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Belle = Y(4S) B-factory

Belle is an international collaboration
18 countries, 80 institutes
448 members

¥ Y(1S)
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""on resonance'' production Eg , B
e'e > Y(4S)> BIB), B'B"

o 2 B's and nothing else !

° HER : High Eneray Ring o 2 B mesons are created simultaneously
c LER: Low Eneray Ring in a L=1 coherent state
s = before first decay, the final states
oo JPOSITON Target contains a Band a B
Source
''continuum'' production B < c ""“---.. hadrons
o(e'e”»¢cC)~1.3nb(~1.3x10°X_Y,_ pairs)

"""'---.. hadrons
tt production also !



(fb™)
1200 —
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- ~770 MBB for Belle, /_,_/'/
- (~470 MBB for BaBar)
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Luminosity at B factories
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On resonance:
Y (5S): 121 fb*

Y (4S): 711 fb*

&ﬁ .....

Y(3S): 3fb °
Y (2S): 24 fb™!
Y(1S): 6 fb!
Off reson./scan:
~100 fb!

~ 550 fb*!

On resonance:

Y (4S): 433 fb!

Y (3S): 30 fb*

Y (2S): 14 fb!

Off resonance:
~54 fb!

1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1

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

D

<O

Silicon Vertex Detector: \%
3/4 detection layers b"
Vertex resolution ~ 100pm

Solenoid: 1.5 T

g 3.5 GeV e

j L_v_"_ﬂ' d .

8.0 GeV e — * =
b o e N Electromagnetic Cal:
-ﬁ 7 AN . | CsI(TI) crystal
T " 0 /E~16%@1GeV
b s N Time-of - Flight Counter:
Central Drift Chamber i K/m-ID of high p
8,400 sense wires
PID with dE/dx Aerogel Cerenkov Counter:

K/t of middle p

Refractive index n=1.01-1.03

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

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



Belle soon after 2010 shutdown...
ECL (backward endcap)

AC
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Toward the final Belle results...
> include the last part of the data (> 200 fb™", often much more...)

o reprocessed data (~ 3/4 of the data, tracking efficiency increase > 20%)

o significant improvements on the hadronic tag
Example of DK

Efficiency for B* —» ¢ (2S) (J/y )K"

0.5M signal candidates in 540 fb™*

SVD2 PRL 99, 131803 (2007)
w(2S) (Jy * ™) K* new trk  status of the update:
24 1.1M signal candidates in 790 fb™’
23 | = L _ — :
29 L S‘.‘ID]_ bVDZ '35 %9_1 010 I ' |
21} old trk | + + |
£ 20t E 1 T4, o
_ i!!iii i ¥ I[=! |+||| |IH|] —
17 by ; LJ.L_-+[]‘| | 0
16 EIIJ qn EII.'.'II 83.0 o + T .
reconstruction systematics improved: i '%
tracking efficiency systematics at high P, woll| ¢ 1| | ExptNo.7-71Data _
1.2% - 0.35% (update) o Expt No.7-71 MC
Ks: 4.5% = 2% N I I

0 10 20 30
J'EOZ 4:% - r')r) Experiment Number



First motivation of Belle

o Overconstrain the CKM matrix: measure fundamental parameters,
constrain new physics effects

o Measure the 4 free parameters in various ways:

— CP conserving {|V,|, |Val, | Vul, |V}
— CP violating

{EKI Ps» Bl y}

— Tree level {.ce, ., [Vl, ¥}
— Loop level {.... ... [Vul. B}
from EPS 2001...
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Outline

Recent updates for UT':

=

B: b=>ccd, b ccs processes

y: B"»DYK’

-1.0 —

FPCF 13
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sol. wecos 2i=0 o
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(and modes with missing energy)

Physics at Y(5S): B, and bottomomium
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Time—dependent CP asymmetries in decays to CP eigenstates

N(B°(t)»f)—N(B°(t)>f)

J  ALLFt) = —= =SsinAm,t+A cosAm,t
= ‘/ celE:1) N(B°(t)>f)+N(B’(t)~>f) ‘ ‘
B _—
d . 2
- i K. . . 2ImAn . A —1
. T K 3% = Pl sSInAmgt+ |M2+1 COsAm,t
B 1 1 g?f“"‘-< P A(B >f) Ay
V. \” Ted K A=0and S=-&;sin2p for (cc)Kg, (&=7F1)

c) K, [CP odd] (N, = 15600, Purity = 96 %) ]ltp KL [CP even] (N, = 10041, Purity = 63 %)

a 400 g lg- 6 o .
2 350| P 772x10" BB pairs
2 300| P [PRL 108 (2012) 171802]
2 250| = L >

150

100| background subtracted

50 L good tagged only

T S

sin2p = 0.671 + 0.029 sin2p = 0.642 + 0.047

Asymmetry

A=-0.0114 = 0.021 %
uy ins +
< ng /

el A =0.019 + 0.026
' /ﬁ/m\ e
0=+ -

v T adl T N
-04F “ -0.4 + . | :
0.6} el World's most precise

0.8 | sin2p=0.667+0.023+0.012] . . . measurements

1L

6 4 2 o o 2 a el °© anchor point of the SM
At (sz A =0.006 + 0.016 = 0.012 (ps) o still statistically limited !




La raison d'etre

of the B factories
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what is the source of CP violation ?
the Kobayashi-Maskawa phase is the source

=

sin 2

‘ CKM 2012
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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 ?



Sand A in b®ccd modes

sin(2p") = si

(2¢‘iff)@

PRELIMINARY
béeccs World Average : 0.67 £0.02
BaBar 1 1.23%0.21 +0.04
> Belle 0.65+0.21 £ 0.05
l Average 0.93+0.15
BaBar 0.65+0.36 £0.05
g Belle 1 113+£0.37£0.09
Average o 0.89£0.26
BaBar - 0.71£0.16 £0.03
5 Belle : 0.96 +0.25 *J15
- E SE

Average g 0.77+0.14

-1 0 1 2

sin(2p) = s

(2¢e""f HEAG)
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_____________

World Average
HFAG (Mo-rlond 2012)

BaBar
PRL 101 (2008) 02180‘5

Belle : |
PRD 77 (2008) 07 1TOT]
Average :
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BaBar . 5
PRD 79, 032002 (2009}
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PRD 85 (2012) 091106
Average :
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................................

B B
PRD 79, 032002 (200‘.—
BaBar part. rec.

PRD 86 (2012) 1T2005f

Belle : i
PRD 86 (2012) 071 103@5
Average

HFAG corrielated avers ge

[N R

0.68 £ 0.02

1.23£0.21 £0.04

0.65+0.21 £0.05

0.93+0.15

0.65+ 0.36 + 0.05
1.06 *324+0.08

0.98 £0.17

0.70£0.16 £ 0.03

0.49+0.18 £0.07 £ 0.04

0.79+£0.13£0.03

0.71 £0.09

0

sin2p™) = sin2¢5™ vs C,=-A

CPITCkM 2012

Ccp

Cep=-Acp
|
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good agreement with b2 ccs modes result 0 .......................................... @Dy |
S=—sin2f, A=0 ‘;

PRELIMINARY
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Contours give -2A(In L) = Ay

1 1
04 06 08
sin(2B™)
2-1, corresponding to 60.7% CL for 2 dof

1
= sin(205")



J KQ Wy 28)KS, 1K, D*D",D*D" OK®, K*K ™K,

) ool * ® Y - - -
nKs.J WK, Jhyn %, D™ D™ KeK{Kom'K® Kon*,
J WK i (K VoK 1;?];rr:_ . ) 20 £ raony 20

. 3 / mK S f{] [ }h[}]j\. Iy

increasing tree diagram amplitude
—

increasing sensitivity to new physics

first reported in Moriond EW 2002 1}

"'sin2p"''=-0.73 £0.64+0.22
[PRD 67, 031102 (2003)]
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Entries / 0.0026 GeV

CPV in b->sgqg decays . I g
= = == [Y4 T].f
. . . S
Observing | S, ,— " wKo| to be large - sign of new physics B0 ;
Mode Events Purity (%)| * , : ) K8
n'->py 1411 = 49 59
n'=>nlyy)nn 048 +28 89
. 0 - .
T]'Kg: M,.,AE, R, " In(ran)on 174 £ 14 A R, — likelihood ratio
: - © a0 event shape variables
o [ ] cont. bkg & = N
| B BB bkg. 5 £ L
600~ 1] signal § L 1000?
[ £ sor To separate signal
oo 00} and main background,
- a0l e'e »qQq
200 + =u,d,sandc
o . 200 | <q )
823 524 525 526 527 528 529 02 -0.15 01 005 0 005 01 015 O.: 0 0.2 0.4 0.6 0.8 1
M, [GeV] AE [GeV] Ry
1170, cms
N'Ki: pg L, Ry, T
L S | : -
D 300 =g F’Eh II} L This analysis 2007 analysis
= IR — e 772 M BB 534 M BB
) € s00f I fake 7
— 3 [ 1 { mode Nsi Nsi
200 3 [ L_1signa g g
-2 o | nKs 2506.3 +63.1 1256.6 +£42.1
3 | 0F Ky 1041.7 +41.1 478.8 +41.1
° 100 i 100 :
; T, b Beside additional data,
ol " ~ 25 %improvement

0 0.5 1 1.5

PV (GeVic)

%.5 0.6 0.7 0.8 0.9 1
Likelihood

in reconstruction efficiency



B’ » 11'K” analysis

772M BB
mode —&¢S A
K%  0.7140.07 0.02 £+ 0.05
nK?  0.46 +0.21 0.09 +0.14

n'K’ 0.68 + 0.07 + 0.03 0.03 = 0.05 + 0.03
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Sand A in b->ssq modes [EIEX9

C =-A iond 2012
cP = cP PRELIMINARY
0 8 / [ I [ [ [ | |
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! XXX XK IR
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sin(2p") = sin(2¢7")

good agreement with b ccs modes result
S=-sin2p, A=0




UT angles

not only CP parameters of @ 7w , p p ...
but also BF and A of other modes (isospin)
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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™ » DK~

1l KT
color suppressed
B -D°K ~V,_,V,
~AN*(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 03



y measurements from B~ - DK~

- Reconstruct D in final states accessible to both D° and D°

— D =Dy, CPeigenstates as K"K, n'n, Komt©
GLW method (Gronau-London-Wyler)

— D =D,,,, Doubly-Cabbibo suppressed decays as K

ADS method (Atwood -Dunietz-Soni)
— Three-body decays as D-K ', K(K'K™

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

o Largest effects due to

— charm mixing small
Y.Grossman, A.Soffer, J.Zupan
— charm CP violation [PRD 72, 031501 (2005)]
o Different Bdecays (IK, DK, ...)

— different hadronic factors (rg, 85) for each



B—-D"'K" Dalitz analysis

Reconstruction of three—body final states D°, D’ K "~

Amplitude for each Dalitz point is described as:
DK n'n ~f(m?, m?)
DO—>KSTl'+1T_ ~f(m?, m?)

B'>(Kem'n )K" : f(m?, m?) + re'™™'f(m?, m?)

2
% 3 - e 0 m - 3 :_ B
D :

EO

25
2
15

1™

050

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

Note: 2 fold ambiguity on y: (y, 83) = (y -+, d5+)



y measurement with B —» D(K 1)K PRD 81, 112002 (2010) -_,.:
657 x10" BB pairs BELLE

X, =T COS(8y*+7y), ¥, =Ty Sin(dz +y)

0.4 0.4
B —DK™ |-

— B—=[Dn ]D'- ~— -
/] - B[] K pwith A46=180"
( 7™
0.2 a @ 0.2 - ~

— \/ ] B —DK' i [1 :as:" 'ﬁ|
-\._L X X |'I
> 0 ."?—’:ﬁ\‘ H"-\x___,// e _h‘?f“ + AN

o > 0}— —
( L {+]) ]]] / i,
L o ,"'II .'"I ‘ (‘\
b ~ | %
- - - '. + |
0.2 | o2} / "
B' DK R ;
RN P74 =y
0.4 o -0.4 Y S A
04 02 0 02 04 04 02 0 02 04
X X
— +13.1 o _ +18.9 o
y =(80.8 121 + 5.0+ 8.9) y=(73.9 7129+ 4.2 + 8.9)
r,=0.161 2920+ 0.011 290  r =0.196 2972 +0.013 1295

55 =(137.47139+4.0+22.97  §,=(341.7 230+ 3.2 +22.9)
combining both B modes (Dalitz): y =(78.471):+3.6+8.9)°

CPV significance is 3.5 standard deviations 9)
(model-dependent error will limit viability of this approach)



ADS method: y via the interference in rare B » [K" =" |, K™ decays
rate and asymmetry (relative to the common decay):

1L — —_
b Vubx_,.?f”fﬁﬂ VCS . K+ | Vus‘% K- Vuz‘:ff’f K+
*E % d. D PR A S .
. _\'j;K_ V?Z%' A 9 V:JL DY V;: LS
v ) (;Loubly -Cabibbo
suppressed D decay
R NKtn~|K7)+T([K ot K™)
DK —
common ; I(([K~nt|K~)+T([Ktn— | KT)
fff K- < [zt W
A WS u
b & ¢ _ S s =72 4+ 712 + 2r,r, cos(0p + 6p) cos Y
D K-
A B KT |K7)-T([K #nt]|K™T)
PR DKt K) +T([Ktr | K™T)
=2rgrpsin(dg + 6p)siny /Rpxk
0 4, —
where rp = |22 BT 66613 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 2D
2>K*
M, -sideband

. 4
» Variables which have different distributions | histogram:MC, dots: data

for signal and qq background are used.

0.04

Probability
Probability

- —

0 02 04 06 08 1 4 0.
LR(KSFW) |cos 6|

Likelihood ratio for KSFW. 6, is angle between B-flight

direction and beam axis.

BA\6,
By

beam

Probability

signal
qq = charm + uds
0.25,
0.2- I
t
0.15"

n.1§— JH
u.nsz— il -I

. M "-*
of ﬂﬁ }.‘:ﬂ

-0.15 01 005 0 0.05 0.1 015
Az

Vertex separation between
reconstructed B and the other B.



0.18 012
0.16 [
0.14F

nz?+

[ 0.15
0.15[F

0.1

1] . i n-‘fh Ik
o . | 3 0.05|-
| A ol ﬂ%aﬁc*—i |
et o | 2ok - [ L= i -
| u b | L =1 1 i I 1 P | u

Probabi
=]
]

---' r .I-.-I ™ \ " | o -
— : 0

0 0.2 04 06 08 1 =1 =0.5 a 0.5 1 1] 02 04 06 08 1 =10

|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 —
0.2
0.6 —
2 05 || 0.15
% 04f N
: 0.1
E 03f .
ﬂ.z_— {Il.l'.lsl !. ™ e T ML & e R
B | . ™. “-“HE |10 variables combined
o . 0 0.01 0.02 0.03 0.04 0.05 0.06 % a5 o o5 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' " |,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 -
o 16 - 50} — Signal
14 | S 40 |
- 12 ~ —_— [Kr|m
£'s £ BB bked
E [ ——
g 6 =20 5
w4 10l - G bkgd
2 5
%1 o 01 02 o3 O

AE (GeV)

First evidence obtained
with a significance of 4.1¢
(including syst.)

56.071> events
Rpx = (1.63 25,1 5973) X 107"

_ +0.26 +0.04
ADK =-0.39 -0.28 —-0.03



: : _ — _ >
First evidence for the ADS mode B™ » [K' «n | .K o>
study both modes: D' »Dx’, Dy: Preliminary
[see ''On ¢, Measurements Using B-»D K™ Decays'', arXiv:hep-ph/0409281]
B—-Dm
Signal seen B- DK
with a significance of 3.5¢ BB
for D' - Dy mode continuum

+

Ratio to favored mode:

R, . =(1.07)5(stat)*y,(syst)) x 1077

Events / 20 MeV
Events / 20 MeV

R,, = (3.6 5(stat) £0.2(syst)) x 10™° T 0 od 0z 03

AE (GeV)

> _w (KT K
asymmetry: 2 S

R 815
A, .=0.4" . (stat) "0 i(syst) P 3 10!

c c n

o (] L
A,, =—0.51 *23(stat) + 0.08(syst) U G s

0

-0.1 0 01 02 03
AE (GeV)




Comparison of the results obtained for D"”K with expectations
where ''expectations'' are derived from the GGSZ observables (W.A.), 8, and y;

A,ys (DK)

TT T T[T T T T[T T T T[T T T T [T T T T[T T
[~ | excluded area has CL > 0.95 T

1.0 — —
0.5 — —
0.0 -t —
[ Bell ]
05 _]
r HFAG Winter 2012 T

1.0 - preliminary —
: CHind 2012 naive statistical treatment (for illustrative purpose only) :

cova v b v e v L
0.00 0.01 0.02 0.03 0.04 0.05

R,ps (DK)

T 1T 1T | T T 1T
excluded area has CL > 0.95

HFAG Winter 2012

1.0 preliminary —

| ckmam2 naive statistical treatment (for illustrative purpose only) B

Lo b b v b b by
0.00 0.01 0.02

003 0.4 0.05 0.06

R s (DEaK)

0.06

R, (DK) =1+ 1)+ 2r,r,cos(d,+ 8,) cosy
AADS(II<) = ZrBrDSin(ﬁB + ﬁD)Siny/RADS(]I()

Ryps (DLK) = rp? + rp + 2ryrycos (8 + 8,) cos y
A (D K) = 2r rysin (8, + 8,) sin y/ R, (D, K)

R,s(D,K) = rp + rg — 2ryrycos (3, + 8,)cos y
A s(D,K) = = 2rpr;sin (8 + 8,) sin y/ R, (D, K)

(HFAG winter 2012 includes Belle results)

TT T T[T T T T[T T T T[T T T T [T T T T[T T
[~ | excluded area has CL = 0.95 T
1.0 — —
0.5 — —
— B 1
v L _

* =~ = -
0 L _
S 0.0 - —

w - 4
E L i
L HFAG Wi |
< I i
0.5 — —
- Belle 1
|}
4.0 - preliminary —
: cbd il naive statistical treatment (for illustrative purpose only) :
cov v e v b b
0.00 0.01 0.02 003 _ 0.04 0.05 0.06

Raps (DYK)



GLW with Dg?)K D decays to CP eigenstates

» Amplitude triangle:

V2AIBT — Dop, h",‘l‘" ABT — DK

e —— T ABT — DR
A e _JI|_|I'_i'. fr']jl_l'r:": .-:| -_...l..l: .rj' . .r_]",l'-,.' __| = Mﬂgﬂl'-tUdE G'f one side
R | is ~0.1 of the others
measured Observables . T S ,.-_ Wh”E"f-E'.r-ﬂ'ﬁUE" mﬂgHFTUdE G‘f
the others help ¢, constraint.
_ Br(B"=»Dg,.K )+ Br(B"» D, K")
=" Br(B »D°K)+ Br(B*+D°K") A Br(B »D..K )-Br(B*»D.K")

¢** " Br(B »D.,,.K )+ Br(B*»D., . K")
Relation between (Aqp,, A, Rep,, Rep.) and (y, 1y, 85)

+2r;8indgsiny —2r;Sindgzsiny

A, =
2 CP- 2
1+r3"+21r;C0S05COS Yy 1+ry;"—2r;C0S6;COSYy

Acp.=

— 2 _ 2
Rep,=1+r;"+21r;c086;c08y R, =1+r;"—2r;cosd;C0SYy

= look for Rp,. #1 and Aqp,. #0
= # CP, # sign of asymmetry



Fit for GLW Dh, D> Kn 2> R, D,

V

KID< 0.6 (pion-like)

B->Dnxn BB
B » DK continuum

KID> 0.6 (kaon -like)
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o R e, ’
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A E (GeV)

S 64202 4 6 8 1012
NB'

B" > Dh"

n ] X = I
«0.1-0.05 0 0.05 0.10.15 0.2 0.25 0.3
A E [(GeV)

8 64202 46 B 10 12
NB'

DK
\ y KID=0.6 —

DK
\  KID<0.6

"'DT
nKID=06 —

NPz

th{D 8§

[ I e N I e e O B Sl N e

(1—nAPE)NST Ry €
(1
(1—-nAP") NoF K

(1

nAPR) NOT Ry (1 —€)
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B->Dh,D>»K'K ,a’'a » R, Prelimnay

(772 MBB)
B->D=n
Yields B->Dnxn B-»>DK B » DK
D>Kx 50432 +243 3692+83 = Ry =(7.32x0.16)% BB
D->KK,rn 76906+ 100 582 +40 A(DK)Z(lAiZ.O)% continuum
KID< 0.6 (pion-like) KID> 0.6 (kaon -like)
— — + + — — + +
oy B —Dh . B —Dh . B —Dh . B —Dh
%mu & :5 90 :5 80 (D
g 80 g 80 LD
S 70 S 70 BELLE
= 60 = 60
£ 50 £ 50
2 40 g 40
w 10 w 305
10p 10k G S P
91005 0 0.0501015 0.2 0.25 0.3 91005 0 0.050.1045 0.2 0.250.3 S00s 1008 0 005 0.10.15 02 uz 0.3
A E [(GeV) A E [(GeV) A E (GeV)
large KKK contribution !!
00 00 g w: g o
i i S s
£200f £200f 4 40; 4 40;
Emn; Emn; & 1ﬂ & 1ﬂ
-mn; -mn; 20 20
mi sui 102 1u§
n:-s 4 20248 B0 n_-s 64 202 46 B 1012 n_-ll 2 4 g, n:-ll 202 46 12
NB* NB* NB* NB*

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




B->Dh,D>»Kn’, Ki;n » R_ Preliminary

(772 MBB)
B->Dn
Yields B->Dn B -» DK B » DK
D> Kyn®, K.n 5745+ 91 476+ 37 BB
continuum
KID< 0.6 (pion-like) KID> 0.6 (kaon -like)

> Dh B » Dh" _ B - Dh _ B" > Dh’

ch ch 3 3
Q o Q o L&) L&)
Bao0L Bao0L 3 3
e e r ] S
Q L Q L L =] L =]
™~ ™~ ; ;
L L : :
100f 100f
0 Y . i3 B ST . !
0.1-0.05 0 0.05 0.10.15 0.2 0.25 0.3 414050005010150202503 -u1-nnsuunsu1u1suzuzsus -u1-nnsuunsu1u1suzuzsus
A E [GeV) A E [GeV) A E (GeV) A E (GeV)

Events /  0.525 )
Events /  0.525 )

: D : e ; 0 G 3 0 EaEmaa Eol o T b s
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'

= Rp  =1(8.29+0.63)%, A, =(-12.4+6.4)%
opposite asymmetry !!



ACP —

=—-0.12 =

GLW Results

Preliminary

Rep,=1.03+0.07£0.03
Rep. =1.13+0.09 = 0.05 =——— (CP-odd observables

Agp, = +0.29 + 0.06 + 0.02

only available at B-factories

0.06 2 0.01%

(systematics dominated by peaking background, double ratio approximation )

A Averages E

A Averages

LP 2011
PRELIMINARY PRELIMINARY
BaBar ey  025£0.06 £0.02 BaBar R +-0.09+0.07 £0.02
PBB[I)I 82 (2010) 072004 . PRD 82 (2010) 072004 k “;
elle 0.29 £ 0.06 +0.02 Belle s 1012+ 0.06 £0.01
o IéF’i:)ZIC__JH preliminary - : S5 LR2011 preliminary T‘“ E §
s, 0.39+0.17 £0.04 i ) !
5 PRD81(2010) 031105(R) i : ﬁ;//?éage }ﬂH 5 0.11£0.05
: I ' o R S
LHCD s sseo Wi 01420035001 BaBar ¥ 0.06 +0.10 + 002
Average 0.18 40,03 . PRD 78, 092002 (2008) e
HEAG S o Belle e ' 0.13+0.30 i:0.08
""""""" BaBar T "s“"i"“"‘"‘"“"'0‘1'1'4'0‘(594‘@‘0‘1‘“ «’  PRD73,051106 (2006) ~ i~ ' i
« PRD 78, 092002 (2008) [~ *[" Ayverage L 0.07 +f0 10
2 E%Ie ( ' -0.20 £ 0.22 4;0.04 ;FABG _____________________________ O
s 3D 73, 051106 ; \ aBar o -023+021+007
@ Average 012 4; 0.08 = PRD 80 (2009) ogBooT X *
| HEAG ~ M. i S Average | -0.23 i;0.22
L BaBar 009+013+006 ~  HRAG © [ % R
% ,I’D-\T/Ee)f;)g(zeoog) 092001 0.09 + 0.14 -14 12 A1 -08 -0.6 -04 -0.2 0 02 04 06 038 1 1.2
O HFAG | | T T
-14 12 -1 -08 -0.6 -04 -02 0 02 04 06 08 1 1.2




(@)

(@)

(@)

(@)

Status and motivation for GLW in B » DK

D*p KA, EFEI D*, KA,
CP CP+  Ffmaey Cp CP-  mamy
BaBar . . -0.11£0.09 + 0.01 BaBar 1 0.06 +0.10 +0.02
PRD 78, 092002 (2008) | | PRD 78, 092002 (2008) | |
Belle | . -0.20 £0.22 +0.04 Belle . N 0.13+0.30+0.08
PRD 73, 051106 (2008) A PRD 73, 051106 (2006) | | '
Average . -0.12+0.08 Average : 0.07 +0.10
HFAG g HFAG .
-0.6 -0.4 02 0 0.2 0.4 -0.6 -0.4 -0.2 0 0.2 0.4 06
Mode Experiment Acp+ Acp- Ree+ Recp- Reference
BaBar -0.11+009+ 006010+ 131+0.13+ 1.09+0.12 = PRD 78, 092002

N(BB)=383M 0.01 0.02 0.03 0.04 2008
Belle -020+022+ 013030+ 141+025%+ 115+031+ PRD73 051106
D*cpK™| N(BB)=275M 0.04 0.08 0.06 0.12 (2006)

—-0.12 = 0.08 0.07 £ 0.10 1.33 +£0.12 1.10 £ 0.12
Average y?=0.14 (cL=0.71 x> =0.05 x% =012 (CL=0.73 ¥ = 0.03 HFAG
= 0.40) (CL=0.83 = 0.20) = 0.40) (CL=0.87 = 0.20)

[Belle previous result: 1/3 of the full data sample, only D" = Dx’]

compared to DK, the D™ constraint suppresses the peaking multi-body
charmless decays

D™ » Dx’, Dy: effective strong phase shift of = between two cases
(sign swap in asymmetries between Dz’ and Dy cases)

available only (in principle) at B-factories (independent observables)

D™ selection is same than ADS case, D selection same than GLW case



B-> D°K, D° » Dx° B

Yields B>D'n B»>D'K preliminary
D- Kn (144 + 02) x 10° 1074 + 52 = R, =(7.46=0.36)% (772 MBB)
D>KK,xnt (214 + 0.07) x 10> 195 + 20 A(D;, K)=(3.2+4.4)%

D> K%K (1.67 + 0.07) x 10° 156 = 21

D> KK, ,a'n > P+

D~ K§7|:O,K§T| > P-—

KID>0.6 (kaon -like)

= B »D'h”

Events f ( 0.008 GeV )

A E (GeV) 2

Dh Contrlbutlon
w 200 w 200
o E o E
" 18F " 18F
= E =] E
= 16F = 16F
2 14t 2 14t
g 12 g 12
W qpE WooE
B;— B;—
E;— E;—
at at
2F g _ 2t

o _ Tty o - L. A
-34542024531012 -34542024531012

KID>0.6 (kaon -like)

~ 20 - 20
Ewg 315
m 16F m
2 ,aifF 2
o 14: o
= 12f =
2 qpf &
= E =
oF
4F
2 g
0 |1 P L ik
-01-0050 ﬂﬂ501ﬂ150202503 -01-0050 ﬂﬂ501ﬂ150202503
A E (GeV) A E (GeV)
w 16F 9 16F
17 r Uy »
o 14 o 14
W 12F W 12F
t E t E
§ 10F § 10F
w gF w sF
6L 6L
4F 4F
2F 2F
i} kel ek o [y REEE . ade i ELre AR EE T 1
-3-6-42024581012 8 6 4 20 2 4 6 8 1012

R, = 1.25+0.16
Ay, = —023+0.11

Ry = 1L26+0.18
Ap_ =+020£013



B> D°K, D°» Dy 5

Yields B->D'xn B->D'K > R, =(7.36+0.44)% preliminary
D>Kn (13.3+0.2)x10° 979+ 59 A(D..K) =(-1.93+5.8)% (772 MBB)

D>KK,n'n > Q- D> Kn’”,Kn > P+

Events [ { 0.008 GeV )

Events [ { 0.525 )

B*>D'h’ . B ->Dh" . B"»>D'h’

Events [ { 0.008 GeV )
Events / { 0.008 GeV )
Events / { 0.008 GeV )

) i i 0 = s + am ey, An . ob ayrtle, Sy " "
91005 0 005011115 250.3 -o.1-o.usu 00501 0.2 0.25 0.3 0.1-0.05 0 0.05 0.10.15 0.2 0.25 0.3 -o1-ousuu05u1u1502025u3
A E (GeV) A E (GeV) A E (GeV)

Dh contribution
525__ ﬁ 155 ﬁ 155—
s s 16f s 16p
3 = 14f = 14f
] L L] c n c
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15 o o
Z g 1 i o
- 8F BE
10 o o
- 6F 6F
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- 2F 2F
O3 s AN Y arimim==. == 0 .1 i, 0 ] e,
8 6420 2 4 6 8 10 12 -3-6-420246311112 5 6 4 20 2 4 6 8 1012 -3-6-4211246811:12
NB' NB' NB* NB*

£

+0.28+0.23

0.77 +0.19 Ry, = LO7 =022
Az, =+013+0.19
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Status and motivation for GLW in B » DK

D*p KA, EFES D*p, KAg, RS
CP CP+ Loz Cp CP- sy
BaBar . . -0.11£0.09 + 0.01 BaBar 1 0.06 +0.10 +0.02
PRD 78, 092002 (2008) | | PRD 78, 092002 (2008)
Belle | . -0.20 £0.22 +0.04 Belle . N 0.13+0.30 +0.08
PRD 73, 051106 (2006) A PRD 73, 051106 (2006) | = ’
Average * -0.12+0.08 Average L 0.07 £0.10
HFAG g HFAG .
-0.6 -0.4 02 0 0.2 0.4 -0.6 -0.4 -0.2 0 0.2 0.4 0.6
Mode Experiment Acp+ Acp- Ree+ Recp- Reference
BaBar -0.11+009+ 006010+ 131+0.13+ 1.09+0.12 = PRD 78, 092002

N(BB)=383M 0.01 0.02 0.03 0.04 2008
Belle -020+022+ 013030+ 141+025%+ 115+031+ PRD73 051106
D*cpK™| N(BB)=275M 0.04 0.08 0.06 0.12 (2006)

—-0.12 = 0.08 0.07 £ 0.10 1.33 +£0.12 1.10 £ 0.12
Average y?=0.14 (cL=0.71 x> =0.05 x% =012 (CL=0.73 ¥ = 0.03 HFAG
= 0.40) (CL=0.83 = 0.20) = 0.40) (CL=0.87 = 0.20)

[Belle previous result: 1/3 of the full data sample, only D" = Dx’]

=1.19+0.13 = 0.03
cp- =1.03 £0.13 + 0.03

Agp, =—0.14 £ 0.10 = 0.01
Agp. =+0.22 + 0.11 + 0.01

=

+

R
R

=

Combining the results of D'»Dx’, Dy:

significant improvement, consistent with expected pattern



Comparison of the results obtained for GLW D" K with expectations
where ''expectations'' are derived from the GGSZ observables (W.A.), 8, and y;

T T T 1 T 1T L T 1T T T T T 1T T T 1 T T 1 T T 1 L L B B IR
|- | excluded area has CL > 0.95 - |- | excluded area has CL > 0.95 -
0.4 — — 0.4 —
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¥ f 1 ¥ i
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&) Q
< I I < i ]
02 _ o2 L Belle _|
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L CiM 2m2 naive statistical treatment (for illustrative purpose only) N | Ckmama naive statistical treatment (for illustrative purpose only) N
v b v b b gy coe o b b v b v b v by gy
0.7 0.8 0.9 1.0 1.1 1.2 1.3 0.7 0.8 0.9 1.0 1.1 1.2 1.3
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L L I B L L L I O
|- | excluded area has CL > 0.95 - |- | excluded area has CL > 0.95 -
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o i 7 o i ]
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< . i < I ]
3 1
02 Belle _ o2 _ HFAG winter 2012 do*esn t
- . - include Belle new (GLW D K) results
04 preliminary _| 04 preliminary _|
- CHn 202 naive statistical treatment (for illustrative purpose only) a - Gl 2012 naive statistical treatment (for illustrative purpose only) a
e b b b b P b P i IS I A A I T N R
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Combined measurements for y from all methods

vy, from B-{factories

i a 1 T
2 2 -"‘-i*ﬂ
- o8} A
/Y
s fF
j ]
M_ r) 1
02} /
020 40 B0 B0 100 120 340 160 180 0

0 20 a0 60 80 100 120 140 160 180

&, (degree) &g (degres)
¢z (°) re(DK) dp(DK) (°)
BABaR 60+17  0.0007 55 105 +19  [see also 1301.1029]
Belle 68 +£14 0.1124+0.015 llﬁfﬁ
B factories 674£11 0.1024+0.011 111%
vy, from I HCb [combination DK, GGSZ, ADS (Kx, K3x ), GLW (KK, nx )]
o Ty [arXiv:1305.2050v2 |
I ' +14.7 \o
10" £ Y — (72'0—15.6)
L _ +14 \o
o2 | O = (112_16)
' r, = 0.089 +0.009
107
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Y [°]



N,

Tauonic B decays

c T |
xI
Xﬁ
X

c I

>3
I
c o v

BoTtv
Gim,m’ 2
Boy(B o v) =~ B (120 |V, [P T
81t -
m?> 2
2HDM (type II): B(B" -t v) = Bgy X (1——tan’)
M
uncertainties from f; and |V | can be reduced to B;
and other CKM uncertainties by combining with precise Am,
%k
BoD"tv
m>
2HDM (type II): B(B-»Dt"v)=G{ 1, |V, |’ f(F,, Fq, m—thanzﬁ)
.

uncertainties from form factors F,, and F. can be studied
with B-»D1v (more form factors in B-D tv)



B' 1" v results (before summer 2012)
World average: B(B*»t*v)=(1.68 + 0.31)x10™*

By, (B"™>1"v)=(1.20+0.25)x107"
using f, (HPQCD), |V | (HFAG)

2HDM (type II):

2 2

m
B(B*»t'v) = By, X (1——tan’p)
m

2

00—
300

600

H* Mass (GeV/c?)

400

200

0 20 40 60 80 100

= within the SM, either the observed

-CL

BR(B — 1v)

K\ 3 CKM fit w/o BR(B — 1t V)
ICHEP 10 ~— Measurements (WA)

I L L L

L L B R
- global fit: _
‘B (B >t"v)=(0.76"04:)x107*]

[
g 2.80 difference
1 I lllll L | 11 1 | 111 | |- I 11 | 11 1 I 111
06 08 10 12 14 16 18 20 22 24
] BR(B — tv) x 10* e
030 (0 e D 1.0
- 0.9
0.25 [ -]
- Measurements (10) 1 |08
B \ ] 0.7
0.20 —]
C ] 0.6
015 |- - 0.5
C ] 0.4
0.10 — —
= = 0.3
- - 0.2
0.05 -]
oy CKM CKM fit w/o0 meas. B, ;
D_oo C PR SRR TN TN N NN SO TN NN TR TR T S NS SN SN SO N NN WO SN S ] 0-0
05 06 07 08 0.9 1.0
sin 28

BR|[B-<tv]is too high, either sin2f__ is too low



Event reconstruction in B-otv
B,,—TV
(70 % of all v decays)
To€eVV, Uvyv,

Btag

0
TOTV, TTTC V, 3TTV

hadronic tag
B->D"'x, D"%rho....

; : e ~0.3%
Require no particle
and no energy left semileptonic tag
after removing B, B-»>D"1v X

and visible particles of B,



Exclusive (Semi) leptonic Decays

> Recent improvements to Belle hadronic tagging ([NIM A654, 432 (2011 )])
— Based on NeuroBayes package
— Reconstructs tag - side B meson in > 1100 exclusive hadronic decay modes
— Calibrated with charm semileptonic decays

— Gives ~ 2 X more efficiency than previous cut-based tagging method

x

—

o
[+

350

||||||||
1g
x

Neural Net (NeuroBayes)

300 ERprs "
W "-!.
+- M

250
200

150 - Cut based algorithm

100

wn
=1

BT selection with ~ e
1 1 I 1 1 1 1 I 1 1 1 1 | 1
5.05 596 597 528

M,. [GeV/c?

E IIII|IIII|II I|IIII|IIII|III

qual purity :
1 1 1 I 1 1 1 1

|
o=

Hadronic tag



B (n,p,0)lv as an illustration [PRD 88, 032005 (2013)]

2350

Entries/(0.10 GeVZ/c4)

= F T

= [ =

" 300 s
R 5
[C] [C]

o

- 250 w

S -
= 2 40
@ % r
@ 200 H

S = [
= -

o I.E 30

. ! B2 O
1 2 -2 -1 0 1 2

M2, (GeVc) M., (GeVZcd)

Entries/(0.15 GeVZ/c4)

:_ X~y

[ Xaxf:_fjx

o 7t and p measurements allow
tests of isospin symmetry :

B(B_ —% W(J['._E() TRO

5 5 BB = 1.00 £ 0.13,,
B(B®—7tl—1;) T+ -
B(B~ — p°t~ i) Tpo
o BB —p If‘) B% = 1.06 x (14 0.13)
Pl B(B®— ptl~iy) Tp+

M2, (GeV7icd)

+

Entries/(0.10 GeVZ/c4)
Entries/(0.20 GeV¥/c%)

Kl 0 1 2 - - 2 2 4
M2 (GeV2cY) Moiss (GEV7ICY)

X, Jy it B (x109)

! 23224226 0.804+0.08 £+ 0.04

r 162.6 +27.7 1.494+0.00+ 0.07

o0 621.7 +35.0 1.83+0.10+0.10

pt 343.3+£28.3 3.224+0.274+0.24
w(3m) 96.7 £ 14.5 1.07 £0.16 £ 0.07
w(m0) 0.0+4.0 1.06+0.47+0.07
w(average) 1.07 £0.15 £0.07

both consistent with SM ( = 1)
o B=2plv:

— Deficit of nonresonant xxt predicted
by PYTHIA

— ~ 3 X higher f, contribution than ISGW2

1] 1 2
2 2
M2, (GeVicy

- Potentially impacts inclusive | V, |
through improvements to MC

g 140: § m Data
3 1205 A Eox o Me
O fi s B B —p°lv
<r 100:— E: - B__))(UN
g 80 g B'f,(1270)lv
:@’ - :3 B—olv
L2 601 ;i Bf,(980)l
2 s B D' (K'm)lv
w 40 3 B3 B —D (n*m)v
- "
- !:3 BB
“E M O
i 5% s
R 2= =y



B'2>t'v (update hadronic tag) (=L 110 131801 (2013)
fm3 [arXiv:1208.4678 |

300

% o
> P | new tag algorithm on full data
© . (reprocessed)
E_ 250
= f / new tag algorithm on previous data
% 200 based on neural network & more
o - - exclusive hadronic decay modes (>1100)
1500 o NIM A654 , 432 (2011)
- o © | previous tag algorithm on previous data
100~ Lt
—— wssserst gt ko X 3 B, sample size
5%2553;;;;;;;;;;;;;:.;;;5;;53555* e\ [purity also improved]
&
;
24 5.|25 - 5.|za | T evv, HW
' M, _ (GeVic?)
MC
Signal extraction based on two variables: 2| -1 backgraund
.. : : = ¥
o E.. : remaining energy in electromagnetic 2
calorimeter (peak at E;., = 0 GeV for signal) <
o M?__ :missing mass squared T—=TIV, pV 1
|

(larger for evv/uvv, smaller for nv/pv) 0 5 10 15 20 25 30
M., (GeV/c?)



+ [PRL 110, 131801 (2013
B »>t'v (update hadronic tag)! iy 12046781

simultaneous fit to the different v reconstruction modes (t = evv, uvv, atv, pv)

1205— QB:Cz; R oo E:; <0.2 GeV
> 100 :9_ - S
o - > 20
g 80 % L
=] u =~ 15
S gof background = B !
= W £ q . S
g 40 " g 10
L - _ +23 = :
20:_ 1gna_] NS = 62_22 + 0 W g B
0: .- l-.-T- " (2 - 3.00) 0: n o SR R T PR Sy i
T el ] LT -1 F_1 PO SEPOpS, S egy Sy SR Ay L1 M T T N B T R R L
0 0.2 0.4 0.6 0.8 1 1.2 0 5 10 15 20 25 30
Ege (GeV) M. (GeVZic?)
|||||
Belle, hadronic tag: II'” +llll - B( B+ 9_l:'+ '\/) — (a72 +(()]..22; + 011) x ]O 4
Belle, semileptonic tag: 1.54 ':::2 '_j::iT . .
—— Significance of 300
Belle, combined: (.96 £ (.26
—— = — —
Sub-mode Nae € (1077) B (1077%)

TT —e vevr 1605 3.0 0.68757
T e 26015 31 106708

T sy, 850 1.8 0.57H)I

0 19 . 1072

T =T Ty 147 3.4 0.527 .
World average:( 1.14 + 0.22) X 107" ) - .- 0:57
Combined 62755 11.2  0.72755s

| L | |
4
0 05 1 15 2 25 3 (x107%




B >t" v vs sin 28

0.30 ’_‘1."'5. — - : Ip:-valu:_al-u
- 1 0.9
0.25 — —
- Measurements (10) 1 |08
— 0.20 — \ - 0.7
e - 1 0.6
; u.15:— _: 0.5 ‘
o 1 Floa
0.10 — —
] 0.3
0.05 — . - 0.2
e CKM fit w/o meas. B,
0.00 v L P T S ——— 0.0
0.5 0.6 0.7 0.8 0.9 1.0
sin 23

= Tension in global fit significantly easy: now reduced to ~ 1.6 0

BR(B — )

0.30

0.25 -

0.20
- Measurements (10)

0.15 -

0.10

0.05

- Ewm  CKM fit w/o meas.]

u_uu_|||||||||||||||||||
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sin 23

= Set very powerful constraints on tanf, my parameter space
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Results on B>D"tv

o Also sensitive to charged Higgs:

— uncertainties related to | V. | and hadronic effects
cancel in ratios: ST
B(B — DTt~ B(B — D*1™ 10
R(D) _ ( ~ _T) \’( *) _ ( _ _T)
B(B — D{~ 1) B(B — D*{~ 1)
— Standard Model expectations: 03t S M
R(D) ~ 0.3 R(D*) ~0.25 o o
0 0.2 0.4 0.6 0.8 _ 1
tanS3/my+ (GeV™ )
o Previous Belle measurements:
. ) 3.00 —
— Inclusive tagging : 276 | + B-D 'y,
x+ B’>D" <" v [PRL 99, 191807 (2007)] i
+ B"»>D"%¢*v [PRD 82, 072005 (2010)] 380
— Exclusive tagging : e , ) -4 average
* BO -)D( = v 200 . & B—Dt'v,
+ B"»DY%<"v [arXiv:0910/4301] ' ' SM
240 —+ J
PRD 85, 094025 (2012)

Combined for Belle/BaBar R(D"”): 48¢ 0 01020304050607 08091

R( D(*))

= R(D") analysis for final Belle data set (had tag) underway



(fb™) .
20— 77— ---{|Y258§:121fb_1

—KEKB ——y Y (4S): 711_1—;13—1
1000, ————— _r SV Y (35): 3 fb
- 7005_ B Belie _ . Y(ZS) 24 fb—l
| r BaBar A ] _
> F Mlcieo g 1 Y(1S): 6 fb!
800 | 8 °%F E Off reson./scan:

Integrated luminosity [fb™]

wof | ' ~ 100 fb
300F :

~
“«

400 |

offlscan Y(nS) Y(4S) Y(5S)

2“0 / i E*E BB

RiE o (= [B. Aubert et al. (BABAR)
o PRL 102, 012001 (09)]

[ 1.6F
1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 |
. D""E: i o QJ I1jlﬂl'*-. .*'J'“‘i'.'mﬂrln-m’r.ﬂﬂ,!',5.,'
Data taken at Y (5S) (Vs = 10867 + 1 MeV) S L s ~
S TR T A VX T X R § N S R

Y(4S) Y(5S) Vs (GeV)



B, production at Y (5S)

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

/' 0
Hadronic Y (5S) events |_ / B lf](BBﬁ(?;enE; l 6.0
— h (0
g(bB) = (302 +14)pb bb events]_ Belle (PRD 81, 112003)
Cleo (PRD 75, 012002) _ T
Belle (PRL 98, 052001) f;=(20.2+3.6)% | B, events

HFAG (arXiv:1010.1589)

f, = fraction of B, . Inclusive measurements:
1

B(Y(5S)-»DX) = f.xB(B,—-DX)+(1-f,)xB (B - D,X)
2 J \ ) \ )
Y Y
Y (5S) data model-dependent estimate Y (4S) data

15% uncertainty, mainly due to model-dependent estimate

= dominant systematics for Belle branching fractions

In121fb ':N_,=2L,,.o(bb).f ~14x10°

for ~ 90 %, they are B_ B, events



B, — CP eigenstates decays and more...

o CP eigenstates:

— B_~ J/y ¢ (especially BR)
— B, = J/yf,(980) (silver mode at LHCDb to measure p,)

— B, > J/yn, J/yn , KK, ...
= the first step is to establish these modes !
> By » D{’*D!”" dominates AT
AT =T(CP-even) — I'(CP-odd) ~ T'(B? » D* D)
CKM -favored and CP-even eigenstate (in heavy -quark limit)

Dominates AT (this relation has few % theoretical uncertainty)

ATS® 2 x B (B2 » DO*D)

=

I's 1-B(B2>»D"D)

R.Aleksan et al., Phys. Lett. B 316, 567 (1993)
o Rare B, decays: radiative decays...

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



B, » CP-eigenstate Decay Modes

o Precise measurements of exclusive modes, including CP modes
for example, ''Observation of Bg » J/yf,(980)..."", PRL 106, 121802 (2011)

o B,= J/lyninn - yy,n- "'t n’ channels

—

35-

& 35

% 30- n—yy

O 25-

S 20

s 15-

< 10- .}

7] c

€ St gy |

S 925 53 535 5.45
M, (GeV/d)

@ 14_— + —_ 0

> 2o 12T T T \

© 10 ;

8 8

S 6

g 4& l

2]

€ 2—uIMHI.H“ILIl.II.ZLI""H.ILr. . N

S 925 53835 54 545

M, (GeV/d)

- BB proj.

Events / ( 0.016 GeV )

with 121 f]

[PRL 108, 181808

D

Events / ( 0.016 GeV )

(2012)]

1

soon after confirmed by LHCb with 1 fb™' [arXiv:1210.2631], similarly for J/yn'



B, 2oy, VyYy using only 23 fb™’

“o 14F > 1a-

O 14r r

; B (g 12‘_ BS_)(I)Y

o 12 -

$12 @ PRL 100, 121801 (2008)

~ 10} o 19

c- N ~— -

© 8 — 8

= a

2 % S

c C = aF

o 4 IT] -

: . - |

w 2 =
0_\ Ll I Ll L1 1 Ll 11| 07 IIIIIIIIIIIIIIIIIIIIIIIIII :_ITl_Ill IIIII
5.3 5.32 5.34 5.36 5.38 5.4 5.42 5.44 -04-03-02-01 0 0.1 0.2 0.3 04

M, (GeV/c?) AE (GeV)
B(B,»¢y) = (571;5(stat) 21;(syst))x107°

B(B»yy)<87 x 10°°@90%C.L.

~—10r — i
o | = 10F
S 8 o 10
S 4 S
° -6 =2 a 4
Bg, ~ 1x10 2 o § _H
Bosch and Buchalla ¢ W ﬂ
JHEP 0208 : 054 (2002) L 4 2_
(Bgy(By=»yy) ~3%x107°) 53 552554 556 556 54 542544 “E o,

M, (GeV/c?) C T AE(Gev)
Using full Belle sample (x 5) and improved procedure
= getting close to observation



[arXiv :1212.6400 ]
to appear in PRD

T(55)
J (19.9 +3.00%
BY BY
) 0% 1{;‘;! \&1;"2 B 0
Important parameter for determination R0 . mixing
of BY production at LHC and B factories B S s
@ X Yo K
Theory: SU(3) — Flavour Symmetry: J X ¢~ X
'(BY - Xtv)
> ~ 0. { =e. . N
['(BY — X/tv) 0.99  f HKTK )t same-sign D/
_ : 0
[JHEP1109, 012 (2011) ] => different B,

N(DHeT)y  N(B? - ¢)

) No(DFT) + Ny a(DFET)
N (D7) N(BY)

R = ’ wd(Ds
H\,ﬁ{iDJ ) + Nu,d(DS )

= B(BY - Xtv)

1.9




Events x 10°/ 2.6 MeV

Events / 0.25 GeV

BS - X1v: Results [arXiv :1212.6400]

to appear in PRD

E ® Data Be"e
1.5 | |==Fit Y(55): 121 fb™’
B Bkg
1| e"‘ .
- Most precise measurement:
05 k=
-"“"-""1 B(B!»Xlv)=[10.6 + 0.5(stat) = 0.7 (syst)] %
1.95 2
m(KKTT) [GeV]
. +
Fits to M( Ds) dominant uncertainty :
. . + 0 .
in bins of p(l ) B. production at Y(5S)
1-4f'1l':law LA B L LA NLELLELE B
== Belle :
1.2r Y(58): 121 fb™] . - -
: L Belle ' —H—e—
Fake e* -
B sec.e” ]
] MC error 1 Belle u* — & =
Belle comb. ———i—]
[arXiv:1212.6400]
BaBar comb. I g ® =
1 15 2 2e é [PRD 85, 011101 (2012)] Theory + lifetimes + B(B” > X1v)
p[E+} [G EV] Bigi et al. (= o
[JHEP 1109, 012 (2011)] L U R

6 I . I 3] 10 0 12
B(B? — X 1V) [%]

Fit to p(1') = N(D'1')



Nature of Y (35)

Anomalous production of Y (nS)n’ m”
PRL 100, 112001 (2008)

I' (MeV) . .
Y(55) — Y(1S)r+t7~ 0.59+ 0.04 + 0.0 Zwelg -suppressed diagram for
S | the transition Y(nS)~> Y(mS)n'n
T(55) — Y(28)rT 7~ 0.85+0.07£0.16
T(55) — Y(BS)rtr™ 05217 +£0.10
T(25) — Y(18)r 7~ 0.0060 x 10°
Y(3S) — Y(1S)n T 7~ 0.0009
Y(45) — Y(18)r 7~ 0.0019

Nature of Y (5S) is puzzling and not yet understood



Looking for h, (nP)

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

(bb): S=0,L=1, J*°=1""

Expected mass
~ (M (%po) + 3 M(xp1) + I M (%42))/9

A M, = test of hyperfine interaction

for h.: AM,,=-0.12 £ 0.30 MeV,
expect smaller deviation for h, (nP)

: arXiv: 1102.4565
165 , t

155 -

Y(3S) - n° b, (1P)

I|III|III|II
9.82 9.84 9386

150

1 | L1 | L1 1 ‘ 111 | L1 | L1l | L1

988 99 992 994 996 998
MM(TT'TT)

11.00

10.75}

10.50

1025 |-

Mass (GeV/c?)
© =)
o S

9.50 -

Y(11020)

Y(10860)

.J|]J]]|JJ

Bottomonium
family

—

(0,1,2)**
1

(1,2,3)""
2




Y (5S) - h,nt" ~ reconstruction

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

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

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

1000 |

Fvents /1 MeV/c®

800 [
600 k

400 |

200 |

O_...EI....I..i.li....l:..:..l
.5 O.75 10 10.25 10.5

MMt ), GeV/c*



121.4 fb
[PRL 108, 032001 (2012)]

30000 |

Events / 5 J”v'ie‘v/c2

20000

40000 -

(1S

10000 |

0
Yield, 10? :hiassﬁhie\f/cz Significance
T(1S) [105.0+58+3.0 94594+ 0.5+ 1.0 18.1 0
hy(1P) 50.0 £ 7.875° 9898211 +2-0 6.10
35 — 18 55 =+ 19 9973.01 2.90
T(2S) |143.8+8.7+6.8 10022.2 4+ 0.4 + 1.0 17.10
T(1D) 224+ 78  10166.1 + 2.6 240
hy(2P) 84.0 +6.8723  10259.8 +0.677; 1230
25 — 15| 151.3+9.7730 10304.6 + 0.6 + 1.0 15.70
T(3S) | 45.5+5.2+5.1 10356.7+ 0.9+ 1.1 850

Significance
w/ systematics
h, (1P) 5.50
h,(2P) 11.20



121.4 fb
[PRL 108, 032001 (2012)]

—
-

(1S

40000 -

Events / 5 J”v'ie‘v/c2

30000 |
20000

10000 |

1

T VAL L

L 1
9.4 9.6 104

. iy M,..(GeV/c?)
Hyperfine splitting
deviations from CoG of y,, masses (1.7 +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(5S) - h,(nP)w"n] 0.45 + 0.08 7] for h, (1P)
@ LY (5S)p Y(2S)m "] 0.77 = 0.08 %2 for h,(2P)

/ bb
s 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)m" ~

-1
M(h,")=M_._ (7)) 121.4 tb
< 108 N _ [arXiv:1110.2251]
L | phase-space MC S 12000F data accepted by PRL
S 0TS e ;
(o)) —— = 10000 |
O E = sooof
PRI = £ f
= 104§ § o000t
vg N \ “' 4000}
=103 9 _ .]. {.
) — - 1R
1015 HHHI -2ooo£m.l | -H ﬁ + |
105~ '10'.2' 104 106 108 104 105 106 107
M, (TT), GeVic? Miys(), GeVic?
Fit function |BW(s, M,, I,)+ae'*BW(s, M,, I',) + be™ 2?42
Js
Results
M, = 10605 + 2 "> MeV/c* ~ BB threshold
Significances

a=1.39+0.37"%

-0.15

1—- :11‘4 +4.5 +2.1 Mev
1 ~3.9 -1.2 180 (160 w/syst)

M, = 10654 + 3 ') MeV/c* ~B B’ threshold
r,=20.9 2721 MeV b =(187 725 13,)



nss (TE), GeV/c2
5 2 22 8 8
(@] ()] (o)) ()] ~ a

—_
©
~
a

10.4

10.35

Resonant structure of Y (5S) - h, (2P)m " ~

M(h, ")

= Mmiss <1T_)

~ phase-space MC

o T

[ combine |
s ML
04 105 106 107

M__ (1), GeV/c?
h, (1P) "~
M, = 10605 =2 "’ MeV/c”
r,=11.4755'7, MeV
M, = 10654 + 3 7] MeV/c’
r,=20.9 732 MeV
a=1.39+0.37"

-0.15

(I) :<187 +44 +3 )o

-57 -12

121
[arXiv:1
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S 17500F data cceptg
[} [
= 15000 F [ 24
o N /D>
= 12500} MG
@ -
c 10000 F
()] [
= i
L 7500F
5000 _]_
25oo§
104 105 106 107
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h, (2P)mt" 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

4 fb™

110.2251]
d by PRL

Significances

6.70 (5.60

w/syst)



) > Y(nS) it~ final state ?

...and what about Y (5S

7
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= two resonances

(n=1, 2, 3)
[arXiv:1110.2251]
accepted by PRL
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= clear signs of interference = amplitude analysis is required

Signal amplitude parameterization:

Agrg=C +C,. m? (nn)

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

N

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



opmd Y(1S) [y et Y(s) ey e Y(3S) e

,E ol JP: 1+ ' 8 2+ 2 _ “E 1qu-
E | ] E o ] % ef
S w| il 1 w | ] e ef
| 1 2 awf 1 2 |
S o ] § 1 §

20 % r :
& F g E { & 2F

G T T e T T T T X T T .73

M(Y(18)T) . (GeV/c’) M(Y(28)M) .. (GeV/c’) M(Y(38)m) . (GeV/c")
JP\ Mode| Y(1S)at7= Y@S)rtn~  Y(38)nTn~

I+ 0 0 0
) 1~ 64 264 B an
2 "] gF 41 207 87 136
3 i 79 304 88 ‘B
“;' 110 -

108 | S Spin parity of Zb(10610) and Zb(10650) is 1+.

W (r'n), Gev?/c* All other J°’<3 are excluded.



Summary of parameters of charged Z, states

~ BB threshold ~ BB’ threshold [arXiv:1110.2251]
o 2(10610) o Z:(10850)
Y(IS)n'n ~—-— u g —— Z,(10610)
—— | 8 . jl | | M =10607.2 + 2.0 MeV
. | | [ =18.4 + 2.4 MeV
Y(3S)n & —h— - 1] —e-
hy(1P)" - —~— . —— Z,(10650)
he(2P)' —-— —-—— + ~—°— M =10652.2 + 1.5 MeV
Average f -f- f 'f' '=11.5+ 2.2 MeV
SR R T T R TR R [ TR
AM, MeV AT, MeV AM, MeV AT, MeV

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

o Relative phases are swapped for Y and h, final states
(phase between Z, and Z,'is ~ 0" for Y (nS)nn and ~ 180" for h, (mP)xnx)

o Proximity to thresholds = B"'B"” molecules ?

- B"'B" channels dominate Z, decays ! [arXiv:1209.6450]
> Y(nS)n"n’ consistent with Z, partner [arXiv:1308.2646]



and more...

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

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




h,(2P) yield, 10° / 10 MeV/c®  h, (1P) yield, 10°/ 10 MeV/c®

Observation of h, (1P, 2P) » n,(1S)y

Y(55) - 7, x Hyperfine splitting : AM,.[n,(1S)] = 57.9 + 2.3 MeV/c’
Ls K P) rt PNRQCD Lattice
. (nF) = Jﬁﬁ% BaBar
I_) ]‘ll;{mS] T H—-H Y(:S) -> nb(IS)y
BaBar
. He Y(2S) » n,,(1S)y
1ok hb( 1P) NJ CLEO
5 ny(1S) Ib e Y(35) = m,(1S)y
i3 Belle
sf =1l [PRL 109, 232002 (2012)]

30 40 50 60 70 80
AM,(18), MeV/c?

n
&)

BABAR Y(3S)—> aum

AIODUO BN ER N ENE F ELNN SR RN TR T NN TS GG SR N B GE
L > =
5 q_) b
g O 8000
5 § N
[ . H |' Il S 6000
21 \ = C
5 | I |
[ » il E 4000
[ I ' : M = "
! + } N | } = 2000

: i
muTur' s Mg c|
3 kot UL LSS
8.8 9 9.4 9.6 9.8 K
-2000 | | | | |

Mmiss<n JT Y) 05 0.6 0.7 0.8 0.9 | 1.1



First evidence for 1, (2S)

Y(5S) - Z, Hyperfine splitting :+4O 2
in agreement with theory
= n,(MS) v

PNRQCD Lattice

é 30;' h,(2P) ——
g [ | . Belle
o 20T le<25) 1 1[;RL 109, 232‘002 (2012)]
S [3=420 w/syst 2 03 04 05
> jof AM,,(2S) / AM,,-(1S)
0457 98 9.9 10 101
Branching fractions Expectations
Godfrey, Rosner,
PRD66, 014012 (2002)
BF[h,(1P) = 1, (1S)y] =(49.2 = 5.7 + 5.6 )% 41 %
BF[h, (2P) > n,(1S)y] =(22.3 +3.8 = 3.1)% 13 %
BF[h, (2P) > n,(2S)y] = (47.5 = 10.5 + 6.8)% 19%




©)

©)

Conclusion

Belle was designed to observe CPV and verify the CKM
scheme of the weak interaction

Lot of exciting results: CPV, rare B, charm, t LFV,
charmonium (-like) spectroscopy... (more to come)

Unique Y(5S) data sample allowed to obtain relevant B,
results and few unexpected discoveries (Z,'s)

Next step = Belle II, start taking data from end of 2016
aiming for 50 ab™' by 2023






Y(5S)- Z,(10610)x" » BB n" [arXiv:1209.6450]
Z.(10650)x" » B'B'x’

Y(5S) -2 B'B"”x": B reconstruction

\ /

2500
- Data Charged B:
N;‘zoun — D°[Kn, Knnn]n
o — J/pluun]K™
1500 Neutral B:
— D'[Kax]n
— J/Iplup]K™

— D*+[K:n:, Knr, Knnn|n

Eventg/(S
o
o=
o

o

=

o
I

Effective B fraction:
Br[B->f]=(143 +15)x 10°°

D 1 | | | I | | | 1 I | | 1 | | | 1 | | I 1 | | 1
5 5.1 5.2 5.3 5.4 5.5

M(B), GeV/c’

B candidate invariant mass distribution. All modes combined. Select B signal

within 30-40 MeV (depending on B decay mode) around B nominal mass.
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B select

Y(5S)» B'BYx’

(B sid¢bands)

Data
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P (B),

P(B)<0.9 GeV/c

3-body Y(5S) » B”B"”x decays & rad. return to Y (4S)
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Y(5S)2»> B'B”x": data
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B Bnx
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rM (BT) , GeV/c?

Red histogram - right sign B combinations

Hatched histogram - wrong sign Bx combinations

Solid line - fit to right sign data.

Bx)=(0.3 + 14)
N(BB'n)=(184 + 19) (9.3 o)
N(B'B'n)=(82+11)(5.7 o)
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Y(5S)-» B'B”x": signal data

BB« Z,(10610)
8o
[T T .
:Beffe preliminary Az, (10610) + Az, (106503
— Ay b (10610) Anr 2
C ANRr i
Z,(10610)

II]['IIII

IIII'I'I

iy i,

+Az, (10650) + ANR
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b
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07 ~50.75
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Events / 5 MeV

50
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(=4
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.

—
o

points - right sign B combinations (data)
lines - fit to data with various models (times PHSP, convolved with resolution

function = Gaussian with o=6MeV).

B'B'rn'

Zb(10650)
0.80

Belle preliminary

T rr

Az, (10650)

hatched histogram - background component

B B x signal is well fit to just Z,(10650) signal alone

o7 Tars
M, (7) |GeV]

B B n data fits (almost) equally well to a sum of Z,(10610) and Z,(10650)
or to a sum of Z,(10610) and non-resonant.



Y(5S) 2 B'B”x": results

\ /7

Branching fractions of Y(10680)decays (including neutral modes):

BBn < 0.60% (@ 90%C.L.) To be compared with PRD 81 (2010)
BB'n = 4.25 = 0.44 + 0.69 % f(BB'm)=(7.3+£2.2+0.8)%
B'B'n=2.12 + 0.29 + 0.36 % f(BB n)=(1.0+1.4+0.4)%

Assuming Z, decays are saturated by the already observed Y(nS)=, h, (mP)x and
B”B" channels, one can calculate complete table of relative branching fractions:

Channel Fraction, %

Z,(10610) Z,(10650)

T(18)nt 0.32+0.09  0.24+0.07
T(29)nt 4.38+1.21  2.40+0.63
T(35)nt 2.15+0.56  1.64+0.40
hy(1P) 7t 2.81+1.10 7.43+2.70
hy(2P)m 4.34+£207  14.84+6.22
BTB* + B'B**t 86.0 £ 3.6 —

B*tB*0 — 7344+ 7.0

B"”'B" channels dominate Z, decays !



Resonant structure of Y(5S)» Y (nS)x’ x°

larXiv:1308.2646]| to appear in PRD
Signal of Y(5S)- Y(nS)a’ n’: Y(1,2,3S)>u'u, e'e, Y(2S)» Y(1S)n'n

+ — 0 O + — 0 O + — +_—_0_0
U u i T e e T xN Ui T T T
N..‘_'Z r N-E F N_E 20 C
= 60 — ! > 60 [ > C It
i Y(28) e
2 Y(28)
2" Y(1S) Ll
> L > > L
W 40 - W 40 w - .
' ) Y ( 1 S) 2 j reflection
L L 10 —
30 30 [ | :
C °r | I
20 — 20 - 6 | |
L L 4 - | f .‘
10 - or M | h ¥ 20 | m—r ﬁ
0 “:""' i MU-V-P[ 1l | '|rJL'1_r]|]TEfﬂ|-(; | I 0 LLF”'IWH v ||JLL—'J|| - | | i [ 0 I | \]' L \-I-’JI_I—‘ HI P ﬂ; I \|_ |
9 92 94 96 98 10 102 104 10.6 o 92 94 06 98 10 102 104 105 9.9 10 10.1 10.2 10.3 10.4
MM(z’n°), GeV/c? MM(r’r°), GeV/c? M(Yn'), GeV/c?

o(e'e” »Y(5S)» Y(1S)x’n’) =(1.16 + 0.06 + 0.10) pb
o(e'e” > Y(5S)» Y(2S)an’x’) =(1.87 + 0.11 + 0.23) pb
o(e'e” > Y(5S)» Y(3S)n’x’) =(0.98 + 0.24 + 0.19) pb

~ 1/2 of corresponding values of o(e'e »Y(nS)n ' n )
in agreement with isospin relations



Resonant structure of Y(2, 3S)x° «”
Dalitz plot analysis: M(s; s,)= A, + A, + A; +A; + A,

with Z,'s without with Z,'s without
35 _I L ILIL LI I rrri rriri LI I T IRT 1T I T I 1 |_ 18 rrri I rrri I LI IIIIIIIII IIII 1 I LI I rrnri
~ 30F - - i
O C 1 o - i
~ - BN i -
E 25 ¢ 1 9 12+ _
N 3 = = _
o 20 | Il — <« | i
~ 15F -. ot g 4 = I ]
D C I—- U] . 'lé 6 | _
g5 10F [ ' 1 9 L ]
E C ‘\‘ 1 m . -"il_.--_ _____ 1 i
5 F — - I s .
" - ] - -
N =t b ] 0 L ddali 25
%_4 10.45 10.5 10.55 10.6 10.65 10.7 10.7¢ 10.58 10.6 10.62 10.64 10.66 10.68 10.7 10.72 10.74
0 2
M(Y(2S)m),_ ., GeV/c’ M(Y(3S)n) .., GeV/c

> Clear Z,'s signals are seen in Y(2S)n’n” and Y (3S)x"x’
> Significance of Z)(10610) is 6.5c with systematics
> Zp(10650) is less significant (~20)

> Fit to the Z. (10610) mass gives M = (10609 =+ 4 + 4) MeV
(M(Z;) = 10607.2 + 2.0 MeV)



Observation of Bg > D;*)“L D;*)' [PRD 87,031101 (R)(2013)]

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

240F AE€([-0.1, 0.0] GeV T
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0 ' s 0 -
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M, (GeV/c?) M, (GeV/c?) M,. (GeV/c?)

Ng(D; D) = 331133 (1150) Ng(D;" D) = 44.5235 (10.10) Ng(D.* D7) = 24473, (7.80)
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> > 20 1 % *

= 10 1 & 5 DD,

) )] D]

> > > S5k ||T -

n 1 @10 1 B |

il :

ﬂ . h L A e e o —— 0 - 0 1 1 . —| ! [ P =y~

x.-015 -0.1 -0.05 O 005 0.1 *415 -0.1 -0.05 0 0.05 ) -0.15 -0.1 -0.05 0 005 0.1
D, D, AE (GeV) D_D, AE (GeV)D_D, AE (GeV)

- B(BR->D""D"")=(43+04+10)% (AT/ I ,=2B/(1- B))



R, measurements

< :5:%_ - Belle

— — Babar
U.SE— |}i”lﬂﬁ+ +
n,dnsz +++]‘ | H‘ f f“ }
0.45— h | i ! }
SR LB r H'i iyl
uﬁ% h L 'W i
n,zsg— I| 'I:lﬂ | }H*|

= [ D D D D D D D

u“?ﬂ.ﬁ 10.65 10.7 10.75 10.8 10.85 10.9 10.95 1" 11.05 11.1
_ “/s(GeV)

o Better statistic errors, but covers a smaller energy range compared to Babar
o R, is slightly higher by 0.0185
o No Ali's Y;(10900) (Phys. Lett. B 684, 28 (2010)), I',, < 36 eV



Trigger
Observation of e'e”—» w'n h_ above D D threshold by CLEO

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

= 70
0 _ °
e T o Production of h_
= 60i ) og(e'e” — n” " h;) (scan data) .
‘-?,_ e o/e'e ' hy) (4170 data) ? is unsuppressed
£ 50 o ogee—atxdy) relative to J/y
Tl
o -
ti‘:l 30— ®
s *— Enhancement at Y(4260) ?
20—
10— \lj J}.
7| 1 1 | 0 ‘ I N | | I | | I N | ‘ I | | L1 1 1
Pos 4 405 41 415 42 425 43

e*e” Energy (GeV)

Belle sees Y (5S) = Y (nS)rt" n,
so should search for Y(5S) - h, 7" 7 !
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(Events/5 MeV/cz)

Results: Y (2S)n " n”
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Bottomonium ground state n

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

BABAR Y(35)— vy,
First measurement of n, by BABAR in radiative e AARAARRRA (AR IR
Y(35) and Y(25S) decays, followed by CLEO. };‘j?"""'f
E mHmE
Lo
v AAUHTE
Measured parameters l._g ; Xb](ZP
2000
BF (Y{3.25)—y n,) (1074 51+0.7 /3.9+ 1.5 11 A
Y(15) — n,(15) mass splitting: 69.3 + 2.8 MeV ”‘ it ISR Y(lS) :
2000+
Hyperfine mass splitting predictions (MeV): 08 06 07 08 09 | { ‘;|'
.!.I e
Potential models: 36-100 (36-87 recent models)
pNRQCD: 60.3+55+3.8+2.1 CLEO Y(35)— vy,
Lattice QCD: 40-71 BABAR Y(25)— yn, . .

I LTHES 'l

Confirmation from independent experiment or
other decay channel desirable, as well as

:"::L:.,rll: I r': :ﬁl‘ll‘*:'h?.l'f.‘;nl'ﬂ"".:"
+ IR P WATY i
observation of 1, (2S) e 3 BLTH TERALA L L

E el



Method

MC simulation

Decay chain: § |
(,ﬂ_'j} 9.5.'
Y(5S) - Z, = < |
ShyP) . Mnp) = E 041 -
= My(mS) ¥ | ey
= 92_— Y
Mpies (1010 y) = of
M, . (' y) M_. (' )+ M(h,)

98 98 99 995 10

M_. . (n'1), GeVic?
- ;
= oo} M(h
g 8000 | Require intermediate Z,: ( b)
i 60005- 10.59 < MM(m) < 10.67 GeV
4000 F

bg. suppression X 5.2

= !

oF T approach:
2000 ﬂﬁl I fr 'H fit M_._ (" m ) spectra
04 105 106 17 in AM_. (w'm y)bins

MM(r), GeV/c? s



Comparison with Y(nS)x" x~

fif, to the Y(lS)n: m data fit to the Y(ZS)n: ud data

(Events /20 MeV/cz)

BOE |||||||||||||||||||||||||||| E

(Events/10 M

0 0 -I 1 L1 1 1 L1 1 1 L1 1 1 L1 1 1 L1 1 1 11 N

10.1 102 103 104 105 106 10.7 108 104 1045 105 1055 106 1065 10.7 10.75
2

M(Y(1s)m) .., (GeV/c ) M(Y(28)n)__ , (GeV/c")

- mass spectrum consistent with what happens for Z;
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Update of B’ »D* D™ mode B
B o 7 + BELLE

'/{j D* - D 772x 10° B Bpairs
L . ~ [PRD 85, 091106 (2012)]
BO fi - d D -. D [arXiV:1203.6£i47] )

SM prediction: S = -sin2p and A~0 [Z.Z Xing, PRD61, 014010 (1999)]

B >D'D - (K aa )(K'n o) [> x 2 signal yield compared
N (K_ ot ) (Kg n—) to previous analysis (535 MBB)]

Signal events =269 + 21
Br(B® » D*D)=(2.12+0.16 = 0.18) x 10™* .. D'DSgvsCy T

[PDG: (2.11 + 0.31) x 1074] .
= - B[; ................................................. @ ......................
ot N 5 g tag i 0.8 | %

\ e [ tag ;

N |

2 a\ 0.4 '
E : o T T S S

g
% -0.8 ;
B 021 . & ey T LT
- S=-1.067,;,+0.08 | | ; |
A=+0.43%0.16= 0.05[" o ° oo o
(InL) = Ax? = 1, corresponding to 60.7% CL for 2 dof cP




Upd_ate of BO - D*+ D*_ mode 772x10° BBpairs

. . . . [ PRD 86, 071103 (2012)]
Final state is a mixture of CP eigenstates [arXiv :1207.5611 ]

Br(B° » D*D")=(7.82 = 0.38 = 0.60) x 10™*  [PDG: (8.2« 0.9)x 10™*] <O
[take full advantage of the reprocessing of Belle data |

—t Transversity base
P(t) = z5¢€ [0 (1 4+ q((1 — 2Poga)Ssin(Am - t) + Acos(Am - 1))~

~d
angular analysis to decompose (P -even and odd: - ‘\F e
ol D T T
signal (CP-even + CP-odd) — T AV / T~
red: background RO =0.62+0.03 +0.01 H'H“‘HHH_HH E __.--"/. i . ,_,//
blue: CP‘Od‘d RJ_ = O. ].4 i 0.02 i 0.0]. HE-H“HHH_:/L: K_{,f’f
D (R, corresponds to CP-odd component) T e
O i o ]
S gof H Lo First QbseE/atlon of CPV
: g pgoodtags | jn double charm decays
- . g= —1 + -
*E 80‘ c D* D* SCP A\ CCP EPS 2011
g i cP . . PF}ELIMINARY
W eop 0.6 r | BaBar |
i ~ Belle
40} 04 F ~ Average |
20~ 02t

__,-// "

\H"'-\. S
] 1 B —

Eth:FW
|S=-079 + 013 = 003
51 A =+015 + 0.08 + 0.02

Events/(0.05)

raw asymmetry

=
[=:]
L

-06 -04 -02 0

SCP

Irs give -2A(In L) = sz =1, corresponding to 60.7% CL for 2 dof




o determination... AB > n )=T" &Y +P

W

o

Tree: Penguin:

W u —_— U

b u \-‘._%

ol o d d

At) = S_. sin(Amt)+ A_._cos(Amt)
= J1-A2_ sin2a,, sin(Amt)+ A, cos(Amt)

from time dependent CP, we can measure o°", but we want o !
S. =sin2a+ 2r cosd sin(pf+ o) cos2a + O(r?) r=|P|/|T|

T Tt

- additional inputs required to determine the penguin pollution

..with isospin analysSiS [Gronau-London, PRL65, 3381 (1990)]

A, =A(B°>x'n)=e T +P i
V2 Mgy =2 A(B%5n'n%) = e T + P
V2 A, =V2A(B»a'n")=e " (T +T")
A, +\/>AOO \/7A+0
A, +fAOO fA+o Al=1AL]

a can be resolved up to an 8-fold ambiguity (o €[0, n])

A




difference was

more than 2c \

D

<o

BELLE

772 x 10° BB pairs

CKM2012 preliminary

a: Tt system

+ -
T T Scp Vs Cep E

Cep PRELIMINARY
T
77 Belle
' LHCb
“% Average
02r Ny
04 F

C=-0.33 # 0.06 = 0.03
S=-0.64= 0.08 = 0.03

direct @ 50

I I 1
-0.4 -0.2 0

467 x 10° BB pairs
arXiv:1206.3525

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

LHCb: C=-0.11+0.21+0.03
S=-056+0.17+0.03

= 0.2
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Combined (nxn, px, pp) measurements for o determination
dominated by the B- pp measurements (though flat isospin triangles)

qu’i;u'f. ---- qn/pp/pn (BABAR)
o --- nn/pplpn (Belle) e CKM fit
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Binned Dalitz method: avoid the modeling
error by ''optimal'' binning of the Dalitz plot

Bondar and Poluektov

EPJ C55, 51 (2008)

[ choice of bins guided by model, but extraction % 3 i~0 8
of y is not biased by this choice] S 2sf 2 7
¢ | W 6
minimize ¥* in fit to all bins for each mode jém 6] '\\'.‘ _ j
r‘ELE;- /t <0 s
Expected number of B*>DK" events in bini is: T f
0.5F
N; =h{Kz'+’f‘§Ki+2vKiKé($iCi+yiSi)} i i e
1 2 3
mE{I{;it'} (GeVZich
i 190 . . ..
\CLEO [ o Belle K. is the # of events in bin i from a
1 ?.:E "TE flavour -tagged sample (D™ » Dx")
0-3 7 c, and s, contain information about
of 4 '%7 the strong-phase difference in bin i
‘4 1 l _
0.5 T (use CLEO data for y(3770)-D" D"
1 ¢ | ( here; can be measured by BES-III too)
B 9%
1

|Bin number i|



Binned Dalitz method result in B » DK 55p 85:,:2111201 1;4—1? (2012)
[arXiv : 1204.6561 ]

" — B 12 ! naf 33.:11.'15I
= 120 l‘"I:) .,:E, 4'];_ Prob 0004247
E B—I_ (-D = 3']5_
T 100 L BELLE L 3
- B tn 20F
E 30 = 10f
1] DB
e -
= °0 -10E
'..-_=' 40 -zné
20 300
-40F
05 -50
> 0.3}
ook y=(77.3"17s+4.1+43)
0.1 r =0.145 + 0.030 = 0.010 +£0.011
o 8, =(129.9+15.0+ 3.8 +4.7)
-0.1F
E uncertainty in c,, s,
'0'2;_ from CLEO data size
.0_3(‘;,3, (can be reduced using

future BES-III data)
X



Measuring direct CPV with B> Knx

_ I'(B»>f)-T(B~>f) . .
cp = F(Bof)+ [(BoT) o« SINA @ SINAO

(L

E‘ =]
[

Y

i

q 1 _|| '..II
|
Z if
= "

W+
B°>K'n|| ;

1l

T, T’ P, P

B'>K'n’| . :

f i
H%-%<d §<
T NS

' 4 |

" e J'I::_u

Diagrams identical except for spectator quark ?
= strong and weak phases are the same, A, should be the same ?



B-Km measurements at B-factories...

Kr puzzle: AA, =A(Kn’)— A (Km)

o . BoK '

200 §

|

BoK "

L I

M, (GeV/c?)

[ | I. A L J'”'.-.
%.2 5225 525 5275 5.2

Agp(K*n®) =+0.043 + 0.024 + 0.002
A (K*n")=-0.069 = 0.014 + 0.007

Belle preliminary :
AAy. =+0.112+0.028 @4.00

5225 525 5275 5.3 — e Belle

M, (GeV/c?)

X + 0
= 1000 [ B-K T

B->K w’

M, (GeV/c?)

[ 1 1 1 _Jl"'n. 1 1 1 _J"'-.
%.2 5.225 525 5275 52 5225 525 5275

M, (GeV/c?)

5.

BaBar

€-mmmmmm-a - >

AAg, = 0.127 £ 0.022 (5.80)
LHCb —m—
CDF —=»—

—mBelle
BaBar

10 5 0 5 10
Agp(%)

AA, =+0.121 + 0.022 @5.50
3> . NEW PHYSICS !!?



Measuring direct CPV

'"Model independent'' sum rule for all four modes:
[Gronau, PLB 627, 82 (2005), Atwood & Soni, PRD 58, 036005 (1998)]

. Br(K° =) 1, 0. 2Br(K'=n°) 1, o o0.2Br(K°a%)
Ap(K'a )+ A (K o' = A, (K — + Aop(K —
CP( ge ) CP( ge >BI‘(K+ TC_) T+ CP( ge ) BI‘(K T ) T+ CP( ge ) BI’(K T )
B factories now (~1.4ab’):
%
A(K'7) PR
0.10 )
I i ~ L~
0.05 - A, -
> Ay
measured PN G BT AR
(world avg) |-005 ! ' 003 0167 015 020 0.25
40,08 5 H A(K'z)
CoF -
1 B [
expected Y A7 TR o
(sum rule) » A(K29) = -0.01= 0.10
it A(K%z*) = 0.009=+ 0.025
T A(K*%) = 0.050+0.025
Frm = =02~ - - A(K*mr) =-0.098+0.012




Measuring direct CPV

'"Model independent'' sum rule for all four modes:
[Gronau, PLB 627, 82 (2005), Atwood & Soni, PRD 58, 036005 (1998)]

. Br(K° =) 1, 0. 2Br(K'=n°) 1, o o0.2Br(K°a%)
A (K Ao (Ko’ = Ay (K' Aop(K
CP( ge >+ CP( ge >BI‘(K+ TC_) T+ CP( ge ) BI‘(K+ ﬂ:_) ‘U+ + CP( ge ) BI”(K+ J'C_)
B factory at 50 ab_,l with today’s central values:
-
%
A(K%79) “*
010k -
Uﬂﬁ':— :
HE—
expected { TOTE il is %
error B . L
0.05t A(K’x*)
expected I
(sum rule) ,' discrepancy apparent; may be

; significant already with ~10 ab™
' Note: main K% systematic (tag-side interference)

is reducible

= ideal for a super B-factory...



Comparison for B—Tv Using Hadronic Tag at Belle

PRL 97 (2006) This analysis
Tag Hadronic tag Hadronic tag (new)
Number of BB events (x10°) 4.49 4.49 3.22
Efficiency (x10™4) 3.0 11.2 11.2
Signal yield 24.1%’;;; .54.1%%2 8.6%15
BB~ — 1 vr) (x10°%) L7970 36 1.08%35 | 0.24703
. . . 0_25}{10_3

® New analysis is based on improved tag, A

loose event selection, and reprocessed data. B

® Most of the data after the selection are — ¢

" . 0.15-

independent from old analysis.

BR(B—tv)

® Assuming that all events in old analysis are o1 +
included in new analysis, the remaining data uusz—

sample in Ngg = 4.49 x 108 provides BR ~ L . *
(0.6+0.4) x 104 (1.90 from old result). o- ' '

4.49 (old) 4.49 (new) 332 Ix 10° BEI




B> D(*)‘IS v [PRL 109, 101802 (2012)] t

Entries/ (0.5 MeV)

Events/(0.25 GeV*)

Events/(0.25 GeV?)

8000 L <
woof Eff.: 0.40%

= Purity: 75% '
1000

1,768 decay chains

.....

t‘. o ."o‘ ‘-"l. w—
-..‘.d“ ,r & H t
Bsig a2

LS

e
x* K
ik, 70
X
o 2D unbinned fit to m
o fitted samples

2

n“ e+

miss

RS

and p,

— 4 DY1 samples (D1, D1, D*1 and D**1)
— 4 D"x°1 control samples (D" (1/t)v)

= D+tv and D tv clearly observed

10sm2, <120 GeV

Events/(100 MeV)

G -
: 5.8 5.29
mgs (GeV)
E wof- 10sm, <120GeV, D*”‘ “‘g
i WD*ov ¢
@ 502_ .DT\’ g
fle——, . ED*y
¢ lDlv

15

05 1 2
p* (Gev)

Events/(100 McV)

m2,  (Gev?)

10sml <120GeV’, D

+

100-

Events/(100 MeV)

—

53
p* (Gev)

s

m2_ (Gev?)



B->D"tv

BaBar 2008
042+ 013

Belle 2000
0.59= 0.16

Belle 2010
035+ .11

BaBar 2012
0.440 = 0.072

SM Aver.
i »
ik
——

Belle 2007
044= 012

BaBar 2008
030= .06

Belle 2000
047= 010

Belle 2010
A3 = (.1

BaBar 2012
0332 + 0.030

o combined 3.40 away from SM
o doesn't fit 2HDM Type II
o Belle will show its new result soon

SM  Aver.
H——i
&
——
03 04 05 06
R(D*)

535M BB
232M BB
657M BB
657M BB

(471M BB )

02F

0 02

04

0.6

0.8 1

tand/my. (GeV ™)



o

O

o

o

Exclusive Semileptonic Decays /%

Vub
b u"\H\I\HJ\’
- W

| V.| is a valuable input for predictions of other process (e.g. B>t v) L
=
Precision on | V, | is poor (relative to sin2f and | V| )
Some tension exists in inclusive vs exclusive determinations of | V|
— Important to clarify for further consistency checks
Matrix element of B»X 1v: GBI T
“H o, wiciad
. Gk , L 5 " P e -
M(B — Xuél/ff) - T = ubl—’t H,u.: [F = Uﬁﬁ/ﬁ (]- — )VU e ?g b, 3
V2 Vi

o For example, decay rate for = mode has form:

dr(B — mtw,)  GEp3

dq2 T 2471_3 |Vub|2‘f—|—(q2)‘2

o Measurements allow clean extraction of | V| : ®& e e e w e

p

— For n mode, Bourrely et al (BCL) parameterization can be used to
determine f,(q®) in a model - independent way [PRD 79, 013008 (2009)]



Impacts on | V_ |

X,  Theory
Khodjamirian et al. -

0 Ball /Zwicky R Khodjamirian et al.

z PRD 83, 094031 (2011) .
FNAL/MILC S o These results can bg used to es‘glmate
Khodjamirian et al. i —— PRD 71. 014015 (2005) | Vub | based on various theoretical

- Ball/Zwicky —H--———— PRD 71, 014029 (2005) predictions of form factor
Ball/Zwicky — - —H———

,OU FNAL/MILC _ . .

o . PRD 79, 054507 (2009) o Experimental uncertainty typically ~2
Ball/Zwicky —— times less than theoretical uncertainty
p+ PLB 416, 392 (1998)
ISGW2 A ISGW?2
. Ball/Zwicky i PRD 52, 2783 (1995)
- ISGW?2 H-—- -1 Theory error is not available.
35 4 45 . .

V| x 103 o | Vg | can be studied in a model - independent
way using B-2>nlv decays and BCL form factor
parameterization

= 1 352029 Belle had. tag
_______________ Domremeni 343303 Bojlo untagged — Simultaneous fit to available B»>nlv data
’ = 3.51+0.24 g8 and LCSR/LQCD form factor prediction
e bl o A 32503
N BABAR untagged
. nehs LCSR JHEP 1205, 092 (2012) [arXiv:1203.1350]
» 3412022 Combined fit
LQCD PRD 79, 054507 (2009) [arXiv:0811.3640]
PDG2012 inclusive 44170321 »
Belle  prp 88, 032005 (2013 ) [arXiv:1306.2781 ]
— . 342'3%  CKMfitter had. tag
1542013 UTHE Belle PRD 83, 071101(R) (2011) [arXiv:1012.0090]

S = BaBa PRD 86, 092004 (2012) [arXiv:1208.1253]

V| x10°



Forward — backward asymmetry in inclusive B> X_1"1"

Semi -inclusive reconstruction (sum of exclusive) method:

/

X = KE/Ks + up to rour 7 (at most one 77) Forward event Backward event
[ K ]K KE "
[ Kz ] Kx Ko Kb, K = <F ¥ T & 0
[ K,_?ﬂ'] L K3 KE.?JI szj KE_?FT.?IE /= < _ s
[

K4r| . Kdm, Ke4m, K3nn®, K3na?

> For B°, only self -tagging modes with K* used
o K4 v states not used due to low expected signal

@ dilepton rest frame

fraction of all X, decays covered by those 10 final states ~ 50 %
Extract A5 from simultaneous fit of M, of forward/backward evts in e/u channels

1.0 ® Data
[ O sM (b=>sll)

05F
: :+-_ E NZ = 139.9 + 18.6 evts

R 0.0 Lo | Ngy = 160.8 + 20.0 evts
<< 7 o

05 [ Results consistent with SM
— Low q° (1% bin): consistent with the SM within 1.8

qolb—et v | — High g (3™ and 4™ bin): exclude C,yxC, > 0 with 2.30
0 5 10 15 20 25

q? [GeV?/cY]
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