EANDLES, RULERS, AND REDSHIE S

A theoretical look at Hg
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11 Residual

Dark Energy Survey 2018
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'DERIVING Ho FROM CAND
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HOW LARGE A REDSHIFT ERROR WOULD
SIGNIFICANTLY CHANGE Ho!
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L ARGE COULD OUR REDSHIFT BIAS S

» Gravitational z (local density fluct.)
« (Observational error
 Heliocentric correction

» Using (| +z) factors incorrectly
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 Gravitational z (local density fluct.)

y [Mpc/h]

200 400 600 800 1000
x [Mpc/h]

Sim from MultiDark database:
QAn=0.27, Qr=0.73, 05 = 0.82

5-10

(|)/c2
redshift systematic
SRR

[ ]
ek
-

o O

-5

I
)

I
)

I
)

Woijtak, Davis, & Wiis 2015 [I\‘ '

0.5 1 1.5 % 29

comoving distance [Gpc/h]




L ARGE COULD OUR REDSHIFT BIAS S

 Gravitational z (local density fluct.)
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 Gravitational z (local density fluct.)

WOJtak Davis, & Wus 2015
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e Observational error

Yuan et al. 2015
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L ARGE COULD OUR REDSHIFT BIAS S

Heliocentric correction

helio corr.f

* New subroutine to calculate helio-centric correction using SLALIB

* routines which are more robust (and correct!) than the previous

* versions here. Returns heliocentric velocity correction in km/s.

* this version corrects for the annual motion of the earth around the

* sun (max correction of ~30km/s) but does not correct for earth rotation
* (<0.5km/s) or other weaker effects. A quick cross-check with IRAF

* rvcorrect gave agreement with the annual correction to better
* than 0.1 km/s.

subroutine helio_corr (cenra,cendec,actmjd HCV) ! returns hcv 1n km/s.

S

* written by SMC (14/09/09)
implicit none

velocity

30km/s

0.5km/s

redshift

()%

~ | (-6



L ARGE COULD OUR REDSHIFT BIAS S

 Using (1+z) factors incorrectly

Blyia= D(l + 2) = Rpsin(y) closed
| —

Reciprocity relation (distance duality) Di=D/(1+z R‘jgi‘;(,{) 0?321

R (this Is akin to ang. diam. dist.)

galaxy 0

dSo=ro2 dQ)o
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 Using (1+z) factors incorrectly

Dy = D(l + 2) 2 Rpsin(y) closed
| —

Reciprocity relation (distance duality) Da=D/(1+2 R‘jgﬁ(,() Of]l)a;l

R (this Is akin to lum. dist.)

salaxy G

dSc=rg? d{)¢
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 Using (1+z) factors incorrectly

Rpsin(y) closed

Reciprocity relation (distance duality) DL e D(l -+ Z) D{ Ry o ook
~therington [933 b Ry sinh(x) open
Dp=D/(1+2)

distant

F  —— =

But which redshifts should we use!
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 Using (1+z) factors incorrectly

But which redshifts should we use!

D1(Z, zobs) = D(Z)(1 + zobs)
Dq(f, Z(Jba) — D(E)/(l + Zoba)
CMB frame opbserved
(cosmological) redshift redshift

3
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 Using (1+z) factors incorrectly
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Fig from Davis & Scrimgeour, 201 5: arXiv: [1405.0105



RS FIELIOCEN | RIC
CORRECTION MAT TER!?

> THERE EVIDENCE FEHS
A REDSHIF T SHIFT?
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HOW LARGE A REDSHIFT ERROR WOULD
SIGNIFICANTLY CHANGE Ho!
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HOW LARGE A REDSHIFT ERROR WOULD

SIGNIFICANTLY CHANGE Ho!
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BT ERVERSION OF Ho VS Z
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BT ERVERSION OF Ho VS Z
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HOW LARGE A REDSHIFT ERROR WOULD
SIGNIFICANTLY CHANGE Ho!

Riess et al. 2016, Figure 12
——— —
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Alam et al. 2016 ;
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 Use an "Inverse distance laader”
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(shares ruler with CMB)

01
Redshift, z
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DERIVING Ho FROM BAO
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el ErEEC 1S 1IN BAO

* What I1s the redshift of the standard ruler?
]

i = ; Nga —
R DI > E wrkp () 2i
Zeff — Ngal = )
0.2 < z < 0.5 = zeg = 0.38, . > o wrkp (Z)
Zpa,ir — .
0.4 < 2<0.6 = zeg = 0.51, 2 )
WFKP(T) = VR
0.5 < z < 0.75 = 2o = 0.61. Y et AL
Zeff =— = n . | wsys(f)
D i1 Wi

(Beutler et al. 2017)

(Blake et al. 201 1)

But the weighted average redshift
S not the welghted average distance...




TWO WRONGS CAN MAKE A RIGHT
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But If you want an absolute distance, the correct z does matter.



HOW MUCH WILL Ho SHIFTY?

« Use an "'Inverse distance laader”

Distance modulus, u
w w A D
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DL S, RULERS, AND REDSEHISES

Maybe the Hptension arises between standard candles and standard rulers,
rather than local vs global measurements.

Maybe we should double check our redshifts.
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Figure 1: Each column shows a different redshift bin, as labelled at top left. The upper row shows the
distance modulus vs redshift plot for each bin. The second row shows the same, but zoomed in on the central
redshift region to show the difference between the mean redshift, z,can, and the redshift corresponding to
the mean comoving distance, z(Xmean). For this example each bin is evenly populated in redshift (this will
not be the case in real data). In the lower panel I show the Hubble constant inferred from assuming the

measurement was at zpean When it was actually at z(Xmean). The model used to generate the fake data
was (h,Q2,,Q2) = (0.70,0.27,0.73) (to do the calculation of Hy I used the same model, but without the

h = Hy/100kms~*Mpc~! input).
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