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Dominated by Galactic emission at nearly every frequency.
Need to understand them well to subtract them.
Also interesting in their own right!
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(Figures from Planck 2015 results. X.)

i



474 x 10 K

8146 x 10 uK

3

; -
o i
a A
2. s .
,e‘ “' n‘ 1‘ X e >
TR

r
”
-

e
s e

%
L gt
L 3
e
'l
. L‘
Wl
A
1(-

Crn AN

By \’
>
LIV
L R p
g L S
er
) N
3’8
£
o

-, -~
- »
M ﬂﬁ
- A ~L f\
: N r/ dm—
v X UMY
ok o S R
: N e PR -Il. J
H R AT e 2N
3 TN o\ -. .
N 4 2 o s
B T, WO PR
N R |>’4 A
LAY . \
3 A \IMI ¥
o L -~ w
Ny U AN Y TR

455 MJy Srt

(Figures from Planck 2015 results. XXV.)
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Planck early results. XX. New light on anomalous
microwave emission from spinning dust grains
A&A, 536, A20, arXiv: 1101.2031

Planck early results. XXI. Properties of the
interstellar medium in the Galactic plane
A&A, 536, A21, arXiv: 1101.2032
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PIanck intermediate results XV
A study of anomalous microwave emission in Galactic clouds
A&A, 565, A103, arXiv: 1309.1357
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Planck intermediate results XV.
A study of anomalous microwave emission in Galactic clouds
A&A, 565, A103, arXiv: 1309.1357
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Planck intermediate results. XXIII.

Galactic plane emission components derived from Planck with ancillary data
A&A, 580, A13, arXiv: 1406.5093
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Planck intermediate results. XXIII.
Galactic plane emission components derived from Planck with ancillary data
A&A, 580, A13, arXiv: 1406.5093
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Planck intermediate results. XXV.

L

The Andromeda Galaxy as seen by Planck

A&A, 582, A28, arXiv: 1407.5452
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* PIP XXV: Andromeda Galaxy.
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e Component separation mostly focuses on CMB maps, having e.g., a
single low-frequency component. (see Planck Col. 2015. IX.)

e Commander: Bayesian technique, separate components using
frequency information (see Eriksen et al. 2008)

e Thanks to many maps from Planck+WMAP+Haslam, we can separate:

Synchrotron (but fixed spectral index)
Free-free (EM & Te)

AME (two spinning dust components combined)
Thermal dust (only fitting up to 857GHz)

+ CMB, CO, HCN, calibration factors, bandpass shifts;
described in Planck Col. 2015. X.

e Also: high S/N synchrotron polarization map. Combined

Planck &

ceSa

WMAP data (weighted, mostly WMAP K & Planck 30).

Mike Peel, AME Workshop, Noordwijk, June 2016 '.‘




g A R R g R T e e N Rty
- v - ¥ [ > Ly =% o~ ~" 9 o -

.-",J— “o #5829 - . - . .9 L L \ .y -’s ? ‘ - gy -~ * L& \:l'.

DR - P i " - v iim A - ‘ v < "'" 57 SRECRN A I O IRTE 3 s N SRR N et

o7 f a . "\. gLs) e fhae ¥ A o NN e s S Wy

‘A'. - i o ‘ "' / “‘VJ N 2 -"Q_‘ ~

et ¥ PRARS, e

p SULEENNEN ,Is % ' k\"‘

AﬁOmaIOUS Mlcrowave E‘mISSIOHCN P .3‘-.-. | plancke

. h . | .' ‘.
: . 'J 5% A » . N :~ R

*‘:.p + . ‘, A ) 4 M ' \"T ¥ ‘. "" 'l .' 41-"‘ 4 i - ‘ q: -}\‘ :'~——'/ -}-"-. "'Q ," 3

2 F “’ "/1 ! S - f,'- . 2 v B e oA _.' ws 3 'o--‘_{‘ \"40' ’ '04 s ¥ .. ' ‘L 7.'. '\‘ y -,\4'. .‘n..\ S E Ry o .",‘.‘n‘\’ R

e S P PERNA AR ¢ RS e ¥ R ¥ e RO T L " h. W R N St HEaa” AL Sy REy § S B2 TR G

Commander AME solution

p Ophiuchus
A Orionis

,;l

wﬁ‘-”

& - . .
Perseus< Y orion

Musca/Chameleon

145 x 100 1Kg,

Pegasus plume
O m

e S a Mike Peel, AME Workshop, Noordwijk, June 2016 CO rona ALI stra | iS '

L
| e
"y

=~ HFi,



gy BT T 4. Ttroa B s TR . Py - o . AN TR LN - N o . »
’-‘,‘_"__./'}Y':'.. - :,,' o ;_‘_» L e ¥y "- /’_‘.}, LA ."’t\" S ,:.ﬂ‘. :. “’-“b‘ .“"\ :‘.
B {f 3% g .'-f % PRl g W AN e BT R L G AR g
SN L Gy £ iy G TR A e TN e TN €
A v % !,‘T .’-’,/‘.;H’ ’.M-f-?vs L O A s TN o O e S A
’ r - =5 ‘ ey N B  « ot P I
- INeW ANME regions
T',’/'/ ; _’,J: f‘ ~r Mol & - o \( 453 r % ./‘,_‘ £ L Q A= _.-\4' . )'A.-_.
o B v ok 5 41 . T o
S RN, g Yo SERY R ST R e s e
*’.’ ¢ e - 'y ’ e Ve v AR Mo Y ,‘.'~ >
?(. g-‘I '(-{" }..,.;.- - e v‘-"_" s ¥ fainte X8 wh a4 o‘_i‘\
it A L Ny 3 DU L , g 2 -
M o B R A AV EIRB S e iy St e S

0.0 mm wm (.22 mK

Thermal du

0.0 " 100 MJy sr* 0.0 ® " 7.7 MJy sr”’ 0.0 F " 26.4 MJy sr 0.0 ¥ "mmmmm 26.8 MJy sr”’

0.053 W= wmm 0.15 mK 0.029 = wmm 050 mK 0.054 W= wmm 0.30 mK 0.041 m= "mm 2.0 mK L0055 W mmm 2.0 mK

Pegasus plume  Corona Musca/ Orion A Orionis
Australis Chameleon [ ona

e S a Mike Peel, AME Workshop, Noordwijk, June 2016

Fi F VK



AME amplitude [uK]

AME amplitude (K]

12000*

:

:

:

3.2

‘j_ );"';";f.‘ ’ g 25
' A s 2

— -‘.:' . - ’-9
N 2P E 3
§ 06

~ 0.0

adle sl sty s sl sl

AlllleLJJALLIAALLLJALllJlL

0 50 100 150 200
545 GHz [MJy sr ')

TII"IIT],]T‘II]’TITT]’YTTYIITY

" slope =22 +2 (d)
- s-rank = (.96 .

- r=09

: ! Y 35

28
21
14
0.7
00

log,,(Pixel density)

l’lllllllllllllkllllllllll

AL[111LLAJALLlJ)LllJLLL]JlLL

I

0 500 1000 1500 2000
100 um [MJy sr')

AME amplitude [uK]

AME amplitude (K]

“‘f.

455 e
S R
.i.h.rw-: LAY
T L3

RYCR D
.
o~

« v

I

L3 I L] L T ] T T T I' L3 TVT

slope = (8.7 =0.9) x 10* (c)

E s-rank = 0.93 -
10000 - r=094 -
8000 ‘ e
' ; 31
6000 - g 5 E
4000 - - 19|
" . z 1.3 3
2000 - s -
. g 06 ]
0 00 ™ J

L 1 l L L L l A ALl
400 600 800

Tosy x10°

¥ L2 l’ L T]l L | ] T I LR B T T l Ty I' T ‘l_‘
12000 |~ siope = (5.5 =0.6) x 10° 0] .
- s-rank = 0.95 .
10000 |- r=0.90 3
8000 - PR 3
PN e ‘ 35
6000 : gza E
4000 21 ||
é 14 3
g 0.7 ]
o oo ™ 2

'11‘11111111111111111111111

1

0

20 40 60 80 100 120
Dust radiance x 10" Wm ™ sr™)

HFi PLANCK



-
-

g A A R S R e A S RS S R P bt S R Ry
" - ; a2l » . “ TP - — LN
Eﬁ‘lISSIVItIES -L‘ n‘ S h (tl" planr.k\ '
w 2 S AR, DEEY e X A
£ O S o s g ’4:' ‘.""" : il'i T ." It "‘ - . -4\ XS g
o~ ¢" a2 Ly ) M % L o ¥ ’ i - ~}' . '. e r by § Spieing B s
I invziFi I Region ........ AME/545GHz ~ AME/100um  AME/t3s:
R1: Perseus . . ... 24+ 7 123+ 19 1.5+09
appear to Vary by faCtor Of 2 R2: Plume ..... 47+ 6 18 + 2 7.7+1.0
R3:RCrA ..... 36+ 14 50 +12 41+1.8
R4:pOph ...... 40+ 9 46+ 0.9 22+1.2
. . . . . - . R5: Musca ..... 0+ 8 26 + 3 6,9+ 1.0
Very high emissivity in A Orionis _ cmicon 2 22 [O_sLl
R6: Orion ... ... 47 + 20 = 2 47 +0.6
R7: A Orionis ... 104 + 11 + 15 +1.8
(Also Chamaeleon) Eroa s (EReE
b > 10° . ...... 70+ 7 21 + 2 9.7+1.0
XV: Perseus . ... 24 + 4
- . XV:pOph ..... 83+ 1.1
Good agreement with previous viem. 0=y
. . . . - DO06: Kp2_mask ..
emissivities (e.g., Davies et al.) pos:regionmean BTE 13
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Fig 3b from Planck 2016 XXV. ILC with CMB, free-free and thermal dust nulled.
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Combined peak frequency from the two AME components fitted by Commmander
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Spinning dust models predict low polarization fractions.
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Commander AME solution

p Ophiuchus
A Orionis

N 3 y - L el
v
L i

u * A ’ \
L wC 7
7 _ g

ey

5

-
& - . .
Perseus< = ®rion

Musca/Chameleon

145 x 100 1Kg,

Pegasus plume
O m

e S a Mike Peel, AME Workshop, Noordwijk, June 2016 CO rona ALI stra | iS '

L
| e
"y

=~ HFi,



%ls§a/ChameIeon

CMB

—3.7 log I\(//L

., " e Sa Mike Peel, AME Workshop, Noordwijk, June 2016 CO Fona Au St Fa I |S




* M g g e - Pl _-..".4:~' S O3 e R ) B i, TR
X -’» g . £ . « AN \ ‘.\‘.. Mo e -4 *-\\\v"\_
o > ’ X by . 3 L ey v . : \\* -\
- “’ 5 : = . -, ~ D SRR
v, > T S .
- . -
6“1 aI‘ISOI‘I Wlth WMAP Al /’-55.95; plancks
B ’, "3 .Q b i SO RATY
s DI b R5-3 ¢ " | % . AR R T TR AT SN el £ %
BT R * LA ' Eav.e > '” ' ---‘*‘A«.‘.' g Bh S s AL T IERED e N ‘x\'....:"'-\

Run Sync Free-free AME
a r a r a r

MCMC-c base 0.5010.62 0.68 0.77

MCMC-e sdcnm 0.521092 0.77 0.87 |4.9110.75

MCMC-f fs 0.5210.62 0.80 0.77 |3.18]0.67

MCMC-g fss 0.5510.62 0.77 0.78 |3.14]/0.70

MEM 0.3410.84 0.76 0.79 |2.18]0.86
Ib| > 20°

a>1 = commander > WMAP
Trust values if r=0.9

AME systematically higher
Free-free about the same
Synchrotron lower

cSd

Mike Peel, AME Workshop, Noordwijk, June 2016

1.0 | | |
Slope = 0.5 =0.1
08"
&
E
- .
C 06
§ !
L =12
€ §
> 0.4 c 10}
w o :
= 208§
g = 06t
Q.
o 02 = 04
g 0.2
0.0 0.0

| | 1 |
...........

0.6

0 2
WMAP Synchrotron [mK]

0.4

Synchrotron is not
1:1 - two populations
due to spectral indices

AN @ O
| W
| X . -

~ HFi o



* )~ 4 2 e TS 3D " A S . 2 - LS
Pl _,' o L N e L. g ¥ ot ThE o) . ',~ . ran - rend Dl P Sl
2 4 ’ . ‘ oLy 5 « S e | et
4 4"' : 0. . Mo :
'.\ . ". 4
LA
- Y y
’ . . - Moa 5
Y {5 « A8y »
’ - o‘.\
57 e 1 : ey gip % mi, S ente YRS N LR S AT LS )
/Y t A 4 .f'}" L A

30 Dor Domlnates AME emlssmtles comparable

SED to our Galaxy (except 100um)

Could be
too steep?

| e e———— |
10 20 30 40 50 0 10 100 1000 10 30 100 300 10 100 1000
1K at 30 GHz cm~®pc 1K at 30 GHz 1K at 545 GHz

Thermal dust polarization

Up to
30% pol.
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Commander has done a relatively clean separation of Planck & WMAP

data into synchrotron, free-free, AME & thermal dust emission (+CO,
HCN)

AME emission seems best correlated with thermal dust at 545GHz.

New diffuse AME regions identified, A Orionis particularly interesting.
Upper limit on pol. AME of 1.6%: need better pol. synchrotron maps!
Fixed synchrotron spectral index is a key limitation.

Need better data at 2-15GHz, e.g. S-PASS, C-BASS & QUIJOTE

For Commander analysis and maps, see arXiv:1502.01588
For the results presented here, see arXiv:1506.06660
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Planck is a project
of the European
Space Agency,
with instruments
provided by two
scientific
Consortia funded
by ESA member
states (in
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