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SuperKEKB

SuperKEKB

Nano-Beam Scheme
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Belle 11 Detector
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From Belle to Belle 11

New Vertex Detectors
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From Belle to Belle 11

New PID System: Barrel TOP + Endcap ARICH
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From Belle to Belle 11
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Belle 11 Collaboration
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Quarkonium
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Production of ccbar at B-factory

Production mechanism

e B decay
e B—KX(ccbar)

e Initial state radiation (ISR)
o JPC =1--

e Two-photon
o JPC = 0-+, 0++, D++

e Double charmonium

Expected statistics @50 ab-1 of XYZ

State Production and Decay N

X(3872) | B—>KX(3872), X(3872)—J /vm™mw™ |~14400
Y (4260) | ISR, Y (4260)—J /ym™ ™ ~29600
7.(4430) | B—»KT7(4430), Z(4430)—J /v~ |~10200

e Now IN(X(3872))<1.2MeV, precious measurement of
the X(3872) width at Belle Il
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Charmonium(-like) by B Decays
B — KXccbar

e A rich source of charmonium(-like) mesons
e Discoveries of conventional and exotic states
e Study the properties of these states.
e Observed two narrow charmonium
* Nc(2S)— KsKTr
* P2(1D)—yXc1
e Observed charmomium-like states e.g. X(3872) in
wdJ/P, Z(4050)+ and Z(4250)+ in Tt+Xc1

Search for the missing narrow charmonium

e Spin-singlet nc2(1D) JPC = 2-+

e The only unobserved narrow charmonium state

e Cannot decay to DD due to parity conservation

e Expect to reside between the DD and DD* thresholds
e Promising search channel: B->K(hcy)

12
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Charmonium(-like) by B Decays

B— KXccbar

e Determine spin-parities of the observed LHCb PRL 118(2017) 022003

states with full amplitude analyses e.g. § N
X(3915), Z(4050), Z(4250). SH:
e Confirm or deny the existing § 1005
unconfirmed states, e.g. S
 Four states were observed by LHCb 60;
e B—K(eplJ/W) 40_ S : L7
© X(4140), X(4274), X(4500), X(4T00) | | SprA TR
0 e eI Ty e C RO S el M

e Search for new exotics e
my, ., [IMe
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Charmonium(-like) by B Decays

B — KXccbar

Determination of absolute branching
of Xccbar and search for new exotics
with inclusive reconstruction

e Kull reconstruction of one B
e Recoil of the Kaon in another B
® EXtI'aCt the Br(B%Kchbar)

Belle: PRD 97, 012005 (2018)
B(Bt - n.K*) = (120 £ 0.8 £ 0.7) x 10~*

B(B™ = n.(28)K*) = (48 +1.1+0.3) x 107

Uniquely done in e+e- B-factories
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Full Event Integration (FEI)

« Reconstruct one out of the two B mesons

- Increasing efficiency by tagging more decay
channels than Belle

«  More automation and analysis-specific
optimizations

« Training include generic-mode for analysis w/o
signal-side selection and specific-mode for w/
signal-side selection

- Essential for the analysis w/o full reconstruction
of B meson e.g. (semi-)leptonic decay,
B—KXccbar inclusive analysis

Tag FR!0 @ Belle FEI @ Belle MC FEI @ Belle II MC
Hadronic B 0.28 % 0.49 % 0.61 %
Semileptonic BT 0.67 % 1.42 % 1.45 %
Hadronic B° 0.18 % 0.33% 0.34 %
Semileptonic B° 0.63 % 1.33% 1.25 %
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Charmonium(-like) by ISR

Main force of the discovery of - Y
: e c,b
exotics at Belle
* Discover new exotics \
e Study of the properties of the et Y b
states ’
Golden Channels | E..m. (GeV) | Statistical error (%) Related XY Z states
ntn= J/4 4.23 7.5 (3.0) Y (4008), Y (4260), Z.(3900)
rt = h(28) 4.36 12 (5.0) Y (4260), Y (4360), Y (4660), Z.(4050)
K L 4.53 15 (6.5) 7
mtn~he 4.23 15 (6.5) Y (4220), Y (4390), Z.(4020), Z.(4025)
WX 0 4.23 35 (15) Y (4220)
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Charmonium(-like) by ISR

3000 ¢
: At 4.26 GeV for nrnd/YP
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Charmonium-like by two-photon

e yv—wJ/P by Belle and BaBar 6'1 €
X(3915) = Xc0(2P) ? 4 | c
. C
« yy—DDbar by Belle and BaBar e*-w et
X(3930) = Xc2(2P) ?
 Precise measurements of the
properties of X(3915), X(3930)
are needed
+ X(4350) in yy~¢J/p B20) by g °F ﬂ
Belle L 2 6 Belle, PRL 104, 112004 (2010)
e limited statistics = i
* Belle ll will revisit the process & 4 1 l
(also in B decay) to confirmor 2 [, .
deny the state c 2 l H
w :{f{ L. B
0 I m i | 5 . ml, .
4.2 4.4 4.6 4.8 5

M(oJAp) (GeV/c?)
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Double Charmonium
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Observed the xc0(2P) candidate X(3860) by '®"\|  Belle PRD 95 (2017) 112003
Belle My
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e Reconstruct J/P and one D,
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e Full amplitude analysis to measure spin- 50 - R
parities of the observed new states A 2

e Studies of e+e-— hcX, e+e-— neX ...
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Belle, PRL 98, 082001 (2005)
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Bottomonium(-like) States

(2S+1)
- LJ 1SO 3S1 3p2 3P1 3P0 1p1 3D3 3D2 3[)-| 1D2 ???
e Precious measurements of ~11000
3) Y(58)
observed resonances e.g. S jos00l.
M(nb)! r(rlb), r(xbO) = ‘s Z;(1:650)
£ 10600 . Open flavour threshold =
. Z, (10610)
.. =
* Search for the missing 10400 0d3P)
| m
conventional bottomonia below 10200@(33)ﬁﬁ . .
I T S s S
the BBbar threshold 1B Y1) Y(1D) (1D
* Xo(3P) triplet 100001 % s) - -
o Y(2D3) triplet 9800 /b2(1P)XD‘(1P)H‘W|‘>(1P)
e Nb(3S), nb(1D), Y(1D1,3) » Established
9600+ ® New States
e F-wave states o
S—_— eo
9400== v (1s) | Theory
n.,(1S)
9200 | TR [ R T BT |

O—+ 1-- 2++ 1++ 0++ 1+- 3-- 2-- 1-- 2-+ 99 JPC
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Search for new exotics

e Observed Zb(10610), Zb(10650) in

Y(5S, 6S) transitions
e Search for new molecular ,-'
—_ 7l _,.v"Y, ':' ',' " ' ‘
states near B(*)B(*) threshold, _B'B* Z Wio s A R
produced threshold is up to I I P f
Ym, hymw, mpp mpm, Xpm, Lp ! ! o, Lp
11.43GeV e mmxn e
B*B Zb ;o Wy
Table 132: Expected molecular states with the structure BB, BB* and B*B* [1370]. - _l_ ,:' B
I9(JP) Name Content Co-produced particles Decay channels :"
7 ['I'}Ll):eshold, gei"/ ] ' X, hom, mop :'J W, Tp

6 ) BB* m [10.75] Y (nS)xw, hy(nP)m, ny(nS)p "'

1+(1%) 2z B*B* 7 [10.79] Y (nS)x, hy(nP)m, ny(nS)p B W ":

1-(0%) Wy BB p [11.34], v [10.56]  T(nS)p, my(nS)m BB b0 _r

1-(0*) w, B*B* p [11.43], v [10.65] T (nS)p, ms(nS)= ‘

1-(1%) Wy BB* p [11.38], v [10.61]  Y(nS)p

1-(2Y) Wy  B*B* p [11.43], v [10.65] T (nS)p M, XpT, Lp

0-(1%) Xu BB* n [11.15] Y (nS)n, ny(nS)w

0o-(1%) X, B*B* n [11.20] Y (nS)n, m(nS)w G TP\. +(1+ —(N+ —(1+ —(9+
0*(0t) X::(l) BB w [11.34], v [10.56]  Y(nS)w, xps(nP)x"n~, np(nS)n [ (J ) 1 (1 ) . (0 ) 1 (1 ) 1 (2 )
07 (0%)  Xj B*B* w [11.43], v [10.65]  Y(nS)w, xps(nP)x 7, my(nS)n

07 (1%) X, BB* w [11.39], v [10.61]  Y(nS)w, xps(nP)r*n~

07 (2%) X B*B* w [11.43], v [10.65]  Y(nS)w, xps(nP)r m~
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Energy frontier of Belle 11

Current samples in fb™ (millions of events), and the proposal for Bellell

Experiment  Y(1S)  Y(2S) Y(3S) Y(45) Y(5S) Y(65) TS
CLEO 2l 1760 1 O) 16 (1 7:1) 0.10.4) - 23%
BaBar - 14 (99) 30 (122) 433 (471) R}y, scan R}, scan 11%
Belle 6(102) 25 (158) (12 71l 0 121 (36) 55 23%

Bellell - - 300 (1200) 5x10* (5.4x10%) 1000 (300) 100+400(scan) 3.6%

* Interesting physics beyond Y(6S)
* Ap/pb threshold ~ 11.24 GeV, up to 11.35GeV could cover Moo
threshold region
e Search for new molecular states around 11.5-11.6 GeV e.g. partners
of X(3872) and Zb via vector states transition
e Machine limits
e The range of beam energies covers the Y(1S) and Y(6S) resonance for
physics operation, but no enough spare cavities to run safely at Y(6S)
e Maximum center of mass energy is 11.24GeV in SuperKEKB due to
the maximum beam energy of the injector linac
e Linac upgrade is required for running beyond 11.24GeV.
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Status of Belle 11
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SuperKEKB and Belle 11 Schedule

Year 2016

2017 2018 2019
Japan FY 2016 2017 2018 2019
Summer Summer Summer Summer
shutdown shutdown shutdown shutdown
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—I :
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During phase 3, Belle |l
activity of 9 month/year

have been assumed j

e Phase1, Feb.-June, 2016

e Accelerator commissioning, no collision

 Phase2, Feb.-July 17,2018

o Collision w/o vertex detectors

 Understand background and detector performance
* |Instantaneous luminosity reach ~0.5x103%4 cm-2s-1

e ~0.5 fb-1 data at the Y(4S) regonance was collected
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e+e-—BBbar Candidate on Apr. 26 evening
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Belle 11 Performance

CDC dE/dx particle identification with early calibration in the hadronic event sample
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Belle 11 Performance

Glance at data
Clear Ks and piO signals
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Belle 11 Performance
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My pnre (GEV/C)

Clear charm signals e+e- — ccbar

Belle 1l detector is working well!
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Belle 11 Performance

Entries / 16 MeV

We are seeing B signals!
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B*->D(Kr.K3x Krr', KK, K_r")x*
B->D(Krx, K3x)p™ .
B850 (K=, K3n)x*

B%>D  (Kx. K3r, Kne )&
B°->D“(Kx, K3m)p’

B -=D (Kxm)w

8°->D(Kxn)p

B-=Jiw(e™s, p'u) K

N
*)

20

Belle Il 2018
Preliminary

J-L dt = 250 pb”’

15

10

—(2).2 -0.15 0.1 005 0 0.05 0.1

llllIllllllllllllllllllllll

015 0.2
AE (GeV)

-IIIIIIIIIIIIIIIIIIIIIIIIlIIIIlIIIIlIIIII—

o2
o

IIIIIIIlIIIIIIlIIlIIIIII

B™->D(Kr.K3x Krr KK K_rx")x*
B->D(Kx, K3x)p® N
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Belle 11 in future

Year 2016 2017 2018 2019
Japan FY 2016 2017 201 2019
Summer Summer Summer Summer
shutdown shutdown shutdown shutdown
'Phase 1 Belle i ' Phase 2 !
— nsertion | — - - -
o ' LER(e*) |
Main Ring (MR) icirculating I

commissioning

MR commissioning for phase 2

Damping Ring (DR) Installation and commissioning

HER(e")
| circulating i

DR commissioning

~instgllation

During phase 3, Belle Il
activity of 9 month/year

have been assumed /

|
! ! |
I |
I |
: ]
| i

Phase 3
e |Installation of VXD

o Start physics run with full detectors in Spring 2019

e Operate 9 months per year
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NOW Phase 3




Summary

e As a “Luminosity Frontier” experiment, Belle Il play an important
role to answer the existing puzzles in quarkonium field.
 Confirm or deny the observed unconventional states
 Precious measurements of the properties of the observed
exotics
e Search for missing conventional states and new exotics
* First collision of SuperKEKB achieved on Apr.26, 2018.
 Data collected at Phase 2 illustrates that Belle |l detectors are
working well.
 We will start physic operation with full detectors in Spring 2019,
and aim to operate 9 months per year
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State M, MeV I, MeV J"C Process (mode) Experiment (#0o) Year Status
X (3872) 3871.69 + 0.17 <12 1*Y B K(x =~ J/y) Belle [1024, 1112] (>10), 2003 Ok
BaBar [1113] (8.6)
pp = (xt =" J/Y) ... CDF [1114-1116] (11.6), 2003 Ok
DO [1117] (5.2)
pp = (vtm—J/¢) ... LHCb [1118-1120] (np), 2012 Ok
CMS [1121] (np)
Y (4260) — v (xt 7~ J/¥) BESIII [1122] (6.3) 2013 NC!
B = K(wJ/Y) Belle [1123] (4.3), 2005 NC!
BaBar [1124] (4.0)
B = K(y J/¥) Belle (1123, 1125] (5.5), 2005 Ok
BaBar [1126, 1127] (3.6),
LHCb [1128] (> 10)
B = K(yv¥(28)) BaBar [1127) (3.5), 2008 NC!
Belle [1125] (0.2),
LHCb [1128] (4.4)
B - K(D"D"") Belle [1129, 1130] (6.4), 2006 NC!
BaBar [1131] (4.9)
Z.(3900)* 3891.2 + 3.3 40+8 17 Y(4260) —» x (xtJ /) BESIII [1132] (>8), 2013 Ok
Belle [1133] (5.2),
CLEO data [1134] (>5)
Y (4260, 4360) — CLEO data [1134] (3.5), 2013 Ok
x (=% T/ ) BESIII [1135] (10.4)
Y (4260, 4390) — BESIII [1136] (2.1) 2013 NC!
7 (wYhe)
Y (4260) = =~ (DD*)* BESIII [1137, 1138] (18) 2013 Ok
Y (4260) — =°(DD*)° BESIII [1139] (>10) 2015 Ok
Z.(4020)" 40229 +28 7.9+3.7 7?7 Y(4260,4390) — BESIII [1136] (8.9) 2013 NC!
m (x*h,)
Y (4260,4390) — =(x"h.) BESIII [1140] (>5) 2014 NC!
Y(4360) = =~ (#*¢(2S))  Belle [1141] (3.5), 2014 NC!
BESIII [1142] (9.2)
Y (4260) = =~ (D*D")* BESIII [1143] (10) 2013 NC!
Y (4260) = =" (D" D")" BESIII [1144] (5.9) 2015 NC!
Zy(10610)"  10607.2 +£2.0 184+24 17~ T(10860) — Belle [1145-1147] (>10) 2011 Ok
1r'(1r+T(lS, 25,38))
Y(10860) — Belle [1148] (6.5) 2013 NC!
=’ (=" T(2S, 35))
Y(10860) — Belle [1145, 1146] (16) 2011 Ok
7 (m*hy(1P,2P))
Y(10860) = =~ (BB*)* Belle [1149, 1150] (9.3) 2012 NC!
Zy(10650)"  10652.2 £1.5 11.5+22 17~  T(10860) — Belle [1145-1147] (>10) 2011 Ok
= (#*T(1S8,28,38S))
Y(10860) — Belle [1145, 1146] (16) 2011 Ok
7 (Y hy(1P,2P))
Y(11020) — Belle [1151] (3.3) 2015 NC!
7 (mth,(1P))
Y(10860) - =~ (B*B*)* Belle [1149, 1150] (8.1) 2012 NC!




Table 125: Quarkonium(-like) states above the open flavour thresholds.

(7 F°2Z.(4020)*°)

1144] (>10)

M, MeV r, Mev JF¢ Process (mode) Experiment (#0) Year Status
3773.13+0.35 27.2+1.0 17~ ete” — (DD) PDG [69] 1977 Ok
B — K(DD) Belle [1152, 1153] (5.5), 2003 Ok
BaBar [1131] (6.4)
ete™ = (xtn"J/y) BES [1154] (3), 2003 Ok
CLEO [1155] (11.6)
ete™ = (x"7°J/y) CLEO [1155] (3.4) 2005 NC!
ete™ = (nJ/y) CLEO [1155] (3.5) 2005 NC!
ete™ = (¢n) CLEO [1156] (5) 2005 NC!
ete™ = (Yxe01) PDG [69] 2005 Ok
3822.2 + 1.2 <16 2=~ B = K(vXxe1) Belle [1157] (3.8) 2013 NC!
ete” = ntx " (vxa) BESIII [1158] (6.2) 2015 NC!
3862° %% 2011377 0/2tt ete — J/y(DD) Belle [1159] (6.5) 2017 NC!
39184+ 1.9 20+5  0/2"" B K(wJ/Y) Belle [1160] (8), 2004 Ok
BaBar [1124, 1161] (19)
ete™ = ete (wI/Y) Belle [1162] (7.7), 2009 Ok
BaBar [1163] (7.6)
3927.2 + 2.6 246 2** ete” wete(DD) Belle [1164] (5.3), 2005 Ok
BaBar [1165] (5.8)
39427F7 3727 7+ ete™ = J/Y(DD") Belle [1166, 1167] (6) 2005 NC!
4039 £ 1 80+10 17~ ete™ — (hadrons) PDG [69] 1978 Ok
ete™ = (nJ/v) BESIII  [1168] (>10), 2012 NC!
Belle [1169] (6.0)
4051+2%3 g2t3r 77+ B - K~ (v*xea1) Belle [1170] (5.0), 2008 NC!
BaBar [1171] (1.1)
4146.519% 83t30 1ttt Bt o Kt (¢J/y) CDF [1172, 1173] (5.0), 2009 Ok
Belle [1174] (1.9),
LHCb [1175] (1.4),
CMS [1176] (>5),
DO [1177) (3.1),
BaBar [1178] (1.6),
LHCb [1179, 1180] (8.4)
pp = (¢J /) ... DO [1181] (4.7) 2015 NC!
4153+ 3 103+8 17~ ete™ — (hadrons) PDG [69] 1978 Ok
ete™ = (nJ/y) Belle [1169] (6.5), 2013 NC!
BESIII [1182] (>5)
4156+ %7 13945038 27 ete™ = J/yY(D"D") Belle [1167] (5.5) 2007 NC!
4196130 370197, 1t BY o K~ (x*tJ/v¢) Belle [1183] (6.2) 2014 NC!
4248*13° 1774320 2T+ B 5 K~ (r*xa) Belle [1170] (5.0), 2008 NC!
BaBar [1171] (2.0)
4221.1+2.5 47.7+40 17~ ete™ = (xtx"J/y) BaBar [1184, 1185] (8), 2005 Ok
CLEO [1186, 1187] (11),
Belle [1133, 1188] (15),
BESIII [1132, 1189] (np)
ete™ = (x"7°J/y) CLEO [1186] (5.1), 2006 Ok
BESIII [1135] (np)
ete™ -5 (KYK~J/¢) CLEO [1186] (3.7) 2006 NC!
ete™ = (fo(980)J/v) BaBar [1185] (np), 2012 Ok
Belle [1133] (np)
ete™ = (xtn " h,) BESIII [1136, 1190] (10) 2013 NC!
ete™ = (7°7°h.) BESIII [1140] (np) 2014 NC!
ete™ = (wxeo) BESIII [1191] (>9) 2014 NC!
ete™ = (v X(3872)) BESIII [1122] (6.3) 2013 NC!
ete™ — (7~ Z.(3900)") BESIII [1132, 1138] (>8), 2013 Ok
Belle [1133] (5.2)
ete™ = (7°2.(3900)") BESIII [1135, 1139] (10.4) 2015 Ok
ete™ — BESIII [1136, 1140, 1143, 2013 Ok




State M, MeV I', MeV Jre Process (mode) Experiment (#0) Year Status
X (4274) 4273.3F19:! 56.2H13% 1ttt BY 5 Kt (ed/y) CDF [1173] (3.1), 2011 NC!
LHCb [1175] (1.0),
or Y (4274) CMS [1176] (>3), D0 [1177]
(np),
LHCb [1179, 1180] (6.0)
X (4350) 4350.67 3¢ 13518 0/2°% ete” = ete (¢J/V0) Belle [1192] (3.2) 2009 NC!
Y (4360) 43412+ 54 101.9+93 17—  ete™ = (xtx~¢(25)) Belle [1141, 1193] (8), 2007 Ok
BaBar [1194] (np)
ete™ = (xtn~J/y) BESIII [1189] (7.6) 2016 NC!
ete” = (ntm 2(3823)) BESIII [1158] (np) 2015 NC!
ete™ = (7°Z.(3900)?) BESIII [1135] (np) 2015 NC!
ete™ = (v~ Z.(4020)%) Belle [1141] (3.5), 2014 NC!
BESIII [1142] (9.2)
Y (4390) 4391.6 £6.4 1395%+16.1 17~  efe” = (7 h,) BESIII [1190] (10) 2016 NC!
ete™ — BESIII [1136, 1140] (np) 2013 NC!
(7 F°Z.(4020)*°)
¥(4415) 4421 £ 4 62 % 20 1=~ ete” — (hadrons) PDG [69] 1976 Ok
ete™ = (nJ/y) Belle [1169] (np), 2013 NC!
BESIII [1182] (>5)
ete™ = (wxe2) BESIII [1195] (10.4) 2015 NC!
ete” — (DDj(2460)) Belle [1196] (10) 2007 NC!
Z(4430)* 4a78*13 18131 17~ B’ 5 K~ (x"y(29)) Belle [1197-1199] (6.4), 2007 Ok
BaBar [1200] (2.4),
LHCb [1201, 1202] (13.9)
B’ - K~ (xtJ/y) Belle [1183] (4.0) 2014 NC!
X (4500) 4506115 92+30 ottt BY 5 Kt (eJ/y) LHCb [1179, 1180] (6.1) 2016 NC!
Y (4660) 4643 £ 9 72411 177 ete™ = (vt x"¥(29)) Belle [1141, 1193] (5.8), 2007 Ok
BaBar [1194] (5)
ete” = (AFAD) Belle [1203] (8.2) 2007 NC!
X (4700) 470457 12052 ott Bt o5 Kt (¢J/y) LHCb [1179, 1180] (5.6) 2016 NC!
Y (4S) 10579.4+1.2 205+25 17~  ete” — (hadrons) PDG [69] 1985 Ok
ete™ - BaBar [1204, 1205] (>10), 2006 Ok
(=t 7~ T(18,28))
Belle [1206, 1207] (11.2)
ete” = (nT(19)) BaBar [1205] (>11) 2008 Ok
ete™ — (nhy(1P)) Belle [1085] (11) 2015 Ok
T (10860) 10891 + 4 54+ 7 17~ ete” — (hadrons) PDG [69] 1985 Ok
ete” = Belle [1146, 1147, 1208] 2007 Ok
(=t %~ Y(18,2S,38S)) (>10)
ete™ o Belle [1148] (np) 2013 Ok
(77" 1(18,28, 39))
ete™ = (fo(980) Y (1S)) Belle [1146-1148] (>8) 2011 Ok
ete”™ = (f2(1275)T(1S))  Belle [1146-1148] (np) 2011  NC!
ete™ = (nT(18,28)) Belle (10) 2012 NC!
ete” - (KYK~1(18)) Belle [1208] (4.9) 2007 NC!
ete™ = (wxp1,2(1P)) Belle [1209] (12) 2014 Ok
ete” = Belle [1209] (4.9) 2014 NC!
((”+”_”())non-u Xbl.Q(IP))
ete” = (xtx~ Y;(1D))  Belle (9) 2012 NC!
ete” - (nY;(1D)) Belle (np) 2014 NC!
ete” — Belle [1146, 1148] (>10) 2011 Ok
(7 Z,(10610, 10650))
ete”™ = (BIB]) Belle [1210] (np) 2016 NC!
Y(11020)  10987.5%3'.° 6119, 17~ eYe™ — (hadrons) PDG [69] 1985 Ok
ete” = Belle [1211] (np) 2015 NC!
(=t %~ Y(18,2S,38S))
ete” = Belle [1151] (5.3) 2015 NC!

(¥ Z,(10610,10650)%)




