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● Introduction of CMB physics

● Review of Planck 

● Review of BICEP2 

● Reconstruction of primordial 
spectra from Planck and BICEP2
(1404.3690: BH,Jian­Wei Hu,Zong­Kuan Guo,Rong­
Gen Cai)



  

Introduction of CMB Introduction of CMB 
physics­black body specphysics­black body spec

● Hot Big Bang,Gamow,1948,T~5K

● Black body spectrum

● T~3K,Penzias/Wilson,1965

● COBE,1990



  

Introduction of CMB Introduction of CMB 
physics­black body spec­IIphysics­black body spec­II

● Red­shift z~1100,electron­proton­> hydrogen, 
T~3000K ~0.3 eV

● Before: electron­CMB photon 

tight coupling (Thomson scattering) ­> plasma;

● After: almost free streaming



  

Introduction of CMB Introduction of CMB 
physics­black body spec­IIphysics­black body spec­II

● Red­shift z~1100,electron­proton­> hydrogen, 
T~3000K ~0.3 eV

● Before: electron­CMB photon 

tight coupling (Thomson scattering) ­> plasma;

● After: almost free streaming

● Earth: H bounding energy ~ 13.6 eV

● Baryon/photon ratio ~ 1E­10;

13.6 eV/log(1E­10)~0.3 eV



  

Inflation­scalar Inflation­scalar 
perturbationperturbation

● Scalar Perturb Eq: 

● Scalar spectrum 

Red spectrum



  

Inflation­tensor Inflation­tensor 
perturbationperturbation

● Metric perturb Eq: 

● Tensor spectrum: 

Red spectrum



  

Inflation­tensor Inflation­tensor 
perturbationperturbation

●

● From Inflation to CMB:

● Spherical harmo exp

Transfer Function

Boltzmann Eq
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CMB angular spectrumCMB angular spectrum

● Angular spec:



  

CMB polarization ICMB polarization I

● Linear Polarization: 

Thomson Scattering

● Intensity tensor

● Stokes parameter (4 components)

Credit: WH

No filter Lin Pol at 0 and 90 Lin Pol at -45 and 45 Cir Pol



  

CMB polarization IICMB polarization II

● Definite spin

● 5% E­mode

● sqrt{r}*5% B­mode

Gradiant Pattern Curl Pattern



  

Review of Planck Review of Planck 
temperature resultstemperature results

● Satellite: 2009/05 launched,L2 
point



  



  

Review of Planck Review of Planck 
temperature resultstemperature results

● Satellite: 2009/05 launched

● First data release: 2013/03 T­map

● Second data release: expected 
2014/10~11, Pol­map

● Full sky

● Angular resolution: (~5')

● Sensitivity:

● 9 frequency channels: LFI/HFI



  

Review of Planck Review of Planck 
temperature resultstemperature results

● 9 frequency channels



  

Review of Planck Review of Planck 
temperature resultstemperature results

● 9 frequency channels



  

Primary Mirr

Sec Mirr

Focal Plane



  

Review of Planck Review of Planck 
temperature resultstemperature results

● S/N upto 100  

● ell_max=2500

● spectrum



  

Review of Planck Review of Planck 
temperature resultstemperature results

● S/N upto 100  

● ell_max=2500

● Spectrum

● Ns­r contour



  

Review of BICEP2 Review of BICEP2 
polarization resultspolarization results

● Location: South Pole



  

Review of BICEP2 Review of BICEP2 
polarization resultspolarization results

● Location: South Pole

● Ground base/ small patch of sky

(foreground relatively clean)

Credit: P. Coles



  

Review of BICEP2 Review of BICEP2 
polarization resultspolarization results

● Location: South Pole

● Ground base/a patch of sky

(foreground relatively clean

● Single channel:150GHz

● Angular resolution: ~30'

● Sensitivity:

● Foreground: depends on other exp



  

Review of BICEP2 Review of BICEP2 
polarization resultspolarization results

● Location: South Pole

● Ground base/a patch of sky

(foreground relatively clean)

● Angular resolution: ~30'

● Sensitivity:

● Foreground: depends on other exp

● Ell ~ (50,350)



  

Review of BICEP2 Review of BICEP2 
polarization resultspolarization results

● Location: South Pole

● Ground base/a patch of sky

(foreground relatively clean)

● Angular resolution: ~30'

● Sensitivity: ~ 1E­7

● Foreground: depends on other exp

● Ell ~ (50,350)

● Map



  

Review of BICEP2 Review of BICEP2 
polarization resultspolarization results

● BB spectrum



  

Review of BICEP2 Review of BICEP2 
polarization resultspolarization results

● BB spectrum

● Ns­r contour

Planck TT

BICEP2 w foreground

BICEP2 o foreground

(95%CL)



  

Reconstruction of Reconstruction of 
primordial spectra: Cubic primordial spectra: Cubic 

spline methodspline method
● Cubic spline 

● Scalar spectrum: Power law

log­log   straight line →

arXiv:1404.3690
Bin Hu, Jian-Wei Hu, Zong-Kuan Guo, Rong-Gen Cai

http://arxiv.org/find/astro-ph/1/au:+Hu_B/0/1/0/all/0/1
http://arxiv.org/find/astro-ph/1/au:+Hu_J/0/1/0/all/0/1
http://arxiv.org/find/astro-ph/1/au:+Guo_Z/0/1/0/all/0/1
http://arxiv.org/find/astro-ph/1/au:+Cai_R/0/1/0/all/0/1


  

Reconstruction of Reconstruction of 
primordial spectra: Cubic primordial spectra: Cubic 

spline methodspline method
●

Prim SpecCMB Spec

CL_TT

CL_BB

P_s

P_t

ell

CL_TT
Ten/Tot

10 100 1000 10000



  

Reconstruction of Reconstruction of 
primordial spectra: Cubic primordial spectra: Cubic 

spline methodspline method
● Scalar spectrum reconstruction: 
Scalar index running

Only planck

Planck+BICEP2



  

Reconstruction of Reconstruction of 
primordial spectra: Cubic primordial spectra: Cubic 

spline methodspline method
● Reconstruction of tensor spec



  

Reconstruction of Reconstruction of 
primordial spectra: Cubic primordial spectra: Cubic 

spline methodspline method
● 9 bandpower VS 5 bandpower

9 band 5 band



  

Reconstruction of Reconstruction of 
primordial spectra: Cubic primordial spectra: Cubic 

spline methodspline method
● Conclusion:
1. Scalar spectrum: strong significance of non­
zero running (3\sigma)

2. Tensor spectrum: significant tension in Planck 
and BICEP2 (2~3 sigma)

BICEP2

Planck

P_t

ell
10 100 400

Blue tilt
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