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Atmosphere modeling

Polarized signal modeling

® FEach rotational state (J,M)) is split in 2J+1 states

AJ=4+1: J=L — J=L+1 (L7
AJ=-1: J=L — J=L-1 (LI')

® Polarized radiation intensity modeled with
coherency matrices and Fermi Golden rule

IAMJ (S, L, MJ) — Ptrans,AMJ (S,L, MJ)I A M;

® ! ., Zeeman lines have different polarizations

I+ Q U+iV
P=\U-iv I-Q

® Total coherency matrix can be easily computed
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Atmosphere modeling

Polarized signal modeling

® FEach rotational state (J,M)) is split in 2J+1 states

J=L+1 (L")
J=L-1 (L)

AJ =41 :
AJ =—-1 :

J=L —
J=L —

® Polarized radiation intensity modeled with
coherency matrices and Fermi Golden rule

IAMJ (S, L, MJ) — Ptrans,AMJ (S,L, MJ)I A M;

® !,

1

Q U

Zeeman lines have different polarizations

1V

P=\U-iv I-Q

® Total coherency matrix can be easily computed

Giulio Fabbian

A template of atmospheric O, polarized emission for CMB experiments

LT vy (L™) (GHz) w(Lt) (GHz)
1 118.750343 56.264777
3 62.486255 58.446580
5 60.306044 59.590978
7 59.164215 60.434776
9 58.323885 61.150570

11 57.612480 61.800155
13 56.968180 62.411223
15 56.363393 62.997977
17 55.783819 63.568520
19 55.221372 64.127777
21 54.671145 64.678898
23 54.130002 65.224065
25 53.595751 65.764744
27 53.066908 66.302082
29 52.542392 66.836820
31 52.021405 67.369589
33 51.503339 67.900867
35 50.987728 68.431005
37 50.474204 68.960312



file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity
file://localhost/Users/fabbian/Documents/Thesis/Moriond%202012/intensity

Atmosphere modeling

Polarized signal modeling

® FEach rotational state (J,M)) is split in 2J+1 states

AJ =41 :
AJ =—-1 :

J=L —
J=L —

J=L+1 (L")
J=L-1 (L)

® Polarized radiation intensity modeled with
coherency matrices and Fermi Golden rule

IAMJ (S, L7 MJ) — Ptrans,AMJ (S,L, MJ)I A M;

® ! ., Zeeman lines have different polarizations
1 i1cos @
AM;=—1: p"—_( —icosf cos’6 )
1 —1icosf
AM;=+1: p°+_( icosf cos*6 )
0 0
AM; =0 : P :(0 sinQG)’

® Total coherency matrix can be easily computed

Giulio Fabbian

LT vy (L™) (GHz) w(Lt) (GHz)
1 118.750343 56.264777
3 62.486255 58.446580
5 60.306044 59.590978
7 59.164215 60.434776
9 58.323885 61.150570

11 57.612480 61.800155
13 56.968180 62.411223
15 56.363393 62.997977
17 55.783819 63.568520
19 55.221372 64.127777
21 54.671145 64.678898
23 54.130002 65.224065
25 53.595751 65.764744
27 53.066908 66.302082
29 52.542392 66.836820
31 52.021405 67.369589
33 51.503339 67.900867
35 50.987728 68.431005
37 50.474204 68.960312

A template of atmospheric O, polarized emission for CMB experiments
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Atmosphere modeling

Polarized signal modeling

® FEach rotational state (J,M)) is split in 2J+1 states

J=L+1
J=L-1

AJ =41 :
AJ =—-1 :

® Polarized radiation intensity modeled with
coherency matrices and Fermi Golden rule

IAMJ (S, L, MJ) — Ptrans,AMJ (S,L, MJ)I A M;

® ! 4,
AM; =—-1 :
AMj;=+1 :
AM; =0 :

® Total coherency matrix can be easily computed

Atot :C(V, P, T) Z

Giulio Fabbian

J=L —
J=L —

. 1
Po— =\ _jicosh

. 1
Por =\ icosh

Zeeman lines have different polarizations

1cos @
cos? 6

—1cos @

cos? 6

B 0
P =1\ 0 sin%20 )’

AM;=+1 +J
PAM ;
AMj;j=-—1 Myj=—J

A template of atmospheric O, polarized emission for CMB experiments

(LT)

(L")

)

LT vy (L™) (GHz) w(Lt) (GHz)
1 118.750343 56.264777
3 62.486255 58.446580
5 60.306044 59.590978
7 59.164215 60.434776
9 58.323885 61.150570

11 57.612480 61.800155
13 56.968180 62.411223
15 56.363393 62.997977
17 55.783819 63.568520
19 55.221372 64.127777
21 54.671145 64.678898
23 54.130002 65.224065
25 53.595751 65.764744
27 53.066908 66.302082
29 52.542392 66.836820
31 52.021405 67.369589
33 51.503339 67.900867
35 50.987728 68.431005
37 50.474204 68.960312

Etrans(sa La MJ7 AJ7 AMJ)F(Vv VE, AVC)
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Atmosphere modeling

Polarized signal modeling - I

® TJotal | matrix must consider pressure and temperature dependencies

Pv? -EL
Cv,T,P) = 0.229W6KBT;

® line profiles: F(v,vx, Av.) = Fa — Fy

® broadening:
® and mixing:

® For a given atmospheric configuration (P, T, h) and Earth magnetic field we get a
coherence matrix

® Purely imaginary off diagonal terms: U=0

® Small fraction of Q is negligible (Q/V = 10
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Atmosphere modeling

Polarized signal modeling - I

® TJotal | matrix must consider pressure and temperature dependencies

Pv? —EL
C(V, T, P) - 0.229W6KBT;
1 1
Fa = Al/c [ + :|
® line profiles: F(v,vi, Av.) = Fa — Fy (e —v)? +AvZ  (vk +v)? + AvZ
L Vi — UV Vi + V
Fy = T [(uk —v)? + Av? T (v +v)?% + Aug]

® broadening:
® and mixing:

® For a given atmospheric configuration (P, T, h) and Earth magnetic field we get a
coherence matrix

® Purely imaginary off diagonal terms: U=0

® Small fraction of Q is negligible (Q/V = 10
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Atmosphere modeling

Polarized signal modeling - I

® TJotal | matrix must consider pressure and temperature dependencies

C(w,T,P) = o.zngT—’feE—ﬁ%;
1 1 ]
® line profiles: F(v,vx, Av.) = Fao — Fy fa o [(Vk 02 HAv2| T e+ ) HA
By =3 Y [(uk —VZ);: A2 T o +VZ)j: Avg]
0.8
® broadening: Ave = Ao P <3TE)>
® and mixing: Yi = (Al v @%)) P (%) a

® For a given atmospheric configuration (P, T, h) and Earth magnetic field we get a
coherence matrix

® Purely imaginary off diagonal terms: U=0

® Small fraction of Q is negligible (Q/V = 10
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Atmosphere modeling

Polarized signal modeling - I

® TJotal | matrix must consider pressure and temperature dependencies

C(w,T,P) = 0.2291;_’;26%%;
1 1 ]
® line profiles: F(v,vx, Av.) = Fao — Fy fa o [(Vk — V2 HA2|" (v +v)? A2
By =3 Y [(uk —VZ);: A2 T o ﬁ)ﬁi Avg]
0.8
® broadening: Ave = Ao P <3TE)>
® and mixing: Yi = (Al v @%)) P (%)) a

® For a given atmospheric configuration (P, T, h) and Earth magnetic field we get a

coherence matrix
a+b i(a —b) cosb )

Aot = aps_ +bpo, +cpr = ( —i(a — b)cosf (a+b)cos?d + csin®

® Purely imaginary off diagonal terms: U=0

® Small fraction of Q is negligible (Q/V = 10
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Atmosphere modeling

Radiative transfer and magnetic field model

® Tensor radiative transfer approach of Lenoir (1967,1968)

.I,V'
Ts(z,v) =Y WF(Az, )T, WF(Az,v) = P(Az,v) [I - e PA2% ] P (A2, v)
1=1

P(Az;,v)= e MWt zimn =AW=

® 30 Km P andT profiles taken from literature averaged over 0.2 km layers

30 T T T T [ T T T T [T T T T [T T T T [ T T T T [T T 11T
I Tomasi et al ]
25 —
. % ,. .
% (]
5 J
L | /
E 20 j & .’ -
x 3 3 ’l
- r Q Ko (] _
I r Q ‘0 -' 7
o 15 _\ ‘, .' -
R S ]
- \ '{ /[ ~—o— December
3 v i
L o AP —e— January |
O et March
10 - 9 .w'"é;‘»" —o— Marc —
i W ien —a— April
.;t.‘.’ l\.§ May
- o O ¢
s O i ~i\,
3 | 0. T "'“'7";‘; i s L1 Fa 2 o 3
200 210 220 230 240 250 260 P g A © G. Dargaud

TEMPERATURE (K)
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Atmosphere modeling

Radiative transfer and magnetic field model

® Tensor radiative transfer approach of Lenoir (1967,1968)

T z V) ZWF(Az“ ) WF(AZ| , V) = P(AZ| , V) |:| — 6_2Ai(V)AZi] P*(AZ| , V)

P(AZ,L,V) — 6—A1(l/)| Zp n “”n e—Ai_l(l/)! Zj

® 30 Km P andT profiles taken from literature averaged over 0.2 km layers

® |[GRF-2010 Earth magnetic field ® Limited to 3000 Km wavelength,
model (2-6 x10*nT) no small scale correction to the
mOdeI X — Northward

Y — Eastward

Z — Downward

Giulio Fabbian A template of atmospheric O, polarized emission for CMB experiments



Templates

Frequency templates at zenith

® BothV>0 and V<0 Site Latitude (°) Longitude (°) h (km) P (mb) T (K) B (®T) 5(°) 4¢(°)
larizati Dome C 75.06 S 12321 E  3.233 630 230 62713 -80.8 -140.4
polarization South Pole  90.00 S 0 2.800 680 242 55849 -72.8  -28.2
Atacama 23.01 S 67.45 W 5104 556 270 23296 -20.2  -6.3
Testa Grigia 4556 N 748 B 3480 655 260 46828 619 0.7

® Main differences:

| | | | | | | | | | |
‘ — South Pole

----- Dome C ]
""" Atacama
- = - Testa Grigia

* South Pole (V<0)
Dome C (V<0)

Atacama (V<0)
° » Testa Grigia (V<0)

® Altitude effects

® B strength

® B orientation

[VIC(K)

----------
.....
i
R

® Sign revers due to line wing
crossing

® High frequency model may
not be accurate: strong
dependence on mixing
model

Giulio Fabbian A template of atmospheric O, polarized emission for CMB experiments



Templates

90 GHz angular templates - |

Giulio Fabbian

Left to right: South
Pole, Dome C,
Chajnantor in
Atacama desert,
Testa Grigia

| 5°elevation
intervals

A template of atmospheric O, polarized emission for CMB experiments

White lines denote
50K variation

Red line denotes
null signal level

Length scale of 200
Km at 30 Km
altitude



Templates

90 GHz angular templates - |l

-II|III|III|III III|III|III|II IIIIIIIIIIIIJ—I’I'IFTT-I-.]JIIIIIIIIIII

500 .. Beme | 200 = .7 T
T [TrTrpecame [ R Rt
- R L _ :l:l: —_ /“/‘ S . _—
© ok Teee.. T - 2 OF TEmme .
=, S = N T [TiAmcama ]
~ R e 3 = 200 et esta Grigia ~ ]
~ 500 a7
- \a -400
_1000_|||||||||||||||||||||||||||||=
-60 -40 -20 0 20 40 60 0 100 200 300
z() Az (°)
e Great difference in gradient for N-S e Atacama: horizontal B combines to
scans increase the signal
e Effect of atmospheric thickness ¥el= 45° azimuthal gradients
e Dome C: vertical B compensates ¥Real signal must be integrated over the
atmospheric thickness increase bandwidth and convolved with beam
Site VoK) BwK/)  S(uK/[?)  6Vep(a2)(K)  @as(°)
Dome C -153.4 0.3—-0.8 0.4 50.2 129; 310
South Pole -299.0 14— 3.2 1.6 188.1 61; 242
Atacama -52.5 2.5—5.1 2.5 288.0 83; 264
Testa Grigia  +147.1 1.3—-2.9 1.4 158.8 90; 271
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Validation

Accuracy

® B direction and magnitude uncertainties:

§|B| ~20nT o6p=06G=1
® Secular variation (SV)

® Magneticstorms ! |B| ~ 100(hT

® T and P profile experimental uncertainties

0P.yy ! 5mb Tey,! 05K

Site Elevation Veup(pK) OVea(pK) 6T (K) S0P (mb) 6V (uK)
Dome C 90° 1.1 0.8 36 15 5.1
Dome C 45° 1.0 0.7 36 15 4.3
South Pole  90° 1.6 1.2 26 15 14.9 ® T and P profiles daily variations
South Pole 45° 2.1 1.6 26 15 20.5
Atacama 90° 0.2 0.15 10.5 2.6 0.34
Atacama 45° 0.9 0.5 10.5 2.6 1.3 5P8t — O 8mb 5T8t — 2 OK
Site Elevation  6Vms(uK) 2Ele(nT Weu (uK 5V, a(uK . .
: b (LK) ("T/3) WX/y) 1) o Seasonal profile variations affect mainly
Dome C 90° 0.07 -21 +0.08 ~ 4 .
Dome C 45° 0.10 -21 40.20 ~3 Polar sites
South Pole 90° 0.16 -63 +0.57 ~ 8
South Pole 45° 0.24 -63 +0.66 ~ 10
Atacama 90° 0.09 -52 —0.41 ~ 3 . .
Atacama . 025 o £ 0.34 12 ® Uncertainty on O; absorption values up
Testa Grigia 90° 0.10 +26 +0.18 ~ 5 to 120 GHz
Testa Grigia 45° 0.11 +26 +0.06 ~ 2
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Validation

Accuracy

® B direction and magnitude uncertainties:

§|B| ~20nT dp=06G=1

® Secular variation (SV)

® Magneticstorms ! |B| ~ 100(hT

® T and P profile experimental uncertainties

0P.yy ! 5mb Tey,! 05K

-100 =150 -120 -90 -60 -30 0 10 60 S0 120 150 180

Site Elevation 6Viep(uK) 6Vet(uK) 6Ti(K) 68Py(mb)  6Viy(uK) .éGEOGRAPHIC COORDINATE __
Dome C 900 1.1 0.8 36 15 5.1 1600 1700 1800 1500 2000 2100
Dome C 45° 1.0 0.7 36 15 4.3
South Pole  90° 1.6 1.2 26 15 14.9 ® T and P profiles daily variations
South Pole 45° 2.1 1.6 26 15 20.5
Atacama 90° 0.2 0.15 10.5 2.6 0.34
Atacama 45° 0.9 0.5 10.5 2.6 1.3 5F)st — O 8mb 6T8t — 2 OK
Site Elevation 6V, (WK JIB I”‘ nT 6_\,{& K OV, a(uK . L. .
! (hK) (nT/3) W/v) 1) e Seasonal profile variations affect mainly
Dome C 90° 0.07 -21 +0.08 ~ 4 .
Dome C 45° 0.10 21 +0.20 ~3 Polar sites
South Pole 90° 0.16 -63 +0.57 ~ 8
South Pole 45° 0.24 -63 +0.66 ~ 10
Atacama 90° 0.09 -52 —0.41 ~ 3 . .
Atacama . 025 o £ 0.34 12 ® Uncertainty on O; absorption values up
Testa Grigia 90° 0.10 +26 +0.18 ~ 5 to 120 GHz
Testa Grigia 45° 0.11 +26 +0.06 ~ 2
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Validation

Accuracy

® B direction and magnitude uncertainties:

§|B| ~20nT dp=06G=1

® Secular variation (SV)

® Magneticstorms ! |B| ~ 100(hT

® T and P profile experimental uncertainties

0P.yy ! 5mb Tey,! 05K

-100 =150 -120 -90 -60 -30 0 10 60 S0 120 150 180

Site Elevation 6Viep(uK) 6Vet(uK) 6Ti(K) 68Py(mb)  6Viy(uK) .éGEOGRAPHIC COORDINATE __
Dome C 900 1.1 0.8 36 15 5.1 1600 1700 1800 1500 2000 2100
Dome C 45° 1.0 0.7 36 15 4.3
South Pole  90° 1.6 1.2 26 15 14.9 ® T and P profiles daily variations
South Pole 45° 2.1 1.6 26 15 20.5
Atacama 90° 0.2 0.15 10.5 2.6 0.34
Atacama 45° 0.9 0.5 10.5 2.6 1.3 5F)st — O 8mb 6T8t — 2 OK
Site Elevation 6V, (WK JIB I”‘ nT 6_\,{& K OV, a(uK . L. .
! (hK) ("T/3) WX/y) 1) o Seasonal profile variations affect mainly
Dome C 90° 0.07 -21 +0.08 ~ 4 .
Dome C 45° 0.10 21 +0.20 ~3 Polar sites
South Pole 90° 0.16 -63 +0.57 ~ 8
South Pole 45° 0.24 -63 +0.66 ~ 10
Atacama 90° 0.09 -52 —0.41 ~ 3 . .
Atacama . 025 o £ 0.34 12 ® Uncertainty on O; absorption values up
Testa Grigia 90° 0.10 +26 +0.18 ~ 5 to 120 GHz
Testa Grigia 45° 0.11 +26 +0.06 ~ 2
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Validation

Accuracy

® B direction and magnitude uncertainties:

§|B| ~20nT dp=06G=1

® Secular variation (SV)

® Magneticstorms ! |B| ~ 100(hT

® T and P profile experimental uncertainties

0P.yy ! 5mb Tey,! 05K

-100 =150 -120 -90 -60 -30 0 10 60 S0 120 150 180

Site Elevation 6Viep(uK) 6Vet(uK) 6Ti(K) 68Py(mb)  6Viy(uK) .éGEOGRAPHIC COORDINATE __
Dome C 900 1.1 0.8 36 15 5.1 1600 1700 1800 1500 2000 2100
Dome C 45° 1.0 0.7 36 15 4.3
South Pole  90° 1.6 1.2 26 15 14.9 ® T and P profiles daily variations
South Pole 45° 2.1 1.6 26 15 20.5
Atacama 90° 0.2 0.15 10.5 2.6 0.34
Atacama 45° 0.9 0.5 10.5 2.6 1.3 5F)st — O 8mb 6T8t — 2 OK
Site Elevation 6V, (WK JIB I”‘ nT 6_\,{& K OV, a(uK . L. .
! (hK) ("T/3) WX/y) 1) o Seasonal profile variations affect mainly
Dome C 90° 0.07 -21 +0.08 ~ 4 .
Dome C 45° 0.10 21 +0.20 ~3 Polar sites
South Pole 90° 0.16 -63 +0.57 ~ 8
South Pole 45° 0.24 -63 +0.66 ~ 10
Atacama 90° 0.09 -52 —0.41 ~ 3 . .
Atacama . 025 o £ 0.34 12 ® Uncertainty on O; absorption values up
Testa Grigia 90° 0.10 +26 +0.18 ~ 5 to 120 GHz
Testa Grigia 45° 0.11 +26 +0.06 ~ 2
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Validation

Accuracy

® B direction and magnitude uncertainties:

§|B| ~20nT dp=06G=1
® Secular variation (SV)
® Magnetic storms

B| ~ 1000T

® T and P profile experimental uncertainties

Site Elevation 0Veep(pK) OVea(pK) 6T (K) S0P (mb) 6V (uK)
Dome C 90° 1.1 0.8 36 15 5.1
Dome C 45° 1.0 0.7 36 15 4.3
South Pole 90° 1.6 1.2 26 15 14.9
South Pole 45° 2.1 1.6 26 15 20.5
Atacama 90° 0.2 0.15 10.5 2.6 0.34
Atacama 45° 0.9 0.5 10.5 2.6 1.3
Site Elevation §Vms(uK) 2El2(nT/y)  Seu(uK/y)  6Vina(uK)
Dome C 90° 0.07 -21 +0.08 ~ 4
Dome C 45° 0.10 -21 +0.20 ~ 3
South Pole 90° 0.16 -63 +0.57 ~ 8
South Pole 45° 0.24 -63 +0.66 ~ 10
Atacama 90° 0.09 -52 —-0.41 ~ 3
Atacama 45° 0.25 -52 +0.34 ~ 13
Testa Grigia 90° 0.10 +26 +0.18 ~ 5
Testa Grigia 45° 0.11 426 +0.06 ~ 2

=150 -120 -90 -60 -30 0 10 60 S0 120 150 180

GEOGRAPHIC COORDINATE
&

1600 1700 1800 1500 2000 2100

T and P profiles daily variations

OPs; ~ 0.8mb 0Ts ~ 2.0K

Seasonal profile variations affect mainly
Polar sites

Uncertainty on O, absorption values up
to 120 GHz
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Validation

Band optimization and real case example

® Possible band optimization inside atmospheric windows usingV sign reversal:
examples with ideal rectangular 20% bandpass

400 II|III|III||||||| = SOO_J,_J~I~IIIII|III|III|IIIIIIII—|— ;IsllIIIIII|III|III|IIIIIII—
10 GHz band S SRR 20 GHz band B 200 - o 30 GHz band —]
300 South Pole _E - Tl ] B \\-. _
— oiRome © 3 — ol T 1 oL et T 5
g 2005 thse TestaGrign =~ _—" .7 2 I I s LR :
] el | S X ol :
V O -___-—._:-:-___ .......... _g v ->00 ? — ]S) outh léole - \%4 B — IS)outh I("jole _
400 T 2 - S I I & TR
_200 ||||||||||||||||~|NNNE _1000'||"l"'llllllllllllllllllll— caoa b b b b b by 1T
30 32 34 36 38 4C 86 88 90 92 94 96 98 100 140 142 144 146 148 150 152 154
frequency (GHz) frequency (GHz) frequency (GHz)
T R T T [ T 4 T T [ T T IaT—
\% 100 — o
o L _
E - s |
= i
= i« Al
Q
(o I
g
v i s
%
2
£ 10= ——— PWV=03mm —
2 — ——— PWV=06mm | DomeC -
= - —— PWV=1mm | atmosphere -
I TR N N N NN NN SN TR TR NN N N A A

50 100 150
Frequency (GHz)
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Validation

Band optimization and real case example

® Possible band optimization inside atmospheric windows usingV sign reversal:

400 LI N L L L B B L B =

10 GHz band E

300 South Pole _E

— SR A%rgae”?a =
%‘ 200 - [TIT TestaGrigia " .~ =
vV O _'-'_-'-._--:-:- ..................... _g
100 TTTreeel _2
-200 T T A B BT

30 32 34 36 38 AC

frequency (GHz)

500

o 0
=
2

S -500

-1000

examples with ideal rectangular 20% bandpass

_J,_J T T T T | LI | T T | J —
~ - 20 GHz band m
— South Pole —
— memme Dome C —
I O f b Atacama, -
2 el Testa Grigia] |

| | 1 1 | | 1 1 | | 1 1 | | 1 1 | | 1 1 | | 1 1 | | 1 1 I_

86 88 90 92 94 96 98 100

frequency (GHz)

® Example case:are TES experiments in Atacama
sensitive to V contamination!?

<V>( uk)

200

-200

-400

140

II|II‘I‘|II

-t
-t

™
30 GHz band a
—-------::--.-._--F.-.-'-m-- --':'_"_'-"_"’_'-'-_'-:'—'-'-3:-£
South Pole ]

[ DOme
......... Atacama. ' 1
""" Testa Grigia]

142 144 146 148 150 152 154
frequency (GHz)
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Validation

Band optimization and real case example

® Possible band optimization inside atmospheric windows usingV sign reversal:

examples with ideal rectangular 20% bandpass

400 L s B B = 500_4._4: LI L L B T i: L LI I B =
10 GHz band = C Tl 20 GHz band - 200 | 30 GHz band ~
300 South Pole _E - Tl 7] B ~- _
W) '-:':'-:':R%rggn?a 3 — 0 - T 4 = 0 :.._.-..'_.'..;-.-:-.a-- TS T D0
% 200 - L2200 Testa Grigia -~ _.° S N L e e = T 3N E T T L T =
= = =TT e _ =. : """"""" .
L e B SR S 1R 20 E
\Y 0 --__-—._:_-.-.____:_ ______ _g v ->00 - = ]S) outh léole ] v B — IS)%utIéléole i
400 T = - S I I & TR
_200 |||||||||||||||||~~E _1000'||"l"'llllllllllllllllllll— coac e b b b v v 1T
30 32 34 36 38 4C 86 88 90 92 94 96 98 100 140 142 144 146 148 150 152 154
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. . 0.5F | |
® Example case:are TES experiments in Atacama
sensitive toV contamination? 04l
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Validation

Band optimization and real case example

® Possible band optimization inside atmospheric windows usingV sign reversal:
examples with ideal rectangular 20% bandpass

400 L s B B = 500 —J".]:: T L B I e i L LI I B :
10 GHz band S SRR 20 GHz band B 200 - 30 GHz band ]
300 South Pole _E - Tl ] B AR - _
o) '-:':'-:':R%rgaen?a 3 — 0 - ----""7 1 0 — :.._:-.-:;E-.E-%-- e R 2]
%‘ 200 B [TCIT0 Testa Grigin " .-~ E %4 L _...----—""'"'""—'“_"'-'"—"_'_-_'_'_'_—_'_'_'_-.'_'-'-_-:"'_':' g %‘ :—’_—_t. ___________________ :
) e ST | ) S By -
V 0 -___-—._:-:-___ ........... _g v ->00 - = ]S) outh léole - \%4 B — IS)outh léole _
400 T 2 - S I I & TR
_200 T AT ST A N N SR A |~ ~|~~ E _1000 Ll b b b P by T o caoa b b b b b by 1T
30 32 34 36 38 4C 86 88 90 92 94 96 98 100 140 142 144 146 148 150 152 154
frequency (GHz) frequency (GHz) frequency (GHz)
0.5 | | |

® Example case:are TES experiments in Atacama
sensitive to V contamination!? 04l

E' | | Vi—e —\ee™ || E,
B, || Vee™ V1—¢ || E, 03
pep v 02 |
—Vatm _ \/4(1 — ¢)esin® Y + e2sin? 2¢p - 2
Pcmb Pcmb 01

® Accurate bandwidth measurements are crucial to

. . . | 0.0t ‘ ‘ ‘ ‘ f
estimate contamination: 000 001 002 003 004 005
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Conclusions

& We investigated atmospheric polarized emission

&) We produced angular and frequency templates for several observational
sites and proposed the more convenient band to perform observation

& Frequency templates accuracy is limited by absorption parameters
) Atacama has the lowest emission but Dome C has the lowest gradient

& MK accuracy dominated by precision and variability of atmospheric
profiles

& Magnetic storms and seasonal variations are the strongest variability
factors (10-15uK)

&) Current experiment should be on a safe side (but be careful!)
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Conclusions

& Useful for current and future CMB polarization experiments

) ...and also to update current constraints from Partridge et al. (1988)

ATy /T <22x107* on 18" —160"

& Proof of non standard physics and cosmological models (e.g primordial
magnetic field, see panels below)

Q =0.0441,Q =0.241,Q =0.742, h_=0.719, n =0.963 Q =0.0441,Q =0.241,Q, =0.742, h_=0.719,n_ = 0.963
b0 c0 A 0 S b0 c0 A 0 S
4 2 T
-~ - ’ \ /
Al N
~~ ~~
!j‘ TE (best fit WMAP 5-yr data alone) xﬁ‘
Pl -4 ~ -8tk — — — EE (best fit WMAP 5-yr alone)
S - — = VT (v=30GHz, B =1nG) .
P pe — BB (t€Nsor modes, rT=0.1)
N— — -6 ~ -10
(D _______ (D — - — BB (lensing of primary anisotropies)
-8 ‘~\ [ R CENRRRERER PR F N ,’—_~\, . -12f WV (v =30 GHz, B = 1nG)
N Vi N “
! ' AR _1al o = o VT (v=30MHz, B = 1nG)
-10 R i
[
-16
12} .
| | | | | -18 | | | | | |
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