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“CYGNUS” concept

seasonal directionality
modulation (expected)
(expected)

M=80GeV
0=0.1pb

xp = 0.1 pb
Pop = 0.3 GeV/c?/cm?
Vo =220 km/s
VE =247 km/s (Jun.)
217 km/s (Dec.)
Vese = 650 km/s
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Clear Discovery

+ study the nature of DM after discovery
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New general WIMP search with an Advanced Gaseous tracker Experiment

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

CF, gas for SD search
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Underground results
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NEWAGE strategy since its new ages
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DRIFT (ZE « 2K) Astropart. Phys. 91 (2017) 65
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Low Threshold Results and Limits from the DRIFT Directional Dark
Matter Detector
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NEWAGE®DIRIR 500pb

e 210GeVIY'D : BGU=w |~
m = {EBG{t {Ka p-PIC. z-fiducialization
e H10GeVL L  #RETU=Iw
m = KBE ABFIV/N—

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

CF4 0.1%/E 24 x 28 x 41cm3(CF,10g)




4 mm m

NEWAGE detector

NEWAGE-0.3b’

Detection Volume: 31X31X41cm3

Gas: CF4 at 0.1atm (50keVee threshold)

Gas circulation system with cooled charcoal
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= NEWAGE-0.3b’ inside view

@ Detection Volume: 30X30X41cm?3

% 2

Field cage
Drift length: 41cm
PEEK + copper wires

-31X32cm?

- 8-segmented

- hole pitch : 140pum

- hole diameter: 70pum

- insulator : LCP 100um
-gain : ~5

- made by Scienergy, Japan
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= CYGNUS proto-collaboration
m steering committee (N.Spooner (2 EEHIZES|), K,Miuchi, S.Vahsen(Gf),

E.Baraccini({?), E. Barbario(Zx) )
CYGNUS/NEWAGE vessel
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CYGNUS proto-collaboration
e [ERMICKETEHBOINE ~ BRE—H
e FRAIC DV TR RER

— proto-collaboration

The CYGNUS Galactic Directional Recoil Observatory .
Proto-Collaboration Agreement.

Now that conventional WIMP dark matter searches are approaching the neutrino floor, there
has been a resurgence of interest in the possibility of introducing recoil direction sensitivity
into the field. Such directional sensitivity would offer the powerful prospect of reaching below
this floor, introducing both the possibility of identifying a clear signature for dark matter
particles in the galaxy below this level but also of exploiting observation of coherent neutrino
scattering from the Sun and other sources with directional sensitivity. There has also been
significant progress recently in development of technology able to record the directional

includes progress on improving the sensitivity of low pressure gas time projection chamber
technology but also on novel ideas with higher density targets, such as ultra-fine grain
emulsions, scintillation materials, columnar recombination with noble gas targets and concepts
' 0-technology. Such world-wide directional expertise, if pooled together and directed
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Signatures.

We the undersigned agree to work together on the CYGNUS programme, noting that this does
not automatically imply participation in the CYGNUS collaboration when that is formed: .
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Email -

Date.

Neil Spooner-

University of
Sheffield .

n.spooner@sheffie
ld.ac.uk .-

9th Sept
2016

Sven Vahsen -

University of
Hawaii -

sevahsen@hawaii.
edu -

9th Sept
2016

Kentaro Miuchi -

Kobe
University -

miuchi@phys.sci.k
obe-u.ac.jp -

12th
Sept -
2016 -

Giovanni De

.
Lellis -
‘ \

University of
Naples -

Giovanni.de.Lellis
@cern.ch -

27st
Sept
2016

Hiroyuki Sekiya .

o

University of
Tokyo -

sekiya@icrr.u-
tokyo.ac.jp -

12th
Sept -
2016 -

Tatsuhiro Naka .

Nagoya

m #9502 (DHHARA #20%2)

naka@flab.phys.na

12th
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F. Mayet et al. / Physics Reports 627 (2016) 1-49
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Fig. 9. Left: evolution of the discovery limit for a 6 GeV WIMP as a function of Xenon detector mass. The exposure time was fixed at T = 1year and the
energy threshold was 0.1 keV. The limits shown are for each read-out strategy, 1d (red), 2d (blue) and 3d (green) in cases both with (solid lines) and without
(dashed lines) sense recognition, the limit made by the same detector with no directional information is shown in orange. Right: the discovery limit as a
function of WIMP mass for the same read-out strategies as the left panel but with fixed detector set-up. The upper set of limits are for a low threshold-low
mass detector (0.1 keV, 0.1 ton) and the lower set of limits for a high threshold-high mass detector (5 keV, 10* ton). (For interpretation of the references

to color in this fizure legend, the reader is referred to the web version of this article.)
Source: The shaded region shows the neutrino floor from Ref. [ 10] and the Figures are taken from Ref. [ 190].
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“CYGNUS” physics towards discovery

 Potential to search beyond the
“neutrino floor”?

E. Mayet et al. / Physics Reports 627 (2016) 1-49

expected

J Billard, L Strigari, E Figueroa-Feliciano arXiv:1307.5458 | i T
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Why Measure Coherent v-Nucleus Scattering?

A high-a, neutral current detector would be - Neutrino Magnetic Moments
a clean way to search for sterile v’s A. C. Dodd, et al., PLB 266 (91), 434

A. Drukier & L. Stodolsky, PRD 30 (84) 2295 e : gt
e rer oo (4) 2255 Measuring the neutron distribution

I'he development of a coherent neutrino functions (Form Factors)
scattering detection capability provides K. Patton, et al., PRC 86, 024216
perhaps the best way to explore any sterile
neutrino sector that could be uncovered
with ongoing experiments.

Qwenk + other PVES

A. J. Anderson et al., PRD 86 013004 (2012)
v-DIS

Coherent o proportional to Quw?. A precision
test of o is a sensitive test of new physics
above the weak scale. Miop and Mhiggs are
known — Remaining theoretical h
uncertainties ~0.2% [ JOHERENT

L. M. Krauss, PLB 269, 407
G2 E?
f
4

mdmk 7 - 1 50 MEV

Teoh ™~ (Z(4 sin0, — 1) + N)? " 10’ o

MeV
P. Barbeau @ IDM 2016 |




Why Measure Coherent v-Nucleus Scattering?

Largest o in Supernovae dynamics. We

should measure it to validate the models
J.R. Wilson, PRL 32 (74) 849

By measuring the relative rates on several
nuclear targets we dramatically extend the
sensitivity of searches for Non-Standard v

Interactions. K. Scholberg, Phys.Rev.D73:033005,2006
J. Barranco et al., JHEP0512:021,2005

NSI Relevance for DUNE & LBL CP violation.

Mehedi Masud, Poonam, Mehta, arXiv: 1603.01380 107
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CEVNS is an irreducible background from
WIMP searches, and should be measured in
order to validate background models and
detector responses.

107

S
WIMP-nucleon cross section [pb]

WIMP-nucleon cross section [c
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L -]

P. Barbeau @ IDM 2016 |




“CYGNUS” physics after discovery

= Test the DM motion

@ ex. Sagittarius stream

i T
- constellation T
] “CYGNUS” “asees

\i".- e

Leading arm -
) Orphan
stream
( /)\
: bl Ursa
Sagittarius ~ & Majorll

dwarf \
ity
\ \ Trailing arm

PHYSICAL REVIEW D 90, 123511 (2014)

| standard HALO

galactic coordinate

m streams, halo model...



“CYGNUS” physics after discovery

Inverted d ip0|e and beyond Directional recoil rate dR/dErdQr
Paolo Gondolo " . ,;,_:Oloo GVl
University of Utah 3 | - : jEA_: 20 keV’

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

10”7 po3 oaa events/(kg day keV sr) Espthvrmptinng

Mass splitting 0 up to tens of keV. . . . ]
Directional recoil rate dR/dErdQr

(A, Z) (A7)

0= Mout — Min

0 > 0 endothermic : & m =100 GeV/c?
(outgoing WIMP has less kinetic energy than incoming WIMP) - J=—-40 keV
: ’ B o, ‘ Er=20keV
0 < 0 exothermic December 2

(outgoing WIMP has more kinetic energy than incoming WIMP)

r BEDERSDMETDER

492 574 6.56 e a
Direction of

Earth motion

1077 po.s oa4 events/(kg day keV sr)




“CYGNUS” physics after discovery

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

104, Oy,
105, Og,
:09. 010, O11. Ona.
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(g +h) O

g~ :OFR.

80 100 120 140 160 180
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m some operators are distinguishable



“CYGNUS” physics after discovery

e Test the interaction by scattering angle @

PHYSICAL REVIEW D 81, 096005 (2010)
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