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Heavy lon Collision Event Animation
Z to e+ e- Collision Event Animation

o |

01:12 sl - 53 Z to Muon Muon Collision Event Animation
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Electromagnetic Calorimeter Zooming into the ATLAS Detector with Particle Tracks
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Why ] universitatbonn

In particle physicsthe processe®ccuron a scalethat is
either too brief or too smallto be observeddirectly:

We can not see or touch the particles.. So, we need
some tools through which, indirectly, study those
processes

In particle physicsa particle detector is a deviceusedto
detect, track, and/or identify high-energyparticles

cmarinas@unbonn.de 3



GenericDetector umverg'tétb.onnl

Reconstruction of fundamental objects in a detector:
A Vertex and track reconstruction

A Photon/electronreco

A Jetreco

A Muonreco

A Missing energy

cmarinas@unbonn.de 4



GeneralPurposeDetector umversitétb'o,d
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GeneralPurposeDetector

unive rsitétbonnl

Techniques for reconstructing the fundamental objects:
A Position and length of ionization trails.

A Timeof-flight

A Radiuof curvature

A Cerenkov radiation

A Transition radiation

A Presencef neutrinos

A Electromagnetic showers
A Hadronic showers

cmarinas@unbonn.de

Very little mass
in the beam path.
| e
Charged particle
tracking chambers.
If it gets through
Il this, it must
Incoming o on!
beanm be a muon!
Time of flight.
magnetic field
/ of curvature, radius
measurmeant
Vertex detectors:
good spatial
resolution, can Plus coherent
sustain high -
data rates. radiation
detectors for Calorimetric measurement
Cerenkov and of electromagnetic
transition radiation.  ghowers.
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CERN Accelerator Complex umversitétb'o,d
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Requirements for the LHEXperiments umvers.tétm

w!¢[!'{ YR /a{ G2 06S lFa a3aSysSI
hermetic as possible
¢ All possible physics channels from known to unknown
¢ The dream of measuring everything with a surrounding sphere
w ALICE measuring on a MeV to GeV dynamic range
¢ Heavy ions focus
¢ Paying attention to material budget
w LHCDb dedicated to b physics
¢ A forward detector

cmarinas@unbonn.de 10



ATLASA ToroidalLHCApparatus) umversitétﬂ

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

45x25 meters

7000 tons Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

cmarinas@unbonn.de 11



Inner Detector universitétbonnl

Measures the momentum of each charged particle

cmarinas@unbonn.de 12



Calorimeters universitétbonnl
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Muon Spectrometer umversitétb.onJ

ldentifies and measures muons

cmarinas@unbonn.de 14



M ag net SySte m universitétbonnl

Bends charged particles for measuring momentum

cmarinas@unbonn.de 15









Complementary Approaches

univers'tétbonnl

ATLAS 1 A Toroidal LHC ApparatuS

CMS 1 compact Muon Solenoid

Air-core toroids + solenoid in inner

Solenoid

(~ 7% combined with tracker)

MAGNET (S) cavity (4 magnets) Only 1 magnet
Calorimeters in field-free region Calorimeters inside field
2 Tesla 4 Tesla
Si pixels+ strips Si pixels + strips
TRACKER TRT - particle identification No particle identification
s/p; ~ 3.8x10% p; A 0.015 s/p; ~ 1.5x10%4 p; A 0.005
Pb-liquid argon PbWO, crystals
EM CALO S/E ~10%/CE  uniform S/E ~ 2-5%/CE
longitudinal segmentation no longitudinal segm.
HAD CALO Fe-scint. + Cu-liquid argon (101) Cu-scint. (> 5.81 +catcher)
s/E ~ 50%/CE A 0.03 s/E ~ 100%/CE A 0.05
MUON Air - s/p;~10 % at 1 TeV standalone Fe- s/p;~15-30% at 1 TeV

standalone (5% with tracker)

cmarinas@unbonn.de
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GenericTopQuark BEvent umversitétb'onn‘

~r ~ Ve ~ ~ Ve

[ SGQa GNB (2 dzyRSNEUOUFYR K2g¢g (0KS RSGSOG2N

quark jet quark jet
1",
w S
i s
b—quark jet
b

neutrino b—quark jet
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Detector Topology

universitétbonnl

neutrino b—quark jet

cmarinas@unbonn.de

2 EXPERIMENT

\

Run Number: 159086, Event Number: 64558586

Date: 2010-07-14 15:04:51 CEST

How do we get here?

20



ATLASNNner Detector umversitétﬂ

ATLAS inner detector

4 layers SCT

A

w Momentum resolution
s(py)/p; = 0.05%p; [GeV/c]A 1%
w Impact parameter resolutiofn.254 h|<0.5) e
s(dy) = 10mm A 140mm / p; [GeVic] -

3 layers Pixel

cmarinas@unbonn.de 21



Pixel Detector universitétbonnl

Determines:
A Impact parameter resolution

A Ability of the Inner Detector to
find short lived particles such as
B hadrons

cmarinas@unbonn.de 22



Currently at LHC universitétﬂ

Lots of silicon everywhere

cmarinas@unbonn.de 23



Size Does Matter universitétbonnl

1000
Upgrades:
o M5 s ATLAS

100 g FERMS e
“ COEN ARAS
§, 10 .
8 DHM97. -

OF o @ ALICE

'g 1 AMS 1
3 MARXI .: . ™
= DELPME 0O
§ 0.1 NALL L3
7] . OPAL

0.01 First Si strips

1E-34

L)

1960 1570 1980 1990 2000 2010 2020 2030
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The PixeMaster Table

univers'tétbonnl

S e beam-pipe inner
Pixel size Thickness | Thickness Layers pip spatial resolution
radius
(Xo) (Xo)
z [nm] rf [mm] [mm] (%) | [rm] (%) [#] radii [mm] [mm] [mm]
ALICE 425 50 200 (0.21) | 150 (0.16) 2 39-76 29 100 (z) 12 (r f)
ATLAS 400 50 250 (0.27) | 180 (0.19) 3 50.5-88.5-122.5 29 115 (z) 10 (rf)
IBL 250 50 200 (0.21)* | 100 (0.11) 1 33.25 23.5 79 (2) 10 (r f)
CMS 150 100 285 (0.30) | 180 (0.19) 3 44-73-102 29 ~15

* |IBL: decided to aim at using two technologies: planar sensorsnf2p@nd 3D sensors (2306n)

w The type of sensors differ;ip-n for ALICE,-m-n for ATLAS and CMS dddChvELO
(with one nin-p module installed)

w All usingCMO3ASICs
w The operating temperatured8Q) are +25 (ALICE)D (ATLAS), +18 (CMS)(VELO)

cmarinas@unbonn.de
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TheOuter Layers univers'tétbonnl

w CMS has a full silicon inner detector: 2 tons!
w ATLAS decided to invest in particle identification with straw tubes and radiators
for transition radiation measurement

¢ Advantage of inclusive isolated electron measurement, powerful tool for electron and
photon studies in conjunction wite.m. calorimmetry

w Overall thebiggestinner Detectors ever built

Strips Layers Spatial Resolution
pitch [um] [#] radii [um] [um]
ALICE 95 2 380-430 830 (z) 20r( )
ATLAS 80 4 299 to 514 580 (z) 17r( )
CMS 80-183 3 255 to 1080 2352 ()

cmarinas@unbonn.de 26



The ATLAS Pixel Detector umversitétﬂ

w Three barrel layers:
w R=5cm (Rayer),
9 cm (Layef), 12 cm (Laye2)

w Modulestilted by 2® in the R
plane to overcompensate the
Lorentz angle.

w Two endcaps:
w Threedisks each
w 48 modules/disk
w Three precise measurement points
w RF resolution:10mm
w h (R or z) resolution: 11sm

1456 barrel modules and 288 forwairt
modules, for a total of 8@nillion
channels.

w Environmental temperature
about -13°C

430mm

— end-cap Pixel barre|
cmarinas@unbonn.de 27



Hybrid Pixel Detector umversitétﬂ

Fine pitch flipchip of:
Readoutchips
Si (planar or 3D)
Or Diamond

+ High density electro
+ Moderate- good SNR
- High material budget
- Expensive assembly

front-end
chip

track

cmarinas@unbonn.de 28



Module Overview universitétbonnl

W Sensor

¢ 47232 non-n pixels with
moderated pspray insulatior <

¢ 250 mm thickness
¢ 50mm (RF) x 400mm (h)
¢ 328 rowsx 144 columns

HV hole e HV guard ring

Type0 connector

w 16 FE chips
¢ bump bonded to sensor .
: decoupling
w Flex Hybrid capacitors

C passive components

¢ Module Controller Chip
to perform distribution of
commands and event buildii
NTC barre

w Radiatiorthard design: fey \ MCC pigta
q Dose 500 kGy — o

¢ NIEL 1&n,/cm?fluence glue s
™T sensor Ump bonds

FEs

cmarinas@unbonn.de 29



Present ATLABIxelModule umvers-tétm

Planar nin-n silicon sensor

n+ pixel

n bulk, 250 pm thick

p+ implantation

Guard rings to reduce HV stepwise

Glass supportchip

Thin IC (90 pm)
TYTYYTYY

) Substrate
46080 pixel cells, 400 pm x 50 um
‘ erounded read out chip S
10 - 20 um # ; ‘ ’ ! a lbump bond
ovi o U R I B |
n-implant at the edge region n'-pixel \ o 4
n-substrate p=Spray )
guard rings p*-implantation (
| | se 8 B oBa | |
ov =
controlled bias voltage (>200V)
potential drop
scribe line centre of the sensor

cmarinas@unbonn.de
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Pixel Installation

universitatbonn

m(\\“\\\\\\\\\\\\\\\ YW
N
\\\\\\\\\\\\\\\\\\\&x \\\\ it )

cmari
arinas@unbonn.de
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ATLAS PixélavingFun With Tracks |

universitatbonn

w Secondary vertices map for detector imaging

'—'15||||||||||||
E L ATLAS Preliminary
= 10f_Datazom
— 150 T T T 1 | T T T T | I_I I'I | T T T 1 | T T T [ | L :
E - ATLAS Préliminary . 'Ns =7 TeV - s
i PP R S - —
> 100} Data 2037 - - :
i ] o
50F . : .
- a -5 ]
ok~ _ C ]
5 ] 1955 10 15
i 4 — 15—
-50- 7 E C ATLAS Preliminary
E E Y 10:_Simulation
-100[- &% : - -
B cach i 50
15 _I 1 1 1 | 111 1 | 1 1 I‘I | ‘I 11 1 | 1 1 1 1 | L1} I_ : :
-150 -100 -50 0 50 100 150 0: ]
X [mm] - -
5 =
19545 5 0 5 T BT
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Role ofVertex and TrackerDetectors umversitétb'om‘

Measurethe trajectoryandthe momentumof chargedparticles
Extrapolatebackto the point of origin. Reconstruct

wPrimaryvertices

Distinguishprimary verticesand identify the vertex associatedwith the
Interestinghardinteraction

wSecondaryertices

|dentify tracksfrom tauleptons b andchadrons Jet
Displaced tracks /

H

Decay lifetime o e
U 7 ndary

s /

/
/

Primary vertex

, s
Prompt tracks

=

lllll l|ll |!i||llll‘lillil

LHCb Preliminary

EVT: 49700980
RUN: 70684

£ b

lllllw 4|ll|ll|1 LN
: 6 8 0
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Impact Parameter Resolution

universitétbonnl

(S
Sﬁ\a\\ Gy e

aV\d 02

2 2 2 2
r,07 +F10'2

(rp —r1)?

Constant term (geometry)

cmarinas@unbonn.de
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Impact Parameter Resolution

universitétbonnl

Udo

. sk
e\ G4 ahe®
el 13(@ ’ \\'\c,\d‘ess o°
\\ Cyr \or® (\'\ﬁ\“«\K
. .
S:;\d 62 N e
rs0% +rios X
5 ) 13.60MeV,/ —
(r2—r1) psin®<0 X0

Constant term (geometry) Multiple Coulomb scattering

b

pTsin

ao®

G | bameey

LHC 12 70
STAR 12 19
Bellell 8.5 10
ILC 5 10

cmarinas@unbonn.de

wlncrease sensor granularity
b a2 NB
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Impact Parameter Resolution

universitétbonnl

2\ (oL
as®
Al .
] \ar&® 2 " ’&\\\c’\m
\RRY A
S((\a W\ .
a0 02 "

rs0% +rios r X
Ody, = > © —5 13.0MeV,/ —
(r2—r1) psin®<0 X0

Constant term (geometry)

Multiple Coulomb scattering

G | bameey

LHC 12

STAR 12

Bellell 8.5
ILC 5
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b
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prsint/? o
70 w Minimise material !!!
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Impact Parameter Resolution

universitétbonnl

Spatial resolution

Udo

PEpNG (e
Radiation hardness

Readout speed

Squaring the circle
Make a compromise depending on
your requirements!

cmarinas@unbonn.de

2\ 01 d\'\%‘(“
efr 00 * 'g\d‘ess o°
\af ot
2\ (v N\'\({\m
R exia\®
‘.\6 2 ma’(.
rs0% +rios X
5 ) 13.6MeV,/ —
(r2—r1) psin®<0 X0

Constant term (geometry) Multiple Coulomb scattering

b

prsint/? o

AFirstlayercloseto the IP
AlLowmaterialbudget
wReducedservices
wLowpower dissipation
AHighgranularity
wGoodspatialresolution
AFastreadout
ARadiationhardness

ao®
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SpatialResolution umversitétb'onﬂ

O Position = p\i/?; Spatial resolution mainly determined by the
pixelpitch

ATLAS Hybrid pixelsp ~ 100pum — oposition = 29 pm
DEPFET for Belle 1l: p ~ 50um — 0 position = 14 pm

DEPFET for ILC: P ~ 20pum — 0pesition = 9.8 pm

& urp 4 vmip 4 uiP

Other factors can have influence: Pizel,  Pizelg Pizel;,  Pizelg Pizel,  Pizelg
AReadout mode (analog or digital) mE—" e [
AReCOI’]StrUCtIOn algorlth m Charge,  Chargeg Chargey,  Chargeg Chargey,  Chargey

s T

Reconstructed Reconstructed Reconstructed

cmarinas@unbonn.de 38



Material Budget universitétbonnl

= —
L4
= -
E LE — ATLAS Tntﬂ'] a-\ozsr-vvv-r—vvvy""f vvvvvvvvvvvvv T I T T Ty T rTrYrY
= L. — > d i ]
2 - expected - ATLAS B cervces
(=1 — i
= - £ 2 measure EscT _
& L c E BFue 3
o 4 L 2 ) Beam-pipe

0.6 :—

01 :_ 0.5

02

0 Ml
0 05 L L5 2 25 3 35
Inl

Both ATLAS and CMS slipped considerable in keeping x/X0 low!
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CNRY [/ fSI y 5SaAi3 y X universitétﬂ

BeO facings (far side)
Hybrid assembly
\\_ _ /,47

p-in-n singled-sided sensors
back-to-back gluing

Slotted washer

40 mrad stereo

1.2% Xo
/ .
Silicon sensors Datum washer Connector
BeO facings (cooling side)

cmarinas@unbonn.de 40
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X

Pay attention to all the design aspects from the very first moment!!
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CMS Upgrade and ILC universitétﬂ

L

2.2
<2
2
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1.6 CMS Phase 2 i
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1.2 Phase 1 Pued )

1

0.8 JWL'M
i
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Al Y]'
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-

CMS aims to reduce the material budget a factor 2
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CMS Upgrade and ILC

unive rsitétbonnl
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DEPFET Detectors univers'tgtm

P

¢ W eeas
233 g e
. -~

Ultralight highly pixelated monolithic silicon
/ detector

/
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IBLc The 4" Pixel Layer umvers-tétm

w Motivations for a # low radius layer in the Pixel Detector
¢ Luminosity pileup, radiation damage andIBEnefficiency

¢ IBL improves trackingertexingand btagging for high pileup and
recovers eventual failures in present Pixel detector.

¢ Technology demonstrator towards HHHC

] II|IIII|IIII|IIII|IIII|IIII|IIII|II
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IBLc The 4" Pixel Layer umvers-tétm

w Motivations for a # low radius layer in the Pixel Detector
¢ Luminosity pileup, radiation damage andIBEnefficiency

¢ IBL improves trackingertexingand btagging for high pileup and
recovers eventual failures in present Pixel detector.

¢ Technology demonstrator towards HHHC

ﬂ _II|IIII|IIII|IIIII|IIII|IIII|IIII|II_
~ g L% 01k | = Nominal 7
- A3 S = [ na Pilaup | . with IBL
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IBLc The 4" Pixel Layer umvers-tétm

w Motivations for a # low radius layer in the Pixel Detector
¢ Luminosity pileup, radiation damage andIBEnefficiency

¢ IBL improves trackingertexingand btagging for high pileup and
recovers eventual failures in present Pixel detector.

¢ Technology demonstrator towards HHHC
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IBL Single Chip Modules umversitétﬂ

|
4
)
Wk @
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ol =
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W

&l u2py L.

LMY
Ny Ry

of b=l 7.

A FEIl4 read out chip
High hit rates and radiation hard
IBM 130 nm CMOS process
Read out for 80x336 pixels
Thickness=150 um
Physical sizé24x19 mn?%

Nt 9 B

[ i-mum:;:m

8;
=
15

kbt add 1 21 W

ENEN
GENOVA

A Sensor:
n-in-n planar
Pitch=50x250 um
Thickness=200 pm

Pad Physical size=19x20 mm
P> HV=60 V
Power=1.2 W
La:ﬁjal
——— - _""'\..-“'__"{ e —— D
INTERNAL INJECTION CHARGE SENSITIVE TWO COMPARATOR HITBUS SIGNAL
CIRCUITRY STAGE AMPLIFIER
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Pixel Module and IBL umversitétb.onJ
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Strip Detector (SCT)

unive rsitétbonnl

Measures:

A Momentum

A Impact parameters
A Vertex position

cmarinas@unbonn.de

Cha[gled
Particle
Trajectory

Collision

. Barrel SCT
Forward SCT J

Pixel Detectors
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ATLAS Silicon Microstrip Tracker SCT umversitétm

0 4 barrel layers
¢ barrel radii: 300, 371, 443 and 514 mm; length 1600 mm — --=.____'_'“' —

¢ intotal 2112 modules : 1: — ~~::"""‘---.
o 2 x 9 forward disks =

¢ disk distance from z = 0: 832788 mm, radii: 25%60 mm T “1—%

¢ intotal 1976 modules (3 rings: 40, 40, 52 modules each) 2 -

o all 4088 modules double sided (40 mrad single sided stereo)
0 15,392 sensors of total 61.1 m?
0 49,056 frontend chips, total 6.3 M. channels

TSI
—————————— OB
N QU] U !'( '\ ) ~;?=%g==ﬁ==ag%o€%% “%\,
/ LIS S e e e a4 e el
s e e e
| : NN NN
1.2m g SIS
i
v
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Barrel modules

universitatbonn

BeO facings (far side)

Hybrid assembly

p-in-n singled-sided sensors

Slotted washer
back-to-back gluing /

40 mrad stereo

1.2% Xo

Silicon sensors Datum washer | Connector
BeO facings (cooling side)

cmarinas@unbonn.de
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ATLAS SCT Sensors umversitétﬂ

p-on-n single sided detectors
285 um thick
2-8 WN.cm
Barrel
C 64x64 mm?
¢ 80 um pitch
Forward
¢ 5 different wedge shaped sensors

¢ radial strips
¢ 50...90 um pitch

w 768 readout strips
AC coupled to readut

€ € € €

e

e
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Photon conversions umvers-tétb.onJ

e Conversiomadius

E aof -
s - ATLAS Preliminary -
= 35C 1 - Data 2009 \s = 900 GeV) —
8 - MC conversion candidates |
= 30 P MC true conversions —
L - MC true Dalitz decays ]
25 E_ {Mon—diffractive minimum bias MC) _E

20 E

150 SCT layer 1
Beampipe .
10E% E

5l =

ik ]

150 200 250 300

% 50 100
Pixel layers
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Transition Radiation Tracker (TRT) umversitétm

wBasic detector element: straw tube with 4 mm diameter, in the
centre a 0.03 mm diameter golaated tungstenwire.

w Theends of a straw are read out separately

wPrecision measurement of 0.17 mm (particle track to wire)

w t NEYARSAE | RRA O Apauyidetypethst fietv NJY |
through the detector, i.e. if it is an electron or pion
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Transition Radiation phenomena umvers-tétb'onj

TR occurs if a relativistic charged particle (large Lorentz Factor) traverses a
boundarybetweentwo mediawith different refractionindices(nr .

The energeticchargedparticle polarizesthe mediaaround and rearrangementof
the electricfield yieldsto the emissionof e.m. waves(TR) pLight!

n ~
> >

No ey 4
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AT LAS TRT universitétﬂ

Faser—Radiator

20,6 mm
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TRT Separation

universitatbonn

0.05

= 035 T T
§ 0.3k ATLAS Preliminary
o Data 2010 f
E 025k TRT end-caps -
£ 0.0l 1 4-=:p-=:2m3ev E
.E. . | Electron candidates E
ﬂ 0.15¢ 1333 .22 Pion candidates _:
D 0.1 E

D.DS 0.1 D.15 D.E 0.25 0.3 0.35 D.4 0.45 0.5

High-threshold fraction
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Alignment tracking detectors

universitétbonnl

————————— SCX residuals
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Vertexin o "
g universitatbonn
Primaryvertices Pileup events
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Secondary vertices . ATLAS 3,,

S EXPERIMENT
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W¢ & LIAj@ kaihdidate © universitétm

as 7 TeV

Bl
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secondary/vertex
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dE/dx in Silicon: ATLAS Pixels A
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Energy measurement univers'tétbonnl

Once the vertex and tracks are
reconstructed,the depositenergy  quark jet
in the calorimeters has to be

measured

quark jet

LeptonHEM. Calo

JetlhHadronicCalo b—quark jet

neutrino b—quark jet
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E.M. Calorimeter and PID umversitétb'onJ

TRT helps in the e/
separation

Electromagnetic
calorimeter

LAr electromagnetic
end-cap (EMEC)

/ Liquid Argon / Lead
20-30 X

LAr electromagnetic
barrel

os/E =10%/VE © 0.7%
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ATLAS Liquid Argon

universitatbonn
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Sampling calorimeter
Alternating layers of
absorber and active
material
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Muon Chambers univers'tétbonnl

If a particle & & dzNJJ allgtReR ¢

previous steps, must be a muon quark jet
(neutrinos scape without any

signaturein the detector)

quark jet

b—quark jet

neutrino b—quark jet
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Muon Spectrometer umversitétb.onJ

Central Monitored drift Tubes Resistive Plate Chambers

cmarinas@unbonn.de Forward Monitored drift Tubes Thin Gap Chambers 74



