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DM workshaop
« Collider + Direct + Indirect + Astro + Theory

¢ 2 focused sessions main message (would be) :
Important to search for WIMPs down to (and beyond ) the

Focused Sessio n_eUtrmO floor.

Or Kentarn Miehi Important to understand CEVNS

The Neutrino Floor Prof. Kate Schoiberg
The University of Tokvo, Kashiwa Campus 16:30-17:00
Discussion of experimental approach to go beyond the neutrino floor In the WIMP search Dr Tatsuhiro Maka
The University of Tokyo, Kashiwa Campus 17:00-17:30
Breaking through the neutring floor Dr Ciaran O'Hare
The University of Tokyo, Kashiwa Campus
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Constraints on cosmic ray propagation and magnetic flelds using gamma-ray observations
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The NeUtr"{FIOSK’! Discussion of experimental approach to go
beyond the neutrino floor in the WIMP search

‘\gate Scholberg, Duke University _
ark Matter Searches in the 2020’s Tatsuhiro NAKA

- November 11, 2020 Y ‘ Toho University
Eontre for DekMatt xdl THE UNIVERSITY OF
b o) SYDNEY |
2019.11.9 "Dark Matter Searches in the 2020s”, U. of Tokyo
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Breaking through the

neutrino floor

: C?aran‘O’Hare NOV 11th 1630' (\]ST)
RS  hitps://bluejeans.com/177369462



Neutrino Floor

* being mentioned from early stages
* became realistic in these 10 years

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

CYGNUS 2007

First Workshop on Directional Detection of Dark Matter
22-24 July 2007

Boulby Underground Laboratory, UK

Jocelyn Monroe Neutrino backgrounds to dark matter searches

Tim Lawson Sheffield Alpha background in the DRIFT TPC

solar 8B coherent neutrino scattering events per ton-year: detectors
nucleus total T>2 KeV T>5 KeV T>10 KeV é Neutrmosﬂv@(/mwo o ﬂgg””@
2C 235.7 191.8 104.1 36.0 é Neutrinos
"OF 378.0 204.1 88.8 13.3 %I SOIar
“0Ar 804.8 231.4 21.0 <1.0 ;
Ge 1495.0 115 <1.0 <1.0
132X e 2616.9 14.7 <1.0 <1.0

WIMP Mass [GeV/c?



Neutrino Floor: Magnificent background

«-Upcoming Xe detectors start to hit 8B shoulders
 Future detectors are approaching atmospheric floor

Spin-independent WIMP-nucleon interaction

107 ¢

(Recap) The neutrino floor

CRESST-11I

Most immediate pro blem
area for Xenon expts.

. ~60 GeV WIMP + Boron-8 | 1074
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WIMP mass [GeV /7
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Ciaran O'Hare Carla Macolino WIMP mass [GeV/C ]
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The Neutrifio Floor"‘\f

Nate Scholberg, Duke University
Dark Matter Searches in the 2020’s
November 11, 2020

How well do we know where the neutrino floor is?

Rate « Flux @ Cross section (Recap) Neutrino fluxes + Uncertainties
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 BG subtraction: XMASS's case
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Physics Letters B 789 (2019) 45-53

WIMP upper limits
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But what if there’s BSM physics?

How high is the neutrino floor?

C. Beehm?®, D.G. Cerdefio®, P.A.N. Machado?, A. Olivares-Del Campo®, E. Perdomo® and E. Reid®
Published 21 January 2019 « ® 2019 IOP Publishing Ltd and Sissa Medialab
Journal of Cosmology and Astroparticle Physics, Volume 2019, January 2019 New scalar mediator

in the neutrino
sector
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THE UNIVERSITY OF

SYDNEY

Centre for Dark Matter
Particle Physics

Breaking through the

neutrino floor
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Ciaran O’Hare
University of Sydney

How to break through the neutrino floor

5 methods, increasing effectiveness

1. Detect a lot of events

2. Improve neutrino {lux measurements
3. Use annual modulation

4. Have multiple target nuclei

5. Use directional detectors C. O’hare
DM in 2020s

Method 4: Use multiple targets

This helps too, but only substantially for SD

interactions, and still requires a lot of events

C. O’hare
DM in 2020s



Nothing mimics dark matter, including solar neutrinos

September 6

Fluorine recoils [8-50 keV,]
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Comparing methods: Solar
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 We are not afraid of the floors

SS9V Toho University
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Discussion of experimental approach to go
beyond the neutrino floor in the WIMP search

Tatsuhiro NAKA
Toho University

2019.11.9 "Dark Matter Searches in the 2020s”, U. of Tokyo
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Current project using the detector already dém

direction sensitivity

‘ Direct tracking | ‘ Indirect direction information

 Gaseous target Solid target

® DRIFT ® NEWSdm ® ZnWoO3
® NEWAGE

T. Naka
DM in 2020s




e GasPQCs

Measuring the full track: 3D readout

All recoils are 3D vectors and are
time—tagged so can be reoriented in

the Galactic frame:

q = sin # cos X + sin @ sin oy + cos 0z

C. O’hare
DM in 2020s

e see Neil’s talk




 Nuclear Emulsion

Super'flne Grained Nuclea Crystal size: 20 — 100 nm controllable
[Nano Imaglng Tracker : NIT s with better tan 10 nm accuracy

ﬁ.

‘

Elemental composition of NIT

For high-mass DM s

. : T. Naka
S, Na + others i g e _' ,‘j i' DM in 2020s

For low-mass DM
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Simulation for NIT device intrinsic potential
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35nm C:10keV
Br: 45 keV
Ag: 55 keV
4 10 ton production : special machine optimized this device is required
(more simple system : current machine is over speck)
i/ High scanning speed machine is needed (current highest machine in
the nuclear emulsion field is 1 ton/y)
4 under discussing whether light emission information from NIT




* anisotropie crystals

» Proposed by ADAMO Group in 2011
» Reported 40-50 % anisotropy response for MeV alpha particle

T L _ THE EURDPEAN
PHYSICAL JourmaL C

Regular Asticle - Expernmesisl Plysa=
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ADAMO group

Om the potentiality of the ZnW0y anisotropic detectors 4 - .

lo mtl:uur:lht' directionality url;:.lrk _"Iluilrrl o | ReportEd a/B ratio Df 55%
anisotropic response

F, Caggetia’, 1 Bermabed="2, P, e, ¥, Carscebsdn®, B Cernlli®, F.A, Danevich
A Mmoot TR Pordas V0. Trwivak

Tahle 2 l.'}uvru‘hirlg factors for O, £n and W ions with energy 8 keV : EU r. Phys J C (20 13] 73:22?6

for diffcrent dircctions 1n ZnWOy4 crystal. Sysicmatic uncertaintics are
estimated on the level of 20 % using data of [90]

Ton Quenching factor . )
Energy of o particles (MeV)

dir, | dir. 2 dir. 3

0.235 0.159 0.176 Current active groups

.084 0.054 (.06

0.058 0.037 0.041 1. Italian GrOUp (ADAMO)
2. Japanese Group (Prof. Sekiva et al. )

perpendicular to (010): dirl
(001): dir2
(100): dir3 T. Naka

DM in 2020s




« and more...

New idea and current effort for det

D. Nyaren J Phys. Co

nf. Ser. 460 (2013) 012006

Schematic of columnar
recombination
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» C——— lonization

Tracking plane

Xe ~10atm
3 Scintillation
(de-excitation
+recombination)

{MPPC) ‘

Columner recombination

» Recombination efficiency of ionized electrons should
have dependence on relative direction between track

and electric field

» Time profile of scintillation emission (especially slow

component) should be affected
= Directional search is possible if this
confirmed in low-energy nuclear recoil

effect would be

T. Naka
DM in 2020s
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SUMMARY

* We have a magnificent CEVNS BG
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» Several approaches are discussed

* Directionality is helpful

iscussion of experimental approach to go
beyond the neutrino floor in the WIMP searc

Tatsuhiro NAKA
Toho University
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