Supersymmetry and Exotic Searches at ATLAS
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Why look “beyond” the Standard Model?

Hierarchy problem: quadratic divergence of the
Higgs mass, extremely fine-tuned

- What is the underlying nature of EWSB?
Dark Matter cannot be explained by SM

BSM models attempt to solve the SM limitations:
- SUSY

- Extra-dimensions

- Compositeness and Strong Interactions

- Eftc...

BSM models guide searches, but more importantly
we must leave no stone unturned:
- Try to cover all possible signatures

- model-independent searches interpreted in terms of
benchmark models

- We want to discover something!
Limit-setting is only the fall-back option
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Condensed list of signatures

® With large missing ET: ®m Same-sign dilepton / multilepton
- 2-10 jets - w/ or w/ (b)jets, w/ or w/o MET
- w/ or w/o b-jets, w/ or w/o leptons (e,l,1) - [|£l*- jet-jet (heavy neutrino, ee, Py, eM)
- w/ or w/o photon or Z - Hit
= mono-X (X = jet, photon, W, Z) ® With top:
®= \Without missing ET-: - top-antitop resonance
- Multijet (RPV) - top-jet, top-bottom resonance
- Black holes (w/ or w/o MET, w/ or w/o - VLQ's
leptons) » Higgs MSSM/2HDM/invisible

® “Resonances”:
- dijet, photon-jet, diphoton
- dilepton (ee, Py, TT, ey, €T, UT, euv, Ju)
- |epton-photon (excited lep)
- |lepton-jet (e,u,T, leptoquark)

® | ong-lived particles:
- displaced photons
- displaced vertices
- stopped particles, out-of-time decay
- highly-ionizing particles: slow-heavy, multi-

- WW/IWZ/ZZ charge, monopole

® Non-resonance: ® Even more exotic:
~ dilepton C.1. - “lepton-jets” (collimated, high-multiplicity, e,
- dijet angular distribution M, photon, prompt or long lived)
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The Large Hadron Collider (LHC)
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- ATLAS Online Luminosity
30:_ 2010 ppNs=7TeV

O w2011 ppVs=7TeV
[ == 2012ppVs=8TeV

W
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® pp collisions:
- 5fb! atvs=7TeVin 2011
-» 20fbtatVvs =8 TeV in 2012

m | HC has performed extremely well in
2012:

- 7.7 10* /cm?®/s peak luminosity
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- More than 20 fb* delivered to both ’ Month in Year

experiments
® 50 ns bunch spacing
®m Pile-up: ~ 20 collisions / crossing
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- ATLAS Online Luminosity
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B Many ATLAS results still need to be :
updated with full dataset 200
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The ATLAS Detector

Detector characteristics

Width: 44m
Diameter: 22m
Weight: 7000t

Muon Detectors Electromagnetic Calorimeters

ATLAS

Solenoid CERN AC - ATLAS V1997
Forward Calorimeters

End Cap Toroid

i Inner Detector | & it b
Barrel Toroid Hadronic Calorimeters Shigleling



Outline

g° :;ﬂ Supersymmetry Dark Matter
= Strong production - Monojet
- 3rd generation - Mono-photon
- EW production - Mono-Z
-~ GMSB - Mono-W
BlLong-Lived Particles Heavy Resonances =, ' .~
« - Stopped particles - Dilepton -
- Disappearing track - Dijet
- Lepton-jet - Top-antitop
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Outline

ssd® i..i® Supersymmetry Dark Matter
-~ 7 = Strong production - Monojet
- 3rd generation - Mono-photon
- EW production - Mono-Z
- GMSB - Mono-W
BlLong-Lived Particles Heavy Resonances =, +
# - Stopped particles ~ Dilepton =
- Disappearing track - Dijet
- Lepton-jet - Top-antitop

H. Bachacou, Irfu CEA-Saclay Aspen, 18-24/01/2013 7



Supersymmetry
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Very diverse
phenomenology...

Comprehensive program
- Cannot cover all here
Increasing luminosity —

sensitive to low cross-
section processes

Also looking for more
challenging signatures:
long-lived particles, RPV
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Supersymmetry: Strong Production

® “Standard” SUSY
search

- Gluino and Squark

production dominates 3 "Armmihgry'I'L;t':zo_g'fb'ﬁ"'T
-~ high-momentum jets s [ s, SO e bamamepemsin
g 103? ---(S:m;gﬁ m,=1000,m_ =700
~ Cascade ending with 2 - G0z 55
LSP - large Missing 5 el | -z ?
Transverse Energy - ; s -
(MET)
= Combine several ‘
channels (# jets; # lep) k: B
. QO o e T =
® EX: 4-jets, O-lepton S —— + o g
R S G R T ;ﬁ:""""'"""f:::":::.7:;::::::;.:3
) ‘oE . 3

m_+ = Zp; + Missing E[[GeV]
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Supersymmetry: Strong Production

® “Standard” SUSY
search

- Gluino and Squark
production dominates
- high-momentum jets

- Cascade ending with
LSP - large Missing
Transverse Energy
(MET)

® Combine several
channels (# jets; # lep)

® Simplified-model
Interpretation

squark-gluino-neutralino model

Squark-gluino-neutralino model
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Supersymmetry: Strong Production

B Summary of strong-production searches
® cMSSM interpretation: squark and gluino mass > 1.4 TeV

0) MSUGRA/CMSSM: tan(B) = 30, A =-2m,,u >0 Status: SUSY 2013
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Supersymmetry: 3rd generation

= Natural (i.e. not fine-tuned) givyrls»q /ﬂM

SUSY requires:

. [Soo g
- stop/sbottom are light \\, j
- gluino somewhat light
~ 1st and 2nd generation 4o t. =, LL
squarks are allowed to be very &
heav
g 120 BN \’L
125 5
Ui s (2] (3
t L

N. Arkani-Hamed
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Supersymmetry: 3rd generation

®m Natural (i.e. not fine-tuned)
SUSY requires:
- stop/sbottom are light
- gluino somewhat light

- 1st and 2nd generation
10
squarks are allowed to be very
heavy

m ? strategies:

- gluino production decaying to |
stop/sbottom 4

- direct production of
stop/sbhottom 10

G[{ﬂ[ph]: pp — SUSY

VS =8 TeV

i
(RS

10 1 1M
200 400 600 800 1000 1200 1400 1600
I“u'l'(‘.'l':sl.{t' [GeV]
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Supersymmetry: 3rd generation

B Gluino-mediated stop/sbottom production:
® Most sensitive channel:
> 3 b-jets + 0-1 lepton + MET

> L s s By s By s B S B T T T o e e - -
C .. ] §g production, g— ti%,, m(@) >>m(g), Vs =8 TeV Lepton & Photon 2013
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o 3 a4 1 Q theory
o 10 = ij=2a1m,\s=81év f%iSMmm E O, n ATFAS —— Expected 0-lepton, 7 - = 10 jets L, =203
= - . . - Reducible bkg (MM) ] s | Preliminary — Observed ATLAS-CONF-2013-054 i
" - 0-lepton baseline selection - = | - Expected 0-1 lepton, = 3 b-jets L =201M7 |
"E B . . |:’ Irreducible bkg (MC) 1 === Observed ATLAS-CONF-2013-061 L
g 102 = 7jets > 30 GeV, = 3 b-jets > 30 GeV ] 1000 — -~ Expected g jonions, » 4 jels L e @B
= = - : int _
T = Gt (556?) (1300, 100) GeVx 10 I — Sbser\t,eg ATLAS-CONF-2012-151
C n B Apecie 2-8S-leptons, 0- =3 brjets [L =207
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Supersymmetry: 3rd generation

®m Natural (i.e. not fine-tuned) ,
SUSY requires: i 4 0
- stop/sbottom are light > -

~ -~ ){/0
= gluino somewhat light ) t i" i

- 1st and 2nd generation b
10 5
squarks are allowed to be very
heavy

m ? strategies:

- gluino production decaying to |
stop/sbottom 4

- direct production of
stop/sbhottom 10

i

G[{ﬂ[ph]: pp — SUSY

VS =8 TeV

i
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Supersymmetry: 3rd generation

B Direct stop production:

t,t, production Status: SUSY 2013
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Supersymmetry: 3rd generation

T
B Direct stop production: N i
. t
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Supersymmetry: 3rd generation

B Direct stop production: > L{i

&0
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Supersymmetry: 3rd generation

B Direct stop production:

m. .. >m +m gp

stop charm

- stop —» charm + LSP
- Combine monojet and

tagging!

monojet+charm-jets channels
- First LHC SUSY search with charm ’
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Supersymmetry: 3rd generation

® Direct stop production: Py

- 2 \/11
stop decay to chargino - - L
N = A ~0
f X1
p
%4

t,t, production . b
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Supersymmetry: Electroweak Production

®m Chargino production: also consider p
cascade to Higgs

ATLAS Preliminary L _ =20.3-20.7 fb”,1s=8 TeV Status: SUSY 2013
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Supersymmetry: GMSB

®m Gauge-Mediated SUSY-Breaking:
- LSP = Gravitino
- NLSP = Neutralino
- NLSP - LSP + Photon or W or Z

® |nclusive selection:
2 photons with E; > 75 GeV

10*

> —— T T g — T T T T T T T T T T T T T T e
& ATLAS Preliminary det:zo.afb" —e— Data 2012 ({s= 8 TeV) 3 E 1600:— AlTLAs lP et | I = Observed (+ 1 cr?:fog)
g 10° DYY, Vi i I:lw, Z,top E z% C relmnRry [ Expected (+ 10g,,)
wn = I~
2 . aam MW)=600Gev E1500? det:ZO.S o', vs=8TeV
E m(;z':)=5oo GeV n§ C
______ . 1400 ="
:E: (1, R PP
. 1300
= o
. 1200
E -
e s 1100
500 600 -
ET* [GeV] 1000 ‘2C|)0| ‘ |4(|JOI . \

1 1 1 1 I 1 1 1
600 800 1000 1200 1400

~0
, ATLAS-CONF-2014-001  ™®teev
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Supersymmetry: GMSB

®m Gauge-Mediated SUSY-Breaking:

- LSP = Gravitino

- NLSP = Neutralino

- NLSP - LSP + Photonor Wor Z

® |nclusive selection:
2 photons with E; > 75 GeV

® New: search for GMSB chargino production

GGM: bino-like neutralino, tan B = 1.5, ct < 0.1 mm

> 104 ! ' ! ! ‘. '. ' ' . | ! ] ' ! ! ! | ' ! ' ' | ‘% |—|1000_. [ rrrrrrr ot 1T LI LA A L AL L
3 ATLAS Preliminary ILdt=20.3 b’ —e— Data 2012 (I's= 8 TeV) 3 ﬁ Coo T e Observed (+ 1 GSUSY) A
. - T T = Theory/
S 10° |:|W’ " I:lw’ 2. top - O, 900 ATLAS Preliminary F =
@ N 3 S e . | Expected (x16._ )
= cam M(W)=600GeV _ 2 c _[ Ldt=203f", ys=8TeV -
= 792500 GeV = T 800 7
0 m(y) e o -
""" = E 700%
- 600
é 5001
. 1mm W 400
500 600 =
E¢|55 [GeV] 300 I N R TR T T NS S v by v b b by
100 200 300 400 500 600 700 800

ATLAS-CONF-2014-001 m (X;) [GeV]
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Outline

30 ;g?Supersymmetry Dark Matter
= Strong production - Monojet
- 3rd generation - Mono-photon
- EW production - Mono-Z
-~ GMSB - Mono-W
@lLong-Lived Particles Heavy Resonances =, +
¥ - Stopped particles ~ Dilepton akt
- Disappearing track - Dijet
- Lepton-jet - Top-antitop
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Long-Lived Particles (LLP)

E ) aTLAS
® Predicted by: E goo] Smuaten
- SUSY: Weak couplings (RPV),
mass-degenerate states (e.qg. V
AMSB SUSY) or very heavy 400
mediator (e.g. split-SUSY) '

- Hidden Valley

Monopole ]

D
o
o
L I —

200~ .

- Monopole R e
. . Xigy [Mm]
= Experimentally very diverse:
- Depends on particle's properties: Decay in
life-time, charge, decay Calorimeter

= highly ionizing (dE/dx)
- slow (time-of-flight)
- out-of-time (wrt collision) decay

- disappearing tracks Decay in Muon
Spectrometer

- highly displaced vertices
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LLP: Stopped particles decaying out-of-time

m Qut-of-time decay of heavy particles stopped in the detector

m | ook for high energy jet-like signal without collisions:
- When no beam in the machine
- Between bunch trains

® Veto muon segments to reject cosmic ray and beam halo backgrounds

Gap

§' T ' ! ! ! :
> 15| ATLAS . ... . .. |=— UsesBunchStructure | .
S 2011 — 2012 Dataset : == Uses Run Schedule
3] 50 b l@s=7TeV ‘ : ‘
“m‘ 229fh1@./s=8TeV ' : :
Live time = 389.3 hours j j
[®)] .
£ ‘ : ‘ : :
- Revolution _: 3 : 3 3
Period Hour  Day
‘ e : ‘ ‘
‘ N ‘ ‘
*
: .. : :
: : . :
: .
: : : L) :
Bunch LY
: Crossing Y :
‘ : ‘ e ‘
: e :
0 _fl D T SRt e S T EE EE R R REREE ..9-

107 1077 1070 1073

107t 101 103 105 107 107

R-Hadron Lifetime [seconds]

arxiv: 1310 6584 Phys.

Stop Mass [GeV]

700

600
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400 -

300

200

, ATLAS :
5.0 fb-l@ \/— 7TeV
22.9fb~t @ /s =8TeV
Live time = 389.3 hours
t— t+ ¢

myo = 100 GeV

Reggo Leading Jet Energy > 100 GeV

Too short-lived
to be out-of-time

Rev. D 88, 112003 (2013)

|3 Expected Limit (+104y,)

= = Expected Limit |

= QObserved Limit
..... Observed Limit (+£105SY)

theory/ | |

“Too‘long-lived- to'*
have decayed yet

1 month |

0%  10°% 107! 1072 10°

¢ 100 100 10
Stop Lifetime [seconds]

<13 orders of

magnitude!
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LLP: Disappearing Track

g +

— T
—e— Data({s=8TeV, |Ldt=2031b") ATLAS
SM MC prediction
w m. = 200 Ge\/,’u%l = 0.2 ns (Decay radius < infinite)
VA 1 1

m. = 200 Ge\/,rii = 0.2 ns (Decay radius < 563 mm)

Tracks
o
2,

® AMSB compressed spectrum
m(chargino) ~ m(neutralino) - long life-time

= chargino decays to neutralino + soft pion - ettt
= Trigger on ISR jet ” at .
1

m | ook for “short” track 101}

10—2 I iy R R R P S
. 1 0 10 20 30 40 50 60
®m Background estimated from fit to pT spectrum \
Phys. Rev. D 88, 112006 (2013) TRT
g %1~ decaying into X"+ 2 4
N i3 ]
Y N e 3
’ N\ [
£ \\ Badly mismeasured in p; due (o a wrong .
/,\\ \,\ combination of space-points 7
\\ \\\ \ High-p, charged hadron - .
‘ interacting with ID material
15 =
Lepton failing to satisfy C ]
identification criteria due to I y 7
large bremsstrahlung or scattering N T ATLAS |
! . ; (s=8 TeV‘J‘ Ldt=2031fb"
reconstructed track G Observed 95% CL limit (L1o,,, )
tme particle track 4 > | o Expected 85% CL limit (11 o,,;)
10 « ATLAS (s =7 TeV, 47 1b”, EW prod.)

—lllll

0’ ALEPH (Phys. Lett. B533 223 (2002))
Pixel SCT TRT RN AR R W SEble" ZT
. 100 150 200 250 300 350 400 450 500 550 600
arXiv:1310.3675 m.. [GeV]
1
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http://arxiv.org/abs/1310.3675

Lepton-Jets from Higgs Exotic Decay

m SM Higgs decay to long-lived
hidden-sector particles

m Signature: Pairs of collimated
muons observed in Muon

Spectrometer (w/o associated 3 25f =
< i expected + 2¢ (stat.+syst.)
Inner Detector track) Yol expoctod T (et ssyst)
=20 =
< I T - e expected limit
8 i—' : observed limit
e ATLAS Simulation Q 15— w GXBR(H=Y Y +X) = Ggyy
> o B
5 0.10 n 5 i ATLAS
5 1OOG V E : ............... .l ...................................................................................................... : .................... i
3 : — my=1000e = 10 |1 \s=7Tev, I Ldt=19f" -
= L R m,=140GeV B o I ; | i
005~ ; § L[ m,, = 140 GeV
o i
5 -
T e T (b)) 2
0.00 0.05 0.10 A
ARHP- O 11l Lol Lol I I I B
1 10 10° 10°

| Dark photon ct[mm]
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Outline

30 ;g?Supersymmetry Dark Matter
= Strong production - Monojet
- 3rd generation - Mono-photon
- EW production - Mono-Z
- GMSB - Mono-W
BlLong-Lived Particles Heavy Resonances =, +
# - Stopped particles ~ Dilepton e
- Disappearing track - Dijet
- Lepton-jet - Top-antitop
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Search for Dark Matter at ATLAS

®m Dark matter pair-production q
- Observe only the Initial State Radiation
- Consider g/y/W/Z radiation: Y
B mono-jet + missing ET
® mono-photon + missing ET q X
m\V or Z-diet + missing ET
m 7 - dilepton + missing ET (new result)q Zly

d X

4q
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MonOJet ATLAS CONF 2014 001
> F S ' e— damzotz
0] B ATLAS Prehmmary Total BG
@ z +
£ 102 jl.dt=1o.51b" %‘ w((i‘?i )) +]jzttss
g g C— Z(— ) +jets
=) g \s=8TeV [ Dibosons
" s i [ | tt +smg|etop
8 10 e s 2, M -3 TeV
o E = T D5M J30GeY, M=670GeV
o - ) == |- i —— G+q/gM —1TeVM.10 eV
g B il ittetinteiet
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: + :
[0
e [ e I 7]
[v] Ll e s o T ]
g 05 b e e e I ......................................................................... p—
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2 F | B \V/Z et &
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to be submitted
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Search for Mono-W & Mono-Z (hadronic decay)

® High-momentum W - qqorZ - qq W/&

reconstructed with one large-radius jet
- Cambridge—Aachen algorithm with a radius ‘ ;

parameter of 1.2 % a0 ATIAS 20577 o b7y o Bam ]

: : o f R ErT”iss>35°rG_eV_| Wizt

m Select jets with mass 2 2000~ | mme
. . S ////; uncertainty ]
consistent with W or ool ////////% — Do -

Z hadronic decay % U AT

: : 50F- | —

® |nclusive trigger MET = | ]
> 150 GeV BESRE 500Gy — Dslu=d) 20—

® Final selection:

> MET > 350 GeV %///////M/EH / ”W/

Events / 10 GeV
N
3]

== N
g O

EV W

- MET > 500 GeV

—_
o

[4)]

%0 60 70 80 90 100 110 120
M e [GeV]
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Search for Dark Matter

® | imits presented in several ways:

- Folded “model-independent” cross-section limit
0 X Acceptance x Efficiency

- Provide information on Acceptance and
reconstruction Efficiency for some benchmark
models — total and fiducial cross-section limits

o XA x € [pb]

107

107

monojet
95% GL
""""" ATLAS Preliminary . odibd ]
- == EXpected Imi
-1
E J. Ldt=10.5 fb —— Observed limit 3
- \s =8TeV D +16
B - exp
B D + 20‘exp
— (q\] ™ <
o o oC o
w wn w ]
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Search for Dark Matter

L leltS presented |n Several Ways_ Name | Initial state Type Operator
. D1 qq scalar ﬂfT YXGq
- Consider several operators of N . |
. . . 9 qq vector == XY X TV
effective theory described in . e S
arXiv:1008.1783 DS | e wdkvector st
. . . D9 qc ENSoT L™ GO €
~ Loose constraint on EFT validity E AR
I I scalar A xxas(G2,)?
assumes WIMP production is near Dl 99 i s Xxs(Gw)

threshold: g°~ 2m, < 4rt M,

_ =1200F Al S B T ]

- M = mediator mass = M, v(g,9,) 8 i i
2-;: 1000 \s=8 TeV ILdt =10.5fb N

Perturbativity requires M < 41t M, 3 | 2m, < 41 M, |

c 8007 —_ ]

— Back-of-the-envelope: S z S )

: . : e s00 = .

If M. < 400 GeV, mediator Is s Operator DS, 515, 60L |

produced on-shell i.e. at much i R S S Y

hlgher q2 200:— :Thermal relic :gtesg;;gtheory—:
Thanks to T. Volansky and K. Zurek e e
for very useful discussions! monojet WIMP mass m, [GeV]
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Search for Dark Matter

[ leltS presented In Several Ways- Name | Initial state Type Operator
i D1 qq scalar % YXaq
- Consider several operators of N .
: . . 5 qe vector T XV XAV
effective theory described in 1 w2 X ’H q
arXiv:1008.1783 D8 4q axial-vector 5“7 XG4
: - 1 D9 g ensor 15 XM X0 s
- Loose constraint on EFT validity - ' MZX XA
assumes WIMP production is near Dl 99 scalat i kxes (G )

threshold: g°~ 2m, < 4rt M,

—

N

o

o
|

" "'ATLAS Preliminary '
15=8 TeV ILdt: 10.5 o™

-~ M = mediator mass = M, \/(gqu)

—

o

o

o
[

Perturbativity requires M < 41t M,

800>

- Back-of-the-envelope:
If M, <400 GeV, mediator is

600"

Suppression scale M, [GeV]

produced on-shell i.e. at much R G |:$Tt<(++11:26)) B

hlgher q2 20C:— :Thermal relic :gfsgﬁgtheory_:
Thanks to T. Volansky and K. Zurek @
for very useful discussions! monojet WIMP mass m, [GeV]
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Search for Dark Matter

® Limits presented in several ways:

- Consider several operators of
effective theory described in

arxXiv:1008.1783

- Loose constraint on EFT validity
assumes WIMP production is near
threshold: g°~ 2m, < 41t M,

- M = mediator mass = M. v(g,9,)
Perturbativity requires M < 41t M,

- Back-of-the-envelope:
If M. <400 GeV, mediator is
produced on-shell i.e. at much

higher g?

Thanks to T. Volansky and K. Zurek

for very useful discussions!

Name | Initial state Type Operator
YI I
D1 q1 scalar %”}x X{qq
D5 qq vector %[_ XY XTVu4
D8 qq axial-vector ‘il_}fj XYY % (]ﬁr-;,-ﬁr*'ﬁrj
D9 qq tensor 1—}_ X" Xqo g
D11 g9 scalar PYYES \1 73 XX s 4 Epes )2

= - i T3
8 500 Operator D11, SR3, 90%CL =
P F 522 Expected limit (+ 1+ 20, ) .
= 450F " Observed limit (£ 1o, ) /]
o T omemedinit o) 400 G@V]
8 400 o — Thermal relic E
c B ]
S 3508 E
5] - .
%’_ 300 e E
=3 EATLAS Preliminary :
@ 250 o
- \s=8 TeV 1

200 =

= ILdt -105f" U -

150 = effective theory ™ B

1 0 : L1 | IrIOt \Ila.ll(lj 1Ly I :

_ 10° 10°
monojet WIMP mass m, [GeV]
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Search for Dark Matter

S | ga| = Doludobs —Dodobs g0 CL | ]

. - . o - --- CoGeNT 2010 —— CDMS low-ener
m Limits presented in several wayS:s | xevowoozore — osatias v iom :
- Consider several operators of g [ .
effective theory described in 2101 -
arxXiv:1008.1783 SN 5
- Loose constraint on EFT validity = -
. . A4l B
assumes WIMP production is near ~ 107 spinindependen 5
threshold: g2~ 2m < 4m M, (ool ATAZTEITEY | | Ldtz 2031 ] (28 Te]
1 10 10° 10°
> M= mediator mass=M. v(g,9) _ ™"
P t b t t . M . 4 M Ng 10 TATLAS Preliminary ILdt=20.3 ! \s=8Te\L:
erturbativity requires LU= \ /’,///;
= 381 _
- Back-of-the-envelope: 30T e Fii
] . . ] ~ spin dependent ” .
If M. <400 GeV, mediator is 210" = o
produced on-shell i.e. at much z 102 d
higher q2 = — —=— D9:obs COUPP 20117
1074 —— SIMPLE 2011 Bl Picasso 20124
| 90%CL I[(J:SCAJ'IPEAVSV;WI'-Vj( 2 lceCube bb |
- : eVij(x R
Thanks to T. Volansky and K. Zurek 10-461' --110 —— ""1'52 A ~~1.|03
. for very useful discussions! Mono-W and 7 TeV mono-jet m, [GeV]
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Search for Dark Matter

® | imits presented in several ways:
- Now also considering UV-complete models with a specific mediator
- Scalar mediator n
-~ Parametrized in terms of my, mp, and coupling to WIMP f

Mono-Z (dilepton)

— 105 EI T TT | T TTT | T TTT | T TTT | T'TTT | T TTT | T TTT .I I.I T | T TTT T TT IE
2 amaseemnay T R 000n
E |,- 1 m,=1000 GeV f=1 E
= \E j L=203fb" Vs=8TeV "~ m:=1000 GoV i -
T m,=1000 GeV f=6 =
X F 68% C.L. =
N 10%g 95% C.L. —
1 S T 3

o 105 =---- 00T foizaea. -: ?\‘
e R\
107 E
10'3 :I 111 | L 111 | L 111 | L 111 | L 111 | L 111 | L 111 | 1111 | L 111 | 111 I:

0 50 100 150 200 250 300 350 400 450 500
m, [GeV]
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Outline

30 ;g?Supersymmetry Dark Matter
= Strong production - Monojet
- 3rd generation - Mono-photon
- EW production - Mono-Z
-~ GMSB - Mono-W
BlLong-Lived Particles Heavy Resonances ®=, %'
# - Stopped particles - Dilepton e
- Disappearing track - Dijet
- Lepton-jet - Top-antitop
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Search for Heavy Resonance

® Predicted by numerous extensions of the Standard Model:
- Heavy gauge boson(s) Z' (W"): GUT-inspired theories, Little Higgs
- Kaluza-Klein excitations: Randall-Sundrum extra-dimensions
m Systematic search for two-body decays:
- dijet, photon-jet, diphoton
- dilepton (ee, Yy, 1T, ey, €T, YT, euv, Pu)
- top-antitop
- |epton-photon (excited lepton)
- |epton-jet (e,u,T, leptoquark)
- WW/IWZ/ZZ

H. Bachacou, Irfu CEA-Saclay Aspen, 18-24/01/2013 40



Search for Heavy Resonance

® Predicted by numerous extensions of the Standard Model:
- Heavy gauge boson(s) Z' (W"): GUT-inspired theories, Little Higgs
- Kaluza-Klein excitations: Randall-Sundrum extra-dimensions

m Usual suspects: dilepton and dijet resonances

10

S

_‘LE T T T . '. L §2! LS L A Ko B R U ' T '.I T T T 'E
§ o A,TLAS Preliminary . Data 2012 S _ ATLAS Pre“mmary ]
o Z' — uu Search Ozr o o -o-Data =
10° Ldt=201%" [ [ — Background 3

— [CJoiboson _ B

10 Vs =8TeV (1500 GeV) 10° Vs =8 TeV E

DZ'(ZSOO GeV)

[Ldr=13.0f" 3

1035 3 10°E

102? =

1o =

10_|: = 1OEE
UmZE L 1:

g esroome st 1 ] = g o
B AT : g o _
& 100 200 300 400 1000 2000 3000 % SF _f

_ M 12 @ 5000 50004000

Sequential-SM Z': m > 2.9 TeV Reconstructed m. [GeV]
RS graviton (kM =0.1): m > 2.5 TeV Excited quark excluded up to 3.8 TeV
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Top-antitop Resonance

L+Jets Channel

N Top-antltop maSS SpeCtrum: g F 8TeV ' Obs 95/ CLupperIlmlt
[rory 10° I L eyt Exp. 95% CL upper limit
T ’ Exp. 1 c uncertainty
ISI/ 102 Exp.2 o urrcertainty
> T e B % ----- Leptop.hoFm:Z(L0x1.3)
® 10" EATLAS Preliminary - Data ~--5x Z' (1.5 TeV) X 1o ATLAS Preliminary
SRk jL o taon O 5 g, (2.0 TeV) T Bys.. m(Z)>1.8TeV
[2 T P Mutti-jets  [JW+ets 3 F
GC) |:|Other Backgrounds 10" '-. ________
\T Vs =8TeV B TS
1 i ra = Z’ mass [TeV]
I_ a >+ r 1T [T rr T 11
o Vs =8TeV = Obs. 95% CL upper limit
m = 103E Aaghy @0 T Exp. 95% CL upper limit
7 E [ Lt =it Exp. 1cuncertai-nty
= s /////////////‘//// A R — alza e laon (L0
o 1 L. ' W/l/////// / LE ; (KK IATLASo)Prehméwaé T V
==
3 | Y 10,,m gluon) > e
S 05 [ Zr i PR
a 0 _ 15 2 P kO Cross- sect|on)
m{feco [TeV] o :E ............................... : T T
[ATLAS-CONF-2013-052] N S |

RS KK gluon (15. 3% W|dth) G Mmass [TeV]
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A short (over-simplified) summary

m The 8 TeV LHC data have been investigated extensively
but still a lot of work in progress

= Unfortunately, still no hint of BSM physics in the LHC data...

Approx. Lower
Limit (95% C.L.)

VLQ T and stop (tt — ttxx) 700 GeV
gluino 1.4 TeV
KK gluon - tt (15%, LO xs) 2 TeV
Z' — dilepton (SSM) 3 TeV
Excited quark — dijet 4 TeV
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Outlook: What are we missing?

® With large missing ET: ®m Same-sign dilepton / multilepton
- 2-10 jets - w/ or w/ (b)jets, w/ or w/o MET
- w/ or w/o b-jets, w/ or w/o leptons (e,l,1) - [|£l*- jet-jet (heavy neutrino, ee, Py, eM)
- w/ or w/o photon or Z - Hit
= mono-X (X = jet, photon, W, Z) ® With top:
®= \Without missing ET-: - top-antitop resonance
- Multijet (RPV) - top-jet, top-bottom resonance
- Black holes (w/ or w/o MET, w/ or w/o - VLQ's
leptons) » Higgs MSSM/2HDM/invisible

® “Resonances”:
- dijet, photon-jet, diphoton
- dilepton (ee, Py, TT, ey, €T, UT, euv, Ju)
- |epton-photon (excited lep)
- |lepton-jet (e,u,T, leptoquark)

® | ong-lived particles:
- displaced photons
- displaced vertices
- stopped particles, out-of-time decay
- highly-ionizing particles: slow-heavy, multi-

- WW/IWZ/ZZ charge, monopole

® Non-resonance: ® Even more exotic:
~ dilepton C.1. - “lepton-jets” (collimated, high-multiplicity, e,
- dijet angular M, photon, prompt or long lived)

H. Bachacou, Irfu CEA-Saclay Aspen, 18-24/01/2013 44



Outlook: What are we missing?

® \We have cast a wide net over pretty much all thinkable
signatures.

® But going into detall, still a lot of places where new physics
can hide.

m Examples given this week:
KKg - TT - tt+X
exotic Higgs decays

m So far focus has been on high-momentum (where LHC had
clear advantage over previous experiments)
- with high luminosity, reach weakly-coupled, low-mass signals

- close the gap between high-momentum searches and SM precision
measurements
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Outlook: What are we missing?

® Run 2 is starting in one year at 13 TeV
- New significant window of opportunity for discovery

m | et's hang on and keep exploring ungroomed territories...

WJS2013
100 ——— :

[ ratios of LHC parton luminosities: 13 TeV / 8 TeV ! ]

luminosity ratio
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Search for Mono-Z (leptonic decay)

B / - dielectron or dimuon

®m Reject Z + jets background:
- Veto jet

q

= | pT(dilepton) — MET | / pT(dilepton) < 0.5

®m | arge MET

> 10° —— Dat WW/WZ

3107 ATLAS Preliminary — WiZsjets  ZZoslvy

o10° B Top quark 72 Systematic Unc.
S DA, M .=0.050 TeV
-10°e . ZZyy max.y, M=0.7 TeV

3 104 ....... n Mediator, mﬂ=1 TeV, t=5
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1= N
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. ' gg 5_ ATLAS Preliminary - Simulationl
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“Fat” Jets and Jet “Trimming” [

®m Reconstruct jets with a large cone (R ~ 1 or more), a.k.a.
“fat” jets, to encompass all decay products

m Soft radiation (incl. pile-up) important — must be removed
B “Trimming”.
- Run k; algorithm on clusters within the fat jet

- Keep only clusters with pT > pT(fat jet) . f,,
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= Combine two event selections: S 3 U B B
- “resolved” : standard top & O 7 N ey
reconstruction with narrow jets Heoer /; 7 [Lar-rezs 3

- “poosted” : anti-kT R=1.0, p;>350 fz_/ " bbostes :
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