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1. Introductory comments

The stringy landscape is obviously interesting, as evidenced by
the number of talks here discussing it. But what do we mean by
it, and “what good is it? Why does the idea still bother people?

And what do we mean by the “landscape” anyways?
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1. Introductory comments

The stringy landscape is obviously interesting, as evidenced by
the number of talks here discussing it. But what do we mean by
It, and “what good is Iit?" Why does the idea still bother people?

And what do we mean by the “landscape” anyways?

In general, that there are “lots” oOT vacua, meaning enough
t0o solve the cosmological constant problem a la Weinberg and
Bousso-Folchinski. This also includes many unrealistic and quasi-
realistic vacua, with no simple way 1o Tind the realistic ones.

Five points of uncertainty: Emﬂ"

1. The effective potential hypothesis
2. The “inelegant universe”

3. The unknown unknowns

4. How many vacua are there?
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5. Are all vacua created equal?




1. The effective potential hypothesis — we can make controlled
computations of an effective potential on moduli spaces of
string vacua, and Its minima are metastable vacua. Not
totally obvious in a theory o quantum gravity.

2. With 100's of Tields and discrete choices in these construc-
tions, we can expect 10%s of vacua. Important features
of our world, such as the small c.c., can emerge from ran-
dom and meaningless combinations of effects, perhaps only
selected by observational {(anthopic) considerations.

3. Al present we can only compute in a small subset of vacua,
and there may even be huge undiscovered classes of vacua
— non-geometric, with high %@EE susy breaking, etc.

5. Perhaps the vacua are weighted by a wave Tfunction or other
early cosmological Tactor.

All are important and not well understood. But the best posed

in many ways is {(4), to characterize the number and distribution
of string vacua defined according to the present state of the art.

rsaosozose | NS 1S TO De done by combining data Trom CONSTruction OT rageass
a small subset of vacua. with educated qguesses and ansatze de-
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sCribing a larger set of vacua. We then trv to judge whether our
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It, and “what good is it?" Why does the idea still bother people?

And what do we mean by the “landscape” anyways?

In general, that there are “lots” oOT vacua, meaning enough
t0o solve the cosmological constant problem a la Weinberg and
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1. The effective potential hypothesis — we can make controlled
computations of an effective potential on modull spaces or
string vacua, and Its minima are metastable vacua. Not
Lotally obvious in a theory of quantum gravity.

2. With 100's of Tields and discrete choices in these construc-
tions, we can expect 10%s of vacua. Important features
of our world, such as the small c.c., can emerge from ran-
dom and meaningless combinations of effects, perhaps only
selected by observational (anthopic) considerations.

3. Al present we can only compute in a small subset of vacua,
and there may even be huge undiscovered classes of vacua
— non-geometric, with high scale susy breaking, etc.

5. Perhaps the vacua are weighted by a wave tunction or other
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To give a very simplitied example, one could study the fraction
Of vacua coming out of any given construction which realize the
SM gauge group, by keeping track of both the numbers of vacua
which do and do not do so. To the extent that this fraction
agrees between different constructions, we have evidence that
they are representative (at least Tor purposas of this guestion).
We might instead eventually decide that the underlying distribu-
tions Of gauge groups are different and that the landscape has
different regions; for example this seems likely for brane con-
structions and the perturbative heterotic string. IT Is less clear
non-perturbatively; doing these comparisons should help enlarge
The sample set, as was true Tor duality in models with N > 1 susy.
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To give a very simplitied example, one could study the fraction
of vaCua coming out of any given construction which realize the
SM gauge group, by keeping track of both the numbers of vacua
which do and do not do so. ToO the extent that this fraction
agrees between different constructions, we have evidence that
they are representative (at least Tor purposas of this guestion).
We might instead eventually decide that the underlying distribu-
tions Of gauge groups are different and that the landscape has
different regions; for example this seems likely for brane con-
structions and the perturbative heterotic string. IT Is less clear
non-perturbatively; doing these comparisons should help enlarge
the sample set, as was true Tor duality in models with N > 1 susy.

Given a large enough sample set, it the basic assumptions (ef-
fective potential, duality, extrapolations) are wrong, this should
eventually show up in contradictions. For example, estimates or
numbers of vacua coming out of diffe.ent (putatively) dual con-
structions should agree. The same would be true Tor weighted
distributions, IT we are sure the weights agree. One should also
be careful 1o actually count isolated vacua, and not special points
in moduli space or other related constructs which are probably
not duality invariant.
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Barring direct evidence for or against string theory, statistics
dare essential data for understanding the predictivity and Talsifia-
bility of the theory. One can distinguish various regimes:

e N,. << 10° — cannot solve the c.c. problem anthropically;
neaed other solutions.

o 10™ <= N,. << 107" — can expect interesting predictions,
eyven without additional selection principles. Knowledge of
the distributions could confirm or drastically modify present-
day intuitions about physical “naturalness.”

o N o > 101990 —ynless the distribution is very sharply peaked,
or we bring in other selection principles, cannot expect pre-
dictions. Selection principles become very interesting.

o Noe — oo — &ven with selection principles (short of con-
sistency), It would be hard to C‘Err?iﬂ"l Chat Indirect evidence
(l.e. modelled within d = 4 EFT) bears on string theory.
Anthropic arguments become central.
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The most basic question along these lines is simply whether
the number of guasi-realistic string /M theory vacua is even Tinite.
There is some scope for definition here, and it is needed. For
example, there are infinite series of “compactifications” such as
AdS: x S8 with N units of flux. However, the radius of the §°
R ~ NY1 goes to infinity for large N, so the number is finite If
we put a lower bound on the gap to the Kaluza-Klein spectrum,

Mg > My,

All the inTinite series I know about are removed this way, and Tor
this and other reasons I would conjecture that the total numiber
of string/M theory vacua with this cut is finite. This conjecture
IS beyond proof at present, Tor example we cannot show that the
number of Calabi-¥Yau threetolds is Tinite.

T
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The most basic question along these lines is simply whether
the number of quasi-realistic string /M theory vacua is even finite.
There iIs some scope for definition here, and it is needed. For
example, there are infinite series of “compactifications” such as
AdS; x 5° with N units of flux. However, the radius of the 5°
R ~ N'Y1 goes to infinity for large N, so the number is finite if
we put a lower bound on the gap to the Kaluza-Klein spectrum,

Mg > M.

All the inTinite series I know about are removed this way, and Tor
this and other reasons I would conjecture that the total number
of string/M theory vacua with this cut is finite. This conjecture
Is beyond proof at present, Tor example we cannot show that the
number of Calabi-Yau threetolds is Tinite.

Why is this important? Once we see an infinite-valued choice
anywhere, we tace the likelihood tha@'such choices are possible
in the hidden sector {(and at yet unobserved energies). These
choices affect parameters in the observable sector, and would
allow arbitrary tunings. On the other hand, they are suftficiently
unrelated to the observable sector 1o make the claim that infinite
numbers of vacua concentrate on physically observed values im-

risa:ososfbdUSIDIE. Perhaps talsitiability could be saved by a welght TaCTOr page 2o

whose sum over all vacua converges., but this brings problems as




2. Flux vacua

These have been studied in type IIb on CY orientitolds by several
groups (Rutgers, Stanford, Cambridge), and in M theory on Gz
(Acharva et al).

In IIb. we start from W = [ QA H on complex structure moduli
space, with its classical Kahler potential. Similar formulae apply
to M theory, F theory on Tfourfolds, heterotic on CY¥, and even
the distribution of black hole attractor points (FKS, Moore, DD
etc.).

The problems fall into two classes. In M on G5, heterotic
on CY and the BH problem, one set of fluxes is being scanned.
Their number, b, is comparable to the number of (real) moduli,
26*'. This turns out not to be enough t&™Mune the cosmological
constant.

In IIb. there are two sets of fluxes (NS and RR three-forms)
leading to K = 2b; adjustable choices for by — 2 real moduli. This
leads to many more vacua and uniform distributions for the c.c.

F and M theory on fourfolds have one set of four-form fluxes,
but for many fourfolds one finds K = & >> 2! (the number of

rscosog@ T plex structure moduli) so this is maore like IID. Page 13139
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the number of quasi-realistic string /M theory vacua is even Tinite.
There Is some scope for definition here, and it is needed. For
example, there are infinite series of “compactifications” such as
AdS; » 5% with N units of flux. However, the radius of the 5°
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Barring direct evidence for or against string theory, statistics
dare essential data for understanding the predictivity and Talsifia-
bility of the theory. One can distinguish various regimes:

e N, << 10° — cannot solve the c.c. problem anthropically:
need other solutions.

e 107 <= N,.. << 10°™ — can expect interesting predictions,
even without additional selection principles. Knowledge of
the distributions could confirm or drastically modify present-
day intuitions about physical “naturalness.”

o N,op > 101999 — ynless the distribution is very sharply peaked,
or we bring in other selection principles, cannot expect pre-
dictions. Selection principles become very interesting.

o Nwe — oo — even with selection Drﬁr?ciples (short of con-
sistency), it would be hard to claim that indirect evidence
(i.,e. modelled within d = 4 EFT) bears on string theory.
Anthropic arguments become central.
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2 Flux vacua

These have been studied in type IIb on CY orientitolds by several
groups (Rutgers, Stanford, Cambridge), and in M theory on Gz
(Acharva et al).

In IIb. we start from W = [ QA H on complex structure moduli
space, with its classical Kahler potential. Similar formulae apply
to M theory, F theory on Tfourfolds, heterotic on C¥, and even
the distribution of black hole attractor points (FKS, Moore, DD
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on CY¥Y and the BH problem, one set of Tluxes Is being scanned.
Their number, by, Is comparable to the number of (real) moduli,
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The simplest result characterizing this distribution is the index
of supersymmetric {AdS and Minkowski) vacua,

dl |z, |Wg :] — Z 8. DW{z))sen det D*W) &(|Wy|? — t'f".|ﬂ'|2”.|
W

where 4.{ DW) counts solutions of DW = 0 with unit weight, and
the sign is the Morse sign (Tor AdS) and +1 ({Tor Minkowski). We
also control the AdS cosmological constant A = —3|Wy|%
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In the “one TluxX” problems, the equations DWiz) = 0 essen-
tially determine the Tlux given z, and the cosmological constant
IS proportional to the Tlux. Thus one has

R

=

dly ~ W12

The two distributions are not really comparable because they
have different control parameters. But clearly IT tTwo sets or
vacua had statistics 4, and di,, they would not be dual To each
other. On the other hand, duality between IIb on CY, heterotic
on CY, and M on Gz Is Tairly well motivated.

£
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The simplest result characterizing this distribution is the index
of supersymmetric {AdS and Minkowski) vacua,

dl |z, H'l]fg] — Z 5.(DWiz))sen det D?*W) .-','T|:|'LT'_[]|2 — t'H|ﬂf|2:|
W
where A.i DHI counts solutions of DW = 0 with unit weight, and

the sign is the Morse sign (for AdS) and +1 (for Minkowski). We
also control the AdS cosmological constant A = —3|Wy|%

In IIb theory, one finds

(2x L, )2
dl;[z] = : I det( R 4+ w- 1)

( K /2)1qgmt]

where « IS The Kahler Torm on cr:mfiguratic{“;' space, R Is ITs matrix
of curvature two-forms, and

L.>L= /F ;i

iS the upper bound on the flux. The “c.c.” |Wy|? is uniformly
distributed near zero.
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The simplest result characterizing this distribution is the index
of supersymmetric {AdS and Minkowski) vacua,

dI[z. [Wol] =Y 6.(DW (z))(sgn det D*W) &(|Wof* — X |W?)
W
where &.{ DW) counts solutions of DW = 0 with unit weight, and

the sign is the Morse sign (for AdS) and +1 (Tfor Minkowski). We
also control the AdS cosmological constant A = —3|Wy|%

In IIb theory, one finds

(2% L. YK
dl;[z] = I' I det( R 4+ w- 1)

( K /21 mt]

where « IS The Kahler Torm on CGF’IfiQUFatH{m} space, R Is TS matrix
Oof curvature two-forms, and

L,>L— /F N H

iS the upper bound on the flux. The “c.c.” |Wy|? is uniformly
distributed near zero.
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In the “one TluxX” problems, the equations DWiz) = 0 essen-
tially determine the Tlux given z, and the cosmological constant
IS proportional to the Tlux. Thus one has

T

-

dly ~ W12

The two distributions are not really comparable because they
have different control parameters. But clearly IT tTwo sets or
vacua had statistics dI, and d1;, they would not be dual to each
other. On the other hand, duality between IIb on CY, heterotic
on CY, and M on G2 Is Tairly well motivated.

R
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Thus, duality strongly suggests that the constructions with
one Tlux have more free choices which enter into the superpoten-
tial. For example, the IIa mirror of a general IIb compactification
IS non-geometric, as discussed here by Hellerrman, so one must
count these choices.

In heterotic on CY, there is a wide choice of gauge bundiles,
and the superpotential contains the holomorphic Chern-simons

term,
i )
W = fn (H + AdA + %.Jﬁ) _

suggesting that the role of the “second flux” might be plaved
by the gauge field. On the other hand, general IIb constructions
have some choice of gauge field as well (on the 7-branes) which
is dual to that choice. =

Heterotic string and IID orientitolds are Doth special cases of
F theory on tourfolds; In particular the heterotic string comes
from wrapping a D3 on the p! base of a K3 fiber. Many F
theory choices are non-perturbative in heterotic language, and
one must count these choices as well To get the numbers 1o
agree. Non-geometric choices might also be required.
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Once we bring Iin more choices, we should ask whether the
distribution is still dIs, or It we expect the distribution to change
again. A general (but heuristic) argument Tor df; is the Tollowing.
Suppose we draw the superpotential out of a larger ensembile,

W = Z N[, z)
[}

in which the “generalized Tluxes”™ N vary, while the “generalized
periods” II, do not. The periods are still sections of the same
line bundle £, since this Is Torced by supergravity.

Then, consider a region R of modull space which Is so large
that we wash out all a priori structure in a typical superpotential.
VWe can then ignore correlations with possible vacua outside or
the region, and think of the region as It iﬂwere compact. Then,
we would have the topological Tormula for tThe index counting
vaCud,

I -!'L‘/-dEU:R—Fa.' - 1).
R

S0, adding more Tluxes or other choices would preserve this

form. This could be checked on F and M theory on fourfolds
(work in progress).
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dl >~ deti R+ w-1).
Some general properties:

e Enhanced number of vacua near conifold points, going as

d* S i |

— Nuae|s<s, ~ —

dtyar ~

where S is the distance to the conifold point, dual to the
expectation value of the gaugino condensate in the gauge
theory dual. Thus hierarchically small scales are common
but a minority of vacua.

e Near large volume and weak coupling, and in other “generic”
regimes, the distribution goes FGUQW as the volume Torm.

Thus, we have

2

ff;lfl.-j,:: o f
(Im 7)2

for the dilaton-axion 7 = a/27 4+ 4wi/g,. This IS equivalent
to a uniform distribution dg.da, S0 weak couplings, large
volumes are also commaon.

risaososois0 @ N The other hand, Tlux stabilized large extra dimensions rage s
are rare, N ~ V"3 for n Kahler moduli.




In generic regions of moduli space, R ~ w and this density
is similar to the volume form on moduli space. The volume of
Calabi-Yau complex structure moduli space for a general hyper-
surface in a toric variety has been shown to be finite (Z. Lu), a
non-trivial result which implicity takes duality into account.

This argument may extend to det{ A +w) but this is not liter-
ally proven yet. The idea is to show tThat while R can diverge,
It cannot do so strongly enough 1o get contributions from sin-
gularities in codimension 2 and higher. On the other hand, the
codimension 1 singularity can be analyzed and reduces 1o the
conitold and large volume behaviors, which are integrable.

The formulas just discussed ignore flux guantization. One can
show (work with Shiffman and Zelditch) tmt they are asymptotic
to the finite L answer, with corrections falling faster than 1/+/L,
and appear good for L > by. On the other hand, flux quantization
is important if L < by, and more generally for the structure on
scales r < /L/b2, which shows concentrations at points where
the region containing vacua lines up with the lattice of fluxes, and
voids around these points. Recently DeWolfe et al 0411061 have
identified {(many of ) these special points as points of enhanced

P osopigSCrete symmetry, for example Gepner points. Page 2113




3. Supersymmetry breaking

Fine tuning can solve the hierarchy problem in a fraction .-Mrf““'_ﬂpfﬁa =

MEMZE /AL, of vacua (assuming gravity mediation).

p/ iAY

Thus, if the number of vacua grows with susy breaking scale
at least as fast as dN ~ M3, dM...,, high scale breaking is nu-
merically favored.

Viarious mechanisms of susy breaking have been proposed,
leading to different distributions. But it we can Tind a class or
constructions which incClude two or more mechanisms, we can
decide which among these is Tavored. Some proposals:

1. Nonperturbative effects in gauge th%l’}'.
2. Spontaneous (F term) breaking in the flux potential.

3. D term breaking, say through wrapping branes with incom-
patible susy.

4. Brane-antibrane breaking.

(3) and (4) are closely related. Similarly, extrapolating from 12 A

Pirsa; 05030149

known gauge-tlux dualities, one can hypothesize that (1) and




wWith Denef, we have developed a formalism for counting F
breaking fTlux vacua, and found that the generic distribution of
breaking scales is

dN ~ |F|'_'ef.-!'_ ~ M1 7 S S——

AUSY

A simple argument Tor this (Dine, O Neil and Sun) is that in
the typical susy breaking flux vacuum, all but one of the moduli
have string scale masses, leaving an effective superpotential

Wip) =Wo+ad+ 8¢ +v¢ +. ..

near the minimum V' = 0. Then F = DW = a and small susy
breaking requires tuning both real and imaginary parts of a. Get-
ting a light goldstino requires tuning |3| < |F|, while eliminating
tachyons turns out to require tuning |1.|‘5T:5' |F|. Tuning the c.c
can be accomplished by tuning W,;, which decouples from the
rest of the problem.

Finally, IIb vacua have enough Tfluxes to make the generic
distribution for these parameters

dp ~ dad’ Bd~d|Wy|*
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From another point of view, this result is surprising. We know
that flux vacua can naturally produce the hierarchically small
scales, from physics (gauge-Tlux duality, warp tactor) and from
our previous conitold counting result. Why can't these small
scales control the supersymmetry breaking?

Pirsa: 05030149 Page 30/39




From another point of view, This result Is surprising. We know
that flux vacua can naturally produce the hierarchically small
scales, from physics (gauge-Tlux duality, warp tactor) and from
our previous conifold counting result. Why can't these small
scales control the supersymmetry breaking?

The answer seems 1o be that the actual Tlux superpotentials
contain, in addition to the terms Mz + Nzlogz which lead to
hierarchically small scales, additional Q{ 1) terms which contribute
[0 the parameters discussed earlier, and must be tuned away 10
get stable low scale susy breaking.

This leads to Two alternatives: either

e Gauge-Tiux duality Is generally valid. While in principle gauge
theory can break susy at a low scale, the actual effective La-
arangians coming out of string thECﬁ:? contain terms which
generically spoil this breaking. In this case high scale break-
ing would be Tavored.

e Gauge-flux duality is valid in the cases which have been
understood in some detail (non-chiral theories, or perhaps
more general theories in non-compact CY) but not more
generally. In more general cases, nonperturbative effects

rsacososoie LAl Jenerate a superpotential in which all parameters Wy, ragesuss
a. 3.~ are controlled bv the same low scale. allowing low




Either possibility seems reasonable and this question remains
o be answered. IT gauge theory breaking is different from Tlux
breaking, then for low scale breaking to be Tavored at the end,
we would also need

e A large Traction of Tlux vacua with W = 0 — not obvious in
theories with many moduli.

e A siZzable fraction of hidden sector gauge theories break susy
dynamically.

e The u problem must be generically solved.

More precisely, assuming that the same group of models can
lead to either outcome, the product of these fractions should be
greater than 10—,

IT we can get a believable argument Tfor the scale, we can then
go on to ask which mediation mechanisms are favored, whether
the “split” scenario is favored, etc.
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4. Matter distributions

To decide what fraction of gauge theories break susy, we need 3

madel Tor the ensemble of gauge theories coming out of string
compactification. This could also be usetul Tor understanding

the possibilities Tor the hidden sector and for new strongly cou-
pled physics at higher energies.
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4. Matter distributions

To decide what fraction of gauge theories break susy, we need a

maodel Tor the ensemble of gauge theories coming out of string
compactification. This could also be usetul Tor understanding

the possibilities for the hidden sector and for new strongly Ccou-
pled physics at higher energies.

Recently Blumenhagen et al 0411173 have studied the dis-
tribution of gauge and matter sectors on D-branes cancelling
tadpoles in IIa compactification on tori. (see also Kumar and
Wells 0409218.)

Their basic claim is that this problem is essentially that of
partitioning the total tadpole charge amﬁ“pg the branes, leading
LO results such as

N ~ exp+/Llog L

for the total number of brane constructions with tadpole L, and
du[SU{M )| ~ exp —M+/log L/ L.
for the fraction of models containing an SU{M) gauge theory

P SR Ctor. Typically there are xE different gauge factors of average P
ranls ST F Ml T




The distribution of intersection numbers I goes as exp —'1/L
{as per the rough relation I ~ M?).

Compare MRD 0303194 distribution dI/I (enforcing no ad-
joints, and only using the tadpole constraint implicitly). While
this looks very different at first, this applied only up to a cutoff
I ~ L. This cutoff is the scale of exponential Talloff for Blu-
menhagen’s results, and in this sense the two results are roughly
compatible — most vacua have [ < L.

In any case, most theories with several gauge group Tactors
would be expected to have chiral matter, and are candidates Tor
susy breaking. Howewver we probably need 1o know the super-
potential to judge this. Is the ansatz that superpotential Terms
allowed by symmetry are non-zero and independent (eg as in
Nelson's talk here) reasonable? {”}"

Other issues: vacuum multiplicity within gauge sectors (e.q.
pure SU/(M) gauge theory has M vacua, etc.), flux couplings, ...
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4. Matter distributions

To decide what fraction of gauge theories break susy, we need 3

maoadel Tor the ensemble of gauge theories coming out of string
compactification. This could also be useful Tor understanding

the paossibilities Tor the hidden sector and for new strongly cou-
pled physics at higher energies.

Recently Blumenhagen et al 0411173 have studied the dis-
tribution of gauge and matter sectors on D-branes cancelling
tadpoles in IIa compactification on tori. (see also Kumar and
Wells 0409218.)

Their basic claim is that this problem Is essentially that of
partitioning the total tadpole charge aﬂ"lﬁ'.”jl;l the branes, leading
[0 results such as

N ~exp+/Llog L
Tor the total number of brane constructions with tadpole L, and
du[SU{M )| ~ exp —M+/log L/ L.

for the fraction of models containing an SU{M) gauge theory

e S RCtor. Typically there are \_E different gauge factors of average "e®®
Fanbk @ FfTF f 1o T




The distribution of intersection numbers I goes as exp —v' I /L
(as per the rough relation I ~ M?).

Compare MRD 0303194 distribution 4I/I (enforcing no ad-
joints, and only using the tadpole constraint implicitly). While
this looks very different at first, this applied only up to a cutoff
I ~ L. This cutoff is the scale of exponential falloff for Blu-
menhagen’s results, and in this sense the two results are roughly
compatible — most vacua have [ < L.

In any case, most theories with several gauge group Tactors
wiould be expected to have chiral matter, and are candidates Tor
susy breaking. However we probably need 1o know the super-
potential to judge this. Is the ansatz that superpotential Terms
allowed by symmetry are non-zero and independent (eg as in
MNelson's talk here) reasonable? {”}"

Other issues: vacuum multiplicity within gauge sectors (e.q.
pure SU7(M) gauge theory has M vacua, etc.), flux couplings, ...
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o Conclusions and open questions

Basic aspects of the IIb Tlux vacua distribution are understood.

We should be able to show That these vacua are finite in number
{or not) in the near term.

There are interesting enhancements of number of vacua with
discrete symmetry and W = 0 (DeWolfe et al) but it remains
to be seen how important this is with many moduli {their ar-
guments require periods in extension Tields of low degree, which
SeSms very rare).

Progress on the expected scale of susy breaking, but no defi-
nite claim. The usual low scale picture seems incompatible with
claiming that all gauge theories which @DWEE maodull can be
dualized to Tlux.

One general question yet to address, Is To what extent differ-
ent cycles couple to each other, e.g. does varying one Tlux vary
all The moduli significantly. This bears on susy breaking — IT it
IS NnotT true one can get significant enhancement of high scales —
and on mediation.
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Recent work {Kallosh et al, Trivedi et al) suggests that a large
fraction of IIb vacua can stabilize Kahler moduli — how large?

The exploration of distributions coming from other construc-
tions Is just beginning. The main goal here has to be to decide

whether or not we can get results consistent with the expected
dualities, and It not why.

For most other constructions (M on Ga, heterotic on CY) the
Issue is to find more choices, which allow tuning the c.c.. This
may require including non-geometric compactifications.

For F theory, taking the existing formulae at face value and
plugging in L = x/24 ~ 1000 and by ~ 10000 leads to extremely
large numbers of vacua, even by present™standards. In IIb lan-
guage, most of these choices appear to correspond to the choice
of gauge bundle in the D7-branes, and might be remaoved by the
primitivity conditions or other susy constraints.

A particularly important confirmation of the landscape would
be to understand AdS/CFT duals of supersymmetric flux vacua,
along lines of Silverstein or possibly other gauge theory duals.
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