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Particle physics: what we know!
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ÅThe Standard Model (SM) of particle physics:

ÅDefines elementary particles , and 

   their interactions

ÅATLAS  and CMS experiments 

discovered the Higgs boson in 2012

ÅProved the existence of the last 

   piece of the Standard Model

ÅMade expected splash in the 

scientific community
ÅAlso made international  
news!

PLB 716 (2012) 1-29

PLB 716 (2012) 30-61

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...

ÅWorldôs largest particle accelerator with 27 km circumference

Å Collides protons , heavy
ions. pp collisions at

7, 8, 13, now 13.6 TeV

Å Has four detectors
stationed: (ALICE, ATLAS, 
CMS, LHCb)

ÅItôs BIG

ÅItôs EXPENSIVE

ÅWhatôs it good for?

4The Large Hadron Collider



The ATLAS detector

Particles produced at the LHC need to be reconstructed!

ÅTrackers + Calorimeters + Muon Spectrometer

ÅDifferent layers  detect different
particles  (needed for different

final states!)

ÅRequires use of different
detector technologies 

ÅReconstruct  underlying
physics event  by working

backwards from detector
information
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LHC future looks bright

ÅAll experimental measurements

agree with Standard Model
predictions

ÅWe still have many questions to
answer!

To increase the precision of our measurements
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We need more

data

To increase the precision of our measurements

To increase the probability of seeing rare events

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

with 10x more proton-proton collisions!



High -Luminosity LHC

Å2029: LHC will finish upgrade to

High Luminosity LHC

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

ÅCon : Extremely challenging
data-taking environment
Å Extensive detector  upgrades  
     in progress to handle this

Å the precision of our measurements
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Silicon based tracking

ÅParticle hits silicon

ÅElectric signal read out

ÅSeries of hits forms a track

ÅUse radius to measure
particle momentum

Å the precision of our measurements
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Silicon trackers actively

used by ATLAS and CMS!

G. Dôamen - BNL physics seminar series

https://indico.bnl.gov/event/20638/attachments/50061/85901/GDamen_seminar.pdf


New ATLAS Inner Tracker ( ITk)

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

Å the precision of our measurements
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ITK strips layout

Å the precision of our measurements
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ITk viewer

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


ITK strips barrel layout

Å the precision of our measurements
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ÅThe ITk strips barrel will be made of four layers
Å Inner two layers: Higher 
granularity sensors
ÅOuter two layers: 

Lower granularity sensors

Å the precision of our measurements
ATLAS-TDR-025

https://cds.cern.ch/record/2257755/


Sensors

Å the precision of our measurements
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ÅDetect particles at the strip level. Two flavors of barrel  
sensors:

ÅSS/LS: 4/2 rows of 1280 strips in same amount of area.



Hybrids

Å the precision of our measurements
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ÅNeed to read out each strip

ÅHybrid: Flex PCB glued onto 

sensors

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

ÅWire-bonded to strips for individual 
readout!



Powerboards

Å the precision of our measurements
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ÅNeed to power ASICs on hybrid

ÅAccomplished via a powerboard  PCB housing various 
components:



Modules

Å the precision of our measurements
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ÅLetôs put all it together! 
Å Define this as a module :



All module flavors

Å the precision of our measurements
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Need appropriate module geometries to make up petals  
(endcap) and staves  (barrel):



ITK at BNL

Å the precision of our measurements
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Å At BNL, we assemble  and test  modules and staves

Å 50% of strip barrel staves will be produced at BNL

Å I work on module and stave testingðand investigating problems 
discovered during testing!

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

Å Serving as US contact of the coldjig  software .



Module QC

Å the precision of our measurements
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Å Module QC tests are performed after each assembly step :


