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® high multiplicity tracking

D. Dobos

ATLAS Layout Overview Muon Spectrometer:

Monitored Drift Tubes
Resistive Plate Chamber
Cathode Strip Chamber
Thin Gap Chamber

Inner Detector:
Transition Radiation Tracker
Semi-Conductor Tracker
Pixel Detector

Magnet system:
detector; ~ 1200 tracks Central Solenoid

per bunch Crossing Air—-core Barrel Toroid
= high granularity (80 million
channels)

high impact parameter
resolution; ~ 12 pym

vertex resolution
= high granularity, low mass

high radiation dose
tolerance; ~1 O‘5neq/cm2

(NIEL) or 50 Mrad
= low temp. & radiation-hard  shielding 1. . Hadronic I__Ar End C_ap Calorimeter
des:i tub ) length: 46 m EM Accordion Calorimeter

esign tubpes, ... weight: 7000 tonnes Hadronic Tile Calorimeter

high time resolution; 40 MHz bunch crossing rate
= fast preamplifier rise time

high occupancy/long trigger decision; 2 us Levell trigger latency
= buffering of hits on-detector

Calorimeter:
Forward LAr Calorimeter

low interaction length; ~10% X  (~0.7% per Module)

= low mass (thinned readout electronics, carbon-carbon support structure, aluminum cables
and cooling tubes, ...)
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Pixels

® high multiplicity tracking
detector; ~ 1200 tracks

per bunch crossing
= high granularity (80 million
channels)

® high impact parameter
resolution; ~ 12 pm

vertex resolution
= high granularity, low mass

® high radiation dose
tolerance; ~1 O‘Sneq/cm2

(NIEL) or 50 Mrad

= low temp. & radiation-hard Pberyllium
design, ...) beam pipe

length: 7 m ATLAS Inner Detector
@: 230 cm

® high time resolution; 40 MHz bunch crossing rate
= fast preamplifier rise time

® high occupancy/long trigger decision; 2 ps Levell trigger latency
= buffering of hits on-detector

® low interaction length; ~10% X, (~0.7% per Module)

= low mass (thinned readout electronics, carbon-carbon support structure, aluminum cables
and cooling tubes, ...)
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ATLAS Pixel Detector
= 1744 modules

3 barrel layers:
B-layer (22 staves)

length: 1.3m

O 34.4 cm Layer 1 (38 staves)

sectors and 48 modules weight: ~ 4.4 kg Layer 2 (52 staves)
® 3 Barrel layers (r=5,9, 12 cm)
® 2 Endcaps with 3 Disks each 1** large scale active pixel
® 3 space points for pseudorapidity < 2.5 detector (soon) in
® 80 million channels in 1744 Pixel Modules operation
® 1.8 m? active sensor area
® ~ -10°C operating temperature with ~10 kW power load = evaporative C_F_

cooling integrated into carbon support structure
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ATLAS Pixel Module_

® ~ 47k pixels (50 x 400 pym) HVhole
on n'np* silicon sensor

® 16 Front-End (FE) chips
connected with bump bonds
(flip chipping) with the Pixel
sensor

decoupling
capacitors
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® FEs connected with wire
bonds to a flexible circuit |
board (flex: routing and NTC barrel
passive components) MCC pigtai

® readout of the FEsbya @ e

Module Control Chip (MCC)
= module based event
building
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' dimensions: ~2 X 6.3 cm?
weight: ~ 2.2 g
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Pixel Detector Integratlon

odules onik cjezlo)5iand Barrel are |dent|cal




Pixel Detector Installation -
Ll igs:\ N ’ﬁ_ 7 =N T~ ; S ~ v-' .iv- V

® Pixel Detector Package
(detector with service quarter
panels) lowered and installed
in late June

® next step: cabling of service
cables and fibers at PPO
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J
ATLAS Pixel System- and Cosmics-
interaction of production detector Testﬂat CERN

® verify the performance and

and service components (threshold,
noise, cooling, ...)

® test complete infrastructure (HW,
SW, procedures) on ~10% of the
entire detector (Endcap A, 144
modules, 24 optoboards) = biggest
operated Pixel system so far

® realistic long term operation (shifts,
24/7, experts on-call, ...) to learn
for real operation

® 'playground’ for procedure and
software developments (optical
communication tuning, module
tuning, tuning analyzes, slow
control, DAQ, online monitoring, ...)

® test trigger and DAQ chain with
cosmics: (noise occupancy,
readout performance, tracking,
alignment, ...)
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System Test Setup

| Module T
Environm. VDD [[VDDA]
Sensors OptObOard :
VVDd | VPIN Cover
VISet
Regulator T
Station (PP2)
BBM BBIM
\\ L\V-PP4 \Interlock

Wiener | SC-OLink \System

| |
BOC
DCS-PCs
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Module T
| VDD ||VDDA|

Environm.| —{v ]

Sensors

VVDC Cover

Cap A {1t \li/a
eO T’ ny

BBIM

\Interlock

\System

£ LR e

Readout t Crate




c Module T
nvironm.| gy 7 [VDD | [VDDA] [ Data

Sensors

Optoboard T
VVDC | VPIN |[Data| [Cover
ViSet

Regulator
Station (PP2)

. Lv-PpP4 N\ Interlock
RS UDDOOue s Wiener | [SC-OLink \System
e S Data| Door
BOC

DCS-PCs
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. Module T
Environm. (VDD ||VDDA][Data
Sansors Optoboard T
VVDCQ | VPIN |[Data] [Cover
ViSet
Regulator T
Station (PP2)
BBM BBIM
LV-PP4 N\ Interlock
Wiener | |SC-OLink \System
| |
Data | Doof
BOC

DCS-PCs
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System Test Setup (Cooi |

. Module T
Environm.| "Hy T A T VDD |[VDDA[[Data
San<ors Optoboard T
VVDC | VPIN |[Data] [Cover
,, VISet
Coolant
Pipe
Rog&in T
BBM “ BBIM
\Interlock
HC-OLink \System
|
Data | [Door
BOC
DCS-PCs
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. Module T
Environm.| " Hy T [ VDD J[VDDA[[Data
Sensors Optoboard T
VVDC | VPIN |[Data] [Cover
VISet
Regulator

Station (PP2)

BBM BBIM
HV-PP4 LV-PP4 Interlock
Wiener | |[SC-OLink \System
| |
Data | Doof
BOC

DCS-PCs
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Services & Cooling

® automated service test system has been developed

® complete services chain tested including interlocks, connectivity information in the
slow control software and calibration measurements

® service test system qualified for the test of the services before detector is installed
in the pit

® intense development and tests in service communications and slow control software
(PP2, finite state machine, detector monitoring)

® Endcap operated with evaporative C_F_ cooling, as will be used in the final detector

with good performance
E P Power per stave (1 3 modules) [W]

-12,00 _-I ZOC
s C 3 Fs
— evaporative A o
E.) - 16,00 r . - _.I 6 C
— cooling /
q) - 12,00 "
> _
pd 20, . . ~ .
5 end—of- 20°C
o = Lfastimna
— rretme
= ﬁﬁﬁﬁy nominal orst casel | _og°
(D] '2‘4.033,, HOHHH Ha Worst case 24C
- ~23W ~38W

All services and cooling fulfill the requirements of the detector
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ical Communication

. Opt

1,2 m

type O cable

module Optoboard

V=122 2V

® several parameters need to be tuned for the optical data link between on-detector

optoboards and off-detector BOC cards:

* |aser power for the optoboard (1 voltage for up to 14 channels)

* threshold and delays at the BOC receiver side

(channelwise)

® challenge: adjust optoboard laser power such that all 7 opto links have a working

parameter space

® power and channel to channel Ilght spread dep

= untunable channels 1

ends on optoboard temperature

. ,-r'_;_
-1
-'.'I'!.
+10Cmigl

power

below 5°C J.________
bit pattern
errors -'-* |--|-.r|.r.
(color scale).l.i_.l__.nj.l].
v |
thresholdf o
delay = !Il..lj.l'lﬂ!
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Optical Communication Tu

® heaters have been installed on the optoboards 80-pin SMIT connector _ 4-channel DORIC
= all channels behave well at ~20°C W | L ® s-channel

® slow turn-on of light power for few channels
= has been addressed in the optoboard quality
assurance procedure

Qe p 8-channel
probably most of the problems can be @ NTE TREE™ opto-pack

explained by not first-choice quality
optoboards in the System Test

optical probe |

normal Eﬂﬂm slow turn- On ) I
= Eanx
20 .
i ([Nl |||'| u' | uu uu H\ \u il _j!‘ i ‘\ 1
c
el
>10 i
<t
st
© |
0 0 | i1 | : T - . !
0 200 40 600 800 1000 1200 1400 1600 0 200 400 B(]O 000 1200 1400 1600 i ' 100HW WT0.0ps ThE J' - 394}J.W 22D 2006
bit pattern b tern 2 ez
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Module Tuning Performance:

® charge injected into preamplifiers 1004 - W__
. . . A 1 Ideal: step z
and response after discriminator 2991 function % ¢ reak error function
measured E 80 1 § ) 7 (S-curve fit)

. . . D 70 e Lees

® nicely correlated with production s ¥
data arld Only Sllghtly hlgher E O [ ERUPRURRERRER——— éfﬂ*?-threshold noise calculation
(<10e7) 4o ] points 30 % & 70 %
10000 | 60004 S rl B

~ - 20 - fi 8 i
8000 — 5000 a8 5 Threshold and

L - 10 z : B 1 . .

— aﬂunf_ 1OIOO ZOIOO 30IOO 4OIOO 50IOO 6OIIOO. 7OIOO 80IOO 9OIOO
Mﬂﬂ:— EﬂﬂnE injected charge [e] [e_]
2000 1000F-

3800 4000 4200 100 150
Threshold [e’] Noise [e]

® MIP in 250 pm silicon sensor:
mean energy loss 27 ke- noise [e’]
= with charge sharing ~17 ke- ~160 e-
= after life-time dose R o
irradiation irradiation ~ 8 ke-
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System Test and Production Noise
* i - Entries 126 | Entries 126
i Mean 157.6 | Mean 167.7
25__ RMS 5.695 | RMS 6.713
: Underflow 0 | Underflow 0
20__ Overflow 0 | Overflow 1
- ductionsystemtest
- ning & tuning &
151 _ reshold threshold
- scan scan
- ikill)  (normal)
10
51
i 1 | | |
40 150 160 170 180 190 200
mean module noise [e-]
EEEEEEEER
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System Test mean module noise [e-]

System Test vs. Production Noise

- Entries 126
- . Mean x 157.7
175 Meany 167.7
n RMS x  5.644
B RMSy 6.713
170 . B
B 0 125 0
165 g o o
: r=0.935
160
155— +2 | ndf 28.85/ 19
N po 13.74+ 414
] p1 1.15+ 0.03
150
145

140 145 150 155 160 165 170 175 180
production mean module noise [e-]
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First Cosmics

| Time Alignment | o st Pt
Entries 5472
. F Mean  7.305
Pixel System Test # 1000 RMS 4432
i inti 650 _
Co_smlc Scintillator E online
Trigger System 600 o
550" monitoring
endcap A 500 16 LTA
PMTs 450 trigger
iron (140 MeV) 00 timing
350

300

L\l 1 ) L |

0 2 4 6 8 10 12 14

30f

L1A
# i
random N cosmic
scintillators i ] a5t )
ao00l- trlgger - trlgger

muon track

25

20

® trigger requests hit in top scintillator and
any of the bottom scintillators

® hit position within 16 consecutive 'levell
triggers for cosmic triggers show clear
cosmic peak above noise floor PP ——————

charge in time-over-threshold [25ns]

15F

1 1IJ_

sk
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Noise Occupancy and Sen

3?10'1 F : :
S & . [+BCD=5
g 10-2 PR ............. ............... .............. .............. —. BC[D—4 6
s £ = |BCID-5| >2
3 10-3 e s S S
Q
o =4
(4] N
5 10
= 10 .. ..0...........'...‘& "l'l' l.i'.. g e
él& A““A‘AA‘A AALA-llL.I..l ‘AA;‘J-‘ hgaiag Bis
10-3 SRS SN SNSRI SN SUPRUUTN: S SER iT ......................................
i . R
107 ”TT”T ...... i I‘Tﬁ”ﬂ ...... 1 ..................... T fo
S T PV O I i | |

T35 40 45
Module

9 I N I
107 5 10 15 20 25 30

® noise occupancy with random
trigger vs. sensor bias voltage
measurement used to
determine depletion voltage

® depletion zone grows towards
pixel side = bias voltage
below full depletion - pixel
shorted = high capacitive
load to preamplifiers = high
noise = high noise occupancy

@ CERN
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pixel noise occupancy [#hits/(#LVL1 trigger*46080)]

“gen®

noise occupancy measured with cosmic trigger

&

lx10'3§

after removal of noisy (107*) pixel noise
occupancy as low as 1 0’ before type inversion

90% of noisy pixel identified "t implantations
from production isolated with p-sprays

on n-substrate
measurements

total fraction of affected
pixels >1%

; Noi : :
1x10-4L p+ implantation
i mu Iti guard ring structure
1x10-5;
1x10° <
1x107 WS——— =
1x10° e -
L \gﬁJ
=
1x10-° ‘
1x]10-10, Measurment b ;\E\k
sensitivity \ | -
1x10-M —— +
0 20 40 60 80 100 120 140 160

sensor bias voltage [-V]



Monte Carlo vs. Data

- \/

Hit densityat z = -1 TtY:m\ljor\? d\isk hits traks i
Entries

® 29 out of 144
modules disabled

® measured trigger rate
15.7 Hz vs. ~ 18 Hz
full simulation rate

>10% of area overlap ,g,

{ region with modules I

| on other side
S A Az=4.2 mm

Pixel Clusters on Track

E B EEBE
D. Dobos @ CERN
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- [ | -- 1
G035 1 15 2 25 3354 e R RS
Theta Rec Cluster Width on
(V]
® MC tuned on cosmic data ‘qc')'
9 theta reconstruction, cluster width and hits 2

on track vs. module agree with MC (hits on
track inhomogeneous due to asymmetric
scintillator, missing modules & 3 noisy pixels)

® TOT shape correct = TOT calibration (from
production measurements) OK
= shift due to wrong fit parameter C:
B
10T =A+—"—
(C+Q)

D. Dobos @ CERN ATLAS Pixel Detec
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EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE . ! ‘
b.‘ 150_ T T T ] ' ' W‘)
gm; %w ] ® use >10% overlap region between

: o s
g osf R modules on different side of a
) I . .
g o ] disk Az=4.2 mm to determine
o T & relative alignment between
oo /NS modules
13956 7100 50 0 50 100 150 i udt T
(0) 1 Hit X C I I ! :)c;nstan 5 . . J_f_ 3
ver ap ; 500 E + I(\"‘Iea].l ‘ 0.0001231x 0130?331?50
. . . B - Sigma 0.02522+ 0.00026
Survey vs. cosmic alignment for modules with " MC:
400 -
more than 50 hlts in the overlap reglon E 16 pm
=~ 0.05—T—T— —y = O.If 300
0.04F 3 E 0.08F 3 = X:
= 0.03F 1 = 0.06f 3 200
%0.02:- _ T -20.042- . 3 - 18 Hm
g"NF emEEt 1 mia 3
3 S 18 of PRIy . -
33322 L. ; Eggi: S ; =2 01 0 o )
:0:035_ S ; :0:065_ E Corrected dLocX
0.04p . . . . | .08 . . . E L ‘ . ./ nat 8.9/ 65
-0.05 0.04 0.02_ 0 0,02 0.04 —0._111 .05 0 0.05 0.1 Cosmic Run 1129 Afte:‘ Correction : Prob 0.004917
Measured dX0 (mm) Measured dY0 (mm) 350 ; 1?&1?151:“‘ 0.0009362i301.3;]22i0:é;
2.0015p T T T = 1 T T T = Sigma 0.166 + 0.001
= : S 0.04F E 300 . =
fzu‘uul:- 43 0.0 E 250 MC: 3
: iy OF 4 E =
.5:0005;' _ . %-0.022— " . 200 117 Hm =
% 0;_ S % i :g:gzi: . "f 3 150;_ Y. _;
-0.0005F { 008, T . wfE 117 pm =
i -0.1F 3 3 3
-0.001f 1 o 3 50 3 E
: 1 1 1 '0'14:- 1 — =
0001557501 0 0.001 015 01 1 -0.5 0 0.5 1
Measured dalpha0 Corrected dLocY
EEEEEEEEEEEN
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Conclusions
® the ~10% System Test was a success and we gained valuable experience
for a successful commissioning and the operation of the detector

® various parts of the services have been validated (cooling, services,
interlock system)

® huge development step was done in online and offline software driven by
the System Test

® difficulties in optical communication tuning were identified in time to take
necessary actions before commissioning

® expected good detector performance (threshold, noise, noise occupancy)
could be verified and no system specific problems have been observed

® Monte Carlo expectations TR
for cosmic data have been
confirmed - recorded data
allows us to test the entire
reconstruction chain and
exercise alignment and
resolution studies

L me e ey—
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Additional Information

Additional
Information
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SPS. LHC and the LHC

® SPS: 450 GeV

® LHC: 26.7 km circumference; 2-7 TeV; 2835 bunches with 10'' protons each
= beam current: 0.53 A = beam energy: 668 MJ
= bunch crossing frequency: 40 MHz .
= luminosity: 10°** cm™@ s™'

LHC and
~its Experiments

LHC
momentum

cleaning & -

® ATLAS & CMS:
p-p collisions C

® LHC-b:
b-physics
® ALICE:
heavy ion collisions &
\ betatron
ALICE cleaning

circumference: 26.7 km

@ CERN ATI
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The ATHR SR

® diameter: 22 m; length: 46 m; weight 7000 tons
® air-core (= to avoid multiple scattering) barrel toroid magnetic field: 4 T
® central solenoid magnetic field for inner detector: 2 T

Muon Spectrometer: pasic design criteria:
Monitored Drift Tubes

Resistive Plate Chamber ® very good

Cathode Strip Chamber electromagnetic
/4Thin Gap Chamber .
u | calorimetry

o

ATLAS Layout Overview

Inner Detector:
Transition Radiation Tracker
Semi-Conductor Tracker
Pixel Detector

Magnet system:
Central Solenoid
Air-core Barrel Toroid

® high-precision
muon momentum
measurement

® efficient tracking

® large acceptance
inn
® triggering and
measurement of
Calori : particles with low
alorimeter:

Forward LAr Calorimeter transverse

Shielding? @:22m W Hadronic LAr End Cap Calorimeter momentum
length: 46 m EM Accordion Calorimeter thresholds
weight: 7000 tonnes Hadronic Tile Calorimeter

@ CERN ATLA
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AT rigger
EEEEEEEEEEEE RS EEEEEEEEEEEEEER
interaction rate (M Y ( calori- } | )
. uons Tracking
~ 1 GHz me}ers
bunch crossing »—t ‘ l
= 40 MHz
LEVEL 1 Trigger e
~ 75 (< 100) kHz
~ 2.5 ps latency ]
(fixed) -
—_— _J
Regions of ,
Interest (Rol) 4 " J
. ~2%
LEVEL 2 Trigger \
~ 3.5 kHz
~ 10 ms latency
(variable)
~ 500 nodes

LEVEL 3 Trigger /

Event Filter (EF)
~ 200 Hz

~ 1 s latency
(variable)

~ 1600 nodes

ATLAS Trigger

and DAQ System ¢

D. Dobos
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ATLAS Pixel

9
9

=> ] Terabit/s
pipeline '
memaories

derandomizing
buffers

Readout Drivers
(RODs)
=> 160 Gbyte/s
Readout Buffers
(ROBs)

=> 6 Gbyte/s ®

switch-farm
interface

processor farm

9

Data Storage ( ~ 3 Pbyte/year ) ) => 300 Mbyte/s

i =
selectiofi”

rejection factor of 107 against
'minimum-Dbias’ events

. 5
3 levels of online eve

LVL1: reduced-granularity muon
spectrometer & calorimeters;
summing over trigger towers

= sum of jet transverse energies,
missing and total transverse
energies; flexible implemented

= reprogrammable, non-trivial:
size of muon spectrometer implies
TOF values comparable to bunch
crossing interval; fixed latency

LVL2: Region-of-Interest
information from LVL1 & full
precision & granularity information
of all sub-detectors if necessary;
variable latency

EF: offline algorithms & methods
on a processor farm with most up
to date calibration, alignment &
magnet field map information;
variable latency




ATLAS Calorimeters
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sampling technique to measure particle- and jet-energies: alternating
passive absorber & active detector materials

TileCal: absorber: Fe; detector: scintillating tiles = wavelength shifting fibres = PMT

EM calorimeter: absorber: |
Hadronic LAr End Forward LAr

Iead; deteCtor: ||CIU|C| Ar90n barrel cryostat EM Accordion Cap Calorimeters (HEC) Calorimeters
Wlth accordlon_shaped extended \ Calorimeters (EM) _ st
ITC =

. —

barrel cryostat
Kapton electrodes IS—
= preamplifier & bipolar L

shaper outside the cryostat

HEC calorimeter: absorber: A
copper; detector: liquid
Argon with 3 parallel
electrodes: central one
for readout - two carry

4 kV HV = preamplifier
boards at wheel periphery

FCAL: absorber: copper &
sintered tungsten; detector: § T extended
liquid Argon with concentric gt T baliei i
rods at a positive HV & ' BRI
grounded tube electrodes

Hadronic Tile Calorimeters length: 12.2 m
(TileCal) @ 8.4 m

[@]] cern



ATLAS Inner Detector

® high-resolution tracking sub-detectors closest to the interaction poin
tracking sub-detectors at the outer radii

® Transition Radiation Tracker: straw detectors can cope with high particle rates &
occupancy; 36 space points; charged particle passing through dielectric constant
boundary = mirror charge = electric dipole = time dependent dipole field =
transition radiation; Xenon, CO,, CF, gas mixture = detecting transition-radiation

photons, created in a radiator between the straws, with Xenon = identification of e;
30 pum gold-plated W-Re wires = straw lengths < 144 cm; drift-time measurement
TRT 2 = track resolution of 50 pm

&co

ntinubus’

Pixels _
® Semiconductor Tracker:

eight high-precision space
points per track with
Silicon microstrip detectors
- -\ with 80 pm pitch and 40
=l , mrad stereo angle

= 6.2 million channels;
front-end amplifier
followed by discriminator;
track resolution of 16 pm
in R$ direction and 580
um in z direction

beryllium ® Pixel Detector ...

beam pipe length: 7m  ATLAS Inner Detector

@: 230 cm
EEEEEEEEENENEN
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Pixel Detector Aim

Tracking and Vertexing:
Measure sometimes (4o million times a second) MANY (three)
ultimate precise ~12 ym) Space-points at zero
distance «_-~sm) to the interaction point of few
(1000) particle tracks with a perfect 97% overall
efficiency), Fadiation hard 11015 nyy ¢q/cm?, Massless
x <10% and full coverage (seudo rapidity < 12.5)) detector
and readout some (7sk/s) selected events. |

| bet one of my
legs that it's
easy

g
:: ,}

:::""-.
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D. Dobos



ATLAS Pixel Package -

Ien th:~7m
~35cm

optoboards

-
!-
Y«
» \‘/
‘>/0 ;

87 Zheampipe

fiber optic

e PPlbcorru ated
panels in msertlon
configuration

PP1b region with
LEMO-F connectors

BCM ‘
// 3PS
‘99" ’

78

~ Pixel Detector

coolant pipe

feedthroughs PP1 endplate

feedthrough N

feedthroughs 7

flexible circuits
feedthroughs /

D. Dobos
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® beryllium beampipe

integrated in the Pixel
package

active surface only in the
1.3 m long central
detector section

BeamPipe Support
Structure (BPSS) connected
at both ends position the
beampipe in the middle of
the detector and support
Service Quarter Panels

(SQP)

in total eight SQPs provide
all services to the detector

cooling tubes and
electrical module
connections at PPO

optoboard mounted at PPO
provide optical/ electrical
conversion

® all services break at PP1




ATLAS Pixel Detector

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEERN Il'

® 3-hit (3 layers and 3 disks) semiconductor detector closest to the interaction point™
= track resolution of 12 pm in R$ and of 100 pm in z direction = 1744 modules

® = required radiation tolerance: up to 10" N, cm™ (B-layer)

® overall efficiency aim: > 97 % = good charge collection even after irradiation

necessary ATLAS Pixel Detector
= 1744 modules

disk cross—section
7.5°

48
modules
__perdisk
barrel cross—-section
////-’-—:_.
/! 1 R
o “~~ N
\ \b | Y } )
NP2 ,|\ I? \
3 li)arrel(layers : \\\ . ,ﬂ
-_ £ . B-layer (22 staves X /
. length: 1.3m Layer 1 (38 staves)/ Eaadli 4
3 disks, each @:34.4 cm Layer 2 (52 staves) =
with 8 sectors weight: ~ 4.4 kg Y

and 48 modules _ _
stave cross-section (with 13 modules)

M2C ~ MIC MO MIA  M2A 1.1°

+4 modules
P _

+4 modules
: >

T

evaporative cooling pipe i N thermal management tile (TMT)
EE I EEEEEEEEERER
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ATLAS Plxel Sensor

Wtype inversion during
irradiation = oxygen

. . before type inversion & [ 't T — after type inversion
rich Si improves vp ol standard Si 0 oo 2 typ
it v o % . =
radiation tolerance for > 1 e e o S
pion and proton n’ implantations = ’ [ ‘g :E ® protons u/,’EI Oxfggst::ﬁgs' 1300 @ n" implantations
irradiation isolated with p-sprays ;‘5 4r E IE n.,/’ * pions E_ isolate“d ;with p-sprays
_ on n-substrate = 13, 3 o s+ protons o on “p’-substrate
® = depletion zone has 31 Z.‘é N T {200 Q
to reach pixel 2k ; 93?’ e 5
i ' LY g {100 8
|mpl+antflt|on_s | e .
= n'np*design g
= not fully depleted | p* implantation | 0 10.5 1 15 2 25 3 | p' implantation
sensor still can detect ™multiguardring structure oo rsion ©[10"n_cm?] multi guard ring structure
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FE pixel schematic
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Preamplifier and discrimina

injected charge threshold back current
W preamplifier output signal dependence dependence dependence
proportional to the collected charge;
feedback current decreases signal
lineary = discriminator used to threshold «f —
digitalize signal = time over o T
threshold (TOT) proportional to the ~ Preamplifier output signal

collected charge discriminator output signa
Veach pixel can be tuned individually J] JI J
by changing the threshold and the hiah ch high threshold —hiah f db_k
—high charge  —hig resho igh feedbac
feedback current —low charge —low threshold —Ilow feedback
4 Preamplifier and discriminator signal shapes
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Phenomenology of the go

® optoboard channel dependent lower threshold band increases
linearly with ViSet

® upper threshold band with much higher slope as well

® module (cable
Iength) Decreasing good-parameter-space with increasing ViSet
dependent delay-
error band with
threshold and
ViSet stable
upper and wide
tailed lower edge

2> good-parameter
—-Space is
reduced with
increasing ViSet
in upper-left B
direction

Rx Threshold (DACSs)

I — | S ) | I 1 1 I I | J S | | |

Rx Delay (DACs)
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Noise Occupancy at the

before type inversion T ' ' o P > after type inversion
£ e standard Si S {400 E
N ° neutrons e o
o = pions .~ : , =
. . — o T . i
n+ implantations — & protons “/’E nxvgeel?t:;fg Si 300 E n+ implantations
isolated with p-sprays "= 4| it :pinns = isolated with p-sprays
on n-substrate < | o s protons g on “p"-substrate
.= w wm = | X I type " )? T 200 m | | |
inversion & e o
2F &7 B =
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e -
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u 3 LA o g T o g g g B ey g e g a i
p+ implantation 0 0.5 | 15 > > 5 3 p+ implantation
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€q

® after type inversion depletion zone grows from pixel (n+) to p+
side

® before type inversion depletion zone grows towards pixel
implantations

® 'under depleted' => all pixel short-circuited => high capacitive
load to FE preamplifiers => high noise => high noise occupancy

@ CERN

D. Dobos




