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Outline

= I[ntroduction to Inner Tacker

» The properties of the SemiConductor Tracker (SCT) and
module description.

» Detector assembly and installation.
= Current status

» Detector performance:
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The Inner Detector (ID)
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The Semiconductor Tracker (SCT)

4 layers
Coverage up to |n| = 1.4.
Each module has , each with 768
strips (120 mm). inner, middle, short middle, outer.
40 urad between strips on
each side, enables detection of 3D “space = Coverage up to |n| = 2.5.
points”. varies from 57-94 um.
80 um (barrel). varies from 55 mm to 120 mm
= 6 ABCD readout per side with

IFIC-CNM contribution:

« Assembly and full QA of 282 modules.

 Fabrication a delivery of pitch adaptors
for the endcap modules

binary readout (1 fC threshold).

= 150 V bias voltage (before irradiation).

= Evaporative cooling system with C;Fg at
-25 C, design operation at-7 C
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Tolerances and requirements on the SCT

o < 8 um in-plane, achieved RMS: 2
Lm

o < 70 u m out-of-plane (bowing and
thickness), achieved: ~ 40 u m

o Mounting precision: ~50 p m

o No survey for the barrel.

The tracking detector must
performed high-precision
measurements in order to
provide satisfactory

primary and

4 space-point measurements

Spatial resolution: o(r®)~16 ym, o(rz)~560 um
High efficiency: @1fC

Noise occupancy: @1fC ’

secondary
as well as exceptional

Radiation hard detectors and electronics:
over 10 years
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SCT Macro-assembly and integration
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= Module integration ( ) and testing:
— Oxford (Barrel), Nikhef (End-cap A), Liverpool (End-cap C)
= Macro-assembly (Barrels) and @CERN
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ID integration and Instalation

SCT+TRT ¥

Endcap test installed with

@ SR1 in ATLA

Fall-2006 April-2007 £
SCT + TRT 3 SCT+TRT Barrel
barrel test @ = Installed with in
SR1 ATLAS
June-2006 Agust-2006

parels macro-assemily First beam Cosmics run and
in ATLAS preparation for

Endcaps @ SR1 M6-data taking data taking
ROD installed March-2008
Pixels with
in ATLAS
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SR1 test stand

= Barrel sector: 48 modules.
» Endcap Y4 disk : 3 rings, 33 module.
= One cooling loop each

= Good opportunity for students and new post-docs to learn about SCT.

= Used for training and DAQ developments.




Issues Encountered

» SCT modules (and Pixels) are cooled by an evaporative cooling system, using
C;Fgin order to minimize the radiation damage.

= 3 out of 6 compressors of the plant failed in May 2008.
= 100 kg of C4F4 lost and 900 kg contaminated (detector not affected)

by August 2008 and has been
running relatively stable since.

due to a more permanent leakage problem,
affecting 13 modules.

» Fiber optic links provide communication between the front-end and the off-
g BOC detector DAQ electronics.
x Data » The TX link send clock and commands to the modules while the RX link receives
l[.lch < the module data.
- » |n 2008 and early 2009 TX s were failing at a high rate due to electrostatic
TTC discharges damage of the VCSELSs during manufacturing.
» Improved TX plug-ins were . Amongst
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Cosmic ray events

Cosmlc events recorded and processed by ATLAS smce Sep 13 2008
= September-October 2008, T | | | w w i E
. . . é 220 — | e Sum of RPC, TGC, MBTS L1 Triggers 216 million events
continuous data-taking with whole E 200 - RPC Triggers (L1) €
= - Bottom "‘Downward' RPC Triggers (L1) ]
ATLAS detector. Fe TGC Triggors (L1) =
t 160 — Min. Bias Scint. Triggers (L1) —
g oy Calorimeter Triggers (L1) -
: 140 :_ Inner Detector Track Trigger (L2) _:
E 120 ;— EM Calorimeter Triggers (L1) —;
3 100 } g te I”-I d1‘ dmllll b l lh frsl Ll:CIJ a:nasriaus E
g 80:— Lastu pdldSlFb142307332009 =
; ; Z  C GRanee see cEn: 3
= June-July 2009, semi-continuous 80 & SRS o R el n e on e -
- - - 40 = =
data-taking with all ATLAS inner e :
E : - gt T T I g—.—!—E
deteCtor 0 88500 89000 89500 90000 90500 91000 91500 92000
Run number

= From the 12! of October a semi-
continuous combined ATLAS run is
taking place with continuous running
starting three weeks prior to LHC
beam.
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Hit efficiency

—

* The hit efficiency is measured through

B Bfieldon
0.993

0982 ;-ATLAS SCT Barrel

034 ;_Pre!iminary Cosmics 2008

C | | | | | |
059 fo fi 2 2 o i b

expected hits-tracks passing trough an R —-—_'__l_ E
active region of silicon without a hit being | 3 " _'_ —=
read out. G T
099
» The muon tracks were required to have: sl -
— 10 SCT hits, 30 TRT hits 0884

— Chi2/DoF below 2.

— The intersection with the modules had to be
within 40 degrees of normal incidence.

=

— There had to be a hit of some kind on the track

before and after the module being studied o
Efficiency for each layer of

the SCT barrel, measured
from cosmic 2008 data

— A guard region around the edge of the active
silicon was excluded.

The silicon efficiency was found to be > 99%

Page = 11



Noise Occupancy
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n i i ATLAS Preliminary
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has been established to be well Sep. 2009
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Of 5 X 10 1()2 = Quter barrel: 4.5°

Endcaps: -7 °C

» Noise occupancy can be measured in data-
taking runs using random trigger or during
standalone calibrations
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Alignment

Hardware-based alignment (FSI) under test L3

Use of track-based alignment algorithms Module lgvel
Silicon (Pixels+SCT) alignment, then TRT

Different approaches (silicon):

\

- & .
o L1
» full correlations taken into account e")&;\\&\é\\\ ‘ \ Lo Pivel detector
+ inversion 6Nx6N matrix & @00‘ Barrel layers & & SCT Barrel
EC disks & SCT ECs

. . . . wn o e s B =
« ignore correlations (iterations) % £16000 o A"gne' 4 geolnetry | {’ ]

- inversion of N 6x6 matrices o Cia000[ MM o=24m | 128um 24 pum
> o - OMC perfect geometry =
2 212000 M=0nm. o=16um =
« centre and overlap residuals 3 S - Nominal geometry A ]
o 81 0000~ p=-21um, c=128um s —
* - dofs, no rotations around < C [\ ]
3 8000[ =
- ATLASPreliminary -
6000 Pixel Barrel ]
Already approaching ideal alignment in 4000 -
barrels. Less statistics in endcaps, but 20005 N
will be improved with first collisions data. - .

0
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Alignment (waiting for interactions)

The
leave the track y 2 almost unchanged.

are deformations that

There are some tools to determine these

weak modes:

= Combine interaction, cosmic rays and beam

halo data
» Vertex and beam spot constraint
= External surveys

= Use FSI Information

. Has been observed bowing

pixel staves in the modules local x direction

Nominal Pixel’s stave
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Lorentz angle studies

» The drift direction of charge carriers in Il AR R A AR AN AR AR AT A
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. < ul of i

voltage, temperature and solenoid 18 & ]
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LHC beam splash events

= September 10th 2008, day of first LHC '@'- -
beam, included periods where beams
were fired into collimators 140 m
upstream of ATLAS.

» For detector safety, SCT barrels were
off, SCT endcaps were on but with 20
V bias voltage.

» Triggered using Minimum Bias and
Beam Pickup triggers.

04-02-09
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Summary and Conclusions

» The Semiconducter Tracker has been successfully installed
and commissioned within ATLAS.

= Mayor issues such as cooling preoblems and failing optical
transmitters have been resolved.

= Just coming to the end of intensive period of calibration and
module-by-module debugging.

» 99.7% of barrel modules and 98.8% endcap modules are fully
operational.

— Excluded modules mainly 13 modules on one leaking cooling loop.
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