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:ﬁ LHC: Large Hadron Collider UT D

[MOTIVATION: To find Higgs Boson and discover New Physics beyond Standard Model}

Ner-e

CMS > 1232 dipoles, 858 quadrupoles;
e . > Dipole field 8.3T at 1.9°K;
> 96 tons of liquid He;
S45=-X - > 2808 proton bunches
== '\ — »25ns bunch crossings
> ~1.15 x 10" protons / bunch
> 40M collisions / second!
> 350MJ stored energy / beam
@;a 37 kgs worth of cheese fondue!

14 TeV 10*%*cm2s!
. LHC Pb Pb 55TeV 1027 cm2st

[ '::_:.. By —l

4 pp interaction
points

50-175 m deep underground

MMMMM

Tevatron pp 2.0 TeV 10%2cm2st
LEP ete 200 GeV  10%cmst
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X

ATLAS: A Toroidal LHC Apparatu$

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

fier=e

> 44m Iong; Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
> 22m hlgh; ~ 4 Tesla at coil, ~ 2 Tesla \ v J
> 7K tons heavy;  ~1Teslaaverage ATLAS Inner Detector
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fAleEr=m-

> 44m long;
» 22m high;
» 7K tons heavy;

ATLAS: A Toroidal LHC Apparatu$

Muon Detectors

Toroid Magnets
~ 4 Tesla at caoil,

Tile Calorimeter

Liquid Argon Calorimeter

Solenoid Magnet  SCT Tracker! Pixel Detector :TRT Tracker
~ 2 Tesla . O = )

~ 1 Tesla average ATLAS Inner Detector
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Ner-e

ATLAS Inner Tracking Volume

("R =1082 mm

A

LR=554mm
(R=514 mm

R =443 mm

R=371 mm

L R=299 mm

> Acceptance [n| < 2.5 (|n[ < 2 for the TRT)
> o(py) / p.=0.05% p, [GeVic]®@1% oz

H

351K channels
36 pts/trk

44 e

\
L Pixel detectors
Barrel transition radiation tracker
i+ r End-cap transition radiation fracker

6M channels

6Im’ 0 B
' SCT
' 4 pts/trk

R=1225mm|—

Silicon Pixel SemiConductor Tracker Transition Radiation Tracker b{)

_-_-.---.-_-__‘*“k-\
R =885mm o

Pixels

80M channels
1.7m?
3 pts/trk
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? The Pixel Detector Overview

34.4 cm ‘l 3 m IN .
E R _j f ....... ! ’M_,a-__:_
n | £ s RN
S El T
,,,,, 1 % ) ,.%
_._E_._J._ _%‘ -
LR A
g 3 Barrel layers: i e o N
: wn -

Disk = 8 Sectors, | fRmiB 676 modules (L2).
48 Modules / disk [

eg—

- N Performance
Construction

ANPes «ﬁ‘: === 286 modules (L0); 12 - ( £
I, N 494 modules (L1); m_ '

. + 1744 pixel modules
+ Package weight ~ 4.5 kg + Total of ~ 80M channels

+ Active sensor area ~ 1.7 m? || . 3_Hit Tracks fﬁié_it;-imrfr- :
<+ Bi-phase C,F, cooling +|n|< 2.5 'th?[ i1
< 500 kGy or 10" Neq /Cm2 < Spatial resolution: R - f——
= inner layer: 5 years 15 um in R-¢, 115 um in Z Pixel Module
b <\ 4 = 46080 channels
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? The Pixel Module Gl B
HV guard ring ATLAS Pixel Module ]

Type0 connector —

« Sensor = 47232 pixels
+ n*-in-n DOFZ

bump-bond + Bias 150-600 V

+ 2 x 8 Front End chips
+ 18 x 160 cells each

readout
electronics

Sensor

capacitors

The Inter-chip region Bias Grid

Metal
sensor Bumps connections

(ganging)

NTC barre|
tail

MCC pig
\omm

S
2

o

& - . ? Tg]

| Ea_'lenlheﬂts'l?-ni? gl % 6.3 cm 3

+ Charge-sensitive M pixel 3

reamps in cell M ganged pixel
P Ps . B inter-ganged pixel
+ Local threshold long pixel

I long+ganged pixel

generators in cells B inter-long +ganged

600 um 400 pm
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Pixel Detector: The Timeline Ut o

2007 |

June 22-27

Insertion into the ATLAS Inner Detector x

* Pixel detector is disconnected, with no access to it

2008 |

February - April

May - August
July

August

End of August

September 14t
to November

Initial connection, connectivity tests

and pixel detector sign-off

Environmental systems commissioning,
Final integration in ATLAS DCS

Beampipe bakeout: successful, on-time
Pixels are on the beampipe, cooled!

First pass calibration (communication links)
Detector is cooled, modules are powered

Combined cosmic data taking: continuous
calibration adjustments, modules recovery

September 19t

LHC accident in sectors 3-4

]
>

Cosmic running becomes the top priority
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G

Y Detector Tuning: Communication and Readout
1. Opto-Link Tuning | OFF-DETECTOR READOUT

| T S L g LS
Goal: Reliable communication between = "

Optical ézommuni-c.atinxlinks:
the mOdUIeS and Off'detector BaCk'Of' [. Copmmercia| laser arrays and

Crate readout cards via optical links. receiving diodes at b

+ Find optimal conditions for modules B

+ There are 6 or 7 modules on each
link = not an easy task!

Data readout:

Data-push

Receiving:

Cell control logic signals:

Thresh, ToT, test charge... Motivation: Initial homogenous detector

response; account for degradation due to
irradiation in the future.

Threshold — level to tell signal from noise

Time-Over-Threshold — ToT, indirect
measurement of the deposited charge
fiom the above-threshold signal amplitucLe

ON-DETECTOR For every pixel cell
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Optical Link Tuning Ut D

« The optical communication uplink is tuned by adjusting

- The power of the on-detector lasers
- Power of VCSEL lasers is temperature-dependent
« One laser power setting per opto-board (6/7 channels)

- The delay of the off-detector sampling clock

- The PiN current threshold of the off-detector receiver diode

PIN Threshold Readout phase

» Modules cannot be operated
without good optical tuning

» Scanning 2-D parameter space

» Common stable operating point
for 6/7 links has to be found

» Tuning takes ~15 min (all links)

Threshold (#DAC)
5
=]

150

100

50

0

Goals: 20
- Maximizing error-free

regions \ 25
- Finding stable
operating point

® = Operating

point

] I 11 i1 . i1 i 11 1 i i1 I 1| i ﬂ

g_l_llll

5 10 15 IEO.
Delay (ns)

Error rate when sending a
20 MHz clock 0-1-0-1 pattern
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:ﬁ Threshold Tuning D)

A
S/Noise threshold % 100 ,
_____ = - ideal: step _ g
SPIrenaaer | 5 function \* /e real: error function
9 | g 80 E & (S-curve fit)
Discriminator .§\ ?0 I A SRR ST R R R S :...l‘
— W . R
‘ i Edge Detection 2 i : :
| | : T et | {*f—threshold noise calculation
| | time (1 points 30 % & 70 %
L L : L L L1 ¢ pL > 40 A S
| .
HVbias TS1 -T32 25ns = 1BC 30 Presmmm
Cell preamp signal 20 N
e ) g &

AN > P P9 > £491 Threshold and
a 50% 107 g 1% 0 .
\t Nw 0__-___'___.__,‘,_-f'_ B Es noise of a pixel

- 7S N - - = T T |l - .l T T T T T >
- T > Occupancy 1000 2000 3000 4000 5000 6000 7000 8000 9000

injected charge [e]
Threshold level is set to the desired value

+ Threshold is adjusted on pixel cell level

- Varying charge injections in the preamp of each pixel cell via
integrated in-cell calibration circuitry;

- Fit error function to number of events vs. charge;
- 1.5 hrs to tune the entire detector.

+ September cosmic runs = production tuning
+ November runs = fully tuned configuration
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NeEr-e

Pixel

3000

2500

2000

1500

1000

500

Performance After the Threshold Tuning

« Thresholds are tuned to 4000 e in November

)
0’0

Dispersion is only ~ 40 e~

- Threshold over noise is ~ 24 for most pixels
- Threshold over noise is ~ 13 for few special inter-chip pixels

1=
o]

IIII|IIII|II|I|III||IIII|II|I|IIIL}{
=

ATLAS Preliminary

0 = 40e"

IJI.I.|JIJllII.IJ[lIlI]II.JllJJIJlIIJI

=l
[

00 4300
Threshold (el)

- | I T S I T T
3800 3800 4000 4100

Pixel

10°

10°

I'|"III'I'Il'l'lll|'|-|'lll I"']III

ATLAS Preliminary

|
IVI.JJI

I
1
I.'IIIJJIII.I

D—III

Ll I | - ] | N T —
25 30 35 40
Threshold/noise

20
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.":‘ A A ° s
Q}; ToT (Time-over-Threshold) Tuning Ut D
S
. - x10°
+ Adjust the preamplifier feedback current 2ok ~ToT before Tuning
on FE‘s until a M.1.P. (20ke’) corresponds & ATLAS o | Entries 7.881536e.07
. ) ) : [ Sigma  1.276+ 0.000
to a Time-over-Threshold value of 30 ol Preliminary | e la78: 00
+ Uniform response improves accuracy for ; @ [ | |meam 20221000
the cluster position determination 6/ . | Soms 0es1: Q000
i | —4— ToT bafore Tuning
« Extract full ToT vs. charge calibration A >5[ —#— ToT atter Tuning
curve for each FE to use off-line i
7 % 2 ,.
o 7ol ATLAS Preliminary - "
o 70 3 . )
- - 1n D = -Y‘ , P P E—-l T.:‘-‘IIIH
2 sob- 26 28 30 32 34
E 105 e ?I<:IIQ|3.I TTT TTT I| TTTT |I TTT |I TT I| TTTT | TT THT I[‘lﬁ T I_1
@ 50 g oF =
- 10 'Cq18f ATLAS =
a0l ; 1_62— Preliminary _i
E 103 % 14;_ Isolated Clusters on Track —;
3“__ c__:) 1.2 Barrel Only -
_ . 1 - No Magnetic Field E
20 - 10 - 0.05 < |er,, | <0.2; ]
: 08:_ 2 pixel clusters 3
C 10 0.6 MPV: 18297 +- 42 el =
10~ 0.4F Peaks at the E
- ey o | 0.2F expected value -
i i ol | Lo b bl i i i id i i | | | 1 - - n 3
00 5000 10000 15000 20000 25000 30000 35000 40000 00- N I T, <10
Injected Charge (& ) 10 20 30 40 50 60 70 80 100
Charge (el)
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\ﬁ Cosmic Data Taking

< Sept 14t : First tracks!
— Trigger used: muon triggers

%+ Some modules were initially excluded | Run#91890:
Pixel Track

> 8 pixel hits!

— Improved optical tuning =
most modules now are on-line!

« During cosmic data taking:
— 2/3 time B-field OFF, 1/3 time B-filed ON

3
9 M I e r96%enab|ch @ 5005’_‘.1.9 MM - All Tracks Bans
3 F ATLAS prellmlnary NG I _ ‘ - B-field on |
o - . —: 2 S [ Bfield off
= = iy & 99 AmLas
@ T - : 4 £ imi :
s f -New opto tuning .+ 4; 5 ggo[ Preliminary | ~250k B-field on
5 0.8F - 3% modules / 1 £ -
G | - —
S o7t . recovere | = 200f
2 | 3 Cooling 100ps, — aipixel Modutes ] © -
8 06LL36 Modules off }— Barrel Modules 3 100f
H- Disk Modules S - ;
o -1 ¥ P S RN B P A W = oL o A I PR
: 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Days since 14th of September 2008 Days since 14th of September 2008
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\ﬁ Running With the Cosmic Data
N I I I I B I IR
L 5 . ]
> improvements to muon trigger timing ||\ @ 0-5 ATLAS preliminary .
» commissioning of HLT & TRT LI L. - .
triggers 2 04r
S
=> increased pixel track rate to 30_3-_
~0.5Hz (expected from sim.) = I Expected rate
2020 Is achieved
o r
> x10° . _ -
o 14F —— 3 0.1
o F : :
£ q30 __ o ATLAS Preliminary 5 piifil WM ... ... ...
= F E 0 10 20 30 40 50 60 ?0
% s . Days since 14th of September 2008
2 e Noise occupancy is -
M very low E Noise: < 2x10'° pixel / crossing
0.09F \ e
0.08F- E 0.3-0.7 noise hits in full
: ] detector per crossing!
0.075 I =
: | | :

B-Layer Layer-1 Layer-2 Endcap A Endcap C
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Detector Alignment with Cosmic Data

)
A
Y
S
(. . )\
Alighment task:
Minimization of the Residuals
w
©
>
S
n
()
o
Reality Reconstruction
On-detector w/o alignment
. J
‘xﬂ 1I|IIII|IIII|I||I|II|||IIII|IIII|II|||IIII|I:
816000_ @ Aligned geometry 1 -
14000F HT2HM.o=29um v Mean consistent _—
g - © MC perfect geometry with zero o
= C =0um, c=16 7
£12000— Lr: Hm I" ”mt v Much closerto
“6 — OOINominal geomelry . =
£10000F- W=2m,c=128um |, MC expectation
3 - n
= = =
2 8000 /\ =
. ATLAS Preliminary -
6000— Pixel Barrel —]
- Statistically -
4000( . . —
— limited 7
2000— ]
& oy I ...~ O - RIS g

05 03 04
X residual [mm]

0.1

0.1

5% 0

m]
o
[o+]

Look from the top

Local X
on a stave

—
$ Stave ‘bowing’
[am—— [rm—] -
[ E—

Z-CIXis

Local X Residual [mm]

No deformation

Pixel Stave L1- 806-801
ATLAS Preliminary

-

m
o
[=2]

Local X Residual [

Q2 90, O O«
® O BN O N R
III|III‘H\‘H\‘H\i\\\‘\\\|II\‘\H‘H\

'
=y

vl v e v v v e b e e e e 1
-400 -300 -200 =100 0 100 200 300 400

©
)
o
Sl
N
3
3

ow deformation

o

Pixel Stave L0-B02-S01
ATLAS Preliminary

III|III‘\H‘H\‘H\MH‘\H'IH‘H\‘H\

P TR S RRN R RI A
200 300 400

Global Z [mm]

Ll b b
400 -300 -200 -100 0 100
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Results from Cosmic Runs: Some of the Studies

Pixel Cluster width

—rT T T T T T
2.8 . 8(2T)=(213.9+0.5) mrad

2.6 h, 6(0T)=(1.3+1.1) mrad

2.4f

2.2

. . . L ATLAST' Pr:eﬂ;ni'nsr[y .
-0.4 -0.2 0 0.2 0.4
Track Incidence Angle (rad.)

« Improvements with alighment
« Hit efficiency in barrel layers

> 99.7%

0.999
0.998
0.997
0.996
0.995
0.994
0.993
0.992
0.991

0.99

<+ Quantifies the electron drift in the
sensor due to the B-field.

« Measured by fitting the cluster size
vs. the incidence angle.

+ Data measurement agrees with the
expectation to within 5%.

« Angle with the B-field OFF is
consistent with zero.

Alignment: Hit Efficiency (Barrel Layers)

¢ ¢

Pix L1 Pix L2

-

Pix LO

Pixel Hit Efficiency

ATLAS Preliminary

° Aligned geometry
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Q Summary UT D

« Extremely tight commissioning schedule was successfully met.
« 96% of all modules are included in data taking.

« 2% were disabled due to problematic cooling loops (all in the disks):
= Year 2009: all cooling loops are operating;
= June 2009: Modules on these loops are qualified, tuned, and operate!

« Hit efficiency in the enabled modules (barrel layers) is above 99.7%.
+ Noise occupancy is < 107'° = Well below one noise hit per event.
« Resolution after recent alignment with available cosmics ~24 um.

« Pixel detector is performing very well.

We are ready to
take data in 2009!
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Thank you for your attention!

PIXEL DETECTOR

Back-up Slides Follow
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NEr=-e

The Front End Chip Ut D

N EINEL R
pixel cells organised in 18 columns o tesotoen [ 2 cntouoen |

with 160 rows - @;J = = Qﬁ' -

+ Each pixel cell in the matrix §
o o [ro o . o Bump-bond  8-bit time stamp Yy
contains preamplifier, discriminator pad

+ One front end chip contains 2880 IERETE R

-

Analogue part

Address & time stamps  Configuration bits

CO0000000000000000000000000000000000
0000000000000 000Q0000000000000000000

+ Peripheral region contains 64 hit
buffers per double-column, logic
for trigger coincidence and data Couma-level

’—, ) ’

Delayed BC clock L1

e e =) oo [+] 5] [=] 5] [ =3 oo 1L
and readout logic, which transfers : e lll el sl H= i e
0 QI Qo Qjo Ko ls] Qo
e 0 olo alo olo} olo olo
hits to buffers at the bottom of the S 2 s 3
0 olo (2] olo oo olo
e (=} ool [+] (=] olo oo oo
Chl o LalB alo olo olo olo
p 3 3| Hit buffer cell
[=) (s]0s]
s SiSll Time
D/A convertor 5 Q8
o olo —™ Hit address
Py EHW
R g e =8 Control — g litiis
[+] (4] 14
0 oo
O {=]1s]
£ oo
[+] [#]1+]
[+] oo
L1 oo
L=} oo
[+] [s]1s]
[+) [+] (5]

e
o
o
o

- e
. y [CC0C0000R00O000000000000000000
I CoOFO0000000C00000POO0O0O0O0000000
-
000000000000 0000000000000000,

serialisation someler ..
. : Hitbuffer |
« Data is sent to the MCC, which Chipdevel ||

readout

builds the full event and sends it contreiler |

out T T
s A KAX 2
Chip address | ! !Clock
Slow control iSIync

Data output L1 Power supplies
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Ner-pe

Off-Detector Readout Electronics

ROD (ReadOut Driver)

. Hit data formatter ~Master DSP & memory

. Event builder Controller FPGA Router FPGA
» Command generator
- Data monitoring

- Calibration histograms

BOC (Back-Of-Crate)

- CK, command data
transmitter to opto-boards :
- Hits data receiver from opto-boards

Event fragment

Builder FPGA
C(Tri : - ' = formatter
(Tngger,T,'m,-ng o O gP _ FPGAS
Optop
TT
&
(TTC |
(Rea ni’erfacQ M
Out BUffe) | dul )
& Qs ATLAS
59 S s Networ
(-’Q' — I@Ics;hé'
- r\\
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\‘g Data Sampling in the Pixel Detector

HV ——(o——— i :
_ discharge current hit data:
pixel on T row, column,
sensor | | ToT, timestamp1
% | | C trigger count
fb
partiée discriminator
buffer ( simplified ! )
Cinj preamplifier y s | | ©
edge ® | @ @ | ® @
calibration \ }‘ / detector 212 (212 2
strobe il ol I ol =
input threshold J 234567 89 1011 € timestampf
other pixels
in the module
preamplifier [ N discriminator
threshold .
response + Timestamps are generated by 40
MHz module clock <= LHC clock
discriminator
— + Length of pulse on discriminator
edge detector , , output = Time-over-Theshold (ToT)
time C e . .
— ) — '¢ — > « The only timing information in data
timestamp1 timestamp2 is the timestamp of the leading edge

timestamp2 - timestamp1 = ToT
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Noise Masking Ut D

/

« Noise mask is created off-line and applied on-line
+ Noisy pixels are defined having = 10~ hits / event
« ~ 5K pixels are masked = only 0.006% of all pixels

w/o the noise mask

2006-09-23 024243 CEST & ventfiveXML_BIT40_1022660 rundatdD evioz 1 EAS

with the noise mask

2008-09-2€ DEL0:45 CEST event:fiveXML_20270_112052 runmQ0270 evils

ATLAS

x5

=

~n

=100
[ i

T T T T I
2 % jiomn) LO®
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