FTe RkENV

FER 'o¥
(v

WARMING !

"THE FollowING MATERIAL 15 RATED

“TO

| Ts ConTENTS INcLUDE SoclALLY
UNACCE PTABLE WoRDS Sucy AS:

MULTIVERSE
ANTHROPIC PRINCIPLE

DIGESTION OF THIS MATERIAL MAY
(EAD To FUTURE UNHEALTHY EMPLATMEN)

PROSRECTS .




T 'RkEN (@
TJAn- FER 72004

THE ClAsSIFICAToN oF UNWERSES

1. eXfos\TionN

MULTIVERSES
ANTHROPICS
OUR UNIVERSE

THE (oCP\ ENSEMBLE

A MorRE DISTANT ENSEMBLE ?
BIRKEN (RE)SCALING
HIERARCHY PROBLEMS “SoLveD”

T DEVELoPMENT
ARCD AND DARK EMNERGY
Twe UWNIVERSES 77

THE REGIWING OF INELATION

TIC. (RAcAPTULATION
LESSonS  LEARNED 7

IS THIS SclencE 7




1. €xfoSihon

MUCTIVERSES
"OUR cosmic HARITAT"

MARTIN REEC . .
“JoT sIX NUMBERS
ANTHROPICS )
N THE  PVIHROPIC
JoHN BARROW v
oAUk TIRLER cosMoleGleal RINCIFLE
FINE TUMING :
SRR L+ L — Qe
FRED HOVLE
ETAL. L+Be’ — c*
<+ ctpe OF
¢ i
Xt B . TeScmeV K+ C -

7.367 My T 06 Mg 7119 MeV



@

} Fﬂﬂ'sﬁ AGoLY OUR  UNIVERSE :
o DK ENERBY (dime indeppudit?)
o SPATIALLY FLAT ('i:nﬁ'mﬂ%")
o WE SEE ownlY A TIVY PIECE OF
THE €oSmos.
No THEORY ¢gxIsTS FoR
e THE BEGiwvINg OF TIME
» THE éVD OF TIME
* THE BouwdARY of ( F'MT) SPACE

THERE ARE PLENTY ofF SPecutdlions

DEFINE A UNIVERSE AS THE IMERISR
OF A (mawm) SPACETIME  Box



TH
€ SPAcETiME Rox

FR:EDM
v = RoBERTSV - WALKER MmET]
Rl

-



THE SPACE]IME  RBoX
IN CowWfFoRMBL CooRDIWATES

oo !
? o _i iﬁ:')

Sedmes RETNFLATION

Matter
Dermination

Inflation

oY

A+ = a*y) ( dy'~ 48- .;{%" - db, )

EQUATION FoR "HoloGRAPRIC SCREEN" :
-{
Ravws  R¢y) = aln)Inl = Hnp



THE UNIVERSE FoR DUMMIES

omnT ORDINARY MATTER

oMT DARK MATTER
INFLATION ScALE & TPLANCE SCALE

{g# (NFLATIeN
\GNiToN CME PLANCLAN
CREH.ERTIHG) e
0 | BG BANG
18° + REIVFLATION

END cMREvanluM




THE OUMVERSE FoR  DUMMIES

bogyg H (GeV) .
ﬂﬂ;—(
4
ol . 3
o |- pos
i@
- g
Inflation Feinflatian
-40 | | L | >
60 50 -40 -30 % 0 0 10 20 a0



ove ULNWVERSE

|W1&H{an pate
A Radiation
) 1o
20
2 =
£ f :
0 5 ™
5
<20 ™ . E
) =
. Radiation Dominated Rainflat N
-40 1 : L F‘BB“W ' I
-60 -50 -40 -30 = - a e !
logg &



- DISTANCE  ScALES (v THE
UNIVERSE FoR  DUMMIES

A

: L
30 The End A
Dark
Scale ! %
&
10 !
: %
-10 - g
E
° 34
£ ok gf
Big Bang ignition L 4
-30 {"Rehaating ) T
=L _E
-50
60 ' i
a0 20 -10 ] 10 20 a0



LoG, ScaE FAToR

DISIAVCE  ScALES 1IN oLUR  UNIVERSE @

A
30~ The End 4
Dark —
20 = Energy El; :
Scale @ l:-l
B
10 o
oL
MNow L A8
’ Recombination «___ ¢ £
atter-Radiation Equal =
A
q0 b ﬁ o b g
Wi & . I
‘s qﬂdé\ {3‘:’@ E E -
g a® ' o &
-m i é
Ignition "L' b
-30 {“Reheating”) A
3 :
&0 =
v
PCH :
& : CH : s Thaﬂlmhnlng : | : >
30 20 A0 0 10 20 30 ;
Lﬁ’ﬁ log g distance (cm)

LoG, DISTAVEE (m)



30
o fACIoR 10 APPEPRS EVERYWHERE

e (T 1S RATIO OF DARK ENERGY
SCALE )O. To PUNCK ScALE My,

* DARK ENERGY DENSITY '~ omeY
()

e DEFINE SIZE OF UMIVERSE [V
TERMS OF DARK ENERGY SCALE :

SAELMORS ¥4
H~ 4

I!
-\

“SIEEIFr_ H . 7,\:_5



__NGM eENC LﬂTUﬁE :

e CoSMpS © ALL oF SPACETImE
o UNIVERSE : ovR SACETIME Box
¢ MULTIVERSE : ENCEMBLE of SIMILAR BOXES

r—

]

[ ] T
]

[]

(pATA-DRWEN) ASSUMPTION :

CoSMoS > UNIVERSE



®

EUsEMBLES OF UMIVERSES :

LocAL © o IDenTieAL (7)) CoPIES

s MAYRE SomE VAcuUM ConDENATES

DIFFER A BIT ((e.5. Anions)
WiLCREK

MoRE DISIANT

SeLeclioN CRiTeRI :
o SIMILAR HiSToRY

o NONVANISHING DaRk EnvERGY AT
LATE TIMES

e COATALLY FLAT

o Samg  STANDARD -MIDEL LAWS

o DiFFeRenT STAVORRD - MOPEL (AND
EoMOLOGICAL ) PARAME]ERS



(9

BIorkeN  (RE)SCALING °

o (v THE MoORE-DISANI ENSEMBLE

THE VALUES OF MosT STAMDARD toDELY
OARAMEIERS ARE CORRELATED WITH Tk
VAwe of THE DARK EVERGY (‘st2E”)

¢ A SPECIEIC HYCSTHESIS O THE NAWRE
OF THE CoRRELATION IS PROFPesED

SimPLE
MinvIimal

NOT MENVATED BY UNDERLYING
THEORY

o SMpLL UMVERSES ARE STRomGLY IMIERRETING:

o THE INFIVITE UMIVERSE ConlptnS Mo
STANDARD (aDEL, IMTERACTIoNS

* HIERARCHY PRoBLEMS ARE  "SOLVED',



BIRKEN (Re)ScaLivg

logq Mass (Gev)

40 L1 1 . 1 }'
-30 o 30
12.2004

== “g2e’ of UNIVERSE




©

CovPnt ConSIANT  ScALING

120 =

40

PN R N

NE-Z00
BEAZAS




GuEss Tue Stee Dslrisolion OF
UMVERSES (s TOWER- LAW !

dv , o f
N o~ R
! °
%FM::H of UNVERSES } = (%_) 2 1*!

WTH Siz€ 2R

oy ()

HARTARBLE ZonE

' 3: Lo 'i'; &d %M



@

"THE MAIN  (MESSAGES

o AL’ HIERARCHY PROBLEMS SOLVED

e A NEW AND DIFFERENT (RoBLEM
REPLACES THEM :

X EXCLAIN THE “RESCAUNG EXINENIS

e ARE THERE MoRE “ANTHROPIC CARAMETERS]

. SMALL Qﬂﬂﬁl/{fﬂ;ﬂ MASSES
x CkM  MIXIVGS

x DARK & MATTER

x CMB AmPLITVDE



. DevELoImenT

A, QD AND DARK ENERGT i WHY \s THE

BEStHleG- EXCoNENT }fg i :
2EDMcy 61

Novelp ol ‘ol
ScuiTatlo > 0%
CARMIERD ‘03

o REINFLATING UNIVERSE RAS A HoRlZoN

(BLACK HolE  (NSDE - ouT )

-\ 28
? HorveoN RADIUS Ry = H = LY %[0 e,

12

o RELENETEIN -HAWKING ENTROPY 6V HoRigoN~ 1O

° PADMANARHAN CovmECTs THic EnTRoPY
WATH  EINSTEIN -HILBERT LAGRANGIAN



@

PADMANARHAN TECHNO LOGY

ENSEMBLE OfF GEomETRIES :

O&Lr: Cl"' “[r]) d.f.'L-- ,_r-étl “Tﬂﬁﬂlﬁgﬂ@a dé?

(i~ utm)
SCHw SCHIWD
“ = 1-‘—?-.;11}& EUL'I?ELLE
? $
H'e*  eramon

= .Crbi" REISSVER - NoRDSIRoM
N.u-" CHARGE

foRizon CRITERIA |
w = |

2y = SURFAcE GRAVITY = 4T’
ar CﬁanL&?ﬂﬁaM) CTMM&.E')



EINSTEIN - HILBERT  CAGRANGIAN *

- Ml 3 M
L ﬁjdwz R(w)

M d [ I
- Tflfd’ Ir [ ¥ el ld
Look AT SURFACE Teem AT HeRlzoN R :

L= U [4sRT 4 2R

- oo

(Epﬂ‘&ﬂ??) ENERGY

TERM b
B-H entRopY: 2 T
1 * " L ¥ st
_ 1,5 3
MASS (usiDE fbmmp;ﬁt . M= (S 7R%)
M = L&
..% = +H My R

< MaR
r B



)

Tue message (112D

ENTRoPY TERM s (NTEGRAL OVER A
UNLEORM DENSITY - TusT uke Tue mMass TerM,

BUL DeNSITY -

_S__ Ilc)i'l.n - bo <3 3
= St iy

ENeRGY PER ORTECT  :

£ o M o L

S 23R
BIoRKEN _ﬁES‘cnumq:

._%

3 M-LE oV
A‘ﬂnh i R . o Aﬁﬂ E



wWHAT ARE THE OfTECTS ¢7

QCD MoNePolE CoNDENSATE

VORTicES
% ToPoLoRICAL CHARGE
L €8 =9 ?Kr
'ztm gd« 0\ di SN

N = f af%c k‘ﬁ = TofoLcGICAL CHARGE

(Lo

MAYGE | <N> ~ [O

(F So, (MSTANbN-(NDUCED  FLUCTUATIONS
ARE IVEGUGIBLE.



G

B. IS _THE INFLATIONARY UNIVERSE
A SECARATE  (MVERSE [

o Huge DARK ENERGT

o DARK €NERGY SEALE S
COMPARABLE To &CD AMD
ELECTRowWEAKk SCALES

( uviFteTiow 77 )

v IVFLATON ENERGV SCALE
MAY BE SMALLER

o WITH Twe LWIVERSES IV CAUSAL
ConTACT, MmIBKT T 4 ¢, ¢Mt
CHAw 6 E Dwrivg Blc (BANG
iGuITiow 77

RéTem ULIVE: UNDERSIAND  Bic-RavG
Gy iTioN



STANVDARD MODEL  PARAMEIEEZY
[N THE INFLATIOVARY  UNIVERSE

18

1091 [mass (GeV)]

18 |

14

122005
B Al

Planck Mass

Azsumed Range of

Sizes of
LY Inflationary
Universe
"
b
v
Electroweak
Aaco
Sirong _
T
Planck Scala \
b
\ Dark Energy
-3z -28 -24
log,oR (":""5

S1Z2E oF UMIVERSE



logy 4 Mass (GeV)

:

WHAT (S TRHE InvFLATeN IN  OUR
UNIVERSE 7%

INFLATOVARY
fr f U IVERSE




C.THE BEGivNING  OF InFLAlion):

UIVIVERSE - FoR ~DUMMIES (DEALIZAToN

ta) RED: WHAT PukfoRleDlY €xSTe
THE REST ! SPecULATION

s
Q_
3 ®F
=
e

=
r 1
. s
& -
I

10} "
— ; :
[ P

wahs ERW scace FACBR. 2(t)

LIS R ' )
H“LE - f—'TI_()
3IM,



€)

o WHAT 1S THE (VFLATIONARY STUFF 7

RADIATION : SU(s) Cose[ Gluews?.

MATTER ! AXloNs 77

oWHY Ds€S THE [VELATIONARY DpRK
ENERGY Detay Z

THE Reasoy MAY Go VERY DEEF

® 8Trom LINE: UNDERSIAND Bis—BANG
1Gw[ etV



same (DER: THE REAL UMIVERSE

(M.ﬂ’-"‘?‘E’E CoNTRIBY TtoN 'D[SRGGHE%%

3

logyolp (GeVI]

L=
T

End

10}

©



1
logy ole (GeV)]

SAME \DEA' The ReAlL, UMIVERSE

—
=
I

Tran=zition

0N

=

10k

(3)



(3)

“ur, RecppITULATION

» LOcPL MULTIVEREE - DATA- DRIVEN

» EXTENDED MULTVERSE : DATA - DRIVEN

» CoSmoLoGI¢CAL ConSIanT (S ANTHRoPIC
PARAMETER

» WHERE DoES AN[URoPIc REASoNING sTof
(F AT AW)

o RIsexeN RESCALIVG
e DoES IT DeELWVER

e [S IT ScClENCE |




