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Introduction
Belle results lead to Nobel prize to KM model
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Extend and accelerate to search for new physics.
Many programs are running to find the effect off NP
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Outline
® Introduction
@ KEKB / Belle
® Constraints on NP
@ B*=2D™0zy, b-2sy, b=2sl,
@ X(214)°, DO
® Polanzation puzzie in B 2VV
® Exploring B sector
o B. 2D *7p, AI'sT

® Summary
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KEKB accelerator
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Vntegratedl luminosity
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Total ~1018 (fb*) : World far
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Belle detector

Electromagnetic Calorimeter Aerogel Cherenkov Counter

v, ©¥ detection Kn separation
e+, K, identification

o

TOF Counter
Kr separation

— ST Central Drift Chamber
Silicon Vertex Detector Charged particle tracking

B vertex Kn separation
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Outline

® Constraints on NP
@ B*=2D®07y, bh=2sy, b=>sl,
@ X(214)°, D°I*F
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@B>DMv is sensitiveto H* [p——&—¢
@ Br = GFZ";Blvcbl2 f(F,Fs.05) \\
@ Fv : vector form factor H+/W+\
@ Fs : scalar form factor Tt
@ 2HDM : g, = (mg/my)?tan?p
@ R = Br(B>Dzv) / Br(B>DlIv) Ve

@ |V .| cancels out
@ Form factor uncertainties can be reduced

@Br in SM (e.g. JHEP 0610,053)
@Br(B>Dtv) ~0.7%
@Br(B>D*tv ) ~1.4%
@N(v)=>2 makes measurements challenging
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Preliminary

Inclusive reconstruction of By,

(1)Reconstruct signal candidate: >
@DO>Kn, Knr, E
@D*0>DOx, D%
@TDEvVV, uvv, TV

(2)Reconstruct B,, from remaining tracks *|

M tag = \/Egeam — (Z 5i )2 °l

tag -side B-mass

]l DATA
80| |:| MC

®[validation with
double tagged

%.2 522 524 526 5.28 253

(3)Suppress background M,.. [GeV/c?]
o I e.g. B*->D%*(»e*vw)v
signa
[]B —D"lv Eivs'sible Me
BB>Dlv energ)
LIB > D'lv ' o = [(Epeam-Esig)— IPsigl] / Pl
= other B dec. g g
continuum

6 65 7 75 8 85 9

(4) Signal extraction by flt on Mt,ag, and p*(ID@) from signal side
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Preliminary

DO D% IND™ r'v,)=446"2 810
| | Br (Dr*v) = (2.127%2 £ 0.29)%

N /4 MeV/c?

100~

5]
o

50~

N(D°z*v) =146 3.50

B e e e “woteeves |Br(D°z*v) = (0.77£0.22 £0.12)%
g | First evidence
= | I
8 4 1 arXiv:hep-ph/0109244
=z |
’ NN
20 [ a.8
q|Q
1 L 2 T T o
Poo [GeV/c] | PolGeve] T Q@ 95%C.L.
O Total alg
B D*t*v U
B D%*v x
. baCkground 5 10 15 20 25 30 35 40

My tan I M-
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@ b 2sy proceed via FCNC process
@New particle may change Br dramatically
@Most powerful tool to constrain new physics

@ Search for right-handed currents

b7,

\N/

B Allowed

@ In SM, photon is (almost) left-handed.
@ mixing-induced CPV is very small.
@ Large CPV would be an evidence of NP.

B Suppressed by mg/ m,

Mar. 21, 2010
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Inclusive B 22X

mntagged method

~

(On reso.)

— o(off reso.) =B=>Xy

S 107ET

—
BT T
4

Lepton tag method

@Tag semi-leptonic B decay
@ p*(1¥) =1.26 - 2.20GeV/c
@qq bkg is well-suppressed.

PRL 103, 241801(2009)

%105-
g"’:‘: I.'_" X
" —%B.
10% B SIg
E tag
1 VAN /
4 — n—yy
10° — ==y
—— Other decays
. 5 — B bkgd
Background from B decay is " oD o
subtracted by MC calibrated g‘lgn'a[? hadron
by control samples. T
I P
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Photons / 50 Me
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10000 F1 14
-20000 fF| L1
30000 [t i

000 g 100 —> __
14 16 18E2 [G2e2V]24 26 28
1.7 GeV < Ey < 2.8 GeV
Br(B 2X<y) = (3.45+0.15+0.40)x 10

Consistent with NNLO SM calculation
Ey>1.6GeV [PRL98, 022022(2007)]
Br(B 2Xs7)=(3.15%£0.23)x10*
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Inclusive B 2X.y (constraints on NP

& Constraints on type-ll 2HDM using
Cleo incl. (01) 20Gev new ave. of B>X.y (arXiv:0805.2141v2)
600 . . . . . ,
B>X.y R, LEP B-2>tv B2>Dwv K2>pv
Belle semi-incl (01) ||| - 22 Gel
o L soof [ I B
BaBar semi-incl (03) 196GelV
} I %400
S,
BaBar incl (06) 19 Gel’ :'H_.
T 300
BaBar had. tag (08) 1.9 Gel E
200}
1.7 GeV
Belle ol
New ave. 3.5750.24
0
0 10 20 30, 40 50 60 70
tanp
| | |

EETy M(H*)>295GeV @95%C.L.

New ave. = (3.57+0.24)x10* Competitive with divect

search at hadron collider
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Exllus ive B 9K

B*=2K*n’y

arXiv:0810.0804(submitted to PRD)

9K arXiv:0911.1779(Preliminary)
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B> Kn'y (657MBB)
Br(B*2K*n’y)=(3.6 £1.2£0.4)x10°
First evidence w/ 3.30

Br(B°=K%z’») < 6.4x10® @ 90% C.L.

B 2Kdy (772MBB)

Br(B*=K*dy) = (2.3440.29 #0.23)x 10

9.60

Br(B°2K%y) = (2.66 £0.60 £0.32)x10°
First observation w/ 5.40
Mixing indeuced CPV analysis is ongoing

ol T ' )
T I TR Lmmepansagmancs s 10 S€arch for right handed current...
i e ‘ | i e c‘
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b 2sl*F

@ b =2s FCNC process(y/Z penguin and box diagrams)
.

{
e
!
b o S b ya y 4 S

g
@ The amplitude is a function of s= q2/m2 g=m(l*l")
AT (b — st €7)

s

[(1+2 5) (1ICS" 1 + 154 )+4(1+ )li_“e”l +12Re((_“e”f§”)]+corr.

@ Sensitive to Wilson coefficients; sign(C,), Cg, and, C,,
@ New physics may change Wilson coefficients, C, = CSM + CNP
@ Many observables: Br, Acp, F|, Arg--.
@ NP hints & models can be examined from various perspectives

@ Exclusive B2K®I| : experimentally clean, but large theoretical error

@ Inclusive B2X.l : bkg is large, but smaller theoretical error

e
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B 22K (Br, ACP) (657MBB) [PRL 103, 1718012009 \

'( S|gnals V— Partial branching fractlons 4\
o UF JoUF % la KIIT .o K*I
> “t Kl 3 o0 EKI : ® JT g |
= 70 3 = [ 4 i 8 0.4
D 60 F T} 50 [ w___O_ oa+ \l s
N5 3 N [ = N | S sl
~ : -~ [ = . =
! 5% S o +| : s ‘FF N,
I.Ii 20 - Lﬁ 20 Ié; 0.2 _.|_ %; B :
10 E .. \
0 F ‘&l 0 il L PTTIT] ETEI UO= 00 25 5 75 10 125 15 175 20 225 25 DQ 25 5 7.5 10 125 15 175 20 225 25
52 522 524 526 528 53 5.2 52255255275 5.3 q2(GeV2/c2) q3(GeV?/c2)
\ M, (GeV/c’) M, (GeV/c?) B min., max. allowed form factors in SM
JI¥(P’)K® veto /
Mode | Branching fraction Acp
(X10_7) (Ng_NB)/(N§+NB)

B >KI| 4.805 ,+0.3 |+0.04%0.10%0.02
B=K*I | 10.7*11,,4+0.9 [-0.10%0.10+0.01
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K*I*IF (Vepton FB asxmmewxz ‘PRL 103, 171801(2009) ‘

dilepton lest frame

Az due to an interference 4 oo
between y & Z contribution | B

_ I'(Forward ) -TI'(backward ) |-
" TI'(Forward )+ I'(backward ) \Forward

VS

1.2
= 1FL(KE)
0.8}
osf / |

0.4 ] B R TR
0.2

; +—+—

-0.2}

_0.4 IR ! L T IR I I TR R SR “J.
0O 2 4 6 8 10 12 14 16 18 20 -04 ——t—— — P
o o o 0402468101214161820
q°(GeV</c?)

q°(GeV?/c?)

In A, flipped sign C, is preferred(?!)
—IMar_ ey HINT OF New physics(?!)
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K| (Vegton FB aswmeﬂz

CDF Run Il Prellmlnary L=4. afb™

m 2
T -
< | A (B" — K %)
PRD73,092001(2009 o 'FB
= SM T L R 'lg"l')'- 1.5__ +Data
3 Lo E [ = SM
:_ : i —: : ll.ll.l C CSM
5 — £ 1
= B E 0.5/ l ,,,,,,,,,,,,,,
~ Lo E ;..._qt .............
E_ -.i. _.E‘. _‘:"’J”) _E 0_ R 52
-0 Ei AT WA | 1 1'.114'.“'r ----- .“1.15 i SM
60 2 4 6 8 10 12 14 16 18 20 - % C.==C SM
q [GeVZIC4] -0-5__ I | | | % A | 71_-| 4 |
0 2 4 6 8 10 12 14 16 18
2 (GeVZ/c?)

Babar and CDF results also prefer flipped sign C,
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Inclusive B 2X.I*I" _(657MBB) _[preiminary

@Sum of exclusive method
@X, = K*/Kg + nw, n=0-4
@Sum of KII, K*ll, and high-mass Xl

@ 4.5 times lager data than previous result

gq + non-peaking bkg from B decay
Peaking bkg from B decay(X.y, X.nm, X nlv, etc)

“g 200F- ) § 140F
© 180k =] -
3 160- “"_ 'J. 3 120 o ‘ *
» 140 + + k| 'P" > 100: »{< '{' 1L
i > L
(0 1235_ W gof
605— 40
QEZM(XS)QGeV \ 20 1GeV<M(Xq)<2GeV A
QEbua oo b b do o el QT 502 503 504 505 506 527 508 530 Ea
M, (GeVic?) M, (GeV/c?)
Nsig = 238.3126.412.3 Nsig =53.8%x19.1%0.7

10c significance 3o significance
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mcllusvve 9)( I*Ir ©57MBB Preliminary

—_ o~ 0.7;10°
g ¢ Data| 3 ¢ Data
85k ] mMC = 06 [] mMC
s 1 X 05
- 4r T
= [ m
— - ~= 0.4
7] C m
<3 F ® 03
@05 :—E
m 0.2
T C
1r 0.1 I i
0 T - = T T P PO T G lllllllllllllllllll q |||||
04 06 08 1 12 14 16 18 2 5 10 15 20 25
Mass(Xs) (GeV/c?) P (GeV/c?)?

=(3.33+£0.8070)x 107

@Theoretical expectation [PRL94,061803(2005)]
@Br(C.= C,°M)=(4.4%0.7)x10° \.
@Br(C,= =C,SM) = (8.8%+1.0)x10°6 1'1,\‘%

@ X, Il result prefers SM-like C, oY
@ Ag(B2>K*ll) prefers flipped sign C,
\ @ A (Xll) will be shown soon y
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Search for X (214)°

HyperCP experiment : PRL 94, 021801
@0Observation of 3 events in Z*=2>pufy

. % oMass(XO>uw) = (214.3+0.5) MeV/c?

no
|

® Data

Events/0.5 MeV/c*

o

— -+ @PSseudo-scalar sgoldstino in SUSY(PRD73,035002)
212-M (5185\”02)217-5 @Light pseudo-scalar Higgs in NMSSM (PRL98,081802)
e @Vector U-boson(JHEP 0907,51, PLB 663, 100, etc)

i L Possible theoretical interpretations
5

No evidence of X(214) in other experiments yet...
oD0O [PRL 103, 061801(2009)] @E391@KEK [PRL102,051802(2009)]
eBabar [PRL103,081803(2009)] @E949@BNL [PRD79,092004(2009)]
@CLEO [PRL101,151802(2008)]

Belle has searched for X° in B decays.

Prediction with sgoldstino interpretation:
(JETP Letters, v84, 9, p479-484)

0 Br(BO>K*Xo(>p*y)) = 10°-10-6
@ Br(B%>p°X°(>utw)) = 10°-10-

Mar. 21, 2010 23



Search for X (214)° (6S7TMBS) Praiminary

@Reconstruct B>K*utu- and B2 putp
with AE and m,,
@See p'u mass in AE and m, . signal region

AE (GeV)

M, (GeV/c?)

122_: 3 BO>K*OX(Duw) 122: B> X(u W)
O 2 F O 2
=15 b > 15
1 B ® ® 1 ® o
0.5 — 0.5
0 0.2 0.:‘22 0.é4 0.56 0.28 0.I3 ° 0.2 0-é2 0-é4 0-53 0-53 U.If.’r
m(up) GeVic? m(up) GeVic?

U.L. @ 90% C.L. with t(X%)=1015
@Br(BO->K*0X0) x Br(X°>p*w) < 2.23 x 108

@Br(B°>p0X% x Br(X°uu) < 1.71 x 108
Ruled out most of Br(10-°-10%) by sgoldstino interpretation




Search for D=2

@ D’2Sutu , D%Sete
@FCNC decays,D%>utu-, ete, are highly suppressed in SM

Ty e’e
PDG < 1.3x10°% <1.2x10°
SM  ~O(10%3) ~0O(10%)
NPrpv ~0O(10%) ~0O(101?)

@ DSep SUSY)
@ Lepton-flavor violating decay is forbidden in the SM

@ Analysis w/ 660 fb-1
@ Reduce combinatorial bkg by D* tag ( D**>D%x*, D> 1*I-)
@ Suppress bkg from B decay ( p(D**)>2.5GeV/c)

@ Reduce systematics ( Normalized by D°>n*r)
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Search for D? =21 (660 fb) e

) 0 + - i i . .
. 55 - Signal B D T N lCﬂmE:-mrzmrmf WO rI d b eSt I Im ItS
S 2 i—lu—l—!u— : 90% C.L. upper limits (preliminary)
= - F ' ' ! _ —
= : B (DO — upu ) < 14x107"
= 05| i B(D°—ete) < 7.9x107°
“ 2: 182 184 186 1.8 1.9 B (DU — ei,uF) < 26x1077
- S i
s lretTe ' 3
15 F ; : U
1E : : 52 10-6—228 PDG
5 : : =S PDG
05F ' ' 5 [ gﬂ?ﬁ fb—;
s . 3 E— L . [ relimina - B
" 1s2  1s¢ 186 188 19 -
25 : v T i@'IEIE?Qf‘b—J
i : : preliminary . P
et e
1f '
05F
182 184 18 188 19 ——
2- [T ere e[t
M[GeV/c™] Channel

e
Mar. 21, 2010 Y.Uunno 26



® Polarnzation puzzie in B 2VV
@
o
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Charmless B2>VV

@ In B>VV, three polarization states contribute:

@ Longitudinal — 4, <«-(®)-- e --()->

@ Transverse t A+ +<-(® e @-»
O

@ The amplitudes in SM are expected to be:

2 |f:1
: : My My L
Ag ALt A_=1: L

M m B
K (1270) HFAG

m2 == K September 2008
~ 1__\£ ~1 ——— K
mp

I _ | Ag |2
r IAol AP +AP

Q £L~1.O for tree dominant

@ f, ~0.5 for penguin dominant
'@ Many theoretical attempts to explain within
SM(P annihilation or rescattering) and beyond SM |
@ Br, f, of ¢K* SU(3) related modes are [ Zfene

important for improved understanding®z | _os

0.8 1.0
Longitudinal Polarlzatlon Fraction (f.)

f =
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PRDS80,051103(2009)

*0 ©
ﬂpOK |s through Pand C E 3
- - 8
’ K*0 PO g §
d @ \ e S g 1 s -
074 525 526 527 528 529 §10 0.05 000 005 0.0
K*U M, (GeVic?) AE (GeV)
© M(p) “e
Q@ First observatlon by BABAR s s
(232MBB : PRL 97,201801(2006)) s -
@ Br(pPK*®) = (5.6£0.9+1.3 )x106(5.30)  § “FLIx Ao E
@ f (p°K*0) = 0.57+0.09+0.08 \\\ (Gevé. g ,
S
Mode Y S B B’@‘ ——————————————— :
, —6 — I Excess but no evidence..
— (events) () (10" ) (10 Difference between Belle and |
p K~ 7. 6+‘2§'m0 2.7 2.1F5710% < 3“4 I BABAR is less than 2o, so this :
fo(980) K" 51.27705 2.5 14702700 < 2.2 :_would be statistical fluctuation !
07+ — 1398 ra ocoetnclne | bLemmmmmm e e e e
p K'm 207.87555 5.0 2.8+ 0.54+0.5 -
fo(980)K*m™ 106.9T5579 3.5 144047075 - First observations
T K0 200.75354 4.5 457700 - for three body decays
i KTn- 54700 0.0 —01r 2T o
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BO 2K*0K*0 K*OK*0 g57mBB

@BO>K*K*0is pure b 2d penguin infg AE

Accepted by PRD

M, (GeV/c))

M(K-rt*)

(g =uct)

@ln SM, Br ~ (0.17-0.92)x10°

@Babar w/ 383MBB
@ Br=(1.28+]%+0.11)x10° (60)
@f =0.8%£0.1+0.1

Events/ 50 MeV
LnonSHEGSHE

@ BO>K*OK*0 js forbidden in SM e
Mode Yield S(¢) Br(10°) U.L.(107)
B 5 KK & 777728 09 0260800 08
B 5> K™K™® -37+£3.3%° - - <0.2
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® Exploring Bs sector
0 B, 2D *nlp, AIITs
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1n5S), B, physics
Y(SS)QB (*)B (*)
Y(":I'S) PRLsf IEE?HQBS)-

3.0-\1‘ 4 X(5S)

'=-__

32F

<

RVISIBLE

n
o

—————— — e —— — e — e — —

mn
H
L -af,’—.
-
T
—
___._
_.__

| 1 ] 1 1
10.6 10.8 1.0 (1.2
W(GeV)

Since 2005, we accumulated ~121 fbt @ Y(5S)
Today’s results are based on 23.6 fb!
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Events at Y@S!

uu,dd,ss,cc]
continuum

[Y(nS) +hadron] [

1 1s=(19.5%35)% i
&~ 5.45
BS event [Boor Bt event]

&
FS

)
>(.
us)
>(.
W
>(.
o
2
o
wn
W
92}
W
>(.
o
x
W
>(.
\/
W
o
/
2
M,. (GeVic?)
($)]
[4V]
(8)]

5.3

Rt ! 525" 03 02 01 0 01 02
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B, 2D, 7" and B 2D Mp*
@ Cabibbo-favored modes

@ gives us very rich sample
@ Fundamental parameters -

@ B, and B_* mass

@ Fraction of B.*B_() production
@ Measure absolute Br

@ D_*, p* are difficult at hadron collider

@ helps precise normalization in hadron collier
@ Polarization measurement in B,>D_ *p*

@ SM(f, ~0.88)

@ f (B®>D *p*)=0.885=+0.016=*+0.012
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PRL100,021801(2009)

)

>

Q

o

Te)

o

Q

o

P

i

HEERD . AT N PR R A c

5.3 - o % - Y s % e N g
-03 -02 -01 0 01 02 03 04 1T >
A E (GeV) M,_(GeV/c?)

Br (Bs & Ds7") =[3.67" 05 0 £0.49(f )] x 107°
(CDF : Br=(3.8+0.3+1.3)x103)

éraction of B;*B *) production\ Mass measurement(MeV/c))
ey o(e'e BIBL) s @ m(B,*) = 5416.4+0.4+0.5

T(BsBs) = olee” >BIBY) (90140 £0.2)% @(CLEO =5411.7%+1.6=%0.6)

f(BiB) =20 ¢ =BsBs) _ 731554 0.1)06 || @ M(B,) =5364.4+1.3%0.7

\_ o(e’e” -» Bg’By’) | J\_  o(CDF=5366.01£0.73+£0.33)  /
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BS aDS*-ﬂ'l'J BS 9D (*)- 2"‘ | Preliminary |

‘Firstobservation+ iIrst observation “IFirst observation
- |B, D! B,>D,p"

3

[=]

20F

Events / { 0.004 GeV/c?)
]
I
Events / { 0.004 GeV/c?)
3
Events / ( 0.004 GeV/c?)
o

15F 40
E 30
10F E
£ 20 C
5_ 5
o 1y 10
¥ LT W TR T TTRYTL g - FYUPEPL.. TR ol e W 99 vy -
03 %555 5ai S0 530 b4 54 ous e i i S e RS W 20 L . 2 O e —
M {GeVchE} ’ M, {-GBVJ"GE-} 5.3 532 534 536 538 54 542 544

M.. (GeVic?)

Mode o Br(x10-3) SM(HQET)
B.OD.*nt 7.1  2.4*05,,+0.3%0.4 2.8
B.>D,p* 8.2 853 +11+13 7.5
B.>Dj*p* 7.4  11.8*22, +17+18 8.9

cos(Ds") cos(rho)

3 f 2 £ c0s0(p*) Polarization measurement
£ 1L 2 1f +0.08+0.03
: g o fL(Bs & Dg p*)=1.0573"10 04
o --| consistent with
S = N T | 0 SM(f-0.88)
01 08 06 04 02 l] 02 04 06 08 3 G1 08 06 04 ...... U ."2 ....... l] 02 04 06 08 1 O fL(BoéDS*_p+):O'885i0'016i0'012/
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CPV parameters, Bg, Al's...

@CP eigen state is used to measure %SDFH
;S
@B oscillation Is too fast for Belle

@ A’ /T's can be obtained from Br(B,2>Ds**Ds*)-)
@CKM favored B,2>DM*D™- is
@CP-even is dominant(p.D, is pure CP-even)
@CP-odd part can be ignored
(under heavy quark limit for m,)

AT, _ 2Br(Bg = D{"DL") | zphys., c54, 653(1992)
.~ 1-Br(B. — DO*D{")| PRDS3, 114015(2001)
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Ar IFS -me s 9.5(*)+D (*‘) |Prellm|nary|

DsDs - 1o 1| Mode Yield Br(%)  S(o)
=T |z

J #,: DID; 8530 109790 6.2
z #r MLHJHJ Ll lm DXDI 92778 2.8'%+0.7 6.6

15 -01 -005 0 AE?'(()E}eV%l 2 5 Izs 5|3 51\345 ((5;4V; 5)45 D;+ D;_ 4 . 9'*']:!-;) 3 . 1+:ﬂ'§ i O . 8 3 . 2

*+ N F
Ds Ds| First ohservation -, Sum  22.6%5;
24 J/ % Theoretical error
5 z | (PLB 316, 567)
AN L < i ) [AT, 2Br J
%1‘;“;1 ” 0050 005“ ‘.01 Oslzmslzs 53 535 5; hs 45 2 = . (O 147 +8 (0)38 +8 82;1 + 0004)
AE (GeV) M, (GeV/c?) ]__‘S 1—Br
DD . Consistent with PDG and SM, and
N Comparable with PDG
z° : _ +0.051
%;.5 “(.)1“.:‘(‘).051omc.:)E)s 0.1 052 525 53 535 5.4 ‘545 SM ' AFS / FS — 0'12710'024

AE (GeV) M, (GeV/c?) (hep-ph/0612167)
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S 9 \],// y/ﬂ, 91// ? Z:i:i/r?cigfgmm
@ Pure CP even states.

@ Aiming direct AI' measurement(At).
@ With large signal, we can also measure Al'g

|
B.> Jiyn | | B>Inm’ |
I Py n’2Nnn
n=>yy, n2>xnnr’ combined : %22 5/
Y o8 3 7 ' 51% A
> 7 E 6— | @ 0,55 7 :
§ gi § i: : 925 5.3 s.éSthsz'g;;,Ig;4s 9702 o féz(c;e ‘?).4
= 3 g 3F P
23l "y I Miaes
055 R T S g 6 s LY 0.2 04l 3 : ’ ’ H | ’ 24 }
M,. (GeVic?) AE (GeV) | E g } H & Z + H
Fl rSt O Dserv atl On : 925 53 SIéSthge\-Hc%“ i T E-EZ(Ge;lﬁ).d
Nsig = 15%4 (7.30) ' FIrst evidence
Br=(3.3%+0.9%+0.3*0.4(f,))x10%, Nsig = 11%5 (3.80)
' Br =(3.1%+1.2*32+0.38) x10*
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Summam

@ KEKB / Belle has accumulated int. £L=1 ab™

@ Using a part of data set, we have
@ set strong constraint on some NP models
@ found some hints of NP

@ Many programs are running to search for

NP effects now.
@ B, Bs, Y(nS; n=1,2,3), charm, tau, two-photon
@ Results with full data will come in this summer

@ However, many analyses need much more data...
@ Super-B factories will solve the statistical issue
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@ [21aBA-4. HFFERE] PiEE (LAL-Orsay)
@ Measurement of CP-violating asymmetries in the
flavor-changing neutral current decays of the B-boson

@ [23pBA-9] BEEAXH (RILX)
@ B > DK*RRIES IR L DR FR

o [23pBA-11] ba O 5 (KEK)
o B>JiyK’. DPh, B&LUDIVEiEZE ALV
CPT3F§1%/\7)‘—’;‘!0),EIIE

@ [23pBA-13] LEE#& (KEK)
o X FBIRRICHITHnPEFut & R IGDEIE
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Mglel it XY, TNk e AT ;
85 522 524 526

S

528 5.3

m,. GeV.L?)

1800
1600
1400
1200
1000
800
600
400
200

O L | ) L ! A RSN

5.2 5.225 5.25 5.275 5.3

m,,. (GeV/c?)

Mar. 21, 2010

ctio

2000 E
1750 E
1500 £
1250 E
1000 £
750 E
500 &
250 ¢

O"’"‘\ AT Y

02 0 02
AE (GeV)

@Enerqgy difference(AE)
AE =E! —E;

beam

- @Beam energy constraint mass(m,)

Mye = Eren )= P I
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X(5S) 2BWB®, BWB® g

T T
@d ronic events at Y(5S) N
! / RD75,012002(2007)
C

| tutddsscc
I+hadron] [ contlnuum bb event
| 1,=(19.5'38)% | f(B+0)="
*,;w- -----------

LEO based on 0.42 fb-1
@ f(B*9)=(58.9+10.0+9.2)%

B, event ] [ B? or B* event ]
| A

DEDes) E)ER)ER) 2 ooy
4-body

@ Found only 2-body decays)

: . . ™
In theoretical prediction

3,4-body fraction~(0.03-0.3)%

oNPB 405, 55(1993)
@hep-ph/0805.4518(2008) y

Reconstruct clean and w

Mar. 21, 2010 Y

@B*2>J/yK , D(Kr)r, DY(K3n)x
@B%> JyK*0, D(Knm)w

ell kwon B*0 decays
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I(SS) 9(**) (*\“) (*\“) (*‘) T | Preliminary |
I e —

*) R (* Fit M, .<5.35 GeV/c?
?51‘(58)9 B( )B( ) (Bkg subtracted) bc
BB MC § B*B* Data Channel Fraction for bb (%)
>0'4: ] >1ooE BB 5 5+1'0 + 0.4
S 2 D50 :
0.3 _ _
= | 1; BB*+B*B  13.7+£13=+1.1
EO.Z: £ 50} * TYy* +2.1
E s B*B 375721 +£3.0
- | Large M. 175758 +1.3
053" 535 54
M, (GeVic?)
nY( 58)9 B(*)B(*)ﬂ: Channel Fraction of Fl;act.ion per
: BB 3sF 3.4-body, %  bb event, %
y ‘“MC 30} BB 02755 00+12403
BBz B Br 410 | T31a08
s % 20| B*B* 5.0 TS 0 oy
RS g Residual 52.3F139 994304
il o = 10 Large My, 100. 17.5 f}g + 1.3
al -0'1 : R First evidence of 3-b0dv dec a)‘\‘
AE "™+ MpF- 528 (GeV) AE™+Mpi-528 (GeV) | with very large fraction. \)1’)0 )
i 0)
Mar. 21, 2010 Y Unno | (Theory predicts <0.3%) <




I(SS) —>B*B®*) B®*E (*‘)7; | Preliminary |
_

- Data B+9J/\pKJ ' Data

v
q

-
o
E T

=
o

M, (GeV/c)
5

o]

o

Events /5 Me
[ 5]
o

53F

525“"03 02 -01 “‘.0“‘0A.1' 0.2 | ,AE+Mpc'528,
AE (GeV) 04 02 0 0.2 %2 -01 0 01 0.
AE (GeV) AE + M,-5.28 (GeV)
Decay mode f(B+/O) Vi
N meas .

Bt — J/yK* 30.0567 £8.0 L (B) =

0 J/PYK*O 85.3192 + 8.8 L. Xo, - X&XBr
Bt — D(Kn)nt 64.0:i:6.2:&:4.9 =(73.7£3.2+5.0)%
BT —» D°(K3n)nt 68.3%s] +6.4
B° - D~ xt 72.9 + 7.4+ 6.4 (fs = (19.5'3%)%)
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Events / 20MeV

S 9h+h" | Preliminary |

B.2>K*K" : observation

Br = (3.8*10, ,+0.5+0.5(f,)) x10°
[CDF : Br = (2.4%0.1+0.5) x109]

N
o
h_= '
¥

o
; [, e
- 1
] 3 v l 3
—_
Events / 5MeV/c®

B.2Kt": excess seen

Br<3.3x10%(90% C.L.)
[CDF : Br = (5.0%0.7%0.8) x10]

B.on'n
Br<1.2x10>(90% C.L.)
[CDF : Br < 1.2 x10-9]

B.2K.K, : first measurement
Br < 2.6 X105 (90% C.L.)

9.35 5.4 S
M, (GeV/c?) Y.Unno 47




Observation of s*éK*K*n'

@ Doubly Cabibbo-suppressed(DCS) decay
@ Not observed in D, decay yet.
@ Help for further understanding on charm decay dynamics

o Test SU(3) flavor symmetry: [NPB115,117 (2003)]

——————————————————————————————

B(DY — KYK*a )\ B(D* — K¥n¥n— )i
B(DI = K*K-m+pB(D* — K-m+rt)) ¢
\ CF ,\\ CF )

——————————————————————————————

@ SU(3) breaking effect due to resonant intermediate states
violates the equation above
@ Analysis data set is 605/fb

e
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- -
+ +l+
PRL102,221802(2009)
|> ]
" A daa i ——data
CF: D/ "2 KK ] sina N signa
L] . ] - ¥ _
S V77 D" D'r, D' KK C F . D K TC -Dsﬁd K'Kn*
random
= . _
o 10000 - D'— Km'n* =0 y
% N rrrrr m B 102 B o —
2 5000 § -
. ...J/'l/,,)l.4 L 10 B
0 LA AR AR AR TR R R R R ROV E\
193 194 195 196 197 198 199 2 201 2.02 208 NSNS D R R R T
K'K") (GeV/c?) 1.82 1.83 1.84 1‘:;5 1.236+1,8? 1.828 1890 19 1.91 1.92
(K ) (GeVic™)

o First observation of D,*2K*K*'n" (9.1c)

Branching fraction Belle World average [3]

BDt— Katw™) (5.2+=02*0.1)x 10 (6.2 +07)x 104
BD! —= K'K'7™) (1.3+02*=0.1)x10* 29+ 1.1)x 10

@Consistent with SU(3) flavor symmetry
B(Df - KtKtn7)B(D" - KtnTn™) 9
= (1.57 £ 0.21)-tan® 6

B(DY - K*K—nt)B(Dt — K—ntnt)
.
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Study of D" 2K h*

@ Measurement of ration R(D,") = SCS/CF decays
@ Help for better understanding on SU(3) symmetry
Mode PDG CLEO

(arXiv:0906.3198v1)

Br(D*>K.K*) /Br(D*>K.n*)  0.189+0.016+0.007  0.199+0.007
Br(D,*>K ")/ Br(DS*>K.K*)  0.08240.009+0.002  0.0850.007

@ In SM, Acp(D ) 2Kh)~0(0.1%) or lower is expected

@ O(1%) A-p Wwould indicate strong evidence of NP
PDG CLEO

(arXiv:0906.3198v1)
D* DK -0.9%0.9 -1.3%0.7%0.3
DK K* +7%+6 -0.2#+1.5+0.9
D DK r* +27411 -16.3+7.3%+0.3
DK K* +4.9%+2.3 -4.7+1.840.9
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Study of Digy* DKt |20 i)

Dy KK B oz 1 [Dg e e

35000 —
14000 &Y random S 2 c D+
l% 230000
12000
10000
8000

5 25000

g + 20000

g 15000
4000 v 10000

6000 - [ Isignal

- D+43' KgK*
E Sy random
““\N . o
0 1] N \ N
M(K"K') (GeWcz) ’ ml(“ ‘)(GeWcz}

@ Most precise measurements (w/ 605 fb1)
Mode Belle CLEO
Br(D*>K.K*) / Br(D*2K*)  0.189940.0011%0.0022  0.19920.007
Br(D,*>Km*) / Br(Dy'>KK*)  0.0803%0.0024%0.0019  0.08520.007

ONull Ap , but most stringent constraint (w/ 673 fb)

Belle CLEO
D*>K m* -0.71%£0.19%0.20 -1.3%£0.7%0.3
D*>KK* +5.45+2.5040.33 -0.2+1.5%+0.9
D5 2>K -0.16%+0.58+%0.25 -16.3*+7.3%0.3
D ,f2>KK* +0.12%+0.36%0.22 -4.7£1.8+0.9




Source DYDs | DD, |D:tD:
+0 —0|+0 —0 |40 -0
DATA/MC calibration |03 03|00 0102 0.1
CR PDF 0.7 0.7/02 03|05 04
Background PDF 11 13|19 20|30 3.0
WC+CF PDF 03 03|15 15|44 44
WC/CF fraction 02 02|50 50|87 87
Continuum suppression | 1.8 18|18 18|18 18
Best candidate selection| 6.9 0.0|22 0022 00
K* identification 9.5 9.5(10.0 10.0{/10.3 10.3
K, 1.0 1.0/10 10|10 10
x° 1.1 11|11 11|10 10
¥ - - |38 38|76 76
Tracking 62 62|62 62)|62 6.2
Polarization 02 00|08 05]|0.7 03
Acceptance (&) 11 1.1({09 08|10 10
D{" BF’s 12.4 12.4[12.4 12.4[12.5 12.5
Luminosity +1.3
Tr(s5) +4.6
fB(,’)F(," +15
Ng:p:/NBJ(.)-g(‘*) t::'.f
Total 24.6 23.7|24.8 24.8|27.2 27.2

Y.Uunno

Al IT's from B, DD

I
Mar. 21, 2010

52



B2VV (angular analysis)

(ex) B>oK*

Decay rate can be formulated:

2
L d°T _3 ®0032 0, cos’ 6?2+£(1—GD)S"12 6, sin’ 92)
I"dcosf@dcosd, 4 4 \ /

Longitudinal Transverse

f, can be obtained by fitting to cos6, and cos6,
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Study of D(S)J*%K h+* ‘arXiv:lOOl.3202‘

XT KORT X~ —>K2h™
AX"‘%-th"' o Nrec ° — Nrec °
Hee A X T KORT X——K%h~

NI'BC _l_ NI"EC

:' X_‘_%th_F} Poaxt h+:
=14cp Pt App + Al

@ A : Forward-backward asymmetry due to y*-Z% interference in e*te>cc
@ Ag : Asymmetry in charged track reconstruction

I R I AR N o
g“:%o-; :Ci_'_ —+— —H —|—++
Control sample D*2>¢n* for DK | = — | — |
@ Assume Agg Is same for D and D, y e [
@ Assume Acp(Ds*2¢n) =0 R B et N My
0 A (D >0m%) =Ag(D) + Ae(m)i | = |
@ 3D map for pap(h*), cosB(h*), cosb(D") | -+ ++ ]

050 05 1 4205005 1 1050 05 1
MS
cos6! cosoMS cos6M®
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Study of D(s)*‘%K h+ ‘arXiv:lOOl.BZOZ‘

Control sample D*2¢n* and D92K-z* for D *2>K.K*
@ Assume A is same for D and D, )
@ Assume A-p(D "2 ¢1*) = Ap(DP2>K ) =0
@ Then, we can obtaine only Ag(K)
0 Ao (D >m%) = Acg(D,) + Ae(n)
@ A, (DP>K ") = Ag(DY) + Ag(n) + Ae(K)
@ 3D map for p,,u(h*), cosb(h*), cosb(D ")

+ 70 o+ + 0 et o 04 b %
° AD(S) KSKD,, AD(S) KSKY 4K 5 004 S oo
rec = rec € T 002 + T ool
EEEEEEEEEENTS ,——:\ r——:—--ﬂ-:‘ o % oF + J,d,% U___}__|__|_ +
o I4D(s) I IAD(S)_’KSK 1 < + +—— < —+
= App |+| op I 0.02F 0.02
’ -------- \---’ ~ -------- 004 004
+ 0 7+ + 70 gt ’ .
:AD(S)_’KSK : _ 4’?(5) Ko KJ,, QCMS X on2f X 002f
q CP I fArec CcOSs D—|— e ok h'd ok
L ’ l.l.l.l.l.l.l.l.l.l‘i}. +Tm %:h ------------ b - +Tmm ‘_]:.—1:' .............. .
________ N —— Q(u__o_oz— + g{u_-o.oz— —|—+
(s) "B s B corr CMS ook ‘\‘ oosh
+ Arec (_ cos ¢ + )]/2 ‘\‘
l.l.l.l.l.l.l.l.l.l.?‘sj -0.06¢ . . + -0.06¢ 1 L L L
0 02040608 1 0 0204 06 08 1
lcos6"| |cosB"|
L
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DT K 9t DT K%t pt KUKt Dt KUK T
Source oA p ST(%) cAcs 7 (%) eALs T () oALG = (%)
D} — ¢ statistics 0.18 0.18 - -
+ _pxt + _,gnt
AR e AR 7% Linning 0.03 0.03 _ _
M(K*K™) window 0.03 0.03 - -
DT — ¢ statistics - - 0.18 0.18
+—" ‘.TE+ " "
ALZ 7" binning , - 0.03 0.03
4K M(K*K™) window - - 0.03 0.03
o DY — K~ xt statistics - - 0.06 0.06
AX” binning . . 0.04 0.04
Possible A2~k =" g g 0.01 0.01
cos 671" binning - - 0.06 0.06
]
Fitting 0.04 0.27 0.12 0.05
K"/ K"-material effects 0.06 0.06 0.06 0.06
Total 0.20 0.33 0.25 0.22

N
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B 2K™I*I" (Isospin asymmetry) [prios i7is0i2009 ]

y (7,. /T,0)xB(B* > K™y~ B(B* - K"l
" (r,. [t,)x B(B® — Kl + B(B* — K©'lI)

> Kil
4 K-
2 4 6 8 10 12 14I I16I | I1|8I | ‘20
q3(GeV3/c?)
KIIl =-0.31727,+0.08 withoc=1.75

K'lIl =-0.29%)12+0.09 witho=1.37
KOl =-0.30°2+0.08 witho =2.22

@ InSM, A, Is expected to be zero
@ Our results are slightly negative value...
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QK(*) I+~ (R (K(*) and A PRL 103, 171801(2009)
ﬁLepton flavor ratio : R ., =B(K"u u7)/ B(K e"e")

@ In SM, R(K*) ~0.75 , R(K)~1.0 are expected

@ Ry Is sensitive to neutral SUSY Higgs if tanf is large

Mode Ry SM
KIlI 1.03%0.19+0.06 ~1.0
K 0.83+0.17%0.08 ~0.75

@ CPasymmetry : A =(Ng—Ng)/(Ng+Njg)
@ In SM, Ap Is expected to be very small

Mode Acp
KII +0.04%+=0.10%£0.02
K*| -0.10%£0.10%x0.01

I — %
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B 22K (K* Eolarizationi ‘PRL 103, 171801(2009) ‘

@ Longitudinal K* polarization F, by fitting to cos 6.
@ Important for model independent Ag

dr L,'COS 2O+ — (1—=FL.)(1 cos® 6,.) \\—M \;K*\

d cos 6. 2%

12
1 B
0.8}
0.6
0.4] (|
0.2f

0f
0.2|
0.4

L L ! L ! I ! | PR !
0 2 4 6 8 10 12 14 16 18 20
q*(GeV?/c?)
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Preliminary

J

oo
e " BO_) D- T+V1:

| | | ! | ' o

o 1 2 3
Br(%)

”exclusive” B,y r€CONStructior ——g=—— this analysis and PRL 99, 191807(2007)
ezl inclusive” Btag reconStrUtlon ~—sf— Belle preliminary, arXiv:0910.4301 [hep-ex]

—wfs— BaBar PRL 100, 021801(2008)

C.-H. Chen and C.-Q. Geng, JHEP 0610, 053 (2006)
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