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SKILLS YOU LEARN 
Physics: 

• Get deeper insight into the Standard Model of 
particle physics

• Search for something that has never been 
looked for

Learn the most advance analysis tools:  
• Artificial neural networks, multivariate analysis 

techniques, deep learning

and many software skills  
• Data analysis tools (ROOT)
• Programming (C++, Python)
• Distributed computing (GRID)
• Statistical analysis tools 

Design and develop new type of detectors 
• Operate and calibrate the most sensitive 

detectors of the LHC
• Test detectors in a beam of particles

Work in an international collaboration 
• Collaborate with other groups/universities
• Visit CERN

Presentation of results 
• Within our group
• Topic meetings with other universities
• Within CMS collaboration meetings
• SPS/conference (masters)
• Write a public document / publication

Ideal requirements: KT1 and 2, python/C++ 

WHAT IS THE UNIVERSE MADE OF? 

DO WE REALLY LIVE IN ONLY 3 DIMENSIONS? 

HOW DID ANTIMATTER DISAPPEAR? 

ARE THERE MORE PARTICLES LEFT TO FIND? 

PARTICLE PHYSICISTS STUDY NATURE AT ITS 
MOST FUNDAMENTAL LEVEL BY OBSERVING 

PARTICLE COLLISIONS. BY UNDERSTANDING 
THE PROPERTIES OF THE VARIOUS TYPES OF 

PARTICLES AND THE FORCES THAT GOVERN 
THEIR INTERACTIONS, WE CAN LEARN ABOUT 

THE ORIGINS OF THE UNIVERSE ITSELF. 

OUR GROUPS ARE INVOLVED IN ANALYSIS OF 

DATA AND DESIGNING, BUILDING AND 
OPERATING DETECTORS 

THERE ARE MANY AVAILABLE RESEARCH 

PROJECTS IN ALL THESE AREAS WITH 3-12 

MONTHS DURATION 
 
 

MORE INFORMATION : 

HTTP://WWW.PHYSIK.UZH.CH/GROUPS/CMS 

QUESTIONS ? CONTACT US ! 
canelli@physik.uzh.ch 

ben.kilminster@physik.uzh.ch



PI XEL DETECTOR 

• The pixel detector provides high-precision 3D measurement of particle 
trajectories 

• Phase 1 detector installed in 2017, phase 2 detector to be installed in 
2024 

• UZH involved in all aspects of pixel work: construction, operation, 
calibration, monitoring, maintenance, R&D for future upgrades… 

AVAILABLE PROJECTS: 

• Monitoring of detector performance (6-12 months, can start any 
time) 

• Simulation studies for future upgrades (6-12 months, can start any 
time) 

• Testing of electronic components for future upgrades (6-12 months, 
at PSI, starting from mid 2019) 

• Characterisation of the phase-2 readout chip 

NEW TY PE OF TIMI NG DE TE CTOR 

• Our group is developing a new detector that can measure time and 
position extremely precisely 

• 30 micro-meter position resolution and 30 picosecond (10-12) 
precision 

• Light travels only 1 cm in 30 ps 

AVAILABLE PROJECT: 

• Measure the properties and test these detectors in a particle beam 

With the rapid development and availability of machine learning (ML) 
libraries like Keras and TensorFlow, the recent years have seen an 
explosion of deep neural networks in high-energy physics. Based on the 
idea that, given enough examples to train on, a computer can learn to 
recognise and reproduce almost any distribution, machine learning has 
proven that it can do so with very high accuracy and on unprecedentedly 
small time scales. It is no wonder they are taking over more and more 
tasks in a field that deals with data amounts corresponding to 1700 years 
of HD video and need to process data on time scales of the order of micro 
seconds!  

Tasks like producing simulated data, distinguishing between different 
types of particles and analysing large datasets can nowadays be done by 
a machine learning algorithm in a fraction of the time that it took to 
perform these tasks before the rise of deep learning. With this being the 
very beginning of the machine learning revolution, deep learning is one 
of the fastest growing fields of research both in science and in the private 
sector. Now is the perfect time to get involved and do some deep 
learning on your own!

HARDWARE PROJECTS

4Julia Furletova

Leptoquark  (+CLFV)
● SM contains no explanation for the symmetry between quark and lepton

sectors. SM does not predict the number of generations.
● Leptoquark  is a color triplet boson  (appear in many SM extensions)

 

LQ

HIGGS BOSON AND TOP QUAR K PH Y SI C S 

At the LHC, single top production is done through electroweak interactions. The 
large luminosity and energy from the LHC allow the study of rare processes, 
production of a Z boson in association with a top quark being one of the most 
interesting one. This process is characterised, by a final state with a  Z boson, a top 
quark and an additional quark (tZq). The precise measurement of this process can 
be used as a probe for physics beyond the standard model. 

The precise measurement of the associated production of top quarks + b-jets is an 
interesting and challenging task. The theory description of this process requires an 
accurate knowledge of Quantum Chromodynamics, together with input from data 
collected by experiments. Knowing the ttbb topology also allows us to gain insight 
into other process like the ttH(bb). 

Measuring the properties of the Higgs boson is an important test of the Standard 
Model of particle physics. "The full strength of the Higgs interaction can only be 
directly measured when the Higgs boson is produced in association with top 
quarks (ttH). Furthermore, the Higgs boson can decay into many different particles. 
The work in this group focuses on ttH with the Higgs decaying to bottom quarks. 
This is a very challenging final state and requires sophisticated methods to 
separate the very rare signal events from the overwhelming background. 

SEA RCH ES 

LEPTOQ UAR KS 
Why do quarks and leptons have similar structure? Maybe there is a new boson 
called the leptoquark that connects the quark and the lepton. In fact, LHCb recently 
reported anomalies in the decays of B-hadrons, which might indicate the existence 
of a leptoquark with a mass in the TeV-scale. We have started new searches to 
directly detect its decay at CMS. In particular, we exploit the decay signature of one 
b quark and one tau lepton that can be found in proton-proton collision data. 

BOO ST E D RES O NAN C E S 
Is there a reason why the the electroweak (100 GeV) and the gravitational scales 
(1018 GeV) are so different? Is there only one Higgs boson or are there more? 
Theories beyond the standard model try to address these questions, and in many 
cases, predict the existence of new particles with masses of a few TeV, that in many 
models couple and decay to SM particles, such as fermions or bosons. 
The intermediate boson will then have a large momentum, and the final decay 
products will be collimated such that they have a small angular separation due to 
the large Lorentz-boost. Special reconstruction techniques have been developed 
to study such processes, which can be directly investigated at the LHC. Collision 
data would manifest the presence of the new resonances as a localised excesses 
on a smoothly falling background distribution. 
DIJ E T /  DAR K MAT TE R  
Other new resonances could be gravitons, string resonances, and dark matter that 
decay to a pair of quarks or gluons. This pair creates 2 collimated sprays of 
particles called jets (dijets). The big sample of pp collisions allows the search for 
events not only with two jets, but require an additional jet - the initial state radiation 
(ISR) jet. This technique allows us to cover a mass region that was not covered by 
previous CMS searches. 

VE CTO R-LIK E QUA R K S (VLQS)  
VLQs are hypothetical colour-charged fermions and are predicted in many models 
beyond the standard model. Top-like and bottom-like VLQs, denoted by T and B, 
are assumed to have electric charges of magnitude 2/3 and 1/3 of the electron 
charge, respectively. The T and B quarks may decay to a W, Z, or Higgs boson and a 
third-generation quark. The wide range of possible VLQ types, decay modes, and 
production mechanisms defines a broad search program at CMS.

PHYSICS OBJECT RECONSTRUCTION 

TAU IDENTIF ICATION 
Many new-physics models predict new particles that preferentially decay to 
a pair of tau leptons. However, the tau lepton itself has a very short lifetime 
and can decay in many different ways. Therefore we need a dedicated 
identification algorithm of tau decays that is well understood and well 
modeled by our simulations. 

B-TAGGING IDENTIF ICATION 
Identifying particles is one of the major challenges in particle physics. The 
identification of B hadrons relies on the fact that such particles decay after 
a measurable distance (~1mm) within the pixel detector. Sophisticated 
algorithms combine this information with other measurements to search 
for B hadrons in every collision and have played a key role in recent 
observations at the LHC. However, these algorithms need further 
development for extreme conditions, e.g. when looking for new heavy 
particles. 

AVAILABLE PROJECTS 

DATA ANALYSES:  

• Search for new particles that couple to quarks and/or gluons in a very 
low mass regime, requiring special triggers and data collection 
techniques 

• Search for the most massive standard model particle production process, 
4 top quarks, in the entirely unexplored all-jets channel 

• Investigating a novel method to measure the decay width of the top 
quark 

• Development of a method to identify the charge of jets produced by b or 
anti-b quarks 

• Investigating a novel method to directly measure the mixing between 
top and down quarks 

• Study of jet-shape observables with the potential to reduce backgrounds 
to associated production of a Higgs boson with a top quark pair 

• Search for Vector Like Quarks T in the tTq production mode 
• Measurement of the Standard Model tZq cross section 
• Phenomenological study of heavy-flavour enriched beyond-standard-

model dark jets (enhancement of coupling to third generation quarks) 
• Search for leptoquark production 
• Feasibility study of studying lepton universality via  

Rφ=B(Bs→φμμ)/B(Bs→φee) 
• Measuring Higgs and Z boson couplings to strange quark 

SOPHIST ICATED ANALYSES ALGORITHMS:  

• Optimisation of the matrix-element method in the study of associated 
production of a Higgs boson with a top quark pair 

• Using machine learning to boost the matrix element method 
• Use of advanced machine-learning techniques to reduce the impact of 

systematic uncertainties on measurements 
• Use of machine learning techniques to calibrate complex triggering 

algorithms 
• Exploit state-of-the-art machine-learning techniques to improve tau 

identification capability, extending also to low-pT 
• Develop multivariate analysis and machine learning tools for b-tagging 

identification 
• Apply advanced techniques such as multivariate and machine-learning 

tools to search for boosted resonances

PHYSICS ANALYSIS PROJECTS

MACHINE LEARNING


