Heavy Quark Physics
at B-Factories

Toru lijima
Kobayashi-Maskawa Institute
Nagoya University

2015 Erice School
September 18, 2015
= I
NAGOYA KM

Kobayashi-Maskawa Institute

UNIVERSITY for the Origin of Particles and the Universe



About Me

1987-1994: Kyoto University W 'f; KEK-E176/E224

* H dibaryon search

— KEK-E176
— A-dependence of (K-,K™) m U

— BNL-E813/E836
d.d sis

1994-2002: KEK, 2002-now: Nagoya University
* B factory - Super B factory
— Particle ID (Cherenkov detectors)
— CP violation

— Rare decays - i
- Hadron physics mnmumumw

Hadron physics is one of my favorite subjects



Outline

* |Introduction

e XYZ spectroscopy at e*e” colliders
— Charmonium-like states
— Bottomonium-like states

* Future Prospect

e Summary

There are more topics in “Heavy Quark Physics”
e Spectroscopy of conventional quarkonium

* Double charmonium production

* Open charm meson (D, D**, ...)

* Charmed baryon

Apology: e W
| cannot cover these topics in this talk S

o hehaCSe

See also other talks (Yubing Dong, Fulvio Piccinini, ...) for interpretation




Gell-Mann

Quest in low-energy QCD

 The Quark Model (QM) is an effective model,
which works very well to explain spectra and
properties of observed hadrons.

 However the link between QCD (fundamental
equation) and QM (model) is not so clear. 0 9 o

color (R,G,B) /oo @

down strange bottom
Ordinal Hadrons New Hadrons (Exotics)
meson baryon Tetra-quark Penta-quark Molecule

“Constituent quark”

QCD just require hadrons to be colorless, and allow exotics.
Such exotic states exist ?




Discoveries in 1974

* Discovery of J/i
— SLAC, Burton Richter et al.
— BNL, Samuel Ting et al.

Figure 5.12 ‘Example of the decay y/(3.7) = y(3.1) + n* 4+ n~ observed in a spark chamber
detector. The y(3.1) decays to e + ™. Tracks (3) and (4) are due to the relatively low-energy
(150-MeV) pions, and (1) and (2) to the 1.5-GeV electrons. The magnetic field and the SPEAR
beam pipe are normal to the plane of the figure. The trajectory shown for each particle is the best
fit through the sparks, indicated by crosses. [From G. S. Abrams et al., Phys. Rev. Letters 34,
1181 (1975).]
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Figure 5.10 Results of Aubert et al. (1974) dicating the narrow y¥/Jinthe i

mass distribution of e*e” pairs produced in inclusive reactions of protons with a beryllium
target. The experiment was carried out with the 28-GeV AGS at Brookhaven National
Laboratory.

And following quarkonium spectroscopy established physical
existence of quarks and gg picture of mesons.



Discoveries at B-factories

New resonances discovered

at B-Factories
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Charmonium (-like) Spectroscopy
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Conventional quark model describes only part of hadronic states.



e*e” Experiments Tor Heavy Quark Physics
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Talk by Ulrich Uwer for results from LHCb.
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Luminosity at B Factories
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Belle Detector

* Acceptance: 0.9 x4
* Vertex resolution
s(J/y =21l) ~75um
* Momentum resolution
o(Pt)=0.19 * Pt® 0.34/B %
* Energy resolution
o(Ey)/Ey =1.8% @ 1GeV
* Particle ID
e, u K, p
 Minimum bias trigger
Evis >= 1GeV & Ntrk >= 2
& Ncluster >=4
essentially no loss for BB.
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Discovery of X(3872)

B" > K'X(3872) K" +7'n'J/
+ 2003, by Belle ey STl
_/I_‘ *7‘ fPl’s'i @
R o \G
300 [~ e h M o m
> i :
& B _ N <
(OD 200 __ __ B _K(493)
2 - B>K J/Apmm _ .
B B I o Ai_
5 ) . &4
z 100 - B \s
) X(3872) 1 Slightly above D*D g
] J 1 Surprisingly narrow !
0 —————" Mass unexpected for cc
0.40 0.80 1.20

M(x" = I°T) - M(I'T) (GeV)

* Observed also by DO, CDF, BaBar, LHCb, CMS



Properties of X(3872)

Mass M =3871.69 + 0.17 MeV (PDG2014)
— Very close to M(D°) + M(D*) = 3871.80 MeV

Width [<1.2 MeV (90%C.L.)

Di-pion mass dist. consistent with p°(=> 1=1)
— Isospin violation if X = (cc)
— Charged partner not found yet

Quantum numbers: JPC = 1+
— X(3872)->J/yyseen C=+1
— Angular distribution analysis

_]P=1+

Decay modes
— Jym
— J/y w (Belle)
— DO D*0 (Belle)
— J/ vy (Belle)
— (2S) y (BaBar, LHCb)

B(X — 9(25)y)
B(X — J/¢)

= 2.46 £

Belle KJfyntm
BABAR K Jfw

BABAR K*Jfyntm

BABAR KYJfymtm
LHCb Jfynfn X
CDF Jiyntn X
DO Jrtn X

Average

3867.0 3869.5 3872.0 3874.5 3877.0

PRL 98, 132002 (2007)

3871.85+0.27+0.19
387318+ 1.3
3871.4+0.6+0.1
3868.7+ 1.5+0.4
3871.95 + 0.48 + 0.12
3871.61 +£0.16 +0.19
3871.8+3.1+3.0

3871.69£0.17

LHCD

450é lcos(6,,)1 < 0.6 lcos(6,,)! > 0.6
g 4Doilcos.()e,(5n)l Icoso((?s,[ I Icosées,r ]| |°°50(‘;n B
E <0. >0. <0. > 0.
Swo PRL110, 222001 (2013)
> F
.-g 300? E 17 PRL 110, 222001 (2013)
E { J-r=e LHCb
3 2506 e ol
++ @ 200F | Simulated J*%w2* Simulated J?%=1+
] > :7 i i /\ Rules out
-+ @sop-f [ EEE I —L_ | & FE /Z N £ A\ conven tional
2 : Beveed :r £t \  mea(1'D2)
1- & 1004 3 of f g 1,3 state
C /3
o+ = o , \ 11
[i]= I 1 1 1 I 4 4
00.63 1.15 w2 0063 1.15 w2 - 00 00 00
0 0.63 1.15 w2 0 0.63 1.15 w2 t=-2In[L(2*VL(1") ]
A @ -l - /2l

= 3.4+ 1.4 (BaBar)

0.70 (LHCb)

< 2.1 (90%C.L., Belle)

PRD 81, 031103 (2010)1(%




Interpretation of X(3872)

Tetraquark DODO) Molecule

Molecule interpretation is popular.

— Closeness to the DD threshold. w

— Decay into D'D is seen (Belle).
If so, very large object (R>5 fm!)

But, how such a state could be produced in
pp (pp) collision (CDF, CMS, ...) ?

Mixture of molecule + c ¢, and/or tetra-

quark ? e.g.; M. Takizawa and S. Takeuchi,

PTEP, 2013(9), 0903D01 (2013)

N. A. Tornguvist,

PLB590.209 (2004)

14

‘ . cC core

DODO* cloud

~ 5fm



Initial State Radiatioh5

Y(4260)

Found by BaBar in e*e” = (J/Y m*7) Y,cq
— Confirmed by Belle and CLEO

e JPC=1"(same asy") : ;BiB;ua‘ ~ pRI9S, 142001 '
M =4251+9 (MeV/c?) 4 | Y4260
5 |

e T=120%12 (MeV/c?)
* Other similar states with {(2S) n*mr |
| | | —J'IIT; -

M (MeV/c?) I' (MeV/c?) T o

m(rtr /) (GeV/c?)
Y(4360) 4362 + 13 74 +18
- I ' I ' I I I I ' I I ; . . .
Y(4660) 4664+12 4815 5L (4660) B
* No evidence for decays to DD Y(4360) PRL9S, 14200
— e.g. B(Y (4260) — DD)

BV (4260) — J/gmta) ~ Y (BaBar)
Y

B(Y (4260) — DOD*~x+)

B(Y (4260) — J/ymt7m—)
B((3770) — D°D)

& BuET) = Jena) 2 8 M(r*m y(2S)) (GeV/c?)

Entries/25 MeV/c?

< 9 (Belle)




Z.(4430)"
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[Unambiguous evidence of 4-quark states  ccud }

 Belle found Z(4430)* in B=>K t* ¢’ decays.

— One-dimensional fit on y’xwt* distribution
after K*(890) /K*(1430) vetos.

PRL 100, 142001(2008)
e BaBar found only 1.9 o excess (does not

contradict with the Belle result statistically)
PRD 79, 112001(2009)

* Confirmed by analysis with a full Dalitz plot.

M = (4443 jg jlg YMeV /c* PRD 80, 031104(2009)

=107 %57 )MeV

* LHCb confirmed the Belle result and J¥ = 1*
M = (4478 +17)MeV/c’, T = (180 = 21)MeV
* Recent Belle analysis found  PRL112,222002(2014)

— Hint of Z (4430)* > J/Y T in B > J/y n* K

PRD 90, 112009 (2014)
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Z (3900)*

BES Il and Belle claimed Z_(3900)* in
Y(4260) > (J/\p *) o
— BES Ill took data on the Y(4260) pole
PRL110.252001(2013)
— Belle analyzed e+e- - Y(4260) vsx
_ PD62014. PRL110.252002(2013)

M =(3888.7+3.4)MeV/c>, T =(35+7)MeV
BES Ill has seen also Z,(3900)* > (DD*)*

I'(Z.(3900)— DD") _62+11527 PRL 112, 02201 (2014)
T(Z,.(3900)— J /¢ ")

BES Ill has observed the neutral partner<

0 0 0 0 0
Z.(3900)° -Z.(3900)° 71° >( J/ ) 7
M =(3894.8+23+32)MeV/c*,T'=(29.6+8.2+82)MeV
PRL 115, 112003 (2015)
T. Xiao et al. also claimed Z_(3900)* and
Z.(3900)° using CLEO-c data. YA160)—=J Iy x'n

Phys. Lett. B727, 366 (2013) Y(4160)— J /1y 7’n°

Events/ 0.01 GeV/c?

Events / 0.02 GeV/c?

3.7 3.8 39 4.0
Muax (2 J'y) (GeV/c?)

—4-data
—Fit

— Background
===+ PHSP MC

37 38 B39 4 41 42
Mmax(mJ/y) (GeV/c?)

Events/(10 MeV/c?) Events/(10 MeV/c?) Events/(10 MeV/c?)

(a) 4.230 GeV, 1091.7 pb'

BESII

318 4T0 42
M_,, (GeV/c?)




18

Other Z_* states

. 40
* Z.(4050)" and Z_(4250)" in B>K m* %, ok
decays (Be”e) PRD78, 072004 (2008) N§ 30;
8 E
= (405114 2 )MeV /c? = (4248 75 " MeV/c® & zz_
(82 s YMeV (177 s o )YMeV g sb
] @ 10F
* Z.(4200)*in B = J/y =t K (Belle) 3
PRD 90, 112009 (2014) E
M = (4196 ) 7 yMeV/c?, T =(370 *° ) MeV/c? LI
. M (xc,n ), GeV/c®
* Z.(4020)* in e*e" > (D*D*)*m and (ht*)m
PRL 112, 132001 (2014) PRL 111, 242001 (2013)
(BES III) "g 120F ~ Besm
M =(40239+24)MeV/c®, T =(10=6)MeV/c> (PDG) % 100 ¥
0 C O
o : wf g
* The mass is slightly above D*D < Sl
5 60I E -
* Also evidence for the neutral isospin partner = of o AT
ZC(4020)0 PRL 113, 212002 (2014) sk -
M =(4023.9+22+3.89)MeV/c> 95 400 405 410 415 43S

M., (GeVic)
(Width fixed to that of Z (4020)*)
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Y,: Y .(4260) counter part

Large rate of Y(4260) — J/y mrm”

Anomalously large rates of Y(5S) — Y (nS) w*r”

~100 times larger than Y(1-4S) — Y (nS) n*n~ arXiv: 1501.01137
® s
PRD82, 091106 (2010) % 3
0.50 @& 25
— oas|- @ = 2
2 m-HadronSW 2N ® 15
g+ 1 [ S TITR
< o2s| | ; \K". 4 / > 7 ) )
020} T . Yi 6 }
0.008 Y(S] ' 8 5 ',I
Z oo b vens 1 | c ¢
Foooafdvesw J N ] :
% 0.002 - t‘t f * l ” + + f
0.000 ' ‘? 0 — r 1
10.75 10.8 10.85 . (;o‘:,) 10.95 1 11.0! %ﬂ 2-2
3 |
M, = (10891 123209 MeV/ic> 2 ™5 1 b
05 b I
[ o560 = (33.7 +71 +2491 YMeV _Q: )

10.6 10.65 10.7 10.75 10.8 10.85 10.6 10.95 11 11.05

M, gy, = (10987.5 fi +g?) MeV/c’ (s (GeV)
[} 1000 = (61 +?9 +§o YMeV Pr1020 — Drogeo = (-1.0+0.4 7 +1 1 )rad
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Anomalies in Y(5S) decay

Y'(11020)
Y(10860)

C[Y(5S) —=Y(1,2,3S) ]
>>1[Y(4,3,2S) =Y (1S) ntn]

Belle PRL100,112001(2008)

xt

h, production L g

Y(2S) i

2 2 2
40000 - Mmiss =P - P,

Y(ss) T e

- (after background subtracted)

30000 Y(1S)

=Y(25)-Y(1S)

20000

Events / 5 MeV/c’

10000 -

0

M iss(GEV/C?)

Belle PRL108,032001(2012)

Y(5S) — h,(1,2P) wt*x~ are not suppressed
bb N bb Expect suppression ~Aqqp/m,
&
@R\ @ Heavy Quark Symmetry Violation
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Anomalies in Y(5S) decay

Y'(11020)
Y(10860)

A4

h, production
=> via intermediate
charged states Z_

Y(5S) — h,(1,2P) wt*x~ are not suppressed
b R bb Expect suppression ~Aqqp/m,
&
@Q\ @ Heavy Quark Symmetry Violation



Events/ 10 MeV/&

Zb(10610)+ and Z,(10650)*
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101 102 103 104 105 106 2‘°-7 108 10.4 1045 105 1055 10.6 10.65 10.7 10.7 10.58 10.62 10.66 10.70 10.74
MIY(18)7] . (GeV/c?) MIY(28)ml,,., (GeV/c?) MIY(38)m) .., (Gev/c?)
Z,(10610) Z,(10650)
12000f (@) 17500} (b) : H
10000k 15000 F Y(1S)n'n —— —— — -
8000f S 12500} i 1
6000k < 10000f Y(2S)n'n —— —— e 1
=) ' e
4000 T 7500¢ ! H
2000F l{' g sooof Y@Esin® 1 B T ill -
oLl [T 10 & 2500F . ! H
W wore | 4| || e
H H OF H i
-20001< il P L TR | 1 L ; |
104 105 10.6 ) 10.7 10.4 10.5 10.6 ) 10.7 hb(2P)TE+7T, f !
M_i.o(r), GeVic M_. (m). GeVlc :
Average + - + -
Y PP I | P e | IR P | I Loas
10 0 10 10 0 10 10 0 10 10 0 10
AM, MeV AT, MeV AM, MeV AT, MeV

Z,(10610)° signal
seen in Y(2S)m°m®°

(Events/10 MeV/cz)

M(Y(28)7) s

104 1045 105 1055 10.6 10.65 10.7 10.75

(GeV/ cz)

M=10608.4+2.0 MeV
I'=15.6+2.5 MeV

M=10653.2+1.5 MeV
I'=14.4+3.2 MeV

JP=1* from amplitude analysis

PRD 91, 072003 (2015)
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Molecule Explanation of Z,*

Bondar et al, PRD84,054010(2011)

Proximity to thresholds favors molecule picture

Each of them is mixture of spin

Z,*(10610) Z,*(10650) triplet.and singlet bb _
B B

D¢ 9O-§

® v O 3

B- B*0 B~ B

This model explains

* Why h it is unsuppressed relative to Ym
* Relative phase ~0 for Y and ~180° for h,,

* Production rates of Z,(10610) and Z,(10650) are similar widths

If Z,* is B*B(") molecule, it should decay into B*BU")...
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Study of Z,* > B*B("

* Since masses of Z,(10610)* and Z,(10650)" are close to BB* and B*B*,
respectively, branching fractions of Z,* - B"B"") may be large.

- Analysis strategy: for e*e > BB * _

— Fully reconstruct one of B meson (B

B
rec)‘ R T
— Combine the B, with it in the rest of the event, : ;:

and look at the recoil mass to distinguish BB, et >

BB*m, B*B*rt

— Then, look at the recoil mass against the pion.

3000

2500

B background

MeV/c?
5

Nevents/4

T T T T ] T T T T I T T T T I T T T
- 18 B decay modes combined

LI

B Signal

122634168

qq background

600 ——rr—

BB threshold i RS data ]

WS data 1
— Rt

N(BBm) = 13+25
N(BB*hr) =357 +30
| N(B®B®™1r ) = 161 + 21

1 I

5.1

5.2 5.3 5.4

rM(BTr), GeV/c?
See talk by A. Bondar at LP2015



See talk by A. Bondar at LP2025

* For eventsin the 3-body signal regions, look at the recaoil
mass against the primary pion.

Nevents/5 Mov/a2

8

- BB*rt A |

Nevents/5 MeV/c2
co 888883 88
. ’

i
)
DX OGX K 4

T1 | LA DL

| L L A I | rT

background =
- = = = Z,(10610) only —
----- Z,(10610) + NR R
.............. Zb(10610) + Zb(10650)_;

l 1 l ' A l A

l1 0.58‘ 10.6 10.62 .1 ('].64l l1 (.'1.66l l1 068 10.7 ‘1 0.72.
rM(mw), GeV/c?

Y — N = N SR -
0 1\& BB*n ?J R*B*n
. ) ;ﬁ 211
20 \[ : ! 7\"' )

Lo u

3 ] . : | \\ ;v__\‘ PLL\\Jf [ }

" i +~ | Fip: I8N
. N { :

o) .
10.65
M(%), Ge\l/t:2

106

1065 10.7 10.75

™(T), Gev/c’

100 :I T T T T T T T T T I ] ] T l T I :
90 |- b

o + RS data B* B*Tt 3
U 80 e €
> 70 z— | ‘ WS data E
=60 % ‘ E
n T E
? 50 | background 4 ++L+ 3
Ei‘ 40 £ - -~ 7,(10650) only iR, E
30 F PG T =

q>’ E 1 ‘ ‘.. E
% 2F E
10 E 17 . 3

B L L v ol I 1 I

1058 106 1062 1064 1066 10.68 10.7
rM(mr), GeV/c?

10.72

BB*rt and B*B*x data fit well to just
Z,(10610) and Z,(10650) signals,

respectively.

Assuming Z, decays are saturated by
already observed decay channels,
B®)B* channels dominate the Z,

decays.



Summary of
Experimental

Results

>20 exotic
states |

State m (MeV) T (MeV) JP¢  Process (mode) References 26
X (3872) 3871.694+0.17 <1.2 1™ B K(xta—J/M) Belle [10, 28], BaBar [32],
LHCb [30, 63]
pp— (xt=x=J/¥)+..  CDF [27, 66, 67], DO [68]
ete” = y(rtxJ/Y)  BESIII [69]
B — K(wJ/y) Belle [70], BaBar [29]
B — K(D*°D) Belle [35, 71], BaBar [34]
B — K(vJ/%) and Belle [25], BaBar [26],
B — K(y¥(25)) LHCb [37]
Zc(3900)7 3888.7+ 3.4 3547 1T ete = (I at)n™ Belle [40], BES III [51]
ete — (DD*)Fn~ BES III [72]
X (3915) 39156 £3.1  28+10 0/2"" B K(wl/¥) Belle [73], BaBar [29]
ete~ s ete (wlfp)  Belle [74], BaBar [75]
X (3940) 3942713 37t M etem - J/p(DDY) Belle [76]
ete™ = J/Y (...) Belle [77]
Y (4008) 3801 +£42 255442 17 ete s q(rtaJ/w)  Belle [39, 40]
Z(4050)* 4051123 82731 ?  B- K(ntxa(1P)) Belle [78], BaBar [79]
X (4050)* 4054 + 3 45 ?  etem = (xtP(2S)x  Belle [80]
Y (4140) 41434+30 1571 7t B K(¢J/v) CDF [64],D0 [81]
X (4160) 4156722 139141 7 etem 5 J/y(DDY) Belle [76]
Z,.(4200)* 4196735 370ty 7?7 B K@) Belle [50]
Zc(4250)F 42487182 17732 ?  B= K(rtya(1P)) Belle [78], BaBar [79]
Y (4260) 4263 +5 108414 17~  ete” —~y(xtn J/p)  BaBar [38, 82, CLEO [83],
Belle [39, 40]
ete~ = (xta—J/Y)  CLEO [44), BES III [712]
ete™ = (x"=°J/¢) CLEO [44]
X (4350) 4350.673% 133184 7t etem sete(¢J/¥)  Belle [84)
Y (4360) 4361 + 13 T4+18 17~ ete” —A(nta #(2S)) BaBar [41], Belle [42, 80]
Z(4430)F 4485138 200723 1t B K(xt4(29)) Belle [46, 48, 49],
BaBar [47), LHCb [18]
B K(x+J/d) Belle [50], BaBar [47]
X (4630) 46347} 92+31 17 ete” = 4(AFAD) Belle [85]
Y (4660) 4664+12 48415 17 ete” s A(rta w(2S)) Belle [42)
Zy(10610)T  10607.242.0 18.4424 1T etem s (bbat)r Belle [17]
Zp(10610)°  10609+4+4 N.A. 121— ete™ = (1(2,35)x") 7" Belle [19]
Zy(10650)T  10652.2+1.5 11.5+2.2 1T etem - (bbat)r Belle [17]
Y5(10888)  10888.4+3.0 30.7757 177 etem 5 (xtmT(nS))  Belle [53, 5]



Future: SuperKEKB / Belle Il

* New intensity frontier facility
* Targetluminosity; L ., =8x10>cms*
L. .>50 ab! by early 2020’s.
= ~100 BB, t+t- and charms per year !

DRI A8 (without crab)

\a..».
= N - 4
g\ / ',Uhl entog}
_ T 100pm "~

crossing angle  / S prad
crossing angle

“nano-beam scheme”
+ doubling the beam currents

x50 data to find more exotic states (XYZ, (double-) charm hadrons,
...), study properties of observed hadrons.



e+ 4 GeV 3.6 Al Colliding bunches

| Belle Il ><
ey —— . TN — a
| — New IR
/ e- 7 GeV 2.6 Al : New superconducting final

M’ focusing quads near the IP

 New b i Super
ew beam pipe
- &bellows KEKB

L

Replace short dipoles with
longer ones (LER)

. \;H’.:.I’:HMH:H:HEH: — Low emittance positrons to
inject

Redesign the lattices of both rings Damping ring ” —~——
—— \ "

to reduce the emittance
UA/-" g

Low emittance gun

Add / modify RF systems for
higher beam current

Positron source

<

New positron target /
capture section

|

TiN-coated beam pipe with
antechambers in LER Low emittance electrons t@

inject &

Ry
3 R,

[NEG Pump]

[SR Channel]
[Beam Channel]

x 40 Gain in Luminosity
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Belle Il Detector

Q Deal with higher background (10-20x), radiation damage, higher occupancy, higher
event rates (L1 trigg. 0.5->30 kHz)

Q Improved performance and hermeticity

Belle Il TDR, arXiv:1011.0352 KL and muon detector

Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC (end-caps, inner 2

— \ | lavers!

EM Calorimeter
Csl(Tl), waveform sampling
Pure Csl + waveform sampli

electrons (7GeV)

agation counter (barrel)
ng Aerogel RICH (forward)
x lower than in Belle

Vertex Detector
2 layers Si Pixels (DEPFET) +
4 layers Si double sided strip DSSD

N

Central Drift
Smaller cell size, long le

Belle II
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Forward

Backward 0
Mirror

Ph\oton Detectors Phétén frém K*

=

KL and muon detector
Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC (end-caps , inner 2

\wbartel lavers
\-‘.—J‘ —

EM Calorimeter \ =~
Csl(Tl), waveform samplin,
Pure Csl + waveform samp

g |
hialt

~—

electrons (7GeV)

pagation counter (barrel)
S [Ap Aerogel RICH (forward)
e >2 x lower than in Belle

Vertex Detector

2 layers Si Pixels (DEPFET) +
4 layers Si double sided strip DSSD

CDC first cosmic ray event <D
Y S

Belle IT

CDC cosmic — 2015 April 14
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Schedule

* Accelerator commissioning starts In Jan. 2016.

Calendar

e 2016 2017

TOP All modules installed VXD(=SVD+P { D)

--

ARICH_} Phase-3
FWD/BWD Endcap_}
Global Cosmic Ray Run = Phase-2

Commissioning Roll-in q
detector (Beast2)

Talk by H. Nakayama -} QCi}
Phase-1 #
BEAST phase 1 2016 BEAST/SuperKEKB & cosmics
BEAST phase 2 Mid 2017- Early 2018 BEAST with Partial Belle Il
Full physics Oct 2018- Full detector

Phase 1 IP beam pipe already connected,
and ready for beam.

Stay Tuned ! We welcome new collaborators !



Summary

B (+ tT-c)-Factories provides rich research opportunities for
heavy quark physics, especially the charmonium-like and
bottomonium-like exotics.

Conventional quark model does not work

for excited states. d.o.f. = “consti. quark”
We need far more studies (both

experimental and theoretical) for

understanding the observed phenomena

and building “new picture”. What is the good d.o.f. ?

More opportunities in future

— Belle Il, T-c factory, LHC, heavy-ion, ...

— Need more people, and “fusion” between particle and
nuclear communities.

Let’s work together !
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Thank you !



39

Charmonium

e Observed spectra can be understood by c-c picture with the
QCD potential.

* Bottomonium also can be described in the similar way.

M [GeV/c?] S Sy
A 25+1
M 3351 n L] n
¢
L
3.8 - DD threshold IM 13D
--------------------------------------- 1 — — —
s 2535, S =35 +5,
3.6 — Hdl42/44
2 S hc(lp) XCZ —_ —_ -
o e, st J=L+5

3.4 —

3.2 4 o
—__ 5

3.0 Lls)llso 3 I/'
Coulomb-like || string-like

I 0" 1 1 0% 1t 27 |- (non-Abelian)
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Production of ccin b, ¢ factories

b, ¢ factories can produce charmonium (-like) states in...

B decay Double charmonium production
b

Q) J/w, $(29)
in 2—body decays ¢
in factorization limit

Q -

= q e C =+1 ct
JPC =0+, 17—, 1+
27 producty Initial State Radiation (ISR)
ce cc

JPC — Oi+, 2i+\\~ e JPC — 1——

+ energy scan, as well



