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Changes	  for	  parameters,	  level	  1	  

•  Data	  from	  full	  mission	  
•  Understanding	  of	  “4K”	  line	  systema9cs	  
•  Increase	  in	  sky	  area	  used	  
•  Correc9ons	  for	  low	  levels	  of	  correlated	  noise	  
between	  detectors	  (though	  negligible	  for	  
usual	  parameters)	  



2013	  Survey1	  x	  Survey2	  vs	  	  
2013	  detset	  nominal	  

A&A proofs: manuscript no. paper

Fig. 1. The top four figures show di↵erences between the 217 ⇥ 217
nominal mission detset spectrum (N) and various cross-survey spectra.
The top figure compares the S 1 ⇥ S 2 spectrum. This is the equivalent
of the 217 ⇥ 217 panel in Figure 12 of SFH. The next figure show the
comparison with S 3 ⇥ S 4 and the next figure shows the mean of S 1 ⇥
S 2 + S 3 ⇥ S 4. The next panel compares the nominal mission detset
spectrum with the yearly cross-survey spectrum ((S 1+S 2)⇥(S 3+S 4)).
The bottom panel shows the 217 ⇥ 217 extended full mission detset
spectrum (EF) compared to the yearly cross-survey spectrum.

The layout of this letter is as follows. In Section 2, we de-
scribe new consistency tests, focussing primarily on the 217 GHz
channel. Section 3 compares cosmological parameters derived
from the nominal and full mission data with those derived by
SFH. Throughout this letter, the emphasis is on consistency tests
of the Planck data, rather than identifying the reasons for ⇠ 1�
shifts in cosmological parameters. Methodological di↵erences
that might be responsible for parameter shifts will be discussed
in detail in the Planck 2014 papers.

2. Detector-set vs cross-survey spectra

At each of the Planck High Frequency Instrument (HFI) frequen-
cies, the sky is observed by a number of detectors. For example,
at 217 GHz the sky is observed by 4 unpolarized spider-web
(SWB) bolometers and 8 polarization sensitive (PSB) bolome-
ters (see Planck Collaboration VI 2013; Planck Collaboration
XV 2013, for further details). The time-ordered data from the

12 bolometers can be combined (over any given period of time)
to produce a single map at 217 GHz. We will denote the com-
bined detector maps produced for sky survey 1, sky survey 2
etc. as S 1, S 2, S 3, S 4. We can also produce a temperature
map from each individual SWB and a temperature and polar-
ization map from quadruplets of PSBs. Thus at 217 GHz, we
produce 6 temperature maps, which we refer to as detector-set
maps (or detsets for short). To eliminate biases from instrument
noise, we use only cross-spectra in the Planck power spectrum
analysis. One can compute cross-survey spectra, for example
S 1 ⇥ S 2. However, one then pays a substantial signal-to-noise
penalty since half the data is e↵ectively discarded. Furthermore,
since each individual survey does not cover the complete sky, S 1
and S 2 contain non-identical missing areas of sky (leading to ir-
regularly shaped sky masks). In the Planck likelihood code, we
cross-correlated detset maps (excluding auto-spectra). This has
the advantage of retaining almost all of the information in the
Planck data, but has the disadvantage of susceptibility to biases
caused by correlated systematics between detectors observing
the sky at the same time. One therefore has to make a choice
between analysing cross-survey spectra, with associated loss of
signal-to-noise, or between analysing detset cross-spectra with
potentially greater susceptibility to systematics. The SFH anal-
ysis used cross-survey spectra, while the Planck analysis uses
detset cross-spectra. Of course, if systematics can be controlled
to a su�ciently low level, then the detset approach is the more
powerful.

From each of the 217 GHz survey maps, we compute the
following cross-spectra S 1⇥S 2, S 3⇥S 4, 0.5(S 1⇥S 2+S 3⇥S 4)
and (S 1 + S 2) ⇥ (S 3 + S 4). The sky masks are the same as the
217 GHz mask used in the 2013 Planck likelihood (GAxxxx,
retaining xxx% of sky), with identical point source masks. The
masks for S 1⇥S 2 and S 3⇥S 4 di↵er in that we exclude missing
sky area and any pixels observed only in one sky survey. The
yearly cross-survey spectra (S 1 + S 2) ⇥ (S 3 + S 4) have higher
signal-to-noise than either S 1 ⇥ S 2 or S 3 ⇥ S 4 and have the
added advantage that we can use almost identical masks to those
used for the detset spectra, thus eliminating cosmic variance in a
comparison of spectra.

The top four figures in Fig. 1 show the di↵erences between
the 217 ⇥ 217 nominal mission deteset spectrum and various
cross-survey spectra. No corrections for Galactic dust emis-
sion or unresolved foregrounds have been made to the spec-
tra. Since the masks are similar (almost identical in the case of
(S 1 + S 2) ⇥ (S 3 + S 4)), the spectra are highly correlated in the
signal dominated regime. There is therefore a characteristic scale
in this type of plot set by the onset of instrument noise. Over
the multipole range where the spectra are signal dominated, the
scatter is small (much less than the cosmic variance). In the top
two plots, the scatter abruptly increases at multipoles ⇠ 1800 be-
cause of the high noise in the S 1 ⇥ S 2 and S 3 ⇥ S 4 spectra. The
top figure is the equivalent of the 217 ⇥ 217 panel in Fig. 12 of
SFH. Fig. 1 shows hints of a deficit at multipoles ⇠ 1800 and
perhaps a slight excess at multipoles of ⇠ 2000. The S 3 ⇥ S 4
comparison shows futher evidence of a deficit at ` ⇠ 1800. The
yearly cross-survey spectra, which have the highest signal-to-
noise of the cross-survey spectra, show clear evidence of a deficit
at ` ⇠ 1800 and evidence for an excess at ` >⇠ 2000.

The dip at ` ⇠ 1800 is caused by electromagnetic interfer-
ence between the Joule-Thomson 4K cooler electronics and the
bolometer read out electronics. This interference leads to a set
of time-variable narrow lines in the time ordered data. The data
processing pipeline applies a filter to remove these lines, how-
ever, the filtering failed to reduce the impact of these lines to
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Fig. 1. The top four figures show di↵erences between the 217 ⇥ 217
nominal mission detset spectrum (N) and various cross-survey spectra.
The top figure compares the S 1 ⇥ S 2 spectrum. This is the equivalent
of the 217 ⇥ 217 panel in Figure 12 of SFH. The next figure show the
comparison with S 3 ⇥ S 4 and the next figure shows the mean of S 1 ⇥
S 2 + S 3 ⇥ S 4. The next panel compares the nominal mission detset
spectrum with the yearly cross-survey spectrum ((S 1+S 2)⇥(S 3+S 4)).
The bottom panel shows the 217 ⇥ 217 extended full mission detset
spectrum (EF) compared to the yearly cross-survey spectrum.

The layout of this letter is as follows. In Section 2, we de-
scribe new consistency tests, focussing primarily on the 217 GHz
channel. Section 3 compares cosmological parameters derived
from the nominal and full mission data with those derived by
SFH. Throughout this letter, the emphasis is on consistency tests
of the Planck data, rather than identifying the reasons for ⇠ 1�
shifts in cosmological parameters. Methodological di↵erences
that might be responsible for parameter shifts will be discussed
in detail in the Planck 2014 papers.

2. Detector-set vs cross-survey spectra

At each of the Planck High Frequency Instrument (HFI) frequen-
cies, the sky is observed by a number of detectors. For example,
at 217 GHz the sky is observed by 4 unpolarized spider-web
(SWB) bolometers and 8 polarization sensitive (PSB) bolome-
ters (see Planck Collaboration VI 2013; Planck Collaboration
XV 2013, for further details). The time-ordered data from the

12 bolometers can be combined (over any given period of time)
to produce a single map at 217 GHz. We will denote the com-
bined detector maps produced for sky survey 1, sky survey 2
etc. as S 1, S 2, S 3, S 4. We can also produce a temperature
map from each individual SWB and a temperature and polar-
ization map from quadruplets of PSBs. Thus at 217 GHz, we
produce 6 temperature maps, which we refer to as detector-set
maps (or detsets for short). To eliminate biases from instrument
noise, we use only cross-spectra in the Planck power spectrum
analysis. One can compute cross-survey spectra, for example
S 1 ⇥ S 2. However, one then pays a substantial signal-to-noise
penalty since half the data is e↵ectively discarded. Furthermore,
since each individual survey does not cover the complete sky, S 1
and S 2 contain non-identical missing areas of sky (leading to ir-
regularly shaped sky masks). In the Planck likelihood code, we
cross-correlated detset maps (excluding auto-spectra). This has
the advantage of retaining almost all of the information in the
Planck data, but has the disadvantage of susceptibility to biases
caused by correlated systematics between detectors observing
the sky at the same time. One therefore has to make a choice
between analysing cross-survey spectra, with associated loss of
signal-to-noise, or between analysing detset cross-spectra with
potentially greater susceptibility to systematics. The SFH anal-
ysis used cross-survey spectra, while the Planck analysis uses
detset cross-spectra. Of course, if systematics can be controlled
to a su�ciently low level, then the detset approach is the more
powerful.

From each of the 217 GHz survey maps, we compute the
following cross-spectra S 1⇥S 2, S 3⇥S 4, 0.5(S 1⇥S 2+S 3⇥S 4)
and (S 1 + S 2) ⇥ (S 3 + S 4). The sky masks are the same as the
217 GHz mask used in the 2013 Planck likelihood (GAxxxx,
retaining xxx% of sky), with identical point source masks. The
masks for S 1⇥S 2 and S 3⇥S 4 di↵er in that we exclude missing
sky area and any pixels observed only in one sky survey. The
yearly cross-survey spectra (S 1 + S 2) ⇥ (S 3 + S 4) have higher
signal-to-noise than either S 1 ⇥ S 2 or S 3 ⇥ S 4 and have the
added advantage that we can use almost identical masks to those
used for the detset spectra, thus eliminating cosmic variance in a
comparison of spectra.

The top four figures in Fig. 1 show the di↵erences between
the 217 ⇥ 217 nominal mission deteset spectrum and various
cross-survey spectra. No corrections for Galactic dust emis-
sion or unresolved foregrounds have been made to the spec-
tra. Since the masks are similar (almost identical in the case of
(S 1 + S 2) ⇥ (S 3 + S 4)), the spectra are highly correlated in the
signal dominated regime. There is therefore a characteristic scale
in this type of plot set by the onset of instrument noise. Over
the multipole range where the spectra are signal dominated, the
scatter is small (much less than the cosmic variance). In the top
two plots, the scatter abruptly increases at multipoles ⇠ 1800 be-
cause of the high noise in the S 1 ⇥ S 2 and S 3 ⇥ S 4 spectra. The
top figure is the equivalent of the 217 ⇥ 217 panel in Fig. 12 of
SFH. Fig. 1 shows hints of a deficit at multipoles ⇠ 1800 and
perhaps a slight excess at multipoles of ⇠ 2000. The S 3 ⇥ S 4
comparison shows futher evidence of a deficit at ` ⇠ 1800. The
yearly cross-survey spectra, which have the highest signal-to-
noise of the cross-survey spectra, show clear evidence of a deficit
at ` ⇠ 1800 and evidence for an excess at ` >⇠ 2000.

The dip at ` ⇠ 1800 is caused by electromagnetic interfer-
ence between the Joule-Thomson 4K cooler electronics and the
bolometer read out electronics. This interference leads to a set
of time-variable narrow lines in the time ordered data. The data
processing pipeline applies a filter to remove these lines, how-
ever, the filtering failed to reduce the impact of these lines to
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2013	  Year1	  x	  Year2	  extended	  sky	  vs	  	  
DS	  nominal	  &	  DS	  full	  extended	  sky	  
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Fig. 1. The top four figures show di↵erences between the 217 ⇥ 217
nominal mission detset spectrum (N) and various cross-survey spectra.
The top figure compares the S 1 ⇥ S 2 spectrum. This is the equivalent
of the 217 ⇥ 217 panel in Figure 12 of SFH. The next figure show the
comparison with S 3 ⇥ S 4 and the next figure shows the mean of S 1 ⇥
S 2 + S 3 ⇥ S 4. The next panel compares the nominal mission detset
spectrum with the yearly cross-survey spectrum ((S 1+S 2)⇥(S 3+S 4)).
The bottom panel shows the 217 ⇥ 217 extended full mission detset
spectrum (EF) compared to the yearly cross-survey spectrum.

The layout of this letter is as follows. In Section 2, we de-
scribe new consistency tests, focussing primarily on the 217 GHz
channel. Section 3 compares cosmological parameters derived
from the nominal and full mission data with those derived by
SFH. Throughout this letter, the emphasis is on consistency tests
of the Planck data, rather than identifying the reasons for ⇠ 1�
shifts in cosmological parameters. Methodological di↵erences
that might be responsible for parameter shifts will be discussed
in detail in the Planck 2014 papers.

2. Detector-set vs cross-survey spectra

At each of the Planck High Frequency Instrument (HFI) frequen-
cies, the sky is observed by a number of detectors. For example,
at 217 GHz the sky is observed by 4 unpolarized spider-web
(SWB) bolometers and 8 polarization sensitive (PSB) bolome-
ters (see Planck Collaboration VI 2013; Planck Collaboration
XV 2013, for further details). The time-ordered data from the

12 bolometers can be combined (over any given period of time)
to produce a single map at 217 GHz. We will denote the com-
bined detector maps produced for sky survey 1, sky survey 2
etc. as S 1, S 2, S 3, S 4. We can also produce a temperature
map from each individual SWB and a temperature and polar-
ization map from quadruplets of PSBs. Thus at 217 GHz, we
produce 6 temperature maps, which we refer to as detector-set
maps (or detsets for short). To eliminate biases from instrument
noise, we use only cross-spectra in the Planck power spectrum
analysis. One can compute cross-survey spectra, for example
S 1 ⇥ S 2. However, one then pays a substantial signal-to-noise
penalty since half the data is e↵ectively discarded. Furthermore,
since each individual survey does not cover the complete sky, S 1
and S 2 contain non-identical missing areas of sky (leading to ir-
regularly shaped sky masks). In the Planck likelihood code, we
cross-correlated detset maps (excluding auto-spectra). This has
the advantage of retaining almost all of the information in the
Planck data, but has the disadvantage of susceptibility to biases
caused by correlated systematics between detectors observing
the sky at the same time. One therefore has to make a choice
between analysing cross-survey spectra, with associated loss of
signal-to-noise, or between analysing detset cross-spectra with
potentially greater susceptibility to systematics. The SFH anal-
ysis used cross-survey spectra, while the Planck analysis uses
detset cross-spectra. Of course, if systematics can be controlled
to a su�ciently low level, then the detset approach is the more
powerful.

From each of the 217 GHz survey maps, we compute the
following cross-spectra S 1⇥S 2, S 3⇥S 4, 0.5(S 1⇥S 2+S 3⇥S 4)
and (S 1 + S 2) ⇥ (S 3 + S 4). The sky masks are the same as the
217 GHz mask used in the 2013 Planck likelihood (GAxxxx,
retaining xxx% of sky), with identical point source masks. The
masks for S 1⇥S 2 and S 3⇥S 4 di↵er in that we exclude missing
sky area and any pixels observed only in one sky survey. The
yearly cross-survey spectra (S 1 + S 2) ⇥ (S 3 + S 4) have higher
signal-to-noise than either S 1 ⇥ S 2 or S 3 ⇥ S 4 and have the
added advantage that we can use almost identical masks to those
used for the detset spectra, thus eliminating cosmic variance in a
comparison of spectra.

The top four figures in Fig. 1 show the di↵erences between
the 217 ⇥ 217 nominal mission deteset spectrum and various
cross-survey spectra. No corrections for Galactic dust emis-
sion or unresolved foregrounds have been made to the spec-
tra. Since the masks are similar (almost identical in the case of
(S 1 + S 2) ⇥ (S 3 + S 4)), the spectra are highly correlated in the
signal dominated regime. There is therefore a characteristic scale
in this type of plot set by the onset of instrument noise. Over
the multipole range where the spectra are signal dominated, the
scatter is small (much less than the cosmic variance). In the top
two plots, the scatter abruptly increases at multipoles ⇠ 1800 be-
cause of the high noise in the S 1 ⇥ S 2 and S 3 ⇥ S 4 spectra. The
top figure is the equivalent of the 217 ⇥ 217 panel in Fig. 12 of
SFH. Fig. 1 shows hints of a deficit at multipoles ⇠ 1800 and
perhaps a slight excess at multipoles of ⇠ 2000. The S 3 ⇥ S 4
comparison shows futher evidence of a deficit at ` ⇠ 1800. The
yearly cross-survey spectra, which have the highest signal-to-
noise of the cross-survey spectra, show clear evidence of a deficit
at ` ⇠ 1800 and evidence for an excess at ` >⇠ 2000.

The dip at ` ⇠ 1800 is caused by electromagnetic interfer-
ence between the Joule-Thomson 4K cooler electronics and the
bolometer read out electronics. This interference leads to a set
of time-variable narrow lines in the time ordered data. The data
processing pipeline applies a filter to remove these lines, how-
ever, the filtering failed to reduce the impact of these lines to
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2013	  nominal	  to	  2013	  Y1xY2	  extended	  

Parameter	   2013N	   2013CYE	  

100	  θMC	   1.04131	  ±	  0.00063	   1.04121	  ±	  0.00048	  	  

Ωbh2	   0.02205	  ±	  0.00028	   0.02230	  ±	  0.00023	  	  

Ωch2	   0.1199	  ±	  0.0027	   0.1188	  ±	  0.0022	  	  

H0	   67.3	  ±	  1.2	   67.8	  ±	  1.0	  	  

ns	   0.9603	  ±	  0.0073	   0.9655	  ±	  0.0062	  	  

Ωm	   0.315	  ±	  0.017	   0.308	  ±	  0.013	  	  

σ8	   0.829	  ±	  0.012	   0.828	  ±	  0.011	  	  

τ	   0.089	  ±	  0.013	   0.094	  ±	  0.013	  	  



2013:	  nominal	  to	  Y1xY2	  extended	  
Parameter	   Δparam	  (%	  of	  2013N	  σ’s)	   σ	  (%	  of	  2013N	  σ’s)	  	  	  

100	  θMC	   -‐16	   76	  

Ωbh2	   	  89	   82	  

Ωch2	   -‐41	   81	  

H0	   	  42	   83	  

ns	   	  71	   85	  

Ωm	   -‐41	   76	  

σ8	   	  	  -‐8	   92	  

τ	   	  38	   100	  



Changes	  for	  parameters,	  level	  2	  	  

•  Improved	  TOI	  processing	  
•  Calibra9on	  and	  beams	  
•  Alterna9ve	  implementa9on	  of	  likelihood	  used	  
•  Improved	  foreground	  handling,	  including	  dust	  
emission	  at	  all	  frequencies	  

•  Cross-‐half-‐mission,	  not	  detsets,	  now	  the	  
default	  

•  Polariza9on	  now	  an	  op9on	  in	  the	  likelihood	  

preliminary	  



So	  now,	  with	  2014	  TT	  
Planck Collaboration: Cosmological parameters
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Fig. 1. The maximum likelihood frequency averaged temperature spectrum computed from the Plik cross half-mission likelihood.
The best fit base ⇤CDM theoretical spectrum fitted to the TT likelihood is plotted in the upper panel. Residuals with respect to this
model are shown in the lower panel. The error bars show ±1� errors. FIXME: Commander data points to be updated

hood methodology by developing several independently written
pipelines. Some of these are described in ?. The most highly de-
veloped of these are the CamSpec and revised Plik pipelines.
For the 2014 Planck papers, we have chosen the Plik pipeline
as the baseline. Column 6 of Table 1 lists the cosmological pa-
rameters for base ⇤CDM determined from the Plik cross half-
mission likelihood together with the lowP likelihood applied to
the 2014 full mission data. The sky coverage used in this like-
lihood is identical to that used for the CamSpec 2014F(CHM)
likelihood. However, the two likelihoods di↵er in the modelling
of instrumental noise, Galactic dust, treatment of relative cali-
brations and multipole limits applied to each spectrum.

As summarized in column 8 of Table 1, the Plik and
CamSpec parameters agree to within 0.2�, except for ns, which
di↵ers by nearly 0.5�. The di↵erence in ns is, perhaps, not sur-
prising since this parameter is sensitive to small di↵erences in
the foreground modelling. The di↵erence in ns are systematic
and persist throughout the grid of extended ⇤CDM models dis-
cussed in Sect. 6. We emphasise that the CamSpec and Plik like-
lihoods have been written independently, though they are based
on the same theoretical framework. None of the conclusions in
this paper (including those based on the full TT,TE,EE likeli-
hoods) would di↵er in any substantive way had we chosen to
use the CamSpec likelihood in place of Plik. The overall shifts
of parameters between the Plik 2014 likelihood and the pub-
lished 2013 nominal mission parameters are summarized in col-
umn 7 of Table 1 . These shifts are within 0.71� except for the
parameters ⌧ and Ase�2⌧.

In summary, the Planck 2013 cosmological parameters were
pulled slightly towards lower H0 and ns by the ` ⇡ 1800 4K line
systematic in the 217 ⇥ 217 cross-spectrum, but the net e↵ect of
this systematic is small, leading to shifts of 0.5� or less in cos-
mological parameters. Changes to the low level data processing,
beams, sky coverage etc and likelihood code also produce shifts
of typically 0.5� or less. The net e↵ect of these changes is to
introduce parameter shifts relative to PCP13 of less than 0.71�
with the exception of ⌧ and Ase�2⌧. The main scientific conclu-
sions of PCP13 are therefore consistent with the 2014 Planck
analysis.

Parameters for the base ⇤CDM cosmology derived from full
mission detset, cross year, or cross half-mission spectra are in
extremely good agreement demonstrating that cotemporal sys-
tematics are at low levels. This is also true for the extensions
of the ⇤CDM model discused in Sect. 6. It is therefore worth
discussing why we have adopted the cross half-mission likeli-
hood as the baseline for this and other 2014 Planck papers. The
cross half-mission likelihood has a lower signal-to-noise than the
full mission detset likelihood, however the errors on the cosmo-
logical parameters from the two likelihoods are almost identi-
cal as can be seen from the entries in Table 1. This is also true
for extended ⇤CDM models. However, for more complicated
tests such as searches for localised features in the power spec-
tra (Planck Collaboration A24 2014), residual 4K line systemat-
ics and uncorrelated correlated noise at high multipoles in the
detset likelihood can produce apparently significant results. We
have therefore decided to adopt the cross half-mission likelihood

7

preliminary	  



2013	  Y1xY2	  E	  (CamSpec)	  to	  	  
2014	  cross-‐half-‐mission	  (Plik)	  

Parameter	   2013CYE	   2014	  CHM	  Plik	  

100	  θMC	   1.04121	  ±	  0.00048	  	   1.04086	  ±	  0.00048	  	  

Ωbh2	   0.02230	  ±	  0.00023	  	   0.02222	  ±	  0.00023	  	  

Ωch2	   0.1188	  ±	  0.0022	  	   0.1199	  ±	  0.0022	  	  

H0	   67.8	  ±	  1.0	  	   67.26	  ±	  0.98	  	  

ns	   0.9655	  ±	  0.0062	  	   0.9652	  ±	  0.0062	  	  

Ωm	   0.308	  ±	  0.013	  	   0.316	  ±	  0.014	  	  

σ8	   0.828	  ±	  0.011	  	   0.830	  ±	  0.015	  	  

τ	   0.094	  ±	  0.013	  	   0.078	  ±	  0.019	  	  

109Ase−2τ	  	   1.831	  ±	  0.011	  	   1.881	  ±	  0.014	  	  

preliminary	  



So,	  how	  did	  we	  do	  for	  2013?	  
Parameter	   Δparam	  (%	  of	  2014	  σ’s)	  	  	  	  

100	  θMC	   	  	  94	  

Ωbh2	   	  -‐74	  

Ωch2	   	  	  	  	  0	  

H0	   	  	  	  	  4	  

ns	   	  -‐79	  

Ωm	   	  	  	  -‐7	  

σ8	   	  	  	  -‐7	  

τ	   	  	  	  58	  

109Ase−2τ	  	   -‐320	  

preliminary	  



How	  are	  we	  doing	  for	  2014?	  
Parameter	   CamSpec-‐Plik	  (%	  of	  2014	  σ’s)	  

100	  θMC	   	  	  17	  

Ωbh2	   	  	  13	  

Ωch2	   	  -‐23	  

H0	   	  	  	  22	  

ns	   	  	  	  48	  

Ωm	   	  	  -‐21	  

σ8	   	  	  	  	  -‐7	  

τ	   	  	  	  	  	  5	  

109Ase−2τ	  	   	  	  -‐43	  

preliminary	  



Now	  we	  have	  2014	  TE	  &	  EE…	  

Planck Collaboration: Cosmological parameters
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Fig. 3. The frequency averaged TE and EE spectra (without fitting for T -P leakage). The theoretical TE and EE spectra plotted in
the upper panel are computed from the TT best fit model of Fig. 1. Resduals with respect to this theoretical model are shown in the
lower panels. The error bars show ±1� errors. The orange lines in the lower panels show the best fit T -P leakage model of Equ. 11
fitted separately to the T E and EE spectra.

Fig. 4. The black lines in show the expected TE and EE spectra given the TT data. The shaded areas show the 1 and 2� ranges
computed from Equ. 15. The blue points show the residuals for the measured TE and EE spectra.

fits let us expect, we do find strong evidence for systematics in
the polarization spectra. With our present understanding of the
Planck polarization data, we believe that the dominant source
of systematic in the polarization spectra is caused by beam mis-
match which generate leakage from temperature to polarization
(recall that the HFI polarization maps are generated by di↵erenc-
ing signals in quadruplets of polarization sensitive bolometers).
In principle, with accurate knowledge of the beams this leakage
could be described by e↵ective polarized beam window func-
tions. For the 2014 papers, we use the TT beams, rather than
polarized beams, and describe temperature to polarization leak-
age in terms of a polynomial ✏`. The impact of beam mismatch
on the polarization spectra in this model is

�CT E
` = ✏`CTT

` , (10a)
�CEE
` = ✏2`C

TT
` + 2✏`CT E

` . (10b)

As a consequence of the Planck scanning strategy, pixels are
visited every 6 months with a rotation of 180� of the focal plance,
leading to a weak coupling to beam modes b`m with odd values

of m. The dominant contributions are expected to come from
modes with m = 2 and 4 describing the beam ellipticity. We
therefore fit the spectra using a fourth order polynomial

✏` = a1` + a2`
2 + a3`

3 + a4`
4, (11)

treating the coe�cients a1, . . . , a4 as nuisance parameters, to-
gether with multiplicative relative calibration factors for each of
the TE and EE spectra (absorbing errors introduced by the polar-
ization e�ciencies of the bolometers). Consistency between the
model of Equ. 11 fitted separately to the TE and EE spectra can
be used as a crude indicator of whether the model is physically
reasonable. Make clear whether you fit a single model of ✏` to TE
and EE spectra . Furthermore, the T -P leakage tends to cancel
in the coadded polarization spectra, so that the net e↵ect of the
leakage corrections are small. This can be seen in the lower pan-
els of Figs. 2, which show the leakage model of Equ. 11 fitted
separately to the T E and EE spectra. The residual systematics
in these coadded polarization spectra are evidently at low levels,
but until we have a more accurate characterisation of the Planck
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Table 3. Parameters of the base ⇤CDM cosmology computed the 2014 Planck likelihoods illustrating the consistency of parameters
determined from the temperature and polarization spectra at high multipoles. Column [1] uses the TT spectra at high multipoles and
is the same as column [5] of Table 1. (Actually column [4] until we replace the numbers with Plik ). Columns [2] and [3] use only
the TE and EE spectra at high multipoles. Column [4] uses the full TT+TE+EE likelihood. The last column lists the deviations of
the cosmological parameters determined from the TT and TT+TE+EE likelihoods.
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!c . . . . . . . . . . . . 0.1194 ± 0.0022 0.1163 ± 0.0020 0.1188 ± 0.0022 0.1191 ± 0.0014 0.14
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ns . . . . . . . . . . . . 0.9682 ± 0.0062 0.982 ± 0.010 0.976 ± 0.011 0.9681 ± 0.0047 �0.02
⌦m . . . . . . . . . . . . 0.313 ± 0.013 0.294 ± 0.011 0.283 ± 0.026 0.3107 ± 0.0086 0.18
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determined from the temperature and polarization spectra at high multipoles. Column [1] uses the TT spectra at high multipoles and
is the same as column [5] of Table 1. (Actually column [4] until we replace the numbers with Plik ). Columns [2] and [3] use only
the TE and EE spectra at high multipoles. Column [4] uses the full TT+TE+EE likelihood. The last column lists the deviations of
the cosmological parameters determined from the TT and TT+TE+EE likelihoods.

Parameter [1] Planck TT+lowTEB [2] Planck TE+lowTEB [3] Planck EE+lowTEB [4] Planck TT+TE+EE+lowTEB ([1] � [4])/�[1]

100✓MC . . . . . . . . . 1.04094 ± 0.00048 1.04134 ± 0.00048 1.03390 ± 0.00073 1.04084 ± 0.00031 0.21
!b . . . . . . . . . . . . 0.02225 ± 0.00023 0.02241 ± 0.00024 0.0241 ± 0.0011 0.02236 ± 0.00016 �0.47
!c . . . . . . . . . . . . 0.1194 ± 0.0022 0.1163 ± 0.0020 0.1188 ± 0.0022 0.1191 ± 0.0014 0.14
H0 . . . . . . . . . . . . 67.48 ± 0.98 68.86 ± 0.88 70.4 ± 2.4 67.65 ± 0.63 �0.17
ns . . . . . . . . . . . . 0.9682 ± 0.0062 0.982 ± 0.010 0.976 ± 0.011 0.9681 ± 0.0047 �0.02
⌦m . . . . . . . . . . . . 0.313 ± 0.013 0.294 ± 0.011 0.283 ± 0.026 0.3107 ± 0.0086 0.18
�8 . . . . . . . . . . . . 0.829 ± 0.015 0.804 ± 0.020 0.794 ± 0.022 0.826 ± 0.013 0.20
⌧ . . . . . . . . . . . . . 0.079 ± 0.019 0.065 ± 0.022 0.061 ± 0.021 0.078 ± 0.017 0.05
109Ase�2⌧ . . . . . . . . 1.857 ± 0.014 1.847 ± 0.026 1.891 ± 0.028 1.874 ± 0.012 0.07

0.04 0.08 0.12

�

0.021

0.024

0.027

0.030

�
b
h2

0.10

0.11

0.12

0.13

�
ch

2

2.96

3.04

3.12

3.20

ln
(1

01
0
A

s)

0.93

0.96

0.99

1.02

n s

1.038 1.040 1.042
100�MC

0.04

0.08

0.12

�

0.021 0.024 0.027 0.030
�bh2

0.10 0.11 0.12 0.13
�ch2

2.96 3.04 3.12 3.20
ln(1010As)

0.93 0.96 0.99 1.02
ns

Planck EE+lowEB

Planck TE+lowEB

Planck TT+lowP

Planck TT,TE,EE+lowP

Fig. 5. Comparison of the base ⇤CDM model parameters from Planck temperature and polarization.

14

Planck Collaboration: Cosmological parameters
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Table 3. Parameters of the base ⇤CDM cosmology computed the 2014 Planck likelihoods illustrating the consistency of parameters
determined from the temperature and polarization spectra at high multipoles. Column [1] uses the TT spectra at high multipoles and
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Table 3. Parameters of the base ⇤CDM cosmology computed the 2014 Planck likelihoods illustrating the consistency of parameters
determined from the temperature and polarization spectra at high multipoles. Column [1] uses the TT spectra at high multipoles and
is the same as column [5] of Table 1. (Actually column [4] until we replace the numbers with Plik ). Columns [2] and [3] use only
the TE and EE spectra at high multipoles. Column [4] uses the full TT+TE+EE likelihood. The last column lists the deviations of
the cosmological parameters determined from the TT and TT+TE+EE likelihoods.
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Table 3. Parameters of the base ⇤CDM cosmology computed the 2014 Planck likelihoods illustrating the consistency of parameters
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is the same as column [5] of Table 1. (Actually column [4] until we replace the numbers with Plik ). Columns [2] and [3] use only
the TE and EE spectra at high multipoles. Column [4] uses the full TT+TE+EE likelihood. The last column lists the deviations of
the cosmological parameters determined from the TT and TT+TE+EE likelihoods.

Parameter [1] Planck TT+lowTEB [2] Planck TE+lowTEB [3] Planck EE+lowTEB [4] Planck TT+TE+EE+lowTEB ([1] � [4])/�[1]

100✓MC . . . . . . . . . 1.04094 ± 0.00048 1.04134 ± 0.00048 1.03390 ± 0.00073 1.04084 ± 0.00031 0.21
!b . . . . . . . . . . . . 0.02225 ± 0.00023 0.02241 ± 0.00024 0.0241 ± 0.0011 0.02236 ± 0.00016 �0.47
!c . . . . . . . . . . . . 0.1194 ± 0.0022 0.1163 ± 0.0020 0.1188 ± 0.0022 0.1191 ± 0.0014 0.14
H0 . . . . . . . . . . . . 67.48 ± 0.98 68.86 ± 0.88 70.4 ± 2.4 67.65 ± 0.63 �0.17
ns . . . . . . . . . . . . 0.9682 ± 0.0062 0.982 ± 0.010 0.976 ± 0.011 0.9681 ± 0.0047 �0.02
⌦m . . . . . . . . . . . . 0.313 ± 0.013 0.294 ± 0.011 0.283 ± 0.026 0.3107 ± 0.0086 0.18
�8 . . . . . . . . . . . . 0.829 ± 0.015 0.804 ± 0.020 0.794 ± 0.022 0.826 ± 0.013 0.20
⌧ . . . . . . . . . . . . . 0.079 ± 0.019 0.065 ± 0.022 0.061 ± 0.021 0.078 ± 0.017 0.05
109Ase�2⌧ . . . . . . . . 1.857 ± 0.014 1.847 ± 0.026 1.891 ± 0.028 1.874 ± 0.012 0.07

0.04 0.08 0.12

�

0.021

0.024

0.027

0.030

�
b
h2

0.10

0.11

0.12

0.13

�
ch

2

2.96

3.04

3.12

3.20

ln
(1

01
0
A

s)

0.93

0.96

0.99

1.02

n s

1.038 1.040 1.042
100�MC

0.04

0.08

0.12

�

0.021 0.024 0.027 0.030
�bh2

0.10 0.11 0.12 0.13
�ch2

2.96 3.04 3.12 3.20
ln(1010As)

0.93 0.96 0.99 1.02
ns

Planck EE+lowEB

Planck TE+lowEB

Planck TT+lowP

Planck TT,TE,EE+lowP

Fig. 5. Comparison of the base ⇤CDM model parameters from Planck temperature and polarization.

14

Planck Collaboration: Cosmological parameters

Table 3. Parameters of the base ⇤CDM cosmology computed the 2014 Planck likelihoods illustrating the consistency of parameters
determined from the temperature and polarization spectra at high multipoles. Column [1] uses the TT spectra at high multipoles and
is the same as column [5] of Table 1. (Actually column [4] until we replace the numbers with Plik ). Columns [2] and [3] use only
the TE and EE spectra at high multipoles. Column [4] uses the full TT+TE+EE likelihood. The last column lists the deviations of
the cosmological parameters determined from the TT and TT+TE+EE likelihoods.

Parameter [1] Planck TT+lowTEB [2] Planck TE+lowTEB [3] Planck EE+lowTEB [4] Planck TT+TE+EE+lowTEB ([1] � [4])/�[1]

100✓MC . . . . . . . . . 1.04094 ± 0.00048 1.04134 ± 0.00048 1.03390 ± 0.00073 1.04084 ± 0.00031 0.21
!b . . . . . . . . . . . . 0.02225 ± 0.00023 0.02241 ± 0.00024 0.0241 ± 0.0011 0.02236 ± 0.00016 �0.47
!c . . . . . . . . . . . . 0.1194 ± 0.0022 0.1163 ± 0.0020 0.1188 ± 0.0022 0.1191 ± 0.0014 0.14
H0 . . . . . . . . . . . . 67.48 ± 0.98 68.86 ± 0.88 70.4 ± 2.4 67.65 ± 0.63 �0.17
ns . . . . . . . . . . . . 0.9682 ± 0.0062 0.982 ± 0.010 0.976 ± 0.011 0.9681 ± 0.0047 �0.02
⌦m . . . . . . . . . . . . 0.313 ± 0.013 0.294 ± 0.011 0.283 ± 0.026 0.3107 ± 0.0086 0.18
�8 . . . . . . . . . . . . 0.829 ± 0.015 0.804 ± 0.020 0.794 ± 0.022 0.826 ± 0.013 0.20
⌧ . . . . . . . . . . . . . 0.079 ± 0.019 0.065 ± 0.022 0.061 ± 0.021 0.078 ± 0.017 0.05
109Ase�2⌧ . . . . . . . . 1.857 ± 0.014 1.847 ± 0.026 1.891 ± 0.028 1.874 ± 0.012 0.07

0.04 0.08 0.12

�

0.021

0.024

0.027

0.030

�
b
h

2

0.10

0.11

0.12

0.13

�
c
h

2

2.96

3.04

3.12

3.20
ln

(1
01

0
A

s)

0.93

0.96

0.99

1.02

n s

1.038 1.040 1.042
100�MC

0.04

0.08

0.12

�

0.021 0.024 0.027 0.030
�bh2

0.10 0.11 0.12 0.13
�ch2

2.96 3.04 3.12 3.20
ln(1010As)

0.93 0.96 0.99 1.02
ns

Planck EE+lowEB

Planck TE+lowEB

Planck TT+lowP

Planck TT,TE,EE+lowP

Fig. 5. Comparison of the base ⇤CDM model parameters from Planck temperature and polarization.

14

preliminary	  

Planck Collaboration: Cosmological parameters

Table 3. Parameters of the base ⇤CDM cosmology computed the 2014 Planck likelihoods illustrating the consistency of parameters
determined from the temperature and polarization spectra at high multipoles. Column [1] uses the TT spectra at high multipoles and
is the same as column [5] of Table 1. (Actually column [4] until we replace the numbers with Plik ). Columns [2] and [3] use only
the TE and EE spectra at high multipoles. Column [4] uses the full TT+TE+EE likelihood. The last column lists the deviations of
the cosmological parameters determined from the TT and TT+TE+EE likelihoods.

Parameter [1] Planck TT+lowTEB [2] Planck TE+lowTEB [3] Planck EE+lowTEB [4] Planck TT+TE+EE+lowTEB ([1] � [4])/�[1]

100✓MC . . . . . . . . . 1.04094 ± 0.00048 1.04134 ± 0.00048 1.03390 ± 0.00073 1.04084 ± 0.00031 0.21
!b . . . . . . . . . . . . 0.02225 ± 0.00023 0.02241 ± 0.00024 0.0241 ± 0.0011 0.02236 ± 0.00016 �0.47
!c . . . . . . . . . . . . 0.1194 ± 0.0022 0.1163 ± 0.0020 0.1188 ± 0.0022 0.1191 ± 0.0014 0.14
H0 . . . . . . . . . . . . 67.48 ± 0.98 68.86 ± 0.88 70.4 ± 2.4 67.65 ± 0.63 �0.17
ns . . . . . . . . . . . . 0.9682 ± 0.0062 0.982 ± 0.010 0.976 ± 0.011 0.9681 ± 0.0047 �0.02
⌦m . . . . . . . . . . . . 0.313 ± 0.013 0.294 ± 0.011 0.283 ± 0.026 0.3107 ± 0.0086 0.18
�8 . . . . . . . . . . . . 0.829 ± 0.015 0.804 ± 0.020 0.794 ± 0.022 0.826 ± 0.013 0.20
⌧ . . . . . . . . . . . . . 0.079 ± 0.019 0.065 ± 0.022 0.061 ± 0.021 0.078 ± 0.017 0.05
109Ase�2⌧ . . . . . . . . 1.857 ± 0.014 1.847 ± 0.026 1.891 ± 0.028 1.874 ± 0.012 0.07

0.04 0.08 0.12

�

0.021

0.024

0.027

0.030

�
b
h2

0.10

0.11

0.12

0.13

�
ch

2

2.96

3.04

3.12

3.20

ln
(1

01
0
A

s)

0.93

0.96

0.99

1.02

n s

1.038 1.040 1.042
100�MC

0.04

0.08

0.12

�

0.021 0.024 0.027 0.030
�bh2

0.10 0.11 0.12 0.13
�ch2

2.96 3.04 3.12 3.20
ln(1010As)

0.93 0.96 0.99 1.02
ns

Planck EE+lowEB

Planck TE+lowEB

Planck TT+lowP

Planck TT,TE,EE+lowP

Fig. 5. Comparison of the base ⇤CDM model parameters from Planck temperature and polarization.

14

0.04 0.08 0.12

⌧

0.021

0.024

0.027

0.030

⌦
b
h2

0.10

0.11

0.12

0.13

⌦
c
h2

2.96

3.04

3.12

3.20

ln
(1

01
0
A

s)

0.93

0.96

0.99

1.02

n s

1.038 1.040 1.042
100✓MC

0.04

0.08

0.12

⌧

0.021 0.024 0.027 0.030
⌦bh2

0.10 0.11 0.12 0.13
⌦ch2

2.96 3.04 3.12 3.20
ln(1010As)

0.93 0.96 0.99 1.02
ns

Planck EE+lowP

Planck TE+lowP

Planck TT+lowP

Planck TT,TE,EE+lowP



2014	  TT	  to	  TT,TE,EE	  
Parameter	   2014	  Planck	  TT	  +	  lowP	   2014	  Planck	  TT,TE,EE+lowP	  

100	  θMC	   1.04086	  ±	  0.00048	  	   1.04073	  ±	  0.00032	  	  

Ωbh2	   0.02222	  ±	  0.00023	  	   0.02224	  ±	  0.00015	  	  

Ωch2	   0.1199	  ±	  0.0022	  	   0.1199	  ±	  0.0014	  

H0	   67.26	  ±	  0.98	  	   67.22	  ±	  0.64	  	  

ns	   0.9652	  ±	  0.0062	  	   0.9639	  ±	  0.0047	  	  

Ωm	   0.316	  ±	  0.014	  	   0.316	  ±	  0.009	  

σ8	   0.830	  ±	  0.015	  	   0.831	  ±	  0.013	  	  

τ	   0.078	  ±	  0.019	  	   0.079	  ±	  0.017	  	  

109Ase−2τ	  	   1.881	  ±	  0.014	  	   1.883	  ±	  0.012	  

preliminary	  
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Summary	  

•  2014	  TT	  a	  significant	  evolu9on	  over	  2013	  
–  Improved	  parameter	  constraints,	  driven	  by	  larger	  
sky	  area	  used	  and	  full	  vs	  nominal	  data	  

•  Polariza9on	  data	  now	  included,	  though	  not	  as	  
well-‐tested	  as	  temperature	  

•  ΛCDM	  s9ll	  seems	  to	  fit	  well,	  now	  both	  the	  
temperature	  and	  polariza9on	  data,	  though	  
– Marginal	  tensions	  (curvature,	  A_lens…	  as	  2013)	  
–  low-‐l	  anomalies	  

	  preliminary	  
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