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2. Measurement of Unitarity Triangle: Updates
- Update of ¢, measurement with B — D"K Dalitz

- V_ measurement using B* - D*Ilv
-V . measurement using B - X Iv with full recon tag

1. Introduction

3. New results with Y(5S)
-B_-Jiyn/n’

-B. D m/p
-B_-h'h

* Rare B decays will be covered by Kurtis Nishimura
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Experimental Technique : Reconstruction of B meso

- B mesons are reconstructed ———r—
from decay products by 1T
calculating invariant mass i
repeatedly.

- Signal is isolated using the
Kinamatic constraints of ;A S N =T PV

production at threshold. %HJ | :
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2. Measurement of Unitarity Triangle : Updates

Vta’ V:;)_I_ Vcd V:b_l_ Vud V:b=1

arame (0. 1)

with several

approaches
(excl. & incl)

== .|

- D(*)K BB mixing (Am,)

"L I K, P2S) ,
X Ky . N K
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1) Update of @, measurement using B* -~ DUVK* Dalitz analysis

CD0

‘0
*
“
¢

5
B* K+

u b u u

* Use 3 body final state accessible to both D° and D°
D°(D°%) - K, 11T

Dalitz plot density: |M|?
+. 2 2 ip3+id 2 2y I _A(suppressed)
B*: M+ = f(m+,m_) + re'”? f(m_,m ) A(favoured)

B- M. = f(mﬁ_, mi) + r€—é¢3+i5f(mi’ mﬁ_)

CPV: Asymmetry in Daltz dist. m,=m(K,1t), m_=m(K,1T)
fim 2 m?) : D° decay mode

If f'is known, all of », 9, and ¢, can be determined from the fit

to the Dalitz plot. (proposed by A.Bondar in 2002, GGSZ paper in 2003)
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New analysis with 605fb™" data sample

Determination of D decay model f

*Use D% KSOTFTF extracted from

D* . Dre
* Fit with isobar model
N
.II-[F""ﬁ-”-'E] Z”..'rlllh'-'l..'(”"r-; .mij | .f.l:.,l-Hf,-"*:--"""_

o

m? (GeVZ/c?)

Intermediate state Amplitude Phase ()
Keoq 1.56 + 0.06 214 + 3
Ksp® 1.0 (fixed) 0 (fixed)
Ksw 0.0343 £ 0.0008 | 112.0+1.3
Ksfp(980) 0.385 = 0.006 2013 =23
Ksos 0.20 = 0.02 212 12
Ksf(1270) 1.44 + 0.04 3429+ 1.7
Ksfo(1370) 1.56 + 0.12 110+ 4
ngn(l-‘lfiﬂ] 0.49 £+ 0.08 b4 + 11
K*(892)Tm— 1.638 = 0.010 133.2+ 04
K*(SQZ)_?T+ 0.149 + 0.004 3264+ 1.3
K*(1410) "7~ 0.65 £ 0.05 120 + 4
K*(1410) "+ 0.42 £ 0.04 253 £ 5
K3 (1430) T~ 2.21 = 0.04 3689+1.1
K2 (1430)~ 0.36 & 0.03 87 + 4
K3(1430) "~ 0.89 + 0.03 3148 +1.1
K3(1430) 7" 0.23 £ 0.02 275+ 6
K*(1680)*+ 7~ 0.88 & 0.27 82 + 17
K*(1680) 21402 130+ 6
non-resonant 2703 160 £ 5

|




Event sample with 605fb”
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Fit to Dalitz (605fb?)

Fit variables : x_= r, cos(0,9,), ¥, =r, sin(d_+®,)
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2) V_ measurement using B* -~ D*I*v

- Previous V_ measurements do not agree so well.

<- Some hidden systematics in the measurements is suspected.
- Measurement of V__ using B* - D*I*v decay has different

systematics from that of previous measurements using B° - D*I*v.
* It does not rely on charged slow pion reconstruction

D* . D1 vs. D** - DO
[J Good cross check of the measurement by B° - D*1*v

-

45

4

Ay =1 CLEO

40

= | Y
OPAL ,. T
351 lfl”" :
ALEPH #| BABAR (D*0)
B BABAR (excl.)
BELLE
HFAG
30

ICHEPOS

yldot = 39721

(1) X IV, | [107]

U,

. | . | . | . |
0 0.5 1 1.5 2

x?/dof=39/21 (CL=0.01%) p*
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Reconstruction (140fb")
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Distribution of 4 kinematic variables (w cosB, cosO, X)

|l-1 -08 06 -04 -02 a 0z 04 056 08

w, (1] coso, (1

BY(ICHEP0S)

1000

l'-1 08 06 04 02 o g2 04 06 08 1 -160 100 -60 Q G0 100 160

cos ,[1] % [°)

//Av :0910.3534

B° — D* fu

Bt — D*O¢y

p
Ry (1)

Ra(1)

Rkar /kx

B(B — D*¢tu,)

1.293 4+ 0.045 + 0.029
1.495 4+ 0.050 + 0.062
0.844 + 0.034 +0.019
2.153 +0.011
(4.42 + 0.03 + 0.25)%

1.376 4+ 0.074 + 0.056
1.620 4+ 0.091 + 0.092
0.805 + 0.064 4+ 0.036

(4.84 4 0.04 4 0.56)%

F(1) |Vap| x 10

34.4+024+1.0

35.0+04+22

I
I
I
2.072 + 0.023 |
i
I
I

X2 /n.d.f. 138.8/155 187.8/155
P2 82.0% | 3.7%
HFAG ave. of F(1)|V_| by B° - D*lv (FPCP09) : 35.49+0.52 (w/ old Belle value) 17



3) V , measurement using B - X |*v with “full-recon” tag
Some |ncon3|stency between V . and sin2¢@, measurements

(=]
0.6 —/

o

®

g
0.5 i;g\

0.4 3
. 2
2

High precision measurement
of V , is desired.

0.3

0.2

.

Y A g
0.1 ) N

0.0 L2,

= Illl]llllllllllllllllIII|I]II|IIII

- Analysis using “full-recon” tag sample:
“Reconstruct one B meson exclusively and
analyze semi-leptonic decayof other B”

* ~180 modes in total

* . . . € 80000:_ - B? dat . _:
Q ala

High purity, but low efficiency g e L
60000__ L IM.R. ' 7]
- Analysis with 605fb" data set 10000k ]
5.27<M, <5.29GeV/c?, |AE|<0.05GeV } .
20000 e
eff. (%) | purity | Nig (X10%) s i L

charged | 029 | 025 689 R ISV VIR
neutral | 0.28 0.30 479 M, . (GeV/c?)

B 18



Signal side
- 1 lepton with p°>1GeV/c

- BG supression from b - ¢ by “Boosted Decision Tree method"

using 17 observables

— [B0% phase space coverage! resulting in
a drastic reduction of theoretical uncertainty.

................................. HFAG Ave. (BLNP)
' — ' ] 423 =0.15+0.30-0.25 ————

HFAG Ave. (DGE)
426 =0.15+021-0.16 .

[ ] [ClSecondaries -
1500F g ] Combinatorial |
[ ] L " El Continuum

HFAG Ave. (GGOU)
389 +0.15+020-0.23 .

HFAG Ave. (ADFR)
384 +013+023-0.20 .

[r— HFAG Ave. (BLL)

------ ! : I I_Iﬁ—i—.—.—.—.— 87 02403 ®
Y1 2 3 4 Y 10 20 30 BABAR (LR
M, (GeV/c?) q? (GeV?/c?) 492 2032 =036 =
BABAR endpoint (LLR)
. (] [] " + 0. L
Partial branching fraction AB(B - X Iv) L
440 =030 =047 -

AB = (1.9631£0.173+0.159)x10"

Belle 2009 (BLNP)

———t
437+0026+023-021 from C. Bo

Belle 2009 (DGE) —
446 +0.026 +0.15-0.16 Bl

IV . |=(4.37+0.26+0.23)x10°(BLNP) Biele S0 O st from P. Giord

441+0026+0.12-0.22

(4.46+0.26+0.16)x10°(DGE) | - EE
(4.41£0.26'012__)x10¥(GGOU) I ; C v 100
2010)

-0.22)
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Signal side
- 1 lepton with p°>1GeV/c

- BG supression from b - ¢ by “Boosted Decision Tree method"
using 17 observables
— [B0% phase space coverage! resulting in
a drastic reduction of theoretical uncertainty.

r

exc u'i\\\sarea as >\




3. New Results with Y(5S)

- Belle has been taking data on
Y(5S) peak. Belle scan (2005- 4/7/

- Data sample of ~120 fb"" is g0 Y(55) peak @ 10860MeV
already in hand. _ o2 |
| ©2005: 1.86fb" | S0 |
 2006: 21707 | Souf 7
" 2008: ~28b Sots |
* 2009: ~70fb" g I T —
- Rich BS phySiCS 1075 108  10.85; 10.9 103:,' Ene:;y (Ge1v1)-05

- Final goal:
Al /' _measurement for CPV search.
(o(Ar /T )~15% with ~500 CP eigenstates)

- Today's results are based
on 23.6fb! data set.
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Signature of B_ production

5.45

5.25 L

01
AE

il u
(GeV)

r

MC: B_- D_1t" and
B DTt

e'e - Y(5S)
- BB, (1)(1)

where

B(S)*—>By

* B energy and momentum
are reconstructed.

* The radiative yis not
reconstructed (too soft).
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1) Observation of B_ — J/yn and evidence of B, -~ J/UN" (arxiv:0912.1434)

B, - J/Wn(’) decay is a CP eigenstate whose time distribution

a)B - Jyn -

\JUI | IUII |CU

+A- +y - v F
= fructi JIP - e*e and ptu
econstruction s 7F
n - yyand e R
[ -
— YV N — TUTCTL i o
44 @ 544 ) N3
- ST e . > i /7. ]
5.421- ol ® i.r. ] 5.42:— 'L s
54 ° . 9; 5.4F 2
538 = 538 R o 1 + |4 *
5.36f 5.36F \_—, oL i el AT Ak
E . 56 508 53 532534 536 538 54 5.42 544
5.34E 5.34F « . ' . . e (GeV/c?)
5.32 5.32F *
535 " 530 . s f
5.28), 5.28 = L
L ST T T T T T T P T T TR a °f
04 03 -02 01 0 01 02 03 04 A e 0 02 03 04 & sE
AE (GeV) AE (GeV) & F
4;
. % / 3
~15+4 events in B_"B_* (7.30)
:
iR =]

el ol el X =g o o . )
-%.4 -0.3 -02 -041 0 0.1 02 03 04
AE (GeV)

First Observation!
Br(B, - J/P n) = (3.3  0.9(stat) + 0.3(sys) + 0.4(f.)) x 10°*
f . B, meson fraction in Y(5S) decay = (19.5"%° )% (Belle+CLEO)

V

can be used to measure the BS0 width difference Al for CPV search.
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b)B - J/Pn’

Reconstruction:

JIP - e*e and P
n' - NIrTr(n —Yyy and TTTTY);p%y

n-yy

n -

(3]
[
[=:]
TTTT [T T[T TTI[rrr]

o

N

[-=]
IR Y

5,26+

a"l

54

53

oo,

[T ]

L2~ ]

R R R A A A R e
| .

- .

PRSI SR ST B S SR BB
-04 03 -02 -01 0

3.5F

(2]
T

[l
]
T

Events/(4 MeV/c

-
- (3] N
T

e
Q [5)]
T

:_—,-_E'.— SR 1 T EX N S N CITeY
5.26 5.28 5.3 5.32 5.34 5.36 538 54 542 5.44

nl N n Tl+T[M., (GeVic?)

W
(2] %))
IARRRRARRRY

Events/(16 MeV)
- N

e
n
T

:.— Faend e Pt | SR § ERT v
04 03 -02 -0.1 0

01 02 03 04
AE (GeV)

01 02 03 04 -0,
AE (GeV)

02 03 04
AE (GeV)

. .
[ b
01 02 03 04 -04 -03 -02 01 0 0.1

AE (GeV)

//

E 115 events in B_*B_* (3.80)

First Evidence!

'S
=)
w
s
e
(=18
[=)
-k
=)

Events/(4 MeV/c?)

o iy N (2] =~ [5]] [+2]
= T

L

1
[ S—

i

i

A A Y IFT VST A AT AR A il = T
526 528 5.3 5.3} 5.34 5.36 538 54 5.42 5.44
M, (GeVic?)

—

Events/(16 MeV)

ol v L
01 02 03 04
AE (GeV)

:\|||\|||\\|||_|||\\|||\
04 -03 -02 -01 O

Br(B, - J/gn') = (3.1£1.2(stat)**°

(sys)0.38(f)) x 10*

-0.6 24



2) Observations of B~ D_"and B_.—~ D “p* : CF decays

* Important for the measurement of f_(B_ fraction in Y(5S) decay)

%m B? B proj. Belle preliminary 23 fo!
L Signal
— 2o | B P . §-2n
LOMEEs T2 v BE S Dowt <
% 5'42-5? k :::;;;'?Hﬂ: g“‘ udsc
O s54f L Bttt Y
- Bs— '__ _'_' "___;
555.38 - i =
5.36 L BE0 B pro
5.34F 2,
5.32F B MR £,
U I~Belletpr@i_milnary 23"_5 fh—1 =
533 02 -01 0 01 02 03 04 o

AE (GeV)  Jiats

0.3
AE (GeV)
BRI,

=53.4*1°°  (stat)™*  (fit) events
[1 8.4 o : first observation

N_
sig

/ preliminary
Br(B, » D_"Tr) = (2.4°% _ (stat)+0.3(sys)x0.4(f )) x 10°
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203 -02 -01 0 01 02 03 04 F
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0 e i AR IR IR
—EEI.H 0.2 -0

4

Ng, = 87.172 , (stat)™, (fit) events
[1 10.1 o : first observation

ID.-E‘ U
AE (GeV)

preliminary
Br(B_D_p*) = (8.5*'3 (stat)+1.1(sys)+1.3(f.)) x 10
p @ 26



c)B_-D_p*

— fﬁ B B:proj. Belle preliminary 236 fb~"'
: * am
< an signal(B; By) 3=
< IE _ Lo * - . Em
25425 LR ) =
L) 5.4. g
55.38 i e,
= 536 315 B B* proj. [Belle preliminary 23.6 fb!
5.34 E:
532 ) . : :1|:|
R e e R £
5'§D.3 -02 -01 O 01 02 03 04 :
AE (GeV) i

e

oy

o

Ng, = 73.7°7° , (stat)£3.7(fit) events
[1 8.6 o: first observation

preliminary

Br(B, ~D_“p*) = (13.0'2%,_(stat)+1.7(sys)+1.7(pol.)x1.3(f)) x 10°
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3) Study of B.° - hh

* May be sensitive to NP (KK) <- London and Matias, PRD 70, 031502
* Possibility of @, measurement (KK/Tt) <- Fleischer, PLB 459, 306

* CP eigenstates (KK, )
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4. Summary //////////////

- Belle has accumulated a data set of 1ab™! luminosity and
various analyses are in progress.

- Update of ¢, measured using Dalitz:

78.4° 7198 + 3,6°(syst) + 8.9°(model)

— World's most precise measurement of @,

- New V_, measurement using B* - D*I*v:
FA)V,,| = (35.0£0.442.2)x10°

— Consistent with previous measurement using B° - D*I*'v
- New V , measurement using B - X I'v with full recon tag.

— 90% phase space coverage - drastic reduction of theoretical uncertainty
- New observations and studies in B_ decays from Y (5S):

Jiyn('), D *1r, D Op*, and h*h.
— aiming at A" /T measurement (o(Al' /T" ) ~15% with a full Y(5S) data set) .

- Many new results will come out with a full data set of 1 ab™.
% Belle's “Intense Analysis Phase” before SuperKEKB.
T

ion, Le {/////////7/////////







T.Browder@BPAC10

Summary of Belle Datasets
(now ready for analysis, units fb" )

* UpsL
» Upst

» Upst
e Upst

. Ubsi

on(5S) 120.6 on-resonance

on(4S) 710.5 on-resonance/83.3 off

on(1S) 5.7 on/1.8 off (100M 1S)
on(2S) 24.1 on/1.7 off (159M 2S)

on(3S) 2.95 on/0.248 off

Datasets in red are the world’s largest samples
SVD: 3 layer config used for 140.9 on/15.6 off of 4S5

sample

R.Itoh, La Thuile 2010
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Best B™ candidate - B rest frame

@ BT momentum constrained by reconstructed kinematics
@ Choose best BT candidate using remaining event (‘Binciusive”)

@ Resolutions are as good as in B° case

p 4




Observables

Differential decay width
Kinematic variables

P5Pp* 2 d*r(B — D*etuy)

o w= L =a+ b :

L=l T q dwd(cos 8¢ )d(cos 6y, )dx

® cosd,, cos by, x _ Smampe Vw2 101 — 2wr 1+ )G |V 2

- 8(4m)?

x {(1 — cos 04)? sin® S'VH?'_(W]
+ (1 + cos 8,)° sin® 8y H> (w)
+ 4 sin® 0y cos® SVHE(W)
— 2sin® O sin® 0y cos 2xHy (w)H_ (w)

— 4sin@y(1 — cos dy)

sin 8, cos Ay, cos x H (w)Hp(w)
+ 4sin@y(1 +cosdy)

sin @y, cos 6y, cos xH_ (w)Hg(w)}

.' Aside from masses efc. identical for B° and B

dl” (72 : 3 4
— = —LE-—FII”-;J_U(WH — ||||||_r_:|—l:l:] Gl ) JF () |V |

s

F(1)|V_| and FF parameters p* R (1), R,(2)
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F(1)IV_| : Comparison with other measurements

this result Belle B° (BN 1054, preliminary)
F1|Vep| x 103 35.0 + 0.4 + 2.2 34.4+ 0.2+ 1.0
p? 1.376 4+ 0.074 £+ 0.056 1.293 £ 0.045 £ 0.029
Ry (1) 1.620 + 0.091 4+ 0.093 1.495 4+ 0.050 + 0.062
A(1) 0.805 4+ 0.064 + 0.037 0.844 + 0.034 + 0.019
BaBar B° [3] Babar Bt [4]
Fi|Vep| x 103 344 +03+1.2 35.94+ 0.6+ 14
P2 1.191 4+ 0.048 + 0.028 1.16 4+ 0.06 + 0.08
Ri(1) 1.429 + 0.061 + 0.044 -
R>(1) 0.827 + 0.038 + 0.022 -
»
CLEO ARGUS Babar tagged Babar global fit
B(B)[%] 6.6 +-0.2 +0.4 6.1+1.4+1.0 5.71 £ 0.154+0.30 5.37 £ 0.02 £+ 0.21
Babar untagged (%) our B fit our BY fit (assuming equal width) i
5.31 +0.08 + 0.40  4.84 + 0.04 + 0.57% (4.73 £0.04 +0.28) X 7 /7p+ i

p )



Phase space vs. lepton energy of b - ulv and clv
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Energy scan by BaBar

M(Y(5S))=10876+2MeV/c?

oo i d v ey o b v v by g gl o wem o 3 oy v
10.7 10.8 10.9 11 11.1 11.2

NS [GeV]
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E Comparison with Fermilab B, studies. 19

® There are several advantages in Y(5S) running, comparing with
hadron-hadron colliders (in particular with CDF and DO):

1) "Model independent” branching fraction measurements.

2) Measurement of decay modes withy, ©¥ and 1) in final state (D_*p).
3) No trigger problems for multiparticle final states (like D.* D.).

4) Inclusive measurements (inclusive photon spectrum, semileptonic B8F ).
5) Partial reconstruction ( Bf (D.* I" v) using "missing-mass” method).

® There are also disadvantages:

1) We have to choose between running at Y(45) or Y(5S).
2) Number of B, is smaller than in Fermilab experiments.
3) Vertex resolution is not good enough to measure B, mixing (?).

19" HCP Symposium, Results and prospects for 55 running at B-factories, May 27-31, 2008, Galena, IL  A. Drutskoy




What we can do with more Y(5S)
1) Search for new CPV in B_— CP-specific modes
(Jg @ D *D*, Jipn' K'K,D°_K)
- SM predicts CP conservation in these modes in contrast to Bd—>J/L|J K(K™)
since CP-violating CKM elements (V ,V ) are not included in the decay amplitude.

- CPV can be searched for by measuring Al' /T"_in these decays.
- Analysis method: time-dependent analysis

| : : L)

I'I".I 0= {‘*\ \\ = rah ‘\\
; & 10+2.4% | i | 10+2.4%
R i i

| i ' i
- / \. - Wh‘f L 0 - I#WM
] - e - ! : [
T R B S s e L k, l 4 WT\
. I e o N A f
& Mulem 103 men » 1 ﬂh' SVR=Opm | i} 1 M SVR=40 um l}l
+1 oSO At O B | I | | | [ | | | |
-1000 500 O 500 1000 -1000  -500 0 500 1000

AZ, (mkm) AZ, (mkm)

* SVD resolution is not critical in contrast to
the mixing measurement

[ -

Expected event yields: ~ 500 events in total with 100/fb
- O(Ar /T ) ~13%

R.Itoh, La Thuile 2010 39



Motivation for B_—D_“1r and B_ - D_“p* /

- B, decay into CKM favored modes provides useful information
for the study of B_ property.

- Also useful to measure f_ (fraction of B_ produced in Y(5S) decay)

- Our recent publication (PRL 102, 021801 (2010)) already reported
the results for B_- D_1r

-> World's most precise mearements of Br and m(B_%).

- But the statistics was limited to only ~160 events.

- New analyses for D_"1 and D _"-p* are made for the improvement.
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m, tan 8 +m, cot
SM . NP T g
I
B Y
: . S HIWEN

2 2

m 2 _ mp 2 2

mz(1 — m—£)2f1%|vub| g o= (1~ m2, tan<5)
B

G%mB

B(B— 1v) =

Br=Br_, xr,

Z

* In the framework of Standard Model, the decay is useful
for the determination of V —and f,

* Also sensitive to New Physics!
- The existence of charged Higgs can modify SM
branching fraction

pr ¢




Results with 605fb™

- Signal is identified by looking at the energy clusters in the
calorimeter (ECL) which are associated with neither signal
nor tag B meson decay products.

* No energy deposit is expected in signal events.

_4

Clear excess Semi-leptonic tag only

>400 a
8350 Nsig = 154+36-35(5tat)+20-22(Sy5t)
8300 B @ 3.80 (4.70 w/o syst.) significance
9250 +0.38 +0.35 4
»200 | Br(B - tv)=(1.65"% y 5; *%% 3 4;) x10°
E1 : 2 !
°>’ o™ IPrevious Belle result with 449M events
w10 |~ Br=1.79+0%6  (stat)46 _ (syst)

50

0

0O 025 05 0.75 1

EECL (GeV)
7 42



+0.38+0.35

Belle measurement of Br(B - 1v) IS/ EIIN R iretdbed b (1

B(B=TV) s pup=(1.73£0.35)x10"*

B(B=7V) e =(0.79"710)x 10"

Br(B-1V) =Br (B-TV) Xr,

2
m
r, =(1——Ltan’ B)°
mH
B(B—71v),,=(1.20+0.25)x10"*

IIIIIIIIIlIIIIlIIIII[lIIlIIIIlIIII

7

Constraint on Higgs Mass

pA 2200080/

o
©
-

1000
- Summer 2009
900[
800} 0.9
& 7001 B 7 [Hos
T 5
53 600 0.7
S 500 & 2.40 discrepancy!!
g 4(][)5_ 0.5
. 0.4
& 300 0.3
2uu;— 0.2
1un;— 01
0.0
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tanp
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