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The ATLAS Detector

Detector characteristics

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter | width:  44m

Diameter: 22m
Weight: 7000t
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| HC Timeline

Vs = 7-8 TeV, L~0.8x103%4 cm=2s-1, BS

4= (o to design energy and luminosity

Vs = 13-14 TeV, L~1x1034 cm-=2s-1, BS

=50ns

~20 fb




ATLAS Timeline

2010

Total L1A rate limited to ~100 kHz until LS3

~20 fb
2013
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Enhancements to trigger and detector




Start of Run 2: Exciting Times

op collisions at y/s=13 TeV

LHC Pagel
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BIS status and SMP flags Bl ¥4
Link Status of Beam Permits
Global Beam Permit
Setup Beam

13-12-15 13:12:11
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4.89e+07 I(B2): 1.20e+09

the LHC is back in business
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Moveable Devices Allowed In
Stable Beams

BIS status and SMP flags
Link Status of Beam Permits
Global Beam Permit
Setup Beam
Beam Presence
Moveable Devices Allowed In
Stable Beams

PM Status B1 ENABLED VI £ {10 ¥4 ENABLED

{ients (13-Dec-2015 13:11:37)
Last Stable Beams for 2015!

AFS: 100_150ns_518Pb_516Pb_492_444_24 _22inj
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ATLAS

EXPERIMENT

Run: 279685
Event: 690925592
2015-09-18 02:47:06 CEST

rontiers in Physics

Th|s event was collected in September 2015: the two central high-pr jets have an invari \ass
of 8.8 TeV, the highest-pr jet has a pr of 810 GeV, and the subleading § as a pr of 750 . he
missing Er for this event is 60 GeV. 8
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_Pb-Pb at y/snn=5 TeV
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Run: 286665 Y /'/
Event: 419161 ) /

2015-11-25 11:1 CEST fi‘ . stable beams heavy=ion collisions
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ATLAS Detector in 2015

Pixels

SET

TRT

LAr EM
Tile

LAr HEC
LAr FCAL
L1Calo
L1Mu RPC
L1Mu TGC

M Run 1
M Run?2

i

ATLAS pp 25ns run: August-November 2015

Inner Tracker Calorimeters Muon Spectrometer Magnets

Pixel SCT TRT LAr Tile MDT RPC CSC TGC Solenoid Toroid

93.5 99.4 98.3 : 100 100 100 100 978

me and gobd data quality (DQ)
beam in pp collisions with 25ns bunch spacing at Vs=13 TeV between August-November 2015,
corresponding to an integrated luminosity of 3.7 fb™l. The lower DQ efficiency in the Pixel detector is due to
the IBL being turned off for two runs, corresponding to 0.2 fbl. Analyses that don’t rely on the IBL can use
those runs and thus use 3.4 fb-! with a corresponding DQ efficiency of 93.1%.

* Overall smooth operation
[Average recording efficiency 92.1%]




| S1/Run 2 Upgrades

- N ™
AR X

Additional 4™ silicon pixel layer [IBL]
Innermost layer at R=3.3cm

Infrastructure
New beam pipe, improvements to magnet and
cryogenic system

Detector consolidation

More muon chambers, improved readout for
100 kHz L1 rate, LAr and Tile power supply
replacements, new lumi detectors, new MBTS
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INnner Detectors

Three ATLAS tracking detectors:
Pixels, SCT and TRT

R=1082mm

Pixel installation [Nov 2007]
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« New innermost 4" layer for the Pixel
detector [IBL = Insertable B-Layer]

* Required complete removal of the
| { -3 ATLAS Pixel volume

R =88.5mm

R =50.5mm
R =33.25mm

e |BL fully operational
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[See talk by Ewa Staneckal]

INnner Detector Performance

ATLAS Pixel Preliminary I End of Run 1
. After Re-installation ° Overal | SmOOth operation
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* More functional modules compared to run 1
* |BL enhances tracking close to IP

Pixel Disabled Modules [%)]

Layer2  Layer1  Layer0 « Stable and reliable throughout 2015
* 98.6% of 6 million strips active for tracking

ATLAS Sor prai Small drop in hit efficiency with 25ns beams
G |[Expected due to veto on hit in previous BC]
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e Proved to sustain 100 kHz at 50%

occupancy
0 o Still some gas leaks — Negligible impact on
'9)_%70 2675 2680 2685 2690 2695 2700 2705 ; s :
Bunch Crossing ID eleCtron |dent|flcat|on

Martin Wessels ATLAS Detector — Status and Upgrade i3


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/SCT-2015-001/

|IBL Performance

Bowing of ~10um/K observed during cosmic ray commissioning
In early 2015

 During normal operations temperature stable to 0.2K
« Becomes an issue due to LV front-end current drifts observed during data taking

e (Current drifts are understood due

to radiation and expected to improve ATLAS  Preliminary

Data 2015
¢ default alignment
¢ fill-averaged alignment
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Alignment correction applied
on run-by-run basis, no significant
impact left on tracking
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IBL significantly improves impact s Gate LHG Fil
parameter resolution [see talk by Hong Ma later] ARRPEEREE-201-001
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https://cds.cern.ch/record/2022587

' P

- Calorimeters

* \ery stable performance

* |mproved stability of
new Tile power supplies

* Good operation
efficiency: 99.4% [LAr]
and 100% [Tile]

8 + LArusing 4 instead of 5

sample readout to
achieve 100 kHz

* Physics performance,

see Hong's talk later
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\ Muon Systems

\
|

Two triggering systems

* Restive Plate Chambers [RPC]:
In|<1.05

e Thin Gap Chambers [TGC]:
1.0<|n|<24

Precise muon chambers

* Monitor drift tubes [MDT]:
barrel and end-cap

* For|n| > 2.0 also
Cathode Strip Chambers [CSC]

Improved acceptance from additional
chambers in feet and elevator regions

Physics performance, see Hong's talk
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Trigger/DAQ System

Centre-of-mass energy 813 TeV — 2-2.5x increase in trigger rates
» Peak luminosity 0.8—1.7x103* cm=?s! — ~2x higher trigger rates

POSSIble Optlons Calorlmeterdetelct/ors ———
Detector
Increase output rate R
= (Challenge for offline oo . 100 kHz

computing

DataFlow
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ReadOut System

Increase thresholds
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= | ose interesting
.  Data Colletion Network
physics

Region Of Interest

Increase rejection igh Love Trigor
= Better hardware o |_Processars o00_]

a N d S Oftwa re Data Storage (SFO)
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Trigger/DAQ System

» Centre-of-mass 813 TeV — 2-2.5x increase in trigger rates
» Peak luminosity 0.8—1.7e34 — ~2x higher trigger rates

POS S I b | e O ptl O n S Calorimeter detectors

Detector

Increase output rate Reac-Out

Preprocessor

= Challenge for offline e 100 kiz
computing
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Increase thresholds

= | ose interesting
physics

} | CTPCORE

Central Trigger

Region Of Interest

Increase rejection igh L?;E.T)mgge,
= Better | — Processors 000 |
- Data Storage (SFO)
and l N \ ~
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| evel-1 Calorimeter Trigger

[x 2000] = Various upgrades applied to
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_ Modules in the Preprocessor
Signal Generator i
On-board test pulses _AS'C > FPGA]

ATLAS Operations
2015 Data, s =13 TeV
50 ns pp Collision Data

* Pile-up induced pedestal
fluctuations led to increased
MET rates during run 1

without pedestal correction

with pedestal correction
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* Dynamic pedestal correction
in NMCM resulting in
dramatic rate improvement

2.5 3 3.5 4 4.5 5
Instantaneous luminosity / bunch [10%° cm2 s
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Trigger Level Analysis

* Di-Jet resonance search
imited to m;>1.1TeV

Rate [HZz]
2,

—
o
N

| owest unprescaled single
jet is 360 GeV

10

ATLAS Trigger Operations e Store only HLT jets instead

¥s=13TeV

Peak luminosity: 4x10% cm2 s Of fU” ATI_AS event

From single run
Data Scouting chain seeded by L1_J75

Sum of rates of all single jet triggers - 2 kHZ VS 200_300 HZ

10:58 11:44

Time (CET), 09 Oct 2015 = Enhanced Sensitivity to
lower BSM mediator
MasSesS
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ATLAS Timeline

2010

Total L1A rate limited to ~100 kHz until LS3

~20 fb
2013

pYok VA

&= Enhancements to trigger and detector




Aka. Phase-|

| S2/Run 3 Upgrades

* (Goal is to provide better trigger capabilities to maintain
the same performance at higher pileup [u~80]

* The four main Phase-l Technical Design Reports are

approved

» New Small Wheel tor
muon trigger [NSW]

» Hardware based track

trigger [F

» Finer granularity
for L1Calo [LAr, TDAQ]

Martin Wessels

I Small Wheel Region

K] for HL

CERN-LHCC-2013-006
ATLAS Detector — Status and Upgrade 22



https://cds.cern.ch/record/1552862

New LAr Trigger Signals

Electron with Er=70 GeV as seen by run 1/2 vs. run 3 system

Trlgger Towers . 5

Trigger towers = AnA®=0.1x0.1

Jet background most critical for
electron identification

Martin Wessels

Layer 2
AnXA® = 0.025x0.1

Layer 1
AnNXA® = 0.025x0.1

Layer 0
AnxA® = 0.1x0.1

_ayer information maintained
—Higher eta granularity

—iner energy guantisation

ATLAS Detector — Status and Upgrade 23



ATLAS Timeline

2010

Total L1A rate limited to ~100 kHz until LS3

~20 fb

2013
2014

&= Enhancements to trigger and detector

Vs = 13-14 TeV, L~1x1034cm-=2s-1, BS=25ns




Aka. Phase-||

| S3/Run 4 Upgrades

New Phase-I|l Upgrade
Scoping Document:

CERN-LHCC-2015-020

Aim for 1 MHz accept rate and tracking at L1 to maintain low thresholds

* Two levels of custom-hardware triggers, LO and L1, including new L1Track

Need to cope with the increased pile-up and radiation

» |[TK — A complete new all silicon tracker, up to [n|<4.0

Higher transverse granularity to cope with large energy
fluctuations at very high pile-up (space charge effects, HV drops, over-heating)

 sSFCAL — Design similar to that FCAL but narrower LAr gaps
e miniFCAL — In front of the FCAL

Martin Wessels ATLAS Detector — Status and Upgrade 25


https://cds.cern.ch/record/2055248

Overview of ITK Upgrade

Disc s

Strips x 7
Long (47.8mm) Stub

* Need robust tracking anad Lk T L i PO s i
minimal material |

il

e Various designs are considered, ——_ 1
including extension to large || i — =

Short (23.8mm) Pixel Discs x 12

* Strip tracker:
: Pixel Barrel x 4 )
—39mm.78mm 155 Strips x 3 877mm,1059mm, 1209mm, 1358mm,
a erS S U S (r=39mm,78mm, 1S5mM, (r~405mm,519mm, 1509mm,1675mm,1875mm, 2075mm
) ) 250mm) 631mm) ’ ' ’ ’
2275mm,2500mm,2750mm,3000mm

® P | Xe | 'tr ac ke [ Track parameter Existing ID with IBL | Phase-II tracker
: ‘ In| <0.5 no pile-up 200 events pile-up
4 layers, 12 disks (o) (o)

Inverse transverse momentum (g/pr) [/TeV] 0.3 0.2
‘ Transverse impact parameter (dp) [um] 8
ol==INERE[e/eo 202022 | Longitudinal impact parameter (zo) [1m)] 50
26
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https://cds.cern.ch/record/1502664/

Conclusions

e Start of LHC run 2 — Exciting times!

* Qverall smooth commissioning and running

 |Learned to operate a new detector
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ATLAS Online.Luminosity Vs=13TeV
¢ LHC Stable Beams

Peak Lumi: 5.1x 10®¥ cm?2 s

pp at 13 leV

ATLAS Online Luminosity  /s=13TeV
[ LHC Delivered
|:| ATLAS Recorded
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Day in 2015

25

20

Peak Interactions/BX

' Average recording efficiency 92.1%

| Run1[8TeV] Run 2 [13 TeV]
NS DR T Peak lumi [cm-2s-] 7.7x1083 5.1x1033

25/05 23/06 23/07 21/08 20/09 19/10 17/11 YT
50ns Spacing - 25ns Spacing
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Calorimeter Performance

EGAM-2015-006

T l T T T l T T T T l T T T T
ATLAS Preliminary
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JETM-2015-003

Efficiency

ATLAS Preliminary —— Data

\s=13TeV, 3.3 fb" = gsr/]thla8 .

Multijet Events H erpa <.
. . —— Herwig++

anti-k, R = 0.4, EM+JES (in-situ)

|nlead jet | <12

IIII|IIII

Vs =13 TeV, 3.2 fb™
-2.47<n<2.47

—— Data
—4— MC

Electron reconstruction

$

-

|IIII|IIII|IIII|IIII|

|IIII|IIII

| | 'IIII|IIII|II Il III|IIII|IIII|IIII|IIII|IIII'
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|
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MTTTTTTITTH

Data / MC

LITTTTTTT

ox10° 3x10°
p!’recoil [GeV]

MC / Data
|

Pt balance in multi-jet events Electron reconstruction efticiency
[part of the in-situ JES calibration] in Z—ee events [calorimeter only]
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/JETM-2015-003/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/EGAM-2015-006/index.html

Muon System Performance

MUON-2015-004
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Efficiency
Efficiency

fotaTenaam' o dwomMO
—e— Tight muons S = eV, 3.
Medium muons —e— Z—up Data

ATLAS Preliminary —=— Medium muons : —— Z>uu MC
= -1 Loose muons
\s=13TeV,3.31b i Statonly = Sys @ Stat

Data/ MC

1“Wﬂwﬁ%%%%WWWﬁWW%?WMW?WMWl

25 -2 -15 -1 05 0 05 1.5 . 6 7 8910 50 30 40 5060 107
P, [GeV]

« Muon reconstruction efficiencies for Z—uy and J/Y—uu

* Three working points
 Good agreement between data and Monte Carlo

Martin Wessels ATLAS Detector — Status and Upgrade 31


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/MUON-2015-004/

Trigger Rates

* 1 kHz physics output
rate

High Level Trigger Total

Data Scouting (partial EB)

Do Cabraton partl E6 * 4 KkHz total output rate
&  Detector Monitoring (partial EB) [p arti al EB f or
calibration, monitoring
and data scouting]

 Bandwidth ~1.5 GB/s
80% physics]

Trigger Rate [HZ]

4200 4250 4300 4350 4400 4450 4500

instantaneous Luminosity [10°° cm2s1]
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