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Outline

* Supersymmetry searches with a top
— setting the stage

* Third generation squark searches

* Constraints from top measurements




Supersymmetry

Supersymmetry (SUSY) adds a new fundamental symmetry relating fermions and
bosons — more than doubles the particle spectrum w.r.t. the Standard Model.

Solves the gauge hierarchy problem @ % Q- Hossmdos

quantumdiaries.org

Fermion and boson loops contribute with different
signs to the Higgs radiative corrections.

SUSY with R-parity conservation predicts
a suitable dark matter candidate

Grand unification of forces

GUT ?

Supersymmetry

n }
w N

Predicts an elementary Higgs scalar ...
e with a beautiful SM-like limit,
e with a mass below 135 GeV (in the MSSM)

SUSY widely considered to remain the chief amongst beyond-SM proposals.
However, most simplistic versions under stress.
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Natural SUSY

What are the minimal requirements for natural’ (low level of fine-tuning) SUSY"

-

Recal!. ToP Iqop s the'most |mport:imt | ‘gA N;H'U rat prCU'H M,
contribution in Higgs virtual corrections: 4 < _
General “bottom-up” viewpoint
H H M dr2 b i
_____ @ S “Distant
| TevV 4 | Cousins”
y ’l;‘ N The “Nuclear. Family” '
y (\ 0 H of the Higgs
_______ ~—fm ———— -
500 GeV_|
While inclusive LHC searches set O(TeV) .
limits mostly on 15t and 2™ generation hy r ( T )
squarks and gluinos, which are less relevant in " ,/'"' — (=)
Higgs corrections. ! '

«—— Closeness to Higgs

lllustration taken from: L. Hall, LBNL workshop, Oct-2011

For natural SUSY need:
> light higgsinos

> light top and bottom squarks (stop, sbottom, respectively)
> Not-too-heavy gluinos

= strong physics case for third generation squarks
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3rd generation searches at the LHC

Inclusive searches
for strong prod.
of gluinos & first
two gen. squarks

EWV searches

SUSY pair production cross-section
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Search for stop and sbottom via:
» gluino-mediated production,
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3rd generation searches at the LHC

LHC search program relies on the complementarity of many analyses.

CMS direct stop:

OL, PAS-SUS-13-015

1L, EPJC 73 (2013) 2677 >
combination OL razor, 1L, PAS-SUS-14-011

stop in charm, PAS-SUS-13-009

stop2 in Z/h, PLB 736 371 (2014) >

CMS direct sbottom:

OL, PAS-SUS-13-018

CMS gluino-mediated stop/sbottom:
e (0,1,2)L razor, PAS-SUS-14-011

oL, CMS-SUS-13-012 >
1L, PLB 733 328 (2014)

20S L, PAS-SUS-13-016

2SS L, JHEP 01 (2014) 163

3L, PAS-SUS-13-008

combination of above 5 searches, PAS- >
SUS-14-010 (coming out soon) >

ATLAS direct stop:
e OL, JHEP 09 (2014 ) 015
e 1L, Submitted to JHEP [1407.0583]
e 2|, JHEP 06 (2014) 124
e stop in charm, Accepted by PRD [1407.0608]
e stop2 in Z/GMSB stop, Eur. Phys. J. C (2014) 74:2883
e stop in stau, ATLAS-CONF-2014-037
ATLAS direct sbottom/stop:
e OL, JHEP 10 (2013) 189
ATLAS gluino-mediated stop/sbottom:
e O-1L + >3 b-jets, Accepted by JHEP [1407.0600]
e 2SS/3L, JHEP 06 (2014) 035
(also direct sbottom)
e OL + >(7-10) jets, JHEP 10 (2013) 130
ATLAS constraints from tT measurements:
e 2L cross section, Submitted to EPJC [1406.5375]
e 2| spin correlation, ATLAS-CONF-2014-056

» Results presented in this talk, focus on a light stop
and processes with a top quark in the decay.

Comprehensive list of all public ATLAS and CMS SUSY search results.
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS

Overview: direct stop searches

Most searches target lightest eigenstate (stop1). i, cosf, sinf, i
( ) - (—sinﬂt cosGt) (fR)

Several decay modes possible.

Am = m(f,) — m()?(l))

m(¥1) [GeV]
) R
S xx//@ AW
RS g
. AL .
mEy <m@) D N x N ’/Q stop decays directly
{00 1 6\& \Q\ R )aﬁ to the lightest neutralino
KON,
A XN XN
0 /" T I T T >
0 mW)+m()4gg Ml 200 300 m(F, ) [GeV]
b
W
p ~ ~ 4 .
e o t; — bXa stop decays via the
-7 X lightest chargino
\\\ )AéiF 0
t X1
P w other (complex) decays
b possible ...
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.. ATLAS searches 1L channel

submitted to JHEP [1407.0583]

Search targets light to heavy stops in various decay modes: 4-body, 3-body, tN1, and bC1.

0 mW)+m)1gg ™t 200 300 m7,) 1Gev]

t; — bXa
1-leptons, =2-4 jets, MET, MT(lep, pTmiss)
15 signal regions (SRs). .o ATlas  eDaa
e soft-lepton: pT > 7(6) GeV for electrons (muons), 2105 FE;;J;X;” La=2on! ESVﬂets E
employed for 4-body, and bC1 decays with small mC1-mN1 values. EHOE ;7= (550,300,150) GeV (<100 ngggfot:p?
e large-R (1.0) jets: collect decay products of boosted top in heavy 1077 mi)= (600200 GeV (0100 Pz vjers g
stop search. 10: - tTtZta. M 3
¢ 1D and 2D shape-fits: enhance search sensitivity in challenging 12 - '"-'-f:..'..f'.:.:.'._'..'.'.:_',f.'.,'""---

scenarios (with difficult S-vs-B separation).

¢ pb-tagged jets: utilised in event selection (ranging from a veto to =2)
and for constructing kinematic variables.

Data / SM
o -

» MT2-like variables, hadronic top mass, topness

e Dominant background: semi (di)-leptonic ttbar for the stop OL
(1L) search, where the (2" lepton is

1. not identified (failed PID) / outside acceptance,

} missed particle / extra neutrino(s)
2. hadronically decaying tau-lepton.

— more Er™sS, mT > m(W)
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ATLAS searches 1L channel

submitted to JHEP [1407.0583]

Backgrounds ]
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or is a had tau) — 1L lower-MT CR ; Done
" 103 @5 V] Total SM
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Validation: compare data with prediction in dedicated samples PR TN il SRS SV S S S & S
2 — N = bb e oy
e kinematically close to SR (see plot), 3T =im = e o ]
ZI s bCa_lOW s DCC_diag s 3b0ClY
o 2|, Z-veto — tT additional jets, L 7
s . = o i
e W+HF validation selection, {n IIII |I|- 0 I“m
e tT+/(nunu) validation via tT+gamma (see plot), and more. S E——", 7
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.. ATLAS searches 1L channel

submitted to JHEP [1407.0583]

Tools to suppress dominant tT bkg " Kinematic variables: Mr B
Similar variables also employed by CMS search. S pc+}ncif _ im AX (M7, M7}
K Ta £Th T /
Dedicated variants of Mre:

damr2

> e
& 107 = ATLAS Preliminary —e— Data 2012
Q& . F ls=8TeV, f Ldt=20.7 " S Standard Model (SM)
P 10°E preselection [«
g 10° [ V+ets, W
- 10% E-osay B ti+v, single top, multijets
2 8y e+u channel
10°
102
10
;
= -
D15 ¢
8
S 1
0.5 F A E ) " |
o a0 300 a60 560 800 lost” lepton (ca&egorj 1), Had-tauw (ca&egorj 2),
aMy, [GeV] Legazbjeﬁl+tep, leqgp=b jet, legazjet3, legp=lep, where
or vice versa (take min.) Jjet3 is hardest non b-tagqged jet

di-leptonic ttbar has kinematic end-points: around top mass
(amT2), and the W mass (mt2@Y); while signal can exceed these.
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Am = m(f)) - m()?(]])

.. ATLAS searches 1L channel

submitted to JHEP [1407.0583]

4-body:
e 1 soft-lepton

0 mW)+m)1gg ™t 200 300 m7,) 1Gev]

£f; production, f,— b %, /T~ Wb 7%, /T t%]

e 1 hard non-b-tagged jet (ISR) < 40— T T T T
. : : () AT A it (44 SUSY _|
e >1 b-tag in sub-leading jets o] ATLAS ——— Observed limit (=10, )
=, 350 _ - —
e high MET, MT>mW, 00 small Am. £ | [rot=201" is-8 Tev - -- - Expected limit (+10,,) ]
3-body: but monojet 300~ 1-lepton + jets + E™ All limits at 95% CL —
e 1 |lepton 250 —
e >/ |ets, at least one of which is b-tagged 7
. L 00 _
e high MET, 2D shape-fit in MT and amT2 i
mStop = mTop+mN1: 150 —
e 2D shape fit but with looser selection, MT-MET 100 _
/s =8 TeV f Ldt=201b"  ATLAS 50 > B
SM (fit) 3body |
Observed | | | J
m(fb (1)) O /4 | H F 1
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CMS searches 1Lchannel RPN

EPJC 73 (2013) 2677 %

PR

Search targets medium to heavy stops in various decay modes: 3-body, tN1, and bC1. |

0 m(W)+m(o)4 o i) poq === a5 m7,) 1Gev]

[, — bX1

Baseline selection

e 1 isolated lepton (e/mu, veto extra e,mu,tau)
e >4 jets, at least one b-tagged

e MET >100 GeV

e MT(lep,pTmiss) > 120 GeV

18 BDT analyses

¢ trained on different regions of signal models
(tN1 example shown in plot)

MET, MT2W, relative HT btw. event hemispheres,
e hadronic top compatibility (chi2)

® [ep, b-jet pT
e distance btw. lep and b-jet
e cut-based analyses for cross check.

2 4 5 7
00 300 00 00 600 00 me [G eV]
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CMS searches

Backgrounds

e dileptonic tT (one lepton missed) — i

e semi-lepton tT +t =1l top

W+jets

e other (small) backgrounds —rare

Estimation:
¢ normalise backgrounds in low MT window

1L channel

EPJC 73 (2013) 2677

Validation: compare data with prediction in dedicated samples

e 2| 1L+isolated track, b-veto
e uncertainties derived from these studies
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% CMS searches 1L channe

EPJC 73 (2013) 2677
Tools to suppress dominant tT bkg

Similar variables also employed by ATLAS search.

CMS Is =8 TeV, [Ldt=19.51b"

e N . I 2
Tight 2"d lepton veto: Hadronic top mass: = S R e ote e

S~
. . ©
Signal has no ‘edge’ in mT While for decay via top 80'8_ -
hencedominatedby quark,threejetSStem :III|III|III|III|III|III|III|III|IIIIII:
single lepton. from a hadronic top T | Preselection —e— Data :
e leoton bT PID decay, this is not true for $10°¢ 0 1itop E
pton P, di-lep ttbar. g f -: Waiots :
e veto on isolated tracks . 10°F I rare 5
e reconstruct hadronic top = T 5 (650/50) 1000
| ® veto on had-taus ) mass from three jets - 1 -
m(jjj),

e consider b-tagging & jet 10°

energy resolution e

2 (thzjs - Mtop)z (thz - MW)Z 10

X = o7 T
Jii2js iz 0 2 4 6 8 10 12 14 16 18 20
Hadronic top ¥
\_ Y
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CMS searches 1L channe

EPJC 73 (2013) 2677

Exclusion limits ] 4

0

e BDT analyses
e Cross section limits from BDT improve over cut-based analysis by up to ~40%

CMS \'s =8 TeV, [Ldt=19.5 fb
;I 300 _I—I AL L 1.|0 I‘o.aI 0.'II 0.9 (;.9 I0.9I o.tls 0.8 tl).s I0.8I o.tls-e:e- 8
[ - i &
(5 B cut-based expected 0.8 1.0 0.9 0.9 1.0 0.9 0.9 0.9 0.8 0.9 0.8 0.9 0.9 0.8| e
| N B | s
250 — 0.8 1.0 0.8 0.8 0.9 0.9 0.8 0.9 0.8 0.9 0.9 0.8-6:81 8 D
CixF — - BDT expected ©
E — ~
200 — E 1
B n m>
n 5
150 —
B largest improvement from BDT approach
100 —
B 0.8 0.7 0.7
50 [ 0.7 ¢/8 1.0 0.8 0.9 0.9 0.9 0.9 0.9 0.8 0.8 0.8 0.8 0.9 0.8 0}8 0.4 0.7 o.7-e; 04
B 98 0.9 0.9 0.8 0.9 0.9 0.8 0.9 0.9 1.0 0.9 0.8 0.9 0.9 0.9 03 0.§0.7 0.8 0.7] O 2
0 [ o.I 0.8 0.9 1.0 o.|9 0.8 0.9 0.9 o.|9 0.9 0.9 0.9 o.|9 0.9 0.9 0.8 oi 0.80.8 o.7-a;
0 100 200 300 400 500 600 700 0
m+ [GeV]

Acceptance also depends on the polarization of the the top quarks in the stop decay. Effect from left/right mixing of
the stops and on the mixing matrices of the neutralino and charginos, impact shown in backup (CMS & ATLAS).

Till Eifert -- Experimental results on SUSY with top TOP2014



Am = m(F,) - m(¥Y)

/ 7‘/ 2.
TN ST

Complementarity of searches [EEEEs

Many analyses to cover the various decays and mass regions.
Furthermore, other decays such as via a chargino are considered & largely —° "7~ "= = e
covered. However, holes remain!

%
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—
—_

—
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production, - b f %, /T—c¥% A—»Wb% /T—~t%  Status: ICHEP 2014
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‘Stealth’ stop

Close the gap where m(stop1) - m(N1) = m(top) SESENSY (A

challenge: kinematic variables (ETmiSS, M, etc.) TF, production, T~ b 1 £5° /T~ ¢ 1’ K> Wb 3 /T—~1%’  Status: ICHEP 2014
resemble those of ttbar background R U I B I I
J ' 8 - ATLAS Preliminary L =20f"Vs=8TeV L =471 Vs=7 TeV

e But smaller signal cross-section, ~15% of j_450§ T, e R E
x | J% X 1L [1407.0583 1L [1208.2590 |

SM 'tT for same mass. E 400—_ ?% i/\?wb P 2Ll[1403.4853} [ | 2L [1209.4186] s

— J*\) ] A/{1 1L [1407.0583], 2L [1403.4853 —

C t—=cx OL [1407.0608] _

350 :_ bff '7(? OL [1407.0608], 1L [1407.0583] _:

E — QObserved limits ==== Expected limits E

300 Al limits at 95% CL —]

1. Direct approaches: 2501~ -
» shape-fit — E
» Multivariate analysis n ol .
» Top measurements (later) 150— —
~ 7 bty .

. 1004 —

2. Indirect approach: u .
» search for heavier SUSY production with 50— o " B
subsequent decay via stop. i =207 P | | | | | -

— glUIﬂO .I:O S.top-l + .t O |1 OOI | 1 |300| 1| I4OOI | 1 I5OOI 1| |600| | 1 I7OOI |

— stop?2 to stop1 + Z/H m; [GeV]
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Searches for gluino-mediated stop production

Gluino pairs decaying via on- or off-shell stop lead to a
spectacular signature of four top quarks + extra MET.

» Up to 4 (el,mu), 4 b-jets, ..
» Various searches in OL — 3L channels,

SUSY: mGluino < (3-5) x mStop,

and gluino pair production cross section much larger (x50)

Gluino-mediated searches give handle to search for a
stealthy stop (mass degenerate with top).

Backgrounds:
e reducible: for example, fake b-jets (mainly tT) estimated from data (matrix method)
e irreducible: for example, processes with >3 bjets:

- tT + b bbar, (using 2L control region),

- tT + Z/h(—bbbar) from MC
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CMS searches 0-3L combination

SUS-14-010

Combination of five orthogonal searches:

e OL + multijets (3-8)) [CMS-SUS-13-012]

e 1 + >0 jets with =3 b-tagged [PLB 733 328 (2014)]
e 20S L + =b jets with =3 b-tagged + MET>180 GeV [PAS-SUS-13-010]

e 2SS L + >(2-4) jets with (O, 1, =2) b-tagged + MET cut [JHEP 01 (2014) 163]
e 3L + >(2-4) jets with (1,2, =3) b-tagged [PAS-SUS-13-008]

CMS /s = 8 TeV L =1951" CMS \'s =8 TeV L . =19.5f"

- T T T T 7 ]
| — Observed UL ] (%D) I M(’)“(:)) =50 GeV ]
600} . 1 =1900 — observed uL |
Y o { s | Expected UL ]
= £ AN 7 800 B N
400 - I %0\ ]
A \ - 1) _
— 1 00 4 ) -
200 — 0S 2| i — - —— 0S2 -
- — 3l i ‘R - — 3l . -
i Comb. _ ! ¢ ] : Comlq.,_i: _..-.---- """""" :

O"‘ L T T R R TR - L i || —+ . e = | !
400 600 800 1000 1200 1400 800 1000 1200 _
M(@@) [GeV] M(@@) [GeV]
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~.. ATLAS searches 0-1L + 3 bjets

Accepted by JHEP [1407.0600]

- 12 SR-0I-7j-C L™ =20.1 b, s =8 TeV
| | H N L N L DL L
OL and 1L channels, optimized for various decays 3 " ATLAS o Data 2012 -
(sbottom, stop,..) S 101 5454 S total b
. . . — - ] Reducible bkg (MM) -
e OL + =4 jets or =7 jets (=3 b-tagged), with Meff > i [ th+b/bb (MC) i
(scalar sum over jets, MET) cuts btw. 1and 1.5TeV  § 8 5 [ d+2/ (ue) ~
' | : """ Gtt: ma,mi:,=1100,100 GeV :
and hlgh MET 6— |\, e Gbb: mg,m , = 1100,100 GeV ]
e 1L + >6 jets (=3 b-tagged), with Meff>700—900 GeV - | 1
and high MET and high mT. - ~
2= Y )
& production, § — tE+%., m(@) >>m() L™ = 20.1 fb, {5=8 TeV O:' ,,,,,,,,,, e e S e ._
s [T T T T T 600 800 1000 1200 1400 1600 1800 2000
%1000 - ATLAS "7~ Expected limit +1 o, rninf?l [GeV]
W L 0and 1 lepton + 3 b-jets channels ... ©
S = Observed limit = 1 525"

........... theory
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CMS searches stop2tozH [

PLB 736 371 (2014)

/,,m s

Target stop2 pair production, decay via (stealth) stop1 and Z or H.

4 7 H
\32 ) \32 \Pz R
el o ___./ Hh _el-_e”
- (i --.5(0 - t 79 e bt
Y R 2 S A SN
A H 7 ) H
Sensitive to H to bb, H to ZZ, H to WW decays
e search with 1L, 2L (SS, OS), and =3L
e b-tags (up to 4),
e split by on- and off-shell Z
3 ¢ on-Z events CMS 4/s=8 TeV, det— 19. 5fb‘

3L analysis:

§ ‘§§§$§\§l ¢ 'I\Dlata ] § \l--l-SNI|+t l—>Zt o 840; 1
e sensitive to all scenarios P NP A )00 6 g LB ]
. . © AN [tz o > :3&1 ]
e pbackground from WZ+jets is suppressed Y 4o = = 1€ 5 i ;
I are g > J
by b-tag requirements, N O Tota) by unc, | |
. § —— ] 10p
e remaining background from rare ﬁ _ _ I
Processes or non-prompt leptons 0 2 3 2 3 4 5 6 7 8 8o 100 150 200
N b jets N jets E_rplss [GeV]

o W//77 from MC
e non-prompt lepton from data
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CMS searches stop2tozZ/H

stop?2 to stop1 Z/H

PLB 736 371 (2014)

V/s=8TeV, fffdt = 19.5 fo™

500+ — Observed UL,

300

Expected UL:
(Tg —> T1Z)=1 00%
(Tg — T1Z)=5O°/o

M=M= 175 GeV,tetx—

.......
s®

.
PR
=

e m(stop1) - m(N1) = m(t)
e 3L analysis most sensitive

m(f)) (GeV]
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ATLAS searches

2L + 3L with Z(ll) + jets + b-jet + Efmiss

e Background estimates:

e Fake leptons using “matrix method”

® /+jets using jet smearing method A
p ) ‘JJJ" t
o - < vV
-2 X1
-~ - tl
T~ ~ gl ~0
to s - X1
stop?2 to stop1 Z P \'\—\%? .
T, production, T,— &, T— 3’
';‘ 450 :l I I I I | I I I I | I I 1 I I | I I I I | ///I I I I : Z
& - ATLAS === Observed limit (x10500") J
- 400 [ -
g - e Expected limit (+10,,)
350 [ Ldt=2031", Vs=8TeVv Al limits at 95% CL
- m - mo= 180 GeV . .
300 -
250 [ =
200 [ =
150 - -
100 - —
50 - _, =
/ | | | | | | | | | | | | | | ,l I:. | | | | | | | | :
300 400 500 600 700 800
m: [GeV]

stop2 to Z

Eur. Phys. J. C (2014) 74:2883

Am = m(F,) - m(¥Y)

SR
S
A

m(,) < m(¥)) ‘,,.f;éx
1 Y
A A

N
0 mW)+m()4 g9 200 300 m(f,) [GeV]

stop?2 to (stop1 Z, stop1 H, t N1)

ms = 350 GeV
m).(o =20 GeV

;
BR({, — ht,) BR(, — tx,)

BR{, — Zt)
1 m; =500 GeV

mj =20 GeV

1

;
BR({, — ht,)

ATLAS L,=203fb" \s=8TeV

1,1, production, T, — Zt,, Ht,, t%?; T - ti?

rr1;=mx~o+180 GeV

- Observed

= === FExpected

BR({, — Zf)
1

ms =500 GeV
m).(o =120 GeV

]
BR({, — ht,)
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Constraints from top measurements

» In the context of tT measurements,

® Stop-pair production with stop—top+neutralino (invisible) could be
an annoying background

® or perhaps an interesting signal.

(1) What is the effect of stop pair production with m(stop)~m(top)
on cross-section analysis!?

B Extra contribution to tT production with soft missing energy —
otherwise similar kinematics.

(2) What is the effect of stop pair production with m(stop)~m(top)
on spin correlation analysis?

m) Extra contribution without spin correlation (stop is scalar).

» Could we see or exclude this contribution with stop mass <
~200 GeV

e E.g 180 GeV stop-pair contribution is 32 pb at 8 TeV c.f. QCD tT of
~250 pb

500

T, production, T— b 1 17/ T— ¢ %) K> Wb %, /T~ t %]

Status: ICHEP 2014

[T T T T | T 17T

- ATLAS Preliminary L, =201b" (=8 TeV
0L [1406.1122]

1L [1407.0583]

2L [1403.4853]

—Igﬁ W 0 ’)Z? 1L[1407.0583], 2L [1403.4853]
Bt Cjﬂ 0L [1407.0608]

Embff X, 0L [1407.0608], 1L [1407.0583]

—— Observed limits ~ ===-
All limits at 95% CL

Expected limits

'\‘P\{IllllllllllllllII|IIII|IIII|IIII|I

500

| L | T 1]
L = 4.7 fb™ V5=7 TeV

OL [1208.1447]
1L [1208.2590]
2L [1209.4186]

600 700
m;, [GeV]

Till Eifert -- Experimental results on SUSY with top

TOP2014



Limit from ttbar cross section

ATLAS+CMS Preliminaryo . summary, Vs =8 TeV  TOPLHCWG July 2014 Submitted to EPJC ( 1406. 5375)
Q _I T T T * T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T ] g
....... :[\lL(z):l;lgl-lgLG(:i/p++ 2.0), PDF4LHC —  stat. uncertainty S :_ ATLAS ® Data 2012 _: S, ©
[ ] sc:lple uncertainty - ol uncertaint.y Lﬁ 30000 - Vg =8TeV, 20.3 fb'1 ) tt Powheg+PY - O -8
scale® PDF @ a4 uncertainty o =(stat) =(syst) =(umi) ~ Wt ] 4 (@)
° - Il Z+jets ] =
25000 — . — C >
) Diboson - — =
° Bl Mis-ID lepton E <SS o
20000 — ()]
/ - POWheg+PY ] 8 E
ATLAS prel., elu+jets 2412+ 31 9pb _—T__ B MC@NLO+HW - o0
15000 Alpgen+HW — = 3
ATLAS-CONF-2012-149, L_=5.8 fb” - 8 ...(.__)
® ]
10000 |- — 8 o
ATLAS, dilepton eu, b-tag 242.4+17+55+7.5pb - - = o)
arXiv:1406.5375, L_=20.3 b 5000 :_ _: QE) -S
_ - @)
I —eo—i - —
| [T, - QM
CMS prel., e/u+jets 228+9 =10 pb © 15E . : : — =
CMS-PAS TOP-12-006, L_=2.8 fb” 8 O, : . % D
S | S i ; Q Z
= - e = —
CMS, dilepton 239+ 2+ 116 pb 0.5 . —
JHEP 02 (2014) 024, L_=5.3 fb”' 0 1 2 =3
int I I Nb-‘tag
CMS prel. e/u+rh 257+3+24+7pb
CMS-PAS TOP-12-026, L_=19.6 fb”
Effect of LHC beam energy uncertainty: 4.2 pb O-t{ — 1 82 * 9 :|: 3 ° 1 :|: 4 ° 2 :|: 3 * 6 :|: 3 * 3 pb ( \/g — 7 TeV) a"nd
| | | | | | | | | | | | | | | | - J—
o = 24244+ 1.7+ 55+ 7.5+ 4.2pb (/s = 8TeV)
150 200 250 300 350 ¢t b ’

o, [Pb]

» Precise measurement of tT production cross-section at 7 and 8 TeV

® events with e (opp-sign) and exactly | or 2 b-tagged jets, ratio reduces systematics.

® Theory (including Amtop) 177.3*!1>_150 pb (7 TeV), 252.9*!>3 143 pb (8 TeV)
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Limit from ttbar cross section

Submitted to EPJC (1406.5375)

» Exclude a small region between top
1T T 1 | 1T T 1 | 1T T 1 | 1T T 1 1T T 1 1T T 1 threShOId and ~I8O Gev

45_ ATLAS
: \s =7 TeV, 4.6 b ® Expected limit 179 GeV
- -1
3-5:_ \s=8 TeV,20.31b ® Observed limit 183 GeV

= Expected limit +1 o,

— Observed limit =1 OSUSY

*

® Observed limit -1 0 (sig-theo) 177 GeV

95% CL limit on signal strength u

I|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III

2 5:_ theory - Signal theoretical uncertainty of 15% (PDFs, scales)
L t1e t X , m(x )=1 GeV ...~
- 1 1 e o Sensitivity driven by stop-pair production
2:_ cross-section
5 ® Always assumin % BR to stop+X
1.5 Alway g 100% BR P
13— ------------------------------------------------------ » Limits shown for m(xX)=1 GeV
0 5:_ ® Only slightly weaker with increasing
B I B R e b b neutralino mass
170 180 190 200 210 220 230

- E.g. 3% less for 20 GeV neutralino at 200 GeV stop

m- [GeV]

® top quark polarision (stop mixing)

- full left-handed polarisation 4% weaker than plot

CMS tT cross section measurement (see previous slide) which is for mostly right-handed case

is not yet interpreted in terms of stop limits.
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Limit from ttbar spin correlation

ATLAS-CONF-2014-056

16000

A I B L R L I A B
» Precise measurement of tT spin correlation € -~ ¢ Daa ATLAS Preliminary] | ©

£ 14000~ : L alE =

at 8 TeV 5 S SM f Ldt=203" 7| <%

D1 12000 : i (A=0) s =8 TeV =423

® events with ee, e[, UMY (opp-sign) 10000~ [ Background 5= L,—_: é §

= el == | O 7

® at least 2 jets, of which at least one is b- 8000 bty 180 GeV g S| 89

tagged 6000}~ E ‘é E

— ] I

® in ee, MU channels: MET, m(ll) cuts 4000¢ 1S

2000 4| 2 &

® in eM channel: HT (jets, lep) cut ) e ——————— R | 2 i
. . . . 1260~ T T T —
b Investigate Ad(l,l) distribution 1 L —
e e g E
» Results ks L: R s LR = =
0.9t e E
N..+N,—N.—N 088w =
A=—1——= T - 0 02 04 06 08 1
NTT+Nll+NTi+NlT A¢ [rad] / =

SM+ SUSY (180 GeV mStop)
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Limit from ttbar spin correlation

ATLAS-CONF-2014-056

» Exclude a small region between top

7oy e ASaaaanass ESsasnass T e threshold and ~190 GeV
2 i ATLAS Preliminary
] 100‘ Observed Y. ¢ Expected limit 185 GeV
- _1 —
O l f Ldt = 20.3fb" -
.0 T Expected + 1 s.d. i ® Observed limit 197 GeV
D : \s =8 TeV _
ol 80~ Expected = 2 5.d. m.o=1GeV - ® Observed limit -1 0 (sig-theo) 191 GeV
— X1
|2-|—:_ I - | - Signal theoretical uncertainty of 15% (PDFs, scales)
L= 60_ - NLO+NLL prediction ]
1 l - ® Sensitivity driven by stop-pair production
O - N cross-section
£ g ]
o) 40; ,,,,,,,,, B ® Always assuming 100% BR to stop+x
1":'“.\.»::;'n.‘ ....................... ]
3 .,,.“.“.'\'.'\.: ............................. 5 } L|m|ts Shown for m(X):I Gev
20_/ 4.—'_;*.—_-\_.'_-\"\ ,,,,,,,, |
- '\-TEL';_;: ® Only slightly weaker with increasing
- - neutralino mass

180 190 200 210 220 230 » Without the shape-information Ad the limit

m,t, [GeV] would deteriorate by 30-40%.
1

® constraint from cross section only
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CMS and ATLAS studied long-term prospects for the (HL) LHC.
e with 300 and 3000 /fb at 14 TeV
e searches for gluino-mediated stop production reach beyond 2 TeV

e searches for direct stop production reach well beyond 1 TeV

CMS PAS FTR-13-014

CMS Simulation Vs =14 TeV ATL-PHYS-PUB-2013-011

/>-\ _l I I I I | I I I I | I I I I | I I I T | ;1 OOO A é T T T T T T | T T T | T T T | T T -
© 1800 Expected 50 Discovery — ® 5005 TLAS Simulation Preliminary E
g PPN Phasel, <PU>=0, L=300 fb ] = E \Vs=14 TeV -ggg ;g (<u>—ggg gg ;:Ilgrl:_over}/ -
- . — — <u>= % exclusion =
- 1600~ ... Phasel, <PU>=140, L=300 b . % 800F = =3000 X (2u>—1 i =
- — Phasel, <PU>=0, L=3000 fb™ ] e - 3000 fb™' (<u>=140) 95% CL exclusion =
1400 Phacel Gone, <PUseta0, Lo ! 700 BATLAS o Tl {Hiptonk: o5 CL b,
12000~ . V0= e e,
- PP 00t e, . 500 T
1000 m(t) >>m(@ &~ — = . E
- ] 400 — =
800F E 300F y =
600 - 200 E
400/ . Ok : P
- - [ = =y T

200 - ] 0 200 400 600 800 1000 1200 1400
/ - i N Mstop [GeV]

O | | | | | | | | | | | | | | | E |E | | | |_

500 1000 1500 2000 2500
m (GeV)
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2013-011

Summary

» Strong search programs for a top quark partner (stop) at the ATLAS
and CMS experiments.

® direct searches for stop covering range from low to heavy masses,
various decay modes

® new indirect constraints from SM tT measurements begin to fill gap
in mStop ~ mTop scenario

Tt production, T t 52? /c 32?

T, production, T— b 1 £ % /T~ c %] f— Wb % /N> t%,  Status: ICHEP 2014

%'700_|||||||||||||||||||||||||||||||||||||_ ;500_"""""”""”' T
0] - . . ] C . _ 1o _ EN 1
=2 - CMS Preliminary Observed 1 8 - ATLAS Preliminary L, =20f"(s=8Te Liy=4.7 16" V5=7 TeV 7
8 600 | _ —_— 450__ —IT;»t)”(O OL [1406.1122] 0L [1208.1447] -
@ L \/g = 8 Tev --E ted i U - —.E—ﬂx 1L [1407.0583] 1L [1208.2590] ]
£ - Xpecte - E - EEt-ty 2L [1403.4853] [1209.4186] -
8__) - ICH EP 201 4 - 400__ —IB—> W%i? 1L [1407.0583], 2L [1403.4853] -
B B 4 - EsEiocy 0L [1407.0608] ]
-1 500 SUS-13-011 1-lep (MVA) 19.5 fb ] ssob. =01 P o 4y cooan 1L {1407 0589 E
[ == SUS-14-011 O-lep + 1-lep + 2-lep (Razor) 19.3 fb™ ] C -
[ == SUS-14-011 0-lep (Razor) + 1-lep (MVA) 19.3 fb™ b [ =—— Observed limits ==-- Expected limits ]
400 |- = SUS-13-009 (monojet stop) 19.7 fb™' (- ¢ 7(:’) ] 300:_ Alllimits at 95% CL =
| == SUS-13-015 (hadronic stop) 19.4 fb™ i C ]
L | 250[— —]
300 - 200F-
B . 150
200 _ -
- ] 1004
100 | —]
VSV <l N N I A

0 100 200 300 400 500 800

stop mass [GeV]
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Extra slides



Topness

Topness is a variable designed to identity and suppress partially reconstructed
dileptonic tT events, as proposed in ref. [1212.4495]. The topness variable is based
on minimising a chi2-type function indicating the similarity of the event to dileptonic tT
events. One lepton is assumed to be lost.

=1L, >=4j, MET>100 GeV, MT>60 GeV

E [ [ [ [ | [ [ [ [ | [ [ [ [ | [ [ [ [ | [ [ [ [ | [ [ [ [ E
4"5’108 - ATLAS -e- Data B
(] = _ - E
T E Vs=8TeV,|Ldt=20fb" [t :

10’ & Preselection [ ]WH+ets =
o == m{txx%)= (550,300,150) GeV (0x100) []Single top 3
10 =~ [C]Diboson =
- i - - m(t,x%)= (500,200) GeV (0x100) Wziets -
WtV
104;— /) Total SM _;
10° s st
10° ¢ : W o
10%— g
%1.5:
. %W%%%M%W%
©
D0.5_| L1 1 | I I | | I I | I I | | L1 1 1 | L1 1 1 |_

-15 -10 -5 O 5 10 15

topness

=1L, >=4j, MET>100 GeV, MT>150 GeV

0.2

1/N dN/dt
=

1212.4495

e signal, red, solid

 dileptonic top, blue, dashed

e dileptonic top, one (el,mu), one tau, cyan, dotted
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function S:

Topness

The topness event value is defined as In(min g), where S is the minimum of the Y2-type

2 2
<m%v — (pe + pu)2> (m? — (o, +pe + py)2>
S(Pwa, PWiy, PW,2s Prz) = , + . n
CLW at
2 2)? 2 2\ 2
(m? = (s +pw)*) (4m2 = (Zp)°)
4 + 4
@ aom

The first three arguments of .S’ are the components of the non-reconstructed W boson 3-
momentum (pw.., Pw.y, Pw,z). LThis W is assumed to decay leptonically, but the lepton
is not reconstructed and is thus only noticeable in the missing transverse momentum.
The variable p, . is the longitudinal momentum of the neutrino from the other W
boson decay, for which the lepton was successfully reconstructed. These four numbers
are varied to find the minimum of S.

The momenta appearing on the right-hand side of the equation above are either 4-
momenta of the reconstructed objects (one lepton, py,, and two b-jets, py, and pp,)
or 4-momenta assigned by the minimisation procedure (py and p,). To find all four
components, the neutrinos and the W boson without reconstructed decay products are
assumed to be on-shell. Both combinations for b; and by are evaluated during the
minimisation; if only one b-tagged jet is present, it is used together with the leading or
subleading jet (that means, a total of four possible jet assignments is evaluated in this
case).
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LHC Run-| SUSY Searches: CMS summary table

Summary of CMS SUSY Results* in SMS framework ICHEP 2014

c
.0
=
o - o
3 9-aa%
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o - _0
o g—»tl)ij
c G—t{¥ 1ty )
£ ~ T
S ., ST =W
g—=b(b =ty —Wyx )
S
o
© ~ 0
> a—>qx
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7]
0
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T—b(y —W
a B ~5X~0 %)
o T—tby (x =HG)
@ Tza(T‘ati;)z
T,— @ = tx)H
£ . o
o b —by
= ~ 0
o b —tWy
Ko} ~ _0
(2] b —-bZy
~0~ ~0~0
X, % = lvy
8 3 0_o
-1 vy
c )on_o ZZ—XOZCU - -
-
N S reliminar
T X, PWZy %
[e)) .iﬂ.).cz()_)Hz.kﬂ.iﬂ
§ J2E oo For decays with intermediate mass,
xx, > HWY %
~0-2 ~ 0~
w % xT—=lvy x m. . =X'm +(1'X)'m
o2 o intermediate mother Isp
% X’—’T‘EI’VX x
c 2
§ —m —m —m —m - -—- - - — _ e e e e e e e e e e e e e e e e e e e e e e e e — = = =
4 0
% T=17%
7) ————————————————————————————————————————————————————
E;—>q|tv k122
g—qliv k|2a
~g—>q|lv 7»233
g%qu )\231
~ g—»qbt;: }\233
g_:qu » 113/223
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*Observed limits, theory uncertainties not included
Only a selection of available mass limits
Probe *up to* the quoted mass limit

Mass scales [GeV]
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LHC Run-1| SUSY Searches: ATLAS summary table

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

Status: ICHEP 2014 \Vs=7,8TeV
Model &MY Jets ED™ [Larfb) Mass limit Reference
L] L] L] L] I L] L] L] L] L] L] L] L] I L] L] L] L] L] L] L]
MSUGRA/CMSSM 0 2-6 jets Yes 20.3 g8 1.7TeV m(g)=m(3) 1405.7875
MSUGRA/CMSSM lep 3-6jets Yes 203 |2 1.2 TeV any m(g) ATLAS-CONF-2013-062
» MSUGRA/CMSSM 0 7-10jets  Yes 20.3 4 1.1 TeV any m(g) 1308.1841
_qc’ 4aq, q->q/\7(1) 0 2-6jets  Yes 20.3 q 850 GeV m(t})=0 GeV, m(1* gen. §)=m(2" gen. ) 1405.7875
S 2z g—)qu(l) 0 26jets Yes 203 |& 1.33 TeV m@@")=0 GeV 1405.7875
S 33 3oq0% —>qu1)(1 1e,u 3-6jets Yes 203 |2 1.18 TeV m(¥})<200 GeV, m(T*)=0.5(m(¥})+m(z)) ATLAS-CONF-2013-062
D 33, 3oqq(ll/lv/y)X] 2e,pu 0-3 jets - 203 |z 1.12 TeV m(E))=0 GeV ATLAS-CONF-2013-089
©  GMSB ({NLSP) e 24jels  Yes 4.7 [N 24 eV tang<15 1208.468
D GMSB (Z NLSP) 1-27+0-1¢ 0-2jets  Yes 20.3 g 1.6TeV tang>20 1407.0603
S  GGM (bino NLSP) 2y - Yes 203 |& 1.28 TeV m(Y))>50 GeV ATLAS-CONF-2014-001
£ GGM (wino NLSP) Teu+y - Yes 48 m(¥})>50 GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) Y 1b Yes 4.8 m(¥})>220 GeV 1211.1167
GGM (higgsino NLSP) 2e,u(2) 0-3 jets Yes 5.8 m(NLSP)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes 10.5 m(G)>107* eV ATLAS-CONF-2012-147
S5 gobbi) 0 3b Yes  20.1 z 1.25 TeV ¥7)<400 GeV 1407.0600
SQ it 0 7-10jets  Yes 203 |Z 1.1 TeV ?> <350 GeV 1308.1841
T & g—>tm 0-1e,u 3b Yes  20.1 g 1.34 TeV m(E7)<400 GeV 1407.0600
en 190 FobiX] 0-1e,u 3b Yes 20.1 g 1.3 TeV m(¥})<300 GeV 1407.0600
bib1, by —>le 0 2b Yes  20.1 b 100-620 GeV m(E))<90 GeV 1308.2631
o biby, bt 2e,u(SS) 0-3b Yes 20.3 by 275-440 GeV m(¥t)=2 m(t}) 1404.2500
.0 7 (light), i »b¥y 1-2 e, 1-2b  Yes 47 |4 11 m(¥})=55 GeV 1208.4305, 1209.2102
S S fi(light), i —>wbi) 2e,u 02jets  Yes 203 |# 130-210 GeV mEE) =m(@)-m(W)-50 GeV, m(f;)<<m(¥}) 1403.4853
@S fifi(medium), ij—t¥) 2e,u 2jets  Yes 203 |4 215-530 GeV "?)=1 GeV 1403.4853
=g MAfi(medium), 7 —bX| 0 2b Yes  20.1 i 150-580 GeV m(¥})<200 GeV, m(¥)-m(¥})=5 GeV 1308.2631
O 7iii(heavy), i > 1eu 1b Yes 20 |# 210-640 GeV ”‘1’)=o GeV 1407.0583
23 i (heavy), 71—t} 0 2b  Yes 201 |# 260-640 GeV me})=0 Gev 1406.1122
S N, >k 0 mono-jet/ctag Yes  20.3 |7 90-240 GeV m(;)-m(t})<85 GeV 1407.0608
#7 (natural GMSB) 2e,u(2) 1b Yes 203 & 150-580 GeV ?)>150 GeV 1403.5222
hiy, h—h +Z 3e,u(2) 1b Yes 203 |1 290-600 GeV m(¥})<200 GeV 1403.5222
t’L ROL, R, £—>£X1 2e,pu 0 Yes 203 |7 90-325 GeV m(¥})=0 GeV 1403.5294
)(1)(1 ,)(1 () 2epu 0 Yes 203 |} 140-465 GeV m(¥})=0 GeV, m(Z, #)=0.5(m(¥} )+m(,€?)) 1403.5294
> g )?1)?’ X\ —tv(t?) 27 - Yes 203 |X} 100-350 GeV m(¥})=0 GeV, m(z, #)=0.5(m ~1i)+m(/\71)) 1407.0350
L= )(1 5% —>€Lv€L€(W) LOLLGY) 3e,u 0 Yes 203 | XK 700 GeV m(TE)=m(¥3), m(t))=0, m(Z, 7)=0.5(m(¥%)+m(t})) 1402.7029
iS] )(1 Wi ZE 2-3e,u 0 Yes  20.3 ):(z,):( 420 GeV m(}f):m(/\;%), m ”(1))= sleptons decoupled | 1403.5294, 1402.7029
)f&)fg_f(‘)’vxlh?(l 1eu 2b Yes 20.3 )fb’Xz 285 GeV 5 rpo(/h’)=r~rz)(/\’2), m{¥1)=0, Ieptons decoupled ATLAS-CONF-2013-093
o3, Xy 3 iRt 4ep 0 Yes 203 |X;, 620 GeV m(¥2)=m(¥3), m(¥])=0, m(Z, 7)=0.5(m(¥3)+m(¥})) 1405.5086
8 o Direct ¥7X] prod., long-lived ¥7  Disapp. trk 1 jet Yes 203 | A 270 GeV mF)-m(E))=160 MeV, 7(¥})=0.2 ns ATLAS-CONF-2013-069
= % Stable, stopped g R-hadron 0 1-5jets  Yes 27.9 g 832 GeV mE7)=100 GeV, 10 us<7(3)<1000 s 1310.6584
é’% GMSB, stable 7, )2?—>%_(é, Prle) 124 - - 15.9 10<tans <50 ATLAS-CONF-2013-058
S § GMSB,X|—yG, long-lived X; 2y - Yes 47 0.4<7(¥))<2 ns 1304.6310
=l 33, X2 —qqu (RPV) 1 p, displ. vix - - 20.3 q 1.0 TeV 1.5 <ct<156 mm, BR(x)=1, m(¥))=108 GeV | ATLAS-CONF-2013-092
LFV pp—¥: + X, 7, —e +pu 2e,u - - 4.6 A4,,=0.10, 2;3,=0.05 1212.1272
LFV pp—v: + X, Vr—e(u) + T Teu+t - - 4.6 A4,,=0.10, 2;(2)33=0.05 1212.1272
> Blllnear RPV CMSSM 2e,u(SS)  03b Yes  20.3 1.35 TeV m(g)=m(g), ctrsp<1 mm 1404.2500
& X]X] ,X] Swid 20 —eevy, e, depu - Yes 203 | ¥ 750 GeV m(¥))>0.2xm(¥}), 121 £0 1405.5086
)(1)(1 KT WH X 5119, 192 Beu+t - Yes 203 | A 450 GeV mE))>0.2xm(¥}), 113320 1405.5086
8—qqq 0 6-7 jets - 20.3 4 916 GeV BR(1)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091
g—ht, fi—bs 2e,u(SS)  0-3bh Yes 203 |& 850 GeV 1404.250
. Scalar gluon pair, sgluon—gg 0 4 jets - 4.6 incl. limit from 1110.2693 1210.4826
.qc) Scalar gluon pair, sgluon—f 2e,u (SS) 2bh Yes 14.3 ATLAS-CONF-2013-051
6’ WIMP interaction (D5, Dirac y) 0 mono-jet  Yes 10.5 m(y)<80 GeV, limit 0f<687 GeV for D8 ATLAS-CONF-2012-147
L I L L L L L L L
1/_ =8 TeV
- - full data 1 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o theoretical signal cross section uncertainty.
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Polarization effects = 1Lchannels B

submitted to JHEP [1407.0583] EPJC 73 (2013) 2677

The acceptance depends on the polarization of the the top quarks in the stop1 to tN1 scenario. These
polarizations depend on the left/right mixing of the stops and on the mixing matrices of the neutralino and
charginos.

e Nominal ATLAS stop 1L result obtained using stop1 ~70% stopR. Comparison with fully left-handed
top quarks: exp. limit reduced by ~50 GeV.

e Nominal CMS stop 1L result obtained using unpolarized particles. Comparison with right- and left-
handed top quarks: limits vary by +(10-20) GeV.

, £, production, - t %, m_, = 50 GeV CMS Is=8 TeV,det =19.5 fb™
X

S 1 O E I | I | I | I | I | I | I | I | I I E | | | T T T T | T T T T | T T T T I T T T T I T T T T I T T T T I T T T T
2 - - > - ——— . .
© B ATLAS £444: ¥, pair prod. cross section ] D 400 —pp—tt,t—t %(1’ Observed (unpolarized top) —]
B == Observed limit (mostly stop-right) i C s 0202000 m—m--- Observed (right-handed to ]
fL dt=20 fb_1, Is=8 TeV = = = Expected limit (mostly stop-right) (2. 350 - BDT analysis (rig P) T
10 Observed limit (purely stop-left) — o « - T Observed (left-handed top) n
1-lepton + jets + Em iss Expected limit (purely stop-left) 3 EIX - , .
Al limits at 95% CL . 300 - /(s\*‘ & =
m - v 4 R -
1 - 250 PN S, -~ . -
. 200 ST —
107" = = 150 |— —
- . 100 |~ x —
- TS - - 1 —
~~~~~ - ! -
102 = R 50 — | -
- . 4 B ]
1 | 1 | 1 | 1 | 1 | 1 | 1 | | | 1 | 1 0 4 . PRI S T T TN T AN T Y Y ) N MO A M A-TH N MR A

250 300 350 400 450 500 550 600 650 700 750 100 200 300 400 500 600 700 800

M, [GeV] m.. [GeV]
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Overview: gluino-mediated stop searches

d ~y I ~O
— ~ — T I — < BEREERERNEEERE
: | ' '—:z::zz;:3::5::1“:::3:& % 1000 arLas
S, 900 _CMS Prellmlnary ——— SUS-14-011 0+142-Iep (razor)193fb'1 = _ ~  Preliminary "'E’é‘;‘;\tl‘z 0)'(@95%28?8-4 = 10jets L, =203
A - s SUS-13-007 1-lep (A¢) 19.3 fb” = i - arxiv: 1308.
o = \@ =8 TeV = = = SUS-13-007 1-lep (LS) 19.3 fb" = - Expected o jepton, = 3 brjets L =20.1107
€ gool— —— SUS-13-016 2-lep (OS+b) 19.7 fb" = - 82?:3 arXiv: 1407.0600 "
G [ICHEP2014  —amemsameon won gog| Cieacs BRI 0 +20we 11,2021
— -13- ultiLepton . arAlv:
—! 700 — = = = SUS-13-008 3-lep (3i+b) 19. 5fb" = ]
- . SUS-13-019 (MT ) 195fb ~
N " e SUS-12-024  b-jet 19.4 b 7]
600 — |
- 600 —
500 [ -
400 | .
. 400 _ |
300 { ? : |
\‘| ll |
200" : ‘\ ". :
1 1
1 OO [ B : :n .
[ | | 1 1 |
1 ! 1
, . ! 1
600 800 1000 1206| |14|OOI _I [ 11 | L 111 | L 111 | L 111 | L 111 | [ 111 | ||‘| | | | | & L 111 | | 11 I_
600 700 800 900 1000 1100 1200 1300 1400 1500 16
gluino mass [G m [GeV]
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Am = m(f)) - m()??)

.. ATLAS searches 1L channel

submitted to JHEP [1407.0583]

Search targets light to heavy stops in various decay modes: 4-body, 3-body, tN1, and bC1.

0 mW)+m)1gg ™t 200 300 m7,) 1Gev]

1-leptons, >2-4 jets, MET, MT(lep, pTmiss)

15 signal regions (SRs).

e soft-lepton: pT > 7(6) GeV for electrons (muons),
employed for 4-body, and bC1 decays with small mC1-mN1 values.

e large-R (1.0) jets: collect decay products of boosted top in heavy stop
search.

e 1D and 2D shape-fits: enhance search sensitivity in challenging
scenarios (with difficult S-vs-B separation).

e Dp-tagged jets: utilised in event selection (ranging from a veto to =2) and
for constructing kinematic variables.
» MT2-like variables, hadronic top mass, topness

stop1 to tN1 stop1 3-body decay stop1 4-body decay stop1 to bC1 As well as

; b ’ mixed tN1, bC1
D oy v D . %% v p ~ ¢ D B W v decays
bt 1 ~0 b -0 b g b -0
- X1 - X1 - XY -7 xi X1
- TS~ Xt X
i g q i
P q

b q b q b b q
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ATLAS searches 1L channe

submitted to JHEP [1407.0583]

. . . i
Signature driven by mass hierarchy of stop, C1, ty — bX1 1 !
and N1. Dedicated selections to cover all
scenarios. Y it

AM \ 4 Y
: . : AmI | ~0
Showing example interpretations. ¥ . ¥ : X1
S @ (b) (©) (@
Q 'O S ©
%) O xo° - O
A O A° o
O N (O O NZ
© NN &
%Q“ $ R \6
N ) S
&\\
m hierarchies b . . .
N 88 3 are (?)’O( ) mixed tN1, bC1 decays with varying BR
; production, t, — b %T’ ij—> w o m.. = mg‘: +20 GeV t,f;, production, f;— ti? 1%, %~ W(*)+5Z?, m_ =2m,
%‘ 500 i T | T T T T | T T T T | T 1I ..... I. T | T T T T | T T T I__ ; — T | T | T + | - T | ~ LO | —]
3 - ATLAS —— Observed limit (+105°%) 3 &, aso- ATLAS o .
. - 1 - p —X = °<;
g 450 f Ldt=201b", Vs=8 TeV ===+ Expected limit (+10,,) = £ - [ra=zon’ s Tev Xz .
— _ 300 . miss m— X = 75% —
400 —  1-lepton + jets + E:iss All limits at 95% CL = i 1-lepton + jets + &, = x=100% |
350 :_ _: 050l ™ Expected limits = Observed limits All limits at 95% CL ]
- . ’ N T
300 = i
= . 200 ]
250 | — _
200 f— _f 150 |
150 |- ~ 100(— [
100 B _. E | -
= T 50 ;
200 300 400 500 600 700 300 400 500 600 700
m. [GeV] Mg [GeV]

Three SUSY mass parameters to consider (LEP limit m + > 103.5 GeV)
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CMS searches 1L channel

EPJC 73 (2013) 2677

SRS ~ ~+
BDT Exclusion limits tl — bX1
e stop1 to bC1 scenario
e MC1=0.25mTlop + 0.75 mN1 (left)
e MC1=0.5mTlop + 0.5 mN1 (left)
CMS Vs =8 TeV, [Ldt=19.5 fb™ CMS Is =8 TeV, [Ldt=19.5 fb™
| | _I T T T | T T T T | T T T T | T T T T | T T T T | T T T T | | _I T T | T T T T | T T T T | T T T T | T T T T | T T T T | |
% 400 pp - T¥, T~ b ¥’ === Observed (+10"°°") % 400 - pp - T¥, T~ b7’ === Observed (+15""") '8_
Q) ~ BDT analysis === Expected (+10) Q) - BDT analysis === Expected (+10) 4
— 350 —] — 350 E
I F ] e =
E 300 E 300 .
~ . ()
~ Q.
250 — 250 = 1 o
= = =
200 |— 200 ol " o
- 10’
150 | 150
100 N 100
E 1 0-2
s0- /- 50
LA 7 T 0 | T BT 1 0'3
800 300 400 500 600 700 80 300 400 500 600 700 800
m,. = 0.25 m;+ 0.75 m,, m. [GeV] m..=0.5m;+0.5m., m. [GeV]

Small acceptance for models with small mC1-mN1 values (due to soft decay products, incl. lepton)
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Complementarity of searches

1
-jet

\ 4 +
1

Various assumptions on stop, G1, N1 mass hierarchies. {1 — bX] \k;
X

T, production,t, - b%,7:—> W%, ATLAS Preliminary, L, =20 fo" {s=8 TeV, Status: ICHEP 2014 ()
|~y _I T T T I T T T T I T | | T I T T T T I T T T T T I_ _I T T T | T T T T | T T T T | T T T T | T T T T | T |_
3 n ulin ] W
O, 350 — m;=me+5GeV  0-1L[1308.2631], [1407.0583] — | == m,. =150 GeV 0-1L[1308.2631], [1407.0583}] . -0
E%{ - -m _me+2o GeV 0-1L [1308.2631], [1407.0583] 1F = =106 GeV 1-2L [1407.0583], [1403.4853] . A/ )(1
300:_ N - _-- \ _: : | QW =106 GeV 1-2L [1208.4305], [1209.2102] L =47 " (s=7 TeV _:
- &7 = 1t LEP ]
50— —] [ === Observed limits —
C 1 [ === Expected limits ] ' ' ' '
oo b Aimisarescr E Fixed stop mass, limit in the
C & JF m. <m.o (=150 GeV)] C _
150 7 | SR ) g 5 mC1-mN1 plane.
/s 1C ]
oo™ A _ L il i = A TF, production,t, » b7, % — W %, m.=300 Gev Status: ICHEP 2014
C o o o acC 7 -—-300|||||||||||||||||||||||||||||||||||||
C m.<1035GeV ] % ATLAS e -
50 ] ] 3 - Preliminary Ly~ 20 b Vs=8 TeV
C 3 N — B — 0L, [1308.2631] ]
u ] ] < oenl — Observed limits B 1L, [1407.0583] ]
O 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 [ O 5 R S A W S N CU S S B 1 E 250_ P Expected Iimlts _2L, [14034853]
%‘ :I T T T | T T T T | T T T T | T T T T | T T T T | T I: :I T T T | T T T T | T T T T | T T T T | T T T T | T |: | A” ||m|ts ath%CL
O, 350 == M= =2 x Mo 1-2L [1407.0583], [1403.4853] b == m,.=m; - 10 GeV  1-2L[1407.0583], [1403.4853] . B
S [ EEM.=2xmo 120112092102 L, =47 fs=7Tev ][ . 200
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2501 —HF — 150
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- 1k . 100 AR
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Till Eifert -- Experimental results on SUSY with top TOP2014



CMS searches stop2tozZ/H

PLB 736 371 (2014)

1¢ analysis CMS y/s=8TeV, [Zdt=19.5f0""
1L analysis: I -V T N
| & S ] Semileptonc {t
e targets H to bb signature 107k 10 imRaosM
S = m(i.. ;) = (450,200) GeV
e main background is tT + extra b-jet (for & 1of & 10

instance from mis-tag, or gluon splitting)
e use low MT to estimate background.

: : : : : . | | i : :
0 30 60 90 120 150 180 210 240 0 30 60 90 120 150 180 210 240

m; [GeV] m; [GeV]
3L analysis:
. . .
sensitive to all scenarios 3 £ on-Z events CMS \E 8 TeV, fodt =195 fb'1
e packground from WZ+jets is suppressed 5 [ ..+ vaa 18 F1 -Tawiizn | 24 ]
. = 60 %&$§& [ Non-prompt £ | "~ \ m(fz,i)=(600, 200) GeV O ro
by b-tag requirements, £ Rl Ewzezz = ] Q3op | .
¢ IZI%V 10 15 B
e remaining background from rare " 40 = 27 - 1 5
I Rare SM 1 )
processes or non-prompt leptons ool [ Total b unc. | i
o WZ/ZZ from MC e |
0™ 2 3 8 100 150 200
e non-prompt lepton from data N jets EMS [GeV]

Till Eifert -- Experimental results on SUSY with top TOP2014



ATLAS searches monojet/c-tagged

accepted by PRD [1407.0608]

Signature: two charm-jets with little momentum, some MET 0

0 mW)+m)1gg m) 500 300 m7,) 1Gev]

C — require ISR to boost the system

p W Two approaches
(1) small Am=stop-N1 < 20 GeV: c-jets with too low pT

\ T
\
z
H_
2
=)

= monojet analysis: high-pT leading jet, large MET, jet veto
Y o0 (<3 jets),

(2) large Am>20 GeV: c-jets can be reconstructed

Shy
/
<
—t
>
—

b = c-tagged analysis: >4 jets, >1 c-tag, high-pT untagged
g C leading jet (ISR), large MET

6
o) 10 g IPreslele(I:tioy; i I T T T I T T T [ T T T [ ? Te) 106 EI LIS L L O I L I L L O L O LB |§
o = 5 o = Preselection 3
> e Data2012 ATLAS - ~ - ATLAS e Data 2012 -
51 - o
£ 10° g~ = Standard Model f Ldt =20.3 fb™", s=8 TeV—g 42 10° &= f Ldt=20.3fb™, Vs=8 TeV &<z Standard Model —
o = [ c-ets = o = B c-jets 3
T AN [ light jets 2»MC based = Lﬁ - [ light jets 2»MC based -
10° &= [ biets 5 10° & B brets =
E ] mliltijtgts (data driven) = = [] multijets (data driven) -
o m(, i) = (200, 195) GeV i L 3 e . - m(, 7°) = (200, 195) GeV |
10 E m(, %) = (200, 125) GeV E 10 m(, 7°) = (200, 125) Gev I
102k - 2 y
E 10°E el e e =
10 10 g
1E 93 1 -
— T T T e T T
= e - ' ' ' ! ' ' ' ! s
) 15 . % T T e et ;27:
(\U J/f??f?éf?éf?gff/éf&/é?/é?/é?/é?/’-//?;‘////////// / é///////////////?/ /j =~ _/‘/////// /////////////;///;‘/////////?//?///?/////;//;;/ o /// /)*//?‘/?;é?:
] 1 %ﬁ/ﬂ//‘//?&??‘??///‘Z/‘;/‘///////?;/?Z 4. S % 1 7/_/;//#/;////;%;; ;/9;///////;;/‘/;//’//Z/‘/Z/y;////ZZ/Z//ZZ’Z/ZZ N 7;227/5
o sE o o N4
05 P S S R I — . os e vty b e e b b LT LA
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250

200

150

100

50

.. ATLAS searches monojet/c-tagged

accepted by PRD [1407.0608]

i, production, BR{t, — ¢ i?) =1 Nl mmzoo 3,00 _
_l I I I I | I I I I | I I I I | I I I I | I I I ‘|/¢_ 1 (GeV)
- ATLAS f Ldt=203f", {s=8TeV .-~ -
|~ _c-tagged + monojet-like selection ’ ]
[ = Observed limit (+1 Otsrifr;) e .—\f}.{“{ ]
— == Expected limit (10,,) RN —
- LEP (6 = 0°) . e o .
- B cor 6 1) e T Limits in 4-body scenario
C Alllimits at 95% L T i 1 sensitivity of monojet search independent of
- 1 stop decay (soft b-, c-jets, leptons, etc.).
- 4 Similar reach for compressed scenarios in case
- 1 of sbottom pair production.
N —: ) T, production, BRE, > b ff %) = 1
_ I I I I | I I I I | I I I I | I I I I | I I I I
| | | | ] TLAS f Ldt=2031" (s=8TeV .=~
100 150 — 200 — 250 — 300 — 350 ) monojet-like selection: M1, M2, M3 @ _',—""
m. [GeV] o i

Limits in stop to cN1.
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Am = m(f)) - m()?(]])

CMS searches monojet

PAS-SUS-13-009

Signature: two charm-jets with little momentum, some MET ' - .
C — require ISR to boost the system
b
b - W Monojet analysis:
t ~ - . L . .
2 % e high-pT leading jet, allow for 2" jet with
. 0 pT>60 GeV, veto 3 jet, veto leptons.
tb\ X1 X1
p %4
b
g ¢ — 350
¢ | CMS Preliminary fL dt=19.7fb", {s = 8 TeV
S 3001~ ;z:’c NLO+NLL exclusion
: 3= | === Expected limits + 10,
Backgrounds. E ~ = Observed limits = 1 oth:ory
e Z(nunu)+jets, W(Inu)+jets 250
e cstimated from data in CRs, 200
e total SM uncertainty as low as ~4%
150
LEP, 6=0°
LEP, =56°
100 DO: 1fb™
, -'- CDF: 2.6fb™
p :‘: :I L L L L L | L L L L
°0100 150 200 250 300 350
rn;1 [GeV/c7]
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Other (complex) decay possibilities

Longer decay chains

e with heavier neutralinos and/or
charginos

Asymmetric decays

t, (495 GeV)
X3° (469 GeV)
b{5%)
X,© (462 GeV)
t (17%) W (A

22%)

X,° (315 GeV) —

N I'is not the LS but e.g. the gravitino b\(44%)

(@),

for example:

L b+ Xi = bffX) = bff'ZG

X, (292 GeV)

X:° (292 GeV)

/

Z(2
h(1

W*| (=602%)

nt*/{(=100%)

p
(some) R-parity violation, opens many more t / q

possible final states, for example:

but also long-lived (R-hadron, stoponium) q
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Heavy stop search

e stop tot N1, _
e stop tob C1 (to b W N1) tl — bX1

challenge: tiny cross section

e -8 fb for m(stop) at 700 GeV

e compared to ~250 pb for ttbhar production
e and ~0.2 pb for ttbar+ Z

| | £
500 600 700 800 >00 600 700
stop mass [GeV] m; [GeV]

Best sensitivity from OL and 1L channels.

e Dominant background: semi (di)-leptonic ttbar for the stop OL
(1L) search, where the (2" lepton is

1. not identified (failed PID) / outside acceptance, missed particle / extra neutrino(s)
2. hadronically decaying tau-lepton. } — more Er™ss, mT > m(W)

e Remove background (while retaining high signal acceptance) using:
® |epton veto, tau-veto, hadronic top reconstruction, kinematic variables (next slide).
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Top pair background suppression

Tools to suppress dominant bkg

CMS s =8TeV, [Ldt=19.5fb"
. N (7 : R 2
Tight 2 lepton veto: Hadronic top mass: S1.5- -
. . 3 1
Signal has no ‘edge’ in mT While for deqay via top 80'8_ s
hence dominated by quark,threejeltsstem et
single lepton. from a hadronic top [ Preselection —e— Data ]
decay, this is not true for P10°L [ 1/top .
e |epton plI, PID . = 0 i s ]
di-lep ttoar. - ] Weets i
. 5 —
¢ veto on isolated tracks e reconstruct hadronic top 10 -’tza_riatio 050 1100
_ *vetoon had-taus ) mass from three jets - 1 )
- L ~ m(jjj),
B tagge(li jets: | e require loose 10°
For chargino decays, b-jet compatibility with m(t) 2
pT can be significantly 10
larger than in SM ttbar.
: : . \_ ) 10
e require high pT b-jet(s),
- _ 0 2 4 6 8 10 12 14 16 18 20
o Iretqum two b-tagged Hadronic top »2
jets.
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Am = m(f)) - m()?(]])

-~ ATLAS searches 0L channel

JHEP 09 (2014 ) 015 [1406.1122]

Target stop1 pair production with 2 possible decays (BR=100%, or mixed) W .
O-leptons, =2 b-tagged jets, MET
5 t a /2 Three sets of signal regions (SRs):
tl - = W tl -0 W . — :
q S q e SR-A ‘fully resolved’: 6 distinct jets (akt0.4) [A or BJ.
1

~0 ~0 e SR-B partially resolved’: 4 or 5 jets (akt0.4) and 2 re-clustered

X1 X1 . . . .
mode A mode B akt1.2 jets compatible with mTop [boosted tops in Al.

e SR-C: 5 jets (akt0.4) for scenarios with at least one B decay,
and small mC1-mN1 values.

(?3 :I,IATILAISIIIIlllléz;gai201ll2lllll:

Analysis idea: reconstruct two hadronic top quarks, g [ JramoriiesTey = ]

investigate Ex™ss distribution. @ 1000~ - —

BaCKQ I‘OUﬂdS L%) B 5 ﬁiboson N

— — 50 x ([, %.)=(600,1) GeV .

e semi-leptonic ttbar (with had tau) — 1L CR, treat - 50 x (T, %, %,)=(400,200,100) GeV

lepton as jet, 0 B

e /nunu +HF — 2L CR, add lepton pT to MET B — ]

¢ residual multijet — jet smearing method. oL e

Discriminating variables: s 20ETTTT T e E

. o . T DS

e min Ad(pTmiss, jet): reject fake MET > ;g_w‘w‘__._ _____________ e +—+—‘Af‘—¢-_é

e MmT(pTmiss, b-jet closest in ¢ to pTmiss): reject tT O of . . . E
100 200 300 400 500

e MET, and more. m2™" [GeV]
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Am = m(f)) - m()?(]])

- ATLAS searches 0L channel

JHEP 09 (2014 ) 015 [1406.1122]

1, production, B(f; - t7)=100%
500 T T | T T T T | T T T T T T T T | T T T T | T T T T 0 0

> i .
8 - ATLAS = Observed limit (10500 -
O, 450_ ........... o eory T
95 — —20.1 fb_1 /s = 8 TeV = === Expected limit (+10,,,) -
S - 1S = © - - —— Observed limit (2011, Vs = 7 TeV)]
400 -
— All-hadronic -
350— —
300 f_ All limits at 95 % CL _f
250 =
200 = . . .
- 5 Mixed decay A, B with varying BRs
150 — —
100 =
— N ]
50— i\ —] — - ~
1:_/ / I / I "‘l I : é —:r t.t, production, t, — ti? ort, — bf(j (m_=2x m).(_o)
[ 1 L 1 1 TN N N N TR N N | [T S I ) S T N R %, 1
%00 300 400 500 600 700 800 > 500 ATLAS' T T 'B'mé/'(i);':
— — b= % (obs. —]
mt~1 [GeV] O, 450 . (exp.) —
T EN - f Ldt =20.1 fb , Vs=8 TeV B=75% (obs.) 3
400 (exp.) —
— All-hadronic —— B=50% (obs.) -
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CMS searches 1L +razoroL
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1L channels

submitted to JHEP [1407.0583]

The change in sensitivity when varying parameters other than the stop and N1 masses

s studied using pMSSM samples, classified into three groups of similar stop and N1 masses.

e strongest impact on the CLs significance
from the sum of the branching ratios for
stop1 — tN1 and stop1 — bC1.

- signal selections being optimised using
only simplified models.

e sensitivity also depends on the kinematic

properties of the events, which are affected,

e.g., by the stop mixing matrix and by the
masses and field content of other SUSY
particles.

- explains the large spread in CLs
significance

Observed CL, significance

miss
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LEP

http://lepsusy.web.cern.ch/lepsusy/

e ALEPH, DELPHI, L3, and OPAL at LEP performed searches for the top squark considering the
decays stop1—c N1 and stop1—b | sneu.
. In the latter, the sneutrino is assumed to be the LSP. (The sneutrino LSP is mostly considered to be ruled out
because of direct detection experiments since it couples directly to the Z boson.)
e 2 different squark mixing angles: theta = 0 (squark_Left), and in case of "max mixing" where the
mixing angle is choosen such that the cross section is minimal.
e  Furthermore, ALEPH published limits on the four-body decay, stop1—b f f* N1 [Phys. Lett. B537
(2002) 5-20]
stop1—=bff N1 stop1—c N1 stop1—b | sneu
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Tevatron

The CDF and DO detectors (at the Tevatron collider) performed searches for the top squark in
several analyses considering the decays: stop1—c N1 (Ref.[19,20]), stop1—b | sneutr (Ref.[21]),

and stop1—b C1 (Ref.[22]).

Plot shows summary of Tevatron (and LEP) exclusion limits for the stop1—c N1 decay scenario.
Limits for the stop1—b | sneutr decay are comparable, while the sensitivity for the stop1—b C1
decay is considerably weaker: only a small window in top squark mass (125 GeV < m(stop1 ) < 138
GeV) is excluded under the assumption that the decay proceeds via a W boson (C1—=>W+N1).

stop1—c + N1

95% Exclusion limit fromie 07(?

| — Observed Limit [CDF 2.6 fb™']
IS Expected Limit (x10)
! ‘
- § N\ CDF 295 pb!
- —LEP6=0° § ¥ Do 995 pb!
1 1 I 1 1 1 I 1 1 I%k 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I
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[19] CDF Collaboration, Search for Scalar Top Quark Production in pp Collisions at /s = 1.96 TeV, JHEP
1210 (2012) 158.

[20] DO Collaboration, Search for scalar top quarks in the acoplanar charm jets and missing transverse energy
final state in pp collisions at \/s = 1.96-TeV, Phys.Lett. B665 (2008) 1-8.

[21] DO Collaboration, Search for the lightest scalar top quark in events with two leptons in ppbar collisions at
Vs = 1.96 TeV, Phys. Lett. B675 (2009) 289.

[22] CDF Collaboration, Search for Pair Production of Supersymmetric Top Quarks in Dilepton Events from pp
Collisions at \/s = 1.96 TeV, Phys. Rev. Lett. 104 (2010) 251801.
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DESY

ZEUS
—~1 : :
e A search for R-parity violating production of top -5 ZEUS (65 pb™) e'p
squarks was performed by the ZEUS experiment MSSM
at HERA (electron—proton collider at DESY). 100 GeV < M, < 300 GeV ey
-300 GeV < 11 < 300 GeV 95010
e  The top squark production depends on the 2<tanf <50 &5“‘\
strength of R-parity violation (A’), andthedecay @ 10 ¢ & 4
was assumed to be either to b+C1 or R-parity
violating to a lepton and a jet. A top squark lighter
than 260 GeV was excluded for A’ = 0.3 and under

specific model assumptions [1].

I Excluded in part of SUSY parameter space

100 120 140 160 180 200 220 240 260 280
M- (GeV)

[‘] ] ZEUS Collaboration, Search for stop production in R-parity-violating supersymmetry at HERA, Eur.Phys.J.
C50 (2007) 269-281.
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Limit from ttbar cross section

Submitted to EPJC (1406.5375)

Exclusion set in terms of measured vs. theory cross-section difference A.

The two datasets were fitted simultaneously, including the uncertainty due
to a £1 GeV variation in the top quark mass.

The limits were determined using a profile likelihood ratio, using nuisance
parameters to account for correlated theoretical and experimental
uncertainties.

observed and expected limits on Msic (signal strength) at the 95 % CL
were extracted using the CLs prescription.

Checking 8 / 7TeV exclusions separately:
e 8TeV limits better than ‘expected’, 7 TeV slightly worse.

® Not much difference in sensitivity, not much gained in combining (large
correlations in theor. and exp. uncertainties).
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Limit from ttbar cross section

Submitted to EPJC (1406.5375)
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b-tag

» Precise measurement of tT production cross-section at 7 and 8 TeV

® events with el (opp-sign) and exactly | or 2 b-tagged jets.

® Use ratio of | to 2 b-jet events to estimate probability of reconstructing and tagging a b-jet from the
data — reduce JES, b-tagging, ISR/FSR, b-jet modelling uncertainties

) Results o7 = 182.94+3.1+4.2+3.6=+3.3pb (/5= 7TeV) and
o= 2424+ 1.7+ 55+ 7.5+4.2pb (/5 = 8TeV),

® Uncertainties from data statistics, systematics, luminosity, beam energy

® Theory (including Amtop) 177.3*'1>_120 pb (7 TeV), 252.9*!33 43 pb (8 TeV)
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