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Outline of this talk

 |ntroduction to LHC and the ATLAS Run2 experiment

* Review of physics results

— Standard Model measurements

— Higgs physics

— Searches for New Physics phenomena; Exotics, SUSY
« Summary
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Large Hadron Collider

« LHC is an energy-frontier
collider at CERN, delivering
proton-proton collision events

— to two multi-purpose detectors;
ATLAS and CMS

— to dedicated detectors;
LHCDb for B-physics studies and
ALICE for heavy-ion studies

* Recent history and future

— LHC Run1 (2009-2012) with p-p collisions at Vs = 7-8 TeV

— Currently in a high-energy phase at \s = 13-14 TeV, Run2 (2015-2018),
followed by a bit higher luminosity phase Run3 (2021-2023)

* | review recent physics highlights in this talk
— For future, high-luminosity LHC (2026-) and FCC (far beyond) is planned
» B. Petersen will present the future physics program

» M. Tomoto will present muon trigger upgrade (KMl’s contribution)
3
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The ATLAS experiment

 The ATLAS detector is a multi-purpose detector that can
directly explore energy scale from O(10) GeV to O(10) TeV

M u O n D ete Cto r Muon Detectors Tile Colo\\rimeter Liquid Argon Calorimeter C a | O ri m ete r

k + Trigger and
| >~ Data acquisition
system

\
Toroid Magnets  Solenoid Magnet | SCT Tracker Pixel Detector TRT Tracker

 The ATLAS experiment has around 2900 collaborators from
180 institutions across 38 countries

« KMI has been contributing to ATLAS

— with primary focuses on “Muon Detector and Trigger system”, as well
as on “Top physics and New Physics searches”
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Physics highlights with the Run1 dataset

- Higgs discovery
— Higgs-like particle discovery was announced = EEEaSSS L
on July 4th 2012 - Phys. Lett. B 716 (2012) 1-29 ;;;a -
— March 2013: key papers on particle properties. ==
New particle declared as “a Higgs boson”

— Citation for the 2013 Nobel Prize in Physics

Model framework of elementary particle
physics
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Vs = 13 TeV: parton luminosity increase
|
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ATLAS in Run2

]
* Primary physics focuses
— on New Physics searches using early datasets and
— on measurements of Higgs properties using higher-statistics datasets

* New detectors installed
— Innermost pixel layer (IBL); 3.4cm from the interaction point

— Forward proton detectors (AFP);,
210m from IP il

* |n addition, various consolidations provide
iImproved running at high luminosities and rates



ATLAS data taking in 2016

« The 2016 pp data taking lasted until 26th October
— Set a record in peak luminosity: 1.4e34

— Total dataset recorded ~36 fb-! with excellent data quality; >90% of
data collected usable for analyses

Operations in the ATLAS
control room

— 2016 was an extremely productlve year, Comparlng with previous years
- 50_ T T T T T T
%- ATLAS Online Luminosity

= 2011pp Vs=7TeV
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35F =—2015pp Vs=13TeV
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Trigger challenge in high luminosities

 Critical contribution from KMI, including menu-coordination role

« Designed and operated a complex list of trigger selections to

meet varied physics, monitoring and performance requirements
- Typically ~2000 active
trigger selections, driven

Main primary trigger Trigger thresholds at HLT [GeV]

by the priorities in the | "9 '*P™ e
_ Isolated e, E;> 26
ATLAS pll’]ySICS Program Emiss > 110 (in MHT, jet-based)
- Stable primary triggers single jot P> 380
single photon E;>140

- Peak output rate at
Level-1; 90kHz

- Ave. output rate at High
Level to storage; 1.0kHz

- meeting detector operation
and DAQ requirements

di-muon for B-phys | p(u4, u,)> 6, 6 + topological/mass cuts

di-tau p1(t4, Tp)> 35, 25+jet requirement at L1

di-photon pr(v+1, ¥2)> 35, 25

- Trigger menu for the rest of Run2 is being prepared for 2e34 ———
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Physics Results

 ATLAS has submitted 605 papers in total

— including 51 papers using Run2 dataset

200 ATLAS Submitted Papers ATLAS - Papers/Lead-group )
— Miasmniz | | | : | From varied physics areas

— ATLASRun1 &
600 — ATLAS Run 2 : | : : ] atuas: 6os

5001

400

300

200

100

| |

I =

| A 3 sTDM El HIGG [ HION
/‘ 3 EXOT 3 TOPQ Bl BPHY

[ susy [0 PERF

— the full list here: https://twiki.cern.ch/twiki/bin/view/AtlasPublic

» Following slides review a few selected highlights, mostly using
13 fb-1 dataset, collected up to 2016 summer

— Disclaimer; Topics here are driven by the priorities in the Run2 ATLAS
physics program, by my tastes, as well as by the KMI's contributions

— Apologies if your favorite topics are not covered
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* Measurements
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Inclusive cross-section measurements: broad range
|
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Inclusive cross-section measurements: broad range

—— .
ATLAS Preliminary 7 TeV, 20 ub™, Nat. Commun. 2, 463 (2011)

8 TeV, 500 pb™, arXiv:1607.06605
13 TeV_60uh" arXiv:1606 02625

— 10'% e — I
'8_ Theory
- ® Measurement

T ' j Q pp—>X
These many measurements from Run1 and Run2 are important
steps forward in physics modeling in the last years:
 NLO event generators — now standard
* (N)NNLO calculations increasingly available - These help to
face the challenge of the precision of the LHC data

Measuring complex topologies bench-test Monte Carlo models
of backgrounds to New Physics searches

— PP =4 - 3 13 TeV,3.2fb", ATLAS-CONF-2016-090
— Xy ]
10" | 7TeV,4.61" Eur. Phys. J. C (2012) 72:2173
= W 2 3F = 3 8Tev,20.3fb™, PRD 93, 092004 (2016)
- PP X J  13Tev,3.21b™, arXiv:1606.04017
0.1 = Py
ol ppx—0>1WZ = | Epp-o2zz
10°E - o T® S 7TeV, 461", JHEP 03, 128 (2013)
- PQ( 0—>1 zz J 8TeV,20.3fb", ATLAS-CONF-2013-020
R A T B P T S 13 TeV, 3.2 fb™!, PRL 116, 101801 (2016)

Vs [TeV]
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ttbar cross-section measurements

, : : : 9 355550 ——— [
* Nagoya’'s contributions since early Run1

I o ——

T T T I T T T I T T T l
® ATLASeu \s=13TeV, 3.2fb" 2015 ATLAS
arXiv:1606.02699

 Precise measurements of
Inclusive ttbar cross-sections

— Precisions £(3.9-4.4)% (7-13 TeV)

B ATLASeu \s=8TeV, 20.3fb"

section [pb]
2

A ATLASeu \s=7TeV, 4.6fb"

0SS

S

is better than theory NNLO+NNLL = NNLOSNNLL o(tt) x 3.3 from
o g - 8 to 13 TeV a
0 =
predictions (~5%) E
E - _
= NNLO+NNLL (pp)
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004
my,, = 172.5 GeV, PDF ® o uncertainties according to PDFALHC
0, T
6 8 10 12 14

_\s[TeV]

« High statistics allow detailed studies of production properties

— e.g. differential cross-section measurements (Check poster by K.
Kawade, the Nagoya ex-member)
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W-boson mass measurement

* Precise measurement is motivated for a consistency test of
the SM and a probe of BSM physics — yet with slow progress

« After long/huge efforts, the first ATLAS result using the 7 TeV
dataset was released in Dec 2016

— m(W)=80.370 £ 0.019 GeV, a competitive measurement, dominated by
physics modeling uncertainties as expected

— Consistency tests of the SM

m,, [GeV]
3
a

80.45

80.4

80.351

- ATLAS

T Preliminary

= My = 80370 £ 0.019 GeV ]
B m=17284+0.70 GeV
----- my, =125.09 £0.24 GeV
== 68/95% CL of m,, and m, -

803

80.25 - —— Lol

SM prediction for m(W) vs m(t),

== 68/95% CL of Electroweak’]
Fit w/o m,, and m, 1
(Eur. Phys. J. C 74 (2014) 3046) -

I I R R
175 180 185
m, [GeV]

LEP Comb.

Tevatron Comb.

LEP+Tevatron

ATLAS

Electroweak Fit

ATLAS-CONF-2016-113

I
ATLAS
Preliminary

T
® m,

=u Stat. Uncertainty
— Full Uncertainty

80376+33 MeV

® 80387+16 MeV

__ @80385t15Mev

80370+19 MeV

"
P 80356+8 MeV

! | \ !
80320 80340 80360 80380 80400 80420

SM prediction for m(W),

m,, [MeV]

assuming m(H) = 125.09 £ 0.24 GeV assuming m(H) = 125.09 + 0.24 GeV
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» Understanding the 125 GeV Higgs
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Physics of the 125 GeV Higgs

» Higgs discovery opened the door on the scalar sector

* |In Run1 we measured:
— Its spin-parity, and its mass precisely (£0.2%)
— Production via gluon-fusion, vector-boson fusion, and with a W or Z
— The decays to yy, WW, ZZ, and the fermionic decay to tt

- These proved true the BEH mechanism to break gauge symmetry

- However, apart from the mass, none of these measurements are
yet very precise and leave room for significant deviations. Also,
important modes are still unseen (bb, ttH, pu, Zy, HH)

* Run2 priorities:

— Establish and measure at 13 TeV
— Search for ttH production to probe ttH coupling directly
— Search for H>bb decays
— Search for rare decays
— Refine measurements of couplings, mass, etc
Expand use of H as a tool to find New Physics T
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Clear Higgs observation at 13 TeV in bosonic channels
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Combining yy+4{ channels
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(5=7TeV, 451" Overall significance at 13 TeV ~100
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First search for ttH production at 13 TeV by CMS

» Direct measurement of Higgs-top coupling J f
« CMS showed preliminary results for ttH in all ~--H
major Higgs decay channels: yy, multi-lep, bb |9 t

* Highly complex analyses, huge effort to get these done so
quickly after data taking (already by Moriond 2016)

H— vy, ttH — multi-leptons H — bb
tt — 0 & 1 leptons 2 same charge (+ 1) / 3 leptons tt — 1 & 2 leptons
CMS praiiminary 2.7fb" (13 TeV. CMS Preliminary 2.3+12.9 fb” (13 TeV) CMS rreliminary 270" (13 TeV)
3 1oFH-y, - =125 GeV ,
(if; 10 :H:1(2(5.09 GeV, =07 T]'*H H;dtronic Tag ] my 0285 Ge |
2 8 combined u=2.0"" Lepton+Jets i
:>: H
4 —
2
4 —l— Dilepton [ ]
12
2.4 = -
-23
3 - :
Combined —-—
— H
SEIT T TN TP I PR IS S S N RS
-2 -10 1 2 3 4 5 6 -10 -5 0 5

Best fit u = o/o ; -
s SM Best fitu = o/o_ atm, =125 GeV

u=38133 u=20%% u=-2.02%1.8< 2.6 (95%CL)

CMS-PAS HIG-15-005 CMS-PAS-HIG-16-022 CMS-PAS HIG-16-004
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First search for ttH production at 13 TeV by ATLAS

» Direct measurement of Higgs-top coupling J ¢
« ATLAS showed preliminary results for ttH in ---H
all major channels and their combination at |9 t
ICHEP 2016
Individual channels and combination
ATLAS Preliminary (s=13 TeV, 13.2-13.3 fb™
—total stat. (tot.) (stat., syst.)
oo T 03 1% (45.%8)
ffH(H—>WW/rt/Z2) | +—e—— 25 (T )
(13 TeV 132 167) : ) ' '
ttH(H—bb) === 2.1 :‘,:3 (fgfg: fg? )
(13TeV 13.21b™) _______________________________________________________
H combination |  |eem 18 07 (w4 ws | > Observed significance2.80
(13 TeV) : -0.7 -0.4 > 0.5 . T
; (expect 1.80, improved sensitivity
Ssemongten) Y7 M7 e (%% )] over Run)

0 2 4 6 8 10
best fit M for m =125 GeV
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Searches for rare Higgs decays e.g. H>uu

- e e e
* Beyond SM reach at present, but could have New Physics

contributions?

— Strongly resolution dependent, improve sensitivity by categorising
events (low/high p , central/forward, VBF)

— Obs limit: 4.4 times SM. Needs ~300 fb-' data to reach SM (Run3)

45
40
35
30
25§,
201N
15

o T

5 i

ATLAS Prellmlnary
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---- Expected
tlo
IRE>Xe)
----SM Higgs
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11 1 1 l 1 1
120 125

m,, [GeV]

PRI
130

135

— Can already exclude universal Higgs coupling to fermions
« Would have observed H->pp, if same BR as H>7r1
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Beyond the Standard Model Higgs physics

» Higgs sector may be non-minimal and/or Higgs boson may
couple to New Physics

« Diverse search program is in place,

Light or heavy neutral Higgs bosons

Charged Higgs boson Lepton flavour violating Higgs decays

BSM

Di-Higgs production Higgs Exotic Higgs decays
. (resonant or not) searches :

No sehsitivity yet for SM di-Higgs production
(Primary target for High-luminisity LHC)

Higgs as portal to hidden sector Higgs in BSM decay chains

BSM constraint from coupling
measurements

No deviations from SM found in any of these searches

Taken from: Thibault Guillemin @ SEARCH 2016
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 New Physics searches
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New Physics searches in Run2
|

* Broad search program
— from inclusive surveys of basic event topologies
— to dedicated searches ruling out corners of phase space

« Major extension of reach compared to Run1
* All results shown here include 2016 data

* They probe well into the TeV, even multi-TeV, mass scale
range
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Exploring Exotics

« Guiding physics models - Signatures
— Technicolor — Di-lepton / di-jet / di-b-jet
— Warped Extra Dimensions resonances (£, W', ...)
— Grand Unified Theories — Di-boson resonances
— Heavy Vector Triplet - WZ,ZZWy,Zy
— Quantum Black e — Multi-jet resonances
_ Hidden valley / ° ©ne model with tb,Ht,Zt,Zzb (Z,\W',T,B,... )

different signatures i high tail
— Contact Intera  One signature probing esses in high tails (non

Compositeness various models sonances)
— Exited Fermions ong lived particles
— Leptoquarks — Large missing energy

- Search as broad and general as possible (signatures,
masses, rates) covering physics without guiding models
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Di-photon searches
A

3 o aseeimnay oo 4| § o aasemnay L T
3 10° & —— Background-only fit —; P 103-;— —— Background-only fit —;!
E’ - Spin-0 Selection . :>J’ n Spin-0 Selection .
10° = 107 5
= Vs =13TeV, 2015, 321" = = Vs =13TeV, 2016, 12.2fb" =
of : of .
1 é— 1;! 1 l;_ ?;
10-1é— —% 10"-;— ?;
° b i o _: . : e e f
§ 15 3 § 150! ATLAS-CONF-2016-0593
g 10 E S 10fls IE
8 5 + E & it £
HW m
£ 10 = © - E
8 ) L . L 3 © —10% —
800 1000 1500 2000 250¢ 5 = 500 1000 1500 2000 2500
m(Y,Y) My [GeV] | m(Y,Y)  m,Gev]
2015 ATLAS data: localised excess seen | 2016 data: no clustering around 730-750
« 2.10 global (3.90 local) significance at | GeV, and 3.8x more data
750 GeV (spin-0 search), width ~50 « 2016 data consistent with 2015 at 2.7¢
GeV » Appears that the 2015 excess was a
statistical fluctuation
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Finally with 2015+2016 data

%) 4 L_l_ o . ' . L T T T 1 T T
& 10"k ATLAS Preliminary —
S - e Data >
g 10 —— Background-only fit —
c - E
L%) - Spin-0 Selection .
10° = .

= Vs=13TeV, 15.4 fb’ =

10 :;— 1;

1 1;— _;I

L B
10"E2015+2016

2 E_ Tt ;
8 15 g ATLAS-CONF-2016-059 _E
% 10 ;‘k ! * _g
Al L ,
k5 oF | E
:g H * E
I _5 E-" —:
% —10fH E
()] H =

00 1000 1500 2000 2500
m(y,y)  m,I[GeV]

« Small excess at 710 GeV (I''m~10%)
» Local significance 1.40, global <10
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Massive di-boson searches

« Search for resonant di-boson production
— Boosted (“fat jet”) selections vital at high-p+
— Explored many channels with 2016 data
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<)

<
N

1073

—

[T TTTTTH

T IIIIIII|

>, ATLAS Preliminary
- Vs =13 TeV, 183.2-15.5 fb " = HVT model A g =1
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— Overlaying limits from all WZ searches — no persistent excesses, in
contrary to the Run1 excesses
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Di-jet searches
|

« Search for New Physics in di-jet mass spectrum; bump hunter

— Di-jet: qq, qg, gg (high mass
> ~1 TeV). High priority in early Run2 including large low mass tails

CMS Preliminary

12.9fb" (13 TeV)

ST 10t
2 _E
—  10°pe
o =
S 107
E 10k
o] E
g E
o 1
o)

107"

1072

g Wide PF-jets

m=11Tev 2015 + 2016 data-

10% ml < 2.5, |An < 1.3

¢ Data
—— Fit
----- gg (2.0 TeV)
---qg (4.0 TeV)
-= qq (6.0 TeV)

(Data-Fit)
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— Sensitivity based on signal shapes
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Resonance Mass [TeV]

For low-mass search, a dedicated trigger technique “data
scouting at trigger level” allowed lower threshold by keeping
partial info. and online calibration
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Di-jet searches: Dark Matter Interpretation

« Complementary to mono-(jet, v,
W, Z, b, t, H, ...) searches
— Tag DM pair (E{™'s8) via Initial state radiation
— Mediator (Z’) mixing with Z, H

q

q, 8

« Mediator (Z’)
— Couples to quarks(g,) and DM(gp,,)

— Dijet searches cover a broad mediator
mass range

— DM interpretation of Z’ searches
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Di-jet searches: Dark Matter Interpretation

DM Simplified Model Exclusuons ATLAS Prellmlnary August 2016 _. Dbm Sln)plllfl?dlMpdlel ‘Exlclllls[on's .A,TL.AS. Prgllrll'ilqa(y August 2016
—
> B f Axial- vector ed|ator Dirac DM % 1 2 B Axial-vector mediator, Dirac DM
(O] 1'2_ g =025g =1 l_ =L g, 0259 =1
= Ll ¢
© < ©
£ 22 £ |
085 J| B 18
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0.2
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\
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Dijet

5 1 15 2 25 R 5 2 25
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g,=0.25,9,,=1 CI pumem _
E 200%—
@] 1005—”’/
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Complementary to mono-X searches; cover a broad mediator
mass range — Results highly depend on choice of coupling

parameters (L = g,y¥q Z')
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SUSY searches

* The case for SUSY is well known
— Natural Dark Matter candidate in neutralino1

- Can solve the fine-tuning problem — if t~ and g~ are light
the Standard Model the Super Symmetry
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 |In Run1 we identified: *—

— m(g~)>1.4TeV for low-mass neutralino1
— m(t~)>700GeV if m(neutralino1)<100GeV

* Run2 priorities:
— Extend mass reach according to Vs increase

— Fill “kinematic holes” where particles are soft

— “Leave no stone unturned” e.g. displaced decays from long-lived

particles
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SUSY search results

ATLAS SUSY Searches* - 95% CL Lower Limits

Status: August 2016

Run1 data Run2 data

ATLAS Preliminary
V5=7,8,13TeV

Model ey Jets EP' franm) Mass limit \F=7,8Tev [WE=13TEV| Reference
MSUGRACMSSM 03 ul1-27 210}t & Yeg 203 185TeV  mi=ml) 1507 0525
i -'r'-ﬁz 0 2Gjts  Yes 133 i) <200 Ga¥, rm{1* gen. g)=m|2 ges. § ATLAS.CONF.2016.078
33, 74%; [compressed) monodet  1-3jets Yes 32 mif)erii )< 5GaV 160407772
32, G936, ] 2Gjets  Yes 133 miE5)-0 GaV ATLAS.CONF.2016.078
3, gt —qgW k] 0 26Gjets  Yes 133 mE7) <400 GaV, rrdd |20 SimiAT |+ mia)) ATLAS.CONF.2016.073
& i—'-hﬂf.fw‘lil; Jep djgs - 132 mE]1<400 GV ATLAS.CONF.2018.037
! 33, GoaggWZE] 20p(SS) 03jts Yes 132 mii) <500 Ca¥ ATLAS.CONF.2018.037
a GMS8B (¢ NLSP) 127401¢ 02jts Ve 32 1607 05079
GGM (bina NLSP) 2y - Yes 32 =|NLSP)<0 1 mm 160600130
g GGM (higgsino-tino NLSP) ¥ 1h Yes 203 m}i§1<050 GaV, cr(NLEF] <01 mm, <0 1507 065498
GGM (higgsina-tino NLSP) Y 2t Yes 133 miE} 15680 GaV, cr(NLEF] <0 A mm, >0 ATLAS.CONF-2016.085
GGM (higgsino NLSP) 2ep(Z)  2pt Yes 203 m|NLSP1430 GeV 1506 08290
Grardtino LSP o monojet  Yes 203 miC)>13 % 107" &V, il =m(g] = 1.5 TaV 1502 01518
EE 33, —bbE) 0 3k Yes 144 miS)-0 GaV ATLAS.CONF.2016.052
33, grky 0lap 3k Yes 148 mii%)-0 CaV ATLAS.CONF-2016.052
',!.,a.. 33, Gkt Olep 3k Yes 201 mi71<300 GaV 1407 0600
Faky, By—obE) o 2k Yes 32 mi5)<100GaV 1606 06772
Byky, By—ieky 2. (SS) 15 Yes 132 miiT1<150 GaV, rrii} |= mii 100 GaV ATLAS.CONF-2016.037
fi, =k 02up 12k Yes 4.7113.3 miE}) = Brdi ) mii]|=55 GaV 1209.2102, ATLAS-CONF-2016.077
05 L —WeE] o ] 02wy O2iets/1-2b Yes 4.7133 mi%)=1 GaV 1506 0951 6, ATLAS-CONF-2016-077
i (SR ] monojet  Yes 32 i) -5 Gat 1804 07773
fi 2ep() 1h Yes 203 miS]>150 GaV 14035222
1% g Jep(2) 15 Yes 133 |& . 290-700 GeV mi])<300GaV ATLAS-CONF-2016.033
leg OGjetse2b Yes 203 |0 320-620 GeV m}i})-0 CaV 1506 08616
fnbn, i85 2o 0 Yes 203 |F 80-335 GeV miES)=0GaV 14035204
R 2o ] Yes 133 mII=0GaY, mil. #1=05(mi¥} emid s ATLAS.CONF.2016.005
0k, B = 2z - Yes 148 miET1=0GaV, it #1=05(m¥ ] Jemd 310 ATLAS.CONF-2016.003
TS = v ov), E0EL 6PV e 0 Yes 133 miE b 3 miET1=0. mif, =0 Simid ) Jeerdd ) ATLAS.CONF.2018.005
E 3 £ t°zi"i 23ep  02jts Yes 203 |iil 425 GeV mi} emidl), mii D=0, € deccupled 1400.5294, 1402 7029
f;&f‘-awE‘Ji'u,, kb WW/rrjyy ©HY 02k Yes 203 |i] 270GeV mi} Emil], mii =0, { deccupled 1501 07110
0, 71, 2yt e 0 Yes a3 |i, 033 GeV e, mig21=0, 2, 910 Spréd Dot 1405 5085
GGM (wino NLSP) weak prod. Tepsy - Yes 203 W 115270 GaV retrmm 1507 06498
GGM (bino NLSP) weak prod. 2y - Yes 203 |5 580 GeV crcierm 1507 06493
Direct £, §; prod., bong-fved {;  Despp .tk 1jt Yes 203 |i} 270 GeV i berdi) 160 Me¥, (¥} )=0 2 ne 13103675
Direct £1.§1 prod., long-fved £{  dEfdx trk - Yes 184 i:' 495 GeV i} erdi§)-180 MV, (A} <15 na 1506 05332
E Stable, stopped 7 A-hadron 0 I5jets  Yes 273 | & 830 GeV miE$)=100 GaV, 10 umer(¥] <1000 = 12105584
Stable 7 A-hadron trk : : EF] 160606129
O - . s
E GMSB, stable 1, F5—2(z awrie 0 124 - - 191 | i 537 GeV 10<tan<50 14115705
= GMSB, 1116, bng-lived 5 2y . Yes 203 |i} 440 GeV 1271 <3 s, SPSB macel 1400 5542
32, Bl —wevt v igey displ. evfeplpp - - 203 |i 1.0TeV 7 er(A] 1< 740 men gt 3TaV 1504 05162
GGM 33, F1—2G displ. vix 4 jets - . 203 |i} 1.0TeV B <cr(k} 1< 480 men, 2=t 1 TV 1504 06162
LFV pp—Py + X. Pe—vapufatpr T T - - 32 A0 A2z =007 1807 08079
Biinear APV CMSSM 2.4(S8) 03k Yes 203 miEml), crsp<t rmm 1404 2500
6 G = WE e oy et - Yes 133 mE§1> 4000V, Ay w0 [ = 1,2) ATLAS.CONF.2018.075
GhL G owE L v emy,  3epeT - Yes 203 miET120 2% miET ) diaes0 1405 5085
B ioem 0 4%lgeRjets - 148 ERY/\=BR|6)=BRd=0% ATLAS.CONF 2016.057
L e e Rl 1 0 45 lageRjets - 1448 mi%)1=200 GeV ATLAS.CONF-2016.057
35, GG K - a9q Ve 810 pts044 - 44 mAT)1=700 GaV ATLAS.CONF-2016.004
33, §—ii, ks Vege 810jts04b - 148 825 GV <mij,|<B50 GaV ATLAS.CONF-2016.004
Ay, ks 0 2jets + 26 - 154 ATLAS.CONF-201 8022, ATLAS-CONF 2016084
Ry, fi—bt 2o 2k . 203 ERY, e /] >20% ATLAS.CONF-2015.015
Other Scalar cham, 7—cf; o 2c Yes 203 |& 510 GeV mi51200 GaV 1501 01325
*Only a selection of the available mass fimits on new -1
states or phenomena is shown. 10 1 Mass scale [TeV]
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SUSY search results

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary
Status: AL.’Q‘.:S.’ZG,'G ° Run1 data Ru n2 data \/_=7,8.|3 TeV

Model €Ty Jets ET™ fraqn ___ Masslimit ViTeTev [WEEAETEN Reference
1 %5“ * In brief, huge number of signature-based searches for various
=i N production and decay processes within SUSY, in many final
= ;i.‘.gf“}g states, providing stringent limits under various assumptions;
i% < - Many of these limits reach ~1 TeV in “easy” inclusive signatures
v ;g;gf";;;‘ff‘“ using the Run2 data

fafin, F—efy

Y e - More searches will come for smaller-cross section processes
B ?5’335'{{';'_’;':; 7 (EW) or for difficult signatures (Long-lived particles)

B
i"? 2, —Ext
GGM (mnDNLSP)Mpmd. ey - 203 W 115270 Ga¥ retrrm 1507 06493
GGM (bino NLSP) weak prod. 2y . YL-; 203 W 590 GeV eretrmm 1507 06498
Direct £, §; prod., long-ived ff Diespp.trk 1)t Yes 203 .f: 270 GeV miE} bl ) 180 Mel, 14} =0 2 nz 13103675
Direct £1.§; prod., long-fved /i dEidc trk B Yes 184 |i] 495 GeV miE] Jerdi )~ 180 MeV, 14} 1«15 na 1506 05332
E Stable, stopped § A-hadro 0 IGjets  Yes 273 |k 830 GeV miE%}=100 GaV, 10 jmer(£] <1000 = 13106584
Stable 7 A-hadron rk - - 32 1606 065129
E Metastable 3 R-had) dE/dx trk - - 32 mET1=100 GaV, r>10 ra 1604 04520
GMS8, stable £ = tiE e 2;: : - AER T B 537 GeV 10<tang<50 1411 6705
Bl GMSB, 1), long lived £ 2y - Yes 203 |i} 440 GeV 1.24%) <3 rea, SPSB macal 1400 5542
i, (,-uvn ejavpgey dspl. eefoplye - - 203 |i 1.0TeV 7 (A7)« 740 men, rri =1 3TeV 1504 06162
GGM 33, T1—2G disgl. vix 4+ jets - ) 203 |i) 1.0TeV 8 x4} 1« 480 men, 3=t 1 TaV 1504 06162
LFV ppsr + X, P fat/pir T T - - 32 =011, 1007 1607 08079
Bilnear APV CMSSM 2.p(S8) 035k Yes 203 miv:mlk CTise l rrm 1404 2500
G5 =W e gy St y Yes 133 100GV, L9 [k - 1,2) ATLAS.CONF-2018.075
05 = wE LB = rrve ey Jepsr Yes 203 miE 150 2xmik 14055085
E i ’ 0 45lgeRjets - 1438 ER/1-BR| G- 0% ATLAS.CONF.2018.057
'3 55 ‘-.,,( ;, - q99 0 45lageRjets - 148 miAT)1=200 GeV ATLAS.CONF-2016.057
¢—urt £ — o9 Vey 10ps04b - 1448 mi])=700 GaV ATLAS.CONF.2018.004
£8, g, fy—bs ey S10p=044 - 148 625 GaV<m(j;)<B50 GaV ATLAS.CONF-2016.004
Ay, Jj—bs o 2jets + 26 - 154 450-510 GeV ATLAS.CONF-201 6062, ATLAS-OONF-2015.084
fii i —bt 2o 2k - 203 04-10TeV ERY, b)) >20% ATLAS.CONF-2015.015
Other Scalar cham, —cf; o 2c Yes 203 510 GeV m|~.| <200 GaV 1501 01325
L N "
‘Only a of the available mass fimits on new 10! 1

Mass scale [TeV]

states or ymena is shown
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Example: g~/qg~ search with jets+E ™miss

- )
« Event selection: require 2-6 jets and veto isolated leptons
— Sensitive to g~ and g~ production

— High priority in early Run2

« Total of 30 signal regions to cover various

mass spectra

— No significant excesses in any signal region overall

— For small m(neutralino1)
exclusion reach extended
m(g~) < 1.4 TeV (Run1)

- < 1.86 TeV (2015+16)

— Check details in poster
by Y. Sano (a Nagoya
PhD student)
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t~ search summary

« Search for top squark pair productions
— Explored many channels with 2016 data

t{, production, t» b /t—> ¢ X, /t>Wb¥,/t>tX,  Status: ICHEP 2016

200

S‘BOOIIIIIIIIIITIIIIITIIIIIlllllllIllllllllll
8 L ATLAS Preliminary s=13 TeV 2015+2016 ]
= - Bty /i WbE 10L 13.2 fb”' [CONF-2016-077] .
£ 500{— —Eﬁtz“’ 11L13.2 fiy”' [CONF-2016-050]
- EEi-owoY 12L 13.3 fbo"! [CONF-2016-076]
| BEEiocX MJ 3.21b" [1604.07773](2015 only)
F —— 1s=8TeV, 20 b’ Run-1 [1506.08616]
400—
- = Observed limits ==-= Expected limits All limits at 95% CL
0 S s 77

For m(neutralino1) < 200 GeV,
m(t~) < 800 GeV excluded
except in rather small regions

100[5 exclusion

"IIIIIIIIIIIlIlllIIIllIlIll

11|/|||||||111|1||||||||||111||||||||/"11
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— Developing dedicated searches for such compressed spectra
- Check details in poster by K. Onogi (a Nagoya PhD student)
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Conclusion

-
 The LHC is performing extremely well
* A broad range of LHC Run2 results using early 2016 dataset

— Starting precise measurements of H(125) at 13 TeV

« Concluding on the Standard Model ttH sensitivity

— 13 TeV in Run2 brings significant increase in sensitivity, shaping the
search program in 2015 and early 2016

« The limits set significantly extend the Run1 results, thus further
constraining various models. No significant excesses, though some
~30 effects as expected. More data will tell which, if any, will remain

* The search program is moving toward more challenging signatures
and scenarios

« Expecting exciting future
— New results with ~40 fb-1in early spring of 2017
— Data analysed so far: a small fraction of total Run2 (100 fb-")
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» Backup slides
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PMSSM scans

JHEP 10 (2015) 134

LHC: simplified model — BR=1 (even for cascade decays)
 setting limits on various pMSSM using all ATLAS search

results in Run1

- Good coverage
of pMSSM, _
dependence on 200"
LSP nature
(via signatures)
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