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Goal: detecting the direction of nuclear recoil from
WIMP elastic scattering
Target: nanometric emulsion films (20-40 nm grains)

acting both as a target and a tracking detector L=380nm  L=265nm  L=160nm
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Letter of intent: https://arxiv.org/pdf/1604.04199.pdf
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FIG. 4. The spin-independent WIMP-nucleon cross section
limits as a function of the WIMP mass at 90% confidence level
{black line) for this run of XENON1T. In green and yellow are the
le and 2 sensitivity bands. Results from LUX [27] (the red line),
PandaX-II [28] (the brown line), and XENON 100 [23] (the gray
ling) are shown for reference.
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Figure 12. The current experimental parameter space for spin-independent WINP-
mucleon cross sections.  Not all published results are shown. The space above the
lines is excluded at a 90% confidence level. The two contours for DAMA interpret
the observed annual modulation in terms of seattering of iodine (I) and sodinm (Na).
respectively [125]. The dashed line limiting the parameter space from below represents
the “neutrine floor” [117] from the irreducible background from coberent neutrine-
mclens scattering (CNNS), see Sect. 3.4.
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Emulsion, H & C recoll tracks, WIMP-10,100GeV, Track_length2D>2nm Emulsion,, for H & G recoil tracks, WIMP-10,100GeV, Track_langth2D>80nm
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Directional Observation of Cold Dark Matter Particles (WIMP) in Light Target Experiments Anna Anokhina 1,2,*, Vasilisa Gulyaeva 1, Emil Khalikov 2, Evgeny Kurochkin 1,2,
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Novel direct detection constraints on light dark matter
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How many recoil events can be expected Directional sensitivity of the

in 10 kg of emulsion during 1 year of NEWSdm experiment to cosmic ray
exposure?

Is it possible to expect an excess of the boosted dark matter
signal from the Galaxy Center direction?
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Galactic DM map




H' He*,C'2,0"° Ne®® Mg?,Si, 5% Fe®® -95% of the flux from all CR nucleus

Cosmic Ray distributions: GALPROP v.57,
CR Galactic disk is 40 kpc in diameter
and 2 kpc thick, Nuclei: H1 to Ni64

DM profile: Navarro-Frenk-White (NFW)

R 20 kpe

P (r) = pg/l(r/rs)(1 + r/rs)?] with r, = 20 kpc and
ps = 0.35 GeV cm™3
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Only elastic collisions, form factor accounted for

o5 =107 221022102 om?




Oy =10 20102210~ 28 om?

CRDM spectra,o, p-1Cl‘mcmz1 GC, Glat, GAC, m = 1keV/ic, 1MeV/cd 1GeV/d
" T T B —— 1 hkeV'e", Galactic Canter

1 MeV/e®, Galactie Center
——— 1 GV, Galactic Center
— e TheWE®, Galactic Lateral

—— - 1MeV/c®, Galectic Lateral
—— - 1 GV, Galactic Lateral

l‘E . - = = 1 keWicE, Galactic Anll Center
=40 -~ - 1MeVic?, Galactic Antl Center
% 16Geve’, Galactic Arll Center

ka3 . H
Y B e T e T e o

.10—3 ..................... ........................ ..................... .......... e g _ ...... =

1070

EE S— ........................ .......... A ........................ ................ .

-----I---J--J--I-I-LIJ-|-------l---l--l--l-H-Hl

1 0_12 -l—----l---l--l-l--H-lIl------l----l--I-J-J-H-Il------J----L--l-l-l-ll-ll------I----l--l.-'h.l-ll-l

1073 102 10" 1 10 10° 1
T, Ge

Three DM masses (1 keV, 1 MeV, 1 GeV) are considered as an example.




DM attenuation effect in the Earth

Surface level — Underground Lab level (GranSasso)
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DM masses:

1, 10, 100 keV/c"2,
1, 10, 100 MeV/c"2,
1GeV/"2

at the surface level
and

at the underground
Lab level
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C recoil tracks length, Surface Level
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Sensitivity curve of the NEWSdm
detector with 10 kg nuclear emulsion

for 1 year of exposure at the surface level
for CRDM

and limits from cosmology and other
experiments.

The boundary go through the dots
corresponding to three H and CNO

recoil events with track length longer than
70 nm for zero background.
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Galactic Center Galactic Center Galactic Center

CR boosted DM CR boosted DM CR boosted DM

Recoil production point Recoil production point

Initial recoil direction

Recoil track
direction

[ 0deg< 92 < 30deg
60 deg < 93< 90 deg

1. H and C recoil production in the elastic 2. H and C recoil tracking with GEANT4 in

. . ) 3. As an example the number of events in
Interaction with boosted DM the emulsion

two angle ranges was compared.
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from 1 keV/c"2 to 1 MeV/c"2 coming from the Center of the
Galaxy than from those coming from the perpendicular
direction.

dN/de, sr' kg year!
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We have reported a study on the nuclear recoils induced by CRDM interactions
with the nuclei of the NIT emulsion films for a module of the NEWSdm detector.

At the surface laboratory, one can expect a factor of 3.5 in the ratio between the number
of recoil track events detected in the direction of the Galactic Center when compared to the
orthogonal direction.

A module of the NEWSdm apparatus consisting of 10 kg emulsion detector exposed for

one year at the surface laboratory on an equatorial telescope can independently explore the
existence of cosmic ray boosted DM patrticles in the mass range from 1 keV/c"2 to 1 GeV/c"2
for cross-section values down to 10M-30} cm”2.
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(Left) Production of boosted DM _B particles through DM _A annihilation in
the galactic center.

(Right) Scattering of DM_B in the target (emulsion)
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E - cosb , H recoils, Underground Lab Level
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m}=1 MeVic2 H+CNO recoil tracks, B==70nm, Surface Level
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» Bbina paccMoTpeHa Moaenb TEMHOW MATEPUW, B3auMoaeiicTBytoLLei ¢

yactuuamm CM nocpeacTBOM MaccMBHOMO TeMHOro poToHa(MeamnaTopa),
KMHeTUYeCKu cMelumBatoweroca ¢ ¥/Z, , ynoBAeTBOpAIOLAA AMANa30HY
CeYEeHUN B3aUMOAENCTBUA YaCTULbl TEMHOW MaTepumn ¢ 6apUTOHHbIM
BELLECTBOM

» AmanasoH cevenuin: 6,, = 10750 0, =107

» MapameTpbl ans nopbopa caepyrowme:

mﬁ_wN(e, a’,my, mx,), rA€ 3NCUAOH - KOHCTAHTa KMHETUYECKOro cMellnBaHuA
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o ixX Dx — my XX, (Dirac fermion DM)
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Light dark matter in neutrino beams: production modelling and scattering signatures
at MiniBooNE, T2K and SHiP
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Elastic NC-like DM --- nucleon (p) scatteringe=10%, oy = 0.1

Elastic NC-like DM --- nucleon (p) scatteringe=10"%, o, =0.1
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