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Motivation – the Cosmological Constant 
Dark Matter?

• Dynamic mechanism for small CC
• Anthropic argument not sufficient

• Anthropic suggestion requires
• But need to track Cosmic history for structure formation
• Tracking this is NP hard 

• Potential solution: Theories of many axions? 

[Weinberg ’89]

[Bachlechner et 
al. 1810.02822]

[Bachlechner et 
al. 1902.05952]



Motivation – the Cosmological Constant 
Dark Matter?

• The lightest axion (~10-22 eV) resemble dark matter distribution

• Clearly promising but can we find a stringy origin?
• Axions candidates arise in string theory when compactifying 

• Many examples contain the O(100) axions required
• The simplest example has 15 from 2 forms alone 

[Bachlechner et 
al. 1703.00453]

[Svrcek Witten 
hep-th/0605206]

[Douglas Kachru 
hep-th/0610102]

[March-Russell 
Tillim 2109.14637]



Goal

• Find axions that survive compactification that could source these 
Cosmological models



Outline

• Axions and moduli stabilisation in IIB

• Analytic Setup

• Numerical results & Explicit examples

• Future Directions



Moduli in IIB

• Compactify on 
• The number of forms on X is given by the 

dimension of the cohomology groups.

• The moduli coming from this are
• We need to stabilize the moduli else 

we contradict experiment

[Greene 
hep-th/9702155]

[Benmachiche Grimm 
hep-th/0602241]
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Moduli in IIB

• We focus on the Kahler moduli Ta

• Si & U can be stabilsed with 3 form fluxes

• We assume there are no Ga [Greene 
hep-th/9702155]



Analytic Setup

• Now can write simply as a function of just Ta

• Seemingly straightforward to now minimize this for Ta=ρa – iτa

• Difficulty is in the implicit dependance on τ of terms in

• Solution is to work in 2 cycle moduli 



Analytic Setup

• Thus far only trivially minimized axion directions 
by setting
• We will show that this does not explore the full 

landscape
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Numeric Results

• Can obtain an analytic expression for 
the gradient and Hessian but 
analytically solving for a min is not 
feasible.
• Instead  construct a script that can 

minimize an arbitrary number of moduli 
on a specified X.



Numeric Results

• First a simple check for the non trivial solutions in axion directions



Numeric Results

• Now revisit know solutions and search for extra solutions



Numeric Results

• Need to check physical conditions
• Positive 4 cycles

• Large volumes would also be desirable 

2 axion Racetrack 3 axion LVS



Next steps

• Further exploration of Kreuzer Skarke database
• Ultimately want O(100) axion solutions

• Add uplift term and check survival

• Introduce axions from beyond the Kähler sector



Thank You

Any questions?


