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Introduction

4 HHML non-res analysis:

~  CDS reply has been posted last Friday.

< Plan to prepare the INT for review in this week.



2LSS

4 Combined fit regions

~ QED (internal conversion)

~ Material conversion

<~ HT_lep in em+mm for HF-mu
<~ HT_lep in me+ee for HF-e

< Drll01 in me+ee for HF-e

~  WZ control region in 3l

< VVjj with mjj cut

*: normalised to total Bkg.
T T

@ T T T T T
S 10°f ATLAS  Internal 4Data [HH - HH *
w (s =13 TeV, 139 fb” otV W Other [@WZ
,[ HHML~2LSS Evwi Wzz [ Fakes (QED)
10" E- -Pre-Fit- [l Mat ConJ]Fakes e [[] Fakes mu
: WQmisID / Uncertgs
10°
10°
10
1
107"
B
a 125 ]
——
T B N o ke T T T L gl ity st
8 075 :
0.5

B, 2 2~ 2 2 3, 2
DTS/? QED /COny /\lbfn /;§7bem /;erme oy VVCR#G//#G//\‘

Table 5.6 Definition of control regions. Orthogonality requirements with respect to signal reigon are highlighted in blue.

Channel Region NS NEY N, N, BDT cut m,,, [GeV] Mpsp-[GeV]  myups [GeV]  EMS[GeV] m, [GeV]
2¢SS BDT,,; < —0.4
W Z CR 3%l 0 >2 0 \mppp—my| >10 |myy —m,| <10 > 30
BDTy . > —0.8
WEW*jjCR 2% 0 >2 0 Imgp —my| >10 > 300
BDTy > —0.8
ete*
QmisID - 0 <2 0 [76.5, 101.3]
ete® [78.5,102.3]
Conv CR 2%2 0 > 1
QED CR 232 0 >2 >1
1
HF-e CR £re* 0 2.3 ,
HF-u CR i Thi 0 23 >1
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Could be tuned with better binning
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4p Additional two regions for WZ and WZjj:
<~ One binned fit for WZ (Njets distribution just for visualization)

- We don’t observe Njets dependent shape. While 3| channel is different => Hard to have a 2| & 3l
combined fit
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Events

Data / Pred.

Fit validation

4 The fit is preformed in CR + SR, using hybrid datasets. Sideband data in CR and Asimov data in SR.

4 Uncertainty included: Full detector systematic + main theory uncertainty with flat numbers in cross

section.

4 Good agreement with VV alone fit.

*: normalised to total Bkg.
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Pull plots

4p Constraint in QmisID is due to its contribution to CRs.

ATLAS Internal

ATLAS Internal

Theory

ttZ x-section QCD
ttZ x-section PDF
ttW x-section QCD
t#tW x-section PDF
HWW x-section

ttH x-section QCD
ttH x-section PDF
tZ x-section
hh_2I_TF_HF_MU
hh_2I_TF_HF_E
hh_2I_TF_HF_CONV_E
WtZ x-section

VVijj x-section QCD
VVjj x-section PDF
VVV x-section

VH x-section

Instrumental

ATLAS_PU_PRW_DATASF
ATLAS_MUON_EFF_TrigSystUncertainty
ATLAS_MUON_EFF_TrigStatUncertainty
ATLAS_MUON_EFF_PLVTIGHT_ISO
ATLAS_MUON_EFF_ID_SYS
ATLAS_JET_JvtEfficiency
ATLAS_FT_EFF_extrapolation_from_charm
ATLAS_FT_EFF_extrapolation
ATLAS_FT_EFF_Eigen_Light_3
ATLAS_FT_EFF_Eigen_Light_2
ATLAS_FT_EFF_Eigen_Light_1
ATLAS_FT_EFF_Eigen_Light_0
ATLAS_FT_EFF_Eigen_C_3
ATLAS_FT_EFF_Eigen_C_2
ATLAS_FT_EFF_Eigen_C_1
ATLAS_FT_EFF_Eigen_C_0
ATLAS_FT_EFF_Eigen_B_3
ATLAS_FT_EFF_Eigen_B_2
ATLAS_FT_EFF_Eigen_B_1
ATLAS_FT_EFF_Eigen_B_0
ATLAS_EL_SF_Trigger_TOTAL_1NPCOR_PLUS_UNC(
ATLAS_EL_EFF_RECO
ATLAS_EL_EFF_PLVTIGHT_ISO

ATLAS_EL_EFF_ID

ATLAS Internal

Norm_VV

QmisID
ATLAS_TAUS_TRUEHADTAU_SME_TES_MODEL_C
ATLAS_MUON_SCALE
ATLAS_MUON_SAGITTA_RESBIAS
ATLAS_MUON_CB
ATLAS_MET_SoftTrk_Scale
ATLAS_MET_SoftTrk_ResoPerp
ATLAS_MET_SoftTrk_ResoPara
ATLAS_JET_PunchThrough_MC16
ATLAS_JET_Pileup_RhoTopology
ATLAS_JET_Pileup_PtTerm
ATLAS_JET_Pileup_OffsetNPV
ATLAS_JET_Pileup_OffsetMu
ATLAS_JET_JER_EffectiveNP_9
ATLAS_JET_JER_EffectiveNP_8
ATLAS_JET_JER_EffectiveNP_7
ATLAS_JET_JER_EffectiveNP_6
ATLAS_JET_JER_EffectiveNP_5
ATLAS_JET_JER_EffectiveNP_4
ATLAS_JET_JER_EffectiveNP_3
ATLAS_JET_JER_EffectiveNP_2
ATLAS_JET_JER_EffectiveNP_12restTerm
ATLAS_JET_JER_EffectiveNP_11
ATLAS_JET_JER_EffectiveNP_10
ATLAS_JET_JER_EffectiveNP_1
ATLAS_JET_JER_DataVsMC_MC16
ATLAS_JET_Flavor_Response
ATLAS_JET_Flavor_Composition
ATLAS_JET_Etalntercalibration_TotalStat
ATLAS_JET_Etalntercalibration_NonClosure_posEta
ATLAS_JET_Etalntercalibration_NonClosure_negEta
ATLAS_JET_Etalntercalibration_NonClosure_2018date
ATLAS_JET_Etalntercalibration_Modelling
ATLAS_JES_EffectiveNP_Statistical6
ATLAS_JES_EffectiveNP_Statistical5
ATLAS_JES_EffectiveNP_Statistical4
ATLAS_JES_EffectiveNP_Statistical2
ATLAS_JES_EffectiveNP_Statisticall
ATLAS_JES_EffectiveNP_Modelling3
ATLAS_JES_EffectiveNP_Modelling2
ATLAS_JES_EffectiveNP_Modelling1
ATLAS_JES_EffectiveNP_Mixed3
ATLAS_JES_EffectiveNP_Mixed2
ATLAS_JES_EffectiveNP_Mixed1
ATLAS_JES_EffectiveNP_Detector1
ATLAS_JET_BJES_Response
ATLAS_EG_SCALE_ALL
ATLAS_EG_RESOLUTION_ALL



ATLAS Internal

Norm_fake_Conv 2 102t 91001 14 1001 01 a7t 21 i-16] 26 | 05 1-104} 05
Norm_fake_HF_e

Norm_fake_HF_mu | -102: -80

Norm_fake_QED -368 . -7.8

TLAS_EL_EFF_PLVTIGHT_ISO

JTAL_1NPCOR_PLUS_UNCOR

ATLAS_FT_EFF_Eigen_B_0

ATLAS_FT_EFF_Eigen_C_0

ATLAS_FT_EFF_Eigen_Light 0

\S_JES_EffectiveNP_Modelling1

ZT_Etalntercalibration_Modelling

{TLAS_JET_Flavor_Composition

ATLAS_JET_Flavor_Response

ATLAS_JET_Pileup_OffsetNPV

TLAS_JET_Pileup_RhoTopology

S_MUON_EFF_PLVTIGHT_ISO

NUON_EFF_TrigSystUncertainty

ATLAS_PU_PRW_DATASF

QmisiD

VVj x-section PDF

VVj x-section QCD

WIZ x-section

hh_2|_TF_HF_CONV_E

hh_2|_TF_HF_E

hh_2|_TF_HF_MU

W x-section PDF

tW x-section QCD

HZ x-section QCD

mu_VVj
mu_Wz
w (hh) 99
> ° Fl a o o o o = < o > > > u o w aQ < w w o w Q a N =
i . B 2 8 &8 2 & 2 g &5 ¢ £ g8 g &5 % 5 8 & 2 4 2 5 8 8 f£ & £
S I L 2 ¢ o % 3 % & g £ 3 4 ¢ £ g ¢ 2 8 z £ J T 2 ¢ 3 3 =
o o I @ = Ed 5 g 3 ° 3 8 @ 2 8 I 8 < <] S 5 ? Q ! I S 5 5 £ E
g 2 2 s 3 2 2 g g 2 g 3 £ S x O 2 S s
s 2 g £ 9 4 & @& § 3 & & & B g § ! 5 3 A -
£ ¢ = g & 3 4 0 & LU s S 4 J & & 3 2 8 § ¥ & s B 2 8 38
3 E 3 e o+ & 2 & 0 8 g T o> 7 % | s % % £
5 g g 3 <
s = E 2 T oW oW o. e g s & 2 g 3 g i g = L = 32 3z 9
5 n o 1 | I 2 s 3 ] 3 W -2 > 3 ] £ H 2 =
z L g L E © § § m ¢ g E = & > B
u o9 o 0§ 5§ £ 4 & [ TR <
4 2 2 9 Y 2w 2 2 5 oz b5 =
= = 4 [} = (2} = o
o 4 E E 2 @& = 4 s 2 2 z &
2 2 < <= 2 5 4 < £ g 2 5 3
4 K E o v & < <= 3 J 2

4 Large correlations between QmisID and mu-fake, mu-hf-e, could due to large statistics and overconservative
uncertainty

< Try to decorrelate it between two regions to see which region is responsible.

< Try to decorrelate QmisID into three terms: Closure, statistical, Z-peak window ? Then constraint could
be reduced.

est correlation: muVVjj and VVjj x-section PDF, ngich Is understandable.



Selection cut 2¢SS 3¢ 3¢ W*Z CR for 2(SS
Trigger SL OR DL SL OR DL SL OR DL
TrigMatch Tight e or u v v
Ny ==2 ==3 ==3 (2¢ SS +1 type Loose)
Total charge +1 +1 +1
Lepton selection T (1: L3 T to: L, 61 5. T
low di-lepton mass veto | m(£{*¢*) > 12 GeV m(€te™) > 12 GeV m(itj) > 12 GeV (i, j € {0,1,2})
P, > 20 GeV 1 > 10GeV, £ 3 :> 15 GeV to > 10 GeV, 1 5 :> 20 GeV
T-veto v v v
b-veto v v v
Njets >2 >2 > 2
Z-veto - Imsros —91.2] > 10 GeV -
Z — y-veto - |my; —91.2] > 10 GeV |mp; —91.2| > 10 GeV
{{-pair - - > 1 OSSF pair
Z+jets selection - - Imsros —91.2| < 10 GeV
E]"fiss - - > 30 GeV

Table 17: 3¢ W*Z CR for the 2¢SS analysis, compared to the 3¢ and 2¢SS pre-selection.



