
   
   

 
  

 



François R. Bouchet, PPC@IUCAA,  9th October 2017 "Cosmic Microwave Background" 2 

Penzias et Wilson antenna… 
(Physics Nobel prize winners in 1978)  

Cosmic Background predicted by Gamow in 1948, and by Ralph Alpher & Robert 
Herman in 1950. Serendipitously observed in 1965 par Arno Penzias and Robert 
Wilson at the Murray Hill Centre (NJ) of the Bell Telephone Laboratories as « A 
source of excess noise in a radio Receiver ». Joint interpretation article in Physical 
Review by Dicke, Peebles, Roll, Wilkinson…(Princeton), contacted via Bernie Burke. 
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Frequency spectrum from COBE/FIRAS 

400σ : les barres d’erreurs ont été  
multipliées par 400 pour les rendre  

visibles par rapport à l’épaisseur  
du trait montrant un corps noir  

parfait à 2,728K…   

1st presented  
1990 @ AAS 

François R. Bouchet, PPC@IUCAA,  
9th October 2017 
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Tight contraints on Spectrum Distortion from BB 

Compton scatterings of γ by hot e 
depletes low E (Rayleigh-Jeans, hν/kT 
<1 ) for high E (Wien), thereby imposing 
a well defined distortion characterised 
by the single Compton parameter y (if 
non-relativistic)  

 
At z > 105, y > 1 (in standard BB), the 
plasma can reach statistical equilibrium.  
But when z < 107, there is no photon 
production, therefore no 
thermodynamical equilibrium; leads to a 
Bose-Einstein spectrum characterised 
by a chemical potential μ 
Very late energy release, at z << 103, 
can create free-free distortion, 
characterised by Yff. 

Impossible d’afficher l’image.

Smoot 9902027 

François R. Bouchet, PPC@IUCAA,  9th October 2017 

1965 > 1990+ 



 

François R. Bouchet, PPC@IUCAA,  
9th October 2017 
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Also sensitive to any energy input – exotic or astrophysics – a very extended net 

of the CMB spectrum 

Extending the window on small 
scale scalar primordial power 
spectrum (+9 e-folds) 
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Pixie 4 years 
50% sky  
proposed to 
NASA explorer 
Pgm In 12/2016 
For 2023 launch 
(with also r cap.) 



Planck 2015 maps (pla.esac.esa.int) 

1.3μK.deg,9.7’ 0.8μK.deg,5.0’ 0.5μK.deg,7.3’ 

3.5μK.deg,13’ 



François R. Bouchet, PPC@IUCAA,  9th October 
2017 "Cosmic Microwave Background" 9 

As Aff 

Asd Atd 

CO10 CO20 

y 

Peeling off foreground 
emissions… (inc. CIB) 

… leads to many 
scientific progresses… 



Planck 2015 T anisotropies map 

SMICA 
2015 
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Hou+ arXiv:1704.00884v1 
SPT@150GHz vs planck@143GHz  

SPT Planck 

SPT  
low-passed 

Planck 
high-passed 

Little residual in 
SPT-low minus 
Planck-high, 
but a variable 
source 

ACT@150GHz vs planck@143GHz  
Louis+ arXiv:1610.02360v1 



COBE/DMR T anisotropies map 
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We have essentially finished mining the cosmological Temperature anisotropies revealed by DMR 
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(and high-passed filtered at ~7o  ) 

30 GHz 

357 GHz 

François R. Bouchet, PPC@IUCAA,  9th October 2017 
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The Planck 2015 CMB polarisation sky 
at 5 arc minute resolution 

(largest scales have been filtered out) 



What we already knew 

François R. Bouchet, PPC@IUCAA,  9th October 2017 "Cosmic Microwave Background" 16 

WMAP3 
About 50  
locations? 
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GRAVITATIONAL LENSING 
DISTORTS IMAGES 

The gravitational effects of intervening matter bend the path of CMB light on its way from the 
early universe to the Planck telescope. This “gravitational lensing” distorts our image of the CMB 

(smoothing on the power spectrum, and correlations between scales) 

"Cosmic Microwave Background" 17 
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Projected mass map 

"Cosmic Microwave Background" 

2013 



TT, EE, BB, ΦΦ – early 2017 status 

"Cosmic Microwave Background" 19 
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  1 114 000 

Modes 
measured 
with TT,  
 
60 000 with 
TE (not 
shown)   
 
96 000 with 
EE 
 
… and 
10’s in BB 
    and φφ 
 
+ weak 
constraints 
with        TB 
and EB 

 τ = 0.055±0.009 

107 

    And 
statistically 
isotropic… 

François R. Bouchet, PPC@IUCAA,  9th October 2017 

E<0 E>0 

B<0 B>0 

(40σ detection) 



What have 
we learnt 

so far? 



TE large scale correlation 

"Cosmic Microwave Background" 

apparently a-
causal physics, 
calling for a 
period of 
accelerated 
expansion 
(Spergel & 
Zaldariaga 97) 
 
So the  
(apparent) 
horizon is 
actually only the 
Hubble length 

21 François R. Bouchet, PPC@IUCAA,  9th October 2017 



Adiabaticity 

"Cosmic Microwave Background" 22 

? 

Adiabatic IC Isocurvature IC 

E<0 E>0 

B<0 B>0 

François R. Bouchet, PPC@IUCAA,  9th October 2017 



Adiabaticity 

"Cosmic Microwave Background" 

Kinney 

✔ 

23 

Adiabatic IC Isocurvature IC 

François R. Bouchet, PPC@IUCAA,  9th October 2017 
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The Planck power spectrum of 
Temperature anisotropies 

"Cosmic Microwave Background" 

François R. Bouchet, PPC@IUCAA,  9th October 2017 
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Theory confronts data 

 

"Cosmic Microwave Background" 

François R. Bouchet, EPS-HEP@Venezia, 12 july 2017 



When Planck (& WMAP) were selected 

"Cosmic Microwave Background" 27 François R. Bouchet, PPC@IUCAA,  9th October 2017 



TT Consistency checks (freq, DS..) 

"Cosmic Microwave Background" 28 

12 different CMB 
takes are being 
differenced and 
expressed in CMB 
Sigma Units  
 
 All null tests OK 

Low/High precision 

   
 a

cc
ur

ac
y 

H
ig

h/
Lo

w
 

NB: DS not used but  
for consistency checks 

François R. Bouchet, PPC@IUCAA,  9th October 2017 

(+checks with  
WMAP, ACT, SPT...) 



Planck large scales confirm WMAP 

"Cosmic Microwave Background" 29 

P15 

to the 
extent 
permitted 
by the 
much 
higher 
WMAP 
noise 
level 

François R. Bouchet, PPC@IUCAA,  9th October 2017 



  

(Using 2540 deg2 SPT-SZ, Aylor+ arXiv:1706.10286v1 
 

Planck and SPT LCDM parameters fully 
consistent WITHIN the SPY sky patch  

Planck Full sky is consistent with SPT in-patch at all 
scale probed well by Planck (lmax =2000). 
Need to go to lmax_SPT=3000 to find some tension 
(at 3.2% PTE) [where SPT goes to larger H0 

Planck/SPT LCDM parameters consistency 

François R. Bouchet, PPC@IUCAA,  9th October 2017 
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What is the value of ns ? 

"Cosmic Microwave Background" 31 

Mukhanov & Chibisov (1981): 1st calculation of (scalar) quantum fluctuation of the 
vacuum in an inflating background. ns must be ~0.96 < 1 for inflation to end. 

A hundred-fold improvement 
in 20 years 

alone 

François R. Bouchet, PPC@IUCAA,  9th October 2017 



Planck 2015 on running 

"Cosmic Microwave Background" 32 

 The thin black stripe shows the prediction for single-field 
monomial chaotic inflationary models with 50 < N < 60. 

François R. Bouchet, PPC@IUCAA,  9th October 2017 



Bayesian moveable knot PS reconstruction 

 

"Cosmic Microwave Background" 33 

Adding  
0 to 8 
knots 
 
 
(in addition to 
minimum 2) 

No truly 
significant 
deviation 
found 
 
i.e. 
l=20 dent 
is only 
tantalising 
(as most 
other 
anomalies) 

François R. Bouchet, PPC@IUCAA,  9th October 2017 



     Power spectrum reconstruction 

"Cosmic Microwave Background" 34 

Bayesian 
reconstruction 
with varying 
number of 
nodes (<9) 
reconstruction
s weighted by 
their 
respective 
evidence.  
 
No strong 
evidence for 
feature or  
anomaly. 
 
(actually used 3 
different methods,  
all with 
similar results) 
 
 
 
 
 
 

9 e-folds 

François R. Bouchet, PPC@IUCAA,  9th October 2017 



(Unsuccessful) Search for features 

"Cosmic Microwave Background" 35 François R. Bouchet, PPC@IUCAA,  9th October 2017 



Planck 2015: ns vs r 

"Cosmic Microwave Background" 36 

Similar (indirect) r constraint than with 2013 release (r0.002 < 0.10 @ 95% CL vs 0.11)  

V*=(1.9 x 1016 GeV)4  (r/0.12) 

François R. Bouchet, PPC@IUCAA,  9th October 2017 



Sorting Single field slow-roll models… 

François R. Bouchet, PPC@IUCAA,  9th October 2017 "Cosmic Microwave Background" 37 

Jeffreys’ categories:  
• inconclusive: blue,  
• weakly disfavoured: red,  
• moderately disfavoured: green 
• strongly disfavoured: yellow 

ASPIC
 arX

iv/1303.3787 

“models” 
include 
different 
priors 

(ranking  
vs LCDM) 



CMB versus other GW detectors  

"Cosmic Microwave Background" 38 

March 27 

François R. Bouchet, PPC@IUCAA,  9th October 2017 

For the not-too-distant future, direct local detections can only constrain non-scale (blue) 
invariant primordial GW backgrounds 
Dedicated CMB experiments might soon (or not) yield a detection 
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Planck 2015 - TE & EE spectra 

 Red curve is the prediction based on the best fit TT in base ΛCDM 
 Albeit magnificent, 2015 polarisation data and results are 

preliminary because all systematic and foreground uncertainties 
have not been exhaustively characterised at O(1μK2).  

"Cosmic Microwave Background" 40 

Frequency averaged spectrum reduced 2 = 1.04 Frequency averaged spectrum reduced 2 = 1.01 

François R. Bouchet, PPC@IUCAA,  9th October 2017 



Base ΛCDM model 

"Cosmic Microwave Background" 41 

Note that parameters from TT & TE have similar uncertainties,  
but beware that they are still some low level systematics in the polarisation data 

François R. Bouchet, PPC@IUCAA,  9th October 2017 



It could have been otherwise! 

And it further constrains potential deviations from the base tilted LCDM model/physics 



Isocurvature modes fraction 

"Cosmic Microwave Background" 43 François R. Bouchet, PPC@IUCAA,  9th October 2017 (conservative, improvement ~ 10 in 10 years). 



Optical depth to reionization, τ 
 The scattering of CMB photons when the Universe 

reionized reduced the amplitudes (TT \propto Asexp-
2τ), but it also generated large scale E-mode at very 
large angular scales (EE \propto As τ2).  

 Note that TT first acoustic peak ~5600μK2, while EE 
signal is a few 10-2 μK2 … 

Planck Collaboration 2016 

EE TE 

 Grey bands = full sky sample variance if tau =  0.06 
44 



A quick « history » of tau 

 

45 

(w. BAO, and sym hist, zre = 8.5 +-1)  

Planck Intermediate  
Result, 2016 
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The world of physics is taken aback: 
 
« The search for primordial gravitationnal waves is over » 
 
« Andrei, it is r=0.2 and it is 5 sigma! » 

François R. Bouchet, PPC@IUCAA,  9th October 2017 



 Planck 353GHz reveals the Galactic magnetic field 

François R. Bouchet, PPC@IUCAA,  9th October 2017 "Cosmic Microwave Background" 47 

(whose effect can account for at least about ½ of the initial BICEP claim) 



Non- 
Gaussianity 
/ ISOTROPY 



Power asymmetry 

"Cosmic Microwave Background" 49 

Mais pas de non gaussianité à petite échelle (fnl, gnl…) 
François R. Bouchet, PPC@IUCAA,  9th October 2017 



Planck 2015 TT spectrum 

François R. Bouchet, PPC@IUCAA,  9th October 2017 "Cosmic Microwave Background" 50 

 CVL 

CVL till l~1600 on 40-70% of the sky 8 acoustic peaks well detected 



Next steps? 

 There are a number of tantalizing “anomalies” (l~20 dent, low 
multipoles alignment, statistical anisotropy, etc.). 

 These are at very large scales in Temperature, and not really 
statistically significant. (+pb of a posteriori statistics, recall SH) 

 Large scales in polarisation are quite hard to measure. So far 
the Planck teams have improved the tau measurement from 
EE (wrt 2015). We are working toward further improvements 
at the map level. Stay tuned for our so-called legacy release 
after the summer (TBC).  

 It is unclear (unlikely?) that ground CMB measurements can 
achieve very reliable results on these largest scales (e.g. 
ground pick-up, sky and frequency (FG) coverage). 

 No post-Planck satellite decided  (yet?) 
 Non-CMB experiments (21cm Intensity mapping…) will be 

even more challenging if at all doable (for that purpose)… 

"Cosmic Microwave Background" 51 François R. Bouchet, PPC@IUCAA,  9th October 2017 



CMB bispectrum fingerprinting 

NG of equilateral type  
(k1~k2~ k3): 
 Non-canonical kinetic term 

– K-inflation 
–  DBI inflation 

 Higher-derivate terms in 
Lagrangian 

– Ghost inflation 

 Effective field theory 

NG of orthogonal type 
(k1~2k2~ 2k3) : 
 Distinguishes between 

different variants of  
– Non-canonical kinetic 

term 
– Higher derivative 

interactions 

 Galileon inflation        

NG of local type (k1  k2 ~ k3): 
 Multi-field models 
 Curvaton 
 Ekpyrotic/cyclic models 

 
(Also NG of Folded type 
 Non Bunch-Davis 
 Higher derivative )  
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LEO (Local, Equilateral, Orthogonal) are common outputs 

François R. Bouchet, PPC@IUCAA,  9th October 2017 

 



Planck 2015 - Bispectrum constraints 

"Cosmic Microwave Background" 

 
flocal NL = 0.8 ± 5.0  
fequil NL =  - 4 ± 43  
fortho NL =-26 ± 21 
 

wrt Planck2013 

103 (Maxima 2001),  
102 (WMAP7),  
10 (Planck15)  

53 

A hundred-fold 
improvement in 14 

years 
François R. Bouchet, PPC@IUCAA,  9th October 2017 



Next steps? 

 Generically, NG constraints scale with one over the 
square root of the number of modes used.  
– Plank measured/used about all T modes. I.e., only the polarised 

modes are left to measure in the CMB, which means that we can 
improve the constraints by at most about a factor of 2.  

– So we cannot get to the Weakly non-linear effect of GR which 
are typically of fnl ~ O(1), and even less reach the Maldacena 
bound for single field slow roll of O(ns-1), i.e., O(0.04)!  

– Of course a detection is still possible at any time and would be 
extremely significant!  

 To go forward further, turn to 3D modes rather than 2D 
CMB modes, hopefully in linear or perturbative regime. 
– Intensity mapping will help, but to get close to Maldacena 

bound, we need to go on far side of the moon… Money… 

"Cosmic Microwave Background" 54 François R. Bouchet, PPC@IUCAA,  9th October 2017 
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Projected mass map 

"Cosmic Microwave Background" 

2013 



A foretaste of the CMB lensing near future… 

François R. Bouchet, PPC@IUCAA,  9th October 2017 "Cosmic Microwave Background" 56 

Omori+ arXiv:1705.00743: A 2500 deg2 CMB LENSING MAP FROM COMBINED SOUTH POLE TELESCOPE AND PLANCK DATA 

Start by creating first a 
temperature map of the 
SZ-SPT area that has a 
broader ell coverage 
and less noise than 
either individual map. 
 
In practice Planck 
provide the large scale 
modes and those 
missing due to SPT 
scanning strategy, and 
is completed with SPT 
information at other ell. 
 
We shall see a lot more 
of this data merging ! 
(Indeed Planck will not 
be superseded anytime 
soon, at least in some 
regions/scales)  

     



Lensing comes from a broad redshift range 

Raveri, Bull, Pogosian, Silvestri (2017)  

Fig. Benabed 

~1/2 of the peak signal 
comes from 1 < z < 5 

A unique contribution of CMB lensing to DE/MG search 
"Cosmic Microwave Background" 57 François R. Bouchet, PPC@IUCAA,  9th October 2017 



Next step? 

"Cosmic Microwave Background" 58 

Reconstruction noise of the lensing detection power spectrum from Planck 2015 (left) and 
forecasts. The detection power spectrum is plotted based on the linear matter power spectrum 
(black solid) and with non-linear corrections (black dashed). [MV=minimum Variance]. 

François R. Bouchet, PPC@IUCAA,  9th October 2017 



Standard cosmological model - LCDM 

"Cosmic Microwave Background" 

 The CMB TT, TE, EE, Φ-Φ, as well as BAO, BBN (but Li7), 
and SN1a measurements are all consistent, among 
themselves and across experiments, within LCDM. 

 This network of consistency tests is passed with per 
cent level precision. Idem for most parameters. 

 These tests allow many different checks of the 
robustness of this base LCDM model and of some of its 
extensions, including τ constrained two-ways thanks to 
CMB lensing, flatness at 5 x 10-3 level, neutrinos masses 
and number, DM annihilation limits, w(z), details of the 
recombination history (A2s1, T0, and also fundamental 
constants variation, or any energy input…).      

59 François R. Bouchet, PPC@IUCAA,  9th October 2017 



We tested & constrained a lot more… 

François R. Bouchet, PPC@IUCAA,  9th October 2017 "Cosmic Microwave Background" 60 

… 



BBN – Neff, Yp 

François R. Bouchet, PPC@IUCAA,  9th October 2017 "Cosmic Microwave Background" 

Planck baryometer  
OK with BBN (but Li7) 
 
Planck TT  + lowP + BAO 
Neff =3.15 ± 0.23 @ 95%cl; 
 
Neff = 4 is thus excluded at  
more than 3 sigma. 
 
Planck found no evidence of 
extra degrees of freedom at  
sub-eV mass level that could  
have coexisted with photons 
at recombination  

61 



Spatial curvature constraint 
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NB: Ωk =0.0004 ±  0.002 with  
SDSS3-DR12 Alam+ arXiv:1607.03155 

François R. Bouchet, PPC@IUCAA,  9th October 2017 



Spatial curvature constraint 

"Cosmic Microwave Background" 63 

Melchiorri et al. 2000 Jaffe et al. 2001 

Planck 2015 

Note the change of axes 
For Planck below 

A hundred-fold improvement in 15 years 
François R. Bouchet, PPC@IUCAA,  9th October 2017 



Next step? 

"Cosmic Microwave Background" 64 

 The Planck+ BAO tight constraint |ΩK| ≲ 5 × 10−3 
(95% C.L.) shows that spatial curvature is dynamically 
negligible,  affecting cosmic expansion by less than 
1% at any epoch. 

 Still, curvature detection could also constrain 
inflation. Indeed, possible ΩK is restricted by the 
flatness of the inflaton potential, IC, etc. E.g.: 
– Slow roll eternal inflation strongly predicts |ΩK| < 10−4 

– False vacuum eternal inflation ruled out if ΩK < −10−4 
(Kleban & Schillo 2012; Guth & Nomura 2012) 

 BUT Cosmic variance limits how well we can measure 
the spatial curvature of the Universe. 

 

 
François R. Bouchet, PPC@IUCAA,  9th October 2017 



 

Leonard, Bull, Allison (2016) 

(cannot be convincingly distinguished from primordial fluctuations?) 

"Cosmic Microwave Background" 65 François R. Bouchet, PPC@IUCAA,  9th October 2017 

(LSS) 

(From Horizon sized perts) 



Scolnic+  
arXiv:1710.00845v1 

Claim: The systematic 
uncertainties on our 
measurements of dark 
energy parameters are 
now smaller than the 
statistical uncertainties. 

• CMB from Planck 
Collaboration et al. (2016a) 
(Planck TT + lowP),  

• local value of H0 from 
(Riess et al. 2016),  

• BAO from the SDSS Main 
Galaxy Sample (Ross et al. 
2015), the Baryon 
Oscillation Spectroscopic 
Survey and CMASS survey 
(Anderson et al. 2014).  

François R. Bouchet, PPC@IUCAA,  9th October 2017 "Cosmic Microwave Background" 66 



Next steps? 

 Improve constraints on running: need a longer lever arm.  
 measure E-polarisation to cosmic variance to much smaller 
scales, thx to much more benign foregrounds than in 
Temperature. 

 Improve direct constraints/detect a primordial stochastic 
background of gravitational waves (goal σ_r ~ few 10-4): 
measure B-mode polarisation at relatively large scales, and deal 
with the not-so benign Dust foreground.  
deal with intrinsic foreground of lensing-induced B-modes, i.e., 

know the lensed E-modes very well over broad range of scales, 
and a tracer of the lensing gravitational potential (either non-
CMB, e.g., CIB -- or internal, a great goodie!). 

Of course future data will also be searched for “features”   
"Cosmic Microwave Background" 68 François R. Bouchet, PPC@IUCAA,  9th October 2017 



Not guaranteed 

 

François R. Bouchet, PPC@IUCAA,  9th October 2017 "Cosmic Microwave Background" 69 

(not enough  
for Generic  
model) 

Running 
uncertainty 



The good, the ?, the ?? 

François R. Bouchet, PPC@IUCAA,  9th October 2017 "Cosmic Microwave Background" 70 

H0 WL SZ 

JLA of SN 
Inverse  
H-ladder.. 

BAO Dv SN Ωm BBN Yp YDP 

(but 2.3 sig w. latest YDP) 

Freedman, arxiv/1706.02739 BUT GPE+ arXiv:1707.00483 Medezinski+ arXiv:1706.00434: a cluster mass 
dependence of the bias? 



No-luck, Systematics, or new physics? 

François R. Bouchet, PPC@IUCAA,  9th October 2017 "Cosmic Microwave Background" 71 

a cluster 
mass 
dependence 
of the bias? 

 Planck consistent with BAO, SN, BBN within LCDM. 
 H0 tension present also in WMAP+BAO+SN. 
 WMAP and Planck in very good agreement if compared at same scales. 
 WMAP+SPT do not have statistical power of Planck 
 Planck low‐l & Planck high-l are in good statistical agreement 
 Smoothing of high-l peaks and low-l deficit possibly responsible for shifts between low and high-l. 

 



"Cosmic Microwave Background" 72 François R. Bouchet, PPC@IUCAA,  9th October 
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BOSS RD12, Alam+2016, arXiv:1607.03155v1 

"Cosmic Microwave Background" 73 François R. Bouchet, PPC@IUCAA,  9th October 2017 



  

 tau = 0:07 \pm 0.02 

CMB, BAO… and Ho  
 

"Cosmic Microwave Background" 74 François R. Bouchet, PPC@IUCAA,  9th October 2017 

(Addison+ arXiv:1707.06547) 
 

blue shaded 
contours are 
the 
measureme
nts from the 
final BOSS 
DR12 
analysis 
(Alam et al. 
2016) 



  

CMB, BAO… and Ho  
 (Addison+ arXiv:1707.06547) 
 

"Cosmic Microwave Background" 75 François R. Bouchet, PPC@IUCAA,  9th October 2017 

These two results taken together  
(BAO + CMB, BAO+D/H) indicate 
that it is not possible to resolve 
the H0 disagreement solely 
through some systematic error 
specific to the Planck dataset. 



Summary: Basic ΛCDM fits 

"Cosmic Microwave Background" 

 CMB + LSS provide a consistent picture within LCDM. Content known with percent accuracy. 
 Primordial fluctuations are, to a very good approximation:  

– Isotropic  
– Gaussian     
– Adiabatic     (fluctuations in pressure α to the density) 
– Coherent     (fluctuations start @same time, harm. osc) 
– Close to Scale invariant  
– but not exactly    (ns =1 is excluded at more than 5σ) 

 With minimal cosmological content,  
– Flat spatial geometry    (is a very good approximation) 
– Matter is mostly dark    (and cold) 
– “Dark energy” consistent with Λ    (w=-1) 
– Small fraction of baryon, consistent with BBN 

 No gravitational waves    (10 percent level) 
 Large scale power, with TT versus TE anti-correlation (5o > ϑ > 1o ):  

– apparently a-causal physics, calling for a  period of accelerated expansion  
 
 I.e. all consistent within the generic inflationary framework,                                                   

completing the standard model of cosmology.  
 “Anomalies" are present at tantalizing levels, but at large scales. 
 Tensions? 

76 François R. Bouchet, PPC@IUCAA,  9th October 2017 



Planck 2017 “Legacy” Release 

 Expected after the summer. 
 

New set of maps with notably the processing 
improvements introduced for the HFI low-ell EE 
analysis (i.e., same TOIs, different HPR & data model) 

A new set of simulations with fidelity enhanced to 
much lower levels (for instrumental systematics, e.g., 
ADC NL, BP leakage, etc.) 

A new round of analyses (which is currently ongoing) 
with updated CMB likelihoods, chains and 
parameters, component maps, NG analysis, etc.  

"Cosmic Microwave Background" 77 François R. Bouchet, PPC@IUCAA,  9th October 2017 
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