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ɼʘ ʟʘʧʦʯʥʝʤ ʩ ʪʦʚʘ, ʢʦʝʪʦ ʟʥʘʝʤ ...



ʆʪ ʢʘʢʚʦ ʝ ʥʘʧʨʘʚʝʥ ʩʚʝʪʲʪ ʠ ʢʘʢʚʦ ʟʘʜʲʨʞʘ 

ʬʫʥʜʘʤʝʥʪʘʣʥʠʪʝ ʤʫ ʩʲʩʪʘʚʥʠ ʟʘʝʜʥʦ?

http://www.particleadventure.org/standard-model.html

ʇʦʜ ʬʫʥʜʘʤʝʥʪʘʣʥʠ ʦʙʝʢʪʠ ʥʠʝ ʠʤʘʤʝ 
ʧʨʝʜʚʠʜ, ʯʝ ʪʝ ʥʷʤʘʪ ʩʪʨʫʢʪʫʨʘ ʠ ʥʝ ʩʘ 
ʩʲʩʪʘʚʝʥʠ ʦʪ ʜʨʫʛʠ ʧʦ-ʤʘʣʢʠ ʦʙʝʢʪʠ.

http://www.particleadventure.org/standard-model.html
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ɻʦʣʝʤʠʷʪ 
ɺʟʨʠʚ

ʇʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʦ ʧʨʝʜ ʥʘʫʢʘʪʘ:

ʜʘ ʨʘʟʙʝʨʝʤ ʧʲʨʚʠʪʝ ʤʠʛʦʚʝ ʦʪ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ɺʩʝʣʝʥʘʪʘ

ʩʣʝʜ ɻʦʣʝʤʠʷ ɺʟʨʠʚ

ɼʥʝʩ
13.7 ʤʣʨʜ.ʛʦʜʠʥʠ

1028 cm



ʉʚʝʪʲʪ ʦʢʦʣʦ ʥʘʩ

ʄʘʪʝʨʠʷ

ʄʦʣʝʢʫʣʠ

ɸʪʦʤʠ
~10-8 cm

ɽʣʝʢʪʨʦʥʠ
< 10-16 cm

~10-12 cm

ʇʨʦʪʦʥ
10-13 cm ʅʝʫʪʨʦʥ

ʂʚʘʨʢʠ< 10-16 cm

ʗʜʨʘ



ʉʠʣʘʝ ʚʩʷʢʦ ʚʣʠʷʥʠʝ, ʢʦʝʪʦ ʧʨʠʯʠʥʷʚʘ ʧʨʦʤʷʥʘ ʚ ʩʢʦʨʦʩʪʪʘ ʠʣʠ ʬʦʨʤʘʪʘ ʥʘ ʜʘʜʝʥʦ ʪʷʣʦ. 

ʂʣʘʩʠʯʝʩʢʘ ʧʨʝʜʩʪʘʚʘʟʘ ʩʠʣʘ



1) ʉʠʣʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ

2) ʉʣʘʙʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ

3) ɽʣʝʢʪʨʦʤʘʛʥʠʪʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ

4) ɻʨʘʚʠʪʘʮʠʷ

ʌʫʥʜʘʤʝʥʪʘʣʥʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ



ʏʘʩʪʠʮʠʪʝʩʠʚʟʘʠʤʦʜʝʡʩʪʚʘʪʧʦʩʨʝʜʩʪʚʦʤʦʙʤʝʥʥʘʯʘʩʪʠʮʠ.

ɽʣʝʢʪʨʦʤʘʛʥʠʪʥʦ:   :)
ʉʠʣʥʦ:                        ʧʨʠʜʲʨʞʘʧʨʦʪʦʥʠʪʝʠʥʝʫʪʨʦʥʠʪʝʚ ̫ʜʨʦʪʦ

ʉʣʘʙʦ:                         ɽʥʝʨʛʠʷʥʘʩʣʲʥʮʝʪʦ, ʨʘʜʠʦʘʢʪʠʚʥʦʨʘʟʧʘʜʘʥʝ

ɻʨʘʚʠʪʘʮʠʦʥʥʦ:       ʜʲʨʞʠʥʠʥʘɿʝʤʷʪʘ

ɺʟʘʠʤʦʜʝʡʩʪʚʘʱʠʩʠʯʘʩʪʠʮʠ+ ʧʨʝʥʦʩʠʪʝʣʠʥʘʚʟʘʠʤʦʜʝʡʩʪʚʠʝ

ʉʪʘʥʜʘʨʪʝʥʄʦʜʝʣ
ʅʝ ʚʢʣʶʯʚʘ ʛʨʘʚʠʪʘʮʠʷ !!!



ʌʠʟʠʢʘ ʥʘ ʝʣʝʤʝʥʪʘʨʥʠʪʝ ʯʘʩʪʠʮʠ

ʠʟʫʯʘʚʘ ʬʫʥʜʘʤʝʥʪʘʣʥʠʪʝ ʩʲʩʪʘʚʥʠ ʯʘʩʪʠ ʥʘ ʤʘʪʝʨʠʷʪʘ

ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʪʘ ʤʝʞʜʫ ʪʷʭ.



ǒ ʊʨʠ ʧʦʢʦʣʝʥʠʷ ʬʝʨʤʠʦʥʠ:

ƺ ʂʚʘʨʢʠ

ƺ ʃʝʧʪʦʥʠ

ǒ ʏʝʪʠʨʠ ʬʫʥʜʘʤʝʥʪʘʣʥʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʪʝʭʥʠʪʝ 

ʧʨʝʥʦʩʠʪʝʣʠ

ƺ ɻʣʫʦʥʠ - ʉʠʣʥʦ

ƺ ʌʦʪʦʥʠ - ɽʣʝʢʪʨʦʤʘʛʥʠʪʥʦ

ƺ W+, W- ʠ Z - ʉʣʘʙʦ

ƺ ɻʨʘʚʠʪʦʥ - ʛʨʘʚʠʪʘʮʠʦʥʥʦ

ƴ ʥʝ ʩʝ ʨʘʟʛʣʝʞʜʘ ʚ ʉʄ

ǒ ʄʘʩʠ ʥʘ ʯʘʩʪʠʮʠʪʝ - ʍʠʛʩ ʙʦʟʦʥ (ʅ)

ʊʝʞʢʠʪʝ ʯʘʩʪʠʮʠ ʠʤʘʪ ʢʨʘʪʲʢ ʞʠʚʦʪ ʠ 

ʩʝ ʨʘʟʧʘʜʘʪ ʥʘ ʜʨʫʛʠ ʧʦ-ʣʝʢʠ ʯʘʩʪʠʮʠ.ʅʠʝ ʤʦʞʝʤʜʘ ʠʟʤʝʨʠʤ ʯʘʩʪʠʮʠʪʝ ʚ ʢʨʘʡʥʦʪʦ ʩʲʩʪʦʷʥʠʝ ʠ ʜʘ 

ʧʦʟʥʘʝʤ (ʨʝʢʦʥʩʪʨʫʠʨʘʤʝ) ʯʘʩʪʠʮʘʪʘ ʚ ʥʘʯʘʣʥʦʪʦ ʩʲʩʪʦʷʥʠʝ.

ɽʣʝʤʝʥʪʘʨʥʘ ʯʘʩʪʠʮʘ ʝ ʯʘʩʪʠʮʘ, ʟʘ ʢʦʷʪʦ ʥʷʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʜʦʢʘʟʘʪʝʣʩʪʚʘ ʟʘ ʥʘʣʠʯʠʝʪʦ ʥʘ 

ʚʲʪʨʝʰʥʘ ʩʪʨʫʢʪʫʨʘ, ʪ.ʝ. ʥʝ ʝ ʩʲʩʪʘʚʝʥʘ ʦʪ ʜʨʫʛʠ, ʧʦ-ʤʘʣʢʠ ʯʘʩʪʠʮʠ.



The Review of Particle Physics (https://pdg.lbl.gov/)

p ( u u d )
1.673x10-27 kg

~ 10 33 years

n ( u d d )
1.674x10-27 kg

~ 15 minutes (free neutron)

9.11x10-31 kg

Ð
( ----- ) ʯʘʩʪʠʮʠ

ʀʤʘʪ ʚʲʪʨʝʰʥʘ 

ʩʪʨʫʢʪʫʨʘ

ʅʷʤʘʪ ʚʲʪʨʝʰʥʘ 

ʩʪʨʫʢʪʫʨʘ

ɹʘʨʠʦʥʠ 

ʄʝʟʦʥʠ 

ʃʝʧʪʦʥʠ

ʂʚʘʨʢʠ 

????

ɹʘʨʠʦʥʠ (qqq) ʄʝʟʦʥʠ(q anti-q)

ʃʝʧʪʦʥʠ

1.817x10-27 kg

~ 1.55x10-22 s
ū( s s )

5.521x10-27 kg

~ 7x10-21 s
J/ɣ( c c )

ʂʦʣʢʦ ʥʘ ʙʨʦʡ ʩʘʯʘʩʪʠʮʠʪʝ?



ɺʩʨʝʜʘʪʘʥʘʤʠʥʘʣʠʷʚʝʢ,ʫʯʝʥʠʪʝʦʪʢʨʠʚʘʪʩʪʦʪʠʮʠʥʦʚʠʯʘʩʪʠʮʠ. ʄʲʨʠɻʝʣ-

ʄʘʥ(Murray Gell-Mann) ʠɼʞʦʨʜʞʎʚʘʡʛ(George Zweig) ʠʟʛʨʘʞʜʘʪʪʝʦʨʠʷʪʘʟʘ

ʢʚʘʨʢʦʚʠʷʩʪʨʦʝʞʥʘʘʜʨʦʥʠʪʝ, ʢʘʪʦʧʨʝʜʧʦʣʘʛʘʪ,ʯʝʚʩʠʯʢʠʪʝʟʠʯʘʩʪʠʮʠʤʦʛʘʪ

ʜʘʙʲʜʘʪʦʙʷʩʥʝʥʠʢʘʪʦʢʦʤʙʠʥʘʮʠʷʝʜʠʥʩʪʚʝʥʦʥʘʪʨʠʬʫʥʜʘʤʝʥʪʘʣʥʠʯʘʩʪʠʮʠ,

ʢʦʠʪʦʪʝʥʘʨʠʯʘʪʢʚʘʨʢʠ. ʊʝʧʦʩʪʫʣʠʨʘʪʜʨʦʙʝʥʝʣʝʢʪʨʠʯʝʥʟʘʨʷʜʥʘʢʚʘʨʢʠʪʝ.

ʈʘʟʣʠʯʥʠʢʦʤʙʠʥʘʮʠʠʦʪʪʨʠʢʚʘʨʢʘʠʟʛʨʘʞʜʘʪʙʘʨʠʦʥʠʪʝ, ʘʢʦʤʙʠʥʘʮʠʠʪʝ

ʦʪʜʚʘʢʚʘʨʢʘʠʟʛʨʘʞʜʘʪʤʝʟʦʥʠ.
Murray Gell-Mann

ʇʦ-ʥʘʪʘʪʲʰʥʠʪʝʝʢʩʧʝʨʠʤʝʥʪʠʧʦʢʘʟʚʘʪ, ʯʝʚʩʲʱʥʦʩʪ

ʘʜʨʦʥʠʪʝʩʝʠʟʛʨʘʞʜʘʪʥʝʦʪʪʨʠ, ʘʦʪ6 ʢʚʘʨʢʘ.

ʂʚʘʨʢʦʚʩʪʨʦʝʞ ʥʘ ʘʜʨʦʥʠʪʝ



ʂʚʘʨʢʠ, ʛʣʫʦʥʠʠ ʮʚʝʪʝʥ ʟʘʨʷʜ

ʎʚʝʪʥʠʪʝʟʘʨʷʜʠʠʚʟʘʠʤʦʜʝʡʩʪʚʠʷʩʝʜʲʨʞʘʪʨʘʟʣʠʯʥʦʦʪ

ʝʣʝʢʪʨʦʤʘʛʥʠʪʥʠʪʝ. ʂʚʘʨʢʠʪʝʥʝʤʦʛʘʪʜʘʩʲʱʝʩʪʚʫʚʘʪ

ʠʥʜʠʚʠʜʫʘʣʥʦ. ʇʨʠʦʧʠʪʜʘʨʘʟʜʘʣʝʯʠʤʜʚʘʢʚʘʨʢʘ,ʩʠʣʥʘʪʘ

ʥʘʮʚʝʪʥʦʪʦʚʟʘʠʤʦʜʝʡʩʪʚʠʝʥʘʨʘʩʪʚʘʠʟʘʜʲʨʞʘʢʚʘʨʢʠʪʝʚ

ʪʘʢʘʥʘʨʝʯʝʥʠʷʢʚʘʨʢʦʚʟʘʪʚʦʨ.

ʉʠʣʥʠʪʝʚʟʘʠʤʦʜʝʡʩʪʚʠʷʟʘʜʲʨʞʘʪʢʚʘʨʢʠʪʝʟʘʝʜʥʦʚʘʜʨʦʥʠʪʝ. ʇʨʝʥʦʩʠʪʝʣʠʪʝʥʘ

ʩʠʣʥʠʪʝʚʟʘʠʤʦʜʝʡʩʪʚʠʷʩʝʥʘʨʠʯʘʪʛʣʫʦʥʠ(ʦʪʘʥʛʣʠʡʩʢʘʪʘʜʫʤʘglue - ʣʝʧʠʣʦ).

ʂʚʘʨʢʠʪʝ ʠ ʛʣʫʦʥʠʪʝʠʤʘʪ ʮʚʝʪʥʠ ʟʘʨʷʜʠ.ʂʦʤʧʦʟʠʪʥʠʪʝ 

ʯʘʩʪʠʮʠ, ʠʟʛʨʘʜʝʥʠ ʦʪ ʢʚʘʨʢʠ ʩʘ ʮʚʝʪʦʚʦ ʥʝʫʪʨʘʣʥʠ.



ʇʘʨʪʦʥʠïʢʚʘʨʢʠ + ʛʣʫʦʥʠ

ʇʨʠʜʦʩʪʘʪʲʯʥʦʚʠʩʦʢʠʤʧʫʣʩʝʜʠʥʦʪʜʝʣʝʥʢʚʘʨʢʤʦʞʝʜʘʩʝʦʪʜʝʣʠʦʪʧʨʦʪʦʥʘ,ʧʨʠʪʦʚʘ

ʩʠʣʘʪʘʥʘʧʨʠʚʣʠʯʘʥʝʥʘʨʘʩʪʚʘʩʨʘʟʩʪʦʷʥʠʝʪʦʠʛʣʫʦʥʥʦʪʦʧʦʣʝʨʘʞʜʘʜʦʧʲʣʥʠʪʝʣʥʠ

ʢʚʘʨʢ-ʘʥʪʠʢʚʘʨʢʦʚʠʜʚʦʡʢʠïʨʘʞʜʘʩʝʧʠʦʥʠʣʠʨʘʟʣʠʯʥʠʚʠʜʦʚʝʘʜʨʦʥʠ/ʧʠʦʥʠ, ʢʘʦʥʠʠʜʨ./

ʅʦʚʠʪʝ ʘʜʨʦʥʠ, ʨʦʜʝʥʠ ʧʨʠ ʪʦʟʠ ʧʨʦʮʝʩ (ʘʜʨʦʥʠʟʘʮʠʷ) ʩʝ ʛʨʫʧʠʨʘʪ ʧʦ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʠʤʧʫʣʩʘ ʥʘ 

ʚʠʩʦʢʦ ʝʥʝʨʛʝʪʠʯʥʠʪʝ ʢʚʘʨʢʠ ïʦʙʨʘʟʫʚʘʪ ʩʝ Ăʘʜʨʦʥʥʠʩʪʨʫʠñ, ʢʦʠʪʦ ʩʝ ʨʝʛʠʩʪʨʠʨʘʪ ʚ ʜʝʪʝʢʪʦʨʘ.



ʉʠʩʪʝʤʠ ʦʪ ʤʝʨʥʠ ʝʜʠʥʠʮʠ

ɺʝʣʠʯʠʥʘSI NU

c=ǩ=1

ɼʲʣʞʠʥʘ[m] [1/eV]

ɺʨʝʤʝ [s] [1/eV]

ɽʥʝʨʛʠ[̫J] [eV]

ʀʤʧʫʣʩ[kg.m/s] [eV/c]

ʄʘʩʘ [kg] [eV/c2]

é.

ɽʣʝʢʪʨʦʥʚʦʣʪʝ ʢʠʥʝʪʠʯʥʘʪʘ ʝʥʝʨʛʠʷ, ʢʦʷʪʦ ʝ ʧʨʠʜʦʙʠʪʘ ʦʪ ʝʣʝʢʪʨʦʥ ʧʨʠ ʧʨʝʤʠʥʘʚʘʥʝʪʦ ʤʫ 

ʧʨʝʟ ʧʦʪʝʥʮʠʘʣʥʘ ʨʘʟʣʠʢʘ ʦʪ 1 ʚʦʣʪ ʚʲʚ ʚʘʢʫʫʤ.

1 TeV = 1012 eV; 1 GeV = 109 eV; 1 KeV = 1000 eV

E = qU = 1.6 x 10-19 C x 1 J/C = 1.6 x 10-19 J

ʄʝʨʥʠ ʝʜʠʥʠʮʠ ʠ ʢʘʢʚʦ ʝ ʝʜʠʥ ʝʣʝʢʪʨʦʥ-ʚʦʣʪ [eV]?



1 TeV = 1 000 000 000 000 eV = 1012 eV

ʂʦʤʘʨ ʠʤʘ ʤʘʩʘ ʦʢʦʣʦ 2 mgr = 2 x 10-6 kg

1 eV = 1.6 x 10-19 Joules

1 TeV = 1.6 x 10-19 x 1012 Joules = 1.6 x 10-7 Joules

m v2 = 1.6 x 10-7 Joules, m = 2 x 10-6 kg ʩʣʝʜʦʚʘʪʝʣʥʦ v = 0.4 m/s = 1.4 km/h

ʂʦʤʘʨʠʪʝ ʤʦʛʘʪ ʜʘ ʣʝʪʷʪ ʦʢʦʣʦ1,6 ï2,4 km/h.

ʇʦʯʪʠ ʢʦʣʢʦʪʦ ʝ ʢʠʥʝʪʠʯʥʘʪʘ 

ʝʥʝʨʛʠʷ ʥʘ ʝʜʠʥ ʣʝʪʷʱ ʢʦʤʘʨ

ʊʦʚʘ, ʢʦʝʪʦ ʧʨʘʚʠ LHC ʪʦʣʢʦʚʘ ʥʝʦʙʠʢʥʦʚʝʥ ʝ, ʯʝ ʩʤʘʯʢʚʘ/ʩʲʩʨʝʜʦʪʦʯʘʚʘ 

ʝʥʝʨʛʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʦʢʦʣʦ ʤʠʣʠʦʥ ʤʠʣʠʦʥ ʧʲʪʠ ʧʦ-ʤʘʣʢʦ ʦʪ ʢʦʤʘʨ. 

ʂʦʣʢʦ ʝʥʝʨʛʠʷ ʝ 1TeV?



ʉʠʩʪʝʤʠ ʦʪ ʤʝʨʥʠ ʝʜʠʥʠʮʠ

ɺʝʣʠʯʠʥʘSI NU

c=ǩ=1

ɼʲʣʞʠʥʘ[m] [1/eV]

ɺʨʝʤʝ [s] [1/eV]

ɽʥʝʨʛʠ[̫J] [eV]

ʀʤʧʫʣʩ[kg.m/s] [eV/c]

ʄʘʩʘ [kg] [eV/c2]

é.

E = mcĮ   Ą c=ǩ=1  Ą E = m

ɽʣʝʢʪʨʦʥʚʦʣʪʝ ʢʠʥʝʪʠʯʥʘʪʘ ʝʥʝʨʛʠʷ, ʢʦʷʪʦ ʝ ʧʨʠʜʦʙʠʪʘ ʦʪ ʝʣʝʢʪʨʦʥ ʧʨʠ ʧʨʝʤʠʥʘʚʘʥʝʪʦ ʤʫ 

ʧʨʝʟ ʧʦʪʝʥʮʠʘʣʥʘ ʨʘʟʣʠʢʘ ʦʪ 1 ʚʦʣʪ ʚʲʚ ʚʘʢʫʫʤ.

1 TeV = 1012 eV; 1 GeV = 109 eV; 1 KeV = 1000 eV

9.11x10-31 kg = 0.511 MeV/c2

Ð
( ----- )

p ( u u d )
1.673x10-27 kg = 0.9383 GeV/c2

~ 10 33 years

ʄʝʨʥʠ ʝʜʠʥʠʮʠ ʠ ʢʘʢʚʦ ʝ ʝʜʠʥ ʝʣʝʢʪʨʦʥ-ʚʦʣʪ [eV]?



E = mcĮ

EĮ = mĮc4

= mĮcĮ(cĮ+vĮ-vĮ)

= mĮcĮvĮ + mĮcĮ(cĮ-vĮ)

= pĮcĮ + mĮc4(1-vĮ/cĮ)

= pĮcĮ + (m0Įc /(1-vĮ/cĮ)).(1-vĮ/cĮ)

= m0Įc  + pĮcĮ

ʦʪ c=ǩ=1=> EĮ = m0Į + pĮ

m0 - ʤʘʩʘ ʥʘ ʧʦʢʦʡ ʥʘ ʯʘʩʪʠʮʘʪʘ.

ʅʝ ʩʝ ʧʨʦʤʝʥʷ ʚ ʨʘʟʣʠʯʥʠʪʝ ʦʪʧʨʘʚʥʠ ʢʦʦʨʜʠʥʘʪʥʠ ʩʠʩʪʝʤʠ.

ɿʘʪʦʚʘ ʩʝ ʥʘʨʠʯʘ ʦʱʝ ʠʥʚʘʨʠʘʥʪʥʘ ʤʘʩʘ.

ɸʢʦ ʟʥʘʝʤ ʤʘʩʘʪʘ ʥʘ ʯʘʩʪʠʮʘʪʘ, ʢʦʷʪʦ ʩʤʝ ʨʝʛʠʩʪʨʠʨʘʣʠ, ʤʦʞʝ ʜʘ ʧʦʟʥʘʝʤ ʢʦʷ ʝ ʯʘʩʪʠʮʘʪʘ ʩ 

ʪʦʯʥʦʩʪ ʜʦ ʥʝʡʥʠʷ ʝʣʝʢʪʨʠʯʝʩʢʠ ʟʘʨʷʜ.

ʅʘʧʨʠʤʝʨʝ- ʠʝ+ʩʘʯʘʩʪʠʮʘʠʘʥʪʠʯʘʩʪʠʮʘʩʝʜʥʘʢʚʘʤʘʩʘ,ʥʦʩʨʘʟʣʠʯʝʥʝʣʝʢʪʨʠʯʝʩʢʠʟʘʨʷʜ.

ʂʦʷ ʤʘʩʘ ʥʘ ʯʘʩʪʠʮʠʪʝ ʠʩʢʘʤʝ ʜʘ ʠʟʤʝʨʠʤ?



ɼʝʪʝʢʪʦʨʠ - ʝʢʩʧʝʨʠʤʝʥʪʲʪ CMS



ɻʦʣʷʤ ʘʜʨʦʥʝʥʢʦʣʘʡʜʝʨLHC



ʇʨʦʪʦʥʠ

ʁʦʥʠ

ʅʝʫʪʨʦʥʠ

ɸʥʪʠʧʨʦʪʦʥʠ

ɽʣʝʢʪʨʦʥʠ

ʉʥʦʧʦʚʝ:

LHC ïɻʦʣʷʤ ɸʜʨʦʥʝʥ ʂʦʣʘʡʜʝʨ

SPS ïʉʫʧʝʨ ʇʨʦʪʦʥʝʥ ʉʠʥʭʨʦʪʨʦʥ

PS ï ʇʨʦʪʦʥʝʥ ʉʠʥʭʨʦʪʨʦʥ

AD ïɸʥʪʠʧʨʦʪʦʥʝʥ ʜʝʩʝʣʝʨʘʪʦʨ

CTF3 ïʊʝʩʪʦʚ ʉʪʝʥʜ ʟʘ ɽʢʩʧʝʨʠʤʝʥʪʘ CLIC

CNGS ïʅʝʫʪʨʠʥʝʥ ʩʥʦʧ ʦʪ ʎɽʈʅ ʟʘ ɻʨʘʥ

ʉʘʩʦ

ISOLDE ïʋʩʪʘʥʦʚʢʘ ʟʘ ʠʟʫʯʘʚʘʥʝ ʥʘ ʗʜʨʝʥʠ 

ʀʟʦʪʦʧʠ

LEIR ïʇʨʲʩʪʝʥ ʟʘ ʁʦʥʠ ʩ ʅʠʩʢʠ ɽʥʝʨʛʠʠ

LINAC 2 ïʃʠʥʝʝʥ ʋʩʢʦʨʠʪʝʣ2

N-TOF ïʅʝʫʪʨʦʥʘ ʋʩʪʘʥʦʚʢʘ 

ʋʩʢʦʨʠʪʝʣʠ

ʉʠʩʪʝʤʘ ʦʪ ʫʩʢʦʨʠʪʝʣʠ ʥʘ ʎɽʈʅ



ǒ ʋʩʢʦʨʠʪʝʣ ʥʘ ʟʘʨʝʜʝʥʠ ʯʘʩʪʠʮʠ -

ʚ ʥʘʰʠʷ ʩʣʫʯʘʡ ʧʨʦʪʦʥʠ

ǒ ʉʙʣʲʩʢʚʘʥʝ ʥʘ ʯʘʩʪʠʮʠ - ʝʥʝʨʛʠʷ 

ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ:

ƺ ɽ = ɽ(ʩʥʦʧ 1)+ ɽ(ʩʥʦʧ 2)

ǒ ʅʘʡ-ʚʠʩʦʢʘ ʝʥʝʨʛʠʷ ʥʘ 

ʩʙʣʲʩʲʮʠʪʝ ʥʘ LHC ʜʦʩʝʛʘ:

ƺ ɽ = 13 [TeV] = 2 x 6.5 [TeV] 

(2015 - 2018 ʛ.)

ǒ ʇʨʦʝʢʪʥʘ ʝʥʝʨʛʠʷ ʥʘ LHC:

ƺ ɽ = 14 TeV

ǒ ɺʨʲʟʢʘ (ʧʨʝʚʨʲʱʘʥʝ) ʤʝʞʜʫ ʝʥʝʨʛʠʷ ʠ ʤʘʩʘ: E = mc2

ǒ ʇʨʠ ʩʙʣʲʩʲʢʘ ʥʘ ʩʥʦʧʦʚʝʪʝ ʦʪ ʧʨʦʪʦʥʠ ʩʝ ʨʘʞʜʘʪ 

ʤʥʦʛʦ ʥʦʚʠ ʯʘʩʪʠʮʠ.

ǒ ʇʦ-ʪʝʞʢʠʪʝ ʯʘʩʪʠʮʠ ʩʘ ʥʝʩʪʘʙʠʣʥʠ ʠ ʩʝ ʨʘʟʧʘʜʘʪ ʙʲʨʟʦ 

ʜʦ ʧʦ-ʣʝʢʠ ʯʘʩʪʠʮʠ, ʢʦʠʪʦ ʤʦʞʝʤ ʜʘ ʠʟʤʝʨʠʤ.



ɸʢʦʩʤʝʩʲʟʜʘʣʠʯʘʩʪʠʮʠʧʨʠʩʙʣʲʩʲʢʚʫʩʢʦʨʠʪʝʣ,ʠʩʢʘʤʝʜʘʤʦʞʝʤʜʘʛʠʨʘʟʛʣʝʞʜʘʤʝʠʠʟʫʯʘʚʘʤʝ.

ʀʪʫʢʠʜʚʘʪʜʝʪʝʢʪʦʨʠʪʝʟʘʯʘʩʪʠʮʠ. ʅʠʝʛʠʠʟʛʨʘʞʜʘʤʝʚʪʦʯʢʠʪʝʥʘʩʙʣʲʩʲʢʚʫʩʢʦʨʠʪʝʣʠʛʠʠʟʧʦʣʟʚʘʤʝ,

ʟʘʜʘʠʜʝʥʪʠʬʠʮʠʨʘʤʝʢʦʣʢʦʪʦʩʝʤʦʞʝʧʦʚʝʯʝʦʪʪʦʚʘ,ʢʦʝʪʦʝʧʨʦʠʟʚʝʜʝʥʦʧʨʠʩʙʣʲʩʲʢʘ.

ʇʨʠʥʮʠʧʲʪ ʥʘ ʜʝʪʝʢʪʦʨʘ ʟʘ ʯʘʩʪʠʮʠ ʝ ʧʨʦʩʪ. ʊʦʡ ʥʠʢʦʛʘ ʥʷʤʘ ʜʘ Ăʚʠʜʠò ʯʘʩʪʠʮʘ ʜʠʨʝʢʪʥʦ, ʥʦ ʧʦʢʘʟʚʘ ʢʲʜʝ ʝ 

ʧʲʪʫʚʘʣʘ, ʢʘʢʚʠ ʩʣʝʜʠ ʦʩʪʘʚʷ ʩʣʝʜ ʩʝʙʝ ʩʠ ʠ ʝʬʝʢʪʘ, ʢʦʡʪʦ ʠʤʘ ʚʲʨʭʫ ʜʝʪʝʢʪʦʨʘ, ʢʦʛʘʪʦ ʙʲʜʝ ʩʧʨʷʥʘ, 

ʜʦʢʘʪʦ ʠʟʣʠʪʘ ʦʪ ʩʙʣʲʩʲʢʘ. 

ɼʝʪʝʢʪʦʨʠʪʝ ʩʝ ʩʲʩʪʦʷʪ ʦʪ ʩʣʦʝʚʝ ʦʪ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʝ ʤʘʪʝʨʠʘʣ, ʢʦʠʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʠʣʠ ʜʘ ʥʠ ʧʦʢʘʞʘʪ ʧʲʪʷ 

ʥʘ ʯʘʩʪʠʮʘʪʘ, ʜʦʢʘʪʦ ʩʝ ʜʚʠʞʘʪ, ʠʣʠ ʜʘ ʷ ʘʙʩʦʨʙʠʨʘʪ, ʟʘ ʜʘ ʥʘʢʘʨʘʪ ʯʘʩʪʠʮʘʪʘ ʜʘ ʩʧʨʝ. 

ʄʦʞʝʤ ʜʘ ʠʜʝʥʪʠʬʠʮʠʨʘʤʝ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʝ ʯʘʩʪʠʮʠ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʪʦʚʘ ʢʲʜʝ ʩʧʠʨʘʪ ʚ ʜʝʪʝʢʪʦʨʘ ʠ ʢʘʢ 

ʠʟʛʣʝʞʜʘ ʧʲʪʷʪ ʠʤ. ʊʦʚʘ ʝ ʤʘʣʢʦ ʢʘʪʦ ʧʦʣʠʮʝʡʩʢʦ ʨʘʟʩʣʝʜʚʘʥʝ ʩʣʝʜ ʘʚʪʦʤʦʙʠʣʥʘ ʢʘʪʘʩʪʨʦʬʘ ïʘʢʦ ʟʥʘʝʤ 

ʢʘʢʚʠ ʯʘʩʪʠʮʠ ʩʘ ʩʝ ʦʙʨʘʟʫʚʘʣʠ ʧʨʠ ʩʙʣʲʩʲʢʘ, ʚ ʢʘʢʚʘ ʧʦʩʦʢʘ ʩʘ ʣʝʪʷʣʠ ʠ ʢʦʣʢʦ ʝʥʝʨʛʠʷ ʩʘ ʠʤʘʣʠ, ʤʦʞʝʤ 

ʜʘ ʨʝʢʦʥʩʪʨʫʠʨʘʤʝ ʢʘʢʚʦ ʪʦʯʥʦ ʩʝ ʝ ʩʣʫʯʠʣʦ ʧʨʠ ʩʙʣʲʩʲʢʘ. 

ʂʘʢ ʠʟʛʣʝʞʜʘ ʝʜʠʥ ʜʝʪʝʢʪʦʨ? 





ʉʦʣʝʥʦʠʜʘʣʝʥ ʤʘʛʥʠʪ

ʉʫʧʝʨʧʨʦʚʦʜʷʱʘ ʥʘʤʦʪʢʘ

ʄʘʛʥʠʪʥʦ ʧʦʣʝ:

3.8 ʊ ʚʲʚ ʚʲʪʨʝʰʥʦʩʪʪʘ, 

ʟʘʪʚʦʨʝʥʘ ʦʪ ʤʘʛʥʠʪʘ

~1.8 T ʠʟʚʲʥ ʤʘʛʥʠʪʘ

ɽʣʝʢʪʨʦʤʘʛʥʠʪʝʥ ʢʘʣʦʨʠʤʝʪʲʨ

ʂʨʠʩʪʘʣʠ ʦʪ ʦʣʦʚʝʥ ʚʦʣʬʨʘʤʘʪ

ɸʜʨʦʥʝʥ ʢʘʣʦʨʠʤʝʪʲʨ - ʪʠʧ ʩʘʥʜʚʠʯ

ʉʪʦʤʘʥʘ (ʚ ʮʝʥʪʨʘʣʥʘʪʘ ʯʘʩʪ)

ʠʣʠ ʤʝʩʠʥʛ (ʚ ʟʘʪʚʘʨʷʱʠʪʝ ʯʘʩʪʠ)

ʠ ʧʣʘʩʪʤʘʩʦʚʠ ʩʮʠʥʪʠʣʘʪʦʨʠ

ɺʲʪʨʝʰʝʥ ʪʨʝʢʦʚ ʜʝʪʝʢʪʦʨ ïʜʚʝ ʦʩʥʦʚʥʠ ʩʠʩʪʝʤʠ:

ʉʠʣʠʮʠʝʚ ʧʠʢʩʝʣʦʚ ʜʝʪʝʢʪʦʨ

ʉʠʣʠʮʠʝʚ ʤʠʢʨʦʩʪʨʠʧʦʚ ʜʝʪʝʢʪʦʨ

ɾʝʣʷʟʥʘ ʢʦʥʩʪʨʫʢʮʠʷ (yoke) ʥʘ ʜʝʪʝʢʪʦʨʘ

ʇʨʝʟ ʥʝʛʦʩʝ ʟʘʪʚʘʨʷʪ ʤʘʛʥʠʪʥʠʪʝ ʩʠʣʦʚʠ ʣʠʥʠʠ

ʄʶʦʥʥʘ ʩʠʩʪʝʤʘ - ʮʝʥʪʨʘʣʥʘ ʯʘʩʪ:

ʂʘʤʝʨʠ ʩ ʜʨʝʡʬʦʚʠ ʪʨʲʙʠ (DT)

ʂʘʤʝʨʠ ʩʲʩ ʩʲʧʨʦʪʠʚʠʪʝʣʥʘ ʧʣʦʩʢʦʩʪ (RPC)

ʄʶʦʥʥʘ ʩʠʩʪʝʤʘ ï

ʟʘʪʚʘʨʷʱʠ ʯʘʩʪʠ:

ʂʘʪʦʜʥʠ ʩʪʨʠʧʦʚʠ

ʢʘʤʝʨʠ  (CSC)

ʂʘʤʝʨʠ ʩʲʩ 

ʩʲʧʨʦʪʠʚʠʪʝʣʥʘ

ʧʣʦʩʢʦʩʪ (RPC)

ɽʢʩʧʝʨʠʤʝʥʪʲʪCMS (Run1&2) 

(ʂʦʤʧʘʢʪʝʥ ʤʶʦʥʝʥʩʦʣʝʥʦʠʜ)



Z

X

Y
Transversal view

Azimuth angle ű = angle (X, Y)

Polar angle ɗ = angle (Z, Y)

-Z

ʎʠʣʠʥʜʨʠʯʥʘ ʛʝʦʤʝʪʨʠʷ

ɖ-Pseudorapidity



S N

ʉʦʣʝʥʦʠʜ (ʤʘʛʥʠʪʥʦ ʧʦʣʝ) ʊʨʘʝʢʪʦʨʠʷʪʘ ʥʘ ʟʘʨʝʜʝʥʘ ʯʘʩʪʠʮʘ ʩʝ 

ʟʘʢʨʠʚʷʚʘ ʚ ʤʘʛʥʠʪʥʦ ʧʦʣʝ. 

ɸʢʦ ʛʣʝʜʘʤʝ ʩʨʝʱʫ ʧʦʩʦʢʘʪʘ ʥʘ ʤʘʛʥʠʪʥʦʪʦ ʧʦʣʝ, 

ʧʦʣʦʞʠʪʝʣʥʦ ʟʘʨʝʜʝʥʠʪʝ ʯʘʩʪʠʮʠ ʱʝ ʩʝ ʦʪʢʣʦʥʷʚʘʪ ʧʦ ʧʦʩʦʢʘ ʥʘ ʯʘʩʦʚʥʠʢʦʚʘʪʘ ʩʪʨʝʣʢʘ,

ʘ ʦʪʨʠʮʘʪʝʣʥʦ ʟʘʨʝʜʝʥʠʪʝ ʚ ʦʙʨʘʪʥʘ ʧʦʩʦʢʘ.

ɺ ʧʨʠʣʦʞʝʥʠʝʪʦ iSpyWebGl, ʧʦʩʦʢʘʪʘ ʥʘ ʤʘʛʥʠʪʥʦʪʦ ʧʦʣʝ ʚʲʚ ʚʲʪʨʝʰʥʦʩʪʪʘ ʥʘ ʤʘʛʥʠʪʘ ʝ ʧʦ 

ʧʦʩʦʢʘ ʥʘ ʦʩʪʘ Z. ɺ ʦʩʥʦʚʥʠʷ XY ʠʟʛʣʝʜ, ʦʩʪʘ Z ʝ ʥʘʩʦʯʝʥʘ ʢʲʤ ʥʘʙʣʶʜʘʪʝʣʷ. 

ɼʚʠʞʝʥʠʝ ʥʘ ʟʘʨʝʜʝʥʘ ʯʘʩʪʠʮʘ ʚ ʤʘʛʥʠʪʥʦ ʧʦʣʝ



ʉʠʛʥʘʣʠʪʝʦʪʚʲʪʨʝʰʥʠʷʪʨʝʢʦʚʜʝʪʝʢʪʦʨ,

ʧʦʟʚʦʣʷʚʘʪʜʘ ʩʝ ʨʝʢʦʥʩʪʨʫʠʨʘʪʪʝʭʥʠʪʝ

ʪʨʘʝʢʪʦʨʠʠ. ɻʦʣʝʤʠʥʘʪʘʥʘʟʘʢʨʠʚʷʚʘʥʝʥʘ

ʪʝʭʥʠʪʝʪʨʘʝʢʪʦʨʠʠʧʦʟʚʦʣʷʚʘʪʦʧʨʝʜʝʣʷʥʝʪʦ

ʥʘʪʝʭʥʠʷʠʤʧʫʣʩʧʦʬʦʨʤʫʣʘʪʘr ~ p/B, ʢʲʜʝʪʦr

[m] ʝ ʨʘʜʠʫʩʲʪʥʘʢʨʠʚʠʥʘʪʘ,p [GeV/c] ï

ʠʤʧʫʣʩʲʪʥʘʝʣʝʢʪʨʦʥʘ,ʘB [T] ʝʤʘʛʥʠʪʥʦʪʦ

ʧʦʣʝ.

ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʜʝʪʝʢʪʦʨ ʥʘ ʪʨʝʢʦʚʝ

***ʊʨʝʢʝ ʩʣʝʜʘʪʘ, ʢʦʷʪʦ ʦʩʪʘʚʷ ʟʘʨʝʜʝʥʘ ʯʘʩʪʠʮʘ 

ʧʨʠ ʧʨʝʤʠʥʘʚʘʥʝʪʦ ʩʠ ʧʨʝʟ ʜʝʪʝʢʪʦʨ

ʇʠʢʩʝʣʝʥʜʝʪʝʢʪʦʨ ʥʘ ʪʨʝʢʦʚʝïʤʥʦʛʦʩʣʦʝʥ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʜʝʪʝʢʪʦʨ ʦʪ ʪʲʥʢʠ ʧʣʘʩʪʠʥʢʠ ʩ 

ʥʘʥʝʩʝʥʘ ʚʲʨʭʫ ʠʤ ʝʣʝʢʪʨʦʥʠʢʘ

ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʠʤʧʫʣʩ ʠ ʟʘʨʷʜ ïɺʲʪʨʝʰʝʥ ʪʨʝʢʦʚ ʜʝʪʝʢʪʦʨ



http://cms.cern/detector/identifying-tracks

10 layers of Silicon Strip Sensors surrounding
2- 3 layers of Silicon Pixel Sensors

15k silicon modulescontaining 76M pixels + strips 

The Worldôs largest Silicon Tracker = 250 m2 !

ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʠʤʧʫʣʩ ʠ ʟʘʨʷʜ ïɺʲʪʨʝʰʝʥ ʪʨʝʢʦʚ ʜʝʪʝʢʪʦʨ

http://cms.cern/detector/identifying-tracks


ɼʚʘʧʨʦʮʝʩʘʥʘʟʘʛʫʙʘʥʘʝʥʝʨʛʠʷʚʧʣʲʪʥʘʩʨʝʜʘʟʘʝÑʩɽ>1GeV ʠʣʠʬʦʪʦʥʠ:

ǒ ʠʟʣʲʯʚʘʥʝʥʘʬʦʪʦʥʦʪʟʘʨʝʜʝʥʘʯʘʩʪʠʮʘ(ʧʨʠʤʝʨʥʦʝ+ʠʣʠʝ-) ʧʨʠʜʚʠʞʝʥʠʝʚʧʦʣʝʪʦʥʘ̫ ʜʨʦ

ʦʪʩʨʝʜʘʪʘ

ǒ ʨʘʞʜʘʥʝʥʘʝ+ʝ- ʜʚʦʡʢʠʦʪʬʦʪʦʥ,ʚʧʦʣʝʪʦʥʘ̫ ʜʨʦʦʪʩʨʝʜʘʪʘ

ɽʥʝʨʛʠʷʪʘ ʥʘ ʯʘʩʪʠʮʘʪʘ, ʠʥʠʮʠʠʨʘʣʘ 

ʣʘʚʠʥʘʪʘ ʝ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʥʘ ʙʨʦʷ 

ʠʟʩʚʝʪʝʥʠ ʬʦʪʦʥʠ

ɼʝʪʝʢʪʠʨʘʥʝ ʥʘ ʝʣʝʢʪʨʦʥʠ, ʧʦʟʠʪʨʦʥʠ ʠ ʬʦʪʦʥʠ

ɽʣʝʢʪʨʦʤʘʛʥʠʪʥʘ ʣʘʚʠʥʘ ʚʲʚ ʚʝʱʝʩʪʚʦ



ʂʨʠʩʪʘʣ ʦʪ ʦʣʦʚʝʥ 

ʚʦʣʬʨʘʤʘʪ ʠ ʣʘʚʠʥʥʠ 

ʬʦʪʦʜʠʦʜʠ, ʠʟʧʦʣʟʚʘʥʠ ʚ 

ECAL ʥʘ CMS

ECAL ïʝʣʝʢʪʨʦʤʘʛʥʠʪʝʥ ʢʘʣʦʨʠʤʝʪʲʨ ʥʘ CMS HCAL ïʘʜʨʦʥʝʥʢʘʣʦʨʠʤʝʪʲʨ ʥʘ CMS



Pixel & tracker

ECAL-+

HCAL- HCAL+

HCAL Forward - HCAL Forward +

CSC & RPC - CSC & RPC +

ɿʘʙʝʣʝʞʢʘ: ʥʝ ʩʘ ʧʦʢʘʟʘʥʠ ʚʩʠʯʢʠ ʜʝʪʝʢʪʦʨʥʠ ʩʣʦʝʚʝ, ʟʘ ʜʘ ʥʝ ʩʝ ʧʨʝʪʨʫʧʚʘ ʬʠʛʫʨʘʪʘ.



DT (ʂʘʤʝʨʠ ʩ ʜʨʝʡʬʦʚʠ ʪʨʲʙʠ)

CSC (ʂʘʪʦʜʥʦ ʩʪʨʠʧʦʚʠ ʢʘʤʝʨʠ)

RPC (ʂʘʤʝʨʠ ʩʲʩ ʩʲʧʨʦʪʠʚʠʪʝʣʥʘ ʧʣʦʩʢʦʩʪ)

ʄʶʦʥʥʘ ʩʠʩʪʝʤʘ ʥʘ CMS (Run1 & Run2)



ǒ ʉʠʛʥʘʣʠʚʲʚ ʚʲʪʨʝʰʥʠʪ̫ʨʝʢʦʚ

ʜʝʪʝʢʪʦʨʠʚʤʶʦʥʥʠʪʝʢʘʤʝʨʠ;

ǒ ʇʦʯʪʠ ʥʝ ʩʝ ʥʘʙʣʶʜʘʚʘʪ

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʚ ʢʘʣʦʨʠʤʝʪʨʠʯʥʘʪʘ

ʩʠʩʪʝʤʘ;

ǒ ʀʤʘʪʝʣʝʢʪʨʠʯʝʩʢʠʟʘʨʷʜʠ ʪʝʭʥʠʪʝ

ʪʨʘʝʢʪʦʨʠʠʩʝʠʟʢʨʠʚʷʚʘʪʚʤʘʛʥʠʪʥʦʪʦ

ʧʦʣʝ- ʠʟʤʝʨʚʘʥʝʥʘ ʠʤʧʫʣʩʠ

ʦʧʨʝʜʝʣʷʥʝʥʘʟʘʨʷʜ;

ǒ ɻʦʣʷʤʘʧʨʦʥʠʢʚʘʱʘʩʧʦʩʦʙʥʦʩʪ,

ʧʨʝʤʠʥʘʚʘʪʧʨʝʟʤʘʛʥʠʪʘʠ ʮʝʣʠʷ

ʜʝʪʝʢʪʦʨ;

ǒ ʈʘʞʜʘʪʩʝʚʨʝʟʫʣʪʘʪʦʪʨʘʟʧʘʜʘʥʝʪʦʥʘ

ʧʦ-ʪʝʞʢʠʯʘʩʪʠʮʠʠ ʥʦʩʷʪʠʥʬʦʨʤʘʮʠʷ

ʟʘʩʣʫʯʚʘʥʝʪʦʥʘʠʥʪʝʨʝʩʥʠʩʲʙʠʪʠʷï

ʧʨʠʤʝʨʥʦʨʘʞʜʘʥʝʠ ʨʘʟʧʘʜʥʘʍʠʛʩ

ʙʦʟʦʥ.

ʅʘʧʨʝʯʝʥ ʨʘʟʨʝʟ ʥʘ CMS

iSpy

ʈʝʛʠʩʪʨʠʨʘʥʝ ʥʘ ʤʶʦʥ



https://cms.cern/detector/detecting-muons





ʂʘʢ ʩʝ ʨʝʛʠʩʪʨʠʨʘʪ ʯʘʩʪʠʮʠ ʩʲʩ CMS














