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SUSY searches in ATLAS

« First- and second-generation squarks and gluinos have highest production
cross-sections — covered by previous talk

« Naturalness arguments favour light partners of the third generation quarks
(and higgsinos): stop , stop_, sbottom_

« If strong production is suppressed, EWK processes may be the key to
finding SUSY at the LHC

— SM backgrounds suppressed compared to strong production searches
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Third generation



+ SRsrequiring 2 b-jets, + SRsrequiring 2 b-jets, - SRs for AM(stop-N1)

large MET, and 2 ~ 2R=0.4jets, large MET ~ ~top mass, requiring
reclustered R=1.0 jets, ~ significance and - Initial State Radiation
compatible withtwo ~ vetoing events ~ (ISR) jet
tops, onetopanda W, compatible withtops «
andonetoponly Ex™ Mg
""""""""""" RisR = —eg ~
pr M

+ highly boosted stop, + in association with DM production

» Background estimation:

— Z(-nunu)+b-jets, ttbar(+W/Z), W+b-jets: semi-data driven, simultaneous fit of
MC normalization to data in dedicated control regions

— Multi-jet: from data with jet smearing method
ATLAS-CONF-2016-077
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Stop OL: results
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——Data ATLAS-CONF-2016-050
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Stop 2L: results

Targets same models as 0-1L, but requires 2 leptons from W ATLAS-CONF-2016-076

Super-razor variables used to identify a system of two massive particles (the
stops) decaying into a set of visible (leptons) and invisible (neutrino and
neutralinos)

_ Vir <« Centre-of-mass energy in razor frame (parent particles)
YR+l <4——— Lorentz boost from razor frame to decay products frame
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Stop production: summary plot
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Stop 2x2 RPV: analysis strategy

T e~ wa L h T . T T | q
* SR with at least 4 jets, paired according
~ to min AR. After pairing: P 3 /
i q
Alen < (].0(]3 . ma\'.'g/Gev - - A.’ﬁ'
where TS~o ¢
1 . f A.’.’
i=1,2 q
® The mass asymmetry between the two candidate resonances
A="1""2 505 + exotics models (colorons)
; my+m; ATLAS-CONF-2016-084
® The stop production angle in its com frame with respect to the beam line
ffffffffffffffffffffffffffffffffffffffffffffffffffffffff cs¢*<0>5
BBl | e
» Background estimation: A
— Multi-jets: data driven ABCD method based on mass F
asymmetry and stop production angle
0.05 0.15 Asymmetry >
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Stop 2x2 RPV: results
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Electro-weak



%«3 2-3L(e,n)+MET: analysis strategy

ATLAS-CONF-2016-096

X1, ¥ 100% wino
7. 100% bino

* SRsrequiring 3 leptons,

ffffffffff n OJetsandWIth(bmned)MTZ - with 1 OS pair, no b-jets,
| P ~and with (binned) MET and
myy = min [max (mT(PT »qr), mt(Pr s Pr qT))] » 3rdleptonptcuts
« Background estimation 2L: « Background estimation 3L:

— WW, WZ: semi-data driven, simultaneous — lrreducible backgrounds (WZ, ZZ,
fit of MC normalization to data in VVV, ttbar+V, tZ, Higgs): from MC
dedicated control regions simulati(_)n, validated in regions

— top: from MC, validated in dedicated VR kinematically close to SRs

« Non-prompt leptons: from semi-data driven with Matrix Method (based on lepton
reconstruction efficiencies and mis-identification rates)
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2-3L(e,u)+MET - Results
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>27 + MET. analysis strategy

ATLAS-CONF-2016-093

X1, XS 100% wino
7. 100% bino

» Background estimation:

— WH+jets: semi-data driven, simultaneous fit of MC normalization to data in dedicated
control region in tau+mu channel

— ttbar, Z+jets, diboson, Higgs: from MC and validated in dedicated VRs (top and Z in
tau-tau channel, WW in e-mu channel)

— Multi-jet: data driven with ABCD Method (extrapolating in MET and MT2 from SS
region)
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>217+ MET: - Results
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SRs requiring at least 4 leptons (e,mu), Z
veto (based on MIl), and large Meff ‘

Megg = Z pr(f) + ZPT T)+ Z pr(j) + EF™

=e,p T pr(j)>40 GeV
« Background estimation: ; wo¢
— Irreducible backgrounds (ZZ, VVV, ttbar+Z, Higgs): from " B-like X7 decays via possible RPV
MC simulation, validated in regions close to SRs nteractions o
. . . Xi — vl 0
— Non-prompt leptons: semi-data driven with Fake Factor LR
method (based on mis-identification rates) " Equal BR between the 3 decay
odes: { ee en i A
bt L L o et pur TT Aiss
A L e e TR e o
R R Me  ™w 3 &1e00 [ ATLASPreliminary =
% E Others "'Z"(if”z?)j GeV ] EX‘ [ Vs=13TeV,13.3f0" 7
o %% 900,400) GeV | L 41epton |
= % SRA —> 3 1000 [ === Observed limit (1 cpo0 o o
; — 7 i ; B ——-E:pecte::l:mn ((+1cy =) ) i
- . 174 5 800 — ATLAS 8 TeV, 203 1b”" —
1 ; e LG s e s [ Al limits at 95% CL 3
,,,,,, 600 [— -
Pl N W e - ]
- 400 [ i
S S A g - Y -
% e E 200 Lo -
8 ERIIANIN ////////////////////////////ﬁ . g | l B L
10/3/2017 O —Z60 400 600 800 1000 1200m 1;1((;2\/; 500 600 700 800 900 1000 110n(’:i¢ [Ge1v2]00



Conclusion

Searches for third generation squarks and
electroweak production of SUSY particles in both
RPC and RPV models with ATLAS data:

— Many analyses covering several production
modes and final states

— No deviation of observed event yields from SM
predictions - limits set on several models

— Updated results coming soon with full 2016

dataset
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More stop searches
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ATLAS SUSY searches in a nutshell

« SUSY signal:

— most searches use simplified model (bottom-up)
approach:

« Consider a single production process, typically
producing one given pair of sparticles

« Fix sparticle decays, typically assuming 100%
BR

. >-A
« Sparticle masses are usually free and 2
independent parameters to scan over g
Q
>
Validation
« SM backg rounds: Ideally little to no Region B
) _' ) ) signal contamination
— (Semi) data-driven estimations in the control regions
— MC simulation for minor backgrounds >
Variable X
A . F o R R
b Statlstlcal |nterpretat|0n Of reSUItS: i ¥ 2l, ATLAS-CONF-2016-096, arXiv:1403.5294 ]

L/ 21, arXivi1509.07152 =

— Consistency between observed data and expected T S e e

via 7/ ¥, 21431, ATLAS-CONF-2016-093, arXiv:1500.07152
via WZ 21+3l, arXiv:1403.5294
via Wh  Ibb+hyy+F1°43], arXiv:1501.07110

background events quantified as a p-value 600

— Model-dependent limits are set on signal
strength/production cross-section
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Summary
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? E fif, t1—>WbX1 or it} 0-2e,u 0-2jets/1-2b Yes 47/13.3 |#  90-198 GeV [ 205-850 GV m(i)=1GeV
€S i, fosel) 0 monojet Yes 32 [ 00:323 GeV m(f,)-m(¥})=5 GeV
RE fif1(natural GMSB) 2e,u(Z) 1b Yes 203 |# 150-600 GeV m(})>150 GeV
Y Db, hoh +2 3eu@ 1bh  Yes 133 |h m(¥1)<300 GeV
fh, h—h +h Tep 6lets+2b Yes 203 |0 320-620 GeV m(¥1)=0 GeV
B rbLr, T-E0) 2e, 0  Yes 203 |# 90-335 GeV m{i1)=0 ¢
TLRL X — () 2e,u 0 Yes 133 m(¥1)=0GeV, m(Z i
N /Q/\:’{g,ﬂ—ﬁv(ﬁ) 27 . Yes  14.8 . njéﬂ):ﬂug
2B ,YI,YF&EEL{(W), VL) 3e,u 0 Yes 133 m(Fr)=m{tz), mif;
ms nx ~wizi) 23eu  02jets Yes 203 425 GeV m(FE)=m(
° Xax —)lehxl h—)bbfWWfTTf’y’y ey 0-2b Yes 20.3 270 GeV mg?f):m(
,m@ 00 ot dep 0 Yes 203 635 GeV m(¥3)=m(¥3), m(iy
5% i 00 0 3 Vs 148 m(7)=0GeV ATLAS-CONF-2016-052
OF il Mep 30 Y 8 m{i%)=0 GeV ATLAS-CONF-2016.052
T g Oleg  3b Yos 20 m{F})<300Gev 1407.0600
dE blbi,bwbxl (e Al m()<100 Gev 1606.08772
53 bib, by 2038 1 Vs 182 m{i})<150 GeV, m(F; )= m(f{)+100 GeV ATLAS-CONF-2016-037
23 il bl Mep 12 Yesd7mid M) = 2m{iy), m{i1)=65 GeV 1209.2102, ATLAS-CONF-2016-077
a8 i, it ord! 026 0265120 Yes 47133 m(i)=1 GeV 1606.08616, ATLAS-CONF-2016-077
53 il fr=cly 0 monojt Vs 32 mify)miE})=5 GeV 160407773
08 el GHSE) 2e0) b Y A3 m{f1)>150 GeV 14035222
28 i+l Sepld b Yes 133 m{i})<300 GeV ATLAS-CONF-2016-038
il = fep Bies+2b Yos 203 m{i})=0 GeV 1506.08616
lialig, I 200 Vs M3 ()0 GeV 1403.5294
Ry CEl el e <aI5 m{f})=0 GeV, m(Z,71=0 8(m{F; Jemy) ATLAS-CONF-2016-096
i’l)ﬂ 7i-h(r) 21 S agiimild 9 mp?f):UGeV, miF, 7=05m@; i) ATLAS-CONF-2016-093
gg lea ?LvZLf( \oldm) - Ser 0 Y 183 m{F J=miy), mE))= 0, 0.5(miE em(E) ATLAS-CONF-2016-096
ug i 2eu 025 Yoo 23 14035294, 14027029

6-)WX ZX .
J(z)(a—»W)(lh)(l,h—»bb/WW/rr/yy oLy 02b 23
Tty bt dey 03

mp(’ mm mm] =0, fdeooupled
2

1501.07110
1405.5086



Signal regions: >4L, 2-3L(e,u), =271

Sample N (e, p) signal  N(e,u) loose Z boson  meg [GeV]
SRA >=4 >=(0 veto > 600
CR-SRA — ) >=2 veto > 600
SRB >— >=0 veto > 900
CR-SRB = >=2 veto > 900
VR >=4 >=0 veto < 600
CR-VR = >=2 veto < 600
SR-C1C1 SR-C1N2

light lepton veto -

at least two medium taus
at least one opposite sign tau pair
b-jet veto
Z-veto
Emiss > 150 GeV
mre > 70 GeV

mT2 = min [max (-H'JT(peTl. qt), mT(pE, pris — qT))]

qr

mr(pr,qr) = v/2(prgr — PT - q1)

10/3/2017
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Variable SR2¢
lepton A
lepton flavour | SF DF
central light jets | 09 039
central b-jets | Oy 0,0
forward jets | 0O3p 030
|m(_’f — mz| [GE‘,V] > 10 —
mty [GeV] | > 90, 120, 150
Variable SR3/-1 SR3/(-H
lepton 0t/
b-tagged jet veto
mr > 110
MSFOS ¢ [81.2, 101.2] >101.2
P > 30 30
o 120 60




Signal regions: stop OL

Stop - top N1 Stop - bCl - bWNL1
Signal Region H \ TT \ ™W \ TO Variable SRC-low | SRC-med | SRC-high
0
Moy R=1.2 > 120 GeV > 120 GeV > 120 GeV —_— ~ 950GV
mjlEt R=12 > 120 GeV | 60 — 120 GeV | <60 GeV
- b-tagged jets >2
m?et’R:O‘S > 60 GeV
btagged jois =5 Pr >150GeV | >200GeV | > 250GeV
SRA mb > 200 GeV P > 100GeV | > 150GeV | > 150GeV
7veto yes mbm > 250GeV | > 300GeV | > 350GeV
E%liss > 400 GeV > 450 GeV > 500 GeV m%max > 350GeV > 450GV > 500GeV
Pingged jet 22 AR(b,b) > 0.8
ymin 200 GeV ,
s > B VI || [5,121VGeV | [5,12]/GeV | [5,17]v/GeV
mp™ > 200 GeV -
SRB T-veto yes ET > 250G eV
AR (b,b) > 1.2 .
T
Variable SRE SRF
Stop - bW N1 "
b-tagged jets >2 (@8
Variable || SRD1 | SRD2 | SRD3 | SRD4 | SRD5 | SRD6 | SRD7 | SRDS o
Moy poyy || > 140 GeV - 9
min Risg 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 .
Mk peio > 60 GeV - ®)
max Risr 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 s O
; M peos - > 120 GeV =
b-tagged jets >2 >1 1= n
1
]Vjset >5 mjett:R:,O‘B - > 60 GeV 8
p’IIgR > 400 GeV m,fmm > 200 GeV > 175 GeV Q
pr—tag,S’ > 40 GeV T—veto yes no P
pletsS > 50 GV AR(b,b) > 1.5 i 5
M > 300 GeV Emiss >300 GV | >230 GV T
Apsr > 3.0 radians Hy - > 1100 GeV
10/3/2017 F. Legger, La Thuile 2017 Ems [ /Hy || > 14V/GeV | > 15/GeV 24




Signal regions: stop 1L

Common event selection

Trigger Emiss trigger

Lepton exactly one signal lepton (e, i), no additional baseline leptons
Jets at least two signal jets, and [A¢p(jet,, pi=)| > 0.4 for i € {1,2}
Hadronic 7 veto® veto events with a hadronic 7 decay and m7T, < 80 GeV

Variable

bC2x_diag bC2x_med bCbv

Number of (jets, b-tags) (=4, >2) (=4, >2) (>2,=0)

Jet pr > [GeV] (70 60 55 25) (170 110 25 25) (120 80)

b-tagged jet pr > [GeV] (25 25) (105 100) -

Emiss [GeV] > 230 > 210 > 360

Hy'ss > 14 >7 > 16

mr [GeV] > 170 > 140 > 200

amrs [GeV] > 170 > 210 -

|Ad(jet;, 7o) (i = 1) >1.2 > 1.0 > 2.0

|AG(jet,, Fi==)| (i = 2) > 0.8 > 0.8 > 0.8

Leading large-R jet mass [GeV] - - [70,100]

Ag(piss ¢) - - > 1.2

Variable DM_low DM_high

Number of (jets, b-tags) (=4, >1) (>4, >1) Variable SR1 tN_high

Jet pr > [GeV] (60 60 40 25) (50 50 50 25) Number of (jets, b-tags) (>4, >1) (>4, >1)

B [GeV] > 300 > 330 Jet pr > [GeV] (8050 40 40) (120 80 50 25)

HES, > 14 >05 B [GeV] > 260 > 450

mt [GeV] > 120 > 220 EFSe [GeV] - > 180

amrs [GeVJ > 140 > 170 Hyss > 14 > 22

min(Ag(pp"™, jet;)) (i € {1—4}) > 14 > 0.8 mp [GeV] > 170 > 210

Ap(pF™, £) > 08 - amrz [GeV] > 175 > 175
topness > 6.5 -
mi,p [GeV] < 270 -
AR(b,0) <3.0 <24
Leading large-R jet pr [GeV] - > 290
Leading large-R jet mass [GeV] - > 70
Ao(piss, 2 large-R iet) - > 0.6

F. Legger, La Thuile 2017
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Excess: stop 1L

> :IIILKéIPPéliﬁ],HérIIIllIIIIIIIIIIIIlIIIIIIIIII: > _IIIIIIIIIPI!I.IHIIIIIIIIIIIIIIIIIIII|III|II|I_
© 35K y <Data  ~Total SM 3 = - ATLAS Preliminary Dat ~~Total SM
) Fls=13TeV, 182107 gy Wzets 3 S 3OEis=13Tev, 132 0" g S kil
Q  goE - mix)=(600,200) . S S anf e scalrme = (1001) B —Calgtan
“® [ m(~%6)=(800 1) ClW+jets Wt ] (ep} 30F i i [W+jets [Jwt ey
@ o e [Diboson [tt+V ] o E pseudo mig) = (100.1) i piboson [V ]
€ g E = 25F e =
e b Sia] = ol HERE S DM_low SR -
o 20f - 3 20F : o
155 = 156 =
108 = 10E i
e A | # SERAN AR R £
oES = e Y PRI L . —_— E il ==—__C""Ngyy _ -- 7‘
150 200 250 300 350 400 4350 50% 5\? P5 20 500 550 600
sy E™ [GeV]
Signal region SR1 tN_high bC2x_diag | bC2x_med bCbv DM_low DM _high
Observed 37 5 37 14 7 35 21
Total background 2443 3.8+ 0.8 2243 13+ 2 74418 17T +£ 2 154+ 2
tt 84419 [060+0.27| 654+1.5 | 43+1.0 |0.264+0.18| 4.24+1.3 | 3.34+0.8
W +jets 2.5+ 1.1 [0.15+0.38| 1.240.5 [0.63+0.29| 544+1.8 | 3.14+1.5 | 3.4+ 1.4
Single top 31415 [057+0.44| 53418 | 5.1+1.6 |0.2440.23| 1.94+09 | 1.34+0.8
tE+ V 79416 | 1.64+04 | 834+1.7 | 2.74+0.7 |0.124+0.03| 644+1.4 | 55+ 1.1
Diboson 1.240.4 [0.614+0.26]{0.45+0.17/0.4240.20| 1.1+0.4 | 1.5+0.6 | 1.4+0.5
Z+jets 0.59 + 0.54{0.03 £ 0.03|0.32 4 0.29 [ 0.08 + 0.08 | 0.22 4+ 0.20 | 0.16 4 0.14 | 0.47 4 0.44
tt NF 1.03 +0.07|1.06 £0.15[0.89 + 0.10|0.95 £ 0.12|0.73 £ 0.22| 0.90 + 0.17 [1.01 + 0.13
W +jets NF 0.76 £ 0.08|0.78 £ 0.08 | 0.87 4 0.07 | 0.85 £ 0.06 | 0.97 4 0.12 | 0.94 4 0.13 |0.91 & 0.07
Single top NF 1.07 £0.30|1.30 £ 0.45 [ 1.26 + 0.31 | 0.97 £ 0.28 — 1.36 4+ 0.36 |1.02 4 0.32
tt + W/Z NF 1.43 £0.21|1.39 £ 0.22 | 1.40 + 0.21 | 1.30 £ 0.23 — 1.47 £ 0.22 |1.42 4 0.21
po (o) 0.012 (2.2) | 0.26 (0.6) |0.004 (2.6) | 0.40 (0.3) | 0.50 (0) [0.0004 (3.3)| 0.09 (1.3)
Noonfom exp. (95% CL) | 129133 | 55037 | 124837 | 9.0557 73135 115159 9.913%
Nimit obs. (95% CL) 26.0 7.2 27.5 9.9 7.2 28.3 15.6




Excess: stop 1L, interpretations

tt1 production, tﬁb+x m =2 X Mo i producnon (‘—nx‘/bx X 5w +x m_. =2 m, BR(t ,—nx) 25%

?a production, fﬁnx

450

— = - AR L i S T e e e e
= 700E4F[AF Praiiminary 2l FATLAS Pre"’lf“”ary1 1 2 gool. ATLAS Preliminary SR =
N E{s=13TeV, 13.2 fb" af (O 400_—'[__131—ev 13.210 == F 3 4 tN_high R
G, 600: sl SR e Ih I_‘ﬁ;s g jgbser\t/esll.lm.ltl 3 ECI,X_ g 1s=13 TeV, 13.21b - gm_:?vvh 3]
E"xx’ 500:_--.Expected limit 9 _: e 350:— S;:Jece imi N 3 5001~ : bCz_x_lgiag ]
Cm S 5 E ] E = H
= NR1h' h il 300__A tN_high i [ -- Expected limits — Observed limits SR il
s000 : SR E 400}~ . -
ot DM ow ] 250F, DM_high e F . i ]
E = DM_high E E e . ] E . -
300: o ] 200:_A Egzx_duazwl';.‘ 1 I 300~ A A :
e ] E + bC2x_met E E s . .
200F bczx_ri]?qv E 150E = beni * 200k S ]
100 = 100E" e ; ]
E. : ] ERiE O i e 100 i : : . =
SR AL L AN A AT AT R TN e e e e
200 300 400 500 600 700 800 900 e T TN N [T M 7 R-T R T BTy
200 300 400 500 600 700 800m ?([)881\%00 m; [GeV] DM+t pseudo-scalar mediator, g = 9,=9
4 ! S' 220FATLAS 'F*r'e'lfn'nriér'y """ LRSE R A 4o
& opokfs=13TeV, 13210 P 5
DMt Sclar m;dnator 9 _3 =0 | | T DM-+t pseudo-scalar mediator, g =g =g EN 1805—'— Observed limit Qr- _f =
S 300 FATLAS Preliminar SR1' Ehr tl\ll rl1i e =yl C I FL S L R L FRS R F - =+ Expected limit (+1,,,) o =
high " > 'ATLAS "Plelimiran - = o e 3
ol FiS=137TeV, 132167 4 oMiow = DVLhign 3 & 250(s=13Tev, e by S e 1285_ et o i AN =
I_?; 250__— Observed limit A bC2x_diag + bCZx_me‘(_i‘,t b B bt A b02_>(7diag + bC2x_med ] = 3
= S SOUGE e F - - Expected imit @m ] 1205 \ =
200F e «'\ n 200 Gontours for g=3.5 <<\\> __ il 9“' —;
: ’ : - ok ] 80 S
150f== = =] olalp Ll - 60 3
i ] - ] 40 =
100p= = 3 1000 =3 curEITET s = iy =
E 2l E '_"—_— b R T A I | A EY TP ¥ T 3
505 i & i — 50F | 0 50 100 150 200 250 300 350 400 450
ET/ ,,s ] g DM+t scalar mediator, g =g, ﬁg . Gl Ma [GGV]
o l . L 1y 044'_&_‘_.__._*....1....4.....1.,..1... 4....\.1‘% 200_“?_71-‘1‘;5;:‘/9"?;”23?%’ H (]L@'\ S —; ?
0 100 200 300 400 500 0 50 100 150 200 250 300 350 401 D, 180F'°='°'® ISl 3s
m¢ [GeV] m [C R 160 | —— Observed limit AN dE
Als £ E - - = Expected limit (+1o,,,) y 13
- Contours for g=3.5 '.‘ -
SR DM-low only used for DM interpretation &0 7 B
I i"\ J_E
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