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Dark Matter

+ No good candidate in SM S
electrically neutral
- stable
- non-relativistic
- weakly interacting

Dark Energy

4+ Observations
- cosmological measurements
- direct detections
- Indirect detections
- search at colliders

Anisotropy of DM velocity distribution measured with
directional detection



Direct Detection

+ Scattering
- Detect recoll energy of DM-target scattering

4+ Constraint for cross section

Cross section
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See

Directional detection  ‘asada's talk on 20th Aug.

+ Direction
- detect not only the recaoil
energy but also direction
where DM comes from.

DM wind

%
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+ Advantages the Solar system

- Powerful back ground rejection
Bkg : isotropic
DM signal : come from the direction of the Cygnus




Directional Searches
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Solid Detector
(Ag, Br, C,...)

Gaseous Detector 4 !
(CF,, CS,, CHF,) Cross section
= SD cross section
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Clues

abundance

Dark Matter

density
distribution
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+ 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



Standard Distribution

+ Maxwell distribution
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V,: velocity of the Solar system
ve: Earth’s velocity relative to DM

+ Isotropic

+ Is DM distribution surely this
shape?
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Co-rotating DM

the Galaxy

+ N-body simulation including baryons and gas

the Solar system
DM co-rotates with baryons in the galaxy.
Anisotropic distribution
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cf. Kuhlen et al. (2012), David R. Law (20009) ...



Anisotropy parameter “r”

1 —
Nugpe) O [t

f(vg)

T ) )
exp | —(v — V2
N(Uo,ani.) P [ ( M) / O,anl.]

Isotropic

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

anisotropic
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Velocity Distribution
observed
IN Directional Detector

cf.
Ben Morgan, Anne M. Green, Neil J. C. Spooner (2004)
Ole Host, Steen H Hansen (2007)



Set up of simulation

DM wind O

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

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



Analysis

Energy resolution NG

. Directionality histogram
Angular resolution :OK y J

Energy resolution :OK

. Ordinary direct detection
Angular resolution :NG

Energy resolution :0OK Ene_rgy_-l;Angular V
Angular resolution :0K distribution
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v Shape for r=0.3 is quite similar to that for r=1.
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Directionality Histogram

(heavy target)
Ethr=50keV (AQ)
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v Shape for r=0.3 is quite similar to that for r=1 in both case target F

and Ag.



Energy resolution :0OK
Angular resolution :OK

Anisotropy of DM velocity distribution measured with
directional detection



ELkeV]

Energy-angular distribution

light target (F)
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Ethr = OkeV

v" Even in energy-angular distribution, shape for r=0 and 0.3 is
similar.

v' Concrete method to compare the distributions is required.



Chi squared test

Many Data | v ideal ideal “template”
(#108) v difficult to achieve aeal temp

chi squared test
(observed — expected)?
>

expected

Y .
[(F#elvé/ﬁ[))ata } realistic “‘pseudo-experimental” data




Ch| Squared teSt fOr I (light target)

#exp.=6*10"3
Ethr=20keV (F)
___ch2r,,=0.3 Chi2 =1
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v If r=0.3, isotropic case (r=0) can be excluded at 90% C.L.
v' Energy threshold is a factor to clearly characterize the difference
between r=0 and 0.3.



Ch| Squared teSt fOr I (heavy target)

#exp.=6*10"M
Ethr=100keV (AQ)
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v If r=0.3, isotropic case (r=0) can be excluded at 90% C.L.
v' Energy threshold is a factor to clearly characterize the difference
between r=0 and 0.3.

v Due to form factor effect, more signhal number is required in heavy
target case than light target case.



Summary

+ Possibility to discriminate the anisotropy in the
velocity distribution of DM is discussed.

+ With “template data”, the chi squared test is h
elpful to figure out anisotropy if O(1074) data is 0
btained.
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Chi squared test (AQg) HexD.=6*10M

Ethr=50keV (AQ)

Chi2 (rlmp =0.1)

Chi2 (rlmp =0.2)

Chi2 (rm1p =0.3)

chi2

Chi2 (rlmp =0.5)

chi2
()
Ex
N
=
E]
]
o
2

Chi2 (rmr|p =0.7)

chi2

chi2




Energy-angular distribution

(light target)
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Ethr = OkeV

Anisotropy of DM velocity distribution measured with
directional detection



Energy-angular distribution

(heavy target)

Anisotropy of DM velocity distribution measured with
directional detection



Periodic Table

Periodic Table of the Elements © www elementsdatabase.com

© hydrogen B poor metals
alkali metals O nonmetals

[ alkali earth metals B noble gases

[ transition metals [ rare earth metals

Anisotropy of DM velocity distribution measured with
directional detection



G, [pb]

Sensitivity

SD 90% C.L. upper limits and allowed region
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