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A Mounia Laassiri
A 2011: B.Sc. in Physics
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Particle physics: what we know!

AThe Standard Model (SM) of particle physics:
ADefines elementary particles , and
their interactions

AATLAS and CMS experiments

discovered the Higgs boson in 2012 Physicists Find Elusive Particle Seen
AProved the existence of the last as Key to Universe

piece of the Standard Model

AMade expected splash in the

scientific community
AAlso made international

Céandavd ARAAAl AfClanmaantavir NavéiiAalan

Ehe New Nork Times
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contributions to Scientists in Geneva on Wednesday applauded the discovery of a subatomic particle
that looks like the Higgs boson. Pool photo by Denis Balibouse
By Dennis Overbye

July 4, 2012



https://www.sciencedirect.com/science/article/pii/S037026931200857X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0370269312008581

The Large Hadron Collider (LHC)

Need a machine capable of producing the particles we want to
study...

AWorl dos | argest particle accel
A Collides protons , heavy
lons. pp collisions at

7, 8,13, now 13.6 TeV

A Has four detectors
stationed: (ALICE, ATLAS,
CMS, LHCb)
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Answering the big questions in particle physics!
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The ATLAS detector

Particles produced at the LHC need to be reconstructed!

A Trackers + Calorimeters + Muon Spectrometer
A Different layers detect different

particles (needed for different
final states!)
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' / kY | \ Tile calorimeters
\ / ) \ [ | \ \\ A hadronic end-cap and
By / ~ // | o, \, forward calorimeters
. | / \. Pixel detector \
‘/“ Toroid magnets / ’ \\ LAr eleciromagnetic calorimeters
v /
Muon chambers Solenoid magnet | Transition radiation tracker

Semiconductor fracker
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LHC future looks bright

A All experimental measurements

Ll 26.8%

! What is
agree with Standard Model dartlf[ )
- - , ~ Mmatter”
predictions
A We still have many questions to
answer! What new
| particles and
forces are out
there?
+ more!

We need more
data

To increase the probability of seeing rare events

Upgrading to the High Luminosity LHC (HL-LHC),

with 10x more proton-proton collisions!
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High -Luminosity LHC

A 2029: LHC will finish upgrade to

High Luminosity LHC

A Pro: Will increase ATLAS + CMS
datasets by ~ factor of 10

A Con: Extremely challenging

data-taking environment Current LHC: 20-30 collisions
A Extensive detector upgrades each time we cross beams
In progress to handle this

HL-LHC: up to 200 collisions
each time we cross beams
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Silicon based tracking

A Particle hits silicon

A Electric signal read out cearie S
A Series of hits forms a track

A Use radius to measure /0 /j\ .....

particle momentum Sensor

G. D 6 aBhNé physics seminar series

Silicon trackers actively
used by ATLAS and CMS!
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https://indico.bnl.gov/event/20638/attachments/50061/85901/GDamen_seminar.pdf

New ATLAS Inner Tracker ( ITk)

A Part of ATLAS upgrade : Replace tracker with full silicon
pixel and strip sub-detectors - The ITk (Inner Tracker):

~ 6 meters
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ITk strips barrel

~ 100 m? area covered!
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ITK strips layout

_ Endcap Barrel Endcap
1 D|Sk = 32 Petals 6 diSkS 4 |ayers 6 diSkS

/ ITk viewer

1 Barrel layer = 56-144
Staves

1400 mm

L? Brookhaven

National Laboratory 10



https://itk-viewer.web.cern.ch/

ITK strips barrel layout

A The ITk strips barrel will be made of four layers
A Inner two layers: Higher
granularity sensors

A Outer two layers:
Lower granularity sensors

Layer Radius Channels  Strip Strip Length
[mm] in¢ Pitch [pm] [mm]

0 405 28x1280 75.8 241

i 562 40x1280 75.5 24.1

2 762 56 %1280 755 48.2

3 1000 72x1280 75.5 48.2

ATLAS-TDR-025
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https://cds.cern.ch/record/2257755/

Sensors

A Detect particles at the strip level. Two flavors of barrel
sensors:

[I =1 Stl‘ip} “
1

echnology:
e p-type w/ 97 mm
n-type
implants
e Radiation
hard
( AC-coupled

Short strip (SS) L ong strip (LS

Eventually operate \/
cold (-35°C) to
account for 97 mm

radiation damage
.

A SS/LS: 4/2 rows of 1280 strips in same amount of area.
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Hybrids

A Need to read out each strip ABGStar chip
A Hybrid: Flex PCB glued onto (x10 for this type)
sensors ..

A Hosts ASICs , called the ABCStar
A Hybrid hosts 7-12 ABCStars, depending
on hybrid/sensor flavor

A Wire-bonded to strips for individual
readout!

L? Brookhaven
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Powerboards

A Need to power ASICs on hybrid
A Accomplished via a powerboard PCB housing various

components:
DC-DC converter Measurement and control HYV filter
e 11V input, 1.5V output e Linear regulator for 11V — 1.4/3.3V e Includes a GanFET (Gallium Nitride Front
e 110 um Al shield to prevent e Enable/Disable DCDC End Transistor)
EM noise leakage e Measure volage, current, temperature e Allows isolation of failed sensor in
breakdown connected to the same HV
line
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Modules

ALetds put lall it together
A Define this as a module :

Long strip sensor Long strip module

Hybrid, powerboard

Sensor

Birds-eye view Side wiew
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All module flavors

Need appropriate module geometries to make up petals
(endcap) and staves (barrel):

Each stave has 14
modules per side

6 endcap module types
to make one petal

Long strip stave:
14 long strip
modules per side

Short strip stave:
14 short strip
modules per side

All petals identical: RO-5
modules on each side

L? Brookhaven

National Laboratory 16




ITK at BNL

At BNL, we assemble and test modules and staves
50% of strip barrel staves will be produced at BNL

| work on module and stave testingd and investigating problems
discovered during testing!

Developing interlock systems to ensure safe thermal cycling of
silicon strip modules, enhancing operational safety and reliability

Serving as US contact of the coldjig software .

o o I I I
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Module QC

A Module QC tests are performed after each assembly step :
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