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Run-1 pixel detector

R =1082 mm

80 million channels; analog readout

TRT

50x400 um? pixel size

10 pm and 110 ym resolution in R S
and in z {

Radiation hard up to NIEL 10%> 1 MeV
Neq/cm? and 500 kGy

Pixels 3

e
Operating temperature of about -13°C oG]

250 pm thick n-in-n silicon sensor with e ...
an active area of 16.4x60.8 mm? &2 *'/

2X80 Mb/s readout in innermost b-layer,
80 Mb/s in layer 1 and disks, and 40
Mb/s in layer 2

decoupling
capacitors

99.9% data taking efficiency o , » P
95% of the detector active end of Run-1 == | ¥ @
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Why upgrade? (I)

L=7x103cm?s! L=1x103*cm?s! L =2x103* cm=2 s! L = 5x103* cm™2 s!
pile-up ~ 25 pile-up ~ 40 pile-up ~ 70 pile-up ~ 140

Ls1 EYETS 14 TeV 14 TeV
13-14 TeV energy
injector upgrade 5t0 7 x
splice consolidation cryogenics Point 4 o
7 TeV 8 TeV button collimators S’CF;:S dispersion i "I'g:‘;’)”;“t HL-LHC installation
R2E project suppression i

nomina
nteraction luminosity
. 5 regions ————
collimation —

radiation
damage

» < > <€ > <€ > € » <« > >
Run-1 Phase-0 Run-2 Phase-1 Run-3 Phase-2 HL-LHC

LHC designed originally for
L =1x10%* cm™2 st
Pile-up ~ 22

discovery of rare physics
requires high luminosity
and sufficient collision energies

LS1: long shutdown-1

Pile-up: superposition of interactions from the same or near-by
bunch crossings
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Why upgrade? (II)

@ 2001 .
= C ---#---- Observed Failures m
B 180 =
s C ——— Reference Linear Trend - 15/year 19.6%
- s ] e—
B 160~ Reference Linear Trend - 8/year P
— e
re) C . e 7
.g 140 - —»— 62% NSQP recovery, 0.25%l/year failure rate P 7 -
o - —e— 62% NSQP recovery, 0.50%/year failure ratg_/"/ 7]
120 =
= e 7 6.0%
L - T —
— rd —
100E — 5.0%
C 0 —
80— — now
60— -
40F- =
20— -
C | | | | | | T

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
End of Year

Link occupancy at 75 kHz L1 Trigger

B-Layer Layer 1 Layer 2 Disks
50 ns 37 39% 34% 52% 30%
25 35% 31% 48% 27%
25 ns; 13 TeV 51 53% 59% 66% 39%

76 71% 73% [ 64%

Link occupancy at 100 kHz L1 Trigger
B-Layer Layer 1 Layer 2

50 ns

25 ns; 13 TeV

Readout limitations and module failures would degrade pixel
performance before radiation damage does
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Pixel upgrades in the Long-Shutdown-1

Designed new Cable organizer (no
opto connector)

moving the optical . eolzsviag:oerc/irr;fawt:rbboncnmouav _
components outside the Bt immcodits TS
detector volume for easier €W Services

access to repair failures in

future

doubling readout speed for
layer-1 when needed

nSQPs allow for . m

> Installed ER bundles

|dats, commuand, clock wires)

Designed new Ribbon
clip end pieces

Designed new PPO
flex, router guide

Replaced optoboard by
LVDS repeater E-boar

PPO “

recove rin g some Of th e (connection to the Pixel Detector) e e

non-operational modules

IBL: additional pixel layer with
advanced technology to
maintain and improve the
pixel detector performance

Layer-2 DAQ hardware
upgrade to double readout
speed

b-layer

Insertable
B-Layer
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Insertable B-Layer

The major ATLAS phase-0 upgrade |

Improves tracking, vertexing
and b-hadron identification

12 million channels

50x250 um? pixel size;

finer granularity than b-layer
A

14 staves, each with 32 FE-I4 readout chips, mounted on the new
smaller radius beam pipe

200 um thick planar n-in-n and 230 um 3D n-in-p sensors;
thinner than b-layer

Radiation hard up to NIEL 5x10%> 1 MeV neq/cm? and 2500 kGy;
5X more radiation tolerant than b-layer

CO2 cooling at -40°C coolant temperature

ApDo=4F
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Module technologies

6X more hit

much smaller inactive planar edge buffermg capability
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1 edge pixel

shorter distance to the
electrodes in 3D design,
resulting in need of

much smaller bias voltage —i= -
[ ] oxide B metal B passivation oxide [l metal M passivation <
] pSi p’ Si B s pSi [ ppoly-Si [l n' poly-Si p Siz;’f
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Production chain
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v

Stave burn-in and QA Pipe extension & Brazing Stave to beam pipe integration

at CERN
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Module production
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Stave production (I)

ATLAS IBL Preliminary
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400 modules loaded on 20 staves : i :
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Stave production (II)

Two staves were exposed to severe
condensation due to an accident
during testing midway through
production

Further inspection revealed
corrosion on most staves produced
thus far

Chemistry lesson of a near disaster | S
scenario: never bring Al, Halogen
(Cl, F) and H20 together at once

Corrosion could be reproduced even ) _'
on well cleaned bare flex with drop &
of DI water

Intensive rework program to
carefully clean corrosion residue é B L
and replace wirebonds a it a)

A 2 :
(D7 5723k
1

J)
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Quality assurance
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Quality assurance (II)

14 of the 18 qualified staves used

ATLAS IBL Preliminary
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Integration and installation (I)

last stave
integrated around
the new beam pipe

S o et o TR RN end of March 2014
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Integration and installation (II)

Each stave went through short series of functionality test before
and after integration around the beam pipe

The detector went through QA standard tests right after
installation in the cavern using the same RCE readout system
from the QA before switching over to the final DAQ system to be
used for data taking

Results confirmed, 100% functional damage free integration,
transport and installation of the detector

w .
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10| < ATLAS IBL Preliminary
Ot N RCE commissioning
g === Planar
g <+ 3D FBK
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ToT difference to QA [BC] Ap-Dgs 41
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Commissioning milestones

First IBL stave joined
ATLAS cosmic runs in
September 2014 ﬁ&p.lg-ml';éé

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

- 26 ‘Nevember 2014

CO2 cooling system

assured safety of IBL
during the bakeout of BB
the new beam pipe at [FEEREEES JEEENN \
230°C in October g T~ N\ L

9/14 staves joined R R
ATLAS runs in October [ | R gy
2014 L o

Full IBL joined ATLAS | IBL
runs in November X —
2014 in the presence

of a solenoidal

magnetic field

Ap-Ds> 41
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The ATLAS detector is now just 3.3 cm away from the LHC
collisions and ready for the LHC Run-2 conditions thanks to the
new innermost pixel layer: IBL

Construction and installation completed two years ahead of its
original schedule

Initial commissioning done and already providing space points on
charge particle tracks

On going effort is focusing on the implementations of automatic
recovery mechanisms of readout components in the event that
they become non-responsive to maximise data taking efficiency,
and protections for operational safety of the modules in the
presence of magnetic field and beam
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Questions?

Ap-Drz 4t
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First IBL stave in an ATLAS run
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