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Tracking in ATLAS

Tracking detector
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Tracking in ATLAS
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Atlas Tracker

rR=1082 mm

TRT Transition radiation Tracker
gas operated straw

Semi Conductor Tracker

(SCT) strips TRT
61 m? of Silicon, single sided, _R = 554 mm

back-to-back (R =514 mm

6.3 x 10° readout channels | R=443mm

1 barrel: 4 layers, 2112 modules { R =371 mm

2 endcaps: 9 disks, 998 modules

L R =299 mm

Pixels > [R=122.5mm Pixels
2 ‘i Ahin Cili R = 88.5 mm
1.8 m? of flip-chip Silicon 2 = 50 5 men

1744 modules 82 MegaPixels
1 barrel: 3 layers, 1456 modules
2 endcaps: 3 disks, 144 modules



Atlas Pixels L2 122.5mm £
L1 88.5mm . |

B 50.5mmg 27 |
4 7 T,
Low mass carbon composite support structure, |
minimize detector interaction length § a\ X
15 kW power removed with X Ydet®
evaporative cooling using C,F, X\\hw,_r«(‘(
.h‘"”"-r-rv{‘(

Modules are tilted
to compensate for the
Lorentz angle




Atlas Silicon ustrip sensors (SCT)

4 shapes (barrel + 3 wedges)
Mainly <111> n-type silicon, 285um thick
16um wide p* strip implant,

80 um strip pitch (barrel)

22 um wide metal strip (barrel)
Reach-through protection: 10 um gap
Polysilicon bias resistors, 1.25 MQ2
Passivation on strip side only
Uniform back contact
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2.5 cm

Module: back-to-back sensor pair,
stereo angle 40 mrad.

12 ASIC “ABCD”readout chips on

, Cu/Polyimide flexicircuit
——————— Tilt angle 11 deg for Lorentz angle




ATLAS SCT end cap modules
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Before inversion After radiation-induced type inversion




Atlas Pixel module e ~ HV guard ring

Sensor:

oxigenated float zone 2.
250 um thick n-type silicon &=
Pixel n+ contact, 50 x 400 um
p-spray separation.

All identical shape modules
Flip-chip bump bonding:
46% SnPb by IZM

54% In by AMS decoupling

f ? E f f capacitors

Before inversion

Type0 connector

readout
electronics

Mee o

™T sonsor bump bonds



Atlas Silicon strips read-out schema

PreAmp+Shaper Edge-Detect Readout Buffer
11

Silicon Binary Pipeline
LB Comparator clroult
Detector l/\ . (132 deep)

/

Test-Input
Charge Injection

To ROD

Level-1
Trigger

“\;x:.ld * Readout of 3 time bins

“Shaped” input pulseto | =~~~ j "" AN ]('\‘\ """ centered around

Comparstor ++ LI accept trigger
* Timing optimized for 01X

“Logic” output of )
comparator

-E ATLAS Prelimina &
SCT Fast shaping 20 ns peaking time. e :: & “
50 ns double hit resolution for 3.5 fC signals ':g-_ N b

Pixel longer shaping: can use Time Over Threshold
to encode pulse height measurement > 20 b

% 5000 10000 15000 20000 25000 30000 35000 40000
Injected Charge (e )



Atlas Silicon strips read-out schema

8 ROD crates (90 ROD/BOC pairs) 88 Power Supply Crates
":.‘:.':.':.'.‘::.‘:.‘:.‘.‘.‘.‘:.‘.’.‘:.‘.‘l.'u.A
HEIAAE L\
l . - Vaa = Vbias
Il' Lll EE - v‘:c
lll Lll Ei - vVCId
lll 1l E: . v
1] b DCS
BOC
48 modules
per

| ROD/B0C

L'

4. e —
g ! . ns
n ¥ ) P-I-N receives Timing, Trigger & Control
|| ROD crate ( ;.AQE)-/ e VCSEL* for each link (side) returns data

* VCSEL=Vertical Cavity Surface Emitting Laser




Atlas Pixels read-out schema

On-detector

I
I
: Counting room
I
I

Optoboard

Atlas Silicon optical links

Vcsel failure rate ~ 2/day

SCT can use redundancy scheme most of times.

Pixes need to replace TX

Present explanation: humidity in envronment.

Non-sealed plug-in package. Only affect vcsel on VME boards
On-detector vcsel may have different failure (and longer lifetime)
New vendor for vcsel, same package, as temporary solution.

New plugin design by mid 2011, sealed package



Atlas SCT operations

Disabled Readout Fraction
Components Endcap A Barrel EndcapC SCT (%)
Disabled Modules 5 10 15 30 0.73
Disabled Chips 5 24 4 33 0.07
Masked Strips 3,364 3,681 3,628 10,673 0.17
Total Disabled 0.97
Detector Region '
Fraction
Endcap A Barrel EndcapC SCT (%)
0

Total 5 10 15 30 0.73
Fraction (%) 0.5 0.2 1.5 0.7

Cooling 0 0 13 13 0.32
LV 0 6 1 7 0.17
HV 4 1 1 6 0.15
Readout 1 3 0 4 0.10




Atlas Pixel operations

47 modules are disabled from DAQ : 2.7% of total
44 single chips disabled

Disabled Modules by FailureType

Inactive fraction per layer

B B-layer
@ Layer-1
o Layer-2
1 Disk A
=Disk C




Atlas Pixel performance
Some modules show disconnected bump bonds and disabled single chips
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Mapping of local variation of resistivity
obtained from cross-talk measurements
at Vbias just below depletion voltage



Atlas SCT performances
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Atlas SCT performance
Hit resolution for Barrel and end-caps, w.r.t. Monte Carlo
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Atlas Pixel performance
Time-in of modules: dispersion of the response to high charge signal
0.007 bunch crossing (25 ns)
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Atlas Pixel performance
Use of pulse height ToT to measure dE/dx and particle identification

dE/dx (MeV g"' cm?)
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Atlas Combined tracking performance
Collision region in x-z plane
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Atlas Combined tracking performance
Collision region in transverse plane
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Total Integrated Luminosity [pb™]
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Atlas Physics

Di-muon invariant mass

Di-muon Candidates / ( 0.017 GeV)
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Conclusions

Atlas Silicon detectors have been taking data efficiently in 2010
Time-in, alignment, calibration well established.

All digital readout, but using ToT-encoded dE/dx in physics analyses
(Minor) operational issues: vcsel failures

Looking forward to more data taking in 2011

(the year of the Higgs discovery ?)



Atlas Pixel readout

Sensor
connects
here

l'b
—_—— — - threshold
_< ; >_ ROM

| ./_I_D_

Cu =/
\ RAM

B pulse | _ =
2 discrim.
cln‘ \_
RAM
5 bit trim value —>—{ 5 bit mask
RAM
tim range  [>— DAC coarse,

global

Inject Bump pad Preamplifier Tune  Discriminator  Mask ngRt- Readout



