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http://www.atlas.ch/multimedia/#
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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

| More Related Videos

Collision ATLAS How ATLAS ATLAS Construction Beyond

Events Physics Detects Particles Personalities of ATLAS Categorization
ose video lis!
1ﬂ n “Iin Eve cgry : - e
| Open “ATLAS Physics" category
o [ se "HoW 'ATLAS Detect: ’ i “ cate ;o‘\'

ATLAS Episode ll: The Particles Strike Back How ATLAS Detects Particles

Pixel Detector and Silicon Tracker Muon Detectors
Hadronic Calorimeter Transition Radiation Tracker
Electromagnetic Calorimeter Zooming into the ATLAS Detector with Particle Tracks

Open “ATLAS Personalities” category

| Open "Construction of ATLAS" category

1 .
\
J Open “Beyond Categorization™ category
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Why * universitatbonn

In particle physics, the processes occur on a scale that is
either too brief or too small to be observed directly.

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

In particle physics, a particle detector is a device used to
detect, track, and/or identify high-energy particles.

cmarinas@uni-bonn.de 3



Generic Detector umverg'tétb.onnl

Reconstruction of fundamental objects in a detector:

Vertex and track reconstruction
* Photon/electron reco

* Jetreco

* Muon reco

* Missing energy

cmarinas@uni-bonn.de 4



General Purpose Detector umversitétb.onnl
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General Purpose Detector umversitétb.onnl

Techniques for reconstructing the fundamental objects:
* Position and length of ionization trails.
e Time-of-flight

. Very little mass
* Radius of curvature in the beam path.
« Cerenkov radiation |
e Transition radiation
* Presence of neutrinos

. Incoming

* Electromagnetic showers  beam
e Hadronic showers

Charged particle

iracking chambers,
J If it gets through

all this, it must
be a muon!

Time of flight.
magnetic field
/ of curvature, radius

measurment

Vertex detectors:

good spatial

resolution, can Plus coherent

sustain high -

data rates. radiation
detectors for Calorimetric measurement
Cerenkov and of electromagnetic

transition radiation. showers.

cmarinas@uni-bonn.de 6
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CERN Accelerator Complex umversitétb.onnl

CMS
D007 [27 km)
h{?[th;ﬁ.rea
ALICE LHCb
TT40 TT41
' SPS ‘
o »' —
TT10
AN ATLAS ' CNGS
1 TT50 m Gran Sasso
I
AD
e BOOSTER

“ East Area
—)-

'
— 1 1
1

S

- o ]
m -~ [
/ LINAC 2 L ¢ CTF3
neutron

LIMNAC 3 I_'E'll'
nc ay

e 7O ISOLDE
5 :
—
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Requirements for the LHC Experiments umvers-tétm

e ATLAS and CMS to be as “general purpose” as possible and as
hermetic as possible

— All possible physics channels from known to unknown

— The dream of measuring everything with a surrounding sphere

e ALICE measuring on a MeV to GeV dynamic range
— Heavy ions focus
— Paying attention to material budget

e LHCb dedicated to b physics

— A forward detector

cmarinas@uni-bonn.de 10



ATLAS (A Toroidal LHC Apparatus) unwersitétm

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

45x25 meters

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

cmarinas@uni-bonn.de 11



Inner Detector universitéitbonnl

Measures the momentum of each charged particle

cmarinas@uni-bonn.de 12



Calorimeters universitétbonnl
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Muon Spectrometer universitétbonnl

ldentifies and measures muons
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Magnet SyStem universitétbonnl

Bends charged particles for measuring momentum

cmarinas@uni-bonn.de 15









Complementary Approaches

univers'tétbonnl

ATLAS = A Toroidal LHC ApparatuS

CMS = Compact Muon Solenoid

MAGNET (S)

Air-core toroids + solenoid in inner
cavity (4 magnets)

Calorimeters in field-free region

2 Tesla

Solenoid

Only 1 magnet
Calorimeters inside field
4 Tesla

TRACKER

Si pixels+ strips
TRT — particle identification

Si pixels + strips
No particle identification

EM CALO

Pb-liquid argon
o/E ~ 10%/NE  uniform
longitudinal segmentation

PbWO, crystals
o/E ~ 2-5%/NE
no longitudinal segm.

HAD CALO

Fe-scint. + Cu-liquid argon (10 A)
o/E ~ 50%/NE @ 0.03

Cu-scint. (> 5.8 A +catcher)
o/E ~ 100%/NE @ 0.05

MUON

Air »> o/p; ~ 10 % at 1 TeV standalone
(~ 7% combined with tracker)

Fe - o/p; ~ 15-30% at 1 TeV
standalone (5% with tracker)

cmarinas@uni-bonn.de
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Generic Top Quark Event universitétbonnl

Let’s try to understand how the detector is capable to reconstruct this picture

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

neutrino b—quark jet

cmarinas@uni-bonn.de 19



Detector Topology

universitétbonnl

neutrino b—quark jet

cmarinas@uni-bonn.de

2 EXPERIMENT

\

Run Number: 159086, Event Number: 64558586

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

How do we get here?

20



ATLAS Inner Detector umversitgtﬂ

O(30) layers TRT

ATLAS inner detector

] 4 layers SCT
e Momentum resolution

o(p;)/p; = 0.05% p; [GeV/c] © 1%
e Impact parameter resolution (0.25<|n|<0.5) —

c(dy) = 10 um @ 140 pum / p; [GeV/c] 3 layers Pixel

cmarinas@uni-bonn.de 21



Pixel Detector

universitétbonnl

Determines:
* Impact parameter resolution

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

cmarinas@uni-bonn.de
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Cu rrently at LHC universitétﬂ

\ LHCb YERO ‘4

Lots of silicon everywhere

cmarinas@uni-bonn.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 Pixel Master Table

univers'tétbonnl

Sensor o beam-pipe inner
Pixel size Thickness | Thickness Layers PP spatial resolution
radius
(Xo) (Xo)

z [um] ro fum] | [pwm](%) | [um] (%) [#] radii [mm] [mm] [um]
ALICE 425 50 200 (0.21) | 150 (0.16) 2 39-76 29 100 (2) 12 (r¢)
ATLAS 400 50 250 (0.27) | 180 (0.19) 3 50.5-88.5-122.5 29 115 (z) 10 (r¢)
IBL 250 50 200 (0.21)* | 100 (0.11) 1 33.25 23.5 79 (z) 10 (r¢)
CMS 150 100 285 (0.30) | 180 (0.19) 3 44-73-102 29 ~ 15

* IBL: decided to aim at using two technologies: planar sensors (200 um) and 3D sensors (230 um)

The type of sensors differ, p-in-n for ALICE, n-in-n for ATLAS and CMS and LHCb VELO
(with one n-in-p module installed)

All using CMOS ASICs
The operating temperatures (°C) are +25 (ALICE), -20 (ATLAS), +18 (CMS), -5 (VELO)

cmarinas@uni-bonn.de
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The Outer Layers

univers'tétbonnl

e CMS has a full silicon inner detector: 2 tons!

e 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 with e.m. calorimmetry

e Overall the biggest Inner Detectors ever built

Strips Layers Spatial Resolution
pitch [um] [#] radii [um] [um]
ALICE 95 2 380-430 830 (z) 20 (rd)
ATLAS 80 4 299 to 514 580 (z) 17 (rd)
CMS 80-183 3 255 to 1080 23-52 (ro)

cmarinas@uni-bonn.de
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The ATLAS Pixel Detector

universitétbonnl

430mm

cmarinas@uni-bonn.de

Three barrel layers:
e R=5cm (B-Layer),
9 cm (Layer-1), 12 cm (Layer-2)

e Modules tilted by 20° in the R}
plane to overcompensate the
Lorentz angle.

Two endcaps:
e Three disks each
e 48 modules/disk
Three precise measurement points:
e RO resolution:10 um
e 1 (Rorz)resolution: 115 um

1456 barrel modules and 288 forward
modules, for a total of 80 million
channels.

e Environmental temperature
about -13°C

27



Hybrid Pixel Detector unwersitétﬂ

Fine pitch flip-chip of:
Readout chips
Si (planar or 3D)
Or Diamond

+ High density electronic

+ Moderate - good SNR

- High material budget

- Expensive assembly

front-end
chip

track

cmarinas@uni-bonn.de 28



Module Overview universitétbonnl

e Sensor

HV hole HV guard ring

— 47232 n-on-n pixels with

Type0 connector
moderated p-spray insulation

— 250 um thickness

— 50 um (R®) x 400 um (n)

— 328 rows % 144 columns
e 16 FE chips

— bump bonded to sensor
e Flex Hybrid

— passive components

decoupling
capacitors

— Module Controller Chip ,.‘ ,
to perform distribution of . .

o , ,‘ .
commands and event building. 4 > /
. .- ) NTC barre|
e Radiation-hard design: flex \ MCC pigta

W -
(> LT [\

— Dose 500 kGy
— NIEL 10% n,/cm? fluence

S 0eeEPTOTCEOREETTTS O F ES

glue FEs
™T sensor bump bonds

cmarinas@uni-bonn.de 29



Present ATLAS Pixel Module umvers-tétm

Planar n-in-n silicon sensor

n+ pixel Glass supportchip

n bulk, 250 um thick Thin IC (90 um)
p+ implantation TYIYTYY Y
Guard rings to reduce HV stepwise Substrate
46080 pixel cells, 400 pm x 50 um
‘ erounded read out chip S
10 - 20 um # ; ‘ ’ ’ a lbl.lmp bond
0V R N 50 0 Y O
n-implant at the edge region n'-pixel \ o 4
n-substrate P=Spra) )
guard rings pr-implantation (
| | TEEERE | |
ov =
controlled bias voltage (>200V)
potential drop
scribe line centre of the sensor

cmarinas@uni-bonn.de
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Pi
ixel Installation
universitatbonn

\\\\«\\“\\\\\\\\\\\\\\\ W
\\\\\\\\\\\\\\\\\\\\\\\ \\\ b e
\\\\\\\\\\\\\\\\\\\\ L '

i VL

cmari
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ATLAS Pixel Having Fun With Tracks

universitatbonn

e 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 of Vertex and Tracker Detectors

unive rsitétbonnl

Measure the trajectory and the momentum of charged particles.
Extrapolate back to the point of origin. Reconstruct:

e Primary vertices
Distinguish primary vertices and identify the vertex associated with the
interesting hard interaction
e Secondary vertices

Identify tracks from tauleptons, b and chadrons

H

-
o

=

Il[ll'llll llllllllllllllilg

LHCb Preliminary

EVT: 49700980
RUN: 70684

;’ )

cmarinas@uni-bonn.de
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lllllrr‘ |

Jet

Decay lifetime
5

! .?/
Primary vertex _ ~  /

(] do\ -
Prompt tracks
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Impact Parameter Resolution

universitétbonnl

Constant term (geomet ry)

cmarinas@uni-bonn.de
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Impact Parameter Resolution universitétblonnl

. s\t
200 Sma\\ ° Anes® aﬂd\\%‘“
\\ \a¥ e (1 . m\)ﬂ\ ‘\\\C\k
S:V\\i; G2 “t(\\(;ef‘a\s
- 2 2 2 2
rsoy +ri0 r X
- SO Odo ™ \/ 21126 ———13.6MeV,/—
i (r2—r1) psin¥? @ Xo
Constant term (geometry) Multiple Coulomb scattering
e b 0 a® °
do = )
prsint/? o
ST ) | b am Gev)
LHC 12 /70 * Increase sensor granularity
STAR 12 19 — More smaller pixels
Belle Il 8.5 10 i~ ‘
ILC 5 10 > ll-.q > f

LR L
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Impact Parameter Resolution universitétblonnl

N 0L e
3“6 e e . a('\(\ \
\aree 2 @ ¥
g e
2002 ma’&e(\a
rs0% +rios r X
Ody, = > © —5 13.0MeV,/ —
(r2—r1) psin®<0 X0
Constant term (geometry) Multiple Coulomb scattering

Od, =~ a®

prsint/? o
| a(m) | b(umGey)
LHC 12 70 e Minimise material !!!
STAR 12 19
Belle Il 8.5 10
ILC 5 10
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Impact Parameter Resolution

universitétbonnl

Spatial resolution

Ody

PEpNG (e
Radiation hardness

Readout speed

Squaring the circle
Make a compromise depending on
your requirements!

cmarinas@uni-bonn.de

\ Ot d\'\%‘“‘
ot e o2 \\‘\c,\4 aes® a0
ALY ! N *
Smdol &e‘\a\s
an o
rso% +rios
> © —5 13.6MeV,[—
(r2—r1) psin¥<@ 0

Constant term (geometry) Multiple Coulomb scattering

b

pTsin

* First layer close to the IP
* Low material budget

e Reduced services

e Low power dissipation
* High granularity

e Good spatial resolution
* Fast readout
 Radiation hardness

Od, =~ a®

1/29

37



Spatial Resolution unwersitgtb.onnl

T Position — pitch Spatial resolution mainly determined by the
V12 pixel pitch
ATLAS Hybrid pixels: p ~ 100um — position = 29 pum
DEPFET for Belle Il: P ~ 50um — Oposition = 14 pm

DEPFET for ILC: p ~ 20um — Oposition = 9.8 pm

& urp 4 vip 4 uiP

Other factors can have influence: Pizel;,  Pizelg Pixel,  Pixelg Pizel,  Pizelg
* Readout mode (analog or digital)  p————— T e
* Reconstruction algorithm Charge;,  Chargeg  Charge, Chargeg  Chargey  Chargeg

Reconstructed Reconstructed Reconstructed
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Material Budget universitétbonnl

= —
L
a -
= —
'—=' LE —_ ATLAS Tntﬂ'] ;—(\02_5:—"0-7~vvv1'~~vr vvvvvv yrev v rr T T Ty T "T"":
2 ~ expected = ATLAS Bmm
= — =, TRT
= - £ 2 measured @scT
o= L - i B Pxet 2
o 4 L 2 ) Beam-pipe

06 [—

e 0.5}

0.2

o mi
0 05 L L5 2 25 3 35
Inl

Both ATLAS and CMS slipped considerable in keeping x/X0 low!
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From Clean Design... umversitétb.onnl

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@uni-bonn.de 40



... Great Module Production... umversitétb.onJ

: UL

202200 70100022

M4 LLLITTTTT

R LLLL L TTTTIT

41
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... Not So Light Mechanics... umversitétﬂ
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... Ah, Also Cooling...

universitatbonn
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... Some Additional Pipes ... universitétb.oml
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... Oh Wait, We Need More Cables... umversitétﬂ

4 )

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

18 CMS Phase-1 : :
1.6 CMS Phase 2 i

estmate, assumeng =3IT+FTD -
1.4F phase 1 paols . I_J'I],lru .
1.2 Phase 1 Pued )

1

CMS Preliminary

Al Y]'

&

I‘l] "IY'

0.8
D.8F
D.4F

__— _5

o n:-?:.riufl’%.'

0 02 0-4 o'a oa‘u 1.2 1'-4'”13 xé 2 22 :;14 80 B0 40 20 0
0 / degrees

0.2

-

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

pl.2
X L T
= - CMS Preliminary
180 CMS Phaso !
1.6 — cusnm.z
1,45 el " If we put things into the same scale...
g.af- B it ILC aims to be extremely lightweight
1
0'6?. 4 L IU‘ T o ;
0.4} W ol R
u\'_ﬂ-‘u“/ﬂ’ o=
32 o O o=
[P - I e P
ot : : Codeduand cod s - SO o
0 C204 06 08 1 12 14 18 18 2 22 24

n

CMS aims to reduce the material budget a factor 2
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DEPFET Detectors umvergtgtﬂ

v %ﬁa ?

%0m
PUTIRY_ {__a._‘? o T

Ultralight highly pixelated monolithic silicon
f detector
!

/
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IBL — The 4" Pixel Layer

univers'tétbonnl

100~

80

Inefficiency (%)
]

T0

&0

50

40

30

20

10

e Motivations for a 4t low radius layer in the Pixel Detector

— Luminosity pileup, radiation damage and FE-I3 inefficiency

— IBL improves tracking, vertexing and b-tagging for high pileup and
recovers eventual failures in present Pixel detector.

— Technology demonstrator towards HL-LHC

E Dauble-hit Inefficiency
2 BusyWaiting Inefficiency

Late Copying
u Total Inefficiency

......................................................................................................................................

T T T I e e

........................................................................................

Il1ilrlIII'IIrrIIIIiIrIIII'IIIEIIIIiIrII I11IFIIIIiIlrIlII1I TTT]
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IBL — The 4t" Pixel Layer umvers—tétm

e Motivations for a 4t low radius layer in the Pixel Detector
— Luminosity pileup, radiation damage and FE-I3 inefficiency

— IBL improves tracking, vertexing and b-tagging for high pileup and
recovers eventual failures in present Pixel detector.

— Technology demonstrator towards HL-LHC

] II|IIII|IIII|IIII|IIII|IIII|IIII|II
= C B i -
L 0 = Nomimal ]
A @ u:j 0.1k | .

- L3 N = [ na Pilaup | « with IBL i
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i 0081 ’

ar o [B4x 01 =m RMS: .8 wm -

o o 006 =ires RMS:8.0um
S 0.04f .
’ = B i
0.02- —
L o ™ .
'= [ 1
L - .
I:Illli‘l‘lllilllll I L1 11 I L1 11 I L1 11 I L1111 III.I.I‘I.I'I.IJ-

-003-002-001 0 0.01 002 003

LA S, Imm]
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IBL — The 4t" Pixel Layer umvers—tétm

e Motivations for a 4t low radius layer in the Pixel Detector
— Luminosity pileup, radiation damage and FE-I3 inefficiency

— IBL improves tracking, vertexing and b-tagging for high pileup and
recovers eventual failures in present Pixel detector.

— Technology demonstrator towards HL-LHC

] II|IIII|IIII|IIII|IIII|IIII|IIII|II
% 0.1 = Nominal
LLI - .
-— i no Pilsup . with 1B
g L with BS constraint -
= D-EIE_— -
C 5 o (B4 =01 gm BRMS: 8.9 um
". E D-Dﬁ __ o LA E RME: 8.0 um —_
=] D_El-d_— —
i = R
0.02 N —
L o
2 :
L . ' l .l l-. -
Dl'f'.'ll... 1l l l l l nl'"

002-002-001 0 001002 003

LA S 0]
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IBL Single Chip Modules umversitétm

* FE-14 read out chip
High hit rates and radiation hard
IBM 130 nm CMOS process
Read out for 80x336 pixels
Thickness=150 pm
Physical size=21x19 mm?

@0 YN

z-r.-'!."". A

kbt add 1 21 W

-
=
™
=
k3
un
k-8
-
b -4
=
—

INFN
GENOVA

* Sensor:
n-in-n planar
Pitch=50%x250 pum?
Thickness=200 pm
Physical size=19x20 mm?
HV=60V
Power=1.2 W

INTERMAL INJECTION CHARGE SENSITIVE TWO COMPARATOR HITBUS SIGNAL
CIRCUTTRY STAGE AMPLIFIER
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Pixel Module and IBL un]vergitétb.onnl

>

[ FE-Chip |
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Strip Detector (SCT) umversitatm

Measures: Charged
T

rajectory

e Momentum

e |Impact parameters

* Vertex position

Collision

: Barrel SCT
Forward SCT J

Pixel Detectors
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ATLAS Silicon Microstrip Tracker SCT umversitétm

o 4 barrel layers

— barrel radii: 300, 371, 443 and 514 mm; length 1600 mm ————————
— intotal 2112 modules e %
. e
o 2x9 forward disks Bl
— disk distance from z = 0: 835 - 2788 mm, radii: 259-560 mm o
— intotal 1976 modules (3 rings: 40, 40, 52 modules each) 2 .
o all 4088 modules double sided (40 mrad single sided stereo)
o 15,392 sensors of total 61.1 m?
o 49,056 front-end chips, total 6.3 M. channels
s
,-z,_fs-;:;—;:-—..;!.l1,;"‘.;";‘“";‘!"',‘ HAR
R ) A %
N W D)
i A R S S e A
\ AN AR A A T = S = e R
, 51 S 1 o . e e e s e (0 N/ U VN AN
1.2m g » ﬁ.‘. igﬂ=b-f‘,i‘=b='}='="f5 . B e e e i A o NN V(Y "
| i S Al
\ 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@uni-bonn.de
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ATLAS SCT Sensors umversitgtﬂ

e p-on-nsingle sided detectors
e 285 um thick

e 2-8kQ.cm
e Barrel
— 64x64 mm?
— 80 um pitch
e Forward

— 5 different wedge shaped sensors
— radial strips
— 50...90 um pitch

e 768 read-out strips

e AC coupled to read-out

e Multiguard structure for HV stability

cmarinas@uni-bonn.de



Photon conversions umverg'tgtb.onnl

| Conversion radius

E 40 _ .

s ATLAS Preliminary .
= 35 1 «  Data 2009 (\s = 900 GeV) —
& MC conversion candidates 7

= 30 P MC true conversions —
T MC true Dalitz decays ]
25 {Mon—ditfractive minimum bias MC) _E

20 -

L

Beamp =
10 E

e

50 100 150 200 250 300
Pixel layers
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Transition Radiation Tracker (TRT)

universitétbonnl

¢ Basic detector element: straw tube with 4 mm diameter, in the
centre a 0.03 mm diameter gold-plated tungsten wire.

e The ends of a straw are read out separately

 Precision measurement of 0.17 mm (particle track to wire)

e Provides additional information on the particle type that flew
through the detector, i.e. if it is an electron or pion

cmarinas@uni-bonn.de
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Transition Radiation phenomena umvers-tétb'ond

TR occurs if a relativistic charged particle (large Lorentz Factor) traverses a
boundary between two media with different refraction indices (n;#n;).

The energetic charged particle polarizes the media around and rearrangement of
the electric field yields to the emission of e.m. waves (T.R.) = Light!

n ~
> >

N2 ~y
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ATLAS TRT universitétﬂ

Faser—Radiator

20,6 mm
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TRT Separation

universitatbonn
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Alignment tracking detectors
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Vertexing
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Primary vertices

Pile-up events

ATLAS Preliminary EIntries 57029
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Secondary vertices < ATLAS ?a,

S EXPERIMENT

2009-12-86, 10:24 CET
Run 141749, Event 460665

Minimum Bias Stream, Data 2009 § KS I nva rl a nt m ass

o=  82+0.1 (stat) MeV
PDG (2009) mKu =497 614 + 0.024 MeW

KS—} ﬂ:+ﬂ:_
Candidate

% 6000 ATLAS Preliminary I Both tralcks: p,> 160 MeV, Silhils =6

= E Kg Invariant Mass cos(8) = 0.8, flight distance > 0.2 mm

N 5000

@D = ® Data

2 40003_ ] Simulation .

= C — Gauss (+poly) fit g
L - L= 497.5+0.1 (stat) MeV Event W|th e
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‘Typical’ b-jet candidate umversitétm

Vs=7 TeV

Bl
S,

secondary vertex
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dE/dx in Silicon: ATLAS Pixels umversitétﬂ
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Energy measurement umvers'tgtb.onnl

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

measured:

quark jet

Lepton - E.M. Calo.

Jet = Hadronic Calo. b—quark jet

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

TRT helps in the e/x
separation

Electromagnetic
calorimeter

LAr electromagnetic
end-cap (EMEC)

7 Liquid Argon / Lead
20-30 X,

LAr electromagnetic
barrel

og/E = 10%/VE @ 0.7%
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ATLAS Liquid Argon |
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Sampling calorimeter
Alternating layers of
absorber and active
material

Srglrdiaals
" Ty N X -
o TS LR

WEYer/ ¢

cmarinas@uni-bonn.de 72



Muon Chambers univers'tétbonnl

If a particle “survived” all the

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

signature in the detector)

quark jet

b—quark jet

neutrino b—quark jet
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Muon Spectrometer universitétbonnl

Thin-gap chambers (TGC)

Cathode strip chambers (CSC)

Barrel toroid

Resistive-plate
chambers (RPC)

End-cap toroid
Monitored drift tubes (MDT)

Central Monitored drift Tubes Resistive Plate Chambers
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Run 154822, Event: 14321500
Date: 2010-05-10 02:07:22 CEST

P

p(H) =27 GeV n(u)= 0.7
p,(u*) =45 GeV n(p') = 2.2

M =87GeV
up =0

2\
li

| Z>pu candidate
in 7 TeV collisions
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Yes, already

THINKING ABOUT THE FUTURE
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How to improve: universititbonn

More data

Better detectors

cmarinas@uni-bonn.de 77



universitéitbonnl

ty

inosi

Increasing the lum

\
it

N
O

~N
4

}
»
SLASEY AN LT WL L

il ;sgzz‘,li' L

A

] Fo 3= 2 H
Z 2
Z
~ 0 e ,
|¥ 3T SN
[ & fe 01 iy
VT8 Ay =
_a . _
] | L
It/ ,é

78

but also higher backgrounds (highly pixelated, fast, rad hard)

More events...
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3D detectors for ATLAS Upgrade umversitétm

p* MIP p* n*t MIP p* n*
I 12)61 1‘ '900"
C;h «® O~
566 «e/0n
«® 0.
?? L S Jone
4 b
SR =ep
prle —elor
3 | <« >
n E

«—bump

odde [l metal M passivation Il n* S oxide [l metal WM passivation adde W metal M passivation

pSi B p* polySi Jll n* poly-Si | p* Si pSi B polySi | n* poly-Si p*Si p Si p*Si B n*Si
Low tra pping - Efficiency at 0° incidence [% -
Low depletion voltage ![ - - - j..
Short drift time and no shift from Lorentz angle e o

Suited for extremely high irradiated environments
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Packaging universitétbonnl

Packaging is what makes your cell phone small

>

& MOBILE PHONE

18cU X555 0 Sheum phoonA

Ny e

calio=

—a

3D with TSVs ¢m- - . ||"nnnl[llu -

POP with Stacked MCP

Stacked MCP

I
Off-Package

How to use this feature in HEP?
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Flip chip in pixel detectors universititbonn

* Pixel detector consists of a sensor chip and readout chip which are connected with flip chip bumps

. Charged
. particle

Aluminum contact

’ 3\ High-resistivity
Sensor pixels A - n-type silicon

Solder bump flip
chip
interconnections &=

Wire bonding
pads
- Charged
A particle
Generic pixel detector Cross-sectional cut
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Thinned wafers universitétbonnl

Signal-to-noise ratio suffers
Handling not trivial
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Ting's speech at the Nobel Banquet, 1976 umvers-tétm

Having grown up in the old China, | would like to take this
opportunity to emphasize to young students from
developing nations the importance of experimental work.

There is an ancient Chinese saying "He who labours with
his mind rules over he who labours with his hand". This
kind of backward idea is very harmful to youngsters from
developing countries. Partly because of this type of
concept, many students from these countries are inclined
towards theoretical studies and avoid experimental work.

In reality, a theory in natural science cannot be without
experimental foundations; physics, in particular, comes
from experimental work.
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Thank you



