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As a remnant of the early Universe, the cosmic microwave back-
round provides unique information on the initial conditions from
ich matter has evolved to form the structures we see today. All
fforts to detect small-scale structure in this radiation have so far
unsuccessful (ref. 1 and refs therein)' . Nevertheless, upper
imits set on possible underlying fi restrict the range of
ysical models for perturbations of the density in the enrly
niverse, Our search for small-scal py in the back
diation has mow resulted in a lowering of the upper Ilmlt on
t-mean-square fluctuations (AT, ,,) observed at an angular
le of ~4arcmin to AT, /T<21x107% at the 95% con-
dence level (where T =2.7 K, the temp e of the backgr
diation). The actual limits deduced from our experiment depend
the model assumed for the unseen fluctuations. Several
bilities are discussed as well as the implications this new
urement has for various cosmological models.

CMB anisotropy shows density fluctuations of 10-5 at zec ~ 1000

isentropic/adiabatic perturbations: entropy per unit mass is preserved:

2018 Planck Map

DEFINE DENSITY FLUCTUATION FIELD @:

6= (p - <p>)/ <p>

Kauffmann

Top-Hat Spherical Collapse

Consider the idealised case
of a spherical volume where
the density is infinitesimally
higher than the cosmic mean.

P> Py

Our density perturbation will then evolve like a closed universe
with Qm = 1 +0 . The scale factor a(t) of such a universe reaches a
maximum value amax and then decreases again—in other words,
our perturbation will grow to a maximum size r=rmax at time t=tmax

and then collapse.
Kauffmann
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