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Fig. 1. Top: The energy density of the induced GWs for the power spectrum for a peak width, ∆ =
0.0, 1.0 × 10−3, 1.0 × 10−1, 1.0. Bottom: Energy density of scalar-induced GWs associated with PBH
formation together with current pulsar constraint (thick solid line segment) and sensitivity of various
GW detectors (convex curves). Solid wedged lines indicate the energy density with the parameters
(ΩPBHh2, MPBH) = (10−5, 102M⊙) (left), (10−1, 1020g) (right) for sufficiently small ∆ (thick lines) and
∆ = 1.0 (thin lines).

Downloaded from https://academic.oup.com/ptp/article-abstract/126/2/351/1838316
by guest
on 14 July 2018
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Topic 1: Gradient Expansion
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local curved 

FLRW universe

ℛ(Ne) = ℛ(Ni) + δN(k2ℛ(Ni))

Separate Universe

Artigas, SP, Tanaka, PRL 134 (2025), 221001

c.f. Briaud, Kawaguchi, Vennin, 2509.05124 

k4

(Note that )k2ℛ ∼ K
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Constant-roll inflation 
and bubble channel

Escriva, Atal, Garriga, 2306.09990
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From Jaume Garriga’s slide at Paris IHT

Escriva, Atal, Garriga, 2306.09990

adiabatic channel

bubble channel

adiabatic channel

bubble channel
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• On super-horizon scales, the non-Gaussianity can be well described by  
formalism, which gives general logarithmic functions of . 


• Large non-Gaussianity appears when evolution of  deviates from the attractor.


• Original  based on separate-universe approach fails to deal with decaying 
mode. We proposed the extended  by considering  as an initial condition.


• Ultra-slow-roll inflation inevitable generates local eternal inflation patch (Type-B 
PBHs) formed by the bubble channel, which was omitted in the literature.

δN
ℛ(δφk,

·δφk)

φ

δN
δN K

Conclusion
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