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1 Introduction

This proseminar cycle explores particle physics as it appears at the highest energy scale
achieved to-date in laboratory conditions: the TeV scale at the Large Hadron Collider
(LHC). Topics include the Standard Model of particle physics, the Higgs boson field (its
discovery and the measurements of its interactions), as well as models for new physics
whose signatures are currently searched for at the LHC.

The goal of the proseminar cycle is to bring you in contact with cutting edge research
in particle physics phenomenology, and to approach the key theory ideas, the current
status and the future perspectives of the physics tested in the LHC. At the same time
you will be exposed to the process of grasping new knowledge in a relatively short period
of time, recognising the important concepts and presenting them to an audience of your
peers in a coherent way.

2 What this proseminar is NOT

The proseminar is not a course in Quantum Field Theory or in calculation techniques
necessary for particle physics. The material here spans, in a cavalier way, the length of
many courses within the particle physics Master program. If you have already mastered
QFT 1, and Phenomenology of Particle Physics 1 and 2, or are planning to take some of
these courses in parallel to the proseminar, your understanding will be enhanced. They
are not, however, pre-requisites, nor is the proseminar a substitute for any of them. We
will, therefore, have to repeatedly sacrifice mathematical rigour for fast access to key
ideas, in order to reach our intellectual destination. You will probably end up with many,
potentially deep, unanswered questions about the inner structure of field theories and the
precise way it all works. If this happens, the main goal will have been reached: not to
stuff you with more knowledge, but to light some fires.



3.1

3.2

3.3

Organization

Criteria for passing the module

Give a pedagogical presentation of the material assigned to your topic, demonstrat-
ing solid understanding of the underlying theory. The presentation should be given
using a computer and the beamer provided in the classroom.

Complete and hand in the presentation file one week before your scheduled talk.

Hand in a written report of your presentation, in English, in pdf format, produced
in LaTeX, not later than two weeks after your talk. The report should not be too
short (2 pages) or too extensive (50 pages). Its precise length depends on you, and
on the topic you present.

Be present (and preferably active!) at least 80% of the time.

Operational structure

After a period of six weeks, we will start with two presentations per week.

Each presentation should be 50-60 mins long. There will be 2 presentations per
class session, followed by a short discussion. Questions will be allowed during the
presentation.

The presentations will take place on Monday morning, 8:45-10:45.

You will be assigned a research assistant from the institute as tutor. You should
contact your tutor at least 6 weeks before your talk and set up a meeting to discuss
logistics. Your tutor can help you with specific questions and general guidance,
but will not have the time to introduce you to TeX or Powerpoint/Keynote/LaTeX
Beamer etc. Maintaining contact with your tutor is very important during the six
weeks before your talk.

Similarly to what happens in many conferences, at the very last lecture I will give
a summary talk that will include few slides - the most impressive ones - from each
talk.

General guidelines

For each of the topics below there is a list of key concepts that you have to cover
along with some indicative literature. You don’t have to confine yourself to the
suggested literature. In fact you are strongly encourage to expand it as you see fit.



e Try to co-ordinate with the talks before and after yours, so that there is no large
overlap of key concepts, and the flow of the course remains smooth. When plan-
ning your talk, remember that the better understanding of the background of your
audience you have, the more effective your talk will be. You shouldn’t consider me
or your tutor as your target audience: the talks are intended to communicate the
material to your fellow students. Also, please bare in mind that the level of the
group varies since there are master and bachelor students among you.

e Do not overload your slides with material: as a general guideline, each point you
want to make corresponds to one slide. Hence you should try to avoid bullet lists.
On the other hand, you should include figures and plots or other graphic elements
that help getting your point across.

e Most of the topics revolve around one or more experimental plots that convey a
large amount of information in a very condensed way. You should try to explain
to your colleagues how to see this information. But remember that this is a theory
proseminar, so we are mostly interested in key theory ideas and theory predictions,
not the experimental details.

e Please bring your own laptop and test it before the session begins (before 8:45).

4 Topics

4.1 Quantum Field Theory, Feynman diagrams, cross-sections
and all that.

Speaker: Martin Renner. Tutor: Yang Zhang (email) date: 16.11

A very short introduction to Quantum Field Theory: what is a field and what is a
particle, what is the Lagrangian density of a model, how does it correspond to Feynman
diagrams, what are the rules for computing Feynman diagrams, how do we compute
cross-sections.

Bibliography: Any book on QFT. In particular, see [PS95] §1-5, [Gri08] §2,3,6,7,
[Sch14] §7

4.2 The Standard Model
Speaker: Lena Bartha . Tutor: Cheng Peng (email) date: 16.11

The particle content of the Standard Model, its Lagrangian, its Feynman rules, and
basic properties of the Standard Model interactions. What kinds of charges are there?
how are the particles organized in multiplets under the different gauge groups?

Bibliography: [DGH] §1-2; [Pok00]§12, [HM84]§1, 15, [Thol3]§7
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4.3 Electroweak symmetry breaking

Speaker: Lukas Zobernig. Tutor: Yang Zhang (email) date: 23.11

Short description of spontaneous symmetry breaking. The Higgs sector. Which sym-
metry is broken? What happens to the Goldstone bosons? What is the origin of quark
masses according to the SM?

Bibliography: [Geo84]§2.4-2.7 (online updated version), [Pok00]§10-11, [PS95] §20,
[Djo08], [Sch14]§28

4.4 Higgsology 1: discovery

How is the Higgs boson produced at the LHC, and how does it decay? What are the main
observable channels? In which channels was it discovered, in which channels has it been
observed by now? Why? See fig. 1.

Speaker: Viola Vogler. Tutor: Achilleas Lazopoulos (email) date:
23.11

Biblography: [Djo08], [Oli+14] §11.1 - 11.IIT (direct link to §11), [Thol3]§17

4.5 Higgsology 2: properties
Student: Achilleas Lazopoulos. Tutor: N/A date: 30.11

Is what is measured the Standard Model Higgs boson? How do we measure the
couplings of the Higgs boson to other particles? How do we measure other properties?
What is the current measurement and what are the perspectives for the future? See fig. 2.

Bibliography: [Djo08], [Oli+14] §11.IV (direct link to §11)

4.6 Standard Model: electroweak measurements

Speaker: Chris Marentini. Tutor: Alexander Huss (email) date: 30.11
What are the main measurements within the Standard Model that do not include new

particles or the Higgs boson? Are there any deviations from the SM predictions, see fig 37

Do they always have to signify new physics? The measurement of the mass of the W

boson with high precision: why is it important?

Bibliography: [Gri08]§10, [Oli+14] W-mass review (direct link to the W mass review),
[Thol3]§15-16-17, [Sch14] §31.

4.7 Standard Model: Top quark, Heavy flavors and the CKM
matrix

Speaker: Justin Zimmerman. Tutor: Alexander Huss (email) date: 7.12
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The top quark cross section, the top pair production in association with a Higgs boson,
the measurement of the top mass with high precision: why are these related and why are
they important for new physics? What is the CKM matrix and why is it important? How
can we constrain the free parameters of the CKM matrix? Do the leptons mix? See fig. 4

Bibliography: [Oli+14] top quark review (direct link to the top quark review), [Oli+14]
CKM matrix review (direct link to the CKM matrix review), [ESW96]§10.2, 10.5

4.8 Supersymmetry
Speaker: Martin Lickteig. Tutor: Cheng Peng (email) date: 7.12

A very short introduction to supersymmetry, its key attractive ideas, and the main
experimental signatures. Is supersymmetry excluded at the LHC? See fig.5.
Bibliography: [MPT12], [BT06], [Weil3]

4.9 Strong dynamics
Speaker: Sokratis Trifinopoulos. Tutor: Ben Hoare (email) date: 14.12

What are the main ideas behind models with strong dynamics in the TeV energy range?
What are the most promising experimental signatures? Are models with strong dynamics
already excluded at the LHC? What is the significance of not finding any resonance related
to such models until now? See fig. 6

Bibliography: [Oli+14] §11.V.6-11.V.7 (direct link to §11), [Conl11], [MPT12]

4.10 Dark matter searches

Speaker: Julian Riebartsch. Tutor: Ben Hoare (email) date: 14.12

What is dark matter and how do we know it exists? Under which conditions is dark
matter even possible to be detected at the LHC? What are the main signatures that are
promising at the LHC? What has been found up to now? See fig.7

Bibliography: [Abe+15]
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Figure 1: Higgs discovery in diphoton channel CMS, Higgs


http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-12-028/index.html
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Figure 2: Higgs couplings CMS, Higgs couplings
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Figure 3: SM cross-sections (also known as the ‘Stairway to Heaven plot’) CMS,
combined
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Figure 4: Rho-theta plot CKM fitter
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Figure 5: Supersymmetry exclusion plot, CMS, susy searches
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Figure 6: Searches for W', CMS, exotica
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Figure 7: Monojet searches for Dark MatterCMS, exotica, monojets

12


https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO12048

References

[Abe+15] D. Abercrombie et al. “Dark Matter Benchmark Models for Early LHC Run-
2 Searches: Report of the ATLAS/CMS Dark Matter Forum.” In: (2015).
arXiv:1507.00966 [hep-ex].

[BT06] H. Baer and X. Tata. Weak scale supersymmetry: From superfields to scatter-
ing events. Cambridge University Press, 2006. 1SBN: 0521290317, 9780521290319,
9780511190117, 9780521290319, 9780521857864. URL: http://www.cambridg
e.org/9780521290319.

[Conll]  R. Contino. “The Higgs as a Composite Nambu-Goldstone Boson.” In: Physics
of the large and the small, TASI 09, proceedings of the Theoretical Advanced
Study Institute in Elementary Particle Physics, Boulder, Colorado, USA, 1-
26 June 2009. 2011, pp. 235-306. arXiv:1005.4269 [hep-ph]. URL: http:
//inspirehep.net/record/856065/files/arXiv:1005.4269.pdf.

[DGH] J. Donoghue, E. Golowich, and B. Holstein. Dynamics of the Standard Model.
Cambridge Monographs on Particle Physics, Nuclear Physics and Cosmology
url=https://books.google.ch /books?id=aZGeknmxDjEC, year=1994, publisher=Cambridge
University Press. ISBN: 9780521476522.

[Djo08] A. Djouadi. “The Anatomy of electro-weak symmetry breaking. I: The Higgs
boson in the standard model.” In: Phys. Rept. 457 (2008), pp. 1-216. arXiv:
hep-ph/0503172 [hep-ph].

[ESW96] R. K. Ellis, W. J. Stirling, and B. R. Webber. “QCD and collider physics.”
In: Camb. Monogr. Part. Phys. Nucl. Phys. Cosmol. 8 (1996), pp. 1-435.

[Geo84] H. Georgi. Weak interactions and modern particle theory. Benjamin/Cummings
Pub. Co., 1984. 1SBN: 9780805331639. URL: https://books.google.ch/boo
ks?7id=q0nvAAAAMAAJ.

[Gri08] D. Griffiths. Introduction to Elementary Particles. Physics textbook. Wiley,
2008. 1SBN: 9783527406012. URL: https://books.google.ch/books?id=w
9Dz56myXm8C.

[HM84] F. Halzen and A. D. Martin. QUARKS AND LEPTONS: AN INTRODUC-
TORY COURSE IN MODERN PARTICLE PHYSICS. 1984. 1SBN: 0471887412,
9780471887416.

[IMPT12] D. E. Morrissey, T. Plehn, and T. M. P. Tait. “Physics searches at the LHC.”
In: Phys. Rept. 515 (2012), pp. 1-113. arXiv:0912.3259 [hep-ph].

[Oli+14] K. A. Olive et al. “Review of Particle Physics.” In: Chin. Phys. C38 (2014),
p. 090001.

[Pok00] S. Pokorski. Gauge Field Theories. Cambridge Monographs on Mathematical
Physics. Cambridge University Press, 2000. 1SBN: 9780521478168. URL: http
s://books.google.ch/books?id=v\_CVnHFfOSwC.

13


http://arxiv.org/abs/1507.00966
http://www.cambridge.org/9780521290319
http://www.cambridge.org/9780521290319
http://arxiv.org/abs/1005.4269
http://inspirehep.net/record/856065/files/arXiv:1005.4269.pdf
http://inspirehep.net/record/856065/files/arXiv:1005.4269.pdf
http://arxiv.org/abs/hep-ph/0503172
http://arxiv.org/abs/hep-ph/0503172
https://books.google.ch/books?id=qOnvAAAAMAAJ
https://books.google.ch/books?id=qOnvAAAAMAAJ
https://books.google.ch/books?id=w9Dz56myXm8C
https://books.google.ch/books?id=w9Dz56myXm8C
http://arxiv.org/abs/0912.3259
https://books.google.ch/books?id=v\_CVnHFf0SwC
https://books.google.ch/books?id=v\_CVnHFf0SwC

[PS95]

[Sch14]

[Thol3]

[Weil3]

M. E. Peskin and D. V. Schroeder. An Introduction to quantum field theory.
1995. 1sBN: 9780201503975, 0201503972. URL: http://www.slac.stanford.
edu/spires/find/books/www?cl=QC174.45%3AP4.

M. D. Schwartz. Quantum Field Theory and the Standard Model. Cambridge
University Press, 2014. 1sBN: 1107034736, 9781107034730. URL: http://www.
cambridge.org/us/academic/subjects/physics/theoretical-physics-
and-mathematical-physics/quantum-field-theory-and-standard-mode
1.

M. Thomson. Modern particle physics. New York: Cambridge University Press,
2013. 18SBN: 9781107034266. URL: http://www-spires.fnal.gov/spires/fi
nd/books/www?cl=QC793.2.T46: :2013.

S. Weinberg. The quantum theory of fields. Vol. 3: Supersymmetry. Cambridge
University Press, 2013. 1SBN: 9780521670555, 9781139632638, 9780521670555.

14


http://www.slac.stanford.edu/spires/find/books/www?cl=QC174.45%3AP4
http://www.slac.stanford.edu/spires/find/books/www?cl=QC174.45%3AP4
http://www.cambridge.org/us/academic/subjects/physics/theoretical-physics-and-mathematical-physics/quantum-field-theory-and-standard-model
http://www.cambridge.org/us/academic/subjects/physics/theoretical-physics-and-mathematical-physics/quantum-field-theory-and-standard-model
http://www.cambridge.org/us/academic/subjects/physics/theoretical-physics-and-mathematical-physics/quantum-field-theory-and-standard-model
http://www.cambridge.org/us/academic/subjects/physics/theoretical-physics-and-mathematical-physics/quantum-field-theory-and-standard-model
http://www-spires.fnal.gov/spires/find/books/www?cl=QC793.2.T46::2013
http://www-spires.fnal.gov/spires/find/books/www?cl=QC793.2.T46::2013

	Introduction
	What this proseminar is NOT
	Organization
	Criteria for passing the module
	Operational structure
	General guidelines

	Topics
	Quantum Field Theory, Feynman diagrams, cross-sections and all that.
	The Standard Model
	Electroweak symmetry breaking
	Higgsology 1: discovery
	Higgsology 2: properties
	Standard Model: electroweak measurements
	Standard Model: Top quark, Heavy flavors and the CKM matrix
	Supersymmetry
	Strong dynamics
	Dark matter searches


