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| Introduction '
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|A Bit of History '

e The idea to construct an asymmetric ete™ collider

running at the Y(4S5) appeared in eighties

e PEP-IT at SLAC (BaBar) ran in 1999-2008, 3.1 GeV (eT)x 9 GeV (e™),
Lopeax = 1 x 10%°* cm™2 s and collected 0.5 ab™!

e KEKB at KEK (Belle) ran in 1999-2010, 3.5 GeV (e™)x 8 GeV (e™),
Lopeax = 2.1 x 10°* cm™2 s~ ! and collected 1 ab™!

e The physical goal — CP violation in the B-meson system —
was reached by both Belle and BaBar in 2001

e Most of the luminosity was collected at the Y(4.5),
but both Belle and BaBar also ran above/below the Y(45):
narrow Y (1,2,35), continuum, 10.6-11.02 GeV
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|Integrated Luminosity at Belle '

Table 1. Summary of the lummosity integrated by Belle, broken down by

CM energy.

On-peak Off-peak Number of
Resonance lumnosity (th=1y luminosity (b~ 1y resOnances
T(15) 5.7 1.8 102 x 10°
Ti(25) 249 1.7 158 » 10°
T(35) 29 (.25 11 = 10P )
T(45)y VD1 14400 15.6 152 = 10" BB
Ti45) SVD2 5710 73.8 620 = 107 EE’_
T(5%) 121.4 1.7 7.1 = 10" B, B,
S an 27.6

J. Brodzicka et al., PTEP 2012, 04D001(2012)
Belle collected x 35 luminosity than BaBar above the T (4.5)
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| Luminosity '
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The goal of Bellell is to have a peak luminosity of 8x10%° cm™2 s*

and collect an integrated luminosity of 50 ab™! in about 10 years
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|From KEKB to SuperKEKB .

Upgrade of KEKB accelerator to SuperKEKB
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|From Belle to Bellell '

Upgrade from Belle detector to Belle |l

* Higher luminosity = higher occupancy & background level
* Upgrade of all Belle detector subsystems was done

KL and muon detector

Resistive Plate Counter (Darmel outer layers)
Scintillator + WLSF + MPPC

(end-cags , inner 2 barrel layers)

SVD

+ 4 layers of DSSD

* r=3.4,8.0 11.5,14.0 (cm)
« L=60cm

EM Calorimeter
Csl(TN). waveiorm sampling electronics

——
o
i
T —

Particle Identification

electrons (7 GeV) i k ( Time-of-Propagation counter (barrel)

Prox. focusing Aerogel RICH (forward)
Vertex Detector
2 layers Si Pixels (DEPFET) + [
4 layers Si double sided strip DSSD

S ' o7 4 i O PXD (pixel detector)
. - & A - - 2 layers of DEPFET
q . v r=14,22(cm)
. - £

positrons (4 GeV) L= fEem

Central Drift Chamber
Smalles cell size, long lever arm
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o 5

About 1000 physicists from 26 countries
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|CP Violation and CKM Matrix '
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|The CKM Matrix — 1 '

The coupling of the quarks via the

chargf:d weak current

First Secand Therd
generatior genaration peneration

Up Charm Top

L ‘ [ ] q —_ e —
J 3
Down Strange Bottom

is described by the Cabibbo-Kobayashi-Maskawa matrix:

’Tud Vu-s "L-,b

Vernv = | Vea Ves Ve
'L )j‘" ra J,F'

td Vis Vi

The CKM Matrix is a 3x3 complex matrix;

The condition that the Matrix must be unitarity and the freedom to redefine the
complex phase of five out of six quark fields, reduces the number of degrees of

freedom to 4 (not predicted by the Theory).
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(The CKM Matrix — 11 '

o The CKM Matrix can be parameterized as:

Wolfenstein

1 }\T-' A AN £ p— 'E-';'ff') parameterization
I - ) 32 A2 4 A: expansion parameter,
"L'f‘* M = » —A ‘ - ? AN + O{-/\ \;I aka sine of Cabibbo angle,
AN (1 — p—in) —AN? 1 ) -0.22
d S b
( \
« Strong hierarchical structure: the u [
coupling between quarks of different
generations is suppressed; c ] o
» There can be a weak phase, affecting only
the smallest elements of the Matrix, at first t " =
order; \ /

» This weak phase is the origin of all CP Violating phenomena we have
observed so far in the quark sector.
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|The CKM Unitarity Triangle — I '

Six (only three are independent) of the unitarity - =
conditions of the CKM Matrix define triangles on the Vo TVC KM = 1
complex plane:

D) ViadVap + VeaVa + VidViy, = 0
Oo(\’) O(\%) O(\Y)

z) Vu..svjb =+ W&VL}E + WSLIL#E; = 0 —
o) op)  op L =

) ViV +VedVie + VgV, = 0
O(A) O(A) Oo(\)
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|The CKM Unitarity Triangle — 11 '

« Dividing1)byV V , we obtain: Vua Vi, 1 /i Vi Ly
Vi FEn Ve,
Lcd‘[ CE}I 1‘ Cd-‘/ Cb
which defines the “standard” CKM Unitarity Triangle:
A .
— — b 4
Im (p.M) po= p (1 ey | C}(},‘l ))

A2
7 o= 0 (l -+ O{X{))

(0,0) (1.0) Re

« We can (over)constrain the position of the apex (p, 1), by performing
independent measurements of the magnitude of the sides R and R, and of the

angles ¢, b, and e
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|Determination of the UT Sides '

_ | YudVy . — | VdVe
R'H- — 1/_: 'V;* t — 'Ljr e
cd Ve “ed ¥ ep

A

Im

0,0)!
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| Sides: R, '

« R mostly comes from the BB oscillation frequencies Amd/Am
L =5
(systematics cancel in the ratio);

o Theexperimental measurements are e Sl Talnl
close to being systematics - HEEEE oA il
dominated, the focus is on Lattice . NN\ - - HEP

CD, which computes the relevant
hadronic quantities; —ag B Kimw | 2
e Some tension with the CKM fit! N
Gt HH [ull HH
: | HI—‘ i |H_| : lxe i : | :
T8 9 35 39 43 .18 0,19 020 021 022 023
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Sides: R,

o Theprecision onR isdominatedby V andV ;

» Experimentally, these parameters are measured from
semileptonic decays of B mesons (hadrons);

e Treelevel transitions: fundamental inputs for the CKM fit!

I S s i ey ]
B=D*lv Insclusive .
By |'!"“'{i(i”|'

— IV [V | glabal fit in KS

= Ay =Py
[ | Average 65% C.L,

I Average A=)

]]]

Illllllllj

[I fllll Illl]‘
J%I

14 36 38 40
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|Determination of the Angles — 1 '

December 11-13, 2019

Detector | N(BB), 10° sin 2¢4 Cit.
BaBar 32 0.59 +0.14 £ 0.05 | 906
Belle 31.3 0.99 +0.14 +£0.06 | 971

BaBar: B. Aubert et al., Phys.Rev.Lett. 87, 091801 (2001)
Belle: K. Abe et al., Phys.Rev.Lett. 87, 091802 (2001)
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|Determination of the Angles — II '

alternative
nomenclature:
Imjll
¢, = a
_— : 4 .
(0,0) \ / (1,00 Re
| ]V.-’ V * | L,z’ ‘ lt S
G3 = arg ——f‘d 'lf @1 = arg|— ;‘d Cf
VeaVig, ViaVig
Current precision: ~5° Current precision: ~0.7°
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|CKM UT: Today '
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|CKM UT: Outlook '

CKM Unitarity Triangle ~8 years from now:
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Assumptions: Belle II so ab™, LHCb 23 fb™
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|BelleH — A B-decay Event '

First B-like event in the Belle || Phase 3 run
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|Charmonium Spectroscopy '
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|Particle Production at eTe~ Factories '

Production from B-decay
(broad D**, Dy, Xc1(3872))

Production from continuum
(DsJa 770(25)7 X(3940)7 2(2800))

Two-photon production
(770(25)7 Xc2(2p)v X(4350))

Initial-state radiation
(4(4260), +(4360), (4660))
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|Charmonium — General Picture '

e Ten cc were found in 1974-1980:

J/0, n(1S), xeo(1P), Xxe1(1P), xe2(1P), ¥(2S5) below and
Y(3770), (4040), (4160), 1»(4415) above the open charm threshold

e With 7.(25) (in 2002) and h.(1P) (in 2005)
the cc system seemed completely understood ... but

o After 2003 more than 20 new cc-like states decaying to ccX
rather than to open charm unexpectedly were found.

For some of them there is no place in the cc spectrum.
e More than 30 different states listed by PDG in 2017

e E.Fermi: If I could remember the names of
all these particles, I'd be a botanist
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|The Charmonium System '

~4.50 -
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[Discovery of X (3872) ]
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Belle - S.-K. Choi et al., PRL 91 (2003) 262001; 152M BB pairs; 1699 cites!
A 10.30 J/ymntr~ state with M = (3872.0 £ 0.6 = 0.5) MeV and ' < 2.3 MeV
Confirmed by CDF and DO in pp and BaBar in B decays
Seen and extensively studied at LHC
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What do we know about X (3872)7

o N

s

+.— ~ M, (violates isospin)

e Decays to J/yvy, ¥(2S)y = C = +1

o B(¢y(25)y)/B(J/yvy) = 2.46 £ 0.64 + 0.29

e Spin-parity analysis = JF¢ = 17+ 27 finally JF¢ =17+
e Doesn’t decay to xc1y, DD, vv, ete”

e No charged partner, not an isovector

e Belle (BaBar) observed decays to D°D°x?(D°D*?) with mass 3875 MeV,
marginally OK with one state or could be two states, the rate much larger

than that of J/¢¥7m™ 7™, many models suggested, but ...

e CDF: M = 3871.61 £0.16 £0.19 MeV Most precise!
0.19+0.43 MeV below the D°D*? threshold, no 2 states, AM < 3.6 MeV at 95%CL
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Study of B — X (3872)(D*'D°)K

o 0F o 16F =
E 25E ’ ’ > 14F -
< 0 E 125_ E
2 | ’ H | 3 10F
> 155 LT =
@ F | I i LN B S sb
g AR WL,
53—“ 4 | :
ob |¥ ----- b Lo Lo Lo L 2 | et l ]‘ E
3.88 39 392 _394 396 398 4 F il 1L R T T
MDD’ (GeV/c?) 0773 39 39 304 39 398 4
Belle — 657 - 106 BB pairs; MDY (Gevic)
T. Aushev et al., Phys. Rev. D 81 BaBar — 383 - 10° BB pairs;
(2010) 031103. B.Aubert et al., PRD 77 (2008) 011102

New M, I from Belle consistent with J/17" 7™, mass 2.30 lower than in BaBar:
M = 3872910501 MeV
compared to the world-average My yrr = 3871.69 £ 0.17 MeV
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Discovery of Y (4260)

e A T T T | I

& - w4
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&30 of §
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3 -*-Il 4!2 4:4 4!6 4:8 5
m(m ) (GeVich)

BaBar studied eTe” — J/w7r+7r_’yISR and found an excess
125 + 23 events, M = 4259 & 872 MeV, I' =88 4 237§ MeV

B. Aubert et al., Phys.Rev.Lett. 95, 151804 (2005), 820 cites!
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Discovery of Y (4360)

s ;
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BaBar studied ete™ — ¢(2S)r 7 ysr and found an excess
125 £ 23 events, M = 4324 + 24 MeV, ©I' =172 £+ 33 MeV

B. Aubert et al., Phys.Rev.Lett. 98, 212001 (2007), 345 cites!
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|6+6_ — ATA via ISR at Belle l

o(nb)

04 ﬁ

+ _____ L W _____ _+___ﬂ+--___+ _______ #ﬁﬁ ﬁﬁ_f

‘ ‘ ‘\\ ‘ \\\‘\\\
4.5 4.6 4.7 4.8 49 5 51 52 53 54

M(A; A\Y) GeV/c?

142732 events (~ 8.20) M =46347515 MeV T = 92120729 MeV
Was also confirmed in the ¢(2S5)7 "7~ final state
G. Pakhlova et al., PRL 101 (2008) 172001; Belle — 695 fb~—1, 207 cites
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ete™ — D™ D® at Belle with ISR

Belle studied ete™ — D™ D™ () with 951 fb~! up to 6 GeV

g E a)
© 4L \\ ar |+|+}
| \ A H||#H| h |
ol “ i“ o: # N + +f *m{|Hj+|+tﬂ+ﬂf*m#0++f'¢+,
I | HHHHH 4 4.2 44
}
0 * [ H * l ﬁ*‘fim"}"“‘“o:fﬁ ‘‘‘‘ o e e
|
3 |HH|| {l}h +|{|}||+ b)
: i fh }
- 1
: o } } t ’Mh'imh}'*” v
L § H
1} I'InHHlll' — ‘4‘
E {H Mi 0++'.“”‘* ’*Oi, .
O gy
Vs GeV

a)ete” — DTD*™ 4+ cc, b)ete” — D*T D", 1(4040), 1(4160), 1(4415) seen
V. Zhukova et al., Phys.Rev. D97, 012002 (2018)
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|Summary on 17~ States '

e Four well-known broad excitations of the J/1 are confirmed in exclusive

channels; first steps to disentangle decay mechanisms made. Larger data
samples and additional decay modes needed to perform fits in the
coupled-channel model to determine their parameters.

e New vector states observed (¢(4260), 1(4360), 1 (4660)).
Although well above open charm threshold, they decay to J/v¢(¢(2S))n 7.
Energy dependence of cross sections may be affected by
interference, coupled-channel and rescattering (D(*)D(*)) effects

e The ¥ (3990) state of Belle is not confirmed by BaBar and BESIII,
but is not ruled out by them

e The ¢)(2S)nT 7~ state at 4660 MeV and
the ATA state at 4630 MeV are probably the same

e Interpretation is not straightforward and needs theory input.
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|Double Charmonium at Belle '

CO \Y | e
o | r]c Xc0 ‘ \ *
%‘100 &/ ' P *
: . +
| LN
%0 +++ ..... SLE
A ot ot
o ORI 1 1 |
2 2.5 3 3.5 4 42.5
M _...(J/V) GeV/c

K. Abe et al., PRL 98, 082001 (2007); Belle — 357 fb~*
A new state X (3940) observed in the recoil to J/1,

M=3942"% + 6 MeV, I' = 3712% £ 8 MeV
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Alternative Candidate for y.(2P) at Belle

Belle studied ete™ — J/v¢ DD with 980 fb~*

Events / 50 MeV/c?

The 07" state with M = 386275 MeV, I' = 2017} MeV with 6.50 sign. found
K. Chilikin et al., Phys. Rev. D95 (2017) 112003
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Observation of the Z(4430)= by Belle — I

S.-K. Choi et al., Phys. Rev. Lett. 100 (2008) 142001 saw the very first charged cc-like
state, B — K Z(4430)% (y(25)7%), with 657M BB pairs (605 fb™1), 629 cites!!

Events/0.01 GeV

3.8 4.05 4.3 4.55 4.8
M(rt"y') (GeV)

Confirmed by Dalitz plot analysis in R. Mizuk et al., Phys. Rev. D80 (2009) 031104
Not seen by BaBar with 413 fb', B. Aubert et al., Phys. Rev. D79 (2009) 112001
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Observation of the Z(4430)* by Belle — II

Confirmed with full amplitude analysis and 772M BB pairs
J¥ =17 is favored over the 07, 17, 27, 2% (3.40, 3.70, 4.70, 5.10)

45¢
40-

=

25¢
20F
15
10

Events/0.17 GeV?/c*

15 16 17 18 19 20 21 22 23
M2y’ 1), GeV?/c*

K. Chilikin et al., Phys. Rev. D88 (2013) 074026
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|Conclusions on cc States '

e A lot of new information/states from BESIII and LHCb
e Charged charmonia well established

e 38 states listed by PDG in 2019

e Their nature is sometimes unclear:

molecules, tetraquarks, hadrocharmonia, hybrids, ...

e In the new PDG Naming scheme X (3872) is now called x.1(3872),

—x0
is it indeed a mixture of the DD molecule and cé?
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|Bottomonium Spectroscopy '
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|Introduction — Some History '

e Until recently most of the info on bottomonium came
from CLEO and CUSB at CESR (80-ies and 90-ies)
as well as from ARGUS and Crystal Ball at DESY

e These works followed the discovery of the T(1S) at Fermilab in 1977,
so by mid-90-ies we knew three narrow and three broad T(nS)’s

plus six x»s(1P) and x,7(2P) states

e Then for a long time CLEO had a monopoly improving precision,

which was broken by BaBar and Belle during last 5 years

e In particular, Belle collected ~146 fb~! from 10.63 to 11.05 GeV,

two orders of magnitude larger than before

e An important addition to Standard Model tests, providing a lot of

information on strong interactions and new (exotic) hadrons
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| Bottomonium Levels '

Mass (MeV)
111007 Y(11020)
109001 Y(10860)
Thresholds:
BSBY
10700} B*B*
X, (3P) B
10500,
10300} Xy, (2P) X, (P) } Yoz (2P)
. Y(1°D,)
T m
10100, w m
1P X, (1P)
9900 | Xpo (1P) r Xy (1P) 3 02
9700 |
™
n
9500 |
n, (18)
Y(1S)

9300 1

pPC - + - - + = + + + + + + - —

J7= 0 i 1 0 1 2 2

K.A. Olive et al. (Particle Data Group), Chin. Phys. C38, 090001 (2014)
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|Summary of Recent Findings '

e First observation of hy(1P) and hy(2P)
[. Adachi et el., Phys. Rev. Lett. 108, 032001 (2012), 185 citations

e Reliable observation of 7,(1S) and first evidence for 7, (25)
R. Mizuk et el., Phys. Rev. Lett. 109, 232002 (2012), 95 cit.

e Discovery of charged states Z;(10610) and Z,(10650)
A. Bondar et el., Phys. Rev. Lett. 108, 122001 (2012), 515 cit.

e Discovery of the neutral state Z;(10610), 72 cit.
P. Krokovny et al., Phys. Rev. D88, 052015 (2013)

e Amplitude analysis of e"e™ — Y(nS)7 "7~ and quantum numbers of Z,
A. Garmash et al., Phys. Rev. D91, 072003 (2015), 69 cit.
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|Strength of the Recoil Mass Method '

N§ Y(2S) 2)
% 40000 i
§ 30000 F Y(18) h,(2P) "
20000 | - hyap) i | —
10000 | E = | o) ||
| AT T A
0 IH.l||||H]|I|ll|l|l|.||||II|||I|l.||||..||||l|||l I W | L
- l | 9.8 — 0 L, 10.2|' — 02
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|More About Bottomonium '

e Y(4S5), T(10860), Y(11020) have properties unexpected for pure bb bound
states: much higher rate of transitions to lower bottomonia with emission of

light hadrons, strong violation of HQSS

e Possible explanation — hadron loops, presence of B(( ))B E:g : in this approach

T(10860), T(11020) are T(5S5) and Y(6S) "dressed” by hadrons
e In the region of the T (4S5, 55, 65) states the Y(3D, 4D) are also predicted.

In addition, exotic states are possible here

e Various final states have been studied in the bb region:
Y(nS)r+m—, ho(nP)atn—, xps (1P)7+a—n°, BY )B( )

e Electromagnetic quarkonium production is a good lab to test

NRQCD predictions for the cross sections of radiative processes

S.Eidelman, BINP p.44/78
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A new structure near 10.75 GeV in ete™ — T(nS)n n~ -1

Analysis is based on about 200 fb~! collected at 28 c.m.energy points

Energy, MeV | Points | Luminosity, fb~!
10520 1 60
10630-11020 21 20
T(10860) peak 6 121

Ee¢.m. calibration was performed with ete™ — up~ and ete™ — YT (nS)nta™
Events of eTe™ — YT (nS)rTn~ are selected, T(nS) = ete™, ptu~, n=1,2,3
A special variable for selection and BG suppression is the recoil mass:
Mrecoil(WJrW_) = \/(Ec.m. —Erip-)? — p72r+7r—

R. Mizuk et al., JHEP 1910, 220 (2019)
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A new structure near 10.75 GeV in ete™ — T (nS)ntn~ — 11

400 -
300 -
200 -
100

Events / 10 MeV/c

300 -

200 -

100 |

Events / 10 MeV/c?

L b e T e [t e e e T O cle e b b e b e b e b by \

8 85 9 95 10 105 9 92 94 96 98 10 102 10.4
M, oo (TETE) (GEV/C?) M. () (GeV/c)

The fully reconstructed events (diagonal): |Mecon(m 7~ ) — M(IT17)| <150 MeV.
Two populated regions below the diagonal are due to transitions from the YT (10860) to
the Y(25,395) via ISR and light mesons

R. Mizuk et al., JHEP 1910, 220 (2019)
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A new structure near 10.75 GeV in ete™ — T (nS)nTn~ — 111
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From the M;econ (77 ) fit the Born cross sections are obtained.
Clear Y(10860) and Y (11020) peaks are seen, also a structure at 10.75 GeV

R. Mizuk et al., JHEP 1910, 220 (2019)
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A new structure near 10.75 GeV in ee™ — T (nS)ntn™ — IV
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The fit of the o(T(nS)) and M;econt (77~ ) includes
the Y (10860), Y(11020), the new structure and the Y (25, 395) tails

R. Mizuk et al., JHEP 1910, 220 (2019)
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A new structure near 10.75 GeV in ete™ = Y (nS)rtn~ -V

Measured masses and widths

State T (10860) T (11020) New structure
M, MeV | 10885.3 £ 1.572% | 11000.0752 1% | 10752.7 £5.9 )]
[, MeV | 36.6755 ™7 23.8+59F0T | 355717043

S.Eidelman, BINP

R. Mizuk et al., JHEP 1910, 220 (2019)
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A new structure near 10.75 GeV in ete” — YT (nS)r n~ — VI

o(Y(1S)1i'1t) (pb)

o(Y(2S)m' 1) (pb)

o(Y(3S)m'mt) (pb)

Energy dependence of o(Y(nS)) with visualized ISR
R. Mizuk et al., JHEP 1910, 220 (2019)
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|Conclusions and Future of Bottomonium Studies '

e Various bb states have been discovered /remeasured due to new

energy domains, high statistics measurements and sophisticated analysis
o Higher M,, 15) confirmed, smaller tension with theory for AMur(15)

e FExotic states (two Z;’s) not fitting the quark model exist, they decay into
both hidden (Y7, hy7) and open beauty (B*B*, BB* + c.c.) states

e Not yet discovered bottomonium analogues of cc states likely,

the question of analogies with charmonium is of great interest
e Y(10860) and Y (11020) decay to Y (nS)wm and hy(1P)mm

e New decay modes of Y(10860) — B{” B{*, no signal at Y(11020)
B*B! : BsBX 4+ c.c. : BsBs=T7: 0.856 +0.119 : 0.645 £ 0.100
Strong breaking of HQSS

e A lot of work for Bellell and LHC experiments in the future

S.Eidelman, BINP p.51/78
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Low-Energy Physics from Initial-State Radiation (ISR)
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|What Can We Learn from Low Energy eTe~ Cross Sections? '

1. Detailed study of exclusive processes ete™ — (2 —T)h,h =m, K,n,p, ...
e Test of models and input to theory (ChPT, Vector Dominance, QCD, ...)

e Properties of vector mesons (p',w’, ¢’,...)

e Search for exotic states (tetraquarks, hybrids, glueballs)
e Test of CVC relations between eTe™ and 7-lepton

e Interactions of light (u,d, s) quarks

2. High precision determination of R = o(eTe™ — hadrons)/o(ete™ — uTu™)

at low energies and fundamental quantitites

* (gu—2)/2
o a(Mz)

e QCD sum rules (as, quark and gluon condensates)

S.Eidelman, BINP p.53/78



XXV IFT Workshop, Madrid

|Current Status of a, l

DHMZ10
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FI17 —_—
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A. Keshavarzi, D.
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Nomura, Th. Teubner, arXiv:1911.00367
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ete” — w7~ at BaBar
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J.P.Lees et al., Phys.Rev. D86, 032013 (2012)
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|Production of Four Pions at BaBar '
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2127~ J.P.Lees et al., Phys.Rev. D85, 112009 (2012)
a7 27Y  J.P.Lees et al., Phys.Rev. D96, 092009 (2017)
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|e+e_ — nrtn~ at BaBar '
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J.P.Lees et al., Phys.Rev. D86, 032013 (2012)
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|Production of Six Pions at BaBar '
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227270, 37737~  B. Aubert et al., Phys.Rev. D73, 052003 (2006)
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|Current Status of Exclusive Measurements with ISR '

Cross sections (nb)
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BaBar studied the energy range /s < 3 GeV, also BESIII
Bellell will contribute with x100 statistics and /s < 5 GeV

S.Eidelman, BINP
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| T-lepton Physics '
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lT lepton Studies '

e A pure laboratory to test Standard Model

e All three basic interactions are probed:

+

electromagnetic production in eTe™ — 7777, weak decay,

strong form factors in hadronic decays
e Low decay multiplicity = smaller combinatorial BG

e Fach hadronic decay is saturated by a single resonance:
21, Am, nom —p+p + ..., 31 —a1(1260) + af etc.

e No hadrons in the initial, the only hadronic system in the final state
o At T(45) o(ete™ — 7777) =0.9 nb, so 1 ab™! gives =~ 10° 777~ pairs

e Bellell will collect a data sample
three orders of magnitude higher than CLEO

S.Eidelman, BINP p.61/78
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|T—lepton Mass at Belle — 1 '

o 414 fb~! or 370 x 10° 777~ pairs

o ~6-10° events 7~ = 7T U,

e Method of pseudomass

e p.=px + p,=M%: + M? + 2(ExE, — |px||p.|cosh)

* MV207 ‘ﬁV‘:EV:ET_EX
M? =m% + 2(E, — Ex)(Ex — |px|cos0)

T

M2 > Mgy, = M5 + 2(Ebeam — Ex)(Ex — [Px])-
o f(Mpuin) ~ (a1 + aoMpyiy) tan™! (M, — a3)/as + a5 + ag Mmin
K. Belous et al., Phys.Rev.Lett. 99, 011801 (2007)
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|T—lepton Mass at Belle — 11 '

Belle Data

IS
Q
=]
o
T

Entries/0.8MeV
&
8
T

[

[}

[}

[}
T

2500 |
2000
1500 7
1000 ; P,=1777.7710.13 MeV

500 [

oY T T T T
1.72 1.73 1.74 175 1.76 177 1.78  1.79 1.8

Mrnln (Gev)

M, = (1776.61 + 0.13 + 0.35) MeV
K. Belous et al., Phys.Rev.Lett. 99, 011801 (2007)
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|CPT test from comparison of M_+ and M- — 1 '
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Belle: M, — M, = 0.05+ 0.23 + 0.14 MeV
K. Belous et al., Phys.Rev.Lett. 99, 011801 (2007)
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CPT test from comparison of M_+ and M- —II

Am =m .+ — M-

Group OPAL, 2000 | Belle, 2007 BaBar, 2008
N,+,—,100 0.16 370 389
Am/m,, 1074 0.0 £ 18.0 0.3+1.5 —3.5+1.3
Am/m,,107* 90%C L < 30.0 <28x107% | =h6<...<—14

K. Belous et al., Phys.Rev.Lett. 99, 011801 (2007)
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|mT after BESIII Measurement '

ARGUS  1776.30%5
BES (96') 1776.96%)3

CLEO 1778.20% 5
OPAL 1775107 2
BELLE 1776.617039
KEDR 1776.81703

BABAR 1776.68')
PDG12 1776.8213¢
This work ~ 1776.910/8

R S ST RN S AN T SN A AN RO SRS N P R
1766 1768 1770 1772 1774 A1 276 1778 1780
T mass (MeV/c?)

BESIII: M. Ablikim et al., Phys.Rev. D90, 012001 (2014)
PDG19: m, = (1776.86 4+ 0.12) MeV
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|First Analysis with 7 Leptons '

T reconstruction (Phase 2 data)
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|Measurement of 7. at Belle '

—e—1 289.0+2.8+4.0
e 2802 +1.7+£1.2
e 290.1 £ 1.5 1.1
He— 2932+20%1.5

4 2909+14+£1.0

290.6 = 1.0

CLEO
OPAL
ALEPH
L3
DELPHI

mean PDG

] 289.40 +0.91 + 0.90 BaBar (prelim.)

L 290.17 £ 0.50 + 0.27 Belle (prelim.)

J_A_AJ_A_A_A_AJ_A_A_A_AJ_L
285 290 295

T (fs)
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7. = (290.17 £ 0.50(stat.) = 0.33(syst.)) x 107° s = (290.3 £0.5) x 107 s
[T+ — Tr— |/ Taverage < 7.0 x 1072 at 90% CL
K. Belous et al., Phys.Rev.Lett. 112, 031801 (2014)

S.Eidelman, BINP

p.68/78



XXV IFT Workshop, Madrid

|Test of Lepton Universality in Leptonic Decays — I '

S.Eidelman, BINP

2 m5
'L — lvy) = Cig%;f Feor(mp, my)
Fcor(mLaml) — f(mlz/m%) FW Frad

f(x) =1 — 8x + 8x* — x* — 12z%Inx

Frad =14 a(;:rL)(zf o 7.‘-2)
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|Test of Lepton Universality in Leptonic Decays — II '

B(tr— f)=0T(r— f)/T(t — all) =
I'(r — ev, ) = B(T — ev )/t

(Grmmmee) = GRe)*(2)B(r — evri) G
Vs 0 my, | My | My
a(y/s)”1 | 137.036 | 136 | 133.3 | 128
Correction I T
f(m?/m2) | 0.9998 | 1.0000
Fw(mg) | 1.0000 | 1.0003
Fraa(myz) | 0.9958 | 0.9957
Total 0.99558 | 0.99597

S.Eidelman, BINP
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|Test of Lepton Universality in Leptonic Decays — 111 '

T t-, fs B(r — ev, i), % m,, MeV Comments
0.9405 | 305.6 +6.0 | 17.93 4 0.26 1784.1727 | PDG, 1992
4+0.0249 | 40.0185 +0.0136 oo —2.40
0.9999 | 291.0 +1.5 17.83 4 0.08 1777.01030 | PDG, 1996
4+0.0069 | 40.0052 40.0045 40.0008 —0.01c
1.0020 | 290.6 1.1 17.84 +£0.06 | 1776.997020 | PDG, 2004
4+0.0051 | £0.0038 40.0034 40.0008 +0.40

S.Eidelman, BINP

Currently (from leptonic decays):
r =1.0010 £ 0.0015

Iu

Iz = 1.0029 + 0.0015

Je

Ir —1.0019 & 0.0014

Jde
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|Test of Lepton Universality in Hadronic Decays '

(g_T> B B(r— — h7v,) 2mhm/2ﬂ'h (1 — mi/m%)Q Th
9. B(h— = p=5,) m3(1+6R.p,) (1 — m?2/m2)2 7,

h=m, K, 6R;/x=(0.16+014)%, O0R, ,x = (0.90+ 0.22)%
(g—;) = 0.9961 +0.0027,  (£=)x = 0.9860 + 0.0070
(&)t ac = 1.0000 + 0.0014

The situation with W leptonic decays is less satisfactory:
BW™ — u*v,)/B(WT — etr.) =0.997 £ 0.010
BW* —1%v,)/B(WT — etv,) = 1.036 +£ 0.014
BW* — 7tv)/B(WT — ptvy,) =1.039 +0.013
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Lepton Flavor Violation (LFV)

Upper limits for LFV t decays at B factories

+®1m1m+m4w1m1®

The Belle Il Physics Book arXiv:1808.10567

S.Eidelman, BINP
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|CVC: ete = V%and 7= — .V~ '

Allowed quantum numbers I¢J =171
Vo =a 7, 4r) ,wr ,nn 7, K" K°, (671)",
Total branching B(V v, ) ~ 32%

First CVC tests: good agreement of B, from e™

e~ with 7 data
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ete > 7tn~ and 7= — 7 7%,
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In both eTe™ annihilation and 7 decays p(770), p(1450) and p(1700) seen,
detailed comparison indicates importance of SU(2) breaking effects
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Observation of 7~ — 7 v.eTe™ at Belle — 1

Diagrams a,b,c are structure independent, d,e — structure dependent.
Y. Jin et al., Phys. Rev. D100, 071101 (2019)
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lObservation of 7~ — m v utu~ at Belle — 11 '
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Y. Jin et al., Phys. Rev. D100, 071101 (2019)
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| Conclusions '

o Bellell reached the peak luminosity of 1.05x10%* cm™2 s~!
o Last week first 10 fb~! were collected

e Very rich physics in tests of the Standard Model

e Will we move to better understanding QCD?

e Unprecedental possibilities in searches for New Physics
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