ni LMv

EYDPEDI|

ENT

= LAI LNUVILINI

http://atlas.ch

Frrrrrrrrrrrrr T T T T Tty r T T T T T T T
i, ATLAS Simulation =

_ TF=" m 126GeV-m 10GeV 3
||||||\\-||-||\\|||||‘|||||\|||||\\\||||\r;
05 1 15 2 25 3 35 4
r[m]

10*
10° Eveae.
120 )
10 E, Control region
100 10
—e- Data
1 — Total background
—180 - - - Reducible background
107 syst ® stat (reducible)
syst @ stat (total)
6o 10% - RS, /M, = 0.1,m,,=15TeV
10 - RS,k/MPI =0.1,m;,=20 TeV

JL dt = 20.3 b
\s=8TeV

300

400 500

Stéphane Willocq (U. Massachusetts)
On behalf of ATLAS Collaboration
MC4BSM @ Fermilab

\s=8TeV,17.3fb"

2000 3000
m,, [GeV]

ATLAS

'S< M. SM brediction ]

- a > L SM, no EW correction |

o - ClLA=8TeV,n =+1

> O S ClLA=12TeV, 1= -1

© T T T T T ATLAS G8Tev  [Lt=203m" < 0.04= . - =

g 10° ATLAS _; o . R ™ S S T .

@B 1 e Data E 1 e — — — = 0.02— } —

= s [ \s=8TeV,203fb" [wya75Tev)s 18 | [ ———op e e — _ N 0.04F =

¢ 10 @ Top iz 2 0.03 E

W F 3jets2b-tags 3 W+iets 1 L —_1 - p— e 20lu¥T |0 03E 26<m <32TeV

10 [ Z+jets, dibosons 3 =, . —_— — b O — 4 0.04 =

I Multijets g = 3

10° Uncertainty - 3 == e 3e/u ° 0.03 20< m, < 2.6 TeV S

30 4 —_— — S T e T e— e - t ]

Jo 10 N 0.04 =

10? = o o = E

12 0 — 26tz A 0031 16<m <20TeV 5

10 = ° w0 ] — 0.045g =

E —— 3elu = =

10 — 0.03

1 4 . e [S— E 1.?<ml<1.6TeV:

10 =] — S = =

102 [ — 2elp+r N =

10 — e =

. 2 1 —— — — — -

kS 1.5 | 10" _ e — =

T L e0e06eecses o 0® 0 0. . .8 7 Al 2200 2500 2800 250 2100 2150 =21 22 2600 21000 21500 20 2600 21200 20 2600 21200 =20 2100 2200 2300 20 2100 2200 2300 =

o 1 . Chdk 2 L 03 2elr g o 2 ¥ leptons . lep miss miss -

?‘é 05* (3" f +’ ¢ f HP"™ [GeV]  Min.p®[GeV] btags  my [GeV] m,; [GeV] m,; [GeV] EM* [GeV] EM* [GeV] 0% <m, <0.8 TeV 5
a 0708 06 04 02 0 02 04 ?3%1— %gt t1 Inclusive ET™>100 GeV  m¥'>100 GeV HE*>150 GeV HE* <150 Gev 1 5 3 4 5678 1'0 20 XSO

utpu




= Many unanswered questlons
= Hierarchy between Electroweak scale and Planck scale

= Lower Planck scale with extra spatial dimensions? Natu

= Discovery of light Higgs boson f p"Oblem

- why so light? .
= SUSY or vector-like (top) quarks? TTTT sl

= New interactions / particles at TeV scale?
- Fundamental or composite Higgs?

= Unification of forces, are there other fundamental forces?
Do GUTs exist?
ELEMENTARY

= Flavor puzzle EAR LIS
Why 3 generations? Lepto(n)-quark symmetry? "
Composite leptons and quarks?
Pattern of fermion masses and mixing?

= Matter-antimatter asymmetry / baryogenesis E..-
1 I I

= Dark matter opportunity
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Hlerarchy / Natur

= Electroweak Symmetry Breaklng
= Quadratic divergences in the Higgs mass

t
h a h
t M. Peskin

= Addressed by invoking additional symmetry
= Supersymmetry - SUSY
= Global symmetry - Little Higgs
= Extra dimensions / Strong dynamics

= Solutions imply new particles at ~ TeV scale to avoid large
amount of fine tuning

= Search for fermionic top quark partners L
- vector like T quarks _Q T
= Search for new heavy W, Z, vy, ¢ TR

- e.g. KK excitations in warped ED models
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lExoﬁc
Many different experimental
signatures are studied

= Important to cast a wide net

= Each signature provides
a different window into the
high energy regime at
the LHC

= Exotics search program
attempts to be both agnostic
and focused on model hot
spots

-> recent highlights shown

s Matrix

m Many extensions of the SM have been

a 1jet+MET
v o jets+ MET
a 1lepton + MET
a Same-sign di-lepton
a Dilepton resonance

developed over the past decades

Supersymmetry S=——
Extra-Dimensions e N

Technicolor(s) \\t\\(/";l
Little Higgs<_ .,
No Higgs \\‘\:\ \\\ \ "\ a Lepton-photon resonance
GUT 7 o~ = Gamma-jet resonance
. \\ "'-'\‘ < ‘ = Diboson resonance
Hidden Valley <~ ‘\\\'é}i_s\\ o Z+MET
Leptoquarks \‘,/\“:‘\‘\\ a W/Z+Gamma resonance
X RN

Compositeness '\\\\ \

) ' \ a Slow-moving particles
4" generation (t', b')

S = Top-antitop resonance
\\\ a Long-lived particles
\ a Top-antitop production
\J
AW

= Diphoton resonance
a Diphoton + MET

= Multileptons

a Lepton-jet resonance

LRSM, heavy neutrino

a Lepton-Jets
etc...

a Microscopic blackholes
a Dijet resonance

(for illustration only) w efc..
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= Higher trigger
thresholds or
including isolation

Recorded Luminosity [pb"0.1]

Search for high-mass new states
= high-pT decay products
= limited statistics for calibration 2> extrapolate

* New techniques developed for boosted objects
Jet substructure (tagging of b, t, W, Z, H jets)
Dilepton isolation

= Unconventional signatures
Displaced vertices
Lepton-jets
Highly-ionizing particles
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= Event generators for S|gnal processes
= CalcHep, MadGraph5, Pythia8, Sherpa
= BlackMax, Charybdis, Herwig, HVYMC, QBH, Protos

= Re-weighting of background process with full cross section computation
in some cases (instead of using signal event generator)
- reduces number of signal MC samples to be produced

= Event generators for background processes
= Alpgen, Herwig(++), MC@NLO, Powheg, Pythia8, Sherpa
= Parton distribution functions for signal processes
= MSTW2008LO, CTEQ6L1, CT10

Higher order corrections?

= Most models computed at leading order

= Cross sections adjusted to NLO or NNLO when available (mostly for
background processes)

= Some with K-factors computed with other tools (e.g. FEWZ) and applied
as a function of kinematical variables (e.g. mass)
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Events
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Data/Expected

A\ W

arXiv: 1405.4123 |

.y

Many extensions of the SM predict new resonances
= Heavy gauge bosons W’ and Z’ from additional symmetries

= KK excitations of vector bosons

Clean decay channels
Z —>e’e or uw

T T T | T
ATLAS e Data 2012

10° _ ozy
Z —ee [l Top quark
10° J Ldt=203f" [JDijet & W-+Jets
[ODiboson
10* Vs=8TeV 7' SSM (1.5 TeV)

[JZ SSM (2.5 TeV)

|1 ||||||u| L1

P 3 4
Mee [TEV]

Higher order corrections (HOC) include QCD, EW
and photon-induced (yy > ll) effects

S. Willocq

Main event generators / PDF sets

signal background
Z’: Pythia 8 / DY: Powheg+Pythia 8 /
MSTW2008LO CT10
HOC: FEWZ /
MSTW2008NNLO
Z*: CalcHEP/ tt, Wt: MC@NLO+Herwig /
MSTW2008LO CT10
Gyk: Pythia 8/ Diboson: Herwig++ +
CTEQG6L Herwig / CTEQG6L1
Model [Width|Observed Limit |Expected Limit
(%] [TeV] [TeV]
Ziu | 3.0 2.90 2.87
Z. | 1.2 2.62 2.60
Zy | 0.5 2.51 2.46
Z* | 34 2.85 2.82

ATLAS Exotics Overview 9



|

. ,D'taF' Reso arXiv: 1502.07177 |

= Heavy gauge bosons with non-universal coupling to 3@ gen fermions

= 7 > 1"t ~treco with leptonic decays / 1- or 3-prong hadronic decays

% 5 - ATLAS | | \fls = 8ITeVI, 19I.5 fi)'1 .
S . S Main event generators / PDF sets
C [1Z'(1750)—7r [ Multijet %y Uncertainty ] signal background
2 T L | . .
107 — E Z’: Pythia 8 DY DY: Pythia 8 / CTEQ6L1
- ] reweighted w/  HOC: FEWZ /
, 7 TauSpinner MSTW2008NNLO
0F - tt, Wt: MC@NLO+Herwig /
[ i CT10
1 Diboson: Herwig++ +
_ ; ! S Herwig / CTEQS6L1
§<>- 1.5 F |Ostat. @sys: E
A |
(/5 O 5 1 1 L 1 1 1 1 | | MOdeI /
8 7200 300 400 500 | 1000 959 CL lower mass limits
m!l(')t(fhad-vis’ Thad-vis’ E'In'“SS) [GeV] Z’ SSM 202 TeV

G(221) 1.3—2.1 TeV

= Pythia8 DY @ LO reweighted for various signals

= TauSpinner correctly accounts for spin effects in tau decays
= Higher order corrections (HOC) include QCD, EW effects
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= Heavy gauge bosons/RPV SUSY scalars with lepton-flavor violating coupling

= /"> e, et, ut <t reco with 1-prong hadronic decays
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=  Wh+jets and multijet background estimated from
data control regions

20 May 2015 S. Willocq

Main event generators / PDF sets

signal background

Z’: Pythia 8 / DY: Alpgen / CTEQG6L1
MSTW2008LO

v.: Herwig tt, Wt: MC@NLO+Herwig /

CT10

Diboson: Herwig /
CTEQG6L1

Model /
959% CL lower mass limits [TeV]

ey et ut
Z' SSM 2.0 1.7 1.7

v. RPV SUSY 2.5 2.2 2.2
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I

ijet Reso

= Dijet resonances : resonance - qq, q4g, g9 g g
= B. Dobrescu and F. Yu, arXiv:1306.2629 M
25— g g
% :
e 20r 2
Q_ -
2 F
Q I
O 1.5 .
Q
o)
1.0 - ]
I CDF 1.1 fb!
o -1 4
0.5 I CMS 20 fb :
0.0_ 1 1 1 1 | 1 1 1 1 | 1 I 1 1 | 1 1 1 1 | 1 1 1 1 1 1 1 |
0 500 1000 1500 2000 2500
Color singlet vector Z’ My, (GeV)

Trigger limitation: thresholds rising with sqrt(s) & lumi
-> need to also push sensitivity at lower resonance mass
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= Bump hunting

= Background does not rely on MC
- Fit mass spectrum with func.

f(x) — p1(1 — x)p2xl?3+[)4 In x

X=mjj/ /s

= Extend search to masses below mass of 1 TeV with 8 TeV data
= Add delayed stream + prescaled triggers

Model and Final State

95% CL Limits [TeV]
Expected Observed

¢ —qg

s8 = gg

W' — qf

Leptophobic W* — ¢¢’
Leptophilic W* — ¢q¢’
QBH black holes

(¢ and g decays only)
BrackMAax black holes
(all decays)

3.99
2.83
2.51
1.93
1.67
5.82

5.75

4.09
2.72
2.45
1.75
1.66
5.82

5.75
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= Heavy gauge bosons, extra dlmensmns composite Higgs
= VV final state withV=\W - qq, ev, uvor Z - qq, ee, uu

= Jets from V - qq become merged for high-mass resonances
= AR=2 M/ p;

= AR < 0.4 if p; (W) > 400 GeV
= Use large-R jet

= Apply substructure techniques to
mitigate impact of pileup and identify
hard sub-jets

Main event generators / PDF sets

signal background

W’: Pythia 8 / W/Z+jets: Sherpa / CT10
MSTW2008LO massive b and c
scale to NNLO

w/ ZWPROD
Gkk: CalcHEP / tt, Wt: MC@NLO+Herwig /
CTEQG6LA1 CT10
Diboson: Herwig /
CTEQGL1
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= Analyses optimized separately for resolved and merged regions
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= High-p; boson = relax lepton isolation forZ > Il 5  Am4s_ smision E
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E F G*—>ZZ - eeqq —e— Resolved low-p_ ]

. H H 0.6 Resolved high- -

= Background model: smooth analytical function x °% | 2 Mergodregion | :

% 0.5 qq with dilepton isolation -

I E v-- Merged region 3

or smOOthed baCkg round MC § 0-4:— with nominal lepton |so|at|on—
< oaf
> 10'g L = iv" 5
& ATLAS Preliminary —e— Data 3 arXiv:1503.04677 0'25
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E : > "
WZ Selection 1 5 102 I Diboson .
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= Data excess in qq qq channel near M = 2 TeV:
Global significance = 2.5 sigmas
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» Extended scalar sector, extra dimensmns, composite Higgs
= Higgs boson as a discovery tool

w AT T T
= Exploit large BR for H 2 bb (57%) ;fo.sf?ﬁf‘_sosfﬁ __________ :
. 0.6: vs.=8TeV [ . f
= VH analysis: vv/Iv/ Il +bb W  HVIT
= Signal (MWT, HVT) with MadGraph5 + Pythia8 oz 50 5 e
= Categories: 0, 1, 2 leptons & 1 or 2 b-tags A A, A
-0 2y R v R e
0af R :
06 P
o8f é S ]
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HH analysis: Jet substructure for boosted H - bb
+ b-tagging on smaller-R track jets

= Resolved: 4 b-tagged R=0.4 calo jets

= Boosted: 2 R=1.0 calo jets with 2 b-tagged
R=0.3 track jets associated with each

Signal MC: Bulk RS Gg,« = hh
2HDM H - hh
MadGraph5 + Pythia8
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H

Diboson (VH or H)

= HH - 4b analysis:
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E - ATLAS Preliminary :ulk RS,deiMPI =(;.o/ CL): -? \s=8TeV Ldt=195f ... Expected Limit (95% CL)
Q — o _ 4 smmaas xpected Limit (95% _ 21 —
i o Vs=8TeV | Ldt=19.51b Expected +10 i = 10 B B Exvoctod +10 E
_l‘ = Expected +2c E 1 - R S G Expected +26 -
T L ] €[ KK i
< O
o 10 = T 10 |
! ] g e
% boosted e F ]
- 2F ’ ’ = - i
g 15E Ratio of Expected Limits 3
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[%2]
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L C -
Q@ . . : : . . . : . , . ,_'E —  ATLAS Preliminary ==e— Observed Limit (95% CL) i
ATLAS Prelimi — Obs.95%C.L.Limit  —- Exp.95% C.L. Limit 2 4 eenees N i
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Run Number: 214216, Event Number: 127778116
Date: 2012-11-09 05:37:12 CET

Jet p; = 0.45 and 0.44 TeV

Dijet m = 1.03 TeV




Main event generators / PDF sets

= H> tt in 2HDM signal background

’ Y ’ 9kk: MadGraph5 + W/Z+jets: Alpgen +
">t t_ln TOPCOIor Z Pythia8 / Pythia6 / CTEQG6L1
= guk 2 tt in RS extra dimensions MSTW2008LO

Gkk: MadGraph5 + tt, Wt: Powheg+Pythia6 /

= Channel tt> bW bW > bqq blnu  pyihas/cTEQsLT  CT10

(hdamp = 172.5 GeV)

= Selection 2’ Pythia8 / tV: MadGraph5 + Pythia6

= No b-tag required for hadronic top

MSTW2008LO
¢: MadGraph Diboson: Sherpa / CT10

= Boosted t 2 bqq with jet substructure 2aMC@NLO/

= Reconstruct m, with

Anti-kt jets with radius parameter R =1.0

CTEQ6L1

Require large jet mass
and last kt splitting t — bW, W — qq’ gives three top decay system is highly boosted
scale sqrt(d,,) > 40 GeV distinct “jets": and reconstructed as only one jet:
12
b-jet Light Jets Top Monojet

Hadronic top
Lepton
E;miss

anti-kt (R=0.4) jet nearest
lepton

J. Ferrando |
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t t Reson

. n n n 4‘II‘IIIIIIIIIIIIIIIIIIIIIIIIII
Boosted top selection optimized for 3 OF e o
H H 2 s ATLAS Preliminary et
high-mass t t pairs : “E T S
T . o > S 2% u+jets boosted
- outperforms “standard” analysis & ;
10
Model / ‘
95% CL lower mass limits g "0
Topcolor Z' 1.8 TeV ° 0'5100 120 140 160 180 200 220 240 260 280 300
Mass of large radius jet [GeV]
RS KKgluon 2.2 Tev ATLAS-CONF-2015-009 |
> LI LR BN NN BRI BN NLRLEL |
|9 10 ATLAS Preliminary -e-Data
Broader resonance /M ~15% o 10° 1s=8 TeV, 20.3fo' [ ISMtt
o 5 Lyiets [CJSM Wijets
o) | L L | I I o 10 +J -OtherSM
% 5 ATLAS Preliminary  _ 95% CL upper limit ..\(2 104 —qg 2.0TeV, 15.3%
= 10 Vs=8 TeV, 20.3fb" .eeuen.- Exp. 95% CL upper limit C 1 03 KK
Tx [ Exp. 16 uncertainty ] g
gx 10%h~ . Exp. 2 6 uncertainty . L 102
% ----- Kaluza-Klein gluon (LO) E 10
X
o 1
o
10
Q) 2 F
28] -
© 1F
10—2|....|....|....|....|....'?" © :
0.5 1 15 2 25 3 () o E ) ) . . . . .
gKK mass [TeV] 0 0.5 1 1 .5 2 2.5 3 3.5

me* [TeV]
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= e'e” or uw interpretations

= Contact interactions
= ADD large extra dimensions

= Note: Change in default p from m, to p4j

in Sherpa ADD for pp -2 [lI+1j matrix
element had large impact on high-m XS

‘U-') 107 T I T T T T T T T T I T
§ . ATLAS e Data 2012
o 1075 p y

10° ee:fL dt=20.3fb" [Jphoton-Induced

_ [l Top quarks
10* Vs =8TeV [(OMulti-Jet & W+Jets
[Jpiboson
103 = —A;_L=14 TeV

-~ Al =14 TeV
—M, = 3.5 TeV (GRW)

Data / Bkg

meeslTeé\tl]
Photon-induced (yy = Il) correction estimated
with Pythia 8 / MRST2004qed

S. Willocq

. 3

Main event generators / PDF sets

C  [JMulti-Jet & W+Jets
150— [JDiboson
L —Ap=14TeV

\s=8TeV

signal background
Cl: Pythia 8 / DY: Powheg+Pythia 8 /
MSTW2008LO CT10
HOC: FEWZ /
MSTW2008NNLO
ADD: Sherpa/ tt, Wt: MC@NLO+Herwig /
CTEQG6L1 CT10
Diboson: Herwig++ +
Herwig / CTEQG6L1
L B B L B B B B R
3 -+ Data2012 400 GeV < m,, < 4500 GeV
- 200 gf’:{oton-lnduced ATLAS —
" @B Top quarks ee:J.Ldt=20.3 o’ E

100H

50

Data / Bkg
[ Mo I CIF N

o o —_

——
——

SN INAN AN N

-

02 04 06 08
cos 0
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A\

arXiv: 1503.08988 |

L
= Extra dimensions Main event generators / PDF sets
= Black holes or string balls signal background
e L g BH: Charybdi Multijet: Pythia 8 /
* Multijet final state vies ! et

= Empirical fits to H; distribution MSTW2008LO

.. BH: BlackMax + Multijet: Herwig++ /
= Normalization: 1.5 <H;<2.9 TeV PythiaSC/; aX C;IEICJ)%U SIS

= Tests with Pythia8, Herwig++, Alpgen MSTW2008LO

= Many functional forms Multijet: Alpgen +

Pythia6 / CTEQ6L1
1B T Total uncertainty E
- ¢ Data 1 zwtET T o
S. g3l o M = _ 1 & F -
%1035 --------- n=2, M, =5.0,M;=35TeV = Py (10 explp, 1)
S ., n=4, M, =5.0,M=3.5TeV 3 ‘g10°c P, (107
L|J1025_ \ n=6, MTI_=5-0- M _=3.5 TeV B q>) _p ( x) xp ntx) E Mth > 5.8 Tev
- —Fi e T Extrapolation ] Yot —h,( x) (S
ol " % g l - p, (10" (e @ 95% CL
= N_ 26 *‘} E (10"
S *#H E 105 ATLAS e "2 for n =6,
" \s=8 TeV, 20.3 5" L e | 4 Mp=3TeV,
C h ] - Net= \ ]
14...".‘!T.".A.S.!....I!.I..I.!..l.!.\\..!...L oo \.... .1 non-rot BH
B1ol. o lad z14 | | ' ‘ ‘ |
2 o. 1.+T”| :12 e
85 e 42 —
15 20 25 30 35 40 45 50 !5 20 25 80 35 40 45 50

H, [TeV] Hy [TeV]
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= Data vs. Pythia8 MC

%105"'w"'|""| L B
= ATLAS Multi-jets 3
S0t \s=8 TeV,20.3f5" mitt .
2 B y+jets 3
°>’103 W+jets -
w - W Z+jets E
u ]
102 — Total .
¢ Data 3
10 E
Njet >3 ]
1 E
012 b0
gLOMW s
og.g ¢ [ $
15 20 25 30 35 40 45
H; [TeV]
% 4 T T LR L L L
=10°E ATLAS Multi-jets =
s f 1s=8 TeV,20.3f5" mitt .
%103 3 B y+jets =
e W+jets 3
"“102 C W Z+jets ]
— Total 3
- ¢ Data 3
108 E
1 B jet 26 B
11 l
1.4 '
20.8 ’
0.6 , , . . . .
15 20 25 30 35 40 45
H; [TeV]
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> L | T L
= ATLAS Multi-jets 7
o10* 1s=8 TeV,20.3fb" mtt =
2 M y+jets 7
210° W+jets =
w W Z+jets ]
102 — Total =
¢ Data ]
10 =
N 24 3
1 E
P ]
14 - |
Si0feesetensacse sy gt
208 o ¢
0.6 ; . . . .
15 20 25 30 35 40 45
H, [TeV]
% E L | U L L L 'E
=oF ATLAS Multi-jets
S10°E 1s=8 TeV,20.3fb" mtt =
2 M y+jets ]
2 0 Wijets T
w10 g W Z+jets E
B — Total 3
10 ¢ Data -
1 ;_ Njet >7 _;
1.4 $ |
sty oty 4|l
Z0gh ]
0.6 , R . .
15 20 25 30 35 40 45
H, [TeV]
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arXiv: 1503.08988

Events/0.1 TeV

—_

R L
ATLAS
\s=8TeV,20.3fc' Mt

L e I B

Multi-jets

B y+jets
W+jets

B Z+jets

— Total

¢ Data

N, =5

jet =

L IIIIIII| 1 IIHHIl 1 IIHHI\ 1 JIIIIII\ L JHIIIJl 111

1.4
21.2 [
§1.G-===.....-.. ++++ ®
88.2 ¢ ®
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% T T LR L L L
~10° ATLAS Multi-jets 3
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2., M y+jets ]
210 Wi+jets 3
w W Z+jets ]
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ATLAS Exotics Overview 28




N\ W

arXiv: 1503.08988

= Multijet MC with Pythia8, Herwig++, Alpgen

> T T T T T T T T T T T T T T g > L DL L L L= > (T L DL L L L=
o = o = (0] E b=
F Total Uncertainty ] F Total Uncertainty EF Total Uncertainty
o 10°E E o 10° E s 10°E E
& F ¢ Pythia 8 ] 2 ¢ Herwig++ ] & F $ Alpgen Truth ]
S 100k ; ; = g 10° ; . = S 10°L : : 5
o E ATLAS Simulation 3 AT ATLAS Simulation 3 o E ATLAS Simulation 3
e ey jon = L0 o S ion 3 0 Teg e on =
?— — Fit Extrapolation = — Fit Extrapolation = = — Fit Extrapolation =
10 = 10 = 10 =
13 : 1 . ik 5
o 14 14 S 14F
15 iz B2
08 Qo8 Qo8
0.6 0.6 : : : ‘ - 0.6 : ; ; ; -
1. 1.5 2.0 25 3.0 3.5 4.0 1.5 2.0 25 3.0 3.5 4.0

4.5 5.0 4.5 5.0
H, [TeV] H, [TeV]

L L e B L B B B 3 LI L B B B LA L B e B B B B

T T TTTT,

T TTTTI

T TTTTIT

Total Uncertainty Total Uncertainty Total Uncertainty

+ Alpgen Truth
ATLAS Simulation

+ Herwig++
ATLAS Simulation

¢ Pythia 8
ATLAS Simulation

T IIIIIII|
T IIIIIIII
T IIIIIIII

Events/0.1 TeV
5@

107 107 10°
S Extrapolation E L ey e Extrapolation : L N T Extrapolation
- —Fit P - —Fit P - — Fit P
10 10g 10
1 1 !

1 II\I\Hl 1 IHIIIIl Ll 1 IIIIIII| 1 IIIIIII|
1 IIIIIII| 1 IIIIIII| 1 IIIIIII' 1 IIIIIII| 1 IIIIIII|

T IIIIIII
TT IIIIIII

TT IIIlIIl

MC/Pred
oo~
—“ o ooNd
MC/Pred
oo~
—“ o ooNp
MC/Pred

5 20 25 30 35 40 5 20 25 30 35

4.0

45 50 45 50 . ] . . . ]
HT [TeV] HT [TeV] HT [TeV]

Differences between event generators are small
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rVector-Like

e |

roduction & decay
= Pair-production dominant up to m(Q) =1 TeV
= T > Wb, Zt, Ht
= B> Wt, Zb, Hb
= Lepton+tjets analyses

= All require 1 e/mu + E;miss and/or M(W)

= Wb+X: 24 jets, 2 1 b-tag, Reco W->had, test m(Wb) arXiv:1505.04306
= Ht+X : 25 jets, 2 2 b-tags, test H(all 3> [ aras -
J J T( ) \ g 30 031" yec8 TeV B T singlet (600)
= Wi+X: 26 jets, 21 b-tag, H; > 600 GeV, BDT N Mbm;nm>1ooeevg;;ggmets
= Hb+X : 25 jets, 2 2 b-tags, test H(all) E o, E=w
. . - [ INon-f
= Multi-lepton+jets analyses 19 o TeaBg e
» Zt/b+X : ZI, high p-(2), 2 2 b-tags, test m(Zb) B
= Same-sign dileptons : SS leptons, Etmiss, 5:_
2> 2 jets, 2 1 b-tag, large H.(all), count g 1_225_' |

H, [GeV]
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arXiv: 1409.5500 |

.

» Zt/b+X : Z%II hlgh pT(Z) 2 b-tags
= Test of Z+jets background modeling shows p(Z) distribution too hard in
Sherpa (as well as Alpgen) = Use 1 b-tag CR to correct p(Z) distribution
= Impact: 9% (7%) decrease in Z+jets predicted by Sherpa (Alpgen)
in high p+(Z), 2 2 b-tags SR

> 106?"'1""|'"'|""|""|""|""|"H§ % 10 0 L -
3 - ATLAS 4 ¢ Data 5 O Ldt=20.3 10" s 2o :
5[ de’[ =20.3fb I Z+light jets . o =<V [ Z+light jets .
g 10 %_ \s=8TeV Z+bottom jet(s)_§I < 104 \s = 8 TeV Z+bottom jet(s) __
5 » Dilepton . i B Dilepton I 7 =
= 104 ?- before Other bkg - T Other bkg 7
(@) = . BB (650Gev) 3 Q 3 BB (650 GeV) —|
T - correction > 10 =
L sl ‘. TT (650 Gev) | LU TT (650 GeV) 3
10 4 s, rtainty 3 s, _Uneertainty -
- = 1 b-tag . 10°E A >2btags\ 3
10° g = Z+jetsMC ) 3 - i, after ]
- T = uncorrected /° 3 _ correction/
Eﬂe T E E
108, T T T 1= 107 |
g 1.5 %” 1.5k
E 1 A//y/«/«//{//é//;gf/g//z(%/W / // P 1 w/wm/yzWM/ﬁy/
S 05F T 051
0" 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800
p,(Z) [GeV] p.(2) [GeV]
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VECtO l"|-| k arXiv: 1504.04605 |

= Same-sign dileptons . SS Ieptons, E.miss, 2 2 jets, 2 1 b-tag,
large H(all), cut-and-count

* |ncludes tri-lepton channel

= Fairly inclusive selection = sensitive to many different new phenomena

= Complements other approaches targeting specific decay channels

S10'k- ATLAS — = 8 signal regions dep.
w @ Q Mis-id _

10° - \s=8TeV,20.3fb" S T ska/non-prompt leptons on # b-tags, ETmlss, HT
@ Dibosons

107 peeeeses : FS:':::Zrnamtles . Excess Signif. ~2.5 o.
N = ey in SR with > 2 b-tags,
=  high E;™ss and H;

10"

Significance
bRhionw

SRVLQ0 SRVLQ! SAVLG2 SRVLQ3 SRAVLQ4 SRVLG5 SRVLQS SRVLQ7
SR4t0  SR4t1 SR4t2  SRa3  SR4wi
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BR(B — Hb)

BR(T — Hi)

0 0.1020.3 04 0.506 070809 1

ATLAS Preliminary
, s=8TeV,20.3fo" Summary results:

Same-Sign |l

Preliminary

Zb/t + X
JHEP11(2014)104

Wi+X
arXiv:1503.05425

Hb+X
ATLAS-CONF-2015-012

Status: March 2015

BR(B — Wt)

950
900
850
800
750
700
650
600
550
500

Vector-Like Q

BR(T — Hi)

Observed 95% CL mass limit [GeV]

l

uar
H

1
09 ATLAS Preliminary
' /s =8TeV, 20.3fb" Summary results:
0.8 Same-Sign |l
Preliminary
0.7 Zb/t + X
JHEP11(2014)104
0.6 Ht+X,Wb+X comb.
ATLAS-CONF-2015-012
0.5
0.4 EEEES
0.3 %
0.2
0. 15 §

0 0.1020.3 O. 0.5 0.6 .7 0.8 0.9

1

BR(T — Wb)

= VLT (VLB) excluded in all models up

to mass of ~700 (550) GeV

= Strongest exclusion ~950 (800) GeV

= Naturalness under stress

= Single production limits also set in

Zt+X analysis

950
900
850
800
750
700
650
600
550
500

Observed 95% CL mass limit [GeV]
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= Mono-X program

= Assumption: Sensitive to dark matter WIMPs via initial
state radiation or direct coupling via a mediator particle

Challenge: Type of interaction and coupling to SM particles are unknown
- look for dark matter in many different final states

* Final state = WIMP + WIMP + X, with X = jet, photon, W, Z, H, b(b), {(t)

=

N
Y
B

Example diagrams for production of Z + WIMP pairs

20 May 2015 S. Willocq
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arXiv: 1502.01518 |
-

“Mono”-jet d g X
= E;miss > 150 GeV
= Leading jet p; > 120 GeV, p;/ E;ymiss > 0.5
= Additional jets allowed
= Z->vv &W = pv background derived from CR 7 Y
* Powerful signature for compressed SUSY as well

T I T T T I T T T I T T I | Ll T T I T T 1
ATLAS —e— Data 2012

> E =
S 104;5\ T e S ncoraiy = Main event generators / PDF sets
n = ; s=8 TeV, 20. — Vv)+jets 3 .
EJ 103;5  ET®5150 Gev %?{f’%ﬁﬁi = signal background
PO L - S b hes T et - WIMP: W/Z+jets: Sherpa / CT10
= .. 0 Dsu-toocev wsocev 3 MadGraph5 +  HOC: DYNNLO /
10 EE_ iy I é+a/§K/|ai§=1D'l_'eV, Mé=1o*‘ev_§I PythIaG / MSTW2008NNLO
e O W = MSTW2008LO
10" B _; ADD: Pythia8 / tt, Wt: MC@NLO+Herwig /
10_2; L 4% ; CT10 CT10
L e - Multijet, y+jet: Pythia8 /
s . . | _ CT10
@ g B e _ _
B L e e LI Diboson: Sherpa / CT10
o 0 ' ' ' ' 1200
ET* [GeV]
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= Excellent sensitivity at low WIMP mass (compared with direct detection)

= Various truncations studied to remain within EFT validity
= Simplified models examined to contrast against EFT

C\l._|10-28 I I IIIIIII I I IIIIII| I ! IIIIII|

ATLAS 90% CL @ DAMA/LIBRA, 36
fs=8TeV 2o3fb-1 - CRESST ”, 20

O 4130 o
- 10 A D1:7xdq 1 CoGeNT, 99% CL

o - -7 v et uv , 20
© 10 + D11 .XXGMVG +C5:'xG,,G CDMS, low mass
8 s E truncated, coupling = 1 — LUX 2013 90% CL
o 107" - - - truncated, max coupling I UL A Simplified Z’ model for vector interaction
8 o T~ =~ CMS 8TeV D11 gl T TT T T T T T TTT T T T T T TTT T
S 1 0-36 > 350 ' ' ' i
2 o m,=50GeV, I'=M, /3 ATLAS ]
S . a8 — [ —— m,=50GeV, T=M,__/8x .
% 10 = 3 g m,=400GeV, I'=M, /3 s=8TeV, 20.3fb" E
S ) L —— m,=400GeV, =M, /87 7
c 10 25F o =
: C \gqu contours 0.5 .
% o 2: - - - EFT limits .
104 1.55 s
spin-independent C ]
'46 | | 11 1 111 l | | | I | | | 1 | I | | -/ SS Sa He S e
1 0 1_ ..........
3 - RSN
1 10 10° 10 :
WIMP mass m, [GeV] 0.5
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arXiv: 1410.4031

——

arXiv: 1411.1559
. '

= Other “X” particles used in various mono-X searches
= May be important since we do not know the WIMP SM coupling

q b.t “g 1031 ATLAS — ATLAS Tensor (D9) f
’ 0% (el 23 e8Tey COUPP (2012) :
© PICASSO (2012) 7
103 L E
E all limits at 90% CL, g=4n 3
10%E .
X 10-35%, é
X 10%°F e
1097E s
10'382— E
—_ 10-39; §
9 6,1 100k
10-41; 1 1 | I | IJ| 1 Il - JJl 1 1 L1 é
1 10 ?
m, [GeV]
Sensitive to SUSY compressed ATLAS s=8TeV, [Lat=203 1" z
- - 50 T T T T T T T T T T T T T T T T T T T T T T T ] .E
> = - e
scenarios 3 4sn it 16 Ef:
= F 1 N T Observed limit (+ 16,,.) 1
Y 0 E%{ 40 L s, — — Expected limit (+ 1 6, ) = §
~ v o = ' s
a X S 13
. 30F EE
q . o5F-218 92 EN
’ _ - e [
‘ q 20 E
~0 E do
PEN X1 150 19
q ™ 10 754 49.3 275 3z
5E 510 39.2 243 3 §
q E L | | 1 ! | | 1 L 1 | L /\u | L = E
q 100 150 200 250 300 2
m; [GeV]
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Signature | Scenario I decay-length sensitivity
| Late decaying split SUSY, Hidden Valley —

i
o
12
Q
g low B, GMSB, Split-SUSY, Stealth
§ large dE/dx SUSY, Multi-charged =1900mm
8
= 3 Disappearing track AMSB (wino-LSP) O(100-1000)mm
) 4 Non-pointing Y GMSB O(100-1000)mm
:LI
£ l late decaying Displaced vertex, RPV, GMSB, O(10-100)mm
§ g' V.. Lepton-jet Hidden Valley
2. low B, large dE/dx . .

. : © Comprehensive searches in ATLAS,

g, [, multi charge.. , , _

‘ covering almost all possible experimental

signatures with innovative analysis

i3
=

3. disappearing track techniques.
X |{ 5 X © Few SM background process in general, but
instrumental background dominates. The

““““

- 4. non-pointing photon ) )
5 -0 C searches require full understanding of
X1 217 material effects
z __|5. displaced vertex + alignment
g o0 y timing calibration
X1 — qq'/ § call
: non-collision background
i i
130 300 510 550 1100 R [mm]

Shimpei Yamamoto
@ LHCP 2014
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= Hidden sector communicating with SM via Higgs or vector portals
= Stealth SUSY

p f
& Dy, :24/\ f
gl ;

Ty
p o\/f

Main event generators / PDF sets
= Backgrounds

= Multijet events

signal background

Scalar ¢: Pythia8 / Multijet: Pythia8 /
= Estimated primarily from data MSTW2008LO CT10

Z’: HYMC + Pythia8 /

MSTW2008LO

Stealth SUSY:
MadGraph$5 + Pythia8 /
CTEQ6L1
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= Signature
= Displaced vertices (2 vix / evt) in Tracker and/or Muon Spectrometer

- - > L e e R [rerrprrrTr T T T T T T T T T T T T T T T T
u S ATLAS Simulation —=— m,=125 GeV, m_=25GeV |
Dedicated Muon Rol trigger 5 oo ATLASS e
. E 0.8 Muon Rol Cluster trigger —— m,=500 GeV -
= Cluster of MuonSp Rols in AR = 0.4 cone = 075 - E
 0.75 ey E
L] - - - 9 ; —_— .
= Little upstream activity in Tracker or Calo = 22 L -
H H H 0_4; - —a— E
* Dedicated tracking and vertexing o - ]
O — —
30-7_ """" [T LA B B BB LB B ] >~0-7, T "'|“"|"H|"'g0.2f— e —f
c C ATLAS Slmulatlon —.— mH—125 GeV, m_ =25 GEV ] e C ATLAS Slmulatlon —— m,=125 GeV, m__=25GeV F —o— 3
B 0.6 Vs=8Tev —e— m,=600 GeV, m_=50 GeV ] 8 o6l 1s=8Tev —e— m,=600 GeV,m =50 Gev | O-1-- - o =
TR —*— m,=500 GeV . £ F —¥— m,=500 GeV | =S IS IR U P B e I
c 050 —%— my=2TeV, m =50 GeV - Lg 0 5:_ —%— my=2 TeV, m_ =50 GeV 4 0 1 2 3 4 5 6 7 3 9 10
S "k ] o "k ] r[m]
S C —v—_v_ 7 § r s -y ¥ .
s 0.4; - E £ 0.4 yv ¥ —
c C —e— ] c F Al I v- m
§ 03 3 -~ - 8 0.3f v Y - =
E ol ] [ T ]
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= Results
Topology My, Expected events Observed
" NO S|g n |f. [GeV] Signal Background events
10 1.94+14
data excess IDVx+MSVx 25 6248 2.0+0.4 0
40 41+6
10 234+ 15
2 MSVx 25 690426 04103 2

40 313+18
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Multi-cha

= Lo |
Long-lived

= Signature
= Models: composite dark matter, doubly-charged Higgs

= Drell-Yan pair production of particles with 5 T ]
. o 35E | =
charge Iql = Ze (Wlth y A — 2, 3, 4, 5, 6) ug 305_ 5 8ToV "~ Mass 600 GeV, =6 3
= highly ionizing signature = . 20at - E
= Require large fraction of high-threshold 15 ' E
hits in TRT e o
g L B B S B 0F A B
§ 0.453— [ Z-ww ||—f _55_ E
< 045 P Mass 600 GeV, z=2 ||_E 15....|..H|.... s
= o.35§— F L Mo ?SSOGSZ’V,Z:':‘S |I_ 195 0 15 20 25 30
0 35_ — - Mass 600 GeV, z=6 Il_g S(TRT dE/dx)
3 HE
0'25§ E_’ATLAS Simulation| | 3 ) 10° Toon .
0'25_ : | |_§ 'G' 102 \s=8TeV, 20.3 fb'1 prediction 95 Egr(\éﬁ limit
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= No data excess 10°

= Exclude multi-charge particles
up to mass of 785 GeV
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ATLAS EXxotics Long-lived Particle Searches™* - 95% CL Exclusion

ATLAS Preliminary

Status: March 2015 fL dt = (19.5 - 20.3) b1 ‘/_ -8 TeV
= -1 . . ..
Model Signature  [£dt[fb7'] Lifetime limit Reference
L] L] L] L] LENLELELI I L] L] L] LEBLELELI L] L] L] L] L] II L] L] L] L] LENLELELI I L] L]
Hidden Valley H — nym, 2 low-EMF trackless jets  20.3 @y lifetime m(my) = 25 GeV 1501.04020
X
S Hidden Valley H — my 2 ID/MS vertices 195 | =, lifetime - o3t254m m{x,) = 25 GeV Preliminary
=
I
% FRVZ H — 2y4 + X 2 e—, -, n—jets 203 |74 l_ H = 274 + X, m(y¢) = 400 MeV 1409.0746
[S)
£
FRVZ H — dyy + X 2 e—, j—, m—jets 203 |74 Iif_ H = 4y + X, m(yq) = 400 MeV 1409.0746
Hidden Valley H — mym, 2 low-EMF trackless jets 203 | # lifetime _ m(my) = 25 GeV 1501.04020
2
©
é Hidden Valley H — m 7, 2 ID/MS vertices 195 |  lifetime _ m{m,) = 25 GeV Preliminary
m
)
% FRVZH — 4y; + X 2 e—, j—, m—jets 20.3 74 lifetime _ H = dyg + X, m(yq) = 400 MeV 1409.0746
Q| Hidden Valley ® — 7w, 2 low-EMF trackless jets 20.3 | , lifetime _ oxBR = 1 pb, m(y) = 50 GeV 1501.04020
[
O]
§ Hidden Valley ® — 2 ID/IVS vertices 195 | =, lifetime i oestem <R = 1pb, m(x,) =50 Gev Preliminary
<
~ Hidden Valley ® — mymr, 2 low-EMF trackless jets 20.3 7y lifetime _ oxBR = 1 pb, m(n,) =50 GeV 1501.04020
)
Q)
§ Hidden Valley & — 7y 2 ID/MS vertices 195 |  lifetime _ oxBR = 1 pb, m(y) = 50 GeV Preliminary
<
GMSB non-pointing or delayed y 203 | x! lifetime - o0854m SPS8 with A = 200 TeV 1409.5542
&
e
O HV Z'(1 TeV) = qvav 2 ID/IMS vertices 20.3 7y lifetime oxBR = 1pb, m(ny) = 50 GeV Preliminary
HY Z'(2TeV) — qvqv 2 ID/MS vertices 20.3 xy lifetime oxBR = 1 pb, m{n,) = 50 GeV Preliminary
L L Ll Al L 11 L L Ll L L 1l L L Ll A L 1 1l L L lllllll L L

*Only a selection of the available lifetime limits on new states is shown.

ct [m]
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ATLAS Exotics Searches* - 95% CL Exclusion ATLAS Preliminary

Status: March 2015 f.E dt=(1.0-20.3)fb! +s5=7,8TeV
Model 6,y Jets ET [rdimb] Mass limit Reference
L] L] LI ) I L] L] L] L] L] L] LI | I L] L] L] L] L] L] LI ) I L] L] L] L]
ADD Gy + &/q - >1j Yes  20.3 n=2 1502.01518
ADD non-resonant ££ 2e,pu - - 20.3 n=3HLZ 1407.2410
ADD QBH — £q 1ep 1j - 20.3 n==6 1311.2006
ADD QBH - 2j - 20.3 n==6 1407.1376
ADD BH high Ny 2 1£(SS) — - 203 n =6, Mp = 3 TeV, non-rot BH 1308.4075
ADD BH high ¥ pr zlepu >2j - 20.3 n =6, Mp = 3 TeV, non-rot BH 1405.4254
ADD BH high multijet - =2j - 20.3 n =6, Mp =3 TeV, non-rot BH Preliminary
RS1 Gy — & 2ept — - 20.3 kiMeg =01 1405.4123
RS1 Gkx — vy 2y - - 20.3 kiMp =01 Preliminary
Bulk RS Gy — ZZ — qqtt 2epu 2ji1J - 20.3 k/Mp =10 1409.6190
Bulk RS Gxx — WW — qqév 1ep 2j/1Jd  Yes 20.3 kiMp =1.0 1508.04677
Bulk RS Gyx — HH — bbbb - 4b - 195 | Gkk mass 590-710 Gev [l k/Mp =1.0 ATLAS-CONF-2014-005
Bulk RS ggx — tt lep =1b,=1J2) Yes 20.3 BR=0.925 AT LAS-CONF-2015-009
2UED/RPP 2e,u(8S) =1b,=21j Yes 20.3 Preliminary
- SSMZ' — & 2epu - - 20.3 1405.4123
g SSMZ' — 7t 27 - - 195 1502.07177
o SSM W’ — &v 1epu - Yes 20.3 1407.7494
Q EGM W' — WZ — &v &€ 3epu - Yes 20.3 1406.4456
g EGM W' — WZ — qqtt 2ep 2j/1J - 20.3 1409.6190
% HVT W’ — WH — ¢tvbb 1epu 2b Yes 20.3 gv=1 Preliminary
O LRSM Wy, — tb 1ep 2b,0-1j Yes 20.3 1410.4108
LRSM W, — tb Oe,pu >1b1J ~— 20.3 1408.0886
Cl gqqqq — 2j - 17.3 Preliminary
Cl qgtt 2epu - - 20.3 N =-1 1407.2410
Cl yutt 2e,14(8S) =1b,>1] Yes 20.3 |Cyl=1 Preliminary
EFT D5 operator (Dirac) Oe,pu >1j Yes 20.3 at 90% CL for m(y) < 100 GeV 1502.01518
EFT D9 operator (Dirac) Oe 1J,<1]  Yes 20.3 at 90% CL for m(y) < 100 GeV 1309.4017
Scalar LQ 1% gen 2e >2j - 1.0 LO p=1 1112.4828
Scalar LQ 2" gen 2pu >2j - 1.0 p=1 1208.3172
Scalar LQ 3" gen el 1b1j - 47 A=1 1308.0526
VLQ TT - Ht+ X, Wb+ X lepy =1b=3] Yes 203 isospin singlet ATLAS-CONF-2015-012
§‘¢2 VIQTT - Zt+ X 223 e, =2/=1Db - 20.3 T in (T, B) doublet 1409. 5500
& S VIQBB - Zb+X 2/x3 e  =2x1b - 20.3 Bin (B,Y) doublet 1409.5500
LS viaBB— Wt + X lepg =1b=5) Yes 20.3 isospin singlet Preliminary
Tsja = Wt lepg =1b=5j Yes 20.3 Preliminary
Excited quark ¢* — gy 1y 1j - 20.3 only u* and d*, A = m(q*) 1309.3230
Excited quark ¢* — qg - 2j - 20.3 only v* and d*, A = m(q*) 1407.1376
Excited quark b* — Wit lor2ep1b,2jor1j Yes 47 left-handed coupling 1301.1583
Excited lepton £* — £y 2epu 1y - - 13.0 A=22TeV 1308.1364
Excited lepton v* — ¢W,vZ 3euT - - 20.3 A=16Tev 1411.2921
LSTC a7 —» Wy Teply - Yes 20.3 1407.8150
LRSM Majorana v 2e 2j - 21 N°® m m(Wg) = 2 TeV, no mixing 1208.5420
. Higgstriplet H== — £¢ 2 e, 11 (SS) - - 20.3 DY production, BR(H* — ££)=1 1412.0237
E Higgs triplet H** — ¢7 3eut - - 20.3 DY production, BR(HE* — £r)=1 1411.2921
O Monotop (non-res prod) Teu 1b Yes 20.3 Anon-res = 0.2 1410.5404
Multi-charged particles DY production, |g| = 5e Preliminary
Magnetic monopoles | monopole mass DY production, |g| = 1gp 1207.6411

107! 1 10

“Only a selection of the available mass limits on new states or phenomena is shown.

Mass scale [TeV]




8 TeV data analyses mostly completed

= All public results available at
= https://[twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults

= Discovery reach significant in Run 2
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[ ratios of LHC parton luminosities: 13 TeV /8 TeV
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= Remember our goal is discovery!
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