
Dark Energy Probe: 
CMB & ISW Effect

Astro 589 Presentation Oct. 21st 2019
Jiayin Dong, Zhaowei Zhang

Credit to Planck CollaborationCredit to NASA/WMAP Science Team



What is CMB?

Relic radiation from last scattering, 
when universe was optically thin enough 
for photons to escape without scattering 
with protons/electrons. 
(Epoch of recombination / photon 
decoupling)  

Since then, photons primarily experience 
redshift with expansion of the Universe

The most precise black-body radiation 

Credit to Quantum Doughnut

Credit to Planck Collaboration

https://commons.wikimedia.org/wiki/User_talk:Quantum_Doughnut


CMB Anisotropy -- “measurement of small temperature fluctuations”

WMAP data; http://www.astro.ucla.edu/~wright/CMB-DT.html

No Contrast Enhancement Remove Average Temperature

Remove Dipole Pattern Remove the MW 

http://www.astro.ucla.edu/~wright/CMB-DT.html


Past and ongoing mission

Credit to NASA/JPL-Caltech/ESA



CMB Anisotropy to the angular power spectrum

Expand into 
spherical harmonics

Multipole moment l: how many cycles in 
the fluctuation around the whole sky

http://folk.uio.no/hke/AST5220/v11/AST5220_2_2011.pdf

http://folk.uio.no/hke/AST5220/v11/AST5220_2_2011.pdf


CMB Anisotropy to the angular power spectrum 

Llanes-Estrada & Muñoz 2016; Planck data



First acoustic peak to measure  

Llanes-Estrada & Muñoz 2016; Planck data

Acoustic peak
    = 180°/l = 180°/220 = 0.8°



Probe Dark Energy from CMB Anisotropy

Llanes-Estrada & Muñoz 2016; Planck data

Two dark energy probes
1. Shift of the peak locations
2. Integrated Sachs-Wolfe (ISW) effect



DE Probe 1: Dark Energy affects acoustic peak locations

* Increase dark energy --- Peaks shift 
left to lower multipole moments

Rubakov & Vlasov 2011



Principle of dark energy measurement from 



Ongoing effort, current status

Credit to Planck Collaboration

Fixing the evolution parameter: 

Restricting 



DE Probe 2: ISW effect  
1. As CMB photons from the last scattering travel 

towards us, it is modified by the gravitational 
structures.

2. A CMB photon gets blueshifted falling into a 
potential well; and redshifted climbing out of 
the potential well.

3. During the matter era, the large scale 
potentials remain constant in time. The 
blueshift and the redshift exactly cancel each 
other out.

4. However, during the dark energy era, it 
causes a time variation and a net change in 
the photon energy. This is observed as an 
additional CMB temperature anisotropy (the 
ISW effect).

http://ifa.hawaii.edu/cosmowave/supervoids/imprints-of-structure/



DE Probe 2: ISW effect  

de Putter et al. 2010

* ISW effect cannot be clearly detected in 
the CMB power spectrum because of the 
large cosmic variance uncertainties.



Known systematics

● Curvature vs Dark Energy

● DA at a certain z, only weak constraint

● ISW, really weak constraint (< 3 sigma)
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