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the Cosmic Dipole?

Dominik J. Schwarz
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e CMB temperature and dipole
anisotropy define cosmic rest frame

e peculiar motion of Milky Way is only
partially understood

® tension between local and global Ho

e controversial claims on bulk flows

e CMB anomalies (tiny intrinsic dipole?)
MITP workshop QVG 2017, Mainz
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CMB Dipole

To= (2.7255 £ 0.0006) K Fixsen 2009
T)=(3364.5 £ 2.0) uK
| = (264.00 £ 0.03) deg, b = (48.24 + 0.02) deg Pianck 2015

hypothesis: cmb dipole is due to peculiar motion
of Solar system with v = (369 £ 0.9) km/s pianck 2015

1 —v?/c? v? 20
T(e,v) = \1/ . 1o =To [(1 - 6?) + Pl(,u) + @PQ(M) T

Peebles & Wilkinson 1968



CMB Dipole: Impact

The proper motion hypothesis makes a prediction:

Doppler shift and aberration
for all objects at cosmological distances and at any frequency

=¥ test with high-/ multipoles in CMB pianck 201312015
(coupling of 2 to £+ | multipoles)

=¥ test with radio sky (as <z) > |, unlike IR or optical)

=¥ identify corresponding structures
(e.g. SN 1a bulk flow, IR galaxy distribution)



Cosmic Microwaves
frequency bands

30 GHz 44 GHz 70 GHz

545 GHz

Planck - ESA



CMB proper motion test

v =384 km/s £ 78 km/s (stat.) £ | |5 km/s (sys.)

compare with CMB dipole: v = (369 £ 0.9) km/s; analysis fixes direction

Planck 2013



CMB proper motion test

Bipolar Spherical Harmonics

allows for 40% non-kinetic contribution to CMB-dipole



Hubble expansion rate

=P Ho= (67.8 + 0.9) km/s/Mpc (CMB: Planck 2015)
Ho= (73.0 £ 2.4) km/s/Mpc (SN la: Riess et al. 201 |) ... debated conflict

=?» measurement of Hpassumes that redshifts of cepheids
and SN |a are given in comoving cmb frame

ideal situation N

1 czi + v 1 o ez 1
(isotropic Hy = — Lo N L O(—=)
source distribution) N ; d; N Zz: d; N

=> error in determination of comoving frame:

AH; h_lMpC

Y

if Av, =100 km/s = i y
0 i

=> realistic N/S anisotropic sample with <d> = 150 Mpc:

important for 1 h~! Mpc

0o~ 3

precision cosmology, 2 150 Mpc
larger effect on cepheid callibrators (luminosity distance is not boost invariant)

Hy ~ 0.3 km/s/Mpc



Why bother?
2. CMB anomalies (WMAP & Planck)

alignment of low-./ multipoles with CMB dipole



CMB anomalies wmap & pianck)

alignment extends to ./ = 50 with CMB dipole

NILC. Cosmic Dipole. Likelihoods from /=2 to I=50 in steps of 1

NILC. Histogram for abundance of outer likelihoods
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11 out of the 49 lowest multipoles L | Bl
are aligned with the dipole at less Outer likelihood
than 2% likelihood (expected is 2-3)

Pinkwart & Schwarz, in prep.



Cosmic Radio Dipole

dradio — dkin + dmatter

radio galaxies: mean z > |

dmatter €Xpected to be small

radio sky
dradio
us

d T
z<1 A0 kinetic dipole
Z> 1 Ellis & Baldwin 1984

AN B
d—Q(> S)=aS *[1+dcosf + ...]

d = [2—|—x(oz—|—1)]%, S oc O

aberration & Doppler shift



The Challenge

Mollweide view

Simulated pixelated sky map of 100,000 sources
including expected kinetic dipole:
shot noise dominated
-> need huge catalogues (> 10 sources)
and large sky coverage (> 20.000 sqdeg)



Cosmic Radio

S5 dN/dS (sr7! Jy)

JVLA, Vernstrom

SKA MID

et al. 2013

- Known 1.4 GHz counts
— Marg. means
— Input count
68% Confidence region

+ Known 1.4 GHz counts

Input counts

Marg. means full simulation

68% Limits full sim

Marg. means no sizes

68% Limits no sizes

Marg. means no sizes or clustering
68% Limits no sizes or clustering

Sources

two populations:

* AGNs (Fri-IL RQQ)
* galaxies (srG, sBg)

AGNs dominate at large fluxes

star forming galaxies
dominate below ~ | m)y

identification of morphology
for angular resolution 0.5”



Radio Continuum Surveys
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NVSS @ 1.4 GHz

Mollweide view

—

S>125mjy Condon et al. 2002



WENSS @ 325 MHz

Mollweide view

Galactic

S >125my Rengelink et al. 1997



aTGSS @ 150 MHz

Full TGSS ADR1 NSidel6

Galactic

Intema et al. 2016



aT GSS (alternative DRI TIFR GMRT SS)
90% of sky @ 150 MHz

TGSS ADRI1 flux_cut 100m])y

: h )
f

u N
mask Milky Way, noisy and incomplete regions
put flux threshold

Galactic

S > 100 mjy Rubart, Schwarz & Siewert, in prep.



Cosmic dipole @ 3 freq.

Snlly N X d ast
[mly] [deg] [degl [0.01] |
**quad.
NVSS 25 |197.998|153+30| -4+34 | 1.1£0.3 h
arm.
NVSS 25 |185.649|158+21| -2+21 | 1.6+£0.6| lin.
NVSS 25 |220.237|143+12|-11x15|1.8£0.5| *quad.
NVSS 15 1298.289( 14919 I7£19 | 1.4£0.5| lin.
WENSS | 25 |92.600 |117£40 29+1.9| lin.
alTGSS 200 |118.287|141+15| 12+20 |6.8+£0.6 | *quad.
alTGSS 100 [229.235|141x£13| 7+18 |6.2+0.4| *quad.
expect. - - |68 -7 0.4

*preliminary **Blake & Wall 2002

Rubart & Schwarz 2013 & in prep.




Cosmic radio dipole

radio sky
dradio
us

dcmB
Z <1

z>1

(junb‘¢$'chadk>?

NVSS (1.4 GHz),
WENSS (345 MHz),
aTGSS (150 MHz):

directions consistent,
amplitudes 2 - 10 times

too large
Blake & Wall 2002
Rubart & Schwarz 2013

local bulk flows!?

Watkins & Feldman 2014
Atrio-Barandela et al. 2014

local structure dipole!?

Rubart, Bacon & Schwarz 2014
Nusser & Tiwari 2016



Dipole tomography

14 GHz -
151 MHz

SKA MID :

*

¥

l : " effect of a

£

matter dipole
x from a local

~ 100 Mpc void

100 1000 10000 100000
lower flux density limit [uly]




Cosmic radio dipole

precission of radio dipole direction; efficiency 50%

EClradio &4 dcmb
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LOFAR Two-metre Sky Survey (LoTSS)
Shimwell et al. 2017
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LOFAR Two-metre Sky Survey (LoTSS)

Shimwell et al. 2017
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Conclusion

Measuring the cosmic radio dipole acr
could help us to distinguish a kineti
structure dipole and would thu:

s frequencies
e froma




