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Weakly Interacting Massive Particle
m among the most justified DM candidate
m mass: GeV to TeV

m weak interaction ¥ interaction with quarks
) elastic collisions with nuclei ) nuclear recoils

WIMP Target Nucleus WIMP

from galactic halo in laboratory Elastic collision

v~220 km/s v~0 km/s [ Or

Fig 1: WIMP can collide with nucleus [1]
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m galaxy surrounded by DM halo

m solar system moves through halo
=) "WIMP wind" coming from Cygnus constellation direction

WIMP Wind
LEEL

Cygnus
constellation

s

Fig 2: The motion of the solar system towards Cygnus produces a WIMP wind [2]
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Detection strategy
m detect nuclear recoils
m measure recoil direction

m correlate direction with solar system motion
=) particle is from DM halo
=) discriminate from background (neutron, fog...)

Fig 3: Expected WIMP induced recoil angular distribution [3]
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Fig 4: Scheme of the MIMAC-1792 detector [4]
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Anode ¥ reconstruct track
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Fig 5: Track reconstruction in MIMAC [5]

Signal ¥ observables used to discriminate events
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m keV neutrons elastic collisions ¥ recoils similar to WIMPs

m Thermal neutron capture 'H(0; )?H ¥ 1:29keV 2H recoils
=) if the detector can detect 1:29 keV 2H recoils, it can detect
WIMP recoils

Goals
1 predict the number of captures in the chamber in 64 h

2 simulate ?H recoils tracks and their length
3 simulate H and C recoils from keV neutron collisions

4 analyse 64 h data to detect capture events
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Measuring Thermal Neutron Flux

BF; detector
m measure thermal neutron flux
capture 1°B(0; )7Li

m located under MIMAC-1792 chamber
m 96% 1°B
thermal neutron keV neutron
a 7L' i ’
2 x AP e Pirs e )[sotem
BF; \
107 cm

Fig 6: Scheme of a BF3 tube
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Fig 7: Cross-sections of both captures [6] Fig 8: Neutron flux at sea level [7]
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m BF3 detector measured 144k captures in 86:13 h

m how many neutrons needed to produce 144k captures ?
¥ PHITS simulation of 1 BF3 tube

| ' PHITS

Particle and Heawy lon Transport code System

m Japanese software

m Version 3.34
Fig 9: BF3 tube model in PHITS
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Capture reaction: 1°B+0 ¥ +7Li+ (94%)

2:3MeV 2:3 MeV

94%
2:7 MeV
6%
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Deposited Energy [MeV]
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simu:

neutron/capture on log =Y Number of neutrons g = 8930 in 64 h in MIMAC
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Analytical Computations

3 methods
1 considering an average thermal neutron flux

2 integrating and flux from Fig 11 (on thermal energies)
3 generating random thermal neutron energies under spectrum from Fig 11

All methods gave | 24 captures in 64 h ‘
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Fig 11: Atmospheric neutron flux at sea level [7]
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