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Ìîòèâàöèÿ
Ïîèñê ñîñòîÿíèé WW /ZZ/WZ ñ èíâàðèàíòíîé ìàññîé
MVV = O(1 ÒýÂ).
Br(W → jets) ' 70% ⇒ óâåëè÷åíèå ñòàòèñòèêè â ðàçû ïî
ñðàâíåíèþ ñ W → `ν.
Ïðè pW ,Z

T ∼ MVV ∼ 1 ÒýÂ ðàñïàä W /Z → jets ñêîëëèìèðîâàí â
êîíóñå ∆R ∼ MW ,Z/MVV ∼ 0.1 âîêðóã ~pW ,Z

Ðåêîíñòðóêöèÿ ñòàíäàðòíûìè àëãîðèòìàìè AntiKt0.4(0.6)
íåýôôåêòèâíà (ñëèïàíèå ñòðóé, âûïàäåíèå èç êîíóñà ÷àñòè áîëåå
ìÿãêîé ñòðóè îò V → jj , çàñîðåíèå pileup/UE).
Â ATLAS èñïîëüçóåòñÿ ðåêîíñòðóêöèÿ àëãîðèòìàìè
Aachen�Cambridge, (Anti)Kt ñ èçáûòî÷íûì êîíóñîì R = 0.6− 1.2
ñ ïîñëåäóþùåé î÷èñòêîé è âûÿâëåíèåì ñóáñòðóêòóðû J → jj (ñì.,
íàïðèìåð, CERN-PH-EP-2015-204). Àëãîðèòìû î÷èñòêè (pruning,
trimming, grooming) èìåþò ïðîèçâîëüíûå ïàðàìåòðû,
îïòèìèçèðóåìûå äëÿ ìàêñèìàëüíîãî ïîäàâëåíèÿ ôîíà îò
ÊÕÄ-ñòðóé ïðè ôèêñèðîâàííîé ýôôåêòèâíîñòè èäåíòèôèêàöèè
W /Z → J.
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Ìîòèâàöèÿ

Çàäà÷à: ïîñòðîèòü àëãîðèòì ðåêîíñòðóêöèè ñòðóè

ñ ìèíèìóìîì ïðîèçâîëüíûõ ïàðàìåòðîâ

áåç ôèêñèðîâàííîãî êîíóñà

àâòîìàòè÷åñêè ïîäàâëÿþùèé pileup

íå òðåáóþùèé äîïîëíèòåëüíîé î÷èñòêè ðåêîíñòðóèðîâàííîé ñòðóè

íå õóæå èñïîëüçóþùèõñÿ â ÀÒËÀÑ àëãîðèòìîâ (ñì.
CERN-PH-EP-2015-204 ) ïî ñîîòíîøåíèþ ýôôåêòèâíîñòü äëÿ
ñèãíàëà W /Z → J (= 50%) / ïîäàâëåíèå ÊÕÄ-ôîíà ∼ 1/50 ïðè
pT (W /Z → J) > 200 GeV, µ = 0− 30.
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Àëãîðèòì
Èñïîëüçóåì CaloCalTopCluster'û ñ E clus

T > 0.5, 1, 2 GeV.
Èíôîðìàöèÿ èç Inner Detector íå èñïîëüçóåòñÿ (êðîìå ÷èñëà
ðåêîíñòðóèðîâàííûõ âåðøèí type=1,3).

Â êëàñòåðèçàöèè ó÷àñòâóþò 4-èìïóëüñû äâóõ âõîäÿùèõ ïàðòîíîâ,
îöåíåííûå ïî Σ~pclus â êàëîðèìåòðå.

Äëÿ êàæäîé ïàðû îáúåêòîâ ñðàâíèâàåòñÿ âåðîÿòíîñòü ïðèõîäà
õîòÿ áû îäíîãî èç pileup/UE (1), è âåðîÿòíîñòü ïðèõîäà îäíîãî èç
íèõ èç ñèãíàëà ñ èçëó÷åíèåì âòîðîãî îáúåêòà (2). Åñëè (1)>(2),
ïàðà èãíîðèðóåòñÿ, åñëè (2)>(1) � äîáàâëÿåòñÿ ê ñïèñêó
êàíäèäàòîâ íà îáúåäèíåíèå. Ïàðà ñ ìàêñèìàëüíîé âåðîÿòíîñòüþ
(2) îáúåäèíÿåòñÿ, ïðè ýòîì äëÿ îáúåäèíåíèÿ âåðîÿòíîñòü ïðèõîäà
èç ñèãíàëà íàñëåäóåòñÿ îò êîíñòèòüþåíòà ñ ìàêñèìàëüíîé
âåðîÿòíîñòüþ ïðèõîäà èç ñèãíàëà. Îáúåêòû ñ ìàññîé
> Qmax = const ·MW çàìîðàæèâàþòñÿ (ñâîáîäíûé ïàðàìåòð
const = 0.1− 1)

Âåðîÿòíîñòü ïðèõîäà êëàñòåðà èç pileup äëÿ ñîáûòèé ñ äàííûì
Ntype1 vtx − 1 âû÷èñëÿåòñÿ èç ñîáûòèé MinBias/ZeroBias.
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Àëãîðèòì (îöåíêà pileup)

Ðàçáèåíèå ôàçîâîãî îáúåìà ïî pT ,η ïðîèçâîëüíî (ñì. ðèñ.) è
ïðåäïîëàãàåòñÿ èçîòðîïíûì ïî φ. Ðàçáèåíèå ïî φ: íàõîäèì
ïëîñêîñòü ðåàêöèè, φ0 =

∑
clus

pclus
T (φclus − (φZ + π)/

∑
clus

pclus
T , è

øèðèíó âåäóùåé ñòðóè ïî φ,
∆(φ− φ0)2 =

∑
clus

pclus
T (φclus − (φ0)2/

∑
clus

pclus
T . Óçêèé áèí ïî φ �

[φ0 −∆φ, φ0 + ∆φ], îñòàëüíîå äåëèì íà òðè áèíà ñ ðàâíîé
øèðèíîé.

Nvtx1 = 25 Nvtx1 = 5
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Àëãîðèòì
Åñëè â áèíå [pT , η, φ] îæèäàåòñÿ b êëàñòåðîâ èç pileup/UE, òî â
ñîáûòèè Z + X ïðè n êëàñòåðàõ â ýòîì áèíå, âåðîÿòíîñòü äëÿ îäíîãî
êëàñòåðà ïðèéòè èç pileup/UE

wb =
b

n

1 + b + ...+ bn−1/(n − 1)!

1 + b + ...+ bn/n!
,
à âåðîÿòíîñòü ïðèéòè èç ñèãíàëà ws = 1− wb.
Âåðîÿòíîñòü èçëó÷åíèÿ ÷àñòèöû 2, (1 + 2)→ 1 + 2, Q = p1 + p2 â áèí
[∆pT 2,∆η2,∆φ2]:

wrad ∼ max[ws1,ws2]× αS

π
· C Q0

p
(2)
0

p
(2)
T ∆p

(2)
T

Q2
∆η(2) ∆φ(2)

2π

Åñëè wrad > 1− ws1ws2, òî äîáàâëÿåì ïàðó 1+2 â ñïèñîê êàíäèäàòîâ
íà îáúåäèíåíèå, åñëè wrad < 1− ws1ws2 � èãíîðèðóåì.
αS
π ×C � ñâîáîäíûé ïàðàìåòð, ôèêñèðóåì åãî íà 0.1 ∼ αS (MZ )

π · (CA,CF )
Ïðè ðåêîíñòðóêöèè íå èñïîëüçóþòñÿ óñëîâèÿ íà pT è ôîðìó ñòðóè
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MC

Êèíåìàòèêà èç CERN-PH-EP-2015-204 : MW ′ = 1000 GeV,
W ′ →W (J)Z (µ+µ−):

Ñèãíàë W ′(1000 GeV )→WZ : 350 < pT
truth W < 500 GeV,

|ytruth W | < 1.2
mc15_13TeV.302221.MadGraphPythia8EvtGen_A14NNPDF23LO_HVT_Agv1_VcWZ_llqq_m1000

Ôîí Z + jets: 350 < |Σ~pT
q,g | < 500 GeV, |yΣq,g | < 1.2, |yq,g | < 2.5

mc15_13TeV.361405.Sherpa_CT10_Zmumu_Pt280_500_CVetoBVeto

mc15_13TeV.361406.Sherpa_CT10_Zmumu_Pt280_500_CFilterBVeto

mc15_13TeV.361407.Sherpa_CT10_Zmumu_Pt280_500_BFilter

Ðåêîíñòðóêöèÿ: 300 < pT
reco J < 500 GeV, |yreco J | < 1.2
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MC

MW ′ = 500 GeV:

Ñèãíàë W ′(500 GeV )→WZ : 200 < pT
truth W < 250 GeV,

|ytruthW | < 1.2
mc15_13TeV.302216.MadGraphPythia8EvtGen_A14NNPDF23LO_HVT_Agv1_VcWZ_llqq_m0500

Ôîí Z + jets: 200 < |Σ~pT
q,g | < 250 GeV, |yΣq,g | < 1.2, |yq,g | < 2.5

mc15_13TeV.361402.Sherpa_CT10_Zmumu_Pt140_280_CVetoBVeto

mc15_13TeV.361403.Sherpa_CT10_Zmumu_Pt140_280_CFilterBVeto

mc15_13TeV.361404.Sherpa_CT10_Zmumu_Pt140_280_BFilter

Ðåêîíñòðóêöèÿ: 150 < pT
reco J < 250 GeV, |yreco J | < 1.2
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MC

Äëÿ ñèãíàëà ïîäáèðàåòñÿ ìèíèìàëüíîå ïî øèðèíå îêíî MJ ,
ñîäåðæàùåå 68% ñîáûòèé, îòîáðàííûõ ïî pT

J , yJ ñòðóè ñ
ìàêñèìàëüíûì â ñîáûòèè pT .

Äëÿ îöåíêè ýôôåêòèâíîñòè ïîäàâëåíèÿ ÊÕÄ-ñòðóé èç Z + jets
cïåêòð pT

Σq,g , |yq,g | < 2.5 ïåðåâçâåøèâàåòñÿ ê ðàñïðåäåëåíèþ

pT
truth W ñèãíàëà W ′ →WZ (áëèçêî ê ïðîöåäóðå
CERN-PH-EP-2015-204 ).

Äàëüíåéøèå îáðåçàíèÿ ïî ñòðóêòóðíûì ïåðåìåííûì ïîäáèðàþòñÿ
òàê, ÷òî ýôôåêòèâíîñòü äëÿ ñèãíàëà ε = 50%.

Ðåçóëüòàòû áåç ïåðåâçâåøèâàíèÿ ôîíà Z + jets òîæå ïîêàçàíû.
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350 < pJ
T < 500 GeV, |y | < 1.2 (cf. CERN-PH-EP-2015-204 )

68% ñèãíàëà ìåæäó
äâóìÿ âåðòèêàëü-
íûìè øòðèõîâûìè
ëèíèÿìè. Ñëåâà
µ̄ = 15,
ïðè µ̄ ' 25 êàðòèíêà
ïðàêòè÷åñêè íå ìå-
íÿåòñÿ:
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350 < pT
J < 500 GeV, |y | < 1.2, îáðåçàíèÿ: x2

Îñíîâíîå ïîäàâëåíèå
ôîíà â ñèãíàëüíîì îêíå
MJ çà ñ÷åò
x2 = psubjet2

T /pZ
T < 0.1

µ̄ ∼ 25:
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350 < pJ
T < 500 GeV, |y | < 1.2, ñòðóêò. ïåðåìåííûå: τ2

τ1

τ2/τ1 õàðàêòåðèçóþò íàëè÷èå â ìàññèâíîé ñòðóå äâóõ óçêèõ ñóá-ñòðóé
ñì. îïðåäåëåíèÿ τ1,2,C2, D2

τwta
2 /τwta

1 < 0.37 äàåò εsignal = 50%
(ìîæíî îáðåçàòü è ïî äðóãèì ïåðåìåííûì: C2, D2 � ñì. ñëåä. ñëàéä)
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350 < pJ
T < 500 GeV, |y | < 1.2, ñòðóêòóðíûå ïåðåìåííûå:

C2,D2
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350 < pJ
T < 500 GeV, |y | < 1.2

Ýôôåêò îáðåçàíèé ïî MJ , x2, τ
wta
2 /τwta

1

Ñð. CERN-PH-EP-2015-204 (Fig. 14): â òîé æå êèíåìàòèêå ïðè
εsignal = 50% ëó÷øåå ïîäàâëåíèå ôîíà εQCD ' 2% äàåò àëãîðèòì
Cambridge/Aachen R = 1.0, pruned (Rcut = 0.5, Zcut = 0.15), îáðåçàíèå

ïî Cβ=1
2 . ñì. εsignal vs εbkg
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Òî æå äëÿ µ > 20, µ̄ ' 25 (îáðåçàíèÿ òå æå)
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200 < pJ
T < 250 GeV, |y | < 1.2 (cf. CERN-PH-EP-2015-204 )

68% ñèãíàëà ìåæäó
äâóìÿ âåðòèêàëüíû-
ìè øòðèõîâûìè ëè-
íèÿìè. Çäåñü µ̄ = 15,
ïðè µ̄ ' 25 ðàçðåøå-
íèå äëÿ ñèãíàëà óõóä-
øàåòñÿ.

Î.Â.Çåíèí (ÈÔÂÝ) Íîâûé àëãîðèòì ðåêîíñòðóêöèè ñòðóé îò áûñòðûõ W - è Z -áîçîíîâ 16 / 39

https://cds.cern.ch/record/2038719


200 < pT
J < 250 GeV, |y | < 1.2, îáðåçàíèÿ: x2

Îñíîâíîå ïîäàâëåíèå
ôîíà â ñèãíàëüíîì îêíå
MJ çà ñ÷åò
x2 = psubjet2

T /pZ
T < 0.18
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200 < pJ
T < 250 GeV, |y | < 1.2, ñòðóêò. ïåðåìåííûå: τ2

τ1

τwta
2 /τwta

1 < 0.21 äàåò εsignal = 50%, ìîæíî îáðåçàòü è ïî äðóãèì
ïåðåìåííûì: C2, D2
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350 < pJ
T < 500 GeV, |y | < 1.2, ñòðóêòóðíûå ïåðåìåííûå:

C2,D2
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200 < pJ
T < 250 GeV, |y | < 1.2

Ýôôåêò îáðåçàíèé ïî MJ , x2, τ
wta
2 /τwta

1

Ñð. CERN-PH-EP-2015-204 (Fig. 15): â òîé æå êèíåìàòèêå ïðè
εsignal = 50% ëó÷øåå ïîäàâëåíèå ôîíà εQCD ' 2% äàåò àëãîðèòì

anti-kT R = 1.0, trimmed (fcut = 5%, Rsub = 0.2), îáðåçàíèå ïî Dβ=1
2 .

ñì. εsignal vs εbkg
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W ′(1000GeV )→W (J)Z (µ+µ−), ôîí Z + jets è ZW áåç ïåðåâçâåøèâàíèÿ

Ïîñëå ðå-
êîíñòðóêöèè
W → J:

Ïîñëå îáðåçà-
íèé:
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W ′(500GeV )→W (J)Z (µ+µ−), ôîí Z + jets è ZW áåç ïåðåâçâåøèâàíèÿ

Ïîñëå ðå-
êîíñòðóêöèè
W → J:

Ïîñëå îáðåçà-
íèé:
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Âûâîäû, âîïðîñû

Ìåòðèêà ïîñòðîåíèÿ ñòðóè ñ �pileup-ôèëüòðîì� äàåò ðåçóëüòàòû íå
õóæå, ÷åì èñïîëüçóþùèåñÿ â ÀÒËÀÑå ñëîæíûå àëãîðèòìû A/C,
AntiKt (R=0.6-1.2) + �jet grooming� (cf. CERN-PH-EP-2015-204 )

Íîâûé àëãîðèòì èìååò ìåíüøå ñâîáîäíûõ ïàðàìåòðîâ, ÷åì
èñïîëüçóåìûå â ÀÒËÀÑå, è èìååò ïðîçðà÷íûé ôèçè÷åñêèé ñìûñë.

Âîïðîñû [TODO]:

Resolved vs. unresolved V → jj ñ Qmax/MV ∼ 0.1− 0.2?

Äðóãèå ñòðóêòóðíûå ïåðåìåííûå?

Êàëèáðîâêà EJ , MJ : ïèê W ó íàñ âûãëÿäèò êàê óçêèé ðåçîíàíñ +

�ðàäèàöèîííûé õâîñò�, òàê êàê òåðÿåòñÿ ÷àñòü áîëåå ìÿãêîé ñóá-ñòðóè. Ôîðìó

õâîñòà (òî åñòü âåðîÿòíîñòü ïîòåðè ìÿãêîãî g â W → qqg) ìîæíî ïîëó÷èòü

ïî èçâåñòíîìó ðàñïðåäåëåíèþ g â W → qqg è èçâåñòíîé ïëîòíîñòè pileup ⇒
ïîïðàâêà ê ðåêîíñòðóèðîâàííîìó èìïóëüñó è ìàññå ñòðóè.

Äîëîæèòü â ãðóïïå jet substructure.
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Backup
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Ñòðóêòóðíûå ïåðåìåííûå

Reff
J =

∑
i

pT i ∆Ri ,J/
∑

i

pT i

τ0 =
∑

i

pT i , τ1 =
1

τ0

∑
i

pT i ∆R(i , J)

τwta
1 =

1

τ0

∑
i

pT i ∆R(i , hardest in J)

τwta
2 =

1

τ0

∑
i

pT imin {∆R(i , hardest in subjet1),∆R(i , hardest in subjet2)}

τwta
21 = τwta

2 /τwta
1

íàçàä
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Ñòðóêòóðíûå ïåðåìåííûå: êîððåëÿòîðû

íàçàä
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Áåç ïåðåâçâåøèâàíèÿ Z + jets
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350 < pJ
T < 500 GeV, |y | < 1.2 (cf. CERN-PH-EP-2015-204 )
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350 < pT
J < 500 GeV, |y | < 1.2, îáðåçàíèÿ: x2

Îñíîâíîå ïîäàâëåíèå ôîíà â ñèãíàëüíîì îêíå MJ çà ñ÷åò
x2 = psubjet2

T /pZ
T < 0.1
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350 < pJ
T < 500 GeV, |y | < 1.2, ñòðóêò. ïåðåìåííûå: τ2

τ1

τwta
2 /τwta

1 < 0.37 äàåò εsignal ' 50%
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350 < pJ
T < 500 GeV, |y | < 1.2, ñòðóêòóðíûå ïåðåìåííûå:

C2,D2
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350 < pJ
T < 500 GeV, |y | < 1.2

Ýôôåêò îáðåçàíèé ïî MJ , x2, τ
wta
2 /τwta

1
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200 < pJ
T < 250 GeV, |y | < 1.2 (cf.

CERN-PH-EP-2015-204 )
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200 < pT
J < 250 GeV, |y | < 1.2, îáðåçàíèÿ: x2

Îñíîâíîå ïîäàâëåíèå ôîíà â ñèãíàëüíîì îêíå MJ çà ñ÷åò
x2 = psubjet2

T /pZ
T < 0.18
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200 < pJ
T < 250 GeV, |y | < 1.2, ñòðóêò. ïåðåìåííûå: τ2

τ1

τwta
2 /τwta

1 < 0.24 äàåò εsignal ' 50%
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200 < pJ
T < 250 GeV, |y | < 1.2, ñòðóêòóðíûå ïåðåìåííûå:

C2,D2
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200 < pJ
T < 250 GeV, |y | < 1.2

Ýôôåêò îáðåçàíèé ïî MJ , x2, τ
wta
2 /τwta

1
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εsignal vs. εQCD bkg , 350 < pT (J) < 500 GeV
(CERN-PH-EP-2015-204 )

íàçàä
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εsignal vs. εQCD bkg , 200 < pT (J) < 250 GeV
(CERN-PH-EP-2015-204 )
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