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Quantum Fluctuations of space 







The Future of the Universe 

Big Freeze or Big Crunch? 

Answer 

depends on 

density of the 

universe 



Galaxy rotation curves 



Gravitational Lensing 





�Light� 

Matter 

 

(normal stuff) 

Dark Matter�s Claim to Fame 

Dark 

Matter 



•  Does not interact via the electromagnetic force (ie DARK) 
•  Only interacts with normal (�light�) matter through gravity 
•  Clumps together 

 
•  Normal matter which has so far eluded our gaze, such as:  

–  dark galaxies  
–  brown dwarfs  
–  planetary material (rock, dust, etc.)  

•  Standard Model neutrinos (though neutrinos don�t clump) 
•  Something new, eg. supersymmetry 

What is(n�t) Dark Matter? 

Possible culprits: 

Dark Matter 
Not Dark 

Matter 

P R E T T Y  M U C H  
R U L E D  O U T





M O N T  B L A N C

G VA  R U N WAY
L A C  L E M A N

L A R G E  H A D R O N  C O L L I D E R



L A R G E  H A D R O N  C O L L I D E R

• 27 km tunnel 100m underground 

• 1232 dipole magnets colder than outer space 

• Sends protons round and round the ring at 99.999999% of the speed of 
light and smash them together millions of times per second 

• 4 huge experiments that try to work out what happened
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T H E  AT L A S  
E X P E R I M E N T

• 3000 different people (1200 students) 

• 178 different institutions 

• 38 different countries 

• 1 common goal







T H E  D A I LY  G R I N D



L I F E  A S  A  P H Y S I C I S T

G O O D  M O R N I N G ,  I N B O X



L I F E  A S  A  P H Y S I C I S T

I M P O R TA N T  O P E R AT I O N S  P L A N N I N G



L I F E  A S  A  P H Y S I C I S T

C O U N T I N G  D O W N  T O  D E A D L I N E S



L I F E  A S  A  P H Y S I C I S T

D O  S O M E  C O D I N G



L I F E  A S  A  P H Y S I C I S T

L U N C H T I M E !  : )



L I F E  A S  A  P H Y S I C I S T

A F T E R N O O N S  A R E  U S U A L LY  F U L L  O F  M E E T I N G S



L I F E  A S  A  P H Y S I C I S T

AT  W E E K E N D  O P S  M E E T I N G S  W E  G E T  N O M S



L I F E  A S  A  P H Y S I C I S T

W E E K E N D  L I F E



L I F E  A S  A  P H Y S I C I S T

T H I S  I S  W H AT  I  C A L L  “ W O R K - L I F E  B A L A N C E ”



L I F E  A S  A  P H Y S I C I S T

R E S E A R C H ,  S U M M A R I S E D



“ B U N C H  C R O S S I N G ”



B U N C H  C R O S S I N G S  I N  T H E  L H C  H A P P E N  
4 0  M I L L I O N  T I M E S  P E R  S E C O N D





T H E  AT L A S  
D E T E C T O R  I S  
A  D I G I TA L  
C A M E R A  
T H AT  C A N  
TA K E  
P H O T O S  O F  
I T S E L F !



A N D  T H E N  W E  C A N  D O  T H I S .



A N D  T H I S .



A N D  A L S O  T H I S .



W H AT  I S  A L L  T H AT  S T U F F ?



FA C T O R Y  O F  PA R T I C L E S



( I M A G E  F R O M  PA R T I C L E  F E V E R )

T H E  B U I L D I N G  B L O C K S  O F  T H E  U N I V E R S E



T O  M E A S U R E  “ E V E R Y T H I N G ”

• Ideally: 

• Detect ALL particles: 

• Total spacial coverage of the detector 

• Detect both charged and neutral 
particles 

• Measure only the event we care about 

!

• In reality: 

• A spherical detector is hard to build - 
cylindrical + endcaps 

• Use different detectors for different 
measurements, and particle ID



W H AT  W E  L I K E  T O  T H I N K  A B O U T:



W H AT  H A P P E N S  I N  R E A L I T Y:
image by Richard Teuscher (University of Toronto)



W H AT  H A P P E N S  M O R E  R E A L I S T I C A L LY  I N  R E A L I T Y:

• ~1011 protons per bunch



W H AT  H A P P E N S  M O R E  R E A L I S T I C A L LY  I N  R E A L I T Y:

• ~1011 protons per bunch



W H AT  H A P P E N S  M O R E  R E A L I S T I C A L LY  I N  R E A L I T Y:

• 30 collisions on average, every 25ns

C A N D I D A T E  E V E N T  I N  2 0 1 2  W I T H  2 3  R E C O N S T R U C T E D  V E R T I C E S
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E V E R Y T H I N G  W E  O B S E R V E  I N  AT L A S  I S  PA R T  O F  A N  E V E N T

4 small-radius jets

reclustered 3 of the 
jets into 1 large jet 
with a mass of 
about 180 GeV

50 GeV muon



( FAT  J E T )

I’M NOT FAT

I’M JUST BIG CONED



B U T  N O T  E V E R Y T H I N G  I N  A N  E V E N T  I S  S E E N !



470 GeV of missing 
momentum!

B U T  N O T  E V E R Y T H I N G  I N  A N  E V E N T  I S  S E E N !



Detector acceptance? 
Imperfect event reconstruction? 
Invisible particles? 

B U T  N O T  E V E R Y T H I N G  I N  A N  E V E N T  I S  S E E N !



H O W  D O  I  M E A S U R E  T H E  I N V I S I B L E  S T U F F ?

• Protons collide head-on in the LHC, which means that their momentum in the transverse plane is 
roughly zero 

• Thanks to momentum conservation in a proton-proton collision, this means that the (transverse) 
momenta of all the particles coming out of a collision must sum to zero 

• So, what we really want to do is measure everything that comes out of a collision 

• Any net momentum imbalance in the transverse plane could indicate missing (undetected) 
particles 

• We call this Missing Transverse Momentum (or, Missing ET for short) 

!



W H Y  D O  W E  C A R E  A B O U T  T H E  S T U F F  W E  C A N ’ T  
S E E ?
• Because it can be something we know ought to be there: 

• Standard Model W, Z, B and tau decays all produce neutrinos 

!

• Or it can be something exciting: 

• Supersymmetry (stable LSP) 

• Extra dimensions 

• New exotic particles in general (dark matter, etc)



F I R S T ,  W E  M E A S U R E  T H E  S T U F F  W E  K N O W  
A B O U T



“ R E D I S C O V E R I N G ”  T H E  S T A N D A R D  M O D E L :  P R O O F  O U R  D E T E C T O R  W O R K S  W E L L



T H E N  W E  H U N T  F O R  T H I N G S  W E  E X P E C T ,  B U T  H A V E N ’ T  S E E N  Y E T

C A N D I D A T E  H I G G S  - >  
2 E  2 M U  E V E N T ,  2 0 1 1







M AT T E R  PA R T I C L E S  
( O U T S I D E  R I N G )

F O R C E  PA R T I C L E S  
( I N N E R  R I N G )
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( I M A G E  F R O M  PA R T I C L E  F E V E R )

T H E  S TA N D A R D  M O D E L



T H E  F O R M U L A  O F  T H E  
U N I V E R S E :



W H AT  PA R T  O F

D O  Y O U  N O T  
U N D E R S TA N D ?



F  O R D :  F O R C E  
PA R T I C L E S

Ψ :  M AT T E R  
PA R T I C L E S

Φ :  H I G G S  B O S O N

D E S C R I B E S  T H E  F O R C E S

H O W  F O R C E S  A C T  O N  M AT T E R

H O W  PA R T I C L E S  G E T  M A S S

H O W  T H E  H I G G S  W O R K S
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I N  R U N  2 ,  T H E  “ H O T  T O P I C ”  I S  B E Y O N D  T H E  
S TA N D A R D  M O D E L  S E A R C H E S

• Search for W’ decaying to lepton + neutrino (Missing ET)  

• ATLAS-CONF-2016-061

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-061/


B U T  S O  FA R  W E  H AV E N ’ T  S E E N  A N Y T H I N G  N E W  
( Y E T )

Excludes W’ with masses below 4.74 GeV
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• 13 TeV data in 2015 and 2016 has given us a great opportunity to 
extend our reach and probe regions where new physics may be lurking 
So far, the Standard Model survives 
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W H E R E  T O  F R O M  H E R E ?

• Known knowns 

• Known unknowns 

• Unknown unknowns
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• Many more BSM searches ongoing 
• More data means more sensitivity 
• Whether we find new particles or not, we will learn something! 

!



B A C K U P









Do you wanna build a model?



Let’s search Beyond the Standard Model


