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Fisher Matrix Forecasts

Can forecast the precision on parameters using:

313
Fij = %/—d vd”k Tr {C_laCC_1 80}

(27)3 90 o0
C is a matrix of power spectra. For PV surveys we can use density, velocity and cross
Pig’ (k1) + s P (k, ) '
A 2
Pt ko) Pk )+ )
C(r k,p) = i (k1) (k1) + Z1)
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Fisher Matrix Forecasts

Can forecast the precision on parameters using:

1 [ dPxd’k _,0C _,_,0C
F"f’_§/ (27)3 Tr{c 90, ae}

C is a matrix of power spectra. For PV surveys we can use density, velocity and cross

C(r,k,u) =
(r k, 1) Py (ko) + iy Pyo (k, 1)
a'B r 2
i P?ZB(ka M PﬁLB(ka ) + <ﬁu5((:)) i
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We solve the combined case by treating the
overlapping and non-overlapping parts separately:

F’Lj — Fzg (sty A) + Fzg (sty B) + Fzg (st:y AB)

We also need some Pl (ko p) = (827 4 2rgBa 1 + 1) 2 D2 Py (k)
model power spectra.

AA - -
Baced on Koda et al. | Pio (e p) = aHpk™ (rgBy" + p*) f* Dy Du P (k)
2014. Pt (k) = (aHp)* k™ f2 D7 Pag (k).

+ second survey and cross spectra between surveys!

We then extend these to incorporate primordial non-Gaussianity, velocity
bias, scale dependent bias and zero-point offsets. More on velocity bias
later on (others not in this talk, but please talk to me later!)
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Current Surveys

2MTF 6dFGRS/6dFGSv

e ~2000 T-F spiral galaxies with e ~110,000 redshifts with 8,000
redshifts FP PV’s

* Full-sky (except b < |5°]) e Southern sky (except b < |10°|)

 cz< 17,000 km/s. Low redshift e 7<0.2(0.06)

 b=1.0 e b=14

e 22% distance error e 26% distance error

* Talks by Lister Staveley-Smith and * Talks by Jeremy Mould,
Tao Hong. Christina Magoulas, Caitlin

Adams
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Future Surveys

WALLABY+WNSHS

H1 survey using ASKAP
complemented by Westerbork.
ASKAP to cover southern % of
sky. WNSHS covers remainder.
b=0.7

20% distance error

/<0.25

Total ~500,000 expected redshift
and 45,000 T-F measurements.

TAIPAN

~1,000,000 redshifts with 100,000
FP distances.

Southern sky (except b < |10°])
b=1.2

20% distance error

2<0.4(0.1)

Talks by Matthew Colless, Jeremy
Mould

Cullan Howlett,
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Amazing constraints on the
growth rate from TAIPAN,
WALLABY+WNSHS and their
combination!

3% Measurement from the
combo, including all
nuisance parameters.

2.3
4.1

2.7
4.2

1.8
2.8

2.6 - - -
4.2 2.3 12.1 6.8
3.3 - - -
4.4 0.3 6.8 12.9
22,20 - - -
3.0,3.1 1.1,0.3 10.9, 6.4 5.7,9.7

100 ]

o
o)

o
o

O fog, Combined /o fog,Single

0.4 | == Velocity Only ) _:_ - _
— Velocity +Density -
L.
0.2 [ — WALLABY +WNSHS S .
—  TAIPAN RV
0.0 ] ] ]
0.00 0.05 0.10 0.15 0.20
-1
k (hMpc )

Cullan Howlett,

Forecasts for combined and future PV surveys.

Large Scale Structure and Galaxy Flows,
Quy Nhon, Vietnam, July 2016



AHL CENIRE UF EXCELLENCE o

FOR ALL-SKY ASTROPHYSICS -

0.70 I I I I I I L L

Same plot as 0.65k = y=042 |

Matthew Colless. SDSS-Il MGS = y=055

Just to drive this 0-60F T ) y=0.68

point home! 0.55|- chee | LRG -
e VIPERS

I e e e
S 1 -

- ’/_SL =
<

s Ja ¥ LI *
WALLABY+WNSHS 0.40—// T & SDSS-III 1 ]
TAIPAN 0350 | L4 _

0.30F 1 1 —

| | | | | | | |
0'28.0 0.1 02 03 04 05 06 07 08 0.9
Z

Cullan Howlett, Large Scale Structure and Galaxy Flows,

Forecasts for combined and future PV surveys. Quy Nhon, Vietnam, July 2016



EAASIH[]

AHL CENIRE UF EXCELLENCE o
FOR ALL- SKYASYRUPNVSICS

Systematic Effects

Can compute bias from ignoring physical effects (scale-dependent bias,
velocity bias, zero-point offsets) within the Fisher Matrix formalism.

3,73
Bi:% d°xd’k [C_l(?C

(2m)3 00, ci(C- C)]

Use peaks approach of
Desjacques and Sheth, 2010 to o (k) = (Ba? + 2by,arg By 1 + by apt®) 2D P (),

model scale-dependent and (22)

AA _ _
velocity bias. In particular: Pig" (k,p) = aHpk ™" (rgBa" + bo,apt” )by, a f* Dg Dy Prma (),
(23)
272 PAAK, 1) = (aHp) k=262 4 f2D? Ppo(k 24
b, =1 — RJK". (K, p) = (aH ) af oo (k) (24)
Cullan Howlett, Large Scale Structure and Galaxy Flows,

Forecasts for combined and future PV surveys. Quy Nhon, Vietnam, July 2016



AHL CENIRE UF EXCELLENCE o
FOR ALL- SRYASTRUPNYNCS

1-4 I T L \I T L \I
1.3 Galaxy—Galaxy 7
1.2 ]
°
S 1.1 —
C
3
Sggl'c ~~~~ <. ] LA T T T T ]
Lol s - 13k . ]
~ N Galaxy—Velocity
S wo.8l- N . 1.2k ]
OQ_M \“ .
S ol Monopole ‘\ 7] g Ll 7]
6 | —— Quadrupole ‘\ - @ .
0.6 “ g %"1 0
nel.l el el LI l 0.9}
1.4 . — T — N\
> %00.81
1.3+ Velocity—Velocity 1
o 1 0.7k
g 0.6
S1if .
8 0.5-L
~ 210 . 10
o 3
L ool .
~
g‘lg 0.8 .
0.7} .
06| — R,=2.6h" Mpc ]
L . IR
T 10‘2
k (h Mpc )
Cullan Howlett, Large Scale Structure and Galaxy Flows,

Forecasts for combined and future PV surveys. Quy Nhon, Vietnam, July 2016



AHL CENIRE UF EXCELLENCE o
FOR ALL- SRYASTRUPNYSICS

0.46 I
— fag, ,/3 ;
I -
0.44f-| == fos. B 1 00, 0 ! Tl
ot
————————————————————— :;—;—;—‘—E;’—’—————————-
0.42 ,":’:"’ : — T T T
60 - : 0.50H = —
I T —— — —
S< 0.401 - - TTT+ —
/ : oas|- Tt
! ¢ ¢ "0 00 &£ L L -
= ! _ | [0) & e (]
0.38 | 0.40 () @ 1L o
/ —  WALLABY +WNSHS 1 IR FYE
—_ 0.35H = L 1ITTT®x .
0361 TAIPAN 1 b 11T
1 -
| | | | | | | L —_
0.30 —
$ &y & X $ R
Ny N Q N} NY ~ ~ ~ + )
B (Normalised) 025 [ @ WALLABY +WNSHS 15
® TAIPAN
3 0.20 —
Could bias TAIPAN measurements , , ,
of - . 0.00 0.05 0.10 0.15 0.20
by 50... if it exists. _
k (hMpc )
Cullan Howlett, Large Scale Structure and Galaxy Flows,

Forecasts for combined and future PV surveys.

Quy Nhon, Vietnam, July 2016



EAASIH[]

AHL CENIRE UF EXCELLENCE o
FOR ALL- SKYASYRUPNVSICS

Conclusions

» We present an extended Fisher matrix method for forecasting peculiar
velocity and redshift surveys in combination

» Significant improvement can be gained from combining multiple PV surveys,
such as 2MTF + 6dF (improves growth rate by 20%)

» TAIPAN and WALLABY+WNSHS will be AMAZING for growth rate
measurements. Combining these can give 3% measurement!

» We may have to start considering scale-dependent effects in more detail for
future surveys as they are so constraining.

Paper submitted to MNRAS, so keep and eye out on ArXiV for Howlett,
Staveley-Smith and Blake 2016. Could extend this to look at modified gravity?
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