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Questions
What are the possible particle interactions 
compatible with Quantum Mechanics and Special 
Relativity?


What is the structure of space and time at the 
smallest scale?


What happens when we scatter particles at high 
energy?

At the FSL, we explore these questions using the 
language of Quantum Field Theory and String Theory. 

In particular, we use the Conformal Bootstrap and the 
S-matrix Bootstrap.



Quantum Gravity



Quantum Gravity

General Relativity is a low energy effective field theory 
that requires UV completion.


Definition: a quantum theory of gravity is a quantum 
mechanical theory (unitary time evolution) whose low 
energy dynamics is well described by General Relativity.


In particular, it should have the same low lying energy 
spectrum. 
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QG in a box:  Anti-de Sitter space

t

The low energy spectrum of gravitons in AdSd+1 appears 
naturally in CFTd. Indeed, some CFTs are holographic 
quantum theories of gravity.

Quantum 

Gravity

in AdS

Conformal Field 
Theory (CFT) 

at the boundary 
of spacetime

[’97 Maldacena]



Harmonic	oscillator

Bosonic

E = ~!
✓
n+

1

2

◆

<latexit sha1_base64="Mm7veIVWqnCgCVf0ofR4swmdRiU=">AAACE3icbVDLSgNBEJyN7/ha9ehlMAg+IOwGRS+CKIJHBROFbAizk95kyOzsMtMrhCX/4MVf8eJBEa9evPk3Th4HNRY0FFXddHeFqRQGPe/LKUxNz8zOzS8UF5eWV1bdtfWaSTLNocoTmei7kBmQQkEVBUq4SzWwOJRwG3bPB/7tPWgjEnWDvRQaMWsrEQnO0EpNd+/iJOiETNMgiaHNaCAhwh21H0Sa8dzv55U+DbRod3C36Za8sjcEnST+mJTIGFdN9zNoJTyLQSGXzJi676XYyJlGwSX0i0FmIGW8y9pQt1SxGEwjH/7Up9tWadEo0bYU0qH6cyJnsTG9OLSdMcOO+esNxP+8eobRcSMXKs0QFB8tijJJMaGDgGhLaOAoe5YwroW9lfIOs2mgjbFoQ/D/vjxJapWyf1A+vD4onZ6N45gnm2SL7BCfHJFTckmuSJVw8kCeyAt5dR6dZ+fNeR+1FpzxzAb5BefjG3pRnU0=</latexit>

n = 0, 1, 2, . . .

<latexit sha1_base64="VviApXfWILxQQD9zBHOKLkDcGZ4=">AAAB9HicbVBNS8NAFHypX7V+VT16CRbBQylJqehFKHrxWMHWQhvKZrtpl242cfelUEJ/hxcPinj1x3jz37htc9DWgYVh5g3v7fix4Bod59vKra1vbG7ltws7u3v7B8XDo5aOEkVZk0YiUm2faCa4ZE3kKFg7VoyEvmCP/uh25j+OmdI8kg84iZkXkoHkAacEjeTJa6fslqvlbj9C3SuWnIozh71K3IyUIEOjV/wyOZqETCIVROuO68TopUQhp4JNC91Es5jQERmwjqGShEx76fzoqX1mlL4dRMo8ifZc/Z1ISaj1JPTNZEhwqJe9mfif10kwuPJSLuMEmaSLRUEibIzsWQN2nytGUUwMIVRxc6tNh0QRiqanginBXf7yKmlVK26tcnFfK9VvsjrycAKncA4uXEId7qABTaDwBM/wCm/W2Hqx3q2PxWjOyjLH8AfW5w/V05Dc</latexit>

E = ~!
✓
n� 1

2

◆

<latexit sha1_base64="z5vQoS6Iwfd+yANccD35nrQzh4I=">AAACE3icbVBNS8NAEN3U7/oV9ehlsQgqWJKi6EUQRfCoYKvQlLLZTtqlm03YnQgl9D948a948aCIVy/e/DduPw5qfTDweG+GmXlhKoVBz/tyClPTM7Nz8wvFxaXllVV3bb1mkkxzqPJEJvouZAakUFBFgRLuUg0sDiXcht3zgX97D9qIRN1gL4VGzNpKRIIztFLT3bs4CToh0zRIYmgzGkiIcEftB5FmPPf7eaVPAy3aHdxtuiWv7A1BJ4k/JiUyxlXT/QxaCc9iUMglM6bueyk2cqZRcAn9YpAZSBnvsjbULVUsBtPIhz/16bZVWjRKtC2FdKj+nMhZbEwvDm1nzLBj/noD8T+vnmF03MiFSjMExUeLokxSTOggINoSGjjKniWMa2FvpbzDbBpoYyzaEPy/L0+SWqXsH5QPrw9Kp2fjOObJJtkiO8QnR+SUXJIrUiWcPJAn8kJenUfn2Xlz3ketBWc8s0F+wfn4Bn1/nU8=</latexit>

n = 0, 1

<latexit sha1_base64="iDVQLuXtAbxNFA3eyByShUX5VaE=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4kJJIRS9C0YvHCqYttKFstpN26WYTdjdCKf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXpgKro3rfjsrq2vrG5uFreL2zu7efungsKGTTDH0WSIS1QqpRsEl+oYbga1UIY1Dgc1weDf1m0+oNE/koxmlGMS0L3nEGTVW8uWNe+51S2W34s5AlomXkzLkqHdLX51ewrIYpWGCat323NQEY6oMZwInxU6mMaVsSPvYtlTSGHUwnh07IadW6ZEoUbakITP198SYxlqP4tB2xtQM9KI3Ff/z2pmJroMxl2lmULL5oigTxCRk+jnpcYXMiJEllClubyVsQBVlxuZTtCF4iy8vk8ZFxatWLh+q5dptHkcBjuEEzsCDK6jBPdTBBwYcnuEV3hzpvDjvzse8dcXJZ47gD5zPH6KGjew=</latexit>

Fermionic

Can	spacetime	be	an	
effective	description	of	
many	coupled	harmonic	
oscillators?

Spacetime from Quantum Mechanics



Conjecture:	spacetime	description	emerges	in	the	limit
There	are	black	holes	for	

N ! 1 , g2N ! 1 .
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9N2 bosonic oscillators
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known	matrices	(fixed	by	symmetry)

What	is	the	ground	state	(and	excitations)	at	strong	coupling?

coupling

Spacetime from Quantum Mechanics



To know more

Webpage https://www.epfl.ch/labs/fsl/  


Lecture: What is Quantum Field Theory?            
https://tube.switch.ch/channels/4f8a22b1

https://www.epfl.ch/labs/fsl/
https://tube.switch.ch/channels/4f8a22b1


FSL members (Fall 2023)

Postdocs: 

Xiang Zhao

Vassilis Papadopoulos

Gregoire Mathys


PhD students: 

Kelian Häring (CERN)

Manuel Loparco

José Matos (Porto Univ.)

Antoine Vuignier

New student


Master students: 
Melvyn Nabavi

Ayla Rossboth

Yannis Ulrich



Plan for Physics Projects



Plan for Physics Projects
Winter semester


Mathematics for Theoretical Physics (Group 
theory, Lie algebras …) - List of math problems
Study book material, solve problems and present 
on the blackboard during weekly meetings

Small project at the end


Summer semester

Study some topics in QFT 

Study review papers, solve problems and work on 
small research project



Master Programme in HET

First and second semester

Quantum Physics III and IV

Quantum Field Theory I and II

Relativity and Cosmology I and II

Physics Projects I and II

[Statistical Physics III and IV, Particle Physics I and II, …]

 


Third semester

Advanced Quantum Field Theory

Gauge Theories and the Standard Model

Conformal Field Theory and Gravity


Fourth semester

Master thesis

https://het.epfl.ch/master-programme

https://het.epfl.ch/master-programme


Essential courses

Quantum Field Theory I & II 


Relativity and Cosmology I & II


Quantum Physics III & IV



How to apply

Apply at https://www.epfl.ch/labs/fsl/teaching/    
until the end of May (you will need to upload a 
short CV and transcript of grades at EPFL)


Selection process will take place in June.


Main selection criteria are grades (especially in 
theoretical physics courses) and interview.

https://www.epfl.ch/labs/fsl/teaching/

