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MoTuesaums n uenn 1 z
MoTueayus:
» Ortcytcreue ZZZ vnn ZZ~ BeplumnH
B3aUMOAENCTBMSE — KOCBEHHbI MOUCK
3hhekTOB, NpeackasaHHbIX TEOPUSIMU 33
npegenamun CM.
q z
» pp — ZZ BaxkHblii hoH ANs Mpouecca poxaeHus g 7
6030Ha Xurrca.
Llenn ananusa:
» TlonyunTb nHTerpanbHoe n auddepeHunansHbie aTGC
ceyeHns ans nepemennbix pit = p%, A¢(Le),
7z .
mT-, /Vjets, m(Jl,JZ)-
» [locTaBuTb Npefesibl Ha aHOMaJibHble TPOliHble q Z
BEPLUMHbI B3aVMOAENCTBMNS. 9 z

3apava:

» IsmepeHue cedeHns poxaeHusi nap Z-6030HoB ¢
NCnoJib30BaHNeEM KJ'IaCCI/ICbI/IKaTOpOB MalWMNHHOIo
0by4eHunst A5t NOBbLILLEHNST TOYHOCTUN OLLEHKM.
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[Noaxofbl K OLEHKE NHTErpasbHOro CEYEHUs B aHa M3e.

1. Moaxop co «cTporum» npeaoTbopom cobbITuii:

» BbigeneHne curHanbHoii 0b6i1acT ¢ HAWAYYLIUM COXPAaHEHWEM CUrHana u
Hany4wWwuM nogasneHuem oHa.

» PaspaboTka meToanKn OLeHKN POHOB.

> OLJ,eHKa WHTErpaabHOro Ce4eHuns.

2. Moaxop ¢ «paccnabneHHbIM» NpeaoTbopom CobbITUA N NpuMeHeHne
KnaccudrkaTopa MaLLMHHOMO OBYYeHUs As AyYLLIEro pasgefeHus curHana un

doHa:

» Bubibop pacciabneHHoli curHanbHol 0b1acTn ¢ OTHOCUTENILHO XOPOLLNM
nopasneHnem choHa 1 ¢ BosbLuel CTENeHbIO COXPaHeHUsi CUrHana.

» CoszgaHue knaccudrkaTopa MaLIMHHOTO ObyYeHus.
» PaszpaboTka METOAMKU OLEHKM POHOB.

» QueHKa MHTErpaabHOro CeYeHus.

3 3y6os [.



Inclusive ZZ — Illvv
» B cobbiTi fBa pa3sHOMMEHHO-3aPsKEHHbIX JIENTOHA OAHOrO apomaTa
(ete~wunu puTpT), npu 3ToMm, nonepedHblli UMNynbc nepeoro Gonbwe 30 3B,
BTOporo 6onbwe 20 M3B;

vyVvYY

BeTo Ha TpeTwuii 3apsi>keHHbIi NENTOH;
76 3B < M < 106 IM3B;

Emiss > 70 3B.

OT60p 06BEKTOB onucaH B H3kane

Signal

7

[

PoxpeHune asyx Z-6030H0B 1 nocnegytowmii pacnag 8 llvv

Background

Zj (~ 85.6%)

poxaeHune Z-6030Ha n cTpym, ¢ pacnagom Z-6030Ha B napy 3apsi-
JKEHHbIX JIENTOHOB N BOJIbLUNM JIOXKHbBIM MNOTEPSHHLIM MOMNepey-
HbIM VMMYJbCOM

tt

POXAEHME Napbl TOMN-KBAaPKOB 1 NOCAEAYIOLM PacnajoM BKIILO-
YalowWMM KoHeuHoe cocTosiHne /vy (He pesoHaHcHoe poxaeHue
)

WZ (~ 1.0%)

poxaeHmne napbl 6o3ornoB Z n W, ¢ pacnagom Z-6030Ha B napy
3apsiKEHHbIX JIENTOHOB U NENTOHHbIM pacnagom W

Ww poxgaetne napel W ¢ pacnagom B /lur (He pesoHaHcHoe poxae-
Hue llvv)
Wt poxgerHne W n Ton-kBapka v pacrnafomM B KOHEYHOE COCTOsIHME,

copepxaluee llvy (He pesonatcHoe poxaetue llvv)

Other (4¢, ¢4qq,
vwv,  Z(rT1),
W + jets)

DoHOBbIE NPOLECCHI, KOTOPbIE BHOCAT HE3HAYUTENbHbIV BKIaA B
obuiee 4ncno cobbiTnii n oueHusaroTcs ¢ nomowbio MK

3yb6os [.




Ontumusauus otbopa cobbituii. Crporunii npegotbop

cobbITnii

e B npouecce ontummnsayun
MNCKaNINCb NOPOry Ha MepeMeHHble,
Npy KOTOPbIX AOCTUrAETCS
MaKCUMYM CUTHaNbHOM
3HAYUMOCTU:

Z=\2x[S+B)xm(+(5/B) =9

o CurHanbHas 3Ha4MMOCTb
paccmaTpurBanach Kak yHKUus
HECKOJIbKUX MEPEMEHHbBIX 1 MOWNCK
ONTMMasIbHOrO BEKTOpa
onTUMU3NpPyeMbIX oTOOpOB
ocyLecTBasiaCs nepebopom
BCEBO3MOXXHbIX BapUaHTOB
orpaHunyeHmns ¢as3oBoro
NPOCTPaHCTBa.

MepemerHas o Mocne

EMS T5B — >70

ARy - <18

N - >2.3

Np—jets — <1

E-’r"’ss 3HaYMMOCTb — >10
Curnan

QCD 7z 7600+30 1946115

EWK ZZ 26242 13.0+0.04

Bcero curHana | 7860+£30 1959+15

DoH

Zj 96300044000 180+20

wz 11340430 94548

tt 123340+80 131+2

WWwW 5093+13 64.0+1.5

Wt 10250440 41+3

A\YAAY 41.840.3 7.8840.10

Other 28242 0.7940.11

Bcero dona 1123000+4000 | 1368+20

CurnanbHas 5.4310.02 44710.4

3HA4YNMOCTb
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PesynbTaThl TPEHUPOBKU KNacCUUKATOPA C «XKECTKUM»
npenotbopom cobbiTuii

» He ypanocb foctuydb xopoiuero

MepemerHas XecTkuii otbop
[F) >70 pasgeneHns curHana u cona
ET™* 3HauumocTs >10
ARy <1.8 » Knaccudpukatop nepeobyqer
AG(Emss 5y >2.3
T T 3 o2 T T T T T T T T gl
Np— Jets <1 s E [ sional test sample) —F— signal (vaiing sample) -
§ 01 [777) Background (st sample)  —F— Background (vaining sample) |
s 3
oma el BRI RO
N ERN 1
E ol k| 0.06— -
e or E s ]
T 08 h E oo E
3 E E r b
g ] 3
8 06 ] C ]
a 0F AN E ok ]
0.5 \ = 14
E 1 3 19
04f E A
E MVA Method: \ E = o8
03—z BbTG E
0'207””01‘H;)ZH‘;)3”‘i)l‘”bs‘”bs‘”(‘)‘l‘”éa‘HE)Q‘HI; E ¥ ! /W
Signal § 03 /// /
o
6y

%
-0.8 70. -0.4 70.2 0 0.2 0.4 06 0.8
BDT classifier response
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o [Insa BbIAENEHUS CUTHANBHON
obnacTtu ¢ paccnabneHHbiMu
npeaoTéopamm NponsBogMIach
ONTUMM3aUNsA NOPOroB Ha
nepemMeHHbIe.

e B xoge aToin onTumusayun
NCKaJICsl BEKTOP NOPOroB Ha
nepemMeHHble, COOTBETCTBYOLW WA
MaKCUMYMY CUFHaNbHOW
3HAYMMOCTW NpK YCNOBUU, 4TO
YNCIIO CUTHAJIbHBIX COBLITUN
>4500.

BoblgeneHne «paccnabieHHoity curHanbHoli obnactm

MNepemennas PaccnabnenHbiii HKecTkuii
ot6bop oTbop
ET™ TsB >70 >70
ET'™* 3nauumocTs >7 >10
ARy <22 <18
A(Emss 5y >1.3 >2.3
Yucno b-ctpyii <1 <1
Curnan
QCD 727 4410420 1946 +15
EWK ZZ 57.8 £0.9 13.0 £0.4
Bcero curHana 4470+20 1959+15
Pon
Zj 12200+£300 180420
wz 3116 +15 945 +8
tt 2829 +11 131 +2
Www 1352 £7 64.0 +£1.5
Wt 729 +10 41 +3
A\AYAYS 1771 £0.17 7.88+0.10
Other 4.46 +0.26 0.7940.11
Bcero dona 20400+300 1370+20
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Pe3yanaTb| TPEHNPOBKN KJ'IaCCI/Id;)I/IKaTOpa C

paccnabneHHbIM NpegoTbopoM cobbiTuii

»  Curnan n cboH xopolo pasgensitorcs

MNepemennas sPaccnaGneHHhm oT- >  MakcnmanbHas curHanbHasi 3Ha4MMOCTb
il 46.8 + 0.4
E!,’—q'ss, B >70 >
Emiss 7 MvnepnapameTpbl 1 nepemeHHble
7~ 3Hadumocte > ONTUMMN3NPOBaHbI
ARy <2.2
Fmiss Sl g N T T T T T T T T ]
ﬁ‘b(ET ’ PT) >1'3 S onsf— [0 signal test sample) —F— signal (vaiing sample) —
b—jets < § ore— [[77) Backgrownd (estsample)  —F— Sackaroun (ranngsample) |
s F Internal Singal (7N, = 1.1671 E
e " e s o1 F 137Tev, 139 " Background (N, = 0.8255
Background rejection versus Signal efficiency 2 r 1
e 1p = & oo B
& £ T E = 3
S oof ™ ] F =
[3 E 3 C 3
T 08 b E £ B
3 £ \ ] - ]
= 07 =
- N\ E
=3 F 3
& 06F ] BT T T T T T T T —
i ANEER i B —
05 1 &v g Eo E|
0.4 E B £ o * RARARIRSRA he i
F MVA Method: \ E oS i i i i i i i E
03 Jn— \: E”“ j o
.2 Soiigadt
& 0 01 02 03 04 05 06 07 08 09 1 E; 0. /4{/ /f%/ i‘%
Signal efficiency 0. ,_ I
05 0% 04 02 0 02 0408
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Onwucanne cuta
WnTerpansHoe ceverne u hoH oueHnBatOTCs B uTe, MyTEM MaKCMMU3aLum
dyHKLUMM npaegonogobus:
regions [binscr nuis. par.
L(p,0) = [] | I Pois(N:|nwin’(0) + vin®(6))| - H L£(9
r 1
N (v) — Habniopgaemoe (NporHo3upyemMoe) KoANHeCTBO CobbITNIA
1 — koacbcpuumeHT Hopmuposki curiana ( cuna curnana), p = v°/N°.
0 — ko3ppuLMEHTBI HOPMUPOBKU POHA M CUCTEMATNHECKME
HeonpeaeneHHoCTH.
7 — OTPakaeT BAUSIHNE CMCTEMATMHECKNX HEOMPELENeHHOCTER Ha Ynco

cobbIThiA B BuHe.

B dute 4 obnactu (Bkatodas curHansHyto) n 4 koadbduumeHTa HOPMUPOBKY
(Bkntovas cuny curnana).

Ceiivac uT Kk HabiogaeMbIM AaHHBIM BbIMOJIHSAETCS TONILKO B KOHTPOJIbHbIX
obnactax n Habop aaHHbIX A3MOBa MCMOJIb3YeTCsl BMECTO HabtopaemMbix
[aHHbIX B CUrHaNbHON obnacTu.

Cnepytowiasi cTaTUCTUKA UCMOJIb3YETCS 11 BbIHUC/IEHUS OXULAEMON
3HAYMMOCTM N HEOMpPEAENIEHHOCTI [i:

G 1,0) = ~21n 7, ,0) = —21n EUA) e oG ()

£(p.0)
9 3y6os [.



Onpegenerne KOHTPOJSIbHBIX U CUTHANbHOW obnacTeii.

Paccnabnentsbiii Bapuant Prl:

MepemenHas SR wz NR ‘ Zj
(3¢) (er)

EX™- TsB >70 >70

ARy <22 <22

AG(ET™ 5T, pap | >1.3 >1.3

E’-,’-”ss' 3HaUYMMOCTb >7 [ [4;7]

m%, TsB >60

®uT B CMrHaNBLHOW ONIAaCTK NpoUcXoaua no
nepemeHHoil BDTscore, B KOHTPObHbBIX MO
nepemMeHHomn pg—

MecTkuii Bapnant PI:

MepemerHas SR Wz NR ‘ Zj
(30) | (ew)

E?'ss', B >70 >70

ARy <18 <18

A¢(E$'55, ﬁ’-}), pag, >2.3 >2.3

ET'™* 3nauumocTs >10 [ [4;9]

mW, =B >60

DuT B CUrHANBHON N KOHTPONbHbLIX obnacTsax
nponcxoansa no nepeMeHHomn p-,Z—

10 3y6os [.

SR - obnactb dasosoro
NPOCTPaHCTBA, B KOTOpOIli Jons
CUTHaNbHbIX COBLITMI
MaKCMMabHa.

WZ(3l) - obnactb asosoro
NPOCTPAHCTBA, B KOTOPOli JoAs
cobbiTnii npouecca WZ
MaKCUMasbHa.

Non-resonant - obnactb
ha30BOro NpoCTpaHCTBa, B
KoTOpoOli fonsi cobbITnii
NpPOLLECCOB HEPE3OHAHCHOMO
poxxaenus ¢~ MakcuManbHa.

Zj - obnacTb ¢azoBoro
MPOCTPaHCTBA, B KOTOPOI A0S
cobbITuii npouecca Zj
MaKCUMasbHa.



PuT. Pacnpegenerus o n nocne anst paccnabneHHoro
BapuaHTa PII.

T T T g 400 T T = 2 T T T 2 T . T T
ATLAS  Intemal 4-Data  WZZIkvaCD]  § ATLAS  Interal 4-Data  WIZZIvvQCDT  § Y00, ATLAS  hiemal 4-Data  WIZZINQCD]  Bigoop| ATLAS Intemal WIZZilvv QCEEZZ Ivy EWK
3 TeV, XX o ' WZZ vy EWRIZ) @ 22000 5 13Tev, XX b WZZ vy EWINZ] @ E=13TeV, XX 0 ' WZZ v EWIIZ) a 3TeV, XX fo ' W7 iz
Backgroundonly il IIWZ . 20001 Background only il BIWZ El Besgand oy 1 W2 wwo Background only it e
ZjorCR W Singlatop 3 3lepton Wt b Nonrosoner we Singlo top [ Signal region Singlotop 11
i 1800 ERE i 2000
Prefi i i Pre-Fit i il Pre-Fit @ uu Prefit
Wlag i Tiboson 1600 WTrboson 1V E Mlag  ETriboson
m Ewes 100l EWiets Wz 2500 Y mEwes
W2 Uncertainy |  Uncertiny . WaA ) Uncerinty o90  Uncertiy
1200 200022z
1500 aonof-
1000 L, 3
= 2000~
so0f- e D o
D
o Ly it
3576 1mob= 00 ;
Iz i E s 3 Foast
< < < . 7em. 27 < 3
= F B e S "’ ) K]
£ omp 4 &t S Fomt 1 8ot
0% s i00 150 200 250 300 80 0o 20 40 s0 a0 doon i 7680 80 100 110 120 130 140 150 160 %1706 06 04 02 0 02 04 08 05 1
b,(2) (GeV] 0,12 (Gev] 0,2 [GeV] 80T score
245000 T 2 200777 T T cl] T T 2 T
& aas | hena +0wa | mzziwoco]| § arias e +0wa  mzztweaco | 5 400f Amias | Wwera eDua | MZZtwaco] § erral 122 tew QOMZZ o EWK
B ool 3TeV, XX fo | MHZZ v EWINZ] q @200 o 43 Tev, XXt ! .zzqu i ooa r,mgv Xxho ! -zzuw EWmZi 2 10000 < 13 TaV, XX fo ' z Wz
Sacigrouna only it ’ 20007 Background oy it WZ w2 0 sogounonyn MY oo 1 Background oy it w
as000f- Zie1OR e 4 oE 3lepenCR W i 3 Nu" resonanl CR ﬁ’ -mm‘“" Signal region Sngerop 1
2 PostFit o e 3000 e 4 sooof- postri i lag B
1600 Hron mw = oo mw
100 E, Wiets S Bam  Dletany Wiets Iz
1200 sy Pre-Fit Biga. 2 Pre-Fil Bhgd. eo0of- AR
1000
#00) 1500 | R
&00) 1000 8
00 2000~
20 E e
o O o) T
i ~7578 028
2 LRES e " e
Eon £ ors Eon £ om
50 100 10 200 20 400 30 400 00 4o 600 800 1000 i 70 B0 80 100 110 120 130 140 150 160 108 06 04 02 0 02 04 06 08
p,2) [Gev] 0,12 (Gev] 0,21 [GeV] BOT score
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PuT. PesynbtaTsl.

12

MNony4eHHOe 3HAYEHNE CUbI CUTHANA (177 NMPUMEHSIETCA NpU
HabNOLAEMOrO CEYEHURN: T meas. = 77 * OSM

Bbl4YNCNEHNA

«MecTkunin»
p'(2)

cdut  no

«Paccnabnentbiin»
no p’(2)

bunTt

«PaccnabnenHbiin»
no otknuky BDT

cput

Hzz
Hzj
HNR
Hwz

Oxwungaemas
3HA4YNMMOCTb

0.04 0.06
1.00t0.04(stat)t0‘05(syst)

0.03 0.07
1.31t0.03(stat)t0.07(syst)

0.08 0.05
1.lltolm(stat)to.%(syst)

0.05 0.06
1.014:0.05(stat)t0.05(syst)

16.8

0.04 0.06
1.00t0.04(stat)to_05(syst)

0.01 0.06
1.13420.01 (stat)toloﬁ(syst)

0.02 0.05
1.15420.02 (stat)tolos(syst)

0.02 0.06
0.97420.02 (stat)tolos(syst)

16.2

1.00t%%33(stat t%%% (syst)

0.01 0.06
1.134:0‘01 (stat)to.06 (syst)

1.15t%%22(stat t%%% (syst)

0.02 0.06
0.97t0.02(stat)t0.05 (syst)

26.1

®dut no otknuky knaccudpmkatopa BDT B paccnabnenHom
(ha30BOM NPOCTPAHCTBE MOKA3bIBAET 3HAYNTENBHO BONbLIYO
OXMIAEMYIO 3HAYUMOCTb.

3y6os [.



1ameHeHns knaccudpmkaTopa

» QObyueHue knaccnunkaTopos Ass 4-ex KaTeropuii C KONMYECTBOM CTpYii
0, 1, 2 n bonee 2

» [lobaBneHne nepemMeHHbIX, OMUCHIBAIOWUX CTPYN

» OnTumusauumsi runepnapameTpos

N jets=0

P m——

Njets= 1

R —

Niets>2

[~ [ISNEMEA e A
7]

+ 3
t RIS 0550l
80T classir rsponso BOT claseilr rsponso BOT claseilr responso

B e o

p-Value(Signal) = 0.65 p-Value(Signal) = 0.55 p-Value(Signal) = 0.53 p-Value(Signal) = 0.057
p-Value(Bckg) = 0.80  p-Value(Bckg) = 0.72  p-Value(Bckg) = 0.44  p-Value(Bckg) = 0.080

OnTuManbHble

rmnepnapamMmeTpsbl: Signal Bkg z
Niets=0 1311.96| 690.149| 40.51
. ets
> NTrees: 400 Newe=1 | 630.818| 611.820| 22.63
> Shrinkage: 0.2 Niets =2 234.449| 266.918| 12.78
C Niets >2 139.62 | 278.742| 7.78
» MinNodeSize: 10% Total 2325.85| 1847.91| 46.36

13 3y6os M.



3akato4yeHne

» Benacbk pabota no cosgaHuto knaccudukaTopa.

» lcnonb3osaHue knaccudpukaTopa Npu U3BJeYEHUN CUrHana
NOKa3ano CHUXEHNE CTaTUCTUYECKUX OWNBOK 1 yBenndeHmne
OXXMJaeEMOI.

» [lonyyeHbl cTabunbHble KnaccuduUKaTopbl C XOpOLLED
pa3fenisitoeil CnoCobDHOCTBLIO AJis KaXK4OoW KaTeropuu.

Cregytowme waru:

» BbinonHnTts GUT C y4ETOM CUCTEMATUYECKUX MOTPELLUHOCTEN B
paccnabneHHoll curHanbHoil obnactn cpaBHUTL ero ¢ buTom B
CTPOroii curHanbHoW obnactu.

14 3y6os [.



backup

15
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Decision trees with gradient boosting (BDTG)

Decision tree

P A decision tree is a binary tree : a sequence of cuts paving the ook
phase-space of the input variables

EE <a
» Repeated yes/no decisions on each variables are taken for an
event until a stop criterion is fulfilled

»  Trained to maximize the purity of signal nodes (or the impurity of
background nodes) ‘8 s

N\ VAN
x>l < >3 N<a
rg

Advantages:

k> caf [xk < ca)
4 \

P Decision trees are independent of monotonous variable
transformations

»  Weak variables are ignored and do not deteriorate performance
Disadvantages:
» Decision trees are extremely sensitive to the training samples, therefore to overtraining

» Slightly different training samples can lead to radically different DT

Boosting
> Sequentially apply the DT algorithm to reweighted (boosted) versions of the training data
» Each model in the series trains upon its predecessor’s mistakes, trying to correct them
> Works very well on non-optimal decision tree (small number of nodes)

P> There are different boosting algorithms and in our work we use the gradient descent

16 3y6os M.



Classifier training parameters

Hyperparameters:
» Number of trees;

» Max depth of the decision tree
allowed

» Minimum percentage of training
events required in a leaf node

» Number of grid points in variable
range used in finding optimal cut
in node splitting

» Shrinkage (Learning rate)
Separation into training and test
sample:

» Random division in equal
proportion

17 3y6os [.
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20.

N o o »wN

Er}“iss'
Object-based E%‘iss—significance;
mr(Z2Z);
AR(£0);
ot
o
= ot
o5
mp(22) '
Hr = p§ + p? + X, pr(i)i

E’jI[l:liSS/HT;

P i ;
Z =0
P&t + p%?

Ae(pft, E2):

Ao, pf);

P

An(Le);

m(eL);

Yz

Njets?

ERISS 4+ 57 pr(ii) — PR
P&

Vp



Object selection

Electrons
» Likehood medium

lead > 30 aB

sublead > 20 'sB

|n| calo cluster <
2.47

|A(z)-sin(8)] < 0.5

MM

>
>
»

v

|do-significance| < 5
Isolation WP
FixedCutLoose

Crack region veto

Nckniouenne
nepece4veHnii c
MKOOHaMn "
cTpysmu

18

Muons Jets
> Medium > AntiKt4EMPFlow
>
nl <25 > >30B
> lead > 30 'sB
> .
> sublead > 20 3B Il <45
» Combined muons > VT >05
> |A(z)-sin(0)] < 0.5 » Event-level
MM cleaning for
> |do-significance| < 3 LooseBad jets
» lsolation WP Etmiss
PflowLoose_FixedRad . .
.1 » Tight WP, rebuilt
craotenne with METMaker
nepece4yeHnn co .
using selected
CTpysiMu

leptons and all
calibrated jets

3y6os [.


https://gitlab.cern.ch/atlas/athena/-/blob/21.2/PhysicsAnalysis/AnalysisCommon/IsolationSelection/Root/IsolationSelectionTool.cxx#L329
https://gitlab.cern.ch/atlas/athena/-/blob/21.2/PhysicsAnalysis/AnalysisCommon/IsolationSelection/Root/IsolationSelectionTool.cxx#L212

13meHeHnsa B curHanbHoli obnactu

19

» Ortkas ot onpegenenus CP ¢ nepemenHoii E{V**-3nauumocTn ns-3a
CNOXHOCTU B UCMOJIb30BAHUN Ha YPOBHE reHepaTopa.

> [lobaeneHbl nepemenHble EMIsS

» OnTtumuzsauus oTbopa cobbiTuii Takxxe NPOBOAMAACE NyTeM
MaKCUMU3aUMKU 3Ha4YMMOCTU CUrHana Z C UCMoJib30BaHNEM

MHOromMepHoro noaxoga.

/HT n Mmyy

Crporuii Paccnabnenbiii
mqg, ToB € [80; 100] € [76; 106] Crporuii PaccnabneHbiii
Ey'ss, TsB  >110 > 90 Curnan 1562+ 15 3810 + 20
AR(ee) <18 <22 Dok 1007 +17 25000300
Ap(Ep™ () >21 > 13 z 411404 235402
Em'ss /Ht > 0.65 > 0.1 : : : :
Nb—jets =0 =0

3y6os [.



Selection optimization details

> E’T”iss', [50; 1500] GeV, a step of 10 GeV;
> AR(¢¢), [0;4], a step of 0.1;

» Ayp(miss, £¢), [0;3.15], a step of 0.1;

> Emiss: /Hy, [0;2], a step of 0.05;

» Npjets, events with {0,1,2,3,> 4} b-jets.

20 3y6os [.



Fit. Before and after distributions for the strict version of
the phase space

o . ST L e r—
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Theoretical Experimental

PDF 3.5% Lepton. 2.0%
Scale 2.0% Jet. 2.0%
UEPS 2.0% Emiss. 1.1%

Tabanua: Main sources of Theoretical u Experimental errors

3y6os [.



23

Variables. Strict preselection.
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Variables. Loose preselection
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OTbop nepemeHHbIX

Variable auROC {— [ R A RRARLRRL S LA RARIARE > Vaes & Tom, 4ToBbI
M2Lep 0.79267 g v i::-vjnvm‘amn &ﬁ:a*j"’:;‘“""‘““““” = N3MEPUTHL BaX>XHOCTb
dMetzPhi 0.80029 é o 15~ 13Tev, 139%" Background 7N, - 12695 nepemeHHON, rNsas Ha
= £ B CKOJIbKO YBEINYMNBAETCSI

dLepR 0.80434 = auROC, korpa nepemeHHasi
MetOHT 0.80567 E nobasnsetcs.
n_jets 0.80690 »  OTt6op HaunHaeTca c ogHoil
leading_pT_lepton 0.80715 nepemeHHo ¢ Hanbonbwnm
mT ZZ 0.80740 i auROC v nocnepoBaTensbHo
subleading_pT_lepton  0.80748 ) AobasnseT nepementyto u3
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Training setup

26

Variable Niets=0 | Niets=1 | Niets=2 | Njers>2
mT _2Z v v v v
leading pT lepton v v v v
subleading  pT lepton v v v v
dLepR v v v v
dMetZPhi v v v v
ET" signif . v v v v
frac pT v v v v
MetOHT v v v v
M2Lep v v v v
leading _jet _pt — v v v
leading ~ jet rapidity v v v
second jet pt — — v v
second _jet _rapidity — — v v
mjj — — v v
dYjj = — v 7
jet vsum pt — — v v
Jjet _vsum _eta — = v v
jet vsum phi — — v v
Preselection

ET™, GeV >90

ARy 22

AT 5T) >1.3

Np—jets <1

ET™ /HT >0.1
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Hyperparameter optimization

» Hyperparameter optimisation (HPO) has been used to improve
separation power while maintaining stability.

» Optimised metrics — Z, with condition p-valuse>0.05%

» Training and test samples were randomly allocated each time,
avoiding bias (SplitMode=random:SplitSeed=0)

» Hyperparameters (HP) under consideration:

» NTrees: 100, 200, 300, 400, 600, 800, 1000
» Shrinkage: 0.02, 0.04, 0.06, 0.08, 0.1, 0.2, 0.3, 0.4, 0.5, 1.0
» MinNodeSize: 0.2%, 0.5%, 1%, 2%, 5%, 10%, 20%

Z=+2x[(S+B)xIn(1+(S/B)) - S]

A detailed comparison of all classifiers is shown in the table.
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https://docs.google.com/spreadsheets/d/1zl-MEqKdQAvNwpSQNdi8-sf1eG9GtXCRBn-Ct_tNpN0/edit##gid=681030779

1ameHeHns knaccudpmkaTopa

» Oby4yeHue kiaccmhnkaTopoB Asist 4-ex KaTeropuii C KOJUYECTBOM
ctpyii 0, 1, 2 n bonee 2

» [lobaBneHune nepeMeHHbIX, OMUCHIBAKOLLNX CTPYN

N jets=0 N ljets= 1 Njets= Njets >2

TIVA overiraining check for cassiller BOTG

(1) N

D5 06 04 02 0 02 04 05 08
BOTG response

08 06 04 02 0 02 04 05 08 205 05 04 02 0 02 04 06 08
BOTG response

25 <5 04 02 0 02 04 05 08
BDTG rosponse BDTG rosponse

» VMeHblInnack cTaTucTMKa

» [1ns HekoTOpbIX KaTeropuii knaccupukaTop nosy4aeTcs
nepeobyYeHHbIM MPU MPEXHNX HACTPOIiKax

> HeO6XO,D,VIMOCTb obHoBNEHNS onTnMmnanaunmn rmnepnapamMmeTpos
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OnTumMmn3auus runepnapamMeTpos

» Hyperparameter optimisation (HPO) has been used to
improve separation power while maintaining stability.
»  Optimised metrics — Z, with condition p-valuse>0.05%

» Training and test samples were randomly allocated each
time, avoiding bias (SplitMode=random:SplitSeed=0)

» Hyperparameters (HP) under consideration:

> NTrees: 100, 200, 300, 400, 600, 800, 1000
»  Shrinkage: 0.02, 0.04, 0.06, 0.08, 0.1, 0.2, 0.3, 0.4,
0.5, 1.0

» MinNodeSize: 0.2%, 0.5%, 1%, 2%, 5%, 10%, 20%

Z=\2x[S+B) xm(+(5/B) — 3|

A detailed comparison of all classifiers is shown in the table.

29 3y6os [.

[ [ Signal [ Bkg [ Signif. ]
Z-optimized
Njets=0 1311.96] 690.149] 40.51
Niets=1 639.818| 611.829| 22.63
Niets=2 234.449| 266.918| 12.78
Niets>2 130.62 | 278.742| 7.78
Total 2325.85| 1847.91| 46.36

AUC-optimized (previous results)

Nie=0 | 1415.50] 837.336] 40.35
Niets=1 653.12 | 621.00 | 22.01
Nies=2 | 244.35 | 301.53 | 12.62
Niets>2 | 1670 | 4395 | 7.67
Total 2480.06| 2041.89| 47.23
No jet 2237.84| 1673.63| 46.53
separation
(previous
results)

Z=

2X S+ B) X n(1+ (5/B)) — 3]


https://docs.google.com/spreadsheets/d/1zl-MEqKdQAvNwpSQNdi8-sf1eG9GtXCRBn-Ct_tNpN0/edit##gid=681030779

Selection of classifier hyperparameters

» The performance of the classifier varies from training to training. In other
words, a classifier that previously showed excellent performance may
perform worse the next time with the same settings.

» During HPO, specific HPs were not selected, but patterns in setting,
stability, and separation power were observed:
0. The larger Z is, the more unstable the classifier is. Therefore, it
is essential to find a compromise set of HP.
1. Classifiers with the highest Z usually have a relatively large
number of trees.
2. Classifiers with the highest Z usually have a relatively large
number of trees (400-1000) and shrinkage (0.1-0.5).
3. At large values of minnodesize (20%), the classifiers had the
lowest separating power, but at the value of this parameter of
10%, stable classifiers with large Z were observed.
» Thus, one set of hyperparameters was defined for all categories, at which
the classifier has good stability and separability:
> NTrees: 400
» Shrinkage: 0.2
» MinNodeSize: 10%
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Inclusive ZZ — llvv

31

> Vertex with 2 tracks with pt > 1 GeV

> Two same flavour opposite-sign leptons (e+e- OR mu+mu-), leading pt>30

GeV, subleading pt>20 GeV

» Veto on any additional lepton with Loose ID and pt > 7 GeV

v

76 < My < 106 GeV
> EMiss > 70 GeV.

Process % of background
Strict Loose

WZ — fvll — one missing £ mimics the signal  68% 12%

topology

Z(— L) + jets — lepton pair with mismeasured ~ 15% 69%

Emiss

WW — fvl’'v’ — non resonant production of a 3% 3%

lepton pair

Wt, t, tt, ttV — non resonant production of a 9% 15%

lepton pair via t-quark

Other backgrounds: 4¢, ¢qq, VWV, Z(77), W+ 5% 1%

jets
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