
˴͙ͦͫͣ;͔ͫ͊͟Ύ ͔͍͙ͦ͋ͫͪ͊ͭͦͪΎ 
ζ˥ˢ˸˸ˢ-пллη 

 
 

͙̑ͪͤ͟ ̑Φ́Φ 
ˮ͙ͤͫͭͭͯͭ ͦͫͣͦ͟ͺ͙͙͙͘͟ 

 
˹ˮ̒̂ ˸ˮ̅ˮ нлмн 



˴ͦ͊͋ͦͪ͊͡͡ͼ͙Ύ ζ˥ˢ˸˸ˢ-пллη 

Å˥ˢ˶̎˽˩˾ ˢΦ˸ΦΣ ˢ˽́˩˴ˢ˾̎ ˾Φ˶ΦΣ ˢ˾̆ˢ˹˥˩˶̎˿˴ˢ̒ 
ˮΦˤΦΣ s ˾̆ˢ˹˥˩˶̎˿˴ˮ˯ ˢΦˮΦΣ ˣ˻˩̇ˮ˻ ˸ΦΣ 
ˣ˻˹ˤˮ̉ˮ˹ˮ ˤΦΣ ˣ˻̒˾̉̂˴ ˴ΦˢΦΣ ˤˢ˴˴ˮ ˢΦΣ 
˥̂˿ˢ˴˻ˤ ̑ΦˤΦΣ ˭ˢ˸˽ˢ ˹ΦΣ ˭ˤ˩˾˩ˤ ˤΦ˥ΦΣ 
˴ˢ˨ˮ˶ˮ˹ ˤΦˤΦΣ ˴ˢ˽˶ˮ˹ ˤΦˢΦΣ ˴ˢ̉ˢ˹˻ˤ ˤΦˢΦΣ 
˶˩˻˹˻ˤ s ΦˢΦΣ ˸ˢ˭˩̇ ˩Φ˽ΦΣ ˸˩˾˩˸ˮ˹˿˴ˮ˯ 
ˮΦˢΦΣ ˸˻ˮ˿˩˩ˤ ˢΦˢΦΣ ˸˻˿˴ˢ˶˩˹˴˻ ˮΦΣ 
˹ˢ̂˸˻ˤ ˽Φ̑ΦΣ ˽ˮ˴˻̇̇ˢ ˽ΦΣ ˾˻˨ˮ˹ ˤΦ˥ΦΣ 
˾̂˹̇˻ ˸Φ̅ΦΣ ˿˽ˮ˶˶ˢ˹́ˮ˹ˮ ˽ΦΣ ˿˽ˢ˾ˤ˻˶ˮ ˾ΦΣ 
˿̂̉˴˻ˤ ˿ΦˮΦΣ ́ˢˤˢ˹ˮ ˸ΦΣ ́˻˽̉ˮ˩ˤ ˹Φ˽ΦΣ 
̅ˢ˾ˣ˩˾ ˸Φ˻ΦΣ ̅˾ˢ˨˴ˮ˹ ˸ΦˮΦΣ ̆˩˯˸ˮ̇ ˸Φ˨ΦΣ 
̑˾˴ˮ˹ ̑Φ́Φ 
 
 

2 ˹ˮ̒̂ ˸ˮ̅ˮ нлмн 



˹ˮ̒̂ ˸ˮ̅ˮ нлмн 3 



͔͙̇͡ ͔ͨͪͦͭ͊͟ ζ˥ˢ˸˸ˢ-пллη 

Åˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͙ͨͪͪͦ͒· ͙ ͍͚͍ͫͦͫͭ 
͍͙͔͚͍ͫ͊͋ͦ͊ͣͦ͒ͫͭͯ͘͡Ό΅͙ͻ ͙͍ͣ͊ͫͫͤ·ͻ ;͙͊ͫͭͼ 
(͍͙͍ͣͨͦύΣ ͙͘ ͦͭͦͪ͟·ͻ ͍ͦͣͦ͗ͤͦ͘ ͙ͫͦͫͭͦͭ ͔ͭͣͤ͊Ύ 
͔͙ͣ͊ͭͪΎΤ 
Åˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͙ͨͪͪͦ͒· ͊ͫͭͪͦͺ͙͙͘;͔͙ͫ͟ͻ ͦ͋Ά͔͍ͭͦ͟ 
ͦͭ ͍͔͒͘͘ ͒ͦ ͔͙͚ͫͦͨͤ͟͡ ͎͙͊͊ͭ͟͟͡Τ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ 
͔͔͔͚ͨͪͣͤͤͦ ͙͍͙͊ͭͤͦͫͭ͟ ͦ͋Ά͔͍ͭͦ͟ ͍ ͎͊ͣͣ͊- 
͙͔͒͊ͨ͊ͦͤ͘Τ 

Åˮ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͔ͣͻ͙͍͊ͤͣͦ͘ ͎͔͔ͤͪ͊ͼ͙͙Σ ͔͙ͯͫͦͪͤ͟ΎΣ 
͔͙ͪ͊ͫͨͪͦͫͭͪ͊ͤͤΎ ͙ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͊ͪ͘Ύ͔͗ͤͤ·ͻ 
͙ͦͫͣ͟;͔͙ͫ͟ͻ ͯ͡;͔͚ ͍ ͎͙͊͊ͭ͟͡;͔ͫͦͣ͟ ͙ 
͔͎͙ͣ͗͊͊ͭ͟͡;͔ͫͦͣ͟ ͍ͨͪͦͫͭͪ͊ͤͫͭ͊ͻΦ 

4 ˹ˮ̒̂ ˸ˮ̅ˮ нлмн 



˹͊ͯ;ͤ·͔ ͊͒͊͘;͙ ζ˥ˢ˸˸ˢ-пллη 

Å ˮ͔͔͙ͣͪͤ͘Ύ Ή͔͎͔͙ͤͪͭ;͔͙ͫ͟ͻ ͔͍ͫͨͭͪͦ͟ ͎͙͊͊ͭ͟͡;͔͎ͫͦͦ͟ ͙ 
͍͔͎͙ͤ͊͊ͭ͟͡;͔͎ͫͦͦ͟ ͙͒ͺͺ͎ͯͤͦͦ͘ ͙ ͙͎ͦͭͪͦͨͤͦͦ͘ ͎͊ͣͣ͊-͙ͯ͘͡;͔͙ͤΎΦ 
˽͙ͦͫ͟ ͔͔͚ͦͫͦ͋ͤͤͦͫͭ ͍ ͔ͫͨͭͪ͊͟ͻ ͎͊ͣͣ͊-͙ͯ͘͡;͔͙ͤΎΦ ˽͙ͦͫ͟ ζ͎͊ͣͣ͊-
͙͙͚ͤ͡η ͍ ͙ͯ͘͡;͔͙͙ͤ ͙͔͒ͫͪͭͤ͟·ͻ ͎͊ͣͣ͊-͙ͫͭͦ;͙͍ͤͦ͟Σ ͍ ͙͒ͺͺͯͤͦͣ͘ ͙ 
͙ͦͭͪͦͨͤͦͣ͘ ͎͊ͣͣ͊-͙ͯ͘͡;͔͙͙ͤΣ ͍͙ͦͤ͊͘͟Ό΅͙ͻ ͙ͨͪ ͙͎͙͊ͤͤ͡Ύͼ͙͙ ͙ 
͔ͪ͊ͫͨ͊͒ ͔͍ͦͣͨͦͤͤͭͦ͟ ͔͚ͭͣͤͦ ͔͙͙ͣ͊ͭͪΦ 

Å ˾͔͎͙ͫͭͪ͊ͼ͙Ύ ͍ͨͦͭͦͦ͟ Ή͔͍ͭͪͦͤͦ͟͡ ͙ ͙͍ͨͦͭͪͦͤͦ͘ ͫ Ή͔͎͙͔͚ͤͪ ͍·΄͔ 
ол ˥ΉˤΣ ͙͔͔͙͔ͣͪͤ͘ Ή͔͎͔͙ͤͪͭ;͔͙ͫ͟ͻ ͔͍ͫͨͭͪͦ͟ Ή͙ͭͻ ;͙͊ͫͭͼΣ ͍·͔͔͙͔͒ͤ͡ 
͔͔͚ͦͫͦ͋ͤͤͦͫͭ ͍ ͙ͻ ͔ͫͨͭͪ͊͟ͻΣ ͦͭͦͪ͟·͔ ͎͙ͣͦ͡ ͋· ͋·ͭΈ ͍ͫΎ͊ͤ͘· ͫ 
ͨͪͦͼ͔͙ͫͫ͊ͣ ͙͎͙͊ͤͤ͡Ύͼ͙͙ ͙ ͪ͊ͫͨ͊͒͊ ;͙͊ͫͭͼ ͔͚ͭͣͤͦ ͔͙͙ͣ͊ͭͪΦ 

Å ˽͙ͦͫ͟ ͍ͤͦ·ͻ ͙ ͙ͯ͘;͔͙͔ͤ ͙͍͔ͫͭͤ͘·ͻ ͎͙͊͊ͭ͟͡;͔͙ͫ͟ͻ ͙ 
͍͔͎͙ͤ͊͊ͭ͟͡;͔͙ͫ͟ͻ ͙͔͒ͫͪͭͤ͟·ͻ ͙ͫͭͦ;͙͍ͤͦ͟ ͎͊ͣͣ͊-͙ͯ͘͡;͔͙ͤΎ ͍·͚ͫͦͦ͟ 
Ή͔͎͙͙ͤͪΥ ͍ͦͫͭ͊ͭͦ͟ ͍͔ͫͪͻ͍ͤͦ·ͻΣ ͨͯ͡Έ͍ͫ͊ͪͦΣ ͔͊ͪ͟͟ͼ͙ͪͯΌ΅͙ͻ ͦ ͋Ά͔͍ͭͦ͟Σ 
͙͍͍ͣͪͦ͊͊ͪͦ͘͟͟Σ ͎͙͊͊ͭ͟͟͡ ͫ ͙͍͊ͭͤ͟·͙ͣ Ύ͙͒ͪ͊ͣΣ ͍͋͊͊ͪͦ͘͡Σ ͍͍͊͊ͪͦ͘͟Τ 
͙͔͔͙͔ͣͪͤ͘ ͙ͻ Ή͔͎͔͙ͤͪͭ;͔͙ͫ͟ͻ ͔͍ͫͨͭͪͦ͟ ͙ ͍͔͙͙ͫͭͣͦͫͭΦ 

5 ˹ˮ̒̂ ˸ˮ̅ˮ нлмн 



˹͊ͯ;ͤ·͔ ͊͒͊͘;͙ ζ˥ˢ˸˸ˢ-пллη 

Å ˻͔͍͔͙͔ͭͦ͗͒ͫͭͤ͡ ͙͔͒ͫͪͭͤ͟·ͻ ͎͊ͣͣ͊-͙ͫͭͦ;͙͍ͤͦ͟ ͫ  ͙͍͔ͫͭͤ͘·͙ͣ 
͙ͫͭͦ;͙͙ͤ͊ͣ͟ ͙ͯ͘͡;͔͙ͤΎ ͍ ͎͙͒ͪͯͻ ͙͒͊ͨ͊ͦͤ͊͘ͻ Ή͔͎͙͙ͤͪΣ ͍ ͭͦͣ ;͙͔ͫ͡Σ ͫ 
͙͔͒ͫͪͭͤ͟·͙ͣ ͙ͫͭͦ;͙͙ͤ͊ͣ͟Σ ͔͎͙͙͍͊ͪͫͭͪͪͦ͊ͤͤ͘·͙ͣ ͔ͤ͊ͣͤ͘·͙ͣ 
͎͊ͣͣ͊-͔͔͙ͭͫͦͨ͊ͣ͟͡ ͍  ͙͔͒͊ͨ͊ͦͤ͘ Ή͔͎͙͚ͤͪ ͍·΄͔ мллл ˥ΉˤΦ 

Å ˸͙͙͎ͦͤͭͦͪͤ ͍͔͙͙ͫͭͣͦͫͭ ͙ Ή͔͎͔͙ͤͪͭ;͔͎ͫͦͦ͟ ͔ͫͨͭͪ͊͟ ͎͊ͣͣ͊-
͙ͫͭͦ;͙͍ͤͦ͟ ͍ ·͚ͫͦͦ͟ Ή͔͎͙͙ͤͪ ͒͡Ύ ͙ͯ͘;͔͙ͤΎ ͙ͨͪͪͦ͒· ͙ͻ 
͔͔͔͙ͨͪͣͤͤͦͫͭΦ 

Å ˮ͔͔͙͔ͣͪͤ͘ ͍ͨͦͭͦͦ͟ ͎͙͊͊ͭ͟͡;͔͙ͫ͟ͻ ͔͎͙͟͡ͻ Ύ͔͒ͪ ͙ Ύ͔͒ͪ ͒ͦ ͎ͪͯͨͨ· 
͔͔͗͊͘͡Φ 

Å ˽͙ͦͫ͟ ͙ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͎͊ͣͣ͊-͍͔͍ͫͨͫͦ͟͡ ͫ ͍͔ͪͻ͍·͚ͫͦͦ͟ Ή͔͎͙͙ͤͪ 
ό͔͔͋ͦ͡ ол ˥ΉˤύΦ 

Å ˾͔͎͙ͫͭͪ͊ͼ͙Ύ ͍·ͫͦͦ͟Ή͔͎͔͙ͤͪͭ;͔͎ͫͦͦ͟ ͎͊ͣͣ͊-͙ͯ͘͡;͔͙ͤΎ ͙ ͍ͨͦͭͦͦ͟ 
Ή͔͍ͭͪͦͤͦ͟͡ ͙ ͙͍ͨͦͭͪͦͤͦ͘ ͦͭ ͔ͫͦͤ͡;ͤ·ͻ ͍ͫͨ·΄͔͟Φ 

6 ˹ˮ̒̂ ˸ˮ̅ˮ нлмн 



˿͔ͨͭͪ͟ Ή͔͎͙͎ͭͪͦͣ͊ͤͭͤͦͦ͟͡ ͙ͯ͘͡;͔͙ͤΎ  
 

˹ˮ̒̂ ˸ˮ̅ˮ нлмн 7 



ʅʀʗʋ ʄʀʌʀ 2012 

ʇʨʠʥʮʠʧ ʨʝʛʠʩʪʨʘʮʠʠ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʦʛʦ  

ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ 

8 



ʅʀʗʋ ʄʀʌʀ 2012 

ɻʘʤʤʘ-ʪʝʣʝʩʢʦʧ Fermi-LAT  

9 



͙͙̅͘;͔ͫ͊͟Ύ ͫͻ͔ͣ͊ ζ˥ˢ˸˸ˢ-пллη 

10 ˹ˮ̒̂ ˸ˮ̅ˮ нлмн 



˹ˮ̒̂ ˸ˮ̅ˮ нлмн 11 

˿ͻ͔ͣ͊ ͙ͨͪ͋ͦͪ͊ ͙ ͫͦ͋·͙ͭΎ 



˹ˮ̒̂ ˸ˮ̅ˮ нлмн 12 

˿ͻ͔ͣ͊ ͙ͨͪ͋ͦͪ͊ ͙ ͫͦ͋·͙ͭΎ 



ʅʀʗʋ ʄʀʌʀ 2012 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  

ʛʘʤʤʘ-ʪʝʣʝʩʢʦʧʘ ɻɸʄʄɸ-400 

13 



͙͙̅͘;͔͙͔ͫ͟ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ 
˥ˢ˸˸ˢ-400 

˹ˮ̒̂ ˸ˮ̅ˮ нлмн 14 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ 0,1-3000 ɻʵɺ 

ʋʛʣʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ 

(Eɔ > 100 ɻʵɺ) 
~ 0,02̄  

ʇʦʣʥʘʷ ʪʦʣʱʠʥʘ ʢʘʣʦʨʠʤʝʪʨʘ ~ 25 ʨ.ʝ.ʜ. 

ʕʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ 

(Eɔ > 100 ɻʵɺ) 
~ 2% 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʳʜʝʣʝʥʠʷ 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʦʟʠʪʨʦʥʦʚ ʥʘ 

ʬʦʥʝ ʧʨʦʪʦʥʦʚ 

105 

ʆʙʲʝʤ ʧʝʨʝʜʘʚʘʝʤʦʡ 

ʠʥʬʦʨʤʘʮʠʠ 
100 ɻʙʘʡʪ/ʜʝʥʴ 



ʅʀʗʋ ʄʀʌʀ 2012 

ɻʘʤʤʘ-ʦʙʩʝʨʚʘʪʦʨʠʷ ɻɸʄʄɸ-400 

15 



˸͊ͫͫ͊ ˥ˢ˸˸ˢ-400 2500 ͟  ͎
͔͎͔͔͙͔̏ͤͪͦͨͦͭͪ͋ͤ͡ 2000 ʕ  ͭ

˹͊ͯ;ͤ͊Ύ ͔͔͔͙ͭͣͭͪ͡Ύ         100 ˥ /x͙ͫͯͭ͟ 
˨͊ͭ͊ ͊ͨͯͫ͊͘͟  2018 ͎ ͦ͒ 
ˤ͔ͪͣΎ ͪ͊͋ͦͭ·  > 7 ͡ ͔ͭ 

 
16 ˹ˮ̒̂ ˸ˮ̅ˮ нлмн 

˥ˢ˸˸ˢ-плл ͤ͊ ͨ͊ͭ͡ͺ͔ͦͪͣ 
˹ˢˤˮ˥ˢ́˻˾ 



ʅʀʗʋ ʄʀʌʀ 2012 

ʇʣʘʥʠʨʫʝʤʘʷ ʦʨʙʠʪʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ 

(ʧʨʝʜʧʦʣʘʛʘʝʤʘʷ ʜʘʪʘ ʟʘʧʫʩʢʘ ï ʥʦʷʙʨʴ 2018 ʛ.) 

17 



ʀʩʭʦʜʥʘʷ ʦʨʙʠʪʘ: 500 ï 300000 ʢʤ 

ʆʨʙʠʪʘ ʧʦʩʣʝ 5 ʤʝʩ : 100000 ï 200000 ʢʤ 

18 

˥ˢ˸˸ˢ-400 

˭͔ͣ͡Ύ 

˹ˮ̒̂ ˸ˮ̅ˮ нлмн 

͍̏ͦ͡Όͼ͙Ύ ͙ͦͪ͋ͭ· 



AGILE-GRID 

(pointing) 

FERMI-LAT  

(front, P7_V6) 

GAMMA-400 

Aeff (100 MeV) ~ 400 cm2 ~ 1000 cm2 ~ 4000 cm2 

Source livetime 
fraction 

 ~ 0.5 ~ 0.16 ~ 1 

1-day exposure 

(30 degree off-axis,  

@100 MeV) 

 

~ 2Ŀ107 cm2 s 

 

~ 1.5Ŀ107 cm2 s 

 

~ 3Ŀ108 cm2 s 

 

1-day sensitivity 

(30 degree off-axis, 5ů, 

@100 MeV) 

 

~ 10-10 erg cm-2 s-1 

 

 

~ 10-10 erg cm-2 s-1 

 

 

~ 3Ŀ10-11 erg cm-2 s-1 

 

Attitude  fixed variable fixed 

a comparison: 
1-day exposure and sensitivity 

(1d-exp)GAMMA-400  Ғ мл όмŘ-exp)Fermi  Ғ мл όмŘ-exp)AGILE 

(FS)GAMMA-400 Ғ лΦо όFS)Fermi Ғ 
0.3(FS)AGILE 19 ˹ˮ̒̂ ˸ˮ̅ˮ нлмн 



20 

optical band sky  

˹ˮ̒̂ ˸ˮ̅ˮ нлмн 



21 

gamma-ray band (E>100 MeV) 

˹ˮ̒̂ ˸ˮ̅ˮ нлмн 



1873 sources 
млфр !DbΩǎ 
589 unidentified 
 

http://fermi.gsfc.nasa.gov/ssc/data/access/lat/2yr_catalog/ 
The Fermi LAT 2FGL Source Catalog 

August 4, 2008, to July 31, 2010 100 MeV to 100 GeV energy range 

22 ˹ˮ̒̂ ˸ˮ̅ˮ нлмн 



 

23 ˹ˮ̒̂ ˸ˮ̅ˮ нлмн 



Å͙͔͔͙͔ͣͪͤ͘ ͙ͦͪ͋ͭ͊͡Έͤ·ͻ ͔͚ͫͦͪͦͫͭ͟ ͔͙ͨͪͺ͔͙͚ͪͤ·ͻ ͦ͋Ά͔͍ͭͦ͟ 
͎͙͊͊ͭ͟͟͡ ͙ ͎͙͊͊ͭ͟͡;͔͙ͫ͟ͻ ͔͍͊ͫͭͪͦ͟͡Τ 

Å͎͍͙ͪ͊ͭ͊ͼ͙͔ͦͤͤͦ ͙͙͍͙͔ͤͪͦ͊ͤ͘͡; 

Å͔͎͔͍͔ͪͤͭͤͦͫͦ͟ ͍͔ͫ;͔͙͔ͤ ͎͙͊͊ͭ͟͟͡Σ ͔͙͚ͫͦͨͤ͟͡ ͎͙͊͊ͭ͟͟͡Τ 

Å͍͔ͨͪͦͫͭͪ͊ͤͫͭͤͤ͊Ύ ͙͙͊ͤͦͭͪͦͨ͘Ύ ͔͙͍͎ͪͭͦͦͦ͟͡ ͙͙ͪ͊͒ͦͯ͘͡;͔͙ͤΎΦ 

ʇʨʦʷʚʣʝʥʠʝ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ 

ʚ ʨʘʟʣʠʯʥʳʭ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ 

ʅʀʗʋ ʄʀʌʀ 2012 

24 
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ʅʀʗʋ ʄʀʌʀ 2012 

ʀʟʤʝʨʝʥʠʝ ʦʨʙʠʪʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʧʝʨʠʬʝʨʠʡʥʳʭ 

ʦʙʲʝʢʪʦʚ 

25 



ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʦʙʲʝʢʪʦʚ ʚ ɻʘʣʘʢʪʠʢʝ  

(W. de Boer et al) 

ʅʀʗʋ ʄʀʌʀ 2012 
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˥͍͙ͪ͊ͭ͊ͼ͙͔ͦͤͤͦ ͙͙͍͙͔ͤͪͦ͊ͤ͘͡ 

27 ˹ˮ̒̂ ˸ˮ̅ˮ нлмн 
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ʅʀʗʋ ʄʀʌʀ 2012 

ʈʝʥʪʛʝʥʦʚʩʢʦʝ ʩʚʝʯʝʥʠʝ ʛʘʣʘʢʪʠʢ ʠʣʠ 

 ʩʢʦʧʣʝʥʠʡ ʛʘʣʘʢʪʠʢ 
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ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʘʥʠʟʦʪʨʦʧʠʷ ʨʝʣʠʢʪʦʚʦʛʦ 

ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ 
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ʅʀʗʋ ʄʀʌʀ 2012 



Wtotal =  Wȿ  +  WM 

             ~72%  ~23% 

ʀʟʤʝʨʝʥʠʝ ʧʦʩʪʦʷʥʥʦʡ ʍʘʙʙʣʘ  H=71Ñ4 ʢʤ/ʩ 1/ʄʧʢ 

ʀʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʣʠʢʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʊr - 2,725 ʂ 

ʆʧʨʝʜʝʣʝʥʠʝ ʚʦʟʨʘʩʪʘ ɺʩʝʣʝʥʥʦʡ   tu=(13,7Ñ0,2)*109 ʣʝʪ 

ʇʝʨʝʭʦʜ ʚ ʨʘʜʠʘʮʠʦʥʥʫʶ ʬʘʟʫ tr ~4*105 ʣʝʪ 
31 

ʅʀʗʋ ʄʀʌʀ 2012 

ʂʦʩʤʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

Wʄ=WCDM+Wɺ 

                     ~5% 



32 ˹ˮ̒̂ ˸ˮ̅ˮ нлмн 
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ʕʚʦʣʶʮʠʷ ɺʩʝʣʝʥʥʦʡ 
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t~1 ͣ ͪ͒͡ ͔ͭ͡ 

t~3,5 ͣ ͪ͒͡ ͔ͭ͡ 

t~14 ͣ ͪ͒͡ ͔ͭ͡ 

ʅʀʗʋ ʄʀʌʀ 2012 

ʈʘʩʯʝʪ ʤʦʜʝʣʠ ʨʘʟʚʠʪʠʷ ʩʪʨʫʢʪʫʨʳ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ 

ʚʦ ɺʩʝʣʝʥʥʦʡ 
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ʉʛʫʩʪʢʠ (ʢʣʘʤʧʳ) ʪʸʤʥʦʡ ʤʘʪʝʨʠʠ ʚ ʛʘʣʦ ɻʘʣʘʢʪʠʢʠ 
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ʄʦʜʝʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ ʚ ɻʘʣʘʢʪʠʢʝ 
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ÅWIMP models 

ÅDark Stars 

Å Inelastic Dark Matter 

ÅDynamical Dark Matter 

ÅLeptophilic Dark Matter 

ÅSupersymmetric Models Beyond the MSSM 

ÅAsymmetric Dark Matter 

ÅKaluza-Klein Models 

Å Inert Higgs Doublet 

ÅNon-WIMP Models 

ÅThe Axion 
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ʌʠʟʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʚ ʢʦʪʦʨʳʭ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʯʘʩʪʠʮʳ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ 

˹ˮ̒̂ ˸ˮ̅ˮ нлмн 
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ÅKaluza-Klein Boson 

ÅAxion 

ÅAxino 

ÅGravitino 

ÅPhotino 

ÅSM Neutrino 

ÅSterile Neutrino 

ÅSneutrino 

ÅLight DM 

ÅLittle Higgs DM 

ÅWimpzillas 

ÅQ-balls 

ÅMirror Matter 

 

ÅChamps (charged DM) 

ÅD-matter 

ÅCryptons 

ÅSelf-interacting 

ÅSuperweakly interacting 

ÅBraneworld DM 

ÅHeavy neutrino 

ÅNeutralino 

ÅMessenger States in GMSB 

ÅBranons 

ÅChaplygin Gas 

ÅSplit SUSY 

ÅPrimordial Black Holes 

 

ʅʀʗʋ ʄʀʌʀ 2012 

ʂʘʥʜʠʜʘʪʳ ʥʘ ʨʦʣʴ ʯʘʩʪʠʮ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ 



Å˥͍͙ͪ͊ͭ͊ͼ͙͔ͦͤͤͦ ͍͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ 

Å˻͍͙͔ͭͫͯͭͫͭ Ή͔͙ͭͪ͟͡;͔͎ͫͦͦ͟ ͊ͪ͘Ύ͒͊ 

Å˹͔ ͔ͣͦ͗ͭ ͫͦͫͭͦΎͭΈ ͙͘ ͦ͋·;ͤ·ͻ ;͙͊ͫͭͼ 

Åˤ͙͔͚͍͙͔͊ͣͦ͒ͫͭ͘ ͎͒ͪͯ ͫ ͎͒ͪͯͦͣ ͙ ͫ ͙͙͋͊ͪͦͤ͊ͣ ͔ͤ ͔͔͋ͦ͡ 
͎ͫ͊͋ͦͦ͡ 

Åˮ͔͙͍ͤͭͤͫͤͦͫͭΈ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ ͔ͤ ͍·΄͔ ͎ͫ͊͋ͦͦ͡ 

Å˿͙ͭ͊͋͡Έͤ·͔ όΚΚΚύ 

˩͙ͫ͡ ͔ͭͣͤ͊Ύ ͔͙ͣ͊ͭͪΎ ͙ͫͦͫͭͦͭ ͙͘ ;͙͊ͫͭͼΣ ͭͦ Ή͙ͭ 
;͙͊ͫͭͼ· ͔ͤͦ͋·;ͤ·͔Υ 

39 
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ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ 



ʋʨʘʚʥʝʥʠʝ ɹʦʣʴʮʤʘʥʘ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ nx 

ɺʀʄʇʦʚ ʚʦ ʚʨʝʤʝʥʠ ʚ ɻʘʣʘʢʪʠʢʝ 

for MÒ120 TeV 

ʅʀʗʋ ʄʀʌʀ 2012 
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41 



ʅʀʗʋ ʄʀʌʀ 2012 

Boost-factor 
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ʆʯʝʥʴ ʣʝʛʢʠʝ 

(m Ò eV)  

axino 

ʆʯʝʥʴ ʪʷʞʝʣʳʝ 

 (m Ó 100 GeV) 

WIMP  

ʂʘʥʜʠʜʘʪʳ 

(dark matter )  

ʄʦʜʝʣʴ ʩʫʧʝʨʩʠʤʤʝʪʨʠʠ 

The lightest stable particle 

(LSP) ï neutralino (ɢ) 

          - gravitino (g)   

ʄʦʜʝʣʴ ʤʥʦʛʦʤʝʨʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ 

The lightest stable particle 

(LKP) ï Kaluza-Klein 

particle (B1)  

45 
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ʂʘʥʜʠʜʘʪʳ ʥʘ ʨʦʣʴ ʯʘʩʪʠʮ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ 
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++++­
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°

-+-+

ddppe

HHWWZZZttbb

g

gttcc

,...,,, -+-+ ++++­+ mmnngg eeBB kkkk

˹͔͚͙ͭͪ͊ͤͦ͡ ό͔ͣͦ͒͡Έ ͔͙͔͙͙ͫͯͨͪͫͣͣͭͪύ 

͋ͦͦͤ͘· ˴͊ͯ͡ͼ·-˴͡Ύ͚ͤ͊ ό͔ͣͦ͒͡Έ ͎͔͎ͣͤͦͦͣͪͤͦͦ ͍ͨͪͦͫͭͪ͊ͤͫͭ͊ύ 

ʅʀʗʋ ʄʀʌʀ 2012 

ɸʥʥʠʛʠʣʷʮʠʷ ʯʘʩʪʠʮ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ 
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Bkk     Ÿ l
+l-; Z0Z0; W+W- 

ɢ      Ÿ  l+l-ɜ;  Z0 ɜ;  WÑ lÑ 

ʅʀʗʋ ʄʀʌʀ 2012 

ʈʘʩʧʘʜ ʯʘʩʪʠʮ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ 
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Bkk + Bkk Ÿ ɔ + ɔ, ɜ + ɜ, e+ + e ï.... 

......,...,...,...,

,,,,,, 000

+++++­

­­+

°

-+-

ddppe

HHWWZZZttbb

ng

gttcc

ȱɒɡɎɝɇ ɎɇɔɐɆɝ 

ȲɇɅɊɓɔɒɂɘɊɡ ɄɉɂɊɎɐɆɇɋɓɔɄɊɡ ɓɍɂɃɐɄɉɂɊɎɐɆɇɋɓɔɄɕɠɛɊɗ 
ɎɂɓɓɊɄɏɝɗ əɂɓɔɊɘ ɓ ɐɃɝəɏɝɎ ɄɇɛɇɓɔɄɐɎ.  

ȲɐɈɆɇɏɊɇ əɂɓɔɊɘ ɔɇɎɏɐɋ ɎɂɔɇɒɊɊ ɏɂ ɕɓɌɐɒɊɔɇɍɡɗ 

 

ȬɐɓɄɇɏɏɝɇ ɎɇɔɐɆɝ 

ȲɇɅɊɓɔɒɂɘɊɡ ɑɒɐɆɕɌɔɐɄ ɂɏɏɊɅɊɍɡɘɊɊ WIMP 

ȲɇɅɊɓɔɒɂɘɊɡ ɑɒɐɆɕɌɔɐɄ ɒɂɓɑɂɆɂ WIMP  
 

Bkk     Ÿ l
+l-; Z0Z0; W+W- 

ɢ      Ÿ  l+l-ɜ;  Z0 ɜ;  WÑ lÑ 
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ʄʝʪʦʜʳ ʨʝʛʠʩʪʨʘʮʠʠ ʯʘʩʪʠʮ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ 



Experiment  Target  
ANAIS   NaI   
DAMA/NaI  NaI   
DAMA/LIBRA  NaI   
DAMA/1 ton  NaI   
NAIAD   NaI   
HDMS  Ge   
KIMS   CsI   
Caf2 - Kamioka CaF2  
CDMS  Ge  
CRESST  CaWO4  
EDELWEISS  Ge 
EURECA   Ge 
CoGeNT   Ge 
ROSEBUD         Ge, sapphire  
COUPP  FSH   
PICASSO  FSH   
SIMPLE   FSH   
NEWAGE  CF4 
DM- TPC  CF4 
Drift   CS2 
MIMAC   3He gas  

Experiment Target 

 
DAMA/LXe  LXe  

WARP   LAr   

XENON 10  LXe 

XENON 100 LXe 

Zeplin I    LXe   
Zeplin II  LXe   

Zeplin III  LXe   

ArDM   LAr   

LUX   LXe 

LZS/LZD  LXe 

MAX   LXe/LAr  

CLEAN   LNe  

DEAP   LAr   

XMASS  LXe  

MIMAC   3He gas   

ʅʀʗʋ ʄʀʌʀ 2012 

ʇʦʜʟʝʤʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ 
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ʅʀʗʋ ʄʀʌʀ 2012 

ʇʨʠʥʮʠʧ ʨʝʛʠʩʪʨʘʮʠʠ ʯʘʩʪʠʮ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ ʧʨʠ 

ʫʧʨʫʛʠʭ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʩ ʚʝʱʝʩʪʚʦʤ ʜʝʪʝʢʪʦʨʦʚ ʚ 

ʧʦʜʟʝʤʥʳʭ ʫʩʪʘʥʦʚʢʘʭ 
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ʅʀʗʋ ʄʀʌʀ 2012 

ʀʣʣʶʩʪʨʘʮʠʷ ʧʦʷʚʣʝʥʠʷ ʛʦʜʠʯʥʳʭ ʤʦʜʫʣʷʮʠʡ 

ʪʝʤʧʦʚ ʩʯʝʪʘ ʧʦʜʟʝʤʥʳʭ ʫʩʪʘʥʦʚʦʢ 
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ʅʀʗʋ ʄʀʌʀ 2012 

ɻʦʜʦʚʳʝ ʤʦʜʫʣʷʮʠʠ ʪʝʤʧʘ ʩʯʝʪʘ ʫʩʪʘʥʦʚʢʠ 

DAMA/Libra  
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0 m 

~40 km 

~500 km 

~5 km 

Top of atmosphere 

Ground 

Primary cosmic ray 

Smaller detectors 

but long duration. 

PAMELA! 

Large detectors but 

short duration. 

Atmospheric 

overburden ~5 g/cm2.  

Almost all data on 

cosmic antiparticles 

from here. 

ʅʀʗʋ ʄʀʌʀ 2012 
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ɻʘʣʘʢʪʠʢʘ ʠ ʢʦʩʤʠʯʝʩʢʠʝ ʣʫʯʠ 
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˭͊ͨͯͫ͟ 
͔ͪ͊ͭ͟·-͙͔ͤͦͫͭ͡Ύ 
˿ͦΌ͘-  ˸

ͫ ͦͫ ͙ͨͯͭͤͦͣ͟ 
˾͔ͫͯͪͫ ˨˴ ЅмΣ 
ͤ͊ ͋ͦͪͭͯ ͎ͦͭͦͪͦͦ͟ 
͍͔ͯͫͭ͊ͤͦͤ͡ 
͔͔ͫͨͭͪͦͣͭͪ͟ 
ζ˽ˢ˸˩˶ˢηΣ 

15/06/06 
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˽͔͊ͪ͊ͣͭͪ· ͪ͊͋ͦ;͔͚ ͙ͦͪ͋ͭ·Υ 
 
 
 

 
- ͤ ͔͙͔͊ͦͤͤ͟͡ ͙ͦͪ͋ͭ·Σ ͎ͪ͊͒              70 
 
- ͣ ͙͙ͤͣ͊͡Έͤ͊Ύ ͍·ͫͦͭ͊ ͙ͦͪ͋ͭ·Σ ͣ͟          361 
 
- ͣ ͙͊ͫͣ͊͟͡Έͤ͊Ύ ͍·ͫͦͭ͊ ͙ͦͪ͋ͭ·, ͣ͟         604 
 
˿ͪͦ͟ ͙͍͎͊ͭͤͦͦ͟ ͫͯ΅͔͍͍͙ͫͭͦ͊ͤΎ              3 ͎ ͦ͒͊ 
 
˸͊ͫͫ͊ ͨͦͤͦͫͭ͡ΈΌ ͎ͫͦ͋ͪ͊ͤͤͦͦ   
͙ ͍͔͎͊ͨͪ͊ͤͤͦͦ͘͡ ˴ˢΣ ͎͟ ͔ͤ ͔͔͋ͦ͡ 6550 
 
˸͙͊ͫͣ͊͟͡Έͤ͊Ύ ͙͒ͤ͊͡ ˴ˢΣ ͣͣ                     7930 
 
˸͙͊ͫͣ͊͟͡Έͤ·͚ ͙͔͒͊ͣͭͪ ˴ˢΣ ͣͣ                2720 
 
˽ͦ͡΅͊͒Έ ͔ͫͦͤ͡;͚ͤͦ ͔͙͋͊ͭ͊ͪΣ ͣ2                     36 
 

ˢ͔ͤͭͤͤ͊ ͦͣ͊ͤ͒ͤͦ͟-
͙͔͙͔ͣͪͭ͘͡Έ͚ͤͦ ͙͔ͫͫͭͣ· 

ˣ͔͊ͭ͊ͪΎ ͔ͫͦͤ͡;ͤ͊Ύ 

˥͔͔͚͔ͪͣͦͦͤͭͤͪ͟  
ͫ ˹ˢ Ϧ˽ˢ˸˩˶ˢϦ 

˿͔ͨͼ͙͊͡Έͤ·͚ ͔ͦͭͫ͟ 

˾͙͊͒͊ͭͦͪ-ͦͻ͙͔͊͒ͭ͡͡Έ 

ˣͦ͟͡ ͔͔͔͙ͦͨͪ͒ͤ͡Ύ 
͙ͦͦͪ͒ͤ͊ͭ͟ ͍͔͒͘͘ 

ˮͤͺͪ͊ͪ͊ͫͤ͟·͚ ͙͔ͨͦͫͭͪͦͭ͡Έ 
͔͚ͣͫͭͤͦ ͍͔͙͙ͪͭ͊͟͡ 

ˢ͔͔ͤͭͤͤͦ ͚͍ͯͫͭͪͦͫͭͦ 
͍·͚ͫͦͦͫͦͪͦͫͭͤͦ͟͟ 
͙͙͙͙ͪ͊͒ͦͤ͡ 

˻͙ͨͭͦ͟-Ή͔ͭͪͦͤͤ͊͟͡Ύ 
͊ͨͨ͊ͪ͊ͭͯͪ͊ 

˽͙ͪ͋ͦͪͤ·͚ 
˥͔͔͚͔ͪͣͦͦͤͭͤͪ͟Σ 
ζˢ˾ˮ˹ˢη 

˽͙ͪ͋ͦͪͤ·͚ ͔ͦͭͫ͟ 

ˢ͎͔͎ͪ͊ͭͤ·͚ ͔ͦͭͫ͟ 

ˢ͔ͤͭͤͤ͊ ͍͎͋ͦͪͭͦͦͦ 
͙ͫͤͻ͙͙ͪͦͤͪͯ͘Ό΅͔͎ͦ 

͙ͦͦͪ͒ͤ͊ͭͤͦ͟-͍͔͔͎ͪͣͤͤͦͦ 
͚͍ͯͫͭͪͦͫͭ͊ 

˴͔ͦͣͨͫͤ͊͟͡Ύ 
͍͙͎͔͒͊ͭ͡Έͤ͊Ύ ͍ͯͫͭ͊ͤͦ͊͟ 

ˢ͔ͤͭͤͤ͊ ͦͣ͊ͤ͒ͤͦ͟-
͙͔͙͔ͣͪͭ͘͡Έ͚ͤͦ ͙͔ͫͫͭͣ· 

ʅʀʗʋ ʄʀʌʀ 2012 

ʈʝʩʫʨʩ-ɼʂˉ1. ʎʉʂɹ-ʇʨʦʛʨʝʩʩ 
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ˮ͔͔͙͔ͣͪͤ͘Υ 
Å ͍ ͔͔͙ͪͣͤ ͔ͨͪͦͭ͊͡ όʲύΤ 
Å ͦ ͔͙ͭͦͤͤ͟͡Ύ ͍ ͎͙ͣ͊ͤͭͤͦͣ 
͔ͨͦ͡Τ 
Å Ή͔͎͔͙ͤͪͭ;͔͙ͫ͟ͻ ͔ͨͦͭͪΈ 
͍ͦ ͍͔ͫͻ ͔͔͒ͭͭͦͪ͊͟ͻΤ 
Å;͙ͫ͊͡ ͔͚͍ͤͭͪͦͤͦΦ 
 

˻͔͔͔͙͔ͨͪ͒ͤ͡Υ 
Åͭ ͙ͨ͊ ;͙͊ͫͭͼ· 
ό͔ͨͭͦͤ͡κ͊͒ͪͦͤύΤ 
Å͘ ͊ͪΎ͒͊ ;͙͊ͫͭͼ· όÑZ); 
Åͣ ͊ͫͫ· ;͙͊ͫͭͼ· ό!ύΤ 
Å͗ ͔͙ͫͭͦͫͭ͟ ͙ Ή͔͎͙͙ͤͪ όw 

and E); 
Åͤ ͍͔͙͔͊ͨͪ͊ͤ͡ ͙͔ͨͪͭ͊͡Τ 

 

           ʄɸɻʅʀʊʅʓʁ ʉʇɽʂʊʈʆʄɽʊʈ ʇɸʄɽʃɸ 

1, 3, 7- ʉʎʀʅʊʀʃʃʗʎʀʆʅʅɸʗ ɺʈɽʄʗʇʈʆʃɽʊʅɸʗ ʉʀʉʊɽʄɸ; 

2, 4- ʉʎʀʅʊʀʃʃʗʎʀʆʅʅɸʗ ʆʍʈɸʅʅɸʗ ʉʀʉʊɽʄɸ; 

5- ʇʆʃʋʇʈʆɺʆɼʅʀʂʆɺɸʗ ʉʊʈʀʇʆɺɸʗ ʂʆʆʈɼʀʅɸʊʅɸʗ ʉʀʉʊɽʄɸ 

(ʐɽʉʊʔ ɼɺʆʁʅʓʍ ʉʃʆɽɺ); 

6- ʄɸɻʅʀʊʅɸʗ ʉʀʉʊɽʄɸ (ʇʗʊʔ ʉɽʂʎʀʁ);  

8- ʇʆʃʋʇʈʆɺʆɼʅʀʂʆɺʓʁ ʉʊʈʀʇʆɺʓʁ ʇʆɿʀʎʀʆʅʅʆ-

ʏʋɺʉʊɺʀʊɽʃʔʅʓʁ ʂɸʃʆʈʀʄɽʊʈ;  

9- ʉʎʀʅʊʀʃʃʗʎʀʆʅʅʓʁ ʃʀɺʅɽɺʆʁ ɼɽʊɽʂʊʆʈ;  

10- ʅɽʁʊʈʆʅʅʓʁ ɼɽʊɽʂʊʆʈ;  

11- ɻɽʈʄʆʂʆʅʊɽʁʅɽʈ.  
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ʌʠʟʠʯʝʩʢʘʷ ʩʭʝʤʘ ʤʘʛʥʠʪʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ 

çʇɸʄɽʃɸè 



ɼʠʘʧʘʟʦʥ ʵʥʝʨʛʠʡ:  

ʧʨʦʪʦʥʳ, ʘʥʪʠʧʨʦʪʦʥʳ 

                                  

ʵʣʝʢʪʨʦʥʳ, ʧʦʟʠʪʨʦʥʳ 

                              

 

ʷʜʨʘ, ʘʥʪʠʷʜʨʘ 

 

 

ʄʘʩʩʘ 

 

ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ 

 

ʀʥʜʫʢʮʠʷ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ 

 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ 

ʤʦʱʥʦʩʪʴ 

 

0.08-150 ɻʵɺ 

 

0.05-200 ɻʵɺ (ʜʦ 

1013 ɻ ɺ) 

 

0.1-200 

ɻʵɺ/ʥʫʢʣʦʥ 

 

 

450 ʢʛ 

 

1 ʤ ³ 1 ʤ ³1.25 ʤ 

 

0.48 ʊʣ 

 

 

350 ɺʪ 
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ʆʙʱʠʡ ʚʠʜ ʩʧʝʢʪʨʦʤʝʪʨʘ çʇɸʄɽʃɸè 



59 

ʅʀʗʋ ʄʀʌʀ 2012 

ʋʩʪʘʥʦʚʢʘ ʩʧʝʢʪʨʦʤʝʪʨʘ çʇɸʄɽʃɸè ʚ 

ʛʝʨʤʦʢʦʥʪʝʡʥʝʨ ʥʘ ʢʦʩʤʦʜʨʦʤʝ ɹʘʡʢʦʥʫʨ 



60 

ʅʀʗʋ ʄʀʌʀ 2012 

ʋʩʪʘʥʦʚʢʘ ʩʧʝʢʪʨʦʤʝʪʨʘ çʇɸʄɽʃɸè ʚ 

ʛʝʨʤʦʢʦʥʪʝʡʥʝʨ ʥʘ ʢʦʩʤʦʜʨʦʤʝ ɹʘʡʢʦʥʫʨ 



Flight data:  84 GeV/c 
 interacting antiproton 
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ʇʨʠʤʝʨ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦ ʘʥʪʠʧʨʦʪʦʥʘ 
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Flight data: 93 GeV 
Positron  
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ʇʨʠʤʝʨ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦ ʧʦʟʠʪʨʦʥʘ 
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ANTIMATTER 

Collision of High Energy 
Cosmic Rays with the  
Interstellar Gas 

Annihilation of 
Exotic Particles 

Evaporation of 
Primordial Black 
Holes 

tǳƭǎŀǊΩǎ  
magnetospheres 

Antimatter Clumps 
In the Milky  
Way 

p 

p 
p 

p 

e+ 

e+ 
e+ 

e+ 

e+ 

e+ 

e - 

e - 

He 

Cosmic Rays Leaking 
Out of Antimatter  
Galaxies 
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ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ çʇɸʄɽʃɸè 
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ˢ͙͎͙ͤͤ͡Ύͼ͙Ύ ͔͚͙ͤͭͪ͊ͤͦ͡ ͫ ͙ͪ͊͘͡;ͤ·͙ͣ ͙ͣ͊ͫͫ͊ͣΦ  
 

ʇɸʄɽʃɸ 

ʌʦʥ                          

ʄʦʜʝʣʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ɹ                         

ʄʦʜʝʣʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ɸ                         

͔́ͣͤ͊Ύ ͔͙ͣ͊ͭͪΎ ˴͊ͯ͡ͼͼ͊-˴͡Ύ͚ͤ͊ 

˥Ήˤ 

˥Ήˤ 

˥Ήˤ 
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ʀʟʫʯʝʥʠʝ ʧʨʠʨʦʜʳ ʯʘʩʪʠʮ ʪʸʤʥʦʡ ʤʘʪʝʨʠʠ 



To p  t e n  p h y s i c s  s t o r i e s  

o f  t h e  y e a r  2 0 0 8   

Å COSMIC RAYS 
Another mystery pertains to the findings of two detectors held aloft-one by a 
balloon and one on a satellite-looking for oddities in the number of 
antiparticles arriving with regular particles among cosmic rays reaching Earth. 
They see an excess of such particles which some interpret as evidence for 
άŘŀǊƪ ƳŀǘǘŜǊΣέ ŀ Ŏƭŀǎǎ ƻŦ ǾŜǊȅ-weakly-interacting particles not seen before. 
Scientists associated with the balloon-borne ATIC detector (Nature, 20 Nov) 
and the satellite PAMELA (http://arxiv.org/abs/0810.4995) 
 
 

INSIDE SCIENCE RESEARCH --- PHYSICS NEWS UPDATE The American Institute of Physics Bulleting of 
Research News Number 879 #1, December 22, 2008 www.aip.org/pnu by Phil Schewe  

Å SUPERCONDUCTORS 
Å LARGE HADRON COLLIDER 
Å PLANETS 
Å QUARKS 
Å FARTHEST SEEABLE THING 
Å ULTRACOLD MOLECULES 
Å DIAMOND DETECTORS 

Å LIGHT PASSES THROUGH OPAQUE MATTER 
Å MACROSCOPIC FEEDBACK COOLING 


