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* A preferred method of detection is prolonged integration over a small sky patch.

 Tradeoff is between finding lower-foreground patches and integrating over them.

Templates for polarized emission from dust (PED) in the Galaxy at 150GHz

(Clark et al. arXiv:1211.6404)
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* Worst patches can probably be avoided.

 But cleanest patches not yet detected.

- If we find the cleanest patches...

» Sensitivity might improvel!
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* The goal:
Facing slots with different odds, maximize winnings.

With infinite funds, this is easy. You /learn the odds.

With a finite number of plays, problem is unsolved.

Heuristics have been developed and compared.

- We showed that with MAB strategies, B-mode sensitivity improves by factors 2-3.
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 Using high-frequency (353GHz) measurements,
Planck measured the dust B-mode amplitudes
over the full-sky (in 400 degpatches):

* Clearly, there are better patches
than the BICEP2, but with huge
uncertainty.

- How do we choose which one for
prolonged integration?

1.0 log,o(0(7y))
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« Suggestion: observe Planck’s best patches with a higher-frequency experiment.

rq| 0.053 0.027 -0.062 —0.020 0.057 -0.031
oq| 0.096  0.098 0.052 0.127 0.122 0.121

* Existing technology - O(1000) detectors - is adequate.
- 3 months of ground based observation, or 2 weeks with a balloon is enough.

* We showed that upper bound on r can be reduced as much as 70%:

0.035- 0.035-

0.03- 0.03-

o
o
o
a1
o
o
N
al

0.02-

o
o
hard
a

Daily B-mode Bound
o
o
N
o
9
a

Daily B-mode Bound

0.01- 0.01-

0.005- 0.005-

L 1 I I I
0 20 40 60 80
Days Days



ldentifying Dust Foregrounds (arxiv:1408.4125)

l"' *) '[ '~ ] I,’I""l“l‘ — ]_ v ¢ s L] ‘\\‘
fl&hﬂ/’li\\\ll---v'l‘ ‘i{sﬂﬂnﬁ#/ I'b\-- ]f.-\\-va-_ﬂp///f] ld‘hﬁtwq ," YN\\\-II |
£I--—-—//---s------fc\ \\ti\""ﬁhﬂ-/ / et I R I N SRS o ‘ |If'l-—-\.\\}f// \\\\\-tl - o
!

S = o=

Lo s VAN v S IV s 222 NN N\ v 2 L 2 e v
R I N S R P LS N A R R !/‘u——u-:tloll‘\\‘\\\\\qo}f!jl\uﬁ’/cl\ \\ﬂdzyﬁ\\\tfflzoafl-h
Jevmmmeananwrs 1 )7 rmamtan ] 111 ’:a—nﬁmai///fll‘l\\\\\\\l!!’]  ——— & \\\ﬁﬂ?yv\l\(flﬁfﬁﬁl}

!]-\s\\\aﬁs\l([f{f,fﬂﬂﬁ\l l\\l"ll\\\\ﬂﬁ#f/ll,l n\\\\\\llf’] —p————y | \qﬂ//-\l]-oa-anal

l\\\-" \\\\ﬁﬂvvifl'llﬁ-“ll‘l]f‘,ﬁ————“‘ \sﬁ’/[l‘l\\nnﬁh\l

-~\\\l' \\ww——— l[,//”.lll‘ll",’—_‘nﬂi \—ﬂlf “tuﬁﬁh&-l F

Fraovy s v =m0} PSS/ m—— ]
-!\\\l---stl{ff/ffaa-~-l
I B B B O IR R P I N | AN VL L f 2772021 180N L0 s )
el B Y ER S S

’
~nm/((|]||;|]\\\..—.¢p.|l

[ | LR o o e | 2 4
} 27~ 7 —— |
Fprm s A ] e me—n ]

(Wt S SOV N |

| B

| + =g

O Nt S LIRS Y AN ——— —————\ &y s | LRSS NN NI LTEN NN Y
WANN = =w v e 2202580V mmemm ) — e | [Z/77- \\\~vr2]| Ve plorm S\ N\ ' £ 5] |1V nmmm s

Il - —tem el -

VY e e s 0367580 =t [ - et ¢ w0 f//d\\\\ap/rl | 1 --—t—.—-—v—:f ‘\-///n\\\\-[f{ll\\\\——---
| »
| I

[V rrveannmar i-——w\\llf}/}ll:-\\\\\-'ﬂ——\-\l
,l——mﬂnq\\nll ,1#P\\\\~(!!,ll--\\\\\'Fﬂfa~
t Ilo--—-
|

i

Flle -\\'Ll-lilfflo-v-d-'#-\t“ 11;- R i | 1S 7= \\\\ -1 N e A\ \ = f | « S s -
(S N I S S SR I N -———-~$\\\\~-l||l(#.‘#-- V12 /77 == s 1l | N « L AN e
f}'//--s\\\\\lljl-—-—uh.\\\t‘-—-- /v--\\\\ P A T SR I SR N | I So——’ s 3 Ly o]
F /7% ~ o maas sl]‘--—n—n—.\'\t -ttt w \\\\\.—d‘/, ‘\-##-\\\ v . .

1)
i|
L
x

'd#--\tnid--\l‘s--_\\\ I(AA;-. ,l]\\\Wﬂ—#l!
hﬂh—#l"[\-f’)‘l‘l-o--b\&&--ll“l‘lf/fl--

.

-

.

i

1
-

| = iyt ¢ -

X

f 2 st s 1 Y L

-

§ F —t——tipn v - ]

L N I ,‘;flt oA - l|]|---~\\,]f}/m—--~\s|

p)
!
L N fls-—-——n-u\\'i I - ==s\11 ] 77 =i
gwq————~\1 | RN NN A 2 L N ]
1
i 4
=

\\—o LR

twm eyl = e, [//.ﬂ-—\-ll, X ) SP—— s
ﬁp-\\\ l,ldd_—ﬂfllfllI]lf///#h\b

#fd\\ l -hd’,/-h\-p’{' 1--——-.' I“\\\\\ﬁ—d-
l-—uwvf f\aﬁ—f},.\u-g/[‘ ‘| ----- \..\.s;‘\\\-dﬂd.

- e w A

f:o-~\\--//#-~.\\
\\\\Vﬂ_—*"'l | R 4
\\\ ANS=—rw s 2 0 )17 U s f
[ oy I’f—\- l~~—-ﬂvtll---vf----lfllx\-\-n——f-l\l ||‘!Ifd--ﬁ--~.\\\ \‘l-oll!ffj‘l://'-\lls-——w-/ "
/ﬂ-_df |\\\\\t‘|-vfﬂa- t]\\\\\..f}'[.\\&ﬁ-/;"ll I(ﬁﬂuﬂhﬁﬁ\\l]f!’ ,'loppmu\l\[uh—dw[ .::j
ﬁnﬂvwf "\\\\\‘l!’##ﬂh\t\i\\\\--f!]lin\\\ Jff:l' Ija {I!! Ilﬂﬂ'ﬂﬁ\\\]nﬂﬂf! %
'—--IFVII\\\\\\'. ff-'-\-"\\'-l'll-' -of!!(fh\\\llf//'-\ I]-n-n_—-vo{ . ———\ Y L 1 2/
\l
| Y N mm————

'/f~\\
-—f} v =\ % ¢ - f

.

D#-—‘”,'lssui‘ e A N O B I R vf'ﬁ\\‘l!f/ff\\‘l\-\fovﬁ[,/[f‘ \fﬂﬂ~~~s-l}]!l
% S - 2 '\'-l-\\\\\l‘ffll--'hﬁﬂﬁf'!\‘I’;/JNNNN\'-I,II-If///f“ -off~~~~w//f’

RN Y

‘\‘\h-] { ¢ - . }}\‘!II'-u\N\Hﬁ'l‘l“l,!/l\ﬁﬁﬂﬂﬂf! !f'ﬂﬁ’/’l\\\“--ol-\\-ﬁ//;’ \\\\*"*-
Jl\ls.l‘ J-di——ul}

-25 -2 -15 -10 -5 0 5 10 15 20 25

‘cL ..... \“&llljl‘lso' .. mem——— - ? e s 2 T I N e = B \s-dﬁ/!ll SN s



ldentifying Dust Foregrounds (arxiv:1408.4125)

-8

CON N v A e, l/// \\ \lf!,o\\\\]"![;/p-\-\.\-(//p-ﬁ-ﬁf;l "",/"’"l

-}\\W/:l\ - # M—-pﬂ"// /\\\\“o-5\\\1\\\//}{,/////#\\)'

51! -u-h—-"/ /s\\\\ll IR T T N N f’;}/////f‘p,/ff

\\Wf F ] 1

1
fr ofd\\\:}l N\ - /;.‘\./
N S | /m\ NN
AN s \\\\ !" - e //'\\\\-II:.‘rt\\\\-fJ f////#.ﬂ#/{f,/ ,\ ,,\\\ ,‘\\ \\ ‘.,//'l\\\\\

-/f --l\\\ Il\\\\\ ‘\

;s VAR ERFE PANNS AL ANNNN e S f ey | ;77

Flil//'llif!!l J o ANN\N~A 7 M\~ /P e - -y l-~~h~§q~~: IQQthrI \\ 11-\\\~'l [RE N R -

NIRRT AN R RV 2 S SR F PRGN | \\*HSSbhf 7 =t s | s3IV, § m e AN LY Y Y
//fewhvwv]\l e I:/z-\\\;~~~5\~-~~\\1

swwirf s 4 | 7= AR N |
et AR R B P SN | LN ~Lrepms 3 ) 82 S f
—2“{[ e s - S S LT B R | vewwss it | VS f I,l\\\\\\, VN~ s S E ST e NS o
(R N A E R oo m v NP Sl N 2 £ 7NN S AN I T R R NNV S
(O DS N N | | IR B RN NS A I o N N R RSN \sso:///f{f/AﬂwQQ\\ !/
{l-m\\\l

cr i [.-—-Hwﬁhh~\‘\\\\i‘

rf{/}{‘flaraux\\h~t\\\\\~

v ANNSANN - ] t'fv~\\ll\\\\~'lf~\ AR \\\‘*“’ e =
—a~~~~\\\\\\\|://z///(} Jezmamn s AVANNNNSN 2 27 s\ \\\ e e s 1 | Y\ N ? ~x\\\{
s\\-m\‘ '||l.'f//fI!,‘fIclﬂﬂh\\\\\\\\t!;fl\\\\-—F-ﬂvl/,"(l v i} \l -n-ﬂl-ﬁ-\-\\\\'ifff/
A L | MV ts2 222827 rmms N\ N\ f i\xaﬂWJ// ! £ /i o | lf#vs\\\\rrffl

\\\\ﬁﬂﬁf!! !][]]f‘];((f///,h\\\afz--\f‘f s /f|l|f//..f.p-n IM\\
S uH/{/u:H]|ns-mu—-~.\~z/;n,//;

NN Jrr77s .-;“n. A\ e} f I S p s
TN | ,’/a-d-~tl . - \\"--ﬂi—h\\\\f f‘////"/’
ol l'f--\ \\\\ ---~\\\\| [ -t \\\‘---\\\\\‘l BRRS S
4._~-.‘ \\\\ I"' \\\\\‘ |lv}//4-\\t\t \\ﬁﬁ\\\\\-ll“\wl
l\\\ 'rdﬂh. \‘**\\ ftl\\\\*-*lllff"~“hh\\ L R "'\\\\“\\\\‘
\‘uﬁpbnkhA I/Illlf toewe-a ]y ﬂﬂﬂhh\\\\"'-\ll!///#'/""/// NP UANNS s sSNN
/K%Vh\\alf flvs /f | » rwremr 21 | \Vﬂﬁﬁﬁh\ll;ff’|1‘|3//V*P’f‘ f/ZVV’ “"‘l\\\*""‘|

j“‘l\W—f{
7 AN AN

—

AAAA///f//:|\\-o/f"[

‘4/ seone/ /!l /7| ) s i o AN 1 f
Rl I N P |

\\‘ W i —
l~p%s\\\\~\\\-lff; \\\\"ﬁﬁ‘h\\\
-t “1\,//.(:-\\—.-/:'. LisSsmmmmmmrr fll e -ers/f NNy I'--\\u//ﬁéﬂf N FZEERS R

ndQ\\v//f Nt v s o ) LRI S SR 4 I-amu?zl \vanwa\ \lui\ | sl s 1 fr oYy
L.‘\\a..-ﬂlll ..... d}l t\-i\\\\\‘\:ll’ fl .—.--Lr... l-.—.— \\\‘.d#l\ffilu\\} '

-25 -20 -15 -10 -5 0 15 20

.'..\\\/ /; eSS Vi

5 -, )
!,I#\\l'l

\ ////;/ﬁ-—.—/ "\\\l!
N ————— \////fl\\\f///l \\\\'}!o-d-ﬁ-!—lﬁs };//H.-n.ﬂ/ll f/i\\l]f//#-lf//h-a-/ /\-'\\ ff
\\\\Hv\\\\// \lw-n—ﬁ-//// \\\\lfl.s\u\\asij////////ft\\\l F /e - 3 S m™ e\\o/

£ e N\\seev.,

L s\ NNN LSS/ 7 i)Y

Jl ISV F Y EEL SRR R RS

(DI IIP //f‘tl.‘f//-ﬂ~~--!fl/h‘-‘h..\ Bt AR S E R N

F27077/ 7+ \\ 2311w i f \\h/ | - eemem S v AN LN

cn e NN N ] ] S l \\.-' ] - rm—— /L2 AN A Y
/

;fl‘ll‘
FEERTEY
F 1
£ VAN

SNNNNN

T YL NN
[ I O S

!,,’f‘v'-
I N
Zovn gy

AR AR ERY
SN

YNNI
NN S e

] I N m——
f!‘**"'
f/'.-ﬂ-u-a
/Zﬁﬂa*:
!///V/w/

‘,/,Ilf’
01:[
Id

25




ldentifying Dust Foregrounds (arxiv:1408.4125)




ldentifying Dust Foregrounds (arxiv:1408.4125)

lllustration: constant polarization orientation over a small sky patch




ldentifying Dust Foregrounds (arxiv:1408.4125)

lllustration: constant polarization orientation over a small sky patch

1 ) .
* Polarization tensor (flat-sky): Py = — ( Q(@ Ul l ) , 0=1(0,,0,)



ldentifying Dust Foregrounds (arxiv:1408.4125)

lllustration: constant polarization orientation over a small sky patch

1 ) .
* Polarization tensor (flat-sky): Py = — ( Q(@ Ul Z ) , 0=1(0,,0,)

- Fourier B-modes: B(f) _ 9—1/2

|
L
-
DO
S
=l
»
—~
=
_I_
Q
o
N
DO
S
=
-
—~
=

l



ldentifying Dust Foregrounds (arxiv:1408.4125)

lllustration: constant polarization orientation over a small sky patch

1 ) .
* Polarization tensor (flat-sky): Popy = — ( Q(@ Ul Z ) , 0=1(0,,0,)

~ — ~ —

» Fourier B-modes: B(1) = 271/? {— sin 27 Q(1) + cos 2p7 U(l)}

- Assuming a constant polarization orientation angle: « = (1/2) arctan(U/Q)
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lllustration: constant polarization orientation over a small sky patch

1 ) .
* Polarization tensor (flat-sky): Py = — ( Q(@ Ul l ) , 0=1(0,,0,)

* Fourier B-modes: > (f) —9~1/2 {— sin 25 Q(B + cos 27 ﬁ(f)}

- Assuming a constant polarization orientation angle: « = (1/2) arctan(U/Q)

~ =

- [
* Results in B-mode modulation: B(l) = \/(5) Sin [2(04 - 901")}
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lllustration: constant polarization orientation over a small sky patch

1 ) .
* Polarization tensor (flat-sky): Popy = — ( Q(@ Ul l ) , 0=1(0,,0,)
* Fourier B-modes: g(f) _o9—1/2 {_ sin 29@;@(5 + cos 2p; (NJ(Z)}

- Assuming a constant polarization orientation angle: « = (1/2) arctan(U/Q)

 Results in B-mode modulation: B(B /5 sin [2(04 - 901")}

B(I)

2
> — Ale [1 — cos 4 cos 4gpl~— sin 4« sin 490;}

- And the power spectrum: <
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lllustration: constant polarization orientation over a small sky patch

1 ) .
* Polarization tensor (flat-sky): Popy = — ( Q(@ Ul l ) , 0=1(0,,0,)
* Fourier B-modes: g(f) _o9—1/2 {_ sin 2901*@(5 + cos 2p; (NJ(Z)}

- Assuming a constant polarization orientation angle: « = (1/2) arctan(U/Q)

 Results in B-mode modulation: B(B /5 sin [2(04 - 901")}

~ —

2
(l)| > = AC’lf 1 — cos 4o cos 47 — sin dasin 47

- And the power spectrum: <

Exhibits a hexadecapolar power asymmetry (e4i0‘)
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|sotropic B-mode map:

Constant-orientation:
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Current Work

Orientation statistics:
* Developing ideal full & flat sky estimators for polarization orientation statistics.
- Applying estimators to real data.

* Examining cross-correlations (E-mode template?)

MADB strategies:
- 21-cm intensity mapping.
- Confusion noise in high sensitivity telescope imaging.

- Reducing cosmic variance in measurement of high-redshift luminosity function.
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Recombination
21 cm stochastic fluctuations.

A 3D-bandit problem. o
Reionization
Adds another dimension. ‘

MWA: Greedy € = 0 vs. 1
(Thyagarajan et al. arXiv:1308.0565)

Dark Ages

1100
200

30
13

Radio Interferometer




MAB Strategies Elsewhere: Imaging Telescopes
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* Deep-field imaging:
From HST to JWST?
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(Not useful in a Casino, but may save considerable telescope time)



