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1 త

Ε͓ͯΓɺͦΕཧ͕কདྷతʹमਖ਼Λड͚͞ݟൃ͔ͭز͕ݱଘͷॏྗཧͰઆ໌Ͱ͖ͳ͍طɺࡏݱ

ΔՄੑ͕͋Δ͜ͱΛҙຯ͍ͯ͠Δɻඪ४ཧॏྗ૬࡞ޓ༻Λ౷Ұ͢Δ͜ͱͰ͖͍ͯͳ͍ɻզʑࣗવք

ͷ࢛ͭͷ૬࡞ޓ༻ͷ͏ͪɺಛʹॏྗ૬ڵʹ༺࡞ޓຯΛͨͬ࣋ɻૉཻؒࢠͷॏྗ૬࡞ޓ༻ి࣓૬࡞ޓ༻ͱൺ

ͯΔ͔ʹແࢹͰ͖ΔఔͷඍྗͳͷͰ͋ΓɺݱͷՊֶٕज़ͰଌఆෆՄͰ͋Δɻ͔͠͠ɺεέʔϧ

͕ૉཻࢠεέʔϧʹͳͬͨͱ͖ʹɺॏྗఆ͕ෆมͰ͋Δ͜ͱೝΊͯྑ͍ͷͩΖ͏͔ɻͦΕ࣮ݧΛ௨ͯ͠

ॳΊཱͯূ͞ΕΔ͜ͱͰ͋Ζ͏ɻͦ͜Ͱɺதੑࢠʹରͯ͠ಇ͔͘ٿΒͷॏྗ૬࡞ޓ༻Λଌఆ͢Δ͜ͱʹΑ

Γɺطଘͷ๏ଇ͕࣭ྔͷͷ͘͝খ͍͞ମʹରཱͯ͢͠Δ͜ͱɺ͋Δ͍͠ͳ͍͜ͱΛ࣮ূ͢Δ͜ͱ͕ɺ

ຊ࣮ݧͷతͰ͋Δɻ

2 ࡉͷৄݧ࣮

2.1 ཧݪݧ࣮

Ռɺͬͱγϯϓϧͳํ๏Ͱྀ࣮݁ͨ͠ߟɺஔΛ۩ثݧՄͳ࣮༺ɺզʑ͕͕͕ͨͬڍิީ͔ͭز

ͱʹͳͬͨɻ͢ͳΘͪɺχϡʔτϯͷӡಈํఔࣜͰ͋Δɻ۩ମతʹɺ૬ରతޮՌͱಈੑΛແ͜͏ߦΛݧ

ͷใΛಘ࢛ͭͷؒ࣌ɺऴɺॳɺҠಈ࢝ɺͦͷӡಈͷ͑ߟΛࢠதੑͭ࣋Ͱ͖ΔΑ͏ͳΤωϧΪʔΛࢹ

Δ͜ͱͰɺٿͷॏྗՃ gΛٻΊͨɻ

ਤ 1 Δ͜ͱΛද͍ͯ͠Δɻ͍͔ͯͬʹثग़ݕͰམԼ͠ͳ͕ΒڹॏྗӨ͕ࢠཧਤɻ্ྲྀεϦοτΛ௨աͨ͠தੑݪͷݧ࣮

2.2 ɺஔ۩ثݧ࣮

தੑݯࢠ

தੑݯࢠͱͯ͠ɺཧֶ෦̑߸ؗ౦౩ʹ͋Δ KUANS*1Λ༻͍ͨɻKUANSɺཅࢠઢܗՃثͰੜ͞

Εͨύϧεঢ়ͷཅࢠϏʔშΛ 7Liλʔήοτʹিಥͤ͞ɺԠ

7Li + p → 7Be + n

ΑΓߴதੑࢠϏʔშΛಘɺͦΕΛϙϦΤνϨϯݮࡐΛ௨͢͜ͱͰൺֱతԹͷதੑࢠΛͭ

*1 *Kyoto University Accelerator-driven Neutron SourceɹژେֶՃثதੑݯࢠ
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தੑࢠϏʔშΛಘΔஔͰ͋Δ (ਤ 2)ɻ

ਤ 2 தੑࢠੜ෦ͷ֓೦ਤɻཅࢠϏʔϜΛϕϦϦϜബບʹͯɺ֩ԠʹΑͬͯੜ͞ΕͨதੑࢠΛ

ϙϦΤνϨϯͰݮͤͯ͞औΓग़͢ɻ

༧උ࣮ݧͰɺͦͷϏʔშಛੑΛҎԼͷΑ͏ʹಘͨʢଌఆஔʹ͍ͭͯઌΛࢀরʣɻ

ʻʻ༧උ࣮ݧʼʼ

ਤ 3ͷΑ͏ʹ place1ɺ2ʹଌఆஔΛ͓͍ͯͦΕͧΕଌఆΛͨͬߦɻ

ਤ 3 ༧උ࣮ݧͷηοτΞοϓɻதੑ͔ݯࢠΒԕ͍ํ͔Βɺplace1, 2ͱ͢Δɻ
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ͦͷ݁ՌɺϏʔϜͷೖࣹ͔ΒνΣϯόʔͰதੑࢠΛݕग़͢Δ·Ͱͷؒ࣌ଌఆʹ͓͍ͯɺҎԼͷ͕ಘ

ΒΕͨɻ

ਤ 4 TOF ʹର͢Δ Maxwell Ͱͷ

fit(place2)ɻϑΟοςΟϯάͷ༷͔ࢠΒɺൃੜͨ͠

தੑ͕ࢠϘϧπϚϯʹै͍ͬͯΔ͜ͱ͕Θ͔Δɻ
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ਤ 5 Gaussinan Λ༻͍ͨ peak ͷ fitɻ͜ͷϑΟο

ςΟϯάʹΑͬͯதੑࢠϐʔΫͷ TOF Λਪఆ

ͨ͠ɻ

ਤ 4ΑΓதੑ͕ࢠਖ਼͘͠ Maxwellʹै͍ͬͯΔ͜ͱʢҰͭͷ peakߴதੑࢠͷͷͰ͋

Δʣ͕͔ͬͨɻ

ਤ 5ͷ peakͷҐஔɺplace1ɺ2ͰͦΕͧΕ 949 ʶ 3ɺ1383 ʶ 4 [µm]Ͱ͋Δɻ͔ͦ͜Βதੑࢠͷ

TOFϐʔΫͰͷ͕ٻ·ΔɻԹࢉܭɺTOFͷͷ͔ࠩΒதੑࢠͷΛٻΊɺͦͷΛ vͱ

ͨ͠ͱ͖தੑࢠͷԹ T ϘϧπϚϯఆ k Λ༻͍ͯ

T =
mv2

2k

ͱ༩͑ΒΕΔͷͰɺ͜ͷࢉܭΛ͢Δ͜ͱʹΑΓԹ͕ 772.7 ʶ 16.4 KͰ͋Δ͜ͱ͕Θ͔ͬͨɻࠩޡ

౷ࠩޡܭʹΑΔͷͰɺࠩޡͷൖଇΛ༻͍ͯࢉܭΛͨͬߦɻ

ܭ

ൃੜͨ͠தੑࢠͷଌఆஔͱͯ͠ɺ3Heൺྫܭ*2Λ༻͍ͨɻ͜Ε 3HeΛ෧ೖͨ͠ɺਊઢΛۚͭ࣋

ଐ (ʹಡΈͩ͠෦͕͍ͭͨͷ)Ͱ͋Γɺਊઢͱۚଐද໘ʹిҐࠩΛͨͤͨ࣋ঢ়ଶͰ͜Εʹதੑ

ೖࣹ͢ΔͱԠ͕ࢠ

3He + n → 3H+ e− + p + 765keV

ΤωϧΪʔΛಘͯӡಈ͠ɺΨεΛΠΦϯԽ͢ΔɻΠΦϯԽ͕ͨ͠ࢠɺੜͨ͠τϦνϜͱཅ͖ى͕
3HeʹΑͬͯɺਊઢ-ۚଐؒʹిྲྀ͕ྲྀΕɺதੑࢠΛݕग़Ͱ͖Δͱ͍͏ΈͰ͋Δɻ͜ΕͱKUANS

ͰआΓड͚ͨઐ༻ͷϞδϡʔϧΛ༻͍Δ͜ͱͰཅࢠϏʔშൃੜ͔ΒதੑࢠϏʔშ౸ண·Ͱͷؒ࣌ʢ্ਤ

*2 *www.rist.or.jp/atomica/dic/dicdetail.php?DicKey = 1194
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ʹ͓͚Δ ToFʣΛଌఆ͢Δ͜ͱ͕Ͱ͖Δɻ

ःณࡐ

தੑࢠͷःณࡐͱͯ͠ɺϘϩϯೖΓϙϦΤνϨϯϒϩοΫɺϘϩϯΰϜγʔτɺΧυϛϜ൘Λ༻͍

ͨɻ͜ΕΒͲΕɺߴதੑࢠʹରͯ͠அ໘ੵ͕খ͍͕͞ɺதੑࢠʹରͯ͠΄΅શͳःณࡐ

ͱͯ͠ৼ͏͜ͱ͕Θ͔͍ͬͯΔɻܭͷपғΛ෴͏͜ͱͰόοΫάϥϯυΛ͑ͨΓɺεϦοτ

Λ࡞͢Δͷʹ༻͍ͨɻ

Z࣠εςʔδ

ΧλϩάεϖοΫͰ 2 mࠁΈͰಈ͔͢͜ͱͷͰ͖Δ Z࣠εςʔδΛ༻͍ͨɻ༻్ܭΛ্Լͤ͞

Δ͜ͱͰ͋Δɻ
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2.3 ηοτΞοϓ

ਤ 6ͷΑ͏ʹηοτΞοϓΛͨͬߦɻͳ͓ɺ͜ΕΒͷ۩ମతͳੇ๏ඞ࣮ͣ͠ݧਫ਼͔ΒདྷΔཁʹΑΓ

ఆΊͨͷͰͳ͘ɺͦΕΑΓΉ͠Ζۭؒతɺ͋Δ͍ٕज़త੍ΑΓ͜͏ͳΒ͟ΔΛಘͳ͔ͬͨͷͩͱ͍

͏͜ͱΛ༧Ίࢦఠ͓ͯ͘͠ɻ

ਤ 6 ηοτΞοϓͷࣜਤ

ਤ 7 ্ྲྀεϦοτ͔ΒԼྲྀεϦοτ·Ͱͷஔɻ

͞ΒʹϘϩϯϒϩοΫͷ্͔ΒϘϩϯΰϜ࣌ݧ࣮

γʔτΛ͔Ϳ͍ͤͯΔɻ

ਤ 8 ϘϩϯϒϩοΫͷ༷ࢠɻԁܗͷϦϯάʹݻఆ

͞Ε͍ͯΔͷ͕ࠓճͷݕग़ثͰ͋Δɻ
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3 ཧ

ҎԼͰɺ্ྲྀεϦοτΛ௨Γൈ͚ͨதੑ͕ࢠԼྲྀεϦοτΛ௨աͯ͠νΣϯόʔͰݕग़͞Εͨͱ͖ͷ TO

̛Λಋग़͢Δɻ

3.1 Ծఆ

ൃੜ͢ΔதੑࢠͷӡಈྔϘϧπϚϯʹै͏

தੑࢠํతʹൃੜ͍ͯ͠Δͷͱ͢Δʢ࣮ࡍҧ͏͕ɺεϦοτΛ௨Δখ͍͞ δΩʹ͍ͭͯํ

ੑ͕อূ͞Ε͍ͯΔͱ͢Δʣɻ

தੑൃ͕ࢠੜ͔ͯ͠ΒɺલํεϦοτʹ౸ୡ͢Δ·ͰʹॏྗʹΑͬͯํੑ่Ε͍ͯΔͣͰ͋Δ

͕ɺൃੜ͔ݯΒεϦοτ·Ͱͷڑे͍ͷͱ͠ɺͦͷޮՌແࢹͰ͖Δͷͱ͢ΔʢΑ࣮ͬͯ

͕ेখ͍͞ํ͕ڑͰͷ·ݯʹൺɺલํεϦοτ͔ΒൃੜڑͰͷ·ثग़ݕͰલํεϦοτͱݧ

·͍͠Α͏ʹࢥΘΕΔʣɻ

தੑࢠͷӡಈχϡʔτϯྗֶʹै͏ͱ͢Δɻ

Ҏ্ΛԾఆͯ͠ɺҎԼͷٞΛల։͢Δɻ

3.2 ؔͷಋग़

ਤ 9 ηοτΞοϓͱ࠲ඪઃఆɻ্ྲྀεϦοτΛ௨Γൈ͚ͨதੑ͕ࢠԼྲྀεϦοτΛ௨Γൈ͚ͯݕग़ثʹ

ೖΔ༷ࢠΛ͍ࣔͯ͠Δɻ

·ͣલํεϦοτͷ෯Λ DɺεϦοτ͔Βݕग़ث·ͰͷڑΛ LɺํޙεϦοτͷ෯Λ δHɺݕग़ͨ͠͞ߴ

ʢԼ͖ʣΛ H ͱ͢Δɻ

ͻͱ·ͣɺதੑ͕ࢠલํεϦοτͷͲͷ͔͞ߴΒग़͖͔ͯͨʹΑΒͣɺલํεϦοτ௨ա࣌ʹ͓͚Δதੑࢠ

ͷΛ
f(vx, vy, vz) = A exp(−α(v2x + v2y + v2z)) (1)

ͨͩ͠ ∫
f(vx, vy, vz)dvxdvydvz = N (2)

8



ͱ֨نԽ͢ΔɻલํεϦοτͰ v⃗ = (vx, vy, vz) Λ͕ࢠཻ͍ͨͯͬ࣋ଌఆثͷ͞ߴ H ͷͱ͜Ζʹདྷͨ

ͱ͖ɺ

H =
1

2
(
L

vx
)2g + (

L

vx
)vy (3)

ཱ͕͢ΔͷͰɺ͞ߴ H ʹ͓͚Δ ToFؔ gH(t)dt

gH(t)dt = dvx

∫ avx

−avx

dvy

∫ bvx

−bvx

dvzf(v⃗)δ(
vy
vx

+
1

L
(
1

2
(
L

vx
)2g −H)) (4)

= dvx

∫ avx

−avx

dvy

∫ bvx

−bvx

dvzf(v⃗)δ(vy +
vx
L
(
1

2
(
L

vx
)2g −H)) (5)

= dvxAvx exp[−α(v2x +
v2x
L2

(
1

2
(
L

vx
)2g −H))]

∫ bvx

−bvx

dvz exp(αv
2
z) (6)

= dt
AL2

t3
exp[−α(

L2

t2
+

1

t2
(
1

2
gt2 −H)2)]

∫ bvx

−bvx

dvz exp(−αv2z) (7)

≃ dt
2bAL3

t4
exp[−α(

L2

t2
+

1

t2
(
1

2
gt2 −H)2)] (8)

aɺbɺεϦοτΛઃ͚Δ͜ͱʹΑΔ vyɺvz ͷ੍ݶͰ͋Δɻ(7)͔ࣜΒ (8)ࣜʹɺαɺbvx ͕ेখ͍͞

ͣͳͷͰ (α ≃ 0.7 ∗ 10( − 7), bvx ≃ 102)ɺ−bvx ≤ vz ≤ bvx ͷൣғͰ exp(−αv2z) ≃ 1ͱͯ͠ྑ͍͜ͱΛ༻

͍͍ͯΔɻ

͔͜͜ΒߋʹɺલํεϦοτͷ෯ɺํޙεϦοτͷ෯Λ͑ߟΔͱɺ࣮ࡍʹಘΒΕΔؒ࣌ g′H(t)dtɺ

dt

∫ H+ 1
2D

′

H− 1
2D

′
dH ′

∫ H′+ 1
2D

H′− 1
2D

dH0
2bAL3

t4
exp[−α(

L2

t2
+

1

t2
(
1

2
gt2 −H0)

2)] (9)

≃ dt
2bADD′L3

t4
cosh(

1

2
αgD)cosh(

1

2
αgD′) exp[−α(

L2

t2
+

1

t2
((
1

2
gt2 −H0)

2 + (
D

2
)2 + (

D′

2
)2)] (10)

≃ dt
2bADD′L3

t4
exp[−α(

L2

t2
+

1

t2
((
1

2
gt2 −H0)

2 + (
D

2
)2 + (

D′

2
)2)] (11)

ͱͳΔɻಘΒΕͨάϥϑͷϐʔΫͷ͞ߴɺToFͷϐʔΫͷҐஔ͔Β Aɺαͷ͕ಋ͚Δɻ

͞Βʹ࣮ݧͰಘΒΕΔؔͷͲ͜ʹணͯ͠ଌఆҐஔʹΑΔࠩΛݟग़͔͢ΛௐΔͨΊʹɺ্هͷؔ

ͷάϥϑΛॻ͍ͨͷ͕ਤ 10Ͱ͋Δɻઢ͕ݪʢ্ྲྀεϦοτͱਫฏͳҐஔʣɺࠇઢ͕͔ͦ͜Β 1.5 cmԼ

Ζͨ͠ҐஔͰܭଌͨ͠ͷʹ૬͢Δɻ

ਤ 10ͷΑ͏ʹ͕ࠇʹ΄΅શඃͬͯ͠·͍ͬͯΔɻ͜ΕͰ࣮ͨ͠ݧͱ͜ΖͰ݁Ռग़ͳ͍ɻ

ͱ͜ΖͰ্هͷؔͰϏʔϜͷਫฏํͷ֯Λ͍ͯͬߜͳ͍ɻ1.5 cmͱ͍͏ͷ࣮ࡍͷ࣮ݧʹ͓͚

ΔϏʔϜͷ͕ΓͷதͰͷଌఆʹͨΔͷͰͦͷ··͜ͷ͕ؔ͑Δ͕ɺϏʔϜͷ͕ΓͷࡍͰɺvy

ʹ͍ͭͯͷЎ͔ؔΒ vx(ToF)ͷ੍͕ੜ·ΕΔɻ͜ͷ੍ʹॏྗͷ૬࡞ޓ༻ఆͷ g͕ޮ͍ͯ͘ΔͷͰɺ

ϏʔϜͷࡍͰͷଌఆͳΒ݁Ռ͕ग़ΔՄੑ͕͋Δɻ

9



ਤ 10 ؔͷάϥϑɻઢ͕ԼྲྀεϦοτ͕ݪʹ͋Δ߹Λද͍ͯ͠Δ͕ɺεϦοτΛԼํʹͣΒ

ͨ͠߹ͷؔͷάϥϑͱ͔Ϳͬͯ͑ݟͳ͘ͳ͍ͬͯΔɻ

4 γϛϡϨʔγϣϯ

·ͣ೦ͷͨΊࠓճͷଌఆͱಉ༷ͷઃఆͰͨͬߦγϛϡϨʔγϣϯΛͯݟΈΑ͏ɻϓϩοτͷ৭͕0-ʹࠇ

mmɺʹ-2 mmɺԫʹ-4 mmͰ͋Δɻ

ਤ 11 εϦοτҐஔ͕ 0 mm, -2 mm, -4 mmͷ߹ͷੜσʔλ

ɹ

্͕ੜσʔλɺԼ͕૯ΧϯτͰ֨نԽͨ͠ͷͰ͋ΔɻΧϯτʹ͕ࠩ͋ΔͷɺްΈͷ͋ΔεϦο
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ਤ 12 εϦοτҐஔ͕ 0 mm, -2 mm, -4 mmͷ߹ͷ֨نԽ͞Εͨσʔλ

ɹ

τΛઃ͚Δ͜ͱʹΑͬͯੜ·ΕΔ֯ͷͨΊͰ͋Δɻਤ 12ͷΑ͏ʹάϥϑͷܗʹΑΔࠩҟݟΒΕͳ͍ɻ

Αͬͯ͜ΕͰ݁Ռग़ͳ͍Α͏ʹࢥΘΕΔɻ

ڑΓ͕ͷํͰͷଌఆΛΈΔɻϏʔϜͷ֯ͷࡍԼͷʹ࣍ 3 mͰ 15 mmఔͳͷͰͦͷۙͰγϛϡ

Ϩʔγϣϯͯ͠ΈΔɻϓϩοτͷ৭͕0-ʹࠇ mmɺʹ-16 mmɺԫʹ-18 mmͰ͋Δɻ

ਤ 13 εϦοτҐஔ͕ 0 mm, -16 mm, –18 mmͷ߹ͷ֨نԽ͞Εͨσʔλ

͜Ε֨نԽͨ͠ͷͰ͋Δ͕ɺલͷάϥϑͱಉ༷άϥϑͷܗͷࠩҟݟΒΕͳ͔ͬͨɻ

͞ΒʹࡍͰͷ-19.5 mm,-19.7 mmͰҎԼͷΑ͏ʹͳ͕ͬͨΧϯτ͕ 0ʹൺ 10−5ఔগͳ͍ɻ

Լ͕֨نԽͨ͠ͷʢ0-ʹࠇ mmɺʹ-19.5 mmɺԫʹ-19.7 mmʣͰɺ͜͜·ͰϏʔϜͷ͕ΓͷͰ͋
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Εʹҧ͍͕ͯݟऔΕΔɻ

ਤ 14 εϦοτҐஔ͕ 0 mm, -19.5 mm, –19.7 mmͷ߹ͷੜσʔλɻ

ɹ

ਤ 15 εϦοτҐஔ͕ 0 mm, -19.5 mm, –19.7 mmͷ߹ͷ֨نԽ͞Εͨσʔλɻ6000 sఔ͔Βͷ

தੑࢠΧϯτɺॏྗͷӨڹͰམԼͨ͠தੑݕ͕ࢠग़ثʹೖͬͨ͜ͱΛࣔ͢ɻ

ɹ

19.5 mmͰϚΫεΣϧ͕ͯݟऔΕΔ͕ 19.7 mmͰͦ͏Ͱͳ͘ͳΓɺ6000 s͔Β͔͠

ଌ͞Εͳ͍͜ͱ͔Βɺ0.2mm؍ ≃ 1
2g(6× 10−3)2 ͕Γཱͪɺg ≃ 11(m/s2)Λ͜ͷάϥϑ͔Βಋ͘͜ͱ͕Ͱ

͖Δɻ

͔͠͠ɺͦͦ͜ͷγϛϡϨʔγϣϯͰόοΫάϥϯυΛྀ͍ͯ͠ߟͳ͍͕ɺݧ࣮ࠓʹ͓͚Δ͜ͷ

ͰͷόοΫάϥϯυͷେ͖͞ྫ͑ϓϩοτͷ ToF=4000 sͰͷ countͷ 104 ఔͰ͕ࠩޡϧʔτ
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ఔ͋Δͱ͢ΔͱશʹӅΕͯ͠·͍ଌఆࠔͰ͋Ζ͏ɻٯʹɺόοΫάϥϯυΛେ͖͘ݮΒ͢͜ͱ͕ग़

དྷΕɺϏʔϜͷൣғͷͰͷଌఆʹΑΓɺதੑࢠʹಇ͘ gΛٻΊΔ͜ͱ͕Ͱ͖Δɻ

5 ղੳ

5.1 ཧͱͷ߹ੑ

ཧ͔Βಋ͍ͨ TOFͷࣜΛ༻͍ͯɺࠓճͷ࣮ݧͰಘΒΕͨϓϩοτΛϑΟοςΟϯά͢Δɻ·ͣɺ্

ྲྀεϦοτΛઃஔ͠ɺԼྲྀεϦοτΛઃ͚ͳ͍߹ʹ͍ͭͯ͑ߟΔɻԼྲྀεϦοτΛઃ͚ͳ͍߹ͷཧࣜ

ɺεϦοτ͋ΓͰಋ͍ͨࣜʹ͓͍ͯɺδH ΛνΣϯόʔͷଠ͞Ͱ͋Δͱղऍ͢ΕΑ͍ͷͰґવͱͯ͠

T = dt
2bAL3DδH

t4
exp

(
−α

(
L2

t2
+

1

t2

(
1

2
gt2 −H0

)2

+
D2

4
+

δH2

4

))

͕Γཱ͍ͬͯΔɻexpͷҾ 1
t2 ͷ߲͕ओཁ߲ͳͷͰɺͦͷ෦Λநग़͠ϑΟοςΟϯάؔͱͯ͠

p0
(x− p1)4

exp

(
− p2
(x− p1)2

)

Λ༻ҙ͢Δɻ͜ΕΛ༻͍ͯɺԼྲྀεϦοτͳ͠ͷσʔλʹରͯ͠ϑΟοςΟϯάΛ͢Δͱ

ਤ 16 εϦοτͳ͠ͷσʔλʹର͢ΔϑΟοςΟϯά݁Ռɻଌఆσʔλʹରͯ͠ྑ͍ҰகͰϑΟοςΟϯ

ά͕Ͱ͖͍ͯΔ͜ͱ͔Βɺཧࣜͷଥੑ͕ࣔ͞ΕΔɻ

ɹ

ͱͳΔɻͪͳΈʹɺϑΟοςΟϯά࣌ʹ p0, p2 Λɺ

p0 = p0 ʷ 1015, p1 = p1 ʷ 106

ͱͨ͠ɻTOF͕ 4000 s͔Β 5000 sۙͰϑΟοςΟϯάͱͣΕ͍ͯΔ͜ͱ͕Θ͔Δ͕ɺதੑࢠϐʔΫ
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ۙͰΑ͍ҰகͰ͋Δɻ͜ͷ͜ͱ͔Βɺ্ྲྀεϦοτΛ௨ͯ͠தੑࢠϚΫεΣϧʹै͍ͬͯΔͱߟ

͑ͯΑ͍ɻ࣍ʹɺεϦοτΛઃ͚ͨ߹ͷ TOFΛ্هͷؔΛ༻͍ͯϑΟοςΟϯά͢Δɻ

ਤ 17 -4 mmͷҐஔͰͷϑΟοςΟϯά݁Ռ

ɹ

ਤ 18 -3 mmͷҐஔͰͷϑΟοςΟϯά݁Ռ

ɹ

ਤ 19 -2 mmͷҐஔͰͷϑΟοςΟϯά݁Ռ

ɹ

ਤ 20 -1 mmͷҐஔͰͷϑΟοςΟϯά݁Ռ

ɹ
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ਤ 21 ±0 mmͷҐஔͰͷϑΟοςΟϯά

ɹ

ਤ 22 +1mmͷҐஔͰͷϑΟοςΟϯά

ɹ

ϑΟοςΟϯά g = 0ͱݟͳͨ͠߹ͷͷͰ͋Δ͕ɺ͜ͷάϥϑΛݟΔݶΓେ͖ͳͣΕݟΒΕͳ͍ɻ

தੑൃࢠੜ͕ํతͰ͋Δͱ͍͏ঢ়گͰɺg ͷޮՌΛݟग़͢͜ͱ͕Ͱ͖ͳ͍͜ͱ͕Θ͔ΔɻΑͬͯɺҎԼͰ

தੑࢠͷؒ࣌ͷ tail෦ʹͯ͠ɺॏྗͷޮՌΛݟΔ͜ͱ͕Ͱ͖ͳ͍͔Λղੳ͢Δɻ
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5.2 ఆٛͱࣜࢉܭ

ղੳσʔλʹؔͯ͠ɺج४ͱ͞Ε͍ͯΔͷϏʔϜڧ͕࠷େͰ͋ΔͱࢥΘΕΔԖํͷҐஔΛࢦ

͢ɻզʑͷ࣮ݧͰҎԼͷΑ͏ͳҐஔʹؔ͢ΔσʔλΛಘͨɻ

1. +2mm

2. +1mm

3. ±0mm

4. -1mm

5. -2mm

6. -3mm

7. -4mm

8. no slit

·ͨɺόοΫάϥϯυ originͷҐஔͰ ௨ʹ༻͍ͨɻಘΒΕΔσʔλ֤ڞଌఆͨ͠ͷΛؒ࣌3 TOF͝

ͱͷΧϯτͰ͋Δɻ͜ΕΒͷσʔλΛ࣍ͷΑ͏ʹՃͯ͠ɺ֤ TOF͝ͱͷதੑࢠͷ৴߸ͱͨ͠ɻ

Ns = Nc −N ′
bg (12)

Nc ֤Ґஔɺ֤ TOFʹ͓͚ΔதੑࢠͷΧϯτͰɺN ′
bg ֨نԽ͞ΕͨόοΫάϥϯυͷΧϯτ

Λද͢ɻ֨نԽଌఆ͞Εͨؒ࣌ͷখ͍͞ɺߴதੑࢠΛ༻͍ͯ͏ߦɻ

N ′
bg = Nbgʷ

Nc−peak

Nbg−peak
(13)

͍ͣΕ peakͱɺ࠷ଟ͍ΧϯτΛද͢ɻҎ্ͷΑ͏ʹಘΒΕͨσʔλʹؚ·ΕΔ౷ࠩޡܭҎԼͷ

͔ࣜΒࢉग़͞ΕΔɻ

σs =
√

(σbg)2 + (σc)2 (14)

σbg =
√∑

N ′
bgʷ

tslit
tbg

(15)

σc =
√∑

Nc (16)

ࣜ (15)ʹ͓͚Δ tslit
tbg

ɺόοΫάϥϯυͷଌఆؒ࣌ͱ֤εϦοτҐஔʹ͓͚Δσʔλͷଌఆؒ࣌ͷൺΛߟ

ྀͨ͠ͷͰ͋Δɻզʑͷ࣮ݧͰɺόοΫάϥϯυͷଌఆؒ࣌ʹରͯ͠ɺσʔλͷଌఆؒ࣌ 1
2 Ͱ͋ͬ

ͨɻ·ͨɺຊ࣮ݧͰϏʔϜڧͷҧ͍ʹΑΔΘ͔ͣͳΧϯτͷมԽ g ΛٻΊΔ্ͰॏཁͰͳ͍ͱࢥ

ΘΕΔͨΊɺϏʔϜڧʹΑΔ֨نԽ͍ͯͬߦͳ͍ɻ
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5.3 σʔλղੳ

ҎԼ֤Ґஔʹ͓͚Δੜσʔλͱ֨نԽ͞ΕͨόοΫάϥϯυͷσʔλΛಉ࣌ʹϓϩοτͨ͠ͷͰ

͋Δɻ

ਤ 23 ֤Ґஔʹ͓͚Δ֨نԽ͞ΕͨόοΫάϥϯυͱੜσʔλͷൺֱ

தੑࢠϐʔΫͷ͋Δ 1300 sۙͰόοΫάϥϯυͷ͕ࠩΑ͑͘ݟΔɻ͜ͷ͜ͱΛ͖ͬΓͤ͞Δͨ

Ί྆ऀͷࠩΛऔΓɺதੑࢠͷ৴߸ͱͯ͠ϓϩοτ͢Δɻ
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ਤ 24 όοΫάϥϯυΛҾ͍ͨޙͷதੑࢠͷؒ࣌ɻͲͷҐஔʹରͯ͠தੑࢠͷϐʔΫ͕͍ͯ͑ݟΔɻ

͜ͷΑ͏ʹɺ͍ͣΕதੑࢠϐʔΫ͕؍ଌ͞Ε͍ͯΔ͜ͱ͕Θ͔Δɻզʑ͕͍ͨ͠ূݕͷɺதੑ͕ࢠॏ

ྗͷӨڹͰࣗ༝མԼ͍ͯ͠Δ͜ͱͰ͋ΔɻͦͷͨΊʹɺ͜ΕΒͷάϥϑΛ૬ޓʹൺֱ͢Δඞཁ͕͋Δɻ
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ਤ 25 ಉ࣌ϓϩοτɻͨ͠ͷதੑࢠͷςʔϧ͕Ͳ͜·Ͱଓ͍͍ͯΔ͔ͱ͍͏͜ͱͰ͋Δɻ͜ͷϓ

ϩοτʹΑΕɺ5000 sఔҎ߱தੑࢠͷΧϯτόοΫάϥϯυఔͩͱ͑ࢥΔɻ

͜Εɺ֤Ͱଌఆͨ͠தੑࢠͷ৴߸Λಉ࣌ʹϓϩοτͨ͠ͷͰ͋Δ͕ɺ୯७ͳͱͯ͠εϦοτͷҐ

ஔΛԖԼํʹҠಈͤ͞Δ΄ͲதੑࢠϐʔΫͷΧϯτ͕૿Ճ͍ͯ͠Δ͜ͱ͕Θ͔Δɻ·ͨ 5000 sҎ

߱ͲΕ 0ͱݟͳͤΔͷͰɺҎԼͰதੑࢠͷςʔϧΛ 4000 sʙ5000 sͷͷͱ͑ߟΔɻ

ਤ 26 εϦοτ͕ ±0 mm͔Β-4 mmͷҐஔͱ +2 mmͷҐஔͷϓϩοτɻԼྲྀεϦοτ͕Լํʹ͋Δ

΄Ͳதੑࢠଟ͘ͳ͍ͬͯΔɻ

͜ͷਤ͔ΒಡΈऔΕΔ͜ͱɺεϦοτҐஔ͕ԖԼํʹҠಈ͢Δ͜ͱͰதੑࢠϐʔΫͷ TOF͕૿Ճ

͍ͯ͠Δ͜ͱͰ͋Δɻ͠தੑ͕ࢠॏྗͰམԼ͢ΔͳΒɺͷେ͖͍தੑࢠ΄ͲԼʹ͋ΔεϦοτΛ௨ա͠
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ʹ͘͘ͳΔͣͰ͋ΓɺதੑࢠϐʔΫͷ TOFݮগ͢Δɻ͜ͷάϥϑͦΕͱໃ६͠ͳ͍ɻ࣍ʹɺதੑࢠͷ

ςʔϧ෦ͷൺֱΛ͏ߦɻ

ਤ 27 εϦοτ͕ ±0 mm͔Β-4 mmͷҐஔͱ +2 mmͷҐஔͱ ±0 mmͷҐஔͷςʔϧ෦ͷϓϩοτ

0consistentͱΈͳͤΔςʔϧͷҐஔ֤εϦοτʹΑͬͯҟͳΓɺ໌Β͔ʹεϦοτҐஔ͕ԖԼํʹ

ͣΕ͍ͯΔ΄Ͳɺςʔϧͷ TOFେ͖͍ɻ͜ͷ༷ࢠΛදͰද͢ɻ

ද 1 ςʔϧ (4000 sʙ4500 s)ͷதੑࢠͷมԽ

εϦοτҐஔ +2 mm +1 mm ±0 mm -1 mm -2 mm -3 mm -4 mm

signal 16.0 34.4 46.0 -15.0 46.0 80.0 98.0

signal error 41.6 40.3 40.4 40.0 39.5 37.6 52.9

͜ͷදʹΑΕɺ±0 mm ͔ΒεϦοτҐஔ͕-3 mm-4 mmԼํʹͣΕ͍ͯΔͷʹؔͯ͠தੑ͕ࢠੜ

ڹຒΕ͍ͯΔɻ͜ΕॏྗͷӨʹࠩޡΔ͕ɺͦΕҎ֎ͷͷʹ͕͔ؔͯ͑͠͏͕ࢠΔ༷͍͖ͯͬ

Λ͍ࣔࠦͯ͠Δ͕ɺҰ༷ʹ͕ΓΛͭ࣋ͱԾఆͨ͠தੑࢠϏʔϜ͕ԼํʹͣΕ͍ͯΔՄੑ൱ఆͰ͖ͳ͍ɻ

ͦ͜ͰɺதੑࢠͷΧϯτΛௐͯΈΔɻ

ද 2 தੑࢠ (2000 sʙ2200 s)ͷதੑࢠͷมԽ

εϦοτҐஔ +2 mm +1 mm ±0 mm -1 mm -2 mm -3 mm -4 mm

signal 103 284 196 181 209 280 205

signal error 28.3 39.5 35.1 36.5 35.1 36.0 34.7

͜ΕΛݟΔͱɺεϦοτ͕Լํʹ͋Δ͜ͱͱதੑࢠͷΧϯτʹ૬ؔݟΒΕͳ͍ͷͰɺதੑࢠϏʔϜ
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͕ԼํʹͣΕ͍ͯΔͱ͍͏Մੑ٫غͰ͖ΔɻεϦοτҐஔ͕ +2 mmͷͷ͚ͩۃʹΧϯτ͕গ

ͳ͍ͷଞͷଌఆ͕ؒ࣌ 90Ͱ͋Δͷʹର͠ɺଌఆ͕ؒ࣌ 40ͷͨΊͰ͋ΔɻҎ্ͷ͜ͱ͔ΒɺεϦοτҐ

ஔ͕-3 mmͷͷͱ-4 mmͷͷʹؔͯ͠ɺଞͷҐஔͰফࣦ͍ͯ͠Δͣͷதੑ͕ࢠੜ͖͍ͯͬΔ͜ͱ

͕ॏྗͷӨڹͰ͋ΔͱࢥΘΕΔɻ͜ͷ͜ͱΛ͞Βʹಥ͖٧ΊΔͨΊɺεϦοτΛઃ͚ͳ͔ͬͨͱ͖ͷதੑࢠͷ

ͱͷൺֱΛࢼΈΔɻ

ਤ 28 εϦοτͳ͠ͷσʔλͱ֤ҐஔʹεϦοτΛஔ͍ͨͱ͖ͷϓϩοτͷൺֱ

͜ͷϓϩοτ͔Β໌Β͔ͳΑ͏ʹɺਤ 5.3ͱਤ 5.3͔Βɺςʔϧ෦ʹ͓͍ͯεϦοτͳ͠Ͱ௨͖ͬͯͨ

தੑࣦ͕ࢠΘΕ͍ͯͳ͍͜ͱ͕Θ͔Δ͕ɺͦΕҎ֎ͷͷ΄ͱΜͲதੑݟ͕ࢠΒΕͳ͍ɻҎ্ͷղੳΛड͚

ͯɺզʑͷηοτΞοϓͱ͔݅Βதੑ͕ࢠॏྗͷӨڹΛड͚͍ͯΔ͜ͱΛ͔֬ΊΔͨΊʹɺεϦοτҐஔ

͕ ±0 mm͔Β-3 mmͷͷͱ-4 mmͷͷͷதͰɺTOF͕ 4000 sʙ4500 sʹ͓͚Δதੑࢠʹ͢Ε

Α͍ͱ݁Ͱ͖ΔɻͰɺ͜ͷൣғͷதੑࢠզʑͷηοτΞοϓͷԼͰཧ্ͲΕ͚ͩམԼ͢ΔͷͩΖ͏

͔ɻ؆୯ͳࢉܭʹΑΓ

1

2
gt2 = g ʷ 0.5 ʷ

(
1.6
4

4000

)2

(17)

˺ 1.2 ʷ g (18)

ͱΘ͔Δɻ୯Ґ mͰ͋ΔɻΑ͘ΒΕ͍ͯΔ g = 9.8(m/s2)Λ༻͍ΔͱམԼڑ͓Αͦ 10 mͰ͋
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Γɺ͜ͷམԼΛઆ໌Ͱ͖Δͷ͔Ͳ͏͔͕ຊղੳͷཁͰ͋Δɻ

ɺεϦοτҐஔ͕ʹ࣍ ±0 mm͔Β-2 mmͷͷͱ-3 mmͷͷʹͨ͠ɻ

ਤ 29 εϦοτ͕ ±0 mm͔Β-2 mmͷҐஔͱ-3 mmͷҐஔͱεϦοτͳ͠ͷςʔϧ෦ͷϓϩοτ

ઢ͕εϦοτҐஔ͕-2࣮͍ࠇ mm ͷͷΛද͠ɺ͍࣮ઢεϦοτҐஔ͕-3 mm ͷͷΛද͍ͯ͠Δɻ

͜ͷൣғͰɺಛʹ 4100 sۙͱ 4500 sۙͷάϥϑΛൺֱͯ͠Έ͍ͨɻ͜ͷ TOFҎ֎྆ऀͨࣅΑ

͏ͳάϥϑʹͳ͍ͬͯΔ͕ɺ͜ͷ෦ʹؔͯ͠ݦஶʹҟͳΔΛ͍ࣔͯ͠Δɻ͜ͷ͜ͱʹؔ͢Δূݕ

͞Βʹඞཁ͕ͩɺ࣌ݱͰσʔλෆͳͷͰɺ͜ͷۙͷ TOF Ͱઌʹड़ͨΑ͏ͳಛ͕ݟΒΕΔͱ͠

ͯɺͦͷݪҼΛ͑ߟΔɻɹ྆ऀͷεϦοτͷҐஔؔΛ͑ߟΔɻεϦοτ͕ ±0 mmͷҐஔΛ z = 0ͱ͢Δ

ͱɺεϦοτҐஔ͕ −2 mmͰ͋Δͱɺ−1 mm < z < −3 mmͷൣғͷதੑࢠΛ௨աͤ͞Δ͜ͱΛҙຯ

͠ɺεϦοτҐஔ͕ −3 mmͰ͋Δͱɺ−2 mm < z < −4 mmͷൣғͷதੑࢠΛ௨աͤ͞Δ͜ͱΛҙຯ

͍ͯ͠Δɻ͢Δͱɺ−2 mmͷͷ͚ͩʹಛ༗ͷൣғɺ−1 mm < z < −2 mmͰ͋Γɺ−3 mmͷͷ͚ͩ

ʹಛ༗ͷൣғɺ−3 mm < z < −4 mmͰ͋ΔɻάϥϑͷʹมԽ͕ग़ͨͱ͢ΔͳΒɺ୯७ʹͯ͑ߟ 4100

sۙͷதੑࢠલऀͷൣғʹଟ͘ݱΕɺ4500 sۙͷதੑࢠऀޙͷൣғʹଟ͘ݱΕͨͱ͍͏͕͋Δ

ͱͯ͠ໃ६ͳ͍ɻ͜ΕΛઆ໌͢ΔͨΊʹ୯७ʹॏྗͰͷதੑࢠͷམԼΛఆͯ͠ΈΑ͏ɻ୯७ԽͷͨΊ্

ྲྀ͔Βඈͼग़ͨ͠ޙɺԖํͷΛ͍ͯͬ࣋ͳ͍தੑࢠΛԾఆ͢Δɻ্ྲྀεϦοτΛඈͼग़͔ͯ͠Β

ԼྲྀεϦοτʹ౸ୡ͢Δ·Ͱʹ͓Αͦ 1.5 mఔͰ͋Δɻதੑࢠʹର͢ΔॏྗՃΛ gͱ͢ΔͱɺԼྲྀε

Ϧοτʹ౸ୡ͢Δ·Ͱʹ 4100 sͷதੑࢠɺ1.18g ( m)མͪ 4500 sͷதੑࢠ 14.2g ( m)མͪΔɻΑͬ

ͯɺͦͷࠩ 0.24g ( m)ఔͰ͋Δɻ͜Ε͕ࠓͷ 2 mmఔͷࠩΛੜΜͩͱ͢ΔͳΒɺg ͷ g ˺ 8300

m/s2 ͱ͍͏͜ͱʹͳΔɻ
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6 ߟ

ճɺͬͱΒ͍͠ࠓ g ͷΛಘΔ͜ͱ͕Ͱ͖ͳ͔ͬͨͨΊɺߟͰࠓճͷ࣮ݧͷͱվળΛ·ͱ

Ί͓ͯ͘͜ͱʹ͢ΔɻཧͱγϛϡϨʔγϣϯͷ݁Ռ࣮࣮ࣄݧͱ͕ࠩ΄ͱΜͲͳ͍͜ͱΛઆ໌͢Δ͜ͱʹ

ޭ͍ͯͨ͠ͱࢥΘΕΔͨΊɺͦͷηΫγϣϯͰ৮Ε͍ͯͨΑ͏ʹͷҰͭԖํͷϏʔϜͷ͕Γͷ

ʹ͓͚ΔଌఆͰͳ͔ͬͨ͜ͱʹ͋ΔɻγϛϡϨʔγϣϯʹΑΕɺԖํͷϏʔϜͷ͕ΓͷதͰɺε

ϦοτΛಈ͔ͯ͠ʹҧ͍͕ݱΕͳ͍ɻ͜Εɺ࣮ݧஔͷنͱؔ࿈͓ͯ͠ΓλϯσϜͰ Lͷ

ͱͯ͠ 1.5 mఔ͔͠Ք͛ͳ͔ͬͨɻ͜Ε͕Ծʹ 30ഒఔʹͳΕதੑ͕ࢠམͪΔڑ 2ʹൺྫ͢Δͷ

Ͱ 1000ഒఔʹͳΔɻ͢Δͱɺ2000m/sఔͷதੑࢠʹ͢Ε mm୯ҐͰதੑࢠམԼ͢Δ͜ͱ͕༧

ଌ͞ΕΔɻ͜Ε͚ͩམԼ͢Εʹେ͖ͳҧ͍͕ݱΕΔͱࢥΘΕΔɻ͋͘·ͰλϯσϜͰ͜ͷ࣮ݧΛଓ͚

Δ߹ɺγϛϡϨʔγϣϯͰड़ͨΑ͏ʹԖํͷϏʔϜͷ͕Γͷʹ͓͚ΔଌఆʹཔΔ͔͠ͳ͍͕ɺ

Λม͑ΔͷͰنஔͷݧΒ͔͕͢՝ͱͳΔɻ·ͨɺ࣮ݮʹΑΔόοΫάϥϯυΛͲͷΑ͏ʹࢠதੑߴ

ͳ͘ɺதੑࢠΛͬͱྫྷ͢ͱ͍͏ࢼΈʹ͍ͭͯɺࠓ·ͰʹࢼΈ࣮ͨݧΛࢀর͢Δͱ͔͔ͨͩ 300̠ఔ

·Ͱ͔͠ྫྷͤͳ͍ͷͰɺԾʹͰ͖ͨͱ࣮ͯ݁͠ݧՌΛม͑Δ΄ͲͷޮՌظͰ͖ͳ͍ͱࢥΘΕΔɻͦ͜

Ͱɺ࣍ͷΑ͏ͳ࣮ݧఏҊΛ͏ߦɻ

ਤ 30 ৽͍͠ηοτΞοϓɻվળɺೋͭͷεϦοτͷؒʹ͏ҰͭεϦοτΛՃͨ͜͠ͱɻ
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ͷΑ͏ͳηοτΞοϓΛ༻ҙ͢ΔɻλϯσϜͰه্ L1 + L2 = 1.5mఔ͕ݶքͰ͋ΔɻεϦοτ Aͱ

εϦοτ Cʹ͍ͭͯݻఆ͠ɺεϦοτ BΛԖํʹҠಈՄͱ͢Δɻ·֤ͨεϦοτͷ෯Ұ 2 mm

ͱͳΔΑ͏ʹௐ͢Δɻॳظஈ֊Ͱɺ֤εϦοτͷԖํʹ͍ͭͯͷΞϥΠϯϝϯτ͕ͱΕͨͱ͢Δɻ͜ͷ

ঢ়ଶͰɺεϦοτ BΛ্ํʹҠಈͤ͞Δɻ1000 m/sͷதੑࢠԾʹ g = 10 m/s2 ͱ͢ΕݹయతͳՃ

ӡಈͷࢉܭʹै͍ɺ1mఔͷڑͷؒʹ 5 mఔམͪΔ͜ͱ͕༧͞ΕΔͷͰɺεςʔδͷ࠷খҠಈڑ

 2mʹ͑͏ΔɻεςʔδΛ্ํʹҠಈͤ͞ΔͱɺॏྗͷޮՌ͕ͳ͚Ε 2 mmҠಈͤͨ͞ͱ͜ΖͰ 1000

m/sͷதੑࢠͷ৴߸ʢόοΫάϥϯυ͔Βࠩ͠Ҿ͍ͨͷʣফ͑ΔͣͰ͋Δɻ͔͠͠ɺॏྗͰதੑ͕ࢠ

མͪΔͷͳΒɺ2 mmΛӽ͑ͯ৴߸్Εͳ͍ɻΑͬͯɺ1000 m/sʢTOFࢉͰ 4000 sʣͷதੑࢠ

ΛεϦοτ BͷҐஔͰϓϩοτ͠ɺ৴߸͕ফ͑ΔͬͱΒ͍͠ҠಈڑΛׂΓͩ͠ɺͦΕͱ 2 mmͷࠩΛ

औΕ 1000 sͷதੑ͕ࢠεϦοτ CΛ௨աͯ͠ݕग़ثʹ౸ୡ͢Δ·ͰͷམԼͨ͠ڑΛ༩͑ΔͩΖ͏ɻ͜

ΕɺϏʔϜͷࡍΛଌఆ͢Δͱ͍͏ख๏ͷΞφϩδʔͰ͋Δ͕ɺ͍͔ͭ͋͘Δɻ·ͣɺམԼڑ͕ 5

mͰ͋Δ͜ͱ͔Βɺ3ͭͷεϦοτ෯ͱ͞ߴͷΞϥΠϯϝϯτʹ͍ͭͯ࠷ݶ ୯Ґͷਫ਼͕ཁ͞ٻΕ͍ͯ

Δͱ͍͏Ͱ͋Δɻ͜ͷΛվળ͢ΔʹɺམԼڑΛ૿͢ࢼΈ͕ඞཁͰ͋ΓɺԾʹ 1 mͷ 10ഒͷڑΛ

Ք͛Δͱ͢ΕམԼڑ 100ഒʹͳΓɺதੑࢠ 500 mམԼ͢ΔͷͰɺΞϥΠϯϝϯτগ͠༰қʹͳ

ΔͩΖ͏ɻ࣍ʹ৴߸͕ߴதੑࢠͷόοΫάϥϯυʹຒΕΔͷͰͳ͍͔ͱ͍͏͕͋Δɻ͜ͷ͋ͨ

ΓͷΛղܾͰ͖Εɺg ͷଌఆ͕ՄʹͳΔͱࢥΘΕΔɻߴதੑ͕ࢠςʔϧ෦ʹ·͗Εͯ͘Δͷɺ

ϏʔϜϥΠϯ͔Βେ͖͘֎Εͨதੑ͕ࢠɺࢄཚʹΑͬͯνΣϯόʔʹΕͯͨΔ͜ͱ͕ݪҼͰ͋ΔɻόοΫ

άϥϯυΛ͑ΔͨΊʹϏʔϜϥΠϯΛ͞Βʹີݫʹఆٛ͢͠ඞཁ͕͋Δɻ۩ମతʹɺް͞ mm

ఔͷϘϩϯΰϜૉࡐͷύΠϓΛͯͬ࡞ϏʔϜͷൃࣹ͔ޱΒνΣϯόʔ·Ͱ௨ͤɺࠓճΑΓόοΫάϥ

ϯυݮΔͱࢥΘΕΔɻܘΛ cmఔʹ͢Εզʑ͕ཉ͍͠தੑࢠࣦΘΕͳ͍ͷͰɺS/Nൺվ

ળ͢Δ͜ͱ͕ظ͞ΕΔɻ
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7 ँࣙ

1ؒͷؒཧࢦಋ͔Β࢝·Γɺ࣮ݧʹؔΘΔ͋ΒΏΔ͜ͱʹ͍ͭͯӶ͍͝ࢦఠɺΞυόΠεΛͨͬࣀதՈ

͞ΜͱɺࣈΛؒҧ͑Δ͜ͱ͚͋ͬͨΕͲ̥ 2෦ͷย͚ɺ࣮ݧஔͷ४උʹࠎΛં͍͍ͬͯͨͩͨ

۱ా͞Μʹେม͓ੈʹͳΓ·ͨ͠ɻ·ͨɺTAͷࣰ͞ݪΜʹղੳٕज़γϛϡϨʔγϣϯͷϓϩάϥϜ

ఠࢦϙΠϯτͷ͍͔͝ࡉ࡞ஔͷݧಋΛ͍͖ͨͩ·ͨ͠ɻTAͷதଜ͞Μʹɺ࣮ࢦͰ༷ʑͳٕज़࡞

ͳͲߟࢀʹͳΔࢹΛಋೖ͍͖ͯͨͩ͠·ͨ͠ɻ·ͨɺP2ؔऀҎ֎ͷํʹେม͓ੈʹͳΓ·ͨ͠ɻ·

ͣɺP3Λ୲͍ͯͨ͠౻Ԭ͞Μʹɺ࣮ͦݧͷͷཱ͕͍ͯ͠Δ͔Ͳ͏͔ͷূݕΛ͍ͯͨ͠Γɺຊ࣮ݧ

͞ΜɺΓ·ͨ͠ɻKUANSͰΦϖϨʔλʔͷࣀՃ͍ͯͯ͠ηοτΞοϓʹؔͯ͠ΞυόΠεΛࢀʹ

զʑͷՃثͰͷݧܦෆΏ͑ະख़ͳ͕ଟʑ͋ͬͨʹؔΘΒͣͱͯ৺༏͘͠ରԠͯͩ͘͠͞Γ·ͨ͠ɻ

༧උ࣮ݧɺຊ࣮ݧʹֶ͓͍ͯ෦ͷా࡚͞ΜʹՃؔث࿈ͷઃඋɺηοτΞοϓͷߏஙʹ͓͍ͯଟ͘ͷ͜ͱ

Λ͖͍ͩͨͯ͑ڭ·ͨ͠ɻຊ࣮ݧɺP2Ͱ͓ͦΒ͘ॳΊͯͷࢼΈͰ͋Γख୳ΓͷதͰͷ࣮ݧͰ͕ͨ͠ɺଟ

͘ͷઌੜํɺେֶӃੜͷํͷྗڠΛ݁͗ڼՌΛग़͢͜ͱ͕Ͱ͖ͨͷͱ͓ͯͬࢥΓ·͢ɻP2 தੑࢠ൝Ұಉɺ

͜ͷΛआΓͯް͘ྱޚਃ্͛͠·͢ɻ

25



8 ݙจߟࢀ

Techniques for Nuclear and Particle Physics Experiments, W, R, Leo, Springer-Verlag

26


