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1.- Introduction
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The Large Hadron Collider

CMS

ATLAS

ALICE

LHCb
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The ATLAS collaboration

• 3000 scientists

• 38 countries

• 175 institutions
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ATLAS spanish contribution

• Strong contribution of several spanish institutes to ATLAS
‣ CNM, IFAE, IFIC, PIC, UAM, Uni. Granada
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The ATLAS experiment
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Electromagnetic calorimeter

Hadronic calorimeter

Inner Detector

Muon Spectrometer

Toroidal magnets
length = 44 m
heigth = 25 m
weight = 7000 tons

x

y

z (beam)

θ
Φ
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√
s = 8TeV
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ATLAS data-taking
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2012 (pp)

total=3.15 fb-1

peak=6.7x1033 cm-2s-1

ε=94%

Fraction of good data quality per sub-system (2011, 5.23 fb-1)
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2011 (pp)
ε=94%

total=5.25 fb-1

peak=3.6x1033 cm-2s-1

√
s = 7TeV
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2.- Performance
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2.1.- Inner Detector

2.- Performance
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ID calibration and track reconstruction

π

p

K

Pixels

• ID calibration
‣ Pixels: Time-over-Threshold calibration (charge sharing, dE/dx at low pT)

‣ TRT: R-t relations + high threshold probability for particle ID (e/π separation)

• Tracking: inside-out (seeds from silicon) or outside-in (from TRT)
‣ pattern reco, track fitting, ambiguity resolution, vertex reconstruction

Data
TRT - Data

TRT - Data (@90% electron eff.)

SEEDS (PR)
30 μm

Primary Vertex resolution (x)

RMS(x)= 16 μm
RMS(y)= 14 µm

Primary Vertex 
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Material mapping

• Accurate description of detector material crucial for optimum track reco
‣ effect on track resolution and efficiency

• Usage of techniques sensitive to interaction and radiation lengths
‣ nuclear hadronic interactions (λ) and photon conversions (X0): achieved 5% 

accuracy
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{Pixel
supports

Data MC

SCT 4 SCT 3 SCT 2 SCT 1

Pixel 2Pixel 1 Pixel 3 Pixel support

BP

Photon conversions γ→e+e-

✦ A: cable bundles

✦ B: cooling pipe

✦ C: C-C support

✦ D: silicon sensor

✦ E: decoupling capa

MC
A

B

E

C

D

Data

Hadronic interactions
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Inner detector alignment

12

Pixel
9 μm

SCT
25 μm

TRT
118 μm
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• High pT tracks from cosmics and pp collisions
‣ include assembly survey, beam-spot constraint

• χ2 track-residual (unbiased) minimization

• Align at different levels of granularity
‣ level 1 (sub-detector), 41 DoF

‣ level 2 (substructure), 852 DoF

‣ level 3 (module), ~700k DoF

• Changes over time (temp, solenoid ramping...) 
➡ alignment performed on a run-by-run basis
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Inner detector alignment: weak modes 

• Weak modes: detector distortions  
that preserve the helical path (χ2-
invariance) but systematically bias                  
the track parameters
‣ momentum bias, charge assymetries

‣ residual minimization not enough ➡ use 
additional constraints (E/p, resonances...)

13

“Curl”: Δφ ~ r“Radial”: Δr ~ r

Ks→π+π-
Markus Elsing

• tilt in visible in K0s and J/ψ mass bias 
as a function of ϕ
! results in a sine modulation in mass in opposite 

directions in both endcaps
! corrected by 0.55 mrad "eld rotation around y

• roughly consistent with survey constraints

Detector tilt vs B-Field

26

K0s mass
Endcap C

K0s mass
Endcap A

after correction

Endcap C

J/ψ mass
Endcap AEndcap C

J/ψ mass

after
correction

B-field

detector

• Example: magnetic-field orientation
‣ solenoid B-field uniform over the entire ID volume

๏ its 3D position is of no concern for alignment

๏ wrong orientation (~0.5 mrad rotation) wrt origin of coordinates ➡ pT bias

Z→µ+µ-
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b-tagging
b-jet-axis

primary vertex

secondary 
vertex

soft 
lepton

transverse impact
parameter (d0)

decay length

light-jet
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ttbar (simulation)

ttbar (l+jets)
(NNLO, no SF in 
MC applied)

• Jets from hadronization of b-quarks (b-jets)
‣ long life-time (~1.6 ps) ➡ secondary vertex (~mm’s)

• Algorithms to identify b-jets:
‣ impact parameter-based (JetProb, IP3D)

‣ secondary vertex-based (SV1) 

๏ decay length significance

‣ advanced b-tagging algorithms

๏ multi-variate techniques, rec. vertex decay chain, combination of taggers (NN)

• Calibration of b-tagging efficiency and mistag rate: ttbar events (t→Wb)



• Impact of radiation damage through measurement of leakage current

• Effects became visible in 2011, increasing with luminosity

• Pixel and SCT: very good agreement with predictions from the 
“Hamburg-Dortmund” model
‣ predictions include time-dependent self-annealing effects, temperature profile, 

luminosity delivered and expected-fluences (Phojet+FLUKA)

Sergio Gonzalez-SevillaSergio Gonzalez-Sevilla

Radiation damage 

15

SCT
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Ileak = α · Φeq · V

13!Stephen Gibson! RD11 Florence, 8 July 2011! 13!

Pixel current comparison with model!Monitoring radiation 
damage in ATLAS silicon:!

!   Data is scaled to -10 oC and includes preliminary correction for beam ionisation 
current.!

!   Prediction is based on luminosity profile and expected fluence by barrel layer from 
Phojet + FLUKA simulations, scaled by the silicon volume and the damage constant, 
!, taken from NIM A 472(2002) 548-544.  No correction for annealing (small).!

parameterized by

DI ¼ af Vol ð2Þ

where DI is the change in bulk detector leakage
current, a is the damage constant, f is the fluence
and Vol is the active volume of the detector.

4. Detector currents during irradiation

To predict the leakage current using bulk
radiation damage parameterizations it is necessary
to combine the effects of both the change in effective
carrier density and the increase in leakage current.
This is best done by considering the low fluence and
high fluence regions separately. The pre-irradiation
full depletion voltage for a 300 mm thick detector is
typically 60–80 V. The detectors are held at a
constant bias of 100 V and are thus fully depleted
when irradiation begins. The donor removal term in
Eq. (1) initially causes the effective carrier density,
and hence the full depletion voltage, to decrease and
the detector remains fully depleted with a constant
active volume. Therefore Eq. (2) implies that a
linear relationship between detector current and
fluence should be observed at low fluences (assum-
ing the initial detector current to be negligible;
initial currents of I0E0:5 mA are observed).

At high fluences (above approximately
1014 p cm@2) the acceptor creation term in
Eq. (1) dominates and to a good approximation
jNeffðfÞj ¼ bf. This results in a full depletion
voltage greater than the applied bias voltage, the
detector is no longer fully depleted and the active
volume of the detector is now a function of fluence:

Vol ¼ Aw ¼ A

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2e
e

Vbias

jNeff j

s

¼ A

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2e
e

Vbias

bf

s

ð3Þ

where A is the area of the detector, w is the
depleted width of the detector, e is the dielectric
constant of silicon, e is the electron charge and
Vbias is the bias voltage applied to the detector.
Thus from Eq. (2) the detector current at high
fluence should be given by

I ¼ aA

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2e
e

Vbias

b

s

f0:5: ð4Þ

Recent studies of irradiated diodes have shown the
existence of a ‘‘double-junction’’, with a small
depleted n-type region on the pþ (strip) side as well
as the expected depleted p-type region on the nþ

(backplane) side [10,11]. However, the contribu-
tion of the extra depleted region to the overall
depleted volume is expected to be small, therefore
the above analysis neglects it and assumes that an
under-depleted detector with depleted width w
is equivalent to a fully-depleted detector of
thickness w.

For the irradiation considered here 12 full-sized
300715 mm thick detectors from three different
manufacturers (two detectors from manufacturer
1, five from manufacturer 2 and five from
manufacturer 3) were irradiated to the target
fluence of 3% 1014 p cm@2 whilst reverse-biased
at 100 V. All of the detectors were manufactured
on /1 1 1S orientation substrate with resistivity of
2–5 kO cm, and were a mixture of barrel and one
of the wedge designs. The irradiation took 5.9 days
and was performed at an ambient temperature of
@10:070:11C. The measured detector currents
have been normalised to @10:01C to take into
account small temperature fluctuations in the
thermal enclosure. Fig. 1 shows the current–
fluence profile for a typical detector: the decrease
in current observed at a fluence of approximately
1:5% 1013 p cm@2 was due to a period without
beam. The origin of this decrease is unclear at
present, although three options have been con-
sidered: leakage current annealing; discharge of
the oxide layer or relaxation of the detector;
photo-current caused by the decay of radioactive
isotopes in the irradiation area.

The distinction between the low and high
fluence regions is clearly shown and the exact
relationships between current and fluence can be
found with a fit to a graph of log10ðIÞ against
log10ðfÞ. The low-fluence fit was performed for
fluences between 5% 1012 and 2% 1013 p cm@2,
and the high-fluence fit for fluences between 1:5%
1014 and 2:5% 1014 p cm@2. All of the detectors
are compatible with the predicted Ipf low-
fluence behaviour: the mean of all 12 detectors is
Ilowfpf1:0170:01. However this is not the case for
the expected high-fluence behaviour of Ipf0:5.
Whilst the detectors from manufacturer 2 do agree

R.S. Harper et al. / Nuclear Instruments and Methods in Physics Research A 479 (2002) 548–554550

Pixels

Integrated luminosity

Leakage current



Sergio Gonzalez-SevillaSergio Gonzalez-Sevilla 16

2.- Performance

2.2.- Calorimetry
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Electron and photon performance

Z → ee

IMFP 2012 - Benasque (Spain) - 300512

π0 → γγ

17

J/ψ → ee
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Jet energy scale

• Jet energy scale calibration: em scale → hadronic scale
‣ pileup correction, origin correction, energy η and correction

• Uncertainty in the jet energy measurement is the dominant experimental 
uncertainty in many physics analyses
‣ calo component dominant in central region

‣ η-intercalibration component, due to MC modelling, dominant in forward region

• Jet energy calibration validated with in-situ techniques ➡ jet energy 
compared with well calibrated objects
‣ γ+jet, multi-jet, track-jet

‣ pT balance in Z+jet events (Z→ee)

IMFP 2012 - Benasque (Spain) - 300512

pT jetZ→ee 

18
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Missing transverse energy

• Key for many precise measurements and searches

• good data-MC agreement, ~2% (W→lν)

19

W → eν
(MC)

Z → ll
(Data)

Etmiss resolution 
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W → eν

W → eν
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2.- Performance

2.3.- Muon Spectrometer
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Reconstruction efficiency

21

• MS reco efficiency from T&P in resonances dimuon decays 
‣ J/Ψ (low-pT) and Z→µµ (high-pT) 

๏ tag = Combined (CB) muon (MS+ID track-combination)

๏ probe = ID-track matched to a CB or segment-tagged muon
❖ tagged muons allow to recover “geometrical” inefficiencies
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Reconstruction efficiency measured with T&P on Zmumu events.

Efficiency εrecocb+st = εIDεcombεMS,

where εID measured with MS probes, εcombεMS measured with ID probes
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Reconstruction efficiency measured with T&P on Zmumu events.

Efficiency εrecocb+st = εIDεcombεMS,

where εID measured with MS probes, εcombεMS measured with calo probes
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acceptance loss: MS partially equipped with
chambers to provide space for services of ID and calos

transition region barrel-endcap (only one muon chamber)
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Momentum resolution

22

• MS-only momentum resolution 
‣ constrained by Z→µµ line-shape and ID-vs-MS measurements from W→eν
‣ σ(pT)/pT <5% for pT(µ) ∈ [20; 200] GeV
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Muon momentum resolution plots

MS (barrel) MS (endcap)

Energy loss

Multiple scattering

σ(pT )

pT
=

pMS
0

pT
⊕ pMS

1 ⊕ pMS
2 · pT

Intrinsic resolution 
(calibration + alignment)
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Combined mass resolution

<-2.0
!

<-1.7
!

-2.0< <-1.05
!

-1.7< <1.05
!

-1.05< <1.7!
1.05< <2.0!

1.7< >2.0!
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Data 2011, <µ>=5.6
Data 2011, <µ>=11.6
Simulation, <µ>=5.6
Simulation, <µ>=11.6

ATLAS Preliminary

Error bars show statistical errors.

Systematic error from fit range:

< 0.1 GeV except the η < −2.0 bin

where it is 0.2 GeV.

MC11a: no degradation of the

mass resolution with pile-up

expected.

Data 2011: No degradation of the

mass resolution within

measurement errors.

Discrepancy between experimental

and simulated data due to residual

internal misalignments of the ID

and MS.

5
5

5

Combined dimuon mass 
resolution (Z-peak)
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Invariant mass plots

Sergio Gonzalez-SevillaSergio Gonzalez-Sevilla

Combined ID+MS dimuon mass resolution

23

Dimuon inclusive invariant mass spectrum
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ZZ(*)→µµµµ
m4l=124.6 GeV
m12=89.7 GeV
m34=24.6 GeV

IMFP 2012 - Benasque (Spain) - 300512
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2.- Performance

2.4.- Pileup
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Pile-up

26

Z→µµ with 25 reconstructed vertices

Run: 201289, event: 24151616 (15th April 2012)

IMFP 2012 - Benasque (Spain) - 300512

2012

2011
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Tracking performance with pile-up

27

• Performance from runs with medium (<µ>=15) and high pile-up (<µ>=30)
‣ no saturation effects observed yet at these luminosities

‣ no significant increase in the fake-rate observed

‣ linear relation between <number of tracks> and vertices preserved at high pileup

IMFP 2012 - Benasque (Spain) - 300512

2011 reconstruction

2012 reconstruction

Default

“Robust” (2012-optimized)
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3.- ATLAS Upgrade
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High-Luminosity LHC (HL-LHC)

29IMFP 2012 - Benasque (Spain) - 300512

√
s = 900GeV

√
s = 7 ∼ 8TeV

L = 6× 1033 cm−2s−1

2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

2019

2020

2021

2022

2023

2030 ?

LS1

LS2

LS3

LHC startup

Go to design energy, nominal luminosity (Phase-0)

Injector and LHC Phase-1 upgrade to full design luminosity

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

Bunch spacing 50 ns

√
s = 13 ∼ 14TeV

L ∼ 1× 1034 cm−2s−1

Bunch spacing 25 ns

√
s = 14TeV

L ∼ 2× 1034 cm−2s−1

Bunch spacing 25 ns

√
s = 14TeV

L = 5× 1034 cm−2s−1

Luminosity leveling

√
s = 33TeVHE-LHC:

300 - 3000 fb-1

we are here~20-25 fb-1

~75-100 fb-1

~350 fb-1

~3000 fb-1



• 4th Pixel layer, mounted directly on beam-pipe

• Maintain and improve physics performance until                                  
the HL-LHC
‣ new sensor technologies

‣ closer to IP: 50.5 mm → 32.7 mm

‣ new (smaller) Be beampipe (0.7% X0)

๏ expensive but significant reduction of the MS background

‣ very tight clearance (~14 mm) !!

Sergio Gonzalez-SevillaSergio Gonzalez-Sevilla

Phase-0: Insertable B-layer

30

Existing B-layer

IBL

IMFP 2012 - Benasque (Spain) - 300512

Philippe Grenier! TIPP 2011 – Pixel Sensors for ATLAS IBL!

ATLAS Insertable B Layer (IBL)!

4!

!  Performance of current innermost Pixel Detector layer will degrade before main tracker upgrade. 
!  To maintain physics performance (b-tagging) and insure against radiation effects: 
!  Insertion of new pixel inside current pixel detector: Insertable B Layer IBL.  
!  IBL design: 250 Mrad TID and 5.1015 neq/cm2 NIEL.  
!  Installation originally planned for 2015-2016! advanced (in January 2011) to !. 2013! 

IBL mounted on new beam pipe  
Length: ~64cm 
Envelope: Rin = 31mm, Rout=40mm 
14 staves, 32 pixel sensors / stave. 
Front-end chip: 

IBL 

Current Pixel detector 

Two competing sensor technologies: Planar and 3D pixel sensors. 
Diamond technology dropped: production time not compatible with IBL in 2013. 

•  FE-I4, ATLAS upgrades. 
•  50µm x 250µm 
•  80(col) x 336 (rows) = 26880 cells. 
•  2cm x 2cm! 

Existing B-layer new beam-pipe

IBL mounted on beam-pipe

r ~
 33 m

m
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IBL performance

31
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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

– 33 –

A ⊕ B /pT

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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IBL MoU, TDR, Milestones G. Darbo – INFN / Genova ATLAS Week, 2 July 2010 15 

IBL Layout 
! " Baseline layout decided!

•" 14 Staves, “reverse 
turbine” (there were two 
main options in Barcelona) 

! " Beam-pipe reduction:!

•" Inner R: 29 ! 25 mm 

! " Very tight clearance:!

•" “Hermetic” to straight tracks 
in ! (1.8º overlap) 

•" No overlap in Z: minimize 
gap between sensor active 
area. 

! "  Layout parameters:!
•" IBL envelope: 9 mm in R 

•" 14 staves. 

•" <R> = 33 mm. 

•" Z = 60 cm (active length). 

•" "  = 2.5 coverage. 
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• Layout and specifications:
‣ 14 staves, each with 32 FEI4 chips; 50x250 µm2 pixels

๏ 1.8o φ-overlap, <2% gaps in Z

‣ Radiation hardness (5x1015 neq/cm2), -15oC (CO2 cooling)

• Sensor technology (# per stave):
‣ planar n-in-n slim-edge sensors (12)

‣ 3D slim-edge sensors (8)
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Phase-1: Muon Spectrometer

• Replace muon small wheels with improved 
trigger capabilities
‣ need < 1 mrad resolution and associated trigger 

vector capability

• By requiring an associated pointing segment 
on EI, background triggers may be eliminated

32

Overview of ATLAS upgrades  -  G. IacobucciMay 23, 2012

New MUON Small Wheels

10

Plan to replace muon small wheels with improved trigger capability:      
need < 1 mrad angular resolution and associated L1-trigger vector capability

 STATUS:
Converging on the choice of the technology for precision tracking and trigger
 MicroMegas for precision coordinates plus TGC for trigger the main candidate
 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

A

B

C

A

B

C

EM

EI

EM

EI

(a)

(b)

Figure 2.6. (a) EM segments producing Level-1 high pT triggers. Track A is a high pT muon originating
from the IP. Tracks B and C are possible configurations of background segments. (b) By requiring an
associated pointing segment on EI, background triggers may be eliminated.

Figure 2.7. Left: Expected reduction of L1MU20 rate simulated using collision data by successive applica-
tions of requirements on the small wheel segments. Right: Efficiency for high quality high pT muons due to
the fake removal cuts.
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- A: high pT muon coming from the IP
- B & C: background segments causing fake triggers
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EM
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(a)

(b)

Figure 2.6. (a) EM segments producing Level-1 high pT triggers. Track A is a high pT muon originating
from the IP. Tracks B and C are possible configurations of background segments. (b) By requiring an
associated pointing segment on EI, background triggers may be eliminated.

Figure 2.7. Left: Expected reduction of L1MU20 rate simulated using collision data by successive applica-
tions of requirements on the small wheel segments. Right: Efficiency for high quality high pT muons due to
the fake removal cuts.

– 13 –

IMFP 2012 - Benasque (Spain) - 300512



• Increase in pile-up events from ~23 to ~120 
‣ radiation damage

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

• A completely new ATLAS Inner Detector !!
‣ Pattern reco, good tracking efficiency + low fake rate, minimize occupancy

๏ better detector granularity

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

Sergio Gonzalez-SevillaSergio Gonzalez-Sevilla

Phase-2: a new ATLAS inner tracker

33

SCT 

05.10.2011 

23 pileup 46 pileup 

69 pileup 92 pileup 

115 pileup 

6/23 Peter Vankov,  ITk Subcommittee meeting 

SCT 

05.10.2011 

23 pileup 46 pileup 

69 pileup 92 pileup 

115 pileup 

6/23 Peter Vankov,  ITk Subcommittee meeting 

SCT 

05.10.2011 

23 pileup 46 pileup 

69 pileup 92 pileup 

115 pileup 

6/23 Peter Vankov,  ITk Subcommittee meeting 

sATLAS fluence for 3000 fb-1

Example layout:
occupancy < 2%

Pixels
(up to 1016 cm-2)

Short strips 
(up to 1015 cm-2)

Long strips 
(up to 4x1014 cm-2)

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



η =
 1.0

η = 1.5

η = 2.0

η = 2.5

Sergio Gonzalez-SevillaSergio Gonzalez-Sevilla

(new) Inner detector layout

34

• Pixel-detector
‣ 4 barrel layers and 6 end-cap disks

‣ investigation of novel layouts

• Strip-detector
‣ 5 barrel layers (3 short + 2 long) and 5 end-cap disks

[dimensions in cm]

IMFP 2012 - Benasque (Spain) - 300512
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Strip integration concepts: barrel

35

Carbon fiber
facingBus cable

Hybrids Carbon honeycomb 
or foam

Readout IC’s

Coolant tube structure

1.2 m

STAVE (single-sided modules)

SUPERMODULE (double-sided modules)

Sensor

ASICs

Hybrids
AlN facing

washers
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Strip endcaps

36

• 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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Conclusions

• ATLAS is performing extremely well !!
‣ 5.25 fb-1 recorded in 2011, 3.15 fb-1 in 2012

‣ data / MC agreement of the order of few %

• Detector performance
‣ Inner detector alignment focused in assessing “weak modes”

‣ Momentum resolution of ID and MS very close to design values

‣ Prepared for the challenges of 2012 !!

๏ reconstruction in a high (increasing) pileup environment 

• ATLAS upgrade
‣ IBL under assembly and QA, now !!

‣ R&D well advanced for Phase-1 and Phase-2

๏ prototypes close to final detector under thorough evaluation and testing

• A huge amount of interesting physics results ➡ see Marcel’s talk
‣ and many more to come !!

๏ Higgs 2012 ??

37

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/WebHome

More results :
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Backup
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LAr timing

• Timing alignment to synchronize readout clock with BC
‣ Distribution of average time / FEB <t>FEB

๏ FEBs are aligned and centered at zero

๏ σ = rms of distribution in a time windows of [-0.5; 0.5] ns

• Timing resolution of ~300 ps achieved for a largre energy deposit in a 
cell of the EM Barrel
‣ resolution includes a ~220 ps correlated contribution from the beam spread as 

determined from Z→ee studies

39

W→eν
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Jet selection

• Main backgrounds to high pT jets originating from hard-scattering: 
‣ beam gas, beam halo, cosmic rays (overlapping in-time with pp), calo noise

‣ loose selection with ε>99.8% for pT(jet)>20 GeV (T&P on dijet events)
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Calo performance

41

Improved electron reconstruction with Gaussian-Sum-Filter based model for bremmstrahlung
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Jet energy scale

• Jets = showers pf highly collimated stable hadrons

‣ from partons (q, g) after fragmentation and 
hadronization

• Measurement of energy deposition in          
calorimeters ➡ energy of primary parton

‣ underlying event contribution

‣ response varying with flavours
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Muon Spectrometer: momentum resolution

43
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• Contributions to the momentum resolution for muons reconstructed in 
the Muon Spectrometer as a function of transverse momentum

• The alignment curve is for an uncertainty of 30 µm in the chamber 
positions

ATLAS Simulation
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HL-LHC: 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
44
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Phase-1 upgrade: calorimeters

• Goal: preserve un-prescaled LVL1 thresholds fir single electron triggers at 
pT~25 GeV for LHC operation beyond the nominal design 
‣ Phase-1 and HL-LHC (Phase-2)

• Plan to use in the LVL1 trigger all the detector granularity present in LAr
‣ new shower shape variables: ratio of energy (2nd layer) in clusters of two-sizes

‣ develop new front-end digital chain

๏ super-cells with higher granularity are formed in the FE shaper sum ASIC and individually 
digitized

45

Figure 2.12. Shower shape calculations at Level-1 corresponding to the Level-2 and offline Rη parameter.
The highest energy ∆η×∆φ = 0.025×0.1 “Super-cell” in the initial RoI, as provided by the current Level-1,
is used to seed the 3x2 and 7x2 clusters; the second high energy “Super-cell” in φ , above or below the seed,
is chosen to define the cluster core.

Figure 2.13. Distribution of the Rη parameter for electrons and jets, defined as the ratio of the energy in the
3x2 over the energy in the 7x2 clusters of the 2nd layer of the EM calorimeter. The size of each element in
the cluster is: ∆η×∆φ = 0.025×0.1.

Table 2.1 summarizes the jet rejection efficiencies for cuts on several variables using infor-
mation from the hadronic calorimeter. In the table “EM Cluster” refers to the energy deposited
in a 2×1 or 1×2 η-φ trigger tower cluster, “EM Core” to the corresponding energy in the 2×2

– 18 –

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 
 

IMFP 2012 - Benasque (Spain) - 300512



Sergio Gonzalez-SevillaSergio Gonzalez-Sevilla

IBL clearances

46
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5 H. Pernegger/CERN   Vertex 2011 

IBL Sensors 

Planar 2-chip sensor tile 3D 1-chip sensor tile 

Sensor specifications for IBL: 
! Qualify to 5x1015 neq 
! max. power dissipation: 200 mW/cm2 at -15 C 
! tracking efficiency > 97%. 

Sergio Gonzalez-SevillaSergio Gonzalez-Sevilla

The IBL modules

• New readout chip: FE-I4

• Single or double chip module

• Sensor technology independent

‣ planar ➡ double-chip module

‣ 3D ➡ single chip module

‣ diamond

47

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.   

AUW, IBL Summary Fabian Hügging - Univ. Bonn 4

450µm

100µm
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IBL pixel 3D-sensors

48

3D Pixel Sensors 
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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)

49
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Powering options

50

• 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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Future module design: ABCN-130

51

Double-sided module based on ABCN-250
•80 chips, 128 channels / chip
•1 DC-DC converter / hybrid

Double-sided module based on ABCN-130
•40 chips, 256 channels / chip
•1 DC-DC converter / 2-hybrids

~10 cm

Upgrade Strip double-sided barrel module

~10 cm
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