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Difficulty of Light WIMPs Detectior
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e Light DM

» <vpm>~230km/s << ¢

» Kinetic energy ~mpmvpm?2/2

> For light DM, getting enough kinetic
energy to overcome energy
threshold of detector is hard.
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LZ Collaboration:2207.03764
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— small ionization signals by DM-electron scattering (R. Essi et al.
2101.08275), Migdal effect (M. Ibe 1707.07258), boosted DM, ...




W. Yin 1809.08610

BOOStEd DM Y.Ema, F.Sala, R.Sato 181°N\00520

T.Bringmann and M.Pospelow1810.10543

e Ordinary WIMPs
> VDM << Vesc

Cosmic-Rays @ . vom~230 km/s : Slow

e Cosmic-Ray boosted DM (CR-DM)

> NOT bounded by the Galactic escape velocity
> DM obtains additional kinetic energy

o overcome the energy threshold after CR
atters the light DM.




e Constraints

CR-DM
gas cloud

T.Bringmann and M.Pospelov arXiv:1810.10543 cooling
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Directional Direct Detection of W}N}s\

e Next generation of direct detection
Nuclear Recoil ' -

' " @ Recoil Energy Er
DM

N 7 +Direction

P

Credit: NASA/JPL-Caltech/ESO/R. Hurt

e Why direction?

- DM wind will come from the direction of Cygnus

- Neutrino Floor

o _
AN
Dec

the Solar sy
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_Long term CYGNUS Vision: Multi-site Galactic Recoil Ob*ser\/atory |

with directional sensitivity to WIMPs and neutrinos

https://arxiv.org/abs/2008.12587

Proto Collaboration formed:

55+ signed members from
the US UK, Japan, Italy,
Spain, China

 Six US faculty members

* Close collaboration and
regular meetings on
detector R&D and physics
studies

: CYGNO-0z
CYGNUS-ANDES

Stawell, Australia
e k] R&D leading
t.b.d.

to 1m3

Credit:Sven Vahsen’s talk
in SNOWMASS 2022

5/12/22 : : Sven Vahsen, Long Term Neutrino Projects, CSS 2022 7 5




CYGNUS: US Program Vision

U.S. Site

Approx.
Detector
Cost

5/12/22

Constrain
nonstandard
CEvNS interactions

SNS,
Oak Ridge, TN

~S0.5M+

2035

Modular /multisite

experiment: CYGNUS-1000

(-

L
o ~
N = 3

Best SD-p WIMP limits

my

SUREF, International, multi-site
Lead, SD (Utilize DUNE cavern?)
~S5M ~S50 M, for 1000m3 in U.S.

https://arxiv.org/abs/2008.12587

Sven Vahsen, Long Term Neutrino Projects, CSS 2022
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Nuclear Emulsion : NEWSdm

Super-fine-grained emulsion for directionality

High Density
 No time resolution...
Target

p,C, N, O,Ag, Br

—— Polymer (C, (N,0))

Charged Particle /—Silver halide crystal
’ (AgBr) * ~ 200 nm

\), Latent image

Slides by T. Naka
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a). Standard emulsion b.) NIT emulsion

Case for current readout ability
Case for extrapolation lower energy
Case for intrinsic detection ability

Depends on readout technologies

Current readout pe+fo

. -
Device potential

10’ 102 10°
WIMP Mass [GeV/c?]
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Directional

Detection of
CR-DM

c.f. non-directional detection of CR-DM using directional information
S-F Ge, J-L Liu, Q. Yuan, N. Zhou 2005.09480
Panda-X 2112.08957




Flux of CR-DM for each direction
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DM density profile in the Galaxy

> Navarro-Frenk-White (NFW) profile
Po

— NFW

— Pseudo Iso-thermal

V) = ————————
pNFW( ) (1’/1’0)(1 + T/T())z
. J. Navarro, C. Frenk, S. White Astrophys. J. 490(1997)
> Einasto profile
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pEin(r) = poexp2a(1 — (r/r9)"/*)]
better to fit the observations. jr= 5 5 10

J. Navarro et al. curves. Mon. Not. Roy. Astron. So 349 (2004) Distance from G.C. [kpc]

» Pseudo-isothermal profile

_ Po
pIso(r) - 1—{—(1’/1’0)2

R. Jimenez, L. Verde, S. Pen, Mon. Not. Roy. Astron. So 339 (2003)




mpv=100MeV

mpv=1Me

Sky Map of CR-DM flux

Pseudo-
NFW Einasto isothermal

CR-DM flux focuses on the direction of the G.C. as expected.
In the case of pseudo-isothermal profile (cored), concentration of the

G.C. direction is unclear compared to others (cuspy).
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100MeV

MpmMm=

mpv=1Me

Distribution of Nuclear recoil

Pseudo-
NFW Einasto

isothermal

Dlstrlbutlon of nuclear recon IS not clear compared to original CR DM

' flux, but S|gnals still focuses on the G.C.
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Recoil Energy of CR-DM (Ag)

Einasto isothermal

L L L B B LA BN BN
—— 100 keV < E,,, < 600 keV

—— 10keV < E,, <100 keV

— Al

6, ,=10%cm?

m, =100.0 MeV

Ag recaoil, SI

iy

L L L L B B B BN BN R
— 100 keV < E,,, < 600 keV

— 10keV < E, <100 keV

— Al

o, ,=10%cm?

m, =100.0 MeV

Ag recoil, SI

LA T L I L B L B B

— 100 keV < E,,, < 600 keV
— 10keV < E,, < 100 keV
— Al

6, p=10%cm?

m, =100.0 MeV

Ag recoil, S|

rec

Events / sec / kg
e g
Events / sec / kg
I\H‘I\I‘IH‘H
Events / sec / kg

i P AR N

[T T[T [T T[T T [TTT]

L AR R R RN LA RN RN AR RARR LR
b b by

P O AT A S |

A i 0 A AT ARRA FAwu

-y

X

L L L LN BN BN BLNLEL LR B
— 100 keV < E, < 600 keV

—— 10keV < E, < 100 keV

— Al

c,(,p=10’32(:m2

m, =1.0 MeV

Ag recoil, S|

L s

— 100 keV < E,, < 600 keV
— 10keV < E,, <100 keV
— Al

Gy.p= 10 c?

m, =1.0 MeV

L L I B B B B B BN LR
— 100 keV < E, < 600 keV
— 10keV < E,, < 100 keV
— Al

GX_D=1O'32cm?

m, =1.0 MeV

Ag recoil, SI

Events / sec / kg

Events / sec / kg
L1 ‘ L1 ‘ L1

Events / sec / kg
L1 ‘ L1

Ag recoil, SI

T[T T T T T T T T

Do b b b et b e b

I BRI VR AR
I AN BRI

1 208 -06-04-02 0 02 04 06 08 1 09 08-06-04-02 0 02 04 06 08 20806 04-02 0 02

12




Asymmetry

e How often does CR-DM come from the direction of G.

n,—n_
Asymmetry : A =

n,+n_

Galactic
Center

i /Nuclear N,
o . Ny +
Recoil

#ofcosygc <0




Asymmetry and Targets

[\S)

Asymmetry

—4—PIT —+-PIT
—+— Einasto —+— Einasto

—— PIT
—+— Einasto

|
N

R, Ag : Nuclear Emulsion 5.0 kg-yr [ Events with Er causes inelastic scattering
are omitted.




Sensitivity for Asymmetry

2F (SD NEWAGE) 5 Zio%er

NFW  mp,, = 100 MeV
o NFW gy = 10 MeV
PIT  mg, =100 MeV

2l AQ (S| NEwsdm) o Ji0% o

NFW  mg,, = 100 MeV
s NFW gy = 10 MeV
PIT  mp, =100 MeV

P (SINEwsdm) "o lig% o

NFW  mp,, = 100 MeV
s NFW Mgy = 10 MeV
PIT  mpy, =100 MeV

Sensitivity [o]
Sensitivity [6]

v PIT My = 10 MeV v PIT iy = 10 MeV e v PIT iy = 10 MeV
Einasto mp,, = 100 MeV Einasto mp,, = 100 MeV e Einasto mp,, = 100 MeV
Einasto mpy =10 MeV Einasto mp,=10MeV .. - Einasto  mpy, = 10 MeV

3 1000 2000 3000 4000 5000 6000 7000 10 12
Exposure [kg year] Exposure [kg year] Exposure [kg year]

O NEWSdm has a vision to extend to O(1-10)kg in the future. —
Asymmetry can be tested within the scope of the future upgrade plan.

O\ Gas detector can also have sensitivity ~> 5o supposing 10 times of
gnus-1000 (1000m3). axiv:2008.12587




Conclusion

Most of cosmic ray boosted DM is expected to come
from the direction of the Galactic center. The directional
tendency can be tested by directional detectors with
the future upgrade for CR-DM with 100-10 MeV mas



Recoil Energy of CR-DM (p)
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Recoil Energy of CR-DM (F)

Pseudo-

NFW Einasto isothermal
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Elastic scattering

e In the numerical study, elastic scattering of DM-target in detection is
supposed.

e For scattering with high ER,the assumption is not valid. Thus we require
events with de Broglie wave length of DM >> size of target nucleus, i.e.
Eclastic scattering = 10 (p), 3 (F), 0.6 (Ag) MeV, respectively.




