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ATLAS Status Overview

A. Polini (INFN Bologna)
on behalf of the ATLAS Collaboration

Outline:

e The ATLAS detector

e Run-2 Status and Performance
e Recent Physics Highlights*

e Upgrade Plans
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e *Only few Highlights shown here:
e See dedicated presentations:

e Higgs properties (ATLAS+CMS) - Marcello Fanti

e BSM Higgs searches in ATLAS - Takanori Kono

» Search for Higgs pair production 2 WWyy at 13 TeV - Qj Li

* Higgs boson production and decays in ATLAS - Haifeng Li

e Higgs rare decays (ATLAS+CMS) - Liang Li

e Data driven W+Jet background for WW=>Ivlv final state - Weimin Song

e Study on VBF H =2 vy - Yu Zhang

e High mass H 2> WW —>|vlv search - Yongke Zhao

e Early Search for Supersymmetry at ATLAS - Xuai Zhuang

o Searches for heavy ZZ and ZW resonances in llgq and vvqq final states - S. Patrick Alkire
* Exotics searches at ATLAS - Chunhui Chen

« Search for pair production of Higgs bosons in the bb bb final state - Baojia Tong
e Collider Dark Matter searches (ATLAS+CMS) - Francesca Ungaro
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The ATLAS Detector

ATLAS

e Central detector:
— 25 meters high

Muon Detector Tile Calorimeter Liquid Argon Calorimeter

— 44 meters long ,

— Weight 7000 tons
e Forward detectors

Toroid Magnet Solenoid Magnet SCT Pixel Detector TRT

not shown
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The ATLAS Detector

Muon Detector Tile Calorimeter Liquid Argon Calorimeter

Inner Detector (ID) Tracking

e Silicon Pixels
(4 layers barrel, 3 endcap)

e Silicon Strips (SCT)
(4 layers barrel, 9 endcap)

e Transition Radiation Tracker
(TRT) up to 36 points/track

e 2T Solenoid Magnet

roid Magnet Solenoid Magnet SCT Pixel Detector TRT
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The ATLAS Detector

Muon Detector Tile Calorimeter Liquid Argon Calorimeter

Calorimeter system
EM and Hadronic energy

 Liquid Ar (LAr) EM barrel
and end-cap

e LAr Hadronic end-cap /
L4 Tlle Calorimeter Toroid Magnet Solenoid Magnet SCT Pixel Detector TRT

(Fe — scintillator)
hadronic barrel

August 15 2016 A. Polini, ISHBSM 2016, Weihai



The ATLAS Detector

Muon Detector Tile Calorimeter Liquid Argon Calorimeter

Muon spectrometer, p tracking
* Precision tracking
* MDT (Monitored Drift Tubes)
* CSC (Cathode Strip Chambers)

* Trigger chambers

* RPC (Resist. Plate Chambers)
e TGC (Thin Gap Chambers) Toroid Magnet Solenoid Magnet SCT Pixel Detector TRT

e Toroid Magnets
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The ATLAS Detector in Run-2

Unfolded transverse impact parameter resolution
Q00 T e Y
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e Data2015,15=13TeV 3
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New detectors in Run-2:
« Innermost pixel layer IBL, 3.4 cm from interaction point

e Muons: MDT in1.1< |n| <1.3, RPCin Barrel Feet Sectors

o Forward proton detectors, AFP (one arm in 2016, 205+217m from IP)

o Inaddition, various consolidations provide improved running at high
luminosities and rates (tracking, calorimetry, muon, luminosity
measurement, etc.)
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The ATLAS Detector in Run-2

(o1 Trigger Total Output |

LI TLNLE TR R PR FREbEE By
ATLAS Trigger Operation . fiﬂﬁi'mgﬁ”
L1 group Rates (with overlap) |*Single EM

pp Data May 2016 :g’l‘r‘lg',f_'ﬂs«r
Is=13 TeV *Multi JET

*MET

L1 Trigger Rate [kHz]
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MR

Trigger system (Run-2)
e L1 - hardware " | = |
e output rate: 100 kHz latency: < 2.5 ms i g Trigwr oA pro-=y

= = =

* New Central Trigger Processor 40 MHz s cven
* Improved resolution in calorimetry e EEE
d t d t i v Bl rob| [rop] [roD é
re a 0 u a n r I gge r 100 kHz Iéee\:::HL :Rﬁe‘gl;:g:élnlemst (=]
* Topological trigger at L1 (Calo+Muons) , i
E——‘&M vlr
® HLT - SOft\Mare cront ~100 : ~50 GB/s
~250 ms fragments . %
e output rate: 1 kHz 2 e g
. ~ Y Accep ” 10
* proc. time: ~ 550 ms 1 ke ovents [ ot

» Wide upgrade to DAQ infrastructure - - - - L
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ATLAS data taking from 2015 to 2016

= F L e L
C.M.S. Energy m Peak Inst Lum. Bunch Spacing =] -~ ATLAS Online Luminosity  /s=13Tev -
2 5 [ LHC Delivered ]
= 33 -2¢-1 [77] C i
2010-2012 7+8 TeV 80cm  7.73x 10% cmZs 50 ns € | [ amas Recorded 2015 ]
2015 13 TeV 80cm  5.02x 10* cm?st 25 ns § 45 Total Delivered: 42 " -
. -1
2016 13 TeV 40cm  1.16 x 103 cm'2s° 25 ns 3 4 Total Recorded: 3.9 fb .
I - ]
NPT SARRRRREE R AR AR R B AR S g E E
L - ATLAS Online, Vs=13 TeV [Ldt=22.4 " = 2 ]
e [ B = L -
2016: LHC reached |2 200 B 2015 qe =137 s ]
inst. luminosity and |g 100f ) 3 2016 u==232 = E
Pi|e-up (Mean g 80 N B Total: <u>=21.4 - | ‘ | .
3 r 3 ] (O —
Number of 3 e < ] 24/05 21/06 19/07 16/08 13/09 11/10 08/11
interactions per g 40; e E Day in 2015
crossing) beyond a - §° 13 - PP =
original design 20 < - 2 - ATLAS Online Luminosity  /s=13Tev -
L 48 - C B
[T 2 (R N P IS B e, ] = — LHC Deli —
%510 15 20 25 30 35 40 45 50 g 25 E ATEA::M‘; 4 2016 .
Mean Number of Interactions per Crossing E C ecorde u
) ) S 20 Total Delivered: 21.7 fb -
e Exceptional LHC performance in 2016 5 [ TotalRecorded: 1981t ]
: Lo g s E
following 13 TeV commissioning in 2015 S " summer Conf. analyses :
= Run-2 results reported with 3-15 fb! E jpfuse data up to mid July E
o - _
. . . © C 13
Luminosity uncertainty = 5C —E
+2.1% (2015) B ik
. . 0_ L 1 1 | 1 1 | 1 1 1 il
+3.7% (2016, preliminary) 19/04  18/05  17/06  17/07  16/08
+2.9% (201542016, prel.) Day in 2016
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Run-2 Operation: the Trigger Challenge

Complex trigger menu designed to meet varied

physics, monitoring and performance requirements 9 14 IAlwlLAls 'P' I'_ T .
. . . o} _ reliminary . ]
e Typically ~2000 active menu items S 120 o0t saiaTev. 271" TOiE electron
e Stable main primary triggers re trigger 4
e Level-1 running at ~85 kHz 8 e ) 1
. ~ — 0.8 & —
e Average physics output rate ~1kHz - . .
A few, example, trigger thresholds (GeV): 0'6;_ HLT_e26_lhtight_nod0_ivarloose |
o ET(e) > 24-26 0.4— * Data .
o pu)>24-26 - X t ZoeeMC ]
o E™*>90-110 0.2 26 GeV E, threshold B
.ET(jet)>380 | PN D E R N B S
R ET(V) > 140 20 40 60 | SF] 100 120 140
 pul,u2)>6,6 +topo/mass selections Offline isolated electron E; [GeV]
° >
E/v1y2) > 35,25 L1 Muon trigger efficiency barrel 2015/2016
Endcap L1 Muon trigger rate reduction § :A‘TLAls PI i T T
(Muon FI chambers coincidence) o reliminary =13 TeV
= 120 [ =(=_3 - Z — pp, p > 25 GeV, | < 1.05 .
Tg; - ATLAS Prelimi =13TeV . w 1_ |
_{‘:::100__ reliminary s e — . ]
% Bof— :l L1_MU15w.'oFIcoincidence,j-Ldl=11.1 pb™! _f Increase acceptance 9 Lo =F= . . + ) s ::_._ i
s F L1_MU1S w/ Fl coincidence, | L dt =20.6 pb” - i e —e=
5 _— J 1 € Remove fakes 0.5 B
2 405_ _5 i t L1_MU20, Data 2015, 3.2 fo" )
20 - # L1_MU20, Data 2016, 127 pb
- - | s 1 | . s | |
B T ek e e 02 0 2
Ni1_muts offline muon ¢
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Run-2 Data Quality

Many challenges: =>» ATLAS has risen to meet these challenges:
« Detectors (occupancies, SEUs ...)

. Trigger (thresholds, rates) Data quality overall good

. Readout (bandwidth) e 2015: 2 fills with IBL off due to FE current raising. Understood.
« Offline (Tier-0, Grid) e 2016: few occasional short toroid-off periods (power glitches)
Detector operational channel fractions remains at Run-1 levels
End of 2015 data sample
_ Number of Channels | Approximate Operational Fraction
Inner Tracker  Calorimeters Muon Spectrometer Magnets Pixels 2M +12M wrt Run-1 98.2%
Pixel SCT  TRT LAr Tile MDT RPC CSC TGC Solenoid Toroid SCT Silicon Strips 6.3 M 98.7%
99.4 983 994 100 100 100 100 100 100 97.8 TRT Transition Radiation Tracker 350 k 97.2%
1 0,
All Good for physics: 87.4% (3.3 fb)) 2 I Uotyls Ll
Luminosity weighted relative detector uptime and good data quality (DQ) efficiencies (in %) during stable Tile calorimeter 5200 +0 . 8 % Wrt 2015 100%
beams in pp collisions with 25ns bunch spacing at Vs=13 TeV between August-November 2015, . .
corresponding to an integrated luminosity of 3.8 fb™.. The lower DQ efficiency in the Pixel detector is due to Hadronic endcap LAr calorimeter 5600 99.6%
the IBL being turned off for two runs, corresponding to 0.2 fb™. Ana I don’t rely on the IBL can use .
those runs and thus use 3.5 fb™ with a corresponding DQ efficiency of 93.4%. Forward LAr calorimeter 3500 99.7%
2016 Summer Conferences data sample LVL1 Calo trigger 7160 100%
ATL c I- LVL1 Muon RPC trigger 383k +13k wrt 2015 99.8%
- LVL1 Muon TGC trigger 320 k 100%
Inner Tracker  Calorimeters Muon Spectrometer Magnets .
MDT Muon Drift Tubes 357 k 99.7%
Pixel SCT  TRT LA Til MDT RPC CSC TGC Solenoid Toroid
e ! e oenold o CSC Cathode Strip Chambers 31k 98.4%
989 999 100 99.8 100 99.6 998 99.8 998 99.7 RPC Barrel Muon Chambers 383k +13k wrt 2015 96.6%
Good for physics: 91-98% (10.1-10.7 fb1) TGC Endcap Muon Chambers 320 k 99.6%
Luminosity weighted relative detector uptime and good data quality efficiencies (in %) during stable beam ALFA 10 k 99.9 %
in pp collisions with 25ns bunch spacing at vs=13 TeV between 28th April and 10th July 2016,
corresponding to an integrated luminosity of 11.0 fb. The toroid magnet was off for some runs, leading to AFP NEW for 2016 188 k 08.8 %
a loss of 0.7 fbrl. Analyses that don’t require the toroid magnet can use that data.
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Efficiency

Data / MC

Efficiency

Data /MC

Physics Performance
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Fractional JES uncertainty

Events / 5 GeV

Data/MC
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=>» Fast turn-around from end of data taking
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e After a little more than
a year the Run-2 pp
sample is approaching
the integrated luminosity
of Run-1, at 1.6 times
higher Vs

e Major new physics
sensitivity has opened up

ATLAS:

Minimum bias
W(ln)

Z(l)

i

t (s-channel)

t (t-channel)

WH

H (ggF)

H (VBF)

tt

ttZ

ttH

A(0.5 TeV, ggF+bbA)
stop pair (0.7 TeV)
gluino pair (1.5 TeV)
Z' SSM (3 TeV)

Q* (4 Tev)

QBH (5 TeV)

QBH (6 TeV)

Cross section ratio 13TeV/8TeV

) 112
1 1.6
1 1.7
1 2.0
12.2
§2.5
12.0
12.3
) 2.4
13.3
13,6
13,9
14.0

1370

10 100

e |n total 64 new results from for the Summer Conferences:
56 using 13 TeV data and 45 with 2015+2016

e 40 papers with Run-2 data (576 total with collision data) have been

submitted while Run-1 results are still coming

J 9000
10000
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Inclusive Cross-Sections

Standard Model Production Cross Section Measurements Status: August 2016

A-Olotal (x2)
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Access and measure high jet multiplicities in 13 TeV data
o Test NLO generators on easily triggered events with high jet multiplicities | g
o Vector-boson plus jet events are a major background in searches
Fully corrected fiducial and differential cross-sections

o Z with up to 7 additional jets measured

*+N

o(Zly

Jet multiplicity:

I I T T T T T T
ATLAS Preliminary Zi* (= IT) + jets
13 TeV, 3.16 fo™! & Data
anti-k, jets, R=0.4 —m— BLACKHAT + SHERPA
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} | | | | | | |
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good job, at least up to 6 jets

ATLAS-CONF-2016-046

NLO generators normalised to NNLO
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Leading jet p, spectra:

LO generators over-predict high-p_ tail

NLO generators provide better description
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Massive Diboson Production

Run-1 puzzle to describe inclusive diboson cross-sections

« Measurements tended to lie above NLO calculations P
NNLO calculations — ~20% corrections and better agreement
Presented measurements at 13 TeV of WW, WZ, ZZ leptonic channels

arXiv:1606.04017

~ 450 F

8 F ﬂT}.AS P'reli'min‘aq: T '. "?Fm' T E E [— | T T T | T T T | T T T | T T T | T T T | T T ]
O 400f Ex1aTev, 1330 COIWZ foor. 1o NNLO) ] =" [ ATLAS 0 iSi
£350F 4 -,,Z‘:’M? B N mol WZohl arXiv:1606.04017 7% precision
£ ! ars B =] I
ng_, 300F = E “bg [~ @ ATLAS Vs=13TeV (m,  66-116 GeV), 3.2 fb” a
. 250¢ et E — 4 ATLAS Vs=8TeV (m,_ 66-116 GeV), 20.3 fb™ .
Z—8Lin 200t JF (v e=eorn 3 40— m ATLAS V=7 TeV (m__ 66-116 GeV), 4.6 fb" NNLO —
selected ™ - v Do V5=1.96 TeV (m,_, 60-120 GeV), 8.6 fb" |
WZ events ‘22: 30 * CDF Vs=1.96 TeV (corr. tom,__ 60-120 GeV), 7.1 fb” NLO =
o F — .
S 155 - ]
L} F 20— —
s ' ~ WZ—€vee — MATRIX NNLO, pp—~WZ (m,_ 66-116 GeV) ]
05F — NNPDF3.0, p_=u _=(m, +m,)/2 —
10— . — MCFM NLO, pp—>WZ (m,  66-116 GeV) __|
- e’ CT14nlo, u_=pt_=m,,/2 R
— g = =MCFM NLO, pp—~WZ (m,  60-120 GeV) |
- — -~ CT14nlo, p_=p =i /2 I
Example. O="" v e e e —
. - L R B B R R R B B R A B R R R BN RN AL R =
WZ leptonic decays g 1.4E % E
NNLO calculations o 12 bt ¢ —
describe data much A T : | | | , R
m 1 1 1
better than NLO o 2 4 6 8 10 12 14
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tt Production

| ® ATLASen \s=13TeV, 326" 2015 ATLAS
B arxiv:1606.02699

-
o
w

B ATLASeu \s=28TeV, 20.3fb"

| A ATLASeu \s=7TeV, 4.6fb"

4 Single and double b-tagged

5(tt) x 3.3 from {1 tt—bevbuv events allow to measure
8 1o 13 TeV | ttcross-section and b-tagging

efficiency simultaneously

NNLO+NNLL

Inclusive tt cross-section [pb]
I

ESSS NNLOWNNLL (pp) Precision £(3.9-4.4)% (7-13 Tev) betters
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 NNLO+NNLL predictions (~5%)

My, = 172.5 GeV, PDF @ o uncertainties according to PDFALHC

10°0- ) . i i
6 8 10 12 14 High tt statistics — detailed studies
E  Famis runy | o] \s [TeV] of production properties
k=] E —— PWGHPYEhy,, =m, E - - H h t
i 3 g+jet channel high-p; Howtop pr areR e
1 differential cross-
_1 section from boosted W boost
N 1 analysis (also resolved)
Iig E
B E
., resolved
i D JATLAS-CONF-2016-040

400 600 80O 1000 1200 1400
D?"aﬂ [GeV]
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Refining the Higgs Investigation

=1
—
PR \ Run: 280464 AI LAS
o g A Event: 517140616

1 '/ : /;/—---\“ o\ 2015-09-28 04:21:57 CEST EXPERIMENT

|'“

|/
—— /L7}'
If i

lits mass preeisely (+0.2%)~_ L
?us@p vé‘tor@oson f% and with a W or Z
4 | Gférm‘?ﬁﬂrq decay to Tt

= arlty, and
o Production viag#
o The decays to yy,W
Run-2 priorities: ?
« Establish and mﬁﬁsu?e QDB Ie‘%/ S/
o Search for ttH productlon to prbbgttH vg‘rteudlrectly
e SearchforH - bb decays ™~ 2:\ e

o Search for rare decays

« Refine measurements of coupllngs mass, etc.
« Expand use of H as@tool to find new physics
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Higgs: H>vyy

ATLAS CONF 2016 067

g e T L As preiminary | EVENT Categories enhance sensitivity
9 1go e Background s-1Tev33n’ 1 and help separate production modes
5 ~  —— Signal + Background Hoyy,m =125.09GeV ) ) )
¢ 1go— —— Signal o = . Clear signal, rate consistent with SM
s L S/B weighted sum of B !
PN 140N event categories = H exp-ectatlon_ .
1200 2015+2016 7 . Fiducial and differential cross-
- E section measurements
o— ™ E ATLAS-CONF-2016-067
60— = ;1.5"'\"'\"‘|"‘|"‘"‘I | T T
- - S - ATLAS Preliminary mH- 125 09 GeV
40— . S " -4 data, tot. unc. []syst. unc. = gg—>H NNLOPS + XH,
- v ;‘;' rH—yy, {s=13TeV, 13.3 fb" Kggs11=1.10
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E
'% 0 ] 0_5__ _
z T ¢
N2 + + - I
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g 2 |
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o 1%?
SM prediction 62.8 3% fb g =T
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August 15 2016 A. Polini, ISHBSM 2016, Weihai



H->48 & Cross-Section Combination

ATLAS-CONF-2016-079

10

> _I TTT I rTTT | TTTT | T 1T | T 1T I T TT ‘ TTTT | TTTT | ITT I_
& 35F ATLAS Preliminary .2 oo (m_~125.GeV) 1
2 30 [ H— ZZ* — 4 =§fjets ; E
% - 13 TeV, 14.81b™ tt+V, VVV ]
'E v Uncertainty ]
o 25 —
= 201542016 1

20 =

15 =

80 90 100 110120 130 140 150 160 17
m,, [GeV]

Overall significance at 13 TeV ~100

G oy [PD]

H—>77*->4%8: event categories again used
o Clear re-observation, rate consistent with SM
H expectation (1.60 high)

Combining yy+4€ channels
o(pp>H+X,13 TeV) = 59.0*57 (stat.) *32 (syst.) pb

SM predlctlon 55 5+24 Pb
100 ATLAS Prehmlnary — Oy mH_125.09 GeV ]
L AH-yy 0 H-oZZ*—-4l QCD scale uncertainty 1
gl ¢comb.data [ syst. unc. mm Tot. uncert. (scale & PDF+a,) R
60
401
[ HH
20 o
i (s=7TeV, 45"
[ 2015+2016 (s =8 TeV, 20.3 fb"
Un Vs =13 TeV, 13.3b™ {yy) 14.8 10" (ZZ*) ]
B S R T R T I
Vs [TeV]
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Total Production Cross Section

Total production cross section [pb]
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Q@ pp— X
7 TeV, 20 ub™, Nat. Commun. 2, 463 (2011)

8 TeV, 500 pb, arXiv:1607.06605

13 TeV, 60 pb™, arXiv:1606.02625
Lpp->WwW T pp->2Z/y

7 TeV, 36 pb™', PRD 85, 072004 (2012)

13 TeV, 81 pb™", PLB 759 (2016) 601
i

7 TeV, 4.6 fb'!, Eur. Phys. J. C 74:3109 (2014)
8 TeV, 20.3 fo™!, Eur. Phys. J. C 74:3109 (2014)
13 TeV, 3.2 fb™, arXiv:1606.02699

5 pp—tq

7 TeV, 4.6 fb™', PRD 90, 112006 (2014)

8 TeV, 20.3 fo”!, ATLAS-CONF-2014-007

13 TeV, 3.2 fb”!, ATLAS-CONF-2015-079

S pp—oH

7 TeV, 4.5 b, Eur. Phys. J. C76 (2016) 6

8 TeV, 20.3 fo™!, Eur. Phys. J. C76 (2016) 6

13 TeV, 13.3 tb™", ATLAS-CONF-2016-081

3 pp - WW

7 TeV, 4.6 fb™", PRD 87, 112001 (2013)

8 TeV, 20.3 fbo™', arXiv:1608.03086

13 TeV, 3.2 fb™!, ATLAS-CONF-2016-090

¥ pp > WZ

7 TeV, 4.6 fb!, Eur. Phys. J. C (2012) 72:2173
8 TeV, 20.3 fb™", PRD 93, 092004 (2016)

13 TeV, 3.2 fb™", arXiv:1606.04017

K pp—>2Z

7 TeV, 4.6 tb™", JHEP 03, 128 (2013)

8 TeV, 20.3 fo™!, ATLAS-CONF-2013-020

13 Tev, 3.2 fb™, PRL 116, 101801 (2016)
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New Physics Searches

e Major extension of reach compared to Run-1

e All results shown here include 2016 data

e They probe well into the TeV, even multi-TeV, mass scale range
e Many more searches will yet come with the 2016 dataset
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Dijet Search

Vs=13 TeV, 15.7 fb”! ATLAS Preliminary
Search for new physics in dijet mass g m>54Tev | e Data —SM
spectrum and angular distributions S - 1 7 Cln, =1, A=17TeV
ATLAS-CONF-2016-069 <005 i Cin,=+1, A=12TeV
o ' [ ] Theoretical uncert.
S, ATLAS Prellmlnary [ Total uncertainty
310 {s=13 TeV, 15.7 fb” = .
. . Data 0.065., 4.6<m <54 TeV - 40<m <4.6TeV -
10° Background fit 3 Ela o 3
— BumpHunter interval 0.04F
--6-- q°, m,. = 4.0 TeV i El 3 3
10° - g, m =5.0TeV 0.02f- =3 =
\ " 0.06F 34<m <4.0TeV 1 31<m <3.4TeV =
10 o - li 1t li :
& ELTY, —)- ] '.-.- J
‘-Tgf_jl 0.04 ?_:léi JF 1 s =
102 "1.:;!!5_,:: , 3 - k1 ]
2015+2016 2 0.02f- Ela -
*, 3 87 - t £l + ] + ]
10 g_vaﬁjz 067 = 008t 28<m;<3.1TeV i 25<m <28TeV ]
- Fit Range: 1.1-7.1 TeV 3 - i ;
15~ Iy*1<08 E QMW w
8 o = 002 2015+2016 {
8 op = 1 2 34567 10 20 1 2 3 4567 10 20 30
= JE 3 L _ X
5~F , , , . e oyt L+coséd Scattering angle
w) X = e - _ ——
q 7 2 3 4 5 6 7 8 1 — cos 6*
. Dijet mass m. [TeV 2
M J I [ ] Lyg = FHLL(Q’LT“Q’L)(QLT’#‘{L]
g q Examples (@95% CL): _ _
m(q*) > 5.6 TeV « Contact interaction scale (n =+1/-1)
(ATLAS Run-1: 4.1 TeV) A>12.6 /19.9 TeV (8.1/12.0 TeV in Run-1)
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Dilepton Resonance Searches

n T T T L | T T 0 T T T T T ! ' !
s 107 ATLAS Preliminary ¢ Data 5 10'E ATLAS Preliminary Wi(@2Tev) e \?Vata %
o /s =13 TeV, 13.3 fo’ L U el E-mTevissmt  —WETN b ok =
10 Dilepton Search Selection E D‘i)l:'?os;r?r S W’ — uv selection W4 Tev) O Z,Y‘iq =
10° ] Multi-Jet & W+Jets 10° [Diboson g
— 27, (2TeV) I Multijet -
10* —_Z,(3Tev) 10°E =
- —Z, (4 TeV) oF 2015+2016 =
10° =
I 10 E
10 10 -
1 = -
1 =
10" 2015+2016 1o ;ATLAS -CONF- 2016 061 o IHL j
102 ATLAS-CONF-2016-045 d o 4
i é 1:2:---.--“ |
g 14t — =i
5 12 I ||| """"" = 8 06}
© 1 i '||" | Do 14
2 08 b 1t HT W SR
) I =B
0.6 | Tty 28 08
100 200 300 1000 2000 o~ 06 -
m(e+ e—) Dielectron Invariant Mass [GeV)] 200 300 _ 1000 2000
) m (U E m|55) Transverse mass [GeV]
T\H &1
q A
A AR (@95%CL): m > 4.05 TeV W' (@95%CL): m > 4.74 TeV
7 - (Run-1 m>2.90 TeV) (Run-1 m>3.24 TeV)
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Di-photon Search

e Localised excess seen in 2015 ATLAS data: g 10 aTLAS Prefminary Data %
« 2.1o global (3.90 local) significance at g 08 S__Uza‘:kgf’””d"’”'yﬁt E
= [ In- electuon —
750 GeV (spin-0 search), width ~50 GeV Y oeE £=13Tev, 2015, 321"
« After reprocessing, new 2016 10E- -
reconstruction - 3.40 local, at ~730 GeV L B
- ATLAS CONF 2016 059 ———————— g g
[0} 4.r — 10 ';— =
(C_.z 107ATLAsPreI|m|nary e Data = ) E E
P 10° —— Background-only fit — é 154, E
= = E 2 10§ =
z - ; Spin-0 Selection . ; 4: g 5 7| {' | _
- s =13TeV, 15.4 fb = g O W‘m-‘—‘—“ -
E E = i
- . 500 1000 1500 2000 250C
e ‘ E e 2016 data: no clustering around My, [GeV]
10,1; ] 730-750 GeV, and 3.8 times more data
= + = -
- & .2015 2016 | E « 2015 and 2016 consistent at the 2.70 level
g | ‘ + 3 . It appears that the 2015 excess was very
8 5;1" ! + 0 ‘ E likely a statistical fluctuation
3 i | ] .
£ TR 3 ¢ With 2015+2016 data:
& ~topl l lllllllllllllllllll E « Small excess at 710 GeV ([/m~10%)
500 1000 1500 2000 2500

m, [GeV] o Local significance 1.40, global <l1o
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SUSY Searches

Very broad set of SUSY
search results reported
with 2015+2016 data

Just one example
shown:
o §/§ search with
jets+E miss

ATLAS SUSY Searches* - 95% CL Lower Limits

Status: August 2016

ATLAS Preliminary
V5=7,8,13TeV

miss =1 P
Model &ILTY Jets ED [Ldim™ Mass limit Vs=7,8Te{ [¥s=13Tev Reference
MSUGRA/CMSSM 0-3eu/t-2t 2-10jetsi3b Yes 203 | &k 1.85 TeV m(j)=m(§) 1507.05525
i, G—at® 26jets  Yes 13.3 : 1.35 TeV mp?.’kzuuneam m(1* gen. §}=m(2* gen.q) ATLAS-CONF-2016-078
@ mono-jet  1-3jets  Yes 3.2 608 GeV m(g)-miEl)<5GeV 1604.07773
2 0 26jets  Yes 133 | FBEITEV) m(7})=0GeV ATLAS-CONF-2016-078
£ 0 26fets  Yes 133 B 1.83 TeV| mi(fy)<400 GeV. m(i)-0.5(m(i?)m(z) ATLAS-CONF-2016-078
1) 3ep 4 jets - 13.2 ki 17 TeV| m(7))<400GeV ATLAS-CONF-2016-037
“« &#, E—gqWZH1 2e,u(SS) 03jets  Yes 132 |§ 1.6TeV  m(f)) <500GeV ATLAS-CONF-2016-037
2 GWsB(ZNLSP) 1274016 02jts  Yes 32 |& 2.0 TeV 1607.05979
5 GGM (bino NLSP) 2y - Yes 32 |E 165TeV.  c7(NLSP)<0.1mm 1606.09150
S GGM (higgsino-bino NLSP) ¥ 1b Yes 203 |# 1.37 TeV m{i})<850 GeV, cr{NLSP)<0.1 mm, g<0 1507.05493
= GGM (higgsino-bino NLSP) ¥ 2jets Yes 13.3 ks BTV m(i])>680 GeV, cr(NLSP)<0.1 mm, u>0 ATLAS-CONF-2016-066
GGM (higgsino NLSP) 2e,p(Z) 2jets Yes 203 B 900 GeV m(NLSP)>430GeV 1503.03290
Gravitino LSP 0 monojet  Yes 203 | FYscale 865 GeV' m(G)>1.8x 107 eV, m(E)=m(3)=1.5TeV 1502.01518
& \3 0 3b Yes 148 [ AIBETEVim(i})=0GaV ATLAS-CONF-2016-052
Sg O-1ep 3b Yes 148 |E 180TV im(i})=0GeV ATLAS-CONF-2016-052
%, 0 0-1ep 3b Yes 201 |% 1.37 TeV m{?)<300 GeV' 1407.0800
< o 2b Yes 32 B 840 GeV m{,¥|)<lmGaV 1606.08772
g % 2e.u(SS) 15 Yes 132 |y 325-685 GeV' ma.)dmeav mum m{F})+100 GeV ATLAS-CONF-2016-037
é‘ S i bty . 0-Zep 12b Yes 4.7/13.3 1{#-170 GeV 200-720 GeV m(f}) = 2m(?1), m(f1)=55 GeV 1209.2102, ATLAS-CONF-2016-077
k4 i1, iy -2 e, -2 j - . .. X . &
B 1 :wa)?? or £} 02e,p 0-2jetsi1-2b Yes 4.7/13.3 7y 90-198 GeV 205-850 GeV 1506.08616, ATLAS-CONF-2016-077
g8 — 0 mono-jet  Yes 32 [ 90-323 GeV' (i miF)=5 GoV 1604.07773
=g (natural GMSB) 2e.u(2Z) 1b Yes 203 |& 150-600 GeV ma.pmeav 14035222
B S hbh—h+Z 3epu(2) 1b Yes 133 |k 290-700 GeV mi¥})<300GeV ATLAS-CONF-2016-038
iy, =iy +h lep Gjets+2bh Yes 203 i '320-620 GeV mE;)=0 GeV 1506.08616
2ep 0 Yes 203 i 80-335 GeV m(X.) 0GeV 14035204
2ep 0 \‘:es 20.3 }; “;?:\1,75 GeV m?n) -0GeV, miZ, #)=0. 5(mp\")+m(;;)) 1403.5294
xl)( Ky o) 27 - es 203 B m{¥1)=0GeV, m{#, 5=0.5(mT)+m{i7) 1407.0350
B o), L) 3ep 0 Yes 203 |ELE 715 GeV mi})= mW’) mbr") 0,mZ, S(miEt)smiil) 1402.7029
E 2 %"W*a 23ep  02jels Yes 203 |EE 425 GeV X # decoupled 14035284, 1402.7029
T ,y‘xaﬁwm N hosbb [ WWrtyy EHY 02h Yes 203 |ELE 270 GeV ma. )=m[xzj m(E)=0,  decoupled 1501.07110
265, #3 5 — dep 0 Yes 203 )7‘,_, 635 GeV m{ER}=m(E3), m{Et)=0, m(7, #)=0.5(m{73)+m{i})) 14055086
GGM (wino NLSP) weak prod. Tepry - Yes 203 |w 115-370 GeV er<imm 1507.05493
GGM (bino NLSP) weak prod. 2 - Yes 203 W 590 GeV er<imm 1507.05493
P! ¥
7 prod., long-ived ¥;  Disapp. trk 1 jet Yes 203 & 270 GeV m{} )-miE))~160 MeV, 7i{)=0.2 ns 1310.3675
Direct ¥1.¥] prod., long-ived ¥ dE/dx trk - Yes 184 [A] 495 GeV i} )-miEl)~160 MeV, 77 )<15 ns 1506.05332
B ] Stable, stopped # R-hadron 0 15jets Yes 279 |& 850 GeV m{#})=100 GeV, 10 s<#()<1000 5 1310.6584
Stable g R-hadron trk - - 32 |& 1.58 TeV. 1606.05129
=
d,g Metastable g R-hadron dE/dx trk - - 32 |& 1.57 TeV. m(#])=100 GeV, 10 ns 1604.04520
S8 GMSB spables, Hlote, ,,,m(f_g) 1-2p - - 191 |8 537 GeV 10<tang<50 1411.6795
— GMSB, ¥1—yG, long-lived 2y - ves 203 |@ 440 GeV 1<1(¥3)<3 ns, SPS8 model 1409.5542
88, Co—veevfepviuyy displ. ecfenfpp - - 20.3 x‘ 1.0 TeV 7 <cril)< 740 mm, m(g)=1.3TeV' 1504.05162
GGM 73, ¥) >ZG displ. vix + jets - - 20.3 )?! 1.0 TeV 6 <cr(i)< 480 mm, m()=1.1 TeV' 1504.05162
LFV pp—¥; + X, #r—epferiut EpLLeT T - - 32 |8 OB 1:1,=0-11, Liszpiz32n=0.07 1607.08079
inear RPY CMSSM 2e,u(SS) 036 Yes 203 |&E 1.45 TeV m(g)=m(g), erisp<1 mm 1404.2500
xi W ,Xé—mev v,y e - Yes 133 |&F 1.14 TeV m(E})>400GeV, A0 (k= 1,2) ATLAS-CONF-2016-075
E i an.,xLam, erv, dep+T © . Yes 203 )é 450 GeV miE})>0.2xm(E}), 413370 1405.5086
& 0 4-5large-Rjets - 148 |& 1.08 TeV BR(1)}-BR(b}=BR(c)=0% ATLAS-CONF-2016-057
"QMMYI — qqq 0  4-5large-R jets - 148 |§ 1.55 TeV' mii})=800 GeV ATLAS-CONF-2016-057
—11t, fy—hs 2e,pu(SS) 03b Yes 13.2 B 1.3 TeV m(i)<750 GeV ATLAS-CONF-2016-037
iy, f—bs [ 2jets+2b - 154 o 410GeV| 450-510 GeV ATLAS-CONF-2016-022, ATLAS-CONF-2016-084
if, bt 2ep 2b - 203 |4 0.4-1.0 TeV BR(f1—+be/p)>20% ATLAS-CONF-2015-015
Other Scalar charm, & 1] 2¢ Yes 203 |z 510 GeV mi¥])<200GeV 1501.01325
*Only a selection of the available mass limits on new ~1
states or phenomena is shown. 10 1 Mass scale [TeV]

Standard ATLAS approach in many searches:
« Focus on specific signatures, simplified models guide optimisation
. Data-driven backgrounds: multiple control regions to constrain MC predictions and systematics
. Validation regions: verify background descriptions
. Signal regions: sensitivity!
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SUSY: Jets + E_™ss (08)

] I I | | ] I I | I I I
ATLAS Preliminary ¢ Data 2015 and 2016
_ i’ #4444 SM Total
{s=13TeV, 13.3 b I W-iets
[ fH(+EW) & single top
10° [ Z+ets
. [ Diboson

H Multi-jet
10? Eﬂ L

Events

10*

Require 2-6 jets and veto isolated leptons
« Sensitive to g and g production

IIIIILHI

0 _,—l_%' ,,, = § Main backgrounds Z/W+jets and tt
] ol g9 production, B(g > qq ,)=100%
ﬁl = ;‘ 1600 B 1 T 1 l T 1 T I T 1 1 l 1 T 1 | T 1 T I T T 1 l 1 1 1 | T 1 1 ] T _
| — = (ﬂj’ — ATLAS Preliminary ma Obs. limit (+1 55”3")

5 , :;i T = 1400— Vs =13TeV, 133" === Exp. limits (+10,,,)
< HE. 2015+2016 —+— 3 £ [~ 2015+2016 —=-= Exp. limits MEff
€ 155 —— E - —.—-= Exp. limits RJR
8 1; e L7 it/ Ungaaad gt el 77 Vane e 777 A 1200 | 0-leptons, 2-6 jets ——— Obs. limit (20.3 o™, 8 TeV)

OoE k- [ MEff or RJR (Best Expected) = Obs. limit (3.2 fo", 2015)

g2ty 2 ety et g
0

Mege  Mege  Meg . Megr . M
Tomalieraln et et ot o ereqetrg 1000

260071 | All limits at 95% CL R

Signal Region ~
. ] 800—
Total of 30 signal regions: -

e 13 shown with different meffcuts 600

o Largest excess 1.60 '?0/;\ h

400

« No significant excesses overall - /'/7771‘
200[—
- miss 4 i C E
m ff ET Z | pT(Jet) I C 11 1 I 11 1 I 11 1 I 11 1 I 1 1 1 I 1 11 l 11 | EI .*:I 1 I 1
200 600 800 1000 1200 1400 1600 1800 2000
m(g) limit (low-mass y.°) m; [GeV]

Run-1) 1.4 TeV - 1.86 TeV
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LHC and ATLAS Upgrade Roadmap

LHC
Run 2
EYET 14 TeV 14 TeV
13 TeV & 13.5-14 TeV eneray
injector upgrade S5to7x
splice consolidation cryo Point 4 cryolimit HL- LHC nominal
7 TeV 8 TeV button collimators DS collimation interaction ) N luminosity
R2E project P2-P7(11 T dip.) regions installation
Civil Eng. P1-P5 _\

radiation
el ——age experiment
750 experiment experiment upgrade 2 x nominal luminosity
nomina beam pipes nominal luminosity [ phase 1 - upgrade phase 2
uminosity | /

Iurnmosmr

2012 20 coII|S|ons | HL LHC 200 C0||ISI ns

e Detector challenges: A .
— 10 times more radiation (~ 1 016 neq/cm2 10 MGy)
— 10 times more pile-up:

* Run-1 « 10 C <U>=20 ; <Npy jets pr>306ev> ~ 0-04 j

Upgrade goal:

» Keep performance (tracking, b-tag, jet/E;™s,...)
e Trigger rates acceptable with low PT thresholds
* Pile-up mitigation up to large n is needed
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Motivations

e Electroweak Symmetry Breaking

— Higgs precision measurements
(coupling and spin-CP quantum numbers)

— Higgs rare and invisible decays
(H2up, H =2 Zy,..)

— Top Yukawa coupling (ttH)
— Higgs self coupling
e Beyond the Standard Model
— Higgs sector (search for deviations from SM)
— Dark matter
— SuUsY
— Exotics

ATL-PHYS-PUB-2013-003, 2014-007

ATLAS Mass reach for Exotic signatures

ATLAS @14TeV Z'->eeSSM g, > ttRS Dark matter M*

95% CL limit 95% CL limit 50 discovery
. | 300 fb 6.5 TeV 4.3 TeV 22TeV

3000 fb! 7.8 TeV 6.7 TeV 2.6 TeV

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

ATLAS Mass reach for SUSY particles

ATLAS gluino squark stop sbottom yx,*mass x,* mass
projection mass mass mass mass WZ mode WH mode
300 fb-! 20TeV 26TeV 1.0TeV 1.1TeV 560GeV None
3000 fb™! 24TeV 31TeV 12TeV 1.3TeV 820GeV 650 GeV

August 15 2016

ATLAS Simulation Preliminary
's =14 TeV: [Ldt=300 b ; [Ldt=3000 fb

H—yy (comb.) E

H— ZZ (comb.)

H— Zy (incl.)

H— bb (comb.)

H—ott (VBF-like)

H—oup  (comb.)
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ATLAS Phase 1 Upgrades (2019-2020)

Fast Track Trigger (FTK) (ATLAS-TDR-021-2013)

Status/Plans:
* 2016: Commissioning
e 2017: Full coverage operation (already in Run-2)

HW based tracking of Si-tracking layers at “Level 1.5”

—1 * Now: Modules 0 construction in various sites

High Granular L1 Calorimeter Trigger
(ATLAS-TDR-022-2013)

Status/Plans:

e 2014: Installed FE demonstrator

e 2015: Successful data taking

* On-going: FE-BE prototype and production

« 2019: Installation m“\

Main Target:

| ©2017/2018: Production
o 2019 InstaIIatlon

\ Trlgger/DAQ Phase 1 Upgrade (ATLAS-TDR-023-2013)
* L1Calo: improved lepton triggering, feature extractors for e/y, jets, MET...
e L1Muon: new/improved sector logic (and information to central trigger), NSW

Muons: New Small Wheel (NSW)
(ATLAS-TDR-020-2013)

sTGC + MicroMegas (trigger & precise tracking)
Status/Plans:

e 2016: Final Design Review and PRR for all sites

s

o Better trigger capabilities (efficiency, fake rejection)

« Maintain same acceptance/p; thresholds with higher pileup.
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ATLAS Phase 2 Upgrades (HL-LHc 2024-2026)

ITK Inner Tracker Muons:
* Pixel + Strip  Inner Barrel Layer ( thin-gap RPC + uMDT)
* |n| <2.7 2 |n|<4.0* * New electronics

| I\/Iuon Tag |r]| <2 7 9 |r]|<4 O*

Trigger & DAQ
» LO (Calo+Muon): 1 MHz
« L1 (Calo+Muon+ITK): 400 KHz
« HLT/EF: 10 KHz

=4 « FE, BE Electronics LAr/Tilecal
il < SFCAL w/ better granularity*
« HGTD Timing Detector 2.5<|n|<5*

Large eta scenarios (part of the reference detector layout)*

ATLAS References:

*  Phase Il Lol CERN-LHCC-2012-022

e Scoping doc. CERN-LHCC-2015-020 (Impact of different cost scenarios on physics/perf.)

e All Initial Design Reports-IDRs until end 2016 = Technical Design Reports-TDRs until end 2017
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Conclusions

e The LHC has gone beyond its design and is now in full production phase
e ATLAS Enhanced detectors and trigger systems working very well
— ATLAS coping well with pileup levels approaching twice design

e Wealth of measurements already from 13 TeV data

— Simple and complex final-states
More results j

— Inclusive cross-sections to multi-boson, top, b-physics ATLas , N the Severa|
— Starting precise measurements of H(125) at 13 TeV talks i "’:d ATLAS+CMS
. . . € comij
 Exploring the 2016 data in many topologies Ming days

— Many complex searches with multiple signal regions probed

— No significant excesses yet, though some ~2-30 effects — more data will tell if they
will remain

e Huge thanks to the LHC and injector teams for the excellent performance

 Anintense program of upgrade will allow ATLAS to run at its best as LHC
and HL-LHC will deliver up to 3000 fb! of luminosity
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Conclusions

e The LHC has gone beyond its design and is now in full production phase

e ATLAS Enhanced detectors and trigger systems working very well
— ATLAS coping well with pileup levels approaching twice design

e Wealth of measurements already from 13 TeV data

— Simple and complex final-states

ATLAS , d the severy
— Starting precise measurements of H(125) at 13 TeV talks i e AT LAS S+CMs

— Inclusive cross-sections to multi-boson, top, b-physics

 Exploring the 2016 data in many topologies €Oming days
— Many complex searches with multiple signal regions probed

— No significant excesses yet, though some ~2-30 effects — more data will tell if they
will remain

e Huge thanks to the LHC and injector teams for the excellent performance

 Anintense program of upgrade will allow ATLAS to run at its best as LHC
and HL-LHC will deliver up to 3000 fb! of luminosity

Thank You!
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