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Outline

ATLAS and the LHC in 2016
» Detector operation and performance

The physics program of ATLAS is broad so I'll only cover
some fraction of the more relevant analyses

 Dark Matter searches
« Resonance searches
« SUSY searches
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ATLAS

The ATLAS experiment EXPERIMENT

A Toroidal LHC ApparatuS

OR

A Terribly Lame Acronym, Sorry
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ATLAS

The ATLAS experiment EXPERIMENT
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* Solenoidal magnetic ¢ High resolution silicon « |ndependent

field (2T) in the central detectors muon

region —momentum — 6M strip channels spectrometer

measurement (80pumx12cm) (superconducting
 Energy meas. down to — 80M pixel channels toroidal magnet)

1°to the beamline (50umx400um) space

resolution ~15um
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ATLAS

The ATLAS experiment EXPERIMENT

New detectors in Run-2:
» Innermost pixel layer IBL, 3.4cm from interaction point
» Forward proton detectors (one arm in 2016, 210m from IP)
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In addition, various consolidations provide
improved running at high luminosities and rates
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Data Samples ATLAS

EXPERIMENT
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Data quality in 2016:
* >90% of data collected usable for analysis
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ATLAS

Peak Luminosity per Fill [10% cm2 s°7]

LHC: More than nominal Luminosity EXPERIMENT
16F ] L L I L
= ATLAS Online Luminosit fs=13Tev . 2 -
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Many challenges § 400 3.
» Detectors (occupancies, SEUs ...) soF- 33
* Trigger (thresholds, rates) - | - £
. : TR S B R P N = -
Readout (bandwidth) % "5 10 15 20 25 30 35 40 45 50

o Offline (Tier-0, Grid)

Mean Number of Interactions per Crossing

. Pileup often above LHC design in 2016
ATLAS has risen to meet these challenges!
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Searches
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Understanding the Standard Model Backgrounds

Precision measurements of boson,
ttbar, single top and di-boson cross

Standard Model Total Production Cross Section Measurements sius: Juy 2014

. —
11
sections T 10" g ]
== ATLAS Preliminary  Runi1 +s=7,8TeV
— 100
ATLAS Prellmlnary ,,,,,,, NNLO+NNLL (‘::;Ia‘:-fgfo‘;
Data 2011,\s = 7 TeV PDFALHC m,,, = 172.5 GeV LHC PP \/_ =7TeV LHC PP \/_ =8TeV
e POF imasrainy 10° Theor Theor
scale+| u —p— _ ]
Channel & Luminosity ey 35pb™! y y
o +(stat) =(syst) =(lumi) -
A —O— Data - Data
Single lepton  0.70 b 179+ 4+9+7pb , 35pb
Dilepton 0.7010" 178611 '3pb 10
Single lepton, b — Xuv 165+2+ 17 +3 pb
4.66 fb”
Thag + jES 1.67 fb” 194 + 18 = 46 pb 103
Tpag + lepton 2,05 b 186+ 13207 pb 2031
All hadronic 168+ 12*% 47 pb -°‘-ﬁ—1 1
4.71b 102 461 20.3 fb 20.3 fb-!
Dilepton, ey, b-t 461" 182.9 + 3.1+ 4.2+ 3.6 pb s
ilepton, ey, b-tag p! 4.6fo! 471 14,?%1 20.31b-! 20.3 b ]
Dilepton, e, N, - E7** 4.6 fo" 181.2+2.8"%7 +3.3pb --n AN
1
Effect of LHC beam energy uncertainty: 3.3 pb 10t 4811 2.0 4610 20.3 fo !
A T PR I A A B R e 03 )
50 100 150 200 250 300 350 [ am
o [Pb] 1
300 — T 77— T
ATLAS Preliminary .
| W tidilepton L=4.6fb" 10™

| W i lepton+jets* L =0.7 fb”
250—@ tidilepton L =20.3 fb”
L @ tflepton+jets* L =5.8 fb

I~ * Preliminary

pp w V4 tt  ti—chanWwswz WW Hger Wt WZ ZZ Hvwer ttW ttZ

total total total total total total total total total total total total total total

Inclusive tt cross section [pb]

200

Crucial to demonstrate detector

150 performance and measure Standard

Model to great accuracy

E=—— NNLO+NNLL (pp)

Czakon, Fiedler, Mitov, PRL 110 (2013) 252004
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If {no discoveries of new physics} then

....keep increasing the energy....

2011 -> 2012 -> 2015+

/ TeV -> 8TeV -> 13TeV
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Understanding the Standard Model Backgrounds

Standard Model Total Production Cross Section Measurements staius: August 2016
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Understanding the Standard Model Backgrounds
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Standard Model Production Cross Section Measurements

Status: August 2016
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Understanding the Standard Model Backgrounds

. - tatus:
Standard Model Total Production Cross Section Measurements Augusizors f£dt

fb~! Reference
N | | e
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pp ‘ COMPETE HPR1R2 (lh)eory) 50x10 a
o = 95.35 +0.38 + 1.3 mb (data) -8 Nucl. Phys. B, 486-548 (2014
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7 =190.1£02: 6.4 b (data ¢] 0.081 PLB 759 (2016) 601
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Wit T PO A G e 8 LHC pp V5 =8 TeV 203 @
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r =50.6 +2.6 + 2.5 pb (data stat . arXiv:1606.04017 [hep-e
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WZ o =243 i’\(AJA%&%\?mg?ﬁ% ) 4 Y 20.3 PRD 93, 092004 (2016)
eory.
> =19.0 + 1.4 1.3+ 1.0 pb (data LH =13 TeV EPJC 72, 2173 (2012
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=167 +N2NE(5(2mo+1)371 0 pb (data) p Data 3.2 PRL 116, 101801 (2016)
Y4 =71+ mL—OO(&;O?;)l pb (data) 4 stat 20.3 ATLAS-CONF-2013-020
¢ =6.7+0.7+0.5-0.4 pb (data) ¢ stat & syst 4.6 JHEP 03, 128 (2013)
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=4.8+0.8+1.6-13pb (data . PLB 756, 228-246 (2016,
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- r=1.38+0.69  0.08 pb (data | = . ATLAS-GONF-2016-003
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MR T T T

1010410310210t 1 10! 10% 10%® 10* 10° 10° 1011 05 1 15 2 25
o [pb] data/theory

THE UNIVERSITY

ofADELAIDE




Understanding the Standard Model Backgrounds

Vector Boson + X fid. Cross Section Measurements

JLdt
[b']

Status: August 2016 Reference
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- =68 84;0153‘310&;5(3?95?'%37 stat 4.6 JHEP 07, 032 (2013)
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- 715052006 L5t pb daa) LHC PP \/- =8 TeV 4.6 JHEP 07, 032 (2013)
-Z+ >3j et R ooy o Data 32 ATLAS-CONF-2016-046

- 7=30020.0904 b data) stat 4.6 JHEP 07, 032 (2013)
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- Z + 22 b (r7520D:ZDHI(}CFW“%;OZ?)MD(GMM _ stat 4.6 JHEP 10, 141, (2014)
Z->1r —— T stat® syst 46 PRD91, 052005 (2015)
Z - bb 7= 2024025026 pb (dae) 19.5 PLB 738, 25-43 (2014)
W - ey v =803 20010 e | 0.081 PLB 759 (2016) 601

H 7= OB LR o ey 0035 PRD85, 072004 (2012)

W+ >1] R 46 EPJCT5,82(2015)

— W + 22 j =111 7:025@;&;;;(‘%(:;"7]) 4.6 EPJC 75, 82 (2015)

—_ W + 23 J (r,2182:015‘,+“3k2h§‘p(?hg10a'|ya]) 4.6 EPJC 75, 82 (2015)

— W + >4 j o = 4.241 + 0,056 = 0.885 pb (data) 4.6 EPJC 75, 82 (2015)

= Blackhat (theory) X

—_ W + 25 j rr:0877-0%3‘§J<§a‘3%£g‘£?am) 4.6 EPJC 75, 82 (2015)

— W +1b + 21 j =50+05 i’\l%(? MbﬂaP‘T)(Iheum 4.6 JHEP 06, 084 (2013)

— W +1b + 22 j r=22:02s05pb () 4.6 JHEP 06, 084 (2013)
W.,Z - qq 76520051500 ) [ e ] 4.6 NJP 16, 113013 (2014)
O'(W)/O'(Z) (f|d ) Ratio = 10,31 2004+ 02t (data) ooy 0.081 PLB 759 (2016) 601

- Ratlo= 107008+ 0L (data) 0.035 PRD 85, 072004 (201 2)
A . (theory)

—-21] Rato =854 24022025 (o) ATLAS Preliminary 46 EPJC74:3168 (2014)

— 22 j Ratio = 8,64 + 004 + 0.32 (date) 4.6 EPJC 74: 3168 (2014)

— 23 J Ratio = 8.18 1§‘aocakia?(5‘%e(gfyl]a) Run 1 ,2 ,\/E - 7, 8, 13 TeV 4.6 EPJC 74: 3168 (2014)

— 24 j Ratio = 7.62 tg‘alcckia?me(g?;?y 4.6 EPJC 74: 3168 (2014)
O'(tf)/O'( Z) (tOt) 7= 0445 =0 2 RO, Fewz,HERAPDF1 5 NLO (miam : | | | | | | 0.085 ATLAS-CONF-2015-049
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Understanding the Standard Model Backgrounds

Diboson Cross Section Measurements Status: August 2016
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NNLO (theory)

o =68.0 £4.0+33.0-32.0 fb (data)
NNLO (theory)
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NNLO (theory)

o = 530.0 + 23.0 + 51.0 b (data)
NNLO (theory)
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approx. NNLO (theory)

o =262.3+12.3+23.1fb (data)
MCFM (theory)

o =563.0+28.0 4 79.0 - 85.0 fb (data)
MCFM (theory)

o =136.0 + 6.0 + 14.3 b (data)
NLO (theory) XIS

oc=506+26+25pb (datag
MATRIX (NNLOJ (theory’

o =243+0.6+0.9pb (datag
MATRIX (NNLOJ (theory
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Understanding the Standard Model Backgrounds

E‘ | | | I | 1I ] | ] | 1 | | | |
Q A eu Vs=13TeV,L=3.21b ATLAS Preliminar
c 103 — v ee/up* Vs=13 TeV, L = 85 pb™ S Pre ary
o ~  V l+jets* Vs=13 TeV, L = 85 pb™ June 2016
5 ~ m ey Vs=8TeV, L =20.3fb" =
o — [0 l+jets Vs=8 TeV, L = 20.3 fb™ ~
n @ epVs=7TeV,L=4.61b" |
« | O l+jets* Vs=7TeV,L=0.7 fb" .
O
-
o | _
I
e
[0) B _
=
N
=
&)
E — —
——— NNLO+NNLL (pp)
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004
NNPDF3.0,m = 172.5GeV, a_(M_) = 0.118 + 0.001
1 02 | top sYZ —
| | | I | | | | | | | | |

|
12 14

|
6 8 10

THE UNIVERSITY
ofADELAIDE



The reaction from CERN Restaurant 1

But YOU said
there would be
new physics!!!
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Searches 0 - Standard Model ‘a lot’

THE UNIVERSITY
ofADELAIDE

The standard model is standing up to
intense scrutiny

A variety of precision measurements
show excellent agreement with
calculations at several collision energies

Almost all searches we perform have

some amount of model dependence i.e.

you search for a specific signal topology

We DO NOT KNOW what new physics
will look like (...and we want to cast a
wide net)

ne»r-=>»

THE STANDARD MODEL

FERMIONS (matter) BOSONS (force carriers)
® Quarks @ Leptons Gauge bosons @ Higgs boson

electron
neutrino

<

e | Vr

electron neutrino




Dark Matter
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Evidence for Dark Matter Dwarf galaxies |
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One possible explanation: a new WIMP secto
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Properties of dark matter

Dark

Interacts gravitationall
9 y (other effective couplings to SM are zero or small)

@ Ordinary Matter
@ Dark Matter
Dark Energy

5x as much DM as SM

Cosmologically stable Approximately Cold / non-relativistic

Modified gravity difficult and lacks other evidence
Massive AstrophysiCal Halo Objects (MACHOs) cannot* account for observed density

Particle dark matter: but properties inconsistent with any Standard Model particle

-t *
&) ’
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MSSM R-parity NMSSM

violating

Supersymmetry

Hidden
Sector DM

1%
N—E

Dark Photon

Light Extra Dimensions

Force Carriers

[ —

Solitonic DM

Quark
Nuggets

Theories of
Dark Matter

Warped Extra
Dimensions

Little Higgs

QCD Axions

Axion-like Particles
T Tait Littlest Higgs
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Searches

ATLAS SUSY Searches* - 95% CL Lower Limits
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Searches for New Physics => Searches for Dark Matter
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Tim M.P. Tait
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Tim M.P. Tait

Spectrum of Theory Space

Less Complete

Effective Field Theories

Focus on general WIMP searches emphasizing complementarity between searches for dark matter
- assume an effective baryon coupling: scattering off nuclei and production in pp collisions
- do signature-based searches applicable to broad classes of possible models

Break it! Shake it! Make it!

aaddiiiy, M SM DM
DM SM P SM

DM SM P.m;e.',g;l 2 = A DM DM

@ Ordinary Matter
@ Dark Matter

Indirect Detection 4 Direct Detection Colliders
Dark Energy



Searching for collider stable Weakly interacting particles

x(my)

gpm

=

xX(my)

o
)
L/
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Mono-jet

jet
pl > 250 GeV

letal < 2.4
tight cleaning

no medium p / tight e , ,
Sl Inclusive and Exclusive

signal regions
with successively larger
MET requirements

.....‘

additional jets, M ET
pr > 30 GeV, > 250 GeV
leta| < 2.8
Bc:lckgrounds jet
x(my) ges
~F
gDM
%o W(uv)
Z(wv) A
MET

((ME"”
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M ono-jet Backgrounds jet
jet

~
*
. W(nv)
Z(w) A
MET
“MET”
. .. 0Weg—— 7T
One key challenge of the mono-jet analysis is 3 ATLAS o Dmmais
modeling Z+jets and W+jets background at S g fkomrenaan -%1’,)',1
. §  10° £p 250 GeV, E'*'>250 GeV R :':tss
very high boson pT. & - o) ¢let

I Dibosons

Check with visible W and Z decays, photon+jet B i+ single top
(invisible decays of the Z occurs 6x more often
than visible).

Data / SM
IIII:IIII
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400 600 800 1000 1200 1400
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Mono-jet
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13 TeV Monojet results: Constraints on DM Simplified Models

Axial-vector simplified model: L, ial-vector =

—goMZ, XX — 90 D, ZndrMvsq

q=u,d,3,c,b,t

; T T T I T T T I T T T T I T T T T I T
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Translation from simplified model to nucleon-WIMP

cross section described in arXiv:1603.04156
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Higgs+MET ATLAS-CONF-2016-019 AT L AS
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Mono-photon

v

Q)
-2

med

milar strategy to mono-jet search:
1 and 2 electron/muon CRs used to estimate W/Z
+jets background
Use missing transverse momentum and photon pT
as key discriminators
No evidence for signal above predicted background
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Mono-W/Z
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If instead we consider a hadronically
decaying W or Z boson

The missing transverse momentum (no muons)

distribution of the events in the tt, Zand W CRs.
The total background prediction before the fit is
shown as a dashed line.

' " e Daa2015 | i

No excess leads us to
set limits on the signal
strength in the dark
matter mass vs
mediator mass plane
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Exotics: summary
ATLAS Exotics Searches™ - 95% CL Exclusion

ATLAS Preliminary

Status: August 2016 [£dt=(3.2-20.3)fb! Vs=8,13TeV
Model ¢y Jetst ET [rdim] Limit Reference
T T T T T T T T T — T T T T T T —TT
ADD Gkk +g/q - >1j Yes 32 Mp 6.58 TeV. n=2 1604.07773
ADD non-resonant ££ 2e,u - - 20.3 n=3HLZ 1407.2410
ADD QBH — (q leu 1j - 20.3 n=6 1311.2006
ADD QBH - 2j - 15.7 My 8.7 TeV n==6 ATLAS-CONF-2016-069
ADD BH high ¥, p1 >le,u >2j - 3.2 Min 8.2 TeV n=6, Mp =3TeV, rot BH 1606.02265
ADD BH multijet - >3] - 3.6 Mgy 9.55TeV n=6, Mp=3TeV,rot BH 1512.02586
RS1 Gk — €€ 2ep - - 203 |Gwkmass  268TeV k[Mp =01 1405.4123
RS1 Gkk = yy 2y - - 3.2 Gk mass 3.2TeV k/Mp; = 0.1 1606.03833
Bulk RS Gkx — WW — qqlv 1eu 1J Yes 13.2 Gy mass 1.24 TeV k/Mp; = 1.0 ATLAS-CONF-2016-062
Bulk RS Gxx — HH — bbbb - 4D - 13.3 Gk mass 360-860 GeV k/Mp, = 1.0 ATLAS-CONF-2016-049
Bulk RS gix — tt Tep 21b>1J20 Yes 203 [ERKmaSSI—zeTev BR = 0925 1505.07018
2UED/RPP lep 22b24j Yes 3.2 KK mass 1.46 TeV Tier (1,1), BR(A®Y — tt) =1 ATLAS-CONF-2016-013
SSM Z" — (¢ 2e,pu - - 13.3 Z’ mass 4.05 TeV ATLAS-CONF-2016-045
SSM Z' — 17 27 - - 195 [z eV 1502.07177
Leptophobic Z’ — bb - 2b - 3.2 Z’ mass 1.5 TeV 1603.08791
SSM W’ — (v Tep - Yes 13.3 | W’ mass 4.74 TeV ATLAS-CONF-2016-061
HVT W’ —» WZ — qqvvmodel A O e,pu 1J Yes 132 | W’/ mass 2.4 TeV gv=1 ATLAS-CONF-2016-082
HVT W’ —» WZ — qqqq model B - 2J - 155 | W’ mass 3.0 TeV gv=3 ATLAS-CONF-2016-055
HVT V' - WH/ZH model B multi-channel 3.2 V’ mass 2.31 TeV gv=3 1607.05621
LRSM W, — tb Tep 2b,0-1]  Yes 20.3 1410.4103
LRSM W,’? — tb Oe,u >1b,1J - 20.3 1408.0886
Cl qqqq - 2j - 15.7 A 19.9TeV nu=-1 ATLAS-CONF-2016-069
Clttqq 2epn - - 3.2 A 252TeV ne=-1 1607.03669
Cl uutt 2(SS)28epu21b21j Yes 203 [N |Crrl =1 1504.04605
Axial-vector mediator (Dirac DM) Oe,pu >1j Yes 3.2 ma 1.0 TeV g4=0.25, g,=1.0, m(y) < 250 GeV 1604.07773
. Axial-vector mediator (Dirac DM) O e, u, 1y 1j Yes 3.2 ma 710 GeV g4=0.25, g, =1.0, m(y) < 150 GeV 1604.01306
ZZyy EFT (Dirac DM) Oep 1J,<1j Yes 32 |m. 550 GeV m(y) < 150 GeV ATLAS-CONF-2015-080
Scalar LQ 1t gen 2e >2j - 3.2 LQ mass 1.1 TeV B=1 1605.06035
Scalar LQ 2" gen 2u >2j - 3.2 LQ mass 1.05 TeV =1 1605.06035
Scalar LQ 3" gen le,u 21b,23) Yes 203 _ B=0 1508.04735
VLQTT - Ht+ X 1e,p 22b,>3j Yes 20.3 T in (T,B) doublet 1505.04306
VLQ YY —» Wb+ X 1e,u0 >1b,>23] Yes 203 Y in (B,Y) doublet 1505.04306
VLQ BB — Hb+ X Ter =22b>3j Yes 20.3 isospin singlet 1505.04306
VLQ BB - Zb+ X 2/>3e,u  22/>1b - 20.3 Bin (B,Y) doublet 1409.5500
VLQ QQ — WqWgq Teu >4j Yes 20.3 1509.04261
VLQ Ts/3 Tsj3 — WiWt 2(SS)/>8 e =1b,21j Yes 3.2 Ts/3 mass 990 GeV ATLAS-CONF-2016-032
Excited quark g* — qy 1y 1j - 3.2 4.4 TeV only u* and d*, A = m(q") 1512.05910
Excited quark g* — qg - 2j - 15.7 5.6 TeV only u* and d*, A = m(q*) ATLAS-CONF-2016-069
Excited quark b* — bg - 1b,1j - 8.8 ATLAS-CONF-2016-060
Excited quark b* — Wt tor2epu 1b,20j Yes 20.3 fe=fi=fr=1 1510.02664
Excited lepton £* 3en - - 20.3 A=3.0TeV 1411.2921
Excited lepton v* Beut - - 20.3 A=1.6TeV 1411.2921
LSTC a7 —» Wy leuly - Yes 203 1407.8150
LRSM Majorana v 2e,u 2j - 20.3 m(Wg) = 2.4 TeV, no mixing 1506.06020
Higgs triplet H** — ee 2e(SS) - - 13.9 | H** mass 570 GeV DY production, BR(H;* — ee)=1 | ATLAS-CONF-2016-051
Higgs triplet H** — (1 BeuT - - 20.3 DY production, BR(H* — r)=1 1411.2921
Monotop (non-res prod) Tepn 1b Yes 20.3 anon-res = 0.2 1410.5404
Multi-charged particles - - - 20.3 DY production, || = 5e 1504.04188
Magnetic monopoles - = = 7.0 DY production, |g| = 1gp, spin 1/2 1509.08059
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10 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown. Lower bounds are specified only when explicitly not excluded.
fSmall-radius (large-radius) jets are denoted by the letter j (J).

ne»r-=>»




Early Searches for Exotic New Phenomena |

itaadid Ratio of 13 TeV / 8 TeV
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F ratios of LHC parton luminosities:
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Di-jet resonance

V, A(Mmed)

CATLAS
1A EXPERIMENT
http://atlas.ch

Run: 280673
Event: 1273922482
2015-09-29 15:32:53 CEST
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o x AxBR[pb]

« Update on Dijet resonance search — 15.7fb™!

* Dijet search for a peaking signal in invariant [

L
mass spectrum -
* Models: Sensitive to Quantum Black Holes, 10"
excited quarks, W and Z’ e
* Backgrounds: Using simple analytic fit function
e Using Bump Hunter technique to identify the 10
most significant excess (global p-value of 1
70%). No significant excess found 8 »
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&

T 71— g0y~ 7 3 § T 1
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[ . 7 F —=- W*(sin(¢,)=0)

1072 —— Observed 95% CL upper limit N F —e— Observed 95% CL upper limit \\ —e— Observed 95% CL upper limit N
F - Expected 95% CL upper limit \\ [ e Expected 95% CL upper limit \ 1072 - Expected 95% CL upper limit \c
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Limits on QBH at ~9TeV at 95% CL with 2016 data
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Fit Range: 1.1 -7.1 TeV
ly*] < 0.6
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Di-Jets — low mass

* Use dijet events with an extra photon (left) or ATLAS-CONF-2016-070
jet(right) from ISR — with 15.5fb!

@ - : : ; . = @ C T . !
q 7 5 X+y (P >150GeV) ATLAS Preliminary 1 S X+i(P, >430GeV) ATLAS Preliminary -
i oL Wi1<08 1s=13 TeV, 15.5fb"' ] q q & Iy, < 0.6 \s=13 TeV, 155 b 1
X E . Data 3 10° . Data _
C —— Background fit 7 X E —— Background fit 3
i —— BumpHunter interval | poroen —— BumpHunter interval
4 — r oL, 7
10E E L o y
E 3 Q-
C ‘ L9
q q Z i 10° —=
3| _| q q E .
Y 0% 3 r ]
F --0-Z'(g,=0.30), m, = 350 GeV, & x50 ] g |-+ Z'(g, = 0.30), m, = 350 GeV, & x50 B
| p-value = 0.67 B 4| p-value=06 |
10° E- Fit Range: 169 - 1493 GeV 10 E  Fit Range: 303 - 611 GeV 3
8 2 g 2t E
g op g -
52 52 =
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o 0.55¢ 3 o 0.55¢ 3
o5 E_I T t|>bs. Iinl'lit ATLAS Preiminary T E E 15. L of : 55_ T <;bs. Iimill ATLAS Prdimintry T E ;'é_ 1OEv I
E i exp. limit Vs=13TeV, 155" E r 1s=13TeV, 155" ] E 4 exp. limit  Vs=13TeV, 155" R F \s=13TeV, 155" ]
X+ (P, >150 GeV) E % r X+7y (P >150GeV) ] 0-45§ X+ (P >430 GeV) E % r X+j(P, >430GeV) ]
3 X L ly,,1<0.8 i 0-45* E X L ly,,'1<0.6 J
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E —— o4mg = Res. ] 0255 E F —— o4/mg = Res. ]
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3 3 1 0.15E A s 3 ¥ N 1
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High Mass Photon-Jet

P hOtOn-f et Event ET,=1.23 GeV ET,=1.26 GeV
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Search for new phenomena in Photon-Jet events

Search for g* or QBH decaying to a photon
and a parton

- Background estimated using a simple fit
function similar to dijet search and
extrapolate in the high mass domain

FugCx=my; INs) = py(1-x)P xPrsber

- Background modeling systematics estimated
using the spurious signal method similarly to
the diphoton Higgs channel

_ L L L B LS B L B LI BN AL B
>
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Events / 150 GeV

Significance
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Search for new phenomena in Multi-Jet events

Search for thermal black holes in multijet events
(in 3-8 jets signal regions), signal at high HT

- Fit low HT and validate and choose in medium 1o

HT (among 10 functions)

Events /0.1 TeV
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102
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T e
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Di-lepton Resonances (LFC)

ne»r-=>»

e Search for Z’ in dilepton (LFC) ATLAS-CONF-2016-045

— Main background DY is taken from MC
— Top and diboson extrapolated at very high masses using a functional form

— Backgrounds taken from MC except for multi-jet in dielectron which uses Matrix

method (based on electron ID)
5] imi ¢ Data 2 i j T T T "
& ATL'?ff rf,hr?'; ! P g 1o’ ATLAS Preliminary 4 Data _
|‘35'|=t Se, h‘SI i B Top Quarks 10° Vs=13TeV, 133 b DZ/“I' -8_ F Hl‘IHI”Hll‘I.IIIHHIHIWHHIHI:
llepton Search selection % ,\Dﬂibrtj-sjnt o W . Dilepton Search Selection [l Top Quarks E 1 r ATLAS Preliminary .o Expected limit |
ulti-Jer +Jets Dib = ‘s = - —
—Zz,(2TeV) EI Z,' F;:V) b E ' 13TeV, 13317 muExpected + 1 3
— 7, (3TeV) 10* o Z," (3TeV) F Z -l Expected £ 26 |
— 7, (4TeV) «
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95% CL limit on SSM Z’ at 4TeV (2.9TeV from Run 1)

Dielectron Invariant Mass [GeV]

S

No excesses found!

Dimuon Invariant Mass [GeV]



Di-lepton Resonances (LFC and LFV)
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e Search for Z’ in dilepton (LFC)
— Main background DY is taken from MC
— Top and diboson extrapolated at very high masses using a functional form

— Backgrounds taken from MC except for multi-jet in dielectron which uses Matrix
method (based on electron ID)

oy v p—p——————y 1
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Sy g 95% CL Limit on SSM

No excesses found! LFVZ' at 3.0 TeV (25 Tev
from Run-1)
95% CL limit on SSM Z’ at 4TeV (2.9TeV from Run 1) °
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Di-Electron Event

High Mass Dielectron
ET, =370 GeV ET, = 246 GeV

ATLAS

EXPERIMENT




Search for Resonant Lepton+MET f

A
T
L
A
e Search for Resonant Lepton-MET ATLAS-CONF-2016-061 s
— Primarily a search for W’
— Top and diboson extrapolated at very high masses using a functional form
— Backgrounds taken from MC except for multi-jet which is estimated using Matrix method (based on
electron ID)
® 1oL ATLAS Preliminary ~ —W'(2TeV) . Data 5 10'E ATLAS Preliminary ~ —W (2TeV)  « Data — 10e g
w Is=13Tev, 18317 —W @Tev) LCIW W oL vs=13Tev, 133"  —W(STeV) gw 8 ATLAS Preliminary
108 &= W — ev selection — W (4TeV) EI/I?JFI)ti(jq;ark 0 W’ — v selection —W (4 TeV) E;?Ypiquark %‘ L \s =13 TeV, 13.3 fb" === Expected limit
Oz 10° [JDiboson = 1F W = Iv [ Expected + 1o E
10* [CDiboson - [Muttijet E 95% CL Expected * 26 E
10° . §~10“§ — Observed limit —E
, Lof 1
10 102 S102k E
10 10 ; 3
1 1 10’3?
10" 107 B 2 3 o 6
2 14 2 14 m, [TeV]
@ 1.21 @ 12
o 8
5 88 5 88
214 =14
B el CRRE
P 8 o P 8 [o-e-
508 . 508 |
200 300 1000 2000 200 300 1000 2000
Transverse mass [GeV] Transverse mass [GeV]

S

No excesses found!
95% CL limit on SSM Z’ at 4.7TeV (3.2TeV from Run 1)
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W’ -> ev candidate

ATLAS

EXPERIMENT

Run: 301973
Event: 370829290
2016-06-13 06:52:57 CEST
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Di-boson resonance searches
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Exotics: Runl - diboson resonances with boson-tagged jets

ne»r-=>»

4 4 4
>10_",,|...,‘H,,|....‘,,,, > 10 g1 g > 0g—— T
R = ATLAS —e— Data 8 = ATLAS - Data 3 8 E ATLAS Data
S 5[ Vs=8TeV,203 fo 1 ZC_T_QE?‘E'ng\%eL -1 8 10°1s=8TeV,203 fb! Background model = S 10°1s=8TeV,203 fio! ackground model
- 10 e 0 TOVEGM W o -1 - = — 1.5TeV Bulk Gpe, kiMy =1 3 - E — 1.5 TeV Bulk Ggg, kM, = 1
2 - — 25TeVEGMW. o= 2 e 2.0 TeV Bulk Gpg, kiM, = 1 - 2 102 2.0 TeV Bulk Gpg, /My, = 1
o 102 — Significance (stat) o E —— Significance (stat) 3 o E —— Significance (stat)

i g I Significance (stat + syst) w 10 L Il Significance (stat + syst) ] w L I Significance (stat + syst)
. WZ Selection g WW Selection 3 E ?f 77 Selection
10 L . L py ==
E 1€ E E P
1 107 = 107
1 - 102 102
107" F =
B 10°s L 10°
§ g :\ L — § g :I T I ] 8 T
=
8 JE 8 JE i J B 8
5 -F ] 5 -1F i 5
i A N R S & O =2 )
25 3 35 1.5 2 25 3 35 R . .
m; [TeV] m; [TeV] m; [TeV]
Q_O L I L I L L Y L B B LA L I N N I L L L B L I B & 4 /
E 3 % / ?
— F —— WZ Selection 3 )
8§ oL ATEAS 1 N | 1A EXPERIMENT
= [ - . = -,
3 E \s=8TeV, 203"  ---- WW Selection 3 Run Number: 212815, Event Number: 157931714
~ _ Date: 2012-10-17 12:37:51 CEST
1 =
B Oc
_q I
107
[ R d26
102 =
g | KR
10°E =
104 a
S — 4c
I_ 1 1 1 I 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 1 1 1 1 | 1 1 1

1400 1600 1800 2000 2200 2400|2|600 2800 3000
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Exotics: Runl - diboson resonances with boson-tagged jets

ne»r-=>»

* Diboson “bump”: VV =2jjjj around 2 TeV?

— 3.56 local significance, 2.56 global significance
5 [T e 187 B (8 TeY)
= 10°E ATLAS —e— Observed 95% CL £ " fcms I Mig,= My, 2 I ]
-1 — 5 —_— irmi
E 3 \s=8TeV,2030"  ------ Expected 95% CL :8,:, - - S::::u:n‘
; 10 [ |+ 1o uncertainty 1 %:xngéi
= [ ]+ 20 unceirainty ;‘Im A = Tevgee)
@ 10 <
v —— EGM W', c= 1 e
o Beea oM
R R - N — X
ARERS - %
o =
N l:
1 Z. X
E e |
- c
101.1 PP PSR - P P P IR IR 1"1'115""51"‘215“"3'* 135
14 16 18 2 22 24 26 28 3 . ’ .
my, [TeV] MWR [TeV]

Seen at both ATLAS and CMS! ..
From J Ellis, LP15 Exciting @ Run 2!
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Searches in Di-Boson Final States Using Jet Substructure

Searches for VV or VH resonances in several topologies involving boson (W, Z and H) tagging

Nominal boson tagging algorithm

- Anti-kT R=1.0

- Trimming: fcut = 5% and Rsub = 0.2

- pT dependent (energy correlation ratio) D2
selections for W and Z separately (Multijet
reduction by 40 — 70)

Z 0225 A ASSimulation Preliminary -
S 0.2 anti-k R=1.0jets —
2 g.1gE Trimmed (f  =5% R, =0.2) =
?, 0.16 ln"“"‘l<20 200 <p]™" <350 GeV |
= ' E Vs=13TeV —o- W-jets 3
g 014 » e Z-jets -
S - -=- Multijets E
< 0'125 P 1500 < p["™" < 2000 GeV
01" = - Wijets E

008 | e Ziets E

0 065 poo- ,3 -£2- Multijets B
0.04/% ™ =
0.020a; —;

o A e i ok

Jet mass [GeV]
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Events / 5 GeV

Data-fit

9000
8000
7000
6000
5000
4000
3000
2000
1000

1000
500

Boson tagging at work

W and Z peak in the data from dijet
events applying the nominal boson
tagging algorithm

LA LA L L L L L L B EL AL B
Data
Multi-jet MC
W+jets MC
Z+jets MC
- Fitted s+b
== Fitted bkd.

>>me

ATLAS  Preliminary
Vs=13 TeV, 15.5 b’
AA
A 4 N, <30
4 0°Xo
mm'u'm/‘l An()l(> L |A|X|Q INPNINPN VNPNPNPNVN PNPNUNTNDNPNPY | PPN VN

m,; [GeV]

40 60 80 100 120 140 160 180 200 220 240
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Searches for Resonance in Di-Boson VV Final States

A
T
6 LI DL B B B B B L
ZV (with Z to wv) Backgrounds 8'°F arLas Prelminary 4 Dana E A
. . S, 5[ Ve=13TeV, 132" T VBF H700 GeV S
Z-jets, W-jets and top T10°E 3 Z+jets 3
- v 1 [ Top Quarks ]
are main backgrounds, &10'F o Db
[ v/, Stat. yst. Uncert. ]
these are estimated 105 3
using CRs with 1 or 2 10 I
N ¢ ?
muons and one b-tag for 10F a%/ E
the Top CR. 1.0F 2 A
- 7
10-1F "Z;%
A
Backgrounds b 44%
1] DD A P72 ~
. . . 2 A/ 7 . /
Z-jets is the main %“WW%/%{////%/% %%
background, estimated ] e 42,2 /%4
. . 0 500 1000 1500 2000 2500 3000 3500 4000
using MC and normalised % [Gev]

to mJ sidebands

x10°
L o T T T ' -
. 5 - ATLAS Prelimi —— Data ]
leoson and tOp from P i_ YS=13T6V’re1;5|.r;1|;1ba:ry -I\D/Iutlti-jel MC _:
MC § 100: HVT W’ — WZ — m,, = 1500 GeV ]
- 8o~ =
60[— =
40— =
Background E
Estimated using a o 0 -
. s °E e E
\ functional form ;O E . T
P 5 | L I M—
0 1 2 3
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Searches for Res

onance in Di-Bo

son ZV Final States

ZV (with Z to wv)

Events / GeV
g
il

ATLAS Preliminary
Vs=13TeV, 132fb !

2 lep. low-purity ZCR

T
<4 Data §’°
[ Z+jets a &
=1 SM Diboson 5102
3 Top Quarks @

Stat.cpSyst. Uncert. 3
Pre-fit background

£ ATLAS Preliminary

Vs=13TeV, 132 '

2B lep. high-purity Top CR

T
4 Data 3
[ Top Quarks
I W+ jets -
[ SM Diboson

Z+jets
Stat.c5Syst. Uncert. 3
Pre-fit background

Events / GeV
3

T T
ATLAS Preliminary
Vs=13TeV, 132"

1 lep. high-purity WCR

T
4 Data
W + jets
Top Quarks
SM Diboson
Z +jets
Stat.@dSyst. Uncert.
Pre-fit background

Events/ 5 GeV

Data/Bkg
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3500 500 2500 3000 3500 1000 3500
mr(vvJ) [GeV] mr(vvJ) [GeV] mr(vvd) [GeV]
Z, Top and W Control Regions show good agreement with
background predictions
ground predi .
£ 2T T T T T . T .
ATLAS Preliminary o] ATLAS Preliminary ézaiuﬂoev(u 0 = L Lo o e o e B o
o . 2 ~13TeV, 132 ! 700 GeV (0.1 pl & [ ATLAS Prelimina —e— Observed (CLs)
10 E . .. Vs=13TeV, 13.2fb" §102 L v ¢ [ Z+jets ] < v Expected (CLs)
Feo - Data fir} .’;ﬂeZdZS; Nqu =1 Top Quarks = 10 g_ HVT->WZ-ligq o
r %e —— ggF H 1600 GeV g0ea=H, 09 1 SM Diboson = F. \s=13Tev,132fb" [ J*20
r Wiets 10"k 7. Stat.@Syst. Uncert. | X F~ e HVT Model A, g =1
s é?\'/lﬁi = = = Pre-fit background = 1
iboson
£
P Top Quarks ] z
E B [
£ .o = a1
L *%e E 10 E
= *e i o
|- .‘ o -
" R 102
* 3 n E
10° = A m E
£ N fLnnnilanni | % r
I T T 10°
1 I B R R Sl )y Eovoolona bovn b b by el by a Lu s
i //// 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
g NI IS AR e [GeV]
O F0 406080 100120 0100 O et 400 600 800 1000 1200 1400 1600 1800 200u

mi(tj) [GeV]

limits at 95% CL ranging up to 2TeV.

With no excess, we place limits on a variety of scenarios with




Searches in Di-Boson in VH final states

ne»r-=>»

e Search in Diboson VH final

*  Analysis strategy: distinct signal regions for 1L-MET and 2L with at least two jets with 1 or 2 btags (2 btags
harder to distinguish against at high pT)

* Analysis strategy: perform a global fit to all the regions simultaneously (similar to SM VH analysis in Run-1)

Validation regions
for 1- and 2-btags in é

good agreement

T T T T T
ATLAS Preliminary \:| Multijet

VR-SR, 1-tag

sE_ E=13Tev, 133" [ other Backgrounds

oF_ ATLAS Preliminary [ Motier
VR-SR, 1-tag
SE - 1aTev 1031 [ other Backgrounds

ATLAS-CONF-2016-083

Number of events

4 Dpaa
77/, stat. Uncertainty

¢ Daa

% Stat. Uncertainty

Number of events

vl vl vl vood vl ol ]

o ol ol vl vl ol ol ]

No excess. Set 95% CL

j 5 E

= + S S i A . e

§ R o o ?woo § Uw:o 7500 2000 2500 3000 3500 tooo 1 I I m Its O n H VT m O d e I S
. ‘ mvn[GSVy] . . ' mGV) 10 e
4 ATLAS  Preliminary 4 data _: (85 ATLAS  Preliminary reliminary —— Observed limit
2 Vs=13Tev 13317 ..., HVT Model A W' (2 TeV) x 505 i R {s=13TeV 133" \s=13TeV 133" — — Expected limit
§ 1-tag WH [ matijet 3 g L e [T 1 [ Expected 1 6

:I Expected 2 ¢

- Other Backgrounds - Other Backgrounds

- === HVT Model B, v=3

o(pp = W' = WH) x BR(H — bb+ct) [pb]

=
= 107" —— HVT Model A, g, =
- .
<: -2
- 1072
,,
B ~
8 13 4 1% B 15 | P R R R
S o4 v S 05% by 7 i * % { i ] 1000 1500 2000 2500 3000 3500
8 o 2000 3000 4000 8 1w 2000 3000 3000 My [GeV]
m,,, [GeV] my,, [GeV]
- = 10— ——
> ! 3 T Q PR . 3
3 ATLAS  Preliminary 3 ATLAS  Proiminay  }  gata E % ATLAS Preliminary —— Observed limit
8 8 .
53 Vs=13TeV 133 10" HVT Model A Z' (2 TeV) x 50 z:a s=13Tev 13317 ... HVT Model A Z' (2 TeV) x 50 5 |.§ Vs=13TeV 133" Expected limit
5 1-tag ZH ] Muttijet H 2tag ZH [ Muttijet I ? 1 [ Expected 16
¢ [ other Backgrounds o TE e, L [ other Backgrounds _% T [ ] Expected 22 & E
....... pre-fit o E-E’ -==- HVT Model B, g =3 |
| x 107" —— HVT Model A, g =t
1 N g
- T
3 N 102
10
- T
8
o - : = N
& "51 £ 15% ti “Tl é ° P B B Sl
s 05 s 05 Y 1000 1500 2000 2500 3000 3500
8 o 2000 3000 g o 2000 3000 m; [GeV]
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Search in Fully hadronic Diboson final state with JJ
— Modest excess in Runl: 2.50 global

— Analysis strategy: maintain synergy with Run-1 — ATLAS-CONF-2016-055
functional fit of smoothly falling background shape

Searches in Di-Boson Fully hadronic final state @

ne»r-=>»

10 T T T T T 10* T — T T T 10 T T T T T

> ATLAS Prellmlna‘\ry —e— Data 201542016 > ATLAS Preliminary —e— Data 201542016 2 ATLAS Prellmlnz:)ry —e— Data 2015+2016
. -1 " . . .

= el 18 = 13TeV 15510 ——— Fit bkg estimation = e L s 13TeV, 1551 —— Fit bkg estimation - JR L ST 18Tev 1551 —— Fit bkg estimation
o WW selection - === HVT Model Am=1.5 TeV o WZ selection - === HVT Model A m=1.5 TeV S 77 selection ---- G*m=1.5TeV
) s HVT Model A m=2.4 TeV o Pl e HVT Model A m=2.4 TeV @ R e G*m=2.4TeV * 10
c  10? ) c 10? ' c  10? ;
@ Fit exp. stats error o Fit exp. stats error o Fit exp. stats error
i & &

10 10 4+ 10

: + t
:
1 1 = 1 L T
. i
R o = [ ' Ve e
e B (I 1= H =
1 —1 - ' v e
10 ) 10 E ,: 10 =t I [ J

_ 2 2 _ 2
5 e i e S b L ] [] = ] e )] [
o Bl o F |- T i | I_] 1] bt

2 -2 -2

1 1.5 2 25 3 3.5 1 1.5 2 25 3 3.5 1 1.5 2 2.5 3 3.5
M,, [TeV] M,, [TeV]

No excess observed — now with sensitivity to
the 2TeV region where the Run-1 excess was

seen. Limits set at 95% CL on several models
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Searches in Di-Boson Fully hadronic final state |

e Search in Fully hadronic Diboson final state with JJ

— Modest excess in Runl: 3.40 local / 2.50 global
ATLAS-CONF-2016-055

— Analysis strategy: maintain synergy with Run-1 —
functional fit of smoothly falling background shape

= 103 = T T T T T T T T T T T T T T T — T 103 - T T T T T T T T T T T 3

; = ATLAS Preliminary - E = ATLAS Preliminary -

C _ 4 ] C _ a ]

s - (s=13TeV, 1550 — Observed 95% CL | = - fs-13TeV, 155 — Observed 95% CL 7|

N B ---- Expected 95% CL | £ ---- Expected 95% CL |
< -t = mw t 1o

é 102 | *2c — é 102 t 20 —

N - — Model A, g =1 3 g — Model A, g, =1 3

T — Model B, g, =3 7 T — Model B, g, =3 .

= = i g il

6 i ] 5 i ]

10 = 10

- ) - =

- 7 ->WW i i ’

] M R N R, N 1 M R S S

1500 2000 2500 3000 1500 2000 2500 3000
m,, [GeV] my,. [GeV]
VVto JJ

* No excess observed — now with sensitivity to
the 2TeV region where the Run-1 excess was
seen. Limits set at 95% CL on several models
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ATLAS

EXPERIMENT

Run: 299584

Event: 563621388
2016-05-20 08:26:49 CEST
M(JJ)=2.40 TeV

& COEPP
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Diboson resonances summary plot @A

A

L
o 00— 71— 7 g
2  E '3 ATLAS Preliminary 95% C.L. exclusion limits3
N [ | =/s=13TeV, 13.2-155 fp HVT model Ag =1
< i ——— Observed 7
0 1 SEEETY Expected —
- = — qqqq -
= — —_— |Vqq ]
- - — |l q -
§1O_1 =3 M E
T = =
Q. — _
g i
L N L L et
107 E
10_3 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 l',"l',',l"'d- 11 I L1 1 1 I L1 1 1 I
0.5 1 1.5 2 2.5 3 3.5 4 4.5
my [TeV]
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SUSY
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The ' rs SUSY If weak-scale SUSY existed, it could ...

scalar )

precipice « Moderate the hierarchy problem
by cancelling quadratic

divergence of SM scalar

-1 _J C
EW scale « Equalise the number of

fermionic and bosonic degrees
of freedom, render existence
of scalar particles natural

» Realise grand unification of the

Mr. Higgs gauge couplings

» Provide a suitable dark matter
candidate

GUT scale!

Supenymmetric Stamderd Model
Moy=M;

Fundamental scalar
length scale

slide by Andreas Hoecker
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Spin 1/2 Spin O
. .
quarks < squarks <
> >
leptons < sleptons <
. \

Spin 1/2
> qune] G
e { 2 I B

bosons

illustration by M-H Genest
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Franz Anthony Winner of ‘Collision 2015’
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SUSY

A
T
L
SUSY ~duplicates spectrum of particle states wrt. Standard Model N
: . = 10°
Sparticle decays produce SM objects: =\
(b/c-)jets, leptons, T, v, invisible (MET), ... 2 8 TeV
8 1PEN A % “. aeeees 13-14 TeV
Cancellation of the top loop correction S 40
to the Higgs mass requires (relatively) 53
light susy...perhaps particularly third 1 a9
generation squarks - tt
e XX
But, direct production cross section is 102 f_
relatively small compared to light squark S
and gluino P IR
500 1000 1500 2000 2500
Mparticle [GeV]

Dedicated searches required

The early focus of Run2 is on strong production with squarks/ gluinos
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SUSY: Strong Production
Squark and Gluino mediated light jets
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HOWTO search for SUSY '

SUSY searches rely primarily on the
understanding of the SM backgrounds

Standard Model

Top, multijets
V, VV, VVV, Higgs
& combinations of these

Combined fit of Reducible backgrounds Irreducible backgrounds

zgcrkzgr]:::din:nd Determined from data Dominant sources: normalise

incl. systematic Backgrounds and methods MC in data control regions

exp. and theor. depend on analyses Subdominant sources: MC

uncertainties as

;:'rsa?n"g‘fers Validation blinded

Validation regions used to
cross check SM predictions
with data

: . blinded
Signal regions
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SUSY: Strong Production

A
T
. . . . L
Squark and Gluino mediated light jets. . - A
c —]
H o ATLAS Preliminary ¢ Data 2015 and 2016
The workhorse of the SUSY group —if T 10t ! oz SM Total i
Vs=13TeV, 13.3fb ] Weets E
1 1 1 tH+EW) & single top 1
you predict an excess in many/most - ey E
H H H [ Diboson E
channels you often have to reconcile it with B Voot ]
10? - =
the results here. =
No excess observed so farin 2015/2016 / E
> N ™ > - 1 .
8 el ATLAS Preliminary * Eﬁ:’fa"dm & " amias Prellmlnary - omamsasas :
= E (s=13TeV, 1331b" I Vet = F ) — SM Total 3
b E -wjells = . Vs=13 TeV, 13.3 fb’ [ W-jets
Ny [ RJR-SRG1ab ] . 10°E  Meff-6j-1800 [ ti(+EW) & single top -
[ ]ti(+EW) & singletop > E d i 3 _
2 b RIJGTSR 5 £ | BjtSR  Emomm 13
Q b [ Diboson Q I I Multijet 1 =
L <ee 39 direct, o 10? E - = gg onestep, =5 =
10k m(@, 7)=(1300, 700) b m@ 7, )=170586525 L 4 5E
N 1= 27"777-444-’//(////////"""""’7’7777’77///////////// /446644/7/
; : 10 < =
e 8% L A4 E B Verr, Me,f Mef, Mo, Mers. o Mers., Mers., Mers., Mers., Mers., Mers. s Merr. o, Mo
. ] %080, 1200 160720007 72051005 1400 180q 220526007 1400 180,220
- e | : Signal Region
2 T E
LE) 15 / ////// A g ‘:i —l— .
P e i , /////: e ///////// Always caveats! Be careful making blanket
a [a) “E ! . N
f000 1500 2000 2500 3000 Sl 7000 7500 2000 2500 3000 3500 Interpretations of any SUSY search
Hry 1 [Ge mgg(incl.) [GeV]
qq production, B@G — q if):mo% 99 production, B(@ — qq if):mo% 99 production, B(G — qq if —qq W* i?)=1 00%, m(;"{f):(m(ﬁ) + m(i?))/z
N o B B L B ] S 1600~ T T T L e o L B B B B B
D 1500~ ATLAS Preliminary : bs. limit (£10}%0") ] 8 |- ATLAS Preliminary E bs. limit (+165207) — 8 [ ATLAS Preliminary Obs. limit (+1652) ]
9_ I (s=13Tev, 133" + Exp. limits (+1G,) B = 1400/—Vs=13TeV, 133" = Exp. limits (+1G,,,) - = (s=13TeV, 133" B
E‘ix e Exp. limits MEff 7 éx E e Exp. limits MEFf B E‘Tx 1200_— === Exp. limits (£10,,,) —
100 0 - Exp. limits RJR - F e Exp. limits RJR 4 - ~—— Observed limit (20.3 fb", 8 TeV) _
I o-teptons, 2-6 jets - Obs. limit (20.3 16", 8 TeV) N 1200 4 jeptons, 2-6 jets ~ Obs. limit (20.3 16", 8 TeV) - 1000 0-eptons. 26 sts BB Obe. Imit (8.2 ", 2015) ]
[ MEff or RIR (Best Expected) === Obs. limit (3.2, 2015) ] [ MEf or RUR (Best Expected) === Obs. imit (3.2 6", 2015) ] I Meff Regions ' -
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SUSY: Recursive Jigsaw Reconstruction

Application to open final states

= Apply a decay tree to decompose information event-by-event
= Partition the MET using a series of jigsaw rules

= Extract a basis of variables sensitive to mass scales, but also
properties of particles (decay angles, ratios of scales etc)

= Construct signal regions sensitive to mass splittings

.2 T T T T T T T T T T T T T T T
L 10°f— ATLAS Preliminary ¢ Data 2015 and 2016__
W " 4% SM Total
Vs=13TeV, 13.3 fb 1 Weiets
10* 1 ti(+EW) & single top

) Z+jets
[ Diboson
I Multi-jet

Data/SM Total

(OLabState . —+

(O pecay sutes Pin Eun Byn Bon Byn Ben Gn Eip- Gn p i S SinSiindin iRs;,
‘ Visible States Signal Region
. Invisible States

Application to compressed scenarios ( 25 GeV < Am < 200 GeV)
= Leverage large pT ISR system, simple additional complementary variables
=  Apply a dedicated decay tree to categorize jets as ISR-like or not

= Improved sensitivity for light squark, stop and gluino pair-production
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SUSY: Strong Production

Squark and Gluino mediated light jets: 7-10 jets and O leptons

ne»r-=>»

N c T T T T T T T T £ E T T T T T T T 3
= 10° ' . Lo T ! ' ! ! S ATLAS Prelimina ° E imi E
3 ATLAS Preliminaty o+ Data 2 \s=1aTev aom o Daa s [ A.,:L:‘:;ST P\;egmzlqs’ry + Data g
9] 1s=13TeV, 321 4 Total background € OR 7150-00 %4 Total background €. 3 19 = 0 18V, S %4 Total background
Iy VRJ 6j50-0b 2 Mult ) 3 L . S10° CR 7j50-1b 7 T —=
5 [ Multijet (=6-jet data) [ [t —al o E [ Jtt>ql 3
2 Cfi-aqll EEW b jets - B Wb+ jets ]
a EEW - +jets [l Other 1l [ ] ! i
B Other 3P R pMSSM benchmark e Other E
""" PMSSM benchmark --- 2-step benchmark E - PMSSM benchmark 3
--- 2-step benchmark P o . - - 2-step benchmark ]
10 E
1= =
10_‘ ..... S e ]
Pl 10" 3
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SUSY: Strong Production — multi b-jet signatures
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SUSY: Strong Production
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3"d generation searches — Summary

A
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SUSY: Electroweak Production
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SUSY Summary

ATLAS SUSY Searches* - 95% CL Lower Limits

Status: August 2016

ATLAS Preliminary
Vi=7,8,13TeV

Model €Ty Jets EP'T [Laqn™) Mass limit Vi=7.8Tev [NEZHaTeV) Reference
MSUGRACMSSM 03wp/1-27 270 pts/3F Yes 203 1507.05525
-l“-i 1] ) Zﬂjes Yas 13.3 it })<200 GaV. m|1* pen 4l=m(2™ gen. )| ATLAE-CONF-2016-078
-E 33.3—3%1 (compressed) monorjet  13jets Yes a2 rid-miA1]<S Ga¥ 1604.07773
i ,-.,, 0 26t Yes 133 ii3)-0GaY . L ATLAE-CONF-2016-078
E i2. s-*-r-rh -wq“ 0 o 26pE Yes 133 i §)<400 GV, mi¥ * 120 5{m{ Jeerig]] ATLAS-CONF.2016-078
EE B ety 3ep djets - 13.2 ATLAE-CONF-2016-087
wzE, eyt (SS) 03t Yes 132 ATLAS-CONF-2016-087
8-&9 T’N.S;'l 1-27+0-1¢ 02l Yas 3.2 1807.05979
GGM [bino NLSP) 2y - Yes 32 er(NLEP) <01 rren 1805.09150
GGM [Hggsino-bino NLSP) Y 16 Yes 203 1.27 TeV rid3)<050CaV, cr|NLSF)<0.1mem u< 1507.05403
=  GGM [higgsino-bino NLSP) ¥ 2jets  Yes 133 rrii)>B30CaV, cr|NL3P)<0.1 men, s ATLAE-CONF-2016-066
GGM [Higgsino NLSP) 2eplz)  2jets Yas 203 rNLEP|>430 GV 150803290
Gravitio LSP o monojet Yas 203 | 8V scake 205 GeV G183 % 104 oV, mig)=mif)=15TaV 1502 01513
E LTS g-.u,s‘; o ke Yas 148 ATLAE-CONF-2016-062
8, 3t O et ek Yas 148 ATLAE-CONF-2016-062
E \sa z, sk, 01 et 3k Yes 201 12300 CaV 1407.0500
BBy By —bE] 0 2k Yes 32 i< 100 CaV 180505772
L,(,, o 2¢,¢(SS) 1 l- Yas 13.2 |4 i )2150CaV, mi$] J= mii}|+100 GaV ATLAS-CONF.2016-087
iy, —kEd 02e 12 Yes 47123  {%-170 GeV i) = 2m%), mid =55 CaV 1209.2102, ATLAS-CONF-2016-077
,,,,’ ,l_.m,g, or st} 02ep 02 ;ets»l -2& Yes 47133 | & 80-198 GeV iz Ga 1506.08516, ATLAS-CONF-201 8077
i =) 0 monojet  Yes 1.2 rrifyyerii})-5 GaV 1804.07773
r. r, (n-uanMSB) 2epl) 16 Yes 203 |4 150-000 GeV iy )>150CaV 1408 5222
1 i, iy + Z 3epl?) 16 Yas 133 | & ri 1)< 300 Cal ATLAE-CONF-2016-088
Rfs, 2=y th lep Gis+2b Yas 203 |i: 320-620 GeV rrii)-0GeV 1505 02516
2ep 0 Yes 203 |I 90-335 GeV i} )=0 Ca¥ 1408 5204
£ 2ep 0 Yas 203 |7 140-475 GeV rdd =0 G, m|l, #)=0 SGrmd § |omikT) 1408 5204
7 2r - Yes 203 |& 355 GeV rii =0 GV, m|#, #1=0.5|mié } Jemls3 1) 1407 0250
= B Bl o, G 3ep 0 Yes  20.3 .é.g 715 GeV miE} Em 2], =0, mil 1=0.5(miE ] JamiT)) 1402 7029
w .E Gii‘f—cwfbd 23ep  02jk Yes 203 | A5 erii’y |zmi(i), miAT =0, £ cacoupled 1403 5204, 1402 7029
B pi-wi hfb k—bE(WW/rzfyy MY 02k  Yes 203 i’.', 270 GeV i |= n«i,l miY 0, ! dacaupled 1501.07110
é 3 K25 ""u 4ep 0 Yes 203 5’.. 635 GeV im0, mir #=0 SemiAZ e mii ]| 1406 5086
GGEM [wno NLSP) weak prod. Top+y - Yes 203 w 115-270 GeV 1507.05403
GGM [bino NLSP) weak prod. 2y N Yas 20.3 w 590 GeV 1507.05403
Direct £1 ) prod., long-lived T} Disapp.trk 1 jet Yes 203 | & 270 GeV riE |-miE7| <180 MV, (£} )0 2 ra 1310.3575
gnic‘zf 1B prod., 'Ia-crq-lmzd f7  dEdxtrk - Yes 124 1?? GeV m(t.:mp‘h 160 MaV, #(£1 <15 na 150805332
table, stopped & R-hadron [} 15t Yas 279 [3 850 GeV i 1 )=100 GV, 10 pm<=(§)<1000 = 1310 5584
E Stable § R-hadron trk - - 3.2 180805129
RO T ke
GMSB, stable 7, B2, e ie. ) 12u - - 18.1 & 537 GeV 10<tang<50 1411 £705
~ G.ISB £1=9G, bongived ¥} 2y - Yes 203 |& 440 GeV 12(£7)<3 ra, SPS2 meodel 1400 5542
iz, (,.,,.;,,n Y displ. exfugeipge - : 203 | & 10TeV 7 <ee(iy)< 740 rom, m(E)=1.3 TaV 1504.05182
GGM 22, =26 dspl. vtx + jpts - - 203 | &} 10TeV & <erid)< 420 rrem, mg)=1.1 TaV¥ 150405182
LFV pp—%s + X, Sy—eplerpur AT T N N 3.2 20, =011, Aixz1020=0.07 1807.02079
Biinear RPV CMSSM 20,1(S8) o035k Yes 203 1.45TeV rridl=mid). cmiyr<t mm 1404 2500
E. i'.'—cwis. fg—vnv. ey dep - Yas 13.3 i Y A00GEY, Ayl = 1.2) ATLAE-CONF.2016-075
= 0L b owh s, Sep T - Yas 203 i 310 2rmi 3], dyeenD 1406 5068
Qg Eoaa 0 45lageR jus - 148 BA((=BR= BRI )=0% ATLAE-CONF-2016-067
= iE 5-.”}. 5 = gy 0 45lageRjets - 148 ri£3)=200 GaV ATLAS-CONF-2016-067
£, E—it, h—ba 201(88) 03k Yes 132 rrif, )< 750 CaV ATLAE-CONF-2016-087
fify, ks o 2542k - 154 ATLAS.CONF-2016.022, ATLAS-CONF-2016.024
i, ke 2ep 26 - 203 |4 04-10TeV BA[f, b /) 208 ATLAS-CONF-2015-015
Other Scalarcharm, = §] 0 2 Yes 203 |& 510 GeV rii)<200 CaV 1501.01325
Only a selection of the q\JnBUc mass fim N new -1
states or phenomena is shown. 10 1 Mass scale [TeV]
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Summary

* The Past:

Hundreds of searches performed with 7TeV and 8TeV data lay the
groundwork for higher energy runs
13TeV collisions since mid-2015

* The Present:

Incredible LHC performance so far in 2016

Lots of results produced in the last ~6 weeks

Much more to come by the end of the year

We anticipate another harvest of results toward the end of the year with

publications being prepared in early 2017 (ready for Moriond timescale)

* The Future:

~100fb-" of 13TeV pp collisions by the end of the current run

With further upgrades to LHC/ATLAS we will continue running deep into the
2020’s

The LHC physics program is still very much in it’s infancy
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Backup Slides
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Mono-W/Z:
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2015-08/

Mono-photon:
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2015-05/

VLQ Wb:
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-072/

VLQ top:
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-013/
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Vector-Like Quarks: single production decaying to Wb

VLQ - Spin 1/2, coloured, charged particles with both left- and right-handed coupling to
charged currents.

e pair production: through QCD - dominant in low mass

e single production through EWK coupling — dominant at high mass (model dependent)

T L B -
o 4
S [ ATLAS Simulation Preliminary ]
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VLQ: single production decaying to Wb
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VLQ: pair-production

= Theoretical cross sections (NNLO g [ '(T‘B)' |
. 4L — ppo>QQ(5=13Tev) | . . o | B)or ]
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Representative leading-
order Feynman diagram for
TT production probed by
this search.
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VLQ: pair-production
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VLQ: pair-production
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VLQ: pair-production

1,1)

WL z/lﬁ

)

S
|

Representative leading-order Feynman diagrams for four-top-quark
production within (a) the SM and several BSM scenarios (see text for details):
(b) via an effective four-top-quark interaction in an effective field theory
model, and (c) via cascade decays from Kaluza—Klein excitations in a universal
extra dimensions model with two extra dimensions compactified using the
geometry of the real projective plane.
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SUSY: Strong Production
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3rd SUSY generation topologies A
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Scalar bottom searches — still no excess at 13TeV
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