Search for supersymmetry in events
with electrons or muons, jets and
missing transverse momentum
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Supersymmetry: one of the most Strongly produced
appealing BSM theory. supersymmetry

¢ Moderates the hierarchy problem. | ¢ Large cross-section

+ Helps with the grand unification ¢ Heavy SUSY mass scale
of gauge couplings. ¢ Generic experimental

¢ Provides a suitable dark matter signatures: multiple jets +
candidate. leptons + large MET
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Benchmark searches

Targeting final states with electrons/muons, jets and missing transter momenitum

* All analyses are based on 3.2/3.3 fb-! LHC Run 2 data.

* Final states: one * Final states: * Final states: on-
lepton(e/p)+jets+ Same-sign shell Z (leptonic)
MET two/three leptons +jets+MET

(e/u)+jets+MET

ATLAS-CONF-2015-076 ATLAS-CONF-2015-078 ATLAS-CONF-2015-082
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SM Background Modelling

o SUSY searches rely on accurate modelling of the Standard
Model backgrounds.

Standard Model

Top, multijets
vV, VV, VVV, Higgs
& combinations of these

Combined fit of Reducible backgrounds Irreducible backgrounds

all regions and : . : .
B Determined from data Dominant sources: normalise

incl. systematic Backgrounds and methods MC in data control regions € (CR)
exp. and theor. depend on analyses Subdominant sources: MC

uncertainties as
nuisance
parameters

Validation blinded

Validation regions used to

cross check SM predictions
with data

blinded
Signal regions € (SR)
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Overview

(ISR-type) (2jet-type)
T4
o Free parameters: m_g , m_¥3; \w jets
m_¥; fixed at (m_g + m_¥?)/2 AM'I """""" ' 7
~ ~ 1
« Free parameters: m_g , m_¥;; AT, 1S R — — I
m_y (1) fixed at 60GeV soft leptons,jets  soft leptons,jets

Target semi-leptonic decay: search for 1 lepton, jets and MET.

“hard lepton channel”
> SUSY scenarios with large mass splitting between ¥: and ¥!

> Hard lepton e/p pT > 356eV; large MET and mT
> 4 SRs with jet multiplicity ranging from 4 to 6

"soft lepton channel”
SUSY scenarios with compressed mass spectra: ISR and 2-jet type

Soft lepton e/y pT: 7/6 - 356eV; large MET
2 SRs: 22jets and 2 5jets
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https://cds.cern.ch/record/2114848

1-lepton: Analysis strategy
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Main background: ttbar,

Discriminants: MET, mT,

Good agreement between
predicted and observed event
yields in all validation regions:
largest deviations <20.

*Aplanarity: a variable designed to allow more
global information about the full momentum tensor.
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§-9 |- dagaWwx %, x = (m(%,} - m(%)) / ( m(@) - m(F) ) = 1/2
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([} [ 1-lepton + jets + E:‘SS 7]
1-lepton: Results pgsg= g
T o -
[~ === 5jet (obs.fexp.) [’6‘:\;\,"‘ 7
¢ Good agreement between predictions and B0 [ v i) .
observed data in most signal regions. 600 |- = =
¢ In the 6-jet SR, a 20 excess is observed. 400 - =
This mainly arises from p channel(local 00 ]
significance of 2.50): 2.5+0.8 expected, 8 R B DRI S i DT
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- Soft lepton SR performs well in the
mass compressed region. 7
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2L same-sign/3L: Overview

> Lighter third generation squarks
favoring the production of leptons
and heavy flavor quarks

= 2 SRs enriched in b-jets

* la'rl‘:wiﬁﬂo cl))saed;%E?\imd Signal region - o | B [GeV] | mer [GeV]

requirement and gain SROb3] - >200 >550

in sensitivity to SROb3j >125 >650
compressed SUSY. SR1b 2150 ~550)

Sensitive variables: #lep, SR3b >125 >650
#(b)jets, jet pT, MET, meff
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https://cds.cern.ch/record/2114850

2L same-sign/3L: Analysis strategy
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¢ Reducible backgrounds (data-driven): dominanted by ttbar in SR

¢ Fake and non-prompt leptons (ttbar decaying semi-leptonically, Wjets):
Matrix method to estimate fake leptons passing signal-like cuts.

¢ Charge flip electrons (ttbar decaying fully leptonically, Z): Likelihood
method to determine flip probability, further used to reweight OS data.

¢ Predictions validated in dedicated regions, and cross checked by an
independent method.




2L same-sign/3L: Results
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Left: Bottom
squark masses
<5256eV are
excluded for a

light %7.

Right: m_g <1.1-

1.3TeV and m_¥;

< 550-8006eV
are excluded
depending on the

model parameters.
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Overview

LINK
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Run 2: simplified model: different but
approximating the process from Run 1

Searching for final state with on-shell Z (leptonic), jets and MET.
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> SR is kinematically identical to Run 1 analysis:
confirm or deny the excess quickly!
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> Discriminants: dilepton invariant mass, Ht (high
Ht-> high g mass) and MET (high MET->
high ¥ mass).
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http://arxiv.org/pdf/1503.03290.pdf
https://cds.cern.ch/record/2114854

2L Z+MET: Analysis strategy

¢ Ttbar(plus WW/W1t/Ztautau): dominant (~60%). “"Flavour symmetry
method” use data in ey channel to estimate the contribution in the

same flavour channels. Cross-checked with “sideband-fit".

Region Flavour-symmetry Sideband fit
SRZ 3.1+£2.0 6.1+1.7
VRS 18.9+438 20.5+5.6

¥ g+ o
E ——
iue:tS z jet jet jet
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2L Z+MET: Results
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¢ Run 2 result very intriguing: 2.20 excess.

+ 21 events observed, 10.31+2.3 expected.

+ Flavor symmetric this time: 11 in py, 10
in ee.

-
nl

E - 7T T T T ~ ~0
g2 - & Exclude up to m_g ~1.1TeV for a ¥;
Fop - mass of 700GeV.
z72
VRS I VR-WZ I VR-ZZ I VR-3L ‘ SR-Z
. §- a7, 1, 21,
> _I|I|I||||||||||I||||||||||||I|III|IIIII_ > :||||||||||:|I|||||||||||||||||f ; _I||||||||||||||||||||||||||||||||| ||||_
[ T ATLASPreliminary—s— pata 2015 ] 8 165 ATLAS Preliminary—s— patz 2015 B 8 1400 —ATLAS Preliminary Foed Expected limit (+10,,) —
o OG5 5=13TeV, 321" %% Standard Model (sM) ] o F 5=13TeV,32fb" 777 Standard Model (M) ]~ [ (513 TeV, 32" SRZ sz Observed limit (+102%") -
ﬂ [ SRZ es+un B 2 tomysets) ] 1 14F SRZeesun B zy* (romysjets) ] ’%{1200 - e ]
W C [ Flavour symmetric 1 — E [ Flavaur symmetric E » T e, B
£ 20F ] e oo J 212k [ raro o = - > o / ]
g‘ - [ wzzz ] QC} C CIwzzz ] 1000 = Ty / ]
L 1 5—_ R mtﬁb#gmﬂmg} Gel,‘r_— u:j 1 O:_ —_— m@i§=f920_2ﬂﬂﬁ GQV_: : -------- < ! :
e m(@is)~(940,660) GeV abe | m(@,)=(940,860) GeV T 800 [— / ]
I ] " ] [ «® / i
o = 6y . 600 / -
I B | ] 4 L E - / .
5:— T —: E E 400 . 4 —
e Y- A "V N [N Ny -
- ; b L L] i Al ’ .
082 84 86 88 00 02 94 96 98 100 0™™300 400 500 600 700 800 B T
m, [GeV] E7™ [GeV] m(g) [GeV]

Epiphany 2016 (Da XU) 13



Summary

¢ ATLAS Run 2 data (13TeV,~3.3fb-1) has improved
sensitivity to strongly produced SUSY over Run 1
(8TeV, 20.3fb-1).

¢ Analyses of strongly produced SUSY with leptons
(e,p)+jets+MET see no significant excesses over
the SM predictions.

¢ Largest excesses observed in 1-lepton and Z+MET
channels, with a significance of 2.0 and 2.2 sigma
respectively.

¢ Exciting time to study SUSY: looking forward to
ICHEP2016 and beyond!
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The aplanarity, A is a variable designed to allow more global information about the full momentum tensor
of the event, Myy;, via its eigenvalues A;. 1> and 13:

2
Pe PPy BFz\  Find the eigenvalues

BE B B - Ordered:  A1>A2>A3

Lje\P,P, PP, P? A= e Normalised: X;A; = 1
* Three categories of events:
Al>>A2,A3 »Linear event: most of momentum concentrated along 1 line
AL=ZA2>>A3 »Planar event: most of momentum concentrated in a plane
Al= A2 = A3 » Aplanar event: momentum activity in all 3 directions
* Aplanarity = %13

;‘i\\ Signals Background ®)
SN g P e N
~ ;G = e e
Y NC®@) w €.
: o Leading jets are boosted.
Spherical > Planer/linear event shape
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Discriminating variables

miss

The transverse mass (m-) of the lepton (£) and pt ™ is defined as

my = \255EPS(1 - coslAG(E, p))), (1)

where &qﬁ(ap%ﬁ“) is the azimuthal angle between the lepton and the missing transverse momentum.
This is used in the soft-lepton 2-jet signal region and all hard-lepton signal regions to reject W+jets and
semileptonic t7 events.

inc

The inclusive effective mass (m'%) is the scalar sum of the pr. of the lepton, the jets and EJ"™:

N
miif = pr + Z pr; + ET™, (2)
J=1

where the index j runs over all the signal jets in the event with py > 30 GeV. The inclusive effective mass
provides good discrimination against SM backgrounds, without being too sensitive to the details of the
SUSY cascade decay chain.

The transverse scalar sum (Hy) is defined as

N,

jet

Hy=pr+ Zpr,jr
=

Epiphany 2016 (Da XU)
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