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“Natural” SUSY?

Discovery of new boson has further shifted attention towards pieces relevant for SUSY to
solve the hierarchy problem.

Require relatively light:

- Gluino

- Third-generation (3G) squarks: stop, sbottom
— Should be within mass reach of LHC:

Known as “Natural” SUSY:
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“

Natural” SUSY?

Initial SUSY search strategies = inclusive, model independent
Now complemented by dedicated searches > especially for “Natural” SUSY signatures:

If gluino light enough:
- gluino induced production
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If third-generation squarks light enough:
—> direct production
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These simplified model spectra (SMS) assume a single production and decay channel and
are used to interpret results of the searches. Predominant final state:

- Jets, especially b-jets, and missing transverse energy (LSP)

Leptonic channels important via decay of the top quarks (and also via chargino)




O-lepton final states



CMS-SUS-12-028_8TeV_11/fb

O-leptons: alphaT

Inclusive search using alphaT kinematic variable Remaining backgrounds estimated
- targets direct and gluino-induced 3G production from control regions in data
- alphaT used as “QCD-killer”: - Major: W+lets, Z+Jets, ttbar+Jets
Eftz 1 1-(AH, /H,) Binned in (67 signal regions)
Or = = X . - Number of jets (2-3, >=4)
M 2 _ miss 2 J ’
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driet multi-jet - H; (8 bins from 275 to >=875 GeV)
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CMS-SUS-12-028_8TeV_11/fb

O-leptons: alphaT

Interpretation: gluino induced bottom-squark production
- The colour scale represents the upper limit on the
cross-section (pb) assuming 100% Branching Ratio (BR)
- not always shown on these plots!

~

§9,g—>bb s m(b)>>m(g)
Expected Limit +10 elp.
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Take-home points for this
analysis limit:

LSP mass

- Best observed limit on

gluino mass in this model:
1125 GeV
- assuming 100% BR

- Limits hold up to an LSP
mass of 650 GeV
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O-leptons: Effective mass

Dedicated search with at least 3 b-jets

specifically targeting gluino induced 3G
production

Discriminators:

Effective mass (at least 900 GeV, 3 bins)
Number of jets (>=4, >=6)
DeltaPhi(jets, E;™s5) > 0.4
E,Mss >= 200 GeV
g production, g — ti+%,, m(g) >> m(g) L =128 " {5=8 Tev
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ATLAS-CONF-2012-145_8TeV_12/fb

Data driven background estimates:

- ttbar+jets, multi-jet

Interpretations shown

- gluino induced top-squark production

- gluino induced bottom-squark production

(see backup slides for ATLAS O-lepton searches
targeting direct 3G production)
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0-leptons: H; vs E.™ss vs b-tag fit CMS-SUS-12-024_8TeV_19/fb

Inclusive search with at least 3 jets Background estimates from control regions in
- targeting gluino induced 3G production  data, simultaneously fit

Binned in (48 Signal Regions) Interpretation shown

- Number of b-jets (1,2,>=3) - gluino induced bottom-squark production

- H; (4 bins from 400 to >=1000 GeV)
- E;™s (4 bins from 125 to >=350 GeV)

CMS Preliminary, 19.4 fb™", Vs = 8 TeV
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1-lepton final states



1-lepton: Dedicated stop search ATLAS-CONF-2012-166_8TeV_13/fb

Targeting direct top squark production: Main backgrounds: di-leptonic ttbar, W+jets
- anisolated electron or muon Interpretation shown

- atleast 4 jets - direct top-squark pair production, decay
- atleast 1 b-jet via neutralino

- E;™ss at least 150 GeV
6 signal regions defined by various binning in
- transverse mass and variants of MT2 CMS search details in backup

ATLAS Preliminary °
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- L. eory
B V+jets, WV ATLAS Preliminary — — Expected limit (+10,,,)
@R tt+V, single top y 58 Expected limjit (2011)
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1-lepton: Gluino-induced stop search CMS-5US-13-007_8TeV_19/fb

Targeting gluino induced top squark production 1. Lepton Spectrum : use lepton pT spectrum
- atleast 6 jets to estimate neutrino pT spectrum.

- atleast 2 b-jets - Use HT(>500) and ETmiss(>250)
- anisolated electron or muon
Two independent analyses using different data- 2. DeltaPhi(vec(ETmiss+lepton), lepton)

driven methods to estimate backgrounds use correlation between azimuthal angle of
- Primarily ttbar+jets W-direction and lepton as discriminator

- Binin S;= [lepton pT + E;™5] (>250)
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2-lepton final states



2_|eptons (Same Sign) ATLAS-CONF-2013-007_8TeV_20/fb

Dedicated search requiring Backgrounds:

- 2 isolated same-sign electrons/muons - rare SM decays, fake leptons, charge flips
Three Signal Regions: Interpretations shown

- Effective mass, transverse mass, E;™Miss - gluino induced top-squark production

- Number of b-jets (0, >=1, >=3)
- Number of jets (>=3, >=5)

production, g— ﬁ%?, m(t) >> m()
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Multi-lepton final states



R-Parity Violating Stop Search CMS-SUS-13-003_8TeV_15/fb

Based on events with not as much E;™s
- 3 or 4 reconstructed leptons W
- atleast 1 b-tag

Bin exclusively in: - N Vu
- Sy =scalar sum of E;™s, jet-pT and lepton-pT tr 6;. R fﬁ-(

- Number of hadronic taus (0, 1) X1 \ e

- Number of leptons (3, 4)

CMS Preliminary
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Summary Plots 100%

BR

ATLAS direct stop production CMS gluino-induced stop production
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Summary

* Natural solution to hierarchy problem requires light top and bottom
squarks and gluinos

— Should be within reach of LHC

« Comprehensive array of searches at ATLAS and CMS targeting these
particles

— Many discriminators, search regions, final states
— Nothing found so far ®

* Placed stringent constraints in mass range relevant for hierarchy problem
in the context of simplified models

— Gluino mass: 1.2-1.3 TeV, 3G mass: 500-600 GeV (100% assumptions)

e Expect significant improvement in sensitivity at 14 TeV
— Much of the remaining SUSY parameter space yet to be probed
— Stay tuned for future results

e More information:
— https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
— https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
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Other slides...
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Overall SUSY search strategies

Strategy adopted for initial searches:
- be as inclusive as possible
- target multiple final state signatures
- attempt to discover New Physics model in variety of searches, dependent on
complexity of underlying spectra

Zero Single Dilepton: Dilepton: Multi 2-photons Photon +
lepton lepton Opposite Same leptons Lepton
Sign Sign

Strategy refinement:
- add dedicated searches for different final states

- especially stops and sbottoms

19



0-leptons: alphaT CMS-SUS-12-028_8TeV_11/fb

S -
Inclusive search based on the alphaT kinematic variable | 3@ T e
. . . . €
Binned in (67 signal regions) 3‘: . o
1
- Number of jets (2-3, >=4) i iimomiiomy
SRS Multijet

i
- Number of b-jets (0,1,2,3,>=4) oF & A e
- H; (8 bins from 275 to >=875 GeV) wEdl

Data driven background estimates from control regions R
- Major: W+lJets, Z+lJets, ttbar+Jets

Interpretations in:
- gluino induced top-squark production % | Expected pimit <110 exp.
- gluino induced bottom-squark production = 8001 cws prefiminary, 11.7 5,5 = 8
- direct bottom-squark production cool
- more available in documentation :
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O-leptons: alphaT

21

Jad Marrouc he - Moriond EW 2013



O-leptons: Effective mass

Dedicated search with at least 3 b-jets
Discriminators:
- Effective mass (at least 900 GeV, 3 bins)
- Number of jets (>=4, >=6)
- DeltaPhi(jets, E;™ss) > 0.4
- E;Mss >= 200 GeV
Data driven background estimates:
- ttbar+jets, multi-jet
Interpretations in
- gluino induced top-squark production
- gluino induced bottom-squark production

TABLE : Fitted backgrounds in selected signal regions (SR).

ATLAS-CONF-2012-145_8TeV_12/fb

22

Signal region SR4-L SR6-L
tt+jets 306 12t 4
tt + b/bb 8.1+83 4.6+5.0
single top 3.5+1.3 0.6 0.3
tt+ W/Z 1.4 0.8 0.8 £0.4
w/z 26+ 1.9 0.1 £0.1
Total background 46 £ 10 186
Observed 38 20

23 production, g — ti+%,, m(g) >> m(g) L"“=128m" {s=8 Tev
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& 1000 |~ ATLAS Preliminary ===: Expected limit+1c,, ]
g [ 3 bjets channel —— Observed limit+ 15-, ]
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0-leptons: H; vs E.™ss vs b-tag fit CMS-SUS-12-024_8TeV_19/fb

CMS Preliminary, 19.4 fb™", Vs = 8 TeV
Inclusive search with >=3 jets % ST ST T 5
Binned in (48 Signal Regions) % oo E §
- Number of b-jets (1,2,>=3) Eg S 1 44073
. r —_—— 1 7 ()]
- H; (4 bins from 400 to >=1000 GeV) “oop E 0D ] 3
H . B = S B T o
- E,™iss (4 bins from 125 to >=350 GeV) e ) 11 s
Interpretations in : oo 1 4 102E
. . . 200 P g 7 =
- gluino induced top-squark production S ‘11 11 8
- gluino induced bottom-squark production 100F- .. tpoomed 1 1a b | | I
Mo i | . O
—'= EXx d =1 O eriment " H .
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N T £ 00— £ A £ O mgluino (GeV)
;100_ ........................ i ; ........................ ; 45 ] ; -] SRR 4
£ = 350 = = CMS Preliminary, 19.4 fb™!, Vs =8 TeV
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O-leptons: bb+MET

ATLAS-CONF-2012-165 & 2013-001_8TeV_13/fb

Search with exactly 2 b-jets and MET or exactly 3 jets where leading jet not tagged, sub-
leading 2 are. Targets direct sbottom production
Discriminators: ETmiss, Effective mass, DeltaPhi

Interpretations shown for direct sbottom production (neutralino) and stop (chargino)

24
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1-lepton: Dedicated stop search ATLAS-CONF-2012-166_8TeV_13/fb

Targeting direct top squark production:
- anisolated electron or muon

- atleast 4 jets

- atleast 1 b-jet

- E;Mss at least 150 GeV

6 signal regions defined by various binning in
- transverse mass

- two variants of kinematic variable mT2

t1, production, f— ti?

T T T T T T T Toey
o == Observed limit (+10},.5,)
ATLAS Preliminary — — Expected limit (+10,,,)
1-lepton + jets + E’"’“ Expected limit (2011)
T Al limits at 95% CL

- fL dt =13 10", {5=8 TeV

fiev

-
—Ememem-="

| : z
500 600

560 GeV m co

25

Main backgrounds: di-leptonic ttbar, W+jets
Interpretations shown

- direct top-squark pair production, decay
via neutralino

- direct top-squark pair production, decay
via chargino with mass = 150 GeV

CMS search details in backup

T, production, T, — b3z", %~ W43, m_.=150 GeV

T I T I . T ' T L
o ——— Observed limit (+10jos

- ATLAS Preliminary

theory)
— — Expected limit (=1 o,,;)
1-lepton + jets + ET'**
All limits at 95% CL
i det: 13 b’ 5=8 TeV

:
:
)
i ]
1

‘ 400
Gew [GeV]
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1-lepton: Dedicated stop search CMS-SUS-12-023_8TeV_10/fb

Targeting direct top squark production: Main background: ttbar (fully and semi-

- anisolated electron or muon leptonic)

- atleast 4 jets - Estimated from simulation, corrected
- atleast 1 b-jet and validated by data control samples
7 signal regions defined by binning: Interpretations shown

- E,™s (>100 GeV) - direct top-squark pair production,

- transverse mass (>120 GeV) decay via neutralino

- direct top-squark pair production,
decay via chargino

CMS Preliminary Vs=8TeV, det =9.7 b

Cpp 1T, t—>bx —>wa° NLO NLLechuswns

[ 50/50t, /t, mixture == Observed =10

CMS Preliminary Vs=8TeV, det =9.7fb"

....,....,...., ................
s s NLO- NLLechu3|ons
_pp tt,t tx1

- theory
50 /50t /t; mixture

—_
o

—_
o

theory

Bllllllll
)
<

95% C.L. UL on oxBR [pb]
95% C.L. UL on 6xBR [pb]

Ty T T

0 150 200 250 300 350 400 450 500 550 600
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2-leptons (Opposite Sign)

Search requiring

- 2 isolated opposite-sign electrons or muons

Discriminators
-mT2

- Boost vector = vec(ETmiss+ pT(lepl)+ pT(lep2))

Main Backgrounds:

- top production, diboson (data-driven)

Interpretations in

- more available in documentation

1. production, 1, - 'b

e — -
3 [ ATLAS Preliminary niyn)- 10Gov .
Eﬂ- 250 :_ILdt= 130" Vs =8Tev E
[ Observed limit (£1G}mor) ]
T Expected limit (+10,,.) ]
200 __ Allimits s 85% CL. e et __.
150 [~ 3
100 [~ B
S0 =
oo e g by s e by g Ly g n/’l L PHIPE BRI 1-

150 200 250 300 350 400 450 500 550

m; [GeV]

ATLAS-CONF-2012-167_8TeV_13/fb

Events /5 GeV

Data’'MC

IL dt~130 10"
(a) same flavour

®  Duls 2072
RRAAI SM Backgroud
) zejos
| s

i
. 7707

= ww

B Sngie top

) Fake lopons

. i

— 000, 1){200.990,0) GeV/
== e e e misiop .y )+{300.200,0) GeV

ATLAS Preliminary

.\\‘§_

120 140 160 180 =2

Events /5 GeV

Data/'MC

27

IL dt~130M0"

(b) different flavour

thev
— 000 3 )+ 200.150,0) GeV
.- MO0 900.200,0) G\l

ATLAS Preliminary

60

80

100

AR

120 140 160 180 =200
my, [GeV]

Jad Marrouche - Moriond EW 2013



2-leptons (Same Sign)
Inclusive search requiring
- 2 isolated same-sign electrons or muons
- at least 2 b-jets
8 Signal Regions with
- HT range from >80 to >320
- E;™ss range from >0 to >120
Backgrounds:
- rare SM decays, fake leptons, charge flips
Interpretations in
- gluino induced top-squark production
- direct bottom-squark, decay via chargino
- more available in documentation

CMS-SUS-12-017_8TeV_11/fb
arXiv:1212.6194 -- accepted by JHEP
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2-leptons (Same Sign)

ATLAS-CONF-2013-007_8TeV_20/fb
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R-Parity Violating Stop Search CMS-SUS-13-003_8TeV_15/fb
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%\ u Stop RPV Moas .2'6 §
L observed 95% CLs Limits ~
g 1200 Theory uncertainty (I\IIL(I)+NLL 24 3
W 6 S e expected 95% CLs Limits —22 ¢
t IX‘_ 1 OOO — expected 110experimental g 0\0
g 1OF S
- ®
. B T B 16
tr s . 600 1.4
X1 C —1.2
H 400
C 1
- 200 0.8
1 - Lo e, b 0.6
700 800 900 1000 1100 1200
) m. (GeV)
CMS Preliminary (s=8TeV,L =195 b
S ) \ o)
t Vg BE
g = 10* §
85 700 = T
N b £ . g8
th’R ~ c . ljl - = 103
O B -
X1 * t -—
= 10?
o Stop RPV \'
obsenved 95% CLs Limits
observed=oy 5.1 10
----- expected 95% CLs Limit
0 T, N ey |e).(p?0t.ed. t?ex.pe'ime.'“a'.
300 400 500 600 700 800 900
m- (GeV)

30

Jad Marrouche - Moriond EW 2013



1€ top squark: Comparison with ATLAS

t — bxyT x=075 t — tx° t — tx°

CMS Preliminary Vs =8 TeV, [Ldt = 9.7 fb” CMS Preliminary Vs =8 TeV, [Ldt = 9.7 fb” < 300 "; p'°d“°f'°” ‘ﬂ‘x ———— ————_
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When correcting for luminosity and Vs, the ATLAS limit covers more of thet > t x°

Space for two reasons:

— 1) Different signal model: CMS signal model has unpolarized tops from t—>t x°. ATLAS signal model
has top quarks which are mostly right-handed. This choice increases the large lepton p; and
M;(€,MET) acceptance because it causes the lepton to be emitted preferentially parallel to the top
boost. We estimate the size of this effect to be ~25%.

— 2) Tuned kinematical requirements: The most important one appears to be the hadronic top
reconstruction. This is not currently implemented in the CMS analysis in order to maintain
sensitivity to both the t - t x° and t © b x* decay modes.
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Top Polarization

arxiv: 0811.1024

N\ ATLAS

cOS (26,)

Figure 9: cos 20,4 vs. the stop mixing angle # for three different neutralino mixing matrices.
The solid (black) curve is our benchmark scenario, the dotted (gray) curve corresponds to
the case where the lightest neutralino is pure bino and the dashed (red) curve corresponds
to pure higgsino.

In the limit of zero LSP mass, the parameter cos20 _ is the top quark polarization.
Atlas uses 0, = 1/3.2; At m(LSP)=0 the top in the Atlas MC is almost fully polarized
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4W final state

B0 lepton
H1 [epton
12 lepton
3 lepton

&4 lepton
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luminosity ratio
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