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Galactic Coordinates Nov 89 (ﬂl:_au’nch)

e.g. first COBE results — Smoot et al. (1991)
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5 boosting effects

Peebles & Wilkinson (1968); Challinor & van Leeuwen (2002);
Kamionkowski & Knox (2003); Burles & Rappaport (2006);
Sollom (2010); Kosowsky & Kahniashvili 2010; Chluba (2011)
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5 boosting effects

e Dipole-modulate monopole =& CMB dipole Well known!

e Dipole-modulation of all other multipoles This talk

e Aberration of anisotropies This talk

* Increase in monopole by B2/6 Unmeasurable
e Generation of O(B2) quadrupole Too hard!

Peebles & Wilkinson (1968); Challinor & van Leeuwen (2002);
Kamionkowski & Knox (2003); Burles & Rappaport (2006);
Sollom (2010); Kosowsky & Kahniashvili 2010; Chluba (2011)
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Boosting frames

with n =

To 1st orderin 3:
T'nY=T(n -V(n-8B)=Ty+ 6T (n —V(n-3))

SO ﬁ na I Iy: dipole deflections

ST (71) :+ 5T (12 )(1 - B)



Boosting frames

with n =

To 1st orderin 3:
T'n")=T(n -V(n-08)=Ty+6T"(n —V(n -B))

So ﬁ na I Iy: dipole deflections modulation

ST () :+ 5T (2 ))
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Boosting frames

With Planck we can try to measure both
the aberration and boosting effects

This could be done either in map space
or harmonic space

Harmonic space is more efficient
and uses machinery of <(T,T,T5T,)
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Calculations

* We use quadratic estimators

* Summing over covariance matrix
* With weights designed for B

* And repeat for simulations (with and
without velocity effects)

 For several data combinations from

143GHz and 217GHz (857 subtracted)

See Hanson & Lewis (2009) and Planck Collaboration XXVII (2013)



Vv: 143x143

A 217x2]
X : 143x2]

+: 143+2]

/

/
/




Vv: 143x143

A 217x2
X : 143x2]

+: 143+2]

/

/
/

2000

Hemispheric asymmetry anomaly
dominates for lower multipoles
(see Planck Collaboration XXIIlI)




. .
. .
.
. . .
. . .
.

Dipole
direction

Vv: 143x143

A 217x2
X : 143x2]

+: 143+2]

/

/
/

2000

Hemispheric asymmetry anomaly
dominates for lower multipoles
(see Planck Collaboration XXIIlI)




i By

=143 x 143

[ =17 x 217
[ =143+ 217

[ =143 x 217
|

—-1.5-1.0-0.50

1.5

A

- B

.0 05 10 15 -15-1.0-0.50.0 0.5 1.0 1

b,

-1.5-1.0-0.50

5 -1.5-1.0-0.50

_ al

5 1.0

.0 05 10 15 -1.5-1.0-050 05 1.0 1

5 -15-1.0-050

.0 05 1.0 1.5

-1.5-1.0-0.50.0 05 1

.0 15 -15-1.0-050.0 05 1.0 15 -

1.5-1.0-0.50.0 0.5 1.0 1.5



Total Aberration Modulation
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Total Aberration Modulation

i B i P 1 1 7 .
= 143 x 143 B |
[ =17 x 217 i ]
[ =143+ 217 B - = -
| ST :_L_ué ! _j ! ! ! ! ! L
-1.5-1.0-0500 05 10 15 -15-1.0-0.50.0 05 1.0 1.5 -1.5-1.0-0.50.0 0.5 1.0 15
B ¢, Ty .

-1.5-1.0-0500 05 10 15 -1.5-1.0-050.0 05 1.0 1.5 -1.5-1.0-0.50.0 0.5 1.0 1.5

B

-1.5-1.0-0.500 05 10 15 -1.5-1.0-0500 05 1.0 15 -1.5-1.0-050.0 0.5 1.0 1.5

Pink histogram: with B effects

Vertical lines are different data combinations
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Concluding remarks

* Velocity Measured at 4-50

® Complication with hemispheric asymmetry

* Note: spectrum of velocity-induced modulation
is d2B/dT2 not dB/dT

® Masking means velocity etfects are =25% of 0 error
— that’s how well Planck constrains anisotropies

® Only possible to measure velocity with Planck!
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