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In SUSY searches with ATLAS and CMS

‘There are therefore Agents in Nature
able to maKe the Particles of Bodies
sticK together by very strong
Attractions. And it is the business of
experimental Philosophy to find them

USY, do we need you ?
Top and SUSY, special relation?

out.
Newton, Principia

The Data and Search Techniques.

Symmetry between
‘“Agents in Nature’ and
‘“Particles of Bodies”

SUPERSYMMETRY
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Results and prospects
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Standard particles SUSY particles
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The MSSM

One fermionic/bosonic partner to the SM fermions,/bosons

—_—With S coupling

Particles in Minimal SUSY
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Stide 31t R-parity conserved, LSP is a Dark Matter candidate. RPC results in this talk
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Is SUSY still relevant?

Pre-LHC-8 motivations for supersymmetry

@ Solves hierarchy problem Post-LHC-8 hangover
@ Provides dark matter candidate
@ Helps with gauge coupling unification

@ Is an essential ingredient of superstring theory

https://arxiv.org/pdf/1512.07761v2.pdf

Solves hierarchy problem x
@ Provides dark matter candidate x
Helps with gauge coupling unification x
@ |s an essential ingredient of superstring theory v/
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JHEP10(2015) 134, “Summary of ATLAS experiment sensitivity to supersymmetry..’
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(a) Before ATLAS Run 1.

X 107y vx TR B Fooled by simplified
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v %i *' model results? LHC
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(b) After ATLAS Run 1.
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Is SUSY still relevant?
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non-DCS prior prob. dens. / TeV

amass [TeV]


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-15-010/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-15-010/index.html
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SUSY and top relation? What is the reason for the Higgs
boson mgss?
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maximal it

120 —

M;,=125.09+0.21(stat ) +0.11(syst) GeV (ATLAS,CMS)
Phys.Rev. Lett .114,191803(2015) &
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M, = 175+5 GeV
B Meysy = my = 1 TeV
i i PPl i . ‘BG g 4 M= —200 GeV

Long st of twovloop computations: Carera, Degrass, ElsEspinosa, Haber Harlander, Heiemeyer Hempflng, B2 y |
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Hoarg Hollk,Hahn, Martin, Plafss, Quiros, Ridolf, Rk Skaich, CW, Weigein, Zhang Zwirmer 2 s w0 20

tan 8

There are 5 Higgs bosons in the Minimal Supersymmetric SM, the lightest one is
lighter than ~130 GeV Its mass related mostly to stop squark mass (Ml, Mr)
and mixing Xt

3m’ MZ 3m*[X’° X*
Amy T e Y o e T o
JT "V m, JTV S S

50

Golfand, Likhtman, JETP Lett. 1971
Volkov, Akulov, Phys.Lett. B, 1973
Wess, Zumino, Nucl. Phys. B,

Phys. Lett. B, 1974

In SUSY, the mass

correction proportional

scalar fermion fermion
2 2 2 ] 2
S [id'e 6 T STE = ?\‘fs"c:cz lar A’_,a“'er‘m ion A +...

to SUSY breaking.
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Is there a stop around the corner? Large Xt could make the
5 stop the lightest squark.

The Higgs boson mass is mass related mostly to
stop squark mass and mixing Xt

| 2 3mt4 M52 3mt4 th Xt4
| Am, N2 2 2ln > T 2 4
/Y m;= 2zxvpM, 12M|
- mi, tmi+D,  m X,
M] - ] 1 ~J ~J ~N N
mX, — my+m +D, ( -
LY "R 10 =2

X, =A, - ucotf

t

Large Xt favors a light stop state (stop 1). This “promotes” gluino decays via stop, and
“top”’- rich final states, mediated by stop —» LSP+top

§ Slide 7
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SUSY with TOP-quark final states and search techniques

A gallery of topologies with high-medium transverse momentum “objects”’ and missing LSP.

*:*SEARCH STRATEGY ORIENTED TOWARDS FINAL STATE TOPOLOGIES***
- CHARACTERIZED by “object multiplicity” :

- “tagged top”, “tagged W”,

- leptons, b-jets, jets

- missing transverse energy.

** Each topology is interpreted in search for SEVERAL SUSY final states.**

Smart and sophisticated kinematic variables aiming at :

9107dOL ‘sayoeas ASNS w1 enb do,

a) finding the top quark: “topness “, “fat jet mass” , “top tag”
b) distinguishing between the tails of the SM distributions and candidates for SUSY events

missing transverse energy (MET), effective mass (MEFF), scalar sum of jets pTs (HT),
transverse mass (MT) , various variants of “stransverse mass” (MT2), aiming at rejecting
ttbar, single top, Z+jets, W+jets. “Razor variables” to indentify “heavy pairs”, or=E7/Mr,

Different techniques targeting different “mass degeneracy” -> *“sparticle-LSP”’ mass difference, for example use of

CMS
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SUSY search techniques, background control

Good control of backgrounds, typically measured in kinematic “Control Regions” (CR), verified in “Validation
Regions” (VR) and “propagated” to the Signal Regions (SR) with simulations.
Likelihood fits to SR/CR takes into account possible signal contamination in CR.

Standard Model
Top, multijets

V, WV, VWV, Higgs
& combinations of
these

Reducible Irreducible
backgrounds backgrounds

Determined from data Dominant sources:
Backgrounds and normalize/fit MC in data
methods depend on control regions (CR) Example
analyses Subdominant sources: MC

910ZdOL ‘sayareas xSN§ ut yaenb dog,

Exampl Validation : -
a p es ‘ I d d bllnded =SFTOPXNl]}/IOCP-'-SFWjetsXNlAV/é]its-}-SFZjetsXNlI\Z/]I'ets
; ‘/alidation regions used to
Z-neutrinos rescaled roce check SM N = SF o X N21, +SF s X N2, 4 SF 0 X N2,
from photon+jet CR dicti e
pliseliciicliE s Iaae clic DATA — S 0 X N3MS 4+ SF s X NBUS, 4 SF 0 X N3JSZ
Charge flip rate
measured in Z events blinded Solve for DATA/MC
Use “ABCD method” Scaling Factors (SF)
(not always Signal regions (SR)

Or simultaneous fit to all CR

X—@Rplicable)

XK

. % Nf,:nt)-n..i-r(.u'.

N signal [ 4
' ohs

pred T

o ‘Gompact Muon Solencid
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= SUSY final states for results interpretation, examples
Q
5=
= = opologieSwith ttbar from stop or gluino pair
e p
= =4 3 t p
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fﬂ s - - < .i-,t]
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e t =0
ty N~ X1 mediated by the ”off-shell” sto
RN e

Ttbar with extra \Z— boson. Production
of heavy stops- or sbottom quarks..
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Tagging the top. “Topness” and “boosted top mass”

“Modified topness” used in 1-lepton topo, CMS-SUS-16-028

h}: '[FH'%-.; {PL' } PF}E}E { {i”‘r? {pb { PW}E}

3 3
My i

2

Femod = In(min §) with S{fw, pu,

Example Resolution parameters, 5 GeV, 15 GeV

CMS top tagging (CTT) Top tagging in ““all-hadronic topologies™:

HPTT (High Purity Top Tagging) : Boosted top candidates, R=0.8 H
(pt>400 GeV) reclustered to at least 3 sub-jets, high invariant mass

910TdOL ‘sayareas XSN§ ut yaenb dog,

HETT (High Efficiency TT) : Testing various combinations of R=0.4 jets
for high mass CMS PAS SUS-16-007:

ATLAS “all hadronic” top tagging, mass of the reclustered R=1.2 jet H

§ Slide 11
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Tagging the top

y o 1-CMSPAS SUS-16-007 (13TeV)  CMS custom top tagger optimized for

o -

€ 09 CMS . ity highpttop
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N Y N,

relatively large systematics
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SUSY search, rejecting tthar, kinematic variables, examples

Transverse mass of the lepton and the  Transverse mass of the b-jet and the
missing transverse momentum has an  missing transverse momentum has an

“end-point” for leptons and neutrinos  “end-point” at the top mass for tthar.
from V-bosons decays.

g5EATLAS Prelminary ' pata —Total SM.
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- & 15E
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Direct stop production, in one r[Gevl Direct stop production, all hatlr [5¢V]
lepton topology ———— final state
—_— AT LSS o 1§
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ATLAS-CONF-2016-050 ATLAS-CONF-2016-077 C M S %
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Searching for ttbar+ neutralinos, MET and transverse mass

Missing transverse energy(MET): vector sum of transverse momenta of

all visible “objects”. Main tool for the ttbhar rejection.
12.9 o' (13 TeV)
I

1] 108 T | T T T | T T 1 | | |
c -E CMS —e— Observed [ Rare
> YF peiimi 3QcD 1 Zosvy
Events with one “tagged top and/or - 10° elminary W ---- T21t(850,50)
« » 88 P ---- T2tt(600,300) %% Bkg. Uncertainty
tagged W”. Large transverse mass 10° = N2, M (b E;) > 175 GeV

between any b-jet and MET rejects ttbar. s L >5jets

My{p, B2 20, By 1- osh )

910TdOL ‘sayoeas ASNS w1 uenb dog,

Signal from 600 (850)GeV stop pair
decaying to top and 300 (50) GeV
neutralino

INASTT T

(25, (350 [5, [55, > (25,
0, 350 )0, 950 )0, 550 ) 65550 0

(350 457 (55, > (25,

(309 [Hop 25

F [GeV
Search for direct top squark pair production in the fully hadronic final state in proton-proton collisions at sV= 13 T [ ]
~_> TeV corresponding to an integrated luminosity of 12.9 tb—1, CMS-PAS-SUS-16-029 CMS
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Rejecting ttbar, variants of “stransverse mass” mt2

“Stranverse mass’: my(Pr.1, Pr2.qr) = min  {max[ mr(pr. 1, qr.1), mT(Pr.2. qT.2) 1)

qr.1 +HqT,2=4qT
Decomposing - the missing transverse momentum qT between the 2 objects of interest (pT1,pT2) and checking

the larger transverse mass. Finding the minimum as a function of this decomposition.

=]
Q
g=]
Na)
g
=
~
o
=
77)
c CMS Preliminary 12.9 o™ (13 TeV)
C 8 %) T T T T T T T T T T T T T T 3
v g T 2 T b ]
g g 10’ L=1331f", Vs=13TeV s Total SM CICJ B .Lost Lepton .tt—>1l = iﬁ txji(850,50) t— tx. (600,300) + Data i
£ S 10°E ATLAS Preliminary ot i 103 1 1 (notfromt) Bz-vw - t5bY (750,50) _
Wit = E
E 'g 10° CRitbar VV,VVV E 2jets ; 3 jets ; >4 jets ; >4 jets 3
§ w . Z/y +jets - twa>64 1 MY, >200GeV MY, <200 GeV MY, > 200 GeV -
. 10 I FNP leptons = : ] ' -
3 ttv o | i |
¢ 102 fiH 10° E =
[} 10 ]
E 10 29.9.9.9.9) :
c AAAAAAAAA
1 10 BT s 3
107 == i 5
10_2 LR EE R x T0o0 el R . | - - 1- I
I e T EEE————— T ]
2 2 1 I.III IIIIIII
UJ llllllllll
@ 1 3 3 83 3 B3 3 3 8 B 3
= N \
SN i NN\ \\\\\\\\\\ ; BEEEBEEBEE
N 1 \ N 3 3 3 3 3 3 3 3 ® B 3
mT2 [GeV] 3 '
Qo
8
. . © .
Direct stop in 2 leptons final state, Mt2 & £ [GeV]
th b-jets Direct stop production, single leptonj="

ATLAS-CONF-2016-076 Mt2 with b-jets cms-PAs-SUS-16-028
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Rejecting ttbar, effective mass

ATLAS-CONF-2016-052

Effective mass (Meff):

ﬂ 107 I 1 1 T 1 I T T 1 T I 1 T T 1 I 1 .I IDa!tal I 1
qc) . ATLAS Preliminary . : Total background j
et s o > 10 \s=13TeV, 14.8 fb o i =
Meg = Z( ] +E1 + Z P ) LIJ Pre-selection [ Single top ]
; 10° &= v Gbb: m,, m_, = 1700, 200 (x 100) M tf + X —
Gtt: m., m_»= 1700, 200 (x 100) [ Z+jets =
9 7 [ W+jets m
I Diboson _g

Shown after preselection .
Typical signal region
selection: 1500-2000 GeV
Up to 4 top quark

=]
3
=
-3
Es
7}
=
7/
i
&
V)
-
5
(')
Ng
=]
3
(e
ot
(@)

topologies, searches for s
. 0p)
more than 3 b jets, 0-1 S
lepton. S E
O L TR S TR TR R TR A S TR T N N TR T SR S N SR SR S T R
500 1000 1500 2000 2500 3000
mi! [GeV]

Search for pair production of gluinos decaying via top or bottom squarks in events with b-jets and large missing transverse momentum in
collisions at sV=13 TeV with the ATLAS detector . :
ATLAS-CONF-2016-052
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CR+VR: What have we learned about ttbar ?

Events/25GeV s ASNS U1 yenb dog

ATLAS-CONF-2016-077 ATLAS-CONF-2016-050
- > EATIAS Profrdimary L T
i ATLAS  Preliminary | " e Daa | & 45E(s-13Tev, 182t D\?Vata ﬁ?ta' M3
| {s=13TeV, 133 1" Soh MTow S 40F Fi | Dzets
VRT-high tf « - _ - ]
100 — / — —] 35 [(W+jets [t+V =
- // @l srgeTop | "g = TZCR [Cwt [CDiboson 3
B o 30 -
: ’ = 6 25 |
} % - i 20F 3
50— / -Diboson ] 15;_ _z
7 105 E
5E E

0 50 100 150 200 250 300 350 400 450 500

— - ET'*® = E™S with photon added [GeV]

R E———— AT R o
@ 15E L /* l , /‘z 21_52_ IR | 77‘07 _;
ER SN L i % K707 s & - ﬁ+++++ ‘ HJ e
S T LE R o5t lT 113
00 100 200 300 400 500 e

Mo, 121GV A g reement in the “bulk” within
MET>350 GeV relatively large systematics.

Slide 17 Uncertain in the tails.
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VR:What have we learned about ttbar and single top?

ATLAS-CONF-2016-077

=
Q
5=
w2
S
>~
Es
m > § T T | T ] l. T | T T T | T T ?
c 8 = ATLAS  Preliminary ® Data 3
e o Vs=13 TeV, 13.3 fo! 54 Mol ]
4 ) - o
<20 VRTow s E
g E — - Single Top -
g{ & 10 E Bl v =
) - I"”91 . /= v =
»Z 102 = D 7 = VRT-low
© - B Dioson 3 Observed 1735
3 10 E

+ Total SM__ 1564 + 350
%1. + | S——— 1379 330
= W + jets 40 =+ 10

Z + jets 58. = 17

N\
N\
0N 11111

20T SRS RS SRE SR B ti+W/Z 229+ 3.0
s E
»n 1.5F 7 .

s 10F ‘ /////// 7% Single top 57 + 24
T osb /////////// Dibosons 50+ 1.1
0.0E . L MUltlj'ﬁtf‘s 1.0 t %'{I}
200 400 600 800 _ 1000 '

ET*® [GeV]

Agreement in the “bulk” within

relatively large systematics.
Uncertain in the tails. (This is NOT

@ o ihg 18gnal region)
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What have we learned about tthar and single top?

CMS PAS SUS-16-030 CMS Preliminary 12,9 fo™ (13 TeV)

2 s b b

GC) 10 = ¢ Data (1790) B it (1236) E

S - B W(v)+jets (140) [ Single top (47) 3

L al B Z(vv)+jets (206) D iz (34) B

Signal preselection 10°E B QcD (89) W Rare (39) =
- —— T21t(850,100) (x38) === T21t(500,325) (x20)

in all-hadronic final 108 T T11ttt(1200,800) (x22) === T1tttt(1500,100) (x46) ]

state with top
tagging. Ttbar 102
background

910ZdOL ‘saydreas XSS ul srenb dog,

dominated by 10 b =
semileptonic ttbar T ;
with a lost lepton. At 1 e E
high missing Et RE
substantial Z — nunu S | |

contribution. E 1 “*Tﬁ_FL'_L‘H |

500 ~ 1000 1500 ——

@ . [GeV]
Slide 19 !
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Results, model exclusions

Excluded regions of SUSY parameter space presented in:

1) Gluino vs LSP mass planes. Gluino decays mediated by off-shell or on-shell stop.
Different final state topologies
(simplified models with BR fixed)

2) Stop vs LSP mass plane, different final states.
(simplified models with BR fixed)

9107dOL ‘sayoeas ASNS w1 enb do,

In the following a series of excluded regions...

CMS,/
¥ Sthde 20 f %
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%, Run 1: arXiv:1507.05525

> 3b jets expected ]|
> 3b jets observed -
SS leptons expected
SS leptons observed_|
Run 1 expected .

Run 1 observed i
> 3b jets: ATLAS-CONF-2016-052 |

SS leptons: ATLAS-CONF-2016-037

FI BRI AR SR A

1000 1200 1400 1600 1800

2000 2200 2400 2600

m(g) [GeV]

ATLAS-CONF-052,-037, CMS ICHEP2016 summary
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Results, gluino decays with tops in the final states
Gluinos decaying via off-shell stops heavier than 1.8-2 TeV for the LSP lighter than ~0.4 TeV

000
800
600
400
200
000
800
600
400

200

www.ift.uib.no -

pp — gg, g >ttt X  icHEP 2016

—~CMS Preliminary 129 fb' (13 TeV) _;

—SUS-16-014, 0-lep (H ™)
SUS-16-015, 0-lep (M)

— =SUS-16-016, 0-lep (o)

- —SUS-16-019, 1-lep (A})

- SUS-16-020, =2-lep (SS)

—-SUS-16-022, 23-lep

- SUS-16-030, 0-lep (top tag)

--+Expected —:
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Direct stops, no leptons in the final state

Stop pair production, i —t ’)Z? / bW 5{?

E ATLAS Preliminary | =
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theory

Expected limit (+1 04y,
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Direct stops, no leptons in the final state

Observed limits somewhat below expected limits.

SRB-TT SRB-TW ATLAS-CONF-2016-077

—

-

@

=3

Eﬁ

7/

% Observed 17 18

< Total SM 10.6 £2.3 16.7 £3.6 3 - _
§ T 55 L 15 14 196 T4 Small “excess’ in 1-top signature,
§_ W + jets 1.334+0.35 1.444+0.46 6. 2 + 1.5 BCG dominated by Z+jets,
O/ S <1 .t 10 = = S T = S N - - S

a  U+W/Z 2514064 3.15+£0.79 6.0 £ 1.4

% Single top 1.1 t12 17 t19 gq f 67

S Dibosons  0.70+0.44 0877F 02 1.33 + 0.75

S Multijets 0.06 * 8:(132 0.04 T 8:83 0.14 8 ?3

CMS PAS SUS-16-029 Table 4: Predicted yields for each background with uncertainties in the Mt(by 3, E{-“E‘ﬁ} <
175 GeV regions of the high Am search. The number of events observed in data is given in

100 disjointed search region the last column.

Small excess in high MET’ | Search region || EF'= [ GeV ] || Lost lepton | Z = | Rare SM | QCD | Total Shi | Observed |

dominated by “No = 2, My(b1o, R < 175 GeV, N, = 7
« ’ 12 250300 321+ 123 17+4 [ 65+£21 | 79+£1.9 [353+£24 342
lost lepton” bcg. 13 300—400 184 + 15 12+2 | 56+18 | 38+1.1 | 206+16 177
14 400500 30+£5 | 21£07| 094£042 | 044£02 | 33+£5 34
15 = 500 48730 22407 055£024 | 025£0.19 | 78737 16 >

CMS
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= Direct stops, one lepton in the final state
"'g 70 Oﬂﬂ production, fﬁtﬁgf
= [T A AR B T T T T [T T T T [T T T [T T T [T T T [ 7777
B3 FATLAS Prelminay mitop o imi,) CMS PAS SUS-16-027
% o 600—\@=13Tev, 13.2 fp" =meee xpected it (- th) ]
= T imi % = === Expected limit (+16,, -
= s :lelt at 95% CL | AT sl p . N ;
w € 500F 8TeV + 13 TeV (32 fb") = _ 7OOCMS Preliminary 12.9 fo" (13 TeV) _ 102 —
% - : % pp oLt Tt 52? NLO+NLL exclusion e ‘é
; 400?ATLAS-CONF-2016"Q§___- . _E % _ 600 — Observed * 1 Ciheory ] é
8 300E ! . E sz === Expected £ 10, imen =10 3
a - . - = 3 »
& - - 500~ 41 o
» 200 — C 1 g
= C 3 - 1 91 O
- . 400/~ q 3
g 100- E : 11§
E O:I" P BRI RS B B |\l‘\| | I .j['f‘. 1 »':l;| L1 l: 300—— \ - _1 1 E
> 200 300 400 500 600 700 800 900 1000 C 1 3 0 o)
m [GeV] 200F- ! 41 £
Observed limit Sof)nl rzgion 53371 - E 1 1024
serve L 1 _ 3 O
“WO]/‘Sé ” l‘han Total background 24+£3 100— : 41 S
— (g 8.4+ 1.9 E : 10 o
€Xp€Ct€d, 20 W +jets 2.5+ 1.1 oL ] PSR
“rrcass” Single top 1415 200 400 600 800 1000 1200
. - (4 V 79+ 1.6 m- [GeV]
Dominating beg, Diboson 1.2+ 0.4 Observed and t
Z+jets 0.59 £+ 0.54 [ed li]/]/li[S SDOL-
tthar and tthar+V {7 NF 1,03+ 0.07 expec P
Wtjets NF 0.76 + 0.08 on in CMS
Single top NF 1.07 £ 0.30
tF 4+ W/Z NF 1.43 £ 0.21
S o (o) 0.012 (2.2)
Nl}:;:iSM exp. (95% CL) 12.9tg‘_g
S[id'e 24 Nlimit  obs. (95% CL) 26.0




Technology Anna Lipniacka www.ift.uib.no -

Results, direct stopsl and stop2
pp — tt, t >t ICHEP 2016

| | T T T I | | | | T T I | | | | T T T
CMS Preliminary 13 TeV

~SUS-16-014, 0-lep (H™*), 12.9 fb _E};ﬂzﬂi‘é
SUS-16-015, 0-lep (M;,), 12.9 fb™

—SUS-16-016, 0-lep (o), 12.9 b

—SUS-16-029, 0-lep stop, 12.9fb™

=

QD

g 800
£

=

700

o —SUS-16-030, 0-lep (top tag), 12.9 b
SUS-16-028, 1-lep stop, 12.9 fb
“heavy stop” with top +Z tagging 500 _Combination 0-lep and 1-lep stop, 12.9 fb
ATLAS-CONF-2016-038 400

1
1

—
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N
S

production, [, = T, +Z, T, = t + i? m(ﬂ)-m&f) =180 GeV

300
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; 450 [ T T T | T T T T I T ISUéYI I T T T T I T T T T I T T T T T T T I_
& E == Observed limit (=10, ;) L=13.3fb", {s=13 TeV -
— 400 — --- Expected limit (+10,,,) o —
3’5'_ === ATLAS 8 TeV, 20.3 fb™ ATLAS Preliminary ] 200
E 850 =
300 f— .............. _f 100
250 | ; = 0 & L1
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200 — 3
150 | E ualetid
100 £ ‘\J =
0 o I 3 “Observed limit 0.9 TeV for the LSP lighter than 0.1 TeV
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3 tt, production, > b ff ¥ /t—>c¥, /> Wb /t—~t¥%  Status: ICHEP 2016
% ;‘ 600 Tl | R | 11Tl | T | Tl | R | 111 | R | I
g 8 - ATLAS Preliminary \s=13 TeV -
B ~, - Bttt wby tOL 13.2 fb'' [CONF-2016-077] N
a = s00— 17, O t1L 13.2 fb"' [CONF-2016-050] _
c - BERt-o Wb t2L 13.3 fo'' [CONF-2016-076] .
w2 - ~ _
e [ EEtock, MJ 3.2 1" [1604.07773] |
8 L (s=8TeV, 200" Run 1 [1506.08616] -
F‘___}_ 400 _
o — = QObserved limits ==== Expected limits All limits at 95% CL .
= - K SN i
Q " .‘ "\ |
§ 00— 4 < T T —
[y -]
(@)
\\ |
200 Wy —
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100 L —
2 . .
| I /I/ || I | ) I | I I | I | | I | | | 11 1 | NI I/“J L1
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Summary and prospects

Observed limits in stop — top+LSP somewhat lower than
expected. Alas, no significant excess observed.

Stop heavier than 0.8-0.9 TeV for the LSP lighter than ~0.2 TeV. Gluinos
decaying via off-shell stop heavier than 2.0-1.8 TeV for the LSP lighter
than 0.4 TeV. Remember, these are simplified models results!

910TdOL ‘sayareas XSN§ ut yaenb dog,

Systematics connected with Z+jets and “lost lepton™ as
important as this of ttbar.

Increased statistics, also 1n the MC, will give more systematics
precision and more sensitivity.

SUSY searches with tops in the final state will remain extremely
interesting for the years to come.
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Inspirehep.net
6 records <1975
974 records <1985

9809 records today DE SP ERA TE ) 9

. DESPERATELY SEEKING S

1S 30! JENNY VALENTISH M
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ON THE MOVIE THAT LAUN
A MILLION MADONNA CLONESSS -
Far away from 1mln W £mY
| l S /-1‘ R
wats 27 Exvery week in the lead-up W AL LR
1o its release, 1'd pore over photos ‘1, _.".'.
1 i e Sty megeone alongsude = « _T-'

lyriis to Matenial Gird or Like @ Vergm
drinking inher gap tecth, feathered brows
iof spiclery eyelashes,
% Ladonna, as bravado=fuelled Susan,
wild have-snuck in to see the movie if she
vree under-nge, but it dedi’t oocur o me o
1. Which was sort ofacatch 22, 1I-"-I s
I AEgEes mII chit m‘ngmphcfj dances

“Desperately seeking Susan” turned 30 last year. Desperately seeking SUSY?
Yu. A. Golfand and E. P. Likhtman,

Extension of the Algebra of Poincare Group Generators and Violation of p Invariance,
TP Lett. 13 (1971) 323, [Pisma Zh. Eksp. Teor. Fiz.13,452(1971)] (~45y..)
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Technolog

Common event selection

Trigger

EXiss trigger

Lepton exactly one signal lepton (e, p), no additional baseline leptons
Jets at least two signal jets, and |A¢(jet,, priss)| > 0.4 for i € {1,2}
N Hadronic 7 veto® veto events with a hadronic 7 decay and m7, < 80 GeV
Signal region SR1 tN_high | bC2x_di| Variable SR1 tN_high
Observed 37 5 37_| Number of (jets, b-tags) (>4,>1) (>4,>1)
Total background 2423 | 38L£08 | 223 1ot pr > [GeV] (80 50 40 40) (120 80 50 25)
tt 84419 |0604+0.27| 6.5+1 :
W+jets 25411 |0.154+£0.38] 1.24+0 E%TSS [GGV] > 260 > 430
Single top 31415 [057+044] 5341 EI”FT [GeV] - > 180
tE+V 70416 | 1.6+04 | 83+1| AT > 14 > 22
Diboson 1.2404 [0.6140.26[0.45+0| mp [GeV] > 170 > 210
Z+jets 0.59 + 0.54[0.03 +0.03 [0.32 £ 0| amqp, [GeV] > 175 > 175
tt NF 1.03 +£0.07[1.06 +0.15({0.89 + 0 topness > 6.5 —
W tjets NI 0.76 4 0.08 | 0.78  0.08 | 0.87 £ 0| px  [GeV] < 270 N
i S B e e
o (o) 0012 (2.2) | 0.26 (0.6) [0.00 (2| Ceading large-R jet pr [GeV] - > 290
NEmCCevp. (95% CL) | 12.0%5°5 5.572:8 12.4%8 Leadmg large-R jet mass [GeV] - > 70
NlImit obs. (95% CL)|  26.0 7.2 27.5 | Db (P, 2™ large-R jet) - > 0.6
B Variable bC2x_diag bC2x_med bCbv
(=) Number of (jets, b-tags) (>4,>2) (>4, >2) (>2,=0)
I~ Jet pr > [GeV] (70 60 55 25) (170 110 25 25) (120 80)
b-tagged jet pp > [GeV] (25 25) (105 100) -
Ep= [GeV] > 230 > 210 > 360
ATLAS-CONF-2016-050 o > 1 > T > 16
mr [GeV] > 170 > 140 > 200
amry [GeV] > 170 > 210 -
|Agp(jet,, pris=)| (i = 1) > 1.2 > 1.0 > 2.0
|Ag(jet,, PEi==)|(i = 2) > 0.8 > 0.8 > 0.8
Leading large-R jet mass [GeV] - - [70,100]
Ap(pmiss £ — - > 1.2
Variable DM_low DM_high
Number of (jets, b-tags) (=4,>21) (=4, >1)
Jet pr > [GeV] (60 60 40 25) (50 50 50 25)
Emiss [GeV] > 300 > 330
HYS > 14 > 9.5
mr [GeV] > 120 > 220
amry [GeV] > 140 > 170
min(A¢(ppi=, jet,)) (i € {1 —4}) > 1.4 > 0.8
Ap(prpis=, 1) > 0.8 -

" Gompact Muon Solanoid
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ATLAS-CONF-2016-077

§

Signal Region TT T™W TO
m?et’R:l_z > 120 GeV > 120 GeV > 120 GeV
Mier R—1.2 > 120 GeV | 60 — 120 GeV | < 60 GeV
m?et?R:O_S > 60 GeV
b-tagged jets > 2
SRA pymin > 200 GeV
T-veto yes
Emiss > 400 GeV > 450 GeV > 500 GeV
b-tagged jets > 2
by > 200 GeV
pymac > 200 GeV
SRB T-veto yes
AR (b,b) > 1.2
Episs > 250 GeV
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Verification region for Top, all hadronic

ATLAS-CONF-2016-077

The tt background estimate is validated by defining several
kinematic regions. In addition to the common

all-hadronic preselection requirements, VRT-low (VRT-high)
1s required to have E T miss > 250 GeV (E T miss >

350 GeV) and 1s kinematically similar to SRB, SRC, and SRE
(SRA and SRF). The events in VRT-low

and VRT-high must have at least 2 b-tagged jets and an
orthogonal m T b,min requirement: 50 <m T b,min <

150 GeV

9107dOL ‘sayoeas ASNS w1 enb do,
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De'p

Stop with single lepton. ATLAS

5 ,‘
= tt, production, t—b+¥, m_. =2 xm
2 > OOEATIAE Brolhinany e Jormed It
ﬁ 8 400 :_\E =13 TeV, 13.2 10" ..0° Expected limit (+16,,,) -
E = - Limit at 95% CL ] ATLAS stop1L 8 TeV ]
S~ | E SR, VR,CR
c 300 —
7 - :
e 250F =
& - .
=3 150 - O A e emaaaaa
(¢’] - . At L
& o = o ' Nb-tags = 0
2 100F | E £ :
(@) 50;....|....|....|,/:f"'/':."...|....|....|....: ® STCR SR f Nb-tags = 1
B 200 300 400 500 00 700 800 900 '
E mT [GeV] 200 : Nb-tags =2
! 175 —_—
S TCR | TVR BNzt
y 4
100 3590 120 77 g
ATLAS-CONF-2016-050 & o cccccccccccaca
WCR | WVR WVR-talil ]
100 +

mt [GeV]
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Mass relations in MSSM+

3

AT
Depal

M, ~ 3 M,

M = =~ M (gaugino region) Gauge unification

*IULE_ ~ 0.5 M; (gaugino region)

g2 — 'irn,;:l —+ DTT.&“F’IQ —+ 0.5. Ecﬂsf:gﬁj

m{ +0.77M7 — 0.27TM%e0s(28)  [|Sfermion unification

910ZdOL ‘sayareas xSN§ ut yaenb dog,

mi + 0.22M% — 0.23M2cos(28)

V%~ mi + 10M3 + O(MZcos(28)) Gauginos and squarks are related
Can use charginos to set

splitting term .
(sp 5 ) a limit on squarks and sleptons,

Mixing -> mass splitting for and sleptons to set limits on charginos
stop and , sbottom and stau
At - uw/tanp, A -b u tanp A-u tan f3

T

‘Gompact Muon Solencid
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Rejecting ttbar (example variables):

“Standard susy variables” : Etmiss (MET), effective mass , HT, Etmiss/HT
Transverse mass, several variants of “stransverse mass’

ATLAS “topness” used in 1-lepton topo, rejecting di-leptonic top with
one lost leptons , likelihood of compatibility with dileptonic hypothesis:
arXiv:1212.4495

2 2 42
(mw —Pw)

S{I‘} W, _;U W i _I-} Wz, 3-} Mz ) -

9107dOL ‘sayoeas ASNS w1 enb do,

1
ﬂ-ﬁ;
N (mi — (po, + pe + po)’ }‘3 (m§ — (pb, + pw)?)?
a} a}
(4m? — ; )22
n + Z Pi ) )

ag g

o CMS,/
W Slhide xx %
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Rejecting ttbar, variants of “stransverse mass” mt2

“Stranverse mass’: my(Pr.1, Pr2.qr) = min  {max[ mr(pr. 1, qr.1), mT(Pr.2. qT.2) 1)

qr.1 +HqT,2=4qT
Decomposing - the missing transverse momentum qT between the 2 objects of interest (pT1,pT2) and checking

the larger transverse mass. Finding the minimum as a function of this decomposition.

=
5
g
>
Es
%
% CMS Preliminary 12.9fb™ (13 TeV)
) - [ [ I [ [ I [ I [ [ I I I I ]
j % 250__;‘/4_:]'I.IASI F’r'elim'ir{a'ry;' s l._lDlatlal I I§;+ot[a} SI|VI| I__ -'CIC_; : .Lost Lepton .tf%1l PRI AN t%? (850,50) t— t’if (600,300) + Data :
S (OD Vs=13TeV, 13210 Ot [JZ+jets i > g3 Ll ot fromy Bzowv 5 br (750,50) ]
S F o00- CIW+jets  [JWt - LU = , _ , . . _ E
5 - - [Diboson [tE+V ] - 2lets 3 jets o 24jets 24 jets 3
2 £ N ] [ te>64 1 MY>200GeV (MY <200GeV i M%>200GeV
= © 1501 , - i ' : ]
O o ; Typical SR, ] 10° E
g 100F Asymmetric mt2] e ]
_ ~ -1y B DOCRHE
=) B amt2>200 GeV? S e T
50F 10 T | B bl E
% ~"700 200 300 400 500 600 1 ey - s )
am, [GeV] ENAEE.  n
P - 2 2 3 3 2 3 2 3 3 B
= + : i S T O B T O O O
n C + + - o o o o o o o o o o o
< IF +—+ * : . & 3 a4 & 9 d & 4 8 < 8
i L ® [ ] o 3 '
O 0.5 l Ly a1, ! | e . 9, g_ ’ A
. cr s £ 03 R
Direct stop with single lepton final state, S ET'S [GeV]
t2 Direct stop production, single leptonj7= "
ATLAS-CONF-2016-050 Mt2 with b-jets cms-PAS-SUS-16-028
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Top quark candidates are identified by the “CMS top tagging” (CTT) algorithm [37, 38], which
makes use of jet substructure and jet mass ob-

observables in order to identify top quark decays. First, jets are reconstructed with the anti-k T
algorithm using a distance parameter of 0.8 in order to cluster the decay products of a boosted
top quark into a single jet. The top candidates are then required to have large p T ( > 400 GeV)
and to have their jet axis within the tracker volume (| 1< 2.4). The next step of the top re-
construction is an attempt to decompose the candidate jets into at least three subjets, where

the invariant mass of these subjets is also required to be consistent with the top quark mass
(140 — 250 GeV). The final requirement of the top identification is that the minimum invariant
mass of any pair of the three highest p T subjets found by the algorithm must exceed 50 GeV, in
order to be consistent with the hadronic decay of a W boson.

The HETT analysis uses a custom top tagging algorithm designed for high efficiency, which is
based on the one developed in the context of the earlier top squark search [39]. The algorithm
starts with jets reconstructed using the anti-k T algorithm with distance parameter R = 0.4, and
tests various combinations of three jets within a large cone of radius 1.5 in n—¢ space in order
to reconstruct hadronically-decaying top quarks from resolved jets as described in Refs. [40—
42]. This approach ensures high top — tagging efficiency at p T below the range targeted by the
boosted top quark algorithms [38]. In the HETT analysis, the efficiency of this top tagging
algorithm is further improved at high p T by using the jet mass to identify boosted scenarios in
which decay products from the W boson or top quark are merged into a single jet. Details of
this algorithm are presented in Section 4.1.

9107dOL ‘sayoeas ASNS w1 enb do,
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For the t t~ background, uncertainties are evaluated due to the hard scattering generation (comparing
MadGraph5aMC@NLO with Powheg-Box), the choice of the parton showering model (PYTHIA vs.
HERWIG++) and the emission of additional partons in the initial and final states [46]. The largest impact of
the tt~ systematics on the total background yields arises for SRD and is about 22%, with lower contributions
to SRC of 10%. For t t~ +W /Z background, the theoretical uncertainty is dominated by the 13% uncertainty
on the production cross section. Additional variations considered include the choice of renormalization

and factorization scales (each varied up and down by a factor of two). Uncertainty due to the choice of the
generator is also considered comparing SHERPA at NLO with MadGraph5aMC@NLO. The single top
background is dominated by the Wt subprocess. Uncertainties are evaluated for the choice of the parton
showering model (PYTHIA vs. HERWIG++) and for the emission of additional partons in the initial

and final state radiation. These uncertainties are about 10% in SRA and SRB, 17-25% in SRC, 10% in

SRE and 16% in SRF. A 100% uncertainty is applied to account for the effect of interference between
single-top quark and tt~ production.

9107dOL ‘sayoeas ASNS w1 enb do,
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