
!"#$%"&'$()*'$+,#$*-.)$#$&'-,
/0,'1$,234,*&(5$,! ,

,
6&$1*,4*5+$,

7&"8$)-"'9,/0,:;0/)+,
:&,<$1*50,/0,'1$,=>2<,?/55*</)*'"/&,

,
@2>ABC,B)*(.$C,DE'1,F.59,%G)+,H.(.-',DIDI,

J,6&$1*,4*5+$,,,,



The	Standard	Model	–	not	full	story	

6&$1*,4*5+$,,, D,

Empirical	
¥  Dark	Matter	
¥  Matter	rather	than	antimatter	
¥  Gravity	
¥  …	more	

Aesthetic	
¥  Why	3	generations?	
¥  Unification	
¥  Fine	tuning	/	hierarchy	



H,K)/#"-"&(,*)$*,

6&$1*,4*5+$,,, G,G,

A	promising	area	-	CP	violation		

G,

¥  B)/<"&(,2BL,0.)'1$),#*9,.&?/8$),'1$,$00$?'-,/0,MB,
¥  234,#*')";,+$-?)"<$-,'1$,?/.K5"&(,/0,'1$,N$*O,*&+,#*--,$"($&-'*'$- ,/0,P.*)O-Q,
¥  6"&(5$,0)$$,K1*-$,"&,'1$,234,#*')";,("8$-,)"-$,'/,6'*&+*)+,4/+$5,2BL,
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Vcd Vcs Vcb
Vtd Vts Vtb

⎛

⎝

⎜
⎜
⎜⎜

⎞

⎠

⎟
⎟
⎟⎟

7-"&(,'1$,K)/K$)'"$-,/0,.&"'*)9,#*')"?$-,

0 =1+
Vtb

*Vtd

Vcb
* Vcd

+
Vub

* Vud

Vcb
* Vcd

! "

#

€ 

γ = −arg
VudVub

*

VcdVcb
*

$ 

% 
& 

' 

( 
) 



,,

6&$1*,4*5+$,,, R,R,

CKM	angle	! 	

¥  ! /&59,*&(5$,$*-"59,*??$--"<5$,*',')$$,5$8$5Q
¥  !)$$,5$8$5,#$*-.)$#$&'-,*)$,S64T,

<$&?1#*)O,8*5.$-,%,&/,"&'$)0$)$&?$,0)/#,
M$N,B19-"?-,

¥  A00$?'"8$59,&/,'1$/)9,.&?$)'*"&'"$-Q,

,U")$?',#$*-.)$#$&',

B5/'-,,*&+,)$-.5'-,0)/#,234V"''$) ,,

6'*&+*)+,#/+$5,<$&?1#*)O,

Tree	level	



,,

6&$1*,4*5+$,,, W,W,

CKM	angle	! 	

¥  ! /&59,*&(5$,$*-"59,*??$--"<5$,*',')$$,5$8$5Q
¥  !)$$,5$8$5,#$*-.)$#$&'-,*)$,S64T,

<$&?1#*)O,8*5.$-,%,&/,"&'$)0$)$&?$,0)/#,
M$N,B19-"?-,

¥  A00$?'"8$59,&/,'1$/)9,.&?$)'*"&'"$-Q,

¥  H--.#$,'1$,')"*&(5$,"-,?5/-$+Q,
4$*-.)$#$&'-,/0,'1$,/'1$),-"+$-,*&+,
*&(5$-,*)$,.-$+,'/,"&0$),'1$,8*5.$,/0,!. ,

¥  M$N,B19-"?-,?*&,?/&')"<.'$,X,
K/'$&'"*5,0/),+"00$)$&',?$&')*5,8*5.$Q,

,U")$?',#$*-.)$#$&',,,,,,,,8- , ,@&+")$?',+$'$)#"&*'"/&,

B5/'-,,*&+,)$-.5'-,0)/#,234V"''$) ,,



,,

6&$1*,4*5+$,,, Y,Y,

! = (65.66! 2.65
+0.90 )!

¥  7&?$)'*"&'"$-,0)/#,=Z2U,
¥  2*&,$;K$?',)$+.?'"/&,"&,'"#$,

CKM	angle	! 	

¥  ! /&59,*&(5$,$*-"59,*??$--"<5$,*',')$$,5$8$5Q
¥  !)$$,5$8$5,#$*-.)$#$&'-,*)$,S64T,

<$&?1#*)O,8*5.$-,%,&/,"&'$)0$)$&?$,0)/#,
M$N,B19-"?-,

¥  A00$?'"8$59,&/,'1$/)9,.&?$)'*"&'"$-Q,

¥  H--.#$,'1$,')"*&(5$,"-,?5/-$+Q,
4$*-.)$#$&'-,/0,'1$,/'1$),-"+$-,*&+,
*&(5$-,*)$,.-$+,'/,"&0$),'1$,8*5.$,/0,!. ,

¥  M$N,B19-"?-,?*&,?/&')"<.'$,X,
K/'$&'"*5,0/),+"00$)$&',?$&')*5,8*5.$Q,

! = (72.1! 5.7
+5.4 )!

,U")$?',#$*-.)$#$&',,,,,,,,8-Q, ,@&+")$?',+$'$)#"&*'"/&,

¥  =*)($,$;K$)"#$&'*5,.&?$)'*"&'"$-Q,
¥  Significant	progress	possible	in	next	

few	years	

B5/'-,,*&+,)$-.5'-,0)/#,234V"''$) ,–,6.##$),DIJ[, ,



6&$1*,4*5+$,,, \,

Using	a	common	D	decay	final	state	

6&$1*,4*5+$,,,,,, \,

] %,

UI 3%,

^0_U3%,

UI 3%,

)] $,
"̀ a] %! ),

¥  2/##/&,0"&*5,-'*'$,*55/N-,
"&'$)0$)$&?$,<$'N$$&,'1$,
'N/,K*'1-,

¥  @&'$)0$)$&?$,("8$-,*??$--,'/,
'1$,K1*-$,

!1$,5$8$5,/0,"&'$)0$)$&?$C,*&+,"'-,$;*?',
#*&"0$-'*'"/&,"-,+$K$&+$&',/&,'1$,K19-"?-,
/0,'1$,],+$?*9,HMU,U,+$?*9,
,



6&$1*,4*5+$,,, E,

Self-conjugate	D	decays	using	Dalitz	plot	“BPGGSZ”	

6&$1*,4*5+$,,,,,, E,

] %,

UI 3%,

^3-bcb%_U3%,

UI 3%,

)] $,
"̀ a] %! ),

d,

d, G%</+9,U,#$-/&,+$?*9Q,,

,BeU,YE,`DIIGf,IWRIJEC,,BeU,,\I,`DIIRf,I\DIIG,

!1$,5$8$5,/0,"&'$)0$)$&?$C,*&+,"'-,$;*?',
#*&"0$-'*'"/&,"-,+$K$&+$&',/&,'1$,K19-"?-,
/0,'1$,],+$?*9,HMU,U,+$?*9,
,

4*&9,?/#<"&*'"/&-,/0,],*&+,U,
+$?*9-,("8$,-$&-"'"8"'9,'/,!

!1"-,'*5Og,,
¥  V/?.-,/&,] c! U 3̀-11f1h,
,
¥  ])"$059,]c! U 3̀-3$f1,

!"#$,+$K$&+$&',)$-.5'-,-1/N&,"&,
A8*,i$)-*<$?Oh-,'*5O,–,M$;','*5Oj,,

NEW	
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Combinatorial
Data

=>2<,+*'*,-$5$?'"/&,

6&$1*,4*5+$,,,, [,

A;?$55$&',+$'$?'/),K$)0/)#*&?$g,,
¥  !)"(($),$00"?"$&?9C,@B,)$-/5.'"/&C,#/#$&'.#,)$-/5.'"/&,*&+,1*+)/&,B@U,

5$*+,'/,5*)($,9"$5+-,N"'1,1"(1,K.)"'9,

@&,'/'*5,k,,JW3,]! U3,
, ,DJI3,] ! U$,

V.55,+*'*-$',0)/#,DIJJ,%,DIJE,

=>2<%2:MV%DIDI%IIJ,

] " U3, ] " U$,



6&$1*,4*5+$,,, JI,

CP	violation	on	the	D-Dalitz	plot	distribution	

!1$,#*(&"'.+$,*&+,K/-"'"/&,/0,'1$,+"00$)$&?$-,"-,+)"8$&,<9,'1$,8*5.$-,/0,rB,	%B	,	
! ,	*&+,'1$,K19-"?-,/0,'1$,U,+$?*9,

] c" U3c, ] %" U3%,

=>2<%2:MV%DIDI%IIJ,



Compare	Bin	yields		

6&$1*,4*5+$,,,, JJ,

¥  @+$*,–,?/#K*)$,9"$5+-,"&,<"&-,
<$'N$$&,]c,*&+,]%,

¥  M/&,.&"0/)#,<"&&"&(,-?1$#$,
?1/-$&,'/, #*;"#"-$ ,-'*'"-'"?*5,,
-$&-"'"8"'9,

¥  U! 3-33,?*&,*5-/,<$,"&?5.+$+,,

¥  e$-.5'-,*)$,independent,/0,*&9,
*#K5"'.+$,#/+$5,

BeU,ED,`DIJIf,JJDIIY,

U! 3-$$,

U! 3-33,



Yield	equations	

6&$1*,4*5+$,,,, JD,

¥  :<-$)8$+,9"$5+-,"&,$*?1,<"&,?*&,<$,)$5*'$+,'/,K19-"?-,K*)*#$'$)-,/0,"&'$)$-',*&+,UI ,
+$?*9,"&0/)#*'"/&,



Yield	equations	

6&$1*,4*5+$,,,, JG,

¥  :<-$)8$+,9"$5+-,"&,$*?1,<"&,?*&,<$,)$5*'$+,'/,K19-"?-,K*)*#$'$)-,/0,"&'$)$-',*&+,UI ,
+$?*9,"&0/)#*'"/&,

¥  B19-"?-,K*)*#$'$)-,/0,"&'$)$-',,;l ,m,)] ?/- `,%]  ,±  !fn,9l ,m,)] -"&̀ ,%]  ,±  !f,
,



Yield	equations	

6&$1*,4*5+$,,,, JR,

¥  :<-$)8$+,9"$5+-,"&,$*?1,<"&,?*&,<$,)$5*'$+,'/,K19-"?-,K*)*#$'$)-,/0,"&'$)$-',*&+,UI ,
+$?*9,"&0/)#*'"/&,

¥  B19-"?-,K*)*#$'$)-,/0,"&'$)$-',,;l ,m,)] ?/- `,%]  ,±  !fn,9l ,m,)] -"&̀ ,%]  ,±  !f,

¥  6')/&(,K1*-$,K*)*#$'$)-,/0,'1$,U,+$?*9,0)/#,]A6@@@c2=A:o,
¥  H??$--,'/,P.*&'.#%?/))$5*'$+,U,+$?*9,*55/N-,'1$#,*??$--,'/,'1$,K1*-$,

"&0/)#*'"/&Q,
,

o,B)$5"#"&*)9,)$-.5',+/$-&h',.-$,'1$,)$?$&',U! 3-33,)$-.5',*)p"8gDII\QI\[W[,,,,

BeU,,JIJ,JJDIIDC,BeU,ED,JJDIIY,,



Yield	equations	

6&$1*,4*5+$,,,, JW,

¥  :<-$)8$+,9"$5+-,"&,$*?1,<"&,?*&,<$,)$5*'$+,'/,K19-"?-,K*)*#$'$)-,/0,"&'$)$-',*&+,UI ,
+$?*9,"&0/)#*'"/&,

¥  B19-"?-,K*)*#$'$)-,/0,"&'$)$-',,;l ,m,)] ?/- `,%]  ,±  !fn,9l ,m,)] -"&̀ ,%]  ,±  !f,

¥  6')/&(,K1*-$,K*)*#$'$)-,/0,'1$,U,+$?*9,0)/#,]A6@@@c2=A:,

¥  V)*?'"/&,/0,K.)$,UI ,+$?*9,'/,<"&,!,'*O"&(,"&'/,*??/.&','1$,)$?/&-').?'"/&,*&+,
-$5$?'"/&,$00"?"$&?9,



Efficiency	and	B! D$	

6&$1*,4*5+$,,,, JY,

¥  B)$8"/.-59,.-$+,]! Uoµ& *&+,
-"#.5*'"/&,'/,+$'$)#"&$,'1$,V ",Ð,<.','1$,
')"(($),*&+,-$5$?'"/&,?*&h',<$,'1$,-*#$Q,

¥  A00"?"$&?9,K)/0"5$,"&,] ! U$,N/.5+,<$,'1$,
-*#$, –,'/K/5/(9,-*#$,

¥  ])*&?1"&(,0)*?'"/&,k,;JD,5*)($),,%,
/<8"/.-,?/&')/5,#/+$, ]7!,2BL,*&+,
/'1$),K19-"?-,$00$?'-,"&,'1"-,?1*&&$5,
#.-',<$,.&+$)-'//+q'*O$&,"&'/,
*??/.&'Q,

,
¥  V/),'1$,0")-','"#$C,.-$,'1"-,*-,'1$,?/&')/5,

#/+$,'/,+$'$)#"&$,'1$,V ",`*&+,
-"#.5'*&$/.-59,+$'$)#"&$,'1$,2BL,
K*)*#$'$)-,"&,] ! U$,f,

F>AB,JI,`DIJRf,I[\,

,e$+.?$,-9-'$#*'"?,.&?$)'*"&'"$-C,
)$+.?$,)$5"*&?$,/&,-"#.5*'"/&,

A00"?"$&?9,K)/0"5$,"-,&/',.&"0/)#,
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Combinatorial
Data

Fit		

6&$1*,4*5+$,,,, J\,

¥  4*--,0"',K$)0/)#$+,"&,$*?1,U*5"'r,K5/',<"&,'/,+$'$)#"&$,;C,9,2B,/<-$)8*<5$-,

¥  A;*#K5$,<"&,R,-1/N&,<$5/N,*&+,+$#/&-')*'$-,*,)$("/&,/0,5*)($,*-9##$')9,

=>2<%2:MV%DIDI%IIJ,

] c, ] %,



Results	

6&$1*,4*5+$,,,, JE,

¥  2B,8"/5*'"/&,"-,?5$*)59,/<-$)8$+,"&,]! U3Q,,

¥  U*'*,"&-.00"?"$&','/,-$$,2BL,"&,] ! U$,

=>2<%2:MV%DIDI%IIJ,

] ! U3,

] ! U$,
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Interpretation	+	Comparison	

6&$1*,4*5+$,,,, J[,

! = (69±5)! s`-'*'f,k,Wt,,,,,s`]A6@@@c2=A:f,k,JtC,s`-9-' f,kJt,

DIJJ,%DIJEg,

=>2<%2:MV%DIDI%IIJ,

B)$5"#"&*)9,



Interpretation	+	Comparison	

6&$1*,4*5+$,,,, DI,

γ = (80! 9
+10)! s`-'*'f,k,[t ,,,,,,,,,,,,,,,,,,,,,,,,s`2=A:f,k,RtC,s`-9-' f,kGt,

DIJJ,%DIJYg,

s`-'*'f,k,Wt,,,,,s`]A6@@@c2=A:f,k,JtC,s`-9-' f,kJt,

DIJJ,%DIJEg,

M$N,"&K.'-,0)/#,]A6@@@,/&,-')/&(,K1*-$-,"&,U! 3-$$,#*O$,*,5*)($,+"00$)$&?$,
,
7-$,/0,'1$,] ! U$,+$?*9,#/+$,'/,"&?/)K/)*'$,'1$,$00"?"$&?9,$00$?'-,)$+.?$-,
'1$,$;K$)"#$&'*5,-9-'$#*'"?,.&?$)'*"&'"$-Q,
,

=>2<%2:MV%DIDI%IIJ,

B)$5"#"&*)9,

F>AB,IE,DIJE,J\Y,

! = (69±5)!



Interpretation	+	Comparison	

6&$1*,4*5+$,,,, DJ,

γ = (80! 9
+10)! s`-'*'f,k,[t ,,,,,,,,,,,,,,,,,,,,,,,,s`2=A:f,k,RtC,s`-9-' f,kGt,

DIJJ,%DIJYg,

s`-'*'f,k,Wt,,,,,s`]A6@@@c2=A:f,k,JtC,s`-9-' f,kJt,

DIJJ,%DIJEg,

¥  ] ! U$,K*)*#$'$)-,#$*-.)$+,0/),'1$,0")-',
'"#$Q,

¥  @#K*?',"&,'1$,! ?/#<"&*'"/&,/0,#*&9,)$-.5'-C,
*-,2BL,"-,-$$&,"&,/'1$),] ! U$ +$?*9,#/+$-Q,

¥  !1"-,)$-.5',"-,'1$,#/-',K)$?"-$,'/,+*'$Q,

¥  e$*?1$-,-"#"5*),K)$?"-"/&,*-,*55,/'1$),
#$*-.)$#$&'-,/0, ! ,?/#<"&$+,

=>2<%2:MV%DIDI%IIJ,

B)$5"#"&*)9,

! = (69±5)!



Other	measurements	

6&$1*,4*5+$,,,, DD,

H,5*)($,&.#<$),/0,+"00$)$&',],*&+,U,+$?*9-,*)$,K.)-.$+,*',=>2<,'/,#$*-.)$,! ,
=*)($,*#/.&',/0,?.))$&',*?'"8"'9,'/,.K+*'$,'1$-$,'/,'1$,0.55,+*'*,-*#K5$,

,,
,
¥  H-9##$')"$-,"&,] ! U 3̂63$_3,1*8$,-$&-"'"8"'9,'/,!. ,
,
,
,

H&/'1$),0.55,,e.&J,c,
e.&D,*&*59-"-,–,,
,
6'*&+*5/&$,
#$*-.)$#$&',&/',
K/--"<5$Q,,

F>AB,,IY,`DIDIf,IWE,

] %! U`3-,3%,$c,f3%,,
,

] c! U`3-,3c,$%,f3c,,

u"55,?/&')"<.'$,'/,'1$,&$;', ! ,?/#<"&*'"/& ,



Summary	and	Outlook	

6&$1*,4*5+$,,,, DG,

?/#<"&*'"/&,"&,DIJE,

=>2<%2:MV%DIJE%IID,

=>2<,-'*)'$+,'/,)$5$*-$,0.55,e.&J,*&+,
e.&D,#$*-.)$#$&'-,/0, !

M$N,)$-.5',.-"&(,] ! U 3̀611f1h,
,
,

4/-',K)$?"-$,#$*-.)$#$&',0)/#,
-"&(5$,#$*-.)$#$&'Q,
,
]$&$0"',0)/#,&$N,?/&')/5,*&+,&$N,
$;'$)&*5,"&K.'-,/0,-')/&(,K1*-$-,
,

=>2<,"-,/&,')*?O,'/,-.)K*--,'1$,Rt,
e.&JcD,'*)($',
,
,

! = (69±5)!

=>2<%2:MV%DIDI%IIJ,


