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ୈ1ষ ͸͡Ίʹ

1.1 ܠഎڀݚ

1.1.1 େ࣭ྔ࢝ݪ੕ʹ͍ͭͯ

ଠཅͷ 8ഒҎ্ͷ࣭ྔΛ΋ͭ߃੕͸େ࣭ྔ੕ͱݺͿɽए͍େ࣭ྔ੕ʹΑΔࣹ์͍ڧ͸पғͷ੕
ؒ෺࣭ͷԽֶ൓ԠΛଅਐ͢ΔɽͦͷԽֶਐԽΛղ໌͢Δ͜ͱ͸ɼ੕ܗ੒΍࢝ݪ࿭੕ܥԁ൫ͷԽֶ
૊੒Λཧղ͢Δ্ͰॏཁͰ͋Δɽ
·ͨɼϝλϊʔϧϝʔβʔ͸େ࣭ྔ੕ܗ੒ྖҬʹ෇ਵ͢Δ͜ͱ͕஌ΒΕ͓ͯΓɼҰ෦ʹ͸पظ

มಈΛࣔ͢ఱମ΋ݕग़͞Ε͍ͯΔɽपظมಈͷϝΧχζϜʹ͍ͭͯ͸ෳ਺ͷઆ͕ఏএ͞Ε͍ͯΔ
͕ɼ10 - 100೔पظఔ౓ͷ࿈ଓతͳมಈͷཁҼͱͯ͠ɼInayoshi, K. et al. (2013) [1] ͸ɼ͍߱ߴ
ண཰ ( Ṁ∗ ! 10−3 M⊙ yr−1 ) ຺ʹେʹୡͨ͠ͱ͖ɼத৺੕͕Ұ࣌త࠷͕ܘ੕ͷ൒࢝ݪ͍͓ͯʹ
ಈෆ҆ఆͱͳΔϞσϧΛࣔͨ͠ɽ͜ͷ຺ಈෆ҆ఆੑʹΑͬͯपғͷΨε΍μετͷԹ౓͕มԽ͠ɼ
ϝλϊʔϧϝʔβʔͷपظมಈΛҾ͖͢͜ىͱ͑ߟΒΕ͍ͯΔɽ

1.1.2 େ࣭ྔ੕ܗ੒ྖҬʹ͓͚Δ୸ૉ࠯෼ࢠͷԽֶ

͜Ε·Ͱɼ୸ૉ࠯෼ࢠͷԽֶ͸ओʹதখ࣭ྔ੕ܗ੒ྖҬΛର৅ͱͯ͠͞ڀݚΕ͖ͯͨɽதখ࣭
ྔ੕ܗ੒ྖҬͰ͸ɼ୸ૉ࠯෼͕ࢠ෼ࢠӢίΞ͔Β੕ܗ੒ίΞʹ͔͚ͯݮগ͢Δ͜ͱ͕஌ΒΕ͍ͯ
ͨ [2]ɽ͔͠͠ɼޙʹ੕ܗ੒ίΞͰܽ๡͍ͯ͠Δͱ͑ߟΒΕ͍ͯͨ୸ૉ࠯෼͕ࢠ๛෋ʹଘ͢ࡏΔ
ྖҬ͕֬ೝ͞Εɼ৽ͨͳ൓Ԡߏػͱͯ͠ɼঢ՚ͨ͠ CH4 Λݪྉʹ୸ૉ࠯෼͕ࢠੜ੒͢Δ Warm

Carbon Chain Chemistry (WCCC) ͕ఏএ͞Εͨ [3]ɽ
ۙ೥Ͱ͸ɼେ࣭ྔ੕ܗ੒ྖҬʹ͓͍ͯ΋୸ૉ࠯෼ݕ͕ࢠग़͞Ε [4]ɼಉ༷ͷ͕ڀݚਐΊΒΕ͍ͯ

Δɽେ࣭ྔ੕ܗ੒ྖҬͰ͸ɼΑΓࢵ͍ڧ֎ઢ΍੕෩ͷӨڹΛड͚ΔͨΊɼ୸ૉ࠯෼ࢠͷੜ੒ɾഁ
յաఔ͕தখ࣭ྔ੕ܗ੒ྖҬͱ͸ҟͳΔՄೳੑ͕͋Δɽ
େ࣭ྔ࢝ݪ੕ͷԽֶਐԽΛٞ࿦͢Δ্ͰɼγΞϊϙϦΠϯ HC2n+1N ͳͲͷ୸ૉ࠯෼ࢠ΍ N2H

+

ͷଘ͕ྔࡏɼԽֶਐԽͷࢦඪͱͳΔ͜ͱ͕ࣔࠦ͞Ε͍ͯΔ [5]ɽγΞϊϙϦΠϯ HC2n+1N ͷபີ
౓͸ɼ෼ࢠӢίΞ͔Β੕ܗ੒ίΞʹ͔͚ͯ૿Ճ͢ΔҰํɼN2H

+ ͸μετද໘͔Βঢ՚ͨ͠ CO

ͱͷ൓ԠʹΑͬͯഁյ͞ΕɼΘ͔ͣʹݮগ͢Δɽਤ 1.1ͷΑ͏ʹɼॎ࣠ʹ HC3N ͷபີ౓ɼԣ࣠
ʹ N2H

+ ͱ HC3N ͷபີ౓ൺΛͱΓɼਐԽஈ֊͝ͱʹϓϩοτ͢Δ͜ͱͰɼ͜ΕΒͷ෼ࢠͷபີ
౓͕෼ࢠӢίΞ͔Β੕ܗ੒ίΞ΁ͱਐԽ͢Δ༷ࢠΛτϨʔεͰ͖Δɽ
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ਤ 1.1: HMSC (େ࣭ྔ੕ͳ͠෼ࢠӢίΞ) ͔Β HMPO (େ࣭ྔ࢝ݪ੕) ʹ͔͚ͯͷԽֶਐԽɽӈ
Լ͔Β্ࠨʹ͔͚ͯਐԽΛτϨʔε͍ͯ͠Δ༷ͯݟ͕ࢠͱΕΔɽ
ॎ࣠: HC3Nͷபີ౓,ԣ࣠: N2H

+ ͱ HC3Nͷபີ౓ൺ (Taniguchi, K. et al. (2019) [5]ΑΓ
Ҿ༻)ɽ

1.2 ໨తڀݚ

ϝλϊʔϧϝʔβʔ͸େ࣭ྔ੕ܗ੒ྖҬͷಛఆͷਐԽஈ֊Ͱൃੜ͠΍͍͢͜ͱ͕஌ΒΕ͍ͯΔɽ
ͦͷͨΊϝλϊʔϧϝʔβʔݯͷγΞϊϙϦΠϯ HC2n+1N ΍ N2H

+ ͷபີ౓Λपظมಈͷ༗ແ
Ͱ෼͚ͯ Taniguchi, K. et al. (2019) [5] ͷ݁Ռͱൺֱ͢Δ͜ͱͰɼϝλϊʔϧϝʔβʔͷൃੜɼ
͓Αͼͦͷपظมಈ͕େ࣭ྔ੕ܗ੒ͷͲͷஈ֊ͱରԠ͢Δͷ͔Λ໌Β͔ʹͰ͖Δɽ·ͨɼ࿈ଓత
ͳपظมಈ຺͕ಈมಈϞσϧ [1]ʹΑΔ΋ͷͰ͋Δ͜ͱΛࣔࠦ͢ΔՄೳੑ͕͋Δɽ
ຊڀݚͰ͸ Taniguchi, K. et al. (2019) [5] Ͱࣔ͞Εͨେ࣭ྔ੕ͷԽֶਐԽͷࢦඪΛɼϝλϊʔ

ϧϝʔβʔͷपظมಈͱͷؔ࿈ੑͷ؍఺͔Βௐ΂ɼϝλϊʔϧϝʔβʔͷൃੜظʹ͓͚Δपظม
ಈͷग़ݱλΠϛϯάΛٞ࿦͢Δ͜ͱΛ໨͢ࢦɽ
ͦ͜Ͱɼ୸ૉ࠯෼ࢠ΍ N2H

+ Λλʔήοτͱͯ͠໺ลࢁ 45 m ๬ԕڸΛ༻͍ͯϝλϊʔϧϝʔ
βʔݯʹର͠؍ଌΛͨͬߦɽ͞Βʹͦͷ݁ՌΛղੳ͠ɼޙࠓͷղੳํ਑ͷߟࢀʹ͢ΔͨΊϥΠϯ
ͷڧ౓΍ɼͦΕͱఱମͷޫ౓ͷؔ܎ʹ͍ͭͯௐ΂पظมಈͷ༗ແͰൺֱΛͨͬߦɽ
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ୈ2ষ ଌ؍

2.1 ଌ֓ཁ؍

໺ลࢁ 45 m ๬ԕڸΛ༻͍ͯෳ਺ًઢͷ؍ଌΛͨͬߦɽҎԼ͕ࠓճղੳΛ؍ͨͬߦଌͷप೾਺
ઃఆͱ؍ଌًઢͷҰཡͰ͋Δɽ

ද 2.1: प೾਺ઃఆͱ؍ଌًઢ
प೾਺ [GHz] प೾਺෼ղೳ ଳҬ෯

ड৴ػ
ًઢ/ભҠ [kHz] [MHz]

96.744549

CH3OH/2-1

93.17348

N2H
+/1-0

91.971465

CH3CN/5-4

81.881463

HC3N/9-8
30.52 125

FOREST
100.076386

HC3N/11-10

87.365334

C2H/1-0

86.754288

H13CO+/1-0

85.455665

CH3CCH/5-4
61.04 250

2.2 ଌఱମ؍

ϝλϊʔϧϝʔβʔݯΛपظมಈͷ༗ແͰ෼ྨ͠ɼ12ఱମͣͭ༻͍ͨɽҎԼ͕ͦͷҰཡͰ͋Δɽ
ͨͩ͠ɼޫ౓͸੺֎ઢ؍ଌʹͮ͘جଠཅޫ౓ج४ͷ΋ͷͰ͋Δɽͳ͓ɼޫ౓ٴͼपظมಈͷ༗ແ
ʹ͍ͭͯ͸ɼҵ৓େֶڀݚһͷాลٛࢯߒʹΑͬͯߦΘΕͨจݙௐࠪʹ͍͍ͯͮجΔɽ

ද 2.2: ଌఱମ؍ (पظมಈ͋Γ)

ఱମ໊ ཭ڑ [kpc] ޫ౓ (L⊙)

174.19-00.09 1.8 4.41× 103

213.70-12.59 0.9 3.48× 104

188.94+00.88 2.1 1.20× 104

012.88+00.48 2.5 2.27× 104

014.23-00.50 2.0 5.36× 103

034.39+00.22 1.6 5.37× 103

035.79-00.17 3.6 3.83× 103

075.76+00.34 3.8 1.95× 105

107.29+05.63 0.8 3.23× 102

108.75-00.96 4.1 5.70× 104

111.53+00.76 2.6 1.69× 105

022.35+00.06 4.7 2.53× 104
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ද 2.3: ଌఱମ؍ (पظมಈͳ͠)

ఱମ໊ ཭ڑ [kpc] ޫ౓ (L⊙)

188.71+01.03 2.0 9.54× 103

192.60-00.05 1.6 2.29× 104

019.88-00.53 3.4 1.25× 104

035.02+00.35 2.3 2.07× 104

069.52-00.97 2.5 2.35× 104

078.10+03.64 1.6 8.90× 103

094.58-01.79 3.6 2.74× 104

108.18+05.51 0.8 5.89× 102

111.24-00.76 3.4 1.21× 104

232.62+00.99 1.7 8.66× 103

015.03-00.67 2.0 3.44× 105

023.65-00.12 3.2 1.08× 104
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ୈ3ষ ղੳ

ղੳʹ͸ϦμΫγϣϯιϑτ “Java NewStar” ͓Αͼ PythonεΫϦϓτΛ༻͍ͨɽେ·͔ʹ
͸ɼJava NewStar Λ༻͍ͯ࣌ؒੵ෼ɼϕʔεϥΠϯϑΟοτΛ͍ߦɼͦͷεϖΫτϧΛҵ৓େֶ
D3ͷંཾݪଠࢯʹΑͬͯ࡞੒͞Εͨ PythonεΫϦϓτΛ༻͍ͯςΩετࣜܗʹม͠׵ɼࣗ࡞ͷ
PythonεΫϦϓτͰฏۉԽɼϑΟοςΟϯάͳͲΛྲྀ͏ߦΕͰਐΊͨɽ

3.1 Java NewStar Λ༻͍ͨղੳ

Java NewStar͸ΞϝϦΧిཱࠃ೾ఱจ୆͕։ൃͨ͠ “AIPS”Λϕʔεʹͨ͠໺ลࢁ 45 mి೾๬
ԕ࡞ʹ͚޲ڸ੒͞Εͨιϑτ΢ΣΞͰ͋ΔɽJava NewStarΛ༻͍ͨղੳͰ͸ “NewStar manual” [6]

Λߟࢀʹͨ͠ɽ
Java NewStarΛىಈ͠ɼ࢖༻͢ΔσΟϨΫτϦΛબ୒͢ΔͱҎԼͷΑ͏ͳ΢Οϯυ΢͕දࣔ͞
ΕΔɽ

ਤ 3.1: Java NewStar ͷϝχϡʔը໘

ճͷղੳͰ͸ࠓ “FLAG”ɼ “Large INTEG”ɼ “BASELINE” Λ༻͍ͨɽ
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3.1.1 FLAG

࣌ؒੵ෼ͯ͠εϖΫτϧΛಘΔલʹɼѱఱީ౳Ͱঢ়ଶ͕ѱ͘ͳͬͨσʔλΛ Scan ୯ҐͰੜσʔ
λ͔Β࡟আ͢Δඞཁ͕͋Δɽ

ਤ 3.2: ੜσʔλ͔Βঢ়ଶͷѱ͍σʔλΛ flag

্ਤͷΑ͏ʹɼϊΠζϨϕϧ RMS͕ଞΑΓ 2ഒఔ౓େ͖͍ Scan ΍ɼεϓϦΞεؚ͕·ΕΔ
σʔλɼϕʔεϥΠϯ͕େ͖͘೾ঢ়ʹ͏Ͷ͍ͬͯΔ Scan ͸࣌ؒੵ෼ޙͷεϖΫτϧʹѱӨڹΛٴ
΅ͨ͢Ί flag ͨ͠ɽ

3.1.2 Large INTEG

ੜσʔλͰ͸ ON఺,OFF఺Ͱ֤ 20 ඵੵ෼͞Εͨσʔλ͕ Scan ਺͚ͩ͋Δɽ͜ΕΛશͯͷ
Scan Ͱ࣌ؒੵ෼͢Δ͜ͱͰΑΓ S/N ͷେ͖͍εϖΫτϧΛಘΔ͜ͱ͕Ͱ͖Δɽ

3.1.3 BASELINE

ϕʔεϥΠϯΛଟ߲ࣜ·ͨ͸ sinɼcos ؔ਺ͰϑΟοτ͠ɼεϖΫτϧσʔλ͔ΒόΠΞε΍Φ
ϑηοτΛऔΓআ͘ɽϥΠϯ͕ͳ͍ൣғΛ 2, 3 Օॴࢦఆ͠ɼબ୒ͨ͠ϑΟοςΟϯάؔ਺Ͱϕʔ
εϥΠϯ͕ϑΟοτ͞ΕɼεϖΫτϧ͔Βࠩ͠Ҿ͔ΕΔɽຊڀݚͰ͸ 1࣍ࣜͰϑΟοτͨ͠ɽ

ਤ 3.3: ϥΠϯͷͳ͍ൣғΛબ୒͢Δ͜ͱͰ੺ઢͰϕʔεϥΠϯ͕ϑΟοτ͞ΕΔɽ
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ਤ 3.4: ϕʔεϥΠϯϑΟοτޙͷεϖΫτϧ

3.2 Python Λ༻͍ͨղੳ

͞ΒʹղੳΛਐΊΔ্ͰɼεϖΫτϧΛҰׅͰॲཧͨ͠ΓɼϑΟοςΟϯάΛࡍ͏ߦʹࣗ༝ʹύ
ϥϝʔλΛઃఆͰ͖ΔͳͲͷ఺Ͱ Python Λ༻͍Δͷ͕ศརͰ͋ΔɽҎ߱͸εϖΫτϧσʔλΛ
txt ग़ྗ͠ɼPython εΫϦϓτͰಡΈࠐΈղੳΛ͏ߦɽ

3.2.1 εϖΫτϧͷฏۉԽ

ϕʔεϥΠϯϑΟοτ·ͰͨͬߦεϖΫτϧʹ͸ɼಉ͡प೾਺ઃఆͰಉ࣌ʹ؍ଌͨ͠ 2ͭͷεϖ
Ϋτϧ͕ଘ͢ࡏΔɽ͜ͷ 2ͭΛฏ͢ۉΔ͜ͱͰϊΠζΛখ͘͢͞Δૢ࡞Λ͏ߦɽJava NewStar ͔
Βग़ྗͨ͠εϖΫτϧσʔλͷϔομʔʹ͸RMS͕ॻ͔Ε͍ͯΔɽ͜Ε͸ϊΠζϨϕϧͷRMS

Λ͠ࢦɼ2ͭͷεϖΫτϧΛRMSͷೋ৐ͷٯ਺ͰॏΈ෇͚ͯ͠ฏͨ͠ۉɽ2ͭͷεϖΫτϧͷڧ
౓Λ I1ɼI2 ɼॏΈ܎਺Λ w1ɼw2 ͱ͢Δͱɼฏޙۉͷڧ౓ I ͸ɼ

w1 = 1/rms1
2

w2 = 1/rms2
2

I =
I1w1 + I2 + w2

w1 + w2
(3.1)

ͷΑ͏ʹͯ͠ಘΔɽ͜ͷΑ͏ʹ 2ͭͷεϖΫτϧΛॏΈΛ͚ͭͯฏ͢ۉΔ͜ͱͰ RMS Λ࠷΋খ
͘͞Ͱ͖Δɽ
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ͷεϖΫτϧΛҎԼʹࣔ͢ɽޙલۉͷฏࡍ࣮

ਤ 3.5: ฏۉલͷεϖΫτϧ

ਤ 3.6: ฏޙۉͷεϖΫτϧ

3.2.2 ϑΟοςΟϯά

ຊڀݚͰ͸୯७ͳΨ΢γΞϯͰϑΟοτͰ͖ΔϥΠϯɼHC3NɼH13CO+ɼC2H ʹ͍ͭͯϑΟο
ςΟϯάΛͨͬߦɽϑΟοςΟϯάʹ͸ SciPy Ϟδϡʔϧͷ curve fitؔ਺Λ༻͍ͨɽ͜ͷؔ਺Ͱ͸
͋Β͔͡Ίؔ਺ܗΛࢦఆͯ͠ॳظਪఆ஋Λ༩͑ΔͱɼσϑΥϧτͰ͸ඇઢ࠷ܗখೋ৐๏ʹ͖ͮجɼ
Levenberg-Marquardt๏ (LM๏) Λ༻͍ͯύϥϝʔλʔΛ࠷దԽ͢Δɽৄࡉ͸ SciPy Ϟδϡʔϧ
ͷެࣜυΩϡϝϯτʹ͞هΕ͍ͯΔ [7]ɽ·ͨɼ໭Γ஋ͱͯ͠ύϥϝʔλͷଞʹڞ෼ྻߦࢄ΋ฦ͢
ͨΊɼͦͷର֯੒෼ΛऔΓग़͢͜ͱͰύϥϝʔλͷ෼ࢄ΋ಘΔ͜ͱ͕Ͱ͖Δɽ
ؔ਺ܗʹ͸Ψ΢γΞϯ

Ae
−
(

ν−ν0
2σ2

)2

(3.2)

Λఆٛͨ͠ɽͨͩ͠ɼA͸Ψ΢γΞϯͷৼ෯ɼν͸प೾਺ɼν0͸ϐʔΫͷத৺प೾਺ɼσ2͸෼ࢄ
Ͱ͋Δɽ
ॳظਪఆ஋͸֤ϥΠϯͰҎԼͷΑ͏ʹఆٛͨ͠ɽ
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ද 3.1: ֤ϥΠϯͷΨ΢εϑΟοτॳظਪఆ஋
ϥΠϯ ৼ෯ A த৺प೾਺ ν0 [GHz] ෼ࢄ σ2

HC3N - 100 GHz

1

100.076386

0.001
HC3N - 80 GHz 81.881463

H13CO+ 86.754288

C2H 87.318

͜͜Ͱɼ HC3NɼH13CO+ ʹ͍ͭͯ͸؍ଌ࣌ͷத৺प೾਺ɼ C2H ʹ͍ͭͯ͸௒ඍߏࡉ଄ʹΑ
ΔϐʔΫ͕ෳ਺ݟΒΕΔͨΊɼ 87.318 GHz ෇ۙʹ͋Δ࠷΋͍ڧϐʔΫΛத৺प೾਺ͱͯ͠ઃఆ
ͨ͠ɽ

3.2.3 ੵ෼ڧ౓ͷࢉܭ

Ψ΢γΞϯϑΟοτޙͷύϥϝʔλͷ͏ͪɼৼ෯ Aɼ෼ࢄ σ2 Λ༻͍ͯϐʔΫͷੵ෼஋ I∗͸ɼ

I∗ =
√
2πAσ2 (3.3)

ͱͳΔɽ͞Βʹɼఱମͷ์ࣹྖҬ͕ϏʔϜαΠζʹൺ΂ͯे෼খ͘͞఺ݯͱΈͳͤΔ৔߹ɼڑ཭ 1

kpcʹ͋ͬͨ৔߹ʹൺֱͯ͠ڧ౓͸ 1/d2 ഒͱͳΔʢͨͩ͠ɼd [kpc]͸࣮ࡍͷఱମ·Ͱͷڑ཭ʣɽ
͜ΕΛิਖ਼ͨ͠ɼڑ཭ 1 [kpc]Ͱੵͨ͠ࢉ׵෼ڧ౓ I ͸ɼ

I = I∗d2 (3.4)

ͱͳΔɽ࡯ߟʹ͸͜ͷੵ෼ڧ౓ I Λ༻͍ͨɽͨͩ͠ɼશͯͷεϖΫτϧΛਖ਼ৗʹϑΟοτ͢Δͷ
͸ࠔ೉Ͱ͋ͬͨͨΊɼϑΟοτ݁ՌΛ࠾༻͢Δج४Λ࣍ͷΑ͏ʹઃ͚ͨɽ

• ϥΠϯ͕ 5σ Ҏ্Ͱݕग़Ͱ͖͍ͯΔ͜ͱɽ

• εϖΫτϧͷϐʔΫ͕ɼϑΟοτͨ͠Ψ΢γΞϯͷϐʔΫͷ 5σG (σG ͸ϑΟοτͨ͠Ψ΢γ
Ξϯͷৼ෯ͷඪ४ภࠩ) Ҏ಺ʹೖ͍ͬͯΔ͜ͱɽ
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ୈ4ষ ݁Ռ

4.1 ϥΠϯΛݕग़ͨ͠ఱମ਺

֤ϥΠϯΛ 5σ Ҏ্Ͱݕग़ͨ͠ఱମ਺ΛҎԼʹࣔ͢ɽ

ද 4.1: ϥΠϯΛݕग़ͨ͠ఱମ਺
ϥΠϯ ग़ఱମ਺ݕ (5σ)

HC3N - 100 GHz 19 / 20

C2H 20 / 20

H13CO+ 19 / 20

CH3CCH 15 / 20

CH3OH 17 / 18

N2H
+ 18 / 18

CH3CN 12 / 18

HC3N - 80 GHz 17 / 18

֤ϥΠϯͷप೾਺͸ “NIST Recommended Rest Frequencies for Observed Interstellar Molec-

ular Microwave Transitions” [8] ͷσʔλϕʔεΛࢀরͨ͠ɽ·ͨɼղੳͨ͠εϖΫτϧΛ෇࿥
AɼΨ΢εϑΟοτΛͨͬߦεϖΫτϧΛ෇࿥ Bʹͨ͠ࡌܝɽ
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4.2 ੵ෼ڧ౓

֤ఱମͰࣜͨ͠ࢉܭ (3.4) Ͱࣔͨ͠ੵ෼ڧ౓ΛϥΠϯ͝ͱʹҎԼʹࣔ͢ɽ

ද 4.2: ੵ෼ڧ౓ (HC3N - 100 GHz)

ఱମ໊ ੵ෼ڧ౓ पੑظ

107.29+05.63 3.0245× 10−4 periodic

188.71+01.03 2.9244× 10−4 non-periodic

069.52-00.97 1.8054× 10−3 non-periodic

094.58-01.79 2.9205× 10−4 non-periodic

213.70-12.59 4.1883× 10−4 periodic

108.18+05.51 3.0799× 10−4 non-periodic

111.24-00.76 6.8310× 10−5 non-periodic

014.23-00.50 5.9389× 10−4 periodic

078.10+03.64 1.3924× 10−3 non-periodic

188.94+00.88 7.0757× 10−4 periodic

019.88-00.53 7.1120× 10−4 non-periodic

192.60-00.05 7.9976× 10−4 non-periodic

012.88+00.48 2.6088× 10−3 periodic

111.53+00.76 8.4979× 10−4 periodic

075.76+00.34 1.0547× 10−3 periodic

ද 4.3: ੵ෼ڧ౓ (HC3N - 80 GHz)

ఱମ໊ ੵ෼ڧ౓ पੑظ

094.58-01.79 3.6107× 10−4 non-periodic

111.53+00.76 7.9955× 10−4 periodic

107.29+05.63 3.2989× 10−4 periodic

188.94+00.88 4.0148× 10−4 periodic

213.70-12.59 2.5050× 10−4 periodic

192.60-00.05 4.8576× 10−4 non-periodic

012.88+00.48 5.3829× 10−4 periodic

188.71+01.03 1.9410× 10−4 non-periodic

035.79-00.17 6.1628× 10−4 periodic

174.19-00.09 1.1628× 10−3 periodic
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ද 4.4: ੵ෼ڧ౓ (C2H)

ఱମ໊ ੵ෼ڧ౓ पੑظ

019.88-00.53 7.6579× 10−4 non-periodic

174.19-00.09 1.0872× 10−3 periodic

108.18+05.51 5.0048× 10−4 non-periodic

188.71+01.03 5.6628× 10−4 non-periodic

014.23-00.50 9.9141× 10−4 periodic

012.88+00.48 1.2843× 10−3 periodic

188.94+00.88 1.1554× 10−3 periodic

094.58-01.79 5.7232× 10−4 non-periodic

108.75-00.96 4.1181× 10−4 periodic

111.24-00.76 2.3621× 10−4 non-periodic

107.29+05.63 5.4369× 10−4 periodic

ද 4.5: ੵ෼ڧ౓ (H13CO+)

ఱମ໊ ੵ෼ڧ౓ पੑظ

111.24-00.76 5.0294× 10−5 non-periodic

012.88+00.48 1.2269× 10−3 periodic

188.94+00.88 6.9041× 10−4 periodic

188.71+01.03 2.0056× 10−4 non-periodic

019.88-00.53 5.0404× 10−4 non-periodic

174.19-00.09 1.1787× 10−3 periodic

213.70-12.59 3.7668× 10−4 periodic

108.75-00.96 1.2433× 10−4 periodic

014.23-00.50 1.0468× 10−3 periodic

107.29+05.63 3.7642× 10−4 periodic

035.79-00.17 3.7186× 10−4 periodic

192.60-00.05 5.0343× 10−4 non-periodic

075.76+00.34 9.0302× 10−4 periodic

108.18+05.51 4.6088× 10−4 non-periodic

078.10+03.64 8.9475× 10−4 non-periodic

094.58-01.79 4.0357× 10−4 non-periodic

111.53+00.76 7.9665× 10−4 periodic

069.52-00.97 1.7360× 10−3 non-periodic
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4.3 ੵ෼ڧ౓ͱޫ౓ͷؔ܎

ಘΒΕͨੵ෼ڧ౓ͱఱମͷޫ౓ͷؔ܎Λௐ΂ΔͨΊɼԣ࣠Λޫ౓ɼॎ࣠Λڧ౓Ͱϓϩοτͨ͠
ਤΛҎԼʹࣔ͢ɽ

ਤ 4.1: ౓-ޫ౓ڧ ϓϩοτ (HC3N - 100 GHz)

ਤ 4.2: ౓-ޫ౓ڧ ϓϩοτ (HC3N - 80 GHz)
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ਤ 4.3: ౓-ޫ౓ڧ ϓϩοτ (C2H)

ਤ 4.4: ౓-ޫ౓ڧ ϓϩοτ (H13CO+)
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·ͨɼपظมಈͷ༗ແผͰੵ෼ڧ౓ͷඪຊ෼ࢄɼ͓Αͼੵ෼ڧ౓ͱޫ౓ͷ૬ؔ܎਺Λ͢ࢉܭΔ
ͱҎԼͷΑ͏ʹͳͬͨɽ

ද 4.6: ੵ෼ڧ౓ͷඪຊ෼ࢄ
ϥΠϯ periodic non-periodic

HC3N - 100 GHz 5.50× 10−7 3.48× 10−7

HC3N - 80 GHz 9.35× 10−8 2.05× 10−8

C2H 1.16× 10−7 4.34× 10−8

H13CO+ 1.45× 10−7 2.51× 10−7

ද 4.7: ੵ෼ڧ౓ͱޫ౓ͷ૬ؔ܎਺
ϥΠϯ periodic non-periodic

HC3N - 100 GHz 0.064 0.274

HC3N - 80 GHz 0.210 0.775

C2H -0.433 0.134

H13CO+ 0.088 0.321
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ୈ5ষ ࡯ߟ

ද 4.6ΛݟΔͱɼH13CO+ Λআ͖ɼपظมಈΛࣔ͢ఱମͷํ͕ੵ෼ڧ౓ͷ෼͕ࢄେ͖͍ɽ·ͨɼ
ද 4.7Ͱ͸ɺ֤ϥΠϯͱ΋ʹपظมಈΛࣔ͢ఱମͷํ͕ੵ෼ڧ౓ͱޫ౓ͷ૬͕ؔ΍΍ऑ͍΋ͷͷɼ
HC3N - 100 GHz Λআ͍ͯɼڧ౓ͱޫ౓ʹ໌֬ͳ૬ؔ͸ݟΒΕͳ͔ͬͨɽ
पظมಈͷϝΧχζϜͱ຺ͯ͠ಈมಈϞσϧΛ͑ߟΔͱɼத৺੕ͷ຺ಈʹΑͬͯपғͷ෼͕ࢠ

ड͚Δ์ࣹ͕ෆ҆ఆʹͳΓɼ෼ࢠӢͷԹ౓มಈ͕ൃ׆Խ͢Δͱ͑ߟΒΕΔɽͦͷ݁Ռɼ෼ࢠͷ์
େ͖͘ͳΓɼޫ౓ͱͷ͕ࢄ౓ͷ෼ڧมಈΛࣔ͞ͳ͍ఱମͱൺ΂ͯظ౓ʹ͹Β͖͕ͭੜ͡ɼपڧࣹ
૬ؔ΋ऑ͘ͳΔՄೳੑ͕͋Δʢද 4.6, 4.7 ͷ periodic ͷ৔߹ʣɽ
ͳ͓ɺશͯͷఱମͰे෼ͳϑΟοςΟϯά͕Ͱ͖ͨΘ͚Ͱ͸ͳ͘ɼHC3N - 80 GHz ΍ C2H ͷ

Α͏ʹσʔλ਺͕গͳ͍ϥΠϯ΋ଘ͢ࡏΔɽͦͷͨΊɼݱঢ়ͷղੳͰ͸ڧ౓ͷ෼ࢄ΍ڧ౓ͱޫ౓
ͷ૬ؔΛٞ࿦͢Δʹ͸ෆे෼Ͱ͋Δ͜ͱʹཹҙ͠ͳ͚Ε͹ͳΒͳ͍ɽ
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ୈ6ষ ·ͱΊͱޙࠓͷల๬

ಘΒΕͨεϖΫτϧͷ͏ͪɼ୯७ͳΨ΢γΞϯͰϑΟοτͰ͖ΔϥΠϯʹ͍ͭͯϑΟοςΟϯά
Λ͍ߦɼޙࠓͷղੳ΍ٞ࿦ͷج൫ͱ͢ΔͨΊʹɼϥΠϯͷੵ෼ڧ౓ͷ෼ࢄ΍ఱମͷޫ౓ͱͷ૬ؔ
Λௐ΂ͨɽͦͷ݁Ռɼपੑظͷ༗ແʹΑΔҰఆͷ޲܏͸֬ೝ͞Εͨ΋ͷͷɼσʔλ਺΍ௐࠪର৅
ͷϥΠϯ਺͸ґવͱͯ͠ෆे෼Ͱ͋Δɽ
ΒΕΔɽ͛ڍͷల๬ͱͯ͠ҎԼ͕ޙࠓ

• ݁ՌͰಘΒΕͨੵ෼ڧ౓ͱޫ౓ʹ͓͚Δ޲܏ΛൺֱՄೳͳଞͷ͓ڀݚΑͼͦΕΛઆ໌Ͱ͖Δ
෼ًࢠઢͷ์ࣹߏػͷௐࠪΛ͏ߦɽ

• ϑΟοςΟϯάͷΞϧΰϦζϜͷվળ΍ɼଟॏΨ΢γΞϯΛ༻͍ͨෳࡶͳϥΠϯͷϑΟοςΟ
ϯάख๏Λཱ֬͢Δ͜ͱͰɼΑΓଟ͘ͷσʔλͰϑΟοςΟϯάΛ࣮͢ݱΔɽ

• ΑΓৄࡉͳ෼ࢠͷ൓Ԡߏػ΍ଟ༷ੑɼ຺ಈมಈϞσϧͱͷؔ࿈ɼઌڀݚߦ [5]ͱͷൺֱΛߦ
͏ͨΊʹɼΨεͷபີ౓΍Թ౓ͳͲͷ෺ཧྔΛٻΊΔɽ
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෇࿥

A εϖΫτϧ

A.1 HC3N - 100 GHz
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A.2 HC3N - 80 GHz
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A.3 C2H
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A.4 H13CO+
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A.5 CH3CCH
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A.6 CH3OH
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A.7 N2H
+
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A.8 CH3CN
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B Ψ΢εϑΟοτΛͨͬߦεϖΫτϧ

B.1 HC3N - 100 GHz
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B.2 HC3N - 80 GHz
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B.3 C2H
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B.4 H13CO+
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ँࣙ

ຊڀݚΛਐΊΔʹ͋ͨΓɼஸೡ͔ͭ೤৺ʹ͝ࢦಋͩͬͨࣨ͘͞ڀݚͷઌੜํͳΒͼʹઌഐํʹ
Β࣮ફతͳ಺༰͔ૅجଌ͓Αͼղੳͷ؍तʹ͸ɼڭһͷඦ੉फ෢ڭಋࢦਃ্͛͠·͢ɽँײ͘ਂ
·Γ·ͨ͠ɽࣀΛݴॏͳॿو͍ͯͭʹੑ޲ͷํ࡯ߟಋ͍ͨͩ͘ͱͱ΋ʹɼղੳ΍ࢦΔ·Ͱ͝ࢸʹ
ͨɼઌഐͷંཾݪଠ͞Μʹ͸ղੳʹඞཁͳ஌ࣝͷࣔ͝ڭʹՃ͑ɼJava NewStar ͔Β Python ΁ͷ
Ҡͯ͠ࡍʹߦଟେͳ͝ॿྗΛ͍͖ͨͩ·ͨ͠ɽ͜͜ʹ৺ΑΓँײਃ্͛͠·͢ɽ
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