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Introduction/Motivation

If they are light, direct gaugino/slepton production could be the dominant

SUSY production process at the LHC — potential discovery channel!

10 :

o[Pb]: pp — SUSY |

VS=8Tev _l

“Natural SUSY paradigm”- for SUSY to

stabilise the weak scale, the particles

that couple directly to the Higgs sector
must be relatively light (< 1 TeV) —
these are the electro-weakinos and

the third generation sfermions. E - , \
10’37‘ TR \ VY N\ J

200 400 600 800 1000 1200 1400 1600

Existing limits on
4g€  strong production
push masses > 1 TeV _|

Typical signature: one or more leptons in the final state arising from the decay
of charginos/neutralinos decaying through intermediate sleptons, sneutrinos

or gauge bosons.
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Search strategy

Use dedicated searches targeting specific final states. Interpret results using

Simplified Models containing the process of interest.

Results based on the 2012 dataset: [ £dt ~ 20fb~", \/5 = 8 TeV.

@ Exactly 3 light leptons (I=e, )

ATLAS-CONF-2013-035 (3L)

© Exactly 2 light leptons

. I o ATLAS-CONF-2013-049 (2L)
@ Chargino-neutralino pair production (with

intermediate sleptons/ gauge bosons) @ Chargino-pair production (with intermediate
sleptons/ gauge bosons), direct
e 1 ||ght |ept0n and 2 b_tagged JetS selectron/smuon-pair production
ATLAS-CONF-2013-093 (1L) @ At least 4 light leptons
@ Chargino-neutralino pair production (with the ATLAS-CONF-2013-036 (4|_)

neutralino decaying through a Higgs boson)
@ Neutralino-pair production (with intermediate

© 2 hadronically decaying 7-leptons leptons)
ATLAS-CONF-2013-028 (27-) Note: For a given production mode (e.g chargino-neutralino
production)- consider scenario with/without intermediate
@ Chargino-neutralino and chargino-pair sleptons separately. (Intermediate sleptons in decays chains
production (with intermediate staus), direct enhance the leptonic branching fraction — increase sensitivity)

stau-pair production

Sarah Williams (Cambridge University) PASCOS 2013 20" November 2013 3/22



Choosing the signal region(s)

Interesting note: variables initially designed to measure SUSY masses in the
case of discovery have proven useful in suppressing SM backgrounds when
designing signal regions searching for SUSY...

pmiss,rel _ E—Ffss if Ay j > /2
T EP'™ x sinAdy if Ay < 72
. 21 £2  miss
- — 2 2 2
mry = rgin [max (et ar), mr(p®, PP — an) ) | ma(vr, va) = [Ex(v) + Ex(v2)l? — [pr(vy) — pr(v2)]
DﬁeuNels:O‘szm‘E‘:“'dﬂoesv i2) £ ;‘ATL‘AS‘ N ‘I‘ T \4\7D\ ’\7 s‘T v‘ 3
1 C 3500— 1¢ = |
% T ATLAS preiminary o e s ™ e ‘":' Y s amrem 3
S b w F N : i ]
=10 ij=zo.am" (5=8TeV . wt W 000 IL dt~20.3fo E's(.nmemp 3
In the ab ( 2 ok £ Preselection, [ Wets 1
e absence of a 3 2500— E, > 100 GeV B Z+jets =
finite W width, the 10 E . .z 1  When calculated
istri i 20006 3 wwiwzizz E ’ N .
mr, distribution for . E # . WH El using the 2 b-jets in
well reconstructed sk 2] B 4 the event the mcy
di-leptonic tf and o E 1 distribution tt has an
WW events should g 7  expected endpoint
fall off rapidly above 1o s00L 4 at160 GeV.
the W boson mass. E ]
= o
5 15 = I ]
N i
020 40 60 80 100 120 140 160 180 200 3 °3F 4
T s a0 @0 &0 50
my, [GeV] me; [GeV]
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Standard Model background estimation

All SUSY searches rely on accurate modelling of the Standard Model backgrounds

Distinguish between reducible (fake leptons/hadronic taus) and irreducible
(sources of real isolated leptons) backgrounds.

Fake lepton backgrounds usually determined from data (method depends on
analysis).

For dominant irreducible backgrounds, Monte Carlo predictions are obtained
from NLO generators or renormalised by defining control regions that are
designed to be dominant in a particular background component.

(NER) et = (NG — N _x) x T, Nie x/ N6 x

Predictions from these methods are tested in a number of representative
validation regions

Combined fits over signal regions and all control regions extract background

normalisation factors simultaneously by fitting to data.
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3-lepton channel has sensitivity to chargino-neutralino production with decays
through intermediate sleptons or gauge bosons.

@ Wino-like ¢ %9, bino-like £0 — mass
1 X2 1

degenerate )”(1:*: ig

@ Intermediate slepton scenario: assume
flavour democratic, and 50% branching
ratios to sleptons and sneutrinos.

(*) Decays through gauge bosons: assume
100% branching of >21i - wE )2?,

=0 -0
-t o PP - Xo = Z%
m()qi,xg) > m(8y, i, 71, 7)> m(%9) 2 1

Selection SRnoZa SRnoZb SRnoZc SRZa SRZb SRZc

msros [GeV] <60 60-81.2 <8l.2or>101.2 81.2-101.2 81.2-101.2 81.2-101.2

E,"r1iSS [GeV] >50 >75 >75 75-120 75-120 >120

mr [GeV] - - >110 <110 >110 >110

pr39e[Gevl  >10 >10 >30 >10 >10 >10

SR veto SRnoZc  SRnoZc

Sensitivity across parameter space achieved with signal regions requiring exactly 3
“light” leptons (e,u), with/without a Z-veto on a same-flavour opposite-sign pair. Et"*
and mr used to suppress SM backgrounds.
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rgino-neutralino production (3 S-CONF-2013-035

[ ATLAS Preliminary = Observed imit (+1055) ]
< 500 ;J\m: 20.7 15" \6=8 TeV ===== Expected it (=

L% ATLAS 13016 V5 =8 ToV ]
Al limits at 95% CL. ]

m.. [GeV]

No excess above the Standard Model expectation
was observed — calculate model independent
limits on the visible cross-section in the signal

regions, and model dependent exclusion contours.

(S )

ATLAS Preliminary
E G-atov fLa-zo7n’

[ SRzZc

+[ ATLAS Preliminary
L[ E=eTev fLat-z07m"

SRnoZc
kb
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P oesmme ' wmplE - T
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mr [GeV] P [GeV] 8O o

100

Improved sensitivity at low chargino masses and
along the diagonal m(3)—m(9)=m_.

50

ok ] h|
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Chargino-neutralino production (1L)- ATLAS-CONF-2013-093

Hot off the press- this was the first LHC search for ¥17%3 production
with decays via Higgs- released August 2013!

@ Wino-like ¥ %3, bino-like ¥} — mass degenerate ¢

@ Assume 100% branching of ¥{ via W+ and %3
via 125 GeV SM-like lightest higgs.

@ For on-shell Higgs: Am(%3, ¥9) > 125 GeV
@ 125 GeV SM-like Higgs has highest BR for h

s bb m(l, 7) >m(%3", %9)> m(%9)

Searched for events with one charged lepton (e,u), missing transverse

momentum and 2 b-tagged jets consistent with a Standard Model Higgs
boson at my = 125 GeV

Sarah Williams (Cambridge University) PASCOS 2013 20" November 2013 8/22



Chargino-neutralino production (1L)- ATLAS-CONF-2013-093

Control regions defined for tf and W+jets — extract m_. > 160 Gev
background normalisation factors from e e
simultaneous fit. -

mT
7] T T T T T T T 7 8 T T T T T T IRRE=" SRB
€ ATLAS Preliminary—+—Data G=stev | T ATLAS Preliminary—+—Data fi=stev |
g & ER & 1 1300cev| VRO  CRI*
[im] fL dt~20.31b" B Single top ERRLTAR fL dt~20.3 fo” B Single top =
Ta0p [ Weiets. ] . Weiets 1 SRA
. Z+jets ] J
. OF1 =T 1
3 P =RH E E 100 GeV
R = 120,0Gov sl ,0Gev_] VR2
b i i 28,0 Gev-| 228000 ] 80 Gev VR1
] CR2*
& 4 B 40 Gev
4 ] 0 1 2 Mo
2 b
2 % 4 ]
s 29 — s 25 For the simultaneous fit, split all regions
D s T3 L@ s into 5 bins in my,,. For the control regions
E . b i
8 os 1 8 e | exclude my, = 105 — 135 GeV to avoid
50 100 150 200 250 300 350, 400 50 100 150 200 250 300 350 400 H i 1
m, [GeV] My, [GeV] signal contamination.
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Chargino-neutralino production (1L)- ATLAS-CONF-2013-093

excess above the Standard Model expectation observed

° S — « N — S 140 T

i —+— Data (5 =8 Te) i —+— Data Vs =8 Te\ F Bl

5  ATLAS Pvehn:mavy% oy e § o ATLAS Prel\rr:lnary%;“u“m eV & | ATLAS Proiminary  Comces e, ]

[ fL 4t~2031" [ tngletop [ fL dt~2031" [ tngietop 120 . — Observed it (+105257) ]
1 Wt 1 Waets g120 f Ldt=2031",8=BTeV . Eypected imit(+10,)

| . Z+jets | - Zjets L Ve 4

e SRA B we e SRB [t E SRA+SRB ]

i3 =f 00 L ]

[ 25 wen ]

E2R m, = 130,0cev [ A% Wahy ]

' 80 j

60 |

w0l B

s 2 s L 4

D, ] [ ]

8 g 20 B

) T ost Fo -

o ] B0 020020300380 40 L 4 Lo - - ]

My, [GeV] AN A IO P TN PN S

0,
120 140 160 180 200 220 240 260 280 300

SRAh _ SRBh M 10

Observed o2 (Asymptotic) 0.32fb 0.21 fb § AR A A AR RS

N . £ [ ATLAS Preliminary  _,_ operved imit -1 o)
Observed S ;- (Asymptotic) 6.5 4.4 R )

ds As totic) 70%3 4425 gt deI:ZUSQbJIE:ETe\/ Lol Expected Limit (+1 0,,,)

Expected S &5, (Asymptotic Y19 15 L R R e SRA+SRB
Observed ‘735.< (Pseudo-experiments) | 0.34fb  0.21 fb 3 e o MG =0 GeV
Observed S 955 (Pseudo-experiments) 6.9 4.4 g
Expected S 3, (Pseudo-experiments) 7.0ﬁ:§ 4.43:2

Note: For model independent limits, for SRA/B consider only my,= 105-135
GeV. For model dependent exclusion limits consider my;, > 50 GeV and
statistically combine regions. 1

Faamaas

I I I I I I I I
10 160 180 200 220 240 260 280 300
m...[GeV]
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Chargino-neutralino production (27)- ATLAS-CONF-2013-028

First sear

m(x;, £3) > m(Fy, 77)> m(x9)

@ 2-lepton analysis based on
reconstructing hadronically
decaying taus.

@ 2 ssignal regions defined

based on my,, with and
without a b-jet veto.

Sarah Williams (Cambridge University)

@ simplified model for ¢ %3.

50 % BR through both
intermediate sleptons and
sneutrinos.

@ Assume wino-like >”<1i, b
and bino-like X9 — mass
degenerate )'(1:*: s ;(g

Events / 10 GeV

h for electroweak production with taus in A

T
ATLAS

T T
Preliminary

" Dara 2012 (15 - 8 ToV]
sy

Total
T Multjet Wjets
=] Diboson
Zujets
gle top
SUSY Ref. Point 1
SUSY Ref. Point 2

de« ~207f0"

™z [GeV]

Signal region

requirements

OS mry

at least 1 OS tau pair
jet veto
Z-veto
Eis> 40 GeV
mr2> 90 GeV

OS mr>-nobjet

at least 1 OS tau pair
b-jet veto
Z-veto
E$i5‘> 40 GeV
mr2> 100 GeV

PASCOS 2013

s Observed it |

Juﬂ:zam" (s=8Tev.

I
200

I I
250 300

20t Novem

350 400

2013

450
m. . [GeV]
iz

500
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Chargino pair-production (27)- ATLAS-CONF-2013-028

Direct Stau Production

@ Challenging signal to target
(low cross-section) — set
upper limits on cross-section.

@ For 7 mass of 140 GeV and %°
mass of 10 GeV. Theoretical

ot i i o ot + ¢ .
X3 Xf pair-production. 100 % BR %= — 7 ux? cross-section= 0.04 pb,
Assume wino-like ;= and bino-like )2? Compared to upper limit on
3 L ATLAS Prefiminary ‘ cross-section of 0.17 pb.
£ 250 F57 — 257 = 250k 7 SRoombined
fLm:zoﬂb‘, (5=8 TeV.
L Observed it (+10325) T

200
S22 Expected limit (-

-

150

100

50

I S N RN R A
3
N
\
>
“o

T TR T T T

50 400
m, (GeV]

e L AT N
0100 150 200 250 300
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Chargino pair-production (2L)- ATLAS-CONF-2013-049

m(gE) > m(@, i, 71, 9)> m(x9)

v/l

Targetted by SR-mr, o9 and
SR-mr3 110

m(l, 7) >m(xi)

Targetted by SR-WWa, SR-WWhb, and

SR-WWc

Assume wino like >“<1i bino-like 9.

> m(x9)

SR-mr.90 | SR-mra.110

SR-WWa | SR-WWb | SR-WWc

lepton flavour etem, T, et erur

pi — > 35GeV

p?fz — > 20 GeV

mee Z veto < 80 GeV | < 130 GeV —
Prie — >70GeV | <170 GeV | < 190 GeV
Adee — < 1.8rad

Epissrel > 40 GeV > 70 GeV —
mry > 90 GeV | > 110 GeV — >90GeV_| > 100 GeV

0 nJats=0, Zveto, 140 Gev

>
& s [ ATLAS Preliminary @ Data2012
e UF -
. de1=203ﬂ7" fs=8Tev HEi.w
2 10 O Z4els
g S
[l [ Fake leptons
iogs

Bkg. Uncert.
a
e m—y
8

0 20 40 60 80 100 120 140 160 180 200
My, [GeV]
ot 0505602008V

> T
3 o[ ATLAS priminay =
o fLm:zo.am‘E:aTev i
; 10t [ en channel :] Zo‘eu
s :] e ipons
2 [ v
« [ [

m‘Hm‘zn)e.v
7m0,

All regions also included a jet-veto on all jets with py > 20 GeV and |n| < @
2.4 or pr > 30 GeV and |n| < 4.5, as well as a veto on b-jets with pr > 20 s 5‘0 160 o e %0
GeVand |n| < 2.4 m,GeV]

20" November 2013 13/22
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Chargino pair-production (2L)- At

240 GeV, m, >90 GeV

T T0GeN 0GBV 1 8

3 ([ ATLASPaimnay o oumane (L ATLAS frmnay 4 bwmzoe
§ fems e Bip Lt S
I3 8 [P 4}
& 5] Fake epions
=) ;wiums“ [ Fake leptons
° o r——
)= (9500 Go¥ 10 (i mi)=(100,0)GeV
| | i
2|
=
[ZERE
g A
& 0507 ¢
50 100 150 200 250 300 55080 100 110 120 130" 140 150 160 170
ET* [GeV] EF*"[GeV]
SR-WWa SR-WWb SR-WWc¢
Observed 123 16 9
Background total 1179+ 146 13.6+23 74+15
Top 152 +6.6 27+1.1 1.0+£0.7
ww 98.6+14.6 102=+2.1 59+13
ZV(V=WorZ) 3408 0267030 0.29+0.14
Higgs 076 +£0.14  0.21 £0.06 0.10 +0.04
0.33 0.30 0.17
fake 0.0255 0,261’0 6 0.12%317
Sarah Williams (Cambridge University) PASCOS 2013

AS-CONF-2013-049
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Direct slepton-pair production (2L)- ATLAS-CONF-2013-049

Used SR-mr; 90 and SR-m; 110 to calculate exclusions for left-handed and
right-handed sleptons separately.

¢ @ Assume slepton pair production
p : with 100% branching to 2
[ -0 j+ + 0 <0
¢ - X1 = = 1= %5 max _ 2 2 X1
- ms = ms —m<, 1 -
~< ) X1 2m?
[.*~ 2 o Degenerate selections, smuons. !
p . S
i @ Assume bino-like 9.
l
I e e e e s T
8 oo[ ATLAS Preliminary Theraid 8 o0 [ ATLAS Preliminary Traid, A
i3 JLm:zu.am‘, {5=8 TeV ] = :J'La«:zu.am‘, V3-8 TeV ]
£ [ s Observed imit (=1 0525Y) ] € [ === Observed imit (+1 0§37 ]
P ) Expected limit (= 0,.) 4 P Expected limit (= 0, |
r LEP i]k ‘excluded h r LEP ﬁk ‘excluded h
[ Avimisasss L ] [ Alms asss oL 1
1s0f E 1s0f E
100 ;/ *: 100 ;/ *:
50 E 50 E
o bl 1 L e 1 1 | ol 1 L L Lol 1 |
100 150 200 250 300 SNSD 100 150 200 250 300 3~50
mi) [GeV] mi) [GeV]
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Neutralino pair prod S-CONF-2013-036

4-lepton channel- powerful search channel for many SUSY
scenarios- very low SM background. Analysis contained 5
signal regions targeting different models, requiring at least 4
leptons, and EX** and/or meg.

m(x3) > m(&g, fig)> m(x?)

ppﬁﬂi ST TELTE
T T

3 ATLAS Preliminary —- Dala 75 T T ]
¢ T 38 /| ATLAS Prellmmary 1
8 f Ldt=20.7" 5= 8TeV =] Reducb\a Big. 3= B
% 4 g5 ILdt 20715 5=8Tev
2 El £ ]
H ERV = ]
& 1 F wf = (g2 E
3 E I Opgerved it (£10325 =
SROnozZb q r 1
E so—- kK . Expected limit (+10,,,) ]
A E Allimis at 85% CL ]
40 3
30 4
ERE e ]
s % 20F 4
8 5%{%/%/ %/ % Bl b b b bt
55100 T80 200 250 300 100 150 200 250 300 350 400 450 50
£ (Gev) "in‘ [Ge
SR N(¢ =e,u) N(r) Z Candidate E;‘.‘i“ [GeV] meg[GeV]  Scenario
SROnoZa >4 >0  extended veto >50 RPC
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Summary/Conclusions

ATLAS Preliminary L_=20.3-20.7 b, {s=8 TeV Status: SUSY 2013
o i

@
=}

- - -+ Expected limits

— Obsened imis @ The results released so far based
on the 2012 dataset have
excluded large areas of
parameter space in the models
under consideration.

— pp Qz vial/ ¥, 2e/p, sms
— R via s D,

— pp,Qg, viat/ b, 2
oo X% vawz, 3ol
pp<¢‘§, via Wh, elpbt
JRe=08mE + my)

m&? [GeV]
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3
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@
<1
3
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a
3

N
S
3

o
@
S

@ Although no evidence of SUSY
has been observed so far- the
story is far from over!

=
1)
3

@
S

& PP T T T T I T e

7 1 A\ N ENIE W RS
200 300 400 500 600
miz (zmy) (Gev]

RO

@ There’s still lots to be done - increase the sensitivity of our existing
searches, explore new channels, and prepare for the 2015 run at
/s =13 TeV!

Light gauginos are favoured by naturalness, so, perhaps electroweak SUSY
could be just around the corner...
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Backup- ATLAS-CONF-2013-035 (3L)

Standard Model Background

Signal region results: Modelling:

Selection SRnoZa SRnoZb SRnoZc SRZa SRZb SRZc

Tri-boson 1.7+1.7 0.6+0.6 0.8+0.8 05+0.5 04+04 0.29+0.29 H

2 o8 18210 035:017 89:18 1004 039038 @ Dominant backgrounds were
v 0234023 0215019 02103 04+04 022£021 0.10£0.10 B ;

wz 5049 20:4 21516 235535 1985 5014 irreducible tOp/WZ

£ SM irreducible 65:12 224 3418 245£35 20%5 5814 contributions.

SM reducible 3e14 745 10£04 47 17407 05404

LSM 9619 29:6 44518 24935 2245 63+15 @ Allirreducible backgrounds

D 101 ) 5 273 23 6 :

“‘“ were taken directly from
po-value 0.41 0.37 0.40 023 0.44 05 .
Vmoduedop 93 le3 62 @9 12 6 NLO Monte Carlo which was
Nijgnat excluded (obs) 418 18.0 6.8 837 139 65 f
Tuisvie excluded (exp) [fb]  1.90 0.79 0.30 328 0.64 0.32 checked in a number of
v excluded (obs) [fb]  2.02 0.87 033 404 0.67 031 validation re g ions

Validation region definitions:
Selection VRnoZa VRnoZb VRZa VRZb & wf ATLAS Preliminary P
EI- . i
msros [GeV] <8120r>1012  <8120r>101.2 812-101.2 81.2-1012 g e fro-mre :
b

b-jet veto request veto request

ENS [GeV] 35-50 >50 30-50 >50

Dominant process WZ*, Z*Z*, Z*+jets 1 WZ, Z+jets wz

The irreducible “fake lepton” background was
evaluated using a data-driven “matrix method”.

20 40 60 80 100 120 140 160 160
me (Gel]

Sarah Williams (Cambridge University) PASCOS 2013 20t Novem|
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Backup- ATLAS-CONF-2013-028 (27)

Signal region results:

SM process SR OS mr; SR OS m; -nobjet
top 02+05+0.1 1.6 +£08+1.2
Z+jets 0.28 £0.26 £ 0.23 04+£03+03
diboson 22+05+05 25+05+09
multi-jet & W+jets 84+26+14 12+3+3
SM total 11.0£27+15 17+£4+3
data 6 14

@ Irreducible backgrounds (Z+jets,
diboson, top)- taken from directly

Regions used for ABCD method:

my, Used for nominal ‘ Used for alternative | | Used for validation
ABCD method ABCD method d i
[GeV]
QCD+W w
CR-A CR-A SR

90/100

W W
VR-E )| VR-F

40

from MC prediction. Re | Pere | | Gre
@ Reducible background- 1-2 fake taus- 0 Zloose  1loose 1 medium id
X . (light veto) 1 medium 1 tight tau-i
evaluated using data-driven ABCD (ight veto)
method.
Model independent limits:
Signal Region (€0r)23 [1b] §% S CLg p(s=0)
SR-OSmz> 0.27 5.6 8.927 0.14 0.42
SR-OSm2-nobjet 0.50 10.4 104496 0.48 0.39
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Backup- ATLAS-CONF-2013-049 (2L)

Signal region estimates for Control region definitions:
SR-mTzﬁg()and SR'IT)TZ, 110~
SR-m1290 e Eu P all
Obscrved i5 19 19 53 SR NCR - NCR SR
Background total 166+23 207232 224233 | 597473 Ng" =|—& | X Namc
ww 9316 141£22 126+20 | 36.1+5.1 Nphic
ZV(V=WorZ2) 63+1.5  08+03 73:17 | 144x32
Top 0.9%44 5.6+2.1 25+18 | 89£39
Higgs 0.11£0.04 0.19£0.05 0.080.04 | 0.38+0.08
Fake 0.00+018 0.00+0:44 0.00404> 0.00:928 SR SR-m1290 | SR-mr110 | SR-WWa | SR-WWb | SR-WWe
WW CR
SR-mmaiio e S W all -

. 1 a . .
Obsened 3 § 3 5 e e -
Background total 6122 44220 6324 | 169260 A«ﬁ[// o < 18rd

ww 27+15 3620 29+16 | 9.1x49 miss el ’
ED 40 GeV 70 GeV —
V(Y =Wor2) 27414 0201 34+18 | 6333 . 5090 Gov <ee ‘ 00 Gev
Top 07+07  06+04 00£00 | 1310 T CR -
Higgs 0.05+0.03 0.12:0.04 0.05+0.02 | 022£0.05 E agged jets o1 o1
0.09 0.13 0.12 0.28 5 > = =
Fake 000109 0.00°003  0.00%912 | 0.00%02% signal jets 52 >1
. ) lepton flavour | e*e”, ptu, e e
SM baCkgrOUnd mOde”lng. mee Z veto <80GeV | < 130 GeV
P — >70GeV | <170 GeV | < 190 GeV
. . " X Ade — < 1.8rad
@ Dominant irreducible MC backgrounds- renormalised Epissel > 40 GeV > 70 GeV —
Monte Carlo predictions to data in control regions. mra — — >90GeV_ | > 100 GeV
ZVCR
@ Others taken directly from MC. lepton flavour CeLuH not defined
mee Z select
o . gl > 40 GeV
Reducible fake background (1/2 fake leptons)- used m > 90GeV | > 110 GeV

data-driven “Matrix method”.
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Backup- ATLAS-CONF-2013-036 (4L)

Definitions and results for all signal regions:

SR Nl =e,p) N(r) ZCandidate EF™[GeV] meg[GeV]  Scenario
SROnoZa >4 >0 extended veto >50 RPC SM backg round
SROnoZb >4 >0  extended veto >75 or >600 RPV .
SRInoZ =3 >l extendedveto  >100  or  >400 RPV modellin g:
SR0OZ >4 >0 request >75 GGM
SRI1Z =3 >1 request >100 GGM o |rl’educib|e
mer = EP 4 g+ S e S pht > ph backgrounds from
" ¢ ’ J 27, tt+V, VVV,
Sample SROnoZa  SROnoZb  SRInoZ SROZ SRIZ higgs- taken from
7z 0.6+0.5 050+£026 019005 12204 049+0.10 MC and checked in
ZWW 0.12+0.12 0.08+0.08 005+005 06+06 0.13+0.13 validation regions.
iz 073034 075£035 0.16+0.12  23+09 029+024
Higgs 0.26+0.07 022+0.07 023+006 0.58+0.15 0.14+0.05 @ Reducible
Trreducible Bkg. 17408  16+06 062021  48+18  11+04 background- 1 or 2
Reducible Bkg. 075100555 14x13 [ 0359 fake Ieptons-
Total Bkg. 1.7+08 1.6+0.6 20+13 48+18 1352 evaluated using
Data 2 1 4 8 3 )
1 029 05 0.15 0.08 0.13 data-driven
po-value . .5 115 X . « . . »
'weighting method”.
Niignat Excluded (exp) 39 3.6 53 6.7 4.5 g g
Niignal Excluded (obs) 4.7 3.7 7.5 10.4 6.5
visible Excluded (exp) [fb] 0.19 0.17 0.26 0.32 0.22
visivle Excluded (obs) [fb] 023 0.18 0.36 0.50 031

Sarah Williams (Cambridge University) PASCOS 2013 20" November 2013 21/22



AS-CONF-2013-036 (4L)

Validation region definitions:

VR N(l=e,u) N(r) ZCandidate ET*[GeV] mer[GeV]  Dominant Background
VROnoZ >4 >0  extended veto <50 and <400 7z
VR1noZ =3 >1 extended veto <50 and <400 Z°7Z*, WZ*, Z*+jets
VROZ >4 >0 request <50 77z
VRI1Z =3 >1 request <50 27, WZ, Z+jets
Validation region results:
Sample VROnoZ VR1noZ VRO0Z VRI1Z
77 72+3.6 1.45 +£0.30 167 +38 8.0+1.2
ZWW 0.031 £0.031 0.027 +£0.027 0.35+0.35 0.10+0.10
1tz 0’:8'[’5 0':8"0 1.5+0.7 0.18+0.14
Higgs 0.17 £0.05 0.23 +£0.05 45+09 0.64+0.16
Trreducible Bkg. 74+3.6 1.70 £ 0.34 173 +39 89+14
Reducible Bkg. OSjg:; 7.9+3.6 2.03:8 28 + 10
Total Bkg. 7.7+34 9.6+3.6 175 +37 37+ 10
Data 3 10 201 31
CL, 0.10 0.54 0.51 0.30
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