
Nuclear and atomic physics topics in 

Direct Dark Matter Detection 

• Quenching factors (light/ionization yields)

• Nuclear form factors/Channeling effects

• Detection channels (Axion detection)

• Outlooks & Prospects     



Direct detection: Start off the beginning…  
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Ionization
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Quenching Factor 
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Quenching Factors
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Models on the Quenching Factors
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Comparing the experimental and calculated QF 

NEXT model for LUX (181V/cm)
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QF for Ge crystal

D. Barker and DM Mei [AP 2012]
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A toy thought map 

Deposited 
Energy 

Ge++e-

Ge*

HEAT

Excitation
R
e
com

b
ina

tion
Pe

nning 
que

nch
ing

Ionization

D
e
-
e
x
cita

tion; C
onve

ntion e
le
ctron

Emitting

Atomic Ionization involved  
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Channeling & Blocking Effects in Crystals

Bozorgnia, Gelmini, Gondolo 
JCAP  1011 019 (2010)
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Nuclear Form Factor

 The effective cross section decreases with the 

increasing momentum transfer q, while the 

wavelength h/q is not longer than the nuclear radius.

 In the first Born approximation, the form factor is 

the Fourier transfer of charge density. 

Thin Shell 
approximation (SD) 

Solid Sphere 
approximation(SI)



Sino-German GDT @ Ringberg Castle 

QED interaction in Matter with low momentum transfer

 The interaction of rA->rAe may be more 
realistic than re->re at low q transfer.
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 Postulated by the Peccei-Quinn theory in 1977 as the 
psudo-Nambu-Goldstone boson to solve the strong CP 
problem in QCD. 

A problem occurred at the end that are able to break CP system.

 Conflict with Expts from Neutron electric dipole moment  

• A generic CP violation in 
strongly interaction 
sector would create 
EDM at  ~10-18 e-cm.

• Present experimental 
limit : ~2x10-26 e-cm

Axion was born
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 The original Weinberg-Wilczek axion (Standard 
axion) has been ruled out.

 Invisible axions or more general “axion-like particles 
(ALPs)” were quickly constructed. 

 Axions have not been observed successfully by 
experimental searches and astrophysical limits in 
principle.(Christian Beck argued that a signature consistent 
with a mass ~110 meV)  

 One of the leading cold-dark-matter candidates.

 Two mechanisms for invisible axion

1. Hadronic models(KSVZ) Hadronic axions are coupled to new, 
heavy quarks and do not interact with ordinary quarks and leptons at 
the tree level leading to a strong suppression of gAe. 

2. Non-hardronic axion models(DFSZ) They couple to electrons at 
tree level, and this open axion production channels in stars.

Status of Axion
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Axion from Sun
 Primakoff production: 

Produced by the inverse Primakoff conversion
of thermal photons in the electromagnetic 
field of the solar plasma.   

 M1 transition from 57Fe (axion-nucleons)

1. Monochromatic axions of 14.4 keV emmited in M1 
transition of 57Fe with remarkable abundance in the Sun.

2. Low enough to be thermally excited in the hot interior.      

 Compton, bremsstrahlung and axio-RD(recombination 
& deexciation) (axion-electron)
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Expected axion flux from Sun

JCAP 11 (2013) 067; JCAP 05 (2013) 010

 Meanwhile, the non-relativistic ALPs can  
be one of the cold dark matter candidates.
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Axion detection 
 Primakoff production: 

It couples to E and B 

• Helioscopic (Tokyo, CAST)

• Microwave cavity(ADMX)

• Laser birefringence (PVLAS)

• Bragg diffraction scattering 
(SOLAX,COSME,CDMS,EDELWEISS)

 Axio-electric peoduction:  

• XENON, EDELWEISS, CUORE, Derbin

XMASS, CDMS, CoGeNT
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Binned likelihood & least-square Mehtod
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Data Analysis 

Background Assumption
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C1A data

Preliminary result for APLs as DM searches
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Preliminary result for gAe
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Nuclear & Atomic Physics plays an important role 

both in detector response models and detection 

channels beyond the “standard” detection.

The recoil energy for Direct Detection of Dark 

Matter searches lies on the atomic physics region. 

 Probing the axion dark matter has been studied.

Quenching factors/light yields at low energy region 

is crucial. 

Understanding low energy background strongly 

depends on the understanding of Nuclear/Atomic 

Physics.  

Opening new detection channels are pursuing.

Outlooks & Prospects


