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1. Sesavali

top kvarki gansxvavdeba yvela danarCen cnobil fundamenturi
nawilakebisagan  misi  masis  didi  mniSvnelobiT.  igi  erTaderTi
nawilakia romlis iukavas bmis konstantas mniSvneloba daaxloebiT
erTis  tolia  da  amitom  ibadeba  kiTxva  xom  ar  TamaSobs  igi
gansakuTrebul  rols  nawilakTa  masis  generaciis  procesSi.  top
kvarkis  masa  gazomilia  didi  sizustiT  da  tolia  173.4±0.27(stat.)
±0.7(sist.)  gevi [1]  da amrigad aris  dResaTvis cnobil fundametur
nawilakebs  Soris  yvelaze  masiuri  (mZime)  nawilaki.   standartul
modelSi  top  kvarkis  sicocxlis  xangrZlivoba  ~  5  ∙  10-25  wm  aris
ukiduresad mcire da igi iSleba adronizaciis procesis dawyebamde
ZiriTadad b  kvarkad da W bozonad. top kvarki erTaderTia kvarkebs
Soris  romelic  ar  qmnis  bmul  mdgomareobebs  da  SesaniSnavi
obieqtia  (iaraRia)  nawilakTa  fizikis  standartuli  modelis
Sesamowmeblad. 

naxazi  1.  top  kvarkis  daSlebi:  a) standartuli  modelis
dominanturi  daSlis  arxi  t  →  Wb da standartuli modelis
gafarToebuli modelebis aSnd arxebi b) t → qγ,  c)  t → qZ  d) t → qg
da e) t → qH, sadac q= u,c. W, Z da H bozonebis Semdgomi daSlebi
leptonebad an kvarkebad aris gamosaxuli agreTve.

aromatis Semcvleli neitraluri denebiT (aSnd) mimdinare top
kvarkis urTierTqmedba msubuq kvarkebTan q=u,c yalibruli bozonebis
(Z,γ,g)  an  higsis  bozonis  (H0)  meSveobiT  ar  Cndeba  standartul
modelSi  (sm)  xis  doneze  da  Zlerad  aris  CaxSobili  gleSou-
iliopulos-maianis (GIM)  meqanizmis gamo [1] maryuJovan doneze. nax.1-
ze warmodgenilia top kvarkis daSlis dominanturi moda da yvela
SesaZlo aSnd daSlebi. marTalia aSnd daSlebi ar mimdinareobs xis
doneze feinmanis diagramebSi, magram maTi mcire wvlili Cndeba erT
maryuJiaan  doneze  CKM Serevis  matricis  meSveobiT.  standartuli
modelis top kvarkis seqtorSi es mcire Sesworebebi (wvlili) top
kvarkis   yalibrul  bozonebad  daSlebis  fardobiT  albaTobebs
Br (t → qX, X= Z,γ,g) adebs zRvars ~  10 -10  –is qvemoT, rac did adronul
amaCqarebelze am daSlis damzeris SesaZleblobis miRma mdebareobs.
amrigad nebismieri aSnd daSlebis damzera standartuli modelis
miRma fizikis arsebobis maCvenebeli iqneba.
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arsebobs  standartuli  modelis  gafarToebuli  modelebi,
iseTebi rogoricaa kvarkis singleturi modeli (QS) [3-5], higsis ori
dubletis modeli aromatis SenaxviT (FC 2HDM)   an Senaxvis gareSe
(2HDM)[6-11],   minimaluri  supersimetriuli  modeli  (MSSM)  [12-18],
supersimetriuli  modeli  (Ɍ SUSY)  R  luwobis  darRveviT  [19],
teqniferis  modeli  (TC2)  [20] da  modelebi  Caxveuli  damatebiTi
ganzomilebebiT  (RS)  [21-22]  romlebic  winaswarmetyveleben
gacilebiT   ufro  did  sidideebs  aSnd  daSlebis  fardobiTi
albaTobebisaTvis (daSlis fardobiTi albaToba izrdeba ramdenime
rigiT).  modelebis  mimoxilva  mocemulia  [23]  –Si.  standartuli
modelis  da  zemoT  CamoTvlili  misi  gafarToebuli  modelebis
winawarmetyvelebani  t  →  qZ daSlis  fardobiTi  albaTobis
mniSvnelobisaTvis Tavmoyrilia cxril 1-Si.  

cxrili  1.  top  kvarkis   aSnd t  →  qZ daSlis  fardobiTi
albaTobis  Teoriuli  mniSvnelobebi  romlebsac
winaswarmetyveleben standartuli modeli [23] da standartuli
modelis miRma gafarToebis modelebi.

top  kvarkebis  wyvilur  da  eul  dabadebis  procesebSi  (modebSi)
Seswavlil iqna aSnd daSlebi tevatronis eqsperimentebSi (CDF, D0)
da LEP da HERA amaCqareblebze. A

cxrili  2.  top  kvarkis  aSnd  t  →  qZ  daSlis  fardobiTi
albaTobis  mniSvnelobisTvis  dReisaTvis  arsebuli
eqsperimentuli zeda sazRvrebi (zRvrebi) 95% damajereblobis
doniT.

arc erT eqsperimentze ar iqna damzerili es iSviaTi daSlebi da
dadebul iqna  am  DdaSlebisaTvis  Sesabamisi  zRvrebi.  top  kvarkis
aSnd t → qZ  daSlis fardobiTi albaTobis mniSvnelobaze LEP, HERA,
Tevatron  da  LHC  amaCqareblebis  eqsperimentebidan  miRebuli
eqsperimentuli sazRvrebi naCvenebia cxril 2-Si. 
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Nnaxazi 2. wamyvani rigis diagramebi tt- wyviluri dabadebisaTvis.
gluonebis  gabnevis  procesebi  a),  b)  da  c)  didi  adronuli
amaCqareblis  energiebze  wamyvani  (dominanturi)  procesebia,
maSin roca kvarkebis gabnevis procesi d) dominanturi procesia
tevatronis energiebze. 

standartuli modelis Tanaxmad, did adronul amaCqarebelze
top  kvarki  SeiZleba  warmoiqmnas  wyviluri  dabadebis  procesSi
wamyvan rigSi (nax. 2). masaTa centris sistemaSi  √s=  8 tev energiaze
proton-protonul urTierTqmedebebSi   wyviluri dabadebis  kveTi

top kvarkis masis 172.5 gevi mniSvnelobisaTvis tolia   =253+13
-15 pb

[32].  igi  gamoTvlili iqna  qvanturi  qromodinamikis  wamyvani  rigis
Semdegi rigis Semdeg rigSi [33-38].  partonis ganawilebis funqciis
(PDF)   da bmis konstantis  αS  –is ganuzRvrelobebi gamoTvlil iqna
sxvadasxva meTodebiT [39-45].  top kvarkis aSnd daSlebis Seswavla
SesaZloa  pirdapiri  gziT   wyviluri  dabadebis  procesebSi

saboloo  mdgomareobebSi  saTanado  daSlis  produqtebis  ZiebiT.
mocemul  analizSi  top-kvarkis  aSnd-iT  mimdinare  iSviaTi

daSlis Zieba Catarda   wyviluri dabadebis procesebSi, rodesac

erTi  top-kvarki  iSleba  standartuli  modelis  mixedviT
dominanturi arxiT (t → bW)  da meore top-kvarki iSleba aSnd-iT (t →
qZ).   ganxiluli iqna  W-bozonis  adronuli  daSlis da  Z-bozonis
leptonuri daSlis arxebi.

2. ATLAS deteqtori

ATLAS  deteqtori [46] Sedgeba 4  ZiriTadi qvesistemisgan: Sida
wveros  trekuli  sistemisgan,  romelic  garemoculia  zegamtari
solenoidiT, eleqtromagnituri da adronuli kalorimetrebisgan da
miuonuri speqtrometrisgan.  Sida wveros deteqtori uzrunvelyofs
informacias  nawilakebis  trekebis  (kvalebis)  Sesaxeb  piqsel  da
silikonis  mikrostripuli  (mikrozolebiani)  deteqtorebidan
fsevdosiswrafis  |η|<2.5  areSi  da  gardamavali  gamosxivebis
deteqtoridan  (trekeridan)  |η|<2.0  areSi  da  es  yvelaferi
moTavsebulia 2 tesla magnitur velSi romelsac qmnis zegamatari
solenoidi. Eeleqtromagnitur kalorimetrSi gamoyenebulia tyvia da
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Txevadi  argoni  (Lar)  da  dayofilia  centralur  kasrad
(fsevdosiswrafis |η| <1.475 are) da gverdiT xufebad (fsevdosiswrafis
1.375<|η|<3.2 are). adronuli kalorimetri damyarebulia  deteqtorebis
or sxvadasxva teqnologiaze, roca aqtiur nivTierebad gamoiyeneba an
scincilatiuri filebi, an   Txevadi argoni  (Lar),  xolo STanTqmel
nivTierebad  gaoyenebulia  an  foladi, an  spilenZi, an  volframi.
kalorimetrebi gadafaraven   fsevdosiswrafis |η|<4.9  ares. Mmiuonuri
speqtrometri zomavs miuonuri trekebis gadaxras |η|<2.7 areSi maRali
sizustis  trekuli  kamerebis  mravaljeradi  Sreebis  gamoyenebiT,
romlebic  ganTavsebulia  ATLAS  deteqtoris  Toroidul  magnitur
velSi, romlis daZabuloba centralur da gevrdiTi xufebis areebSi
Seadgens daaxloebiT 0.5 teslas da 1 teslas, saTanadod. Mmiuonuri
speqtromentri  aRWurvilia  agerTve  Tavisi  trigeruli  kamerebiT
fsevdosiswrafis |η| <2.4 areSi.

N
naxazi 3. ATLAS deteqtoris sqematuri naxazi

3. eqsperimentuli da simulirebuli monacemebi

3.1 eqsperimentuli monacemebi

aRniSnuli  procesis  Sesaswavlad  gamoyenebul  iqna
eqsperimentuli  monacemebi, romelic  miRebulia  2012  wels  ATLAS
eqsperimentSi masaTa centris sistemaSi  √s=  8 tev energiaze proton-
protonuli  urTierTqmedebebis  Sedegad.  damuSavebuli
eqsperimentuli monacemebis integraluri naTeba aris 20.3 fb-1 2.8%
ganuzRvrelobiT.

3.2 signalis Sesabamisi monacemTa nakrebi
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monte-karlo  simulaciiT  miRebuli  top–kvarkebis  wyviluri
dabadebis monacemebi (rodesac erTi top kvarki iSleba aSnd-iT  Z
bozonad da u kvarkad,  maSin  roca  meoere  top  kvarki  iSleba
standartuli modelis Sesabamisi daSlis modiT)  dagenerirebuli
iqna ATLAS kolaboraciis mier ATLAS –is programuli sistemis Athena-
s farglebSi. Protos 2.2 (PROgram for Top Simulations) programa-generatoris
saSualebiT  [47]. igi  Seicavs  axali  fizikis  efeqtebs  energiis  Λ
skalaze, standartuli  modelis  lagranJianSi   efeqturi  wevris
damatebiT:

sadac   da    Seicavs  6  ganzomilebian  operatorebs.

danarCeni ( darCenili) wevrebi Seicaven 6-ze ufro meti ganzomilebis
operatorebs  da  daxSuli  iqneba   faqtorebis  gamo.  

SesaZloa  warmodgenil  iqnas  rogorc  6  ganzomilebiani
operatorebis  wrfivi kombinacia:

sadac   kompleqsuri  mudmivebia.   standartuli  modelis

yalibrulad  invariantuli  6  ganzomilebiani  operatorebia
romlebic  Seicaven  fermionul  singletebsa  da  dubletebs,
yalibruli  velebis  tenzorebs, higsis  dublets  da  kovariantul
warmoebulebs.  Yyvelaze  zogadi  Ztu wveros  Sesabamisi  wevris,
romelic  warmoiqmneba  am  6  ganzomilebiani  operatorebidan,
paramatrizacia SesaZlebelia Semdegnairad [49]:

sadac .  analogiurad  aris  SesaZlebeli  Ztc wveros

parametrizacia.  Ees  wvero  Seicavs  minimum  4  anomalur  bmis
konstantebs,  romelic  Seesabameba  PROTOS  generatoris  sawyis
(Sesaval) parametrebs, XL, XR, kL da kR –s romlebic saWiroa wveros
aRsawerad  da  yoveli  maTganisaTvis  sruldeboda  piroba:  XL=0.01,
XR=0.01, kL=0.01, kR =0.01 [48]. bWZc da  bWZu   procesebis Sedarebisas
kinematikis  TvalsazrisiT  mniSvnelovani  gansxvaveba  ar  iqna
dafiqsirebuli   (nanaxi)  [48].   PROTOS  generatoris  saSualebiT
matriculi  elementis  doneze  dagenerirebul  iqna  mxolod  Z
bozonebis leptonuri  (Z→e-  e+,  μ-μ+,  τ‾τ+)  da  W  bozonebis adronuli
daSlebi.  PROTOS  generatorSi  gamoyenebuli  iyo  CTEQ6L1[50]
partonis  ganawilebis  funqcia  wamyvani  rigis  miaxloebisaTvis.
generaciis Semdeg SemTxvevebis adronizaciisaTvis gamoyenebul iqna
PYTHIA  6.426  [51,52]  programa-generatori.  top  kvarkis  masisaTvis
aRebuli iyo mt = 172.5 gevi mniSvneloba, maSin roca W da Z  bozonebis
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masebisaTvis aRebul iqna maTi cxriluri (gazomili) mniSvnelobebi
saTanadod:  mW=80.399  gevi,  mZ=91.1876  gevi  [53].  Ddeteqtoris  da
trigeris  simulacia  Catarebul  iqna  ATLAS  eqsperimentis
standartuli  programuli  paketis  GEANT-is  gamoyenebiT  [54, 55].
eqsperimentuli da simulaciis Sedegad miRebuli monacemebisaTvis
gamoyenebuli  iyo  SemTxvevaTa  rekonstruqciis  erTi  da  igive
algoriTmebi.

3.3 fonuri procesebis Sesabamisi monacemTa nakrebebi

standartuli  modelis  ramdenime  process  gaaCnia  Cveni
signalis  msgavsi  saboloo  mdgomareobis  topologia.  Ees  Seicavs
SemTxvevebs  saboloo  mdgomareobaSi  ori  damuxtuli  leptoniT
(realuri leptonebi), aseve SemTxvevebs, romlebSic erTi Wavli mainc
(mZime  kvarkebis  DdaSlis  Sedegad  warmoqmnili  Wavlebis  CaTvliT)
SecdomiT aris identificirebuli rogorc izolirebuli damuxtuli
leptoni  (e.w.  “cru”  leptonebi)  da  aseve  SemTxvevebs  saboloo
mdgomaroebaSi sami (oTxi) leptoniT romlebSic erTi (ori) ar aris
aRdgenili.

monte-karlo  simulaciis  Sedegad  miRebuli  standartuli
modelis procesebis  SemTxvevebis nakrebebi saboloo mdgomareobis
topologiaSi  sul  mcire  ori  leptoniT  iyo  gamoyenebuli  Cven
analizSi da maTi CamonaTvali moyvanilia cxril 3-Si.

Z+jets  fonuri procesis SemTxvevebi dagenerirebul iqna  Alpgen
v2.14 [56] wamyvani rigis generatoris da partonis ganawilebis CTEQ6LI
funqciebis  nakrebis  saSualebiT  [57].partonebis  fragmentaciis  da
Rvarebis warmoqmnis procesebi damodelirebul iqna  Pythia  6.425  [58]
gamoyenebiT.  ormagi  Tvlis  Tavidan  asacileblad  parton-Wavlis
moniSvnis  sqema  iqna  SemoRebuli  [59].  Z+jets  SemTxvevebi
dagenerirebulia 5 damatebiT partonTan erTad, calke Z+ light jets (Cven
analizSi aRiniSneba rogorc  Z+LF),  calke Zbb¯+ jets  da  Zcc¯+ jets  (Cven
analizSi  aRiniSneba  rogorc  Z+HF).  ZQQ¯ (Q=b,c)  SemTxvevebs  Soris
gadafarva,  romlebic  dagenerirebulia  matriculi  elementis
gamoTvlis  da  partonebis  Rvarebis  Sefasebis  Sedegad,  Tavidan
acilebulia  garkveuli  (HFOR)  algoriTmis   saSualebiT, romelic
emyareba  gansakuTrebiT  MmZime  kvarkebs  Soris  kuTxuri  garCevis
pirobas:  Tu  ΔR(Q,Q¯) >0.4,  gamoiyeneba  matriculi  elementis
winaswarmetyvela,  sxva  SemTxvevaSi  gamoiyeneba  parton-Rvaris
winaswarmetyveleba. Z+jets fonuri procesis SemTxvevebi normirebulia
inkluziur  Teoriul  kveTaze  [60]  romelic  gamoTvlilia  wamyvani
rigis Semdegi rigis Semdegi SesworebiT.

8



cxrili  3.  naCvenebiaMmonte-karlo  simulaciis  Sedegad
miRebuli  standartuli  modelis  procesebis  SemTxvevebis
nakrebebi saboloo mdgomareobis topologiaSi sul mcire ori
leptoniT romlebic gamoyenebuli iyo Cven analizSi Sesabamis
programa-generatorebTan erTad.

 da top  kvarkis  calkeuli  (euli,  Wt  arxi)  dabadebis

procesebis  generaciisaTvis  gemoyenebuli iqna  generator  MC@NLO
v4.03  [61]   partonebis  ganawilebis  CTEQ66  funqciiT.  Ppartonebis
Rvarisa  da  ZiriTadi  SemTxvevis  generaciisaTvis  gamoyenebul iqna
HERWIG v6.5 [62]. 

WW/WZ/ZZ+jets  fonuri  procesebis  SemTxvevebi  dagenerirebul
iqna ALPLGEN 2.14 [56]  generatoris saSualebiT partonis ganawilebis
CTEQ6L1  funqciebis  gamoyenebiT  da  dakavSirebuli  iyo  damatebiT
HERWIG  programa-generatorTan  partonebis  Rvarebis  damatebis
mizniT. 

Zγ  fonis  SemTxvevebi  dagenerirebuli  iqna  SHERPA  v1.4.1  [63]
programa-generatoris  saSualebiT  partonis  ganawilebis  CT10
funqciebis gamoyenebiT. tt-+W, tt-+Z da tt-+γ SemTxvevebi, aseve damatebiTi
Wavlebis  Semcveli  SemTxvevebi  da  saboloo  mdgomareobaSi  sami
bozonis Semcveli WWW,  ZWW,   ZZZ da tZ SemTxvevebi erTi damatebiTi
partoniT,  dagenerirebul  iqna  MADGRAPH  [64] generatoris
saSualebiT partonis  ganawilebis  CTEQ6L1  funqciebis  gamoyenebiT.
Ppartonebis  Rvarebi  damatebuli  iqna  PYTHIA  generatoris
saSualebiT.   tt-H  monacemebi  dagenerirebul iqna  POWHEG  [65-67]
programa-generatoris  saSualebiT  partonis  ganawilebis  CT10
funqciebis gamoyenebiT, romelic dakavSirebuli iyo Pythia 8.1 [68]-sTan.
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4. AaRdgenili fizikuri obieqtebi

 SemTxvevebis  ganxiluli  saboloo  mdgomareobis

signatura moiTxovs eleqtronebis, miuonebis da Wavlebis (b-kvarkidan
warmoqmnili  moniSnuli  Wavlebis  CaTvliT)  AaRdgenas
(rekonstruqcias). τ (tau) leptonebis  pirdapi (calsaxad) aRdgena ar
xdeba.  TopRootCoreRelease-14-00-20 programuli paketi iyo gamoyenebuli
mocemul  analizSi,  romelic  Seqmnilia  ATLAS-  is  top  kvarkis
fizikis  Semswavleli  jgufisaTvis  da  gamoiyeneba  rogorc
eqsperimentuli   ise  dagenerirebuli  monacemebis  analizisaTvis.
obieqtebisaTvis  miyenebuli  iyo  TopD3PDCorrections  [69]  programuli
paketidan miRebuli Sesworebebi da masStaburi koeficientebi.  top
kvarkis  aRdgenis  (rekonstruqciis)  jgufis  mier  SemuSavebuli
fizikuri analizisaTvis obieqtebis SerCevis moTxovnebis detaluri
aRwera mocemulia [70]-Si.

4.1 eleqtronebi

eleqtronebis  kandidatebis  arCeva  moxda  eletro-magnituri
kalorimetridan  miRebuli  informaciis  da  wveros  deteqtoridan
moRebuli  kvalebis  (“tracks”)  informaciis  kombinirebis  safuZvelze
aRdgenili eleqtronebidan.  arCeuli eleqtronebisaTvis damatebiTi
moTxovna iyo,  rom |ηcl| < 2.47 da 1.37  < |ηcl|  < 2.52,  ηcl   aris eleqtronis
Sesabamisi  fsevdosiswrafe,  romelic  gansazRvrulia  eletro-
magnituri  kalorimetridan  wamosuli  informaciiT.  im  mizniT  rom
Semcirebuliyo  fonuri  procesebis  Sereva  da  eleqtronebis  areva
cudad  identificirebul  WavlebTan,  arCeuli  eleqtronebis
kandidatebs  moeTxivebodaT  yofiliyvnen  izolirebulni  ise,  rom
eleqtronis  garSemo  ΔR=√(Δη)2  +(Δφ)2 =0.2  zomis  konaSi gamoyofili
energia yofiliyo 3.5 gev-ze naklebi. Eeleqtronebis kandidatebsa da
kargad  identificirebul  Wavlebs  Soris  unda  Sesrulebuliyo
piroba  ΔR<0.4.  damatebiT  moiTxoveboda, rom  EET   >  25  gev,  ET   aris
eleqtronis ganivi energia (ET = E /cosh(η)).  Eeleqtronebis kandidatebi
am  analizSi  akmayofileben  e.w.”  tight  ++”  xarisxis  moTxovnas
eleqtromagnituri klasterisa da wveros deteqtorSi misi Sesabamisi
trekisaTvis  rac  uzrunvelyofs  izolirebuli  eleqtronis  da
Wavlis  erTmaneTisagan  karg  gamoyofas  (garCevas).  Qqvanturi
qromodinamikis mravalWavliani fonuri procesebis CaxSobis mizniT
moTxovnil  iqna  eleqtronis  garemomcvel  sivrceSi  tail
kalorimetrSi mcire energo gamoyofa. izolaciis ori cvladi iqna
gamoyenebuli:  kalorimetrSi  eleqtronis  garSemo  gamoyofili
energia ΔR =0.2 konaSi da eleqtronis garSemo ΔR =0.3 konaSi trekebis
ganivi impulsebis  pT   jami. Aizolirebuli eleqtronebis SesarCevad
gamoiyeneba  CamoWris  kriteriumebi  am  or  sidideze  da  CamoWris
mniSvnelobebi  isea  SerCeuli, rom  simulaciis  dros eleqtronebis
izolaciis efeqturoba 90%-is toli iyos. damatebiT moiTxoveboda,
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rom  eleqtronis  trekis  dajaxebis  (dartymis)  parametris  ganivi
mdgenelis mniSvneloba SemTxvevis pirveladi wveros mimarT z0 < 2 mm-
ze.  Y  yvela SemTxvevaSi  SerCeuli eleqtronebis  garSemo  ΔR  <  0.2
konaSi  arsebuli   Wavlebis  gadayra  xorcieldeba.  Tu  damatebiT
napovnia Wavli ΔR < 0.2  konaSi da misi pT   > 25 gev-ze da |JVF| > 0.5-ze,
maSin xdeba eleqtronis gadagdeba.

4.2 miuonebi

miuonebis kandidatebis aRdgena (rekonstruqcia) xorcieldeba
miuonuri  kamerebis  SreebSi  trekebis  segmentebis  ZiebiT  da  am
segmentebis kombinirebiT, dawyebuli yvelaze gare segmentiT. trekis
fitirebis  (aproqsimaciis)  dros  gaTvaliswinebulia  nivTierebis
efeqtebi.  Semdgom  xdeba  SerCeuli  trekisTvis  wveros  deteqtorSi
AaRdgenili  trekebidan  Sesabamisi  trekis  SerCeva  (povna).  MSemdeg
xdeba miuonebis SerCeuli kandidatebisTvis  Tavidan fitireba orive
deteqtoridan  miRebuli  trekis  sruli  informaciis  gamoyenebiT.
moiTxoveboda, rom miuonis trekis dajaxebis (dartymis) parametris
ganivi mdgenelis mniSvneloba SemTxvevis pirveladi wveros mimarT z0

< 2 mm-ze. Yyvela miuonisTvis moTxovnil iqna: fsevdosiswrafe |η| < 2.5,
pT  > 25 gevi da amave dros  mini-izolaciis [71] pirobis Sesruleba.  Tu
ΔR  <  0.4  konaSi  nebismier  miuonTan  erTad  identificirebuli  iyo
Wavli ganivi impuliT  pT   > 25 gev-ze da |JVF|  > 0.5-ze maSin xdeboda
SemTxvevidan am miuonis gadagdeba.
    
4.3 Wavlebi

Wavlebis aRdgena (rekonstruqcia) xdeba  anti-kt  algoriTmis [72-
74] saSualebiT. Wavlis aRdgenamde (povnamde) gamoiyeneba lokaluri
klasteris  yalibrebis  sqema  topologiuri  klasteris  energiis
Sesasworeblad e.w.  “mkvdari”  materiis  (nivTierebis)  da klasteris
gareT energiis gadinebis efeqtebis gaTvaliswinebiT [75]. Sesworebebi
miRebulia  damuxtuli  da  neitraluri  nawilakebis  simulaciis
gamoyenebiT.  Ees  Wavlebi  Semdeg  dayalibrebuli  iqna  adronuli
energiis  skalaze  (masStabSi)  ganiv  impuls  pT   -ze  da  η-ze
damokidebuli Sesworebis faqtorebis [76]  gamoyenebiT. SemTxvevbis
mcire  wilSi  Wavlebi  SesaZloa  arasworad  iqnas  aRdgenili
ramodenime  “xmauriani”  ujredidan  amitom  SemTxvevebis  gawmendis
kriteriumebi iqna gamoyenebuli “cudi” Wavlebi mqone SemTxvevebis
gadayrisaTvis. AarCeuli WavlebisaTvis Semdegi pirobebis Sesruleba
moiTxoveboda:   pT   > 25 gevi  da  fsevdosiswrafe  |η|  <  2.5.   arCeul
Wavlebs  Soris  meorad  proton-protonul  urTierTqmedebebSi
warmoqmnili  Wavlebis  wvlilis  Sesamcireblad  dadebul  iqna
CamoWris  piroba  cvladze, romelic  ganisazRreba  rogorc  Wavlis
wveros wili (nawili) (JVF) da moiTxoveboda rom |JVF| > 0.5.  es piroba
uzrunvelyofs  imas,  rom  sul  mcire  50%  trekebisa  romlebic
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asocirebuli (dakavSirebuli) arian WavlebTan ganivi impulsiT pT   <
50 gevi da fsevdosiswrafiT |η| < 2.4 gamodian pirveladi wverodan.   
   

4.4 b-Wavlebis moniSvna

Wavlebi  arian  identificirebulni  rogorc  warmoqmnili  b-
kvarkis (b  -Wavlebis moniSvna) da ara msubuqi kvarkis adronizaciis
Sedegad, ZiriTadad maTi gacilebiT ufro grZeli ganarbenis gamo,
rac  ganpirobebulia  maTi   SedarebiT  didi  sicocxlis
xangrZlivobiT.  Ees  ganxorcielebulia  algoriTmiT  (MV1  tageri)
mravalcvladiani meTodis  gamoyenebiT raTa gaerTiandes informacia
miRebuli  rogorc  wanacvlebuli  (gadaadgilebuli)  trekebis
dajaxebis (dartymis) parametrebidan, aseve Wavlis SigniT AaRdgenili
meoradi da masameuli daSlis wveroebis topologiuri Tvisebebidan.
Aam  meTodSi  gamoyenebulia  [77]-Si  aRwerili  IP3D,  SV1  da
JetFitterCombnNN tagerebis gamomavali wonebi, romlebic aRwerilia [77]-
Si.
tagirebis  wonebi,  romlebic  gamoyenebulia  analizSi  rogorc
CamoWris  mniSvnelobebi  b-Wavlebis  identifikaciisaTvis  pirvelad
gamoTvlili iyo   SemTxvevebis WavlebisaTvis ganivi impulsiT pT   >

20  gevi  da  fsevdosiswrafiT  |η|  <  2.5.   monte-karlo  SemTxvevebis
saSualebiT  gansazRvrul  iqna,  rom  am  algoriTmis  efeqturoba
Seadgens 70%-s da gadagdebis (gadayris, uaryofis)  faqtori msubuqi
WavlebisaTvis, Carmiani WavlebisaTvis da τ-sTvis Seadgens 137, 5 da 13
–s saTanadod. 

5. pp-urTierTqmedebebis SemTxvevebis SerCeva

 saboloo mdgomareobebs, romlebic Seesabameba top kvarkis

sxvadasxva  aSnd  daSlis  modebs,  gaaCnia  sxvadasxva  topologia
SemTxvevaSi arsebuli Wavlebis da leptonebis ricxvis (raodenobis)
mixedviT.  Cvens  analizSi  aSnd  daSlebis  Zieba  mimdinareobs  top
kvarkebis wyvilur dabadebaSi roca erTi top kvarki iSleba aSnd
daSliT  qZ  –d da meore ki iSleba standartuli modelis daSlis
modiT  t→bW.  Gganxilul iqna  Z  bozonis leptonuri da  W  bozonis
adronuli  daSlebi,  amrigad  saboloo  mdgomareobis  topologia,
romelic  Seesabameba  ,  xasiaTdeba  ori  izolirebuli

leptonis da sul mcire oTxi Wavlis arsebobiT.

5.1 SemTxvevebis  winaswari SerCeva

SemTxvevebis  arCevis  dros  Semdegi  winaswari  SerCevis
kriteriumebi iyo  gamoyenebuli  rogorc  eqsperimentuli,  ise
dagenerirebuli (simulirebuli) monacemebisaTvis:
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 arCeul  iqna  iseTi  SemTxvevebi,  romlebic  ar  Seicavdnen
damaxinjebebs,  maT  Soris  eleqtro-magnituri  kalorimetris
aparaturuli  damaxinjebas,  arasrulad  Caweril  SemTxvevebs
danadgaris  trigeris  did  adronul  amaCqarebelTan  droiTi
sinqronizaciis  sistemis  gadatvirTvis  gamo.  Eeqsperimentuli
monacemebis  yvela  SemTxveva  unda  akmayofilebdes  analizisaTvis
arCeuli e.w. „kargi“ SemTxvevebis kriteriums. Aaseve  gadayrili iyo
SemTxvevebi romlebic Seicavdnen Wavlebs ganivi impulsiT  pT   > 20
gevi da E  > 0 gevi da ar sruldeboda e.w. „cudi“ Wavlebis gadayris
moTxovna [78].

 arCeul  iqna  iseTi  SemTxvevebi, romlisTvisac  CarTuli  iyo
eleqtronis,  an  mionis  trigeri.  Etrigerul  eleqtronebs  unda
gaevloT  EF_e24vhi_medium   an EF_e60_medium1  trigeruli jaWvi, xolo
miuonebs unda gaevloT EF_mu24i_tight  an EF_mu36_tight trigeruli jaWvi.
sul  mcire  erT-erTi  aRdgenili  obieqtebidan  unda  emTxveodes
(Seesabamebodes)  saTanado  trigeris  obieqts.  Eeleqtroni  iTvleba
trigerulis Sesabamisad Tu misi treki moTavsebulia EF trigeruli
elementis ΔR < 0.15  konaSi. Aanalogiurad, miuonebisaTvis moiTxoveba
rom trigeris Sesabamis treks da aRdgenil miuons Soris ΔR < 0.15-
ze.  mxolod leptonebi ganivi impulsiT  pT   > 25 gev-ze ganixileba
trigerTan Sesabamisobis proceduraSi.

 ara – urTierTqmedi fonis gamosaricxad, moTxovnil iqna, rom
SemTxvevaSi  yofiliyo  pirveladi  urTierTqmedebis  wvero  (wveros
tipi unda yofiliyo an PriVtc(1) an PileUp(3)), romlidanac gamodis EpT  >
400 mev-i ganivi impulsis mqone aranakleb 5 kvali.

 kosmosuri  miuonebis  CaxSobis  mizniT  gadayrili  iqna
SemTxvevebi, romlebic Seicaven miuonebis wyvils romelTa dajaxebis
(dartymis) parametris ganivi mdgenelebs (d0) aqvT sapirispiro niSani,
akmayofileben pirobas |d0|  >0.5 mm da maT Soris azimutaluri kuTxe
Δφ > 3.10.

 gadayril iqna iseTi SemTxvevebi sadac arCeul eleqtrons da
miuons aqvT saerTo treki wveros deteqtorSi. 

 erTi da igive aromatis da sapirispiro niSnis muxtis mqone
leptonebis erTi wyvili unda yofiliyvnen erTi da igive pirveladi
urTierTqmedebis wverodan.

 arCeul  SemTxvevebSiDdadebul  iqna  Z  bozonebis  aRdgenis
piroba:  |mll-mZ|  <  10  gev-ze (ll  =  erTi da igive aromatis (  ee,  µµ)  da
sapirispiro niSnis muxtis mqone leptonebs).

 arCeul SemTxvevebSi  unda  yofiliyo  sul cota  erTi  Wavli
mainc.

winaswari  SerCevis  kriteriumebis   Tanmimdvruli dadebis  Sedegad
miRebuli Sedegebi  moyvanilia cxril 4-Si signalisa da  fonuri
procesebisaTvis da eqsperimentuli monacemebisaTvis.
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cxrili  4.  Ffonuri  procesebis  mosalodneli  SemTxvevebis
raodenoba, arCeuli eqsperimentuli SemTxvevebis raodenoba da
signalis efeqturoba miRebuli e─e+ da μ─μ+ SemTxvevebis SerCeviT
roca  dileptonis  invariantuli  masa  |mll  –  mZ

PDG|  <  10  gevi  da
moiTxoveboda  sul  cota  erTi  Wavlis  arseboba.  mxolod
statistikuri  cdomilebebia  moyvanili.  signalis  efeqturoba
Seesabameba signalis ganxilul topologias (W→ hadrons,  Z→ ll
(l=e, μ, τ)) 

Nnax.  4-ze  warmodgenilia  winaswari  SerCevis  kriteriumebis
Tanmimdvruli  dadebis  Sedegad  miRebuli  ganawilebebi  Wavlebis
mravlobiTobiT da b  –tagirebuli Wavlebis mravlobiTobiT; nax.5-ze
moyvanilia  leptonebis fsevdosiswrafiT (η),  azimutaluri kuTxiT
(φ),  da  ganivi  impulsiT  (pT)  ganawilebebi;  xolo  nax.  6-ze
warmodgenilia  aRdgenili  Z  bozonebis  invariantuli  masebiT  da
ganivi impulsiT ganawilebebi eqsperimentuli, signalis da fonebis
monte-karlo SemTxvevebisaTvis saTanadod.
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naxazi 4. signalis arisaTvis winaswari SerCevis kriteriumebis
Tanmimdvruli  dadebis  Sedegad  miRebuli   mosalodneli  da
dakvirvebuli ganawilebebi a) Wavlebis mravlobiTobiT da b) b
–tagirebuli  Wavlebis  mravlobiTobiT  tt─→WbZq SemTxvevebis
raodenoba normirebulia eqsperimentuli SemTxvevebis
raodenobaze.

naxazi 5. signalis arisaTvis winaswari SerCevis kriteriumebis
Tanmimdvruli  dadebis  Sedegad  miRebuli   mosalodneli  da
dakvirvebuli ganawilebebi a) leptonebis fsevdosiswrafiT (η),
b) azimutaluri kuTxiT (φ) da c) ganivi impulsiT (pT ). tt─→WbZq
SemTxvevebis  raodenoba  normirebulia  eqsperimentuli
SemTxvevebis raodenobaze.
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naxazi 6. signalis arisaTvis winaswari SerCevis kriteriumebis
Tanmimdvruli  dadebis  Sedegad  miRebuli   mosalodneli  da
dakvirvebuli  ganawilebebi  a)aRdgenili  Z  bozonebis
invariantuli  masebiT   da  b)  ganivi  impulsiT.  tt─→WbZq
SemTxvevebis  raodenoba  normirebulia  eqsperimentuli
SemTxvevebis raodenobaze.

cxril  4-Si  moyvanilia  eqsperimentuli  da  TiToeuli  fonuri
procesisaTvis  SemTxvevebis  raodenoba  (gamosavali).  winaswari
SerCevis  kriteriumebis  dadebis  Semdeg  ZiriTadi  fonia  Z+jets
dabadeba.  cxrilidan Cans, rom eqsperimentul monacemTa raodenoba
metia  vidre  fonuri  procesebis  monte-karlo  simulirebuli
SemTxvevbis  raodenoba.  es  SesaZloa  gamowveulia  monte-karlo
generatorebis  wamyvani  rigis  miaxloebaSi  veqtoruli  bozonebis
WavlebTan erTad dabadebis procesebis generaciisas  mZime aromatis
mqone Wavlebis Sedgenilobis winaswarmetyvelebis  SezRudul (sust)
SesaZleblobasTan.  warmodgenil  analizSi  Z+jets SemTxvevebi
dagenerirebulia roca Z  bozonTan erTad warmoiqmneba damatebiT 5-
mde sxvadasxva aromatis mqone partonebi ( msubuqi partonebi, cc─   da
bb─). Aamis Semdeg Z+jets SemTxvevebis normireba iqna Catarebuli.   

5.2 SemTxvevebis  saboloo SerCeva da AaRdgena (rekonstruqcia)

  SemTxvevebis  signatura  Seicavs  zustad  erT  b  –

Wavls, Sesabamisad SerCeul iqna zusatd erT b –Wavliani SemTxvevebi.
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SemTxvevebSi zustad erTi  tagirebuli b –Wavlis arsebobis SerCevis
kriteriumis moTxovnis Semdeg arCeul iqna iseTi SemTxvevebi sadac
unda yofiliyo sul mcire 4 Wavli  (b –Wavlis CaTvliT). W bozonis
msubuqi  kvarkis  (aRiniSneba  rogorc  q  )  da  b-kvarkis  aRsadgenad
xdeboda  Semdegi  gamosaxulebis  minimizacia  W  bozonis, msubuqi  q
kvarkis  (aRiniSneba  da  b-kvarkis  dawyvilebiT  Wavlebis  sxvadasxva
kombinaciebTan:

   (1)
 

sadac   da   aris  top  kvarkis  aRdgenili

(rekonstruirebuli)  masa, roca  igi  iSleba  standartli  modelis
mixedviT da aSnd daSlis modiT, Sesabamisad.  aris W bozonis

masa.  χ2  minimizaciis  proceduris  dros  b-kvarki  dawyvilebuli iyo
mxolod  b-WavlTan.  Semdegi  mniSvnelobebi  iyo gamoyenebuli  (1)
formulaSi top kvarkebis da W bozonis masebisaTvis: mt = 172.5 GeV, mW

= 80.4 GeV. siganeebi  ( ) miRebuli iqna ganawilebebis

bukinis  funqciiT  [79]  fitirebis  Sedegad  (nax.  7).  ganawilebebis
misaRebad arCeuli iqna PROTOS  generatoris mier generaciis doneze
(danadgarSi  gatarebisa  da  misi  maxasiaTeblebis  gacTvaliswinebis
gareSe) miRebul leptonebTan da kvarkebTan yvelaze axlos myofi
(minimaluri  ΔR=√(Δη)2  +(Δφ)2  mqone) leptonebi  da  Wavlebi. Ees
warmoadgens  aRdgenili top kvarkebis da  W  bozonebis optimalur
deteqtoris  masur  garCevisunarianobas.  Nnax.7  -ze  naCvenebia
aproqsimaciis mrudebi da moyvanilia masebis saSualo mniSvnelobebi
da  standartuli  gadaxrebi.  ganawilebebi  miRebul  iqna  winaswari
SerCevis kriteriumebis  Tanmimdvruli dadebis doneze zustad ori
leptonis  arsebobis  moTxovnamde.  Wavlebis  yvela  kombinaciebidan
arCeuli iyo minimaluri  χ2   mqone Wavlebi. Amis Semdeg SesaZlebeli
iyo  SemTxvevebis aRdgena (rekonstruqcia) da SemTxvevebis saboloo
arCeva dasrulda imis moTxovniT, rom  aRdgenili top kvarkebis da
W  bozonis  invariantuli  masebi  unda  yofiliyo  Semdeg  masur
fanjrebSi:  |mreco

t FCNC, SM – mt | < 40 gevi da |mreco
W –mW|< 30 gevi. invariantul

masaze  CamoWris  kriteriumis  dadebis  Semdeg  aRdgenil
(rekonstruirebul)  kvarkebsa  da  simulaciis  Sedegad  miRebul
nawilakebs  Soris  swori  Sesabamisobis  wili Seadgens  εtops =  69.8%.
signalis fonur procesebTan ukeTesi fardobisaTvis mniSvnelovania
rom  εtops  –s  mniSvneloba  iyo  rac  SeiZleba  meti.  εtops  –is
optimizaciisaTvis  moTxovnil  iqna  didi  ganivi  impulesebis  mqone
Wavlebis  arseboba:  χ2  minimizaciamde  SemTxvevebSi  moTxovnil  iqna
sul cota 4 Wavlis arseboba ganivi impulsiT pt  > 30  gevi (b-Wavlis
CaTvliT) da Semdeg AarCeul (ganxilul) iqna aseTi SemTxvevebi. amis
Semdeg miRebul iqna εtops = 71.6%.
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naxazi 7. invariantuli masebis bukinis funqciiT aproqsimacia:
a) top kvarki iSleba FCNC  daSlis modiT t→qZ, b)   top kvarki
iSleba standartuli modelis dominanturi modiT  t→bW c)  W
bozoni, romelic  aRdgenilia  obieqtebisgan  romlebsac  aqvT
minimaluri  ΔR    generator  PROTOS-is  mier  dagenerirebuli
nawilakebis  mimarT.  Nnaxazze  moyvanilia  ganawilebebis
saSualo mniSvnelobebi da standartuli gadaxrebi.

siganlis ares SerCevisaTvis Semdegi saboloo SerCevis 
kriteriumebi iqna dadgenili:

 SemTxvevebSi unda yofiliyo  zustad erTi  tagirebuli  b  –
Wavli.

 SemTxvevebSi  unda  yofiliyo  sul  mcire  4  Wavli  ganivi
impulsiT pT > 30 gevi (tagirebuli b –Wavlis CaTvliT).

 |mtops
reco – mt| < 40 gevi  da  | mW

reco – mw | < 30 gevi .
saboloo  SerCevis  kriteriumebis  dadebis  Sedegad  miRebuli

SemTxvevbis raodenoba moyvanilia cxril 5-Si. Rogorc mosalodneli
iyo ZiriTadi fonuri procesia Z+jets.  363  SemTxveva aris damzerili
eqsperimentul monacemebSi saboloo SerCevis kriteriumebis dadebis
Semdeg da TanxvedraSia  mosalodnel fonuri procesebis ricxvTan.
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Nnax. 8-ze warmodgenilia χ2 ganawileba da Wavlebis mravlobiTobis
ganawileba. Nnax. 9  ÷  10-ze naCvenebia  aRdgenili  b, q    kvarkebis da
leptonebis  fsevdosiswrafiT  (η),  azimutaluri  kuTxiT  (φ), ganivi
impulsiT  (pT )  ganawilebebi.  nax.  11-ze  warmodgenilia  Z  da  W
bozonebis  ganivi  impulsiT  (pT )  ganawilebebi,  xoli  nax.  12-ze
naCvenebia  Z, W  bozonebis  da  top  kvarkis  invariantuli  masebiT
ganawilebebi  aromatis  Semcvleli  neitraluri  denebiT  mimdinare
daSlis  (FCNC)   hipoTezisaTvis  da  standartuli  modelis  (SM)
hipoTezisaTvis eqsperimentuli, signalis  da  fonebis  monte-karlo
SemTxvevebisaTvis.

naxazi  8.  saboloo  SerCevis  kriteriumebis  Tanmimdvruli
dadebis  Sedegad  miRebuli  da  mosalodneli  ganawilebebi
signalis arisaTvis a) χ2   b) Wavlebis mravlobiTobis ganawileba.
signali normirebulia t→qZ daSlis 1% fardobiT albaTobaze.
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cxrili  5.  Ffonuri  procesebis  mosalodneli  SemTxvevebis
raodenoba, arCeuli eqsperimentuli SemTxvevebis raodenoba da
signalis  efeqturoba  miRebuli  saboloo  SerCevis
kriteriumebis  gamoyenebiT.  signalis  SemTxvevebis  ricxvi
normirebulia t→qZ daSlis 1% fardobiT albaTobaze. signalis
efeqturoba  Seesabameba  signalis  ganxilul  topologias
(W→hadrons,   Z→ll  (l=e,μ,τ)).   TviTeuli  fonuri  procesisaTvis
moyvanilia  mxolod  statistikuri  cdomilebebi.  fonebis
jamuri ricxvisaTvis, siganlis ricxvisa da efeqturobisaTvis
cdomilebebi naCvenebia rogorc mniSvneloba 
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naxazi  9.  saboloo  SerCevis  kriteriumebis  Tanmimdvruli
dadebis  Sedegad  miRebuli  da  mosalodneli  ganawilebebi
signalis arisaTvis  aRdgenili  a)  b  kvarkis fsevdosiswrafiT
(η)   b)  b  kvarkis  azimutaluri kuTxiT (φ)  c) b  kvarkis  ganivi
impulsiT (pT )   d)  q  kvarkis fsevdosiswrafiT (η)   e)  q  kvarkis
azimutaluri  kuTxiT  (φ)  f) q  kvarkis  ganivi  impulsiT  (pT).
signali normirebulia t→qZ daSlis 1% fardobiT albaTobaze.
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naxazi  10.  saboloo  SerCevis  kriteriumebis  Tanmimdvruli
dadebis  Sedegad  miRebuli  da  mosalodneli  ganawilebebi
signalis arisaTvis  a)  leptonebis  fsevdosiswrafiT (η)   b)
leptonebis  azimutaluri  kuTxiT  (φ)  c) leptonebis  ganivi
impulsiT (pT). signali normirebulia t→qZ daSlis 1% fardobiT
albaTobaze.

naxazi  11.  saboloo  SerCevis  kriteriumebis  Tanmimdvruli
dadebis  Sedegad  miRebuli  da  mosalodneli  ganawilebebi
signalis arisaTvis  a)  Z b) W  bozonebis ganivi impulsiT (pT).
signali normirebulia t→qZ daSlis 1% fardobiT albaTobaze.
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naxazi  12.  saboloo  SerCevis  kriteriumebis  Tanmimdvruli
dadebis  Sedegad  miRebuli  da  mosalodneli  ganawilebebi
signalis arisaTvis  a)  aRdgenili Z bozonebis  invariantuli
masebiT b) aRdgenili  W  bozonebis  invariantuli  masebiT c)
aRdgenili top  kvarkis  invariantuli  masebiT  aromatis
Semcvleli  neitraluri  denebiT  mimdinare  daSlis  (FCNC)
hipoTezisaTvis d) aRdgenili top kvarkis invariantuli masebiT
standartuli modeliT (SM)  mimdinare daSlis hipoTezisaTvis.
signali normirebulia t→qZ daSlis 1% fardobiT albaTobaze.
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6. fonuri procesebi

SemTxvevebis saboloo SerCevis Semdeg ZiriTadi (dominanturi)
fonuri  procesebia  tt¯ da  Z+jets  dabadeba.  Mmcire  wvlili  SeaqvT
dibozonebis  (WW,  WZ,  ZZ)  dabadebis  process,  aseve  veqtoruli
bozonebis  ( W,Z)  da  tt¯ wyvilebis  asociatiuri  dabadebis,  γ da  Z
bozonis  asociatiuri  dabadebis, higsis  bozonis  da  tt¯ wyvilebis
asociatiuri dabadebis, iseve rogorc γ da tt¯ wyvilebis asociatiuri
dabadebis, euli top kvarkis da Z bozonis asociatiuri dabadebis da
euli  kvarkis  dabadebis  procesebs.  Aseve  mcire  wvlilia
mosalodneli e.w. “cru” leptonebis Semcveli SemTxvevebidan. Yvela
es fonuri procesebi “cru” leptonebis Semcveli SemTxvevebis garda,
Sefasebulia  monte-karlo simulaciis  meSveobiT  da  normirebulia
Sesabamis Teoriul kveTebze.  Z+jets  fonuri procesis mZime aromatis
Semcveli  komponenti  gansazRvrulia  eqsperimentuli  monacemebidan.
AA       

6.1 fonuri procesebis eqsperimentuli monacemebiT Sefaseba

6.1.1  Z+jets fonuri procesi

wamyvani rigis miaxloebis monte-karlo programa generatorebis
erT-erT  cnobil  problemas  (sust  adgils,  sust  wertils)
warmoadgens veqtorul bozonebTan erTad asociatiurad dabadebuli
Wavlebis procesebSi mZime aromatis kvarkebidan  wamosuli Wavlebis
qveprocesebis  wilis  sworad  winaswarmetyvelebis  SesaZlebloba.
radgan  Z+LF  (Z+msubuqi  aromatis  (u,d,s,kvarkebi)  mqone  kvarkebidan
wamosuli  Wavlebi)  da  Z+LF  (Z+mZime  aromatis  (b,c  kvarkebi)  mqone
kvarkebidan  wamosuli  Wavlebi)  procesebi  dagenerirebulia  cal-
calke, SesaZlebelia  Z+jets  monacemebis normireba  ori sakontrolo
regionis  (ares)  SerCeviT, sadac  Z+LF  da Z+HF  procesebis wili
mniSvnelovnad  gansxvavdeba,  da  am  sakontrolo  regionebSi
Tanadrouli  fitirebis  CatarebiT.  Mmonte-karlo  generatoris
sisuste SeiZleba gansxvavdebodes sxvadasxva kinematikur regionebSi,
amitomac umjobesia, rom  Z+jets  monacemebis normirebis sakontrolo
regionebi (areebi) kinematikurad axlos unda iyos signalis aresTan.
am ideis gaTvaliwinebiT Z+LF fonuri procesis sakontrolo regioni
(CRZ+LF)  ganisazRreba rogorc regioni, romelSic tt─→WbZq SemTxvevebi
aRdgenil iqna Semdegi pirobebis moTxovniT:

 am  areSi  unda  moxvedriliyo  SemTxvevebi,  romlebSic  gvaqvs
mxolod Wavlebi b –tagirebis (moniSvnis) gareSeE

 sul mcire 4 Wavli ganivi impulsiT pT > 30 gevi
 |mt FCNC,SM

reco-mtop| > 40 gev-ze da |mW
reco-mW| > 30 gev-ze
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xolo  Z+HF  fonuri  procesis  sakontrolo  arisaTvis  Semdegi
pirobebi iqna gamoyenebuli:

  sul mcire erTi  b –tagirebuli (moniSnuli) Wavlis arseboba
SemTcvevaSi

 sul mcire 4  Wavli  (b –tagirebul Wavlebis CaTvliT) ganivi
impulsiT pT > 30 gevi
  |mt FCNC

reco-mtop| > 40 gev-ze
Z+HF   da  Z+LF  sakontrolo  regionebSi  aRdgenili  Z bozonebis
invariantuli masebiT da ganivi impulsiT  pT   Sesworebebis gareSe
moyvanilia nax. 13-ze da 14-ze Sesabamisad.

Sesworebis koeficientebi (faqtorebi) 0.78±0.11  Z+LF  fonisTvis
da 1.32±0.21 Z+HF  fonisTvis miRebulia maTi Sesabamisi sakontrolo
regionebidan  fitirebis  Sedegad  da  gamoyenebulia  Z+jets  fonuri
procesis  monte-karlo  monacemebisaTvis.  Aam  Sesworebis
koefeicientebis cdomilebebi miRebulia fitirebidan.

naxazi 13. Z+LF sakontrolo regioni: ganawilebebi a) aRdgenili
Z  bozonis invariantuli masiT  b)  aRdgenili  Z  bozonis ganivi
impulsiT pT .
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naxazi 14. Z+HF sakontrolo regioni: ganawilebebi a) aRdgenili
Z  bozonis invariantuli masiT  b)  aRdgenili  Z  bozonis ganivi
impulsiT pT .

6.1.2  cru leptonebis fonuri procesi

yvela  procesi  romlis  saboloo  mdgomareobaSi  ori

izolirebuli leptonia SeiZleba ganxilul iqnas rogorcAA tt-   
ZqWb   (W→jj,  Z→ll) SemTxvevebis  fonuri  procesi.  iseTi  fonuri
procesebis  wvlili,  romlebic  Seicaven  SemTxvevebs  e.w.  “cru”
leptonebiT, mcirea, radgan arCeul iqna  e─e+  da μ─μ+  SemTxvevebi, roca
dileptonis  invariantuli  masa  |mll  –  mZ

PDG|  <  10  gevi.  aseTi  fonuri
procesebis  wvlili  Sefasebul  iqna  e.w.  matriculi  meTodis
gamoyenebiT  [87-88].  rogorc  mosalodneli  iyo,  gazomili  “cru“
leptonebiT fonebis wvlili umniSvneloa.

7. sistematikuri ganuzRvrelobebi

sxvadasxva sistematikurma ganuzRvrelobebma SesaZloa gavlena
moaxdinon  signalis  da/an  fonuri  procesebis  Sefasebul
mosalodnel  ricxvebze.  Seswavlil iqna  yvela  ZiriTadi  SesaZlo
sistematikuri ganuzRvrelobis warmoSobis wyaro da misi gavlena
saboloo  Sedegebze  [80-86,89-93].  yoveli  sistematikuri
ganuzRvrelobisaTvis  gamoyenebuli aRniSvnis ganmarteba mocemulia
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cxril 6-Si, xoloYTiToeuli maTganis gavlena signalsa da fonur
procesebze asaxulia cxril 7-Si. 

cxrili  6.  analizSi  gaTvaliswinebuli  yvela  sistematikuri
ganuzRvrelobebis ganmarteba.
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cxrili 7.  YTiToeuli sistematikuri ganuzRvrelobis efeqti
(fardobiTi gansxvaveba) signalis da yvela fonuri procesis
SemTxvevebis raodenobaze (ricxvze)  (moyvanilia procentebSi).
deteqtoris  modelirebis  sistematika  Sefasebilia  e.w.
”buTstraf”  meTodiT.  tire  niSnavs,  rom  ganuzRvreloba
(cdomileba)  monte-karlo  simulaciis  statistikuri
ganuzRvrelobis  rigisaa  (Tavsebadia  masTan),  aimtom  aseTi
sistematika  aRar  ganixileba.  jvari  niSnavs,  rom
ganuzRvrelobis  wyaro  ar  moqmedebs  mocemul  procesze.
sistematikuri  ganuzRvrelobebi  erTi  variaciiT  aris
simetrizebuli.  citirebuli  jamuri  ganuzRvreloba
warmoadgens  “zeda”  da  “qveda”  variaciebis  (cvalebadobebis)
kvadratebis jamidan amoRebul kvadratul fesvs.
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modelirebis  sistematika,  romelic  Seicavs  leptonebis,
Wavlebis,  b,c  da  msubuqi  aromatis  Semcveli  kvarkebis  aRdgenis
ganuzRvrelobebs,  Sefasebil  iqna  e.w.  ”buTstraf”  meTodiT.  Aam
meTodis  gamoyenebisas  ganisazRvreba  n  fsevdo-eqsperimenti.  Yyovel
fsevdo-eqsperimentSi nominalur da sistematikuri ganuzRvrelobis
wyaros  variaciiT  miRebul  monacemebSi  TiToeul  SemTxvevas
miewereba puasonis ganawilebidan dagenerirebuli SemTxveviTi wona
P(λ=1).   Semdeg  yovel  fsevdo-eqsperimentSi  gamoiTvleba  miRebuli
SemTxvevaTa  ricxvis  sistematikuri  variacia  (“zeda”/”qveda”)  da  am
variaciebis  saSualo   CaTvlilia  mocemul  sistematikuri
ganuzRvrelobis  mniSvnelobad,   maSin  roca  maTi  saSualo
kvadratuli  gadaxra  ganixileba, rogorc  mocemuli  sistematiuri
ganuzRvrelobis  statistikuri  cdomileba.  sistematikuri
ganuzRvrelobis  wyaro  iTvleba   mniSvnelovnad  monte-karlo
monacemebis statistikiasTan mimarTebaSi Tu misi “zeda” da “qveda”
variaciebi  aRemateba  maTsave  statistikur  cdomilebas
(ganuzRvrelobas).

nax.  15  da  16-ze  naCvenebia  Yyoveli  sistematikuri
ganuzRvrelobis  wyaros  fonuri  procesebis  jamur  ricxvze  da
signalis  SemTxvevebis  raodenobaze  (ricxvze)  fardobiTi  gavlena,
romelic  miRebulia  signalis   regionSi  (areSi)  e.w.  “buTstraf”
meTodis gamoyenebiT.  naxazebze aseve moyvanilia “zeda” da “qveda”
variaciebis statistikuri cdomilebebi.

naxazi  15.  Yyoveli  sistematikuri  ganuzRvrelobis  wyaros
fonuri  procesebis  jamur raodenobaze  (ricxvze)  fardobiTi
gavlena, romelic gamoTvlilia signalis areSi e.w. “buTstraf”
meTodis gamoyenebiT. ricxvebi gamosaxulia procentebSi.

29



naxazi  16.  Yyoveli  sistematikuri  ganuzRvrelobis  wyaros
signalis  SemTxvevebis  raodenobaze  (ricxvze)  fardobiTi
gavlena, romelic gamoTvlilia signalis areSi e.w. “buTstraf”
meTodis gamoyenebiT. ricxvebi gamosaxulia procentebSi.

8. mravalcvladiani diskriminatuli analizi

SemTxvevaTa saboloo SerCevis kriteriumebis gamoyenebis
Semdeg  signalis  mniSvnelovnebis  (s  /√  b)  optimizaciis  mizniT
gamoyenebul  iqna  albaTuri  analizi  (mravalcvladiani
diskriminatuli  analizi).  albaTuri  analizis  strategias
warmoadgens:

 airCes iseTi arakorelirebuli fizikuri sidideebi, romelTa  
mixedviT ganawilebebi signalis da fonebis SemTxvevebisaTvis 
gansxvavebulia.

 rCeuli fizikuri sidideebis gamoyenebiT Sedges 
diskriminatuli cvladi (signalis fonebisagan gamosarCevad)

 daidos diskriminatul cvladze CamoWris piroba ise rom s /√ b
–sTvis miRebul iqnas maqsimaluri mniSvneloba, sadac s aris signalis
SemTxvevaTa ricxvi, xolo b fonuri SemTxvevebis ricxvi. 

yoveli  SemTxvevisaTvis  gamoTvlil iqna  signalis  da  fonis
albaTobebi PS    da  Pb  , saTanadod albaTobis simkvrivis funqciebis
saSualebiT, romlebic Sedgenili iyo  iseTi fizikuri sidideebis
saSualebiT,  romelTa  ganawilebebi  signalisa  da  fonuri
procesebisaTvis  gansxvavdeba  erTmaneTisagan.  arCeul  iqna  5
arakorelirebuli  sidide  diskriminatuli  cvladis  asagebad,
romelTa albaTobis simkvrivis funqciebis  mixedviT ganawilebebi
warmodgenilia nax. 17-ze: FCNC  aRdgenili top kvarkis invariantuli

masa , aRdgenili  b  da  q  kvarkebis ganivi impulsebis jami  ,
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aRdgenili  W  bozonis invariantuli masa    ,  aRdgenili Z  da  W

bozonebis  ganivi  impulsebis  jami   da  aRdgenili  Z  da  W
bozonebs  Soris  kuTxis  kosinusi.  Nnaxazidan  Cans,  rom
zemoTCamoTvlil  cvladebiT  ganawilebebis  forma  gansxvavdeba
eqsperimentuli, monte-karlo signalis da fonebis SemTxvevebisaTvis.
nax. 18-ze warmodgenilia organzomilebiani  korelaciuri ganawileba

(matrica)  , ,  ,     da cos (θW  -  θZ )    cvladebisaTvis,
saidanac Cans rom isini marTlac arakorelirebuli arian. davuSvebT
ra  rom  arCeuli  cvladebia  arakorelirebuli  arian,  yoveli
SemTxvevisaTvis signalis da fonis albaTobebisaTvis miviRebT:

sadac n = 5 aris gamoyenebuli albaTobis simkvrivis funqciebi   
aris  albaToba  imisa  rom  SemTxvevaSi  fizikur  cvladis  i -s
mniSvneloba  tolia  xi  –is  romelic  Seesabameba  signalis  (fonis)
albaTobis simkvrivis funqcias. Tu PS  > Pb ,  maSin SemTxveva signalis
msgavsia, Tu  PS   < Pb ,  maSin SemTxveva  fonis  msgavsia.  Aamrigad
diskriminatuli cvladi SeiZleba iyo Semdegi:

signalis  msgavsi  SemTxvevebisaTvis  LR   metia  vidre  fonis  msgavsi
SemTxvevebisaTvis,  mravalfaqtoriani  diskriminantuli  cvladis
ganawileba  moyvanilia  nax.  19-ze.  signalis  mniSvnelovnebis
optimizacia  ganxorcielda  diskriminantul  LR  cvladze  CamoWris
kriteriumis dadebiT. Nnax. 20 moyvanilia  signalis mniSvnelovnebis
damokidebuleba  diskriminantul  cvladze  (LR

cut)  CamoWris
mniSvnelobaze.  Aam  naxazidan  Cans,  rom  signalis  mniSvnelobis
maqsimumi   s/√b=13.66  (signalis  raodenoba  normirebulia  daSlis
fardobiTi  albaTobisaTvis   BR(t→  qZ)  =  1%)  Seesabameba  LR

cut
  =0.75

mniSvnelobas.  Nnax.  21  –ze  moyvanilia  fonebis  intensiuroba  αb  da
signalis  intensiuroba  αS.  diskriminantuli  cvladis  xarisxis

(vargisianobis)  raodenobrivi  Sefaseba  SesaZlebelia  
mrudis SigniT mdebare  ares saSualebiT, romelic moyvanilia nax.

22-ze.  am  naxazze  naCvenebia   mrudi  ori  sxvadasxva
SemTxvevisaTvis:  rodesac  diskriminantuli  cvladi  agebulia
(Sedgenilia) 5 fizikuri cvladis saSualebiT da roca Sedgenilia
ori cvladis meSveobiT: FCNC aRdgenili top kvarkis  da aRdgenili
W bozonis invariantuli masebis gamoyenebiT.
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naxazi  17.  albaTobis  simkvrivis  funqciebi  fizikuri
cvladebisaTvis  a) FCNC  aRdgenili top kvarkis invariantuli

masa b)  aRdgenili  b  da  q  kvarkebis ganivi impulsebis jami

 c)  aRdgenili  W  bozonis  invariantuli  masa   d)

aRdgenili  Z  da  W  bozonebis ganivi impulsebis jami   e)
aRdgenili Z da W bozonebs Soris kuTxis kosinusi cos (θW - θZ ),
romelTagan Sedgenil iqna  diskriminantuli cvladi.

.
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naxazi 18. arCeuli fizikuri cvladebisaTvis organzomilebiani
korelaciuri matrica.

naxazi  19.  diskrinatuli  cvladis   ganawileba
eqsperimentuli,  monte-karlo  signalis  da  fonebis
SemTxvevebisaTvis.
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nax. 22-dan Cans, rom diskriminantuli cvladi Sedgenili 5 fizikuri
cvladis  saSualebiT  aris  misaRebi  da  ukeTesi  vidre
diskriminantuli  cvladi  Sedgenili  2  fizikuri  cvladis
saSualebiT.

naxazi 20.   signalis   SemTxvevebis  raodenobis   fonebis
SemTxvevebis  raodenobidan  kvadratul  fesvze  fardobis  s/√b
(signalis  raodenoba  normirebulia  fardobiTi  daSlis
albaTobisaTvis  BR(t→qZ)=1%) damokidebuleba diskriminantuli
cvladis  CamoWris  sidideze.  vertikaluri  xazi  Seesabameba
diskriminantis CamoWris sidides (LR

cut
  =0.75    or  LR >0.75). 

naxazi  21.  diskriminantuli  cvladis  albaTobis  simkvrivis
funqcia. Ees mrudi gamosaxavs signalis intensiurobas  αS   da
fonebis intensiurobas αb .
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naxazi  22.  Ffonebis  CamoWris  (gadagdebis)   (1  -  αb  )
damokidebuleba  signalis  intensiurobaze  αS  .  lurji  isari
miuTiTebs samuSao wertils, romelic Seesabameba  αS =0.49, αb =0.13,
s/√b=13.66 mniSvnelobebs. 

cxril  8-Si  moyvanilia  diskriminantul  cvladze  CamoWris
kriteriumis  moTxovnis  Semdeg  darCenili  SemTxvevebis  raodenoba,
xolo  nax.  23-ze  moyvanilia  aRdgenili  top  kvarkebis,  Z  da  W
bozonebis invariantuli masebis ganawilebebi.

nax.  24  da  25-ze  mocemulia  yoveli  sistematikuri
ganuzRvrelobis  fardobiTi  gavlena   signalis  da  fonuri
procesebis  jamur  SemTxvevebis  raodenobaze  (ricxvze)
diskriminantul cvladze  CamoWris  kriteriumis  moTxovnis  Semdeg,
gamoTvlili  “buTstraf”  meTodis  gamoyenebiT.  cxril  9-Si
Tavmoyrilia  yvela  sistematuri  ganuzRvrelobebis  (cdomilebebis)
wyaroebi  da  maTi  fardobiTi  gavlena  signalis  da  fonur
SemTxvevebze.
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cxrili 8.Ffonuri procesebis mosalodneli SemTxvevebis raodenoba,
arCeuli  eqsperimentuli  SemTxvevebis  raodenoba  da  signalis
efeqturoba  miRebuli  diskriminantul  cvladze  LR  –ze  CamoWris
kriteriumis  moTxovnis  Sedegad.  signalis  SemTxvevebis  ricxvi
normirebulia  t→qZ  daSlis  1%  fardobiT  albaTobaze.  signalis
efeqturoba Seesabameba signalis ganxilul topologias (W→hadrons,
Z→ll  (l=e,μ,τ)).   TviTeuli fonuri procesisaTvis moyvanilia mxolod
statistikuri cdomilebebi.  fonebis jamuri ricxvisaTvis, siganlis
ricxvisa  da  efeqturobisaTvis   cdomilebebi  naCvenebia  rogorc
mniSvneloba .
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naxazi  23. diskriminantul  cvladze  CamoWris  kriteriumis
moTxovnis  Sedegad  dmzerili  da  mosalodneli  ganawilebebi
signalis aresaTvis:  a) aRdgenili Z bozonebis  invariantuli
masea, b) aRdgenili  W  bozonebis  invariantuli  masea, c)
aRdgenili top kvarkis invariantuli masa aromatis Semcvleli
neitraluri denebiT mimdinare daSlis (FCNC)  hipoTezisaTvis,
d) aRdgenili top kvarkis invariantuli masebiT standartuli
modeliT  (SM)   mimdinare  daSlis  hipoTezisaTvis. signali
normirebulia t→qZ daSlis 1% fardobiT albaTobaze.
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naxazi  24.  yoveli sistematikuri  ganuzRvrelobis  fardobiTi
gavlena  fonuri procesebis jamur SemTxvevebis raodenobaze
(ricxvze)  diskriminantul  cvladze  CamoWris  kriteriumis
moTxovnis  Semdeg,  gamoTvlili  “buTstraf”  meTodis
gamoyenebiT. ricxvebi gamosaxulia procentebSi.

naxazi  25.  yoveli sistematikuri  ganuzRvrelobis  fardobiTi
gavlena   signalis  SemTxvevebis  raodenobaze  (ricxvze)
diskriminantul  cvladze  CamoWris  kriteriumis  moTxovnis
Semdeg,  gamoTvlili  “buTstreifis”  meTodis  gamoyenebiT.
ricxvebi gamosaxulia procentebSi.
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cxrili 9. yoveli sistematikuri ganuzRvrelobis signalis da
fonuri procesebis jamur SemTxvevebis raodenobaze (ricxvze)
fardobiTi  gavlenis  Sedegi  (moyvanilia  procentebSi)
diskriminantul  cvladze  CamoWris  kriteriumis  moTxovnis
Semdeg. deteqtoris modelirebis sistematika Sefasebulia e.w.
”buTstraf” meTodiT. tire niSnavs, rom ganuzRvreloba  monte-
karlo  simulaciis  statistikuri  ganuzRvrelobis  rigisaa
(Tavsebadia masTan). aimtom aseTi sistematika aRar ganixileba.
jvari  niSnavs,  rom  ganuzRvrelobis  wyaro  ar  moqmedebs
mocemul  procesze.  sistematikuri  ganuzRvrelobebi  erTi
variaciiT  aris  simetrizebuli.  citirebuli  jamuri
ganuzRvreloba  warmoadgens  “zeda”  da  “qveda”  variaciebis
(cvalebadobebis)  kvadratebis  jamidan  amoRebul  kvadratul
fesvs.
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9. zeda zRvaris Sefaseba

signalis  mosalodnel SemTxvevaTa  ricxvze  95% saimedoobis
doniT   zeda  zRvari  miRebuli  iqna  modificirebuli  sixSiruli
meTodiT (CLs) [95-97],  romelic ganxorcielebulia RooStats programul
paketSi [94] da dafuZnebulia morgebuli marTlmsgavsebis funqciis
meTodze,  romelic  iTvaliswinebs  sistematikur  da  statistikur
ganuzRvrelobebs  Sesabamisi  SeSfoTebis  parametrebis  gamoyenebiT,
romelTa  fitireba xdeba eqsperimentuli monacemebidan.

statistikuri  analizi  dafuZnebulia  marTlmsgavsebis  L(μ,θ)
funqciaze, romelic aris Sedgenili (agebuli) Semdegnairad: igi aris
damzerili  SemTxvevebis  ricxvis  Sesabamisi  puasonis  ganawilebis
wevris  namravli  θ  parametrebisaTvis  ramdenime  gausis  wevrebze
(SezRudvis  pirobebiT),  sadac  θ aris  SeSfoTebis  parametrebis
krebuli, romelic  iTvaliswinebs  statistikuri  da  sistematikuri
ganuzRrelobebis  efeqtebs  signalis  da  mosalodneli  fonuri
procesebisaTvis.  Ees  funqcia  damokidebulia  μ –ze,  romelzec
mravldeba  nS-i  (signalis  SemTxvevebis  ricxvi,  normirebuli
fardobiTi  daSlis  albaTobaze  Br(t→qZ)=1%),  amrigad  mosalodnel
signalis  SemTxvevaTa  ricxvze  zeda  zRvari  moicema,  rogorc  

 .

satesto statistika  qμ   ganisazRvreba  morgebuli marTlmsgavsebis
sunqciebis fardobis gamoyenebiT Semdegnairad:

sadac     da    aris  parametrebis  is  mniSvnelobebi  roca

marTlmsgavsebis funqcia iRebs maqsimalur mniSvnelobas  (Semdegi
SezRudviT  )   da  aris  SeSfoTebis  parametrebis  is

mniSvnelobebi,  roca marTlmsgavsebis   funqcia  iRebs maqsimalur
mniSvnelobas  μ   -s  mocemuli  mniSvnelobisaTvis.  es  satesto
statistika  gamoiyeneba  damzerili  monacemebis   (SemTxvevebis)
mxolod fonuri procesebis arsebobis (anu  μ = 0-sTvis)  hipoTezasTan
Tavsebadobis  gasazomad da  μ   -s  Sesaxeb garkveuli statistikuri
daskvnebis gasakeTeblad,  iseTi rogoricaa zeda zRvrebi (sazRvrebi)
CLS   meTodis [95-97] gamoyenebiT,  romelic gancorcielebulia RootStats
/  RootFit   programul  paketSi  [94,  98].  dadgenili  zeda  zRvaris
saimedoobis xarisxi ganisazRvreba Semdegnairad:
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sadac f(qμ  |μ)  aris  qμ  -is albaTobis simkvrivis funqcia da qμ
obs   aris

eqsperimentuli  monacemebidan  damzerili  satesto  statistikis
mniSvneloba μ –s mocemuli mniSvnelobisaTvis. μ –sTvis mosalodneli
zeda zRvari aris is,  romelic miiReba maSin, roca eqsperimentuli
monacemebis  SemTxvevebi  Zalian  kargad  aRiwereba  mosalodneli
fonebiT,  amrigad igi SeiZleba gamoTvlil iqnas qμ

obs –is SecvliT qμ –
is  Sesabamisi  medianis  mniSvnelobiT  μ=0  daSvebiT.  saimedoobis
xarisxi  gamoTvlil  iqna λ  (μ)  –is[99]  asimptoturi  Tvisebebis
gamoyenebiT romelic ganxorcielebulia  RootStats-Si [94].  Nnax.  26-ze
naCvenebia  CLS –is  damokidebuleba  μ-ze miRebuli rogorc saboloo
SerCevis  kriteriumebis  dadebis  Sedegad  miRebuli  monacemebis
saSualebiT,  ise  diskriminantul  cvladze  CamoWris  kriteriumis
dadebis Sedegad miRebuli monacemebiT. miRebuli damzerili zRvari
TanxvedraSia mosalodnel zRvarTan ±1σ farglebSi. 

naxazi  26.  CLS –is   damokidebuleba   μ-ze, romelzec  unda
gamravldes  nS   (signalis  SemTxvevebis  ricxvi  normirebuli
fardobiTi  DdaSlis  albaTobaze  Br(t  →  qZ)=1%),  miRebuli
Semdegi  Sedegebis  gamoyenebiT  a)  saboloo  SerCevis
kriteriumebis  gamoyenebiT  da  b)  diskriminantul  cvladze
CamoWris kriteriumis gamoyenebiT.

signalis mosalodnel SemTxvevaTa ricxvze zRvrebi gardaqmnili iyo
Sesabamisi   fardobiTi  daSlis  albaTobebis  zeda  zRvrebad  tt‾

kveTisaTvis wamyvani rigis Semdegi rigis SesworebebiT gamoTvlili
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mniSvnelobis   pb  [32] gamoyenebiT da SezRudvis  Semdegi
pirobis dadebiT: BR(t → bW) = 1 - BR(t → qZ):

cxril  10-Si  warmodgenilia  damzerili  (dakvirvebuli)   da
mosalodneli sazRrebi ±1σ farglebSi.

cxrili  10.  saboloo  SerCevis  da  mravalcvladiani
diskriminantuli  analizis  Sedegad  aromatis  cvlilebiT
neitraluri denebiT mimdinare top kvarkis  t  →  qZ   daSlis
fardobiTi  albaTobis  mosalodneli  da  dakvirvebuli  zeda
zRvrebi  95%  saimedoobis  xarisxiT.  AgreTve  moyvanilia
mosalodneli  zeda  zRvaris  mniSvneloba  ±1σ  farglebSi.
mosalodneli  da  dakvirvebuli  zeda  zRvrebi  Seicavs
statistikuri  da  sistematiuri  ganuzRvrelobebis
(cdomilebebis) wvlils.

10. daskvnebi

aromatis  Semcvleli  neitraluri  denebiT  mimdinare  top
kvarkis  iSviaTi  daSla  t→qZ   SeviswavleT Geqsperimentuli
monacemebis  analizis  Sedegad,  romelic  dagrovili  iqna  ATLAS
eqsperimentSi 2012 wlis ganmavlobaSi masaTa centris sistemaSi 8 tev
energiaze  proton-protonuli  urTierTqmedebebis  Sedegad  da
romelic Seesabameba 20.3 fb-1 integralur naTebas. t→qZ  daSlis Zieba
Cven  ganvixileT  top-antitop  kvarkebis  (t- ) wyviluri  dabadebis
topologiaSi,  rodesac   erTi  top  kvarki  iSleba  aromatis
Semcvleli  neitraluri  denebiT  mimdinare  procesis  Sesabamisad,
xolo meore  top  kvarki  iSleba  standartuli  modelis  procesis
Sesabamisad. tt‾ → bWqZ SemTxvevebi Seswavlil iqna dileptonur arxSi:

yalibruli Z   bozoni iSleba leptonebad, xolo  W  bozoni iSleba
kvarkebad. Fganxiluli top kvarkis aSnd procesiT mimdinare iSviaTi
daSlis  aranairi  cxadi  niSani  ar  iqna  damzerili.  95%
damajereblobis xarisxiT  gamoTvlili inqa  damzerili
(moslaodneli)  zeda  zRvari  t→qZ  daSlis  fardobiTi
albaTobisaTvis Br(t→qZ) < 2.9 x 10-3 (2.7 x 10-3).  
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