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Evaluation of newly developed silicon pixel sensors for the
upgrade of the ATLAS detector
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Inner Detector
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Inner Detector
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Pixel Detector

Vv Y a2—)L# : 1,744 (10cm2)
Vv Fv2XIVE 8,000 F v > XRIL
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.~ HV guard ring
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v Pixel Size : 50 x 400 um?2 , Resolution : 14 x 115 pym? N
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Pixel Detector

F1.BLZzEoH-ET )L

RHZRDERICT A —4

Item Radial Extension Length Staves / Modules Pixels
[mm] [mm)] Sectors (x109)
Beam pipe (today) 29 < R < 36
Beam pipe (with IBL) 20 < R< 29
IBL Envelope 31.0 < R < 40.0
Sensitive < R >=33.25 |Z| < 332 14 224 6.02
Pixel  Envelope 45.5 < R < 241.0 |Z| < 3092
B-layer  Sensitive < R >=50.5 |Z| < 400.5 22 286 13.2
Layer 1  Sensitive < R>=288.5 |Z| < 400.5 38 494 22.8
Layer 2 Sensitive < R>=1225 |Z| < 400.5 52 676 31.2
Disk 1  Sensitive 88.8 < R<149.6 < Z >=49 8 X 2 48 x 2 4.4
Disk 2 Sensitive 888 < R<149.6 < Z >=580 8 X 2 48 x 2 4.4
Disk 3  Sensitive 88.8 < R<149.6 < Z >=650 8 X 2 48 x 2 4.4
Pizel Total 80.4
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Pixel Detector

v Pixel Detector Concept
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Pixel Detector

v Pixel Detector Concept
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Semi-Conductor Tracker
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Semi-Conductor Tracker
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- 80 um pitch
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Semi-Conductor Tracker
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- 12cm long
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Semi-Conductor Tracker

v SCT 3
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Transition Radiation Tracker
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Transition Radiation Tracker

20054 ver.
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Transition Radiation Tracker
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Transition Radiation Tracker
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Transition Radiation Tracker
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Transition Radiation Tracker
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Transition Radiation Tracker

v  TRT Read-out : Architecture

ASDBLR DTMROC
------------------------------------------------------------------------
Test Pulse e
i Control E( TTC ‘Backbone
: Thresholds! ! :
| P ' BX,
1 ! : i1 DATA
: \ ! Derandomizer
| / ¥ | 40 MHz
- | o Pipeline Lk o cop —
' Input | - E —
I - : ] 1 Gbit/s Link

! 10a to ROB
Amplifier Shaper Discriminatori E Timing measurement | Inputs
< > +“—>
Front-End Electronics Back-End Electronics

- Nominal gas gain : 2.5 x 104
» Drift time (DT) : 250 eV threshold
» HIEIHET (TR) : 5 keV threshold 3n digitize = 170 pm
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Transition Radiation Tracker
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Figure 3-23 Pion efficiency as a function of |n| for
pt =2 GeV for two different electron efficiencies. The
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efficiencies are relative; to get the total efficiency, the
values must be multiplied by the efficiencies to pass
the extended track quality cuts.
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Figure 3-24 Pion efficiency as a function of |n| for
pt =20 GeV for two different electron efficiencies.
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Inner Detector
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ATLAS & CMS

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter :15.0m Pixel (100x150 ym) ~1m? ~66M channels
Overalllength ~ :28.7m Microstrips (80x180 um) ~200m* ~9.6M channels
Magnetic field  :3.8T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: $40 Cathode Strip, 576 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m* ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

25m

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PAWO, crystals

Toroid magnets LAr eleciromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiation tracker HADRON CALORIMETER (HCA

Brass + Plastic scintillator ~7,000 channels

Semiconductor tracker

ATLAS Barrel Inner Detector
H—2Z —pue'e (my =130 GeV)
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Calorimeter

b U 7—DAQ

T
BEZILI>AOUX—4 (LAr Calorimeter)
( AOYAX—% )—Eﬁ'f)bﬁDUX—’i (Tile Calorimeter)
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( BERY AT )
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Calorimeter

v BIFD Energy % 8I%E
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395D
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LAr Calorimeter

VWrER OO X—%
- & LAr. IArCEBUEBR Y v 7 —D Energy 2 R %

Cells in Layer 3
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vIArgiAAOYX—% (FCal) \XOZ
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Tile Calorimeter

VK& TZAFYIIVFL—Y
- 500,000 1@
- Inl< 1.7

v Center Barrel :

- 64 wedges. & 6.4 m. 20,000 kg

v Two extended Barrels -

- 64 wedges. & 2.6 m. 9,600 kg
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Muon Detector
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Muon Detector

VIa—AVOEFEAEE. BORELEICIES MY H—4RK

v Monitored Drift Tube (MDT)
- EFEHE
v Cathode Strip Chamber (CSC)
- By NL—FDEW20<|n| < 2.7 5B TCOEEN=HIE

v Resistive Plate Chamber (RPC)

- BarrelEfD M) A—2 AT A
v Thin Gap Chamber (TGC)

- End-capZD ) AH— X T A
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Magnet System

I\ lj jj‘_DAQ Cenfral Solencid

Barrel Toroid
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Magnet System

vV TREW I A FOEIZ I CiA S B

J Ba rrEl TO rOid Centfral Solencid
- 8 O 0) :I 4/ ) I/ ’ Barrel Toroid
- BEELFT4T OWH5G iggiﬂ%?i
— Endcap Toroid -

v End-cap Toroid
- HBOVZAARYy M8V & 81

- REELT4T OHS

v Central Solenoid Magnet
- RE53m. BER24m. EE45m

- 2T OG5

ATLAS Detector



Trigger & Data AcQuisition System

I\ U jj _DAQ Interaction rate
~1 GHz CALO MUON TRACKING

Bunch crossing

rate 40 MHz
| PmmERLE Leve s ’ g o,

< 75 (100) kHz

Derandomizers

Regions of Interest Readout drivers
ROD
( AOYX—% ) g
LEVEL 2 Readout buffers
TRIGGER (ROBs)

~ 1 kHz

Event builder

[ sa-Avmus )

EVENT FILTER . . . Full-event buffers
an
~ 100 Hz processor sub-farms

( WE :/Z 7_-A ) Data rlording
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Trigger & Data AcQuisition System

v NUAF—=YR T LA
- IsEICERKRITEDOERENRET S
- 1s fEIC 600 TB
- MEGRT—YRIFTZRDHUTEEgLRY1 XICT S

v DAQY R T L
- ATSAVERDIO
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Trigger & Data AcQuisition System

v LEVEL-1 Trigger (LVL1)
Interaction rate

- Hardware Trigger ~1 GHz CALO MUON TRACKING

Bunch crossing

- j]DIJ)(—Q & El—j\/@ﬂj%ﬁ rate 40 MHz ¢g

Pipeline

LEVEL 1 memories

TRIGGER

- Event BENS 2 MS 'f%*% < 75 (100) kHz

Derandomizers

Readout drivers

Regions of Interest

(RODs)

<ol e

v High Level Trigger (HLT) LEVEL 2 *neadommﬂs
TRIGGER (ROBs)
- Software Trigger ~ 1 kHz
- | Event builder
» LEVEL-2 Trigger (LVL2)
EVENT FILTER . . Full- ev::td buffers
} Event Fll,ter (EF) ~ 100 Hz processor sub-farms
- AU X—% & Tracker & = 1 —A V&R HizEs ata rehording

- 1s 7= D $91,000 Event
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Upgrade

v HL-LHC (High Luminosity LHC) Eti# in 2026

v LS1

- Insertable B-Layer (IBL) D& A

v LS2

- Fast Track Trigger (FTK) DEA
- Thin Gap Chamber (TGC) DEANEDANE X

v LS3

- PIBBFREN

Hp

L

(.

HEr DIBANE A

TRT # L = Pixel, SCT @ &

Large Hadron Collider (LHC) HL-LHC

7 TeV— 8 TeV ——

_Runt st Rwn2 |2 ] Run3 | 1s3 | Run4.5.

13 TeV 13/14 TeV

ot | s Lama L | s [ e Lavr L v L o | o [ [ s | o e [ [ v 2
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Long Shutdown 1

v 2013F~2014F (Q4F[HE)

v Insertable B-Layer (IBL) & A
- ANE (B-Layer) & E—L/NA FHEICHEA S Pixel Barrel B

v 3D pixel sensor D& A

Large Hadron Collider (LHC) HL-LHC

Run 2 2 Run3 | 1s3 | Rund4.5.

7 TeV— 8 TeV 8 TeV 13/14 TeV
2011 | 2002 | 2013 | 2014 | 2015 | 2016 | 207 mmmmmmmmmw»

ATLAS Detector 41




