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JEDIs, qmpped with their WEA ”

are ready to attack the dark side.
JEDI : Japanese “xperimental Dark matter Investigators
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Model Independent Annual Modulation Result

DAMA/Nal + DAMA/LIBRA-phasel Total exposure: 487526 kgxday = 1.33 tonxyr

DAMASEE&

#)

G

{104 tonyr) ——=> | continuous line: 1, = 152.5d, T=1.0y

A=(0.0T1100.0
v2/dof =70.4/86 9.2cC.L.

Absence of modulation? No
v2/dof=154/87 P(A=0) = 1.3x10°°
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with all the parameters free:
00C A = (0.0112 £0.0012) cpd/kg/ke
Time (day) o= (144%7)d - T=(0.998+0.002) y

over 90 (by 14yrs of measurement)

= RRBICEEST, . .



DM direct detection

SIGNAL
Ex<~100keV

Gxp = 0.1 pb expected direct DM signals
% 0s v oo @ observed * events
06 T e (Dee) @ energy spectrum
= 04 Yee SR MR @) seasonal modulation
"1 DecemberN_ @ material dependence

®) direction-sensitive
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DAMA, DM-ICE
COSINE, SABRE, ANAIS (Nal) E<XEI;ION, LUX, PANDA-X,LZ
e

DEAP |
XMASS (Xe) " DarkSide (Ar)

’ Ex(charge)
(photon + heat)

CoGent

CRESST DAMIC (Ge)
(Cawo4) SLoNAL NEWS-SNO (Ne)
E.<~100k

Ex+DIRECTION
-

(charge +
heat) DRIFT, NEWAGE,

DMTPC, MIMAC,

CDMS (Ge/Si) .
P|-CO,S|MPLE(CXFX) EDELWEISS (Ge) NEWS(emaIustlon)

GETWIMPS2017




DM direct detection

SIGNAL
Ex<~100keV

Gxp = 0.1 pb expected direct DM signals
% 0s v oo @ observed * events
06 T e (Dee) @ energy spectrum
= 04 Yee SR MR @) seasonal modulation
"1 DecemberN_ @ material dependence

®) direction-sensitive




Direction-Sensitive Dark Matter Search

concept “CYGNUS”

v Our GALAXY

constellation v -
“CYGNUS”

WIMP-WIND from “CYGNUS



“CYGNUS” concept

seasonal directionality

modulation (expected) M=80GeV

Target : "F
(expected) el

P = 0.1 pb
= 0.3 GeV/cz/ecm3
=220 km/s
=247 km/s (Jun.)
217 km/s (Dec.)
= 650 km/s
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Clear Discovery
+ study the nature of DM after discovery
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REET

e [Ta—kU/2J07P ZBARERERDIRENICTIEE

J Billard, L Strigari, E Figueroa-Feliciano arXiv:1307.5458

1037 ‘ 5 F. Mayet et al. / Physics Reports 627 (2016) 1-49
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WIMP Mass [GeV/c’
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Science REPORTS

Cite as: D. Akimov et al., Science

clearly distinguishable

Observation of coherent elastic neutrino-nucleus scattering — ol I\ U / ,? ¥W - t = l-/ \J I\ ﬁi%l’
201 TFEE— LGSR CHERA



BB - FEHEE
2 Test the halo model

m standard halo (1-r) + co-rotating halo (r)

arX1v:1707.05523v1

Discrimination of anisotropy in dark matter velocity
distribution with directional detectors

Keiko I. Nagao*, Ryota Yakabe!, Tatsuhiro Naka®, Kentaro Miuchi®

standard “spectrum” _
in AD era Chi2(r = =0.3)
MW|MP—6OGGV T 1 11 T a T 1

chiz
1

- — I:lsim_lemplate_data
. " b osmpseudocata @ @20 [Tttt mmTmmmmsssmsmssemssems-sss--s-ed

[Entries / bin]

"I T T N T N T T O T T T T
0 20 40 60 80 100
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® Test the DM motion

@ ex. Sagittarius stream

PHYSICAL REVIEW D 90, 123511 (2014)

ex

standard HALO

MR constellation  ['§
B “CYGNUS”

Leadingarm e
) Orphan
stream
| /)\
' s Ursa
Sagittarius ~ & Major Il

dwarf \
ity
\ \ Trailing arm

galactic coordinate

@ streams, halo model...




RHE . mR IR

. Test the interaction by scattering angle
PHYSICAL REVIEW D 92, 023513 (2015)

S| SD
N ¥

104, Oy,
. L)? . L)H .
109, 010, O11, Oz,

S
o
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=
~
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Proportional to{ v ¢ 105,043, Oy4,
" : 03, O,

80 100 120 140 160 180
# (degrees)

@ some operators are distinguishable
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Inverted dip0|e and beyond Directional recoil rate dR/dErIQr

Paolo Gondolo ' ) m =100 GeV/c?

, 0=0
University of Utah ] ! 00y 2 : (E r=20keV

Inelastic dark matter ' December 2

X(m) Xl(m + 5) There are two dark matter species
very close in mass, and they can

scatter one into the other. Direction of

107 po.s 644 events/(kg day keV sr) Exr SR Eh

Mass splitting 0 up to tens of keV. . . . ]
Directional recoil rate dR/dErd{2r

(A, Z) (A7)

0= Mout — Min

0 > 0 endothermic - m = 100 GeV/c2
(outgoing WIMP has less kinetic energy than incoming WIMP) . _ 7 J=—-40 keV
: 2 ' B |, : Er=20keV
0 < 0 exothermic December 2

(outgoing WIMP has more kinetic energy than incoming VWWIMP)

e BESDERZTSIDMELTDER

492 574 6.56 e .
Direction of

Earth motion

1077 pos oaa events/(kg day keV sr)







IREE

Recoil nuclear track detection < 100keV
challenge: short track

a few mm in low pressure gas
a few 100 nm in solid

Most typical “CYNGUS”:
low pressure gas TPC
(time projection cha

2D readout + timing
— 3D tracking




Physics Letters B 3

578 (2004) 241-246

SD 3o detection sensitivities
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DRIFT: /\ Y

® early 2000s ~

@ large TPC
-
[
@ low BG study
il ""Iul 1]
ELSEVIER Nuclear Instruments and Methods in Physics Research A 463 (2001) 142-148 A [‘ ——
T g
o gi‘
vul?
e —
* Department
® Departmen
= o\ . 1 . bt -- E P J <l %
Nuclear Instruments and Methods in Physics Research A 498 (2003) 155-164 ; i : |
|

Neutron recoils in the DRIFT detector

D.P. Snowden-Ifft***  T. Ohnuki*®. E.S. Rykoff*®, C.J. Martoff*°

* Physics Department, Occidental Co , 1600 Campus Road, Los Ang CA ¢
® Barton Hall, Temple University, 1900 N. 13th St., Philadelphia, PA 19122-6(

Received 5 July 2002; received in revised form 11 October 2002; accepted 27 November 2002

@ 2mm pitch multi-wire proportional chamber
@ not very direction-sensitive



NEWAGE (Pl 8A) : HQREEZERK

New general WIMP search with an Advanced Gaseous tracker Experiment

SKYMAP (measured DATA)

= u-PIC(MPGD) based TPC
m 3-D tracks SKYMAP

®m CF, gas for SD search

[N

galactic latitude

== T
260 240 220 200 180

® Proposal pLB 578 (2004) 241
= First direction-sensitive limits
PLB654 (2007) 58
= Underground results
PLB686 (2010) 11, PTEP (2015) 043F01s
= Phase for “low BG detector” e




Cygnus gs TPCs

{ll ° First started direction-
‘ ; sensitive method |3
tJndngrtI:und | ol * MPIC (400rmm pitch)
__; OwW Pbackgroun * direction-sensitive limit
* Underground

| MIMAC
[France]

 Pixel readout (ATLAS FE-14) chip SRS IR A * Micromegas (~400mm pitch)
'« R&D in the surface lab ' *quenching factor measurement




Gianluca Cavoto INFN Roma

Cygnus, others

IDM 2016
NEWSdm DeCANT 18'th 2'2nd July 2016

™ The University of Sheffield
[Japan+italy = JRE— [Italy]

eCarbon nano tube
*large mass
*Proof of concept is ongoing

" » emulsion (20~50nm crystal)
 good position resolution
* large mass
*No time resolution

Silicon substrate

ZnWO,

[Italy, Japan] Liq Ar
u/P

ratio

* columnar recombination p———
° Iarge mass —— Parallel to.?-';

—— Perpendicular to _;

0]
-
.

(=]
]

to
—

o/} ratio

« “anisotropic” scintillator
* large mass
*need to confirm in low energy

Scintillation
Sl yield relative

200 400 600 800 1000

nergy of o particles (MeV) . . .
B i ilai =Y Drift electric field [V/em]
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NEWAGE detector

NEWAGE-0.3b’

Detection Volume: 31X31X41cm3

Gas: CF4 at 0.1atm (50keVee threshold)

Gas circulation system with cooled charcoal

e -_; e '& ',":-‘:E J_‘\; " . g, =

LT



= NEWAGE-0.3b’ inside view

m Detection Volume: 30X30X41cm?

. 2

Field cage
Drift length: 41cm
PEEK + copper wires

-31X32cm?

- 8-segmented

- hole pitch : 140mMm

- hole diameter: 70mm

- insulator : LCP 100nmm

- gain : ~5

- made by Scienergy, Japan

=2 - pitch : 400mMn
- gain : ~¥1000




= {EBG1L
@ {Ea p-PIC : afRL )L X1/100Dp-PICTTEK
m Z/5[@Dfiducialization : SF,7J 2MDstudy

Average of 100 event

M owa -PIC(300m

a EHETHH] o )

- %
! 30cm :
30cm

Time[us]

FUTMEEDEL — ZOFEXHERRE

| DER

Ar:iC,H, =9:1 (latm)
55Fe

8 ﬁ ‘ : i‘m —F % %ﬁ ~ ?Q A 40 460 480 500 520 0 560 580 600

m EN-EN2/TDBGH!E



= NEWAGE KRZ!E

mIRIA : 30X30X40cm3 — KRBF 1 V/\—BHEDP
m3E I 2X(30X30X50cm3)TREIG

20torr ~100g/m”3

- 18EHAHEITE TR
'CJ%E’EEX%_I

- observatory:L TEIA
NOMEEICIRETE

IR{TD30cmAPIC
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