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Hunting for statistical anisotropy in tensor modes with B-mode observations
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We investigate the possibility of constraining statistical anisotropies of the primordial tensor
perturbations by using future observations of the cosmic microwave background (CMB) B-mode
polarization. By parametrizing a statistically anisotropic tensor power spectrum as P,(k) =
P, (k)Y ", g9,c08" 6y, where 6 is an angle of the direction of k= k/k from a preferred direction, we find
that it is possible for future B-mode observations such as CMB-S4 to detect the tensor statistical anisotropy

at the level of g, ~ O(0.1).
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I. INTRODUCTION

The detection of the B-mode polarization signal in
cosmic microwave background (CMB) is one of the most
important challenges in cosmology, because it is sensitive
to the primordial gravitational waves (PGWs) generated
during inflation. In the standard inflationary scenario, the
amplitude of the PGWs generated from vacuum fluctua-
tions during inflation is expected to depend only on the
energy density of the inflation, p;,, and hence its detection
was considered as a direct probe for the scale of unknown
physics. The current constraint on the amplitude of the
PGWsis r < 0.07, where r represents the ratio of the power
spectrum of the PGWs to that of the primordial curvature
perturbations [1-3]. In the 2020s, next-generation CMB
experiments such as LiteBIRD [4] and CMB-S4 [5] are
expected to achieve higher sensitivities reaching r ~ 1073,

which corresponds to p./ ~ 6 x 105 GeV in the conven-
tional vacuum fluctuation case. Recently, other mecha-
nisms of generating PGWs during inflation by introducing
some matter fields (e.g., gauge fields) have been proposed,
[6,7] and then this means that the vacuum PGWs are no
longer the unique target of the B-mode observation.
Interestingly, the PGWs generated in these new mecha-
nisms not only have the different relations between r and
Pint but also observable signatures distinct from the vacuum
one, e.g., non-Gaussianity [8,9]. Among them, statistical
anisotropies of the PGWs should be useful to distinguish
the generation mechanisms and to extract richer informa-
tion on the early universe from the B-mode observation.
The statistical anisotropy has been pursued mainly in the
power spectrum of the curvature perturbation P.. This is
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because the anisotropic inflation and solid inflation models
predict a quadrupole anisotropy in the curvature perturba-
tion, P;(k) = P;(k)(1 + g.cos?6;) [10-17]. Furthermore,
recent studies [18,19] argue that higher spin fields generate
statistical anisotropies beyond quadrupole in P, during
inflation. Indeed, these kinds of anisotropies imprint
interesting signatures in the CMB angular power spectrum.
While in the standard picture CMB power spectra have
only diagonal components in the angular multipole space
due to a rotational invariance, statistical anisotropies can
create specific nonzero off-diagonal correlations between
temperature and polarization in CMB data. Several works
have been discussed to test such kind of correlations due to
the statistically-anisotropic curvature perturbation [20-24].
So far, however, there is no evidence of the quadrupole
anisotropy in P, and we have an upper bound |g,| <
1072 [1,25].

In this paper, we study the statistical anisotropy in the
power spectrum of the PGWs. Although little attention has
been paid to the statistically-anisotropic PGWs, recent
study [26] has proposed a model where large statistical
anisotropies in Pj can be generated. In this model, U(1)
gauge field is kinematically coupled to a spectator scalar
field and gains a large background expectation value which
breaks the isotropy of the Universe, and then due to the
aniostropy of the Universe the perturbations of the specta-
tor field and the gauge field could source the anisotropic
tensor modes. Remarkably, the higher-order statistical
anisotropies beyond quadrupole in P, can be predicted
irrespective of the model parameters. Although sta-
tistically-anisotropic curvature perturbations are also

© 2018 American Physical Society


https://crossmark.crossref.org/dialog/?doi=10.1103/PhysRevD.98.083522&domain=pdf&date_stamp=2018-10-16
https://doi.org/10.1103/PhysRevD.98.083522
https://doi.org/10.1103/PhysRevD.98.083522
https://doi.org/10.1103/PhysRevD.98.083522
https://doi.org/10.1103/PhysRevD.98.083522

HIRAMATSU, YOKOYAMA, FUJITA, and OBATA

PHYS. REV. D 98, 083522 (2018)

generated from the spectator and gauge fields in this model,
they would be suppressed in compared to those originated
from the vacuum fluctuations which are statistically iso-
topic. This fact promotes us to study the anisotropies of
PGWs since they can be better constrained or detected
from the observations of the PGWs than from those of
the curvature perturbations. A similar prediction is also
obtained when the two-form field takes over the role of the
U(1) gauge field [27]. Other than this type of model, several
works have suggested the generation of testable statistical
anisotropies in tensor modes [21,28,29]. Inspired by these
predictions, we explore a possibility to test these higher
statistical anisotropies of tensor modes through the B-mode
angular power spectrum. We model the tensor statistical
anisotropies as Py (k) = P, (k) >_, 9.(k/ko)"cos"6; and
evaluate detectabilities of the coefficients g, in future
missions. Compared with the previous study [28], we
further investigate the sensitivities of g, up to n =6.
This paper is the first paper studying the statistical
anisotropy in the power spectrum of PGWs taking the
higher-order statistical anisotropies into account.

This paper is organized as follows. In Sec. II, we describe
basic equations for our Fisher analysis. In Sec. III, we
obtain lo uncertainties of the anisotropic parameters, g,
and ¢; . We conclude in Sec. IV.

I1. BASIC EQUATIONS

A. Anisotropies

Harmonic coefficients of B-mode anisotropies induced
by the primordial tensor perturbations hﬂ(k) can be

(k) (see,

written in terms of the transfer function T
e.g., Ref. [22]),

a}lfrz —4

Y (k 1
(271, SS ~ fm(k)’ ( )

with (Y ,,, being the spin-s spherical harmonics. The power
spectrum of the tensor perturbations is defined as

(hin(ki)h_s(ky)) = = (27)* Py, (k)3 (ky — k»). (2)

NI*—‘

where we have used h_,(k) = h’,(k). If the rotational
invariance is broken, the power spectrum could have the
directional dependence, which can be parametrized as [30],

Py(k) = Py (k) Qua(k)Y Ly (), (3)

with L running over even numbers, 0,2,4,...., where
P, (k) is the isotropic (monopole) part, and k :=k/k.
Taking into account the directional dependence, we obtain
the correlation of the harmonic coefficients [28],

BB (B) _(B)*
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where 65" is 1 if a is even, and 0 otherwise, and
Gylpy ™ s the spin-weighted Gaunt integral that is

written in terms of the product of Wigner’s 3j-symbols,
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(5)
In the present study, we assume that the scale dependence
of the anisotropic parameter is given as [28]

(k) = duu (ki) (6)

with constants g;,, and y. Finally, Eq. (4) reads

le?lelfzmz(y) fz fl( l)ml
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(7)
where
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Note that for the case with g;,;; = 87000, that is, sta-
tistically-isotropic power spectrum, one can find that the
above expression is equivalent to the standard form of the
angular power spectrum.

In the theoretical models which predict the statistical
anisotropy in primordial tensor modes, the statistical
anisotropy is often parametrized in terms of the power
series of the cosine function (e.g., [1,25]), as

N 14
=20 Y o) wra. )

n=even

Ph(k)

where 6, measures the angle of the direction of k from a
preferred direction. Thus, it should be useful to give a
relation between the parameters g,, and ¢q; ,,, and according
to Eq. (A1) their relations are given by
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B. Fisher information matrix

To quantify the lo uncertainties of the anisotropic
parameters, {¢;,} or {g,}, we use the Fisher information
matrix. The details of the computation of the Fisher
information matrix in our study are provided in the
Appendix. Here we consider only the B-mode in the full
expression in Eq. (A8) or Eq. (A10) with Eq. (A9), and it
reads

f £ £y L\?
F{B:;—:Z(2ﬁ+1)(2£2+1) _12 S o
(C2,)’
< G ngB, (14)

where C55 is the total angular power spectrum of B-mode
polarization defined in Eq. (A7). Using Eq. (A8) or
Eq. (A10), we can estimate the uncertainties of the
measurement of the anisotropic parameters,

2

Oqim = (FLM;LM)_I’ 0527,1 = (an)_]' (15)

A noise model we adopt in the present study is
NEB = NEBe” 0, (16)

in which we assume the detector noise N2% and the beam
effect o;, are parametrized as [31]

12 \ 2
7 - K2 str. 17
¢ (10800,;1{ aromin) K st (17)

o — 7 Orwam 1 (18)
>~ 10800 arcmin /8 n 2~

with Oy being the full width at half maximum (FWHM)
of the beam in the unit of arcmin. Although we do not take
into account neither the lensing effect from the £ mode
induced by scalar perturbations nor the foreground noises
sourced by dust emission, it is possible to emulate the cases

including them by increasing the noise parameter wBl/ .

TABLE I. Cosmological parameters used in the present study.
The all parameters except for the tensor-to-scalar ratio are
provided by Planck 2015 results (TT,TE,EE + lowP +
lensing + ext in Ref. [33]). The amplitude of curvature pertur-
bation and the tensor-to-scalar ratio are evaluated at k = kpjyor,
and we assume 7,02 = 7,005 in the notation of Ref. [33].

Parameter Value
Amplitude of curvature Pro 2.384 x 10~
perturbation
Tensor-to-scalar ratio r 0.001,0.01,0.05
Pivot scale kpivot 0.002 Mpc~!
Spectral index ng 0.9667
Reduced Hubble parameter h 0.6774
Dark matter fraction P’Qepy 0.1188
Baryon fraction h2Qy 0.02230
Effective number of neutrinos Negp 3.046
Photon’s temperature T, 2.7255 K
Optical depth T 0.066
Helium abundance Y 0.24667

p

III. DETECTABILITY OF STATISTICAL
ANISOTROPIES OF TENSOR PERTURBATIONS

We use cmb2nd’ to compute the transfer function of the
B mode with the cosmological parameters from the Planck
2015 results (TT,TE, EE + lowP + lensing + ext in
Ref. [33]), which are tabulated in Table I. Since there is
no detection of PGWs, their amplitude is unknown. In this
paper, respecting the current constraint on the ampitude
of PGWs, r:= P, (kpivor)/ P (kpivor) S 0.07, given by the
combined analysis of Planck and BICEP2/Keck [1-3], we
study the cases with » = 0.05, 0.01 and 0.001 to show
the dependence of our predictions on the amplitude.
We assume a 0.5 degree FWHM beam (designed in

LiteBIRD [4]) and the noise level with wgy/* = 1.0, 5.0,
63.1 uKarcmin which correspond to CMB-S4 [5],
LiteBIRD [4], and Planck [34], respectively. In addition
to them, we also compute the cosmic-variance-limited

(CVL) case with WBI/ =0,

The 1o uncertainties of the measurements of g, and g, ,
with even numbers of n and L up to n, L <6 are
summarized in Tables II-VI which are computed with
fixed y; y = 0 (Tables II-1V), y = —1, —1/2 (Table V) and
y = 1/2, 1 (Table VI). Throughout this paper, the isotropic
part of angular power spectrum is supposed to be
CBB .= CBB(y = 0). Hence, the observed signal is given as

Cobs ( 7/)

Cimytomy

= CngéflfzémIMz + (r). (19)

C1my;tony

'This Boltzmann code is not public yet, but we have confirmed
that the transfer functions obtained from this precisely agree with
those from CAMB (https://camb.info/). See also Ref. [32] in
which we used the same code.

083522-3


https://camb.info/
https://camb.info/

HIRAMATSU, YOKOYAMA, FUJITA, and OBATA

PHYS. REV. D 98, 083522 (2018)

—1/2

TABLE II. ¢, for w;;;/z =63.1, 5.0, 1.0 ygKarcmin and the TABLE IV. ¢, for wgy ™ =63.1, 5.0, 1.0 uKarcmin and the
CVL case with y = 0, fyy, = 1 and r = 0.05. CVL case with y = 0, fyy = 1 and r = 0.001.

CVL 1.0 5.0 63.1 CVL 1.0 5.0 63.1
5 1.93x 1073 4.61x1072 933 x 1072 1.25 0 1.93x 1073 125x 107"  737x107" 237 x 10!
P 823x 1073 2.02x 107" 4.18 x 107! 7.16 P 823 x 1073 561 x 107! 3.96 1.39 x 102
Ga 1.24x 1072 299x 107" 6.08x 107" 1.11 x 10! Ga 1.24 x 1072 8.13 x 107! 6.08 2.15 x 10?
P 233x1072 5.02x107"  9.00 x 107! 7.36 0 233 x 1072 1.10 4.20 1.41 x 102
9a 827 x 1072 1.79 3.17 1.30 x 10! Ga 8.27 x 1072 3.78 8.23 2.33 x 102
96 6.46 x 1072 1.42 2.55 5.55 96 6.46 x 1072 3.03 4.58 7.31 x 10!
Gy 498 x 1073 1.02x 107" 1.88x 107! 3.73 Gy 498 x 1073 2.49 x 107! 1.95 6.68 x 10!
qay 428 %1073 1.13x 107! 247 x 107! 4.63 Gay 428 %1073 334 x 107! 2.60 9.98 x 10!
Gey  S5.71x1073 121 x107" 2.04x 107" 3.79 x 107! ey S5.71x1073 233 x107"  3.13 x 107! 4.98

In the case with y = 0 (Tables II-IV), we fix gy =1 or
qoo = 1 and vary g, (gpp) for n > 2 (L > 2), whereas in
the cases with y # 0 (Tables V and VI), we vary also g, or
qoo- In the Tables, we show the results with fy, = 1. One
can obtain those with fy, <1 by multiplying the values
by 1/4/f sy

Note that 6, with n < N has a strong dependence on the
number of parameters N due to the nonvanishing off-
diagonal components of the Fisher information matrix,
whereas o, is independent of N since the corresponding
Fisher information matrix is diagonal. Hence, as for 6, , we
compute their uncertainties for N = 2, 4, 6, respectively.

In Table III, where we assumed r = 0.01, we find that,
when we take into account both g, and gg, their uncer-
tainties are greater than the unity even in the case with
Wz;;;/ > = 1 uK arcmin, which leads to the difficulty of
measurement of such higher-order anisotropies. On the
other hand, when we take into account up to gy, it is implied
that the hexadecapole anisotropy with g, = O(1) can be
detected by an observatory whose specification is similar to
CMB-S4.

The 1o uncertainties mildly depend on r, particularly in
CMB-S4 and LiteBIRD, as shown in Table II with » = 0.05
and Table IV with r = 0.001. From Eq. (14), it is easy to

TABLE IIl. 6, for wyy/* = 63.1, 5.0, 1.0 uK arcmin and the
CVL case with y =0, fy, =1 and r = 0.01.

CVL 1.0 5.0 63.1
9 1.93x 1073 598 x 1072  2.03 x 10! 3.25
9 823 x 1073 2.66x10°! 9.25x 107! 1.89 x 10!
Ga 1.24x 1072 3.90 x 107! 1.35 2.94 x 10!
¢ 233x1072  6.29 x 10! 1.47 1.92 x 10!
Ga 8.27 x 1072 2.25 4.67 3.23 x 10!
g6 6.46 x 1072 1.80 3.67 1.11 x 10!
Gy 498 x1073  126x 107" 4.10x 10~! 9.52
Gay 428 x 1073 1.53x 107! 559 % 107! 1.27 x 10!
Gom  571x1073 1.50x 1071 2,66 x 107! 7.55 x 10~

find that the 1o uncertainty is independent to r in the
cosmic-variance limited case, whereas the uncertainty
becomes simply proportional to r if the detector noise is

TABLE V. ¢, for wyy/* =63.1, 5.0, 1.0 yKarcmin and the
CVL case with y = —1 (top), —1/2 (bottom) and ky = kpyo and

fsky =1

CVL 1.0 5.0 63.1
9 528 x 1072 9.67x 1072 131 x10~" 593 x 107!
9 1.43x 107! 2.61 x 107!  3.58 x 107! 1.64
9 723%x 1072 156 x 107" 223 x 107! 1.04
5 5.14 x 107! 1.25 1.85 8.65
Ga 5.76 x 107! 1.42 2.11 9.91
% 738 %1072 156 x 107! 224 x 107! 1.04
o 6.02 x 107! 1.29 1.88 8.69
s 1.10 1.72 2.33 1.02 x 10!
Js 691 x 1071 7.08 x 107! 7.17 x 107! 1.88
goy 8.08x1072 149x107" 1.88x 107" 8.21 x 107!
Gy 151 x1070 276 x 1070 3.79 x 107! 1.73
qay 156 x 107" 384 x 107" 571 x 107! 2.68
ey 470%x 1072 482x 1072 4.89x 1072 1.28 x 107!
CVL 1.0 5.0 63.1
o 1.23x 1072 826x 1072 1.96 x 10~! 1.42
9 336 x 1072 218 x 107! 5.26 x 10~! 3.96
% 1.59% 1072 1.22x 107" 3.23x 107! 2.38
9 1.06 x 107! 9.23 x 107! 2.62 1.94 x 10!
Ja 1.17 x 107! 1.05 2.99 2.22 x 10!
9 202%x 1072 127x 107" 3.25x 107! 2.38
o 2.82 x 107! 1.19 2.74 1.95 x 10!
Ga 7.93 x 10™! 2.49 3.84 2.31 x 10!
96 5.75 x 107! 1.66 1.77 4.66
qoy 1.82x1072 139x 10" 3.07 x 107! 1.90
Gm 3.55x1072 230x 107" 5.56x 107! 4.18
qay 3.17x1072 283 x 107"  8.09 x 10~! 5.99
gem  3.92x 1072 1.13x 107" 120x107" 3.18 x 107!
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TABLE VI o, for wy” = 63.1, 5.0, 1.0 uKarcmin and the
CVL case with y = 1/2 (top), 1 (bottom) and ko = kpjve and

fsky:]'

CVL 1.0 5.0 63.1
9 200x 1074 231x102 8.37x 1072 5.37
P 547x107%  594x 1072 2.08x10~' 1.48 x 10!
9o 255%x107*  337x1072  1.25x 107! 8.29
P 1.67x 1073 253x 107" 9.56x 107" 6.49 x 10!
s 1.84x 1073  2.86 x 107! 1.09 7.37 x 10!
90 320x 107 436x 1072  1.61 x 107! 8.31
o 467 %107 6.34 x 107! 2.32 6.59 x 10!
Ga 1.32 x 1072 1.77 6.44 8.12 x 10!
96 9.59 x 1073 1.28 4.65 2.48 x 10!
Joy 2.92x10™% 420x 1072  1.67 x 107! 7.49
Gy 578 x107%  628x 1072 2.19x 107! 1.57 x 10
Gay 497 x107%  774x1072 294x 107" 1.99 x 10’
ey 6.53x107%  871x1072 3.17x 107! 1.69
CVL 1.0 5.0 63.1
90 211x 1075 1.10x 1072  4.19x 1072 4.01
5 576 x 1075  280x 1072 1.02x 10" 1.02x 10!
9o 272x 1075  1.61x102 6.18x 1072 5.95
P 1.80x 107*  1.22x 107"  4.66x 107"  4.51 x 10!
Ga 199 x107* 138 x 107" 530x 107" 5.12 x 10!
90 347x107° 2.10x 1072 833 x 102 6.04
9 488 x107*  3.06 x 107! 1.26 5.02 x 10!
Ga 1.38x 1073 8.53 x 107! 3.56 8.40 x 10!
96 998 x 107*  6.17 x 107! 2.58 4.88 x 10!
Joy 3.13x 1075 2.05x1072  8.61 x 1072 7.59
Gy 6.08x 1075 296x 1072 1.08x 107! 1.08 x 10
Qay 538x 1075 373x 1072 143 x 107! 1.38 x 10!
ey 6.80x 1075 420x 1072  1.76 x 107! 3.32

dominated in the wide range of ¢, C8% < N,. In fact,
CMB-S4 and LiteBIRD are capable of detecting PGWs
with 7 ~0.001 from the B-mode signal. That is why the
uncertainties for these obsevatories behave in between the
two limits. As a result, we find that even in the case with
r =0.001 CMB-S4-like observations can marginally
detect the anisotropies up to gy.

In Tables V and VI, we estimate the uncertainties with
various y with r = 0.01. In the red-tilted cases, our results
even with y = —1 indicate the possibility to detect g, by
LiteBIRD and CMB-S4, while it is fairly difficult to get a
signal of g, even with CMB-S4. On the other hand, in the
blue-tilted cases, we can marginally detect g4, since much
power is induced to the angular power spectrum on large .
Note that, in Ref. [28], the authors reported the uncertain-
ties with y = -2, o, = 30 and o, = 58 in our nota-
tions. In the present study, we obtained o, = 20.6 and

6,4, = 56.4 with y = =2 in the CVL case, which are well
consistent to the previous results.

Let us compare our result with theoretical predictions.
The model in Ref. [26] predicts gy =1, g = -1, g4 = 1,
ge = —1 irrespective of the model parameters, while y <
—1/2 is required to produce a detectable amplitude of the
sourced PGW (i.e., Fyuee = 1073). In the case of y = —1,
—1/2 (Table V), these result show that the predicted g, and
g, are marginally detectable, whereas it is challenging to
measure g, and g even with the CMB-S4 experiment at 1o
level. Let us also consider the discrimination between the
models. The prediction in Ref. [27] is ggy =1, go =1,
gs = —2, go = 1, and the sign of g, is flipped from that of
Ref. [26]. This difference is originated in the distinction
between the particle types which generate the PGWs
(i.e., U(1) gauge field or two-form field). Therefore, once
g, (n > 2) is detected, we may gain an insight what type of
particle plays an important role in the primordial universe.

Note that, although we fix ky = kp;yo; in Tables Vand VI,
the uncertainties with different k, can be easily obtained by
use of the scaling, o, , 6, o k{, since Eq. (8) is propor-
tional to k,” and 6, , 6, is thus proportional to the inverse
of Eq. (8).

qLm

IV. CONCLUSION

We investigated the detectability of the statistical anisot-
ropies of the primordial tensor power spectrum using
the Fisher information matrix assuming the observations
by CMB-S4, LiteBIRD and Planck. We parametrize the
primordial tensor power spectrum in Eq. (3) with Egs. (6)
and (9), and estimate the 1o uncertainties of g;,, and g,
given in Eq. (15) with the fiducial values ¢g; ;, = g, = 0 for
L (orn) > 2in the case of y = 0, and ¢g;,, = g, = 0 for L
(or n) > 0 in the case of y # 0.

Our results are tabulated in Tables II-VI. In Table III, we
find that a relatively large statistical anisotropy g, ~ O(0.1)
would possibly be detected by CMB-S4 even with r =
0.001 as long as we take into account up to g4, and by
LiteBIRD up to g,, whereas unfortunately the results imply
difficulties to detect anisotropies by Planck since it is
contaminated by large noises. In addition, in order to detect
a higher multipole coefficient gg, we need further observa-
tories whose noise level is much more suppressed than
CMB-54.

Note that, in our present study, we do not take the
contamination from the CMB-lensing, unwanted B-mode
signal converted from the £E-mode through the gravitational
interaction, into account. In the actual observations, the
detectability of the anisotropies depends on how well we
can remove the contamination, namely, delensing. Roughly
speaking, this effect can be included in our result by
increasing wy ll))/ % defined in Eq. (17). If the delensing is not

perfectly performed, the detectability of the anisotropies by
CMB-S4 will be worse.
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The Fisher information matrix based on this covariance
matrix is given as [35,36]

fsky acf my;tom 8Cf myylym
Tr 1My 3tamy 213ty my
Z D Tr|C7 00; ¢z 90,

Cimy £ymy

(S1411024). (A2)
APPENDIX: FISHER INFORMATION MATRIX IN
THE ANISOTROPIC CASES
The covariance matrix taking into account the correla- oCY
tions between different #’s is given by fbkyz Z Z f‘m‘ Lm (e (P y T tomaitymy
XY ¢ymy ¢ymy 89]
C;ITml amy glEml;fzmz 0 (A3)
Cflmlfzmz = C;IEml amy glEml;fzmz 0
0 0 Cng;nl A2
where fg, denotes the fraction of the sky covered,
(Al) Xy =TT, TE, EE, BB and
|
CLECEr /By, ~Cor2 By, CIECIE[Apyy, 0O
1 1 _C;EffE/ e (C;ITéfE + 2CTECTE)/ Ase, C;TfZTE/ 41t 0 v
T s s B 0 |
0 0 aran
|
h
where fSky 3 (1S + 1)(2n + 1)
5152538 312
Dpy, = [CLICEE = (CLEVIICE] CEF — (CEE)]. (AS) o o
(11 I, L)<11 I L)
X
Cf . = C§| C;Z —i—C?l CXZ, (A6) —S5| Sy S —83/) \ =83 84 S§3—54
S1S X §354Y
and X Zcfﬂfi (Crle,) M Coz) (A9)
OX . X X
C; =C; + N7, (A7) Alternatively, if we choose {0;} = {g,}, we have
with A/ ’; being the noises for the detection of X = T'T, TE, 810 Oq
EE, BB. The angular power spectrum CX with X = BB is Fon = 3 LM aLM FYY. (A10)
given by Eq. (4) with 7y = ¢, = ¢ and y = 0, and those of i 99m On

X =TT, TE, EE can be also calculated by replacing the
transfer functions in Eq. (4) with the corresponding ones. If
we choose {0;} = {qu}, the Fisher matrix becomes

FLM;L’M’ = 5LL'5MM’FL7 (Ag)

where

The coefficients in the right-hand side are found to be

15) 1
LM — §\0V/2L + 1\/5/ pUPL()dp,  (ALL)
-1

99,

where P; (u) is the Legendre polynomials.
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