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Analysis overview
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Signal region definition

(NF applied for WW‘Top,Z/y') Plot: "CutGGF_TopoDPhill_0jet/MT"
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WW control region

CR Njﬁ[ = O NiCI = J.
Ww 55 <mygp < 110GeV mye > 80GeV
Apre <2.6 | — mz| >25GeV
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The cuts are used to

orthogonal to the SRs

» Purity in control region

* 67% for Ojet
» 34% for 1jet

» Normalization factors (*)

» 1.10 +/- 0.01 (stat.) Ojet
> 0.89 +/- 0.02 (stat.) 1 jet

(*) NFs are calculated by
using simple 3x3 matrix
inversion method



Top pt reweighting

Reweighting of LeadPt at cut CUGGF_TopoControl_TopoDPhilOjet for Top . (FulRun2,emme)
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Events / 10 GeV

Data / SM

Top control
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region

» Purity in control region

« 89% for Ojet
« 98% for 1jet

» Normalization factors (*)

» 1.03 +/- 0.01 (stat.) Ojet
> 1.02 +/- 0.01 (stat.) 1 jet
(*) NFs are calculated by

using simple 3x3 matrix
inversion method



Z—TT control region

CR Nt =0 Niet =1 e ;
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Due to poor MC modeling, W+jets background estimated

W+jets: Fake factor method

in a data driven way using fake factor method.

Three ingredients: W+jets control sample, fake factor and flavour correction.

={(~v

where the fake factor and the flavour correction factors defined as

W+ jets

N.

_ NW—I—jets
d+id "~ F'i

FFIx(CF

d+anti-id X
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id+anti-id

FF
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lcF = [FF(W+]etS)

Nanti-id(pT’T]

FF(Z + jets) ¢

Electron Muon
X F idenified | anti-identified idenified | antiidentified
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|n| < 2.47.excluding 1.37 < |y| < 1.52 Inl <25
|29 sin#] < 0.5 mm |zpsinf| < 0.5 mm
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Fake factor derived in Z+jets control sample with dedicated “3-lepton” selection in which 2 leptons
are "Z-tagged” and an additional “fake candidate” lepton.

CF corrects for the different flavour compositions in W+jet(CR) and Z+jets(FF).
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Vgamma validation region

* The definition:
« Same definition as SR except for lepton charge(Same Sign).
* Only single-muon trigger.

» Release author and BLayerRequirement for electron id requirement to
enrich the fakes from photons.

« Fake factors and correction factors are re-derived specific for Vgamma
VR, use the same method as previous slides.
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Fit setup

Perform binned profile likelihood fit to extract signal strength 44, :

L(p,0) = H Pois(NN|pus;(0) + v;b; H Pois(m; |’Yz’T)HGaUS( ‘ )

1E€bins 1E€bins 969
1 I l
SR bins 4+ CRs likelihood Constraint on Constraint on
MC stat. unc. syst. unc.

mT used as discriminant variable in the final fit.
» [80-130] GeV considered, outside as over/under-flow.

8 signal regions:

Nj Mpp p§rublead

Nit=0  [10-30,30-55] [15-20,20-c0]
Net=1 [10-30,30-55] [15-20,20-c0]

Events /0.17

0 01 02 03 04 05 06 07 08 09 i

Optimize the sensitivity by re-mapping the MT distribution
« [<90, 90-100, 100-110, 110-120, 120-130, >130] GeV for both 0 and 1jet
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Systematics uncertainties

* Theory uncertainties:
» ggF signal: ggF jet bin migration, as, shower
» VBF: scale, shower, pdf, matching
» WW: as, pdf, scale, QSF,CSSKIN , ckkw (truth level),ggWW scale
» Top: Interference (Wt only), matching, shower, scale, ISR, FSR, pdf
» ZTT:. generator, pdf, scale, as

« Experimental uncertainties follow the ATLAS recommendation:

» Trigger > Jet
» Pileup reweighting > Flavour tagging
> MET » Luminosity

> Electron and muon related



* Sensitivity:

fr =1.000°

=1.000%3 (Data Stat)’s o, (MC Stat) s o4 (Exp) s, (Theo)

Significance:
8.3

Only top 40 are shown

No large constraints

0.158
—-0.144

Expected fit results
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theo_vw_QSF_1j
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ATLAS

work in progress

Use independent framework to

reprodcue and validated the fit results
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Combined fit results(ggF+VBF)

Perform ggF + VBF combined fit.

Expected sensitivity:
Hegr =1.000753;
Hygr = I'OOOJ—rgéfé

MVB F

2._

1.5

0.5

T

T | T
ATLAS work in progress

{s=13TeV, 139 fb™
H— WW — eu + ue

"

-----
.....................

x  SM prediction
+ Bestfit

Combined 68% CL
Combined 95% CL |

L T

]
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Summary

* Presented the full Run 2 H—=WW™* analysis.

» ggF 0/1 jet fit result:
e = 1,000

« ggF+VBF combined fit results:
Moo =1.00070 1%
Hypr = I-OOOJ—rgé(S)é

« Aiming to publish before Moriond 2021.
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Event preselection

Preselection:

« Exactly two opposite-charge ,
different-flavour (e,u) leptons.

° Lead

pr > 22GeV, pi? > 15Gel Lepton |

* m, >10GeV
.« P >20GeV

The defination of Signal regions

and control regions are based on
the preselection

Triggers used in this analysis:

An OR combination of unprescaled single lepton
and dilepton triggers.

Level-1 Trigger | High Level Trigger
2015
L1_EM20VH HLT_e24 lhmedium_LI1EM20VH
e L1_EM22VHI HLT_e60_lhmedium
L1_EM22VHI HLT e120_lhloose
L1_MUI15 HLT_mu20_iloose_LIMU15
s L1_MU20 HLT_mu50
ep L1_EMI5VH_MUI10 HLT el7_lhloose_mul4
2016-2018
L1 EM22VHI HLT_e26_lhtight_nod0_ivarloose
e L1_EM22VHI HLT_e60_lhmedium_nod0
L1_EM22VHI HLT_e140_lhloose_nod0
L1 MU20, L1_MU21 HLT mu26_ivarmedium
,u L1_MU20, L1_MU21 HLT_mu50
ep L1_EMI5VH_MUI0 HLT el7_lhloose_nod0_mul4
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MC samples

Process Generator o.Br(pb) Precision oy, ;.
ggF H — WW POWHEG+ Pythia8 104 NLO+NNLL
VBFH — WW POWHEG+ Pythia8 0.808 NNLO
WHH — WW PowHeG +PyTHIA 8 (MINLO) 0.293 NNLO
ZHH— WW PowHEG +PyTHIA 8 (MINLO) 0.189 NNLO
inclusive Z/y* — ££ (40 = mgs = 10GeV) SHErra 2.2.1 6.80 x 10° NNLO
inclusive Z/y* — £€ (mgg = 40GeV) SHERPA 2.2.1 2.107 x 103 NNLO

(W — vy SHERPA 2.2.8 453 NLO

(Z — L)y SHERPA 2.2.8 175 NLO

tt di-leptonic(e, i, T) POWHEG+Pythia8 76.96 NNLO+NNLL
Wt leptonic POWHEG+Pythia8 6.99 NLO
qgle = WW — vy SHERPA 2.2.2 12.5 NNLO

qq — WWagqg — {vlvjj SHERPA 2.2.2 0.095 NNLO
Z®Wz™ 202y SHERPA 2.1 6.53 NLO

gg —= WW — 202y SHERPA 2.2.2 0.47 NLO
ggle — tvll SHERPA 2.2.2 2.98 NNLO
qgqle.ge — £ SHERPA 2.2.2 1.269 NNLO

17



Back

NFs calculation

(simple 3x3 matrix inversion method)
Calculate the value of NFs:

Num_WW_ZttCR: the number of WW events in Ztt CR Num WW . the number of WW events in Top CR
Num_Top_ZttCR: the number of Top events in Ztt CR Num_Top . the number of Top events in Top CR
Num_Zjet ZttCR: the number of Zjets events in Ztt CR Num_Zjet . the number of Zjets events in Top CR

Num_ WW_WWCR: the number of WW events in WW CR
Num_Top WWCR: the number of Top events in WW CR
Num_Zjet WWCR: the number of Zjets events in WW CR

Num WW _ZttCR  Num Top ZttCR  Num Zjet ZttCR NF _Ww data ZttCR
Num WW TopCR Num Top TopCR Num Zjet TopCR |x| NF Top |=|data TopCR
Num WW_WWCR Num Top WWCR Num Zjet WWCR NF _Zjets data  WWCR

The NF for each sample can be calculated by the 3-dimensional
matrix.

NF uncertainties and correlations are computed by using toys.

The toy NFs are created by randomly varying input counters (data and MC) according to a
gaussian distribution using the uncertainties of the input quantities.

18
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Fake backgrounds

Jets misidentified as leptons
» Mainly come from Wijets

Non-negligible background in the
analysis

Jel

(NF pp\ d? WW Top.Z/ ") Plot: "CutGGF_TopoDPhill_Ojet/suble: dL epPt_low"

>4000_ | IIII‘!IIII\IIII!I\lIII\IIIlIl\ |Ii\l

» Mainly contributed to the low pt region 3 ons  ggman o
) ] ] 0 3500_— ATLAS work in progress @Ew @ ovew E
» Hard to reduce by using kinematic = ol e e -l
) 0 C — — eptue vy aaF [125 Gav]
selection cut 5 2500k .

v
N
n
o
o
T
|

N
o
=]
o
T
]%
1 1

Due to poor MC modeling, data driven "

fake factor method are chosen. o L

> Estimate in W+jets CR where a single o B e

lepton is “anti-identified”. H

» The anti-ID events are extrapolated
to the SR by fake factor.

r+ +|+ +[+ +]+ +,+ + e T
61550 25 50 35 40 45 50 55 60

p' [GeV]
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W+jets Control region

« The defination of W+jets CR is the same as SR but with one lepton
satisfing ID requirement and another satisfing a looser anti-ID

requirement

> 4 region in total(0,1 X e/p fake)

« Fake yields are determined by
subtracting prompt contribution
from data in Wjets CR.

« The contribution of fake in the SRs
are determined by the fake yield in
Wijets CR and fake factor.

Ni:]ﬂkgs - FZ( Ni,a s Ni,a

2 prompt

F;: FF of 1stlep (e)

F,: FF of 2™ lep (p)

| =id, a = anti-id

Events /10 GeV

8000 (-2 GG Tepo0Pn e
- O-jet & e anti-id  ATLAS work in progress J
2500 + Ys=13TeV, [Ldt=139fb" |
: * H—-WW —ep+ue 4
N u ID, e AntilD, no FF applied ]
2000 G —
- - 4 Data == SM(stat) ]

C - vV v
1500 U 5 M vy 3
B [Ja [singeTop J
1000E- . Z/y" |+ etake i
C 4 ]
500f = -

ok
250
m; [GeV]
Electron Muon
identified | anti-identified identified | anti-identified

pr> 15 GeV pr > 15 GeV

)+ Fi(N* = Ny ) = FLFA(N™

In| < 2.47 excluding 1.37 < |y < 1.52
|zg5in @] < 0.5 mm
|dol/cr(do) < 5

Pass LHTight if

Iyl <25
|zpsinf| < 0.5 mm

|dol/eridn) < 3 |dol/c(do) < 15

Pa:;TL‘;-[i:egii " Pass LHLoose Pass Quality Tight Pass Quality Medium
pr > 25 GeV
Pass FCTight isolation Pass FCTight isolation
AuTHog = |
Veto against identified Velo against identified
electron muon
20



Electron Fake Factor

Fake factor extrapolation

Fake factor derived in Z+jets control sample with dedicated “3-lepton” selection in which

2 leptons are "Z-tagged” and an additional “fake candidate”

1,1,1

1,1,1
non—Z2+ jets MC

data
F = Ni,i,a

data

. Ni,i,a

Binned in n (only muons) and pT

non—Z7+ jets MC

lepton.

| = ID, a = anti-ID

| < 2.50 (excluding crack | <1.05
0.5[11 ( g ) - 02{” _ _ 021.05< ml<25
E % = 3 £ ’ E
OAS?—.— Z+jets total ATLAS work in progress 3 B 0'18:_ —e— Zijets total ATLAS work in progress 3 b 0-18;_._ Zujets total ATLAS work in progress ]
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The MT distribution in Ojet SRs after remapping

| Vegamma Mis-1D Z/gamma gg WW  qq Non-WW qq WW tthar Wit egsF VBF

CR_0j_DF_WW | 226.26 £30.76 1983.52 £ 39.84 144456 £ 58.84  1417.04 £4.02 T46R6£T7.98 1451554 £ 4367 273640+ 10.71 154718 £ 1480 303.14+£1.92  3.75 £ 0.06
CR_0j_DF_Ztt | 2265.80 £05.21 2310.50 £ 85.72 134863.84 £ 253.03  101.39+£1.07 35886+ 3.55  2670.70+£ 1824 169.82 + 2,65 454344 14444132 151 20.04

CR_0j_DF_top 22356 £9.81 21043 £ 18.05 150.07 £ 8.92 T3.58 £0.93 T6.42+£2.27 53448 £ 028 T220434+17.14 209728+ 17.05 45192073 1.24+0.03
SR_(j_DF_MI1_PtSubLead2 x | 172722797 230.39 +11.08 11.78 +£ 8.47 90.20 £1.00 147.64 +3.18 TBE.IT +£9.76 111.80+2.12 64.06 £2.96 328.93+1.97 3.39+0.06
SR_(j_DF_MI1_PtSubLead3 x 99.33 £21.43 16840 £ 13.88 24.65+32.29 31265+ 1.80 133.17+£3.05  17T77.97+£15.03 272.58 +3.41 158.12 £ 4.70 492,66 +£2.43 6.55 £ 0.08
SR_0j_DF_MI2_PtSubLead2_x 53.82 £14.23 35126 £10.45 35.26 £ 5.81 14219+ 1.25 12403+2.81 120593 +12.30 216.98 +£2.97 111,40+ 3.89 316.20+1.94 3.25+0.05

SR_0j_DF_MI2_PtSubLead3_x

2]
.y
7]

73.07 £ 29.87

457.54 £19.28

15 < preublead < 20 GeV

Plot: "SR_0j_DF_MIl1_PtSubLead2_x/h"
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Sample composition(0S Wijet vs Zjets)

Samples Electron Flavour Composition (%)
Bottom Charm Strange Light Other
W + jets ID 1.501 £0.379 | 17.244 +1.442 | 8.162+0.940 | 66.176 + 3.338 | 6.918 + 0.870
Anti-ID | 1.501 £0.132 | 26.544 + 0.622 | 13.358 £ 0.415 | 57403 £ 1.010 | 1.193 +0.115
Z + jets ID 21.141 +0.693 | 7.912+0.365 | 7.483+0.345 | 54.837+1.139 | 8.627 +0.381
Anti-ID | 13.734 £ 0.165 | 12.222 + 0.140 | 16.013 £ 0.159 | 55.991 + 0.346 | 2.040 + 0.053
Table 19: Sample composition of fake electrons in Pownec Z + jets and W + jets V21 samples.
Samples Muon Flavour Composition (%)
Bottom Charm Strange Light Other
W + jets ID 7.656 +£1.243 | 77.599+£5.260 | 6.400 £ 1.143 | 5.150 £ 0.966 | 3.194 + 0.791
Anti-ID | 4905+0.212 | 84517+ 1.167 | 5.066 + 0.211 | 4.658 +0.207 | 0.854 + 0.089
Z + jets ID 58.686 + 1.717 | 26.729 £ 0.963 | 4.329 + 0.335 | 4.313 +£0.333 | 5.943 £ 0.401
Anti-ID | 58.951 + 0.389 | 31.262 + 0.238 | 5.447 £+ 0.086 | 3.586 £ 0.068 | 0.753 £ 0.031

Table 20: Sample composition of fake muons in Pownec Z + jets and W + jets V21 samples.
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