


we live at a special moment in human history



most powerful telescope mMost powerful microscope
ESA Planck satellite Large Hadron Collider
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Most precise measurement of length
Advanced LIGO
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we need to take care of
our people and our planet



NO GOOD QUALITY GENDER CLEAN WATER
POVERTY HEALTH EDUCATION EQUALITY AND SANITATION
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1 THE GLOBAL GOALS

For Sustainable Development







by 2050, 40 % of the world’s youth will be African
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~ Mapplng SClentlfIC Excellence This v'veb‘ap;.allcatlo‘n V|51‘Jal|zes scientific excelle'nce‘wo.rldWIde in 1.7 subject areas.. f‘:(?r
each institution (university or research-focused institution), the estimated probabilities
of (i) publishing highly cited papers (Best Paper Rate) or (ii) publishing in the most
influential journals (Best Journal Rate) are shown. Both probabilities, which can be
adjusted by covariates, range from blue (high probability) through grey (average) to red
(low probability) at a circle. The circle size corresponds to the institutional number of
papers.
) More information
2005 - 2009 2006 - 2010 2007 - 2011
SUBJECT AREA
‘Mathematics j
COVARIATE
-none - j
EXCELLENCE INDICATORS SIGNIFICANCE
Best Paper Rate Best Journal Rate Show statistically significant results only
INSTITUTIONAL SCORES SEARCH:
Institution Country  Papers Indicator value
California Institute of Technology USA 1364 27.4%
Lawrence Berkeley National USA 723 26.9%
HELP US TO IMPROVE THE MAP NUMBER OF PUBLICATIONS EXCELLENCE INDICATOR VALUE
Laboratory
Did you find a misplaced . O Q O O O O O O Stanford University USA 1758 25.7%
institution? Let us know! 500 5000 10000 20000 low average high S e s T
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1947: the transistor ,

John Bardeen,
Walter Brattain,
and William
Shockley
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$3.58 trillion

Gartner Worldwide IT Spending Forecast

$1 .6 trillion

Decision & Etudes Consell and Council on Foreign Relations

—

) $4.7 trillion USD

Plunkett Research




educati

gle

on, science and tfechnology

a

the keys to our future

but they must change

we must reconnect
our science to our humanity

Africa can set the example






AIMS-South Atrica 2003




an African Institute

* pan-African student body

* outstanding international lecturers
*a 24/7 learning environment

Relevant
Innovative
Cost-Effective
High Quality
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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, Senegadl,
Ghana, Cameroon, Tanzania, Rwando
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Intfroducing
Thierry Zomahoun

President and CEQO of AIMS
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he Higgs beson

13%{.0 :

Run/Event: 194108 / 5642240

Data recorded: 2012-May-
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-0.32s  black holes and gravitational waves
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quantum Nature of Reality

? bit versus qubit
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Planck










learning to understand and manipulate
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using guantum atoms




manipulating qubits




What is coming:

Quan

um Materia

s, Quantum electronics

Quans

um Compu

ers, Sensors, Communications



Pablo Carlos Budassi

Credi







gravity




expanding universe



what we have learned:

simplicity



Just five numbers describe the cosmos

Measurement Error

Expansion rate: 67.8+0.9 km 5! Mpc™ 1%
foday 4 (Temperature) 2.728 + 0.004 K 1%
(Age) 13.799 +0.038 bn yrs 3%
Baryon-entropy ratio 6+.1x10°10 1%
Baryon density 0.048+0.0005 x critical 1%
critical
density Dark matter density 0.26%0.005 x critical 2%
Dark energy density 0.6940.006 x critical 1%
Scalar amplitude AS 4.610.006 x 10~ 1%
Scalar spectral index nS -.033+0.004 12%

(scale invariant = 0)

' dn, 3 4 _ 4o consistent
Tm, s, but Q, I+ wy, 7o <5 >’<6 >..,r— 4 with zero

S




symmetry

synchroni

Credit: ESA Planck satellite




scale-free Initial pattern

\

amplitude

V'

pitch
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plus neutrino masses and mixing and dark matter



First Stable Beams

proton—-proton collisions at 13 TeV

ATLAS

EXPERIMENT

Run: 266904
Event: 9393006
2015-06-03 10:40:31 CEST



dark matter

1E 0657-558
“pbullet cluster”
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dark energy




QCD vacuum
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measured vacuum energy

0.0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000001

In the natural units

how did this fine
adjustment happen?te



Credit: ESA Planck satellite




relativistic fluid dynamics

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

A :
T =2putu’ +1pn™; u* =-1, T, =0;

d,T"" =0are4 equations for 4 unknowns

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






g-waves from shocks

Cherenkov mechanism

spatial stress at intersection moves faster than light



Cherenkov wedges: electromagnetism

0= 1 V >c
\/7 (x=% t) +y*4z° \/(x—%t)z—(V—zz—l)(y2+zz)

inside cone, zero outside

Integrate over z inside wedge — ' >

0=0,, 4, = V¢O



Cherenkov wedges: gravitational waves

(=0, +0.+0))h, (x—55,¥)=16nGT;

sin@ ?

= (—9’+(tan6)’ 9% ), = (tan6)’167GT;

( 0 0 O ) ( cos@ smb 0 )
ZJ.TZE[_)(AV)z(X)(SiHQ)ZO 0 1 0 |0';0=| —sin@® cosO® 0
0O 0 -1 0 0 | ,

\ J \



g-waves from shocks
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Did LIGO detect dark matter?

Simeon Bird,* Ilias Cholis, Julian B. Munoz, Yacine Ali-Haimoud, Marc
Kamionkowski, Ely D. Kovetz, Alvise Raccanelli, and Adam G. Riess?

L Department of Physics and Astronomy, Johns Hopkins University,
3400 N. Charles St., Baltimore, MD 21218, USA

We consider the possibility that the black-hole (BH) binary detected by LIGO may be a signature
of dark matter. Interestingly enough, there remains a window for masses 10 Mo < My, < 100 Mg,
where primordial black holes (PBHs) may constitute the dark matter. If two BHs in a galactic
halo pass sufficiently close, they can radiate enough energy in gravitational waves to become grav-
itationally bound. The bound BHs will then rapidly spiral inward due to emission of gravitational
radiation and ultimately merge. Uncertainties in the rate for such events arise from our imprecise
knowledge of the phase-space structure of galactic halos on the smallest scales. Still, reasonable
estimates span a range that overlaps the 2 — 53 Gpc™2 yr~! rate estimated from GW150914, thus
raising the possibility that LIGO has detected PBH dark matter. PBH mergers are likely to be
distributed spatially more like dark matter than luminous matter and have no optical nor neutrino
counterparts. They may be distinguished from mergers of BHs from more traditional astrophysical
sources through the observed mass spectrum, their high ellipticities, or their stochastic gravitational
wave background. Next generation experiments will be invaluable in performing these tests.

arXlv 1603.00464
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h=#10""e*(MeV / T') at horizon
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Credit: Pablo Carlos Budassi



will Africa produce the next Einsteine

we shall seel






leack holes / QDM
1.0
ACHO
HNON
0.2 icrolensinc wide binari¢
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1 10°
M/M _



For black holes to contribute QBH today, need

T
erfe[ ]~ 7-Q,,

form

on the corresponding comoving scale, i.e.,

£~ — ~02for7, ~1GeV
\/ln( 4-Q,.)

Tform
Note: depends only logarithmically on QB , SO constraint
Improves exponentially with bound on gravitational wave
background
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e'd = cosq +i
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oossibility waves



orobability

Y=x+ly

Y[?= x2+y?=1
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Credit: udiprod



Credit: udiprod



Credit: udiprod



looking back In time







tfhe smallest puzzle



bouncing universe






or cyclic universece




Fhank you






