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˭͊;͔ͣ ͙ͫͭͪͦͭΈ ͣͯͣͯͭͪͦͤ?
͔́ͻ͎͙͙ͤͦͦ͡ ͨͦ ͦͭͦͪ͟·ͣ ͔ͤͭ ͦͨ·ͭ͊ ͍ ˮ̒̅

Å˸ ͊͡·͔ Ή͙ͣͭͭ͊ͤͫΣ ͙͒ͤ͊͡ ͎ͫͯͫͭ͊͟Σ ͔͋ͭ͊ ͺͯͤ͟ͼ͙ΎΣ ͋ͦ͡Έ΄͚ͦ 
͎ͯͦ͡ ͍͔ͫͭͪ;͙ тр¯
Å͟ ͔ͦͪͪ͟ͼ͙Ύ ͻ͙ͪͦͣ͊ͭͣ͊͘Σ ͨͦͯ͡;͔͙͔ͤ ͙͙͒ͤ͊ͣ;͔͚ͫͦ͟ ͔͊ͨͪͭͯͪ·
Å͟ ͔ͦͪͪ͟ͼ͙Ύ ͔͚͋ͭ͊ͭͪͦͤͤͦ ͍ͫΎ͙͘ ͤ͊ ͍͔ͯͪͦͤ лΦо-0.5%
Åͫ ͍͔͔͙͔͒ͤ ͙ ͙͙ͫͭ͊͋͊͘͡ͼ͙Ύ ͨͯ;͍ͦ͟ ͍ ͔͔ͣͫͭ ͍͔ͫͭͪ;͙Σ ͙ͨ͊ͨ͟·Σ 
͔ͦͪͪͭͦͪ͟͟· ͒͡Ύ ͚ͦ͋ͪ͊ͭͤͦ ͍ͫΎ͙͘
Å͟ ͔͊ͨ͡Έͤ͊Ύ ͙͔ͤ͗͟ͼ͙Ύ ͤ͊ Ή͔͎͙͙ͤͪ Ή͔͙͔ͫͨͪͣͤͭ͊͟ όtop-up)
Å͟ ͦͤͫͭͪͯ͟ͼ͙Ύ ͍͚͊ͯͯͣͤͦ͟ ͔͊ͣͪ͟·Υ ͙͔ͣͨ͒͊ͤͫΣ ͦͻ͔͙͔͊͗͒ͤ͡Σ 
͔ͣͻ͙͊ͤ;͔ͫ͊͟Ύ ͚ͯͫͭͦ;͙͍ͦͫͭΈΣ .Ŝ Χ
Å͟ ͙ͦͣ͊͡͡ͼ͙Ύ ͺͦͤ͊
Åͨ ͔ͪͼ͙͙ͦͤͤͦͫͭ͘ΈΣ ͔͔ͨͪ͒ͫ͊ͯͣͦͫͭ͘͟ΈΣ ͍͔͙͔ͫͦͨ͊͒ͤ ͫ ͔ͣͦ͒͡ΈΌ
Åͪ͊ͪ͊͋ͦͭ͊͘͟ ͍͔͔ͫͦͪͣͤͤ·ͻ ͙͔ͫͫͭͣΥ ͎͙͚ͣ͊ͤͭͤͦΣ ͍͚͊ͯͯͣͤͦ͟Σ 
͍͔͙ͯͨͪ͊ͤ͡ΎΣ ͙͎͙͙͒͊ͤͦͫͭ͟Σ ͙͙ͨͭ͊ͤΎ Χ
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˭͊;͔ͣ ͙ͫͭͪͦͭΈ ͣͯͣͯͭͪͦͤ?

͔́ͻ͎͙͙ͤͦͦ͡ ͨͦ ͦͭͦͪ͟·ͣ ͔ͤͭ ͦͨ·ͭ͊ ͍ ˮ̒̅

Åx ͦ͡Έ΄͚ͦ ͭͦ͟ 2ˢ
Å͍ ͊ͯͯͣͤ͊͟Ύ ͙͔ͫͫͭͣ͊ ͫ ͙͙ͤͣ͘͟ ͙͔ͣͨ͒͊ͤͫͦͣΣ ͙ͫ͡Έͺͦͤ·Σ ͊ͨ͊ͤ͟͡·Σ 
͙ͦͣ͊ͭͦͪ͟͡͡·Σ ͙ͨ͊ͨ͟· ͙ ͭΦͨΦ

Å͔ͪͦͤ͊ͭͦͪ͘· орл ˸˥ͼ ͫ ͍͔͙͔ͨͦ͒͊ͤͣ͡ ͍·ͫ΄͙ͻ ͣͦ͒

Å͙͔ͫͫͭͣ· ͔͔ͨͦͨͪ;͚ͤͦΣ ͨͪͦ͒ͦ͡Έ͚ͤͦ ͍ͫΎ͙͘ ͍ ͎͎͍ͣͤͦͦͫͯͫͭͦͦͣ͟
͔͙͔ͪ͗ͣ ͒͡Ύ ͍͔͙ͨͦ͒͊ͤ͡Ύ ͔͙͍ͦͭͤ͟͟͡͡·ͻ ͔͚ͤͯͫͭͦ;͙͍͔͚ͦͫͭ

Å͙ͯ͘;͔͙͔ͤΣ ͍͔͙͔ͨͦ͒͊ͤ͡ Ή͔ͭͪͦͤͤ͟͡·ͻ ͍ͦ͋͊ͦ͟͡ ͙ ͙͚ͦͤͤͦ 
͔͚ͤͯͫͭͦ;͙͍͙ͦͫͭ

Å͍͔͙͔ͨͦ͒͊ͤ͡ ͎͔͍ͤ͊ͪ͊ ͍͊ͯͯͣͤ͟·ͻ ͚͍ͯͫͭͪͦͫͭ ͙ͭͦ͊ͣ͟ 
͙͔͙ͦ͋ͪ͊͗ͤ͘Ύ
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˭͊;͔ͣ ͙ͫͭͪͦͭΈ ͣͯͣͯͭͪͦͤ?
Å̉ ͭͦ͋· ͍͙ͦͫͦͭΈ ͍͔͔ͫͦͪͣͤͤ·͔ ͙͔ͯͫͦͪͭ͟͡Έͤ·͔ ͔ͭͻ͎͙͙ͤͦͦ͡ 
͙ ͙ͯ͘;͙ͭΈ ͙͔ͯͫͦͪͭ͟͡ΈͤͯΌ ͺ͙͙ͯ͘͟Σ ͦͭͦͪ͟·͔ ͤͯ͗ͤ· ͒͡Ύ 
͔͍ͨͪͦͭͦ͟ ζ˿͔ͯͨͪ ̉͊ͪͣ-́͊ͯ ͙̅͊͋ͪ͊͟η ͙ ζ˿͙͙͙͚͋ͪͫ͟ 
͙ͫͭͦ;͙ͤ͟ ˿ˮη ͔ͭͣ ͫ͊ͣ·ͣ ͔ͯͣͤΈ΄͊Ύ ͙͙ͪͫ͟ Ή͙ͭͻ ͋ͦ͡Έ΄͙ͻΣ 
ζͭΎ͔͗͡·ͻη ͙ ͎͒ͦͪͦͦͫͭͦΎ΅͙ͻ ͔͍ͨͪͦͭͦ͟

Å˩ ͙ͫ͡ ͍ͭ͊ͦ͟·ͻ ͔͍ͨͪͦͭͦ͟ ͔ͤ ͔͔ͨͦͫ͒ͯͭ͡Σ ͭͦ ͍͔ͦͫͦͤͤ·͔ 
͔ͭͻ͎͙͙ͤͦͦ͡ ͋ͯ͒ͯͭ ͔͙ͤ͡΄͙͙ͤͣ ͒͡Ύ ͤ͊΄͔͚ ͚ͦͤͭͪ͊ͭͤͦ͟͟ 
͔͒Ύ͔ͭ͡Έ͙ͤͦͫͭ

Å˴ ͍͊͒ͪͦ·͚ ͎ͦͦ͒͡Φ ˸ͦͦ͒͡·ͣ ͙ ͙͍ͭ͊͊ͤͭ͡͡·ͣ ͔ͤ ͙͔͔ͤͭͪͫͤͦ 
ͪ͊͋ͦͭ͊ͭΈ ͤ͊ ͫͭ͊ͪ·ͻ ͍ͯͫͭ͊ͤͦ͊͟ͻ ͔͋͘ Ύ͙ͪ͟ͻ Ή͔͙͔͍ͫͨͪͣͤͭͦ͟Φ 
Åζ˶ ͯ;΄͔ ͍͔͎ͫͦ ͚ͣͦͦ͒ͦ͡ ͔ͫͨͼ͙͙͊ͫͭ͡ ͔ͪ͊ͫͭͭΣ ͍ͫͦ͒͊͊͘Ύ ͔ͨͪͦͭ͟ ͫ 
ͤͯ͡ΎΦη ϭ˥Φ˹Φ˴͙͍ͯͨ͊ͤͦ͡
Åҡҡ-ͭͪͦͤ ͒͡Ύ Ή͎ͭͦͦ ͙͔͔͒͊ͤ͡Υ ͔ͤ͋ͦ͡Έ΄͚ͦ ͫͪͦ͟ ͔͙ͪ͊͊͘͡ͼ͙͙Σ ͔ͫͭΈ 
ͦ͋΄͙͔ͪͤͦ ͔ͨͦ͡ ͒͡Ύ ͍ͤͦ·ͻ ͙͔͚͒ ͙ ͨͪ ͔͔͙͚͒ͦ͗ͤ͡
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˨͙ͣΌ͙͚ͦͤ

Å˨ ͙ͣΌ͙͚ͦͤ Ήͭͦ ͍ͫΎ͔͊ͤͤͦ͘ ͫͦͫͭͦΎ͙͔ͤ ͨ͊ͪ·(m+m-).

Å˿ ͙͔ͫͭͣ͊ ͙͘ н ͔͍ͨͭͦͤͦ͡Σ ͙ͦͨͫ·͍͔͊ͣ͊Ύ ˴̏˨

Åˮ ͘ с ͔ͨͭͦͤͤ͡·ͻ ͍͊ͭͦͣͦ(e+e-), (m+e-), (m+m-), (t+e-), (t+m-), 
(t+t-) ͤ ͊͋͡Ό͙͒͊ͫ͡Έ ͭͦ͡Έͦ͟ ͍͒͊ ͙͙͚ͨͦͭͪͦͤ͘ (e+e-), 
ͣΌ͙͚ͦͤ (m+e-).

Å˴ ͔ͦͣͨ͊ͭͤ͟(͋ͦ͡Έ΄͊Ύά )Ὑ Ὑ Ὑ
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˭͊;͔ͣ ͙ͯ͘;͊ͭΈ ͙͒ͣΌ͙͚ͦͤΚ

Å˹ ͊͋͡Ό͔͙͔͒ͤ ͙͒ͣΌ͙ͦͤΎ Ήͭͦ ͦͭͪ͟·͙͔ͭ ͙͍͎ͣͪͦͦͦ ͍ͯͪͦͤΎ

Ǻ ͔ͫͭ ˴̏˨̟̍̏̎̉̊̐̏̈̉̓̑̏̎̉̊

Å̏ ͔͙͔ͫͨͪͣͤͭ͊͟͡Έͤ·͔ ͙ͭͪͯ͒ͤͦͫͭ ͙͍͔ͨͪ͒ͯͭ ͟ ͍ͤͦ·ͣ 
͔͙ͣͭͦ͒͊ͣ͟.

Åˮ ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͍͚͍ͫͦͫͭ ͣΌͦͤ͊

Å˾ ͙͊ͤ͘ͼ͊ ͍ 3.5sͪ ͊ͫ;͔ͭͦͣ ͙ ͙͔͙͙͔ͣͪͤͣ͘(g-2)m
Å˽ ͔ͪͦ͋ͣ͊͡ ͙ͪ͊͒ͯͫ͊ ͨͪͦͭͦͤ͊κ͔͚͒ͭͪͦͤ͊

Å̂ ͙͔͊͊ͤ͘͟ ͤ͊ ͤ͊ͪͯ΄͔͙͔ͤ ͔͚ͨͭͦͤͤͦ͡ ͙͍͙͙ͤ͊ͪ͊ͤͭͤͦͫͭ ͍ 
ͪ͊ͫͨ͊͒͊ͻ B-͔͍ͣͦͤͦ͘(LHCb), B+­K+e+e- B͙+­K+m+m-
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˽͙ͯ͋͊͟͡ͼ͙͙

ÅV.N.Baierand V.S.Synakh, Bimuoniumproduction in 
electron-positron collisions, SOVIET PHYSICS JETP, 14Σ Ѕ рΣ 
1962, pp.1122-1125

ÅS.J. Brodsky and R.F. Lebed. Production of the Smallest QED 
Atom: True Muonium(m+m-). Phys. Rev. Lett., 102:213401, 
2009

ÅH. Lammand R.F. Lebed, True Muonium(m+m-) on the Light 
Front, arXiv1311.3245v3, 12 Nov 2014

ÅH. Lamm, True muonium: the atom that has it all, arXiv
1509.09306v1, 30 Sep 2016
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˿͍͚͍ͦͫͭ͊ ͙͒ͣΌ͙ͦͤΎ

Å˸ ͊ͫͫ͊Υ ὓ ς ρπυȢχ-Å6 ρȢτËÅ6

Åʕ ͔ͪͣΎ ͙͙͗ͤ͘ ͣΌͦͤ͊Υ†ȟ ςȢς̍ ̋̒

Åʕ ͔ͪͣΎ ͙͙͗ͤ͘ ͙͒ͣΌ͙ͦͤΎΥ †ȟ ὲ Ὓ ὲ ρȢψρ̐ ̒
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˿͔;͔͙͔ͤ ͙ ͺͦͤ

Å˿ ͔;͔͙͔ͤ ͔͙ͪͦ͗͒ͤΎΥ

„ρὛȟὓ πȢς
ɜ

„
πȢρυ χÎÂ

Å̅ ͦͤΥ ͎͔ͯͨͪͯͦ ͔ͪ͊ͫͫΎ͙͔ͤ ὩὩ ᴼὩὩ
„ ςςπππÎÂ

Å˽ ͍͔͙͔ͦ͒͊ͤ͡ ͺͦͤ͊ ͍ͦͣͦ͗ͤͦ͘ ͙ͨͪ ͔͔͙͙ͪ͊͒ͤ͘͡ ͔ͣͫͭ 
ͪ͊ͫͨ͊͒͊ ͙ ͔͙ͪͦ͗͒ͤΎ 

ὧ† ρὛ υτπ̍̋̍

„ ςͪ ͔͊ͪ͘΄͔͙͔ͤ ͙͍͙͚ͤ͊ͪ͊ͤͭͤͦ ͣ͊ͫͫ·
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ˤ͔ͫͭͪ;͊ ͨͦ͒ ͎ͯͦͣ͡

Åˮ ͍͙ͤ͊ͪ͊ͤͭͤ͊Ύ ͣ͊ͫͫ͊

ὓ ςὉÃÏÓ—
Ὁ

ς
ÃÏÓ—„ „ „

ÃÏÓς—

ÃÏÓ—

Å˾ ͔͊ͪ͘΄͔͙͔ͤ ͙͍͙͚ͤ͊ͪ͊ͤͭͤͦ ͣ͊ͫͫ· 
„ ςὉ „ÃÏÓ— „ ÓÉÎ—

Å˿ ͍͔͙ͭͣͦͫͭΈ • „ÔÁÎ—Ⱦ„

fl
ὔὔ

τ“„„ ρ •
Ὢὔ

ὔὔ

τ“„„ÔÁÎ—
Ὢὔ

Å˽ ͙͍͍ͪͦͦ͒ͫͭͦ͘ 

ὔ
ɜ „ fl

ς“„
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ˤ͔ͫͭͪ;͊ ͨͦ͒ ͎ͯͦͣ͡Υ ͺͦͤ

Å˨ ͙ͤ͊͡ ͙ͨͯͭ ͪ͊ͫͨ͊͒͊‘‘ ρὛ ᴼὩὩ

ὕὃ ὰ ὧ†ȟ ‍ ‎ ὧ†ȟ ÔÁÎ—

Å˽ ͦͭͤͦͫͭ͡Έ ;͙͊ͫͭͼ ͨͯ;͊͟

ὔ ᶿÅØÐ

Î ȟ ÓÉÎ—

Å˻ ͭͤͦ΄͔͙͔ͤ ͙͎ͫͤ͊͡ ΄ͯͣ

ᶿ

ȟ
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˾͔͙͔͊ͫͨͦͦ͗ͤ͡ ͚͔ͦ͊͒ͪ͊͟͡͡
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˭͊͡ Ѕо ͔ͦͣͨͫ͊͟͟͡ ˤ̏˽˽-5
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˭͊͡ Ѕо ͔ͦͣͨͫ͊͟͟͡ ˤ̏˽˽-5
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˭͊͡ Ѕо ͔ͦͣͨͫ͊͟͟͡ ˤ̏˽˽-5
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˻͙ͨͭ;͔͙͔ͫ͟ ͺͯͤ͟ͼ͙͙
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ˮ͔ͤ͗͟ͼ͙Ύ

17-3.5
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0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

0 500 1000 1500 2000 2500 3000

                  Fi         E               U        L

              mrad     kV/cm       kV     cm

K1          1.42        5.8          ± 15    50

K2         -0.85       -3.5         Ñ 13    50

K3         -0.85       -3.5         Ñ 13     50

K4         -1.65       -6.7         Ñ 17     50

SEPT       393      H  =  9 kGs         60

K1 K4

K2 K3X[ʩʤ]

S[ʩʤ]

ʧʣʘʩʪʠʥʳ ʢʠʢʝʨʘ

 ʩʝʧʪʫʤ

ɸʢʮʝʧʪʘʥʩ 22 sx 

ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ

   ʘʧʝʨʪʫʨʘ

ˮ͔ͤ͗͟ͼ͙Ύ ͍ ͔͙͚ͣ͒͊ͤͤͦ ͙ͨͦͫͦͫͭ͟͡
˿͔ͨͭͯͣͫ ͍ͭͦͦ͟·ͣ Ήͪ͊ͤͦͣ͟
˻ͫͭ͊ͭͦ;ͤ·͔ ͔͙ͦ͋͊ͤ͟͡Ύ ͍͔͎ͨͯͫ͊ͣͦͦ͟ ͨͯ;͊͟  Ϥ млϝˋȄψL.{ ˤΦˢΦ ˴͙͔͔͍ͫ͡



ˮ͔ͤ͗͟ͼ͙Ύ

18

˻͒ͤͦͦ͋ͦͪͦͭͤ͊Ύ ͙͔ͤ͗͟ͼ͙Ύ
ˮ͔͙͔ͤ͗ͭͪͯͭͫ͟Ύ ͙ͦ͒ͤ ͎ͫͯͫͭͦ͟
˥͔͔͙ͦͣͭͪ;͔͙͚ͫ͟ ͊͟ͼ͔ͨͭ͊ͤͫͤ͊ ͙͔͊ͣͯͭ͘ ͔ͫͨͭͯͣ͊25*ˋȄψL.{ ˤΦˢΦ ˴͙͔͔͍ͫ͡



˽͔͊ͪ͊ͣͭͪ· ͒͡Ύ‘‘

—, ͎ ͪ͊͒ 75 ὓ, ˸Ήˤ 211.315

Ὁ, ˸ Ήˤ 408.225 „ , kΉˤ 396

‍Ⱦ‍, ͫ ͣ 15/0.2 Σ ͣͣ͟
ςχχ

„, ͫ ͣ 1.1

‐Ⱦ‐, ͤ ͣ 68/0.34 ὍσπὦόὲὧὬ, s 1.7

„ ψ ρπ flȟ̒̍ ̒ ψȢφ ρπ

’ πȢπρω ὔρὛȟὰ ς̍ ̍ τȢχ̘ ́̒

‚ ρȢφ ρπ

‚ ρȢρ ρπ ὔ ρὦόὲὧὬ σȢυ ρπ

‚ ςȢρ ρπ ὔ ρȢφ ρπ
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˨͔͔ͭͭͦͪ͟
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˾͔͎͙ͫͭͪ͊ͼ͙Ύ ͙͒ͣΌ͙ͦͤΎ
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Å˪̝̆̋̓̉̃̎̏̒̓̕̕ 
̗̑̆̄̉̒̓̑́̉̉ ρυ-30%

Å˾͔͊ͪ͘΄͔͙͔ͤ ͔͔͒ͭͭͦͪ͊͟ ͨͦ 
͍͔ͪ΄͙͔ͤ150 mm

Å˾͔ͯ͘͡Έ͙ͭͪͯΌ΅͔͔ 
͔ͪ͊ͪ͘΄͔͙͔ͤ„ σςπmm

Å˨͡Ύ ͍͔͙ͨͦ͒͊ͤ͡Ύ ͎͎ͯͨͪͯͦͦ 
͔ͪ͊ͫͫΎ͙ͤΎ ͔͔ͭͪ͋ͯͭͫΎ 
ὼ φȢςυ„ ςάά

˿ͦ͋·͙͚ͭ ͊͘ 1 ;͊ͫ ͊͘ 4 ͣ ͔ͫΎͼ͊

ὼ ςmm 1S/2S/3S 4.7/1.4/0.5 13k/4k/1k



˸͔ͫͭͦ ͍͔ͫͭͪ;͙
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˴͔͊ͣͪ͊ ͔ͣͫͭ͊ ͍͔ͫͭͪ;͙
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