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growth of perturbations

opm
1000

100 -

10+

horizon

crossing \

k=0.2 Mpc-
matter-
radiation e

. 7’
equality \ e
/,/
7’
7’
/
4

=108

10~

1076

1070

1074

0.001

0.010



growth of perturbations

k=0.2 Mpc-

OpDM
1000

100 |

10

10~ 107° 1070 1074 0.001 0.010



k) I Pa=o (K)

N

Pa

0.0}

oower spectrum change

1.0f ‘
0.8:-
0.6:-
0.4:-

0.2|

~~~~~~~~ =102
og=108>°
ag=1023 .
keq Ug ""----..._________
1 T B . o |
0.005 0.010 0.050 0.100 0.500 1

k (Mpc™)



dark U(1) - compton scattering

i?z;{ 'ﬁL i T T my=1TeV ——
- J. Feng, M. Kaplinghat, 10 GeV -------

H. Tu, and H-B. Yu 100 MeV --------

T e — _
C .. ~g ]
= Q‘ \ -

< 3
e
2
\_a:"
[P (K) / Pogpy (K]

\ VoS
1 \ I \
] '.‘ | , ‘
| 1 ] . | ‘
[} . |, 1
| B | . |' \
[ ] . 1
- ] . |' \
- [ ] ' |l \
n [ ' 1 \
™ (I ] ] Il 1
’Z L Ll ' l| 1
]
B (W] l. |: 1
O\ - :: ' i |
— ¥ . ' ! v
B 1
[ |
s 1 l
| |

10° 10’ 102 10° 10* 10° 10°
k [1/Mpc]




fension. tn. precision. data.

(Té “o- [km/SMpc]

ACDM
ﬂanckCMB: 0.831+0013¢ ' 63.6+06 Plank

Planck lensing: 0.802£0012« » F0.6+3.3

! "direct”

(1409.2364]



[km/sMpc]
76

73
70
67

64

079 081 0.83 0.85
LSS
SNia|
Planck -
0.80 0.82 0.84 Os




[km/sMpc]
76 _
SN1ia

73

or ANe#=0.5

67 - -




[km/sMpc]
76 _
SN1ia

73

or ANe#=0.5

67 - -




0.869 |- J
ACDM: CMB+BAO
0.828 |- 1
NADM: CMB+BAO
|
0.787 |- NADM: CMB+LSS
|
NADM: CMB+LSS+BAO
0.746 | i
0.705 - i

653 696 739 782 825
Hy



1081

60

50

40

30

Ay? = —185

Planck 2015 CMB+lensing+SZ, CFHTLens, BAO

o ANz < 0.20
o ANgr > 0.21

Bl ANes =0.07

A Nefr

0.8

1.0



Qummary - 3 fories
1. dark matter matiplicty — N-fads
2. Sdi-mieracking rdiakion AN ek
3. LSS pefes DM dng  y3¢



dark matter -newtnno "dra’g“ 7



pack up!



WIMP-nucleon cross section [cm?]

[

[E— [ [E— [ [E— e [ e [ [E— [
S 9 9 99 9 9999§¢9
- o -~ & A~ -~ ~ A~ ~ B oY)
O o0 ~J] @) N EEN (9% [\ — ) \O

ogr = 1.3 X 10747 cm?

SuperCDMS Soudan CDMS-lite
SuperCDMS Soudan Low Threshold

XENON 10 S2 (2013)

. (CDI\/IS |I Ge Low Threshold (201 1) . 10—3
\‘ CoGeNT
(2012) -
- \ 11074

CDMS Si
2013)
012) B
‘i\\ J SMPLE © o2 —107
COUE®
" R \ - N\
: G W © \q)

Neutrinos - 8B — o T T ‘\99229/ ———— 9
Neutrinos @t~  “~o_ N\ =777 = /_.ﬁ"én‘\ . 10
N U Lt 00 ety Kenor .-t
NN NI peaRrsett == s R c I
W N TS LT = ST e -D—é\'r\@ﬁe/’ 1010
\\ ........ T ‘fa””” \,Z
S TeeealireesnTTTT e . e
S (®rc®n 8ya%) Bsy® @8 DR @ ‘ ° \b o o0 oo e o o0 o o _e- ® 0o 000 0 o wd 10—11
(Violet oval) Magnetic DM Sl =TT
(Blue oval) Extra dimensions . OS —12
- no |
(Red circle) SUSY MSSM ’ NB Neutt! 10
A MSSM: Pure Higgsino ’4_“6(\0 an O
- @ MSSM: A funnel \ ’ Mmosp | 10—13
@ MSSM: Bino-stop coannihilation
0_50 Y& MSSM: Bino-squark coannihilation LO_14

WIMP Mass [GeV/c?]

Snowmass CF1 Summary: WIMP Dark Matter Direct Detection arxiv:1310.8327

WIMP—-nucleon cross section [pb]

Tuesday, March 3, 15



N

e

ra
C
ila
9
a
ark m
dad
tt
c
[
D
O
U

gle
S

1
i

f
/ | I
10
.
il g uuuuum | ’ W |

10
10 —9
1o
10
_:3| :
1'(';'1
5
1'(')"-I
1
Hfo' ,
1"'
[Gg; o )
] ig »25—“\\
2!
||1||||I ga
03- "
i
4

J
.F

cn

g
, M
K
a
pli
1n
gh
at
,H
T
u
9 an
d
H
-B
Y
u.
9 JC
AP O
90
7
(2
00
9)
00
4
(a
rX
iV

209
0
5
39
)




CMB and free-streaming v's
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