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The Belle (B Factory) Physics Program

B

CP Violation in B Decays

Fundamental SM Parameters

(Complex Quark Couplings) | Freeeey . ——

Beyond the SM (BSM) Maskawa

. CKM) matri
. Unanticipated New Particles SR

tCPV measurements at the heart of
|, 11 and 1] !!




tCPV in B decays

I' 5o (At)
' 50 (At)

b

Acp(At)
_ T'go(At) — T'go(At)

~ Tso0(At) + To(At)

= Ssin AmAt + A cos AmAL

l Mixing-induced CPV l Direct CPV

AN

e.g. for JwKs
§=—Ccpsin2¢, = +sin2¢,
A=0

to a good approximation

(Ecp : CP eigenvalue)

(A=-(C alaBaBar)



New results shown at | CHEP2006
@ hep-ex/0608017 |

Right-handed current search

‘ B0 - Ksnoyl
[~

hep-ex/0608039 l

hep-ex/0609006 I

2

b = s Penguins

hep-ex/0608035




Still new results but not covered in thistalk




Still new results but not covered in thistalk

o, fromB = pp (P T\) cos2¢, from

PRL 96, 171801 (2006) B = D(=>mtnKgh?
PRL 97, 081801 (2006).

0.0) | 0.1)

sin(20,+¢5) from B® > D)+
PRD 73, 092003 (2006).
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/@, with trees
- Reaults -
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el B - J/ KO : 535 M BB pairs

0 0)
B 2 J/wKg BO 2 J/wK_
1200 3500
o i + data
1000 - Nsig = 7482 3000 =R
0 [ : 0 25001 [ J/PK X BG, K|_detected
E‘I_j 800 [ Purity 9d7d /0 a B JPX BG, other
8 500 [ CP 0 2000( B combinatorial BG
e I 1500 Nsig = 6512
A u X ' 0
: 400 F - Purity 59 %
> [ x ~CP even
LW 200 | 500 || i
ok otems - % 02 04 06 08 1 1.2 14 16 18 2
5.2 h.25 5.3 peM (GeVic)

M. GeWc )

P, Information is poor
bc \/ Ebeam J ,,/,KS -> lower purity

hep-ex/0608039 I



background

subtracted BO 9J/WKLO

) zooi— B - Jyk? BO tag
"E._ 150;
E 1DD§
E 50;
:
> 0.5; )i
; Diﬂﬁ ; /;.;:f
. 7.5 756 5 25 0 25 5 75
At(ps) _ _ At(ps)
Asym. = -E-Sin2¢;SiNAMAL
sin2¢,= +0.643 =0.038 sin2¢,= +0.641 =0.057
A =-0.001 =0.028 A =+0.045 =0.033

Stat error stat error 10
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BELLE

BY = /Jj yeK® : combinegh resul
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102
50
de.0 <

-+ ] =t

1?\ . g
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A

sin2¢,= +0.643 =0.038
=-0.001 =0.028

Stat error

: 0 :
| -SAt(ps) _
Asym. = -E--SiN2¢,SinAmMAt

(2g)ta

hep-ex/0608039

sin2¢,= +0.641 =0.057
= +0.045 =0.033

A

stat error 11



ey B° > J/ KO : combined result

BELLE

Entries /0.5 ps

535 M BB pairs

Asymmetry

400F Qo o
i B" — JyK ;0 BO tag

BO tag

el

previous measurement

. Sin2¢~=0.652 £0.044

(388 M BB pairs)

sin2¢,= 0.642 =0.031 (stat) =0.017 (syst)
A = 0.018 =0.021 (stat) =0.014 (syst)

hep-ex/0608039 I 12



2006: BaBar + Bdlle

sin(2p) = sin(20,)

0.5

PRELIMINARY
BaBar i N 0.710+0.034 £ 0.019
Il l
No reference yet :
Belle 0.642 +0.031 £ 0.017
et
No reference yet
Average * 0.674 + 0.026
HFAG |
0.6 0.7 0.8
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/¢, with penguins




b = stCPV: One of the be§t _probes

SUSY as an example : —Hfmﬁﬂq—ﬂ \

b J 8 .
I E"lﬂ'?'ﬁ—ﬁ_r - II
4&3
. ____.-"J-F "o | New !
b L2-" g | CP-violating
]-{ll phase can enter
T~ 5
\ O(1) effect allowed
; } k evenif SUSY scale
d d IS above 2TeV.
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some of recent QCDF estimates
sin23f_— sin2p

| | ' ]
s 3 theoretically-clean modes
K, OKs, n'Ks, 3Ks
K
s QCDF (Beneke, PLB620 (2005)
KKK 143-150; Cheng, Chua, Soni,
s PRD72 (2005) 094003: ...) and
3Kg SCET (Williamson, Zupan, hep-
ph/0601214) allows to estimate AS:
expect positive deviation for almost
all modes
| ! |
-0.1 0 0.1 0.2

16



Results for

3 theoretically-clean modes
PKO, KO, KsKsKs




535M BB I
Three modes

O—>K*K-, K> mhn-

O2K'KE KT 1307 421 l
KK, K T .
(_)/‘s L Ko MK signa

New !,

140 F

B mass

2
—
N
o
T
e

100

()]
o

Events / 0.0025 GeV/c
(00]
o

s
o

N
o

0 ” f / ‘ i A ;
5.2 5.22 5 24 5 26 5.28 5 3
(GeV/c )

Events / 0.1

=y Belle 2006: B - ¢gKOsignal

114 £17
oK, signal

80F BO momentum |

= 0 i (bkg subtracted)
40F

20¢

Ot T

0 0.2 04 0.6 0.8
g (GeV/c)

hep-ex/0608039
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=1 Belle 2006: tCPV in B = ¢KO

535M BB I

At distribution and asymmetry

Entries / 2.5 ps

Asymmetry

60

N
o o
- ———7——

o

S
<
—— g

B
o
—1—

&)
———

= +0.50 + 0.21(stat) + 0.06(syst)
-0.07 = 0.15(stat) + 0.05(syst)

[ B° - 0K° o "¢--q=+1

o

""" unbinned fit

-75 -5 -25 0 2.5 5 ?5>At_)
-&At(ps)

@ Consistent with the SM (~1c lower)
@ Consistent with Belle 2005

(Belle2005: “sin2¢,” = +0.44+0.27+0.05)
@ The most precise measurement now

» oK and ¢K, combined
» background subtracted
-- SM » good tags

—At for K|

hep-ex/0608039
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¥=1 Belle 2006: B® = n'K%signal

BELLE

535M BB I

1421 + 46

. 140F !
600 0
| 120f BY momentum
o [ 0 &
© 500F S L
2 sof  BYmass S 100 (bkg subtracted)
O : 0
v 400 o S0F i
N i Q
Q 3 S 60F
S 300f P
S 200 R i
w % 77 /54'/.// ,;’./ / 7 20 3
100 27 7 7 / 7 / 0 1 7] ||||.||||||I|IIIIllllllllllllllll+ll llllllllll
N L / 2 0 01 02 03 04 05 06 07 08
52 522 524 526 528 5.3 Sl et Tl Bl <
M, (GeVic?) pgems (GeV/c)

hep-ex/0608039
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=1 Belle 2006: tCPV in B° - 77'K°
535M BBI

“sin2¢,” = +0.64 £+ 0.10(stat) + 0.04(syst)
A =-0.01+£ 0.07(stat) £ 0.05(syst)

At distribution and asymmetry

150

o a First observation of tCPV
100f (5.60) inasingleb - smode
a Consistent with the SM

@ Consistent with Belle 2005

e

[8)]
o

Entries /1.5 ps
.O'. T T

(Belle 2005: “sin2¢,” = +0.62+0.12+0.04)

o
o
e

-
£ OF 1 » n'Kgand 77K, combined
< _0_51 » background subtracted
: » good tags
75 b 25 0 25 5 7.5 >At_)_Atfor77K
-SAt(ps) —l 21




100F

o
(@)

Entries / 0.0025 GeV/c?
N o
o o

N
o

0
52

|185+17
KsKsKsSi gnal |

522 524 526 528
M, (GeV/c?)

hep-ex/0608039 I

5.3

40
B® — KSKgKs e q
8 sof - Ba o
o :
» 20r
@ ‘ ,
= d i
TTIL S
OF
> 0.5}
© !
£ of
>.' L
] :
< 0.5F

0.08(syst)

At distribution and asymmetry

-75 -'5 -2'.5 6 2f5 é 7.5
At(ps)

Belle 2006: tCPV in B = KKKq
535M BEI

+0.30 + 0.32(stat)
10.31 + 0.20(stat) + 0.07(syst)

» background
subtracted

» good tags
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2006: ¢, with b = sPenguins

Prellmlnary

sin(26") = si n(zqﬁff)&

PRELIMINARY

¢ Belle :
i Average :

b—ccs® World Aveqage i . 0.68 + 0.03
Reimats T BaBar - """"'"'6'15465'1'4'6'1'0"
X Belle : 0.50 + 0.21 + 0.06

= Average ' 0.39+0.18
R P e e
. Belle 0.64£0.10£0.04
= Average = 0.59 +0.08
U BaBar T —4—  066+0.26+0.08
v Belle ; 0.30+0.32+0.08
| Average : ioeem S
o BaBar C Dr—ke 0.33+0.26 +0.04

05‘ Belle : * 0.33+0.35+0.08
& Average - 0.33+0.21
S BaBar T T —— —— T 047+052+0.26
°, Average ' - H 0.17 £0.58
T AT o S G B o
X Belle ; : 0.11 £ 0.46 £ 0.07

. Average : 0.48 +0.24
- . BaBar ol = 0624023
140 Belle - : 0.18+0.23+0.11

w _ Average : : 0.42+0.17
5835%._*— ____________ e o
[ ar . AveRge—de——ro : i - 0842071
® % BaBar Q2B i p41+018+007+011

' 0.6840.15+0.03 %32
: 0.58 +0.13 "4

Theory tendsto predict |
positive shifts |
(originating from phase |
inVts)

Smaller than b—>ccs
In all of 9 modes

some of recent QCDF estimates
sin2pfe— sin2p
T

Asin2p

Naive average of all b = smodes
Sin2Beff =0.52 = 0.05
2.6 o deviation between
penguin and tree
(b=>s (b->c

More statistics cruc aI for mode-by-mode studies

23



Standard penguin (bird), or something else (rabbit may be) ?

More statistics crucial for mode-by-mode studies
24



b— s Penguin : Radiative

Signals: well established (BF~SM) =) New approach for NPI

B— K%y tCPV |

535M BB b M(K, 79 ) K, m YScp VS Cep HEAG

- i cP PRELIMINARY
70 Yield = 176+/- 1 g <1.8GeV | ° S Banar
60 E 77 Belle
- 0.25F 2 Average
1 OoF 04
40 0.25F

30 F
20 F
10

Entries / (0.002 GeV/c)

e 7>
075 Rl A o f
4 IEES

&)

D- - 1 1 ] e 1
52 522524 526528 53 75 5 25 0 25 5 75
M, . (GeV/cT) At (ps) 04+

S=—-0.1040.3140.07
A= —0.20 % 0.20 + 0.06

SR <. ocooon |

25



0.7

0.5

0.4

0.3

0.2

0.1

AR

excluded area has CL>0.95 | 7

Wz

[

i3
R~
1N

S=s o
w

1 I 1 ] 1
| fitter

EPS 2005

A7

sol. w/ cos 2¢, <0
(excl. at CL > 0.95)

2
P
PR T I S T

d, “ banana’

o
~

o
no

0.2 0.4 0.6 0.8

o

p
B rxm, in,nn
B—pp, ppspp
B’ — (pm)’
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tCPV and ¢, (o)

With the tree diagram only
Sttt = +s9in2¢,

\_

th V*tb

b__ . _
u
/L J

Mixing diagram

Decay diagram (tree)

3 possihilities: ©trw, pp, pnl
27




I

<O

BELLE

Belle 2006: B%»n*n~ decay (CP asymmetry)

300

Tt asymmetry

535M BB I
d

1
[IEN
‘ T T T

hep-ex/0608035 I

() oq:-l-l
B 20 o« =-1
Q0
=
R 100
S

o

1,

At (ps)

1464165 signal events

A =+0.55+0.08+0.05
S _=-0.61+0.10+0.04

first error: stat., second: syst.

Large Direct CP violation (5.50)

Large mixing-induced CP
violation (5.60)

confidence-=

background subtracted

<
/

level . |
contour - /
1. 75 05 0.25 ‘ 025 05 075 1 28




STCTC

History of BO>nt*n~ decay

~ Belle
l l + BaBar
| | 1 *
‘150‘ 250 ‘380‘ ‘450‘ - ‘550‘
I
‘160‘ ‘250‘ ‘380‘ ‘460‘ _ 500
BB (x10°

+ -
T T SCP Vs CCP ICHEP 2008
Cep PRELIMINARY
T T I
B [~ Ballar

Belle
7 Average

L |
-0.4 -0.2 0
CP

2.30 diff.
btw. Belle
and BaBar
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| nterpretation: Direct CP violation+SU(3)

The results support the expectation from SU(3) symmetry that

Ace(T777) ~=3Ap (K'77)

N.G. Deshpande and X.-G. He, PRL 75, 1703 (1995)
M. Gronau and J.L. Rosner, PLB 595, 339 (2004)

A (K*727)=-0.093+£0.018+0.008 (Belle2006: 4.7c)

@ | CHEP2006 World Average
A, (r ") ~+0.3 A (7 ") =+0.39£0.07

30




nrt :tough bananas

e Annt world average = observation of large direct CPV
Large penguin diagram (P) ~ Tree diagram (T)
L arge strong phase difference between Pand T

V* \
_ VvV T
b — S tde d
t G 9 Tt
B3 .
d &G -
d > d T

S, =\1- A2 sin(26,") ¢, =¢,+6

31



|sospin analysis: flavor SU(2) symmetry

[ Gronau-L.ondon 1990]
Amplitude for

AT A |B'"B Y= rn'n

~ (0 an ,—00

4"(4") |B"(B")— n'n’

J4+|:(E ) B+{.B—-}%E+EH(E—EH)

~ —

A =e* A

* Modée-independent (symmetry-dependent) method
o SU(2) breaking effect well below present statistical errors

“Penguin pollution” can be removed by 1sospin analysisl

32



¢, constraints from B%-»n*n~ decay

1-CL

0.8

060
04\

02 |

|/ no ameas. in fit

1 I.-'-l-l- 1 J%;’ril 1 | 1 1 | 1 1 1 | 1 1

T T T | T T T T T T | T T T | T T T | T T T | T T T | T
- CKMNM B — I (BABAR)
LA R— B —s rt (Belle) ]
1 B—nar (WA) 1
: : Iﬁl : : II.IIIIIIIII| : : 'Irl”l.ll‘ 'I:': IIFII_
1| |III II; ,‘: IIII .If II| |II ': :E: li.l _
| II| | ; l{ "‘1L. ||| II| | II| K __
: |'II :: ., | 1':II'J'I-': | :
'-:___ | I CKM fit [
‘:‘I-q\l ] -.I

60 80 100 120 140 160 180

o (deg)

Inputs
B(r*r0) = (5.75 +0.42)
B(rm*m) = (5.20 £0.25) } x 10°
B(nor0) = (1.30 £0.21)
A(nOr%) = +0.35 +£0.33
S(m*m) =-0.59+ 0.09

A(r*rm) = +0.39 + 0.07

No stringent constraint

obtained
with i system alone

- need pp and prt
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D>
/O
BEILLE

Belle 2006: ¢, from B = px

449M BB I

Dalitz analysis + 1sospin (pentagon) analysis
o 26(Ddlitz) + 5(Br(p*n?), Br(p*nY), Br(pn*), 4(p™n), and 2(p°nH))

Mass

160

140

120

- - 100
helicity:
&0

al

ol i

05

70

100 &0

a0 50

; S b
4k T g D
+ + 20 +
= o
| ] —_
06 o7 08 1 005 06 o7 o8 o9 1 %55 06 7 075 08 065 08 035
m, m m,

7o

180

160 + &0 +

140 50

120
40

100

a0 30 +

o w t Aty

- J—LLLL"'—‘—._ . * J—H_‘-L.‘:lk

. s, Y 5 &

0 02 04 06 0B 1 -1 -08 -06 0402 0 02 04 06 08 1 1 -0.8 -06 04 02
coeh cost

(X/(l)z — [83i%§_|0| (]_(5) 0:2 i

(no constraint at 2c)

will be included in the world average

Preliminary
Results
1
0£3\
-]
()06 t

—

120 150 180

30 60 90
¢, (degree)
hep-ex/0609003 [

0

0
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1-CL

_ T D B—onn i ’%&
1.2 - 'ICHEPos. : — CKM fit S
i B—pm =71 Combined 1 noameas.infit ¢
B oo B—pp Heo— CKM fit : : ‘
1 ] - = ¥ |
i 0.5
0.8 -
‘ = 0
0.6 = -
L -0.5
0.4 : ' r-' ‘\‘ ]
._'}' -1
L-|--h- Lt I. Lo Loy I I T I
80 100 120 140 160 180

| CHEP2006: BaBar(ntr/pmt/pp) + Belle(ntr/pp)

WA

o/,

o (deg)

= [93°]°

1.5 Ty

consistent with aglobal fit w/o a/¢,

_ +5
Olgiobal it = [ 98 1] ©
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o/d,: Discussions

pp sets a“window” around. QOO o o
i chooses the correct positioninside ™ ™™ 8- Combined -
the window: revival of nr ! 1 .
pm essential to suppress ¢,~0°or 4 os ]
180° * osf ]
Good agreement b/w the CKM fit (o . ]
determined by others) and thedirect — t.:

measurements B N

el a1 L Llety L1 L "||||||7
0 20 40 60 80 100 120 140 160 180

Still alot to do ’
o (deg)

— solution around 0 or 180°, which requires |P/T|~1, can/should be
much more suppressed

— subtleties in statistical analyses with small statistics
— uncertainty in background modeling, unknown phases etc.
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CKM Global Fit

Very good overall agreement. O(1) new physics unlikely.

Need to be able to detect O(0.1) effects.

Roughly speaking; O(0.1) ~(Mo,/Myp)? OF ~(Moy/Myp),
therefore areasonable target if TeV new physics exists.
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What have we learned ?

B

o | arge CP violation observed - large CPV phase
established

— approximate CP symmetry, which can be consistent with small
CPV (e.g. seen in Kaons), Is ruled out.

e Only with B factories, we have succeeded to overconstrain
the quark flavor sector for the first time in the history.

* The Kobayashi-Maskawa model of CP violation is now a
tested theory.

Thisisagreat historic achievement !




What’ s next ?

Deeper, more fundamental
guestions !




General Effective Lagrangian and Flavor Symmetries
for Quark Flavor Physics

G. Isidori — NP benchmarks in flavour physics Flavourin the era of the LHC

. _ C
_“l'/eﬁ‘ - “jgauge(‘/iia lU1) + "‘!Higgg(q)ia Aia wi ) Y) + lz‘ < ?‘4 Ond (q)i.* ‘41'.* ll'ﬂ)
| d=5 | ‘

_» 3 identical fermion families = huge flavour-degeneracy:

— partial breaking of the flavour group:

< viiawa = Op Yp D0 + Qp Y Up 0, + Ly Yy g6 + hc.

/ \
@‘ 1.1) ‘ (1.1.3) convenient to treat the 1
31 E) [& any additional source of flavour sym.breaking]
I as spurions of

U(3)’ = SU@B), XSU(3),, XSU@3), X..
=L R R

* MFV with 1 Higgs [or low tanf}] = no additional spurions

* MFV with multi Higgs = additional U(1) spurions
* NMFV = additional SU(3)-breaking spurions
* - .

40




General Effective Lagrangian and Flavor Symmetries
for Quark Flavor Physics

G. Isidori — NP benchmarks in flavour physics

TeV New physicsfor EWSB, DM etc.

C
JE‘H = Jgaugf(fii" lljl) T JHiggg(q)i‘ “4i" wl‘}) —I_ lz' < ﬁ_f‘_ (:)nd (d}i" j:j'i" lI'I1)
| ad=2

_» 3 identical fermion families = huge flavour-degeneracy:

Big question 2)
|sthereflavor symmetry yet to be discovered ?

Big question 1)
What doestheflavor structureof TeV new physics

look like ? (How does it taste ?)
Subquestions
1-1) Arethere new CP-violating phases ?
I 1-2) Arethere new right-handed currents ?
| 1-3) Arethereeffects from new Higgsfields ?
1-4) Aretherenew flavor violation ?

41




Big question 2)
|sthereflavor symmetry yet to be discovered ?

Big question 1)
What doestheflavor structureof TeV new physics

look like ? (How does it taste ?)
Subquestions

1-1) Arethere new CP-violating phases ?

1-2) Arethere new right-handed currents ?

1-3) Arethere effects from new Higgsfields ?

1-4) Aretherenew flavor violation ?
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Big question 1)
What doestheflavor structureof TeV new physics

look like ? (How does it taste ?)
Subquestions

1-1) Aretherenew CP-violating phases ?

1-2) Arethere new right-handed currents ?

1-3) Arethere effects from new Higgsfields ?

1-4) Aretherenew flavor violation ?

1-1) tCPV in BY - ¢KO, n'KO, KsKsKs
1-2) (1)CPV inb - sy

1-3) B = v, uv, uu, ee, Dtv

1-4) T - uy

Big question 2)
|sthereflavor symmetry yet to be discovered ?

Unitarity triangle with 1% precision
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Near Future (till ~2008)

-

 Room for some surprise if new physics energy scale
Is still close to the present limit !

— e.g. 4o deviation from SM Iin b 2 stCPV

— At least 1 ab! from each B factory experiment is a
MUST.

* Inthe LHC era(i.e. 2010's), however, obviously
needed is a maor upgrade for much h gher
statistics !

At least one Super B factory needed !




Conclusion

e Time-dependent CP
violation measur ements

were, are, and will be,

exciting !




Backup Slides




Time-dependent CP violation (tCPV)

“double-dlit experiment” with particles and antiparticles

Quantum interference between two diagrams

box diagram + tree diagram
Vid
KS

Jy

tree diagram

Vid

Y ou need to “walit” (i.e. Atz0) to have the box diagram contribution.
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Principle of tCPV measurement

CP-side

“ Jy

Y(4S)
resonance B
electron \

p03|tron

2

By=0.425 (Belle)
0.56 (BaBar)

1. Fully reconstruct one B-meson which decays to CP eigenstate

48



Principle of tCPV measurement

CP-side
“ J
| 4
Y(4S) !

electran resonanV E\
2 5o i
positron 52 L - - >Vu |

. n

By=0.425 (Belle) ! K+

0.56 (BaBar)
Az

——> T

Az ~ 200pm

At = |

1. Fully reconstruct one B-meson which decays to CP eigenstate
2. Tag-side determines its flavor (effective efficiency = 30%)
3. Proper time (At) is measured from decay-vertex difference (Az)

| + Flavor tag and
< ,B !"L reco\llwirttr%)((:tion
7/>C (Belle)

4Y



ey Motivation

u losestmns ] Q. What isthe main source of
BaBar ' E::;gi'?tﬂﬂﬂ ] CP Vi OI ati On ?
Belle | |oasnam
QI erry
N B osiuepig A. Kobayashi-Maskawa phase
e e [eranessienss |S the dominant source !
-:.Iul_-.-Bl'El.hr:.rlzﬁ: b_._| 0.71920.074H0.035 ) i
eSS [+f  [o:73120.05710.028 Paradigm shift !
T ] [ . Are there deviations from the
N ———ucersnons CKM picture ? (e.g. new

-1 0.6 0.2 0.2 (LN 1 CP_Vi Ol mi ng phM)

Two promising approaches
1) Overconstrain the unitarity triangle: precise measurements of

o and 3 needed
2) Compare sin23 in tree diagram and penguin diagram (e.g. b > s)




At (ps)

At

At (ps)

P(g=11At)= 4ie * [1£(SsinAmAt + AcosAmAt) | ®

(OF-SF)/(OF+SF)

L+ (1-2w)

%+ Mixing of D'lv

** Good tag region

I-_lllllllllllllll

1At (ps)

R : detector resolution
W : wrong tag fraction
(misidentification of flavor)
< (1-2w) quality of flavor tagging

They are well determined by using
control sample D*lv, DO retc...




tCPV with B = ptp= ?

b\
VEecCtor vector

 Evenworseon first sight ...
— Dirty fina state: ptp~ = nrnn—m!
— Mixture of CP = +1 and —1: need to know each fraction

Pt ~
| (A++A_)/«/_2;Al +1

-@ &= A,
@ & A, ) 1 ~CP
AT 20 -1

@ @1




|sospin analysiswith B = pp

Branching fraction for B® = p*p~islarger than mtm-
Branching fraction for B = p%? is small (<1.1x10°)
— small penguin pollution

~100% longitudinally polarized (~pure CP-even state)
— no need for elaborate angular analysis

No significant 3-body/4-body contamination

Dirty final statesincluding mt° EER 80 (WA
: N i 121 ‘hsmes e WA & B° 5 p*p” (BABAR)
— OK intheclean e'e environment | .. WA & S/C,,,o(p"p") (Belle)
'E il :
0.8
3|
L osf

044

0.2 4

) 4 .~ X
5 TR
o b ) ) | | I 1 |

0 20 40 60 80 100 120 i40 160 180

o (deg) 53




1-CL

¢, constraints from B%~p*p~ decay

IR L L L L R ]
- -Cﬁy 1 B —pp (WA) b 0A0 "
o B WA &SI, o'p) (Baban | NEW PO branching
A— WA & S/C,,(pp) (Belle) ] fraction
1 e —
08l | |~ Isospin triangle now
TR 1 closed (new p*pY)
06 i ° ]
[ | CKMfit - |
0af 4 N 1 - constraint on ¢,
i e | becomes |l ess stringent.
0.2 1
0 :' L |ﬁ‘.‘u . | LA |\“n+,f L
20 40 60 80 100 120 140 160 180)

o (deq)
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CKM Matrix: Enigmatic Hierarchy

Vud Vus Vub
‘/cs chs chb
Via Vis Vi

Thisis correct,
but Isvery strange!
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Flavor symmetry ?

Many proposals, not conclusive at the moment.
(Observed pattern consistent with many models)

* Babu-Kubo 2004

)

o Ex: Q6 (with SUSY)

— 9 Independent parameters to
describe 10 observables (6
guark masses + 4 CKM

parameters)

oo 072

1% 13 $Ot”

05 I ERRRRINN BRI
Shozs 0003 00032 00034 00036 00038 0004

FIG. 2: Predictions in the |V,;| — sin23(¢; ) plane.

Testable (falsifiable) if sufficient precision obtained !
Precise ¢, measurements may play an essential role to
be free from theory uncertainties
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