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Updated QCD Global Analysis of TSSAs 
for Single-Hadron Fragmentation
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! A'#3BK&'B-5?!%&H0$&B!$2HF!$0'&!5-(F5+?!H03B5'#-3&,!%?!30J!-$G0B-3(!5F&!
4Y!#3,!-3H+2,-3(!5F&!+#55-H&!! ! !,#5#!G0-35)!-3!G#'5-H2+#'!5F&!+#55&'

! M0++-3B!#3,!4-K&'B!L23H5-03B!'&$#-3!%#B-H#++?!5F&!B#$&!L'0$!Z>*8.D<7[

! " %&F#K&B!B-$-+#'!50!5F&!M0++-3B!L23H5-03!;L#K0'&,!#3,!23L#K0'&,!'02(F+?!
&\2#+!-3!$#(3-52,&!%25!0GG0B-5&!-3!B-(3=!D!&IG&H5&,!B-3H&!%05F!#'&!,&'-K&,!
L'0$!5F&!B#$&!23,&'+?-3(!\2#'1D(+203D\2#'1!]]! !E%>%S%T%'()&(%*+(!,-.G//

!"#$%&'()*+

!&

<latexit sha1_base64="fTu+xmdHd28aAAJUumxF0wybkrk=">AAAB83icbVBNS8NAEJ34WetX1aOXYBHqpSRS1GPRS48V7Ac0oWw203bpZhN2N0IN/RtePCji1T/jzX/jts1BWx8MPN6bYWZekHCmtON8W2vrG5tb24Wd4u7e/sFh6ei4reJUUmzRmMeyGxCFnAlsaaY5dhOJJAo4doLx3czvPKJULBYPepKgH5GhYANGiTaS52nGQ8wa08rTRb9UdqrOHPYqcXNShhzNfunLC2OaRig05USpnusk2s+I1IxynBa9VGFC6JgMsWeoIBEqP5vfPLXPjRLag1iaEtqeq78nMhIpNYkC0xkRPVLL3kz8z+ulenDjZ0wkqUZBF4sGKbd1bM8CsEMmkWo+MYRQycytNh0RSag2MRVNCO7yy6ukfVl1r6q1+1q5fpvHUYBTOIMKuHANdWhAE1pAIYFneIU3K7VerHfrY9G6ZuUzJ/AH1ucPq8yRdA==</latexit>

÷H (z)



!"#$%&'()*+

!'



!"#$%&'()*+

!(

! .-F#,'03 !!)+F+'(R%Q858'(1%556)&&%(!,-.K/0( 1)>)* '(A@23&@#'(a)33@;`)3>%>Q)S(!,-.C//!#3,!A*.!
#3#+?B&B!5F#5!03+?!-3H+2,&!&#&!!#3,!4C.C4!M0++-3B!&LL&H5!,#5#!!)+F+'(E%>F'()&(%*+(!,-.G//)!
#'&!(&3&'#++?!%&+0J!5F&!+#55-H&!K#+2&B!L0'!! ! !#3,!! %&

! ^05&!5F#5!%&H#2B&!0L!5F&!4Y)!03&!-3-5-#++?!L-3,B!Z>*8.D<<!F#B!$0'&!5&3B-03!J-5F!
+#55-H&)!%25!5F-B!,0&B!'() !-$G+?!GF&30$&30+0(?!#3,!+#55-H&!#'&!-3H0$G#5-%+&!_!03&!
H#3!03+?!L2++?!#3BJ&'!5F-B!%?!-3H+2,-3(!+#55-H&!,#5#!-3!5F&!#3#+?B-B

! %&'($)*($)*($+,))-'($! ! $.,),$/0-&)$-1$-&'+2.(.3$4($5-&.$)*($&0&6/(7)278,)-9($
52&')-0&1$',&$,''0::0.,)($-)$ !"#$%&'(($#)%*+',)$&-)$)./)+'0)"&!($#!&!$1)((



!"#$%&'()*+

!)

! 4+-(F5!2G,#5&!;Z>*8. D<<`=!'&+&K#35!L0'!5F&!3&I5!5#+1!%?!MF'-B!M0H2@@#N

! a52'3!03b!5'#3BK&'B-5?!#35-\2#'1B!J-5F!"# $ % &'

! ! %*! +&L'0$!WA*M!#3,!/^.*W!#'&!%05F!-3H+2,&,!-3!5F&!J-5F!+#55-H&!L-5!
;'#5F&'!5F#3!X2B5!! ! !L'0$!WA*M=

! -3H0'G0'#5&!H03B5'#-35!03!5F&!a, b!G#'#$&5&'!L'0$!5F&!B$#++D#!#B?$G505-H!
%&F#K-0'!0L!5'#3BK&'B-5?!!E@756)F@7'(<8)7)3&(!,-.C//

B=b+%/I,60'1/0Z+&%,+0)+%/'II)%/0,&+])6+
@cd"+'/&+dW!+I)66,I01)/3

<latexit sha1_base64="qxXKSKPvM+20Ret0zkyMd7qj/vY="></latexit>

a x ! 0!!!" 1 ! 2

!
! sNc

2"
<latexit sha1_base64="zroCISEzM6bsilrhjt0XEOfPHRw=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFcBWSUi8boejGZQV7gTaUyXTSDp1JwsxELKWv4saFIm59EXe+jZM2C239YeDjP+dwzvxBwpnSrvttFdbWNza3itulnd29/QP7sNxScSoJbZKYx7ITYEU5i2hTM81pJ5EUi4DTdjC+zertRyoVi6MHPUmoL/AwYiEjWBurb5cxukauU62hXiIMeNVS3664jjsXWgUvhwrkavTtr94gJqmgkSYcK9X13ET7Uyw1I5zOSr1U0QSTMR7SrsEIC6r86fz2GTo1zgCFsTQv0mju/p6YYqHURASmU2A9Usu1zPyv1k11eOVPWZSkmkZksShMOdIxyoJAAyYp0XxiABPJzK2IjLDERJu4shC85S+vQqvqeBfO+X2tUr/J4yjCMZzAGXhwCXW4gwY0gcATPMMrvFkz68V6tz4WrQUrnzmCP7I+fwArpJFP</latexit>

a = 0 .24± 0.12



!"#$%&'()*+

"*

?@:A#5BB

?@:A#5BBC



!"#$%&'()*+

"!

234$;*($(</(7-:(&),+$.,),$-1$1)-++$.(1'7-8(.$9(7=$4(++$(9(&$4*(&$
-&'+2.-&>$! 56! #$570: $+,))-'( $-&$)*($5-)



New DiFF Theory Developments

!"#$%&'()*+!"#$%&'()*+

./)! M0H2@@#)!*&5@)!/'012,-3 )!4#50)!#'c-KN<87de::SSd!



!"#$%&'()*+!"#$%&'()*+

""

! ;A*.=!/.]B!#3,!;B-3(+& DF#,'03=!]]B!#'&!,&L-3&,!-3!#!J#?!B0!5F#5!5F&?!#'&!
32$%&'!,&3B-5-&B!;%&L0'&!'&30'$#+-@#5-03=!

! -.%-/,0&1.(1!.)2&3(.&(%.&,4/0/)2&)(&%5!&)6!7&)(&%'+!.5),'+&6,+.('/-&
5).%-)%.!&8!9:9*&-,0-%0,)/':&!#1!-),)/('&;,0%!5<

N)/30'/01/)%:+,0+'2;:+"LeW'001I,+H,.)60+4<=<=7 K'66Z:+,0+'2;+4<=<A7+[+R8\+N)22'O)6'01)/



!"#$%&'()*+!"#$%&'()*+

"#

! ;A*.=!/.]B!#3,!;B-3(+& DF#,'03=!]]B!#'&!,&L-3&,!-3!#!J#?!B0!5F#5!5F&?!#'&!
32$%&'!,&3B-5-&B!;%&L0'&!'&30'$#+-@#5-03=!

! -!.),/'&5%7&.%0!5&,.!&5,)/53/!+&)6,)&-,'&4!&%5!+&)(&-('5).,/'=-.(55>-6!-?&
16!'(7!'(0(:/-,0&!#).,-)/('5&(3&@AB5=BB5&,'+&7(+!0&-,0-%0,)/('5

4B 13+0S,+O'6Z)/+/%9O,6:+
,;5;:f+A+])6+'+.6)0)/7

A:(B*#'2:('#:+*2

-%(*&$:('2:('#:+*2
<latexit sha1_base64="AM8VUAnuwnifDIhzzUVHcYuZZFs="></latexit>

!

all i

" 1

0
dx x f i/N

1 (x) = 1

<latexit sha1_base64="Vap1klQOT/uMW+DqCMtDBSP6V6o="></latexit>

!

i = u,d,s,..

" 1

0
dx [f i/N

1 (x) ! f
øi/N
1 (x)] = B

4N  13+0S,+0)0'2+/%9O,6+)]+S'&6)/3+.6)&%I,&+
TS,/+0S,+.'60)/ +]6'59,/037

<latexit sha1_base64="d2UmiDsnv7VcS3gpVoagSm+yIH0="></latexit>

!

h

" 1

0
dz Dh/i

1 (z) = N

<latexit sha1_base64="7GRo76l+LPaWB2bbazIDGKGkO9g=">AAACEnicbVDLSsNAFJ3UV62vqks3o0VoodREfG2Eoi5cVrAPaNowmU6boZNJmJkIbeg3uPFX3LhQxK0rd/6Nk7YLbT1w4XDOvdx7jxsyKpVpfhuphcWl5ZX0amZtfWNzK7u9U5NBJDCp4oAFouEiSRjlpKqoYqQRCoJ8l5G6279O/PoDEZIG/F4NQtLyUY/TLsVIacnJFmwZ+Y5nU64cs21Be78zhHZxaBdvHKsde0d0lB8WLqGVcbI5s2SOAeeJNSU5MEXFyX7ZnQBHPuEKMyRl0zJD1YqRUBQzMsrYkSQhwn3UI01NOfKJbMXjl0bwUCsd2A2ELq7gWP09ESNfyoHv6k4fKU/Oeon4n9eMVPeiFVMeRopwPFnUjRhUAUzygR0qCFZsoAnCgupbIfaQQFjpFJMQrNmX50ntuGSdlU7vTnLlq2kcabAHDkAeWOAclMEtqIAqwOARPINX8GY8GS/Gu/ExaU0Z05ld8AfG5w8uW5s+</latexit>

!

h

" 1

0
dz z Dh/i

1 (z) = 1

!" C'2:('#:+*2'D%+)':&)*#'#*&%#("+1E"$1%&



!"#$%&'()*+!"#$%&'()*+

"$

<latexit sha1_base64="q5BGIJCt2r0IHaPE0Qg1kJIk0Wg="></latexit>

Ph = P1 + P2 R = ( P1 ! P2)/ 2 z = z1 + z2 ! = ( z1 ! z2)/z

e6)9+K1'/I)/1 :+,0+'2;+4<===7



!"#$%&'()*+!"#$%&'()*+

<latexit sha1_base64="sQy7NrEwmhNpYdEfxJq2m18Mwk8="></latexit>

1

64! 3z1z2
Tr

!
! h1 h2 /q (z1, z2, !P1! , !P2! )" "

"
= D h1 h2 /q

1 (z1, z2, !P2
1! , !P2

2! , !P1! á!P2! )

"%

<latexit sha1_base64="aZL5pdHBAIjZBFgTs+48r+g/Pbs="> zz+Ux7FrPbOeWy3Lt95Y59Znq28NLFT5Zdv2nr1v/67uVA+q9XWpXSl7nlj/WPXpH/grEmw=</latexit>

D h/q
1 (z, !P2

! ) =
1

Nc

1

4z

!

X

" "
d" + d2!"!

(2#)3 eik ! ! +
Tr

#
!0|W (" , " )$q(" + , 0" , !" ! )|P ; X #

$ ! P; X | ø$q(0+ , 0" , !0! )W(0, " )|0#%"
$

41&=+*3D")#%&'<<

.1D")#%&'<<



!"#$%&'()*+!"#$%&'()*+

<latexit sha1_base64="sQy7NrEwmhNpYdEfxJq2m18Mwk8="></latexit>

1

64! 3z1z2
Tr

!
! h1 h2 /q (z1, z2, !P1! , !P2! )" "

"
= D h1 h2 /q

1 (z1, z2, !P2
1! , !P2

2! , !P1! á!P2! )

,D12'!"#$%&'(")*+),#-)'()'.#)/012#")3#/+*'-)*/'#"!"#'%'*(/) %?'
)1D")#%&'<<2'43,,+'23)+\'^%9&,6:+V'/5+4<==E77+O,I'%3,+1&'%#)*#'$%'
5#%9*'"'&:(B*#'2:('#:+*'F*'&**)'$%'1&$#%):>*'$D*'&:(B*#'
%5*#"$%#'2*5"#"$*+G'?%#'*">D'D")#%&'6'#'H'IJ'K7

<latexit sha1_base64="J53GKWVq16CTsVutXN03WaKHRDY="></latexit>

öNhj !
! dP!

j d2 !Pj "

(2" )3 2P!
j

öa 
h j

öahj =
!

dzj d2 !Pj "

(2" )3 2zj
öa 

h j
öahj

"%



!"#$%&'()*+!"#$%&'()*+

<latexit sha1_base64="sQy7NrEwmhNpYdEfxJq2m18Mwk8="></latexit>

1

64! 3z1z2
Tr

!
! h1 h2 /q (z1, z2, !P1! , !P2! )" "

"
= D h1 h2 /q

1 (z1, z2, !P2
1! , !P2

2! , !P1! á!P2! )

!
!
!

<latexit sha1_base64="6ECJZcJbOLOw9HNRoLA09EyM6Co="></latexit>

!

h1

" 1

0
dz1

"
d2 !P1! D h1 h2 /q

1 (z1, z2, !P2
1! , !P2

2! , !P1! á!P2! ) = ( N ! 1) D h2 /q
1 (z2, !P2

2! )

<latexit sha1_base64="pXOmIB7HzUNkZ27ARb9kQL8Tms8="></latexit>

!

h1

!

h2

" 1

0
dz2

" 1! z2

0
dz1

"
d2 !P1"

"
d2 !P2" D h1 h2 /q

1 (z1, z2, !P2
1" , !P2

2" , !P1" á!P2" ) = N (N ! 1)

,%$"+'&:(B*#'%?'$%&'()*+%,'-*
5#%):>*)'FD*&'$D*'5"#$%&'?#"=(*&$2

"%



!"#$%&'()*+!"#$%&'()*+

"%

<latexit sha1_base64="sQy7NrEwmhNpYdEfxJq2m18Mwk8="></latexit>

1

64! 3z1z2
Tr

!
! h1 h2 /q (z1, z2, !P1! , !P2! )" "

"
= D h1 h2 /q

1 (z1, z2, !P2
1! , !P2

2! , !P1! á!P2! )

!
!
!

<latexit sha1_base64="6ECJZcJbOLOw9HNRoLA09EyM6Co="></latexit>

!

h1

" 1

0
dz1

"
d2 !P1! D h1 h2 /q

1 (z1, z2, !P2
1! , !P2

2! , !P1! á!P2! ) = ( N ! 1) D h2 /q
1 (z2, !P2

2! )

<latexit sha1_base64="pXOmIB7HzUNkZ27ARb9kQL8Tms8="></latexit>

!

h1

!

h2

" 1

0
dz2

" 1! z2

0
dz1

"
d2 !P1"

"
d2 !P2" D h1 h2 /q

1 (z1, z2, !P2
1" , !P2

2" , !P1" á!P2" ) = N (N ! 1)

,%$"+'&:(B*#'%?'$%&'()*+%,'-*
5#%):>*)'FD*&'$D*'5"#$%&'?#"=(*&$2

%&'()*++,(-.(/+0()+..-12'(-,(3()*',340+*(+,(!56789(:(!56768! ;8"99(-.(<.'=>



!"#$%&'()*+!"#$%&'()*+

"&

A:(B*#'2:('#:+*

0.$-$(DEF'+$='(.012
R'I)O1'/+])6+0S,+*'61'O2,+

06'/3])69'01)/

<latexit sha1_base64="xExHWtfuYRZkvaaOSuv8n87g0Tw="></latexit>

D h 1 h 2 /i
1 (w, x, !Y 2 , !Z 2 , !Y á!Z ) ! J áD h1 h2 /i

1 (z1, z2, !P2
1! , !P2

2! , !P1! á!P2! )

<latexit sha1_base64="ulWIc6sWaWSWmqUIMsH0Euu4CsI="></latexit>

!

h1

!

h2

" 1

0
dz2

" 1! z2

0
dz1

"
d2 !P1"

"
d2 !P2" D h1 h2 /i

1 (z1, z2, !P2
1" , !P2

2" , !P1" á!P2" ) = N (N ! 1)



!"#$%&'()*+!"#$%&'()*+

"&

A:(B*#'2:('#:+*

0.$-$(DEF'+$='(.012

<latexit sha1_base64="xExHWtfuYRZkvaaOSuv8n87g0Tw="></latexit>

D h 1 h 2 /i
1 (w, x, !Y 2 , !Z 2 , !Y á!Z ) ! J áD h1 h2 /i

1 (z1, z2, !P2
1! , !P2

2! , !P1! á!P2! )

"#$%!&'()&%*+&,*-$%$.$'%/&0$11#&23%&%'+&4*&$%.*)5)*.*,&3#&
,*%#$.$*#&$%&3%6&7'7*%.(7&83)$349*#&'-&2:'$2*&-')&.:*&%(74*)&

'-&:3,)'%&53$)#&;:"#: $#<&-)3!7*%.$%!&-)'7&.:*&53).'%

R'I)O1'/+])6+0S,+*'61'O2,+
06'/3])69'01)/

<latexit sha1_base64="ulWIc6sWaWSWmqUIMsH0Euu4CsI="></latexit>

!

h1

!

h2

" 1

0
dz2

" 1! z2

0
dz1

"
d2 !P1"

"
d2 !P2" D h1 h2 /i

1 (z1, z2, !P2
1" , !P2

2" , !P1" á!P2" ) = N (N ! 1)

45?(/<@1'*(='/.-0A(-/0'*)*'030-+/(&+2=.(/+0(+/2A(,+*(</)+23*-8'=(B<3*C.(6! ! ()*+D'40-+/9(1<0(
32.+(,+*(2+/E-0<=-/322A(6! ! ! #()*+D'40-+/9(3/=(0*3/.F'*.'2A(6*G!"! $! #$)*+D'40-+/9()+23*-8'=(B<3*C.



!"#$%&'()*+!"#$%&'()*+

"'

A:(B*#'2:('#:+*

-%(*&$:('2:('#:+*
<latexit sha1_base64="IuNLJGRmzHwNgtoahwHBgDnqSgY="></latexit>

!

h1

" 1! z2

0
dz1

"
d2 !P1" z1 D h1 h2 /i

1 (z1, z2, !P 2
1" , !P 2

2" , !P1" á!P2" ) = (1 ! z2) D h2 /i
1 (z2, !P 2

2" )

0.$-$(DEF'+$='(.012

<latexit sha1_base64="xExHWtfuYRZkvaaOSuv8n87g0Tw="></latexit>

D h 1 h 2 /i
1 (w, x, !Y 2 , !Z 2 , !Y á!Z ) ! J áD h1 h2 /i

1 (z1, z2, !P2
1! , !P2

2! , !P1! á!P2! )

!" C''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''12'"' >%&)1$1%&"+'&:(B*#')*&21$G
<latexit sha1_base64="Nngi4MLcEdfGpGOlxXgDEklIsP4="></latexit>

D h1 h2 /i
1 (z1, z2, !P 2

1! , !P 2
2! , !P1! á!P2! )/D h2 /i

1 (z2, !P 2
2! )

<latexit sha1_base64="ulWIc6sWaWSWmqUIMsH0Euu4CsI="></latexit>

!

h1

!

h2

" 1

0
dz2

" 1! z2

0
dz1

"
d2 !P1"

"
d2 !P2" D h1 h2 /i

1 (z1, z2, !P2
1" , !P2

2" , !P1" á!P2" ) = N (N ! 1)



! M033&H5-03!50!GF&30$&30+0(?!D!J0'1!-3!#!L'#$&!JF&'&!5F&!,-F#,'03 !F#B!30!
5'#3BK&'B&!$0$&352$

!"#$%&'()*+!"#$%&'()*+

"(

<latexit sha1_base64="q5BGIJCt2r0IHaPE0Qg1kJIk0Wg="></latexit>

Ph = P1 + P2 R = ( P1 ! P2)/ 2 z = z1 + z2 ! = ( z1 ! z2)/z

<latexit sha1_base64="XRufqTz7k2iwBLMhjytzVFMriVc="></latexit>

(z1, z2, !P1! , !P2! ) !" (z, " , !kT , !RT ) : J = z3/ 2



! M033&H5-03!50!GF&30$&30+0(?!D!J0'1!-3!#!L'#$&!JF&'&!5F&!,-F#,'03 !F#B!30!
5'#3BK&'B&!$0$&352$

!"#$%&'()*+!"#$%&'()*+

"(

<latexit sha1_base64="XRufqTz7k2iwBLMhjytzVFMriVc="></latexit>

(z1, z2, !P1! , !P2! ) !" (z, " , !kT , !RT ) : J = z3/ 2

<latexit sha1_base64="sE0I0HmveIuBOi5JGQGSw15QLbI="></latexit>

D h1 h2 /q
1 (z, ! , "k 2

T , "R 2
T , "kT á"RT ) =

z

32! 3 (1 ! " 2 )
Tr

!
! h1 h2 /q (z1, z2, "P1! , "P2! )#"

"

"#!$!%&'()*!+)%#",-!"%!
<latexit sha1_base64="m49YreIC6/QZSrpH0Wq5gevPec4=">AAACCnicbZDLSsNAFIYnXmu9RV26iRahQimJeFsW3bis0hs0pUymJ+3QyYWZSaENWbvxVdy4UMStT+DOt3GaZqGtPwx8/OcczpzfCRkV0jS/taXlldW19dxGfnNre2dX39tviCDiBOokYAFvOVgAoz7UJZUMWiEH7DkMms7wdlpvjoALGvg1OQ6h4+G+T11KsFRWVz8qTkr2BCQu2SMg8TDpxrVkxg8pn3b1glk2UxmLYGVQQJmqXf3L7gUk8sCXhGEh2pYZyk6MuaSEQZK3IwEhJkPch7ZCH3sgOnF6SmKcKKdnuAFXz5dG6v6eiLEnxNhzVKeH5UDM16bmf7V2JN3rTkz9MJLgk9kiN2KGDIxpLkaPciCSjRVgwqn6q0EGmGMiVXp5FYI1f/IiNM7K1mX54v68ULnJ4sihQ3SMishCV6iC7lAV1RFBj+gZvaI37Ul70d61j1nrkpbNHKA/0j5/ACftmpU=</latexit>

(z, ! , "kT , "RT )

<latexit sha1_base64="q5BGIJCt2r0IHaPE0Qg1kJIk0Wg="></latexit>

Ph = P1 + P2 R = ( P1 ! P2)/ 2 z = z1 + z2 ! = ( z1 ! z2)/z



! M033&H5-03!50!GF&30$&30+0(?!D!J0'1!-3!#!L'#$&!JF&'&!5F&!,-F#,'03 !F#B!30!
5'#3BK&'B&!$0$&352$

!"#$%&'()*+!"#$%&'()*+

"(

<latexit sha1_base64="sE0I0HmveIuBOi5JGQGSw15QLbI="></latexit>

D h1 h2 /q
1 (z, ! , "k 2

T , "R 2
T , "kT á"RT ) =

z

32! 3 (1 ! " 2 )
Tr

!
! h1 h2 /q (z1, z2, "P1! , "P2! )#"

"

"#!$!%&'()*!+)%#",-!"%!
<latexit sha1_base64="m49YreIC6/QZSrpH0Wq5gevPec4=">AAACCnicbZDLSsNAFIYnXmu9RV26iRahQimJeFsW3bis0hs0pUymJ+3QyYWZSaENWbvxVdy4UMStT+DOt3GaZqGtPwx8/OcczpzfCRkV0jS/taXlldW19dxGfnNre2dX39tviCDiBOokYAFvOVgAoz7UJZUMWiEH7DkMms7wdlpvjoALGvg1OQ6h4+G+T11KsFRWVz8qTkr2BCQu2SMg8TDpxrVkxg8pn3b1glk2UxmLYGVQQJmqXf3L7gUk8sCXhGEh2pYZyk6MuaSEQZK3IwEhJkPch7ZCH3sgOnF6SmKcKKdnuAFXz5dG6v6eiLEnxNhzVKeH5UDM16bmf7V2JN3rTkz9MJLgk9kiN2KGDIxpLkaPciCSjRVgwqn6q0EGmGMiVXp5FYI1f/IiNM7K1mX54v68ULnJ4sihQ3SMishCV6iC7lAV1RFBj+gZvaI37Ul70d61j1nrkpbNHKA/0j5/ACftmpU=</latexit>

(z, ! , "kT , "RT )

<latexit sha1_base64="q5BGIJCt2r0IHaPE0Qg1kJIk0Wg="></latexit>

Ph = P1 + P2 R = ( P1 ! P2)/ 2 z = z1 + z2 ! = ( z1 ! z2)/z

<latexit sha1_base64="iqm9GYIcCFkQ+KhDsh41x5u8c0A="></latexit>

D h1 h2 /q, BBJR
1 (z, ! , "k 2

T , "R 2
T , "kT á"RT ) =

1

4z
Tr

!
! h1 h2 /q (z1, z2, "P1! , "P2! )#"

"

./'0$*)!,1"#!,/!,1)!/*"2"%$3!+)4"%","/%!/4!5"$%6/%"7!5/44"7!8$9/(7!:$+"6"!;<===>!,1$,!
1$#!())%!,1)!($#"#!4/*!$33!+"1$+*/%!*)#)$*61!;#)%#","?)!,/!#! >!4/*!,1)!3$#,!<=@!-)$*#

.%*2'/(' '"++%F'2:('#:+*2'$%'B*')*#19*)'$D"$'
L:2$1?G'"'&:(B*#')*&21$G'1&$*#5#*$"$1%&

<latexit sha1_base64="XRufqTz7k2iwBLMhjytzVFMriVc="></latexit>

(z1, z2, !P1! , !P2! ) !" (z, " , !kT , !RT ) : J = z3/ 2



! WIG&'-$&35#+!$&#B2'&$&35B!#'&!B&3B-5-K&!50!5F&!B0DH#++&,!a&I5&3,&,b!.-]]B !
JF&'&!?" !;#3,!2B2#++?!( =!-B!-35&('#5&,!025

!"#$%&'()*+!"#$%&'()*+

")

<latexit sha1_base64="qGnsj3B/LioJCw4Xi96qF18k1AY="></latexit>

z
32! 3(1 ! " 2)

!
d2#kT Tr

"
! h1 h2 /q (z1, z2, #P1! , #P2! )$"

#
= D h1 h2 /q

1 (z, " , #R2
T )

z
32! 3(1 ! " 2)

!
d2#kT Tr

"
! h1 h2 /q (z1, z2, #P1! , #P2! )i%i " $5

#
= !

&ij
T Rj

T

M h
H ! h1 h2 /q

1 (z, " , #R2
T )

$*)!%&'()*!+)%#",")#!"%!
<latexit sha1_base64="r7hYLam9HlQ2APMMNAewBhaplAM=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyxChVIS8bUsunFZpS9oQphMb9uhkwczk0IbAv6KGxeKuPU73Pk3TtsstPXAhcM593LvPV7EqJCm+a3lVlbX1jfym4Wt7Z3dPX3/oCnCmBNokJCFvO1hAYwG0JBUMmhHHLDvMWh5w7up3xoBFzQM6nIcgePjfkB7lGCpJFc/Kk3K9gQkLtsjIMlj6ib19MzVi2bFnMFYJlZGiihDzdW/7G5IYh8CSRgWomOZkXQSzCUlDNKCHQuIMBniPnQUDbAPwklm56fGqVK6Ri/kqgJpzNTfEwn2hRj7nur0sRyIRW8q/ud1Ytm7cRIaRLGEgMwX9WJmyNCYZmF0KQci2VgRTDhVtxpkgDkmUiVWUCFYiy8vk+Z5xbqqXD5cFKu3WRx5dIxOUAlZ6BpV0T2qoQYiKEHP6BW9aU/ai/aufcxbc1o2c4j+QPv8AZ2AlUk=</latexit>

(z, ! , "RT ) >D1#"+3%))'M1&$*#?*#*&>*N'<<'6O<<7'
$D"$'>"&'>%:5+*'$%'$#"&29*#21$G



! WIG&'-$&35#+!$&#B2'&$&35B!#'&!B&3B-5-K&!50!5F&!B0DH#++&,!a&I5&3,&,b!.-]]B !
JF&'&!?" !;#3,!2B2#++?!( =!-B!-35&('#5&,!025

!"#$%&'()*+!"#$%&'()*+

")

<latexit sha1_base64="qGnsj3B/LioJCw4Xi96qF18k1AY="></latexit>

z
32! 3(1 ! " 2)

!
d2#kT Tr

"
! h1 h2 /q (z1, z2, #P1! , #P2! )$"

#
= D h1 h2 /q

1 (z, " , #R2
T )

z
32! 3(1 ! " 2)

!
d2#kT Tr

"
! h1 h2 /q (z1, z2, #P1! , #P2! )i%i " $5

#
= !

&ij
T Rj

T

M h
H ! h1 h2 /q

1 (z, " , #R2
T )

P&**.%))(/* 21(5+G'#*5+">*'$D*'0! ')*5*&)*&>*'1&'$D*'.1<<'F1$D'"&'1 " '"&)'2$1++'("1&$"1&'"'
&:(B*#')*&21$G'1&$*#5#*$"$1%&'1&'1 " '

<latexit sha1_base64="esklVGeBHmwkWDAjgGqJAxUvm5A="></latexit>

!R 2
T =

1 ! " 2

4
M 2

h !
1 ! "

2
M 2

1 !
1 + "

2
M 2

2

<latexit sha1_base64="NYhFr8orGPtPhEESsOxD/TMcJUc="></latexit>

(z1, z2, !P1! , !P2! ) !" (z, " , !kT , M h , #R T ) : J = z3(1 ! " 2)/ 8

$*)!%&'()*!+)%#",")#!"%!
<latexit sha1_base64="r7hYLam9HlQ2APMMNAewBhaplAM=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyxChVIS8bUsunFZpS9oQphMb9uhkwczk0IbAv6KGxeKuPU73Pk3TtsstPXAhcM593LvPV7EqJCm+a3lVlbX1jfym4Wt7Z3dPX3/oCnCmBNokJCFvO1hAYwG0JBUMmhHHLDvMWh5w7up3xoBFzQM6nIcgePjfkB7lGCpJFc/Kk3K9gQkLtsjIMlj6ib19MzVi2bFnMFYJlZGiihDzdW/7G5IYh8CSRgWomOZkXQSzCUlDNKCHQuIMBniPnQUDbAPwklm56fGqVK6Ri/kqgJpzNTfEwn2hRj7nur0sRyIRW8q/ud1Ytm7cRIaRLGEgMwX9WJmyNCYZmF0KQci2VgRTDhVtxpkgDkmUiVWUCFYiy8vk+Z5xbqqXD5cFKu3WRx5dIxOUAlZ6BpV0T2qoQYiKEHP6BW9aU/ai/aufcxbc1o2c4j+QPv8AZ2AlUk=</latexit>

(z, ! , "RT )

!"2*8@5*#1(*&$2'#*5%#$'(*"2:#*(*&$2'1&'$*#(2'%?'1 " '

>D1#"+3%))'M1&$*#?*#*&>*N'<<'6O<<7'
$D"$'>"&'>%:5+*'$%'$#"&29*#21$G



! WIG&'-$&35#+!$&#B2'&$&35B!#'&!B&3B-5-K&!50!5F&!B0DH#++&,!a&I5&3,&,b!.-]]B !
JF&'&!?" !;#3,!2B2#++?!( =!-B!-35&('#5&,!025

!"#$%&'()*+!"#$%&'()*+

#*

<latexit sha1_base64="zgYnI8IzHcuJqrg5GLx0w0KhYmA="></latexit>

D h1 h2 /i
1 (z, Mh ) !

!
2

M h

! 1

! 1
d" (1 " " 2)D h1 h2 /i

1 (z, " , #R2
T )

"#!$!%&'()*!+)%#",-!"%
<latexit sha1_base64="Jk+/w2kxcoQOjUfBrX/NuHbXq5s=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQQcKu+DoGvXgRIpgHJEuYncwmQ2ZnlplZIS75CC8eFPHq93jzb5wke9DEgoaiqpvuriDmTBvX/XZyS8srq2v59cLG5tb2TnF3r6FlogitE8mlagVYU84ErRtmOG3FiuIo4LQZDG8mfvORKs2keDCjmPoR7gsWMoKNlZrlp5O77uC4Wyy5FXcKtEi8jJQgQ61b/Or0JEkiKgzhWOu258bGT7EyjHA6LnQSTWNMhrhP25YKHFHtp9Nzx+jIKj0USmVLGDRVf0+kONJ6FAW2M8JmoOe9ifif105MeOWnTMSJoYLMFoUJR0aiye+oxxQlho8swUQxeysiA6wwMTahgg3Bm395kTROK95F5fz+rFS9zuLIwwEcQhk8uIQq3EIN6kBgCM/wCm9O7Lw4787HrDXnZDP78AfO5w8wBo7V</latexit>

(z, Mh )

<latexit sha1_base64="Eb1bO+agP8+4ksAmb9mVZp3/GXY="></latexit>

!O(z, Mh )"h1 h2 /i =
!

dz dMh O(z, Mh ) D h1 h2 /i
1 (z, Mh )

0"&'(*"&1&=?:++G'>"+>:+"$*'*@5*>$"$1%&'9"+:*2Q



! WIG&'-$&35#+!$&#B2'&$&35B!#'&!B&3B-5-K&!50!5F&!B0DH#++&,!a&I5&3,&,b!.-]]B !
JF&'&!?" !;#3,!2B2#++?!( =!-B!-35&('#5&,!025

!"#$%&'()*+!"#$%&'()*+

#*

<latexit sha1_base64="zgYnI8IzHcuJqrg5GLx0w0KhYmA="></latexit>

D h1 h2 /i
1 (z, Mh ) !

!
2

M h

! 1

! 1
d" (1 " " 2)D h1 h2 /i

1 (z, " , #R2
T )

<latexit sha1_base64="rNWuqlY0K5e+sc3ZOMnI4gxS0ZA="></latexit>

H ! h1 h2 /i
1 (z, Mh ) !

!
2

M h

! 1

! 1
d"

| #RT |
M h

(1 " " 2)H ! h1 h2 /i
1 (z, " , #R2

T )

A1)!$%$3-,"6$3!4/*'&3$#!"%!,1)!3",)*$,&*)!%))+!,/!()!'/+"4")+!
,/!$66/&%,!4/*!,1)#)!%)B!+)4"%","/%#



! WK0+25-03!&\2#5-03B!L0'!&I5&3,&,!.-]]B

!"#$%&'()*+!"#$%&'()*+

#!

MR%(%=*&*%:2'$*#(N MO&D%(%=*&*%:2'$*#(N

<latexit sha1_base64="Cu/QgRkB8Ks4UkWyUnTi9lFRgoc=">AAACCXicbVC5TsNAFHzmDOEyUNKsiJCogh1xlRFQUAaJHFJirPVmHS9ZH9pdI0WWWxp+hYYChGj5Azr+hs1RkISRVhrNvKe3M17CmVSW9WMsLC4tr6wW1orrG5tb2+bObkPGqSC0TmIei5aHJeUsonXFFKetRFAcepw2vf7V0G8+UiFZHN2pQUKdEPci5jOClZZcE1279n0WuHbgVo5Z3lHxlPKQu2bJKlsjoHliT0gJJqi55nenG5M0pJEiHEvZtq1EORkWihFO82InlTTBpI97tK1phEMqnWyUJEeHWukiPxb6RQqN1L8bGQ6lHISengyxCuSsNxT/89qp8i+cjEVJqmhExof8lCOdd1gL6jJBieIDTTARTP8VkQALTJQur6hLsGcjz5NGpWyflU9vT0rVy0kdBdiHAzgCG86hCjdQgzoQeIIXeIN349l4NT6Mz/HogjHZ2YMpGF+/I/WYuw==</latexit>

D h1 h2 /i
1 ! D h1 h2 /j

1

<latexit sha1_base64="n9dOyE/3ISFZLpZ2Xq0vfrQzyJI=">AAACGXicbVDLSsNAFJ34rPUVdelmsAiu2qT4WhZ14bKCfUATw2Q6acdOMmFmIpSQ33Djr7hxoYhLXfk3TtsUtPXAwOGce7lzjh8zKpVlfRsLi0vLK6uFteL6xubWtrmz25Q8EZg0MGdctH0kCaMRaSiqGGnHgqDQZ6TlDy5HfuuBCEl5dKuGMXFD1ItoQDFSWvJM68qz79K+Z/e9aoVmjuJwqlTuM4crGhI5laqVQeaZJatsjQHniZ2TEshR98xPp8txEpJIYYak7NhWrNwUCUUxI1nRSSSJER6gHuloGiF90E3HyTJ4qJUuDLjQL1JwrP7eSFEo5TD09WSIVF/OeiPxP6+TqODcTWkUJ4pEeHIoSBjU+Uc1wS4VBCs21ARhQfVfIe4jgbDSZRZ1CfZs5HnSrJbt0/LJzXGpdpHXUQD74AAcARucgRq4BnXQABg8gmfwCt6MJ+PFeDc+JqMLRr6zB/7A+PoBJVyfLA==</latexit>

D h1 h2 /i
1 ! D h1 /j

1 " D h2 /k
1



! WK0+25-03!&\2#5-03B!L0'!&I5&3,&,!.-]]B

!"#$%&'()*+!"#$%&'()*+

#!

MR%(%=*&*%:2'$*#(N MO&D%(%=*&*%:2'$*#(N

<latexit sha1_base64="Cu/QgRkB8Ks4UkWyUnTi9lFRgoc=">AAACCXicbVC5TsNAFHzmDOEyUNKsiJCogh1xlRFQUAaJHFJirPVmHS9ZH9pdI0WWWxp+hYYChGj5Azr+hs1RkISRVhrNvKe3M17CmVSW9WMsLC4tr6wW1orrG5tb2+bObkPGqSC0TmIei5aHJeUsonXFFKetRFAcepw2vf7V0G8+UiFZHN2pQUKdEPci5jOClZZcE1279n0WuHbgVo5Z3lHxlPKQu2bJKlsjoHliT0gJJqi55nenG5M0pJEiHEvZtq1EORkWihFO82InlTTBpI97tK1phEMqnWyUJEeHWukiPxb6RQqN1L8bGQ6lHISengyxCuSsNxT/89qp8i+cjEVJqmhExof8lCOdd1gL6jJBieIDTTARTP8VkQALTJQur6hLsGcjz5NGpWyflU9vT0rVy0kdBdiHAzgCG86hCjdQgzoQeIIXeIN349l4NT6Mz/HogjHZ2YMpGF+/I/WYuw==</latexit>

D h1 h2 /i
1 ! D h1 h2 /j

1

<latexit sha1_base64="n9dOyE/3ISFZLpZ2Xq0vfrQzyJI=">AAACGXicbVDLSsNAFJ34rPUVdelmsAiu2qT4WhZ14bKCfUATw2Q6acdOMmFmIpSQ33Djr7hxoYhLXfk3TtsUtPXAwOGce7lzjh8zKpVlfRsLi0vLK6uFteL6xubWtrmz25Q8EZg0MGdctH0kCaMRaSiqGGnHgqDQZ6TlDy5HfuuBCEl5dKuGMXFD1ItoQDFSWvJM68qz79K+Z/e9aoVmjuJwqlTuM4crGhI5laqVQeaZJatsjQHniZ2TEshR98xPp8txEpJIYYak7NhWrNwUCUUxI1nRSSSJER6gHuloGiF90E3HyTJ4qJUuDLjQL1JwrP7eSFEo5TD09WSIVF/OeiPxP6+TqODcTWkUJ4pEeHIoSBjU+Uc1wS4VBCs21ARhQfVfIe4jgbDSZRZ1CfZs5HnSrJbt0/LJzXGpdpHXUQD74AAcARucgRq4BnXQABg8gmfwCt6MJ+PFeDc+JqMLRr6zB/7A+PoBJVyfLA==</latexit>

D h1 h2 /i
1 ! D h1 /j

1 " D h2 /k
1

<latexit sha1_base64="bXt4xbJOSUy5GD3nKS8wAFWalKE="></latexit>

D h1 h2 /q, (b)
1 (z1, z2, !R2

T ; µ) =
1

!R2
T

CF " s

2#2 µ2!
! 1! z2

z1

dw
w(1 ! w)

D h1 /q
1 (z1/w )D h2 /g

1 (z2/ (1 ! w))
1 + w2

1 ! w

,D*'1&D%(%=*&*%:2'$*#(2'"#*')(/ 'ST')19*#=*&$'FD*&'%&*'U**52'$D*')*5*&)*&>*'%&'0! '
43,,+'23)+N,II).1,61 :+,0+'2;+4<==>77



! WK0+25-03!&\2#5-03B!L0'!&I5&3,&,!.-]]B

!"#$%&'()*+!"#$%&'()*+

#"

<latexit sha1_base64="mrjHIqlTzQy1JtakOaz2TbnoSMs="></latexit>

! Dh1 h2 /i (z, " , #R2
T ; µ)

! ln µ2 =
!

i !

" 1

z

dw
w

Dh1 h2 /i !
#z
w

, " , #R2
T ; µ

$
Pi ! i ! (w)

<latexit sha1_base64="PPi3ShrQgklaDyGseMeZdOxVaRg="></latexit>

D = D1 or H !
1FD*#*

:2*':&5%+"#1E*)'
25+1$$1&='U*#&*+2

:2*'$#"&29*#2*+G'5%+"#1E*)'
25+1$$1&='U*#&*+2

,D*'*9%+:$1%&'*V:"$1%&2'%?'$D*'*@$*&)*)'.1<<2'
"#*'$D*'2"(*'"2'21&=+*3D")#%&'>%++1&*"#'<<2



!"#$%&'()*+

Summary

##

! O&!F#K&!2G,#5&,!02'!Z>*8. D<7!#3#+?B-B!2B-3(!3&J!,#5#!L'0$!VW6*W4!
;8. D%-33&,!M0++-3B!#3,!4-K&'B!&LL&H5B!#3,!!!!!!!!!!!!=!#B!J&++!#B!H03B5'#-35B!
L'0$!+#55-H&!fM.!;5&3B0'!HF#'(&!! ! =!#3,!5F&!40LL&'!%023,!03!5'#3BK&B-5?e

!

! R2'!Z>*8. D<<!'&B2+5B!BF0J!-5!-B!B5-++!G0BB-%+&!50!#HH0$$0,#5&!5F&B&!
,#5#UH03B5'#-35B!#3,!,&BH'-%&!#++!A44>Be!!AF&!3&J+?!&I5'#H5&,!5'#3BK&'B-5?!
L23H5-03!#3,!#BB0H-#5&,!5&3B0'!HF#'(&B!#'&!$2HF!$0'&!G'&H-B&e!!O&!#+B0!
F#K&!5F&!L-'B5!,-'&H5!-3L0'$#5-03!L'0$!&IG&'-$&35!03!!!!!!!!!!e

! O&!H#3!&K&352#++?!-3H+2,&!#>,&G&3,&35!+#55-H&&,#5#!03!5'#3BK&'B-5?!-350!
GF&30$&30+0(?!;$0'&!H03B5'#-3-3(!5F#3!5F&!5&3B0'!HF#'(&!,#5#=e

! O&!F#K&!-35'0,2H&,!#!")1$#)7'"'&'8"$87$#'-!#+8" $7+!90)"&!&'8"$75"*&'8"%$
&-!&$'%$*8"%'%&)"&$1'&-$!$"50,)+$#)"%'&:$'"&)+/+)&!&'8")!(-K-3(!5F&B&!
L23H5-03B!#!H+&#'!GF?B-H#+!$&#3-3(e

<latexit sha1_base64="N3bPUC3sHjJXmKnLVo2hQJY0z7s=">AAACHHicbVDNTsJAGNziH+JflaOXRmLiibSGqEfUi0eMFEhobbbbLWzYbpvdLZE0fRW96nt4M15NfA2fwAV6EHCSTSYz3/ftZPyEEiFN81srra1vbG6Vtys7u3v7B/rhUUfEKUfYRjGNec+HAlPCsC2JpLiXcAwjn+KuP7qd+t0x5oLErC0nCXYjOGAkJAhKJXl69drL7Hb+mDmCMCcZEu8h9/SaWTdnMFaJVZAaKNDy9B8niFEaYSYRhUL0LTORbga5JIjivOKkAicQjeAA9xVlMMLCzWbhc+NUKYERxlw9Jo2Z+ncjg5EQk8hXkxGUQ7HsTcX/vH4qwys3IyxJJWZo/lGYUkPGxrQJIyAcI0knikDEicpqoCHkEEnV18KlYEwSUaR+mseuqJKs5UpWSee8bl3UG/eNWvOmqKsMjsEJOAMWuARNcAdawAYITMALeAVv2rP2rn1on/PRklbsVMECtK9f4kuivg==</latexit>

Asin ! S
UT

<latexit sha1_base64="fTu+xmdHd28aAAJUumxF0wybkrk=">AAAB83icbVBNS8NAEJ34WetX1aOXYBHqpSRS1GPRS48V7Ac0oWw203bpZhN2N0IN/RtePCji1T/jzX/jts1BWx8MPN6bYWZekHCmtON8W2vrG5tb24Wd4u7e/sFh6ei4reJUUmzRmMeyGxCFnAlsaaY5dhOJJAo4doLx3czvPKJULBYPepKgH5GhYANGiTaS52nGQ8wa08rTRb9UdqrOHPYqcXNShhzNfunLC2OaRig05USpnusk2s+I1IxynBa9VGFC6JgMsWeoIBEqP5vfPLXPjRLag1iaEtqeq78nMhIpNYkC0xkRPVLL3kz8z+ulenDjZ0wkqUZBF4sGKbd1bM8CsEMmkWo+MYRQycytNh0RSag2MRVNCO7yy6ukfVl1r6q1+1q5fpvHUYBTOIMKuHANdWhAE1pAIYFneIU3K7VerHfrY9G6ZuUzJ/AH1ucPq8yRdA==</latexit>
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