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LFI “Continuous Comparison” Pseudo-
correlation receiver. One phase switch
switches at 8192 Hz, providing alter-
nately ‘Sky’ and 4 K ‘Reference’ outputs
at each diode. Differencing these states
effectively removes 1/f noise from the

data.
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‘ 44 GHz

LFI Beams

(HFI beams fill the central region)
Crosses indicate orientation of

receiver polarization
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Main LFI Parameters

-
T

Center Frequency (GHz) 30 44 70
Number of Feeds 2 3 6
Number of detectors 8 12 24
Angular Resolution (arcmin) 32 28 13
Effective Bandwidth (GHz) 6 8.8 14
Sensitivity (microk/\Hz) 148 173 152
Median Noise per ° pixel (mK) 9 12 23
1/f knee frequency (mHz) 114 46 20
Systematic uncertainty (mK) 21 6 8
FEM power dissipation (mW) 27D 5 l\/f’:;4m = 24




Signal, V

Sample of how LFI pseudocorrelation reduces 1/f
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These ‘DC’ values are also very
useful for radiometer diagnostics
and for calibration.
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Systematic Errors

o ADC nonlinearity —

o Effect visible in a few channels, in the DC radiometer levels. Mapped
using flight data and corrected. Does not affect science

o Additive instrumental effects

o Thermal signatures

o Electronics noise
o Calibration

o Time variability and mis-estimation
o Optics

o Beam asymmetry

o Sidelobes

o Beam efficiency

o Bandpass asymmetry correction
o Challenges from limitations in the ground data.
o Important for foregrounds, pretty well in hand- continuous improvement
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3 The Thermal environment for LFI is
=, not perfectly benign:

© o Temperature fluctuations of

ﬁ ‘r? 70 Gsz reference loads with L L Very Stable on Short (<60 Sec=1

[v] - zoomed version on to - . . .

5 3 i revolution) timescales, particularly 4K loads

U < - .- - age -

2 M « Significant variability on longer times:
e /  Diurnal variations first survey
e S s o ' g;)éptm_f; %00'” Updates
< | | | | | . switchover
N | Cc‘)ld-end tempelrature chang;es Increase ’ EﬁeCtS at a” Stages

2 to manage nominal coolerdurng ¢, (LR * Focal plane (offsets and gain)

E L / « Back End (same)

A i

uE_) “ [ Switch-over to | * 4K |OadS (Oﬂ:sets)

9 redundant cooler  Slowly changing offsets are effectively

[ Anomaly: day when remo_ved via destriping. _

A « Gain effects are our primary headache.

g - From day 258: transponder

™ always on to improve stability Effect of §orpti0n

b4 cooler switch-over

o = 24-hrs fluctuations

‘ (trellnsponder onl-off cycle) . J
0 100 200 300 400 500 600
Days after launch

KITP April 25, 2013 14 P. R. Meinhold



—
,"’

Gain mis-estimation *

-23
KITP April 25, 2013



(L +1)C/2n [K?]
10-20 10-18 10 16 10-14 10-12 10-10

10-22

¢
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Reconstructed focal plane

LFI Beams — Main Arms
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The positions of the LFI
beams are found using the
planet scans. The detailed

| shape of the main beams for

- use in later analysis is

] determined by referencing the
GRASP MrGTD optics model
to the Jupiter scans.
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Sources

Effective

beams

Effective Beams

FEEeCoP dx2 030GHz GB
618851

Its critical to use the proper window

function based on these effective beams to

analyze the maps.
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As Planck scans the sky, the
elliptical beams sample
different regions at different
angles. Combing surveys and
different horns requires careful
accounting of the weighting of
the observations. FEBECOP is
the main Planck tool for doing
this, producing ‘effective
beams’. For LFI, optical inputs
to FEBECOP come from
GRASP simulations
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Beam [dB]
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GRASP simulated beam profile
(representative cut, 30 GHz)
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30 GHz: galaxy as seen through sidelobes, survey 1
(frequency dependent ‘band-weighted’ grasp model)
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130 GHz: galaxy as seen through sidelobes, survey 2

(frequency dependent ‘band-weighted’ grasp model)
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survey 2- survey 1
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Survey 1- survey 2

tKcmB

(sorry, sign is flipped!)

30 GHz Data
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30 GHz Surveyl-Survey?2 — sidelobe model

(dipole+galaxy seen by sidelobes)
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-Q'opt -Qsim -Qscn
(arcmin’®)  (arcmin®)  (arcmin®)
198.10 203.28 205.81
196.89 201.84 203.98
188.65 193.34 193.51
148.23 191.60 195.04
181.21 185.63 185.51
180.43 185.20 185.45
182.50 186.94 186.63
181.26 185.71 183.87
188.18 193.07 190.22
187.45 192.07 188.24
199.95 204.84 200.91
198.74 203.72 200.99
576.85 590.99 591.86
589.99 602.42 594.76
1020.68 1041.63 1040.47
967.93 990.28 996.72
1006.67 1027.13 1019.03
967.93 989.89 993.56
1153.02 1181.94 1184.64
1158.00 1186.14 1174.48
1153.14 1180.99 1188.41
1152.56 1181.98 1179.34
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These beam efficiencies can affect
calibration. Our calibration method
automatically corrects for
contributions far from the main lobe,
which is the bulk of the sidelobe
fraction.

Beam efficiency was carefully
considered as a cause of the apparent
discrepancy with WMAP.

We extensively compared our
methods with HFI and with the
published WMAP method : we think
we’ve done this right (and
consistently) and residual errors are
of order 0.1%

P. R. Meinhold



Calibration

« Multiple methods:

« Iterative solar dipole calibration
 The iteration over the mission pulls the calibration to the Orbital dipole
« S/N is low, and really terrible for some periods of time.
« At 30 GHz, contamination from far sidelobe pickup of the galaxy is evident

» Relative calibration from DC radiometer outputs ‘DeltaV ¢ Calibration
 Highly dependent on ADC linearity and knowledge of the radiometer

» \We rely on survey differences to guide our choices, and make extensive
Internal comparisons among radiometers and on sources and planets.

* For the release:
* 30 GHz uses ‘Delta V’ calibration, tied to the solar dipole with an overall scaling
» 44 and 70 GHz use the iterative dipole calibration with smoothing
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Representative Calibration plots

LFI 21M

G [KV]
30 40 50 60 70

4K signal [V] AT [MK] K
0.86 0.87

KKV

41

100 150 200 250 300 350 400 450
Days after launch

KITP April 25, 2013

500 550

30

16 20

12

8

1.46

1.44

12.8

12.6

LFI 27M
(30 GHz)

100

150 200 250 300 350 400 450 500 550
Days after launch

P. R. Meinhold



Internal Cal consistency using first acoustic peak

(angular power spectra compared over 100 < | < 250)

First peak [£ 100-250] ratio to 70 [.7 sky]

—o! 0.6 ska

0.96 098 1.00 1.02 1.04 1.06 1.08
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31

Comparisons include
correction via
FEBECOP based
window function for
each receiver, numbers
plotted relative to 70
GHz Full frequency
band at 0.7 sky fraction
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Spectra From null tests (70 GHz)
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30 GHz

- x T w
—  Best fit
S b —  Sirvew-d=2Tlitference map spectrum
—
— Ring Half difference, survey 142
g Survey 1-2 spectrum difference
=
—
b
o
=
N
= 9
_|_
&
o
]
-
—
7
o
0!

KITP April 25, 2013 34 P. R. Meinhold



What’s next

Polarization

* Need to improve low I behavior
* Far sidelobe corrections: GRASP calculations across the bandpass
for every receiver
* Inclusion of FSL response correction in the mapmaking pipeline

» Alternative calibration schemes

 Current dipole cal- S/N limited, unconstrained in places. More robust
solvers and different constraints.

* Delta V- needs more instrument effects included, thermal modeling
 Others under development and test
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What’s Last

 Current plans are for Planck to be put into a stable Earth-trailing orbit in the
early part of October.

 LFI will observe up until the very end
» There may be a sorption cooler regeneration as a test before switching off.
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