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Direction-Sensitive Dark Matter Search

concept “CYGNUS”

: Our GALAXY

e
WIMP-WIND from “CYGNUS”
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Directional Detection

seasonal directionality
(expected) M=80GeV

modulation
=\ (expected)
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Physics Letters B 578 (2004) 241-246

Clear Discovery
+ study the nature of DM after discovery
i



Toward discovery
+« Potential to search beyond the “neutrino floor”
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F. Mayet et al. / Physics Reports 627 (2016) 1-49

expected
J Billard, L Strigari, E Figueroa-Feliciano arXiv:1307.5458
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+ DM property, halo model

anliog, {po] PHYSICAL REVIEW D 83, 075002 (2011)

J. BILLARD, F. MAYET, AND D. SANTOS
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Physics after discovery

+« Astrophysics
e Sagittarius stream

» . Our GALAXY

PHYSICAL REVIEW D 90, 123511 (2014)

standard HALO

e

Leading arm
g % -

Orphan
stream
" pon %rsa .
ittarius ~ / Major Il —
Sagittarius gor - standard HALO + stream

dwarf \
P
\ \ Trailing arm

galactic coordinate

e Streams, debris... 10




Physics after discovery

+« Astrophysics
e Dibris
New Velocity Distribution!

SDSS-Gaia DR2

Heliocentric |v| Can be found in a glthUb
|1¢1 1” Ll repository near you
de <4.0 kpe 11 el oithith i/

Link in paper arXiv:1807.02519.

200 400 600

different from the assumed
Maxwell Boltzmann
distribution
Lina Necib, Caltech 31 7/23/18

Vil V.|
£2€1, Hopkins, arXiv:1808.XXXXX
ele ;RL 120(2018) no.4, 041102

e can be studied by directional information!
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Physics after discovery

+ Particle physics®
e Test the interaction by scattering angle

PHYSICAL REVIEW D 92, 023513 (2015)

0.0y,
04, O,
:0g, 049, Oy, Opa.

Proportional to{ 3 ¢ 105,03, Oyy,

S
=
=

=
~
3

(> +v}) 0,
gt :OFR.

80 100 120 140 160 180
f (degrees)

® some operators are distinguishable
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Physics after discovery

+ Particle physics®@
® inelastic scattering
PHYSICAL REVIEW D 81, 096005 (2010)
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e IDM (inelastic scatterings dark matter) and normal
darkmatter ( FFeDM (form factor elastic dark matter))
show different angular DISTRIBUTION 13



Experiments

14



Experimental concept

Recoll nuclear track detection < 100keV
challenge: short track

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

Typical approach:
low pressure gas TPC
(time projection chamber)

2D readout + timing
— 3D tracking




NonTPC

NEWSdm

Astroparticle Physics 80 (2016) 16-21

A

/ i B SEE Umemoto’s talk

| e emulsion (20"'0nm crys
* good position resolution
* large mass :

ZnWO,

italy, ) ;
e, J2pan] u/p ratio ., eT i

o/} ratio

Energy of o particles (MeV)

DeCANT
Double brush

Physics of the Dark Universe 9-10 (2015) 24-30

DM

Silicon substrate

WIMP “wind”

PTOLEMY-G3

Electron
Trajectory =
(in vacuum)

LLTNRY

.\\;-\\g\,\\%\\w W

J Microcal
Graphene ~_—

FETs (for big hops)

*Graphene )
*large mass 2}
*Proof of concept is ongoing f "

Alfredo D. Ferella | The PTOLEMY-G* experiment - IDM 2018 - July 23, 2018



Columnar recombination
« proposed by D. Nygren in 2013

e recombination (light yield) depends on the track
direction

e directionality not very strong
e large mass

high pressure Xe gas

57.3 keV
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Iow pressure gas TPCs

: DRIFT NEWAGE
m=  [UK+US] [Kobe+]

A s
r‘ ‘ K
. MWPC (2mm pitch) | x :
* First started direction- | : ;fﬁ' B Miuchi
M sensitive method e ) ‘!{ Friday afternoon

.i Undaisi g R * u-PIC (400pum pitch)
3% ~JOW backgrour:d A * direction-sensitive limit
“h Large e i = * Underground

MIMAC 1
[France]
B o> o

NITEC/CYGNO A
[Italy] * pixel/optical

Cathode

*Pixelréadout (ATLASEERANehip <~ e o - — | Mlcromegas ("'400um p|tch)
- R&D in the surface lab Baracchini *quenching factor measu:cment

SEVEHEINJINN - nderground




DRIFT: the pioneer

+ early 2000s ~

e large TPC
o low BG study

ELSEVIER Nuclear Instruments and Methods in Physics Research A 463 (2001) 142-148

Measurement of carbon disulfide anion diffusion in a TPC
Tohru Ohnuki®*, Daniel P. Snowden-Ifft?, C. Jeff Martoff®

* Depariment Occidental €
® Department of Ph Temple Uni

Received 15 May 2000; received in revised form 13 November 2000; accepted 14 November 2000

Nuclear Instruments and Methods in Physics Research A 498 (2003) 155-164

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 90041, USA
® Barton Hall, Temple University, 1900 N. 13th St., Philadelphia, PA 19122-60

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

e 2mm pitch multi-wire proportional chamber
e not very direction-sensitive 19



NEWAGE: 3D-tracking SEE Miuchis tak

Friday afternoon
New general WIMP search with an Advanced Gaseous tracker Experiment

+ M-PIC(MPGD) based TPC
e 3-D tracks SKYMAP

+ CF, gas for SD search
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+ 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”



MIMAC (Milcro-tpc MAtrix of Chambers)
for Directional Dark Matter Detection

.

LPSC (Grenoble) : D. Santos, F.Naraghi, N. Sauzet (CDD)
-Technical Coordination, Gas circulation and detectors : O. Guillaudin

- Electronics : G. Bosson, J. Bouvier, J.L. Bouly,
L.Gallin-Martel, F. Rarbi

- Data Acquisition: T. Descombes

- Mechanical Structure :  J. Giraud

- COMIMAC (quenching) : J-F. Muraz

IRFU (Saclay): P. Colas, E. Ferrer-Ribas, I. Giomataris

CCPM (Marseille): J. Busto, D. Fouchez, C. Tao

Tsinghua University (Beijing-China): C. Tao, I. Moric (post-doc), Y. Tao (Ph.D)
Prototype hosted in IHEP (Beijing-China): ZhiminWang , Changgen Yang

Neutron facility (AMANDE) :
IRSN (Cadarache): V. Lacoste, B. Tampon (Ph. D.)



New MIMAC low background detector
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Kapton micromegas readout

D. Santos (LPSC Grenoble)

]200 400 600 800 1000 1200 1400 1600 1800 2000

Energy (ADC)

Gaz : MIMAC 50 mbar

HT grille : -560 V

Drift field : -150 V/cm

16,3 % FWHM (6 keV)

Gain ~25 000

Energy threshold <1 keV




Angular resolution measured with COMIMAC
(19F ions at known kinetic energies)
(I. Moric, Y. Tao et al. 2018)
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Kinetic energy (keV)

D. Santos (LPSC Grenoble)




Recent Activities
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+« Absolute Z position...
e For 2-phase xenon detector: trigger timing (t,)
IS given from S;

e For self-triggering TPC: t, cannot be detected
— Z-fudicialization is not possible

_______ serious background:
EM - readout plane
Pyl | Rl | RSl | R i et o Cathode (drlft) pl ane
Direction Sensitive

WTMFﬁearrﬁ

NEWAGE



breakthrough for “z” detection

+ minority peaks “discovery” (occidental college group)
e O, additionto CS,+CF, gas

e CS,:used as negative ion gas for small diffusion

e CF,:added as dark matter target

o O,:accidentally mixed several species of ions with
minority peaks different velocities

Minority carriers || Main peak
region E region

z-fidutialzation realized at last!
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but... CS, gas Is toxic, volatile, flammable

—-1000 —500 0 500 1000 Direction Sensitive
Time relative to trigger (us) WTME e arch

NEWAGE

J.B.R. Batat et al. / Physics of the Dark Universe 9-10 (2015) 1-7



2"d breakthrough (2015)

+ Sk gas (NEW MEXICO group)

o Sk, : famous insulator gas (safe gas)
— found to have minority carriers

—E =1022 V/cm

20 Torr SFg

First Studies of SF,
Ina TPC

NGUYEN PHAN, ERIC LEE
UNIVERSITY OF NEW MEXICO

2017 JINST 12 P02012

'1%00 2000 2100 2200 2300 2400 2500 2600
Time (us)

averaged waveform
minority carrier is really minor

Direction Sensitive

WTMFZ-FEEFE.I‘I

NEWAGE



+« World-wide SF; activities (convener: Miuchi)

e Wide varieties of MPGD(micro patterned gaseous detectors)
@ very active, new comers are welcome!

- ~sprmZIleo:tr§de contact Italy
) Rl \ ‘ triple thin(50um) GEM (3 X 3cm
New Mexico N . * ¢ CERN, 50um pitch, ®30um

thick(400um) GEM (3 X 3cm?)
CERN 0.5mm pitch, ®0.3mm

5 mm
EEEEEEEEEEEEEN]!

trlpleGEm—— . e TR LR

TlmePlx

¥ N EEEEEEEEEEEEEE]
2 mm

drift directio

gas gain

, \ v - p— Quad TimePix
2000@30Torr WSS ' gas gain 2.8 x 2.8 cm?

30,40, (60) Torr A 5000@ 175Torr, 2000@370Tc
Kobe Sheffield
hin(100um) GEM (10 X 10cm?) Scienergy, 140um pitch, ®70um thick(400um) GEM(50 X 50cm?)
H-PIC(10 X 10cm?) DNP, 400um pitch strip readout UK, 0.5 um pith ©0.3um

riple thin (100um) GEM Suenergy, 140um plch ®70um Wellesley

Micromegas (10 X 10cm?)

.| CERN(gap 128um and 256um)

10 x 10 cm?
Gap:
128 um and 256 um b

Strips:
* 200 um pitch
Drift mesh(SUS) * 500 channels in x,

*500iny 2 'V gas gain
: ‘ : 6000@30,40Tor

gas gain

=t )000@20Torr S gas gain
% 300@40Torr



SUMMARY

«~ Direction sensitive dark-matter search

e For the discovery and further investigation
e Gas TPC and other detectors

@ R&Ds are actively ongoing
-  hear more from Neil

29



