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ú�TIi�ú�TIP�DwZ5FU\]î�u�FdPRñ�Q�ZIFUy'B

ä³ä³ädå ë0/¹è1/2/�ç3/5476s�$ä%�
/�å í98;:=< <><@?,A�B@CD:7EGF"?IH.<;JK8;?.FL?.E=B

E.Q�F�D�^oD>\Rî�G+P�G®u.D�G�ú"FdT5ó�i�TI};FUygoG5PR^�ñcZ5QoFeA lNMPO*\RP]k�T D>TIî
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Q$D�G�k$FUFd^ey�F�j$^�FUy
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Φ(Z) = N(Z)/

Z Y[Z]\ ^�_`Z+a∑

Z=1

N(Z) " + #

u¹Q�FUT5F9O " Y # P�G�Z5QoF/^6g�}�k"FdT�i>ó'úoD�T+ZIPRnd\]FHG
ú�TIi�y�gondFUy�ú"FdT�FUD�n Q
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φcorr(Z)
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σcc = −
A ln φcorr(

ú�TIP]}�D�T5î
)

ρdNa
, " o #

u¹Q�FUT5F
A

PRGsZ5QoFXZID�T5ñ�FNZs}�D�G5GUJ
ρ

Z5QoFXZID�T5ñ�FNZ�y�Fd^oG5P[Z&î�J
dZIQ�F8ZID�T5ñ�FNZ7Z5Q�P�n |6^�FUGIGdJ

Na
Z5QoF � S�i�ñ�D�y�T5iKb Gô^6g�}�k"FdTïD>^$y

φcorr(primary)
ZIQ�F�ndi�TIT5FHn³ZIFUy{ú�TIP]}�D�T5î{k"FUD>}cW$g�Fd^ondF�B(E.Q�F
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σz = σcc
φcorr(Z)

1 − φcorr(
ú�T5PR}�D>TIî

)
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σ(H) = 0.5[σ(CH2) − σ(C)]
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(D�ñ�T D>ú�Q�P�ndD�\$D�ú�ú�TIi�D�n Q;u¹Q�P�n Qsñ�P]S�FUG
Dòñ�Fd^�FUTID�\/P�y�FUD�i>ó�ZIQ�Fy�DwZ Dòk"FdQoD3S6PRi�T�D�^oy D�^ùD>^$D>\Rî�ZIPRnUD>\
};FNZIQ�i�y®u¹Q�P�n Q�D>\R\]iwu�G�ndD>\�nNgo\RD>Z5PR^�ñ¹Z5QoF
ó±D�nNZ5i�T5PRþUD>Z5PRi�^{úoD>T D>}�û
FNZIFdT GdB

n P[ZIQ�ZIQ�F®ñ�T D>úoQ�PRnUD>\4};FNZIQ�i�y�u�F�n Q�FHn |;Z5QoD>Z�


•
ó�i�T�D>^6î{ñ�PRS�Fd^�ú�T5i�ý&FUnNZ5PR\]F

P̄
J�D>^oy�ó�TID�ñ�};Fd^�Z G

F
D�^oy

F ′
J

Z5Q�F®T DwZIP]i σ(P̄ ,T,F )
σ(P̄ ,T,F ′)

PRG.PR^oy�FUú$FU^oy�Fd^�Z/i�^sZIQ�F{ZID�T5ñ�FNZ¹E m
i�THJ�F���g�PRSwD>\RFd^�Z5\Rî�J6ZIQoDwZ

•
ó�i�T/D�^�îsñ�PRS�Fd^eú�TIi>ý&FHn³ZIP]\RF

P̄
J�ó�T D>ñ�}�FU^�Z{t8D>^$yaZID>TIñ�FdZIG

T
D�^oy

T ′
J�ZIQ�F/T DwZIP]i σ(P̄ ,T,F )

σ(P̄ ,T ′,F )

P�G
PR^oy�FUú$FU^oy�FU^�Z.i�^;ZIQ�F
ó�TID�ñ�};Fd^�Z m

E.Q�FUG5F Z&u�ißG+ZID>Z5Fd};FU^�Z G�ZIFUG+Z�ZIQ�Fay�Fdñ�TIFdF Z5iôu¹QoPRn Q u�FHD>|
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u�FUD�|Xó±D�n³Z5i�T5PRþUD>Z5PRi�^7u¹Q�PR\]F ñ�T5i�g�úoG®i�ó.Z&u�ici�T®Z5Q�TIFdFsú�T5i�ý&FUnNû
ZIP]\RFUG.Q$D3S�F{k$FUFd^egoG5FUysZ5i;ZIFUG+Z/G&ZIT5i�^�ñ�ó±D�n³ZIi�TIP]þHDwZ5PRi�^�B

tv^�Z5Q�F joT G&Z¹ndD�G+F{D�T5Fdó�FdTIFd^ondF�Z D>TIñ�FNZ.u.D�G.n Q�i�G5Fd^só�i�T.FUD�n Q
úoT5i�ý&FUn³ZIP]\RF�D>^oyïD�\]\
Z5Q�F ú$D>T5Z5P�D>\
n QoD�T5ñ�FNûvn QoD>^�ñ�P]^oñ�nNTIi�GIG®G5FUn³û
ZIP]i�^oG;TIFd\�DwZ5PRS�F�Z5iZIQ�Fci>ZIQ�FdT;Z D>TIñ�FdZIG�u�FUT5Fcy�PRS6PRy�FUy8k6îïZ5Q�F
TIFNó�FUT5FU^onNF�SwD>\Rg�F m ó�i�T{FUD�n QXZ D>TIñ�FNZHJ4Z5Q�FU^�J�ZIQ�FUG5F;SwD>\Rg�FUGhu�FdTIF
D3S�FdT D>ñ�FUy®iwS�FdT�Z5QoF¹ó�TID�ñ�};Fd^�Z G�D>^oymZ5QoF�};FUD>^�Q$D�G�k"FdFd^�g$G+FHy
D�G¹D�^�i�TI}�D>\RP]þHDwZ5PRi�^só±D�nNZ5i�T�


aF =
σ(P̄ , T, F )/σ(P̄ , Tref , F )

〈σ(P̄ , T, F )/σ(P̄ , Tref , F )〉T
. " * #

E.QoF ��goD�^�Z5P]Z&î
〈σ(P̄ , T, F )/σ(P̄ , Tref , F )〉T

T5FUú�T5FHG+FU^�ZIG�Z5Q�F
};FHD>^õSwD>\Rg�Fôi�ó{Z5Q�FßTID>Z5PRi

σ(P̄ , T, F )/σ(P̄ , Tref , F )
ó�i�TeD
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u�FUD�|�ó±D�nNZ5i�T5PRþUD>Z5PRi�^�J�u¹P]Z5QeZIQ�F�F���ndFdú�ZIP]i�^ai�ó1ZIQ�F�^�i�T5}�D�\]PRþUD>û
ZIP]i�^�ó±D�n³ZIi�T�u¹Q�P�n Q;P]^;ZIQ�P�G
ndD�G+F.P�G
D3S�FUTID�ñ�FUy�iwS�FUT�D�\]\�Z5Q�F¹ú�TIi>û
ý&FHn³ZIP]\RFUG�D�^oyïó�T D>ñ�}�FU^�ZIG�P]^6S�i�\RS�FUy�Bòt¯óhG+Z5TIi�^�ñßó±D�nNZ5i�T5PRþUD>Z5PRi�^
QoFd\�y�D�\]\4ZIQ�F®TID>Z5PRi�G.G5Q�i�g�\�y�k$F�D�T5i�g�^oy � J�PR^oy�Fdú"Fd^$y�Fd^�Z5\Rîsi�^
ZIQ�F{ó�T D>ñ�};FU^�Z¹D>^$ysZIQ�F®ú�TIi>ý&FHn³Z5PR\RF�B
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χ2
w =

∑

T

∑

F

[σ(P, T, F ) − σF
P γPT ]2

[δσ(P, T, F )]2
" U #
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∑

P

∑

T

∑

F

[σ(P, T, F ) − σF
P γT ]2

[δσ(P, T, F )]2
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ó�i�T.Z5Q�F�G+Z5TIi�^oñ�ó±D�n³Z5i�T5PRþUD>Z5PRi�^�B
δσ(P, T, F )
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σ(P, T, F )
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y�FdS�FU\]i�ú$FHy;k6îmi�g�T)ñ�T5i�g�ú;Z5QoD>Z�ñ�D3S�F�D>\�G5i{Z5Q�FhnNi�TITIFUG5ú$i�^oy�PR^�ñ
χ2 SwD>\Rg�F®PR^eZ5Q�F�};PR^�PR}�g�}eB.E.Q�F�D>\Rñ�i�T5P]Z5Qo}�n Q�i�G5Fd^aó�i�T¹Z5Q�F
};PR^�PR}�PRþUD>Z5PRi�^ úoT5i�nNFHG5G " C�FdS�Fd^6k$FUT5ñ�û¯bôD>T%��g$D>T y6Z # ú�TIiwS6PRy�FHy
D�^òFUG+Z5PR}�DwZIP]i�^òi>ó¹ZIQ�FandiwS6PRD�T5P�D>^ondFUG®}�D>Z5TIPk�7ó�T5i�} u¹Q�PRn Q P[Z
u.D�G�ú"i�GIG+PRk�\RF{Z5i�ndD�\Rndg�\�DwZ5FhZIQ�F®úoD>T D>};FdZ5FdT.g�^$nNFdT5ZID�P]^�ZIP]FHGdB
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435±22 1268±63 1740±87 2493±125 3365±168 4319±216� �
126±13 191±19 212±21 271±27 343±34 406±41�@�
100±10 136±14 161±16 205±20 241±24 277±28���
62±6 100±10 128±13 154±15 168±17 218±22�IÓ
61±6 108±11 128±13 164±16 215±21 247±25�@�
30±3 80±8 99±3 124±12 161±16 211±21�³à

16.0±1.6 87±9 101±10 125±12 168±17 170±17�#�
16.4±1.6 54±5 80±8 85±8 106±11 110±11� Ô
9.6±1.0 58±6 72±7 97±10 113±11 154±15
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E�i�ñ�FNZIQ�FdT)u¹P[ZIQ�Z5Q�F
χ2

SwD�\]g�FHGdJ6D>^oi>Z5QoFdT��goD�^�ZIP[Z&î�J�^$D>};Fd\Rî
Z5QoF�y�PRGInNTIFdú$D>^ondî

d
J�QoD�G.k$FUFd^egoG5FUysZ5i�Z5FHG&Z¹ZIQ�F{ñ�i6i�y�^�FHG5G�i>ó

Z5QoF j�Z�


d(P, T, F ) =
|σmeas(P, T, F ) − σcalc(P, T, F )|

σmeas(P, T, F )
" � ( #

u¹Q�FUT5F
σmeas(P, T, F )

D�T5F
Z5Q�F.};FUD�G+g�TIFUy®ndT5i�G5G(G5FUn³ZIP]i�^oG(D>^oy
σcalc(P, T, F )

Z5QoFsnNTIi�GIG®G+FHn³ZIP]i�^oG�ndD�\Rndg�\�DwZ5FHyD�ndndi�T y�PR^�ñaZ5i
l�"B � D�^oy �hgoG5P]^oñ®Z5Q�F/úoD>T D>};FNZIFdT G�i�k�Z D>PR^�FUy�k6îmZ5Q�F�TIFdñ�T5FHG&û
G5P]i�^�B�E.Q�PRG�T DwZIP]i�ñ�P]S�FUG�D>^ P�y�FHD�i�ó�Q�iwu nN\Ri�G5F�ZIQ�F{ndD>\�nNgo\RD>Z5FUy
nNTIi�GIG�G5FUn³ZIP]i�^oG�D>TIFaZ5iZIQ�FX};FUD�G+g�TIFUy i�^oFUG�D>^$y�ZIQ�Fd^õQoiwu
ñ�i6i�ycZIQ�F~j�Z�P�GdBst�i�ThFHD�n Qßú�T5i�ý&FUnNZ5PR\]FmZ5Q�F�y�P�GInNTIFdúoD�^onNîcSwD>\]û
g�FHG�QoD3S�F)k"FdFU^mD3S�FUTID�ñ�FHy�iwS�FdT�D�\]\�ZIQ�F)ó�T D>ñ�};Fd^�ZIG1D>^oy�ZID>TIñ�FdZIG
D>^$yôZIQ�F TIFUG5g�\]ZIG®QoD3S�F;k$FUFd^ïgoG5FUyßó�i�T�Z5FUG+Z5PR^�ñcu�FUD�|Xó±D�nNZ5i�T+û
PRþUDwZIP]i�^ m G+Z5TIi�^oñ/ó±D�n³Z5i�T5PRþUD>Z5PRi�^�J3PR^oG+Z5FUD�y'J�u.D�G(SwD>\RP�y�DwZIFUymgoG+PR^�ñ
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tv^ joñ�g�TIFUG ��D>^oy *�ZIQ�F
aF

SwD>\Rg�FUG " l�"BS* # ó�i�T�Z5QoF�D>TIñ�i�^
ú�TIi>ý&FHn³Z5PR\RFmD>TIF�ú�\Ri>Z5Z5FHycó�i�T{D>\R\1Z5Q�Fmó�TID�ñ�};Fd^�Z G/PR^ôD>\Rg�};PR^�go}
D>^$yX\RFUD�yXZID�T5ñ�FNZIG�TIFUG5ú$FHn³Z5PRS�FU\]î�B�tv^7k$i�Z5QßnUD�G5FUG{nNi�ú�ú"FdT�ZID>T5û
ñ�FdZ�Q$D�G�k$FUFd^8n Q�i�G5Fd^�D�G;DôTIFNó�FUT5FU^onNFaG+PR^onNFaP]Z;Q$D�G�Dô}�D�GIG
^6g�}�k"FdT�PR^zk$FdZ&u�FUFd^8Z5QoFeZ&u�i7ZID�T5ñ�FNZ GdBztv^ t(P]ñ�g�T5FHGs+òD>^oy
oeZIQ�F

aF
S3D�\]goFUG�D>TIFsú�\Ri>Z5Z5FUyòó�i�T�^�Fdi�^�ú�TIi>ý&FHn³ZIP]\RFUGmDwZ �IV,(

bcFvö®÷3^6gonN\RFdi�^aD�^oy +)(,(�bcFvö®÷3^6gonN\RFdi�^aD�G¹Dmó�g�^on³ZIP]i�^ei>ó�ZIQ�F
n QoD�T5ñ�FUymó�TID�ñ�};Fd^�Z GdJ�D>ñ�D�P]^;ó�i�T�D�\]g�};PR^6g�} D>^oy�\RFUD�y;ZID�T5ñ�FNZ GdB
tv^XZIQ�F�ó�i�TI};FdT{ndD�G5F�ZIQ�F�y�DwZ D u�FdTIF�goG5FUyXZ5i�Z5FHG&Z®u�FUD>|aó±D�n³û
Z5i�T5PRþUD>Z5PRi�^�J(PR^Z5Q�F \�DwZ5Z5FUT�Z5iXZ5FUG+ZmG+Z5TIi�^�ñeó±D�n³ZIi�TIP]þHDwZ5PRi�^�B�tv^
D>\R\(Z5Q�F�ú�\Ri>Z G�ZIQ�Fm\RPR^�F�D>Z

aF = 1
PRG�ZIQ�Fm\RPR^�Fmi�^Xu¹Q�P�n QXZIQ�F

ú"i�PR^�Z�u�i�go\Ry�\]PRF{P[ó�ó±D�n³Z5i�T5PRþUD>Z5PRi�^�Q�Fd\�yaF���D�nNZ5\Rî�B
n Q�P]\RF{Z5QoFhñ�TID�ú�Q�P�ndD�\$};FNZIQ�i�yey�i6FUG.^�i�Z¹D�\]\Riwu FR��ZITID�n³ZIP]i�^

i>óoZ5Q�F�ó±D�nNZ5i�TIPRþUDwZIP]i�^�úoD�TID�}�FdZ5FUTIGUJUP]Z�^�FdS�FdT5Z5Q�FU\]FHG5G1T5FUú�TIFUG5Fd^�ZIG
D¹goG5FNó�go\�ZIi�i�\�ó�i�T�g�^$y�FdT G&Z D>^oy�P]^�ñ�Z5Q�F�G+î�G+Z5Fd}�D>Z5P�n�i>ó�ZIQ�F�ndT5i�G5G
G5FUn³ZIP]i�^oG�
;Z5Q�FaT5FHG+go\[Z G�TIFdú"i�T5Z5FHyP]^ t1PRñ�goT5FHG �3û4oXG5Q�iwu Z5Q$DwZ
Z5QoFdTIF�PRG/\]P]Z+ZI\]Fmi�T�^�isy�P�p"FUT5FU^onNFHG�k"FNZ&u�FdFU^eZ5Q�F�úo\]i�ZIG¹ZIFUG+Z5PR^�ñ
u�FUD>|�D>^oy�G+Z5TIi�^oñ{ó±D�n³ZIi�TIP]þHDwZIP]i�^�B1bci�T5FUiwS�FUT�k$i�Z5Q D>\Rg�};PR^�go}
D>^$yô\RFUD�yXZ D>TIñ�FNZ G®G+FUFd}�ZIicnNi�^�ó�i�TI} ��g�P[ZIF�u�FU\]\�ZIiaZ5Q�F;ó±D�n³û
Z5i�T5PRþUD>Z5PRi�^cú�TIi�ú"FdT5Z&î m D G+PR};P]\�D>Thk"FdQoD3S6PRi�T�nUD>^Xk"F�ó�i�g�^oyXó�i�T
D>\R\$Z5Q�Fhi>ZIQ�FdT�ú�T5i�ý&FUnNZ5PR\]FdûWZ D>TIñ�FNZ�úoD>PRTIG)u¹P[ZIQ ZIQ�F�FR��nNFdú�Z5PRi�^�i>ó
Q6î�y�T5i�ñ�FU^ " y�PRGInNgoGIG5FUy�k$FU\]iwu # B
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E.Q�F®T5FHG+go\[Z G¹i�k�Z D>PR^�FUyau¹P]Z5QeZIQ�F®};P]^�PR};P]þHDwZIP]i�^ci>ó(Z5Q�F
χ2

wD>^$y
χ2

s

ó�g�^on³ZIP]i�^oG " l�"B1UXD>^oy V # D�T5FsG5g�};}�D>TIP]þUFUyPR^�E(Dwû
k�\RFUG�t+t5tmD�^oy�tvö TIFUG5ú$FHn³Z5PRS�FU\]î�B t�i�T;FUD�n Q G+PR^�ñ�\RFaú�T5i�ý&FUnNZ5PR\]F
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nUD>\>úoT5i�nNFHy�g�TIF�ó�i�T'ZIFUG+Z5PR^�ñ¹ZIQ�F
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goFUG�QoD3S�F�DaGID>};F�ZIT5FU^oy'J'y�FUndT5FHD�G5P]^oñ u¹P[ZIQßy�FHnNTIFUD�G+PR^�ñ�ó�T D>ñ�û
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};PR^�PR}�PRþUD>Z5PRi�^i>ó�Z5Q�F
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w

ó�g�^$n³Z5PRi�^ " l�"B U # J�ú"FdT5ó�i�TI}�FHyôPR^�û
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wSwD�\]g�F�D>^oy�ZIQ�F/D3S�FUTID�ñ�F¹y�P�G5ndT5FUúoD>^$nNî�D�T5F�}mgon Q�Q�PRñ�Q�FUT
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ó±D�nNZ5i�T5PRþUD>Z5PRi�^�TIg�\]FHG)Q$D�G�k$FUFd^�D�\]TIFUD�y�î�i�koG5FdTIS�FHy�D>^oy nUD>^ k"F
ó�i�go^oyaP]^e\RP[ZIFdT DwZ5goT5F�ÿ � +oJ � o � B
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� T5FUS6P]i�goG'ó±D�n³Z5i�T5PRþUD>Z5PRi�^®G+Z5goy�PRFUG1QoD3S�F
k$FUFd^®ó�i�ndgoG+FHy®i�^{ZIQ�F

SwD>\RPRyoDwZ5PRi�^7i>ó�Z5QoPRG{ú�TIi�ú"FdT5Z&îXu¹P]Z5Q�PR^7Z5Q�F�go^onNFUT+Z D>PR^�ZIP]FHG®D>^oy
QoD3S�F�Z5QoFdTIFNó�i�TIF{n Q�i�G5Fd^sZ5Q�F

χ2 };FNZIQ�i�y�D�G�Z5Q�F{};i�G+Z.D�ú�ú�TIi>û
ú�TIPRD>Z5F{ó�i�T¹Z5Q�P�G/D�P]}eB�tv^cT5Fdó�FdTIFd^ondF�ÿ � + � P]Z/u.D�G¹úoT5iwS�FUy'J�u¹P]Z5Q
Z5QoPRGh};FNZIQ�i�y'J'Z5Q$DwZ{u�FHD>|aó±D�nNZ5i�TIPRþUDwZIP]i�^XQ�i�\Ry�G�u¹Q�PR\]F�G+Z5TIi�^�ñ
ó±D�nNZ5i�T5PRþUD>Z5PRi�^�P�G)S6PRi�\�DwZ5FHy m P]^sZ5Q�P�G.ndD�G+F¹ZIQ�F{nNTIi�GIG)G5FUn³ZIP]i�^ FdT5û
TIi�T G'u�FUT5F)i�^�D3S�FdT D>ñ�F�G5}�D>\R\]FUT�Z5Q$D>^
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ú"i�PR^�ZIFUyßi�g�ZHJ'Z5QoF
χ2

PRG{^oi>Z�DsTIFd\RP�D>k�\RF;}�FdZ5Q�i�yßk$FHndD�goG+F�i>ó
P]ZIG�G+Z5TIi�^�ñ�G5Fd^oG5P]Z5PR\]P]Z&î ZIimZIQ�F�y�D>ZID�g�^ondFdT5ZID�P]^�Z5PRFUGUB
bci�T5FUiwS�FdT
PR^aÿ � + � Z5Q�F.ZIFUG+Z
u�D�G�ú$FUT+ó�i�T5};FHy�i�^�\]îmi�^mZ5Q�TIFdF¹úoT5i�ý&FUn³ZIP]\RFUGUJ�D
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χ2 D�G¹D;G+g�P]ZID�k�\RF�ZIFUG+ZUB
t¯Z1};P]ñ�Q�Z1D>\�G+i¹k"F
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Fd^$nNFUG�k$FdZ&u�FUFd^ÿ � + � D�^oy�Z5Q�F®ú�TIFUG5Fd^�Z�u�i�TI|0
1ZIQ�F®ú�TIi>ý&FHn³Z5PR\RFUG
Fd^oFdTIñ�PRFUGsD�^oyzZIQ�FôFR�6ú"FdTIPR}�FU^�ZID>\hG+FdZ5g�ú�B t¯ZaQoD�G�k$FUFd^ i�k�û
G5FdTIS�FUyßZIQoDwZ�ú$D>T5Z5P�D>\�n Q$D>TIñ�FNûvn QoD�^�ñ�PR^�ñ�ndT5i�G5G�G+FHn³Z5PRi�^$G�G+Qoiwu
ó±D�nNZ5i�T5PRþUD>Z5PRi�^õú�TIi�ú"FdT5Z5PRFUG�u¹Q�P�n Q PR}�úoT5iwS�Fôu¹P]Z5Q PR^ondT5FHD�G5P]^�ñ
ú�TIi>ý&FHn³Z5PR\RF�Fd^oFdTIñ�î m P]^cZIQ�F�ú�T5FHG+FU^�Z�u�i�TI|aD�\]\(Z5QoF�ú�TIi>ý&FHn³Z5PR\RFUG
goG5FUy{QoD�y®D¹}�D���PR}�g�}ùFd^�FUT5ñ�î/i>ó +.(,(¹bcFvö®÷3^6gonN\RFdi�^�J3D¹}�gon Q
\Riwu�FUT�SwD>\Rg�F®Z5Q$D>^eZ5QoF�Fd^oFdTIñ�PRFUG�n Q�i�G+FU^eP]^òÿ � + � J"u¹Q�P�n Qcu�FUT5F
DwZ(\]FHD�G+Z � fhFvö{÷3^6gond\]FUi�^�B(bci�TIFdiwS�FdTHJdu¹P]Z5Q�Z5Q�F�F���ú"FdTIP]};Fd^�Z D>\
G5FNZ5goú�P]^sÿ � + � J3P]Z1u.D�G'ú"i�GIG5P]k�\RF
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ZIP]i�^oG�D�^oyeP]^6S�FUG+Z5PRñ�DwZIF®P[ó�FHD�n Qei>ó�Z5QoF�PRG5i>ZIi�ú"FUG.ó�i�\]\Riwu�FUy�Z5Q�F
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ZIi�y�PRG+Z5PR^�ñ�g�PRG5QaúoD>T5Z5P�nN\RFUG.u¹P]Z5Qcy�P�p"FUT5FU^�Z¹n Q$D>TIñ�F�B(t¯Z�P�G.ú$i�G5G5P[û
ko\]F/Z5QoD>ZUJ6ó�i�T�D�ñ�P]S�Fd^sn QoD�T5ñ�F�J�^�i>Z¹D>\R\oZIQ�FhPRG5i>ZIi�ú"FUG�ó±D�n³ZIi�TIP]þUF
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ó�i�T�Z5Q�FXndT5i�G5G�G+FHn³ZIP]i�^oGmZ5iïy�FdS6P�DwZIF�ó�TIi�} ZIQ�Feó±D�nNZ5i�T5PRþUD>Z5PRi�^
k"FdQ$D3S�PRi�T)k$FUî�i�^$y;Z5Q�F�g�^ondFdT5ZID>PR^�Z5PRFUGUJ>ZIQ�F

χ2
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χ2
B®tv^ôZ5Q�F

ó�i�T5};FUT®Z5Q�Fay�FdS6P�DwZIP]i�^ïi>ó¹Z5QoF�y�D>ZIDeó�TIi�} G&ZIT5i�^�ñeó±D�nNZ5i�T5PRþUD>û
ZIP]i�^sQoD�G)^oi>Z.k$FUFd^ ��goD�^�Z5P�joFUy m PR^ ZIQ�Fhú�T5FHG+FU^�Z�u�i�TI|"J�i�^sZ5Q�F
i�Z5Q�FUT�Q$D>^oy'J"ZIQ�Fmgo^onNFUT+Z D>PR^�ZIP]FHG�i�^XZ5QoFmnNTIi�GIG/G5FUnNZ5PRi�^oG�u�FdTIF
ZIi6is\�D>TIñ�F{Z5i�ñ�PRS�FmT5FHD�G5i�^oD�k�\]F®TIFUG5g�\]ZIG/u¹P[ZIQXZ5QoF�Z5QoF

χ2 D>^$y
ZIQ�FdTIFNó�i�T5FßD>^ D>\]Z5FUT5^$DwZ5PRS�FXZ5FUG+Z " Z5Q�F7D3S�FUTID�ñ�Fcy�P�G5ndT5FUúoD>^ondî #
Q$D�G.k"FdFd^egoG5FUysó�i�T.ZIQ�P�G¹ú�g�TIú$i�G+F�B

tv^�TIFNó�FdTIFd^$nNF{ÿ � * � P]Z)P�G)G5Q�iwu¹^�Z5QoD>Z
k$i�Z5Q�u�FUD�|mD>^$y�G+Z5TIi�^oñ
ó±D�n³ZIi�TIP]þHDwZ5PRi�^�Qoi�\�y;ó�i�T�\]PRñ�Q�Z.D>^oy�};FHy�P]go} Q�FUD3S6îmó�TID�ñ�};Fd^�ZIG
" Z ≤ 8

ó�i�T�toF�D>^oy��{T¹D>^oy
Z ≤ 34

ó�i�T	�/F # u¹QoP]\RF{Z5Q�FUîsD>TIF
S6PRi�\�DwZIFUy�ó�i�T4ó�T D>ñ�}�FU^�ZIG'u¹P]Z5Q®Q�PRñ�QoFdT�n QoD�T5ñ�F�B�E.Q�F
y�FdS6PRD>Z5PRi�^oG
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^oi>Z�k"FdFd^ ��goD�^�Z5P�joFUy®G5P]^$nNF�i�^o\]î/Z5Q�F
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u.D�G'goG5FUy{D�G�D�Z5FHG&ZIP]^�ñ

D�ú�ú�TIi�D�n Q�B
E.Q�F�y�P�GInNTIFdúoD�^onNîsó�i�T�\RP]ñ�Q�Z¹ó�TID�ñ�};Fd^�ZIG.k"FNZ&u�FdFU^eZ5Q�FHG+F®TIFNû

G5g�\]ZIGaD>^oy8ZIQ�i�G5FôúoT5FHG+FU^�ZIFUyzPR^õZ5QoPRG�úoD>ú"FdTanNi�g�\Ry k$Fßi�^ondF
D�ñ�D�P]^;F���ú�\�D>PR^�FHymk6îmZ5Q�Fhn Q�i�P�nNF¹i�ó4Z5Q�F�úoT5i�ý&FUn³ZIP]\RFUG
Fd^�FUT5ñ�î " �fhFvö®÷3^6gond\]FUi�^ # D>^oy�Z5QoF�FR��ú$FUT5PR};Fd^�ZID�\6G5FNZIg�ú " ^6gond\]FHD>T�Fd}mg�\[û
G5PRi�^oG;T DwZIQ�FdT;ZIQoD>^õG5P]\RPRndi�^õy�FdZ5FUnNZ5i�TIG # 
ci�g�T D>^oD�\]î�G5PRG�ZIFUn Q�û
^oP ��g�F�J�PR^;ó±D�nNZUJ6y�i6FUG
^oi>Z�D�\]\Riwu };FHD�G5g�T5FU};Fd^�Z
i>ó4Z5QoF�nNi�T5TIFUnNZ
ndT5i�G5G�G+FHn³ZIP]i�^oG�ó�i�T{\]PRñ�Q�Zhó�TID�ñ�};Fd^�ZIG�D>^oyXZ5Q�FUT5Fdó�i�TIF�P]ZhP�Gh^�i>Z
ú"i�GIG5P]k�\RF�Z5i�n Q�FUn |�P]ó(ó±D�n³ZIi�TIP]þHDwZIP]i�^ Q�i�\�ysó�i�T�Z5Q�FHG+F{úoD�T+ZIPRnd\]FHGdB
O/i�^�FdZ5Q�FU\]FHG5GUJ(Z5Q�F�ó±D�nNZ�ZIQoDwZ�\]PRñ�Q�Z�ó�T D>ñ�};Fd^�ZIGmy�iô^�i�Z�G5Q�iwu
D�^6îßG5P]ñ�^�Pkj"ndD>^�Z�y�P�p4FdTIFd^ondF k$FdZ&u�FUFd^ïu�FUD�|ôD>^oyïG+Z5TIi�^oñeó±D�n³û
ZIi�TIP]þHDwZIP]i�^�P�G�nNi�^$G+P�G&ZIFd^�Z;u¹P[ZIQ ZIQ�Fek$FUQoD3S6P]i�T;i>ó/ZIQ�FeQ�FUD3S6î
ó�T D>ñ�};Fd^�ZIG�i�k$G+FUT5S�FUy PR^ei�g�T¹TIFUG5g�\]ZIGUB

��äNå í{ê{ç í94(ì �oä³ê{ç �
tv^;Z5QoPRG�úoD>ú"FdT�u�F/P]^6S�FHG&ZIP]ñ�DwZIFUymZ5Q�F/ó±D�nNZ5i�TIPRþUDwZIP]i�^�ndi�^ondFdú�Z

g$G+PR^�ñ®ó�T D>ñ�}�FU^�ZIDwZIP]i�^�ndT5i�G5G)G+FHn³Z5PRi�^$G�};FUD�G5g�TIFUy�ó�i�T)y�P�p"FUT5FU^�Z
úoT5i�ý&FUn³ZIP]\RFNû¯Fd^oFdTIñ�î�ûWZ D>TIñ�FdZ�nNi�}�k�PR^oD>Z5PRi�^oG�DwZ/FU^�FdTIñ�PRFUG¹i�ó
G+FUS�û
FUTID�\
Q6g�^oy�TIFUyïbXFvö{÷3^6gond\]FUi�^�BXE1u�iXD>ú�ú�TIi�D�n Q�FUGUJ�ñ�TID�ú�Q�P�ndD�\
D�^oy�D�^oD>\Rî�Z5P�ndD�\WJ�QoD3S�F k"FdFd^zn Q�i�G+FU^ïó�i�TmZ5FHG&ZIP]^�ñßZ5QoPRG�ú�TIi�ú�û
FUT+Z&î�D�^oysu�FdTIF�D�ú�ú�\RP]FHy�ZIi;D�\]\"ZIQ�F{}�FHD�G5g�TIFUy ndT5i�G5G�G+FHn³ZIP]i�^oGdB
E.QoF®ñ�T D>ú�Q�P�ndD�\'};FNZ5Qoi6yeñ�D3S�F®G+Z5TIi�^�ñ;PR^oy�P�ndDwZIP]i�^ci>ó(Z5Q�F�ó±D�n³Z
ZIQoDwZ�D>\R\>ZIQ�F�y�D>ZID.ó�i�\]\Riwu�FUy�ó±D�nNZ5i�TIPRþUDwZIP]i�^®D>^oyhZIQoDwZ1Z5Q�FUT5F
u.D�G
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