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The Direct Detection of Dark Matter 
ÅIs crucial to both particle physics and cosmology 

ÅThe standard experiments attempt to measure the 
energy of the recoiling nucleus 

ÅThese experiments are hard to analyze since the 
sought signature cannot be distinguished from the 
background 

ÅThe backgrounds are formidable for the expected low 
counting rates 

ÅSo ingenious experimental approaches are needed 
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 Differential (time averaged) event rates cannot be 
distinguished from background, e.g. for  
 WIMP mass of 30 GeV, as functions of the recoil energy 
in keV, and ůp,Ȑ=10 -7 pb we get:  

 Heavy  Nucleus, e.g.  127 I   

  Light Nucleus, e.g. 19F            
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Novel approaches: Exploitation of 
other signatures of the reaction 
ÅThe modulation effect: The  seasonal, due to the 

motion of the Earth, dependence of the rate.  
Å Detection of other particles (electrons, X-rays), 

produced during the LSP-nucleus collision 
ÅThe excitation of the nucleus (in some cases : 

heavy WIMP, low excitation energy etc.)  and 
detection of the subsequently emitted de -
excitation Ȃ rays. 

ÅAsymmetry measurements in 
directional experiments (the direction 
of the recoiling nucleus must also be 
measured)-> DIURNAL VARIATION. 



Fortunately the  rate depends on the relative velocity:  
VJune= 235+15= 250km/s;  VDec= 235 -15=220km/s;  
          -> Modulation  Effect (time dependence) 
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II: THE MODULATION EFFECT 
(standard recoil experiments) 

Å  The total Rate is parametrized as: 

Å           R=R0 (1+h  cosŬ) 

   (Ŭ is the phase of the Earth; Ŭ=0 around June 3nd)    

Å             h=modulation amplitude . 

Å             R0 =time averaged rate . 

ÅThe relative difference between the minimum and the 
maximum is 2h 

ÅThe location of the maximum depends on the sign of 
h 



Iia: The Modulation amplitude 
(As a function of WIMP mass in GeV). It is small. 

Note its sign for large reduced mass 
Light System (e.g.  A=32, A=19)  Heavy system (e.g. A=127)  
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B:Directional Experiments (Review: S. Ahlen 

et al, arXiv:0911.0323, F Mayet et al arXiv:1001.2983) 
 D. Santos, LTPC Conference, Paris Dec. 17, 2012 

ÅMeasure the energy and direction of the recoiling nucleus  

ÅThey require track reconstruction of recoiling nuclei down to a 
few keV (preferably 3D reconstruction)  

ÅCandidates: 

- DM-TPC, NEWAGE, DRIFT :low pressure gaseous detectors CF4 

, CS2 , C4H10+
3He <-> dE/dx < ->head-tail problem 

- ȉTPC detectors (MIMAC): Low threshold, good 3D 
reconstruction of 3 mm tracks with gas 3He +CF4  

- Most recently DNA detectors (A. Drukier & K. Freese): Easy 3-D 
reconstruction. Can use heavy target, e.g. Au. 
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E: Directional Experiments* 

     Assuming that such experiments become feasible we 

will show that the observed events:  

Å Will exhibit asymmetry due to the motion of the Sun  

ÅOn top of this they will exhibit characteristic large 
annual modulation due to the annual motion of the 
Earth 

ÅBoth of these will exhibit  periodic diurnal variation 
due to the rotation of the Earth.  

Å*  DM-TPC, NEWAGE, DRIFT, MIMAC (Review:  S. Ahlen et al, arXiv:0911.0323) 

Å *Also gaseous ȉTPC detectors (  arXiv:1001.2983 (atro-ph.CO) 
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WIMP flux,ñThe solar windò (signal towards the Cygnus 
constellation), Spergel (88), vergados (02), Morgan-

Green-Spooner (04), Battat et al (IJMP A, 2009)  
Bozorgnia, Gelmini, Gondolo (2012). 

  Flux variatio n (MB  distr.)  Morgan -Green -Spooner (04).  

Windows on the Universe                 

Quy Nhon, Aug. 14, 2013 

http://xxx.lanl.gov/find/astro-ph/1/au:+Bozorgnia_N/0/1/0/all/0/1
http://xxx.lanl.gov/find/astro-ph/1/au:+Bozorgnia_N/0/1/0/all/0/1
http://xxx.lanl.gov/find/astro-ph/1/au:+Bozorgnia_N/0/1/0/all/0/1
http://xxx.lanl.gov/find/astro-ph/1/au:+Gelmini_G/0/1/0/all/0/1
http://xxx.lanl.gov/find/astro-ph/1/au:+Gondolo_P/0/1/0/all/0/1


WIMP mass dependence of the flux 
ū0   =(ȍ0 /mȐ)ȏ0 
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WIMP Flux: unconventional velocity 
distributions (maximum at Ū=ɸ/2 !) 

    Saggitarius   stream  Sukiviesôs Caustic Rings  
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III: The directional event rate  
(The direction of recoil is observed) 
ÅThe calculation will proceed in two steps:  

ÅA) Evaluation of the event rate  in a direction ( Ū,ū), taking the 
sunôs direction of motion as polar axis (polar angle  Ū);  

   ū is measured on a plane perpendicular to the sunôs velocity  
from x (x is radially out of the galaxy). The direction of recoil is  

 

- due to the Sunôs motion the rate depends only on   Ū --> 
Asymmetry. 

   -due to the Earthôs annual motion it will show a modulation, 
dependent on (Ū,ū) with very characteristic signature.  

ÅB) For a given direction of observation fixed in the lab . 

  -Then Diurnal variation due to the rotation of the Earth  
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Comparison of the usual (R) and directional 
(dR/dǹ) or (dR/dǰ)  coherent rates (ǰ=cosŪ ) 
Ŭ is the phase of the Earth 
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The directional event rate 
(The direction of recoil is observed) 
ÅThe event rate as a function of the direction angles (Ū,ū)  is: 

    dR/dǹ=(ȇ/2ɸ)R0[1+h ccosŬ+ hssinŬ)] ,  ȇ=t / tdir 
ÅR0 is the average usual (non -dir ) rate, Ŭ the phase of the Earth 

Å ȇ/2ɸ is the reduction factor (it depends on the direction of 
observation , but it is independent of the angle ū). This factor 
becomes ȇ, after integrating over ū. dR/dǹ->  dR/d( cosŪ)  

Å It can also be written as: dR/dǹ=(ȇ/2ɸ)R0[1+h mcos(Ŭ+Ŭ0)] , ȇ=t / tdir 

Åh m is the  modulation amplitude (it strongly depends on the 
direction of observation)  

ÅŬ0 is the shift in the phase of the Earth  (it strongly depends on 
the direction of observation)  

Åȇ, hc, hs , or hm and Ŭ0, depend only slightly on the particle 
model (e.g. SUSY) parameters and ȉr 


