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S(x) = f · F (x) + (1 − f) · G(x),
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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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Q��9WFQ*ORu8QZu�^`e`�cQ*^`e`XRS[S9u0UjSk\3l�]V^`eadFl��?] WFQ*\3l

− log(Poisson(Nobs, Nexp))
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Nexp
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(

fsig

Nexp

)

→

(

Nsig = fsig · Nex

Nbkg = (1 − fsig) · Nexp

)

,
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M(x, ~p, ~q) = T (x, ~p) ⊗ R(x, ~q)
Ù U&W3XRQW�},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@SkW3XtW3XRQg8X[o9dFeaYZd~g?]V\<]VltQ�¢
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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
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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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\<]VO8bcQ$�cY*r8W3W3e`O8b�]Z}f]Zo W3XRQf\FQ*b$eaSkORd|ltS$d3W|Q��&QZY*WFQZu vyo.W3XRQqdFg8e`^`^aS{wcQ*\{�c�fXRQ�d3e`�{QfSVU�W3X8ead�d3g8e`^`^aS{wcQ*\|v8rp�&Q*\|ead�¥���$�SVU�W3XRQ
SkvRdFQ*\3wk]Vv8^aQ.\<]VO8bcQBvyo�u8Q�U(]Vr8^`W{��v8r8WTY{]VO�v@QBYZSkO[W3\FSk^`^aQZu�W3X8\FSkr8b$X�W3XRQ ªp«[«$¬[¬�e)U9«kÛ[Ý[ÔyÕ[ÖV@B@3Ó$Ì$®'jB?[ÖyÖpÌkÐ9¬cÐpÍ�.2®�k«kÛ21(6
ltQ*W3XRS[u&�R��e`b$r8\FQt¥$� � u8Q*ltSkORdFW3\<]VWFQZdW3XRQ�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�

�������� % a�� �'&��$�$� � �
�p�-a �D� �$h|�c�(�9a
�RSk\dFQ*^aQZY*WFQZuhg_� u&� U3� d�±¤S9S$��e`Wqg8\FS{w9eau8QZd¤]VOhe`OyWFQ*\iU(]kYZQ�WFSm]VO?]V^`o[W3eaY{]V^`^`ohY{]V^aY*r8^�]VWFQZu°e`O[WFQ*b$\<]V^ad{�8�fXRQZdFQTg_� u&� Ui�plBrRd3Wfv�Q
SVU�W3XRQ�U	Sk\3l

P (x, ...) =
∑

k

ck(...) (fk(x, ...) ⊗ R(x, ...))
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landau (x) gauss convolution

�����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
Skvp§iQZY*WFd0]V\FQhORSkWmU"r8ORY*W3eaSkO?]V^P}�e`W3XRSkr8Ws]�\FQZdFSk^`r8W3eaSkO�ltS[u8Q*^(�~]VOÉSkg@Q*\<]VWFSk\mU	Sk\3l ^`e`�cQ ¬)UBdkß[Ï WFSzYZSkORd3W3\3rRY*Wsd3rRYFX
YZSkOywcSk^`r8W3eaSkORdTead�ORSkW¤]Vg8g8\FSkg8\3e�]VWFQ$� Ù ORd3WFQ{]kuhW3XRQn\FQZdFSk^`r8W3eaSkO�ltS9u8Q*^_l�rRd3W¤v�Q�d3g@QZY*e£ ?QZuhe`O�W3XRQnYZSkORdFW3\3rRY*WFSk\{�
�fXRQ�Q��8]Vlmg8^aQ�v�Q*^aS2}Âe`^`^`rRd3W3\<]VWFQZd0W3XRQ�g8\FS9YZQZupr8\FQ�UjSk\hY*^�]kdFd ªp«y«$ÜpÌ�.kÍ#= ��}�X8eaY<XLe`lmg8^aQ*ltQ*OyWFd�]�g8^�]Ve`O u8QZY{]{o

U"r8ORY*W3eaSkO_�?}�e`W3X�] wk]V\3eaQ*W�o°SVU�\FQZdFSk^`r8W3eaSkO�ltS[u8Q*^ad
sBsVU[«kÛ[Ýp«[Î#?y®�k«$Û «cÖ ÜpÌ<.$Í#=p/�¯®'WLÕ9Ì[Îk®8Í�Ö,?yÛ�.2®?$«kÛ
/M:�ÖpÍ<.2®8«kÐB=�1U3ZÜpÌ�.kÍ#=;@,@�Õ9Ì<.$Í#= �k®7LV1i®ME�F*r,H�I�r�H�JKI�®8Í#?;E`G5:Dt7mBn,J2I�eyÐ,?[®'W�^8«$ÕpÌyÎ 1i®�65I�Ü8«#?yÒ8ÎyÌ[Øp¯ÕpÌ$Õ�6T376R8

sBsVU[«kÛ[Ýp«[Î#?y®�k«$Û «cÖ ÜpÌ<.$Í#=p/�¯®'Wk>9Í7?RÓ[Ó[kÍ$Û�Ð8Ì9Óc«yÎ#?[®?$«kÛ
/M:�ÖpÍ<.2®8«kÐB=�1U3ZÜpÌ�.kÍ#=;@,@�Õ9Ì<.$Í#= �$×#L5G�13®KI�®8Í#?VI�>9Í7?RÓ[Ó'^8«cÕ9Ì[Î2@,@�×#L5G�1i®VI�Ò�kÍ9Ó2ENH,J2I�Ð8Ì9Óc«yÎbG E�GUJQ6\I¼Üp«7?yÒpÎ[ÌyØ8¯Õ9ÌcÕQ6<376i8

sBsVU[«kÛ[Ýp«[Î#?y®�k«$Û «cÖ ÜpÌ<.$Í#=p/�¯®'WLÕ9«7?yÒ8ÎyÌ�F
>9Í7?RÓyÓ9kÍ$Û�Ð8Ì9Ó$«[Î#?[®?k«$Û
/M:�ÖpÍ<.2®8«kÐB=�1U3ZÜpÌ�.kÍ#=;@,@�Õ9Ì<.$Í#= �$×#LQra13®KI�®8Í#?VI

Ñ[Õ[Õ�^8«cÕ9Ì[Îa1 [c×#L5G^I�>pÍ#??ÓyÓ'^R«$ÕpÌyÎ2@B@�×7Lbra13®KI¼Ò?kÍpÓaI¼ÐpÌ9Óc«yÎBrKEPt�JQ6`]SI¼ÖyÐpÍ�.SENHV:�t�JQ6\I¼Üp«7?yÒpÎ[ÌyØ8¯Õ9ÌcÕQ6<376i8

ª8«y«cÔ9Îy«$®�ÉÖcÐ8Í
L?Ìjh_/M@,@(®;:�ÖyÐpÍ
L?Ìa1�FBGUH2I�G
Hb698
/M@,@�Õ9Ì<.$Í#= �k®7L :$-8Îy«k®�dkÛ213ÖcÐ8Í
L?Ì�698
/M@,@�Õ9Ì<.$Í#= �$×#L5G5:N-pÎy«$®<d$Û�13ÖyÐpÍ*LRÌSIiàR¯ÛpÌyØ$®,=8ÎyÌa1�+yÜ8Í9ÓZW8Ì$Õ�6,6R8
/M@,@�Õ9Ì<.$Í#= �$×#LQr2:N-pÎy«$®<d$Û�13ÖyÐpÍ*LRÌSIiàR¯ÛpÌyØ$®,=8ÎyÌa1�+yÜ8«k®y®8Ì$Õ�6,6R8
ÖyÐpÍ*LRÌ�F#fkÜ[ÐpÍ*/K1(6

��e`b$r8\FQ�¥$� � d3XRS{}d¤W3XRQn]Vv�Skr8WPSVU�W3X8eadQ��R]Vlmg8^aQ$�

:; � � �.EFÃFA.E >.Ä�� �.Ãi��E¼À�� E Á � > � E<� >BG Ã � ��AB�|Ã

� X8e`^aQ l�]VO[o�uR]VW<]°]VO?]V^`opd3eadn]VORu�ltS9u8Q*^`e`O8b°g8\FSkv8^aQ*ltd�e`OywcSk^`wcQmltSk\FQ W3X?]VO�SkORQmSkvRd<Q*\3wk]Vv8^aQ$�@lBr8^`W3e£¢�upe`ltQ*ORd3eaSkO?]V^
ltS[u8Q*^ad~]V\FQf^aQZd<d�U"\FQZx[rRQ*OyW3^`o.rRdFQZu v@QZY{]VrRdFQ�SVU&upe£��Y*r8^`W3eaQZd�e`O U	Sk\3l�r8^�]VW3e`O8b�d3rRY<XtltS9u8Q*^ad{� Ù Om±PS[S$��e`W{�kW3XRQ�YZSkORd3W3\3rRY�¢
W3eaSkOtSVU�lBr8^`W3e£¢�upe`ltQ*ORd3eaSkO?]V^?ltS9u8Q*^ad�ead�d3W3\<]Ve`b$X[WiUjSk\3}f]V\Fu�]VORumdFQ*wcQ*\<]V^Rd3W3\<]VWFQ*b$eaQZd~]V\FQ�upead<Y*rRdFdFQZu WFS�YZSkORd3W3\3rRY*W�W3XRQZdFQ$�
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A RooPlot of "t"

�����fä ¥$� � å cPO?]V^`oy¢
W3eaY{]V^ YZSkO[wcSk^`r8W3eaSkO SVU
u8QZY{]{o Ujr8ORY*W3eaSkO }�e`W3X
u8Q*^`W<]¯¢	Ujr8ORY*W3eaSkO �jdFSk^`eau?���
æn]VrRdFd3e�]VO¡�juR]kd3XRQZu?��]VORu
u8Skr8v8^aQ æ�]VrRdFd3e�]VOJ\FQZdFSV¢
^`r8W3eaSkO ltS[u8Q*^¡�ju8SkW3WFQZu?�

����9�� � �9a��¯�X�'h��9�c��a�d ��� b,���V�3a��k���-a�� � ����b����������(� ���-h�� �p�������������$���-a��
�fXRQ°d3e`lmg8^aQZd3W }q]{o´WFS�YZSkORd3W3\3rRY*W�]�l�r8^`W3e£¢�upe`ltQ*ORdFeaSkO?]V^¤ltS9u8Q*^qead WFS�lBr8^`W3e`g8^`o´W�},SzSk\ ltSk\FQ°SkORQ�¢�upe`ltQ*ORd3eaSkO?]V^
g_� u&� Ui� d{�?¶�]VW3XRQ*l�]VW3eaY{]V^`^`o°W3X8ead�ead¤d3W3\<]Ve`b$XyWiU	Sk\3}q]V\Fu©Å

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\FQORSk\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��
ead�XRQ*\FQ�\FQZuprRYZQZu�WFSt]tdFQ*\3eaQZdSVU�^aS{},Q*\Tupe`ltQ*ORd3eaSkO?]V^_e`O[WFQ*b$\<]V^ad{�
�fXRQ ±¤S9S$��e`WTY*^�]kdFdTWFS0e`lmg8^aQ*ltQ*OyW�W3XRQZd<Q.SkW3XRQ*\�g8\FS9uprRY*WFdt�jupeadFY*rRdFdFQZu�^�]VWFQ*\6�¤ead ªp«[«$ÔcÐ8«$Õ[ÔyÕyÖ �&]VORu�ead�Y*\FQ{]VWFQZu

}�e`W3X�W3XRQ�U(]kY*WFSk\3o0Skg@Q*\<]VWFSk\ Ôcª�dkÜ21(6
/M:�ÖpÍ<.2®8«kÐB=�1U3�>9Í7?RÓyÓ9kÍ$ÛA@,@�×�C21DC;E�FBG
H�I�G
H�JKI$LTCME�F#rSI4FTGUH2I�GUH,J2I6Ó
C;EPO�I�HK:`G\I�G
H�JQ6<376R8
/M:�ÖpÍ<.2®8«kÐB=�1U3�>9Í7?RÓyÓ9kÍ$ÛA@,@�×�=21D=;E�FBG
H�I�G
H�JKI$LT=ME$mKI4FBG
H�I(GUH�JKI<Ó*=;E�G\IDHV:`G^I(GUH,JQ6T3�6�8

/M:�ÖpÍ<.2®8«kÐB=�1U3{Ôcª�dkÜA@B@�×,C,=�1F×�CVI¼×�=]6T3�6R8

����9��^ � �k�$a�d ��� b~���V�3a#�k�(�-a�� � � ��b������
µPd3e`O8bhlBr8^`W3e£¢�upe`ltQ*ORd3eaSkO?]V^~ltS9u8Q*^adTe`O�±PS[S$��e`WTead�ORSkW�\FQ{]V^`^`o�upe£�&Q*\FQ*OyW�Uj\FSkl rRdFe`O8bhSkORQ�¢�upe`ltQ*ORdFeaSkO?]V^�ltS[u8Q*^ad2��]kd
ead�e`^`^`rRd3W3\<]VWFQZuzvyoz]VOzQ��8]Vlmg8^aQ v@Q*^aS{} W3X?]VW�bcQ*ORQ*\<]VWFQZd�WFS{o�uR]VW<]sU"\FSklÂW3XRQt]Vv@S{wcQt·¯¢�upe`ltQ*ORd3eaSkO?]V^�æ�]VrRdFd3e�]VO_�� RWFd
W3XRQ�g_� u&� Ui�RWFS W3X?]VW¤uR]VW<]

sBs_>9ÌkÛ8ÌkÐ8Ík®pÌ¾Í�®p«7=LÕ9Ík®8Í9ÓcÌk®¾Ü�1�CKIP=]6
ª8«y«$ÜpÍk®8ÍyØ[Ìk®�ÉÕpÍk®pÍ_h_/;@B@�×,C,=A:�×9Ì$ÛpÌkÐ8Ík®8Ìa1iª8«y«$ÑyÐ[×pØyÌ$®�1�/M@,@NCKIN/M@,@N=�6\I(GUHBH,H,HQ6�8

sBs�¬R2®[-;:�ÕV:�Ö[>S1DCVIP=]6´®8«�Ü�1DCVIP=]6
/M@,@�×�C,=;:�Ö?2®,e8«a1,�VÕ9Í$®pÍb6R8

¶�S$d3WnSVUqW3XRQtupe£�&Q*\FQ*ORYZQZd�]V\FQ e`Ozg8^aSkW3W3e`O8b�]kd�]0W�},SV¢�upe`ltQ*ORd3eaSkO?]V^qltS[u8Q*^ad�Y{]VOzv�Q.w9ead3r?]V^`e`�{QZuze`Ozl�r8^`W3e`g8^aQt}q]Zopd{�
�qQ*^aS2} },Q�Y*\FQ{]VWFQ�W�},SmSkORQ�¢�upe`ltQ*ORd3eaSkO?]V^�g8^aSkWFdf}�e`W3X°g8\FSV§iQZY*W3eaSkORd¤SkO0W3XRQ

x
]VORu

y
]¯�9ead�S2wcQ*\3^�]Veau�SkO°uR]VW<]p�R]kdf},Q*^`^

]kd¤] W�}qSV¢�upe`ltQ*ORd3eaSkO?]V^�g8^aSkW¤SVU�W3XRQng_� u&� Ui�

sBs�Ô9Îy«$®[-yÐp«'Q[Ì�.2®?$«kÛ?Ó�«cÖp-A:�ÕA:�ÖA:°Í$Û[Õ¾Õ9Í$®pÍ «kÛ[C�ÍkÛ9Õ_=
ª8«y«cÔ9Îy«$®�ÉÖcÐ8Í
L?Ì#Ckh_/;@,@NCA:�ÖcÐpÍ*LRÌ 1(698
ÕpÍk®8Í�F*f7-pÎ[«k®<d$Û�1FÖcÐpÍ*LRÌ7C�698 /;@,@�×�CB=�F*f7-pÎ[«k®<d$Û�1FÖcÐpÍ*LRÌ7C�6R8
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ª8«y«cÔ9Îy«$®�ÉÖcÐ8Í
L?Ì#=kh_/;@,@N=A:�ÖcÐpÍ*LRÌ 1(698
ÕpÍk®8Í�F*f7-pÎ[«k®<d$Û�1FÖcÐpÍ*LRÌ7=�698 /;@,@�×�CB=�F*f7-pÎ[«k®<d$Û�1FÖcÐpÍ*LRÌ7=�6R8

sBs_^8Í#+8Ì[rkÜ[-pÎ[«k®�«$Öp-A:�ÕV:�Ö
e��<r�� WNW �7-[ÕyÖ[h_/;@B@�×,C,=A:�.2Ð8ÌyÍk®8Ì���cÓ¯®8«$×yÐpÍ
LV1U3(CKIP=\376R8
WNW �7-[ÕyÖ�F*f$ÜyÐpÍ#/21
3VÓ
?[Ð[Ö^37698

Ù Um]©l�r8^`W3e£¢�upe`ltQ*ORd3eaSkO?]V^.uR]VW<]kdFQ*W�ead�]ku8u8QZuLWFS ] SkORQ�¢�upe`ltQ*ORd3eaSkO?]V^ ªp«y«cÔ9Î[«k® Uj\<]VltQ$�]V^`^nSkvRdFQ*\3w$]Vv8^aQZd�SVU.W3X?]VW
uR]VW<]kdFQ*W¤]V\FQ�ltQ*ltSk\3e`�{QZu�]VORu°]VOyo0g_� u&� Ui�9W3X?]VW�ead�d3r8vRd<QZxyrRQ*O[W3^`o�g8^aSkW3WFQZu�SkOhW3X?]VWd<]VltQPUj\<]VltQ�}�e`^`^&]Vr8WFSkl�]VW3eaY{]V^`^`o
v�QTe`OyWFQ*b$\<]VWFQZu�S{wcQ*\�W3XRS$dFQ�SkvRdFQ*\3w$]Vv8^aQZd�dFSBW3X?]VW�W3XRQPg8\FSV§3QZY*W3eaSkO�SVU ×,C,= SkO0��W3X?]VWfead�d3XRS2}�O0ead ∫

gxy(x, y)dy
]VORu

W3XRQ�g8\FSV§iQZY*W3eaSkO�SVU ×,C,= SkO°osead ∫
gxy(x, y)dx

����e`b$r8\FQ�¥$� � d3XRS{}d¤W3XRQnSkr8W3g8r8W¤SVU�W3X8eadQ��8]Vlmg8^aQ$�
�fXRQ�g8\FS9uprRY*W�g_� u&� U�Skg@Q*\<]VWFSk\hY*^�]kdFd ª8«y«$ÔyÐp«cÕyÔyÕ[Ö ]Vr8WFSkl�]VW3eaY{]V^`^`o�\FQZYZSkb$O8e`�{QZd0W3XRQ°U(]kY*WFSk\3e`�Ze`O8b©d3W3\3rRY*W3r8\FQ�SVU

e`WFdsg8\FS9uprRY*W�]VORu ]VORu�}�e`^`^�]VO?]V^`o[W3eaY{]V^`^`o u8QZuprRYZQ�W3X?]VW0W3XRQZdFQ�e`OyWFQ*b$\<]V^ad�Y{]VO v@Q�\FQZdFSk^`wcQZu WFS
gx(x)
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gy(y)\FQZd3g�QZY*W3e`wcQ*^`oc�
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� ���fä ¥$� �tå Ë ead3r?]V^`e`�2]VW3eaSkOzSVUq·¯¢�upe`ltQ*ORd3eaSkO?]V^,æn]VrRdFd3e�]VO�g_� u&� Ui�
G(x, y) = G(x) · G(y)

Å��|\FSV§iQZY*W3eaSkOzSkO
x
�"^aQ�UjW6���

�|\FSV§iQZY*W3eaSkO�SkO
y
�"lmeau8up^aQ2�]VORu°W�}qSV¢�upe`ltQ*ORd3eaSkO?]V^�w9eaQ*}��"\3e`b$XyW6�

����9��� � �9a��¯�X�'h��9�c��a�d ��� b,���V�3a��k���-a�� � ����b����������(� � �p���'����� ���c�(�9a��
�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
��� ��!�"$#	%'&�(*),+�-�!'.�/�/102!23�414�5*)76�8:9�;�<>=�;?<1@*=BA'6DC�&N4�4���6�)�E���<1H���(�G,(NED=P(�8F9�;�<�=�;?<1@�=���<I8:9,<N���D@�=��>;87KD@�Q=R/$6I87KD@�Q�+DQTS

�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

Skr8WWFS�]�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
]kdd3XRS{}�O�e`O���e`b$r8\FQ�¥$�¸¦

Ù U�W3XRQnupead3W3\3e`v8r8W3eaSkO�e`O
y
eadfr8O8�9ORS{}�O�Sk\e`\3\FQ*^aQ*wk]VO[W{�?]kd�e`O�W3XRQng8Xyopd3eaYZdQ��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\3ltdead�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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� ���fä ¥$�¸¦�å Ë eadFr?]V^`e`�2]VW3eaSkO�SVU�æn]VrRdFd3e�]VO�g_� u&� U�}�e`W3X�]md3X8e£UjW3e`O8bmltQ{]VO
G(x, y) = G(x, f(y), σ)

Å8�|\FSV§3QZY*W3eaSkO�SkO
x�"^aQ�U"W6���R��\FSV§iQZY*W3eaSkO�SkO

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^DlBrRd3Wv@Q�d3g@QZY*e£ ?QZu

s,s�¬R¯®L×S1DC � =]6´®8«¾Í�ÕpÍk®8Í9Ó$Ì$®¾Ü�1DCVIP=]6
×�CB=A:�Ö?2®Bep«a1FÕ9Í$®pÍSIiU[«$Û[ÕR¯®?$«kÛpÍ[Î,d$ÒRÓ$Ì$ÐyÝ8ÍkÒpÎ[Ì9Ó51D=�6B6�8

ÆqSkORupe`W3eaSkO?]V^8g_� u&� Ui� d�\FQZx[r8e`\FQ,dFSkltQqQ��pW3\<]e`O8g8r8W�e`O.WFS{o�Q*wcQ*O[W�bcQ*ORQ*\<]VW3eaSkO�]VORuBg8^aSkW3W3e`O8bn]kd�W3XRQZdFQ,Skg@Q*\<]VW3eaSkO \FQZxyr8e`\FQ
�[ORS2}�^aQZupbcQ0SVU�W3XRQsupead3W3\3e`v8r8W3eaSkO©SVU�W3XRQsuR]VW<]°e`O�W3XRQsYZSkORupe`W3eaSkO?]V^qSkvRd<Q*\3wk]Vv8^aQ$�D}�X8eaYFX©eads�"vyo�YZSkORdFW3\3rRY*W3eaSkO��nORSkW
g8\FS{w9eau8QZu�vyo�] YZSkORupe`W3eaSkO?]V^�g_� u&� Ui�8W3X[rRd�W3XRQZdFQ�ORQZQZu�WFS v�Q�d3r8g8g8^`eaQZu�Q��9WFQ*\3O?]V^`^`o

s,s_>9Ì$ÛpÌ$ÐpÍk®8Ì�Õ9Ík®8Í9ÓcÌk®¾Ü�1�CKIP=]6 ÖcÐp«*L�×S1DC � =]6 Í$Û[Õ Ü�1�=�6
ªp«[«kÜpÍ$®pÍ[ØyÌk®L�ÉÕ9Ík®8Í#CB=[h_/M@,@�×,C,=;:�×9Ì$ÛpÌ$ÐpÍk®8Ìa1D/;@,@N=KIiÔcÐp«$®p«$ÜpÍk®8Ía1FÕ9Ík®8Í#=]6,6R8

s,s�ÔcÐ8«�Q9Ì<.2®LÕ?cÓ¯®[Ð?¯Ò,?y®�k«$Û «cÖ¾×S1DC � =]6 «$Û_C
ªp«[«$Ô9Î[«k®L� ÖyÐpÍ*LRÌ#Ckh_/;@B@$C;:�ÖcÐ8Í
L?Ìa1(698
×�CB=A:$-8Îy«$®<dkÛ213ÖyÐpÍ
L?Ì#CVI¼ÔcÐ8«�Q9Ì<.2®,)[Ü8Ík®pÍ 1�/M@,@$=VI¼ÕpÍk®pÍ7=�6B6�8

�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�Skr8Wv[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`O8bBW3XRQYZSkORupe`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$�c�fXRQ�¨ YZSkORupe`W3eaSkO?]V^
g8\FS[uprRY*W{¨?UjSk\3lÈeadv@SkW3X�Q{]kd3o°WFS�}�\3e`WFQB]VORu�WFS�Q{]kd3ohrRdFQ$� �PQ*\FQ�},QBQ��9WFQ*ORu�W3XRQ�Sk\3e`b$e`O?]V^�Q��8]Vlmg8^aQB}�e`W3X

gxy
WFSs]

YZSkORupe`W3eaSkO?]V^Dg8\FS9uprRY*W�UjSk\3l
/;@B@�Ö9Í�.2®8«kÐ,=21U3{Ôcª<d$ÜA@B@�×�CB=<r 13×�CB= � =KIK(,C,-8«kÛpÌ$Ûy®�kÍyÎK@,@�Ö�=�1�=KI6Ó$Îy«7-pÌVE�FBGUJQ6B6T376R8

��e`b$r8\FQ�¥$�`¥��md3XRS{}d¤W3XRQ�]Vv@S{wcQnYZSkORupe`W3eaSkO?]V^�g8\FS[uprRY*Wg_� u&� U3�pe`O�w$]V\3eaSkrRd�g8\FSV§3QZY*W3eaSkORd{�

����9��� � �/� � � �-�3a�� �3���c���'��� � � ��&��k���%� � 
 � �V� � �©��f �p�-a#b~�(�$���-a�� �
���c��b�h#�9� � � b � f
c�YZSklmltSkO�]Vg8g8^`eaY{]VW3eaSkO�SVU,YZSkORupe`W3eaSkO?]V^|g_� u&� U3� dTe`O�g8X[o9dFeaYZdPeadTW3XRQ.e`ORYZSk\3g@Sk\<]VW3eaSkO�SVUP¨ g�Q*\i¢�Q*wcQ*O[W{¨&Q*\3\FSk\Fd�e`O�]

uR]VW<] ltS[u8Q*^(�?N¤UjWFQ*O�].ltQ{]kd3r8\FQZu°SkvRdFQ*\3w$]Vv8^aQ$�8^`e`�cQ�W3XRQ
B
ltQZdFSkO�u8QZY{]ZohW3e`ltQ$�8YZSkORd3ead3WFd¤SVU�].w$]V^`rRQt�	]�wRe`b$XyW�W3e`ltQ
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H(x, y) = G(x|y)·F (y)
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x
�"^aQ�U"W6���{��\FSV§iQZY*W3eaSkO
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y
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F (t) = D(t, τ) ⊗ R(t, µ, σ)
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F (t|δt) = D(t, τ) ⊗ R(t, µ, δt · 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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f(x)
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χ2
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H(x)
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σ(ε) =

√

ε(1 − ε))/n
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E(c|x, ~α) = δ(c = accept) · ε(x, ~α) + δ(c = reject) · (1 − ε(x, ~α))
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F1(x; a, b), D1(x) and F2(x, a, c), D2(x)
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L1(a, b)

]VORu
L2(a, c)
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a, b]VORu
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SkORQnY{]VO�g@Q*\iUjSk\3l¡]T§3Ske`OyW RW�vyohlme`O8e`lme`�Ze`O8b�W3XRQ�d3r8lÈSVU�W3XRQ
− log

^`e`�cQ*^`e`XRS[S9u8d{�

− log(L1,2(a, b, c)) = − log(L1(a, b)) + − log(L2(a, c))
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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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w?Sc]VW3e`O8btg?]V\<]VltQ*WFQ*\Fd �

> 10 − 20
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Argus model and data
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-log(L) scan vs m0
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-log(L) scan vs m0, problematic regions masked
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A RooPlot of "frac"
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A RooPlot
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A RooPlot of "sigma_g1"
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