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e The ATLAS Detector at the LHC
 The Pixel Detector
* In situ calibrations and performance

 Status and operation 1n 2012

— Operational efficiency

— Radiation effects Some preview of the posters:
.y . * Track and vertex
on silicon and electronics reconstruction in the ATLAS
. Inner Detector
e TraCklng performances «  Monitoring radiation damage

in the ATLAS Pixel Detector

e Summary and perspectives BN Ry
creation in the ATLAS silicon
Pixel Detector
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Trigger and data processing ®

Three level trigger system:
* Level 1, hardware
e 2.5 us latency
* Level 2 + Event Filter, software

* Prescales adjusted according to instantaneous

beam conditions
* Sustained output rate up to 400 Hz
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CEST Time

“31-16h

Interaction rate
~1 GHz
rate 40 MHz

LEVEL 1
TRIGGER

< 75(100) kHz

TRIGGER
~ 3 kHz
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CALO MUON TRACKING

Bunch crossing

Pipeline
memories

Derandomizers

Readout drivers

(RODs)

EVENT FILTER

~ 200 Hz

Read-Out System
(ROBs)

Event builder

Full-event buffers
and
processor sub-farms

Data recording
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ANLAS ATLAS Inner Detector —2 -

DI MILANO

» Composite tracking system: See Kenji Hamano’s poster for

ATLAS tracking performance

— Transition Radiation Tracker

— Silicon Strips: 80 um pitch/stereo
— Silicon Pixels: 50 um x 400 um

« 2 T solenoidal magnetic field

* Track reconstruction:
— Acceptance |n|<2.5 (jn|<2 for TRT)

— Reconstruction possible down
to p=100 MeV
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~~.7> The ATLAS Pixel Detector 2

Three barrel layers:
« R=5cm (B-Layer),
9 cm (Layer-1), 12 cm (Layer-2)
* modules tilted by 20° in the R¢

plane to overcompensate the
Lorentz angle.

 Two endcaps:
» three disks each
* 48 modules/disk

Three precise measurement points
up to [n|<2.5:

« R® resolution:10 um

430mm

* 1 (Ror z)resolution: 115 um

1456 barrel modules and 288 forward
modules, for a total of 80 million
channels and a sensitive area of 1.7 m?2.

* Environmental temperature

149.6 mm

88.8 mm

R=0 mm
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Module overview ®
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e Sensor

— 47232 n-on-n pixels with
moderated p-spray insulation

— 250 um thickness
— 50 wm (R®) x 400 um (1)
— 328 roWS (X},cq1)
x 144 columns (¥},

O barre
oy, Pigtai

16 FE chips

— bump bonded to sensor

e Flex Hybrid
— passive components

— Module Controller Chip
to perform distribution of

decoupling M&
capacitors ~_2

barre
MCC pigtai

AAAAAAAAAAAAAAA

[T |

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
V3

| \ NV
glue FEs N/
T™MT sensor bump bonds

5 years at 103 cm2s!
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Structure of the pixel read-out cell

coarse,
global
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y el Optical links -

Module M510191 (example)

error-free region

/ operating
point

2

A module 1s connected to the external world via a
low mass cable providing all the required services:

« Bias: HV + analog and digital LV

w
(=]

N
o
o

N
w
number of errors

« Temperature measurement

« Clock, serial command and data output lines

Data connection between on- and off-detector =

readout electronics 1s through an optical link.

threshold of PIN-diode current (ADC #)
T g I I T g
S

Each link can be tuned by setting: [
e Signalphase 0:1’1111111111111111111||11|

0 5 10 15 20
« threshold sampling clock delay (ns)
SRE | m—C )

CK,LvL1

o
=

4S-Link

1.2 m —

- - > -
module  type O cable

Optoboard i ~80 m BOC

HEP2007 Manchester, 19 July

2007 A.Andreazza - Status of the ATLAS Pixel Detector
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Given the enormous number of channels
and free parameters to tune, the read-out
electronics and the DAQ software were
designed with particular attention to the
calibration procedures.

Using the internal front-end electronics

self-test and charge injection

capabilities:

1. Tune the custom rad-hard opto-link
parameters to guarantee error free
data transmission.

2. Adjust the discriminator threshold
of each channel to minimize
threshold dispersion.

3. Measure the noise of each channel.
4. Tune the time-over-threshold.

PIXEL2012 — 3 September 2012 Attilio Andreazza, ATLAS Pixel Detector



IANLAS Calibration procedures L

Given the enormous number of channels ¢ Threshold and noise are determined by

and free parameters to tune, the read-out measuring the discriminator response as
electronics and the DAQ software were a function of the injected charge.
des.igne.d with particular attention to the « The Pixel Detector is operated at 3500 e
calibration procedures. threshold, with a dispersion of few tens
Using the internal front-end electronics of electrons.
self-test and charge injection
capabilities:
1. Tune the custom rad-hard opto-link g OFT T TR T
parameters to guarantee error free 5 :5 — Normal
data transmission. E Wy Long
2. Adjust the discriminator threshold 10° 2
of each channel to minimize 10° St
threshold dispersion. | | 10
1 LI .
3. Measure the noise of each channel. I T D R AT L E
%OOO 2500 3000 3500 4000 4500 5000 5500
4. Tune the time-over-threshold. Threshold [e]
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AIEAS Calibration procedures - B

Given the enormous number of channels ¢ The typical noise of normal size pixels
and free parameters to tune, the read-out is below 200 e.

clectronics and the DAQ software were
designed with particular attention to the
calibration procedures.

L B AL B B e S

ATLAS Preliminary
— Normal

----Long

Number of pixels

Using the internal front-end electronics
self-test and charge injection 10° .
capabilities: 0% );

III]HII 111 ‘ 111

-.-.Ganged

1. Tune the custom rad-hard opto-link 1 it
parameters to guarantee error free 10 e e s S A S oo
data transmission. Noise [e]

2. Adjust the discriminator threshold
of each channel to minimize

» The large signal over noise ratio

threshold dispersion. - :
: guarantee a good stability margin even
- 3. Measure the noise of each channel. ‘ for the pixels at the edge of the array. A
4. Tune the time-over-threshold. lower threshold (2000 e or even below)

could be used if needed.
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IANLAS Calibration procedures 8

Given the enormous number of channels
and free parameters to tune, the read-out
clectronics and the DAQ software were
designed with particular attention to the
calibration procedures.

Using the internal front-end electronics
self-test and charge injection
capabilities:

1. Tune the custom rad-hard opto-link

parameters to guarantee error free
data transmission.

2. Adjust the discriminator threshold
of each channel to minimize
threshold dispersion.

3. Measure the noise of each channel.

” 4. Tune the time-over-threshold.

The pixel read-out cell can measure (in
25 ns units) the time the discriminator
input remains over threshold. This is
correlated with the deposited charge.

The pixel cell pre-amp feedback current
can be adjusted to equalize the ToT
response.

-]
o

- ATLAS Preliminary

[+ ~
o o

Pixel TOT (25 ns)
(5]
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[ LI T

.~ Tuning point
a0}

30—

20 ” ‘j

10f e 10

e A VPP EPTPSPINN RPRTETEI APRPRRETS EPRPETE AP
0O 5000 10000 15000 20000 25000 30000 35000 40000 L
Injected Charge (e )
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Noise occupancy and efficiency  ..2.
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1 Q ST I I I I I I | I | I I I
* The occupancy due to noise can be calculated 8 W EATLASPrlminary | o |
from the noise measured with the charge 2 10.8“/S=7 TeV o ]
injection, or derived directly with a random :
1 3 e N
trigger. 10 e e o]
« The agreement between the two methods is S ]
: : g B | E
good and the occupancy per pixel/BC is below I, ~+ Raw his ]
. . E £ First pass reconstruction 3
~10-, masking less than 0.02% of the pixels. : ~Bukreconstucton

| |

" | | | | | | | | | | |
1 0 12 71 j 7 J j j 7; 7; 7 j 1 7 7
53 134 53 13 53 159 53200 53555 536‘99 54455 54456544 7 48, 3 548, 55487 754822

» The hit efficiency of each silicon layer can be

measured performing a track fit without that o e
layer and looking for hits aligned with the § 0_99;;: e :
resultant tracks. Typical hit inefficiencies are S o -~
of the order of 0.2%. I‘§0_985§_ R —
(excluding the effect of dead modules) g o.gei;._ —
0.975 E
0'97;_ ATLAS Preliminary _.__;
0.9651 \s=7 TeV =
0.96E E

| | | | | | | | |
Bikag Tkzg O “Laye, Yer Yony ok Tokgy Dok
Pixel layer
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 Currently 77 non operable modules
(out of 1744, 1.e. 4.4%)

e In 2008, after the installation, we had 25 non Module failures by layer
operable modules. So, in average, we have a

. . B - Layer
failure increase of 0.6-0.7% per year. Outermost q
layer seems to be more fragile. " Layer 1

* Failures are highly correlated with cooling L2 6.7% Layer 2
stops. We tried to reduce the thermal shock B Disk A
whenever possible.

* Not always possible to identify the exact reason
for the malfunctioning. Most common failures Module failures by type
are broken wire-bonds or dark optical links.

. . | =LV
* Very stable operation: fully efficient D(A)Q Dead Optoboard
ATLAS p-p run: April-June 2012 B Dark channel

Inner Tracker Calorimeters Muon Spectrometer Magnets ..
Clock missing
Pixel §#SCT TRT LAr Tile MDT RPC CSC TGC Solenoid Toroid

100 199.6 100 962 991 100 99.6 100 100 994 100 ¥ Unable to configure

All good for physics: 93.6% Unable to tune opto

Luminosity weighted relative dl( uptime dg dqllvdtdl ry duri gZOlZ(bIbm]pp H at . o
0 T Lo n April 4% and June 18 (in ) esponding to 6.3 fb! of recorded data. The inefficienci e Data takmg failures
calorimeter will partially be r d the futur
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IANLAS Read-out capabilities L
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Col pairs

1 I 16 x 40 Mb/s

EOC buffer FE/MCC links
and logic

40, 80 or 160 Mb/
L] vicomop tinks | NNNNNRRN
>

..16..
Inn Inn

MCC bufters ROD bufters

* Many elements in the read-out chain, and, in particular conditions, each buffer or link
can be saturated.

 The MCC/ROD link is a weak element, especially for the outermost layer which i1s
connected at 40 Mb/s.

* The end of column buffers will saturate at pixel occupancies around 1.6 1073,

PIXEL2012 — 3 September 2012 Attilio Andreazza, ATLAS Pixel Detector



Occupancy extrapolation

The Pixel Detector is now operating in a very reliable way at 7 1033cm?s"! @ 50 ns. But after
the shutdown LHC luminosity will increase. Extrapolations of the expected occupancies due to
minimum bias are done for 3 LHC luminosities: 1, 2 and 3 10* cm2s"!@ 25 ns (2015-2017).

1,4E-03
> .. + 102011
WP ATILAS Preliminary o L1 2011
g L or.03 Pixel Detector 4 Disk 2011
cH Minimum bias occupancy x 122011
A~ * L0 2012
80804 1 o 112012
6,0E-04 + 122012
- Disk 2012
4,0E-04 - LO Extrap
¢ L1 Extrap
2,0E-04 @ L2 Extrap

» Disk Extrap

0,0E+00 .
12,0 Bunch lumi (1E30)
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SIAIEAS Facing high luminosities L

» The Pixel Detector was designed for 10%cm2s!, but extrapolations of the present
running conditions indicate the it can be operated at 2-3 103cm2s-!.

« We are continuously improving our procedures to maximize data taking
efficiency and minimize the risk of permanent damage.

* Specific tuning (e.g. higher threshold or faster shaping time) could be beneficial at
high luminosity (possibility to reduce the load on the read-out system at the

expense of the track quality). Synchronization errors vs run time

T T T I T T T I T T [ T T T I T
5 :_ATLAS Pixel Preliminary

* One aspect that is potentially dangerous as the
luminosity increases is (he ¢ifect of 01 that
are clearly visible even now. For example, we
observe an increased rate in module de-
synchronizations at the beginning of each

# errors/event

— without auto-recovery

— with auto-recovery

II||||II||||II||||||I|||

—IIII|IIII|IIII|IIII|IIII|II‘!‘

o . eqge o ! .
LHC fill. We are exploiting all the capabilities 1 :m"# O q
of the read-out electronics to detect and I N
00 200 400 600 800 1000

correct these effects in real-time.

lumi block
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LA Radiation damage W

DI MILANO

» The sensors of the ATLAS Pixel Detector were designed to be
still operational after a fluence of 10" n, /cm?.

« That would correspond to ~300 fb-! of integrated luminosity for
the innermost layer.

« Today, at ~15 fb’!, the detector is still in its infancy...

» But effects are starting to be measurable: | See Andree Schorlemmer’s poster for

more details about radiation damage

— Increase of leakage current

5 ——

%] 10°

o = d —_
— Depletion voltage 1000} S

S 500k b =600V 1107 £
& type version &~ | =
Il L A : o
=) 128 3 10%ms™ 110" —
zﬁ 10 3 g 0 -:%
S St n-type \§ "p—type" 10 Z.
D —

1 B T BT B | 10_1

107! 10° 10! 10> 10°
(Deq [lO'zcm_zl
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Leakage current measurements .. 2.

DI MILANO

Three available tools:

1.  With the power supply, per group of 6/7 % 122;—ﬁ‘vréﬁ‘fenf’“;i'm;‘fg'goards ;
modules, with a precision of ~80 nA. T avero 1o
2. For a single modules, with dedicated S 100+ everz e
hardware. The precision is ~10 nA, = 22_
available for a limited number of 40"
modules. 22; e
02/04/11 02/07/11 01/10/11 01/01/12 01/04/12

3. At the pixel level, with a specific feature Date
implemented in the FE chip. Useful in
particular to map non homogeneous S o
current distributions. 2140

o 180 P
S ATLAS Preliminary

HV Current Monitoring Boards
Data Prediction

e Layer0 — 416
e Layer1 — 416
o Layer2 — +1o

- 120

The three methods agree well, and clearly

100
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40

HIHI|\II‘\I\‘IH|I\I|\\I‘\II‘II\

20

| [EERTRRI I
6000 7000 8000
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12> Depletion voltage measurement .. %..
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» Before type-inversion, can be measured

. . . 2 100 2
looking at the pixel cross-talk during a 2300 I I
: 3 S
voltage scan, as the undepleted region & 250§ e 3
o 0 ' £
creates a resistive path. 2007 60 2
— Number of pixels showing cross-talk hits 1508
decreases with increasing HV 100 40
— Sensor structures are visible near full : 20
depletion. : . ;
. . TR P P )
* The depletion voltage decreases with the 0 20 40 60 80 100 129 40
accumulated dose, as we are about type-
inversion for the innermost layer. %3500@ R R =
. : : 30000 = =
« The annealing effect due to cooling stops is g f R e
25000 —
g 2 = y ¢ 0 ]
clearly visible. = 200001 A R
= - + ++ 47 ATLAS Preliminary;
215000 ++++++ J'4.1»" Pixel B layer —
. 10000/ 4t oot +*+ S gune 00t 3
* The depletion depth can also be measured SRR STy 08 July 2011 i
. . . . 5000 11 Aug 2011 —

sl b b b b b bvv o b Loy
10 20 30 40 50 60 70 80 90 100
Voltage [V]

OO
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Pl Position reconstruction

» If particles leave signal in more than one pixel, the point resolution can be
improved, with respect to a simple geometric center of cluster, using the pulse
height measurements.

e C(lassical approach:
— Charge sharing variables:

— Cluster position correction:

Qlast row

F

Qlast column

UNIVERSITA DEGLI STUDI
DI MILANO

¥ — y —
Qﬁrst row + Qlast row Qﬁrst column + Qlast column

(x.0.) =[x +A,(@,-1/2)..+A (@, -1/2)]

 Cluster may assume complex structures:

— Ovelapping particles, in high density [TWo very near particles

environments (core of jets)

— o-ray production or hadronic interactions 078
— Need to fully exploit the detector 07

information.

See the neural betwork reconstruction poster for
more details about position resolution

0.8

o [mm]

30000

25000

—20000

—115000

—10000

TTTTTT]TTTTITTTT]TTT

0.65 ! : \\\_/) 5
N \ X ,,/"
0.6 I '\"'/
- P(1):0.013 P(2): 0.335 P(>2): 0.650 | . . | . . |
0-537.8 -17.6 -17.4 -17.2 -17 -16.8 -16.6 -16.4

—15000

462

n [mm]
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Neural network processing .9

£0.09F T
« A neural network is used to process the full 20085 ATLAS Preiminary |y Slandard Oluterng
. }:_).0.07 = Simulation ...... NN Clustering =
cluster shape: 2006} ' spielcusters -
— Recognizes hits from multiple particles 0.05F E
0.04 =
— Non-linear interpolation of charge 0.03F- E
distribution. 0.02} E
0.01 —

* Trained on simulation of high density Qe e
events: r-¢ residual [um]
- tt gc) ' AITLAS' Plrellimilnayry o El Ildea: M(;, Nr'\l CI;Jstelringl E
o o 8 5000 Simulation =
_ ngh pT_Jets = ideal MC, Std Clustering
R ) ) kS =
« Very significant improvement in 3" E
performance: E E

I | 4 L ' | ' . ' | ' L '
T U T

w
o
o
=)
TE III|IIII|IIIIIIIIIlIIIIIIIII_

2004 -002 0 0.02 0.04

dy® - dg- [mm]

PIXEL2012 — 3 September 2012 Attilio Andreazza, ATLAS Pixel Detector



Impact parameter resolution .

« Impact parameter is used to discriminate primary from

secondary particles.

» Key ingredient in the reconstruction of heavy flavours

(b, c, 1)

* Resolution 1s dominated by the first measurement on track.

— At high p, intrinsic detector resolution and alignment.
10 pm resolution in barrel region

— At low p, detector material.

0.018
0.016
0.014
0.012

0.01

d, core width [mm]

0.008
0.006
0.004
0.002

o

Material effects extremely well described.

DI MILANO

0.02 L B B B B B B ] 'g 0.25 r [ I ' ' ! T
- - L —
= e Data 2011 = % - e Data2011 ]
= = T 02— -
= 4 Simulation ] = r 4 Simulation B
= = > - —_— ]
e e 8 0.5 -
3 o E < B i
F —— s A . : :
— — 01— -]
— ] —_———

— ATLAS Preliminary — - ATLAS Preliminary _

i I __ —— ]

- p\'sing>20 GeV - 005~ 1<n<1.5 ]

— - . ]

E | | Ll | | = 0 *f R R B R RS

3 2 1 0 1 2 3 0 0.5 1 1.5 2 2.5
n

1/sqrt(p’sin’()) [GeV™]
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The performance of the ATLAS Pixel Detector has been extremely
satisfactory 1n the first years of LHC data taking:

Meeting or even exceeding design specifications.

Since the very beginning of data taking (with cosmic rays in 2008), the detector
has been operating in a stable and smooth way, delivering high quality data.

Coping well with the increasing occupancy and Iluminosity by a steady
improvements of DAQ, calibration and data reconstruction.

Radiation effects are observable, but matching expectations.

We expect the detector to operate well during the whole LHC phase 1,

1.e. up to 2017. Some improvement is however needed...

Preparing for the next steps during the 2013-2014 LHC shutdown

See Ole’s talk for the status of the 4™ layer of the ATLAS Pixel Detector (IBL).

The extraction of the detector for the 1nstallat10n of new serV1ce panels IS under study

« Allows the recovery of some dead modules.

» Improves the performance at high luminosity.i:

PIXEL2012 — 3 September 2012
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Pixel types .
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inter-ganged pixel long+inter-ganged pixel

ganged pixel;| long pixel long+ganged pixel ,normal pixel

150

155

Qooooo.|||
oaoooooIII

[ EEEXEXET L b )
I EERREREREY & 0N

159

row
number

159
155

n"|
|I LA R AR XN

150

\ front-end chip
metal interconnection
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dE/dx at work ®
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ATLAS Preliminary

Data 2010

—
o
S

b - 4
| IIIIIII|

ke

Deuteron

Number of Tyacks

_—Dat_a 2010

—_
o
w

dE/dx (MeV g’ cr?

|I-III|IIII|III

m_c_o.b.mou\looco

. 05 T i5 255 3 85 4 45 s
m [GeV]
Mass determination inverting
JT
Bethe-Bloch energy loss relation
P T d £ 0o T T IS
... 1 |‘_,‘_’ 0.2E ATLAS Preliminary 3
1 ' : = 20-182_ ~Data2010
S 0.16 Bl —
- r— __J T I_‘L,‘_’014§ MC E
2 e ] bl | o e R g T e TN 1 0.12F Good Clusters =3 =
25 2 15 -1 -05 0 05 1 15 2 25 o1 E
0.08—
qp (GeV) 006 ~12% dE/dx
0.04F resolution
0s .

el by T . 0 I |
0 05 1 15 2 25 3 35 4 45 5
Track dE/dx [MeV g cm?]
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e Hadro-graphy .9

» Material mapping usually | L —— . B - w———
performed by photon CONVETSIONS 5 s: Nonitacive e 15 gy Nonditacive i ]
§ 6000; é § 60003 —f
4000:_ _: 40005 é
. . . 2000 . : E
 Hadronic interactions can reach a ; 1™ :
4 : . 05 T 05 0 05 T 15 2 05 1 05 0 05 1 15 2
better p081t10n reSOIutlon' Z Vertex Resolution (mm) Radial Vertex Resolution (mm)
— larger opening angle
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