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INntroduction

4 A
Standard Model

The Standard Model of elementary
particles is a very successful theory.
Precise predictions, verified by experiment
over many orders of magnitude.
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’ D 4 9
So, what'’s the problem® Standard Model

- Needs high levels of fine tuning to avoid quadratic
divergences in Higgs mass corrections at high
energies

- No explanation of dark matter, dark energy

- No neutrino masses

- No matter-antimatter asymmetry

- No unification of forces
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INntroduction

ner«-<pe

SM continues to be validated, besides finding the missing piece, the Higgs!
Impressive agreement with theory across orders of magnitude.

Established a stable ground for new physics searches. Still, deeper understanding is
needed (PDF, NNLO QCD calculations, NLO EWK corr.)

N .
( Supersymmetry Exotic models b

- Extra dimensions

- Technicolor(s)

- Little Higgs

- Leptoquarks

- Excited vector bosons and fermions
- Contact Interactions

- Compositeness

- Heavy and Vector-like quarks
- Heavy neutrino

- Quantum black holes

_ W, - DM WIMPS

- Heavy Majorana neutrinos

- Magnetic monopoles
Impossible to cover everything. -

Put priority on the most recent results

SM limitations:

Needs high levels of fine tuning to avoid
quadratic divergences in Higgs mass
corrections at high energies
No explanation of dark matter, dark energy
No neutrino masses

- ,No matter-antimatter asymmetry
No unification of forces

\_ ,
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Delivered Luminosity [fb™]

ner-»

> pp (and heavy ion) collider

v

LHC delivered

v

~23 fb™! of pp collisions at Vs = 8 TeV

~5 fbo™! of pp collisions at +'s =
» ATLAS:

~90% of recorded and good data in total

Excellent performance so far:
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Large pileup (number of
interactions per bunch
crossing) suppression
strategies have been
carefully developed

3O Vs=8TeV, ﬂ_dt =20.8 b, <u>=20.7
0 Vs=7TeV, fl_dt =52f" <u>= 9.1

10 15 20 25 30 35 40 45
Mean Number of Interactions per Crossing




MC used to optimise signal selection in

Search methoc

(SR).

Searches rely on the understanding
of the SM backgrounds:

* Irreducible bkgs:

Dominant sources: Normalise MC to data in

Control Regions |—— transfer factor.

Validation regions | : transfer factors cross check.

Minor sources —— MC estimation.

* Reducible bkgs:

Fake EtMiss —— data-driven
Charge mismeasurement —— data-driven
Fake leptons —— data-driven

set of variables 2

Interpretation of results using CLs prescriptions.

« Discovery fit (look for an excess of data wrt SM estimation; no signal considered)
« Exclusion fit (limit setting; particular model considered)
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VR A

cross check

of CR transfer

Signal Region

factor signal dominates over §
SM backgrounds =
N O
CRA
bkg A VR B
dominates
other bkgs
and signal CRB

bkg B dominates other
bkgs and signal
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SUSY

SUSY breaking mechanism not known.
SUSY is not a single model but a large theoretical framework. Where should we look?
- Searches using full-model simulations
- Searches using simplified models

Physics model e.g. MSUGRA/CMSSM

0%
A typical SUSY spectrum involves

+ many sparticles with different masses
+ many different possible ways for each to decay

Focus on process of interest

emuma Torrd
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Simplified model
Study a specific
decay chain

~

(ﬁr dr Er g)L

~+

X1

~s0
e

+ Small number of sparticles,
assumed BR — usually 100%.

+ Described by masses and
cross-sections.

+ Simple and broad approach for
designing SUSY searches.
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SUSY search strategy

Search strategy designed to provide coverage for a broad class of models.
+1 for SM particles
- 1 for SUSY particles

R = (_1)3‘5 + L +2s —

Long-
Prompt Iive?j
R-Parity Conserving R-Parity Violation RRII?,(\://
Strong RPC RPV
7S e ?i[,mgg prod. prod. Various
gen. stg © EWK-inos, ranges of
squarks, sb ott% m sleptons RPV RPV lifetimes
gluinos decays decays

For each search, a number of signal regions is optimised based on a variety of models: full physics
models, generalised models, simplified models.
Defines topology and identifies possible background
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squark/gluino search

|

| I

o,,/pbl: pp — SUSY

VS =8 TeV

| SN [ S N——

1000 [ 200 1600

1400
nl..\ crage l(”:\l

200 400 600 800

Final state depends on decay of squark/gluino

q q v/l
) D l/v
q >0 - < X
- Xl e j: g/y 1
T~ . X9 /!
i X /V<‘ Xt
p b l/v
q q f/l/

emuma Torrd

IVICFA's Frida ys

€S

Strongly produced SUSY particles at the
LHC dominate total SUSY cross-section in
many SUSY models (eg. mSUGRA/cMSSM)

Analyses:

O-lepton + 2-6 jets + Ex™ss
O-lepton + 7-10 jets + Ex™'ss
1-2 lepton + jets + Ex™ss
2-lepton + 2-6 jets + Ex™ss
1-2 taus + jets + Eq™Mss

Z(”) + ETmiss

photon + lepton + E{™ss
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squark/gluino searches 201" @6 Tev

A specific SUSY framework like mSUGRA can be used to compare the performance of search channels

MSUGRA/CMSSM: tan(p) =30,A =-2m,,u>0 Status: SUSY 2013
0 b
;‘ 1 OOO | | | | |L|: J_ | | | | il | | | I | | | | | | | | | | | | |
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Exclusion limit at 95% CL for 8 TeV analyses in the (mo, m4/2) plane for a
"Higgs-aware” MSUGRA/CMSSM model with: tanz = 30; Ag = -2mjg, p=>0
model excluded for mq < 1.8 TeV; mg < 1.4 TeV
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Smaller cross section than 1%, 2"4 gen. squarks
Light stop preferred by naturalness
Final state depends on decay of stop/sbottom

\ . [pbl: pp - SUSY
VS =8 TeV
|
Sbottom
3 b
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Decays to b chargino or heavy neutralinos also possible
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%13 gen. squarks searches erdy ey

47" @7 TeV

Global picture of multitude of complementary direct stop searches
Caution: simplified decay models take different assumptions!

T, production Status: SUSY 2013
;‘ Tl | rFr T | [ I I | o | U B B | I l'l' L | I | b1l | 11 | 11 | 11 |
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electroweakino searches

1 T

Electroweak SUSY processes have
small cross sections
Light higgsinos preferred by naturalness

o,,/pbl: pp —» SUSY

VS =8 TeV

3-leptons ¥ %:

L ! | 2-taus Y» X
200 0 600 800 1000 1200 1400 1600
m [GeV]

average

2-lepton + Eq™Miss

3-lepton + E1™Mss

4-lepton + EqMss

2-taus + ExMss

1-lepton + 2 b-jets + Eq™ss
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Yielectroweakino searches 2017 @8 TV

ATLAS Preliminary L =20.3-20.7 fb”, s=8 TeV Status: SUSY 2013 Electroweak SUSY processes have

E - — pp—>5zj’>zg, vial/ ¥, 3e/u, anasconreoiaoss == == Expected limits small cross sections
= 450 — —— pp—=¥%'%., vial /v, 2e/ W, ATLAS-CONF-2013-049 —— Observed limits . . .
WL NS Light higgsinos preferred by naturalness
c -~ PP—%, X, Via T/ V. 2T, ATLAS-CONF-2013-028
400 — pp—>'§{:’){1, viaT /V,, 2T, ATLAS-CONF-2013-028
C — pp—>§{13'(0, via WZ, 3e/u, ATLAS-CONF-2013-035 3-leptons 5(8 )~(f
350 — i B ~
= PP—X. X, Via Wh, e/ubb, atLas-conF-2013-003 i
300 — M7z /5 = 0-5(M3 +my) gt e ¢
- S X1
250~ o TS 2
200 :_ ““““““““““““ \"
S N 1
— !
150 — g !
L 1
100 [ g
1
50 :
———— !
- . 1
0 . T R R R R B [
100 200 300 400 500 600
ms: (=m ;(2) [GeV]
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Conserving lepton (L) and baryon (B)
numbers ensures proton lifetime BUT

R

|5

°\ searches

+1 for SM particles

R = (_1)BB + L +2s —
- 1 for SUSY particles

soft violation of B OR L still keeps proton lifetime safe.

L-number violating terms

/\

ZelLH +Zzyk L k+2,1 kLQ]Dk+z/1’ +U: DDy
I L],k

WMSSM
X o W X, — vbb
,{/‘l’ — W= )‘2? = VT
X o TWF X, — vy
X - vz x| — vre

L],k R Yy,
~

B-number violating terms

L and/or B violation constrained by previous experiments but not forbidden.
RPV can happen at production level and/or decay vertex

emuma Torrd
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RPV searches 20 15 @8 TeV

Multijets (2x3 jets) ATLAS-CONF-2013-091

Heavy resonances to ey, erT, pt
4-leptons
1-lepton + jets + Eq™sS

6-quark model

Consider gluino or neutralino LSP decaying to jets

Searching for resonances is difficult due to combinatorics

Search for events with > 6 high pt jets with 0-2 b-tagged jets to estimate BR
to heavy flavour quarks

= 10°F | | | 7 T 10° | |
QS [ —— Obs95%CLLimit 1 & f —— Obs95% CL Limit e
P Exp Limit N Exp Limit |
8— 1 O E_ ..... -110ExpLimit .................................. b _E 8 10 E_ ..... -:10ExpLimit .......................................... _E
1 - [ =20 Exp Limit . ! - [ =20 Exp Limit .
=102 [ gg Cross-Section (NLO+NLL) = | 5102 B 9g Cross-Section (NLO+NLL) . . |
5‘1?’ : BR(t)=b°/o, BR(b)=O‘§%, BR(c)=0%§ | ] &'l.? - BR(t)=§1 00%, BR(b)é:O%, BR(C):Q% | -
% 10 g_det~203fb1s=8TeV ........... ...... = % 10 — ................. det~203fb1s=8TeV ........... ...... =
B - 5 : : 1 75 B : ? : L]
1 E_ ST STt SO USSP USSP PSP PRRPOT SOPOON _E -I E_ _E
107 1 107 E

1 0'2 E_ ....... _E 1 0-2 E_ _E

| | 3 | |
600 800 1000 1200 10 600 800 1000 1200
m [GeV] m, [GeV]

Gluinos excluded up to ~900 GeV for BR(heavy quarks) = 0%; up to ~800 GeV for BR(top) = 100%
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Long-lived particles can arise from:

- Heavy mediator sparticles e.g. split SUSY

- mass degeneracy
- weak couplings, eg RPV

Wide lifetime coverage

Disappearing track
stopped gluino
long-lived slepton
displaced vertex
non-pointing photon

emuma Torrd

Long-lived particles

MetaStable

disappearing (Kink)

r
atf -

track

Stable

stable massive

parbcle

|
|
Hon pointing isplace | 4
P nting displaced | slow [f<1
y i vertex g I long time
. = of flight) [ Etrate
o - [P M=y ?J I -"'f :i!e'rertr"
VEmaX I "'H. i
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Long-lived particles 201 @8 Tev

mass degeneracy

Long-lived particles can arise from: ATLAS-CONF-2013-092
. . ) Sample m, m. o (YB), CTM( A
Heavy mediator sparticles e.g. split SUSY | [GeV] | [GeV] | (b (mm]
Medium-Heavy MH 700 494 | 1243 1.0 175 02x107°
weak couplings, eg RPV Medium-Light ML 700 108 | 1243 | 3.1 101 | 1.5x% 10-3
Heavy-Light . HL | 1000 108 11.9 5.5 220 0 200x 107

Wide lifetime coverage

Disappearing track
stopped gluino
long-lived slepton
displaced vertex
non-pointing photon

trigger on one muon, search for a displaced vertex within r < 180 mm, |z| < 300 mm,
mpv > 10 GeV and > 4 tracks

veto vertices from region of high material density and los mpy to suppress hadronic
interactions

Fixed BRs!

; T T T T T T T T I_ 4.5 T T T TTTT T T T T TTTT | T T T T TTTT
> . ATLAS =
) .4 MH preliminary
(7)) _
@ 10° B35 ML Vs =8 TeV _:
S . : f Ldt=203fb" -
> i ATLAS |3 - _ | .
O B : : ) 10 . . . S
> 10 Signal region Vs =8 TeV 2.5
i_ det =20.3 fb'1§ —2 1 0_2 1.0 TeV squark pair production (NLO+NLL . oof
o - | 3 : v
- @iz 2012 | |10 F ¥ w
SignalMC | || 103 : |
1 (— 9 E g : 3
i 1 0.5 - = ]
L ~ n)— o _
: Il Il Il Il Il Il Il | Il Il Il ‘I_' O 1 0'4 | | 1 - 'B'R'l(x“ — IM JIJ)|_|1| (.).(.)I /o 1 | |
3
38 4567810 20 30 40 1 10 10° 10
Number of tracks in vertex ct [mm]

Squarks excluded for 1TeV and 1.5 < ctau < 156 mm; BR(108 GeV LSP) = 100%
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-XOtIc models

Pursue signature based searches

Heavy resonances: dileptons, dijets,
top-antitop, dibosons, diphotons,
ditaus, lepton + jets, photon + jets, Z
+b-jet, Z+lepton, tau+b-jet, Z+photon,
W+photon

Mono-X: mono-jet, mono-photon,
mono-W, mono-Z, ...

Same sign dileptons

multileptons

non-resonant excess in |l mass
Long-lived particles

slow-moving particles

IVICFA’s Frida ys
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Many extensions of the SM other than SUSY have been developed
Signature based searches: cover as much of the theory space as we can with a set of searches based
on more general experimental signatures

Then interpret them in specific models to
obtain limits on masses, scales, etc.

Extra dimensions
Technicolor(s)

Little Higgs

Leptoquarks

Excited vector bosons and fermions
Contact Interactions
Compositeness

Heavy and Vector-like quarks
Heavy neutrino

TeV Gravity

Quantum black holes

DM WIMPS

Heavy Majorana neutrinos
Magnetic monopoles

valencla, 25 Oct. 201=
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“wotic models

Many extensions of the SM other than SUSY have been developed
Signature based searches: cover as much of the theory space as we can with a set of searches based

on more general experimental signatures
Then interpret them in specific models to obtain limits

_ on masses, scales, etc.
Pursue signature based searches

1sions
s ESETERE - Understood Physics (s)
top-antitop, dibos — BSM Bump
ditaus, lepton + j — BSM Tail IS
+b-jet, Z+lepton, '2 tor bosons and fermions
W-+photon 3 bractions
Mono-X: mono-je 8 Ness
mono-W, mono-Z N \ector-like quarks
Same sign dileptq < rno
multileptons g V
non-resonant exc| {3} \—/—\ ack holes
Long-lived particl b
slow-moving parti prana neutrinos
- “Mass” [GeV] onopoles

inspect mass spectrums and look for excess not explained by well understood phenomena
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VLQ’s
% 4 gen b’ quarks

4-top final state

Same sign dileptons 14317 @8 Tev

General search for anomalies in SS dileptons
Low SM bkg

Selection:

Same-sign dilepton (e/p)

= 2 jets (=21 b-tagged)

EtMss > 40 GeV

Ht (jets+leptons) > 550 or 650 GeV

4™ gen quarks exlcuded: b’ pair production
results in 4 W results

3'

2.5

N

>
o
O
Q
S
L.
@
-
w

1

| -

0.5

oF.

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

BR(b'—Wt) = 100% eee B> W 68

e

0

200 400 600 800 100012001400 1600 18002000220C
H, [GeV]

exlcuded m(b’) < 0.72 GeV
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ATLAS-CONF-2013-051

Bkg estimation:

Bkg from fakes, charge-flip: estimated from data
Other bkg from MC

2 UED under real projective plane predicts pair
production of KK excitations, each of them
decaying to ttbar

: L l I ] L 1] I L L I 1] L I ] ' L l ] ] :
1 i ATLAS Preliminary B
g det=14.3fb NE=8TeV E
107 5
T i
21 ]
10 = -====. Expacted limit at 95% CL =
: |:' Expacted Imit = 10 =

3 [ ] Expecteclimit = 20
107 Thecry approx. LO IE
- == Obsarved limit a1 5% CL ! .
. : m
- | S | | | -

P IR BT B Ll ey .
0.6 0.7 0.8 0.9 1 1.1 1.2

excluded mkk <0.90 TeV
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Vector-like quarks

Vector-like quark (VLQ): left-nanded and right-handed q9.q"

components transform identically under isospin sym. g )
Q Z H W?
Top partner quark (T) cancels the Higgs divergences

[] [ ] [] [ [ i
Appears in Little Higgs, Extra dimensions models 0 Z H W
g - =
q.q
g T T | T 1T | T T T T g

3] B 7 3] B 1
= | (T.B) or o e | -
% i SU(2) Singlet (X,T) Doublet | % | SU(2) Singlet (B,Y) Doublet (T,B) Doublet |
& T —T—>Wb - T-Wb 1] & [ —B—-Wt - B—Wt o B—Wt ]
BR model dependent o 08 — Tzt e Tz | @00 gLz e B—Zb ~
-\ e — T HL e . - —B—=Hb - B — Hb .
Several channels can ool I b
contribute significantly - I,
in many scenarios 0al LN B
0.2 0.2 —
o o EE T ]
1 11 | L 111 | 1111 | 1111 | L 111 | 1111 | L 111 | 1111 |_I i 1 1 | L 111 | 1111 | L 111 | 1111 | 1111 | 1 111 | 1111 |_I

300 400 500 600 700 800 900 1000 300 400 500 600 700 800 900 1000
m; [GeV] mg [GeV]
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Vector-like quarks:

Selection: 1 lepton (e/u) + = 6 jets
3 signal regions, based on 2,3,24 b-tagged jets

T=>Ht—>bbt

bkg estimation:

- ttbar (main), normalized in CR

- Multijet bkg: “matrix method”

- WH+jets: normalization from charge asymmetry

- All other bkg from MC ATLAS-CONF-2013-018

N\ [

Selection: 2 lepton (e/p) + 2 b-jets
pt(Z) > 150 GeV,

Hr(jets) > 600 GeV

Final discriminant is m(Z,highest pt b)

>/t

bkg estimation:
- Z+jets (main), from
- Multijet bkg: “matrix method”

ATLAS-CONF-2013-056

Selection: 1 lepton (e/p) + =2 4 jets + = 1 btag
pt(b1) > 160 GeV, p1(b2) > 80 GeV
Hr(jets+leptons+MET) > 800 GeV

Wb

bkg estimation:
- ttbar (main), from MC
- Multijet bkg: “matrix method”

- WH+jets: normalization from charge asymmetry AT AS-CONF-2013-060

U

emma Torrd IVICFA’s Frida ys

Entries / 150 GeV

Data/bkg
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14.3fb' @ 8 TeV

Data / MC

> - -
] 100/~ ATLAS Preliminary ~ e+ =6 jets, = 4 b-tags
Py ,det=14.3fb" —e— Data (/5 =8 TeV)
2 r B ot
-~ 1eall =
5 80— = tHr jeJts
= [ —
g ==\
a3 ) Wiiets
+|ets
[ [ Diboson
@8 Single to
. Multi
=3

0200 400 600 800 1000 120014001600 18002000

Hy [GeV]

m(Zb) [GeV]
E © -e-Data ({5 =8TeV) ATLAS Preliminary
o> “SEETT (600) Chiral fL dt=14.31b"
© 40[ = TT (600) Singlet
> F O
:15) 35 [INon-tt
a E A Total BG uncert.
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E //,;;;:;;;;;:””mmm”
0B o v L AT T T
O] 3
2 2
S |
. }/// 7

m;

0 100 200 300 400 500 600 700 800 900 1000
eco [GEV]

csic s

23

\

~J ]




ner«-<pe

BR(T — Hi)

-volution of
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lIMmIts

14.3fb"' @ 8 TeV

assuming BR(T—Zt) = 1 - BR(T—H{t) - BR(T—Wb)

Full covegare up to 550 GeV

m, = 350 GeV

ATLAS Preliminary
Status: Lepton-Photon 2013
Ys=8TeV, fL dt=14.3fb"

= 95% CL exp. excl. m—— 95% CL obs. excl.

: Ht+X [ATLAS-CONF-2013-018]

Same-Sign [ATLAS-CONF-2013-051]
: Zbi+X  [ATLAS-CONF-2013-056]
: Wb+X [ATLAS-CONF-2013-060]

% SU(2) (T,B) doub.

@ SU(2) singlet

m, = 650 GeV

emuma Torrd
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ner«-<pe

~volution of B limits 14315 @8 Tev

—~~
O 1 i i ATLAS Preliminary
L o mg = 350 GeV mg = 400 GeV myg = 450 GeV Status: Lepton-Photon 2013
0.8 %, 0.8 0.8 p
ll\ ’o'% Ys=8TeV, fL dt=14.31fb
m 0.6 % 0.6 0.6 = 95% CL exp. excl. = 95% CL obs. excl.
N
m 0.4 0.4 0.4 Same-Sign [ATLAS-CONF-2013-051]
m
0.2 0.2 0.2
D Zb/t+X [ATLAS-CONF-2013-056]
OO 0.2 0.4 0.6 0.8 1 00 0.2 0.4 0.6 0.8 1 00 0.2 0.4 0.6 0.8 1

% SU(2) (B,Y) doub. @® SU(2) singlet

1

mg = 500 GeV mg = 550 GeV mg = 600 GeV mg = 650 GeV
o, o, o, (o)
0.8 l.b/bc 0.8 l.blb 0.8 ,6/27 0.8 '6’.00
Q, Q, Q, (3
0.6 2 0.6 Y 0.6 ” 0.6 ”
0.4 0.4 0.4 0.4
0.2 0.2 0.2 0.2
0 0 O 0 P M I
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1

/s mg =700 GeV : /s mg =750 GeV : /s mg; = 800 GeV : /s mg = 850 GeV
0.8 °"6~ 0.8 |- °"6~ 0.8 | ol'b, 0.8 |- °"6~
0, 0, [ 0, 0,
% [ % X %, [ %
0.6 2 0.6 N 7 0.6 n 7 0.6 N 2
x x b, ¢
0.4 04 - 04 - 04T
! () [ ° [ ()
0.2 O.Zt 0.2 N 0.2 N
00 0.2 04 OI6 OI8 = 1 00 .O.I2. . .OI4 OIG 0I8 1 0O .O.I2. . .O.I4. . .O.IG. . .0.I8. = 1 00 = .O.I2. . .O.I4. . .0.I6. . 0I8 = 1

BR(B — W)
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Fraction of events / 100 GeV
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' topoolr ttbar resonances 142" @8 TeV

chiral color

ED
ATLAS-CONF-2013-052
Bump hunt in ttbar mass

Use two reconstruction methods for hadronically decaying tops:
- fully-resolved: top treated as 2-3 small (R=0.4) jets

- boosted: top treated as one large (R=1.0) jet)

pt>25 GeV (small), 300 GeV (large)

= 1 btag (small radius jet)

03 LA L L L L L Y L B

—_I o - I e L
- ATLAS Preliminary EJ 10° %ATLAS Preliminary - Data - Bx Z' (1.5 TeV) %
0.25 Simulation, \s=8TeV <~ 10E (La=1a2m’ M 5% gy (20 TeV) =
- Boosted : 0 10° Bl Mutti-jets  [[]W+ets -
ool i i Z’ (1.0 TeV) B GC) 10° ; [ ]Other Backgrounds ;
Tt E R e Z' (1.5 TeV) N i) A (s=8TeV 3
- Z' (2.0 TeV) - 107 % E
0.151~ == Z(3.0TeV) 10°F | E
- ' . S —— 3
- ] 10° I_l_l_
0.1 ~ - M
B N 10 =
0.05 T — ) S S S
E : ) -5... ) e et ':- E é - , /////////////////W
Mlum—il':li'i T .L.:;-I-.”..-q-l-; O o P TR TR B :.IJ".J o C\_E I //
%65 1 15 2 25 3 35 & ”/// ////f///{ 2
e[ TeV] M [TeV]

Large-radius R=1.0 jet with b-tagging
Sharp mass peak due to unambiguous top
decay product association in I+jets
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topeolor ttbar resonances 14215 @8 Tev

chiral color

ED
ATLAS-CONF-2013-052
Bump hunt in ttbar mass

Use two reconstruction methods for hadronically decaying tops:
- fully-resolved: top treated as 2-3 small (R=0.4) jets

- boosted: top treated as one large (R=1.0) jet)

pt>25 GeV (small), 300 GeV (large)

= 1 btag (small radius jet)

3 n n n n I n n I n n n I n n n n I n n n 3 n n n n I n n n n I n n n n I n n n n
Qo \s=8TeV Obs. 95% CL upper limit Qo Vs =8TeV Obs. 95% CL upper limit
o 10° p -x-rerar EXp. 95% CL upper limit = 10° » -xerenes EXp. 95% CL upper limit
! f at 31 I Exp. 1 o uncertainty ! f dr 3t I Exp. 10 uncertainty
N 2 Exp. 2 o uncertainty -2 Exp. 2 o uncertainty
% ----- Leptophobic Z’ (LO x 1.3) g 10 . = Kaluza-Klein gluon (LO)
X . ATLAS Preliminary A The ATLAS Preliminary
ON 10 X .
O)
©
-2 '] '] '] '] '] '] '] '] '] '] '] '] '] '] '] ']
10 0.5 1 1.5 2 2.5
Z’  mass [TeV] g, mass [TeV]
Exclude Z' between 0.5 and 1.8 TeV Exclude KK gluon between 0.5 and 2 TeV
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Large ED (ADD) : monojet + E.
Large ED (ADD) : monophoton + E.

T,miss

X X T,miss

I nvan ENAANNY - dinhotan 0 dilantan m.

T,miss

Extra
iton, my

DLVVLC NS LO WS i

jets, m,
ADD BH (M, /My=3) : SS dimuon, N, ..
ADD BH (M, /M_=3) : leptons + jets, p

[ S S B ST S PO N

L \OOWI) gy

> Hea\/H Bosows

¢ Lepto-qua rk’,s
zNew Ruarks
f Exclted States

1eCH=nauivuns (LO 1v) . UNBpPLUILIT

Techni-hadrons (LSTC) : WZ resonance (Vll), m
. Major. neutr. (LRSM, no mixing) : 2-lep + jets
8 Heavy lepton N* (type IlI seesaw) Z-| resonance, mZI
*6 H™ (DY prod., BR(H*—ll)=1) : SS ee (MM)
Color octet scalar : dijet resonance, m
Multi- charged particles (DY prod. ) : highly ionizing tracks

ee/piu

Contact intera ctiow

ATLAS Exotics Searches*

summary

95% CL Lower Limits (Status: May 2013)

L=201D , 8 1eV |[AILAS-CUNF-2013-017]

M (6 2)
M, (6=2)

ATLAS

Ms (HLZ 5=3, NLO) Preliminary

Compact. scale R™
M ~ R
Graviton mass (k/Mp, = 0.1)
Graviton mass (k/Mp, = 0.1)
Graviton mass (k/M,, = 1.0)
g, mass
Mp, (5=6)
M, (5=6)

Ldt=(1-20)fb"
Is=7,8TeV

M, (5=6)

e e A
I SR A (constructive int)
T — A )

2.86 TeV_ Z' mass

L=4.7 fb”, 7 TeV [1210.6604]

1.4TeV Z’ mass

L=14.3 f_b", 8 TeV [ATLAS-CONF-2013-052]

1.8TeV_ Z’' mass

255Tev. W’ mass

L=4.7 fb™, 7 TeV [1209.4446]

L=4.7 fb™, 7 TeV [1209.6593]

L=14.3 fb”, 8 TeV [ATLAS-CONF-2013-050]

L=1.0fb", 7 TeV [1112.4828]

L=1.0fb", 7 TeV [1203.3172]

L=4.7 fb™, 7 TeV [1303.0526]

L=4.7 fb”, 7 TeV [1210.5468]

4317, 8TeV. JATLAS-CONF-2013-051]
=143 fb”, 8 TeV [ATLAS-CONF-2013-018] 790 GeV_ T mass (isos

L=4.6 fb™, 7 TeV [ATLAS-CONF-2012-137]

L=2.1fb", 7 TeV [1112.3580]

L=13.0 fb, 8 TeV [ATLAS-CONF-2012-148]

L=4.7 fb”', 7 TeV [1301.1583]

L=13.0 fb”", 8 TeV [ATLAS-CONF-2012-146]

430 Gev. W’ mass

1.84 TeV.
660Gev 1 gen. LQ ma:

53aGev  3° gen. LQ mass
656 GeV. t' mass

N* mass (IV | = 0.055, |VI_I

*Only a selection of the available mass limits on new states or phenomena shown

emma Torrd

ATLAS SUSY Searches* - 95% CL Lower Limits

Huge number of signatures analysed

No sign of new physics

sescev 2 gon LQm s SUSY 2013 [Ldt=(46-229) b V5=7,8TeV
Model e Ty Jets ET™ [ratm] Mass limit Reference
—T T T T T — T T T T —TT
72008V b’ mass MSUGRA/CMSSM 0 2-6 ]:ets Yes 20.3 r:i.i 1.7 TeV m(a)=n1(§r) ATLAS-CONF-2013-047
—— MSUGRA/CMSSM 1epn 3-6jets  Yes 20.3 g 1.2 TeV any m(g) ATLAS-CONF-2013-062
w»  MSUGRA/CMSSM 0 7-10jets Yes 203 |& 1.1 TeVv any m(§) 1308.1841
1427V VLQm @ L §3.4-a0 0 26jels  Yes 203 |d 740 GeV m(7%)-0GeV ATLAS-CONF-2013-047
o 55 5oadaks 0 2-6jets  Yes 20.3 g 1.3 TeV m(¥1)=0 GeV ATLAS-CONF-2013-047
2060 el | ’ }6jets  Yes 203 |& 1.18 TeV m(E3)<200 GeV, m(¥*)=0.5(m(¥3)+m(Z)) ATLAS-CONF-2013-062
[ B ' L )-3 jets - 203 | & 1.12Tev m(¥1)=0GeV ATLAS-CONF-2013-089
" (OO >4jets  Yes 47 tang<15 1208.4688
870 GeV. b* mass (le = m M'SLVC V2ets  Yes 207 tang >18 ATLAS-CONF-2013-026
2.2 Te\ % | - Yes 48 m(¥9)>50 GeV 1209.0753
pT/oJT mass @£ Gaw (wino NLor) ve ety - Yes 4.8 m(f7)>50 GeV ATLAS-CONF-2012-144
p. mass (‘ GGM (higgsino-bino NLSP) Y 1b Yes 4.8 m :)>2206ev 1211.1167
GGM (higgsino NLSP) 2e,u(Z) 0-3jets Yes 5.8 m(H)>200 GeV ATLAS-CONF-2012-152
Nr Gravitino LSP 0 mono-jet  Yes 10.5 m(g)>10~* eV ATLAS-CONF-2012-147
. $T  g-bby 0 3b  Yes 201 |& 1.2TeV m(7)<600GeV ATLAS-CONF-2013-061
H* mass (limit at 308 g,g gty 0 7-10jets  Yes 203 |& 1.1 TeV m(¥}) <350 GeV 1308.1841
2 EtTl 0-12 0 3b Yes  20.1 g 1.34 TeV m(t?)<400 GeV ATLAS-CONF-2013-061
- E—btt d 3b Yes 201 |& 1.3 TeV m(¥3)<300 GeV ATLAS-CONF-2013-061
Buby, Esr V\/ 2b Yes 201 |B, 100-620 GeV m(P2)<90 GeV 1308.2631
| o< bib, e 03b Yes 207 |by 275-430 GeV m(¥;)=2 m(¥3) ATLAS-CONF-2013-007
< .g i (ligl 1-2b Yes 4.7 t 1105167'GeV! m(¥7)=55GeV 1208.4305, 1209.2102
g g HH(lighy, o— vy . J)-2jets  Yes 20.3 o 130-220 GeV m(¥?) =m(%)-m(W)-50 GeV, m(t;)<<m(¥7) | ATLAS-CONF-2013-048
H'g # % (medium), t1—>tX]i 2e,pu 2jets Yes 203 |t 225-525 GeV m(¥)=0 GeV ATLAS-CONF-2013-065
<5 fh(medium), & —biy 0 2b Yes  20.1 3} 150-580 GeV m(¥9)<200 GeV, m(¥;)-m(¥3)=5 GeV 1308.2631
S hii(heavy), hotl Teu 1b Yes 207 |f 200-610 GeV m(@%)=0 GeV ATLAS-CONF-2013-037
v 2 fifi(heavy), i -kl 0 2b Yes 205 |& 320-660 GeV m(P9)=0 GeV ATLAS-CONF-2013-024
RS B, k] 0  mono-jet/c-tag Yes 20.3 t 90-200 GeV m(f,)-m(i3)<85 GeV ATLAS-CONF-2013-068
# %1 (natural GMSB) 2e,pu(2) 1b Yes 207 |& 500 GeV m(¥2)>150 GeV ATLAS-CONF-2013-025
Eziz, ot +2Z e u(2) 1b Yes 20.7 t 271-520 GeV m(f)=m(¥9)+180 GeV ATLAS-CONF-2013-025
ReL R Yes 20.3 7 85-315 GeV m(¥1)=0 GeV ATLAS-CONF-2013-049
) )? )?I, Yes 203 |} 125-450 GeV m(¥1)=0 GeV, m(7, V)=0.5(m(/\?f)+mv??)) ATLAS-CONF-2013-049
= [ )?1)?(; — Yes 207 |¥ 180-330 GeV mu( )=0GeV, m( )= 05(m(X1)+mV(1)) ATLAS-CONF-2013-028
w it Xlxsat Yes 20.7 ,\?‘)?'é 600 GeV m(¥7)= rn(Xz), m(Fe)= o m([ 7)=0.5(m(¥5 )+m(¥})) ATLAS-CONF-2013-035
X7 )( -\ Yes 20.7 )?i )75 315 GeV m(T)= mwz) m(X , sleptons decoupled | ATLAS-CONF-2013-035
)h)(o—)lrmmM Yes 20.3 f’% B! 285 GeV m(¥5)=m(¥3), m(¥9)=0, sleptons decoupled | ATLAS-CONF-2013-093
E 7 3 | & 270 GeV m(E;)-m(¥)=160 MeV, r(¥5)=0.2 ns ATLAS-CONF-2013-069
= % 9 |& 832 GeV m(E9)=100 GeV, 10 us<7(g)<1000's ATLAS-CONF-2013-057
SE 0 L 9 10<tanB<50 ATLAS-CONF-2013-058
S8 7 0.4<7(#)<2 ns 1304.6310
=1 3 |a 1.0 TeV 1.5 <cr<156 mm, BR(u)=1, m({})=108 GeV | ATLAS-CONF-2013-092
LFV unﬂ\"/f + X. \“’rae +u 2epu - 46 A3,=0.10, 443,=0.05 1212.1272
lepu+t - - 4.6 A31,=0.10, 11(2)33=0.05 1212.1272
> Tepu 7jets  Yes 4.7 m(§)=m(g), ctsp<1 mm ATLAS-CONF-2012-140
& RPV 4epu - Yes 20.7 760 GeV m(E9)>300 GeV, 121>0 ATLAS-CONF-2013-036
3eu+t - Yes 207 x% 350 GeV m(¥3)>80 GeV, 1133>0 ATLAS-CONF-2013-036
0 6-7 jets - 203 | & 916 GeV BR(t)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091
gt n—Dns 2e,u(SS) 03b Yes 20.7 g 880 GeV ATLAS-CONF-2013-007
. Scalar gluon pair, sgluon—qg 0 4 jets - 4.6 incl. limit from 1110.2693 1210.4826
_g Scalar gluon pair, sgluon—tt (SS) 1b Yes 14.3 ATLAS-CONF-2013-051
‘O" WIMP interaction (D5, Dirac x) mono-jet  Yes 10.5 m(x)<80 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147
| | L L L L
v_ =8TeV -1
- - full data 10 1 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o theoretical signal cross section uncertainty.
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Conclusions and Perspectives

LHC run-1 dataset

ATLAS experiment and LHC worked beautifully. High efficiency of data taking, computing, physics
analyses

Discovery on the new boson is the gateway to a full exploration of symmetry breaking in ew sector
Broad signature-based search programme developed

Effort to probe maximum number of models, parameter spaces possible

Detailed and thorough searches, wide range of signatures covered

Up to now, all results consistent with SM: No sign of new physics yet

scenarios

Cross section ratios: 14 (13) TeV / 8 TeV

stop pair (0.7 TeV) ' 11 (for 13 TeV / 8 TeV: 8.4)

What is next? stop pair (0.9 TeV) J 16 (for 13Tev / 8Tev: 12)

emma Torrd IVICFA’s Frida ys valencia, 25 Oct. 201=

Better understanding of bkgs

Prepare for LHC run-2 in 2015 (13 TeV): gluino pair (1.571€Y)
new energy regime, remeasure SM, more pileup,...
More use of boosted technologies

Increase sensitivity to more difficult kinematic scenarios
Explore new channels, probe more parameter space, smaller cross-sections, BRs

’ 72 (for13TeV / 8 TeV: 46)

(13 / 8: 2700)
p 5700

gluino pair (2.5 TeV) |

1 10 100 1000 10000

Please check out all of the ATLAS physics results at
https://twiki.cern.ch/twiki/bin/view/AtlasPublic

CsIC
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- The landscape in the next decade(s) —

2009 < LHC startup, Vs =900 GeV
2010
\ s=7~8 TeV, L=6x103 cm2s'!, bunch spacing 50 ns
and Run-1
2012 ~20-25 fb!
w13 . . . .
LS1 Go to design energy, nominal luminosity (Phase-0)
p— LS1=Now
2014
2015
2016 Vs=13~14 TeV, L~1x103 cm2s°!, bunch spacing 25 ns Run-2
2017 ~75-100 b’
2018 LS2 Injector and LHC Phase-1 upgrade to full design luminosity
A o LS2
2019
2000 vV s=14 TeV, L~2x10%* cm2s°!, bunch spacing 25 ns
2021 - ~350 fb!
2022 LS3 HL-LHC Phase-2 upgrade, IR, crab cavities?
o LS3
2023
- =5x10% cm2 5! inosi i o ”
— . @Tev, L=5x10% cm2s’!, luminosity @ HL-LHC e
D Charlton / Birmingham - 12 August 2013, ICISE inauguration, Quy Nhon, Vietnam 43

i I
. emmaTowds  wicFAsFidays  valemcis, 250ct. 2012 _ |2l i



32

Run 2 SUSY perspectives  anasconr2oizoo

Squark-gluino grid, m _=0. Vs=14TeV METAHT>15GeV"?

LSP = 1 OOO [T T | LI | L | LI | L | LI LI LI T T 1T T_]
;‘ 4000 | | T T T T | T T T T | T T T Z| ] T b T T T | ] - El > : :
O B . e ol ]4 | 153 a &S 9o0E- ATLAS Preliminary (Simulation),Ns=14 TeV =
(,2, B ‘. oo f? .dlscovery reach 1 @) ._Ci;{ - ==m 3000 fb" discovery reach T - 1-lept iot -
o B - —— 300 discovery reach 4 0_2 = 800 wxs 3000 fb” exclusion 95% C.L. = — Y (m%? >> rrrtw). -lepton (e,u) + jets —
& 3500 “ = = ¥ 3000 o exclusion 95% CL- 3 7 = —— 300 fb™' discovery reach =t — b+ZT ( m.-m.= 20 GeV): 2-lepton (ep)
B ‘Q‘ = = = 300 fb” exclusion 95% CL ] ] 00 E_ o (m?‘ o TNERT TV, 47 " 1 1 _E
N 1 ] 10 600 P g W, =
3000~ — = 500 O =
C 1 7 E e -
- =l 400 > . —
L -1 | -4 — » ", =
2500~ - =10 300F % =
C |l - 200z R =
2000k Zn. sys=30% 1 =107 100 ",‘ :: —;
. ATLAS Preliminary (simulation) 4 3 ) S N A R VOl I U U e
- 7 400 500 600 700 800 900 1000 1100 1200
1 500 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | _ -6 mf [GeV]
2000 2500 3000 3500 4000 19 1
m, [GeV]
rr nt Iimit ~1. T Vf r rk n I in m [— T T 1771 | LI | T LI | LI | LI T 177 LI o
Curre 8Te or squark a d giuino masses % 700— ATLAS Preliminary (simulation) . S
0] - Vs=14TeV i =
o - w=nies 3000 fb, 95% exclusion limit I
@ 600 === 3000 fb", 50 discovery reach e =1 £
S BELEEEE 300 b, 95% exclusion limit 5 o0 ] A
S 500 — 300 b, 50 discovery reach e . NS
C 8e-02 20:02 e g = (s
- Py ~
- 46,02, 3¢-02 2602 1e-02 . 10-1 )
— “‘ - & o
400 - ‘,?e'-oz 46-02 3802 26:02 16-02 - =
— 7 ie)
300 i 3
B 02 '49‘02' 3er02= 26‘02'16;22 g
- 7395' 4e-02 3e-02 2e-02 1e-02 1 0_2 8
200 :_ 7e-02 4e-02 3e-02 26-02 1e-02 Ci:é\'
- 002 46-02 36-02 26-02 16-02 s
100 ~ s 2e+00 7e-01 4e-01 2e-01 0 3e-02|2e-02 1e-02 3 /.\
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 O 8__

100 200 300 400 500 600 700 800
% and %, Mass [GeV]
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S EET of DM Direct DM searches 14.2fo" @ 8 TeV

Search is for WIMP pair production -> missing Et signature ATLAS-CONF-2013-073
Trigger/select a photon or jet from QED or QCD initial-state or u X w*

u
final-state radiation W
X

New results from monojet signature with a “fat jet” which could be X
from a W or a Z decay M

s . e d wt d
Complements earlier “inclusive monojet” searches

X

Limits placed in context of effective theories of DM interactions
with SM particles: spin-independent (D5) and spin-dependent

(D9) wit
= AL L R B L L B I S 4000 T T T T T T T T T T T T T T T
G S000ESR: EY™ >500GeV o psu—d): Obs 90%CL 1 S 2500k SF ET" >500GeV  —e— D9: Obs 90% CL E
= 2500F- ---- D5(u=-d): Exp 90% CL - s = ---- D9: Exp 90% CL .
- Expected limit+ 16 . 3000 Expected limit+ 1o =
2000272 ====-Jhn Expected limit £ 2 ¢ = 25005522~ 2 Expected limit+ 2 ¢ =
ook - 20001~ E
- T . 1500/ 3
tooo- T g - ]
- G T . 1000(  Tega. —
500:__[ Ldt=20.3fo Vs=8TeV '__ 5005_J Ldt=203f" \s=8TeV "~_‘
~ ATLAS Preliminary ] - ATLAS Preliminary .
0 ~"200 400 600 800 1000 1200 O ~"Z00 400 600 800 1000 1200
m, [GeV] m, [GeV]
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Run 2

1055"|'H'|""|'”'|""|'”'|""|”"|"§
= » Y00 /g,=-0.20 3
10* f L dt = 3000fb - Expécted limit
10° ATLAS Preliminary ™= 000 )
= (Simulation) =
10°g g, —ti =
g KK E
10E Vs =14 TeV =
1= lepton+jets channel E
107 E
107 .
10°E E
10'4 :I 11 | 1111 | 1111 | 1111 | 1111 | 1111 | L1 | L 11 | [ |:
3000 4000 5000 6000 7000 8000 9000 10000
mg [GeV]
105 %I T I LI LI I LI T T I T 1T T T T T 1T T I T T T T I LI LI I T I?
10t f" dt = 3000fb"! --»-- Expected limit 2
= I Expected+ 1o 3
108 = ATLAS Preliminary Expected+ 20 o
= (Simulation) 3
10°g Z—ti =
10 /s =14 TeV -
1 .
107k =
10° g E
10-4 11 I 11 11 I 11 1 1 I 11 1 1 I 1 11 1 I 1 1 11 I 1 1 I 11

1000 2000 3000 4000 5000 6000 7000
m,. [GeV]
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o B [pb]

105 E T T I LI I L I T T T 7T I T T T 7T I T T T 7T I T T T 7T I T T T 7T I T T ?
= (L dt = 30001 g 95 =020 2
10* E f t= -+ Expected limit 3
- _— [ Expected = 10 3
10°E ATLA$ Prelllmlnary Expected« 20 S
- (Simulation) =
10°g g t1 =
10 ;E Is=14TeV E;
1 dilepton channel .
107 E
102 =
10° g E
10-4 :I 11 | L1 1 | L1 11 | 1111 | 1111 | 1111 | L1l | L1l | [ |:
3000 4000 5000 6000 7000 8000 9000 10000
m, [GeV]
KK
1 0 % T T T I T T T I T T T I T T T I T T T ?
1 = f L dt = 3000fb"! --+-- Expected limit 1
E o I Expected= 16§
10'E ATLAS Preliminary Expected=20 ]
= (Simulation) 3
- Z— |l 3
102 -
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squark/gluino searches

g9 production, §— tfy, m@) >>m(@), Vs = 8 TeV Lepton & Photon 2013
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