ŚÊ9 ØŃIÛ

Ôő"èě{-ÞĹ*ý§Þå9¡{śåu,QŃ¡{ØŃ. ř–Ôő"è ě,Ôő–FýüďäŃ:›u.ŢLÞ�ÅęÆő, éßŢ3ÇÕ{Ğ˙Â�,-Þ 3Ç,˙-{ÔőÞffi,ý&X?ó-[-ÞØŃ,È’-Þ{Ĺ*›X#3,ø: Â�ßŢYÇ,˙-Þ{ýnÕ. ;ÓČ,"è˙-Þ4śåÞ.Ŕê–ê/,éŢś åÞ{ßő,”ôhŔzñ\ő{ĹX,Śh#Ŕ-wĹX{,"ÇÝ,ÖŇa~Ńˇ śåÞ{ję�ŰGX�jő:›Zśå,ÇX-¡ÞÏÄśåı6–F{)ę.

ý9RóŰG:›ę^1 {äúÞ,ŰiŘëØŃIÛ{Ű’Z0ff,1ùŃˇĹX Z"~Ú*^2. ČĂ,Ĺ\ýXľ{ä‹Ó*ÉñÈń"-Þ{ø:ØŃ.

9.1 äýŰ’Z¸Ä–ff

9.1.1 ŃˇØŃ{Ű’

ójâIÛ,Çě,|ćó‹Ţ*ő.Ž{"œ,ĂŔ"è-Þt{ÞŁ4řh, "{;óØŃIÛ,Çě,|ćŚŮŢ*X,-X{"œ,ĂŔ¡ffiG˝ú-Þ{0 ˙?ó{ÞŁ(ý]"ŁÝÁ]Ł)4,ĆX,ù{,ýŘŃóX,–)t{ÃAõ’ -Þěb,–zt/Ô{]Ł(“*μ).ě“Śi’-ÞŁŔxi,-Þ’jŔn,¸ μ ≡ lim_{n→∞}( n∑ i=1 x_i n ) (9.1)

"«Ó*ě,đ~õ’(n’)-ÞŁ{šþŁ(“*x̄)*Ŕ]Ł{čŚ,ýw¯ŢÜzx̄: x̄ ≡ n∑ i=1 x_i n (9.2)

1ŃˇŰG:›{-#,kDľȷ[43][44][45].

2ŃˇŰG:›-#óÂ�ÔőZ"èÔőě{a~, kDľȷ[46][47][48]. 119

120 ŚÊ9 ØŃIÛ

ÄĂŔnŁÖL,čŚÇÝÖP.Ŕêh#ŔêĽ-ÞŁéŢ]Ł{čŚÇÝ, ZĲ êØŃŰ’.ˇŢØŃ{,+Ńõń,ÌˇIŔÜą;ąÁČŔýéØŃ, ý-ÞŁę ]"ŁČŃ,,,+Ŕ_(

ýé)-ÞØŃ= -ÞŁ�]"Ł ˛ąÁČŔ#éØŃ,ý-ÞØŃę]"ŁČˇ.

ĎŢ]"ŁÃffzt,,1ÊâőXZ"«{Ľˇ,~-Þazt{jŁ,ýaz Ł(ÝÁø{Ł)uS›ú-Þ{]"Ł§qýéØŃ{›ő.Ä~azŁČX3,zt {ýéØŃ›ÒŃX3{ÖÁ.đD{ýéØŃŃõń,˙ˇ‚ï:

1. ]ØŃ(δ) šú-Þ]"Ł*ŔazŁÄÜz{-zŁę]"ŁČŃÁŔ]Ø Ń,;Á]Ń,“*δ:

δ = x − μ (9.3)

O]"ŁX,z,ù]ØŃ{Ű’đóőXMsČěa~.

2. “ŻØŃ(ν) šŃ!’(n’)-ÞÄzt{-zŁ{őbšþŁ*ŔazŁ,â $Fñ{ýéØŃÁŔ“ŻØŃ,;ÁmŃ.ěŚi’-zŁ{mŃ“Ŕνi,¸:

ν_i = x_i − x̄ (9.4)

*ěxiŔŚi’-Þzt{-zŁ,x̄Ŕn’-zŁ{őbšþŁ.O“ŻØŃνi, 1~-zŁőñ,ùóØŃ›őěšđ&~.

3. )ïØŃ(σ) éû¡Þ§qÃAõ’-Þ,È’-Þ]Ńš0{őbšþŁ ò‚0,Äzt{jŁÁŔ)ïØŃ,ŚÁŔ)ïăŃ,“*σ: σ = lim_{n→∞} 1 n n∑ i=1 (x_i − μ)^2 = lim_{n→∞} 1 n n∑ i=1 δ^2_i (9.5)

Êâσ{jęäőˇø,ŚÁÙŔþ0ÊØŃ.

#aŢX3{ýéØŃ,ŃX3{#éØŃ,ó$Xòëc^3. $i,ďŃÇÁČŔX h¡Ý{Ű’[50].

éŢLB.-{ØŃ, Ù05Ŋ)ŃÜń<Y. ń<Y4ÒhR¿+”RZ

¿−”RÄ,+{jŁ.YńÒh05{,+0ffęØŃ#{9BŮ. ˛ń4f

3ŃˇýéØŃZ#éØŃ{-ûXc,kDľȷ[49].

9.1. äýŰ’ZÄ–¸ 121

~¿±”RÄ,+{jŁ,Ù054XÒh{,ÄÉñ{4ÇjŁK-,ýØŃ{LB #Ž)Ň,ÝVĂÉñêÇ1¿±”R~{jŁ(ý"-Ł)Ŕěe,1¿±”RĂ{j ŁŔK-)Ň,‚"«Ł(Ýú-Þ{]Ł)aó$)Ň«.,V›š,+K-)Ň{j ŁwØŃ,"«ÞÇ?X4ØŃ{ä‹Ł.ŔêÒSSåD,)«Þf~êXh¡Ý{Ű ’,ý%4~K-(±R)Éñ{ØŃ{ÁČŔXh¡Ý.

ý9óŰ’Þ?X*ŸÞ{ûŮKI,fi:ßČ,šˇŢ-ÞŁ,"u{ÏÄÁŔ ØŃIÛ,š)Ş-ÞŁ,"ÇÝ{jŁÁŔØŃ.

9.1.2 ØŃ{Ãc

śå#Þ{ØŃđ~tÕIYÃc.œéìû¡Þ(]Ł)*-řÝn’-Þ,zt ø-ÞŁx1, x2, · · · , xn,¸-zŁ{ŰGůÝ<jŔ: f(x) = 1 √ 2πσ exp[− (x − μ)^2

2σ^2

] (9.6)

*ěμZσŔÜÇkj.$IYÁŔtÕIYÝřĎIY,óØŃőXěÁŔśåØŃ {IY¡F.

śå#Þ{ŰGůÝ<jqrŔ’nêśå#Þ{:›–F.bó"«ŕ¸ě,ŋ ˇ‚"~{ĂĂ4śå#Þ{ìJ:›´u,1ù/ŹYJ´u{j�´n.!đ~{ j�´nŃ«:ÏĆZ0Ń.

ŰGůÝ<jŔf(x){śå#Þ,ÙjęÏĆŁ¡BŔ E(x) = ∫_∞ −∞ xf(x)dx (9.7) 0Ń¡BŔ D(x) = ∫_∞ −∞ [x − E(x)]^2f(x)dx (9.8)

Ùš0Ê(RtŁ)ÁŔþ0ÊŃ.tÕIY{ÏĆZ0ŃI/Ŕ

E(x) = μ(= x̄) ę D(x) = σ^2. (9.9)

122 ŚÊ9 ØŃIÛ

kjμ,jęÞ4jęÏĆŁ,,ÔőÞY4-ÞšþŁ^4(=ÁþŁ). Çû¡êt ÕIY{ăŸ,IYéŢ$ŁéÁ,%óŤŁHtôL

f(x = μ) = 1 √ 2πσ (9.10)

kjσû¡êIY{oç,o6ŔĂû¡êM"{+ćÇÝ.σ ÖBM"Ö+ć,σÖL ¸CoÖšě.kC 9.1.óÔőÞ, σ~*)ïăŃ{ïŁ^4 .

C 9.1 : řĎIY

ÃX,jęď4,ÔőÞY,Ã c ś å # Þ { t Õ I Y , 1 q \ ĎμZσÜÇkjh¡.ùtÕIYđ“ ŔN(μ, σ^2)ÝN(μ, σ)."«Þ´nkjČ ŋˇäŃÊ(u,Ù?BóŢ-wêÇ ćÒ–h¡ŰGůÝ<j,‚-wêŰG ůÝ<j",FñIY<j,ýśå#Þ {ŰGIY.œśå#Þ{ŰGůÝ<j Ŕf(x),¸ÙIY<jŔ

F (x) = ∫_x −∞ f(x)dx (9.11)

‚RŁxaó-?K-[x1, x2]«{ŰGŔ

F (x_1 ≤ x ≤ x_2) = ∫_{x2} x_1

f(x)dx = F (x_2) − F (x_1) (9.12)

4kjμZσ{Ôő?B,ňś#Þ{nÝÍ8SS.œśå#Þxi {ŰGůÝŔpi,¸ÏĆZ0Ń¡B Ŕ E(x) = lim_{n→∞}( n∑ i=1 x_ip_i), D(x) = lim_{n→∞}( n∑ i=1 [x_i − E(x)]^2p_i)

éŢ-řÝ{-Þ,RšŻŰGpi = 1/n,¸ E(x) = lim_{n→∞} (_n ∑ i=1 x_i n ) , ý E(x) = μ Ď*( 9.1)-Þ*ý]Ł{¡B,nŃ!ffi,ý4þŁ.‚0Ń D(x) = lim_{n→∞} (_n ∑ i=1 [x_i − E(x)]^2 1 n ) = lim_{n→∞} ( 1 n n∑ i=1 [x_i − E(x)]^2 ) Ď*( 9.5)-0Ńý)ïăŃ{š0.

9.1. äýŰ’ZÄ–¸ 123

óÔőę"èě,Ä-ÔőÞ{]"Łaó¡jŁ)ŇČ«{´G(~žIj, +)ÁŔÄÉjŁ)Ň{Ÿfyš(confidence level).YÇÞ4"èĹ*,"ÇÝ{ ń¡Þ)Ş.ĎŢtÕIY{)ïăŃσ~u,+-Þ{ØŃ.tÕ#Þ(ýÔőÞ{Ä -Þ)aóμ ± nσ Kŋ«{ŰG"Ńê"«{ŋˇu,´/4

F (μ − σ < x ≤ μ + σ) ≃ 68.3% (9.13)

F (μ − 2σ < x ≤ μ + 2σ) ≃ 95.5% (9.14)

F (μ − 3σ < x ≤ μ + 3σ) ≃ 99.7% (9.15)

,D,śå#Þaóμ ± 3σKŋ«{ŰG´ĆHžIČž.Y,ÒŸ*ú-{"èÞq ,tÕIY,¸´Ć,12¡,Ç{]Łaóμ ± 3σKŋČ«,$ý"èÔőěÊ(& ~{3σ–¸ .

éŢq,tÕIYN(μ, σ){˙-Łx, Òh,Hñ-ÞĹ*{ŰG?B{qrç wa4 μ = x ± σ ( Ÿfyš 68.3%) (9.16)

ýxaĲK-[μ − σ, μ + σ] «{ŰGŔ68.3%. óXÔÎÂ{<Y˝,ŸfyšđđČ Q. éÄ{tÕIY*#ÞSę y =^{x−μ}_σ , ztÄć{)ïtÕIY, “ ŔN(0, 1);ÙÏĆŁŔ0,0ŃŔ1,ŰGůÝ<jŔ f(y) = 1 √ 2π e^{− y22} (9.17)

YIYó"«Ó*ńšđ~t.

9.1.3 ØŃ{¨Ť

óØŃ¨ŤőXě,–êĎĘz-Þzt{ú-Þ¡BŔĘz˙-Þ; Ř–/,ě ŽĘz˙-ÞŢL¡{<jˇø›őzt{ú-Þ¡BŔ-z˙-Þ.Ęz˙-Þ ě?ó{ØŃlÌ¨Ťt-z˙-ÞěV,YÁČŔ-z˙-ÞØŃ{¨Ť.ØŃ¨ ŤŚÁŔØŃ¨B.

-z˙-ÞzęěŽĘz˙-Þx1, x2, · · · , xmČ-?ó{<jˇøœŔF ,ý

z = F (x_1, x_2, · · · , x_m) (9.18)

124 ŚÊ9 ØŃIÛ X»ÄuŔ"œÈxi{-ÞØŃq,tÕIY,#a{)ïăŃ“Ŕσi.ĽˇÏÄ{ ŕ¸4Ÿ[Ďxi{ØŃFñz{ØŃ.˝ÁøŋßXőń<Y:ń4ÈÇ˙-Þ#Ř ÕÁ,b4Ęzę-z˙-ÞČ-{<jˇøŹ-;˛ń<Y4<jˇø.-,bÈ Ç˙-ÞČ-˙$#ˇ;ďŃń<Y4ˇŢX-řÝ-ÞffiØŃ{¨Ť.

<jˇøŹ¨{ØŃ¨Ť

D¸fflD<jˇø.-ffiÕÁ#Þ{ØŃ¨Ť.œ-z˙-Þz{ØŃŔσz,¸Ń

σ_z = √ ( ∂F ∂x_1 )^2σ^2_1 + ( ∂F ∂x_2 )^2σ^2 + · · · ( ∂F ∂x_m )^2σ^2_m (9.19)

Þ*ÁŔØŃ¨Ť¡F,=ÁØŃĲè¡F.

‚-z˙-Þ{\IØŃDj = q(^{∂F}_{∂xj} )^2œ^2_j , ¸*( 9.19)Ś,Ţ“Ŕ

σ_z = √ D^2_1 + D^2 + · · · + D^2_m (9.20)

ě<jˇøŹ-,`Ŕ-z˙-Þ{ØŃ,Ď"è0ffFz.—q$ff{ffiGŃ«: 1. -z˙-ÞÄõù{ÈĘz˙-Þ˙$Č-#ŘÕÁ,-?ÇĘz˙-Þ{ #ŽXÌZåÙÆĘz˙-Þ{#Ž.

2. ,1~"è{Íff-zÈĘz˙-ÞS—#Žffi,-z˙-Þ{#Ž.

Ď*( 9.19),-,OF Ź-,ùÈ(^{∂F}_{∂xk} )^2 Ãffz-.bÊâffiG(2),1FñÈq(^{∂F}_{∂xk} )^2œ^2_k {r‹H*.ä‹ŔĂ,"èffiŘ#Äσk,‚ÙÆÈσj(j ≠ k) X#,ýσj = 0,$ffi{- z˙-Þ{#ŽÞýŔ\IØŃDk

D_k = √ ( ∂F ∂x_1 )^2σ^2_1 (= 0) + · · · + ( ∂F ∂x_k )^2σ^2_k(≠ 0) + · · · + ( ∂F ∂x_m )^2σ^2_m(= 0) (9.21)

fl’ąM,ÅFñÈÇDk,ČĂĳ~*( 9.20)Fñ-z˙-Þ{ØŃσz.

$ń0ffźä"~$Ł,ó›őŃˇ/¿ă˙{ø:ØŃffi,ýf~$ff.gă/¿ đđ~těŽffiG,YJffiGÝõù/¿{´[u§,ÝÔőu§,ÝõùX3{�æ -ì,ÈffiGČ-,1\őŔĂŔ4˙$ÕÁ{.ĳ~găÇŞiŐ4#ŽìffiG, 3ffiâÑÙÆffiGX#.Ÿ$S—FñÃffiGÈ�éŢØŃ{àȷ(ýÈÇ\IØŃ),

!ĂĎ*( 9.20)Fñ¿{ø:ØŃ.

9.1. äýŰ’ZÄ–¸ 125

#Þ#ŘˇÉ{ØŃ¨Ť

ęÕÁ#Þ#ˇ,#ˇ#Þ{ØŃ¨ŤvŔĚì.˝Á¸1ÜÇ#ÞŔÌfi1ßX, lĂM‚„Č.Ãc#ˇ#Þ{j�´nøÏĆZ0Ńi,ďĽˇZĲ/Ź#ŘÉø{ j�´n�N0Ń,Ù¡BŔ: Cov(x, y) = E([x − E(x)] · [y − E(y)]) (9.22) u§Ń^5: • Cov(x, y) = Cov(y, x); • Cov(a_1x + b_1, a_2y + b_2) = a_1a_2Cov(x, y), a_1, b_1, a_2, b_2Ŕđj; • Cov(x_1 + x_2, y) = Cov(x_1, y) + Cov(x_2, y); • |Cov(x, y)|^2 ≤ D(x) · D(y); • ěx, y#ŘÕÁ,¸Cov(x, y) = 0.

C 9.2 : ÜÇśå#ÞČ-{#ˇ

"«IÛ,Çěďđđ~t˛Ç´nÞ�#ˇøj,¡BŔ: ρ_{xy} = Cov(x, y) √ D(x) · √ D(y) ( Ÿ* D(x) ≠ 0, D(y) ≠ 0) (9.23)

5ˇŢÃu§{yÒm,kDľȷ[43]Ś29.

126 ŚÊ9 ØŃIÛ hx, yq,tÕIYffi, ýx ∼ N(μx, σx), y ∼ N(μy, σy) ,Þ*ÄŔ ρ_{xy} = Cov(x, y) σ_xσ_y Ý Cov(x, y) = ρ_{xy}σ_xσ_y (9.24) ˇŢρxy{RŁęx, yČ-{#ˇu§{o6Ãc, ,1kC 9.2.

œx, yŔ#ŘˇÉ{Ęz˙-Þ,flvÇć{-z˙-ÞŔz,#ˇ<jŔF , ý z = F (x, y) (Cov(x, y) ≠ 0) (9.25) $ffi{ØŃ¨ŤÚ*Ŕ

σ^2_z = ( ∂F ∂x )^2σ^2_x + ( ∂F ∂y )^2σ^2_y + 2 · ( ∂F ∂x ∂F ∂y ) · Cov(x, y) (9.26) = ( ∂F ∂x )^2σ^2_x + ( ∂F ∂y )^2σ^2_y + 2 · ( ∂F ∂x ∂F ∂y ) · ρ_{xy}σ_xσ_y (9.27)

éŢ<jˇøŔfi>Æø{<Y,ä‹{›őÚ*Ÿ˝ 1. fi>♠ z = ax ± by σ^2_z = a^2σ^2_x + b^2σ^2_y + 2ab · Cov(x, y) (9.28) = a^2σ^2_x + b^2σ^2_y + 2ab · ρ_{xy}σ_xσ_y (9.29) 2. Æø♠ z = ±axy_{σ2} z z^2 = σ^2_x x^2 + σ^2_y y^2

+ 2 · Cov(x, y) xy (9.30) = σ^2_x x^2 + σ^2_y y^2

+ 2 · ρ_{xy}σ_xσ_y xy (9.31) ♠ z = ±a xy σ^2_z z^2 = σ^2_x x^2 + σ^2_y y^2 − 2 Cov(x, y) xy (9.32) = σ^2_x x^2 + σ^2_y y^2 − 2 ρ_{xy}σ_xσ_y xy (9.33)

,o*Þ,éŢfi>Þ1FýéØŃŔ4,éŢÆøÞ1F#éØŃŔ(.

˝ÁšÜÇ#ˇ#ÞM„tõÇ#ˇ#Þ.œ˙-%ÞŔ⃗x,ÏĆŁ%ÞŔ⃗μ,ýŃ ⃗x = x_1 x_2 . . x_n , ⃗μ = μ_1 μ_2 . . μ_n (9.34)

9.1. äýŰ’ZÄ–¸ 127

ZĲN0ŃÝj^⃗V ÃU#ÞČ-{#ˇu

⃗V = (σ_{ij}) = σ_{11} σ_{12} · · · σ_{1n}

σ_{21} σ_{22} · · · σ_{2n} . . . . ... . . σ_{n1} σ_{n2} · · · σ_{nn} (9.35) *ěσij = ρij σiσj, Õ?tρii = 1,¸Ńσii = σ^2_i . ZĲFs%Þ(^{∂ ⃗F}_{∂⃗x} )^T = (^{∂F}_{∂x1} ,^{∂F}_{∂x2} , � � � ,^{∂F}_{∂xn} ) ,T ,+ÝŸ. Ţ4ØŃ¨Ť Ú*^6 ,1UŔ

σ^2_z = ( ∂ ⃗F ∂⃗x )_T ⃗x=⃗μ · ⃗V · ( ∂ ⃗F ∂⃗x ) ⃗x=⃗μ (9.36)

= n∑ ij ( ∂F ∂x_i ) x_i=μ_i · V_{ij} · ( ∂F ∂x_j ) x_j=μ_j (9.37)

= n∑ i ( ∂F ∂x_i )_2 x_i=μ_i · σ^2_i + 2 n∑ i≤j=2 ( ∂F ∂x_i ∂F ∂x_j ) x_{i,j}=μ_{i,j} · ρ_{ij}σ_iσ_j (9.38)

X-řÝ˙-Þ{ØŃßő

X-řÝ-ÞÒ4é3ÇÞ§qÜńÝõńX3{˙-,ztêřhÇÝZ, "ÇÝX3{-ÞĹ*.ęéŻĂ,ýšĎX3{|Ê,f~X3{0ff,a~X3{$ ì,ßŢX3{ffiG,é3ÇÞ§q˙-zt{-ÞĹ*.

óßőX-řÝ{-Þjâ{ffi-,ŔêYoÈńjâ{§ÞĂò,K/˙$-{ #éŋˇÇÝ,Z§)ŞřÝ{´nŊ)Yŋ(weight),“*w. řÝř{-Þjâ{ ØŃB,,"uř,ójâßő,Çě3{Ŕăŋˇ,ÙYŋ�lÒL:’Č,YŋÒB. œŃnÇX-řÝ{-z-ÞĹ*Ŕz1, z2, · · · , zn, #a{ØŃŔσ1, σ2, · · · , σn, h¡ñ#a{YŋŔw1, w2, · · · , wn,¸fiYőbšþŁŔ

z̄_w = w_1z_1 + w_2z_2 + · · · w_nz_n w_1 + w_2 + · · · w_n

(9.39) = w_{1n} ∑ i=1 w_i z_1 + w_{2n} ∑ i=1 w_i z_2 + · · · + w_{nn} ∑ i=1 w_i z_n (9.40)

6ŃˇÚ*{yÒù§Z{M„,kD[46]Ś59Ś9Ą.

128 ŚÊ9 ØŃIÛ

$*,@ŔäŃfi>ˇø{-z˙-Þ{ä‹<jˇø,Êâ*( 9.19) ztz̄w{ØŃ ›őÚ*:

σ_{z̄w} = ( w_1 n∑ i=1 w_i )_2 σ^2_{z1} + ( w_2 n∑ i=1 w_i )_2

σ^2_{z2} + · · · + ( w_n n∑ i=1 w_i )_2

σ^2_{zn} = √_n ∑ i=1 w^2_i σ^2_{zi} n∑ i=1 w_i (9.41)

Â�Ôőě,éX3{"èø{-ÞŁĽˇ§qfiYšþ,YŋRŔ-ÞØŃš0{p j.1q,tÕIY{ú-ÞŔ¿,-ÞØŃRŔ)ïăŃ,¸Ń

w_i = 1 σ^2_{zi} (9.42)

SĲ*�( 9.40)Z( 9.41),¸I/Éñ

z̄_w = (_n ∑ i=1 z_i σ^2_{zi} ) / (_n ∑ i=1 1 σ^2_{zi} ) (9.43) ę σ_{z̄w} = 1 / n ∑ i=1 1 σ^2_{zi} Ý 1 σ^2_{z̄w} = n∑ i=1 1 σ^2_{zi} (9.44)

9.1.4 :›ØŃ{›ő

Ÿ~cù,óõùĞ˙Â�{-Þě,øV/đ-ÞěŊt{ø:ØŃ�SlØŃ Z,»ØŃ,óśå/G-Þ,Çěď?óńÕ´{åoı6,ýŋĚ-Þ{Ł?X #3, ę-Þ$ì�ćÿçÕ1ù˙-|Ê{Ì˙č§-ÑÃˇ,4-Þě–Ht{

!řřhÝ, $ńØŃÁČŔ:›ØŃ.

:›ØŃ4Ğ˙-Ő´Gu–F{’n.¿Ÿ,ř–äýÂ�ó#Ř*~,ÇěŮ ¯ÈńXŋ¡Â�,ĎÈÇ/¿-ñ{3ńXŋ¡Â�{§Þ4Xh¡{,‚4Ňw ìšþŁŃ¡{>a,4óìÇ§Þ)Ň«{ÇIY.O$$ì-Þt{jŁŃ åo,˝ÄØŃ. YńØŃX4-ÞZ§u{,‚4Ğ˙/GýüäŃ{.

Ŕêä‹fflĽ{0",¸"¡óìffi--Å«äŃ´¡´n(ˇŸŃ´¡{X# §Þ){Â�ŃNÇ,%\\Ĳótæ-ìÞ,æ-ìéĲóÂ�{æ-HGŔϵ, ý ŽÇĲóÂ�Zåæ-ì›j{ŰGŔϵ,ŹZå›j{ŰGŔ(1 − ϵ), Y#hŢ ÇKCĳAè.YNÇĲóÂ�Zå{›jŔn, n›4Çśå#Þ,Çq,{IYŔ p(n) = N! (N − n)!n! ϵ^n(1 − ϵ)^{N−n} (9.45)

9.1. äýŰ’ZÄ–¸ 129

1ÞnÄq,{IY,o*Þę«1*IY#3,b4ĲóÂ�jNýüäŃ¡{I Y,X4Çđj,‚4Çśå#j."¡Nq,QŤIY p(N) = M^N N! e^{−M} (9.46)

ÙěM4ĲóÂ�jN{ÏĆŁ.

§ZfflĽ( 9.45)*,úæ-Â�jnq,«1*IY{ffiG4NŔh¡Ł,ó ŃNÇÂ�Ĳó{ffiG˝,úæ-Â�j{ffiGŰGq,«1*IY, R( 9.45)*Ţ “Ŕ p(n/N) = N! (N − n)!n! ϵ^n(1 − ϵ)^{N−n} (9.47)

-*&ffi,+óNh¡{ffiG˝nñı{ŰG.

ıóĲóÂ�jN›4ÇśåÞ,Êâ\ŰGÚ*,,1ztn{ŰGůÝIY p(n) = ∞∑ N =n p(n/N)p(N) = ∞∑ N =n N! (N − n)!n! ϵ^n(1 − ϵ)^{N−n} · M^N N! e^{−M}

= (Mϵ)^n n! e^{−M} ∞∑ N =n (1 − ϵ)^{N−n}M^{N−n} (N − n)! ‚i = N − n,¸Ń p(n) = (Mϵ)^n n! e^{−M} ∞∑ i=0 (1 − ϵ)^iM^i i! = (Mϵ)^n n! e^{−M} e^{(1−ϵ)M} ýŃ p(n) = (Mϵ)^n n! e^{−(Mϵ)} (9.48)

,Þ*,1t,hĲótæ-ìÞ{Â�jNq,šþŁŔM{QŤIYffi, Z å{æ-ì{›jnq,šþŁŔ(Mϵ){QŤIY.›Ò4Ă, æ-t{/¿jęŮ ¯{/¿jq,3ø{IY.ęÓČ,"èâÑ0˙–F{Æ)IYÝĂûŃ´nX #.Y4ÔőIÛ{"èäú.

hnvLffi,ÞcQŤIY*( 9.48),1ŽŔřĎIY^7: p(n) = 1 √ 2π(Mϵ) exp{− [n − (Mϵ)]^2 2(Mϵ) } (9.49)

7nv L ffi,« 1 * I Y , 1 Ž Ŕ Q Ť I Y,QŤ I Y , 1 Ž Ŕ ř Ď I,Ń ˇ M s k D ľ ȷ[51]Ś49129“Z132“.

130 ŚÊ9 ØŃIÛ

ęřĎIY{)ïo*( 9.6)*ˇv,,-Ń

μ = (Mϵ) Z σ^2 = (Mϵ) (9.50)

ý$ffi›jn{ÏĆŁę0Ń#-,þŔ(Mϵ).

9.1.5 ØŃ{Ią

ŃˇØŃ{IąïŸ˝,,1œkÝ^8:

ØŃ ø:ØŃ

Ţ#ŽędI p¡ø:ØŃ^{ ptø:ØŃ pŃø:ØŃ

,#ø:ØŃ

"uø:ØŃ śÏuø:ØŃ Ěì–Fuø:ØŃ

Ţ=žÇÝI^{ .¡ØŃŹ¡ØŃ

śåØŃ^{ ~’śåØŃ ý’śåØŃ /LØŃ

Xh¡Ý^{{ A}ąIÞ^(:›0ffIÞ^)

BąIÞ(ÙÆ0ffIÞ)

ÊâØŃÄäŃ{u§Z´Ž,,1š-ÞØŃIŔőLą,IcŸ˝.

~ ø:ØŃ

¡B:óăň–¡{-ÞffiG˝õ’-Þ3Þffi,ØŃ{ýéŁZnRp¡; Ý óŤ-ÞffiGŢ#ffi,ŢLìh¡{–F#Ž{ØŃ.

Äćh¡{–F?Ğ4,YńØŃ,1ĹŔÇOčÝ´ÇOč{<j,Yń< jÄ,1~ĽÛÚ*�M"Ýj,u,H.ĎŢ#Ž–F{X3,ø:ØŃ,1IŔ p¡ø:ØŃZ,#ø:ØŃ;ÍûŮŔ,,#ø:ØŃŚ,1IŔ"uø:ØŃ�ś Ïuø:ØŃZĚì–Fuø:ØŃ--.

óÌ$Rj,Çě,ğÝÝ-Očś«ˇBÁŔˇÅ–Fu#Ž,Ò4ńśÏ uø:ØŃ.ó"/Ý.é$§qê¡ÇÝ{-t.$i,æ-ìtŢřÝÄ!,đŸ –ÞI%ffi-I%{?ó,�lÌ&ø:äŃ¡ØŃ.ďŃď´¸[Üffę"èýü

8ŃˇØŃIąě#ffi{h#9Bù-ûĽ:,kľȷ[51]Ś19.

9.2. ø:ØŃIÛ 131

{Xq\Ů,=,Quø:ØŃ.YJOčÑĽˇĹ\ä‹IÛ,Ç�ûfflĽ.

~ śåØŃ

¡B:ó"«-ÞffiG˝,õ’-Þ3Þffi,ØŃ{ýéŁZnR{#Ž, ffiLffi B,ffitffiŃ,1X,¡-{0*#Ž{ØŃ.śåØŃŚÁSlØŃ.

ř–Ôő"èõù{đ�ìGÄúÞy,Rj{äqffi-Ä#ĲÛ,BNuĘČą {ŽvOčX”ŚÞ.YJûĞQì{#ŽÃff¡¸h¡,›Ãff/Ă-t, İİŘ– LQï›‚..šè,ÒśåØŃ4äŃ:›–F{ØŃ.

~ /LØŃ

¡B:ğñó–¡ffiG˝¡Ï{ØŃ./LØŃŚÁ,»ØŃ.

9Ń/LØŃ{-ÞŁRÒhM0˙ı6,th{-ÞĹ*XaÝ9/LØŃ, ýÄŃĎŢ/LØŃZå{IđŁaFˇøXˇ.ó/¿găffi,Oă˙ffiG{X¨ \őÌZåIđØŃ{ñı,$ý/LØŃ{ń.Vø{Íff4-ŢgăffiG.

ÞcÈąØŃ4Ä"è-Þěõùt{.óř–Ôő"èěďˇfflD:›ØŃ^9. Êâ( 9.50)*,Ÿ*Ů¯/¿j{ÏĆŁŔN,`ŔÙØŃ(1)ïăŃ,+)Z#éØ ŃI/Ŕ: σ = √ N, Z νσ =^σ_N =^1√_N (9.51)

,DśøN{›L,ØŃσ›L,‚#éØŃνσ>B,›Ò4-ÞřÝ˙řê.YÒ4› Løý˙řřÝ{ÊâÄó^{10}.

$iéŢůÃjâ{ff\uĂ,ďŃff\ØŃ.YńØŃý§Þ4ńŹ-<jˇ ø{-z˙-Þ{ØŃ.ÇĎÈń/¿găffiG{ØŃZå.ĎŢff\éÄŃŽ§q, ŽŽ{ØŃ#ÄÕÁ‚śå,é!łĹ*{k/˙1ĽÛ¡-;,1f~śåäø{Í ff,/,"èh¡.-DůÃĹjâff\9.

9.2 ø:ØŃIÛ

˝Äø:ØŃ{ÆOiõ,"«"è"q,Çě,.šŃÄ-t.YřÄćø:ØŃ İŊójâIÛ,ÇěĎŢď´¸[Üff{ăŃQu{ØŃ.zBÝ{›ő,Ò,IÛ ,Çě/¿{ż»4/,ď´¸[Üffz1Vă{.ä‹ŔĂ,jâIÛ!łh¡{˙

9éŢì-ÞuĂ,ŃffiRØŃ{çwIŔ«,“Ŕ

μ_A( ÏĆŁ ) = A(-ÞŁ) ± σ_{stat}(:›ØŃ) ± σ_{syst}(ø:ØŃ)

10śåØŃZø:ØŃÑäŃ:›–F,ÄĂŔq,tÕI.X3ČßóŢ:›ØŃę›j(Ý-Þ Ł{jŁ)ýü#ˇÉ,,ıóÙ0ŃęÏĆŁ#-,h¡vŔ;"; ‚śåØŃ¸Ã$u§.

132 ŚÊ9 ØŃIÛ

-/¿jNobs4Ďgă/¿jNselšHG-t(ÝĂHGVă)zt{, ý N_{obs} = N_{sel} ϵ_{m.c.} (9.52)

óő.<Y˝,"èýéřh,ÜffťŐqŻ;˙-/¿jNobsâÑp¡; ÝĂgă/ ¿jNselę-tHGϵm.c.{#Žˇ¿NęXw. $ffiÃø:ØŃ?ó.b4,ı"< Y?Xő.,Üff,Çę]",ÇÝõÝè?óŃI,ŃffiŃIďÌ#hÍ.Y� lÌk/t˙-/¿j{h¡.ÊâØŃ¨Ť¡F(ýĳ~(9.32)*),,-Nobs{ØŃ ęNselZϵm.c. Ü1ØŃ{ˇøŔ ζ^2_{Nobs} = ζ^2_{Nsel} + ζ^2_{ϵm.c.} − 2 · Cov(N_{sel}, ϵ_{m.c.}) N_{sel} · ϵ_{m.c.} (9.53)

Þ*.“ì#ÞX{#éØŃŔζX,ý

ζ_X = δX X (9.54)

ó"«IÛě,đRø:ØŃIŔÜą:ą4"èjâęÜffjâČŃI˝Ä{Ø Ń,ÁŔgăØŃ;˛ą4ÜffÜnX3Zå{ØŃ,ÁŔÜffØŃ.éŚąØŃ‚ Ó,hgăffiG#Žffi,Nselęϵm.c.{#Ž#&,Ď$ZåNobs{Xŋ¡,YńXŋ¡u {„ęý’nêgăØŃ{LB.$ffiNselęϵm.c.ÜV{#ŽŸkśq,Iđů#;˙$ {ØŃřÝ#ˇ.

˛ąØŃeę/¿găÃˇ,ý&găffiGX#,›ÌsŮX3{HG.!ŢéÔ §-#Ř*~{=žÇÝ,ø~SSÃqÕ:{őX,*flâ.ˇŢ3,ÇđŃ´ń šèÜn,f~X3{Ün,fflŻ{Ů¯�X3,ÜffH*X3,!ł{-tHG�l? óŃI.óÃffg¡X3ÜnXĂXò{<Y˝,Ř–ROÜffH*X3Qu{HGŃ I@ŔØŃč1fflD.˛i,3Ů¯�đ9ěŽ,őkj, 1"/,őĄHtę"è Ífiň\{ø{.X3kj{ăR›ÌQu¡{ØŃ. óůÃÏÄě,đ~{,ők jŃ–¯’affi{§eø–ÞEcm,ÜffffiŮ¯{/¿jNproduce,Â�ãŐ{äÄ8 -)Ň(đ~cos θ,n)--. $ffiϵm.c.{#ŽęNselNÃþÁ;ÜV{ØŃ=ÃÅŢ.

äŢÞc<Y,#aŢÜąØŃ,=RHGIŔÜ1: ϵ_{m.c.} = ϵ_{sel} · ϵ_{mod} (9.55) Ś1ϵselÁŔgăHG,Ù#ŽęNselů##ˇ; Ś«1ϵmodÁŔÜffHG,Ù#Ž ęNselNX#ˇ. Yøϵm.c.,1,+Ŕ ζ^2_{ϵm.c.} = ζ^2_{ϵsel} + ζ^2_{ϵmod} (9.56)

9.2. ø:ØŃIÛ 133

SĲ*(9.53),Ń ζ^2_{Nobs} = ζ^2_{Nsel} + ζ^2_{ϵsel} − 2 · Cov(N_{sel}, ϵ_{sel}) N_{sel} · ϵ_{sel} + ζ^2_{ϵmod} (9.57)

*(9.57)ě~ő1ŘęgăØŃŃˇ;!Ă1ŘęÜffØŃŃˇ,ě¡B

ζ^2_{Nϵ} = ζ^2_{Nsel} + ζ^2_{ϵsel} − 2 · Cov(N_{sel}, ϵ_{sel}) N_{sel} · ϵ_{sel} (9.58)

,R*(9.57)UÄ˙$Ãˇ{Ü\IČZ:

ζ^2_{Nobs} = ζ^2_{Nϵ} + ζ^2_{ϵmod} (9.59)

ÙěNϵ,+QgăHG-t{/¿j."«ÞŸ*¡B

N_ϵ = N_{sel} ϵ_{sel} (9.60)

ÙØŃĎ*(9.58)Éñ.Ţ4Nobso*Þ,1UÄę*(9.52) #3{ø� N_{obs} = N_ϵ ϵ_{mod} (9.61)

ÙØŃĎ*(9.59)Éñ.*(9.59)o*;Ò,a~0",4jâIÛě"«f~{Ú*.

˝Áä‹ÏÄ4�Z„�{găØŃęÜffØŃ,?Êâ*(9.59)Ä+{ÆőFñ ÜV{\ÄØŃ,ý¿ø:ØŃ. , 9.1 : μ^+μ^−âÕ{ø:ØŃ

Condition Default Varied range Relative error R_{T OF} 4.5 (ps) 4.5 ∼ 5.0 0.00980 α_{Acol} 10^0 (degree) 5 ∼ 15 0.03532 P − cut (1.75, 0.3) (GeV) (1.725, 0.25) ∼ (1.8, 0.35) 0.02698 |cosθ_μ| 0.65 0.60 ∼ 0.675 0.01842 M^{ID} 3 2 ∼ 4 0.00721 total selection error 0.05025 error from Monte Carlo 0.00635 total systematic error 0.05065

134 ŚÊ9 ØŃIÛ

9.2.1 4�ØŃ

μ^+μ^−Ze^+e^−âÕ{ŃˇØŃ[ïó, 9.1Z, 9.2ě. găØŃ,1ó\ő{)

Ň«#Ä/¿găffiG,Ď#Ä~Ă"è˙-/¿j{Ń/Fñ^{11}. ÜffØŃ,1ő Ą’a,Ç{ď´¸[/¿Ů¯�{kj,ÝVĳ~3Ün{/¿Ů¯�,/,őĄ kj~ĂFz{æ-HG{Ń/,ÝVĳ~X3Ün{/¿Ů¯�Fz{æ-HG{ Ń/Fñ.

éμ^+μ^−/¿uĂ,Ů¯�RADMU{,őkjŃÜÇ:Ç4–ÞEcm;˛Ç4 Ů¯/¿jNproduce.$ÜVQu{¿ØŃŔ0.635%.

ée^+e^−/¿uĂ,Ů¯�RADEE{,őkjŃőÇ,~ÜÇęμ^+μ^−/¿#3, Ś őÇ4Â�ãŐ{äÄ8-)Ň(ĎcosθŁ;Ż).!ł{¿ØŃ^{12}40.887%.

, 9.2 : e^+e^−âÕ{ø:ØŃ

Condition Default Varied rang Relative error

E_{depsoit} 1.2 (GeV) 1.0 ∼ 1.4 0.01766

Rib − cut (0.03, 0.85, 0.95)(m) (0.025, 0.875, 0.925) 0.00771 ∼ (0.04, 0.8, 1.0) |cosθ_e| 0.72 0.70 ∼ 0.74 0.01006

P − cut (1.75, 0.3) (GeV) (1.725, 0.25) ∼ (1.8, 0.35) 0.00540

total seletion error 0.02240

error from Monte Carlo 0.00887

total systematic error 0.02409

9.2.2 `�ØŃ

ĎŢ„�âÕXŁß{/¿jÕ4šÑß/¿j{40õ,ÜV#Ń,ŢİO, O$ R„�/¿{ØŃRIŔËŹKZáhKÜ\Ič1fflD.Ü\I{găØŃïŸ, 9.3Z, 9.4.

11/¿găffiG{#Ž,1ŃÜÇ05,4JÎ#Ž,ý˙řé/¿_Àu§{ˇF,øýJ,/¿ j>è;48P#Ž,ý\Ďé/¿_Àu§{ˇF,øýÝ˝\,/¿j›õ.X3{#ŽJ3 Qu{ØŃX3,âEåD,ÜV#vRÙL.

12ä ‹ { Ă,X 3 { – Þ k jEcm=3.670,3.678,3.690,3.705(Gev); Ů ¯ / ¿ j ŔNproduce=

10000,20000,50000,100000; 8-)Ň!Żcos θ= 0.75,0.80,0.85,0.90.

9.2. ø:ØŃIÛ 135

„�{ÜffØŃ›IŔËŹKZáhKÜ\I.§eø–ÞEcmZŮ¯/¿ jNproduceQu{ØŃI/Ŕ0.754%(ËŹK),0.105%(áhK). ˛i,ÜnX3sŮ {ØŃÕŔ2%.ù¿{ÜffØŃŔ2.137%(ËŹK), 2.003%(áhK).

, 9.3 : „�ËŹK{găØŃ

Type Condition Default Varied range Relative error For E_{sc} 80 (MeV) 60 ∼ 100 0.01097 TRACK neutral θ_{charge} 15^0 (degree) 10 ∼ 20 0.00099 track θ_{emit} 36^0 (degree) 30 ∼ 40 0.00423 For V_r 0.02 (m) 0.015 ∼ 0.025 0.02501 LEVEL charged N_{dedx} 17 16 ∼ 18 0.00810 track |cosθ| 0.80 0.75 ∼ 0.84 0.03436 EVENT E_{sum} 0.36 E_{beam} 0.30 ∼ 0.40 0.01453 α_{Acol} 10^0 (degree) 6 ∼ 15 0.02595 LEVEL N_{mfit=2} 1 track 1 → 2 0.03606 error from different method 0.01 total selection error 0.06555 error from Monte Carlo 0.02137 total sysytematic error 0.06894

, 9.4 : „�áhK{găØŃ

Type Condition Default Varied range Relative error For E_{sc} 80 (MeV) 60 ∼ 100 0.00328 TRACK neutral θ_{charge} 15^0 (degree) 10 ∼ 20 0.00016 track θ_{emit} 36^0 (degree) 30 ∼ 40 0.00049 For V_r 0.02 (m) 0.015 ∼ 0.025 0.00759 LEVEL charged N_{dedx} 17 16 ∼ 18 0.00071 track |cosθ| 0.80 0.75 ∼ 0.84 0.00290 EVENT E_{sum} 0.36 E_{beam} 0.30 ∼ 0.40 0.00280 α_{Acol} 10^0 (degree) 6 ∼ 15 0.00308 LEVEL N_{mfit=2} 1 track 1 → 2 0.01987 error from different method 0.01 total selection error 0.02428 error from Monte Carlo 0.02003 total systematic error 0.03148

136 ŚÊ9 ØŃIÛ

9.3 π^+π^−J/ψâÕ–ØŃIÛ óýľÓ*§q{3ffi,Fred Harris sGéπ^+π^−J/ψâÕ§qêûŮýĲ{ÏÄ^{13}. Yř ŘÒ#�´ŐZ~Ÿ˝.

, 9.5 : Nπ+π�J/ψ BWFIT Ĺ* Bin Nπ+π�J/ψ ΔNπ+π�J/ψ CL(%) Bin Nπ+π�J/ψ ΔNπ+π�J/ψ CL(%) 1 5.0 12.5 16.3 13 2624. 86.7 14.1 2 6.9 13.2 0.6 14 2786. 89.5 89.0 3 24.6 13.9 12.8 15 2459. 86.1 52.0 4 0.0 0.03 92.9 16 2067. 78.2 47.9 5 11.0 14.7 68.2 17 1189. 59.6 76.1 6 26.2 15.8 69.2 18 848.1 50.4 82.2 7 59.1 19.0 81.6 19 667.5 44.8 73.1 8 203.2 27.3 70.8 20 264.2 31.1 51.9 9 422.7 37.4 39.7 21 136.0 24.2 22.0 10 629.8 45.6 94.2 22 71.0 21.5 23.0 11 1454. 64.1 92.7 23 85.0 19.3 42.1 12 2469. 84.8 7.9 24 27.8 17.1 29.9

, 9.6 : Nπ+π�J/ψgă{ø:ØŃIÛ(%)

Variable Variation Error(%) Pion acceptance - ϵ_π+_π�_{J/ψ} 0.5 Howl and Lund Charm comparison - ϵ_π+_π�_{J/ψ} 0.3 Track efficienvy - ϵ^2_{ration} 2.0 Bhabha (3%) 0.33 N_π+_π�_{J/ψ} Errors cos θ_π 0.75 → 0.70 0.91 cos θ_{ππ} 0.9 → 0.85 0.33 p_{xy} cut off 0.72 Non flat cos θ_π 0.37 N_π+_π�_{J/ψ} fitting method 0.96 Lepton Cuts p_l cut 1.3 → 1.4 0.13 E/p cut 0.6/p→0.7/p1.4 0.0 cos θ_μ cut 0.6 → 0.65 1.54 cos θ_e 0.75 → 0.70 0.91 Back to back cuts remove 1.27 Total Systematic Error (so far) 3.434

13kDFred Harris sG–Memo fflB(ψ(2S) → π^+π^−J/ψ)ı(March 25,2001)