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Flavor physics in the SM
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Fermionic (flavor) sector

o 3 Yukawa constants for charged leptons
o 6 Yukawa constants for quarks

o 4 quark-mixing parameters

This is a really miraculous part of the SM. There is no idea
o why do we have many (3) generations?

o why are these 13 constants such as they are?

o why is there a hierarchy & smallness structure?

o why is the mixing matrix almost unit, but not exactly?

All these Whys?:the SM flavor puzzle



Physics at (Super) B factories

e

o B mesons : CP Violation, Rare decays, CKM Access to (almost all,
matrix elements including complex
o D mesons : mixing, CP Violation, Rare decaysy_ PPase) CKM matrix
elements

o Tau leptons : search for Lepton Flavor Violation

S—

New Physics beyond SM
\

e

o Hadron spectroscopy: quarkonium (+like),
charm and light mesons & baryons + exotics?

Important input to
QCD models

\

o Yy physics

S—

New spectroscopy beyond

standard quark model:
tetraquarks, molecules etc

o Direct search for light sterile particles (sterile
neutrino, dark photons etc)



Physics at (Super) B factories

Flavor Physics studies processes via loop diagram:
o FCNC (b—s, b—d)

o mixing (box diagram)

o CP Violation (box, box+loop)

New Physics (e.g. SUSY) even at high mass scale can compete with SM

If New Physics will be found at LHC

its flavor and CP violating couplings should be studied at Flavor experiments
If New Physics will NOT be found at LHC

Flavor experiments give a chance to observe NP manifestation even for the mass scale > TeV

Benefits of (Super) B factories at e*e™ colliders

o Low backgrounds, high trigger efficiency, high y and ¥ reconstruction
efficiency, high flavor tagging efficiency with low dilution

o Negligible trigger bias and good kinematic resolution (due to low background)

o Dalits analyses, absolute branchings, missing mass and missing energy
measurements

o Systematics differ from LHCb
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Belle experiment at KEKB

8 GeV (e7) x 3.5 GeV (e7)
designed luminosity: 10.0x1033cm2s!

achieved 21.2x1033cm=2s7! (>2 times larger!)
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Completed data taking on June, 2010
to start SuperKEKB/Belle II upgrade


http://kekb.jp/

Belle Il Detector

| KL and muon detector:
Resistive Plate Counter (barrel)
¥ h’ﬁﬁfi“ator + WLSF + MPPC (end-caps)
| EM Calorimeter: i —
Csl(Tl), waveform samplin 2 (b 3 7
| Pure Csl + waveform sa \\‘\\\‘\t\

electron (7GeV)

a iéle Identification
—qf—Prbp;agation counter (barrel)
. focusing Aerogel RICH (fwd)

Beryllium beam pipe V
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Vertex Detector
| 2 layers DEPFET+4 |

_ 1 positron (4GeV) SuperKEKB luminosity profile
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Goal of Belle II/SuperKEKB
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Belle 11 with respect to Belle

Belle The energy asymmetry 8 GeV (e¢7) x 3.5 GeV (e*) = Py=0.425

o sin(2p) the main goal of the experiment
o measurement of At between the two B mesons with high precision

Belle II The energy asymmetry 7 GeV (e7) x 4 GeV (e*) = fy=0.28
=> better hermiticity

o modes with neutrino in the final state ( e.g. B—1v)

o A smaller beam pipe radius (1.5 cm to 1.0 cm) allows for the innermost silicon
detector layer to be positioned closer to the IP (2.0 cm to 1.3 cm)

o significantly improve the resolution in the z direction
o Significantly increased outer radius of the SVD (from 8.8 to 14.0 cm)

o more K/ for the time-dependent using K’ vertexing
o Higher reconstruction efficiency of D* slow pions and better flavor tagging
o PID improvements

o improve K/m separation, flavor tagging, rare charmless decays or b— sy efficiencies,
background rejection

o Improvements to the KLM

o higher K, veto efficiencies used in missing energy analyses (B—tv)



CP violation in
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Unitarity Triangle for CP violation in B’ mesons
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Belle 11

o Precise measurements of UT angles

o Tight constrained on CKM matrix elements

o If inconsistency between angles or/and angles + sides =2 indication for NP



Precise measurement of sin(2p) in B? —ccK®
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o measurements: B - w7t f i
The decay amplitudes B — n'n(p*p) include:

o atreeterm T~V "V 4 (dominant) 6_6 v

o apenguin term P ~ V. *V, (suppressed, but not small) 94&;%; -
NB’ > r'n)- N(E0 —> ')
NB’ > r'r )+ N(Z_30 —>a'n)

|

o= 1= 1

Ap(AL) = = §-sin(AmAt) + A-cos(AmAt) @)

Parameter S of indirect CPV:

S =sin2a +2rcos dsin( B+ a)cos 2a + O(r)

o 0 — the relative strong phase between T and P amplitudes
o r<1—ratio of P to T amplitude

We can measure effective a (o) shifted by extra angle

S=1-Csin(2a,,) —a+6

Ly
To measure a additional inputs are required

The cleanest method is the isospin analysis (Gronau and London)
We need to measure all 6 BR’s of B’ and B* to nr decays: n*n-, n#’, n*n’



o: experimental results

PRD 88, 092003(2013)
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o Complicated analysis (especially for p°p?) ;
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o BUT method was checked many times by Belle & BaBar
o Belle & BaBar consistent results c
o Statistics limited (not systematic)

o B factories only (a lot of neutrals in the final states) :
o Expected errors : 5 ab! to be 2°, 50 ab~!to be 1° .
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Direct CPV and y

B—DK: the angle between two
amplitudes 1s really vy, but the final
states are different D%£DVY

V., V*
o o _ cd” cb GLW method (Gronau, London, Wyler)
DY AN PLB 253, 483 (1991)
v © : :
" K - DY decays into CP eigenstate

5 4 K- —© (rarely — Cabibbo suppressed modes,

\ cb
oO—0O O @ e.g. K'K-, K(n%)

ADS method (Atwood, Dunietz, Soni) PRL 78, 3357 (1997)

DY decays into final state typical for D (very rarely — doubly Cabibbo suppressed
modes, e.g. K" 7). Enhance CP asymmetry by suppression (in D-decay) of allowed
(in B-decays)

GGSZ method (Giri, Grossman, Soffer, Zupan) PRD 68, 054018 (2003)

Used by experimentalists (A.Bondar) before suggested by theoreticians

DY decays into three body state (e.g. K(n* - ): mixture of opposite CP eigenvalues
+1/—1 also contain doubly Cabibbo suppressed decays. Resolve by Dalitz analysis.



Fit to all measurements KM -~ GLW+ADS

y(combined —2014) = (73.2157)° M T

[§

LHCb can measure this with

better accuracy (charged modes) 5 . pr with D — 4
Belle-1I provides importantand p — pxr with D — i, D — Kl

independant cross check

CKM 14 === GGSZ
0 Combined

0.8 |-
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The accuracy of present measurements are limited by
statistics (we really study VERY rare decay). The
systematic and model uncertainties are much smaller.

Sensitivity of Belle I and LHCb upgrade

Decay mode LHCb upgrade|Belle II

B — DK with D — hh/, D — Knnrm |1.3°  [15] 2.0°

B — DK with D — Konm 1.9° [15] 2.0°
1.7° —
1.5° [16] -

B — DKnm with D — hh' 3.0° -

Combined 1.1° 1.5°

Time-dependent BY — DFK= 2.4°  [15] -
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o Inclusive
semileptonic decays
V| B— X, 1v
V| B— X, 1v

o Exclusive
semileptonic decays
V] B— D1y
Vi Bomly

Sides of UT

~|th/ Vts|

o B, and B, mixing: Am /Am,

Hadron colliders

o Radiative decays

b— sy, b— dy
B factories
Observables Belle Belle 11 L
(2014) 5 ab™! 50 ab™! [ab™!]
Vep| incl. +2.4% +1.0% <1
V| excl +3.6% +1.8% +1.4% <1
V| incl. +6.5% E3AV 3002
V| excl. (had. tag.) +10.8% +4.T% £24% 20
V| excl. (untag.) +9.4% +4.2% £22% 3




Search for New Physics “,

A .
5 |

. -
" T
b 4] ; il LAY
&
; Sy,

. beyond UT




sin(2f}) in
b—sqq decays

sin(2p°™) = sin(2¢;") [

PRELIMINARY o
5 oos World AVeTage ! 5 58 =003 Belle II measurement of sin(2f3)
% Babar | | 0.66+0.17 =0.07 o To check the consistency of
" papar i B e Unitarity Triangle
2 BaBar | = —f [ 057:008=002
= ! | !
= , Belle ! ; T | 0680072003 0 .
2 Bagar | | 0042 2006 0 Search for new CP V1ol?1t1ng phases
%, Belle | | 08020322008 in b—s transitions by testing SM
% * BaBar | L « 1 055+020=003 .
. Belle 0672081008 predictions
> BaBar | | 03505 +006=003 : — o 0
°- Belle o 001 33520082010 sin(2P) (b—s qq) = sin(2P) (J/y K)
» BaBar ! P o——f— 1 05579002
x ! ! !
3 Belle i L 0.91+032+005
» BaBar | | | o222 | Expected errors for the golden modes
-~ Belle | § i 0.63 %515 ) 1
f,K,  BaBar ! 048+ 0.52 £ 0.06 £ 0.10 Mode 5 ab 50 ab
fiy K BaBar | — 0.20 £ 0.52 £ 0.07 + 0.07 o(S) o(A o(S ol A
D K, BeaBar j -0.72 +0.71 = 0.08 o () (A) (5) (4)
¢n" K, BaBar | i 097 *3% n K 0.028 0.020| 0.011 0.009
x n K NBaBar | e 0.01i0.31 £ 0.05=0.09 0
2 Basar | 5 A 065-012-003 PKg 0.053 0.070( 0.018 0.023
y Delle | 2l 076 *313 KsKsKs 0.101 0.064| 0.033 0.021
b—qqs Nalve average ; H : 0.66 + 0.03

-2 -1 0 1 2



Radiative penquin decays

b—syS., [T

PHELIMINARY
BaBal -0.03 £ 0.28 + 0.03
* _| i [ o o
=~ EHE 7e sza) ori |2 B iapam,ons | RAdiative penquin decays are the most
§ PRD74 uns)'-rrrta—'; : e s : .
Averagf =l . o1ss0z0 | SEDSitive probes for physics bgyond SM:
______________ EFF%‘%_‘EFEFE‘?_'E@F_'E‘”"_E """"""'"""4'5'1’;?16'2'61'563" o occur at loop level and their rates can be
>~ PRD 78 (2008) 07 HMpZ% ! accurately predicted in SM
= PRb 74 £2008) 111parPy— ° i;u =031 =007 o loops could contain also
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ﬁFA&%qrrelated avirad { 015020 new particles (e.g. SUSY)
___________________ e kL (Y R N :
N Eﬁ%airrg L o o1a A5 42 . o Rate # SM = hint for NP .
= Bele ° g 1dz2to77:03s | Time-dependent analyses of CPV in
7 prelimihary |t ; . .
Aver i é oasroaz | B'—Kn'y probes the polarization of the
HFAG nrrelaIed'&iﬁerage ; : hot
.............. e L O e o R oton:
- BEACH 2014 prelimindy T X T éEEHME P . C .
o, Belle 7 611 + 03305 o in the SM for b — sy the photon helicity is
e A i Twad ppg .
& iﬁ'— %1 {(2008) 25160 £ . o1asozr dorn.m.antl.y left—handed. o .
______________ EFF#Q __g;@gt?g_gygqggp__*___ S I T o mixing-induced CP violation in SM 1s
S PRDBssfornoribr kT Ef“ expected to be small
¥’ HFA&%urrelated average * et [u S ~ —2(ms/mb)sin(2[3) = —2(ms/mb)sin(2(p1)
-2 -1 0 1

Mode 5 ab~! 50 ab~!

Belle II Kqm 0.11  0.035
Expected errors for & measurements 0~ 0.23  0.07




Photons / 50 MeV

PRLI103, 241801(2009) .

B— XYy

To reduce model uncertainty
need to measure at as smaller
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Complicated analysis: purely leptonic decay %400
o Signal: two neutrinos and one charged track (0 350 Huparss
o Tag: full reconstruction of leptonic or hadronic decays 3300
o Signal is seen as NO extra energy deposition in the ECL ©250
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Search for charged Higgs in B—>D)ty

t
B(B—DWry) B ?‘RW( anﬁ) B‘

3
2-Higgs doublet model: W-, Hy
(&)
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D™
M (w)
Charged Higgs
via branching fractions and the kinematic distributions of the final state
- B(B — D% rv)
D) = Hadron & inclusive lepton tagged
B(B — D™)(v) R p+) measurements BASAMAAAIASs naaas M ARAALALAA RS
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10 e : . Private W Average ———
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Integrated Luminosity [ab”] Belle II: resolve discrepancy with the SM



LFV 1 decays
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o Lepton Flavor Violation is highly suppressed in the SM

o LFV 1 decays are clean and ambiguous probes for New Physics effects
Belle II : Sensitivity for LFV decay rates is over 100 times higher than Belle
for the cleanest channels (t—31) and over 10 times higher for other modes,
such as T—ly (due to irreducible background contributions)



Much more to be done at Belle 11

Ohservables Belle or LHCBb* Belle 11 LHCh
(2014) 5ab~! 50 ab~! 8 fb~1(2018) 50 fb!
UT angles sin 23 0.667 £ 0.023 + 0.012(0.9°) 04°  03°  0.6° 0.3°
o [7] 85 + 4 (Belle+BaBar) 2 1
v [°] (B — DK (%) 63 + 14 6 1.5 4 1
28.(Bs — J/d) [rad] 0.07 + 0.09 + 0.01* 0.025 0.009
Gluonic penguins S(B — ¢K") 0.90151 0.053 0.018 0.2 0.04
S(B — K" 0.68 + 0.07 £ 0.03 0.028 0.011
S(B— KXKIKY) 0.30 £+ 0.32 = 0.08 0.100 0.033
3% (B, — ¢¢) [rad] —0.17+0.15 4+ 0.03* 0.12 0.03
e (B, — K*OK*) [rad] — 0.13 0.03
Direct CP in hadronic Decays A(B — K%7") —0.05+0.14 £ 0.05 0.07  0.04
UT sides [Ver| inel. 41.6-1073(1 + 2.4%) 1.2%
V.| excl. 37.5- 10731 £ 3.0%,. £2.7%,) 1.8% 1.4%
|V,u3| incl. 447 10731 £ 6.0%y, £2.5%,p.) 3.4%  3.0%
[Vis| excl. (had. tag.) 3.52. 1031 £ 10.8%) 4.7% 2.4%
Leptonic and Semi-tanonic  B(B — 7v) [107] 96(1 + 26%) 10% 5%
B(B — uv) [1079] < 1.7 20% 7%
R(B — Drv) [Had. tag] 0.440(1 + 16.5%)1 5.6% 3.4%
R(B — D*rv)’ [Had. tag] 0.332(1 £ 9.0%)* 32% 2.1%
Radiative B(B — X,v) 3451041 £43% £ 116%) % 6%
Acp(B — X, 47) [1077]  22+£4.0+08 1 0.5
S(B — Kx') —0.10 4+ 0.31 £ 0.07 0.11  0.035
26 (B, — ¢7) - 0.13 0.03
S(B — py) —0.83 £ 0.65 £ 0.18 0.23  0.07
B(B. — v7) [10°°] < 8.7 03 -
Electroweak penguins B(B — K*tuw) [10-9) < 40 <= 15 30%
B(B — K+vw) [10-] < 55 <21 30%
C7/Cq (B — X, (6) ~20% 10% 5%
B(B, — 77) [1079] - <2 -
B(B, — up) [10-9] 2.0F11= 0.5 0.2




To be done at Belle 11 else

Ohbservables Belle or LHCH* Belle 11 LHChH
(2014) 5ab~! 50 ab~! 2018 50 fb~!
Charm Rare B(D, — uv) 5.31-1073(1 +£5.3% +£3.8%) 2.9% 0.9%
B(D, — Tv) 5.70-107*(1 £3.7% £ 54%) 3.5% 2.3%
B(D" — 47) [107¢] <15 30%  25%
Charm CP  App(DY — KtK-) 1074 —32+£21+9 11 6
AAcp(DY — KTK ) [107%] 3.4* 0.5 0.1
Ap [1072 0.22 0.1 003 002 0.005
Acp(DY — 707%) (1072 —0.03 £ 0.64 + 0.10 0.20  0.09
Acp(D” — K%%) (1072  —0.21 £ 0.16 + 0.09 0.08 0.03
Charm Mixing 2(D° — K3n"77) [107%] 056 +0.19+ ' 0.14  0.11
y(D° — Kint77) (1077 0.30+£0.15+ o1 0.08 0.05
lq/p|(D° — K%nta) 0.90 + 018 + o0 0.10  0.07
$(D° — Kmtm) [] —6+11+; 6 4
Tau T — py [1079] < 45 < 14.7 < 4.7
T — ey [1077] < 120 <30 <12
T — ppp [1079] < 21.0 <30 <03

& charm spectroscopy, rare D decays, Y'(5S) physics, quarkonium(+like)
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4,25

New quarkonium spectroscopy




Charmonium(+like) production at (Super) B factories

B decays vy fusion

. - .
b W C J/\|1

S
q K

o]

Any quantum numbers are possible, can be
measured in angular analysis (Dalitz plot) JPC= 0+ | 2+F

¢"e” annihilation with ISR double charmonium production

JPC=1-- in association with J/y only J°¢ = 0** seen



Charmonium( +like)

1SO 3S1 1P1 IPO 3P1 3P2 1])2 3D1 3])2 31)3
4,75
| | | | | | \'((466d)
?94_!15) Y (4360)
Y (4260 7(4250)*
4,25 (X(4160) ( ) 7(4200)"
4.00 X(3872 (440) Z(4050)"
’ (4040) —@— Y(4080)% ,(3820) Z..(4020)*
3175 | X(3940) Y(3940) %e2(2P) Z,.(3900)"
e ol VG0 pp)
3,50 Fn.(28) = —e—T—987
C :.:' Xel Xe2
3’25 B X0
3,00 I S=1 S=1
) =F L = L —
Ne S_Or N S_Or N
| | | | | | | | |
0= 17— 1¥= o+ 1++ 2+ 2=+ |— 22— 3—JPC

Multiqguark states

Tetraquark Dt
tightly bound four-quark state

Molecular state

Charmonium hybrids
States with excited gluonic

. degrees of freedom %

two loosely bound charm mesous

(n_|_ 1 )(ZS+1)LJ

* n radial quantum number
* S total spin of quark-

antiquark
e L relative orbital ang.
mom.
— L=0,1,2... corresponds
to S,P,D...
« J=S+L

«  P=(DY! parity
 C=(-1"S charge conj.

After 2002 6 standard states

and 13(+47?) exotic

Hadro-charmonium

Specific charmonium state “coated”

by excited light-hadron matter



PRLYI1, 262001 (2003)

My, close to D’D™ threshold

Events / { 0.005 GeV )

X(3872)

M =3871.68 + 0.17 MeV JPC =1+ Bell L
L not clear below or above: finally ¢ elt)(:)r()ﬁ:ted.
15: Am=-0.11£0.22 MeV established
10 surprisingly narrow:
I'.<1.2MeV at 90% CL
MQym) ™ Known | BR relative | Comments
First observed by Belle in B—K J/yn'n decays I/ t?no de
Confirmed: BaBar, LHCb, CMS, ATLAS, CDF ke
Jhyp 1 1sospin violation
N ST
Hadronic collisions: produced mostly Vyo | 0.8£0.3 |isospin violation
promptly; only 0.263%0.023+0.016 Jhyy 1 0.21£0.06 | Belle&Babar good
from B-decays (CMS) agreement
w(2S)y | 0.50%0.15 | Belle&Babar
The most popular interpretation disagreement
Mixture of P-wave charmonium level I];Héjb confirms
v.;(2P) and S-wave DD** molecule abar
DOD*0 ~10 dominant mode




X (3872): tasks for Belle 11

Search
for Comments
X(3872)
partners
decays
Y1 Y | Forbidden by C-parity
Yo ¥ | conservation
C-odd partners: tetraquark,
molecule
UL : < 1/4 from J/y n'n
Jhyn | C-odd partners: tetraquark
UL : <1/2 from J/y n'n
NN Search for other X-like
n.n’ | molecular states
Nt |UL: ~J/yn'n

e 2

o Detailed pattern of X(3872) to charmonium
transitions (radiative and hadronic) with
significantly improved accuracy

o Search for partners of X(3872)

molecules with JP¢ =0 1, 2. ..

o Measurements of absolute BR of
B »KX(3872)

o Measurements of line shape of X(3872)
decaying to DD" at threshold and to J/Ayn'n-
to clarify nature of X(3872): virtual or bound
state Yu.S.Kalashnikova, A.V.Nefediev PRD80, 074004 (2009)

o Measurements of the total width of X(3872)



Vector states in ete” annihilation with ISR

Y (4008)

Y (4260)

Y (4360)

X (4630)
Y (4660)

3801 :I: 42

4250+ 9

4354 + 11

463477,
4665 £ 10

255 + 42

108 £ 12

78 £ 16

+41
927 .o
53 £ 14

1——

1-—

ete™
ete™

ete™

ete™ = (m— Z-(3900)")
€+E_

— (nTan— J/)

— (mwwd /)
— (fo(980)J /%)

— (v X (3872))

ete™ = (aTn—4(25))

ete™
ete

— (ATAD)
— (mta—P(2S))

Belle [1046, 1094] (7.4) 2007 NC!

BaBar [1104, 1105] (8), CLEO [1106, 1107] (11) 2005
Belle [1046, 1094] (15), BES III [1045] (np)

BaBar [1105] (np), Belle [1046] (np) 2012
BES III [1045] (8), Belle [1046] (5.2) 2013
BES III [1108] (5.3) 2013
Belle [1110] (8), BaBar [1111] (np) 2007
Belle [1116] (8.2) 2007

Belle [1110] (5.8), BaBar [1111] (5) 2007

Ok

Ok
Ok
NC!

Ok

NCI
Ok




10th anniversary of Y family discovery

|63

—
0 O N
o O O

U PRL 116,252002(2013)

[o)]
o
T

Entries/20 MeV/c?

n b
o o
T

s

3 '_ Y(4260)

f 967 fb-!
:f v "
x S andl SR WAL o

+a— +

5 55

§ WP ¢ S, ) L L W
- g 515t

=)

AR LT AT R
8 4 42 44 46 4.8

5 52 54

M(* T Jhy) (GeVic?)

Entries/20 MeV/c?

30 T T

M= nw(ZS)] (GeV/c )

- PRLI01,172601(2008)
§ 403 ete—oASAS
g 305 X(4630)

zof

1of

45 46 47 48 49 5 51 52 53 54

M(AL A7) GeV/c®

It seems that up to now we have not found an ISR state that has more than one decay mode.
Hopefully Belle Il will show that these states have multiple decay modes like the X(3872)

Open question: nature of Yfamily

3000 ;_‘_'_'_l_‘_‘_'__'.'_‘_i_'_‘.'__‘.'_‘_l_'_'_l_‘_'_I_'_'_‘__'_‘_'_i_'_‘_‘_f_'_'.l_‘.'_l_'_‘_‘_l_'_'_iJ:_‘.'__'.'_'_l_'_'_l_'_‘_'__'_'_'__‘_‘_'_'__'_'_‘_.‘_'_lI.‘.‘_l!_'_‘_I_'_'_'__'_'_‘__'_'_'_i_‘_'_l_"_:
ISR effective luminosity
—~ 2500 F
S
q} =
= 2000 b
D ~ | H
a F Compatitive with BESIII ]
£ 1000 —Access to full spectra,,unhke,,scan E
3 500 _ Beue I, 10/0. 2 2020 _
0 g | iBeIIe /ob 201 O -
3 35 4 45 5

Ecm (GeV)

Belle 11 tasks

O

O
O
O
O

Improve accuracy
Confirmation of Y (4008)

Confirm X(4630) found by Belle only
Resolve X(4630) &Y (4660) puzzle

Search for other final states: %1 s Xeo SN
X(3872) + and/or other light hadrons

-Up to now only J/y, y(2S) + nm,



7(4430)"
does not

states at Belle

Charged Z_ states cannot be

Charged charmonium-like

conventional charmonium or hybrid

From four states found by Belle in
B decays only 7Z(4430)" 1s confirmed
(by LHCD)

Two states are found by Belle in e"e™
annihilation + five more by BESIII

Z(4430)F

Z(4050)F

Z(4200)*
Z(4250)"

4458 £ 15

24
4051733

+35
4196ﬁg5
42487158

—+37
166731

1
82721

+99
370770

1.?7-1—321

1+-

[

7+

BY — K—(mnt4(2S5))
B &5 K—(ntJ/4)
B - K= (ntxea)

BY » K—(wtJ/)
BY — K_(:rr+xc1)

Belle [1112, 1113] (6.4), BaBar [1114] (2.4)
LHCb [1115] (13.9)
Belle [1103] (4.0)

Belle [1096] (5.0), BaBar [1097] (1.1)

Belle [1103] (7.2)
Belle [1096] (5.0), BaBar [1097] (2.0)

2007 Ok

2014 NC!

2008 NC!

2014 NC!
2008 NC!




— T T T T T T T T T T T T : T T T T T T T
tyy=3 PRL100,142001(2008)
Do
! L. datain signal region

[ data in sideband region |!| 6,5 ()

B —Z' K-

W
=

0L 548 iy HH H | | | 4 Z7(4430)* : three different analysis, J* =17
ol b | i HEE L 43 o Fitto MOy(2S)m) with K'(890)&K(1430) veto
s T, U_, " *MMHQ o Dalitz analysis
: . _%ﬁ PRDS, 112001(2009) | 1 o Full amplitude analysis to obtain spin-parity

o data in signal region
|:| data in sideband region

1 Mass values are the same, width depends on method

| M Hi {H wE PRD78:072004,2008
°F I IH H S0, T,
L L I L 7(4050)" & Z(4050)" ., e 7 <2
| M(\|;(ZS)7t+), GeV  inyqn* final state AN fﬁhoutz,s
o Daliz analysis I \ }
o en MR/ Y
7.(4200)" in J/y n* final state, JP=1" & 1of Ll [ 2k
o 4D-fit: Dalitz + angular variables 5 T le + !
I AT POy Y S Ak e M et T RN
o New decay mode Z (4430)"—J/y Y6 38 4 42 44 46 as

M (z,,m), GeVic®

o order of magnitude suppressed (to y(2S)m)
despite larger phase space

BaBar does not confirm Belle, but also does not rule 1t out!
Task for Belle Il and LHCDb (charged final states)




Z . family in e"e” annihilation

ToF PRL 110, 252002 (2013) 20 ——————————— @X:1410.7641
- BELLE 44 [
o~ C ata [ QD
) — — Fit ol i BELLE
S 087 (3900) = o q5f ZA050)7 ]
[()) 50 Background > |
O . .-+ PHSP MC %3 -
S 40k
S - 107
-~ 30F »
2 0 y=
g Xt N 2 sf
m10y/; ’ -
0===37 " 38 39 4 41 42 0 ) R E——
Minax(d/y) (GeV/c?) M__ [my(2S)] (GeV/c?)
J/yn mass from Y(4260) peaking at New signal in Y(4360)— n=Z(4050)"
DD" threshold Belle only

Only one charged state from the long BESIII list is confirmed by Belle (due to limited statistic)
Z.(3900)'—J/yrn*, Z,(3900)°— J/yn®, Z (3885)"— DD", Z (4020)"— nh,_, Z (4020)°— =°h,,
Z(4025)"—D*D"

Belle 11
Confirm (or not) the BESIII & Belle charmonium-like states & to look for new
structures in my(2S) et al using ISR



7>
/O
BELLE

Y(11020)
Y(10860)

11.00 |—

10.75

10.50

10.25

10.00

9.75

9.50
JPC=0" |- (0,1,2)7(0,1,2)
N < g
LZO Lzl L=2

Charged bottomonium-like states

Anomalous production of Y(nS) ntr
['(Y(5S)—=Y(1S)n*n) =260 keV
(Y (5S) =>Y(2S)n n) =430 keV
'(Y(5S) ->Y(3S)n*n) =290 keV
['(Y(2S) —»YAS)r'n)= 6keV

Y(58)—Zy,(10610)* =, Z, (10650)* -

The most popular interpretation

BB and B'B* molecules
Masses near BB* and B*B* thresholds

Z,(10610) Z,(10650)
Y(1S)n'n —— —H— ~—-— __._
Y(28)n'n ™ + -+ +
Y(3S)n'n —f'— —1;— -f— +;
h, (1P)r" - —— S |,
h,(2P)n’n —— —-—— + ——-—
Average -d‘r —f— f -f—
S R I [ R R = RN B B R R IR
AM, MeV AT, MeV AM, MeV A", MeV



Bottomonium Charmonium
T, 1, © transitions n' transitions n transitions
“Y(5S)” Y (4660)
only one channel per state

Y(4360)

EE—— TC+TC_

Y(4260) (4160}

DD
Jhy

T[Y(5S)—=Y(1S/2S)n] = 40/200 keV
TIY(5S)>Y(ID)(n )] = 60/140 keV Molecule,
LIY(58)—p12(1P) @] = 80/30 keV diquark-antidiquark,
LY (55)=>%p1 /2(1P) (n' no)non res] = 30/30 keV hadrocharmonium...
I Y(58)>Y(1S) KK~ ]= 30 keV

R.Mizuk



Charmonium
double production

0150 28) X(3940)
3 | R
= i nc X(‘() * +
S100 - \' . | +
= | +
50
M, ..;((J/) GeVic
J/y production study
with/without additional charm
a | B D
. dominant!
%mu— T U P{"
W2 -T,jl_
L — > ¥
3 Il e*@;___—_:_«leu_gg_nr_épfif::_.

1 1 1 L -}

=

. 3

4 1 1 j
GeVic

o(ee-— J/y cc), pb

0.74:£0.08+0-99_, .

o(e*e-— J/y non-cc), pb

0.43+0.09+0.09

Belle only!

=2 | 10

E 20 [ XCO(ZP)? oc

~ 0 :

s T X(3940) '

Ezo— 31Sy=n.(39) |

z | +

o oL

E, - X(4160) JPC—q—+

2 5[ 4'SmndS) -

Z I +

P SNV
4.5 5

m(p"? B GeV/c?

Belle 11

O Angular analysis for solid identification
N.(3S), N.(4S), 1., - Search in B decays.

o Search for new states in e'e—J/\yDODOx
and in e*e~—y,; DD

o Production: reconstruction of the exclusive
final states

o Production studies with other charmonium

states (e.g. y(2S), %)



14 & PRL 104, 092001 (2010)
s [| Ye91s) Y (3940)
= 0
2 5t &
LR N Ly Y(3915)

R ¥ e

0 i/ gausenry » A== A ﬁ N

3.85 3.9 3.95 4 4.05 4.1 4.15 4.2 4.25 4.3

M(oJ/vy)

Confirmed by BaBar, prefer J*=0*

o
J =0, 2 only

Y(3915) 39184+19 20+5 0/2™F B— K(wl/¥)

ete™ = eTe (wJ/Y)

X(4350) 4350.673C  13TI5  0/27F etem — ete (6J/0)

Belle [1088] (8), BaBar [1038, 1089] (19) 2004 Ok
Belle [1090] (7.7), BaBar [1091] (7.6) 2009 Ok
© Belle [1109] (3.2) 2009 NC!

PDG: Y(3940) = Y(3915)=y,,(2P)
Theory ®

o %.o(2P) production in two body B
decays is suppressed

o %.0(2P) — DD should be dominant,
but not seen

o a better candidate for . (2P) seen in
e'e— J/yDD

Tasks for Belle 11

o (Not) confirm that
Y(3940) =Y(3915) = %.,(2P)




1310 J/w
3. Seach for e
o
~— _ + _
:° tetraquark : %L Sy
] S
Lk e
22 Y(4140) & Y(4274) u(d) u(dy K K)
© k at threshold
0 narrow peak a > T PRDS5, 091103 (2012)
and one more nearby = _
> 60f LS P -
= | : - X(4140) AR 7> 3
S 40f | --X(4330) 5 14} S
- i | : PHSP ; 125_ BELLE 'g
'2’20: ! | l } l i g 10? | (':_)‘:j
0 R J e Yose I i .
I M(J!wKK)(GeV) 6 1%00 1100 1200 1300
o -7 CMms < Al H l il ! (31 o)-M(ITy) MeV]
> J00p ! E .
3 5 b e £ [ELRID el :
Ezso;— : } _ _%%f'&yé 0£||m1 :‘.~::;12‘:',J4J3, T ,'j']41;1;1l,-41.7.,,_1 T CDF. DO. CMS: YES!
2= i Jr R v ST moweeeviey ’ ’ '
oI LA JrJr ~ 1| Belle: low momentum kaon Belle & LHCb: NO!
Pt T AT 1| detection efficiency is small.
tt—t—e | 50X more data should help Task for Belle 11

 Y(4140) 41458+26 18+8 7+ B o K+(3J/4) CDF [1098] (5.0), Belle [1099] (1.9), 2009 NC!
i LHCb [1100] (1.4), CMS [1101] (>5) |

DO [1102] (3.1)

Y(4274) 4203+20 35416 ?7F BT o KH(6J/%) CDF [109g] (3.1), LHCb [1100] (1.0), 2011 NC!

CMS [1101] (>3), DO [1102] (np)




In conclusion




Physics beyond the Standard Model has successfully avoided detection up to now, but we

are sure it is somewhere nearby

At Belle II we expect

©)

Measure UT (angles & sides) with much better precision. If new phases contribute to
any measurable = inconsistency of UT.

CPV in b — sqq vs b — ccs: extra new phases in the penguin loop makes CPV
parameters different

Search for CPV in radiative decays B — K*(K % n°) y is a test of right-handed current
in the penguin loop
Rare decays, even Br’s constrain mass of NP

Electro-weak penguins b — suyp, see, svv: Br’s, Q? -distribution, FB asymmetry are
sensitive to NP

Charm Physics
Many new decay channels hardly/not seen with the present Belle statistics

About three dozens of quarkonium-like states was found recently and this list continues

to increase

At Belle IT we expect

©)

©)
©)

Precise measurements of known and search for new quarkonium and quarkonium-like
states

Many opportunities for analysis on exotic hadron physics
A lot of surprises



