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Introduction

This talk covers selected highlights of ATLAS results

* More details in many other dedicated talks during this
workshop [see next slide]

* Running conditions and performance in Run 2
* Pileup mitigation
* Measurements
« Electroweak, QCD, top physics, Higgs boson.
« Emphasis on some personal favourites
« Searches for SUSY and other BSM physics
« Spoiler: no new hints of signals

« Future prospects with upgrades
* More pileup!
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More information

o ATLAS Public Results https://twiki.cern.ch/twiki/bin/view/AtlasPublic

* Overview talks including ATLAS results

Recent Standard Model results in ATLAS and CMS (Beauchemin)
Top physics in ATLAS and CMS (Diez Pardos)
Higgs (SM and BSM) in ATLAS and CMS (Coadou)

Physics Prospects for HL-LHC with the ATLAS detector (lconomidou-
Fayard)

Recent SUSY results in ATLAS (Mamuzic)
Recent Exotics and beyond the SM results in ATLAS and CMS (Pigazzini)

« ATLAS young Scientist talks

Search for ttH production in the 3 lepton final state at ATLAS (Wang)

Search for dark matter in the jet+missing transverse momentum topology
with ATLAS (Ratti)

Measurement of the W-boson mass at the ATLAS experiment (Kivernyk)

Measurement of H->tt in the semileptonic final state using the ATLAS
detector (De Maria)
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Delivered Luminosity [pb/0.1]

LHC and ATLAS performance
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zz: « Algorithms for pileup
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Efficiency

Physics object performance with pileup

» Continuous work to refine calibrations and trigger performance
« Examples: Level 1 and high level trigger E-™ss in W>pv

events (2017)
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Standard Model measurements




Standard Model Production Cross Section Measurements
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Status: July 2017
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arXiv:1407.3792
Electroweak standard model

SM prediction is more precise than direct W mass measurement
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Events/ 0.5 GeV

Data / Pred.

arXiv:1701.07240

New W mass from ATLAS

« Template fits to lepton p; or transverse mass of lv system (7 TeV pp)
« Z->ll events also used for calibration
« Experimental challenge - calibrate leptons and hadronic recoil
* Multijet background from fits in bins of lepton isolation

* Physics modelling uncertainties dominate

* Closure tests: comparison of W+ ,W- e u, p; fit or my fit
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arXiv:1701.07240
Physics modelling for W mass
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Variation / Pythia 8 AZ

W mass uncertainties

« Alternative p;¥ models are not used
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 Total uncertainties

Uncertainty [MeV]

Statistical 7
Experimental 11
systematic
QCD 8
PDF 9
QED 6
pr(W) n/a
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arXiv:1701.07240
W mass result

e Combined result:
my, = 80370£7(stat)*=11(exp)£14(mod) = 8037019 MeV
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arXiv:1701.07240
W mass result

e Combined result:
my, = 80370£7(stat)*=11(exp)£14(mod) = 8037019 MeV

« Compare total uncertainty: CDF =19 MeV, DO £23 MeV
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Events / 0.005

https://www.nature.com/nphys/journal/vaop/ncurrent/full/nphys4208.html

Light-by-light scattering

arXiv:1702.01625

Evidence for yy—=2>vyy in the large electromagnetic fields of
colliding lead ions at /s=5.02 TeV

« 13 events with 2.6+0.7 background; 4.4c¢ significance
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em-fields

em-fields

Ultraperipheral events,
with only two photons
in the final state
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Ultra perlpheral Pb-Pb collision

EF'"F'T T"‘F ﬂi_‘f ATLAS

EXPERIMENT

Run: 287931
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dzc/de dy [pb/GeV]

ATLAS-CONF-2017-048

Jets at 13 TeV

» Double differential inclusive and dijet cross sections from 2015 data
« Compared to NLO pQCD predictions with different PDFs & scales

* Inclusive cross sections also compared to NNLO (level of
agreement depends on choice of scale).
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» Dijet distributions also used in searches - see later
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tt(+X) inclusive cross-section
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Measured in ep channel at 13 TeV with 2015 data
Also differential measurements eg. pT(t), pT(tt), m(tt)
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Top mass

ATLAS Preliminary  m,,, summary - May 2017, L =46 fb-20.3 fb"

. . o Phye 1. G5 (2015) 158 : Mg, *+ tot. (stat +JSF+bJSF + syst)
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1
H * CONF-2014-055 [ L — +
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1
- l+jets f“’; F’j;ﬁbﬁms‘z"“m" s B 1723 + 1.3 (02 +02+07 +10)
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1
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1
all jets E'X‘V:;g‘;i-gjf"“e L e | 173.7 + 1.2 (o6 +1.0 )
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Eur. Phys. J. C74 (2014) 3109

1

1
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1
) di et 1729 =+ 32
Pole o(tt) dilepton L, 46203 1" : < * 26

! .

1

1

1

1

1

ot 1-jet) e 0 @019 12 1737 + 23

ATLAS Comb. June 2016 pnys. Lett. B761 (2016)350 - _ = 4. - —==77 World Comb. + 1

172.84 £ 0.70 L il —— stat. uncertainty
1 .

World Comb. Mar. 2014 (arxiv:1403.4427) stat. ® JSF ® bJSF uncertainty

173.34 £ 0.76 X ——— total uncertainty
Tevatron Comb. Jul. 2014 (arxiv:1407.2682) 0 *Preliminary, —Input to ATLAS comb.

174.34 + 0.64 | b——

l | ! | |
165 170 175 180 185

My, [GeV]
» Latest measurements from Run 1
» Sub GeV precision from 8 TeV dilepton result
« Compare pole mass from cross-section measurements
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Single top quark production

" ATLAS+CMS Preliminary LHCIOPWG = a1ss tchannel .

PRD 90 (2014) 112008, arXiv:1702.02859,

- Single top-quark production JHEP 04 (2017)086
May 2017 ¢ JCH’\égfé(irz]&n 2r)]g|35, JHEP 06 (2014) 090,

- arXiv:1610.00678 -1
_Li_ O ATLAS Wt

= PLB 716(2012) 142, JHEP01(2016) 064, -

arXiv:1612.07231

CMS Wt
t-channel PRL110 (2013)022003, PRL 112(2014) 231802
% * LHC combination, Wt

102

ATLAS-CONF-2016-023, CMS-PAS-TOP-15-019

e A ATLAS s-channel
ATLAS-CONF-2011-118 95% CL,
PLB 756(2016) 228

CMS s-channel
JHEP 09 (2016)027 95% CL
Wt X 7+8 TeV combined fit 95% CL

#

Inclusive cross-section [pb]

T
<

=== NNLO PLB 736(2014) 58 _

scale uncertainty

e === NLO+NNLL PRD83 (2011)091503,
PRD 82 (2010) 054018, PRD 81(2010) 054028

- Wit: tf contribution removed

10

s-channel scale ® PDF @ o, uncertainty

—
—— NLO NPPS205(2010) 10, CPC191(2015) 74
= H= Mgy,
CT10nlo, MSTW2008nlo, NNPDF2.3nlo
Wt: p: veto for tf removal=60GeV
and pF=65 GeV

- - scale uncertainty -

scale ® PDF @ o, uncertainty
My,= 172.5GeV

[el0} 1els

| | |
1T 8 13

Vs [TeV]

» Cross-sections agree with SM prediction, | V,,| consistent with 1
* t-channel, Wt and s-channel shown here
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ATLAS-CONF-2017-052

Single top with a Z

« Events with 3-leptons, two jets - one tagged as b-jet
» Several kinematic variables in neural net

« Signal significance 4.2 ¢ observed (5.4 ¢ expected)

* Cross section 600 = 170 (stat) &= 140 (syst) fb

e L B L B B BN BN B B
e ATLAS Preliminary e Data
3 Vs =13 TeV, 36.1 fb” tZq
= / B W
L Z+jets
Diboson

B ttV+HtH+HWZ
~~~~ Uncertainty
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_o. 2 __ .................................................................................................................................................
O e
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Pippa Wells ATLAS Highlights 20



Higgs boson measurements




Higgs Boson Production

'_|1 02 L 1T T 1T T 1T T 1T T L 1T T
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/ -
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W,z P o 2+ (NNLOQCD N0
: q i op — bbH (NNLO 228 NLO Coep ]
10 i (L0 OC) My =125 GeV_|
= MSTW2008 4
—l I I | | | I I | | | I I | | | I I | | | I I | | | I | | | I I | |_
7 8 9 10 11 12 13 14
\'s [TeV]

* Measure associated production with jets,
leptons... to distinguish production modes

Pippa Wells, CERN HL-LHC Physics 22
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Higgs Boson Production & Decay

gluon-gluon fusion

% 1_ T T T T T T | T T T T T T | T T T | T T T §
S ’ S b,
b,t — $ K
bt | e H 8 7 2 b,
3 e Bl
210" *H
g or Kg +
& b,
vector boson fusion, VBF ‘831 ,
q q £° W,z
W,Z<ky, 5 H fw,z
........ LA H Tommmmmmeees
W!Z 10°
q W,z
- | | | | | | | | | | NG L | | | | | | |
1050 900 120 140 160 180 200 Y
M, [GeV] Kw,b,t
¥ [— W,b,t
or Ky v

* Measure cross-section times branching
ratio to different final states
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Status at the end of Run 1

* Run 1 legacy - overall production rate known to 10%
* p=0/0¢=1.09£0.11
« VBF and H->1t observed when combining ATLAS and CMS
« Want to establish ttH and H—>bb with Run 2 data

sesmes e | Signif obs (exp) R o T s
B . -+ CMS -+ CMS
—=z1o . — , — o
n B VBF: 5.40 (4.60) L
— E u .
MVBE “yer —— H->tt: 5.50 (5.00) [
u : uzz R
: e ——
M, ——— ttH: 4.40 (2.00) u
- WWw -
I, — H->bb: 2.60 (3.70) | —
B TT TT ﬂ-.——
I"IttH MttH “ H _—""__
u = Lbb s =
IIIIIIIIIIIIIIIIIﬁTIIIIIIIIIIIIIIIIIIIIIII IIIIIIII IIIIIIIIIIIIII-IilIIIIIIIIIIIIIIIIIIIIIIIIIIII
-1-050 05 1 15 2 25 3 385 4 -1 -05 0 05 1 15 2 25 3 35 4
Parameter value Parameter value
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E weights / GeV

E weights - fitted bkg

700

600

500

400

300

200

100

H2>vy

 Full 2015+2016 data
 Total rate, also fiducial and differential cross sections
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L I L B L
¢ Data

------ Background

—— Signal + Background
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~ ATLAS Preliminary—

{s=13TeV, 36.1 fb™
m,, = 125.09 GeV

In(1+S/B) weighted sum
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ATLAS-CONF-2017-045
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Events/2.5 GeV

H>ZZ-> 4l

« Divided into categories to fit production modes.

- ATLAS Preliminary

- H— 7Z* — 4l
- 13 TeV, 36.1 fo™'
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7 Uncertainty
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ATLAS-CONF-2017-043
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Stage 0 - IyHI <25 SM Prediction
ggF . oBR=131702[pb]  (oBR) =1.1870¢; [pb]
. .

VBF I “ oBR =0.37 ﬁlj [pb]  (0BR), = 92.8"22 [fb]
VH g;ia?'zo [pb] (0BR),,, = 52.8 2% [fb]
tH oy | T (eBR),=1547 (0]

1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1
0 5 10 15 20
o-BR/(o-BR)
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o o) L B L AL B AL L L B B L L
= . ATLAS Preliminar — m,, = 125.09 GeV ]
100 y pp—H H
Comb]ned % [ AHoyy O HoZZ'54l QCD scale uncertainty
b& - & combined data mm Total uncertainty (scale ® PDF+a)
° Hevv and Zze4l 80__ systematic uncertainty ]
cross section 60- —
« Compared to sl + ;
N3LO prediction : * }
. : 20— ]
Global signal strength =" 7TV, 451
= —+ Vs=8TeV, 20.3fb"
M 1.09+0.12 O s =13TeV, 36.1 fb" 7]
7I é é ”1IOII”1I1””1|2””1|3”
« New mass measurement s [TeV]
I L I
%Tl::‘:zf)";g?r?b_1 —e— Total Stat. [ Syst.
Total  Stat. Syst.
LHC Run 1 ,_'E_| 125.09 = 0.24 (= 0.21= 0.11) GeV
| Hezza 51 """"" 124.88 = 0.37 (= 0.37 = 0.05) GeV
|
H—yy : . 14125.11+ 0.42 ( = 0.21+ 0.36) GeV
I
ATLAS-CONF-2017-046 Combined |+| 124.98 = 0.28 ( = 0.19 = 0.21) GeV
ATLAS-CONF-2017-047 K7 1245 25 1255 26 1265
my, [GeV]
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Events / 20 GeV

Data/Pred.

arXiv:1708.03299

Evidence for H=>bb

« Search for VH with H=>bb and Z->vv, W>vl or Z->l
 Variables such as m(bb), p(V) included in BDT

« Simultaneous fit to signal and control regions to constrain
background processes

« Eg. High p; signal regions - m(bb) distribution

0- Iepton |-lepton 2- Iepton

600 T BEEREEERES LS APAPRRMARL AR RS > S A AN AR A AP AN A nana RaAS I e 130 AMAM AAAM AR,
L A AS Prellmlnary :VH — Vbb (u=1.20) - 8 800:_ ATLAS Prellmlnary :V:a_,Vbb (u=1.20) — 8 100__ ATLAS F’rellmlnary :Vﬁivbb (u=1.20) _|
T {s=13TeV,36.1 b’ -glboson ] b F {s=13TeVv,36.1 1" i Diboson 1 8 L {s=13Tev,36.11b" mm Diboson
500 o/epton, 2 jets, 2 b-tags s Single top |, 7005 1lepton, 2 jets, 2 b-tags -ging|e top 3 = - 2leptons, 2 jets, 2 b-tags W Z+{bb,be,cc,bl) -
C pY =150 GeV mm W+(bb,bc,cc,bl) c E sz1506eV Multijet 1 € |_ pY = 150 GeV =) Uncertainty ]
r T mm Z+(bb,bc,cc,bl) ] g 600 = W+(bb,bc,cc,bl) T G>> 80 T e Pre-fit background
400 -+- [J Uncertainty — L C I W-+cl J w B = SMVH - Vbb x5 7]
R S — Pre-fit background = + mm Z+(bb,be,cc,bl) 3 B ] 7
r —SMVH —>Vbb x5 ] 500 ) Uncertainty = - ]
300F \ - A Pre-fit background 60— i T
— . F = SMVH — Vbb x5 - ~ A
: W+jets w0 s 7
2001~ Z+' t 7 300 §; “r
- B Jets 200 i
100~ - 20_—
- 100_— L
1.5 F T T T T S 15 Fg ——— : : _0-15_ —
1 g ++"‘ - ...++_,,¢_+ g o _+_-¢§ &) 1 _+—o—_._—o—o— o+ H‘+++— g‘j 1k T_+_++'+‘_+_ \\\\ _+_ ‘‘‘‘‘‘‘ ‘+‘ \\\\\ '+' ~~~~~~~~~~~~~~~~~~~~
I S U T e 1 REa e + 3 + +++ + ++$ ]
05 Bl b b b b b b by L ‘(5'0_5’—,,,,|,,,‘|‘,‘l[‘,u\HH\H‘,\‘,H\I,,I\I,thl,— 805—“‘ ! L =
0 50 100 150 200 250 300 350 400 450 500 © 0 50 100 150 200 250 300 350 400 450 50 0 50 100 150 200 250 300 350 400 450 500

m; [GeV] my i [GeV] my; [GeV]
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arXiv:1708.03299

L B e o
—eo— Data

Cross check of VZ, Z->bb

e
ATLAS B VZ - Vbb (u=1.11)

S w0k E
2 F {s=13TeV,36.1 b - WW 3]
§ E 0 lepton, 2 jets, 2 b-tags -t\%h ]
. w [ pY > 150 Gev i Single top 7
« BDT tuned for each region i mm Whbocos) 1
3 W+
. . . 10°E I Z+(bbbc,ccb)
« Combined yield as a function of S/B B ettgrouna
— - x 10
* Clear excess: Obs. 5.8 0 (expected 5.3 0) '
g 8 T T T T I T T T T T T T T T T -I.-I datlal T T I T T T é
o 10 ATLAS Bl VZ — Vbb (n=1.11) 5 S 15 —
@ (s=13TeV,36.1 fb” - WW § . g
S 107 -t\gh E §0.5:mm‘\mmmH\m\m\m\mmé
T 108 0+1+2 leptons — Rc',,i"ﬁ-'g tt°p E: 1 08 -06-04 02 0 02 04 B%?Vzoc;ﬁtput1
H - ultj 3
] 2+3 jets, 2 b-tags mm W+(bb,bc,cc,bl) -
10 W+c| E_ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
W+l 3 ATLAS VZ, Z(bb) {s=13 TeV, 36.1 fb™
4
10 = %:g?b’bc’cc’bl) E —Total  —Stat.
Z+Il .
10° + = (Tot.) ( Stat., Syst.)
107 4 owz| e 102 0B (9508
10k <
1E ] 2z e 113 1% (518, %0%)
E 1 1 1 I 1 1 1 1 1 1 1 1 I 1 1 1 1 1 E S K
/: 10: T T T T | T T T T | T T T T | T T T T T T T T T T T T ] ;
O] C = :
@ SE 7 e 111 %8 (0% 5%)
% O: : IlllillllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
& o5 T2 4B T 05 0 05 TR sy D
log, (S/B) estiit -
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VH, H=>bb result

* Run 2 significance observed
3.8 0, expected 2.8 ¢

With Run 1: 3.6 ¢ (obs) 4.0 ¢ (exp)

arXiv:

Cross-check m(bb) fit

1708.03299

Uncertainty
2+3 jets, 2 b-tags

Weighted by S/B Dijet mass analysis

O - rrjrrryrrrjyrrryprrryprrr]

TT[TTT[TTT[TTT[TTT[TTT[TTT[TTTIT

| T
121 atLas o Data -
Vs=13TeV, 36.1fb" I VH - Vbb (1=1.30)
10 0+1+2leptons [ Diboson

Events / 10 GeV (Weighted, backgr. sub.)

'E(\'I). 1 8 -o- Data
s 10°E a1LAS B VH — Vbb (u=1.20) 5
a _ -1 i Diboson =
% 107 /s=13TeV,36.11b g . -
mm Single top 3
kT 10° 0+1+2 leptons Multijet -
H - -W+(bb,bc,cc,bl) E —2 Lo b b b by by B by w1
| 2#3lets, 2b-tags Wecl s 40 60 80 100 120 140 160 180 200
10 Wi =
B Z+(bb,bc,cc,bl) 3 m,, [GeV]
10 I Z+cl =
Z+ll 3 L L L L B R LA
3 ] ATLAS VH, H(bb) Vs=7TeV,8TeV, and 13 TeV
10 E JLdt=4.7 o, 20.3 b, and 36.1 fb”
3 —Total - Stat.
1 e | e
3 © -1.61 6 (513, Tog2 )
10E = 7
fg ] 8 Tev el 065 G5 (03, %%)
L1 1 | I L1 1 | I L1 1 | I L1 1 | I L1 1 |
:_\ 5__, rTr[rrr [ rrrrrrrr rrr e T |__ 13 TeV o+ 1-20 tg;g (tggg ’ tggg )
3| S e
% 0 : | - I | - I Il -I--I I-I--I I--I--I--I-I -I-I--I--I--I--I--I--I--I-:-I--I--h Comb‘ T 0.90 jg,;g (joo‘:g ’ j812; )
- 35 3 25 2 15 1 05 0 05 —2 0 Tz 4 s 8
log, (S/B) Best fit PP for m =125 GeV
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WH->evbb candidate event
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New Phenomena




Events / 75 GeV

Data/Bkg

arxiv:1704.03848
Dark matter searches

« Search for SM particle + E{™ss q ! X
* Photon, vector boson, Higgs boson
« High p; jet, b/bb etc. V)
« Example, E;™ss in mono-y events
q X

» Interpretation in simplified models vs. mediator and DM masses

rrrrrrrrrrrrrrrrTrT T T T T T h T T T T — 500_||||||||||||||||||||||||||

dat - 3

105 ATLAS Signal Region * Z(ovv)y > = ATLAS 2

<13 TeV. 36.1 1" Wes by O, 490 (s=13 TeV, 36.1 b E

- ’ ) I Fake otons - H H -

10* v+ jets £ 400 A?qal—vector mediator =

Ao e s . Z(— )y - Dirac DM 3

10° rzmrey | ---m/m__=10/700 GeV 350 — gq=0_25’ gx=1’ gl=0 r s —

300 ;_ --‘;.-.-;.. . _;

250 £ =

2008 & A L. E

- g o ) 3

150E ¢ " = Observed 95% CL % =

E & e e Observed * 1o, =

1.5 :_' r-—~—r—+—r 1 ~—T—TT7 T T T7T T T T T T T T T T T T T T T T '—: 100:_ — Expectedgs%t&L : _:

Y LA N Expected * 16 -

1E e AEEEcEsces ° 4 30 :_/ --------------- Relic density E

(0 i R R S T S S H T S S S S O:'..‘.“Iu..I...I...I.-:I.:uu‘-":::-:
160 180 200 220 240 260 280 300 320 340. 360 200 400 600 800 1000 1200

E™SS [GeV]
M.oq [GEV]
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Dark matter in dijet decays

« Dijet bump searches re-interpreted as constraint on mediator mass
» Trigger level analysis (TLA) to extend to lower mass region

» Recoil of dijet against ISR jet for the lowest masses

DM Simplified Model Exclusions ATLAS Preliminary July 2017
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<
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Pippa Wells
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Mediator Mass [TeV]
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or, Dirac DM

=1

.3.

= Dijet

Ys=13TeV, 37.0 fbo
arXiv:1703.09127 [hep-ex]
Dijet 8 TeV

Vs =8 TeV, 20.3 fb™!
Phys. Rev. D. 91 052007 (2015)
Dijet TLA

Ys=13TeV, 3.41b™
ATLAS-CONF-2016-030

Dijet + ISR

Ys=13TeV, 15.5 b
ATLAS-CONF-2016-070

miss

T 1Y
Ys =13 TeV, 36.1 fo
Eur. Phys. J. C 77 (2017) 393

miss

T Het
Ys =13 TeV, 36.1 fb™
ATLAS-CONF-2017-060
miss
T +L

Ys =13 TeV, 36.1 fo'
ATLAS-CONF-2017-040
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o, (DM-neutron) [cm?]

Comparison with DM direct searches

* Model dependent DM-nucleon cross-section to compare with
direct searches

» Spin dependent or Spin-independent
« Couplings of mediator to DM

_37 DM Simplified Model Exclusions ATLAS Preliminary July 2017
10 37 E T T T T E
10%F -
10%°E =
10740 L _
o :_/-—" _;
10—42 ;_ Emiss+x _;

E T 3
el Dijet .

E 7
104 F -
107 [ Axial-vector mediator, Dirac DM _

F 9,=0259=0g, =1 E

[ ATLAS limits at 95% CL, direct detection limits at 90% CL ]
10—46 N P il L A il M|

1 10 10° 10°

Hadronic only

Pippa Wells

DM Mass [GeV]

DM Simplified Model Exclusions ATLAS Preliminary July 2017
E T T

<

— Dilepton

Dilepton

ET*5+X

15 =13TeV, 36.11b"
CERN-EP-2017-119

& Dijet
Dijet 8 TeV ¥s =8 TeV, 20.3 fb”!
Phys. Rev. D. 91 052007 (2015)
Dijet ¥s = 13 TeV, 37.0 fb™!
arXiv:1703.09127 [hep-ex]
Dijet TLAYs = 13 TeV, 3.4 fb™!

limits at 90% CL
L il

ATLAS-CONF-2016-030
Dijet + ISR ¥s = 13 TeV, 15.5 fb!
ATLAS-CONF-2016-070

— —MmISS
By 4X .
ET%4y ¥s =13 TeV,36.1fb
Eur. Phys. J. C 77 (2017) 393
ET™+jet Vs =13 TeV, 36.1 fb™!
ATLAS-CONF-2017-060

—CRESST Il

arXiv:1509.01515v1

—XENON1T

arXiv:1705.06655v2

—PandaX

arXiv:1607.07400

—37
= Dijet € 107 E
Dijet 8 TeV V5 = 8 TeV, 20.3 o' o _a8 o
Phys. Rev. D. 91052007 (2015) — 10" E_
Dijet V5 = 13 TeV, 37.0 fb™! 8 F
arXiv:1703.09127 [hep-ex] Q 1 0—39 L
Dijet TLA {5 = 13 TeV, 3.4 fb”! g E
ATLAS-CONF-2016-030 c 40
] B
Dijet + ISRVS = 13 TeV, 155 fb™ = 10 E CRESST I
ATLAS-CONF-2016-070 =) E
= =miss » E
ET™+X b E
ET™+y V5 =13 TeV, 36.1 fo” _ao [
Eur. Phys. J. C 77 (2017) 393 10 E
ET™+jet ¥ = 13 TeV, 36.1 fb' F
43
ATLAS-CONF-2017-060 10 " F
ET*+ZVs=13TeV,36.1 b F
ATLAS-CONF-2017-040 104E
—LUX E
arXiv:1608.07648; arXiv:1602.03489 —45 |
10k
-46 [
10 " E
7 F Vector mediator, Dirac DM
10° £9,=01,g9=001g, =1
E ATLAS limits at 95% CL, direct detection
—48 L P il s s
10
1 10

10?

—LUX

il
10°
arXiv:1608.07648; arXiv:1602.03489

DM Mass [GeV]

Lepton couplings in addition
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ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary
May 2017 . Vs=7,8,13TeV
Model &7,y Jets ET™ [radqm™ Mass limit V5=7,8TeV [ys=13TeV Reference

MSUGRA/CMSSM 0-3e,u/1-27 2-10jets/3b Yes 20.3 0,8 1.85 TeV m(g)=m(g) 1507.05525

ad, §—q¥) 0 2-6jets  Yes  36.1 m())<200 GeV, m(1 gen. §)=m(2™ gen. g) ATLAS-CONF-2017-022
@ 43, 3—4X) (compressed) mono-jet  1-3jets  Yes 3.2 m(q)-mo?‘,’kseev 1604.07773
< g—>qu 1 0 2-6jets  Yes  36.1 m(,?,)<zoo GeV ATLAS-CONF-2017-022
% 28, 3—q9X1 —»qu*X 1 0 2-6jets Yes  36.1 m(¥})<200 GeV, m(¥*)=0.5(m(¥})+m(z)) ATLAS-CONF-2017-022
% 88, g—>qq(¢’t’/vvm Beu 4 jets - 36.1 m(,\/’)<4oo GeV ATLAS-CONF-2017-030
o &8 3-qqWzk 0 7-11jets  Yes  36.1 m(¥}) <400 GeV ATLAS-CONF-2017-033
>  GMSB (ZNLSP) 1-27+0-1¢ 02jets  Yes 3.2 1607.05979
S GGM (bino NLSP) 2y - Yes 3.2 c7(NLSP)<0.1mm 1606.09150
Q  GGM (higgsino-bino NLSP) Y 1b Yes 203 |2 1.37 TeV m(¥))<950 GeV, cr(NLSP)<0.1 mm, <0 1507.05493
= GGM (higgsino-bino NLSP) Y 2jets Yes 13.3 m(¥))>680 GeV, cr(NLSP)<0.1mm, 11>0 ATLAS-CONF-2016-066
GGM (higgsino NLSP) 2e,u(2) 2 jets Yes 20.3 4 900 GeV m(NLSP)>430GeV 1503.03290
Gravitino LSP 0 mono-jet  Yes  20.3 | F'2scale 865 GeV m(G)>1.8 x 107 eV, m(z)=m(g)=1.5TeV 1502.01518
8 T 38 3-bbt 0 3b Yes  36.1 m(¥})<600 GeV ATLAS-CONF-2017-021
SL o gy 01e 3p Ve 36.1 P G ATLAS-CONF-2017-021
88, g—ttX S H es . m(¥})<200 GeV
?n wo 33, §obi| 0-1e,u 3b Yes  20.1 1.37 TeV m(¥})<300 GeV 1407.0600
w o b1b1 b1 —>le 0 2b Yes 36.1 m(/\7?)<420 GeV ATLAS-CONF-2017-038
=8 bb hiodi 2e.u(SS)  1b Yes  36.1 ~ 275-700GeV m(¥})<200 GeV, m(¥i)= m(F})+100 GeV ATLAS-CONF-2017-030
g S ff, h-b¥ 0-2e,p 1-2b  Yes 4.7/133 117-170 Gev [ 200-720 GeV] M) = 2m(E}), m(r))=55 GeV 1209.2102, ATLAS-CONF-2016-077
7] 'g 17, i > Wb, or f) 0-2e,u 0-2 jets/1. -2b Yes 20.3/36.1 |7 90-198Gev | 205-950 GeV m(E))=1 (%ev 1506.08616, ATLAS-CONF-2017-020
S S iy, -k 0 mono-jet  Yes 3.2 m(f)-m(t})=5 GeV 1604.07773
S8 i1 (natural GMSB) 2ep(Z  1b  Yes 203 150-600 GeV m(Z)>150 GeV 14035222
WS BhDboh+Z Seu(@ b Yes 361 I 200-790 GeV m(P)=0GeV ATLAS-CONF-2017-019
b, h—i +h 1-2epu 4b Yes  36.1 . 320-880 GeV m(7)=0Gev ATLAS-CONF-2017-019
EL,RZL,R, AN, 2eu 0 Yes  36.1 m(,?l) ATLAS-CONF-2017-039
)?1)?1’,)?1 —>2v(fv) 2epu 0 Yes  36.1 mw,) 0, m(Z, %)=0. 5(mwf)+mp€‘£)) ATLAS-CONF-2017-039
Xl)( /Xz, T =Tv), )(2—>Tr(vv) 27 - Yes 36.1 m(x,)fo, m(7, 7)=0.5(m(¥7)+m(¥})) ATLAS-CONF-2017-035
> ke )(1)( —>€vaLt’(W) EELL(Y) 3epu Q Yes 36.1 mET)=m(E3), m(¥})=0, m(Z, 7)=0.5(m(¥})+m(t})) ATLAS-CONF-2017-039
oo Xlxaawx 09 2-3e,u  0-2jets  Yes  36.1 meF)= mm) mp? )=0, 7 decoupled ATLAS-CONF-2017-039
S Kt —>WX1h)(1, h—bb/WW/tt]yy ey 0-2bH Yes 20.3 270 GeV m(¥;)=m(3), m(¥1)=0, 7 decoupled 1501.07110
X9, X5 —Tre den 0 Yes 203 635 GeV mEE)=m(E3), m(E})=0, m(Z, 7)=0.5(m(¥3)+m(i?)) 1405.5086
GGM (wino NLSP) weak prod., b —yG leu+y - Yes 20.3 115-370 GeV cr<tmm 1507.05493
GGM (bino NLSP) weak prod., ¥1—yG 27 - Yes 203 590 GeV cr<imm 1507.05493
Direct XX prod., long-lived X7 Disapp. trk 1 jet Yes  36.1 m(E;)-m(E))~160 MeV, 7(¥i)=0.2 ns ATLAS-CONF-2017-017
Direct X1 X7 prod., long-lived X7 dE/dx trk - Yes  18.4 495 GeV m(F;)-m(E))~160 MeV, 7(¥;)<15 ns 1506.05332
Y o Stable, stopped z R-hadron 0 1-5jets  Yes 279 m(¥})=100 GeV, 10 us<7(3)<1000 s 1310.6584
= Stable g R-hadron trk - - 3.2 1606.05129
ST Metastable g R-hadron dE/dx trk - - 3.2 m(¥))=100 GeV, r>10 ns 1604.04520
S 8 GMSB, stable 7, ¥1 (. o)+(e. u) 1-2p - - 19.1 537 GeV 10<tanB<50 1411.6795
= GMSB, ¥1-yG, long-lived ¥} 2y - Yes 203 440 GeV 1<T()?,><s ns, SPS8 model 1409.5542
88, %) —»eew;)/eyv/yyv displ. ee/eu/up - - 20.3 1.0 TeV 7 <c‘r(X1 )< 740 mm, m(g)=1.3 TeV 1504.05162
GGM gg, X1 -ZG displ. vix +jets - - 20.3 1.0 TeV 6 <ct(¥))< 480 mm, m(z)=1.1TeV 1504.05162
LRV pp—: + X, Vr—ep/et/ut ep,eT.ut - - 3.2 A4,=0.11, A132/133/233=0.07 1607.08079
Bilinear RPV CMSSM 2e,1 (SS) 0-3b Yes 20.3 1.45 TeV m(g)=m(g), ctsp<1 mm 1404.2500
XU, X W X > eev, epv, v dep - Yes  13.3 MEE)>400GeV, 415#0 (k = 1.2) ATLAS-GONF-2016-075
XTRT, X Wi X >trve, etve Be,u+1 - Yes 203 450 GeV m(E))>0.2xm(¥5), 1133#0 1405.5086
n>_ 88, 84999 0 4-5large-Rjets - 14.8 BR(7)=BR(b)=BR(c)=0% ATLAS-CONF-2016-057
O g7 3-9900, 4} - qqq 0 4-5large-Rjets - 14.8 m(¥})=800 GeV ATLAS-CONF-2016-057
88, 100, X} - qaq Tepn 810jets/0-4b - 36.1 meE)= 1TeV, 1112#0 ATLAS-CONF-2017-013
88, g—nit, i—bs 1e,u 8-10jets/0-4b - 36.1 m(f)=1TeV, A323#0 ATLAS-CONF-2017-013
fify, fi—bs 0 2jets+2b - 15.4 [450-510 GeV ATLAS-CONF-2016-022, ATLAS-CONF-2016-084
i, h—bt 2eu 2b - 36.1 BR(f, —be/u)>20% ATLAS-CONF-2017-036
Other Scalar charm, t—cf} 0 2¢ Yes 203 @ 510 GeV m(¥})<200 GeV 1501.01325
R R R R

*Only a selection of the available mass limits on new states or 1
phénomena is shown. Many of the limits are based on 10 ass scale [TeV]
simplified models, c.f. refs. for the assumptions made. e e
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ATLAS-CONF-2017-022
SUSY searches - squarks and gluinos

« “Classic” SUSY search with 0 lepton, 2-6 jets and E{™ss
« Squarks up to 1.6 TeV and gluinos up to 2.0 TeV excluded

q
! 4
q =0
4 _- X1
BN <0
q X1
P
q
g production, B — q ’;zf)=100% 39 production, B — qq ’;zf)=100%
S‘ 1400 B T T T I T T T I T T T I T T T I T T T I T T T I T T T ] ;‘ 1800 [ I T T T T I T T T T I T T T T I T T T T ]
3 | ATLAS Preliminary &5 Obs. limit (1 0500r) - 3 - ATLAS Preliminary &5 Obs. limit (1 0500r) ]
_ﬁ' 1200 -_E =13 TeV, 36.1 b === Exp. limits (+10,,,) i _"1. 1600 s =13 Tev, 36.1 fb™ === Exp. limits (+10,,,) ]
x x
e [ O-leptons, 2-6 jets —-—-— Exp. limits MEff 1 1S [ 0-leptons, 2-6 jets —-—-— Exp. limits MEff 7
[ MEFf or RUR (Best Expected) —-—— Exp. limits RJR ] 1400 et or RUR (Best Expected) —-—— Exp. limits RJR -
1000 Ay fimits at 95% CL —— OL obs. limit (3.2 fb™, 13 TeV) — C Al limits at 95% CL —— OL obs. limit (3.2 fb™, 13 TeV) Z
- ' . 1200 ' —
- P ] - :
- q +q_ (uds,.c) -1 r . n
800—" // ] 1000 P —
600|— o S s — 800~ =
N ] 600 . ) e -
400 - - :
— 400p° —
- - L : ]
200 § 200 p —
H H : I : | I
1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 :'I 1 \.I L I ‘:I 1 1 0 C I 1 1 I 1 1 1 1 I 1 1 1 1 .“ ‘\ -i 1 1 1 .
900 600 800 1000 1200 1400 1600 1800 500 1000 1500 2000 2500
my [GeV] my [GeV]
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SUSY third generation

« Higgs mass can be protected with a light scalar top quark
* Many dedicated searches to cover stop-LSP mass ranges
* Many t/b quarks in the final state

i~~~ . ~ ~0 ~ ~0 ,~ ~0 ,~ ~0
. tt, production, t> b f 'y /t—>c ¥ /> Wb 7 /1>ty Status: May 2017
¢ PrOb]ng Scalar top maSS ;‘ HTTT | T TTT | T TTT | T TTT | T TTT | T TTT | T TTT | T TTT | T TTT | T 1
up to 950 GeV 8 700/— ATLAS Preliminary {s=13 TeV _
— L BTt T wog 0L 36.1 fb”' [CONF-2017-020] 7]
3L et A Wb A by 1L 36.1 fb [CONF-2017-037] ]
S - R 9 } » §
600 — BTt /T> Wby /T bify, 2L 36.1 fb"' [CONF-2017-034] ]
- BT Monojet 3.2 fb™' [1604.07773] -
[ —— {s=8TeV,201b" Run 1 [1506.08616] ]
500— —
[ = Observed limits ==== Expecte%limits All limits at 95% CL ]
- 57 s ’ ’
400— S —
300— —
200 —
C b1y ]
1 00 I , 7 —
:/ Wb X4 | ‘:
_I 1 1 4 | I I | | | I I | | | | I I | | | I'v | | I | | | | || | ]_
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SUSY electroweak production

v/l
(/v
p
TR
<-- X4
. <
(/v
v/l
 Consider different
mediators resulting
in different final
state combinations
Pippa Wells

Benefits more from increasing luminosity (lower cross section)
Leptons and E;™ in the final state

May 2017 ATLAS Preliminary  {s=8,13 TeV, 20.3-36.1 fb™
> - N N . .
(4] | === Expected limits = Observed limits All limits at 95% CL
9 1 200‘_ A1%q via 1/ 2|, ATLAS-CONF-2017-039, arXiv:1403.5294
—~ | —— via |/ v 2l arXivi1509.07152
Ty B —— via %,/ ¥, 2t, ATLAS-CONF-2017-035, arXiv:1407.0350
D B via WW 21, arXiv:1403.5294

£1000[- T

—_—Via T,l_/ v 21+3l, ATLAS-CONF-2017-039, arXiv:1509.07152

B —— via WZ  214+3|, ATLAS-CONF-2017-039, arXiv:1403.5294
| via Wh  Ibb+lyy+I'F+3l, arXiv:1501.07110
~+~F ~0
800 X X4/ % via %/ v, 21, ATLAS-CONF-2017-035
0 ~
- i;% ——via |, 3l+4l, arXiv:1509.07152
600 Mz T 0.5(m 50+ m 3= 50 39) T < T P

|“I | | | "

| | |
800 1000 ~ 1200
~t ~ ~
m( %, Xy Xy ) [GEV]
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ATLAS-CONF-2017-017
Long lived particles

Compressed spectra and/or RPV can give rise to long lived particles
eg. Disappearing tracks from chargino decay.

* Pixel tracklets

’th 12 4@ 105? U R USRS T T xwxwwﬁg ?1GJ‘ \\\\\\\\ E L B F‘\t\aqﬁ\ﬁ\S’\“\?o
W1 r< cm o . FATLAS Prellmlnarx e Data P2 F - 3
X 10°F(s=13TeV, 36.1 fb -~ Faketracklet 1
- e e M - L
© 1 02 E St_rong ,E]Jiggduc_tlon H:grr:)nElectron E : g -
= 10°FHigh ET*° region e Signal E
108 —— Total Backgroundé 20
I e SN 1 §
« Electroweak prod - 102p-r g4l
. 107K 3 03F ... -
chargino < 430 GeV 10tk 1 o2 P
. 10_6 1 ] B ATLAS Preliminary _|
° Str d t 107" E(m,, m.., ..) = (1600 GeV, 500 GeV, 0.20 ns) =y 01 A
ong production - (Mg My Ty (1600 0oV, 800 Gev, 020ms) ] (s=13TeV, 36.1 fo' ]
. 0] 2 T T T T w” T T T T T T T 0.04 [ Observed 95% CL limit (+1 Gtheory)
glu'l no<1.6 TeV D 15 S 0.047 i:ﬁcsted 95% CL limit (1 o,,, )
1 (8 TeV, 20.3 fb™, EW prod.)
3 (K &4 002, © ... Theory (Phys. Lett. B721 252 (2013))
8 0.5 | | | 1 | ‘ ALEPH (rhys. Lett.‘ B533 223‘(2002))
0730100 200 1000 10000 %0"100 200 300 400 500  600__ 700
Tracklet p_[GeV] m... [GeV]
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ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits

Status: July 2017
Model

6y Jetst ET™ [rat[m]

ATLAS Preliminary

[£dt=(3.2-37.0) b

Limit

\s=8,13TeV
Reference

T T T T T T TTT T T — T T T T T T T
ADD Gk +g/q Oeu 1-4j Yes 36.1 Mp 7.75 TeV n=2 ATLAS-CONF-2017-060
ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV n=3HLZNLO CERN-EP-2017-132
ADD QBH - 2j - 37.0 My, 89TeV n=6 1703.09217
ADD BH high 3, p1 >lepu >2j - 3.2 My, 8.2 TeV n=6, Mp =3TeV,rot BH 1606.02265
ADD BH multijet - >3j - 3.6 My, 9.55TeV n=6, Mp=3TeV,rot BH 1512.02586
RS1 Gkk — vy 2y - - 36.7 Gyk mass 4.1 TeV k/Mp =0.1 CERN-EP-2017-132
Bulk RS Gk — WW — qqtv Teu 1J Yes 36.1 Gk mass 1.75 TeV k/Mp =1.0 ATLAS-CONF-2017-051
2UED/ RPP lepu 22b,>3j Yes 13.2 KK mass 1.6 TeV Tier (1,1), B(A®D - tt) =1 ATLAS-CONF-2016-104
SSM Z’ — ¢t 2ep - - 36.1 2’ mass 4.5 TeV ATLAS-CONF-2017-027
SSM Z' - 17 27 - - 36.1 Z' mass 2.4 TeV ATLAS-CONF-2017-050
Leptophobic 2" — bb - 2b - 3.2 Z' mass 1.5 TeV 1603.08791
Leptophobic Z’ — tt Teu =1b,>1J/2) Yes 3.2 Z’ mass 2.0 TeV r/'m=3% ATLAS-CONF-2016-014
SSM W’ — ¢v Ten - Yes  36.1 W’ mass 5.1 TeV 1706.04786
HVT V/ - WV — qqqq model B 0 e, u 2J - 36.7 V’ mass 3.5 TeV gv =3 CERN-EP-2017-147
HVT V' - WH/ZH model B multi-channel 36.1 V’ mass 2.93 TeV gv=3 ATLAS-CONF-2017-055
LRSM Wy, — tb 1epn 2b,0-1j Yes 20.3 1410.4103
Cl qqqq - 2j - 37.0 A 21.8TeV 7, 1703.09217

. Cl ttqq 2e,pu - - 36.1 A 40.1TeV 7, | ATLAS-CONF-2017-027
Cl uutt 2(88)>8epu>1b>1] Yes 203 |INEEEEEEETTe |Crrl = 1 1504.04605
Axial-vector mediator (Dirac DM) O e, u 1-4j  Yes 36.1 Mmed 1.5 TeV £4=0.25, g,=1.0, m(x) <400 GeV | ATLAS-CONF-2017-060

. Vector mediator (Dirac DM) Oe,pu, 1y <1j Yes 36.1 Mmed 1.2Tev 84=0.25, g,=1.0, m(x) < 480 GeV 1704.03848
VVxy EFT (Dirac DM) Oe pu 1J,<1]  Yes 3.2 M, 700 GeV m(x) < 150 GeV 1608.02372
Scalar LQ 1%t gen 2e >2j - 3.2 LQ mass 1.1 TeV B=1 1605.06035

. Scalar LQ 2" gen 2pu >2j - 3.2 |LQmass 1.05 TeV p=1 1605.06035
Scalar LQ 39 gen leu  210,23] Yes 203 [Cmaseaocav B=0 1508.04735
VLQTT - Ht+ X Oorteu >2b,>3] Yes 13.2 T mass 1.2 TeV B(T - Ht) =1 ATLAS-CONF-2016-104
VLQTT - Zt + X lepu 21b,>3j Yes 36.1 T mass 1.16 TeV B(T - Zt)=1 1705.10751
VLQTT - Wb+ X 1e,u >1b,>1J/2) Yes 36.1 T mass 1.35 TeV B(T - Wh) =1 CERN-EP-2017-094
VLQ BB — Hb+ X lepu 22b,>3j Yes 20.3 B(B— Hb) =1 1505.04306
VLQ BB - Zb+ X 2/>3e,u  >2/>1b - 20.3 B(B— Zb) =1 1409.5500
VLQ BB - Wt + X Teu >1b,>1J/2j Yes 36.1 B mass 1.25 TeV B(B-> Wt)=1 CERN-EP-2017-094
VLQ QQ - WqWq e >4j Yes 203 1509.04261
Excited quark g* — qg - 2j - 37.0 q* mass 6.0 TeV only u* and d*, A = m(q*) 1703.09127
Excited quark g* — qy 1y 1j - 36.7 q* mass 5.3 TeV only u* and d*, A = m(q*) CERN-EP-2017-148
Excited quark b* — bg - 1b,1j - 13.3 b* mass 2.3TeVv ATLAS-CONF-2016-060
Excited quark b* — Wt lor2epu 1b,20j Yes 20.3 ff=f=fRr=1 1510.02664
Excited lepton ¢* Sepu - - 20.3 A=3.0TeV 1411.2921
Excited lepton v* 3e 1 - - 20.3 A=16TeV 1411.2921
LRSM Majorana v 2e,u 2j - 20.3 m(Wg) = 2.4 TeV, no mixing 1506.06020
Higgs triplet H** — ¢¢ 234eu(SS) - - 36.1 H** mass 870 GeV DY production ATLAS-CONF-2017-053
Higgs triplet H** — ¢r 3eut - - 20.3 DY production, B(H;* — () =1 1411.2921
Monotop (non-res prod) 1eu 1b Yes 20.3 Anon-res = 0.2 1410.5404
Multi-charged particles - - - 20.3 DY production, |q| = Se 1504.04188
Magnetic monopoles - - - 7.0 DY production, |g| = 1gp, spin 1/2 1509.08059

M | L MR R | L L MR | L L PR

*Only a selection of the available mass limits on new states or phenomena is shown. 1 T V

‘tSmall-radius (large-radius) jets are denoted by the letter j (J).
ATLAS Highlights
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arXiv:1703.09127
High mass resonances with ATLAS 1+ cos "

—p V¥ o
x=e”’"~
1 1 —cosB*
c e AT[_A,ISIII . Vs=13 TeV, 37.0 fb ATLAS
m 2
L " ] ® Dat —SM
10 \s=13 TeV, 37.0 b 2 m; > 5.4 TeV ala
= Data Z0.06[f, 4 Cln =1, A=22 TeV
C . 6 . © ] LL
10 Background fit < Cln =+, A=15 TeV
w . BumpHunter interval ~ o
10 o-- g, m_=40TeV 0.04 |:|Theoretical uncert.
10* g g mZ‘=5-0 TeV Bl Total uncertainty
0.0614 49<m;<54TeV L 46<m;<49TeV |
10°= ey - 1 ]
102 0.045} -
10 g%, ox10
= p-value = 0.63 E 0055
1~ Fit Range: 1.1-8.2 TeV = ==K
F Wi1<06 3 0.04 1
®10 ?, P T T R e I
g 2k 0.03
g of
5 -2 0.05(47
"305::.......,.... } } | bl
Q| 0.5— JES Uncertaint —]
chg ok ncertainty A - .Il — 0.04-
o o w**#m E
[ = R I DT PRI AT A | 11 at 0.03f i 1k . ]
2 3 4 5 6 7 8 9 1 2 34567 10 20 1 2 34567 10 20 30

m. [TeV] X x

« dijet mass and angular distributions show no deviations (37/fb)
 QBH>8.9 TeV. g*>6.0 TeV, W’>3.7 TeV
« Contact interaction scale A>13-29 TeV

« W 2> 1lv, M(W’)>5.1TeV, 2’ 2> I, M(Z’)>3.4- 4.1 TeV (13/1b)
« Contact interaction scale A > 17 - 25 TeV (3.2/fb)
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5(pp — Z' = ZH) x B(H — bb+cT) [pb]
o

arXiv:1707.06958

Boosted hadronic decays

> 1800 " T T T g

- Low backgrounds for high mass objects. L sntase o e <103

Exploit hadronic decays. " ooof BBz oo TP E

« Jet substructure (and b-tagging) to o E

tag top quarks, W/Z and Higgs bosons 400f- 3
« eg. Jet mass of top-tagged sample i

« Search for heavy resonance decaying to VH § ™ e |
« ATLAS 3.30 local, 2.10 global excess g o |

around 3 Tev ]n qub Channel ° % L;?;e-RJet1(§3mbined2h?IZss [Ge\zlz]-)0
Not seen in VH->leptons+b-jets

—
o

10 L L T I B
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Events / 20 GeV

Data - fitted background

JHEP 09 (2016) 1

10*

10°

10?

10

J . arXiv:1707.04147
High mass di-photon resonance
« The hint that went away
L I %‘IO5 L B | i | I
ATLAS . Dt j s ATLAS . Data E
qa 107 g2 =
= — Background-only fit 3 Z, - — Background-only fit 3
L Spin-0 Selection - 2 E Spin-0 Selection E
- Vs =13 TeV, 3.2 fb" : L Vs =13 TeV, 36.7 fb” .
= t = = 3
R 1§
3 : 5
EN E
b B
ER 3
........ EN- E
200 400 600 800 1000 1200 1400 1600 1800 2000 1500 5000 5500
m,, [GeV] m,, [GeV]
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The future - near and far




LHC / HL-LH Ll
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LHC
Run 1 Run 2 Run 3
LS1 13 TeV EYETS 13.5-14 TeV 14 TeV 14 TeV energy
injector upgrade 5t07x
splice consolidation cryo Point 4 cryolimit HL-LHC nominal
8 TeV button collimators DS collimation inferaction . N luminosity
P2-P7(11 T dip.) regions installation

7 TeV

2012

2013

R2E project
Civil Eng. P1-P5

2025 2026

2024

2022

2021

2020

2019

2018

2017

2016

2014 2015

radiation

=

Run 1

2 x nominal Iuminodsﬁn‘]age experiment
roetent | amiosy | |y | Soimenuparede | | * — | upgrade phase 2
luminosity | ||
EEXE 300 " negrated
Magnet Run 2 at Phase | Run 3 - Phase Il HL-LHC:
splice ~full desigh upgrades original upgrades  ten times
update energy (injectors) design lumi (final focus) design lumi

Full exploitation of LHC is top priority in Europe & US for high energy physics
Operate HL-LHC with 5 (nominal) to 7.5 (ultimate) x1034cm2s-! to collect

3000/fb in order ten years.

Pippa Wells
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ATLAS Phase 1 upgrades

 Phase 1 (for Run 3, after LS2)
 FTK (fast track trigger - gradual implementation)
* NSW (muon new small wheel - reject background in trigger)
» L1 calo (finer granularity for trigger)
» Trigger-DAQ upgrades (trigger, higher through put)

[
Big Wheel EM Trigger Towers
| | Trigger response
to 70 GeV electron
| | H
El

New Small Wheel I:I
~

TAO
end-cap (‘
toroid

B and C rejected with NSW

9

Super Cells

.
Ca
.
i
.
ok
i
o
.
-
-
— -
L=

LLLLLL
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§ OO P RFLASSUGoN u no PU migaion | ]
Phase 2 for HL-LHC T PUmisston
* New all-silicon tracker ITk 0'15;
« Extending to |n|< 4.0 ot
» L1 track trigger 0-05;
« Calorimeter electronics upgrade bt oot s SR N
(full info at trigger level) =200 pileup events

PU jets

Rate of jets with 20<pT<4OGeV

* Muon system upgrades (fill gaps in trigger coverage with new inner
barrel chambers; new front-end electronics)

AY EOS

« Trigger-DAQ upgrades
. v\-TGCS
s e e | || | -
« Options: ey
- High granularity L T ]
timing detector for the .-

forward region
* Muon high-n tagger

High-n sTGCs
tagger
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JHEP 08 (2016) 045
ATL-PHYS-PUB-2014-016

Higgs boson

« Example coupling plots from Run 1 and for HL-LHC
» Typical precision improves from 10% (300/fb) to 4% (3000/fb)
« H->pp observed with >7¢ significance

T T T

> B T T T T T T ]
e |: 1t ATLAS and CMS . ATLAS Slmulatlon Prellmlnary t«‘%
J " LHC Run 1 E h—yy, h—>ZZ" 4], h>WW—lvly Z.E 3
_ - =T - h—tr, h—bb, h—pu, h—2y L .
o i [K5, Kys Ky Ky Ky Ky ] W i
S| Kz Ky Ky Ky Koy Ky |
gl> 107 - 107 € 5
" - BR,=0 =
] B b .~ N
2| ) - —
o2l ] 107 _,,:‘z Vs =14 TeV E
: - K — [Ldt=30016" ]
t ATLAS+CMS | 1% u | — [Ldt=3000f0" =
ook, SM Higgs boson | -z 3
F — [M, ¢] fit ] o | + | 5
[ 68% CL | s 128 7 E
[ ]95% CL 1 cg 116 E
10_4:.. i R B E "5 || Snbtl bRt el Al E """" ’E
10” 1 10 10° 5 0.9F E
Particle mass [GeV] X 4gF E

10 1 10 10°
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Higgs boson pair production

« Higgs boson pair production includes destructive

interference between two types of processes: Higgs trlp_le
) self-coupling
g TrTETTITR P H g ; A
ty At ry H.
g 999999099 D SO H g 4 \\H
4
« ~factor 2 increase in cross section if A>0 NNLO oSM=40.8 fb
Channel | Events | Significance
«  Will have to combine several in 3/ab | for HH (A=1)
decay modes and both | bbbb 40000 06 G
experiments to have evidence
bbWW 30000 (ttbar backgr)
-« More generally — explore bbtt 9000 060
electroweak symmetry breaking in WWWW 6000
Vector Boson Scattering vvbb 320 1.050

YYYY 1
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Search

reach (300/fb vs 3000/fb)

« Electroweak SUSY, extend from « Scalar top/bottom, few 100
500-600 GeV to 800-900 GeV GeV increase in reach

ATL-PHYS-PUB-2014-010, 2015-032 ATL-PHYS-PUB-2013-011

o 1000 |||||||||||||||||||||||||||||||||||||||| '_:l 000 T T T T T T T T T T T T T T T T T T T T
S T T T T T T T T T 3 S . LT o] T I I =
(3 oooF. ATLAS Simulation Preliminary 8 900 A TLAS élmulat/on Prr—.*llmlnary.1 _ 3
9 B - .. _ . Gaissias L dt = 3000 b, juw140, 95% CL exclusion iy \s=14 TeV :ggg :21 E:ﬁ::gg; gg”zl(s:‘l:.o:fgusion =
E  80OF- \s=14TeV 8000 ¥ty B ooy %800 =3000 fb” (<1>=140) 5 discovery E
. I == 3000 fb™' (<u>=140) 95% CL exclusion =
700F 3-leptonchannel | L dt =300 ", =60, 95% CL oxclusion 700 @ATLAS 8 TeV (1-lepton): 95% CL obs. limitJ]

LW

ITli = I'l'\i

QOO 300 400 500

Pippa Wells

J‘ i DATLAS 8 TeV (0-lepton): 95% CL obs. limit
— | L dt =300 b, u=60, S discovery

D eTev. IL dt=203 , 95% CL exclusion
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R [mm]

HL-LHC studies in progress

* Present efforts are focussing on TDRs for each Phase 2 upgrade

 Demonstrate that the detector and trigger choices meet the
required performance

« |Tk layout from the Strip TDR improves in H->puy mass resolution

L T T T T I T T T T | T T T T I T T T T T T T T T T T T T T T T T | _0'09 —
1400—ATLAS Simulation — <D<' = o ITk Upgrade (u =200)

C ITK Inclined . ] 0.08 — —=— Run-2 Detector (1 = 23) " Run-2 Det‘:;tfrs 00
1200— n=1.0 St N pS ] 007 Sigma 2697 £ 0.013
19%0 - =20 1% s Sima Tk Upgrace

800 / n=20 7 - imufation Mean 124.7 £0.0

| — 0.05— Sigma 2.023 = 0.020

- B -

600 — = - 0.04
T 1 003 .
400 - s X
n=3.0 - = ,
: ATELLANY LA RN ll I II I il I I IH I l l i PiXeL‘;. 0'02 —_ '-’O
200_ - AR VR A A 1 D E - o]
7 ST (! I I i ' I i ; I n = 4.0 : 0.01 — 'I"OO
= A ~'::\ (S5 i — - '8000 O
0 = T 1 P S T T I T U N S N SN Y Y N N Basqaa.wc’lo.ci..l....l....IO.85.3M
0 500 1000 1500 2000 2500 3000 3500 Y10 115 120 125 130 135 140
[ ] my, [GeV]
Z|mm

* More comprehensive physics prospects planned for Update of
European Strategy for Particle Physics
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Conclusions

* Measurements - recent highlights include
* W mass measurement with 7 TeV data - 19 MeV precision
» Evidence for light-by-light scattering in Pb-Pb
» Evidence for H>bb decays
» Searches
» SUSY being probed up to 2 TeV
* No hints yet of BSM new physics
» Future prospects
» Well defined path for experiment upgrades to match (HL-)LHC

» Precise measurements of Higgs boson properties. Probe
electroweak symmetry breaking.

* Increase reach for high mass or weakly coupled new particles

» A rich and diverse programme to keep us busy for years and even
decades to come
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Extras




Heavy Flavours




B-2>K*uy angular analysis

« Multiparameter fit to B>K*up, K*>Km as a function of lepton
pair invariant mass squared (q?)

« P’ should be less sensitive to hadronic uncertainties

1 d*r
dI'/dg? dg?d cos 6;d cos Oxd¢
S-wave and S&P-wave interference

-5 {% [+E5|cos Ox) (1 —cos® ;) + A2N/1 — cos? B

87

V1 — cos? 0 cos (p] + (1 —[Es)|[2Fcos® 6k (1 — cos® 6))
1
+5 (1 —[R)) (1 — cos? k) (1 + cos® ;) + (1 —

(1 — cos? Ok ) (1 — cos® ;) cos 2¢ + 2cos Ok (1-—
V1 — cos? 0 \/1 — cos? 6; cos 4)} } P-wave

(artwork from talk by Mauro Dinardo @ Moriond-EW)
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B-2>K*uy angular analysis

« New results from ATLAS in the region g?<6 GeV?

20.5 ™" (8 TeV)

CMS Preliminary
L [ ¢ SM-DHMV )

C [ ] ¢ SM-HEPfit )
— —e— CMS
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Ea Bimis

I BRI T P IR AT
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ATLAS-CONF-2017-023

—_

- LO T T T | T T T | ]
0. 2 ATLAS {s=8 TeV, 20.3 fb"'—
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1.5— —=— LHCD —
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- CFFMPSV fit ]
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Heavy lon collisions




Heavy lon collisions

» Hard probes created in the early stage of collision may be modified by
the Quark Gluon Plasma

< T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
o 1.4 lZp>OGe|V + b, p.> 60 GeV | -
— (ATLAS-CONF-2017-010) (ATLAS-CONF-2016-012) =
B o jet, p_=100-125 GeV ]
1 Y(AA) 1.2 T (ATLAS-CONF-2017-009) —
Raa = - W e :
Necou Y(pp) qEHH """" S L e @@
0.8 Y B . =
- a ° [+ ]
0.6 o o +
- 0 . -
0.4 -
0.2~ Pb+Pb 5.02 TeV, 0.49 nb" —
- pp 5. 02 TeV, 25 pb1 | | ATLAS Prellmlnary ]
0O 50 100 150 200 250 300 350 400
* Ry, for Z bosons - flat: no interaction in the medium (Npar)

« Ry, for jets and hadrons: significant suppression
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