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Ââåäåíèå
Èññëåäóåìûé ïðîöåññ � ýëåêòðîñëàáîå (ÝÑ) ðîæäåíèå Z (→ νν̄)γjj â pp-ñòîëêíîâåíèÿõ.
Îäíà èç êîìïîíåíò � ðàññåÿíèå âåêòîðíûõ áîçîíîâ (ÐÂÁ):
I ïîçâîëÿåò èçó÷èòü íàðóøåíèå ýëåêòðîñëàáîé ñèììåòðèè;
I ÷óâñòâèòåëüíà ê ýôôåêòàì, ïðåäñêàçûâàåìûì òåîðèÿìè, âûõîäÿùèìè çà ïðåäåëû

Ñòàíäàðòíîé ìîäåëè, ÷åðåç àíîìàëüíûå âçàèìîäåéñòâèÿ ÷åòûð¼õ âåêòîðíûõ

áîçîíîâ.

Íà äàííûé ìîìåíò â êàíàëå Z (→ νν̄) èçìåðåíèé ñå÷åíèÿ åù¼ íå ïðîèçâîäèëîñü.

Çíà÷èìîñòü èçìåðåíèÿ ñå÷åíèÿ äàííîãî ïðîöåññà â êàíàëå Z (→ ``) ñîñòàâëÿåò 4.7σ.

ÐÂÁ
ÝÑ-ðîæäåíèå
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Öåëü

Ñîçäàòü ñòàòèñòè÷åñêóþ ìîäåëü ìàêñèìàëüíîãî ïðàâäîïîäîáèÿ äëÿ îïèñàíèÿ ïðîöåññîâ

ÝÑ-ðîæäåíèÿ Zγjj , ýêñïåðèìåíòàëüíûõ ôîíîâ è èõ ñèñòåìàòè÷åñêèõ ïîãðåøíîñòåé ñ

öåëüþ èçìåðåíèÿ ñå÷åíèÿ ïðîöåññà ÝÑ-ðîæäåíèÿ Zγjj â äàííûõ pp-ñòîëêíîâåíèé,
ñîáðàííûõ äåòåêòîðîì ATLAS â 2015-18 ãîäàõ.
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Ìåòîä ìàêñèìàëüíîãî ïðàâäîïîäîáèÿ

Ìåòîä ìàêñèìàëüíîãî ïðàâäîïîäîáèÿ (âåðíåå, pro�le likelihood), ïîçâîëÿåò

I èçìåðèòü èíòåãðàëüíîå ïîïåðå÷íîå ñå÷åíèå ñèãíàëüíîãî ïðîöåññà;

I îöåíèòü âêëàäû ôîíîâûõ ïðîöåññîâ, îöåíèâàåìûõ ïðè ïîìîùè ìåòîäîâ

Ìîíòå-Êàðëî ìîäåëèðîâàíèÿ;

I ó÷åñòü âêëàä ñèñòåìàòè÷åñêèõ ïîãðåøíîñòåé èçìåðåíèÿ ïðè îöåíêå îøèáêè ñå÷åíèÿ

ñèãíàëüíîãî ïðîöåññà;

I îöåíèòü çíà÷èìîñòü èçìåðåíèÿ íåíóëåâîãî ñå÷åíèÿ ñèãíàëüíîãî ïðîöåññà.

Îñíîâíàÿ èäåÿ:

ν̂s = arg
[
max L(Ndata|ν, ~θ)

]
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Ìåòîä ìàêñèìàëüíîãî ïðàâäîïîäîáèÿ
Èçìåðåíèå ñå÷åíèå

ñèãíàëüíîãî ïðîöåññà

L(Ndata|νs) = Pois(Ndata|νs + ν̃b)

νs = µν̃s

L(Ndata|µ) = Pois(Ndata|µν̃s + ν̃b)

Îöåíêà âêëàäà îñíîâíûõ ôîíîâ

L(NSR ,NCR |µ, µbkg) = Pois(NSR |µν̃s + µbkgν̃b)·
Pois(NCR |µbkgτ̃ ν̃b)

Çàäà÷à: âûáðàòü ñèãíàëüíóþ è êîíòðîëüíûå îáëàñòè äëÿ îöåíêè ÷èñëà ñîáûòèé.

Èñïîëüçîâàíèå ðàñïðåäåëåíèé

L(NSR ,NCR |µ, µbkg ) =

Nbins
SR∏
i=1

Pois(N i
SR |µν̃ is + µbkg ν̃

i
b) ·

Nbins
CR∏
i=1

Pois(N i
CR |µbkg τ̃ i ν̃ ib),

Çàäà÷à: âûáðàòü ðàñïðåäåëåíèÿ, äàþùèå íàèáîëåå òî÷íóþ îöåíêó ñå÷åíèÿ.
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Ìåòîä ìàêñèìàëüíîãî ïðàâäîïîäîáèÿ
Èçìåðåíèå ñå÷åíèå
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Ìåòîä ìàêñèìàëüíîãî ïðàâäîïîäîáèÿ
Èçìåðåíèå ñå÷åíèå

ñèãíàëüíîãî ïðîöåññà
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Çàäà÷à: âûáðàòü ñèãíàëüíóþ è êîíòðîëüíûå îáëàñòè äëÿ îöåíêè ÷èñëà ñîáûòèé.

Èñïîëüçîâàíèå ðàñïðåäåëåíèé

L(NSR ,NCR |µ, µbkg ) =

Nbins
SR∏
i=1

Pois(N i
SR |µν̃ is + µbkg ν̃

i
b) ·

Nbins
CR∏
i=1

Pois(N i
CR |µbkg τ̃ i ν̃ ib),

Çàäà÷à: âûáðàòü ðàñïðåäåëåíèÿ, äàþùèå íàèáîëåå òî÷íóþ îöåíêó ñå÷åíèÿ. 4



Ìåòîä ìàêñèìàëüíîãî ïðàâäîïîäîáèÿ

Ó÷åñòü âêëàä ñèñòåìàòè÷åñêèõ ïîãðåøíîñòåé

Ïðèðîäà âîçíèêíîâåíèÿ ñèñòåìàòè÷åñêîé îøèáêè → íåïðåðûâíûé ïàðàìåòð α è

ôóíêöèÿ åãî ðàñïðåäåëåíèÿ.

Äèñêðåòíàÿ çàâèñèìîñòü ÷èñëà ñîáûòèé â ðåãèîíå (áåç ñ, +σ, −σ) → çàâèñèìîñòü

÷èñëà ñîáûòèé â ðåãèîíå îò çíà÷åíèÿ íåïðåðûâíîãî ïàðàìåòðà α:

L(NSR , 0|µ, α) =

=
Nbins∏
i=1

Pois(NSR |µν̃ is + ηi (α)ν̃ ib) · G (0|α, 1)
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Äåòåêòîð ATLAS è èñïîëüçóåìûå äàííûå

Ýêñïåðèìåíòàëüíûå äàííûå ïðîòîí-ïðîòîííûõ ñòîëêíîâåíèé, íàáðàííûå ATLAS â

2015-18 ãîäàõ, à òàêæå ñîîòâåòñòâóþùèå èì äàííûå Ìîíòå-Êàðëî ìîäåëèðîâàíèÿ.

Äåòåêòîð ATLAS

Ìíîãîöåëåâîé óíèâåðñàëüíûé äåòåêòîð,

ðàñïîëîæåííûé íà Áîëüøîì Àäðîííîì

Êîëëàéäåðå.

Íàáîð äàííûõ 2015-18 ãîäîâ:

I
√
S = 13 ÒýÂ;

I Íàáðàííàÿ èíòåãðàëüíàÿ ñâåòèìîñòü

139.0± 2.4 ôá−1.
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Îòáîð ñîáûòèé
Àäðîííûå

ñòðóè

Njets >= 2;
pjetT > 50 ÃýÂ.

Ôîòîí

Nγ = 1;
Eγ
T > 150 ÃýÂ;

E cone40
T < 2.45 ÃýÂ + 0.022 · Eγ

T ;
pcone20T < 0.05 · Eγ

T ;
|z(γ)| < 250 ìì;
Âûñîêîå êà÷åñòâî
èäåíòèôèêàöèè.

Íåäîñòàþùèé ïîïåðå÷íûé

èìïóëüñ

~pmiss
T = −(

∑
obj
~p obj
T +~p SoftTerm

T );

|~pmiss
T | = Emiss

T > 120 ÃýÂ;
Çíà÷èìîñòü èçìåðåíèÿ ~pmiss

T ,
S > 12;
|~p SoftTerm

T | < 16 ÃýÂ.

Äîïîëíèòåëüíûå

îãðàíè÷åíèÿ

Âåòî íà e∓ è µ∓ â
ñîáûòèè;
∆ϕ(~pmiss

T , γ) > 0.4;
∆ϕ(~pmiss

T , j1) > 0.3;
∆ϕ(~pmiss

T , j2) > 0.3.

W  CRγ

m(jj) [GeV]

0 leptons

≥1 lepton

Z  γ
inclusive

m(jj) [GeV]

Z  QCDγ
CR 1 

SR 

Z  QCDγ
CR 2 

0.6

centralityγ

300
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Ñèãíàëüíûé è ôîíîâûå ïðîöåññû

W  CRγ

m(jj) [GeV]

0 leptons

≥1 lepton

Z  γ
inclusive

m(jj) [GeV]

Z  QCDγ
CR 1 

SR 

Z  QCDγ
CR 2 

0.6

centralityγ

300

Ñèãíàëüíûé ïðîöåññ

Zγjj EWK � µZγEWK

Ôîíû, îöåíèâàåìûå

â êîíòðîëüíûõ îáëàñòÿõ

Zγjj QCD � µZγEWK;

W γ, ttγ � µZγEWK;

èç äàííûõ

e → γ;
j → γ;
Íåïðàâèëüíîå èçìåðåíèå Emiss

T ;

íàïðÿìóþ èç ÌÊ

Z (``) + γ

Ðàñïðåäåëåíèÿ â îáëàñòÿõ

Êîíòðîëüíûå � èíâàðèàíòíàÿ ìàññà äâóõ ñòðóé mjj .

Ñèãíàëüíàÿ � îòêëèê Boosted Decision Trees êëàññèôèêàòîðà, ñîçäàííîãî ïðè ïîìîùè

11 êèíåìàòè÷åñêèõ ïåðåìåííûõ. 8



Ñèñòåìàòè÷åñêèå ïîãðåøíîñòè

Âîçíèêàâøèå ïðîáëåìû

I Íåäîñòàþùàÿ èíôîðìàöèÿ.
I Ìàëàÿ ñòàòèñòèêà â ðàñïðåäåëåíèÿõ → íåîáõîäèìîñòü ñãëàæèâàíèÿ.
I Âîçìîæíî ëè ïåðåíîñèòü èíôîðìàöèþ èç îäíîé îáëàñòè â äðóãóþ.
I Îïèñàíèå íåñòàíäàðòíûõ èñòî÷íèêîâ ïîãðåøíîñòè.
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µZγEWK 1.00+0.27−0.25(stat)
+0.24
−0.17(syst)

µZγQCD 1.05± 0.08(stat)+0.15−0.16(syst)

µWγ 1.08± 0.04(stat)+0.19−0.13(syst)

Îæèäàåìàÿ ìåäèàííàÿ îöåíêà çíà÷èìîñòè

èçìåðåíèÿ íåíóëåâîãî ñå÷åíèÿ ñèãíàëüíîãî

ïðîöåññà.

3.81σ

10



Çàêëþ÷åíèå

I Áûëà ñîçäàíà ñòàòèñòè÷åñêàÿ ìîäåëü ïðàâäîïîäîáèÿ, îïèñûâàþùàÿ ïîèñê ïðîöåññà

ÝÑ-ðîæäåíèÿ Zγjj â ïðîòîí-ïðîòîííûõ ñòîëêíîâåíèÿõ.

I Ïðè ïîìîùè ýòîãî ìåòîäà áûëè ïîëó÷åíû îöåíêè îøèáîê èçìåðåíèÿ ñå÷åíèÿ

ñèãíàëüíîãî ïðîöåññà.

I Îöåíêà çíà÷èìîñòè èçìåðåíèÿ íåíóëåâîãî ñå÷åíèÿ ñèãíàëüíîãî ïðîöåññà ïðè

èíòåãðàëüíîé ñâåòèìîñòè 139.0± 2.4 ôá−1 ñîñòàâëÿåò

3.81σ

÷òî íåäîñòàòî÷íî äëÿ íàáëþäåíèÿ ïðîöåññà, íî äîñòàòî÷íî äëÿ ¾ñâèäåòåëüñòâà¿

ñóùåñòâîâàíèÿ (evidence).

I Ñëåäóþùèé øàã � èñïîëüçîâàíèå íàáëþäàåìûõ äàííûõ â ñèãíàëüíîé îáëàñòè è

èçìåðåíèå ñå÷åíèÿ ñèãíàëüíîãî ïðîöåññà.

I Ñîçäàííóþ ñòàòèñòè÷åñêóþ ìîäåëü âîçìîæíî äàëüøå èñïîëüçîâàòü ïðè îöåíêå

ïàðàìåòðîâ òåîðèé, âûõîäÿùèõ çà ïðåäåëû Ñòàíäàðòíîé ìîäåëè
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Ñïàñèáî çà âíèìàíèå!
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×èñëî ïðîøåäøèõ â ðàññìàòðèâàåìûõ îáëàñòÿõ. Äî îöåíêè
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×èñëî ïðîøåäøèõ â ðàññìàòðèâàåìûõ îáëàñòÿõ. Ïîñëå îöåíêè
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Êîìïîçèöèÿ äåðåâüåâ ðåøåíèé

Äåðåâüÿ ðåøåíèé Áóñòèíã

Ïîøàãîâîå ïðèáëèæåíèå Pr(ñèãíàë|xi) ñóììîé îòêëèêîâ

ñëàáûõ êëàññèôèêàòîðîâ

I ïðèîðèòåò ïîëó÷àþò ñîáûòèÿ, íåïðàâèëüíî

êëàññèôèöèðóåìûå ñóììîé ïðåäûäóùèõ ñëàãàåìûõ;

I âêëàä ñëàãàåìîãî çàâèñèò îò ÷èñëà ñäåëàííûõ èì

îøèáîê è ñêîðîñòè îáó÷åíèÿ (ïàðàìåòð áóñòèíãà).

Ïðåèìóùåñòâà êîìïîçèöèè äåðåâüåâ ðåøåíèé:

I äàííûå íå òðåáóþò ïðåäâàðèòåëüíîé îáðàáîòêè;

I õîðîøî ñïðàâëÿåòñÿ ñ èçáûòî÷íûìè ïåðåìåííûìè;

I ìàëî ïàðàìåòðîâ (÷èñëî èòåðàöèé, ãëóáèíà äåðåâüåâ,

ñêîðîñòü îáó÷åíèÿ)
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BDT êëàññèôèêàòîð
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BDT êëàññèôèêàòîð. Ïðîâåðêà íà ïåðåîáó÷åíèå

BDT classifier response

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

F
ra

ct
io

n 
of

 e
ve

nt
s 

/ 0
.0

9

Signal (test sample)

Background (test sample)

Signal (training sample)

Background (training sample)

ATLAS Internal
-1 = 13 TeV, 139 fbS

 inclusiveγZ
Trained on even / tested on odd events

 = 1.1451
dof

/N2χSingal 
 = 1.3414

dof
/N2χBackground 

0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8
BDT classifier response

0.6
0.8

1
1.2
1.4

T
ra

in
/T

es
t BDT classifier response

0.6

0.8

1

1.2

1.4

T
ra

in
/T

es
t

BDT classifier response

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

F
ra

ct
io

n 
of

 e
ve

nt
s 

/ 0
.0

9

Signal (test sample)

Background (test sample)

Signal (training sample)

Background (training sample)

ATLAS Internal
-1 = 13 TeV, 139 fbS

 inclusiveγZ
Trained on odd / tested on even events

 = 0.7838
dof

/N2χSingal 
 = 1.3531

dof
/N2χBackground 

0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8
BDT classifier response

0.6
0.8

1
1.2
1.4

T
ra

in
/T

es
t BDT classifier response

0.6

0.8

1

1.2

1.4

T
ra

in
/T

es
t

17



Ðàñïðåäåëåíèÿ ïî ðàçäåëÿþùèì ïåðåìåííûì
1/2

500 1000 1500 2000 2500 3000
 [GeV]jjm

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

F
ra

ct
io

n 
of

 e
ve

nt
s 

/ 1
50

 G
eV Signal

Background
ATLAS Internal

-1 = 13 TeV, 139 fbS

Signal region

0 1 2 3 4 5 6 7 8
jjY∆

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

F
ra

ct
io

n 
of

 e
ve

nt
s 

/ 0
.4

0

Signal
Background

ATLAS Internal
-1 = 13 TeV, 139 fbS

Signal region

200 300 400 500 600 700 800 900 1000
 [GeV]miss

TE

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

0.22

F
ra

ct
io

n 
of

 e
ve

nt
s 

/  
45

 G
eV Signal

Background
ATLAS Internal

-1 = 13 TeV, 139 fbS

Signal region

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
-balance

T
p

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

F
ra

ct
io

n 
of

 e
ve

nt
s 

/ 0
.0

1

Signal
Background

ATLAS Internal
-1 = 13 TeV, 139 fbS

Signal region

5− 4− 3− 2− 1− 0 1 2 3 4 5
)

2
(jη

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

F
ra

ct
io

n 
of

 e
ve

nt
s 

/ 0
.5

0

Signal
Background

ATLAS Internal
-1 = 13 TeV, 139 fbS

Signal region

100 200 300 400 500 600 700 800 900 1000
) [GeV]

1
(j

T
p

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

F
ra

ct
io

n 
of

 e
ve

nt
s 

/  
50

 G
eV Signal

Background
ATLAS Internal

-1 = 13 TeV, 139 fbS

Signal region

2.5− 2− 1.5− 1− 0.5− 0 0.5 1 1.5 2 2.5
)γ(η

0

0.02

0.04

0.06

0.08

0.1

0.12

F
ra

ct
io

n 
of

 e
ve

nt
s 

/ 0
.2

5

Signal
Background

ATLAS Internal
-1 = 13 TeV, 139 fbS

Signal region

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
-balance reduced

T
p

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

F
ra

ct
io

n 
of

 e
ve

nt
s 

/ 0
.0

5

Signal
Background

ATLAS Internal
-1 = 13 TeV, 139 fbS

Signal region

18



Ðàñïðåäåëåíèÿ ïî ðàçäåëÿþùèì ïåðåìåííûì
2/2

1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5
jetsN

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

F
ra

ct
io

n 
of

 e
ve

nt
s

Signal
Background

ATLAS Internal
-1 = 13 TeV, 139 fbS

Signal region

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
)/2|)

2
, j

1
(jϕ∆sin(|

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

F
ra

ct
io

n 
of

 e
ve

nt
s

Signal
Background

ATLAS Internal
-1 = 13 TeV, 139 fbS

Signal region

0 1 2 3 4 5 6
)γ, 

1
Y(j∆

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

0.22

F
ra

ct
io

n 
of

 e
ve

nt
s 

/ 0
.3

0

Signal
Background

ATLAS Internal
-1 = 13 TeV, 139 fbS

Signal region

19



Ýêñïåðèìåíòàëüíûå ñèñòåìàòè÷åñêèå ïîãðåøíîñòè

20



Òåîðåòè÷åñêèå ñèñòåìàòè÷åñêèå ïîãðåøíîñòè

21



Èíòåðôåðåíöèÿ ìåæäó Zγjj EWK è Zγjj QCD

22



Ðàçäåëÿþùèå ïåðåìåííûå. Äàííûå è ìîäåëèðîâàíèå
1/3

0 50 100 150 200 250 300
 [GeV]jjm

0.8
0.9

1
1.1
1.2

D
at

a/
P

re
d.  [GeV]jjm

0

20

40

60

80

100

120

140

160

180

E
ve

nt
s

Data
 EWKγ)ννZ(
 QCDγ)ννZ(

 QCDγW
 EWKγW

t), top, tνW(e
γtt
 + jγ

Zj, jj
γZ(ll)

Pred. stat. error

ATLAS Internal
-1 = 13 TeV, 139 fbS

 QCD CR 1γZ

0 0.5 1 1.5 2 2.5 3
jjY∆

0.8
0.9

1
1.1
1.2

D
at

a/
P

re
d. jjY∆

0

20

40

60

80

100

120

140

160

180

200

220

E
ve

nt
s 

/ 0
.3

0

Data
 EWKγ)ννZ(
 QCDγ)ννZ(

 QCDγW
 EWKγW

t), top, tνW(e
γtt
 + jγ

Zj, jj
γZ(ll)

Pred. stat. error

ATLAS Internal
-1 = 13 TeV, 139 fbS

 QCD CR 1γZ

150 200 250 300 350 400 450 500 550 600
 [GeV]miss

TE

0.8
0.9

1
1.1
1.2

D
at

a/
P

re
d.  [GeV]miss

TE

0

50

100

150

200

250

E
ve

nt
s 

/  
50

 G
eV Data

 EWKγ)ννZ(
 QCDγ)ννZ(

 QCDγW
 EWKγW

t), top, tνW(e
γtt
 + jγ

Zj, jj
γZ(ll)

Pred. stat. error

ATLAS Internal
-1 = 13 TeV, 139 fbS

 QCD CR 1γZ

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
-balance

T
p

0.8
0.9

1
1.1
1.2

D
at

a/
P

re
d. -balance

T
p

0

50

100

150

200

250

E
ve

nt
s 

/ 0
.0

2

Data
 EWKγ)ννZ(
 QCDγ)ννZ(

 QCDγW
 EWKγW

t), top, tνW(e
γtt
 + jγ

Zj, jj
γZ(ll)

Pred. stat. error

ATLAS Internal
-1 = 13 TeV, 139 fbS

 QCD CR 1γZ

23



Ðàçäåëÿþùèå ïåðåìåííûå. Äàííûå è ìîäåëèðîâàíèå
2/3

3− 2− 1− 0 1 2 3
(j2)η

0.8
0.9

1
1.1
1.2

D
at

a/
P

re
d. (j2)η

0

20

40

60

80

100

120

140

160

180

200

220

E
ve

nt
s 

/ 0
.7

0

Data
 EWKγ)ννZ(
 QCDγ)ννZ(

 QCDγW
 EWKγW

t), top, tνW(e
γtt
 + jγ

Zj, jj
γZ(ll)

Pred. stat. error

ATLAS Internal
-1 = 13 TeV, 139 fbS

 QCD CR 1γZ

50 100 150 200 250 300 350 400
(j1) [GeV]

T
p

0.8
0.9

1
1.1
1.2

D
at

a/
P

re
d. (j1) [GeV]

T
p

0

20

40

60

80

100

120

140

160

180

200

220

E
ve

nt
s 

/  
35

 G
eV Data

 EWKγ)ννZ(
 QCDγ)ννZ(

 QCDγW
 EWKγW

t), top, tνW(e
γtt
 + jγ

Zj, jj
γZ(ll)

Pred. stat. error

ATLAS Internal
-1 = 13 TeV, 139 fbS

 QCD CR 1γZ

2.5− 2− 1.5− 1− 0.5− 0 0.5 1 1.5 2 2.5
)γ(η

0.8
0.9

1
1.1
1.2

D
at

a/
P

re
d. )γ(η

0

20

40

60

80

100

120

140

160

180

200

E
ve

nt
s 

/ 0
.5

0

Data
 EWKγ)ννZ(
 QCDγ)ννZ(

 QCDγW
 EWKγW

t), top, tνW(e
γtt
 + jγ

Zj, jj
γZ(ll)

Pred. stat. error

ATLAS Internal
-1 = 13 TeV, 139 fbS

 QCD CR 1γZ

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
-balance reduced

T
p

0.8
0.9

1
1.1
1.2

D
at

a/
P

re
d. -balance reduced

T
p

0

20

40

60

80

100

120

140

160

180

200

E
ve

nt
s 

/ 0
.0

8

Data
 EWKγ)ννZ(
 QCDγ)ννZ(

 QCDγW
 EWKγW

t), top, tνW(e
γtt
 + jγ

Zj, jj
γZ(ll)

Pred. stat. error

ATLAS Internal
-1 = 13 TeV, 139 fbS

 QCD CR 1γZ

24



Ðàçäåëÿþùèå ïåðåìåííûå. Äàííûå è ìîäåëèðîâàíèå
3/3

3− 2− 1− 0 1 2 3
(j2)η

0.8
0.9

1
1.1
1.2

D
at

a/
P

re
d. (j2)η

0

20

40

60

80

100

120

140

160

180

200

220

E
ve

nt
s 

/ 0
.7

0

Data
 EWKγ)ννZ(
 QCDγ)ννZ(

 QCDγW
 EWKγW

t), top, tνW(e
γtt
 + jγ

Zj, jj
γZ(ll)

Pred. stat. error

ATLAS Internal
-1 = 13 TeV, 139 fbS

 QCD CR 1γZ

50 100 150 200 250 300 350 400
(j1) [GeV]

T
p

0.8
0.9

1
1.1
1.2

D
at

a/
P

re
d. (j1) [GeV]

T
p

0

20

40

60

80

100

120

140

160

180

200

220

E
ve

nt
s 

/  
35

 G
eV Data

 EWKγ)ννZ(
 QCDγ)ννZ(

 QCDγW
 EWKγW

t), top, tνW(e
γtt
 + jγ

Zj, jj
γZ(ll)

Pred. stat. error

ATLAS Internal
-1 = 13 TeV, 139 fbS

 QCD CR 1γZ

2.5− 2− 1.5− 1− 0.5− 0 0.5 1 1.5 2 2.5
)γ(η

0.8
0.9

1
1.1
1.2

D
at

a/
P

re
d. )γ(η

0

20

40

60

80

100

120

140

160

180

200

E
ve

nt
s 

/ 0
.5

0

Data
 EWKγ)ννZ(
 QCDγ)ννZ(

 QCDγW
 EWKγW

t), top, tνW(e
γtt
 + jγ

Zj, jj
γZ(ll)

Pred. stat. error

ATLAS Internal
-1 = 13 TeV, 139 fbS

 QCD CR 1γZ

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
-balance reduced

T
p

0.8
0.9

1
1.1
1.2

D
at

a/
P

re
d. -balance reduced

T
p

0

20

40

60

80

100

120

140

160

180

200

E
ve

nt
s 

/ 0
.0

8

Data
 EWKγ)ννZ(
 QCDγ)ννZ(

 QCDγW
 EWKγW

t), top, tνW(e
γtt
 + jγ

Zj, jj
γZ(ll)

Pred. stat. error

ATLAS Internal
-1 = 13 TeV, 139 fbS

 QCD CR 1γZ

25



Ðåçóëüòàòû îöåíêè ïàðàìåòðîâ
Äî îöåíêè

0 500 1000 1500 2000 2500 3000 3500

 [GeV]jjm

0.5

0.75

1

1.25

 

D
at

a 
/ P

re
d. prob = 0.152χ/ndf = 12.1 / 8  2χ   

0

50

100

150

200

250

300

350

400

450

E
ve

nt
s

ATLAS Internal
-1 = 13 TeV, 139 fbs

Background only fit
 CRγW

Pre-Fit

Data  EWKγ)ννZ(
 QCDγ)ννZ(  QCDγW

 EWKγW t), top, tνW(e
γtt +jetγ

Zj, jj γZ(ll)
Uncertainty

0 50 100 150 200 250 300

 [GeV]jjm

0.5

0.75

1

1.25

 
D

at
a 

/ P
re

d. prob = 0.882χ/ndf = 4.4 / 9  2χ   
0

20

40

60

80

100

120

140

160

180

200

220

E
ve

nt
s

ATLAS Internal
-1 = 13 TeV, 139 fbs

Background only fit
 QCD CR 1γZ

Pre-Fit

Data  EWKγ)ννZ(
 QCDγ)ννZ(  QCDγW

 EWKγW t), top, tνW(e
γtt +jetγ

Zj, jj γZ(ll)
Uncertainty

500 1000 1500 2000 2500 3000

 [GeV]jjm

0.5

0.75

1

1.25

 

D
at

a 
/ P

re
d. prob = 0.042χ/ndf = 15.1 / 7  2χ   

0

20

40

60

80

100

120

140

160

180

200

220

E
ve

nt
s

ATLAS Internal
-1 = 13 TeV, 139 fbs

Background only fit
 QCD CR 2γZ

Pre-Fit

Data  EWKγ)ννZ(
 QCDγ)ννZ(  QCDγW

 EWKγW t), top, tνW(e
γtt +jetγ

Zj, jj γZ(ll)
Uncertainty

1− 0.8− 0.6− 0.4− 0.2− 0 0.2

BDT classifier response

0.5

0.75

1

1.25

 

D
at

a 
/ P

re
d. prob = 0.852χ/ndf = 0.0 / 1  2χ   

0

50

100

150

200

250

300

350

E
ve

nt
s

ATLAS Internal
-1 = 13 TeV, 139 fbs

Background only fit
Signal region, low BDT
Pre-Fit

 EWKγ)ννZ(  QCDγ)ννZ(
 QCDγW  EWKγW

t), top, tνW(e γtt
+jetγ Zj, jj

γZ(ll) Uncertainty

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

BDT classifier response

0.5

0.75

1

1.25

 

D
at

a 
/ P

re
d. prob = 0.522χ/ndf = 7.1 / 8  2χ   

0

20

40

60

80

100

E
ve

nt
s

ATLAS Internal
-1 = 13 TeV, 139 fbs

Background only fit
Signal region, high BDT
Pre-Fit

 EWKγ)ννZ(  QCDγ)ννZ(
 QCDγW  EWKγW

t), top, tνW(e γtt
+jetγ Zj, jj

γZ(ll) Uncertainty

Ïîñëå îöåíêè

0 500 1000 1500 2000 2500 3000 3500

 [GeV]jjm

0.5

0.75

1

1.25

 

D
at

a 
/ P

re
d. prob = 0.262χ/ndf = 10.0 / 8  2χ   

0

50

100

150

200

250

300

350

400

450

E
ve

nt
s

ATLAS Internal
-1 = 13 TeV, 139 fbs

Background only fit
 CRγW

Post-Fit

Data  EWKγ)ννZ(
 QCDγ)ννZ(  QCDγW

 EWKγW t), top, tνW(e
γtt +jetγ

Zj, jj γZ(ll)
Uncertainty Pre-Fit Bkgd.

0 50 100 150 200 250 300

 [GeV]jjm

0.5

0.75

1

1.25

 

D
at

a 
/ P

re
d. prob = 0.892χ/ndf = 4.3 / 9  2χ   

0

20

40

60

80

100

120

140

160

180

200

220

E
ve

nt
s

ATLAS Internal
-1 = 13 TeV, 139 fbs

Background only fit
 QCD CR 1γZ

Post-Fit

Data  EWKγ)ννZ(
 QCDγ)ννZ(  QCDγW

 EWKγW t), top, tνW(e
γtt +jetγ

Zj, jj γZ(ll)
Uncertainty Pre-Fit Bkgd.

500 1000 1500 2000 2500 3000

 [GeV]jjm

0.5

0.75

1

1.25

 

D
at

a 
/ P

re
d. prob = 0.102χ/ndf = 12.0 / 7  2χ   

0

20

40

60

80

100

120

140

160

180

200

220

E
ve

nt
s

ATLAS Internal
-1 = 13 TeV, 139 fbs

Background only fit
 QCD CR 2γZ

Post-Fit

Data  EWKγ)ννZ(
 QCDγ)ννZ(  QCDγW

 EWKγW t), top, tνW(e
γtt +jetγ

Zj, jj γZ(ll)
Uncertainty Pre-Fit Bkgd.

1− 0.8− 0.6− 0.4− 0.2− 0 0.2

BDT classifier response

0.5

0.75

1

1.25

 

D
at

a 
/ P

re
d. prob = 0.712χ/ndf = 0.1 / 1  2χ   

0

50

100

150

200

250

300

350E
ve

nt
s

ATLAS Internal
-1 = 13 TeV, 139 fbs

Background only fit
Signal region, low BDT
Post-Fit

 EWKγ)ννZ(  QCDγ)ννZ(
 QCDγW  EWKγW

t), top, tνW(e γtt
+jetγ Zj, jj

γZ(ll) Uncertainty
Pre-Fit Bkgd.

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

BDT classifier response

0.5

0.75

1

1.25

 

D
at

a 
/ P

re
d. prob = 0.532χ/ndf = 7.0 / 8  2χ   

0

20

40

60

80

100

120

E
ve

nt
s

ATLAS Internal
-1 = 13 TeV, 139 fbs

Background only fit
Signal region, high BDT
Post-Fit

 EWKγ)ννZ(  QCDγ)ννZ(
 QCDγW  EWKγW

t), top, tνW(e γtt
+jetγ Zj, jj

γZ(ll) Uncertainty
Pre-Fit Bkgd.

26


