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…. 2012, up to now, an excellent year! 

Detector and trigger in excellent 

shape : 

 

 Several known problems fixed  

 Very efficient experts intervention 

crew continuously active  

 Overall data taking efficiency 

optimized at the detector level to 

minimize some existing 

inefficiencies (recovery time after  

trips (HV, LV, …)) 
 

2011:  93.5% eff. 

2012:  93.6% eff. Continuous effort during the year to adapt to 

the improving LHC performance 

 

- Max peak Luminosity : 7.73 1034 cm-2 sec-1  

- Pile-up : max 49, max average 35.4 

  

 Trigger menus adapted (mainly thresholds) 

 Algorithms and reconstruction parameters 

revised ATLAS was initially designed for 

a value of 25 



…. 2012, up to now, an excellent year! 

During the year we have lost some 

active channels : 

 

  Pixels : mostly due to opto-boards   

problems on the detector  

 Tiles Calorimeter: mostly due to 

problematic low voltage power 

suppliers on the detector 

 CSC: probable new shorts on a 

few planes 

 RPC and TGC some lost due to HV 

and gas problems 

 

 We have a problem with Xe leaks 

in the TRT system, but not yet 

affecting physics 

 

For all this we have ready solutions, for fixes during the next 

shutdown (LS1), capable to bring it back to 99-100 % 



Looking at short, medium and long term! 

We have to make sure that we are able to adapt to the 

challenges offered by the LHC accelerator in all its 

phases, also because our detector technology is aging if 

not evolving properly (including radiation damage!) 

 
Phase 0:  To nominal energy and nominal peak Luminosity 

Phase 1:  To ultimate peak Luminosity : 2 x nominal peak Luminosity 

Phase 2:  To HL-LHC mode : 5 x nominal peak Luminosity + Luminosity 

   leveling, to maximize the integrated Luminosity (~ 300 fb-1/year) 

 

In addition we have to make sure we maintain the 

infrastructure efficient and operational over decades, 

minimizing single points of failure 

 



 LHC Time-line (CERN DG at ICHEP 2012) 

  ~2022 

    2018 

2013/14 

2009 Start of LHC 

Run 1: 7 and 8 TeV centre of mass energy,  luminosity  ramping 
up to few 1033 cm-2 s-1, few fb-1 delivered 

2030   

Phase-II: High-luminosity LHC. New focussing magnets and CRAB 
cavities for very high luminosity with levelling 

Injector and LHC Phase-I upgrades to go to ultimate luminosity 

LHC shut-down to prepare machine for design 
energy and nominal luminosity   

Run 4: Collect data until > 3000 fb-1 

Run 3: Ramp up luminosity to 2.2 x nominal, reaching ~100 fb-1 / year 
accumulate few hundred fb-1  

Run 2: Ramp up luminosity to nominal (1034 cm-2 s-1), ~50 to 100 fb-1  



LS1

2009  2010  2011  2012  2013  2014  2015  2016  2017  2018  2019  2020  2021  2022  2023   …    2030   

LS2 LS3

• New Insertable pixel b-layer (IBL)

• New Al beam pipe

• New pixel services

• New evaporative cooling plant

• Consolidation of detector 

elements (e.g. calorimeter power 

supplies) 

• Add specific neutron shielding

• Finish installation of EE muon 

chambers staged in 2003

• Upgrade magnet cryogenics
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• New Small Wheel (nSW) 

for the forward muon 

Spectrometer

• High Precision Calorimeter 

Trigger at Level-1

• Fast TracKing (FTK) for the 

Level-2 trigger

• Topological Level-1 trigger 

processors

• New forward diffractive 

physics detectors (AFP)

• All new Tracking 
Detector

• Calorimeter electronics 
upgrades

• Upgrade part of the 
muon system

• Possible Level-1 track 
trigger

• Possible changes to the 
forward calorimeters

“Phase-0” upgrade: consolidation

√ s = 13~14 TeV, 25ns bunch spacing
Linst ≃1 x1034 cm-2s-1 (μ≃27.5)

∫ Linst ≃ 50 fb-1

“Phase-I” upgrades: 
ultimate luminosity
Linst ≃2-3 x1034 cm-2s-1 (μ≃55-81)

∫ Linst ≳ 350 fb-1

“Phase-II” upgrades: 

Linst≃5 x1034 cm-2s-1  (μ≃140)  w. leveling

≃6-7 x1034 cm-2s-1  (μ≃192) no level.

∫ Linst ≃ 3000 fb-1

ATLAS has devised a 3 stage upgrade program to optimize the physics reach at each Phase

 Phase 0    Phase I,II       Phase II  



Overall Strategy 

• Divide all major projects/activities in individual projects. Each project as a 

new organization. Give the chance to new institutions to join in. 

• Present for each Phase a LOI with the relevant projects and the physics 

motivation to be approved by the LHCC 

• Once LOI approved, prepare an internal review process and ask for the 

final Collaboration (CB) approval to write a TDR (technical design report) 

• Present a TDR for each project to the LHCC for approval, then finalize 

the MOU between the institutes involved and start construction 

LOI – I 

LOI – II 

5 TDRs 

3-4 TDRs 

5 MOUs 

3-4 MOUs  + 1 

Just for phase 2 we foresee a MOU to 

cover common fund items 

Preliminary 

cost 

estimation 

detailed 

cost 

estimation 



LS1 strategy 

• From 11th February 2013 to end of December 2014 (new schedule!!) 

• The Pixel (4 layers) is at the core activity of the ATLAS shutdown 

• Much of the shutdown is organized around the Pixel activity (e.g. large opening, 

small wheel de-installation, beam pipe operations) 

– Detailed work on LS1 preparation has started (~250 work packages announced) 

– ATLAS-wide planning at https://atlasop.cern.ch/shutdown/shutdown-2013-2014.php 
 

grand opening 

on side C 

https://atlasop.cern.ch/shutdown/shutdown-2013-2014.php
https://atlasop.cern.ch/shutdown/shutdown-2013-2014.php
https://atlasop.cern.ch/shutdown/shutdown-2013-2014.php
https://atlasop.cern.ch/shutdown/shutdown-2013-2014.php
https://atlasop.cern.ch/shutdown/shutdown-2013-2014.php


Small Wheel (SW) C removal 

- Not enough space for IBL/pixel installation 

- First time operation (loading and going-up) 

- Not risks free 

- Possibility to open the SW upstairs and  fix some of 

the CSC chambers 

1 year of 

preparation 

spent 



 

All new Be, Al beam pipes 

VI (beryllium + Al, new smaller radius) 

    

VT (Al) 

VJ (st. steel or Al) TAS 

IP1 

VA (Al, include bellow and 

ion pump)   

 today’s Fe pipes are among the main source of backgrounds 

… and the main source of activation problems 

 

 a full ALUMINUM solution will improve a lot (factor 3-10) 



IBL (insertable B-Layer) : a 4th pixel layer  

IBL key Specs / Params 
 

•14 staves, <R> = 33.25 mm 

•CO2 cooling, T < -15ºC @ 0.2 W/cm2 

•X/X0 < 1.5 % (B-layer is 2.7 %) 

•50 µm x 250 µm pixels (planar and 3D) 

•1.8º overlap in ϕ, < 2% gaps in Z  

•32/16 single/double FE-I4 modules per stave 

•Radiation tolerance 5x1015 neq/cm2 

•New Be beam pipe of smaller radius 

 

 

 
Underside of stave: IBL modules 

Transition to 

cables 

Staves 

IP 
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IBL construction overview:  

• IBL Modules and staves 
– Sensors & Chips produced and accepted, job done 

– Bump-bonding: presently facing some problem. Will be resolved in the next weeks 

 
– Focus on systematic understanding of FEI4B modules in electrical tests 

– Several improvements implemented to module assembly and in stave assembly                                               

– Stave flex had production hick-up resulting in re-production of more Cu parts 

– First IBL stave assembled and systematically tested for 3 months now - stave works, some 
items remain to be understood 

• Integration 
– Stave production testing ready and gear up,                                                                                                        

now to prepare final test setups for full IBL 

– SR1 area prepared for IBL integration 

• Services Installation 
– Service design finalized and working on orders now 

• Off-detector 
– Final prototypes for ROD, BOC , opto available, first major FW released and under test now 

– Integrate now off-detector elements to system test with staves in SR1 



Not yet clear (decided) if we remove or not the pixel detector to 

install the IBL 

Pixel in Pit 

• Beam pipe removal in-situ 

• Supports installation through LGT 

(long guiding tube) in-situ 

• IBL installation in pit 

• No upgrade to Pixel readout 

• No DBM system 

• No fixing of today’s pixel problems 

Pixel on Surface 

Planning and preparation takes two scenarios into account 

Surface scenario more 

complex  – current focus of 

planning and preparation 

Keeping still under preparation the in PIT scenario   

• Beam pipe removal on surface 

• Disconnection/Reconnection of pixel 

system 

• De-/Reinstallation of pixel, fix problems 

• Supports (IST) installation when all 

services (SQP) removed 

• Upgrade to readout with new SQP 

• Diamond beam monitor installed (DBM) 

• Radiation zone on surface 



In the mean time : the nSQP project is completed 

• 8 nSQPs electrically assembled and 100% functional 

• 8 nSQPs fully completed (as ready for installation) 

• All readout improvements implemented, less material forwards 

• E-boards (active/passive) will be available for loading by November. Panels will 

be open, E-boards loaded and nSQPs tested and signed off: re-check full 

connectivity and test communication chain for every channel 



Not yet clear (decided) if we remove or not the pixel detector to 

install the IBL 

Pixel in Pit 

• Beam pipe removal in-situ 

• Supports installation through LGT 

(long guiding tube) in-situ 

• IBL installation in pit 

• No upgrade to Pixel readout 

• No DBM system 

• No fixing of today’s pixel problems 

Pixel on Surface 

Planning and preparation takes two scenarios into account 

Surface scenario more 

complex  – current focus of 

planning and preparation 

Keeping still under evaluation the in PIT scenario   

• Beam pipe removal on surface 

• Disconnection/Reconnection of pixel 

system, fix most problems 

• De-/Reinstallation of pixel 

• Supports (IST) installation when all 

services (SQP) removed 

• Upgrade to readout with new SQP 

• Diamond beam monitor installed (DBM) 

• Radiation zone on surface 



Once the pixel on surface then 

 

• act on the TRT …. to try to fix (at least partially) the Xe 

leaks problem … it will not be easy!!! 

• then after some work on SCT services, we should 

close (temporarily) and cool down, until the pixel 

detector will be re-installed (spring 2014) 

• just at this moment the work on the calorimeters will 

start !! All LV power suppliers will be exchanged with 

new one! 

• Then fix various problems in the muon system and 

finish the installation of some missing (staged) units 



… but most of the work and resources will go to the 

infrastructure consolidation/upgrade 

Infrastructure consolidation: 
 

• New ID evaporative cooling plant 

• Magnets cryogenics consolidation 

• Infrastructure consolidation (electricity, ventilation, radiation 

protection,…) 

• Additional access structures 

• New UPS system 

• Maintenance and repairs everywhere (after 3 years of 

running) 

• ….. 

 



PHASE 1 : up to the 2018 shutdown (LS2): 

Four upgrade projects: 

 
• New muon small wheels 

• Fast tracking trigger (input to LVL2 trig) 

• New Calorimeter Trigger tower builders 

(LVL1 calo trigger) 

• Various trigger/DAQ upgrades 

 

One new project: 
 

• AFP : New forward detectors at +- 210 m 

https://cdsweb.cern.ch/record/1402470/   

 (CERN-LHCC-2011-012 ) 
 

- LOI presented in December 2011 

- Approved by the ATLAS CB in January 2012 

- March 2012 positive LHCC outcome 

https://cdsweb.cern.ch/record/1402470/
https://cdsweb.cern.ch/record/1402470/


PHASE 1 status 

Phase	1	upgrade	plans	and	organization

# Project

Letter	of	Intent	

presented	and	

approved	by	

LHCC	*

Initial	Design	

Review

Kick-off	

meeting

CB	

approval
TDR	due

LHCC	

approval	

session

I-MOU	

needed

MOU-due	for	

signature	

(RRB)

1 FTK 21-Mar-12 2-Dec-10 3-Dec-10 24-Jun-11 30-Apr-13 11-Jun-13 yes 15-Oct-13

2 nSW	 21-Mar-12 29-Aug-12 31-Aug-12 5-Oct-12 31-May-13 11-Jun-13 not	clear 15-Oct-13

3 LAr	+	Tiles	 21-Mar-12 9-Jan-13 11-Jan-13 8-Feb-13 15-Sep-13 24-Sep-13 not	clear 15-Oct-13

4 TDAQ	 21-Mar-12 21-Jan-13 22-Jan-13 8-Feb-13 15-Sep-13 24-Sep-13 not	clear 15-Oct-13

5 AFP	 21-Mar-12 17-Sep-12 19-Sep-12 2014 2014 2014 yes 15-Oct-14

* equivalent	to	the	first	level	review	for	most	funding	agencies,	necessary	for	allocation	of	pre-development	funds

- The status of the financial planning will be presented today by 

M.Nordberg 

- No common fund will be requested or presented for phase I 



PHASE 1 status 

Phase	1	upgrade	plans	and	organization

# Project

Letter	of	Intent	

presented	and	

approved	by	

LHCC	*

Initial	Design	

Review

Kick-off	

meeting

CB	

approval
TDR	due

LHCC	

approval	

session

I-MOU	

needed

MOU-due	for	

signature	

(RRB)

1 FTK 21-Mar-12 2-Dec-10 3-Dec-10 24-Jun-11 30-Apr-13 11-Jun-13 yes 15-Oct-13

2 nSW	 21-Mar-12 29-Aug-12 31-Aug-12 5-Oct-12 31-May-13 11-Jun-13 not	clear 15-Oct-13

3 LAr	+	Tiles	 21-Mar-12 9-Jan-13 11-Jan-13 8-Feb-13 15-Sep-13 24-Sep-13 not	clear 15-Oct-13

4 TDAQ	 21-Mar-12 21-Jan-13 22-Jan-13 8-Feb-13 15-Sep-13 24-Sep-13 not	clear 15-Oct-13

5 AFP	 21-Mar-12 17-Sep-12 19-Sep-12 2014 2014 2014 yes 15-Oct-14

* equivalent	to	the	first	level	review	for	most	funding	agencies,	necessary	for	allocation	of	pre-development	funds

Next in the internal evaluation 

process 

Prototyping phase quite 

advance. One full proto-slice 

already inside ATLAS for 

qualification. Next TDR 

New Small Wheels (nSW) project 

ATLAS forward physics (AFP) project 

 

just went through the internal ATLAS 

scrutiny 



New muon small wheels (more granularity) 

• Plan to replace muon small wheels with improved trigger capability:  need 

<1mrad angular resolution and associated trigger vector capability 

• Status: 

Trigger rate reduction 

studied using 

data 

~ 1/6 

in 1.3<h<2.5   



New muon small wheels (more granularity) 

Baseline technology decided last May is     
a combination of sTGC and MicroMegas 

•Defined critical milestone plan in 2012 to 
demonstrate feasibility in particular in the MM 

•sTGC: trigger and bunch ID 

•MM: precision tracking 

•Each provides both functionalities resulting into:        
Complementarity, Redundancy, Robustness 

MM 

sTGC 

sTG

C 

sTGC 

MM 



New muon small wheels (more granularity) 

Baseline technology decided last May is     
a combination of sTGC and MicroMegas 

•Defined critical milestone plan in 2012 to 
demonstrate feasibility in particular in the MM 

•sTGC: trigger and bunch ID 

•MM: precision tracking 

•Each provides both functionalities resulting into:        
Complementarity, Redundancy, Robustness 

MM 

sTGC 

sTG

C 

sTGC 

MM 



Readout Electronics 

•First ASIC prototype (VMM1) for both sTGC and MM readout 
tested successfully on beam for both detectors. Optimization 
required for both technologies 

•(~2.5M or more readout channels)  

New Muon Small Wheel 

24 

MM development of resistive coating on readout strips to 
limit the impact of HV discharges on the operation of the 
chambers  

•Stability of operations under very harsh conditions 

•Performance beam tests last summer 

•First large area prototype (1mx1m) being tested now 

sTGC 

•Aging tests performed at different flow rates, showing no 
 deterioration of performance for rates up to 6C/m 

•Significant progresses toward large scale production 

•Performance requirements achieved through testbeam and 
 strip charge readout based on ToT 



AFP : ATLAS Forward Physics 

 

 Tag and measure protons at ± 210 m 

 

 Trigger: rely on ATLAS high-PT LVL1 trigger 

 

 Detectors: radiation hard “edgeless” 3D Silicon as tracker, 10 ps timing detectors 

 

Allows running in high pileup conditions with association with the 

primary vertex     access to RARE processes 



Integration in the LHC tunnel (between Q5 and Q6): 

• Longitudinal space: 

 ~21 m warm beam pipe 

between Q5 e Q6 

• Transverse space: 

 ~ 150 mm between beam 

pipe and QRL 

 ~120 mm between 

beampipe and QRL bellow 



Hamburg beam pipe design under evaluation 

Ongoing activities: 

 - modeling and mechanical calculations   

 - impedance calculation   

 - prototype construction to prove feasibility  

Thin window ~ 250 mm 

   

Window to be positioned during 

data taking ~ 1 mm from the beam 

(10 sigmas)  



 ATLAS management decision in September 2012 

  

 1) Plan in LS1 a minimal installation of a dummy setup at 210m which will allow 

  a efficient final installation in the winter shutdown 2015/2016 

 2) Ask for a full detector + beam pipe qualification in test beams before any 

  installation in the LHC. ATLAS final approval will depend on the success 

  of this 

 3) Build up a more visible physics community around the project 

 4) Re-prioritize the physics motivation for AFP also in light of the recent  

  physics discovery  

AFP : ATLAS Forward Physics 

 Technical and physics review, done in September 2012, with ATLAS internal and external reviewers, looking 

at the detectors R&D work, the beam pipe progress and the physics potential 

 Acknowledgment of the huge amount of work and efforts invested in the IDR preparation and 

documentation. 

 No identified show stoppers but several working assumptions need to be verified 

 Significant technical open points remaining, which need to be addressed and require timely development 

and demonstration of solutions 

 

  ATLAS kick-off meeting shows ~20  ATLAS institutes interested and ready to commit 

 This pushes the final CB approval and the TDR to 2014 



PHASE 2:  2021/22 shutdown (LS3) or HL-LHC upgrade: 

• We assume that by then the LHC will have delivered 300-350 fb-1 

• The LHC will be made ready to run at Lp=5*1034 with Luminosity leveling 

 

  The main activity is the construction of a new inner detector for which today 

the collaboration is very active with R&D, prototypes and engineering work 

 

  The Calorimeter readouts will need a substantial upgrade, part of it will be done in a 

staged way in the 2018 shutdown (digital LVL1 trigger) 

  If proven necessary, the end-cap LAr might need to be opened and FCAL and/or HEC 

electronics fixed. A decision will be taken in a few years from now 

  The muon spectrometer will be upgraded in particular in the big wheel region 

  Most of the existing electronics/computing/TDAQ will need to be upgraded and 

modernized to face additional 8-10 years of running in extreme conditions  

 

ALL this will require ~2/3 years shutdown to prepare ATLAS for its new 

phase !!! 

 

 

 

   
 

 

 

 



PHASE 2 : LOI in preparation 

Today’s plans : 

 

- LOI will be presented in December 2012 

- Approved by the ATLAS CB in January 2013 

- March 2013 looking for positive LHCC outcome 

As of Today : 

 

- Editorial board very  active 

- ~80% of the LOI written in a first draft 

- Collaboration very active in preparing a solid 

physics justification in line with the ATLAS 

document presented to the European Strategy 

exercise in Krakow 

- A first cost estimation predicted a figure of 

~290MCHF, a more refined and detailed figure 

will be presented with the LOI 



2021/22 shutdown (LS3) or HL-LHC upgrade: 

 

 Today’s plans are to have all this ready for installation for 2021 

 

 In particular we plan to have the new ID on the surface by 2021 

ready to be tested before installation 

 

 The plan is to be ready  in 2014-2016 with TDRs and MOUs. A 

detailed plan will be discussed with the FAs and the RRB during 

2013, once the present LHC will give first indications and more is 

know about the HL-LHC CERN project and its approval process 

 

 In the mean time a vigorous R&D and prototyping program has to 

continue and most of the engineering issues must be understood 

 

 

   
 

 

 

 



A new inner detector 

 much higher integrated doses (a factor of 10 

more) 

 much higher occupancy levels                                                                                     

(up to 200 collisions per beam crossing) 

 14 hits per track to resolve fake tracks 

 Up to 10m2 of pixels, »190m2 of strips with 

some layers possibly having  dedicated (level-

1) trigger capability 

 Installation inside an existing 4π coverage 

experiment 

 

Stringent requirements 

~ factor 10 

increase 



Overall Strategy 

• 2013/2014 shutdown (LS1): 
– long list of maintenance/consolidations/repairs that we are preparing since a few years 

– IBL  installation, eventually entire pixel detector consolidation (nSQP project) 

– Prepare detector for optimal data taking at nominal Luminosity and Energy !!! 

 

•  2017/18 shutdown (LS2): 
– Prepare detector for ultimate luminosity, upgrades mostly  for LVL1 trigger 

– Possible additional consolidations/repairs after ~10 years of detector readiness 

– LOI presented and well received.  For 3 projects internal review process done  

– Next steps:  TDRs/MOUs 2013-2014 depending on the projects(5) 

 

•  2022/23 shutdown (LS3=HL-LHC): 
– ID aged mostly by radiation, complete construction of a new ID to be tested on surface in 2021 

– Upgrade the detector where technology will be obsolete (mostly electronics) 

– Prepare the detector for HL-LHC and 8-10 years of additional running 

– TDRs/MOUs 2014-2016 once LHC physics established and HL-CERN plans better known 

 

 

 

 

 



  

THANK YOU! 


