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Experiment and dataset
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On resonance:

1 T(5S): 121 b1t

T(4S): 711 fb !

1 Y(3S): 3fb?
| Y@S): 2BMH™

YT(1S): 6fb !

|Off resonance/scan:

155 fb~ 1!
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Cross sections and numbers of events
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Belle took data at :
oo, | E=s10867+1 MaB | o
10.6 10.7 10.8 10.9 l] ll l 11.2
\N's [GeV]

2M(By)

e*e”-> bb (Y(55)) -> B*B*), B*IB(*)t, BBrr, B,*)B,(*), Y(1S)nm, Y X ...

o(b
a(c
o(7

b) = 1.1nb N,z = 1.3 x 10°
cg) = 1.3 nb Nz = 2.0 x 10°
) =0.9nb N,, = 1.4 x 10°

B-factories are also charm- and ~-factories !



Recent Belle results

Charm mixing in D—Km decays
PRL112,111801 (2014)
Mixing and CPV in D—>Knt*m
PRD 89, 091103 (R) (2014)

_ifetime of t-lepton
PRL 112, 031801 (2014)

-irst observation of the Z° (10610) in Dalitz
Analysis of Y(10860) — Y (nS)n97°
PRD 88, 052016 (2013)

Observation of ete- — 7* 7w #°,; and search for
X, —>oY(1S) at Vs ~ 10.867 GeV

To be submitted to PRL




D°D° mixing in D = Km decays
O Measure the time-dependent ratio of the D° —» K+~ (wrong-sign) to D° —
K~ n* (right-sign) decay rates
O Tag RS and WS decays through the decay chain D** — D° (K “tni)n;* by
comparing charge of the pion from the D decay with that from the D" decay

"Wrong-sign” D*t — D%t DU K+r
interference: mixing, double Cabibbo-suppression (DCS)

; Tws(t/7) 22 4 o2 <t>2
R(t = ————~Rp+ VR S Tl SN
€)= Tpagim) ~ Ro+ VRV o+ (]
s r=Am/T 2 =xcosd+ysind
g )= Al'/2T y =ycosd — xsind
J = relative phase

DCS Rp =AI'(DCS)/AT'(CF)

U Take the resolution effect into account in the measurement of mean decay time
of the tagged D’s



Event yields in RS and WS decays

PRL 112, 111801 (2014)
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» Signal: A sum of a Gaussian and a Johnson distribution of common mean

Biometrika 36, 149 (1949)

» Background: An empirical threshold function (x — m,)%e~FX~mx)



Observation of DY-DY mixing

Rp =(3.53+£0.13) x 1073 PRL 112, 111801 (2014)
12 _ -3 |F
X - = (0.09 + 0.22) X 10 i 976 fb_l

y' = (4.6 + 3.4) x 1073 '
0.006 |~
[ e 1

0.005

=

R(t/T)

No mixing

0.004

ET 71,1
o
o
o

t/t
W No mixing hypothesis is ruled out at the 5.1 standard deviation (o) level

Q Constitutes the first observation of D°-D° mixing in e*e ™ collisions



CP violation in charm decays

 Provides an interesting test bed for new physics as the standard model (SM)
predicts a very small asymmetry, owing to

» Large GIM/CKM suppression
» Lack of a large hierarchy in the down-type quark masses

d Typical SM value of the order of 103 mpmost promising candidates to study
are singly Cabibbo-suppressed (SCS) decays Grossman, Kagan and Nir
PRD 75, 036008 (2007)

1 While talking about a percentage effect, we need a good control on the SM
predictions, something that is in general lacking 1n this sector due to long-
distance effects

An example of “short vs. long”

C d,S u C | u

ds ¢ U c

u

O Further, with D°-D° mixing being firmly established, what about CP violation
(CPV) in the mixing or due to interference between mixing and decay?



Study of mixing and CPV in D°® - Kdm*tm~

O Determine D°-D° mixing and CPV effects by studying the time-dependent
decay rate of self-conjugated D° — Km*m~ decays

Q Expressing Ar (Af), amplitude of the DY (D°) decay into f = K{m¥m ™, as a
function of the Dalitz plot variables (m? mi,o -—)» the corresponding time-
=

Kgn'l'l
dependent decay rates are:
IM(f,1)]° = S{(14s]* + 217|147 ]%) cosh(T'yt) FA(f, 0] = S{(| A7 + |2[2A¢[*) cosh(Tyt)
; / 2 2
+(|As|* = [£12| Af|*) cos(Tzt) +(|A7l* — B2 Af[") cos(T'zt)
+2?R(%Af.,4f*) sinh(['yt) — 23(%Afﬂf*)sin(fzrt]} +2R(2A;Af") sinh(Tyt) — 23(8A; Af") sin(Txt) }

» T is the mean decay width of the two mass eigenstates: |D1*2) = p|DO) + q|D°)
> x and y are the D°-D° mixing parameters, defined earlier

» p and g are complex coefficients that satisfy |p|* + |g|* = 1 in case of no CP
violation, whereas possible CPV can lead to 7/, # 1




Mixing and CPV results from D° —» Kdmtm™

J Time-dependent fit to the Dalitz plot (shown
below together with one of its projections)

m? (GeVZc?)

» 2.5c away from the no-mixing hypothesis

;E1mun:— ﬁi ‘;-.' yindf=1.207
8 L% A
g-mnun_—' ‘\J ‘ / |
?':: mno—: d‘ ;"l {
@ X -'\-":V’ I
¥ 'z' 3 T S 1 2
m? (GeV¥c?) mZ, (GeV¥c?)
Fit type Parameter Fit result
No CPV  z(%)  0.56 +0.1919:93+0.06
y(%)  0.30£0.15150:10-08
CPV (%)  0.56 +0.1910-04+0.06
y(%)  0.30 % 0.15+9-04+0.03

qu,/p\
arg(q/p)(°)

0.16 +0.05 +0.06
0.907 338 T0.04 008
-6+ 114313

» No evidence for indirect CP violation

Events/100fs

Lifetime of D°
=410.3+04 fs

13 z . . 3
» Py gt i
t
-5 ! L%
-2000 0 2000 4000
Proper time (fs)

Assume no direct CP violation =
Ar = Ag for the K2t~ mode
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Measurement of t-lepton lifetime, motivation

Precise measurement of the tau lifetime is necessary for the
tests of lepton universality in the SM: g = g9, = 9~

-t
Vi
VAVAN gﬁ 6265“' >\F@
V; Y

B(L_—»E_EEVL(’FJ) gigr m; E

(L™ — £ Zevi(v)) = = 32M% 1923 corr (ML, M)
- 25
i =i (14 3) (1 22 (% - )

f(x) =1 — 8x + 8x° — x* — 12x? Inx, x =mg/mg

B(p™ — e Tevp(y)) = 1

gr f T mi Fcorr(mp: me) dr
— =/ B(v— — U, v — . = 1.0024 + 0.0021 (HFAG2012
e V ( H I T(’T)J — m?— ch(mT? m“) g ( }
[ 5
m
97 = \|B(r— — e~y (7)) L 22 F“’“(m”"meJ: 97 _ 1.0006 + 0.0021 (HFAG2012)
9u V T M, C.OII(mT : me) adu -



Measurement of t-lepton lifetime, motivation

LEP EW WG (W — TV)/(W — uv,) | ] i
1.0390  0.0130 | :
: | LEP EW WG (W — tv)/(W — e7.) .
HFAG Fit (t — e v, v, x 1/, | L e
1.0008 + 0.0021 | 1.0360 + 0.0140 :
HFAG Fit (t — mv.)((n — n.v,) o l
0.9961+ 0.0030 | !
_ B ! HFAG Fit (t — pnv, v) x 1/ |
HFAG Fit (t— Kv)i(K = uv,) o, | -
0.9857 + 0.0073 | 1.0027 + 0.0021 |
HFAG Average (t— 7 v;, Kv,) o |
0.9949 + 0.0029 :
HFAG Average t —evV.v, mv, Kv,) 4, i
0.9998 + 0.0020 | :
] 1 | 1 1 1 ] 1 1 1 1 I 1 1 1 1 | 1 1
0.9 1 0.9 1
g /g
2/g g /e

S. Schael ef al. [ALEPH, DELPHI, L3, OPAL, LEP EWG]
Phys. Rep. 532, 119 (2013)

2B(W — 7u;)
B(W — pv,) + B(W — ev,)

= 1.066 + 0.025

2.60 deviation from the Standard Model
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Measurement of t-lepton lifetime, method

We analyze ete™ — 777~ — (" n by, 7T W 1) €VENLS.

-4 ¥ C —_ + (I) II| !
CMS g n lg—==--_/
A N DS

frame

. 2 2
2E7 Epy o =My —=mp, , X = T £
Zprﬁm ) PrYr

@ 7 momentum direction is determined with two-fold ambiguity in
CMS, for the analysis we use the average axis.

@ Asymmetric-energy layout of experiment allows us to determine
777~ production point in LAB independently from the position of
beam IP.

@ Possibility to test CPT conservation measuring 7~ and 7+
lifetimes separately.

cos g =

13



Measurement of t-lepton lifetime, selections

Use the data sample of [ Ldt = 711 fb~"' with N, = 650 x 10°

Selection criteria:
@ Eventis separated into two hemispheres in CMS, Thrust>0.9.

Entries [ 0.8 MeVic'

@ Each hemisphere contains 3 charge pions with the +1 net
charge.

@ There are no additional K2, A, 7° candidates. Number of
additional photons N, < 6 with E2°T < 0.7 GeV.

@ P, (67) > 0.5GeV/c, 4 GeVic? < My, (67) < 10.25 GeV/c?.

16 165 1? L7518 1&) 19 19 2
mMin{Fn) (GeVie')

@ Pseudomass \/Mﬁ + 2(Ebeam — En)(Ep, — Pp) < 1.8 GeVic?, % N "
= (3m)~, (3m)*.
@ Cuts on the quality parameters of the vertex fits and tau axis " -
reconstruction. o e ot dl ()
@ Minimal distance between +— and 7' axes in LAB E-;:
dl < 0.02 cm. ol

" vale ofdl cut e

1148360 events were selected with ~2% background contamination,
the main background comes fromete™ — gg (g =u, d, s).



Fit of proper time distributions

P(x) :J-\.-’fe—”’”’r R(x — x": P)dx” + NygsR(X: P) + Pop(X),
(x — Py )2)

R(x; P) = (1 —2.5x)-exp(— —

Entries / 2.5 um

0 = Py+ Pa|x — Pi|'/? + Py|x — Py| + Ps|x — Py */ |

Free parameters of the fit: A, A", P = (P1y...,Ps) T e - X (€m)

Ar - estimator of 1, ¢ = Ar + Acor, .. S—
Ao 18 determined from MC; T

R(x; 15) - detector resolution function;
Nuas - contribution of background from
ete™ — qg (g = u, d, s) (predicted by MC)

Pep(x) - PDF for background from ete~ — qg (g = ¢, b)
(fixed from MC)

© 0

~ Entries / 10 pm

<

From the fit of experimental data
Ar = 86.53 £ 0.16 m, applying correction g !
Aoy = 0.46 pum we got: c7, = 86.99 = 0.16 m T X (em)

pull

15




Measurement of t-lepton lifetime, result

—— 2890x28%40
e 2892+x17x12
e 290.1+15%11

e 2932+20%15
e 2009+14+10

200610

bl 289.40%0.91+ 0.9

CLEO
OPAL
ALEPH
L3
DELPHI

mean PDG

BaBar (prelim.)

L 290.17£0.53£0.33 Belle

.I_I_IJ-I_LI.I.LI.I.I_I.LI_
285 290 295

T ()

17.9

178 |

17.7
N

' T,,(Beue)#DG

17. . . .
l%85 286 28T 288 289 290 201 292 293 294 295

T, (fs)

Systematic uncertainties
Source AcT (um)
Silicon vertex

) 0.090
detector alignment
Asymmetry fixing 0.030
Fit range 0.020

Beam energy, ISR, FSR  0.024
Background contribution  0.010
T-lepton mass 0.009
Total 0.101

ctr = (86.99 £ 0.16(stat) == 0.10(syst)) pm.

Tr = (290.17 £ 0.53(stat) £ 0.33(syst)) fs.
1T+ — T, — | /Taverage < 7.0 x 1072 at 90% CL.

v

Lepton universality

g- /ge = 1.0024 + 0.0021 (HFAG2012)

d-/de = 1.0031 £ 0.0016 (new Belle 7 )
9- /9, = 1.0006 £ 0.0021 (HFAG2012)
d-/du = 1.0013 £ 0.0016 (new Belle 7-)

o
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Puzzles of Y(5S) decays

Anomalous production of Y(nS) n*n with 21.7 fb-

PRL100,112001(2008) I (MeV)
Y(55) — Y(1S)r m~ 0.59 =+ 0.04 + 0.09
T(55) — T(28)r+r~ 0.85+ 0.07 4 0. m[\
T(re) — T(39)7 +,, 0527042 +£0.10 102
Sy —=T(S)r r 0.0060 ;/'
( §) - T(18)rtm o000/

Y(4S) — Y(1S)rTm~ 0.0019
(1) Rescattering Y(5S)—>BBrn—>Y(nS)nn
Simonov JETP Lett 87,147(2008)

(2) Exotic resonance Y, near Y(3S)
analogue of Y(4260) resonance

with anomalous I'(J/y ¥m)

Dedicated energy scan =
shapes of R, and o(Ynr) different (2c)

—
=

=
% 0.010F—

«]

PRD82,091106R(2010)

0.012

T 0.008 |- M- Y([2Sk=

-

0
E

+]

ofbB] / o®[uu]

Ry

-
T 0.004 |-

0.006 |-

0.002 |-

s T

A YBSpE

&

0.6

05

04

0.3

01

1075 10.8

1095 11 114
vs (GeV)

108 109

Y(5S) Is very interesting and not yet understood
Finally Belle recorded 121.4fb-" data set at Y(5S)
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D

Large h,(1,2P) production rates

cf. CLEO e*e- > w(4170) > h, *r

o Observatlon of h, (1P,2P)
e'e" - Y(3S) —» nFD n*n=—reconstructed, use M ;¢ (1" 7)
o V(Pere. = Pron? | Y(11020)
2 1200 11.00 E—
§ oo [ Y(10860
5 oo PRL108,032001(2012) | 5
S [ oo Y(2S) Z) 10.75" mT
2 ao000p 7 1etri ' = i .
2 7| mjraw distribution, j ) o
I hs(2P); 1 s xes)
20000 | | residuals h,(1P)5 I ’H m 1025;_-b.- | ny(2P) 25 2R
: 2 . 1 a0 o
i : (1D L
o | \'“H'hllll : ﬁ“[“"g“ wﬂ\ ﬁJ Mﬁlﬁll w »Iu! 10_00-_@;‘11@.:] (1P) 1p(1P)
I o b Lb=
WA TiFh AN TR . _ 5 —
9.4 96 9.8 10 104 9.75— o\®
. M. (GeV/c?) L Y w
Belle arxiv:1205.6351 . .
AM =(1P) = +0.8 + 1.1 MeV  consistent with zero, s A(S)
AM,=(2P) = +0.5+ 1.2 MeV ~ as expected Lt
JFC=0* 1 17012

h,(nP) decays are a source of n,(mS)

18



B Observation of h,(1P,2P)— n,(1S) y

BELLE

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

—

e
wn

N
e*e—>Y(55)—h, (np)ﬂn reconstruct AMo=(18)

|
S8V Bl 57.9.+ 2.3 MeV

. I Y(11020
o arxiv:1205.6351 " PDG'12 :69.3 + 2.8 MeV 3o 11.00 (11829
P DY L & - Y(108860
hy(1P)— 1, (1S) i : .} )+ _
J e |BaBarv(35)"°7% C\TT
° | SR U V1
v - TH | +e—  |BaBar Y(2S) 105 -~
..1-." Cr b i, I ; P B I:\ :Tl_(_) M}M
Fhy2P)—, (1) 1 \ e |CLEO ¥(38) 1028 o
¢ Il i
i | N sy r2s) !
pnRacD "' Laco s S Mp(1P) %u(1P
) | || 30 40 50 60 70 ao - —_—
} | AM,,(18), MeVic? ors |
ok | Kniehl et al, PRL92,242001(2004) 1 Y
88 s'a' | I'V'Ia('nj g(: 5.8 Meinel, PRD82,114502(2010) I s
miss {70 9'5°TMJ_£::1'AMHF(1S>
Mizuk et al. Belle PRL 109 (2012) 232002 JPC=0* 1 110,12

Belle result decreases tension with theory
First measurement I = 10.8 *490 *45 MeV

as expected 5



{5 First evidence for n,(2S)

e*e—>Y(55)—>h,(2P) '~ Mizuk et al. Belle PRL 109 (2012) 232002
—In,(28) v AMe(2S) = 24.3 49 MeV

arxiv:1205.6351 —PRL First measurement

NE I

E 30_— (c)

b I pNRQCD LQCD

© 20F M(29) Belle

o

A 4 2 o |

© [ w/ syst

= M T pUHGINGI

& 10p 2 0.3 0.4 0.5

=L 4e(2S) 7 AM(1S)
0 L In agreement with theory

o7 s o9 10 101

M

miss (777) ['(2S)=4+8 MeV, <24MeV @ 90% C.L.
expect ~4MeV

Branching fractions +5a . Expectations

BF[h,(TP) — np(15) 7] 49.245.7 o 41% Godfrey Rosner PRD66,014012(2002)
BF[h,(2P) — n,(1S) v] 22.3+3. 8”’3‘I % 139
vl =47.

BF[h, (2P) — 1.(2S) 5:10.5%2% 199

c.f. BESIII BF[h(1P) - n,(1S) 7] = 54.3+8.5 % 39%
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< Anomalies in Y(55)—(bb)r*n- transitions

ol Y(11020) Belle: PRL100, 112001 (2008) _0,
[ Y(10860) I'[Y(58) —»Y(1,2,3S) n*n] >>17[Y(4,3,2S) —>Y(1S) n*n]
1075~ (260 T < Rescattering of on-shell B*)B*) ?
v pame__dES))
> 10.50(— 2) ‘330
S Y@Es) T
: - hp(2P
E 10.25 14?,@ | f(___ )
D190
ook my2s) X128) = Belle: PRL108, 032001 (2012)
l: B ny(1P) % Q% expect suppression ~Aqcp/m,
: 290 (& @Q‘o @ Heavy Quark-Symmetr
9.75- /\__,/ 6) ieavy | y Yy
oartial I‘(keVK'
Q'SGF Np(1S) L00S) Y(5S) —» h,(1,2P) n*n- are not suppressed

JFC=0+ 1- 1+
h, production mechanism? = Study resonant structure in h (mP)n*n~

21




Resonant substructure of Y(5S) —» h (1P) n*r

P(hp) = Pyss) — P(n*r") = M(h,n*) = MM(n") = measure Y(5S)—»hynr yield
in bins of MM(~)

E m-: phase-space MC L data

R == :

g 106 % ) c '

= 1&5; i *5 SDDD:-
11:1.4jg ‘*" " s000F pHSP

4000 f /

103}F

102f
HHHHHHH f
10 : M M i 1 " " . k 1 M " " [
10 102 104 106 108 : — 106 10.7
MM(rc), GeVic? »  MM(x), GeV/c?

Fit function |BW (s, M,.T')) + ac' BW (s, My, T'y) + be''|? ”—\/"i
]

Results M,;=10605.1 + 2 2+3'U MeV/e2 ~BB* threshold
1— =11 ‘I'+4J+2]h:["v q=1 £§+Ll}g+8rl 2vs.l:T4c (G.BGWfsySt)
2vs.0:18c (160 W/ syst)

Significances

= 10654.5 + 2 .‘“’*}'H MeV/c2 ~B*B* threshold
— 4 +2.
[,=20.9%77 750 MeV @ =188 121 17 degree

N
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Resonant substructure of Y(5S) — h, (2P) n*n-

«_ 1075 .
S phase-space MC - data
G 107 —— F
E 10,65 F— 5
= — -
T — ;
10.55 L< 2500 :
' . 3 PHSP
105F i 5000 T
1045 combine - :
. ) :
HHHH :‘
1035 =57 %05 106 107 4 70.45 105 10.55 106 1065 107
MM(:: ), GeVlic? MM(r), GeVic
h,(1P)n*n” h,(2P)n*n [preliminary]
M, = 10605.1 4+ 2.2730 MeV/e2 10596 + 715 MeV/e2
T=11.4735 795 Mev > 1&““”1\4&
2
=10654.5+ 2.5 g MeV/e? . & 10651 £ 4 2 MeV/e? Significances
_ . 4 421 & 1 |
1209734 2 vey N 1275 75 MeV 2vs.1:276 (1.90 W/ syst)
o
a=1870+01 o 1.3 31404 2vs.0:6.3c (4.7c W/ syst)
@ =188 131 17 degree 255+?£;+i§5d egree i
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M(uw), GeV/c?

Exclusive Y(5S) ->Y(nS) ©wtr -

10.6
10.4
10.2
10
9.8
9.6
9.4
9.2

Y(5S) — Y(nS) t+n-

(n=1.23)
Y(NS) - ptpu-

- | | T—(S_S) _ |

Y(1S)

- re'flécﬁt'id;jsl

9 9.5 10 10.5
MM(n*1), GeV/c?
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< Resonant structure of Y(55)->(bb)nt*n-

Y(3S) - hy(1P)n* Y(5S) — hy(2P)n*n

L2000 La7s00f 2 Two peaks are observed
= 10000f MO NON-TES. =15000F in all modes!
= contribution *
=~ s000f Z 12500t phsp
£ oo jo000f Belle: PRL108, 232001 (2012)
Y 4000F phsp 7500 .-
zoo0f T Z,(10610) and Z,(10650)
DF[H Tl 2500 :
m _ o should be multiquark states
-20001””“”“.' llllll
10.4 105 106 107 10.4 105 .
M] hy,(1P) 7] M] hy,(2P) n*] Dalitz plot analysis
/ \
o Y(5S) SY(IS)r'm " Y(58) >Y(2S)n'n . Y(5S) »Y(3S)r
111111111111111111111 R DL AL IR L B IR BRI AL L R IR IR AL LR IR
TETTT T U SR Rt B
9 ol : note different scales : 1 % ¢ .
= - 1 - F ! s 30:— -
2 3 | - z
S 4o 4w ! < 60| 3
~ L S o
a 2 ! 5 ]
- 19 . o L E
5 ! é’, é 20 3
D-l = ot . e o e ] UP R AR A S R 2 o v n_||||| Lty } 3 w11 1]
10.1 1|]2 103 1“4 105 10.6 1[!‘7 1'03 10.4 1045 10.5 10.55 106 1055 107 10.72 10.58 10.62 10.66 10.70 10.7:¢
M(Y(1S)7) .., (GeV/c?) M(Y (25)7),.., (GeV/c?) M(Y(35)T) .,  (GeV/c?)
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Summary of Z, parameters

Z,(10610) Z.(10850)

Average over 5 channels Y(18)n'n —— M T N G
(M, )=10607.2+2.0 MeV Y™ 18 e B | | B
(T;)=18.4+2.4MeV  Y(ES)i'm - — -~ -

h (1P} - | - ——
(M, ) =10652.2+1.5 MeV ; ; ; ;
(T,)=11.5+22MeV "7 | | B | |
Average -d:r- -4:»— -dlr -f—
M1_(MB+MB'):+2'6i2'1 MeV TERTTTE ST FETE FITE R I ATEE P T ST ST TR A a1 PN R TRy P
-0 0 10 -0 0 10 -i0 0 10 10 0 10
M, — 2Mg- =+18+1.7 MeV AM, MeV AT, MeV AM, MeV AT, MeV
Final state Y(1S)n m™ Y(2S)m ™ Y(3S)ya ™ ho(1P)n"m~  ho(2P)mn ™
M[Z,(10610)], MeV /c® 10611 +44+3 10609 £2+3 10608 £2+3 10605 +£277  1059915+7
I'[Z,(10610)], MeV 223+ 77550 242431730 1T.6+£3.0£3.0 11475517 131500
M|[Z,(10650)], MeV /c® 10657 +6+3 10651 £2+3 10652+ 1+2 10654 +31) 106511573
I'[Z,(10650)], MeV 16.3 + Q.Sﬂ;ﬂr 133+3.3%5, 84+£20+£20 20979775 19477
Rel. normalization 0.57 £ 0217505 0.86 £0.1175705 0.96 £0.147903 1.39+ 0371005 16755 04

1 8T+44+13

Rel. phase, degrees 58 £ 4373 —13+ 1377 —94 191, 5 l1n

1oq+65+74
181405 100

Z,,(10610) yield ~ Z,,(10630) yield in every channel

Relative phases: 0° for Ynr and 180° for h,nn
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Events/ 10 MeV/c?

First observation of Z,°(10610) inY(10860)— Y (nS)m°r®
PRD 88, 052016 (2013)

707t missing mass for Y—>ptu n°%® missing mass for Y—>e*e-
60 [ (a) N% 60 _ (b))

102 104 106 9 9.2 9.4 96 9.8 10 102 104 106
o_o o0_o
M, i(TTT), GeV/c? M, (T ), GeV/c?

o(eTe” — T(18)7 x?) = (1.16 + 0.06 + 0.10) pb,

o(ete” — T(28)7"7%) = (1.87 £ 0.11 £+ 0.23) pb,

o(eTe” — T(38)7"7%) = (0.98 £ 0.24 + 0.15) pb..
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Dalitz analysis of Y(nS)mr® systems
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Results of the Dalitz analysis of Y(nS)rn%r®

Significance of Z,°(10610) in Y(2S)n°r® is 5.30
Significance of Z,°(10610) in Y(3S)n°n® is 4.7c

2,9(10610) in Y(1S)n°n® is not significant
Z2,°(10650) in Y(nS)n°Y is not significant
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Study of reaction e*e” — w*'T %, at \s = 10.867 GeV
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1.2

Results of the fit of scatter plot
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Search for the signal e*e—>yX, >y® Y (1S)—>yr*m Ot
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B(Y(5S) = 7X3)B(X, — wY(1S8)) < 2.9 x 10~ at 90% C.L.



Conclusions

Belle continues to produce high quality results after five years since the
last data taking

A part of those are presented here:
First observation of D-DO mixing
2.5 & indication for DO-DO mixing and no sign of CPV in D—Kn*r
Measurement of the t-lepton lifetime with the precision better than in PDG
Observation of the Z°(10610) in Y(10860)— Y (nS)n%=°
Observation of the ete'—>n*n %, and upper limit for X, >»Y(1S)

The unique explorations at the intensity frontier will continue with the
start of Belle Il
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