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Figure C.1: The power spectrum P (k), the smoothed power spectrum and the
wiggles only function fBAO(k) on the top panel. On the x-axis k in Mpc−1h,

and on the y-axis the units are Mpc3h−3

where k‖ and k⊥ are the wave number along and across the line of sight respectively,

and the total wave number is k =
√
k2
‖ + k2

⊥. Where

k⊥ref =
k⊥DA(z)

DA(z)ref

(C.3)

k‖ref =
k‖H(z)ref

H(z)

The subscript ref means the reference cosmology and the ones without ref are

the ones with true cosmology. Note that k⊥ref and k‖ref are fixed. k⊥ and k‖ are
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directly related to µ by

k⊥ = k
√

1− µ2 and k‖ = µ2k. (C.4)

Fisher method

Taking the derivative of k with respect to both quantities, H(z) and D(z)

∂k

∂DA

= −k
2
⊥refD

2
A(z)ref

D3
A(z)

[(
k⊥ref

DA(z)ref

DA(z)

)2

+ k2
‖

]− 1
2

(C.5)

∂k

∂H
=

k2
‖ref

H(z)2
ref

H(z)

[(
kref‖

H(z)

H(z)ref

)2

+ k2
⊥

]− 1
2

.

Therefore the Fisher formula will be given by:

Fij =

∫ 1

−1

dµ

∫ ∞
0

k2dk

8π

Vsurvey

[P z + n−1]2

[
∂Pb

∂ ln(ks)

]2
∂ ln(ks)

∂θi

∂ ln(ks)

∂θj
. (C.6)

If the fractional errors on s−1
⊥ and s‖ are equivalent to measuring the fractional

errors on DA/s and Hs (where s is the true physical value of the sound horizon),

∂ ln(ks)

∂ ln s−1
⊥

= µ2 − 1,
∂ ln(ks)

∂s‖
= µ2 (C.7)

Therefore, Fisher matrix can be expressed as

Fij =

∫ 1

−1

dµ

∫ ∞
0

k2dk

8π2

Vsurvey

[P z + n−1]2

[
∂[1 + fBAO(k)]Pref

∂ ln(ks)

]2
∂ ln(ks)

∂θi

∂ ln(ks)

∂θj
.

(C.8)

We can also rewrite the Fisher matrix where θj and θi are replaced by the param-

eters we aim to forecast for, DA and H, hence
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Fij =

∫ 1

−1

dµ

∫ kmax

kmin

k2dk

8π2

Vsurvey

[P z + n−1]2

×
[
∂fBAO(k)Pref

∂k

] [
∂fBAO(k)Pref

∂k

]
∂k

∂ logDA

∂k

∂ logH
, (C.9)

assuming that the reference cosmology = true cosmology. Using (C.2), (C.3) and

(C.5), the Fisher matrix can be written as

Fij =

∫ 1

−1

dµ

∫ kmax

kmin

Vsurvey k
2dk

8π2

[
n(z)

P (k)n(z) + 1

]2

×
[
∂FBAO

∂k

]2 [
P (k)

1 + FBAO

]2 [
(µ2 − 1)k

] (
µ2k
)
, (C.10)

where the power spectrum is defined as

P (k) = Plin

[
D(z)

D(zin)

]2 [
(1 + zin)

(1 + z)

]2

R(µ)2 b2, (C.11)

and

R(µ) = 1 + βµ. (C.12)

C.2 Errors on DA and H

Using the 2× 2 Fisher matrix defined in (C.9), the errors on lnDA(z) and lnH(z)

are computed using [? ],

σlnDA
=
√

(F−1)11, σlnH =
√

(F−1)22. (C.13)

Fig. 6.5 shows the fractional percentage error on the Hubble rate (σH/H) and the

angular diameter distance (σDA
/DA) for the reference experiments.

C.3 Error propagation to w

We use the parameters of w(z) introduced in (6.8). Therefore the cosmological

parameters under consideration are given by (6.19). We propagate the errors in
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DA(z) and H(z) to the cosmological parameters using

F̃αβ =
∑
ij

∂θi
∂θα

∂θj
∂θβ

Fij. (C.14)

where θi = lnDA, lnH and θα = w0, wa,Ωcdm,Ωb,ΩK , h. Partial derivatives of DA

and H with respect to w0 and wa are given by [? ]

∂ lnDA

∂w0

= −3

2
Ωde

∫ z
0

ln(1 + z′)F(z′)E(z′)−3dz′∫ z
0
E(z′)−1dz′

,

∂ lnDA

∂wa
= −3

2
Ωde

×
∫ z

0

{
ln(1 + z′)− z′

(1+z′)

}
F(z′)E(z′)−3dz′∫ z

0
E(z′)−1dz′

,

∂ lnDA

∂Ωcdm

= −1

2

∫ z
0
{(1 + z′)3 −F(z′)}E(z′)−3dz′∫ z

0
E(z′)−1dz′

,

∂ lnDA

∂Ωb

= −1

2

∫ z
0
{(1 + z′)3 −F(z′)}E(z′)−3dz′∫ z

0
E(z′)−1dz′

,

∂ lnDA

∂ΩK

= −1

2

∫ z
0
{(1 + z′)2 −F(z′)}E(z′)−3∫ z

0
E(z′)−1dz′

+
1

6

(∫ z

0

E(z′)−1dz′
)2

,

∂ lnDA

∂h
=

1

h
∂ lnH

∂w0

=
3

2
Ωde ln(1 + z)

F(z)

E2(z)
,

∂ lnH

∂wa
=

3

2
Ωde

{
ln(1 + z)− z

(1 + z)

} F(z)

g(z)
,

∂ lnH

∂Ωcdm

=
1

2

{
(1 + z)3 −F(z)

} 1

E2(z)
,

∂ lnH

∂Ωb

=
1

2

{
(1 + z)3 −F(z)

} 1

E2(z)
,

∂ lnH

∂ΩK

=
1

2

{
(1 + z)2 −F(z)

} 1

E2(z)
,

∂ lnH

∂h
= −1

h
,

where F(z) and H(z) = H0E(z) are given by (2.14) and (2.15) respectively.
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We marginalize over H0, Ωcdm, Ωb and ΩK , and we add the distance information

from the CMB as follows

F total
αβ (z) = FCMB

αβ + F gal
αβ (z), (C.15)

where

FCMB
αβ = 104∂ lnDA(z = 1090)

∂qα

∂ lnDA(z = 1090)

∂qβ
. (C.16)

Forecasting the errors for the cosmological parameters w0, wa, Ωcdm, Ωb, ΩK and

h, is achieved by adding a diagonal prior matrix, derived from the Planck prior

matrix, to the SKA Fisher matrix – see Table C.1. We also add prior information

about the angular diameter distance out to last scattering at z = 1090, using

(C.16):
σDA(1090)

DA(1090)
= 0.001 (C.17)
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