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• 䜲䞁䝖䝻䝎䜽䝅䝵䞁
(Ps-HFS䛾䛪䜜䜢᳨ド䛩䜛䠅
• Ps 䛾⇕໬
• Ps ⇕໬ ᐃ䛾⤖ᯝ
• Ps-HFS ᮏ ᐃ䛾⤖ᯝ
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䝫䝆䝖䝻䝙䜴䝮㉸ᚤ⣽ᵓ㐀䛿䚸
ᐇ㦂䛸䚸⌮ㄽ䛷䛪䜜䛶䛔䜛

ᐇ㦂⤖ᯝ䛿
୍ᵝ䛻⌮ㄽ
್䜘䜚ᑠ䛥䛔䚹

ᐇ㦂್䛾ᖹᆒ
203.388 65(67) GHz

(3.3 ppm)

O(α3lnα−1) 
QED ⌮ㄽ್

203.391 69(41) GHz 
(2.0 ppm)

15 ppm (3.9 σ) 䛾᭷ព䛺䛪䜜
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⊂❧䛛䛴᭱䜒⢭ᗘ䛾Ⰻ䛔
䠎ᐇ㦂䛾ᖹᆒ್

⌮ㄽ್ (2000)



⪃䛘䜙䜜䜛䛪䜜䛾ཎᅉ
• 㐣ཤ䛾ᐇ㦂䛻ඹ㏻䛧䛯⣔⤫ㄗᕪ

1. ☢ሙ䛾㠀୍ᵝᛶ䚹኱䛝䛺Ps⏕ᡂ㡿ᇦෆ䛷䚸ppm䝺䝧䝹䛾୍ᵝ☢ሙ䜢
౪⤥䛩䜛䛾䛿ᴟ䜑䛶ᅔ㞴䚹

2. ≀㉁䛾ຠᯝ䛾㐣ᑠホ౯䚹⇕໬⇕໬⇕໬⇕໬䛧䛶䛔䛺䛔 o-Ps 䛿䚸≉䛻ప≀㉁ᐦᗘ䛷
኱䛝䛺ᙳ㡪䜢ཬ䜌䛩䚹

cf. 䜸䝹䝋䝫䝆䝖䝻䝙䜴䝮䛾ᑑ࿨ၥ㢟 (1990ᖺ௦)

• ᮰⦡⣔QED䛾ィ⟬䛻᪂䛧䛔Ⓨᒎ䛜ᚲせ
• ⣲⢏Ꮚᶆ‽ᶍᆺ䜢㉸䛘䛯᪂䛧䛔≀⌮䛜Ꮡᅾ

┦஫స⏝䛾ᙅ䛔ᮍ▱䛾⢏Ꮚ䛾௓ᅾ
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ᡃ䚻䛿䚸ୖグ䛾⣔⤫ㄗᕪ䜢ᢚ䛘䛯䚸᪂䛧䛔᪉ἲ䛻ᡃ䚻䛿䚸ୖグ䛾⣔⤫ㄗᕪ䜢ᢚ䛘䛯䚸᪂䛧䛔᪉ἲ䛻ᡃ䚻䛿䚸ୖグ䛾⣔⤫ㄗᕪ䜢ᢚ䛘䛯䚸᪂䛧䛔᪉ἲ䛻ᡃ䚻䛿䚸ୖグ䛾⣔⤫ㄗᕪ䜢ᢚ䛘䛯䚸᪂䛧䛔᪉ἲ䛻
䜘䜛⢭ᐦ ᐃ䜢⾜䛔䚸䛪䜜䜢᳨ド䛩䜛䚹䜘䜛⢭ᐦ ᐃ䜢⾜䛔䚸䛪䜜䜢᳨ド䛩䜛䚹䜘䜛⢭ᐦ ᐃ䜢⾜䛔䚸䛪䜜䜢᳨ド䛩䜛䚹䜘䜛⢭ᐦ ᐃ䜢⾜䛔䚸䛪䜜䜢᳨ド䛩䜛䚹
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㟁 ሙ

䝫䝆䝖䝻䝙䜴䝮HFS䛻࿘ᅖ䛾≀㉁䛜୚䛘䜛ᙳ㡪
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• Ps-HFS
䠙䝇䝢䞁-䝇䝢䞁┦஫స⏝䠇㔞Ꮚ᣺ື
→୧⪅䛾㊥㞳䛻䜘䛳䛶ኚ໬䛩䜛

• ࿘ᅖ䛾≀㉁䛾㟁ሙ
→㟁Ꮚ㝧㟁Ꮚ㛫䛾㊥㞳䛜ኚ໬

→HFS䛾ኚ໬䠄䝅䝳䝍䝹䜽ຠᯝ䠅

↑ ↓
Ps

㊥㞳▷䛔
→HFS኱䛝䛔

↑ ↓
Ps

㊥㞳㐲䛔
→䛚஫䛔䛾䝇䝢䞁䜢ឤ䛨䛵䜙䛔
→HFSᑠ䛥䛔



㐣ཤ䛾ᐇ㦂䛷䛾≀㉁䛾ຠᯝ䛾ホ౯
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• Ps䛜࿘䜚䛾ཎᏊ䛻㏆䛵䛟
→㟁ሙ䜢ឤ䛨䛶䝅䝳䝍䝹䜽ຠᯝ䛜㉳䛝䜛

→Ps㏿䛥୍ᐃ䛰䛸ᛮ䛖䛸䚸HFS䛿䜺䝇ᅽ䛻ẚ౛䛧䛶䛪䜜䜛
→㐣ཤ䛾ᐇ㦂

HFS䛻ຠ䛟䝅䝳䝍䝹䜽ຠᯝ䛾኱䛝䛥
҃࿘䜚䛾ศᏊ䛸䛾⾪✺㢖ᗘ
҃䠄࿘䜚䛾ศᏊ䛾ᐦᗘ䠅㽢䠄Ps䛾㏿䛥 v 䠅

HF
S䛾
ኚ
໬

(G
Hz

)

N2䜺䝇䛾ᐦᗘ(amagat)

Phys. Rev. A 
1984 30 1331
Ritter, Egan, Hughes et al.

䠘Hughes䛾 ᐃ䛷䛾HFS䛾ᅽຊ౫Ꮡᛶ䠚
䛣䛾ᐇ㦂䛷䛾
HFS䜈䛾䝅䝳䝍䝹䜽ຠᯝ䛾ᐤ୚

= -33ppm/amagat



䝫䝆䝖䝻䝙䜴䝮䛾㏿䛥ኚ໬
HFS䛻ຠ䛟䝅䝳䝍䝹䜽ຠᯝ䛾኱䛝䛥
҃࿘䜚䛾ศᏊ䛸䛾⾪✺㢖ᗘ
҃䠄࿘䜚䛾ศᏊ䛾ᐦᗘ䠅㽢䠄Ps䛾㏿䛥 v䠄䡐䠅䠅

Ps
䛾
㏿
䛥

(m
/s

)

Psᙧᡂ䛛䜙䛾᫬㛫(ns)

䠘Ps䛜N2䜺䝇୰䛷ᙧᡂ䛥䜜䛯᫬䛾ῶ㏿䛾ᵝᏊ䠄䝅䝭䝳䝺䞊䝅䝵䞁䠅䠚

Ps䛾㏿䛥䛜ᖖ 
䛻䛺䜛㐣⛬䠙⇕
໬

σm=13.0㽢10-16cm2, 
E0=2.07eV

㐣ཤ䛾ᐇ㦂䛷䛿
୍ᐃ䛸䛔䛖ᢅ䛔
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o-Psᑑ࿨

పᐦᗘ䛷䛿⇕໬
䛻᫬㛫䛜䛛䛛䜚䚸
≀㉁䛾ຠᯝ䛜኱
䛝䛔

→ ⥺ᆺ䛷䛾እᤄ䛜
O(10ppm)䛾኱䛝䛺
⣔⤫ㄗᕪ䛻䛺䛳䛶䛔䜛
ྍ⬟ᛶ
→Ps ⇕໬䜢⊂⮬䛻⇕໬䜢⊂⮬䛻⇕໬䜢⊂⮬䛻⇕໬䜢⊂⮬䛻
 ᐃ䛧䚸䛭䛾⤖ᯝ䜢⏝䛔䛶 ᐃ䛧䚸䛭䛾⤖ᯝ䜢⏝䛔䛶 ᐃ䛧䚸䛭䛾⤖ᯝ䜢⏝䛔䛶 ᐃ䛧䚸䛭䛾⤖ᯝ䜢⏝䛔䛶
㉸ᚤ⣽ᵓ㐀䜢ồ䜑䜛䚹㉸ᚤ⣽ᵓ㐀䜢ồ䜑䜛䚹㉸ᚤ⣽ᵓ㐀䜢ồ䜑䜛䚹㉸ᚤ⣽ᵓ㐀䜢ồ䜑䜛䚹



䛹䛾䜘䛖䛻䛧䛶⇕໬䜢 ᐃ䛩䜛䛛䠛
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• o-Ps䛾pick-off䜢⏝䛔䛶 ᐃ
• pick-off 䛾㔞(t)

= pick-off䛾᩿㠃✚㽢≀㉁䛾ᐦᗘ㽢 o-Ps䛾㔞(t) 㽢 v(t)
v(t)

pick-off䛾㔞䛾㔞䛾㔞䛾㔞(2γγγγᔂቯᔂቯᔂቯᔂቯ)
҃҃҃҃

o-Ps䛾㔞䛾㔞䛾㔞䛾㔞(3γγγγᔂቯᔂቯᔂቯᔂቯ)

o-Ps+pick-off
(ᐇ䝕䞊䝍)

3γ䝇䝨䜽䝖䝹
(䝅䝭䝳䝺䞊䝅䝵䞁)

pick-off

o-Psつ᱁໬㡿ᇦ
䜲䝋䝤䝍䞁䜺䝇䛾䜏䛾ሙྜ䛸䚸Ps ⏕ᡂ⏝䛻䜶䜰䝻
䝀䝹䜢⏝䛔䚸䛭䛣䛻䜺䝇䜢㊊䛧䛯ሙྜ䛷䚸䛭䜜䛮
䜜䜺䝇ᅽ䜢ኚ໬䛥䛫䛺䛜䜙䚸2γ/3γẚ䜢 ᐃ䛩䜛䚹



⇕໬ ᐃ䛾ゎᯒ
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• 40 ns 䜘䜚๓䛾䚸䜶䝛䝹䜼䞊䛜㧗䛔≧ែ䛷䛾⇕໬䛿䚸䝗䝑䝥䝷䞊
ᣑ䛜䜚ἲ (DBS) 䛷 σm = 146 㼼 11 ύ2, E0 = 3.1         eV (ึᮇ䜶䝛
䝹䜼䞊) 䛸 ᐃ䛥䜜䛶䛔䜛䚹

• 䜲䝋䝤䝍䞁䛻䛿 0.17 eV 䛻᣺ື‽఩䛜䛒䜚䚸䛭䜜䜘䜚㧗䛔䜶䝛䝹
䜼䞊 (DBS) 䛸ప䛔䜶䝛䝹䜼䞊 (ᡃ䚻䛾pickoff) 䛷䛿䚸σm䛜␗䛺
䜛䛣䛸䛜ண᝿䛥䜜䜛→ ึᮇ䜶䝛䝹䜼䞊䜢 3.1 eV 䛸䛧䚸0.17 eV 
䛷 σm䜢ኚ䛘䛶䝣䜱䝑䝖䛩䜛䚹

d
dt
Eav (t) = − 2mPsEav (t) Eav (t) −

3
2
kBT

 
 
 

 
 
 
8
3

2
3π
2σmn
M

+ α
Eav (t)
kBT

 

 
 

 

 
 

β 

 
  






䜶䜰䝻䝀䝹䛾ຠᯝ䜢
グ㏙䛩䜛㡯

ᘧ䛿 J. Phys. B 31 (1998) 329 Y. Nagashima, et al.

mPs : Ps䛾㉁㔞
n : 䜲䝋䝤䝍䞁䛾ᩘᐦᗘ
M : 䜲䝋䝤䝍䞁䛾㉁㔞

• 䝥䝻䞁䝥䝖䛾䛺䛰䜜㎸䜏䛾ᙳ㡪䜢㑊䛡䜛䛯䜑䚸40 – 800 ns 䛾᫬
㛫⠊ᅖ䛷ゎᯒ䛩䜛䚹䝣䜱䝑䝖䛻䛿ḟ䛾ᘧ䜢⏝䛔䜛䚹

DBS: Phys. Rev. A 67, 022504 (2003)

ồ䜑䛯䛔䝟䝷䝯䞊䝍䠖σσσσm: 䜲䝋䝤䝍䞁䛸Ps䛾᩿㠃✚

+1.0
- 0.7



2γ/3γẚ䛾䝣䜱䝑䝖⤖ᯝ
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TIME (ns)
0 100 200 300 400 500 600 700

 R
A

T
IO

γ
 /

 3
γ

2

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

Thermalization

ᙧᡂ䛛䜙䛾᫬㛫 (ns)

2γ
/3

γ 
䛾
ಶ
ᩘ
ẚ

䜺䝇䛾䜏䛷䛾⤖ᯝ

70 kPa

30 kPa

15 kPa

TIME (ns)
0 50 100 150 200 250 300 350 400

 R
A

T
IO

γ
 /

 3
γ

2

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.92atm
0.37atm
0.16atm (Run1)

0.16atm (Run2)
0.00atm (Run1)
0.00atm (Run2)
0.00atm (Run3)

mg

0.92atm
0.37atm
0.16atm (Run1)

0.16atm (Run2)
0.00atm (Run1)
0.00atm (Run2)
0.00atm (Run3)

ᙧᡂ䛛䜙䛾᫬㛫 (ns)
2γ

/3
γ 
䛾
ಶ
ᩘ
ẚ

䜶䜰䝻䝀䝹䠇䜺䝇䛷䛾⤖ᯝ

σm = 50.7          ύ2+8.6
- 7.7

σm =46.0㼼4.5ύ2

䜲䝋䝤䝍䞁୰䛷䛾
pickoff 䛾㏿䛥౫Ꮡᛶ
҃ v3/5 (= E3/10 )

඲䜺䝇ᅽ䜢ྠ᫬䝣䜱䝑䝖

䜺䝇䛾䜏䛸䚸䜶䜰䝻䝀䝹
䠇䜺䝇䛷䛾⤖ᯝ䛿୍⮴䚹
ᖹᆒ䛧䛶䚸
σm = 47.2 㼼 3.9 ύ2

䛸ồ䜎䛳䛯䚹



3GHz
䝊䞊䝬䞁
ศ⿣

䝊䞊䝬䞁ຠᯝ䜢⏝䛔䛯㛫᥋ ᐃ䛾᪉ἲ

∆mix䜢⢭ᐦ䛻 ᐃ䛧䚸 ∆HFS
䜢ồ䜑䜛䚹

㟼☢ሙ୰䛷䛿䚸p-Ps 䛿
o-Ps 䛾䛾䛾䛾mZ=0 ᡂศᡂศᡂศᡂศ䛸
ΰྜ䛩䜛䚹 (2 γᔂቯ).
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203 GHz
∆mix䛛䜙 ∆HFS 
䜢ィ⟬

㛫᥋ ᐃ㛫᥋ ᐃ㛫᥋ ᐃ㛫᥋ ᐃ

┤᥋ ᐃ┤᥋ ᐃ┤᥋ ᐃ┤᥋ ᐃ
(ᒣᓮ䚸ᐑᓮᒣᓮ䚸ᐑᓮᒣᓮ䚸ᐑᓮᒣᓮ䚸ᐑᓮ)

2γ

3γ

2γ

䝊䞊䝬䞁㑄⛣䛥䛫䜛䛸䚸
2γ ᔂቯ(511 keV༢Ⰽ༢Ⰽ༢Ⰽ༢Ⰽ)⋡
䛜኱䛝䛟䛺䜛䚹
䛣䛾ᔂቯ⋡䛾ኚ໬䛜䚸ᐇ
㦂䛾䝅䜾䝘䝹䛻䛺䜛䚹



 ᐃ@ KEKప Ჷ
ᖹᡂ22ᖺ7᭶ࠥᖹᡂ25ᖺ3᭶14᪥

ᑟἼ⟶

኱ᆺ㉸ఏᑟ☢▼

☢▼୰ᚰ䛻䜻䝱䝡䝔䜱䞊䚸
᳨ฟჾ⣔
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ᡃ䚻䛾᪂䛧䛔ᐇ㦂䝉䝑䝖䜰䝑䝥
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B (0.866 T)

RF 䜻䝱䝡䝔䜱䞊
(⣧ i-C4H10 䜢ᑒධ)

ᑟ
Ἴ
⟶

22Na
(1 MBq)

β䝍䜾⣔䜢⏝䛔䛶
᫬㛫᝟ሗ䜢ྲྀᚓ
(Ps䛾⇕໬䛻䜘䜛⣔⤫ㄗ
ᕪ䜢ゎỴ)

㧗ᛶ⬟ γ⥺
᳨ฟჾ

䠒ಶ䛾LaBr3(Ce)䝅䞁
䝏䝺䞊䝍䜢౑⏝

(Ps䛾⇕໬䛻䜘䜛⣔
⤫ㄗᕪ䜢ゎỴ)

RF Ⓨ᣺ჾ + 
GaN 䜰䞁䝥

㧗ᙉᗘ RF 
(500W 㐃⥆)

኱ᆺ㉸ఏᑟ☢▼ + 
⿵ൾ䝁䜲䝹
(☢ሙ䛾㠀୍ᵝᛶ䛻
䜘䜛⣔⤫ㄗᕪ䜢ゎ
Ỵ)

ppm level 䛾
୍ᵝᛶ䚸Ᏻᐃᛶ



TIME (ns)
0 100 200 300 400 500 600 700 800

C
O

U
N

T
S

 (
/n

s
/s

/k
e
V

)

-5
10

-410

-3
10

-210

-110

m_h_time_pre_ew5_n285_x3000

Entries  6318008

Mean    58.56

RMS     143.2

m_h_time_pre_ew5_n285_x3000

᫬㛫䝇䝨䜽䝖䝹
RF ON
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RF OFF

50 ns – 440 ns 䛾䝍䜲䝭䞁䜾䜴䜱䞁䝗䜴䛷䚸䛾䝍䜲䝭䞁䜾䜴䜱䞁䝗䜴䛷䚸䛾䝍䜲䝭䞁䜾䜴䜱䞁䝗䜴䛷䚸䛾䝍䜲䝭䞁䜾䜴䜱䞁䝗䜴䛷䚸
䝥䝻䞁䝥䝖䚸䜰䜽䝅䝕䞁䝍䝹䜢㝖䛟䝥䝻䞁䝥䝖䚸䜰䜽䝅䝕䞁䝍䝹䜢㝖䛟䝥䝻䞁䝥䝖䚸䜰䜽䝅䝕䞁䝍䝹䜢㝖䛟䝥䝻䞁䝥䝖䚸䜰䜽䝅䝕䞁䝍䝹䜢㝖䛟

㐣ཤ䛾ᐇ㦂䛷䛿䚸᫬㛫᝟ሗ䜢ྲྀᚓ䛧䛶䛔䛺䛛䛳䛯䚹
࠸࡚ࡗྲྀࡶࢺࣥ࣋࢖ࡢ᫬㛫࠸᪩ࠋࡓࡗ࠿ከࡀࢻࣥ࢘ࣛࢢࢡࢵࣂ→
Ps䛾ᙳ㡪䛜኱䛝䛛䛳䛯䚹࠸࡞࠸࡚ࡋ໬⇕ࠊࡵࡓࡓ

▷䛔ᑑ࿨ᡂศ
(mz = 0)

→ S/N 䛜䛜䛜䛜20ಸಸಸಸ
⇕໬䛧䛶䛔䛺䛔⇕໬䛧䛶䛔䛺䛔⇕໬䛧䛶䛔䛺䛔⇕໬䛧䛶䛔䛺䛔 o-Ps 䛾䜲䝧䛾䜲䝧䛾䜲䝧䛾䜲䝧
䞁䝖䜒ྠ᫬䛻ᢚ䛘䜙䜜䜛䚹䞁䝖䜒ྠ᫬䛻ᢚ䛘䜙䜜䜛䚹䞁䝖䜒ྠ᫬䛻ᢚ䛘䜙䜜䜛䚹䞁䝖䜒ྠ᫬䛻ᢚ䛘䜙䜜䜛䚹

㛗䛔ᑑ࿨ᡂศ
(mz = 㼼1)



ゎᯒ (䜶䝛䝹䜼䞊䝇䝨䜽䝖䝹)
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ON Resonance RF OFF

ENERGY (keV)
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/s
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0.005

0.01

0.015

0.02

0.025

m_h_energy_tw16_n50_x60

Entries  194832

Mean    395.7

RMS     72.33

m_h_energy_tw16_n50_x60

511 keV 㼼 1σ
䜶䝛䝹䜼䞊䜹䝑䝖

㧗䛔 S/N

RF ON

RF OFF

䝊䞊䝬䞁㑄⛣䛻䜘䛳䛶䚸2γᔂቯ☜⋡䛜኱䛝䛟䛺䛳䛯䚹
511 keV 㼼 1s 䛾䜹䜴䞁䝖䝺䞊䝖䛻䛴䛔䛶䚸
(RF-ON 䠉 RF-OFF) / RF-OFF 䜢ィ⟬䛧䚸㑄⛣᭤⥺䜢సᡂ

䜰䜽䝅䝕䞁䝍䝹䛿 1000—1430 ns 
䛾䝍䜲䝭䞁䜾䜴䜱䞁䝗䜴䛷ᘬ䛝⟬

䝍䜲䝭䞁䜾䜴䜱䞁䝗䜴50 – 60 ns䛾䝇䝨䜽䝖䝹



ඹ㬆᭤⥺
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∆HFS = 203.3929(18) GHz (8.8 ppm) χ2/ndf = 641.7 / 592 (p = 0.077)

MAGNETIC FIELD (T)
0.862 0.864 0.866 0.868 0.87

(O
N

 -
 O

F
F

) 
/ 
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F
F
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0.8

1

1.2

1.4

1.6

1.8

0.881 amagat, 50--60 ns

• RF 䛾࿘Ἴᩘ䚸䝟䝽䞊䜢ᅛᐃ䛧䛶䚸☢ሙ䛷䝇䜻䝱䞁
• 50—440 ns 䜢䚸11ಶ䛾䝍䜲䝭䞁䜾䜴䜱䞁䝗䜴䛻ศ䛡䚸඲䜺䝇ᅽ䞉඲
☢ሙⅬ䞉඲䝍䜲䝭䞁䜾䜴䜱䞁䝗䜴䜢ྠ᫬䝣䜱䝑䝖

• ⇕໬䛻䜘䜚䚸∆HFS䛜᫬䚻้䚻ኚ໬ (҃ nv3/5 )䛩䜛ຠᯝ䜒ධ䜜䛯䚹

MAGNETIC FIELD (T)
0.862 0.864 0.866 0.868 0.87
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O
F

F

-0.4

-0.35

-0.3

-0.25

-0.2

-0.15

-0.1

-0.05

0

0.881 amagat, 260--440 ns



 (GHz)
HFS

∆
203.386 203.388 203.39 203.392 203.394

mg

Old method

Phys. Rev. A 27, 262 (1983)

Phys. Rev. A 30, 1331 (1984)

This measurement

Previous experimental average ) QED-1αln3αO(

⤖ᯝ

ᮏ ᐃ䛷ᚓ䜙䜜䛯䚸㉸ᚤ⣽ᵓ㐀䛾⤖ᯝ
∆HFS = 203.3929 㼼 0.0017 (stat., 8.2 ppm)

㼼 0.0008 (sys., 4.0 ppm) GHz
17

QED⌮ㄽ್
䜢 favor



⣔⤫ㄗᕪ (ᬻᐃ)
⣔⤫ㄗᕪ䛾せᅉ⣔⤫ㄗᕪ䛾せᅉ⣔⤫ㄗᕪ䛾せᅉ⣔⤫ㄗᕪ䛾せᅉ ኱䛝䛥኱䛝䛥኱䛝䛥኱䛝䛥 (ppm)

㠀୍ᵝᛶ 3.0
⿵ṇ䛸෌⌧ᛶ 1.0
NMR ᐃ್ 1.0
䝫䝆䝖䝻䝙䜴䝮䛾⇕໬ 2.2
RF䝟䝽䞊 0.8
RF 䜻䝱䝡䝔䜱䞊䛾 QL ್ 1.1
RF࿘Ἴᩘ 1.0
Quadrature sum 4.0

18

☢ሙ

≀㉁䛾ຠᯝ

RF

⤫ィㄗᕪ 8.2 ppm 䛸ྜ䜟䛫䛶䚸
∆HFS = 203.3929(20) GHz (9.7 ppm).



䜎䛸䜑

䝫䝆䝖䝻䝙䜴䝮㉸ᚤ⣽ᵓ㐀䛿䚸ᐇ㦂䛸⌮ㄽ䛾㛫䛻
3.9 σ䛾᭷ព䛺䛪䜜䛜䛒䜚䚸䛣䜜䜢᳨ド䛩䜛䛯䜑䚸
᪂䛧䛔ᐇ㦂䜢⾜䛳䛯䚹

• ᡃ䚻䛾᪂䛧䛔⢭ᐦ ᐃ䛿䚸㐣ཤ䛾ᐇ㦂䛻䛚䛔䛶
⪃䛘䜙䜜䜛ඹ㏻䛾⣔⤫ㄗᕪ (☢ሙ䛾㠀୍ᵝᛶ䞉
Ps 䛾⇕໬䛻䜘䜛ຠᯝ) 䜢ᑠ䛥䛟䛩䜛䚹

• ≀㉁䛾ຠᯝ䜢ṇ䛧䛟ྲྀ䜚ᢅ䛖䛯䜑䚸Ps ⇕໬㛵ᩘ
䛾 ᐃ䜢⾜䛳䛯䚹㉸ᚤ⣽ᵓ㐀䛜⇕໬䛻䜘䛳䛶᫬
㛫䛻౫Ꮡ䛩䜛ຠᯝ䜒ྲྀ䜚ධ䜜䛯䚹

• 9.7 ppm䛾⢭ᗘ䛷䚸QED⌮ㄽ್䜢 favor 䛩䜛ᬻᐃ
⤖ᯝ䛜ᚓ䜙䜜䛯䚹⌧ᅾ䚸⤫ィ⢭ᗘ䜢ᨵၿ䛩䜛䛯
䜑䚸ゎᯒ᪉ἲ䛾᭱ᚋ䛾᳨ウ䜢⾜䛳䛶䛔䜛䚹
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