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Excellent performance LHC 2011: >5fb! ///
102 —
Large phase space beyond Tevatron < / //
for high mass particles g 10! //
s = parton
,% 100 luminosity
o

Instantaneous lumi > 3.5 x 1033 cm-2s""
—> Triggering challenging! Especially on jets.

Workhorse triggers: jet+E;™ss, leptons
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LHC: sensitivity first to strong production
of coloured sparticles

0" \ a5 = But with > 5 fb-1, electroweak production

i \ i ] becomes important too
o2 \\\\\\ - =
F %8 ] Results shown in this talk: typically ~1 fb-"

Data taken in the first half of 2011



We do not know how exactly SUSY might show up first.
A good start could be:

“Canonical” searches with jets and missing momentum

Keep analyses simple, general and robust
Do not overtune on specific models
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Effective mass (m.4) distributions in signal regions.
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eoA limit (fb):
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Signal Region
Process
= 4-jet, = 4-jet,
> 2-jet > 3-jet ol * High mass
Meg > 500 GeV | mq > 1000 GeV
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MSUGRA/CMSSM: tanf = 10, A =0, u>0

I CDF g,q, tan B=5, u<0, 2 o™
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Ses] Comell University

e B
Long decay chains 1.34 fb- i =

e arXiv.org 1110.2299

For example multi-step gluino decays
(Or any other scenario with many jets!) 6
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. . kg@ﬁg) E(l):;f;l University
Jets, E;™'ss and 1 isolated lepton (e or p): 1.04 fb-'

arXiv.org 1109.6606

Signal Regions Control Regions c .
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But how about moving beyond constrained models
such as MSUGRA/CMSSM or minimal gauge mediation?

Simplified model interpretation

MSSM-inspired models of well-defined production and decay modes
Explore dependence of free parameters
Introduce complexity progressively



Simplified models for 0-lepton channel

Squark-gluino-neutralino model, m(i?) =0 GeV
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Simplified models for 0-lepton channel

| Squark-gluino-neutralino model |
0

T TTTTTATLAS Preliminary
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ATLAS-CONF-2011-155

red: massless LSP
green: LSP 195 GeV

blue: LSP 395 GeV
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Direct decay,3g = qqqa®%°
= LY - 10(:0_,..,,..,......11..|1111111|
Simplified models for 0-lepton channel % [ ATLAS Proliminary |
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Direct decay,dg = qqqq{‘}fﬁ’

Simplified models for 0-lepton channel 1000 e

ATLAS Preliminary
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less strong for LSP mass > 200 GeV!




1-lepton simplified models

Cornell University

1-step via

intermediate

chargino

L-step cascade decay (r=1/4) | | 1-step cascade decay (=112)

L-step cascade decay (1=3/4)
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After first 2 years of LHC:
No SUSY so far... Nor any other BSM hints...
Time to take a step back and recap:

SUSY quo vadis?

Have we been too naieve?

(See talk of Giacomo Polesello tomorrow)
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A Natural Spectruni

“ yy . .
General “bottom-up” viewpoint

Generalize away from
(over)constrained scenarios

M cede G2 bR
“Distant
, Cousins” .
T e Nuclear Family” i o « Gaugino sector and sleptons:
of the Higgs multi-leptons, photons
500 GeV_| ty Key Search
b b
. (s « Stop (and sbottom and stau) sectors
t i . . .
o = 1 - <_Dar" %a/t}fr kel (major motivation for SUSY at low
hd (=5 mixture energies)

«— Closeness to Higgs

Non-""canonical” scenarios:
semi-stable SUSY particles,
R-parity violation

(L. Hall, Berkeley)
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Searches aimed towards electroweak gauginos
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féﬁ;”% Cornell University

Library

Dileptons {fﬁg 1.04 fb-" o
arXiv.org 1110.6189

Example 2-lepton signature (OS)

9/ B/ R Common cuts
o » Preselection (Data Quality, Trigger, Primary Vertex)
» 2 leptons: electron pr > 25/20 GeV, muon pr > 20/10 GeV, my > 12 GeV

s Opposite sign, SR 2

oppostesgn ________Jsamesn Background | Obs. | 05% CL
0OS-SR1 15.5 £ 4.0 13 9.9 tb
SR1 £ > 250 GeV SR1 £+ > 100 GeV (weak gaugino
. : OS-SR2 13.0 £ 4.0 17 14.4 fb
SR2 3 jets pr > 80,40,40 GeV, production) OS-SR3 57 136 9 6.4 fh
E1 > 220 GeV (gluino 2-body decays) SR2 2jets pr > 50,50 GeV, ET > 80 GeV - . - .
SR3 4 jets pr > 100,70,70,70 GeV, (MSUGRA/CMSSM) SS-SR1 | 326 £ 7.9 25 14.8 fb
E+ > 100 GeV (gluino 3-body decays) SS-SR2 240 + 5.0 28 17.7 fb
3 'f"'"'""_{"'""""""""."'D;t;zom\;'n;w_ 3 \ Q
Ldt~1.04fb  di-lepton [OS] + 3 jets s> SM Background 3 O 10 Ldt~1.04fb" di-lepton [SS] ® Data2011 (\s=7TeV)
= 3 E Eik:tsleptons | & == SM Background 3
E 10 ATLAS = DrtJeII»Yan IE| E 3 [ Fake Leptons ]
S — 3 g 10 [ Z+jets =
I | Dibosons 1 o - Drell-Yan 3
L 5 @3 Single top L =
10 = R Il Diboson
E 10 =
10 _;I same sign, SR1 3
E

107

R N
HE O 3E
Ny ¢ F . T anw
8 ] Y 8
& , .- \ : % - = 1 wﬁ\&%\x\%\\ﬁg&;ﬁ\% \\\§\\\\\’
250 300 350 400 450 >490 00 50 1 00 1 50 200 250 >260
EMS [GeV]

ETSS[GeV]
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Dileptons: interpretation

Same sign dilepton interpretation
in simplified model of weak
gaugino production: X, * X,°

Cornell University
Library

arXiv.org 1110.6189

GMSB: M,..=250TeV, N_=3, sign(u) = +.C_ _ =1

grav

35
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-- Expected
- Expected+ 16 ..~

""""""
g

Cross Section Excluded at 95% CL [pb]

0.2

300
m_._o [GeV]
%%,

350

Interpretation in GMSB

(opposite sign SR2)

ATLAS-CONF-2011-156
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o [fo]

vy + MET 1.07 fb-1

yy S|gnal reglon

paper in preparation
ey control region

- ey 10% g R S EARASRARSS RaR g
E 104} 4" Datazot1 &s 7TeV) - E ) |—+—I Scalled Dlata 2(I)11 &ls 7|Tev£
o : © : L ey 1 0 403 I QCD, Z- ee -
Gauge medlatlon Wlth @ 108 [ Woev+ets, W—ev+y, ttsev+X | 10 E
. . € Z—vv+yy, Wolv+yy E = [0 Woevijets ]
bino-like NLSP: 2 —— GGMm,/m, =800/400GeV 3 & g2 Wosevy E
- ~ M0 ———— SPSB A =140 TeV qu . :
XO > Y I UED 1/R = 1200 GeV E o tiev+X N ]
10 ATLAS Preliminary J-Ldt “ 107" 3 ATLAS Preliminary
1 —é 1 ILdt: 1.07 fb'1_§
Selection: 2 tight y _ L ] _ ]
: 10‘ 107 b
E; > 25 GeV, isolated, i ii “l. 2 :
10° 107
In[<1.37 or 1.52<|n|<1.81 50 100 150 200 250 300 350 421:2 3;1 050 100 150 200 250 300 350 400 450 500
miss [Ge ET* [GeV]
EM'sS range | Data Predicted background events Expected signal events
[GeV] events Total QCD W/tt(— ev) + X Irreducible GGM SPS8 UED
75 - 100 11 | 147+12  6.7£09 74+08 0.52+0.10 | 0.8+0.1 21+01 0.15+0.01
100 - 125 6| 4.9+£0.7 1.6+04 3.0+£05 023+0.05| 1.2+0.1 25+0.1 0.2940.02
> 125 5| 4.1+£06 0.8+0.3 3.1+05 0.15+0.01 | 17.2+0.5 13.0+£0.3 9.67+0.11

SPSB Mmess_ZA N 1, tanﬁ 15 crNLSP<0 1mm

GGM: bino-like neutralino, tanf = 2, cty gp < 0.1 mm

1200

3 Interpretation in — 1200 —1 77— T
5 - gﬁpefwt/ecc’i%ﬁl;nr::‘t ; 'p D E s ATLAS Expected CL Limit .
L y Dbserved Cle fimi minimal gauge mediation: & 1100F ATLASObP s tmt =
10°8 +2 o Fo— served CL g Limi E
F —_— spga NLO cross-sectio SPS 8 benchmark s'°pe E 1000 MW 1o 3
- _ A = E —— ATLAS Observed CL g Limit (36 pb™) 3
0 Ldt=1.07 fb", \s =7 TeV 900~ N =
: 800} =
10k ) ) ILdt =1.07 fo' 3
c ATLAS Preliminary Interpretation in 700 Vs=7TeV 3
B T general gauge mediation: 600 =
1 0[GeV] . ~0 7
: L gluino and X° mass free, 5, < E
] NLSP -
i 250 300 350 400 450 500 850 bino-like io ATLAS Prellmlnary g E

-1 | | 1 | ‘ ; | B S

1036700 120 140 160 180 200 220 400 ——50 200 800 800 1000

A [TeV] 20 m, [GeV]



Searches for 3" generation squarks

stops and sbottoms in gluino decays

direct stop or sbottom pair production

21



Sbottom production in gluino decays 0.83 fb-

~y

g-g production, §— 2b+i(1)

H H % 10° " ATLAS  Prelimirary -Ie Ion' "e; I
23 jets, p; > 130, 50, 50 GeV, 21 jet b-tagged g E qTAS Premmay e
3 jets AdD(jet,E,Mss) > 0.4 Eowg Jacomenerme T e
) T - z 5 Ctop produgtion
. . o 10 > -' (3 W production
Veto events with isolated e or p 5 2 2 b-jets -
. . 102 amm §700 GeV,b 380 GeV
E,mss > 130 GeV, E;™ss/m,. > 0.25 |
10 2. AEd
1
Sig. Reg. Data (0.83 fb~') | Top W/Z QCD Total
107"
3JA (1 btag meg >500 GeV) 361 221%5 [ 121+£61 | 1547 | 35675, 3
3]B (1 btag meg >700 GeV) 63 3755 | 31£19 | 1.9£09 | 7055 o .
3JC (2 btag meg >500 GeV) 76 5575 | 20+12 |3.6+18| 79132 3 1 . .
3]D (2 btag meg >700 GeV) 12 7835 | 544 [05+03| 130725 § N ot ++- A
00= 100 200 300 400 ?)o 600=
ET'*® [GeV]
Interpretation: gluino > 2b + LSP Interpretation: gluino - sbottom + bottom
g-g production, g— 2b+9~(?, m(q) >> m(g) l Ldt=0.83 f5' Ns=7 TeV 1000 gg + 51-51 production, B,—) b+%? J Ldt=0.83 f5'\s=7 TeV
;‘ :l T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T /\‘n ;‘ :I T I T 17T I T T 17T I T TT I T T 17T I L T 17T LI .I .I T I:
8 800 = Observed 95% CL limit (:)'/ 8 000 - ATLAS Preliminary ..o ggg?;g%g% “E:E -
—_ — . = 2 —1 e % an °o. L. -]
w700 = Exoocted CL. limi ) JRagl 107.7 10 '8_ o E 0 lepton, 3jets CL, expected I_|1m|ts .
= = p s PO 0.6 L £ w0 [ bietanalyses ATLAS (35 pb") ]
C R 7. | c — - ]
600 = ATLAS Preliminary . o 57 ‘0 -% E m@) - 60 GeV, mfi, )>>m(§) 3
C i -&}.Q‘m 63 38 Q 700 :— : _:
500 £ 2!efton,|31ets 2 \,Q‘p\m 83 74 12 16 a C |:| CDF b, 2.65 fo! 3
- Dletanalyses o ‘?,‘0)5 80.6 45 47 22 09 11 8 600 :— " —:
400 :_ g}’ 526 81 44 41 34 20 07 08 1 o - . DObp, 5.2 b’ .
300 E- S 1147 51 22 21 10 05 06 06 é 500 - D CDF 8, > Bp 2.5 1o ¥ o 3
- H & d 5 K K U E E H‘Q"" : E
200 - 107 3 400 ”9)0 L -
= = C Ry Ref:érence @pint -
C : 102 = 3
O O - 200 1 1 1 I 11 1 1 I 11 1 1 I 11 1 1 I L1 1 1 I 11 1 1 I 11 1 1 I 1 11 I 11 1 1
200 300 400 500 600 700 800 100 200 300 400 500 600 700 800 900 1000

22 m; [GeV] m; [GeV]



Stop production in gluino decays 1.03 fb-

Analysis: b-jets plus isolated lepton signature
One e or p with p; > 20 GeV
At least four jets with pr > 50 GeV

Cuts I > 4jets >1bjet | EF*ss > 80 GeV I mt > 100 GeV | megr > 600 GeV
SM (MC) | 6574 + 1870 | 3096 + 1042 881 £ 356 109 + 55 52 + 28
SM (d-d) 549+13.6
data 6659 3361 989 141 74
Interpretation: gluino > 2t + LSP
g-g production, § — 2t+5(ﬂ m(d) >> m(g) _[ Ldt=1.03 fb"' \'s=7 TeV g9
; 450 ||||||||||||||I||||I||||I||||I|||||||||I|||| 3‘ ;‘ 600_
) — 8:: observeg I||m|t o D C
...... expected limit —
g 400 = T Expectped CL_limit +1c é g_ 350 -
E‘?x_ ° 8 éﬁ 500 :_
350 E= ATLAS Preliminary 2 =
300 1-lepton, 4 jets g 450 =
250 >= 1 b-tag, m., > 600 GeY & g 400 ;_
= C
© i
200 s 350 £
300
150 c
250 |
100 -
200
50 C
150 F=.c

0

350 400 450 500 550 600 650 700 750 8?& 850

m-
g

23

eV]

ATLAS-CONF-2011-130

§-§ production, § — 2t+i?: Jdg— t~1+t, ?1—> b+)~(f

> 1 o* E- T T T LA L B B
8 = ATLAS  Preliminary 1-lepton, baseline selection 3
Q s j Ldt=1.03b"Ns=7TeV e m ]
g 10 E o B SM total =
-~ = [ acD production 3
s F all cuts except m £ o possten 3
10 [ W production
0>'> :E § TS - Z production E:
w — @ civoson production .
= = = m;=500GeV, m - 210 GeV
10 :E ,,,,,,,,, m; = 550 GeV, m =50 GeV E:
e E
-1

e \S
o E . A =
= E ‘ E
~ 3k . g - —
£ E . E
S 2F seen, A . 3
E - 9 _.—+—- = 2 E
Ll o e r—— - | E

200 400 7000 1200 1400 ~ 1600 ~ 1800 2000
my; [GeV]

Interpretation: gluino = stop (= b X %) + top

| Ldt=1.03 b \'s=7 TeV

+11 production, § — t + ¥ - b+x

ATLAS Preliminary

1-lepton, 4 jets

>= 1 b-tag, m > 600 GeV

m(z;) =

60 GeV , m(X,) =2 m(X,)

= CL observed limit

o
. o Y
K 2
8
oy

IIII!IIIIIIIlllIIII

CL expected limit

Expected CL_ limit 1o
——— Observed ATLAS (35 pb')
Expected ATLAS (35 pb')

lIIIIlllIII|l|l||IIIIIIIIIIIIIIIIIIIlIIIlIIIII
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aper in preparation
Direct sbhottom pair production 2.05 fb-1 pap prep

~ ~ !

b,-b, production,'51—> b+§? Selection: 2 b-jets, pr > 130,50 GeV
E miss> 130 GeV, E{™ss/m_, > 0.25

AD(jet,E{m's%)>0.4

Veto leptons and 3 jet > 50 GeV

Discrimination based on con-transverse mass mg
]\/Ig'f(vlﬂtb) = [ET('UI) + ‘ET(UQ)]2 - [pT(vl) - pT(UQ)]2 (JHEP 0804 (2008) 024,

has an endpoint at: (1(b, )2 — 772,(,)2(1))2)/771(1)1) JHEP 1003 (2010) 030)
>50_|||IIIIIlllllll.ll.l||||l||||||||||||||||||_|IL|I|lllllllllllllIlllllllllll|||I||||||||L
S - ATLAS Preliminary T e Data 2011
Q f J _ Ao T o YW SM Total ]
~ 40-_ Ldt~2.05fb Ns=7TeV T : [ top, W E
;GC: [ 2-jet exclusive, m.,; >0 GeV I : Bz ]
c
L DOthers

30 T ----Bsoo,{?woeev_-

20f

10f

200 300 400 500
o4 Mer [GeV] EMs=[GeV]



Direct sbottom pair production

paper in preparation

~ ~ . ~ ' -0

b1_b1 productlon, b1% b+X 3-102 E T ~]~l T T T ~| T |01 T T T T T [ T T T T [ T T T T E
1 Z - b;-b, production, b, — b+¥, ——— CL, Observed Limit (95% C.L)
15 L ome=S0GeV CL, Expected Limit (95% C.L) |
‘g B ——— NLO Prospino + 16 scale unc. |

()
g 10F E
M. cut (GeV)| SM Data o limits (fb) & ATLAS Preliminary 3
0 9411 6 96 . J Ldt=2.05fb" Ns=7 TeV |
100 62113 56 13.4 1 -
150 2748 28 9.6 : :
200 8+4 10 5.6 . i

10"
1 | | | 1 | 1 | 1 | 1 1 | 1 1 1 1
200 250 300 350 400 450

m, [GeV]
%' 350 :—I B:-B: ;)r;dll_lciioln,?l_;b;%z’ ! _I — éLls (I)blselrvlec; Llimlit I(9!'>°/:’ (I:LI)I—:
) - L CL, Expected Limit (95% C.L.) 7
|_?'><“ C CL_ Expected Limit+1c 3
£ *F mcoraesi 7 £ 16 NLO scale unc. E
250 [ [/P0O521" ATLAS Preliminary
Assumlng 100% BR, - ‘6@‘3_?? det=2.05 fo'\s =7 TeV .
200 |- SO —
sbottoms are excluded - ek
up to 385 GeV (for 180 T G
LSP <60 GeV) 100 B * \ 3
: Referoncopont [\,
50 NN | FH—

25

300 350 400 0
m. [GeV
1

150
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: : : > T
Direct stop pair production ERK/Ei 3 s P amas o Datane—rTev (b)
8 80 |Ldt=1.0410" [ W
2] il
5 Tk I
Genera’ MSSM 3] 60 - Other Backgrounds
mass [GGV]A % Background Uncertainty
z s Z. d D m(T)=360 GeV, m(A }=100 GeV
1 1 f llllll
w0l &4 T TR | e
wo ol N e T
Naluralpess
200 100225
' . .
200 300 400 500 ﬁ‘g‘;ﬁ‘y‘ LIy
_ stop mass (GeV)
.or t; — bIVif sneutrino LSP
E10__"'I"'I"'I"'I"'I"'I"'I'__
Sk, cross section limits ATLAS -
Difficult: > F IL dt=1.041b" -
e = ' \'s=7 TeV
- low stop mass: similar to top T
. . I
- high stop mass: low cross-section E
3 """"u'.,',,',:-::.::,:.
© .
Shown here: ttbar + E;™ss analysis. o Expocted Limit (1] re s,
Observed Limit
Search for top quark partner T 2> t + A U e NNLO Spin-1/2 TT Theory £10
Limits set for fermionic T (not yet for scalar) L7y NEQ Sealar T Theoty 1o,

26 T Mass [GeV]



Special final states

Long-living supersymmetric particles: very well possible in SUSY!

disappearing (kink) stable massive
track particle
displaced -
vertex -
g veryte(: a detector
O(10) mm O(100) mm > 0(1000) mm decay length

R-hadrons, R-parity violation, compressed spectra (AMSB)
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aper in preparation
Search for disappearing (kinked) tracks 1.02 fb bap ,I? barat

AMSB: almost degenerate x * and X% long lifetimes

Decay inside tracking volume: disappearing high p- track chargine penetating
. . . . @ : hit/noise track
Bg: interactions with TRT, mismeasured low p tracks i
TRT< 2 ‘ \
g 'E T as ed v ad v L
% 4 :‘ ATLAS Pre"minary R SignaI:LL01,t()~cf)=1ns . gg qq X]' qq Xl y N TRT
210 :g \s=7TeV .. Hadron track background 3 LR =554 mm | V= ’ \
£ F Nl s Bad track background 3 Xoﬂ-_ R .,‘;‘v \2 =
§10_2'§_ . 1 - R = 443 mm <
] E 3 . . R=371 mm <
= ool 1 candidate tracks: sy |
E 3 7 scT
. - - pT > 1 O Gev, NTRT3 < 5
107 g
E . {R=122.5 mm i — ——— Pixels
C Pixels { R = 88.5 mm
5 i R =50.5 mm
10% signal an £= e
-6 L | L
’ cpy el 107 ) ' :
trackp, [Ge & b —e— Observed 95% CL limit 7
) < 0 ATLAS Preliminary Expected 95% CLlimit
> 10 E’ I 3 — | [ Expected (+10) 1
S % —e— Data ] ol Expected (+26)
E 10 .t g Fit results = _EA 102 E
g [ ¢f ] g, :
i ﬁf i Q
1 ﬁ . = v
E ATLAS Preliminary 3
10" ) 8L ] V=TTV, J.Ldt= 102" ]
E 10°E cross section upper limit
10 data: 185 tragks . i \s=7TeV, J-Ldt= 102"
- ., - ! |
-3 L L o Jdoa bl L Lt
1090 20 50 100 200 500 1000 50 100 150 . 200 28
track p_ [GeV] Pr [GeV]



. . . - i L-number violating terms o } 29
R-parity violation A

Wy = Nige il BE + X, LiQs DE ekt X 00 DY DS

bilinear terms B-number violating terms

Vertex mass [GeV]

Search for high mass

secondary vertex ATLAS
Juar=sspw
5 Cornell University 1 @ Data 2010
_ Background: interactions in ., Wseaveq |
arXiv.org 1109.2242 inner detector material 2 3 4567800 Bl

Tracks in vtx: control region Vertex mass: control region 810°F E
7 S e e e B e e o I [ g o R R RS RS AR AR RERAN RARS- w F T = 700GevVg 4vacevy ]
_8 C e data 2010 h 8 e data 2010 3 om . —+— 700 GeV §, 108 GeV i
f— - |:|Dljet MC - I:I Diiet MC ] %10 — 1.5Teri,494GeV)~(:l —
(0] - je o ~ Lo E
S EWZMC 3 S mw,zMC ATLAS 5 N PROSPINDo(m. — 150 GeV) :
. 3 3 5 AN PROSPINO: o(m. =700 GeV) .~
5 T [Jttbar MC 3 § [ ttbar MC I Ldt=33pb” ] § 10 3 | 7
O 7 = . I =4
E 10p 4 © . 3 T 1
= g 3 = 3 o i 1
8 ATLAS 7 O 1e E
C L : : :
F det_ss pb E 1 E 10_1- JLdt=33 pb™
[ ] ' - cross section limits ]
107 = 10" ]
E [ |: 10—2 ! Lol 1 Lol L1111

=
N

6 8 10 10 10 10° 10°
Number of tracks in vertex Vertex mass [GeV] ¢t [mm]
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Prospects and challenges for 2012 I |

ATLAS Preliminary
discovery reach 7

N
I
il
O,
—ry
O,

2012: 10 (?) b L>5x 103 cm=s™!
7 or8TeV?
25 ns or 50 ns bunch spacing

\\

Mg,y discovery reach [TeV]
—
A
o
S5

|

E; in CAL towers vs Number of vtx
'_'140"" SRR RN R PR AR R L R Npy=1

26 Npy =11

- - ATLAS Pr'elim'ina'ry TmNGy=2 05+ eV 8 TeV .
r - ] & Npy=3 e e . .
=, 120 \'s=7TeV, Data 2011 17 Nov=t simulation
/\a_) 100;_ & 4 Bl= N’Fx=6 0 | | | | |
2 B e 8 ] Ney=7 6.5 7 7.5 8 8.5 9 9.5
=8 _f 3B % s B
- 8of ,:; siu dm 47N s [TeV]

Pile-up: extra "haze” in calorimeter
> E;™Mss resolution affected

Triggering more and more difficult
- Higher thresholds?
Physics (compressed spectra) demands
lower thresholds!
- More use of multi-object triggers

Analyses: more coverage of:. stop production, electroweak gaugino sector,

R-parity violation, and overall better coverage of loopholes
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Summary and conclusions ATLAS SUSY Searches* - 95% CL Lower Limits (Status: BSM-LHC 2011)

T T T TrT] T T T T T T T T ITT] T T
.................................. MSU GRA/CMSSM 0_|ep+Js+ Erms N ATLAS
MSUGRA/CMSSM : 1-lep +j's + E; ... §=gmass Preliminary
MSUGRA/CMSSM : multijets + E; ... gmass (for m(G) = 2m(g)) det =(0.034 - 1.34) b
Simpl. mod. (light )Z:]) :0-lep +j's + E; e G=gmass Vs =7TeV
Simpl. mod. (light i‘:) (0-lep +j's+Ep e g mass
Simpl. mod. (light )Z:]) (0-lep +j's+E; . g mass
Simpl. mod. (light i?) :0-lep + b-jets +j's + E, ... g mass (for m(S) < 600 GeV)
Simpl. mod. (§—>tfi:) “1-lep + b-jets +j's + E, .. g mass (for m(i?) < 80 GeV)
Pheno-MSSM (light 1) : 2-lep SS + Er ., dmass
% Pheno-MSSM (light Z.) : 2-lep 0S_ +E; §mass
Simpl. mod. (§— qG7’) : 1-1ep +j's + Ex e 7° mass (for m(g) < 600 GeV, (m(%) -m(Fx ) / (m(@) - m(F")) > 1/2)
GMSB (GGM) + Simpl. model : yy + E,,Imiss g mass (for m(bino) > 50 GeV)
GMSB : stable T T mass
Stable massive particles : R-hadrons g mass
Stable massive particles : R-hadrons b mass
Stable massive particles : R-hadrons t mass
Hypercolour scalar gluons : 4 jets, m; =m,, sgluon mass (excl: mg, < 100 GeV, mg,= 140+ 3 GeV)
RPV (4,,,=0.10, ,,,=0.05) : high-mass ep v, mass
Bilinear RPV (ct ¢ < 15 mm) : 1-lep +j's + E; .. §=gmass
........................................................................................................................ il | i | ] 1 O
107 1 10

Mass scale [TeV]

Sqnly a selection of the available results leading to mass limits shown



Summary and conclusions ATLAS SUSY Searches* - 95% CL Lower Limits (Status: BSM-LHC 2011)

I IIIIII| I I IIIIIII I I IIIIII| I ! I

ATLAS searches: wide variety of analyses, lively and active.
(Note that most analyses have auxiliary information: web or HEPDATA)

Detector operating very well
No excesses seen so far, limits set

° % analyses presented today: direct sbhottom pair production
simplified models 0-lepton analysis

dilepton analysis 2011 data
disappearing high p; tracks

SUSY

Future emphasis: 3" generation, multileptons, electroweak gauginos,
difficult final states, reach to higher masses,...

Outlook for 2012: 10 fb"!, perhaps 8 TeV

Challenges: triggering, pile-up
Bi covering the enormous variety of SUSY signatures

107 1 10
Mass scale [TeV]

3QHy a selection of the available results leading to mass limits shown
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Peak Luminosity per Fill [10 > cm?2 s

Total Integrated Luminosity [fb 1]
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ATLAS Online Luminosity Ns=7TeV
¢ |HC Stable Beams

Peak Lumi: 3.65x 10°° cm?2 !
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ATLAS Online Luminosity \s=7TeV
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Total Delivered: 5.61 fb™
Total Recorded: 5.25 fb!
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Events / 20 GeV

Data/MC SF

Dileptons

Background rejection by flavour subtraction

(e.g. ttbar reduction)

Flavour Subtraction

SR1 £+ > 80 GeV
Z veto: 80 > my || my > 100 GeV

SR2 2 jets pr > 20,20 GeV, £ > 80 GeV
SR3 £ > 250 GeV

N(e*e¥) BN(p*p¥) N(e*uTF)
BA-(1—-7e)?) (-(-m)?) 1-(-7e)(1—7y)
same?lavour differer:trﬂavour
OS-FS [FS-SR1] eteT efuT ptuT  OS-FS [FS-SR2] eteT etuT pEpT
tt 198+21 | 581450 | 418431 ¢t 220425 | 624164 | 43737
Z [y*+jets 867 4147 | 414+11  Z/v*+jets 46+12 29+7 38+6
Fakes 5+3 3049 2248  Fakes 242 | 32+10 19+8
Dibosons 1443 3445 32+4  Dibosons 8+3 1145 15+5
single top 13+1 4144 37+3  single top 10+2 32+4 27+3
Standard Model 316+21 | 727452 | 549+34  Standard Model 286128 | T28+65 | 537+38
Cosmic rays <107% | <107® | <10=®  Cosmic rays <107% | <1072% | <1072
Observed 344 750 551  Observed 336 741 567
mof ATAS  —eswenerens 43 2 s G0 T e Sws | & RMS
: SR S\ susecgomsss ] 1 2005 S o b " FS-SR1 | 131.6+2.5(sys) | 118.7+27.0 | 48.6
2001 iyl I B i FS-SR2 | 142.2+1.0(sys) | 67.1+28.6 | 49.0
- B 2 57 1 E B 700 FS-SR3 | -3.064+0.04(sys) | 0.7+16 | 4.5
150— Drell-Yan (SF —] = Drell-Yan (SF
E %ﬁ (SF) " E 120;_ ti (SF) =
- 4 - Diboson (SF; — 100 Diboson (SF,
100:— ’\\".m: [ single to; (S::) _: 80 E = single m; (5?:)
505_ ! ILdt~ 1.04 fb” _E ig;: J‘th 1.04 fo' S > Sobs (%) | Limit SS (95% CL)
S 20 S FS-SR1 39 94
o _ FS-SR2 6 158
) Z ‘ FS-SR3 79 4.5
Ot 1 i Ot i ; ; i . ki
0 50 100 150 200 250 >300 ) 0 50 100 150 200 250 >300

M, [GeV]

M, [GeV]
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2011 data update in pipeline...

pr lepton 1 & 2 > 20 GeV
pr lepton 3 > 20 GeV (e)
10 GeV (M)

Final cuts: 2 jets > 50 GeV
E miss> 50 GeV

L™ =34 pb™, Vs=7 TeV

Trileptons
ATLAS-CONF-2011-039 (2010 data)
| Multilep. events || All || eee | eep e | Qe
1t 0.68+0.16 || 0.032+0.016 | 0.24+0.07 | 0.31+0.08 | 0.096+0.030
Z backgrounds 15.6+1.3 3.8+0.8 1.60+£0.34 | 7.9+1.0 2.4+0.4
Other backgrounds || 0.28+0.13 0.02+0.14 | 0.03+£0.06 | 0.21+0.09 | 0.01+0.11
Total SM 16.6+1.3 3.8+0.8 1.9+0.4 8.4+1.0 2.5+£0.4
Data 19 2 1 10 6
§ 0 NtV [lasp' 3
3 E ATLAS Preliminary : _ MSUGRA/CMSS:VI: tanf = 3, AO= OI, u>0
..g 10 g_ _g > __ T T T T T ] T ] T T T T
g | & P20 ATLAS Preliminary
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Search for stopped R-hadrons

Dense material (calorimeter) could stop R-hadron
Decay at much later time, e.g. uncorrelated with LHC beam

Take data outside LHC bunch crossings
Backgrounds: cosmics, noise, protons in ““empty” bunch crossings, beam halo

Before muon segment veto
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Search for long-lived particles

Cornell University
Library

arXiv.org 1103.1984

First approach: inner detector + calorimeter, no muon requirement

Motivation: R-hadrons (stops, gluinos), might be neutral after calorimeter

Analysis uses pixel dE/dx combined with TileCal time (=B) measurement, 2010 data

-

:é‘ 10° g S B B B L B L B B B
5 = K —e—DataNs=7TeV) 3
S ° F ATLAS J- Ldt=34pb o 3
o 4 g 10 B Ew E
3 10 I E Jacp 3
E £ fTileCalB Sy
3 3 § 10°¢ e, 300 GeV § =
w 10 S E P 500 GeV § 3
© S r Lz, 7777 BG stat uncertainty |
2 10%E * %
a E
10° € g
S C | .-
b4
10 /
10 F f
15—.=.|.. \’?.....|1-1
1 0O 02 04 06 08 1
Brie
> 10° A A s AR AN A Aanan ARnas Anne T 10° g
O ATLAS —e—Dataf\s=7TeV) I E ATLAS —e— Data (s = 7 TeV) E
o] [ JTop 1 w , [ JTop
80t . v 5 & 10 . Ew =
@ ILdt=34pb [ Jacb N 3 g E \:]:)()((;)DG - E
© —— 100 GeV g 1 ® — eV g
2 10z L 300 GeV § 5 32 103 ----- 300 GeV g E
s BEMs L 500 GeV' g I s Bf UL e 500 GeV g =
o %7/ BG statuncertainty | © 5 %74 BG stat uncertainty |
5 10° = 5 10 E
8 IE- T ]
— 10 =
2 32 ¢
] - 14 4
! i1y DL Z . E i i3
0 100 200 300 40 00 800 900 10! 0 100 200 300 400 500 600 700 800 900 1000

38 mass of pixel candidaté&s. (" mass of TileCal candidjtes

Results:

stable sbottoms > 294 GeV
stable stops > 309 GeV
stable gluino > 562-586 GeV
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Long-lived particles: search in the muon spectrometer

arXiv.org 1106.4495

Large ATLAS muon system with good timing resolution
Refit muon tracks, leaving velocity 3 as free parameter
Two analyses: sleptons (e.g. semi-stable stau NLSP in GMSB), R-hadrons
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R-parity violation

L-number violating terms
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