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…. After the 2011/12 winter shutdown ! 

Restored ! 

Last minute problem ! It will be 

restored to 97% during this 

week’s technical stop 

Detector and trigger in excellent 

shape : 

 

 Several problems fixed 
(calorimeters, muons, new muon chs.) 

 RPC loss just temporary  

 Pixels : small but continuous 

degradation (see phase 0 !) 

 

2012:  92.5% eff. 

Still setting up ! 2011 



Today’s challenge ! 

Last minute problem ! It will be 

restore to 97% during this 

week technical stop 

Detector and trigger in excellent 

shape : 

 

 Several problems fixed 
(calorimeters, muons, new muon chs.) 

 RPC loss just temporary  

 Pixels : small but continuous 

degradation (see phase 0 !) 

 

2012:  92.5% eff. 

Still setting up ! 2011 

Today  running at L~0.5 1034 cm-2 sec-1 and 50ns 

 

…. at the beginning of each run we are operating 

with ~25 pile-up events / bunch crossing, which 

correspond to the value to which we have 

designed and constructed the detector. 

 

This situation is very similar to what we expect 

when running at nominal Luminosity and nominal 

beam Energy (1034 cm-2 sec-1 , 14 TeV) 
 



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 

 



Our Schedule Assumptions 

?, IR 

4x 

~20-25 fb-1 

~75-100 fb-1 

~350 fb-1 

, bunch spacing 50 ns 

Go to design energy, nominal luminosity 

 

Injector and LHC Phase-1 upgrade to full design luminosity 

 

HL-LHC Phase-2 upgrade, IR, crab cavities? 

 

√ s=14 TeV, L=5x1034 cm-2 s-1, luminosity leveling 

 

√ s=14 TeV, L~2x1034 cm-2 s-1, bunch spacing 25 ns 

 

√s=13~14 TeV, L~1x1034 cm-2 s-1, bunch spacing 25 ns 

√ s=7~8 TeV, L=6x1033 cm-2 s-1, bunch spacing 50 ns 

      

 LHC startup, √ s = 900 GeV 

(Phase-0) 



PHASE 0 up to the 2013/2014 shutdown (LS1): 

• Plans worked out since a few years through regular interactions within the 

Collaboration (CB), National Contact Physicists, RRB scrutiny group,  

CERN and the various service providers: 
 
– long list of maintenance/consolidations/repairs that we are preparing since a few years 

– Anticipate the 4th pixel layer installation (IBL)….. LS2 installation in 2018 would be too late! 

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

 

 Detector consolidation: 

 
• New ID evaporative cooling plant 

• New Calorimeters LV power 

• Magnets cryogenics consolidation 

• Muon spectrometer consolidation 

• Infrastructure consolidation (electr, 

ventilation, radiation protection,…) 

• Maintenance and repairs everywhere 

 

Detector upgrade: 

 
• New Aluminum beam pipes 

• New small radius central Be pipe 

• IBL: pixel 4th layer 

• NSQP : Improved pixel services 

layout ? (decision during 2012) 

• New chambers in the muon 

spectrometer to improve geometrical 

coverage 

 



New Evaporative Cooling Plant 

The thermosiphon is the baseline solution for the 

consolidation of the ATLAS ID evaporative cooling system. 

 

The new cooling system will increase the present performances of the existing 

compressor system to 60 kW @ -30°C (gaining 10 K), to guarantee these 

performances we shall manage fluid blends C3F8-C2F6. 

 

The present compressor system will remain as full power back up cooling 

source 
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Procurement  and installation are 

advancing as part of M&O A ! 



ATLAS is preparing for a 4 layer pixel in SL1 : IBL 

8 

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 

8 



IBL progress 

 Sensors (planar and 3D) and FE-I4B for IBL are already secured, bump-

bonding for thin module qualified  

 

 Sensor UBM processing almost completed, flip-chip will start by end of April 

 

 A lot of detailed engineering for the final integration and installation has 

started 

 

 

 

 

 

 



LS1 shutdown 

• LHC LS1 : December 2012 – July 2014 
 ~20 months, beam to beam, starting date might change in June 2012 

• Priority to the IBL and pixel work in general :    

 access to it a.s.a.p. , installation as late as possible 

A very busy and 

complex adventure, 

once more !! 

Side C 



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/


Positive LHCC referees report: 

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

 (CERN-LHCC-2011-012 ) 
 

•The committee felt that the LOI presented to us was 

excellent.  It was very well written and the thought process 

behind was already quite mature. The LHCC committee felt 

that the physics justification was very well made for all of 

the upgrades that were designed to maintain capability.   

•The committee also felt that the technology options or 

choices were sound and sensible and felt that this program 

could be executed and with it, the collaboration would be 

able to accomplish its physics goals. 

•The physics case for the AFP detector rests on the 

capability of using a proton double tag to constrain the 

centrally produced system and includes Higgs production 

and WW final states in a high-luminosity environment. 

Superb timing, at the 10 ps-level, will be required to 

associate the proper primary vertex and remove 

accidentals. Whereas the technical viability of the approach 

will have to be demonstrated this detector extends the 

physics capabilities without interfering with the upgrade 

work on the detector proper. 

•The LHCC endorses the LOI and encourages the 

collaboration to present its plans to the RRB and 

FAs and to proceed to the next step of detailed 

TDR’s for each upgrade. 

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


Phase 1 challenge: 

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

 (CERN-LHCC-2011-012 ) 
 

• Physics will continue to require Level-1 single 

lepton thresholds with pT of order 20 GeV even 

with pile-up as high as ~50 (L =2 1034 cm-2s-1, 

25ns) or even ~75 (L =3 1034cm-2s-1, 25ns) 

 

• Need to preserve nominal luminosity trigger 

acceptance even for L >1034cm-2s-1 

 

• Retain some “simple” triggers in the menu to     

avoid and/or understand physics biases 

 

• Keep acceptances high and similar between   

barrel and forward 

 

• In addition, aim at using secondary vertexing and 

track information to retain high purity, good 

efficiency samples of interesting channels at the 

HLT level 

 

• Wherever feasible retain sensitivity to beyond the 

SM physics with as little model dependence as 

possible 

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


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: 

• Converging on the choice of the technology for precision tracking and trigger 

• MicroMegas for precision coordinates and TGC for trigger the main candidates 

• Vigorous milestone plan for 2012 to demonstrate feasibility 

• TDR to be ready for early 2013 

• Project being setup for ATLAS internal approval in October 2012 

 

Trigger rate reduction 

studied using 

data 

~ 1/6 

in 1.3<h<2.5   



New LVL1 Calorimeter trigger (more granularity) 

• Plan to better use in the LVL1 trigger the available detector granularity in the 

LAr Calorimeter. Develop a new front-end digital chain (trigger leg for phase I ) 

• GOAL: 

Preserve un-prescaled LVL1 theresholds for single electron 

trigger at PT ~ 25 GeV for LHC operation beyond the nominal 

design (Phase 1 LHC, HL-LHC) 

Use, at the LVL1 trigger level, a new shower 

shape: Ratio of energy (2nd layer of the EM 

calorimeter) in clusters of two sizes 



New LVL1 Calorimeter trigger (more granularity) 

• Plan to use in the LVL1 trigger all the detector granularity  present in the LAr 

Calorimeter. Develop a new front-end digital chain (trigger leg for phase I) 

• In practice: Super-Cells with higher granularity are formed in the Front-End 

shaper sum ASIC and individually digitized 

• Converging on the choice of the technology 

 necessary in the next 6 months 

• Converging toward a mixed option with 

 analog and digital information 

• Prove feasibility through a demonstrator in 

 the next 2-3 years 

• Project being setup for ATLAS internal 

 approval in 2013/14 

 



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 



AFP : ATLAS Forward Physics 

STATUS: 

 

 Project being scanned through its physics potential to        

access its performance on various channels 

 

 First discussion with the LHC to define the possible 

interferences with the LHC machine. The concept of a 

retractable beam pipe is being prototyped. If proven feasible it 

must be inserted in 2014 

 

 Project being set up for ATLAS internal approval end 2012 

 



PHASE 1 : cost estimations and next step 

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

 (CERN-LHCC-2011-012 ) 
 

- First cost estimation presented in the LOI 

NEXT STEPS:  

 

 Def. 5 projects  Internal review process  EB, CB approval  TDR + MOUs 

               (2012/2013)  (2013/2014) 
 (Next cost estimation revision with TDRs) 

 

= 36 MCHF 

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


PHASE 1 : cost estimations and next step 

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

 (CERN-LHCC-2011-012 ) 
 

First iteration with Institutes and National Contacts 

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


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 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 years shutdown to prepare ATLAS for its new 

phase !!! 

 

 

 

   
 

 

 

 



PHASE 2 : LOI in preparation 

Today’s plans : 

 

- Editorial board active 

- LOI will be presented in December 2012 

- Approved by the ATLAS CB in January 2013 

- March 2013 looking for positive LHCC outcome 

Today’s cost estimations (to be revised for the LOI) : 

= 291 MCHF 



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

 

 Today’s plans is to have all this ready 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 

 

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

and most of the engineering issues must be solved. Today’s urgency is to 

define a inner detector layout to be simulated for performances and for 

engineering design  

 

 

 

 

   
 

 

 

 



Today’s Inner Detector layout (Cartigny) under investigation 

Optimizing PT resolution 

Maximizing B dL in particular in the endcap region 

Last disk moved to the absolute limit (3m) 

Studied various solution for h<1.8 
- External layer 

- Tilted outer modules 

- Increased number of disks 

New proposal: additional small disklets and stub barrels 

 

 



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 to inputs for LVL1 trigger 

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

– LOI presented and well received. First cost estimation included. 

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

– Detailed discussion on funding in the October RRB, first hints now 

 

•  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! 


