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“Only a selection of the available mass limits on new states or phenomena is shown. Alllimits quoted are observed minus 1o theoretical signal cross section uncertainty.

“Only a selection of the available mass limits on new states or phenomena is shown.
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457 submitted papers with coIIision data up to date
Run-| dataset unique and extremely well understood
Still being analyzed and yielding precision measurements




Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

Pixel detector
LAr electromagnetic calorimeters

Toroid magnets
Muon chambers Solenoid magnet | Transition radiation tracker

Semiconductor tracker

» High precision silicon and micro-tube tracking
» Fine-granurality/longitudinally segmented calorimeter
» Air-core toroid muon spectrometer



What to Expect in the Early Run 2 Data
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http://arxiv.org/abs/1008.2461
http://arxiv.org/abs/1010.2130

Replacement

» Infrastructure upgrades rionag NP

— new beam pipe, improvements to cryogenic
systems

» Detector consolidation
— Completion and repair of muon chambers, repair
of pixel modules and calorimeter electronics, new

luminosity detectors, improved read-out for 100
kHz LI rate

» Insertable B-layer (IBL)

— New innermost pixel layer at R=3.3cm from beam
» Trigger
— New topological LI trigger, new central

trigger processor, restructured high-level trigge

» Reconstruction and calibration

system



Large Hadron Collider ATLAS detector trigger & online monitoring
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= Here | will focus mostly in the two last parts of this chain, but huge efforts
involved in all parts

= A special thanks from the ATLAS collaboration to the LHC team for a successful
start of Run 2!




Detector Status: April
m

Pixels 92M
SCT Silicon Strips 63M
TRT Transition Radiation Tracker 350 k
LAr EM Calorimeter 170k
Tile calorimeter 4900
Hadronic endcap LAr calorimeter 5600
Forward LAr calorimeter 3500
LVL1 Calo trigger 7160
LVL1 Muon RPC trigger 370k
LVL1 Muon TGC trigger 320k
MDT Muon Drift Tubes 357 k
CSC Cathode Strip Chambers 31k
RPC Barrel Muon Chambers 370k
TGC Endcap Muon Chambers 320k

» Up to 85 pb™! used in analyses in June-July at 50 ns

» 80 pb™! collected in August, most of which at 25 ns

(25 pb™! at 50 ns)

» Measurements in this talk use the first dataset,

searches the second
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Luminosity weighted relative detector uptime (in percent) and good quality data delivery during the stable beams in pp
collisions at 13 TeV between June-August 2015, corresponding to 173 pb™ recorded luminosity.
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Day in 2015

» Luminosity calibration from July 66 VdM scan: luminosity uncertainty of 9%

> Thorouih VdM scan from last week not iroiaiated to analises iet
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» Good understanding of trigger turn-
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OBJECT RECONSTRUCTION AND PERFORMANCE
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» Use early runs to perform alignment

» Basic track properties are described by the MC simulation

» Properties of tracks inside jets of importance for b-tagging

and jet calibration also well described

Local x residual [mm]
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» Measure tracking performance in-situ
— Material mapping of new IBL
— Impact parameter resolution
(improved due to IBL)

» Used in first data measurements,

performance improvements important for

b-tagging
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Dedicated runs with 22 pb!' with the

toroid off used for muon alignment

Muon reconstruction and identification
efficiency measured in data using Z and J/

¥ events

Resolution and scale extracted in data

using Z and J/W peak

Excellent agreement between data and

MC simulation
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Electron Commissioning and Performance
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» Shower shapes used in electron identification
studied in detail

» Differences found consistent with what was
observed in Run |

» Electron energy scale and resolution studied
using 2015 Z—ee and reprocessed 2012 data
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Data/ MC

E; [GeV]

» Shower shape differences translate into MC/data differences in identification
efficiencies

» ldentification efficiencies measured in data and scale factors derived for MC
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Jet Commissioning
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» Use knowledge of calibration and performance in Run | to extrapolate
systematic uncertainties to Run 2

» Effects of known changes in the detector are conservatively accounted for as
additional systematic uncertainties
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» Algorithmic improvements and IBL yield a 4x increase in light-jet rejection in b-
tagging algorithms

» Variables input to the b-tagging algorithm as well as output discriminant well
described in top quark pair events
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» New way of reconstructing ET™s to
reduce sensitivity of pile-up

» Use tracks for part of the event not
associated to the hard objects (soft
terms)

» Improved resolution without increasing
bias on Et™s reconstruction

» Systematic uncertainties use MC
simulations, but verifications in data
show good agreement with MC
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pp Cross Section and Soft QCD Measurements

ATLAS

EXPERIMENT First Stable Beams at 13 TeV

Run: 266904
Event: 9886561
2015-06-03 10:49:54 CEST

» Trigger using one » They use low
MBTS hit luminosity run in June

CERN Seminar, September 1st 2015 D. Lopez Mateos



} X » MBTS coverage (2.08<|7|<3.86) defines
fiducial region of the measurement
Single Dissociation DOURNG EXSSOGiaRai (MX> |3 GGV)
/
ﬁé » Measurement also extrapolated to Mx=m;
Central Diﬁraction\ Non-diffractive Dissociation

» Counting experiment with highly efficient
trigger

» Diffractive component estimated using
N —Npg 11— fzci0-6 events triggered by one side MBTS hits
X only (affects €sel and extrapolation out of
fiducial region)

= -6
Tinel(§ > 1077) =
Etrig X L €sel
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Inelastic pp Cross Section

T

® ATLAS (MBTS, extrap.) — Pythia 8

A ATLAS ALFA

v TOTEM =~~~ Block & Halzen 2011 3
A ALICE (extrap.) - - - EPOSLHC [
¢ LHCb (extrap.) - - - QGSJET-I

O Auger (Glauber extrap.)

e pp (non-LHC) [ ] Achili et al.

© pp
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Preliminary

ATLAS MBTS data extrapolated using Pythia implementation of Donnachie-Landshoff model with ¢ = 0.085 for do/dg

107 10° 10

\'s [GeV]

‘Gﬁd=65.2ﬂ20.8 (exp.)£5.9 (lum.) mb‘

‘aine|=73.1:I:O.9(exp.):I:6.6(Ium.):I:3.8(extr.) mb‘

D. Lopez Mateos
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Minimum Bias Charged Particle Multiplicities
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» Tracking requirements:
— At least one track with pr>500 MeV
— Exactly one vertex with 2 tracks of
pr>100 MeV
» Data reasonably described by EPOS and
Pythia tunes
» Additional measurements of underlying
event (ATL-PHYS-PUB-2015-019)
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_ S(A¢. An)
4 COnAD = B agan

S=same event
B=mixed event (proxy for no correlation)

» High Nch events show correlations at large An and A¢=0

» Effect present strongly in p-A and A-A collisions

» First observed on p-p collisions by CMS at /s=7 TeV
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S=same event
B=mixed event (proxy for no correlation)

» High Nch events show correlations at large An and A¢=0

» Effect present strongly in p-A and A-A collisions

» First observed on p-p collisions by CMS at

s=7 TeV
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» Very large increase in statistics

» Size of ridge independent of center-of-mass energy, only dependent on N,
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Inclusive Jet Cross Section Measurement

EXPERIMENT

» Counting experiment using » Focus on area of the
lowest-pTt unprescaled detector with lowest jet
single-jet trigger uncertainties (]y|<0.5)

01

ooooooooooooo
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» Good agreement with fixed-order NLO calculation and several PDFs

» Systematic uncertainties dominated by luminosity (9%) and already comparable to
uncertainties in fixed-order calculation

» Measurements of photon+jet production also in progress (see ATL-PHYS-
PUB-2015-016)
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W and Z Cross Section Measurements

» Isolated electrons or » W bosons » Z bosons: opposite-
muons, pt>25 GeV — EymMiss>25 GeV sign leptons with
— m7>50 GeV 66<my<l 16 GeV
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W and Z Cross Section Measurements
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» About | million W candidates selected and 100k Z candidates
» Measure fiducial cross section and total cross section

» Systematic uncertainties dominated by luminosity (and then lepton efficiencies
and backgrounds and jet energy scale for the W measurement)
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» Measurements consistent with NNLO predictions with different PDFs

» Measurement uncertainties without luminosity already of the same magnitude as
theoretical uncertainties!
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» Cross section ratios cancel main systematic uncertainty (luminosity)
» Statistical uncertainties much smaller than systematics, uncertainties of ~3%

» Measurements agree with various PDFs
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» Cross section measured with uncertainty of 10-15% up to Njec=4, luminosity is
the dominant uncertainty

» Cross section ratios measured within less than 5%, where enough statistical power
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tt Production

ATLAS

EXPERIMENT

Run: 267638
Event: 193690558
2015-06-13 23:52:26 CEST

» Isolated electron and » | or 2 b-jets, pr>25
muon, pt>25 GeV GeV
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» Very low background

» Use of | b-jet and 2 b-jet regions allows to measure b-tagging efficiency times

acceptance (€p) at the same time
€p92=52.7+2 6(stat.)£0.6(syst.)%
€xM“=54.3%
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» Good understanding of detector and
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» Black hole production in models with extra
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dimensions see a very large increase in 13 1
production cross section ) —— B S
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» Sensitivity to excited quarks and contact 500 1000 1500
. . Reconstructed m’ [GeV]
interactions does not yet extend beyond our
Run | limits
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Event: 531676916
2015-08-22 04:20:10 CEST
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» Use mjj distribution

> [y*[=ly1-y2l/2<0.6
> m],->| 100 GeV

» Fit bkg to: pi(1-x)P2xP?

= No significant deviations observed
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Searches in Dijet Final States (Non-Resonant)
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» Usey distribution

> |Y*I<IL.7, lys|=(y1+y2)/2<I.I
» m;>2500 GeV

» Bkg estimate from NLO
predictiont+EW corrections

= No significant deviations observed
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Search in Multijet Final States
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» Analysis uses Ht (scalar sum of pr of all jets of pr>50 GeV) and fit to the data in

bins of Njets>3,4,5,6,7 and 8

» Control region defined in small set of data (6 pb™') according to exclusion limits
from Run |, then expanded on the rest of the data (74 pb-'), based on exclusion

obtained on 6 pb-!
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= No significant deviations observed in any signal region
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» Use Njets=3 signal region (most powerful)
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» Improvement of 2-2.5 TeV on exclusion limit with respect to Run-1| result
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» Strategy and models similar to multijet final states
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» Several control regions enriched in primary backgrounds (W+jets, Z+jets, tt)

determine their normalization

» Systematics on extrapolation to high pt obtained in situ in control regions
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= No significant deviations observed in signal region, improvement of 1.5 TeV on
Run-1 limit


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-046

Events / 100 GeV

Data / MC

ATLAS Preliminary Vs =13 TeV, 78 pb™

® Data

—— Total background
(normalised to event yield in data)
—— Contribution from reducible background

]

Dielectron Invariant Mass [GeV]

Ll
600

Events

E T T T T I T T T T T I T T T T I T T T T I T T I T T T I T T
c —e— Data 2015 (Vs = 13 TeV) % G* — y y selection
[ ATLAS Preliminary — SWTo © Lk
103 L=78 pb’! I weets i) E
E Top i) r
C Bl zets S
- ;_ I Divoson Lﬁ 10
F CRW selection
10 §_ 1 =
1=
= N I I R
- 107 ="%00 00
22 o
1.5E _L
e g r O gl I E
0.5F ST
0 500 1000 1500 2000 2500
m.(incl.) [GeV]
o 10°g— T T T ———
c
:>.|J ATLAS Preliminary * Data
104 \/g =13 TeV, 78 pb_1 D Z/Y*
Dilepton Search Selection
10° - Top Quarks
[ ] biboson
10° .
Multi-Jet & W+Jets
Not Included
10
1
107
.10—2 1 1 1 1 1 1 1 1
100 200 300 400 500 600 1000

P | B ,
800 1000 1200 1400

—

Events / 50 GeV

ATLAS Preliminary —e— Data 2015 (1§='13'Te'V)' 1

Ldt=78.4pb”
hard 1L (e/w)

tt
- W-jets
[ Diboson
I single Top
Bl Z+jets

| IIIIILLl

p—

ﬁ‘l'/’//’//?

N
4 B
N
15
S|

E 2 T T T T T
rnw [Gev] n C T 77 ]
-~ . r b é AW /7%
I I s M Ll Ll Ml L
s i
[m) C iz ]
0'....|. P IR P R B
0 100 200 300 400 500 600
m, [GeV]
I T T T T
[ W’ — ev selection e Data
10" ATLAS Preliminary Cw
(s =13TeV, 78 pb™ B Top
10° Ezy+
[ ]Diboson
[ ]Multi-Jet

10?

10

1L
1090100

200

300 400 500 600
Transverse mass [GeV]



Commissioning of Objects for the Rest of 2015
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» Only discussed studies relevant to the measurements and searches shown

1000 1200

» However, using data and MC simulations to commission techniques of relevance in

the next couple of months:

— T tagging (ATL-PHYS-PUB-2015-025)

— boosted hadronic W/Z tagging (ATL-PHYS-PUB-2015-033, ATLAS-CONF-2015-035)
— boosted H—bb tagging (ATL-PHYS-PUB-2015-035)
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Conclusions and Outlook

» ATLAS has successfully commissioned several upgrades to the detector and
reconstruction

» Physics objects have been understood with detailed MC simulations and in situ
analyses, reaching already small systematic uncertainties

» First measurements performed at |13 TeV on:
— soft QCD (inelastic cross section, minimum bias, underlying event and 2-
particle correlations)
— hard processes (inclusive jet cross section,W/Z and top pair production)

» First searches are capable of improving Run | limits on black hole production
» Understanding of backgrounds for many other searches well underway

» Physics objects necessary for the rest of the year such as boosted bosons well
on their way to being commissioned

= ATLAS is ready for discoveries and precision physics with more |13 TeV data!
All the material from today’s talk and more can be found here
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