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Main motivation...

o Overconstrain the CKM matrix: measure fundamental
parameters, constrain new physics effects

o Measure the 4 free paremeters in various ways:
— CP conserving 1|V |, [Vl [Vial, [V}

. . V
— CP violating  {eg, ¢, B, ¥} |
— Tree level {.ce, i, IVl ¥}
— Loop level {.es e, | V|, B} y
#
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B factories: BaBar and Belle
= experiments designed for p extraction !

. |
el >1ab™’!
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BaBar: 467 X 10°BB pairs

final samples { fas—
Belle: 772 X 10° BB pairs



Time —dependent CP asymmetries

in decays to CP eigenstates
sin2¢, from B—f , + BHE?&]‘;-P interf.

i ~ N(B°(t)—=f)-N(B°(t)~f)
- cp(fst) = — 5
e JAP N(B(t)-f)+N(B°(t)-f)
B}" "{ni:: =S sinAm,t+A cosAmg,t
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A =0and S=-%¢sin2p for (cc)Ky, (g=F1)

°A=0and S=sin2« for m'w (if tree only)




. . —_ 0 772x10° BB pairs
sin2p in (C C) K™... [PRL 108 (2012) 171802, arXiv:1201.4643]
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[.a raison d'éetre of the B factories

sin 23
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PRELIMINARY

sin (2 B)
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BaBar :
PRD 79 (2009) 072009

BaBar
PRD 80 &00093 112001

BaBar J/y (hadronic) K
PRD 69 (2004):052001

Belle :
PRL 108 (2012) 171802

ALEPH :
PLB 492, 259 (2000)

i

: 1,56 +0.42 +0.21

*

0.69 + 0.03 + 0.01

0.69£0.52 + 0.04 £ 0.07

0.67 £0.02 £ 0.01

0.84 *9%2+0.16

B

=(21.4+0.8)

2000

what is the source of CP violation ?
the Kobayashi-Maskawa phase is the source

OPAL 3.20 380 + 0.50,
EPJ C5, 379 (1998) x
CDF . | 0.79 344
PRD 61, 072005 (2000) e
LHCb : N 0.53 *928 + 0.05
LHCb-CONF- 2011 004 =1
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B in other modes

h

JIKSy @)K, 1aKS, D™D, D*D- 0K®, K*K™K,
-0 ol # # | | - -
n.Ks,J WK, Jhyn®, D™ D™ KeKIKem'K®, Ko,

PRI o | IVl | I | T |
JyK (K" = Kgn) o hg . (980) M}'

see G.Marchiori's talk

increasing tree diagram amplitude
—

increasing sensitivity to new physics

possible new sources of CPV ?
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0 + 1N\
Update of B-—>D"'D mode _ /S
_ + BELLE
,f‘<j D" 772%x10° BBpairs
BO E 5 —~ ; D D [arXiv:1203.6647]

SM prediction: S = —sin2p and A~0 [Z.Z Xing, PRD61, 014010 (1999)]

B° - D'D — (K n'n")(K'n n) [> x 2 signal yield compared
- (K n" =) (Kg ) to previous analysis (535 MBB)]

Signal events =269 + 21
Br(B° = D*D)=(2.12+0.16 +0.18)x10* .  D'DSuvsCy, FEL
[PDG: (2.11 = 0.31) x 1074] D

[t

¢ D"tag

Gl | N\ g
\ e T tag

Events/ 1 ps=

Contours give -2A(In L) = sz =1, corresponding to 60.7% CL for 2 dof
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Update of B’ -D"D™ mode A
',<f D+ -

L
r

) < ot & -
Bd - ;fD

772% 10° BBpairs
[arXiv:1203.6647]

I

SM prediction: S = —sin2p and A~0 [Z.Z Xing, PRD61, 014010 (1999)]

B° - D'D - (Knn)(K'n n) [> X 2 signal yield compared
- (K ') (KO ) to previous analysis (535 MBB)]

Signal events =269 + 21
Br(B” > D*D)=(2.12+0.16 + 0.18) x 10™* .. D'DSgvsCy FEEE
[PDG:(2.11 + 0.31) x 1074] — '

¢ D"tag 0.8

Gl | N\ g
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S=-1.06 g3, %
A=+0.43+0.16

raw asymmetry

-1.6 -1.2 -0.8 -0.4 0 0.4 0.8

Contours give -2A(In L) = Ax? = 1, corresponding to 60.7% CL for 2 dof
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Update of B> D™ D™ mode Vs

BELLE

Final state is a mixture of CP eigenstates 772x 10° B B pairs

B decay channels: [prellmlnary]

-B— D*tD*— — (D°= ) (D0 )
-B— D*tp*~ = (DT =% (D= )

Signal events = 1225 + 59

D decay channels:
DT - K xntxT, DT — Kgm™,

ot — Kot bt - k-kint Br(B>>D7"D")=(7.82+0.38+0.60)x 107"
Dg — K- nt Dg — K~ w0, [PDG: (8.2 +0.9)x 10™*]

— ot — =
go - E_: +” ™, DPoKemiw [take full advantage of the reprocessing of Belle data]
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0 * 4 *_ N
Update of B"—>D "D  mode g
P (I) — ée_ ! fTB“ (1 + q ((1 — 2P0dd)s sin(&m . f) + ACOS(ﬁm . f))) %
angular analysis to decompose CP-even and odd: N
Transversity base
T~ _ signal (CP-even + CP-odd)
T 4 red: background _
e \ P S blue:  CP-odd 8
,f"’-f D:H / .r'-'hh"‘"»h_h 3
.{-\:-\"‘-\-__\_\_ ....'”'1 HHEE""—-\_\_HD“" EHEH_HE ;
T~ LIS 7 5
-h"‘“m__h_ x - / L
T~ //RO =0.62+0.03 +0.01
" R,=0.14+£0.02 +£0.01

100
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—
u L g= + -
g i i3 C PRELIMINARY
T T T T T T
oo BaBar: |
L 7} Belle
40| “Z  Average |

raw asymmetry

i 1 1 1 1
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Scr

Contours give -2A(In L) = NP = 1, corresponding to 60.7% CL for 2 dof



Update of B° DD~ mode

P(t) = ﬁe_ Ve (14 q((1 — 2Pogg) Ssin(Am - t) + Acos(Am - 1))

Events/ ( 0.05)

angular analysis to decompose CP-even and odd:
Transversity base

Py ] signal (CP-even + CP-odd)
A 4 red: background .
s \ o blue:  CP-odd 2
7 D+ / o o
"::_h '-,_H""“-u,_hh . "'““-n__hh_ :
T "4 I . ™ "g
T o A 7 o
H_EHHE F A, P Lﬁ
% /RO =0.62+0.03+0.01
" R, =0.14+0.02+0.01
100F
g good tags (R, corresponds to CP-odd component)
+ -
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= T T T
- 06 1 Y BaBarE i
First observation of CPV Belle
. 0.4 “Z  Average |
in double charm decays |
0.2 r i
0
-
=
> S=-0.79+0.13 = 0, ]
48]
2 A=+4+0.15+0.08 = 0.06

-1 -08 -06 -04 -02 0

SCP
Contours give -2A(In L) = sz =1, corresponding to 60.7% CL for 2 dof



S and A in b—ccd modes

sin(2p") = sin(205")

‘Monond 2012

PRELIMINARY
World Avetage i : 0.68 £ 0.02
b—ccs  HFAG (Mo‘rlond 2012) | :
R BaBar : TR 123+0.21+£0.04
: PRL 101 (2008) 021801 | M
e Belle ' - 0.65+0.21 +0.05
e PRD 77 (2008) 07 TTOTER)™ : :
’ Average | = 0.93+0.15
: HFAG correlated averagel +:|]
. BaBar | 0.65 + 0.36 + 0.05
PRD 79 03200.4 (2009);
‘0 Belle : 1.06 "534 +0.08
L arXivi1203.6647 | = o
: Average : 0.98 £ 0.17
; HFAG correlated average [ & 7
I BaBar i Lol 0.71+0.16 %+ 0.03
PRD 79, 032002 (20097 |
¥a Belle - =M 0.79+0.13+0.03
% EPS 2011 prellmlnary EENE
10 Average | 1] 0.77 £ 0.10
: HFAG correlated average | _
-1 0 1 2

s §

|Moriond 2012

PRELIMINARY

Cf
BaBar

PRL 101 (20085‘02T8m*f
w Belle =
2 PRD 77 (2008) 07'TOTTH]

Average -
HFAG correlated a/e@q >

a Belle :

+ arXiv:120366f7 '
Average i ;
HFAG correlafediaverage

PRD 79, 032002 (2ocsi

fa Belle
5 EPS 2011 prellmln!a?ﬁ“

Average :
HFAG correlated avefd

B : -
RRD 79, 03240220097

-0.20+0.19+0.03
-0.08 +0.16 + 0.05

-é10+013

-0. 07+023+003
-0.43 0.16 +0.05

-0.31 +0.14

.................................

0.05 +O 09£0.02
-0.15 % Q.OS +0.02

-0.06 +0.06

14 12 -1 -08 -06 -04 -02 0 02 04

good agreement with b—ccs modes result
S=—sin2p, A=0

06 0.8 1 12 14




o determination

Tree: d Penguin: 1;:“" ’TT\“"?H p
b - - 1 R“H-.H 77
d - - d d d
AB’ s n )=T eV +P
At) = S . sin(Amt)+ A_._cos(Amt)

= J1-A% sin2o,, sin(Amt)+A . cos(Amt)

eff

from time dependent CP, we can measure o , but we want o !

S_.  =sin2a + 2r cosd sin(f+a) cos2a + O(r?)

I

r=|[P|/|T]

— additional inputs required to determine the penguin pollution



o_determination with isospin analysis
|Gronau-London, PRL65, 3381 (1990)]

A, =AB° s ' )=e™ T +P

V2 A, =V2 AB -1’1 )=e™ T + P
V2 A, =vV2AB -1 )= (T + T )

° neglecting EWP = A, pure tree _
A, | =1A.,,| A=Al

° Isospin breaking (d and u charges different, m #m,)
° m—n—-n'and p—w mixing []J.Zupan, hep-ph/0701004]

a can be resolved up to an 8-fold ambiguity (a € [0, n])



Combined (nn, px, pp) measurements for o determination

dominated by the B—pp measurements (though flat isospin triangles)

- m. “““ B—pn(WA) h
- el Bopp(WA) COMBINED
| Winter12
[ B%’TEIEWA]
T "
0.8 |- i '1
—J :, : . :
QO E il f :
| E b i P ;
0.6 , : _ |
T - CKM fit BL o ; 5
i no o meas. in fit f:
0.4 ~_ifl i , 5
0.2 - : :_.
e ':'*'#J'Fpl" |- Llh -i h‘l- ===l q—-c.-.'a;.'i L-; Dl 'I-.-Z'.:I_ g

20 40 0 80 100 120 140 160 180
+4.60
o =(88.7 ;)



(xn, pp) measurements related to o determination

Br(n"n”), Br(nx*=°)

Lum (fb™") SN [preliminary
Br(p'p’), f 772M BB n 2
1000_ [PRD 78 (2008) 111102] | R
A,Sinn"'n 657M BB
[PRL98 (2007) 211801]
' A,Sinp'p”
800 [ [PRD76 (2007) 011104] \\ s
- 535M BB S
. Br(p*p), f,
600|  [PRL96 (2006)171801]
i Br(no 7"5(0): A)CP(T[O 7[0) | %
[PRL94 (2005) 181803 ]
275M BB \ / '
e < =~ A, S inx'x
r(p'p°), f, Br(n’n’), Acp(n®n®
{PRLI1 (2003) 221801] [arXiv:0807.4226]
_ 85M BB Br(p®p°), f,, A, S
200 =, { [PRD 78 (20053) 071104]
- e+ - Br(p'p'), f
A,S1Inp’p [PRL 102(‘()2802)) 141802]
Br(pp),f, 467M BB
[PRD 76 (2007) 052007]
- ' - - + - + __0
2002/1 Br(x x), Br(x =) = 5510/

O
1 2000/1

[PRD 76 (2007) 091102]
387M BB

coming important updates from Belle: B — p"p°, p’p°, n’ n°...



B-oa;n',a; - (' )n 5

BELLE

772% 10° BB pairs

. . NEW
Signal extracted from a 4D (AE, F, m,_, H, ) fit INEW]
20— e
120 20¢ 1 B
100 o e ! E
M ” o-nl o Tl
‘ 12 8
60 10 of
40 : 6f aH
et P e B R
_]..:----"I"----=...ﬁalckground 251- I,
st it :
_2_4-... —I—'l' B .-]:l“ T4 5 2
0

0.1 -0.06 -0.02 0.02 0.06 01 (085 1.03 121 1.39 157 1.75
AE (GeV) m,, (GeV/c?)

Ng= 1445+ 101 events
Br(B°—a;(1260)n") x Br(a;(1260) —» n"n n")=(11.1 + 1.0(stat) = 1.4(syst)) x 107°



Fit

N

Events / (2.5 ps)

NFNFNET

B-a;n',a; - (nx n )n
1T, dy A., = —0.06 + 0.05(stat) + 0.07(syst)
772x10° BBpairs [NEW] Cop=-—0.01 +£0.11(stat)+ 0.09(syst)
Scp =—0.51 = 0.14(stat) + 0.08(syst)

450F eq=+1 3

400 E AC = +0.54 = 0.11(stat) + 0.07(syst)

ggg E AS =-0.09 + 0.14(stat) + 0.06(syst)

25[]§ —g first evidence of mixing-induced CP violation with 3.10

%gg E o determined with a four-fold ambiguity:

100 , —§ eff —[arcsm Scpt 45 ) + arcsin ( Sop —AS )]

50 2 3 \/1 CP+AC) \/1 Cep— AC)

0--_6----4---_2---0---2---4---6-7 EIJ ; o

U.5: I I I TTT I I TTT 'E 06_

03t 0.4

0.2F = ..

0.1 E 0.2

OF V£ - —

0.1 3 O 0% 0 100
+ - E -50 0 50 100 150

-g.gz_ —3 eff _ [34.7°, 55.3']

04_ E [—25.57, -9.17] [99.1°, 115.57]

‘U.SZI ] | i R | | P E . . . .

6 4 2 0 2 6 — o using isospin analysis

4 [M.Gronau and D.London, PRL 65 (1990) 3381]
At (ps) using SU(3) flavour symmetry
[M.Gronau and J.Zupan, PRD 73 (2006) 057502 ]



y measurements from B~ — DK~

° Theoretically pristine B - DK approach

- Access y via interference between B~ - D’K andB™ — DK~

1l KT
color suppressed
B -D°K ~V,_,V,
~AN*(p+in)

relative magnitude of suppressed amplitude is rg

_ | Asuppressed | N | Vub \
—_ *
| Afavoured | | Vcb Vus |

ES

cs |

1 X |[color supp]=0.1-0.2

relative weak phase is y, relative strong phase is 03



y measurements from B~ — DK~

° Reconstruct D in final states accessible to both D? and D°

— D =Dy, CPeigenstatesas K"K, n'n, Komt©

GLW method (Gronau-London-Wyler)

— D =D,,,, Doubly-Cabbibo suppressed decays as K
ADS method (Atwood -Dunietz-Soni)

— Three-body decays as D-K ', K(K'K™

GGSZ (Dalitz) method (Giri- Grossman - Soffer-Zupan)

o Largest effects due to
— charm mixing } negligible

Y.Grossman, A.Soffer, J.Zupan

— charm CP violation [PRD 72, 031501 (2005)]

o Different B decays (DK, D'K, DK")

— different hadronic factors (rg, 8;) for each



y measurement with B —» D(K 1)K PRD 81, 112002 (2010) -_,.:
657 x10" BB pairs BELLE

X, =Ty COS(dz*+Yy), V. =TgSIin(éd;+vy)

0.4 0.4
B —DK™ |-

— B—=[Dn ]D'- ~— -
/] - B[] K pwith A46=180"
( 7™
0.2 a @ 0.2 - ~

— \/ ] B —DK' i [1 :as:" 'ﬁ|
-\._L X X |'I
> 0 ."?—’:ﬁ\‘ H"-\x___,// e _h‘?f“ + AN

o > 0}— —
( L {+]) ]]] / i,
L o ,"'II .'"I ‘ (‘\
b ~ | %
- - - '. + |
0.2 | o2} / "
B' DK R ;
RN P74 =y
0.4 o -0.4 Y S A
04 02 0 02 04 04 02 0 02 04
X X
. +13.1 o . +18.9 o
y =(80.8 121 + 5.0+ 8.9) y=(73.9 1291+ 4.2 +8.9)
r,=0.161 2920+ 0.011 29  r =0.196 2972 +0.013 1295

55 =(137.47139+4.0+22.9)  §,=(341.7 7230 +3.2+22.9)
combining both B modes (Dalitz): y =(78.471):+3.6+8.9)’

CPV significance is 3.5 standard deviations 9)
(model-dependent error will limit viability of this approach)



Binned Dalitz method: avoid the modeling
error by ''optimal'' binning of the Dalitz plot

Bondar and Poluektov

EPJ C55, 51 (2008)

[ choice of bins guided by model, but extraction % 3 i~0 8
of y is not biased by this choice] S 2sf 2 7
¢ | W 6
minimize ¥* in fit to all bins for each mode jém 6] '\\'.‘ _ j
r‘ELE;- /t <0 s
Expected number of B*->DK" events in bin i is: T f
0.5F
N; =h{Kz'+’f‘§Ki+2vKiKé($iCi+yiSi)} i i e
1 2 3
mE{I{;it'} (GeVZich
i 190 . . ..
\CLEO [ o Belle K. is the # of events in bin 7 from a
1 ?.:E "TE flavour -tagged sample (D™ — Dx")
0-3 7 c, and s, contain information about
of 4 '%7 the strong-phase difference in bin i
‘4 1 l _
0.5 T (use CLEO data for y(3770)-D" D"
1 ¢ | ( here; can be measured by BES-III too)
B 9%
1

|Bin number i|



Binned Dalitz method result in B —» DK

V5|

= 120 D
E B—I_ SO
a 100 B_ BELLE
S g0

2 60

E

S 40 ..]..

20 !
876 4 2 0 2 4 6 8
Bin

> 0.3
0.2

0.1

X

772M BB
arXiv:1204.6561, submitted to PRD
— Bl %:'I;d' 33.:11.'15I
m 4'];_ e 0.004247
% 30
o 20F
m -
= 10p
OF
-10E
-20¢
-30F
.41];—
-ED-H - ..-2.-.u .2.--4...5.._-
Bin

=(77.375:+4.1+4.3)
5 =0.145+0.030 £ 0.010 +0.011
5, =(129.9+ 15.0 + 3.8 + 4.7)

uncertainty in c,, s,
from CLEO data size

(can be reduced using
future BES-III data)



GLW with Dg?)K D decays to CP eigenstates

» Amplitude triangle:

V2AIBT — Dop, h",‘l‘" ABT — DK

e —— T ABT — DR
R J-I” DK") =4l fr_} i I"' PR Magnitude of one side
R | is ~0.1 of the others
measured Observables . e ,.-_ while relative mﬂgHFTUdE G‘f
the others help ¢, constraint.
_ Br(B"—D.,,.K )+ Br(B"-=D,,K")
=" Br(B"-D°K")+ Br(B*-D°K") _ Br(B —=Dg.K )~ Br(B" =D, K")
CP+ —

Br(B —D,,,K )+ Br(B*=>D_,, K"

Relation between (Aqp,, A, Rep,, Rep.) and (y, 1y, 85)

2rgsindgsiny A —-2r;Sindgsiny
CP-—

A=
“r 14r,>42r,coss,cosy 1+1r,>-21,C085,C0SYy
R.p,=1+r *+2r,coss,cosy R, =1+r,°~2r,C085,C0SYy

= look for Rp,. #1 and Aqp,. #0
= # CP, # sign of asymmetry



+ — + - Preliminary
B-Dh,Do-K'K ,n'n - R, LP 2011

772 MBB
Yields B-Dx B- DK ( B oD )
_ 0 Tt
D-Kn 50432 +243 3692+83 = Rp =(7.32x0.16)% B - DK
D-KK,nnt 7696 +1006 582 + 40 A(DK)Z(lAiZ.O)% BB
continuum
KID<0.6 (pion-like) KID> 0.6 (kaon -like)
— — + + — — + +
oy B —Dh v B —Dh . B —Dh . B —Dh
%mu & :5 90 :5 80 (D
2 80 2 80 LD
S 70 S 70 BELLE
= 60 = 60
£ 50 £ 50
2 40 g 40
w 10 w 305
10p 10k G S P
91005 0 0.0501015 0.2 0.25 0.3 91005 0 0.050.1045 0.2 0.250.3 S00s 91508 0 005 0.10.15 02 uz 0.3
A E [(GeV) A E [(GeV) A E (GeV)
large KKK contribution !!
00 00 g w: g o
i i S s
£200f £200f 4 40; 4 40;
Emn; Emn; & 1ﬂ & 1ﬂ
-mn; -mn; 20 20
mi sui 102 1u§
n:-s 4 20248 B0 n_-s 64 202 46 B 1012 n_-ll 2 4 g, n:-ll 202 46 12
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= Ry =(7.56+0.51)%, A, =(28.7+6.0)%
large asymmetry !!




B-Dh,D-Kin’,Kin - R_

Yields

B-Dn

B-DK

D-oK n’, Kin 5745+ 91 476 + 37

KID<0.6 (pion-like)

Preliminary

LP 2011

(772 MBB)
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continuum

KID> 0.6 (kaon -like)
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= RDCP

—(8.29+0.63)%,
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=(—12.4+6.4)%
opposite asymmetry !!




=1.03+

=+0.29
=—0.12

GLW Results

Preliminary (LP 2011)

0.07+0.03

+0.06+0.02
+0.06+0.01

1.13+0.09+0.05 +— CP-odd observables

only available at B-factories

(systematics dominated by peaking background, double ratio approximation )
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ADS method: y via the interference in rare B~ — [K" =" |, K™ decays
rate and asymmetry (relative to the common decay):

1L — —_
b Vubx_,.?f”fﬁﬂ VCS . K+ | Vus‘% K- Vuz‘:ff’f K+
*E % d. D PR A S .
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v ) (;Loubly -Cabibbo
suppressed D decay
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A WS u
b & ¢ _ S s =712 4+ 712 + 2r,r, cos(dp + 6p) cos Y
D K-
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PR DKt K) +T([Ktr | K™T)
=2rgrpsin(dg + 6p)siny /Rpxk
0 4, —
where rp = |22 BT 66613 4+ 0.0010

~JADY - Ktr)



ADS results

PRL 106 (2011) 231803
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First evidence for the ADS mode B — [K" ]

K D

study both modes: D'-Dx’, Dy:

Events / 10 MeV
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Signal seen 12
with a significance of 3.5¢ o 10
for D' - Dy mode 2 g
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g 4
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Comparison of the results obtained for DK with expectations

(where ''expectations'' are derived from the GGSZ observables, &)

1.0 *f
R,ps =T5+ Iy + 2r,r,cos(d, + d,)cosy
0.5 Aps = 2rBrDSin(6B + 6D)Sin Y/Raps
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—-1.07%
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p-value

Combined measurements for y from all methods

http://cknfitter.in2p3.fr/

% ==+ D(*) K(*) GLW + ADS
Winter 12 === D(*) K(*) GGSZ :I Comb|ned
Full Frequentist treatment on MC basis —— CKM fit
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D" K"* measurements related to y determination

Lum(fb ™)
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Coming relevant updates from Belle: GLW D K, GGSZ D(K KK )K...



Events / (0.01)

0 *0 — 7t 772M BB
Search for B "= DK ", D - K =« arXiv:1205.0422

_ _ >
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Measuring direct CPV with B-oKn

_ I'(B—f)-T(B-f) . .
cp = F(Bof) + T(Bof) o« SINA¢$ SINAO

(L

E‘ =]
f

o

i

q 1 _|| l..ll
o
Z if
= ]

W+
BO - K+ T b

1l

T.T' P, P

B"->K*"'n’| . g

fa il
”%—%<d ST‘<
B PN

' i |

" e J'I::_u

Diagrams identical except for spectator quark ?
= strong and weak phases are the same, A, should be the same ?



B-Km measurements at B-factories...

Kn puzzle: AA, = A (Kn’)— A (Km)

o . BoK o

200 §

|

BoK "

L I

M, (GeV/c?)

[ | I. A L J'”'.-.
%.2 5225 525 5275 5.2

Agp(K*n®) = +0.043 + 0.024 + 0.002
Ap(K*n")=—-0.069 = 0.014 + 0.007

Belle preliminary :
AAy. =+0.112 +0.028 @4.00
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CDF —=»—

—mBelle
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AA, =+0.121 + 0.022 @5.50
3 _ NEW PHYSICS !1?



Measuring direct CPV

'"Model independent'' sum rule for all four modes:
[Gronau, PLB 627, 82 (2005), Atwood & Soni, PRD 58, 036005 (1998)]

Br(K’n") T, . 0. 2Br(K'=°) T, o 0,2Br(K°n’)
= A (K + A(K
Br(K = )T, ce(K77) Br(K n) , el K1) Br(K = )

ACP<K+ Tf—) + ACP(KO T[+>

B factories now (~1.4ab’}:

%
A(K'0) | -
0.10 [ \;s %,
A . = = \ P
I i ~ ol
005 N, ~
measured PN G BT AR
(world avg) |-005 ! ' 0.05 0167 015 020 0.25
40,08 5 H A(K'z)
GO -
I L 1.
expected Y A7 TR o
(sum rule) » A(K29) = -0.01= 0.10
it A(K%z*) = 0.009=+ 0.025
B | A(K*n%) = 0.050+0.025
Frm = =02~ - - A(K*m) =-0.098+0.012



Measuring direct CPV

'"Model independent'' sum rule for all four modes:
[Gronau, PLB 627, 82 (2005), Atwood & Soni, PRD 58, 036005 (1998)]

. Br(K’n") T, 0. 2Br(K'=°) T, o 0,2Br(K°n’)
Acp(K )+ Agp (K = A (K + Ap(K
cp(K'm7) cp(Ko >BI'(K+T[_) T, (KT Br(K' =) . cp(Ko 1) Br(K =)
B factory at 50 ab_,l with today’s central values:
o
%,
A(K%79) “*
010k -
Uﬂﬁ'rl_— :
HE—
expected { TOTE il is %
error B . L
0,05 A(K’rz)

expected I

(sum rule) discrepancy apparent; may be

; significant already with ~10 ab™
' Note: main K% systematic (tag-side interference)

is reducible

= ideal for a super B-factory...



Summary

o B-factories have provided (most of ) the current picture:

0.7 LI B | (e e A e
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y = (66 = 12)
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B=(21.4+0.8)
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=il

o still few interesting updates in the pipeline (especially on o and y)
— new Belle result shown today on B — a;n”

o B-factories - LHCDb, Super B-factories
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Measuring the CP parameters S and A

Reconstruct B

electron Y (45)
(8GeV) resonance
aidlh

pﬂsitrun-ﬁé';“"
(3.5GeV)
Flavor tag o -
AZ~200um H
Az~cfyAt
dP ' e—|At|/rB
(AL, ) = (1 +q(S sin(AmdAt)JrACOS(AmdAt)))

dt 41,



: : —\ 17 (¥)0 465 x 10° BB pairs
sin2p in (cc) K [PRD 79 (2009) 072009, arXiv:0902.1708]

J/yK®° 0.666+0.031+0.013
v (2S)Ks 0.897+0.100+0.036
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® CCP PRELIMINARY
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0 S BaBar
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BELLE B Averagq;: :
535 x 10° BB pairs | ( . | 467 x 10° BB pairs
PRL98, 221801(2007) | difference is ArXiv:0807.4226

now 19 o

C=-0.55+0.08+0.05
S=-0.61+0.10+0.04
direct CPV @ 5.50

C=-0.25+0.08=0.02
S=-0.68+0.10=0.03
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Some examples to illustrate ¢, extraction

1-CL

1-CL

Br(n"n)=(5.0+0.2)x107° : Br(n'n)=(2.0+0.2)x10°°
Br(m’n’)=(1.5+0.1)x10° Br(m’n’)=(0.5+0.1)x107°
Br(n'w®)=(3.5+0.2)x10°° Br(m 1 )=(3.5+0.2)x10"
C(m'm )=-0.40+0.03 C(m'm )=-0.40+0.03
S(n'm)=-0.50 +0.04 S(n'm)=-0.50 + 0.04
C(n’°n®)=-0.30+0.10 C(m’°n?)=-0.30+0.10
) 2SS 6Tt .
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m(A" /A0

Isospin triangles (Summer 08 to Winter 09)
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B~ —» DY (K nm)K™ Dalitz, AE and M, _ projections

|cos6,,.| < 0.8 and F > -0.7

PRD 81, 112002 (2010)

657 X 10° BB pairs

* % k ¥ H EWI
DK, D"=>Dn?’ DK,D =Dy | 4
120 : P , included.
ool 1756 fas | pa1 .
= = = i
3 oo} 3 g 2 (real D)
7 6o r T | o
£ £ %
5 aof E £ i
1] 1] H
5
e i o —
AE (GeV) AE (GeV) AE (GeV) {MM}E 27GeVY)
. 1 T T T .d.ﬂ L 1 1 ]
Signal 35 Signal L] Signal
BTy T B Dt 35 | B— [y,
—Dn 30 DU | 0 E p-pk
"o i BBbar “-E 25 | EBbar = ""E 30 ¢ L] BEbar ireal D
E 125 S charm E LS charm : 3 25¢ BBbar (cam. )
1 - : gl ol
I (== i =" : = 20 .
o g 15F § 15
;:: 5 i ; E
ui  sq i = @ 10
25 [Tl T B o o § T : - # e : o "lll-
SRS heldurdddtlie s ﬁ%ﬁ%
0 F22 524 B2 LH28 53 5.22 5 24 5 2‘5 528 5.3 522 524 525 &5, EH 5_5.‘
M, (GeVic?) M, (GeVic?) M, (GeV/c?) (|AE|<30MeV)



B-Dh,D-Krn - R,

fav

*"\'ITT?%:'ID}D.E - % (1—nA"") NoT FRpyr €
NPE poos = 5 (1~ nAP) NI Rege (1)
N».rfri'rp}a.ﬁ = % (1 - ?FADI) ir\rtff K
*"\'T».rffi'm{u.a = % (1- ?FADW) *"\'ff (1 — k)
kaon fake kaon eff pion eff pion falke
(1-¢ : (1-+)

MC 1470006 8541006 985424003 447x0.03 &
data 1586040 84324039 08213x046 T7.94=£0.31

Table 5: Efficiency and fake rate (in %) for kaon and pion, for data and MC. & will be
fixed in the fit but & will be floated (zee text for further explanations). These numbers
are obtained after properly weighting the values provided by PID group for SVD1 and
SVD2,

= k =(4.58+0.10)% in the MC fit



Yields B-Drx

B-Dh,D-Kmr - R,

fav

B—- DK

D-Kn 50432 +243 3692 + 83

KID<0.6 (pion-like)

Preliminary

LP 2011
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B -DK ,D—-K'w ADS

Main background ise"e —»qq (g=u, d, s,c) continuum

combine 10 variables with neural network: B SDr
2Kt
M, -sideband
» Variables which have different distributions ”““3""”‘-';;:;"1"“: data
for signal and qq background are used. qq = charm + uds
0.08; 0.025: 0.25;
0.07" 4 ' ' -
50 . |
= 0.05 = 0.15-
3 on, 3 |
2 o003} 2 0.1-
o B o -
0.02: 1 1 oost
0.01; _:

% 0> aa o0k om 4 215 01 005 0 005 0.4 015
|cos 6| Az
_ 6, is angle between B-flight
(Here, we use “old” package.) direction and beam axis. .
(RooKSFW is also possible.) B ?‘\95 If tag is not possible, Az = -999.
Most powerful. By beam NB deals with as a é-function.
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|cos fi| cos if lgr] (Flaver tagging Info.)

Angle between thrust axes Decay angle of D 2kx.  Flavor tagging Info. by  Difference of charges in
of B decay and remainder. MDLH. (NB possible.) D hemisphere and
No full correlation to LR{KSFW). opposite hemisphere.
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i n.mE o 10 variables combined

. % 0.01 0.02 0.03 0.04 0.05 0.6 0 o5 o os 1 to obtain a single
Distance of tracks for D and h cos 62 NN output (NB)

Product of charge of B and Distance of tracks Decay angle of B2DK]  for example,
sum of charges for K not for D and K. - at 99 % bckg rej.

used in B reconstruction. signal eff. = 42%
now becomes 60 %




Yields for the ADS mode B™ — [K'nt |,K™ from 772 million BB events
PRL 106, 231803 (2011)

Fit AE and NB distributions together to extract signal

for NB> 0.9 for |AE| < 0.03 GeV
20 ;
18 -
o 16 - 50} — Signal
14 | S 40 |
- 12 ~ —_— [Kr|m
£'s £ BB bked
E [ ——
g 6 =20 5
w4 10l - G bkgd
2 5
%1 o 01 02 o3 O

AE (GeV)

+15.1 First evidence obtained
56.0”;,, events with a significance of 4.10
(including syst.)
- (1.637341°2%) x 10°

RDK
+0.26 +0.04
ADK =—-0.39 -0.28 -0.03



Sensitivity to y

sensitivity to y/¢, varies across the Dalitz plot

y=75,86=180, rz=0.125 w=1/(d’L/dy?)
50 GLW like

Interference of
B —-D°K™, D’-K2p’
with
B —-D°K", D°-K2p’

ol

45

m2 (GeVich
3

DCS K' (14
1.5 I

ADS like
Interference of

B -D°K , D’5K ™ '~
Wlth
B -»D°K , DK™~

0 15 1 15 2 2 "'- ’5
. {Ge"lf‘fc )



y measurements from B® —» DK™ r; dependence
Dalitz B — D(K mm)K

experimental inputs:

uncertainty on y scales as 1/ry !
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New inputs (Winter 2012) « LHCb
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