
ʂʈɸʉʀɺɸ ʊɸ ʏɸʈɯɺʅɸ ʌɯɿʀʂɸ
ɽʂʉʇɽʈʀʄɽʅʊʋ LHCb (CERN). 

http:// lhcb-public.web.cern.ch/lhcb-public

ˤΦ˸Φ ˽͎ͯ͊;

˱͙ͤͫͭͭͯͭ Ύ͔͙͒ͪͤͻ ͔͒ͦͫ͒͗ͤ͜͡Έ ˹ˢ˹ ͙̂ͪ͊ͤ͟͝

LHCb Collaboration ï23 ʨʽʢ ʩʧʽʚʧʨʘʮʽ

ɼʣʷ ɺʯʠʪʝʣʽʚ ʟ ʋʢʨʘʾʥʠ.

ʎɽʈʅ, ɾʝʥʝʚʘ. 12 ʢʚʽʪʥʷ 2019ʨ.

http://lhcb-public.web.cern.ch/lhcb-public


ɺ.ʄ. ʇʫʛʘʯ. ɼʠʚʥʘ, ʏʘʨʽʚʥʘ ʪʘ ʂʨʘʩʠʚʘ ʌʽʟʠʢʘ LHCb. 

ʇʦʰʫʢ ʅʦʚʦʾ ʌʽʟʠʢʠ ʚ LHCb. ʎɽʈʅ. ɾʝʥʝʚʘ. 12-04-

2019
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˭ͣͫͭ͜

Åʕ ͫͭͯͨ

ʎɽʈʅ. ʅʦʚʠʡ ʧʨʦʩʪʽʨ ʟʥʘʥʴ ʥʘ LHC .

LHC ïʛʝʥʝʨʘʪʦʨ ʂʈɸʉʀɺʀʍ (b-beauty), ʏɸʈɯɺʅʀʍ  (c-charm), 

ɼʀɺʅʀʍ (s-strangeness) ʪʘ ̔ʥʰʠʭ ʟʨʘʟʢʽʚ ʤʘʪʝʨʽʾ. 

ʌʽʟʠʯʥʽ ʮʽʣʽ LHCb. ʄʽʞʥʘʨʦʜʥʘ ʂʦʣʘʙʦʨʘʮʽʷLHCb . 

Å˩ ͔͙͔ͫͨͪͣͤͭ͟LHCb

Åʕ ͙͔͋ͪ͊ͤͪͯ͘͜͡Έ͙͔͔͙͔ͭ͊ͭͫͨͪͣͤͭͯ͟LHCb(͔͔͔͋ͪͤ͘Έ2019 .ͪ)
üˤ͙͍͍͙͊ͫͭͦͫͭ͊͗͜͟͡ͻ͍͊͒ͪͦͤ͜όͣ͊ͫ͊Σ;͙͊ͫ͗ ͭͭΎΣ͎͙ͪͦͨ͊͒ͯ͘͜͟͡ΣΧ)
ü˸͔͊ͭͪ͜Ύςˢ͙ͤͭͣ͊ ͔ͭͪ͜Ύόͦͫͼ͙͡Ύͼ͜͝Bς͔͍ͣͦͤ͘͜Σͨͦͪͯ΄͔ͤͤΎ˿ ς˾
͙͔ͫͣͭͪ͜͝Σ͙͙ͭͪͯͭͤͯͤͭ͊ͪͤͦͫͭ͟͟͜͜˿ Χ˸)
ü˾͙͒ͫͤͣͦ͒ͪͦ͜͟͜͜ ͍͙ͨ͊͒ͯ͊͗͘͟ͻ͍͊͒ͪͦͤ͜ςͣ ͙͍͔͔͔ͦ͗͒͗ͪͦ͡͡˹͍ͦͦ͝
͙͙̅͘͜͟.
ü˩͙ͦͭ͘͟;͎͍͍͙ͤ͋͊͊ͭͦ͊ͪͦͫͭ͊ͤ͜͟͟͜.

Åʕ ͙͍͙ͫͤͦ͟κ˽͔͔͙͍͙ͪͫͨͭ͟



[I/ ό̇˩˾˹ύ ς͎ ͔͔ͤͪ͊ͭͦͪ 
͔͍͙ͨͪͤͤͦ͝ ͔ͣ͊ͭͪ͜͝Φ 

ˤ͔͍ͫͫͭ͜Υ
BIG BANGΣ  ˩͍ͦ͡Όͼ͜ΎΧ

ˤΦ˸Φ ˽͎ͯ͊;Φ ˨͙͍ͤ͊Σ ͍̉͊ͪͤ͊͜ ͭ͊ ˴͙͍ͪ͊ͫ͊ ͙̅͊͘͜͟ LHCb. ˽ ͦ΄ͯ͟ 
˹͍ͦͦ͝ ͙͙̅͘͜͟ ͍ LHCb. ̇ ˩˾˹Φ ˬ͔͔͍ͤ͊Φ мн-04-2019
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ˤͫͭͯͨ. 
̇˩˾˹Φ ˹͍ͦ͜ ˭ͤ͊ͤͤΎΦ ˽ͪͦͫͭͪ͜Φ ̉͊ͫΦ ˩͔͎͔͙ͤͪͭ͊͟Φ 
˻Ω͋Ί͙͔ͭ͒ͦͫ͒͗ͤ͟͜͡ΈΦ ˭ͤ͊ͪΎ͒͒Ύ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ



ˤ͔͍ͫͫͭ͜Χ ?
ˣ͎͔͔͙͊ͪͦͤͫ͘͜Χ ̒͟ ͍͙ͯͭͦͪ͊ͫ͡Έ ˸͔͊ͭͪ͜Ύ Κ

˿˸ ς˹ ͊ ͨͦ;͊ͭͯ͟ ˤ͔͍ͫͫͭͯ͜ (BIG BANG), 

͋ͯ͊͡ ͍ͦ͒ͤ͊ͦ͊͟ ͟͜͡Έͫͭ͟͜Έ͔ͣ͊ͭͪ͜͝ ͜  ͙͔͊ͤͭͣ͊ͭͪ͜͝ ΦΦΦ

̂ͫ͜ ͫͯ;͊ͫͤ͜ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͨͦ͊ͯ͘͟ΌͭΈ Υ Ί ͙͡΄͔  ͔ͣ͊ͭͪ͜Ύ Φ
̋ͦ ͫͭ͊ͦͫ͡Ύ ͘ ͙͔͊ͤͭͣ͊ͭͪ͜ΊΌ?

ˤΦ˸Φ ˽͎ͯ͊;Φ ˨͙͍ͤ͊Σ ͍̉͊ͪͤ͊͜ ͭ͊ ˴͙͍ͪ͊ͫ͊ ͙̅͊͘͜͟ LHCb. ˽ ͦ΄ͯ͟ 
˹͍ͦͦ͝ ͙͙̅͘͜͟ ͍ LHCb. ̇ ˩˾˹Φ ˬ͔͔͍ͤ͊Φ мн-04-2019
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ˤͫͭͯͨ. 
˹͍ͦ͜ ˭ͤ͊ͤͤΎΦ ˽ͪͦͫͭͪ͜Φ ̉͊ͫΦ ˩͔͎͔͙ͤͪͭ͊͟Φ ˻͋ΩΊ͙ͭ͟
͔͒ͦͫ͒͗ͤ͜͡ΈΦ ˭ͤ͊ͪΎ͒͒Ύ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ



˿ͭ͊ͤ͒͊ͪͭͤ͊ ˸͔ͦ͒͡Έ
͔͔͔͙ͣͤͭ͊ͪͤ͡ͻ ;͙͊ͫͭͤͦ͟
ͭ͊ ͝ͻ ͍͊͘Ί͚ͣͦ͒͜

Åмн όҌмн ͙͊ͤͭ-ύ ͺ͔ͯͤ͒͊ͣͤͭ͊͡Έ͙ͤͻ 
;͙͊ͫͭͤͦ͟Σ ͍͙ͫ͊͒ͦ͟͡ͻ ͔ͣ͊ͭͪ͜͝ 
όͨͦͣ͊ͪ͊ͤ;͔͍͜ ς͟ ͍͙͊ͪ͟Σ 

͔͔ͤ͘͜͡ -͔͙ͨͭͦͤ͡ύ

Å4 ͅ ͔ͯͤ͒͊ͣͤͭ͊͡Έ͙ͤͻ͍͙͙ͤͦͫͫ͜͝͡
͍͊͘Ίͣͦ͒͜͝(ͺ͔͍ͦͭͦ͜͜͡ͼ͔͎͙͙ͤ͟͡).

Åˣͦͦͤ͘ ͎͎̆ͫ͊͜ό͍ ͼ͔ͤͭͪ͜)
͔ͤͦ͋ͻ͙͚͒ͤ͜ ͒͡Ύ ͨͦΎ͔ͫͤͤͤΎ ͙ͣ͊ͫ 
͔͍ͨͭͦͤ͜͡  ͜ ͍͍͊ͪ͟͟͜Φ 

http://en.wikipedia.org/wiki/Standard_Model

ˤΦ˸Φ ˽͎ͯ͊;Φ ˨͙͍ͤ͊Σ ͍̉͊ͪͤ͊͜ ͭ͊ ˴͙͍ͪ͊ͫ͊ ͙̅͊͘͜͟ LHCb. ˽ ͦ΄ͯ͟ 
˹͍ͦͦ͝ ͙͙̅͘͜͟ ͍ LHCb. ̇ ˩˾˹Φ ˬ͔͔͍ͤ͊Φ мн-04-2019

5

ˤͫͭͯͨ. 
˹͍ͦ͜ ˭ͤ͊ͤͤΎΦ ˽ͪͦͫͭͪ͜Φ ̉͊ͫΦ ˩͔͎͔͙ͤͪͭ͊͟Φ ˻͋ΩΊ͙ͭ͟
͔͒ͦͫ͒͗ͤ͜͡ΈΦ ˭ͤ͊ͪΎ͒͒Ύ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ

ˤ͔͍ͫͫͭ͜Χ ?
ˣ͎͔͔͙͊ͪͦͤͫ͘͜Χ ̒͟  ͍͙ͯͭͦͪ͊ͫ͡Έ˸͔͊ͭͪ͜Ύ?

http://en.wikipedia.org/wiki/Standard_Model


˨͔ ͍͘Ύ͙ͭ ͙ͪ͊͘͘͟ ͍͍͊ͪͦͦ͟͟͝ ͔ͣ͊ͭͪ͜͝ ͒͡Ύ 
͔͒ͦͫ͒͗ͤ͜͡Έ
˭͍͙;͚͊ͤͦ͝ όup/down) Σ ˨͙͍ͤͦ͝(s-strange)Σ ͍̉͊ͪͤͦ͜͝(c-
charm)Σ ˴͙͍ͪ͊ͫͦ͝ (b-beauty) ͭ ͊ ˤ͔͙͡;ͤͦ͝ (t-top) Χ Κ

Χ ˹͊ LHC ͍ ͔ͭͤͤͤ͘͜͟Ύͻ ͍͙͘;͚͙͊ͤͻ Ύ͔͒ͪ ͙ͨͪ ͍͙͙ͫͦ͟ͻ ͔͔͎ͤͪ͜Ύͻ ς;͔͔ͪ͘ 
͔͔͍͔ͨͪͭͦͪͤͤΎ  ͝ͻͤ͜ͻ ͍͙ͫ͊͒ͦ͟͡ͻ ό͍ͨ͊ͪͭͦͤ͜-͍͍͊ͪ͟͟͜Σ ͎͡Ό͍ͦͤ͜ύ 

͘͜ ͣͤͦ͘͜Ό ͍͍͎͊ͤͭͦͦͦ͟ ;͙ͫ͊͡ ςζ͊ͪͦͣ͊ͭη:

˽͔͔ͪ͒͋͊;͔ͤͤΎ ˿ͭ͊ͤ͒͊ͪͭͤͦ͝ ͔ͣͦ͒͜͡ ͨͦ ͍ͣͦͪͤͦͫͭ͜͜Ύͣ ͙ͭ͊͟ͻ ͨͪͦͼ͔͍ͫ͜ 
͍͒ͤ͊͘͜;͔ͤ͜ ˹͔͍ͦ͋ͫ͜͡Έͦ͟Ό ͔ͨͪͣ͜ΊΌ нллу ͪΦ

ˤΦ˸Φ ˽͎ͯ͊;Φ ˨͙͍ͤ͊Σ ͍̉͊ͪͤ͊͜ ͭ͊ ˴͙͍ͪ͊ͫ͊ ͙̅͊͘͜͟ LHCb. ˽ ͦ΄ͯ͟ 
˹͍ͦͦ͝ ͙͙̅͘͜͟ ͍ LHCb. ̇ ˩˾˹Φ ˬ͔͔͍ͤ͊Φ мн-04-2019
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a˿bibo- o˴bayashi- a˸skawa(CKM)-͙ͣ͊ͭͪͼΎ

˽ͪͦͼ͔ͫ ͔͔ͨͪͻͦ͒ͯ
͍͒͜ uς͟ ͍͊ͪͯ͟ ͒ͦd ς͟ ͍͊ͪͯ͟.

ˢͣͨͭͯ͒͊͜͡ ͔͔ͨͪͻͦ͒ͯ Vud.

W ς͟ ͍͊ͤͭ ͔͔ͭͪͦ͟͡-͎ͫ͊͋ͦͦ͟͡ ͨͦ͡Ύ    

LHCς͎ ͔͔ͤͪ͊ͭͦͪ˴˾ˢ˿ˮˤˮ̆(b-beauty),
̉ˢ˾˱ˤ˹ˮ̆(c-charm), ˨ˮˤ˹ˮ̆(s-
strangeness)ͭ ͊͜ ͤ΄͙ͻ͍͔ͪ͊ͣ͊ͭͪ͘͘͟͜͜͝.



ʅʦʚʠʡ ʧʨʦʩʪʽʨ ʟʥʘʥʴ ʥʘ ɺʝʣʠʢʦʤʫ ɸʜʨʦʥʥʦʤʫ 
ʂʦʣʘʡʜʝʨʽ ʚ ʎɽʈʅ(ɽʥʝʨʛʽʷ -1013ʝɺ; ɺʽʜʩʪʘʥʽ ï
10-18ʤ; ʏʘʩ ï10-25ʩ; ʥʦʚʽ ʬʦʨʤʠ ʤʘʪʝʨʽʾ , é) :
ü˹ ͍ͦ͜ ͔͔͎ͤͪ͜͝ ͍͊͘Ίͣͦ͒͜͝

ü˹ ͍ͦ͜ ͍͊͘Ίͣͦ͒͜͝

ü˹ ͍͙͚ͦ ͣ͊ͫ΄ͭ͊͋ ͨͪͦͫͭͦͪͯ 

ü˹ ͍͙͚ͦ ͣ͊ͫ΄ͭ͊͋ ;͊ͫͯ

ü˹ ͍ͦ͜ ͦ͋ΩΊ͙ͭ͟ ͔͒ͦͫ͒͗ͤ͜͡Έ

ü˹ ͍ͦ͜ ͺ͙ͦͪͣ ͔ͣ͊ͭͪ͜͝

ü˹͍ͦ͜ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤ͜ ͙͊ͫͦ͋͘ ͔͒ͦͫ͒͗ͤ͜͡Έ

ü˹ ͍ͦ͜ Χ Κ

ˤΦ˸Φ ˽͎ͯ͊;Φ ˨͙͍ͤ͊Σ ͍̉͊ͪͤ͊͜ ͭ͊ ˴͙͍ͪ͊ͫ͊ ͙̅͊͘͜͟ LHCb. ˽ ͦ΄ͯ͟ 
˹͍ͦͦ͝ ͙͙̅͘͜͟ ͍ LHCb. ̇ ˩˾˹Φ ˬ͔͔͍ͤ͊Φ мн-04-2019
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LHC ς ͎͔͔ͤͪ͊ͭͦͪ˴˾ˢ˿ˮˤˮ̆(b-beauty),
̉ˢ˾˱ˤ˹ˮ̆(c-charm), ˨ˮˤ˹ˮ̆(s-strangeness)
ͭ͊͜ ͤ΄͙ͻ͍͔ͪ͊ͣ͊ͭͪ͘͘͟͜͜͝.



ˤΦ˸Φ ˽͎ͯ͊;Φ ˨͙͍ͤ͊Σ ͍̉͊ͪͤ͊͜ ͭ͊ ˴͙͍ͪ͊ͫ͊ ͙̅͊͘͜͟ LHCb. ˽ ͦ΄ͯ͟ 
˹͍ͦͦ͝ ͙͙̅͘͜͟ ͍ LHCb. ̇ ˩˾˹Φ ˬ͔͔͍ͤ͊Φ мн-04-2019
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Fixed Target: ɺ ʝʢʩʧʝʨʠʤʝʥʪʘʭʟʬʽʢʩʦʚʘʥʦʶʤʽʰʝʥʥʶʧʨʦʜʫʢʪʠʚʟʘʻʤʦʜʽʾ

ʣʝʪʷʪʴʧʝʨʝʚʘʞʥʦʚʧʝʨʝʜ. ʊʦʤʫʜʝʪʝʢʪʦʨʤʘ ʚ̒ʠʛʣʷʜʢʦʥʫʩʘ-ʧʽʨʘʤʽʜʠʽ

ʨʦʟʪʘʰʦʚʫʻʪʴʩʷʚ ʥʘʧʨʷʤʢʫʙʦʤʙʘʨʜʫʶʯʦʛʦʧʫʯʢʫ(çʬʦʨʚʘʨʜʥʠʡ

ʩʧʝʢʪʨʦʤʝʪʨè)

Colliding Beams: ɺ ʢʦʣʘʡʜʝʨʥʦʤʫʝʢʩʧʝʨʠʤʝʥʪʽ ʧʨʦʜʫʢʪʠ ʣʝʪʷʪʴ ʚ ʫʩʽʭ 

ʥʘʧʨʷʤʢʘʭ, ʪʦʤʫ ʜʝʪʝʢʪʦʨ ʤʘʻ ʚʠʛʣʷʜ ʮʠʣʽʥʜʨʘ (óbarrelô).

˨͍͊ ͙͙ͭͨ ͔͔͙͔͍ͫͨͪͣͤͭ͟͜
͍ ͺ͙͘͜ͼ͜ ͍͙͙ͫͦ͟ͻ ͔͔͎͚ͤͪ͜

LHCb. ˸͔͊ͭͪ͜Ύςˢ͙ͤͭͣ͊ ͔ͭͪ͜Ύ
ό;͊ͫͭͦͭ͊ͦͫͼ͙͡Ύͼ͚͜B ς͔͍ͣͦͤ͘͜Σ
ͨͦͪͯ΄͔ͤͤΎ˿ ς˾ͫ ͙͔ͣͭͪ͜͝Σͭͦ΅ͦύ



̇͜͜͡4ͻ͔ ͔͙͔͍͍ͫͨͪͣͤͭ̇͟͜ ˩˾˹.

4͎͍͙ͦͦͤ͡ͻ͔͔͙͔͙ͫͨͪͣͤͭͤ͟ L͊HC:
ATLAS, CMS, ALICE, LHCb. 

ˤΦ˸Φ ˽͎ͯ͊;Φ ˨͙͍ͤ͊Σ ͍̉͊ͪͤ͊͜ ͭ͊ ˴͙͍ͪ͊ͫ͊ ͙̅͊͘͜͟ LHCb. ˽ ͦ΄ͯ͟ 
˹͍ͦͦ͝ ͙͙̅͘͜͟ ͍ LHCb. ̇ ˩˾˹Φ ˬ͔͔͍ͤ͊Φ мн-04-2019
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LHC ς ͎͔͔ͤͪ͊ͭͦͪ˴˾ˢ˿ˮˤˮ̆(b-beauty),
̉ˢ˾˱ˤ˹ˮ̆(c-charm), ˨ˮˤ˹ˮ̆(s-strangeness)
ͭ͊͜ ͤ΄͙ͻ͍͔ͪ͊ͣ͊ͭͪ͘͘͟͜͜͝.



LHC (CERN) -͎͔͔ͤͪ͊ͭͦͪ ˴˾ˢ˿ˮˤˮ̆ όb-beauty flavoredύ ͍͊͒ͪͦͤ͜(B-͔͙ͣͦͤ͘Σ ɽbς
͙͋͊ͪͦͤ͜ύΣ ̉ˢ˾˱ˤ˹ˮ̆  όc-charm flavored) ͊ ͍͒ͪͦͤ͜ ͭ͊ ͤ͜΄ͦ͝ ͔ͣ͊ͭͪ͜͝Φ 

˹͍͙͚ͦ ͨͪͦͫͭͪ͜ ͤ͊ͤ͘Έ ͤ͊ LHC.

˩͔͎ͤͪ͜Ύ -1013͔ˤΤ ˤ͒ͫͭ͊ͤ͜͜ ς10-18ͣΤ ̉͊ͫ ς10-25ͫΦ ˹͍ͦ͜ ͺ͙ͦͪͣ ͔ͣ͊ͭͪ͜͝Σ Χ 

˥͍ͦͦͤ͜͡ ͙͙ͪͫ  ͍ͤ͊ͯͦͦ͟-͔ͭͻͤ͜;͙ͤͻ ͒ͦͫΎ͎͔ͤͤΈ ͤ͊ LHC:
ÅLarge ō ŎǊƻǎǎ ǎŜŎǘƛƻƴ όϤрлл ҡōύ
ÅLarge ̀ bb / ìnelastic(>10-3 ),

V at fixed target energies -> 10-6

ÅҒ ̀ cc / ˋ inelasticat fixed target energies
Å˴˾ˢ˿ˮˤ˱b-hadrons (Bu , Bd , Bs , Bc , ɽb , ʅb , ʀb etc.)

ÅLarge boost, i.e. b-flight length O(cm)
übetter decay time resolution for Bs oscillation physics

ÅTo fight against combinatorial backgrounds:?
üvertexing, PID, and mass resolution

н̂лмр ͪͦͼ͜ ͍͔ͨͪ΄͔ ͍ ͫͭͦͪ͜͜͝ ͙ͤ͊ͯ͟ 

͒ͦͫΎ͎ͤͯͭͦ ͔͔͎ͤͪ͜Ό ͨͪͦͭͦͤ-͙ͨͪͦͭͦͤͤͻ ͔ͭͤͤ͘͜͟Έ мо ͔́ˤΦ 

͔̇ ͍͙͍͒ͪ͊͜͟Ί ͙͍ͣͦ͗ͫͭ͜͡Έ ͔͔͔ͫͨͦͫͭͪ͗ͤͤΎ ͍͙ͤͦͻ Ύ͍͙΅ ͭ͊ ͍͙ͣͪͯ͜ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ 
͔͔͙ͭͦͪͭ;ͤͦ ͔͔ͨͪ͒͋͊;͍͙ͯ͊ͤͻ ͍͍͙͊ͪͦ͟͟ͻ ͨͪͦͼ͔͍ͫ͜ ͍ ͍ͤͦͦͣͯ ͔͔͎͔͙ͤͪͭ;ͤͦͣͯ ͨͪͦͫͭͦͪ͜Φ 

ˤΦ˸Φ ˽͎ͯ͊;Φ ˨͙͍ͤ͊Σ ͍̉͊ͪͤ͊͜ ͭ͊ ˴͙͍ͪ͊ͫ͊ ͙̅͊͘͜͟ LHCb. ˽ ͦ΄ͯ͟ 
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http://s2.thingpic.com/images/SW/ieQT2MM1gk7Ac3b21zMpeLRj.jpeg

̋ͦ ͍͒͊ ͡Ό͍͒ͫͭͯ 
͔͔͎͔͙ͤͪͭ;͙͚ͤ ͨͪͦͫͭͪ͜ 
͔͔ͭͪͦͤ͟͡-͍ͦ͡Έ͎ͭͤͦͦ ͣ͊ͫ΄ͭ͊͋ͯ ?
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˹͍ͦ͜ ˭ͤ͊ͤͤΎΦ ˽ͪͦͫͭͪ͜Φ ̉͊ͫΦ ˩͔͎͔͙ͤͪͭ͊͟Φ ˻͋ΩΊ͙ͭ͟
͔͒ͦͫ͒͗ͤ͜͡ΈΦ ˭ͤ͊ͪΎ͒͒Ύ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ

The International Space Station (ISS)is the largest and the most complex orbital 
outpost in history, and it is the most expensive object ever constructed by mankind at 

157 billion dollars.

ζ˹͍ͦ͝ ͍ͦ͟;͔͎ ͒͡Ύ ͡Ό͍͒ͫͭ͊η
˸͗ͤ͊ͪͦ͒ͤ͜͜ ͙ͦͣ͊ͤ͒͟ ͎ͦͭͯΌͭΈͫΎ ͜ ͍ ̇˩˾˹

http://en.wikipedia.org/wiki/International_Space_Station


̋ͦ ͍͒͊ ͡Ό͍͒ͫͭͯ 
͔͔͎͔͙ͤͪͭ;͙͚ͤ ͨͪͦͫͭͪ͜ 
˸͔͎͊ όмл6)-͔͔ͭͪͦͤ͟͡-͍ͦ͡Έ͎ͭͤͦͦ 
ͣ͊ͫ΄ͭ͊͋ͯ Κ
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ˤͫͭͯͨ. 
˹͍ͦ͜ ˭ͤ͊ͤͤΎΦ ˽ͪͦͫͭͪ͜Φ ̉͊ͫΦ ˩͔͎͔͙ͤͪͭ͊͟Φ ˻͋ΩΊ͙ͭ͟
͔͒ͦͫ͒͗ͤ͜͡ΈΦ ˭ͤ͊ͪΎ͒͒Ύ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ



ʏʦʨʥʦʙʠʣʴʩʴʢʘ ʪʨʘʛʝʜʽʷ
26 ʢʚʽʪʥʷ 
1996 -2019

4-͚͔ ͔͎ͤͪͦ͋ͦ̉͟͡ˢ˩;˿͔͔͙ͪͭͪ͒ͤ͘ ͨ͜͜ ͫ͡Ύ͍͙͋ͯͻͯ26
͍ͭͤ͟͜Ύ1996 .ͪ

ˣ͔͔͔ͨͦͫͪ͒ͤ͘Έͦͨ͜;͍͙͒͊ͫ͋ͯͻ͎͙ͯ͊ͤͯ͊ͦ͒ͤ͊͘͡
͡Ό͙͒ͤ͊,΅͔ͦ ͒ͤ͊ͨͦ ͔͍ͣͪ͊ͪ͊ͤ͡ͼ͜.

ˣ͙͘͡Έͦ͟4 ͎͙͙͔ͦ͒ͤͪ͊ͤͯͨͦ͗͗͊͟, ΅͍͙͙ͦͤ͊͟͡
ͨͫ͜͡Ύ͍͙͋ͯͻͯ, ͋ͯ͊ͦ͡͡ ͍͊ͦ͊ͤ͊͘͟͜͡, ͊͒ 6ͦ-͎͝ ͙͙ͦ͒ͤ
͎ͪ͊ͤͯ͊͊͘͟΄͔ͤ͊. ˽͔͙͙͔ͦ͗͗ͤͤ͟ ͙͒͊͡
͔͔͙͙ͨͪͤͯͭͫ͟Ύ͍͎ͦͤΌͤ 3͊-͚͔ ͔͎ͤͪͦ͋ͦ͟͡.

˽͔ͪ΄͔͔͔͔͙͍ͯͪ͊͗ͤͫͪ͒ͨͦ͗͗ͤ͘͜͜͟͜ϥΎ͍͙͙ͫ͡Ύͦ2
͎͙ͦ͒ͤͤͦ͜;͜, ͨͤ͘͜͜΄͔1ͯ34 ͍͙͍ͫͨͪͦ͋ͭͤ̉͜͜͟͜ˢ˩˿͜
ͪΎ͍ͭͯ͊͡Έ͙ͤͻ͍͙ͦͣ͊ͤ͒ͪͦͤͯ͊ͫ͘͟͡Ύ͔͔͍ͨͪͦͣͤ͊
ͻ͍ͦͪͦ͋͊Σ28 ͙ͤ͘ͻ͔͙ͨͦͣͪͨͪͦͭ͡Ύ͎ͦͣ͟͜͡Έͦ͟ͻ
ͣͫ͜Ύͼ͍͜.˭͎͎͙͙͙ͦ͒ͦͣ͊ͤͯͭͫ͘͡Ύ;͍͍͒͊ͭͦͪ͜͜͟͜͜͡.

ˤΦ˸Φ ˽͎ͯ͊;Φ ˨͙͍ͤ͊Σ ͍̉͊ͪͤ͊͜ ͭ͊ ˴͙͍ͪ͊ͫ͊ ͙̅͊͘͜͟ LHCb. ˽ ͦ΄ͯ͟ 
˹͍ͦͦ͝ ͙͙̅͘͜͟ ͍ LHCb. ̇ ˩˾˹Φ ˬ͔͔͍ͤ͊Φ мн-04-2019
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https://ua.korrespondent.net/ukraine/3674782-chornobyl-pislia-vybukhu-i-cherez-30-rokiv-foto

https://ua.korrespondent.net/ukraine/3674782-chornobyl-pislia-vybukhu-i-cherez-30-rokiv-foto


Ʌɚ ɚɣɱɖɟɯ ɗɪɐɝɞɎɚ 

Ɏ ɑəɑɜɏɑɞɔɣəɚɘɟ ɛɜɚɝɞɚɜɱ 

ȾɑɜɌ (10
12

) - ɑɗɑɖɞɜɚə-Ɏɚɗɨɞəɚɏɚ 

ɘɌɝɤɞɌɍɟ ? é

Å???
Å?????
Å???????

Å˨ ͔ͦͫ͒͗ͤͤ͜͡Ύ  ͤ͊ ˤ͔͙ͦͣͯ͟͡ 
ˢ͒ͪͦͤͤͦͣͯ ˴͚͔ͦ͊͒ͪ͜͡ ς10 13 ͔ˤ

ˤΦ˸Φ ˽͎ͯ͊;Φ ˨͙͍ͤ͊Σ ͍̉͊ͪͤ͊͜ ͭ͊ ˴͙͍ͪ͊ͫ͊ ͙̅͊͘͜͟ LHCb. ˽ ͦ΄ͯ͟ 
˹͍ͦͦ͝ ͙͙̅͘͜͟ ͍ LHCb. ̇ ˩˾˹Φ ˬ͔͔͍ͤ͊Φ мн-04-2019
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ʅʦʚʠʡ ʧʨʦʩʪʽʨ ʟʥʘʥʴ ʥʘ ɺʝʣʠʢʦʤʫ ɸʜʨʦʥʥʦʤʫ 
ʂʦʣʘʡʜʝʨʽ ʚ ʎɽʈʅ(ɽʥʝʨʛʽʷ -1013ʝɺ; ɺʽʜʩʪʘʥʽ ï
10-18ʤ; ʏʘʩ ï10-25ʩ; ʥʦʚʽ ʬʦʨʤʠ ʤʘʪʝʨʽʾ , é) :
ü˹ ͍ͦ͜ ͔͔͎ͤͪ͜͝ ͍͊͘Ίͣͦ͒͜͝

ü˹ ͍ͦ͜ ͍͊͘Ίͣͦ͒͜͝

ü˹ ͍͙͚ͦ ͣ͊ͫ΄ͭ͊͋ ͨͪͦͫͭͦͪͯ 

ü˹ ͍͙͚ͦ ͣ͊ͫ΄ͭ͊͋ ;͊ͫͯ

ü˹ ͍ͦ͜ ͦ͋ΩΊ͙ͭ͟ ͔͒ͦͫ͒͗ͤ͜͡Έ

ü˹ ͍ͦ͜ ͺ͙ͦͪͣ ͔ͣ͊ͭͪ͜͝

ü˹͍ͦ͜ ͔͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤ͜ ͙͊ͫͦ͋͘ ͔͒ͦͫ͒͗ͤ͜͡Έ

ü˹ ͍ͦ͜ Χ Κ

ˤΦ˸Φ ˽͎ͯ͊;Φ ˨͙͍ͤ͊Σ ͍̉͊ͪͤ͊͜ ͭ͊ ˴͙͍ͪ͊ͫ͊ ͙̅͊͘͜͟ LHCb. ˽ ͦ΄ͯ͟ 
˹͍ͦͦ͝ ͙͙̅͘͜͟ ͍ LHCb. ̇ ˩˾˹Φ ˬ͔͔͍ͤ͊Φ мн-04-2019

16

LHC ς ͎͔͔ͤͪ͊ͭͦͪ˴˾ˢ˿ˮˤˮ̆(b-beauty),
̉ˢ˾˱ˤ˹ˮ̆(c-charm), ˨ˮˤ˹ˮ̆(s-strangeness)
ͭ͊͜ ͤ΄͙ͻ͍͔ͪ͊ͣ͊ͭͪ͘͘͟͜͜͝.



ˤΦ˸Φ ˽͎ͯ͊;Φ ˨͙͍ͤ͊Σ ͍̉͊ͪͤ͊͜ ͭ͊ ˴͙͍ͪ͊ͫ͊ ͙̅͊͘͜͟ LHCb. ˽ ͦ΄ͯ͟ 
˹͍ͦͦ͝ ͙͙̅͘͜͟ ͍ LHCb. ̇ ˩˾˹Φ ˬ͔͔͍ͤ͊Φ мн-04-2019
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͙̅͘͜;ͤ͜ ͼ͜͜͡LHC:

ÅMassof particlesΧ

͍̒͟ ͍͒͋ͯ͊͜ΊͭΈͫΎ͍͔ͯͭͦͪͤͤΎͣ͊ͫ;͙͙͊ͫͭͤͦ͟?Χ

Å˿ͭ͊ͤ͒͊ͪͭͤ͊˸͔ͦ͒͡Έ:
ü ˸͊Ί͙͋ͯͭ˹ͦ ͍͔ͨͦ ͔͡ΣΎ͍ͦͣͯ͟;͙͙͊ͫͭͤ͊ͯͣͯ͟͟͡ΌΌͭΈͣ͊ͫͯ.́;͙͙͊ͫͭͤ͜͟ΣΎ͍͘͟͜ ͊Ίͣͦ͒͜ΌͭΈ
͙ͫ͡Έͤͦͼ͙͔ͣͨͦͣ͘͡Σͫͭ͊ΌͭΈ͍͙͙͊͗ͣ͟.́͜Σ͍̈ͦ́ ͊͘Ίͣͦ͒͜ΌͭΈͫ͊͋ͦ͡Σͫͭ͊ΌͭΈ͔͎͙͙ͣ͟͡Χ

Å˹ͦͫ͜Ύ͙ͣ( ͍͙͊ͤͭ͊ͣ͟ύͼΈ͎ͦͦͨͦ͡Ύͣ͊ ΌͭΈ͙͋ͯͭͭ͊ ͍͘͟ ͊ͤ͜άˣ͙͎͎ͦͦͤ̆ͫ͊͘͜έ,
͔͔ͨͪ͒͋͊;͔͔ͤͭͦͪ͜͜ΊΌό˿˸ύ͔͔͔ͫͨͦͫͭͪ͗ͤ͜͜.

Å˩͔͙͔͙ͨͪͣͤͭͤ͊͟ʕ ͔͙ͦͣͯ͟͡ˢ͒ͪͦͤͤͦͣͯ˴͚͔͍ͦ͊͒ͪͦ͜͡(LHC, ̇˩˾˹) ςATLAS,
CMSΧ ͤ͊ͼ͔ͤͤ͊ͨ͜͜͡ ͦ΄͍͎͎ͯ͋ͦͦͤ̆ͫ͊͘͟͜͜ό͍͙ͤͦͻ;͙͊ͫͭͤͦ͟Σ͝ͻ͔ͣͦ͗͋ͯ ͙ͭ͜
͔͒͟͜͡Έ͊͟(Ύ͍͙͍͍͍ͯͨ͊͒ͯ͊ͤͭͫ͊͋ͦ͊͘͟͟͟͜͟͡͝Ίͣͦ͒͜͝- W+, W-, Z0 ).

ˤͫͭͯͨ. 
˹͍ͦ͜ ˭ͤ͊ͤͤΎΦ ˽ͪͦͫͭͪ͜Φ ̉͊ͫΦ ˩͔͎͔͙ͤͪͭ͊͟Φ ˻͋ΩΊ͙ͭ͟
͔͒ͦͫ͒͗ͤ͜͡ΈΦ ˭ͤ͊ͪΎ͒͒Ύ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ



ȻɚɣɌɞɚɖ ɑɜɔ 

Ȯɑɗɔɖɚɏɚ ȬɐɜɚəəɚɏɚȶɚɗɌɕɐɑɜɌ(2008 ɜɱɖ)

ȺɐəɌ ɱɓ ɏɚɗɚɎəɔɡ ɢɱɗɑɕ ðɛɚɤɟɖ ɍɚɓɚəɱɎ ɁɱɏɏɝɌ

ˤΦ˸Φ ˽͎ͯ͊;Φ ˨͙͍ͤ͊Σ ͍̉͊ͪͤ͊͜ ͭ͊ ˴͙͍ͪ͊ͫ͊ ͙̅͊͘͜͟ LHCb. ˽ ͦ΄ͯ͟ 
˹͍ͦͦ͝ ͙͙̅͘͜͟ ͍ LHCb. ̇ ˩˾˹Φ ˬ͔͔͍ͤ͊Φ мн-04-2019

˿͔͔ͪ͒ ΄ͯ͊͟;͍͜ ͍͙ͤͦͻ Ύ͍͙΅ Ί ͜ ͤ͊΄͜ ͯͪ͊ͤ͟͝ͼ͜ ς
˻͔ͫ͊ͤ͒ͪ͟͡ ˻ͻ͔ͪͣͤͦ͜͟Σ ˤ̅ˤ˩ ˱̒˨ ˹ˢ˹ ͙̂ͪ͊ͤ͟͝Φ

˩͔͙͔ͫͨͪͣͤͭ͟   LHCbςά/t ǾƛƻƭŀǘƛƻƴΣ Χέ
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[I/ ό̇˩˾˹ύ ς͎ ͔͔ͤͪ͊ͭͦͪ ͔͍͙ͨͪͤͤͦ͝ ͔ͣ͊ͭͪ͜͝Φ 



4 ɗɔɛəɫ 2012 ɜ. ɂȱȼȹ. 

ȭɚɓɚə ɁɱɏɏɝɌ ɝɛɚɝɞɑɜɑɒɑəɚ !

ATLAS spokesperson Fabiola Gianotti:
"We observe in our data clear signs of a new 
particle, at the level of 5 sigma, in the mass region 
around 126 GeV. 

Fabiola Gianotti
͘ нлмс ͪΦ ς˥ ͔͔ͤͪ͊͡Έ͙͚ͤ ͙͔͒ͪͭͦͪ͟ ̇˩˾˹Φ

Phys. Rev. Lett. 13, 508ς509 (1964) 
Broken Symmetries and the Masses of Gauge 
Bosons.
Peter W. Higgs

˽͔ͦ͡Σ ͍ Ύͦͣͯ͟ ;͙͙͊ͫͭͤ͟ ͊ͯͣͯ͟͡ΌΌͭΈ 
ͣ͊ͫͯΦ ́͜ ;͙͙͊ͫͭͤ͟Σ Ύ͟͜ ͍͊͘Ίͣͦ͒͜ΌͭΈ 
͙ͫ͡Έͤͦ ͘ ͼ͙ͣ ͔ͨͦͣ͡Σ ͫͭ͊ΌͭΈ ͍͙͙͊͗ͣ͟Φ 
́͜Σ ΅ͦ ͍͊͘Ίͣͦ͒͜ΌͭΈ ͫ͊͋ͦ͡ -͔͎͙͙ͣ͟͡Χ

ˤΦ˸Φ ˽͎ͯ͊;Φ ˨͙͍ͤ͊Σ ͍̉͊ͪͤ͊͜ ͭ͊ ˴͙͍ͪ͊ͫ͊ ͙̅͊͘͜͟ LHCb. ˽ ͦ΄ͯ͟ 
˹͍ͦͦ͝ ͙͙̅͘͜͟ ͍ LHCb. ̇ ˩˾˹Φ ˬ͔͔͍ͤ͊Φ мн-04-2019
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http://publish.aps.org/search/field/author/Higgs_Peter_W


ȶɜɌɝɌ əɌɟɖɚɎɚɏɚ Ɏɱɐɖɜɔɞɞɫ

ˤΦ˸Φ ˽͎ͯ͊;Φ ˨͙͍ͤ͊Σ ͍̉͊ͪͤ͊͜ ͭ͊ ˴͙͍ͪ͊ͫ͊ ͙̅͊͘͜͟ LHCb. ˽ ͦ΄ͯ͟ 
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[I/ ό̇˩˾˹ύ ς͎ ͔͔ͤͪ͊ͭͦͪ ͔͍͙ͨͪͤͤͦ͝ ͔ͣ͊ͭͪ͜͝Φ 



ȮɗɌɝɞɔɎɚɝɞɱ ɫɐɑɜəɚɲ ɘɌɞɑɜɱɲ, 

ɡɌɜɌɖɞɑɜəɱ ɐɗɫ Ɍɞɞɚ-ɘɑɞɜɚɎɚɏɚ(10 
ð18  
ɘ) ɛɜɚɝɞɚɜɟ

ˤ͔ ͔͙͔ͫͨͪͣͤͭ͟͜LHCb-͔͒ͦͫ͒͗ͤͤ͜͡Ύ͍͔͚͍͔͒ͣͤͤͦͫͭ͜͜ ͍ͦ͡Όͼ͍͔ͪͦͨ͊͒ͣ͊ͭͪ͘͜͜͜͝͝
͙ͭ͊͊ͤͭ-͔ͣ͊ͭͪ͜͝ό͔ͨͪͼ͙͚͍͙͙ͤͣͪ͘͜͜͜˿-˾ͨͦͪͯ΄͔ͤΈ͍ͪ ͦͨ͊͒͊͘ͻ͍͙͊͗͟ͻ͔͍ͣͦͤ͘͜ύ
͊ͭ͊ͦ͗͟͝ͻ͙ͪ͒ͫͤ͜͟͜ͻͣͦ͒ͪͦͨ͊͒ͯ͘Σ͙ͣͦ͒ͺ͊͜͟ͼ͜ΎΎ͙͟ͻ͔ͭ ͔͙ͦͪͭ;͙͍ͤͦͣͦ͗͊͡
ͨͪͦͼ͔͙͔͙ͫ͊ͣ͊ͣ͗͊ͣ͘˿ͭ͊ͤ͒͊ͪͭͤͦ͝˸͔ͦ͒͜͡ό˿˸ύ.

˩͔͎͔͙ͤͪͭ;͙͚ͤ ͒͊ͨ͊ͦͤ͘͜ LHC͒ ͦ мо ͔́ˤ

͍ ͨͪ ͦͭͦͤ-͙ͨͪͦͭͦͤͤͻ ͔ͭͤͤͤ͘͜͟Ύͻ 

ü˹ ͍ͦ͊ ͺ͙͊͘͜͟ ό͍͊͘Ίͣͦ͒͜͝Σ ;͙͙͊ͫͭͤ͟Σ ͺ͙ͦͪͣ ͔ͣ͊ͭͪ͜͝Σ Χύ Κ

21
ˤΦ˸Φ ˽͎ͯ͊;Φ ˨͙͍ͤ͊Σ ͍̉͊ͪͤ͊͜ ͭ͊ ˴͙͍ͪ͊ͫ͊ ͙̅͊͘͜͟ LHCb. ˽ ͦ΄ͯ͟ ˹͍ͦͦ͝ ͙͙̅͘͜͟ ͍ 
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ʌʽʟʠʯʥʽ ʮʽʣʽ LHCb

Å˽ ͙͙͔͔ͪͪͦ͒͊͊ͫͣͭͪͣ͗ͣ͊ͭͪ͜͜͜͝ΊΌ͙ͭ͊͊ͤͭ-͔ͣ͊ͭͪ͜ΊΌ.

Å˨ ͔ͦͫ͒͗ͤͤ͜͡Ύͺ͙͙͍͊ͪͦͣ͊ͭ͘͜͟͜(Thephysicsof flavor).
ü˿˴˸͙ͣ͊ͭͪͼΎ&͙͙ͭͪͯͭͤͯͤͭ͊ͪͤͦͫͭ͟͟͜͜

ü˽ͦͪͯ΄͔ͤͤΎ˿˾ͫ ͙͔͍ͣͭͪͪ͜͝ ͦͨ͊͒͊͘ͻςʕͣ ͔͍ͦͤ͘͜

ü˻ͫͼ͙͡Ύͼ͜͝ςʕͣ ͔͍ͦͤ͘͜

ü˽ͦ΄ͯ͟ͺ͙͙͔͙͊ͣ͗͊ͣ͘͘͜͟˿˸

ü˾͙͒ͫͤͣͦ͒ͪͦ͜͟͜͜ ͨ͊͒ͯ͘ςʕͣ ͔͍ͦͤ͘͜

ü˿͔ͨͭͪͦͫͦͨ͟͟͜Ύ͍͙͊͗͟ͻ͍͊͒ͪͦͤ͜ς ͨͦ΄ͯͤͦ͟ ͍͙ͻ͔ͪ ͍ͦͤ͊ͤͫ͘͜Σ
͍͍͙͊ͪͦ͟͟ͻͫͭͪͯͭͯͪ͟,Χ
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ȱɐɒɕɚɇɏɏɡCP
ɑɂɒɏɐɓɔɧ ɕ 

ɒɐɉɑɂɆɂɗ ɌɂɐɏɧɄ
ɎɐɈɇ ɃɕɔɊ
ɑɐɡɓɏɇɏɇ Ʉ 
ɒɂɎɌɂɗ 

ȳɔɂɏɆɂɒɔɏɐɨ 
ȮɐɆɇɍɧ.

ȱɐɒɕɚɇɏɏɡCP
ɑɂɒɏɐɓɔɧɕ 
ȤɓɇɓɄɧɔɧ

ɏɇ ɎɐɈɇ ɃɕɔɊ 
ɑɐɡɓɏɇɏɇ Ʉ 
ɒɂɎɌɂɗ 

ȳɔɂɏɆɂɒɔɏɐɨ 
ȮɐɆɇɍɧ

ȧɌɓɑɇɒɊɎɇɏɔ LHCbɏɂɘɧɍɇɏɊɋ ɏɂ ɑɐɚɕɌ ɑɐɒɕɚɇɏɏɡCPɑɂɒɏɐɓɔɧ
ɉɂ ɎɇɈɂɎɊ ȳɔɂɏɆɂɒɔɏɐɨ ȮɐɆɇɍɧ, 
ɄɊɌɐɒɊɓɔɐɄɕɠəɊB-ɎɇɉɐɏɊ.

Ú
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ɀɱɓɔɣəɱ ɢɱɗɱ ɑɖɝɛɑɜɔɘɑəɞɟ LHCb

By V. Egoritchev, LHCb
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ʂʨʘʩʠʚʽ (Beauty), ʏʘʨʽʚʥʽ (Charm), ɼʠʚʥʽ (Strange) eventsin LHCb

1011ʧʨʦʪʦʥʽʚ ʚ ʢʦʞʥʦʤʫ ʟ ʧʦʥʘʜ 2000 ʙʘʥʯʽʚ

ʟʽʪʢʘʣʠʩʴʧʨʠ7 ʪʘ 8 ʊʝɺʫ 2011 ʪʘ2012ʨ.ʨ.

13 ʊʝɺʫ2015- 2019 ʨ.ʨ.
ʩʚʽʪʠʤʽʩʪʴ IP-8 (LHCb)  

(2-4) * 1032 cm -2 s-1

ɺʢʦʞʥʦʤʫp-p ʟʽʪʢʥʝʥʥʽʫʪʚʦʨʶʻʪʴʩʷ

ʙʽʣʷ1500ʟʘʨʷʜʞʝʥʠʭʯʘʩʪʠʥʦʢ:

üɺʠʩʦʢʽʨʘʜʽʘʮʽʡʥʽʥʘʚʘʥʪʘʞʝʥʥʷ

üʅʝʦʙʽʭʽʜʥʽʩʪʴʧʦʧʝʨʝʜʥʴʦʛʦʚʽʜʙʦʨʫʧʦʜʽʡ

ʅʦʚʘ ʌʽʟʠʢʘ 
ʄʦʞʝ ʤʦʜʠʬʽʢʫʚʘʪʠ

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʧʦʨʫʰʝʥʥʷʉʈ

ʩʠʤʝʪʨʽʾʪʘʨʽʜʢʽʩʥʠʭʤʦʜʨʦʟʧʘʜʫ

ʚʘʞʢʠʭʘʜʨʦʥʽʚʯʝʨʝʟʾʾʚʢʣʘʜʚ

ʧʝʪʣʴʦʚʠʭʜʽʘʛʨʘʤʘʭ

ʌʽʟʠʯʥʽ ʮʽʣʽ LHCb. ʄʽʞʥʘʨʦʜʥʘ ʂʦʣʘʙʦʨʘʮʽʷLHCb . 



ȣɋȰ ȹȬȹ ȿɖɜɌɲəɔ

ͨͦ;͊ͭͦ͟ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͍͙͍͔͚͊ͫͭͦͫͭ͡ ͙͍ͪ͊ͫͦ͟͝ ͭ͊ ;͍͊ͪͤͦ͜͝ ͔ͣ͊ͭͪ͜͝Φ
HERA-B - dedicated B-physics experiment(1992 ς2003).
800/920 GeV proton beam at fixed target .DESY (Hamburg)

ˤΦ˸Φ ˽͎ͯ͊;Φ ˨͙͍ͤ͊Σ ͍̉͊ͪͤ͊͜ ͭ͊ ˴͙͍ͪ͊ͫ͊ ͙̅͊͘͜͟ LHCb. ˽ ͦ΄ͯ͟ 
˹͍ͦͦ͝ ͙͙̅͘͜͟ ͍ LHCb. ̇ ˩˾˹Φ ˬ͔͔͍ͤ͊Φ мн-04-2019
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HERA-B. 1994 - 2003

˱̒˨ ˹ˢ˹ ͙̂ͪ͊ͤ͟͝ ς
ͯ;͊ͫͭΈ ͍ ͍͔ͫͭͦͪͤͤ͜ 
͔ͨͪ΄ͦ͝ ͍ ͍ͫͭ͜͜ у-
ͭͦ;͍ͦͦ͟͝ ͙͔͙ͫͫͭͣ 
Ύ͔͙͒ͪͤͻ ͍͊͘Ί͚ͣͦ͒͜Φ
V. Aushev, Yu. Pavlenko, S. 
Prystupa,  Yu. Pylypchenko, 
V. Pugatch, N. Tkach, Yu. 
Vasiliev, V. Zerkin

˩͔͙͔ͫͨͪͣͤͭ͟LHCb



ÇBsĄ J/˕ʊ and BsĄWκ˕ˉˉ 
Ç͙̉ͫͭ͜ ͙͊ͤ͊͟͡ ͪͦͨ͊͒ͯ͘
Ç˽ͪͦͦͪ͊͘ ͔͙͒ͤͭ͜ͺ͊͜͟ͼ͜Ύ

Bs

K+

K-

f

J/y
m+

m-

˽ͦͪͯ΄͔ͤͤΎ˿-˾ͨ͊ͪͤͦͫͭ͜
͍ͪ ͦͨ͊͒͊͘ͻ͍͙͊͗͟ͻ͔͍ͣͦͤ͘͜

ˤΦ˸Φ ˽͎ͯ͊;Φ ˨͙͍ͤ͊Σ ͍̉͊ͪͤ͊͜ ͭ͊ ˴͙͍ͪ͊ͫ͊ ͙̅͊͘͜͟ LHCb. ˽ ͦ΄ͯ͟ 
˹͍ͦͦ͝ ͙͙̅͘͜͟ ͍ LHCb. ̇ ˩˾˹Φ ˬ͔͔͍ͤ͊Φ мн-04-2019
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ʌʽʟʠʢʦ-ʪʝʭʥʽʯʥʽ ʘʩʧʝʢʪʠ 

ʢʦʥʩʪʨʫʢʮʽʾ ʜʝʪʝʢʪʦʨʘ LHCb:

ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʠʤʦʛʘʤʠ ʜʦ ʨʝʢʦʥʩʪʨʫʢʮʽʾ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʬʽʟʠʯʥʠʭ ʧʦʜʽʡ 

ˤ ςͅ ͙͊͘͜͟Φ
˾͔ͦͤͫͭͪͯ͟͟ͼ͜Ύ͍ͪͦͨ͊͒͘͜ ˤ-͔͍ͣͦͤ͘͜

˩͔͙͔ͫͨͪͣͤͭ͟LHCb



˾͔ͦͤͫͭͪͯ͟͟ͼ͜Ύ ͚ͨͦ͒͜ ͘ ͙͍͙͙ͪ͊ͫͣ͟ ͔͙͍ͣͦͤ͊ͣ͘ LHCb

ˤΦ˸Φ ˽͎ͯ͊;Φ ˨͙͍ͤ͊Σ ͍̉͊ͪͤ͊͜ ͭ͊ ˴͙͍ͪ͊ͫ͊ ͙̅͊͘͜͟ LHCb. ˽ ͦ΄ͯ͟ 
˹͍ͦͦ͝ ͙͙̅͘͜͟ ͍ LHCb. ̇ ˩˾˹Φ ˬ͔͔͍ͤ͊Φ мн-04-2019
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Flavor tagging

Bs identification 

Å˩ͺ͔͙͍͙͚͙͎͔ͭͤͭͪͪ͒͟͡Ύ͍͜ ͍͒͋ͦͪͯͨͪͦ͒ͯͭͪͦͨ͊͒ͯ͘͟͜ˤͣ ͔͍ͦͤ͘͜
Å͔͍͙͔̉ͭ͒ͤͤ͜͟͜͡Ύ͍͙͙ͭͦͪͤͤͻ͍͔ͪ΄͙ͤς͙͍ͣͦ͗ͫͭ͜͡Έ͔͒ͦͫ͒͗ͤͤ͜͡Ύ
ͦͫͼ͙͡Ύͼ͚͜ˤͣ ͔͍ͦͤͪ͘͘͜ ͦ͒͘͜͡ΈͤͦΌ͒͊ͭͤͫͭ͘͜Όͨ ;ͦ͊ͫͯ- 40fs.

Å˽͍͔ͦ͒͊ͤͤ͡Ύͺͦͤͯ͊͘ ͍͒Ύ͙͟:
o ˤ͙ͫͦ͊ͪͦ͒͘͟͜͡Έͤ͊͒͊ͭͤͫͭ͘͜Έͨͦ͜ ͍͚ͤ͊ͪ͊ͤͭͤͣ͊ͫ͜͜͜(~14M͔/ʕc2)
o ˨͍͔ͦͪ΄͔͔͙ͤ͊͒ͤͭ͜ͺ͊͜͟ͼ͜Ύ͙ͭͨ;͙ͯ͊ͫͭͤͦ͟
o ˭ͣͤ͊ͤ͊ͨͪ͜Ύ͎͎ͣͯͣ͊ͤͭͤͦͦͨͦ͟͜͡Ύ(͔ͯͫͯͤͤͤΎ΄ͭͯ;͙͔ͤͦ͊ͫͣͭͪ͜͝͝)

˩͔͙͔ͫͨͪͣͤͭ͟LHCb



͙̅ͦ͘͜͟-͔ͭͻͤ͜;ͤ͜ ͙ͨͪͤͼ͙͙ͨ
͍͙ͨͦ͋ͯ͒ͦ ͔͔͙͒ͭͭͦͪͤ͟ͻ ͙͔ͫͫͭͣ  ̅ˤ˩Φ

Å˸ ͦ͒ͯ͡Έ͙͚͙ͤͨͪͤͼ͙ͨͦͤͫͭͪͯ͟͟ͼ͜͝.

Å˾ͦ͒͘͜͡Έͤ͊͒͊ͭͤͫͭ͘͜Έό͍ͨͪͦͫͭͦͪͦ͊Σ;͍͊ͫͦ͊Σ͊ͣͨͭͯ͒ͤ͊͜͡Σ
ͭͦ΅ͦύ.

Å̊ ͍͙͒ͦ͒͟͜Ύ.

Å˾ ͊͒͊͜ͼ͚͚ͤ͊ͫͭͫͭ͜͜͟͜Έ.

Å˨ ͍͎͙͍͚ͦͦͭͪ͊͊ͤ͊͒ͤͫͭ͜͜͡Έ͍͍ͯͣͦ͊ͻ͙ͤ͘Έ͙͟ͻ͔͔ͭͣͨͪ͊ͭͯͪΣ
͔͔͎͙ͭͪͦͣ͊ͤͭͤ͟͜͡ͻ͍ͤ͊ͦ͒ͦ͟,ͭͦ΅ͦ.

Ǻ ͔ͻͤ͜;͔͍ͤ͊͒͊ͤͤ͘Ύͤ͊͒ ͔͔͍͙ͭͭͦͪͤͣͦ͒ͯͤ͊͘͟͜͜͡;͊ΊͭΈͫΎ
ͺ͙͘͜;͙͙ͤͣͼ͜͡Ύ͙ͣͭ͊ͦ ͙ͨͭͣ͊͘͜ͼ͜ΊΌ͘ ͯͪ͊ͻ͍ͯ͊ͤͤΎͣ
ͫͯ;͙͊ͫͤͻ͔͔͙͒ͭͭͦͪͤ͟ͻ͔ͭͻ͎͚͔ͤͦͦͭ͊ͭ͜͡ͻͤͦ͜͟-͔ͦͤͦͣ͟͜;͙ͤͣ
͙͋͊ͫͦͣͦ͊͋ͦͪ͊͘͟͡ͼ͜͝.

ˤΦ˸Φ ˽͎ͯ͊;Φ ˨͙͍ͤ͊Σ ͍̉͊ͪͤ͊͜ ͭ͊ ˴͙͍ͪ͊ͫ͊ ͙̅͊͘͜͟ LHCb. ˽ ͦ΄ͯ͟ 
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ɺ.ʄ. ʇʫʛʘʯ. ɼʠʚʥʘ, ʏʘʨʽʚʥʘ ʪʘ ʂʨʘʩʠʚʘ ʌʽʟʠʢʘ LHCb. ʇʦʰʫʢ 

ʅʦʚʦʾ ʌʽʟʠʢʠ ʚ LHCb. ʎɽʈʅ. ɾʝʥʝʚʘ. 12-04-2019
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The LHCb experiment

[I/ō ͔͔͒ͭͭͦͪ͟ς

ͺ͍͙͚ͦͪ͊ͪ͒ͤ ͔͔ͫͨͭͪͦͣͭͪ͟ 

͘ ͍͙͙͒ͣͤͤͣ͜͜ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͊ͣ͟͟

Åˢ͔ͫͨͭ͊ͤͫ͟ н ғ ʹ ғ р 

Å˾ͦ͒͘͜͡Έͤ͊ ͒͊ͭͤͫͭ͘͜Έ ͨͦ ͣͯ͜͡Έͫͯ ~ 0.5 
%

Å˩ͺ͔͙͍ͭͤͫͭ͟͜Έ ͔ͪͦͤͫͭͪͯ͟͟ͼ͜͝ ͔͍ͭͪ͟͜ > 96 
% 

Å˾ͦ͒͘͜͡Έͤ͊ ͒͊ͭͤͫͭ͘͜Έ ͨͦ ͙ͨͪͼ͜͡Έͤͦͣͯ 
͔ͨ͊ͪ͊ͣͭͪͯ ~ 20 ˃ Ƴ

Å˾ͦ͒͘͜͡Έͤ͊ ͒͊ͭͤͫͭ͘͜Έ ͨͦ ;͊ͫͯ ͪͦͨ͊͒ͯ͘: 
~45 fs

Å˾ͦ͒͘͜͡Έͤ͊ ͒͊ͭͤͫͭ͘͜Έ ͨͦ ͍͚ͤ͊ͪ͊ͤͭͤ͜͜͜ 
ͣ͊ͫ͜: ~14 MeV/c2

Åˤ͔͒ͣͤͤ͊͜͜ͺ͔͙͍ͭͤͫͭ͟͜Έ͔͙͒ͤͭ͜ͺ͊͜͟ͼ͜͝
;͙͊ͫͭͤͦ͟> 90%

LHCb: The Large Hadron Collider Beauty

Experiment for Precise Measurements

of CP-Violation and Rare Decays

ɯʥʪʝʛʨʦʚʘʥʘ ʩʚʽʪʠʤʽʩʪʴ  (p-p ʟʽʪʢʥʝʥʥʷ)

2011: 1.0 fb-1 @ 7 TeV

2012: 2.0 fb-1 @ 8 TeV

2015, 2016:   1.9 fb-1 @ 13 TeV

2017:  1.82 /fb @ 13 TeV

p p

RMS

˩͔͙͔ͫͨͪͣͤͭ͟LHCb



ˤ͔ͪ΄͙͙͚ͤͤ ͔͔͒ͭͭͦͪ͟ (VELOςVErtexLOcator)

Åˤ͔ͪ΄͙͙͚ͤͤ ͔͔͒ͭͭͦͪ͟ ͍ͨͦ͋ͯ͒ͦ͊ͤͦͤ͊ ͍ͦͫͤͦ͜ ͔ͪͣͤ͟͜Ί͍͙ͻ ͍͙ͣͪͦͫͭͪͨͦ͜͟͜ͻ ͔ͫͤͫͦͪ͊ͻ  ͘ 
rf͎͔͔ͦͣͭͪ͜ΊΌ ό͙ͫͭͪͨ͜ -ͪ͊͒͊͜͡Έͤ͜ ͭ͊ ͦͤ͟ͼ͔͙ͤͭͪ;ͤ͜ ͦ͊͟͡ύΦ

Å˾ͯͻͦͣ͜ ͨ͊ͭ͡ͺ͙ͦͪͣ ͙ͤ͊͋͗͊͡ΌͭΈ ͔͙ͫͤͫͦͪ ͒ͦ 8 mm ͍ ͒͜ ͦͫ͜ ͨͯ;͊͟ ͍ͨͪͦͭͦͤ͜ ς͍ ͔͔͙ͫͪ͒ͤ͜ 
ͫ͊͒ͤͦ͟͡͝ ͙͔͙ͫͫͭͣ ͍͙͎ͭͦͪͤͤͦͦ ͍͊ͯͯͣͯ͟Φ

Å˭͊ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͊ͣ͟͟ ͚ͤ͊ͪ͊͟΅͙͚ ͍ ͍ͫͭ͜͜ ς͘ ͔͔͊͋ͨ͘;ͯΊ ͪͦ͒͘͜͡Έͤͯ ͒͊ͭͤͫͭ͘͜Έ ͨͦ ;͊ͫͯ ~ 40 
fs  (͍ ͙͍͊͗͊͡ ͍͔͙͡;͙ͤ͊ ͒͡Ύ ͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͦͫͼ͙͡Ύͼ͚͜Bs͍ͪͦͨ͊͒͘͜)

Beam

ɼʘʥʽ ʟ ʚʝʨʰʠʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ 

ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʪʨʠʛʝʨʥʽʡ ʩʠʩʪʝʤʽ ʧʦʧʝʨʝʜʥʴʦʛʦ ʚʽʜʙʦʨʫ ʧʦʜʽʡ

ˤΦ˸Φ ˽͎ͯ͊;Φ ˨͙͍ͤ͊Σ ͍̉͊ͪͤ͊͜ ͭ͊ ˴͙͍ͪ͊ͫ͊ ͙̅͊͘͜͟ LHCb. ˽ ͦ΄ͯ͟ 
˹͍ͦͦ͝ ͙͙̅͘͜͟ ͍ LHCb. ̇ ˩˾˹Φ ˬ͔͔͍ͤ͊Φ мн-04-2019
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˩͔͙͔ͫͨͪͣͤͭ͟LHCb



͔͍́ͪͦ͊͟ ͙͔ͫͫͭͣ͊ ͭ͊ ͙͒ͨͦ͡Έ͙͚ͤ ͎ͣ͊ͤͭ͜
LHCb

 
͔͍́ͪͦ͊͟ ͙͔ͫͫͭͣ͊ ͭ͊ ͙͒ͨͦ͡Έ͙͚ͤ ͎ͣ͊ͤͭ͜ ͙ͨͪͤ͊͘;͔ͤ͜ 

͒͡Ύ ͍͙ͣͪ͜Ό͍͊ͤͤΎ ͍ͯͭ͟͜ ͭ͊ ͣͨͯ͜͡Έ͍ͫ͜ ͊ͪ͘Ύ͔͙͒͗ͤͻ ;͙͊ͫͭͤͦ͟ : 

ɲp/ p ~ 0.4 %,  ͪ ͦ͒͘͜͡Έͤ͊ ͒͊ͭͤͫͭ͘͜Έ ͨͦ ͍͚ͤ͊ͪ͊ͤͭͤ͜͜͜ ͣ͊ͫ͜~ 14 MeV/c2 (for Bs­DsK)
ˤΦ˸Φ ˽͎ͯ͊;Φ ˨͙͍ͤ͊Σ ͍̉͊ͪͤ͊͜ ͭ͊ ˴͙͍ͪ͊ͫ͊ ͙̅͊͘͜͟ LHCb. ˽ ͦ΄ͯ͟ 

˹͍ͦͦ͝ ͙͙̅͘͜͟ ͍ LHCb. ̇ ˩˾˹Φ ˬ͔͔͍ͤ͊Φ мн-04-2019
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˩͔͙͔ͫͨͪͣͤͭ͟LHCb



˿͙͔ͫͭͣ͊ ͔͙͒ͤͭ͜ͺ͊͜͟ͼ͜͝ ͫͦͪͭͯ ;͙͊ͫͭͤͦ͟ ς
͔͔͍̉ͪͤͦͫ͟Έ͟͜ ͔͔͙͒ͭͭͦͪ͟ 

 
ɼʚʘ ʯʝʨʝʥʢʦʚʩʴʢʠʭ ʜʝʪʝʢʪʦʨʠ ʚʠʢʦʥʫʶʪʴ ʽʜʝʥʪʠʬʽʢʘʮʽʶ 

ʪʠʧʫ ʯʘʩʪʠʥʦʢ (ʦʙʚʝʜʝʥʽ ʯʝʨʚʦʥʠʤʠ ʝʣʽʧʩʘʤʠ)

ˤΦ˸Φ ˽͎ͯ͊;Φ ˨͙͍ͤ͊Σ ͍̉͊ͪͤ͊͜ ͭ͊ ˴͙͍ͪ͊ͫ͊ ͙̅͊͘͜͟ LHCb. ˽ ͦ΄ͯ͟ 
˹͍ͦͦ͝ ͙͙̅͘͜͟ ͍ LHCb. ̇ ˩˾˹Φ ˬ͔͔͍ͤ͊Φ мн-04-2019
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˩͔͙͔ͫͨͪͣͤͭ͟LHCb



ɺ.ʄ. ʇʫʛʘʯ. ɼʠʚʥʘ, ʏʘʨʽʚʥʘ ʪʘ ʂʨʘʩʠʚʘ ʌʽʟʠʢʘ LHCb. 

ʇʦʰʫʢ ʅʦʚʦʾ ʌʽʟʠʢʠ ʚ LHCb. ʎɽʈʅ. ɾʝʥʝʚʘ. 12-04-

2019

36

ɺʠʩʦʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʠʧʫ ʯʘʩʪʠʥʦʢ.

LHCb-2013. Ring Imaging Cherenkov Identification system.  

˩͔͙͔ͫͨͪͣͤͭ͟LHCb



ˢ͒ͪͦͤͤͭ͊͜ ͔͔ͭͪͦ͟͡-͎͙͔͙ͣ͊ͤͭͤ͊ͦͪͣͭͪ͜͜͟͡ 

 

ʂʘʣʦʨʠʤʝʪʨʠ ʽʜʝʥʪʠʬʽʢʫʶʪʴ ʝʣʝʢʪʨʦʥʠ, ʘʜʨʦʥʠʪʘ ʥʝʡʪʨʘʣʴʥʽ 

ʯʘʩʪʠʥʢʠ. ɼʘʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʪʨʠʛʝʨʘ ʧʝʨʰʦʛʦ ʨʽʚʥʷ.

e

h

ˤΦ˸Φ ˽͎ͯ͊;Φ ˨͙͍ͤ͊Σ ͍̉͊ͪͤ͊͜ ͭ͊ ˴͙͍ͪ͊ͫ͊ ͙̅͊͘͜͟ LHCb. ˽ ͦ΄ͯ͟ 
˹͍ͦͦ͝ ͙͙̅͘͜͟ ͍ LHCb. ̇ ˩˾˹Φ ˬ͔͔͍ͤ͊Φ мн-04-2019
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˩͔͙͔ͫͨͪͣͤͭ͟LHCb



˸Ό͔͔ͦͤͤ͊͒ͭͭͦͪͤ͊͟ ͙͔ͫͫͭͣ͊

 
ʄʶʦʥʥʘ ʩʠʩʪʝʤʘ ʽʜʝʥʪʠʬʽʢʫʻ ʤʶʦʥʠ. ɼʘʥʽ ʟ ʤʶʦʥʥʦʾ 

ʩʠʩʪʝʤʠ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʪʨʠʛʝʨʽ ʧʝʨʰʦʛʦ ʨʽʚʥʷ

m

ˤΦ˸Φ ˽͎ͯ͊;Φ ˨͙͍ͤ͊Σ ͍̉͊ͪͤ͊͜ ͭ͊ ˴͙͍ͪ͊ͫ͊ ͙̅͊͘͜͟ LHCb. ˽ ͦ΄ͯ͟ 
˹͍ͦͦ͝ ͙͙̅͘͜͟ ͍ LHCb. ̇ ˩˾˹Φ ˬ͔͔͍ͤ͊Φ мн-04-2019
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˩͔͙͔ͫͨͪͣͤͭ͟LHCb



ˤΦ˸Φ ˽͎ͯ͊;Φ ˨͙͍ͤ͊Σ ͍̉͊ͪͤ͊͜ ͭ͊ ˴͙͍ͪ͊ͫ͊ ͙̅͊͘͜͟ LHCb. ˽ ͦ΄ͯ͟ 
˹͍ͦͦ͝ ͙͙̅͘͜͟ ͍ LHCb. ̇ ˩˾˹Φ ˬ͔͔͍ͤ͊Φ мн-04-2019
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˾͔ͦͤͫͭͪͯ͟͟ͼ͜Ύ ͣΌ͙ͦͤͤͻ 
ͭ͊ ͔͔͙ͭͪͦͤͤ͟͡ͻ ͔͍ͭͪ͟͜ 



˿͙͔ͫͭͣ͊ ˾͊͒͊͜ͼ͚͎ͤͦͦ͜ ˸͙͎ͦͤͭͦͪͤͯ͜
͍ ͔͔͙͔ͫͨͪͣͤͭ͟͜ LHCb

˿͍͔ͭͦͪͤ͊ ͍ ˱̒˨ ˹ˢ˹ ͙̂ͪ͊ͤ͟͝ ˿͙͔ͫͭͣ͊ ˾͊͒͊͜ͼ͚͎ͤͦͦ͜ ˸͙͎ͦͤͭͦͪͤͯ͜ ͔͔͊͋ͨ͘͘;ͯΊ ͍ ͔ͪ͊͡Έͤͦͣͯ 
;͊ͫ͜ ͍͙ͣͪ͜Ό͍͊ͤͤΎ ͍͙͒ͦͦ͘ͻ ͍͔ͤ͊͊ͤͭ͊͗ͤΈ ͤ͊ ;͙͍ͯͭ͜͡ ͒ͦ ͪ͊͒͊͜ͼ͚͎ͤͦͦ͜ ͍͙͍ͨͯ͡ ͔͔͒ͭͭͦͪͤ͟͜ 

ͣͦ͒ͯ͜͡ ͔͔͙͔ͫͨͪͣͤͭͯ͟ LHCbΣ ͊ ͭ͊ͦ͗͟ ͍͙ͫͭͣͦͫͭ͜͜ ͔͔͙͔ͫͨͪͣͤͭͯ͟Φ
˹ͦͣͤ͊͜͡Έͤ͊ ͍͙ͫͭͣͫͭ͜͜Έ LHCͫ ͊͒͊͟͡Ί L= 1034ͫ ҍͣнͫҍм ͒͡ Ύ ͔͔͙͔͍ͫͨͪͣͤͭ͟͜ ATLAS, CMS

ͭ͊ L= 3 1032ͫ ҍͣнͫҍмτ͒͡Ύ ͔͔͙͔ͫͨͪͣͤͭͯ͟ LHCb.

ˤΦ˸Φ ˽͎ͯ͊;Φ ˨͙͍ͤ͊Σ ͍̉͊ͪͤ͊͜ ͭ͊ ˴͙͍ͪ͊ͫ͊ ͙̅͊͘͜͟ LHCb. ˽ ͦ΄ͯ͟ 
˹͍ͦͦ͝ ͙͙̅͘͜͟ ͍ LHCb. ̇ ˩˾˹Φ ˬ͔͔͍ͤ͊Φ мн-04-2019
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High Luminosity ï

Challenging radiation load on detectors!

͙̅͘͜;ͤ͜ ͙ͨͪͤͼ͙͙ͨΣ ͔ͭͻ͎ͤͦͦ͜͡ΎΣ
˩ͫͨͯ͊ͭ͊͟͡ͼ͜Ύ ς
˱̒˨ ˹ˢ˹ ͙̂ͪ͊ͤ͟͝ 

˩͔͙͔ͫͨͪͣͤͭ͟LHCb



C͙ ͔ͫͭͣ͊ ˾͊͒͊͜ͼ͚͎ͤͦͦ͜ ˸͙͎ͦͤͭͦͪͤͯ͜ όRMS)
˽ͪͦͭͦͤ-ͨͪͦͭͦͤͤ͜ ͔ͭͤͤͤ͘͜͟ΎΦ ˩͔͎ͤͪ͜Ύ мо ͔́ˤ

˩͔͙͔ͫͨͪͣͤͭ͟ LHCb.
ну ͔͔͍ͣͭ͊ͦ͡-ͺͦ͡Έ͎͍͙ͦͻ ͔͍ͫͤͫͦͪ͜  RMS
͍͎͙ͤ͊ͪͯ͟ ˤ͔ -͍ͦͤͦͨͪͦͦ͒ͯ͜  LHC .

͙̅͊͘͜͟Σ ͔́ͻͤ͊͜͟Σ ˩ͫͨͯ͊ͭ͊͟͡ͼ͜Ύ RMS-
˱̒˨ ˹ˢ˹ ͙̂ͪ͊ͤ͟͝

R M S
bottom

R M S 
access

R M S
top

R M S
cryo

ˤ͎͒ͯ͜͟ ͔͔͍͒ͭͭͦͪ͟͜ RMS (͋ ͦ͟͡ ζCRYOηύ

˴ͦ͡Έ͙ͦͪ ς
͙͚ͪͤ͘͜ ͫͭ͊ͭͯͫ ͔͔͙͔ͫͨͪͣͤͭͯ͟ LHCb:

͔͍͙͚̅ͦͭͦ͜͡τADJUST

͔͍͙͚̉ͪͦͤτPHYSICS

41
ˤΦ˸Φ ˽͎ͯ͊;Φ ˨͙͍ͤ͊Σ ͍̉͊ͪͤ͊͜ ͭ͊ ˴͙͍ͪ͊ͫ͊ ͙̅͊͘͜͟ LHCb. ˽ ͦ΄ͯ͟ ˹͍ͦͦ͝ ͙͙̅͘͜͟ 

͍ LHCb. ̇ ˩˾˹Φ ˬ͔͔͍ͤ͊Φ мн-04-2019

˩͔͙͔ͫͨͪͣͤͭ͟LHCb



ɺ.ʄ. ʇʫʛʘʯ. ɼʠʚʥʘ, ʏʘʨʽʚʥʘ ʪʘ ʂʨʘʩʠʚʘ ʌʽʟʠʢʘ LHCb. ʇʦʰʫʢ ʅʦʚʦʾ ʌʽʟʠʢʠ ʚ 

LHCb. ʎɽʈʅ. ɾʝʥʝʚʘ. 12-04-2019
42

Institutes involved in the LHCb Silicon Tracker : 

Max-Planck-Institutf¿rKernphysik, Heidelberg

LPHE, EPFL Lausanne

KINR , National Academy of Sciences of Ukraine, Kiev

BudkerInstitute for Nuclear Physics, Novosibirsk

Universidadede Santiago de Compostela

Physik-Institutder UniversitªtZ¿rich

ʂʨʝʤʥʽʻʚʽ ʜʝʪʝʢʪʦʨʠ ʚ ʪʨʝʢʦʚʠʭ ʩʠʩʪʝʤʘʭ  LHCb

˩͔͙͔ͫͨͪͣͤͭ͟LHCb



ˤ͙ͣͪ͜Ό͍͊ͤͤΎ ͺ͙͘͜;͙ͤͻ ͍͔͙͡;͙ͤ 
ς;͔͔ͪ͘ ͔͔͙ͭͪ͟͡;ͤ͜ ͙͎͙ͫͤ͊͡ ͍͒͜ ͔͍ͫͤͫͦͪ͜

ˤΦ˸Φ ˽͎ͯ͊;Φ ˨͙͍ͤ͊Σ ͍̉͊ͪͤ͊͜ ͭ͊ ˴͙͍ͪ͊ͫ͊ ͙̅͊͘͜͟ LHCb. ˽ ͦ΄ͯ͟ 
˹͍ͦͦ͝ ͙͙̅͘͜͟ ͍ LHCb. ̇ ˩˾˹Φ ˬ͔͔͍ͤ͊Φ мн-04-2019
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˩͔͙͔ͫͨͪͣͤͭ͟LHCb



ɺ.ʄ. ʇʫʛʘʯ. ɼʠʚʥʘ, ʏʘʨʽʚʥʘ ʪʘ ʂʨʘʩʠʚʘ ʌʽʟʠʢʘ LHCb. 

ʇʦʰʫʢ ʅʦʚʦʾ ʌʽʟʠʢʠ ʚ LHCb. ʎɽʈʅ. ɾʝʥʝʚʘ. 12-04-

2019
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ʆʮʽʥʢʘ ʷʢʦʩʪʽ ʧʨʦʪʦʪʠʧʽʚ

ʪʨʝʢʦʚʠʭ ʩʠʩʪʝʤʘʭ  
ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʪʦʪʠʧʽʚ

ʂʨʝʤʥʽʻʚʠʭ ʦʜʥʦʩʪʦʨʦʥʥʽʭ 

ʤʽʢʨʦʩʪʨʽʧʦʚʠʭ

ʜʝʪʝʢʪʦʨʽʚ (ʧʨʷʤʦʢʫʪʥʠʢʠ ʥʘ 

ʧʦʣʽʽʤʽʜʥʽʡ

ʧʣʽʚʮʽ ʢʦʨʠʯʥʝʚʦʛʦ ʢʦʣʴʦʨʫ)

ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʫ

LHCb (ɺʠʨʦʙʥʠʮʪʚʦ ʽʥ-ʪʫ 

ʤʽʢʨʦʧʨʠʣʘʜʽʚ, ʂʠʾʚ).

CERN. 

ʊʝʩʪʦʚʠʡ ʧʫʯʦʢ ʤʝʟʦʥʽʚ

ɿ ʝʥʝʨʛʽʻʶ 15 ɻʝɺ

ʩʪʚʦʨʶʻ ʪʨʝʢʠ, ʱʦ 

ʬʽʢʩʫʶʪʴʩʷ

ʪʝʣʝʩʢʦʧʘʤʠ ʜʚʦʭʩʪʦʨʦʥʥʽʭ 

ʤʽʢʨʦʩʪʨʽʧʦʚʠʭʜʝʪʝʢʪʦʨʽʚ

HERA-B (ʤʽʢʨʦ-ʢʘʙʝʣʽ

ʟʝʣʝʥʦʛʦ

ʢʦʣʴʦʨʫ). 

ʊʨʠʛʝʨ ïʚʽʜ ʩʮʠʥʪʠʣʷʮʽʡʥʦʛʦ ʜʝʪʝʢʪʦʨʘ 

(ʩʧʨʘʚʘ ïʢʦʥʩʪʨʫʢʮʽʷ ʯʦʨʥʦʛʦ ʢʦʣʴʦʨʫ).

ʎʽʣʴ ïʝʬʝʢʪʠʚʥʽʩʪʴ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʪʨʝʢʽʚ 

ʧʨʦʪʦʪʠʧʘʤʠ ʤʽʢʨʦʩʪʨʽʧʦʚʠʭʜʝʪʝʢʪʦʨʽʚ.

˩͔͙͔ͫͨͪͣͤͭ͟LHCb



ɺ.ʄ. ʇʫʛʘʯ. ɼʠʚʥʘ, ʏʘʨʽʚʥʘ ʪʘ ʂʨʘʩʠʚʘ ʌʽʟʠʢʘ LHCb. 

ʇʦʰʫʢ ʅʦʚʦʾ ʌʽʟʠʢʠ ʚ LHCb. ʎɽʈʅ. ɾʝʥʝʚʘ. 12-04-

2019
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ʂʨʝʤʥʽʻʚʽ ʜʝʪʝʢʪʦʨʠ ʚ ʪʨʝʢʦʚʠʭ ʩʠʩʪʝʤʘʭ

ʄʦʥʪʘʞ 

ʂʨʝʤʥʽʻʚʦʛʦ

ʊʨʝʢʝʨʘʜʣʷ 

eʢʩʧʝʨʠʤʝʥʪʘ

LHCb ï

ɿʘ ʫʯʘʩʪʶ ʘʩʧʽʨʘʥʪʘ

ɿ ɯʗɼ ʅɸʅ ʋʢʨʘʾʥʠ

˩͔͙͔ͫͨͪͣͤͭ͟LHCb



A typical pPbinteraction

ˤΦ˸Φ ˽͎ͯ͊;Φ ˨͙͍ͤ͊Σ ͍̉͊ͪͤ͊͜ ͭ͊ ˴͙͍ͪ͊ͫ͊ ͙̅͊͘͜͟ LHCb. ˽ ͦ΄ͯ͟ 
˹͍ͦͦ͝ ͙͙̅͘͜͟ ͍ LHCb. ̇ ˩˾˹Φ ˬ͔͔͍ͤ͊Φ мн-04-2019
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ˤ͙͋ͪ͊ͤ͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͔͔͙͔ͫͨͪͣͤͭͯ͟ LHCb



ˤΦ˸Φ ˽͎ͯ͊;Φ ˨͙͍ͤ͊Σ ͍̉͊ͪͤ͊͜ ͭ͊ ˴͙͍ͪ͊ͫ͊ ͙̅͊͘͜͟ LHCb. ˽ ͦ΄ͯ͟ 
˹͍ͦͦ͝ ͙͙̅͘͜͟ ͍ LHCb. ̇ ˩˾˹Φ ˬ͔͔͍ͤ͊Φ мн-04-2019
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ʌʽʟʠʯʥʽ ʚʝʣʠʯʠʥʠ, 
ʚʠʤʽʨʶʚʘʥʽ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʌɺɽ

Ǻ͙;͙͙ͨ͊ͫͭͤ͟ό͊ͪ͘Ύ͒Σͣ͊ͫ͊ύ

Å˩͔͎ͤͪ͜Ύ. ˱ͣͨͯ͡Έͫ. ˱͍ͤ͊ͪ͊ͤͭͤ͊ͣ͊ͫ͊͜

Å͙̉͊ͫ͗ ͭͭΎ.͙͙͔̊ͪͤ͊ͪͦͤ͊ͤͫͯ͘.˿͍͍ͨ͒ͤͦ͜͜΄͔ͤͤΎ͎ͦͪͦͨ͊͒ͯ͘͜͟͡

Å˿ͨͤ͜.˻ͪ͋ͭ͊͜͡Έ͙͚͔ͤͣͦͣͤͭ

Å˸͙ͤͦ͗ͤͤͫͭ͜ΈΣͼ͔ͤͭͪ͊͡Έͤͫͭ͜Έͨͦ͒͜͝

Å˽͔͔ͦͨͪ;͔͔͙ͤͨͪͪ͘͜͜:͍ͯͭͦ͟͜Σ͔͔͎͔͙ͤͪͭ;ͤͭ͜;͍͙͊͊ͫͦͪͦͨͦ͒͘͜͜͡Σ͔ͦͪ͟͡Ύͼ͜͝
͍͙ͨͪͦ͒ͯͭͪͦͨ͊͒ͯͨͪͦͣ͗ͤ͘͟͜͜ͻ͍ͫͭ͊ͤ͜

Å˭͊ ͙ͤ͊ͯ͒͊ͤ͘͜͡ͻ: ͙ͯͭͭͪ͟ ͙͙ͯͭͤ͊ͯͤͭ͊ͪͤͦͫͭ͟͟͜͜Σͫͭͯͨͤ͜Έͨͦͪͯ΄͔ͤͤΎ˿-˾
ͨ͊ͪͤͦͫͭ͜,ͺ͙͊ͭͦͪ͟Ύ͔͙͒ͪͤͦͣͦ͒͝ͺ͊͜͟ͼ͜͝Σͭͦ΅ͦ.

Å˹͍ͦ͜ͺ͙͘͜;͍͔͙ͤ͜͡;͙͙ͤΧ?

ˤ͙͋ͪ͊ͤ͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͔͔͙͔ͫͨͪͣͤͭͯ͟ LHCb



˹͊ ΄͡Ύͻͯ ͒ͦ  ͺ͙͘͜;͙ͤͻ ͔ͪͯ͘͡Έ͍ͭ͊ͭ͜

Å˾͔ͦͤͫͭͪͯ͟͟ͼ͜Ύͨͦ͒͜͝.
ά9ǾŜƴǘέςζ˽ͦ͒͜ΎηςΎͫ͟ ͍͒ͦ͜ͼ͍͍͎ͭͦͤͦͦͦΎ͍͙΅͊Σ͔͔ͨͪ͒͋͊;͔͎͔ͤͦͦͭͦͪ͜ΊΌͭ͊
͔͚͍͎ͪͦͤͫͭͪͯͦ͊ͤͦͦ͟ζ˸͔ͦͤͭ-˴͊ͪͦ͡ηͯ͘ ͪ͊ͻ͍ͯ͊ͤͤΎ͙ͣͪͫ͒ ͔͔ͭͭͦͪͤͦ͟͝
͙͔͙ͫͫͭͣ.

Å˾͔Ίͫͭͪ͊ͼ͜Ύ͔ͨͦ͒ͭ͊ͪ͜͝͝͝ ͦͤͫͭͪͯ͟͟ͼ͜Ύ͍͟͡Ό;͊ΌͭΈ͙͙ͭ͊ͪͦ͊ͤ͊ͯ͒͊ͤ͘͟͜͟͟͜͡ͻ
ü˱͔͙͒ͤͭͺ͊͜͟ͼ͜Ύ͍ͨͪͦ͒ͯͭ͟͜(mass,charge,momentum,energy,spin,Χ)
üˤ͙ͣͪ͜Ό͍͊ͤͤΎ͔͍ͭͪ͟͜ςͪ ͔ͦͤͫͭͪͯ͟͟ͼ͜Ύ͍͔ͪ΄͙ͤͪͦͨ͊͒ͯ͘
ü˴͍͙͚ͯͭͦͪͦͨͦ͒͘͜͡
ü˸͙ͤͦ͗ͤͤͫͭ͜Έͨͦ͒͜͝
ü˴͜͡Έͫͭ͟͜Έ͚ͨͦ͒͜ς͔͔ͨͦͨͪ;͙ͤ͒͜ͺ͔͔ͪͤͼ͚͔͔͙ͤͨͪͪ͘͜͜͜
ü˿͍͍ͨ͒ͤͦ͜͜΄͔ͤͤΎ͎ͦͪͦͨ͊͒ͯͨͦͪ͘͜͟͡ ͙ͤͣ͊ͤ͊͊ͣ͘͜͟͡

Å ˸͜͡Έ͚͙͔͍ͦͤͫͤͫͦͪ͒͜͡Ύ͔ͅ ͔͙͍͔ͭͤͦͪ͟͝Ίͫͭͪ͊ͼ͜͝ͻ͍͍ͭ͜͜͜;͙͒͊ͫͭͤͦ͟!

ˤΦ˸Φ ˽͎ͯ͊;Φ ˨͙͍ͤ͊Σ ͍̉͊ͪͤ͊͜ ͭ͊ ˴͙͍ͪ͊ͫ͊ ͙̅͊͘͜͟ LHCb. ˽ ͦ΄ͯ͟ 
˹͍ͦͦ͝ ͙͙̅͘͜͟ ͍ LHCb. ̇ ˩˾˹Φ ˬ͔͔͍ͤ͊Φ мн-04-2019
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ˤ͙͋ͪ͊ͤ͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͔͔͙͔ͫͨͪͣͤͭͯ͟ LHCb



ʄʦʥʪʝʂʘʨʣʦ ʩʠʤʫʣʷʮʽʷ, 
ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʬʽʟʠʯʥʦʾ ʧʦʜʽʾ

˸͔ͦͤͭ ˴͊ͪͦ͡ ͙ͫͣͯ͡Ύͼ͜Ύ.  ˨ ͍;͙͙͊ͫͭͤ͜: 

Å˸ ˴ ͎͔ ͔ͤͪ͊ͼ͜Ύͨͦ͒͜͝-͎͔͔͍ͤͪͦ͊ͤ͘͜;͙͙͊ͫͭͤͨͪͦ͟ͻͦ͒ΎͭΈ;͔͔ͪ͘ ͔͔͒ͭͭͦͪͤͯ͟
͙͔ͫͫͭͣͯ 

Å˸˴ ͔ͪ ͦͤͫͭͪͯ͟͟ͼ͜Ύ͙ͫͣͯ͡Έ͍͙ͦ͊ͤͻ͙͒͊ͤͻ͍ ͚ͭͦ ͔͗ ͙͚ͫ͊ͣͫͨͦͫ͋͜, ̈́ ͦ
͍͙͙͍ͦͪͫͭͦͯ͟ΊͭΈͫΎ͜ ͒͡Ύ ͔ͪ͊͡Έ͙ͤͻ͙͒͊ͤͻ

Å˿ ͙ͣͯ͡Ύͼ͜Ύͪͦͨ͊͒ͯ͘;͙͊ͫͭͤͦ͟͜ ͔͒ ͔͍͍ͭͭͦͪͤ͊͒ͨͦ͒ͤͫͭ͟͜͜͜Έ͋͊ͯ͘ΊͭΈͫΎͤ͊ 
͎͔ͨͪͦͪ͊ͣͤͦͣͯͨ͊ͭ͟͜GEANT . 

Å̋ ͦ͋ͨ ͍ͦͪͤ͜Ύ͙͔ͭͪ͊͡Έͤ͒͊ͤ͜͜͜ ͒͊ ͤ͜˸˴ ͔ͪ ͦͤͫͭͪͯ͟͟ͼ͔ͤͦ͋͜͝ͻ͒ͤͦ͜Ύ͟ ͙͍ͣͦ͗ͦ͡
ͭͦ;ͤ͜΄͔͙͙ͦͨͫ͊ͭͪͦͭ͊͘΄͍ͯ͊ͤͤΎ, ͪ ͦͣͪ͘͜, ͎ ͔͔͙ͦͣͭͪ;ͤͯͺͦͪͣͯ ͜ ͍ͨͦ͋ͯ͒ͦͯ
͔͔ͫͨͭͪͦͣͭͪ͊͟Φ

ˤΦ˸Φ ˽͎ͯ͊;Φ ˨͙͍ͤ͊Σ ͍̉͊ͪͤ͊͜ ͭ͊ ˴͙͍ͪ͊ͫ͊ ͙̅͊͘͜͟ LHCb. ˽ ͦ΄ͯ͟ 
˹͍ͦͦ͝ ͙͙̅͘͜͟ ͍ LHCb. ̇ ˩˾˹Φ ˬ͔͔͍ͤ͊Φ мн-04-2019
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ˤ͙͋ͪ͊ͤ͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͔͔͙͔ͫͨͪͣͤͭͯ͟ LHCb



ʌʽʟʠʯʥʽ ʮʽʣʽ LHCb

Å˽ ͙͙͔͔ͪͪͦ͒͊͊ͫͣͭͪͣ͗ͣ͊ͭͪ͜͜͜͝ΊΌ͙ͭ͊͊ͤͭ-͔ͣ͊ͭͪ͜ΊΌ.

Å˨ ͔ͦͫ͒͗ͤͤ͜͡Ύͺ͙͙͍͊ͪͦͣ͊ͭ͘͜͟͜(Thephysicsof flavor).
ü˿˴˸͙ͣ͊ͭͪͼΎ&͙͙ͭͪͯͭͤͯͤͭ͊ͪͤͦͫͭ͟͟͜͜

ü˽ͦͪͯ΄͔ͤͤΎ˿˾ͫ ͙͔͍ͣͭͪͪ͜͝ ͦͨ͊͒͊͘ͻςʕͣ ͔͍ͦͤ͘͜

ü˻ͫͼ͙͡Ύͼ͜͝ςʕͣ ͔͍ͦͤ͘͜

ü˽ͦ΄ͯ͟ͺ͙͙͔͙͊ͣ͗͊ͣ͘͘͜͟˿˸

ü˾͙͒ͫͤͣͦ͒ͪͦ͜͟͜͜ ͨ͊͒ͯ͘ςʕͣ ͔͍ͦͤ͘͜

ü˿͔ͨͭͪͦͫͦͨ͟͟͜Ύ͍͙͊͗͟ͻ͍͊͒ͪͦͤ͜ς ͨͦ΄ͯͤͦ͟ ͍͙ͻ͔ͪ ͍ͦͤ͊ͤͫ͘͜Σ
͍͍͙͊ͪͦ͟͟ͻͫͭͪͯͭͯͪ͟,Χ

ˤΦ˸Φ ˽͎ͯ͊;Φ ˨͙͍ͤ͊Σ ͍̉͊ͪͤ͊͜ ͭ͊ ˴͙͍ͪ͊ͫ͊ ͙̅͊͘͜͟ LHCb. ˽ ͦ΄ͯ͟ ˹͍ͦͦ͝ ͙͙̅͘͜͟ ͍ LHCb. 
̇˩˾˹Φ ˬ͔͔͍ͤ͊Φ мн-04-201950

ʌʽʟʠʯʥʽ ʮʽʣʽ LHCb. ʄʽʞʥʘʨʦʜʥʘ ʂʦʣʘʙʦʨʘʮʽʷLHCb . 



ˤΦ˸Φ ˽͎ͯ͊;Φ ˨͙͍ͤ͊Σ ͍̉͊ͪͤ͊͜ ͭ͊ ˴͙͍ͪ͊ͫ͊ ͙̅͊͘͜͟ LHCb. ˽ ͦ΄ͯ͟ 
˹͍ͦͦ͝ ͙͙̅͘͜͟ ͍ LHCb. ̇ ˩˾˹Φ ˬ͔͔͍ͤ͊Φ мн-04-2019 51

ˤͫͭͯͨ. 
˹͍ͦ͜ ˭ͤ͊ͤͤΎΦ ˽ͪͦͫͭͪ͜Φ ̉͊ͫΦ ˩͔͎͔͙ͤͪͭ͊͟Φ ˻͋ΩΊ͙ͭ͟
͔͒ͦͫ͒͗ͤ͜͡ΈΦ ˭ͤ͊ͪΎ͒͒Ύ ͔͒ͦͫ͒͗ͤ͜͡ΈΦ



˾͔ͦͤͫͭͪͯ͟͟ͼ͜Ύ ͚ͨͦ͒͜Φ ˢͤ͊͘͜͡ ͙͒͊ͤͻΦ
͙̅͘͜;ͤ͜ ͍͙͍͙ͫͤͦ͟Φ

ˤͦ͡Έ͔ͭͪ.ά̅ͦͫͦ͜͡ͺͫΈ͙ͪͦ͒ͯͣ͘͟͜έΣ1686 .ͪ

̅ͦͫͦ͜͡ͺ͙ΣΎ͍ͫͭͦͪ͟͜ΌΌͭΈ͔ͭͦͪ͜Ό͍͙͋ͯ͒ͦˤ͔͍ͫͫͭͯ͜, ͫͻͦ͗ͤ͊͘͜΄͙͙͍͙͙ͣͣ͊ͤ͒ͪͤ͊ͣ͜͟ΣΎ͟͜
͒͘͝ΎͭΈ͍˴ ͙ͦͤͫͭ͊ͤͭͤͦͨͦ͡Έ͊ͨ ͍ͦͭͣͪͦͨͦ͒͊͘͜͜ΌͭΈͨͪͦ˿͔ ͪ͊͜͡.

˿͔ͪ͊͡Έ͍͙ͦͤ͋͊ ;͊ͭΈͭ͜͡Έ͙͍ͦͤ͘͟͜, ͍͜ ͔ͫ͗͒ ͯͣ͊ΌͭΈΣ΅ͦ͘ ͤ͊ΌͭΈΣ΅ͦͪ ͙ͦ͋ͭΈͭ͊ͣͫͯ ͭ͊ͤ͘͜͡
͍͙ͫͦͣ͝ͺ͍͙͙͊ͦͪͭ͊ͣ͟.

Voltaire,

pseudonym ƻŦ CǊŀƴœƻƛǎ-Marie Arouet

(born November 21, 1694,Paris, Franceτdied May 30, 1778,Paris),

one of the greatest of all Frenchwriters.

ˤΦ˸Φ ˽͎ͯ͊;Φ ˨͙͍ͤ͊Σ ͍̉͊ͪͤ͊͜ ͭ͊ ˴͙͍ͪ͊ͫ͊ ͙̅͊͘͜͟ LHCb. ˽ ͦ΄ͯ͟ 
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http://www.britannica.com/place/France


ɺ.ʄ. ʇʫʛʘʯ. ɼʠʚʥʘ, ʏʘʨʽʚʥʘ ʪʘ ʂʨʘʩʠʚʘ ʌʽʟʠʢʘ LHCb. 

ʇʦʰʫʢ ʅʦʚʦʾ ʌʽʟʠʢʠ ʚ LHCb. ʎɽʈʅ. ɾʝʥʝʚʘ. 12-04-
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˿͔ͨͭͪͦͫͦͨ͟͟͜Ύ ς͒ ͍͔ͦͪ΄͔͔ͤ ͤ͊ͪ͘Ύ͒͒Ύ ͔͒ͦͫ͒͗ͤ͜͡Έ 
ͭ͊ ͨͦ΄ͯͯ͟ ζ˹͍͎ͦͦͦη 

˾ͦ͒͘͜͡Έͤ͊ ͒͊ͭͤͫͭ͘͜Έ ͨͦ ͍͚ͤ͊ͪ͊ͤͭͤ͜͜͜ ͣ͊ͫ͜ : ~(10-20) MeV/c2

ɺʠʩʦʢʘ ʝʥʝʨʛʽʷ ʟʽʪʢʥʝʥʴ ʷʜʝʨ ʥʘ LHC ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʛʝʥʝʨʘʮʽʾ 

ʚʘʞʢʠʭ ʘʜʨʦʥʽʚ ʥʘ ʢʽʣʴʢʘ ʧʦʨʷʜʢʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʣʝʧʪʦʥʥʠʤʠ ʢʦʣʘʡʜʝʨʘʤʠ.

ˤͫ͜  b-͊͒ͪͦͤͤ͜ ͙ͪ͊͘͘͟ ͔ͣ͊ͭͪ͜͝ ͙͋ͯ͡ ͔͔͔ͫͨͦͫͭͪ͗ͤ͜ όͦͪͣ͟͜ ͘ t-͍͊ͪͦͣ͟͟ύ

ˤ͙͋ͪ͊ͤ͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͔͔͙͔ͫͨͪͣͤͭͯ͟ LHCb
ˤ͙͍͊ͫͭͦͫͭ͜͡ ͍͙͊͗͟ͻ ͍͊͒ͪͦͤ͜ 

όͣ͊ͫ͊Σ ;͊ͫ ͙͗ͭͭΎΣ ͎͙͜͟͡ ͪͦͨ͊͒ͯ͘Σ Χύ



˽ͦͪͯ΄͔ͤͤΎ ˿-˾ͨ͊ͪͤͦͫͭ͜ ͯ ͪͦͨ͊͒͊͘ͻ ɽb
0

ˤΦ˸Φ ˽͎ͯ͊;Φ ˨͙͍ͤ͊Σ ͍̉͊ͪͤ͊͜ ͭ͊ ˴͙͍ͪ͊ͫ͊ ͙̅͊͘͜͟ LHCb. ˽ ͦ΄ͯ͟ ˹͍ͦͦ͝ ͙͙̅͘͜͟ ͍ LHCb. ̇ ˩˾˹Φ ˬ͔͔͍ͤ͊Φ мн-04-2019 54

˾͔ͦͤͫͭͪͯ͟͟ͼ͜Ύ ͚ͨͦ͒͜  -ͨͦ ͊ͤ͊͊ͣ͟͡ ͪͦͨ͊͒ͯ͘Υ
ɽb

0Ҧ p ҍ̄̄ +̄ ҍ, ɽb
0Ҧ p ҍ̄K+Kҍ(͙ͪͫΦ м ͭ͊ нΣ ͍͍͒ͨͦ͒ͤͦ͜͜). 

ˢ͙͔ͫͣͭͪ͜Ύ aCP
T-odd (͙ͪͫΦ о) ͍͙ͣͪ͜Ύͤ͊ ͍ ͔͊͗ͤͦͫͭ͘͜͡ ͍͒͜ ͯͭ͊͟ ̅ͣ͗͜ 

͍͒ͦͣ͊ ͨͦ͡΅͙͙ͤ͊ͣͪͦͨ͊͒ͯ͘ όp ҍ̄ͭ ͊ ̄+̄ ҍ(K+Kҍ)ύ ͜ ͫΎ͎͊Ί ͒ͦ 20%͘͜ 
͙͙ͫͭ͊ͭͫͭ;ͤͦΌ ͤ͊͘;͙ͣͫͭ͜Ό оΦо ͙ͫͭ͊ͤ͒͊ͪͭͤͻ ͍͒͜ͻ͙͔ͤͤ͡Ύ.
Nature Physics 13, (2017) 391ς396.

˾͙ͫΦ мΦ ˾͙ͫΦ нΦ

˾͙ͫΦ оΦ

˽͔͍͔ͪ͒ͫͭ͊ͤ͜͡ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͙ͦͭͪͣ͊ͤ͜ ͘͜ о ͺ͋ҍм͒ ͙͊ͤͻΣ ͙ͤ͊ͦͨ͟;͔͙ͤͻ ͍ 
͔͔͙͔ͫͨͪͣͤͭ͟͜ LHCbͨ ͙ͪ ͔͔͎ͤͪ͜Ύͻ ͪ- -͔ͪͭͤͤ͘͜͟Έ т ͭ͊ у ͔́ˤ.

ˤ͔ͨͪ΄͔ͫͨ ͔͔͔͔ͦͫͭͪ͗ͤ
ͨͦͪͯ΄͔ͤͤΎ˿-˾ͨ͊ͪͤͦͫͭ͜
ͯ ͪͦͨ͊͒͊͘ͻ;͍͙͊ͪͤ͜ͻ
͋͊ͪͦͤ͜͜ɽ͍b

0 ͘͜
ͤ͊͘;͙ͣͫͭ͜Ό3.3 .̀

˹͔΅͍ͦ͒͊ͤ͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ 
LHCb(нлмт ͪΦύ



ˤΦ˸Φ ˽͎ͯ͊;Φ ˨͙͍ͤ͊Σ ͍̉͊ͪͤ͊͜ ͭ͊ ˴͙͍ͪ͊ͫ͊ ͙̅͊͘͜͟ LHCb. ˽ ͦ΄ͯ͟ 
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˾͙ͫΦ пΦ
ˤ͔ͨͪ΄͔͔͔͔͍͙ͫͨͦͫͭͪ͗ͤͭ͊ͣͪ͜͜Ύ͙ͤͣ͊ͫ͜

͔͙͋ͯ͒͗ͤ͘ͻ͍ͫͭ͊ͤ͜ʍͫ0(ssc, 2697) ͋͊ͪͦͤͯ͜
(͙͍ͣ͊ͫ ˸͔ˤ ͍͍͊͊ͤ͘͟͜ ͒ͯ͗͊͟ͻ):
ʍͫ(3000)0,

ʍͫ(3050)0,

ʍͫ(3066)0,

ʍͫ(3090)0,

ʍͫ(3119)0.

˾͔ͦͤͫͭͪͯ͟͟ͼ͜Ύ ͚ͨͦ͒͜ -ͨͦ ͊ͤ͊ͯ͟͡ ͪͦͨ͊͒ͯ͘Υ
ʍͫ0Ҧ ʀͫ+(pKҍ̄ +)Kҍ.

Phys. Rev. Lett. 118(2017) 182001.

˹͔΅͍ͦ͒͊ͤ͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ LHCb
(2018 ͪ Φύ



˹͔΅͍ͦ͒͊ͤ͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ LHCb
(͔͔͔͋ͪͤ͘Έ нлму ͪΦύ

ˤΦ˸Φ ˽͎ͯ͊;Φ ˨͙͍ͤ͊Σ ͍̉͊ͪͤ͊͜ ͭ͊ ˴͙͍ͪ͊ͫ͊ ͙̅͊͘͜͟ LHCb. ˽ ͦ΄ͯ͟ 
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The 53rd Rencontres de Moriond session devoted 

to ELECTROWEAK INTERACTIONS AND UNIFIED 

THEORIES (La Thuile, March 10th - 17th, 2018.

Search for a dimuon resonance in the Ƕ mass 
region . The only known fundamental scalar 
particle is the Higgs boson with a mass of 
125 GeV. 
However , additional spin -0 particles, called ū 
bosons , arise in many extensions of the 
Standard Model (SM) and are often predicted 
to be lighter than the Higgs boson.

The image shows the mass spectrum of the muon 
pair in the whole search region. Mass peaks for 
five hypothetical ū-boson mass hypotheses are 
displayed in green . No evidence was found.



ɺ.ʄ. ʇʫʛʘʯ. ɼʠʚʥʘ, ʏʘʨʽʚʥʘ ʪʘ ʂʨʘʩʠʚʘ ʌʽʟʠʢʘ LHCb. 

ʇʦʰʫʢ ʅʦʚʦʾ ʌʽʟʠʢʠ ʚ LHCb. ʎɽʈʅ. ɾʝʥʝʚʘ. 12-04-

2019
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ˤ͙͙ͣͪ͜ ;͊ͫͯ ͙͗ͭͭΎ ς
͊ͫ͋͘͜ ͔͙͒ͤͭ͜ͺ͊͜͟ͼ͜͝ ζ˭͎ͤ͊ͤͦͦη 
ͭ͊ ζ ˹͍͎ͦͦͦη

˽͍ͦͪͤ͜ΎͤͤΎ ;͍͊ͫ͜ ͙͗ͭΎ
B-͔ͣͦͤ͊ͭ͊͘ ɽb-͋͊ͪͦͤ͊͜

HQE-͔ͭͦͪ͜Ύ[NPB,483, 339, 1997] :

Åˤ͙͚͊͗͟b-͍͍͙͊ͪͤ͊͘͟͟;͙͔͊ͭͣ;͙͊ͫ͗ ͭͭΎ͍
ͦ͋ͦͻͪ͘ ͊͊͘͟ͻ͔ͣ͊ͭͪ͜͝b͘ ͍͊ͪͦͣ͟͟!

Ǻͦ͋ͭͦ;͙͊ͫ͗ ͭͭΎB-͔ͣͦͤ͊ͭ͘ ɽ͊b-͋͊ͪͦͤ͊͜

ͣ͊ΊΊ͋ ͙͍͙ͯͭͦ͒ͤ͊ͦͣ͟.

Å˻͒ͤ͊͟Σ͔͍͊ͨͪͦͪͤ͒ͦͣ͊ͪͦ͜͜͜͡Έ͔ͭͪͭΈͦ͝
;͙͙͍͊ͫͭͤ͟ɽb- ͋͊ͪͦͤ͜͜Χˤͦͤ͊ͣͦ ͔͙͗͋ͯͭ
ͫͯͭͭΊ͍ͦΌ!

Å˭ ͤ͊΄͙ͻͪ͊ͤͤ͜ͻ͔͒ͦͫ͒͗ͤ͜͡ΈͭͪΈͦͻ-
;͙͍͙͊ͫͭͤͦ͟ͻͨͪͦͼ͔͍ͫ͜Ύ͍͔͚͒ͪͤ͜ͺ͙͘͜ͼ͙ͣ͜
͔͎͙͙ͫͨͦͫͭͪ͊ͣͦ͒͜͡ͺ͊͜͟ͼ͜Ό΄͙͙͙ͪͤό;͊ͫͯ
͙͗ͭͭΎύ͙͍ͦͪͦͭͦ͗ͯ͟͟;͙ͻ͔͍ͪͦͤ͊ͤͫ͘͜
͍ͯͦͤͫ͟͜͡Έ͙͔͔ͣͨͦͣͭͪͭ͟͡Έͦ͝;͙͙͊ͫͭͤ͟Χ

Å LHCbresult:

ˍόɽbύκˍό.0) = 0.976ҕ0.012ҕ0.006

˽͍͔͔͒ͭͪ͒͗ͤͤ͜Ύ HQE ςͭ ͔ͦͪ͜͝.

ˤ͙͋ͪ͊ͤ͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͔͔͙͔ͫͨͪͣͤͭͯ͟ LHCb
ˤ͙͍͊ͫͭͦͫͭ͜͡ ͍͙͊͗͟ͻ ͍͊͒ͪͦͤ͜ 

όͣ͊ͫ͊Σ ;͊ͫ ͙͗ͭͭΎΣ ͎͙͜͟͡ ͪͦͨ͊͒ͯ͘Σ Χύ

(̱ɽb) = 1.482ҕ0.018ҕ0.012 ps
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˽ͦͪͯ΄͔ͤͤΎ ˿˾ ͙͔ͫͣͭͪ͜͝ ς
͙ͦ͒ͤ ͘͜ ;͙͙͍ͤͤ͟͜ ͙͔͙͊ͫͣͭͪ;ͤͦ͝ ͍͙ͪͦ͋ͯ͒ͦ͘ ˤ͔͍ͫͫͭͯ͜ 

ˤ͙͋ͪ͊ͤ͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͔͔͙͔ͫͨͪͣͤͭͯ͟ LHCb
˸͔͊ͭͪ͜Ύ ςs ͙ͤͭ ͔ͣ͊ͭͪ͜Ύ
˻ͫͼ͙͡Ύͼ͜˲ B ςͣ ͔͍ͦͤ͘͜Σ 

ͨͦͪͯ΄͔ͤͤΎ ˿˾ ςͫ ͙͔ͣͭͪ͜͝Σ Χύ 

͙́ͪ ͍͙̂ͣͦ  ˿͊ͻ͍͊ͪͦ͊
͍͙͙͔ͤͤͤͤ͟Ύ ͋͊ͪͦͤͤͦ͜͝ ͙͔͊ͫͣͭͪ͜͝ 

ˤ͔͍ͫͫͭͯ͜Υ

Å˹͔͔͔͔͋ͪ͗ͤͤ͘Ύ ͎͋͊ͪͦͤͤͦͦ͜ 
;͙ͫ͊͡

Å˽ͦͪͯ΄͔ͤͤΎ ˿˾-͙͔ͫͣͭͪ͜͝

Å˽ͦͪͯ΄͔ͤͤΎ ͔͍͎ͭͨͦͦͦ͡ 
͋͊͊ͤͫͯ͡ 



˽ͦͪͯ΄͔ͤͤΎ CP ͫ ͙͔ͣͭͪ͜͝

CPViolation (CPV)ςͨ ͔ͦͭͤͼ͊͜͡Έ͔͔͔ͤ͒͗ͪͦ͡˹͍͙͙ͦͦ̅͘͜͟͝:

ü ˾ͦͪ͊͘ͻ͙ͯͤ͊͘͟˿ ͭ͊ͤ͒͊ͪͭͤͦΌ˸͔ͦ͒͡͡Ό͍ͪͤ͜Ύͨͦͪͯ΄͔ͤͤΎCP͙͔ͫͣͭͪͤ͊͋͜͝ ͎͊͊ͭͦͨͦͪΎ͍͔͒ͤ͒ͦͫͭ͊ͭͤ͒͟͜͜͡ΎͨͦΎ͔ͫͤͤͤΎ͙͔͋͊ͪͦͤͤͦ͊ͫͣͭͪ͜͜͝͝
ˤ͔͍ͫͫͭͯ͜

˸͙͍ͦ͗͜͡ ͙ͭͪ ΄͡Ύͻ͙ ͒͡Ύ ͨͦͪͯ΄͔ͤͤΎ ˿˾ ͙͔ͫͣͭͪ͜͝Υ

Å ˽ͪΎ͙͚ͣ ς͍  ͪͦͨ͊͒͊͘ͻ 

Å ˹͔ͨͪΎ͙͚ͣ ς͘ ͊ ͪ͊ͻͯͤͦ͟ ζͣ͘͜΄͍ͯ͊ͤͤΎη

Å ͔͔̉ͪ͘ ͔ͤͭͪ͜ͺ͔͔ͪͤͼ͜Ό ͼ͙ͻ ͍͒ͦͻ ͨͪͦͼ͔͍ͫ͜

B ςmesons 

mixing (oscillations)

ζ˭ͣ͜΄͍ͯ͊ͤͤΎη ͔ͣͦ͗ ͙ͨͪͦͭ͊ͭ͜͟ ͭ͊ͦ͗͟ ;͔͔ͪ͘ 

˽͔ͭ͡Έ͍ͦ͜ ͎͙͒͊ͪ͊ͣ͜ ͊͘ ͯ;͊ͫͭΌ ͍͙͊͗͟ͻ ͙ͨͪͦͣ͗ͤ͜ͻ ς> ˹ ͍ͦ͊ ͙̅͊͘͜͟ Η

ˤΦ˸Φ ˽͎ͯ͊;Φ ˨͙͍ͤ͊Σ ͍̉͊ͪͤ͊͜ ͭ͊ ˴͙͍ͪ͊ͫ͊ ͙̅͊͘͜͟ LHCb. ˽ ͦ΄ͯ͟ 
˹͍ͦͦ͝ ͙͙̅͘͜͟ ͍ LHCb. ̇ ˩˾˹Φ ˬ͔͔͍ͤ͊Φ мн-04-2019
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ˤ͙͋ͪ͊ͤ͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͔͔͙͔ͫͨͪͣͤͭͯ͟ LHCb
˸͔͊ͭͪ͜Ύ ςs ͙ͤͭ ͔ͣ͊ͭͪ͜Ύ
˻ͫͼ͙͡Ύͼ͜˲ B ςͣ ͔͍ͦͤ͘͜Σ 

ͨͦͪͯ΄͔ͤͤΎ ˿˾ ςͫ ͙͔ͣͭͪ͜͝Σ Χύ 



˽ͦͪͯ΄͔ͤͤΎ ˿˾ ͙͔ͫͣͭͪ͜͝ ͍ ͨͪΎ͙ͣͻ 
ͪͦͨ͊͒͊͘ͻ ˴͙͍͙ͪ͊ͫͻ ͔͍ͣͦͤ͘͜

ˤΦ˸Φ ˽͎ͯ͊;Φ ˨͙͍ͤ͊Σ ͍̉͊ͪͤ͊͜ ͭ͊ ˴͙͍ͪ͊ͫ͊ ͙̅͊͘͜͟ LHCb. ˽ ͦ΄ͯ͟ 
˹͍ͦͦ͝ ͙͙̅͘͜͟ ͍ LHCb. ̇ ˩˾˹Φ ˬ͔͔͍ͤ͊Φ мн-04-2019
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Measuring asymmetriesï

restrict the systematicerrors

Asymmetrieswere derived from
measureddata for decays
of neutral Bd aswell asBs mesons
(to get rid out of systematicerrors)

˾͔ͯ͘͡Έ͙ͭ͊ͭ ͎ͯͦ͒͗ͯ͘ΌͭΈͫΎ ͘͜ ͪͦͪ͊͘ͻ͙ͯͤ͊ͣ͟
˿ͭ͊ͤ͒͊ͪͭͤͦ͝ ˸͔ͦ͒͜͡

ʇʝʨʰʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʉɿ ïʧʦʨʫʰʝʥʥʷ 

ʚ ʨʦʟʧʘʜʘʭ B0
sʤʝʟʦʥʽʚ.

ACP(B0
sŸK

-ˊ+) = +0.28 Ñ0.04  

ACP(B0ŸK+ˊ-) = -0.091 Ñ0.006 

The most precise measurement. 

ˤ͙͋ͪ͊ͤ͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͔͔͙͔ͫͨͪͣͤͭͯ͟ LHCb
˸͔͊ͭͪ͜Ύ ςs ͙ͤͭ ͔ͣ͊ͭͪ͜Ύ
˻ͫͼ͙͡Ύͼ͜˲ B ςͣ ͔͍ͦͤ͘͜Σ 

ͨͦͪͯ΄͔ͤͤΎ ˿˾ ςͫ ͙͔ͣͭͪ͜͝Σ Χύ 



ˤΦ˸Φ ˽͎ͯ͊;Φ ˨͙͍ͤ͊Σ ͍̉͊ͪͤ͊͜ ͭ͊ ˴͙͍ͪ͊ͫ͊ ͙̅͊͘͜͟ LHCb. 
˽ͦ΄ͯ͟ ˹͍ͦͦ͝ ͙͙̅͘͜͟ ͍ LHCb. ̇ ˩˾˹Φ ˬ͔͔͍ͤ͊Φ мн-04-2019

61

˽ͦͪͯ΄͔ͤͤΎ ˿˾ ͙͔ͫͣͭͪ͜͝
;͔͔ͪ͘ ͣ͘͜΄͍ͯ͊ͤͤΎ ͍ ͪͦͨ͊͒͊͘ͻ ˤ ͔͍ͣͦͤ͘͜

ˤ͙͋ͪ͊ͤ͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͔͔͙͔ͫͨͪͣͤͭͯ͟ LHCb
˸͔͊ͭͪ͜Ύ ςs ͙ͤͭ ͔ͣ͊ͭͪ͜Ύ
˻ͫͼ͙͡Ύͼ͜˲ B ςͣ ͔͍ͦͤ͘͜Σ 

ͨͦͪͯ΄͔ͤͤΎ ˿˾ ςͫ ͙͔ͣͭͪ͜͝Σ Χύ 

˿͔͔͔ͨͦͫͭͪ͗ͤͤΎ ͔͍ͦ͡Όͼ͜͝ ͚ͨͦ͒͜  ͊͘ ͯ;͊ͫͭΌ ;͙͊ͫͭͤͦ͟ ͭ͊ ͙͊ͤͭ-;͙͊ͫͭͤͦ͟ 
͔ͣͦ͗ ͙ͤ͊͒͊ͭ ͙͎ͫͤ͊͡ ͨͪͦ ˹͍ͦͯ ͺ͙ͯ͘͜͟Φ



̉͊ͫͭͦͭ͊ ͦͫͼ͙͡Ύͼ͚͜ Bs ͔͍ͣͦͤ͘͜ 

ɺ.ʄ. ʇʫʛʘʯ. ɼʠʚʥʘ, ʏʘʨʽʚʥʘ ʪʘ ʂʨʘʩʠʚʘ ʌʽʟʠʢʘ 

LHCb. ʇʦʰʫʢ ʅʦʚʦʾ ʌʽʟʠʢʠ ʚ LHCb. ʎɽʈʅ. 
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ʈʝʟʫʣʴʪʘʪʠ ʜʣʷ Bsïʤʝʟʦʥʽʚ:

ʨʦʟʧʘʜʠ ʯʝʨʝʟD-
ś

+ and D+
ś

- . 

ˤ͙ͯ͡;͔ͤ͊ ;͊ͫͭͦͭ͊ ͦͫͼ͙͡Ύͼ͚͜ ͍͙ͫͭ͊ͤͦͭΈ Υ

ȹms = 17.768 Ñ0.023 Ñ0.006 ps-1

LHCb ʚʠʤʽʨʶʻ ʝʚʦʣʶʮʽʶ ʘʨʦʤʘʪʫ (ʟʤʽʰʫʚʘʥʥʷ) ʟ ʪʦʯʥʽʩʪʶ 45 fs, ʟʘʚʜʷʢʠ 

ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʚʪʦʨʠʥʥʠʭ ʚʝʨʰʠʥ ʨʦʟʧʘʜʫ ɺ ʤʝʟʦʥʽʚ ʟ ʪʦʯʥʽʩʪʶ 30-40 Õm(VELO !).

ʍʘʨʘʢʪʝʨʥʽ ʨʠʩʠ çʟʤʽʰʫʚʘʥʥʷè: ʨʽʟʥʠʮʷ ʤʘʩȹm (ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʘʩʪʦʪʦʶ ʟʤʽʰʫʚʘʥʥʷ), 

ʨʽʟʥʠʮʷ ʰʠʨʠʥ ʨʦʟʧʘʜʫ ȹɻ, ʬʘʟʘ ʤʽʞ ʘʤʧʣʽʪʫʜʘʤʠ ʨʦʧʘʜʫ ʪʘ ʟʤʽʰʫʚʘʥʥʷūs .

ˤ͙͋ͪ͊ͤ͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͔͔͙͔ͫͨͪͣͤͭͯ͟ LHCb
˸͔͊ͭͪ͜Ύ ςs ͙ͤͭ ͔ͣ͊ͭͪ͜Ύ
˻ͫͼ͙͡Ύͼ͜˲ B ςͣ ͔͍ͦͤ͘͜Σ 

ͨͦͪͯ΄͔ͤͤΎ ˿˾ ςͫ ͙͔ͣͭͪ͜͝Σ Χύ 



ʇʦʨʫʰʝʥʥʷ CPͫ ͙͔ͣͭͪ͜͝ 
;͔͔ͪ͘ Bsͣ͘͜΄͍ͯ͊ͤͤΎ

ˤΦ˸Φ ˽͎ͯ͊;Φ ˨͙͍ͤ͊Σ ͍̉͊ͪͤ͊͜ ͭ͊ ˴͙͍ͪ͊ͫ͊ ͙̅͊͘͜͟ LHCb. ˽ ͦ΄ͯ͟ 
˹͍ͦͦ͝ ͙͙̅͘͜͟ ͍ LHCb. ̇ ˩˾˹Φ ˬ͔͔͍ͤ͊Φ мн-04-2019
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Time dependent decay studies
for measuring CP violating
parametersin Bsmixing:
Bs J/ʌɼ+ɼςand 

Bs J/ʌ +̄ -̄

CP violating phase ūs may 

include new physics é

Combined for two 

processes results are 

compatible with SM. 
(Phys.Lett. B736 (2014) 186) ςUpdate for 3 fb-1

s̅ = (70  +/- 68  +/- 8 )  mrad

ˤ͙͋ͪ͊ͤ͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͔͔͙͔ͫͨͪͣͤͭͯ͟ LHCb
˸͔͊ͭͪ͜Ύ ςs ͙ͤͭ ͔ͣ͊ͭͪ͜Ύ
˻ͫͼ͙͡Ύͼ͜˲ B ςͣ ͔͍ͦͤ͘͜Σ 

ͨͦͪͯ΄͔ͤͤΎ ˿˾ ςͫ ͙͔ͣͭͪ͜͝Σ Χύ 



21 March 2019, LHCb : 

Discovery of CP violation in charm particle decays.

An important milestone in the history of particle physics.
[ ǤA

CP
= ( -0.154 Ñ0.029)% ]

ˤΦ˸Φ ˽͎ͯ͊;Φ ˨͙͍ͤ͊Σ ͍̉͊ͪͤ͊͜ ͭ͊ ˴͙͍ͪ͊ͫ͊ ͙̅͊͘͜͟ LHCb. ˽ ͦ΄ͯ͟ 
˹͍ͦͦ͝ ͙͙̅͘͜͟ ͍ LHCb. ̇ ˩˾˹Φ ˬ͔͔͍ͤ͊Φ мн-04-2019

64



LHCb, CMS. 
ˤ͔ͨͪ΄͔ ͔͔͔ͫͨͦͫͭͪ͗ͤ͜ ͪ͒ͫͤ͜͟͜͜
͙ͪͦͨ͊͒͘ ˤ-͔͍ͣͦͤ͘͜ Χ 
ͪͦ͟͟ ͒ͦ ˹͍ͦͦ͝ ͙͙̅͘͜͟ Κ 

˭͙͊ͦͤ͟  ˿ͭ͊ͤ͒͊ͪͭͤͦ͝ ˸͔ͦ͒͜͡ ͍͒ͦͦ͘͡ΎΌͭΈ ͭ͊͟͜ ͙ͪͦͨ͊͒͘  
ͤ͊ ͍ͪͤ͜͜ м ͨͦ͒͜͝ ͤ͊ 1-мл ͣ͜͡ΈΎ͍͍͙͍ͪ͒ͨ͊͒͜͟͜

Standard Model - FCNC and helicity suppressed processes with pure leptonic final state. 

ˤ͔ͨͪ΄͔ ͍ ͍ͫͭ͜͜ ͍͙ͣͪ͜Ύͤ͊ ͍ͣͦͪͤͫͭ͜͜͜Έ ͙ͭ͊͟ͻ  ͍ͪͦͨ͊͒͘͜ ˤ-͔͍ͣͦͤ͘͜
͍ͫͨͨ͊͒͊͜Ί ͔͔ͨͪ͒͋͊͘;͔ͤͤΎͣ ˿˸ ͍ ͔ͣ͗͊ͻ  нл -рл ͍͍͒ͫͦͭ͜͟͜Φ  

˹͍ͦ͜ ͍͙͙ͣͪ͜ όнлмр ςнлмт ͪΦͪΦύ ͙ͨͪ ͔͔͎ͤͪ͜͝ мо ͔́ˤ ͘ ͋͜͡Έ΄ ͍͙ͫͦͦ͟Ό ͙͙ͫͭ͊ͭͫͭͦ͟Ό ς
ͣͦ͗ͯͭΈ ͙ͫͭ͊ͭ ;͙͍͙͙ͯͭͣ͡ ͒ͦ ͍͔ͤͫͯ͟ ͨͪͦͼ͔͍ͫ͜ ͊͘ ͔͙ͣ͗͊ͣ ˿ͭ͊ͤ͒͊ͪͭͤͦ͝ ˸͔ͦ͒͜͡Φ
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ˤΦ˸Φ ˽͎ͯ͊;Φ ˨͙͍ͤ͊Σ ͍̉͊ͪͤ͊͜ ͭ͊ ˴͙͍ͪ͊ͫ͊ ͙̅͊͘͜͟ 

LHCb. ˽ ͦ΄ͯ͟ ˹͍ͦͦ͝ ͙͙̅͘͜͟ ͍ LHCb. ̇ ˩˾˹Φ 
ˬ͔͔͍ͤ͊Φ мн-04-2019

ˤ͙͋ͪ͊ͤ͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͔͔͙͔ͫͨͪͣͤͭͯ͟ LHCb
˾͒ͫͤ͜͟͜͜ ͙ͣͦ͒ ͪͦͨ͊͒ͯ͘ ͍͙͊͗͟ͻ ͍͊͒ͪͦͤ͜ ς
͙͍͔ͣͦ͗͡ ͔͔͒͗ͪͦ͡ ˹͍ͦͦ͝ ͙͙̅͘͜͟Φ




