
Silicon Sensor Characterisation 
for the LHCb Mighty Tracker 

Upgrade

A summer placement project by Liz Arnold



Me

• Physics at Durham University

• About to go into my 4th year of my 
integrated Masters in Physics

• Knowledge background in condensed 
matter and semiconductors

• Experience background in detector and 
experimental physics

• Looking into doing an experimental PhD 
afterwards



Aims

• determine pre-saturation injection range of each 
sensor 

• perform threshold scans to demonstrate response 
across each chip

• investigate the timing of the chips

• investigate the effects of temperature on the bias 
voltage and determine the break-down voltage 
point



Mighty Tracker Upgrade

• LHCb – looking for beauty particles

• Increasing luminosity = higher 
radiation

• Mighty Tracker Upgrade
• area of scintillating fibers closest to 

the beam line being replaced by 
silicon sensors (initially the pink area, 
then extending to the blue area)

• silicon sensors are more radiation-
tolerant

https://home.cern/science/experiments/lhcb
https://lhc-commissioning.web.cern.ch/schedule/HL-LHC-plots.htm
https://dx.doi.org/10.1088/1748-0221/17/10/C10005

https://home.cern/science/experiments/lhcb
https://lhc-commissioning.web.cern.ch/schedule/HL-LHC-plots.htm
https://dx.doi.org/10.1088/1748-0221/17/10/C10005






Data Analysis

Spent a lot of time working on 
my code

Have produced a highly 
adaptable data analysis tool 
with lots of descriptions and 
comments

Can be applied to future data 
acquisition tools and other 
sensors easily



Sensors

ATLASPix3.0

ATLASPix3.1

Run2021

Image from Hammerich 2022
https://dx.doi.org/10.1088/1748-0221/17/10/C10005

https://dx.doi.org/10.1088/1748-0221/17/10/C10005


Ampout Scan
Pre-saturation range 

0.3V - 0.6V



Threshold Scan

Herkert 2020 https://archiv.ub.uni-
heidelberg.de/volltextserver/27893/

https://archiv.ub.uni-heidelberg.de/volltextserver/27893/
https://archiv.ub.uni-heidelberg.de/volltextserver/27893/


10% of the Chip



Laser



Calibrating the Laser



Laser measurements

• Interested in the standard 
deviation of the time difference 
between the laser firing and hit 
being received on sensor

• perform over a range of pixels, 
shutter sizes, and energies



3 More 
Weeks

Laser stimulation

Temperature dependence

New MightyTracker DAQ

Run2021



What I've 
gained

Linux experience

Command-line based working

Electronics experience

Step up my python



What's next?

Return to my 4th (and final) year of my master's degree

Return to RAL as a Diamond user 
for my masters project

X-ray absorption study of a quasi-two-
dimensional cobalt oxide Sr3Co2O7

Apply for PhDs – would love to return to STFC
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