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KEKB collider and Belle in a nutshell
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Belle is an international collaboration
15 countries, 64 institutes
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Belle shutdown last June (2010)




Belle these days...
ECL (backward endcap)
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Rien ne sert de courir ; il faut partir a point.

Le Lievre et la Tortue en sont un temoignage.
Gageons, dit celle-ci, que vous n'atteindrez point
Si tot que moi ce but. Si tot ? Etes-vous sage ?
Repartit 1'Animal leger...




Belle in a nutshell

KLM (K, u) Detector: Sandwich
of 14 RPCs and 15 iron plates
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Silicon Vertex Detector: \%
3/4 detection layers b"
Vertex resolution ~ 100 um

8.0 GeV e — = ! J
b o i N Electromagnetic Cal:
-ﬁ T . CsI(TI) crystal
g " 0 /E~1.6%@1GeV
b s N Time-of - Flight Counter:
Central Drift Chamber i K/7-1ID of high p
8,400 sense wires
PID with dE/dx Aerogel Cerenkov Counter:

Refractive index n=1.01-1.03
K/m of middle p

very stable detector, good particle identification, (kaon, pion, electron, muon),

e e is a clean environment: excellent tracking, triggering, tagging...



Toward the final Belle results...

> include the last part of the data (> 100 fb™', often much more...)

o reprocessed data (~ 2/3 of the data, tracking efficiency increase > 20%)

Efficiency for B” - ¢(2S) (J/lymm)K"™  Example of DK
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Main motivation of Belle

o Overconstrain the CKM matrix: measure fundamental

parameters, constrain new physics effects

o Measure the 4 free paremeters in various ways:
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from EPS 2001...

FIIIIIII[II-_II
| excluded area has CL = 0.95 | ;

1.5

1.0

|
—

p

...to LLP 2011

Illlllllllll\"\la\"lllll
| excluded area has L > 0.85 Iy

P

05—
[ | B
_E i K
— = o0 B
i - a
N 0.5 —
— a0 § Ny M
: o CKI 5 Y -
B . .0 — Summer 11 T § (EISH,ELK\QL’:-U.QE} =
po o b b 1y | _15_|||||||||I||||I||||||||| | AT
-0.5 0.0 0.5 1.0 1.5 2.0 -1.0 0.5 0.0 0.5 1.0 1.5 2.0

= clear impact on B-factories (angles and sides) !
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(and modes with missing energy)

Physics at Y(5S): B, and bottomomium



Time-dependent CP asymmetries

in decays to CP eigenstates
sin2¢, from B—f , + BHE?ﬂf;-P interf.
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CC KS and J/(lj KL 772%10° BB pairs
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sin2 ¢, in (cC)K” ... 772x10° BBpairs

Entries /0.5 ps

sin2¢, =0.668 + 0.023 £ 0.013
A=0.007=%=0.0106 £0.013

Asymmetry

o World's most precise measurements
o anchor point of the SM
o still statistically limited !



[.a raison d'éetre of the B factories
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0.69 +0.03 + 0.01
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B=(21.4+0.8)

What is the source of CP violation ?
The Kobayashi-Maskawa phase is the source




Critical role of the B factories in
the verification of the KM hypothesis

A single irreducible phase in the
weak interaction matrix accounts
for most of the CPV observed
in kaons and B's




B in other modes

T K 28K, 7.k, D*D~.D*D" oK®, K*KK?,
-0 ol * * | - -
N.Ks,J WK}, Jhm®, DD KeKeKom'K® Kon®,

P S I T B
JyK (K" —=>Kgn™) mﬁ'gj,f}. (_?}H[’)Kg

increasing tree diagram amplitude

—
increasing sensitivity to new physics

—

possible new sources of CPV ?



B with b—s penguins

2 i
£(980) K" ' B\ ot including LD amplitude

sin(2p° )_ sin (2¢1 ) B

PRELIMINARY

M QCDF Beneke, PLB620, 143 (2005)

W SCET/QCDF, Williamson and Zupan, PRD74, 014003 (2006)
B QCDF Cheng. Chua and Soni, PRD72. 014006 (2005)

W SU(3) Gronau, Rosner and Zupan, PRD74, 093003 (2006)

More statistics crucial
for mode-by-mode studies
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Recent update of B’ -D*D”~ mode S

BELLE
L 772x 10° BBpairs
. D preliminary
shown at EPS11

05
B d 'l D-
SM prediction: S = —-sin2p and A=0 |Z.Z Xing, PRD61, 014010 (1999)|

B -D'D - (Ko )K'nm )
- (K 7 7" ) (Kem)

|> X 2 signal yield compared to previous analysis (535 MBB)| D'D'S cp Vs Cop 1alialS
Cep PRELIMINARY
?_L_I T . ]3[; tag 0.8 r
= -f:\ e B tag 1

Contours give -24(ln L) = ._uz =1, corresponding to 60.7% CL for 2 dof
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Recent update of B -D"D” mode >
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Measurement(s) of the CKM angle y/¢,
at Belle
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y measurements from B~ — DK™

o Theoretically pristine B - DK approach

o Access y via interference between B~ - D°K andB~ — D°K"~

1l KT
color suppressed
B -D°K ~V,_,V,
~AA*(p—in)

relative magnitude of suppressed amplitude is rg

. | Asuppressed | N | Vub \%
- k
| Afavoured | | Vcb Vus |

ES

cs |

1 X |color supp|=0.1-0.2

relative weak phase is y, relative strong phase is 6;



y measurements from B~ — DK™

» Reconstruct D in final states accessible to both D° and D"

— D =Dy, CPeigenstatesas K'K, w'n, Ko
GLW method (Gronau-London-Wyler)

— D =Dy, Doubly-Cabbibo suppressed decays as K
ADS method (Atwood-Dunietz-Soni)
— Three-body decays as D-»Kgmm m, KiKTK”™

GGSZ (Dalitz) method (Giri- Grossman - Soffer-Zupan)

o Largest effects due to

— charm mixing } negligible

: . Y.Grossman, A.Soffer, J.Zupan
— charm CP violation 'PRD 72, 031501 (2005)]

- Different B decays (DK, DK, DK")

— different hadronic factors (rg, 65) for each



* * . .
B—D"'K" Dalitz analysis
Reconstruction of three—body final states D°, DK "

Amplitude for each Dalitz point is described as:

EO—>KS o~ f(szr , m%) model the amplitudes
DO—>KS T~ f(m% ’ mi> (using tagged D sample)
B'>(K¢mm' )K" : f(m?, m?) + rye' ™™ f(m?, m?)
m% 3L m% 3f
=M(Km) =

2 ¢
150

1

05

B - (K¢ m ), K : f(m?, m?) + rye'™ ' f(m?, m?)
Simultaneous fit of B" and B~ to extract parameters ry, y and 6,

Note: 2 fold ambiguity on y: (y, 635) = (y+1, z+m)



B~ - D (K mm)K™ Dalitz, AE and M, _ projections

|cos6,,.| < 0.8 and F > -0.7

PRD 81, 112002 (2010)

657 X 10° BB pairs
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y measurement with B - D(K mrmr)K

PRD 81, 112002 (2010)

X, =Ty COS(6y *

0.4

) ok (?@

N AN

(®))

S

oaf N\

-0.4 -0.2 0 02 04
X

=(80.8 7}2. +5.0+8.9)
r,=0.161 "000° + 0.011 *39°9

65 =(137.4 7120 +4.0+22.9)

combining both B modes (Dalitz): y

)/); Yi — rB Sin(éB -

657 X 10° BB pairs

—R—}[Tm]u i

— B—=[Dy);.K vith A6=180"
0.2 SRR
B' =D K" [ ::-{ |
Vi,
e _."'Kk_‘_/f’

]

o=

M

- -——
* —
- "-' r..r".
- &
i1 ra r
N x }C: - 4 e
"'-\.____.-".

-04 -0.2 0 0.2 0.4
X

= (73.9 7189+ 4.2 +8.9)
r, =0.196 3972 +0.013 9%
5 =(341.7 500 + 3.2 £22.9)
10.8 o
=(78.47,;:+3.6+8.9

CPV significance is 3.5 standard deviations
(model-dependent error will limit viability of this approach)



Binned Dalitz method: avoid the modeling error by
'"optimal "' binning of the Dalitz plot

S

= 2,51 rE
S | 6
3 B s @  Bondar and
" | . Poluektov
:E 1.5F : EPJ C55, 51 (2008)
1— 2
i 1
0.5F
Qb 1 e

mE{H;:rr} (GevZich

choice of bins guided by model, but extracted y is
not biased by this choice



Binned Dalitz method : minimize x* 2
in fit to all bins for each mode Y

e

T

|Bin number i|

= k2 W L WM M o~ @

Expected number of B-—»DK"
events in bin i is:

SRS
N =h {Ki T T‘gK—i + 2\/KiK—i($:l:Ci + ?J:I:Si)} mi(K ) (GeV’ic")

]
—1.5—

? \CLEO [ * Belle K, is the # of events in bin i from a

1 i:E"TeT flavour -tagged sample (D™* — Dnt™)

03 7 c, and s, contain information about

0 4 ‘%7 the strong-phase difference in bin i

‘4 ! l _

0.5 s 8 (use CLEO data for ¢(3770)-D’ D"
1 ‘ 'I here; can be measured by BES-III too)

Y




Binned Dalitz method result in B —» DK

from 772 million events

&
= 120 D
E B—I_ o
a 100 B_ HELLE
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2 60

E
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"8 6 4 2 0 2 4 6 8
Bin

> 0.3F
0.2

0.1

-0.1
-0.2

Berl e

-0.3o
-03 -02-01 0 01 02 03
X

arXiv:1106.4046

y=(773 ", +4.2+43)

y=indl 33.31/15
E ggi_ Prob u_num?l
Z 30 b1
o 2
= 3

r,=0.145+ 0.030 + 0.011 +0.011
5,=(129.9 + 15.0 + 3.9 + 4.7)

uncertainty in c,, s,

from CLEO data
(can reduce using

future BES-III data)



ADS method measures ¢, via the interference in rare

B™ - [K'm |, K decays

E] Vub
B | W
ﬁ-‘-
colour -
U
suppressed
Vus E_--—-."- Vus E--'-"-
o | K~ o [kt
WS sV S e
b :3 c C 23 d
,-"H". . 6_- - ] 2 5- ."'-"'.
B~ I| Vi LI"‘] V4 T

Cabibbo
favoured
D decay

doubly
Cabibbo
suppressed
D decay



ADS rate and asymmetry (relative to the common decay):

favoured L u suppressed 3 s
b _— Db KT - | |K- = |K*
o e S O - WS s WS u
B\l W~ 2 " q b & c c &  d
. N ik B o
g ~UK~ u

=4

( |
v i

 T([K*+n ] K-) + T([K—nt] K+)

Rpk =
common . L((K-nt|K~)+T([Ktr— | KT)
x..g._j'_-ﬂ K F”ﬂiq ot W
WS s WS u
S e o & 8 =12 + 72 +2ryrp cos(dy + ) cos 3
B * DY , KT

” . _D(K*m]KO) - DK mt KY)

PR T D(K-7t K-) + T(K+tr ] KT)
= 2rgrpsin(dy + 0p)sin¢s / Rpk

0 _, gt —
where 7= |22 KT _ 4 0613 4 0.0010

~JADY - Ktr)



B ->DK ,D—-K'w ADS

Main background ise'e —»qq (q=u, d, s,c) continuum

combine 10 variables with neural network: B SDr
2Kt
M, -sideband
» Variables which have different distributions ”““3""”‘-';;:;"1"“: data
for signal and qq background are used. qq = charm + uds
0.08; 0.025: 0.25;
0.07" 4 ' ' -
50 . |
= 0.05 = 0.15-
3 on, 3 |
2 o003} 2 0.1-
o B o -
0.02: 1 1 oost
0.01; _:

% 0> aa o0k om 4 215 01 005 0 005 0.4 015
|cos 6| Az
_ 6, is angle between B-flight
(Here, we use “old” package.) direction and beam axis. .
(RooKSFW is also possible.) B ?‘\95 If tag is not possible, Az = -999.
Most powerful. By beam NB deals with as a é-function.
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|cos fi| cos if lgr] (Flaver tagging Info.)

Angle between thrust axes Decay angle of D 2kx.  Flavor tagging Info. by  Difference of charges in
of B decay and remainder. MDLH. (NB possible.) D hemisphere and
No full correlation to LR{KSFW). opposite hemisphere.

0.7

0.6 —
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0.4
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Probability

0.2

0.05

o1
n i

i n.mE o 10 variables combined

. % 0.01 0.02 0.03 0.04 0.05 0.6 0 o5 o os 1 to obtain a single
Distance of tracks for D and h cos 62 NN output (NB)

Product of charge of B and Distance of tracks Decay angle of B2DK]  for example,
sum of charges for K not for D and K. - at 99 % bckg rej.

used in B reconstruction. signal eff. = 42%
now becomes 60 %




Yields for the ADS mode B™ — [K'mr |, K™ from 772 million BB events
PRL 106, 231803 (2011)

Fit AE and NB distributions together to extract signal

for NB> 0.9 for |AE| < 0.03 GeV
20 ;
= 18 50 |
16 < |
14 | S 40 |
212 -
o 10 n 30
t 8 5 o0 |
2 6 b ad
w4 10}
2 5
%1 o0 041 02 03 0

AE (GeV)

+15.1 First evidence obtained
56.0_;,, events with a significance of 3.8¢
(including syst.)

Rpx = (1.6379731 7073) X 107

_ +0.26 +0.04
ADK =-0.39 -0.28 -0.03



Results for the ADS mode B™ — [K”

PHELIMINAF’[‘F

‘BaBar

FRD 82 (2010) 072006
Belle

PAL 106 (2011) 231803 .

R ADS Averages HEAG

0.011 +0.006 + 0.002

0.016 + 0.004 £ 0.001

e

B CDF 0.022 + 0.009 £ 0.003

| PLHC2011 preliminary

o LHCDb 0.017 + 0.004 £ 0.002
EPS 2011 preliminary
Average 0.016 = 0.003
;HF.ﬂ.G - .

-0.08 -0.06 -0.04 -002 0O 0.02 0.06 008 0.1
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Average ; 5 -0.46 +0.13

| HFAG ; '"*_
-2 -1 1

m |,K™ from 772 million BB events
PRL 106,

231803 (2011)

« (1.6375317077) x 1072

D
o

HELLE

4 -0.39°

D
o

HELLE

= rg# 0

0.26 +0.04
-0.28 -0.03



First evidence for the ADS mode B™ — [K"' | . K~

from Belle 772 million BB events Preliminary
LP 2011
study both modes: D'5Dn’, Dy: L _ Lo
(K ™|, K™ . Ko™y, K7
Signal seen 2 14k
with a significance of 3.5¢ > 1% > 12}
for D' - Dy mode s 8 S 10
Ratio to favored mode: 5 4 E 6}
T o 4f
2 2
R, . = (1.0 g7 (stat) 'y, (syst)) X 1072 H .. I - |
" ' ' 21 o 01 02 03 01 0 01 02 03
AE (GeV) AE (GeV)
R, =(3.61,(stat) £0.2(syst)) x 107* B—Dm
18F 35} b- UK
165 30t BB
= o - 25} continuum
asymmetry : 2 10 2 20
Y Y g i 15
A, .=0.4" . (stat) "07(syst) o 10;
2" 5
A, =-0.51 5 (stat) + 0.08(syst) ot 0 5




Comparison of the results obtained for D K
with expectations

(where ''expectations'' are derived from the GGSZ observables)

D - Dn’ D - Dy

0.5

=
J—

0 0.01 0.02 0.03 0.04 0.05 0.06 0 0.01 0.02 0.03 0.04 0.05 0.06
R DS, Dre Raps, by
WA taken from HFAG 2011 summer.



GLW with DK D decays to CP eigenstates

Relation between (A, , Acp., Repy, Rep.) @and (y, 1y, 65)

R ~ R-])CP+
CP+ — R
Dfav
2rgsindgsiny —2rgSind siny
Acp,= Acp.

1+r,*+2r,coss, cosy “1+r,>-2r,Cc0S85,C0SYy

R.p,=1+r *+2r,cosé,cosy R =1+r,°~2r,cos5,Ccosy

= look for Rp, # 1 and A, #0



B-Dh,D->KmT - RD data (772 MBB)
fav I3 N I)'TT
B —- DK
BB
continuum
h is a pion candidate (KID<0.6) h is a kaon candidate (KID>0.6)

B - Dh B> Dh" _ B - Dh B> Dh"

(=] r ﬁ (&) r ﬂmng
Qoo S000- g
o r ! o r o 250F
oo g =
C ) C ! o
Booof- L4 Boo0f & 150
C C 1008
1000 b 1000} ) i
- - 50
i} [i] [i] o /oo om0 o = i}t ¥ - L
0.1-0.06 0 0.05 0.10.15 0.2 0.25 0.3 0.1-0.06 0 0.05 0.10.15 0.2 0.25 0.3 0.1-0.05 0 0.05 0.10.15 0.2 0.25 0.3 0.1-0.05 0 0.05 0.10.15 0.2 0.25 0.3
A E (GeV) A E [GeV) A E {GeV) A E {GeV)
Y800 Y800 gm;" gm"
600 600 <160 a0
400 400 1400 1400
A200 A200 £1201 £1201
000 oo Z100F z 1005
800 800 8or 8o
600 600 60 60F
400 400 40F 40F
o “ ST S STV e
86420246 B 10 12 86420246 B 10 12 864202 46 B 1012 864202 46 B 10 12
NB NB NB' NB'

= R, =(7.32+0.16)%, A(DK)=(1.4+2.0)%

fav



B-Dh,D-oKmr - R, data (772 MBB)

- - B—-Dm
D-K K ,mm B — DK
Preliminary BB

LP 2011 continuum

h is a pion candidate (KID<0.6) h is a kaon candidate (KID>0.6)
B - Dh B"—-Dh"' B - Dh B"—-Dh"

—~800 —~800 —100 —100
"?uauu L] E 80 E 80
w 80 w BO
=] =]
2 T 2 T
o o
= &0 = 60
£ %0 £ %0
2 40 S 40
wu a0 w m
108, 10
0 0 Bt

n s n . = . it h - A .
«0.1-0.05 0 0.05 0.10.15 0.2 0.250.3 «0.1-0.05 0 0.05 0.10.15 0.2 0.250.3 W5 0 0.05 0.10.15 0. 2 0.250.3

A E (GeV) A E (GeV) AE (GeV)
large KKK contribution !!
<250 <250 = S sof
£ 200] £ 200] £ £ 40
'”150; '”150% & = :'.n
1nn§ 1nn§ 20f
5‘“; 5"; 10%
4 202 48 51012 S 4 202 £ 5 012 %420 2 AT e i 20 7 46 B0

= Ry  =(7.56+0.51)%, A, =(28.7+6.0)%
large asymmetry !!



B-Dh,D-Km - R_ data(772 MBB)

- B—-Dm
Preliminary continuum
LP 2011

h is a pion candidate (KID<0.6) h is a kaon candidate (KID>0.6)
B -Dh B"—>Dh" B - Dh B"—>Dh"

% 500¢ % 500¢ 3 sof 3 Ssof
o [ o [ o [ o [
-~ o -~ o o L o L
g-mui g.mu: 8 40 S 40f
o L o L o C o C
£ 200f £ 200f o e
100[ 100% 10 s 10
n *.u- n - n 4 n \ . -.‘ I . |
0.1-0.05 0 0.05 0.10.15 0.2 0.25 0.3 910,05 0 0.05 0.10.15 0.2 0.25 0.3 0.10.05 0 0.05 0.10.15 0.2 0.25 0.3 -n1-nnsuunsu1u1suzuzsuz
A E (GeV) A E (GeV) A E (GeV) A E (GeV)
w sk w
a8 a
S 30F =
i :
2 20F 2
i c i

: D : e ; 0 G 3 0 S 1. i b e
8 64 20 2 4 6 B 1012 8 64 20 2 4 6 B 1012 -3-5-4-20245311112 8 64 20 2 4 6 B 1012
NB" NB" NB' NB'

= Ry  =1(8.29+0.63)%, Ay =(-12.4+6.4)%
opposite asymmetry !!



GLW Results

Preliminary
LP 2011
Yields B-oDm B- DK
DK 50432 + 243 3692 =383

D-KK,tm  7696+106 582 +40
DK m’,Kqn 5745+91 476 +37

R.,, = 1.03+0.07+0.03
R.,. = 1.13+0.09+0.05

Agp, =+0.29+0.06+0.02
A, =-0.12+0.06+0.01

systematics dominated by peaking background,
double ratio approximation

coming improvement: adding K;w, Ksn' for CP-odd modes
coming update: D'K modes



p-value

p-value

Ne/M -~ D() K(*) GLW +ADS WA
Summer 11 . D(*) K(*) GGSZ I:l Comb|ned
Full Frequentist treatment on MC basis —— CKM fit
1.0 L I R L ‘L Y O N - O O Y L B
| I \ ."- -
- n o
- I i
0.8 - i ]
- , ‘ -
- , ‘ -]
- ' ‘ -
0.6 ] —
04 — —
0.2 — K
- i
i 'I. ............. .
0.0 I s S PRI AT T B T AT B R
0 20 40 60 80 100 120 140 160 180
Y (deg)
_ * . +0.018 * _ +0.045
%?uﬁ'". [ rg(DK) using B — D(*)K(*) decays % 3 rg(D*K) using B — D(*)K(*) decays % [ rg(DK*) using B — D(*)K(*) decays
Full Frequentist treatment on MC basis Full Frequentist treatment on MC basis Full Frequentist treatment on MC basis
1'0_"'["‘I"‘I"'\"‘\"‘I"' UL L L 1'0_""I""|I L L 1'0_'"I"‘'I""I‘"‘I""I""I“""“"""I
08 - . 08 - . 08 - ]
06 - — g 06 f— . g 0sf -
04 |- 4 & o4 ; 4 & oa - .
0.2 — —f 0.2 E— — 0.2 — —
P ) SN B R I Lot 0_0: L L . L . 0_0—....|....|....|....|.. NIRRT
000 002 0.04 006 0.08 0.10 0.12 0.14 0.16 0.18 0.20 0.00 0.05 0.10 0.15 0.20 0.25 000 005 0.10 015 020 025 030 035 040 045 050
rg(DK) rg(D*K) rg(DK*)

Combined measurements for

y from all methods

http://cknfitter.in2p3.fr/
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Tauonic B decays

b - T
W
H
u | 4
GZm m2 2 2
Bou(B 7" v) =~ B (1) £21V, [P oy
81T 5
m2 2
2HDM (type II): B(B* »7"v) = By X (1 ———2tan’p)
mg;.

uncertainties from f; and |V | can be reduced to B;
and other CKM uncertainties by combining with precise Am,



Event reconstruction in Botvy
Bsiq_) TV
(70 % of all T decays)
To€eVV, UvVv,

Btag

0
TV, T V, 3TV

hadronic tag
B— D", D“rho....

; : e ~0.2%
Require no particle
and no energy left semileptonic tag
after removing B, B-D"1v X

and visible particles of B,



B > 1" v results

Extra calorimeter energy: Ezcioxrs (GEV)

E S ] %4005— =
< | E (5350 et b
+ .[(hadronic tag) : 0300 semilep. tag) 44t
: | S50/ p
NP | e E200§_ 'r/
5150i k7
011002
10[- N 50 ackegrounc
B | WG Y
N L] 0 0.250.50.75 1
: v EECL1 (GeV) Eco (GeV)
Belle \ B (1079 3 (o)

Hadronic tag (449 M) (1.79702:70%) 3.5  PRL97, 251802 (2006)
Semilep. tag (657 M) (1.54732702%) 3.6 PRD82,071101(R)2010

BaBar
Hadronic tag (468 M) (1.807.27+0.26) 3.6 arXiv:1008.0104
Semilep. tag (459 M) (1.7+0.8+0.2) 2.3 PRD81, 051101 (2010)




B > 1" v results
World average: B(B*—t"v)=(1.68 + 0.31)x10™*
By, (B"—1"v)=(1.20+0.25)x10""

2HDM I1):
(type II) . , using £, (HPQCD), |V, | (HFAG)
B(B"—7"v) = Bgy X (1-—3-tan’B) 0.114 4
i CKMfitter: Bgy (B =17 v) = (0.763 75 g61)% 10~

1000 ———
. 2.8 0 difference
800
i % 0 CKM fit w/o BR(B — 1 V)
< S | TSimmer 1 — Measurements (WA)
Q
= 600
D) T T 1 1 T ]
o )
o ]
wn
< )
= 400 ]
+ 1 ]
= E
i a ]
200 ]
i NN R PRI R S R R
‘ 1.2 1.4 1.6 1.8 2.0 2.2 2.4
00 20 40 60 80 100 BR(B — tv) x 10°

tan 3
— update this year, especially with hadronic tag
- also B'=u*v !!! B™ ~6x107, best U.L. (BaBar) <10° @ 90%C.L.



B"> 1" v versus...

-3 -value
x10 P 1.0

0.30 r T r | r r rT —r [ ¢ 1t & 1T

L]
L Sln 2 B CC r 1
0.25 — 7]
- Measurements (

0.20 — \
0.15 — ‘

= within the SM, either the observed 0.10
BR|B—71v|is too high, either sin2p_, .

is too low o CKl CKMfit w/o meas.]

BR(B — tv)

I~ Summer 11

D_oo_l|||||||||||||||||||||||
0.5 0.6 0.7 0.8 09 1.0

sin 23

.| Vupl [A.Khodjamirian et al, arXiv:1103.2655]

ABg ., V<q%, q%) Ty-

B(B-T1v.) (TBO>

high q°: comparison with lattice QCD results:
R_,=0.20": (BaBar), 0.28" > (Belle)
— 0.52+0.16 (HPQCD), 0.46+0.10 (FNAL/MILC)

low g*: similar discrepancy btw data QCD sum rule

Rs/l <q% q%)

= important to update B (B - 1 v)

0.9
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0.4
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New full reconstruction

o reprocessed data sample with improved tracking efficiency
o none of the results shown for rare B decays use full data sample yet
o had tag efficiency improved: effective luminosity increased by factor > x2

- zm)_c-l'o‘l' 7T T T T T T T — m?ﬂl{f IIIIIIIIIIIIIIIIII — =
‘:‘% N B? 1274644 +3702stat ] % ‘N B* 1814143 +6213stat :
L] L ] @ L 1
- L Belle 1 8, Belle g
> [ Preliminary N § . Preliminary 1
= 1005 . 2 1
% Peaking Blf.Gau.Bkgﬁ;&"“ R 8 0 A ]
I.I=j 50-:— Arg LS Bl“(g / @ | E I :,-" . 1
822 sz 52 512? e 9" T5m 5w sz 5m
mbc (GeV/c?) mbc (GeV/c?)
* Data - — + NDIa‘a= 2I557 |
All hadron tag B E‘mg— B_’TE I V %:;v crossfeed I rf]j B_’T[ I V | Nfit = 425 .3+ 26.5
1 3 ¢ Other backgrounds = I - = A 2b, -
analyses (leptonic ~ §* = ., "= T S M2 hiss e als
and semileptonic LA 3 11 Nt 100352 772
° Eood =g - other = -Jx -
decays) are being of 3 a0 | Belle
reviewed 15; -% _ Hﬁ +%1}l Preliminary
o R
e.g.Bomly g f FFJFH New Biag 13%
(teaser !) ot ;_,ﬂjx Astat~7%

Missing mass squared (GeV?) 1 0

LN

0 05 1 15 2 25 3 35 4
Missing mass squared, GeV=/i

= new results coming soon !
B-otv, uv, K?vv, exclusive b-»ulv, D" rnu...



(fb™)
1200 —

1000 | /_erj e
800 | '

ol
* J

. b,

| =

1998/1 2000/1 2002/1 2004/1 2006/1 2008/1

Data taken at Y (5S) (Vs = 10867 + 1 MeV)

1.2

Off reson./scan:
~ 100 fb*

H'.E" 5 H
Rbf 50 [B. Aubert et al. (BABAR)
- PRL 102, 012001 (09)]
1.6 *
— | |
| |
osf
- |
E 1 -I Ii"- a1
D.4E_, rh"'* '”H“IW‘HHI,QT‘]I ‘}_1"* " i ;ieru*\I‘, 'y
GE; IIIIIIIIIIIIIIIIIIIIIIIIIIIII
10.6 10.7 10.8 10.9 11 31—1'1-1 .
Y(45) (5S) vs (GeV)



B, production at Y (5S)

[udsc continuum]

[ Hadronic Y (5S) events]f'

“[ bb events]

o(bb)= (302 + 14) pb
Cleo (PRD 75, 012002)
Belle (PRL 98, 052001)

bb cross section : subtraction of taken below open-beauty threshold

resonance data
B - Continuum data below (1.86/ fb}\

open-beauty threshold
LSS 12000

1 1 had VR
= (NP _
Lss ebé’ >

LU

On resonance data scaling factor

BN

R,: 2nd Fox-Wolfram moment ~ event '' jettiness'',,, e

— smaller values for BB events (more spherical)

(1]

(measurement done with 1.86 fb™")

B8, B,

5 I [
/ \ DR
f O i

R2

Y(5S) and continuum
Fox-Wolfram R2




B, production at Y (5S)

f .5=(2.8+x0.3)%
[udsc contmuum] [non BB_] Belle (PRL 100, 112001)

0
Hadronic Y (5S) events]f' / B, B eVeﬂtS]

b f(B*°) =(73.7 + 6.0)%
T ~
o(bb)= (302 + 14) pb bb events)_

Belle (PRD 81, 112003)
Cleo (PRD 75, 012002) f.=(20.2 +3.6)%
Belle (PRL 98, 052001) HFAG (arXiv:1010.1589)

B, events

f, = fraction of B, . Inclusive measurements:

L B(y(55)>D.X) = f.xB (B, > D.X)+(1-f.)x B (B - D_X)
2 v y, — \ )

Y (5S) data model-dependent estimate Y (4S) data

15% uncertainty, mainly due to model-dependent estimate
measurement with 1.86 fb™

= dominant systematics asof
for our branching fractions S ssof
720 1tinuum
In 121 fh " E ol <
Ny =2 Ly, . o(bb) . fi~ 14 x 10° st

P A AR
0 02 04 06 08 1

x(D,)



B, production at Y (5S)

3 productions modes:
Y (5S) - B. B_, Y(5S) - B_. B?, Y(5S) - B? B?

B_ - B y is not reconstructed (y too soft)

Full reconstruction of the B? with observables: (E; = 's/2)

o Beam-constrained mass: M, = \/ E, — Pp
o Energy difference: AE=E_, — E,
= B, candidates are in 3 signal regions B, events
544 ¢ _
Z S42¢ T Bs
O 5.4F B
25.38
= 536
) - — * =) 0 o
5.34 ;— Bs Bs Bs Bs Bs Bs
5321 iﬂHD?IHQMMC(mrEﬁ +0.2)% (7.3"323+£0.1)% (2.632)%
53" '

%3 -02 04 0 04 02 03 04
AE (GeV) Belle (PRL 102, 021801)



0 -
Study of B, - D_ "
Phys. Rev. Lett. 102, 021801 (2009)

VB~ (my, —miy) ~E{ | Belle 23.6fb ™!
B D, xw"

N kPk — 145+l4
ER P f L =(90.175,+0.2)%

B.B

S
o Evints/(%’McV/g)
588
(]

g SRS m = (5416.4 = 0.4 + 0.5) MeV/c?

Fiin, et Uil m, =(5364.4 + 1.3 + 0.7) MeV/c?

. ]
e e A T AR (Mbe) = may

. . . Ll
H Iy * [ ot atreer e 0 ' * oW sf |-
5 3 '; 1 = \:- |‘ .r..| * |". 1 \. |.-:- |: 1 .d .‘ . .. .,

20.3-0.2-0.1 0 0.1 0.2 0.3 0.4
AE (GeV)
0 — 4\ +0.35 +0.43 -3
B (By =Dy ) =(3.67 35 _o42 = 0.49 (f;)) X 10
20% uncertainties, f_ is a crucial source of systematics
large f... confirmed (1st Belle value: (93" = 1)% [PRD 76, 012002 (07)])

m .. is 2.6 0 larger than CLEO [PRL 96, 152001 (06)|
m,. (mg ) is the 1st (2nd) most precise measurement so far

(©]

O

O

O



B, — CP eigenstates decays and more...

o CP eigenstates:

— B, - KK
— B, — J/y ¢ (especially BR)
— B, - J/p£,(980) (silver mode at LHCb to measure B,)

= the first step is to establish these modes !

= decays with 7° and/or y are difficult for hadron-collider experiments

> By - DI’*D!”" dominates AT,

AT" =T (CP-even)— I'(CP-odd) ~ I'(B] —» D’*D{™)
o CKM-favored and CP-even eigenstate (in heavy-quark limit)
o Dominates AT (this relation has few % theoretical uncertainty)

ATSY 2xB(Bg - DD
I, 1-B(Bg-D "D

R.Aleksan et al., Phys. Lett. B 316, 567 (1993)



B, » CP-eigenstate Decay Modes

> Large data sample recorded at Y (5S) (121 fb ™)
o Precise measurements of exclusive modes, including CP modes
for example, ''Observation of Bg - J/pf,(980)..."", PRL 106, 121802 (2011)

o B,—» J/lyninn-yy,n-n"n n’ channels

new Belle results with 121 fb!

& 35F 2 - B.B. proj.
3 30 17YY g 25 P
$ 2 cw
¥ S
Q — C
E ~ 10-
< 10- 8 -
) = & 5F
£ 5iulhﬂilizﬂﬂ~~111Mni~ | > hlﬂ o ML L
= 025 53 535 545 YW Q4 02 0 U035 04
M, (GeVic) A E (GeV)
O 14F 0 >
% 125 )7—>1T+1T T \ 8
O 10- ; =
S 8- S
=3 6 3
Q - i ~
= 4 [
7)) o
|- zgu l w h
S -ull‘.uﬁm"“ll.llf.II.JII""N.H”—. S N :>_: 1 Tl‘TH‘HHT mmumll
= D25 53535 54 545 0.4

. ) 0.2
M, (GeVIc) A E (GeV)
f




B? - D" D" Analysis

Preliminary, summer 2011

o CP-even final states

— D, D, pure CP-even
— D.D!” predominantly CP-even

o In the heavy-quark limit, while (m, — 2m_) - 0 and N_ — «©

O

®)

O

(@)

— b — cCs processes contribute constructively to AT
— I'[BJ(CP+) - D, D, |saturates AT."
— assuming negligible CP violation, we can estimate AT /T

AT, 2x B(Bg - D;”"D)
I, 1-B(Bj~-D{" D)

R.Aleksan et al., Phys. Lett. B 316, 567 (1993)
Full reconstruction of B — D{"*D{"": large B.R. (~ 107?) but low efficiency (~ 10™%)
D! reconstructed in 6 final states: ¢, Ke K", K K", ¢pp", KIK* and K°K™
D," - D, y: photon energy is low (E, < 150 MeV) !

Contamination between the 3 modes (cross feed) when a photon is missing or
added by error



Observation of B? - D"

D(*)-

S

Preliminary
summer 2011

o Simultaneous fit of the 3 modes. For each mode, cross feed from the 2 others is included

o Signal has 2 components: right and wrong combinations

select eventsin AE €[-0.1, 0.0]

(‘3&240- I 1 I
e

=30 -

S

F20F

L)

D]

-

M 10 -

Fls_-l-l r+_l--l-|
0 —— 1 | 4 = = =
525 53 535 54

[\
S

Events/ 12.5 MeV
O

5.45

M, (GeV/c?)
N (D:D?)=33.1"%%(11.60) Ny(D.*D]) =44.522(13.30) Ng(D;*D.;7)=24.473¢(8.60)

select events in M,  €[5.4, 5.43]

Events/ 10 MeV/c*

Events/ 12.5 MeV

o))
o

I
o

(o]
)

0
5.25

(F3]
]

(]
)

[—
]

53

5.35

|

54

?

-0.05

0

ignall (WCll)
Signal (RC)

0.05

Events/ 10 MeV/c?

5.45
M,, (GeV/c?)

Events/ 12.5 MeV

(8]
o

o
o

[—
o

[—
o

U

AE (GeV)D_ D,

0
5.

+!!....

s

25

53

5.35

54 5.45

M, (GeV/c?)

DS DS
1
FT TR
A I 1 . W ==wrar~
15 -0.1 005 O 0.05 0.1
AE (GeV)



Observation of B) - D" D

Preliminary, summer 2011

<|>]:)s]:)s

L I S=mr =~

% 1 1 1 1 % 1 1 1 1 B % 1

E 20 DS DS 7 E 30 F ‘~> DS DS _ 2

) ) )

13 { o 101

E 220 1 3

5 10 1 5 5

> > > SF

n 1 ®m10 1 = | ‘ Y

~ =|='H"=—‘

ﬂ = 5 L et e S L e ——— 0 - 0 1

x.-0.15 -0.1 -0.05 0 005 0.1 *I(f]FS -0.1 -0.05 0 0.05 . -0.15 -0.1
D, D, AE (GeV) D_D, AE (GeV)D_D,

= 3 modes are seen separately (102 signal events)

B (B, - D;D,)=(0.58")s* 0.13)%

~0.09 —
consistent with CDF [PRL 100, 021803

-0.05

0

005 0.1
AE (GeV)

B(B! - D.*D)=(1.8+0.2+0.4)% = B (B? - D""D"")=(4.3+ 0.4+ 1.0)%

B (B - D.,"D,)=(2.0%£0.3%0.5)%

first observation



Observation of B, -»D{"* D

S

Preliminary, summer 2011

% % T T T T ) % T T T T
220 2.l J( D, D, | 2 DD
1 \n \n
15 o o 10 A+ -
210 2 2 * D.D,
Q Q Q
> > > 5 -
= s =10 m | ‘ '
T N
=== - 0 ' 0 PRV S—
¥.-015 -01 -005 O 005 0.1 *1615 -0.1 -0.05 0 0.05 : -0.15 0.1 -005 O 005 0.1
D, D, AE (GeV) D D, AE (GeV)D,_ D, AE (GeV)
* *)— — 0.3
B(B? ->D""D{"")=(4.3+0.4+1.0)% 7, .. |Beleroran’
=
. 02 | PRELIMINARY _
AT/ I'.=2B/(1 - B) ~JPp. Standard Model (arXiv:1102.4274)

| v

Ar 005 e ——
* = (9.0 0.9 +2.2)% ; ~
Fs 008z ™
CDF: (12+10)% |[PRL 100, 121803] 0.1 (AF — AT? cos b.)
DO: (7.2 + 3.0)% [PRL 102, 091801] -0 s s COS &
-0.2 TN IR TR

3 2 1 0 1 2 3

¢, (rad)



Rare B_ decays

(still using 1/5 of the Y (5S) data sample available)

Rare Bs Decay Modes

CDF =——— PDG2008 HFAG
s — New Avg. :
e April 2010
—_ o o
S
TR
gl
" o
= K
y K"
K -
_— ] L
|_‘.l"_- |
T T T
0.01 1 100

Branching Ratio x 106

= complementarity between B-factories
and LHCDb

Belle can do neutrals, cleaner,
but have less statistics...

arXiv:1006.5115
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B(B,~K°K’°) <6.6x10° @ 90%C.L.
PRL 100, 121801 (2008)
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Nature of Y (5S)

Anomalous production of Y (nS)r" m
PRL 100, 112001 (2008) T (MeV)

Y(55) — T(1S)r T~ 0.59 +0.04 + 0.09

YT(558) — T(28)rTx~ 0.85+0.07 +0.16 . .
| . 04020 _ Zwelg-gqppressed diagram .
T(55) — Y (39)r™n 0.5274577 £0.10 for the transition Y (nS) - Y (mS)n'
T(29) = Y(1S)mF 7™ 0.0060 x 10 PRD 82, 091106 (2010)
Y(35) — Y(1S)mTm~ 0.0009 £ uonl- P— lineshape of Y,
YT(4S) — Y(1S)nr 7~ 0.0019 F 0.008 #-Y(2S) +
D 0o0g| 4 YESKT | +
%0.004—
1. Rescattering Y (5S) » BB — Y (nS)mm ? -l : “ ; * *
Simonov, JETP Lett 87, 147 (2008) 0.000 !
10.75 1L'II.B 10 35 | 10.9 10. 95 1I‘! 11.05
2. Similar effect as in charmonium ? Na{Gay)
= 0.6
= assume a Y, exists close to Y (5S) g sl Y (5S)
g i
to distinguish them: energy scan — % i J\k
= shapes of R, and o (Y it mr) different (only 20) = B f
0-2_ .................................................... B i T O T VAT TR PLTkd CRCh b1 LR LR RS VIR (P
0.1

10.75 '||:II.E 10135: 1U|.9 10195 1I1! 11.05
Nature of Y (5S) is puzzling and not yet understood nafey



Looking for h, (nP)

(triggered by the observation of e"e” — " h_above DD threshold by CLEO)

(bb): S=0,L=1, J*°=1""

11.00— Y(11020) K
Expected mass - Y(10860) -
~ (M(Xy,,) + 3 M(X,,)+5M(X,,))/9 10.75F ]
AM, = test of hyperfine interaction 1050 Y?320)
for h.: AM,,=-0.12 £ 0.30 MeV, -— E
expect smaller deviation for h,(nP) T | YC10)
S nn ]
& 1000 -
2
© i
| arXiv: 1102.4565 < W —
170i'<1'0|"'|"'|"'|"'|"'|"'|"'|"‘\'; BOttomonlum §
165:—BaBar 7 4 ] 9.50 I fam|ly |
- } '
160}~ * ] (012)*  (123)7
1 2
155 y -
Y (3S) - n° h, (1P)-

1 | 111 | 111 | 111 | 111 | 111 | 111 | 111 | 11| ‘ | -
9.82 984 986 988 99 992 994 996 9.98
MM(TT'TT)



Y (5S) » h,®" n~ reconstruction

h, - ggg, n, y = no good exclusive final states

h (nP)
"'Missing mass'' M(h,)=y(Eey—E.. ) —p 2. =M__ ("7
x 10 3 Y(].S) hb(].P) hb<2P) ]_2].4: fb_l

1400 [ | Y (2S) Y(EBS)
12002 I I : o

1000 |

Fvents /1 MeV/c®

800 |
600 |

400 |

200 |

O_...EI....I..E.IE....I:..:..I
.5 O.75 10 10.25 10.5

MMt t), GeV/c?



121.4 fb
|arXiv:1103.3419|

Results
g
= 40000 [
% 30000 |
20000
10000 |
0
Yield, 10>  Mass, MeV / c? Significance
Y(1S) |105.24+ 58 £3.0 9459.4+0.54+1.0 18.2 0
hy (1P) 50.4 £ 7.8%5° 98983 £ 1.1 6.20
35 — 18 56 £ 19 9973.01 290
Y(2S) |143.54+8.7+£6.8 10022.3+0.4+ 1.0 16.6 0
Y (1D) 22.0 £ 7.8  10166.2 4 2.6 2.4 0
hy(2P) 84.4 +6.877  10259.8 £0.671, 1240
25 — 15| 151.74+9.775 10304.6 0.6 & 1.0 15.70
Y(3S) | 45.64+52+5.1 10356.74+0.9+ 1.1 8.50

L 1
10.4
M,..(GeV/c?)

Significance
w/ systematics
h, (1P) 5.5¢0
h,(2P) 11.2¢



121.4 fb

|arXiv:1103.3419|

40000 -

Events / 5 J”v'ie‘v/c2

30000 |
20000

10000 |

1

T VAL L

L 1
104

9.4 9.6 ,
Hyperfine splitting G
deviations from CoG of X,; masses (1.6 £ 1.5) MeV/c” for h,(1P)
consistent with zero, as expected (0.5 *1°) MeV/c* for h,(2P)

. . splin- flip "
Ratio of production rates @
bb r(y(58) - h,(nP)m"m | 0.46 + 0.08 77, for h (1P)
@ riy(55)p Y (2S)m n | 0.77 = 0.08 %2 for h,(2P)

/ bb
o supposed to be suppressed
no splin- flip @ by 1/m, in the amplitude

Mechanism of Y (5S) - h,(nP)n"n~ decay seems exotic ! [arXiv:1108.2197




Resonant structure of Y(5S) - h (1P)mw

-1
Mi(hy, ") = My () [ar;13-11.1£110f2b251}
o, 1087 N : . :
L ) S phase-space MC < 12000f data
== o [
%) — = 10000 |
O 10.6 — 2 :
— — 8000
PRGIEI=== 2 [
= —— S 6000F
~— 104 F Lﬁ [
o | \ 4000 F
£103F

= 02 com@f ' zoozélﬂ Jﬂl%‘[‘lﬁf[‘j
mummwmuuumuu B i 6 6

10 '10.2' 104 10.6 10.8 10.4 105 10.6 10.7
(T[+) GEV/CZ IVlmiss(n)’ GGV/CZ

mISS

Fit function |BW(s, M,, I';})+ae'*BW(s, M,, I, )+be“”|2C\I/E

Results
M, = 10605 + 2 "> MeV/c* ~ BB threshold

r,=11.47"7%2""* MeV a=1.39=+0.37"5%
M, =10654 + 3 ') MeV/c> ~ BB threshold
r,=20.97%7"2 MeV $=(18773373,)

Significances
180 (160 w/syst)



nss (TE), GeVic2
5 2 22 8 8
(@] ()] (o)) ()] ~ a

—_
©
~
a

10.4

10.35

Resonant structure of Y(5S) - h (2P)mw

M(h, ™)

= Mmiss ( ud )

~ phase-space MC

o I

[ combine |
s ML
04 105 106 107

M__ (1), GeV/c?
h, (1P)n "
M, = 10605 + 2 *° MeV/c”
r,=11.4"735 %, MeV
M, = 10654 + 3 7] MeV/c’
r,=20.9 552 Mev
a=1.39+0.37"7

-0.15

(]5 :<187 +44 +3 )o

-57 -12

17500
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qJ -
= 15000 F

0

~ 12500 F
@ -
= 10000 b
()] [
= i
L 7500F

5000

25oo§

121.4 fb !
larXiv:1110.2251 |

- data
¥
q< DO

BELLE

104

10.5

106 107
M, (1), GeV/c?

h, (2P)m" ™ (consistent)
10599 *2 > MeV/c’
13 7" ) MeV
10651 ‘3 *; MeV/c?
19 =7 I MeV

+0.6 +0.4
1 6 -0.4 -0.6

(181 +65 +74 )o

-105 -109

Significances
6.70 (5.60 w/syst)



...and what about Y (5S) - Y(nS)rn"r~ final state ?

(n=1, 2, 3)

121.4 fb™!
[arXiv:1110.2251]

10.6 F
10.4 F

M(u'w), GeV/c?

10.2F

9.8F
9.6 F

94F

T
Mmiss<7T+ 7T_>' GeV/CZ
Note: Y(nS) — u" u



Y (5S)

M? (Y (nS)m) ; ’
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= two resonances

—-Y (nS)n’ w~ Dalitz plots

116

115

114

113

112

11 F

Y (2S)

116

115 -

= clear signs of interference = amplitude analysis is required

Signal amplitude parameterization:

L

S(s,,s,)= A(Z,,) + A(Z,,) + A(f,(980)) + A(£,(1275)) + A,

HN

Ag=C +0C,. m? (v )

Flatte

Breit- Wigner

Parameterization of the non-resonant amplitude as discussed in:

|1] M.B.Voloshin, Prog. Part. Nucl. Phys. 61:455, 2008
2] M.B.Voloshin, Phys. Rev. D74:054022, 2006
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Results: Y (1S)m ™

(Events/20 MeV/c?)
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(Events/5 MeV/cz)

Results: Y (2S)m ™
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Summary of parameters of charged Z, states

~ BB threshold ~ BB’ threshold [arXiv:1110.2251]
\ Z,(10610) \ Z,(10650)
o 0 | | : Z,(10610)
o e . B | | M=10607.2 = 2.0 MeV
. | | | : I'=18.4+ 2.4 MeV
Y(3S)n n 1B B 11 —o-
hy(1P)' 7 - —~— - —— Z,(10650)
hy@Pm'n | —e— — m | 1 M=10652.2 +£1.5 MeV
Average f -f- f -f- I'=11.5+2.2 MeV
B T T R T R R T R T R R TV T R B T/
AM, MeV AT, MeV AM, MeV AT, MeV
Final state T(1S)ntw™ T(29)rtn™ Y(3S)rtm™ ho(1P)mtn™  hy(2P)m 7™
M|[7Z,(10610)], MeV/c® 10611 +£4+3 10609 £2+3 10608 £24+3 10605 +£275 1059975
['[Z,(10610)], MeV 2234+ 77530 2424317530 176 +£3.04+3.0 114155770 13707

M[Z,(10650)], MeV/c®> 10657 £6+3 10651 +2+3 10652 +1+2 10654 +3+L 106517213
[ Z,(10650)], MeV 16.3+9.8750  13.3+33F0 844+20+20 209F5121  qg947fl

Rel. normalization ~ 0.57 £ 0.2170¢} 0.86 £ 0.1115:75 0.96 = 0.147002 1.39 £ 0.371592  1.6505106

Rel. phase, degrees 58 + 437 —134+ 13747 —9+ 19735, 18723 +3, 181005 00

o Masses and width are consistent
o Relative yield of Z,(10610) and Z,(10650) ~ 1

o Relative phases are swapped for Y and h, final states



and more...

Expected decays of h, [Godfrey & Rosner, PRD 66, 014012 (2002)]

h,(1P) - ggg (57%), n,(1S)y (41%), ygg (2 %)
h,(2P) — ggg (63%), n,,(1S)y (13%), n,(2S)y (19%), ygg (2%)

and Belle recently observed large yields of h,(1P) and h, (2P) !

opportunity to study n, (nS) states...

Experimental status of n,

M|[n,(1S)] = 9390.9 + 2.8 MeV (BaBar + CLEO)
M[Y(1S)]— M[n,(1S)] = 69.3 = 2.8 MeV

PNRQCD: 41 + 14 MeV
[Kniehl et al., PRL 92, 242001 (2004)]

Lattice: 60 = 8 MeV
[Meinel, PRD 82, 114502 (2010)]

n, — small radius system,
precise calculation of mass

VO (r) (GeV)

T_olv-lying
QQ

/ QcD

High-lying
QQ




Decay chain: NE:-U“ true T
X 5 9_5 ,ﬂ..‘ Fh
T'(E)S) — Zb T =
\_) hb (nP) TC+ M(‘nb) I:I} +: 9.4k S
T S IR ; true e
5 npmS) v ool fake i ::Q_-:Zi_f.'_ _t_'f“‘?,f_
4 [otruey Coamriniuno
AMImss(Tr Tl'_y>5 9_:”' r e e T
M . (mmy-M_ (mm)+Mh,) 98 98 99 0995 10
miss y miss b _ 2
M. .. (Tt m) GeVic
%12000 a ﬁ
= 10000 M(hb)
£ 8000 Require intermediate Z,:
i :
e 10.59 < MM (m) < 10.67 GeV
4000 |

bg. suppression X 5.2

approach:

=
| | * fit M. (t" ) spectra

104 s 105 107 in AM_ . ("7 v) bins
MM(r)), GeV/c? miss )




Results

preliminary,

shown at QWG

non -relativistic BW ® resolution + exponential func.

PNRQCD Lattice

AM__(n'1y), GeV/c?

Hyperfine splitting

AMye[n, (1S)]=59.3 + 1.9 727 MeV/c’

single most precise
measurement of n,(1S) mass

RS Sl D

o or |

3 | il
S ok H
\:’QO a1\ LAY H|| A B SR
— 8.8 9 9. 9.4 9.6

+H@-H

30

40

50

PR IR T T IR T
60 70 80
AM,-(n,)), MeV/c®

= radiative decays of h,(2P), search for n,(2S) coming...

N[n,(1S)]=(21.9 £2.0 >7) x 10°
} M|[n,(1S)]=(9401.0 + 1.9 *}1) MeV/c?
I'[n,(18)] = (12.4 %22 *115) MeV

B[h,(1P) — n,(1S)y] = (49.8 +6.8 ".>")%

BaBar
Y (3S) = n,(1S)y

BaBar

Y (2S) - nb(ls)y
CLEO

Y (3S) - n,(1S)y

Belle
preliminary



Summary

Exciting new results in 2011 :
= new (updated) measurements for the UT angles B, y

= new results with full Y(5S) data sample
(B, decays but also bottomonium studies)

Final Belle data sample is yet to be fully analyzed !
o moreon « (m’w’, p*p°), y...
o Rare B decays: K®vv,tv, uv, YY) eeo
o Results on B, decays with 5 X more stat
o T physics (lifetime, LVF decays), charm (mixing Kn, KK, K ),

new particles (X, Y, Z), bottomonium...

Even more interesting results at Super B factories
with two orders of magnitude larger data samples !







(@)

©)

@)

@)

Search for B) - J/y £,(980)

Contribution to FPCP 2010 (arXiv:1009.2605)

Silver mode at LHCDb to measure B, (CP-violating phase in the B, mixing)
BR is smaller than B, — J/y¢ ¢ but B, —» J/¢£f,(980) is a pure CP-eigenstate
— no angular analysis is required as in B, — J/y ¢

CP-eigenstate (odd) mode with a final state with only 4 charged particles
Expectations:

B(B, - J/y f,) B(f e
- BB, 2 Jlw ) Blomm ) 5 (Sione + Zhang [PRD 79, 074024])
B(B; = J/w ¢)B(¢ - K'K")

B(B? - J/y f,) B(f T
B ( Z - Jlyp o) B(f, — 7T+ "_) =0.42 +0.11 (CLEO (DS—>fOe+ve) |PRD 80, 052009])
B(B; — J/y ¢)B(¢ - K K')

- BB, - Jlyf,)B(f,»nt"n’)~(1.3-2.7)x 107"

— B(B? > J/y f,)=(3.1+2.4)x10™* QCD (LO)[PRD 81, 074001 |
with B(f, » w" ") = (50";)% BES data [CLEO, PRD 80, 052009

—» B(B, - J/y f,)B(f,» n'n")~ (1.6 £1.3) x 107"



Search for B, - J/y £f,(980) Belle(121 )
PRL 106, 121802 (2011)

o Jly »e"e orpy , fyom

o (AE,M_. )2D fitin —0.1 GeV <AE <0.2 GeVand M_. - <2.0 GeV/c’

> includes backgrounds from B, — J/yw"n~ (peaks in AE) and other J/y¢ modes
select events in M__€[0.80, 1.16] GeV/c’

63 |, events (8.4 o)

Events/(6 MeV)

select events in AE €[-0.08, —0.02] GeV

v F
E 12:—
& 10 i Pkl !
= B:— Y3605 T 0 005 01 015 0.2
‘2 - _ AE (GeV)
S b select eventsin M__€[1.3, 1.5] GeV/c
u:'J - %“ 18
4:_ = 16 46
f e 1 : 19 "; events|(4.2 o)
— = 12
— Q
— =
~ w
8.3

B(B, - J/wfy) x B(f, » ' n”) = (1.16 ‘g jg(stat) g 15(syst) 075 (Nyeg)) X 107 (at 90% C.L.)




Motivation for BR measurements
o By — U
sensitive probe to New Physics, very suppressed in SM:
B(B .- u'u)=(3.35+0.32)x 107°
b ut | M.Blanke et al, hep-ph/0604057 |

o NP can lead to enhancement of the BR up to an order of magnitude
(for example, constrained versions of the MSSM ~ 20 x 107°)

= BUT could be ''only'' a factor 2 above SM value !!

- Need normalization with BR of B decays
— for example, Tevatron experiments use B" — J/¢y K"

~13%: dominant error from f(B;)
syst * f(B)

— O

= not sufficient if B(B, » " u”) <107°

o Need normalization mode meas with higher accuracy, preferably B, mode

= measure B_ branching fraction in Y (5S) decays !
(for example B, — J/y¢ ¢) so need to improve f




Trigger

Observation of e'e"— m"m h_ above D D threshold by CLEO

Energy dependence of the cross-section
(R.Mitchell @ CHARM2010)

Production of h_

o is unsuppressed
relative to J/y

*— Enhancement at Y(4260) ?

5 10
2 C
~ e o (e'e’ — x* « h) (scan data)
= 60 .
‘—'3“ e o (e’e” — x* « h;) (4170 data)
£ 500 O cE(e+e' — "o Jp)
o 3
+'g C
T 40 L
|0 B
+ —
Q L
g 30 ¢
© C
20—
10 $ J}'
L I | | I I | I I | | I | | I I | I | ‘ I I
£95 4 4.05 4.1 415 42 425 43

e*e” Energy (GeV)

Belle sees Y (5S) - Y (nS)w"
so should search for Y(5S) - h, " 7 !



Bottomonium ground state n,

Mon-observation of the bottomonium ground state was an annoying|thom in the side of quarkonium
spectroscopy. Finally, after 30 years of work

First measurement of n, by BABAR in radiative i A ML ML
Y(35) and Y(25) decays, followed by CLEO. ﬁ”i""i'_ "
glr.ﬂ! {'
5 [
Measured parameters £ Xp; (2P} J
BF (Y(3,25)—y n,) (10%) 5107 /39£15 D
Y{13) —n,(15) mass splitting: 69.3 = 2.8 MeV [ | ) LK Y
; ) ISR Y (1S) :
Hyperfine mass splitting predictions (MeV): 15 06 07 08 08 | Ll
2 (GeV)
Potential models: 36-100 (36-87 recent models)
pNRQCD: 603553821 BABAR Y( CLEO Y(35)— vy N,
Lattice QCD: 4071 ABARY(25) = ymp r
= | o < o '
3. I
Confirmation from independent experiment or ; _/ ' b it
. E mae T .‘ . = :: —'H'—Il—-—n'I—-'—rH'ﬂ- i, m:lLﬂ:!-n-'q-rn—h
other decay channel desirable, as well as _p-_-f : ¢ | th 4 -
observation of n(2S) = | ' 1_": Illllll'l"""l“"f‘ FIm.
] ] : i L 1 '..|'II‘ df i grymy

Beriand Echenard — Calech DPHNC Seminar - Oclober 2010



Measuring the CP parameters S and A

Reconstruct B,

electron Y(45) . |
(8GeV) 'Esonance | |
SN

pﬂsitrﬂnhﬁé;"""‘ I S Ve, D - T
(3.5GeV) | \ -
A g+ K
Flavor tag |- _
AZ~200um H
Az~CByAt
—|At)/ Ty
dpsiG(A t,q)= e " (1 +qg(Ssin(AmyAt)—-Ccos(Am ;At)))

dt 41,



¢, determination

W e ey
Tree: / ! Penguin: e L f
:\iJ:J\J : ) QE*—'— &
d g g d d e
AB’-»n'n )=T eV +P
A(t) = S_._sin(Amt)-C_._cos(Amt)

= Jl—Cfﬁr sin2« . sin(Amt) — C_. _cos(Amt)

from time dependent CP, we can measure ¢, but we want ¢, !

S . =sin2¢, + 2r coss sin(¢p,+¢,) cos2¢, + O(r’)
r=|P|/|T]



¢, determination with isospin analysis
|Gronau-London, PRL65, 3381 (1990)]

=AB on'm )= T +P
w0=V2AB >’ =e " T + P

> neglecting EWP = A, pure tree _
A, | =|A.,,| A=A

o Isospin breaking (d and u charges different, m #m,)
o m—n—n'and p—w mixing [].Zupan, hep-ph/0701004 ]|

¢, can be resolved up to an 8-fold ambiguity (¢, €0, )



Some examples to illustrate ¢, extraction

Br(n"m)=(5.0+0.2)x107° : Br(nm'm )=(2.0+0.2)x10°°
Br(r’n’)=(1.5+0.1)x10° Br(rm’n’)=(0.5+0.1)x107°
Br(r'n®)=(3.5+0.2)x10°° Br(m m )=(3.5+0.2)x10"
C(rm'm )=-0.40 +0.03 C(rm'm )=-0.40 +0.03
S(w m )=-0.50 = 0.04 S(w'm )=-0.50 = 0.04
C(m°m®)=-0.30+0.10 C(m°w%)=-0.30+0.10
£2 (23Tt (6t 718)

— —

St S

S ]

S <

— 08} —

0.6

04

02| K
0 ..................................




¢, : T System

+ -
T T Scp Vs Cep @
m CCP PRELIMINARY

T T
0 S BaBar
@ f Belle

BELLE B Averagq;: :
535 x 10° BB pairs | ( . | 467 x 10° BB pairs
PRL98, 221801(2007) | difference is ArXiv:0807.4226

now 19 o

C=-0.55+0.08+0.05
S=-0.61+0.10+0.04
direct CPV @ 5.50

C=-0.25+0.08=0.02
S=-0.68+0.10=0.03

0.2 |
o [
0 N
04 |  ————————
06 || ] i % ¢
-0.8 " -
P '
12 | ' ' '

2000 2002 2004 2006 2008



p p system (5 observables for 6 parameters)
(Br(B—p'p),S,,,C,, ,Br(B-p p’),Br(B-p’p’)) +f,

pp

PRELIMINARY

P* P Scp s Cep &

" BaBar
04 L ~~ Belle
% Average

gy
535 X 10° BB pairs 387 x 10° BB pairs
PRD76, 011104(R)(2007) PRD76, 052007 (R)(2007)
C=-0.16 =0.21 = 0.07 C=+0.01 +0.15+0.06

S=+0.19+0.30+0.07 S=-0.17 +0.20°2%



Events/ 10 MeV

DD

0’ p° mode S

BELLE

657 X 10° BB pairs
PRD78, 111102 (R)(2008)

90 90
70 1_ 60 ]l S0l a0l
60} 50 p4 1, > 70} > 70}
>0F g 40 .{} H 2 60} 2 60}
40kl ~ e I 8 50 8 50
o 30F a 400 % B 40F° % Ve
30 g 20t § 30p" g 30p"
20F w w o0t W20}
10} 10} 10} 10}
ST 0o t5 01 S57 To5 ods-gs 0550781.011.241.47 1.7 0550.781.011.041.47 1.7
AE (GeV) M, (GeV/c?) M,(rn) (GeV/c?) M,(rr) (GeV/c?)

Br(B’—p°p°)<1.0x10°@ 90%C.L.
=(0.4+0.475)x107°

Ng(p’m '™ )=113%, +52 (X =1.3 0) N¢(4m")=16172."2° (¥ =2.5 0)

Br(B’—p’n"m )< 12.0x10° @ 90%C.L. Br(B’—47")<19.3x10° @ 90%C.L.
=(5.973°+2.7)x10°° =(12.47,0T5)x107°

Br(p’p’) is small ! SU(2) triangle even more squashed...



OO DO mOde 465 x 10° BB pairs

[PRD78, 071104 (R)]
10-dim fit to extract yields, f,, C;°, S.°:

0 0 +35 L v
Ns(p'p')=99;5+15 (¥ =3.10) Emi §4of
N (p’m" ) =—12732 + 52 S g 30
Br(B'—p’rm'n) <8.7x10° @ 90%C.L. s 22
N (4m*)=8"% +6 g Ay B L |
Br(B’—»4mr*) <21.1x10° @ 90 %C.L. = 0 525 5.26 5.2-7" 5.28 ’.5.29 v 0.6 07 08 09 1 |

mg (GeV/c?) m,, (GeV/c?)

Br(B°—p°p®) =(0.92 +0.32 + 0.14)x 10°°
f. =0.75"1,+0.04

S’=0.3+0.7+0.2 C’=0.2+0.8x0.3
_l Coo
_E COO & SOO
0




465 x 10° BB pairs

[ArXiv:0901.3522]
o ©
> 4() >
& & 40
— (@) i
- S
< S |
S Z
= P
= 5
q>) b ‘ > L " i
a4 O . : . = O. T T T T
5.26 5. 27 5 28 5 29 0.6 0.8 1
55 (GeV/c?) M+ (GeV/c?)

Ng(p™p’)=1122 = 63(stat)

Br(B'=p'p")=(23.7+1.4+1.4)x10°°
f, =0.950 = 0.015 + 0.006

Previous results:

232 x 10° BBpairs [PRL97, 261801 (2006)]
Br(B"'-p"p’)=(16.8+2.2+2.3)x10°
f, =0.905 +0.042 "%

85 x 10° BBpairs [PRL91, 221801 (2003)] K=

<>
Br(B ' —p"p°)=(31.7+7.12%) x 107°
f, =0.948 + 0.106 +0.021




m(A" /A0

Isospin triangles (Summer 08 to Winter 09)

B — pp case

B —>pp SU(2) anolysis (WA)
% —— CL=85% and 68% contours
EX] B /A% K™+ v2R°=v2R°
Summer0B A volke/a
4 ‘\,\. % 5 _.i_‘;."__:‘.\:-k? !
2 NN
-2 =18 —] —0.3 o 0.5 1 1.5

Re(A /A

m(A /A0

Winte02 (prel.)

[ZA

B —>pp SU(2) analysis (WA)

CL=95% and 68% contours

/-3 K™+ 2R =v2R°

Jzus?"/#*”i

—1.5

=

-0.3 o 0.5 1

Re(A /A®)

1.5

a.8

0.B

0.7




1-CL

1.2

0.8

0.6

0.4

0.2

¢, determination

T 1 [ T 1 ‘ T T | T T [ T T | T T [ T T ‘ T T

m B—pr(WA)
fitter B%pp(WA

Winter09 (prel.)

LR e o N B B B

._.\l-;.-:

CKM fit

no o meas. in fit

l | l l T | l I' _ .I . ‘L'_“_._I_.__'_..l_....i..

~
L|IJLlJJI

T

T

] COMBINED

.
P |
Do
s
1
—
1
1
I
]
1
1
11—
1
1
-
1
1

-

L

40 60 80 100 120 140 1

68%C.L. interval: « =(89.0

6

+4.4
—-4.2

180

)



Lum(fb™)

1400

measurements related to </>2

e (KB s— o] d

1200

657M B

Bt /

[PRD 78 (2(} 8 111102]

A,Sin
[PRD76 (2007

P p”
011104]

/

1000

535M B

)
B
\I

800

Br(p'p ), 1,

[PRL9I6 (2006) 171801]

275M BB N

l_/_,_/

600

40

N

200

O L

A,Sinm

[PRLOS (2007) 211801'

Br(n'm )
0\ [PRL99 (2007) 121601]

JJLYL J_J

Br(n'n?)

2000/

. po po and p' po

—H-
LAY

o
o

449M BB

2005) 18 1803] 2006/1 2008/1

: iIsospin triangles closing properly ?

> final Belle A (" ), Br(n® °) (full advantage of reprocessing)
o first Belle measurement in a; m~ mode



and then...
= physics with O(10') B, r, D....
SuperKEKB/Belle II (in Japan)

= KEKB upgrade has been approved AN
100 oku yen” for machine (FY 2010-2012) |

50 ab~! by 2020-2021 = 50 X present
— T [ T T T [ T T T [ T T T ] T T

50— | 3
4SE ~1ab™ E
405 2.1 x 10**/cm?/s —
3 5 :_ oo Integrated Luminosity(log) _:
= We are here 2
s0E- | i 8x10 lom /s
25 / | —=
20 7 E
15— =
~ | 3-year shutdown -
10— | o —]
— | for detector upgrade -
55_ - 2%x10 /cm /s E
I /; I I I } I I ] | ] ] 1 | | ] ] ] | —]

0 2011 2013 2015 2017 2019 2021

(*) 100 oku yen ~ 88.6M euros (Jul 26, 2010)



Simultaneous fit for B~ — [K™ 7 | h™ (calibration modes)
PRL 106, 231803 (2011)

2D fit with AE and NB for D7 and DK
D Dr* DK- DK*

4000 600 .
g Dt e feed-across
= e
E L= ]
Emn 5 300
1000F
saol 100
'y 0 o1 02z 03 02 03
AE(GaV) AE {GaV) AE {GoV)

12000 | 12000 1
‘Hllﬂ:— 10000
- [ -
Sent E
2000 f 2000
o a
0.8 g 0.8 i 0.8 L1 0.8 1
MEB [ ]:]
AE: Dh: 2 Gaussians (the same free shape for a/K), NB: Dh: Hist. from |AE|<10 MeV. < Subtract qq.
Dt feed-across: 2 Asym. Gaussians (W, O ., free). D feed-across: Hist. from |AE-50 MeV|<10 MeV.

qq: free linear. aq: Hist. from M,_ sideband.



B-Dh,D->Kmrmr - R, MC/(caseB)
fav
B—-Drm
B —- DK
DK 1 - (Y D BE
*"\"rfjlr’ffﬂ}ﬂ.ﬁ — 7 (1 - ?}'ADI :' *'r\"tgtl Rfff?r € .
N continuum
fo?{'m{u.a = o (1- ?FADh:' ﬂ'ﬁf Rh}’r (1—¢)
D 1 A D D
ﬂ'&fﬁ'fﬂ}u.ﬁ =~ (1 - ?FAD )*"‘"&E«: K
rDw 1 D rDw
*"\"».rfffm{u.a = 3 (1—nA"") NJF (1 — k)
kaon fake kaon eff pion eff pion fake
(1-€) € (1-r) K

MC 1470006 85414006 085424003 447x003 &
data 1586040 843240309 09213046 T7.94x0.31

Table 5: Efficiency and fake rate (in %) for kaon and pion, for data and MC. € will be
fixed in the fit but & will be floated (zee text for further explanationz). These numbers
are obtained after properly weighting the values provided by PID group for SVD1 and
SVD2,

~ k=(4.58+0.10)% in the MC fit



MC
B—-Dm

B — Dh

S
!
~
=
!
=
o

N D=
TR ID<086

(1—-nAP™) NPT (1 — k)

tot

- 1- 1 ’ w: TLATT
hlffllr’{fD}D.ﬁ Y (1- APt ) A’«:Eﬂ: Rrx € B - DK
" D BB
hl?fllr'ffD{D.ﬁ = 5 (1-nA"") NT Ry (1 —¢) ;
I continuum
*'I\'TTEE'ID}D.S = 5 (1- ?FADH) NIk
1

;Sﬂﬂ:— ;mn_
&ooo gooo & ¢ i &
Ss000 Sso00 & 400 ' & avof '
o o o C 1 o E 1

4000 4000 = 300f = sook

%«nn %ano g - g F

“2000 “bo00 '"m‘; mznnz

1000 1000 100 100
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gl T — 180

E 160

£ 140F g0k
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3 80

40 40F

20+ 20




Viola Sordini, CKM2008:

I e E i 4 i
LI D 2 T S ) e

y=(78+x12)° (sinceichep'08 new BaBar GLW DK*)

ry(DK)=0.102+0.017
ry(D K)=0.089+0.034

r{DK )=0.103"72%}
Marcella Bona, EPS2011:

y = (76 + 11)°
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