TOI-KBapKa

«10° Xmin «10° er'n
2 2 60
g 0 53
i @
50 —tHbqg 0
— ttbar 5
0 ttZ — tHbg
g A o — background
: — tzbg - ackgrou
30/ ttbb a0l SP: 3.55%
= W r
20— A 20l
C =3 r
c O r
10— -:%EH;‘E‘ 10{—
P T i e — . * P T ) * I
() 5 10 15 20 25 0 10 15 20
a) 6)

Pucynox 14 — Pacupeje/senus 1o HaIMeHBIIEMY X2 a)c 0TOOpasKeHneM Beex
pOoIeccoB, 6)c 0TOOpazKeHneM CUTHAJIBHOIO TPOIecca U CyMMApHOIO BKJIAJA

OHOBBIX IIPOIIECCOB

Tak>ke OBLIN ITOCTPOEHBI JIByMEpPHBbIE paclpejie/ieHus MacC TOI-KBapKa n
6o3ona Xurrca sl KOMOUHAIIMM C HAUMEHBIINM 3HadeHneM > (puc. , JLIST
BCEX CMOJIEINPOBAHHBIX IPOIeccoB (puclh]), muku B 061acTi MPABUILHBIX MACC
YKa3bIBAIOT Ha KOPPEKTHYIO PEKOHCTPYKIINIO Mace JIjisl BCEX paccMaTpuBaeMbIX

B JIaHHOIT paboTe MPOIEeCCOoB.
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mH(X,zn,'n) Vs mt(szn,n)

m H(Xr211in) vsm I(Xr2nin)

3 3
> = —. 5
> . °
10} 5 m_higgs vs_m_top o] m_higgs_vs_m_top
< ' ;’;‘;':i 25‘272755: = Entries 986383
o E 8 NE Mean x 109.3
? Meany 199.7 20 iE_S Mean y 173.9
g:g ge"x 54.98 StdDevx  23.16
ev’y =82.35 StdDevy  39.59
15
10
5
P S R N T P F T PR AT BT A ofiin o b b e b b
100 200 300 400 500 600 700 800 900 1000 100 200 300 400 500 600 700 800 900 1000
MulXin) GEV M Ximin), GEV
muG) vs mdx2,)
- H\X min min X10°
> i T m higgs. Vo top 3 .
s i -
] _higgs_vs_m_t s K] higgs_vs_m_top
~ ;"‘”95 1941358 = 08 -[Entries 2336142
oF . lean x 126.7 ; N E Mean x 115
i Meany 197.4 X 08 Meany 190.4
13 :‘z gevl 61.64 & StdDevx  54.52
t e.vy 77 6 StdDevy 7274
5
4
3
2
1
oFri b b b o oo b Lo (B oFn o b e b b b
100 200 300 400 500 600 700 800 2900 1000 100 200 300 400 500 600 700 800 2900 1000
M) GeV MuXpmin) GEV
(B) ttbb (r) tZbq
MuXG) VS MX5) MeXGie) VS MiX50)
H\X min min 10 H\X min min
3 . — = - 3 — —
m_higgs_vs_m_top +* [m_higgs_vs_m_top
(.'7' Entries 2948179 2 (.'7' Entries 2532704
o5 Mean x 122 20 oE Mean x 115.4
X . {Meany 193.5 fad Mean y 197
3 .|StdDevx 43.77 18 3 Std Devx  50.96
- |StdDevy 70.21. 1 StdDevy 743
14
12
10
8
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4
2
I N NN FEE NS N R NS FE S R 0 1) SIS W WA WS WIS H A WA S N S
100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000
My(X i) GV MeXmin)s GEV
m_higgs_vs_m_top 900
Entries 157993
Mean x 120.3 800
Meany 2055
StdDevx  45.1 700
StdDevy 93.37
600
500
04 400
03 300
02 200
0.1 100
F) = T U N P T N FE P 0
0 100 200 300 400 500 600 700 800 900 1000

MXia). GV

() ttW

x

S

S5

10°

0

Pucynok 15 — JIBymepHble pacupejeeHus peKOHCTPYUPOBAHHBIX MAaCC TOII-

KBapKa U 6030Ha XHFFC&, COOTBETCTBYIOIIUX HaUMEHBLIIEMY X2, IJId BCEX CMO-

JICJINPOBAHHBIX TIPOIECCOB
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2.4. IIEPEJIHAA CTPYA

B mporecce pp — tH poxaercst «KBapK-HAOIOAaTEb (CM. pI/IC., M-
IIyJIbC KOTOPOI'O0 B OCHOBHOM HAaIIPaBJIeH B CTOPOHY OOJIBINNX a0COTIOTHBIX 3Ha~
genuit mceno6uicTpot (|n| > 2.0). CTpyst, TOPOXK IEHHASI STUM KBAPKOM, MOZKET
OBITH HCIOJIH30BaHA JIJIsT BBIJIEJIEHNsT CUTHAJIBHOTO mpotiecca tH [18].

B ocroBHOM (hoHOBOM TIpOIiEcce pp — tt Takast CTPysl OTCYTCTBYET, TaK Kak
BCE CTPYU B 9TON peaKIni BOSHUKAIOT U3 PACIajoB TON-KBapKoB (¢ — qq¢',t —
blv), ofHAKO ecTh OOJIbINAsT BEPOSITHOCTH TOTO, YTO KJACCHIECKUM aJITOPUT-
MOM TomcKa <«tepejneits crpyn (ph"W > 30 I'sB, |n| > 1.74) Gyner Bbliesena
CTPysl HE OT «KBapKa-HAOJIOJATENsI», a OT TON-KBApKa 13 (POHOBOTO IMPOIEC-
ca tt, To ecTh OyjerT oTOOpaHO He CUTHAJIBHOE cobbiTue. B pabore [19] ObLi
IPeIJIOZKEeH aJIbTepPHATUBHBIN METOJI IONCKa «IepeiHeily cTpyn: u3 He b-cTpyii
(U3 JIerkux cTpyit) BBIOMpaeTCs Ta, KOTopas JaeT HAnOOJIBbINYI0 MHBAPUAHTHYTO
Maccy ¢ b-cTpyeil M3 JIENTOHHOIO paciajia TOI-KBapKa, BIPEIb TaKas CTPYs
OysieT HasbiBaThbcs 'Tarupytoreit”. Pacrpenesienus 1o mornepedHoMy HMITYJIb-
CY U ICEBIOOLICTPOTE <IepeaHeil» cTpyu, 0oTOOpAHHOI IBYMsI aJIrOpUTMAMIU,
npejicraBieHbl Ha pucyrkax [L6HI9] Mcmosp3oBatie aabTepHATHBHOIO METO/A
[I03BOJIAET YJIYUIINTh Pa3IeuTebHYI0 CIIOCOOHOCTD, YTO HAIJISAIHO OYIeT IIpo-

JIEMOHCTPHUPOBAHO B pas3jiesie HUKE.

FWD FWD
. x0 pT . 20 pT
5 - f § 25
w = ] [
20 —tHbq L
18- —ttbar S0l — tHbq
e ttﬁ C — background
C —1t B
14— ~ . )
e — tzbq 15 SP: 1.84%
0; ttbb C
10— L
E HW 1ol
6 C
aF 5S¢
2; == C
P S [ B I Bniie : ‘ ‘ ol vl L Do ‘ ‘ | w
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
p,, GeV P, GeV
a) 6)

Pucynok 16 — Pacrpejiesienust 1o norepeqHoMy UMITYJIbCY [epeJHell CTpyn a)c
0TOOpazKeHNeM BCeX IMPOIECcCoB, 0)¢ 0TOOpayKeHNEeM CHTHAJIBHOTO ITIPOIEcca I

CYMMapHOTO BKJIaJ1a (DOHOBLIX MTPOIECCOB
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Pucynok 17 — Pacripenenenus 1o momnepeqHoMy UMITY/IbCY Tarupyiomieit crpyn

a)c 0ToOparkeHneM BCeX MPOTeccoB, 0)¢ 0TOOpasKeHIeM CHIHAJIBHOTO MPOIEecca

1 CyMMapHOTr'o BKJIaJia (POHOBBLIX ITPOIECCOB

=3
@

FWD

Events

—tHbq
—ttbar
ttZ

—ttH

—tzbg
tthb
Hw

1 &
05II\IlH\\‘HII‘IH\‘HH'I\I\‘HH‘\II5

Events

=3
w

FWD

— tHbg
— background
SP: 1.49%
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Sao

Pucynok 18 — Pacrpeesiernst 1o mceBiobbICTpOTe TI€pejiHell CTPyH a)c¢ 0Tob-

pazKeHneM BCeX MPOIeccoB, 6)c 0ToOparkKeHneM CHIHAJBHOIO TPOIEecca U CyM-

MapHOTr0 BKJIaa (POHOBBIX ITPOIECCOB
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Pucynok 19 — Pacrpejenienusi 10 1ceBIo0bICTPOTE TAMUPYIONIEH CTPYH a)c
oTOOparkeHneM BCeX TPOIECCOB, 6)c 0TOOpayKeHneM CUTHAJIBHOTO Mpolecca

CYMMapHOTO BKJIaJ1a (DOHOBBIX MTPOIECCOB

2.5. C'EHEPVPOBAHHAA BASA JTJTAHHBIX

Huke nipejicraBiieHbl pacipejiesieHust IepeMeHHbIX, Hanbojiee 1yBCTBUTE b
HBbIX K OTOOPY COOBITHII CHT'HAJILHOTO Ipoliecca pp — tH, KoTopble BOILIN B
CreHEepUPOBAHHYIO 0a3y JAHHBIX JjIs1 00y4YeHus HeHPOHHOMN ceTH.

Ha pucynkax[20H23| npescrasienst pacupeenenns no artanapaocti(aplana-
rity) u cdepuanocru(spherisity) Bcex ctpyit u oobekToB. Spherisity sBisier-
cst Mepoii pABHOMEDHOCTH pacipe/ie/ieHns cTpyil (00beKTOB) B IIPOCTPAHCTBE,
aplanarity — mepa OTKJIOHeHHsT CTPYii(0OBEKTOB) OT OJHOI OOIIEl TIOCKOCTH.

O06e 5TUX 1epeMEeHHbBIX CTPOSITCS Ha ITOJTHOM TEH30PE UMITYJIbCA:

Py DuiDyi Daii
rJe CyMMa PacCIuThIBAETCs 10 BeeM cTpysaM(obbekTam). Jlaree BEIMHCISIOTCST
cobcTBerHble 3HaueHnst MaTpuiibl [2.10, HOPMATU3YIOTCS U yHOPSIOUNBAIOTCSI
TaKUM 00pasoM, 9To A; > Ag > Ag u » . \; = 1. Uepes cobcTBeHHbIE 3HAYEHMS

aplanarity u spherisity Boipazxatorcst kak |20]:

3
S = 5()\24—)\3), (2.11)
A 2A3 (2.12)
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Aplanarity of all jets
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Pucynok 20 — Pacrpejenenus o aplanarity ctpyii a)c orobpakeHneM Bcex

IPOIECCOB, 6)c OTOOparKeHNeM CHTHATBLHOTO MPOIecca W CyMMApHOTO BKJIA/A

(OHOBBIX IIPOIECCOB

Aplanarity of objects
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Pucynok 21 — Pacrpesiesienust 1o aplanarity o6bekToB a)c oTobpazkeHHeM BCex

POIECCOB, 6)c OTOOparKeHNeM CHTHATBLHOTO MPOIecca W CyMMAapHOTO BKJIA/a

(POHOBBIX IIPOIIECCOB
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Sphericity of all jets Sphericity of all jets

x10° x10°

Events
Events

16 —tHbqg
| — ttbar 14 .
" v ttZz H tHbq
120 — background
10 SP: 13.66%

:uu v b L T
0 0.1 0.2 0.3 0.4 05 08 0.7

08 09 1
spl’\er\cllyamg‘S

Pucynok 22 — Pacnpenesnenusi mo spherisity crpyit a)c orobpazkeHuem Bcex
POIeccoB, 6)c 0TOOpaykeHneM CUTHAJBHOTO TPOIecca U CyMMApHOTO BKJIAJA

(OHOBBIX IIPOIECCOB
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Pucynok 23 — Pacrpepesenust o spherisity 0o6beKToB a)c 0ToOpazkeHneM Beex
POIECCOB, 6)c OTOOparKeHNeM CHTHATBLHOTO MPOIecca W CyMMAapHOTO BKJIA/A

OHOBBIX TTPOIECCOB

Ha pucynkax IIpeJICTaB/IeHbl PACIIPe/ieIeHns IIEPBOrO I BTOPOIO MO-
meHnToB @okca-Boibsdpama. MomenTsr Pokca-Bosbdpama KoJimdecTBEHHO Olie-
HIBAIOT T€OMETPHIECKYI0 (GOPMY pacipe/ieseHus CTPyil B IPOCTPaHCTBE B CH-

cTeMe LEHTPa UHEPIMU U PACCUUTLIBAIOTCA B JaHHO pabore 1o (opmyiie:
24 PrprPi(cos 0y;)
Cipr)?

rie P, — nonunom Jlexkanapa mopsijgka [.

H, (2.13)
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First Fox-Wolfram Moment of objets
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Pucynok 24 — Pacnpenesenus o nepsomy momenty Pokca-Bosbbpama a)c

oTOOparkeHneM BCeX TPOIECCOB, 6)c 0TOOpayKeHneM CUTHAJIBHOTO Mpolecca

CYMMapHOTO BKJIaJ1a (DOHOBBIX MTPOIECCOB
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Pucynok 25 — Pacnpenesenus o sropomy momenty ®Pokca-Bosbbpama a)c

oToOparkeHneM BCeX MPOIECCoB, 6)c 0TOOpayKeHneM CUTHAJIBHOTO Mpolecca u

CYMMapHOI'O BKJIaJda CbOHOBbIX IIponeccoB

Ha pucynkax IpeJICTaB/IeHbl PACIIPE/IEJICHUS 110 aJredpamaecKoil CyM-

Me IOIePEeYHbIX UMIIYJILCOB U CYMMAaPHOIl IIOIIepEeYHOil Macce BCeX CTPYIil COOT-

BETCTBECHHO. PacnpezgeﬂeHI/Ie 110 Honepequﬁ Macce IJId CUT'HaJIbHOT'O IIpoHecca

boJ1ee BBITAHYTO B CpaBHCHHM C OCHOBHBLIM (bOHOBI)IM nporneccoM, TakK KakK JIJId

tH xapakTepHO 00JIbIlIee KOJHMYECTBO YKECTKUX CTPYil, B oTmdue oT tt, Jiist

KOTOPOro HabJrogaeTcss 6ojiee y3KMil MUK B 00JIACTH MEHBIITNX 3HAYCHUSIX Mp.
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Takue ke paccyKJIeHnsa pacipocTpaHdioOTCs Ha pacipejesenne 1o NHBAPUaHT-

HOIT Macce Tpex cTpyil ¢ HaubOJILIINM P Ha pHC. [28]

Total P, of all jets Total P, of all jets

n x10’ . x10°
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2 2
1= 1=
B T B R =SS e L T L
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a) 0)

Pucynok 26 — Pacupejenenus 1o ajaredpanydeckoil cyMMe IIONEePETYHBIX NM-
yJICOB BCEX CTPYil a)c 0TOOparkKeHmeM BCEX IMPOIeccoB, 0)c 0ToOpazkeHHeM

CUTI'HaJIbHOT'O IIpoIecCa U CyYMMapHOI'O BKJIaJda d)OHOBbIX IIponeccoB

Transverse mass of all jets Transverse mass of all jets
2 5103 w i103
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Pucynok 27 — Pacipe/iesienns 1o mormepevdHoii Macce Bcex ¢Tpyii a)c orobpazke-
HIIEM BCEX MPOIIECCOB, 0)C 0TOOpazKeHNEeM CUTHATBLHOTO TIPOIECca I CyMMapHOTO

BKJIa 18 (POHOBBIX ITPOIECCOB
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Invariant Mass of 3 jets with highest P, Invariant Mass of 3 jets with highest P,
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Pucynok 28 — Pacripe/iesieHust 10 MHBAPUAHTHOI Macce Tpex cTpyil ¢ HanboIb-
UM Pr a)C 0TOOPasKeHHeM BCeX IMPOIEeccoB, 6)c 0TOOparKeHneM CUIHAJIbHOTO

poriecca U CyMMapHOTo BKJIa/1a (POHOBBIX MTPOIIECCOB

Ha pucynke 29 npeicrapieno pacupeiejenne o Yuc/Iy IeHTPalTbHbIX CTPYil,
KOTOpbIE B JIAHHOII paboTe olpejesstiores Kak: nre—iet < 1.74. Bolpazken-
HBI{l IIK B 00JIACTU MAaccChl TOI-KBapKa Ha paclpele/eHIn 10 NHBapPUaHTHOI
Macce PEKOHCTPYMPOBAHHOTO 6030Ha XHITCA M IEHTPaIbHOI cTpyn (puc.
00BACHSACTCS TEM, UTO TOI-KBAPK, PACTIAIAIONTHICS TIOTY/ICITONHO, TPaKTHIe-
CKH He NOPOXKIAET JIETKUX CTPYil, I03TOMY Haubojee BepOSATHO, UTO IEeHTPAJIb-
Hasd CTPys OyIeT IPOUCXOIUTD OT Paciajia aJpPOHHOIO TOI-KBAPKA, OT KOTOPOTO
TaKyKe PeKOHCTPyHpyeTcs 60300 XHUITca, MOITOMY MHBapHATHASA MAacca CHCTe-

MBI higgs+central-jet mpenmyiecTBenno OyjieT gaBaTh Maccy TOI-KBapKa.
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Number of central-jets Number of central-jets
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Pucynok 29 — Pacripeie/ierust 1o 9uciy 1MeHTpaJbHbIX CTPYil a)¢ 0TOOpazKeH -
eM BCex TIPOIeccoB, 0)c 0ToOparKeHneM CUTHAJBHOTO TPoIecca W CyMMapHOTO

BKJIa,/1a (DOHOBBIX MTPOIECCOB

Invariant mass of Higgs and Central Jet Invariant mass of Higgs and Central Jet
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Pucynok 30 — Pacupejesienns 110 mHBApUAHTHON Macce PeKOHCTPYUPOBAHHO-
ro 6030oHa XWrrca u MEeHTPaJbHON CTpyn ¢ HaubOJIBIINM Pr a)C 0TOOparKeHH-
eM BCeX IIPOIeccoB, 6)c 0TOOparKeHNeM CUTHAJBHOTO TPOIEcca W CYyMMAapHOTO

BKJIa 18 (POHOBBIX ITPOIECCOB
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Ha pucynkax IIpe/ICTaBIECHbI paclpeie/IeHns IepeMEeHHbIX, CBA3ZAHHBIX
C IepPeJIHIMH 1 TaruPYyIOMIMHA CTPYSIMH, 110 KOTOPBIM IPOCIEXKINBAECTCs TEHICH-
s HAJIu4Ing 0oJiee BBICOKOI pa3Jie/InTe/IbHOI CIIOCOOHOCTH I ITepEeMEHHbBIX
¢ Tarupytouieit crpyeit. OgHaKo OyJIeT HEeIPaBUJILHO UCKJII0YATh [IePEeMEHHbIE ¢
nepejHeil crpyeit, IOTOMY YTO B OTJEIbHOCTH Tarupylolas CTPyd XOTb U Jia-
eT OoJibiuiit SP, HO B COBOKYITHOCTHU C JIDYTUMHU [T€PEMEHHBIMU [P 00yUYeHUN
HEIPOHHOI CeTH MOYKET HA0OOPOT YXYAIINTh pa3JIe/nTeIbHYI0 CIIOCOOHOCTD.

Yem GoJibllle MHBapHaHTHAsI MAacca CHUCTEMbI, TeM OOJIbIe YIoJI pasJjera
MEeXK/1y TPOJYKTaMU B JIByXUaCTUIHOM paclaje, TaK KaK B CHCTeMe IeHTpa
NHepIUN JIoUepHue JacTUIlbl BhLIETAIOT 1o/ yryioM 180°mo oTHOIMEHUIO JpyT
K JIpYyLy, a IpH Iepexoje B JaOOPATOPHYIO CUCTEMY OTCUeTa JIOPEHIIEBCKUI
OycT OyleT MeHee BbIparKeH jijisi 0oJiee MACCHUBHBIX PACIaIafoIIXCcs YaCTHIL.
Criocob ycTaHOBJIEHUST Tarupylomleil CTpyn OCHOBAH Ha IOMCKE JIETKOil CTpyH,
Jlaforeil HarboJIbIIYI0 MHBAPUAHTHYIO Maccy € b-cTpyeil oT IHOJIYJIEIITOHHOI'O
TOII-KBapKa, UTO NPUOJIM3UTEIHHO COOTBETCTBYET IOMCKY CaMOil yIaJeHHONi OT
nee ctpyu. [losTomy camo omnpejiesierne TarupyIoneil CTpyn mojpa3yMeBaeT Ha-
JIMYHE BBIJEJIEHHOIO HAIIpaBJICHHs JIJId CUI'HAJIBHOIO Ipolecca. Konduryparnms
tt He IpejlycMaTpPUBaeT IPUCYTCTBHIE TaKO CTPYH, IIO9TOMY JIJIs OCHOBHOI'O (hO-
HOBOT'O TIPOIECCA BBLIET Tarupylomieit CTpyn OTHOCUTEIHHO TOIM-KBapKa HOCHUT
IIPOM3BOJIbHBIN XapakTep. OnmcaHHble 3aKOHOMEPHOCTHU IIPOCIEXKUBAIOTCSA Ha,
pacipegeeHIsIX MOY/Isl PA3HOCTU IICEBIOOBICTPOT MEYK/y TarupyIoleil cTpy-
eif 1 PEeKOHCTPYMPOBAHHBIM TOI-KBapKoM Ha pucynke [32] Pacrpenenenne s
nepe/iaeii crpyu (puc. JlaeT MEHBIIYIO Pa3Je/UTeIbHYI0 CIIOCOOHOCTD JIJIs
9TOI1 2Ke ITIepeMEeHHOI U3-3a TOI'0, UTO OHA OIIpejiesieHa KaK CTPYsI ¢ HanOOJIbIITIM
Pr B JWANa3oHe MCeBA0OBICTPOT |nforward=ict| > 1 74, a ne Kak caMas JaJbHsIs
OT TOI-KBapKa JIerkasl CTPysl. DTH K€ pacCyzKIaeHusl OObSICHSIOT IOBeIeHNe
pacipeeseHuil 110 MOJY/II0 Ppa3HOCTHU IICEBIIOOBICTPOT MEXKY PEKOHCTPYHPO-
BaHHBIM OO30HOM XHITCaA U TarupyroIieit (Hepem{eﬁ) CTpyeil Ha pUCYHKe ,
a Tak:Ke paclpejesenuil 1o nHBapuaHTHONl Macce PEKOHCTPYHPOBAHHOIO TOII-
KBapKa 1 Tarupyrorei (HepegHeﬁ) CTpyeil Ha pucyHke 1 110 NHBapUaHT-

HOII Macce PEeKOHCTPYMpPOBAHHOrO 6030Ha XUITCa U Tarupyromneit (Hepem{eﬁ)

crpyeii na pucynke 38([39).
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Number of forward-jets
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Pucynok 31 — Pacrpejienienusi mo 4uciy nepegHux CTpyil a)c 0ToOpazKeHw-

eM BCex TIPOIeccoB, 0)c 0ToOparKeHneM CUTHAJBHOTO TPoIecca W CyMMapHOTO

BKJIa,/1a (DOHOBBIX MTPOIECCOB

Distance in n between top and Tagging Jet

” x10°
g “c — tHbg
35 — ttbar
F tZ
3= —1ttH
—tzbg

ttbb
ttwW

S (T TeRI

o

7 8

9 10

An(t, tag - jet)

a)

Events

x10°

Distance in n between top and Tagging Jet

0.5

— tHbqg
— background
SP: 10.51%

o
-

o
An(t, tag - jet)

Pucynok 32 — Pacrpejie/ieHusI 110 MOJIYJIIO PA3HOCTHU IICEBIOOBICTPOT MKy

PEKOHCTPYUPOBAHHBIM TON-KBAPKOM ¥ Tarnpylolieil cTpyeil a)c 0ToOpazkeHn-

€M BCEX IIPpOIECCOB, 6)0 OTO6pa}KeHI/I6M CUT'HaJIbHOT'O IIponecCa U CyMMapHOI'O

BKJIa 18 (POHOBBIX ITPOIECCOB
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Distance in i1 between top and Forward Jet Distance in 1 between top and Forward Jet
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Pucynok 33 — Pacnpeesienusi 1o MOJLyJIIO PA3HOCTHU TICEBI0OBICTPOT MEXK /Ly Pe-
KOHCTPYHPOBAHHBIM TON-KBAPKOM U TIepe/IHell cTpyeil a)c 0ToOpazkeHneM BCex
IPOIECCOB, 0)C OTOOParKEHNEM CHTHAJBLHOTO MPOIECca W CyMMApPHOTO BKJIA/A

OHOBBIX TIPOIECCOB

Distance in n between Higgs and Tagging Jet Distance in n between Higgs and Tagging Jet
%10° 5x103
2 6[— 2 °L
o kL 3
i @ [
5; _tHbq L
r — ttbar e — tHbg
4 ttZ C — background
" —tH ’F SP: 3.09%
C 5 B L. ©
s i, — tzbq »
C ttbb 2;
I ttw C
C & =
1j *
0: I IR R ) N I W R WA SR i I
0 1 2 3 4 5 6 7 9 10 0 1 2 3 4 5 6 7 8 9 10
An(H, tag-jet) An(H, tag-jet)
a) 6)

Pucynok 34 — PacupejiesieHusi 110 MOJYJII0O pa3HOCTHU TICEBIOOBICTPOT MEXKLY
PEKOHCTPYUPOBAHHBIM 0030HOM XWITCA M TAMUPYIOIIei cTpyeil a)c oTobpazke-
HUEM BCeX MPOTIECCOB, 6)c 0TOOpazKeHIeM CUTHATBHOTO MPOIECCa I Cy MMAPHOTO

BKJ1a/18 (DOHOBBIX IIPOIECCOB
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Distance in 1 between Higgs and Forward Jet Distance in n between Higgs and Forward Jet
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Pucynok 35 — PacrpejiesieHIsI 110 MOJIYJIIO PA3HOCTH TICEBIOOBICTPOT MKy
PEKOHCTPYUPOBAHHBIM 0030HOM XWITCa U IMepejHell cTpyei a)c 0ToOpazkeHn-
eM BCeX IPOIeccoB, 0)¢ 0TOOparKeHNeM CUIHAJBHOTO TPOIEcca W CYyMMAapHOIO

BKJIa 18 (POHOBBIX ITPOIECCOB

Invariant mass of top and Tagging Jet Invariant mass of top and Tagging Jet
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Pucynok 36 — Pacmpeesenns mo nuBapuanTHON Macce PEKOHCTPYUPOBAHHOTO
TOI-KBapKa 1 Tarupyolieii crpyn a)c orobpazkeHneM Bcex MpoIeccoB, 6)c¢ 0mob-

pazKeHneM CUTHAJILHOTO MPOoIecca U CyMMAPHOIo BKJIa a (DOHOBBIX ITPOIECCOB
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Invariant mass of top and Forward Jet
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Pucynok 37 — Pacnpeesienus 1mo mHBapraHTHOI Macce PEKOHCTPYUPOBAHHOTO

TOI-KBapKa U MepejiHeil cCTpyn a)¢ 0ToOpazkeHneM BeeX MporeccoB, 6)c oTobpa-

JKEHNEM CUTHAJIBLHOIO IMPOoIecca U CyMMAapHOIro BKJIajia (POHOBBIX ITPOIECCOB
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Pucynok 38 — Pacripeiesiennst 110 "HBApUAHTHON Macce PEKOHCTPYNPOBAHHOTO

6o30Ha XHUrTca U Tarnpyroleil CTpyn a)¢ 0ToOpaXKeHneM BCexX TPOIeccoB, 6)c

0TOOpasKeHneM CHUTHAJLHOTO ITPOIecca U CyMMapHOI'O BKJaJja (POHOBBIX ITPO-

11eCCOB
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Invariant mass of Higgs and Forward Jet Invariant mass of Higgs and Forward Jet
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Pucynok 39 — Pacuipeesienns 110 THBapUaHTHON Macce PEKOHCTPYUPOBAHHOIO
bo30oHa XuUrrea u mepejiaeii Crpyn a)c 0ToOpaykeHneM Beex mMporeccos, 6)c¢ 0Tob-

parkeHneM CUTHAJILHOI'O MPOIecca U CyMMapHOTO BKJIa ia (POHOBBIX ITPOIIECCOB

Ha pucynkax pUBeIeHbI pacipeesnennst 1o AR Mexk ity OsmzKaiiieit
K Tarupyolieil b-crpyeii u Tarupytomieil crpyeii, a Takyke Mex 1y OJmKaiieit

K TiepejHeit b-cTpyeit n nepejneii cTpyeii COOTBETCTBEHHO.
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Pucynok 40 — Pacnpejenenns no AR mexy Oymkaiiiieii K Tarupyroreit
crpye b-cTpyeit u Tarupyioieit crpyeii a)c orobparkeHreM Beex MpoIeccos, 0)c
0TOOpaKeHNeM CUTHAJILHOIO IMpoIecca U CyMMApPHOIO BKJIaa (POHOBBIX IPO-

11eCCOB
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Distance between nearest b-jet and Forward Jet Distance between nearest b-jet and Forward Jet
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Pucynok 41 — Pacnpegenennst mo AR mex iy Onmkaiimeil K mepegaeii crpye
b-crpyeit u nepeaeit cTpyeit a)c 0TOOparKeHHEeM BCeX TPOIECcCoB, 0)¢ 0TOOpa-

JKEHNEM CUTHAJIBLHOIO IMPOoIecca U CyMMAapHOro BKJIajia (POHOBBIX ITPOIECCOB

Ha pucynkax peJicTaBIeHbl pacipeenenns 1o AR mex iy b-crpyei
¢ HAMOOJIBIIIUM pp U TArupylomeil crpyeil, a TakxKke MexK 1y b-crpyeit ¢ HanboIb-

UM pr U LepejiHeil cTpyeil COOTBETCTBEHHO.

Distance between b-jet with maximum P, and Tagging Jet Distance between b-jet with maximum P, and Tagging Jet
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a) 0)

Pucynok 42 — Pacupenenenns mo AR mexiay b-ctpyeit ¢ HanbobmuM pr n
TarupyIomieit crpyeii a)c orodpaskeHHeM BCeX IIPOIECCcoB, 6)c 0ToOpazkeHHeM

CUT'HAJILHOT'O IIPOIlecca 1 CyMMapPHOI'O BKJIaJia (DOHOBBIX HIPOIECCOB
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Distance between b-jet with maximum p_and Forward Jet Distance between b-jet with maximum P, and Forward Jet
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Pucynok 43 — Pacupenenenns mo AR mexay b-cTpyeit ¢ HanboabmuM pr n
nepe/iHeil cTpyeil a)c 0ToOpaskeHIeM BCeX IPOIECCOoB, 6)¢ 0TOOparKeHneM CHUT-

HAJILHOTO MPOTIECCa N CYMMAapPHOTO BKJIaJia (DOHOBBIX MTPOIECCOB

Ha pucynkax 44449 npusenensr pacipe/ie/ieHnss KHHEMATHIECKIX XapaKTe-

pucTuK b-crpyii.

Transverse momentum of b-jet with maximum P, Transverse momentum of b-jet with maximum P,
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Pucynok 44 — PacriipeiesieHIs 110 TIOIIePEeIHOMY UMITYJIbCY b-cTpyn ¢ HamboIb-
UM Pr a)C 0TOOPasKeHHeM BCEX IMPOIEcCoB, 6)c 0TOOparKeHNeM CUIHAJIBHOIO

nponecca 1 CYyMMapHOI'O BKJIaJda CbOHOBbIX 18§0]0)(S¢¢10) 5
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Pucynok 45 — Pacnpejesienus 1o 1meeBoobIcTpoTe b-cTpyn ¢ HAMOOJIBIIIIM P

a)c 0ToOparkeHneM BCeX MPOTeccoB, 0)¢ 0TOOpasKeHIeM CHIHAJIBHOTO MPOIEecca

1 CyMMapHOTr'o BKJIaJia (POHOBBLIX ITPOIECCOB
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Pucynok 46 — Pacnpejenenns mo mHBapuaHTHOL
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b-cTpyn ¢ HaOOJBITIM pr

a)c 0ToOparkeHneM BCeX MPOTeccoB, 0)¢ 0TOOpasKeHIeM CHIHAJBHOIO MPOIecca

1 CyMMapHOTr0 BKJIaJa POHOBBLIX ITPOIECCOB
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Transverse momentum second by P, b-jet

Transverse momentum second by P, b-jet
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Pucynok 47 — PacipeesieHust 110 OIEePeIHOMY UMIIYJIbCY b-CTPYH CO BTOPBIM
0 BEJUUINHE Pr a)C 0TOOPAKEHHEM BCEX IMPOIECCOB, 0)C 0TOOparKeHHeM CHT-

HAJILHOTO MPOTIECCa N CYMMAapPHOTO BKJIaJia (DOHOBBIX MTPOIECCOB
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Pucynok 48 — Pacupeesenust 110 1ceB1o0bICTPOTE b-CTPyn cO BTOPBIM 110 Be-
JITIUHE P a)C 0TOOpayKeHNeM BCeX MPOTIECcCoB, 0)¢ 0TOOpazKeHneM CUTHATBLHOTO

nponecca 1 CYMMapHOT'O BKJIada (i)OHOBbIX IIponeccoB
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Pucynok 49 — Pacnpejiesienusi 1o sHeprun b-cTpyu ¢ TPETHUM 110 BEJIUUNHE Pr

a)c 0ToOparkeHneM BCeX MPOTeccoB, 0)¢ 0TOOpasKeHIeM CHIHAJIBHOTO MPOIEecca

1 CyMMapHOTr'o BKJIaJia (POHOBBLIX ITPOIECCOB

Ha pucynkax [IpeJ/ICTaB/IeHbl Paclpe/ie/ieHsl MepeMeHHbIX, OTHOCS-

IIUXCdA K XapaKTEepUCTUKaM JIMJAWPYIOIICro JICIITOHA.

x10°
“ x
© 0.14 ’=|
o r —tHbq
oo —ltbar
C #tZ
01 —{tH
r  —tzbq
0.08 ftbb
C W
0.08[—
0.04[-
0.02[—
ok L A R —

Charge of leading lepton

Events

Aieacing lepton

a)

0.04

0.02

Charge of leading lepton

x10°
0.16—
014~ —tHba

E — background
012 gpi1s1%
0.1
0.08/—
0.06—

3

—2

L
-1

; 2\\.\3

leading leptan

6)

Pucynok 50 — Pacripeesnenusi 1o 3apsity JUUPYIONIEro JEMTOHA )¢ 0To0pa-

JKEHIEM BCeX MPOIECcCOB, 6)c 0TOOpazKeHneM CHIHAJIBHOIO TIPOIecca i CyMMap-

HOI'O BKJIa/Jla (bOHOBbIX 10§0]0)1(S¢610) 5
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Transverse momentum of leading lepton
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Pucynok 51 — Pacnpenenenns o nonepeaHoMy UMITYJILCY JTHIAPYIOIIETO JIeTl-

TOHA a)C 0TOOPasKEHIEM BCeX MPOIECCOB, 6)¢ 0TOOpasKeHIEeM CUTHATBLHOTO MPO-

mecCa 1 CYMMapHOI'O BKJIada (bOHOBbIX Iponeccos

n of leading lepton
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Pucynok 52 — Pacrpeiesierust 1o meeBoObICTpOTE JIHIUPYIONIEro JIEITOHA &)C

oToOparkeHneM BCeX MPOIECCoB, 6)c 0TOOpayKeHneM CUTHAJIBHOTO Mpolecca u

CYMMapHOI'O BKJIaJda CbOHOBbIX IIponeccoB

B pp — tt W-6030H OT aJjpOHHOIO TOII-KBapKa IIOPOXKJaeT JBe JIeIKNe

ctpyu. B nannoit padbore 151 BcexX (POHOBBIX ITPOIECCOB MPON3BOIUTCS PEKOH-

CTPYKINA CUTHaJBbHOT'O IIPOIECCA. HOCTpOGHI/Ie HepeMeHHOﬁ o AR MEXKIAY ABY-

Msl JIETKIMU CTPYAMU SBJISIETCsI 0OpaTHOMN 3a/iaueil — MOIbITaThCsl PEKOHCTPY U-

pOBaTh OCHOBHOIT (POHOBBIN ITPOIIECC B CUT'HAJLHOM Iiporiecce. K HaxoxKaeHuIo

9TOI IIepeMEHHOIl MOYKHO IIOJONTH JBYMS CIIOCODAMU: 1) HaTU JABE JIEMKUX
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crpyu ¢ HauboJIbIuM pr (puc. ; 2) HallTH J[Be JIEPKUX CTPYU, MHBAPUAHTHASI
Macca KOTOpBIX Hambojiee Oym3ka K Macce W-06030Ha (puc. . He Boipazken-
HBIIl UK B 00/IaCTH MaJIbIX 3HadeHunii AR Ha pacipeaeieHusx MOYKET
OBITH CBSI3aH C OIIMOKOI PEKOHCTPYKIIMHU OJHOI CTPpYM KakK JABYX, €CJIU MEXKJLy
JIBYMs O0BEKTAMU, 110 KOTOPBIM ITPOUCXOAUT Kiacrepusanus, AR > 0.5, aTo

IIPUMEPHO COOTBETCTBYET 00JIaCTH 9TOTO IHUKA.
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Pucynok 53 — Pacupenenenns mo AR MexK 1y JEIKIMI CTPYSIMU, HHBApHATHAST
Macca KOTOpBIX Hambostee 6/im3ka K Macce W-0030Ha, a)c 0TOOpazKeHneM BCex
pOoIeccoB, 6)c 0TOOpazKeHneM CUTHAJIBHOTO TPOIecca U CyMMApHOTO BKJIAJA

(OHOBBIX IIPOIECCOB
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Pucynok 54 — Pacupejenennst 1o AR MexKty JIByMsi JIETKIME CTPYSIMU C HaM-
OOJIBIIIM Pr a)C OTOOparKEeHNEeM BCEX POIECCOB, 6)¢ 0TOOpasKeHIeM CUTHAIb-

HOT'O TIPOIecca U CyMMAPHOTO BKJIaa (DOHOBBIX ITPOIECCOB
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Ha pucynkax |55 mpejicraBiaeHo pacipeieieHne Mo IoIepednoMy UMITY/IbCY,

Ha PUCYHKE — pacupejiesieHne 10 TCeBI0ObICTPOTE PEKOHCTPYUPOBAHHOTO

0030Ha Xurrca.

Transverse momentum of Higgs
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Pucynok 55 — Pacnpenesienns 1o nonepeqHoMy UMITYJIbCY PEKOHCTPYUPOBAH-

HOTO O030HA XHITCa a)c 0TOOPasKeHMeM BCEX IIPOIECCcoB, 6)c 0ToOpazkeHHeM

CUTI'HaJIbHOT'O IIpoIecCa U CYMMapHOI'O BKJIaJda (bOHOBbIX IIponeccoB
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Pucynok 56 — Pacnpejiesienus 1o 1ceBrodbICTPOTe PEKOHCTPYUPOBAHHOIO 0O0-

30Ha XUITCA a)C 0TOOparXKEHHEeM BCeX IPOIECCOB, 6)¢ 0TOOpasKeHIEeM CUTHAJIb-

HOT'O TIPOIecca U CyMMAPHOTO BKJIaia (DOHOBBIX ITPOIECCOB
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Ha pucynke 57| mpuBeieHo pacipejieenre Mo NHBAPpUAHTHON Macce PeKOH-
CTPpYUPOBaHHBIX 6030Ha XUrTca 1 TON-KBapka. PacipeeseHue s OCHOBHOTO
donoBorO MpoIecca nMeer DOJiee BBHITIHYTHIN UK JieBee CUTHAJIBLHOIO MPOIIeC-
ca, MOTOMY YTO IPEJICTAB/ISIET cO00I He MOJHYI0 PEKOHCTPYKITUIO CUCTEMBI {1,
KOTOpast B BUJy OJIMHAKOBBIX MacCIITaDOB SHEPIUU UMeJia Obl CXOXKYIO C CUT-
HaJILHBIM TporieccoM ¢dopMmy. Ha pucynkax IpeJICTaB/IeHbl PACIIpe/ieie-
HUS 110 MOJTYJTIO PA3HOCTH MCEBIOOBICTPOT U MOJTY/IIO PA3HOCTU a3WMYyTaJbLHBIX
YIJIOB COOTBETCTBEHHO MEYKJLy PEKOHCTPYUPOBAHHBIMU TOI-KBAPKOM U ODO30HOM
Xurrca. Beipazkennblit K B paiione 3.14 na pacrpeesiennn D9| 17189 OCHOBHOTO
doHOBOTO TIpoIecca OTBedYaeT COOBITUSIM, B KOTOPBIX YMCJIO He b-CcTpyii paBHO
HYJIIO, TAK KaK B 9TOM CJIydae aJI'OPUTMbl PEKOHCTPYKIMU 6030Ha Xurrca u
TOI-KBapKa B JJAaHHON paboTe IIPUBELYT K TOUHOMY PABEHCTBY DT H = —PT top,

oTKy/a caenyet, ato |A¢(top, H)| = .

Invariant mass of Higgs and top Invariant mass of Higgs and top
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Pucynok 57 — Pacupejesienns 1o mHBapHaHTHON Macce peKOHCTPYHPOBAHHBIX
6o30oHa XHUrTca 1 TOM-KBapKa a)c 0ToOpazKeHHeM BCeX MpoIeccoB, 6)c¢ 0Tobpa-

YKEHIEM CUT'HAJILHOTO IIPOIecca 1 CyMMapHOI'o BKJIa/la (DOHOBBIX IPOIECCOB
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Distance in i between Higgs and top Distance in n between Higgs and top
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Pucynok 58 — Pacripe/iesieHust 10 pa3HOCTHU 110 MO/LYJIIO IICEBI0OBICTPOT PEKOH-
CTPYHMPOBAHHBIX 6030Ha XUITCA U TOT-KBapKa a)c 0TOOpazkeHHeM BCeX MPOIiec-

coB, 0)c 0TOOparKeHNEM CUTHAJILHOTO IIPOIECcca N CYMMAaPHOTO BK/Ia/1a (POHOBBIX

[IPOIIECCOB
Module of difference of Phi between Higgs and top Module of difference of Phi between Higgs and top
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Pucynok 59 — Pacupejienenns 1mo pazHoCTH MO MOJIYJIIO a3UMYTaJbHBIX YIJIOB
PEKOHCTPYHPOBAHHBIX 6030Ha XHUITCA U TOI-KBAPKA &)C 0TOOPAYKEHNEM BCEX
POIeccoB, 6)c 0TOOpazkeHneM CHUTHAJBHOTO MPOIecca W CyMMApHOTO BKJIAJA

(POHOBBIX IIPOIECCOB
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SAKJ/IIOYEHNE

B xone jgannoit paboThl OBLI creHepupoBaH CUTHAJILHBIN MTPOIECC acCOIU-
ATUBHOTO POKJIeHns 0030Ha XUITCa COBMECTHO C OJMHOYHBIM TOM-KBAPKOM U
COOTBETCTBYIONNX (DOHOBBLIX ITPOIECCOB CO CTATUCTUKON ropas o 00/IbINeit, 1em
B IIPEJBILIYINEM 3Talle paboThl. DbLIN MOCTpoeHbl U MpoaHaJn3upoBaHbl Pac-
npejeenns Hanodoee IyBCTBUTEIBLHBIX K OTOOPY CUTHAJIBLHOTO IIpOoIecca, Tie-
PEMEHHBIX, KOTOPhIE COCTaBMIM 6a3y JaHHBIX JIJId 00YUYeHUsT HEHPOHHOI ceTH.
Hanbuefimuit sTan padoThl — TeHepalysd CUTHAJJILHOTO IIpolecca U (DOHOBBIX
MIPOIECCOB ¢ HAMOOIBIUMU cedeHnsAME ¢ yderom NLO-monpaBok, s 9TOro

HEOOXO/IMMO PEIIUTH CJICYIONUE TPOOIEMBbI:

e pacuer NLO-mompaBok mpoliecc ropasjo 6ojiee CIOKHDBIH ¢ TOUYKU 3pe-
HUsT BBIYUC/IeHNU{t, u moromy Tpebyiomuii 6osbimx 3arpar CPU (Central

Processing Unit);

e B NLO-npub/inzkeHun renepupyemMblie COObITHs MPHOOPETAIOT BEC, KOTOPIi
MOYKET OBITH OTPHUIATE/LHBIM B cJIydae JeCTPYKTUBHON MHTepdepeHInm
CO CJIeAYIONIEN 10 HOPSIJIKY JrarpaMMOil IIPOIecca, a IIOTOMY HEOOXOIIMO

KOJINYECTBO TAKNX COOBLITHIA MMUHHMU3NPOBATD;

e rexeparnuu mpoiecca B paMkax NLO-npuOimkeHnst MOXKeT IPUBOJIUTEL K
[EPEKPBITHIO JIHarpaMM TaKIM 00pa30M, 4To OyieT 1ojydeHa KoHpurypa-

st apyroro mporecca (double counting, mBoiiHoit cuer).
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