
Pitt PACC Workshop on Non-Standard 
Cosmological Epochs and Expansion Histories

Discussion: Connections to 
Fundamental Theory

Jim Halverson

w/ Gary Shiu, who has his own slides!



UV Theory Lagrangian Intermediate 
Stuff Observables

Charge from the organizers: To what extent do different top-down 
scenarios for physics beyond the Standard Model, including string 
theory, predict departures from the standard cosmology?

A probe: what is a string theorist’s prior on Lagrangians?

e.g., as discussed, moduli everywhere, can lead to EMDE.
e.g., towers of states can lead to stasis. (CY KK modes now possible!)



A Concrete Approach
Study biggest known string datasets,

sample them in some way,
look for general patterns.



Updated code, open source soon

Physics TLDR w/ uniform sampling:
● Dark gauge sectors:

       rk(G) = 1612 +- 17
       # gauge factors = 1457 +- 14

● Axiverse: # axions = 2076 +- 23

“The Tree Ensemble”

“Btoric”



Preliminary: Large Combined Dataset Axiverse Study

● collab with group of L. McAllister, 
studying axions in “Kreuzer-Skarke” 
CY3, Trees, and Btoric.

● Look for universality or important 
differences across datasets.

● First pass: compute (f,m)’s

● Masses: max often within 5-10 
OOM of Planck. Many very light.



UV Theory Lagrangian Intermediate 
Stuff Observables

Charge from the organizers: Conversely, were we to obtain 
observational evidence that indeed the expansion history of our 
universe differs from that of the standard cosmology, what would 
this tell us about fundamental physics at high scales?

Prediction

Inference

Running inference backward through the whole pipeline at a 
detailed level, seems very hard and requires many observables.



Intermediate 
Stuff Observables

Rates and 
abundances for 

N particles

Stasis e-folds 
and matter 
abundance ● arrow takes 2N-dim space to 2D space

by solving N Boltzmann equations and 
using algo to extract e-folds, omega.

● with limited info on RHS, probably 
many points on LHS that recover it.

● if arrow is differentiable, 
can more systematically search 
through / do Bayesian inference on 
rates, abundances.





Example pipeline from 2408.00835


