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-+ strong frozen pinG GW enter horizon
then stream to a stochastic background,

“tunable” GW frequency < 30 GHz,
down to ~ 1020 Hz
2o (CMB) ~10-43

PBH target is A7 > .01 to .1

! pinGponGs less radical than PBHs,
“which are super-strain ponGs,
~clustered ponGs near proto-PBHs
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AT >1: diffusion > drift
=> coherent Hc emerge from A< 1




bond@75 likes cmb@75, Gamow theory cf. Penzias Wilson and Dicke, Wilkinson + expt

pinGponG ( + GW
via instabilities, strained fields + hysteresis
emergence from fluctuation dominance via instability coherent Hc where { < 1

XYZ are ongoing unstable
gravitational collapse is kxkykz instability => BH
just as cosmic web of XYZ in various components, DM, B, v, y

so cosmic superweb in XYZ, inflaton, & transverse field degrees of freedom
aka other dimensions =? 11D Sugra ~ string theory



my favourite Planck figures:
quadratic power maps for {o h(TT) jsocons
linear (o Wiener maps + flucs from CMB TE

+ current & projected landscapes SO, Litebird, S4 for o h(TT)

general: full differential lattice field simulations, can be fully encoded in
stochastic framework ¢ = ¢c + ¢f, communicate across kc(xc) = He(pc),

general inflaton and isocon and TT strain (aka gravity wave) fields

d{= -dx (s-sc)/z-:(';~ Hcévg(;wﬁ(dczzz) GRD

dhTT= sqrt(da?mn) GRD

f + f* => ¢ fusion of fluctuations into frozen-out condensate k< k¢(Xxc) = BEC Jeans instability
c-instability Mye? <O c + c* fission of the c-
trajectories,
elastic stretching and relaxation, inelastic creates d({/d«

via flow from action to entropy ~2/Mp2 Green-fn * 1 ITT (constrained)
TT stress follows, hence GW follow

NTT=NTT (free) +nTT (constrained) e



CMB BE from Early Universe coherent Field-Strains: generation of spatially intermittent
Gravity Wave and Entropic-Scalar coupled Condensates  BE in k-space = UQ in k-space, known since 93 for GW derive

Planck 2018 X inflation: TTTEEE lowL Epol + CMBlens + BK15 BB + BAO Veff(¢)

CMB TT power L~ 20-30 dip => {-Spectrum k-dip @2c~3bit; % Hia) = Heldc
lowL map anomalies ~3bit; cold spot ~15bit () (¢c)

uniform ns=0.9669:.00367 = future £.002 SO A
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ggg (%)16 < 1.3% - 1.7% isocurvature role per efold.
Litebird ]- S R § S , reveals Sc
0.002 SO} iy
uniform ns r<0.04 #10—4 10~ 102 10! 10
Litebirdy 9 e-folds k[Mpe ]

AlnSg < 0.05

f f* => ¢ fusion of flucs into frozen-out condensate k /M p C 95%CL

over 10 efold CMB range



field strains n=dof+4 cf

space strains, time strains
Sc(EAB,HAB) ~ sugra =iz
Ep"pP generally A,B =TXYZ @,,.. ‘
inflaton strain In @(t)/¢(ti)= Epgp

transverse field strain In x(t)/x(ti)= SXX

En, dual Kag =deas/Ddt - Hag/D

dHee/dt +Hee? + TrHXX Hepg = - Tegp + C2 AEpg + €2 VEPp VEPP
the (effective potential) tide Teg IS M2pg

GRAVITY WAVES dHTTxx/dt + TrHxx HTTxx - cs2 AETTxx = - TGg™T

dHX)(/dt +Hxx2 = - TGgxx + Cs2 AEXX + ..
is the homogeneous ellipsoid acceleration equation Taxx is the usual tide VV@y

~ Raychaudhuri eqn

Lyapunov if Hag >0 instability, eg XYZ
damping if Has <0 eg k
oscillation if -icoas = Hag



varieties of pinGs, depends upon
instability wavenumber kp
instability strength m2 <0
duration

we chose a symmetry breaking Scc Higgs-like (+-)
also tried string-like (0,2x)

+ many different potentials
pinGponG results are generic



(X | AV+Vo : Bunch-Davies GRF IC) = Als +li(X Vo . BD GRF IC)

x 105 x 10—+ %10-3

m, ;2 < 0: A sequence;. <= (a)
(a)

domain wall memory in A(;



(X | AV+Vo : Bunch-Davies GRF IC) = Als +li(X Vo . BD GRF IC)




GRF controlled by £0

cf
scaling vr ~4 V0 scaling ~1/100 pinG controlled by instability strength
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strong frozen pinG GW enter horizon
then stream to a stochastic background,

“tunable” GW frequency < 30 GHz,
down to ~ 1020 Hz
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pinGponGs less radical than PBHs,
Which are super-strain ponGs,
extreme tail modifications of Veff?:

PBH target is AC> .01 to .1
AC>1 is (semi-) eternal inflation



pinGponG GW correlated with pinGponG (
instability TT amplifies anisotropic stress

source for GW. 2 stages,
during inflation propagation from T

late times further propagation
=> overlap of the GW sources
~ stochastic background

complete reconstruction of MTT & hTT from (

frozen h'T re-enter horizon => flow to GW ping overlap,
stochastic GW - enough overlap tends to Gaussian



frozen hTT re-enter horizon

flow to GW ping overlap,
stochastic GW

enough overlap tends to Gaussian




finally after 15 years, 5 papers in next few months, 0a,0b (90s + recent) bond on general stochastic
morrison thesis work with bond+braden

paper 0: bond, stochastic framework, emergence of Signal (c) from Noise (f), coherent from incoherent,
ph condensate defines coherence. kc(xc), boundary between kL and ks aka kf

paper 1: morrison, bond, braden 24 pinGs methods and relation to stochastic inflation
paper 2: marrison, bond, braden 24 pinGs as source population

((xt) ~ | ACnG-Prominences(x-x;) dNe(X: Rc)+ Gaussian random {-flucs
paper 3: morrison, bond, braden 24 pinGs as functions of strained transverse gaussian field

(x.t) ~¥ p AlnG(Xp(X,ae)) + Gaussian random {-flucs, = Xp(X,@te)= Gaussian random

paper 4: morrison, bond, braden 24 nonGaussian Gravity Waves from transverse traceless pinGs

clustered pinGponG sources are generic

{Kp } could be anywhere & everywhere

at low L, relation to anomalies? GW: correlated QU aka BE
stochasticity depends on degree of wave propagation inside horizon
can be strong in the 50 e-folds below the CMB-LSS regime,
from k~ 1/Mpc down to k~ 1/cm,

e.g., modifying galaxy formation intermittently, seeds for PBH, VMBH, SMBH.
JWST issues, weak constraint from first stars



