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| am sure we all agree that a giraffe is trulaungul,
but she doesn’t seem to serve any purpose”
J. Weiss (1974)

"Theories are like fishing : only he who casts catch”
Novalis (1772-1801)

Saclay, 3-December 2012



Motivation
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Supersymmetry (SUSY) Extra Dim./Strong dynamics (AdS/CFT)
= New symmetry between boson & fermions (broken) following = Particle substructure and/or New space-time

generalisation of space-time symmetries
= |f low-scale SUSY, Higgs (H) mass stabilized
= New particles at = TeV scale (2xSM) weakly coupled to H
+ Force unified at 2 10%¢ GeV, Dark Matter candidate, gravitation

dimensions/interactions at higher scale
= Higgs (H) mass stabilized
=>New particles at = TeV scale, strongly coupled to H
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New Physics after X(125) discovery

Higgs mass range

SM (valid up to Mr) _

Split SUSY (1108.6077) -
MSSM

Composite Higgs S

GeV

50 100 ) 150 200

A. Pomarol (ICHEP Plenary, July-12)

=> Most of New Physics models still alive (stronger constraints from Higgs couplings)
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SUSY Framework (1)

SUSY Theory phase space

Dirac
gauginos

NMSSM

singlinos

T. Rizzo (SLAC Summer Institute, 01-Aug-12)

CMSSM

MSSM: 29 sparticles + 4 Higgs undiscovered

Names Spin | Py | Gauge Eigenstates | Mass Eigenstates
Higgs bosons | 0 |+1| HY HY H} H; | h° H® A" H*
l i, @g di dn (same)
squarks 0 -1 31, 8p €1 Cp (same)
iy tr by by £y & by by
€L Er Ve (same)
sleptons 0 -1 AL fg U, (same)
7, T U A
neutralinos | 1/2 | -1 | BY W° H? ﬁg N, N, N5 N,
charginos 4 1/2 | -1 W I?u I}d ‘ éf éﬁL
gluino 1/2 | -1 g (same)
Graviting) | 3/2) | ~1 G (same)

=» Goal : find hints of (N)MSSM particles
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SUSY Framework (2)

1 Weak-scale SUSY searches before first LHC SUSY resu

MSSM: 29 sparticles + 5 Higgs undiscovered

lts

Mass Limits from PDG2010 (95% CL) _ _
X.°=LSP, RPC, degenerate squarks (except b,t),

Covers most of SUSY production and decays ...

Names Spin | Pp | Gauge Eigenstates | Mass Eigenstates I=|R! Gaugino mass unification at GUT scale
Higgs bosons | 0 | +1| H_ HY H; H; h H° A H* 114.4,92.8,93.4,79.3 GeV (m, " benchmark scenarios)
i, iip di dr (same) 379 GeV
squarks 0 |[-1 8. 8p €L Cn (same)
5 5 b B o By ‘52 95.7, 89 GeV
sleptons 0o | -1 i, fir ¥, (same) 94 GeV Note: These limits are
¥, Tn U 7 D, 81.9 GeV also model dependent
neutralinos | 1/2 | -1 | B® W° H? HY | N, N, N3 Ny 46 ,62.4,99.9, 116 GeV
charginos . 1/2 | -1 w* H? I}d ‘ g Cﬂ:‘éL 94 GeV
guino | 1/2 | -1 7 (same) || 308Gev |
Graviting) | 3/2) |~ G (same)

But most in the 0-100 GeV range limited by Vs

=>» Need LHC to explore the 0.1-1 TeV (weak-scale) range !
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SUSY production at LHC

O R-Parity conserved =» sparticles are paired produced at LHC

“Dedicated” searches o(pb) N(evt) produced in 2011
. g \_ofo_q_o_o_;F 10 - — ‘ . ProspjnoZ.F P
:;gg T, copgopuesseess E’ “Energy frontier/generic” searches
8 r
9 < e 'f'“”‘j‘:* ”’”'[: S/
i s P 1 z T;%’ e ™G \
4 My g @) 5 T TN gy,
P LU : B o B,
Note: notchannef, o lower 10 & ) .., . i, [\\
] Z
~o 1T e T s
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mHVCI'i.l"C [GBV]
q I‘v

Spin structure of SUSY spectrum (ots of scalars) : lower ¢ than other BSM models
=» Searching for SUSY often means building dedicated/refined analyses
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SUSY Challenge at LHC

*MET=Missing transverse Energy

v'Later called «QCD»: fake MET (low MET for bb)

 Background !!

v +i Y= = i *
«  SUSY and Background Cross- { W-lv+jets (ISR/IFSR): I=e,l, I=1>jet, vOMET

ons
w1: // v'Z>vwv+jets (ISR/FSR): MET+jets irreducible
10
= (v tt>bWbW->bggbaa: jets and low MET (b-deca
m(& qqbaa: | ( y)

o(pb)*100

Bottom vit>bWbW->bqgblv: I=e,y, I=12>jet, v>MET
vit>bWbW->blvblv: I=e,p, I=12jet, v>MET

10"

i / vtt+jets (ISR,FSR)

s Y X with X=bb,Z,W,H, y: Predicted but not yet discovered!
7 :

1 ( : > / IéEaPtF (' Single top: Wt, tb, thqq

on
| vYWW=2Ivlv, ZZ>Illvv, WZ->Ivaq: lept., jet s, MET
exclu | _—» qq: lept., j

10 Mmoo ihoseRs -~ === === == oo Excluded by LHC 2010
m(g,q)~ 500 GeV, m(t;)~ 200 GeV, m(x;,)~ 60 GeV

_ Discoverable
1000 evts in 2011 m(g,q)~ 850 GeV, m(t,)~ 400 GeV, m(X;,)~ 200 GeV
100 evts in 2011

. 100ewvtsin2011 T - HRE0)~1300 Gev, m(t)~ 600 GeV, m(x, ,)~ 350 GeV
Too Hard

A

=>» Need to suppress QCD / WZ / top by ~ 10%°/ 10%/ 10? + estimate small remaining quantities
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ATLAS SUSY Search strategy

Mass Spectrum 1.Production cross-section 2.Decay
L. Hall (LBL Workshop, 21-Oct11)A 10 - - ‘ Prossino?] MSUSY
o sefe G2 b - o,,[pbl: pp — SUSY\‘:?::“*-\ VS =7TeV | +
[ éDisnant N
I TeV ~ Cousins” 1 |
The “Nuclear Family” T ' AM
of the Higgs A
10
500 GeV f
] by ; Am
i i () 107 I "V_l
i Z = e (missing)
3| W Ko, or not if RPV
— CIosenesstoHiggs 10 100 200 300 400 500 600 700 800 900
Msusy (GeV)

Phenomelogy »Signature
1. Strong production (low, high AM/Mg,sy) Inclusive jets+MET
2. Natural spectrum _ Dedicated searches with bjets, multileptons, jet/Z veto
3. Low Am, tiny RPV, weak couplingto G Long Lived or meta-stable sparticles
4. ‘Sizeable’ RPV Multileptons (inc. tau), No Z, jet resonances, LFV
5. MSSM Extensions? Scalar Gluon, Dark Matter direct production

= Phenomenology oriented searches
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2011-2012 ATLAS SUSY searches

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults

O Use the (fantastic) machine and detector to search INn every corner

2011: L. =6 or13fb1

Electromagnetic Calorimeters | n t

int

=lor 2 or 4 7t 2012: L.

‘.'._‘ C Solenoid Forward Calerimeters "‘_‘ SOJII‘IIII‘_IIII"““‘lIII,““““
a 7 ATLAS Onlwne Lummosny \s= 7Tev S a I ATLAS Online Luminosity \s=8TeV
= . End Cap Toroid — =
= E [ LHc Delivered 4 Z o5 [ LHC Delivered
8 6? [] ATLAS Recorded é F ] ATLAS Recorded
E 55 fotal Delivered: 5.61 b E  20[ Total Delivered: 22.2 "
= F Total Recorded: 5.25 o' %‘ [ Total Recorded: 20.8 fb"
8 4 kil F
= F s 15—
g af g
E g Non operational channels: 0.1-4% £ qof
© e [ -
g Data taking efficiency: ~95% k] B
= F L 5k

= Good quallty data: ~94% .

3 | > =~ i/ \ E 1 1

2(3),'02 30/04 6 30/08 31410 Barmel Torold Inner Detector e i Shielding 28/03 28/05 28/0 27/09 28/11
Day in 2011 Day'ini2012
22 papers
15 papers —
B — 10 CONF Notes
st et o) KakinRe e

Short Title of the CONF note L (ft’") | Document w

oay b+ Etmiss.
[Direct long-lived charginos - AMSB] uw

22 s+ 01 toptone  jots + Gt (GhSE] e 7 a7 re 1221 3 leptons + Etmiss [Direct gauginos] NEw 1172012 8 130  ATLAS-CONF-2012-154 Link
45+ s o et st Marophoton FADOD, WIME] v ar Bubmited 1o PRL
Py S e Z 2 Sk 4 leptons + Etmiss [RPV] NEW 112012 8 130  ATLAS-CONF-2012-153 Link
Tt B et ] S L A% e b 0 iepton + >=3 b-jets + Etmiss [3rd gen. squarks] New  11/2012 8 128  ATLAS-CONF-2012-145 Link
o P : Ameapws oy EPC =

it ] s o ar Pt 3 leptons + jets + Etmiss [3rd gen. squarks] NEW 1172012 8 180  ATLAS-CONF-2012-151 Link
2 bty + s 6] 7 ar Accopted by PLE =

s+ + B 7 a2 SR TS Monojet + Etmiss [WIMF, graviting prod.] NEw 112012 8 105 ATLAS-CONF-2012-147 Link

[ S e LT s Z + jets + Etmiss [GGM, higgsino NLSP] NEw 11i2012 8 58  ATLAS-CONF-2012-152 Link

O lepion « m(G-3) eis + Eliss cemore 7 ar - Y 557 £ .

0 ieptons + >=2-6 jets + Etmiss 08/2012 8 58  ATLAS-CONF-2012-109 Link

6 CO N F Notes 0 leptons + >=6-9 jets + Etmiss 08/2012 8 58 3 Link

1 lepton + >=4 jets + Etmiss 08/2012 8 5.8 Link

1 pnotan + 1 feptan + Etmiss [GGM, wino NLSP] New 1072012 ¥ 2 same-sign leptons + >=4 jels + Etmiss 082012 8 58 ATLAS-CONF-2012-105 Link

1 fepton + >=7 fers + Emiss 10r2012 a7

3 lepions + jets + Etmiss [3rd gen. squarks] 0872012 47

Snor T o e CONF ot | Pocs 2 bejets + Etmiss [Direct spottom) 08/2012 a7

General new phenomena search 08/2012 4.7 AT 7 Lo “
Disappearing track + jets + Emiss 032012 a7 A NE-2012 "
FAMSE Strona Prod.] I\

=» Today show highlights of the 7 TeV & 8 TeV results

430 -iogons + Emss Paspreaen (BPV)

NN N NN
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Inclusive searches

Mass Spectrum Production Decay
L. Hall (LBL Workshop, 21-Oct11) 10 | P ) Msusy
M ssdesGig b ] i o, [pb]: pp — SUSY VS =7TeV 1 (hlgh) Pt jet
! “Distant
1Tev _L _L | Cousins” 1 AM
w-"'""_
[ : \ ae pt jet
0
500 GeV_| i
10 e . lepton
il o (m|ssmg) \
(+)B ~ gamma
G o N
100 200 300 400 500 600 700 800 900 MET ~ AM

«— Closeness to Higgs

Msysy (GeV) H:=2 p; (et) [+ p 1 ()] ~ AM

1. Strong production (low, high AM/Mg,,5y) = Inclusive jets+MET

squarks/gluino cascade : O lepton + 1-9 jets + MET

Massive

LSP=%,0 squark/gluino cascade + leptonic gaugino/slepton decay . llepton (e W) + jets +MET
Al

gluino cascade + leptonic gaugino/slepton decay  : 2leptons (e p) same sign + jets +MET
~|V|assle~ss{squark/qluino cascade in GMSB / GGM _ :[(1)2 leptons [e,u,T] + jets +MET
LSP=G WHMET, y++MET, y+b+MET, Z+MET
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Inclusive searches (1)

ATLAS-CONF-2012-109

4 ‘Standard’ Olepton + jets + MET searches : Mostinc  lusive ! > ¢
= Olepton : highest branching ratios generally in g=>qx,° and g=>qqx;°
= Design 12 (inclusive) signal region to cover most of the phase space

Chiiiiel SUSY model: m Jq = 1.0/1.4 TeV
Ratsaent A B c D E T by [Laleen
2-jets 3-jets d-jets 5-jets 6-jets SRD - 5 jets * Data20t2 (s -8 TeV) |
. { EMs[GeV] > 160 102? - I\SJ,II\‘ZII;rl‘J%LtJ(1e;cm,400,0,10LE
Trigger T g 1f & single top ]
prji) [GeV] > 130 . _ il
(| pr(ja) [GeV] > 60 5 2 Mgy, MDBcOr
pr(j3) [GeV] > - 60 60 60 60 10 ' 3
Pile-up ¢ "y (Gevy > - - 60 60 60 - :
pr(Js) [GeV] > - - - 60 60 1 : DSit F_
| PrUs) [GeV] > . - - - 60 - . ]
QCD { Adjet, EN%) iy [rad] > 0.4 (i=(1.2.3)) 0.4 (i = {1.2.3)).0.2 (pr > 40 GeV jets) g rru il
rejection EX™ meg(N j) > 0.3/0.4/0.4 (2j) | 0.25/0.3/-(3j) | 0.25/0.3/0.3 (4j) | 0.15 (5)) | 0.15/0.25/0.3 (6) 2B F I:'l:':' -
Mg men(inel) [GeV] > |(To00§G00/1000>] (90900 | G900)300/1000)] (700~ | (03007100 L S e ——
00 500 1000 1500 2000 2—5:30 annn RN0N 4000

Mg (GeV)

=> 5 Tight (@ and 7 Medium/Loose (@ signal regions
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Inclusive searches (2)

ATLAS-CONF-2012-033

Q illustration: Background for  24jets + MET + M, (incl.) >1200 GeV (7 Tev) | ™ lbar+jets
m W+jets

W+4jets CR3 (1 lepton, O bjet, mT) Top+4jets CR4 (1 lepton, 1 bjet, mT)

> F : : I ][Lm 715" I ‘ F I I I £Ldllz4.7!b'l IE I:I V Jets
8 * Daazor: Ns=T7TeV) L . si‘ﬂ'“f‘“:‘ fs=7TeV) -
=3 = ol — otal
% 102? _ l:lu'vzi;gssing\emp Eu ?necissmgletup E I:I QCD
2 I Z+jels W Zjels 1
£ r I Diboson I Diboson ]
i} N M+SU(500,570,0,10) 2| A== === === —m—m—m—m—m—m—m———— ==,y [ | T .. SM+SU(500,570,0,10)

0L ] . - SM+SU(2500,270,0,10) |

o SMeSU(2500270,0,10) ] c= Transfer faCtOr
ATLAS Preliminary
i CR4 SRC

ATLAS Preliminary

o)y 60; 4=o517 p= purity
: Ly ? CR>SR
= 25 : Ldl I - .o 1] -
[t =
FRL S A———— + E: —__» CRa>CRb
'g_ “éE i *-h S 4“"*‘6*4**’1{'”"" >
0 500 1000 1500 2000 2500 _ 3000 05
i . 0 500 1000 1500 zobu 2500 3000
Mgglinel.) [GeV] SR (Olepton+4jets+MET) emgncl) [GeV]
—— T T T T
i > 3 »
djets CR1a 5 10 [Lo-szm . CD CR2 (Ag(,MET)<0.4
Y4 g E o Data 2011 {s = 7 TeV) e 1039 I‘(‘I‘KJ )|)|
Ldt=471fb" 4 r Eﬁ“:n?t;,: e to 7 = E ngi a7’ 3
« Data 2011 (is=7TeV) 5 I e 1 © F ® Data20t1fs=7TeV) ]
— SM Total & arel_ Ty | = r — SM Total
10° E 1 and single top 3 @ 10 = I W+jets = = 1t and single top
E + B Weiets E = E -qugon 3 =~ 102 [ W+jels —
W Z+jets = F [ multijet = 8 = . 7+ jets 3
[ Vy -+ ets (Alpgen) L - SM+SU(500,570,0,10) 7| £ — el ]
‘:” +ists (Alpgen). r o SM+SU(2500,270,0,10) ] w L )] Bes smswsm s0010)
= ATLAS Preli - e SM4SU
e 3 ¥IZ tig QCDeQeD )
[ b 45 ] ﬁ E H : — r 3
I 1 c=037#011 | T Signal Region c=0.00260.006
E E 1E
E - 0, — “ ” E
p~100% : l J Cut & Count p=15% ;
QO s5FE- ” 3 F -
Z 18 f ' = 5 25
E | O Srseees, o b IS e % 25 - = < 15 SRR . 7 /0L <
g 02 9 ok o ke odr R e
0 500 1000 1500 2000 2500 300 < 15 Sy g || § [= 3| TN L L
meffinel =z = DS o T cil o o [ S, 0 500 1000 1500 2000 2500 3000
< 0'8 B il % o || Meg(incl.) [GeV]

500 1000 1500 2000 2500 3000
m_q(incl.) [GeV]

=>» Errors contains exp. (Jet Energy scale, btagging) and theo. (PDF, scale) syst.
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Inclusive searches (3)

ATLAS-CONF-2012-109

d Interpretations for high M 5y, large AM/Mg sy > ¢
= As no excess, set limits by choosing the best expected signal regions
= Governed by tight signal regions (At, Bt, ...)

MSUGRA/CMSSM: tanp = 10, A 0, >0 Squark-gluino-neutralino model, m(io) 0 GeV
’u? ; 800 : I 1 | 1 - 4 “I“’ 1 1 | I \I T 1 1 l AW 1 1 I I\ T 1 1 | I 1 T T (% > 2800 L T T T I T T l} I I: T T I T T T I T T T I T T T I T T T | 1 T T ]
™S N ATLAS Preliminary-— \LnL 5815, 15-8 TeV it 82600 C o ATLAS Preliminary -
o | E "'-C4jt X \‘\ thon comblned \'\ R ch E C ]
— b= \ ) ) o - ) =
< £ 700 o O I ) R Obsened it ¢165) S | EH0F t JLdt: 5816, (s=8TeV

= ; \g s B o T X C . ]
g 650 = \ === Expectedlimit (H1oy,) - - g 2200 [~ Ly 0-lepton combined —
g E— V[ Observed limit (4.7 o, 7 TeV) N 4 C ' . Observed limit (t+165%) 3
g | S00F 1400 G \ 2| 00N\ . 00— =
S 550 c 7 - Non-convergent RGE . — E --~ Expected limit (+1a,,) &
= = =< 1800 — : —
9 el - N°lEW 58 ‘ < E Byt [ obsenved limit 716", 77ev)
S| F D” el | Vb 5| teof r
o B LT s diass ] C ]
) 450 =\ < 1400 — T eSS -
£ - S s T
a T =) E 5
7 400 ERNE ? 1200 =
c E @ @ C 4
o = 8 3] [E =
O 350 & o | . , = 1000 - =

B e \ \ e [ -
g 300 Sy I—\_J“TVT—V’—-'.J‘—' _r'-}—"_“_"_"J"QL el % Coovo P v b v b v Py v b By gy 1oy o
> 500 1000 1500 2000 2500 3000 3500 ™ 800

800 1000 1200 1400 1600 1800 2000 2200 2400

m, [GeV] gluino mass [GeV]

= For m(squarks)=m(gluinos), exclude below 1.5 TeV
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Inclusive searches (4)

arXiv:1208.0949

4 Interpretations for lower AM/Mg,sy (‘cOmpressed spectra’) *
= Models with compressed MSUGRA scenarios AM/Mg,sy from 0.85 to 0.15  Pros4 (2011) 015004
= Best expected are Medium (m) and Loose (l) signal regions for AM/Mg,gy lOW

Compressed SUSY model

c‘) T T T T | T T T T | T T T T ] T T T T I T T T T T T T T I T T T
= | |
£ 1200 |- ATLAS ] _
% — Combined ] M UGRA'“ke AM/MSUSY = 085
H T [Ldt-4.7 5", Vs=7 TeV ]
w — 2
g 1000 [ === Observed limit (x1c525Y) ! =
o L ——— Expected limit (£10.,,) At 4| More
2 — Q Am = and
[ = Am i
S 800 — sF R 2= more
= B L 71 compressed
™= | _
600 —
400 — gl =
200~ e —
o = =5 1 | 1 1 L L | 1 1 1 1 I 1 L L 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 N
600 700 800 900 1000 1100 1200 1300

gluino mass [GeV]

=» Gain in sensitivity in the compressed spectra for m(gluino)<1.2 TeV
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Inclusive searches (5)

ATLAS-CONF-2012-103

O What if trigger is ampering our SUSY signal ? N g

= Multijet trigger, look at higher jet multiplicities (6-9 jets) & cuts on MET/NH;
= Very sensitive to long decay chain: g=>qgx;*=>qqqax.°, g=>ttx;° =>qgaqqgax.°
= Change background composition: Multijets, ttbar all hadronic dominates

g-g production, g— ﬁ'i? Ldt=5.8fb"Ns=8TeV

Q T I T 1 I T 1 1 I T 1 1 I T T 1 I LI I T T 7T I MR S | ;‘ 1 | T T 17T ‘ TVIiTT13 I 1711 I T T 11 | T -T“-'] [ Ta L1 I TTrr1rr [ -H
S 8 e Data2012 (\s=8TeV) Q 600 [— o e ed limit (216%05Y) : -
[<b] 1 0 IL dt - 58 fb e B M . = “theory —
&3 Baclfg‘;rourid pnfdu:tton C')T | s Expected limit (+ 15,,.) Multi-jets plus E;nlss ]
[ ATLAS Preliminary —— Multijets (inc. i qa) =T 3 b-jets obs. (7TeV ]
~10 Y =3 sherpatis g E_ T : ) iikiies. ]
@ erpatt> g\ 500 |— 0-lepton, 26-9 jets obs. (7Tev)| ATLAS Preliminary _|
= B Gherpa W (S 45)¥ C Al limits at 95% CL .
210 I Sherpa Z— vv E = i
o o | e SUSY §-900, %;=150 B & ]
10? ) . 400 [~ 7

g ’++ =9 jets p, > 55 GeV C ° .
- 4 ;
T [ (N T v, sool- = _

1 i L : :

1 B ]

10 - — 200 |- —

1 0_2 1 1 il ‘ ' 1 1 L I 1 1 L I 1 L L I 1 L 1 I L L 1 L L 1 : ': :

g 2 T T T T T T T = ‘ -
il L = z 11
:@05; ¥ g ool oo b v oo Mo befi o By gy 1T
8 of 10 12 14 1-6 500 600 700 800 900 1000 1100 1200

o
N
B
o]
o]

E_rpiSS/\ HT [Gev1.’2] m§ [GeV]

= Small event overlap wrt standard Olepton+jets+MET searches
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Inclusive searches (6)

ATLAS-CONF-2012-104

O What if ‘one’ lepton (e, W) is present + 24jets + MET ?

*

= Generate high p; lepton when g=>qqx,*-=>qqW(Iv)x,° or intermediate slepton

v Single lepton trigger is sufficient

v" Lower QCD multi-jet background: can remove A@(j,MET), and relax pT(jets)

1G_I TT | TTT | TTT I TTT | TTT TTT I TTT ‘ TTT I TrT I TTT | LBL L] I T I_
r +Data(2012) 1 ]
of-#SM Total ILdt=5.8 fo, \s=8TeV J
F  multijets =
F =Wijets Electron channel .
:_IZ+jets Signal Region =
£ =Dibosons =
> F = ATLAS Preliminary
& F =msingle top 3
= 6:— ~MSUGRA m =400 m, ,=300 3
o k ]
s - =
8 .
o ‘E : ]
> C ]
WoaE =
of =
E i
0_ ............. 2 fimwa

0 500 1000 1500 2000

mie (GeV)

m,, [GeV]

700

600

500

400 —

300

200

MSUGRA/CMSSM: tanB = 10, A = 0, >0

-~ T TR - *_l ' | | I 3 !{ T
ATLAS IS stiaes e — Observed limit (+1 O'SUS

N Prellm\nary LASSfb {s=8TeV —-
P —— - Expected limit (+10,,) ]

—— -<-lc%_\'k1 -lepton + 4jets + MET _]
B \0% “*L\—______ __ == Observed limit (2011) -
-‘-..-."'.-, ............... \\ LEP2 o _:
................. : % 7
— A\ _&(20 \ [[Noewss =

\ == JE—

:\.\ \ - Non-convergent RGE :

L@R_ _____
T i s % N VL U SR, |
— % .
I ‘
_————L.~_\ )
—_1 1 l 1 1 1 1 ' 1 1 1 1 I 1 1 L 1
500 1000 1500 2000 2500 3000 3500
m, [GeV]

=» Competitive at high m, where gluino production dominates
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Inclusive searches (7)

ATLAS-CONF-2012-105
O What if ‘two’ leptons with same sign (e, W) + 24 jets +MET ? *
= In MSSM, gluino are Majorana particles: gives equally g and anti-q

=>» same sign leptons from the two legs in ¥z of the case + jets +MET
= SM killer which compensates for low branching ratios = background=instrumental & tt+V

MSUGRA/CMSSM: tanB = 10, A = 0, u>0

LA L L O L I L L Y N L 700 T T T TR N T RTT TR T T RNy E T

% - — %' CATLAS. Brelimin: TUTT el e Observed limit (10h00y) ]
Q] ATLAS Preliminary i 3 9, - S i .4 ‘ 222 Expected limit (+‘Icl p—
# - = - ,*J-’L*jt-;--‘iﬁ b, \s=8 TeV \ AII'TimHs al95% CL.. .
8 Ldt=58f ,\s=8TeV 72Zsuma gl = 600 — N SO e, o t T =]
- - B : N ; pmiss —ve—o¥eY) |\ B LEP2% -
@ .HF Fake — ~ SS dilepton +2 4 jets + T A \\ | ] Nonvco:wergenl RGE e ]
_g DChargem\s‘ID(Z,tT) _: — A "'kﬁé\,_“gi ‘\ \ B NoEw SB =
= e ] u e, N B Qe (N LU - SS dilepton, 2 fb' {s=7 TeV
w [ ]oivoson . - e . \ \ \ [ R Th -{--3
van G177 (m=300GsV, m, = 800GeV) 3 ey ) \ i 7
‘ kel 400 [ \Ge
= Olepton
_: 300 = — y '.._.'".' '._.: .......
E 200
150 200 250 300 350 400 100 L L S W
) 500 1000 1500 2000 2500 3000 3500
E;"SS [GeV] m, [GeV]

=» Competitive at high m, where gluino production dominates
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O What if 2 opp. Sign lepton (e,

» GMSB: LSP is the gravitino and NLSP determines the event topology
=» Can enhance the number of taus if stau NLSP* and other leptons if selectron/smuon NLSP
= 6 exclusive channels: e-e, e-l, U-K, =174, 22 T} o €/U+T;5q + jEIS +MET

Inclusive searches (8)

arXiv:1210.1314
arXiv:1208.4688

x K

U, Tyoq) T jEtS +MET ?

% 1 04 - Da;a 2011 p ] Standard‘Madel
S ; COMultijets B Weiets
o .
IS 3 Ldt=4.7 fb . 2 B Top
fig 10 .[ @l DiBosons. [ orell-yYan
© \s =7 TeV -A =50 TeV tanp = 40
5 10° :
]
10
THU +jets
107
2 2F
g 1 g_ e ..n.'.‘.¢+‘¥ E
= o} 200 400 600 800 1000 >
= arLas |
< 10%
§ J—Ldt- 4.7 " CQNLSP
. % 1P Multi-lepton, 4-jet
S ee, e and . combined
2| + 4jets 2.
10
B e P
107"
% 2
= NS e R e e e

206 560 800 900 1000 1100 1200

* Stau can be also be light if large mixing

1300 1400 1500 1600

Mex (GeV)
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Inclusive searches (9)

O What if 2 opp. Sign lepton (e,

» GMSB: LSP is the gravitino and NLSP determines the event topology

=» Can enhance the number of taus if stau NLSP and other leptons if selectron/smuon NLSP
=>» Stau can be also be light if large mixing

= 6 exclusive channels: e-e, e-l, U-K, =174, 22 T} 0y €/U+T} g + jEIS +MET
N J _/

U, T;.q) + JEIS +MET ?

GMSB: M, .s=250TeV, N5=3, sign(u) =+, Cgm=1

40 [ oPAL 50

£ GMSB: Myoorz250 TeV, Ny=3, 40, Cyray=T1
b H\ T Observedlimit(ﬂﬁ;ﬁ:;) e~ 60 T
8 ATLAS -~~~ Expected limit (+1a,,) = 13 '8 8
4 - L) = 5 8 8
LEP (&) = = =
i i i
i i i

35

30

25

20

10 20

~Gluino Mass 0.5 TeV

— ATLAS > 1 tau (21b)
—— ATLAS22taus (2fb)
Al limits at 95% CL

I Ldt=47f" {s=7 TeV
2 2 leptons + jets + E’pisg

: -

3 CoNLSP

! .

<L o

H -]

I ~ -

h =

A PVETA T . YOI P T
50 60 70 80 90
A[TeV

1Tev  15Tev AV

40
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20

10

| CoNILSP |

———— Observed 95% CL limit (+105gay)
_____ Expected 95% CL limit (+1 64,)

m— 2.051b7 20 ATLAS 95% CL limit

_ OPAL 95% CL (T

OPAL 95% CL (i)

I oPaLes% CL
T T T
i i

10 0 30 40

0.5 TeV

1TeV

=» Sensitive to gluino masses up to ~ 1.3 TeV

[
AT PR L T [
0O 80 90 100

1.5TeVv

IllLlIIIé
50 60

A [TeV]

arXiv:1210.1314
arXiv:1208.4688

D ¢
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Inclusive searches (10)

arXiv:1209.0783

O What if 2 photons + jets + MET ? ®
» GGM(~GMSB): Enhance di-photon production if x,%bino like
= Experimental Challenge : determine fake y and tail at high MET
= 3 variables MET, H; and A@ (y, MET) to increase sensitivity

Selection (SRA/B)

After 2 y selection

> EEN EREERREEEE RN hd 2 y pT> 50 GeV GGM bmo Ilke neutralmo tanB ﬁ2 cr<01mm
8 - ATLAS —e— Data 2011 (\s=7TeV) MET 200/100 GeV 51500 ¢ I I (R EIREREEERERE
o 10'¢ X 100! Gan ™8 =1000GeV oo * > e 3 - ;_ ATLAS —— Observed imit (+10,.7%)
E ; ------- SPSBA( 1904;5:\/%?:’00 ® HT>600/ 1100 GeV % - JLdt 471 \s=7TeV ;"‘ i:iicsle:’(')"’;':(”ﬂ - ;
§ 103}\. seesnes UED 1/R = 13 TeVx 100 . A(KV,MET)>05/O §1300 :_ ' -
i g i 3
- “ det-«LBib' .%200 - — 3
102 L Background 5 = e’ =
: " e 3 =
Ng=0.1+0.03(stat)+0.07(syst) | ' E ® ' ]
L :.. o : . 1000 [ =
10: Mﬁ ' Syst dominated by fake y i ;
5z 900 |- =
17 m , P Signal w———2 E
500 1000 1 500 000 2500 . L a
B [5 Syst is 10%/30 % for o Fes i1, AR
' exp/theo around the limit B N XY

=> Also quite strong in the NLSP bino case (Mz> 1.1 TeV)
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Inclusive searches (11)

ATLAS-CONF-2012-144, arXiv:1211.1167, ATLAS-CONF-20 12-152

O What if Higgs or Z in the cascade ?

= GGM: enhance Higgs/Z final states if x,°-wino or Higgsino

= Can be produced via weak or strong production

X:° , X1 ¥ Wino-like
Xt QW) G, X420 Dv(2) G
1y + llepton + Zveto + MET

X.° Higgsino-like
X0 DYH(>bb) G
ly+ 21b + Iepton veto +MET

X K K

X1° Higgsino-like
X1 >Z(>I)/HG
Z + jets + MET

GGM wmo ||ke NLSP GGM: higgsino-| Ilkex tan(B) = 1.5, M M, = 1TeV m(q) 1.5 TeV

;1500_ ........ I e e 1100.:_. B s 1200_”;,|.H|..,.|.r.wH, T Géusv =
Q E B 00 ... 3 H B - ATLAS Prellmlnary 7 Obsewad hm“ 'H ) E
@, 1400 = Observed limit ({163 20) 3 1000F- f 4 oo T s Expected imit (+10,,)
2 1300fF . . === Expected limit (+10,,) = ] 3 E Lat=581"15=8TeV  ajmisaioscL ]
g 12005 - o] E 900 — 1000 — O | S P =
= All limits at 95% CL — = I ]
g E e 9 3 800F — - Observed limit (+1 uiusv) 3 900 n y trong r =
5 Mo0E A . ATLAS Preliminary E y ] E = E
2 Jo00E ¢ o E 700F-  ---- Expected limit (+1q,,) = 800 [ .~ =
- - 3 E 3 E & =
900 8 S _[ Ldt=4.7-4.8 fb 3 600F- Al limits at 95% CL ATLAS =| i - / =
= — = E = C 3
800} = (p  VeTTev 2 soof- _[Ldt=4.7 I R §/ e 2
700F- = s , = ¢ E
- J  400F \s=7 TeV =y ' ' =
600" GNLSP = E gnLSP . 600 700 m(z)) (GeVH]
v i galowqa TR T AN 300 =L, =R AR ot i ey
50056~ ~500 500 400 500 600 700 800 200300 400 500 600 700 800 900 1000  *° 200 w0 400 500 00 70 800 o
U [Ge
M(X,%) [GeV] M(X,%) [GeV]
=> A wide range of signature gives M3> 0.6 TeV)
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Natural SUSY searches

d “Natural” SUSY =» Dedicated searches
» SUSY spectrum needed to stabilize the Higgs Mass w/o fine tuning

Theory view

L. Hall (LBL Workshop, 21-Oct11)

M
| TeV —
The “Nuclear Family”
of the Higgs
500 GeV | ‘2
/’, T l'\ bL l‘
I/,/Bg \\ El /I‘
l‘ll I: }}+ I ‘,______:_::/___j\
\‘\ h? ll

“Distant

£08 See Inclusive searches

Light squarks, sleptons : «decoupled»
. retion— " f
Gluino :
: eretior— " f
BH-6reSS-Sector-ray-betow-

Cousins”

«<—— Closeness to Higgs

3d generation:
Direct production: bs, Ws, ts + MET
Gluino mediated: same + jets

/'

|, EWK-inos=Gauginos ( X%=LSP):
Direct production: leptons, MET, Jet veto

=> Final results at Vs=7 TeV, first results with 8fb-1
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Natural SUSY searches (1)

ATLAS-CONF-2012-106

O Final results on Direct shottom  at Vs=7 TeV, 5 fb-1
= Exploit fully 2 body-decay topology

v My as discriminating variable, cut near the end-point

= 3 signal regions: exclusive 2 b-jets, 2b-jets+ISR

% E! ' IA%’L‘A‘S‘ I l 'I:) ' i‘ 3 .‘ SN l ) l I ‘ R I ) l o y IE ; 500 _I TTT | TTrTT I TTTT ] TT | T |
= reliminary [ ] Data 2011 3 ) -+ ——— Observed limit (+1 GSUSY)
O u A 444444 SM Total 3 O, 450 = ATLAS Preliminary | e
Yo 3 Ldt~4.7fb ,1s=7TeV . = N Expected limit (+1c_,_)
N 10 [ Top production = W F J‘ 4 exp
e = SR, before selectioninm_ [ W production = E 400 & Lt 210 AT TN =
% C M Zproduction ] = Al limits at 95% CL L — <
2 02 [ piboson, tt+W/Z/bb 350 5 4
w E Multi-jet = - o [ Ipos2tb ]
e el Bl . SM+SUSY:m. = 400 GeV, "';*.. =50 GeV — — :_ N \0{6\_3_,: —— ATLAS 2.05 fo'! _:
B ' ] 8 e 5
10 - ad iR = s50 - ,0{' .
1 a 200 |- e B
\ L \ L 150 '_; s =
Q 3 ' ‘ ‘ ' ‘ ‘ ¥ = ]
3 e oo e ' A e 5
@ 2 y _______________________________________ // ///?/ 7/2 100 & —
N = il
o 1 A7 50 i —
8 AP 7 B LI
0 - - - - 0 Tl I 11 1| | 1111 I 11 | 1111 I L rh? I 11 1 | L1117
0 50 100 150 200 250 300 350 400 450G \?00 150 200 250 300 350 400 450 500 550 600
Mer [GeV] m. [GeV]

=» Sensitive to m; <500 GeV (as the direct stop)
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Natural SUSY searches (2)

Names Spin | Py | Gauge Eigenstates = Mass Eigenstates

d A bit more complicated case: direct stop e A
= At Vs=7TeV, o(ttbar)= 17711 pb is measured by ATLAS e
= Exclude m(stop)<100 GeV S |
Co(tlppb]300s50 304 0.05+0.01 | |
 N[5fb* 1500.000 150000 250
ttbar topology + Very similar to ttbar topology + %)

__ | soft objects/MET ttbar topology High MET  F

S 1 : l\

S | (w) | &

8 | , ©

E <GY B

2 ®)y 2

o N

- e

O p A |

I ! O

-O I : (-

= )

N -z

0

500 © M(t) [GeV]

=» Most promising final states 2b + 2(4)jets + 0(1)lepton + MET
=>» Build few exclusive analyses to catch the beast !
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Natural SUSY searches (3)

arXiv:1208.1447, 1208.2590, 1208.4305, 1209.2102, 1 209.4186

Q Final results on direct stop at  Vs=7 TeV, 5 fb -2 WK K KK

= Dedicated effort in large number of exclusive final states

T, production: T, b+x;, %, — W47 (BR=1, m. <200 GeV); T,—t+7, (BR=1, m > 200 GeV)
T[llllllllll[lTllNlﬂll llTl][I]}llwll.I]lTlllll

%J 200 ATLAS e Observed limits (-16555Y) T,— b+7,. 7, W+ (m; <200 GeV)
I - i i 2-lepton (m_, = 106 GeV)
(D — Observed limits (nominal) i M(StO ) <m (TO )
-, — _ A = L - . 1/2-leptons + b-jets (m_, = 106 GeV) p p
180 Ldt=4.7fb \s=7 TeV Expected limits (nominal) i
Fed” — o e 1/2-leptons + b-jets (m_, = 2 x m_)
E | Status: September 2012 All limits at 95% CLs - 5 % %y
160F p -t (m. >200 GeV
— FS === (-lepton
: N s , R — 1-|epton M(Stop) > m (Top)
140 — b n— ..- 2-lepton

T

f: mi, (=106 GeV)

~ -

[T
\
%
oY
N
‘HI|HI|HI|IH|II\‘III‘

’15||f|/|//||1 |.;’Tj| |:'|\ ;I|?:i§||‘|||lﬁ::;, |3:| 'I-Eilill | |
m;, [GeV]
=> “If you cover the white then Weak scale SUSY is probably dead” R. Barbieri (ICHEP2012)

W
150 200 250 300 350 400 450 500 550
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Natural SUSY searches (4)

Names Spin | Py | Gauge Eigenstates | Mass Eigenstates

O Increase again complexity: m s~ O (1 TeV) SRR AT
= Stop in gluino cascade dominates ]
= Stop on-shell (2 body) or off-shell (3 body decay) = A e B AT

guino | 1/2 | -1 G) | e
G Lo [ G (same)

Final state (4 tops !"): =4b, 4W + High MET

=> Need ttbar killers : 0l+23b-jets+MET, 0l+6-9 jets, Same Sign 2l+jets+MET, 3l+jets+MET
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Natural SUSY searches (5)

ATLAS-CONF-2012-103/105/145/151

Q Current status at  Vs=8 TeV * K X K

= Complementarity between analyses exists
v High Mass gluino (3b-jets, Olepton+6-9jets) and compressed spectrum (2lepton Same Sign, 3leptons+jets)
= ... and will be improved for final 8 TeV results

g-g production, g— t’E’;‘c?

CLg 95% C.L. limits. o§YSY not included.

=
@ 800 theory
S, O-lepton, = 3 b-jets [L,  =128f",8Tev] __~ Expaciod
G ATLAS-CONF-2012-145 = ICE)bsserveccji
£ 700 | 3-leptons, = 4 jets L =13.0f", 8 Tev] ~~~ Expecte
ATLAg-CON%-2012J-151 [ It 1 - Observed
Y 4 - -~ Expected
O-lepton, = 6-9 jets L =58fb" 8TeV
600 ATLAg—CONFZ—ZME—‘iIDa i 1l = Observed
= : Expected
_SS- L =58fb" 8Te
FOSLRIeBS AL ets T e . Observed

500

e ——
=

400

300

200

\3

|IIII\IIIIlIIIIlIIIIlI\II|IIII\IIII}I-I-

100

e s -
S e LT
=== P

:_ATLAS Preliminary s

Tllllllllllllllllllll

500 600 700 800 900 1000 1100 1200 1300

=» Exclude Mg <1200 GeV for my o <450 GeV
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Natural SUSY searches (6)

Names Spin | Py | Gauge Eigenstates | Mass Eigenstates
Higgs bosons | 0 | +1 | HY HY H} H; Ko HY A H*

4 If g/ gtoo heavy = only EWK Production ! e e
= Gauginos produced in s-channel mediated by y, Z, W or h%/H%A0 1T i "‘éf.jlf’

= Accessible @ 5 fb: x,Tx.%and X" Xy e TS e R

charginos 1/2 | -1
gluino 1/2 | -1 g
goldsting. t.‘lit;g‘ = = same.
0, <0, e —
10 ino2.
o,[pb}: pp — SUSY VS=TTev |
1 |
02pb o005 M |
10" p \

» Focus on gaugino Ieptonic decays to remove hadronic background |
0 b N L VR0 N
v’ Via an intermediate lepton (BR=50%l, 50%v) T B0 55 8 N e

v" Via an onshell/offshell W (BR~33%) or Z(BR~10%)
=» Jet veto to remove ttbar

= g(WW->2I2v)~50 pb and a(WZ->3I1v)~20 pb most dangerous backgrounds

=>» 2 or 3 leptons in final states and no jets
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Natural SUSY searches (7)

Q Final results at  Vs=7 TeV, 5 fb -1 for direct charginos production
= Consider X;*X; in leptonic decays =» 2 leptons [e,u] + MET + jet veto
= Exploit simple topology by cutting on m+, (~m for direct b). Helps to reduce WW background

Interpret w intermediate slepton (50% I 50% v)

—

GeV

—_

~0
X, mass

500

50F

X.* 1 X,° wino-like, X,° bino- like

450F-
400f
350L
300L
250f
200f
150F

100[

‘ III\II

Wlilll\II\liIII‘I{\I'III\lilll‘I!LI‘Ill
ATLAS —— Observed limit (+1 GSUS:;) -
I Ldt=47fo" (s=7TeV -~ Expected limit (+16,,,)
Ve ]
o s ~0 ]
)51)(1_§2><|v(vl)—>2><hr)<,1 e -
>4 =
R e 3
—=—= 0.5 m
B e
- I
e
e
o

‘IY\I'II!\;III‘#\I‘III\

Nice

>
by-product !

100 150 200 250 300 350 400 450 500
x1 mass [GeV]

Direct slepton production

arXiv:1208.2884

K

;‘ III\l\lllllillllllllll‘IIIIIIIIIIIlIII[\I\
ol U pmeii im0 s
O o9 ATLAS —— Observed limit (£16yas") —
@ - E saia Expected limit (+10.,,)
g L J.Ldt=4‘7fb \s=7TeV  LEP i excluded
R
W00 TT-TFE % / o
i A
L /
80— /. =
r o/
L fdr//
L a4 _|
60_ é\*//
L /A
401 / _
L/
[/ /i L B
20 l/lnlnlinllfl el | Sl TR
20 40 60 80 100 120 140 160 180 200 220

O

Tmass [GeV]

=>» Sensitive also to direct slepton production (beyond LEP!)
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Natural SUSY searches (8)

ATLAS-CONF-2012-154

Q First results at  Vs=8 TeV, 13 fb 1 for associated production *
= Consider X, *X,%in leptonic decays =» 3 lept. [e,u] + MET+ Z-veto/request and/or m+(l,v)>90 GeV

= Gain by combining with 2leptons signal regions (one missing lepton)

Interpret w intermediate slepton (50% I 50% v) Interpret w intermediate W / Z
+ 0 0 S+ /5 0winml 35 0 hinali
X1t 1 X,° wino-like, X,° bino- like X.* 1 X;° wino-like, X;° bino-like
— 600 T T T T T 1T | ey — 300
> L I | ____________ susy. > T T T [ L B A I T U %
@ - AT AC— - - | Observed limit (+16 ) [0) : _ Observed limit (1 USUSY)
o, - ATLAS Preliminary | Expected limit (+10,,.) o, - ATLAS Preliminary | " Expactad it 1o, )
£~ 500 C ILdt 13.01b", 1s=8 TeV | —— ATLAS 4.7 1fb",\s=7TeV £~ 250 |- JL dt=13.01b",\s=8 TeV | —— ATLAS 4.7 b \s=7TeV
[ o o Y SUSY ref. point 1 C Mg =mg Y SUSY ref. point 2
o %, All limits at 95% CL @ - 013920 ALRRE Bt 95% 6L 3
= m = M.o - ~t ~
400 - 7, % - 5 200—’“‘*Wr 7,2 85 78 47 _TE
- T T, LY LE V), IV Y) 50 4 Z C . 1 =
C ST VYT, 99 1o A A 18
B 5 92 3 150 L 69 61 26 28 — %
300 — —H% [ Q. 13
= —4 @ | -
- 1= - 1%
= C 10
B = 100 |— 32 58 8 10 23 — 3
200 i g - 1g
= 4 e
- 34 |2 50 i 19 Al ?,
100 |- —H o 18
] 2 18
oy -1
ﬁ <l g 0 L1 ESY A T | 1 P g | S 1|.-. L 1 ] 2
oo v Lvwge v g a1y N | = 100 150 200 250 300 350 400
100 200 300 400 500 600 700 i g [GeV]

= See back upz‘for more complex models (pMSSM)
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Long -Lived Particles

d Three main mechanisms
= R-Parity violation: Lifetime proportional to A 2,\’-2,A"-2 =» Displaced vertex if A or A’ or A"~0O(10°)

= [Low Am(X,*-X,%)~100 MeV in AMSB => Low memitted, kinked track
Low Am(g/q-X,°) for coloured particles = R-hadron (g or q)
= Weak coupling to G (Cy,,>>1) in GMSB =>» Stable sleptons
MetaStable Stable
disappearing (kink) i stable massive
i track - U particle
displaced _-77  slow (<t
vertex i long time
fima - i of flight) penetrate
P b a detector
vertex ;

O(10) mm O(100) mm > O(1000) mm decay length

=>» A bunch of striking signatures, not present in the standard Model !!
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Long -Lived Particles (1)

arXiv:1210.7451

1 High mass displaced vertex with 4 tracks and a muon
= Assume RPV with A’,;#0: X,° decay ! >

= Design a background-free analysis in M, ¢ iex — Nirack PlaNE
= Build up a dedicated tracking to increase signal efficiency

Aaa v Ov O
_ Ga->a0 X:°%:
()
g 1.4 S II T T IIIIIII T T IIIIIII T T T T T1TTT7T
[72]
@ a 10, T —
g10° 1.2 = 10k MH den | @ | @m ATLAS =
o~ — -
E ATLAS 1 o - MH 0.7 ~05 ~80 -
= 10 Signal region 0.8 m_ 1L M L ML 0.7 ~0.1 ~100 Vs =7 TeV |
s - 0.6 = = A I B M ILdt =44t 7
=z - @ Data 2011 - HH u
= - ILdt=4.4fb" ) 0.4 p
1 = Signal MC PROSPINO 700 Ge uark palr oduction
= - Vs=7TeV 0.2 s o e
<- L N R | L N " 0
3 4 567810 20 30 40
Number of tracks in vertex
L ey L B V) P U I R
g TE ATLAS ] E
é 0_4;_ simulation I a— —-—Re-trackmg _;
E 0351 ik " + -a- No re-tracking —%
g 03 : * mhﬂ -
E 025°3 = M
N P +M+ +*++*+¥§
%o @ +
5 %
> 01
E “‘Em
0055 %% " 3
B U I

Ty [Mmm]
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Long -Lived Particles (2)

arXiv:1210.2852

* o %1* decaying into %"+’
7

' *

high-py charged particle
interacting with TRT material

O Direct production of metastable  x,*
= Motivated by AMSB, but model independent results

v X * 2>soft it + x,°: Kinked track in the TRT  > o

= Remove background : NSa<'+ highest p; isolated track

low-p; charged particle scattered
in materials resulting in badly
measured track py

Pixel SCT TRT

010 10%E . —— T — T3 w BB 50
X E E| > E 3 (=
O [ e ATLAS 3 o E 3 e 10
00k Dal - @ 10 [ ATLAS —+— Data _ e
= SRR SMMG prediction Is=7TeV, I Lat=471"3 P g #4444 Total background E
SL o o - O > Is=7 TeV}J' Ldt=47 fb'1 ~ Hadron track background -
10 ; m n&.‘ =100 GeV, T =1ns (Decay radius < infinite) E ;_E 102 ‘. U Elesiion t7aik background 3
- ; T = .=100GeV, 1..= 0.2 B
104 ? - rni‘ =100 GeV, ti_=1 ns‘fecay radius < 863 mm) “='§ 10 ;_ :;’ ~100 G:V‘ :;' 10 :: _;
5 = Rkt ] E s M.=200GeV, 7 =1.0ns 3
107 " = - 4 4 ] ;
5 ¥ 1 % Ng=14.8£0.37 1 P :
10° "‘ E u + BT O=Y.9 7 . = ATLAS ]
- 3 107 Data=19 = ILdt=4.T b, vs =7 TeV -
1 1' 3 o LN ] — Observed 95% CL limit (-1 goc)
1 ] 10 3 - E Expected 95% CL limit ¢10,,)
3..: ; ) -_ : _' | == ATLAS (7 TeV, 1.02 fb", strong prod.)
10-1 il | albey g i 107 A L aoves N ) E LEP2 exclusion
0 3 10 15 20 25 30 ou%rs 10 20 50 100 200 500 1000 10 = 22~ ‘Stable' §,
AT track p, [GeV] 100 150 200 250 300

mzf [GeV]

=» For 0.1<ct<3 m exceed previous LEP2 limit !

Oo~10/1pb for m=100/200 GeV
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Long -Lived Particles (3)

arXiv:1211.1597

 Mass reconstruction of pair produced stable particl es »
1.Start from one (or two) high pT isolated track 2>p

2.Measure 3 (calo or calo+Muon Spectrometer) « Signal
— 200210 i | : RS s
= 180 AlITIl'.ASI I I -"I- v E b= 50; ATLAS TR _L E
i F Calorimeter iE | ko [ Calorimeter + MS t
5160?.[“1-4.”:‘ Pl 5 _" LLLLL 71 + 1
= 1400 1, ] = a0 L s
F Data 2011 (ys = 7 TeV) ¢ 1 r Data 2011 (\s=7TeV) F| ]
120: Mean = 0.983 al i B 300 Mean = 1.000 B
100" & = 0.090 i) = I o =0.035 ii ]
30é MC, Z — pp _l 1 = | MC, Z — pp ,‘ ‘ ]
60; M acr:n:gg.gas . 1 201 gﬂ:aggag.sgs J ,.‘ .
EoooTY i 5 E s } -l
aof- : PO 10} i
GB~9‘fo/- 4 2 1 05~35% %
e g e e T ] %02 04 0508 1 T2 i.4
e B - P .

3.Measure By (invert Bethe-Bloch) from track clusters

~10
I T I T T T T T &
; / 5 10°
] / 'mCu} o
B /e E— 10*
s f Eethe Radiative / E| =
g [/ Anderson: B
1:nk / ¥ # ~
g (&t
E _ffg e/ " .~
mm.jm Radiative // Radiative 02 -
E=‘. 1 Mirimum ~ effects iy oS
g ionization reach 1% i I I
' o D Calo Muon
K 4 wihouts =
1 | il ! | | F . 3
T A .1.5 1

gp(GeV)

=>» Add the 2 or 3 information together and compute M =p/By
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Long -Lived Particles (4)

J Mass distributions

arXiv:1211.1597

= Cut and count in mass ranges. Very low level of background

R-hadrons: Full detector

; _I I T 17T l TaT T I ¢ 36 © I: T 171 [ T 17T IJ T T ] I'Tli. o T T T I_
5‘1800 :—ATLAS : -—:
& = Full Detector ¢ Ggad 27alt ]
£ C : =]
1600: ILdt=4.7 o A
F) 00— |
X% ]
Q-1200F -
O1000F -
T F .
B '..DaxazaﬂugﬂTaV) 115
600— : ~
i Back d Estimat ]
: . ackgroun sllma e : — 1 0
400 DSigna@(m:ﬂDOo Gev) |
EROORD S 15
200=anns w2  aeee- Signal region —
| FH R T D DTS D TS IR I R
200 400 600 800 1000120014001600180

From Calo+Muonm(Gev]

Exclude 1 TeV R-hadron (g) and
~600-700 GeV R-hadron (t, b)

Slepton searches (2 candidates)

> S S S | TA 1T 1T 1 1T 17 ] 1T 1T I | BN [ et § 1 L
> o f =
[ S T {ATL S + Data (2011, \s=7 TeV) |
O 107 4 E
2 L - Ldt=4.7 fb ) E

@ - ——— Bkg estimate+ 1o (syst)
X ] [ o
o T
- 2 10E % ------- GMSB A=90 TeV tanp=10 3
%] = = .
= O i 1 ]
@ O Hh ] - GMSB A=110 TeV tanp=10-
i 1E 0 L =
- - LL\ T =
= L I—L 2 bep e, .
- | 2 =i B -
2 1 bt L
« u : " ]
o i LLLl facs | i

102k L of '.'"‘ ! =

B :v Hjﬁ_l_i - ;
H h 3

10-4 | 1 | 1 | | 1 | 1 1 1 1 | 1 1 ‘ 1 1 1 1 | T‘—‘ H : ] : I Ll L y
0 100 200 300 400 500 600

min(m1,m2) [GeV]

Exclude ~300 GeV sleptons
(assuming direct production)

K
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Long -Lived Particles (5)

1 R-hadrons can also stop and decay later
= Very well motivated (Split SUSY) : stopped gluino only particle reachable at LHC !
= High pT jets in absence of collisions (gaps of LHC beam structure)

» Background = calorimeter noise, cosmics and beam halo not SM !

arXiv:1201.5595

=» Control samples: 2010 low lumi run, cosmic runs, beam halo tag&probe in opposite endcaps

®

A v 0
929X
R T e L S R SRR = i xpected Limit+ 1o |
52010; Dataﬁ'set . === Uses Bunch Structure o ATLAS == Prospino SUSY
E : : . == Uses Run Schedule o Leading Jet Energy >100GeV _ .
R 40p O - : ';_'_.' I 2_ 5 Nes=1 s Expected Limit
> Peri%)d :.‘ ?Hour % 10 _:
9 5 N - i
2 S : © i
{5 i 32 ]
o . : o)}
E % Day
; N - Ns=7TeV .
10F i R 4
: : s J Ldt=31pb
BunjchCrosszing ”3 10—|-I|||||r||||a|||||||x oo v v by v by B
0= = .- - -t o - S ‘.7’-““ 200 250 300 350 400 450 500 550 600
10 10 10 10 10 10 10 10 10
Gluino Lifetime (seconds) Mﬁ (GeV)
> M5z < 340 GeV for Mx=100 GeV excluded for 10 pus < T < 15 min
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RPV

1 R-parity violating search at LHC

W = Wnmssm + /&jkLiLjEk -+ /\;

Lepton Number Violation (LFV)

jkL'inD/k - K',szHu +\)\;ljk ) jDk/

(
Y

" Proton decays only forbids simultaneous violation of lepton and baryon number

. From H.
Signature

Dreiner
Model

Multilepton production 1)
(including taus)
2)
: 3)
Resonances (2jets,
2X2 jets, 2x3 jets, e\, 4)
eT, m1)
5)
6)
Note: Absence of Z and 7)

Importance of taus
8)

4 charged leptons: etetp—p~
2 leptons, 2 taus: etetr—7—
6 jets or 2 w/ substructure
like-sign dileptons + jets
dilepton resonance

mono lepton

dijet resonance

like sign ditau's =7~ 4 6jets

x{-LSP, LLE, 7-LSP, LLE
x{-LSP, LLE, #-LSP, LQD
x§—LSP, UDD
x§-LSP, LQD
LLE ® LQD
LLE ® LQD
pure LQD
7—LSP, LQD

= Generally: lower background (no LFV nor BNV in SM) and MET than RPC
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ATLAS-CONF-2012-153

3 Multilepton ( 24 isolated e, ) search > ¢

= 2 signal regions: Z-veto + cuts on MET or Meff
= Background dominated by ZZ

TTT T T T

T Am) LA B
ATLAS Iirellmmary explored LSP mass range:

B,

.; 800 —
© _7005 ILd‘:ﬁ_th.}\s:gTev 10GeV<m, <m, - 10 GeV / ]
- e - & — g ' —
> 7 I simplified model, d, > 0 i I
3 10°F ATLAS Preiiminary A 3 Simplified Models with O 2 e
%% Total SM 3 ~ 800 ) Vg —
8 102 I'—d‘=13'°fb" \s=8TeV  [JRed.Bkg. = )\121. )\1227'EO and X109|||’ >~ g SR - WP P -
P : Oz E! 5 500 Observed fimit (+1cj00) ;. s =
= SR1 (E'“'“ > 50 GeV) zww J z ' I prev. ATLAS exclusion Qv ) - =
2 10 Wiz = 400 | Tevatron exclusion A o s
L Oaww 3 F I LEP exclusion 2 3
4 . < - / -
Bt A - SUSY ref. pﬂlm QE 300-_ not explored  » —
3 ~ o~ ~ E Allimits at 95% CL =
B +y - 0 0 o : .
I T PP>X1 X1 PWX:° WXy 200 P 3
,,,,, Es /‘ -
10 100 3
’ ok T P I DR T B

10 3 imy = 0 100 200 300 400 500 600 700 800

i ) 400 450 500
M(x+) [GeV]
Er ™ [GeV]

— ———— ]
- — T T T — S‘ 1600[— ATLAS Preliminary explored LSP mass range: . /—_
& 103 ATLAS Preliminary -8 data = () *-1400: _[Ldl= {E0NaE T 50 GeV <m,, <m;- 10 GeV_ / 3
%% Total SM 3 = 4 A A B
& 402 IL dt=130b" \s=8TeV  [JRed. Bkg. N O, [ Seistmiigethaet o ﬁ by ]
f SR Ozz = 8 ] e Expected limit (+10,, ) o =
= 2(m_ >300GeV) Ezww ] F oy, 3
2 10 — L Wiz = 5 1000/ Observed limit (£1050%) iin
w E 2 C notexplored ]
1 O; 00 :_Au limits at gic!./ k-
........................................ E F A
107§ 3 ~—~ 1 O’ 0 600 . ]
; PP>39 >49X:%49X: ol I
102k = & ]
] 200 -
3L — - 2 -
10 E (e T o o oty e e | ]

= 600 800 1000 1200 1400 1600

200 400 600 800 1000 1200 1400

= Stronger limit than RPC analyses ! M(9) [GeV]
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arXiv:1210.4813

K

 2x3 jets resonance

q
: : : q
= Motivated by RPV models with gluino =2 jjj 3 <
= Resolve all 6-jets (high mass) or exploit jet collimation (low mass) - q
. : q
= Multi-jets background data driven _
: : : >>
= Note: ISR systematics not taken into account for signal m(q)>>m(g)
2] SO R W R LR NG OO M | = 10° ' L ' T ! ' i
c = ATLAS 461" \s=7 TeV 3 =" R Exp Limit (Resolved)  [[]+1c Exp Limit (Resolved) 3
o = —e— Data ) - == 5[ —— Obs Limit (Resolved) . E
| 105 o -~ ctg‘ 10 —— — Obs Limit (CMS 2010) Di2 o Exp Limit (Resolved)
°© §=Q= Background 3 T -~ Obs Limit (cMs 2011) [J33 Cross-Section (NLO+NLL§
o all —5— Signal, m=200 GeV 7 o 10° A o 5
a 10, —o— = 2] All limits at 95% CL 3
g 2 — —#— Signal, m=400 GeV 3 /]\ 1 03 N 1 7
= 103 é__ S : _q]_ —— Signal, m=600 GeV _é % % J- Ldt=4.6fb As=7 TeV ?
= e ] © 10°F E
2|=_ — A—o — - =]
10 S B e — 3 10 E
10 = =’—E;‘_ = 3 FE e W - -------- . &
A e
1L — 10 fE ATLAS
E 1 I 1 1 L I 1 1 1 l 1 1 1 l 1 1 1 J 1 1 1 l 1 1 L 1 1 3 11 11 | 11 11 I 11 1 1 I L 4 i 1 I 11 1 1 I 11 1 1 I | )
80 100 120 140 160 180 200 220 240 100 200 300 400 500 600 700 800
Minimum jet P, [GeV] my [GeV]

=» Exclude Gluino masses < 670 GeV. Huge improvement over CMS
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Beyond MSSM

arXiv:1210.4826

L Massive color scalars : 2x2 jets final state *
= R-parity=1 particles predicted beyond MSSM, in compositeness models
= sgluon (= gg) pair produced: 2 resonances M, M, reconstructed with 24 jets pT>80 GeV
= Reduce combinatorics by minimizing |AR;-1|+|AR,-1]

= 4000 = T T T T T = [y | T T ! T T L | T 1 T 71 T T T T T T T T T 7 L T T
@ - = th . - -Q
R N ' ATLAS  p(4"jet) s 105 Gev 3 a - . —=— Observed
< E Ns=7Tev ~ _TeBiRagiinA E 104k =~ ATLAS | Ldt=461b -
g [ ABCD result = % E" & — 0 0 e eUT e Expected 3
,_% 25002— i——’_ - MC sgluon; Region A —; X - B Ns=7TeV - 5l B ol =
2000 ? ] e M giuon = 250 GeV i o) : + 2 G :
1500~ ?_ E € 10°L ~<< Scalar gluon _|
1000 [ i — . E . 3
- i = - = - - - Hyperpion E
500 — -t = = =
= e 5 - — ATLAS 2010 -
g 2 i |
fE L e ettt b St Sl e e LO 2 s —
2 ++—-+-—+"‘"—v—':,;-—'r——0—- _:;;_--*--Tt:%*-—"fﬂ:'-_é_--_—{_ (2] 10 = 3
L T - - P
o) i ‘ f t i ‘ f t f ‘ - i
= - :
§ _-J__.__-_-_l-_ Ty g
% = | 1 | ] | i E e b b b by /":/.f
e L 100 150 200 250 300 350

(m +m,)/2 [GeV]

Mass [GeV]

=» Exclude scalar gluons for masses below 300 GeV
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Dark Matter

arXiv:1209.4625, 1210.4491

 Monojet (MonoPhoton) signatures 3y x4 Bs b ¢
= Dark Matter (x) may be produced at LHC g; 2% *
=> detectable only if initial state radiation(s) g é%
= Enhancement in high MET,pT(jetl)>550 GeV Signal Region (SR4) gé v q, %g

= Converted in o(WIMP-nucleon) assuming effective operators e

(Direct detection)

2 ATLAS \s =7 TeV, 4.7 fb”!, 90%CL
> LN ANL I ISULEL B B '_'10- H LR L A T I L s . T T 1T
8 ATLAS e— Data 2011 E Lt === égwﬂc;rlxlnloo 2012 e DI q9—> ].(XE)Dirac ]
% 10° v DB M=100GeV M,=680GeV — 107" e NTC;V;;GOHGFQV —s— D5: 00— J(xx)Dirac .
i 4 e ADD =2 M,=3.5TeV c Fo oae o1l ; - e
§ 102 fl-dt = 4.7 fb 1 Sum of b::;kgroimds % 10-33 bomeemen D5: CDF q(l—) ],(X;E)Dirac e D111 . Qg—) J(x%)Dirat
w 0 Z(—wv)+ets D - — — D5: CMS qg— J(X%)Dirac LT 3

10 \s=7TeV SR4 ) W(— W)+jets h
CJZ=M+es 3 240°%F .

1 [ 1t + single top g g e g il
[ Di-bosons E

10-1 ke ..+ 8. . T :
102 - S :
10° % . Spi-independen 1

| I T | ' Y S | I 11 Ll e e ¢ (22 (S EE)
500 600 700 800 900 1000 1100 1200 102 10°
ET'S [GeV] WIMP mass m, [ GeV ]

=>» Competitive with dedicated Dark Matter experiments
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Conclusions

L ATLAS seriously bites in Weak scale SUSY between 10

MSUGRAICMSSM :
MSUGRA/CMSSM :

Olep+js+E, .o
1lep+js +E;
Pheno model : Olep +j's +E, ...
Pheno model: 0 lep +j's + E;
Gluino med. g (G—~qar ) llep+js+E
GMSB (NLSP) : 2 Ie8 sOS) +is+E
GMSB (tNLSP): 1-27+ lep +y's +E "
GGM (bino NLSP) : yy + E
GGM (wino NLSP) : v + lep +ET™
GGM (higgsino-bino NLSP) :y + b + E
GGM (higgsino NLSP) : Z + jets + E T.ilis
Gravmno LSP : 'monojet’ + E,mss
g—»bbgm (wrlualb) Olep+3b-j's +E; .
gatfx (virtyalt) : 2 lep (SS) +'s + E; 1,
7, (virtuall): 3 lep +j's + E; .
g—»tf,( virtualt) : 0 lep + multi-f's + £,
g—mx jwrtuay) Olep +3b-j's +E; e
bb.b =bX, Olep + 2-b-jets +E; ..o
bb, b—:lxﬁ 3Iap*|s+E
- it (very Ilg‘hl) l—-:bx 2lep+E, .,
_tt(light), t=by" _01!2 lep + b-jet + E
i (medium), g—»ix, 2lep + b-jet+E
1t (heavy), totg, = 1lep + bjet + E;
i (heavy), l—»lx Olep + bjet+E, ..o
1 (natural GMSB) | Z(—»II +bjet+E
| I.,I—»x‘ 2lep + EY
. 01 —)I\'(I\')—;I\'£ :2lep +E;
i:Zz - ? vI Vv, h.'l |$V\

> w x 7t Z,.:3lep+E,

. . > DIFECI,{ pélr prod. (AMSQ) long-| llvedx
3 Long_ Lived Particles £ 2 Stable g R-hadrons : low B, By (full detector)
" 5%  Stable { R-hadrons : low B, By (full detector)
g GMSB : stable ¥
,( — qqu (RPV) :u + heavy displaced vertex
LFV : pp—oV +X, vV —e+u resonance
LFV : ppov +X, V. —>e(}1)+t resonance
Bilinear RPY CMSSM 1lep+7 s +Ep s
i xrz‘—»w‘ 1 —eev,env : dlep+E
I, —)I,( X, —)eev env dlep+E, o
g — qqq : 3-jet resonance pair

Scalar gluon : 2-jet resonance pair
WIMP interaction (D5, Dirac %) - 'monojet’ + E

T .miss.

1.Inclusive searches J

T miss.

Inclusive searches

7 miss.

gluino med.

3rd gen. sq

2.Natural SUSY

T miss.

T .miss.

<

T miss.

3rd gen. squarks
direct production

Yll‘lis

EW
direct

T.miss.

4.RPV

RPV

T miss

5. Beyond MSSM, DM

0 GeV and 1 TeV

ATLAS SUSY Searches* - 95% CL Lower Li

ts (Status: HCP 2012)

[ | I ] N Y
L=5.81b”, 8 TeV [ATLAS-CONF-2012-11
L=5.8 b, 8 TeV [ATLAS-CONF-2012-104)
|L=5.8b”, & TeV [ATLAS-CONF-2012-108]
L=5.8 1b". & TeV [ATLAS-CONF-2012-108]

L=5.8 1b". & TeV [ATLAS-CONF-2012-152]
[L=10.5 b”, 8 TeV [ATLAS-CONF-2012-147]
|L=12.8 b”. 8 TeV [ATLAS-CONF-2012-145]
L=5.8 b, & TeV [ATLAS-CONF-2012-105)
£=13.0 1b”. 8 TeV [ATLAS-CONF-2012-151]
L=5.81b". & TeV ATLAS-CONF-2012-103)
|L=12.8 1b”. 8 TaV [ATLAS-CONF-2012-145]

|L=13.0 fb”. 8 TeV [ATLAS-CONF-2012-151]

L=4.7 ", 7 TeV [1209.2102)
L= 71", 7 TeV [1209.4186]
L=4.7 1b", 7 TeV [1208.2590)
L=4.7 10", 7 TeV [1208.1447)

Led7 m". 7 TeV [1208.2884)
L=4.7 11", 7 Tev [1208.2884)

L=13.0 fb”, 8 TeV [ATLAS-CONF-2012-154]
L=13.0 1b”, 8 TeV [ATLAS-CONF-2012-154]

L=13.0 b, & TeV [ATLAS-CONF-2012-153]
[L=13.0 1", 8 TeV [ATLAS-CONF-2012-153]

L=4.61b", 7 TeV [1210.4826)
L=10.5 fb™. 8 TeV [A
1 I

47

L 111

123167880 t mass (mu;) 55 GeV)

esHesGevl | mass (mu) 0)
[ 110-340 GeV | %, mass

GeEEREE sgluon Mass (incl limit from 1110.2693)

[ I T IIIIL l|l|||| T | L
TeV q_- g mass
1.24 TeV q g mass
TABTaV] § MAss (m(d < 2TeV. gt 7)) ATLAS
1.38 TeV q mass (mig) < 2 TeV, ;.ghu ) Preliminary

g mass [m[x ) < 200 GaV, m({ )= a{mu “yem(@)
g mass’ ftang < 15)

gmass (tang > 20)

L gmass (i) >50Gev) J-"d' =(2.1-13.0) fo”'

g mass

g mass niz’) > 220 Gav) fs=7,8TeV
630Gav| g mass () > 200 Gev)
wasGev| F scale (m(G)> 10" eV)
AZTV] G Mass (miz,) <200 Gav)
Bs0GaVI §mass (mir’) <300 Gav)
8 TeV resulls

860 GeV gmass (i) < 300 Gav)
Hlo0Tev! § mass i )< 300 Gav)
1.15TeV g mass lm(z ) < 200 GaV)
b mass {mu ) < 150 GeV)
usmv b mass (i) = 2ml1 ]
lmass (m ;479(39\1)

298.305 GeV | lmass (mu] 0)
230440 GeV | tmass unua 0)
370-465 GaV Tmass [mu) 0)
trnass |115rmu }«2:0 GaV)

(m[t Q<10 GeV milv
MGW x mass ,).mu J 0, m{h]as above)

140-295 GeV ,( mass lm(x) miz, )m(/) 0, slsp!un:dscnuvhd)

Xe mass (1 <2@") < 10ns)

g mass

"'{"'[Z J‘"‘U{ m

Tmass (5< tanf < 20)

qmass (0.3x10% <), <1 5107, 1mm<er < 1 m, g decoupled)
\'_mass (4,,=0.10, 4,,,=0.05)

\TLmass {4,,=0.10, 4 ..=0.05)

211 12033
=g mass et gp < 1 mm)

TO0GeV ¥, mass i, ) 300 GaV., Amurhm>0)

| mass |m(1 J> 100 GaV, mm-m{u-mﬁl) Rz O Ay > 0)
g mass

430 GeV

704 Gav! M* fcale {m, < BO GeV. limit of < B87 GeV for :ra:
111 1 TR

10

| |
1 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.

Mass scale [TeV]
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Some usefull links

O Bibliography

1 ATLAS public results

 Questions pralavor@cppm.in2p3.fr
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SPARES
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arXiv:1205.0725

Q Lepton flavor violation resonance ! »
= Lepton flavor violation brought by sneutrinos decay (s-channel) A T
= Look in ep spectrum inside +/-3 @
d

A (e, Wit , MET=132 GeV, no Jet !

> , ATLAS o Data2011 W FakeBkg. e (i
S 10 \s=7TeV —— Total Bkg. WW/WZ/ZZ lﬁ_ e
w Top  eeees ¥.(650 GeV) : —— f
- 102 ILdt=1.07fb" B Z/y >t = Z/(700 GeV) |
E I - . T e I e
@ Pl |
> . | .
w 10 o
Ny
1 g ceb——
- ._i::_._.. Pl - 2
10 o I':"ﬂ'-r'*
g H
.
% 2
8 ¢ 4
e e o o W W <
0 200 400 600 800 1000 1200 1400

me, [GeV]

Signal efficiency ~ 50-60%
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SUSY particle decay

O Once mass spectrum known, theoretically computable decay rate

= Mix of on-shell (2 body decay) and off-shell (3-body decay)

MSSM: 29 sparticles + 5 Higgs undiscovered Main decay channels in MSSM

Names Spin | Py | Gauge Eigenstates | Mass Eigenstates
= h->bb,WW,Tt; H*>hh,WW,tt,bb; A%>tt,bb; H"> 1v,th
Higgs bosons | 0 | +1| H. H) H} H;y | h® H® A" H*
@ @ig dp dr (same) . — @, 2ax...0qX. " (X.owinc
9->99.9X,%a' X, aWOX ° 1 _ o
squarks 0 |-1| 3.38r% 2 (same) R SO 1 ldr>9%.° (X,%bino)
~ o A T ~9 =~ i 0 i R +/— qR qxl Xl
tr tp by by t) to by by g-2qq, qq Xl ,dq Xl STRONG
€L €r Ve (same) — —
a2 ' - o 0yy *- v Oyy +-({v Owi
sleptons 0 1 ;iL ;jR fp ,_(b‘im? |9|X1(2) ,VXl / 1L9|X1(2) ,V|X1 (X2 WInO)
TP | TRE | UDVK O T Ig2IX 0 (X, 0bino)
> ali . - 0 0 0 0 T I N. N
neutralinos ‘ 1/2 1 g@ %}Vf"‘i H&"Egg 4| N, :’\2 113 Ny Y0 SWOY - 7ZOF0 TI 9v. &
- X X, X.7, 11, v, qq
charginos 1/2 | -1 = HY H Ct C;3 2 H-3 W) 10 (%) ~1/_ v vt qo’
gluino 1/2 | -1 g (same) X1(2) X'1 ’ X1 ’ » VI qQ Electro-Weak
goldstino /2 ~ se
(gruvi:iuu) ["13;"2) —1 G (bdmc)

=» Predictable but huge combinatorics: (Possible decays) x (mass spectrum) !
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SUSY production at LHC (8 TeV)

O R-Parity conserved =» sparticles are paired produced at LHC

N(evt) produced in 2012 (L=20fb

“Dedicated” searches o(pb)
8 i
& —f"‘_x \_O_Q_Q_Q_Q_}:‘ -------- 10 B T [ T 1 T T\ T T 1 LA A A I B I [ T T 1 E
:;% P 6,,[pb]: pp — SUSY
8 T 2
; ; { Vs=8Tev | @
q T ()
."'- ."’ >
q T ;’ G 1 0
Note: no t channel, o lower 10 A \ | e
— 7 ] 0.05[-- 30\ -0\ .80 EEEN N R - 1000
q + xZ q_—_ : J4 'E
W ~ 2 5 ©
q 10 L > &g S I
@ 7\ gl [0.005---s AR U - ----3-100
X1 (v v ]
a Y 102 LT T A
2 200 400 600 800 1000 1200 1400 1600
maverage [GeV] 8
|_
q rV

_1)

“Energy frontier/generic” searches

; e e
o q ) o i v
)h;} arvs v/ P i v
£ o TS TN g gy
. il LY ,;;):
g W 4 oF ~-F

' gluon-gluon

'
-----
uuuuuuuuuuuuuuuuu

e
! 2 v - \‘!
.

Spin structure of SUSY spectrum (ots of scalars) : lower ¢ than other BSM models
=» Searching for SUSY often means building dedicated/refined analyses
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SUSY Framework

Q General (weak-scale) SUSY features
» 105 model parameters in the MSSM
= Not swamped by SUSY particle: SUSY is broken , but how ? (several models xxSB)
= R-parity (Pg or Rp)= -1 SUSY, +1 SM

MSSM: 29 sparticles + 5 Higgs undiscovered

Some key parameters of MSSM

Names Spin | Py | Gauge Eigenstates | Mass Eigenstates

Higgs bosons | 0 | +1 | HY H) Hf H; | n° H® A" H*
‘ i, g dr dg (same)
squarks 0 -1 31 8p €L € (same)

tr tr by bg fy & by by

€L €r Ve (same)
sleptons 0 -1 B fig U, (same)
TL Th Vs T To Uy

neutralinos . 1/2 | -1 J(B;i) ?\K& ngigggg N, N, N3 N,
charginos 1/2 | -1 {P;ff;i“ I}\H';wgd o C
gluino 1/2 | -1 g (same)
Geaviting) | @3/2) |~ G (same)

* L= SUSY version of the SM Higgs mass

« tan B = Ratio of vacuum expectation values of H /H
*my = Mass of h% m2s M2+ Am,, 2 (A tanB,um, 7 ,,m,v=)

* m, = Mass of L

2
1:1%“ — M, tan? 3

tan® 4 — 1

Ao Minimisation if MSSM Higgs potential (tree level)

° mH+ = MaSS Of H+/- EAIZ -
*m,, 2,m, 2 from SUSY breaking

* Mg2= Squark 3x3 mass term
* M, 2= Slepton 3x3 mass term

=m,? at GUT scale*

* M;= Bino mass term
* M,= Wino mass term
* M;= gluino mass term

GUT scale*

* A, 4o~ Yukawa-like 3x3 matrix

=A, at GUT scale*

=> A new world to explore (if it exists). Will take decades !

* |n Planck scale-mediated SUSY breaking models like MSUGRA, ** v=v/(v,2+v,?
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GMSB Motived searches

1 Motivation for multi-leptonic / photonic signatures
= Can not compete with inclusive Olepton, 1lepton channels because of branching ratios
= GMSB: LSP is the gravitino and NLSP determines the event final states

JHEP 02 (2012) 115

& NLSP type Relevant final states (+MET)
bino 1, YtHjets
wino vl Ay, y+jets, fjets, jets
SM partner Z-rich higgsino rf((ﬂ‘)-i-_vts] ZUTC)Z(0T (), SS dileptons, jets
h-rich higgsino b-jets, SS dileptons, jets
production chargino SS dileptong OS (li]v])t()usil(—l—j(\‘rﬁ, jets
slepton multileptons, SS diloptnnHEdilv_]Mﬂvth, jets
SM partner squark/gliuino jets
stop SS dileptonsf OS dileptons] b-jets, +jets, { + b-jets, t1, jets
shottom b-jets, jets
G

=>» Can seriously enhanced Z+jets+MET, 1+X+jets+MET, OS Ill+jets+MET, y+X+MET
=>» Note: inclusive Olepton, 1llepton and SS dileptons also very strong
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MSSM Higgses (1)

O Neutral Higgses : @=A/H/h - tT1, pj, (bb)

B In SM at 7 TeV: oxBR(pp—~>H[125]+X) ~ 20 pb
ERE B e = h,H, A
g S‘ E I ! ! ! L §‘-! E A I ' ‘ ' T EE
& F 182 [ _ 18
toEh iy £
,,,,, h/H/A '?' 10 ~. H Ei T 10? h;‘ —gﬁ
B a C 1 a C : 3
b % 1 ? { —§ % 1 §_ _§
g oo oy - b 2y B T 5 __ __
| 101? —gg— A E 101% —gg—A 3
I == h/H ] - —-gg— hH R
. - h/H/A — 10‘25 _gg: E 10"23‘ — bbA =
l b bbh/H . Fo bbh/H ]
€ wmwrut———— b 103F tanp=5 Y 10%E tanp=30
F no-mixing scenario Y F [mhmax scenario ]
100 —— e = mmmn manasaan o i PRSI, 4 | | | I S 10-4 | 1 | L
bb tan =30 E ~10(;; 10 102 103 102 103
T 1 M, [GeV] M, [GeV]
g 3 T v"No (or very weak) couplings of A/H to bosons
§ s £ ] ~0.04% v Two selections: b-tagged and b vetoes.
Z‘Z‘z‘-‘-;:y‘rfiv;"/{"e;‘:"-:i“"’"‘u.__ f : : : :
I e e v'B-jet requirement dominates at high tan 8
my (GeV)
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MSSM Higgses (2)

ATLAS-CONF-2012-094
4 Neutral Higgses : @=A/H/h 2 T,,4Thag (42%), ThagTiep (46%0), T.T,, (6%) =%
= Main background : Z->1t and Multijets

= 2 types of Signal Regions for the 2 production modes : b-vetoed or b-tagged
= |nvariant Tt mass : visible energy or Missing Mass Calculator (MMC)

%} 350 T T T | T T T I T T T I T T T I T T T T T T T I— % 18_ LI I L ! L | LI I LI L I_
(05 Thadthae 0-Vetoed selection - g 1 6:— ThadThae O-1@0g€d selection B
& 300 ® Data 2011 B ® - ® Data 2011 .
T,; ma=150 GeV, tanp=20 | ; 14 m,=150 GeV, tanp=20 —
‘q;:: 250 0 Multi-jet ] *eq;: - [ Multi-jet .
> Bz ] > 12r Bz —
i Ry W - 1v ] W - S R W -1y .
Other electroweak - 10 \ 777) Other electroweak -

Top ] i Top ]

W Bkg. uncertainty . 8:— W Bkg. uncertainty —:

ATLAS Preliminary ] 6:— \ ATLAS Preliminary -

IL dt=4.71" E A \ JL dt=471" E

J - N

z 2 e

00 600 800 1000 1200 00 100 200 300 400 500 600

MMC [GeV] MMC [GeV]

=» Typical sensitivity for m,=150 GeV: S/B~0.1
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MSSM Higgses (3)

ATLAS-CONF-2012-094

O Neutral Higgses : @=A/H/h = pp P ¢

= Main background : Z->pu and Top
= Fitted from the side bands

= 2 type of Signal Regions to accommodate the 2 production modes: b-tagged or b-vetoed.

>108 >108 lIEIIIlIIIIllllllilIIIIIIJIIIII|IIII|IIIL§

8 JF W b-tagged selection ATLAS Preliminary 8 . w*, b-vetoed selection ATLAS Preliminary 3

o 10 +  Data 2011 o 10 Data 2011 E

—~ 6 m,=150 GeV, tan =40 ~ m,=150 GeV, tan p=40 7
9 10 ; w 10° -

k2 Z- 210 Zopp E

CIC) 5 [ A QCJ B zZ-1mt ]

Z 10 WW > 107k ww =5

Other electroweak L e Other electroweak 3

10 [ Multi-jet 1 04 L [0 Multi-jet =

Top _ E Top 3

1 03 B MWW Bkg. uncertainty 1 03 5 W Bkg. uncertainty N

2f Ldt=481b" P

10 D .[ 102 =, N \\ S J- Ldt=4.81fb =

‘ A NN Ty ]

10} 10N ey

16 R 1 ‘:_\\'\\ N Eﬂ

L | A Al 23 il NG O \=

\\‘\\‘\; ‘\" g R W E \ ‘.\ _\\‘\\‘ § E \ N S \:'

1 0-1 ‘\\‘!‘ 1 0-1 &\\ RRRNTRERNRR &b‘&;. R m H \\k ‘S usli o\

100 150 200 250 300 350 400 450 50

m,, [GeV] m,, [GeV]

=» Typical sensitivity for m,=150 GeV: S/B~0.01
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MSSM Higgses (4)

ATLAS-CONF-2012-094

4 Combine all channels  @=A/H/h 2 Tj,4Thad » ThadTiep » TeTp MM »
= Put limits in a specific MSSM Model

60_|Illllllillillz'.,;]:%‘\\\\\NIIIIIIII

(e
— L
(4]
—_-—

B J- Ldt=4.7-4.8fb"

\s=7 TeV

— Observed CLs
----- Expected CLs

X +1c

i
o
s

JJI|IIII|IIII||!

7%
¥
"

)

=== up channels
SIS it @)1 ChannEISh |
ST e ]

e mElse 5.5.5.9 €T .4/ 1T, Channels
52 ThadThag Channels ]

ATLAS Preliminary - Sombination -

G
150 200 250 300 350 400 450 500

m, [GeV]

o,

./
K

%
L)

4

e

4,

—

—
R, v. .

RS

10

o

=» Dominated by T, _4T}.4 ; Thad Tiep
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MSSM Higgses (5)

arxXiv:1204.2760
0 Charged Higgs : H *- = 1tv (~100%) ®

= An elementary charged scalar particle : clearly indicate new physics beyond SM !

= Main production mode in the top quark decay t>bH™* : sensitivity below m(top)

Fully hadronic ‘&_<t-jet
H-. 7
/ q \Y, [ Branching Ratio for all modes MH=120 |

m
g/q - I
L q B
. 08f—d-d-HH
Leptonic It ’ T -jet
/q .--:" 5 0.6 -
? Vv, Ut i
T ¢
v 0.4 = ST N R i S
g/q W- ¢ L
e/u o2f- AN bl o b ol LB
i g2 ﬁ : Piiil i
Leptonic I &5/11 oL LN HiEEEE
1 10 gaq:(m
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MSSM Higgses (6)

arxXiv:1204.2760

A Charged Higgs : H *- 2> tv ®

= 3 channels: Fully hadronic (thad+W->jj), semi-leptonic (thad+W->1v), fully leptonic (tlep+W->1v)
= Main background ttbar

= Most powerful channel is fully hadronic

> :IIII|\II\|I4IlIIIIIIIIIII[I?Il!IlIlIII|: Q60_1|1|||||l'|l|1[|lll lllllTTlIIlTll
& 80 -ATLAS ® Data 2011 E S [ ATLAS
< THets  [JTues ] T ol M \s=7 TeV
~ 70t Bl Jetoomisid - - Data 2011 ILdt =461 /
=] 60 B e misid E - "
g - Multi-iets ] | — — = Median expected exclusion ]
L ] 7 L _ _
50 <3 SM + uncertainty [ |:| Observed exclusion 95% CL 1
— = ] W ------ Observed +1o theory —
40 m,,. = 130 GeV E : |
B(t—bH") = 5% - il e Observed -10 theory i
30 = C =
-1 = :
20 j Ldt=4.6fb = ]
\s=7TeV 1 A

0 N
0 50 100 150 200 250 300 350 400 90 100 A1 120 130 140 150 160
my [GeV] m, [GeV]

=>» Will close the plane at the end of 2012 (if no excess)
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Direct Gauginos In pMSSM

arXiv:1208.3144
1 Closer to a real SUSY model ~pMSSM »
= Mixing of eigenstates = f(M1 [Bino Mass], M2 [Wino masses], tanf3, u [Higgses])

= Trilinear mixing all set to 0 except for the stop
= Combined 2lepton and 3leptons final states

M1=100 GeV, high mass splitting

N, composition between x,*and x,° = high Acc.
350 .B % 500:-; T T |I|| T |=_:‘| 1‘ T -~ — SUSY)
s _ ATLAS ‘ ____________ served limit (£ Otheory
"w % 450 { o | Expected limit (+14,, )
300 HH, = ‘\ (| ep2 3 1035 Gev)
~ O 400k R .\
H, E t L
00 ss0f N
%2 50‘_% jl.dt:mfb"
g 4\ 300 , ‘; \s=7TeV =
i~ n = ,'l‘\i pMSSM, 2+3 leptons S .
= 2 @] 250l | M,=100GeV, tanp = 6 SR =
= (g e gz :
S 2000 .
150 2 |
T 150 =
100 | —— l J , 1 15 Oﬁn#ﬁgf"’*sr4 5 -
100 150 200 250 300 350 Y PHidasinos = Wino  neev
(M1 =100 GeV) MU [GeV] DGemtR_350 gg
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Gluino Mediated Sbottom __

d Final results at Vs=7 TeV, 5 fb ! ®

= 4 b-jets in the final states: 3b-jets analysis most competitive

= Optimize the analysis for different b-tagging operating points

g-g + 51-51 production, BT—> b+i? L"-47f" \s=7TeV
S" lIII]IIIIIIIIIlIIIIIIIIIlllllllllilllllllllllIIII
8 7560 T m('i?) =60GeV,m(§ ,)>>m(§)  E==== CL, Expected limit 10,
=L e aa = CL, Observed limit + 16°°="
0 = ATLAS ............. 1Theory
E - 0-lepton + b-jets 2.0 fb’
1000 |- EeisteEhaTng Al limits at 95% CL

- [ ATLAS BB, 2.05 b
800 |— | cOF b, 2.65 b

- [ |cDbFgg, »bb25ib!
600

LY
<
i NI N AN AR A AN AR

A N . HE. 2b-jets (5fb )

400

llllllll

200
200 300 400 500 600 700 800 900 1000 1100 1200
m; [GeV]

=l ===

=» Sensitive to mg <1 TeV
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Exclusion limits

O Exclusion limits : a new standard ATLAS/CMS procedu re (>June 2012)

= Ease the life of theorist by separating the signal theoritical and experimental systematics

production, g— ﬂ"x‘:

—

ATLAS Example

— Observed limit (+1 aﬁfr‘;)
_____ Expected limit (=1 cr“p)

f Ldt=47f5'\s=7 Tey | Alimits at95% CL,

Expected limit :

=Central value: all uncertainties included in the fit as nuisance '3500
parameters, except theoretical signal uncertainties (PDF,scales)

=+] g band : +1o results of the fit 400

300

Observed limit :

=Central value : Idem as for expected limit 200

I'<._[IIIIII1IIIIIII[]IlIIlIl-i(qZ

=+]10 band : re-run and increase/decrease the signal cross
section by the theoretical signal uncertainties (PDF, scales)

Numbers give 95% CLs excluded model cross sections [fb]

100

Tl!lllllllll]ll:’lllEJllJl]I[l

500 600 700 800 900 1000
Excluded Model Cross section (SMS) < m; [GeV]

—IEI1IIIIIIIII|IIII|IIII

= Number quoted in paper correspond to observed -1 o observed (conservative)
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Result reinterpretation

Feel free to reinterpret our results !
= Acceptance, g, CLs, ... are provided for each analyses in HEPData

Refined and extended list of input to HEPdata, starting with winter 2012 results. http //hepdata Cedar ac.u k/
®  Plots, interpretation (CLs limits) from paper and auxiliary material 2
B T i o The Durham HepData Project
®  For each signal region, and for all relevant models Sample. pane
5 120011 Stog Docay, k=172, 237 P Gnd |
® acceptance (A), defined next page [A=Nuca/Neow] %m_ -V ReactioN DaTaBase  Data Reviews  PantoN DistriBuTion FuncTion Server  OtHer HEP REsouRces
e efficiency (&), defined next page [€=Naducial-reco/Nfiducial] E 800
. g . ook Extra resource relating to the paper arxiv:1109.6572 - CERN-PH-2011-145
® A" total systematic and theoretical signal uncertainty,
not including MC stat. unc. 00 Experimental accep fficiency and cross section*branching ratios:
2001~ ) Signal expectations and experimental acceptance/efficiency for M_gluino vs M_squark grid (massless LSP)
e  Clsvalue %
S e A Signal expectations and experimental acceptance/efficiency for CMSSM/MSUGRA grid
®  Forall relevant models i SLHA files:
e susy sqgl slha files
®  Number of generated MC events (can be used to derive all signal susy CMSSMMSUGRA slha files
MC stat.unc.)
; : ; Extra resource relating ot the ATLAS NOTE ATLAS-CONF-2011-155
® o™t total signal production cross section
®  SUSY Les Houches Accord (SLHA) files Experimental acceptance/efficiency and excluded cross section*branching ratio for M_gluino vs M_LSP grid:
(direct decays) - SHLA files

®  Relevant models: (one-step cascade decays, x=1/4) - SHLA files

e  E.g small number of simplified models (easy kinematics)

®  no smoothing/interpolation between points

A user can probe his/her favorite model(s) by:

1. take our background estimate (per SR): Nt £ At (numbers in
publication)

2. implement event selection (per SR), validate against our acceptance
numbers (in HEPdata)

3. implement a detector response, validate against our efficiency numbers (in
HEPdata)

4. run on favorite model, and calculate sensitivity/limits using our visible
upper limits (from publication)

More details: https://indico.cern.ch/getFile.py/acc ess?contribld=1&resld=0&materialld=slides&confld=17 3341
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SUSY and the new boson

O Higgs and (weak-scale) SUSY in close relation

sS40 ——T———1— e —

1 3 - NUHM —— no scale S
S u —— mSUGRA )
Ms SUSY = 135 R GcMsB =
£ - =
= | NMSSM AMSB S
130|— — W
125
EW scale 120 —f 3 3
4 O
u f 1 5
d 5
115¢ =] m
1 1 Olzl 1 1 1 L L L 1 " L L I 1 P L 1 l 1 1 L L 1 L 1 M
10 20 30 40 50 B
tan
Unconverte: d T T T ¥ ¥ ¥ T ¥ ¥ € ¥ T ¥ ¥
gl | i ATLAS :
central high F’“ /f
Unconverted | ' = Data 2011+2012 ]
rest low P, A%
Unconverted [ ' % ]
esthighP, | % —*—— |
Somtes. = 5
Converted — Vs =7 TeV, Ldt = 4.8 fb |
central high P | i / |
oo | : gy \s = 8 TeV, J- Ldt = 5.9 fb ']
GUT scale resthign by, | — ' ’ |
Converted H
transition | % e SMH — YY ]
2 jet i Z (m, = 126 GeV)
Planck sca compmse| .0 =& T |
1 L | L n " n 0I L n 1 L L L L 1 L " 1 L 1 L L

Signal strength (1)

=>» Direct searches/“Higgs” properties (m, couplings) both powerfull to discover SUSY
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Why light stop mass ?

O SUSY and Naturalness O Radiative correctiontom |,

3 .
mio = m cos?(28) + ] sin®f y? [m? In (mt-!'mt—z/mf) + c;“’sg (mfn - m?l ) In(m?u/m?‘)

1
seat{ (e, —m2 )2~ Tomd, — b, /migl)}/m?].

| Classical Quantum Quantum 140 x T : -
! : ! I mu= 1 TeV Ay = ¥- a4 'f'__(‘"“,___ v ’f,(,»z_:,"l,,
; : /'—"'\l B u= A, = 0 O A~
* — >:< /. \ 130 [~ [ pole _ 175 Gev i
| - I * + I\f 7\'22 E tan g = 20 /_/_/r’,l
1 | ~_-% 120 — ST ok —
1 | I 1 % 5
1 1 & -
e 100 leading mf{ results (-
—1 2 2 2 one—loop leading log (———-) ]
+ l67r2)\ (Tnf N 7nf) ln(A/Tnh) RG-improved (approx) (———) -
90 RG-improved (full) — (——) —
L A i . ; g i . | |
200 500 1000 2000
Msysy (GeV)
Small fine tuning =» lightt ; A 125 GeV h? =» heavy t,

=» Some tension ...
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Why light Higgsinos mass ?

Light higgsinos

Lussm = (1t HuFHg + he.+ (mgy + 1) [Huf? + (M, + [1?) |Hal? + ...

@ Higgsino mass parameter ;. is special: supersymmetric

A priori it is unrelated to the scale of SUSY breaking

@ ;. cannot be too small (LEP chargino bound: m, 2 100 GeV)

@ 1 should not be too large:
me = -2 m,g.,u - 2)uf? + O(cot? B)

If |m?, |. ||* > m5 = large cancellation needed = Fine-tuning!

Felix Brammer

4/23

Light higgsinos

Two approaches:
@ ;1 generated supersymmetrically, around EW scale by coincidence

o effective . generated by SUSY breaking
in calculable models: /B, problem- Giudice's tak =y still special

Naturalness wants ;. around 100 GeV:

me = -2, - 2|uf? + O(cot? B)

LHC bounds want squarks and gluinos above 1 TeV.

Motivates studying scenarios where higgsinos are light (EW scale)
while everyth[ng else is heavy (multi-TeV) except maybe 3rd generation

light higgsinos = near-degenerate \%, \7", \3 around 100-200 GeV

Felix Brommer
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Naturalness and New physics

G.F. Giudice (July 2012, LPCC Workshop @CERN)

1. Electron self-energy -

. %
electrostatic energy: E = e “~ =70 MeV
r o
i
i eh 5 m,
magnetic energy: E=-—,u= <m,c-= A

3i 8
r 2m

New physics (positron) at m, = 0.5 MeV
2. Pion mass difference

3 o) o) o)
QED contribution : 4—aA‘ <M~ -M-, = A <850 MeV
J.L. o T

New physics (hadrons) at M, =770 MeV

3. Neutral kaon mass difference

(; f‘ M,,o -M,,o
FIK Sin’ BA' - % = A <2 GeV
671’ MKO

New physics (charm) atm_ = 1.2 GeV

The weak scale

om; = \/—
2m”

(4m] =2m5, =m} =m} )X <m; = A <500 G&V

3/12/2012 P. Pralavorio SUSY at ATLAS 63



Dark Matter: The WIMP Miracle

t(ns)
100 10! 104 10

T T —r—xi0 ¢ |f you add a new particle to the
104 my =100 GeV Universe, the amount of it left over
- Increasing 1 now is related to its annihilation cross
w"ir annihilation 3 section: )
3 strength ' &
103é— g . QX, X ; ~ %
v oF 0, (ov) 9x
or 10°
1012!— A q9
4 102
] | -
Ll | X q
g o + My~ 100 GeV, gy~ 0.6 > Oy~ 0.1

]O‘l — ]00l I
T (GeV)

 Remarkable coincidence: both particle physics and
cosmology point to the 100 GeV scale for new particles
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Matter: Effective operators

arXiv:1209.4625, 1210.4491

xR

Name | Initial state Type Operator
D1 qq scalar ;l]—}z;' X Xqq
D5 qq vector r\_}g XY Xquq
D8 qq axial-vector \—},*; XYY XG V) °q
D9 qq tensor ﬁ? X' xqo . q
Bl qq scalar ﬁ;,{,}(as((}"ﬁy)g

Table 1. Effective interactions coupling Dirac fermion WIMPs to Standard Model quarks or gluons,
following the formalism of ref. [32]. The tensor operator D9 describes a magnetic-moment coupling.
The factor of the strong coupling constant ag in the definition of D11 accounts for this operator
being induced at one-loop level. GG, is the colour field-strength tensor.

3/12/2012

P. Pralavorio

SUSY at ATLAS 65



/TeVvs 8 TeV

O Status and outlooks on SUSY energy frontier search
= Exclude up to 1.4 TeV @ Vs=7 TeV (m;=m;) @ and m;>800 GeV

= At the energy frontier Ys=8 TeV can gain ~ 2.5-5 in parton luminosity wrt 7 TeV
=> Expect a sensitivity increase of few hundreds GeV

MSUGRA/CMSSM: tanf = 10, A =0, >0 L™= 47", \s=7 TeV ; i ;
; T | LI A | I T T } T ? T ‘ LI N I | I LI I | | T 1T I T 10 CTEQ6L1 pla-rton Iumlnoslltles ratlo
\ o, imi SUSY i ]
8700 TLAS Preliminary CL, 95% C.L. limits. 5y ¥ not included. N
= 5 “=— 7| O-lepton, > 2-6 jets - Expected ] 8
o ~S arXiv:1208.0949 - Observed = 7
E N . —L0lepton,>6-9jets ---- Expected .
600 = f' ~14:\-I®< 1206.1760 —— Observed 7 6
N g(ia0f | = 1-lepton, > 2-4 jets ---- Expected - 5
A -\ \ | arxiv:1208 4688 —— Observed T =
o T \Vf | 1-lepton, > 7 jets ---- Expected 7 IQ 4
500 Sl | ATLAS.CONF2012-140 —— Observed _| I~
s ] =
L o2 : N I Theoretically excluded - — 3
e, | \ . ! : ! — - ag
sl AU« S N U TR N -
E_,. o "‘._‘ s\a‘\\_;;:'\__ :‘.t‘( — 7- " < 1 \*: ==} 2
300 VT TN S R s RO |
C -. LA ; 7 ./am,~800 GeV -
[N~z 13 ‘ i } aq
200 = I R e =
Y ) . . ‘ ! 1 T T
' i 1 : : 102 107" 10° 10!
10041|1||||||11|l|||[:||||| Jé[TeV]
500 1000 1500 2000 2500 3000 3500 o
m, [GeV]

2 Mgysy=1.6 3.2

= Worth to look at Vs=8 TeV with L(7 TeV) ~ L(8 TeV) !
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LHC 14 TeV Prospects (1)

O For energy frontier (gluinos, squarks)

= Extend my by 100 GeV if VS e [TEV]= Vs, ir + 1 Or L, [f0-1]=10xL ATL-PHYS-PUB-2011-003

orig orig

Squark-gluino grid, M= 0. Vs=14TeV

p
; 4000—| N ' ; 3600 1lb‘1 é!iscéwel relachl— - S
8 C .. 300 b dlscoveryn:'each ] 8-'
e - % "1 3000 b exclusion 95% CL | _2b
£ 3500 ® - -=:300f" exclusion95% CL | 3 10
3 4 =10°
3000 i 3 . § ATL-PHYS-PUB-2012-001
2500 es= s 107
2000 = <10°
- ATLAS Preliminary (simulation) 4 3
I Bl o
S T O T T SRR | . ~-6
1500000 2500 3000 3500 4000 1©

my [GeV]
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LHC 14 TeV Prospects (2)

O For stop / sbottom / gauginos below 1 TeV

= Generally ttbar main background : S/B constant vs \s,,, but S/\B increases

Q

cross sectign [pb]
=]

-t

102

103

Chargino(C1)-Neutralino(N2) Cross Section (mSUGRA, m0=1000GeV)

<800

E sqrt(s)
oNLO+NLL(pp i, t, + X) [pb] 5 10° — 14TeV
B — TTeV
w
1
. 2 10
\s=14 TeV (estim.) ;
1
TeV 107"
10
" 10‘“E \
TR I TR N S N PR T - T M i SO ' e L by by by By by
200 400 600 800 1000 0 100 200 300 400 5(0 600 70
m, [GeV] Average mass

Limit f
10007
900

v

or M(LSP)=0 @ 5fb -1
L B e i e BEEREES
ATLAS Preliminary (Simulation),Ns=14 TeV

w3000 o' discovery reach L -’“’i? {mf > . T-epton (eg) + ets

wun 3000 " exclusion 95% CL. ™ | .
=300 fb" discovery reach -ty hﬁ{: {m. - m,, = 20 GeV): 2-lepton (ey1)
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