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S2(x) = f · F1(x) + (1 − f) · F2(x)

S3(x) = f1 · F1(x) + (1 − f1) · (f2 · F2(x) + (1 − f2) · F3(x))

S4(x) = f1 · F1(x) + (1 − f1) · (f2 · F2(x) + (1 − f2) · (f3 · F3(x) + (1 − f3) · F4(x)))
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− log(Poisson(Nobs, Nexp))

ead�]ku8u8QZu WFSPW3XRQf\FQ*b$r8^�]V\|^`e`�cQ*^`e`XRS9S9u W3X?]VW|]V^`^aS2}
d|WFS�QZd3W3e`l�]VWFQ
]Pg?]V\<]VltQ*WFQ*\|W3X?]VW|\FQ*g8\FQZdFQ*O[WFd|W3XRQfOyr8lBv�Q*\�SVU@Q*wcQ*OyWFd
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Nexp
�8�?Sk\¤YZSklmg�S$dFe`WFQ�ltS[u8Q*^ad
e`W
eadfg8\<]kY*W3eaY{]V^DWFSm\FQ{]V\3\<]VO8bcQnW3XRQ�g?]V\<]VltQ*WFQ*\FdT]kd

(

fsig

Nexp

)

→

(

Nsig = fsig · Nex

Nbkg = (1 − fsig) · Nexp

)

,

dFS W3X?]VW�W3XRQ�Q��9WFQ*ORu8QZu�¶�Þzg8\FS9YZQZupr8\FQnQZd3W3e`l�]VWFQZd
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c Ö?­2®Bep«a1�6 Skg@Q*\<]VW3eaSkO�SkO�]�d3r8l g_� u&� U3�|}�e`W3X�QZx[r?]V^
Oyr8lBv�Q*\hSVUTg_� u&� U3� ds]VORu�YZS[Q���Y*eaQ*O[WFd�}�e`^`^P]Vr8WFSkl�]VW3eaY{]V^`^`o
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\FQZdFSk^`r8W3eaSkO_�

M(x, ~p, ~q) = T (x, ~p) ⊗ R(x, ~q)
Ù U&W3XRQ
W�},SBg_� u&� Ui� dq]V\FQ¤d3rp��Y*eaQ*O[W3^`o�upe£�&Q*\FQ*OyWqe`O�d3X?]Vg@Q$�ce`W�l�]{omv�Q¤g�S$dFdFe`v8^aQ�WFS�Q��pW3\<]kY*W~v@SkW3XtW3XRQ
g8X[o9dFeaYZd~g?]V\<]VltQ�¢
WFQ*\Fd
SVU�e`O[WFQ*\FQZd3WP]kd�}qQ*^`^D]kd�W3XRQ�g?]V\<]VltQ*WFQ*\Fd
SVU�W3XRQ�d3ltQ{]V\3e`O8bmltS[u8Q*^@Uj\FSkl W3XRQ�uR]VW<]p�R¶�S$d3Wfg8\<]kY*W3eaY{]V^Dupe£��Y*r8^`W3eaQZd
]V\3eadFQ�e`O°W3XRQnY{]V^aY*r8^�]VW3eaSkO�SVU�W3XRQnYZSkO[wcSk^`r8W3eaSkO�e`O[WFQ*b$\<]V^

M(x, ~p, ~q) =

∫ ∞

−∞
T (x, ~p) · R(x − x′, ~q)dx′

}�X8eaYFX�ead0]VO?]V^`o[W3eaY{]V^`^`o Y{]V^aY*r8^�]Vv8^aQ�SkO8^`o©UjSk\tdFQ*^aQZY*WFQZu�YZSkl�v8e`O?]VW3eaSkORdhSVU
R
]VO
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ORSk\3l�]V^`e`�{QZu�g_� u&� UDSkOs]� RO8e`WFQ¤u8Skl�]Ve`O0SVU
x
�$W3XRQ�Ujr8ORY*W3eaSkO

M
ORQZQZu8d,WFS�v�Q¤Q��9g8^`eaY*e`W3^`otupe`w9eau8QZutv[o�]�ORSk\3l�]V^`e`�2]VW3eaSkO

e`OyWFQ*b$\<]V^
∫ xmax

xmin

∫ ∞

−∞
T (x, ~p) · R(x − x′, ~q)dx′dx
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landau (x) gauss convolution
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v�Skr8ORuR]V\3eaQZd{�$��S�u8QZY*\FQ{]kdFQfW3XRQfQ��@QZY*W|SVU�W3X8ead|d3g8e`^`^aS{wcQ*\�SkOmSkr8W3g8r8W|g_� u&� U3�¯e`W�ead�g@S$dFd3e`v8^aQ,WFSTg�Q*\iU	Sk\3l W3XRQ�YZSkOywcSk^`r8W3eaSkO
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ltQ*W3XRS[u&�R��e`b$r8\FQt¥$� � u8Q*ltSkORdFW3\<]VWFQZd
W3XRQ�Q��&QZY*W¤SkO°ltS[upe£ ?QZu�wcQ*\Fd3eaSkO�SVU�W3XRQ�Þ�]VORuR]Vr

⊗
æ�]VrRdFd3e�]VO�Q��R]Vlmg8^aQ�}�e`W3X

]mv8rp�&Q*\
Uj\<]kY*W3eaSkO�SVU|�{Q*\FS��ju8SkW3WFQZu?����¥���$ �juR]kd3XRQZu?�¤]VORu �7��$ �jdFSk^`eau?���?�RSk\Pe`O8XRQ*\FQ*OyW3^`o�Y*e`\FY*r8^�]V\�SkvRdFQ*\3w$]Vv8^aQZd¤^`e`�cQ
]VO8b$^aQZd{�yY*e`\FY*r8^�]V\~YZSkO[wcSk^`r8W3eaSkOsead�e`OmU	]kY*W~W3XRQ¤]Vg8g8\FSkg8\3e�]VWFQ¤dFSk^`r8W3eaSkO_�9]VORu U	Sk\�d3rRYFX0SkvRdFQ*\3wk]Vv8^aQZd�W3XRQ�v8rp�@Q*\�U"\<]kY*W3eaSkO
d3XRSkr8^au°v@Q�dFQ*W�WFSm�{Q*\FS8�
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SVU�W3XRQ�U	Sk\3l

P (x, ...) =
∑

k

ck(...) (fk(x, ...) ⊗ R(x, ...))
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�����fä ¥$� �På Æ,opY*^`eaY{]V^?d3g8e`^`^£¢
S2wcQ*\�Q��&QZY*WFd�SVUÉ�RSkr8\3eaQ*\
YZSkO[wcSk^`r8W3eaSkORd }�XRQ*O r8Op¢
W3\FQ{]VWFQZu©�ju8SkW3WFQZu?���R}�e`W3X�]
¥���$�d3g8e`^`^aS2wcQ*\�v8rp�&Q*\q�juR]¯¢
dFXRQZu?��]VORu�] �7��$ d3g8e`^`^aSV¢
wcQ*\¤v8rp�@Q*\2�jdFSk^`eau?�

�RSk\TQ��R]Vlmg8^aQ$�@]
B0
ltQZdFSkO�u8QZY{]Zo°}�e`W3X

B0/B̄0
lme£�pe`O8b�Uj\FSkl ]VO

Υ(4s)
u8QZY{]{o�]VWT]��,¢	U	]kY*WFSk\3o�Y{]VO�v�Q�}�\3e`W3WFQ*O

e`O�W3X8eadfU	Sk\3l¹}�e`W3X
c0 = 1 ± ∆w f0 = e−|t|/τ

c1 = ±(1 − 2w) f1 = e−|t|/τ · cos(∆m · t)
Ê[rRYFXBg_� u&� Ui� d�]V\FQ�e`lmg8^aQ*ltQ*O[WFQZuBe`OBW�}qS¤g?]V\3WFd,Å¯]fg8X[o9d3eaYZd�Y*^�]kdFdDe`O8XRQ*\3e`W3e`O8b¤Uj\FSkl v?]kdFQ,Y*^�]kdFd ª8«y«kÑ[ÒRÓVÑyÛpÍ'U[«$ÛyÝ[Ô[ÕyÖ

W3X?]VW°e`lmg8^aQ*ltQ*OyW�YZS9Q���Y*eaQ*OyWFd
ck
]VORuLu8QZY*^�]V\FQ�W3XRQz]kdFdFS9Y*e�]VWFQZu¾v?]kd3ead0U"r8ORY*W3eaSkORd

fk
�
]VORuL]�\FQZd<Sk^`r8W3eaSkO ltS[u8Q*^

e`O8XRQ*\3e`W3e`O8bÉUj\FSkl ªp«y«$ªpÌpÓ$«yÎ7?y®�­k«kÛ�^8«cÕ9ÌyÎ W3X?]VW°e`lmg8^aQ*ltQ*OyW
fk(x, ...) ⊗ R(x, ...)

�
�fX8ead�dFQ*g?]V\<]VW3eaSkO ]V^`^aS{}
d�W3XRQ
YZSkl�v8e`O?]VW3eaSkORd�SVU|g8Xyopd3eaYZdP]VORu�\FQZdFSk^`r8W3eaSkO�WFSmv@Q�YFXRS$d<Q*O�]VW¤\3r8O�W3e`ltQ$��Ê[e`ORYZQ�W3XRQZdFQ ªp«[«kÑyÒ?Ó¯Ñ[ÛpÍ�U9«kÛ[Ý[ÔyÕ[Ö u8Q*\3e`wcQZu
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æn]VrRdFd3e�]VO¡�juR]kd3XRQZu?��]VORu
u8Skr8v8^aQ æ�]VrRdFd3e�]VOJ\FQZdFSV¢
^`r8W3eaSkO ltS[u8Q*^¡�ju8SkW3WFQZu?�
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H(x, y) = F (x) · G(y) H(~x) =
∏

i

Fi(xi)

Ù W,ead,Q{]kd3o WFS.dFQZQ�W3X?]VWqe£U
F (x)

]VORu
G(x)

]V\FQ
ORSk\3l�]V^`e`�{QZu0g_� u&� U3� d{�cW3X?]VW
H(x, y)

eadf]V^adFSnORSk\3l�]V^`e`�{QZu0vyotYZSkORdFW3\3rRY�¢
W3eaSkO_�¯�fX8ead�ead_e`lmg@Sk\3W<]VOyW�]kd_W3XRQ,ORSk\3l�]V^`e`�2]VW3eaSkOmSVU?] * ¢�upe`ltQ*ORd3eaSkO?]V^[g_� u&� U3�{}�X8eaY<X ead_bcQ*ORQ*\<]V^`^`oB]¤upe£��Y*r8^`W�g8\FSkv8^aQ*l��
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}�e`W3X�W3XRQ�U(]kY*WFSk\3o0Skg@Q*\<]VWFSk\ Ôcª�dkÜ21(6
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]VORu
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gxy(x, y)dy
]VORu

W3XRQ�g8\FSV§iQZY*W3eaSkO�SVU ×,C,= SkO°osead ∫
gxy(x, y)dx
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G(x, y) = G(x) · G(y)
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�fXRQPQ{]kd3eaQZdFW,}f]Zo�WFS�e`OyW3\FS9uprRYZQ�YZSk\3\FQ*^�]VW3eaSkORdqe`Oh]�l�r8^`W3e£¢�upe`ltQ*ORd3eaSkO?]V^&ltS9u8Q*^�ead,WFSBd3W<]V\3Wq}�e`W3Xh]BSkORQ�¢�upe`ltQ*ORd3eaSkO?]V^
ltS[u8Q*^�]VORu�\FQ*g8^�]kYZQnSkORQnSVU�W3XRQ�g?]V\<]VltQ*WFQ*\Fd
}�e`W3X�]BUjr8ORY*W3eaSkO�W3X?]VW¤u8Q*g@Q*ORu8d¤SkO�]tdFQZYZSkORu�SkvRdFQ*\3w$]Vv8^aQ$�RQ$� bR�

F (x; p) → F (x, p(y, q)) → F (x, y, q)
�fX8ead ]Vg8g8\FSc]kY<X l�]VgRd.WFS�l�]VO[o�g8\<]kY*W3eaY{]V^fg8\FSkv8^aQ*ltd{���RSk\mQ��8]Vlmg8^aQ$��W3XRQs\FQZYZSkORd3W3\3rRY*W l�]kdFd

m
eadBltS[u8Q*^aQZu©v[o

]´æ�]VrRdFdFe�]VO
S(m,m0, σ)

U	Sk\tW3XRQ�d3e`b$O?]V^TYZSklmg�SkORQ*O[W{�~v8r8WtW3XRQ�l�]kdFdtg@Q{]V�©W3r8\3ORdsSkr8WtWFS�X?]ZwcQ�]zd3^`e`b$XyWsv8e�]kd
u8Q*g�Q*ORupe`O8bTSkO�W3XRQ|wk]V^`rRQ~SkO�]VORSkW3XRQ*\�SkvRdFQ*\3w$]Vv8^aQ

y
� Ù O�W3X?]VWDY{]kdFQ�W3XRQ|uR]VW<]fltS[u8Q*^[Y{]VOnv�Q�e`lmg8\FS2wcQZunv[o�]kYZYZSkr8O[W3e`O8b

UjSk\
W3X?]VW
y
¢�u8Q*g�Q*ORu8Q*O[W¤v8e�]kdPQ��9g8^`eaY*e`W3^`o0e`O�W3XRQ�ltS9u8Q*^

S′(x,m0(m
true
0 , y, ~p), σ)

�
Ù O ±PS[S$��e`WhW3XRQ�W3\<]VORdiU	Sk\3l�]VW3eaSkO SVU.SkORQ�¢�upe`ltQ*ORd3eaSkO?]V^nltS9u8Q*^ad°e`O[WFS l�r8^`W3e£¢�upe`ltQ*ORd3eaSkO?]V^BltS[u8Q*^adh}�e`W3XLW3X8ead

WFQZYFX8O8eax[rRQnead�g@Q*\iUjSk\3ltQZu�Q��8]kY*W3^`o°]kdfU	Sk\3l�r8^�]VWFQZu�l�]VW3XRQ*l�]VW3eaY{]V^`^`o
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�fXRQ�]Vv@S{wcQ�g_� u&� U
g
��}�XRQ*O�rRd<QZu�]kds]�W�}qSV¢�upe`ltQ*ORd3eaSkO?]V^�g_� u&� Ui�~e`O

x, y
u8S9QZd�XRS2},Q*wcQ*\�]V^adFSzl�]V�cQ�]VO�Q��pg8^`eaY*e`W

g8\FQZupeaY*W3eaSkO�U	Sk\¤W3XRQ.upead3W3\3e`v8r8W3eaSkOzSVU�Q*wcQ*OyWFd�e`O
y
� Ù O�W3XRQ�g?]V\3W3eaY*r8^�]V\�Y{]kdFQBSVU|W3XRQ ]Vv�S2wcQ�ltS9u8Q*^

g(x, y)
��e`WTYZSkltQZd

Skr8W
WFS�]�w�]VW¤upead3W3\3e`v8r8W3eaSkO�e`O
y
�p}�X8eaY<X�Y{]VO°v@Q�dFQZQ*O�vyo0g8^aSkW3W3e`O8b�W3XRQng_� u&� Ui�pwpd

y
]kd
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Ù U�W3XRQnupead3W3\3e`v8r8W3eaSkO�e`O
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eadfr8O8�9ORS{}�O�Sk\
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Q��R]Vlmg8^aQ�]Vv�S2wcQ$�?]VORu�SkORQnY{]V\FQZd¤SkO8^`o

v�Skr8WPW3XRQBupead3W3\3e`v8r8W3eaSkO�e`O
x
��� � �4W�]mw$]V^`rRQ�SVU

y
�RW3XRQ�g_� u&� U~d3XRSkr8^au�v@Q�rRdFQZu�]kdPYZSkORupe`W3eaSkO?]V^�g_� u&� U3�

g(x|y)
\<]VW3XRQ*\

W3X?]VO�]kd�W�}qSV¢�upe`ltQ*ORd3eaSkO?]V^�g_� u&� Ui�
g(x, y)

�?�fXRQ�upe£�@Q*\FQ*ORYZQ�v@Q*W�}qQZQ*O�W3XRQZdFQnW�},StUjSk\3ltd
ead�e`O°W3XRQ�ORSk\3l�]V^`e`�2]VW3eaSkO
∫

g(x, y)dxdy ≡ 1

∫

g(x, y)dx ≡ 1 for each value of y
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G(x, y) = G(x, f(y), σ)
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y
�"lmeau8up^aQ2�
]VORu�W�},SV¢�upe`ltQ*ORdFeaSkO?]V^�w9eaQ*}��"\3e`b$XyW6�

�fXRQtSkvp§iQZY*W ×,C,= Y*\FQ{]VWFQZu´]Vv�S2wcQtY{]VOzv�Q rRd<QZu�e`O�Q*e`W3XRQ*\�}q]Zoc�D�DS°rRdFQ e`W�]kd�YZSkORupe`W3eaSkO?]V^,g_� u&� Ui�@W3XRQmSkvRd<Q*\3wk]Vv8^aQZd
W3X?]VWP]V\FQ�WFS v@Q�W<]V�cQ*O�YZSkORupe`W3eaSkO?]V^DlBrRd3W
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�RSk\
W3XRQ�^�]VW3WFQ*\
g8\FSV§3QZY*W3eaSkO_�RW3XRQ�rRdFr?]V^_e`OyWFQ*b$\<]V^ ∫
g(x, y)dy

ead
\FQ*g8^�]kYZQZu�vyo
1/Ndata

∑

data g(x, yi)
�

cTd3eau8Q�Uj\FSkl¡W3XRQZdFQBg8\<]kY*W3eaY{]V^�ead<d3rRQZd¤SVU~YZSkORupe`W3eaSkO?]V^�g_� u&� U3� d{�RW3XRQ*\FQBeadP]V^adFS0]mltSk\FQ�U"r8ORuR]VltQ*O[W<]V^�g8\FSkv8^aQ*l���]kd
g�Ske`O[WFQZu�Skr8W
v[o0�|r8O8�Ze,² �$³~Åpe£U�ocSkr�W<]V�cQ�W3XRQnd3r8l¹SVU�W�}qS�YZSkORupe`W3eaSkO?]V^Dg_� u&� U3� d

f · S(x|y) + (1 − f) · B(x|y)

ocSkr8\, RWf\FQZd3r8^`WFdql�]{otv�QPe`ORYZSk\3\FQZY*W�e£UDW3XRQPW3\3rRQ�upead3W3\3e`v8r8W3eaSkO°SVU
S
]VORu

B
upe£�&Q*\fe`OsW3XRQ�YZSkORupe`W3eaSkO?]V^&SkvRdFQ*\3w$]Vv8^aQ

y
�

]kd�W3XRQfltS9u8Q*^RX?]kd�ORS�}f]ZomSVU_]kYZYZSkr8OyW3e`O8bBUjSk\|W3X?]VW{�c�?Sk\~W3X8ead|\FQ{]kdFSkO_�[]VORumW3XRQ¤]¯U	Sk\FQ*ltQ*OyW3eaSkORQZusg8\<]kY*W3eaY{]V^?\FQ{]kdFSkORd{�
e`W�ead�rRd3r?]V^`^`o v@Q*W3WFQ*\�WFS�lBr8^`W3e`g8^`o�]�YZSkORupe`W3eaSkO?]V^�g_� u&� U3�$}�e`W3Xh]VORSkW3XRQ*\~g_� u&� U3�$ltS[u8Q*^`e`O8bBW3XRQ
YZSkORupe`W3eaSkO?]V^�SkvRd<Q*\3wk]Vv8^aQ

H(x, y) = G(x|y) · F (y)

c�YZSkORupe`W3eaSkO?]V^�g8\FS[uprRY*W~SVU�W3X8ead�U	Sk\3l ead�ORSk\3l�]V^`e`�{QZutv[o.YZSkORd3W3\3rRY*W3eaSkO_�ye£U
G(x|y)

]VORu
F (y)

]V\FQ$�c�fXRQ�¨ YZSkORupe`W3eaSkO?]V^
g8\FS[uprRY*W{¨?UjSk\3lÈead
v@SkW3X�Q{]kd3o°WFS�}�\3e`WFQB]VORu�WFS�Q{]kd3ohrRdFQ$� �PQ*\FQ�},QBQ��9WFQ*ORu�W3XRQ�Sk\3e`b$e`O?]V^�Q��8]Vlmg8^aQB}�e`W3X

gxy
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d¤W3XRQ�]Vv@S{wcQnYZSkORupe`W3eaSkO?]V^�g8\FS[uprRY*W
g_� u&� U3�pe`O�w$]V\3eaSkrRd�g8\FSV§3QZY*W3eaSkORd{�
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H(x, y) = G(x|y)·F (y)
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F (t) = D(t, τ) ⊗ R(t, µ, σ)
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M(t, δt) = fsig · S1(t|δt) · S2(δt) + (1 − fsig) · B1(t|δt) · B2(δt)
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F1(x; a, b), D1(x) and F2(x, a, c), D2(x)
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W3\3eaY2�fQ*\3\FSk\
UjSk\¤Q{]kY<X�g?]V\<]VltQ*WFQ*\¤v[o�]kdFd3r8lme`O8btW3X?]VW
W3XRQn^`e`�cQ*^`e`XRS[S9u°ead
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σ̂(p)2 = V̂ (p) =
(

d2 log L
dp2

)−1 �8±PQZxyr8e`\FQZdP]Vg8g8\FSZ�pe`l�]VWFQ*^`o
N2

par/2
^`e`�cQ*^`e`XRS9S9u�Q*wk]V^`r?]VW3eaSkORd2�
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Lmin + 0.5
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Y{]VO°v@Q�g8\FSkX8e`v8e`W3e`wcQ*^`ohQ��pg@Q*ORd3e`wcQTUjSk\
].^�]V\3bcQ�O[r8l�v@Q*\¤SVU
w?Sc]VW3e`O8btg?]V\<]VltQ*WFQ*\Fd �

> 10 − 20
�

� � � � � � � ��e`ORu�]VORumw9ead3r?]V^`e`�{Q
YZSkO[WFSkr8\Fd,SVU
L = Lmin +X

e`OtW�}qSng?]V\<]VltQ*WFQ*\Fd{�9¶�S$d3W3^`o ]VO�e`OyWFQ*\<]kY*W3e`wcQPWFS[Sk^
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Argus model and data
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A RooPlot of "frac"
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A RooPlot of "sigma_g1"
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