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Introduction

e 2 analyses with 2 different analysis strategies
* Both targeting 2 leptons in the final state without associated hadronic radiation (“2L0J")

Slepton production Charginos production
Unblinded on 19 February 2021 (link) Unblinded on 20 August 2021 (link)
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* Focusing into compressed mass spectra: Am(?, X{’),Am()(li,)(f) < 100 GeV
* Unblided very recently!
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https://indico.cern.ch/event/990895/contributions/4239989/attachments/2193413/3707664/unblind2L0J.pdf
https://indico.cern.ch/event/1062821/

Preselection Slepton production

* Preselection applied to both analyses

Variable Cut

Nos leptons =2

P4 > 27 GeV

p > 9 GeV

Myey > 11 GeV
Mjer—20 <2

Mpjet-20 =0
EX"significance >3

|mee — mz| > 15 GeV(for SF only)
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Slepton analysis
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Slepton analysis
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Slepton analysis
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« Cut&count optimization of statistical significance
1 2 MISS oimif vy * _
pT ) pT ) ET SlgnlflCanCe, m{f} pT,boost) COS 9{{ ) A¢'£)1, 'le A¢E%TLLSS’ [1 ~0
X1
Variable Cut l
njet—20 - L [T T e T T T T LT T T T T T %) AR AN IR AN I RS IR IS LR AR
nbjet—ZO — E, 10 g L% Vs=13TeV, L = 139 fb” i
Nos sr leptons = i 102 E
Py > 140 Gev rLAS v
pe > 20 GeV E :
T 10 =
E7 significance > 7 10 E :
3 .
Meg > 11 GeV i g
|mgg — mz| > 15 GeV 1 1
&t
p T,boost <5 GeV 5 ]
cos 67, <0.2 Va4 . S
3F— . gt ]
Ade e > 2.2 2= & o i
’ 1— — 1_ —
A¢E1‘Piss,t’1 >2.2 Q570 15 20 25 30 35 40 45 50 00702 03 04 05 06 07 08 09 i
Py lcosO |

2L0J 2nd Wave — Slepton analysis 6



Slepton analysis

p
b X1
e Cut&count optimization of statistical significance =
{1 2 EMISS cionifi 24 0%, A A , ) =
Pr,» Pt Er signiicance, Myey, Pt poostr COSUpp, ¢{’1, € ¢E,172u55, 24 e -0
/ X1
p
Variable Cut %) L L B L BN B N B IR %) LN BN B B B ELELELELE BUNLELEL BN E
g B V=13 TeV, L = 139 o' 7 :15; B Vs=13 TeV, L = 139 fo" _
> s gl:;\g d Model > Bl ?iaiggadModel
Njet-20 = e = E T o2 =" ~
Mbjet-20 = : SEE i —-iffEne 3
NOS SF leptons = L ATLAS Internal | : —» ATLAS internal :
p? > 140 GeV o _ oL :
pr > 20 GeV ; ;
E7 significance > 7 I § I |
Meg > 11 GeV 1 - = .
|mee — mz| > 15 GeV ] S
144 - 5 — > B .
p T,boost <5 GeV Nk - N©4ke -
cos 6, <0.2 3 y 3 y
21~ - 2= -
Adee P2 9 N) 1~ s 1 s
, O 05 1 15 2 25 3 35 4 Y05 1 15 2 25 3 35 4
A¢ =22
ET=61 ’ Ad (1) AD (ET))

2L0J 2nd Wave — Slepton analysis 7/



Slepton analysis
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Slepton analysis

p
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Slepton analysis

p
: . : : _ / vl
+  Shape fit on m10° Different binning choices have been studied, obtaining the e X1
a best performance using 5 GeV for the first 6 bins: -
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Slepton analysis

* Background estimation strategy based on a data driven technique to ' » )2(1)
. . -
estimate “flavour symmetric” (FS) backgrounds processes (e.g. processes G
like WW, tf, Wt and Z(— tt)+jets producing SF and DF lepton pairs with ~ <
-~
equal probabilities). / = 2(1)
Background Sleptons search p
ttbar data driven
Wt data driven e
Diboson WW/WZ - data driven
ZZ - Monte Carlo
Triboson Monte Carlo
Z+jets Z(ee,uu) - Monte Carlo
Z(tT) - data driven
Fake leptons Matrix method
Minor backrounds Monte Carlo

e Slepton signal is only SF: data driven background estimation technique
exploits data in the DF channel to predict the FS backgrounds in the SF
channel.
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Slepton analysis

p
* In principle, one could simply count the number of DF events in the SR l - )2?
(without the SF selection) to obtain the flavour symmetric background s
events in the SF channel. This, however, is only true at generator level. s
. )z()
e The particles are identified by a detector, and since electrons and muons D & +

have different identification, isolation, reconstruction and trigger
efficiencies, these differences have to be accounted for. Therefore, in

order to extrapolate the count of DF events to the estimate of SF ¢
background events, these efficiency differences between electrons and

muons must be taken into account and used to correct the DF count.

* Two different methods: the efficiency correction method (used as
default) and the transfer factor method (used as crosscheck)

* Before applying these methods, all the non FS backgrounds are
subtracted from the DF data events which are used to obtain the FS
background in the SF channel.

2L0J 24 Wave — Slepton analysis



Slepton analysis

p
- : / =54)
Efficiency correction method E X1
This technique consists in reweighting, on an event-by-event basis, for the (s
reconstruction, isolation, identification and trigger efficiencies. ~ o
o ~0
/ X1
p
- _ reco .reco _trig
Expected dieletron events Nee =N¢g& g, Epe s /

Expected dimuon events N,u,u =N8;ec08;ec08'z‘lg’

Expected emu events Nep _2N8reco ;ecogézlg’ «— Assuming DF production is twice the SF one
1 1
Nee = ENe,u —Q,
N 8trig8trig K
g = HHE a = ee HH 1
- — _ tri ' = —
Nee Ee:llg N.UIJ ) euK@,
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Slepton analysis

p
Efficiency correction method )2(1)
This technique consists in reweighting, on an event-by-event basis, for the
w,!
X1

/
reconstruction, isolation, identification and trigger efficiencies. B
( <
/

Expected dieletron events Neeé‘PeC’ed =05 % l XaXNpF
K

reconstruction, isolation,

expected
N identification efficiency

Expected dimuon events uu =05k XaX 4NDF/
1

Total expected events NExpected _ g 5 5 (K + —) XaXNpr

K

SF \/ trig trig ) L.
\ _ N®ee ®up  trigger efficiency
04 trig ‘
Eep

Assuming DF production is twice the SF one
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Slepton analysis

p
- : / =54)
Efficiency correction method E X
This technique consists in reweighting, on an event-by-event basis, for the (s
reconstruction, isolation, identification and trigger efficiencies. ~ <
el ~0
/ X1
p
reconstruction, isolation,
identification efficiency ¢
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/
Slepton analysis p ) :
24
l _ - X1
Efficiency correction method :
This technique consists in reweighting, on an event-by-event basis, for the i S5
reconstruction, isolation, identification and trigger efficiencies. ( X1
p
/
reconstruction. isolation Differences driven by the low pﬁl region
identification e’fficiency ’ At high pf}, the k factors calculated agree
in the different pseudo-rapidity regions
2 I ey E
Reconstruction efficiencies can depend on the pseudo- e = -
rapidity region where the leptons reach the detector A fit performed in 1.45 -
1.2
every |n| region i
MC (FS) Data 7 g.g;
Inclusive n K 1.1576 £ 0.0014 | 1.1942 + 0.0043 K(p?) — b + 7 g.gi
In| <0.1 xeentral 0.8509 + 0.0042 0.852 +£0.013 p 1 1}2, e .
In| <1.05 kbar=bar | 10352 +0.0029 | 1.0655 + 0.0089 r e
In| >1.05 xend=end | 138526 +0.0042 | 1.440+0.010 <§‘)-g§
gbar-end | 11947 +0.0020 | 1.2198 + 0.0061 < 09 E
0.8 5 e 3
" p. (GeVT
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Slepton analysis

p
&)
5,, X1
« . . -
Efficiency correction method .
This technique consists in reweighting, on an event-by-event basis, for the TR “n
reconstruction, isolation, identification and trigger efficiencies. [7 X1
Y
Variable | Cut /
trig trig
See “up Trigger efficienc geal <2
a = trig ' 8 Y Nos sF leptons =2
Eeu ok > 30 GeV .
o > 20 GeV Tighter cuts to ensure the
pss > 230 «——— plateau of p; /MET triggers
Mep > 11 GeV
Im[{ = mz| > 15 GeV
| MC Data | Data SUSY16
PR 0.9915 +0.0019 | 0.9945 + 0.0039 | 0.9797 + 0.0041
VMETitrig and singlepTrig e 0.9791 +0.0027 | 0.9803 + 0.0080 | 0.9119 + 0.0086
£lrig — g1 0.9879 +0.0012 | 0.9865 + 0.0045 | 0.9571 + 0.0041
= NMET wig @ 0.9973 + 0.0021 1.0008i§;§§§§ 0.9876’:§:§§2
aber=bar 10,9968 + 0.0035 1.006t8;8lg 0.962+0-01
aend=end | 0.9902 + 0.0048 1.010t8;8;8 1.01088%3@%3
abar-end | 0.9996 +0.0031 |  0.992+0010 1,00) 2000
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Slepton analysis

p
) <0
5,, X1
o e . -
Efficiency correction method .
This technique consists in reweighting, on an event-by-event basis, for the TR “n
reconstruction, isolation, identification and trigger efficiencies. [7 X1
Y
trig trig l
E E
— e __oF Trigger efficiency
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Slepton analysis p

) =0
5” X1
Efficiency correction method .
This technique consists in reweighting, on an event-by-event basis, for the TR 15
reconstruction, isolation, identification and trigger efficiencies. [7 X1
Y
trig trig
_ et e
a = LITig - Trigger efficiency 5 1. QUET
eu - + ]
1.02]- v =
g 13— 1:—++ T .
© L = - =
o B uudata - B
_ Q 120 Egﬁﬁlgéi ] Trigger efficiency correction 0'985 :
MC/data trigger g : Egmg . a calculated for data (black) 096 o E
also showing good ] MC includes: t€, Wt, Z(-> t1)  o.gof E
agrgerpent within S e & + jets, VV, VWV and fakes. N
Stat'St'C?I o 0.9 AR The bottom frame shows the 148 ' ' ' T
uncertainties in ' ] a values normalised to data. €105 g i
— . . O L2
”}e whole 0.85 ; The uncertainties are 20951_?/%%” Y,
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Slepton analysis ' L

ok =0
. — / X1
Systematic uncertainties p E:

Uncertainty on a: difference between data and MC global trigger efficiencies, combined with their statistical ¢

uncertainty, assuming they are uncorrelated among flavour channels.
Uncertainty on k. Difference between the global k factors calculated in the different |n| regions to cover small
data-MC deviations.

SF backgrounds yields using pfil as the fitting variable gives differences below 1%. Therefore we consider an
additional 1% uncertainty on the choice of pf} as the fitting variable.

Uncertainty on the fit function K(p?). The fit parameters (a, b) are varied by their uncertainty keeping the
other parameter fixed. After the variations, the background yield changes by A,, A,. The variance is then given

by
— AT AR 1 Ci2) [Ar
a-—ACA_(AlAz)(Cu 1)(A2)

where Cis the covariance matrix given by the fit, and C;, are the off-diagonal values of C. The uncertainty on
the predicted yields is then the square root of the variance.

All these systematic uncertainties range from 1 to 2% in the final yield estimate, considering also data-MC
agreement in the VRs, end up with a 10% overall uncertainty on the background estimate.
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Significance

Slepton analysis

Pullplots
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Slepton analysis i W
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Cl1Cl WW analysis
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Cl1Cl WW analysis

* Analysis strategy based on machine learning techniques
e BDT training with gradient boosting (LightGBM framework) based
on full reconstructed background samples and AtlFast Il signal
samples with Am(xi, ¥?) = 90 or 100 GeV.

Y : s e e
* Input features: p;', p;°, E7*°, E7Y° significance, myy, myy,

Ad)boost! A(,bE,Imiss'{,l A(,bE%niss’{,Z, cos 9;{;
e Multiclass classification with 4 output categories: BDT signal, BDT

\V, BDT Top, BDT others, for DF and SF separately. l
DFO) SFOJ

Output'4probabi|ities (sum 0 ‘o L B R I B | |||||.||||||||.||>— 0 6 T T[T T T T[T T T T [TTTT] |||n||||..|||||||||
‘ 8 10° F amasimena “immms S | 8 10° F ariasiena —mines Do
o 13 TeV, 138.9 b _ e 1o 2w o 13 TeV, 138.9 0™ _ o rioe. e
to I ) < 10 oo presis — signal (125,25) (3090.7) Fakes (35.6%) < 10t Shalpres — signal (125,25) (2443.2) Faltes (3.0%)
%) SUSY2L0J_v15 — signal (150,50) (1623.1) Z(rr)+jets (11.6%) n SUSY2L0J_v15 — signal (150,50) (1281.4) Z(r)+jets (1.9%)
BDT . | - 201518 data vs. mc16a+d+c X SM stat (121159.2) Triboson (0.0%) - 2015-18 data vs. mc16a+d+e % SM stat (721428.0) Triboson (0.0%)
signal score c 5 W Z(ee/up)+iets (0.1%) c o W Z(ee/up)+iets (87.7%)
g 10 other (2.4%) ﬂ>) 10 other (0.3%)
1} L

-
Q
>
-
(=}
ES

102 102

BDTVV score

Event - BDT

| I|IIII|IIIIIIII||IIIIIII|III
BDT top score Cutright, Z(s = 3,b = 1, A b/b = 20%)

I|IIII|IIII|IIIIIIII|IIII'III
Cutright, Z(s =3, b = 1, A b/b = 20%) 1

LIS

0 0
0 0102 03 04 05 06 07 08 09 1 0 0102 03 04 05 06 0.7 08 09 1
BDT signal BDT signal

Il
Significance Z
B T
E P

Significance Z

BDT other score
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Cl1Cl WW analysis

v
* Background normalization strategy based on CRs )2(1)
e 2CRs(CR_VVandCR_Top)
* 2 normalization factors /iy, (/;,, estimated in CRs to control VV and )2(1)
Top (Top=ttbar+Wt) backgrounds
e Background estimation validated in VRs and propagated in the SRs v
through transfer factor approach.
(@]
w
-8 Initial predicted Normalized Background extra-
E background background polated to SR o
v 8 c.8
B > = Transfer @ E’
e CR1 c & CR1 ransfe SR 1 3
'-f-—) o factor g '8
coo e [ ES |emfpr o0co @ ocoo el |32
© = 0
CRN E2 CRN SRN =l
| z €9
I Transfer* *
@@2 - : D factor
|
- @.@g} d VRQ VR 1 Signal
CRIL [==---- : M background ftresutt . © © O
|
1 VR N

observable 1
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Cl1Cl WW analysis
CR_Top

CRS If DF, 0.5 < Signal BDT score < 0.7
If SF, 0.7 < Signal BDT score < 0.75, BDT others < 0.01
Purity: 98%
Signal contamination < 0.6%

nbjet
1 VR_Top_DF1J
VR_Top _SF1J
VR_VV_DFO0)
VR_VV_SF0J
VR_Top_DFOJ
0 VR_Top_SFO)

Signal BDT score
CR_VV
0.2 < Signal BDT score < 0.65
BDT top < 0.1, BDT VV >0.2
and if SF: BDT others < 0.01
Purity: 78%
Signal contamination < 7%

Estimated scale factors:
UTop = 1.058 + 0.026

table.results.yields channel

CR_Dib

CR_-Top

Observed events

632

4468

Fitted bkg events

632.00 £ 25.13

4468.18 £ 66.85

Fitted FNP events
Fitted Wt events
Fitted Zjets events
Fitted Zttjets events
Fitted VV events
Fitted other events
Fitted VVV events
Fitted ttbar events

0.0175:37
39.31 +£4.99
1.43+367

0.00 £+ 0.00
521.69 + 27.37
1.66 £+ 0.36
0.14+0.01
67.77 £ 8.07

0:01+,1°
1121.45 + 62.41
0.00 & 0.00
0.00 = 0.00
69.66 + 12.28
29.22 + 3.77
0.06 & 0.01
3247.78 + 81.31

MC exp. SM events 480.61 £+ 15.70 4210.16 £ 77.41
MC exp. FNP events (111 et 0.01
MC exp. Wt events 37.16 + 5.23 1060.21 4 75.92
MC exp. Zjets events 1438590 0.00 £ 0.00
MC exp. Zttjets events 0.00 £ 0.00 0.00 £0.00
MC exp. VV events 376.15 £+ 9.28 50.23 + 7.42
MC exp. other events 1.66 + 0.36 29.22 +3.79
MC exp. VVV events 0.14+0.01 0.06 £ 0.02
MC exp. ttbar events 64.07 £ 8.15 3070.44 + 14.17
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CRs

Events
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Data/SM
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Top VRs defined in the 1J channel as the CR_Top

O 1 C 1 U U U U a;na;].YSiS 0.7< S\i/:rTz-arlog[;'?z:):re <1,
VRS nbjet VR_Top_SF1J:

0.75 < Signal BDT score < 1, BDT others < 0.01

VR _Top_DF1
VV VRs defined between VV CR and SRs1 VR—T;’S— o 1j
.VR—VV—DFOJ: - Top VRs defined in the OJ channel to allow
T SI'D(STS < Slgn<a(I)BlDI/\s/c§Ir)eT< 0'81'> 0.2 e, the extrapolation of the top scale factor to
°p score <t score > 8. VR VWV SEOJ the SRs, where njet=0
T VR_Top_DFO0IJ:
VR_VV_SFOJ: VR_Top_DFO) , —'op_
0.65 < Sienal BDT score < 0.77 0 VR_Top_SFO! 0.5 < Signal BDT score < 0.81 BDT VV <0.15
' g /s VR_Top_SFOJ:

Top BDT score < 0.1, VV BDT score > 0.2,

Signal BDT score 0.5 < Signal BDT score < 0.77,

BDT others < 0.01
BDT VV < 0.15 and BDT others < 0.01
table.results.yields channel VR _Dib_DF0J VR_Dib_SF0J VR_Top_DF1J VR _Top_SF1J VR _Top_DF0J VR _Top_SF0J
Observed events 972 593 1910 95 810 17
Fitted bkg events 938.50 = 59.54 662.15 + 77.65 1900.47 + 88.68 101.57 + 8.88 874.88 + 46.37 17.37+3.71
Fitted FNP events 0.011238 7.79 £ 3.95 0.01757° 4.23+1.21 20.47 +8.19 0.0519-52
Fitted Wt events 91.65 £ 13.56 73.34 £10.76 501.22 + 45.95 27.02 £ 4.54 163.90 + 16.26 3.40 £ 0.48
Fitted Zjets events 0.00 £ 0.00 67.53 £ 35.27 0.02 £0.00 0.047969 0.00 + 0.00 0.00 £ 0.00
Fitted Zttjets events 0.00 £ 0.00 0.24+0.20 0.00 £ 0.00 0.00 = 0.00 0.50 £ 0.35 0.00 = 0.00
Fitted VV events 732.70 £ 51.65 403.10 £ 49.36 32.37 +12.87 2.23+1.84 431.18 £ 32.22 8.18 £ 2.60
Fitted other events 0.99 £0.26 1.16 +£0.32 13.56 +£1.91 0.75 £ 0.22 3.53£0.75 0.05£0.01
Fitted VVV events 0.06 £ 0.01 0.09 + 0.01 0.03 +0.01 0.00 = 0.00 0.16 £ 0.01 0.01 +0.00
Fitted ttbar events 113.09 + 14.23 108.90 + 13.22 1353.26 + 59.24 67.31 £ 7.66 255.15 £ 21.71 5.70 + 1.47
MC exp. SM events 722.91 £ 46.71 539.74 £ 70.02 1790.17 + 102.09 95.80 £9.35 731.70 + 43.97 14.59 + 2.92
MC exp. FNP events 0i01F2:2 7.79 £ 4.12 0.0115-01 4.23+1.27 20.47 + 8.56 0.05%%:35
MC exp. Wt events 86.65 & 14.05 69.34 £11.15 473.85 £ 50.90 25.54 + 4.68 154.95 + 17.65 3.21+0.46
MC exp. Zjets events 0.00 £ 0.00 67.53 £ 35.49 0.02 £0.00 0041552 0.00 + 0.00 0.00 £ 0.00
MC exp. Zttjets events 0.00 £ 0.00 0.24+0.21 0.00 £ 0.00 0.00 £ 0.00 0.50 £ 0.36 0.00 = 0.00
MC exp. VV events 528.29 + 27.82 290.64 + 30.31 23.34 +£9.27 1.61+1.31 310.88 +15.17 5.90 + 1.81
MC exp. other events 0.99 £0.26 1.16 +£0.32 13.56 +1.92 0.75 £ 0.22 3.53£0.75 0.05 £ 0.01
MC exp. VVV events 0.06 £ 0.01 0.09 + 0.01 0.03 £0.01 0.00 = 0.00 0.16 £ 0.01 0.01 +0.00
MC exp. ttbar events 106.91 + 14.14 102.95 +13.30 1279.36 + 60.82 63.63 £ 7.29 241.21 £22.41 5.39 + 1.42
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nbjet

Cl1Cl WW analysis -

VR_Top_DF1J
VR_Top _SF1J

16 DFOJ SRs

S VRWSF0 . : el
R’S 0 VR_Top 3701 starting from BDT signal > 0.81 ié
Signal BDT score -

v

* Shape fit to enhance sensitivity. SRs binned in BDT signal score.

table.results.yields channel SR_DF0J_81_8125 SR_DF0J_8125_815 SR_DF0J_815_8175 SR_DF0J_8175_82 SR_DF0J_82_8225 SR_DF0J_8225_825 SR_DF0J_825_8275 SR_DF0J_8275_83

Observed events 29 41 32 35 27 31 30 30
Fitted bkg events 31.55 + 4.81 38.54 + 12.49 27.50 % 8.59 28.31 4 7.60 36.40 + 7.19 24.37 4 6.01 29.20 + 5.90 27.80 + 5.94
Fitted FNP events 2.1340.30 3.50 + 0.41 0.0155:9¢ 0.0155:87 6.47 + 0.76 1.35 +0.47 1.65 4 0.57 0.015538
Fitted Wt events 5.10 £1.23 7.06 £ 1.76 2427555 6.52 +1.18 4.36 £1.29 3.82+1.97 4.53+£0.93 3.76 £ 1.15
Fitted Zjets events 0.00 = 0.00 0.00 % 0.00 0.00 £ 0.00 0.00 % 0.00 0.00 % 0.00 0.00 % 0.00 0.00 % 0.00 0.00 % 0.00
Fitted Zttjets events 0.00 = 0.00 0.00 % 0.00 0.00 % 0.00 0.00 % 0.00 0.00 + 0.00 0.00 % 0.00 0.00 + 0.00 0.00 % 0.00
Fitted VV events 16.80 £ 4.16 20.51 + 11.86 17.43 £ 4.62 14.15+7.05 18.56 & 6.21 13.75 £ 3.83 16.82 + 4.66 15.79 £ 4.26
Fitted other events 0.04190% 0.0579 02 0.051902 0.16 £ 0.15 0.0579 97 0.051908 0.05 = 0.01 1.70 + 0.20
Fitted VVV events 0.01 4 0.00 0.00 % 0.00 0.01 4 0.01 0.017901 0.007500 0.01 +0.01 0.01 4 0.01 0.01 +0.01
Fitted ttbar events 7.48 + 2.58 7.42 +2.29 7.58 + 6.38 7.47+1.95 6.96 + 2.92 5.39 + 2.49 6.14 +2.57 6.53 £ 2.34
MC exp. SM events 26.18 + 3.96 32.02 +9.42 22.09 + 7.67 23.60 £ 5.91 30.61 + 5.70 20.03 £ 5.05 23.92 + 4.76 22.84 + 4.86
MC exp. FNP events 2.13£0.31 3.50 £ 0.42 0.0120:07 0.0175:5% 6.47 £0.79 1.35 +0.49 1.65 £ 0.60 0.011989
MC exp. Wt events 4.82+1.19 6.67 +1.74 2.29%215 6.17 +1.16 4.12+£1.28 3.61 +1.90 4.28 +0.92 3.55+ 1.1
MC exp. Zjets events 0.00 = 0.00 0.00 % 0.00 0.00 £ 0.00 0.00 % 0.00 0.00 £ 0.00 0.00 = 0.00 0.00 £ 0.00 0.00 = 0.00
MC exp. Zttjets events 0.00 £ 0.00 0.00 % 0.00 0.00 £ 0.00 0.00 % 0.00 0.00 % 0.00 0.00 % 0.00 0.00 % 0.00 0.00 % 0.00
MC exp. VV events 12.11 £2.87 14.79 £ 8.63 12.57 £ 3.22 10.20 £ 5.17 13.38 £4.39 9.91 + 2.76 12.12+3.29 11.39 £ 3.04
MC exp. other events 0.0435:5 0.05+0:95 0.05+0:92 0.16 £0.16 0.05+0-07 0.05+0:99 0.05 £ 0.01 1.70 4 0.20
MC exp. VVV events 0.01 + 0.00 0.00 + 0.00 0.01 +0.01 0.011991 0.0074:05 0.01£0.01 0.01 £ 0.01 0.01 +0.01
MC exp. ttbar events 7.07 +£2.48 7.01 +£2.21 7.16 £ 6.07 7.06 + 1.87 6.58 £ 2.79 5.10 +2.37 5.81 + 2.46 6.17 +2.24
table.results.yields channel SR_DF0J_83.8325 SR_DF0J_8325_835 SR_DF0J_835_8375 SR_DF0J_8375_84 SR_DF0J_84.845 SR_DF0J_845_85 SR_DF0J_85_86 SR_DF0J_86
Observed events 24 29 19 20 34 27 34 35
Fitted bkg events 29.66 + 11.63 23.39 +9.14 25.96 + 9.84 25.87 + 6.08 30.42 + 7.99 30.11 +9.26 36.89 + 7.12 26.43 + 8.51
Fitted FNP events 2.324+1.21 0.43 £ 0.43 4.26 +1.19 6.05 % 0.60 0.93 +£0.72 4.59 +0.65 2.15 % 0.56 0.0910:35
Fitted Wt events 3.83 +2.40 2.467254 3.36 +1.29 2.27 +0.65 4.55 +1.29 2.58 +1.10 5.27 +2.35 2.95 +2.37
Fitted Zjets events 0.00 = 0.00 0.00 % 0.00 0.00 % 0.00 0.00 % 0.00 0.00 % 0.00 0.00 % 0.00 0.00 % 0.00 0.00 % 0.00
Fitted Zttjets events 0.00 £ 0.00 0.00 = 0.00 0.00 = 0.00 0.00 % 0.00 0.00 % 0.00 0.00 % 0.00 0.00 % 0.00 0.00 % 0.00
Fitted VV events 18.71 £10.93 15.72 £ 8.35 14.40 £ 8.98 13.98 £5.58 17.95 £ 7.40 17.99 £ 8.03 22.81 +6.77 19.23 £6.51
Fitted other events 0.06 = 0.06 0.19+0.10 0.0370:05 0.0175:0% 0.12 +0.08 0.00 = 0.00 0.11 4+ 0.04 0.12 £+ 0.02
Fitted VVV events 0.00 = 0.00 0.01 % 0.00 0.01 % 0.00 0.00 % 0.00 0.01 % 0.00 0.00 % 0.00 0.01 % 0.00 0.01 % 0.00
Fitted ttbar events 4.73 +£2.10 4.58 +£1.09 3.90 +1.16 3.56 +1.24 6.86 + 2.13 4.94+2.12 6.55 + 2.17 4.02 +£2.16
MC exp. SM events 23.98 £ 8.71 18.62 + 6.96 21.54 + 7.42 21.65 + 4.57 24.79 £ 6.13 24.68 £ 7.20 29.89 + 5.58 20.68 % 6.90
MC exp. FNP events 2.32+1.27 0.43704% 4.26 +1.24 6.05 £ 0.61 0.93 £ 0.75 4.59 £ 0.67 2.15 +0.58 0.0979:32
MC exp. Wt events 3.62 +2.29 2337571 3.17+1.27 2.15 + 0.64 4.30 +1.28 2.44 +1.07 4.98 +2.27 2.79 +2.25
MC exp. Zjets events 0.00 = 0.00 0.00 % 0.00 0.00 % 0.00 0.00 % 0.00 0.00 %+ 0.00 0.00 % 0.00 0.00 + 0.00 0.00 % 0.00
MC exp. Zttjets events 0.00 £ 0.00 0.00 = 0.00 0.00 = 0.00 0.00 = 0.00 0.00 % 0.00 0.00 % 0.00 0.00 % 0.00 0.00 % 0.00
MC exp. VV events 13.49 £ 7.84 11.33 £5.99 10.38 £ 6.46 10.08 £ 4.02 12.94 £5.29 12.97 £ 5.89 16.44 £+ 4.80 13.87 £4.81
MC exp. other events 0.06 £ 0.06 0.19 £ 0.10 0.031903 0.01790% 0.12 £ 0.08 0.00 £ 0.00 0.11+0.04 0.12 £ 0.02
MC exp. VVV events 0.00 = 0.00 0.01 + 0.00 0.01 % 0.00 0.00 % 0.00 0.01 % 0.00 0.00 % 0.00 0.01 % 0.00 0.01 % 0.00
MC exp. ttbar events 4.48 +2.02 4.33+£1.04 3.60 +1.11 3.36 +1.18 6.49 + 2.04 4.67 +2.02 6.19 + 2.08 3.80 + 2.06
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ClCl WW analysis

VR_Top _SF1)

S R S VR_VV_DFO)
VR_VV_SF0J

: s — 8 BFOJ SR
o starting from BDT signal > 0.77
requiring BDT others < 0.01

Signal BDT score

* Shape fit to enhance sensitivity. SRs binned in BDT signal score.

table.results.yields channel SR_SF0J_77_775 SR_SF0J_775.78 SR_SF0J_78.785 SR_SF0J_785.79 SR_SF0J_79_795 SR_SF0J_795_80 SR_SF0J_80.81 SR_SF0J_81
Observed events 34 23 20 19 15 10 15 7
Fitted bkg events 31.47 + 5.04 28.73 + 5.60 28.80 + 9.41 20.42 + 7.18 16.38 £ 6.13 15.19 + 3.92 15.05 + 5.16 12.05 + 4.13
Fitted FNP events 0.0145:22 1414028 0.01+0:10 0.01+9:92 1114031 0.01+9:97 0.01+0:32 0.01+0:02
Fitted Wt events 3.23 + 1.17 3.20 +1.25 4.18 + 1.54 1.91+1.10 1.73 £0.78 2.13 4+ 0.88 0.96 + 0.63 0.93 +0.32
Fitted Zjets events 1577188 0.5674:3% 3.66 & 2.47 118242 277+ 1.66 1.35 4 0.30 1.0911-38 270+ 2.48
Fitted Zttjets events 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00
Fitted VV events 20.88 + 3.54 18.91 + 4.22 18.17 + 8.24 14.27 + 3.95 8.12 + 4.47 9.78 + 3.23 10.82 + 4.51 7.35 4+ 2.12
Fitted other events 0.0170:03 0.11 £ 0.01 0.08 + 0.04 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00 0.02 + 0.00 0.00 + 0.00
Fitted VVV events 0.01 + 0.00 0.00%0:09 0.00 + 0.00 0.00 % 0.00 0.00%5:09 0.00 % 0.00 0.00 % 0.00 0.00 + 0.00
Fitted ttbar events 5.76 4 2.05 4.54 + 1.70 2.69 £ 1.72 3.04750% 2.65 +2.46 1.92 +1.11 2.15 4 2.07 1.04 + 0.54
MC exp. SM events 25.15 + 4.43 23.03 + 4.59 23.35 + 7.43 16.17 + 6.46 13.87 £ 5.14 12.24 + 3.17 11.86 + 4.02 9.89 + 3.72
MC exp. FNP events 0.0176:3 141 £0.29 0.0175:3} 0.0175:92 1114031 0.0175:97 0.01+9:8% 0.0173:92
MC exp. Wt events 3.05 + 1.14 3.02 4+ 1.20 3.95 + 1.50 1.81+1.05 1.64 £ 0.75 2.01 4+ 0.85 0.91 4+ 0.60 0.88 + 0.32
MC exp. Zjets events 1570130 0.5515:22 3.66 +2.49 1.181318 2.77 £ 1.67 1.35 £ 0.30 1.091157 2.70 £ 2.50
MC exp. Zttjets events 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00
MC exp. VV events 15.05 + 2.50 13.64 + 3.15 13.10 + 5.84 10.29 + 2.87 5.85 + 3.22 7.05 + 2.42 7.80 + 3.24 5.30 4 1.50
MC exp. other events 0.0179:0% 0.11£0.01 0.08 = 0.04 0.00 + 0.00 0.00 = 0.00 0.00 + 0.00 0.02 + 0.00 0.00 = 0.00
MC exp. VVV events 0.01 + 0.00 0.00+0:09 0.00 + 0.00 0.00 £ 0.00 0.00%5:09 0.00 £ 0.00 0.00 £ 0.00 0.00 + 0.00
MC exp. ttbar events 5.45 4 1.95 4.30 + 1.62 2.54 + 1.64 2.877481 2.50 + 2.34 1.81 4 1.05 2.03 4 1.97 0.99 + 0.51
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Cl1C1l WW analys

Bkg-only fit pullplot (using ATLAS recommended formula for the significance).

All pulls < 1, the largest one occurs to be in a VR.
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Cl1C1l WW analysis

Correlations

alpha_CKKW_VV

alpha_EL_EFF_ID
alpha_FNP_TOTAL_SYS
alpha_FT_EFF_B

alpha_FT_EFF_Light

alpha_JER1

alpha_JER6
alpha_JET_EffectiveNP_Modelling1_Mixed1
alpha_JET_Flavor_Composition
alpha_JET_Flavor_Response
alpha_JET_Pileup_OffsetMu
alpha_JET_Pileup_OffsetNPV
alpha_JET_Pileup_RhoTopology
alpha_MET_SoftTrk_Scale
alpha_MUON_EFF_ISO_STAT
alpha_RenormalizationFactorization_VV
alpha_Renormalization_VV
gamma_stat_CR_Dib_cuts_bin_0
gamma_stat_CR_Top_cuts_bin_0
mu_VV

mu_top
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* Fit parameters for exclusion chargino point 100 _10.
* Found some pulling and profiling, especially for the theorethical uncertainties
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An analysis searching for new physics phenomena typically sets model-independent upper limits on the number of
events beyond the expected number of events in each SR. In this way, for any signal model of interest, anyone can

estimate the number of signal events predicted in a particular signal region and check if the model has been excluded
by current measurements or not.

Setting the upper limit is accomplished by performing a model-independent signal fit. For this fit strategy, both the
CRs and SRs are used, in the same manner as for the model-dependent signal fit. Signal contamination is not allowed
in the CRs, but no other assumptions are made for the signal model, also called a “dummy signal” prediction. The SR
in this fit configuration is constructed as a single-bin region, since having more bins requires assumptions on the
signal spread over these bins. The number of signal events in the signal region is added as a parameter to the fit.
Otherwise, the fit proceeds in the same way as the model-dependent signal fit.

The model-independent signal fit strategy, fitting both the CRs and each SR, is also used to perform the background-
only hypothesis test, which quantifies the significance of any observed excess of events in a SR, again in a manner
that is independent of any particular signal model. The background-only hypothesis test quantifies the significance of
an excess of events in the signal region by the probability that a background- only experiment is more signal-like than
observed, also called the discovery p-value. The probability of the SM background to fluctuate to the observed
number of events or higher in each SR has been capped at 0.5.



Slepton analysis p :

=0
* For the model independent limits, 10 inclusive regions have been defined. ff' .
* Each fit will only include a single inclusive bin. The inclusive regions are defined, using the R som
m19° variable, asking for: m73° > 100, m39° > 110, m13° > 120, m79° > 130, m33° > 140. . AN .
Signal region  Observed Expected (€)X [fb] S, S CLg p(s=0)(2) /

stjége[mo’w) 58 77.52 + 13.31 0.12 17.0  25.711%0  0.12  0.93 (-1.51)

SR?;i%emo,m) 39 60.00 + 10.77 0.09 13.0 20.9%7%  0.05 0.98(-2.07)

SR%G[IZW 30 40.92 + 8.74 0.10 133 18.67%% 0.17 0.94(-1.53)

SRf'j:gge[mm) 23 26.12 + 6.32 0.10 139 153*%5 038 0.80(-0.84)

SR%GMM 7 9.35+3.39 0.06 7.7 86737 036 0.82(-0.92)

SR,I,;jfgge[mo,w) 82 74.81 + 13.44 0.27 370 31.05%° 0.69  0.28(0.59)

SR,I,;jfgf)e[uo,m) 39 49.35+16.99 0.17 240 27483 032 0.93(-1.46)

SR;EEGUZO,M) 12 17.45 +5.31 0.07 9.2  11.5%3% 024 0.98(-2.09)

SR’:@G[BOM) 2 6.83 +2.71 0.03 42 608 011 0.57(-0.17)

SRZ;;E;G[MM 0 2.36 + 1.52 0.02 30 35%,% 014 055(-0.12)

Table 54: Left to right: observed yields, expected yields, 95% CL upper limits on the visible cross section ({(c)?> )

obs

and on the number of signal events (Sggs ). The third column (ngp) shows the 95% CL upper limit on the number of
signal events, given the expected number (and +10 excursions on the expectation) of background events. The last
column indicates the discovery p-value (p(s = 0)). The p-value is reported as 0.5 if the observed yield is smaller

than the predicted.

2L0J 2rd Wave — CIC1IWW analysis



Cl1Cl WW analysis

* Alooser region discovery (SRD_DF0OJ 81 SFOJ_77) with higher statistics including all the
bins for the binned exclusion fit.

* Tighter regions are defined by taking BDT signal > 0.81 for DFOJ and > 0.77 for SFOJ which P
correspond to the significance peaks.

ey o)
=0 =O

Signal channel (€0} [fb] 82 82, CLpg p(s=0) (2)
SRD_DF0J_81_SF0J_77 1.09 150.8 1.5, 008 0.47 0.50 (0.00)
SRD_DF0J_81 0.82 114.3 108.7731 7 0.55 0.44 (0.16)
SRD_DF0J_82 0.57 78.9 82,3732 0.45 0.50 (0.00)
SRD_DF0J_83 0.40 55.1 598192 0.41 0.50 (0.00)
SRD _DF0J 84 0.30 42.0 38,540 0.61 0.37 (0.32)
SRD_DF0J_85 0.23 32.0 28515 ° 0.65 0.33 (0.43)
SRD _SF0J_77 0.57 79.5 106,224 0.25 0.50 (0.00)
SRD_SF0J 78 0.45 62.6 THa 0.22 0.50 (0.00)
SRD_SF0J_79 0.24 33.6 86.7tc 2 0.26 0.50 (0.00)
SRD_SF0J 80 0.14 19.9 204135 0.30 0.50 (0.00)

Table 1: Left to right: 95% CL upper limits on the visible cross section ((ec)%.) and on the number of signal events (S,
). The third column (533,,) shows the 95% CL upper limit on the number of signal events, given the expected number (and
+10 excursions on the expectation) of background events. The last two columns indicate the CLp value, i.e. the confidence

level observed for the background-only hypothesis, and the discovery p-value (p(s = 0)).
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Summary & outlook

e Slepton & C1C1 analyses
e Both analyses unblinded and fit results presented to the SUSY WG
e Data compatible with SM expectations
* No significant data excess in the slepton analysis

* No significant data excess in the C1C1 analysis (with all pulls < 1, the largest one occurs to be
in a VR).

* Observed exclusion limits slightly extending the previous ones.

* Both analyses are still wip and targeting SUSY WG Approval:
* theory uncertainty for signal to be implemented
e preparation of paper draft
* recast workflow
e provide material for combination
e provide material for HEP-data

Search for electroweak production of dark matter particles in compressed mass spectra 41



Backup

Search for electroweak production of dark matter particles in compressed mass spectra, 42



Definition of analysis variables

. pﬁl: the transverse momentum of the leading lepton

. pﬁz: the transverse momentum of the subleading lepton

* my,: the invariant mass of the two leptons

* Ay, ¢, the azimuthal angular separation between the two leptons

. A(pE%niss,{,l: the azimuthal angular separation between EX**5S and the leading lepton

*  piihoost: the module of the vectorial sum of the pr of the two leptons and the EJ*SS

* mqp,"X, the stransverse mass as defined in [1, 2] with my the mass of the invisible particles
* cos B}, = cos(2 tan"t(e’"¢¢/2)) = tanh (e’7¢¢/2), sensitive to the spin of the particles [3]

* Adpyost: the azimuthal angular separation between E}Tliss and the vectorial sum of the two leptons p; and the E}”iss

Search for electroweak production of dark matter particles in compressed mass spectra, 43


https://arxiv.org/abs/hep-ph/9906349
https://arxiv.org/abs/1908.08215
https://arxiv.org/abs/hep-ph/0511115

Systematic pulling and profiling

Pre-Fit
® The fits that we do don't only
change normalizations Unc. 1 ®
® They also “profile uncertainties” =0
® They change the prediction within Post-Fit
its uncertainties to better match Pull
the data (pulling) vne. 1 o
-1 0 +1
® They test the uncertainties for
(in)consistency with the data and Post-Fit
automatically reduce uncertainties Profiling
that are demonstrably “too large” Unc. 1
to be allowed (profiling) -1 0 +1

Events

Events

In simple cases, it’s clear
what happens

Pre-fit Post-fit e Data
4 i BG
0 -
""""" = i _iSignal
o
>
L
SR1 SR2 SR1 SR2

149

But there are some cases where the
outcome is the opposite of what
one would expect. Particularly when
the signal doesn’t evenly populate
bins and some signal region is
constraining the background.

Post-fit e Data

Events

Search for electroweak production of dark matter particles in compressed mass spectra

44



Slepton analysis p )
£ . %
Efficiency correction method :
This technique consists in reweighting, on an event-by-event basis, for the i 35
reconstruction, isolation, identification and trigger efficiencies. 14 X1
p
/

reconstruction, isolation,
identification efficiency

A fit performed in K(p?) = b+ i

every |n| region pfl
Reconstruction efficiencies can depend on the pseudo- T

rapidity region where the leptons reach the detector

MC (FS) Data a Central = 16238 d BarEnd= 258058
Inclusive n K 1.1576 + 0.0014 | 1.1942 + 0.0043 b Central = 0.600167 b BarEnd=0.813373
In| <0.1region  xcentral | (.8509 +0.0042 | 0.852 +0.013
nl <1.05 kbar=bar | 10352 +0.0029 | 1.0655 + 0.0089 a BarBar= 19.2825 a EndEnd=34.9074
In| >1.05 xend—end | 138526+ 0.0042 | 1.440+0.010 b BarBar = 0.764995 a EndEnd=0.871159
kbar-end | 11047 +0.0020 | 1.2198 + 0.0061
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Sleptons: Yield Tables

SR-Ojet

SR-1jet

ml%0 e [100, 105] [105, 110] [110, 115] [115, 120] [120, 125] [125, 130] [130, 140] (140, o0)
Observed events 13 6 6 3 6 1 16 7k
MC exp. SM events 16.33 +7.77 310 9.47 +4.16 11.60 +3.93 8.53 +4.83 8.57 +3.11 15.87 + 4.63 9.35+3.39
MC exp. other events 0i03*0-8 0.00 + 0.00 0.03 +0.01 0.00 + 0.00 0.00 + 0.00 0.01f§-_§(15 0.05 +0.03 0.00 + 0.00
MC exp. VVV events 0.01 +0.00 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00 0:00¢5:0 0.00 + 0.00 0.00 + 0.00
MC exp. ZZ events 0.64 +0.32 0.01t§-_§§ 0.01 +0.00 1.59 +0.73 0.01 +0.01 0.01 +0.00 0.01 +0.00 2.98 +1.39
MC exp. Zjets events Giora%e 0.01*:9-_ 0 1.10% 28 0;0L:2:04 0:01:2:0 0.07 +0.04 0.0320:1 0.01*%%
MC exp. flavSym events 6.52+2.75 2.99% o9 7.56 +3.00 8.61 +2.95 8.50 + 4.81 8.47 +3.07 15.78 + 4.61 6.35+2.26
MC exp. FNP events 9.12+5.67 0.01 04 0.76 +0.75 1.38 £0.52 00100 0/010 % 0.00 + 0.00 0.01+0.01
mi%0 e [100, 105] [105, 110] [110, 115] [115, 120] [120, 125] [125, 130] [130, 140] [140, oo
Observed events 27 16 24 3 5 5 2 0
MC exp. SM events 12.55 +5.94 17.55 +5.63 14.32 £ 6.62 20.64 + 5.04 4.40 +2.69 6.88 +3.43 4.42+2.17 2.36 + 1.52
MC exp. other events 0.00 + 0.00 0,022 0.14 £0.11 0.23 +0.13 gigril e 0031003 0.05 +0.02 0.00 + 0.00
MC exp. VVV events 0.01 +0.00 0.00 + 0.00 0.00 +0.00 0.01 +0.00 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00
MC exp. ZZ events 2.02+0.89 0.05 +0.02 0.01 +0.00 0.01 +0.00 0.98 + 0.61 0.01 +0.01 0.24 +0.12 0.22+0.14
MC exp. Zjets events 165t 0.53£0.26 2284323 1 o 0.18 +0.12 0.0110.02 0:0942:-20 0.02+0-2
MC exp. flavSym events 5.93 +3.00 16.95 + 5.46 11.87 +4.87 18.00 + 4.46 3.22+1.98 6.82 + 3.40 4.02 +1.93 2.11+1.33
MC exp. FNP events 2.94 +1.46 1 gl L 0,010 2.39 +0.60 0.01 0% 0.01 +0.01 0.01 +0.01 0.01 +0.01
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oleptons: Syst Tables

Unertainty of channel SR_MT2_100_105_cutsSR_MT2_105_110_cutsSR_MT2_110_115_cutsSR_MT2_115_120_cutsSR_MT2_120_125_catsSR_MT2_125_130_cutsSR_MT2_130_140_cutsSR_MT2_140_infty_cuts
Uncertainty of channel SR_1J_MT2_100_105_cutsSR_1J_MT2_105_110_cutsSR_1J_MT2_110_115_cutsSR_LI_MT2_115_120_cutsSR_1J_MT2_120_125_cutsSR_1]_MT2_125_130_cutsSR_1J_MT2_130_140_cutsSR_1J_MT2_140_infty_cuts
Total background 16.33 3.02 9.47 11.60 853 8.57 15.87 9.35
ki Total background expectation 12.55 17.55 1432 20.64 4.40 688 442 236
Total statistical (yNexp) £4.04 +1.74 +3.08 +3.41 42.92 £2.93 +3.98 +3.06 =
Total background systematic £7.77[47.61%)  £3.14 [104.08%]  £4.16 [43.88%]  +3.93 [33.88%]  +4.83[56.57%]  +3.11[36.26%]  +4.63 [29.19%]  +3.39 [36.27%] Total satistical (yNexp) +3.54 +4.19 +3.78 +4.54 £2.10 £2.62 £2.10 £1.53
Total background systematic £5.94 [47.36%) £5.63 [32.09%] £6.62 [46.20%] £5.04 [24.42%] £2.69 [61.15%] +3.43 [49.94%) £2.17 [49.12%) £1.52 [64.60%]
gamma_stat_SR_MT2_100_105_cuts_bin_0 £6.25 [38.3%] 2000 (0.00%] £0.00 [0.00%] £0.00 [0.00%] £0.00 [0.00% £0.00 [0.00% £0.00 [0.00% P 51 05e] 00 000 D0 L] 200 00T 000 000 000 [0.00% 1000 [0.00%
FAKE, 3.51 [21.5% £0.01 [0.37%] £0.69 [7.3% 0.10 [0.83% 0.00 [0.04% 0.00 0,00 [0.03% gamma_stat cuts bin 0 & .00 [0 £0.00 [0 +0.00 [0 00 [0 +0.00 [0 .00 [0.
:m-FAK.E—::i‘ghuyx :z,ss [14.4%= £0.01 [0.39%%] £0.02 [[0.16%]] t*0.21[[1.3%11 :o.m 0.11% 001 £0.00 003%} alpha_fakeSysSubtract_11_100_105 +1.68 [13.4%] 20.00 [0.00% £0.00 [0.00%] £0.00 [0.00%] 20.00 [0.00% £0.00 [0.00% 20.00 [0.00%
alpha_FAKE_ weight +1.27 [7.8%] 20.01 [0.23%] £0.01 [0.07%] £0.05 [0.44%]) £0.01 [0.07% £0.01 £0.00 [0.01%] alpha_JER4 £1.05 [8.3%] 20.00 [0.00% £0.92 [6.4%] 20.05 [0.25%] 20.03 [0.75% 20.01 [0.13% 20.01 [0.32%
alpha_fakeSysSubtract_100_105 £0.97 [5.9%] £0.00 [0.00%] £0.00 [0.009%]  £0.00 [0.00%]  £0.00 [0.00% £0.00 £0.00 [0.00%] alpha JER2 +1.02[8.1%] 20.00 [0.00% 2092 [6.4%) #0.05 [0.26% =002 [0.43% #0.01 [0.13% 000 [0.18%
alpha_FAKE_stat £0.72 [4.4%] £0.00 [0.00% £0.05 [0.48%] £0.10 [0.88%] £0.00 [0.01% £0.00 £0.00 [0.01%] alpha JER1 +1.00 [7.9%] £0.00 [0.01%) 0.5 [3.8%] £0.05 [0.24%] £0.00 [0.00% £0.01 [0.14% £0.00 [0.00%
pha FSsyst. 10,65 [4.0%] 20.30 [9.9%] 20.76 [8. ) 20.86 [7.4% 0,85 [10.0% 20.85 20,64 [6.8%] alpha MET_SoftTrk_ResoPara £0.93 [7.4%] £0.00 [0.00% +1.15 [8.1] £0.46 [2.2%] £0.02 [0.38% £0.01 [0.14% £0.00 [0.16%
pha_VVekkw 2015 [0.92% 20,00 [0.08%| 20,00 [0.02 2037 [3.2% 0,00 [0.03% 20,00 20,69 [7.4%] alpha FAKE_xsec £0.68 [5.4%] £0.01 [0.08% £0.06 [0.39%] £0.12 [0.59%] £0.02 [0.45% £0.00 [0.04% £0.00 [0.00%
alpha FSsyst £0.59 [4.7%] £1.69 [9.7%] £1.19 [8.3%] +1.80 [8.7%] £0.32 (7.3%) £0.68 [9.9%] £0.21 (8.9%]
alpha MET_Sof(Trk_ResoPara £0.08 [0.46% £0.01 [0.29%] a0 s 2020 [1.7% £0.01 [0.10% £0.03 £0.38 [4.1%]
alpha_MET_SoftTrk_ResoPerp £0.05 [0.34% £0.01 [0.30%] £1.09 [11.5% £0.15 [1.3% £0.01 [0.11% £0.03 £0.28 [3.06] alpha_JET_Flavor_Response +0.50 [4.0%] £0.00 [0.00%) 20.52 [3.6%] £0.02 [0.11%] £0.00 [0.08%) £0.02 [0.33% £0.18 [7.8%)]
.00 [0.01% 2013 [11% 20100 [0.01% 2000 f024 6%] alpha MET._SoffTrk_Scale £0.48 (3. £0.00 (0.00% £0.90 [6.3%] £0.00 [0.00%] £0.00 [0.00% £0.00 [0.00% £0.00 [0.00%]
b i alpha MUON_ID +0.48 £0.00 [0.00% £0.00 [0.00%] £0.00 [0.00%] £0.00 [0.00% £0.00 [0.00% £0.00 [0.00%]
Ioba_vVpdf Shmay D08 0.7t 0 lnate e s IS ILTh alpha_JET_Flavor_Composition £0.44 £0.02 [0.12% £1.12 [7.8%] £0.02 [0.12%] £0.02 [0.54% £0.02 [0.33% £0.18 [7.5%]
alphz MET SoftTrk_Scale 0.55 [5.8%] 0.07 [0.62% +0.00 [0.01% £0.01 £0.13 [1.4%] ipha_JET. =COpOR| & S g £ LpbA bl g b Lol % =
ipha 20,00 [0 30103 [0-23%] 10,01 [0-11% $0.00 20.06 [0.63%] alpha_FAKE_weightsys 0.4 £0.15 [0.87% £0.06 [0.39%] £0.22 [1.1%] £0.01 [0.20% £0.00 [0.06 £0.00 [0.00%
. alpha_Zjetsrenl] £0.37 £0.12 [0.67% £0.51 [3.6%] £0.00 [0.01% £0.04 (0. £0.00 [0.03% £0.00 (0.20%
2IpthER2 20,00 [0.025% 20,04 (037 £0.01 [0.11% £0.00 £0.09 [0.95%] e an 2 g ] eyt 0 mn vt el
alpha_JET_Flavor_Composition £0.00 [0.005% 20,05 [0.475% £0.00 [0.00% £0.00 £0.10 [1.1%] gl i 020 [1.2%) 10,04 [0.26%) e e g e
alpha JERT £0.00 [0-025% £0.04 0395 £0.01 [0.11% £0.00 £0.09 [0.99%] vy inls by by ey o rred ]
alpha_JER7 £0.00 [0.00% 20,05 [0.406% £0.01 [0.11% £0.00 £0.09 [1.0%] \Zjetsgt g ? 00,104 00 10
alpha_VVekkw1] £0.15 £0.00 [0.02% 2000(001%] £0.00 [0.01% £0.02 [0.69%
alpha JER4 20,00 [0.005% 20,05 [0.405% £0.01 [0.11% £0.00 £0.10 [1.0%] oy o i b i
alpha_VVren £0.00 [0.00% 20.03 [0.30% +0.00 [0.00% £0.00 £0.06 [0.69% Ipha_V Vs £0.09 +0.00 [0.00%] *002[0 ”%] 30,00 [0.05% 0,00 [0.00%]
alpha_EL £0.00 (001 £0.03 [0285% £0.00 [0.00% £0.00 £0.06 [0.645% $ 00 10/ L0010 ¢
alpha MUON_MS £0.55 [5.8%] £0.03 [0.23% £0.00 [0.00% £0.00 £0.05 [0.54% slpha_VVreal] .0 +0.00 [0.01%] [0.00%] +0.00 [0.01%) #0.01 [0.33%]
alpha JER £0.06 £0.00 [0 £0.59 [4.2%] £0.01 [0.14% £0.01 [0.28%
alpha_VVrenfac £0.00 [0 20,02 [021%) £0.00 [0.00% £0.00 20,04 [0.485% e PAKE weight To0% ey ot o) 00 10.01% sy
alpha MUON_ID £0.00 [0.00% £0.02 [0.195% £0.00 [0.00% £0.00 £0.04 [0.455% gt v 100010 50% 092 [64%] odlio 138 rsdeess
alpha_FAKE_cff £0.00 [0.01 £0.00 (0025 £0.00 [0.00% £0.00 £0.00 [0.005% riomgTond O Y ey o 5008 00 l000% ol
alpha_EG_SCALE £0.00 [0.00% £0.02 [0.13% £0.00 [0.00% £0.00 £0.03 [031%; " ¢ by P ¢ T
alpha JET Flavor Response £0.00 [0.00% £0.01 [0.12% £0.00 [0.00% £0.00 £0.03 [0.27% alpha_JERG ¢ £0.00 [0.00%) 0.8 [6.1%] 20.01 [0.13% £0.00 [0.20%)
alpha Zietsfacl] .04 0,01 [0.07% £0.05 [0.37%] £0.00 [0.00% £0.00 [0.02%
alpha_JER £0.00 0005 £0.03 [0.22%) £0.01 [0.11% £0.00 £0.06 [0.605% D oot o] byt s ] by e
alpha_ Whe £0.00 [0.00% 20,01 [0.095 £0.00 [0.00% £0.00 £0.02 [021% priowy— 2 o0t $0100 [0.00% 088 [6.1%] ool 10 13% T0.00 0.17%
alpha_JER6 20,00 [0.005% 20,02 [021%) £0.01 [0.11% £0.00 20,05 [0.595% haJERS o ] e s 615 2001 o3 2000 [o 1a%
alpha_FAKE_cff_trig £0.00 0025 £0.00 (001 £0.00 [0.00% £0.00 £0.00 [0.00% pricwg o o 2000 10.00% Y S 000 10.00% et e
Shla THR *g% 8-8“’;“ *g% g-ﬁ *g-g") 8»}%“;"3 ‘g-% ﬁ% g-;g:: alpha MUON_EFF_ISO_SYS £0.02 £0.00 [0.00% 20,01 ous% £0.00 [0.00% £0.00 [0.00%
alpha ) 0.0 10.00%] 50/00 10.00%] 000 10.00% 000 50:00 10.00%] alpha MUON_EFF_RECO_SYS £0.01 £0.00 [0.00%; £0.00 [0.02% £0.00 [0.01% £0.00 [0.02%
:g;-g‘f:f—"m s e o0 1000% v Yy e e alpha_FAKE _eff £0.01 £0.00 [0.01%; £0.00 [0.02%] £0.00 [0.00% £0.00 [0.00%;
¢ i 00 10 - -00 [0 alpha FTEFF Ligh £0.01 £0.00 [0.00% £0.00 [0.01% £0.00 [0.00% £0.00 [0.00%
alpha Zietsqst 20,01 [0.07% 20,00 [0.005% £0.00 [0.00% £0.00 £0.00 [0.005% . o 3$0:00 [0.00% 0.10 [0.5%) 0,00 [0.00% $0:00 [0.00%
Sou Zenctn 20.000.03% 20.0010.00%) £0.00 {0.00% 2000 20.000.00% nx Z]dsckkwl] 20.00 20,00 [0.01% 2000 [0.03% 2000 0.00% £0.00 [0.00%
‘alph me FF_so :g-g g- il :8% g»m :g-g g»ﬁ :8'% ﬁ% g'%: alpha_FAKE_cff_trig £0.00 £0.00 [0.01% £0.00 [0. £0.00 [0-00% £0.00 [0.00%%
a_Zi .00 [0. .00 [0. X X .00 [0. . .00 [0
alpha_JET_Etalntercalibration_negEta +0.00 [0.00% £0.00 [0.00%] £0.00 [0.00% £0.00 (0,006 £0.00 [0.00% £0.00 £0.00 [0.00% e . 2000 10.00% 2000 [0.00% 20.00 [0.00% 20,18 [7.74]
alpha JET_Etalntercalibration_ne £0.00 £0.00 [0.00% 20,00 [0.00% £0.00 [0.00% £0.00 [0.00%
gamma_stat_SR_1LJ_MT2_125_130_cuts_bin 0 £0.00 [0.00% £0.00 [0.00%] £0.00 [0.00% £0.00 (0006 £0.00 [0.00% £0.00 £0.00 [0.00% o L SR 11 MT 125 130 6uts_bin 0 20.00 $0:00 [0.00% $0:00 [0.00% $3.36 [48.9% $0.00 [0.00%
gamma_stat_SR_LJ_MT2_120_125_cuts_bin0 0.0 [0.00% £0.00 [0.00%] £0.00 [0.00% £0.00 (0006 £0.00 [0.00% £0.00 £0.00 [0.00% Bamma_sta_SR_11_ MT2. 120_125_cuts 20,00 20,00 [0.00% 30,00 [0.00% 20,00 [0.00% 0,00 [0.00%
gamma_stal_SR_1J_MT2_130_140_cuts bin 0 0.0 [0.00% £0.00 [0.00%] 20,00 [0.005% 20,00 [0.005% £0.00 [0.00% £0.00 20,00 [0.005% rmma_stol_SR_L1_MT2_130_140_cuts | 20,00 20,00 [0.00% 20,00 [0.00% 30,00 [0.00% 30,00 [0.00%
SRST BR R g% g~m g-g g~% *gg g~$ igg g»m tgg g»m *g-% ﬁ-% g-m alpha_FT_EFF_B £0.00 £0.01 [0.05%; £0.01 [0.06% £0.00 [0.06% £0.00 [0.07%,
alpha | .00 [0. 0010, = % = o +0.00 [0. 204 L0010, EG_RES 20.00 20.00 [0.00% 0.74 [5.2% 0.00 [0.00% 20.00 [0.00%
alpha | flkeSysSubtmck_lJD 140 £0.00 [0.00% £0.00 [0.00%] 20,00 [0.005% 20,00 [0.00% £0.00 [0.00% £0.00 £0.00 [0.005% ,,g:::m;sy,smm 130_140 20,00 20,00 [0.00% oyl ] $0:00 [0.00% 20,00 [0.00%
‘gamma_stal_SR_1J_MT2_105_110_cuts bin 0 0.0 [0.00% £0.00 [0.00%] 20,00 [0.005% £0.00 [0.005% £0.00 [0.00% £0.00 £0.00 [0.005% 2,10 Y 19 [29. i
alpha_FT_EFF_C £0/00 [0.00% £0/00 [0.00%] £0/00 [0.00% £0/00 [0.00% £0/00 [0.00% 20,00 £0.00 [0.00% m’:;‘;ﬁk'"’m'm"'o'c"“'b'"'o by ey e e vy byl i
alpha_fakeSysSubtract_11_105_110 +0.00 [0.00% £0.00 [0.00%] 20,00 [0.005% 20,00 (0006 £0.00 [0.00% £0.00 0,00 [0.00% Sipha ¥V, 20,00 000 [0.00% 20,00 [0.00% £0.00 [0.00% 0,00 [0.00%
s SR_I_MT2.100_105 cus bin 0 4000 [0.00% £0.00 [0.00%] 20,00 [0.005% £0.00 [0.00% £0.00 [0.00% £0.00 £0.00 [0.005% aipha_fakeSysSubtract_11_105_110 20.00 £1.35 [7.7%) 0,00 [0.00% £0.00 [0.00% £0.00 [0.00%
125 £0.00 [0.00% £0.00 [0.00%] £0.00 [0-00% £0.00 (0006 £0.00 [0.00% £0.00 £0.00 [0.00% alphafakeSysSubtract_ 11125130 20,00 20,00 [0.00% 0.00 [0.00% 0.11 [1.6% 20,00 [0.00%
+0.00 [0.00% £0.00 [0.00%] 20,00 [0.005% 20,00 (0006 £0.00 [0.00% £0.00 £0.00 [0.00% m,m Fostiercaltsion possi 10.00 2000 [0.00% 10,00 {0.00% brroy ) 0,00 [0.00%
£0.00 [0.00% £0.00 [0.00%] 20,00 [0.005% 20,00 [0.00% £0.00 [0.00% £0.00 0,00 [0.00% su_Asbitrary 20.00 40,00 [0.00% £0.00 [0.00% 1000 [0.00% £0.00 [0.00%
20.00 [0.00% 20.00 [0.00%] £0.00 [0.00% 20.00 [0.009%] £0.00 [0.00% 20.00 20.00 [0.00%] gamma_stal_SR_1J_MT2_115_120_cuts_bin_0 20.00 20.00 [0.00% £0.00 [0.009% 0.00 [0.00% 20.00 [0.00%
\ JET ] | TotalStat £0.00 [0.00% £0.00 [0.00%] £0.00 [0.00% £0.00 000 £0.00 [0.00% £0.00 £0.00 [0.00% alpha_EG, SCALE 20.00 40,01 [0.03% 20,00 [0.00% £0.00 [0.045% £0.00 [0.00%
gamma_stal_SR_LJ_MT2_115_120_cuts bin 0 0.0 [0.005% £0.00 [0.00%] 20,00 [0.005% £0.00 [0.00% £0.00 [0.00% £0.00 0,00 [0.00% alpha_VVekkw 20.00 40,00 [0.00% 0,00 [0.00% £0.00 [0.00% 40,00 [0.00%
alpha_VVrenfacl] 20.00 [0.00% 20.00 [0.00%] £0.00 [0.00% 20.00 [0.00%] £0.00 [0.00% 20.00 20.00 [0.00%] gamma_stal_SR_1J_MT2_140_infty_cuts_bin 0 +0.00 20.00 [0.00% £0.00 [0.00%% £0.00 [0.00% +1.47 [62.6%
alpha_VVrenl) £0.00 [0.00% £0.00 [0.00%] £0.00 [0.00% £0.00 (0006 £0.00 [0.00% £0.00 £0.00 [0.00% it eSSt 105 10 £0.00 40,00 [0.00% £0.00 [0 £0.00 [0.00% £0.00 [0.00%
alpha MUON_EFF_ISO_SYS +0.00 [0.00% £0.00 [0.00%] 20,01 [0.065% £0.00 [0.00% £0.00 [0.00% £0.00 0,00 [0.00% ‘gamma,stat SR_ 0_115_cuts bin 0 £0.00 40,00 [0.00% £5.56 [38.8% £0.00 [0.00% £0.00 [0.00%
gamma_stal_SR_1J_MT2_140_infty_cuts_bin 0 0.0 [0.00% £0.00 [0.00%] 20,00 [0.005% £0.00 [0.00% £0.00 [0.00% £0.00 £0.00 [0.005% alpha JET | S it hight £0.00 £0.00 [0.00% 2000 [0.00% £0.00 [0.00% £0.00 [0.00%
alpha_fakeSysSubtract_105_110 £0.00 15 (5. £0.00 [0-00% £0.00 (0006 £0.00 [0.00% £0.00 £0.00 [0.00% alpha,_Zjetsfac £0.00 £0.00 [0.00% 0,00 [0.00% £0.00 [0.00% £0.00 [0.00%
£0.00 0. £0.00 [0.005%; £0.00 [0.00%; £0.00 [0.00% £0.00 £0.00 [0.00% um_w::nm £0.00 £0.00 [0.00% £0.00 [0.00% £0.00 [0.00% £0.00 [0.00%
£0.00 £0.00 [0.005% £0.00 [0.00% £0.00 [0.00% £0.00 0.00 [0.00% alpha_VV £0.00 £0.00 [0.00% £0.00 [0.00% £0.00 [0.00% £0.00 [0.00%
£0.00 £0.00 [0-00% £0.00 (0006 £0.00 [0.00% £0.00 £0.00 [0.00%
. X gamma_wl\_sk MT2_130_140_cuts_bin_0 £0.00 £0.00 [0.00% 20,00 [0.00% £0.00 [0.00% £0.00 [0.00%
£0.00 £0.00 [0.00% £0.00 (0006 £0.00 [0.00% £0.00 £0.00 [0.005%; alpha, Zietsren £0.00 £0.00 (0.00% £0.00 [0.00% £0.00 [0.00% £0.00 [0.00%
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Cl1C1WW - Normalization strategy

Fitted_VV_in_CR_VV = uyy * expected_VV_events_in_CR_VV

Fitted_VV_in_CR_WV

Hvv = expected_VV_events_in_CR_VV

* Fitted_Top_in_CR_Top = U,y * expected_Top_events_in_CR_Top

Fitted_Top_in_CR_Top

Heor = xpected_Top_events_in_CR_Top

Normalization strategy (fitted_evets = observed_events)

Obs_events_in_CR_VV = (uyy * exp_VV_events_in_CR_VV) + (u;op * exp_Top_events_in_CR_VV) +exp_otherBkg_events_in_CR_VV
Obs_events_in_CR_Top = (uyy * exp_VV_events_in_CR_Top) + (i¢yp * exp_Top_events_in_CR_Top) + exp_otherBkg_events_in_CR_Top

__exp_Top_events_in_CRyy (exp_otherBkg_events_in_CR_Top — Obs_events_in_CR_Top) + exp_Top_events_in_CR_Top (Obs_events_in_CR_VV — exp_otherBkg_events_in_CR_VV)
Hov = (exp_Top_events_in_CR_Top * exp_VV_events_in_CR_VV) — (exp_Top_events_in_CRyy * exp_VV_events_in_CR_Top)

_exp_VV_events_in_CR_VV (Obs_events_in_CR_Top — exp_otherBkg_events_in_CR_Top) + exp_VV_events_in_CR_Top (exp_otherBkg_events_in_CR_VV — Obs_events_in_CR_VV)
Htop = (exp_Top_events_in_CR_Top * exp_VV_events_in_CR_VV) — (exp_Top_events_in_CRyy * exp_VV_events_in_CR_Top)
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Cl1C1WW - Normalization strategy
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- P 11 al e S Lﬁ 10 ATLAS Internal e data === total background
l 1 U l ] CIFNP EmW

10° 1s=13 TeV, 139.0 fb” I toar -

e Bkg-only fit pulls using ATLAS recommended formula for the significance.
e Allpulls < 1, the largest one occurs to be in a VR.

SR_DF0J_81 8125:-0.351801
SR_DF0J_8125_815: 0.173406
SR_DFO0J_815_8175: 0.427902

CR_Dib: 2.129606e-05 SR_DFOJ_8175_82: 0.678427
CR_Top: -0.00189644 SR_DF0J_82_8225:-1.079950 gg—gigj—ggzgf %-3727%2%6965
VR_Dib_DFOJ: 0.4950505 SR_DFOJ_8225 825:0.797560 >FOI_775_78:-0.
VR:Dib:SFOJ; -0.875072 SR_DFOJ 825 8275:0.099505 >R_SFOJ_78_785:-0.898568
VR_Top_DF1J: 0.096339 SR_DFOJ_8275_83: 0.2709230 22‘23}‘?223?‘8'133322
VR_Top_SF1J: -0.497158 SR_DFOJ_83_8325:-0.469684 —>F01_75_795:-0.
VR_Top_DFOJ: -1.20554 SR_DFOJ_8325_835: 0.508156 gg—gigj—;?fﬁ%%gggzw
VR_Top_SFOJ: -0.066893 SR_DFOJ_835_8375:-0.68677 —>r0)_80_s1:-0.

) SR_DF0J_8375_84:-0.790854 SR_SFOJ_81:-1.066876

SR_DFOJ_84_845:0.35726
SR_DF0J_845_85:-0.297985
SR_DF0J_85_86:-0.315978
SR_DFOJ_86: 0.7928845
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ClC1WW - Exclusion contours: CLs

Grid with expected CLs
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The profile-likelihood based hypothesis tests use the background-
C 1 C ]_ WW N AdditiOI]_a,l CheCk level estimates obtained from a background-only fit to both the

CRs and SRs (the best estimates available). For consistency, both

the observed and expected upper limit (or p-value) determination

use the same background-level estimates, such that the expected
e The effect of unbling the SRs with the old FNP estimates. limit is the most compatible and predictive assessment for the

observed limit. As a consequence, the expected upper limit
depends indirectly on the observed data.

- After unblinding, using OLD FNP

Before unblinding
. (expected exclusion contour from the note)
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Cl1C1WW - Additional checks

m(%;) [GeV]

Observed contour with Blinded SRs
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(expected exclusion contour from the note)
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Blinded SR: data = prefit bkg expectations

2 sfs >1 — data undershooting post-fit MC bkg
expectation

— No space for SUSY to fill the the data-MC gap,

observed limit extending higher to the expected one.
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C1C1WW - Normalized type of systematics

up_norm_variation_in_channel = up_variation_in_channel * ( nominal_in_CRs / up_variation_in_CRs )
down_norm_variation_in_channel

down_variation_in_channel * ( nominal_in_CRs / down_variation_in_CRs )

| J

I

Systematic scaling factor
(one systematic scaling factor for each

« Sample = VV, Systematic = JET_FLAVOR_COMPOSITION systematic, applied in every region)

Example

* Region =CR_Dib,
* Nominal =376.1466581406824, Up 358.0475063185111, Down = 386.76777661911495

* Region = CR_Dib_CR_Top,
* Nominal = 426.37399744088833, Up 406.3781023995014, Down = 439.5431148398273

* JET_FLAVOR_COMPOSITION UP SCALING FACTOR =426.37399744088833/406.3781023995014 = 1.04920514891
* JET_FLAVOR_COMPOSITION DOWN SCALING FACTOR = 426.37399744088833/439.5431148398273 = 0.9700

* Up_VV_Syst NORMinCR =358.0475063185111 * 1.04920514891=375.665287184 (lower than nominal yield)
* Down_VV_Syst_NORM in CR = 386.76777661911495 * 0.9700=375.1647 (lower than nominal yield)

* Note: Being higher/lower than the nominal yield might change after systematic normalization!
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C1C1WW - Systematic Tables
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‘Table 5: Breakdown of the dominant systematic uncertainties on background estimates in the various signal regions. Note that the individual uncertainties can be correlated, and do not necessarily add up quadratically to the total background uncertainty. The
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‘Table 9: Breakdown of the dominant systematic uncertainties on background estimates in the various signal regions. Note that the individual uncertainties can be correlated, and do not necessarily add up quadratically 1o the total background uncertainty. The
percentages show the size of the uncertainty relative to the total expected backer o
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C1C1WW - Systematic Tables
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o0 o0 oo o0 o0 o0 o0 o0 000 0007 000 0007 000 000% pha MUON SAGITTA T Z000 000% S000 000% S000 000% 000 000% 2000 0.00%) 000 000%) 000 000%) 000 000%)
000 0.00% 000 0007 000 (000 Zo00 (00 “00 000%) 000 0007 S0 000% S JET Biaerestm o bghE S000 0007 30,00 0.00% $0.00 0.0% 30,00 0.00% 30,00 0.00% 000 000%) 000 000%) 000 000%)
Ere 000 o0 o0 o Zom (oo 000 (00 Z000 (00 000 0007 lpha_FLEFF Tiggerel 000 (000 000 (00 000 (00 000 0007 000 000%) 00 000%) 000 000%) 000 000%)
oo oot Zoon o0t Zoon ot Lot o] Z000 (00 000 00 000 0007 pha-ELEFT Charge 000 00 Z000 00 000 (00 000 0007 L000 000% om0 Lo om0
000 0007 2000 [000% 000 000% Zo00 000t 2000 000 2000 000 L000 0.00% i 2000 000 000 000 2000 000 L000 0.00% L000 000% Lo Lo Lo
L000 0.00% 2000 (000 2000 (000 2000 (000 S000 000 S000 000 000 000% i sta. STLDFOJ 845,85 et bin 0 S000 000% 000 000 000 000 000 000% 2000 0.00% Lo Lo Lo
2000 0007 2000 (000 2000 (000 2000 (000 2000 0007 000 000% 000 000% Eammastal SR_DFOJ.5955.83.cuts b 0 000 000% 000 000% 000 000% 000 000% 2000 0.00% Lo Lo Lo
2000 0.00% 2000 (000 2000 (0007 2000 (000 000 000% 2000 0007 000 0005 o SDF AT St i S000 000% 000 000% 000 000% 277 j08%) 000 000% “om “om Zom
o ino 000 (0.00% 000 (000 000 (0007 Z000 (000 2000 0007 2000 (000 000 0005 ot stat SRSFOL70.705 cut. 2000 000 000 000% 000 000% 2000 0005 000 000% Zom Zom Zom
A TUON EFF g Uaeeiey 000 (000% Z000 (000 o0 000 o0 oo 2000 000 2000 000 000 0.00% oo SIDROI R s Z000 000 2000 000 2000 000 000 000% 000 000% 000 000%) 000 000%) 000 000%)
i stat SR_DFOJ_835.3575 cutsbin. 9 000 0.00% Zo00 (000 Zo00 (000 000 (000 2000 0007 2000 0007 2000 0.00% G stat SRSFOJ_79580.cuts.bnD Z000 000% S000 0.00% 000 000% 000 0.00% 000 000%) o0 000%) o0 000%) o0 000%)
o st VR Top.DFOL.cutsbin ) 000 000% 000 (000 Zo00 (00 000 (00 000 0007 000 0007 000 000% oo st CR Top-cte bin Z000 0007 S000 0007 S000 0007 000 000% S0 000 000%) 000 000%) Zo00 000%)
st _SR_DI) 5235435 cutsbin o0 oot oo oo 000 0007 000 000 1 o) S000 0007 000 0007 i stat SRS Z000 0007 000 0007 S000 0007 000 0007 2000 0.00% Z000 000%) 000 000%) 000 000%)
£0.00 [0.00%] £0.00 [0.00%] £0.00 [0.00%] £0.00 [0.00%] +0.00 [0.00¢ +0.00 [0.00¢ +0.00 [0.00%] alpha MUON_EFF. Wﬁhﬁ(hr-ﬂnmw +0.00 [0.00¢ +0.00 [0.00¢ +0.00 [0.00¢ +0.00 [0.00%] +0.00 [0.00%) +0.00 [0.00%) +0.00 [0.00%) +0.00 [0.00%)
2000 0007 000 (000 000 000 2000 (0007 2000 000 2000 000 000 0007 o stat SR_DF0J 53587 2000 000 2000 000 2000 000 000 000% L000 0.00% L000 000% 000 000% L000 000%
000 0007 2000 (000 2000 (000 2000 000% pryoge 000 000 000 00% o VI Top D 2000 000 pryoge pryoge 000 00% L000 0.00% L0000 L000 0.00% L000 000%
£000 (0007 2000 (000 2000 (000 2000 (000 2000 000 2000 000 000 000% i stal SR_DFOJ.8205 825 cuts bin 0 2000 000% 000 000 000 000 000 000% 2000 000% 106 .6%) £000 000% £000 0.00%
000 oor) 000 000 om0 2000 (00 000 000% 5000 000% L2 o) Eamastal SR_DFOJ5.5 S000 000% 000 000% 000 000% 2000 0.00% 2000 0.00% 2000 00%) 2000 0.00% 2000 0.00%
o0 oon oo oo oo oon Zo0 oot 2000 0007 2000 0007 2000 0007 VT S 000 000 000 000% 000 000% 000 0005 2000 000% o0 000%) 000 000%) 000 000%)
o0 000 o0 000 o0 000 000 000 ) 2000 000 2000 000 000 000% VR S 2000 000 000 000 2000 000 000 000% 2000 0.00% o0 000%) 000 000% Zom
o0 000 o0 000 Zo00 000 o0 (00 0007 2000 0007 2000 0007 2000 000 G stat SR_DFOLs: Z000 000% 000 000% 2000 0007 2000 0007 Z000 000 000 000%) 2000 0.00% 200 07%]
o0 o0 Zom oo o0 o0 Zom o0 2000 0007 000 0007 000 o007 000 0.00% gammumskm‘uuuzznu@uw Z000 000% S000 000% S000 000% S000 0.00% it 0] 000 000%) 000 000%) Zo00'p.
o0 o) Zom oo Zo00 (.00 Zoo oo 2000 (0007 $0.00 0.00% s o27) 000 0.00% Gmmastat S in S000 0007 .07 $0.00 0.00% 000 0.00% 200 007 000 000%) 000 000%) 000 000%)
gamma_stat_SR-DFOJ_81 ?5)8\)4”“ hmﬂ £0.00 [0.00%] +1.70 [5.3%] £0.00 [0.00%] £0.00 [0.00%] +0.00 [0.00¢ +0.00 [0.00¢ +0.00 [0.00¢ +0.00 [0.00%] glmmu'cﬁSR/nPDJﬁdjdﬁ_fuNJﬂnﬂ +0.00 [0.00¢ +0.00 [0.00%] +0.00 [0.00¢ +0.00 [0.00%] +0.00 [0.00%) +0.00 [0.00%) +0.00 [0.00%) +0.00 [0.00%)
U MUON SAGITTA RO oo oot Zom o Zoon o0t Zoon oo 000 00 000 000 000 00 000 0007 st VFTop DFLcats b 000 00 000 0007 000 (00 000 0007 Z000 000 Zom o0 o Zom
UBLAUON £ 000 0007 2000 000% 000 000 2000 (0007 2000 000 L000 000 2000 000 2000 0.00% Snmmasal_SR_DF0J 8253375 2000 000 2000 000 L000 000 L000 0.00% L000 000 Lo P Lo
\phEL EPF. 000 000% 2000 (000 2000 (000 2000 (000 2000 00% 000 000 000 000 000 000% i stat ST_DFOJ 155 815 cute b 0 S000 020% 201 5% 000 000 000 000% L000 000 Lo Lo Lo
v 2000 0007 2000 (000 2000 (000 2000 (000 2000 000% 2000 0007 2000 0007 2000 0007 b MUON_EFF-TrgSysUneertainty 2000 000% 000 0007 000 000% 000 000% L000 0.0 Zom “om “om
lpha Renormali 2000 0.00% 2000 (000 2000 (000 2000 (000 S000 000% 2000 0007 2000 0007 2000 0007 phaResumation 7 S000 000% 000 000% 000 000% 000 0005 000 000 “om Zom Zom
S st CRDil ruts bin0 000 (000% Z000 (000 000 (000% Z000 (000 2000 000 2000 0007 2000 0007 000 0005 spha Renormalizaion Zjts 2000 000 000 000% 000 000% 000 0005 000 000 Zom Zom Zom
EFF. Tigger Zom o0 Zo0 000 Zo00 000 Zo0 000 2000 000 2000 000 2000 000 5000 000% et stat CRDIb. cats b 0 S000 000 5000 000% 5000 000 5000 000% Zo00 000% Zo00 000%) Zo00 000%) 000 000%)
i sat SR_DFOJ.86 cutsbin.0 000 0.00% Z000 (000 000 (000 Z000 (000 2000 0007 000 0007 000 0007 000 000% G stat SR_DFOJ.S6.c16sbin.0 2000 000% 000 0.00% 2000 000% 000 0.00% 000 000% 000 000%) 000 000%) 000 000%)
G sat_VLDib SFO) st bin.0 000 000% 000 (000 Zo00 (000 Z000 0007 Z000 0007 S000 000% S000 0007 000 000%] RCDIbSFO) e b0 2000 0007 000 0007 000 0007 000 0007 Z000 000%) 000 000%) 000 000%) 000 000%)
o CRRW Ziets o0 oot oo oo oo oo oo oo Z000 (0007 000 0007 000 0007 000 0007 Z000 0007 S000 0007 S000 0007 000 0007 20,00 0.00% 000 0.00%) 2000 0.00%) 000 0.00%
alphs EUP £0.00 [0.00%] £0.00 [0.00%] £0.00 [0.00%] £0.00 [0.00%] +0.00 [0.00% +0.00 [0.00¢ +0.00 [0.00¢ +0.00 [0.00¢ +0.00 [0.00¢ +0.00 (0005 0,00 (0.00%] +0.00 [0.00¢ +0.00 +0.00 [0.00%) +0.00 [0.00%) +0.00 [0.00%)
st SR SFOL 2000 0007 000 (0007 000 000 2000 (000% 2000 000 2000 000 2000 000 2000 0007 2000 000 2000 000 2000 020% 2000 0007 L000 000% L000 000% L000 000% 000 000%
e 000 0007 2000 (000 2000 (000 2000 (000 2000 f00o pryoge 000 000 000 007 2000 000 000 000 000 00% 000 00% L000 0.00% L000 000% L000 000% L000 000%
o sal STSFOJ775.75 o0t bn 0 000 (0007 2000 (000 “o00 oo 2000 000 2000 000 000 000 000 000 000 000% S000 000% 000 000 200 00 000 000% 2000 0.00% £000 0.00% 2000 0.00% £000 0.00%
lpha Foctoriation 2 2000 0007 2000 (000 5,00 0.0 2000 00 2000 000 2000 0007 2000 0007 2000 0007 b S000 000% 000 000% 000 000% 000 000% 2000 0.00% 2000 0.00% 2000 000% £000 0.00%
ot SR DFO3 8158175 cuts. o0 oon oo oo T Zo0 oot 2000 000 2000 0007 2000 0007 2000 0007 o v SRDFOT 515 5175 cut bin 2000 000 2000 0007 i e 2000 0007 000 000% 000 000%) 000 000%) 000 000%)
o stotSR_DFOJ%0 5525 o o0 000 o0 000 Zo00 000] 000 00 2000 000 2000 000 2000 000 2000 0007 st SR_DFOJ 5525 s b5 2000 000 2000 000 2000 Door] 2000 0007 000 000% 000 000%) 000 000%) 000 000%)
st SR SFOLT8.755 ot in 5 Zom 000 o0 000 000 000] 000 (00 Z000 0007 2000 0007 2000 0007 2000 0007 oo st SR_SFO) 8185t .5 2000 0007 2000 0007 2000 0007 2000 0007 o0 000% 000 000%) o0 000%) 000 000%)
o st SR_SFOJ 81 e oo o0 Zom oo oo 0] Zom oo 200 000 2000 0007 2000 0007 000 0007 st SR_SFOJ 1 sutedin 2000 000 2000 0007 000 0007 2000 o007 000 000%) 000 000%) S0 000%) 000 000%)

Table 6: Breakdowr

percentages show the size of the uncertainty relative to the total expected backgr

of the dominant systematic uncertainties on background estimates in the various signal regions. Note that the individual uncertainties can be correlated, and do not necessarily add up quadratically to the total background uncertainty. The
ound,

-m,le 10: Breakdown of the dominant systematic uncertainties on background estimates in the various signal regions. Note that the individual uncertainties can be correlated, and do not necessarily add up quadratically to the total background uncertainty. The
centages show the size of the uncertainty relative to the total expected background.
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Cl1C1WW - Systematic Tables

Pre-fit

Uncortainty of channcl SILDFO0) 838525 SILDF0) 5325595 SILDI0) 5355375 SILDF0) 537554 SIDF0) 51845 SILDF0) 515,55 SILDF0I 5556 SRDF0IS6
Total background expectation B9 1562 2051 2065 2179 2168 2959 2068
Total statistical (y/Noay) 190 132 w161 165 108 107 547 155
Total background systematic 871 [36.33%) 6,96 [37.39%) 4742 [p1.44%) 457 211%] 6,13 [2472%) +7.20 [29.19%] 5,58 [18.67%] £6.90 [38.35%)
Hlpha Resummation V'V 618 [26.5%] 176 [25.6%] £073 [34%] 0L L] 237 [06%] 108 [16.5%] £0.09 [33% =267 [120%]
apba MET.SoH Tk ResoPerp £331 [13.8%] +0.64 [3.4%) +2.43 [11.3%] 115 [5.9%] +2.48 [10.0%] 318 [129%] 2,01 (6.8%] £3.42 [16.5%)
alpha CKKW 310 (129%] 261 140%] 3,30 [15,3%] 3,40 [15.7%] +0.12 [0.49%)] +153 [6.2%] £2.77 [9.3%) 116 [5.6%)
it 19 [0.1% 255 [13.7%] £0.32 [15%) +0.12 [0.54%] 0,00 [0.00%] +052 2.1%] +1.76 [5.9%) £218 [10.5%]
alpha MET SoftTrk ResoPara 174 [7.2%) +L87 101%] £2.14 [0.0%] +118 [5.5%] +131 [5.3%] 4177 [1.2%] £0.98 [3.5%] 180 01%)
omma_stat SR-DF0]_83.8325-cuts-bin-0 142 [5.9%) £0.00 [0.00%] +0.00 0.00%] +0.00 0.00%] 00 0.0 +0.00 [0.00%] +0.00 [0.00%] £0.00 (0.00%]
alpha Shower_ttbar 133 [5.6%) 23 13%) +0.25 [1.1%] +0.45 [2.1%] £0.18 0. +0.34 [L4%] 1,05 (3.5%) £046 [2.2%)
alpha FNPTOTALSYS £1.25 [5.2% £0.44 [2.4%) +1.20 [5.5%] 0,46 21%] 075 +0,59 [2.4%] 0,56 [1.9% 032 [1.5%)
alpha JERS £074 [3.1%) £020 [15%] £1.90 [6.5%) 5 091 £0.24 [0.95%] +0.35 [1.2%] =091 [14%)
alpha_JER3 2072 (30 £0.66 [35%] 119 [55%) 096 +0.81 [3.4%] +0.20 [0.66 113 [5.5%)
alpha MET SoftTrk Scale £069 [2.9%) +1.40 [75%) 167 [7.8%) 191 +2.64 [10.7%] 138 [4.6%) £240 (120%)
alpha Radiation.itbar 057 [2.4%) £0.25 [1.3%) £0.23 [1.1%) 159 146 [5.9%] 108 [3.6%) <063 [3.1%)
alpha JER DataVsMC £056 [2.3%) £062 [3.8%] 197 [0.2%) w100 +0.29 [1.2%] +0.34 [L1%] =062 [3.0%)
alpha JERG 052 [22%) £0.30 [1.6%] 142 [6.6%) FERey £0.38 [16%] £030 1. £096 [16%)
alpha JERT £051 [21%) £0.60 [327%] 171 [8.1%) +0.92 +0.72 [2.0%] +0.61 [2.0% £087 [1.2%)
alpba JET-Flavor Composton £0.45 [1.9%) £0.56 [3.0%] 108 [5.0%) +058 [2.7%] 170 +052 [2.1%] +1.55 5.2 066 [3.2%)
alpha_Generator i £0.44 [L8% 037 20%] £0.64 [3.0%) +0.49 2.3%] +026 +0.19 [0.78%)] +0.15 [0.50%] £027 [1.3%]
T P Reaponse £0.44 [L8%) +035 [L0%] 051 2.3%) £0.14 [0.62%7] +050 £0.41 [L7%] £0.63 [2.1 £030 [14%)
alpha_JE] £0.34 [147%) £0.36 [20%] 191 [007%] £0.59 27%) 1 119 (187 £0.16 15% =112 [54%)
alpha JERL £0.33 [14%) +0.29 [1.6%] +1.77 [8.2%) +0.45 [2.1%] +079 151 (6.1%] +0,64 [2.1% 142 [5.9%)
alpha D] £0.23 [0, +0.03 [0.145%] +0.23 [1.1%) +0.10 [0.48%] 030 +0.25 [L0%] +0.38 [1.3% 031 [1.5%)
alpha JET:Pleup R Topoosy £020 [0.85%) £058 [3.1%] £0.64 [3.0%) £052 A% 115 [0 4121 o1 053 [2
alpha EC_SCA 017 [0.71%) +020 [11%] £0.68 [327] £0.39 [18%] <033 £0.17 [0.70%] £0.15 0.1 =001 [001%]
P MUON SCALE £017 0.71%) £0.28 [15%) +0.18 [0.82%] +0.27 [1.2%] +0.07 +0.32 (1.3%] +0.25 (0.845%] +0.12 [0.60%)
alpha JERY £0.15 [0.64%) +0.62 [3.9%] 187 [8.7%] 43 [2.0%] 115 112 [4.5%] +0.37 [1.2%] £0.79 [3.8%)
alpha_Factorizati £0.15 [0.61%] +007 [0.35%] 4013 £0.10 0.47%] £0,06 10,26 £0.05 [0.21%)] £0.19 [0.645%] £003 [0.14%]
alpha MUON_EFF_ISOSTAT £0.14 [0.59%] £0.08 [0.417%] £0.08 [0.57%] £0.09 [0.30%] £0.00 [0.385%] £0.17 [0.70%] £0.19 [0.65%] 2015 [071%]
alpha_Renormalization-VV £0.14 [0.58%] £0.57 [30%] +0.01 [0.21%] +0.40 [1.9%] +0.10 +0.03 [0.13%] +0.08 [0.26%] £0.76 [3.7%)]
Ipha JVT £0.14 [0.57%) +0.12 [0.66%] £0.16 [0.76%) +0.09 [0.41%) 021 +0.09 10.38%] +0.2110.69%] £015 [0.73%)
Ipha_Renormalization ttbar £0.14 [0,57% 0,05 [0.45%] 001 [0.03%] 0.46%) +0.00 +0.05 [0.21%] +0.17 [0.56%] 020 [0.96%)
alpha MUONID £0.14 [0.57%] £021 [1L1%] £0.09 [0.42%] 0.03%) 015 £0.44 [L8%] 40,39 [L3%] =014 [0.68%]
alpha FT_EFF Light 011 [0.44%] £0.08 [0.427%] £0.08 (0375%] 037 =011 £0.10 [0.40%) +0.13 (0.435%) +011 [0.53%]
alpha JET Pileup_PiTerm £0.10 [0.43%) £0.05 0.26%] +0.18 [0.82%] %) 015 +0.09 0.57%] £0.28 (0.94%] =002 0.08%)
alpha Factorization VV £0.10 [0.427% 011 [0.617%] 001 [0.05%) 0.92%) 002 0,08 [0.30%] £0.10 (0.34%) 0,66 [3.2%)
alpha FT_EFF B £010 [0.41%) £0.10 0.56%] £0.08 [0.85%] 0.38%) w0114 £0.10 [0.42%] £0.14 [0.46%] 0.0 [0.42
alpha_JET EffctiveNP Detector £0.09 [0.39%] +0.02 [0.13%] £0.05 025%] 017 005 £0.05 [0195%] £0.13 0:445] 20,00 (002
alpha MUONMS £0.09 [0.39%) £0.51 [2.7%) +0.25 [1.2%] [1.8%] +0.62 +0.02 (0.10%) +0.26 (0.88%] +0.19 [0.90%)
i £0.09 [0.39%) +0.02 [0.13%] +0.17 [0.78%] [11%] +0.04 (0.1 +0.18 [0.73 +0.09 0. =001 [0.047%)
alpha JET Pileup_OffsctNPY £0.09 [0.387% £031 [1.7%] +037 [L7%] [0.69%] +0.37 +001 [0.03%] £0,05 [0.16%) £017 (0,837
sl T EfckivP Modellg? Missil £0.08 [0.35%) £0.02 [0.117%] £0.08 [0.39%] 3 [0.1271] £0.02 [0.07%)] £0.00 0.01%] 000 0. 2000 (0,029
flectiveNP Mixed £0.08 0. £0.03 [0.15%] +0.02 [0.11%] [001%] +0.01 (0.17%) +0.01 [0.03 +0.15 (0.51%) =001 [0.05%]
it £0.06 [0.27%) 032 [1.7%) +0.66 [3.1%] [0.65%] +0.49 +0,57 [2.8%] +0,02 (0,08 £0.10 [0.49%)
alpha EG_RES £0.05 [0.237% +052 [2.8%] +0.32 [1.5%] [27%] +039 +0.27 [L1%] £0.01 [0.04%) =001 [0.047]
alpha JET Etalutercalibration_posEta £0.05 [0.237] £0.04 [0.20%) £0.03 [0.14%) 0.07%) 001 £0.03 [0.11%] £0.00 0,01 £000 [0.00%]
alpha FT_EFF.C 005 0.2 £0.01 022 £0.01 (0187] 0.16% +0.05 +0.05 (0.185%) +0.06 (0.19%) £005 [0.215%]
alpha_JET EffectiveNP Mixed2 +001 [0.17%) +0.01 [0.21%) +0.14 [0.64%] 0.19%] 0, +0.01 (0.03%) +0.11 0.4 <000 0.01%)
alpha_JET EffectiveNP Modellingd Mixed ! £004 [0.15%) £0.04 [0.22%) 0,00 [0.00%) 0.00%) +0.02 +0.00 0. 0,00 (0.00%) 000 [0.00%
alpha JET EffectiveNP Statisticals_Mixed] £003 [0.147] £004 [0.21%] £0.00 [0.02%] 0.02%) +003 £0,00 0.0 +001 [0.02%) £000 (0,027
alpha JET EffctiveNP Statisticald_Mixed1 £0.03 [0.147%] £0.07 [0.40%] £0.02 [0.08%] 0.03%) 001 £0.08 [0.11%) £0.01 [0.045] =001 [0.017%]
alpha EL EFF_ID 4% +0.00 [0.02%] +0.03 [0.14%] 0.195%] +0.03 +0.04 (0.15%) +0.04 (0.145%) +0.08 [0.39
alpha_JET EffetiveNP Modelling] Mixed! £0.03 [0.13%) +0.00 [0.01%) +0.56 [2.6%] 0.10%) 017 £0.17 (0,67 +0,56 [1.9%] 0.6 [1.2%)
alpha-RenormlizationFoctoriion- £003 0,117 +067 [3.6%] £0.03 [0.16%) [28%] +0.12 +0,01 [0.15 £0,02 [0.07%) 003 [0.16%
alpha JET EffectiveNP Statistical2_Mixed] £003 [0.11%] £0.04 [0.225% £0.13 [0.59%] %] 0, £0.04 [0.15 £0.05 016 =002 [0.11%]
alpha AMUON_EFF-ISO SYS £0.02 (0107 £0.02 (0107 £0.01 (005%] 0.07% +0.03 +0.02 (0.07%) +0.02 (0.08%] +003 0145
alpha_JET EffectiveNP Statisticals Mixed1 £002 [0.06%) +0.07 [0.40%) +0.02 [0.08%] 0.03%) +0.01 +0.02 (0.08% +0.17 (0.58% =001 [0.04%)
alpha_JET EffctiveNP Modellingd Mixed! 001 [0.05% £0.06 [0.34%) 0,05 [0.23%] 0.23%) +0.00 +0.04 (0,147 011 (0.38%) =001 [0.027
alpha JET EffectiveNP Mi £001 [0.047] £001 [0.06%] £0.04 [0.16%] 0.02%) 001 £0.04 [0.16 £0,02 [0.05 =001 [0.037%]
alpha_EL-EFF_Reco £001 [0.027] +001 [0.037%] £0.01 (0035%] 0.0 =001 +0.01 (0.05%) +0.01 [0.05 £002 0.08%]
alpha FT_EFF extrFromCharm £001 [0.02%) +0.00 [0.02%) +0.00 [0.02%) 0.02%) +0.01 +0.01 (0.02%) +0.01 (0.02% =001 [0.03%)
alpha MUON_EFF_RECOSYS £0.00 [0.02%) £0.00 [0.01%) 0,00 [0.00%) 0.03%) +0.00 0,00 (0,02 +0.00 0. =000 0.017%)
alpha EL EFF Iso £0.00 [0.027% £0.00 0,027 £0.00 [0.02%] 0.02%) +001 £001 (0. +001 [0.02%) =001 [0.037]
g JET Bl s £0.00 [0.027 £0.01 [0.225] £0.02 [0.09%] 0.27%) 002 £0.08 [0.31 £0.00 0. £000 (0,029
alpha_JET-EffectiveNP Statistical] Mixed1 +0.00 0.01%) +0.02 [0.10%] +0.00 0.01%] 0.01%] +0.03 +0.00 0.01%) +0.00 0.01%) +000 0.01%]
alpha MUON_EFF_RECO.SYS_LOW] £000 [0.01%) £0.00 [0.02%) +0.00 [0.02%) 0.01%) +0.01 +0.00 (0,02 £0.01 (0.02% <000 [0.027%)
alpha MUON_EFF_TTVA STAT £0.00 0.017% 000 0,01 0,00 0.01%] 0.01%) +0.00 +0.00 0,01 0,00 [0.01%) =000 (0,027
alpha MUON_EFF_RECO STAT LOWPT £000 0.017%) £0.00 0.017%] £0.00 0.01%] 0.01%) +0.00 £0.00 0,01 £0.00 001 £000 0.017%]
alpha MUON_EFF_RECO STAT £0.00 (0017%] £0.00 (0007%] £0.00 [000%] 0.00%] +0.00 +0.00 0.01%) +0.00 0.00%) +0.00 [0.01%]
ey £000 0.01%) +0.00 0.01%) +0.00 [0.00 0.00%] +0.00 +0.00 0.01%) +0.00 0.01% <000 0.01%)
alpha JET EffectiveNP Statisticals Mixed1 £000 [0.017%) £0.02 [0.10%) 0,00 [0.00%) 0.00%) +0.00 +0.00 0. 0,00 (0.01%) =000 0.017%)
o £0.00 [0.007] £0.00 [0.00%] £0.00 [0.00%] 0.00%) +0.00 £0.00 [0.00%] £0,00 (0.00%] 000 [0.00%
alpha JET_EffectiveNP Detector2 £0.00 [0.00%] £0.02 [0.10%] £0.00 [0.00%] 0.00%) +0.00 £0.00 0. £0.00 [000%] £0.00 [0:00%
alpha MUON_EFFTTVA SYS £0.00 [0.00%] +0.00 [0.00%] +0.00 [0.00%] 0.00%] +0.00 +0.00 0.00%) +0.00 0.00%) <000 0.01%)
alpha FT_EFF extrapolation £0.00 [0.00%) £0.00 [0.00%) £0.00 (0,007 0.00%) +0.00 0,00 (0.00%] +0.00 (0. <000 [0.00%)
alpha MUON SAGITTA RESBIAS £0.00 [0.007% £0.00 [0.00% £0.00 [0.00%] 0.00%) +0.00 £0,00 [0.00%] £0,00 [0.00%) 000 [0.00%]
alpha JET_PunclThrough MC16 £0.00 [0.007%] £0.00 [0.00%] £0.00 [0.00%] 0.00%) +0.00 £0.00 [0.00%] £0.00 0. £000 [0.00%]
slpha-EL BFF Triggrel. £0.00 (0007%] +0.00 [0.00 +0.00 [0.00%] 0.00% +0.00 +0.00 0. +0.00 0.00%) 000
i stat SR_DF0) 845 55 cuts_bin. 0 £0.00 [0.00%) +0.00 [0.00%) +0.00 [0.00%) 0.00%) 0.0 +1.39 (5.6%] £0.00 0.00% 000 [0.00%)
Eammastat SRDFOJ 3935 3301t 5.0 £0.00 [0.00% £131 [7.0%] 0,00 [0.00%] 0.00%) +0.00 0,00 (0,007 0,00 (0.00%) =000 [0.00%
gm.munun_nrnmhuu £0.00 [0.007%] £0.00 [0.00%) £0.00 [0.00%] 0.00%) +0.00 £0.00 [0.00%] £0.00 0. £000 [0.00%
omma_stat SRSFO1_70.795.cute-bin ) £0.00 [0.00%] +0.00 0.00 +0.00 0.00%] 0.00%] +0.00 +0.00 0.00%) +0.00 0.00%) <000 0.00%]
ot SKDFO] 8575 5 s i 0 £0.00 [0.00%) +0.00 [0.00%) +0.00 [0.00%] [5.3%] +0.00 +0.00 0.00%) +0.00 0.00% +0.00 [0.00%)
gamma_stat_SRSFOJ_795.50.cuts bin 0 £0.00 [0,00%) £0.00 [0.00%) 0,00 [0.00%) 0.00%) +0.00 +0.00 0. +0,00 (0.00%) <000 [0.00%)
amma_stat_CR_Top.cuts bin0 £0.00 [0.00%] £0.00 [0.00%] £0.00 [0.00%] 0.00%) +0.00 +0.00 0. £0,00 [0.00%) 000 [0.00%]
mimn_stat SR_SF0)_77_775 cuts bin) £0.00 [0.00 £0.00 [0.00%] £0.00 [0.00%] 0.00%) +0.00 £0.00 0. £0.00 0. 000 [0.00%]
alpha MUON-EFF-TrigStatUncertainty £0.00 [0.00%] +0.00 [0.00%] +0.00 [0.00%] 0.00%] +0.00 +0.00 0.00%) +0.00 0.00%) £0.00 0.00%]
gamma_stat SRDFOJ_835 X575_cuts bin 0 £0.00 [0.00%) £0.00 [0.00%) 138 [6.4%) 0.00%) +0.00 +0.00 (0,00 +0.00 0. <000 [0.00%)
ommasiat VR £0.00 [0.007% £0.00 [0.00% 0,00 [0.00%) 0.00%) +0.00 0,00 0. 0,00 [0.00%) 000 [0.007%]
amma_stat_SR_DF0J 5225 825 cuts bin 0 £0.00 [0.00%] £0.00 [0.00%] £0.00 [0.00%] 0.00%) +0.00 £0.00 0. £0.00 0. £000 [0.00%
-stat SR_DF0LS5.86-cxtsbin) +0.00 [0.00%] +0.00 [0.00%] +0.00 [0.00%] 0.00%] +0.00 +0.00 0.00%) 169 [5.6%] +0.00 0.00%]
alpha_JET Etalnterealibration hight £0.00 [0.00%) +0.00 [0.00%) +0.00 [0.00%] 0.00%] +0.00 +0.00 0.00% £0.00 (0.00% £0.00 [0.00%)
£0.00 [0.00% 0,00 [0.00%) 0,00 [0.00%) 0.00%) +0.00 0,00 (0.00%] 0,00 (0.00%) =000 [0.00%
£0.00 [0.00%] £0.00 [0.00%] £0.00 [0.00%] 0.00%) +0.00 £0.00 [0.00%] £0,00 (0.00%] 000 0.0
£0.00 [0.00%] +0.00 0.00%] +0.00 0.00%] 0.00%] +0.00 £0.00 0.00%) +0.00 (0.00%] £0.00 0.00%]
£0.00 [0.00%) +0.00 [0.00%) +0.00 [0.00%] 0.00%] +0.00 +0.00 0.00%) +0.00 (0.00%] £0.00 [0.00%)
£0.00 [0.00%) £0.00 [0.00%) 0,00 [0.00%) 0.00%) +0.00 0,00 [0.00 +0.00 0. <000 [0.00%)
£0.00 [0.00% £0.00 [0.00%] £0.00 [0.00%] 0.00%) +158 +0.00 £0,00 [0.00%) 000 [0.00%]
£0.00 [0.00%] £0.00 [0.00%] £0.00 [0.00%] 0.00%) +0.00 £0.00 0. £0.00 0. <000 [0.00%
£0.00 [0.00%] +0.00 [0.00%] +0.00 [0.00%] 0.00% +0.00 +0.00 0.00%) +0.00 0.00%) +0.00 0.00%]
gamma_stat £0.00 [0.00%) £0.00 [0.00%) 0,00 [0.00%) 0.00%) +0.00 +0.00 0,00 £0.00 0.00% 000 [0.00%)
gamma_stat_SRDFOJ_S1 8125 cuts b £0.00 [0.00% £0.00 [0.00% 0,00 [0.00%] 0.00%) +0.00 +0.00 0,00 [0.00%) =000 [0.007%]
alpha MUON SAGITTA_RHO £0.00 [0.007%] £0.00 [0.00%] £0.00 [0.00%] 0.00%) +0.00 £0.00 0. £0.00 (0. £000 [0.00%]
AP AVON TSy Uity £0.00 [0.007%] £0.00 (000%] £0.00 [000%] 0.00%] +0.00 +0.00 0.00%) +0.00 (0.00%) +0.00 0.00%]
alpha_EL EFF_Char £0.00 [0.00%) +0.00 [0.00%) +0.00 [0.00%] 0.00%] +0.00 +0.00 0.00%) +0.00 0.00% 000 [0.00%)
b Resummation 7jts £0.00 [0,00%) £0.00 [0.00%) 0,00 [0.00%) 0.00%) +0.00 +0.00 0,00 (0.00%) 000 [0.00%)
alpha_Renormalization Zjets £0.00 [0.00%] £0.00 [0.00%] £0.00 [0.00%] 0.00%) +0.00 +0.00 0. £0,00 [0.00%) 000 [0.00%
i stat-CR_Dib cuts b £0.00 [0.00%] £0.00 [0.00%] £0.00 [0.00%] 0.00%) +0.00 £0.00 0.00%) £0.00 0. £0.00 [000%
i FL EFF g £0.00 [0.00%] +0.00 [0.00%] +0.00 [0.00%] 0.00%] +0.00 +0.00 0.00%) +0.00 0.00%) £0.00 (000
o SRDFO) 86 s o £0.00 [0.00%) £0.00 [0.00%) +0.00 [0.00%) 0.00%) +0.00 £0.00 (0,00 £0.00 0. 137 [6.6%)
it VEDi, SFO] sty b £0.00 [0.00% £0.00 [0.00% 0,00 [0.00%] 0.00%) 000 0,00 0. 0,00 [0.00%) 000 (0,00
alpha CKKW Zjets £0.00 [0.007%] £0.00 [0.00%] £0.00 [0.00%] 0.00%) +0.00 £0.00 0. £0.00 0. <000 [0.00%]
alpha PILEUP £0.00 (0007%] £0.00 (00 +0.00 [0.00%] 0.00% +0.00 +0.00 0.00%) +0.00 0.00%) =000
gamma_stat SRSFOJ_785_79 cuts bin 0 £0.00 [0.00%) +0.00 [0.00%) +0.00 [0.00%) 0.00%] +0.00 +0.00 0.00% +0.00 0.00% <000 [0.00%)
gamma_stat_ VR Dib DFOJ. £0.00 [0.00% £0.00 [0.00% 0,00 [0.00%] 0.00%) 0,00 (0,007 0,00 (0,007 0,00 (0.00%) =000 (0,007
amma_stat_SR_SFOJ_TT578.cuts bin 0 £0.00 [0.00%] £0.00 [0.00%] £0.00 [0.00%] 0.00%) £0.00 [0.00 £0.00 0. £0.00 0. £000 [0.00%]
alpha_Factorization Zijets £0.00 [0.00%] £0.00 (0.0 £0.00 [000%] 0.00% +0.00 0.00%) +0.00 0.00%) +0.00 0. £0.00 0.00%]
et SRDPOLNS T e in ) £0.00 [0.00%) +0.00 [0.00%) +0.00 [0.00%) 0 [0.00% +0.00 0.00%) +0.00 0.00%) +0.00 0.00% £0.00 [0.00%)
i SRSFO) 78785 cuts_bin 0 £0.00 [0,00%) £0.00 [0.00%) 0,00 [0.00%) 0.00%) 0,00 [0.00%] 0,00 (0.00%] 0,00 (0.00%] <000 [0.00%)
st SISFOL 1 i £0.00 [0.00%] £0.00 [0.00%] £0.00 [0.00%] 0.00%) +0.00 [0.00%] +0.00 [0.00%] +0.00 [0.00%) 000 [0.00%]

Table 7: Breakdown of the dominant systematic uncertaintics on background estimates in the various signal regions.
d.

percentages show the size of the uncertainty relative o the total expected backgroun

Note that the individual uncertainties can be correlated, and do not necessarily add up quadratically to the total background uncertainty. The

Post-fit

Uncertainty of channel SRDF0) 835925 SRDF0) 832553 SRDF0) 835 5575 SRDF0) 857554 SILDF0) S1545 SILDF0) 81555 SILDF0I 8556 SILDFOIS6
Total background expectation 2.6 23 596 2T w012 3011 3089 203
Toabtical (/o) n w18t =500 5,00 5.5 5,40 607 514
al backgronnd systematic 1163 (39.19%) 914 [39.07%) £0.84 [37.89%) 6,08 [28.49%) £7.99 [2628%) £9.26 [30.76%) +7.12 [1920%) +851 [32.19%]
Apha Resummation VW 852 [25.7%] 656 () 100 [1.9%] 056 (227 =326 [10.7%] 562 [18.7%] L7 37 368 [18.9%]
phaET 5ol H ReoPerp 442 [149%) [3.6%) £318 [122%) £1.50 [6.15) £3.66 [120%) £0.09 [13.6%) 314 [8.5%) 444 [16.8%]
alpha_CKI 427 [14.4%] i) 455 [17.5%) 169 [181%) £017 [0.55%] £210 [7.0%) £381 [10.3%] 159 [6.0%)
demJAETM(tnkJ(cmPua +2.42 [3.2%) 252 [10.8%] 290 [112%] 152 [5.9%] £192 [6.3%) 231 [1.1%) £1.49 [10%) 2240 [0.1%]
alpha DS Singl £230 [7.5%) 2268 [1.4%] £0.39 [1.3%] 2012 [0.15%] <000 [0.00%] £055 [18%) 185 [5.0%) +2.20 [8.7%]
xmmumsurmmumm‘m 176 [5.9%) 0.00 0.0 £0.00 (0.00%] 000 (0.00%] £0.00 (0.00%] £0.00 (0.00%] £0.00 (0.00%] +000 [0.00%]
1,40 (1.7%) 025 (1.1%) 026 [1.00%] =047 [1.8%) =019 [0.62%] £0.36 [1.2%) £110 [3.0%) 0,48 [1.8%)
e PP TOTAL SYS 5120 (11%) =013 (1 114 [14%) =045 [1.7%] £072 [2.4%) £056 [1.9%) £0.54 [1.5% <031 [1.2%)
vV S112 (35%) %094 [10%) 057 [3.3%) =084 327 £108 [35%) £1.08 [3.6%) 137 [37%) 116 [1.4%)
alphaJERS +0.94325%) 20021y =192 [7.1%) 2071 [27%] =121 [107%) 2021 [065%] £0.45 [1.2%) 114 [13%)
alpha_IE] <082 [28%) <087 [37%) 162 [5.2%) =071 [27%) 130 (13%) 118 [3.9%) £0.25 [0.67%) 142 [5.4%)
alpha MET Soft Trk Scale %075 [25%) 150 [5.8%) 213 [8.2%) =047 [14%) 233 [7.7%) £3.28 [109%] £L61 [14%) +296 [11.2%]
alpha_JER DataVs\C %069 [23%) %076 [3.2%) £265 (102%] £056 [22%] 132 [13%) £038 [1.3%) £0.44 [1.2%) 2077 [20%)
alpha_JERG 2063 (21%) S04z (13 <197 [7.6%) 045 [17%)] 154 [5.1%) £0.46 [1.5%) £038 [1L0%) 117 [L4%
alpha_JERT +062 (21%) 084 [3.6%) £241 [0.3%) £065 [25%] £1.20 [19%) £0.96 [3.2%) £080 [2.2%) 107 [1.0%)
Ipha_Radiation.ttbar =060 [20%) 026 [1.1%) £024 [0.92%] £067 [26%) 167 [5.5%) 153 [5.1%) 114 [31%) 066 [25%)
alpha_JER2 %058 [20%) %016 [20%) 261 [10.0%] £073 [28%] 153 [5.0%) 150 [5.3%) £060 [16%) 142 [5.4%)
alpha_JET Flavor Response 047 [1.6%) %038 [1.6%) <057 [22%) 2012 [0.47%] £095 [3.1%) £037 [1.2%) £0.70 [19%) 2034 [1.3%)
alpha_Generator_ttbar 0,47 [1165%) <040 [1.7 £068 [26%] +051 [20%)] £0.27 (0:80%] £0.20 (0.65%] £0.16 0.13%] 028 [11%)
alpha_ER1 =041 [L4%) 033 [1.4%) 242 (0.3%) £057 [22%) £112 (1.7%) £203 [6.7%) £0.88 [2.4%) 177 [67%)
alpha_JET Flavor Composition 038 [1.3%) <062 [27%) 123 [4.7%) 072 [28%) =199 [6.6%) 052 [17%) 170 [16%) %077 [29%)
PV 2032 [1.1%) 2004 [0.15%] 032 [1.2%) £0.14 [055%] £0.42 [14%) £035 [1.2%) £052 [14%) 2043 [1.6
alpha MUON SCALE 2023 077 036 [1.5%) 20.26 (0.99%] =0.30 [1.2%] =001 [001%] <0.15 [15%) 2031 01 <019 (0.73%]
mutop +021 0.70%) £017 (07%] £018 [0.68%] £0.14 [0.55%) £0.28 091%) £0.18 (0,60 £0.29 [0.77%) 4017 [064%]
alpha_Renormalization VV 019 (0,649 078 [3.35%) <006 [0.21%] +055 [2.1%) £055 [1.87%) =004 [0.15%) £0.11 [0.29%) 1,05 [40%)]
alpha MUON_EFF_IS0_STAT %019 (0,637 2010 [0.42 011 [0.43%] =011 [0.43%] £0.14 [0.45%] £023 [0.76%] £0.26 [0.70%) 4020 076
alpha EG_SCALE %010 (0,637 £023 [0.97%] £089 [3.2%] £0.46 [1.5%] £052 [17%) £017 [0.56%) £018 [0.49%) £0.04 (0.145)
alpha-IVT +0.16 (0,529 +014 0,629 £020 0.75%) £0.10(035%] £024 .79 £012 [0.35%] £0.22 (060%] +0.18 [0.67%
o Factorization_ttbar +015 [0.51%) =007 [0.309%) =013 (0,529 =011 [0.11%) =007 [0.229) £006 [0.15%) £0.20 0.547%) =008 0.11%)
alpha_FTEFF_Light =011 [0 46 =011 [0.42 =011 [0.42%] =014 [0.47%] £0.14 [0.45%] 018 [0.457% 015 (057
alpha_Renormalization ttbar 2000 [0.35%) <001 [0.03%] 011 [041%] £000 [0.00% £005 (0,157 £017 [0.47%] £021 0799
alphaFactorization V" 016 [0.67 20,01 (0.065% 2027 [11%] 20,02 (008 £0.10 .31 +0.14 [0.35%] +091 [3.4%]
alpha MUON.ID =030 [1.35%) <007 [0.20% =002 0.07%) £0.15 [0.49%) £055 [1.8%) £052 [14%) +0.14 [052%]
alpha_JET EffectiveNP Dee <001 [0.06%] 008 [0.299 =005 [0.19%] 0.06 0.18 £0.06 [0.19%) £019 [051%] =000 (000%]
alphaJET Pileup-Rho Topology 0,65 [28%) 0,66 [2.6%)] 062 [2.4%) £1.38 (457 £0.14 [0.47%] £1.36 [3.7%) 062 [23%]
alpha JET Pilen 2006 [025%] 2020 (077%] 2010 [0.40% 2017 [057%] £0.15 (0507% +0.37 [10%] £0.01 0035
lobaJET.EectieP Modslings Mixed +003 [015%] £010 0.40%] <002 [0.06%) £002 0.07%) <000 0.01%) £0.14 [0.39%] <001 (0.045%)
alpha_JET EifectiveNP Mix =002 008%] =003 [0.13%) =001 [0.047%) =005 [0.16%] =001 [0.037%) £021 [0,56%] <001 [0.05%)
alpha FTEFFB S011 0.47%] £008 (031%] =009 034 £0.15 [0.487%] £0.11 [0.37%) £0.15 [0.40%] 009 0359
Lumi 2000 0319 <002 [010%] 2017 [061%] <021 oo <004 [0.14%] £018 [0.59%] £009 [0.21%] 2001 [0.03%
AlphaJET-Pilenp-OffsetNPY 0,09 (0:30% <047 [16 +0.49 [1.75) +0.15 (059 £0.44 [1.4%) £0.10 0,325 £002 [0.07%] +0.18 [0.
alpha_JERY =008 [0.27%) +079 [3.4%) £256 [9.9%) £052 [2.0%) £150 (19%) £L51 [5.0%) 053 [14%) =098 [37%)
alpha MUON MS =007 [0.259) <071 [3.0%) =028 [11%) =047 [18%) =079 [26%) 003 0.117%] 0.25 [0.67% <028 [11%]
alpha EG_RES %007 (0249 <062 [26%) 018 [1.5%) 072 [28%) £0.44 [15%) £038 [1.27) £012 [0.345] 2001 [0.039%
alpha_JET Etalntercalibration posEta 2007 (0239 2005 [0.20 2004017 20,02 (008 £001 o £001 014 +0.00 001 <000 [0
alpha FTEFF_C 006 [0.229) 006 [0.219%) +005 [0.20%) £005 [0.19%) £006 [0.21%) £006 [0.21%) £008 [0.21%) +0.07 [0.25%)
alpha_JET EffcctiveNP Mixed2 005 [0.18%) 003 [0.159%) <017 [0.66%) =005 [0.21%) <008 [0.26%) =000 [0.017%) £0.20 [0.547%) <001 [0.03%)
alpha_JET ElfectiveNP Modellingd Mixed! %005 (0,179 004 (0,157 000 [0.00% 000 [0.00% £002 [0.087] £000 [0.00% £000 [0.00%] 000 0009
alpha BLEFFID 2005 (0,179 <001 [0.037%] £005 [0.15%] £006 [0.237%] £005 [0.16%] £005 [0.17%) £007 [0.20%) £0.11 [0.43%)
alpha_JET EifectiveNP Statistical Mixced ! +0.05 [0.16% +0.04 0,17 <000 0,029 +0.00 0,029 £003 0.10%] £001 [0.02%] £001[0.02%] <001 0029
alpha_JET EffectiveNP Statisticald Mixed1 =005 [0.159%) =009 [0.38%) =002 [0.10%) =001 [0.037%) =001 [0.047%) £003 [0.10%) =001 [0.047%) <001 0045%)
bl RenormalztionFacorzation YV =001 (0,129 =099 [10%)] 005 (0,157 083 [3.2%] £057 [1.9%) £005 [0.17%] £003 [0,087] 005 0179
alpha_JET_Pileup.OffseM %004 (012 %040 [1.7%] £0.74 [29%] 2012 [0.45 <061 [20%)] £0.64 [2.1%) £005 [0.12 5010 03
AIpha MUON.EFFIS0.SYS <003 [0.095%] 002 .09 +0.01 [0.03%] +002 .07 £003 [0.10%) £042 .07 £0.03 [0.08%] +0.08 (0135
alpha_JET EffectiveNP Modellingl Mixed! <002 [0.08%) 002 0.10%) £064 [25%) =003 0.11%) £022 [0.73%) £0.17 [0.56%) £0.60 [1.6%) =030 [11%)]
alpha_JET EifectiveNP Statistical2 Mixed 1 =002 0,079 =003 (0,149 <016 [0.617%) £0.14 [0.53%) =008 [0.27%) £005 [0.16%) £0.09 [0.25%) <002 [0.09%)
alpha_JET ElfectiveNP Statisical Mised! 002 (0,059 £009 [0.35%) £003 [0.10%) <001 [0.037%] <001 [0.047%] £002 [0.06%] £0.23 [0.627 001 0049
alpha_JET ElffectiveNP Mised! Z001 (0,039 <000 (0.017%] £0.05 (019% <001 (002 £0.04 (0147 £0.05 016%] £002 0.01%] +0.01 (0.03%]
alpha MUON_EFF_RECOSYS <001 [0.035%) <000 0.01%) <000 [0.00%) =001 [0.03%) £001 [0.02%) £001 [0.02%) +001 [0.02%) +0.00 (0029
alpha BL_EFF Reco =001 [0.03%) =001 [0.03%) =001 0,047 =001 [0.05%) =002 [0.06%) =001 [0.05%) £002 [0.05%) 0.2 [0.08%)
alpha FT_EFF extrFromCharm Z001 (0,029 =001 (0,037 =001 (0,029 =001 (0,029 =001 [0.029 £001 [0.027] £001 [0.027 001 (0,039
alpha_JET EffctiveNP Modelling3 Mixed1 Z001 [0.02%) 2008 [0.31%) £006 [0.22%] £005 [0.157%] £000 0.017%] £001 [0.127 £0.17 [0.47%) £0.01 [0.045)
alpha_BLEFF I <001 0,029 <001 0,029 <001 0,029 =001 [0.029] +001 0,029 £001[0.02%] £001[0.02%] +0.01 [0.035%)
loba JET.EfectieP Sttt Mixsd1 =000 0.01%) <002 [0.08%) =000 0.01%) =000 0.01%) <003 [0.09%) =000 0.017%) =001 0.01%) =000 [0.029%
alpha MUON_EFF_RECO SYS LOWPT =000 0.019%) 000 002 =000 002 =000 [0.0271 =001 [0.027 =001 [0.027] =001 [0.027% =001 002
PUON EFE TTVA STAT %000 0019 £000 (0,02 £000 0.01%] £000 0.017%] £000 0.017%] £000 0.017%] £001 [0.017%] 000 0027
Alpha MUON_EFF_RECO_STAT +0.00 (001 0,00 (0.0% <000 [0.00%] +0.00 0.00%] £0.00 0.00%] £0.00 0.01%] £0.00 0.00%] +0.00 [0.015]
alpha_JET Eialntercalibration_negEto. =000 [0.01%) 004 [0.15%) <002 0.08%) =007 [0.29%) <002 [0.06%) £0.10 0.32%) =001 0.01%) 0.0 (0029
alpha MUON_EFF_RECO STATLOWPT =000 (0019%) =000 0017 =000 0017 =000 0.017%) =000 0.017%) =000 0.017%) =000 [0.017%) =000 (001%)
alpha_JET Effective NP Statistical3 Mised ! %000 001 002 (0,087 £000 0.01%] £000 0.017%] £000 0.017%] £000 [0.017%] £000 [0.017%) £0.00 (001
alpha MUON_EFF_TTVA SYS 2000 0,009 <000 0,00 <000 [0.00% £000 [0.00% £0.00 [0007% £0.00 [0:007% £0.00 [0007%] £0.00 [001%]
lobaJET.EctiaP-Dotactor? =000 [0.005%) 002 0.09%) <000 [0.00%) £0.00 [0.00%) £0.00 [0.00%) £0.00 [0.00%) £0.00 [0.00%] 0.0 (0005
Fextrapolation =000 [0.00%) =000 [0.00%) <000 [0.00%) <000 [0.00%) <000 [0.00%) £000 [0.00%) £0.00 [0.00%) =000 [0.00%
P MUON SAGIETA RESDIAS 000 (0,009 000 (0,00 000 [0.00% 000 [0.007%] £000 [0.00%] £000 [0.00%] £0.00 [0,00%] 000 0009
alpha_JET PunchThrongh MC16 %000 0,00 %000 0,00 £000 [0.00% £000 [0.00%] £000 [0.00% £0.00 [0.00%] £0.00 [0.00%] 000 (000
alpha MUON-SA <000 0,005 000 (000 +0.00 000 +0.00 0.00%] £0.00 0.00%] £0.00 [0.00%] £0.00 [0.00%] 0.0 (0005
al huETJ:tuh\wrm\lblatmnjugl\E =000 [0.00%) =000 [0.00%) 000 [0.00%) <000 [0.00%) <000 [0.00%) £0.00 [0.00%) £0.00 [0.00%) 0.0 (0009%)
alpha BL_EFF Triggere =000 (0,009 =000 (0,009 =000 (0,00 =000 [0.007% <000 [0.007%] £000 [0,00) £0.00 [0,00%) =000 0009
alpha BL_EFF Charge %000 (0,009 %000 [0.00%) 000 [0.00% £000 [0.00% £000 [0.00% £0.00 [0.00%] £0.00 [0.00% 000 (0009
alpha BL_BFF Trigger 0,00 (0.00% 0,00 (0.00% =0.00 (0.0 =0.00 (0:007% £0.00 0.00%] £0.00 0.0 £0.00 [0.00%] 0.0 (0005
gamma_stat SR_DFOJ_845.85.cuts bin ) 000 [0.00%) <000 [0.00%) <000 [0.00%) +0.00 [0.00%) £000 [0.00%) 169 [5.6%) £0.00 [0.00%) 0.0 (0009%)
Bamma_stat_SR_DF0J %325 835_cuts bin0 =000 [0.009%) 1,64 [7.0%)] 000 (0,00 <000 [0.00%) =000 [0.00%) £000 [0,00%) £0.00 [0.00%) =000 0.00%)
samma_stat_SR_DF0J 817552 cuts bin 000 (0,009 %000 [0.00% 000 [0.00% 000 [0.00%] £000 [0.00% £000 [0.00%] £0.00 [0.00%] 000 0009
Famma_stat SR_SF0.79_795 2000 0,009 £000 0,009 <000 [0.00% 000 0.0 £000 [0.00% £0.00 [0.007%] £0.00 [0.00 £0.00 (0.00%)
gamma-stat SRDFOJ 87554 cuts-bin) 000 0,009 +0.00 0,00 <000 0,00 £1.47 (5.5%) £0.00 [0.00%] £0.00 [0.00%] £0.00 [0.00%] 0.0 (0009
amma_stat_SR_SF0J_795.80_cuts bin. 0 =000 [0.00%) =000 [0.00%) =000 [0.00%) <000 [0.00%) 2000 [0.00%) £000 [0.00%) £0.00 [0.00%) =000 0.00%)
Bamma_stat_CR_Top._euts_bin 0 =000 (0,009 =000 (0,009 =000 (0,00 =000 [0.007%] 000 [0.00%] 2000 [0,00%] £0.00 [0.00% =000 0009
i stat_SR_SF0JT7_775-cuts bin 0 %000 0,009 %000 [0.00% 000 [0.00% =000 0.0 2000 [0.00% £0.00 0.0 £0.00 [0.00%] 000 (0009
alpha MUON_EFF.TrigStat Uncertainty 0,00 (0.00% 0,00 [0.0% 000 (000 +0.00 0.00%] £0.00 0.00%] £0.00 0.00%] £0.00 [0.00%] 0.0 0005
amma_stat SRDFOJ_£35_8975_cuts bin) =000 [0.009%) =000 [0.00%) 166 [6.45%) =000 [0.00%) <000 [0.00%) £000 [0.00%) £0.00 [0.00%) 0.0 (0.009%)
Bamma_stat_VR_Top DF0Leu =000 [0.00%) 000 (0,009 <000 (0,009 =000 [0.00%) <000 [0.007%) £000 [0.00%) £0.00 [0,00%) 0.0 (0009
samma_stat_SR_DF0J 8225 825 cuts bin0 000 (0,009 000 [0.00% 000 0.0 000 0.0 £000 [0.00 £000 [0.00% £0.00 [0.00%] 000 (0009
Famma_stat SR_DF0J 85_56 cuts_bin ) 0,00 (0.00% 0,00 [0.0% 0,00 (0.00% £0.00 (000% £0.00 [0007% £0.00 0.00%] +208 [5.6%] +0.00 (0.005]
gammastat VR Top SF1cuts bin 000 [0.005%) 000 [0.00%) <000 [0.00%) £0.00 [0.00%) £0.00 [0.00%) £0.00 [0.00%) £0.00 [0.00%) 0.0 (0005
Bamma_stat_VR_Top5 =000 [0.009%) =000 [0.00%) <000 [0.00% <000 [0.00%) £000 [0.00%) £000 [0.00%) £0.00 [0.00%) =000 (0.00%)
samma_stat_SR_DF0J 5275 53 cuts bin 000 (0,009 000 (0,009 %000 0.0 000 [0.00%] £000 [0.00%] £000 [0.00] £0.00 [0,00%] 000 0009
Famma_stat SR_DF0J 528325 cuts_bin 0 %000 0,009 <000 0,00 <000 [0.00% 2000 [0.00%] 2000 [0.00% £0.00 [0.00% £0.00 [0.00%] 2000 (0009
ammastat SRSF0J_8081euts.bin-0 000 0,005 000 0,00 000 0.00%] +0.00 0.00%] £0.00 0.00%] £0.00 [0.00%] £0.00 [0.00%] 0.0 (0005
=000 [0.00%) =000 [0.00%) 000 [0.00%) <000 [0.00%) £1.94 [6.4%) £000 [0.00%) £0.00 [0.00%) 0.0 (000%)
gamma_stat_VR_Top DF1 =000 (0,009 =000 (0,009 000 (0,007 =000 [0.007%] <000 (0,00 £000 [0,00] £0.00 [0.00% =000 0009
samma_stat_SR_DF0J 825 5275 cuts bin 0 %000 0,009 %000 [0.00% 000 [0.00% £000 [0.00% £000 [0.00% £0.00 [0.00% £0.00 [0.00% 000 (0009
s <000 0,005 000 0.005%] 000 0.00%] +0.00 0.00%] £0.00 0.00%] £0.00 0.00%] £0.00 [0.00%] +0.00 0005
gamma_stat_SR_DFO. =000 [0.00%) 000 [0.00%) <000 [0.00%) +0.00 [0.00%) £000 [0.00%) £000 [0.00%) £0.00 [0.00%) 0.0 (0009%)
alpha MUO =000 [0.00%) =000 (0,009 <000 (0,00 <000 [0.00%) £000 [0.00%) £000 [0,00%) £0.00 [0.00%) =000 [0.00%
alpha Resummation Zits 000 (0,009 000 [0.00% 000 [0.00% 000 [0.00% £000 [0.00%] £000 [0.007%] £0.00 [0.00%] 000 0009
al 2000 0,009 <000 0,00 <000 [0.00% £000 [0.00% £000 [0.00%] £0.00 [0007%] £0.00 [0007%] £0.00 [0005%]
gammastat 000 0,009 000 0,009 £0.00 (000 £0.00 0.00%] £0.00 [0.00%] £0.00 [0.00%] £0.00 [0.00%] <000 [0
Bamma_stat S} =000 [0.00%) =000 [0.00%) <000 [0.00%) <000 [0.00%) <000 [0.00%) <000 [0.00%) £0.00 [0.00%) 1,76 [6.6%)]
Bammazstat_VR_Dib SF0)_cuts bin0 =000 (0,009 =000 (0,009 =000 (0,00 =000 [0.007] 000 [0.00%] £000 [0.00] £0.00 [0,00%] <000 0
alpha CKKW Ziets %000 0,00 %000 [0.00% £000 [0.00% £000 [0.00% £000 [0.00% £000 [0.00% £0.00 [0.00% 000 (000
ha_PILEUP 0,00 (0.00% 000 0,005 £0.00 000 +0.00 0.00%] 000 £0.00 [0.00%] £0.00 [0.00%] 0.0 (0005
gamma_stat SR_SF0 78579 s bin 0 =000 [0.009%) =000 [0.00%) <000 [0.00%) <000 [0.00%) <000 [0.00%) £0.00 [0.00%) £0.00 [0.00%) =000 0.009%)
Fanimstat.VRDib.DFOl et =000 (0,009 =000 (0,009 =000 (0,00 =000 [0.00%) =000 [0.00%) 2000 [0.00%) £0.00 [0,00%) =000 0009
ot SR SFOLTS. in0 %000 (0,009 %000 [0.00%) £000 [0.00% £000 [0.00% £000 [0.00% £0.00 [0.00%] £0.00 [0.00%] 000 (0009
alpha_Factorization Ziets %000 0,009 0,00 (0.0% =0.00 (0.0 £0.00 (0007% £0.00 0.00%] £0.00 0.00%] £0.00 [0.00%] +0.00 (0.00%]
gamma_stat SR DFOJ815.8175_cuts bin 0 000 [0.009%) <000 [0.00%) <000 [0.00%) £0.00 [0.00%) £0.00 [0.00%) £0.00 [0.00%) £0.00 [0.00%) 0.0 (0.005%)
Bamma_stat_SR_SF0J 78 785 cuts_bin. 0 =000 [0.00%) =000 [0.00%) 000 (0,00 <000 [0.00%) <000 [0.00%) £000 [0,00%) £0.00 [0.00%) =000 (0.00%)
samma_stat_SR_SFOJ 3 cuts bin 0 000 (0,009 000 (0,009 000 [0.00%] +000 [0.00%] £000 [0.00%] £0.00 [0.00%] £0.00 [0.00%] 000 0009

Table 11; Breakdown of the dominant systematic uncertainties on background estimates in the various signal regions. Note that the individual uncertainties can be correlated, and do not necessasily add up quadratically to the total background uncertainty. The
percentages show the size of the uncertainty relative to the total expected background.
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C1C1WW - Systematic Tables

Uncertainty of channel SRSFOIT75 SRSFO1TT5.78 SHSFOIT T8 SESF01 755,79 SSF01 79550 SRSFOIN0ST SHSF0IS Uncertainty of channel SRSF0) 175 SRSFOI775.78 SHSFOIT TS SHSFO1785.79 SRSFOI70705 SESF01795.50 SHSF0IN0ST SHSF0IA
Total background expectation B 2508 BEH 1617 1224 X [ Total backgronnd expectation a7 57 550 002 1638 [0 1505 1205
Toal sl (/o) =501 180 e 02 2 350 344 =311 Toal sttt (/o) =561 5.0 5,37 452 105 3,90 347
al background Systematic 443 [17.63%] 459 [19.93%] 4743 BL81%) 6,46 [39.95%)] 5,14 §7.07%) 3,17 [25.87%] .02 [33.89%] +3.72 [BT.61%)] al background Systematic 5,04 [16.02%)] 5,60 [19.50%] £0.41 [32.68%] £7.18 [35.16%] 4613 [37.42%) 3,92 [25.82%] 5,16 [11.27%] 413 [34.26%]
stat SE_SFOJ 77775 enta bin ) 200 5% 000 [0.007) Z000 [0 000 [0.007] 0,00 [0.007] 0 [000%] 0,00 [0007%] EEDTE 000 (0.007) Z000 0. 000 [0.007) 2000 0.00%] 000 [0.007] 2000 0.00%] 0,00 [0.007]

e JET Flavor-Compasiton 1217 8.6 £0.70 [3.0%] +1.20 [.1%] £0.16 [28%] 2150 [1085%)] £0.97 [8.0%] £020 [2.4% £0.63 6.35) 230 7. £0.73 [2.5%] 121 [1.3%] £0.54 [26%] 151 [0.2%] 118 [1.7%] <020 [1.0%] £0.61 [5.1%]
alpha EG_RES 168 [6.7% 015 [0.63%) <030 [1.3%] £0.04 (0.26%) 2052 [3.8%] £0.00 (0.727) 2000 [0.01%)] 20,05 [0.54%) 177 5.6 015 (052%) 034 [1.2%) £0.03 [0.16%) Z062 [3.8%] £0.15 [0.96%) 2004 [0.27%)] £0.08 [0.66%)
alpha Shower_ttbar L1 [5.7% £0.39 [17%] 105 [1.5%] w181 (1127 Z039 28%] 10,05 [0.41%) 2044 375 10,00 [0.00%) 1164 5.2 158 5.5%] 45,26 [18.35%)] 276 [13.5%) 2035 1% w27 (1627 122 8.1%] 40,59 [4.9%]
alpha CKKW V'V S110 [4.7% s e Lol naie prudtd s sl 4151 48 e o] silosd o] o031 o] a0 o

S ML STy Z030 £054 [2.4% “132 4112 (6.9% <010 3.5 £0,57 (47 2008 [0.65 4112 (11 +1.25 40 11440 100 [3.8 £0,86 42 040 3. £0.50 (3.9% 065 [1.5 £0.44 (3.7
alpha DS Singleto 40,63 [25 +0.98 [427] 105 [4.5%] £0.00 [5.6%] <0513 +0,63 5.2 0,45 (3.8 00 0.00%] alpha MET SoftTrk ResoPara 4101 [3.2 151 (5:3%] +8.78 [13.1%) 4107 [9.6%] 4104 [11.8%) +0.38 [25%] +067 [1.4%] 40,51 [4237]
o MET_SoltTrk ResoPars 050 2.5 +1.20 [5.2%] +267 [115%)] 152 [0.4%] 132 [0.5%] £0.25 [20%] 049 o1 £0.34 [3.45%) alpha MET SoftTrk ResoPerp £0.81 26 £059 [20%] 173 [6.0%] 144 [7.0%] 2082 [5.0%] £0.17 [5.1%] 4010 [0.66%)] 141 (117%)
A JET Pileup R Topology 057 2.5 +0.35 [15%] <080 [3.8%] £0.21 [13%] 052 3.7%] £0,63 5.2%] 025 2.1 40,56 5.6%) alpha DS Singletop £0.66 [2.1 108 [3.6%] 110 [3.8%] £0.95 [46%] 2054 [3.3%] £0,66 [4.4%] 048 [3.2%] £0.00 [0.00%]
alpha JET Pileup_OffsetMu Z040 [ £0.00(0.01%) 2018 [0.78%)] £057 [3.6%] <018 [1L.3%] £0.20 [17%] 015 L3 +0.34 [3.4 alpha JET_Pileup RhoTopology 20,65 [21 031 [1.2%] <091 [3.5%] +0.30 [1:5%] %050 3.1%] £0.76 5.0%] =030 p0%] £0.55 [45%]
alpha JET Pileup Offset NPV 048 1. 008 [0.377) +017 [0.73%)] £0.31 [19%] <015 [L1%] £0.18 [15%] <016 1.5 +0,07 [0.72%) alpha JET Pileup_OffsetMu 40,58 1 £003 [0.11%) 2020 0.70%] +051 [25%] 2022 [1.3%] +0.29 [1.9%] <018 [1.2%] +0.93 [27%]
loha T Pl Response To47 1. ooz o s e sl 2o oo alphaJERL 10,56 1 axiem Lo %) a0 wm b sl s a0

alpha JER Data! %040 [L6 £0.66 [297% 0.08% 034 2.1 058 [1.2% 0,13 L1 0.06 051 +0.16 1.6 alpha JER DataVsMC £0.55 18 054 2 2005 (0,15 £044 (21 085 [ .20 [13%] 006 [0.41 +0.22 L
alphaJERT %030 [L6 183 [5.0%] £049 .1%] +0.20 [12%] 037 p7%] £0.96 [3.0%] 5010 j0.84%)] +0,07 [0.72%) alpha JET_Pileup. OlfselNPY +0.52 17 01110577 £0.17 [0.60%) 028 [13%] 2016 [1.00%)] +0.23 [15%] 020 [1.3%] £0.11 [0.95%)
alpha Renormalization V" +0.38 15 +0.16 [0.687) 042 [L8%] +0.19 [12%] +017 [1.2%] +0.26 [2.%] 003 [0.29%)] +0,07 [0.75%) alpha Renormalization V'V +0.52 16 022 [0.75%) +0.57 [20%)] +0.27 [13%] +023 [L4%] £0.36 [2.4%] +0.05 [0.31%) +0.10 [0.85%)
PRI Bt NP Modling] st 036 [L4 £0.25 [11%] 2011 [0.46%) +0.44 [27%] +007 [0.54%) £0.27 [221] 010 [0.86%] +0,03 [0.35%) alpha JET_F pon +0.50 1.6 026 (0.90%) +0.21 [0.74%) +0.27 [13%] +012 0.71%) 0,65 [43%] 2013 [0.845%] +0,05 [0.43%)
alphaJERG 033 [L3 0,80 [3.5%] 004 [0.18%)] £0,00 (0.00%) =002 [0.18%)] +0.14 [12%] 026 [2.2% +0,01 [0.11%) alphaJERG £0.44 L4 £0.99 [3.4%] £0,05 [0.16%) £0.03 [0.137) 005 [0.925%)] +0.21 [1L4%] +031 .3%] +0.01 [0.06%)
alpha MUON MS 031 1. 011 [0.477) 008 [0.335%] £0.29 (18] £020 2.1%] +0,02 (0.20%) 0,56 [1.7% +0.07 [0.11%) alpha MUONMS. £0.43 14 014 [0.47%) +003 [0.125%] £0.32 (16%] =031 [L9%] £0.08 [0.19%) 018 [3.2%] +0.09 [0.74%)
alpha_PDF_VV %030 1. £0.26 [11%] 039 [1.7% +0.21 [13%] £012 [0.845%) £0.10 [0.81%) £008 [0.66%) 40,16 alph 20,4213 £0.35 [1.2%] =051 1. +0.29 [1L4%] 2016 [0.98%)] 0,14 [0.90%) 2011 [0.725%) +0.22 [18%]
alpha_Factorization VY +030 1. 007 [0.29%) 2012 [0.52%) +0.05 (0.327) 008 [0.55%] +0,03 [0.29%)] 010 f0.85%] +0.02 [0.24%) alpha JERZ £0.41 [13 137 [48%] <069 [2.4%] 0,16 (0.767) 050 [3.0%] +0,62 [4.1%] +033 2.2%] £0,09 (0.78%)
alpha JER? 029 [1.1% 110 [48%] =051 2.2%] 0,18 [11%] +031 4% £0.45 [3.6%] +023 [L9%] £0,08 [0.83%) alpha_Factorizatio £0.41 [13% £009 (0.327) 2017 [0.58%)] 007 (0357 S0.11[0.645%) +0.05 (0.327) 0,14 [0.95%) 0,03 [0.28%)
alpha_Factorization.ttbar 023 [0.93 003 [0.1277) 0.08 0329] 0,07 [0.4271) 016 [L1%] +0,05 [0.39%) 017 [L4%] 0,00 [0.00%] i +0.97 [12%) =028 [0.99%) £0.13 [0.46%) 0,47 [2:3%] <007 [0.425] +0.35 [23%] 5013 [0.835%)] 0,01 [0.09%]
et 023 +1.19 (5.2%] =041 [L7%] +0.21 [13%] +008 [0.57%) +0.25 [2.1%] <004 [0.345%) +0.12 [12%] i +031 £151 [5:3%] =054 [19%] +0.25 [12%] 0,14 [0.875%] +0.35 [23%] <003 [0.225%] +0.17 [14%]
ipha FNP_TOTALSYS %023 [0.91%) +0.27 [12%] 4010 [0.45%)] +0.02 [0.15%) +020 [L4%] +0.07 [0.57%) 012 [L1%] +0.05 [0.51%) i Factorization.ttbar. +0.25 [0.78% +003 [0.107) £008 [0.28%)] 007 [0.35%) =017 [L0%] 0,05 [0.33%) =017 [1.2%] 0,00 [0.00%)
e AIONID %021 [0.82%) 0,14 [0.61%) =089 [3.8%] 0,84 52%] 110 [ +0.16 [13%] 039 [3.3%] +0.16 [16%] S AONTD +0.23 [0.73% £0.32 [L1%] =089 [3.1%] +0.72 [3.5%] 113 [6.9%] 0,19 [13%] 051 3.4%] +0.23 [19%)]
bha-Resammaton. VY 016 [0.63%) 115 [5.0%] +257 [11.0%] 0,30 [19%] 181 [13.0%)] 0,05 [0.38%) +246 [207%) +0.10 [100%) alpha MET SoftTrk Scale: £0.23 [0.72% £1.22 [42%] £3.48 [121%)] +209 [1027) 180 11.0%] 017 [117%] 110 [7.3%] 281 [23.4%)
alph 016 [0.63%) 008 [0.347) <042 [L8%] 0,27 [1L7%] =014 [1L0%] £0,20 [16%] <017 [L5%] +0.23 [2.4%) o+ alpha FNP TOTALSYS £0.22 [0.70% 025 (0.557) 5010 [0.35%)] 002 [0.117%) £019 [11%] 0,07 [0.417) +012 [0.79%) 0,05 [0.40%]
alph 0,14 [0.56%) 145 [6:3%] =037 [L6%] +0.22 [14%] +003 [0.20%) +0.18 [15%] o1 £0,06 [0.59% . alpha_Resummation VV £0.22 [0.69% 1,59 5.5%] 354 [123%) 0,42 [2.07 4249 [15.2%) 0,06 [0.427] =338 [225%)] +0.14 [117%]
* — alpthEFleght +012 [0.47%) 011 [0.477) £0.10 [0.435%) 0,08 [0.50%) =005 [0.345%)] 0,06 [0.45%) =006 [0.51%) £0,04 [0.42% [ I muiop £0.22 [0.69% £0.19 [0.657%) +017 [0.58%)] 012 [0.59%) 011 [0.65%)] 0,10 [0.647] 008 [0.50%] 0,05 [0.40%)
%012 [0.46%) 117 [5.1%] =017 [0.735%) 0,13 [0.77%) £0.15 [L1%] +0.33 [2.7%] =009 [0.76%) £0,04 (0.41% alpha VT £0.17 [0.54% =008 (0.277%) +0.43 [1.5%] 0,28 [1.4%] 0,14 [0.86%)] +0.21 [14%] 0,18 [1.2% +0.23 [19%)]
Y i Fot {040 0.0 03] 006 [0245%) o0 ] 000 0.1%) 001 [0:34%) 003 0,435 002 0237 1 “phaJE) 016 0527 i (6] o2 (1] oot 12%] o7 [o.43%1) Toms 17] 004 0.25%) 007 1)
1 P BLEFEID. o0 040 Som ox] oot [003%) o0 %] 003 (033%) o0 36%] o0 (0675 003 033%) “phaFTEFF Light 016 (0527 Zo1s ) S04 (0.4850) Som i) 006 [0399%) 0.8 050%) 0,08 (055%) o006 pari]
alpha_Radintion.tbar 009 [0.96%) 001 [0.067%) =068 [2.9%] 3.1 [2.2%] L1 [11.6%) +0.91 [7.4%] 182 [15.3%) +0.00 -+ alphaJERT £0,14 [0.46% 145 [5.0%] 5023 [0.825%)] 012 [0.58%) =018 [1.1%] 0,45 [3.0%) 009 [0.60%)] 0,05 [0.41%)
q) alpha MUON SCALE. <007 [0.27%) 0,16 (0,687 S011[0.475%) 0,18 [1.1%] 20 [1.7 £023 20%] +0.12 [12%] wn alpha FT_EFF B £0.12 [0.39% <010 (0.367%) 006 [0.21%)] 007 [0.347%) 037%) +0.04 (0.29%) 005 [0.36%] +0.02 [0.20%]
alpha_JERS <007 [0.27%) +0.91 [39%] %010 j0.41%)] £0.12 (0757 =007 j0.475%) +0.23 [1.9%] <022 [18%] +0.00 [0.04%) alpha MUON SCALE, £0.12 [0.37% =013 [0.45%) 5017 [0.58%)] 0,30 [1:5%] 000 [0.00%)] 0,23 [15%] =027 [1.8% +0.15 [12%]
(. o w 2000 025% 2008 0357 ey 2006 0297 2o ) savo oo o a1 1% O sPbaBLEFEID £0.11 [0.35% 220 o =00z 0w oo oo £000 [1%) oo 006 (0.44%

alpha Renormalization Factarization. 006 [0.23%) 0,23 (1.0 =028 [1.2% 0,15 [0.907 <009 [0.635%) £0.22 (187 014 1.2 £0.05 (0.49% ipha_Radlintion_itbar £0.10 [0.30% =002 (0.5 071 [2.5% =411 20 169 [1035%) +0.95 6.3 191 12, 0,00 (0.00
b Genror 005 [0.22%) .20 (0.89%) =082 [3.5%] 1,95 [12.1%) 1.25 [9.0%) 0,98 [3.1%] <001 [0.075%) £0,00 (0.00% alpha_EGSCALE £0.09 (0.27% 021 (0847 £0.21 [0.72%) 009 (0.45%) =039 [2.4%] 0,27 (157 <007 [0.455%) 0,07 [0.59%)
e T 005 [0.21%) 0,05 [021%] 005 [0.19%) 0,04 (0:29%) <004 [0.31%) 0.03 0.21 =003 j0.245) £0.02 [0.19% alpha Renormalization Factorization VV £0,08 [0.25% £0.32 (11%] 039 [1.4%] 020 (0.98%) +012 [0.745%) 0,30 [2.0% =019 [1.3%] 0,07 [055%]
T ElloieP Sttt Mixoll. 5004 [0.15%) 001 (0.047) 001 [0.035%) 0,01 [0.04%] 0400 [0.03 0,01 [0.04%) [0045%] 0,00 (0.03% alpha FTEFF.C +0.07 [0.28% +007 (0.23%) 006 [0.22%) £0.05 [0.25%) 005 [0.335%) +0.03 (0.29%) 004 [0.26%) 0,08 [021%)
b JET EflectiveNP A 004 [0.15%) 0,01 (0.06%) <001 [0.045) +0.01 (0.05%] =001 [0.045) +0.01 [0.09% =001 [0.065%)] £0.00 [0.04% alpha_JER5 +0.07 [0.22% 112 [3.9%) +0.14 [0.47%] 013 (0,637 0,14 [0.865%)] +0.32 [2.17%] 028 [1.8%] +0.01 [0.11%)
alpha_JET Pileup_PiTer 003 [0.145%) 0,14 (0.61%) +003 [0.135%) +0.09 0.56%] <001 [0.10%) +0.02 (0.19% 0.0 0005%] +0.02 [0.18% Lumi £0.06 [0.20% 08 025%] +0.15 [0.51%)] +0.05 [0.23%) 015 [0.925%)] +0.05 (0.35%) 004 [0.29%) +0.11 [0.88%
alpha Renormalization. +003 [0.125) 010 0.427) +003 [0.135%) +0.07 (0.5 +002 [0.13%) +0.04 (0337 030 2.6%] +0.00 alpha Generator ith £0.06 [0.18% £0.22 (0.75%) =086 [3.0% 205 [10.0%] 132 8. +0.10 [2.6% +0.01 [006%] +0.00 [0.00%)
alphaJET Etalntercalibration_posEta £0.03 [0.11% 0,03 0.15%] 0402 [0.08%) +0.00 (001 =002 0.11%) +0.00 (0.03% +0.00 (001%] £0.00 [0.00% alphaJET EffectiveNP Mised3 £0.05 [0.16% £002 (0.07%) +0.01 [0.04% +0.01 [0.05%) 0.01 0045 +0.02 0.107 +0.01 [007%] +0.00 (0.04%

alpha_Factoriation Zicts £0.02 [0.10% +0.01 (0.01%] 006 [0.25%) +0.02(0.12 +004 [0.825) +0.02 0.18% <002 [0.15%) +0.04 [0.49% alpha_JET Pileup PrTerm £0.04 0.14% £0.19 (0.647%) £0.03 [0.09% 008 [0.40%) <0402 [0.135%) +0.04 0:26%] 000 0.01%] +0.02 (020

alpha MET SoftTrk Scale +0.402 [0.105%) £0.80 (1.9%] 4330 [14.5%) 212131 149 [10.85%) +0.09 [0.76%) 1 [5.1%) +2.71 [27.4% alpha_JET_EffectiveNFP Statistical Mixedl £0.04 0.13% £001 (0.047%] +0.01 [0.09% +0.01 [0.047%] +001 +0.01 0.05 +001 [0045%] +0.00 [0.09

alpha_JET Etalntercalibration.n 0402 [0.085%) +0.02 (0.07 <007 +0.01 (0.7 +002 (0.145) +0.08 [0.22% £002 (0.15%) +0.02 [021% alpha Renormaliation. itbar +0.03 0.10% £0.10 (0.36%)] 003 [0.11%) +0.08 (0377 +0402 [0.125] +0.04 (028 £0.32 [21%) +0.00 [0.00
iohe BT BckvP Modoling Miedt 002 [0.085%] +0.08 011 000 +0.01 (0.7 =001 [0.065 +0.00 [0.09 000 0.035%) +0.01 [0.09% loba JBT-EfustesND Mocolings Mt +0.03 [0.10% +003 (0.11%) <001 [0.025] +0.01 (0.07%) <001 [0.035%] +0.01 [0.04 0.01 +0.01 [0.09%
alpha EG-S 0402 [0.06%) +0.22 (0.9 4017 [0.74 £0.01 02 £034 [2.4%] +0.21 [L7%] <007 (0.56%) +0.06 [0.49% alphaJET Etalntercalibration-posE: £0.03 [0.09% £0.01 (0.13%) 0402 [0.09%] +0.00 (0.01%) 0.02 0.13%) +0.01 [0.04 000 0.01%) +0.00 [0.01%
b Eihetivep Mieiz 0.1 006%) £0.05 022 +0.00 (001 +0.01 (0.6 +0.01 (007%] £0.01 (0075 +0.00 [004%] £0.01 [0.08% spbaJET Biectholl Miei2 £0.03 0.09% 2007 (025%] 000 0.01%] +0.01 (0.06%] +0.01 [0.05%] 001 [0y +0.01 [0.05%) +0.01 [0.08%
b Bl <001 oas =001 ot +0.01 003 o0 [0.03 2om oo 2001 par om0 oo 2001 pan alpha_JET EffectiveNP Detector] 208 o 220 ous) £0.00 0.01% o0 o 2001 000% =001 [D0% +0.01 [0045%] +0.01 [0.06%
alphaJ NmmNPsu,nmuM Mixed £0.01 (004 001 [0.01 +0.01 003 001 [por +0.00 003 001 o1 =0.00 (001 £0.00 0.03% T e £0.02 [0.08 <001 (003 006 =002 (009 001 [0.27% =002 11 +0.02 011%) £0.01 [085%
DO BFPI50 3T £0.01 [0.04% <008 (031 0.1 [0.46 +0.08 050 006 (0.405%] +0.00 [0.72% <010 082%] +0.06 [0.61% alpha_JET Etalntercalibration_negEta £0.02 [0.07% 2002 (0.06%] £0.08 [0.26% 2002 (008%] +0.03 017%) +0.03 [0:20 042 [0.165) +0.02 [0.18%
PO EFFIS0SYS +0.01 [0045%] =002 (007 +0.03 012 001 Dot 0.2 013%] £0.00 [001% +0.03 025%] 0.00 [0.01% alpha MUON_EFF_ISO_STAT £0.02 0.06% £0.10 (0.36%] £0.15 [0.53% =011 [052%] 00 =012 078 0,13 083%) £0.08 0677
alpha_JET_EffectiveNP Modelling3 Mised1 +0.01 [0035%] £0.03 011 +0.02 0079 =001 007 <001 0.065%] +0.00 [0.02% <000 0.035] +0.01 [0.09%] alpha_JET_EffectiveNP Statisticald Mixed1 £0.01 [0.04% =001 [0.017) +0.01 [0045%] =001 [001%] +0.01 (0035%] <001 005 +001 [0.045] +0.00 [0.04%
alpha_ELEFF-Reco 0,01 0035 <001 0065 +0.01 003 <001 [00% <001 [008%] £0.01 [0.06% <002 013%] £0.00 0.03% alpha MUON_EFFISO SYS £0.01 [0.03% 2002 [0.06%] 0,03 0105 =001 [001%] +0.02 0105 £0.00 [0 0,03 0225%] £0.00 [001%
alpha_JET_EffectiveNP Statistical2 Mixed1 Z001 [0.02%) 003011 <001 [0.02 +0.02 0.1 <001 [0.07 £0.03 [0.26% <001 [0.07 £0.01 [0.13% alpha_FTEFF.oxtrFromCharm £0.01 [0.03% <001 (003 =001 =001 (003 +0.00 0025 £0.00 002 0,00 0035%] £0.00 0027
alpha Resummation Zjet: 001 000 (001 Z001 [0.06 +0.00 [0.08 <001 [0.08 £0.01 [0.04% <000 0,01 +0.01 [0.11% alpha EL_EFF_Reco £0.01 [0.03% =002 (006 0,01 [0045%] <002 [00% 0,01 (008 =001 (007 +0.02 013 £0.01 [0.05%
lbFTEFF et FromClarm 001 001 [0.02 <001 [0.02 +0.00 [0.02 <000 [0.02 £0.00 (0.02% <000 0.03 £0.00 (0.02% alpha_JET EffectiveNP Mixed1 +0.01 [0.02% <003 [0.09 2001 001 [0.08 2000 0.02 +0.00 [0.02 <001 £0.00 (0.02%
alpha MUON_EFF_R 001 000 [0.02 £000 [0.02 £0.00 [0.02 <000 [0.02 £0.00 [0.02% <000 [0.02 £0.00 (0.01% alpha MUON_EFF_RECO SYS I +0.01 [0.02% <001 [0.02 2000 000 [0.02 2000 0.02 000 [0.02 2000 [0.02 £0.00 (0.02%
lphaJET.EffctiveNP-Statistical6 Mixedl. 1000 000 [0.02 £0.00 0.2 £0.00 [0.02 <000 0.0t £0.00 (0.02% £000 [0.02 £0.00 (0.01% lbhaJET-EfoctivSP St Mixodl £0.01 [0.02% 001 [0.02 1000 000 [0.02 £0.00 002 000 [0.02 £0.00 0.2 £0.00 [0.02%
ets 1000 000 001 £0.01 [0.05 £0.00 [0.02 <001 [0.06 £0.00 (0.03% £000 [0.03 £0.01 [0.08% alpha Restummation. £0.01 (01 <000 001 £0.01 [0.05¢ 000 [0.02 £0.01 [0.06¢ 001 [0.08 £0.00 003 £0.01 [0.09%
1000 000 (001 £0.01 004 +0.00 [0.02 o0 £0.00 (0.03% £000 [0.03 £0.01 [0.08% b JET Bilciv P m,,..c.nunmu £0.00 0. 001 0.1 £0.01 004 003 [0.13 +0.01 (0.0 £0.05 [0.30 +0.01 £0.02 [0.14%

+0.00 001 000 (001 +0.00 001 +0.00 (001 <000 0.0 £0.00 [0.01% <000 0.0 +0.00 (001 alpha_Ren +0.00 001 <000 001 £0.01 004 000 [0.02 +0.01 [0.05 0,00 [0.03 +0.00 0.2 +0.01 [0.07

2000 001 001 [0.02 £000 [0.02 £0.00 [0.08 <000 [0.02 £0.00 [0.02 <000 0,04 £0.00 [0.02 xlvhuJETLﬂemml\P - £0.00 001 <000 001 £0.00 001 000 (001 2000 001" +0.00 001 £000 [0.02 £0.00 (001

2000 001" 001 [0.08 <001 f0.04 0,00 [0.02 <001 [0.07 £0.00 [0.02 Z000 £0.00 [0.02 alpha CKKW Ziets £0.00 001 <000 001 <001 [o.04 000 [0.02 2001 [0.05 0,00 [0.02 2000 [0.02 £0.01 (0.0

VO B HECO STAT LOWPT 2000 001 000 001 %000 f0.01 0,00 (001 <000 f0.01 £0.00 (001 <000 f0.01 £0.00 (001 pha ELEFF 1y £0.00 001 <001 (0.3 Zo01 001 (0.8 2000 [0.03 0,00 [0.08 2001 [0.0¢ £0.00 [0.02

alpha MUON_EFF_RECO STAT 2000 001 000001 2000 [0.02 0,00 (001 <001 [0.06 £0.00 [0.00 <000 [0.02 20,00 (001 b MUON.EFF RECO.STAT.LOWPT £0.00 001 <000 001 2000 o0t <000 001 2000 0,01 000001 2000 0,01 £0.00 (001

ey 2000 001" 000 001 2000 0,01 L0.00 (001 000 f0.00 £0.00 (001 £000 001" 10,00 [0.01 alpha MUON_EFF_RECO.S 10,00 001 <000 001 2000 001 000 001 Z001 [0.05 000001 2000 0,01 £0.00 (001

alpha JET_Eictive NP Statiticald Mixed 2000 001" 000001 %000 0,01 0,00 001 000 j0.00 £0.00 [0.01 %000 0,01 £0.00 [0.01 I Bt NP St Mt £0.00 [0.01 =000 001 2000 001" <000 001 000 000001 %000 0,01 £0.00 001

AT 2000 0,01 000 001 Z000 £0.00 [0.01% 000 [0.00 £0.00 [0.02 “000 £0.00 [0.01 alpha JET EifetiveNP Modelingd Mixed1 £0.00 001 003 0.1 £0.02 0.7 001 [0.07 001 [0.03 000 001 2001 [0.04 £0.01 [0.00

+0.00 001 0,00 [0.00 +0.00 £0.00 (0.0 000 [0.00 £0.00 [0.00 000 [0.00 +0,00 [0.00 alpha MUON_EFF +0.00 001 <000 001 +0.00 000 (001 4000 0,00 [0.02 +0.00 0.2 +0.00 [0.02

<000 £0.00 [0.00 £000 [0.02 £0.00 [0.00 +000 0,01 £0.00 (001 +000 001" +0.00 (001 alpha MUON_EFF_RECO SYS £0.00 [0.01 “001 (002 40,01 [0.0% 000 001 <001 [0.06 +0.00 001 £000 0,01 £0.00 (0.02

alpha_JET_EffectiveNP Detector2 000 0,00 [0.00 2000 £0.00 [0.00 000 [0.00 £0,00 [0.00 000 [0.00 £0,00 (0.0 lohaET-EfloctinP ModollngtMixed 10,00 <000 (0.0 000 000 [0.00 Z000 £0.00 [0.00 000 £0,00 [0.00

mwton 000 0,00 [0.00 Z000 £0.00 [0.00 000 j0.00 £0,00 [0.00 000 [0.00 £0,00 [0.00 alpha JET EffectiveNP Det 10,00 <000 (0.0 000 000 (0.0 000 £0.00 [0.00 000 £0,00 [0.00

alphaJET EffectiveNP Mixed] 000 002 (0.8 Z001 [0.02 £0.00 [0.08 £000 [0.02 £0.00 [0.02 =001 0.8 £0,00 [0.02 ABAMUON BFFITVASYS 10,00 <000 (0.0 2000 001" 000 [0.00 000 +0.00 (001 £000 0,01 £0.00 [0.01

alpha FT_EFF cxtrapolation T000 0,00 (0.0 Z000 £0.00 [0.00 Z000 £0,00 [0.00 000 [0.00 40,00 (0.0 alpha FT_EFF cxtrapolation 10,00 000 (0.00%) T000 0,00 (0.00% Z000 £0.00 [0.00 Z000 £0,00 [0.00

alpha MUON SAGITTA RESBIAS 000 £0.00 (0.00% +000 £0.00 [0.00 +000 0,01 £0,00 [0.00 000 [0.00 £0,00 [0.00 alpha MUON SAGITTA_RHO +0.00 000 (0.00%) 000 0,00 (0.00% 000 £0.00 [0.00 000 £0,00 (0.00

alphaJET_PunchThrongh MCI6. 000 0,00 [0.00 <000 £0,00 [0.00 “000 £0,00 [0.00 000 [0.00 £0,00 [0.00 +0.00 000 (0.00%) +0.00 £0.00 [0.00% 000 £0.00 [0.00 +000 £0,00 [0.00

alpha EL_EFFTrigecrefl. +0.00 0,00 [0.00 +0.00 +0.00 [0.00 +000 £0,00 [0.00 000 [0.00 +0,00 [0.00 +0.00 000 (0.00%) +0.00 0,00 [0.00% +0.00 001 +0.00 [0.00 +0.00 £0,00 [0.00

Bamma stat SEDFOJ_S45.85.cuts bin 0 000 0,00 [0.00 <000 £0.00 [0.00 <000 £0,00 [0.00 000 [0.00 £0,00 [0.00 +0.00 £0.00 (0,007 +0.00 £0.00 [0.00% +000 £0.00 [0.00 <000 £0,00 [0.00

000 0,00 [0.00 +000 £0.00 [0.00 “000 £0,00 [0.00 000 [0.00 £0,00 (0.0 +0.00 000 (0,007 000 000 [0.00 000 0,00 [0.00 000 £0,00 [0.00

000 0,00 [0.00 2000 £0.00 [0.00 “000 £0,00 [0.00 000 [0.00 £0,00 (0.0 +0.00 000 (0,007 000 000 [0.00 +000 £0.00 [0.00 000 £0,00 [0.00

000 0,00 [0.00 2000 £0.00 [0.00 304 [21.9 £0,00 [0.00% 000 [0.00 £0,00 (0.0 +0.00 000 (0,007 000 000 [0.00 *000 0,00 [0.00 +000 £0,00 [0.00%

Z000 0,00 [0.00 Z000 0,00 (0.00 000 [0.00%) £0,00 [0.00% 000 [0.00%) £0,00 [0.00% +0.00 000 (0,007 000 0,00 (0.00% Z000 0,00 [0.00 Z000 £0,00 [0.00%

000 [0.00%) 0,00 [0.00 000 [0.00%) 0,00 [0.00 000 [0.00%) 153 [12.5% 000 [0.00%) £0,00 0.00% £0,00 0.00% =000 (0,007 %000 [0.00%) 000 [0.00 000 [0.00%) 0,00 [0.00 000 [0.00%) £0,00 (0.00%

000 [0.00%) 0,00 [0.00 000 [0.00%) 0,00 [0.00 000 [0.00%) £0,00 [0.00 =000 £0,00 0.00% £0,00 0.00% =000 (0.007% 000 [0.00%) 000 [0.00 000 [0.00%) 0,00 [0.00 000 [0.00%) £0,00 [0.00

al»hulUONEFF TrigStatUncertainty 000 [0.00%) 0,00 [0.00 000 [0.00%) 0,00 [0.00 000 [0.00%) 0,00 [0.00 000 [0.00%) 0,00 0.00% 0,00 [0.00% 000 [0.007% 000 [0.00%) 000 [0.00 350 [21.9%) 0,00 [0.00 000 [0.00%) +0,00 [0.00

g stat SRDFOJ_835_8975 cuts_bin0 000 [0.00%) 0,00 [0.00 =000 [0.00%) 0,00 [0.00 =000 [0.00%) 0,00 [0.00 000 [0.00%) £0,00 (0.00% £0,00 [0.00% =000 (0.00% 000 [0.00%) 0,00 [0.00 000 [0.00%) 0,00 [0.00 000 [0.00%) 0,00 [0.00

o VI Top DF et in 000 [0.00%) 0,00 [0.00 000 [0.00%) 0,00 [0.00 000 [0.00%) 0,00 [0.00 000 j0.00%) 0,00 0.00% oot SRCBF0) 50 A 0,00 [0.00% <000 (0.00%) 000 [0.00%) 0,00 [0.00 000 [0.00%) +1.90 (12,5 000 [0.00%) 0,00 [0.00

000 [0.00%) 0,00 [0.00 =000 [0.00%) 0,00 [0.00 000 [0.00%) 0,00 [0.00 0,00 000%) 0,00 (0.00% Bamma_siat CR_Top.cuts bin 0 £0,00 0.00% <000 (0.00%) 000 [0.00%) 000 [0.00 000 [0.00%) 0,00 [0.00 000 [0.00%) 0,00 [0.00

000 [0.00%) 0,00 (0.00%) 000 [0.00%) 0,00 [0.00 000 [0.00%) 0,00 [0.00 =000 [0.00%) £0,00 [0.00% lobaMUON EFPigtatUncertiny £0,00 [0.00% <000 (0.00%) 000 [0.00%) 0,00 (0.00%) 000 [0.00%) 0,00 (0.00%] 000 [0.00%) 0,00 [0.00

000 [0.00%) 0,00 (0.00%) 000 [0.00%) 0,00 [0.00 000 [0.00%) £0,00 [0.00 000 [0.00%) £0,00 [0.00% 5 5975 £0,00 [0.00% <000 (0.00%) 000 [0.00%) 0,00 (0.00%) 000 [0.00%) 0,00 (0.00%) 000 [0.005%) £0,00 [0.00

000 [0.00%) 0,00 0.00%) 000 [0.00%) 0,00 [0.00 =000 j0.00%) 0,00 [0.00 =000 j0.00%) £0,00 (0.00% £0,00 0.00% =000 (0.00%) 000 [0.00%) 0,00 (0.00%) 000 [0.00%) 0,00 0.00%] 000 [0.00%) £0,00 [0.00

000 [0.00%) 0,00 (0.00%) 000 [0.00%) 0,00 (0.00 000 [0.00%) 0,00 (0.00 =000 j0.00%) £0,00 (0.00% +0.00 <000 (0.00%) 000 [0.00%) 0,00 (0.00%) 000 [0.005%) 0,00 0.00%) 000 [0.00%) 0,00 [0.00

000 [0.00%) 0,00 (0.00%) 000 [0.00%) 0,00 (0.00 000 [0.00%) +0,00 [0.007 =000 [0.00%) +0,00 (0.00% 0,00 0.00% =000 (0.00%) 000 [0.00%) 0,00 (0.00%) 000 [0.00%) 0,00 0.00%] 000 [0.00%) 0,00 (0.007

000 [0.00%) 0,00 (0.00%) =000 [0.00%) 0,00 (0.00 =000 j0.00%) £0,00 [0.007 000 j0.00%) 0,00 (0.00% £0,00 (0.00% =000 (0.00%) 000 [0.00%) 0,00 (0.00%) 000 [0.00%) 0,00 (0.00%] +000 +0,00 (0.007

000 [0.00%) 0,00 (0.00%) 000 [0.00%) 0,00 [0.00 =000 j0.00%) 0,00 [0.00% 1,96 [16.6%) 0,00 (0.00% £0,00 (0.00% =000 (0.00%) 000 [0.00%) 0,00 (0.00%) 000 [0.00%) 0,00 0.00%] =000 [0.00%) 0,00 (0.00%

000 [0.00%) 0,00 (0.00%) 000 [0.00%) 0,00 (0.00 =000 j0.00%) £0,00 (0.007 000 j0.00%) 0,00 0.00% £0,00 0.00% =000 (0.00%) 000 [0.00%) 0,00 (0.00%) 000 [0.00%) 0,00 0.00%) =000 [0.00%) 0,00 [0.00
000 [0.00%) 0,00 (0.00%) =000 [0.00%) 0,00 (0.00%] =000 j0.00%) 0,00 (0.00%) =000 [0.00%) 0,00 (0.00% £0,00 [0.00% =000 (0.00%) 000 [0.00%) 0,00 (0.00%) 000 [0.00%) 0,00 0.00%] =000 . 0,00 (0.00%]
000 [0.00%) 0,00 (0.00%) 000 [0.00%) 0,00 (0.00%) 000 j0.00%) £0,00 (0.00%) 000 j0.00%) £0,00 (0.00% £0,00 [0.00% <000 (0.00%) 000 [0.00%) 0,00 (0.00%) 000 [0.005%) 0,00 (0.00%] 249 [16,65%) £0,00 (0.00%)
000 [0.00% 0,00 0.00%] =000 [0.00%) 0,00 0.00%] =000 j0.00%) 0,00 [0.00%] =000 j0.00%) £0,00 0.00% £0,00 [0.00% =000 (0.00%) 000 [0.00% 0,00 (0.00%) 000 [0.00% 0,00 0.00%] =000 . 0,00 0.00%]
Tumm.stal SRDPOL1 8125t b0 000 [0.00%) 0,00 (0.00%] =000 [0.005%) 0,00 0.00%] =000 [0.00%) 0,00 [0.00%] =000 [0.00%) £0,00 (0.00% 0,00 [0.00% =000 (0.00%) £0.00 0.00% 0,00 (0.00%) 000 [0.00%) 0,00 (0.00%] =000 [0.005%) 0,00 [0.00%)
alpha MUON SAGITTA. 000 [0.00%) 0,00 (0.00%] =000 [0.00%) 0,00 (0.00%] =000 [0.00%) 0,00 [0.00%] 000 [0.00%) 0,00 (0.00% £0.00 [0.00% <000 (0.00%) 000 [0.00%) 0,00 (0.00%) 000 [0.00%) 0,00 [0.00%] =000 [0.005%) 0,00 [0.00%]
it er— 000 [0.00% .00 (0.00%) 000 [0.005%) 0,00 0.00%] 000 [0.00%) 0,00 [0.00%] 000 [0.00%) £0,00 [0.00% £0,00 [0.00% =000 (0.00%) 000 0.00% 0,00 (0.00%) 000 [0.005% 0,00 0.00%] 000 [0.00%) 0,00 [0.00%]
alpha_EL_EFF._Charge 000 [0.00%) 0,00 (0.00%] 000 [0.00%) 0,00 [0.00%] 000 [0.00%) +0.00 (0.00% 000 [0.00%) £0.00 [0.00% £0.00 [0.00% <000 (0.00%) 000 [0.00%) 0,00 (0.00%) 000 [0.00%) +0.00 (0.00%] 000 [0.00%) 0,00 [0.00%]
summstat CRLDib e bin0 000 [0.00%) +0.00 (0.00%] 000 [0.00%) +0.00 0.00%] 000 [0.00%) +0.00 (0.00% 000 [0.00%) £0.00 [0.00% alpha NUON_EFF mgsmv..unumy £0.00 [0.00% +0.00 (0.00%) 000 [0.00%) 0,00 (0.00%) 000 [0.00%) +0.00 [0.00%] 000 [0.00%) +0.00 (0.00%
alpha_EIL_EFF.Trigs 000 [0.00%) +0.00 (0.00%] 000 [0.00%) +0.00 [0.00 000 [0.00%) +0.00 (0.00%) 000 [0.00%) +0.00 [0.00 gamma_siat_CR_Dib_cvis bin ) £0.00 [0.00% £0.00 (0.00%) £0.00 0.00% 0,00 (0.00%) 000 0.00% +0.00 [0.00%] 000 [0.00%) +0.00 [0.00%
[T £0.00 [0.00% 0,00 (0.00%) £0.00 0.00% £0.00 [0.00 000 [0.00%) £0.00 (0.00%) 000 0.00%) £0.00 [0.00% amma_siat_SRDFUJ_S6 s bin 0 £0.00 [0.00% 0,00 (0.00%) £0.00 0.00% 0,00 (0.00%) £0.00 [0.00% 0,00 [0.00%] £0.00 0.00% £0.00 [0.00%)
gammastat_VR_Dib SFO)_cuts_hin 0 000 [0.00%) .00 0.00%] 000 [0.00%) 0,00 [0.00 000 0.00%) +0.00 [0.00% 000 0.00%) £0.00 [0.00% gamma_siat_VR_Dib SFO0)_sutsbin 0 £0.00 [0.00% £0.00 (0.00%) £0.00 0.00% 0,00 (0.00%) 000 [0.005%) 0,00 0.00%] 000 [0.00%) +0.00 [0.00%)
alpha PILEUP 000 [0.00%) 0,00 [0.00%] 000 [0.00%) 00 0007 000 [0.00%) +0.00 [0.00%) 000 0.00%) £0.00 [0.00%) alpha_PILEUP £0.00 [0.00%] £0.00 (0.00%) £0.00 [0.00% 0,00 (0.00%) 000 [0.005%) +0.00 [0.00%] 000 [0.00%) +0.00 [0.00%
ammastat-SR-SFO1_785.70-cnts_bin-) 000 [0.005%) .00 (0.00%] 000 [0.00%) £2.00 [12.4% 000 [0.00%) +0.00 [0.00% 000 0.00%) £0.00 [0.00%] gammasiat-SR-SFO1785.79.cuts_bin0 £0.00 [0.00% 0,00 (0.00%) 000 [0.00%) 258 [12.4%) 000 [0.005%) +0.00 (0.00%] 000 [0.00%) +0.00 [0.00%
s stat VR DI DEO-cuebind 000 [0.00%) 0,00 (0.00%] 000 [0.005) +0.00 [0.00% 000 [0.00%) +0.00 [0.00 000 0.00%) +0.00 [0.00% ammasiat-VR-Dib-DF0J-cns_bin- £0.00 [0.00% 000 (0.00%) 000 [0.00%) 0,00 (0.00%) 000 [0.005%) +0.00 [0.00%] <000 +0.00 [0.00%
gamme.stat-SR_SFO)-775.78-cnts-bin 000 [0.00%) 149 (6.5%] 000 [0.00%) +0.00 (0.00% 000 0.00%) +0.00 [0.00%) 000 0.00%) +0.00 [0.00% ammastat-SR_SFO1_775.78.cuts_bin-0 +0.00 [0.00%] 186 (6.5%] 000 [0.00%) 0,00 (0.00%) 000 [0.005) +0.00 [0.00%] 000 [0.00%) +0.00 [0.00%
oot S DFOT SIS AT ot 000 0.005] £0.00 [0.00%] 000 [0.00%] +0.00 [0.00%) 000 0.00%) +0.00 [0.00% +0.00 (000%) £0.00 0.00% ot SRDFOS1G 51T et bin +0.00 [0.00%] +0.00 (0.00%) 000 [0.00%] 0,00 (0.00%) 000 [0.005] +0.00 [0.00%] 000 [0.00%) +0.00 [0.00%)
gamma.stat-SR_DF0)_83_8325.cuts b 000 0.005] £0.00 [0.00%] 000 0.005) +0.00 [0.00%) 000 0.00%) +0.00 [0.00% 000 0.00%) +0.00 [0.00%] gamma.stat S £0.00 0.00% +0.00 (0.00%] £0.00 [0.00%] +0.00 (0.00%) 000 0.00%] +0.00 [0.00%] 000 [0.005) +0.00 [0.00%)
gamme.stat-SR_SF0) 75 785 cnts-bin) £0.00 0.00% +0.00 (0.00%] £2.34 [10.0%) +0.00 [0.00%) 000 0.00%) +0.00 [0.00%) 000 0.00%) +0.00 [0.00%] oot S SFO) I D £0.00 0.00% £0.00 [0.00%] +2.89 [10.0% +0.00 (0.00%) 000 [0.005] +0.00 [0.00%] 000 0.005] +0.00 [0.00%)
gamma_stat_SR_SFOJ 81 cnts_bin ) +0.00 [0.00%] £0.00 [.00%] 000 0.005%) +0.00 [0.00%) 000 0.00%) +0.00 [0.00%) +0.00 [000%) £197 [109% gamma.statSR_SFO) S1_cnts-bin ) £0.00 0.00%] =000 [0.00%] £0.00 0.00%] +0.00 [0.00%) 000 0.005%) +0.00 [0.00%] 000 0.005%) +2.40 [19.9%

‘Table 8: Breakdown of the dominant systematic uncertainties on background estimates in the various signal regions. Note that the individual uncertainties can be correlated, and do not necessarily add up quadratically to the total background uncertainty. The
.

Table 12: Breakdown of the dominant systematic uncertainties on background estimates in the various signal regions. Note that the individual uncertainties can be correlated, and do not necessarily add up quadratically to the total background uncertainty. The
percentages show the size of the uncertainty relative o the total expected backgroun d

percentages show the size of the uncertainty relative to the total expected background
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Cl1C1WW - Fit paramters comparison
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C1C1WW - FNP systematics

* FNP estimates are negative in some of our analysis regions: set them to 0.01.
* In particular, the statistics is high in CR_Top and so are the systematic variations relative to a 0.01 yield

 Now considering the up/down variations relative to the nominal yields: the nominal yield thus
inherits the systematic shif. This fixes the large syst errors appended to zero/negative yields.

* In general, 2 ways to compute the systematic components:
1. For every entry, compute the FNP_TOTAL_SYSTEMATIC from the FNP systematic components and finally

read its value in a given channel
2. For all the entries in a given channel, consider the FNP systematic components and compute the

FNP_TOTAL_SYSTEMATIC
Currently following the second approach which gives compatible results from the first approach but

provides better systematic estimates for negative yields than the first approach (which overestimates
them).

* FNP systematics computed by hand and careful implementation in the fit config as “userHistoSys” (with
additional crosschecks of the produced up/down variation histograms from the HF data folder)

2L0J 2" Wave — C1C1IWW analysis



C1C1WW - FNP systematics

* FNP estimates are negative in our CRs: set to 0.01. yield down = get_quadrature_summed weights_down(df_cut)
. N . . = yield = i ield
* In particular, CR_Top statistics is large and so are the [Ziﬁﬁi:ﬁﬁm s ]
systematic variations relatively to a 0.01 yield gerpff_tug',{Z}rriNrP_;wil):)'2f}’ T T A oman(region, weglonyield,
* Now considering the up/down variations relatively to the Y
nominal Yields: the nominal yleld thUS inherits the """Combine difference in weights from the nominal in quadrature to gety

. . . . —total uncertainty """
systematic shift. This fixes the large syst errors appended to nominal = sum(df ['FNP_WEIGHTS'])

. . df _differences_sq = (nominal - sum(df['FNP_STATUP']))**2 + \
zero/negative yields. (nominal - sum(df['FNP_WEIGHTUP']))**2 + \
(nominal - sum(df['FNP_XSECUP']))**2 + \
(nominal - sum(df['FNP_EFF_TOTAL_1lup'l))**2 + \

* In general, 2 ways to compute the systematic components: (nominal - sum(df['FNP_EFF_TRIG_TOTAL iup'l))#**2 + \
(nominal - sum(df['FNP_WEIGHTSYSTUP']))**2

1. For every entry, com.pute the FN P_TOTAL._SYSTEMA'!'IC T T S R e B
from the FNP systematic components and finally read its return nominal + df_differences
value in a given channel def get_quadrature_summed_weights_down(df) :

. . . . """Comb1i ai , ,ght th inal % drat 5 t
2. For all the entries in a given channel, consider the FNP e Sh7erence wn uetghis Jrom the nominet wn quadrature fo geto
systematic components and compute the nominal = sum(df['Fle_WEIGHTS'D st . .

df_differences_sq = (nominal - sum(df['FNP_STATDW' *%2 +

FNP_TOTAL SYSTEMATIC (nominal - sum(df['FNP_WEIGHTDW'1))#*2 + \

° ; ; ; (nominal - sum(df['FNP_XSECDW']))**2 + \
Current!y following the secon.d approach which glvgs inmere iy o Sekss g S
compatible results from the first approach but provides (nominal - sum(df['FNP_EFF_TRIG_TOTAL_idown']))*%2 + \

. . . . (nominal - sum(df['FNP_WEIGHTSYSTDW']))*%2
better systematic estimates for negative yields than the thdittorencealsdthdtiterancoahegl ve Ol
first approach (which overestimates them). EeErguou o el R d i foren o
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C1C1WW - FNP systematics

* FNP systematics computed by hand and careful implementation in the fit config as “userHistoSys” (with
additional crosschecks of the produced up/down variation histograms from the HF data folder)

CR _Dib: ENP' = =10.569, *2.81 = 2.58
CR_Top FNP = -117

VR_Dib_DFO0J FNP

VR_Dib_SF0J FNP =

VR_Top_DF1J FNP =
VR_Top_SF1J FNP =
VR_Top_DFOJ FNP =

VR_Top_SFOJ FNP

.95, +23.86 - 23.42
-3.76, +4.54 - 4.21
7.79, +4.45 - 3.70
25201, +10.00; — 9.71
4,23, +1.33 — 1.17
20.47; *#8.63 — 8.40
0.05; +0.22 — 0:..22

SR_DF0J_81 8125 FNP = 2.13, +0.30 - 0.24
SR_DF0J_8125_815 FNP = 3.50, +0.37 - 0.34
SR_DF0J_815 8175 FNP = -0.99, +0.12 - 0.12

SR_DF0J_8175_82 FNP = -0.56, +0.34 - 0.35 SR_SFOJ_77_776 FNP = -3.38, +0.46 - 0.42
SR_DF0J_82_8225 FNP = 6.47, +0.67 - 0.67 SR_SFOJ_775_78 FNP = 1.41, +0.33 - 0.20
SR_DF0J_8225_825 FNP = 1.35, +0.48 - 0.47 SR_SFOJ_78_785 FNP = -0.97, +0.20 - 0.18
SR_DF0J_825_8275 FNP = 1.65, +0.57 - 0.60 SR_SFO0J_785_79 FNP = -1.76, +0.23 - 0.23
SR_DF0J_8275_83 FNP = -1.54, +0.37 - 0.36 SR_SFOJ_79_795 FNP = 1.11, +0.19 - 0.20
SR_DF0J_83_8325 FNP = 2.32, +1.26 - 1.25 SR_SFOJ_795_80 FNP = -1.21, +0.13 - 0.11
SR_DF0J_8325_835 FNP = 0.43, +0.46 - 0.44 SR_SF0J_80_81 FNP = -1.72, +0.24 - 0.23
SR_DF0J_835_8375 FNP = 4.26, +1.20 - 1.19 SR_SF0J_81 FNP = -0.78, +0.09 - 0.08

SR_DF0J_8375_84 FNP = 6.05, +0.47 - 0.46
SR_DFOJ_84_845 FNP = 0.93, +0.75 - 0.75
SR_DF0J_845 85 FNP = 4.59, +0.61 - 0.57
SR_DF0J_85_86 FNP = 2.15, +0.57 - 0.56
SR_DF0J 86 FNP = 0.09, +0.55 - 0.53

2L0J 2" Wave — C1ICIWW analysis



C1C1WW - FNP systematics implementation

if ch == 'SR_DF@J_81_8125' and doSyst == True:
SR_channel.getSample("FNP").addSystematic(Systematic("FNP_TOTAL_SYS","",(2.13+0.30)/2.13,(2.13-0.24)/2.13, "user", "histoSys"))
elif ch == 'SR_DF@J_8125_815"' and doSyst == True:

SR_channel.getSample("FNP").addSystematic(Systematic("FNP_TOTAL_SYS","",(3.50+0.37)/3.50,(3.50-0.34)/3.50, "user", "histoSys"))
elif ch == 'SR_DF@J_815_8175"' and doSyst == True:
SR_channel.getSample("FNP").addSystematic(Systematic("FNP_TOTAL_SYS","",(0.01+0.12)/0.01,0., "user", "histoSys"))

elif ch == 'SR_DF@J_8175_82"' and doSyst == True:
SR_channel.getSample("FNP").addSystematic(Systematic("FNP_TOTAL_SYS","",(0.01+0.34)/0.01,0., "user", "histoSys"))
elif ch == 'SR_DF@J_82_8225' and doSyst == True:
SR_channel.getSample("FNP").addSystematic(Systematic("FNP_TOTAL_SYS","",(6.47+0.67)/6.47,(6.47-0.67)/6.47, "user", "histoSys"))
> . > : elif ch == 'SR_DF@J]_8225_825"' and doSyst == True:
hd |mp|ementat|0n In the ﬁt Of the FNP Systematlcs SR_channel.getSample("FNP").addSystematic(Systematic("FNP_TOTAL_SYS","",(1.35+0.48)/1.35,(1.35-0.47)/1.35, "user", "histoSys"))
elif ch == 'SR_DF@J_825_8275"' and doSyst == True:
SR_channel.getSample("FNP").addSystematic(Systematic("FNP_TOTAL_SYS","",(1.65+0.57)/1.65,(1.65-0.60)/1.65, "user", "histoSys"))
elif ch == 'SR_DF@J_8275_83"' and doSyst == True:
SR_channel.getSample("FNP").addSystematic(Systematic("FNP_TOTAL_SYS","",(0.01+0.37)/0.01,0., "user", "histoSys"))
elif ch == 'SR_DF@J_83_8325' and doSyst == True:
SR_channel.getSample("FNP").addSystematic(Systematic("FNP_TOTAL_SYS","",(2.32+1.26)/2.32,(2.32-1.25)/2.32, "user", "histoSys"))
CR_VV=myTopLv1l.addChannel("cuts", ['CR_Dib'], cutsNBins, cutsBinLow, cutsBinHigh) Sliis €h == 'SR_DFOJ_8325_§35'“and doSySk ==.True: . o i e s i
CR_top=myTopLvl.addChannel("cuts", ['CR_Top'],cutsNBins,cutsBinLow, cutsBinHigh) 1.fSR;chanrllgrl{.g;?agg;e;;g? ).:d:sist:matl_tl:-(Systematlc( P TOIAL B1I0% Baise 00e) /080,05 isar®, Istosys®))
if doSyst == True: elit ch = — =099 an 0Syst == lrue:
CRivv.getSample("FNP").addSystematic( Systematic("FNP_TOTAL_SYS","", (0.01+2.81)/0.01,0.,"user", "userHistoSys") ) SR_channel.getSample("FNP").addSystematic(Systematic("FNP_TOTAL_SYS","", (4.26+1.20)/4.26,(4.26-1.19)/4.26, "user", "histoSys"))
CR_top.getSample("FNP").addSystematic( Systematic("FNP_TOTAL_SYS","",(0.01+23.86)/0.01,0.,"user","userHistoSys") ) elif ch == 'SR_DF@J_8375_84' and doSyst == True:
SR_channel.getSample("FNP").addSystematic(Systematic("FNP_TOTAL_SYS","",(6.05+0.47)/6.05,(6.05-0.46)/6.05, "user", "histoSys"))
myTopLv1l.addBkgConstrainChannels( [CR_VV,CR_top]) elif ch == 'SR_DF@J_84_845"' and doSyst == True:
SR_channel.getSample("FNP").addSystematic(Systematic("FNP_TOTAL_SYS","",(0.93+0.75)/0.93,(0.93-0.75)/0.93, "user", "histoSys"))
if CRonlyFit == False: elif ch == 'SR_DF@J_845_85' and doSyst == True:
VR_VV_DF@J=myTopLv1.addChannel("cuts", ['VR_Dib_DF@J'l, cutsNBins, cutsBinLow, cutsBinHigh) SR_channel.getSample("FNP").addSystematic(Systematic("FNP_TOTAL_SYS","", (4.59+0.61)/4.59, (4.59-0.57) /4.59, "user", "histoSys"))
VR_VV_SF@J=myTopLvl.addChannel("cuts", ['VR_Dib_SF@J'],cutsNBins, cutsBinLow, cutsBinHigh) elif ch == 'SR_DF0J_85_86' and doSyst == True:

VR_top_DF1J=myTopLvl.addChannel("cuts", ['VR_Top_DF1J'],cutsNBins, cutsBinLow, cutsBinHigh)

VR_top_SF1J=myTopLvL.addChannel("cuts", ['VR Top_SF13'],cutsNBins, cutsBinLow, cutsBinHigh) SR_channel.getSample("FNP").addSystematic(Systematic("FNP_TOTAL_SYS","",(2.15+0.57)/2.15,(2.15-0.56)/2.15, "user", "histoSys"))

VR_top_DF@J=myTopLvl.addChannel("cuts", ['VR_Top_DF@J'],cutsNBins, cutsBinLow, cutsBinHigh) elif ch == 'SR DF0]_86' and doSyst == True:
VR_top_SF@J=myTopLv1.addChannel("cuts", ['VR_Top_SF@J' 1, cutsNBins, cutsBinLow, cutsBinHigh) SR_channel.getSample("FNP").addSystematic(Systematic("FNP_TOTAL_SYS","",(0.09+0.55)/0.09,0., "user", "histoSys"))
VR_VV_DF0J.getSample("FNP").addSystematic( Systematic("FNP_TOTAL_SYS","",(0.01+4.54)/0.01,0.,"user","userHistoSys") ) elif ch == 'SR_SF@J_77_775' and doSyst == True:

VR_VV_SF0@J.getSample("FNP").addSystematic( Systematic("FNP_TOTAL_SYS"
VR_top_DF1J.getSample("FNP").addSystematic( Systematic("FNP_TOTAL_SYS",
VR_top_SF1J.getSample("FNP").addSystematic( Systematic("FNP_TOTAL_SYS"

",(7.79+4.45)/7.79,(7.79-3.70) /7.79,"user", "userHistoSys") ) SR_channel.getSample("FNP") .addSystematic(Systematic("FNP_TOTAL_SYS", "t (0.01+0.45)/0.01,0., "user", "histoSys") )

,(0.01+10)/0.01,0.,"user","userHistoSys") ) . B i _— .
,(4.23+1.33)/4.23,(4.23-1.17) /4.23,"user", "userHistoSys") ) elif ch == 'SR_SF0J]_775_78" and doSyst == True:

VR_top_DF@J.getSample("FNP").addSystematic( Systematic("FNP_TOTAL_SYS","",(20.47+8.63)/20.47,(20.47-8.40)/20.47, "user" , "userHistoSys") SR_channel.getSample("FNP") .addSystematic(Systematic("FNP_TOTAL_SYS","", (1.41+0.33)/1.41, (1.41-0.20)/1.41, "user", "histoSys"))
VR_top_SF@J.getSample("FNP").addSystematic( Systematic("FNP_TOTAL_SYS","",(0.05+0.22)/0.05,0.,"user","userHistoSys") ) elif ch == 'SR_SF@J_78_785' and doSyst == True:
SR_channel.getSample("FNP").addSystematic(Systematic("FNP_TOTAL_SYS","",(0.01+0.20)/0.01,0., "user", "histoSys"))
myTopLvl.addValidationChannels( [VR_VV_DF@J,VR_VV_SF@J,VR_top_DF1J,VR_top_SF1J,VR_top_DF@J,VR_top_SF0J]) elif ch == 'SR_SF0J_785_79' and doSyst == True:
SR_channel.getSample("FNP").addSystematic(Systematic("FNP_TOTAL_SYS","",(0.01+0.23)/0.05,0., "user", "histoSys"))
elif ch == 'SR_SF@0J_79_795' and doSyst == True:
SR_channel.getSample("FNP").addSystematic(Systematic("FNP_TOTAL_SYS","",(1.11+0.19)/1.11,(1.11-0.20)/1.11, "user", "histoSys"))
elif ch == 'SR_SF@J_795_80' and doSyst == True:
SR_channel.getSample("FNP").addSystematic(Systematic("FNP_TOTAL_SYS","",(0.01+0.13)/0.01,0., "user", "histoSys"))
elif ch == 'SR_SF0J_80_81' and doSyst == True:

SR_channel.getSample("FNP").addSystematic(Systematic("FNP_TOTAL_SYS","",(0.01+0.24)/0.01,0., "user", "histoSys"))
elif ch == 'SR_SF@J_81' and doSyst == True:
SR_channel.getSample("FNP").addSystematic(Systematic("FNP_TOTAL_SYS","",(0.01+0.09)/0.01,0., "user", "histoSys"))

myTopLvl.addSignalChannels (SR_channel)

2L0J 2nd Wave — C1C1IWW analysis



