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Luminosity Record at B factories
(fb") | Lurpinosityat B factories I Belle BaBar
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100fb
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Belle-1l & super KEKB status at KEK, Japan

1. KEKB upgrade project was approved in 2010/Jun. A
groundbreaking ceremony will be held on April 8, 2011.

2. Luminosity goal: 8 x 103> cm™s™,

3. Plan of super KEKB: commission in 2014, reach the 50ab™ in
2020~2021.

4. Please check Y. Horii’s talk for more detail. (Mar.5)
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International Commitment to Belle-li

Belle-1l is now a collaboration of ~400 physicists from
57 institutions in 13 countries.

Germany _ Russia ‘
USA(33) (50) Austria(1l) (33) China(17) Korea(41)

Poland(12) Slovenia Czech(7) India(10) Australia Taiwan(23)
(14) (10)
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Belle detector

1. Reprocessed data (tracking efficiency improvement).
2. Systematicimprovement (using full data sample).
3. The tracking systematic goes from 1% to 0.35%.
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Unitarity Triangle (UT)

(A7) (Ve Ve ()
S’ — Vcd Vcs Vcb S
b’ @ Ve Vu N b))
Weak eigenstates CKM matrix Mass eigenstates

A triangle can be drawn using an unitarity condition of the CKM matrix
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Measurement of CKM UT sides

*Inclusive |V, |: B2X, 1V *Inclusive |V |:B=2X 1V
*Exclusive |V ,|: B2>m |V *Exclusive |V, |: B>D" | v
Inclusive decays: b2>ql v Exclusive decays: B2X, | v

Weak quark decay + QCD corrections | Form factors, need lattice QCD




1 Exclusive |V, |: B?=2>n I* v
b u

Here final state is B> l*v, I=e,u
Measurement is done with the equation,

2
AT(B = 1~ £*v) G ;
dqg? 192ﬂ2mi

qg> = (pe +p,)* = (pg — pr)*

Need extra input, determined by theorist




Basic parameters

1 A charged pion and a lepton as a signal side

v, 1
J missing 3 momentum . .
Signal Side /
Bsig
E+

—
Pmiss = — 2 ;?I
- 8 GeV 3.5 GeV
—.___-—-—-'—'—-‘
e Yas

B
 neutrino 4 momentum

Pv = (IPmiss|, Pmiss)

Kl1luul I T

~ 0.24
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J Momentum transfer, g £02E ¢ =0, P —
2 _ 2 _ 2 g o8 3

q = (Pf + P'V) - (PB - pn) ’ E 0.16 £ Vaverage -

N . B gy | Yoo wame o ses oo -

averaged over B direction ambiguity 01F . vus)Brostiramo | 3

. . i L el 3 v(a5) E

1 Estimate B yield by fitting distributions, 008 b e s
0.02 & A =

0 S S L2 R T TP S

mbc — Ebeam — |pﬂ + pf + pV| true of - raw o (GeV¥c)

AE = Epeam — (Ex + E¢+E,) og2 ~0.5 GeV?



arXiv:1012.0090 Submittedto PRD(RC)

Yield extraction, AE-M, . 2D Fit, 605fb™

B = (1.49 + 0.04(stat) + 0.07(syst)) x 10~

Events/ 125 MeV

Events/ 6.25 MeV

i%ﬁz
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1= E
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-B“—}n:lv i
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N cont. i
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M, _ (GeV)
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T T T T T T T T




— ]
Data compare with Models
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|V, |, uncertainty from Models

® Vp can be extracted from the partial Branching Fraction,

Vbl = /AB(gD)/TmAL,

where,
AC: form factor in corresponding 4% range

® Result
9> (GeV?) AL (ps™) |Vipl(107°)
HPQCD  >16  2.07+0.57 3.55+0.09 +0.09704
FNAL >16  1.83+0.50 3.78+0.10 + 0.10704%
LCSR <16  54+14 3.64+0.06+0.0970%
ISGW?2 all 9.6+4.8 3.19+0.04+0.07+%

® Form factor uncertainties largest contribution
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I EEEEEEEE————
V|, Belle data

® EF model independent V, extraction method (PRD79054507 (2009))
® ((|Vuwl; £(2) = f(IVubl; a0 + a1z + az% + a32°)

®:z==z()
. . i h-'- ﬂ‘m_l T UL LI N N I Y I B B Y B B B ]
® simultaneous fit with o - —— MILC lattice points .
ﬂ.+ 0.035 :— —@— Belle, |V_| scaled from fit —:
- MILC laﬂ:ice l'esult, 0 035 l == Simultaneous fit E
— Belle experimental result - _ :
0.025—, - .
0.02 -
0.015 =
0.01-—— h

03 02 -01 0 01 0.2

o era) [ Vb = (3.43 + 0.33) x 1073

(Stat. and syst. Errors combined)
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#2 Exclusive |V, |: B>D*I* v

GE
dl'(B —» D*{v) F

dwd cos 0,d cos Oydy 4873
F(w) = F(w,cos b cos Oy, x, Ry, Ry, p°)

V| m’ (w’ — DY2P(w)F (w, ...)?

® Fit angular distributions, cos 0y, cos Oy, x
= Form Factors Ry, R,, p2

@ simultaneously fit w distribution to get

T(l)IVcbl
® |V, is obtained with (1) from FF

caleulation.  Kinematic variables

o w:%‘i%;:aquqE

@ cosfly, cosfy, v
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Exclusive B— D*fv Results

I PRD82,112007(2010)

B* — D¢y BY —» D ¢v
BB — Dtv) (4.84+0.04+0.56)% (4.56 +0.03 +0.26)%
F(1)|Ve| x 103 35.0+04+22 345+ 02+ 1.0

BaBar

B* — D¢ B - D ¢v
BB — D'tv) (5.56+0.08+0.41)% (4.69 +0.04 +0.34)%
F(1)|Ve| x 103 359+ 0.6+1.4 344+03+1.1

PRL100,231803(2008) PRD77,032002(2008)
Global B —» DX¢v

B(B — D*tv) (5.40 £ 0.02 + 0.21)%
F(1)|Va| x 10° 35.9+02+1.2

PRD?79, 012002(2009)
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World average
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#3 First Evidence for the Suppressed Decay: B- = DK
with D2 K*rt
e Two diagrams exist for B—>DK-, D2>K*r.

b - - U

B W — ©

S

U - U

Color+CKM suppressed

S

W — 7l

B 0 —= —

(¥ -l U
Favored

_ L
D° - - S
— W.L'""< “
i d
Favored
o L
yid W+ -
0 - i d
D - U
CKM suppressed

2
)

5

The two passes interfere, provide important information of ¢,.
ADS, PRL78, 3257 (1997).

rgp): ratio of the amplitudes of the two B(D) decays
Og(p): Strong phase difference of the two B(D) decays
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* Byapplying a 2-D fit on AE and NeuroBayes(NB), the first
evidence of the signal is obtained with a significance of 4.1c
(including syst). to be submitted to PRL

NB = a variable
newly-introduced
to
discriminate
between
signal and BG
from ete>qq.
(g=u,d,s, c)

Events /10 MeV
Events /0.04

AE (GeV)

* From the obtained yield, we evaluate Calibration mode
B([ﬁr+ﬂ_]gﬂr_) —+ B([ﬁr?'TjL]DﬁrJr)‘/
Rpr =

B(K—7nt|pK—) + B(K+7x |pK+)
= [1.6315:51 (stat) 15 75 (syst)] < 1072

where Rpx = 7% +7% +2rgrpcos(dp —|—5D)COS
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wp (K trn | pK— 1afp (Kt pK T

= 121 = 12

= 10f = 10f

-E st E 8 ‘g l

£ oerli E el i)
T ey Skt
00_1 0 01 0.2 0.3 90 1 o r o1 -TZ - 0.3

AE (GeV) AE (GeV)
We also obtain the CP asymmetry as
A B B([KJFTT_]DK_) _ B([K_WJF]DKJr) The (|)3 can be
DK = B(K+n|pK~)+ B([K-7+pK™) extracted from the
2040, . imultan fit usin
= 0394928 stat) H0% (syst) simultaneous fit using

Rok Apy, and other
observables for B-
Apr = QTBTDSiD(53+§D)SiDRDK eDCPK

Our result of Ay, is also the most precise.

which is related to ¢; as
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Submitto PRL soon

Compared with previous results
R, Averages HEAG

. FRELIMIMNARY

‘BaBar ' . ' ' ‘0.011 + 0.006 + 0.002
arxXiv:1006. 4241 .
e Belle : . 0.016 + 0.004 + 0.002
= CHEMZ2010 preliminary : I !
=, CDF : = 0.022 + 0.008 + 0.008
— CHM2010 preliminary =t .'* =
Average : 0.015 + 0.004
g HFEAG : . i
Our resultis most precise.
ADK Avera S CKM 2010
: PRELIMINARY
BaBar ! N ; H -0.86 + .47 '513
arXiv:1006. 4244 . .
' / . .08
e Belle : " : -0.39 + 0.26 T5 54
= CHM2010 preliminary : :
s ; ;
| CDF : . -0.63 + 0.4D + 0.23
(-] CKMZ2010 preliminary e ' :
Average 5 e : -0.52 + 0.21
s HFAG : ; : .
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Can we find CP Violation in D decays?

@ Searches for direct CP violation performed in total over 30 D°, D and D7

decay modes in past 15 years
— Belle, BaBar, Cleo, CDF, FOCUS, E796, E687

@ No evidence for CP violation found so far

— Sensitivity is in some cases reaching 0.2%

® Measurements statistical limited
— All measurements can be significantly improved!

D° — Acp [%] Dt — Acp [%)] Dy — Acp [%]
KTK— —0.16 £ 0.23 KonT —0.72+0.26 KIKT —0.28 £0.41
atm— +0.22 +0.37 K§K+ —0.09 4+ 0.63 H§w+ 1+6.5+25
atr—x? | —0.234+0.42 KTK—wt | +0.3904+0.61 KTK—wxt | 403+14
K-mtm® | +0.16 +0.89 K-atot —0.54+1.0 ata— ot +2.0+ 4.7
K20 +0.10+1.3 K-ntat —05+1.0 Ktn=at | +11.2+7.1
KTK—n% | +1.00£1.7 Komta® +0.3+0.9 't —82+53
w00 +0.10+ 4.8 rta—ot —1.74+4.2 wty —5.54+3.9

[l s s s [l [
“ “ . . a "
[l s s s & &



e
How?

Key is to distinguish possible CPV asymmetry from detector effects and
production asymmetry in reconstructed asymmetry
AIEEO B N_IDECG . N%ECD

_ Teco Teco

N = NEP°U . B(D — f) e — if A, < 1 — |A™° = AR, + AL, + Af

f
Acp _ Arg :ﬂ"e
CP asymmetry Production asymmetry Reconstruction asymmetry
independent of any due to ~/Z interference in h¥* reconstruction efficiency
kinematic variable ete™ — €€ (only at et e~ coll) asymmetry
7’ D [E [T[E[C]T |O[R
+ —_ =
e e ot P/ﬁ/;l o
%

lab lab
(anti-symmetric in cos#y,) (P™7, cost™?)

In order to control systematics A;’'s are estimated on real data sample!




e
Method

Developed methods for measuring recon. asym. of ?rs:i}w, 7~ and K+

o w1 from D** — D% decays
— Using tagged and untagged samples of D — K=+ decays

Aﬂaluw(pnslﬂw] ‘L-Dsa'ﬂ'alnw) — (+U.14 :l: D.DT)%

° charge of slow pion gives flavour of DO
— Using D — ¢t decays
[Apg + A™](cosB}, py, costl;)

X

(0.3 +0.2)%

@ K+
< Using DI — ¢t and D° — K~ 7" decays
AK(pk, cosflix) ~ (—0.4 £0.2)%

Need to make assumptions:
@ No CP violation in Cabbibo favored decays

@ Forward-backward asymmetry the same for all charm meson species




1
4 Ap of D°->K °PO(PO=1t% n, n’)

791fb!

arXiv:1102.0888
Submitted to PRL

@ Acpin D — K2n°, D" — K2n(+) and D° — K3n'(x)  + - first measurement

% o
i

A6}

Acp =(-0.28+0.19+0.10)%  (+0.54+0.51+0.13)% (+0.90+0.67 +0.15)%




4 A.p of D°>KL(n% 1, ')

Decay Lumi

D" - nx* 955"
D* s> n'x* 955
D" - e@r* 955"

Am'%]
+1.62%1.14x0.15
=121 132018
+0.51+£0.28+0.05

[0 0 -1
D° — K _x° 790 /b

D° > K. 790 fb"
p° — K. 7' 790 "

—0.28%£0.19%0.10
+0.54+0.51+0.16
+0.98+0.67£0.14

D" - K.x" 673 6"
D, - K.x" 673"
D" > K K" 673 "
D, - K. K 673"
D° - K"K 540 b
D° > x'x 540 b7

—-0.71x0.19 £0.20
+5.45+2.50+0.33
—0.10 T0.58 X 0.25
+0.121+0.36 £0.22
—0.43+x0.30£0.11
+0.431+0.5210.12

Most sensitive CP
measurement in
charmed particle
sector (up to date)

First measurement

Results:

1. Consistent with the
SM

2. Most stringent
constraints
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Can we find CP violation in 1 decays?

* CPviolation has only been observed in meson system. How
about in the leptonic sector?

* [tsdiscovery would be clear evidence for New Physics (NP)!
* Previously published paper is by CLEO collaboration, 13.3fb™.
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Q.
o

<

CP violation results in T>K_  tv_

0.03 699fb!l arXiv:1101.0349

e o v Ko Results: submitted to PRL
0.02}| # data 1. No significant CP asymmetry has
0.01] been observed.

OE 2. |Im(n,)|<(0.012-0.026) at

: 90 %C.L.

0.0 3. One order of magnitude more
0.02] restrictive than the previous
N CLEO results |Imn|<0.19

08 1 12 14 18
W (GeV/c?)
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Results in 72K, wv_: set M, limit

1 |Im(n,)|< (0.012-

0.026) at 90 %C.L.

| = Limits for multi Higgs
Doublet Model

X, Z: complex coupling
for Higgs

M,,: lightest charged

10 20 30 40 50 60 70 80 % 100 Hjggs mass

\[Im(XZ*)




B —
Summary

* Updated results using exclusive decays:

B> I*v
B = (1.49 + 0.04(stat) + 0.07(syst)) x 10~*
|Vubl = (3.43 £ 0.33) x 10>

B->D*I*v
Bt - D*0¢v B - D ¢v
BB — D*tv) (4.84+0.04+0.56)% (4.56 +0.03 +0.26)%
F(1)|Va| x 103 35.0+04+22 3454+02+1.0




B —
Summary

 First Evidence (4.1c) for the Suppressed
Decay: B- =2 DK with D> K*n". We obtain the

most precise Ry, and A, value. The ¢, can be
extracted later.

* New Physics not found:
— Ap of D?->K °PO(P%=70, 1, ')
—CP violation in 12K  7w'v_decays




Thank you™




_—
|V,,| Summary

4.46 £+ 0.27 £+ 0.24 = 2
4.32+0.16+£0.23 - 2
4.27+0.23+0.26 @& = <
> —a ¥ 295+0.31 -
(2] L
3 3.40 £0.207050 25 16
h - 3.43 &+ 0.33
. A I R B T R _a
3 4 5 (x1077)
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#3 ¢, using ADS method: B- > DK- with D> K*r

to be submitted to PRL

Model independent ¢; from B = DK, D> K t*r Dalitz

Previous analysis using 605M BB has large Dalitz model syst.
by = 78.4°T1087 4 3.6 (syst) +8.9° (model)

In current analysis
* full Belle data set is used (771M)
* more sophisticated 4D fit instead of 2D (inc. cosBy,, & cont. suppr. F)

» CLEO input parameters ¢; & S; are used to fit Dalitz plot:

M= = h{K; + rgK_j + 2/ KiK_i(xe.¢; + y1si)}

o 8

X+ = rgcos(0g £+ ¢3) y+ = rgsin(dp £ &3) NE” “ 7
52 i

5 5

Dalitz plot binning is optimized E15 ’
for ¢; measurement: 1 3
checked using control sample of B=>Dn 0.5 :
that it gives additional ~10% ] !

improvement in x precision m(K2r*) (GeVZ/c?)




#3 &, using ADS method: Result

|
{
f
§
|
E
i

Events / ( 0.002 GeVic' )

Events/ ( 0.002 GeVi* )
Evonts / ( 0.006 GoV )

B~ — DK~ Bt — DK™
574.9 4 29.9 events 601.6 4+ 30.8 events




Available charm samples

Diverse exp. conditions!

il
-
: i
! t ¥
" J
% r

B-factories:
@ continuum production @ T(45):

o(c€) =~ 1.3 nb
@ Belle: ~ 1.3-10Y c€ pairs
@ Babar: ~ 0.7 -10° c€ pairs

Tevatron:

@ pp @ ~ 2 TeV
@ CDF: ~ 70-10% D%s

Charm factories:
@ ©(3770) — D°DO, D+*D—
@ CLEO: ~ 2.8-10° DD" pairs
@ BESII: ~ 3.4-10° DYDY pairs
LHC:

@ pp @7 TeV
@ LHCb: has only started
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Two source of CP asymmetries in T 2K v,

» CP Asymmetry from known physics (Bigi, Sanda . 2005)
I'(z" > Ksz'v.)-TI'(t7 > Kszv,)
I'(z" > Ksz'v )+I'(r— > Kszv,)

» CP Asymmetry in the final state distribution (Kuhn, Mirkes
1993).

Possible two Models: (1)general two Higgs doublet
model (2HDM), (2)Multi-Higgs-Doublet Model (MHDM)

el ==
e

—=3.3x10°3




Rpk: ratio of the suppressed mode to the calibration mode
Api: CP asymmetry for the suppressed mode

B(B- — [K 7 |pK~)+B(BT — [K 7nT|pK™)

R =
br B(B- — [K—nt|pK-) + B(BT — [Kw—}g}ﬁ)\
= ?"?B + ?’% + 2rgrp cos (53 + 5D) COS @3, Calibration mode
A _ B(B” = |[Ktr |pK™)—B(B" — [K n"]pK™)
DK =

B(B- — [Ktn~|pK~)+ B(Bt* — [K—nt|pK*)
— 2rgrpsin (53 + 5};)) sin Cbg/RDK.

[ f]o: f originates from D.

C|ABT = DUKT)| . g o
"5 = | (5= Dok | 08 = OB — D'K7) = é(B” - D°K7)

ADY — Kt7™) _ _ _
= — op =0(D" — KT — 6D - KT
D ADO = Kt D ( ) ( )




Motivation

— Most precise measurement of ¢, at Belle is obtained from the
decay B—>DK, D2>K.m*m as
p3 = 78.4° 198 + 3.6°(syst) & 8.9°(model)

Nontrivial model uncertaintiesexist in the three-body D decay.

— One of model-independent method is “ADS” method.

which employs B—=2>DK-, D2>K*x. ' PRD 78, 071901 (2008)
3 m aq BG
— No significant signal is obtained E /
in the previous analysis, since BG g | ‘ ¢
from ete=qq (g=u,d,s,c) is large... & i T ]l
. I‘\
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 We introduce new technique to discriminate the signal and qq BG:

(=]
(]
53]

o
o
[=2]

New method

=) .
s

Previous method
(Likelihood method)

o
o
w

Normalized number of events
e« <
e e et
B
Normalized number of events

— (Neural network by
~ adding 8 more variables)

[=]
[
a

o

(=1

w
=) .
N

(=]
431

ol b by b by by g by gy Ty
0 0102 03 04 05 06 07 08 09 1 -1 -08-06-04-02 0 02 04 06 08 1

o
=]
]

e © 4
—

e
o
jury
5]

=]

Likelihood ratio Neural network output (NB)
* By applying a 2-D fit on AE and NB, we obtain the first evidence of

the signal (4.1c including syst).

60

50}

Events /10 MeV
Events/0.04
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