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Infroduction

Introduction

Supersymmetry is one of the theories beyond the Standard Model offering a solution to
many open issues such as the hierarchy problem and dark matter.

At the LHC, there are three main SUSY production mechanisms:
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light stop and sbottom quarks are theoretically favoured
> electroweak production
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direct production of gauginos (charginos, neutralinos) ‘
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arXiv:1411.1427
Early Run 2 data at \/5 = 13 TeV can have better sensitivity than the full Run 1
dataset even with the integrated luminosity of 3.2 bl
-z5-
=1
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SUSY search strategy

SUSY search strategy
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Analyses with leptons

Analyses with leptons

» following simplified models (100% BF) and GMSB model containing at least one lepton
in the final state have been studied by the dedicated analyses
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gluino production
arXiv:1605.04285

> gluino production
to be published soon
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> see Antonia Strubig’s talk for squark/gluino searches in hadronic final states
» see Jan Schaeffer’s talk for third generation searches
> see Jordan Tucker’s talk for long-lived particles + RPV searches
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1L + jets + EPMSS
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Analyses with leptons

arXiv:1605.04285

gluino pair production with one-step decay
§— qq i with if = W* iy

two scenarios

M~ My 1
X=E ——— = —

mg — Myo 2
mﬁZBOGeV

SIGNAL REGIONS

targeting different mass hierarchies
soft-lepton pr € [6-7, 35] GeV

small Am = low-pr/soft decay products
high-pr ISR jet

large Am(g. xi) = several high-py jets
small Am(¥§, %?) = low-pr jets and lepton
hard-lepton p; > 35 Gev

large Am(g, ¥?) in @) model

smaller Am(g, ¥9) in @) model
high-x: small Am(g, ;) = boosted W in b) model

low-x: large Am(g, ki) = virtual W in b) model

$Squark/gluino in leptonic channels with ATLAS

— leptonic decay

— hadronic decay

MAJOR BACKGROUNDS

>t and W+jets

> normalized in CRs defined at lower values of
my, E'%°, Ef'° /mer and aplanarity
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Analyses with leptons

1L+ jets + ET"®°  arxiv:1605.04285

> gluino pair production with one-step decay
§— qq i with 57 = W* i
> two scenarios
My — My,
Q) X= Xl—x(‘) = l
Ty =My 2
b) mgo = 60 GeV

SIGNAL REGIONS

> soft-lepton pr € [6-7, 35] GeV
2-jet small Am = low-pr/soft decay products
high-pr ISR jet
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— leptonic decay

— hadronic decay

MAJOR BACKGROUNDS

> tt and W+jets
> normalized in CRs defined at lower values of
me, EP'SS, Ef*° /mer and aplanarity
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Analyses with leptons

1L+ jets + ET"®°  arxiv:1605.04285

> gluino pair production with one-step decay
f] R ql_] )NClt with )..Cli R Wi )..((1) —> leptonic decay

> two scenarios

— hadronic decay

D) myp = 60 GeV

SIGNAL REGIONS MAJOR BACKGROUNDS

> tt and W+jets
> soft-lepton pr € [6-7, 35] GeV > normalized in CRs defined at lower values of
my, EF°, EF** /meg and aplanarity

5jet large Am(g, §¥) = several high-pr jets mg
small Am(¥E, %?) = low-pr jets and lepton ‘
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Analyses with leptons

1L+ jets + ET"®°  arxiv:1605.04285

> gluino pair production with one-step decay
§— qq i with 57 = W* i

> two scenarios

@ xo MM 1
mg — Myo 2

b) my = 60 GeV

SIGNAL REGIONS

> hard-lepton p; > 35 GeV
5-jet large Am(g, V) in @) model
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—> leptonic decay

— hadronic decay

MAJOR BACKGROUNDS

> tt and W+jets
> normalized in CRs defined at lower values of
mr, EP'SS, Ef*° /mer and aplanarity
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Analyses with leptons

1L+ jets + ET"®°  arxiv:1605.04285

> gluino pair production with one-step decay
§— qq i with 57 — W* i

> two scenarios

@ oMM 1
mg — Myo 2

b) my = 60 GeV

SIGNAL REGIONS

> hard-lepton p; > 35 GeV

6-jet smaller Am(g, ¥9) in ) model
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—> leptonic decay

— hadronic decay

MAJOR BACKGROUNDS

> tt and W+jets
> normalized in CRs defined at lower values of
mr, EP'SS, Ef*° /mer and aplanarity
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Analyses with leptons

1L+ jets + ET"®°  arxiv:1605.04285

> gluino pair production with one-step decay
§— qq i with 57 = W* i
> two scenarios
My — Mo
) x= BT _ 1
mg — Myo 2
b) my = 60 GeV

SIGNAL REGIONS

—> leptonic decay

— hadronic decay

MAJOR BACKGROUNDS

> tt and W+jets
> normalized in CRs defined at lower values of
mr, EP'SS, Ef*° /mer and aplanarity

> hard-lepton p; > 35 GeV

4-jet high-x: small Am(g. ki) = boosted W in b) model
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Analyses with leptons

1L+ jets + ET"®°  arxiv:1605.04285

> gluino pair production with one-step decay
§— qq i with 57 = W* i

—> leptonic decay

> two scenarios

@ o MEIMR 1
mg — Myo 2

b) my = 60 GeV

— hadronic decay

MAJOR BACKGROUNDS

SIGNAL REGIONS

> tt and W+jets
> normalized in CRs defined at lower values of
mr, EP'SS, Ef*° /mer and aplanarity

my
> hard-lepton p; > 35 GeV
N Mg g
Mg .-
&

UNI

low-x: large Am(g, ki) = virtual W in b) model
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1L+ jets + ET"®°  arxiv:1605.04285

data/MC agreement within 20 in all SRs
no significant excess observed

high Am(g. ¥?): mg excluded up fo 1.6 TeV
low Am(g. i)): mg excluded up fo 870 GeV
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SCENARIO A)
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SCENARIO B)
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nalyses with leptons

2L(on-Z) + jets + EIIPISS ATLAS-CONF-2015-082

> gluino pair production with one-step decay — leptonic decay

G- qq o with X5 — Z %0
> fixed LSP mass: mzo = 1 GeV

X1 — hadronic decay
SIGNAL REGION MAJOR BACKGROUNDS
» ete orptyu pairs > flavour-symmetric — ~ 60% from tt, WW, Wt
Y My € [8;2 150(1}] \(;,eV estimated using data-driven method from ey CR
>
. HEFH - E>SO o GeVe > Z/y*+jets — fake EF™®® from jet mismeasurements
It . . ) )
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Analyses with leptons

2L(on-Z) + jets + EPMS

ATLAS-CONF-2015-082

%100}
> very good data/exp. bkg agreement in all VRs " wof
> modest 2.20 deviation in SR 0

40
> 10.3 expected and 21 observed events N

> for My ~700 GeV: My excluded up to 1.1 TeV

ATLAS Preliminary
=13 TeV, 32

1

> for my ~200 GeV: my excluded up 1o 0.95 TeV

My, DISTRIBUTION IN SR

> (RS SARL AL ARE RARE RN RN R B
@ [ ATLASPreliminary—e— paaz01s 1
g D5 15=13Tev, 321" % Standara Mogel (sm) ]
gy [ SRZee+uu I 27 fromy+jets) 1
a | [ Flavour symmetic 1
c 20? [ Raretop -
2t S ]
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10F E
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Analyses with leptons

2SS/3L + jets + EX™*°  mpac (2016)76:259

> gluino pair production with two-step decay

) §— qq %3 with ¥ — ffand ? — 250

b) §— qq Xt with ¥f —» W* %9 and 35 — Z%°
> sbottom pair production with one-step decay
© by — t ¥ with & —» w* 2

> gluino pair production with direct decay

d) gty

SIGNAL REGIONS

> few SM processes with same-sign leptons

UNI
1
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Signal region ‘ Nf:ﬁ:ml ‘ Niets ‘ ERiss [GeV] ‘ megr [GeV]
looser kinematic requirements SROb3; >3 -0 =200 550
sensitive to many SUSY processes SROb5] >2 =0 >125 >650
SR1b >2 >1 >150 >550
> classification by Np. N N
Y Nb-jets SR3b >2 >3 >125 >650
> large mey and ETYS°


http://link.springer.com/article/10.1140/epjc/s10052-016-4095-8

h leptons

2SS/3L + jets + Erlfliss EPJC (2016) 76:259

> gluino pair production with two-step decay

@) §— qq 33 with 3 — tfand 7 — 230

SIGNAL REGIONS

> few SM processes with same-sign leptons

looser kinematic requirements
sensitive to many SUSY processes
> classification by Np.jets
> large mey and ETYS°

Signal region NQE‘“I N,,Zﬂjﬂs ]\';::s EXiss [GeV] | meg [GeV]
(srob3j >3 T >200 >550 )
SRODS] >2 =0 | >5 >125 >650
SR1b >2 1 | =4 >150 >550
SR3b >2 >3 - >125 >650
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h leptons

2SS/3L + jets + Ex"*°

EPJC (2016) 76:259

> gluino pair production with two-step decay

b) §— qq Xt with ¥f —» W* %9 and 35 — Z%°

SIGNAL REGIONS

> few SM processes with same-sign

leptons

looser kinematic requirements
sensitive to many SUSY processes
> classification by Np.jets
> large mey and ETYS°
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Signal region ‘ Nf:ﬁ:ml ‘ N,,Zﬂjﬂs Nt ‘ EXiss [GeV] ‘ megr [GeV]
SROb3j >3 =0 >3 >200 >550
((srobsj >2 =0 >5 >125 >650 )
SR1b >2 >1 >4 >150 >550
SR3b >2 >3 - >125 >650
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h leptons

2SS/3L + jets + Ex"*°

> sbottom pair production with one-step decay

o) by >t with iF —» W* i)

SIGNAL REGIONS

> few SM processes with same-sign leptons

looser kinematic requirements
sensitive to many SUSY processes
> classification by Np.jets
> large mey and ETYS°
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EPJC (2016) 76:259
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Signal region ‘ Niept ‘ NpZiers
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jets
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SROb3j >3 =0 | >3 >200 >550
SRObS5; >2 =0 | >5 >125 >650
(srip >2 >1 >4 >150 >550 )
SR3b >2 >3 B >125 >650
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h leptons

2SS/3L + jets + Ex"*°

> gluino pair production with direct decay

d) gty

SIGNAL REGIONS

> few SM processes with same-sign leptons

looser kinematic requirements
sensitive to many SUSY processes
> classification by Np.jets
> large mey and ETYS°
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EPJC (2016) 76:259
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Signal region ‘ Nf:ﬁ:ml ‘ N,,Zﬂjﬂs Nt ‘ EXiss [GeV] ‘ megr [GeV]
SROb3j >3 =0 >3 >200 >550
SROb5] >2 =0 >5 >125 >650
SR1b >2 >1 >4 >150 >550

(" srsb >2 >3 - >125 >650 )
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2SS/3L + jets + ErrIliSS

> gluino pair production with two-step decay
a) §— qq Xy with 73 — Pand? — I5%4
b) §— qqXi with i — W* i3 and i3 — Z§} v

> sbottom pair production with one-step decay a1

Analyses with leptons

©) by — t ¥ with ¥ —» w* 2

> gluino pair production with direct decay

EPJC (2016) 76:259
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tfv

> prompt — from WZ, ttW and ttZ
estimated from MC and checked in VRs
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2SS/3L + jets + Ex"*°

a
b

AR

my [GeV]
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fair data/MC agreement within 1.50 in VRs
no significant excess observed in SRs

mg excluded up to 1.3 TeV for low myo

mg excluded up to 1.1 TeV for low myo

SCENARIO A)
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2SS/3L + jets + ErrIliSS

> fair data/MC agreement within 1.50 in VRs
> no significant excess observed in SRs
c) my, excluded up to 540 GeV for low myo
d) mg excluded up to 1.2 TeV for mgo

EPJC (2016) 76:259
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SCENARIO D)
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Analyses with leptons

FUEEL jets + E{-mss NEW!

o) GMSB model LT
> free parameters: A, tan 8
> other parameters set such that 7, is NLSP for large tan 8
> squark pair production dominates for high A

b) simplified model

> gluino pair production with two-step decay
> omg = my = (mg + my)/2

> o =my, = (my; + mye)/2

SIGNAL REGIONS MAJOR BACKGROUNDS
1T true T tT(11), W(w)+ets
> 2 exclusive final states considered 17 fake T: T(21). Z(vv)+ets
N,=1and N, > 2 > normalized in dedicated CRs

> SRs for b) farget different Am(g, %)
17 low Am = low-pr T and high -pr ISR jet
high Am = high-pr jets from g
21 one SR defined for GMSB
> discriminant variables against tf and V+jets
mi. mi! -+ mi, mi

ATLAS

Preliminary

(s=13Tev, 320"  sdia
1r channel Dtop quarks
=)

0z -«
Dlother

Events / 20 GeV

Data/SM

UNI
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h leptons

Ihad + jets + ﬂnss NEW!

Number ofsvents
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SIMPLIFIED MODEL
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5557)-|

--- 1z expected limit te42¢ observed limit (=1 0j.") |
-=- 2t expected limit +21 expected limit (+13,,,)" |
ATLAS Run-1 exclusion |

32"

» good data/MC agreement in all VRs
> no excess observed in SRs
a) smaller tan B: A/my excluded up to 92 TeV /2.0 TeV
large tan B: A/my excluded up to 107 TeV /2.3 TeV
b) for myo ~750 GeV: My excluded up to 1.4 TeV 3
for myo ~ 100 GeV: my excluded up to 1.57 TeV a
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Conclusions

» no statistically significant excess over Standard Model prediction observed
> improved mass limits wrt Run 1 results even with the very first 2015 Run 2 data

> exciting times in front of us with much better stafistics!

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary
Status: March 2016 V5=7.8,13TeV
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Conclusions

THANK YOU FOR YOUR ATTENTION!
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ATLAS experiment

general purpose detector at
The LHC Muon Detectors
3.9fo™! recorded at AN
/s = 13 TeV during 2015 AN S
pp data-taking y | _ )
large luminosity results in /

large pileup— pileup
suppression strategies /
developed

Electromagnetic Calorimeters

Forward Calorimeters

End Cap Toroid

T T T T T
ATLAS Preliminary Vs =13Tev
[ LHC Delivered
[J ATLAS Recorded

[ All Good for Physics

Total Delivered: 4.2 b
Total Recorded: 3.9 fi*
All Good for Physics: 3.2 b

i d ] N\
Inner Detector
Barrel Toroid A S S— Shielding

Total Integrated Luminosity [fb]
@

1/6 7 18 19 110 1
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Mass reach of ATLAS SUSY searches

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

Status: March 2016 \5=7,8,13TeV
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o o 26 v a2 Ui CoNF 2015062
8 9a¥; —gg W Tep  26jets Yes 33 SmiE)sm(@) | ATLAS CONF 2015076
B ieanrtgimi] 2n o o x g 130TV e
2 - i) Ojets  Yes 32 160206194
3 12ro01{ v?AsIS Yes 203 |& 1.63 TeV. 1407.0603
= Yo 203 |i 13476V osiss
3 Y 1b Yes 203 |& 137 Tev m{F{)<950 GeV, er(NLSP}<0.1 mm, <0 1507.05493
v zes v 203 [B 13TeV ) <850 o crNLSP)<0 1 .0 150705455
2eud) zes Yoo 203 | 00 Gev e 15030250
0 movokt Yes 03 | Misc 865.Gov G110 oV, mlg-mip=1.5Tov Tso20rsts
53 o 3 ves a3 iy cces LS CoNF 2015067
8% otes 35 Y 33 Taameer
T Olep 3h Yes 201 |& 1.37Tev. mw;aons-v 1407.0800
Yo | —————GH <1006V LA ConF 2015060
H 2eu (ssy a: h Yes )=S0 Gel, i) mw 14100GeV
H Yoo 47203 200500 Gev i o 12002102, 40705
0 ?f u 02 Aels/v -2b Yes 20 3 GeV. 205715 GeV 785785 GeV 1506108616, ATLAS-CONF-2016-007
§ e oo o 90245 GoV. 1070506
%05 150600 GeV iy
T é it 290610 GeV. mm‘mn Gov 14035222
senr2b Yoo 703 320620 Gov ifh-0Gev 150808816
0w 22 90:335 Gov - Taoasas
0 Y 23 140475 Gev oSl . 0T 10252t
S v 203 ass o i -2 o) 1070350
= g 0 s 203 715 Gev s ot 1027029
g 0zjs Yoo 208 s2sGev Soplons decoupis | 14035204, 14027020
02h Yo 203 270 ev o docoies| 15017110
0 s 203 635 Gev o i S 11055085
ety Yo 03 115370 Gov 150705003
Disapp. trk 1 jet Yes 203 m{F -m(E})~ 160 MeV, 7(F}1=0.2 ns. 13103675
T pre i rk Yes 184 mw m(E}}-160 Mo, 7 <15 15 150605932
B g stavo,soppou ¢ 0 tSiels Yes 279 13106584
S8 Wotasavio § R ac o o as e Toameer
BT Guce, o it pegen 2 Y Tocumy 50 1erv7es
S Gusp. PG, ongived Yoo 203 1<) <31, 58 moce Tioassiz
x"(e«gawwv displ »/w//w - 203 7 <ertky 740 aTev 1504 05162
: dspl v+ fis - xa 5 <enf 480 . i 11 Tov 0405152
Wi X e 02 P E— 5030030
Cuiss 20455 03h  Yes 203 1os2500
i don Yo 03 1055088
> Ve Senr Vo 203 450Gev 1055088
o 0 67jts - 203 917 GeV. 150205686
a9 67 jets. N 203 980 GeV' 1502.05686
2e4(SS)  03h  Yes 203 880 GeV' 1404.2500
Jots +2. N 203 320 GeV' 160107453 g
2ep 203 0.4-1.0 TeV. BR(F —he/)>20% ATLAS-CONF-2015-015
Other scaarcharm,e~cil o 20 v w3 |e S10Gev ] pra—— sororszs =
“Only  selaction of the avalable mass limis on new = 2u
STatos or phonomena i show 10 1 Mass scale [TeV] £

Martina Javurkova-Pagacova (UNI Frelburg) Squark/gluino in leptonic channels with ATLAS



Definitions of transverse masses

TRANSVERSE MASS iy

mi(pr. PD= [Ef + Ef]” - [pr + PII®

> mr = mp(2, ERS°) :\/2p{.EF'“SS[1 — cosAg(ph. pIiss)] bounded by my: reduce WW, Wt, t1

STRANSVERSE MASS Mg

» generalization of my to pair decay with final state consisting of 2 visible objects and Er““‘SS

mro(pr pr qo=  min {max(m(pr. ar). mr (P 47}

> Mg = mm(pll , p%.p?iss) bounded by myy: reduce WW, Wt, tt — 20
> amry bounded by my: reduce tt — 2¢ with a lost lepton

> mf, bounded by my: reduce tf — 07"

o LF oLl
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Backup

1L + jets + EPMSS

arXiv:1605.04285

2-jet soft-lepton SR

5-jet soft-lepton SR

Niep (pr =" > 7(6)GeV' ) =

=1

P~ (GeV) 7(6)-35 7(6)-35

Nies >2 =5

P (GeV) > 180, 30 > 200, 200, 200, 30, 30

EF (GeV) > 530 > 375

mr (GeV) > 100 -

ERss imine > 0.38 -

Hr (GeV) - > 1100

Jet aplanarity - > 0.02

4-jet high-z SR 4-jet low-z SR 5-jet SR 6-jet SR
Niep (7% > 10GeV ) =1 =1 -1 —1
P (GeV) > 35 > 35 > 35 > 35
Niet >4 >4 >5 >6
Pt (GeV) > 325,30, ..., 30 > 325,150,...,150 > 225,50,...,50 > 125,30,...,30
EF™ (GeV) > 200 > 200 > 250 > 250
mr (GeV) > 425 > 125 > 275 > 225
B /ming >0.3 - >0.1 > 0.2
mie (GeV) > 1800 > 2000 > 1800 > 1000
Jet aplanarity - > 0.04 > 0.04 > 0.04
w2
2
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https://arxiv.org/abs/1605.04285

Backup

1L+ jets + ET"®°  arxiv:1605.04285

00

&6 ~aqqaWWE, 7, x = (M(Z,) - m(E) ) /(m(@ - m(@,)) = 1/2 5 >aa0QWW,7,, m(z,) = 60 GeV

@

e B L — T T — ]
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= C o N == 5ejet (obs/exp.) 7

=== soft-lepton 2-jet (obs./exp.) ! e [ Allfimits at 95% CL 6-jet (obs./exp.) 4
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Backup

1L+ jets + ET"®°  arxiv:1605.04285

4jetlowx et highx

m(EE,3)=(1385,705,25) Gev

AR ARARASAssananass - Aasaansass ARARERRSSs wuARN: B AR A
- Data = ‘év_;Jets S ATLAS -»-Data = \g;lets - ATLAS -e-Data = ‘[ﬂ){;le's
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>
w

----- (G, 7;)=(1400,160,60) GeV ===+ MG E)=(1400,1300,60) Ge
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BAaaE e R A saass
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https://arxiv.org/abs/1605.04285

Backup

1L + jets + EPMSS

arXiv:1605.04285

Hard-lepton Soft-lepton

4-jet low x 4-jet high x S-jet G-jet 2-jet S-jet
Observed events 1 0 0 10 2 9
Fitted background events 1305 0905 13+0.6 4410 3.6+0.7 7719
" 0.40 £0.31 0.08 £ 0.07 0.40 £0.24 25+09 0.64 £0.33 36x12
W+jets 0.19£0.12 08+0.5 0.16+0.12 0.23+0.16 19+0.5 25+13
Z+jets 0.045£0.023  0.028 £0.027 0.073 £0.035  0.08 + 0.08 0.47 £0.12 0.09 £ 0.04
Single-top 0.5+0.5 0.04°310 02142 0404 | 016014  042:033
Diboson 0.06+322 0.002:99% 0.37+0.23 0.9+0.5 0.38+0.16 0.9+0.6
t+V 0.048 £0.021  0.024 £0.012  0.059 £0.029 0.23 +£0.08 | 0.085+£0.028 0.065 +0.024

S
Seuar/giline i leptonic charmek win AR I R R


https://arxiv.org/abs/1605.04285

Backup

2L(on-Z) + jets + EPMS

ATLAS-CONF-2015-082

Region Expiss Hy Njots Mep SF/DF  A¢(jetyo, pi™)  mr(ls, BR®)  npjess
[GeV] [GeV] [GeV] [GeV]

Signal regions

SRZ > 225 >600 >2 81 <my <101 SF > 0.4 - -

Control regions

7 normalisation < 60 >600 >2 8l <my <101 SF > 04 - -

CR-FS >225  >600 >2 61 <my <121 DF > 0.4 - -

CRT 225 > 600 2 mee ¢ [81,101] SF >04 - -

Validation regions

VRZ <225 >600 >2 81 <my <101 SF > 0.4 - -

VRT 100-200  >600 >2  my ¢ [81,101] SF > 0.4 - -

VRS 100-200  >600 >2 81 <myg <101 SF >04 - -

VR-FS 100-200  >600 >2 61 <my <121 DF > 0.4 - -

VR-WZ 100-200 - - - 3¢ - < 100 0

VR-Z7Z < 100 - - - 40 - - 0

VR-3L 60-100  >200 >2 81 <my <101 3¢ > 0.4 - -
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-082/

Backup

2L(on-Z) + jets + EPMS

ATLAS-CONF-2015-082

2] LA AR LA RR) RAAAS RARAS LS LARAS LRSS LAY > T T T T T i > T T T T T ™3
£ 30 ATLASPreliminary—s— oaaz01s E 9 | o ATLASPrelminary—+— ouszors E | oF ATLASProliminary—s-— cuazvs E
g’ {5=13TeV,32f0" %% Standard Model (SM) | G 16 s=13TeV,32f" %% Standard Model (M) | G 16 V5=13TeV,82f" %% Standard Model (SM)
W 25F spz e W 2 gromo 3B 14F srzeen B 7 (romysiers) 3 S 14F srzeew B 2 Gromysiers) ]
[0 Favour symmetric < [ Fiavour symmetic. 3 - [ Flavour symmetic 3

[ raretop ] ©® 12 [ Raretop B ; 12 [ Raretop B

20 Cwez ] S ] b [Dwez ]
—— mG)-(620.230) GeV ] Lﬁ 10 E g 10, —— m(a7)-(620.290) Gev ]

15| m(§)=(940.660) Gev—]| 8 4 i} 8 m(37)=(940,660) GeV 1

10 : 6 E § E

i 4 B 4 E

5 ) H Bl Z 1
v 1 2 4 2 E

rhig Iiteadad 0 e L E| 0 - "
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-082/

ack

2L(on-2) + jets + Erlfuss ATLAS-CONF-2015-082

VRS  VR-WZ VR-ZZ VR-3L
Observed events 56 89 20 7
Total expected background events 52.6+9.1 87+ 10 155£34 65+1.6
Flavour symmetric (17, Wr, WW and Z — t7)events  18.9+4.8 13+04 0 0302
WZ/ZZ events 7517 82+ 10 155+34 49=x1.6
Z/y* + jets events 248+7.6 27+28 0 02+02
Rare top events 1.4+£02 09+04 004+0.02 1.0£0.1

Martina Javurkova-Pagacova (UNI Frelburg) Squark/gluino in lepfonic channels with ATLAS

UNI
1

FREIBURG


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-082/

ackup

2L(on-2) + jets + EIIPISS ATLAS-CONF-2015-082

Source Relative systematic uncertainty [%)]
SRZ
Total systematic uncertainty 22
Flavour symmetry (statistical) 14
Flavour symmetry (systematic) 12
Z/v* + jets (systematic) 7.8
W Z generator uncertainty 7.6
Z/v* + jets (statistical) 2.2
2
=)
s
o
£
saverkigine h eptoric channelswih ATAS T THGR016, 155 June < T8V Jere 2016 12728


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-082/

Backup

2SS/3L + jets + Erlfliss EPJC (2016) 76:259

G production,§ - aavk’ m) = (0@ + N2, mi) = (nK) + mK2

= 1400 [T
B O R 3 FATLAS S G cerved it 1
G 14 ATLAS SROb3; before E7* cut e r .
0 (5=13Tev, 3.2 i o Data £<1200 fVs=13Tev, 327 Expected limit (+10,,,)
Q12 N MSMTotal  Quw, tz r ]
P SUSY G- qaik’  EWZ, WW, ZZ @Rare L Allimits at9s% cL ]
g 10 3TeV, m =500 Gev [JFake Leptons @Charge-Flip 1000 —
2 d [ ]
8 800 [ -
6k [ ]
B 600 — —
4 [ ]
2| 400 A
. i o RO 1
40 60 80 100 120 140 160 180 > 200 200 b
NIRRT AR BNRNRNIN NS Y 1 1 SR
miss
Er™ [GeV] 600 800 1000 1200 1400 _ 1600
m.1GeVl
oroucion - w2 m) = + my. ) = o+ iz
= R SR EE e
3 T L T T ] FATLAS === Observed limit 4
& 8F  sRobsjbefore ET™ cut ATLAS = 1000~ ===+ Expected limit (10, -
0 o Data ! (s=13Tev, 320" g7 [ EBTvat et 2031 ]
& 7F gSMTotal  gCharge-Flip s r e 20- L
@ EWZ, WW, ZZ Quw, tZ E | T ATLASSSBLBTeV. 203" o
S 6F OFake Leptons IRare 800~ o} Alllimits at 95% CL N
@ +ee SUSY §- qqWZ; r x 1
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4 600 —
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o 200 —
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http://link.springer.com/article/10.1140/epjc/s10052-016-4095-8

Backup

2SS/3L + jets + Erlfuss EPJC (2016) 76:259

b, b, production, b, &, m(x") = m) + 100 Gev
350 11 1 1 ek 1
. = [ q
3 BT 3 [ATLAS Observed It 1
(0] ATLAS SR1b before EY'* cut S [ o 1
w0 145 sz tev, s2mt o Data £ gp [ Ism13Tev 327 Expected limit (+16,,,) —|
R _ [ISM Total WCharge-Flip: r 1
P -SUSYb,~ WX} [Fake Leptons @Rare [ & A aessel
g ] [ & jmits a 1
t § v DwW, tZ EWZ, WW, Z 5ol S B
P : w w r B ]
b -0 E ~ ]
b o X7 200 [~ B
- - [ ]
- 1 [ ]
< %l [ ]
~ / 0
¢ 150 —
b X1 L
e w F 1
f 100
s 1 RPN TP W R P B
ET™ [GeV] 450 500 550 600 650
_ m- [GeVl
3§ production, - l&‘)’. m() >> m@
S 1100 prrerprrreprerrr Phansn ARaan
2 7 : : : : N R 3 EATLAS === Observed limit
0] ATLAS SR3b before ET™* cut = 1000 , B Expected limit (£10,,,)
Q B[ (s=13Tev, 321" o Data £ F (=13 Tev, 3210 —— ATLAS 8 TeV, 2031
© o [YSM Total @ Charge-Flip 900 |~ —— ATLAS SS/3L 8 Tev, 203 fi*
g gf - SUSY G- By Otw, tZ  [JFake Lepton: E . Al limits at 95% CL
§ 127TeV, m,=07 Tev WRare @WZ, WW, Z: 800 = L
o 700
600 \
0 y
X1 Y
500 ke
-0 ;
X1 B
400 | i
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Backup

2SS/3L + jets + EX's°

EPJC (2016) 76:259

3 121 T T T T T ] 3 12 T T RN T T ]
3T Tatias « Data ] & [ Amas s
S 1o 13 Tev, 22 [§sMTotal  [JFake Leptons | S 1o E1sTev. 32! [sMTotal  [Rare b
S VRtV Ouw, tz [ Charge-Flip ] S VR-Z Otw, 1z [JFake Leptons ]
I i WRare mwz, ww, 7z P i [@wz, ww, zz [l Charge-Flip |
c g - € gL |
g 8¢ ] g 8 ]
2 2
wor ] wor ]
o 7 o 7
aF = aF =
o+ . o+ 1
Pl = [ —___ - =
200 300 400 500 600 700 800 900 200 300 400 500 600 700 800 900
Mg, [GeV] Mg, [GeV]
T (N ®) NE. EF™ [GeV] [ men [GeV] [ Other
VR-WW =2 (=2) >2 35-200 300-900 | m(jij2) > 500 GeV
=1 S8 pair pr(j2) > 40 GeV
pr(fz) > 30 GeV
veto 80 < mee < 100 GeV.
VR-WZ =3 (=3) =0 1-3 30-200 <900 pr(f3) > 30 GeV
VR-ttV >2 () >2 >5 (eFeF eFpF) 20-200 200-900 | pr(f2) > 25 GeV
>1 SS pair >3 (uFp®) veto {EF™ > 125 and meg > 650 GeV}
VR-ttZ >3 (-) >1 >4 (=1 b-jet) 20-150 100-900 | pr(fz) > 25 GeV,
>1 SFOS pair >3 (>2 b-jets) pr(ls) > 20 GeV (if €)
80 < msros < 100 GeV/
All VRs Veto events belonging to any SR, or if £1 or /5 is an electron with |n| > 1.37 (except in VR-WZ) 7
3
=
g
S
i
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Backup

2SS/3L + jets + EX's°

EPJC (2016) 76:259

VR-WW VR-WZ VR-ttV VR-ttZ
Observed events 4 82 19 14
Total background events 34+0.8 98 £ 15 121+£2.7 9.7+25
Fake/non-prompt leptons 0.6+0.5 8£6 21+1.4 0.6+1.0
Charge-flip 0.26 £ 0.05 - 1.14+£0.15 -
tw 0.05 £ 0.03 0.25 £ 0.09 2.4£0.8 0.10 £0.03
tz 0.02 £ 0.01 0.72 £ 0.26 39+13 6.3+£2.1
wz 1.0+0.4 78+£13 0.19 £ 0.10 12404
WEW*jj 1.3+0.5 - 0.02 4 0.03 -
zz 0.02 £ 0.01 82428 0.12+0.15 0.30 £ 0.19
Rare 0.10 £ 0.05 28414 23412 1.1+0.6
SROb3j SRObS5] SR1b SR3b
Observed events 3 3 7 1
Total background events 15404 0.88 £ 0.29 45+1.0 0.80 £ 0.25
p(s=0) 0.13 0.04 0.15 0.36
Fake/non-prompt leptons <02 0.05+0.18 0.8+08 0.13£0.17
Charge-flip - 0.02 £0.01 0.60 £ 0.12 0.19 £ 0.06
W 0.02 £0.01 0.08 £ 0.04 11404 0.10 £ 0.05
1z 0.10 £ 0.04 0.05 £ 0.03 0.92 £0.31 0.14 £ 0.06
wz 12404 0.48 £ 0.20 0.18 £0.11 < 0.02
WEW*jj - 0.1240.07 0.03 £ 0.02 <0.01
zz <0.03 <0.04 <0.03 <0.03
Rare 0.14 £ 0.08 0.07 £ 0.05 0.8+ 0.4 0.24+0.14 9
el
=
i
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Backup

2SS/3L + jets + Erlfliss EPJC (2016) 76:259

SROb3j SROb5j SR1b SR3b
Diboson theoretical uncertainties 23% 16% 1%  <1%
ttV theoretical uncertainties 3% 4% 13% 9%
Other theoretical uncertainties 5% 3% 9% 15%
MC statistical uncertainties 11% 14% 3% 6%
Jet energy scale 12% 11% 6% 5%
Jet energy resolution 3% 9% 2% 3%
b-tagging 4% 6% 3%  10%
PDF 6% 6% 6% 8%
Fake /non-prompt leptons 18% 20% 18% 21%
Charge flip - 1% 3% 8%
Total background uncertainties 30% 3%  22%  31%
Total background events 1.5 0.88 4.5 0.80
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fhad 4 jets + @nss NEW!

1t channel
i 103 p ) y 1 e ﬂul‘! t‘SM +lo, > J ! iy ! da!a‘ g § % 103 y y ! : y 1 “ dﬂlﬂ‘ ‘GSM 1‘10
% ATLAS (5=13Tev, 3207 B2 | #SM o] 8 LGPLATLAS G-wstevazn’ B | & o, 8 ATLAS  f5=13Tev, 321 S0 uarks
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] Y
< in e S 10
g Dother g 107 €
2 g g
. + o 10 w10
1l 1
FRES ey \UJM z %1.5 , :
g os L% 2 s £ . £ oos 4 . i
a 0 50 100 150 200 250 300 a 0 100 200 300 400 500 600 700 0 50 100 150 200 250 300 350 400 450 500
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S g = e . —— [ . . , ,
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1L stop + jets + EIIPISS ATLAS-CONF-2016-007

> gluino-mediated stop pair production with one-step decay
a) §— tT with T — %2+ soft where Am(%, ¥0) = 5 GeV
> stop pair production with direct decay
b) T ti?

X1

soft P
0
< X1 - ©
soft, P

SIGNAL REGIONS MAJOR BACKGROUNDS

> signal signature: £ + Ex*° > (T, WHjets, single fop Wt and (F+W /Z

> estimated using CRs defined with reverted
values of myr and amrg and different Np_jets

difficult to separate from tT
> discriminant variables against bkg

T— 12
if — 20 Ztnl:trz T?In{ OISO
tt— 0" mly, > my © 0
W+jets Nb-jets >1
> 3 SRs with exactly one lepton © O
SR1 EPS® > 260 GeV D O

SR2 Epss > 350 GeV, large-R jet (boosted t)
SR3  Eps > 480 GeV, large-R jet (boosted t)
mrz(p—}-,p—%vq'r)=

FREIBURG

| min  {max[m(p}. ap). mr(pf. af)]} -
ap+ar=ar

UNI
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Backup

1L stop + jets + ER

ATLAS-CONF-2016-007

> gluino-mediated stop pair production with one-step decay
a) §— tT with T — %2+ soft where Am(%, ¥0) = 5 GeV
> stop pair production with direct decay
b) Tty

soft. P

t
< i _4@ 2
X1 - :
< i iﬁw
t

soft P

SIGNAL REGIONS MAJOR BACKGROUNDS

. : . miss

» signal signature: T + Ey > T, W+ets, single top Wt and tt+W /Z

> estimated using CRs defined with reverted
values of mr and amrg and different Npjets

difficult to separate from tT
> discriminant variables against bkg

SR1
SR2
SR3

Martina Javurkova-Pagacova (UNI Freiburg)

tt— 10
tt — 2¢
tt — ol
W+jets

3 SRs with exactly one lepton

mr > My

amrg > my
TT}}Z > my
Nbfjets >1

EPsS > 260 GeV

EP™® > 350 GeV, large-R jet (boosted t)

E™® > 480 GeV, large-R jet (boosted t)

rrrrz(pql-,pqz--qﬂ: y min
ap+ar=qr

Squark/gluino in leptonic channels with ATLAS
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1L stop + jets + Er ™

1L stop + jets + Elrmss ATLAS-CONF-2016-007

> very good data/MC agreement in all VRs
> modest 2.30 deviation in SR1
» 5.5 expected and 12 observed events
a) my excluded up to 1.5 TeV
b) ny, excluded only from 745 GeV to 780 GeV

SCENARIO A)

g production, §—t+T, T~ X +soft, Am(t %) =5Gev

1200
% FATLAS Prellmlnafy = Obser\‘/ed |\m|[‘(+1gm) !
@ 1100 Is =13 TeV, 3. 2fb* - Expected limit (+10,,,)
= imit at 95% CL ATLAS incl. 1L 8 TeV, 20.3 fb
£
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300"
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{v— T T
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fE= 1370V, 3210 e To
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E
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SCENARIO B)

T, production, T, t+%
EATLAE Prelifinary 1
400EVs =13 TeV, 3.2 fb™

T T T
Observed limit (+10,)
Expected limit (£10,,,)

E Limit at 95% CL ATLAS stoplL 8 TeV, 20.3 fb
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300E" "
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Backup

1L stop + jets + EIIPISS ATLAS-CONF-2016-007

Common event selection
Trigger EP trigger
Lepton exactly one signal lepton (e, 1), no additional baseline leptons.
Jets atleast four signal jets, and [Ad(et;, 7| > 0.4 for i € {1,2).
hadronic T veto events with a hadronic 7 and m5., < 80GeV.
Variable SR1 TCRI/ WCRI STCRI
>4 jets with pr > [GeV] (80 50 40 40) (80 50 40 40) (80 50 40 40)
EPS [GeV] > 260 > 200 >200
Hims > 14 >5 >5
mr [GeV) > 170 [30.90] [30.120]
amry [GeV] > 175 [100.200] / > 100 > 200
topness >65 >65 >6.5
mify [GeV] <270 <270 <270
AR(b,£) <30 - -
AR(by, b) - - >12
number of b-tags 21 =1/=0 22
SR2 TCR2/ WCR2 STCR2
>4 jets with pr > [GeV] (120805025) (1208050 25) (120 80 50 25)
EPS [GeV] >350 >250 > 200
HS >20 >15 >5
mr [GeV) > 200 130.90] [30.120]
amry GeV] >175 1100.200] / > 100 > 200
AR(b.£) <25 - -
AR(b1,by) - - >12
number of b-tags >1 >1/=0 22
leading large-R jet pr [GeV] > 200 >200 >200
leading large-R jet mass [GeV] > 140 > 140 >0
Ap(F>, 2" large-R jet) > 1.0 > 1.0 > 1.0
SR3 TCR3 / WCR3 STCR3
>4 jets with pr > [GeV] (120805025) (12080 5025) (120 8050 25)
EPS [GeV] > 480 > 280 > 200
Hps > 14 >8 >5
mr [GeV] > 190 130.90] [30.120]
amry [GeV] >175 [100.200] / > 100 > 200
topness [GeV] >95 >0 >9.5 I
AR(b, £) <28 - - £
AR(b1, b2) - - >12 g
number of b-tags >1 >1/=0 >2 2y
S&
leading large R jet pr [GeV] > 280 > 200 > 200
leading large-R jet mass [GeV] >170 > 70 570
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. miss
1L stop + jets + E} ATLAS-CONF-2016-007

e B A E L B

gL

g | ATLAS Preliminary —e—Data 4

b ElttoL i
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Backup

1L stop + jets + ER

ATLAS-CONF-2016-007

Signal region SR1 SR2 SR3
Observed 12 1 1
Total bkg 550 +0.72 | 1.25+0.26 | 1.03+0.18
tt 2.21+0.60 | 0.2940.10 | 0.20 + 0.07
Single top 0.46 4+ 0.39 | 0.09+0.08 | 0.10 + 0.09
W+jets 0.71£0.43 | 0151912 | 0.20£0.09
tt+ W/Z 1.90 +£0.42 | 0.61 £0.14 | 0.41 £0.10
Diboson 0.2340.15 | 0.11+0.07 | 0.12 £ 0.07
tf NF 1.10+0.14| 1.06+£0.14| 0.80+0.13
Single top NF 0.62+0.46| 0.65+0.49| 0.71+0.42
W+jets NF 0.754+0.12| 0.78+0.15| 0.93+0.12
tf+ W/Z NF 1.42+0.24| 1.45+0.24| 1.46+0.24
Po 0.01(2.30) | 0.50 (0.00) | 0.50 (0.00)
Nywsm exp. (95% CL)|  6.4753 36433 35433
Nlimit 1 obs. (95% CL) 13.3 3.4 3.4
g
Lisl
3E
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2L stop + jefs + Ep'S

> gluino pair production with one-step decay
T — b if with 77 —» w* i

> two scenarios

a) Am(L, x7) = 10 GeV

D) mg =2 - my

SIGNAL REGIONS

> 2 SRs defined for different-flavour and
same-flavour opposite-sign lepton pairs
> soft bjets: no requirement on N, jets

> discriminant variables against bkg

tt, WW My > 245 GeV
Z/y"+ets Ri=E o3
Meg

Z contribution Z-mass veto in SF
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leptonic decay

P ) w -
t ,‘w/"(: X1
£ X1

2 W -

MAJOR BACKGROUNDS

leptonic decay

> VV — lvv

normalized in SF CR defined within Z-mass window
>t

normalized in DF CR defined at lower mro and R1
> fake and non-prompt lepton

estimated using data-driven matrix method

ONO)
O O,
)
0 O g
g
o
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2L stop + jets + E}mss ATLAS-CONF-2016-009

ATLAS Preliminary

sroF
E=13Tev, 321

Events /5 Gev

» good data/MC agreement in SRs
a) ny excluded up to 577 Gev
D) my excluded up to 520 GeV for my ~ 200 GeV

Datac
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SCENARIO A) SCENARIO B)
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2L stop + jets + EIIPISS ATLAS-CONF-2016-009

Signal Region DF SF

leading lepton pr [GeV] > 25

sub-leading lepton pr [GeV] > 15

additional lepton (veto) pr [GeV] > 10

mee [GeV] >20 (>20and < 71)or> 111

mr2 [GeV] > 145

R1 >0.3

o
]
=1
Squaiigiine nlesforic chammes Wi AT B
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2L stop + jefs + Ep'S

ATLAS-CONF-2016-009

Signal Region DF SF
Total background expectation 2.01 6.5
Total background systematic 31% 27%
Jet energy scale 3% 4%
Jet energy resolution 15% 2%
EF™ modelling 1% 1%
Pile up reweighting 2% 6%
MC statistical uncertainties 12% 13%
Diboson theoretical uncertainites 22% 9%
1f theoretical uncertainites 1% 1%
Z|y*+jets theoretical uncertainites - 5%
Fake and non-prompt lepton composition 2% -

Luminosity 5% 2%

Martina Javurkova-Pagacova (UNI Frelburg)

Squark/gluino in leptonic channels with ATLAS

UNI
1

FREIBURG


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-009/

2L stop + jefs + Ep'S
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ATLAS-CONF-2016-009

Signal Region

DF

SF

Observed events

2

6

Total (constrained) SM events

2.01+0.62

65+1.7

Fit output. 17 events
Fit output, {{vv events

0.04 +£0.04
1.52+£0.54

0.06 + 0.06
382+1.5

Total expected SM events

2.01+0.62

63+1.2

Fit input, expected 17 events

Fit input. expected {£vv events

Expected other multi-V events

Expected Higgs events

Expected Z/y*+jets events

Expected 17 + V events

Expected events with fake and non-prompt leptons

0.04 £ 0.04
1.52+£0.54
0.34+£0.12

001
0.04 £0.03
0.06 £0.03

0.06 + 0.06
3.59+0.69
1.31 £0.47
0.26 +0.21
0.91+0.73
0.12+0.07
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