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෺ཧֶͰѻ͑Δఱମʙதੑࢠ੕ʙ

ઍ༿ོ࢘ʢ෺ཧֶઐ߈M1ʣ

͸͡Ίʹ

ॳΊ·ͯ͠ɼઍ༿ོ࢘Ͱ͢ɽۙ࠷ Twitter Ͱ݄ใॻ͘ॻٗ͘࠮Λ܁Γฦ͍ͯͨ͠ਓͰ͢ɽ࣍ʹ݄ใ͕ग़Δࠒʹ͸
2023೥ʹͳͬͯ͠·͏͜ͱʹ͍ͨͮؾͷͰɼ͍͍Ճ؍ݮ೦ͯ͠චΛࣥΓ·͢ɽ
ͯ͞ɼࠓճѻ͏࿩୊͸ʮதੑࢠ੕ʯͰ͢ɽ΄ͱΜͲͷਓ͕Ұ౓͸ࣖʹͨ͜͠ͱ͕͋Δ͘Β໊͍ͷ஌ΕͨఱମͰ͕͢ɼ

1967೥ͷ؍ଌతൃ͔ݟΒ൒ੈلҎ্ܦաͨ͠ࡏݱͰ΋ɼఱจֶऀɾ෺ཧֶऀͷ಄Λ೰·ͤଓ͚͍ͯΔ໘ന͍ڀݚର৅
Ͱ΋͋Γ·͢ɽ͜ͷίϥϜΛ௨ͯ͠ɼதੑࢠ੕ͷԞਂ͞ͷҰ୺Ͱ΋͚͍ͩͨͯ͡ײΕ͹ͱ͍ࢥ·͢ɽ

தੑࢠ੕͸΋ͪΖΜఱจֶͰѻ͏͜ͱͷͰ͖ΔఱମͰɼ౦๺େֶͰ͸ఱจֶઐ߈ͷֽࢁ࿨ݾॿ͕ڭʮߴΤωϧΪʔ

ఱମɾίϯύΫτఱମʯͱ͍͏ࢹ఺͔Β͞ڀݚΕ͍ͯ·͢ɽಉઐ߈ͷాதխਉ।ڭत͸தੑࢠ੕߹ମͷڀݚʹؔΘͬ

͍ͯ·͢ɽ͜ͷڀݚ͸͜Ε·Ͱͷ؍ଌख๏ͱॏྗ೾ఱจֶΛ૊Έ߹ΘͤͨʮϚϧνϝοηϯδϟʔఱจֶʯͷ࠷લઢ

Λ։୓͢ΔڀݚͰ΋͋Γ·͢ɽ

ఱจֶͷࢹ఺͔Βͷڀݚ΋ڵຯਂ͍Ͱ͕͢ɼதੑࢠ੕ͷڀݚ͸ɼఱจֶ͚ͩͰͳ͘ɼ෺ཧֶαΠυ͔Β΋ੵۃతʹ

ʯͷؒʹ͸ͨΒ͘ʮ֩ྗʯΛࢠͳͲʮ֩ࢠ΍தੑࢠʣͷํʑ͸ཅݧʢ࣮ࣨڀݚ෺ཧ֩ࢠݪΘΕ͍ͯ·͢ɽ౦๺େֶͷߦ

ௐ΂Δ͜ͱͰɼதੑࢠ੕ͷੑ࣭Λ໌Β͔ʹ͠Α͏ͱ͍ͯ͠·͢ɽ·ͨɼ֩ࢠݪཧ࿦ࣨڀݚͷݹ৓ప।ڭत͸ૉཻࢠͷ

ཧ࿦Ͱ͋Δʮྔࢠ৭ྗֶʯɼ෌ֽำॿڭ͸֩ྗͷཧ࿦Λݩʹதੑࢠ੕Λཧղ͠Α͏ͱ͍ͯ͠·͢ɽ

Ұݟఱจֶ͕Χόʔ͢Δର৅ʹ͑ࢥΔதੑࢠ੕Ͱ͕͢ɼ͞·͟·ͳ෼໺Λԣஅ͢Δ࠷ઌ୺ͷ͕ͦڀݚͷಾʹഭΖ͏

ͱ͍ͯ͠Δɼඇৗʹ໘ന͍ର৅Ͱ͢ɽͦΕ͚ͩͰ͸ͳ͘ɼதੑࢠ੕ʹ·ͭΘΔ෺ཧֶ͸ɼେֶͷֶ෦ֶੜ͕ 4೥ؒͰ
ֶͿ͞·͟·ͳΤοηϯε͕٧·͍ͬͯ·͢ɽ͜ͷίϥϜͰ͸ɼ࠷ઌ୺ͷڀݚΛड़΂ΔͷͰ͸ͳ͘ɼ4೥ؒͰֶͿ෺
ཧֶ͕தੑࢠ੕ͷཧղʹ͑࢖Δ͜ͱΛ͓͍ͨͤ͠ݟͱ͍ࢥ·͢ɽ

தੑࢠ੕͕ੜ·ΕΔॠؒ — ૉཻࢠɾ֩෺ཧ —

தੑࢠ੕͸߃੕ͷʮ࠷ऴܗଶʯͱ࣮ͯ͠͠ݱ·͢ɽଠཅΛؚΊͨ߃੕͸શͯɼ֩༥߹൓ԠͰΤωϧΪʔΛੜ੒ͯ͠

͍·͢ɽ

2p→ 2H+ νe + e+ (1)

p + 2H→ 3He (2)

2 3He→ 4He + 2p (3)

͜͜Ͱ͸ਫૉ֩ࢠݪ 4͔ͭΒϔϦ΢Ϝ ֩ࢠݪ4 1͕ͭͰ͖Δ൓ԠΛࣔ͠·ͨ͠ɽ͜ͷ͔ࣜΒΘ͔ΔΑ͏ʹɼ֩༥߹Ͱ
͸͍ܰ֩ࢠݪΛ༥߹ͤ͞ɼॏ͍֩ࢠݪΛੜ੒͍ͯ͠·͢ɽ

͜ͷաఔ͸ൃ೤൓ԠͳͷͰ͋Δఔ౓ͷԹ౓ɾີ౓͕͋Ε͹࣮͢ݱΔͷͰ͕͢ɼ࣮͸ 26Fe͕Ͱ͖ͯ͠·͏ͱ͜ͷ൓Ԡ

͸ඞͣऴΘͬͯ͠·͍·͢ɽ͜Ε͸మ͕֩ࢠݪʮҰ൪҆ఆʯͳ͔ͩ֩ࢠݪΒͰ͢ɽ

Ұ౓֩൓Ԡ͕ऴΘͬͯ͠·͏ͱɼͦΕ·Ͱʹ͋ͬͨ੕ͷ಺෦͔Β֎෦΁ͷΤωϧΪʔҠಈ͕ͳ͘ͳΓɼॏྗʹର߅

͍ͯͨ͠੕Λ͑ࢧΔྗ͕ࣦΘΕ·͢ɽͦͷͨΊɼ߃੕͸ٸ଎ʹऩॖΛ࢝ΊΔ͜ͱʹͳΓ·͢ɽଠཅ࣭ྔͷ 10ഒҎԼ
ͷॏ͞Λ߃ͭ࣋੕͸ͦ΋ͦ΋Թ౓͕଍Γͣ 26Fe͕Ͱ͖Δલʹ֩༥߹͕ऴΘΓɼൺֱతΏͬ͘Γͱʮന৭ᛙ੕ʯʹมΘ

Γ·͢ɽҰํͰͦΕΑΓ΋ॏ͍࣭ྔΛ߃ͭ࣋੕͸ɼ֩༥߹ͷऴ຤ʹ 26FeΛ࡞Γɼࣗ਎ͷॏ͞Ͱܹٸʹʮॏྗ่յʯΛ

มΘΔ൓Ԡ͕ʹࢠΛʮั֫ʯΛͯ͠தੑࢠɼඬ͍ͬͯΔి͕ࢠΕΔཅ·ؚʹ֩ࢠݪɽͦͷ੎͍ʹΑͬͯమ͢·͜͠ى
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Γ·͢ɽ͜ى

p + e− → n + νe (4)

ͳΓ·͢ɽʹ͚ͩࢠΔͷ͸தੑ࢒ͱɼ͢͜ى൓ԠΛ֫ัࢠ͸ಉ਺͋Γ·͔͢ΒɼͦΕΒ͕શͯిࢠͱిࢠຊతʹཅج

͜ͷΑ͏ʹͯ͠࡞ΒΕͨͷ͕தੑࢠ੕Ͱ͢ɽ

ύϧαʔͱͯ͠ͷதੑࢠ੕ — యྗֶݹ —

தੑࢠ͸جຊతʹԹ౓͕ඇৗʹ௿͘ɼޫΛ΄ͱΜͲൃ͍ͯ͠·ͤΜɽ͔͠͠ఱମͷҰ෦ྖҬ͔Β͍ڧΤωϧΪʔ

ʢδΣοτʣ͕์ग़͞ΕΔ͜ͱ͕͋Γ·͢ɽ͜Ε͕؍ଌ͞Εͨͷ͸ 1967 ೥ͷ͜ͱͰ͢ɽେֶӃੜͩͬͨ S.J.Bell ͱ
׭ڭಋࢦ A.Hewish͸ 1.337 ඵ͝ͱʹ͍ڧ৴߸͕؍ଌ͞ΕΔ͜ͱʹ͖ͮؾ·ͨ͠ɽ൴Β͸ߴ଎Ͱճస͢Δఱମ (ύϧ
αʔ)͕ɼճస࣠ͱ͸ҟͳΔํ࣓ి͍ڧʹ޲೾Λ์ग़͍ͯ͠Δͱͨ͑ߟͷͰ͕͢ɼதੑࢠ੕ͷ൒ܘ͸ 10kmఔ౓Ͱ͢ɽ
ͦͷΑ͏ͳఱମ͕ 1ඵ༨ΓͰࣗస͍ͯ͠Δঢ়گΛ૝૾ͯ͠Έ͍ͯͩ͘͞ɽͦͷΑ͏ͳճసͰ่յ͠ͳ͍ఱମ͸ԕ৺ྗ
ͱ௼Γ߹͏͚ͩͷ͍ڧॏྗͰଋറ͞Ε͍ͯΔඞཁ͕͋Γ·͢ɽ

͜ͷ͜ͱΛ֬ೝ͢ΔͨΊʹɼ൒ܘ Rͷີ౓ ρʢҰఆʣͳఱମ͕पظ T = 1.3sͰճస͢Δࡍͷ৚݅Λͯ͑ߟΈ·͢ɽ

͜ͷࢉܭ͸ߍߴ෺ཧֶͷൣғͰͰ͖Δ͸ͣͰ͢ɽ

ఱମද໘ʹ͸ͨΒ͘ԕ৺ྗ͸

Fԕ৺ྗ = ρRω2 ,ω =
2π

T
(5)

Ͱ͋Γɼॏྗ͸

Fॏྗ = G
Mρ

R2
,M =

4

3
πR3ρ (6)

ͱͳΓ·͢ɽͨͩ͠ఱମද໘͕ఱମࣗମ͔Βड͚Δॏྗ͸ɼఱମͷ࣭ྔ͕த৺ʹूத͍ͯ͠Δͱۙ͠ࢉܭͯ͠ࣅ·͠

ͨɽ͜ΕΒ 2ͭͷྗ͕௼Γ߹͏ͷͰɼ

ρR
4π2

T 2
= G

1

R2

4

3
πR3ρ2 (7)

∴ ρ =
3π

G

1

T 2
=

3× 3.14

6.67× 10−11 [m3kg−1s−2]

1

(1.3[s])2
# 0.84× 1011[kg/m3] (8)

ͱͳΓ·͢ɽ1m3 ͸ 106cm3 ͳͷͰɼρ # 0.84 × 105[kg/cm3] Ͱ͠ΐ͏͔ɽ͔ͳΓີ౓͕͍͜ߴͱ͕Θ͔Γ·͢

ʢRandall Munroeͷຊ “What If?”ΑΔͱɼ֯࠭౶αΠζͷதੑࢠ੕ʹ৮Εͯ͠·͏ͱɼॏྗ͕ͯ͗͢ڧʮࢦΛ཭ͤ
ͳ͍ʯࣄଶʹؕΔͦ͏Ͱ͢ʣɽHewishͱ BellΒ͸͜ͷΑ͏ͳ͍ڧॏྗͰଋറ͞ΕΔఱମ͸தੑࢠ੕͔͠ͳ͍ͱ͑ߟ
·ͨ͠ɽ

਺ʹΑΒ͓ͣΑͦࢠݪͷີ౓͸֩ࢠݪͷࡍ࣮ 2.5× 1014 g/cm3 = 2.5× 1017 kg/m3 ͳͷͰɼ্ͰٻΊͨதੑࢠ੕

ͷີ౓͸͔ͳΓ௿͍͜ͱ͕Θ͔Γ·͢ɽ࣮ࡍͷதੑࢠ੕ͷີ౓͸ີ֩ࢠݪ౓ͷ͓Αͦ 1.5ഒͰ͢ɽ

ࣗ༝ϑΣϧϛؾମͱͯ͠ͷதੑࢠ੕ — ɺ૬ର࿦ֶྗܭͱ౷ֶྗࢠྔ —

ઌ΄Ͳ͸ॏྗͱԕ৺ྗͷ௼Γ߹͍Λ͑ߟ·͕ͨ͠ɼશͯͷதੑࢠ੕͕ߴ଎Ͱճస͍ͯ͠ΔΘ͚Ͱ͸͋Γ·ͤΜɽͰ

͸ͲͷΑ͏ͳྗ͕ॏྗͱ௼Γ߹͍ͬͯΔͷͰ͠ΐ͏͔ɽ

ͦͷ౴͑͸ྔֶྗࢠͷ஌͔ࣝΒݟग़͢͜ͱ͕Ͱ͖·͢ɽதੑࢠ੕Λߏ੒͢Δதੑࢠ͸ʮϑΣϧϛཻࢠʯͰ͢ɽͭ·

Γʮಉཻ͡ࢠ͸ಉ͡ঢ়ଶΛͱΔ͜ͱ͸Ͱ͖ͳ͍ʯͱ͍͏ʮύ΢Ϧͷഉଞݪཧʯʹै͍ͬͯ·͢ɽ͢ͳΘͪɼϑΣϧϛ

ΔྗʹͳΓ͢߅ཧʹΑͬͯ൓ൃྗ͕ੜ͡ΔͷͰ͢ɽ͜Ε͕ॏྗʹରݪΛѹॖ͢Δͱɼύ΢ϦͷഉଞࢠͰ͋Δதੑࢠཻ

·͢ɽ

গ͠ࢉܭΛͯ͠Έ·͠ΐ͏ʢ౷ֶྗܭΛ஌Βͳ͍ํ͸গ͠೉͘͠͡ײΔ͔΋͠Ε·ͤΜʣɽதੑࢠ੕͸جຊతʹθ

ϩԹ౓ঢ়ଶʹ͋Γ೤ྭ͕ىͳ͘ɼঢ়ଶ͸࠷΋ΤωϧΪʔͷ௿͍ঢ়ଶ͔Βॱʹ઎༗͞Ε͍͖ͯ·͢ɽதੑ࠷͕ͭ࣋ࢠେ
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ͷӡಈྔʢϑΣϧϛӡಈྔʣΛ pf ͱॻ͘ͱɼཻࢠ਺͸࠲ඪۭؒɾӡಈྔۭؒʹ͓͚ΔମੵͷੵʢҐ૬ۭؒͷମੵʣͰ

༩͑ΒΕ·͢ɽ

N =
2

(2π!)3V
∫ pf

0
4πp2dp. (9)

ͳ͓ɼ(2π!)3 ͸ 1ͭͷঢ়ଶ͕Ґ૬ۭؒʹ͠ΊΔମੵͰ͋Γɼ͜ΕͰׂΔ͜ͱͰঢ়ଶͷ਺ΛಘΔ͜ͱ͕Ͱ͖·͢ɽ·
ͨɼதੑ͕ͭ࣋ࢠʮεϐϯࣗ༝౓ʯΛྀͯ͠ߟ 2͕͔͔͍ͬͯ·͢ɽ

͞Βʹɼ૬ର࿦Ͱ͸ΤωϧΪʔ͕ E =
√
p2c2 +m2c4 ͱ͔͚ΔͷͰ͕͢ɼ௒૬ର࿦తʢ଎౓͕े෼ૣ͘ɼ੩ྔ࣭ࢭ

ͷΤωϧΪʔ͕ແࢹͰ͖ΔʣۙࣅͰ͸ E = pcͰ͋Δ͜ͱ͔ΒɼܥͷΤωϧΪʔ͸

E =
2

(2π!)3V
∫ pf

0
4πp2dp pc (10)

Ͱ༩͑ΒΕ·͢ɽ͜ͷ 2͔ࣜΒϑΣϧϛӡಈྔ pf Λফ͢ڈΔͱΤωϧΪʔ͕ۭؒମੵ V ͱதੑࢠ਺ N Λͯͬ࢖

E =
!c
3

(
9π

8

)2/3 (N

V

)4/3

(11)

ͱॻ͚Δ͜ͱ͕Θ͔Γ·͢ɽ

͞Βʹ೤ྗֶୈҰ๏ଇ ∆E = T∆S − P∆V ͔Βѹྗ͸ P = −dE/dV ͱද͞Ε·͢ɽ͜ͷѹྗ͕ॏྗʹΑΔѹྗ

dPG(r)

dr
= − 1

r2
GM(r)ρ(r) ⇔ PG(r) =

1

2

(
4π

3

)1/3

GM(r)2/3ρ4/3 (12)

ͱ௼Γ߹͏৚͕݅ɼதੑࢠ੕͕ࣗ෼ͷॏྗΛ͑ࢧΔ͜ͱͷͰ͖Δ৚݅ʹͳΓ·͢ɽ

ͪͳΈʹ͜ͷٞ࿦͸ॏྗΤωϧΪʔͱύ΢ϦͷഉଞݪཧʹΑΔΤωϧΪʔͷ࿨Λ࠷খʹ͢Δɼͱ͍͏࿮૊ΈͰ΋ٞ

࿦͢Δ͜ͱ͕Ͱ͖·͢ɽͦͷΑ͏ʹٞ࿦͢Δͱɼதੑࢠ੕ͷΤωϧΪʔ͕࠷খ஋Λͭ࣋൒ܘ R͕ R &= 0ͱͳΔͨΊ

ʹɼதੑࢠ੕ͷ࣭ྔʹ্͕ݶ՝͞ΕΔ͜ͱ͕Θ͔Γ·͢ɽͦͷ஋͸ଠཅ࣭ྔͷ͓Αͦ 1.73ഒͰ͢ɽ
͜ͷΑ͏ͳࢉܭ͸ɼதੑࢠ੕͕ൃ͞ݟΕΔલͷ 1930೥લޙʹϨϑɾϥϯμ΢ͱνϟϯυϥηΧʔϧ͕ಠཱʹߦͳͬ
͓ͯΓɼதੑࢠ੕ΛॳΊͯཧ࿦తʹ༧ͨ͠ݴͱݴΘΕ͍ͯ·͢ɽ·ͨνϟϯυϥηΧʔϧ͸ີߴ౓ఱମʹଘ͢ࡏΔ࣭

ɽ͢·͍ͯ͠࢒քʯͱ໊ͯ͠ΛݶʮνϟϯυϥηΧʔϧ࣭ྔʹݶ্ྔ

Δ͜ͱ͍͕ͯ͠ऀڀݚɼࠓ

1960೥୅ͷதੑࢠ੕ൃ͔ݟΒ൒ੈلɼதੑࢠ੕ͷʮ࣭ྔ্ݶʯʹ͍ͭͯ͸֩ࢠݪͷཧ࿦Λݩʹͨٞ͠࿦͕ܧଓతʹ
ͳ͞Ε͖ͯ·ͨ͠ɽͦ͜Ͱ͸࣭ྔ্͕ݶʮଠཅ࣭ྔͷ 1.5ഒఔ౓ʯͱ͍͏݁࿦ʹࢸΓɼఱจɾ෺ཧͷ྆ྖҬʹਁ͘޿
ಁ͍ͯ͠·ͨ͠ɽ

͔͠͠ 2010೥ʹଠཅ࣭ྔͷ 2ഒͷதੑࢠ੕͕ൃ͞ݟΕ·ͨ͠ɽ͜ͷൃݟ͸தੑࢠ੕ͷৗࣝΛଧͪഁΔ΋ͷͰ͋Γɼ
ͦΕ·Ͱͷڀݚʹେ͖ͳࣔࠦͱػةΛ༩͑·ͨ͠ɽҎདྷ 10೥༨Γɼཧ࿦ɾ࣮ݧͷ྆ํ͕ΑΓྑ͍தੑࢠ੕ͷཧղͷ
ͨΊʹڀݚΛଓ͚͍ͯ·͢ɽৄ͘͠஌Γ͍ͨํ͸ҎԼͷߟࢀจݙΛಡΜͩΓɼڭһʹ࿩Λฉ͍ͯΈ͍ͯͩ͘͞ɽ

ݙจߟࢀ

•ʮఱମ֩෺ཧͱີߴ౓ QCD ෺ੑͷ৽ల։ʯʢ೔ຊ෺ཧֶձࢽ Vol. 1, No. 1, 2021ʣ
͠ٴݴʢॏྗ೾ఱจֶͳͲʣʹ͍ͭͯ΋ڀݚॻ͍ͨղઆɽఱମ෺ཧֶαΠυͷʹ͚޲त͕ඇઐ໳Ոڭ৓ప।ݹ

ͯ͋Γɼݸਓతʹ͓͢͢Ίɽ͜ΕΛಡΜͰ͓͚͹͋Δఔ౓ਓʹ஻ΕΔΑ͏ʹͳΔɽΫΥʔΫͷཧ࿦ʢQCDʣʹ
͍ͭͯ͸ͨ͘͞Μॻ͍ͯ͋Δ͕ɼ֩ྗͷ࿩͸গͳΊɽ

• ͷ΢ΣϒαΠτʢhttp://lambda.phys.tohoku.ac.jpʣࣨڀݚ෺ཧ֩ࢠݪ
ຖ೥ֶ෦ 3೥ੜߦʹ͚޲ΘΕ͍ͯΔࣨڀݚઆ໌ձͷɼετϨϯδωε֩෺ཧάϧʔϓͷࣨڀݚ঺հεϥΠυ͕
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͓͢͢ΊɽετϨϯδΫΥʔΫͷೖͬͨ֩ࢠݪΛϝΠϯʹѻ͍ͬͯΔڀݚάϧʔϓ͕ͩɼதੑࢠ੕ڀݚͱͷϦ

ϯΫʢϋΠϖϩϯɾύζϧͳͲʣʹ͍ͭͯ΋ൺֱతৄ͘͠ॻ͍ͯ͋Δɽాଜ༟࿨ڭत͸͜ͷ࣮ݧ෼໺ͷେޚॴ

͕ͩɼதੑࢠ੕ʹ͍ͭͯ΋͔ͳΓৄ͘͠ɼ৭ʑͱ࿩ͯ͘͠ΕΔɽ

•ʮ೔ຊͷ֩෺ཧͷকདྷϨϙʔτʢ2021೥൛ʣʯ
தੑࢠ੕͚ͩͰ͸ͳ͘ɼ֩෺ཧֶͷ࣮ݧɾཧ࿦྆ํͷݱঢ়ɾকདྷʹ͍ͭͯ·ͱΊͨ΋ͷɽதੑࢠ੕ʹ͍ͭͯͷ

௚઀తͳٴݴ͸΄ͱΜͲͳ͔͕ͬͨ͢ؾΔ͕ɼपลྖҬʹ͍ͭͯͷ৘ใ͕ৄ͍ͯͬ͘͠ࡌΔɽֶ෦ 3ɾ4೥ੜ
͙Β͍ͰಡΉͷ͕ͪΐ͏Ͳྑ͍ͱ͏ࢥɽ
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