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Thank you! 



we live at a special moment in human history 



most powerful microscope most powerful telescope 
   Large Hadron Collider ESA Planck satellite  



      most precise measurement of length 
                        Advanced LIGO  

LIGO Hanford LIGO Livingstone 



we need to take care of  
our people and our planet 







by 2050, 40 % of the world’s youth will be African 
	









			first quantum age 



1947: the transistor 


John Bardeen, 
Walter Brattain,  
and William 
Shockley 





 

Worldwide Electronics industry:  

$1.6 trillion  
Decision & Etudes Conseil, and Council on Foreign Relations 

Worldwide Telecommunications market: 

$4.7 trillion USD  
Plunkett Research 

Worldwide Information industry:: 

$3.58 trillion 
Gartner Worldwide IT Spending Forecast 



																		education, science and technology  
                   hold the keys to our future 
 
                     but they must change 
                  
                       we must reconnect  
                our science to our humanity 
 
                Africa can set the example	





AIMS-South Africa 2003 



 
 
 
 
 

an African Institute 
* pan-African student body 
* outstanding international lecturers 
* a 24/7 learning environment 
 
 
 
 
 
 
 
 

 

Relevant  
     Innovative 
          Cost-Effective 
               High Quality 



Senegal 2011 

Ghana 2012 
Tanzania 2014 

Cameroon 2013 

South Africa 2003 



AIMS-Ghana June 2016 



AIMS so far 
•  1210 alumni, 250+ entering this month 
•  30% women 
•  almost half continue to PhDs  
•  65% currently working in Africa 
•  3000 applications this year for 
•  Six centres so far: South Africa, Senegal, 

Ghana, Cameroon, Tanzania, Rwanda 







Introducing  
 
Thierry Zomahoun 
 
President and CEO of AIMS 



most powerful microscope most powerful telescope 
   Large Hadron Collider ESA Planck satellite  



      most precise measurement of length 
                        Advanced LIGO  

LIGO Hanford LIGO Livingstone 



s q u a r e  k i l o m e t e r  a r r a y 	



the entire visible universe 



the Higgs boson 



black holes and gravitational waves 



 quantum Nature of Reality 

bit versus qubit 0 
1 



h e a t  a n d  t h e  q u a n t u m 	



P l a n c k 	



q u a n t u m 	

E=hn 
 

n 



w a v e  p a r t i c l e  
d u a l i t y  



learning to understand and manipulate 
quantum reality 



u s i n g  q u a n t u m  a t o m s  



m a n i p u l a t i n g  q u b i t s  
	



What is coming: 
 
 

      Quantum Materials, Quantum electronics 
 
    Quantum Computers, Sensors, Communications 
 
         
 
     
 
 
 



Credit:	Pablo	Carlos	Budassi	



? ?



g r a v i t y 	



e x p a n d i n g  u n i v e r s e  



s i m p l i c i t y  

w h a t  w e  h a v e  l e a r n e d :  



Just five numbers describe the cosmos  
	
67.8±0.9	km s−1 Mpc−1   
2.728	±	0.004	K	
13.799	±0.038	bn	yrs	
 
6±.1x10-10 
	
0.048±0.0005	x	critical 
	
0.26±0.005		x	critical 
	
0.69±0.006		x	critical 
	
4.6±0.006		x	10-5	
	
-.033±0.004	

Measurement Error 
1%	
.1%	
.3%	
	
1%	
	
1%	
	
2%	
	
1%	
	
1%	
	
12%	
	

Expansion rate: 
(Temperature) 
        (Age) 
 
Baryon-entropy ratio    
 
Baryon density 
 
Dark matter density 
 
Dark energy density 
 
Scalar amplitude       
 
Scalar spectral index      
 (scale invariant = 0) 

critical 
density 

  +mν 's;      but Ωk ,  1+ wDE ,  dns
d ln k ,  δ 3 , δ 4 ..,r = Agw

As

 As

 ns

today 

consistent  
with zero 



Credit:	ESA	Planck	satellite	

pitch	

amplitude	

s y m m e t r y 	

s y n c h r o n i c i t y 	



a m p l i t u d e  

p i t c h  

s c a l e - f r e e  i n i t i a l  p a t t e r n 	





a l l  k n o w n  p h y s i c s 	

p l u s  n e u t r i n o  m a s s e s  a n d  m i x i n g  a n d  d a r k  m a t t e r  





d a r k  m a t t e r  
   1E 0657-558 
“bullet cluster” 



d a r k  e n e r g y  	



	Credit:	D	Leinweber	

Q C D  v a c u u m  



m e a s u r e d  v a c u u m  e n e r g y 	
0.0000000000000000000000000000000000000000	
	00000000000000000000000000000000000000000	
	00000000000000000000000000000000000000001	

i n  t h e  n a t u r a l  u n i t s  
 

h o w  d i d  t h i s  f i n e  
a d j u s t m e n t  h a p p e n ? 	



Credit:	ESA	Planck	satellite	

pitch	

amplitude	

What happened at the big bang?	



relativistic fluid dynamics 
Simplification: since gravitational backreaction is negligible  
on subhorizon scales, and radiation is conformal invariant,  
work in a Weyl frame in which the background is Minkowski 

In the absence of viscosity, these equations imply entropy and 
vorticity conservation. However, when shocks form the differential 
equations break down and entropy and vorticity are generated. 

  

T µν = 4
3 ρuµuν + 1

3 ρη
µν ;  u2 = −1,  Tλ

λ = 0;

∂µT µν = 0 are 4 equations for 4 unknowns



	Credit:	Ue-Li	Pen	



g-waves from shocks 

Cherenkov mechanism 
 
 
 
 
 
 
 
 
spatial stress at intersection moves faster than light 

 cs θ cs

  v× =
cs

sinθ

×



  
φ = 1

x2+ y2+z2

  
φ = γ

γ 2 ( x−V
c t )2+ y2+z2

= 1

( x−V
c t )2−( V 2

c2 −1)( y2+z2 )

inside cone, zero outside 

Integrate over z 

  φ = φ0 ,  Ax =Vφ0

inside wedge 

 V > c

 V > c

Cherenkov wedges: electromagnetism 



  hij = h0ij

inside wedge  V > c

Cherenkov wedges: gravitational waves 
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g-waves from shocks 

 
 
 
 
 
 
 

 cs  θs
 cs

  v× =
cs

sinθs
= sinθgw

×
 θgw

 c

 c

  hij
T (x⊥ )  x⊥



arXIv 1603.00464 



  Ωgw( f ) ≈ #ε 4Ω rad ;h ≈ #10−10ε 2 (MeV / Ts ) at horizon

  10−10    10−7    10−4    10−1    102    105     108     f (Hz)
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103

HOLOMETER 

AdvLIGO 

eLISA 

EPTA 

  ∼10−8

(assuming	the	dark	maPer	is		
made	of	primordial	black	holes)	



Credit:	Pablo	Carlos	Budassi	

we shall see! 



will Africa produce the next Einstein?  
 

                we shall see! 



www.nexteinsytein	

Thank you! 
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wide binaries 

 Ωblack holes / ΩDM

  M/M⊙

microlensing 



For black holes to contribute              today, need 
 
 
on the corresponding comoving scale, i.e.,  
 
 
 
Note: depends only logarithmically on           , so constraint 
improves exponentially with bound on gravitational wave 
background        

   erfc[ 1
ε 2 ] ∼ Teq

Tform
ΩBH

   
ε ∼ 1

ln(
Teq

T form
ΩBH )
∼ 0.2 for Tform ∼1 GeV

 ΩBH

 ΩBH



a 

c 
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a 

c 
b 



a 

c 
b 

a2+b2=c2 
	



i2 = -1 
	



x 

y 

x + i y 



ex  	

x	



1 

q 

eiq  = cosq +i 
sinq 





l i g h t 	



a l l  i s  w a v e s 	



p o s s i b i l i t y  w a v e s 	



x 

Y=x+iy 
y 	

|Y|2= x2+y2=1 
	

p r o b a b i l i t y  

1 





b o h r  a t o m  
	



l i g h t 	



Credit:	udiprod	



Credit:	udiprod	



Credit:	udiprod	



l o o k i n g  b a c k  i n  t i m e  



??? 



t h e  s m a l l e s t  p u z z l e 	



b o u n c i n g  u n i v e r s e 	



a  m u l t i v e r s e ?  



o r  c y c l i c  u n i v e r s e ?  



t h a n k  y o u  



t i m e  

s p a c e  


