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1 ʫ˺ˏ˴ˇʶʾˮ˺

ॽʃʜɟɷɳƆऐɿʃъʖɾɟɷɳƆˤ˺˞ɻऐ

ωɡɫɺ, ɫɺɫʒɜࡥʒɻࠟʞޫٵʂʆɼɸʊʂڤ݂

ʄɞɫʒɘ, ъʖɾɫ, ɼɘɚۉɯɾ॓ҏƆɼɧʡɠ, ݂

,ʯ˔˲ʵƟɻɖʟɼɟܒʃ॓ગचɘ॓ʂયɻɖʟƆΔפ

ϔʂʫ˺˜˳Ɵʾˮ˺ɻɖʟɼɟ, ˙ˊʷˀࣟɿʜʟ

߸ຟ१ढ़ɻɖʟɼɟ, ʓʧɾഇɟʝɾɘɧɼʘɠ

ୢɾɧɼɠɖʠʄ, ɿɱʂʦЬɫɸɥɡൗɿऐۂ

ʟʜɚɿɾɷɺɫʒɷɳƆɫɟʖܟɷɳɧɼɿ, ˙ˊʷ

ˀຆޫɠ٪ɩʠɺɫʒɷɳƆ˙ˊʷˀࣟʂߢଯࣁ

ड़ʂఌʠɿʜɷɺऐɠ৷ୃΫɫ, ऐՃਿખɠ१ɬɳ

ɾɽɼɘɚʴˍ˳ˋɾɠ߹ٲɻҷ௨ɩʠɺɫʒɷɳʂ

ɻɖʟƆɧɚɾɷɺɫʒɷɳΙࣘ, ,൘ɠɾɘޞ ʖɚࢢ

ɫʒɬʕɿऐʦʍʟɟɼɘɚʂɠඕ߹ٲʂஓՆɻ

ɖʟƆ

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

ʃ, ɱʂʂʞ, ऐʦ˳ƟʽƟɻʍʟƆɳɴɫ, 

ɿऐɿ˳ƟʽƟʦɫɳɴɥɻʃъʖࡥɺɧɾɘƆധ

, ऐʦʒɯɺ, ۚਏʦωɡɮʞࡥɭ์ɠɖʟƆʣ

ʠʣʠʂʷ˲Ɵ˞ʃɱʂɳʕɿֲࣟߞʦๆɭʟƆഅड़

,ɾɽɻʃٲ߹ ,ɿʜɷɺഅ߸ʦˤ˺˞ɫɺࣟߞֲ ɱʠ

ɿɭʟЫʦ˳ƟʽƟɻ˞˴Ɵ˝ɭʟɼɘɚˤ˺˞Ɖ

˞˴Ɵ˝߹ٲʦ۱ɚɠ, OVAL ˺ʂˤʃɘʣʄऐٲ߹

˞Ɖ˞˴Ɵ˝߹ٲɻɖʟƆ

1.1 OVAL ɻ٪ɜʟʖʂٲ߹

ʂۚਏɼʃъɻɖʡɚɟƆɻˤ˺˞ɩʠʟऐࣟߞֲ

ɭɤɿްɘɣʂɠຟޫߞຢӁ (QED) ʂಾɣऐʂ

B

e

e

ALP

B

य 1: щ২ޫ๐ޫʦرศɫɳऐഫ (ܳ)ƆALP

ʦرศɫɳഫڶബш (ϓ)Ɔ

ۚਏɻɖʟƆຟޫࣟʂɻɖʟ QED ɿɞɘɺ, ऐ

ʃщ২ଯɿຆޫɼຆޫʂɠ१ɬɺʃࢶɜɺɘʟƆ

Ѥʦߖɸຆޫɻ݂ʖػɘʂʃޫɻɖʟɳʕ, ߹߸ଯɿ

ޫɼ๐ޫʦ۪ɜʟƆщ২ଯɿ१ɬɳޫ๐ޫˡʩ

ʃ, τюɩʠɳࣟʘࣟߞʂϳׄʦࠬɥ, ऐʂߞఉ

ɿɭʟۚਏʦബшɩɯʟ (य 1ʂܳ)Ɔɧʂ࣐ټʃऐ

ഫɼڅʄʠʟ [2]Ɔऐഫʂɡɩʃτюࣟߞʂ൘

,ɸɳʕߖɿʜʞΪ൘ड़ʦڽ ऐʂʂΪ൘ड़, ɭ

ɾʣɵऐʂɼɫɺԘਗɻɡʟƆࣟߞɿച۱ɾ൘

,ʂʂܴʃಒɿʣɮɟɻɖʟɠڽɼळɾ൘ڽ

∆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 ʂऐʦ

٪ʟɧɼɠ OVAL ʂλෳವɻɖʟƆٲ߹
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2

ʖɵʡʧ, QED Ιҙʂऐɻɖɷɺʖ, ɿࠜɣٌࣟߞ

ɭʟࣟɻɖʠʄ܄ OVAL ,ɻԘਗяɻɖʞٲ߹ ವࡵ

ʦɜɳࣟʘຆޫʦݲɻɡʟƆɡɣഇɥɺ, щ

২ຆޫ१ढ़ɿʜɷɺऐഫʂڹїʦ१ʔࣟ܄ (य 1

ʂܳʂ e ʦරગຆޫɻટɡԀɜɳʖʂ) ɼ, ɠщ২ޫڶ

યड़ຆޫʂયԝࣨੁʦرʟࣟ܄ (य 1 ʂϓ) ʂɸʂ

Ժิɠ۪ɜʝʠʟƆঽࠋʃλ౫ଯɿ˦˱ˈ˪Ɵʿːຆޫ

ɼڅʄʠ, Ѥʂࢡɸಘߖʂֲɩʦຆޫʂ܄ɼʂٌޫڶ

ɡɩɿટɡԀɜɺ, ݲɩʠɺɘʟƆࠋڤʂଯɾ

ʖʂɼɫɺʃʩʶʾʱ˺ɠ֘ɦʝʠʟɠ, યड़ʂաˀʲ

˰Ɵ, ɖʟɘʃˀʲ˰Ɵຆޫɿԟɫɺʃ, ʩʶʾʱ˺โ

ຆޫ (Axion Like Particle, ALP) ɼڅʄʠ, ɻ߳ٲ߹

ALP ʦݲɭʟݘʂࠞ์ɾ൘൚ʂλɸɻɖʟ [4]Ɔ

1.2 ऐഫԘਗʂࣨټ

QED ऐʂഫʂਣݚʃ 20 ॓Տʂʃɬʕɟʝาٿ

ɩʠɺɘɳɠ, ɠ์ɻɖࣟߞɿʃಒɿֲຢɾ࣍٠

ʟƆɧɚɘɷɳࣟ܄ʂ? ʂʆɼɸʃ, ଼ਹʂๆɻ

ɖʟƆऐഫʂࠡɠɟʞʦɭ߇ʓɼɫɺ, ʺ˺˘ʶ

ˏ଼ਹʂݔ࣏ԘਗɠɞɧɾʣʠɺɳƆɱʂٌї, ɸɘ

,ɿɾɷɺפ݂ RX J1856.5–3754 ɼڅʄʠʟࠚɘયड़ޫ

ॠ (B ∼ 109∼10 [T] ɼवɩʠʟ) ʂԘਗɟʝऐഫ

ɠढ़ɩʠɺɘʟ܍їɠ٪ɜɳɼɘɚൎڹʂ [5]ƆVery

Large Telescope ɿʜʟڶӁԘਗɼ, ʾ˦ˬ˳Ɵʾˮ˺

ɿʜʟ QED ऐഫɖʞ/ɾɫ˩ˎ˲ɼʦಅҼɫɳٌ

ї, ऐഫɖʞ˩ˎ˲ʂ൘ɠʜʞԘਗɼ܄ઠɫɺɘʟ

ɼʂɧɼɻɖʟƆಒɿ׀යऍɘٌїɻɖʞ, ʂԘڤܞ

ਗˎƟˆʂࡑ߹ɠ൷ʒʠʟƆ

λ൘, ઘࣘ߹ٲɻऐഫʦ٪ʜɚɼɘɚ߇ʓʖী

ɞɧɾʣʠɺɘʟƆ॓ݚټҏʂˏˊ˞ʦਃɷɺɘʟʂʃ

ʫˆ˱ʩ INFN ʂ PVLAS ɼɘɚʷ˲Ɵ˞ɻɖʟ [6]Ɔ

߹ʃɧʂʷ˲Ɵ˞ʃ 2006 ௰ɿऐഫʦ٪ɫɺɘʟ

[7]Ɔɱʂɡɩʃ QED ʂาٿખʜʞʖ 3.5 ʖɡɘن

ɳʕ, ʩʶʾʱ˺ʂʜɚɾර٪ຆޫʂڹїɻɖʡɚɼ

۪ɜʝʠ, PVLAS ʷ˲Ɵ˞ʂʓɾʝɮ, ॓ҏયʂਪɣ

ʂʷ˲Ɵ˞ɻ૰ٲ߹࣍٠ɠɞɧɾʣʠɳƆɱʂٌїʃޝ

௱ɾɠʝ PVLAS ʷ˲Ɵ˞ߢङɻʖʏɟʂʷ˲Ɵ˞ɻ

ʖ݁ټɻɡɮ, ٪ʃڬൎɼɘɚٌɿ߃ɷɳƆPVLAS

ʷ˲Ɵ˞ʃɱʂڤʖӽࣘڽɼ˕ʫˁଊٹʌʂଢ଼ຢʦਞ

ɥ, ʃݚټ QED ʂาٿખɿɫɺ, ɖɼ 20 ఝɼɘɚɼ

ɧʡʒɻݲɫɺɘʟƆʒɳ, ӽɿɞɘɺʃ PVLAS

ʷ˲Ɵ˞ɿʃտʄɾɘɠ, ˜˰˺ˀʂ BMV ʷ˲Ɵ˞ʖ

ஔโɿऐʂݲʦɞɧɾɷɺɘʟ [8]Ɔɧʠʝ

ʷ˲Ɵ˞ʜʞগɿ܄֨ QED ɿʜʟऐഫʦ٪ɸɥ,

ɩʝɿʃරગຆޫʂݲʖɞɧɾɞɚɼɘɚʂɠʣʠʣ

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

ʟʞ, QED ɿʜʟऐഫʂڹїʃಒɿಘࠜɻɖ

ʞ, ɱʂਗʂɳʕɿʃӽࣘڽʂɳʕʂۆɠ์ɻ

ɖʟƆɱɧɻ,ɧʂ߹ٲɻʃബஓࣟߞʦๆɘʟƆޫڶʂഫ

,ʦๆɭʟɠޫڶɭʟɳʕɿʃഫࡥബшʦ٠ڶ я߄/অ

ҙມηʂഫޫڶʂভഫڶʂڶɿɭʟষड़ (2 ච

ڱɫɺజટɫɳɼɡɿɽʠɴɥڶʦࠎʟɟʂખɻ, ࢶ

(ʄʠʟڅಅɼڶ ʃɯɘɰɘ 10−7 ੑଟɻɖʞ, ɧʠ

ΙчʂಘࢡɾഫڶʃധɻɡɾɘƆτюࣟߞʦബஓɩɯ

ʟɧɼɻ, ɭɧɼࡥബшʂʓʦࠟʞڶɿΜਣɫɳഫࣟߞ

ɠяɿɾʟƆPVLAS ʷ˲Ɵ˞ɻʃ, 2.5 [T] ʂϷռߞ

ॿʦޡๆɭʟɠ, ʦബڽʂτю൘ࣟߞॿʦѾୃɩɯɺߞ

ɜʟɧɼɻഫڶബшʦળࡥɫɺɘʟƆɧʠɿɫ, ʣʠ

ʣʠ OVAL ,ɻʃٲ߹ ˘˲ˀߞॿ (ෳವֲ 15 [T] )

ʦๆɫɺֲࣟߞߢਹʦബшɩɯʟƆ

ʖɚʆɼɸʂۆɼɫɺ,ڶʂ֩इԶ (Fabry-Pérot֩

इԶ) ɼߞॿʦʓ܄ʣɯɺޡๆɭʟƆऐഫɿʜʟ

ഫڶബшʃࣟߞʦτюɫɳ֜ɿಅຶɫɺɡɣɾʟɳ

ʕ, ɾʟʍɣૠɘ֜ɿɷɺࣟߞʦτюɭʟɧɼɠ࡚

์ɻɖʟƆࠄɠ 99.999% ʦɜʟˀƟ˘Ɵ˦˰Ɵ

ʦ܄ʣɯ׃ɼɫɺๆɭʟɧɼɻ, ඵࡒଯɿॅڹ߹ʦڶ

ѾଟЪɩɯʟɧɼɠɻɡʟƆɧʂЪɫɺɘʟೱഇ

ɿࣟߞʦτюɭʟɧɼɻ, ѬʂѾॅɠɱʂʒʒӽʂ

ɿɸɾɠʟƆࣘڽ

ɧɧɻʃ, ɧʠʝʦʓ܄ʣɯɺϬୃɻɡʟʂɟ

ɼɘɚɻɖʟƆֲࣟߞ˘˲ˀߞॿʘۿ˜ʪ˔ˀʂ֩इ

Զɾɽ߹ٲʂڃധ์ʃՂɿ॓ʂયɿࡥѾɷɺɘʟʖʂ

ɻ, ɱʠʏɽ૨ɫɘʖʂɻʃɾɘƆɳɴɫ, ˘˲ˀߞॿ

ʂʜɚɾฅ౹? ɾՠࡦɼ, ɘۿʪ˔ˀ֩इԶɼɘɚ˜ۿ

३ʂ์ɾՠࡦʦʓ܄ʣɯɺޡๆɫɺɘʟຶʃ॓ʂ

યɿʏɼʧɽɾɘƆɱɧɻʣʠʣʠʃ, ʒɮʃɭɤɿࠡ

ɿʟ์ɻ˞˴ˏˆʫ˞ʂ˂ˊˏʩˊ˞ʦ६ݩɫ, 

ʓ܄ʣɯɺϬๆɭʟɧɼɻ OVAL ʦ࣍ʂুਹʂ٠ٲ߹

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

10



2

ʖɵʡʧ, QED Ιҙʂऐɻɖɷɺʖ, ɿࠜɣٌࣟߞ
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ALP ʦݲɭʟݘʂࠞ์ɾ൘൚ʂλɸɻɖʟ [4]Ɔ

1.2 ऐഫԘਗʂࣨټ

QED ऐʂഫʂਣݚʃ 20 ॓Տʂʃɬʕɟʝาٿ

ɩʠɺɘɳɠ, ɠ์ɻɖࣟߞɿʃಒɿֲຢɾ࣍٠

ʟƆɧɚɘɷɳࣟ܄ʂ? ʂʆɼɸʃ, ଼ਹʂๆɻ
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ˏ଼ਹʂݔ࣏ԘਗɠɞɧɾʣʠɺɳƆɱʂٌї, ɸɘ

,ɿɾɷɺפ݂ RX J1856.5–3754 ɼڅʄʠʟࠚɘયड़ޫ

ॠ (B ∼ 109∼10 [T] ɼवɩʠʟ) ʂԘਗɟʝऐഫ

ɠढ़ɩʠɺɘʟ܍їɠ٪ɜɳɼɘɚൎڹʂ [5]ƆVery

Large Telescope ɿʜʟڶӁԘਗɼ, ʾ˦ˬ˳Ɵʾˮ˺
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λ൘, ઘࣘ߹ٲɻऐഫʦ٪ʜɚɼɘɚ߇ʓʖী

ɞɧɾʣʠɺɘʟƆ॓ݚټҏʂˏˊ˞ʦਃɷɺɘʟʂʃ
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߹ʃɧʂʷ˲Ɵ˞ʃ 2006 ௰ɿऐഫʦ٪ɫɺɘʟ

[7]Ɔɱʂɡɩʃ QED ʂาٿખʜʞʖ 3.5 ʖɡɘن

ɳʕ, ʩʶʾʱ˺ʂʜɚɾර٪ຆޫʂڹїɻɖʡɚɼ

۪ɜʝʠ, PVLAS ʷ˲Ɵ˞ʂʓɾʝɮ, ॓ҏયʂਪɣ
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ʷ˲Ɵ˞ʃɱʂڤʖӽࣘڽɼ˕ʫˁଊٹʌʂଢ଼ຢʦਞ

ɥ, ʃݚټ QED ʂาٿખɿɫɺ, ɖɼ 20 ఝɼɘɚɼ

ɧʡʒɻݲɫɺɘʟƆʒɳ, ӽɿɞɘɺʃ PVLAS
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ஔโɿऐʂݲʦɞɧɾɷɺɘʟ [8]Ɔɧʠʝ

ʷ˲Ɵ˞ʜʞগɿ܄֨ QED ɿʜʟऐഫʦ٪ɸɥ,

ɩʝɿʃරગຆޫʂݲʖɞɧɾɞɚɼɘɚʂɠʣʠʣ

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

ʟʞ, QED ɿʜʟऐഫʂڹїʃಒɿಘࠜɻɖ

ʞ, ɱʂਗʂɳʕɿʃӽࣘڽʂɳʕʂۆɠ์ɻ

ɖʟƆɱɧɻ,ɧʂ߹ٲɻʃബஓࣟߞʦๆɘʟƆޫڶʂഫ

,ʦๆɭʟɠޫڶɭʟɳʕɿʃഫࡥബшʦ٠ڶ я߄/অ

ҙມηʂഫޫڶʂভഫڶʂڶɿɭʟষड़ (2 ච

ڱɫɺజટɫɳɼɡɿɽʠɴɥڶʦࠎʟɟʂખɻ, ࢶ

(ʄʠʟڅಅɼڶ ʃɯɘɰɘ 10−7 ੑଟɻɖʞ, ɧʠ

ΙчʂಘࢡɾഫڶʃധɻɡɾɘƆτюࣟߞʦബஓɩɯ

ʟɧɼɻ, ɭɧɼࡥബшʂʓʦࠟʞڶɿΜਣɫɳഫࣟߞ

ɠяɿɾʟƆPVLAS ʷ˲Ɵ˞ɻʃ, 2.5 [T] ʂϷռߞ

ॿʦޡๆɭʟɠ, ʦബڽʂτю൘ࣟߞॿʦѾୃɩɯɺߞ

ɜʟɧɼɻഫڶബшʦળࡥɫɺɘʟƆɧʠɿɫ, ʣʠ

ʣʠ OVAL ,ɻʃٲ߹ ˘˲ˀߞॿ (ෳವֲ 15 [T] )

ʦๆɫɺֲࣟߞߢਹʦബшɩɯʟƆ

ʖɚʆɼɸʂۆɼɫɺ,ڶʂ֩इԶ (Fabry-Pérot֩

इԶ) ɼߞॿʦʓ܄ʣɯɺޡๆɭʟƆऐഫɿʜʟ

ഫڶബшʃࣟߞʦτюɫɳ֜ɿಅຶɫɺɡɣɾʟɳ

ʕ, ɾʟʍɣૠɘ֜ɿɷɺࣟߞʦτюɭʟɧɼɠ࡚

์ɻɖʟƆࠄɠ 99.999% ʦɜʟˀƟ˘Ɵ˦˰Ɵ

ʦ܄ʣɯ׃ɼɫɺๆɭʟɧɼɻ, ඵࡒଯɿॅڹ߹ʦڶ

ѾଟЪɩɯʟɧɼɠɻɡʟƆɧʂЪɫɺɘʟೱഇ

ɿࣟߞʦτюɭʟɧɼɻ, ѬʂѾॅɠɱʂʒʒӽʂ

ɿɸɾɠʟƆࣘڽ

ɧɧɻʃ, ɧʠʝʦʓ܄ʣɯɺϬୃɻɡʟʂɟ

ɼɘɚɻɖʟƆֲࣟߞ˘˲ˀߞॿʘۿ˜ʪ˔ˀʂ֩इ

Զɾɽ߹ٲʂڃധ์ʃՂɿ॓ʂયɿࡥѾɷɺɘʟʖʂ

ɻ, ɱʠʏɽ૨ɫɘʖʂɻʃɾɘƆɳɴɫ, ˘˲ˀߞॿ

ʂʜɚɾฅ౹? ɾՠࡦɼ, ɘۿʪ˔ˀ֩इԶɼɘɚ˜ۿ

३ʂ์ɾՠࡦʦʓ܄ʣɯɺޡๆɫɺɘʟຶʃ॓ʂ

યɿʏɼʧɽɾɘƆɱɧɻʣʠʣʠʃ, ʒɮʃɭɤɿࠡ

ɿʟ์ɻ˞˴ˏˆʫ˞ʂ˂ˊˏʩˊ˞ʦ६ݩɫ, 

ʓ܄ʣɯɺϬๆɭʟɧɼɻ OVAL ʦ࣍ʂুਹʂ٠ٲ߹

ɞɧɾɷɳƆ

2.1 ˞˴ˏˆʫ˞ʂ˂ˊˏʩˊ˞

य 3 ʂࣘɿ˞˴ˏˆʫ˞ʂ˂ˊˏʩˊ˞ʦ, य 3 ʂч

ɿɱʂࠃऐʦߟɭƆ

3

真空容器

磁気シールド

パルス磁石

光学定盤

真空ベローズ

床床

य 3: ˞˴ˏˆʫ˞ʂ˂ˊˏʩˊ˞ (ࣘ) ɼ߹ݘʂࠃऐ

(ч)Ɔ

ਂટʂયШɿ˘˲ˀߞॿʦజટɫ, ຑɿ׃ʦટɘɺ

˘˲ˀߞॿʂ߫ʦʟ֩इԶʦʔƆ˘˲ˀߞॿʃʣʠ

ʣʠʂʷ˲Ɵ˞ɠҔɫɳʖʂɻ, 1 mm×3 mm ʂடʂ

ചҺভʦ 15 ˆƟ˺ӳɘɳૠɩ 200 mm ʂ˳Ɵˀˏ˰ˊ

ʶؠʺʫ˲ (L = 31 µH, RDC = 5 mΩ)ɻɖʟƆ

ʺʫ˲ʂɿʃ 1/4 ʫ˺ˈʂˀˍ˺˳ˀ˘ʫ˞ʦ

ɫɺɖʞ, ˘ʫ˞ɿʏʐळɿ 200 mm ɿʣɳɷɺߞ

ࣟʦτюɭʟƆೱɿຸߞɩʠʟ˘˲ˀࣟߞʃ, ɧɵʝ

ʖʣʠʣʠɠҔɫɳʺ˺ˎ˺ʼ˗˺ʶʌʂࡑ΄ɿ

ʜɷɺय़ɩʠʟƆ˞˴ˏˆʫ˞ਗɿɞɘɺʃ, ࡑ

΄ʦ 2.0 [kV] ɿɫ, ݂˘˲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˜ʪූʂڶɭʟ֩इԶʂࡧڤ

ˆƟɠɟɟɷɳࣨآɼɾʟƆɱʂآʖय 4 ɿɖʣɯɺ

ɭƆߟ

,ɿɖɳɷɺʃٲ߹ ळࣟߞʂ 2 ࣛɼτюɫɺɘʟ

ૠɩʦӆɥ܄ʣɯɳʖʂɠ࡚์ɼɾʟɠ, ਗɫɳߞ

ࣟʂഇʦюයɫɺঀഇɭʟɼ, 9.0 [T] ʂ˛Ɵʶߗɿ
∫

B2(z) dz = 13.8 [T2m] ɻɖɷɳƆɧʠʃ, ଯɿڹ߹

ʃ 9.0 [T] ʂהλࣟߞɠ 17 [cm] ɿʣɳɷɺτюɩʠɺ

ɘʟɼɘɚɧɼɿɾʟƆɳɼɜʄஔɬ˘˲ˀࣟߞʦๆ

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

ɼಅҼɫɺʖɮɷɼɡɾખɻɖʟƆ

˘˲ˀߞॿʃুਹɠЂਹફɿʜɷɺືնɩʠɺɞʞ,

ѾܞʒɷɺɘʟƆىॿʂືնຢɻ،ʞറɫʂɠߞ

ʃ, 9.0 [T] ˘˲ˀɟʝߘʂ 9.0 [T] ʒɻʂߞຸ 1 Ѿʂ

ʼʫʶ˲ʃ 10 ೀ࠵ՃɻϬୃɫɳƆɾɞ, ˘˲ˀߞॿɞ

ʜʇɱʂױஓٺɿԟɫɺʂݔ࣏ʃ [9, 10] ʦࢻދɩʠ

ɳɘƆ
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य 4: 9.0 [T] τюߗʂ˘˲ˀࣟߞ 2 ࣛʂߗԝഇƆ߹

ভɠ߹ݘɿ१ɬʟ B2, ఌভʃɱʠʦ֩इԶʂ˳ˀˤ˺

ˀɻɖʟڶʂූɻ˜ʪ˲ˆƟɫɳഇɻɖʟƆ

˘˲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˧) ʦɫɺভഫڶɿɫɳढ़ഇʦ֩इԶɿ

ɫɺɘʟƆ֩इԶʃ 2 චʂˀƟ˘Ɵ˦˰Ɵ, M1 ɼ

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

1.38 m ʂ֜ɠɖʟƆɧʂೱഇɿ˳ƟʽƟڶʦЪɩ

ɯʟƆɳɴɫ, ֩इِࣥʦභɳɫɺɘɾɘࣟ܄, ֩इԶ

ɿʃڶɠʝɾɘƆɧʂɳʕ, M1 ɿຢɫɳɼɡɿ

,ʦ˩˒ˆƟɫڶɫɺɣʟࠄ PDH ൚ [11]ɼڅʄʠʟࠡ

൚ɻ˥ˀˆƟ˳ƟʽƟʂಘࢡɾ࠵ఉॅബшʌɼ˜ʪƟː

˗ˊʶɭʟɧɼɻ, Αɫɳ֩इʦ੬ढ़ɫɺɘʟƆλ൘,

֩इڤɿ M2 ʦѬɫɳʣɮɟɾ˳ƟʽƟڶʃڤʡʂ

ഫޫڶ A (P ɼஔɬ६ೇ) ɿʜɷɺڶࠄɼஔɬഫڶʂ

ˏʃʾ˱ʺ˺˜ʰڶɿഇɥʝʠʟƆຑ൘ʂڶɼळɾڶ

ˇʫʱƟː (ೊࢱˢˏ˒ʶˀࠉ, S11499) ɿʜɷɺԘਗ

ɭʟƆΙۼ, ڶࠄɼஔɬഫڶढ़ഇʦ It, ळɾढ़ഇʦ

Ie ɼɭʟƆ

ഫޫڶʂڶࢶಅʃ P ɼ A ʂ৷Һʦബɜɺ It ɼ

Ie ʂബшʦਗɭʟɧɼɻ߹ਗɻɡʟƆɸʂഫޫڶʦ

ച۱ɿɫɳɼɡɼळɿɫɳɼɡʂڶʂಅɟʝ, 3×10−7

ɻɖɷɳƆʒɳ, ֩इԶʂड़ʃ˜ʪ˔ˀɼڅʄʠʟ֩

इʂЁɩɿʜɷɺɖʝʣɩʠʟɠ, ˜ʪ˔ˀʃ֩इʦֲ

क़ଯɿউɷɳڤʂ It ʂߗԝബш, ɭɾʣɵ֩इԶɿન

ঀɩʠɳڶʂූɟʝֆʕʟɧɼɠɻɡʟƆ˜ʪ˔ˀʂ

,ɟɾખʃ˦˰ƟʂࣨੁɾɽɿΜਣɭʟɠݔ ݂ʖຜɘࣥ

ِʂɼɡɿ˜ʪ˔ˀ 670, 000 ଟ, ˞˴ˏˆʫ˞ਗߗ

真空容器 磁気シールド

パルス磁石

光学定盤
真空ベローズ
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ɿʃ, ˜ʪ˔ˀʃ 350,000ଟɻɖɷɳƆɧʂખʃ, ˳Ɵ

ʽƟڶɠ֩इԶʂયʦ߹ڹଯɿช 20 ඵѾ (Ъ 10 ඵ

Ѿ) ɷɳɧɼʦΤයɭʟƆഫڶʂബшʃࣟߞયʦڶɠ

Ѭɫɳ֜ɿЫɬɺਊɜʟʂɻ, 20 ඵɠɱʂʒʒ֩इ

Զɿʜʟࣿ܃ʌʂʹʫ˺ɼɾʟƆɾɞ, ɧʂ˜ʪ˔ˀʃ

ʏʐ॓ҏ݂ۿशࡵɻɖʞ, PVLAS ʷ˲Ɵ˞ʂ˜ʪ˔ˀ

700, 000 ɼಅҼɫɺʖਨࣸɾɘ˳ˠ˲ɻɖʟƆ

ীɾɠʝ, ɧʂʜɚɾۿɘ˜ʪ˔ˀʂ֩इԶʃࣤ

ɿಒɿࠜɣ, ɵʛɷɼɫɳइஓʘ˜ʪƟː˗ˊʶذʌ

ʂ˕ʫˁɻ֩इɠҙʠɺɫʒɚƆɧʂɳʕ, ֩इԶɼ˘

˲ˀߞॿɼʂԝʃՆҌଯɿʖՉଯɿʖଵଓɫɺওМɫ

ɳƆ֩इԶๆʂڶӁʾˀˍ˧ʃಒߞड़ʂڶӁɿʒɼ

ʕɺజટɫɳʂɿɫ, ˘˲ˀߞॿʃࢥɟʝധʂؠ˜

˳Ɵ˧ʦટɫɺజટɫ, ไঋˠ˴Ɵˁɼ˂˰˦ˊʶʂ

ওМ˜˰˺ʿʦѻɫɺঋਞɫɺɖʟƆʒɳ, цɾɽʂ

Չइஓʦѻɭʟϳׄʖɭʟɳʕ, ֩इԶʘഫޫڶʃ

ɭʍɺˠ˴ƟˁɻɟɯɳऐԶɿʠɺɖʟƆࣟߞ

ɿʜʟϳׄʦංɤɳʕɿ, ˘˲ˀߞॿʂ࠵Ξʃু࠵ɿʣ

ɳɷɺ࡚ʂߞՉʾƟ˲ːɻࠎഞɫɺɖʟƆ˘˲ˀຸߞ

ʦɸɣʟɳࣟߞΞɿ࠵ʂʴ˴ʩ˺ˡʩʶ˰ˀʂກʖߗ

ʕ, ٺɟʝ˘˲ˀߞॿʒɻʃяɾځʞஔ߫ʸƟ˝˲

ɻঋਞɫɺɖʟƆɧʂʜɚɾଢ଼ຢʂٌї, ˘˲ˀߞॿʦ

ɫɳɼɡɻʖʏʐ˳ƟʽƟʂ֩इɠҙʠʟɧɼɾɣߞຸ

ஓݩɭʟɧɼɠяɼɾɷɳƆɩʝɿ, ඵλ֩इɠҙʠ

ɳɼɡɿ, ʣɯɭՆۚ܄ஓɻ֩इԶʂ֩इʦߢ (ʱƟ

ˏ˴ˊʶʾˀˍ˧) ʖ६ݩɫɳƆIt ʂખʦ˩˒ˆɫ, ֩

इɠɵɳɼɡɿʃ˳ƟʽƟ࠵ఉॅʦ৪ωɭʟޞʓɻ

ɖʟƆɧʠɿʜʞ, ञԝɿʜʟ৭ݩɾɫɻ 10 ೀʼʫʶ

˲ɻˎƟˆʦࠟʞਞɥʟɧɼɠяɼɾɷɳƆ

2.2 ˞˴ˏˆʫ˞ɻʂਗ

,Ѿʂ˞˴ˏˆʫ˞ʂ˂ˊˏʩˊ˞ʂෳଯʃܞ ਂટু

ਹʂஓݩҷ௨ɼ, үࠦʂথɘࡥɫɻɖʟƆऐʂ

ʦਗɭʟɿʃӽɠਘɫɺɘʟɳʕ, ֩इԶ

ɿషɘફʳˀʦࡑɭʟɧɼɻ, ɿʜʟફʳࣟߞ

ˀʂˤ˺˞Ɖ˞˴Ɵ˝߹ٲʦɞɧɾɷɳƆɳɼɜʄફ

ʳˀ 100 [Pa] ʦೲɭʟɼ, ऐʜʞʖ 8 ʖɡɾن

ɠՃਿɩʠʟɳʕ, ˞˴ˏˆʫ˞ʂஓݩҷ௨ʘ,

ʾʷˑ˲ֲʂҷ௨ʂࣘɻಒɿยๆɻɖʟƆɳɴɫ,

അ߸ɿࣟߞʦɟɥɳࣟ܄ʃ, ɴɥɻʃɾɣ, छ۱

൘ڽɿച۱ɾࣟߞɿʜɷɺ˜ʨ˰ˎƟڹї (∝ B∥) ʖ१

ɬʟƆʣʠʣʠʂ˘˲ˀߞॿʂرʃࣟߞɿɫɺช

2◦ ʂҺʦߖɷɺɘʟɳʕ, ˜ʨ˰ˎƟڹїʂԺิʖ

ड़ʦๆʂࣟߞїʂഇɿʃτюڹɻɡɾɘƆɧʂ߄

ɭʟƆɠ ∝ B2
⊥ ʂΜਣड़ɻɖʟɳʕ, ɡڽʂࣟߞ

ʦബɜɺʖഫڶʂѾୃ൘ڽʃബʣʝɾɘʂɿɫ, ˜ʨ

˰ˎƟڹїʃࣟߞʂ൘ڽɿЫɬɺڹїʂڽɡɠΪɾʟɳ

ʕ, 9.0 [T] ɼ −4.5 [T] ʂຑ൘ʂബшʦ٪ʟɧɼɻഇ

ɻɡʟƆय 5 ɿ˘˲ˀࣟߞτюߗʂؠଯɾ Ie/It ʂ

ఉآʦߟɭƆஔߗɿ, ʂڹїɼ˜ʨ˰ˎƟڹїʂ

ຑ൘ɟʝา২ɩʠʟڹїʦ˜ʪ́ ˏɫɳٌїʖߟɭƆʾ

ʷˑ˲ມηɿߞॿʂइஓɾɽɿʜʟڹїʃ٪ʝʠɮ, ɡ

ʠɘɿา২ʞʂʲƟ˝ʦߟɫɺɘʟɧɼɠʣɟʟƆ
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य 5: ફʳˀчɿɞɥʟഫڶബш (Ie/It)Ɔ9.0 [T] τ

юߗ (ࣘ) ɼ −4.5 [T] τюߗ (ч)ƆB2 ɿಅຶɭʟ

ʂڹїɼ B ɿಅຶɭʟ˜ʨ˰ˎƟڹїʦщɫɺ

˜ʪ́ ˏɫɳভʦషɘఌভɻߟɭƆ

ફʳˀʂਗʃ, ɭʟʳˀʂ΄ຢʦชࡑ 100 [Pa]

ɟʝ 400 [Pa] ʒɻബшɩɯɺɞɧɾɷɳƆү΄ຢɻ

ɞɞʜɱ 30 ɟʝ 40 ʼʫʶ˲ഇʂˎƟˆʦࠟணɫߞຸ

ɺɘʟƆਗયʃ, ʼʫʶ˲ඡɿʣɪɼ֩इʦҙɫɺ,

˜ʪ˔ˀʂਗɼ˜ʰˏˇʫʱƟːʂҼ।ʦɞɧɾɷ

ɺɘʟƆʒʠɿʱƟˏ˴ˊʶʾˀˍ˧ɠ՛ʂ֩इʦ٪

ɸɥɺ܄ʣɯɺɫʒɚʸƟˀɠɖɷɳɠ, ɱʠʦɥ

ʄΑɫɺۿɘ˜ʪ˔ˀɻϬୃɻɡɺɘʟƆүʳˀ΄

ɿɸɘɺ˜ʪ́ ˏʦɞɧɾɘ, ऐʂʳˀ΄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

ʝʠɳƆɧʂફʳˀʂ˘˰˨Ɵˆʂખʃ, 
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ɿʃ, ˜ʪ˔ˀʃ 350,000ଟɻɖɷɳƆɧʂખʃ, ˳Ɵ

ʽƟڶɠ֩इԶʂયʦ߹ڹଯɿช 20 ඵѾ (Ъ 10 ඵ

Ѿ) ɷɳɧɼʦΤයɭʟƆഫڶʂബшʃࣟߞયʦڶɠ

Ѭɫɳ֜ɿЫɬɺਊɜʟʂɻ, 20 ඵɠɱʂʒʒ֩इ

Զɿʜʟࣿ܃ʌʂʹʫ˺ɼɾʟƆɾɞ, ɧʂ˜ʪ˔ˀʃ

ʏʐ॓ҏ݂ۿशࡵɻɖʞ, PVLAS ʷ˲Ɵ˞ʂ˜ʪ˔ˀ

700, 000 ɼಅҼɫɺʖਨࣸɾɘ˳ˠ˲ɻɖʟƆ

ীɾɠʝ, ɧʂʜɚɾۿɘ˜ʪ˔ˀʂ֩इԶʃࣤ

ɿಒɿࠜɣ, ɵʛɷɼɫɳइஓʘ˜ʪƟː˗ˊʶذʌ

ʂ˕ʫˁɻ֩इɠҙʠɺɫʒɚƆɧʂɳʕ, ֩इԶɼ˘

˲ˀߞॿɼʂԝʃՆҌଯɿʖՉଯɿʖଵଓɫɺওМɫ

ɳƆ֩इԶๆʂڶӁʾˀˍ˧ʃಒߞड़ʂڶӁɿʒɼ

ʕɺజટɫɳʂɿɫ, ˘˲ˀߞॿʃࢥɟʝധʂؠ˜

˳Ɵ˧ʦટɫɺజટɫ, ไঋˠ˴Ɵˁɼ˂˰˦ˊʶʂ

ওМ˜˰˺ʿʦѻɫɺঋਞɫɺɖʟƆʒɳ, цɾɽʂ

Չइஓʦѻɭʟϳׄʖɭʟɳʕ, ֩इԶʘഫޫڶʃ

ɭʍɺˠ˴ƟˁɻɟɯɳऐԶɿʠɺɖʟƆࣟߞ

ɿʜʟϳׄʦංɤɳʕɿ, ˘˲ˀߞॿʂ࠵Ξʃু࠵ɿʣ

ɳɷɺ࡚ʂߞՉʾƟ˲ːɻࠎഞɫɺɖʟƆ˘˲ˀຸߞ

ʦɸɣʟɳࣟߞΞɿ࠵ʂʴ˴ʩ˺ˡʩʶ˰ˀʂກʖߗ

ʕ, ٺɟʝ˘˲ˀߞॿʒɻʃяɾځʞஔ߫ʸƟ˝˲

ɻঋਞɫɺɖʟƆɧʂʜɚɾଢ଼ຢʂٌї, ˘˲ˀߞॿʦ

ɫɳɼɡɻʖʏʐ˳ƟʽƟʂ֩इɠҙʠʟɧɼɾɣߞຸ

ஓݩɭʟɧɼɠяɼɾɷɳƆɩʝɿ, ඵλ֩इɠҙʠ

ɳɼɡɿ, ʣɯɭՆۚ܄ஓɻ֩इԶʂ֩इʦߢ (ʱƟ

ˏ˴ˊʶʾˀˍ˧) ʖ६ݩɫɳƆIt ʂખʦ˩˒ˆɫ, ֩

इɠɵɳɼɡɿʃ˳ƟʽƟ࠵ఉॅʦ৪ωɭʟޞʓɻ

ɖʟƆɧʠɿʜʞ, ञԝɿʜʟ৭ݩɾɫɻ 10 ೀʼʫʶ

˲ɻˎƟˆʦࠟʞਞɥʟɧɼɠяɼɾɷɳƆ

2.2 ˞˴ˏˆʫ˞ɻʂਗ

,Ѿʂ˞˴ˏˆʫ˞ʂ˂ˊˏʩˊ˞ʂෳଯʃܞ ਂટু

ਹʂஓݩҷ௨ɼ, үࠦʂথɘࡥɫɻɖʟƆऐʂ

ʦਗɭʟɿʃӽɠਘɫɺɘʟɳʕ, ֩इԶ

ɿషɘફʳˀʦࡑɭʟɧɼɻ, ɿʜʟફʳࣟߞ

ˀʂˤ˺˞Ɖ˞˴Ɵ˝߹ٲʦɞɧɾɷɳƆɳɼɜʄફ

ʳˀ 100 [Pa] ʦೲɭʟɼ, ऐʜʞʖ 8 ʖɡɾن

ɠՃਿɩʠʟɳʕ, ˞˴ˏˆʫ˞ʂஓݩҷ௨ʘ,

ʾʷˑ˲ֲʂҷ௨ʂࣘɻಒɿยๆɻɖʟƆɳɴɫ,

അ߸ɿࣟߞʦɟɥɳࣟ܄ʃ, ɴɥɻʃɾɣ, छ۱

൘ڽɿച۱ɾࣟߞɿʜɷɺ˜ʨ˰ˎƟڹї (∝ B∥) ʖ१

ɬʟƆʣʠʣʠʂ˘˲ˀߞॿʂرʃࣟߞɿɫɺช

2◦ ʂҺʦߖɷɺɘʟɳʕ, ˜ʨ˰ˎƟڹїʂԺิʖ

ड़ʦๆʂࣟߞїʂഇɿʃτюڹɻɡɾɘƆɧʂ߄

ɭʟƆɠ ∝ B2
⊥ ʂΜਣड़ɻɖʟɳʕ, ɡڽʂࣟߞ

ʦബɜɺʖഫڶʂѾୃ൘ڽʃബʣʝɾɘʂɿɫ, ˜ʨ

˰ˎƟڹїʃࣟߞʂ൘ڽɿЫɬɺڹїʂڽɡɠΪɾʟɳ

ʕ, 9.0 [T] ɼ −4.5 [T] ʂຑ൘ʂബшʦ٪ʟɧɼɻഇ

ɻɡʟƆय 5 ɿ˘˲ˀࣟߞτюߗʂؠଯɾ Ie/It ʂ

ఉآʦߟɭƆஔߗɿ, ʂڹїɼ˜ʨ˰ˎƟڹїʂ

ຑ൘ɟʝา২ɩʠʟڹїʦ˜ʪ́ ˏɫɳٌїʖߟɭƆʾ

ʷˑ˲ມηɿߞॿʂइஓɾɽɿʜʟڹїʃ٪ʝʠɮ, ɡ

ʠɘɿา২ʞʂʲƟ˝ʦߟɫɺɘʟɧɼɠʣɟʟƆ

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

юߗ (ࣘ) ɼ −4.5 [T] τюߗ (ч)ƆB2 ɿಅຶɭʟ

ʂڹїɼ B ɿಅຶɭʟ˜ʨ˰ˎƟڹїʦщɫɺ

˜ʪ́ ˏɫɳভʦషɘఌভɻߟɭƆ

ફʳˀʂਗʃ, ɭʟʳˀʂ΄ຢʦชࡑ 100 [Pa]

ɟʝ 400 [Pa] ʒɻബшɩɯɺɞɧɾɷɳƆү΄ຢɻ

ɞɞʜɱ 30 ɟʝ 40 ʼʫʶ˲ഇʂˎƟˆʦࠟணɫߞຸ

ɺɘʟƆਗયʃ, ʼʫʶ˲ඡɿʣɪɼ֩इʦҙɫɺ,

˜ʪ˔ˀʂਗɼ˜ʰˏˇʫʱƟːʂҼ।ʦɞɧɾɷ

ɺɘʟƆʒʠɿʱƟˏ˴ˊʶʾˀˍ˧ɠ՛ʂ֩इʦ٪

ɸɥɺ܄ʣɯɺɫʒɚʸƟˀɠɖɷɳɠ, ɱʠʦɥ

ʄΑɫɺۿɘ˜ʪ˔ˀɻϬୃɻɡɺɘʟƆүʳˀ΄

ɿɸɘɺ˜ʪ́ ˏʦɞɧɾɘ, ऐʂʳˀ΄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

ʝʠɳƆɧʂફʳˀʂ˘˰˨Ɵˆʂખʃ, 

5

ଯɿޔظɠɩʠɺɞʞ [12], фΜਣड़ʦ۪ɫɳޔظ

ખ, kTheory
N2

= −2.7× 10−17 [T−2 Pa−1] ɼλઠɫɳƆ

ɧɧɿʃߟɩɾɘɠ, ˜ʨ˰ˎƟڹїɻʖஔโɿʳˀ

΄ɿಅຶɭʟٌїɠணʝʠɺɞʞ, ˜ʨ˰ˎƟڹїʂؙ

ॅʖખɼʏʐλઠɫɳƆ

窒素ガス圧力 [Pa]
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य 6: ફʳˀʂ΄ຢʦബɜɳɼɡʂʂɡɩ (B2

Μਣʂढ़ഇ) ʂബшƆভʃ˜ʪ́ ˏٌїʦɖʝʣɭƆ

2.3 ˞˴ˏˆʫ˞ʂьɼڤܞʂา

˞˴ˏˆʫ˞ɻʂફʳˀਗٌїʃ, ʏʐาʞ

ɻɖʞ, ݂ʂٝ௱ɻɖɷɳ֩इԶɼ˘˲ˀߞॿʂஔߗ

ϬୃʖɾɣɞɧɾɚɧɼɠࡥɳƆɱɧɻ, Զࡥ٠

ʂڤܞʂஃ੬ӽʦىʕʟɳʕɿ, ऐɻʂਗ

ʖɞɧɾɷɳƆ֩इԶʃ 10−3 [Pa] ʜʞʖຜɘऐʒ

ɻఔՉɫ, ˘˲ˀߞॿʃ 100 ʼʫʶ˲ϬୃɫɳƆʣʠʣ

ʠʂ˘˲ˀߞॿʃ،ʞറɫɠ৮ɘɳʕ, ুˎƟˆࠟணɿ

์ɫɳߗԝʃ 15 ഇଟɻɖʟƆɱʂٌї, ˃˴ɼ

,ɾٌїɻࡷ

kvac = (−0.5± 1.1)× 10−18 [T−2] (4)

ɼɘɚખɠணʝʠɳƆߧ (3) ɼಅʍʟɼ, ʒɴɧʂખʃ

QED ʂาٿખʜʞ 5 ΙࣘӽɠਘʞɾɘƆɧʂӽن

ܴʦඝʕʟߗټɻʂಈޔๆʃΙчʂʞɻɖʟƆ

ʒɮʃ˘˲ˀߞॿʦֲɣɭʟƆPVLAS ʷ˲Ɵ˞ʂʜ

ɚɾϷռߞॿɼβɷɺ, ກʦਊʘɯʄֲࣟߞʦಅҼ

ଯɳʘɭɣਊʘɭɧɼɠɻɡʟƆݚټʂߞॿɻʃ, 14 [T]

ʒɻࡥɯʟɧɼɠҷ௨ɻɡɺɘʟɠ, ɧʠΙࣘʃভݛʂ

ՆҌֲɠਘɫɺఌҀɩʠɺɫʒɚƆɧʂɳʕ, டভ

ʦடɼקʂץ܄ভɿટɡԀɜʟɧɼɻՆҌֲʦਊɫ,

20 [T] ʦෳವɿ 15 [T] ʂຸߞяɾߞॿʂ६ݩʦา

ɫɺɘʟƆ֩इԶɼʂʓ܄ʣɯʖɾɘɧɼɠഇ

ɟɷɳʂɻ, ˘˲ˀߞॿ 4 ,ʦໆɿഝʍڃ ૠɩʦ 4 ఝ

ɿɭʟาɻɖʟƆʒɳ, ʂʺ˺ˎ˺ʼ˗˺ʶٺஓױ

ʦֲшɭʟɧɼɻ, ˘˲ˀʂߖਞߗԝʖ 4 ఝɿɭʟƆ

λ൘, ˳ƟʽƟʃ, ˜ʪ˔ˀʃʏʐาʞʂખɠࡥ

ɺɘʟƆɳɴɫ, ɩʠɺځɿʜɷɺӽɠक़ظʂஂޫڶ

ɞʞ, ࠄ˳ƟʽƟʂֲʦ 10 µW ɟʝ 10 mW ɿࣘ

ɦʟɧɼɻ֩इԶɿનঀɭʟॅޫڶʦਊʘɫ, ӽڽ

ࣘɿɸɾɦʟƆɧʂೱഇʂ҉ਏʃɭɻɿຎɫɺɞʞ,

˳ƟʽƟʂֲࣘڽɿʜʟӽࣘڽʃɭɤɿҷ௨ɻɡʟ

าɻɖʟƆ

ӽࣘڽɼɼʖɿ, ɻɡɾɣ߄ຄʳˀʂϳׄʖޝ

ɾɷɺɣʟƆޝຄʳˀɿɭʟ์ֆખʃ, ફɿɫɺ

1.6 × 10−6 [Pa] Ιч, श࣫Չɿɫɺ 6.0 × 10−5 [Pa]

ΙчɻɖʟƆʍƟʴ˺ʷɼऐఔՉذʂֲшɿʜɷɺ

ЫɭʟƆ

ɧʠʝʂʩˊ˞ʷ˳Ɵː, ɿߞॿʂड़ࣘڽʃ 1 ௰

ɣʝɘʂˆʫ˧ˀʸƟ˲ʦෳࡽɿɞɧɾɷɺɞʞ, ຎ

,ߘ ईɳɾਗɿʟาɻɖʟƆɞɞʜɱ 3 ˽ُɣ

ʝɘʂਗɻ, QED ʂาٿɭʟऐഫɠԘਗɻɡʟ

าɻɖʟƆ

3 ʒɼʕɼࢠʂฅ൷

OVAL ,ʃٲ߹ ˘˲ˀߞॿɼۿ˜ʪ˔ˀ˳ƟʽƟ֩इ

Զʦʓ܄ʣɯɺऐʂۚਏʦʟ߹ٲɻɖʟƆɧʂ

ഇฅɻʃʫˆ˱ʩʂ PVLAS ʷ˲Ɵ˞ɠগ۱ɫɺɞʞ,

QED ʂาٿɭʟऐഫʦ٪ʟʒɻ, ɖɼ 20 ఝʂɼ

ɧʡʒɻɺɘʟƆɧʠɿɫ, OVAL ˘ʃֲຢɾٲ߹

˲ˀߞॿʦ೭Զɿ˃˴ɟʝ߹ٲʦɵࣘɦɳɼɧʡɻɖ

ʟƆ˞˴ˏˆʫ˞ʂ६ݩɼϬୃɿʜʞ, ظʂӽɠٲ߹

ѳʞɻɖʟɧɼɠҷ௨ɻɡɳƆ˞˴ˏˆʫ˞ʂӽʃ

ʒɴʒɴ PVLAS ʷ˲Ɵ˞ɿʃտʄɾɘɠ, ਂટʂʩˊ

˞ʷ˳Ɵːɿʜʞ, ௰ɻॅڤܞ PVLAS ʷ˲Ɵ˞ʦ૰ɘ

ɡ, QED ऐഫʦ॓ҏɻࡾʕɺԘਗɫɳɘɼ۪ɜ

ɺɘʟƆ

,ɼɫɺɥюɜʟɾʝ٪ QED ʂऐഫʂਗ

ʃ,ɖɣʒɻʖವࡵʂ˞˴˂ˀɻɖʞ, ˠ˺ˈ˥Ɵʶ

ɿѬɢɾɘƆඕɿ٪ɳɘʖʂʃ, ɱʠʦɜɳগɿধ

ʧɻɘʟƹъɟƺɻɖʞ, ɱʠʦෳޱɫɺӽࣘڽʦɞ

ɧɾɷɺɘɡɳɘɼ۪ɜɺɘʟƆʣʠʣʠʂʷ˲Ɵ˞ʃ,

OVAL ,ʂʓɾʝɮٲ߹ XFEL ɾɽʂɩʒɪʒɾڶʂ

ՠࡦʦๆɘɺऐʂۚਏʦݲɫɺɘʟ [10, 13]Ɔ˳Ɵ

ʽƟɿɩʠʟڶʂՠࡦʃɭɩʒɬɘਙɩɻछഽɫɺ

ɞʞ, ɭʟࣘɻɡɾ೭Զɿݲɿধʔۚਏʦऐڤܞ

ɾʟɼ۪ɜɺɘʟƆ

ߤࠌ

ඕ߹ٲʃ, ୱতε٥߳, ୱຆޫഅ٥ݘ

˂˺ˆƟʦયअɿɫɳʷ˲Ɵ˞ɻ़۱ɫɺɘʒɭƆ˳Ɵ

ʽƟʂҔɿɖɳɷɺʃ, ୱʂڝऑগ१ʂ٥߳, խ

зগ१ʂ٥߳ɼ, ˘˲ˀߞॿʂҔɿɖɳɷɺʃ, ୱ

അड़٥ʂץஞগ१ʂ٥߳, ୱඅץਛݛດ٥ࡿʂ

窒素ガス圧力 >3D@
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ฅࣽগ१ʂ٥߳ɼ֩ஔɻछʕɺɘʒɭƆɿߞॿʂҔ

ɿɞɘɺʃ, ୱຆޫഅ٥ݘ˂˺ˆƟʂݥތ

٥φ, ο٥φɠયҴଯɾฉӍʦїɳɫɺɘʒɭƆ

ඕ٥ʃ, Advanced Photon Science Aliance (APSA)

ʂДʦࠬɥɺɘʒɭƆʒɳ,ඕ٥ʃୱඅץਛݛດ٥

ࡿʂ֩ஔๆѨ (15K0080, 16K0011, 17K0037) ɻ

ɭƆඕ٥ʃ JSPS ѕ٥ಐ JP16H03970, JP17H05398

ʂࢊढ़ʦࠬɥɳʖʂɻɭƆ
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