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For such solutions -

M showd be a so-called “Calubi- Vau
wmanifold" (2 10Y known) [see picture]
Particle Hheory af energies <¢ Mg ha s

properHes Hhat  sensitively dtpaha'_ on
detals o M
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- We now understand smple ven- perturbahve
effeck in stoag theory =p many insights
into  dynamics of Ud quantum freld
Hfaeones ..

- TIn very simple backgrounds, we can
formulate  the theory han-per-}'urba'l'r've‘y
(in terms of gouge theory .

For very symmehnc andlogves oF black

holes, we can precisely compute +he

BH en+rnw prtdlt"‘ec' by Bekenstein ¢
Hawking , by counting microctates '

Modwi & the “landscape
Given a choice oF M, (an oFten deform
i+ slightly ftanaﬂ melc in extra dimg) =D
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Gince such Felds wowld be a dicaster
experimentally  and ruin Prrdhﬁw"]‘yj we
showld eliminale them. (an we gee them
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Yes, becamse string theory i¢ not
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There s increasing evidence Jhat hig
tich landstape inchades moximally symmedric
4d vatwa with -

N=0  (Supecsymmedric)

N<CO  PAS, omehimes SUSY

A>Q ( noasusy, dways metastable 2?)
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Interesting -
Shrings 1o dS  (pace raise (enfusing
cnnuphnl grestions  [reme of whrel
are relaxed by melastability)
Observed accelerated expansion - we

Shﬂlld LE I.ﬂPPy ‘,'h"’ H' ‘PP"'S /\)0
has a home € (tring 1Lury'.
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* Thig 18 & ‘_q_" of vacua,.

They are NOT  “randomly ™  distribu} ed

on the former modW space. For oF

least  one very large clacs of examples

there i & detwled theory thal }elly one
Ak,

Nvac ({#)) For any (@) e M g
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© Interesting Feature: 3 “divacter loci "
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notion of naturalness, [ see Fgurel
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© Clearly, ® flix varma on Fixed ™M »
% of different choices of M's Jopalogy,
0 the dawnting task s do get a
handle on the cpace of Flux vacua.
This  omplicated and diverse landscape -

OFfers a natural home For

Linde | CYeinhordt/ Vilenlcin's "eYernal inflation
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SYart Universe of F "N A —» ¢ thrnnn?
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TIME

SELF-REPRODUCING COSMOS appears as am extended branching of inflationary
bubbles. Changes in color represent “mutations” in the laws of physics from par-
ent universes. The properties of space in each bubbile do not depend on the time
when the bubble formed. In this sense, the universe as a whole may be stationary,
even though the interior of each bubble is described by the big bang theory.




Instead oF hnali ng with these 'H-snrny
isswes, T now clmhae tracks. Say we
Fnd 1 the right M and Fluxes. (an

we look Jo 5hr:'n3 ‘l’fsmry For new ideas
( or Mmicleg tnp'c rmFrma'h‘m :F aH FJEG.S)
qbnu’( equy universe ca;mlagy?

(New Tdeas About) TnHation ¢ Siring Theory

In order h egplain:

- absence of GUT relies (e m:-narole.l)
Flatness of observed wunmiverse
“ horizon _pml,lm“ ( diFferen] parh of .s}c).
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in nrly llnfvel’sr, there was a P'-nlt «f

ex peb Eﬂ#ﬂl expa hsS70Nn Gtk |
Linde J

H Albrecht ¢

a ({‘) ~ € Greinhard T
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balloons away curvalore - Flatness
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Distun porals were ia cavsal contact, befave
exponential explosive growlh ...

The dypical inartda‘en‘\'s in  “Slow-roll”
ioflahen  incude

Toblaten Feld & wih V(9) that has

€ = Mt (_E_')i ¢ce |

This means Fal oo'd, like A = a~e"V/



Here, H i~ Fixed |>v4

M; H1 2 V{¢) ‘ inflatian

ﬂr\sa wnn‘\'
M = IVIP?' V" e 1.
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so inflahon (Flat V) lagls leng enough
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Over the range where €,M smal)l as ¢
rolls, you inflate =D
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Ta typical models, you want:

Ne 2 60
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Finally , observed §f c@n arise From
F

Puctuations of ¢ as it slow vdls —
3 L 2 0-5
P e v
Se a gul mﬂq-]vmary ‘l‘uury sheuld -
i) Explain what @ is aod why V(@)
< So F|q+
ii) E?‘f‘dih how inHeahon a'ds, alu‘ he

quarkes & leplons get re heated

ii) Explain where §f comes From
F



Typical ioflationary msdels have had
Hisb & 10" Gev

More recently  models where the various

vles  ( inFlaten, rduu'knj field, -?, o

are  dwvided ameng > | feld are Im‘nj
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teheatb'ng
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Lo the pat? Fen years, several new )deas

have - ome out of gtrmg theory .
1) Brane inflq']'in_rl

We u'trthy intreduced  Dp branes earlier,

N jmag ine - Dval/,
o } 3 T\'q.
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here on ~ ° ¢ anh - P3  may
D2 branes have been aqrovnd

in gnrly Umverce
Just bke an e* e alvact, the D35

umJ ﬁ m‘" quﬂ.‘"l' |
(andidate inflaten = brane slpnm'h'nﬁ in M
When Jbe branes and athi-brane are close

each sffer, a "’lc‘m)nn Jrulup:‘-

2 " |
- (3

‘hi'llyn-f: al J"];

Co  brane separatron ‘d" is inFladen .
TuL'f-n “T“ s wdler fall Flt"rj oF I\]!Ll'l'ul

wf ‘n "fgn )




€
T tendenses =D ¢ne DI + D2 gnnibilale’
- Mt Ffote §s, energy frore brave tencions
=0 clesed ¢tring modes
Other D3s leFt => much eneryy sheuld ge
into  theic open (rings =p rel\u#na!
(o in such a medel belh

l) HL-.“ 14 ih“q"‘n-ﬂ } +il¢‘ do r‘.‘riﬁ,s
of L n
;i) Bow dver re h!a‘h'hj work ﬂ’rin;.::ﬂr)v

Impnri‘nn‘} Gaveat - 1V i< net Yrue That
rqeneic® hmmnes L b M wll > chw gl

iﬂHh""nn_ RH} i .\.’PHI"Q' caSe) en€ can Iliw
fhe brane Separahion would acf as a gwc'
iaHladon - ensictent mluﬂms o inFlakon

ih*n O\ Fll“ quun’rm vai‘}'y 'Hunry .
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In cuch a theory, we wold know what had
banged in the Big Bang -- branes collided
1 Big lanj as brane Janﬂe‘j
Tnteresting features of cuchy models -

(an tmf‘y gel Hisf ~ 10" GeV or
lers — no 3rnu;+a'lfann| waves Fror

inFlatien will be tlt'fedn“e
The tnmr\w "T" Ffield Whose
t'nllnsn"‘l‘in ends inﬂa‘h’ml l'\ns, €

Mmerican "-lﬂ' Pn’l’!ﬂ‘lﬂl‘. Sn ij ‘H\E Tye

et ol

kiLL\Q mlfhllhl-S H'I} i.‘l' ul“ Prﬁd“ ce (-;:I.:::

tosmic strings (DI branes) when ) Pedehinad

condenses , as it will clide off fhe top
of the hat differenfly in distaat regions.






TF we let M = string tension, Then
costwe  ¢Hrings with

Gu A2 107°
are Forlidden ((MB power specirum).

However, the came reasoning that yields
B = 10” GeV during inflation in these
models, dlso cays

Gu I 3 0°°
So e long as the chring networh gealeg
w| Bubble expansion, this s OK.
As They evelve , the sirings somedimes
develop (ugps —b shreng , non- gamtsian

emiss ion  of Jm-'*nhuml waves.
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wih madl Gag -

LiGo I G 2 107"
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TF we're  very luchky there could be a while
melbipley of <trings  with Pr#dfc'}nl:fa raycos
o M.

To ay the leagt, 1t would be remurhalle
to see  Fndumenlal oc M tlring s
(hretched across the ¢ky'!



(nh ¢usion

(urrent <napshet of ghring theory :

(an owomodate Stundard Meodel - like

particle theories

(an probably acomedate inFlakion oF

the (orl we need Jo explaia l\urhun,

Flatness, ...

May be able to awomodate 4oday's /\
In shvdying dany of Fhese issues in depth,
mosy shriking Feature 1s the diverse array
of pussibilihes The theory encompasses .

Many pesple thinking abomt pecsille
sinngy signatures in cosmology, but Jhere

£ no “g?'ﬂ?fif.“ ﬁ&lﬁhl’l ﬂu‘l‘ "% ltnmp \rgf_
E-F, kﬁ‘lufff, klle.lhﬁnr

Lowrence i Sl‘ifﬁll'rfr
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OF course, fthere are also Jﬂp "fundanental ™
1csues o ﬂ'“]"l'l“ with -

: HnH dn you JE&H: ch'l'ns ”‘ltol’y ?
(HdSICFT, matrix stry work in very
Sinf»h cages ... )

* How does s’rrr‘na ﬂ!eary deal with “Frl"

7 Horewi )

5pn.ct|f|te slinsulﬂh'ﬁ‘es (ﬂansslfnrnt‘t:) o 4
ﬂl’truphjﬁlnl tHP'ﬂna}fﬁﬂ ¢F 'ﬂ.t G;Llinni"'

b

Hnultinj En’frupy of de SiBec fpace .

(n cuunhng exisle For the dS Flux vacua).
Silverstein

L

Deeper aner;inndmg here moy lnt|p WS
mn tleqll'na wih the more immediale

guestions.



