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Outline

* ATLAS Exotics and SUSY searches have been extensive
* Most new models tested with limits at or above 1 TeV
* This talk will focus largely on results from the past two months

ATLAS SUSY Searches* - 95% CL Lower Limits (Status: HCP 2012)
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Outline

* ATLAS Exotics and SUSY searches have been quite extensive
* Most new models tested with limits at or above 1 TeV
* This talk will focus largely on results from the past two months
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ATLAS Exotics Searches™ - 95% CL Lower Limits (Status: HCP 2012)
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L=4.71b", 7 TeV [1210.6604)
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L=4.71b", 7 TeV [1209.6503)
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L=4.7 107, T TeV [ATLAS-CONF-2012-130]
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Some BSM models in this talk

* R-parity violating (RPV) SUSY
R pR = (_1 )28+38+L
- Lightest SUSY particle is stable if P is conserved

* Anomaly-mediated SUSY breaking (AMSB)

» Soft SUSY breaking via loop effects
« Can cause nearly degenerate particle masses

* Gauge-mediated SUSY breaking (GMSB)
* Gravitino is the LSP
* Look for decays of NLSP — Gravitino
* General Gauge Mediation (GGM)
* Generalizes GMSB
* Allows squarks/gluinos below 1 TeV

* Large Extra Dimensions
 Look for gravaton decays into photons
*New “SM like” particles

- 4" Generation quarks
* New Z-like boson

« Compositeness
 Look for substructure inside quarks and leptons

e



RPV SUSY: 4 lepton channel (1)

* 8 TeV analysis

* Pair produced LSP — 4
leptons + neutrinos

e+( !J«+)
7.(7.)
et
p(e”)
* Choice of NLSP affects
limits
* 4 models tested
» Selection:
* 4 electrons/muons
* Large MET or Meff
* 2 signal regions
Selection SR1 SR2
Number of leptons >4 >4
SFOS pair - -
Z-candidate Z-veto  Z-veto
E%‘i“/(]ev = 50 —
mea/GeV - > 300

Events / 20 GeV
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200

400 600 800

[T AT MR |

1000 1200 1400
Mt [GeV]
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e F . Dzz 3
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RPV Wino simplified model
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RPV SUSY: 4 lepton channel (2)

Each set of limits assumes a different NLSP as listed below

RPV L-slepton
Simplified models
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RPV gluino
Simplified models
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RPV SUSY: gluino — 3 quarks

. Palr produced glulnos w X|1|0| T ] T | —— ‘ —— | —— — T : 3 LII II| LI |I| TT || T 17T | T T 717 || UL | UL || UL
_E, 100~ ATLAS 4 & o Exp Limit (Boosted)  [l+16 Exp Limit (Boosted) |
* Each decays to three quarks © - SR1m" > 60 GeV,1,,<07 1 T 107 — ObeLimi (@00steq []#2 o Exp Limit (Boosted) ]
. = - ==e== Data, |s<7 TeV 1 @ - — — Obs Limit (CMS 2010) 5 Crose Secon (410 NLL)E
° Qo e Wenees Multijet (Pythia) ] - - Obs Limit (CMS 2011) |99 Cross-Section +NLL) ]
2 anaIySIS methOdS S 80_ --------- - M EnliZ (PSV\I/T-|E9+Pyth| \) 1, CT» 10* -
- Resolved analysis N e - Alllimits at 96% CL -
. . . 60 : ] B o i
- Look for events with 6 high pT jets ] - 1 §10°F JL‘“ =407 eV 4
« pT of 6" jet is main kinematic 401 1 v .
discriminant i 7 1 10%F E
» Boosted analysis 20~ w;' ik . 101 E
* Look for events with two heavy, large i o o W =TT
L] . " I . 1 l 1 1 | 1111 l 1 1 JI':L‘" .I - '-ﬁ.J 4. B ATLAS
radIuS JetS and 4 normal (R=O.4) JetS 0 50 100 150 200 250 300 1 |_I 111 | - | | - | 1111 | 1111 I 1111 | 1111 | 1111

» Main discriminant are the |arge jetS' Jet mass [GeV] 00 150 200 250 300 350 400 450 500
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O 10°g 3 T 45— ObsLimit (Resolved) [ ]#2 o Exp Limit (Resolved) i
5 E L Background 3 8 107 —— obsLimit cMs 2010) =27 =P E
g 104 N —5— Signal, m=200 GeV ] T L - Obs Limit (CMS 2011) lgg Cross-Section (NLO+NLL)‘
i_A__D_ ignal, m= e % 1 04 E
£ SRy s RS S T S meno ey 1 i3 All limits at 95% CL -
Z 10° = . —¢—  —%— Signal, m=600 GeV - T 3 B
T ER- 107 Ldt=461b1s=7TeV J
102 —v — = 42l _
= — - 107
- —_— . C ]
10 : - 10 5
- t E T T E
[ S T I B I B B 1E E
80 100 120 140 160 180 200 220 240 - §

Minimum jet p_[GeV] 107 AT’l-AS o
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Vertex mass [GeV]

» Lifetime of picosecond to nanosecond

RPV SUSY: Displaced vertex

* Some models predict long lived neutralinos

* Decay length mm to many cm

* Look for events with a displaced vertex containing a muon and at least 5 tracks

* Invariant mass of tracks in vertex required to be above 10 GeV
- Consider two different squark and neutralino masses in 3 combinations

Sample mg o My vB) % | emve P
[GeV] | [fb] | [GeV] [mm] | x10=°
MH 700 66.4 494 L0 78 0.3
ML 700 66.4 108 3.1 101 1.5
HH 1500 0.2 494 1.9 82 15
= - ATLAS
_§_ : Signal region
10= g g
= -
~ B @ Data 2011
= - JLdt=4.4 fb! _ -10.4
= Signal MC |
- fs =7 TeV ; —10.2
| | R | | | | ; _0
4 5678 10 20 30 40

Number of tracks in vertex

MH
ML
HH

PROSPINO 700 GeV

ATLAS

Ys =7 TeV

JLdt =4.4fb"’

10

102 10°
ct [mm]




AMSB: Disappearing tracks

. . > 10* T
» Chargino and neutralino nearly degenerate §103 ATLAS o
* Very long lived particle %102 is=77eV, [ Lat-a7 1 T ron et mtrouns
- Look for a decay inside the tracking volume = e 2100 GoV, 12 <02 ne
. 10 . Fi m%: 100 GeV, 1:%: 1.0 ns
- Signature: e 200 GV, ¢ = 107
* Jet + MET + high pT disappearing track 1 '
- Jet from ISR used for trigger 107
* Look for a good track with many good hits in the inner ~ 10°
tracking volume but < 5 in the outer module 10° .~ B
10 20 50 100 200 500 1000
tanf - 5 0 track P, [GeV]
%) %"’7""V""V' = — 200 - tanf = 5,u >0
=4 10 Z % ———— Observed 95% CL limit (-1 6,.>")
g‘x" E 2 _______ Expected 95% CL limit (-1 6,,,)
] E’*F 190 [ LEP2 exclusion
i < 7 ‘Stable’ zf
| 180 ATLAS -
i I Ldt=47f ", Vys=7TeV
1 v | 170 —:
Z* ATLAS . .
_[Ldt=4.7fb", s =7TeV - 160 ]
7 | === Observed 95% CL limit (-1 o5sr) .
....... Expected 95% CL limit &1,,,) 150 ]
B | e ATLAS (7 TeV, 1.02 fb”, strong prod.) ]
- LEP2 exclusion ]
10" | zZzz= sebe' 140
100 150 200 250 300
100 150 200 250 300
m,. [GeV] m.. [GeV]




GMSB: MET + Jets + Tau

GMSB: Mess=250 TeV, Ns=3, 10, Cyrar=T1

- This analysis assumes = ©° ARLRE=RERI~RN RN SAN HT f 2 t P | tat
. ' i8 'O ‘0 n
NLSP is a stau = ATLAS O g Or au final state
H'Y = ', V5= Lo I’L; Ig ‘% i ata — Standar oe' '
- Decays to gravitino + tau Ry L= 47 =7 TeY A § 10°g aTLAS 1 E.ﬂu‘n.,i‘i: .5vt+;§s el =
. i i i 1 o - _ . +jets o 3
- Look for events with a tau + s T Op JLdt=arh s Dlomven
pr— Obse:'ved T+jets 5% CL mit i) \s=7Tev. 0 GMSB - A = 50 TeV tanp = 40
Ieptons ----- Expected t+jets 95% CL limit = 10 E -- GMSB - A = 50 TeV tanp = 20 =
. . 40 : arXiv: 12101314 4 = E
*4 signal regions | R ettt B & .
1 tau i I"l T [ OPAL 95% CL (1) 1 =
30 ,‘I OPAL 95% CL (L) F o H e [ e 5 =
« 2 taus i I OPALssnCL = .
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GGM: b-jets + photons + MET

- This analysis assumes NLSP is a neutralino S S oo B OG0 el IA'TL'A'S' .
. . ata +ets Ldt = 4.7 b
» Can decay into photon + LSP ot 4 i \s=7 TeV
single top

« Can decay to Higgs — b-quarks
« Pair produced

» Assume one decays in each channel
* Look for events with o

signal m(gluino,neutralino)=(800,750) GeV
signal m(gluino,neutralino)=(500,150) GeV
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GGM: photon + Iepton + MET
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GGM: Z boson + jets + MET

GGM: higgsino-like i?‘tan(ﬁ) =30) M1 =M, =1TeV, m@) = 1.5 TeV
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SUSY: Multijet and lepton
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Electroweak SUSY production: 3 lepton channel (1)
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Electroweak SUSY production: 3 lepton channel (1)

;‘ 500 I T T 1T T I_
@ ]
o, .
~ 450 ]
= 7
400 _:
350 ! ; —
! ]
— Observed limit (+10,..) i N
300 | ----- Expected limit (+16,,,) \\.\"! ]
ATLAS 4.7 fb™", {s = 7 TeV/ "{‘l‘“ ~—— :
oo | TN LEP2 % (1035 GeV) Py 7, (250 Gev) |
All limits at 95% CL B .
N \'\. % 1
200 —
150 —
100
100 150 200 250 300 350 400 450 500
i [GeV]
;‘ 600 T T T T I T T 7T | T T T T
) C o — Observed limit (+1c500")
0} - ATLAS Preliminary Expected limit (+1c,,.)
E‘*— 500 — I Ldt=13.0f6", Vs=8 TeV ATLAS 4.7 b, Vs = 7 TeV
- Y SUSY ref. point 1
Fomp= (m;_(v + mia)/z h
- - 1 2 All limits at 95% CL
Foomp=ms -
400 — ', —
- xx—)lvll(vv) IvII(vv)_‘ 52 -
N —>va||(vv);{,0 99 ]
- 50 62 _|
300 - —
i o i
B S i
S ]
200 |- ' —
N 34 i
100 — —
r 3 ]
0 0I 1 Q) 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 i 1 1 1 1
100 200 300 400 500 600 70
m.o . [GeV]

© Numbers give 100-CL[%] exclusion values

M, [GeV]

IIII]IIIlIIIII IIIIi II,‘IIIIIII IIII_ ;‘ T T III I‘.I LI | I“I T T I T I\‘I I:,.J I!I T T T T I_
\ 1o L d . ESAUIRA & i
ATLAS Prel|m|n ry 10 TLAS Preliminary ’E}o\\.\ ]
450 - « ]
Lt 13.01b, (=8 v 1 = 350 Ldtv—13‘01b 15=8 TeV %\\ ’
400 M1_140 GeV, ténﬁ 6 _f § 250lGe\\/ tanp=6 \.\ \\\ E
=g e SIS e .
SS0@ ; i N \ Y — Observed limit (1 o5or)
L | L _ \ Expected limit (£10,,,)
300 = Observed limit (+1c}>") | — 250 ——— ATLAS 471", (s =7 TeV
Expected limit (+1c,,) e : [ LEP2 ¥ (103.5 GeV)
250 ATLAS 4.7 b, Vs =7 TeV [ 7, (250 Gev) Alllimits at 95% CL
[0 LEP2 7 (103.5 GeV) L8 h 200 D
Allimits at 95% CL N . % (180 Gev)
200 — ———— ]
e — - 150 %, (150 Gev)
150 o x (150 GeV) e ]
T (120 Gev) |
100 00 I R |‘| |Il| 1
100 150 200 250 300 350 400 450 500 100 150 200 250 300 350 400
u[GeV] u[GeV]
;‘ 300 T 1T T 7T I T 17T | T 17T . . .
® C o = Observed limit (+153") » Chargino & neutralino production
0} - ATLAS Preliminary Expected limit (+15,,.) in pMSSM (top)
NSy r 1y
£ 250 - J.Ld‘ =13.016", 1s=8 TeV | ATLAS 4.7 fo™, {s = 7 TeV. o« MA1=
[ meom. | 3k SUSY ref. point 2 M1=100 GeV (left)
I . % oo Al limits at 95% CL 2 * M1=140 (center)
200 — %1% W, Zx1 85 78 a7 — Tz * M1=250 (right)
- A ] § » Chargino & neutralino production
AN 1a . L2
150 . o 2 s 13  insimplified model (bottom)
I ] % * Intermediate slepton decay (left)
N 13 * Intermediate gauge boson decay
100 — 32 58 8 10 23 - 8. (right)
: 0 . : ;
/N =
50 55 19 ] S’)
1o
\‘ . ! -1 O
Ay i 15
0 L1 e ﬂ I SR |*| TSI S T 4.|s L1 zZ
100 150 200 250 300 350 400

ng, e [GeV]




Gluino mediated stop and sbottom: 3 b-jets + MET

-8 TeV analysis
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Gluino mediated stop, direct sbottom: 3 leptons + jets + MET

* 8 TeV analysis
* Pair produced gluinos
* Decays to 4 tops + MET
* Pair produced sbottoms
* Decays to 2 tops + 2 leptons

+ MET

 Look for events with
* At least 3 leptons
* At least 4 jets
* MET > 50 GeV

* No lepton pair consistent
with J/Psi or Z boson decay
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Monojets + MET (1)

-8 TeV analysis
- Look for events with one high energy = e ) = & =
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* Large Extra Dimensions (LED) i) F Ns—8Tey = Nomeplicienta =
« Use model of Arkani-Hamed, Dimopoulos, and |, 10° et = Dibosons =
Davali (ADD) E ................... ASSIHE;, ﬁp:3 TeV (x5) ]
) ) . ) ol 12 Ldeg. 0 eeeeee- D5 M=80Gel, M -670GeV (x5)
* Weakly interacting massive particle g - e e GAEE M, =1TeV, =107V () =
(WIMP) < E
- Dark matter candidate 10 By E

T
I
I
I
I
I
1
1
1
1
1
1
1
1
1

+ 3 possible couplings of WIMPs to SM particles
considered (see below)

* GMSB SUSY .
* Gravitino + squark/gluino production

Name | Initial state Type Operator B e
_ _ — 1 ...............................................................................................
D5 qq vector %gxq"‘ XVl % 05l ; 1
B B e e —
; roct ar 1 o fta5y 7n A5 ' ' ' ' '
D8 qq axial-vector g XYY XGYY7q 200 400 600 800 1000 1200
miss
‘ L o E; T [GeV]
D11 g9 scalar TAIT XX s (G)
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G XA x e [pb]

o x A X e [pb]

Monojets + MET (2)

Large Extra Dimensions
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Events/bin

Significance

Extra Dimensions: Diphoton channel

» Two LED models considered here:

Graviton mass

* Randall-Sundrum (RS)

* Arkani-Hamed, Dimopoulos, and
Davali (ADD)

* Both predict a graviton decaying to a
pair of photons

* Pick events with a pair of high pT
photons
* Require both to be very cleanly
identified
* Use BumpHunter to scan the

10
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Extra Dimensions: Diboson channel

. > E T 1 "~ T T T T 1 T
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2z — llag Channel_ S 10* = Resolved Selection —21@;1888 GeV
* Look for events with: o F o

3
« 2 same flavor leptons 10

* 1 (merged) or 2 (resolved) jets
* 2 jets with a mass near the Z mass
* 1 jet with mass > 40 GeV 10

* Form invariant mass of 2 leptons and jet(s)
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/' Boson: electron/muon channel

* 8 TeV update

» Search for heavy Z-like boson
* Look for Z' — ee or yy decays

* Select events with a pair of high pT electrons or muons

« Form dilepton invariant mass
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/' Boson: tau channel

> T T T T T T T > T 7 TS
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t' — Wb: lepton+jets channel

> T T T T T T T ]
0] C 7

* High mass 4" generation top quark like particle 835 Joose _':r"[:: s
- Search for t't' — Wb+Wb decay £ of = Brewe -1
- Assumes t' mass is close to b' mass w o f T R Wb 05

- Look for events with boosted W 25; =
- W may merge into one jet 2ok e ot uncertainy

* Selection | Vs =7 TeV
- 2 jets + boosted jet, or 4+ jets 1° I'—dt =477
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Dijet mass and angular distributions (1)

2 e S 10—
-7 and 8 TeV analyses £ \eTTev JLa-astt 3 g T f A :
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* New Phy.SICS Fan show up In 103 1} ggigg; é 10 : \\ ---------------------- Expected 95% CL upper limit
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distribution or in the angular jet ' N
distributions 0 N .

* Very inclusive type of search N JLai=a8
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Dijet angular distributions (2)

X distributions
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Excited leptons
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o x BR(Z'> tt) [pb]

Top quark pair resonances
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* ATLAS has been looking for beyond standard
model physics over a very wide phase space

* Most searches have limits exceeding 1 TeV 1

» Much effort has been spent looking at difficult
corners of phase space

* No new physics yet, but many searches still
ongoing
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95% CL Limit 6 x BR [pb]

Scalar gluons: four jet channel

* Pair produced scalar gluons

* Reconstruct events with 4 jets into two pairs
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Extra Dimensions & Composite Particles: Dilepton channel

* New physics can change the

. ﬂ T T I T T T T T T T T | T
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. . . > )
« Gravitons/Extra dimensions Process ce 9 g ce: J Lat=aoty” S Dwosr
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Inclusive search: Same sign leptons

> L L UL L B L L B B
) o G eof ATLAS + Data 2011
- Standard model same sign lepton production is rare 8 det=4_7fb4 [7)Non-prompt ]
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