Alexander Gavrilyuk

arXiv:2207.00338v1, submitted to: Phys. Rev. D




Signal and main background processes
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Event selection

Category Niet,(pr>30 Gev) = 0 28F | Niet, (pr>30 Gev) = 1 88F | Nier, (pr>30 Gev) = 2 28F | Nijer,(pr>30 Gev) = 2 VBF
Two isolated, different-flavor leptons (£ = e, u) with opposite charge
Preselection pl'?ad >22Gev, p§rublead > 15 Gev
mee > 10 GeV
pEFiSS >20 GeV
Npjet,(pr>20 Gev) = 0
Background rejection A¢f{;1E+njss > /2 mer <mz — 25 GeV
p4l>30 GeV max (m%) > 50 GeV
mee < 55 GeV
Ader < 1.8
H— WW*— evuy fail central jet veto
topology or central jet veto
fail outside lepton veto outside lepton veto
lmj;j —85] > 15 GeV mj; > 120 GeV
or
Ayjj>12
Discriminating fit variable mr DNN
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Control Regions for the most interesting background, 0/1 jet
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Control Regions for the most interesting background, 2 jets

109 IIII|IIII|IIII|IIII|IIII|IIII|IIIIIIIII|IIII|IIII

> 1200_IIII|IIII|IIII|IIII|IIII|IIII|IIIIIIIII|IIII|IIII_ .E
8 . ATLAS ® Data )\ Uncertainty | - 10° ATLAS ® Data A\ Uncertainty
O 4000f Vs=13TeV, 139 b B zy B H - £ E (s=13TeV, 1391 tt Wt
% L H - WW* = evuy M Hee I Other H i o 10 v 5w S evuyv W A |
©  goof- 99F-enriched Niet =2 wwe Wl ww b " 40°E vBF-enriched N 22 MM OterH M ww
w - Z/y*— 1t CR Mis-id [ll Other VV(V) 1 108 L Top quark CR mzy Mis-Id
i _ e B other vv(v)

6001 ¢ 0 . 10

400 N

2001 .
'c)' 1 _4E_l..l..l..l..I..l..l..l..l..I...l..l...I...l..|...l..l...l..L..l...]...L..I...I...|...I...[.<J...[..1...[...I..J..1..1..L.J..J..l..1..l..J..l..l...l..l..l.J..l_: 'c) 1 5 BREET S R T g e L L R DS T R E R E S TSR R BT
9 1 2:_‘ ............................................................................. # ....................... ] 9 g\ . & i\ l
S RN A W D ST . b
© 0.8F : © C
(U 0_6:‘I"I"I"I"l"l"I"r”l"l"r"f'T"I"l'T'T'T"I‘"l"I"T"I"'I'"|"'I"'I"T"I"l"'l"'l"1"1"l"1’1"1"1"{"]'1"1"1"{"1'I"l"l_- (U 0_5_—c--t--l--r--I--t--t--r--t--l--r--r--r--r--l--r--r--r--r--l--|---r--|---|---|---|---|-~1---|--I~~-|- I'"I"1"I"1"1"1"1"l"i"1"1 1~-l--1--|—-1--0—
Q 40 50 60 70 80 90 100 110 120 130 140 Q 0.1 0.2 03 04 05 06 0.7 08 09 1

m; [GeV] DNN output

30.07.2022

A. Gavrilyuk



Ggf 0Jet, 1 Jet Signal Regions
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2jet ggF, VBF Signal Regions
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(Reduced) STXS Stage 1.2

Howw —evuv  ATLAS Js=13TeV, 139 o

Production Particle-Level STXS Reduced Reconstructed Signal Region
Mode Producion Bins Stage 1.2 Category Each SR and
L P ey S— <30 GV
— °
[sshoionpr ] | pesaey — corresponding CR
p"< 200 GeV ? Nes =0
"< 200 GeV
stublead 220 Gey — > 30 GeV pr< e . . .
5 e ] is further divided
p:t< 60 GeV
IggH1j, very low p,” | p:""< 60 GeV ° °
e | ey rovidin
' ] [ | | vidi
120 < p; < 200 GeV ) ]
ggH 1j, med p,"” | 120 < p,"' < 200 GeV I o d d
=2-jets | 0 ooy In epen ent XS
, IOW <
< 200 GeV ke llal e h Fail Central Jet Veto Nas 22
I > 30 GV IJ or Outside Lepton Veto  p," < 200 GeV t °
i
200 Gev , = measurements in
ggH, high p." I p:'' =200 GeV |
| M I I
kinematically
| > 30 GeV |<_ or Outside Lepton Veto  p;" =200 GeV
350 < m, < 700 GeV °
3B0£m <70 GaV [ Ifferent sub-
;
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Croa o ] [ oo-n <o |- regions
m, = 1500 GeV Nes 22
i _ | m=1500Gev | Pass Central Jet Veto
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Measured ggF and VBF cross-sections, total and STXS
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o5t By, e [PP]

TegF+VBF * BHsww+

123+ 1.3 pb

9gH-0j, p:’ <200 GeV

ggH-1j, p: <60 GeV

ggH-1j, 60 sp’: <120 GeV

9gH-1j, 120 sp’: <200 GeV

ggH—2j,p:’ <200 GeV

ggH, p’: >200 GeV

EW qgH-2j, 350 < m, <700 GeV, p* < 200 GeV
EW ggH-2j, 700 < m; <1000 GeV, p" < 200 GeV
EW gqH-2j, 1000 < m; < 1500 GeV, p* <200 GeV
EW ggH-2j, m; 21500 GeV, p’: <200 GeV

EW ggH-2j, m; 2 350 GeV, p:’ >200 GeV

GE LD LS IS L IR B I i T 2 T T e
ATLAS Fed Total
[ Statistical Unc.
Vs=13TeV, 139 o™ BE Systematic Unc.
H - WW* - evuv I SM Prediction
p-value = 53% Total (Stat. Syst.) SM Unc.
2] 121 1008 (0%, To1s) | 007
082 8 (103, %8 | som
058 22 (0. 92) | som
146 109 (0%, 09) 1 +oae
159 08 (0. l0m) 1 022
Femamr] 211 235 (108, 105) @ o
b 005 "3 (0%, %) | soor
056 ‘o (03, %) | oo
idg 48 (HE 8 | wow
14 8 (5T | o
117 ‘0a (a0, o) 1 xo0s
PR SIS BPEEETTE BEET T S | PR R, PR T
0 1 2

12.3 £ 0.6 (stat.) tg:g (exp. syst.) = 0.6 (sig. theo.) + 0.7 (bkg. theo.) pb,

compared to the SM predicted value of 11.3 + 0.5 pb.
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Result summary

o ATLAS36fb?  figgr = 110702 1 pp = 0.6270:3

0.35
Phys. Lett. B 789 (2019) 508
L +0.23
o ATLAS139fb?  fger = 1157015 Hver = 0.937455,

Current

e CMS138fb HggF = 0.92418:%(1) UV BF — 0-71t8:§§

arXiv:2206.09466, JHEP03(2021)003
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Event selections for Control Regions

CR H Niet, (pr>30 Gevy = 0 ggF ‘ Niet, (pr>30 Gevy = 1 ggF ‘ Niet, (pr>30 Gevy = 2 ggF ‘ Niet,(pr>30 Gev) = 2 VBF
Npjet,(pr>20 Gev) =0
A¢F[‘E+mas >n/2 mee >80 GeV
P4l >30 Gev [Mer —mz| >25 GeV Mer < iz — 25 GeV
4q — WW 55 <mep < 110 GeV max (m.fr) > 50 GeV mpy > 165 GeV
Ader<2.6 fail central jet veto
or fail outside lepton veto
|mj; — 85 > 15 GeV
or Ay;; > 12
Npjet, (pr>30 Gev) = |
Nipjet, 20<pr<30 Gev) > 0 FRpT>30GeN) Npjet, (pr>20 Gev) = 0 Nipjet, (pr>20 Gev) = 1
Nb—jel,(10<p1-<30 GeV) = 0
A¢F['E{_msx > /2 Mer <mz —25 GeV
p{.’ > 30 GeV max (m_fr) > 50 GeV mee > 80 GeV
A <2.8 A <1.8
W bec bee
mry < 165 GeV
fail central jet veto central jet veto
or fail outside lepton veto outside lepton veto
|mj; — 85| > 15 GeV
or Ay;; > 1.2
Np jet, (pr>20 Gev) = 0
mee < 80 GeV mee <55 GeV mee <70 GeV
no pll?iss requirement
Zjy Adpe >2.8 Mer > mz —25 GeV [mer —mz| £25GeV
Y

ax (mf) > 50 GeV

fail central jet veto

or fail outside lepton veto

Im;; — 85| > 15 GeV

or Ay;; > 1.2

central jet veto

outside lepton veto
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2 : 2 a 2 b
m = min max{m , ,m )
T2 Pt o= [ { (P 20, T(Pr 1152)}]

where the minimization is over all possible two-momenta, p.., such
that their sum gives the observed missing transverse momentum
pr, and where each of pr* and p+* is the combined transverse
momentum of a charged lepton and a jet.

* m?r, <m?, (decay of a pair of W each with a single invisible particle)

* m? = m?, (decay with single invisible particle)
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Yields in SRs

Process Nijet=0ggF  Nje=1ggF  Nj>2 ggF Niet > 2 VBF
DNN:

Inclusive [0.87,1.0]
Hgor 2100 +220 1100 «130 440+ 90 209+ 40 2.6 x09
Hvgg 23+ 9 103+ 30 46+ 12 180+ 40 288 +5.5
Other Higgs 40+ 20 55+ 28 55+ 27 29+ 15 0.04+0.02
wWw 9700 + 350 3500 +410 1500+ 470 2100+340 46 *+1.2
tt/Wt 2200+ 210 5300 + 340 6100 + 500 7600+370 2.6 +0.8
Z/y* 140+ 50 280+ 40 930+ 70 1300+ 300 0.6 +0.1
Other VV 1400 + 130 840+ 100 470+ 90 380+ 80 0.6 =0.1
Mis-Id 1200 + 130 720+ 90 470+ 50 330+ 40 1.7 +£0.2
Total 16770+130 11940+110 10030+100 12200+180 42.0 5.1
Observed 16726 11917 9982 12189 38

30.07.2022 A. Gavrilyuk




STXS Composition

ggF 0f, low p’T"
ggF 1, very low p’T”
ggF 1, low p’T”

agF 1/, med ,O’T”
ggF 2/, low p’T”
ggF 1/, high p’T4
ggF 2/, high p!
VBF 2, low m,
VBF 2/, med m,
VBF 2/, high m;
VBF 2/, very high m;
VBF 2/, high p

Reconstructed Signal Region
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Breakdown of the main contributions to the total uncertainty

Source Ga By 1 Game 19 R 1
Data statistical uncertainties 4.6 5.1 15
Total systematic uncertainties 95 11 18
MC statistical uncertainties 3.0 3.8 4.9
Experimental uncertainties 52 6.3 6.7
Flavor tagging 23 2.7 1.0
Jet energy scale 0.9 1.1 3.7
Jet energy resolution 2.0 2.4 2.1
E%“SS 0.7 2.2 4.9
Muons 1.8 2.1 0.8
Electrons 1.3 1.6 04
Fake factors 2.1 2.4 0.8
Pileup 24 2.5 1.3
Luminosity 2.1 2.0 2.2
Theoretical uncertainties 6.8 7.8 16
ggF 3.8 4.3 4.6
VBF 3.2 0.7 12
ww 3.5 4.2 5.5
Top 29 3.8 6.4
VA 1.8 23 1.0
Other VV 2.3 29 1.5
Other Higgs 0.9 0.4 0.4
Background normalizations 3.6 4.5 4.9
ww 2:2, 2.8 0.6
Top 1.9 2.3 34
VAgs 2.7 3.1 34
Total 10 12 23
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