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Summary of operation conditions in 2016
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ATLAS Pixel Detector in Run-2 - Pixel

General Structure:

@ 3 cylindrical layers (B-Layer, Layer 1,
Layer 2) closed by two-endcaps (3 disks
each)

@ 80M channels 97.5% operational

@ 1744 modules with 46080 Read-out
channels each

v

Front-end chip: FE-I3

@ On standard 0.25 pm CMOS

@ 2880 (18x160 matrix) channels

@ Analog block: amplification and
programmable threshold discriminator

@ Digital block: pixel address, time stamp,
digitised ToT (Time over threshold)

v

@ nt-on-n; 250 pm thick
@ 328 columns (50 um r — ¢ pitch)
@ 144 rows (400 um 7 pitch)

42mm

Barrel Layer 2
Barrel Layer 1
Barrel Layer 0 (b-layer)
End-cap disk layers

HY guard ring

ATLAS Pixel Module

Typed connecor

decoupling
apiciors
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ATLAS Pixel Detector in Run-2 - Insertable B-Layer

@ 64 cm length (~ 7 m with services)

@ 14 staves at r = 3.27 cm with ¢ overlap

@ Two sensor technologies: 12 Planar
(central region ) and 8 3D (high-n)
region

@ Total 12M channels 99.3% operational

|L

Front-end chip: FE-l14

@ 0.13 um CMOS IBM

@ 26880 (80x336 matrix) channels

@ Pulse height measured in ToT digitised
in 4-bit

@ Radiation hard (<250 Mrad)

@ 90% active area

Inner Positioning Tube Beam Pipe Front-end Module

Sensors:

|L

@ Planar: 200 gm n™-in-n; 2FE-I4/sensor
@ 3D: 230 um n"-in-p; 1FE-14/sensor

@ 50 um x 250 um pixels
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Upgrade of the readout system

@ LHC will increase peak luminosity to
3 x 1034cm—2s~1

@ During 2016 Run record of

1.4 x 1034cm—2s1
@ Maintain a L1 trigger rate above 90kHz
@ Readout bandwidth will saturate

@ The Read-Out System for the Barrel
Layer-1 and Layer-2 has been updated to
the IBL-ReadOut

@ Dedicated poster by Nico Giangiacomi
in the poster session

-3

1
> 2
= 18F ATLAS Preliminary E
=3 '6; Data 2016, |s = 13 TeV E|
16E
§ [ {IBL { B-Layer El
= 14 3
3 Lok | Layer-11 Layer-2 E
° 2F . E
g i3 1 Disks E
= E E
o 08 E
[=2] | 3
S 0.6 B
g E 7
04 =
0.2 E
Tro ol b b b b b
O0 10 80

Average [ per lumi block

Module Link Occupancy at 100kHz L1

81%" 119%3
60% 4192 53%3
sx 10 189 o |
101% 125%> 1ss%> 115%

63% 94%




IBL readout on Pixel improvements

@ Visible effects with new HW and SW

@ Commissioning phase till June where
desynchronisation errors stabilised by new ROD
Firmware

@ The Event Count Reset (ECR) is a signal
propagated by ATLAS that acts on the ROD
Firmware clearing ROD level desynchronisation
errors — only available in the IBL ROD, clear
improvement at high pileup

@ Major efforts currently ongoing to extend this
functionality to the old readout (B-Layer and
Disks)
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B-Layer changes during 2016 operation
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General Operation Summary

o Pixel operated with 98.9% data taking efficiency during 2016

year.

o We successfully addressed the problems and challenges we
encountered

Inner Tracker Calorimeters Muon Spectrometer Magnets Trigger
Pixel scT TRT LAr Tile MDT RPC CsC  TGC Solenoid  Toroid L1
98.9 | 999 99.7 99.3 98.9 99.8 99.8 99.9 99.9 99.1 97.2 98.3

Good for physics: 93-95% (33.3-33.9 fb!)

Luminosity weighted relative detector uptime and good data quality efficiencies (in %) during stable beam
in pp collisions with 25ns bunch spacing at Vs=13 TeV between April-October 2016, corresponding to an
integrated luminosity of 35.9 fbl. The toroid magnet was off for some runs, leading to a loss of 0.7 fb’.
Analyses that don’t require the toroid magnet can use that data.

o Pixel still gave 1.1% of busy time that can and will be
improved with future SW/FW developments
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Importance of IBL and Pixel subsystems

Pixel and IBL subsystems are of
fundamental importance for

@ Accurate reconstruction of charged
particle trajectories (tracks)

@ Precise determination of the position of
primary and secondary interaction
vertices

@ Determination of track impact
parameters dp and zp

@ Flavour tagging

@ Exotic tracking signatures coming from
displaced vertices, large dE/dx

@ Resolution of tracks inside jet cores
(Tracking in dense environment
(TIDE) )
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General Pixel-Tracking Performance in 2016
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Radiiation Damage Studies - Introduction

@ Excellent Pixel and IBL performance during 2016

@ However, radiation damage affects the sensor properties and degrades the detector
response

Two general types of radiation damage

@ ionizing: damages the SiO2 and the SiO»-Si inducing trapped charges

@ non-ionizing: damages the sensor bulk effecting charge collection and electric field
profile

@ Increase of leakage current

@ Reduced size of the depletion area

@ Reduced fraction of collected charge

@ Change in Lorentz Angle

@ Reduction of hit-on-track efficiency

@ Degradation of the dE/dX distribution =7
v
7/
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Radiation Damage Studies - Collected Charge
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Radiation Damage Studies - Collected Charge
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Radiation Damage Studies - Effects on IBL Calibration
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Radiation Damage Studies - Lorentz
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Radiation Damage Studies - Effects on B-Layer

Observed time/dose dependence of the
energy loss dE/dx in B-Layer during
2016 data taking

Measure extracted from tracks inside the
jet-cores (dense environments)

Two main effects visible: abrupt drop
due to change in the digital threshold
and steady decrease in throughout the
year

i

Hit-on-track efficiency in B-Layer shows
a mild decrease over 2016 data set — up
to 0.3% drop

Linked to radiation damage effect
Measured with an inclusive track
selection

v
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Conclusions

@ Presented overview of the ATLAS Pixel/IBL Detector system.

@ Summary of the improvements due to the upgrade of the Pixel
Read-Out system to the IBL system

o Pixel/IBL sub detector operated with 98.9% efficiency over the 2016
data taking period

@ Shown basic tracking/residuals performance during 2016

@ Summarised the latest measurements of the radiation damage on the
Pixel /IBL detector

o A working group has been formed and actively working on
understanding and computing the radiation effects

@ Paper in preparation and will be out soon - Stay Tuned!
CE/RW
.
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New IBL readout system

Schematic of the new Pixel readout

Central Trigger Processor

@ New debug capabilities
/| Read-out System
‘ (ROS) ‘

@ Available to spy data stream at the

ROD/BOC by using logic analyzer v."’lj:., b ATLAS Central =
@ Flush of FIFOs at Event Counter Reset '5 .
(see later) o 3 -
. - nterface
@ Embedded processor (PowerPC) in ROD g ° | Module (TIM)
with GigaBit network communication Ve
. . . 1= =! Calibration
@ New calllb.rat|o.n stream:Data Back of Cratel 3| Readout | — | Fi Server
transmission via Ethernet to the (Boc) |w| Driver
S| (ROD)
— 112 pairs

Calibration Fit Server l

@ Layer 2: Updated module link speed MT M S:::;r
from 40 to 80 Mbps, S-Link speed g
increased to 2.56 Gbps, IBL Readout > _IBL ROD

@ Layer 1: Same updates on a small
fraction. During 2016 end of the year
shutdown entire layer update: module
link speed from 80 to 160 Mbps

@ B-Layer/Disks: Will be updated at the
end of 2017 data taking

IBL BOC

.

VME Bus




Radiation Damage Studies - Leakage Current and Alignment
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Radiation Damage Studies - Leakage Current and Alignme

Relative BL distortion magnitude [um]

~11 ym/Kelvin

IBL stave is sensitive to local power
consumption change — bowing due to

thermal expansions coefficients
mismatch and over constraining
Rapid change of IBL stave bowing
distortion — addressed offline by
dynamic track-based-alignment
techniques
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General Pixel-Tracking Performance in 2016

D R R T N R A R AR RN R R R R E N RETRE
27000, o0 ATLAS Preliminary E Daia 2017 ATLAS Preliminary ]
"6 £ =0 pm, FWHM/2.35=13 um | “5 0 um, FWHM/2.35=87 um |
~ 000D P20t 1BL = 5700 ata 2016 IBL B
B0 st reens ] OO Smesesrees
Seono- R T— H P15 GeV - A — OOD" p,15 GeV E
r g g ] oeely 3
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@ Residuals obtained from p1 > 15GeV muon tracks from Z decays
@ First 2017 data shows good aligment
@ Improved agreement with MC Simulation after the introduction of the Bichsel Model
@ Detector general
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Weak Modes

@ ID Alignment is NOT only IBL
Alignment

@ One of the challenges is the weak-mode
reduction

@ Track based alignment is insensitive to
deformations that leave invariant the x?2

@ Use of external constraints such as
standard candles (Z, J/y or Ks) or
calorimeter information (E/p)

2015: Use of Z — ppu events

@ The two u's must come from the same
vertex: 8y, / Oz, constraints

@ Imposing the Z mass corrects for pr
biases: &s

@ Biases parametrised as a function of n

and ¢

e.g., curl

Ap~R

q/p — q/p(1 + qprisagitta)

2 2
m2, —m
Z . 5 5
mig & q1PT,10sagitta,1 + q2PT,20sagitta,2

A(m?) = T
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Correct the assumed ATLAS

geometry to determine the actual - T e
. . . !

relative positions of all active [ | — |

elements. /

recotrack £/ realtrack refitiedirack £ realtrack

@ Solve for small corrections
iteratively

Track based technique based on
%2 minimisation

N2
22 = Lhits (%ﬂ)
m; measurements, h; extrapolated
hits, o; intrinsic resolution, & align
parameters

e Alignment is an iterative procedure, that adds corrections to a defined
initial condition

@ A basic tool to check the performance of the aligned solution is the
. . . CERN
unbiased track-to-hit residual. 5/35  \L
NS
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Sub detectors are composed of
silicon (pixel modules or
microstrips ) and gaseous drift
tubes sub detectors

Pixel System

o The Insertable B-Layer (IBL)
(NEW )

Silicon Tracker (SCT)

o Transition Radiation Tracker

(TRT)

Embedded in a 2T axial B Field
Reconstruction of charged
particles within || <2.5

Subdetector Element size Intrinsic resolution [um]  Radius barrel layers [mm]
IBL 50 umx250 um 8x40 33.45

Pixel 50 umx400 um 10x115 50.5, 88.5, 122.5

SCT 80 um 17 299, 371, 443, 514
TRT 4mm 130 from 554 to 1082 23
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@ Innermost layer in the Pixel system
between the B-Layer and the
Beam Pipe

e Composed of 14 staves:

o Inner Titanium cooling pipe
@ Readout service bus (stave flex)
@ Stave fixation mechanism:

- A side can sling in z

- C side blocked in z by a screw

Cooling Pipe

Inner Positioning Tube

Stave Flex

Beam Pipe

\
Front-end M

RN
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