CYGNUS-TPC Directional
Dark Matter Search

Neil Spooner, University of Sheffield

» WIMP Dark Matter Detection and Signal Identification

» Power of Directionality and the gas TPC

» Gas TPC Strategy and Latest Highlights (with DRIFT bias)
» What is CYGNUS-TPC
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borrowed slides and info experiments



For the Latest Come to IDM2016

» To khnow more —> IDM2016
» Sheffield, 18-22 July

» mini-CYGNUS, 23rd July
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The Normal Route to WIMP Detection

Ionization Scintillation

“en ‘-..



~Current Situation

»at High Mass

Nothing so far 10738/
Consistent with the &E
absence of SUSY@LHC g 10-%|
o
>atLow Mass 3§
Some closed contours, g 197k
and strong limits o
= 10™
What is going on? §
> Are the closed 2 10
regions a hint 4
or just S 107
unreliable
calibration 10-5

“neutrino floor”

=k
o
R

1107*

—107°

A
<
o <]

S
o
WIMP-nucleon cross section [pb]

-*110-12

““““
a®
—

B e i [
WIMP Mass [GeV/c?]

1000



-7 7T
}:&”7 (7= ,

——

< S

"I can't tell you what's in the dark matter
sandwich. No one knows what's in the
dark matter sandwich.”



Many Recent Technical Advances

but oh dear, what to do?:

e try low WIMP mass

* try bigger targets for high WIMP mass
e double check old “signals”

seek better signal —> CYGNUS-TPC
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Annual Modulation Attack

» Renewed global efforts of annual modulation in Nal
> ANAIS (Spain)

> DM-ICE (US-UK) »  COSINE (joint analysis)
> KIMS (S. Korea)

» Sabre (US-Italy)

Global Nal(Tl) Collaborative Effort

s—ﬂ\—__ ————— -

?‘f*eomby ANAIS & DM-ce & KIMS

} Umversny of Zaragoza . Yale University Seoul National University
/ Canfmnc Ca\infranc Laboratory = University of Wisconsin - Sejong University
. verslty of Washlngton - Sheffield University Kyungpook Nattonal University
g University of lllinois Yonsei University ' 22@¥na
{Een A University of Alber’ta Ewha Womans University
\ - Fermilab NAL ~ Seoul City University

- Boulby Laboratory .. Korea Res. Inst. of Standard Sci.
“_Tsinghua University

* double check old “signals”



First DM-ICE Result Just Published

»17 kg, 2.5 km = o
below South Pole £
» Original UK NAIAD

experiment Nal ,
crystals from Boulby [

IceCube In-Ice array
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60 DOMs — 10%
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What a WIMP Does

SRIM simulation - 100 keV F recoil
in 75 Torr CF, (D3 collaboration)

e seek better signal —> CYGNUS-TPC



What About a Signal for WIMPs?

> A directional recoil signal is a very powerful proof
> Lets be prepared!

WIMP Wind
SN e

v0=230km/s

—
-

60°

Galactic
WIMP
Halo

December

» Measure the nuclear recoil track itself
and determine the head from the tail

180.0°

WIMP
\ nuclear recoil track charge

/ Tall Head ‘LBl i x10°
1000 2000 3000 4000 5000
WIMP Flux/m™ssr-!




CYGNUS Collaboration

e Changing from workshop into a collaboration
2000 T US CYGNUS

fifth international workshop on directional dark matter detection

2011 Modane, France
2013 Toyama, Japan
2015 Occidental, US

e Recognise the challenge of scale-up ~
: : o=
e Consider many techniques . ‘JUNE4
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Solid vs. Gas?
» CYGNUS includes both, but focus here is gas TPC

A directional technology with higher density would be nice? But a long
history of looking has not so far produced much success.

e Nuclear Emulsions

e ZnWOQOq non-g asS
e (Carbon nanotubes
e (Columnar recombination

Currently low pressure gas remains most promising
e D3

e DM-TPC

e DRIFT

e MIMAC 5AS

 NEWAGE

o [TALY



Low Mass Non-Directional TPCs

> Interest in gas TPCs just for low mass
WIMPs with no directionality is growing

—38

» Low threshold gas TPC

10 " pamic ol ‘K
.g "‘?‘?Ms-:EL;ELWEISS-LE ) - < N EWS
= 600 0 =
510_40 °°°°°° l‘il%?n/s-ﬁe\ CoGeNT RO (SNOLAB)
§ 000% 02’
g news-ne "7\ XENON1C TREX —> 4y
£107" (~CANFRANC)
g
.g » CDMS-EDELWETS A
810 |- .
> Low aim for low energy
= Neutrino background
. threshold, ~no

WIMP Mass [GeV/c?] " dlscrl mi natlon



Power and “Vision” of Directionality

e Strong particle identification from topology

(at least in a gas TPC)

130

e Total ionisation

135

e Particle range

SZ e dE/dX topology
155 e Track orientation (axial)

160

165

e Track sense (head-tail)(vector)

110 120 130 140
X Pixel

example high energy F recoil in
optical TPC (D. Loomba et al.)



Power of Directionality

e Potential for WIMP “Astronomy”

Standard Halo

x10°
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WIMP Flux/m2slsr-!
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Sagittarius Stream - Freese et al.
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With Sagittarius Stream

180.0°

-90°
x10°

500 1000 1500 2000 2500 3000 3500
WIMP Flux/m%s-sr-!

180.0°

0.002  0.004 0.006 0008 001 0012,
Recoil Rate(Ex>20keV)/kg day sr-!

simulations by Ben Morgan (Sheffield)



Power of Directionality

e Potential to go beyond the “neutrino floor”

26th Feb. —a

33333 - 5 keV 10 I.l Illjll.l T T T T T T T T T T T
3o dlscovery limit (90% CL) = = =3-d no sense recognition
s 3
0 = = =2-d no sense recognition
Y.L e 2l

= = = ]1-d no sense recognition

solar
neutrinos

6th Sep.
3.3333 - 5 keV

SI WIMP-nucleon cross section [cm?]

Atmos. v
10_50 L Lol 1 Lol 1 I Y T B
10° 10’ 10° 10°
WIMPs WIMP mass [GeV

Target: Xe WIMP: m, =6 GeV, o,_, =4.9 x 10=% em?

e position of Sun never coincides with Cygnus
e.g. C.J.G. O’Hare 1505.0806



Galactic
Recoill
Observatory

(1) Dark matter distribution in the galaxy

(2) Directional Coherent scattering of
astrophysical neutrinos

This is ambitious - but not impossible?



CYGNUS Groups
CYGNUS




up Concepts

DRIFT Scale-

3 modules of 8 m3

4 kg target mass

Water shield

Simplified MWPC
readout plane (GND)
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thin cathode at -ve HHV




What Directional TPC Technology?

e What is optimum readout and DAQ?

e What is optimum gas mixture (-ve ion?)

e Can backgrounds be controlled (radon, neutron)?

e What is optimum TPC structure and vessel design?

e (Can we benefit from multiple underground site(s)



Optimising Detectors

How many WIMPs are needed to get a directional (non-isotropic) signal?:

A. Green et al., AstroP 27 (2007) 142

difference from baseline configuration Noo | Nos
none 7 11
E; =0 keV 13 21 L.
no recoil reconstruction uncertainty ) 9 } upgraded and Unrea“Sth
Ep =50 keV 5 7
Evr =100 keV 3 G
S/N =10 8 14
S/N=1 17 27
S/N =0.1 99 170
3-d axial read-out 81 130
2-d vector read-out in opiimal plane, raw angles 18 26
2-d axial read-out in optimal plane, raw angles 1100 | 1600 assuming perfeCt
2-d vector read-out in optimal plane, reduced angles | 12 18 angl-”ar reSO|Ut|0n
2-d axial read-out in optimal plane, reduced angles 190 | 270
A conclusion

head-tail discrimination (“vector”) may be more important than 3D
reconstruction (however, 3D may be important for background rejection).



What Directional TPC Technology?

“high definition - 3D” “low definition ~ 1.5D”
e.g. D3 - pixel e.g. DM-TPC - CCD e.g. DRIFT - wires

small volume R&D larger volume R&D, low background
B ey
~ .
i ?i’it‘m*
Sty £1 | g": :
Cengy N\, :y 5
\fm N x Y ¢
x’/ N pixel chip T T H
( Anode
N

Drift N 0
Field N
VA
. Ym

ATLAS FE-14
50 x 250 um pixels

20.3 by 19.2 mm

NIPs



What Directional TPC Technology?

Trade-offs

High Definition 3D <€——» Low Definition 1D with HT
Higher cost/volume <«—p Lower cost/volume

Lower WIMP mass <——» Higher WIMP mass

Lower target mass <€—» Higher target mass



Is there a compromise?
MWPC-GEM Hybrid? Dan walker (Sheffield)

COMPONENTS

Set 1 of 1
KAPTON1 (Volus)

/

RS

Final positions of the avalanche electrons

e Use GEMs at amplifier
stage for wires

e (Garfield++ simulations




Some Exciting Advances - DRIFT

Z=50 cm z=0

» Use low pressure negative ion gas / . -

900

drift direction ——— '« drift direction

Significant advances recently:

» Z-fiducialisation using minority carriers in CS2:CF4:02
Real prospects for “zero” background

» Head-tail sensitivity with this mixture
» Use of SFe -ve ion drift - improved target mass (UNM)

» Large volume TPCs are quite feasible




How Not to be Afraid of Large TPCs

» Example - something the size of ICARUS (used for LAr)
e Size: 2 X ~18 x 3 x 3 m, central cathode, 1.5m drift
 Would contain ~ 0.5 Tonne Fluorine (SFs) @ 200 Torr

o Size of full CYGNUS-TPC is <100th scale of proposed DUNE liquid
argon TPC

::‘
L
A

| \ll l




How Not to be Afraid of Large TPCs

e We can learn from the UK-US funded Liquid Argon neutrino TPC
community at FNAL

e Proposed DUNE TPC is ~ x100 bigger than a
full CYGNUS-TPC

e SBND experiment new TPC - UK construction

o Sheffield is building the Anode Plane Frames




z-Fiducialization

e Use of different drift speeds of carriers

2 =50 2z =1

Drift direction

s ik
MWPC

Vi At
o o
DiUAS
{
2 X At

Proportionality constant
can be measured for
various gas mixtures, or
calibrated in-situ.



DRIFT - 3D Fiducial with Head-Tail

» DRIFT-lld now runs zero background, only volume limited

Shielded 30-10-1 CS,-CF,-O, Data Cf-252 Neutron Calibration Data

Nips vs Pl z
Background All Shielded, 433SumRisetime Nips vs Pl z o
54.7 days, 185 events, 3.38 +/- 0.2 events per day Neutrons All Shielded, 433SumRisetime
0.803 days, 14240 events, 17700 +/- 100 events per day
o | Cathode '} :r., -5, % 2w . e .. ®
el 0 ,‘1:',‘- LTI e e o _| Cathode
n
o _|
< o _|]
<t
8 8 -
s g
N N
& o
o - e
MWPC o | MWPC
o
| | I T T T T
' ' ' ' ' ' ' 0 1000 2000 3000 4000 5000 6000

50 100 150 200
Anode Nips
F equivalent recoil energy (keV)



DRIFT-Il - 3D Fiducial with Head-Tail

» Towards ruling out DAMA - with 1 m3

Spin-Independent WIMP Limits

-36 DAMA
10 w—— CDMS (2010)
— EDELWEISS (2011)
e SIMPLE (2012)
-37 COUPP (2012)
1 0 ZEPLINIII (2012)
w— XENON100 (2012)
w— LUX (2013)
_38 e DRIFT-1Id+02 (2016)
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New SFe¢ Breakthrough

N. Phan, University of New Mexico

e First demonstration of SFs as a -ve gas (with GEMs)

« 95Fe spectrum in 40 Torr SFe with 0.4mm GEM

- Gain curves up to 2.5 x 104
- z-fidusialization with SFs- shown (20 Torr, laser events)

40 T : :
- histEng | — E=852Vicm |
- Entries 4482 35}
~anl Mean 232
50 RMS 117 301-
- 2/ ndf 84.49/51
= Strength 2219+73
200p Mean 2089 +35 251
@ - Sigma 88.18 +4.10 E
= Back1 3526 +2.127 =
2 1501~ Back2 4.114 +0.295 5 20¢
&) 5 Back3  -0.003001+ 0.000728 ¥el
7 & 15,
100} =
. 10 o
50f
5 L
() s d sl i 1 1 | [ — l & J
100 200 300 400 500 600 700 800 900 0l
harge (arb. units) ’
-5
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CYGNUS Proposal MOU

The CYGNUS Galactic Nuclear Recoil Observatory
Memorandum of Understanding for a new International Experiment

1. Motivation and Proposed Experiment
There has been major progress world-wide in recent years in the development of ultra-
sensitive, low background gaseous time projection chambers [TPCs) capable of recording the
direction of sub-100 keV nuclear recoils induced by elastic scamering from incident neutral
particles. Much of this work has been undertaken in the context of the international CYGNUS
collection of groups interested in directional detection of dark matter. However, such
powerful recoil direction sensitive technology, when combined with the prospect of
deployment of large devices in multiple underground sives at different latitedes on Earth,
opens the unigue prospect of building a global Galactic Nuclear Recoil Observatory facilivy
with multiple science goals. Such an observatory would for instance have ability not only o
search for a directional signal from particle dark matter, thought to be incident on Earth from
the direction of the Cygnus constellation, but simultanecusly to detect and measure a
directional signal due to coherent scattering of nevtrinos from the Sun The directional
capability would provide a route vo a definitive signal for dark matter particles not feasible
with conventional non-directional dark matter experiments and allow a powerful first
detection of solar neutrines by elastic scattering correlaved with the pasition of the Sun.

This memarandum sets the basis for formation of a new collaboration, we call CYGNUS,
1o construct a TPC-based observatory aimed firstly at these two exciting new goals. We
envisage the cltimate CYGNUS TPC to be an experiment of 10-ton target mass distributed in
five underground sites in both northern and southern hemispheres. This would incorporate
full 30 reconstruction of elastic nuclear recoil events and full event fiducialisation in x, ¥, and
z dimensions, necessary to achieve zero background. It is already possible to contemplave
constructing such an experiment based on eurrent technology and available space in
underground sives. However, we foresee advantage in a staged programme towards CYGNUS
comprising two “pathfinder” projects, CYGNUS-PL and CYGNUS-P2. These pathfinders are
aimed at down-selecting and optimising the readout and engineering concepts respectively,
whilst alss providing intermediate and world-leading science sensitivity on shorter
timescales prior te deployment of the full CYGNUS facility.
2, The CYGNUS Galactic Nuclear Recoil Observatory
As stated the ultimate CYGNUS experiment will indede 3D reconstruction capability for recoil
events and incorparate full event fiducialisation in x, y and 2 dimensiens. Both heavy and
light target nuelei would be used, notably F, He and Xe, with the possibility o vary both the
compasition and pressure up o 1 atmoesphere. This will allow directional sensitivity covering
the region equivalent to 1-1000 GeV mass for dark matter particles with cross seetion around
and below the "knee” in the coberent neutrine spectrum in the region around 10 keV recoil
energy. A simple modular and elongated detector design with room temperature operation
will enable installation in multiple underground sites in both northern and southern
hemispheres, suitable for both mine-type sites and road twanel-type sites. Correlation of the
direction of recoils in galactic coordinates from sites at different Earth latitedes facilitated by
this is a ground-breaking feature of CYGNUS. [t provides a route 1o exceptional control over
systematic errors arising from terrestrial daily and seasonal phenomena and improves 3D

sensitivity.  However, it also allows broadening of participation to new nations, maximisd
access o the Earth's available underground space and ensures a better spread of bot
construction and analysis costs across participating nations. The prime sclence aims are:
() Discovery of a 5D directional DM particle signal in the 1-LHH) GeV region correlaved ©
galactic motion, induding 5D cross section below the so-called neutring lloor level
() Discovery of coberent salar neutrino events with direction correlated ta the motion ol
the Sun
The dark matter objective reguires ~100 DM particle events to be observed at the neutrir
floor. This is eguivalent to a detection-only crass section of ~1 x 10 pb in 50 Tore C1
compatible also with the solar neutring objective we envisage.

3. The CYGNUS Pathfinder Experiments

The vision for CYGNUS is bold and ground-breaking, aiming to be the first observatm
capable of using the direction of elastically scamering nuclei as a new probe of neutr
penetrating particles in our local Universe. [t will also be the first substantial Partic
Astrophysics experiment to reguire united support by multiple underground laboratories de
1o the need for multi-site deployment.  Much of the technology required for is alreac
available. However, prior to construction we envisage a two-stage pathfinder effort. This wi
allow down-select and optimisation of the readout and engineering designs necessary |
optimise beter the costs, whilst alse praviding world-leading science sensitivity on short
timescales. A key aspeet of the pathfinders will be confirmation that the necessa
background levels can be achieved as the seale increases. 1t is expected that 30 readout cos
will continue wo reduce with time. The staged project recognizes this by enabling a gradu
transition from basic 11 MWPC/ThGEM readout towards use of strips, optical or pixel forms.
3.1 CYGNUS-P1 -The Readout Pathfinder Experiment
The first pathfinder experiment, CYGNUS-P'1, is designed primarily to test and select scalab
low background readout techinologies for CYGNUS and o establish the first coordinated mult
site operation. The main focus will initally be towards the mass range where the neutrir
floar has the highest cross section. To achieve this we envisage CYGNUS-PL will compriz
25 m* total volume. This will comprise 1 m® instrumented with High Definition resdour [HL
including full 30 capability comparing strip, optical and pixel readout, plus 24 m* in a simpl
bur Large Volume [LV] 1D wector configuration with recoil head-tail sensivivity wsie
MWPCThGEM technology. This will be made of made of 3 x 8 m? or 4 x 6 m* units
common design. The modular approach of HD and LV allows for location and construction ;
multiple sives, namely in North America, Australia, Japan/Asia and Europe. A four-ye:
timescale for construction is envisaged for CYGNUS-PL. In each case a standard readout un
tile size of 50 x 50 cm is envisaged for the HD parts, so that 4 units make a single readm
plane of 1 x Im. The HD unit would include two readout planes of 1 x 1 m each, allowing
variety of pixel and strip-readout concepts from different groups to be incorporated an
directly compared in the same field cage and gas configurations. The LV planes are envisag
10 have 2 x Zm unit sizes.

The focus for the science of the HD component will be te provide competitive sensitivity |
the low mass elastic scattering energy regime, whilst also providing a route to down-select
the technology through a figure of merit criteria based on cost per unit sensitivity. The L
companent would wse already demonstrated MWPC/ThGEM readout plane technalogy. Tk
science focus for LV would be towards the high-energy region, up to 1000 GeV, whilst als
allowing demonstration of key engineering aspects required for the final experiment. Th
includes demonstration of gas recirculation, low background vacuum wvessel engineerin
active veto shielding and multi-site operation. The science objectives of CYGNUS-P1 are:

(@) To reach for the first time with directional sensitivity cross sections for SI particle dark
mater below both the DAMA-LIBRA allowed regions (at ~10 GeV and ~350 GeV] - an
improvement of x1{4 aver current directional sensitivity

[} To achieve competitive SI sensitivity in the particle DM region below 15 GeV

(€} Toset first directional limits on coberent neutrino scattering from the Sun

{d} To complete first searches for other exotic candidates including kk axions

This first pathfinder stage P1 will determine which technology has the best figure of merit.
This will likely depend on the recoil energy or WIMP mass range considered. [t is therefore
recognized that a cost optimal design may involve more than one readout technology.  This
approach alss allows for some technical redundancy and for the potential v benefit from any
relative change in the cost effectiveness of different readout technologies with time.

3.2 CYGNUS-P2Z -The ing Pathfinder Modul riment
A major technical goal for the first pathfinder CYGNUS-PL will be down-select of the readout
technology to be used for the observatory, based on the performance comparisons made in
each mass range and backed by the agreed cost effectiveness figure of merit. CYGNUS-FZ is
then cited w demonstrate and optimise use of this readout in an engineering scale-up at
1/20= scale of the full CYGNUS Galactic Nuclear Recoil Observatory, reaching a target mass of
~0.5 tonnes. This experiment will thus alse provide the firse single module building block of
the praposed full oheervatory. The scientific goal for the Stage [l pathfinder will be:
(] A further factor 100 improvement in 5D and 51 dark matter directional sensitivity,
extending this to the low mass range below 10 GeV
(I} First deteetion in a directbon sensitive experiment of events due to coherent scattering
of solar neutrines

3. Collaboration Agreement, Contributions and Underground Sites

Members of the new collaboration here agree to pool expertise and resources on a best-
efforts basis to work towards the agreed goal of building the CYGNUS Galactic Nuclear Recoil
Observatory, including participation in the pathfinder steps as outlined here. This should
include contributions and participation both to construction of the initial LV companents vital
1o the engineering design as well as the HD readout parts as appropriate

Whilst the focus here is on TPCs it is recognised that development of emulsion-based
and other non-gaseous directional concepts are underway, notably the emulsion-based NEWS
programme. [t is agreed that researchers working in these areas are encouraged to
participate in the propoesal here in the context of cultivating the wider CYGNUS community to
include non-gaseous techniques. The CYGNUS collabaration as a whaele aims to work together
towards the common goals, regardless of technology used.

A unbgue aspect of our CYGNUS observatory is the distributed nature of the instrument
across multiple underground sites and the apportunities this gives for inter-site cooperation
inn a first vruly global particle astrophysics experiment. The multi-sive aspect is essential to
allow a convincing measurement of the sought after non-terrestrial signals and to optimise
sensitivity in the likely event that detectors do not have a fully isotrepic directional sensitivity
in galactic coordinates.

4. Signatures
We the undersigned agree to work together on the CYGNUS programme outline above:

Institute or labsratary respansible persan date



CYGNUS-TPC Proposal, MOU

General Strategy

> Multi-site across the globe

» Allows leverage of resources, maximises underground space
» Allows control of systematics for a galactic signal

> Include HD pixel/optical component

» Compare technologies and down-select at first stage ~ 1m3

> Include LD larger scale TPC
> A staged approach

» Pathfinder 1
» Pathfinder 2
» CYGNUS-TPC



CYGNUS-TPC Concept and Reach

> Fiducialisation, -ve ion drift, head-tail sensitivity
> Multi-tonne, multi-underground site,
» Staged programme - low WIMP mass, high WIMP mass

10’ — ggﬁéﬁ%ﬁa Spin-Dependent WIMP-proton Limits potential interest
:2 : Australia, China, France,
” Italy, Japan, UK, US
% 10°
£ 10°
& 10 <«—— ~Current state
g 1
2 10"
g 1072
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s 10°
Z 00 «—— CYGNUS - Pathfinder 2
o «—— CYGNUS - TPC
107°

WIMP Mass (GeV)



WIMP Wind Declination (deg)

CYGNUS-TPC - Multiple Sites
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A CYGNUS Site at New Boulby Lab

-




CYGNUS Proposal MOU Objectives

The CYGNUS Galactic Nuclear Recoil Observatory
Memorandum of Understanding for a new International Experiment

> Objectives

(1) Discovery of a SD directional DM particle signal in the
1-1000 GeV region correlated to galactic motion, including
SD cross section below the so-called neutrino floor level

(2) Discovery of coherent solar neutrino events with direction
correlated to the motion of the Sun



CYGNUS Proposal MOU

The CYGNUS Pathfinder Experiments
CYGNUS-P1 -The Readout Pathfinder Experiment

(a) To reach for the first time with directional sensitivity cross sections for Sl
particle dark matter below both the DAMA-LIBRA allowed regions (at ~10 GeV
and ~50 GeV) — an improvement of x100 over current directional sensitivity

(b) To achieve competitive SD sensitivity in the particle DM region below 15 GeV
(c) To set first directional limits on coherent neutrino scattering from the Sun
(d) To complete first searches for other exotic candidates including kk axions

CYGNUS-P2 -The Engineering Pathfinder Module Experiment

(a) A further factor 100 improvement in SD and Sl dark matter directional
sensitivity, extending this to the low mass range below 10 GeV

(b) First detection in a direction sensitive experiment of events due to coherent
scattering of solar neutrinos



Coherent Neutrino Scattering

» Solar Neutrino Spectrum

106 I llllllll | llllllll LA

2 % v type EI (MeV) EI™ (keV) v flux
1 O : (cm_2.s_1)
: PP 0.42341 5.30 x 1072 5.99 + 0.06 x 10™°
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TABLE II: Relevant neutrino fluxes to the background of di-
rect dark matter detection experiments. Also shown are the
respective maximum neutrino energy, maximum recoil energy
on a Ge target, and overall fluxes and uncertainties [22-24].
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Coherent Neutrino Scattering

from Slac pub 15817, arXiv:0903.3630.

nuclear recoil event rate due to nuclear recoil events due to
coherent neutrino scattering coherent neutrino scattering
from the Sun from the Sun above threshold
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3 events/ton/year above 10 keV for each Fluorine atom
18 (12) events/ton/year above 10 keV for SFs (CF4)

with perfect efficiency




Conclusion
We want to build a Global Galactic Recoil Observatory

(1) Dark Matter Directionality (2) Coherent Astrophysical Neutrino

Trying to develop in WIMP “telescope” is fascinating
and challenging...

It will be needed to determine a definitive detection of
WIMP dark matter

It is not harder than non-directional, it’s different
It needs more minds....and a global effort

Join CYGNUS



