PR R RN Y i < oo S A o it Ll

L

Can directional detection be a clue to '
velocity distribution of dark matter?
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Dark Matter

+ No good candidate in SM vari Matter \ETRTE
electrically neutral
- stable
- non-relativistic
- weakly interacting

' Dark E 68.3%
+ Observations ark Energy

- cosmological measurements
- direct detections

- indirect detections
- search at colliders

Can directional detection be a clue to velocity distribution of dark matter?



Direct Detection

+ scattering P
- Detecting the recoil energy from scattering of DM and
a target nucleon.

4+ can calculate

DM\ /DM
m target nucleus
- scattering cross section

- coupling E.
- mass

6AmA

R = NTnx/ dER/ d3’U f(’U)
ER,min

2
Umin 2/UIUA
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Directional
Dark Matter Detection




To next generation ~ oMmuwind

+ Directional Detection
- detecting not only the recoll
energy but also direction where
DM comes from.

+ Advantages
- Powerful back ground rejection
Bkg : isotropic
DM signal : come from the direction of the Cygnus.
- Detection of annual/daily modulation

1
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Directional Searches

NEWAGE

Solid Detector

Gaseous Detector s (S'Al‘g’ Br, C""t).
(CF,, CS,, CHF,) w Cross section
= SD cross section
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Velocity Distribution
of Dark Matter




Clues

Dark :
Matter

density

distribution
Umax 3 . 5:4}”;4
R = NTnX/ dER / d°v f(v) 5
ER,min </ Umin 2U'LLA

+ In the directional DM search, it can be possible to
make a constraint for the velocity distribution.

+ Correct distribution is required to derive
appropriate constraints for the interaction
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Standard Distribution

Burkert
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+ Maxwell distribution

1
f(v>:W

e—(v+vE)2/v(2)

<10-6

V,: velocity of the Solar system
vg: Earth’s velocity relative to DM

g (u) [GeV/em? (s/km)?

+ ISOtrOpIC E C() - ‘3()() | I.1()()‘ | I(5()(7)\7»”\:5()()
Y— u [km/s|
+ Is DM distribution surely this catenaand Ullo (2072)
shape?
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Co-rotating DM &

+ N-body simulation including baryons and gas

- DM co-rotates with baryons in the galaxy.
- Anisotropic distribution
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Anisotropy parameter “r”
l—r 2/, .2 r 2 /.2
f(’U¢) | N(’UO iso.) €XPp [—’U /UO,iso.] + N(’UO ani) €Xp [—(’U o ,U,) /UO,ani.]

anisotropic

Isotropic

L b p=0,v=25,f=o0. u=352
o =1693
Y 2/dof = 102.9/49 K=253

+ Tangential velocity
- Anisotropy parameter
O<r<1
- r=0.25 is suggested
by N-body simulation

fvg) (x 107%)
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Velocity Distribution
observed
in Directional Detector




Can we distinguish velocity distributions?

DM wind O

+ Monte Carlo simulation
- Direction (scattering angle)
- Recoll energy

+ Elastic scattering
+ mass relation m, =3my
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Analysis

Directionality histogram

Ordinary direct detection

Energy-Angular V
distribution
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Directionality (1)
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Directionality (2)
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Energy-angular distribution (1)
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Energy- angular distribution (2)
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Realistic Analysis

X squared test
(observed — expected)?
X =)

expected

Y ideal “‘expected” template
v difficult to achieve P P

Y -
[I(:;Vz) 3I?ata } realistic “pseudo-experimental” data
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Chi squared test for r (
r=0

chi2

r=0.1

1
chi2

0020406081r

h : v
0020406081r

0 020406081r

00204 0608 '1-
Chi squared test can point out correct anisotropy parameter.

Ethr=100keV (Ag)
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Summary & Discussion

+ | discussed the possibility to distinguish
the distribution models of dark matter in the

direct detection.

+ With “template data”, the chi squared test
iIs helpful to figure out anisotropy if O(1000)
data is obtained.
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Li

Na
19

37
Rb

Cs

87
Fr

Periodic Table

Periodic Table of the Elements © www.elementsdatabase. com

¥ hydrogen M poor metals 3 5 = 3 5
alkali metals O nonmetals B C N 9) F
" alkali earth metals B noble gases
W transition metals " rare earth metals 14 15| 18 17
Si|P|S | CI

33 3
. As | Se | Br
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BG rejection -summary-
Radioactive sources from outside : 3, p, U

— Sensitivity control, point-like signal

Internal BG sources : B, (v)

— 40K mixed in when KBr—->AgBr, can be avoided by using NaBr instead of KBr

— 14C (B-ray induced by y makes the grains which has Plasmon resonance effects,
i.e., we can distinguish them by color obs.)

Neutron from rocks

— Neutron shield, sensitivity control

Others

— Underground, isotoropic angular distribution



