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The string landscape

Many choices:

Compagctification
manifold

Fluxes

Brane configuration

Non-perturbative effects

Gauge groups

from [1101.1619]

Looking for vacua<=>scanning over vast parameter space
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The strlnq Iandscaloe

'?Is there an efficient way to do this?

- ’?What general_knowledge can be extracted? |

?Statistical description of inflation?
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| '-ﬁRan’d'om Mafrix T_heory in physics:

: NUclear energy levels
- » Condensed matter systems
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Random SUGRA_-,
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[Ashok&DougIas 2003; Denef&DougIas 2004;Conlon&Quevedo 2004;
Marsh et al.2011/12; Martlnez Pedrera et aI 2012] .
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Random SUGRA .

- [1112.3034]

11(F2 - 2\W\2) — F26 15,1 — F25.15," .
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Random SUGRA

Typical spectrum:

(30

Typical spectra contain (many)
tachyons

(30

Local minima and inflationary
c.p. are highly atypical

(30

Large fluctuations of extreme
eigenvalues:
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_é Looklng for rare events >>> computatlonally expenswe |

- -é For vacua anaIyS|s [1112 3034] & [1207 2763]

s there a ehea;eer/‘?aeter way?

o _-s-t-stu'dy_the Wigner ensemble since:

_S.W‘el-khow jeir{"[_'pd_'f o

-2 we can use known analytical results
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The quner Ensemble

'_'--"'._‘:f'.EnsembIe of matrlces -

~Jointprob. distribfunction

M Plmin) = [ [TO@PO )
e naE o el el Ul ol T
_Dys‘c’)n:_-_"1 D gas of c_harged- par,tic'le_s- | :

! R B RS i : el N
r e - /50| o A N\
- : : . . . 4 LN &\
- . ~ 4 i : ¥ R oDy
= x i = P9 F ]
» E D [ y Y = @V 1
F.G.Pedro, 23 March 2014, Munich e b : - - DESY . |

I i = : S \ A € B/

" . | . r o o 1 . \s\é/ | ) W S

i " i N\ b /.



The Wigner Ensemble

Semi circle law:

Typical spectrum:

: |
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Large fluctiuations:

P(VA > £) = e 22ON}

Dean&Majumdar [condmat/
0609651].
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~Inflation & Wigner Landscape

-  : At a:c%:ri'tilcal p_éi.nt i =0

'7':To g'et_ infl;aftionary"C.p._-lo"ok for o

fl

Looking for m < mgz;2 when Vp~m3,Mp
o m . whent Ve s Mi i
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Minima rarer than inflationary c.p.

on Thesteeper cp arethemost abundant e
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Inflation in the Wigner L andscape

Exact result:
Blinf)r—emRemlN; . =20(mN,

Best fit:
Plinf) ~ o—(0.40220.02) N5

Inflation is exponentially
rare

but...
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Inflation vs. Vacua
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Inflation IS more abundant
than minimal
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If we are sitting at a minimum there are many inflationary
inflection points around us
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~ Comparison with full Hessian

~ Minima:
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Dynamics of inflation

For a given Nf, how many fields are dynamical?

Single field: N f field:

Strong repulsion

Most probable configuration between extremes
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Dynamics of inflation
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Inflatlon and Strln IS

[Clcoll&Quevedo 1108. 2659]
[Burgess&McAlllster 1108.2660]

he L‘a'rge'fi_eldi: A¢ = M | é,.g..ax‘ion_'r'n'o_hodromyi

~ Smallfield: A¢<Mp  eg. Kahler moduli IIB

Lyth: |

Smallfield: < 0.01
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Larqe vs Small fleld

_ e Assume
. -IIB flux Compactlflcatlons |
< -Large fleld AX|on monodromy

| Drake ECIS | o [Westphal 1206.4034]
o Nsmall s NCY X Ncp X 6mzn >< IBflat saddle | |

Nlarg'e o NCY X Ncp X ﬁmzn _X ﬁaxzon monod

Bflat Saddle el 1
_ﬁflat—gaddle >> _ﬁawioh—monod
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Summary:

@ Exponentially more inflationary c.p. than local minima,
@ Multiple dynamical fields,
@ Small field dominates over large field,

® No tensor modes at current level,
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What next?

@ Almost critical points may play an important role

@ Generalization to full random SUGRA
@ How to connect critical points?

@ What observational signals to expect?
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