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Plan

* Inflation, and the observational signatures of inflation
* Inflationary dynamics for short scale signatures (c.f. oksana larygina talk)

* Why might loops be important and a recent debate: the coupling
of la rge and short scales at loop level (c.f. quantum correction talk from Lucien

Heurtier)

* A segway into “Taylor expansion” methods (and a numerical
Implementation)

* Addressing the debate and the decoupling of scales



Context

 To test models of inflation we want to calculate the statistics of
the fluctuations they produce

* To do so reliably having different tools is useful, both analytic and
numerical

* Numerical tools are needed for precision predictions, but can be
Challenging or slow for some models (c.f. Guillermo Fernando Quispe Pefia talk )

* Sometimes different tools are very efficient for analytic
calculations, or reveal different analytic structures (e.g.d N)

* Recently strong focus on very short scales, PBHs, and SIGWSs



Inflation

* Postulate new field (fields ,¢, field can mimic a cosmological
constant

* Quantum mechanics implies ¢(t) — &(t) + 0o(t, x

* Inflation makes 00 “long lived”, and retains information about
fields present during inflation, a “cosmological collider”
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Calculating statistics

* We have a code for that! (PyTransport, 2016 onwards, DJM, Ronayne, Constantini,

lacconi, Seery; Dias, Frazer; also other code e.g. Cpplransport, Seery 2016; CosmoFlow, Werth,
Pinol, Renaux-Petel, 2024) )
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From large to short scales (PBHs, SIGWSs)

* Large Scales

Short Scales Loop corrections:
Features, or multiple VV i
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field dynamics?
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A concrete example
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Loops on separated scales (a recent debate)

p < kpeak

Loop corrections?
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Alternative approach

* |s there a more intuitive approach?? (iacconi, DIM, Seery, 2023)
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Taylor expansion methods: 0 N and MPPs (1)

* In § N cosmological perturbation theory (on super-
horizon scales) becomes a Taylor expansion in the
number of e-folds (equivalent to the curvature) in
terms of field fluctuations, schematically:
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Taylor expansion methods: 0 N and MPPs (2)

* It is also possible to make a N like Taylor expansion in field space,
and even for it to be valid at the quantum (operator) level

* This is known as a Multi-point propagator (MPP) schematically:
(Constantini, lacconi, DJM, 2025; c.f. Seery, DJM, Frazer Ribeiro, 2010; Bernardeau et al. 2008)
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MPPs work: An MPP code

* The MPP coefficients satisfy ordinary differential equations

* We can evolve them numerically, and, use them to calculate the
statistics of field perturbation (or of zeta) starting deep inside the
horizon, with some advantages! (constantini, laconni, DIM, 2025)
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6N lOOpS (1) lacconi, DJM, Seery, 2023, 2026

* Mathematically we can study our intuitive picture using using . N or
related methods by forming lOOpS (for earlier loop work see e.g. Byrnes et al. 2007)

(o)) 1100p = SCPC—p)llll + SCpC—p)h + (CpC-p)a2 + (CpC—p)llg

1-loop in 1-loop due to non-linearity of 6 N
initial conditions

12-type diagrams 22-type diagrams 13-type diagrams
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0N loops (2)

* We can use soft limit expression: (cf. single field consistency, Maldacena, 2002)
OP7X (g;t:)
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0N loops (2)
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Decoupling of scales

dmax d

* We have  AP:(p;t)12+13 = f dlng - . [Nﬁ?t)PJK(q; ti)tree]

dmin
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* Hence, only boundary terms, and not the peak structure, enters the

dNSWer (similar conclusions found by other authors, Tada et al 2024, Fumagalli 2025, Kawaguchi et al.
2024) A




Conclusions

* Taylor expansions, such as MPP methods, can be numerically
advantageous, as well analytically simpler for some problems or limits

* We have, for example, a new version of our numerical multi-field inflation
code that uses them

* Loop order contributions to correlators can be built using § N or MPPs -
equivalent to In-In loops

* This provides insight into the structure of loop terms in the limit of
separated scales

* Could we also calculate loops using numerical MPP codes?
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