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Signatures of Dark matter 
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Energy in the Universe 
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Standard model today 
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Dark matter candidates 
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Very light  

(m Ò eV)  

Massive or very massive 

 (m Ó 100 GeV) WIMP  

Dark matter 

candidates  
Supergravitation 

 (LSP) - gravitino (g)   

Multi dimension space 

The lightest stable particle 

(LKP) ï Kaluza-Klein 

particle (B1)  

Minimal extension of 

standard model 

The lightest stable particle 

(LSP) ï neutralino (ɢ) 

Dark matter candidates: simply classification 

Middle mass 

(m > eV & m < 100 GeV)  
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1. Possess only gravitational interaction 

2. Interaction intensity not more than weak interaction 

3. Neutral 

4. Stable or with large time of decay  

5. Have a large mass 

WIMPs: Weakly Interacting Massive Particles 

Charm and Beauty in Physics, November 10-11, 2016 



Production on accelerators 

Indirect methods 
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Dark matter searches 
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Dark matter searches: direct method 
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Search for Kaluza-Klein boson with simplest process 

pp Ą gKK+gKK Ą é BKK+ BKK 

 

An example 

4 jets and Emissed 

ʇʦʠʩʢ ɺʀʄʇʦʚ (Bkk) ʥʘ ʫʩʢʦʨʠʪʝʣʷʭ Dark matter searches: production on LHC 
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Small-scale clumps of dark matter in the Galactic halo 
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Distribution of dark matter in Galaxy  
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DM annihilation (or decay) in the Galaxy 
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 Measurements: 

ÅVelocity (ɓ) 

ÅDeflection & Rigidity  

ÅEnergy losses 

ÅCascades 

ÅNumber of neutrons 

 

 Determine: 

ÅLepton/hadron 

ÅCharge and sign of charge (ÑZ) 

ÅMass (A, M) 

ÅMomentum and energy 

ÅParticleôs direction 

                   Magnetic spectrometer PAMELA 

1, 3, 7  Time-of-Flight;  

2, 4 Anticoincidence; 

5 Coordinate tracking system (6 double-side orthogonal planes); 

6 Magnet (5 modules);  

8 Silicon strip coordinate-sensitive detector;  

9 Cascade tail detector C4;  

10 Neutron detector;  

11 Herm container.  

PAMELA scheme 
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Energies:  

protons 

antiprotons 

electrons 

positrons 

nuclei 

 

Mass 

Dimensions 

Magnetic field 

Power 

 

0.08 ï 1200 GeV 

0.08 ï 350 GeV 

0.08 ï 700 GeV 

0.08 ï 300 GeV 

0.05 ï 100 GeV/nuc. 

 

450 kg 

1 m ³ 1 m ³1.25 m 

0.48 T 

350 W 

PAMELA  
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Launch of Resurs-DK1 
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Secondary 
production 
Moskalenko-Strong 
 (1998)  

 

 

PAMELA collaboration  

 Nature 2009, V.458, P.607 

Positron to electron + positron ratio 
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Neutralino annihilation, boost-factor 3Ā104 

 

ɻʵɺ 

KK annihilation, boost-factors 700 & 1800 

 

D. Hooper, K.M. Zurek, arXiv:0902.0593v1 

Positron to electron + positron ratio: nature of dark matter 
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MWIMP= 1 TeV 

The shape of spectrum is 
depends on 
 
1) Mass of WIMP 
2) Channels of 

annihilation 

ʕʥʝʨʛʠʷ, ɻʵɺ ʕʥʝʨʛʠʷ, ɻʵɺ 

Positrons and antiprotons from WIMPôs annihilation 
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