TEDxZurich
I am a time-travelling detective and I need your help to solve some of the biggest mysteries of the Universe. What is it made of? How did it become like this? What will happen to it a billion years from now? Why are we here at all?
Every day I travel from my home on the Jura mountains in France to my forensics laboratory in CERN, the European Centre for Particle Physics near Geneva.
(show image of CERN and where I live etc.)
And when I get there I go deep underground to use the largest machine ever built to explore the farthest corners of the Universe and to travel back in time to just after the Big Bang, to gather the evidence I need.
(image of CMS) 
Every time I see this thing I get goosebumps! In fact the first time I saw it I couldn’t imagine how something so big, so complex, could actually work. But it does! And what it achieves is amazing.
I use it to investigate the Universe. The first step is to figure out what the Universe is like now, by understanding what things are made of at the most basic level. As an example, here I have two red balls and I want to know what they are made of. Perhaps the simplest way of knowing this is to smash them together and seeing what I find. So let’s do it!
(smash the balls) – 10 seconds
(video of Stephanie and the collision)
So we just discovered something together: the red balls are made of smaller things. And the faster we smash things together, the smaller the resulting pieces. And by smashing really tiny things together at higher and higher speeds, we can solve the first part of our puzzle: there are actually only 3 basic building bricks of matter, called the “Up” and “Down” quarks and the electron. 
(picture of three lego bricks)
With these bricks I can build anything I want: any atom, any molecule, any known substance on earth. For example, with three quarks I get a proton, and by adding an electron I get an atom of hydrogen, the lightest element.
(picture of a hydrogen lego)
[bookmark: _GoBack]Of course, building stuff is more difficult than smashing apart, as you can try yourself in the break to reconstruct these balls! And what is more amazing is that this set of bricks is exactly the same throughout the Universe! All the galaxies, stars, planets and their aliens are made of the same stuff as you and I! So understanding our own little world lets me investigate the whole Universe without ever leaving my lab or putting on a spacesuit!
(picture of the Universe)
But, wouldn’t YOU want to know what happens if you smash the smallest things together, really fast? Would we find even smaller things? Well this is what science is all about – developing a theory and then testing it to see if we were right. So let’s try it here and now. But for this experiment I need the help of a friend from the audience, so I would like to invite Dominic to the stage.
(10 seconds to come on stage)
This is where things get a little bit dangerous, so we will just put on our protective gear. 
(10 seconds to put white coats, hard hats, safety glasses)
Right, let’s do the experiment, smashing things together even faster than before.
(20 seconds for Dominic to do the experiment)
Ah, we didn’t produce smaller things; we actually made something BIGGER and DIFFERENT from the things we started with! Before we try to figure out what happened, let’s thank Dominic for his alchemy skills.
(picture of Dominic with the big red ball)
(10 seconds, round of applause, leaves the stage)
This might look like magic, and although a few hundred years ago we might have been burned as witches for being able to transform one thing into another, we actually have Einstein to thank for the explanation.
(show image of Einstein in Zurich, with E=mc2)
The most famous equation in the world, E=mc2, tells us that if we start with some mass, m – our two balls – it can be converted to energy, E. And, in turn, that energy can be used to create a new massive object; something different from what we started with. This really is magic! And what we found in our high-energy collisions is a whole set of other bricks. Some of them are called “anti-matter” and are very similar to the bricks we knew about. But some are very different indeed: They used to exist in the Universe, but don’t any more. In fact they existed around the time of the Big Bang, nearly 14 billion years ago. So just by smashing things together I can travel back in time and find clues about the early Universe.  
(image of Dave & Einstein in a DeLorean).
My time machine is not actually a DeLorean driven by Einstein, but something far more incredible, and certainly a lot faster. It’s the Large Hadron Collider, which, since 2010, has been smashing protons into each other at nearly the speed of light, producing mini Big Bangs. 
(animation of LHC)
And to understand what happens in these collisions, I use a 14000-tonne digital camera, located in a giant cavern 100m under the French countryside. 
(image of CMS)
This camera, called CMS, takes photos of collisions, providing glimpses of the very early Universe. 
(image of collision)
But Nature, the original lawbreaker, has hidden the most important evidence really well.  Perhaps once in a hundred billion collisions we might find something that could help prove what Nature did. So we need to make a lot of collisions and our camera has to be very fast and powerful. In fact it can take photos with a resolution of 100 Megapixels, 40 million times a second! 
And what we have found hidden in some of the CMS photos is really extraordinary. From what I can see, our world, and you and me, shouldn’t actually exist at all! For example, a billionth of a second after the Big Bang, there were equal amounts of “matter” and “anti-matter”. And when matter and anti-matter meet, they have a nasty habit of killing each other, albeit not deliberately!
(image of matter shaking hands with antimatter)
All the matter and anti-matter should have destroyed each other immediately. But some matter must have survived the massacre just after the Big Bang, which is fortunate as otherwise I wouldn’t be here giving this talk! It doesn’t look as if any anti-matter survived, and we are trying to understand why not. 
And although we are gathering our evidence by studying the infinitely small, we also work a lot with other detectives who study the infinitely large. 
(image of spiral galaxy)
And from looking at the way galaxies move we know that there is a lot of stuff out there that is not made of the quarks and electrons I talked about earlier. But we can’t see it, so we imaginatively call it Dark Matter. And it is not just out there, but is everywhere in the Universe, including in this room, going through you right now without you feeling it! We believe that Nature created this Dark Matter at the time of the Big Bang, although we don’t know her motive for doing so. We need to know what it is, so we are trying to make our own Dark Matter in the Large Hadron Collider.
There is also Dark Energy, 
(image of Darth Vader)
which plays a big part in how the Universe is evolving at the largest scales, and is even more abundant than Dark Matter. But we don’t really have any ideas of what it could possibly be! Nature is not giving us many clues at all on this one!
And then there is the puzzle of mass. 
(image of down quark and electron)
Why are some particles heavier than others? This might sound like a pointless question, but if the quarks and electron didn’t have the masses that they do, our Universe might just look like this.
(black)
We have been trying to understand mass – what it is, where it comes from – for many decades. We believe there is an invisible “force-field” everywhere in the Universe that gives mass to some particles, but not to others. But how can I detect this invisible force field? Well, by smashing stuff together I can sometimes put energy into the field and make it reveal itself. It’s a bit like me dropping this coin into this glass. The invisible water reveals itself with a “splash”. 
And after looking at a few trillion collisions we managed to find a few splashes, back in 2012, the first direct evidence that the invisible force field does actually exist. We called the splashes “Higgs bosons”, and it wasn’t just us that got excited by this discovery, but people all around the world.
(image of press stuff)
Including the Nobel Prize committee, 
(show image of the Nobel prize)
who gave the 2013 Nobel Prize to two of the detectives who first came up with the idea of the invisible force field, nearly five decades ago.
But the forensic evidence provided by the Large Hadron Collider and CMS has only just started to accumulate. As I’ve shown you, we don’t know very much yet, not even about the Higgs bosons that we discovered. I need more collisions, so I can continue to travel back in time and gather more evidence. I also need more detectives – like you! Perhaps you will give us a different perspective on what we have already found, or find completely new evidence?
(show images of the elephant and explain)
The Large Hadron Collider is about to switch on again, creating collisions with nearly twice as much energy as it did before. It will operate for the next 20 years at least! We will find some answers to the questions about the Higgs, dark matter, anti-matter, possibly dark energy. 
(picture of whiteboard)
And there are perhaps other secrets being hidden by Nature, just waiting to be uncovered by me, my colleagues and you.
You can start your own investigations in space and time, by looking at our collisions from the comfort of your own home.
(show url with nice photo of kids)
Who knows what you might discover when you smash things together?!
------------------------------------
EXTRA (don’t know where to fit this)
What I find really amazing is that there are probably aliens out there who are asking exactly the same questions - and they are getting the same answers! 
(image of Steve and Dave the aliens)
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