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Outline

• ATLAS detector 
and LHC timeline 

• Run 2 upgrades 
[and performance] 

• Future upgrades 
for run 3 and run 4
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ATLAS cavern February 2004
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February 2007
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The ATLAS Detector
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LHC Timeline
√s = 7-8 TeV, L~0.8×1034 cm-2s-1, BS=50ns 

⬅ Go to design energy and luminosity 

 √s = 13-14 TeV, L~1×1034 cm-2s-1, BS=25ns 

⬅ Injector and LHC Phase-I Upgrade  

√s = 14 TeV, L~2×1034 cm-2s-1, BS=25ns 

⬅ HL-LHC Phase-II Upgrade 

√s = 14 TeV, L~5-7×1034 cm-2s-1, BS=25ns
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ATLAS Timeline

⬅ Enhancements to trigger and detector 

 √s = 13-14 TeV, L~1×1034 cm-2s-1, BS=25ns 

⬅ Mainly more trigger upgrades  

√s = 14 TeV, L~2×1034 cm-2s-1, BS=25ns 

⬅ Major upgrades for HL LHC 

√s = 14 TeV, L~5-7×1034 cm-2s-1, BS=25ns

6

Ru
n	
1	

LS	1	

Ru
n	
2	

LS2	

Ru
n	
3	

LS3	

Ru
n	
4	

2009	
2010	

2013	
2014	

2019	
2020	

2024	
2026	

…

~20	+-1	

		~150	+-1	

										~300	+-1	

	~3000	+-1

Total L1A rate limited to ≈100 kHz until LS3



Martin Wessels ATLAS Detector — Status and Upgrade

Start of Run 2: Exciting Times
pp collisions at √s=13 TeV 

• in 50ns and 25ns bunch spacing 
• peak luminosity 5.1×1033 cm-2 s-1 

pp collisions at √s=5 TeV 

Pb-Pb collisions at √sNN=5 TeV
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New era for proton-proton 
as well as heavy ion collisions  
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New Frontiers in Physics
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This event was collected in September 2015: the two central high-pT jets have an invariant mass 
of 8.8 TeV, the highest-pT jet has a pT of 810 GeV, and the subleading jet has a pT of 750 GeV. The 
missing ET for this event is 60 GeV.
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Pb-Pb at √sNN=5 TeV
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ATLAS Detector in 2015

• Overall smooth operation 
[Average recording efficiency 92.1%] 

• Constant live fraction of channels  
• Important re-commissioning with data 
• Learned to operate “a new detector”
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LS1/Run 2 Upgrades
Additional 4th 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 

Trigger/DAQ improvements  
New L1 topological trigger [L1Topo], new L1 
Central Trigger Processor, improved L1Calo, 
Tile-muon coincidence, Fast TracK Trigger 
[FTK], restructured High Level Trigger
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Inner Detectors

• New innermost 4th layer for the Pixel 
detector [IBL = Insertable B-Layer] 

• Required complete removal of the 
ATLAS Pixel volume  

• IBL fully operational
12

Three ATLAS tracking detectors: 
Pixels, SCT and TRT
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Inner Detector Performance
Pixel Tracker 

• Overall smooth operation 
• More functional modules compared to run 1 
• IBL enhances tracking close to IP  

SemiConductor Tracker — SCT 
• Stable and reliable throughout 2015  
• 98.6% of 6 million strips active for tracking  
• Small drop in hit efficiency with 25ns beams  

[Expected due to veto on hit in previous BC] 

Transition Radiation Tracker — TRT 
• Proved to sustain 100 kHz at 50% 

occupancy  
• Still some gas leaks — Negligible impact on 

electron identification
13

SCT-2015-001

[See talk by Ewa Stanecka]

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/SCT-2015-001/
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IBL Performance
Bowing of ~10μm/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 
• Current drifts are understood due  

to radiation and expected to improve 

Alignment correction applied  
on run-by-run basis, no significant  
impact left on tracking  

IBL significantly improves impact  
parameter resolution [see talk by Hong Ma later]
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ATL-INDET-PUB-2015-001

https://cds.cern.ch/record/2022587
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Calorimeters
• Very stable performance  

• Improved stability of 
new Tile power supplies 

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

• LAr using 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]:  
|η|<1.05 

• Thin Gap Chambers  [TGC]: 
1.0 < |η| < 2.4 

Precise muon chambers  
• Monitor drift tubes [MDT]:  

barrel and end-cap 
• For |η| > 2.0 also  

Cathode Strip Chambers [CSC] 

Improved acceptance from additional 
chambers in feet and elevator regions 

Physics performance, see Hong’s talk
16
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ATLAS Trigger/DAQ in Run-2
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Trigger/DAQ System
‣ Centre-of-mass energy 8→13 TeV — 2-2.5x increase in trigger rates 
‣ Peak luminosity 0.8→1.7×1034 cm-2s-1 — ~2x higher trigger rates  

Possible options: 

Increase output rate  
➡ Challenge for offline  

computing 

Increase thresholds 
➡ Lose interesting  

physics  

Increase rejection 
➡ Better hardware  

and software 
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Level-1 Calorimeter Trigger

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

• Dynamic pedestal correction 
in nMCM resulting in 
dramatic rate improvement
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Trigger Level Analysis

20

• Di-jet resonance search 
limited to mjj>1.1TeV 

• Lowest unprescaled single 
jet is 360 GeV  

• Store only HLT jets instead 
of full ATLAS event  

➡ 2 kHz vs 200-300 Hz 
➡ Enhanced sensitivity to 

lower BSM mediator 
masses
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ATLAS Timeline

⬅ Enhancements to trigger and detector 

 √s = 13-14 TeV, L~1×1034 cm-2s-1, BS=25ns 

⬅ Mainly more trigger upgrades  

√s = 14 TeV, L~2×1034 cm-2s-1, BS=25ns 

⬅ Major upgrades for HL LHC 

√s = 14 TeV, L~5-7×1034 cm-2s-1, BS=25ns
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Figure 1.2: A z-y view of 1/4 of the ATLAS detector. The blue boxes indicate the end-cap Monitored
Drift Tube chambers (MDT) and the yellow box in the Small Wheel area the Cathode Strip
Chambers (CSC). The green boxes are barrel MDT chambers. The trigger chambers, Resistive
Plate chambers (RPC) and Thin Gap Chambers (TGC), are indicated by the outlined white
and the magenta boxes. This is a cut-out on the muon spectrometer at the large sectors, hence
the names ‘End-cap Inner Large’ (EIL), ‘End-cap Middle Large’ (EML) and ‘End-cap Outer
Large’ (EOL). The detector regions of the Small Wheel and Big Wheel are also outlined.

Both of these two issues represent a serious limitation on the ATLAS performance beyond design
luminosity: reduced acceptance of good muon tracking, and an unacceptable rate of fake high pT
Level-1 muon triggers coming from the forward direction.

In order to solve the two problems together, ATLAS proposes to replace the present muon Small
Wheels with the ‘New Small Wheels’ (NSW). The NSW is a set of precision tracking and trigger
detectors able to work at high rates with excellent real-time spatial and time resolution. These
detectors can provide the muon Level-1 trigger system with online track segments of good angular
resolution to confirm that muon tracks originate from the IP. In this way the end-cap fake triggers
will be considerably reduced. With the proposed NSW the ATLAS muon system will maintain the
full acceptance of its excellent muon tracking at the highest LHC luminosities expected. At the
same time the Level-1 low pT (typically pT > 20GeV) single muon trigger rate will be kept at an
acceptable level.

The ⌘ coverage of the proposed NSW (and the existing Small Wheel) is 1.3 < |⌘| < 2.7. The
remaining region of the inner station 1.0 < |⌘| < 1.3 is covered by the existing EIL4 detectors of
the current muon end-cap system. The TGC chamber in EIL4 will be used to provide a rough
confirmation that a particle has traversed the end-cap toroid zone, reducing the fake end-cap
triggers in this region. The EIL4 chambers however only cover about 50% of the full azimuthal
angle, while the rest of the space taken by the barrel toroid coils. A plan for a small scale upgrade
is being studied to fill the uncovered region.

Prior to the installation of the NSW in 2018, the existing TGC chambers of the Small Wheel
and EIL4 will be integrated in the end-cap trigger system during LS1 to reduce fake triggers
within a limited acceptance 1.0 < |⌘| < 1.9. Due to the small number of layers (2 layers/chamber)
and coarse spatial segmentation of the existing detector, only a rough hit position can be used

7

LS2/Run 3 Upgrades
• Goal is to provide better trigger capabilities to maintain 

the same performance at higher pileup [μ~80] 
• The four main Phase-I Technical Design Reports are 

approved 

‣ New Small Wheel for  
muon trigger [NSW]  

‣ Hardware based track  
trigger [FTK] for HLT 

‣ Finer granularity  
for L1Calo [LAr, TDAQ]

22

Aka. Phase-I

CERN-LHCC-2013-006

https://cds.cern.ch/record/1552862
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New LAr Trigger Signals
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Technical Design Report
December 2, 2013

ATLAS
Liquid Argon Calorimeter Phase-I Upgrade

(a)

(b)

Figure 1. An electron (with 70 GeV of transverse energy) as seen by the existing Level-1 Calorimeter trigger
electronics (a) and by the proposed upgraded trigger electronics (b).

• Long Shutdown 3 (LS3): 2022�2023. The LHC will undergo a major upgrade of its compo-
nents (e.g. low-� quadrupole triplets, crab cavities at the interaction regions).

• High-Luminosity LHC (HL-LHC): 2024� 2030 and beyond. The LHC complex will deliver
levelled instantaneous luminosity L = 5⇥1034 cm�2 s�1 (Phase-II operation) and an annual
integrated luminosity of 250 fb�1, i.e. up to 3ab�1 after 12 years of running.

1.2 ATLAS upgrade plans up to 2030 and beyond

To optimize the physics reach at each phase of the accelerator complex upgrades, ATLAS has
devised a staged program in three phases, corresponding to the three long shutdowns.

The upgrades during LS1 consist of consolidation of the existing sub-detectors including the
installation of a fourth (inner) layer for the pixel detector requiring a new, smaller radius central (Be)
beam pipe, additional chambers in the muon spectrometer to improve the geometrical coverage,
and more neutron shielding in the muon endcap toroids.

After LS2, instantaneous luminosities of L ⇠ 2.2⇥1034 cm�2 s�1 are expected with 25 ns bunch
spacing and the average number of interactions per crossing will be hµi ⇠ 60. If ATLAS is to exploit
this increase in luminosity and maintain a low-pT lepton threshold (⇠ 25 GeV) in the Level-1 trigger

2 Chapter 1: Overview of the Phase-I LAr upgrade project
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ATLAS Timeline

⬅ Enhancements to trigger and detector 

 √s = 13-14 TeV, L~1×1034 cm-2s-1, BS=25ns 

⬅ Mainly more trigger upgrades  

√s = 14 TeV, L~2×1034 cm-2s-1, BS=25ns 

⬅ Major upgrades for HL LHC 

√s = 14 TeV, L~5-7×1034 cm-2s-1, BS=25ns
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LS3/Run 4 Upgrades

TDAQ: Aim for 1 MHz accept rate and tracking at L1 to maintain low thresholds 
• Two levels of custom-hardware triggers, L0 and L1, including new L1Track 

Tracking: Need to cope with the increased pile-up and radiation 
• ITK — A complete new all silicon tracker, up to |η|<4.0 

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

• sFCAL — Design similar to that FCAL but narrower LAr gaps  
• miniFCAL — In front of the FCAL 

25

Aka. Phase-II

20/fb 150/fb 300/fb 3000/fb

~21 PU 55-80 PU 140-200 PU~50 PU

Phase II ATLAS Upgrade

13

2012: 20 collisions | HL : 200 collisions New Phase-II Upgrade  
Scoping Document:  
CERN-LHCC-2015-020

https://cds.cern.ch/record/2055248
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Overview of ITK Upgrade
• Need robust tracking and 

minimal material  

• Various designs are considered, 
including extension to large |η| 

• Strip tracker:  
5 layers, stubs,  
7 disks on each side  

• Pixel tracker:  
4 layers, 12 disks

26

ATLAS
Phase-II Upgrade

Scoping Document
September 25, 2015 - Version 1.0

of space points and the segmentation, and so we have confidence that this layout provides a useful
assessment of the relative performance variation between scenarios.

Disc s 
Strips  x 7 

Pixel Discs x 12 

Long (47.8mm)  
Strips  x 2 
(r=762mm, 1000mm) 

Stub  
Layer  x 1 (r=862mm) (z=1415mm,1582mm,1800mm, 

2040mm, 2320mm,2620mm,3000mm) 

Pixel Barrel x 4 
(r=39mm,78mm,155mm, 
250mm) 

Short (23.8mm) 
Strips  x 3 
(r=405mm,519mm, 
631mm) 

877mm,1059mm, 1209mm,  1358mm, 
 1509mm,1675mm,1875mm, 2075mm, 
2275mm,2500mm,2750mm,3000mm 

Figure 7. A cross-section of the LoI-VF layout showing the coverage of the pixel detector in red and the strip
detector in blue. The pseudo-rapidity coverage extends up to |⌘| = 4.0. Blue and red lines represent strip
and pixel layers, respectively. Horizontal and vertical lines represent barrel and end-cap layers, respectively.
Lines of constant pseudo-rapidity are indicated. The blue line outside the ITk volume represents the coil of
the solenoid magnet. This layout is used in the Reference scenario.

IV.2.2 Middle scenario layout
The layout of the ITk in the Middle scenario (shown in Fig. 8) introduces notable reductions com-
pared to the Reference scenario. A pair of strip discs (i.e. the next to the last disc in z) and the stub
layer are removed from the strip detector; and the ⌘-range covered by the pixel discs is limited to
3.2. Due to the limitations of time for the preparation of this scoping document, no re-optimisation of
the relative positions of the different detector elements has been attempted for this layout. The hit
information (digitisation) from the regions which have been removed are not provided to the recon-
struction software and are not used in the performance analysis. The material of the elements which
have been removed, however, remains in the detector simulations. This layout explores a modest

Chapter IV: Inner Tracker Page 38 of 229
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Conclusions
• Start of LHC run 2 — Exciting times! 

• Overall smooth commissioning and running 
• Learned to operate a new detector 

• Phase I upgrade focussing on trigger  
• Maintain low thresholds at up to 2x design luminosity 

• Phase II upgrade essential to operate the detector at 
up to 7x design luminosity 
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Additional Material

28



Martin Wessels ATLAS Detector — Status and Upgrade

pp at 13 TeV 

29

Run 1 [8 TeV] Run 2 [13 TeV]
Peak lumi [cm-2s-1] 7.7x1033 5.1x1033

Integrated Lumi [fb-1] 22.8  4.2

Mean Interactions/BX 21 14
Data Taking Eff. 93 % 92% 

Average recording efficiency 92.1% 

50ns 25ns

25ns Spacing50ns Spacing

5×1033

~15
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Calorimeter Performance

PT balance in multi-jet events  
[part of the in-situ JES calibration]

30

Electron reconstruction efficiency 
in Z→ee events [calorimeter only]

JETM-2015-003

EGAM-2015-006

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
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Muon System Performance

• Muon reconstruction efficiencies for Z➝μμ and J/Ψ➝μμ 
• Three working points 
• Good agreement between data and Monte Carlo

31

MUON-2015-004

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

• 1 kHz physics output 
rate 

• 4 kHz total output rate  
[partial EB for 
calibration, monitoring 
and data scouting] 

• Bandwidth ~1.5 GB/s 
[80% physics]
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