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Search Strategy

Slepton Pair Production '

Stau Pair Production

Chargino Pair Production %1 X1

*
1

Chargino-Neutralino Production

. . . ~0 ~0
Neutralino Pair Production X > %3

Simplified models studied
Bottom-up approach, capturing essential
features of existing models.

Small number of sparticles, assumed BR.
Described by masses and cross-sections.

JLdt = 20 fb?, Vs = 8 TeV dataset

2 lepton final states (e,p)
ATLAS-CONF-2013-049

2 hadronic 1 final states
ATLAS-CONF-2013-028

3 lepton final states (e,p)
ATLAS-CONF-2013-035

4 lepton final states (e,u,1)

ATLAS-CONF-2013-036

1 e/py + bb final states
ATLAS-CONF-2013-093

Long-lived electroweak searches
covered by Nimrod Taiblum

Electroweak RPV searches
covered by Nick Barlow
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Standard Model Background Modelling

SM processes can be SUSY-like — single/di-/tri-bosons, top, multijet, higgs
Need to understand and accurately model the SM backgrounds

Irreducible backgrounds
Sources of real, prompt leptons
Dominant sources:
Control regions in data used for normalisation
Transfer to signal regions using MC
Sub-dominant sources: MC simulation

Reducible backgrounds
1-2 fake leptons or
hadronic taus
Determined from data
Analysis dependent

Signal Regions
Multiple signal regions per channel

Validation Regions

for cross-checks L :
Discriminating variables

ETmiss’ mT’ m"’ # (b-)jetS, ETmiss, rel’ m

720 Meq

E =" projection of E.™* on perpendicular axis
Reduces mis-measured E_ ™

Emiss,rel. ~ Errrn%ss if A¢f,j > 7/2 m_, stransverse mass
T ErTmss X sin A¢y. if Ad¢,; < 7/2 kinematic endpoint ~ mass of decaying particle
: (1 £2 miss
2 _(gh 4 gV bt ol M7y = Min [max (mr(pf' . qr). mr(pT. P - QT))]
m., contransverse mass Mcy —( Tt T) — [Pt — Pt
Kinematic meo—m where  mt(pr.qr) = V2(pTgT — PT - qT)

max ., _ heavy

endpoint ~ "ct ¥

Mpeavy
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Direct Slepton Pair Production ]*]-

l p ndets=0, Zveto, E7"*">40 GeV, m>90 GeV
T+7 1 3 :—I Ire iminal l I ata I E
P [*1~ production, ¢ fs‘jz_ﬂ:—"spwi Y ;
. - E t=20.3 1s=8 Te tt+ Wt B
5 B with 100% BR 2 ef ] 2ot :
6 X e e 0 g b =
-~ l é l Xl 12 %722 Bkg. Uncert. -
- ob EmETi?”)°=) (2(51,10))((;;\(/ E
-~ o == (my,mx,) = 350,0) Ge B
gy . . S0 o o 8t E
i %) Bino-like X1, &, only o WM, SR-m, o -
4F .
p SM background 2k
I WW dominated _ ,———— | ;
SR-mT290 | SR-mT2,110 g 0_;1"// , W// o
lepton flavour eve ., T, et 055 60 150 200 550 300

Search for opposite sign

lepton pairs, me Z veto £ [Gov]

veto Z, jet veto, Ert > 40 GeV S LTI

high-E sl high-m._, mt? >90GeV | > 110GeV | © 55 __ATLAS Preliminary Ll 7,1,
T ! T2 & veto jets with p.>20 GeV, |n|<2.4 ?\;5* I J' "Lnfj”ti?osfb-t leTev
orp>30 Gev, 24<ll<as T S

exp:

No significant excess seen

LEP ﬁH excluded
All limits at 95% CL

SR-mt2 00 e e all 150 = VA
Observed 19 19 53 [ 7
Backeround total 2077 +3.2 224+ 33 597 +7.3 100 __? }
Observed o (fb) 0.51 0.47 0.81 7 a
SR-mT12.110 T all S0 = eqtj?l r~n+aSS ‘:: :
Observed 4 3 - I, g vl
Background total 6.3£24 [ 16.9x6.0 N (A I IR I 2
Observed o (fb) 028 | 054 00 Teo 200 0 0 3%

m()) [GeV]
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Direct Chargino Pair Production ;X

= ~ ~ o~ o~ ~0
.o )>m<eL! ML’TL Ve,pt,r>>m(x )
X 1 X 1 pr:OdUCtlon7 ~ i i ~ 0 - fuanets=O, Zven':, Erlss'rel>40 ?eV, m,>90 G‘eV | _
with 100% BR %121 vy, § 1o ATLASPrimnary @ psacor E
0 g 16}JLdt=20.3 ' \s=8TeV [ +wt 3
. . ~ + . . ~ 2 r [ Z+jets :
Wino-like %7, bino-like ; g = ;
12 ake leptons 1
F [ Higgs ]
- - Bkg. Uncert. .
Flavour democratic ERIE
SM background 3 ey, SR-m,, 4 1
WW dominated T L '
SR-mT200 | SR-mT2110 = 2 //
; . lepton flavour eve, T, et S I /%
Search for opposite sign pron. g K [ a £ os W r//// ‘
lepton pairs i”["f Velo 0 50 100 150 200 250 300
) ] Emlss,rel ~ 40 GEV E$iss,rel [GeV]
veto Z, jet veto, T -
- - ! mTE -} 9{} Gev ‘ —} ] ](} GEV > :I T T T I T T T I T T T T | T T T T | T T T T I I/I:
high-E ™", high-m_,. 3 s00|- ATLAS Preliminary /7
& veto jets with p.>20 GeV, |n|<2.4 — j . // i
V. 2.4< 4. < i Ldt=20.3fb, {s=8 TeV ]
o or p;>30 GeV, In<4.5 E Lz Observed limit (£16595) // §
No significant excess seen 400 |- 2o Expected limit (+ 6,7 y ~
[ o LEP2 1 (103.5GeV) el i
. o e - [ Alllimits at95% CL / ]
Soi-mm.@;) € [i e ],; H ],; ;li 300 = 5 7 » 2x W@ » 2x i’ 7 B
servec 3 5: C e m, - ’
Backeround total §166+23 207+32 224+33 [ 59.7+73 Lm0 7 ]
Observed o (1b) 0.44 0.51 0.47 0.81 o & E
SR-mT2. 110 eTe e wru all 100 ]
Observed 4 5 4 13 I ]
Background total 6.1 £2.2 44+20 6.3+24 16.9 + 6.0 0:....|....|....|....|.. .|..:
Observed o (fb) ’ 35 028 054 0 100 200 300 400 500

m(x,) [GeV]
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Direct Chargino Pair Production %%

Signal region requirements
OS mt at least 1 OS tau pair
jet veto
Z-veto

EF's> 40 GeV
mr2> 90 GeV

OS mTz-nobjet

at least 1 OS tau pair
b-jet veto
Z-veto
EF's> 40 GeV

~N+ ~—

Wino-like %1, bino-like};

First time studied

%1 %1 production, with 100% BR TiTVYES

Light staus are well motivated in natural SUSY

in ATLAS > P
& 105 ATLAS Preliminary gﬁ/}fﬁg}z(\hﬂew
. ~+ ~— 9 |:|Mlulti—jet,W+jets
First search for X1 X1 = 10° 5 Diboson
production with light 5 10°f B Single top
staus from the LHC! e SRy TISUSYRer pomt
102 JLdt ~20.7 b’

Search for T, veto Z,
high-E_™s, high-m_,

mr2> 100 GeV . i
7 2 % E
" —1 SM background . R L]
SM process SR OS mt2 SR OS mr; -nobjet - - s i R

top 0205201 [6+08%12 Llnourlr?ijr?;/t\é\élﬂets s g > %/ // " /

Z+jets 0.28 £0.26 £ 0.23 04+£03+£03 Q 7 ///////////////
gt s = el = Meset | e TS el S Mest L Y Bl b Je B T A ,ﬁ

diboson 22+ 0.5+05 2.5+ 0.5+ 0.9 o 0F - & 7 ﬁwo 9; 0/ 7 é
multi-jet & W+jets | 84+ 2.6+ 1.4 12+3+3 No significant iy [GoV]
SM total 11.0£2.7£15 17£4+3 S Sl SUSY Ref Point 1: %, %5 production, (m¥%;,m%})=(250,100) GeV
data 6 14 SUSY Ref Point 2: §%; %5 production, (m¥;,m%})=(250,50) GeV
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Direct Chargino Pair Production ;X

> 0T e ]
S, - ATLAS Preliminary . D
e ot e 0 SR combined —
g 250 —x1x1ﬁ2xrv(vr)ﬁ2xwx1 —
C om, J Ldt=20.7f5',ys=8 TeV ]
C ™ m m =05 s Observed limit (£10j07) ] o . . - .
00 oo ] | TTT production, with 100% BR Tt}
50 - — Use 2t signal regions to probe
- ] direct stau pair production
100 -~ ]
505_ _ Set upper limit on cross-section
- ] ~ ~0
- | A For a T mass 140 GeV, x; mass 10 GeV
Goo 150 200 250 300 30 400 Theoretical cross-section 0.04 pb
Downward fluctuation in one signal h Upper limit on cross-section 0.17 pb
region gives stronger observed limit \_ J
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Direct Chargino Pair Production ;X

~

m(l, V) >m(%:) >m(%)

%1%. production, with 100% BR %12 W™ %}
~0 W decays with SM BR

Wino-like %1, bino-like %°

First search for %1 %: production via W bosons from the LHC!

SR-WWa SR-WWb SR-WW¢e¢

SR-WWa [ SR-WWb | SR-WWe —Hpeo g 123 16 0
lepton flavour e’ . = = =
pll - 35 GeV Background total 1179+ 146 13.6+23 74+1.5
+p - : =
Search for e, P2 > 20 Gev Observed 0% (fb)  1.94 0.58 0.43
high-E_™ss"*'or high-m_,. me < 80GeV | < 130Gev ) — Expected o (fb) ~ 1.772060  051*021 037018
7] T ) T2 Prec ~70GeV | < 170 GeV | < 190 GeV pe vis 10 =049 =0.15 =011
SM b K d Adbep < 1.8 rad
miss.rel ) o .y
ackgroun Er > 70 GeV — No significant excess seen
top dominated mra — > 90 GeV | > 100 GeV
Sk els=0p> 9502000V ET 570GV T0GmB0Go V018 —
E 104 _ATLAS Preliminary ; Data 2012 3 % ' ‘ATII_AS Prt‘aliminall'y I % 2402 T T T T T T §
2 Lat =203 10" is =8 Tev [ fow 6" [ —— Observed limit (1 aoosY )y 1S - ATLAS  Preliminary o’
2 10°  en channel [ z+jets 3 B e W 220 J-Ldt=20.3 o, Vs=8 Tev ©
2 c -.-- Expected limit (+1 5,,) ) _ 0 GeV £ - ’ 5
L% S R-WWa %I :Zke leptons S 1 0 — P m(X1) e - I+1'><'_ 200 :— 1 0 S
10%F [ Higgs E L j -1 : S C é
MC Stat+Syst Uncert a - \s=8TeV: JLdt=2031fb 1 1 80 C 3
10 (mY;,m¥})=(100,0)GeV ] 6 - - d
2 160F 2
1o} N
1 & 140F &
Lo 1201 g
107 - 1 - S
= LU L B L C
21 7 A - 100 ke
I s 7 I o o
00.5 ® 2 i PR IR NS ST N RS R ST RS R
R TRETTRETT REPTRE Y 20/‘22'0 v 100 120 140 160 180 200 220 , 240 100 120 140 160 180 200 220 240 |

E_Irpiss,reI[GeV] m(x 17) [G eV]
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Direct Chargino-Neutralino Production % X

~

m(%fa 5(8) > m(éL, llL)%l, Ve,u,r) > m(%(l))

~+ ~0 - > (L B B S e B B A ———
%1 %> production, 8 [ ATLAS Preliminary oo
with 5006 BR %o 1" [ %) jop e lemmm agme

SRnoZc

MV
~0 ~0 =X via sle ,
50% BR y,2>vvy; * e

Flavour democratic

101
: : I : N0 e
Wino-like %1 ,%>, bino-like fisk
~+ ~0 e
— mass degenerate X 1 XZ 0.8 o A 7
oF , , , , 2
Search for 3l (e,u), SFOS, %0 100 %0 20 e ey
re.quest,/n‘,gseto .Z, SM backgrou nd %‘ 600 B T T T T | T T T T | T T T T I T T T T I T T T T | T T T T i
hlgh-ET ; hlgh-mr WZ/top dominated o, - ATLAS Preliminary === Observed limit (+15"%") ]
- EC”*P 500 — _[ Ldt=20.716", \s=8 TeV ----- Expected limit (+10,,) |
Selection SRnoZa SRnoZb SRnoZc SRZa SRZb SRZc L e . i
- zz STVIIE V), IS Fv) ATLAS 13.0fb" Vs=8 TeV
MSFOS [GeV] <60 60-81.2 <«81.2o0r>101.2 81.2-101.2 &1.2-101.2 81.2-101.2 B _>|V%:’||(w)z:’ Alllimits at 95% GL ]
E?'“S [GeV] >50 >75 >75 75-120 75-120 =120 400 Euf ::‘;zj + ng)/z |
mr [GeV] - - =110 <110 =110 =110 I i
pr3¥e[Gevl  >10 >10 >30 >10 >10 >10 - .
SR veto SRnoZc SRnoZc — - - - 300 — —
No significant excess seen 200 ‘_@ -
Selection SRnoZa SRnoZb SRnoZc SRZa SRZb SRZc 100 E ]
z SM 96 + 19 20+ 6 44+1.8 249135 22+5 6.3+1.5 ]
Data 101 32 5 2?3 23 6 0 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | S i 1 1 1 :
Tisible excluded (obs) [fb] 2.02 0.87 0.33 4.04 0.67 0.31 100 200 300 400 500 60O /00

m%; 5 [GeV]
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Direct Chargino-Neutralino Production ¥ X

Light staus are well motivated in natural SUSY
First time studied in ATLAS

2 . . ~ + ~ 0 . . ~ 0
Search for TT", Wino-like %1 ,%2, bino-likey ,
veto Z,
high-E_™ss, high-m__. ~+ ~0
9=y g-My — mass degenerate X1,X>
Same signal No sianificant
> T 17T I LI I. |'| LI I T 1T T 17T 17T 17T 7T | I_I T T re iOnS as Slide 7 O Slgnl ICan eXCeSS Seen
& 105 ATLAS Preliminary Data 2012 (15 = 8 ToV) 9
o 3 Multi-jet,W+jets
: 105 Ez+jets ;‘ 400 | LI | LI | .I I- T T | LI I LI I T T I"I_,’l L I L L ]
@ =Rl 3 ~  ATLAS Preliminary o 0
o 10* E@Singletop =350, . 0 . .-~ SR combined —
L|>J SR SUSY Ref. Point 1 = = XX, = Y (V) T TVY) - vy Te(vv)x el ]
0L 9 —> SUSY Ref. Point 2 300 - M j Ldt=20.76" {s=8TeV
. =W, =05 s Observed limit (£105,75) .
10 Ldt~20.7 b R T ‘ ]
250 ===~ Expected limit (x15,,,) —
10 OS m_,-nobjet - T
: » el ’ Alllimits at 95% CL 7
1 200 — LS =
o o -
10" : 150 - .~ -
Ly ' = .0 3
< 1% . . - "’ = - .
%) e l""" !'yj/:/;f AN VI 100 _'; i ""'w“"'"““"'"": ............. —]
0.5 - ¥ _‘A‘?én//////% 50 2 —
0 : A 72 i C _
0 50 100 150 200 250 300 — - N .
my, [GeV] 0 Covovv bvv v v by v v by N HEE BT EE BEE R
_ N , I 100 150 200 250 300 350 400 450 500
SUSY Ref Point 1: %; %5 production, (m¥;,m%})=(250,100) GeV m.. o [GeV]
SUSY Ref Point 2: %, %5 production, (m%;,m%})=(250,50) GeV £,
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Direct Chargino-Neutralino Production ¥

Charginos/neutralinos decay

via SM gauge bosons Search for 3l (e,u),
SFOS, veto or select Z,

_ et ~0 -0 high-E_™=, high-m_.
Wino-like X1 X2, bino-like % ;
Same signal regions

~+ ~0 )
~ mass degenerate Xi,X> as slide 10
[y 300 T T T T T T T T T T T T T T T T T T T T T T T T
s S - I T ! ! | ]
§ | arLAS Preliminary soma O - ATLAS Preliminary === Observed limit (+15500r) ]
2 N §_ s=8TeV J-L dt =207 1" -B;‘i‘gg? sz— 250 - Lcit = 20(.*)7 tob'1,(f)s=f TeVl ----- Expected limit (+10,,,) ]
g [ Tribosons C ik oWy 2V o —— ATLAS13.0 b7, \s=8TeV
L 12 1 1 -
10 SRzc - -%ng via WZ 250, 0 [ me=m, All limits at 95% CL ]
- 200 — ' ¢ ’ P 7
significant & o S i
N excess i P e 7
5 2F seen A N ]
S 15 - T .
o " E 100 |- —
1 — - _
05F = i
000 150 200 250 50 y ]
ET [GeV] L/ ]
Improved limits in challenging WZ* region ol oo Lo d Bl w0y
compared to 13 fo* results 1% 150200 20300 850 [Ge\‘}?o

2" M4
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New for
SUSY13!

%1 decays 100% via W

%2 decays 100 % via 125 GeV SM-like lightest higgs
Am(%,,%1)>125 GeV

Wino-like %1 , %2, bino-like %

~+ ~0
~ mass degenerate ¥, %

o ,B‘fa’,“f,hi,“g, I,{"",ﬁ,”(,w,",h,‘?,)_, __ Where kinematically < 1 e
. .O'B 0.65 _0'.7 .0-.75 038 0.85 allowed, %g—)h%(l) -:’E- E%
st/ .5 could be a significant 8
/) | | ~1 fraction of the BR Do BE
i ©
3.0 ] s
s (/// - - 1 For 175 GeV wino, "
g 250/ / ~ - 095 and bino <10 GeV 2 |
= | ~ 1 (M, and M, varied) »
L 1 (@)
2.0 7 D
; _ 088 +
=TT Tmm s ] 125 GeV SM-like lightest
wob . ..., .. 1 higgs decays to bottom m
200 300 400 500 600 quarks Wlth highest BR 10-4 TR S| Lo N b L1
(GeV) 80 100 120 140 160 180 200
H M, [GeV]

JHEP 1210 (2012) 065
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Direct Chargino-Neutralino Production ¥ %>

SRA SRB | CRI CR2 | VRO VRI1 VR2
Number of h-tagged jets 2 2 1 2 0 1 2
mTt (GeV) 100-130 > 130 | > 100 40-80 | > 100 40-100 80 100

& E "> 100 GeV, m_, > 160 GeV, m_ > 50 GeV

My = (Eb‘ + Eb2 |p

model-independent limits, SRA/B consider only m_, 105-135 GeV
model-dependent fit, SRA/B consider m > 50 GeV

Search for 11 (e,u),
2 b-tagged jets consistent with higgs decay,
high-E ™=, high-m_, high-m__

Ttbar- and W+jets-rich CR1 and CR2
Event yields in CR fitted using profile likelihood algorithm
- simultaneously determines signal and background
contributions in SR

Events

Data/SM

- J-L dt ~20.3 fb”

140
- CRi1

100

u ATLAS Prellmlnary+ bata Is=8TeV
7%%‘ SM Total

- smgle top
I W+jets
C B Z+jets
120— I Wiz

= 3 wwiwzizz
N WH

Events

Data/SM

m_, targets ttbar
mT

targets W+jets

120

- fL dt~20.3 1"

L CR2
80—

60—

N ATLAS Prellmlnary+ bata Is=8TeV
C 799%

SM Total

- smgle top
I W+jets
B Z+jets
I 1iw/zZ
3 wwiwzizz
N WH
ZH
. m.o,m =130,0 GeV_]
m

xxxxxxx

lIIIIIlIlJI

llllIIIIII

77

5

2_

. 7 7
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New for

SUSY13!

m(7 V) >m(%, :Xz) > m<X1)

2
m_, > 160 GeV | ~indicates that only
the m__ sidebands
mbb > 50 GeV are usbbed to avoid
ET > 100 GeVY | signal contamination
m A
.
SRB
130 GeV VRO CR1*
SRA
100 GeV
VR2
80 GeV VR1
CR2*
40 GeV >
0 1 2 nbjets

Fit using 8 bins in m_,

— exclude m,, 105-135 GeV

to avoid signal contamination
(for background only fit, not
for discovery or exclusion fit)

Single top, WH, ZH, Z+jets,
dibosons, ttbar+W/Z backgrounds

using MC simulation



: : - - S 0 New for
Direct Chargino-Neutralino Production i X e

70)—m(%°) <175 GeV >175 GeV T 3 A ~0
gels il mih, m(L, V) >m(¥%,5%,) > m(%
m,, 105—135 GeV SRAh SRBh

P20 o e o L AL  L 220 [ N

Observed events 4 2 2 1 3 ATLAS Prenlminar)l//—o— Data 15.=8TeV E £ 185_ ATLAS' Prelilminar)l//—O—llJata s=8TeV. E
Background estimate L%’ : J-L i 2051 e . L% - IL 2081 7 o :
(7 20£28  1.0£06 o JhAmE = L S =nT
; +jets - ; +jets i
W +jets 07+04  03+02 1“E SRA — : “C SRB — :
. b - ) P /) wwiwzizz T 1o 3 wwiwz/zz 3
Single top 1.6+1.3 0.6+04 g == ] 2 = ]
Z+jets 001000 0000 b3 ommimey] Lm0 ooy
Diboson (VV) 0.01%56; 0.05%,55 o E t ' E
WH 0.18+0.10 0.12+0.07 E B = E
tt+V 0.01 £0.01 0.11 +0.06 2 E N # E
Total 54+3.1 21+0.7 - = o 4 , -

SRAh  SRBh s 25 : s 23 :
Observed o> (Pseudo-experiments) | 0.34 fb  0.21 fb C sb b @ s /
Observed Sgiw (Pseudo-experiments) 6.9 44 © o; ,% 2 Z ] o o.;; Z
' o o O o555 60 160 200 20 500 40 a0 O 0550 Too 70 200 2o 300 30 400

- SM back d My, [GeV] My, [GeV]

NO Slgnlflcant eXCeSS Seen aC ,groun [~y 140 (=TT I T I 1T I T | T TT | 1T | 1T I 1T | LI |
top dominated ® F N 1

o, - ATLAS Preliminary ~— Brpected "m”eg/"fuLSY ]

5 10T L L L L L L L B Y B FirSt Search CS*T]QO — 1 — Observed limit (i1 0-theory) —
& [ ATLAS Preliminary Observed Limit (+1 o25) | ~t ~0 E r _[Ldt=20-3 for, Vs=8 TeV .. Expected limit (+164) 1
L — (1 o) for Y1 X C SRA+SRB :
E L J Ldt=203tb" \s=8TeV - Expected Limit (+10,,,) | production via 100 _ T, T — WT, h%, __
E T #yowpny SRA+SRB 1 higgs from the LHC! 80 [- N
- - 1 %2 1 1 0 4 L i
o m('fgi) =0 GeV L i
2 o L ]
2t 4 Set upper limit on 60 - -
cross-section for : ]

massless LSP -

. . . 20 __ ............. __

Set limit in P ]

| | | | | | | | | Si m pI ified 0 i i |1’||||||| L1 |"|"T‘1“\| PRI |""‘rl"l‘4 L]

m_.. [GeV] Moo [GeV]
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Direct Neutralino Pair Production ¥, 7%-

Higgsino-like %5,%2, bino-like %}

L Mmass degeneratef(g,f(g First time studied in ATLAS

SR N({=e,u) N(r) Z Candidate E%““IGeVI
Search fOI’ 4l (e:ljl)’ SROnoZa >4 >0  extended veto >50
veto Z, hlgh-ET'"’SS. SROnoZb >4 >0  extended veto >75
SR 1noZ =3 >1  extended veto >100
SR0OZ >4 >0 request >75
SROnoZa targets N2N3 production. SRI1Z =: >1 request >100
- N Tighter signal regions o PE ST FLF P FELFE
(q_l')) 104 _E ATLAS Prehmlnary ; _[I?atal SM = + 1—2 taus a/SO Studled ;‘ 8 2 :\3 T ™ =15|’| |1| LML L I L B
E 5 otal 3 g 0 N
B - |Ldt=20.7b" \s = 8TeV % Reducible Bkg. ] 8 i/ ATLAS Preliminary ]
=~ Zz — H HEl
2 40P B Higes = 70 i Ldt=20.7f5" \s=8TeV
5 = = = t=20.7Mb e eV
& - SRonoza = é\ggxo sy ] SM baCkgrou nd - : o ]
102 - e Wino 1% 0(600,400) o ZZ dominated S m = ( r);io +m)/2 ]
=L Gluino X,,,# 0 (1100,600) 3 60 WL R .
N Lo SRONoZb N Observed limit (i1cii§;) ]
No Significant so— @S Expected limit (+10,,,) —:
€XCess seen Allimits at 95% GL -
0 72(2) T -
Sample SROnoZa ’ ~ -
> + ]
30 | 5 I _
% Total Bkg 1.7+ 0.8 = ha|fway E
~ ! ~ 0 —
g : Data 2 20| o | L .
e ’ . X . ) ) ) (_T'l,'-is-it}lc EXCIlIdBd (Ob‘s] [ﬂj] 023 Eeo o by by by by by by Ly a0
OO 50 100 150 200 250 300 100 150 200 250 300 350 400 450 500
ET®® [GeV] Mes [GeV]
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Natural SUSY favours light gauginos/higgsinos
Electroweak/3™ gen. SUSY could be the dominant SUSY cross-section at the LHC

Search for direct slepton/chargino/neutralino production in ATLAS 8 TeV dataset
using clean, leptonic final states
No significant excess seen in electroweak SUSY searches

ATLAS Preliminary L =20.3-20.7 fb, (5=8 TeV Status: SUSY 2013

. . . . . . pe > 500: — PP vial /v, 3elu, arasconrzoioms = === Expected limits
Strlngent IImItS Set In Slmpllfled mOdeIS & 45() | m— EE—)iljz Vla;Lf v, ;efﬁ,ATLAS-CDNF-zl}H-OdB — I(E]bpse:re{(iillim:ts
iIncluding scenarios with decays via £ 10 E — PP-TZ, VitV 26 msscowamsan
Staus, gauge bOSOﬂS Or h|ggS E — Pp— 11 ‘JlaLf\ 27, ATLAS-CONF-2013-028
350
300 f—
8 TeV analysis has been fruitful! 250 -
Next... increase sensitivity, explore 200 -
new channels, probe more parameter oF
space
100 [
50 :—
Prepare for Vs = 13 TeV LHC run! oY e B S R T

m },1 (=m },g} [GeV]
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Standard Model
Background Modelling

Irreducible A

WW, top, ZV (ZZ, WZ)
Normalised to data in Control Regions
Other, MC simulation y

Reducible

1 or 2 leptons from heavy flavour

decays, conversion or mis-id
Data-driven “matrix method”

2 lepton final states (e,p)
ATLAS-CONF-2013-049

~

NCR o NCR
NSR _ other % NSR
B CR B.MC o
N Normalisation
BMC ;
factors in blue

SR SR-mt200 | SR-mT2.110 5R—WW&| SR-WWhb | SR-WWr¢
WW CR

1.12 £+ 12.5%

EWK SUSY Searches at ATLAS

lepton flavour etut e ut

Mgy Z veto —

Adbyy — < 1.8 rad

R > 40 GeV <70 GeV ‘ -

T2 50-90 GeV — < 00 GeV
Top CR 1.05 + 4.8%

b-tagged jets = 1 >

signal jets 22 =]

lepton flavour P | T el | o eut

Mgy Z veto < 80 GeV | < 130 GeV

PT.c¢ =% >70GeV | <170 GeV | < 190 GeV

.ﬁ(ﬁn — < 1.8 rad

B > 40 GeV > 70 GeV —

mra — — > 90 GeV | > 100 GeV
ZV CR 0.96-1.06 + 15-16%

lepton flavour
Mg
miss.rel
ET
T2

ete iy
Z select
> 40 GeV
> 90 GeV | > 110 GeV

not defined
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SR definitions

2 lepton final states (e,p)

ATLAS-CONF-2013-049

SR-mr290 | SR-mr2110 | SR-WWa | SR-WWb | SR-WWc _ _
lepton flavour e i U 1 SR-m_, also vetos jets with p.>20 GeV, |n|<2.4
p? _ = 35 GeV or p;>30 GeV, 2.4<|n|<4.5
it
Py — > 20 GeV Results
Mg Z veto < 80 GeV | < 130 GeV — — — ——
prec _ ~70GeV | < 170 GeV | < 190 GeV SR-mr.%0 ee e HH all
. Observed 15 19 19 53
A - = 18 Background total 166+£23 207+32 224+33 | 597+73
198 0 T\l )
pmiss.rel - 40 GeV - 70 GeV L ackground tota H6+2.3 32 224 + 3.3 29. + 7.2
T 090GV | = 110 GeV L 00GeV | > 100 Gev WW 93416  141£22 126+20 | 36.1£5.1
T2 e ¢ — > 90 GeV | > € ZV(V=WorZ) 63+1.5 0803 73x17 | 14432
- = Top 0.9+ 5.6+2.1 25+1.8 8.9 +3.9
SR-mr2.00 SR-mt2.110 SR-WW (e*p™) -0.9
Systematics et gt et | ete pru- e | a b oc Higgs 0.11+0.04 0.19+0.05 0.080.04 | 0.38 +0.08
MC statistics 77 61 15| 12 82 14[29 85 I Fake 0.005008  0.00%048 000738 | 0.00*038
JB[ g.'.) ]? 12 ]4 ]:j) 68 3] .‘)0 ?0 S]gnal expectation
Lepton 3905 484 52 05 12 LT 1753 (m. mp) = (191,90) GeV 21.6 0 21.6 43.2
Soft term 1.9 3.2 6.0 3.0 1.0 07 1.0 46 43 X
b-tagging 02 02 02] 02 03 02|04 07 05 (mg, mgo) = (251, 10) GeV 12.2 0 12.5 247
Fake lepton 10 07 06| 15 19 30|01 12 12 (Mg=, M) = (350,0) GeV 11.7 16.6 10.5 38.8
. . 1
Luminosity | 0000007000000 0.10.1 01 (mg=,mo) = (425,75)GeV | 43 6.7 44 15.4
Theory & modelling 9.7 9.4 11 32 36 43 12 14 14 XX
Total T 15 161 36 38 45 10 17 0 Observed o> (fb) 0.44 0.51 0.47 0.81
Expected o2 (fh) 0.50:032 05793 058908 | 1.00:p3)
Results SR-WWa  SR-WWb  SR-WWc SR-mT2.110 e et T all
Observed 123 16 9 Observed 4 5 4 13
Background total 1179+ 146 13.6+23 7415 Background total 6.1+22 44+20 6324 16.9 + 6.0
Top 15266  27x1.1 1.0+ 0.7 WW 27415 3620  29+16 | 9.1+49
WW 986+ 146 102+21 59+13 ZV(V=WorZ) 2714 02=z0.1 3418 | 63+33
ZV(V=WorZ) 34£08  026703f  0.29:0.14 Top 0707  06+04  00+00 | 13x1.0
Higgs 0.76+0.14 021+0.06 0.10+0.04 Higgs 0.05+0.03 0.12+£004 0.05+0.02 | 022 +0.05
'l ~+0.33 - 0.30 ~+0.17 ale 0.09 0.13 0.12 0.28
fake 0.02:033 0261030 0.12:017 Fake 0.00:0%  0.00:08  000:312 | 0002928
Signal expectation Signal expectation
(mgz.mgo) = (100,0) GeV 31 N/A N/A (mp.my0) = (191,90) GeV 12.3 0 12.0 24.3
(Mg, o) = (140,20) GeV N/A 8.2 N/A (my.mgo) = (251,10) GeV 10.5 0 11.2 21.7
Mgz, myo) = (200,0) GeV N/A N/A 3.3 (M=, mgo) = (350,0) GeV 95 14.0 8.7 32.2
(mgz,myo) = (110, 113) GeV 18 43 N/A (mgs, myo) = (425,75) GeV 3.7 1.1 3.8 8.5
Observed o2 (fb) 1.94 0.58 0.43 Observed o> (fb) 0.27 0.35 028 0.54
Expected 022 (fb) 17708 051021 037018 Expected o2 (fb) 0337016 03370 0339018 | 062

EWK SUSY Searches at ATLAS
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Standard Model

2 hadronic T final states
ATLAS-CONF-2013-028

Background Modelling
mT2 Used for nominal Used for alternative Used for validation
. [GeV] ABCD methed ABCD method and systematics
Irreducible
Z+jets, VV, ttbar, ttbar+V, Wt /A
MC simulation
QCD+W w SR D
0\ CR-A CR-A
Reducible 90/100
1 or 2 fake taus W W
Data-driven ABCD method VR-E | 7| VR-F
| 40
SR Signal region requirements QCD+W W Qgg-l-CW
T : a8 : air CR_B CR-B _
definitions OS mT2 at le I&I.] OS tau pait
jet veto
Z-veto 0 2l00se 1 loose 1 medium tau-id
EMiss> 40 GeV (tight veto) 1 _mhedlum 1 tight
mra> 90 GeV (tight veto)
OS mrp-nobjet | at Ie:-ls; l tOS :au pair Results
Jetveto SM process SR OS mt9 SR OS mT7 -nobjet
Z-veto 503 >
EmisS. 40 GeV top 0.2+0.5+0.1 1.6 +0.8+1.2
T v Z+ijets 0.28 +£0.26 £ 0.23 04+03+03
mry> 100 Ge diboson 22+05+0.5 2.5+0.5+0.9
Syst. Sources SR OS-mty | SR OS-mz-nobjet multi-jet & W+jets 84+26=x14 12+3+3
Systematics Correlation 3% 1% SM total 11.0+2.7+ 1.5 17+4+3
Transfer factor difference 15% 24% .y ;
_ data 6 14
Subtraction of other backgrounds 2% 6% -
Number of events in Region A 31% 27% SUSY Ref. point | 6.8+ 1.0 9.2+ 1.2
Total 35 37% SUSY Ref. point 2 75207 8.9 0.7

EWK SUSY Searches at ATLAS

Tina Potter — SUSY 2013




Standard Model
Background Modelling

Irreducible
Wz, ZZ, ttbar+V, VVV
MC simulation

SR definitions

3 lepton final states (e,p)
ATLAS-CONF-2013-035

Reducible
1 or 2 fake leptons

Data-driven “matrix method”

EWK SUSY Searches at ATLAS

Selection SRnoZa SRnoZb SRnoZc SRZa SRZb SRZc
MSFOS [GeV] <60 60-81.2 <812o0r=101.2 81.2-101.2 &1.2-101.2 81.2-101.2
E%““’* [GeV] =50 =75 =75 75-120 75-120 =120
mt |GeV] — - =110 <110 =110 =110
PT 3" £ [GeV] =10 =10 =30 =10 =10 =10
SR veto SRnoZc SRnoZc — — — —
Results
Selection SRnoZa SRnoZb SRnoZc SRZa SRZb SRZc¢
Tri-boson 1.7+1.7 0.6+0.6 0.8+0.8 0.5+0.5 04+£04 0.290+£0.29
ZZ 14+8 1.8+ 1.0 025+0.17 89=+1.8 1.0+04 0.39 +£0.28
v 023+£0.23 021+0.19 0.2 ]fg:g? 04+04 022+021 0.10+£0.10
Wz 50+9 20+ 4 2.1+£1.6 235+ 35 19+5 5014
¥ SM irreducible 65+12 22+4 34+1.8 245+ 35 20+£5 58+1.4
SM reducible 31+14 T+5 1.0+£04 4“_“3 1.7+0.7 0.5+£04
¥ SM 96 + 19 20+6 44+1.8 249+ 35 22+5 6.3+1.5
Data 101 32 5 273 23 6
po-value 0.41 0.37 0.40 0.23 0.44 0.5
Nignal excluded (exp) 39.3 16.3 0.2 67.9 13.2 6.7
Nignal excluded (obs) 41.8 18.0 6.8 83.7 139 6.5
Tyisible €Xcluded (exp) [fb] 1.90 0.79 0.30 3.28 0.64 0.32
Tyisible €Xcluded (obs) [fb] 2.02 0.87 0.33 4,04 0.67 0.3
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4 lepton final states (e,,T)
ATLAS-CONF-2013-036

Standard Model
Background Modelling

SR definitions

Irreducible SR N(f=e.q) N(r) Z Candidate E%“““IGBV] nmer|GeV]  Scenario
77 ttbar+V VVV. H |ggs SROnoZa >4 >0  extended veto =50 RPC
! ] L SROnoZb >4 >0  extended veto >75 or >600 RPV
MC simulation SR 1noZ =3 >1 extendedveto  >100  or  >400 RPV
SR0OZ >4 >0 request >75 GGM
) SR1Z =3 >1 request >100 GGM
Reducible
1 or 2 fake leptons
Data-driven “weighting method” | _Results
Sample SROnoZa SROnoZb SR1noZ SROZ SR1Z
Z7Z 0605 0350+£026 0.19+0.05 1.2+£04 049x0.10
ZWW 0.12+0.12 008008 0.05+0.05 0606 013£0.13
tZ 073034 0.75+035 0.16+0.12 23+09 029+0.24
Higgs 026007 022+£007 023006 0538x0.15 0.14+0.05
Irreducible Bkg. 1.7+08 1.6x0.6 0.62+0.21 48+18 1.1+£04
Reducible Bkg. 0016 00570k 1413 0014 03719
Total Bkg. 1.7+ 038 1.6 0.6 2013 48+1.8 1.3j('3:g
Data 2 1 4 3
po-value 0.29 0.5 0.15 0.08 0.13
Nigna Excluded (exp) 3.9 3.6 5.3 6.7 4.5
Nignar Excluded (obs) 4.7 3.7 1.5 10.4 6.5
Tyisine Excluded (exp) [fb] 0.19 0.17 0.26 0.32 0.22
rvisibie Excluded (obs) [fb] 0.23 0.18 0.36 0.50 0.31

EWK SUSY Searches at ATLAS
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Validation region definitions

4 lepton final states (e,,T)
ATLAS-CONF-2013-036

VR N({f =e,u) N(r) Z Candidate E.T.“SS[GEVI meg[GeV]  Dominant Background
VROnoZ >4 >0  extended veto <50 and <400 VAV A
VR1noZ =3 >1  extended veto <50 and <400 2L WZ, L7 +jets
VROZ >4 =0 request <50 ZZ
VRIZ 3 >1 request <50 ZZ, WZ, Z+jets
Validation region agreement CMS-SUS-13-002
Categ orie.
Sample VROnoZ VR 1noZ VROZ VRIZ i
4 leptons, OSSF1, off—z, \E/)éclesszlr?k
7z 72+36  145+030 16738  80x12 . . O
including 1 7, region.
ZWW 0.031 £0.031 0.027+£0.027 0.35+0.35 0.10x£0.10 T2 200 GV
no b-tags, < e
tiZ 075" 0% 15+07 0.18x0.14 v Not seen by
Higgs 0.17 £0.05 0.23 £0.05 45+£09 0.64£0.16 Observe = 22 events ATLAS
. - - - Expected = 10 i 24 events
Irreducible Bkg. 74+3.6 1.70 £ 0.34 173 + 39 89+14 oS Preliminary 3=8To0, | Ldt= 10515"
Reducible Bkg. (].3“_“8‘?5 7.9+ 3.6 2_[]ig.g 28 + 10 5 4leptons: OSSF1, off-Z, 1-tau, no b-jets, low H_ v Ohsorved -
.. = 2 1 Bkg Uncertainties
Total Bkg. 7.7 +3.4 175 + 37 37+ 10 — o
CaOwz h
Data 3 201 31 . ZZ E
CLp 0.10 0.54 0.51 0.30 =

EWK SUSY Searches at ATLAS
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