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Motivation

* Motivation for TeV-scale gluinos & stops

The world, unfortunately, rarely

due to electroweak fine-tuning matches our hopes and

consistently refuses to behave in
3 reasonable manner,

concerns.
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Common ATLAS SUSY Search Strategies

» Searches targeting final states with significant
hadronic activity often rely on three groups of

observables:

1. Missing energy, like the EtMiss.

2. Energy scale, like the MEff. meﬁ=Zilp’§ti+;pr+E%ﬂSS,

3. Energy structure, like the MJSum. Mj = ZM,-,n

* Final states where leptons are created in the
decay cascade gain even more leverage.

See E, Gramstad’'s WG3 talk for more info on SUSY reconstruction
and J. Veatch’s WGH talk for details on jet reclustering’
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https://arxiv.org/abs/1605.01416
https://indico.cern.ch/event/656250/contributions/2866662/
https://indico.cern.ch/event/656250/contributions/2874179/

Common ATLAS SUSY Search Strategies

* Aim to target specific regions of SUSY parameter space vidd® gl / compressed
with each | '

e E.g.a with boosted object
reconstruction.

e E.g.alow AM region with a relaxed MET
requirement to target the compressed SUSY region.

o Important backgrounds normalised by
data/MC scale factor in ‘nearby’ control region (CR).

* Extrapolation of this scale factor to 51 vetted in
intermediate validation regions before

unblinding. \/v
find SUSY?
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Overview: ATLAS Strong SUSY Programme

OL + jets+ MET OL +>7 - >11 jets + MET 1L+ jets + MET SS, >3L + MET
1712.02332 1708.02794 1708.08232 1706.03731
ATLAS-SUSY-2016-07 ATLAS-SUSY-2016-13 ATLAS-SUSY-2016-12 ATLAS-SUSY-2016-14

OL, >1L + b-jets + MET photons + MET
1711.01901 1802.03158
ATLAS-SUSY-2016-10 ATLAS-SUSY-2016-27

Also from ATLAS SUSY @ DIS 2018:

E. Gramstad, ATLAS Reconstruction techniques for SUSY WG3, 2018/04/18

J. Lorentz, ATLAS Electroweak SUSY WG3, 2018/04/18

AT L A S J. Mitrevski, ATLAS Direct 3rd Gen. SUSY WG3, 2018/04/18
EXPERIMENT C. Sandoval, ATLAS RPV & Long-Lived SUSY WG3, 2018/04/18
All ATLAS SUSY results ... J. Veatch, ATLAS Jet Substructure (re: Jet Reclustering) WG4, 2018/04/17
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* Two complementary analysis streams
targeting cannonical jets+MET final state:

o MEff-based analysis mg=) pf+ ) pi + ERs
o High-pT jets, EtMiss.
e Recursive Jigsaw Reconstruction

e See E. Gramstad’'s WG3 talk for
details!

¢ Both streams: data-driven background
normalisations for W+jets, Z+jets, multi-jets &
ttbar.
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Representative SRs from ATLAS-SUSY-2016-07

— complete tables in aux.

Targeted signal

99, 9 — 93x1

Signal Region [Meff-]

Requirement 43-1000 | 4j-1400 | 43-1800 | 43-2200 | 4j-2600 | 43-3000 | 5j-1700
EXss [GeV] > 250

pr(51) [GeV] > 200 700
pr(Ja) [GeV] > 100 150 50
pr(y5) [GeV] > — 50
|T}(j1,2,3,4)| < _ 1.2 2.0 —
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A(jet;s g, EE™)min > 0.4 0.2
E= I (N;) > 0.3 0.25 0.2 0.3
Aplanarity > 0.04 —
Teg (Incl.) [GeV] > 1000 1400 1800 2200 2600 3000 1700
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* No significant excess above the predicted background is observed.

e Small excesses in some MEff 2-jet (2 x 2.0sig.) & RJR (2.5sig.) SRs.
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oL
+>7-11 jets
+ MET

“... how can we improve our sensitivity if the decay cascade is very long?”



OL, >=7-11 jets

e SRs target the production of high-pT (>50-80 GeV)
jets with large multiplicity (>= 7-11).

e Heavy-flavour channel targets cascade decays
which produce massive particles.

* Jet mass channel targets cascades which
produce structure due to high-pT massive

particles.

* Large-R jets produced by reclustering calibrated

small-R jets.
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Criterion Heavy-flavour channel ‘ Jet mass channel
Jet |n| <2.0

Jet pr > 50GeV > 80 GeV > 50 GeV
Niet >8,9,10,11 | >7,8,9 >8,9,10

Lepton veto

No preselected e or u after overlap removal

b-jet selection
Large-R-jet selection

pt > 50GeV and || < 2.0
pr > 100 GeV and |p| < 1.5

Nb-tag Z O, 1, 2 Z O
M} >0 > 340, 500 GeV
Emiss /\[Hy > 5GeV!/?




o
>

Events per bin

— — —
o
w

OL, >=7-11 jets

* Multi-jet background taken directly o 0 00 =10m0

from data using a templating 3 S DU P
m et h Od _ g 0.5 E_z .......... ggg .......... g .......... g .......... 3: .......... g .......... g ........... g g .......... : .

e Uncertainties associated with this

o
&)

technique increase when z = 1 1 1. 1.1 1 1 1 T 1.1 1T 1T 1T 17 T T T T T T T T3

8 045 — ATLAS Total uncertainty | —;

statistics run low. € o4 V5=13TeV,36.1 b L Theorotionl ancortairty =

® 0.35 E --------- Template uncertainty E

% 03 g_ — - —-- Experimental uncertainty _§

* Leading sources of uncertainty: 025 - S E
0.2 " - —

0.15 E— - . = RS LT =

. ] e it B = i S Bl
JES/JER, MET Soft Term. N e Bl e :

o ttbar modelling effects (RadHi/ 588335333888 :88888388§33:335:3
RadLo, parton shower choice). 22855 %
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OL, >=7-11 jets

ATLAS Vs=13TeV, 36.1 fb
§104§ ® Data §
L 3_ -Other tt — ql, %Total Background
* Leptonic control regions " ' -
provide normalisations 102

of sub-dominant W+jets
and ttbar backgrounds.

10

=
5

* No significant excess :
observed. S
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L, >=7-11 jets

p

~

~

PMSSM: M1=60 GeV, tanp=10, u<0, M2=3 TeV, m(q)=5 TeV, m(I)=5 TeV

1

ATLAS

Multijets + ET** Combined

I I ! | | | I 1 I |-_-I I{:_l I 1 ! I ! ! ! I ! ! ! I I ! !

Vs=13 TeV, 36.1 b
All limits 95% CL

=== Expected (16

— ATLAS 13 TeV, 3.2 fb™]

|:-;"-I\|f-||I|||I|||I|||

exp)

theory)

IIIIIlIIIIIlIIIIlIIIIIlII

gg production, § — qqWZy ; m(¥,)=[m(@)+m(,)V2, m(E,)=[m(X,)+m(x,))/2
r— 1 200 | rr 1] rrr]rrrrrrrr 11111 — 800 B
> - 4 % C
(()) - _ N
Q) B AT!'AS e _ = Expected (+10,,,) 7] (.2, 700
— 1000— Multijets + E_™" Combined ... susy. Py 3
S TE (s=13TeV, 36,1 fb" 7 Ooseved(Flone,) 7 = |
~ | All limits 95% CL — ATLAS 13 TeV, 3.2 fb_1 _ \é/ 600 o
€ 8o .. ‘ _ E
- A NG i 500
600— = — C
_ 400 >
400 || — B
'. . 300—
200 ] ] 200{— | | |
[N TR T (N N TR O AN N TN M AN N T M MM | N T AR R T B A A L — — L
800 1000 1200 1400 1600 1800 2000 2200 2400 1000 1200 1400

m(g) [GeV]
Gluinos, two-step

1600

1800

pMSSM

2000

2200

2400

m(g) [GeV]

m(,) [GeV]

1000

gg production, g— tf+§2$, m(q) >> m(Q)

: LI I LI L ] LI I LI L ] L L L I UL L I LI L ] LI :J
900F- E
B00E E
700 i_ ’ T SN =
600 # =
soo. ATLAS =

- Multijets + E:"'ss Combined - -
400 Vs=13TeV, 36.1 b - E
300E- Alllimits 95% CL '. -

- - - - Expected (+10,, y =
s00f pected (£10,,) ' E

- = Observed (x1c,,..) N =
100F- Ny -

—l L1 1 l 11 1 1 l 11 1 1 l L1 1 1 l L1 1 1 l L1 1 1 i | J_:l l:5 l 11 1 1 .

800 1000 1100 1200 1300 1400 1500 1600 1700

m(g) [GeV]
Gluinos via virtval stops

e Constraints on benchmark models reach 1.6 TeV for pMSSM gluinos, 1.8 TeV for gluinos
in the two-step simplified model, and 1.55 TeV for gluinos decaying via virtual stops!
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~ ~

PMSSM: M1=60 GeV, tanp=10, u<0, M2=3 TeV, m(q)=5 TeV, m(I)=5 TeV

~F ~ ~0 +

gg production, § — qqWZy ; m(¥,)=[m(@)+m(,)V2, m(E,)=[m(X,)+m(x,))/2

gg production, g— tf+2?, m(q) >> m(Q)

; 1 200 B T T I T T T ] T T T ] T T T I T T T I T T T I T T T I T T T ] : ] I ] I | | | I | | -__- | I { :_:l I | | I | | | I | I | I | I | ;‘ g LI I LI L I LI I LI L I | L L I LI I | L L L I | L E
CE ATLAS 1 A - i (5 900 E
O B . . _ =~ Expected (£10,,,) n (2, 700 o — = -
— 1000 Multijets + E_ Combined ...... oy sUsY, ] Py 3 _ 5 o 800~ —
B f (=13Tev, 36 11" T Oseel Wl onan)  F fg - X 700F AT =
X i All limits 95% CL ~—— ATLAS 13 TeV, 3.2 b’ \E/ 600(— p — \E’ = R L -
E 8o e . F | B || A TLAS . 600 :_ ........... _:
i oy ] £00l : Multijets + E:"SS Cor_r:bined_* 500 A TLAS _E
- - AT R B ] ; \/§=.13.TeV, 36.1 fb - Multijets + E:wiss Combined 5 §
= | 400 - : All limits 95% CL - 400 Vs=13 TeV, 36.1 fb \| : =
: i F ;777 Bxpected (t1og) - 300F- Alllimits 95% CL -| E
400 ', — C ] —— Observed (+16;00") ] e +1 ' =
| - S00E i - 200F- . peasa o 3 D
| - L  ——ATLAS 13TeV, 3.21b™] - Observed (+10,,,,,) . =
200 l - : ! _ 100 B =
1 i 200— . — R -
T T T T E, | ,f T T = o by Py e PN b b by PN U NN T N T TN WO T A WO TN U T N NN T M NN AN AN NN B A A J_n el

800 1000 1200 1400 1600 1800 2000 2200 2400 1000 1200 1400 1600 1800 2000 2200 2400 00 1000 1100 1200 1300 1400 1500 1600 1700

m(g) [GeV] m(g) [GeV] m(g) [GeV]

Gluinos, two-step pMSSM Gluinos via virtuval stops

e Constraints on benchmark models reach 1.6 TeV for pMSSM gluinos, 1.8 TeV for gluinos
in the two-step simplified model, and 1.55 TeV for gluinos decaying via virtual stops!
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0/>1 lepton

+ >3 b-tagged jets
+ |ets

+ MET

“... if the SUSY particles are mostly decoupled — what schemes could still give us answers?”



* Asearch for the decay of pair-produced gluinos which decay
through off-shell stop & sbottom loops.

* Two analysis streams: discovery and exclusion oriented.

* Discovery stream uses inclusive, easily-reinterpretable
SRS.

e Exclusion stream uses MEff shape & jet multiplicity
information to perform a multi-bin fit.

e Orthogonal O-lepton and >1-lepton channels are combined
during limit-setting to give stronger constraints.
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= = ATLAS e Data -
107 L S Total background -
Q10E so13Tev, 36.1 " o ’ E
L 108 OL Preselection i [ Single top

E —mne Gtt: m(g), m(¥,) = 1900, 1 (x 50) I it + X

10° T Gbb: m(@), m(%.) = 1900, 1400 (x 50) [ Z+ets
: [ W+jets
1 04 B Diboson

= SENENNE NN [ Multijet
10°
10°g
10E
J
S 2r
n
© 1
©
D - ] | | | ]
0 2 3 4 5 5
Number of b-jets
n 0° E | | I
S107L ATLAS e Data 5
Lﬁ = {s=13 TeV, 36.1 fy! %Qg ;Ii'otal background =
6 1L Preselection : i
10 E e Gtt: m(g), m(%") = 1900, 1 (x 50) [ Single top _El
5 ~ o B it + X =
10°E  =====--: Gtb: m(g), m(x,) = 1800, 1000 (x 50) ] Z+jets E
104 [ ] W+jets _i
I Diboson =
10°
(o2 e
10
1
2 2 ..............................................................................................................................................
o OO @i t:
T R R Y
(0] -
D [ T 2

2 3 4 5 6
Number of b-jets



Representative SRs from ATLAS-SUSY-2016-10 — complete tables in aux.

Gtt O-lepton

Criteria common to all regions: ppi®® > 30 GeV

Targeted kinematics Type  Niepton  No-jets  Njet Aquin mr mgifzfisn Ell?iss mf;fzfl ]\[?
Region B SR =0 >3 >7 >04 — > 60 > 350 > 2600 > 300
(Boosted, Large CR =1 >3 >6 — < 150 — > 275 > 1800 > 300
A

m) VR =0 >3 >6 >04  — — >9250 >2000 < 300
SR =0 >3 >7 >04 — > 120 > 500 > 1800 > 200

Region M CR B
(Moderate Am) =1 >3 > — < 150 — > 400 > 1700 > 200
VR =0 >3 > > 0.4 = - > 450 > 1400 < 200
Region C SR =0 >4 >8 >04 — > 120 > 250 > 1000 > 100
(Compressed, CR =1 > 4 > 7 - < 150 — > 250 > 1000 > 100

moderate Am)

VR =0 >4 >7 >04 — — > 250 > 1000 < 100

* All search regions dominated by ttbar + heavy flavour events.

* Most significant deviation from expectation in multi-bin

SR-OL-HH: ~2.5sig local.
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ATLAS «_Data

w= Total background j

it [ Single top =

Ys=13 TeV, 36.1 fo Emt+X [0 Wsets =

, ] Z+Je.t_s @ Diboson 7
10 Cut-and-count analysis [ Multijet =

Events
3 o,
] ||||||H| ||||||r|] |||||||l|—|‘r|

—

S,
Git-1, Iy Git-7,
(2 | | T T | T | | | | T | T
c e Data w=en Total background
D 10° ATLAS it [ Single top
H Vs=13 TeV, 36.1 b’ WX [ Wejets
[]Z+jets [ Diboson
10° Multi-bin analysis [ Multijet

SR~0L~H;9H~7L SR~OL~ 8R~

- o, %%L 1oy L ~L/§R‘04 N T *Hf Ty



Multi-b

o |Largest uncertainties:

o Flavour tagging, JES/JER: 3-24%.

e ttbar modelling (RadHi/RadLo,

MC Generator, Parton Shower):

5-76%.

O
©

Relative uncertainty
o © o o o o o O
—- N w ~ o » ~ (00)

()

O
©

Relative uncertainty
©c o o o o o o
N w EAS o (@) ~ (00)

O
—

ATLAS
Vs=13 TeV, 36.1 fo'!
Cut-and-count analysis

Total uncertainty
Theoretical uncertainty

E ----- Experimental uncertainty E
:_ ---------- MC statistical uncertainty —:
- 1  mrmus= CR statistical uncertainty _
e | b -
= 0 e T | ]
—_—r{....... S "
:_ ----------- ! :mr"-l-!_ ________ "R _:
LT S T - ate : trmrmre -
s Fal e D =i m = ]
coo - - T Mo S T TN U TR AR LTI T IeE o
= | | | | | | | | | =

ATLAS
Vs=13 TeV, 36.1 fb
Multi-bin analysis

Total uncertainty
Theoretical uncertainty

----- Experimental uncertainty -

.......... MC statistical uncertainty —:

..... CR statistical uncertainty —

]

? — _—

M. LeBlanc (Arizona) — DIS 2018 — Slide 21
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-003/

Multi-b

Observed constraints on
gluino masses reach 1.9 (1.95)

TeV for Gbb (Gtt) simplified
models.

o Limits also interpreted as a
function of the gluino BR
to Gtt / Gbb / Gtb!

See C, Sandoval’s talk for more new
ATLAS SUSY reinterpretation efforts
— including recasting RPC-SUSY
results in terms of RPV parameters
from ATLAS-CONF-2018-003!
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“..what if we’re making incorrect assumptions about the LSP?”»



Photons+MET

e |f our assumptions about the LSP in the

W/Z/h

ATLAS-SUSY-2016-27 Signal Regions

. Signal Region SR?” ~ SR?”_. SRY” . SR7” SR”  SR” SR
previous searches are false, how could s e e
Number of photons > 2 > 2 > 2 > 2 > 1 > 1 > 1

. EY [GeV] > 75 > 75 > 75 > 75 > 145 > 145 > 400

SUSY be manlfeSt? Nflmberofjets > 5 >5 >3
Number of leptons 0 0 0

E%‘iss [GeV] > 150 > 250 > 150 > 250 > 300 > 200 > 400

Ht [GeV] > 2750 >2000 > 1500 > 1000

~ ~ off [GEV] > 2000 > 2000 > 2400

* In Gauge-mediated SUSY breaking i Ty Y Ry -
. . . Admin(iet, E%‘iss) | > 0.5 > 0.5 > 0.5 > 0.5 > 0.4 > 0.4 > 0.4

(GMSB) simplified models, we consider Admin(y, EP™) (Ag(y, E™) 05 . >05 (04 (04 (04

gravitino LSPs produced with photons by

the NLSP decay.

e Two analysis streams target events with
one or two photons, MET and large HT

or MEff.

yy channel =>
bino-like NLSP

y channel =>

higgsino-bino admixture NLSP
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Photons+MET

21 ' ' | | ' | ' " ' '
g ATLAS Lyy  Ojet—oy Oe—y
0 . s =13 TeV, 36.1 fb’ BWyy []Zyy % SM Total

e Diphoton channels:

o Data-driven yy & y+jet | ] ‘
(jet >y & e ->y) estimates. ,

[ MonophOton C hannels: VR1 VR2"  VR3"  VR4"  VRS"  VRE"  VR7 SR SR SR SR,
%104 ; AITLASI | | | Xw;jets IIe%y/jet%y I A | | W'y
o Data-driven QCD, Wy & tty estimates Cefe BevTeveerw @y OnWniZyy ZSMTotal ¢ Data

o Several small, correlated excesses are
observed across monophoton SRs (1.8 /
2.4 /1.2 sigma; not orthogonal regions).

/
L
vz

= VR VR2" VR3" VR4" VRs" VRe” VR7' VRs" VRe" VR10" VR11" sgl  sg! sR!

M. LeBlanc (Arizona) — DIS 2018 — Slide 27



Photons+MET

* Limits are placed on a variety of
models within the context of
GGM.

e Limitsof2.1/1.8/1.1 TeV are
set on gluinos / squarks / winos,
for any bino mass lighter than
the produced state.

* y+MET channel provides lower
limits up to 2.0 TeV on the gluino
mass in models with higgsino-
bino NLSPs.

miss

G-g production, §—aai,—qa(v/2)G (GGM), yy+E™ final state
;‘ 3500 B I I I I I I I I I I I I I I I II”"!‘ I I I 1 1 I I 1 1 |
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Photons+MET

* Limits are placed on a variety of
models within the context of
GGM.

e Limitsof2.1/1.8/1.1 TeV are
set on gluinos / squarks / winos,
for any bino mass lighter than
the produced state.

* y+MET channel provides lower
limits up to 2.0 TeV on the gluino
mass in models with higgsino-
bino NLSPs.
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Concluding remarks

* The ATLAS SUSY program has placed
strong constraints on simplified
models with natural squarks and
gluinos.

o Greatrichness & diversity in the
final states considered: longer
cascades, complex interpretations.

e Many exciting results from ATLAS
with the full LHC Run 2 dataset are
in preparation — stay tuned!
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RPC

rks

* The ATLAS SUSY program has placed
strong constraints on simplified

models with natural squarks and

gluinos.

* Greatrichness & diversity in the
final states considered: longer
cascades, complex interpretations.

i WRPC meets RPV”

: ATLAS-CONF~-2018-003

4

e Many exciting results from ATLAS
with the full LHC Run 2 dataset are

In preparation — stay tuned!
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-003/

Thank you!
Merci |
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Photo creqits

* Title slide:
Closing of the ATLAS calorimeters. Claudia Marcelloni De Oliveira. OPEN-PHO-

EXP-2014-004. Copyright CERN 2014. https://cds.cern.ch/record/1973044

e Concluding remarks:
Display of the 6th "Beam Splash" event 2009 of the ATLAS Experiment. ATLAS-

PHO-EVENTS-2014-035-1. Copyright CERN 2014. https://cds.cern.ch/record/
17055377In=en

* Thank-you slide:
Selection of images showing the assembly and installation of the ATLAS
Hadronic endcap Liquid Argon Calorimeter, between 2002 and 2004. Roy
Langstaff. Copyright CERN 2003-2018. http://cdsweb.cern.ch/record/1107803
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OL — simulation

Physics process Generator Cross-section PDF set Parton shower Tune
normalization

SUSY processes MG5_aMC@NLO 2.2.2-2.3.3 NLO+NLL NNPDF2.3LO PyTHIA 8.186 Al4
W(— lv) + jets SHERPA 2.2.1 NNLO NNPDF3.0NNLO SHERPA SHERPA default
Z/~y"(— €l) + jets SHERPA 2.2.1 NNLO NNPDF3.0NNLO SHERPA SHERPA default
~v + jets SHERPA 2.1.1 LO CT10 SHERPA SHERPA default
tt Powneac-Box v2 NNLO+NNLL CT10 Py1THiA 6.428 Prruacia2012
Single top (Wt-channel)  PowHEG-Box v2 NNLO+NNLL CT10 PyTHIA 6.428 PERUGIA2012
Single top (s-channel) PowHEG-Box v2 NLO CT10 PyTHIA 6.428 PERUGIA2012
Single top (t-channel) Pownec-Box vl NLO CT10f4 PYTHIA 6.428 PERUGIA2012
Single top (Zt-channel) MG5_aMCQ@QNLO 2.2.1 LO CTEQ6L1 PyTHIA 6.428 PERUGIA2012
tt+W/Z/WW MG5_aMCQNLO 2.2.3 NLO NNPDF2.3LO PyTHIA 8.186 Al4
WW. WZ, ZZ SHERPA 2.1.1 NLO CT10 SHERPA SHERPA default

M. LeBlanc (Arizona) — DIS 2018 — Slide 36



OL — MEff signal regions

Targeted signal

49, 4 — 9x1

Targeted signal

99, 9 — qgW X1 and 4, ¢ — ¢Wxy

Signal Region [Meff-]

Signal Region [Meff-]

Requirement 2j-1200 | 2j-1600 | 2j-2000 | 2j-2400 | 23-2800 | 2j-3600 | 2j-2100 | 3j-1300
ERss [GeV] > 250
pr(1) [GeV] > 250 300 350 600 700
pr(j2) [GeV] > 250 300 350 50
pr(s3) [GeV] > - 50
N2l < 0.8 1.2 =
Ag(jety 5 (3 B )min > 0.8 0.4
Ad(jeto 5, ER) nin > 0.4 0.2
EXiss //Hr [GeVY/?] > 14 18 26 16
Teg (incl.) [GeV] > 1200 1600 2000 2400 2300 3600 2100 1300
Targeted signal 393, § — qaxi
Requirement Signal Region [Meff-]

4j-1000 | 4j-1400 | 43-1800 | 4j-2200 | 43-2600 | 43-3000 | 5j-1700
ERss [GeV] > 250
pr(71) [GeV] > 200 700
pr(ja) [GeV] > 100 150 50
pr(Js) [GeV] > - 50
n(71,2,3,4)] < _ 1.2 2.0 —
Ag(jet o (3), BT )min > 0.4
Ad(jet, 5, B min > 0.4 0.2
E= Imeg (N;) > 0.3 0.25 0.2 0.3
Aplanarity > 0.04 —
e (incl.) [GeV] > 1000 1400 1800 2200 2600 3000 1700

Requirement 5j-1600 | 5j-2000 | 5j-2600 | 6j-1200 | 6j-1800 | 6j-2200 | 6j-2600
EFss [GeV] > 250

pT(jl) [GGV] > 200

pT(]G) [GGV] > 50 100

m(71,...6)] < ~

A (jety 5 (3 B ) min > 0.4 0.8 0.4
Adp(jet;- 5, BB min > 0.2 0.4 0.2

ET Imeg (N;) > 0.15 - 0.25 0.2 0.15
Emis [\ /Hr [GeVY/?] > - 15 18 -

Aplanarity > 0.08 — 0.04 0.08

Mg (incl.) [GeV] > 1600 2000 2600 1200 1800 2200 2600

Targeted signal

99, § — qqWxi and 44, ¢ — ¢Wxi

Signal Region [Meff-|

Requirement 25B-1600 27B-2400
ERSs [GeV] > 250
pr(large-R j1) [GeV] > 200
pr(large-R j2) [GeV] > 200
m(large-R j1) [GeV] 160,110]
m(large-R 72) [GeV]| 160,110]
Aqb(jetl,Q,(B)_z E$lss)min > 0.6
A¢(jeti>37 %lss)min > 0.4

EXiss /\/Hr [GeVY/?] > 20

e (incl) [GeV] > 1600 3200
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. — RJR signal regions

Targeted signal

compressed spectra in GG (¢ — qX7); 99 (G — q@x3)

Requirement

Signal Region

RJR-C1 | RJR-C2 | RJR-C3 | RJR-C4 | RJR-C5
RisRr > 0.95 0.9 0.8 0.7 0.7
pp o [GeV] > 1000 1000 800 700 700
A¢rsgr, 1/m > 0.95 0.97 0.98 0.95 0.95
A (jety o, ERS) min > — — — 0.4 0.4
Mt s [GeV] > — 100 200 450 450
N.. > 1 1 2 2 3
v | < 2.8 1.2 1.4 1.4 1.4

Targeted signal qq, § — ‘D~((1)
Requirement — _Signal Region — e
RJR-S1 RJR-S2 RJR-S3 RJR-S4
H AP /HAP > 0.55 0.5 0.45 -
HEPJH,EP < 0.9 0.95 0.98 -
pPE/HIT > 0.16 0.14 0.13 0.13
51 52] < 0.8 1.1 1.4 2.8
Aqcp 2 0.1 0.05 0.025 0
plygz T/ (pﬁ&};j Tt HTP2P,1) < 0.08
RJR-S1la | RJR-S1b | RJR-S2a | RJR-S2b | RJR-S3a [ RJR-S3b | RJR-S4
H. T [GeV] > 1000 1200 1400 1600 1800 2100 2400
H,'[" [GeV] > 800 1000 1200 1400 1700 1900 2100
Targeted signal gg, g — q(j)z(l)
Requirement Signal Region
RJR-G1 RJR-G2 RJR-G3 RIJR-G4
H 57 /HAT > 0.45 0.3 0.2 —
Hy i /Hy'w > 0.7 0.7 0.65 0.65
min (p5,/HFyi) > 0.12 0.1 0.08 0.07
max (H,"/H, ) < 0.96 0.97 0.98 0.98
7i1.2.0.6] < 1.4 2.0 2.4 2.8
Aqgcp 2> 0.05 0.025 0 0
i L/ (pAR .+ HLE)) < 0.5 0.55 0.6 0.65
p,.-‘ﬁ,lf T (ng‘%j T+t HTszl) < 0.08
RJR-Gla | RJR-G1b | RJR-G2a | RJR-G2b | RJR-G3a [ RJR-G3b | RJR-G4
H. ") [GeV] > 1200 1400 1600 2000 2400 2800 3000
H, 5" [GeV] > 700 800 900 1000
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OL — scale factors
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OL — re: theory systematics

Uncertainties arising from theoretical modeling of background processes are estimated by comparing
samples produced with different MC generators or by varying the scales. Uncertainties in W/Z+jets pro-
duction are estimated by increasing and decreasing the renormalization, factorization and resummation
scales by a factor of two, and by increasing and decreasing the nominal CKKW matching scale, 20 GeV,
by 10 GeV and 5 GeV, respectively. Uncertainties in the modeling of top quark pair production are estim-

ated by comparing samples generated with Pownec-Box and MG5_aMC@NLO, and by comparing the
nominal sample with samples generated using different shower tunes. Uncertainties associated with PDF
modeling of top quark pair production are found to be negligible. Uncertainties in diboson production
due to PDF, renormalization and factorization scale uncertainties (estimated by increasing and decreasing
the scales used in the MC generators by a factor of two for all combinations and taking the envelope
of them) are accounted for. The combined theoretical uncertainty ranges from 1% in Meft-2;-1200 to
45% in Meff-6j-2600 for Meff SRs. In the RJR-based search, the same uncertainties range from 8% in
RJR-S1ato 18% in RJR-G4, with the smaller range largely due to the absence of 6-jet SRs. Uncertainties
associated with the modeling of Z+jets production are largest in the 2-jet Meff-SRs (7%). In the RJR-
based search, these uncertainties are largest in RIR-S2b and RJR-S3b SR (8%). The impact of lepton
reconstruction uncertainties, and of the uncertainties related to the b-tag/b-veto efficiency, on the overall
background uncertainty is found to be negligible for all SRs.
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Multi-jet — simulation

Control regions

Criterion Heavy-flavour channel Jet mass channel
Jet |n < 2.0

Jet pr >50 GeV >80 GeV >50 GeV
Niet > 8,9,10,11 | > 7,8,9 > 8,9,10

Lepton veto

No preselected e or o after overlap removal

b-jet selection
Large-R-jet selection

pr >50 GeV and |n| < 2.0
pt >100 GeV and |n| < 1.5

Lepton multiplicity

Lepton pr
mT
Jet PT,; |77|

Number of jets including lepton
b-jet multiplicity

My
%ISS/ \/}TT

Exactly one signal e or u
> 20 GeV

< 120 GeV

Same as SR

NSK 1

=0 (W+jets) or > 1 (tt)
Same as SR

> 3.4.5 GeVl/?

Signal channel

Minimum SR Njet

Emiss //Ht threshold

Nb-tag > 07172 >0
My > 0 > 340,500 GeV
miss //Hry > 5GeV!/?

Jet pr > 50 GeV

Jet pr > 80 GeV

1/2
Heavy-flavour channel 8, 9 ! & GeVl 9
10 8 >4 GeVY/?
11 9 > 3 GeV1/?
M3y > 340GeV | M7 > 500 GeV
i 1/2
Jet mass channel S - GeVl 5
9 8 >4 GeV1/?
10 9, 10 > 3 GeVl/?
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Criteria common to all regions: > 1 signal lepton, pr/®t > 30 GeV, Npjets = 3

Multi-b — cut & count SRs

Gtt 1-lepton

Gtt O-lepton

Criteria common to all regions: ppi®* > 30 GeV

Targeted kinematics Type Niet mr f}fﬁflsn Exmiss m;?fcl M ?
SR >5 >150 >120 >500 >2200 > 200
Region B CR 5 <150  —  >300 >1700 > 150
(Boosted, Large
Am) VR-mp  >5 > 150 - >300 >1600 < 200
VR-mpde®  >5 <150 >120 >400 > 1400 > 200
SR >6 >150 >160 >450 > 1800 > 200
Region M CR < 150 - > 400 > 1500 > 100
(Moderate Am) VRemp  >6 >200 —  >250 >1200 < 100
VR-mies > 6 <150 >140 >350 >1200 > 150
SR >7 >150 >160 >350 >1000  —
Region C CR 7 <150 -  >350 >1000 —
(Compressed, small
Am) VR-mr 7 >150 <160 >300 >1000 @ —
VR-mfes > 7 <150 >160 >300 >1000 -

Targeted kinematics Type  Nepton No-jets Vet Aquin mrT mgififisn E%liss m;’{?l ]W;
Region B SR =0 >3 >7 >04 — > 60 > 350 > 2600 > 300
(Boosted, Large CR =1 >3  >6 — < 150 — > 275 > 1800 > 300
Am
) VR =0 >3 >6 >04 — — > 250 > 2000 < 300
SR =0 >3 >7 >04 — > 120 > 500 > 1800 > 200
Region M
(Moderate Am) CR =1 >3 > 06 — < 150 — > 400 > 1700 > 200
VR =0 >3 >6 >04 - — > 450 > 1400 < 200
Region C SR =0 >4 >8 >04 — > 120 > 250 > 1000 > 100
(Compressed, CR =1 >4 >7 — < 150 — > 250 > 1000 > 100
moderate Am)
VR =0 >4 >7 >04 - — > 250 > 1000 < 100
Gbb
Criteria common to all regions: Nje¢ > 4, priet > 30 GeV
Targeted kinematics Type  Niepton  Np-jets Aqbi{in mo mlr};’iflsn E?iss Meff Others
Region B SR =0 >3 > 04 — — > 400 > 2800 —
(Boosted, Large CR =1 >3 — < 150 — > 400 > 2500 —
A
m) VR =0 >3 >04 - _ > 350 19002800 _
SR =0 >4 > 0.4 — > 90 > 450 > 1600 —
Region M
(Moderate Am) CR =1 >4 — < 150 — > 300 > 1600 —
VR =0 >4 > 0.4 — > 100  250-450 1600-1900 —
Region C SR =0 >4 > 04 — > 155 > 450 — —
(Compressed, small CR =1 > 4 — < 150 _ > 375 _ _
A
m) VR =0 >4 > 04 — > 125 350-450 — —
Region VC SR =0 >3 > 04 — > 100 > 600 — .
(Very Compressed, CR =1 >3 - <150 - > 600 - Pt X 400, J1 7 b,
very small Am) P> 2.5
VR =0 >3 > 0.4 — > 100  225-600 —




Multi-b — multi-bin SRs

Intermediate-Njc¢ regions

Criteria common to all regions: Np_jets = 3, ijet > 30 GeV

Targeted kinematics Type  Niepton Aqﬁfiin mr Njet j; =bor APt < 2.9 mg:?rerffn M7 Eiss Meff
SR-OL =0 > 0.4 — (7, 8] v >140 > 150 > 300 [1600,2500]
High-Nje, regions Intermediate-rm.q SR-1L  >1 — > 150 [6,7] — > 140 > 150 > 300 [1600,2300]
Criteria common to all regions: Np_jets > 3, priet > 30 GeV (H) CR > 1 - <150 [6,7] v > 110 > 150 > 200 [1600,2100]
(Intermediate Am)
. N bt e . VR-OL =0 > 0.4 — (7, 8] v < 140 — > 300 [1450,2000]
Targeted kinematics  Type  Neoton Ao, m o Mo S y miss Me
& P tept Omin M1 Do T,min J T i VR-IL > 1 ~ >150 [6,7] - <140  —  >225 [1450,2000]
SR-OL =0 > 0.4 — > 7 > 100 > 200 > 400 > 2500
SR-OL =0 > 0.4 — (7, 8] v > 140 — > 300  [800, 1600]
Hioh SR-1IL  >1 - > 150 > 6 > 120 > 200 > 500 > 2300
igh-meg Low-rm SR-1L  >1 — > 150 [6,7] — > 140 — > 300  [800, 1600]
HH CR > 1 — 150 > 6 60 150 300 2100 ©
(Laﬁge gm) . = . g g g y g (IL) CR > 1 — <150 [6,7) v >130 - >300 [800,1600]
- = . — > : miss . . -Jet§ L A
VR-0L 0 > 0.4 > 7 <100 if B2 > 300 < 300 if mp’s > 100 > 2100 (Low Am) VROL =0 S04 B 78] y < 140 B 300 [800,1450]
VR-IL  >1 — > 150 >6 < 140 if meg > 2300 — < 500 > 2100 VRAL > 1 B S 150 [6.7] B < 140 B 300 [800, 1450
SR-OL =0 > 0.4 — > 9 > 140 > 150 > 300 [1800, 2500]
Low-Njet regions
Intermediate-m.g ~ SRAL =1 - > 150 > 8 > 140 > 150 > 300 [1800, 2300] - . "
Criteria common to all regions: Ny jets > 3, pr'¢" > 30 GeV
(HI) CR > 1 — <150 >8 > 60 > 150 > 200 (1700, 2100]
Intermediate Am . : o . T 4 : Co_ i j b-jets miss
( ) VROL =0 s04 - 39 <l0if Eps >300 - <300 if mit > 140 [1650,2100] Targeted kinematics  Type  Mipton  Afpin M1 Niew 1 =bor Ap <2.9 Pt Mmin BT Meff
VR-IL  >1 —  >150 >8 < I40if EFRS>300 — <300 if miUon > 140 [1600,2100] High-m.g SR =0 >04 - [46] - > 90 - >300  >2400
(LH) CR >1 - <150 [4,5] — - - >200 > 2100
SR-OL =0 > 0.4 — > 9 > 140 — > 300 (900, 1800] (Large Am) _
° VR =0 >04 —  [4,6] - > 90 if Emiss < 300 - > 200 [2000, 2400]
Low-m.q SR-1IL  >1 - > 150 > 8 > 140 — > 300 (900, 1800]
(HL) CR 51 B <150 >8 - 130 B < 950 1900, 1700) Intermediate-mye SR =0 >04 —  [4,6] v > 90 > 140 > 350  [1400, 2400]
(Small Am) . (LI) CR >1 — <150 [4,5] v > 70 — > 300 [1400,2000]
VR-OL =0 > 0.4 - > 9 < 140 — > 300 (900, 1650] (Intermediate Am)
VR =0 >04 —  [4,6] v > 90 <140 >300 [1250,1800]
VR-IL  >1 - > 150 > 8 < 140 — > 225 (900, 1650]
Low-mu SR =0 >04 —  [4,6] v > 90 > 140 >350  [800,1400]
(LL) CR > 1 — <150 [4,5)] v > 70 — > 300  [800,1400]
(Low Am) _
VR =0 >04 —  [4,6] v > 90 <140 >300 [800,1250]

ISR regions
Criteria common to all regions: Nj_jets > 3, APt > 2.9, ijl > 400 GeV, ppi°t > 30 GeV, j; #b

Type  Nipton  Adp, m Niet mylns, B Mefr
SR =0 > 04 — [4, 8] > 100 > 600 < 2200
CR >1 - <150 4, 7] - > 400 < 2000

VR =0 > 0.4 — 4, 8] > 100 > 250 < 2000




Photons+MET — VRs and CRs

E [GeV] A min (jet, EISS) Nep  Hr [GeV] Emiss [GeV] Nexp N_obe
VR1" > 75 > 0.5 <150 43500 & 4400 43918
VR27 > 75 > 0.5 10002500 <150 2850+ 520 3139
VR3" > 75 >05 .. 100-150 112+ 36 109
VR4 > 50 le <2000 34.5 4 7.2 38
VR5 > 50 o lp <2000 19.8 £ 7.1 25
VR6 > 75 >05 ..  >1750 . 2004130 336
VR77Y > 75 > 0.5 >100 139 4 40 146
CR ¢ iets CRy CR,z, VR1"  VR2Y VR3Y VR4 VR5 VR6Y
N, > 1 >1 > 1 E7 [GeV] > 145 > 145 > 145 > 400 > 400 > 400
El > 145 GV > 145 GeV > 145 GeV Mep 0 0 0 0 0 0
N 0 > ] > 1 Niets > 5 > 5 > 5 > 3 >3 >3
ep — . : miss /
miss = 100 GV 100-200 GeV  50-200 GaV Aqs(Jet,]iT ) > 0.4 > 0.4 > 0.4 > 0.4 > 0.4 > 0.4
N S 3 > S 5 Ap (v, EX*%) > 0.4 > 0.4 > 0.4 > 0.4 > 0.4 > 0.4
jets = = = Emiss [GeV] 50-175  75-175  100-175 100-175  125-175  150-175
Nojets 0 = 2 Mer [GeV] >2000 >2000  >2000 >2000  >2000 > 2000
Ap(jet, Ep) <04 > 0.4 > 0.4 R4 <090 <090 <090
Ap(ry, ET*) > 0.4 Nexs [124+20 42+£11 109+41 120£36 366+£9.9 13.4L55
Mgt > 2000 GeV > 500 GeV > 500 GeV N 108 11 15 126 40 10
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Model independent upper-limits

Multi-b

Signal channel o (Z) 95 [fb) 595 59

SR-Gtt-11-B 0.50 (0.00) 0.08 3.0 3.0+10

SR-Gtt-1L-M 0.34 (0.42) 0.11 3.9 3.6107)

SR-Gtt-1L-C 0.50 (0.00) 0.13 4.8 47785

SR-Gtt-0L-B 0.32 (0.48) 0.13 4.8 41FLT

SR-Gtt-0L-M 0.25 (0.69) 0.21 7.5 6.0723

SR-Gtt-0L-C 0.50 (0.00) 0.39 14.0 17.8+6:8

SR-Gbb-B 0.50 (0.00) 0.13 4.6 4.617°7

SR-Gbb-M 0.50 (0.00) 0.12 4.4 5.0+1:9

SR-Gbb-C 0.50 (0.00) 0.18 6.6 6.9727

SR-Gbb-VC 0.50 (0.00) 0.08 3.0 46779
Signal Region  Nobs  Nexp  Sgpy S (Aeo)p,[fb] - (Aeo) 2 [fb]  Z (p)
SRI” . 0 0.501%;2% 3.0 3.15,;‘%L 0.083 0.0863_:§:§§§ 0.00 (0.50)
SR 0 0.48T93% 30 3.1;8; i 0.083 0.08618:8% 0.00 (0.50)
SRY._ ;. 6 37+11 86 58723 0.238 0.16173978 1,06 (0.14)

Photons + MET SR _& 1 2057005 3.7 44t 0.103 0.122%065:  0.00 (0.50)

SRy’ 4 1337950 7.6 4.7HLS 0.210 0.13079:043  1.81 (0.035)
SR1%00 8 2.68“_L§j§§ 11.5 5.4t§;§ 0.318 0.151t§;§§§ 2.36 (0.009)
SRV 3 114705 6.6 5979 0.183 0.162% 0 0ag  1.20 (0.116)
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Model independent upper-limits

Signal Region (eq)? [fb] S5 S22 1—-CLy Po
Nyjet >0 7.2 260 270199 0.44 0.50
N >8 Nijer > 1 6.4 230 25059 0.40 0.50
Npjor, > 2 4.6 170 160159 0.59 0.40
Nijet > 0 1.5 53 58170 0.38 0.50
50
NZ =9 Npjer > 1 1.2 44 55118 0.24 0.50
Npjor > 2 1.0 35 38142 0.40 0.50
Npjer >0 0.30 11 1515 0.17 0.50
N > 10 Nijer > 1 0.31 11 1575 0.20 0.50
Npjer, > 2 0.31 11 1215 0.44 0.50
Npjer >0 0.23 8.5 63772 0.80 0.21
N > 11 Nisjer > 1 0.21 7.4 6.5126 0.68 0.34
Npjor, > 2 0.19 6.9 6.0773 0.69 0.35
Nyjer >0 3.1 110 130739 0.27 0.50
NQL>7 Nijer > 1 2.7 100 120+49 0.23 0.50
Nijer > 2 1.7 60 72122 0.26 0.50
Npjer >0 0.80 29 27110 0.60 0.40
N >8 Npjer > 1 0.62 22 2417 0.40 0.50
Npjer > 2 0.49 18 161% 0.59 0.41
Npjer >0 0.22 7.8 79134 0.47 0.50
N >9 Npjer > 1 0.21 7.5 75158 0.48 0.50
Nijer > 2 0.22 8.0 59114 0.81 0.20
- M7 > 340 GeV 2.9 100 130750 0.24 0.50
N'et Z 8 ‘
! M7 > 500 GeV 1.0 36 48177 0.18 0.50
P +14
N > g M3 > 340 GeV 0.87 32 4ot 0.17 0.50
* M3 > 500 GeV 0.32 12 2018 0.04 0.50
- MF > 340 GeV 0.25 9.1 1415 0.10 0.50
N2 > 10
M3 > 500 GeV 0.22 7.9 1113 0.18 0.50

multi-jets
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Model independent upper-limits

Signal Region RJR-Sla RJR-S1b RJR-S2a  RJR-S2b RJR-S3a  RJR-S3b RJR-S4
MC expected events
Diboson 37 17 23 10.3 7.2 3.5 2.0
Z/~* +jets 495 189 222 102 70 30.5 17.9
W +jets 220 77 84 36 22.6 9.2 5.3
tt(+EW) + single top 32 9.2 10.9 4.7 2.6 1.17 0.68
Fitted background events
Diboson 37T E£8 17 £4 23E£5  10.3£26 7T2E15 35 £ 1.1 2.0+£0.5
Z /v +jets 450 = 40 170 4 14 211 £ 17 97 £+ 8 67+5  200+24  17.0+1.5
W+jets 208 + 27 73+9 83 £ 12 3545  22.343.0 9.0+ 1.3 5.2+0.9
t{(+EW) + single top 27 £ 26 7.4+ 2.0 7.6 + 3.2 3.3+ 1.2 1.940.5 0.82+0.34 0.4970-%
Multi-jet 18 £ 17 1.34 1.3 0.64+0.6 0.3140.31 0.2740.27 0.0340.03 0.03 £ 0.03
Total MC 1830 370 378 172 120 15.9 27.7
Total bkg 740 £ 50 268 £ 18 326 + 22 146 £ 10 98 £ 6 424 £330 247 F2.1
Observed 880 325 365 170 102 16 23
(ea)?} _ [fb] 6.45 2.76 1.89 1.38 0.69 0.51 0.30
S9% 233 99.5 68.3 49.9 24.7 18.3 10.7
S5 1201733 50115 50115 3211t 24111 15.575 9 11.6733
po (Z) 0.01 (2.52)  0.01 (2.34) 0.14 (1.07)  0.10 (1.30)  0.50 (0.00)  0.50 (0.00)  0.50 (0.00)
Signal Region RJR-Gla RJR-G1b RJR-G2a RJR-G2b RJR-G3a  RJR-G3b RJR-G4
MC expected events
Diboson 3.1 1.6 2.8 1.34 0.80 0.37 0.24
Z/~* +jets 28.7 13.1 28.1 9.4 8.8 3.0 2.09
W+jets 14.0 6.4 14.6 5.0 4.7 1.7 1.0
tt(+EW) + single top 6.0 2.0 6.5 2.0 3.1 1.5 1.1
Fitted background events
Diboson 3.1£0.7 1.6 £ 0.5 28£0.8 1.34£033 080%£0.27 0.36£0.29 0.24 £0.11
Z /v +jets 24.8 + 2.7 11.34+1.4 25.44+2.9 8.4+ 1.2 79+ 1.1 2.7+£0.7 1.89+£0.35
W +jets 12.0 £ 1.7 5.5+0.9 12.3 4+ 2.1 4.2+0.8 3.9+ 0.7 1.5+ 0.6  0.8540.29
tt(+EW) + single top 4.840.9 1.6 4+ 1.4 5.2+ 1.9 1.6+ 0.6 2.4+0.9 1.2+ 1.0 0.940.8
Multi-jet 0.254+0.25  0.1340.13 0.5+ 0.5 0.2 +0.2 0.5+0.5  0.26+0.25 0.18701%
Total MC 66.8 30.9 80.4 28.9 14.4 21.1 14.4
Total bkg 45 14 20.1 + 2.3 46 T 4 15.8 + 1.8 15.6 £ 1.7 6.0 £ 1.4 1.1£0.9
Observed 42 16 52 15 21 12 6
(ea)oy. [fb] 0.44 0.25 0.63 0.26 0.42 0.38 0.22
S9% 15.9 8.9 22.7 9.4 15.2 13.9 7.8
So 16.67%7 11.0751 16.775% 9.9731 10.7131 10.372°7 6.3759
po (Z) 0.50 (0.00)  0.50 (0.00)  0.19 (0.89)  0.50 (0.00)  0.11 (1.21)  0.07 (1.50)  0.24 (0.72)
Signal Region RJR-C1 RJR-C2 RJR-C3 RJR-C4 RJR-C5
MC expected events
Diboson 15 3.4 1.6 2.7 0.8
Z/~* +jets 24.8 20.7 7.8 10.3 2.3
W +jets 9.8 7.4 8.3 8.0 2.4
tt(+EW) + single top 1.32 1.6 5.5 6.9 3.39
Fitted background events
Diboson 15F1.0 341038 1.6 £ 0.5 2.7 E£0.7 0.8 0.5
Z [~ +jets 22.6+2.3  18.942.0 6.5+ 1.2 8.6 £ 1.2 2.1+0.6
W+jets 9.9+ 1.9 7.5+ 1.4 8.9+ 1.4 8.6+ 1.4 2.7+2.1
t{(+EW) + single top 0.861 590 1.0+ 0.7 3.2+ 1.5 4.0+24  0.8972 17
Multi-jet 0.06 £0.06  0.33 +0.33 0.5+ 0.5 0.8+ 0.8  0.25772¢
Total MC 13.9 53.3 54.8 84.0 28.0
Total bkg 37.9%£35 312+29 20.7E£2.6 248 F3.3 6.7 f 1.3
Observed 36 29 12 24 10
(ea)?y. [fb] 0.38 0.35 0.18 0.42 0.30
S 13.8 12.7 6.4 15.2 10.7
S22 153157 14.0159 11.21%32 152752 7.8T27
po (Z) 0.50 (0.00)  0.50 (0.00)  0.50 (0.00) 0.50 (0.00) 0.14 (1.06)

Signal Region [Meff-] 2j-1200 2j-1600 2j-2000 2j-2400 2j-2800 2j-3600  2j-B1600  2j-B2400
MC expected events
Diboson 28 14.8 5.6 3.4 1.2 0.21 1.9 0.41
Z /v +jets 345 140 54 24.2 10.2 2.3 16.6 2.5
W +jets 141 47 18 8.2 3.4 1.11 5.2 0.7
tt(+EW) + single top 21.0 5.8 2.48 1.13 0.32 0.04 0.80 0.03
Fitted background events
Diboson 28£4  14.8%2.3 5.5 F 1.2 3.4E0.7 1.2£0.2 0.21£0.07 1.9£0.5 041 £0.07
Z [~ +jets 336 £ 19 143 £ 11 64+8  28.0+33 122415 29+08  146+1.9 2.8 £ 0.6
W +jets 141 4 24 68 £ 16 20 + 4 9.6 + 2.6 3.7+£1.2 0.37+0.32 5.54 3.1 0.7+0.7
tt(+EW) + single top 15+4 20+1.6  1.36+ 1.0 0.5+0.5 0.1840.15 0.04700% 0.5+ 0.5 0.021707
Multi-jet 6+ 6 0.3+0.3 0.07+0.07 0.02+0.02 < 0.004 ~  0.0340.03 < 0.002
Total MC 538 208 80 37 15.1 3.6 24 3.6
Total bkg 526 £ 31 228 £ 19 90 £ 10 2f4  17.3£2.0 3.6 £ 0.9 22 £ 4 3.0+ 1.2
Observed 611 216 73 34 19 5 26 1
(ea)or. [fb] 4.14 1.03 0.47 0.32 0.33 0.20 0.46 0.17
S%. 149 37 17.0 11.4 11.9 7.2 16.7 6.1
Ch s1t31 44115 25.2129 15.3757 10.6732 55122 13.1755 57122
po (Z) 0.02 (2.03)  0.50 (0.00)  0.50 (0.00)  0.50 (0.00)  0.31 (0.50) 0.21 (0.81)  0.28 (0.57)  0.32 (0.47)
Signal Region [Meff-] 2j-2100 3j-1300 4j-1000 4j-1400 4j-1800 4j-2200 4j-2600 4j-3000
MC expected events
Diboson 12 37 6.4 18.1 6.0 2.4 1.8 0.24
Z )~ +jets 116 268 60 100 33 12.0 4.1 1.4
W +jets 34 107 29 52 15 4.5 1.66 0.6
tt(+EW) 4+ single top 5.0 36 43 42 7.7 1.6 0.64 0.21
Fitted background events
Diboson 12£5 376 64E1.1 18.1E3.0 6.0 F£ 1.1 24E0.7 I.8£0.8 0.24£0.07
Z/~* +jets 102 4 8 221 + 20 5247 854 10 25 + 4 9.9 +2.0 2.3+0.9 1.240.5
W+jets 354 10 106 4 19 22 £ 7 42 410 1246 33+1.1  1.57+£1.0  0.3940.3
t{(+EW) + single top 2.6 £ 1.4 25+ 9 43 £ 8 35+ 10 5.0 + 3.3 0.8 +0.4 0.137017  0.12+0.11
Multi-jet 0.11 +£0.11 1.441.4 0.3940.39 0.5+0.5 0.10£0.10 0.0240.02 0.034+0.03 0.01 4 0.01
Total MC 167 449 138 212 61 20.5 8.2 2.4
Total bkg 153 & 14 390 F 29 124 £ 12 182 & 16 19F£7 165 E£2.7 5.8 £2.0 2.0 £ 0.6
Observed 190 429 142 199 55 24 1 2
(ea)?}  [fb] 1.98 2.84 1.40 1.76 0.79 0.49 0.16 0.12
S% 72 103 50.6 64 28.3 17.6 5.8 4.5
So3 38+1o 72129 3711520 45115 22.219%9 11.373%8 6.7127 4.671%
po (Z) 0.02 (2.03) 0.13 (1.12)  0.10 (1.26)  0.08 (1.39)  0.18 (0.90)  0.09 (1.34)  0.50 (0.00)  0.50 (0.00)
Signal Region [Meff-] 5j-1600 5j-1700 5j-2000 5j-2600 6j-1200 6j-1800 6j-2200 6j-2600
MC expected events
Diboson 10.8 6.6 8.9 2.6 20.5 1.9 1.7 1.3
Z /v +jets 56 31 50 7.4 109 3.3 1.3 0.76
W +jets 42 15.5 18.6 2.57 81 2.2 0.67 0.44
tt(+EW) + single top 45 12.0 9.9 0.8 144 4.3 0.63 0.39
Fitted background events
Diboson 10.8 £ 1.8 6.6 £ 1.1 8O FE 1.5 26+£0.7 205E3.5 1.9E£0.7 1.7£0.8 1.3£0.9
Z/~* +jets 4245 21 +4 3746 6.0 £ 1.7 61 £ 11 1.140.7 0.9+0.5 0.3840.29
W +jets 26 4+ 7 8.0+26  13.3+33 0417737 46 + 22 08751 0.101010 0.16702%
t{(+EW) + single top 4049 7.1+2.8 6.5 + 2.6 0.4+0.4 145 4 25 1.241.0 0.37+£0.27 0.2410-2%
Multi-jet 949  0.08700% 0.094+0.09 0014001  1.207750 0124012  0.027005  0.06 +0.06
Total MC 158 65 88 13.3 355 11.7 1.3 2.9
Total bkg 128 f 14 3F5 65 £ 7 9.4F2.1 274 + 32 5.1F 1.8 3.1F 1.3 22 F 1.4
Observed 135 19 59 10 276 9 3 1
(ea)?p. [fb] 1.26 0.64 0.49 0.24 2.19 0.33 0.15 0.11
S 45.4 23.0 17.8 8.8 79 11.9 5.4 3.8
S5 391 ¢* 182187 20.775°5 8515 70150 g.2t3 % 54773 431028
po (Z) 0.32 (0.46)  0.21 (0.82)  0.50 (0.00)  0.46 (0.09)  0.50 (0.00)  0.11 (1.25)  0.50 (0.00)  0.50 (0.00)
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