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Natural SUSY

Discovery of new boson at 125 GeV has
shifted attention towards pieces relevant for
SUSY to solve the hierarchy problem. We

could need:

.
T >

Mass (GeV) %
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 natural SUSY: search for stop at EW scale

* l[ow cross sections but achievable.
* At reach of LHC. ol

In several SUSY models renormalization
group equations push the lightest stop
state to low masses:

* Natural SUSY

» multilepton signatures

* Relative low hadronic activity

Barbieri et al
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Outline

® [ ook for multilepton SUSY in 3 main scenarios:
® [. EWKino production (ATLAS: 20.7 fbl, CMS: 9.2 fb1)
o [l. General multilepton (aTLAS: 20.7 fol, CMS: 19.5 fb1)

* |Il. RPV with or without stop (ATLAS: 20.7 tb1, CMS: 19.5 fb1)

Celso Martinez Rivero




EWKIno production (I)

Model gives naturally 2, 3 or 4 leptons searches:

« Chargino and slepton pair production go to 2 leptons.

* Dedicated analysis:
*Search for charginos and sleptons: ATLAS + CMS @ 8 TeV
*Missing energy comes from Neutralino LSP’s.

* If one lepton out of 3 is lost, one goes to OS/SS analysis One missed
> SS/0OS dileptons




General multilepton (1)

It also can give scenarios with gluinos and squarks to
neutralino or gravitino as LSP and RPC:

* In any case 4 leptons can be obtained at the end of the analysis.

Model Al
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Stop or neutralino with RPV(l11)

It also can give prompt R-Parity Violation:

L= leponic eamber o _ 3 or sparticles

B= bayoslcnmmber o _ 11 for SM pavticles

R=(-1 { 1+3B+2]] -
J=spin

» Searches for charginos and sleptons in 3 or 4 leptons final states

Celso Martinez Ri‘verb — 'LHCP 2013 Barcelona




Ewkino production (1)

*ATLAS-CONF-2013-049
*CMS-SUS-12-022

» 2 OS lepton, Z veto, MET>40 « 2 OS lepton, Z veto, MET>60

GeV, jet veto | GeV, b-jet veto
*Use my, variable 77 *Use Mcrpe, variable
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Ewkino production (I)

» SUSY particles with OS leptons
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Ewkino production (I)

-ATLAS-CONF-2013-049
» 2 OS lepton: chargino to W scenario. 100% BR in this channel

*“challenging” heavy slepton scenario.
*Three Signal regions used: SR-WWa, SR-WWb and SR-WWc (0, >90, >100 in my,)
*Used only in eu channel!
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Ewkino production (I)

*ATLAS-CONF-2013-028

Intermediate staus: Chargino/neutralino or chargino/chargino pair production
through intermediate staus

SR1:0S hadronic tau, Z-veto, jet-veto, MET>40 GeV, m,>90 GeV
SR2:0S hadronic tau, Z-veto, b-jet veto, MET>40 GeV, m,>100 GeV
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Ewkino production (I)

Intermediate staus: Results for chargino/neutralino or chargino/chargino pair
production with decays through staus
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Ewkino production (I)

*Very low background: RLSAE SR AL
*Look for 3 isolated leptons
Use 3D binning: ETmiSS, MT* and M” CMS Preliminary \F:STeV,Lim:9.2fb"l

M,,<75GeV  75GeV<M,,<105GeV M, >105GeV

* 50 GeV E;™*s bins (E{™ >50 GeV) 37 1547 13,
54 5 {1515 Channels:
*Background due to: 201 i 777 L iy
.WZ’ ZZ real prOdUCtlon > 91 %000 150200 0‘;0 100 15'?%3' - Mj“:e
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] . ] O o 70F E 3(5)3% : 0 oo k% .
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of fake-leptons x:4 § b 159
*Use b-jet veto to supress ttbar N R R
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M 2= 2. E;™Sp/(1- cos A ™)



Ewkino production (1)

. . . . . i} . .
L ook for targeted search regions with different cuts: ATLAS-CONF-2013-035
Selection SRnoZa SRnoZb SRnoZc SRZa SRZb SRZc - VRooZa ey VRZa ey
meos [GeV] <60 60-812 <B120r>101.2 812-101.2 812-101.2 81.2-1012
E?li» [GeV] =50 =75 =75 75-120 75-120 =120 MSFOS [GCV] <81.20r>101.2 <8l20r>101.2 81.2-101.2 81.2-101.2
my [(GeV) - - =110 <110 =110 =110 b-jet veto reguest veto request
prIe(Gev]  >10 =10 =30 >10 >10 =10 EF* [GeV] 35-50 =50 30-50 =50
SR veto SRnoZc SRnoZe - - - - Dominant process WZ', 22", Z" +jets i WZ, Z+jets Wz

*Represent background on control data:

> L
) 6
© 10" ATLAS Preliminar < Data 3 T o T T I
8 10° Y ~Total SM 8 10“E ATLAS Preliminary - Data j
P L dt = 20.7 fb" Reducible & T E # Total SM E
€ 10* \/§=8Ter e M Dibosons > C s=8Tev [Ldt=2071" Reducible 3
= M Tribosons T 408 s=cle : I Dibosons
M 403 L o 100 h -
10 VRnoZa v & E I Tribosons E
10* . VRnoZb  ™iv ]
: 10
10 ey
1 10_
107 C
10-2 1 :E
= E
(g o : % el s B . ittt 6H i it
g 1.5 + .............................................................................. O s i g 15 z_ S T
0.5 ............................................................................................................ A A S A S A “ 0‘5 z_ .............................................................................................................................
0 . oE

0 50 100 150 200 50 100 150 200




« Compare with signal and extract exclusion limits:

Events / 25 GeV

*Use Simplified SUSY models
*Decay via sleptons: limit up to 600 GeV
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Ewkino production (I)
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Ewkino production (I)

« Compare with signal and extract exclusion limits:
*If sleptons are heavy, chargino or neutralino can decade through W or Z.
*Decay via gauge bosons: limit up to 315 GeV
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Ewkino production (I)

*Gauge mediated symmetry breaking (GMSB) Z-enriched higgsino model
-CMS-SUS-12-022

*The LSP is almost a massles gravitino
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General multilepton (1)

* It also can give scenarios with gluinos to top and neutralino plus b-tag jets:
« 3 or 4 leptons can be obtained at the end of the analysis.
» Off-Z scenarios
* 4 W plus b jets

 Or decays trough 4 leptons

Model A2

Model Al
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General multilepton (1)

CMS Prellmlnary Vs=8TeV,L =19.5fb"
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It also can give scenarios with gluinos and squarks to
gravitino as LSP:
* In any case 3 or 4 leptons can be obtained at the end of
the analysis.
+CMS-SUS-12-026
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General multilepton (1)

Search 4 leptons looking at E;™ss and m" for signal and
background: -ATLAS-CONF-2013-036
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General multilepton (1)

*ATLAS-CONF-2013-036
« VA: Am(y3%,%x.°) =5 GeV and Am(y5°,x4°) = 80 GeV

« VB: Am(x°,x,°) = 0 GeV and m(ly) = 0.54[m(3:% + m(y°)]
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Stop with R-Parity Violation(ll1)

*CMS-SUS-13-003

We look for data with three or more isolated leptons and
at least one bottom-quark jet:
euse Sy =EMss + H + L
*This takes into account the low E;/™ss in the event due to RPV

(Lt sum of charged lepton p)

CMS Preliminary Ns=8TeV, Lim =19.5fb"
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Stop with R-Parity Violation(ll1)

RPV renormalizable Superpotential: *CMS-SUS-13-003

A-term neutralino LSP decay mode
A1 = —Aam euve + eevy
Az = —Axz UpV + pevy
A1z = —=Amy TV, + Tevy
A1 = —Aan eTv, + eeve
A = —Aa UV, + peve
Az = —Azn TTVe + Tevr
A2 = —Amn eTVy + vy
A2 = —=Aan HTV + WV
Az = —=Aan TV + THVy

b
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%
X1 \ I

,
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' Stop with

R.

Parity Violation(lll)

*CMS-SUS-13-003

Several kinematic regions
With different acceptance

region label

kinematic region

stop decay mode(s)

m g 0w >
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Mo <my < mw—l—mﬂ)
mw+m)~(<l) <m;<mt+m7~(?
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t— Whx"
t— tx)
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R-Parity Violation(llIl)

_|_
€
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R-Parity Violation(llIl)

*ATLAS-CONF-2013-036

95% CL limit contours for the RPV wino and gluino simplified models
where A, # 0 or Ay55 # 0.
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R-Parity Violation(II)

*CMS-SUS-13-010

*CMS looks for final events with 4 isolated leptons (electrons/muons) in LRPV
neutralino decays containing at least one OSSF lepton pair (only selection applied!)

*poMSSM covers MSSM spectra! Very generic exclusion SUSY models with LRPV term.
*No tau contribution due to presence of only LRPV terms A,,,and A,,,

CMS Preliminary Vs=8TeV L, =19.5fb"

CMS Preliminary Vs =8TeV L, =19.5fb"
—————

~ 1 T T T ] < L \
o) L i
= E 95% C.L. CLs limits N E) B o 7
> I observed: i, =0 i - 2 LSP —I'Tv —
o 121 B 0.5. 1 i
oF i _ i 1 &150 €10.5, 1]
wo.. expected: A,,=0 i ) i
N observed: A,,,=0 » P oo
1 . N (/)] 4
{77 expected: A, ,,=0 g 1.5§ G
,§ .:: .......... 3 v et :
1 e —> O i i
() i
L Ay =0 _,_..~-7\1zz =0 i
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Generic mass exclusion on
inclusive RPV production

Generic cross section exclusion on
inclusive RPV production



@ Conclusions

Many searches for SUSY in multiplepton final states have been
performed at LHC:

*No excess beyond Standard Model expectation is observed

*Stringent constraints on masses of charginos, neutralinos and
sleptons

*Stay tuned for more results in the near future.

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
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Summary of CMS SUSY Results* in SMS framework LHCP 2013

CMS Preliminary

For decays with intermediate mass,

Mitermediate = X.mmother-“ -X)'m|

*Observed limits, theory uncertainties not included Mass scales [GeV]
Only a selection of available mass limits
Probe *up to* the quoted mass limit
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Summary of CMS RPV SUSY Results* LHCP 2013
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MSUGRA/CMSSM : 0 lep +j's + E s

MSUGRA/CMSSM : 1 lep +j's + E 7 piss

Pheno model : 0 lep +j's + E7 s

Pheno model : O lep +j's + E s

Gluino med. %" (§—qO%) : 1lep +j's + E

GMSB (INLSP) : 2 lep %OS) +is+E
GMSB (t NLSP) : 1-21 +’s +

GGM (bino NLSP) :yy + E

GGM (wino NLSP) :y +lep + E_

GGM (higgsino-bino NLSP) :y +b + E i

GGM (higgsino NLSP) : Z + jets + E e,

Gravmno LSP mono;et + Eqpiss

T,miss

T,miss

T,miss

Inclusive searches

T miss
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gty Olep+3bjs £

bb b—>bx O lep + 2-b-jets + E
BB, B —t7 : 2 $S-lep + (0-3b-)j's + E

T,miss
T,miss.

T,miss

~— T,miss
1 (Ilght) t—>l2;( 1/2 lep (+ b-jet) + ET miss

tt (medium), t—>bx 1lep + b-jet+ E
it (medlum) t—>b3“(‘ 2lep+E

it (heavy), t—>tx 1 Iep +b-jet+ E

it (heavy), t—>tX 0 Iep + 6(2b-)jets + E
it (natural GMSB) : Z(—ll) + b-jet + E
T, 1 -t S+ Z(—>II) +1lep +b-jet+ E

............. 2.2’.2. 01T TN L

T,miss
T,miss
T,miss

T,miss

3rd gen. squarks
direct production

T,miss

TR 21ep + E, oy
T, XN (V) 2lep + E
o KK %o :)'cv(rv) 2t +E
=TT VI, BT I( vv) 3lep+E
~=~0 (*)~0 (*)
Ko ly WY Z

T,miss

T,miss

EW

direct

~~~ T,miss
X1

S
S 3 Stable § g, R- hadrons Iow B, By
& GMSB, stable T : low
§ s GMSB, 7, —>yG non-pointing photons
"""""""""" LFV: b'p'—;{/' +X, vV, ~>e+y1 resonance
LFV pp—v . +X,V,—>e(u)+t resonance
~ B|I|near RPV CMSSM 1lep +7)'s + Er s
%: XXX —wy’ X1—>eev euv_:4lep +E
,x —TTv,,etv 3 Iep + 1t + ETmlss
g— qqq '3- -jet resonance pair

§—>tt T—bs: 2 SS-lep + (0-3b-)j’s + E

Scalar gluon : 2-Jet resonance pals?
WIMP interaction (D5, Dirac X) ‘'monojet’ +E Fmics

T,miss

ATLAS SUSY Searches* -

95% CL Lower Limits (Status: March 26, 2013)

t mass
L=20.7 fb", 8 TeV [ATLAS-CONF-2013-037]
L=13.0 fb™, 8 TeV [ATLAS-CONF-2012-167]
L=20.7 fb", 8 TeV [ATLAS-CONF-2013-037]
L=20.5fb™, 8 TeV [ATLAS-CONF-2013-024]

L=4.7 fb", 7 TeV [1208.2884]
L=4.7 fb"', 7 TeV [1208.2884]

[ He0-at0Gev. t mass
e t mass
[ 200-610Gev. t mass

[esHssGevl | mass
© 030GV 7 mass

ATLAS

Preliminary

(m@) <2TeV, Ilghtx )
q mass (m@) <2TeV, Ilghtx )
gmass  (mG)) <200 GeV, mG7) = l(m(;z )+m(@))
g mass (tanp < 15)
g mass (tang>18)
gmass (mG))>50Gev)
g mass
g mass
g/zmass
F ' scale

f Ldt = (4.4 - 20.7) fo’'
I1s=7,8TeV

(m(i:)) >220 GeV)
(m(F) > 200 GeV)
(m(@) >10* eV)
g mass m(;z ) <200 GeV)
gmass (any m(;z
gmass  (m(x)) <300 GeV)
g mass (m(;z ) <200 GeV)
) ¢ bmass (mG; ) <120 GeV)
bmass (mG)=2 m(;z
(m(i?) =55 GeV)
(m(,zf) =0 GeV, (%) = 150 GeV)
(m()"(‘) 0 GeV, m(f)-m(z) = 10 GeV)

m(')‘() 0)
I a0s60GeV! tmass  (mG)-0)
t mass (m(i)>150GeV)

tmass (m(t m(f(‘)+180GeV)
(m(i

(m()Z ) <10 GeV, m(Iv) fm()‘( )+m(;_(
=5

L=20.7 fb", 8 TeV [ATLAS-CONF-2013-028] [180-330Gev. % Mass (m(;"( )< 10 GeV, mE¥) = B(m@) + m(;‘(
- X mass (m()'( m(;‘(2 m(i‘) 0, m(Iv) as above)
G X mass (m(f( )= m(f( ) m(')'( =0, sleptons decoupled)
¥, mass (1<) <10 ns)
g mass
eV Tmass <tanp < 20)
%, mass (04<r(52 <2ns)
q mass (1 mm<ct<1m,g decoupled)
v.Mmass  (2,,=0.10,4,,=0.05)
v, ma~ss (4,=0-10, 2, . =0.05)
=g mass (ct gp <1 mm)
X mass (m(i ) > 300 GeV Aypy>0)
%' mass ma ) >80 GeV,,,, >0)
g mass
§ mass (any m(f))

L=4.6 b, 7 TeV [1210.4826]

[Hgos7 eV sgluon mass

(incl. limit from 1110.2693)

M* ﬂcale (m, <80 GeV, limit of < 687 GeV for D8) |
11 1 11

10"

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

1 10
Mass scale [TeV]
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Other SUSY talks at LHCP13

THURSDAY:

10:20 Searches for squarks and gluinos in events with missing transverse momentum
Alessandro Gaz (University of Colorado at Boulder (US))

14:45 Inclusive searches for squarks and gluinos with the ATLAS detector
Alex Kastanas (University of Bergen (NO))

15:00 Search for stop pair production at the LHC using the CMS detector
Verena Ingrid Martinez Outschoorn (Fermi National Accelerator Lab. (US))

15:15 Searches for gluino-mediated production of third generation squarks with the ATLAS detector
Mirjam Lena Fehling (Albert-Ludwigs-Universitaet Freiburg (DE))

15:30 Search for Supersymmetry in the four W and multiple b-quark final state at CMS
Didar Dobur (University of Florida (US))

15:45 Searches for direct pair production of third generation squarks with the ATLAS detector
Claudia Giuliani (Albert-Ludwigs-Universitaet Freiburg (DE))

16:00 The Higgs: supersymmetric partner of the neutrino
Francesco Riva (Ecole Polytechnique Federale de Lausanne (CH))

17:15 Searches for 3rd generation SUSY and heavy top or bottom partners at LHC and Tevatron
Fabrizio Salvatore (University of Sussex (GB))



C
Other SUSY talks at LHC313

FRIDAY:

11:15 Vector Boson Productions of SUSY Sleptons, Chargino and Neutralinos
Bhaskar Dutta (Texas A&M University)

11:30 SUSY searches for EWK production of Gauginos and Sleptons at the LHC by CMS
Marc Dunser (Eidgenoessische Tech. Hochschule Zuerich (CH))

11:45 Searches for electroweak production of supersymmetric neutralinos, charginos and sleptons with
the ATLAS detector
Matthew Ryan Relich (Department of Physics-University of California Irvine)

12:00 Searching for supersymmetry in Z’
Gennaro Corcella (INFN - Laboratori Nazionali di Frascati (IT))

12:15 Search for RP violating Supersymmetry at CMS
Fedor Ratnikov (KIT - Karlsruhe Institute of Technology (DE))

12:30 Searches for supersymmetry in resonance production, R-parity violating signatures and events with
long-lived particles with the ATLAS detector
Andres Carlos Florez Bustos (York University (CA))

12:45 Search for Supersymmetry in Gauge Mediated Supersymmetry breaking scenarios at CMS
Tae Jeong Kim (Korea University (KR))
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[GeV]

Ewkino production (I)

Chargino neutralino production in 3 leptons
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Ewkino production (I)

95% CL limit contours to set limits in the GGM scenarios.

*Two Z-rich GGM models where values of u = 200 GeV are excluded for high

gluino masses.
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@ General multilepton (1)

Looking for direct stop pair production. Look for data with three or more
isolated leptons and at least one bottom-quark jet and OSSF close to Z boson
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@ General multilepton (1)

95% CL limits using the CLs calculation:

[ production,?2—>ZT1,T1—>t)"(:’ t,-t, production, Natural GMSB model
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General multilepton (1)

» Strongly produced SUSY particles with SS leptons and jets:
. dlfferent S|gnal reglons (SROb, SR1b, SR3b) are created
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