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W H A T  P I E C E S  D O  YOU  N E E D  T O  B U I L D  

T H I S  U N I V E R S E ?   

H OW  D O  T H E S E  P I E C E S  F I T  

T O G E T H E R ?  

.  



I N S I D E  A N  AT O M

Most of an atom is empty space.  

If the proton were a pea, the 
electron would be in the back of 
the stands at Old Trafford. 



I N S I D E  A  P R O T O N

Quarks and gluons! 



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 

• More than 9000 magnets around the ring 

• Sends protons round and round at 99.9999991% of the speed of light, and 
smashes them together millions of times per second 

• 4 large experiments that try to work out what happened…
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L H C  B E A M  E N E R G Y:  3 6 0  M E G A J O U L E S  

T H AT ’ S  T H E  S A M E  A S  7 0  K G  O F  C H O C O L AT E !





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

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



( 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  O F  PA R T I C L E  P H Y S I C S  
( P R E - 2 0 1 2 )

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 )



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



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  
E X P E R I M E N T

• 3500 different people (about half are students) 

• 178 different institutions 

• 38 different countries 

• 1 common goal





AT L A S  W E I G H S  7 0 0 0  T O N S  -  T H AT ’ S  1 0 0  O F  T H E S E
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“ 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



C A N D I D AT E  B O O S T E D  T O P  Q U A R K  PA I R ,  J U LY  2 0 1 5

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



4 small-radius jets

reclustered 3 of the 
jets into 1 “fat” jet 
with a mass of 
about 180 GeV

50 GeV muon



I’M NOT FAT

I’M JUST BIG CONED



T H E N  W E  C A N  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  
D I S C O V E R E D  Y E T

2  P H O T O N S



4  E L E C T R O N S  O R  
M U O N S







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





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



T H E  C O M P O S I T I O N  O F  T H E  U N I V E R S E

N O R M A L  M AT T E R

D A R K  M AT T E R

D A R K  E N E R G Y
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W H A T  P I E C E S  D O  YOU  N E E D  T O  B U I L D  

T H I S  U N I V E R S E ?   

H OW  D O  T H E S E  P I E C E S  F I T  

T O G E T H E R ?  

W H A T  A R E  T H E  O T H E R  P I E C E S ?  
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W W W. H O M E . C E R N

     @ C L A I R E _ L E E      

http://www.home.cern


B A C K U P



















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
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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 O D AY





P L A N C K ,  2 0 1 3





Quantum Fluctuations of space 







The Future of the Universe 

Big Freeze or Big Crunch? 

Answer 
depends on 

density of the 
universe 







`

Why are these so 
far apart?

Here be dragons (new physics)

Kingdom of SM


