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ANALYSIS OVERVIEW

Targeting strong production with: Dominant backgrounds
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FLAVOUR SYMMETRIC Z+JETS FAKES
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Take different flavour (DF) control regions

(CR) to estimate SF background, with
corrections obtained from data for:

*Trigger efficiency of SF and DF events, from

MC, m,, dependent.

eKinematics for electrons and muons, from
MC, p; dependent.
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right regime.
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i shape.
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ANALYSIS WITH 2 LEPTONS

2 CR-FS Defined exclusive regions in the selection:
9, el channel . . . .
i T eSignal regions (dominated by signal,
- - optimised for highest sensitivity for a
On 7 CRT CRT .
995 Sideband fit  Signal region Sideband fit COHSIdered SUSY mOdel)‘
eControl regions (background dominated,
20 d to determine the background in th
VRT VRS VRT used to determine the background in the
100 Validation of sideband fit Signa\ regiOﬂ).

*Validation regions (defined close to the

signal regions, used to validate the

background prediction in the signal
region).

61 81 101 121  m, [GeV]

Statistical interpretation:

e Model-independent (p0, Z)
* Model-dependent (CLs)




TRIGGER AND EVENT SELECTION

L e e e — On Z analysis: same event selection as for 8 TeV
e 35E- AT'-A2§1?"""‘:’E '-_“;"Ti:\‘l’s"v = On-shell Z  E™s  HM gy, mee SF/DF  Ag(ety, p)  mr(£3, ET™)  npjess
[ S ZZ o 8Ty - regions [GeV]  [GeV] [GeV] [GeV ]
E 305_ ——2015pp Vs=13TeV _E Signal region
3 ogp. = 2016pp Vs=13TeV = SRZ {>225775600 322 {8l<me<1013  SF > 0.4 - -
) u = . . .
2 F - Kinematic edge m,, windows span 12~1000 GeV
o 1oF E Edge E™S  Hy  njas mee SF/DF  OS/SS  Agd(jet;y, p™)  my ranges
10 . regions [GeV] [GeV] [GeV]
55 - é’; Signal regions
- 13 SR-low £2000 =" 22 > 12 SF 0s > 0.4 29
ob—L 1 | L - SR-medium  §>200 >400 } >2 > 12 SF 0S > 0.4 P 8
yan o) A\ ock SR-high 3,200 > 70Q >2 > 12 SF OS > 0.4 RN
Month in Year
Event selection:
. o I
eAnalysis uses 14.7 fb' of 13 TeV data At least 2 jets o
. o - -
collected in 201542016 2 same-flavour opposite-sign leptons
. *'On Z': p1(l1) > 50 GeV, p1(l2) > 25 GeV
*[rigger: e'Edge”: pr(l1) > 25 GeV, pr(l2) > 25 GeV
e One lepton and two lepton trigger eSignal regions differ in EtMiss, Ht and ml|




Events / 20 GeV

VALIDATION REGIONS

Edge On Z
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C Vs=13TeV, 14.7%"  ZZ standard Model (SM) put - Vs=13TeV,14.7f0" 2 standard Model (SM) ] put | Vs=13TeV, 147"  ZZ standard Model (SM) - o1 04__‘/5=13 TeV,14.710" 2% Standard Model (SM)
4000;—VR'|°W ee+iu [ z7y* (from y+jets) S - VR-medium ee-+pup 0 z/y* (from y+jets) s 100‘_VR-high ee+up I zy* (from y+jets)  — : E VRZ ee+pp ) 2+ (from y+jets)
: Flavour symmetric 2] 400_ Flavour symmetric — (7)) Flavour symmetric | (7)) N Flavour symmetric
3500F [ > w222 1 E W22z i £10° W27z
3000;_ Other Lﬁ 300:_ Other _: Lﬁ Other —: Ll>J Other
25001 I i - 10°
2000 200F % %
1500F ; :' , 1og w—
1000F 100F N ~ - - 1 ) -
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*Flavour symmetry has good closure. *Z+jets have good
closure.

Backgrounds determined in data-driven way have good agreement in VRs.
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RESULTS

Dominant background contributions:

Source Relative systematic uncertainty [%]
*On Z: Flavour symmetry and diboson bkg. SRZ SRlow SRmedium SR-high
eEdge: Flavour symmetry, and smaller Total systematic uncertainty 17 830 634 1045
- . : . qerrtes,
contributions from Z+jets, fake leptons WZ/ZZ generator uncertainty RER, o7, 06 070
. Flavour symmetry (statistical) S 3-16,; -_16’ '7—28-
and diboson b kg : WZ|ZZ scale uncertainty 6 0-1 0-1 0-2
Z/[y* + jets (systematic) - 0—15 0—25 0—15
SRZ Flavour symmetry (systematic) 3 v2-23; v2-15} v 4-25;
N  Observed events 60 Z|y* + jets (statistical) 2 :0'33 (5—5 0-1
c Fake-leptons ! DI 28 208
O Total expected background events 535+93
Flavour-symmetric (tf, Wt, WW and Z — 77) events 33.2+3.9 «— o o
ZJy* + jots events 21498 Dominant sources of systematic
WZ/ZZ events 14.2 +7.7 «— unce rtainty:
Rare top events 29+0.8 o .
Fake lepton events 0.170% eStatistical and systematic
. e et S lé N CE rtai ntydof flavour symmetry
D Observed cvents 1394 689 212 ackgroun
M Total expected background events 1500 + 100 700 + 60 171 +18 eDiboson generatOr unce rtainty
—— Flavour-symmetric (¢f, Wt, WW and Z — 77) events 1270 + 70 584 + 32 148 + 14 ® Fa ke ‘e ptO NS (fo r Ed 9 e)
Z[y* + jets events 90 = 50 50 + 40 3:“;
WZ|ZZ events 68 + 31 26 =11 7+4
Rare top events 19+5 11.3+3.2 42+1.4

Fake lepton events 59+34 32+ 19 10+ 8




Events / 2 GeV

RESULTS

on-Z Edge
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No significant excess observed in data for the ‘On Z' nor ‘Edge’ selections.



OVERALL RESULTS

»n 800 T T T :
g 200 | ATLAS 1
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Observed events .."" T,
Total expected background events 535+£9.3
p(s = 0) P 032
Significance (o) ", 047,
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Events

1000

800
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Highest significance for ‘'On Z' 0.47 sigma and for the ‘Edge’ 1.73
sigma (local)

Signal Region Total Bkg. Data p(s=0) Z(s =0)
Edge SR-low
12-61 187 + 18 175 0.50 0.00
12-81 330+ 24 320 0.50 0.00
12-101 617 + 63 534 0.50 0.00
T . r T T T T r T T T T T T ] —r 1 1 1 8I-101 287 £ 50 214 0.50 0.00
s SR-low 5 SR-medium : SR-high — 1012201 529 + 34 540 0.40 0.26
B ATLAS ! : N ' '
" \s=13 TeV. 14.7 fo" . —e— Data 2015+2016 ; - 101-301 741 + 48 732 0.50 0.00
- Vs=lo eV, 4. | %44 Standard Model (SM) 7
u v | o iy : -1 201-401 295 + 30 262 0.50 0.00
: E |:| Flavour symmetric E : 301-501 113+ 17 99 0.50 0.00
— s O wz/zz : — > 501 29 + 10 29 0.50 0.01
— + [_] Other : _
— : ' -  SR-medium
- E E 1 12-61 119+15 109  0.50 0.00
N ; : T 12-81 190 + 18 191 048 0.06
R ; 5 7 12-101 315 + 43 299 0.50 0.00
- B ' _
—_— , 81-101 125 + 35 108  0.50 0.00
I | 101-201 235 + 20 240 0.42 0.19
g A —— 101_301 332 i 25 336 0.45 0.14
201401 126 + 13 128 0.46 0.11
T A 11 . | >401 28+8 22 0.50 0.00
SR-high
'2.672-812-187-1001-391-58-48)-5501'2-672-872-167-1dP1-Ff-887 401726726872 18] 1d91-801-4501 1261 23 +5 27 0.27 0.62
m” range [Gev] "}IZI—ISIIIllllIllIlIlllIl??l:ltl?lIIIIIIIISIBIllIlll(l);(I)lSlIlIlllIll];.ﬁQll.
"l}lzrll;ol!llllllllllllll6l5ll:!:IIIQIIIIIIlmllllll(l);(l)?llllllllll];.l%ll’
81-101 26+ 6 37 0.12 1.18
101-201 59+9 75 0.10 1.27
201401 39+7 33 0.50 0.00
> 401 105 14 0.27 0.62
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INTERPRETATION
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S 1400 —ATLAS Expected limit (+1,,) _

' {s=13TeV,14.7fb" SRZ s Observed limit (+105°%) -

= " = = = ms=szensie theory -

1200 {— —

1000 |— —

800 — ) —

L ((\\O\‘\/_ e —_

600 [— —

400 {— —

200 —l 1 1 1 I 1 1 1 1 l 1 1 1 1 I 1 .l:.. 1 1 ':I 1 1 1 1 I 1 1 1 l_
600 700 800 900 1000 1100 1200

m(q) [GeV]

Limits on slepton, Z* and other models have been set:

oSlepton: excludes gluino masses up to 1700 GeV and
neutralino up to 200 GeV.

o/*: Edge and on Z analyses compatible, Edge has better
exclusion in the compressed and high gluino regions,
on Z better in bulk region.

eSquark production: on Z analysis excludes squarks of

~980 GeV.
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CONCLUSION

Results of the SUSY strong production 2 lepton analysis presented
[EPJC 77 (2017) 144].

Analysis targets signatures with 2 leptons of same tlavour and opposite sign, consists of
‘'on Z' and 'Edge’ analyses.

Uses data-driven background determination. Good closure tests and performance in
the validations regions.

No significant excess observed in data:

Interpretation performed in a number of simplified SUSY models. Gluino masses
excluded up to ~1700 GeV, and squark masses of ~980 GeV.
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DOMINANT BACKGROUNDS
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Dark Matter candidate

eSupersymmetry
offers a Weakly
Interacting
Massive Particle
(WIMP) candidate.

Hierarchy problem and

eDivergent radiativ
Naturalness ergent radiative

corrections to Higgs
mass cancel out if for
each fermionic loop
NI there is a scalar loop.

. *New physics can be
introduced between
electroweak and Grand
Unified Theory (GUT)
scale, which modifies
the running of gauge
couplings.

10 12 14

%4 "6 "8
Log, ,(Q/GeV)

SUSY MOTIVATION. ...

¢ Busun) _ \1‘ er mmn)

° .
--------------------------------------------------------

eSupersymmetry operator of transformatlon turns a
bosonic state into a fermionic state, and vice versa.
eSupermultiplet consists of:
eChiral supermultiplet: SM (quarks, leptons) and SUSY
partners ('squarks’, 'sleptons’).
*Gauge supermultiplet: SM gauge bosons and SUSY
partners 'gauginos'.
eSoft SUSY breaking, large sparticle masses.

MSSM (Assume minimal number of couplings and fields):
®gand .

o2 Higgs doublets, 5 Higgs particles (h,H,A,H).

e ~and .z,mix with H, form <o and o+

*R- paBrlty, rKe/w quantum numk%(elﬁ’r%ﬁoducedz

MU Licie o MU

eLightest SUSY particle (LSP) stable, isa WIMP.
°Long decay chains.

L A A W |
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SIMPLIFIED MODELS

*Types of models for analysis:

eRealistic (SUSY breaking model, multiple production channels).

eSimplified (selected sparticles production, decay products).

*Phenomenological (pMSSM).
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SUSY SEARCH STRATEGIES

eSUSY Analyses:
*Grouped around production channels.
eTarget broad range of final states.
eEach analysis defines a set of selections with high
sensitivity for considered models.
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*Production cross-section:
*Strong production
*Third generation
oElectroweak
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