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Thermally Decoupled DM X
1) Either very massive

and/or very weakly interacting.

never thermalizes

2) Long lived: e.g.
a) gauge and accidental symmetries
b) extra dimension warping

3) In the hidden sector w.r.t. the inflaton sector.

Such situations form a large class of BSM speculations.

In this talk, focus on situation in which X is a minimally coupled scalar.



X has implications for inflationary obs.

CMB period

N-point functions of 

Corollary to



Inflaton = curvature :

dark matter density pert.

Isocurvature density pert.

Inherited by photons

dark matter - photon

Variables of Interest

Key property distinguishing X and inflaton: Quadratic!



2-Point

Minimal coupling and 
conformal dimension

0th order in non-grav coup
resummed grav quadratic



3-Point



Due to quadratic nature of                          , 

Isocurvature power has to be subdominant:

Express        as a function of       through the following manipulations.

Recall: fixed by 



Due to quadratic nature of                          , 

Isocurvature power has to be subdominant:

Express        as a function of       through the following manipulations.

Depends on 
which is constrained
by data.



Experimental Constraint

If  

Komatsu et al 08, 10;

If Max size of       determined by corr type



No cross-correlation

• Establish non-cross-correlation in a gauge invariant 
manner

Decoupling between
long wavelength metric pert.
and particle production eq.

Uncorrelated type.



Explicit Numerical Example

• Compute                        model numerically 

i.e. Compute the correlator modes numerically within this background.

• effectively 2-parameter model:

• Generalize to mixed dark matter scenarios: e.g.

controls isocurvature amplitude and DM density 

entering isocurvature amplitude



Large NG is easily
achieved for

Squeezed triangle



Summary
• Gravitationally produced nonthermal DM X is of 

uncorrelated type:
sizable X isocurvature allowed by data

• Large bispectrum is possible, including the squeezed 
triangle limits:

Unobservable isocurvature
for 

The largeness  of bispectrum is connected with                       and smallness of 
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