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ωɡɫɺ, ɫɺɫʒɜࡥʒɻࠟʞޫٵʂʆɼɸʊʂڤ݂

ʄɞɫʒɘ, ъʖɾɫ, ɼɘɚۉɯɾ॓ҏƆɼɧʡɠ, ݂

,ʯ˔˲ʵƟɻɖʟɼɟܒʃ॓ગचɘ॓ʂયɻɖʟƆΔפ

ϔ઱ʂʫ˺˜˳Ɵʾˮ˺ɻɖʟɼɟ, ˙ˊʷˀࣟɿʜʟ
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ˀຆޫɠ౎٪ɩʠɺɫʒɷɳƆ˙ˊʷˀࣟʂߢ౎ଯ਻ࣁ

ड़ʂఌʠɿʜɷɺऐ׸ɠ৷ୃΫɫ, ऐ׸Ճਿખɠ१ɬɳ
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ɻɖʟƆɧɚɾɷɺɫʒɷɳΙࣘ, ,൘ɠɾɘޞ ʖɚࢢ

ɫʒɬʕɿऐ׸ʦ૛ʍʟɟɼɘɚʂɠඕ߹ٲʂஓՆɻ

ɖʟƆ

OVAL ٲ߹ — Observing VAcuum with Laser —[1]

ʃ, ɱʂ෕ʂ૳ʞ, ऐ׸ʦ˳ƟʽƟɻ૛ʍʟƆɳɴɫ, ੺

ɿऐ׸ɿ˳ƟʽƟʦ૳ɫɳɴɥɻʃъʖࡥɺɧɾɘƆധ

୘, ऐ׸ʦ໵ʒɯɺ, ۚਏʦωɡɮʞࡥɭ಩์ɠɖʟƆʣ

ʠʣʠʂʷ˲Ɵ˞ʃɱʂɳʕɿֲࣟߞʦ๭ๆɭʟƆഅड़

,ɾɽɻʃٲ߹ ,ɿʜɷɺഅ߸ʦˤ˺˞ɫɺࣟߞֲ ɱʠ

ɿ਻ɭʟ౞Ыʦ˳ƟʽƟɻ˞˴Ɵ˝ɭʟɼɘɚˤ˺˞Ɖ

˞˴Ɵ˝߹ٲʦ۱ɚɠ, OVAL ˺ʂˤ׸ʃɘʣʄऐٲ߹

˞Ɖ˞˴Ɵ˝߹ٲɻɖʟƆ

1.1 OVAL ɻ٪ɜʟʖʂٲ߹

ʂۚਏɼʃъɻɖʡɚɟƆ׸ɻˤ˺˞ɩʠʟऐࣟߞֲ

ɭɤɿްɘ೒ɣʂɠຟޫ୊ߞຢӁ (QED) ʂಾɣऐ׸ʂ

B

e

e

ALP

B

य 1: щ২୊ޫ๐୊ޫ਻ʦرศɫɳऐ׸ഫ׎ (ܳ)ƆALP

ʦرศɫɳഫڶബш (ϓ)Ɔ

ۚਏɻɖʟƆຟޫࣟʂ๲໱ɻɖʟ QED ɿɞɘɺ, ऐ׸

ʃщ২ଯɿຆޫɼ౞ຆޫʂ਻ɠ१ɬɺʃࢶɜɺɘʟƆ୊

Ѥʦߖɸຆޫɻ݂ʖػɘʂʃ୊ޫɻɖʟɳʕ, ߹߸ଯɿ

୊ޫɼ๐୊ޫʦ۪ɜʟƆщ২ଯɿ१ɬɳ୊ޫ๐୊ޫˡʩ

ʃ, τюɩʠɳ୊ࣟʘࣟߞʂϳׄʦࠬɥ, ऐ׸ʂ୊ߞఉ

ɿ਻ɭʟۚਏʦബшɩɯʟ (य 1ʂܳ)Ɔɧʂ࣐ټʃऐ׸

ഫ׎ɼڅʄʠʟ [2]Ɔऐ׸ഫ׎ʂ੒ɡɩʃτюࣟߞʂ൘

,ɸɳʕߖɿʜʞΪ൘ड़ʦڽ ऐ׸ʂ؁঍๻ʂΪ൘ड़, ɭ

ɾʣɵऐ׸ʂ೾؁঍ɼɫɺԘਗɻɡʟƆࣟߞɿച۱ɾ൘

,ʂ؁঍๻ʂܴʃಒ࣢ɿʣɮɟɻɖʟɠڽɼळ૥ɾ൘ڽ

∆n = n∥ − n⊥ (1)

=
2α2h̄3

15µ0m4
ec

5
B2 (2)

= 4.0× 10−24

(

B[T]

1[T]

)2

(3)

ɼޔظɩʠɺɘʟ [3]ƆΙч,೾؁঍ʂؙॅɼɫɺ, kvac ≡

4.0 × 10−24 [T−2] ɼટɣƆʒɮʃɧʂ QED ʂऐ׸ʦ

٪ʟɧɼɠ OVAL ʂ੓λෳವɻɖʟƆٲ߹

9



2

ʖɵʡʧ, QED Ιҙʂऐ׸ɻɖɷɺʖ, ɿࠜɣٌࣟߞ

ɭʟࣟɻɖʠʄ܄ OVAL ,ɻԘਗя௾ɻɖʞٲ߹ ವࡵ

๲໱ʦ૝ɜɳࣟʘຆޫʦ੾ݲɻɡʟƆ੒ɡɣഇɥɺ, щ

২ຆޫ਻१ढ़ɿʜɷɺऐ׸ഫ׎ʂڹїʦ१ʔࣟ܄ (य 1

ʂܳʂ e ʦරગຆޫɻટɡԀɜɳʖʂ) ɼ, ɠщ২ޫڶ

યड़ຆޫʂયԝࣨੁʦرʟࣟ܄ (य 1 ʂϓ) ʂ௖ɸʂ

Ժิɠ۪ɜʝʠʟƆঽࠋʃλ౫ଯɿ˦˱ˈ˪Ɵʿːຆޫ

ɼڅʄʠ, ୊Ѥʂࢡɸಘߖʂֲɩʦຆޫʂ܄ɼʂٌޫڶ

੒ɡɩɿટɡԀɜɺ, ੾ݲɩʠɺɘʟƆࠋڤʂ੐಺ଯɾ

ʖʂɼɫɺʃʩʶʾʱ˺ɠ֘ɦʝʠʟɠ, યड़ʂաˀʲ
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ALP ʦ੾ݲɭʟݘʂࠞ์ɾ൘൚ʂλɸɻɖʟ [4]Ɔ

1.2 ऐ׸ഫ׎Ԙਗʂࣨټ

QED ऐ׸ʂഫ׎ʂਣݚʃ 20 ॓Տʂʃɬʕɟʝาٿ
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,ɿɾɷɺפ݂ RX J1856.5–3754 ɼڅʄʠʟࠚɘયड़ޫ

ॠ (B ∼ 109∼10 [T] ɼव଑ɩʠʟ) ʂԘਗɟʝऐ׸ഫ

ɠढ़ɩʠɺɘʟ܍їɠ٪ɜɳɼɘɚൎڹʂ׎ [5]ƆVery

Large Telescope ɿʜʟڶӁԘਗɼ, ʾ˦ˬ˳Ɵʾˮ˺

ɿʜʟ QED ऐ׸ഫ׎ɖʞ/ɾɫ˩ˎ˲ɼʦಅҼɫɳٌ

ї, ऐ׸ഫ׎ɖʞ˩ˎ˲ʂ൘ɠʜʞԘਗɼ܄ઠɫɺɘʟ

ɼʂɧɼɻɖʟƆಒ࣢ɿ׀යऍɘٌїɻɖʞ, ʂԘڤܞ

ਗˎƟˆʂࡑ߹ɠ൷ʒʠʟƆ

λ൘, ઘࣘ߹ٲɻऐ׸ഫ׎ʦ٪ʜɚɼɘɚ߇ʓʖ୻ী

ɞɧɾʣʠɺɘʟƆ॓ݚټҏʂˏˊ˞ʦਃɷɺɘʟʂʃ

ʫˆ˱ʩ INFN ʂ PVLAS ɼɘɚʷ˲Ɵ˞ɻɖʟ [6]Ɔ

߹ʃɧʂʷ˲Ɵ˞ʃ 2006 ௰ɿऐ׸ഫ׎ʦ౎٪ɫɺɘʟ

[7]Ɔɱʂ੒ɡɩʃ QED ʂาٿખʜʞʖ 3.5 ʖ੒ɡɘن

ɳʕ, ʩʶʾʱ˺ʂʜɚɾර౎٪ຆޫʂڹїɻɖʡɚɼ

۪ɜʝʠ, PVLAS ʷ˲Ɵ˞ʂʓɾʝɮ, ॓ҏયʂਪɣ

ʂʷ˲Ɵ˞ɻ૰ٲ߹٠࣍ɠɞɧɾʣʠɳƆɱʂٌїʃޝ

௱ɾɠʝ PVLAS ʷ˲Ɵ˞ߢङɻʖʏɟʂʷ˲Ɵ˞ɻ

ʖ݁ټɻɡɮ, ౎٪ʃڬൎɼɘɚٌ໱ɿ߃ɷɳƆPVLAS

ʷ˲Ɵ˞ʃɱʂڤʖӽ୞ࣘڽɼ˕ʫˁଊٹʌʂଢ଼ຢʦਞ

ɥ, ʃݚټ QED ʂาٿખɿ਻ɫɺ, ɖɼ 20 ఝɼɘɚɼ

ɧʡʒɻ੾ݲɫɺɘʟƆʒɳ, ӽ୞ɿɞɘɺʃ PVLAS

ʷ˲Ɵ˞ɿʃտʄɾɘɠ, ˜˰˺ˀʂ BMV ʷ˲Ɵ˞ʖ

ஔโɿऐ׸೾؁঍ʂ੾ݲʦɞɧɾɷɺɘʟ [8]Ɔɧʠʝ

ʷ˲Ɵ˞ʜʞগɿ܄֨ QED ɿʜʟऐ׸ഫ׎ʦ٪ɸɥ,

ɩʝɿʃරગຆޫʂ੾ݲʖɞɧɾɞɚɼɘɚʂɠʣʠʣ

ʠʂ OVAL ʂෳଯɻɖʟƆٲ߹

2 OVAL ٲ߹

レーザー

偏光子(縦, P) 偏光子(横, A)

変動磁場(パルス磁石)

光共振器

元の

偏光成分

変化した

偏光成分

य 2: OVAL ʂҞ௱यƆٲ߹

OVAL ʂҞ௱यʦयٲ߹ 2 ɿߟɭƆߧ (3) ɟʝഇɟ

ʟ૳ʞ, QED ɿʜʟऐ׸ഫ׎ʂڹїʃಒ࣢ɿಘࠜɻɖ

ʞ, ɱʂਗ଑ʂɳʕɿʃӽ୞ࣘڽʂɳʕʂۆ೔ɠ಩์ɻ

ɖʟƆɱɧɻ,ɧʂ߹ٲɻʃബஓࣟߞʦๆɘʟƆޫڶʂഫ

,ʦ๭ๆɭʟɠޫڶɭʟɳʕɿʃഫࡥബшʦ٠ڶ я߄/অ

ҙມηʂഫޫڶʂ૥ভഫڶʂڶɿ਻ɭʟষ੝ड़௾ (2 ච

૥ڱɫɺజટɫɳɼɡɿɽʠɴɥڶʦࠎʟɟʂખɻ, ࢶ

(ʄʠʟڅಅɼڶ ʃɯɘɰɘ 10−7 ੑଟ୞ɻɖʞ, ɧʠ

Ιчʂಘࢡɾഫڶʃ౜ധɻɡɾɘƆτюࣟߞʦബஓɩɯ

ʟɧɼɻ, ɭɧɼࡥബшʂʓʦࠟʞڶɿΜਣɫɳഫࣟߞ

ɠя௾ɿɾʟƆPVLAS ʷ˲Ɵ˞ɻʃ, 2.5 [T] ʂϷռߞ

ॿʦޡๆɭʟɠ, ʦബڽʂτю൘ࣟߞॿʦѾୃɩɯɺߞ

ɜʟɧɼɻഫڶബшʦળࡥɫɺɘʟƆɧʠɿ਻ɫ, ʣʠ

ʣʠ OVAL ,ɻʃٲ߹ ˘˲ˀߞॿ (ෳವֲ୞ 15 [T] ૝)

ʦ๭ๆɫɺֲࣟߞ୞ߢਹʦബшɩɯʟƆ

ʖɚʆɼɸʂۆ೔ɼɫɺ,ڶʂ֩इԶ (Fabry-Pérot֩

इԶ) ɼߞॿʦ৕ʓ܄ʣɯɺޡๆɭʟƆऐ׸ഫ׎ɿʜʟ

ഫڶബшʃࣟߞʦτюɫɳ֜๸ɿಅຶɫɺ੒ɡɣɾʟɳ

ʕ, ɾʟʍɣૠɘ֜๸ɿ୔ɷɺࣟߞʦτюɭʟɧɼɠ࡚

์ɻɖʟƆ౞ࠄ๻ɠ 99.999% ʦ૝ɜʟˀƟ˘Ɵ˦˰Ɵ

ʦ܄ʣɯ׃ɼɫɺ๭ๆɭʟɧɼɻ, ඵࡒଯɿॅڹ߹ʦڶ

Ѿଟ୞Ъ೹ɩɯʟɧɼɠɻɡʟƆɧʂЪ೹ɫɺɘʟೱഇ

ɿࣟߞʦτюɭʟɧɼɻ, ૳ѬʂѾॅɠɱʂʒʒӽ୞ʂ

ɿɸɾɠʟƆࣘڽ

ɧɧɻ෻੕ʃ, ɧʠʝʦ৕ʓ܄ʣɯɺϬୃɻɡʟʂɟ

ɼɘɚ୅ɻɖʟƆֲࣟߞ˘˲ˀߞॿʘۿ˜ʪ˔ˀʂ֩इ

Զɾɽ߹ٲʂڃധ์৔ʃՂɿ॓ʂયɿࡥѾɷɺɘʟʖʂ

ɻ, ɱʠʏɽ૨ɫɘʖʂɻʃɾɘƆɳɴɫ, ˘˲ˀߞॿ

ʂʜɚɾฅ౹? ɾՠࡦɼ, ɘۿʪ˔ˀ֩इԶɼɘɚ˜ۿ

३୞ʂ಩์ɾՠࡦʦ৕ʓ܄ʣɯɺޡๆɫɺɘʟຶʃ॓ʂ

યɿʏɼʧɽɾɘƆɱɧɻʣʠʣʠʃ, ʒɮʃɭɤɿࠡ

ɿ௡ʟ์৔ɻ˞˴ˏˆʫ˞ʂ˂ˊˏʩˊ˞ʦ६ݩɫ, ৕

ʓ܄ʣɯɺϬๆɭʟɧɼɻ OVAL ʂুਹʂ٠࣍ʦٲ߹

ɞɧɾɷɳƆ

2.1 ˞˴ˏˆʫ˞ʂ˂ˊˏʩˊ˞

य 3 ʂࣘɿ˞˴ˏˆʫ˞ʂ˂ˊˏʩˊ˞ʦ, य 3 ʂч

ɿɱʂࠃऐʦߟɭƆ

レーザー
)A ,横(子光偏)P ,縦(子光偏

変動磁場(パルス磁石)

光共振器 元の
偏光成分

変化した
偏光成分
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[7]Ɔɱʂ੒ɡɩʃ QED ʂาٿખʜʞʖ 3.5 ʖ੒ɡɘن

ɳʕ, ʩʶʾʱ˺ʂʜɚɾර౎٪ຆޫʂڹїɻɖʡɚɼ

۪ɜʝʠ, PVLAS ʷ˲Ɵ˞ʂʓɾʝɮ, ॓ҏયʂਪɣ

ʂʷ˲Ɵ˞ɻ૰ٲ߹٠࣍ɠɞɧɾʣʠɳƆɱʂٌїʃޝ

௱ɾɠʝ PVLAS ʷ˲Ɵ˞ߢङɻʖʏɟʂʷ˲Ɵ˞ɻ

ʖ݁ټɻɡɮ, ౎٪ʃڬൎɼɘɚٌ໱ɿ߃ɷɳƆPVLAS

ʷ˲Ɵ˞ʃɱʂڤʖӽ୞ࣘڽɼ˕ʫˁଊٹʌʂଢ଼ຢʦਞ

ɥ, ʃݚټ QED ʂาٿખɿ਻ɫɺ, ɖɼ 20 ఝɼɘɚɼ

ɧʡʒɻ੾ݲɫɺɘʟƆʒɳ, ӽ୞ɿɞɘɺʃ PVLAS

ʷ˲Ɵ˞ɿʃտʄɾɘɠ, ˜˰˺ˀʂ BMV ʷ˲Ɵ˞ʖ

ஔโɿऐ׸೾؁঍ʂ੾ݲʦɞɧɾɷɺɘʟ [8]Ɔɧʠʝ

ʷ˲Ɵ˞ʜʞগɿ܄֨ QED ɿʜʟऐ׸ഫ׎ʦ٪ɸɥ,

ɩʝɿʃරગຆޫʂ੾ݲʖɞɧɾɞɚɼɘɚʂɠʣʠʣ

ʠʂ OVAL ʂෳଯɻɖʟƆٲ߹

2 OVAL ٲ߹

レーザー

偏光子(縦, P) 偏光子(横, A)

変動磁場(パルス磁石)

光共振器

元の

偏光成分

変化した

偏光成分

य 2: OVAL ʂҞ௱यƆٲ߹

OVAL ʂҞ௱यʦयٲ߹ 2 ɿߟɭƆߧ (3) ɟʝഇɟ

ʟ૳ʞ, QED ɿʜʟऐ׸ഫ׎ʂڹїʃಒ࣢ɿಘࠜɻɖ

ʞ, ɱʂਗ଑ʂɳʕɿʃӽ୞ࣘڽʂɳʕʂۆ೔ɠ಩์ɻ

ɖʟƆɱɧɻ,ɧʂ߹ٲɻʃബஓࣟߞʦๆɘʟƆޫڶʂഫ

,ʦ๭ๆɭʟɠޫڶɭʟɳʕɿʃഫࡥബшʦ٠ڶ я߄/অ

ҙມηʂഫޫڶʂ૥ভഫڶʂڶɿ਻ɭʟষ੝ड़௾ (2 ච

૥ڱɫɺజટɫɳɼɡɿɽʠɴɥڶʦࠎʟɟʂખɻ, ࢶ

(ʄʠʟڅಅɼڶ ʃɯɘɰɘ 10−7 ੑଟ୞ɻɖʞ, ɧʠ

Ιчʂಘࢡɾഫڶʃ౜ധɻɡɾɘƆτюࣟߞʦബஓɩɯ

ʟɧɼɻ, ɭɧɼࡥബшʂʓʦࠟʞڶɿΜਣɫɳഫࣟߞ

ɠя௾ɿɾʟƆPVLAS ʷ˲Ɵ˞ɻʃ, 2.5 [T] ʂϷռߞ

ॿʦޡๆɭʟɠ, ʦബڽʂτю൘ࣟߞॿʦѾୃɩɯɺߞ

ɜʟɧɼɻഫڶബшʦળࡥɫɺɘʟƆɧʠɿ਻ɫ, ʣʠ

ʣʠ OVAL ,ɻʃٲ߹ ˘˲ˀߞॿ (ෳವֲ୞ 15 [T] ૝)

ʦ๭ๆɫɺֲࣟߞ୞ߢਹʦബшɩɯʟƆ

ʖɚʆɼɸʂۆ೔ɼɫɺ,ڶʂ֩इԶ (Fabry-Pérot֩

इԶ) ɼߞॿʦ৕ʓ܄ʣɯɺޡๆɭʟƆऐ׸ഫ׎ɿʜʟ

ഫڶബшʃࣟߞʦτюɫɳ֜๸ɿಅຶɫɺ੒ɡɣɾʟɳ

ʕ, ɾʟʍɣૠɘ֜๸ɿ୔ɷɺࣟߞʦτюɭʟɧɼɠ࡚

์ɻɖʟƆ౞ࠄ๻ɠ 99.999% ʦ૝ɜʟˀƟ˘Ɵ˦˰Ɵ

ʦ܄ʣɯ׃ɼɫɺ๭ๆɭʟɧɼɻ, ඵࡒଯɿॅڹ߹ʦڶ

Ѿଟ୞Ъ೹ɩɯʟɧɼɠɻɡʟƆɧʂЪ೹ɫɺɘʟೱഇ

ɿࣟߞʦτюɭʟɧɼɻ, ૳ѬʂѾॅɠɱʂʒʒӽ୞ʂ

ɿɸɾɠʟƆࣘڽ

ɧɧɻ෻੕ʃ, ɧʠʝʦ৕ʓ܄ʣɯɺϬୃɻɡʟʂɟ

ɼɘɚ୅ɻɖʟƆֲࣟߞ˘˲ˀߞॿʘۿ˜ʪ˔ˀʂ֩इ

Զɾɽ߹ٲʂڃധ์৔ʃՂɿ॓ʂયɿࡥѾɷɺɘʟʖʂ

ɻ, ɱʠʏɽ૨ɫɘʖʂɻʃɾɘƆɳɴɫ, ˘˲ˀߞॿ

ʂʜɚɾฅ౹? ɾՠࡦɼ, ɘۿʪ˔ˀ֩इԶɼɘɚ˜ۿ

३୞ʂ಩์ɾՠࡦʦ৕ʓ܄ʣɯɺޡๆɫɺɘʟຶʃ॓ʂ

યɿʏɼʧɽɾɘƆɱɧɻʣʠʣʠʃ, ʒɮʃɭɤɿࠡ

ɿ௡ʟ์৔ɻ˞˴ˏˆʫ˞ʂ˂ˊˏʩˊ˞ʦ६ݩɫ, ৕

ʓ܄ʣɯɺϬๆɭʟɧɼɻ OVAL ʂুਹʂ٠࣍ʦٲ߹

ɞɧɾɷɳƆ

2.1 ˞˴ˏˆʫ˞ʂ˂ˊˏʩˊ˞

य 3 ʂࣘɿ˞˴ˏˆʫ˞ʂ˂ˊˏʩˊ˞ʦ, य 3 ʂч

ɿɱʂࠃऐʦߟɭƆ
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य 3: ˞˴ˏˆʫ˞ʂ˂ˊˏʩˊ˞ (ࣘ) ɼ߹ݘʂࠃऐ

(ч)Ɔ

ਂટʂયШɿ˘˲ˀߞॿʦజટɫ, ຑ਑ɿ׃ʦટɘɺ

˘˲ˀߞॿʂ߫ʦ૳ʟ֩इԶʦ৕ʔƆ˘˲ˀߞॿʃʣʠ

ʣʠʂʷ˲Ɵ˞ɠҔ౎ɫɳʖʂɻ, 1 mm×3 mm ʂடʂ

ചҺভʦ 15 ˆƟ˺ӳɘɳૠɩ 200 mm ʂ˳Ɵˀˏ˰ˊ

ʶؠʺʫ˲ (L = 31 µH, RDC = 5 mΩ)ɻɖʟƆ

ʺʫ˲ʂ௅਑ɿʃ 1/4 ʫ˺ˈʂˀˍ˺˳ˀ˘ʫ˞ʦ

૳ɫɺɖʞ, ˘ʫ˞ɿʏʐळ૥ɿ 200 mm ɿʣɳɷɺߞ

ࣟʦτюɭʟƆ௅ೱɿຸߞɩʠʟ˘˲ˀࣟߞʃ, ɧɵʝ

ʖʣʠʣʠɠҔ౎ɫɳʺ˺ˎ˺ʼ˗˺ʶʌʂࡑ୊୊΄ɿ

ʜɷɺ૛य़ɩʠʟƆ˞˴ˏˆʫ˞ਗ଑ɿɞɘɺʃ, ୊ࡑ

୊΄ʦ 2.0 [kV] ɿ঎଑ɫ, ݂੒˘˲ˀࣟߞ 9.0 [T] ɼպ

ࣟߞɡ˘˲ˀڽ −4.5 [T] ʦڞڱɿτюɭʟ˩ƟːɻϬ

ୃɫɳƆय 4 ɿ 9.0 [T] τюߗʂ˘˲ˀࣟߞʂ 2 ࣛഇ

೘ʦߟɭɠ, ɞɞʜɱ˦˱ೀʂߗԝۚਏʦߖɸࣟߞɻɖ

ʟƆɳɴɫ, ബшɼɫɺʾʷˑ˲ɻԘਗɩʠڶɿഫݘ߹

ʟʂʃ, ˲ɻ˴Ɵ˘ˀ˜ʪූ࠮ʂڶɭʟ֩इԶ௅ʂࡧڤ

ˆƟɠɟɟɷɳࣨآɼɾʟƆɱʂآʖय 4 ɿɖʣɯɺ

ɭƆߟ

,ɿɖɳɷɺʃٲ߹ ळ૥ࣟߞʂ 2 ࣛɼτюɫɺɘʟ

ૠɩʦӆɥ܄ʣɯɳʖʂɠ࡚์ɼɾʟɠ, ਗ଑ɫɳߞ

ࣟʂഇ೘ʦюයɫɺঀഇɭʟɼ, 9.0 [T] ʂ˛Ɵʶߗɿ
∫

B2(z) dz = 13.8 [T2m] ɻɖɷɳƆɧʠʃ, ଯɿڹ߹

ʃ 9.0 [T] ʂהλࣟߞɠ 17 [cm] ɿʣɳɷɺτюɩʠɺ

ɘʟɼɘɚɧɼɿɾʟƆɳɼɜʄஔɬ˘˲ˀࣟߞʦ๭ๆ

ɫɺɘʟ BMV ʷ˲Ɵ˞ ࣟߞ) 6.5 [T], ૠɩ 13.7 [cm])

ɼಅҼɫɺʖɮɷɼ੒ɡɾખɻɖʟƆ

˘˲ˀߞॿʃুਹɠЂਹફ৔ɿʜɷɺືնɩʠɺɞʞ,

ѾܞʒɷɺɘʟƆىॿʂືն௾ຢɻ،ʞറɫʂ೎୞ɠߞ

ʃ, 9.0 [T] ˘˲ˀɟʝߘʂ 9.0 [T] ʒɻʂߞຸ 1 Ѿʂ

ʼʫʶ˲ʃ 10 ೀ࠵ՃɻϬୃɫɳƆɾɞ, ˘˲ˀߞॿɞ

ʜʇɱʂױஓ୊ٺɿԟɫɺʂ࣏ݔʃ [9, 10] ʦࢻދɩʠ

ɳɘƆ

Time (ms)
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य 4: 9.0 [T] τюߗʂ˘˲ˀࣟߞ 2 ࣛʂߗԝഇ೘Ɔ߹

ভɠ߹ݘɿ१ɬʟ B2, ఌভʃɱʠʦ֩इԶʂ˳ˀˤ˺

ˀɻɖʟڶʂූ࠮ɻ˜ʪ˲ˆƟɫɳഇ೘ɻɖʟƆ

˘˲ˀߞॿʦַʧɻ֩इԶɼ˳ƟʽƟذɠజટɫɺɖ

ʟƆ˳ƟʽƟʃ, Nd:YAG ਹ˳ƟʽƟچ (Coherent ࠉ

ʂ Mephisto 500 NE, 1064 nm) ʦ˥ˀˆƟ˳ƟʽƟɼ

ɫɺޡๆɫ, ഫޫڶ P (ʾʷ˥ڶՆ, α-BBO ʷ˰˺˳Ɵ

ʽƟ˞˱ˁ˧) ʦ૳ɫɺ૥ভഫڶɿɫɳढ़ഇʦ֩इԶɿ

஖௡ɫɺɘʟƆ֩इԶʃ 2 චʂˀƟ˘Ɵ˦˰Ɵ, M1 ɼ

M2 (Advanced Thin Films (ࠉ ɟʝढ़ʞ, ຑ˦˰Ɵԝʃ

1.38 m ʂ֜๸ɠɖʟƆɧʂೱഇɿ˳ƟʽƟڶʦЪ೹ɩ

ɯʟƆɳɴɫ, ֩इِࣥʦභɳɫɺɘɾɘࣟ܄, ֩इԶ

ɿʃڶɠ௡ʝɾɘƆɧʂɳʕ, M1 ɿ௡ຢɫɳɼɡɿ౞

,ʦ˩˒ˆƟɫڶɫɺɣʟࠄ PDH ൚ [11]ɼڅʄʠʟࠡ

൚ɻ˥ˀˆƟ˳ƟʽƟʂಘࢡɾ࠵ఉॅബшʌɼ˜ʪƟː

˗ˊʶɭʟɧɼɻ, Α଑ɫɳ֩इʦ੬ढ़ɫɺɘʟƆλ൘,

֩इڤɿ M2 ʦ஌Ѭɫɳʣɮɟɾ˳ƟʽƟڶʃڤʡʂ

ഫޫڶ A (P ɼஔɬ६ೇ) ɿʜɷɺ௡ڶࠄɼஔɬഫڶʂ

ˏʃʾ˱ʺ˺˜ʰڶɿഇɥʝʠʟƆຑ൘ʂڶɼळ૥ɾڶ

ˇʫʱƟː (ೊࢱˢˏ˒ʶˀࠉ, S11499) ɿʜɷɺԘਗ

ɭʟƆΙۼ, ௡ڶࠄɼஔɬഫڶढ़ഇʦ It, ळ૥ɾढ़ഇʦ

Ie ɼɭʟƆ

ഫޫڶʂڶࢶಅʃ P ɼ A ʂ৷਻Һ୞ʦബɜɺ It ɼ

Ie ʂബшʦਗ଑ɭʟɧɼɻ߹ਗɻɡʟƆ௖ɸʂഫޫڶʦ

ച۱ɿɫɳɼɡɼळ૥ɿɫɳɼɡʂڶʂಅɟʝ, 3×10−7

ɻɖɷɳƆʒɳ, ֩इԶʂड़௾ʃ˜ʪ˔ˀɼڅʄʠʟ֩

इʂЁɩɿʜɷɺɖʝʣɩʠʟɠ, ˜ʪ˔ˀʃ֩इʦֲ

क़ଯɿউɷɳڤʂ It ʂߗԝബш, ɭɾʣɵ֩इԶ௅ɿન

ঀɩʠɳڶʂූ࠮ɟʝֆʕʟɧɼɠɻɡʟƆ˜ʪ˔ˀʂ

,ɟɾખʃ˦˰ƟʂࣨੁɾɽɿΜਣɭʟɠݔ ݂ʖຜɘࣥ

ِʂɼɡɿ˜ʪ˔ˀ 670, 000 ଟ୞, ˞˴ˏˆʫ˞ਗ଑ߗ

真空容器 磁気シールド
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ɿʃ, ˜ʪ˔ˀʃ 350,000ଟ୞ɻɖɷɳƆɧʂખʃ, ˳Ɵ

ʽƟڶɠ֩इԶʂયʦ߹ڹଯɿช 20 ඵѾ (Ъ೹ 10 ඵ

Ѿ) ૳ɷɳɧɼʦΤයɭʟƆഫڶʂബшʃࣟߞયʦڶɠ

૳Ѭɫɳ֜๸ɿЫɬɺਊɜʟʂɻ, 20 ඵɠɱʂʒʒ֩इ

Զɿʜʟࣿ܃ʌʂʹʫ˺ɼɾʟƆɾɞ, ɧʂ˜ʪ˔ˀʃ

ʏʐ॓ҏ݂ۿशࡵɻɖʞ, PVLAS ʷ˲Ɵ˞ʂ˜ʪ˔ˀ

700, 000 ɼಅҼɫɺʖਨࣸɾɘ˳ˠ˲ɻɖʟƆ

୻ীɾɠʝ, ɧʂʜɚɾۿɘ˜ʪ˔ˀʂ֩इԶʃࣤ๥

ɿಒ࣢ɿࠜɣ, ɵʛɷɼɫɳइஓʘ˜ʪƟː˗ˊʶذʌ

ʂ˕ʫˁɻ֩इɠҙʠɺɫʒɚƆɧʂɳʕ, ֩इԶɼ˘

˲ˀߞॿɼʂԝʃՆҌଯɿʖ୊ՉଯɿʖଵଓɫɺওМɫ

ɳƆ֩इԶๆʂڶӁʾˀˍ˧ʃಒߞड़ʂڶӁ଑౶ɿʒɼ

ʕɺజટɫɳʂɿ਻ɫ, ˘˲ˀߞॿʃࢥɟʝധʂ੒ؠ˜

˳Ɵ˧ʦ঎ટɫɺజટɫ, ไঋˠ˴Ɵˁɼ˂˰˦ˊʶʂ

ওМ˜˰˺ʿʦѻɫɺঋਞɫɺɖʟƆʒɳ, цɾɽʂ׸

Չइஓʦѻɭʟϳׄʖ৘޸ɭʟɳʕ, ֩इԶʘഫޫڶʃ

ɭʍɺˠ˴Ɵˁɻ೟ɟɯɳऐ׸฻Զɿ௡ʠɺɖʟƆࣟߞ

ɿʜʟϳׄʦංɤɳʕɿ, ˘˲ˀߞॿʂ࠵Ξʃু࠵ɿʣ

ɳɷɺ௖࡚ʂߞՉʾƟ˲ːɻࠎഞɫɺɖʟƆ˘˲ˀຸߞ

ʦɸɣʟɳࣟߞΞɿ࠵ʂʴ˴ʩ˺ˡʩʶ˰ˀʂ୊ກʖߗ

ʕ, ୊ٺɟʝ˘˲ˀߞॿʒɻʃя௾ɾځʞஔ߫ʸƟ˝˲

ɻঋਞɫɺɖʟƆɧʂʜɚɾଢ଼ຢʂٌї, ˘˲ˀߞॿʦ

ɫɳɼɡɻʖʏʐ˳ƟʽƟʂ֩इɠҙʠʟɧɼɾɣߞຸ

ஓݩɭʟɧɼɠя௾ɼɾɷɳƆɩʝɿ, ඵλ֩इɠҙʠ

ɳɼɡɿ, ʣɯ૥ɭՆۚ܄ஓɻ֩इԶʂ֩इʦߢ (ʱƟ

ˏ˴ˊʶʾˀˍ˧) ʖ६ݩɫɳƆIt ʂખʦ˩˒ˆɫ, ֩

इɠ๣ɵɳɼɡɿʃ˳ƟʽƟ࠵ఉॅʦ৪ωɭʟޞ৕ʓɻ

ɖʟƆɧʠɿʜʞ, ञԝɿʜʟ৭ݩɾɫɻ 10 ೀʼʫʶ

˲ɻˎƟˆʦࠟʞਞɥʟɧɼɠя௾ɼɾɷɳƆ

2.2 ˞˴ˏˆʫ˞ɻʂਗ଑

,Ѿʂ˞˴ˏˆʫ˞ʂ˂ˊˏʩˊ˞ʂෳଯʃܞ ਂટু

ਹʂஓݩҷ௨ɼ, үࠦ෻੕୅ʂথɘࡥɫɻɖʟƆऐ׸ʂ

೾؁঍ʦਗ଑ɭʟɿʃӽ୞ɠ೑ਘɫɺɘʟɳʕ, ֩इԶ

௅ɿషɘફ৔ʳˀʦࡑ଻ɭʟɧɼɻ, ɿʜʟફ৔ʳࣟߞ

ˀʂˤ˺˞Ɖ˞˴Ɵ˝߹ٲʦɞɧɾɷɳƆɳɼɜʄફ৔

ʳˀ 100 [Pa] ʦೲ௡ɭʟɼ, ऐ׸ʜʞʖ 8 ʖ੒ɡɾن

೾؁঍ɠՃਿɩʠʟɳʕ, ˞˴ˏˆʫ˞ʂஓݩҷ௨ʘ,

ʾʷˑ˲ֲ୞ʂҷ௨ʂࣘɻಒ࣢ɿยๆɻɖʟƆɳɴɫ,

അ߸ɿࣟߞʦɟɥɳࣟ܄ʃ, ೾؁঍ɴɥɻʃɾɣ, छ۱

൘ڽɿച۱ɾࣟߞɿʜɷɺ˜ʨ˰ˎƟڹї (∝ B∥) ʖ१

ɬʟƆʣʠʣʠʂ˘˲ˀߞॿ௅ʂر໚ʃࣟߞɿ਻ɫɺช

2◦ ʂҺ୞ʦߖɷɺɘʟɳʕ, ˜ʨ˰ˎƟڹїʂԺิʖ෌

ड़ʦ๭ๆ׎ʂࣟߞїʂഇ๸ɿʃτюڹɻɡɾɘƆɧʂ߄

ɭʟƆ೾؁঍ɠ ∝ B2
⊥ ʂΜਣड़ɻɖʟɳʕ, ɡڽʂࣟߞ

ʦബɜɺʖഫڶʂѾୃ൘ڽʃബʣʝɾɘʂɿ਻ɫ, ˜ʨ

˰ˎƟڹїʃࣟߞʂ൘ڽɿЫɬɺڹїʂڽɡɠΪɾʟɳ

ʕ, 9.0 [T] ɼ −4.5 [T] ʂຑ൘ʂബшʦ٪ʟɧɼɻഇ๸

ɻɡʟƆय 5 ɿ˘˲ˀࣟߞτюߗʂ଺ؠଯɾ Ie/It ʂ

ఉآʦߟɭƆஔߗɿ, ೾؁঍ʂڹїɼ˜ʨ˰ˎƟڹїʂ

ຑ൘ɟʝา২ɩʠʟڹїʦ˜ʪ́ ˏɫɳٌїʖߟɭƆʾ

ʷˑ˲ມηɿߞॿʂइஓɾɽɿʜʟڹїʃ٪ʝʠɮ, ɡ

ʠɘɿา২૳ʞʂʲƟ˝ʦߟɫɺɘʟɧɼɠʣɟʟƆ

Time [ms]
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य 5: ફ৔ʳˀчɿɞɥʟഫڶബш (Ie/It)Ɔ9.0 [T] τ

юߗ (ࣘ) ɼ −4.5 [T] τюߗ (ч)ƆB2 ɿಅຶɭʟ೾

؁঍ʂڹїɼ B ɿಅຶɭʟ˜ʨ˰ˎƟڹїʦщ଑ɫɺ

˜ʪ́ ˏɫɳ׍ভʦషɘఌভɻߟɭƆ

ફ৔ʳˀʂਗ଑ʃ, ଻ɭʟʳˀʂ΄ຢʦชࡑ 100 [Pa]

ɟʝ 400 [Pa] ʒɻബшɩɯɺɞɧɾɷɳƆү΄ຢ୅ɻ

ɞɞʜɱ 30 ɟʝ 40 ʼʫʶ˲ഇʂˎƟˆʦࠟணɫߞຸ

ɺɘʟƆਗ଑યʃ, ʼʫʶ˲ඡɿʣɪɼ֩इʦҙɫɺ,

˜ʪ˔ˀʂਗ଑ɼ˜ʰˏˇʫʱƟːʂҼ।ʦɞɧɾɷ

ɺɘʟƆʒʠɿʱƟˏ˴ˊʶʾˀˍ˧ɠ՛ʂ֩इʦ٪

ɸɥɺ܄ʣɯɺɫʒɚʸƟˀɠɖɷɳɠ, ɱʠʦ࢑ɥ

ʄΑ଑ɫɺۿɘ˜ʪ˔ˀɻϬୃɻɡɺɘʟƆүʳˀ΄

ɿɸɘɺ˜ʪ́ ˏʦɞɧɾɘ, ऐ׸೾؁঍ʂʳˀ΄Μਣ

ड़ʦֆʕɺ˞˴ˊˏɫɳٌїɠय 6 ɻɖʟƆ΄ຢʂλ

ԟॅɼɫɺ˜ʪ́ߘ ˏɫɳٌї, উഭʃ kvac = (1.3 ±

0.9) × 10−16 [T−2] ɼ˃˴ʺ˺ʾˀˍ˺ˏ, ಅຶؙॅʃ

kN2
= (−3.1 ± 0.4) × 10−17 [T−2 Pa−1] ɼɘɚખɠண

ʝʠɳƆɧʂફ৔ʳˀʂ೾؁঍˘˰˨Ɵˆʂખʃ, ๲໱
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4

ɿʃ, ˜ʪ˔ˀʃ 350,000ଟ୞ɻɖɷɳƆɧʂખʃ, ˳Ɵ

ʽƟڶɠ֩इԶʂયʦ߹ڹଯɿช 20 ඵѾ (Ъ೹ 10 ඵ

Ѿ) ૳ɷɳɧɼʦΤයɭʟƆഫڶʂബшʃࣟߞયʦڶɠ

૳Ѭɫɳ֜๸ɿЫɬɺਊɜʟʂɻ, 20 ඵɠɱʂʒʒ֩इ

Զɿʜʟࣿ܃ʌʂʹʫ˺ɼɾʟƆɾɞ, ɧʂ˜ʪ˔ˀʃ

ʏʐ॓ҏ݂ۿशࡵɻɖʞ, PVLAS ʷ˲Ɵ˞ʂ˜ʪ˔ˀ

700, 000 ɼಅҼɫɺʖਨࣸɾɘ˳ˠ˲ɻɖʟƆ

୻ীɾɠʝ, ɧʂʜɚɾۿɘ˜ʪ˔ˀʂ֩इԶʃࣤ๥

ɿಒ࣢ɿࠜɣ, ɵʛɷɼɫɳइஓʘ˜ʪƟː˗ˊʶذʌ

ʂ˕ʫˁɻ֩इɠҙʠɺɫʒɚƆɧʂɳʕ, ֩इԶɼ˘

˲ˀߞॿɼʂԝʃՆҌଯɿʖ୊ՉଯɿʖଵଓɫɺওМɫ

ɳƆ֩इԶๆʂڶӁʾˀˍ˧ʃಒߞड़ʂڶӁ଑౶ɿʒɼ

ʕɺజટɫɳʂɿ਻ɫ, ˘˲ˀߞॿʃࢥɟʝധʂ੒ؠ˜

˳Ɵ˧ʦ঎ટɫɺజટɫ, ไঋˠ˴Ɵˁɼ˂˰˦ˊʶʂ

ওМ˜˰˺ʿʦѻɫɺঋਞɫɺɖʟƆʒɳ, цɾɽʂ׸

Չइஓʦѻɭʟϳׄʖ৘޸ɭʟɳʕ, ֩इԶʘഫޫڶʃ

ɭʍɺˠ˴Ɵˁɻ೟ɟɯɳऐ׸฻Զɿ௡ʠɺɖʟƆࣟߞ

ɿʜʟϳׄʦංɤɳʕɿ, ˘˲ˀߞॿʂ࠵Ξʃু࠵ɿʣ

ɳɷɺ௖࡚ʂߞՉʾƟ˲ːɻࠎഞɫɺɖʟƆ˘˲ˀຸߞ

ʦɸɣʟɳࣟߞΞɿ࠵ʂʴ˴ʩ˺ˡʩʶ˰ˀʂ୊ກʖߗ

ʕ, ୊ٺɟʝ˘˲ˀߞॿʒɻʃя௾ɾځʞஔ߫ʸƟ˝˲

ɻঋਞɫɺɖʟƆɧʂʜɚɾଢ଼ຢʂٌї, ˘˲ˀߞॿʦ

ɫɳɼɡɻʖʏʐ˳ƟʽƟʂ֩इɠҙʠʟɧɼɾɣߞຸ

ஓݩɭʟɧɼɠя௾ɼɾɷɳƆɩʝɿ, ඵλ֩इɠҙʠ

ɳɼɡɿ, ʣɯ૥ɭՆۚ܄ஓɻ֩इԶʂ֩इʦߢ (ʱƟ

ˏ˴ˊʶʾˀˍ˧) ʖ६ݩɫɳƆIt ʂખʦ˩˒ˆɫ, ֩

इɠ๣ɵɳɼɡɿʃ˳ƟʽƟ࠵ఉॅʦ৪ωɭʟޞ৕ʓɻ

ɖʟƆɧʠɿʜʞ, ञԝɿʜʟ৭ݩɾɫɻ 10 ೀʼʫʶ

˲ɻˎƟˆʦࠟʞਞɥʟɧɼɠя௾ɼɾɷɳƆ

2.2 ˞˴ˏˆʫ˞ɻʂਗ଑

,Ѿʂ˞˴ˏˆʫ˞ʂ˂ˊˏʩˊ˞ʂෳଯʃܞ ਂટু

ਹʂஓݩҷ௨ɼ, үࠦ෻੕୅ʂথɘࡥɫɻɖʟƆऐ׸ʂ

೾؁঍ʦਗ଑ɭʟɿʃӽ୞ɠ೑ਘɫɺɘʟɳʕ, ֩इԶ

௅ɿషɘફ৔ʳˀʦࡑ଻ɭʟɧɼɻ, ɿʜʟફ৔ʳࣟߞ

ˀʂˤ˺˞Ɖ˞˴Ɵ˝߹ٲʦɞɧɾɷɳƆɳɼɜʄફ৔

ʳˀ 100 [Pa] ʦೲ௡ɭʟɼ, ऐ׸ʜʞʖ 8 ʖ੒ɡɾن

೾؁঍ɠՃਿɩʠʟɳʕ, ˞˴ˏˆʫ˞ʂஓݩҷ௨ʘ,

ʾʷˑ˲ֲ୞ʂҷ௨ʂࣘɻಒ࣢ɿยๆɻɖʟƆɳɴɫ,

അ߸ɿࣟߞʦɟɥɳࣟ܄ʃ, ೾؁঍ɴɥɻʃɾɣ, छ۱

൘ڽɿച۱ɾࣟߞɿʜɷɺ˜ʨ˰ˎƟڹї (∝ B∥) ʖ१

ɬʟƆʣʠʣʠʂ˘˲ˀߞॿ௅ʂر໚ʃࣟߞɿ਻ɫɺช

2◦ ʂҺ୞ʦߖɷɺɘʟɳʕ, ˜ʨ˰ˎƟڹїʂԺิʖ෌

ड़ʦ๭ๆ׎ʂࣟߞїʂഇ๸ɿʃτюڹɻɡɾɘƆɧʂ߄

ɭʟƆ೾؁঍ɠ ∝ B2
⊥ ʂΜਣड़ɻɖʟɳʕ, ɡڽʂࣟߞ

ʦബɜɺʖഫڶʂѾୃ൘ڽʃബʣʝɾɘʂɿ਻ɫ, ˜ʨ

˰ˎƟڹїʃࣟߞʂ൘ڽɿЫɬɺڹїʂڽɡɠΪɾʟɳ

ʕ, 9.0 [T] ɼ −4.5 [T] ʂຑ൘ʂബшʦ٪ʟɧɼɻഇ๸

ɻɡʟƆय 5 ɿ˘˲ˀࣟߞτюߗʂ଺ؠଯɾ Ie/It ʂ

ఉآʦߟɭƆஔߗɿ, ೾؁঍ʂڹїɼ˜ʨ˰ˎƟڹїʂ

ຑ൘ɟʝา২ɩʠʟڹїʦ˜ʪ́ ˏɫɳٌїʖߟɭƆʾ

ʷˑ˲ມηɿߞॿʂइஓɾɽɿʜʟڹїʃ٪ʝʠɮ, ɡ

ʠɘɿา২૳ʞʂʲƟ˝ʦߟɫɺɘʟɧɼɠʣɟʟƆ
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य 5: ફ৔ʳˀчɿɞɥʟഫڶബш (Ie/It)Ɔ9.0 [T] τ

юߗ (ࣘ) ɼ −4.5 [T] τюߗ (ч)ƆB2 ɿಅຶɭʟ೾

؁঍ʂڹїɼ B ɿಅຶɭʟ˜ʨ˰ˎƟڹїʦщ଑ɫɺ

˜ʪ́ ˏɫɳ׍ভʦషɘఌভɻߟɭƆ

ફ৔ʳˀʂਗ଑ʃ, ଻ɭʟʳˀʂ΄ຢʦชࡑ 100 [Pa]

ɟʝ 400 [Pa] ʒɻബшɩɯɺɞɧɾɷɳƆү΄ຢ୅ɻ

ɞɞʜɱ 30 ɟʝ 40 ʼʫʶ˲ഇʂˎƟˆʦࠟணɫߞຸ

ɺɘʟƆਗ଑યʃ, ʼʫʶ˲ඡɿʣɪɼ֩इʦҙɫɺ,

˜ʪ˔ˀʂਗ଑ɼ˜ʰˏˇʫʱƟːʂҼ।ʦɞɧɾɷ

ɺɘʟƆʒʠɿʱƟˏ˴ˊʶʾˀˍ˧ɠ՛ʂ֩इʦ٪

ɸɥɺ܄ʣɯɺɫʒɚʸƟˀɠɖɷɳɠ, ɱʠʦ࢑ɥ

ʄΑ଑ɫɺۿɘ˜ʪ˔ˀɻϬୃɻɡɺɘʟƆүʳˀ΄

ɿɸɘɺ˜ʪ́ ˏʦɞɧɾɘ, ऐ׸೾؁঍ʂʳˀ΄Μਣ

ड़ʦֆʕɺ˞˴ˊˏɫɳٌїɠय 6 ɻɖʟƆ΄ຢʂλ

ԟॅɼɫɺ˜ʪ́ߘ ˏɫɳٌї, উഭʃ kvac = (1.3 ±

0.9) × 10−16 [T−2] ɼ˃˴ʺ˺ʾˀˍ˺ˏ, ಅຶؙॅʃ

kN2
= (−3.1 ± 0.4) × 10−17 [T−2 Pa−1] ɼɘɚખɠண

ʝʠɳƆɧʂફ৔ʳˀʂ೾؁঍˘˰˨Ɵˆʂખʃ, ๲໱

5

ଯɿޔظɠɩʠɺɞʞ [12], ф୞Μਣड़ʦ۪຋ɫɳޔظ

ખ, kTheory
N2

= −2.7× 10−17 [T−2 Pa−1] ɼλઠɫɳƆ

ɧɧɿʃߟɩɾɘɠ, ˜ʨ˰ˎƟڹїɻʖஔโɿʳˀ

΄ɿಅຶɭʟٌїɠணʝʠɺɞʞ, ˜ʨ˰ˎƟڹїʂؙ

ॅʖ๲໱ખɼʏʐλઠɫɳƆ

窒素ガス圧力 [Pa]
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य 6: ફ৔ʳˀʂ΄ຢʦബɜɳɼɡʂ೾؁঍ʂ੒ɡɩ (B2

Μਣʂढ़ഇ) ʂബшƆ૥ভʃ˜ʪ́ ˏٌїʦɖʝʣɭƆ

2.3 ˞˴ˏˆʫ˞ʂ಻ьɼڤܞʂา଑

˞˴ˏˆʫ˞ɻʂફ৔ʳˀਗ଑ٌїʃ, ʏʐา଑૳ʞ

ɻɖʞ, ݂੒ʂٝ௱ɻɖɷɳ֩इԶɼ˘˲ˀߞॿʂஔߗ

Ϭୃʖ෻੕ɾɣɞɧɾɚɧɼɠࡥ๝ɳƆɱɧɻ, Զࡥ٠

ʂڤܞʂஃ੬ӽ୞ʦىʕʟɳʕɿ, ऐ׸ɻʂ೾؁঍ਗ଑

ʖɞɧɾɷɳƆ֩इԶ௅ʃ 10−3 [Pa] ʜʞʖຜɘऐ׸ʒ

ɻఔՉɫ, ˘˲ˀߞॿʃ 100 ʼʫʶ˲ϬୃɫɳƆʣʠʣ

ʠʂ˘˲ˀߞॿʃ،ʞറɫɠ৮ɘɳʕ, ুˎƟˆࠟணɿ

์ɫɳߗԝʃ 15 ഇଟ୞ɻɖʟƆɱʂٌї, ˃˴ɼ෌෎

,ɾٌїɻࡷ

kvac = (−0.5± 1.1)× 10−18 [T−2] (4)

ɼɘɚખɠணʝʠɳƆߧ (3) ɼಅʍʟɼ, ʒɴɧʂખʃ

QED ʂาٿખʜʞ 5 Ιࣘӽ୞ɠਘʞɾɘƆɧʂӽ୞ن

ܴʦඝʕʟߗټ୅ɻʂಈޔๆʃΙчʂ૳ʞɻɖʟƆ

ʒɮʃ˘˲ˀߞॿʦֲɣɭʟƆPVLAS ʷ˲Ɵ˞ʂʜ

ɚɾϷռߞॿɼβɷɺ, ୊ກʦਊʘɯʄֲࣟߞ୞ʦಅҼ

ଯɳʘɭɣਊʘɭɧɼɠɻɡʟƆݚټʂߞॿɻʃ, 14 [T]

ʒɻࡥɯʟɧɼɠҷ௨ɻɡɺɘʟɠ, ɧʠΙࣘʃভݛʂ

ՆҌֲ୞ɠ೑ਘɫɺఌҀɩʠɺɫʒɚƆɧʂɳʕ, டভ

ʦடɼקʂץ܄ভɿટɡԀɜʟɧɼɻՆҌֲ୞ʦਊɫ,

20 [T] ʦෳವɿ 15 [T] ૝ʂຸߞя௾ɾߞॿʂ६ݩʦา

଑ɫɺɘʟƆ֩इԶɼʂ৕ʓ܄ʣɯʖ෻੕ɾɘɧɼɠഇ

ɟɷɳʂɻ, ˘˲ˀߞॿ 4 ,ʦ૥ໆɿഝʍڃ ૠɩʦ 4 ఝ

ɿɭʟา଑ɻɖʟƆʒɳ, ʂʺ˺ˎ˺ʼ˗˺ʶٺஓ୊ױ

ʦֲшɭʟɧɼɻ, ˘˲ˀʂߖਞߗԝʖ 4 ఝɿɭʟƆ

λ൘, ˳ƟʽƟʃ, ˜ʪ˔ˀʃʏʐา଑૳ʞʂખɠࡥ

ɺɘʟƆɳɴɫ, ɩʠɺځɿʜɷɺӽ୞ɠक़ظʂஂޫڶ

ɞʞ, ௡ࠄ˳ƟʽƟʂֲ୞ʦ 10 µW ɟʝ 10 mW ɿࣘ

ɦʟɧɼɻ֩इԶ௅ɿનঀɭʟॅޫڶʦਊʘɫ, ӽ୞ڽ

ࣘɿɸɾɦʟƆɧʂೱഇʂ҉ਏʃɭɻɿ࠿ຎɫɺɞʞ,

˳ƟʽƟʂֲ୞ࣘڽɿʜʟӽ୞ࣘڽʃɭɤɿҷ௨ɻɡʟ

า଑ɻɖʟƆ

ӽ୞ࣘڽɼɼʖɿ, ɻɡɾɣ߄ຄʳˀʂϳׄʖ෌ޝ

ɾɷɺɣʟƆޝຄʳˀɿ਻ɭʟ์ֆખʃ, ફ৔ɿ਻ɫɺ

1.6 × 10−6 [Pa] Ιч, श࣫Չɿ਻ɫɺ 6.0 × 10−5 [Pa]

ΙчɻɖʟƆʍƟʴ˺ʷɼऐ׸ఔՉذʂֲшɿʜɷɺ਻

ЫɭʟƆ

ɧʠʝʂʩˊ˞ʷ˳Ɵː, ஦ɿߞॿʂड़௾ࣘڽʃ 1 ௰

ɣʝɘʂˆʫ˧ˀʸƟ˲ʦෳࡽɿɞɧɾɷɺɞʞ, ຎ࠿

,੓ߘ ईɳɾਗ଑ɿ௡ʟา଑ɻɖʟƆɞɞʜɱ 3 ˽ُɣ

ʝɘʂਗ଑ɻ, QED ʂาٿɭʟऐ׸ഫ׎ɠԘਗɻɡʟ

า଑ɻɖʟƆ

3 ʒɼʕɼࢠ๝ʂฅ൷

OVAL ,ʃٲ߹ ˘˲ˀߞॿɼۿ˜ʪ˔ˀ˳ƟʽƟ֩इ

Զʦ৕ʓ܄ʣɯɺऐ׸ʂۚਏʦ੾ʟ߹ٲɻɖʟƆɧʂ

ഇฅɻʃʫˆ˱ʩʂ PVLAS ʷ˲Ɵ˞ɠগ۱ɫɺɞʞ,

QED ʂาٿɭʟऐ׸ഫ׎ʦ٪ʟʒɻ, ɖɼ 20 ఝʂɼ

ɧʡʒɻ๝ɺɘʟƆɧʠɿ਻ɫ, OVAL ˘ʃֲຢɾٲ߹

˲ˀߞॿʦ೭Զɿ˃˴ɟʝ߹ٲʦ๼ɵࣘɦɳɼɧʡɻɖ

ʟƆ˞˴ˏˆʫ˞ʂ६ݩɼϬୃɿʜʞ, ظʂӽ୞ɠٲ߹

ѳ૳ʞɻɖʟɧɼɠҷ௨ɻɡɳƆ˞˴ˏˆʫ˞ʂӽ୞ʃ

ʒɴʒɴ PVLAS ʷ˲Ɵ˞ɿʃտʄɾɘɠ, ਂટʂʩˊ

˞ʷ˳Ɵːɿʜʞ, ௰ɻॅڤܞ PVLAS ʷ˲Ɵ˞ʦ૰ɘ

౓ɡ, QED ऐ׸ഫ׎ʦ॓ҏɻࡾʕɺԘਗɫɳɘɼ۪ɜ

ɺɘʟƆ

,ɼɫɺ೒ɥюɜʟɾʝ٪޽ QED ʂऐ׸ഫ׎ʂਗ଑

ʃ,ɖɣʒɻʖವࡵ๲໱ʂ˞˴˂ˀɻɖʞ, ˠ˺ˈ˥Ɵʶ

ɿѬɢɾɘƆඕ୻ɿ٪ɳɘʖʂʃ, ɱʠʦ૝ɜɳগɿধ

ʧɻɘʟƹъɟƺɻɖʞ, ɱʠʦෳޱɫɺӽ୞ࣘڽʦɞ

ɧɾɷɺɘɡɳɘɼ۪ɜɺɘʟƆʣʠʣʠʂʷ˲Ɵ˞ʃ,

OVAL ,ʂʓɾʝɮٲ߹ XFEL ɾɽʂɩʒɪʒɾڶʂ

ՠࡦʦๆɘɺऐ׸ʂۚਏʦ੾ݲɫɺɘʟ [10, 13]Ɔ˳Ɵ

ʽƟɿ੐಺ɩʠʟڶʂՠࡦʃɭɩʒɬɘਙɩɻछഽɫɺ

ɞʞ, ɭʟࣘɻ੒ɡɾ೭Զɿݲɿধʔۚਏʦ੾׸ऐڤܞ

ɾʟɼ۪ɜɺɘʟƆ

ߤࠌ

ඕ߹ٲʃ, ୱ੒তε٥֋߳, ୱ੒৔ຆޫഅ๲٥ݘ܎֋

˂˺ˆƟʦયअɿɫɳʷ˲Ɵ˞ɻ़۱ɫɺɘʒɭƆ˳Ɵ

ʽƟʂҔ౎ɿɖɳɷɺʃ, ୱ੒ʂڝऑগ१ʂ٥֋߳, խ

зগ१ʂ٥֋߳ɼ, ˘˲ˀߞॿʂҔ౎ɿɖɳɷɺʃ, ୱ

੒അड़٥ʂץஞগ१ʂ٥֋߳, ୱඅ੒ץਛݛດ٥֋ࡿʂ
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ฅࣽগ१ʂ٥֋߳ɼ֩ஔɻछʕɺɘʒɭƆ஦ɿߞॿʂҔ

౎ɿɞɘɺʃ, ୱ੒৔ຆޫഅ๲٥ݘ܎֋˂˺ˆƟʂݥތ

٥֋φ, ο୉٥֋φɠયҴଯɾฉӍʦїɳɫɺɘʒɭƆ

ඕ٥֋ʃ, Advanced Photon Science Aliance (APSA)

ʂ޲ДʦࠬɥɺɘʒɭƆʒɳ,ඕ٥֋ʃୱඅ੒ץਛݛດ٥

֋ࡿʂ֩ஔ๭ๆѨ੕ (15K0080, 16K0011, 17K0037) ɻ

ɭƆඕ٥֋ʃ JSPS ѕ٥ಐ JP16H03970, JP17H05398

ʂࢊढ़ʦࠬɥɳʖʂɻɭƆ
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