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Underground neutron measurement

No spectrum and directional
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Neutron Detection Methods for Wide Energy Range

meV (thermal neutron) 100 keV (~ 1 pum) Sub-GeV — Neutron Energy

Neutron Capture Proton Elastic Scattering

Deep Inelastic Scattering
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Chain analysis for ™~ um scale tracks
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Environmental Neutron Measurement by NIT @ LNGS
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Underground neutron measurement

Event Rate (events/g/day)

/" Taken into account the (a, n)
~ reaction due to U=Th chain in

210po b | the rock
“fsub-MeV! i "
1_3_:§u e I —+— n-Run2 58 days ‘ | N Séassuming 8% water content in the rock
.l Thermaln ) N  H.Wulandari et al,, Astropart. Phys., 22, 313-322 (2002) |
—— n-Run3 4 months
1411 L
- n-Run4 0.52 kg*day analysys
1201 n-Run4 4 months —~
E >10% i 232U, 230Th, 226Ra | | %P0 || —— Data (n-Run4)
= ©  r MC Elastic p
0.8 o — S
E é B 238U *:’. . MC 14N(n p)14c
“oE L1 N F o4 p
oaf o sub-MeV'iy  H elim,
u ) B .]. /na
(}.25@w | E ol 'I"I:]‘-I' l‘y
EAL TR 'h”yw*“w;rmhﬁméﬂﬁﬁé_ T © -
0" ) 50 sdﬂm“ %" - T ]l
R (u)rn)/qcl/ e | e s e .
=
LU
Neutron around sub-MeV region started to
see without background.
| 1 1l J 1 (- | L1 1 |

2025/6/25

LS T RE:

40 50 60 70
R (um)



Next approach

nRun4 : 1kg=day exposure = expected number of event around 10 events or less
* First result of flux

nRun5 ~ : > 10kg"day exposure = expected number of event : order of 10 = =TS

Energy spectrum, angular distribution

To be updated the handling properties | Will be reported by Asada

Application of neutron measurement

® Dark matter study using proton recoil = MeV scale dark matter search
® Directional measurement with the telescope ( galactic center )



Light WIMP search with NEWSdm



WIMP scenario
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Mass scale for WIMP scenario

Unitality limit

—t

MeV GeV TeV PeV
\ ) \ J Larger exposure is needed
Y | because of lower flux

Main target for current experiment

 MeV scale WIMP (light WIMP) is also
allowed for thermal relic scenario,
but it’s still blue ocean.

Simple direct detection methodology
is very difficult to detect the signal
because energy threshold for current
detector is not enough.

Currently, there are no clear
indication.

Only DAMA/LIBRA insists the
signal with annual modulation,
but it’s not inconsistent with any
= ./ other experiments.
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Boosted DM scenario



Cosmic-ray boosted dark matter

, Cosmic ray (p, He)

~

B Boosted energy is expected to distribute higher energy
to GeV scale.

B Directionality is interesting, but currently another
detector has more advantage for sensitivity
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6ulti-component dark matter scenario
MX2> M)(1 Here,y,is main component of DM halo

Ty, =My, — My,
X11s boosted depending on the mass difference

B Semi-annihilation scenario

¢ is light SM particle (e.g., neutrino)

1
T, =—M.,c?

X 47X
Qas the kinetic energy depending on the mass

X2

X2

B Another : SIMP scenario, Decaying DM - -




Discussion of sensitivity for the multi-component dark

matter scenario
XZ)(”
X2 X1



Max. nuclear recoil energy [keV]

Recoil energy from coherent scattering kinematics
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For the light WIMP with MeV mass scale, proton target has good advantage from momentum transfer.



Mixing parameter

for the case of dark 1

photon model

2.44 eventsﬁ year/Skg (gx=1) 2.44 events/1year/5kg (gx=1)
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_ Lighter targets have adva tage for MeV scale and degenerate case
Figure 2. Contours giving N, = q ?p lane where m, = ma. = 20MeV. The threshold

energy is 100 keV and 50 keV for p Emd N in thE left and right fizures, while that of Xe is taken to be
HkeV. In the right plot, we also show the behavior of the proton case with different threshold energy
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Formalism of sensitivity calculation
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T
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dT,

* Form factor

o 1 A, = 770 MeV
GN(Q ) — 2 2\ 2
(1+Q2/7%) Ape = 410 MeV

* Helm form factor for heavier nuclei is assumed, but it’s assumed
1 because of low momentum transfer

*  Flux from GC

P~ 1.6 cm™*s7I(, (

5% 10726 ¢cm3/s

* NFW profile is inputted.

<ov> )(5 MeV/cz>2 ‘

M,
https://arxiv.org/pdf/1405.7370.pdf

e Maximum recoil energy

Tmax _ (Ex_mx)z + me(Ex_mx)
" (Ex—my) + (my + my)?/2my

« DM-nuclei cross section (coherent scattering)

2
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mp (mx + mN)

— 2
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* In this case, constant value is assumed, but it may have
energy dependence for model of massive mediator such as
dark photon model

Density profile of DM in the MW

., 1 :NFW profile
3.76 : Einasto profile




Sensitivity for the current neutron measurement performance w/o
attenuation effect
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Currently, there are no limit for this parameter space
by any other experiments.



Advantage of Tracking detector

B Strong unique angular distribution from galactic
center than standard WIMP search.

B For this selection condition, 3D reconstruction is
possible by the chain analysis.

B For this approach, we will search the direction of

the galactic center with the equatorial telescope
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B Signal region for this dark matter search

B Currently, main BG will be neutron
= it will be easy rejected by the shield

B Current neutron run have not used the
telescope. = mount the telescope and
analysis to the direction of galactic center
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In this time, first demonstration was carried out in the underground .
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Possibility for the elliptical selection
(lower energy threshold )

® Current chain analysis threshold has around 100 keV of proton corresponding to 1 um length.
® For shorter length (lower energy proton) selection, elliptical shape selection will work.
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It has good sensitivity for degenerate mass
scenario between two-component dark matters.



Proton 60 keV

Technical update

B Updated of development treatment

MAA developer = GR-1 developer
(already demonstrated in the GRAIN experime

MAA

Optical microscope image pptical microsdope image #

» Higher brightness
= It has advantage for lower energy threshold, energy
resolution, fading etc.

» Stable : keep for long-time
= easier handling for larger scale treatment
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Optical microscope system in Japan

PTS-3 @ Nagoya

Proton analysis (neutron, MeV-scale DM search)
= 1.4/kg/y/machine

+ PTS-5 started to demonstrate

~ Obj | ol x100, NAL45

V0S (2Mpix 908 Fps) Target speed : > ~2kg/year scale

(> 100 kg+day )

Ellipticity

Ellipticity
Entries 41774
Mean 87.62
Std Dev 30.97
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2l \ = LN A 2000
Obj. lens : x67, NA1.42 @ 1000
CMOS (4Mpix, 160 fps) ‘

Blue LED (455 nm)

Install the chain analysis
T e system is ongoing
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Estimation of Attenuation effect

Attenuation effect to cross section (T=10MeV)

B Attenuation in the rock will be shift the energy and flux ‘;2 1
= ).
B Finally, we estimate the sensitivity taking into account the % ‘77&,}
attenuation effect =
B Also, observed time of the galactic center in the northern %
hemisphere is limited, so future it’s interested in the %01_ I
observation on the southern hemisphere. T : mfj;gmgg
I N v
C v v vl Ll il L1

Simulation study is ongoing. 10 10 102 102 107

11 ‘
—26
¢-nucleon cross section [crrg]

Refer from arXiv:2410.17727v3



Model dependent scenario
lofusmulngyr and Astroparticle Physics Formalism
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Recoil energy for each target nuclei
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Figure 1. Left: the function associated to the event rate EH%’E‘E as functions of E'p for each nucleus
where we adopt m, = my, = 18MeV, my, =3m,, gx = 1 and ee = 2 x 10—? as a reference point.

Right: maximal recoil energy for each nucleus as a function of dm where we adopt m, = m,, = 20MeV.

Lighter targets have advantage for MeV scale and degenerate case



Case of Degenerating DM Masses

30.0
5.0
"My = Ty
1.0 Boost of y is too tiny to scatter targets
] in detector

* Then the lightest target p can be a hopeful
target. We can expect 30 events at most.

20 40 60 80 100
my[MeV] Einasto profile

m, = my,my, —m, = 5MeV



Semi-annihilation process

X X

X ¢

Detail sensitivity is now on simulating, but for this
model is also, NEWSdm should be possible to
search new parameter space

XENONIT CRIDM




Conclusion

CIRecently, MeV scale dark matter have been actively discussed phenomenologically.

CINew light dark matter is possible to be searched unique parameter space using NIT
technologies and applied the neutron measurement

CIProton recoil tracks around 1 um are capability of 3D angular reconstruction, energy
reconstruction without electron BG.

0 =already demonstrated by neutron measurement
ClGalactic center is target to search for boosted process with annihilation.

CIThis search is ongoing in LNGS underground with telescope

Event Map

2537060 |,
39.58

Technical updated

v Developer is changing to GR-1 development from MAA development — L
v’ Additional PTS system started to operate. | e e e T

v' New fog reduction method for lower energy threshold include standard WIMP search | IR R
has been proposed, and studying the method.

= demonstrated the principle of that, now on searching the optimum condition




Back up



Event number

Einasto profile
m, = my,my, = 3m

Event(p)year/5kg/g%, Er>100 keV Event(C+N+Oj}lyear/5kg/g%, Er>100 keV




Case of Degenerating DM Masses

. m}‘l, =~ m,

Boost ofX is too tiny to scatter targets in detector

* Then the lightest target p can be a
hopeful target. We can expect = 30

events at most.

Einasto profile

my, = My, My, — M, = 5MeV



Density profile of DM

* Navarro—Frenk—White (NFW) profile

_ £0
pNw(r) = (r/r0)(1+1/10)?

J. Navarro, C. Frenk, S. White Astrophys. J. 490(1997)

* Einasto profile
pEin(r) = poexp[2a(1— (r/ro)"/*)]

J. Navarro et al. curves. Mon. Not. Roy. Astron. So 349 (2004)
* Pseudo-isothermal profile

_ Po
pIso(r) — 1+ (T/T0)2

R. Jimenez, L. Verde, S. Pen, Mon. Not. Roy. Astron. So 339 (2003)
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Upgrade of scanning system for neutron measurement

PTS2.21@Kanagawa Univ.

5007 E %, 705 fps ‘:
(50 Gbps) Z

@
E Camera

Light guide
~\, (BluelED) |

Now

Future plan

PTS4 (2022) Y

PTS2.1 (2024)

PTS2.2 (2025)

PTS2.3 (20267?)

L X N.A. 1.42, 66.8x N.A. 1.40, 44.6x
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NAZBIZ RIS 25 Gbps 50 Gbps 100 Gbps
ETEE 2304 x 1720 4672 x 3416 2560 x 1920 4608 x 2176
XYE wF
o - 0.105 pm 0.087 0.112 0.101
(EV2tvILFRBE) - 10 Al Al
ZEF 0.30 um
FOV 241 pm x 180 um | 410 pm x 300 um | 287 um x 215 um | 465 pum x 220 um
L—LL—k 500 fps 300 fps 705 fps 1000 fps
GPU RTX 2080Ti RTX 4070Ti SUPER | RTX 4080 SUPER | RTX 5080 SUPER?
FRATRE 0.25 1.0 1.3 2.57?
(kg/year)

1) T. Shiraishi et al., Phys. Rev. C 107, 014608 (2023)
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Proton detection calibration using 880keV neutron

880 keV mono neutron
(T(p n)*He reaction )
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with thermal insulator
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BG erasing method using oxidation process

Reaction

4Ag ~+ 4K3F€(CN)6 + 6Na25203

- 2A925203 . 2N(125203 + 3K4F€(CN)6 + Na4Fe(CN)6
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Performance fog reduction
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