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| Lensing B-modes
at sub-deg. scale

Recombination era,
380,000 years




Lensing B-modes today
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CvB Is unique massive particle
NOT localized in galaxies




Precise measurements of
gravitational lens effects
give knowledge about 2m,

CvB is

_ Dark Matter 0
massive ! + others va




Target statistics for
2m, measurement ?

5° 0'5; Moon scale 0.2"
J J J

y 2
7 &
ZQJ
bl"c
)bg
o0

1000 1500
Multipole /




CMBTi#%d
IRIS0DEE JIiRE



l? INENRZE#HD

Dark FHERBRS
e IRIGE IR

a'—'EEG)I;lzl,i"J

4 \ b '-'. ";_ - J
‘.\\\ /’ \ l//

L - ”,
N’

Today Structure

First star

—T—EEI formation *Ek
Eﬁ“ 138 {&4F 384

_ _ 5 ﬁ%oﬁm

20° -
>/ IR Emﬂ A (0.5 )J:D’Edc%b\
! | CMBRIEDIEXIFR) (S —
\l’ rB:E_ I<J TEE%




rﬁ.5] _ c‘.:dbiﬁl,m

Characterization
in Fourier space
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BICEP23E5%
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Overview of GB

See J. Low Temp. Phys. 176, 691 (2014), and Proc. SPIE 8452, 84521M (2012).

: Super high-speed scan modulation
Elevation: o .y
60 deg. (120°/s) mitigates effects of

CMB (Fov~20°,9~06°)

atmospheric fluctuation
1.4m [ b | H
Cross-dragon | I% F :
250mK Mirror at 4K '
Focal plane

Rotation stage
(through He gas)




“Mecca” of astronomical observation
Fine weather above clouds at 2,400 m altitude




Super high-speed scan modulation ... c.c.z
. . w/ single rotation
provides us wide sky coverage ! e
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Observation

FDS dust model
@ 94GHz
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MKIDs electronics for GB
120-MUX dead-time-free in 1 kSpS

( 64-MUX for CMB currently deployed )
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By N. Tomita

Semi-auto peak analyzer
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Frequency multiplier
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w/ opposite phase !!




— : I ==
2R 20532 TDONEPHITE
ﬁﬂ%’/—)b I\(i*%éiﬂ (G&EtiEd, 3 AR, -57dB design)
300KE([CE (L\WhWBdarkiRIE L D (HBEE/R5T4ifh)

10—11 y

p L \\ =
HIRES Dpickup ZIRT T Y
=> BB —)L RTHG ERED3R AR DIRE) & 4HE
- amplitudelC D7 E
g > b‘—j)laEIEE&U/‘J METH
% 10_1.; \.\\

D T e | mEm-miEoBmI> 5
e (290mK > 260mK)
HSS—)l REETENRE




RFERE OJJEE%':’ZD ﬂﬂﬁ

Cryostat team, be cool ©
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/ﬁﬁ:ﬁ%%ﬁ%ﬁ

e & 13
L. PR

L
s “ .'E w L i ‘ < MESOMALOrsS

2.7' TOge | ‘

’ .s o = _{ v
—J
Made by SLAC o I Dooohy, D
J - -
X

RF-SQUID '~

/%/ ’/17 @ @ @
/z/
Q\Q\w—\ TES

TES ;;cector TES TES TES Viade by NBT

(Berkeley)

#IBUP(MHz > GHz) TZEEUP




KeIOE

300K - 50K®DIR-blocker%z
(B[O DRI T DOHFTE




IR-blocker(c
kDS NS 1EHRE
Eil (CiBEE e
RO E =R 2

KE SHIPRDIR Vit
xEROH




RT-MLI

IRINE < 0.1 %, n=1.03
GBTCHHEH (43:556029079)




MEBEI TR g 1?
L

()
aT4!

SVUREBUT, HRIMNRIRINY S48

FICHFDET BSDT,
AB(IHED (1/2)

37



HAEAGKRDHARX [=FRDXK]




F1-L2Sv—DHR 2RI !

T mElD{E

<+ q4

1%
<+ q;
21

N#%

1
+an+1 AR =

(N+1)
39




F1—-L 2V —DBRZERIX!
B SR,

§‘}J$UP

llI

250 [ . =
vag ¢ = = :
—— é - - . .

28| 200 e O 22D =232 e -




RT-MLIO®BS5—DO DIV

BWIARMN\NITA IR

Z L)\




RT-MLIDXE=RER

CMB

GB, Simons Array, BICEP3,
SimOI‘IS Observatory (candidate), """

254 5374
MOSAIC (D7 > FFaimB5z{EH)
Tt

TR (KEFRILH)
> HRERPANRIEREOMHERL



MBEERITICEDINS A
SEECRELL
[RigE . Im, etc.
SRR : KAExSEHET. 2/ R
O(104) DRt 7 L1 x1052{SHE
ERBg (C O T T=Hebin
uMUX (=TES + MKIDs)

GBODRIFRRHE TIEMKIDSE
RT-MLI : X[O{EIR-blocker



BRIR D A&

Ty Yo c.
A wﬁwﬁ%%NJ
CMB L BT
1S (/5. A, Al)

BESESY—INT—DEEFAE

FIRCHIROMIZEZ !



