On the Orlgln of the Physmal Laws

e SREM A m?mm»wmy_

- st
e N RN 3 ¥,/”// 7
- 52 s f u % o = L
e . a0 g v %
T ) : LD :
! 4 - ,'. ’s
. \ ) ‘.'.4 W - 2 " /
A T % B ; @g\}ﬂ-—-—, _ L ’ :
‘. A . JUpAS ¢ — . P M, 2 /
> | Ny AT > 1= 5, (7%
X \V 55 = N 1% = /
& ~ci Q % :
\ / ' F : o A / ,
1 ¢ - g ll/a 5 /
o ' | it g 2 7 o »
; -

— '
'—
NN ‘f-- T
.

i
»

~N

D

NN

~./

2 ’4, h:" \}T% ’\ S |'~ ") A
‘\ > > -_." é%. "
a " g‘ ;&'l\ Z ':-_-. .'::",1 .i‘ ' ’ .. .

D|m|tr| \ Nanopoulos ”_
P ns o Texas AGM Unjversity * - g7 Sl
T _' o B Houston Advanced Research Center
Ja SN " Academy of Athens. © 4






The Most Distant Light

Message from the Universe
: Dark Energy
& Accelerated Expansion

Development of
Galaxies, Planets, etc.

about 400 million yrs.

| Big Bang Expansion |
I

: 13.7 billion years

Cosmic Microwave Background (CMB) was emitted when
the Universe was only =0 000 vears ald,
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The 23% is still unobserved in
the laboratory.

— L v = 2N S ) . r R - =

We call this Cold Dark Matter.



d Quarks and leptons are the most
fundamental particles of nature
that we know about.

d Up & down quarks and electrons

are the constituents of ordinary matter.

d The other quarks and Ieptons can
be produced in Y S rs
orin| e

d Each particle has a corresponding
antiparticle.

ELEMENTARY

PARTICLES

T I I II

[hree Generations of Matter
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The Four Fundamental Forces

1
!

2. Weak Force

Doesn’t that look
like George W. ?




Gravity

Gravity is the weakest of the 4 forces. The gravitational force
between two objects of masses and , separated by a distance
IS:

F=Gmym,/d?

L
i

G = gravitational constant = 6.7x10-11[N
d = distance from center-to-center

The units of each are:
[Force] = [Newton] = [N]
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Gravity is only an attractive force tisn't I.ISt (. gﬂﬂﬂ idea.
It’s the law.
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The Electric Force

In the old days, we believed that “force” was transmitted more or
less instantaneously by a “field of force”.
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The New Concept of

Force _ '
In the 1950's, a new theory of interactions W
was developed. &
-
At the heart of it is the concept that:
i £ »“

Richard Feynman, 1918-1988
1965 Nobel Prize in Physics

Forces are the result of the exchange of
“force carriers” between the two particles
involved in the interaction.

The force carrier of the electromagnetic force is the




The Photon (y)

Property
Mass
Charge

d The photon is the "mediator” of the

d The photon with objects which
have




Electron-Positron Scattering




O A great simplification which allows us to
represent these physical processes are facilitated
by Feynman Diagrams.

It turns out, they can also be used to calculate

the probability for the process to occur
(Beyond the scope of this module though).

J We will use them more in a qualitative sense
to visualize various processes.




Feynman Diagrams

Position
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~380,000 years CMB )

~0.0000001 seconds /)




situation {upper panel) mdicates

standard model group. The red-

shaded interior regions l=ad to a partial understanding of M-theory msues, sither through F-theory
F-th} considerations or rational conformal field theory (RCFT) analysis. The discovery

pead the prcture. Many
fard model groups in
non-trvial ways, imvobring intersecting brane situations [t

compactification to magnetissd manifolds (termed Magn. 1

n the nght picture), orbifold (termed
Orb.) or Calaba-Yan spaces (CY) efc. The M low-energy theory on the lower night comer of the













GLUONS

QUARKS

15.7 The Standard Model on intersecting D6-branes™

left right right*
1 —3i

Ny(Y=3) :V-/G/ baryonic
& ; t

i (s0) (5)

1

[_ﬁ leptonic
B |

,_Ega_ﬂ-k-

No(Y=0) N3(Y=-%) N3y(y=1) Ny (Y=0)

Figure 15.8 The brane configuration that leads to a Standard Model gauge group and
matter content. There are N, = 3 baryonic branes, N> = 2 left branes, N3 = 1 right
branes and N; = 1 leptonic branes. The image D-branes created by the orientifolds are
shown in dashed lines. Intersections framed by a square are mirrors of previously

accounted intersections and do not give new particles.
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‘“Nn Sca.le SUGRA: A Cﬁsé S.tudy in Reductionism ;

There 1s a function called the Kihler potential which must be specified by the
model builder 1n order to fix the metric of superspace, and determine the scalar
potential It 1s not fixed by the symmetries of the theory. There 1s however a
particularly natural choice.

K=-31In(T+T*-Zp*g,)

The scalar potential is flat and
| > Ir = 0 vanishing. Supersymmetry is
SUGRA BROKEN, and there is no

cosmological constant. This is all
desirable at the Tree Level.

L T o

CONSTRAINT: my=0, A=0, B=0  my,%# 0 for SUSY breaking

The gaugino mass m, , remains undetermined at the classical level.

All soft-terms though, are dynamically evolved in terms
of only the single parameter (m, ), which may itself be
determined by radiative corrections to the potential !

E. Cremmer, 5. Ferrara, C. Kounnas and D. V. Nanopoulos, Phys. Lett. B 133 61 (1983)
IR Ellis, A B. Lahanas, D. V. Nanopoulos and K. Tamvakis, Phys. Lett. B 134, 429 (1984)
1. R Ellis, C. Kounnas and D. V. Nanopoulos, Nucl. Phys. B 241, 406 (1984)

A B. Lahanas and D. V. Nanopoulos, Phys. Rept. 145, 1 (1987)
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Relation to String Theory

The no-scale structure emerges naturally as the
infrared limit of string theory.

In particular,

» Heterotic M-theory compactifications

» Type IIB flux compactifications — Flipped SU(5)

» F-theory compactifications (non-perturbative limit
of Type IIB)
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VACUUM STATE

T'he Hidden Space

Any given solution to the equations of string
theory represents a specific conflguration of
space and time. In particular, It specifies the
arrangement of the small dimensions, along
with thelr associated branes (green) and
lines of force known as flux lines [orange).
Our world has six extra dimenslons, so every
point of our famillar three-dimensional space
hides an assocliated tiny six-dimensional
space, or manifold—a six-dimensional
analogue of the circle in the top illustration
on page 81. The physics that s observed In
the three large dimensions depends on the
size and the structure of the manifold: how Manlifold of extra dimensions
many doughnutlike “handles” It has, the

length and circumference of each handle,

the number and locations of its branes, and

the number of flux lines wrapped around

each doughnut.

Flux line

Point in space




Towards Reallstlc SUSY Spectra and Yukawa Textures from Intersectmg Branes
Phys Rev.D77: 125023 2008 C-M Chen;‘l’ Li, VE Mayers DATA Nanopoulos
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A Calabi-Yau Six Dimensional Three Dimensional
Compact Space Compact Space

“Like™ a Solenoid where B = Magnetic Field
I = Current
L = Solenoid Length

N = Number of Turns

) Quantized in units of (I/L)

¢=Flux= [B-ds=Nx{s(1)}; N=12-

=~ 1~

Quantized!




BZ
Energy Density = >

B? I R? ,
Energy=7(L><S)+---= — ] % - X N2 + -

T 1

Constant  Shape / Size of 3D Compact Space

dE
d(L, R)

= Dynamically Determines L or R



No-Scale Supereravity provides an indispensible
mechanism for the dynamic determination of the T; “Moduli™,

i.e. the Size and Shape of the Six-Dimensional Compactified Space,

thus stabilizing the 6D Geometry of our Universe !!!

dVUniverse
dT,

For Example, M, ;, , The Supersymmetry Breaking Scale

(which determines the masses of Supersymmetric Particles at the LHC),

18 Dynamically Determined through its explicit dependence on the Modulus “T”

that fixes the Overall Size of the Six-Dimensional Compactified Space.



-~ LHC May Well “Measure™ the Overall Size of the the Compactitied
Part of our Universe, as Stabilized by the No-Scale Mechanism,

By Detecting and Studying 1n Detail Supersymmetric Particles -

N =12, (Fluxes) < N,; = 0(10)

d = 3 Compact Spaces ~ 0(500)

o0 <

~. 10°90 Universes -

Possibility of transitions between Universes:

UrN=8 }{N=6”.

= [



STRING LANDSCAPE

lopography of Energy

A landscage omerges when the & j oF each possibie string
solwtion is plotied 335 3 fanciion of the parametars that define the
shxgimensional man Wwith that solution. ¥ oniy
ong paramater | &y, the overall size of that mankold
the lancscape forms 3 simple ling graph. Here theee particular
size the Planck scalke | hawve enargies In the troughs,
or minima, of the cerve. The maniéoid will nateraily tend 1o adjust
Its size 10 end up a1 ona of the throe minima, ke 2 ball rolling
around on te slope [ might 3o *roll o6 o Infinky at the righe.
hand end of the praph In this exampie )

Plasch lengt

Paramerer 2

The true saring theory landscape reflocts
all paramatars and thus would form 3
wpopraphy with 2 vast number of
cimansions. Wa represaent ki by a landscape
showing the variation of the enargy contained
n emgty space whan only Two faatwres

g The manffeld of anra dmensions
wnds 12 end up 3t the bottom of 3 valley,
which Is 3 stadle string soktion, or 3 s1able
vacuum-—that is, 3 mankoid in 2 valiey tends
0 5t3y In than state for a long while
Sue reglons are below zeroenergy

Parsmerer L

Faramerer 2 el e

Quamum effects, however, allow 3 manifola
0 change 513w abruptly 1 some point—0
tunnel throsgh the Imervening fidgo o a
nearby lower valley. The red arows show how
one region of the universe mIight evoive
ing out 31 2 high moumaintop, roling
down im0 3 nearby valiey {vacaum A}
unnaling theough to snother
owervaliay (vacuum 8|, and 50 on. OIF 4
regions of the universa will randomiy éollow
ciffarent paths. The affect is llke an Infinite
rumbar of explorers waversing the
andscape, passing through all pessitie
valloygs [blue orows)




THE MULTIVERSE

Bubbles of Reality

of aocay from cne stable vacuum 12 2

e Qgest 5

r everywhans

om oCcat

©d SoUphNUT with

of two and fowr Aux iines wrapped 2 t ndles. The red region
which has vacuum B, omerges when one of the faur flux lines decays
Corespocding 10 thelk difforont maniéoids, th

Two regions Wil have
di¥fecent kinds of panticies and forces and thus ciFerant laws of physics

The red rogion prows rapidy, po

tially becoming diflons of Bghs- sin

skion occurs within the rod region, this time a
ings. This SoC3y POrorates the proen i
satof panticies and forces

e, Evernuatly anothar 1
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random process, wideiy sepa
ocations inthe universe wili dec
through dlfferant sequences of vacu
In this way, 1he antre lands
exXplorec; everg s

many different places In the universs

ha whole universe Is themfore 2 foam of

xpanding bubSies within butbles, e3ch
with Its own [3ws of physics. Exvromed
fow of the bubi

forma compiax sTructures such as

Jurentrevisihie
than 20 Silion Fght-
Is 3 relauvely smal
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SHF-REPRODUCING UNTVERSE in a computer simulation con-  sity of the universe there. At the top of the peaks, the colors

sists of exponentially large domains, each of which has differ-  rapidly fluctuate, indicating that the laws of physics there are

ent laws of physics (represented by colors). Sharp peaks are  pot yet settled. They become fixed only in the valleys, one of
big bangs”; their which corresponds to the kind of universe we live in now.

SELF-REPRODUCING COSMOS appears as an sxtended branching of inflationary

bubbles. Changes in color represent “mutations” in the laws of physics from par-

«nt universes. The propertiss of space in «ach bubbl« do not depend on the tim

when the bubble formed. In this sense, the universe as a wholes may be stationary
«n though the interior of sach bubble is ibed by the big bang theory.
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' . KOOUOV TOVOE, TOV QUTOV ATAavTwy, oUTE Tig Be®v oUte AvOpwnwv €moinaey,

* AAN’ AV Ael kot EoTw Kal Eotal tip dellwov, AMTOUEVOV LETPA KOl
' QIMOCPEVVUEVOV PETPA.

Heraclitus Fragments 30

" This world, the same for all, neither any of the gods nor any man has made,
- but it always was, and is, and shall be, an ever living fire, kindled in due
~measure, and in due measure extinguished-.

L napadidetal anod tov NAovtapyxo, Mepi tic €v Tiuaiw Yuyxoyoviacg, 5 p. 1014 A. Trans. G. W. T.

. Patrick, see

~ http://fxylib.znufe.edu.cn/wgfljd/%B9%C5%B5%E4%D0%DE%B4%C7%D1%A7/pw/heraclitus/her
patu.htm, 20.
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Part II of The Golden Point Saga, as Fealured in arXiv: 10075100
Alia Staving: Tianjun Ui, James A. Maxin & Joel W. Walker
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Light Higgs Boson Mass m, (GeV)
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Tj.Li, J Muaxin, D.Nanopoulos / Physics Letters B 764 (2017) 167-173

All points 0.1093 < Qh* <0.1221 and 172.2 < m < 174.4 GeV
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