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Recent Results from Belle
A.Bozek

@ CKM angles

e ¢1/ measurements
e ¢3/7v measurements

@ DCPV in charmless B decays

o Direct CP Violation in
B — Km

© Semileptonic B decays
o B— DMKy
@ Physics at T(5S5):
e hp(nP) and Z,'s states
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KEKB and Belle experiment

CLEO
PRL 54, 381 (1985)

Y T resonances = bb bound states
'
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p /'K, detection
31yr. DSSD 14/15 1yr. RPC+Fe

World luminosity record L = 2.11x10*ecm™!s~!

Data taken at T(4S), below T(4S)(continuum), at T(5S), and above T(55)(scan)
T(4S) is right on BB threshold

T(55) is just above B.B. threshold
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Integrated Luminosity

Belle/KEKB Integrated luminosity passed 1000 fb-1
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@ CKM matrix describes transition between quarks.

o Wolfenstein parametrization (expansion in powers of A &~ 0.22) of the unitary CKM
matrix:

Vie Vis Vi 1-3 A AN (p—in)

VogM = [ Vea Ves Vo | = -\ 1-2 AN? +0 (24
Vie Vis Vo AX3 (L= p—in) A/\i 1

3 real parameters (A, ), p) + one complex phase (1) — irreducible phase, source of

the CP violation in SM.

o Unitarity of matrix imposes 6 relations, e.g. Vi Vi, + Vea V3, + ViV, = 0, which
can be representated as triangles in the complex plane.

(p. 1)

VeaVi

;o
d
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ViaVi,
= (g = arg VMVIT]
=@y =arg |
VuadViiy

: : ( w‘,.f.)
- v =o3=arg | -
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Experimental determination of the angles is closely related to measurements of CP
asymmetries

oy s *
‘ ‘/u d ‘/ub tc[v;b

VeaVii,
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Principle of Time-dependent CP Violation Measurements

Mixing induced CPV manifests itself in a signed
time duration " At = tg., — tg,,", and a B meson

Mixing induced CP Violation flavor q, where

phase == 0 @ tg., : time when one B decays to the CP
" interference H
@ (2 @ phase difference = 2¢, elgenState'

@ tp,, : time when the other B decays to the
flavor-specific state.

@ q: +1 for By = B® and —1 for Biog = B°.

There is an interference in ( B® — fcp) process between a direct (B® — fcp) decay and a
decay through the mixing as (B0 —~ B> fep).
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Principle of Time-dependent CP Violation Measurements

Mixing induced CPV manifests itself in a signed
time duration " At = tg, —tg,,, ", and a B meson
J/b flavor q, where

t t/ 6
2 ,,*,l/'Kg’ ° t{gCP : time when one B decays to the CP
electon Y(4S) B, _a—" 1 eigenstate.

(8Gevygedsonance B— '
= &

&":2’;’3)\:“%%'3; © o tg,, : time when the other B decays to the
IN flavor-specific state.
—
AZ~200um 0

® q: +1 for By = B® and —1 for B, = B°.

Mixing induced CP Violation

02
0.18
0.16
0.14
0.12 oAt/

L

stg(At,q; S7A) =
[1+ g(AcosAmyAt + SsinAmgAt)]

0.08
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Principle of Time-dependent CP Violation Measurements

Mixing induced CPV manifests itself in a signed
time duration " At = tg, —tg,,,", and a B meson
J/Y flavor q, where

t t/ -
2 [ ® tgep ! time when one B decays to the CP
electron _Y(4S 22— s eigenstate.

) -
(8GeV)gidonance =1

S D° . et
By BT 0 tBy,, : tlme. \_Nhen the other B decays to the
| preoa4zs flavor-specific state.
L _
AZ~200pm

o q: +1 for Bug = B® and —1 for By, = B°.

Mixing induced CP Violation

e IAt\/TB

Pz (At, q; S, A) =
[1(1 —2W) + q(AcosAmgAt + SsmAmdAt)] RR

@ W wrong tag probability
@ R At resolution
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CP Violation in B® — (c¢)K® and D)+ D)~

o B® = (ce)K® o B® — DU+ p)—

(b — cCs tree transition) (b — c€d tree transition)

b c} Y, $(25), Xa » :J Dl
B° C - b

w
d § d ¢ p-
e o

Both decays are mainly mediated by a tree diagram.
SM prediction: S = —ncpsin2¢1, A~ 0
ncp = £1 - CP eigenvalue of the final state.
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B factories signal selection

In T(4S) decays, pairs of B mesons are produced near threshold.
Eg = Ecm/2, small CM momentum (300 MeV/c).

1000 ]
750 F
500 § '* ]
Selection variables: 20 g E
0 g X L L
@ CM energy difference -0.1-0.05 0 0.05 0.1 526 528 53
AE =YE — Eci/2 AE (GeV) M, (GeV/c?)
@ Beam-constrained mass of the B ' ‘
meson: Myc = \/(Ecm/2)? — (Zpi)2 1000 |- .
500 |- .

526 528 5.3
M, (GeV/c?)

Missing information about K momentum: K} cluster reconstructed in ECL or KLM,
match it with the K direction from kinematical constraints.
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B® — (cc)KP reconstruction

Improvement due to reprocessing with better tracking algorithm in addition to ~ 40%
increase in Ngg.

© 5000
% 3000[ ; >
> | i
é’ |+ Allcombined f = 4000
— FLt result . 8
- _
, 2000 B voek? < 3000
-os- I B K ° ]
+ =]
s I 3 2000
1000
I 1000
52 522 524 526 528 5.3 0 02040608 1 ‘: “Zégwc)z
M, (GeV/c?) B
JIUKL JOKS  G(2S)KL° XaK®  Nys(x 10°)
signal yield 12727+115 | 10087+154 | 1981+46 | 943+33 72
Purity [%] 97 63 93 89

Signal yield (ICHEPO6) | 7484+87 | 6512+123 - -
Purity (ICHEPO6) [%] 97 59 - -

from 772x10° BB pairs = final Belle data sample
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B® — (cc)KP reconstruction

Btag = BO, Btag = BO

3ISO0
& soo . . _ 0.642+0.031+ 0,017
S zig B IvKC (535 BE) B 0.687 + 0.028 = 0.012|
3 ase BaBar B"—(ct)K® 087002820
‘= 100
£ "so HFAG (ICHEP 2010)— 070 0.023

o.; BHA)JIVIK“ __9.671 +0.029
z 35 HIRZS 0.641+ 0.047
g o= B =JiyK - % —_——

- S,
g _g:i BQA)‘I’(ZS)KQ 06/ - 0.739 + 0.079
2 33 o : Ly 0.636 £ 0,117

= By Ks— s
. _ 0.668 + 0.023 = 0.013

N B’ (ct)K’ (712M EB)
2 =so s ‘ . .
& zoo 0.5 0.6 0.7 0.8
2 aso .
Z 10a sin 2¢1
‘E SO
w o
>~ 32 @ The CP violation is observed in
£ 35
g °3 each charmonium mode.
£ 33
2 -8:8 @ The most accurate measurement of

1
-

UT parameters.

Belle with 772x106 BB:
A = 0.007 4 0.016 (stat) + 0.013 (syst)

sin (261) = 0.668 +£0.023 =+ 0.013
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CPV in b — ccd decays

bmmmm - d D*
—— D" Rawar :
00 ’/ ¢ - B :
B" « D :

Similar diagrams for BO—=D*D*=

@ Dominant contribution is from tree-diagram.
@ SM predicts S = —sin2¢; and A =10
@ Penguins can also contribute, changes values of S and A by few%.
@ large deviation can be a clear sign of New Physics.
3%d L R
TR T T Wit -
: D,*D,~ " ’ D," DT | D,*D_
&r':.‘ﬂvmmw=>':%-<=<MS:A:"5;;WEJ', 'u'xa\m%&?wﬁ-u%uyan:mw‘wrsg'm‘lw PR usmmmm rﬁwsﬁ i
N,=221.4+18.6 N;,=48.0+8.9 Ng,=54.1+14.6
BF=(2.16+0.18)x10™* BF=(1.96+0.36)x10™* BF=(1.83+0.49)x10™*
(K mfn ™)K m 7m7) (K- mtat)(K2n™) (K77 (Ko~ 7°)

B(B® - DTD™) = (2.09 £ 0.15 + 0.18)x10™*
from 772x10° BB pairs = final Belle data sample
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CPV in B® = DD~ decays

Events/ 1 ps

raw asymmetry
S &5

—10

DD’ Scp vs Cep E

et
Cep PRECIMINARY
BaBar
08 “ Avera
0.4
° *
-0.4
b
-16 -1.2 0.8 0.4 o 04 08
‘Contours give -2A(In L) = 4¢° = 1. correspanding to 60.7% CL for 2 dof o

Knm and Ksm modes are used for CPV
S =-1.06+0.21 +0.07
A= +0.43+0.17 £ 0.04

from 772x10° BB pairs = final Belle data sample
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CPV in B® = DD~ decays

Events/ 1 ps

L

raw asymmetry

—10

D' D’ Scp vs Cep @

CCI‘ PRELIMINARY
N BaBar
o8 m
0.4
o

16 12 08 04 0 04 08

Contonrs g 240 L) - &7 - 1 conesponeing o 807% O br 26l

Knm and Ksm modes are used for CPV
S =-1.06+0.21 +0.07
A= +0.43+0.17 £ 0.04

from 772x10° BB pairs = final Belle data sample
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CPV in B® — D**D* decays

B® - D*T(— D™ #°)D*~(— D°z7)
B® — D**(— D°z")D*~(— D~ =°)
B® - D*"(— D°x*)D*~(— D°z™)
Nsig = 1225 + 59

0

Events /(0.007 GeV )
Events /( 0.00175GeV )

37 oo o7
AE(@e) My (Gev)

B(B® — D**D*™) = (7.82 £ 0.38 4 0.60)x10~*

e B® — D**D*~ : mixture of CP-even and CP-odd
(P — VV decay)

@ Angular analysis is performed to extract CP violation

parameters.

Distributions of angles 6 and 6; give polarization

amplitude ratios Ry and R .

o We determine S, A, Ry and R, simultaneously from a —
five-dimensional fit to the AE, My, cosf:,, cosf; and
At distributions.

from 772x10° BB pairs = final Belle data sample
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CPV in B® — D**D* decays

D** D¥° §

Em 2000

CP i
BaBar 0.71£0.16 £ 0.0¢
ke
PRD 79, 032002 (2009)
Belle 0964025}
— o PRD 80 (2009) 111
g g
° = Average 077201
- 3 g
2 g HFAG correlated averag
H H R e e
signal
red background
Ao #t P
blue Al o - D¥ D¥ C, [HESE
A 9% 05 50 5 0 PRELIINARY
9% 05 [ (5 To cos(6) oo
aBar 00520092002
cos(,) A —
PRD 79, 032009 (2005)
2 100= [T
F - B g Belle 04540134004
EO%C B(' g PRD 80 (2009) 111104
3 _ H
T Average 002008
HFAG corrlat
04 o2 o 02 04 06

A= —Ccp
S = —0.79+0.13(stat)+0.03(syst)
A = +0.15+0.08(stat)+0.02(syst)
Ro = 0.62+0.03(stat)+0.01(syst)
R 1 = 0.14+0.02(stat)+0.01(syst)

background
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Measurement of ¢3 in B — DK decays

Tree-level determination of ¢3 from interference of B — DK(b — clis) and
B — DK(b — ucs) amplitudes
B~ — D°K—: B~ — D°'K—:

v

us

K- Vb

S}

A~ Vg Vi ~ AN3 A~ Vi VL~ AN (p—in)

D° and D° decay into the same final state: |D >=|D® > +re®|D° >
+ +.9—
Relative phase in g, j gﬁ, '_%:—Hi; _:_%
10 =—¢3
A(B~ —D°K _
A(B——DOK— C,,v*
Three technlques to measure ¢3

x [ Color supp] = 0.1

r =

@ GLW: uses CP eigenstates (Gronau and London, PLB 253, 483 (1991), Gronau and Wyler, PLB 265, 172 (1991))

o ADS: uses a final state f such that D° — f is Cabibbo-favored (CF) and D° — f is
doubly-Cabibbo-suppressed (DCS). ( Atwood, Dunietz and Soni, PRL 78, 3257 (1997))

o GGSZ: uses Dalitz analysis when D — K27r+7r_ (Giri, Grossman, Soffer and Zupan, PRD 68, 054018 (2003))
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Measurement of ¢3 in B — DK decays (ADS)

suppressed

Cabibbo favoured D decay

u

':'i:/}n| K
Py,
b c c
_N 0
B~| | D
Y

A. Bozek, INP Krakéw, for Belle Collaboration

doubly Cabibbo suppressed D decay

_ (KT r K O)Hr(K -7t k)

Rok = T([K— 7T )K= )+T([KTm—]KT)

= rg + rj + 2rgrpcos(dg 4 6p)cosds
_ F(KTr ]KT)-T([K—nt]K™)

Apk = T([K—mt]K— )T ([KT=—]KT)

= 2rBrDsin(5B + 59)51'n¢3/RDK
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Measurement of ¢3 in B — DK decays (AD

20
18
3o 56 <15 avent @ Use a neural network (NN) to
Sl reject continuum qg
' background; include NN
o . . -
a &l output in unbinned ML fit.
2
ke St -
%1 0 L0402 03 %1 o XN o for B — Dy+,.—- K™ 410
e’ e
excess of events
Rine =
14 D.. K 14 D, . K* ADS
K+; K-nt 4 4 4 .
3121 ” 3 12f [1.63 T)-11 (stat) 7097 (syst)] %
=10y =10 : :
T 8f] T8
2 s
£ 26 A _
2 4 2 4 ADS
@ a@ 111 11 _ +0.26 +0.04 ¢
ﬁ 20 N i ks 0.39 755 (stat) T 05 (syst)
-0.1 0 01 02 03 -0.1 0 0.1 02 03
AE (GeV) AE (GeW)
D_Kn KR, E D_Kn KA, @
BaBa [T oot dma s atess | : S i0w TE
Pl orn zarees TR 2 o
CDF q0221 086 + 0.0026 CDF |25 -0.82+0.44 4009
LHOD ey 0820000 00020 LHO oy [EHR | osoorTon
Average L 160.4 0002 £ 0451018

PRL 106, 231803 (2011)

from 772x10° BB pairs = final Belle data sample
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Measurement of ¢3 in B — D*K decays (ADS)

Events /10 MeV
Events /10 MeV

01 02
AE (GeV)

D* Dy Kt KR, FEE

-
D DI’ KK Ry, Flwﬂwﬂ

SOt 14009 1 000 I " 141 0o
i > —
i 036 000z
1
LP 2011 prebminary prclimincty LP 2011 prcliminary
Average 001310006 | Average orzrom | Average 02710010
e e

HEAG HEAG G

F 0 oot 0oz o ' o M T T T VT

from 772x10° BB pairs = final Belle data sample

Recent Results from Belle, QFTHEP

D* Dy Kn K

Belle

ey
1P 2011 prciminary
Average
HeAG
o 2 Kl
Sochi 17

Ans

-




Measurement of ¢3 in B — DK decays

GGSW method measures ¢3 via the interference in B~ — [Ksnt7~]pK ™ decays at every
point in the D Dalitz plot

3 =

in number

m2(K ) (GeVZet)

M:E = h{Ki+r3K_i+2v/KiK i (xeci+ywsi)}

x+ =rgcos(dp £ ¢3) y+ = rgsin(dp £ ¢3)

SR e B0 N
[t

3
m(K3) (GeV?ict)
+. : 0 4+ _— hi + +
M:=: numbers of events in D — K{n"n~ bins from B* — DK
K;: numbers of events in bins of flavor D° — Kgﬂﬂr’ from D* — Dn.
ci, S; contain information about strong phase difference between symmetric

Dalitz plot points (m? ) and (m?

K07r4r7 KO - K07r’7 Ko‘n'*)

¢ = (cos Adp), si=(sinAdp)

PRD 81, 112002 (2010) former results for the unbinned Dalitz analysis for B — D™
from 657 million BB events: ¢3 = (7873, + £4 £9)°

- new model-independent approach at Belle [EPJC 55, 51 (2008)]:
@ bin Dalitz plot and use in each bin strong phase difference obtained in
measurements on quantum-correlated D decays in ¢/(3770) — DD by CLEO
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Measurement of ¢3 in B — DK decays

B~ — D°K—: Bt — DOK+:
o 3 &«
o o
2 25 S
e e
T —
T15 E
1
050 B LR
05 1 15 2 25 ¢ 05 1 15 2 25 3
m2(K‘;ﬂ (GeVZ/cY) mz(K:n*) (GeV3/ct)

Simultaneous fit to signal selection variables in all bins. Free parameters: (x, y),
normalization, background fractions in bins.

> 350 T 1 L g3 [TTT————
> H
300 E
> 0.25
Z 250 E
“ 02
200 E
150 ] 015
100 E 01
50 E 0.05
0
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
5 (degrees) 03 (degrees)

A. Bozek, INP Krakéw, for Belle Collaboration Recent Results from Belle, QFTHEP 2011, Sochi 19



Measurement of ¢3 in B — DK decays

Belle Preliminary

¢3 = (77.3154 £4.2£43)°
rg = 0.145 4 0.030 + 0.011 £ 0.011

hep/ex 1106.4046
@ 9° Model uncertainty replaced with 4.3° statistical uncertainty from CLEO
@ Precision comparable to model-dependent analysis
o First try of novel procedure to be used at LHCb and Super B factories.

----- D(*) K(*) GLW + ADS

esn . --- D(*) K(") GGSZ [0 Combined
Full Frequentist treatment on MG basis —— CKM fit
VL T T T T

New ¢3 average
¢3 = (68733) degrees

p-value

120 140 160 180

from 772x10° BB pairs = final Belle data sample
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DCPV in charmless B decays

b
w u
B+
d,
u u

s

K+, o+ w
b 5,.d K+ oo+
U K+,
7%, 7~ Sk g a 0
u, d ud ™
u,d
70 z _ a0
g _ 53~
b ds
ke B+ W +, K+
u u

Tree-penguin interference a source of Direct CP Violation (DCPV)

@ extract the CKM angle ¢»

o the "Kr puzzle”: AAy = Acp(K™7%) — Acp(K™nT) # 0

Acp
—— CLEO g KR HFAG
— Belle 070 August 2010
CDF Keat
—— New Avg —_ o
T K
=4 K%t
—_— 1 K ﬁ“

A. Bozek, INP Krakéw, for Belle Collaboration

Recent Results from Belle, QFTHEP 2011, Sochi pal



B® — K*xT and 7" 7~ decays

1000

S [
Nr
o]

&
N
&

[ S\
52 525 53

(GeVvic?)

Nl
0 0.2

AE (GeV) M,

i

he

B® - K*n¥
o N = 7527 + 127

e B

= (20.00 4 0.34 + 0.63)x10~°

o Acp = (—0.069 + 0.014 + 0.007)

A. Bozek, INP Krakéw, for Belle Collaboration

[,L

B - ntn~

o N =2111489

signal
continuum
----- rare-B
----- feedacross

@ signals are
extracted by
3D-fit on AE;
Mpc and event
shape likelihood
ratio variables

o B=(5.04+0.2140.19)x10"°
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B® - K*70 and 770 decays

@
=}
S

% 400 2 signal
% E continuum
) 300 = Ell | mmaa rare-B
E 200 = E /W | 0 mee- feedacross
$ 100 2 -
@ o 2 R TR T e signals are
s ® E ) E extracted by
Z ®0 E E 3D-fit on AE;
o il 5 =
= = 3 E Mpc and event
5% £ A 3 shape likelihood
& 0 E==Eln Llg g P o Bald iy . R
025 0 02515 62 525 53 0 0 10 ratio variables
AE (GeV) M, (GeVic?) R
B® - K*x° B - ntx°
o N =37314+92 o N =1846+ 82
e B=(12.62+0.31+ 0.56)X1076 e B=(5.86+0.26+ 0.38)X1076
o Acp = (+0.043 + 0.024 £ 0.002) o Acp = (+0.025 4+ 0.043 £ 0.007)
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AAkr puzzle status

The " K7 puzzle” remains, and has not been fully understood yet:

@ enhanced color-suppressed tree?
o EW penguin?

o negligible CP phase in SM ) cannot affect AA by much
o perhaps, picking up a new phase from NP?

preliminary (EPS 2011)
B K nt

B-K'm

@D
=]
=]
T
AREEEEREEE RS s

200 = Gua 3

L L e L B
§ 55255 525 5275 52 5225 525 5275 53
M, (GeV/c?) M, (GeV/ch)

V)
-
n
c
c

B—»K'noﬂ

M

=

S

=3
T

B_)Ktn.OA o

-]
=]
o

Events /(4Me

Il 1 A 1 1 Lleze
%2 Sz 525 5275 52 5225 525 5275 53
M, (GeVich) M, (GeVic?)
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— e Belle

BaBar
L EEEEEE LR R
AAgr =0.127+0.022 (5.80)
LHCbh —m—
CDF —a—
—m—Belle
BaBar
1 L | | 1
-10 -5 0 5 10
Acp(%)
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Invisible, leptonic and semileptonic B decays in Belle

The big advantage of ete™ machines is that we have a well define final state. We are
able to measure chanels with invisible energy, even with several missing neutrinos (up to
3 ). There are several tagging methods based on: inclusive or exclusive hadronic decays,
semileptonic decays or flavor only tagging. Over the previous years we were able to
present results on several channels basicaly not possible in hadronic machines:

B® — D™ ¢y measurement V, (new result this year)

B® — X.fv measurement V,,

B® — mlv measurement V,; (new result this year)

B® — X,fv measurement V,

B — D™ v search for charged Higgs (first measurment)

BT — Tv, - measurement V,p, new physics search (first measurement)
Search for BT — (v,

Search for B — invisible -new physics search (new result this year)
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B — D:Klv

Puzzle: Measured sum of exclusive mode BR's X, =

D+ D* + D** doesn’t match inclusive BR (10 — 15% F el a2
unaccounted). 2l ? 42
. [ DK threshold <
o Explore mass region above m(D;K) =2.46 GeV _ ¢ B sy
where resonant and non-resonant contributions & **[ D L=t
are present. 2,0 " X oW
o Disentangling DsKlv and D} Klv gives new ' Knk “ S—
insights for modelling this region. 20r
[ /b = L=0
@ Background to B; — DsXlv at T(5S) and o _ i —
hadron colliders. e.g. at LHCb (f, + f4)/f: =~ 6 Tt
o Select Bsjg in Ds(v)KIT(Ds — o).
@ Remaining particles must be consistent with semileptonic B decay (Btag).
o Minimal signal side selection to limit model dependence.
@ Signal extraction based on Xpis = (E"e"l’;;#’”_f”s and m(Dé*)).
beam ™ "'B
@ Measure D;K and D; K modes simultaneously to measure cross feed.
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B — DsKlv

7 m(@n) F:;'.:mm.w : Pty |7 Pronan], D+ KTV
t Xmis Ds*Klv wrong Y

K DsKlv Crossfeed
il- D.’ Bkg
Fake Dy
-Fake Ds

90 = 1
Belle ot Belle
“EPrelimina +aq Prelimina DKIv
: ry m(@n) : vy A o~ Ds
Ds ‘
L + + 41
S Y

>
go 120 Ei:?minary
§‘°° 4 First m(D;K) Belle Preliminary
80 spectrum
ol Qeasurement B(B — DsKiv) = (3.0 £ 1.2753)x10™*
“ Signal B(B — DiKlv) = (2.9 + 1. 6+1 ? t)x10~*
2 Bkg Combine significance 60
025 3 35* 45 5
Mp([GeV]

from 657x10° BB pairs
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Data at T(5S) energ

Y(11020) Y(6S)
Y(10860) Y(5S)

11.00+—

T(5S) is over threshold to decay on BsB. 1075
@ Several interesting results on Bs e ]
decays: 030 1020
o Bs — J/¢(980) observation hP) | %P

o Evidence for Bs — J/1fy(1370) 1025

o Clear observation of Bs — J/vm

e Bs — Ds(*)Dg*) — constraint on
ATs/Ts

@ strong interaction physics —

Soigtey — 3.
P T ]
Pl 3

Mass (GeV/c?)
© 5
b 8

Bottomonium

950 family

= (0.1,2)** (1,2,3)
1 2

in total 121 fb~* data was taken on T(5S)
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Observation of hy(nP) at T(55)

Anomalously large T(nS)nm transitions at the T(5S) (on-resonance)

Process Piotal [MeV] T, [keV] I'yasyni [MeV]
Y(28) — Y(1S)nta 0.032 0.612 0.0060
Y(38) - Y(1S)ntn— 0.020 0.443 0.0009
Y(4S) — Y(18)ntn— 20.5 0.272 0.0019
YT(5S5) — Y(1S)ntn— 110 0.31 0.59

* 2007: 6-points scan (~1fb"! per point) >100x larger

Maximum of Hadrons production

= =
= - Z o008|g o
= 0008l g vlasiue o= 0008 S asim ©
E 0.006 |4 ¥@Sm - E 0.006 |4 @S-
& 3
Y (3S; Y(3S)
£ oooqfd YESME £ o004 |4 Yes)
% z
o.002f- 0.002 |~
0.000 0.000
10.75 10.8 . . 10.75 10.8 10.85 10.9 10.;5 1 11.05
VS (GeV)

@ Y, particle: analog to Y(4260) that has anomalously large I'(J/y7)
@ Rescattering of T(55) — BBmrr — YT (nS)nm
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Observation of hy(nP) at T(55)

« CLEO observed ee —h n'n-

+ h, production cross-section seems to be enhanced near Y(4260)

<

L] og(e’e’ — ' x h;) (scan data)

®  oe’e —a*x ) (4170 data)

60

O

50 o ogle'e” —xt x Jhy)

CLEO Preliminary P/

=

|
405 41 415 42 425 43

3

ogle’e — n* " (h JAp)) (pb)
=]

2(

=]

LH

]
2
S

e*e” Energy (GeV)

« Do we have more chance of seeing h, at T(58) if it is in fact Y,?

J. Wicht: hy(nP) and Z,'s at Y(5S)
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Observation of hy(nP) at T(55)

Analysis procedure:
o Implicit reconstruction of hy, thanks to eTe™ annihilation constraints

efe” = T(5S) —» X

o Y(55)
Pm_\jfr—» X = h,(1-2P), Y(1-3S), ...

n Puss)
MM(7* 7™ ) = Mx = \/(Prss) — Prtr-)?
o Y(25) wn
E s0000L Preliminary T
0 wn
2 Y(1S ™
S 30000 (1s) ny(2p) | g
i
Il
20000 | hu(1P)

n ‘

— '

T Y(35)
%) i

™




Observation of hy(nP) at T

)

Yield [10%] Mass [MeV/c?] Significance

Y(S) 105.2£5.8£3.0 9459.42 £ 0.53 £ 1.02 18.2

| hy(1P) 50.4 4 7.87 22 9898.25 4 1.0671°05 5.5 |
Y(35) — Y(1S) 55 £ 19 9973.01 2.9
Y(25) 143.4+£8.7+£6.8 10022.25+ 0.41 £ 1.01 16.6
Y(1D) 22.1+ 7.8 10166.2 & 2.4 2.4

|~ (2P) 84+ 7775 10259.76 £ 0.647 g3 11.2|
T(28) — Y(1S5) | 151.6 £ 9.77,7,  10304.57 £ 0.61 & 1.03 15.7
Y(35) 44.9+5.145.1 10356.56 + 0.87 £ 1.06 8.5

@ Could the observed states be x51(nP)? no
L 2P) o Measured masses are = 30 off compared to xp1(nP)
1025 [ hin o T(5S) — xp1(nP)mm™ violates isospin (strong
interaction)

— (1) @ Mass are in very good agreement with CoG of
- xb1(nP) states

o hy(1P):AM = 1.62 + 1.52MeV /2

o hy(2P):AM = 0.48 £ 1.57MeV/ /c?

E

T

:

T

Mass (GeV/c?)
g
T

Fare =1t (0.1.2)"*

0
9
G
=
[]

Consistent with hyperfine interaction.
. S(hp(nP)) = 0
Decays to hy, should be suppressed due to spin-flip S(T(nP)) = 1
FOr(5S)—shy(nP)r =) | 0.407 £0.0719%%  for hy(1P)
F(T(6S)=>T@S ) =) — | 0.78 £0.097%72  for hy(2P)
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o T(55) — hymm decays dynamics
Look at the missing mass of a single pion MM(7~) = M(hpr™)

MM(r), GeVic?

data (MM(m*n~) ~ M(h, (1P)))

2

&

’

e

12000 F
2
%, 210000 F
2 I
%, 2 gooo |
© s
W 6000l Phase
a000f SPace

o ] “htfh e T

MC

3

106 10.8 1

. \
105 106 10.7
MM(x"), GeVic?

MM(r), GeV/ic®

For MM(mt ™) &~ M(hs(2P), the allowed phase space is smaller but still two structure

A. Bozek, INP Krakéw, for Belle Collaboration

can be seen.

%o
S1750F data

=

S 15000
%12500 F
2
110000
7500 F
5000 F

2500

ok

104 10.45 105 10.55 106 10.65 10.7
MM(x), GeV/c®
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M(u'w), GeVic®

Exclude region with large bkg from photon conversions

3 Y(35)
3 Y(28)
: If you select T(5S5) — T(nS)(—
F ptpT)rTn~  exclusive events. Perform
E Y(1S) . .
Dalitz Plot analysis.

F reflections
é 9.‘5 1'0 10'.5

MM(x*), GeV/c?

Y(3S)m o~

naxr GOVZ/C*

¥ (¥ (1)),

o (¥ (28)7),,,, Gevi/c'
B

D
W (a'n), GeV'/c!
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3 [
o (@), Gev'/c!

I'IZ 03
n’m ), GeV/c!
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Observation of charged Z,'s states at T(55)

Zp parametres

B\' Z,(10610) B '\B' Z,(10650)
Y(1S)n'n *—F S * ——— +
Y(28)n'n —— . S -
Y(3ES)nw —— ——— —.- —-+
h,(1P) " —-— —— e o
h,(2P)c'n f—e—s . | _._
Average -+ - - +

4'0 [ 1'0 —1‘0 0 1'0 —1‘0 ) 1'0 f‘IIO O 1‘0

AM, MeV AT, MeV AM, MeV AT, MeV

Z,(10610) Z (10650)
M 10608.4+2.0 10653.2%1.5
I 15.6x2.5 14.4%3.2

@ Parameters consistent between all five studied final states

@ Masses just above B*B and B*B* thresholds

@ Relative phases swapped between T (= 0°) and h, (= 180°)
Indicates Z,'s could be molecules
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Toward SuperKEKB and Belle Il

Belle II

@ We will start SuperKEKB accelerator from 2014

Super o x40 time higher luminosity (8x103°cm—2s71)
KekKB o The final integrated luminosity will be over 50
ab~!
@ Improved detector Belle Il - data taking from
2015

o better hermeticity

e granularity - to sustain higher event rates.

e improved particle identification —

o less material before electromagnetic
calorimeter.

o faster response time

KL and muon detector:
Resistive Plate Counter (barrel)
ftillaror + WISF + MPPC (end-caps)

EM Calorimeter:
Csl(TH), waveform sa
Pure Csl + waveform sa

e Identification
~of Propagation counter [barrel]
focusing Aerogel RICH (furd)

electron (7GeV)

Beryllium beam pipe
2cm diameter

Vertex Detector
2 layers DEPFET + 4 14y

Central Drift ChamberasssSSS
He(509%):CoHa(50%), Small celle; S

lever arm, fast electronics
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@ Many new Belle results have been reported this year.

the best sin2¢; measurement

the first model independent ¢3 measurement

new results on DCPV; AA(K7) remains large

new results for semileptonic B decays

Observation of h(1P) and h(2P) and two charged bottomonium-like states in T(5s)
....and many others:

CPV: B® — ¢Ks~ decays (arXiv:1104.5590), GLW ¢3 results for B — DcpK (LP 2011)
Rare decays: B — h™h™, h"h°, B — nm ™, nK ™, nK2 (LP2011)

CKM : V., with 7% 2v (arXiv:1012.0090), Vi, with D**£v (arXiv:1010.5620)

T(55) sample: Bs — D) DS (DPF 2011), evidence for Bs — J/4f(1370)
(arXiv:1102.2750), Observation of Bs — J/vm( EPS 2011), Bs — A w*A (EPS 2011)
Charm decays : Search for CP Violation in D — KgP (arXiv:1101.3365), AAcp between
D — ¢n" and D — ¢m* (EPS 2011), D¥ — h'n, h*n’ (arXiv:1107.0553), Search for
1P — 1S radiative transitions of D (ICHEP 2011), vy — 7n-(25) — 6 prong (ICHEP 2011)
New Particles: Observation of X(3872) — J/1~ and Search for X(3872) — w/'y
(arXiv:1008.1774), X(3872) — J/¢mtn~ (arXiv:1107.0163), Search for

Y (4260) — J/¢7°=° (EPS 2011)

7 decays: Search for LFV 7 decay into £V°(V° = p, ¢, w, K*°, K*%) (arXiv:1101.0755),
Search for LFV 7 decay into £P°(P° = z°, 1, 1") (ICHEP 2010), CPV in 7 — Ksv
(arXiv:1101.0349), 7 — ¢hh’ (h, h' = =+, K*) (FPCP 2011), 7 — Ah, Ah (EPS 2011)
T(1,2,3S) : Limits on T(1S) — R, where R is Xxco, Xc1, X2, ¢, X(3872), X(3915) and
Y (4140) (arXiv:1008.1774), Limits on T(25) — R, where R is

XecJ, Nc, X(3872), X(3915), Y (4140), X (4350 (EPS 2011), T(2S) — T(1S)n (EPS 2011)

@ looking forward for even more results based on full, improved, reprocessed data
@ and SuperKEKB and Belle 2
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B-factory Approaches to Measuring B — X

Eif. Purity
High Low Lumi.

< 0.5 ab”
<1 ab™
> 1 ab!
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Untagged
Initial 4-momentum known

missing 4-momentum = one v
Reconstruct B = Xg 1 v

using mg (beam-constrained)
and AE = Eg-Epeam

Semileptonic Tag

One B reconstructed in D | v
modes.

Two missing v in event.

Full Reconstruction Tag .
One B reconstructed completely in

a known b = ¢ mode without v.




Leptonic B decays: Bt

e SM strongly helicity suppressed by factor of order (my/mg)?

G ! 2
B(B" — vp) =Tpo—- (7) Féamgmgo

m 7 sin’ O

X \/1—4m2/m3,

e Any signal is a sign of New physics

G. Buchalla, AJ. Buras, Nucl. Phys.
B 400,225(1993)

ViV

2y2 (x2),

e Several New Physics models predict
significant BRs for invisible decay of B?

e e.g. R-parity violating models:

1077 < B(BO — ]75((1)) <1076 4 _ R-parity violating SUSY _ !

o}
B N S
NuTeV Collab., T. Adams et al., PRD 65, 015001
A. Dedes, H. Dreiner, and P. Richardson, PRL 87 41801 _
b

A. Bozek, INP Krakéw, for Belle Collaboration
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Measurement of ¢3 via G

New at Lepton Photon 2011 [740 fb™']

H g g g
H 3 3 PR
) 10 .
i Aot i e o T o A ; ﬁ...:n‘
$.1-0.ﬂ§ 0 0.5 0.10.15 0.20.25 0.3 $.1-0.ﬂ§ 0 0.5 0.10.15 0.20.25 0.3 %.I .08 0 0.05 0.10.15 0.2 02603 -oll.|-|IJIB 0 0.05 0.10.15 0.2 0.250.3
AE(l AE (GeVy AE(GaV)
R,=1.03%0.07 £0.03 R_=1.13£0.09 £ 0.05
A,=0.29£0.06£0.02 A_=-0.12 £ 0.06 + 0.01
D.,KA TETm D.,KA T
cp KAcp, [E KA [
B coroforeoes 1R pEns0 BaBar ‘
+ 0064002 PRD 82 (2010) 072¢
S ey [ SR *
CP Violation CDF o 03920172004 Belle

PRD 81, 031105(R) (2010) LP 2011 preliminary

Clearly

0,07 £0.18 20,07

LHCb "
LHCb-CONF-2071-631

H Average {
Established Average 9 *
HFAG e HFAG
oo 5 o2 G5 OHEE T GO ST 0 51 G 0O TR G 6o s

A. Bozel
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Search for CPT violation

* Fit At distribution by * CPT violating parameter: z
allowing CPT violation. If Re(z) and /or Im(z) # 0, CPT is

— Iy Ks I/ K, = Re(z), AT /T, violated.

7. = A A, - A A,

— DY, Dx7wt, D*I'v = Im(z)
= D, JAy K+ = At resolution

Ly e Mcmh Al} At —Re(n,n" mnh&m

P(At.q:z)=

'M“S AmyAt—Tmin.n") smAmdAr}

) "w, Light lines
‘? indicate
= £3.7£32 N < Re(z) = +0.2
Re(z)=(+1.9+£3.7£3.2)x10 5 e —102
IIn(Z) ( 5 7i33i60)x1073 o case.
AT, [T, = (-1.741.8£1.1)x107 Pl
" .
535 x 10 85 pairs No CPT violation is observed.
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© h, (nP) properties =3
| bb states, spin 0, L=1, JF¢=1+" |

BELLE
+ Expected mass of h,(nP) at the

Center of Gravity (CoG) of y, 11.00}- Y{11020) T(GS) E
states i ¥(10860) Y(5S) ]
10.75] ]
+ Test of hyperfine splitting 1
—— e ]
+ Radiative transition to n, (nS)oso Y£20)
* BaBar has obtained - g
evidence of h (1P) in T YC1D)
o Y(38)—n°h, (1P)—n°yn, (1S) E . 3
o e T s
e 3
o N S 975 ) -
r ’ WHT ! Bottomonium
160F ! T 9.50 family
1ssf h.(1P) : 12" (129
[ b
P 3.00

arXiv:1102.4565

1 I | | I I L L I
9.82 9.84 9.86 9.88 99 992 994 996 998
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