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Outline

• Introduction
‣ why upgrading ?

‣ LHC plans for luminosity increase

• Upgrade plans for ATLAS
‣ Muon Spectrometer

๏ new Small Wheel

‣ Calorimetry
๏ LAr forward calorimeter

‣ Trigger 
๏ Track Trigger

‣ Inner tracker
๏ Insertable B-Layer (IBL)
๏ A new silicon tracker

• Summary
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- Sub-systems other than Inner Detector...

- Off-detector components
- RODs, opto-links, DCS, services...

- All the rest I forgot about...

DISCLAIMER
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Why upgrading ?

• Today: “re-discovering” the Standard Model
‣ charged particle multiplicities,  W, Z, ttbar cross-sections, etc.

‣ starting to extend Tevatron reach for new physics
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Why upgrading ?

• Today: “re-discovering” the Standard Model
‣ charged particle multiplicities,  W, Z, ttbar cross-sections, etc.

‣ starting to extend Tevatron reach for new physics

• LHC goal: discovery !!!
‣ origin of EW symmetry breaking

‣ Higgs, Supersymmetry, whatever...
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Why upgrading ?

• Today: “re-discovering” the Standard Model
‣ charged particle multiplicities,  W, Z, ttbar cross-sections, etc.

‣ starting to extend Tevatron reach for new physics

• LHC goal: discovery !!!
‣ origin of EW symmetry breaking

‣ Higgs, Supersymmetry, whatever...

• Reasons for un upgrade ➡ physics-driven
‣ improve measurements of new phenomena seen at the LHC

๏ Higgs couplings to bosons and fermions and self-couplings
๏ properties of SUSY particles

‣ detect/search low rate phenomena inaccessible at the LHC
๏ H→μ+μ- (BR~O(10-4), H→Zγ (BR~O(10-3) in MH~100-160 GeV)

‣ extend sensitivity to new high-mass scales
๏ extra gauge bosons (Z’,W’)

• Are we starting to early ? NO !!
‣ long times required for both accelerator and detectors R&D

๏ R&D, production, assembly
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Luminosity evolution
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• Most probably LHC will go for 50 ns collisions as it is less challenging option

• still ~200 pile-up events / crossing

HL-LHC

today: ~ 30 pb-1
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CERN accelerator chain upgrade
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• New injectors: increased reliability and superior beam parameters
‣ higher intensity beams, minimized turnaround times, increased flexibility
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Luminosity levelling

• ~3000 fb-1 total IL / 10-12 years ➡ ~250-300 fb-1 / year ➡ ~1 fb-1 / fill

• Luminosity decay in storage rings dominated by parasitic effects
‣ lifetime recovered with operational experience

‣ HL-LHC: unavoidable luminosity decay due to proton burning in the luminous collisions

•Luminosity levelling
‣ optimize data taking and minimize the required “over-design” of detectors and machine comp.

‣ sustained 5x1034 cm-2s-1 while leveling for 3-5 hours + decay of few hours
10
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Colliding beams
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Crab crossing
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Mr. Krabs

Head-on 
collision
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KEKB: world’s luminosity record !!!
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2.11 x 1034 cm-2s-1
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The ATLAS experiment
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ATLAS upgrade schedule

• Phase 0 - 2013
‣ instrument more muon trigger electronics

‣ update pixel services and IBL

• Phase 1 - 2017
‣ upgrade forward muon wheel

‣ Topological trigger

• Phase 2 - 2020
‣ replace Inner Detector

‣ L1 track trigger

15Seminar at UniGe - 06/04/11
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Muon Spectrometer
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The ATLAS Muon Spectrometer

17

TRIGGER
- RPC
- TGC

TRACKING
- MDT
- CSC
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Muon trigger upgrade (barrel)
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• LVL1 muon trigger efficiency in 
the feet sectors is lower than in 
standard sectors

• Installation of fourth layer of 
RPC chambers

• Upgrade of electronics on-going 
➡ optical links, muon trigger logic 
upgrade... 
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Muon trigger upgrade (barrel)
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• RPC used for fast triggers

• Adding additional trigger chamber (RPC) to cancel the momentum error by 
collision spread on low pT tracks

Enlarged cone du to 
collision spread

Collision spread

New chambers
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Muon trigger upgrade (end-cap)

• Replace small wheel in end-cap regions ➡ control L1 rate without raising (much) 
thresholds
‣ light and monolithic; several technologies under evaluation to provide L1 trigger

๏ Homogenous wheel (i.e. one type of stations) if possible
๏ Integrated stations if separate trigger and precision chambers used

• Possibly additional chambers in overlap region

• Very forward chambers for higher resolution and rate capabilities
20Seminar at UniGe - 06/04/11
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MicroMegas

• Technology candidate for chambers with highest rates

• MicroMegas (MicroMesh Gaseous Structure): combination of triggering and 
tracking functions

• Matches expected performance
‣ spatial resolution < 100 μm

‣ time resolution ~ 5 ns

‣ efficiency > 98%

‣ rate capability > 5 kHz / cm2

• Potential for large area detector (2 m2) with industrial process
21Seminar at UniGe - 06/04/11
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54 CHAPTER 4. THE MICROMEGAS DETECTOR

Figure 4.10: Left: A schematic representation of the passage of one particle through
the detector’s volume. Right: The electric field lines starting just above the mesh and
resulting on the strips.
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ATLAS Calorimetry system
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ATLAS Calorimetry system
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HEC Hadronic Endcap cold electronics

Front-end readout
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LAr forward calorimeter: issues

• The LAr FCAL coverage : 3.1 < |η| < 4.9 ➡ very high particle fluxes
‣ dE/dx beam heating of LAr ➡ boiling ???

‣ Ar+ ion build-up and (fluctuating) voltage drop across HV resistors will deteriorate performance
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Figure 5.19: Schematic diagram showing the

three FCal modules located in the end-cap

cryostat. The material in front of the FCal and

the shielding plug behind it are also shown.

The black regions are structural parts of the

cryostat. The diagram has a larger vertical

scale for clarity.

Figure 5.20: Electrode structure of FCal1 with

the matrix of copper plates and the copper tubes

and rods with the LAr gap for the electrodes.

The Molière radius, RM, is represented by the

solid disk.

copper tube separated by a precision, radiation-hard plastic fibre wound around the rod. The ar-

rangement of electrodes and the effective Molière radius for the modules can be seen in figure 5.20.

Mechanical integrity is achieved by a set of four tie-rods which are bolted through the structure.

The electrode tubes are swaged at the signal end to provide a good electrical contact.

The hadronic modules FCal2 and FCal3 are optimised for a high absorption length. This

is achieved by maximising the amount of tungsten in the modules. These modules consist of

two copper end-plates, each 2.35 cm thick, which are spanned by electrode structures, similar to

the ones used in FCal1, except for the use of tungsten rods instead of copper rods. Swaging of

the copper tubes to the end-plates is used to provide rigidity for the overall structure and good

electrical contact. The space between the end-plates and the tubes is filled with small tungsten

slugs, as shown in figure 5.21. The inner and outer radii of the absorber structure formed by the

rods, tubes and slugs are enclosed in copper shells.

Signals are read out from the side of FCal1 nearer to the interaction point and from the

sides of FCal2 and FCal3 farther from the interaction point. This arrangement keeps the cables

and connectors away from the region of maximum radiation damage which is near the back of

FCal1. Readout electrodes are hard-wired together with small interconnect boards on the faces

of the modules in groups of four, six and nine for FCal1, FCal2 and FCal3 respectively. The

signals are then routed using miniature polyimide co-axial cables along the periphery of the FCal

modules to summing boards which are mounted on the back of the HEC calorimeter. The summing

boards are equipped with transmission-line transformers which sum four inputs. High voltage

(see table 5.1) is also distributed on the summing boards via a set of current-limiting resistors, as

shown in figure 5.22 for the specific case of FCal1. The signal summings at the inner and outer

radii of the modules are in general different due to geometric constraints and higher counting rates

at the inner radius [122].

– 131 –
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Warm forward calorimeter
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• Design a new re-optimized FCal1 with smaller gaps ➡ long installation (~1 year) 

• New warm mini-FCAL ➡ favoured solution
‣ installation without opening cryostat; integration of existing LAr services can be “accomodated”

‣ provides calorimetry and shields current FCal (though more diffuse and spread-out showers)

‣ 12 Cu absorber plates + 11 detector plates

‣ Major current uncertainties:
๏ radiation hard detector technology 
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Current ATLAS trigger system
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LEVEL 1 (L1) ➡ <75 kHz
- hardware based

- 2.5 μs max latency
- fast custom-built electronics
- inputs mainly from Calorimeter and Muon Spectrometer
- defines Regions Of Interest (RoI)
- inputs combined in Central Trigger Processor

Overall recording rate ~200 Hz

HLT

LEVEL 2 (L2) ➡ ~3 kHz
- PC farms, software based

- 40 ms mean processing time
- fast custom algorithms
- Inner Detector / Calo track matching
- access to full granularity data within an RoI

EVENT FILTER (EF) ➡ ~200 Hz
- PC farms, software based

- 4 s mean processing time
- adapted offline reconstructions algorithms for physics 
signatures
- refines LVL2 selection 
- access to full event information, complete calibration 
and alignment data 
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L1Calo

• Current ATLAS trigger
‣ no track information at L1

‣ L1 rate < 75 kHz

• For HL-LHC the goal is to maintain the present trigger rate

‣ (phase-2) new L0 trigger 500 kHz but longer latency
๏ pipeline of L0 to extend L1 further

•L1Calo

‣ Phase-1: limited to current analog trigger granularity and resolution
๏ EM/hadron little room for improvement

‣ Phase-2: full digital calorimeter readout
๏ better EM/hadron ID with access to full granularity

❖ longitudinal shower profile

•Topological processing
‣ reduce rates while saving physics efficiency

๏ current triggers are multiplicity based
๏ raise thresholds impacts physics

‣ keep present granularity: jet, em/τ cluster algorithms
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Motivations for a track trigger

• From current L2, track matching to Calo or Muon objects is key for L2 rate 
reduction
‣ a track trigger ➡ needed extra flexibility and redundancy (i.e. robustness) to L1

๏ z0 matching for multiple trigger signatures
๏ track-based isolation perhaps vital for e/μ/τ triggers at ~1035

• Track-trigger considerations:
‣ not necessary to use layers close to the beamline

‣ mainly looking for high pT (> ~10 GeV/c) tracks
๏ pattern recognition easier/faster
๏ modest track parameter resolutions are sufficient

‣ increase in tracker material should be small

• Readout portions of tracker at L0

• Input into L1 trigger
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• Regional readout: seeded by L1Calo or L1Muon information 

• Self-seeded: dedicated tracker layers select hits from high pT tracks

Sergio Gonzalez-
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Track trigger: approaches

31

L1Calo
40 MHz

L1Track
40 MHz

Self-seeded

Tracker

L1Muon
40 MHz

L1
< 100 kHz

need on-detector data-reduction
or high-speed readout

L1Muon + L1Calo
40 MHz Mapper ➡ FEs

L1Track
1 MHz

L1
< 100 kHz

Regional readout 

RoIs

1 MHz

10% data
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Track trigger: regional readout

• L1Calo/L1Muon: from 40 MHz to ~1 MHz

• Identification of few RoIs & send readout request to tracker modules inside RoIs
‣ a typical lepton RoI contains ~1% of the tracker modules

๏ wider in z near beamline to account for spread in the interaction region
๏ central module in layers near the beamline are more frequently inside an RoI

32

RoI characteristics 

!!A typical lepton RoI  

"!Contains about 1% of the tracker modules 

"!Needs to be wider in z near the beam line to allow 

for the spread of the interaction region 

ATLAS Track Trigger for SLHC 10 Nikos Konstantinidis 

RoI: !"=0.2, !#=0.2 at Calo !z=40cm at beam line 

x-y 

$-z view 

How often a module in an RoI? 

!!Central modules in layers near the beam line 

are more frequently inside an RoI 

!!Work ongoing to determine how many layers 

are adequate for pattern recognition  
ATLAS Track Trigger for SLHC 11 Nikos Konstantinidis 
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Track trigger: self-seeded

• Tracking contributes to L1 decision without seeding from Calo/Muons

• A number of strip layers are equipped with trigger functionality to give an 
efficient trigger with built-in redundancy

• Bandwith is the main issue (raw data ~ 200 Gb/module/BC)
‣ co-incidence between module sides

‣ low-mass, low-power and faster readout links

‣ fast off-detector track-finding
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DR 

Track (hi pT) 

Layer A 

Layer B 
!r 

!r ~few mm 

!R ~ 100 mm 
Coincidences  

on detector 

Track (low  pT) 
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Hardware track finder

• Fast tracker (FTK)
‣ dedicated hardware for on-line pattern recognition

‣ high quality track reconstruction at high event rates (L1 output)

• Pattern recognition
‣ find track candidates with enough silicon hits

‣ 109 stored patterns (roads)

‣ based on the Associative Memory chip (content-addressable memory or CAM) 
๏ initially developed for the CDF Silicon Vertex Trigger (SVT)
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The pattern bank

Pattern Recognition 

!"#$$%&'()*+)*','& -./01/2&345/2&
6&

Prestored patterns (109) Hits of the event 
Content-addressable Memory (CAM) 

Fast pattern recognition 

The Event 
The event
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Track fitting

• Track parameters at the perigee
๏ perigee = point of closest approach to the Z-axis

‣ d0: transverse impact parameter

‣ z0: longitudinal impact parameter

‣ φ0: azimuthal angle

‣ θ0: polar angle

‣ q/p: charge over momentum

• Track fitting:
‣ within all hit combinations in a road, find the physical track and compute its parameters

‣ charge particle in a uniform B-field ➡ helix

‣ over a narrow region, equations are linear in local hit coordinates ➡  excellent resolutions
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Minimum Bias events in ATLAS

Carlos Escobar, Sergio González-Sevilla

April 6, 2011

Abstract

to do done

1 Introduction

The Large Hadron Collider (LHC) is a proton-proton collider with 14 TeV center-of-mass energy. The high
energy proton collisions at the LHC can be described in terms of parton (quarks and gluons) interactions,
and thus, it turns out that we need a very detailed understanding of quantum chromodynamics (QCD). It is
clear that LHC will allow to perform very accurate measurements concerning QCD predictions; at the same
time, an accurate description of QCD processes is necessary to deal with the high background surrounding
other Standard Model processes and signal for new physics.

The ATLAS detector is a general purpose experiment designed to be sensitive to a large number of
physics processes that will take place in LHC.

Luminosity Year

0.5× 1033cm−2
s
−1 2007

2.0× 1033cm−2
s
−1 2008-2009

1034cm−2
s
−1 2010-onwards

Table 1: Estimated luminosities in ATLAS.

2 Minimum bias event generators

3 Trigger

pi =
14∑

j=1

aijxj + bi

1

hit coordinates in 
silicon layers

pre-stored constants (full sim or real data)

helix paramaters 
and χ2 components

Implementation in FPGAs 
➡ VERY FAST !!!



Inner Tracker



Sergio Gonzalez-
SevillaSergio Gonzalez-Sevilla

The Inner Detector (ATLAS internal tracker)
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New Insertable B-Layer (IBL)

• Fourth pixel layer ➡ to be installed in the current Pixel detector
‣ originally planned for the 2016 shutdown...

• Installation in 2013 motivated by improving physics performance in ATLAS...
‣ luminosity 

๏ luminosities higher than 1034 cm-2s-1 ➡ pileup and readout inefficiencies

‣ tracking robustness
๏ compensates for inefficiencies and damage

‣ tracking precision
๏ additional layer closer to interaction point will improve the quality of track impact parameters

• ...but also as a technology step towards HL-LHC !!

38
16-Jun-2010 Sergio Grancagnolo - IBL Simulation!"##"$% &'()*(+,-./.0123
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IBL overview

39

main options in Barcelona) 
Number of staves 14

Stave length 706 mm

Stave tilt angle 14o

Modules per stave 16

Pixel size (Φ,z) 50 x 250 μm2

Module active size 40.8 x 20.4 mm2

IBL nominal radius 33.25 mm

IBL inner enveloppe 31.0 mm

IBL outer enveloppe 38.2 mm

Seminar at UniGe - 06/04/11
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Tight clearence !!

40

Existing B-layer

IBL

• Current radial clearance: 8.5 mm

• Reduction of the beam-pipe by 4 mm brings it to 12.5 mm
‣ new Be beampipe (0.7% X0)

๏ inner radius 29 → 25 mm
๏ expensive but significant reduction of the MS background

• The IBL must fit in a very tight space !!!
Seminar at UniGe - 06/04/11
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IBL performance
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Figure 19. Track parameter resolutions for single muons at 1, 5 and 100 GeV as a function of η . Com-
pared are the expected resolutions: (top-left) transverse impact parameter d0; (top-right) longitudial impact
parameter z0 sinθ ; (middle-left) angle θ ; (middle-right) angle φ ; (bottom) relative error on the curvature
pT/σ(q/pT ) for the current ID and for the ID with IBL. No pileup was added to the events.

unchanged. The reduction in the number of 3 associated clusters in the innermost layer with IBL
reflects the missing z overlap of the modules in a stave, leading only to occasional splitting of
clusters across 2 adjacent modules in z in the very forward region. The number of associated SCT
clusters and TRT drift circles is unchanged, as expected.

2.3.4 Improvements in tracking for single particles and particles in jets

The gain in the precision of the reconstructed tracks from the IBL is demonstrated using single 1,
5 and 100 GeV single muon events. Figure 19 shows the resolution as a function of η for the fitted
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Figure 19. Track parameter resolutions for single muons at 1, 5 and 100 GeV as a function of η . Com-
pared are the expected resolutions: (top-left) transverse impact parameter d0; (top-right) longitudial impact
parameter z0 sinθ ; (middle-left) angle θ ; (middle-right) angle φ ; (bottom) relative error on the curvature
pT/σ(q/pT ) for the current ID and for the ID with IBL. No pileup was added to the events.

unchanged. The reduction in the number of 3 associated clusters in the innermost layer with IBL
reflects the missing z overlap of the modules in a stave, leading only to occasional splitting of
clusters across 2 adjacent modules in z in the very forward region. The number of associated SCT
clusters and TRT drift circles is unchanged, as expected.

2.3.4 Improvements in tracking for single particles and particles in jets

The gain in the precision of the reconstructed tracks from the IBL is demonstrated using single 1,
5 and 100 GeV single muon events. Figure 19 shows the resolution as a function of η for the fitted
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z0 resolution

that pileup is likely to affect predominantly the z impact parameter significance, while leaving Rφ
nearly unchanged. Nearby pileup vertices in z do lead to tails in the primary vertex reconstruction,
as was shown in the previous section, and are a source of additional b-tagging-quality tracks with
significant z offsets. Figure 34 shows this effect in the impact parameter significance for b tag
quality tracks from signal and pileup interactions, for tt̄ events reconstructed with the IBL and using
the high luminosity track selection. The d0 significance from pileup interactions is symmetric and
has the expected shape for tracks in light jets, while the z0 significance is rather flat as expected for
tracks from nearby interactions in z. A cut is added to the b tagging software to remove tracks with
|z0/σ(z0)| > 3.8 and |d0/σ(d0)| < 3 that are compatible with being from a nearby pileup vertex
and would otherwise affect the performance.

As is shown in Fig. 35, the tagging algorithm IP2D (which contrary to IP3D uses only the Rφ
impact parameter information) is rather stable and the performance improvement with the IBL is
almost independent of the level of pileup. Shown as well is the performance of the secondary vertex
based tagger SV 1, which degrades very little with pileup and leads to an improved performance
with IBL at all luminosities. In both cases, the high luminosity track selection leads to much
improved results as additional fake track candidates are removed from the event.

Figure 36 shows the b tagging performance as a function of the average number of pileup
interactions for IP3D and IP3D+ SV 1, comparing the results with and without IBL as well as
for different track selections. In all cases IP3D does show some remaining degradation with an
increasing level of pileup due to the effects in z from nearby pileup vertices discussed before. Still,
the results with IBL are much improved. The rejection for the best b tagging algorithm IP3D+SV 1
at 60% b efficiency with IBL and 2× 1034 cm−2s−1 pileup is better than the performance of the
current detector at zero pileup.
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Figure 36. Light jet rejection in tt̄ events for 60% b tagging efficiency as a function of the average number of
pileup interactions, on the (left) for IP3D and on the (right) for the combination of IP3D+SV 1. Compared
are the results with and without IBL. See text for details.
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- jets with pT > 15 GeV
- 1 good b-tag track
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But tracking in a dense jet environment is tough...
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WH, H → bb

ATLAS 
Preliminary

• Improve treatment of merged clusters !!

• New pixel clusterization algorithms being implemented in the ATLAS sofware:
‣ “aggressive”: neural networks

‣ “robust”: finding a minima of energy between two maxima
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The ATLAS Pixel module

• Silicon sensor
‣ planar n-in-n, 250 μm thick

‣ designed for 1x1015 1MeV fluence and 
50 MRad

• Front-end chips
‣ 16 FE-I3, bump-bonded

• 46080 readout channels
‣ 50 x 400 μm

‣ 50 x 600 μm for edge pixel columns in 

neighbour ASICs

• Barrel and end-cap modules identical
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The IBL module

• New readout chip: FE-I4

• Single or double chip module

• Sensor technology independent
‣ planar ➡ double-chip module

‣ 3D ➡ single chip module

‣ diamond

44Seminar at UniGe - 06/04/11
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The IBL module

• New readout chip: FE-I4

• Single or double chip module

• Sensor technology independent
‣ planar

‣ 3D

‣ diamond ➡ abandonned for IBL...
๏ original production time of 2 years (mid 2013)
๏ no resources to cope with increasing number of sensors
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The IBL module

• New readout chip: FE-I4

• Single or double chip module

• Sensor technology independent
‣ planar

‣ 3D

‣ diamond ➡ but still useful for DBM !!!
๏ DBM = Diamond Beam Monitor
๏ bunch-by-bunch luminosity monitor

❖ larger acceptance than BCM

๏ bunch-by-bunch beam spot monitor

46Seminar at UniGe - 06/04/11
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FE-I4

• New readout chip for IBL and outer layers of future upgraded Pixel detector

• Smaller pixel size (50x250 μm2) and higher rate capabilities (160 MB/s)

• Improved cost effectiveness
‣ large chip (20x19 mm2) with large active area (90%)

• Low power

• Increased radiation tolerance (130 nm)

47
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Planar silicon sensors

• Two n-in-n sensors with different guard ring structures:

• Thin n-in-p sensors:
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Planar Pixel Sensors
! 2 n-in-n designs with 

different guard ring 
structures:
" design a: 450µm wide 

guard ring structure 
regarded as conservative 
design.

" design b: more 
aggressive slim edge 
design with only 100µm 
wide inactive area by 
shifting the guard ring 
structure underneath the 
active pixel area.   
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Planar Pixel Sensors
! 2 n-in-n designs with 

different guard ring 
structures:
" design a: 450µm wide 

guard ring structure 
regarded as conservative 
design.

" design b: more 
aggressive slim edge 
design with only 100µm 
wide inactive area by 
shifting the guard ring 
structure underneath the 
active pixel area.   
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450µm

100µm

“conservative”: 450 μm guard-ring “aggressive”: silm edge, 100 μm inactive area
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3D sensors: basics

49

• Advantages
‣ lower full depletion voltage 

‣ short collection distance

‣ smaller trapping probability
๏ higher signal yield after irradiation

‣ active edge

• Complications
‣ partially inactive columns

๏ efficiency loss at normal incidence

‣ higher capacitance (but higher signal)

‣ production cost

Seminar at UniGe - 06/04/11
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3D sensors

50

3D Pixel Sensors
! 2 designs with equivalent 

electrical performance:
" full 3D active edge design, 

preferred option. 

" double column design, 
200µm slim edge.

" n-on-p designs with 230µm 
sensor thickness.

" 10-14µm hole diameter.

" both designs are currently 
in fabrication at different 
foundries (Stanford, Sintef, 
CNM and IRST FBK)

AUW, IBL Summary Fabian Hügging - Univ. Bonn 6

Full 3D active edge

3D Pixel Sensors
! 2 designs with equivalent 

electrical performance:
" full 3D active edge design, 

preferred option. 

" double column design, 
200µm slim edge.

" n-on-p designs with 230µm 
sensor thickness.

" 10-14µm hole diameter.

" both designs are currently 
in fabrication at different 
foundries (Stanford, Sintef, 
CNM and IRST FBK)

AUW, IBL Summary Fabian Hügging - Univ. Bonn 6

Double column design
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• Two designs with equivalent electrical performance
‣ full 3D active design ➡ prefered option

‣ double column design

‣ 10-14 μm hole diameter
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PHASE-2: a new ATLAS tracker

51

• Increase in pile-up events from ~23 to ~200 
‣ Radiation damage

‣ >105 particles |η|<3.2 ➡ occupancy in the TRT ~100%

•Build a completely new ATLAS Inner Detector !!
‣ Pattern reco, good tracking eff+low fake rate, minimise occu

๏ better detector granularity

‣ silicon-based tracker: pixels and strips (short and long)

ATLAS Tracker Upgrade Simulation ATLAS Tracker Upgrade Simulation 5 collisions (0.2 x 1034 cm-2 s-1) 400 collisions (1035 cm-2 s-1)

Seminar at UniGe - 06/04/11
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Heavy-ion collision event

52Seminar at UniGe - 06/04/11
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Fluences

53

ATLAS Radiation Taskforce Report
Φ=1.3x1017/r2+4.8x1015/r+9.9x1013-3.6x1011r [neq/cm2]

sATLAS fluence for 3000 fb-1

Example layout:
occupancy < 2%

Long strips 
(up to 4x1014 cm-2)

Short strips 
(up to 1015 cm-2)

Pixels
(up to 1016 cm-2)

Seminar at UniGe - 06/04/11
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A strawman layout for the future tracker
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Strip end-cap petals

55
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• Sensors mounted on petals and 
disks made of petals
‣ Coverage from R=340 mm to R=950 mm

‣ 5 disks 

‣ 32 petals/disk

‣ Large number of sensors/petal
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Barrel stave and supermodule concepts

56

Carbon fiber
facingBus cable

Hybrids Carbon honeycomb 
or foam

Readout IC’s

Coolant tube structure

1.2 m

STAVE

SUPERMODULE
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Silicon double-sided module

57

Hybrids

ABCN FE chips

AlN facing

Silicon sensor

Washers

Seminar at UniGe - 06/04/11

~ 6 cm 

~ 12 cm 
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12.8 cm
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Strip barrel sensors

• n-strips in p-type substrate silicon (n-on-p)
‣ always depleting from strip-side

๏ no full-depletion required

‣ collection of electrons
๏ faster signal, less charge trapping

‣ single sided process with n+-side readout
๏ “low” cost, greater potential of suppliers

‣ no delicate back-side implanted structures

• 6-inch (150 mm) wafers
‣ Hamamatsu Photonics HPK

‣ full-size prototype sensors
๏ 9.75 x 9.75 cm2

๏ 4 segments, short strips
❖ two axial and two stereo (inclined 40 mrad) strips

๏ pitch: 74.5 m, 1280 strips

‣ miniature sensors
๏ 1 x 1 cm2, axial strips

❖ irradiation studies

59

axial strips

stereo strips

Detector mask layout

full-size

miniature

Starting with a p--type substrate offers the advantages of single
processing while keeping n+-side read-
• Processing Costs (~50% cheaper).
• Greater potential choice of suppliers.
• High fields always on the same side.
• Easy of handling during testing.
• No delicate back-side implanted structures to 

be considered in module design or mechanical 
assembly.

Motivations for P-type Silicon Wafers

So far, capacitively coupled, polysilicon 
biased p-type devices fabricated to 
ATLAS provided mask designs by:
• Micron Semiconductor (UK) Ltd 

(existing ATLAS barrel: 6cm×6cm and 
RD50 miniatures: 1cm !1cm), 

• CNM Barcelona (RD50 miniatures: 1cm×
• ITC Trento (RD50 miniatures: 1cm×1cm)
• Hamamatsu Photonics HPK (1cm×1cm and 

type substrate offers the advantages of single-sided 
-out:

side implanted structures to 
be considered in module design or mechanical 

type Silicon Wafers

So far, capacitively coupled, polysilicon 

×1cm),  
1cm)

1cm and 10cm!10cm Full ATLAS prototypes)

full-size

Seminar at UniGe - 06/04/11



Sergio Gonzalez-
SevillaSergio Gonzalez-Sevilla

ATLAS07 miniature sensors

• Radiation damage study
‣ Strip isolation (zones 1, 2, 3)

๏ structure: p-stop, p-spray, p-stop+p-spray
๏ densit: 1x, 2x, 4x, 10x1012 ions/cm2

‣ “Punch-Through Protection” (PTP) structures (zone 4)

‣ Narrow-metal effect (zone 5)

‣ Wide-pitch effect (zone 6)

60

n-in-p Miniature Sensors

Y.Unno, HSTD7, Hiroshima 29 Aug.-1 Sep., 2009 9

! Radiation damage study
! Strip Isolation (Zone1, Zone2, Zone3)

! Structure: p-stop, p-spray, p-stop+p-spray
! Density: 1x, 2x, 4x, 10x1012 ions/cm2, ...

! "Punch-through Protection" structures (Zone4)
! Narrow metal effect (Zone5)
! Wide pitch effect (Zone6)

Seminar at UniGe - 06/04/11
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Charge collection

61

500 V

• Annealing corrections included (CCE reduced by 20%/10%)

• NIEL appears to work for charge collection with n-in-p FZ detectors

• Micron and Hamamatsu Photonics sensors consistent over measure fluence range

• Signal-to-noise ratio ~13 (barrel 4, innermost strip layer)
Seminar at UniGe - 06/04/11
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ABCN-25

62Seminar at UniGe - 06/04/11

• ABCN-25 ASIC (250 nm IBM CMOS6 technology)
‣ binary architecture; 128 channels; internal calibration circuit; both signal polarities; linear 

voltage regulator on-chip, shunt regulator

‣ pipeline length 6.4 μs; two clock shema (40/80 MHz) 
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ABCN-130
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• Realistic power scheme (1.3 V instead of 2.5 V)

• 256 channels (strips) instead of 128 per ASIC (material reduction)

• Major changes:
‣ L0/L1 data-flow control (Track Trigger)

‣ Fixed-size data-packet format (1 or 2 cluster /packet, robust against harsh environment)

Seminar at UniGe - 06/04/11



Sergio Gonzalez-
SevillaSergio Gonzalez-Sevilla

Front-end calibration
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Electrical results: input noise

65Seminar at UniGe - 06/04/11
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Threshold uniformity and noise occupancy

66

• Trimming procedure
‣  threshold uniformization through individual channel threshold corrections

• Noise occupancy test

25Channel number
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Distributions of vt50 threshold points H1
(all channels in hybrid)  before and after trimming

Channel number

1 fC operating 
threshold ~140 mV
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Powering options

67

• Current LHC trackers: direct powering
‣ high power losses in the cables + significant contribution to material budget

• At the SLHC, assuming 130 nm CMOS ASICS instead of 250 nm
‣ almost same total FE power (~ 40-60 kW)...

‣ ... but 2-4 times higher total current (30-50 kA) with fixed cable cross-section

‣ Need to transmit power at lower current

‣ Solutions:
๏ Serial powering
๏ DC-DC conversion
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DCDC Plug-in-Boards

ATLAS Upgrade Week, March 2010 G. Blanchot, PH/ESE

! Objectives for a DCDC plug-in board:
! Noise needs to be further reduced.

! An E/H shield must be added.

! Size must be reduced.

! A thermal interface must be provided for cooling.

! 3 different DCDC-PIB have been designed and produced:
! 2 versions using AMIS2 radiation tolerant ASIC.

! 1 version using a commercially available buck converter chip similar to AMIS2.

! The three PIB have been integrated on the same geometry and connector for compatibility with different 

setups.

! They all deliver 2.5V, up to 3.5A (AMIS2) and 5.0A (commercial chip) with Vin up to 12V.

Enable

Pgood

Vin

GND

Vout
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Multi-module systems
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Local support and integration
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Super Module Development @ UNIGE (1200mm long) 

Complete integrated CAD view of the SM2.0 (Modules removed for clarity)

Cross beam

Cooling Plates x6
(still to be 
prototyped)

CFRP Backbone (key part!)
Every sub part assembled with epoxy
(thru jig and centering pieces)

Cooling pipe 
cover

Cross beam

Oxford, AUW 28 March, 2011 8

Super Module SM2.0 prototype (1200mm long) 

Demonstration will be done on Wednesday afternoon, based on the SM2.0 proto 

Oxford, AUW 28 March, 2011 4

…which led to a STAVE design with 3 fixation points 

Module assembly v1 (prior Insertion)

STAVE design on its bench, locked to the “structures” (as shown in November 2009) 

Locking mechanism at Z0
We widely benefited from our STAVE proto development…
which led us to adapt some ideas on the Super Module 
“Optimized version” (SM2.0)…



Sergio Gonzalez-
SevillaSergio Gonzalez-Sevilla

Summary

• The ATLAS experiment is a wonderful detector that is currently making 
impressive measurements

• Meanwhile discoveries arrive, the R&D phase for a high-luminosity collider has 
started and is progressing rather fast
‣ though many uncertainties still, simulation is crucial !!!

• Major upgrades for ATLAS are expected, in particular for the tracker
‣ fourth Pixel layer IBL

‣ completely new silicon inner tracker

‣ track-trigger ?

• ATLAS will (of course) be ready for its upgrade in ~2021
‣ target is ~3000 fb-1

• A new decade of, hopefully, exciting new measurements, will be ahead of us !!
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Thanks for attending !!


