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Direct detection

• DM mass range: GeV — TeV 
• Isothermal velocity distribution: v0 ∼ 220 km/s 
• Nuclear recoil (NR) vs. electronic recoil (ER)

𝜂 𝜂



DM signals

• Scattering cross section on nuclei: 

• Scattering cross section on electrons



DM experiments worldwide 



DM detection methods 



Current constraints

⇦ Requires lower 
energy thresholds 

⇩ Requires lower backgrounds



Noble liquid TPCs
• Dense and homogeneous target (e.g. LXe or LAr) 
• Self-shielding  
• High light and charge yields

• Single-phase: scintillation light only 
• Dual-phase: scintillation light + 

ionization charge 



Why Argon?

Astropart. Phys. 85 (2016)

• High ionization yield (S2/S1) relative 
to LXe 

• Powerful PSD for background 
rejection > 108 

• Availability and low cost: scalability 
• Potential to extract radiopure target 

from underground  

• Nuclear form factor: better sensitivity 
in Ar at high mass for non-standard 
DM 

• Transparent to VUV scintillation  
• Particle identification: light vs. time 

depends on ionization density 
• Easily purified: long electron lifetime



Modulation signatures

Phys. Rev. D36:1353 (1988)

Annual event rate modulation:  
June-December asymmetry ∼2-10%

Phys. Rev. D33:3495 (1986)

Sidereal direction modulation:  
asymmetry ∼20-100% in forward-
backward event rate

⇒ Need detector stability + readout capable of directional measurement



Columnar recombination

Nuclear recoils parallel to 
electric field exhibit more 
electron-ion recombination 
since drifting electrons 
traverse ion cloud

Nuclear recoils perpendicular 
to electric field exhibit less 
electron-ion recombination

Columnar recombination may be sensitive to the angle 𝛉R between 
recoil direction and drift field in a noble liquid TPC

⇒ S1 and S2 expected to depend on E and 𝛉R
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FIG. 16. Scintillation yield relative to null field (left panels) and ionization yield with non-zero drift field (right
panels) of nuclear recoils at 16.9, 36.1 and 57.2 keV. Black: momentum of nuclear recoil is perpendicular to Ed. Red:
momentum of nuclear recoil is parallel to Ed. Sources of systematic uncertainties common to both field orientations
are not included in the error bars.
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Scintillation (S1) Ionization (S2)

⇒ Hint of anisotropy in 57.2 keVnr recoils 

My project: investigate the directional sensitivity of LAr TPCs using 
an improved detector (ReD) and an optimized experimental setup

⇩



Experimental setup

Closed 
kinematics 
approach

nToF

Ar 
nuclear 
recoil

monoenergetic 
neutron beam

ReD 
TPC



ReD TPC

Top SiPMs & FEB

Diving bell

Grid

PTFE pillars

Copper rings

Boiler

Cathode window

Bottom SiPMs & FEB

Anode window

S1 (PE)
0 100 200 300 400 500 600 700

S2
 (P

E)

0

2

4

6

8

10

12

14

16

18

20
310×

0

10

20

30

40

50

60

70

241Am


