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SUPERSYMMETRY IN ATLAS
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• Strategy ATLAS SUSY group: cover a wide range of final states and processes

Model e, µ, τ, γ Jets Emiss
T

∫
L dt[fb−1] Mass limit Reference
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MSUGRA/CMSSM 0 2-6 jets Yes 20.3 m(q̃)=m(g̃ ) ATLAS-CONF-2013-0471.7 TeVq̃, g̃

MSUGRA/CMSSM 1 e,µ 3-6 jets Yes 20.3 any m(q̃) ATLAS-CONF-2013-0621.2 TeVg̃

MSUGRA/CMSSM 0 7-10 jets Yes 20.3 any m(q̃) ATLAS-CONF-2013-0541.1 TeVg̃

q̃q̃, q̃→qχ̃
0
1 0 2-6 jets Yes 20.3 m(χ̃

0
1)=0 GeV ATLAS-CONF-2013-047740 GeVq̃

g̃ g̃ , g̃→qq̄χ̃
0
1 0 2-6 jets Yes 20.3 m(χ̃

0
1)=0 GeV ATLAS-CONF-2013-0471.3 TeVg̃

g̃ g̃ , g̃→qqχ̃
±
1→qqW ±χ̃01 1 e,µ 3-6 jets Yes 20.3 m(χ̃

0
1)<200 GeV, m(χ̃

±
)=0.5(m(χ̃

0
1 )+m(g̃ )) ATLAS-CONF-2013-0621.18 TeVg̃

g̃ g̃→qqqq""("")χ̃
0
1χ̃

0
1 2 e,µ (SS) 3 jets Yes 20.7 m(χ̃

0
1)<650 GeV ATLAS-CONF-2013-0071.1 TeVg̃

GMSB ("̃ NLSP) 2 e,µ 2-4 jets Yes 4.7 tanβ<15 1208.46881.24 TeVg̃

GMSB ("̃ NLSP) 1-2 τ 0-2 jets Yes 20.7 tanβ >18 ATLAS-CONF-2013-0261.4 TeVg̃

GGM (bino NLSP) 2 γ 0 Yes 4.8 m(χ̃
0
1)>50 GeV 1209.07531.07 TeVg̃

GGM (wino NLSP) 1 e, µ + γ 0 Yes 4.8 m(χ̃
0
1)>50 GeV ATLAS-CONF-2012-144619 GeVg̃

GGM (higgsino-bino NLSP) γ 1 b Yes 4.8 m(χ̃
0
1)>220 GeV 1211.1167900 GeVg̃

GGM (higgsino NLSP) 2 e, µ (Z ) 0-3 jets Yes 5.8 m(H̃)>200 GeV ATLAS-CONF-2012-152690 GeVg̃

Gravitino LSP 0 mono-jet Yes 10.5 m(g̃ )>10−4 eV ATLAS-CONF-2012-147645 GeVF1/2 scale

g̃→bb̄χ̃
0
1 0 3 b Yes 20.1 m(χ̃

0
1)<600 GeV ATLAS-CONF-2013-0611.2 TeVg̃

g̃→tt̄ χ̃
0
1 0 7-10 jets Yes 20.3 m(χ̃

0
1) <200 GeV ATLAS-CONF-2013-0541.14 TeVg̃

g̃→tt̄ χ̃
0
1 0-1 e,µ 3 b Yes 20.1 m(χ̃

0
1)<400 GeV ATLAS-CONF-2013-0611.34 TeVg̃

g̃→bt̄ χ̃
+
1 0-1 e,µ 3 b Yes 20.1 m(χ̃

0
1)<300 GeV ATLAS-CONF-2013-0611.3 TeVg̃

b̃1b̃1, b̃1→bχ̃
0
1 0 2 b Yes 20.1 m(χ̃

0
1)<100 GeV ATLAS-CONF-2013-053100-630 GeVb̃1

b̃1b̃1, b̃1→tχ̃
±
1 2 e,µ (SS) 0-3 b Yes 20.7 m(χ̃

±
1 )=2 m(χ̃

0
1) ATLAS-CONF-2013-007430 GeVb̃1

t̃1 t̃1(light), t̃1→bχ̃
±
1 1-2 e,µ 1-2 b Yes 4.7 m(χ̃

0
1)=55 GeV 1208.4305, 1209.2102167 GeVt̃1

t̃1 t̃1(light), t̃1→Wbχ̃
0
1 2 e,µ 0-2 jets Yes 20.3 m(χ̃

0
1) =m(t̃1)-m(W )-50 GeV, m(t̃1)<<m(χ̃

±
1 ) ATLAS-CONF-2013-048220 GeVt̃1

t̃1 t̃1(medium), t̃1→tχ̃
0
1 2 e,µ 2 jets Yes 20.3 m(χ̃

0
1)=0 GeV ATLAS-CONF-2013-065225-525 GeVt̃1

t̃1 t̃1(medium), t̃1→bχ̃
±
1 0 2 b Yes 20.1 m(χ̃

0
1)<200 GeV, m(χ̃

±
1 )-m(χ̃

0
1 )=5 GeV ATLAS-CONF-2013-053150-580 GeVt̃1

t̃1 t̃1(heavy), t̃1→tχ̃
0
1 1 e,µ 1 b Yes 20.7 m(χ̃

0
1)=0 GeV ATLAS-CONF-2013-037200-610 GeVt̃1

t̃1 t̃1(heavy), t̃1→tχ̃
0
1 0 2 b Yes 20.5 m(χ̃

0
1)=0 GeV ATLAS-CONF-2013-024320-660 GeVt̃1

t̃1 t̃1, t̃1→cχ̃
0
1 0 mono-jet/c-tag Yes 20.3 m(t̃1)-m(χ̃

0
1)<85 GeV ATLAS-CONF-2013-068200 GeVt̃1

t̃1 t̃1(natural GMSB) 2 e, µ (Z ) 1 b Yes 20.7 m(χ̃
0
1)>150 GeV ATLAS-CONF-2013-025500 GeVt̃1

t̃2 t̃2, t̃2→t̃1 + Z 3 e, µ (Z ) 1 b Yes 20.7 m(t̃1)=m(χ̃
0
1)+180 GeV ATLAS-CONF-2013-025520 GeVt̃2

"̃L,R"̃L,R, "̃→"χ̃01 2 e,µ 0 Yes 20.3 m(χ̃
0
1)=0 GeV ATLAS-CONF-2013-04985-315 GeV#̃

χ̃+1 χ̃
−
1 , χ̃

+
1→"̃ν("ν̃) 2 e,µ 0 Yes 20.3 m(χ̃

0
1)=0 GeV, m("̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1 )) ATLAS-CONF-2013-049125-450 GeVχ̃±

1

χ̃+1 χ̃
−
1 , χ̃

+
1→τ̃ν(τν̃) 2 τ 0 Yes 20.7 m(χ̃

0
1)=0 GeV, m(τ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) ATLAS-CONF-2013-028180-330 GeVχ̃±

1

χ̃±1 χ̃
0
2→"̃Lν"̃L"(ν̃ν), "ν̃"̃L"(ν̃ν) 3 e,µ 0 Yes 20.7 m(χ̃

±
1 )=m(χ̃

0
2), m(χ̃

0
1)=0, m("̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1 )) ATLAS-CONF-2013-035600 GeVχ̃±

1 , χ̃
0
2

χ̃±1 χ̃
0
2→W ∗χ̃01Z

∗χ̃01 3 e,µ 0 Yes 20.7 m(χ̃
±
1 )=m(χ̃

0
2 ), m(χ̃

0
1)=0, sleptons decoupled ATLAS-CONF-2013-035315 GeVχ̃±

1 , χ̃
0
2

Direct χ̃
+
1 χ̃
−
1 prod., long-lived χ̃

±
1 Disapp. trk 1 jet Yes 20.3 m(χ̃

±
1 )-m(χ̃

0
1 )=160 MeV, τ(χ̃

±
1 )=0.2 ns ATLAS-CONF-2013-069270 GeVχ̃±

1

Stable, stopped g̃ R-hadron 0 1-5 jets Yes 22.9 m(χ̃
0
1)=100 GeV, 10 µs<τ(g̃)<1000 s ATLAS-CONF-2013-057857 GeVg̃

GMSB, stable τ̃, χ̃
0
1→τ̃(ẽ, µ̃)+τ(e, µ) 1-2 µ 0 - 15.9 10<tanβ<50 ATLAS-CONF-2013-058475 GeVχ̃0

1

GMSB, χ̃
0
1→γG̃ , long-lived χ̃

0
1 2 γ 0 Yes 4.7 0.4<τ(χ̃

0
1)<2 ns 1304.6310230 GeVχ̃0

1

χ̃01→qqµ (RPV) 1 µ 0 Yes 4.4 1 mm<cτ<1 m, g̃ decoupled 1210.7451700 GeVq̃

LFV pp→ν̃τ + X , ν̃τ→e + µ 2 e,µ 0 - 4.6 λ′311=0.10, λ132=0.05 1212.12721.61 TeVν̃τ
LFV pp→ν̃τ + X , ν̃τ→e(µ) + τ 1 e,µ + τ 0 - 4.6 λ′311=0.10, λ1(2)33=0.05 1212.12721.1 TeVν̃τ

Bilinear RPV CMSSM 1 e,µ 7 jets Yes 4.7 m(q̃)=m(g̃ ), cτLSP<1 mm ATLAS-CONF-2012-1401.2 TeVq̃, g̃

χ̃+1 χ̃
−
1 , χ̃

+
1→W χ̃

0
1, χ̃

0
1→ee ν̃µ, eµν̃e 4 e,µ 0 Yes 20.7 m(χ̃

0
1)>300 GeV, λ121>0 ATLAS-CONF-2013-036760 GeVχ̃±

1

χ̃+1 χ̃
−
1 , χ̃

+
1→W χ̃

0
1, χ̃

0
1→ττν̃e , eτν̃τ 3 e,µ + τ 0 Yes 20.7 m(χ̃

0
1)>80 GeV, λ133>0 ATLAS-CONF-2013-036350 GeVχ̃±

1

g̃→qqq 0 6 jets - 4.6 1210.4813666 GeVg̃

g̃→t̃1t, t̃1→bs 2 e,µ (SS) 0-3 b Yes 20.7 ATLAS-CONF-2013-007880 GeVg̃

Scalar gluon 0 4 jets - 4.6 incl. limit from 1110.2693 1210.4826100-287 GeVsgluon

WIMP interaction (D5, Dirac χ) 0 mono-jet Yes 10.5 m(χ)<80 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147704 GeVM* scale

Mass scale [TeV]
10−1 1√

s = 7 TeV
full data

√
s = 8 TeV

partial data

√
s = 8 TeV
full data

ATLAS SUSY Searches* - 95% CL Lower Limits
Status: EPS 2013

ATLAS Preliminary∫
L dt = (4.4 - 22.9) fb−1

√
s = 7, 8 TeV

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1σ theoretical signal cross section uncertainty.
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Model e, µ, τ, γ Jets Emiss
T

∫
L dt[fb−1] Mass limit Reference

In
cl

u
si

ve
S

e
a

rc
h

e
s

3
rd

g
e

n
.

g̃
m

e
d

.
3
rd

g
e

n
.

sq
u

a
rk

s
d

ir
e

ct
p

ro
d

u
ct

io
n

E
W

d
ir

e
ct

L
o

n
g

-l
iv

e
d

p
a

rt
ic

le
s

R
P

V
O

th
e

r

MSUGRA/CMSSM 0 2-6 jets Yes 20.3 m(q̃)=m(g̃ ) ATLAS-CONF-2013-0471.7 TeVq̃, g̃

MSUGRA/CMSSM 1 e,µ 3-6 jets Yes 20.3 any m(q̃) ATLAS-CONF-2013-0621.2 TeVg̃

MSUGRA/CMSSM 0 7-10 jets Yes 20.3 any m(q̃) ATLAS-CONF-2013-0541.1 TeVg̃

q̃q̃, q̃→qχ̃
0
1 0 2-6 jets Yes 20.3 m(χ̃

0
1)=0 GeV ATLAS-CONF-2013-047740 GeVq̃

g̃ g̃ , g̃→qq̄χ̃
0
1 0 2-6 jets Yes 20.3 m(χ̃

0
1)=0 GeV ATLAS-CONF-2013-0471.3 TeVg̃

g̃ g̃ , g̃→qqχ̃
±
1→qqW ±χ̃01 1 e,µ 3-6 jets Yes 20.3 m(χ̃

0
1)<200 GeV, m(χ̃

±
)=0.5(m(χ̃

0
1 )+m(g̃ )) ATLAS-CONF-2013-0621.18 TeVg̃

g̃ g̃→qqqq""("")χ̃
0
1χ̃

0
1 2 e,µ (SS) 3 jets Yes 20.7 m(χ̃

0
1)<650 GeV ATLAS-CONF-2013-0071.1 TeVg̃

GMSB ("̃ NLSP) 2 e,µ 2-4 jets Yes 4.7 tanβ<15 1208.46881.24 TeVg̃

GMSB ("̃ NLSP) 1-2 τ 0-2 jets Yes 20.7 tanβ >18 ATLAS-CONF-2013-0261.4 TeVg̃

GGM (bino NLSP) 2 γ 0 Yes 4.8 m(χ̃
0
1)>50 GeV 1209.07531.07 TeVg̃

GGM (wino NLSP) 1 e, µ + γ 0 Yes 4.8 m(χ̃
0
1)>50 GeV ATLAS-CONF-2012-144619 GeVg̃

GGM (higgsino-bino NLSP) γ 1 b Yes 4.8 m(χ̃
0
1)>220 GeV 1211.1167900 GeVg̃

GGM (higgsino NLSP) 2 e, µ (Z ) 0-3 jets Yes 5.8 m(H̃)>200 GeV ATLAS-CONF-2012-152690 GeVg̃

Gravitino LSP 0 mono-jet Yes 10.5 m(g̃ )>10−4 eV ATLAS-CONF-2012-147645 GeVF1/2 scale

g̃→bb̄χ̃
0
1 0 3 b Yes 20.1 m(χ̃

0
1)<600 GeV ATLAS-CONF-2013-0611.2 TeVg̃

g̃→tt̄ χ̃
0
1 0 7-10 jets Yes 20.3 m(χ̃

0
1) <200 GeV ATLAS-CONF-2013-0541.14 TeVg̃

g̃→tt̄ χ̃
0
1 0-1 e,µ 3 b Yes 20.1 m(χ̃

0
1)<400 GeV ATLAS-CONF-2013-0611.34 TeVg̃

g̃→bt̄ χ̃
+
1 0-1 e,µ 3 b Yes 20.1 m(χ̃

0
1)<300 GeV ATLAS-CONF-2013-0611.3 TeVg̃

b̃1b̃1, b̃1→bχ̃
0
1 0 2 b Yes 20.1 m(χ̃

0
1)<100 GeV ATLAS-CONF-2013-053100-630 GeVb̃1

b̃1b̃1, b̃1→tχ̃
±
1 2 e,µ (SS) 0-3 b Yes 20.7 m(χ̃

±
1 )=2 m(χ̃

0
1) ATLAS-CONF-2013-007430 GeVb̃1

t̃1 t̃1(light), t̃1→bχ̃
±
1 1-2 e,µ 1-2 b Yes 4.7 m(χ̃

0
1)=55 GeV 1208.4305, 1209.2102167 GeVt̃1

t̃1 t̃1(light), t̃1→Wbχ̃
0
1 2 e,µ 0-2 jets Yes 20.3 m(χ̃

0
1) =m(t̃1)-m(W )-50 GeV, m(t̃1)<<m(χ̃

±
1 ) ATLAS-CONF-2013-048220 GeVt̃1

t̃1 t̃1(medium), t̃1→tχ̃
0
1 2 e,µ 2 jets Yes 20.3 m(χ̃

0
1)=0 GeV ATLAS-CONF-2013-065225-525 GeVt̃1

t̃1 t̃1(medium), t̃1→bχ̃
±
1 0 2 b Yes 20.1 m(χ̃

0
1)<200 GeV, m(χ̃

±
1 )-m(χ̃

0
1 )=5 GeV ATLAS-CONF-2013-053150-580 GeVt̃1

t̃1 t̃1(heavy), t̃1→tχ̃
0
1 1 e,µ 1 b Yes 20.7 m(χ̃

0
1)=0 GeV ATLAS-CONF-2013-037200-610 GeVt̃1

t̃1 t̃1(heavy), t̃1→tχ̃
0
1 0 2 b Yes 20.5 m(χ̃

0
1)=0 GeV ATLAS-CONF-2013-024320-660 GeVt̃1

t̃1 t̃1, t̃1→cχ̃
0
1 0 mono-jet/c-tag Yes 20.3 m(t̃1)-m(χ̃

0
1)<85 GeV ATLAS-CONF-2013-068200 GeVt̃1

t̃1 t̃1(natural GMSB) 2 e, µ (Z ) 1 b Yes 20.7 m(χ̃
0
1)>150 GeV ATLAS-CONF-2013-025500 GeVt̃1

t̃2 t̃2, t̃2→t̃1 + Z 3 e, µ (Z ) 1 b Yes 20.7 m(t̃1)=m(χ̃
0
1)+180 GeV ATLAS-CONF-2013-025520 GeVt̃2

"̃L,R"̃L,R, "̃→"χ̃01 2 e,µ 0 Yes 20.3 m(χ̃
0
1)=0 GeV ATLAS-CONF-2013-04985-315 GeV#̃

χ̃+1 χ̃
−
1 , χ̃

+
1→"̃ν("ν̃) 2 e,µ 0 Yes 20.3 m(χ̃

0
1)=0 GeV, m("̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1 )) ATLAS-CONF-2013-049125-450 GeVχ̃±

1

χ̃+1 χ̃
−
1 , χ̃

+
1→τ̃ν(τν̃) 2 τ 0 Yes 20.7 m(χ̃

0
1)=0 GeV, m(τ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) ATLAS-CONF-2013-028180-330 GeVχ̃±

1

χ̃±1 χ̃
0
2→"̃Lν"̃L"(ν̃ν), "ν̃"̃L"(ν̃ν) 3 e,µ 0 Yes 20.7 m(χ̃

±
1 )=m(χ̃

0
2), m(χ̃

0
1)=0, m("̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1 )) ATLAS-CONF-2013-035600 GeVχ̃±

1 , χ̃
0
2

χ̃±1 χ̃
0
2→W ∗χ̃01Z

∗χ̃01 3 e,µ 0 Yes 20.7 m(χ̃
±
1 )=m(χ̃

0
2 ), m(χ̃

0
1)=0, sleptons decoupled ATLAS-CONF-2013-035315 GeVχ̃±

1 , χ̃
0
2

Direct χ̃
+
1 χ̃
−
1 prod., long-lived χ̃

±
1 Disapp. trk 1 jet Yes 20.3 m(χ̃

±
1 )-m(χ̃

0
1 )=160 MeV, τ(χ̃

±
1 )=0.2 ns ATLAS-CONF-2013-069270 GeVχ̃±

1

Stable, stopped g̃ R-hadron 0 1-5 jets Yes 22.9 m(χ̃
0
1)=100 GeV, 10 µs<τ(g̃)<1000 s ATLAS-CONF-2013-057857 GeVg̃

GMSB, stable τ̃, χ̃
0
1→τ̃(ẽ, µ̃)+τ(e, µ) 1-2 µ 0 - 15.9 10<tanβ<50 ATLAS-CONF-2013-058475 GeVχ̃0

1

GMSB, χ̃
0
1→γG̃ , long-lived χ̃

0
1 2 γ 0 Yes 4.7 0.4<τ(χ̃

0
1)<2 ns 1304.6310230 GeVχ̃0

1

χ̃01→qqµ (RPV) 1 µ 0 Yes 4.4 1 mm<cτ<1 m, g̃ decoupled 1210.7451700 GeVq̃

LFV pp→ν̃τ + X , ν̃τ→e + µ 2 e,µ 0 - 4.6 λ′311=0.10, λ132=0.05 1212.12721.61 TeVν̃τ
LFV pp→ν̃τ + X , ν̃τ→e(µ) + τ 1 e,µ + τ 0 - 4.6 λ′311=0.10, λ1(2)33=0.05 1212.12721.1 TeVν̃τ

Bilinear RPV CMSSM 1 e,µ 7 jets Yes 4.7 m(q̃)=m(g̃ ), cτLSP<1 mm ATLAS-CONF-2012-1401.2 TeVq̃, g̃

χ̃+1 χ̃
−
1 , χ̃

+
1→W χ̃

0
1, χ̃

0
1→ee ν̃µ, eµν̃e 4 e,µ 0 Yes 20.7 m(χ̃

0
1)>300 GeV, λ121>0 ATLAS-CONF-2013-036760 GeVχ̃±

1

χ̃+1 χ̃
−
1 , χ̃

+
1→W χ̃

0
1, χ̃

0
1→ττν̃e , eτν̃τ 3 e,µ + τ 0 Yes 20.7 m(χ̃

0
1)>80 GeV, λ133>0 ATLAS-CONF-2013-036350 GeVχ̃±

1

g̃→qqq 0 6 jets - 4.6 1210.4813666 GeVg̃

g̃→t̃1t, t̃1→bs 2 e,µ (SS) 0-3 b Yes 20.7 ATLAS-CONF-2013-007880 GeVg̃

Scalar gluon 0 4 jets - 4.6 incl. limit from 1110.2693 1210.4826100-287 GeVsgluon

WIMP interaction (D5, Dirac χ) 0 mono-jet Yes 10.5 m(χ)<80 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147704 GeVM* scale

Mass scale [TeV]
10−1 1√

s = 7 TeV
full data

√
s = 8 TeV

partial data

√
s = 8 TeV
full data

ATLAS SUSY Searches* - 95% CL Lower Limits
Status: EPS 2013

ATLAS Preliminary∫
L dt = (4.4 - 22.9) fb−1

√
s = 7, 8 TeV

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1σ theoretical signal cross section uncertainty.

SUPERSYMMETRY IN ATLAS

• A large number of posters presenting more details
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OVERVIEW
• Motivation inclusive searches:

• SUSY predicts existence of new colored particles
• If present at TeV-scale, “high discovery potential” at LHC

• Benchmark for LHC/ATLAS performance
• R-parity conserving (RPC) models:

• LSP stable (dark matter candidate)
• Many energetic decay products:

• multiple jets
• large missing ET (MET)
• possibly lepton(s)

• hard: pT(lep) ≥ 25 GeV
• soft: pT(lep) < 25 GeV

• Focus (on newest results) on inclusive RPC SUSY strong production searches:
• 1-2 leptons + 3-6 jets + MET:  ATLAS-CONF-2013-062
• 0 leptons + 2-6 jets + MET:     ATLAS-CONF-2013-047
• 0 leptons + 7-10 jets + MET:   ATLAS-CONF-2013-054

• All ATLAS SUSY public results AtlasPublic/SupersymmetryPublicResults

• Outline of this talk:
• Analyses + Backgrounds + Signal Regions
• Results
• Interpretation

4
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ANALYSES 
 + 

BACKGROUNDS
+

SIGNAL REGIONS
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BACKGROUND - 0L + 2-6J + MET
• MET + jets:  “high discovery potential” of strong production SUSY at hadron collider
• Very powerful, even in busy LHC environment

• Main discriminating variables: MET + effective mass meff 
• 0-lepton analysis focus: short/medium/long decay chains

• Five inclusive channels based on jet multiplicity - 2 / 3 / 4 / 5 / 6 jets + lepton veto
• optimized for squark or gluino pair (or mixed) production

• Up to three signal regions (SR) per channel, based on tighter meff (details in backup)

6
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C, D and E select respectively inclusive 2, 3, 4, 5 and 6 jet events. The lower jet multiplicity channels
focus on models characterised by squark pair production with short decay chains, while those requiring
high jet multiplicity are optimised for gluino pair production and/or long cascade decay chains. The
jet pT thresholds for selecting the jets are set at 60 GeV in order to minimise the impact of pile-up on
selection e�ciency and improve background rejection. More details regarding the general motivation for
these signal regions can be found in Refs. [114, 115].

Cut 17 requires that the minimum angle in the transverse plane between jets and Emiss
T is greater than

some threshold. For channels A and B a tight cut of 0.4 is applied to the leading up to 3 selected jets
with pT > 40 GeV to minimise loss of signal e�ciency. For the remaining channels this requirement
is augmented by a looser cut of 0.2 applied to all remaining selected jets with pT > 40 GeV. These
requirements strongly suppress QCD jet background in which mis-measurement of a jet generates fake
missing transverse momentum along that jet direction. QCD jet background is further suppressed by Cut
18, which requires the magnitude of Emiss

T to exceed a specific fraction of the ‘e↵ective mass’ (me↵) or
the square root of HT of the event (see below). Coupled with the explicit cut on me↵ applied in Cut 19
this equates to a hard cut on Emiss

T . The Emiss
T /me↵ fraction used in Cut 18 decreases with increasing jet

multiplicity requirement because the typical Emiss
T of SUSY signal events is inversely correlated with jet

multiplicity on phase-space grounds10. The choice of using Emiss
T /me↵ or Emiss

T /
p

HT as a discriminating
variable on QCD jet background is a result from the cut optimization procedure described in Appendix A.

Cut 19 (which defines the SRs associated with each channel) selects events with hard kinematics in
order to provide strong suppression of all SM background processes. Up to three cut values are specified
per channel, corresponding to distinct cut/count signal regions ‘tight’, ‘medium’ and ‘loose’. ’Loose’
cut values are designed to give optimum sensitivity to models with small sparticle mass splittings, where
the presence of ISR jets may allow signal events to be tagged irrespective of the visibility of the sparticle
decay products. ’Medium’ and ’tight’ cut values are targeting signal discovery and signal exclusion
respectively. For Cut 19 the e↵ective mass me↵ is defined to be the scalar sum of the transverse momenta
of all jets with pT > 40 GeV in the event together with Emiss

T :

me↵ ⌘
nX

i=1

|p(i)
T | + Emiss

T , (7)

where n is the number of jets with pT > 40 GeV, p(i)
T is the transverse momentum of the ith jet (ordered

descending in |pT|) and Emiss
T is defined in Eqn. 2. By contrast, the definition of me↵ used in Cut 18

sums only over the jets used to define the channel – 2 jets for A, 3 jets for B etc. This has been found
previously to give improved QCD jet background rejection.

7.2.2 Control Region selections

The control regions used in the analysis are listed in Table 24. There are 4 CRs associated with each SR.
In general the CR selections aim to resemble as closely as possible those used to select the SRs. Each
CR selection is designed to enhance the population of one of the four main backgrounds in the associated
SR (Z(! ⌫⌫)+jets, QCD jets, W(! `⌫)+jets and tt̄). This CR forms the ‘main control region’ for this
background.

The main CRs for the Z(! ⌫⌫)+jets background process is CRY with VRZ as a possible alternative.
CRY selects �+jets events, whose kinematics are expected to closely resemble those of Z(! ⌫⌫)+jets
events for Z boson transverse momenta significantly greater than m(Z) [116]. The SR selection is then

10Additional jets in a SUSY decay chain increase the probability that the LSP will be produced with low momentum through
e↵ective multi-body decays. Small mass splittings can also lead to low Emiss

T . The QCD cross section is also suppressed at
higher multiplicities, so the Emiss

T requirement can be loosened.

46

4 jets
channel

control region(s) tight SR
Poster:  Valerio Consortimedium SR

• Irreducible dominant backgrounds estimated 

with Combined Fit Method:

(1) Bkg-only fit: Normalize Monte Carlo (MC) to 

data in simultaneous fit of control regions (CR)

(2) Include systematic experimental/theoretical 
uncertainties as nuisance parameters

(3) Exclusion fit: Signal model can be included in 

signal/control regions for exclusion
• Used in all discussed analyses

http://cdsweb.cern.ch/record/1547563
http://cdsweb.cern.ch/record/1547563
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BACKGROUND - 0L + 7-10J + MET
• What if SUSY mass/decay spectrum more complex?
• 0-lepton + multijets analysis targets very long decay chains 

• Multijet production - QCD, ttbar/W+jets/Z+jets fully hadronic - estimated 
with a dedicated data-driven method, based on the observation that:
• MET resolution proportional to √HT in jet dominated events

                            ➾ MET/√HT ~ independent of jet multiplicity
• HT = scalar sum of pT of all jets with pT > 40 GeV
• stochastic variations in measured jet energies

➡ Use lower jet multiplicity to 

retrieve MET/√HT shape from data
➡ Use lower MET/√HT to normalize 

background to data

• Signal regions defined by:
• MET/√HT > 4 √GeV
• jet multiplicity 7 / 8 / 9 / ≥10 jets 

• pT(jet) > 50 (80) GeV

7

ATLAS-CONF-2013-054

MET/√HT shape 

7 jets control region

http://cdsweb.cern.ch/record/1547571
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BACKGROUND - HARD 1L + 3-6J + MET
• Trigger / detectors / world not perfect → leptons help in LHC environment
• Leptonic final state cleaner, easier to trigger, but rare (W/Z/slepton in decay chain)
• Leptonic analyses target different decay modes, rejected by 0-lepton analyses

• Extra variables help distinguish backgrounds from signal:
• Transverse Mass MT (using angular information):

• Hard 1 lepton (electron or muon) signal regions, pT(lep) > 25 GeV defined as:
• 3 / 5 / 6 jets + high MT + high MET + high meff

• Control regions in leptonic searches typically:
• At lower MET/MT
• Subdivided into b-tagged (ttbar enriched) and

b-vetoed (W+jets enriched) regions

8

4

quarks and gluons of less than 1%.
The missing transverse momentum Emiss

T in this anal-
ysis is the opposite of the vectorial pT sum of recon-
structed objects in the event, comprised of the jets with
pT > 20 GeV, the signal lepton, any additional identified
non-isolated muons, and three-dimensional calorimeter
clusters with |η| < 4.5 not belonging to any of the afore-
mentioned object types.
During a part of the data-taking period, an electron-

ics failure in the LAr barrel EM calorimeter created a
dead region in the second and third layers, correspond-
ing to approximately 1.4× 0.2 in ∆η ×∆φ. Events with
an electron in this region are vetoed, leading to loss of
signal efficiency of about 1%. The energy measurement
for jets in the data in the problematic region is under-
estimated. A correction to the jet energy is made using
the energy depositions in the cells neighbouring the dead
region, and this is also propagated to Emiss

T . This con-
tribution of jets in the dead region to Emiss

T can be es-
timated and is denoted as Emiss

T (hole). Projecting this
quantity on the direction of Emiss

T gives the quantity

∆Emiss
T (hole) = Emiss

T (hole) · cos∆φ(jet, #Emiss
T ). Events

with ∆Emiss
T (hole) > 10 GeV and ∆Emiss

T (hole)/Emiss
T >

0.1 are rejected. This requirement rejects less than 0.5%
of the events in the signal regions, and up to 2% of the
events in the control regions.
In the event selection, a number of variables derived

from the reconstructed objects are used. The transverse
mass mT formed by Emiss

T and the pT of the lepton ($) is
defined as

mT =
√

2 · p!T · Emiss
T · (1− cos(∆φ(#$, #Emiss

T ))).

The effective mass meff is obtained from objects in the
event as the scalar sum

meff = p!T +
3(4)
∑

i=1

pjetiT + Emiss
T ,

where pjetiT are the transverse momenta of the three (four)
leading jets.

VI. TRIGGER AND DATA SELECTION

The data were collected between March and July 2011.
The trigger system selects events online by requiring an
electron or muon trigger to fire. The electron trigger
selects electrons that deposit an amount of energy corre-
sponding to ET = E sin θ > 20 GeV in the calorimeter.
The muon trigger requirement determines a logical OR
between a trigger that requires a muon with pT > 18 GeV
and a trigger that requires a muon of looser quality with
pT > 40 GeV in the barrel; the OR of these two triggers
increases the trigger acceptance in the barrel. The trig-
ger efficiency is measured in the data. To assure good
data quality, only runs in which all subdetectors perform
well are used, resulting in a data set corresponding to

an integrated luminosity of 1.04 fb−1, with an estimated
uncertainty of 3.7% [54].

VII. EVENT SELECTION

The kinematic selections start by requiring the pres-
ence of exactly one lepton (electron or muon) with pT >
25 GeV in case of an electron and pT > 20 GeV for
muons. If another lepton is reconstructed with pT >
20 GeV (“medium” electrons) or pT > 10 GeV (prese-
lected muons), the event is rejected in order to minimize
overlap with other analyses aimed at final states with
higher lepton multiplicities.
At least three or four good jets with pseudorapidity

|η| < 2.8 are required, depending on the selection, as
outlined below. Large mismeasurement of the jet trans-
verse momenta are avoided by requiring that Emiss

T is
not aligned with any of the three or four selected jets
(∆φ(jeti, #E

miss
T ) > 0.2 ). Kinematic distributions after

application of the lepton and jet selection requirements
are shown in Figure 1 for at least three jets and Figure 2
for at least four jets.

A. Signal regions

Four different signal regions are defined to maximize
the sensitivity to different kinematic configurations of su-
persymmetric event topologies.

1. “Loose” 3-jet selection (3JL). The loose 3-jet se-
lection is nearly identical to the selection used in
the analysis of the 2010 data [4]. At least three
jets, with pT > 60 GeV for the leading jet, and
pT > 25 GeV for the other jets, are required. The
transverse mass mT must exceed 100 GeV, and
Emiss

T must be larger than 125 GeV. Two final cuts,
Emiss

T /meff > 0.25 and meff > 500 GeV, define this
signal region.

2. “Tight” 3-jet selection (3JT). In the tight 3-jet se-
lection, the requirement on the leading jet pT is
raised to 80 GeV. In addition to these cuts, the
following criteria are applied: mT > 100 GeV,
Emiss

T > 240 GeV, Emiss
T /meff > 0.15 and meff >

600 GeV.

3. “Loose” 4-jet selection (4JL). Four jets with pT >
25 GeV are required, with at least one of them ex-
ceeding 60 GeV. In addition to the jet cuts, the se-
lection requires: mT > 100 GeV, Emiss

T > 140 GeV,
Emiss

T /meff > 0.30 and meff > 300 GeV.

4. “Tight” 4-jet selection (4JT). A tight selection with
at least four jets is defined. The pT requirement on
the non-leading jets is raised to 40 GeV, whereas
the leading jet is still required to pass pT > 60 GeV.
To define this signal region, three more criteria are

ATLAS-CONF-2013-062

3 jets top 
control regionPoster:  Jeanette Lorenz

http://cds.cern.ch/record/1557779
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BACKGROUND - SOFT 1L + 2-5J + MET
• What if SUSY is not “simple” strong production?
• In compressed SUSY spectra, leptons in decay 

chain expected to be soft
• Fully compressed spectrum: small ΔM
• Compressed chargino/neutralino sector: small Δm

• Soft 1 lepton signal regions 

 6[μ](10[e]) < pT(lep) < 25 GeV:
• 3 jets / 5 jets + high MET + high MT

• Complimentary to hard 1-lepton → “hard-to-reach” diagonal

• Experimentally challenging → need hard ISR jet:
• Trigger signal (MET trigger)
• Boost fully compressed spectra

9
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4 Analysis overview165

This section briefly introduces the main concepts of the analysis for SUSY/UED with compressed mass166

spectra considering strong production with soft lepton(s) in the final state. Two types of compressed167

mass spectra (See Figure 1) are considered in the note.168

1
0
χ∼

1
±χ∼

t~, g~, q~

MΔ mΔ

soft leptons,jets soft leptons,jets

hard jets

(ISR-type) (2jet-type)

Figure 1: Schematic view of two ”compressed mass spectra” scenario considered in this analysis.

ISR-type The entire mass spectrum is compressed: To trigger such events, a hard ISR jet is required169

since all decay objects are too soft for trigger.170

2jet-type The mass spectra in the neutralino/chargino sector is compressed: Hard decay objects is ex-171

pected from colored sparticles decaying into chargino.172

Such signal events provide soft lepton(s) plus large missing momentum plus jets in the final states.173

There are four type of analyses studied for di↵erent target physics. The search topology as well as target174

signal are summarized in Table 1

Signature Final states Target physics/process

Inclusive ISR 1 soft-lepton + Emiss
T + jets g̃g̃! �̃0

1�̃
0
1W⇤W⇤qqqq

q̃q̃! �̃0
1�̃

0
1W⇤W⇤qq

ISR + bjet 1 soft-lepton + Emiss
T + at least one b-jet

t̃t̃ ! W⇤W⇤bb2-bjet 1 soft-lepton + Emiss
T + two b-jets

2-muons 2 soft-muons + Emiss
T + jets minimal UED

Table 1: Overview of the search topology and target physics.

175

4.1 Basic analysis concept176

The search for new physics with compressed mass spectra is carried out in the final states of soft-lepton177

plus Emiss
T . ”Soft” means, not only lowering pT threshold but also applying upper cut. Z ! ⌫⌫ back-178

ground is reduced by tagging soft-leptons while W ! `⌫ and tt̄ backgrounds are suppressed by the upper179

cut on the lepton pT. Lepton isolation criteria is optimized to suppress reducible background with mis-180

identification of leptons (fake lepton background). The optimization and the performance are described181

in Section 11.1.182

ISR type analysis The whole mass spectrum 
is compressedCharacteristic

* Jet1 - mET is back-to-back
   -> high mET/Meff

* Soft-object (lepton) distribute
  uniformly along mET (noCut)

Soft-lepton

Leading jet

mET

Characteristic of the final state

SM_GG_1step(650,625,600)
SM_GG_1step(650,625,600)

p9

ATLAS-CONF-2013-062

Poster:  Ljiljana Morvaj
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RESULTS
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RESULTS - 0 LEPTON
• No significant excess in any signal region (details in back up)

• Data and estimated backgrounds used to set model-independent limits on visible BSM cross section
• No signal model used, in contrast to model interpretations (next)
• σ(vis) < 0.12 fb

• σ(vis) = σ(BSM) ⨉ Acceptance ⨉ efficiency

11

5 jets CR/SR ≥10 jets CR/SR

0L+7-10J+MET0L+2-6J+MET

control regions signal region control region signal region
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RESULTS - 1 LEPTON
• No significant excess in any signal region (details in back up)

• Data and estimated backgrounds used to set model-independent limits on visible BSM cross section
• σ(vis) < 0.15 fb

12

1/2L+2-6J+MET
soft 1-lepton 

5 jets SR
hard 1-lepton 

6 jets electron SR
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INTERPRETATIONS
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MSUGRA/CMMSM

14

• “Higgs-aware” MSUGRA/CMSSM plane
• Gluino masses below ~1.35TeV excluded for all squark masses

0L+7-10J+MET

1/2L+2-6J+MET

0L+2-6J+MET
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SIMP. MODELS: GLUINO VIA CHARGINO

15

0L+2-6J+MET

0L+7-10J+MET 1/2L+2-6J+MET

7 TeV 8 TeV

7 TeV

8 TeV

soft 
lepton

gluino pair
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SIMP. MODELS: SQUARK VIA CHARGINO

16

0L+2-6J+MET squark pair

1/2L+2-6J+MET

7 TeV 8 TeV

7 TeV

8 TeV

soft 
lepton
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SIMP. MODELS: VIA CHARGINO/NETRALINO2

17

gluino pair

0L+7-10J+MET

1/2L+2-6J+MET

7 TeV 8 TeV
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SUMMARY
• LHC and ATLAS very powerful pairing in search for SUSY
• Unfortunately no sign of supersymmetric phenomena yet

• Excluding gluinos (squarks) with masses up to ~1.3 (0.75) TeV in studied models
• Model-independent limits on visible cross section for BSM physics as low as 0.12 fb

• Next steps:
• Finalize all ongoing 8 TeV analyses on full 2012 dataset
• Move forward to produce combined 0L + 1L + 2L + ... exclusions by full statistical analyses combination
• 13~14  TeV: the big next step in mass reach for inclusive searches for squarks and gluinos (fingers crossed)
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MSUGRA/CMSSM 0 2-6 jets Yes 20.3 m(q̃)=m(g̃ ) ATLAS-CONF-2013-0471.7 TeVq̃, g̃

MSUGRA/CMSSM 1 e,µ 3-6 jets Yes 20.3 any m(q̃) ATLAS-CONF-2013-0621.2 TeVg̃

MSUGRA/CMSSM 0 7-10 jets Yes 20.3 any m(q̃) ATLAS-CONF-2013-0541.1 TeVg̃

q̃q̃, q̃→qχ̃
0
1 0 2-6 jets Yes 20.3 m(χ̃

0
1)=0 GeV ATLAS-CONF-2013-047740 GeVq̃

g̃ g̃ , g̃→qq̄χ̃
0
1 0 2-6 jets Yes 20.3 m(χ̃

0
1)=0 GeV ATLAS-CONF-2013-0471.3 TeVg̃

g̃ g̃ , g̃→qqχ̃
±
1→qqW ±χ̃01 1 e,µ 3-6 jets Yes 20.3 m(χ̃

0
1)<200 GeV, m(χ̃

±
)=0.5(m(χ̃

0
1 )+m(g̃ )) ATLAS-CONF-2013-0621.18 TeVg̃

g̃ g̃→qqqq""("")χ̃
0
1χ̃

0
1 2 e,µ (SS) 3 jets Yes 20.7 m(χ̃

0
1)<650 GeV ATLAS-CONF-2013-0071.1 TeVg̃

GMSB ("̃ NLSP) 2 e,µ 2-4 jets Yes 4.7 tanβ<15 1208.46881.24 TeVg̃

GMSB ("̃ NLSP) 1-2 τ 0-2 jets Yes 20.7 tanβ >18 ATLAS-CONF-2013-0261.4 TeVg̃

GGM (bino NLSP) 2 γ 0 Yes 4.8 m(χ̃
0
1)>50 GeV 1209.07531.07 TeVg̃

GGM (wino NLSP) 1 e, µ + γ 0 Yes 4.8 m(χ̃
0
1)>50 GeV ATLAS-CONF-2012-144619 GeVg̃

GGM (higgsino-bino NLSP) γ 1 b Yes 4.8 m(χ̃
0
1)>220 GeV 1211.1167900 GeVg̃

GGM (higgsino NLSP) 2 e, µ (Z ) 0-3 jets Yes 5.8 m(H̃)>200 GeV ATLAS-CONF-2012-152690 GeVg̃

Gravitino LSP 0 mono-jet Yes 10.5 m(g̃ )>10−4 eV ATLAS-CONF-2012-147645 GeVF1/2 scale

g̃→bb̄χ̃
0
1 0 3 b Yes 20.1 m(χ̃

0
1)<600 GeV ATLAS-CONF-2013-0611.2 TeVg̃

g̃→tt̄ χ̃
0
1 0 7-10 jets Yes 20.3 m(χ̃

0
1) <200 GeV ATLAS-CONF-2013-0541.14 TeVg̃

g̃→tt̄ χ̃
0
1 0-1 e,µ 3 b Yes 20.1 m(χ̃

0
1)<400 GeV ATLAS-CONF-2013-0611.34 TeVg̃

g̃→bt̄ χ̃
+
1 0-1 e,µ 3 b Yes 20.1 m(χ̃

0
1)<300 GeV ATLAS-CONF-2013-0611.3 TeVg̃

b̃1b̃1, b̃1→bχ̃
0
1 0 2 b Yes 20.1 m(χ̃

0
1)<100 GeV ATLAS-CONF-2013-053100-630 GeVb̃1

b̃1b̃1, b̃1→tχ̃
±
1 2 e,µ (SS) 0-3 b Yes 20.7 m(χ̃

±
1 )=2 m(χ̃

0
1) ATLAS-CONF-2013-007430 GeVb̃1

t̃1 t̃1(light), t̃1→bχ̃
±
1 1-2 e,µ 1-2 b Yes 4.7 m(χ̃

0
1)=55 GeV 1208.4305, 1209.2102167 GeVt̃1

t̃1 t̃1(light), t̃1→Wbχ̃
0
1 2 e,µ 0-2 jets Yes 20.3 m(χ̃

0
1) =m(t̃1)-m(W )-50 GeV, m(t̃1)<<m(χ̃

±
1 ) ATLAS-CONF-2013-048220 GeVt̃1

t̃1 t̃1(medium), t̃1→tχ̃
0
1 2 e,µ 2 jets Yes 20.3 m(χ̃

0
1)=0 GeV ATLAS-CONF-2013-065225-525 GeVt̃1

t̃1 t̃1(medium), t̃1→bχ̃
±
1 0 2 b Yes 20.1 m(χ̃

0
1)<200 GeV, m(χ̃

±
1 )-m(χ̃

0
1 )=5 GeV ATLAS-CONF-2013-053150-580 GeVt̃1

t̃1 t̃1(heavy), t̃1→tχ̃
0
1 1 e,µ 1 b Yes 20.7 m(χ̃

0
1)=0 GeV ATLAS-CONF-2013-037200-610 GeVt̃1

t̃1 t̃1(heavy), t̃1→tχ̃
0
1 0 2 b Yes 20.5 m(χ̃

0
1)=0 GeV ATLAS-CONF-2013-024320-660 GeVt̃1

t̃1 t̃1, t̃1→cχ̃
0
1 0 mono-jet/c-tag Yes 20.3 m(t̃1)-m(χ̃

0
1)<85 GeV ATLAS-CONF-2013-068200 GeVt̃1

t̃1 t̃1(natural GMSB) 2 e, µ (Z ) 1 b Yes 20.7 m(χ̃
0
1)>150 GeV ATLAS-CONF-2013-025500 GeVt̃1

t̃2 t̃2, t̃2→t̃1 + Z 3 e, µ (Z ) 1 b Yes 20.7 m(t̃1)=m(χ̃
0
1)+180 GeV ATLAS-CONF-2013-025520 GeVt̃2

"̃L,R"̃L,R, "̃→"χ̃01 2 e,µ 0 Yes 20.3 m(χ̃
0
1)=0 GeV ATLAS-CONF-2013-04985-315 GeV#̃

χ̃+1 χ̃
−
1 , χ̃

+
1→"̃ν("ν̃) 2 e,µ 0 Yes 20.3 m(χ̃

0
1)=0 GeV, m("̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1 )) ATLAS-CONF-2013-049125-450 GeVχ̃±

1

χ̃+1 χ̃
−
1 , χ̃

+
1→τ̃ν(τν̃) 2 τ 0 Yes 20.7 m(χ̃

0
1)=0 GeV, m(τ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) ATLAS-CONF-2013-028180-330 GeVχ̃±

1

χ̃±1 χ̃
0
2→"̃Lν"̃L"(ν̃ν), "ν̃"̃L"(ν̃ν) 3 e,µ 0 Yes 20.7 m(χ̃

±
1 )=m(χ̃

0
2), m(χ̃

0
1)=0, m("̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1 )) ATLAS-CONF-2013-035600 GeVχ̃±

1 , χ̃
0
2

χ̃±1 χ̃
0
2→W ∗χ̃01Z

∗χ̃01 3 e,µ 0 Yes 20.7 m(χ̃
±
1 )=m(χ̃

0
2 ), m(χ̃

0
1)=0, sleptons decoupled ATLAS-CONF-2013-035315 GeVχ̃±

1 , χ̃
0
2

Direct χ̃
+
1 χ̃
−
1 prod., long-lived χ̃

±
1 Disapp. trk 1 jet Yes 20.3 m(χ̃

±
1 )-m(χ̃

0
1 )=160 MeV, τ(χ̃

±
1 )=0.2 ns ATLAS-CONF-2013-069270 GeVχ̃±

1

Stable, stopped g̃ R-hadron 0 1-5 jets Yes 22.9 m(χ̃
0
1)=100 GeV, 10 µs<τ(g̃)<1000 s ATLAS-CONF-2013-057857 GeVg̃

GMSB, stable τ̃, χ̃
0
1→τ̃(ẽ, µ̃)+τ(e, µ) 1-2 µ 0 - 15.9 10<tanβ<50 ATLAS-CONF-2013-058475 GeVχ̃0

1

GMSB, χ̃
0
1→γG̃ , long-lived χ̃

0
1 2 γ 0 Yes 4.7 0.4<τ(χ̃

0
1)<2 ns 1304.6310230 GeVχ̃0

1

χ̃01→qqµ (RPV) 1 µ 0 Yes 4.4 1 mm<cτ<1 m, g̃ decoupled 1210.7451700 GeVq̃

LFV pp→ν̃τ + X , ν̃τ→e + µ 2 e,µ 0 - 4.6 λ′311=0.10, λ132=0.05 1212.12721.61 TeVν̃τ
LFV pp→ν̃τ + X , ν̃τ→e(µ) + τ 1 e,µ + τ 0 - 4.6 λ′311=0.10, λ1(2)33=0.05 1212.12721.1 TeVν̃τ

Bilinear RPV CMSSM 1 e,µ 7 jets Yes 4.7 m(q̃)=m(g̃ ), cτLSP<1 mm ATLAS-CONF-2012-1401.2 TeVq̃, g̃

χ̃+1 χ̃
−
1 , χ̃

+
1→W χ̃

0
1, χ̃

0
1→ee ν̃µ, eµν̃e 4 e,µ 0 Yes 20.7 m(χ̃

0
1)>300 GeV, λ121>0 ATLAS-CONF-2013-036760 GeVχ̃±

1

χ̃+1 χ̃
−
1 , χ̃

+
1→W χ̃

0
1, χ̃

0
1→ττν̃e , eτν̃τ 3 e,µ + τ 0 Yes 20.7 m(χ̃

0
1)>80 GeV, λ133>0 ATLAS-CONF-2013-036350 GeVχ̃±

1

g̃→qqq 0 6 jets - 4.6 1210.4813666 GeVg̃

g̃→t̃1t, t̃1→bs 2 e,µ (SS) 0-3 b Yes 20.7 ATLAS-CONF-2013-007880 GeVg̃

Scalar gluon 0 4 jets - 4.6 incl. limit from 1110.2693 1210.4826100-287 GeVsgluon

WIMP interaction (D5, Dirac χ) 0 mono-jet Yes 10.5 m(χ)<80 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147704 GeVM* scale

Mass scale [TeV]
10−1 1√

s = 7 TeV
full data

√
s = 8 TeV

partial data

√
s = 8 TeV
full data

ATLAS SUSY Searches* - 95% CL Lower Limits
Status: EPS 2013

ATLAS Preliminary∫
L dt = (4.4 - 22.9) fb−1

√
s = 7, 8 TeV

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1σ theoretical signal cross section uncertainty.
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FOUND IT
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Los Roques, Venezuela
June 2013
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SIMPLIFIED MODELS: DIRECT PRODUCTION

21

0L+2-6J+METsquark pair

squark gluino

gluino pair

7 TeV 8 TeV

7 TeV
8 TeV
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SIMP. MODELS: GLUINO - GRID-X

22

• Limits in 1-step (intermediate chargino) gluino pair production simplified models
• Same decay, different grid: new variable X defined as

• mass splitting ratio

0L+2-6J+MET

gluino pair
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1/2L+2-6J+MET
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Figure 10: 95% CL exclusion curve for the simplified gluino–stop (on-shell) model, where

the gluino decays as g̃ ! t̃ + t̄ and the stop as t̃ ! �̃0
1 + t, with m�̃0

1

= 60 GeV. Other

details as in Fig. 9.
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SIMP. MODELS: SQUARK - GRID-X
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• Limits in 1-step (intermediate chargino) squark pair production simplified models
• Same decay, different grid: new variable X defined as

• mass splitting ratio
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1

= 60 GeV. Other

details as in Fig. 9.
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MINIMAL UED

24

• Limits in minimal Universal Extra Dimensions (mUED)
• Signal region: 2 soft muons + 2 jets + high MET + high MT + Z-veto
• Comparable expected limits, but observed limit worse for 2L

because of slight excess

0L+2-6J+MET

decay chain

1/2L+2-6J+MET

May 3, 2013 – 12 : 47 DRAFT 16
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 = 900 GeV-1R

 R = 10Λ

Figure 5: (Left) First KK particle mass spectrum for R−1 = 900 GeV and ΛR = 10.

(Right) One of example decays which provides OSSF di-lepton in the final state.
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Figure 6: The mass difference between KK-gluon and KK-photon (left) and the total production cross-

section (right) as a function of the compactification radius R−1.

6.3 Systematic uncertainties355

Several systematic uncertainties impact the prediction of the expected signal contributions. These uncer-356

tainties are discussed in the next sections.357

6.3.1 Scale and PDF uncertainties on the cross section358

For each model presented in this section, the signal cross section is calculated to next-to-leading or-359

der in the strong coupling constant, adding the resummation of soft gluon emission at next-to-leading-360

logarithmic accuracy (NLO+NLL) [35, 41–44]. The nominal cross section and the uncertainty are taken361

from an envelope of cross section predictions using different PDF sets and factorisation and renormali-362

sation scales, as described in Ref. [45].363

There are different theoretical uncertainties considered, that have an impact on the calculated cross364

section:365
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SIMP. MODELS: GLUINO VIA SLEPTON
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gluino pair1/2L+2-6J+MET

2L Same Sign+0-3 b-jets+MET

ATLAS-CONF-2013-007
Discussed by David Côté
on gluino-mediated 3rd gen.

https://cds.cern.ch/record/1522430
https://cds.cern.ch/record/1522430
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SIMP. MODELS: SQUARK VIA SLEPTON

26

1/2L+2-6J+MET squark pair

2L Same Sign+0-3 b-jets+MET

ATLAS-CONF-2013-007
Discussed by David Côté
on gluino-mediated 3rd gen.

https://cds.cern.ch/record/1522430
https://cds.cern.ch/record/1522430
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COMBINED FIT METHOD
• Combined Fit Method:

(1) Take shape of variable (MET,MT) distributions from Monte Carlo
(2) Combine all backgrounds in a likelihood model with free normalization parameters for dominant backgrounds
(3) Select signal-free control regions and fit model to data
(4) Extrapolate to signal regions using MC shape and fitted normalizations

(5) Systematic experimental/theoretical uncertainties included as Gaussian constraints
(6) Systematics can be constrained if enough information in fit → “profiling”

(7) MC statistical uncertainties can be included as Poisson errors
(8) Signal can be included in signal regions for exclusion
(9) Shape information (binned fit) easily added for better discriminating power
(10) Statistically independent validation regions used to cross check SM predictions/extrapolation with data

27

• Combining all useful information into a global Likelihood:

• n = number of observed events
• s = SUSY signal to be tested
• b = background normalization parameters, shared between all fit regions
• θ = systematic uncertainties, treated as nuisance parameters with a Gaussian constraint
• PS (W,T) = (Poisson) probability density functions (pdfs) for event counts in signal/control regions
• CSyst = constraints on systematic uncertainties, proper treatment of correlations

• Simultaneous fit of multiple control (+signal) regions normalizes the backgrounds (and signal)

10

regions are not 100% pure, and cross-contamination of
backgrounds in the various control regions is taken into
account. The solution of the coupled equations is per-
formed in a combined fit to each signal region and the
corresponding WR and TR control regions.
The assumption that the MC simulation is able to pre-

dict the backgrounds in the signal regions from the con-
trol regions is validated by checking additional control re-
gions at low mT and high Emiss

T , or at low Emiss
T and high

mT. Since these additional control regions have differ-
ent kinematics and composition than the nominal ones,
these regions are susceptible to react differently to any
mismodeling of the data. In each region, the observed
number of events is compared to the prediction of the
nominal background fit. In these 28 additional control
regions, only one is found where the difference between
expected and observed events exceeds 2σ.
Possible contamination from events originating from

cosmic ray muons is estimated by loosening the |zµ −
zPV| < 5 mm requirement and studying the zµ distri-
bution, and is found to be negligible. Remaining back-
grounds from single top and diboson production are es-
timated with MC simulation, and are also found to be
negligible.

IX. SYSTEMATIC UNCERTAINTIES

In this analysis systematic uncertainties arise on the
estimates of the background in the signal regions, as well
as on the estimate of the SUSY signal itself. The pri-
mary sources of systematic uncertainty are the jet energy
scale (JES) calibration, the jet energy resolution (JER)
uncertainty, theory and MC modeling uncertainties, and
uncertainties on object reconstruction and identification.
The JES uncertainty has been measured from the com-

plete 2010 data set using the techniques described in
Ref. [55]. Additional contributions to the JES uncer-
tainty are added to account for the effect of pile-up at
the relatively high luminosity delivered by the LHC in
the 2011 run. The JES and JER calibrations are ap-
plied to MC simulated jets, and their uncertainties are
propagated throughout the analysis, including to Emiss

T .
The JER measured with 2010 data [56] is applied to all

MC simulated jets. The difference in the JER between
the re-calibrated and nominal MC simulation is taken as
the systematic uncertainty. Additional contributions are
added to account for pile-up in 2011.
MC modeling uncertainties, affecting the transfer fac-

tors, are derived from alternative MC samples with dif-
ferent generators, or with different generator parameters.
Apart from jet energy scale, jet energy resolution

and MC modeling uncertainties, further uncertainties
on the background estimates originate from finite MC
statistics of top and W+jets events, from lepton en-
ergy/momentum scale and resolution uncertainties, from
uncertainty in the lepton misidentification rates, from
the identification efficiencies for real leptons, and from

b-tagging uncertainties. The uncertainties on the back-
ground estimates are summarized in Table I.
Systematic uncertainties on the SUSY signal are esti-

mated through variation of the factorisation and renor-
malisation scales in PROSPINO between half and twice
their default values, by considering variations in αs,
and by considering the PDF uncertainties provided by
CTEQ6. Uncertainties are calculated for individual
SUSY production processes. In the relevant regions of
parameter space in the MSUGRA/CMSSM model, these
theoretical uncertainties on the signal cross-sections are
typically 20− 30%. Further uncertainties on the number
of predicted signal events arise from the JES uncertainty
(1 − 10%), the JER uncertainty (1 − 10%), pile-up un-
certainties (1 − 10%), lepton trigger and identification
uncertainties (1 − 4%), the uncertainty on the luminos-
ity (3.7%) and finite statistics of the signal Monte Carlo
samples (∼ 15%). Uncertainties in the modeling of ini-
tial state radiation in signal events affect the uncertainty
of the acceptance for low values of squark and/or gluino
masses, and for small mass differences in the simplified
models. These uncertainties are estimated from varia-
tions of MC generator parameters as well as by explicitly
generating g̃g̃+jet and q̃q̃+jet events with a matrix ele-
ment approach as implemented in MadGraph 5 [57]. Re-
sulting uncertainties vary from negligible at high masses
and high mass splittings, to ∼ 30% at low masses and
low mass splittings.

X. RESULTS AND INTERPRETATION

Figures 5 and 6 show the distributions of the effective
mass in the 3-jet and 4-jet signal regions, respectively,
after application of the final selection criteria described
in Section VII A, except for the cut on meff itself.
As discussed in Section VIII, a combined fit to the

number of observed events in the signal and control re-
gions is performed. The fit is performed for the four sig-
nal regions individually. The likelihood function of the
fit is written as:

L(n|s,b, θ) = PS × PW × PT × CSyst,

where n represents the number of observed events in
data, s is the SUSY signal to be tested, b is the back-
ground, and θ represents the systematic uncertainties,
which are treated as nuisance parameters with a Gaus-
sian probability density function. The three P functions
in the right hand side are Poisson probability distribu-
tions for event counts in the defined signal (S) and con-
trol regions (W and T, for W and top pair, respectively)
and CSyst represents the constraints on systematic un-
certainties. Systematic uncertainties can be correlated
between the signal and control regions. The determina-
tion of the multijet contribution to the various regions,
with the method described in Section VIII, is performed
as part of the fit procedure.
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SIGNAL REGIONS 1L + 2-6J + MET
• Hard 1 lepton signal regions, pT(lep) > 25 GeV:

• 3 jets / 5 jets / 6 jets + high MET + high MT 
+ high Meff

• Soft 1 lepton signal regions, 6[μ](10[e]) < pT(lep) < 25 GeV:
• 3 jets / 5 jets + high MET + high MT

• Soft 2 muons signal region (target mUED):
• high MET + high MT + Z-veto

28

soft single-lepton soft dimuon

3-jet 5-jet 2-jet

N! 1 (electron or muon) 2 (muons)

p!T(GeV) [10,25] (electron) , [6,25] (muon) [6,25]

pT
add. ! (GeV) < 7 (electron), < 6 (muon)

mµµ (GeV) − − >15 and |mµµ − mZ | > 10

Njet [3,4] ≥ 5 ≥ 2

pT
leading jet(GeV) > 180 >70

pT
subleading jets( GeV) > 25

Nb−tag − − 0

Emiss
T (GeV) >400 >300 >170

mT (GeV) > 100 > 80

Emiss
T /mincl

eff
> 0.3 −

∆Rmin(jet, !) > 1.0 − > 1.0

Table 3: Overview of the selection criteria for the soft single-lepton signal regions aimed at covering

first and second generation squark or gluino pair production in a compressed scenario and for the soft

dimuon signal region designed for the mUED searches. As is indicated, the soft leptons are required to

have pT < 25 GeV.

inclusive (binned) hard single-lepton

3-jet 5-jet 6-jet

N! 1 (electron or muon)

p!T(GeV) > 25

pT
add. ! (GeV) < 10

Njet ≥ 3 ≥ 5 ≥ 6

pT
jet(GeV) > 80, 80, 30 > 80, 50, 40, 40, 40 > 80, 50, 40, 40, 40, 40

pT
add. jets( GeV) − (< 40) − (< 40) −

Emiss
T (GeV) >500 (300) >300 >350 (250)

mT (GeV) > 150 > 200 (150) > 150

Emiss
T /mexcl

eff
> 0.3 − −

mincl
eff

(GeV) > 1400 (800) > 600

Table 4: Overview of the selection criteria for the hard single-lepton signal regions aimed at covering first

and second generation squark or gluino pair production. As is indicated, the hard leptons are required

to have pT > 25 GeV. Two sets of requirements are defined for each jet multiplicity: an inclusive signal

region and a binned one (see the text). The requirements of the binned signal region are shown in

parentheses when they differ from those of the inclusive signal region. Furthermore, the electron and the

muon channels are treated independently in the hard single-lepton signal regions.

10

ATLAS-CONF-2013-062

Example:  3 jets, after fit

soft single-lepton soft dimuon

3-jet 5-jet 2-jet

N! 1 (electron or muon) 2 (muons)

p!T(GeV) [10,25] (electron) , [6,25] (muon) [6,25]

pT
add. ! (GeV) < 7 (electron), < 6 (muon)

mµµ (GeV) − − >15 and |mµµ − mZ | > 10

Njet [3,4] ≥ 5 ≥ 2

pT
leading jet(GeV) > 180 >70

pT
subleading jets( GeV) > 25

Nb−tag − − 0

Emiss
T (GeV) >400 >300 >170

mT (GeV) > 100 > 80

Emiss
T /mincl

eff
> 0.3 −

∆Rmin(jet, !) > 1.0 − > 1.0

Table 3: Overview of the selection criteria for the soft single-lepton signal regions aimed at covering

first and second generation squark or gluino pair production in a compressed scenario and for the soft

dimuon signal region designed for the mUED searches. As is indicated, the soft leptons are required to

have pT < 25 GeV.

inclusive (binned) hard single-lepton

3-jet 5-jet 6-jet

N! 1 (electron or muon)

p!T(GeV) > 25

pT
add. ! (GeV) < 10

Njet ≥ 3 ≥ 5 ≥ 6

pT
jet(GeV) > 80, 80, 30 > 80, 50, 40, 40, 40 > 80, 50, 40, 40, 40, 40

pT
add. jets( GeV) − (< 40) − (< 40) −

Emiss
T (GeV) >500 (300) >300 >350 (250)

mT (GeV) > 150 > 200 (150) > 150

Emiss
T /mexcl

eff
> 0.3 − −

mincl
eff

(GeV) > 1400 (800) > 600

Table 4: Overview of the selection criteria for the hard single-lepton signal regions aimed at covering first

and second generation squark or gluino pair production. As is indicated, the hard leptons are required

to have pT > 25 GeV. Two sets of requirements are defined for each jet multiplicity: an inclusive signal

region and a binned one (see the text). The requirements of the binned signal region are shown in

parentheses when they differ from those of the inclusive signal region. Furthermore, the electron and the

muon channels are treated independently in the hard single-lepton signal regions.

10

http://cds.cern.ch/record/1557779
http://cds.cern.ch/record/1557779
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SIGNAL REGIONS 0L + 2-10J + MET
• Five inclusive channels based on jet 

multiplicity - 2-6 jets - optimized for 

squark/gluino pair (mixed) production
• Up to three signal regions for each channel 

based on tighter meff cuts 
→ TOTAL: 10 signal regions (SR)

• Signal regions defined by:
• jet multiplicity (7 - ≥10 jets)

• b-tagged jet multiplicity
• MJΣ = mass of large-radius jet

• MET/√HT > 4 √GeV

→ TOTAL 19 signal regions

29
Example:  3 jets, after fit
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Requirement

Channel

A (2-jets) B (3-jets) C (4-jets) D (5-jets) E (6-jets)

L M M T M T – L M T

Emiss
T [GeV] > 160

pT( j1) [GeV] > 130

pT( j2) [GeV] > 60

pT( j3) [GeV] > – 60 60 60 60

pT( j4) [GeV] > – – 60 60 60

pT( j5) [GeV] > – – – 60 60

pT( j6) [GeV] > – – – – 60

��(jeti,Emiss
T )min > 0.4 (i = {1, 2, (3 if pT( j3) > 40 GeV)}) 0.4 (i = {1, 2, 3}), 0.2 (pT > 40 GeV jets)

Emiss
T /me↵(N j) > 0.2 –a 0.3 0.4 0.25 0.25 0.2 0.15 0.2 0.25

me↵(incl.) [GeV] > 1000 1600 1800 2200 1200 2200 1600 1000 1200 1500
(a) For SR A-medium the cut on Emiss

T /me↵(N j) is replaced by a requirement Emiss
T /
p

HT > 15 GeV1/2.

Table 1: Selection criteria used to define each of the channels in the analysis. Each channel is divided
into between one and three signal regions on the basis of the requirements listed in the bottom two rows.
The signal regions are indicated in the third row from the top and are denoted ‘loose’ (L), ‘medium’
(M) and ‘tight’ (T). The Emiss

T /me↵ cut in any N jet channel uses a value of me↵ constructed from only
the leading N jets (indicated in parentheses in the second row). However, the final me↵(incl.) selection,
which is used to define the signal regions, includes all jets with pT > 40 GeV.

The requirements used to select jets and leptons are chosen to give sensitivity to a broad range of
SUSY models. In order to achieve maximal reach over the (mg̃,mq̃)-plane, several analysis channels are
defined. Squarks typically generate at least one jet in their decays, for instance through q̃ ! q�̃0

1, while
gluinos typically generate at least two jets, for instance through g̃ ! qq̄�̃0

1. Processes contributing to
q̃q̃, q̃g̃ and g̃g̃ final states therefore lead to events containing at least two, three or four jets, respectively.
Decays of heavy SUSY and SM particles produced in q̃ and g̃ cascades tend to further increase the final
state multiplicity.

Five inclusive analysis channels, labelled A to E and characterised by increasing jet multiplicity from
two to six, are defined in Table 1. Each channel is used to construct between one and three signal regions
(SRs) with ‘loose’, ‘medium’, or ‘tight’ selections distinguished by requirements placed on Emiss

T /me↵
and me↵(incl.). The lower jet multiplicity channels focus on models characterised by squark pair pro-
duction with short decay chains, while those requiring high jet multiplicity are optimised for gluino pair
production and/or long cascade decay chains. In SR A-medium the cut on Emiss

T /me↵ is replaced by
a requirement on Emiss

T /
p

HT (where HT is defined as the scalar sum of the transverse momenta of all
pT > 40 GeV jets), which has been found to lead to enhanced sensitivity to models characterised by q̃q̃
production with a large q̃–�̃0

1 mass splitting.
In Table 1, ��(jet,Emiss

T )min is the smallest of the azimuthal separations between Emiss
T and the re-

constructed jets. For channels A and B, the selection requires ��(jet,Emiss
T )min > 0.4 using up to three

leading jets with pT > 40 GeV if present in the event. For the other channels an additional requirement
��(jet,Emiss

T )min > 0.2 is placed on all jets with pT > 40 GeV. Requirements on ��(jet,Emiss
T )min and

Emiss
T /me↵ are designed to reduce the background from multi-jet processes.

Standard Model background processes contribute to the event counts in the signal regions. The
dominant sources are: W+jets, Z+jets, top quark pairs, single top quarks, and multiple jets. The produc-
tion of semi-leptonically decaying dibosons is a small component (<13%) of the total background and

3

Not reviewed, for internal circulation only

Multi-jet + flavour stream Multi-jet + M⌃
J stream

Identifier 8j50 9j50 � 10j50 7j80 � 8j80 � 8j50 � 9j50 � 10j50

Jet |⌘| < 2.0 < 2.0 < 2.8

Jet pT > 50GeV > 80GeV > 50GeV

Jet count = 8 = 9 � 10 = 7 � 8 � 8 � 9 � 10

b-jets
0 1 � 2 0 1 � 2 — 0 1 � 2 0 1 � 2 —

(pT > 40 GeV, |⌘| < 2.5)

M⌃
J [GeV] — — > 340 and > 420 for each case

Emiss
T /

p
HT > 4 GeV1/2 > 4 GeV1/2 > 4 GeV1/2

Table 1: Definition of the nineteen signal regions. The jet |⌘|, pT and multiplicity all refer to the R = 0.4 jets. Larger distance

parameter (R = 1.0) composite jets are used in the multi-jet + M⌃
J stream when constructing M⌃

J . A long dash ‘—’ indicates that no

requirement is made.
–
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LARGE-RADIUS JET MASS
• Highly boosted particles expected to form large-radius (‘composite’) massive jets 

• Form large radius (R=1.0) anti-kt jets from nominal R=0.4 jets
• MJΣ = sum of the masses of composite jets:

• pT(R=1.0 jet) > 100 GeV
• |eta (R=1.0 jet)| < 1.5

• Signal regions defined for two MJΣ thresholds:
• MJΣ > 340 GeV
• MJΣ > 420 GeV
• jet multiplicity - 8 / 9 / ≥10 jets  - pT(jet) > 50 GeV

30

MJΣ shape 

7 jets CR
0 b-tagged jets

Motivation "
!  We target TeV—scale mass particles that decay rapidly to a 

large number of coloured particles in association with weakly 
interacting particle(s) and no leptons


!  We can gain sensitivity by adding signal regions exclusive in 
the number of b-jets, for signal grids with more or fewer b-
jets than the SM background.


!  Example model with b-jets: 

!  Example model with no b-jets: 


!  Heavy, highly boosted particles are expected to form large-
radius (‘composite’) jets with large masses, so we cut on the 
total mass of all the large-R jets in the event. This is also a 
topological event-level variable, a modern version of e.g. the 
sphericity. 


3&

signature: large numbers of jets + missing energy


Mireia&Crispin+Ortuzar&&|&&&Mul2jets&ATLAS&Approval&|&7&May&2013&

ATLAS-CONF-2013-054
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4 Event selection193

Following the object reconstruction described in section 3, events are discarded if they194

contain any jet that fails quality criteria designed to suppress detector noise and non-195

collision backgrounds, or if they lack a reconstructed primary vertex with five or more196

associated tracks. Events containing electron or muon candidates are also vetoed. The197

remaining events are then analysed in two complementary analysis streams, both of which198

require large jet multiplicities and significant Emiss
T . The selections of the two streams are199

verified to have good sensitivity to decays as in eqs. (1.1) and (1.2), but are maintained200

generic to ensure sensitivity in a broad set of models with large jet multiplicity and Emiss
T201

in the final state.202

4.1 The multi-jet + flavour stream203

In the multi-jet + flavour stream the number of jets with |⌘| < 2 and pT above the threshold204

pmin
T = 50 GeV is calculated. Events with exactly eight jets or exactly nine jets are selected,205

and the sample is further subdivided according to the number of the jets (0, 1 or �2) with206

pT > 40GeV and |⌘| < 2.5 which satisfy the b-tagging requirements. Events with ten or207

more jets are retained in a separate category, without any further subdivision.208

A similar process is performed for the higher jet-pT threshold of pmin
T = 80 GeV. Signal209

regions are defined for events with exactly seven jets or at least eight jets. Both categories210

are again subdivided according to the number of jets (0, 1 or �2) which are b-tagged. For211

each value of pmin
T , the b-tagged jets may belong to the set of jets with pT greater than212

pmin
T , but this is not a requirement.213

In all cases the final selection variable is Emiss
T /

p
HT, the ratio of the Emiss

T to the214

square root of the scalar sum HT of the transverse momenta of all jets with pT > 40 GeV215

and |⌘| < 2.8. This ratio is closely related to the significance of the Emiss
T relative to216

the resolution due to stochastic variations in the measured jet energies [33]. The value of217

Emiss
T /

p
HT is required to be larger than 4 GeV1/2 for all signal regions.218

4.2 The multi-jet + M⌃
J stream219

The multi-jet + M⌃
J stream proceeds as follows. The number of (R = 0.4) jets with pT220

above 50GeV is determined, this time using a larger pseudorapidity acceptance of |⌘| < 2.8.221

Events with at least eight, at least nine or at least ten such jets are retained, and a category222

is created for each of those multiplicity thresholds. The four-momenta of the R = 0.4 jets223

satisfying pT > 20GeV and |⌘| < 2.8 are then used as inputs to a second iteration of the224

anti-kt jet algorithm, this time using the larger distance parameter R = 1.0. The resulting225

larger objects are denoted as composite jets. The selection variable M⌃
J is then defined to226

be the sum of the masses mR=1.0
j of the composite jets227

M⌃
J ⌘

X

j

mR=1.0
j ,

where the sum is over the composite jets which satisfy pR=1.0
T > 100 GeV and |⌘R=1.0| < 1.5.228

Signal regions are defined for two di↵erentM⌃
J thresholds. Again the final selection requires229

that Emiss
T /

p
HT > 4 GeV1/2.230
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RESULTS
• No significant excess in any signal region 

• Data and estimated backgrounds used to set model-independent limits on visible BSM cross section
• σ(vis) = σ(BSM) ⨉ Acceptance ⨉ efficiency

• p0 = p(s=0) = p-value of background-only hypothesis

31

inclusive hard single-lepton
3-jet 5-jet 6-jet

electron muon electron muon electron muon

Observed events 4 5 4 2 2 0

Fitted background events 3.9 ± 1.0 2.7 ± 0.9 3.6 ± 1.0 2.5 ± 0.8 2.0 ± 0.7 1.7 ± 0.6

Fitted tt̄ events 1.4 ± 0.5 1.6 ± 0.5 2.7 ± 0.8 2.0 ± 0.7 1.3 ± 0.5 1.3 ± 0.5
Fitted W+jets events 0.9 ± 0.4 0.6 ± 0.5 0.11 ± 0.08 0.08 ± 0.08 0.00 ± 0.00 0.07+0.15

−0.07

Fitted diboson events 0.8 ± 0.5 0.4 ± 0.2 0.7 ± 0.4 0.10 ± 0.05 0.06 ± 0.04 0.00 ± 0.00
Fitted misidentified lepton events 0.15+0.17

−0.15
0.00 ± 0.02 0.00 ± 0.01 0.00 ± 0.01 0.00 ± 0.00 0.00 ± 0.00

Fitted other background events 0.6 ± 0.3 0.09 ± 0.05 0.12 ± 0.07 0.3 ± 0.1 0.7 ± 0.3 0.3 ± 0.1

MC expected SM events 4.2 ± 1.1 2.9 ± 1.0 3.6 ± 0.9 2.4 ± 0.7 2.1 ± 0.8 1.9 ± 0.7

MC expected tt̄ events 1.3 ± 0.4 1.5 ± 0.4 2.6 ± 0.7 1.9 ± 0.6 1.4 ± 0.5 1.4 ± 0.5
MC expected W+jets events 1.3 ± 0.5 0.9 ± 0.7 0.2 ± 0.1 0.1 ± 0.1 0.0 ± 0.0 0.1+0.2

−0.1
MC expected diboson events 0.8 ± 0.5 0.4 ± 0.2 0.7 ± 0.4 0.10 ± 0.05 0.07 ± 0.04 0.00 ± 0.00
data-driven misidentified lepton events 0.15+0.17

−0.15
0.00 ± 0.02 0.00 ± 0.01 0.00 ± 0.01 0.00 ± 0.00 0.00 ± 0.00

MC expected other background events 0.6 ± 0.3 0.09 ± 0.05 0.13 ± 0.07 0.3 ± 0.1 0.6 ± 0.3 0.3 ± 0.1

Table 16: Background fit results for the inclusive hard single-lepton signal regions, for an integrated

luminosity of 20.3 fb−1. Nominal MC expectations (normalized to MC cross-sections) are given for

comparison. The uncertainties shown here combine the statistical uncertainty on the simulated event

samples with the systematic uncertainties. Some categories have 0.00 ± 0.00 events, which merely

reflects the fact that these categories, having no Monte Carlo events left or no input data events to the

matrix method, have not been considered by the fitting procedure.
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Signal channel 〈εσ〉95

obs
[fb] S 95

obs
S 95

exp CLB p(s = 0)

soft single-lepton one b-jet channels

low-mass 0.43 (0.42) 8.8 (8.6) 6.9+3.0
−2.0 (6.9+3.4

−2.1) 0.76 (0.71) 0.26 (0.27)

high-mass 0.39 (0.38) 7.9 (7.7) 6.3+1.9
−1.1 (5.9+3.0

−1.9) 0.79 (0.75) 0.21 (0.22)

soft single-lepton two b-jet channels

low-mass 0.66 (0.62) 13.4 (12.7) 13.2+5.9
−4.1 (13.1+5.6

−3.8) 0.52 (0.46) 0.50 (0.50)

high-mass 0.26 (0.24) 5.3 (4.9) 5.3+2.4
−1.4 (5.5+2.8

−1.8) 0.50 (0.40) 0.50 (0.50)

soft single-lepton channels

3-jet 0.40 (0.39) 8.1 (8.1) 7.3+2.7
−1.8 (6.8+3.3

−2.1) 0.67 (0.66) 0.36 (0.31)

5-jet 0.35 (0.33) 7.1 (6.8) 10.0+3.6
−3.0 (9.8+4.2

−2.9) 0.15 (0.15) 0.50 (0.50)

soft dimuon channel 0.57 (0.54) 11.5 (11.1) 5.9+2.1
−1.0 (6.5+3.1

−1.9) 0.98 (0.92) 0.01 (0.02)

binned hard single-lepton channels

3-jet (electron) 0.97 (0.98) 19.8 (19.9) 20.2+8.3
−4.8 (20.7+7.9

−5.6) 0.47 (0.45) 0.50 (0.50)

3-jet (muon) 0.57 (0.52) 11.6 (10.6) 15.6+5.8
−3.8 (15.8+6.5

−4.4) 0.13 (0.12) 0.50 (0.50)

5-jet (electron) 0.63 (0.60) 12.7 (12.1) 12.6+3.2
−2.7 (12.2+4.5

−3.2) 0.50 (0.49) 0.50 (0.50)

5-jet (muon) 0.38 (0.36) 7.7 (7.2) 7.6+2.8
−2.4 (7.3+3.4

−2.2) 0.53 (0.49) 0.50 (0.50)

6-jet (electron) 0.33 (0.34) 6.6 (6.8) 7.8+3.1
−2.4 (7.7+3.6

−2.4) 0.32 (0.37) 0.50 (0.50)

6-jet (muon) 0.35 (0.35) 7.1 (7.1) 7.1+3.4
−1.4 (7.4+3.5

−2.3) 0.50 (0.46) 0.50 (0.50)

inclusive hard single-lepton channels

3-jet (electron) 0.30 (0.28) 6.0 (5.7) 5.7+2.2
−1.5 (5.6+2.9

−1.8) 0.56 (0.51) 0.48 (0.48)

3-jet (muon) 0.38 (0.37) 7.7 (7.5) 5.1+2.0
−1.5 (5.1+2.7

−1.7) 0.89 (0.82) 0.13 (0.13)

5-jet (electron) 0.30 (0.29) 6.0 (5.9) 5.4+2.3
−1.5 (5.5+2.9

−1.7) 0.60 (0.56) 0.43 (0.43)

5-jet (muon) 0.22 (0.21) 4.6 (4.2) 4.7+1.9
−1.2 (4.7+2.5

−1.6) 0.44 (0.41) 0.50 (0.50)

6-jet (electron) 0.23 (0.22) 4.6 (4.4) 4.4+1.9
−0.8 (4.4+2.5

−1.5) 0.56 (0.49) 0.50 (0.50)

6-jet (muon) 0.15 (0.12) 3.0 (2.5) 4.1+1.3
−1.1 (3.8+2.3

−1.3) 0.13 (0.16) 0.50 (0.50)

Table 17: Left to right: 95% CL upper limits on the visible cross section (〈εσ〉95
obs

) and on the number

of signal events (S 95
obs

). The third column (S 95
exp) shows the 95% CL upper limit on the number of

signal events, given the expected number (and ±1σ excursions on the expectation) of background events.

The last two columns indicate the CLB value, i.e. the confidence level observed for the background-

only hypothesis, and the discovery p-value (p(s = 0)). For an observed number of events lower than

expected, the discovery p-value has been truncated at 0.5. The numbers in parentheses represent the

results obtained using asymptotic analytic expressions instead of toy Monte Carlo pseudo-experiments.
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Signal channel 〈εσ〉95
obs

[fb] S 95
obs

S 95
exp CLB p(s = 0)

soft single-lepton one b-jet channels

low-mass 0.43 (0.42) 8.8 (8.6) 6.9+3.0
−2.0 (6.9+3.4

−2.1) 0.76 (0.71) 0.26 (0.27)

high-mass 0.39 (0.38) 7.9 (7.7) 6.3+1.9
−1.1 (5.9+3.0

−1.9) 0.79 (0.75) 0.21 (0.22)

soft single-lepton two b-jet channels

low-mass 0.66 (0.62) 13.4 (12.7) 13.2+5.9
−4.1 (13.1+5.6

−3.8) 0.52 (0.46) 0.50 (0.50)

high-mass 0.26 (0.24) 5.3 (4.9) 5.3+2.4
−1.4 (5.5+2.8

−1.8) 0.50 (0.40) 0.50 (0.50)

soft single-lepton channels

3-jet 0.40 (0.39) 8.1 (8.1) 7.3+2.7
−1.8 (6.8+3.3

−2.1) 0.67 (0.66) 0.36 (0.31)

5-jet 0.35 (0.33) 7.1 (6.8) 10.0+3.6
−3.0 (9.8+4.2

−2.9) 0.15 (0.15) 0.50 (0.50)

soft dimuon channel 0.57 (0.54) 11.5 (11.1) 5.9+2.1
−1.0 (6.5+3.1

−1.9) 0.98 (0.92) 0.01 (0.02)

binned hard single-lepton channels

3-jet (electron) 0.97 (0.98) 19.8 (19.9) 20.2+8.3
−4.8 (20.7+7.9

−5.6) 0.47 (0.45) 0.50 (0.50)

3-jet (muon) 0.57 (0.52) 11.6 (10.6) 15.6+5.8
−3.8 (15.8+6.5

−4.4) 0.13 (0.12) 0.50 (0.50)

5-jet (electron) 0.63 (0.60) 12.7 (12.1) 12.6+3.2
−2.7 (12.2+4.5

−3.2) 0.50 (0.49) 0.50 (0.50)

5-jet (muon) 0.38 (0.36) 7.7 (7.2) 7.6+2.8
−2.4 (7.3+3.4

−2.2) 0.53 (0.49) 0.50 (0.50)

6-jet (electron) 0.33 (0.34) 6.6 (6.8) 7.8+3.1
−2.4 (7.7+3.6

−2.4) 0.32 (0.37) 0.50 (0.50)

6-jet (muon) 0.35 (0.35) 7.1 (7.1) 7.1+3.4
−1.4 (7.4+3.5

−2.3) 0.50 (0.46) 0.50 (0.50)

inclusive hard single-lepton channels

3-jet (electron) 0.30 (0.28) 6.0 (5.7) 5.7+2.2
−1.5 (5.6+2.9

−1.8) 0.56 (0.51) 0.48 (0.48)

3-jet (muon) 0.38 (0.37) 7.7 (7.5) 5.1+2.0
−1.5 (5.1+2.7

−1.7) 0.89 (0.82) 0.13 (0.13)

5-jet (electron) 0.30 (0.29) 6.0 (5.9) 5.4+2.3
−1.5 (5.5+2.9
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−1.2 (4.7+2.5

−1.6) 0.44 (0.41) 0.50 (0.50)

6-jet (electron) 0.23 (0.22) 4.6 (4.4) 4.4+1.9
−0.8 (4.4+2.5

−1.5) 0.56 (0.49) 0.50 (0.50)

6-jet (muon) 0.15 (0.12) 3.0 (2.5) 4.1+1.3
−1.1 (3.8+2.3

−1.3) 0.13 (0.16) 0.50 (0.50)

Table 17: Left to right: 95% CL upper limits on the visible cross section (〈εσ〉95
obs

) and on the number

of signal events (S 95
obs

). The third column (S 95
exp) shows the 95% CL upper limit on the number of

signal events, given the expected number (and ±1σ excursions on the expectation) of background events.

The last two columns indicate the CLB value, i.e. the confidence level observed for the background-

only hypothesis, and the discovery p-value (p(s = 0)). For an observed number of events lower than

expected, the discovery p-value has been truncated at 0.5. The numbers in parentheses represent the

results obtained using asymptotic analytic expressions instead of toy Monte Carlo pseudo-experiments.
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Table 17: Left to right: 95% CL upper limits on the visible cross section (〈εσ〉95
obs

) and on the number

of signal events (S 95
obs

). The third column (S 95
exp) shows the 95% CL upper limit on the number of

signal events, given the expected number (and ±1σ excursions on the expectation) of background events.

The last two columns indicate the CLB value, i.e. the confidence level observed for the background-

only hypothesis, and the discovery p-value (p(s = 0)). For an observed number of events lower than

expected, the discovery p-value has been truncated at 0.5. The numbers in parentheses represent the

results obtained using asymptotic analytic expressions instead of toy Monte Carlo pseudo-experiments.
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soft single-lepton soft dimuon
3-jet 5-jet 2-jet

Observed events 7 9 7

Fitted background events 5.6 ± 1.6 14.8 ± 3.7 1.6 ± 1.0

Fitted tt̄ events 1.3 ± 1.0 7.8 ± 3.3 1.2 ± 1.0
Fitted W+jets events 2.6 ± 0.7 2.1 ± 0.9 -
Fitted diboson events 0.6 ± 0.4 0.7 ± 0.4 0.4 ± 0.3
Fitted misidentified lepton events 0.00+0.05

−0.00 3.3 ± 1.4 0.0+0.3
−0.0

Fitted other background events 1.1 ± 0.5 0.9 ± 0.5 0.01+0.06
−0.01

MC expected SM events 6.3 ± 1.9 15.9 ± 3.8 1.9 ± 1.2

MC expected tt̄ events 1.4 ± 1.1 7.8 ± 3.0 1.5 ± 1.2
MC expected W+jets events 3.1 ± 0.9 3.2 ± 0.9 -
MC expected diboson events 0.6 ± 0.4 0.7 ± 0.4 0.4 ± 0.3
data-driven misidentified lepton events 0.00+0.05

−0.00 3.3 ± 1.4 0.0+0.3
−0.0

MC expected other background events 1.1 ± 0.6 0.9 ± 0.4 0.01+0.06
−0.01

Table 14: Background fit results for the soft single-lepton and soft dimuon signal regions, for an inte-

grated luminosity of 20.1 fb−1. Nominal MC expectations (normalized to MC cross-sections) are given

for comparison. Note that the W+jets component for the soft dimuon channel is included in the misiden-

tified lepton background. The uncertainties shown here combine the statistical uncertainty on the simu-

lated event samples with the systematic uncertainties.

binned hard single-lepton
3-jet 5-jet 6-jet

electron muon electron muon electron muon

Observed events 45 28 12 7 7 7

Fitted background events 46.4 ± 8.0 38.1 ± 5.8 12.2 ± 5.2 7.1 ± 1.6 9.7 ± 2.0 7.4 ± 1.7

Fitted tt̄ events 23.8 ± 6.4 20.0 ± 5.0 7.4 ± 3.3 5.6 ± 1.5 8.0 ± 1.9 5.6 ± 1.5
Fitted W+jets events 15.4 ± 5.5 10.7 ± 4.0 3.1 ± 2.2 0.4 ± 0.4 0.1+0.2

−0.1 0.3 ± 0.3
Fitted diboson events 4.4 ± 2.3 3.3 ± 1.7 0.9 ± 0.6 0.4 ± 0.2 0.5 ± 0.3 0.06 ± 0.03
Fitted misidentified lepton events 0.4+0.5

−0.4 0.8+0.9
−0.8 0.01+0.08

−0.01 0.0+0.03
−0.0 0.07+0.09

−0.07
0.8+0.9
−0.8

Fitted other background events 2.3 ± 0.8 3.3 ± 1.1 0.7 ± 0.3 0.6 ± 0.2 1.0 ± 0.3 0.6 ± 0.1

MC expected SM events 54.8 ± 10.3 43.0 ± 7.1 14.1 ± 6.3 7.0 ± 1.6 10.1 ± 1.9 7.9 ± 1.7

MC expected tt̄ events 23.3 ± 3.7 19.7 ± 2.6 7.1 ± 3.0 5.3 ± 1.2 8.4 ± 1.7 6.0 ± 1.3
MC expected W+jets events 24.4 ± 7.3 16.1 ± 5.1 5.3 ± 3.4 0.6 ± 0.5 0.2 ± 0.2 0.5 ± 0.5
MC expected diboson events 4.5 ± 2.3 3.4 ± 1.7 0.9 ± 0.6 0.4 ± 0.2 0.6 ± 0.3 0.07 ± 0.03
data-driven misidentified lepton events 0.4+0.5

−0.4 0.8+0.9
−0.8 0.01+0.08

−0.01 0.0+0.03
−0.0 0.07+0.09

−0.07
0.8+0.9
−0.8

MC expected other background events 2.1 ± 0.8 3.1 ± 1.2 0.8 ± 0.3 0.7 ± 0.2 1.0 ± 0.3 0.6 ± 0.2

Table 15: Background fit results for the binned hard single-lepton signal regions, for an integrated lumi-

nosity of 20.3 fb−1. Nominal MC expectations (normalized to MC cross-sections) are given for compar-

ison. The uncertainties shown here combine the statistical uncertainty on the simulated event samples

with the systematic uncertainties.
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Signal Region A-loose A-medium B-medium B-tight C-medium C-tight
MC expected events

Diboson 428.6 15.0 4.3 0.0 25.5 0.0
Z/�⇤+jets 2044.4 83.1 20.6 2.3 119.4 2.6
W+jets 2109.0 58.8 16.4 2.1 88.7 1.0
tt̄(+EW) + single top 785.9 8.2 2.0 0.3 45.9 0.3

Fitted background events
Diboson 430 ± 190 15 ± 7 4.3 ± 2.0 – 26 ± 11 –
Z/�⇤+jets 1870 ± 320 57 ± 11 16 ± 5 0.2 ± 0.5 80 ± 29 0.0+0.6

�0.0
W+jets 1540 ± 260 42 ± 11 10 ± 4 1.6 ± 1.2 55 ± 18 0.7 ± 0.9
tt̄(+EW) + single top 870 ± 180 7.8 ± 2.8 2.2 ± 2.0 0.6 ± 0.7 50 ± 11 0.9 ± 0.9
Multi-jets 33 ± 33 – 0.1 ± 0.1 – – –
Total bkg 4700 ± 500 122 ± 18 33 ± 7 2.4 ± 1.4 210 ± 40 1.6 ± 1.4
Observed 5333 135 29 4 228 0
h✏�i95

obs[fb] 66.07 2.52 0.73 0.33 4.00 0.12
S 95

obs 1341.2 51.3 14.9 6.7 81.2 2.4
S 95

exp 1135.0+332.7
�291.5 42.7+15.5

�11.4 17.0+6.6
�4.6 5.8+2.9

�1.8 72.9+23.6
�18.0 3.3+2.1

�1.2
p0 (Zn) 0.45 (0.1) 0.27 (0.6) 0.50 (0.0) 0.34 (0.4) 0.34 (0.4) 0.50 (0.0)

Signal Region D E-loose E-medium E-tight
MC expected events

Diboson 2.0 5.5 1.7 0.0
Z/�⇤+jets 8.5 19.6 6.3 1.9
W+jets 4.8 23.1 5.2 0.8
tt̄(+EW) + single top 5.0 67.3 16.8 1.5

Fitted background events
Diboson 2.0 ± 2.0 5.5 ± 2.1 1.7 ± 0.8 –
Z/�⇤+jets 3.8 ± 2.5 12 ± 7 2.9 ± 2.6 0.4 ± 0.6
W+jets 3.3 ± 2.5 18 ± 7 4.9 ± 2.7 0.7 ± 0.5
tt̄(+EW) + single top 5.8 ± 2.1 76 ± 19 20 ± 6 1.7 ± 1.4
Multi-jets – 1.0 ± 1.0 – –
Total bkg 15 ± 5 113 ± 21 30 ± 8 2.9 ± 1.8
Observed 18 166 41 5
h✏�i95

obs[fb] 0.77 4.55 1.41 0.41
S 95

obs 15.5 92.4 28.6 8.3
S 95

exp 13.6+5.1
�3.5 57.3+20.0

�14.4 21.4+7.6
�5.8 6.5+3.0

�1.9
p0 (Zn) 0.32 (0.5) 0.03 (1.9) 0.14 (1.1) 0.22 (0.8)

Table 4: Numbers of events observed in the signal regions used in the analysis (L = 20.3 fb�1) compared
with background expectations obtained from the fits described in the text. Background uncertainties
include both TF systematics (see Section 6) and CR data statistical uncertainties. No signal contribution
is considered in the CRs for the fit. Empty cells correspond to estimates lower than 0.1 events. Also
shown are 95% CL upper limits on the visible cross-section (h✏�i95

obs), the visible number of signal
events (S 95

obs ) and the number of signal events (S 95
exp) given the expected number of background events,

as well as ±1� excursions on the expectation. The p0-values give the probabilities of the observations
being consistent with the estimated backgrounds and are constrained to  0.5. Also presented are the
equivalent Gaussian significances Zn.
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Signal Region A-loose A-medium B-medium B-tight C-medium C-tight
MC expected events

Diboson 428.6 15.0 4.3 0.0 25.5 0.0
Z/�⇤+jets 2044.4 83.1 20.6 2.3 119.4 2.6
W+jets 2109.0 58.8 16.4 2.1 88.7 1.0
tt̄(+EW) + single top 785.9 8.2 2.0 0.3 45.9 0.3

Fitted background events
Diboson 430 ± 190 15 ± 7 4.3 ± 2.0 – 26 ± 11 –
Z/�⇤+jets 1870 ± 320 57 ± 11 16 ± 5 0.2 ± 0.5 80 ± 29 0.0+0.6

�0.0
W+jets 1540 ± 260 42 ± 11 10 ± 4 1.6 ± 1.2 55 ± 18 0.7 ± 0.9
tt̄(+EW) + single top 870 ± 180 7.8 ± 2.8 2.2 ± 2.0 0.6 ± 0.7 50 ± 11 0.9 ± 0.9
Multi-jets 33 ± 33 – 0.1 ± 0.1 – – –
Total bkg 4700 ± 500 122 ± 18 33 ± 7 2.4 ± 1.4 210 ± 40 1.6 ± 1.4
Observed 5333 135 29 4 228 0
h✏�i95

obs[fb] 66.07 2.52 0.73 0.33 4.00 0.12
S 95

obs 1341.2 51.3 14.9 6.7 81.2 2.4
S 95

exp 1135.0+332.7
�291.5 42.7+15.5

�11.4 17.0+6.6
�4.6 5.8+2.9

�1.8 72.9+23.6
�18.0 3.3+2.1

�1.2
p0 (Zn) 0.45 (0.1) 0.27 (0.6) 0.50 (0.0) 0.34 (0.4) 0.34 (0.4) 0.50 (0.0)

Signal Region D E-loose E-medium E-tight
MC expected events

Diboson 2.0 5.5 1.7 0.0
Z/�⇤+jets 8.5 19.6 6.3 1.9
W+jets 4.8 23.1 5.2 0.8
tt̄(+EW) + single top 5.0 67.3 16.8 1.5

Fitted background events
Diboson 2.0 ± 2.0 5.5 ± 2.1 1.7 ± 0.8 –
Z/�⇤+jets 3.8 ± 2.5 12 ± 7 2.9 ± 2.6 0.4 ± 0.6
W+jets 3.3 ± 2.5 18 ± 7 4.9 ± 2.7 0.7 ± 0.5
tt̄(+EW) + single top 5.8 ± 2.1 76 ± 19 20 ± 6 1.7 ± 1.4
Multi-jets – 1.0 ± 1.0 – –
Total bkg 15 ± 5 113 ± 21 30 ± 8 2.9 ± 1.8
Observed 18 166 41 5
h✏�i95

obs[fb] 0.77 4.55 1.41 0.41
S 95

obs 15.5 92.4 28.6 8.3
S 95

exp 13.6+5.1
�3.5 57.3+20.0

�14.4 21.4+7.6
�5.8 6.5+3.0

�1.9
p0 (Zn) 0.32 (0.5) 0.03 (1.9) 0.14 (1.1) 0.22 (0.8)

Table 4: Numbers of events observed in the signal regions used in the analysis (L = 20.3 fb�1) compared
with background expectations obtained from the fits described in the text. Background uncertainties
include both TF systematics (see Section 6) and CR data statistical uncertainties. No signal contribution
is considered in the CRs for the fit. Empty cells correspond to estimates lower than 0.1 events. Also
shown are 95% CL upper limits on the visible cross-section (h✏�i95

obs), the visible number of signal
events (S 95

obs ) and the number of signal events (S 95
exp) given the expected number of background events,

as well as ±1� excursions on the expectation. The p0-values give the probabilities of the observations
being consistent with the estimated backgrounds and are constrained to  0.5. Also presented are the
equivalent Gaussian significances Zn.
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Not reviewed, for internal circulation only

Signal region 8j50 9j50 10j50

b-jets 0 1 � 2 0 1 � 2 —

Observed events 40 44 44 5 8 7 3

Total events after fit 35± 4 40± 10 50± 10 3.3± 0.7 6.1± 1.7 8.0± 2.7 1.37± 0.35

Fitted tt̄ 2.7± 0.9 11.8± 3.0 23.0± 5.0 0.36± 0.18 1.5± 0.5 3.2± 1.1 0.06+0.09
�0.06

Fitted W+jets 2.0+2.6
�2.0 0.62+0.81

�0.62 0.20+0.28
�0.20 � 0.24+0.65

�0.24 � �
Fitted others 2.9+1.8

�1.8 1.7+1.5
�1.2 2.8+2.3

�2.0 0.03± 0.03 0.38± 0.25 0.40+0.60
�0.24 0.08± 0.08

Total events before fit 36 48 59 3.4 6.6 8.9 1.39

tt̄ before fit 3.5 15 30 0.41 1.8 4 0.08

W+jets before fit 2.9 1.0 0.29 � 0.40 � �
Others before fit 2.4 1.8 2.8 0.03 0.34 0.4 0.08

Multi-jets 27± 3 30± 10 26± 10 3.0± 0.6 4.0± 1.4 4.4± 2.2 1.23± 0.32

N95%

BSM

(exp) 16 23 26 5 7 8 4

N95%

BSM

(obs) 20 23 22 7 9 7 6

�95%

BSM,max

·A · ✏ (exp) [fb] 0.8 1.2 1.3 0.26 0.36 0.40 0.19

�95%

BSM,max

·A · ✏ (obs) [fb] 0.97 1.1 1.1 0.34 0.43 0.37 0.29

p
0

0.24 0.5 0.7 0.21 0.28 0.6 0.13

Significance (�) 0.7 �0.02 �0.6 0.8 0.6 �0.28 1.14

Table 4: Number of observed and expected (fitted) events for the seven pmin
T = 50 GeV signal regions of the multi-jet + flavour

stream. The category indicated by ‘others’ includes the contributions from Z + jets, tt̄+W , tt̄+Z, and single top. The table also

contains for each signal region the probability, p0, that a background-only pseudo-experiment is more signal-like than observed; the

significance, �, of the agreement between data and the Standard Model prediction; the 95% CL upper limit on the number of events,

N95%
BSM, originating from sources other than the Standard Model; and the corresponding cross section times acceptance times e�ciency,

�95%
BSM,max ·A · ✏.
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Signal region 7j80 8j80

b-jets 0 1 � 2 0 1 � 2

Observed events 12 17 13 2 1 3

Total fitted events 11.0± 2.2 17± 6 25± 10 0.9± 0.6 1.5± 0.9 3.3± 2.2

Fitted tt̄ 0.00+0.26
�0.00 5.0± 4.0 12± 9 0.10+0.14

�0.10 0.32+0.67
�0.32 1.5+1.9

�1.5

Fitted W+jets 0.07+0.38
�0.07 0.29+0.37

�0.29 � � � �
Fitted others 1.9+1.1

�0.9 0.71+0.31
�0.25 2.6+1.7

�1.1 0.02± 0.02 0.02± 0.02 0.32+0.36
�0.21

Total events before fit 11.7 16 23 0.8 1.8 3.3

tt̄ before fit 0.34 4 10 0.08 0.6 1.5

W+jets before fit 0.46 0.29 � � � �
Others before fit 1.8 0.89 3.0 0.02 0.02 0.35

Multi-jets 9.1± 1.6 11± 4 10± 4 0.75± 0.56 1.2± 0.5 1.4± 1.0

N95

BSM

(exp) 10 17 14 4 4 6

N95

BSM

(obs) 10 16 12 5 3.5 6

�95%

BSM,max

·A · ✏ (exp) [fb] 0.5 0.8 0.7 0.18 0.18 0.31

�95%

BSM,max

·A · ✏ (obs) [fb] 0.5 0.8 0.6 0.24 0.17 0.31

p
0

0.5 0.6 0.8 0.19 0.6 0.5

Significance (�) 0.05 �0.14 �1.0 0.9 �0.28 �0.06

Table 5: As for table 4 but for the six signal regions for which pmin
T = 80 GeV.

Signal region 8j50

M⌃

J [GeV] 340 420

Observed events 69 37

Total events after fit 75± 19 45± 14

Fitted tt̄ 17± 11 16± 13

Fitted W+jets 0.8+1.3
�0.8 0.4+0.7

�0.4

Fitted others 5.2+4.0
�2.5 2.8+2.9

�1.6

Total events before fit 85 44

tt̄ before fit 27 14

W+jets before fit 0.8 0.4

Others before fit 5 2.8

Multi-jets 52± 15 27± 7

N95%

BSM

(exp) 40 23

N95%

BSM

(obs) 35 20

�95%

BSM,max

·A · ✏ (exp) [fb] 1.9 1.1

�95%

BSM,max

·A · ✏ (obs) [fb] 1.7 1.0

p
0

0.60 0.7

Significance (�) �0.27 �0.6

Table 6: As for table 4 but for the signal regions in the multi-jet + M⌃
J stream for which

the number of events in the control regions allowed background determination using a fit.
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Signal region 9j50 10j50

M⌃

J [GeV] 340 420 340 420

Observed events 13 9 1 1

Total events 17± 7 11± 5 3.2+3.7
�3.2 2.2± 2.0

tt̄ 5± 4 3.4+3.6
�3.4 0.8+0.8

�0.8 0.6+0.9
�0.6

W+jets � � � �
Others 0.58+0.54

�0.33 0.39+0.32
�0.30 0.12± 0.12 0.06± 0.06

Multi-jets 12± 4 7.0± 2.3 2.3+3.6
�2.3 1.6+1.8

�1.6

N95%

BSM

(exp) 13 11 5 5

N95%

BSM

(obs) 11 10 4 4

�95%

BSM,max

·A · ✏ (exp) [fb] 0.7 0.5 0.23 0.23

�95%

BSM,max

·A · ✏ (obs) [fb] 0.5 0.5 0.2 0.2

p
0

0.7 0.6 0.8 0.7

Significance (�) �0.6 �0.34 �0.8 �0.6

Table 7: As for table 4 but for the signal regions in the multi-jet + M⌃
J stream for

which the number of events in the control regions did not allow background determination

using a fit and therefore the leptonic background is extracted directly from Monte Carlo

simulations.
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Signal region 7j80 8j80

b-jets 0 1 � 2 0 1 � 2

Observed events 12 17 13 2 1 3

Total fitted events 11.0± 2.2 17± 6 25± 10 0.9± 0.6 1.5± 0.9 3.3± 2.2

Fitted tt̄ 0.00+0.26
�0.00 5.0± 4.0 12± 9 0.10+0.14

�0.10 0.32+0.67
�0.32 1.5+1.9

�1.5

Fitted W+jets 0.07+0.38
�0.07 0.29+0.37

�0.29 � � � �
Fitted others 1.9+1.1

�0.9 0.71+0.31
�0.25 2.6+1.7

�1.1 0.02± 0.02 0.02± 0.02 0.32+0.36
�0.21

Total events before fit 11.7 16 23 0.8 1.8 3.3

tt̄ before fit 0.34 4 10 0.08 0.6 1.5

W+jets before fit 0.46 0.29 � � � �
Others before fit 1.8 0.89 3.0 0.02 0.02 0.35

Multi-jets 9.1± 1.6 11± 4 10± 4 0.75± 0.56 1.2± 0.5 1.4± 1.0

N95

BSM

(exp) 10 17 14 4 4 6

N95

BSM

(obs) 10 16 12 5 3.5 6

�95%

BSM,max

·A · ✏ (exp) [fb] 0.5 0.8 0.7 0.18 0.18 0.31

�95%

BSM,max

·A · ✏ (obs) [fb] 0.5 0.8 0.6 0.24 0.17 0.31

p
0

0.5 0.6 0.8 0.19 0.6 0.5

Significance (�) 0.05 �0.14 �1.0 0.9 �0.28 �0.06

Table 5: As for table 4 but for the six signal regions for which pmin
T = 80 GeV.

Signal region 8j50

M⌃

J [GeV] 340 420

Observed events 69 37

Total events after fit 75± 19 45± 14

Fitted tt̄ 17± 11 16± 13

Fitted W+jets 0.8+1.3
�0.8 0.4+0.7

�0.4

Fitted others 5.2+4.0
�2.5 2.8+2.9

�1.6

Total events before fit 85 44

tt̄ before fit 27 14

W+jets before fit 0.8 0.4

Others before fit 5 2.8

Multi-jets 52± 15 27± 7

N95%

BSM

(exp) 40 23

N95%

BSM

(obs) 35 20

�95%

BSM,max

·A · ✏ (exp) [fb] 1.9 1.1

�95%

BSM,max

·A · ✏ (obs) [fb] 1.7 1.0

p
0

0.60 0.7

Significance (�) �0.27 �0.6

Table 6: As for table 4 but for the signal regions in the multi-jet + M⌃
J stream for which

the number of events in the control regions allowed background determination using a fit.
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RESULTS - TRIMMED
• No significant excess in any signal region (too much to discuss now)

• Data and estimated backgrounds used to set model-independent limits on visible BSM cross section
• No signal model used, in contrast to model interpretations (next)
• σ(vis) < 0.12 fb (range between 0.12 - 66.07 fb)

• σ(vis) = σ(BSM) ⨉ Acceptance ⨉ efficiency

• p0 = p(s=0) = p-value of background-only hypothesis

32

inclusive hard single-lepton
3-jet 5-jet 6-jet

electron muon electron muon electron muon

Observed events 4 5 4 2 2 0

Fitted background events 3.9 ± 1.0 2.7 ± 0.9 3.6 ± 1.0 2.5 ± 0.8 2.0 ± 0.7 1.7 ± 0.6

Fitted tt̄ events 1.4 ± 0.5 1.6 ± 0.5 2.7 ± 0.8 2.0 ± 0.7 1.3 ± 0.5 1.3 ± 0.5
Fitted W+jets events 0.9 ± 0.4 0.6 ± 0.5 0.11 ± 0.08 0.08 ± 0.08 0.00 ± 0.00 0.07+0.15

−0.07

Fitted diboson events 0.8 ± 0.5 0.4 ± 0.2 0.7 ± 0.4 0.10 ± 0.05 0.06 ± 0.04 0.00 ± 0.00
Fitted misidentified lepton events 0.15+0.17

−0.15
0.00 ± 0.02 0.00 ± 0.01 0.00 ± 0.01 0.00 ± 0.00 0.00 ± 0.00

Fitted other background events 0.6 ± 0.3 0.09 ± 0.05 0.12 ± 0.07 0.3 ± 0.1 0.7 ± 0.3 0.3 ± 0.1

MC expected SM events 4.2 ± 1.1 2.9 ± 1.0 3.6 ± 0.9 2.4 ± 0.7 2.1 ± 0.8 1.9 ± 0.7

MC expected tt̄ events 1.3 ± 0.4 1.5 ± 0.4 2.6 ± 0.7 1.9 ± 0.6 1.4 ± 0.5 1.4 ± 0.5
MC expected W+jets events 1.3 ± 0.5 0.9 ± 0.7 0.2 ± 0.1 0.1 ± 0.1 0.0 ± 0.0 0.1+0.2

−0.1
MC expected diboson events 0.8 ± 0.5 0.4 ± 0.2 0.7 ± 0.4 0.10 ± 0.05 0.07 ± 0.04 0.00 ± 0.00
data-driven misidentified lepton events 0.15+0.17

−0.15
0.00 ± 0.02 0.00 ± 0.01 0.00 ± 0.01 0.00 ± 0.00 0.00 ± 0.00

MC expected other background events 0.6 ± 0.3 0.09 ± 0.05 0.13 ± 0.07 0.3 ± 0.1 0.6 ± 0.3 0.3 ± 0.1

Table 16: Background fit results for the inclusive hard single-lepton signal regions, for an integrated

luminosity of 20.3 fb−1. Nominal MC expectations (normalized to MC cross-sections) are given for

comparison. The uncertainties shown here combine the statistical uncertainty on the simulated event

samples with the systematic uncertainties. Some categories have 0.00 ± 0.00 events, which merely

reflects the fact that these categories, having no Monte Carlo events left or no input data events to the

matrix method, have not been considered by the fitting procedure.
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soft single-lepton soft dimuon
3-jet 5-jet 2-jet

Observed events 7 9 7

Fitted background events 5.6 ± 1.6 14.8 ± 3.7 1.6 ± 1.0

Fitted tt̄ events 1.3 ± 1.0 7.8 ± 3.3 1.2 ± 1.0
Fitted W+jets events 2.6 ± 0.7 2.1 ± 0.9 -
Fitted diboson events 0.6 ± 0.4 0.7 ± 0.4 0.4 ± 0.3
Fitted misidentified lepton events 0.00+0.05

−0.00 3.3 ± 1.4 0.0+0.3
−0.0

Fitted other background events 1.1 ± 0.5 0.9 ± 0.5 0.01+0.06
−0.01

MC expected SM events 6.3 ± 1.9 15.9 ± 3.8 1.9 ± 1.2

MC expected tt̄ events 1.4 ± 1.1 7.8 ± 3.0 1.5 ± 1.2
MC expected W+jets events 3.1 ± 0.9 3.2 ± 0.9 -
MC expected diboson events 0.6 ± 0.4 0.7 ± 0.4 0.4 ± 0.3
data-driven misidentified lepton events 0.00+0.05

−0.00 3.3 ± 1.4 0.0+0.3
−0.0

MC expected other background events 1.1 ± 0.6 0.9 ± 0.4 0.01+0.06
−0.01

Table 14: Background fit results for the soft single-lepton and soft dimuon signal regions, for an inte-

grated luminosity of 20.1 fb−1. Nominal MC expectations (normalized to MC cross-sections) are given

for comparison. Note that the W+jets component for the soft dimuon channel is included in the misiden-

tified lepton background. The uncertainties shown here combine the statistical uncertainty on the simu-

lated event samples with the systematic uncertainties.

binned hard single-lepton
3-jet 5-jet 6-jet

electron muon electron muon electron muon

Observed events 45 28 12 7 7 7

Fitted background events 46.4 ± 8.0 38.1 ± 5.8 12.2 ± 5.2 7.1 ± 1.6 9.7 ± 2.0 7.4 ± 1.7

Fitted tt̄ events 23.8 ± 6.4 20.0 ± 5.0 7.4 ± 3.3 5.6 ± 1.5 8.0 ± 1.9 5.6 ± 1.5
Fitted W+jets events 15.4 ± 5.5 10.7 ± 4.0 3.1 ± 2.2 0.4 ± 0.4 0.1+0.2

−0.1 0.3 ± 0.3
Fitted diboson events 4.4 ± 2.3 3.3 ± 1.7 0.9 ± 0.6 0.4 ± 0.2 0.5 ± 0.3 0.06 ± 0.03
Fitted misidentified lepton events 0.4+0.5

−0.4 0.8+0.9
−0.8 0.01+0.08

−0.01 0.0+0.03
−0.0 0.07+0.09

−0.07
0.8+0.9
−0.8

Fitted other background events 2.3 ± 0.8 3.3 ± 1.1 0.7 ± 0.3 0.6 ± 0.2 1.0 ± 0.3 0.6 ± 0.1

MC expected SM events 54.8 ± 10.3 43.0 ± 7.1 14.1 ± 6.3 7.0 ± 1.6 10.1 ± 1.9 7.9 ± 1.7

MC expected tt̄ events 23.3 ± 3.7 19.7 ± 2.6 7.1 ± 3.0 5.3 ± 1.2 8.4 ± 1.7 6.0 ± 1.3
MC expected W+jets events 24.4 ± 7.3 16.1 ± 5.1 5.3 ± 3.4 0.6 ± 0.5 0.2 ± 0.2 0.5 ± 0.5
MC expected diboson events 4.5 ± 2.3 3.4 ± 1.7 0.9 ± 0.6 0.4 ± 0.2 0.6 ± 0.3 0.07 ± 0.03
data-driven misidentified lepton events 0.4+0.5

−0.4 0.8+0.9
−0.8 0.01+0.08

−0.01 0.0+0.03
−0.0 0.07+0.09

−0.07
0.8+0.9
−0.8

MC expected other background events 2.1 ± 0.8 3.1 ± 1.2 0.8 ± 0.3 0.7 ± 0.2 1.0 ± 0.3 0.6 ± 0.2

Table 15: Background fit results for the binned hard single-lepton signal regions, for an integrated lumi-

nosity of 20.3 fb−1. Nominal MC expectations (normalized to MC cross-sections) are given for compar-

ison. The uncertainties shown here combine the statistical uncertainty on the simulated event samples

with the systematic uncertainties.
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Signal Region A-loose A-medium B-medium B-tight C-medium C-tight
MC expected events

Diboson 428.6 15.0 4.3 0.0 25.5 0.0
Z/�⇤+jets 2044.4 83.1 20.6 2.3 119.4 2.6
W+jets 2109.0 58.8 16.4 2.1 88.7 1.0
tt̄(+EW) + single top 785.9 8.2 2.0 0.3 45.9 0.3

Fitted background events
Diboson 430 ± 190 15 ± 7 4.3 ± 2.0 – 26 ± 11 –
Z/�⇤+jets 1870 ± 320 57 ± 11 16 ± 5 0.2 ± 0.5 80 ± 29 0.0+0.6

�0.0
W+jets 1540 ± 260 42 ± 11 10 ± 4 1.6 ± 1.2 55 ± 18 0.7 ± 0.9
tt̄(+EW) + single top 870 ± 180 7.8 ± 2.8 2.2 ± 2.0 0.6 ± 0.7 50 ± 11 0.9 ± 0.9
Multi-jets 33 ± 33 – 0.1 ± 0.1 – – –
Total bkg 4700 ± 500 122 ± 18 33 ± 7 2.4 ± 1.4 210 ± 40 1.6 ± 1.4
Observed 5333 135 29 4 228 0
h✏�i95

obs[fb] 66.07 2.52 0.73 0.33 4.00 0.12
S 95

obs 1341.2 51.3 14.9 6.7 81.2 2.4
S 95

exp 1135.0+332.7
�291.5 42.7+15.5

�11.4 17.0+6.6
�4.6 5.8+2.9

�1.8 72.9+23.6
�18.0 3.3+2.1

�1.2
p0 (Zn) 0.45 (0.1) 0.27 (0.6) 0.50 (0.0) 0.34 (0.4) 0.34 (0.4) 0.50 (0.0)

Signal Region D E-loose E-medium E-tight
MC expected events

Diboson 2.0 5.5 1.7 0.0
Z/�⇤+jets 8.5 19.6 6.3 1.9
W+jets 4.8 23.1 5.2 0.8
tt̄(+EW) + single top 5.0 67.3 16.8 1.5

Fitted background events
Diboson 2.0 ± 2.0 5.5 ± 2.1 1.7 ± 0.8 –
Z/�⇤+jets 3.8 ± 2.5 12 ± 7 2.9 ± 2.6 0.4 ± 0.6
W+jets 3.3 ± 2.5 18 ± 7 4.9 ± 2.7 0.7 ± 0.5
tt̄(+EW) + single top 5.8 ± 2.1 76 ± 19 20 ± 6 1.7 ± 1.4
Multi-jets – 1.0 ± 1.0 – –
Total bkg 15 ± 5 113 ± 21 30 ± 8 2.9 ± 1.8
Observed 18 166 41 5
h✏�i95

obs[fb] 0.77 4.55 1.41 0.41
S 95

obs 15.5 92.4 28.6 8.3
S 95

exp 13.6+5.1
�3.5 57.3+20.0

�14.4 21.4+7.6
�5.8 6.5+3.0

�1.9
p0 (Zn) 0.32 (0.5) 0.03 (1.9) 0.14 (1.1) 0.22 (0.8)

Table 4: Numbers of events observed in the signal regions used in the analysis (L = 20.3 fb�1) compared
with background expectations obtained from the fits described in the text. Background uncertainties
include both TF systematics (see Section 6) and CR data statistical uncertainties. No signal contribution
is considered in the CRs for the fit. Empty cells correspond to estimates lower than 0.1 events. Also
shown are 95% CL upper limits on the visible cross-section (h✏�i95

obs), the visible number of signal
events (S 95

obs ) and the number of signal events (S 95
exp) given the expected number of background events,

as well as ±1� excursions on the expectation. The p0-values give the probabilities of the observations
being consistent with the estimated backgrounds and are constrained to  0.5. Also presented are the
equivalent Gaussian significances Zn.

9

N
o

t
r
e
v

i
e
w

e
d

,
f
o

r
i
n

t
e
r
n

a
l

c
i
r
c
u

l
a
t
i
o

n
o

n
l
y

Signal Region A-loose A-medium B-medium B-tight C-medium C-tight
MC expected events

Diboson 428.6 15.0 4.3 0.0 25.5 0.0
Z/�⇤+jets 2044.4 83.1 20.6 2.3 119.4 2.6
W+jets 2109.0 58.8 16.4 2.1 88.7 1.0
tt̄(+EW) + single top 785.9 8.2 2.0 0.3 45.9 0.3

Fitted background events
Diboson 430 ± 190 15 ± 7 4.3 ± 2.0 – 26 ± 11 –
Z/�⇤+jets 1870 ± 320 57 ± 11 16 ± 5 0.2 ± 0.5 80 ± 29 0.0+0.6

�0.0
W+jets 1540 ± 260 42 ± 11 10 ± 4 1.6 ± 1.2 55 ± 18 0.7 ± 0.9
tt̄(+EW) + single top 870 ± 180 7.8 ± 2.8 2.2 ± 2.0 0.6 ± 0.7 50 ± 11 0.9 ± 0.9
Multi-jets 33 ± 33 – 0.1 ± 0.1 – – –
Total bkg 4700 ± 500 122 ± 18 33 ± 7 2.4 ± 1.4 210 ± 40 1.6 ± 1.4
Observed 5333 135 29 4 228 0
h✏�i95

obs[fb] 66.07 2.52 0.73 0.33 4.00 0.12
S 95

obs 1341.2 51.3 14.9 6.7 81.2 2.4
S 95

exp 1135.0+332.7
�291.5 42.7+15.5

�11.4 17.0+6.6
�4.6 5.8+2.9

�1.8 72.9+23.6
�18.0 3.3+2.1

�1.2
p0 (Zn) 0.45 (0.1) 0.27 (0.6) 0.50 (0.0) 0.34 (0.4) 0.34 (0.4) 0.50 (0.0)

Signal Region D E-loose E-medium E-tight
MC expected events
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Z/�⇤+jets 8.5 19.6 6.3 1.9
W+jets 4.8 23.1 5.2 0.8
tt̄(+EW) + single top 5.0 67.3 16.8 1.5

Fitted background events
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Z/�⇤+jets 3.8 ± 2.5 12 ± 7 2.9 ± 2.6 0.4 ± 0.6
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tt̄(+EW) + single top 5.8 ± 2.1 76 ± 19 20 ± 6 1.7 ± 1.4
Multi-jets – 1.0 ± 1.0 – –
Total bkg 15 ± 5 113 ± 21 30 ± 8 2.9 ± 1.8
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obs 15.5 92.4 28.6 8.3
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exp 13.6+5.1
�3.5 57.3+20.0

�14.4 21.4+7.6
�5.8 6.5+3.0

�1.9
p0 (Zn) 0.32 (0.5) 0.03 (1.9) 0.14 (1.1) 0.22 (0.8)

Table 4: Numbers of events observed in the signal regions used in the analysis (L = 20.3 fb�1) compared
with background expectations obtained from the fits described in the text. Background uncertainties
include both TF systematics (see Section 6) and CR data statistical uncertainties. No signal contribution
is considered in the CRs for the fit. Empty cells correspond to estimates lower than 0.1 events. Also
shown are 95% CL upper limits on the visible cross-section (h✏�i95

obs), the visible number of signal
events (S 95

obs ) and the number of signal events (S 95
exp) given the expected number of background events,

as well as ±1� excursions on the expectation. The p0-values give the probabilities of the observations
being consistent with the estimated backgrounds and are constrained to  0.5. Also presented are the
equivalent Gaussian significances Zn.
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Table 4: Numbers of events observed in the signal regions used in the analysis (L = 20.3 fb�1) compared
with background expectations obtained from the fits described in the text. Background uncertainties
include both TF systematics (see Section 6) and CR data statistical uncertainties. No signal contribution
is considered in the CRs for the fit. Empty cells correspond to estimates lower than 0.1 events. Also
shown are 95% CL upper limits on the visible cross-section (h✏�i95

obs), the visible number of signal
events (S 95

obs ) and the number of signal events (S 95
exp) given the expected number of background events,

as well as ±1� excursions on the expectation. The p0-values give the probabilities of the observations
being consistent with the estimated backgrounds and are constrained to  0.5. Also presented are the
equivalent Gaussian significances Zn.
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Table 4: Numbers of events observed in the signal regions used in the analysis (L = 20.3 fb�1) compared
with background expectations obtained from the fits described in the text. Background uncertainties
include both TF systematics (see Section 6) and CR data statistical uncertainties. No signal contribution
is considered in the CRs for the fit. Empty cells correspond to estimates lower than 0.1 events. Also
shown are 95% CL upper limits on the visible cross-section (h✏�i95
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as well as ±1� excursions on the expectation. The p0-values give the probabilities of the observations
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equivalent Gaussian significances Zn.
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�4.6 5.8+2.9

�1.8 72.9+23.6
�18.0 3.3+2.1

�1.2
p0 (Zn) 0.45 (0.1) 0.27 (0.6) 0.50 (0.0) 0.34 (0.4) 0.34 (0.4) 0.50 (0.0)

Signal Region D E-loose E-medium E-tight
MC expected events

Diboson 2.0 5.5 1.7 0.0
Z/�⇤+jets 8.5 19.6 6.3 1.9
W+jets 4.8 23.1 5.2 0.8
tt̄(+EW) + single top 5.0 67.3 16.8 1.5

Fitted background events
Diboson 2.0 ± 2.0 5.5 ± 2.1 1.7 ± 0.8 –
Z/�⇤+jets 3.8 ± 2.5 12 ± 7 2.9 ± 2.6 0.4 ± 0.6
W+jets 3.3 ± 2.5 18 ± 7 4.9 ± 2.7 0.7 ± 0.5
tt̄(+EW) + single top 5.8 ± 2.1 76 ± 19 20 ± 6 1.7 ± 1.4
Multi-jets – 1.0 ± 1.0 – –
Total bkg 15 ± 5 113 ± 21 30 ± 8 2.9 ± 1.8
Observed 18 166 41 5
h✏�i95

obs[fb] 0.77 4.55 1.41 0.41
S 95

obs 15.5 92.4 28.6 8.3
S 95

exp 13.6+5.1
�3.5 57.3+20.0

�14.4 21.4+7.6
�5.8 6.5+3.0

�1.9
p0 (Zn) 0.32 (0.5) 0.03 (1.9) 0.14 (1.1) 0.22 (0.8)

Table 4: Numbers of events observed in the signal regions used in the analysis (L = 20.3 fb�1) compared
with background expectations obtained from the fits described in the text. Background uncertainties
include both TF systematics (see Section 6) and CR data statistical uncertainties. No signal contribution
is considered in the CRs for the fit. Empty cells correspond to estimates lower than 0.1 events. Also
shown are 95% CL upper limits on the visible cross-section (h✏�i95

obs), the visible number of signal
events (S 95

obs ) and the number of signal events (S 95
exp) given the expected number of background events,

as well as ±1� excursions on the expectation. The p0-values give the probabilities of the observations
being consistent with the estimated backgrounds and are constrained to  0.5. Also presented are the
equivalent Gaussian significances Zn.
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Signal region 7j80 8j80

b-jets 0 1 � 2 0 1 � 2

Observed events 12 17 13 2 1 3

Total fitted events 11.0± 2.2 17± 6 25± 10 0.9± 0.6 1.5± 0.9 3.3± 2.2

Fitted tt̄ 0.00+0.26
�0.00 5.0± 4.0 12± 9 0.10+0.14

�0.10 0.32+0.67
�0.32 1.5+1.9

�1.5

Fitted W+jets 0.07+0.38
�0.07 0.29+0.37

�0.29 � � � �
Fitted others 1.9+1.1

�0.9 0.71+0.31
�0.25 2.6+1.7

�1.1 0.02± 0.02 0.02± 0.02 0.32+0.36
�0.21

Total events before fit 11.7 16 23 0.8 1.8 3.3

tt̄ before fit 0.34 4 10 0.08 0.6 1.5

W+jets before fit 0.46 0.29 � � � �
Others before fit 1.8 0.89 3.0 0.02 0.02 0.35

Multi-jets 9.1± 1.6 11± 4 10± 4 0.75± 0.56 1.2± 0.5 1.4± 1.0

N95

BSM

(exp) 10 17 14 4 4 6

N95

BSM

(obs) 10 16 12 5 3.5 6

�95%

BSM,max

·A · ✏ (exp) [fb] 0.5 0.8 0.7 0.18 0.18 0.31

�95%

BSM,max

·A · ✏ (obs) [fb] 0.5 0.8 0.6 0.24 0.17 0.31

p
0

0.5 0.6 0.8 0.19 0.6 0.5

Significance (�) 0.05 �0.14 �1.0 0.9 �0.28 �0.06

Table 5: As for table 4 but for the six signal regions for which pmin
T = 80 GeV.

Signal region 8j50

M⌃

J [GeV] 340 420

Observed events 69 37

Total events after fit 75± 19 45± 14

Fitted tt̄ 17± 11 16± 13

Fitted W+jets 0.8+1.3
�0.8 0.4+0.7

�0.4

Fitted others 5.2+4.0
�2.5 2.8+2.9

�1.6

Total events before fit 85 44

tt̄ before fit 27 14

W+jets before fit 0.8 0.4

Others before fit 5 2.8

Multi-jets 52± 15 27± 7

N95%

BSM

(exp) 40 23

N95%

BSM

(obs) 35 20

�95%

BSM,max

·A · ✏ (exp) [fb] 1.9 1.1

�95%

BSM,max

·A · ✏ (obs) [fb] 1.7 1.0

p
0

0.60 0.7

Significance (�) �0.27 �0.6

Table 6: As for table 4 but for the signal regions in the multi-jet + M⌃
J stream for which

the number of events in the control regions allowed background determination using a fit.
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Signal region 7j80 8j80

b-jets 0 1 � 2 0 1 � 2

Observed events 12 17 13 2 1 3

Total fitted events 11.0± 2.2 17± 6 25± 10 0.9± 0.6 1.5± 0.9 3.3± 2.2

Fitted tt̄ 0.00+0.26
�0.00 5.0± 4.0 12± 9 0.10+0.14

�0.10 0.32+0.67
�0.32 1.5+1.9

�1.5

Fitted W+jets 0.07+0.38
�0.07 0.29+0.37

�0.29 � � � �
Fitted others 1.9+1.1

�0.9 0.71+0.31
�0.25 2.6+1.7

�1.1 0.02± 0.02 0.02± 0.02 0.32+0.36
�0.21

Total events before fit 11.7 16 23 0.8 1.8 3.3

tt̄ before fit 0.34 4 10 0.08 0.6 1.5

W+jets before fit 0.46 0.29 � � � �
Others before fit 1.8 0.89 3.0 0.02 0.02 0.35

Multi-jets 9.1± 1.6 11± 4 10± 4 0.75± 0.56 1.2± 0.5 1.4± 1.0

N95

BSM

(exp) 10 17 14 4 4 6

N95

BSM

(obs) 10 16 12 5 3.5 6

�95%

BSM,max

·A · ✏ (exp) [fb] 0.5 0.8 0.7 0.18 0.18 0.31

�95%

BSM,max

·A · ✏ (obs) [fb] 0.5 0.8 0.6 0.24 0.17 0.31

p
0

0.5 0.6 0.8 0.19 0.6 0.5

Significance (�) 0.05 �0.14 �1.0 0.9 �0.28 �0.06

Table 5: As for table 4 but for the six signal regions for which pmin
T = 80 GeV.

Signal region 8j50

M⌃

J [GeV] 340 420

Observed events 69 37

Total events after fit 75± 19 45± 14

Fitted tt̄ 17± 11 16± 13

Fitted W+jets 0.8+1.3
�0.8 0.4+0.7

�0.4

Fitted others 5.2+4.0
�2.5 2.8+2.9

�1.6

Total events before fit 85 44

tt̄ before fit 27 14

W+jets before fit 0.8 0.4

Others before fit 5 2.8

Multi-jets 52± 15 27± 7

N95%

BSM

(exp) 40 23

N95%

BSM

(obs) 35 20

�95%

BSM,max

·A · ✏ (exp) [fb] 1.9 1.1

�95%

BSM,max

·A · ✏ (obs) [fb] 1.7 1.0

p
0

0.60 0.7

Significance (�) �0.27 �0.6

Table 6: As for table 4 but for the signal regions in the multi-jet + M⌃
J stream for which

the number of events in the control regions allowed background determination using a fit.

– 27 –

N
o

t
r
e
v

i
e
w

e
d

,
f
o

r
i
n

t
e
r
n

a
l

c
i
r
c
u

l
a

t
i
o

n
o

n
l
y

Signal region 9j50 10j50

M⌃

J [GeV] 340 420 340 420

Observed events 13 9 1 1

Total events 17± 7 11± 5 3.2+3.7
�3.2 2.2± 2.0

tt̄ 5± 4 3.4+3.6
�3.4 0.8+0.8

�0.8 0.6+0.9
�0.6

W+jets � � � �
Others 0.58+0.54

�0.33 0.39+0.32
�0.30 0.12± 0.12 0.06± 0.06

Multi-jets 12± 4 7.0± 2.3 2.3+3.6
�2.3 1.6+1.8

�1.6

N95%

BSM

(exp) 13 11 5 5

N95%

BSM

(obs) 11 10 4 4

�95%

BSM,max

·A · ✏ (exp) [fb] 0.7 0.5 0.23 0.23

�95%

BSM,max

·A · ✏ (obs) [fb] 0.5 0.5 0.2 0.2

p
0

0.7 0.6 0.8 0.7

Significance (�) �0.6 �0.34 �0.8 �0.6

Table 7: As for table 4 but for the signal regions in the multi-jet + M⌃
J stream for

which the number of events in the control regions did not allow background determination

using a fit and therefore the leptonic background is extracted directly from Monte Carlo

simulations.
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Signal region 9j50 10j50

M⌃

J [GeV] 340 420 340 420

Observed events 13 9 1 1

Total events 17± 7 11± 5 3.2+3.7
�3.2 2.2± 2.0

tt̄ 5± 4 3.4+3.6
�3.4 0.8+0.8

�0.8 0.6+0.9
�0.6

W+jets � � � �
Others 0.58+0.54

�0.33 0.39+0.32
�0.30 0.12± 0.12 0.06± 0.06

Multi-jets 12± 4 7.0± 2.3 2.3+3.6
�2.3 1.6+1.8

�1.6

N95%

BSM

(exp) 13 11 5 5

N95%

BSM

(obs) 11 10 4 4

�95%

BSM,max

·A · ✏ (exp) [fb] 0.7 0.5 0.23 0.23

�95%

BSM,max

·A · ✏ (obs) [fb] 0.5 0.5 0.2 0.2

p
0

0.7 0.6 0.8 0.7

Significance (�) �0.6 �0.34 �0.8 �0.6

Table 7: As for table 4 but for the signal regions in the multi-jet + M⌃
J stream for

which the number of events in the control regions did not allow background determination

using a fit and therefore the leptonic background is extracted directly from Monte Carlo

simulations.
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Not reviewed, for internal circulation only

Signal region 8j50 9j50 10j50

b-jets 0 1 � 2 0 1 � 2 —

Observed events 40 44 44 5 8 7 3

Total events after fit 35± 4 40± 10 50± 10 3.3± 0.7 6.1± 1.7 8.0± 2.7 1.37± 0.35

Fitted tt̄ 2.7± 0.9 11.8± 3.0 23.0± 5.0 0.36± 0.18 1.5± 0.5 3.2± 1.1 0.06+0.09
�0.06

Fitted W+jets 2.0+2.6
�2.0 0.62+0.81

�0.62 0.20+0.28
�0.20 � 0.24+0.65

�0.24 � �
Fitted others 2.9+1.8

�1.8 1.7+1.5
�1.2 2.8+2.3

�2.0 0.03± 0.03 0.38± 0.25 0.40+0.60
�0.24 0.08± 0.08

Total events before fit 36 48 59 3.4 6.6 8.9 1.39

tt̄ before fit 3.5 15 30 0.41 1.8 4 0.08

W+jets before fit 2.9 1.0 0.29 � 0.40 � �
Others before fit 2.4 1.8 2.8 0.03 0.34 0.4 0.08

Multi-jets 27± 3 30± 10 26± 10 3.0± 0.6 4.0± 1.4 4.4± 2.2 1.23± 0.32

N95%

BSM

(exp) 16 23 26 5 7 8 4

N95%

BSM

(obs) 20 23 22 7 9 7 6

�95%

BSM,max

·A · ✏ (exp) [fb] 0.8 1.2 1.3 0.26 0.36 0.40 0.19

�95%

BSM,max

·A · ✏ (obs) [fb] 0.97 1.1 1.1 0.34 0.43 0.37 0.29

p
0

0.24 0.5 0.7 0.21 0.28 0.6 0.13

Significance (�) 0.7 �0.02 �0.6 0.8 0.6 �0.28 1.14

Table 4: Number of observed and expected (fitted) events for the seven pmin
T = 50 GeV signal regions of the multi-jet + flavour

stream. The category indicated by ‘others’ includes the contributions from Z + jets, tt̄+W , tt̄+Z, and single top. The table also

contains for each signal region the probability, p0, that a background-only pseudo-experiment is more signal-like than observed; the

significance, �, of the agreement between data and the Standard Model prediction; the 95% CL upper limit on the number of events,

N95%
BSM, originating from sources other than the Standard Model; and the corresponding cross section times acceptance times e�ciency,

�95%
BSM,max ·A · ✏.
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Table 4: Number of observed and expected (fitted) events for the seven pmin
T = 50 GeV signal regions of the multi-jet + flavour

stream. The category indicated by ‘others’ includes the contributions from Z + jets, tt̄+W , tt̄+Z, and single top. The table also

contains for each signal region the probability, p0, that a background-only pseudo-experiment is more signal-like than observed; the

significance, �, of the agreement between data and the Standard Model prediction; the 95% CL upper limit on the number of events,

N95%
BSM, originating from sources other than the Standard Model; and the corresponding cross section times acceptance times e�ciency,

�95%
BSM,max ·A · ✏.
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Signal region 7j80 8j80

b-jets 0 1 � 2 0 1 � 2

Observed events 12 17 13 2 1 3

Total fitted events 11.0± 2.2 17± 6 25± 10 0.9± 0.6 1.5± 0.9 3.3± 2.2

Fitted tt̄ 0.00+0.26
�0.00 5.0± 4.0 12± 9 0.10+0.14

�0.10 0.32+0.67
�0.32 1.5+1.9

�1.5

Fitted W+jets 0.07+0.38
�0.07 0.29+0.37

�0.29 � � � �
Fitted others 1.9+1.1

�0.9 0.71+0.31
�0.25 2.6+1.7

�1.1 0.02± 0.02 0.02± 0.02 0.32+0.36
�0.21

Total events before fit 11.7 16 23 0.8 1.8 3.3

tt̄ before fit 0.34 4 10 0.08 0.6 1.5

W+jets before fit 0.46 0.29 � � � �
Others before fit 1.8 0.89 3.0 0.02 0.02 0.35

Multi-jets 9.1± 1.6 11± 4 10± 4 0.75± 0.56 1.2± 0.5 1.4± 1.0

N95

BSM

(exp) 10 17 14 4 4 6
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BSM

(obs) 10 16 12 5 3.5 6

�95%

BSM,max

·A · ✏ (exp) [fb] 0.5 0.8 0.7 0.18 0.18 0.31
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BSM,max

·A · ✏ (obs) [fb] 0.5 0.8 0.6 0.24 0.17 0.31

p
0

0.5 0.6 0.8 0.19 0.6 0.5

Significance (�) 0.05 �0.14 �1.0 0.9 �0.28 �0.06

Table 5: As for table 4 but for the six signal regions for which pmin
T = 80 GeV.
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J [GeV] 340 420

Observed events 69 37

Total events after fit 75± 19 45± 14

Fitted tt̄ 17± 11 16± 13

Fitted W+jets 0.8+1.3
�0.8 0.4+0.7

�0.4

Fitted others 5.2+4.0
�2.5 2.8+2.9

�1.6

Total events before fit 85 44

tt̄ before fit 27 14

W+jets before fit 0.8 0.4

Others before fit 5 2.8

Multi-jets 52± 15 27± 7
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BSM,max
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Table 6: As for table 4 but for the signal regions in the multi-jet + M⌃
J stream for which

the number of events in the control regions allowed background determination using a fit.
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p
0

0.5 0.6 0.8 0.19 0.6 0.5

Significance (�) 0.05 �0.14 �1.0 0.9 �0.28 �0.06

Table 5: As for table 4 but for the six signal regions for which pmin
T = 80 GeV.
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J [GeV] 340 420

Observed events 69 37

Total events after fit 75± 19 45± 14

Fitted tt̄ 17± 11 16± 13

Fitted W+jets 0.8+1.3
�0.8 0.4+0.7

�0.4

Fitted others 5.2+4.0
�2.5 2.8+2.9

�1.6

Total events before fit 85 44

tt̄ before fit 27 14

W+jets before fit 0.8 0.4

Others before fit 5 2.8

Multi-jets 52± 15 27± 7
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BSM

(exp) 40 23
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BSM

(obs) 35 20

�95%

BSM,max

·A · ✏ (exp) [fb] 1.9 1.1
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Table 6: As for table 4 but for the signal regions in the multi-jet + M⌃
J stream for which

the number of events in the control regions allowed background determination using a fit.
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Signal channel 〈εσ〉95
obs

[fb] S 95
obs

S 95
exp CLB p(s = 0)

soft single-lepton one b-jet channels

low-mass 0.43 (0.42) 8.8 (8.6) 6.9+3.0
−2.0 (6.9+3.4

−2.1) 0.76 (0.71) 0.26 (0.27)

high-mass 0.39 (0.38) 7.9 (7.7) 6.3+1.9
−1.1 (5.9+3.0

−1.9) 0.79 (0.75) 0.21 (0.22)

soft single-lepton two b-jet channels

low-mass 0.66 (0.62) 13.4 (12.7) 13.2+5.9
−4.1 (13.1+5.6

−3.8) 0.52 (0.46) 0.50 (0.50)

high-mass 0.26 (0.24) 5.3 (4.9) 5.3+2.4
−1.4 (5.5+2.8

−1.8) 0.50 (0.40) 0.50 (0.50)

soft single-lepton channels

3-jet 0.40 (0.39) 8.1 (8.1) 7.3+2.7
−1.8 (6.8+3.3

−2.1) 0.67 (0.66) 0.36 (0.31)

5-jet 0.35 (0.33) 7.1 (6.8) 10.0+3.6
−3.0 (9.8+4.2

−2.9) 0.15 (0.15) 0.50 (0.50)

soft dimuon channel 0.57 (0.54) 11.5 (11.1) 5.9+2.1
−1.0 (6.5+3.1

−1.9) 0.98 (0.92) 0.01 (0.02)

binned hard single-lepton channels
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−2.2) 0.53 (0.49) 0.50 (0.50)

6-jet (electron) 0.33 (0.34) 6.6 (6.8) 7.8+3.1
−2.4 (7.7+3.6

−2.4) 0.32 (0.37) 0.50 (0.50)

6-jet (muon) 0.35 (0.35) 7.1 (7.1) 7.1+3.4
−1.4 (7.4+3.5

−2.3) 0.50 (0.46) 0.50 (0.50)

inclusive hard single-lepton channels

3-jet (electron) 0.30 (0.28) 6.0 (5.7) 5.7+2.2
−1.5 (5.6+2.9

−1.8) 0.56 (0.51) 0.48 (0.48)

3-jet (muon) 0.38 (0.37) 7.7 (7.5) 5.1+2.0
−1.5 (5.1+2.7

−1.7) 0.89 (0.82) 0.13 (0.13)

5-jet (electron) 0.30 (0.29) 6.0 (5.9) 5.4+2.3
−1.5 (5.5+2.9

−1.7) 0.60 (0.56) 0.43 (0.43)

5-jet (muon) 0.22 (0.21) 4.6 (4.2) 4.7+1.9
−1.2 (4.7+2.5

−1.6) 0.44 (0.41) 0.50 (0.50)

6-jet (electron) 0.23 (0.22) 4.6 (4.4) 4.4+1.9
−0.8 (4.4+2.5

−1.5) 0.56 (0.49) 0.50 (0.50)

6-jet (muon) 0.15 (0.12) 3.0 (2.5) 4.1+1.3
−1.1 (3.8+2.3

−1.3) 0.13 (0.16) 0.50 (0.50)

Table 17: Left to right: 95% CL upper limits on the visible cross section (〈εσ〉95
obs

) and on the number

of signal events (S 95
obs

). The third column (S 95
exp) shows the 95% CL upper limit on the number of

signal events, given the expected number (and ±1σ excursions on the expectation) of background events.

The last two columns indicate the CLB value, i.e. the confidence level observed for the background-

only hypothesis, and the discovery p-value (p(s = 0)). For an observed number of events lower than

expected, the discovery p-value has been truncated at 0.5. The numbers in parentheses represent the

results obtained using asymptotic analytic expressions instead of toy Monte Carlo pseudo-experiments.

28

Signal channel 〈εσ〉95
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obs
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−1.9) 0.98 (0.92) 0.01 (0.02)

binned hard single-lepton channels

3-jet (electron) 0.97 (0.98) 19.8 (19.9) 20.2+8.3
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−2.7 (12.2+4.5

−3.2) 0.50 (0.49) 0.50 (0.50)

5-jet (muon) 0.38 (0.36) 7.7 (7.2) 7.6+2.8
−2.4 (7.3+3.4

−2.2) 0.53 (0.49) 0.50 (0.50)

6-jet (electron) 0.33 (0.34) 6.6 (6.8) 7.8+3.1
−2.4 (7.7+3.6

−2.4) 0.32 (0.37) 0.50 (0.50)

6-jet (muon) 0.35 (0.35) 7.1 (7.1) 7.1+3.4
−1.4 (7.4+3.5

−2.3) 0.50 (0.46) 0.50 (0.50)

inclusive hard single-lepton channels

3-jet (electron) 0.30 (0.28) 6.0 (5.7) 5.7+2.2
−1.5 (5.6+2.9

−1.8) 0.56 (0.51) 0.48 (0.48)

3-jet (muon) 0.38 (0.37) 7.7 (7.5) 5.1+2.0
−1.5 (5.1+2.7

−1.7) 0.89 (0.82) 0.13 (0.13)

5-jet (electron) 0.30 (0.29) 6.0 (5.9) 5.4+2.3
−1.5 (5.5+2.9

−1.7) 0.60 (0.56) 0.43 (0.43)

5-jet (muon) 0.22 (0.21) 4.6 (4.2) 4.7+1.9
−1.2 (4.7+2.5

−1.6) 0.44 (0.41) 0.50 (0.50)

6-jet (electron) 0.23 (0.22) 4.6 (4.4) 4.4+1.9
−0.8 (4.4+2.5

−1.5) 0.56 (0.49) 0.50 (0.50)

6-jet (muon) 0.15 (0.12) 3.0 (2.5) 4.1+1.3
−1.1 (3.8+2.3

−1.3) 0.13 (0.16) 0.50 (0.50)

Table 17: Left to right: 95% CL upper limits on the visible cross section (〈εσ〉95
obs

) and on the number

of signal events (S 95
obs

). The third column (S 95
exp) shows the 95% CL upper limit on the number of

signal events, given the expected number (and ±1σ excursions on the expectation) of background events.

The last two columns indicate the CLB value, i.e. the confidence level observed for the background-

only hypothesis, and the discovery p-value (p(s = 0)). For an observed number of events lower than

expected, the discovery p-value has been truncated at 0.5. The numbers in parentheses represent the

results obtained using asymptotic analytic expressions instead of toy Monte Carlo pseudo-experiments.
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