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https://meetings.triumf.ca/indico/event/17/timetable/#all.detailed

A NATURAL SUSY SPECTRUM

A Natural Spectrum;:

General “bottom-up” viewpoint

expanded mass spectra
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http://inspirehep.net/record/1293010/

SUSY: PRODUCTION CROSS-SECTION
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@ Search for "Natural” SUSY in final states with two leptons of same electric charge (SS) or
three leptons (3Lep) using 36 fb~1 of \/s=13 TeV ATLAS data (Paper, arxiv)
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http://inspirehep.net/record/1326406/plots
http://inspirehep.net/record/1604276
https://arxiv.org/abs/1706.03731

SIGNAL REGIONS (SRS)

@ Several SRs defined targeting compressed () and open spectra (' ):

‘ Signal region oy Megy | XS meg ‘

[GeV] | [GeV] | [GeV] ) O
Rpc2L2bS >28S | 22 >25 [>200] >600 | >025 g 0
Rpc2L2bH 5288 | »2 | >6| s25 | - |>1s00] o015

W—>1v/qq
Rpe2LObS >288 | =0 525 | > 150 - > 025 Z—>11
Rpc2LObH >285 | =0 >40 | 250 | >900 -
Rpc3LObS >3 -0 >40 | >200 | > 600
Rpe3LObH >3 =0 | 24| >40 | >200] > 1600
t
: w-

Rpc2L1bS 5285 | =1 >25 [>150| >600| >025 b L
Rpe2L1bH 528 | >1 | 26| >25 | >250 - >02 -7
Rpe3LSSIb | > 40505 | > - - - - - Veto 81<mg=e-<101 GeV

(some of the optimized SRs and the targeted SUSY signal model)

SS/3Lep final states: powerful tool to search for new physics
@ Low Standard Model Background

@ Independent decays of the two SUSY particles that can proceed through charged particles
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BACKGROUND CLASSIFICATION

Two background categories: irreducible/Standard Model (SM) and reducible/detector

Irreducible/SM backgrounds with similar final states as the considered SUSY models
@ Processes: ti+W/Z, WZ, ZZ, WEWZ, etc.
@ Estimated using MC simulations

@ Detailed validation using dedicated regions enriched in a given
type of SM processes
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@ Generally good agreement between SM processes and data
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BACKGROUND CLASSIFICATION (CONT'D)

Reducible background: charge flip electrons

—

Reconstructed electron charge flipped with respect to original electron (negligible for 1)

Estimation done with opposite-sign data events weighted by charge flip probability

Large fraction of such electrons are rejected by applying e
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BACKGROUND CLASSIFICATION (CONT'D)

Reducible background: fake/non-prompt leptons (electrons or muons)

— Hadrons misidentified as leptons, leptons from heavy flavor decays,
electrons from photon conversions, etc.

@ Data driven estimation using a Tight to Loose matrix method
combined with a MC-template method

@ Good agreement between the two methods when looking in a region
dominated by fake/non-prompt (FNP) leptons

@ The estimates from these methods are combined to give the final s
estimate in the signal regions
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RESULTS IN THE SIGNAL REGIONS
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No significant excess: background estimation agrees, withing the uncertainties, with the
observed data in all defined signal regions
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SOURCES OF UNCERTAINTIES
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Depending on the signal region the statistical, fake/non-prompt and charge flip or
theoretical uncertainties are dominant
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EXCLUSION LIMITS: GLINO PAIR PRODUCTION VIA
VIRTUAL STOP MODEL

No significant excess — place limits on sparticles masses using simplified SUSY models

@ Limits obtained also with other final states — complementary to other ATLAS searches

@ SS/3Lep analysis performs better in the compressed spectra (or when it's a low mass
difference between g and )"(? SUSY particles)
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EXCLUSION LIMITS: GLUINO PATR PRODUCTION VIA
i %3 AND W/Z BOSONS MODEL

No significant excess — place limits on sparticles masses using simplified SUSY models

@ SS/3Lep analysis performs better in the compressed spectra
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EXCLUSION LIMITS: DIRECT SBOTTOM PAIR

PRODUCTION VIA ¥{ MODEL

No significant excess — place limits on sparticles masses using simplified SUSY models

@ Only SS/3Lep analysis provides limits for this scenario in ATLAS

my [GeV]

~
o
=]

600

500

400

300

200

100

51 Elproduction, EP t;(h, m&h) = m&p) +100 GeV

LI I o e e ™

FATLAS —— Observed limit (+10peo’)
Vs=13Tev,36.1f6*  ____. Expected limit (+10,,)

SS/3L obs. limit 2015
[arXiv:1602.09058]

All limits at 95% CL

PRI RTINS T | S I AR I

500 600 700 800 900
m; [GeV]
A

|

W-
Xt

X4

w+

12/13



CONCLUSIONS / DISCUSSION

@ Excellent LHC performance!
@ ATLAS has a wide BSM physics program, scrutinizing each corner of the phase space
@ As for today, (unfortunately) no evidence of SUSY or other BSM particles...

@ New limits significantly extend the 8 TeV results — check out also the ATLAS public page

@ Exciting future in front of us: at the end of the LHC 13 TeV (Run-2) expect 120-150 fb~!
and by 2035 ~3000 fb~! of data!

@ With this particular analysis we can gain even more by reducing the systematic
uncertainties (which dominate some of the SRs)
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
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RARE BACKGROUNDS IN THE SRS

1 ATLAS
Simulation
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SR DEFINITIONS

‘ Signal region N?':::::S ‘ Nosjess ‘ Niess s ‘ Ep' ‘ et ‘ ET mest Other ‘ Targeted ‘
[GeV] | [GeV] [GeV] Signal
Rpc2L2bS =288 =22 26 [ =25 | >200 | =600 > 025 - Fig. 1(a)
Rpe2L2bH = 288 2 >25 - > 1800 | >0.15 - Fig. 1(a), NUHM2
Rpe2Lsoftlb | 2288 | =21 >25 | >100 - =03 20.10 <pf! ,pi< 100 GeV | Fig. 1(b)
Rpc2Lsoft2b > 288 =2 >25 | >200 | >600| >025 |20,10<p] pf<100GeV | Fig. 1(b)
Rpc2L0bS > 288 =0 >25 > 150 - >0.25 - Fig. 1(c)
Rpc2LObH > 288 =0 >40 | > 250 > 900 - - Fig. 1(c)
Rpc3L0bS =3 =0 >40 | >200 > 600 - - Fig. 1(d)
Rpc3LObH =3 =0 >40 | >200 | > 1600 - - Fig. 1(d)
Rpc3L1bS >3 >1 >40 | >200 | =600 - - Other
Rpe3L1bH >3 =1 >40 | >200 | > 1600 - Other
Rpc2L1bS 2> 288 21 >25 | >150 | > 600 25 - Fig. 1(e)
Rpc2L1bH = 288 =1 e >25 | >250 - .2 - Fig. 1(e)
Rpe3LSSIb | = 505 | =1 - - - - velo 81<me:: <101 GeV | Fig. 1(f)
RpvZL1bH = 288 =1 > 50 - > 2200 - - Figs. 1(g), 1(h)
Rpv2LOb =288 =0 > 40 - > 1800 - veto 81<m,: - <101 GeV | Fig. 1(i)
Rpv2L2bH > 288 >2 > 40 - > 2000 - veto 81<me+~ <101 GeV | Fig. 1(j)
Rpv2L2bS EXaa =2 > 50 - > 1200 - - Fig. 1(k)
Rpv2L1bS =6 =1 > 50 - > 1200 - - Fig. 1()
Rpv2L1bM >0 >1 > > 50 — > 1800 — — Fig. 1(1)
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SUSY MODELS CONSIDERED
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Figure 1: RPC SUSY processes featuring gluino ((a), (b). (c). (d)) or third-generation squark ((e), (f)) pair pro-
duction studied in this analysis. RPV SUSY models considered are gluino pair production ((g). (h). (i), (j)) and
t-channel production of down squark-rights ((k). (1)) which decay via baryon- or lepton-number violating couplings
A and X respectively. In the diagrams, ¢ = u,d, ¢, s and £ = e,y v. In Figure 1(d), [ = &, /1,7 and 7 = 7,, Vs Voo
In Figure 1(f), the W* labels indicate largely off-shell W bosons — the mass difference between ¥ nnd)?(,y is around
1 GeV. 17/13




