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Strategy for SUSY searches at LHC

R-parity conserving supersymmetry
n strong-production channels

= ATLAS Online Luminosity \s=8TeV =

» 3"-generation sparticle searches % 425_ [ L+C Deiivered E
- direct gaugino production % 32: EllA;LIASRdsj;
» R-parity violation (RPV) § ps Y
= multi-lepton signatures g E
- ep final states -
» bilinear RPV 05F S
0
* Long-lived particles v 2012

o displaced vertices
Summary — outlook
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Supersymmetry (SUSY)

e Supersymmetry := fundamental global symmetry
between fermions-bosons

e Theoretical motivation

o Higgs mass stabilisation against loop corrections
(fine-tuning problem)
o unification of gauge couplings at single scale

€ Supersymmetric
"shadow" particl

L

60

- dark matter candidate: 1/a,

Lightest supersymmetric particle (LSP) 50 -

without SUSY

40 -

w
o
I

N
o

(S I o e e B I B B B

- with SUSY

ey
o

1 I 1 1 1 1 l 1 1 1 1 I 1 1 1
107 10* 10

Energy scale in GeV

(@)




V.A. Mitsou  IMFP2012

SUSY particle spectrum

SM particles have
supersymmetric partners
that differ by % unit in spin

o sfermions: spin O
m squarks
m sleptons
m sneutrinos
0 gauginos: spin 7
m charginos / neutralinos
m gluino
m gravitino

* No SUSY particles found yet = SUSY must be broken

» Breaking mechanism affects phenomenology

= more than 100 parameters even in “minimal’ models like the
Minimal Supersymmetric Standard Model (MSSM)
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Theoretical models

» Simplest extension of SM (MSSM) has > 100 new parameters
* How to test that at LHC?

mSUGRA = MSSM(2 Higgs Doublets) + Uni

1. Top-down approach
- SUSY breaking mechanism

— different models = Z7

- Gravity mediated (SUGRA) {22/

* Gauge mediated (GSMB) i

. M,c? log(E) M ppc?

o GUT scale unification — few free parameters

Simplified Decay Chains

2. Bottom-up approach

94

- Phenomenological models jet(s) l
* assume masses and hierarchy i X
* scan remaining parameters jet(s) v l )

- Simplified models Wiz . L v
- specific decay chain v "

LSP
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Simplified medels topologies

* |dentifying the boundaries of search sensitivity

» e.g., dependence of reconstruction and selection efficiencies on
sparticle mass differences

. Model hypothesis-testing (insid

 Characterising / % outbide collaborations)
new ohvsics : Simplified Model
phy Signal —> parameter fits &

discrimination among models
i distributions . \ .
S I g n a | S comparlson Precise parameter

N More sophisticated

determination
m, = 1000 GeV, m,, =350 GeV, A =0,tanB=10,u>0

ITTTTTTTTTTTTTTTTTTTTTTRATI
E17.0% 9 @ <1233 GeV>, 17.0% Y @ 882 GeV E
_mtx‘:)=144GeV, m(t) =811 GeV

E m(d,) = 1226 GeV, EBR =93.2%

Searches for sub-leading
processes predicted by models

g

* Deriving limits on more
general models

o “project” model on set of topologies
and use their oxBR experimental limits
to constrain model

branching fraction (%)
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Typical E;™-based analysis

« Many jets + large E;™ + |eptons(incl. taus)/photons/bjets

 Cut sufficiently hard to reduce largely unknown background
processes (fake MET, fake-leptons from QCD)

» Apply discriminating cuts to enhance signal/background ratio

21 + E;™'ss analysis all-hadronic analysis
30 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
% - | | | | I . 8 104 _ I I I I [ [ [ [ _
) - ATLAS - Data 2011 . o E CMS,1.14fb "' Ns=7TeV 3
8 25 — = Standard Model —] ; C ]
= B _[ Ldt=2.05f0" \s=7TeV B e . T 108 & > ® Data _
P =;Vfl‘j‘s B o E I_l-- wsss Standard Model 3
o - : W F aimimim QCD multi-jet 3
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More on analysis techniques

« Background estimation from data: measure bkgina ‘control’ sample
and propagate this measurement to the ‘signal’ sample

control signal m Control region should be as close as
: possible to signal region
81 data B A MC m SUSY contamination should be as low as
E_ possible
Ll
data € || (D)- — D=AxC/B
\

My, Mg see also Cabrera, Casas, VAM, Ruiz de

» Using distribution shape (ATLAS)
o fit to jet multiplicity distribution in background control regions
o likelihood is extended to include bin-by-bin M_4 information

* Neural networks (CMS)
o artificial neural network (ANN) to suppress SM backgrounds

* Templates method (CMS)

Austri, Terron, JHEP1204 (2012) 133
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A high-missing-E; high-M_¢ event

* M4 =1810 GeV

* MET =460 GeV

* 5jets with p; > 40 GeV
(528,418, 233, 171 and
42 GeV)
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SUSY searches strategy
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Strong-production channels

e Copious production at hadron
colliders

e E.Miss-based generic search
channels

* Plus more exotic channels

. P10p2
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pb} pp %SUSY
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Third-generation sparticle searches
e Expected from naturalness to be O(<TeV)
e Expected lighter than other squarks due
0 2Ll L L% to mixing

10200 0 o0 0 8OO[GeV9?O * Can search for specific final states

involving b-jets and maybe leptons

a\ erage

Leptons/photons searches
e colored spartners too heavy

— direct gaugino production
e RPV decays * Small mass splittings (compressed

spectra) require specific channels

» Complementarity of channels without/
with leptons

e gauge-mediated models
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Strong production — top-down approach

» SUSY particles mainly produced via
4% 7 %
T

strong interaction (gluino, squarks)
at hadron colliders

 If R-parity is conserved:
o sparticles produced by pair

o cascade decay to invisible LSP MSUGRA/CMSSM: tanB = 10, A =0, u>0 L™= 4.7 fo
; IIIIIIII[\II‘Illl\‘lllll||I||I.|.I|IIII|I:
° : Sea rC h fo r 8 700 :*ATLAS;EI’\eh{n\Irlary \\\ CLS 95% C.L. limits ]
. o SN ‘\\ 77\ O-lepton, > 2-6 jets Observed |
jets + E miss + O 1 2_|eptons E“ \\\ S || ATLAS-CONF-2012-033 Expected .
T r= 600 f= N \,\*7 0-lepton, > 6-9 jets = Observed —
E ™ | ATLASCONF2012057 - Expected

1-lepton, > 3,4 jets = Observed 7]
ATLAS-CONF-2012:041 - - Expected —

| mmLeP2 gt
[ ] StaulLSP

Benchmark interpretation in ‘
CMSSM e NN
- Exclude m ~ 1400 GeV for %00 :‘, T
m(~q) = m(~g) 2o
3 very different analysis confirm 100

500 ==~ -

500 1000 1500 2000 2500 3000 3500
exclusion limit at high m, m, [GeV]
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Strong production — bottom-up interpretations

Pheno MSSM model Simplified model \
* Only gluino + squark + (light) LSP * Only gluino /
P

. ~y O
 O-lepton + jets + MET +~X," + LSP
Squark-gluino-neutralino model, m(g’(?) =0GeV dare accessi ble
[y 2000 T T I B L LR L L LI
> - R UYL " - .
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Third-generation squarks

» Main motivation for TeV-scale SUSY
is solving hierarchy problem

« |f SUSY solves the hierarchy problem
naturally, then 3 gen. squarks must be
light (few hundred GeV)

Possible search strategies
* If gluino is light enough — dominant process
o gluino pair production
- §—bb, g1,
» search for b-jets + MET + jets
« If only 37 gen. squarks are light

o sbottom pair production = 2 b-jets + MET
o stop pair production = 2 opposite-sign leptons + MET + jets
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Gluino-mediated stop production: 1€ + b-jets

« Event selection ¢ MSSM scenario considering both
- exactly le(p) with p; > 25 (20) GeV gluino-mediated and direct stop

. . roduction
o at least 4 jets with p; > 50 GeV, P - o |
. g-g + t;-t, production, § — t,+t, t,— bwti;L L™=2.05fb"\s=7TeV
1 b-JEt > 7001',4"”'_;3""""""""""'""cls'db'se'r&;d'dn%n'(gs'o/!,E:L)'_:
: S vepton 4o I O e mit e
o My > 100 GeV, M ¢ > 700 GeV £ 500 _—m(z"):so GoV  mi) =2 m) Observed ATLAS (35 pt) =
o E;™* >80 GeV or 200 GeV - )@ i
500 — —
s 10Wgr——TT—T T = - , ]
8 g ATLAS ® Data 2011 E 400 — _
S — JLdt=2.05fb'1,\s=7TeV 755 SMtotal ] - -
Ay o2 ] top production _ C ) n
P = 1-electron, SR1-D [ W production E 300 — g .
§ E -Others . GVE B g ]
toor S 20f- O L S L =
e 9 b3 o : .
- E 300550 400 480 B00 550 600 650700 755 800
L e 4 F— m; [GeV]
1 i \ , =
E /// / § . o fre .
o o SRR » No significant excess is observed
LI SO B0 /728 NN // S
s / W ------------------ wrt SM bkg
s i |+ M(gluino) < 620 GeV excluded

for m(stop) < 440 GeV
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Direct sbottom pair production

« Signature: exactly 2 b-jets + E;™!ss = use flavour tagging
* Interpretations: pheno model with Br(b, —bj’)=1

— — — — — ——r — — - — T — — > -'lllllllllll'llIIllllll'llllllll[l'lllll'_ll-lllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII-
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3 F 0oy ' U e CL, Expected Limit @5% CL) § [ 9 [ IL 205 o' e - 7TV I i % smTotal ]
Sraof e - CLExpectedLimit=ic 3 [ 5 40F 2051 \s=7Te T o [ top. Warht _'
= -l CDF 265 i I+ 16 NLO scale unc. . -g [ 2jet exclusive T 5 Bz 1
F [Moos2n! ElN P . T B others 1
250 . o ATLAS . 30r o 1 ----5300,7° 100 GeV
C (6&?--" JL dt=205m"Ns=7TeV N T
200 - 2 i, b iy 1 i
C PR )% 3 i U 1 ]
150 0"\ ’ L EE L 3 [ 7 ] ]
- e ] 10F + .
100 :7 .\\ _: 0: A - + ooy L -- L E
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- Y3 Mg [GeV] Er*GeV]
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PRI B Il | !: ]

0 L1 i1
100 150 200 250 300 350 400
M5

1

me(v,v,) = [E,(v) + E,(v)) =[P (v) =P ()]

2
Moy X (mg1 _mic?) / m;

[GeVT"

ding sbottom mass < 380 GeV for neutralino masses up to ~ 100 GeV
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Direct stop production

Events / 30 GeV

* Event selection: 1 b-jet, 2 OSSF leptons

consistent with m,, MET and jets
* Exclusion

= heutralino masses below 220 GeV for

stop masses below 270 GeV

n stop masses below 310 GeV for
125 GeV < m(~x,%) < 220 GeV

350
4 T T T T I T T T T I T T T T I T T T T I T T T T | T T T T I T T T 4 %‘
10°E ATLAS e Data2011 E 0}
E Lotz 205 Nso7Tey 22 o0 ] 8%
10°E - ne=rie ] tor = S
= miss [ z+nt 3
, - Ey™ >50 GeV [ fake-lepton - 250
10 = [ others E
= = 1250GeV, 7° 100GeV 200
----- 1 250GeV, 7, 220GeV -
. . 150
L

ET™* [GeV]

?—% }/% 100 |
i

stop pair in GMSB Natural model
T T T T T

M.

........
.......

........

I T I UL B L
ATLAS == CL observed limit (95% C.L.)
ey === CL, expected limit (95% C.L.)
.[ Ldt=2.05fb,\Ns=7TevV. Expected CL_ limit +1o
* Reference points

----------

.
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]
(3

llI|I1IIIIIII|IIII|IIII|I1II
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Direct weak gaugino production

* If both gauginos decay leptonically = 3 leptons + high MET
» Selection

o exactly 3 leptons; E;¢ > 25 GeV, p;* > 20 GeV ; one SFOS pair
o MET > 20 GeV

pPMSSM  mg, mg,m;_ > 1 TeV

Z-depleted Z-enriched my = (Mmgx +mgo)/2
L Xo 1
> IIIIIIIIIIIIIIIIIIIIIIIII |||||| |||||||||||||||||||||||
) 4 —
O -o- Data 2011 .WZ _E \s=7 TeV JLdt:Z.Obe_1 > 350 LT 11. o T Ty ! \I IIIXLI
8 %oasm [z ' 0 B ‘- )\ S -
~ 7 lotal =, i ] Bl H R~ ]
§ [JReducbkgd  [aw"/z" ATLAS R L I R AN "% '8
3 -bkg ttw''/Z = 300 -~ M=100 GeV, tanB ='6 )3 N2
w == e : ' N )
SMSUSY | -1 DObserveszS% ClLg :
. -\
ref. point L} Expected 95% CLS
250 —!

- Expected +1o _
\

. ° i
:LEPZ %, (1035GeV) N\ | gi \

§ \. \. \. —
. \‘ .\*\'- \ —]
A | o ) \__\- — . i
/‘é\ \:’;\0 \ SN x;\(’S\o GeV) \\ ]
N v =20 N ]
ARY N —

L \% =
\ ............................................................
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Searches ror
Reparity violatng SUSY

* epu final states
* multi-lepton signatures
* bilinear RPV
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R-parity violation (RPV)

o R-parity: R =(-1)3(B-L}+2s -> R=

+1, for SM particles

o —1, for superpartners
L-number violating terms

A

~ .~ ~ - A
Wip = NijeLi Ly ER, 4+ X; 5 LiQ; Dy @ N UE DS DY
W_/

bilinear terms B-number violating terms

» R-parity conservation hinted but not required by proton stability

Rp conservation Rp violation

Sparticles produced in pairs Single sparticle production possible
Neutral and colorless LSP LSP may be charged and/or carry color
Stable LSP — gives rise to high LSP decays — possibility for new signals
missing momentum e potentially long LSP lifetime

 MET may or may not be high

* exploit LSP invariant mass
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CMS Simulaticn
RPV SUSY at LHC I
;600— : —_
. ;Q; : —s— Hadronic RPV
» LSP decays to SM particles s} — Loptonic RFV | 3
— no MET in trilinear RPV wo- E
« Examine S; instead o 3
o S; = sum of jet+lepton 2°°:.‘ e E
p;'sand MET i e MET -
= a.k.a. “inclusive effective mass” 05—z 300" ‘m:'ﬂ;m
 (GeV)
* S;recovers the low-MET signal oS Simuaton
* Many signal regions explored by £, =~ ' 3
CMS g 80— |+~ Hadronic RPV | | I E
» MET and H; selection A il + ,i I 3
- ST selection sof. "ﬂ iy -
= electrons, muons and taus 40 1 4 1
30— + 1+
20; ‘+§+o ++ ?
 Leptonic RPV: lepton number violation, A, N’ “E ‘ ma ST
« Hadronic RPV: baryon number violation, A Oy—550 300500500 000 1200400 1806 1 508 2000




2

V.A. Mitsou  IMFP2012
Selection N(7)=0 N(T)=1 N(1)=2
obs expect obs expect obs expect
4¢ Lepton Results
4¢ (DY0) Sr(High) 0 0.0010 & 0.0009 0 0.01 + 0.09 0 0.18 + 0.07
4¢ (DY0) Sr(Mid) 0 0.004 £+ 0.002 0 0.28 + 0.10 2 25+ 1.2
4¢ (DYO0) Sr(Low) 0 0.04 = 0.02 0 2.98 + 048 4 35+ 1.1
4¢ (DY1, no Z) Sr(High) 1 0.009 £ 0.004 0 0.10 £ 0.07 0 0.12 + 0.05
4¢ (DY1, 7) Sy(High) 1 0.09 + 0.01 0 051+£015 0 043+0.15
4¢ (DY1, no Z) St(Mid) 0 0.07 = 0.02 1 0.88 + 0.26 1 0.94 + 0.29
4¢ (DY1, Z) Sp(Mid) 0 0.45 & 0.11 5 41412 3 344009
4¢ (DY1, no Z) Sy(Low) 0 0.09 + 0.04 7 55+ 2.2 19 137+ 64
4¢ (DY1, Z) Sr(Low) 2 0.80 £+ 0.34 19 177449 95 60431
4¢ (DY2, no Z) Sr(High) 0 0.02 + 0.01 - - - -
4¢ (DY2, 7) Sr(High) 0 0.89 + 0.34 - - - -
4¢ (DY2, no Z) St(Mid) 0 0.20 + 0.09 - - - -
4¢ (DY2, Z) Sp(Mid) 3 79 £ 3.2 - - - -
4¢ (DY2, no Z) Sr(Low) 1 24+ 1.1 - - - -
4¢ (DY2, Z) Sr(Low) 20 20 + 12 - - - -
3¢ Lepton Results
3¢ (DYO0) Sr(High) 2 1.14 £ 043 17 11.2 £ 3.2 20 225+ 6.1
3¢ (DY0) Sr(Mid) 5 7.4+ 3.0 113 97 + 31 157 1814+ 24
3¢ (DY0) Sp(Low) 17 135 £ 4.1 522 419 + 63 1631 2018 + 253
3¢ (DY1, no Z) Sr(High) 6 3.5+ 0.9 10 13.1 4+ 2.3 - -
3¢ (DY1, Z) Sr(High) 17 18.7 + 6.0 35 30.2 + 4.8 - -
3¢ (DY1, no Z) Sy(Mid) 32 25.5 + 6.6 159 141 + 27 - -
3¢ (DY1, Z) Sr(Mid) 89 102 £+ 31 441 463 + 41 - -
3¢ (DY1, no Z) Sr(Low) 126 150 + 36 3721 2083 + 418 - -
3¢ (DY1, Z) Sr(Low) 727 815+ 192 17631 15758 & 2452 - -
Total 4¢ 37 42 + 13 32.0 321 £ 5.5 124 85 + 32
Total 3¢ 1021 1137 &+ 198 22649 19925 4 2489 1808 2222 + 255
Total 1058 1179 &+ 198 22681 19957 &+ 2489 1932 2307 + 257

No significant

excess of events
observed so far

Leu T
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Multileptons: constraints on RPV models

* Gluino vs. squark masses in GMSB RPV

CMS {s=7TeV, L=4.98fb" CMS (s=7TeV, L=4.98fb"
2000 . — — : —T T
> ! 95% C.L. CLs Limits | > | 95% C.L. CLs Limits
9 - == NLO observed . 9 1500 - NLO observed__________
ém - #2 NLO expected +16 - éc» i =% NLO expected +1 |
1500 s N, - == NLO expected+2c—

----- NLO expected +2¢

1000

Aeur — L-RPV N 4 — H-RPV
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d
e reSO n a n Ce s " Tarias o' Datoolt mm FakeBkg.
O 10 5 =7 ToV —— Total Bkg. WW/WZ/ZZ
& Top  eeee V(650 GeV)
E ILdt=1.07 fo! WM Zyswn  — - Z'(700 GeV)
Ic
* Search for an excess . E .
in high ep invariant mass 1
» Clean signal: look for exactly one 10
isolated electron and exactly one 10°
. . . s
isolated muon with opposite charge g 2
© 1P0e0ueqeyy -9 TH4L - <di [ -of- oo
and p; > 25 GeV ° ML L S O
0 200 400 600 800 1000 1200 1400
me, [GeV]
L UL S S S B B B L L LI S S L B B
N (a) ATLAS Theory &, = 0.11,4,,, = 0.07] S+ (b) : ; .
O 10' \s=7TeV B Theory2,,,=0.10,1,,, = 0.05 " ATLAS ! ; 7
:';'\ ; J- Ldt = 1.07 fb>1 = Observed Limit ; 10_1 L : !:' _
q:s)~ B e Expected Limit ] E J Ldt = 1.07 fb-1 : R .
E 103 — |:] Expected Limit +1c 4 C 5' 7
(a8 - [ Expected Limit+2 o E B oy ]
X ] — — ATLAS 2010 limit ] = : —
© 1025‘ 3 102 - —
- - = - -
o - . n Ay, = 0.07 (ATLAS 2011 data) |
9 - . - L~ Ayyp = 0.05 (ATLAS 2011 data) |
S 10 SNSAL SO i w1, = 0.01 (ATLAS 2011 data) |
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el continuum

> T T T IS (ma 95 Gev) |
1 1 7 1 1 Q102 otal Background 5
» Similar lepton selection criteria O [uaozrw e e
S F W Zy T ]
as for ey resonance % 10l —J
€ E
o mg, >100 GeV S ]
L - _
1 =
. Ad)e“ >3 d » ¢ : :
o MET < 25 GeV | =,
I t ; 1_ ' -.-z
d  —5—— S © 100 200 300 400 500 600
231 m,, [GeV]
- 3 L L B NN BN N B AL AL = N_N =
o) 10 - AITLAS " —— Observed Limit ] . Q
— N s e Expected 95% CL Limit] <140" —
© j Ldt=2.1 fo' ] Expected Limit+ 16 & ;
’ [ Expected Limit+2c T - N
—— Theor o . < .
|7~131 7‘231| = |7V132 7"232| =0.05 10 ]
2 12 _
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_____________ =< i
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Bilinear RPV

Bilinear R-parity violating (bRPV) terms in superpotential
introduce neutrino masses and mixings in an natural way
o RPV parameters constrained by neutrino measurements:

Am_ 2, Am_? tan?0, , tan?0_,
* bRPV couplings embedded in mSUGRA
o Same cascade decay %,° decays M W
o LSP decays at the end S
e Large variety of final states 293 | ’

o most involve leptons and taus
Features high MET originating
mainly from various LSP decays -
to neutrinos K“‘-s Tev

14.8
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Bilinear RPV & 1-lepton analysis

* Event selection:
o exactly one isolated muon with p; > 20 GeV
o veto for events with at least one electron with p; > 20 GeV
o requiring 3 or 4 jets with loose or tight cuts

bRPV MSUGRA: tanf = 10, A = 0, >0

;‘500_||IIIIIIIIIII.IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_
& 5 ATLAS L™ =1.04 fb!, \'s=7 TeV — Observed CLg 95% CL i
Q - 1 muon, > 4 jets, tight SR .
R — Expected CLs +16 7]
- T d(900Gev) ] Signal Fitted
400 - <! Observed
. region background
350 3)L 58 64 + 19
3)T 11 139143
300
4JL 50 53116
250 1 11 L1l 1 |~'|41 1 |
100 150 200 250 300 350 400 450 500 550 600 4JT 7 60 B 27

* 95% CL exclusion limits for mSUGRA bRPV



Searches yor leng=livee partcles

* displaced vertices
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Long-lived particles in SUSY

GMSB: NLSP decays to LSP ("G) only via SMP LSP Scenario Conditions

-----------------------------

the (Sma”) gravitaﬁonal Coup“ng 5 X! MSSM: 7 mass (determined by mZ, .. tan 3. and A;) close to {7
llllllllllll Klllllllllll’ n]ass.
] Nmesﬂ: non_pointing photons [ G GMSB] Large N, small M. and/or large tan j3.
0 ~ gMSB  No detailed phenomenology studies, see [20].
rz 1 —_— G + ’Y SUGRA  Supergravity with a gravitino LSP, see [21].
1 MSSM  Small ms,_,, and/or large tan 3 and/or very large A-.
] Nmesﬂ; penetrati ng sleptons AMSB  Small m, large tan j.
JgMSB Generic in minimal models.
long a G A2 above). & and j dal £
’Z S G + f [ in G GMSB] Sl,n;ants:;(sjeem l:e). & and ji; co-NLSP and also SMP for

1 JMSB €, and ji, co-LSP and also SMP when stau mixing small.

Split SUSY: squarks are heavy, suppressing o .

X7 X1 MSSM: My — Mgo S My Very large M, =22 TeV > |u| (Hig-

gl uino deca ys """""" A """"""" gsino region) or non-universal gaugino masses M, = 4Mo.

with the latter condition relaxed to M, = M, for M, < |u|.
. : Natural i O-II models. where simultaneously also the § can
m colored heavy particles (R-hadrons) ; be long-lived near dgs = —3

AMSB| M, > M, natural. m; not too small. See MSSM above.

R = g qq ) g qqq: gg |g X1 MSSMI Very large m} > M3, e.g. split SUSY.
. . G GMSB SUSY GUT extensions [22-24].
AMSB (or in fine-tuned MSSM): } eeions (2224

MSSM  Very small M3 < M ». O-I models near s = —3.

NXli and ~X10 are mass degenerate GMSB  SUSY GUT extensions [22-26].
. . . . t Y] MSSM  Non-universal squark and gaugino masses. Small mg and
= |ong-lived chargino (decay on flight - kink track) My, small tan 5, large A;.

I Small mg and M3, large tan 3 and/or large A, > A;.

~ * ~ 0 +
X1 — X TT
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Displaced vertices: analysis

e RPV:LSP decays 4 — 180 mm from
the interaction point for couplings ’,;# 0
 Search for high-impact-parameter vertices: |d,| >2 mm
o trigger: high-p muon
o SM-particle late decays = require high mass & high track multiplicity

o overlap of high-p; track with hadronic interaction vertex

— veto to vertices reconstructed within regions of high-density material
m. = 700 GeV, mi =494 GeV

v

ATLAS

simulation

Run 165821
Event 1605517

....................

Pixel modules
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Displaced vertices: results

¢ Number of events passing the « Upper exclusion limits at
selected requirements except for 95% CL for different squark and

the mpy and Npyeraes neutralino masses
« No data events observed in the

signal region

5‘ T | T T T T TTTT T T T TTTT T T T T TTTT
210k
.3 . 1
~ 10 L - —=— 700 GeV §,494 GeV ¥
S 1.6 e 102L —+— 700 GeV § 108 GeV 7
3 c 8 —+— 15TeV§, 494 GeV
£ 102 14 2 f —— 150 GeV §, 108 GeV %’
Py o N PROSPINO: 6(m_ = 150 GeV)
2 1.2 Q10 3
] 7 PROSPINO: 6(m_ = 700 GeV)
> <b g
- — 1 8
= " Signal region S
100 = 0.8 O =
= ATLAS 1 los :
= ILdt =33pb” | 1 ATLAS
0.4 LI = E
1 & Data 2010 — det =33pb™ ]
_ 1 —0.2 .
.S|gna|MC : 10'2 || | | ||||l| 1 Il 1 ||l|l| 1 1 I
| | | | L1 | Il Il Il 1 0 1 10 102 103
2 3 4 5678910 20 30 40
Number of tracks in vertex cT [mm]



V.A. Mitsou  IMFP2012

95% CL Lower Li

earches* -

its (Status: M

T T T

S U SY S e a rC I l e S MSUGRA/CMSSM : 0-lep + ['s + Er e,
MSUGRA/CMSSM : 1-lep + j's + £ ...

| . . t

MSUGRA/CMSSM : multijets + E ..
Pheno model : O-lep + j's + E ..o
Pheno model : O-lep +j's + E; ...
Gluino med. %" (§— q@x’) : 1-lep +j's + E e,
GMSB : 2-lep OS__ + E; e
GMSB:1-t+j's+E
GMSB:2-t+j's+E
GGM :yy + ET'miss
Gluino med. b (§—bbi) : 0-lep + b's + £, .
Gluino med. t (g—)ttx ):1-lep +b-j's + E; o
Gluino med. t (g—mx ): 2 Iep (SS) +i's + Er s
Gluino med. t (g—mx ) multi-'s + E;
Direct bb (b,— by,): 2 b-jets + Ey e,

Direct tt (GMSB) Z(—)II) + b-jet + E
Direct gaugino (% xz - 3Ix ): 2-Iep SS+ E;ms
Direct gaugino (% L - 3Ix ):3-lep +E; miss
AMSB : long-lived . x,
Stable massive particles (SMP) : R-hadrons
SMP : R-hadrons
SMP : R-hadrons
SMP : R-hadrons (Pixel det. only)
GMSB : stable T
RPV : high-mass ep
Bilinear RPV : 1-lep +j's + E; ..o
MSUGRA/CMSSM - BC1 RPV : 4-lepton + E; ..
Hypercolour scalar gluons : 4 jets, my=m,

Inclusive searches

T miss

T miss

Third generation

DG

71

, CMs Prellmlnary s =

—2011 lelts

Long-lived particles

===:2010 Limits
tanp = 10, A0=0, u>0

RPV

m, , (GeV/c?)

T T T

TTTTT | —
G=gmass
§=gmass
gmass (large mg)

Gmass (m(@) <2 TeV, light 7)
Gmass (m(@) <2 TeV, light %)
§mass (m(7;) < 200 GeV, m(7")

g mass (tanf < 35)
g mass (tanf > 20)
g mass (tanfs > 20)
g mass (m(i?) > 50 GeV)
gmass (m(7) < 300 GeV)
gmass (m(75) < 150 GeV)
g mass (m(i:]) <210 GeV)
gmass (m(7;) < 200 GeV)
b mass (m(%;) < 60 GeV)
Tmass (115 <m(7) < 230 GeV)

7, mass (m(7;) < 40 GeV, z, m(%,) = m(Zy), m(i)

i: mass (m(i‘:) <170 GeV, and as above)
%, mass (1 <%(%,) <2 ns, 90 GeV limit in [0.2,80] ns)
gmass
b mass
Tmass
g mass
T mass

¥, mass (43,,=0.10, 1,,,=0.05)

G =g mass (¢t gp < 15 mm)
g mass

sgluon mass (excl: m,
1 L 1 L1

<100 GeV, mg,= 140+ 3 GeV)
[ 1 L1 11

J.Ldt =(0.03-4.7) o
fs=7TeV

ATLAS

Preliminary

=2m(@)rm(@)

= 2m@) * mz))

R YOI N

A MulthL.epton EA .
_:- .21

200

1

10
Mass scale [TeV]
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Summary & outlook

» Supersymmetry (-like) signals have been sought after by the
ATLAS and CMS experiments

- motivated by various models/topologies: strong production, 3
generation fermions, degeneracies, R-parity violation ....

o ... leading to a wide spectrum of signatures: MET + jets + leptons/
photons/b-jets/taus, displaced vertices, resonant peaks, ...

o both techniques and strategy keep evolving

* No deviation from known SM processes observed so far
(5 fblatvs=7TeV)
— approaching/reaching the 1-TeV scale
* Future: SUSY may be “hidden” in:
o light stops / sbottoms / staus
o R-parity violation
» long-lived (s)particles
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Backu@..
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SUSY in view of Higgs (non-)discovery

* If a light SM-like Higgs ~ 125 GeV is discovered
— fully compatible with SUSY

= however for BSM to be established, we need to observe
- deviations of Higgs couplings from their SM values
- additional heavier non-SM-like Higgs boson(s)

(0gge xBr(d—yy))Mssm/(0gge XBr(@—>yy))sm

* If not = departure from $2 =7 Tev
T 1.0, —————
decoupllng limit 085 Ezggg:::ﬁ:ﬂgﬁo
- light stop suppresses § | mx miing, =60
h = vy, WW g0
> light neutralino leadingto  £04 120 OV
invisible Higgs decays % 02
H -"-_-;'-_‘—_'—_':":'—"f’f‘;
h - XX. 0? -“"-'-'-‘-=:-:::-_-,,7.==-I--mi’=.=_7-_7:-===--
00 200 300 400 500

(also favoured by DM fits) | my (GeV)
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R-parity violation and dark matter

» Gravitivo LSP with cosmologically-long lifetime
* Bilinear RPV: neutrino masses are generated in an

intrinsically supersymmetric way
» Signal: monochromatic gamma-rays G — Y

1031

* Constrained by

V 0SC.
y ray line

» v-oscillations
- DM relic density Q h* &

» y-ray line searches 107

( Fe rm il E G R ET) 102?).2 0..5 1 0 "IO 5..0 1(;.0 200
mea(GeV) —

1
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bRPV with gravitino LSP and LHC signatures

* If lightest neutralino is the NLSP, a variety of
signatures are predicted .,
)Z? — hol/i,

~0
X1 — YV,
~0 +

X1 — ZOI/Z

* Neutralino can also decay - o(GSgV) ST
to three fermions

* Neutralino is also long lived
» displaced vertices

« — Many final states to be explored
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BeyO N d b R PV HVSS M Munoz, Lopez-Fogliani, Ruiz de Austri et al.

* u-from-v Supersymmetric Standard Model has been
introduced to solve the p-problem of MSSM while

keeping the 0
bilinear RPV couplings, ol
. 10°
and the associated ol
. . g0 F
connection with Bl
neutrino masses o
 Very rich phenomenology ¢
o= many Higgs and neutalinos 10° 10?

o lifetimes longer than in bRPV
o gravitino dark matter also possible
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Direct sbottom pair production

« Signature: exactly 2 b-jets + E;™!ss = use flavour tagging
* Interpretations: pheno. model with Br(b, — bk ) 1

> Trrr I IIIIIIII I TIrrT I TrTT | TTTT | llllllll | TITT I TTTT I TTTT I TTrTT I TTTT I LI I LU I TTrTT I TTrTT
50 T -
" ~| N T | T 11 |~ I T 17T | LI L L T |. l. T T T T ] 8 ATLAS L Y Data 2011
% 350 5.5, procucton B be? | = CL, Obsenled Limit@b%CL) 3 | O | _ I o 4 <w o :
o - Y e CL, Expected Limit (95% C.L) d X IL dt~2.05 " Ns=7TeV T - 1
‘—?‘x,_ 300 . - CL, Expected Limit +1¢ . @ 40 T V/ : E top, W+hf .
- i:f:::] + 106 NLO scale unc. ] E | 2jetexclusive T Z+hf ]
€ - M coF2. 651fb‘ i 105 [ others ]
250 :_DDoszﬂ) ATLAS - 30:_ T ---5300,)° 100 GeV
- Q5 det =205f'\s=7TeV [
200 |- o R 20¢
C O’t';}‘" ) : [
150 :_ o L LRt _j 1 0:
100 b~ oot * ) T A — 0: | D 1 L 3 ]
- -Referencepoint %\ sy 3 0 100 200 300 400100 200 __ 300 400 500
50 ’ N : :'::' E mqr [GeV] ET™ [GeV]
S R _ ’ ’
| IR RN SRS VI SVERTERTUN A | NS S mCT(Vl,V2)=[ET(V1)+ET(vl)] _[pT(Vl)_pT(vl)]

0
100 150 200 250 300 350 400 0
[GeVT

2
My X (mg1 _mic?) /mg1

ding sbottom mass < 380 GeV for neutralino masses up to ~ 100 GeV
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Gluino-mediated sbottom production

Signature: O-lepton + 1 or 2 b-jets + E;Mss

Pheno MSSM model g —>bb —bb%’ || Simplified model g—=bby/

¢ Only gluino + sbottom + LSP « Only gluino + sbottom + LSP
- Mass spectrum: m(g)>m(b)>m(}’) - Massspectrum: m(b,)>m(g)>m(x,)

. ' S int _ _
g-g + b,-b, production, b,— b+i? L™ =2.05 fb"\s=7 TeV = 800 ?_? .p.ro.dl.m,“c.m. g ._)| bb“x I":(q) >> .m|(g) L 2 05 fb \ s= 7 TeV —_—
S‘ 1100 _I LI | L I L I LI I LN I I LI I LI | LI B I. I.l LI I LI I_ % : CLS Observed lelt (95% CL) : g
[} E ATLAS CL, Observed Limit (95% CL) E 0] - . CL, Expected Limit (95% CL) - 2:
G 100 " CL, Expected Limit (95% CL) T 700 e CL. Expected Limit +16 — g 10°0
ey E Olepton,3jets CL. Expected Limit +1o = e~ C  ATLAS 143
. f f S - . C . n [Te)
£ 900 - brjets combined = 600 — . 46 15 1.3 046 0.25 0.14 — | ©
- - -  O-lepton, 3 jets — T
800 - (X) 60 GeV, mf, ,)>>m(g) = C 48 19 11 046025014008  _| 47
= [ ATLAS B b, 2.05 fb‘ 3 500 — 6‘?’(\""" 53 24 082054 025014008005 — 3§ 3
700 = [ ] ATLAS GG, — B.b 35 pb-! {0 = E . \0,\‘5’ ‘ 75 2 1.3 0.45 0.23 0.14 0.08 0.05 0.03 E 5 %
= [ ]CDFbp, 265" .- 7 400 — v;‘qv' 8.1 21 0.98 0.49 0.26 0.14 0.09 0.06 0.04 0.02 —] c
— o - = C v IR T T e O D 1 |, 5
600_ I Dobp, 5.2 b B C OGN ooa_ooz ] §1 o
500 E- [ |CDF &5, —~bb25s = 300 [~ R 2gz 4 4 8
C ] C ’ § 0."92 J 4 a
- 3 C o ] Q
400 — ] 200 3042 23 095 036 649 041 008 oosoos nosoozmo ooz — <100
o C 3t 12 10.590.23 0.13 0.09 0.05 0.04 oqa 0.02 0.02 ob uoz 1 3
300 :— 100 14 5.! 15 u71oaz 0.18 0.1 0.07 0.05 0.03 ooa 0.02 0.02 od uoz —: n
200 EI 111 ‘I"l 1 I 11 1 1 I 111 1 I 111 1 I 11 1 1 I 11 1 1 I 1 1 1 1 I 11 1 1 I 11 1 1 A]zla 0990P022013 01 o?s 004 ovsoosupzoozoﬂzum : —_ 10'2
100 200 300 400 500 600 700 800 900 1000 1100 200 300 400 500 600 700 800 900 1000

eV]

my [GeV]

m G

e Exclude m(gluino) <920 GeV for  Exclude m(gluino) < 900 GeV for
m(sbottom) up to ~ 800 GeV m(neutralino) up to ~ 300 GeV



