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Noise source ay, [1000 s] Comment

Frequency standard ~ 8 x 1071° fundamental noise source [1, 22]

Antenna mechanical ~ 2 x 10713 DSS 25 (34-m antenna) under fa-
vorable conditions [19]

Ground electronics ~ 2 x 10716 measured in controlled test,
DSS 25 [1]

Plasma phase scintillation < 10~'?, for Ka-band and o, depends on SEP; dispersive;

SEP > 150° scales as square of radio wave-

length; see Figure 10

Stochastic spacecraft motion | ~ 2 x 10716 Cassini in quiet cruise [122, 123];

Receiver thermal noise
Spacecraft transponder noise

Tropospheric scintillation
(raw)

Tropospheric scintillation
(corrected)

few x 1016
~ 1016
<3%x107 Y to~30x10°15

<1.5x107 1% to ~ 3x10°1°

see Figure 13

depends on link SNR and detec-
tor bandwidth [23]

preflight tests of Cassini Ka-
band translator [1, 22]

variable; nondispersive [20, 71]

under favorable conditions [19];
median conditions in connected-
element interferometry tests [90]
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Fig. 1. (a) The LLR retroreflector, at Buzz Aldrin’s right side, being carried across the lunar
surface by the Apollo 11 astronaut. (b) Apollo 11 laser retroreflector array.
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EZZTWABETILIZDINT

Input parameters include masses, orbit

initial conditions, PPN parameters B, y and, G, and equivalence principle
parameters (M /M, ).

Newtonian attraction of the largest asteroids.

Newtonian attraction between point mass bodies and bodies with gravitational harmonics: Earth (J,, J;, J,),
and Sun (J,).

Attraction from tides on both Earth and Moon includes both elastic and
dissipative components. There is a terrestrial Love number k, and a time
delay for each of three frequency bands: semidiurnal, diurnal, and long
Period. The Moon has a different Love number £, and time delay.

AW

® Torques from the point mass attraction of Earth, Sun, Venus, Mars and
Jupiter. The lunar gravity field includes second- through fourth-degree terms.
Figure-figure torques between Earth (J2) and Moon (J2 and C22).

Torques from tides raised on the Moon include elastic and dissipative components.
The formulation uses a lunar Love number k2 and time delay.

The fluid core of the Moon is considered to rotate separately from the
mantle. A dissipative torque at the lunar solid-mantle/fluid-core interface
couples the two. There is a coupling parameter and the rotations of both
mantle and core are integrated.

An oblate fluid-core/solid-mantle boundary generates a torque from the

flow of the fluid along the boundary. This is a recent addition.



A review of the article, arXiv: 1407.0968
Foreground removal requirements
for measuring large-scale CMB B-modes
in light of BICEP2

Authors: A. Bonaldi, S. Ricciardi and M. L. Brown
Date: the 4th of July, 2014
Submitted to MNRAS
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BICEP2 collaboration reported the detection of
the finite CMB B-mode power spectrum.
[PRL, 112, 241101 (2014)/1403.3985].

BICEP2: B signal
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The result of BICEP2 report has been questioned
by several authors. DDM~P1+lensing
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Raphael Flauger, J. Colin Hill & David N. Spergel (2014) [arXiv:1405.7351]
They reanalyzed the BICEP2 data and found that these B-mode signal can be explained
without requiring the existence of primordial gravitational waves.



The result of BICEP2 report has been questioned
by several authors.
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They also reanalyzed the BICEP2 data and found not only that
these B-mode signal can be explained with polarized dust (without requiring PGWs)
but also these data, in fact, set the tighter constraint on scalar-to-tensor ratio r.



The current status of the CMB B-mode observation.
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Other observations such as Planck, COrE and LSPE (balloon experiments) are required to

determine whether the signal is primordial origin or not.
No observational projects have not achieved the sensitivity of BICEP2 at this scale

except Planck. Our interest is whether observational data obtained by the Planck mission
can be settled this question or not.



noise + foreground residuals + cosmic variance for r=0.2 [10C.L.]
(BICEP2,Planck(conservative), Planck(improved error matrix), , COrE)

* Conclusion

¢ Planck can check weather

| r=0.2 is the cosmic origin or
not even for conservative

| assumptions on the accuracy
of foreground removal (but
without considering

I instrumental systematics).




