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SCC RF(HER Belle detector

el

) == o
Er World record:

L =2.1x 103/cm?/sec

KEKB |
~A./ uest for cPv Mt. Tsukuba

e W
ARES(LER) £
: .

8 x 3.5 GeV
22 mrad crossing
Q@ — e source

1999-2010
1014/fb

The KEKB Collider


http://kekb.jp/
http://jp.f35.mail.yahoo.co.jp/ym/ShowLetter/ringanimation2M.gif?box=Inbox&MsgId=2406_9445966_98224_1696_384623_0_1738_499387_3403004772&bodyPart=1.4&filename=ringanimation2M.gif&tnef=&YY=43275&order=down&sort=date&pos=0&view=a&head=b

600 |
400 |-

200 |

1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1

Integrated luminosity of B factories

Ecm (GeV) NFeins | Lum | per Physws analyses
point (fbt)

| 10.865

| 10.63-11.02 6+16

800 0751105 61

121.4
~1
~0.05
1. 03

Yrr, hyer, BOBOx
Ry, Ynw, hynn

Ry

Continuum bkg est.
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On resonance:
Y(5S): 121 fb!
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Y(3S): 3!
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ete- annthilation of vector bottomonia

[ N ! | | | ]
8 —
- T(15) T(3S) b -
7 Y(2S) -
— T(4S) .
6 |- 3
5 | E
4 :_ {J} ‘ ' AA _ . - . :
o s —,db’fﬁ— — _—‘*#tl- — I oy AL & =
3 — — = = e e e e e = = — *__tﬁ'?_ o F e m m e = — ———— = — = — ]
- X A v G =
- * MD-1 ARGUS CLEO CUSB DHHM .
2 :— | ¢ Crystal Ball A|~ CLEO II [ DA|SP O LENA | —:
9.5 10 10.5 11
V3 [GeV] .
-+ (e)
< :3 14 | -
>
PC — 1-- .

ﬂ:r'r ,-'"'r ,-""r & J 1 E5112 = _

A Y(HS), Yb %110- ]
i 4

= L

M ('), Gevi/c?



ISR production of vector charmonia
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Outline

_ o(ete” - bb)
~o%ete” - putuT)

R, measurement Ry
etfe >ntn~Y(nS), ntn~h,(nP), BB x
—Y(5S), Y(6S), Z,

ete 2>ntny(nS), KtK-J/vy

— Y(4260), Y(4360), Y(4660), Z. & Z..

Summary



ete- > bb inclusive & exclusive

Mass ) « Understand better the vector states
| Y(11020) above open bottom
raoss) o Study charged bottomoniumlike states
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S Previous results on Z,, states

BELLE

Zt, Obsewed in five different modes:  prL108, 122001(2012) 12000}
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BELLE b=

F = |14nr‘2 + ‘Ar + A5S€i¢5sf5s
0(p+p— + - .
PO(ete > ptuT) |
20.5
1 d

Procedure:

Count hadronic events 04

Subtract scaled cont. (udsc)
Subtract ISR Y(1S5,2S,3S) °¥ * « , M
Do efficiency correction [
Divided by lum & o%(up) 0.7 s

No ISR corr.; no VP corr.

Fit with constant width BW |
in small energy range. od ATl BN

® & HWHhPE

. L] | Ll | Ll Ll | Ll | | I"I"I..I.I-'Iiillilhl'.I.}I"I";.T" "'|'.| | Ll |
‘ Need better model to fit 10.6 10.65 10.7 10.75 10.8 10.85 10.9 10.‘;5 11 11.05

Agree with BaBar:PRL102, 012001 (2009) with improved precision 'S (GeV)
Ecm=10.54-11.20 GeV, 5 MeV step for >300 points, 3.9 fb-1 in total 9
Belle: arXiv:1501.01137




R F = ’Am"Q —|_ ’AI T A5S€i¢58 55
b + Agse™ " fos)?

Y(5S):
Mass = (10881.9+1.0 £1.2) MeV

Y(6S):
Mass = (11002.9+1.1 £98, ) MeV
Width = (38.5 £16, . £13, ) MeV

€ Results agree with previous measurements
& Suffers from model uncertainties (signal, background

parametrization, interference, thresholds, coupled channel effect)

Belle: arXiv:1501.01137 10



? Ecm=10.54-11.20 GeV, 5 MeV step for >300 points, 3.9 fol in total
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? Ecm=10.54-11.20 GeV, 5 MeV step for >300 points, 3.9 fol in total
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> efe =2ntn Y (nS)
€ tag Y(nS)>putu and select ntn, fit to |Acqt+el®A |2
5 4
Y(5S): % ¥mtnY(1S)
Mass = (10891.943.2 £96, .) MeV ¢ 22;
Width = (53.7 +7%. 09 ) MeV ~ ©
0.5E
Y(6S): I, e am——
Mass = (10987 5464, 422, ) MeVx, fntn-Y(2S)
Width = (61 +9;4 +2,0) MeV i3
A$=-1.0 +0.4 +19, , rad i: b
€ Results agree with previous 32
measurements R
cemens A )
€ Also agree with fit with Rb RS
reasonably well Y3
@ Still room for improvement osf ¢

= B . —— ra—. . - I I ) L
10.6 10.65 10.7 10.75 10.8 10.85 10.9 10.95 11 11.05

Belle: arXiv:1501.01137 13 S T T T T s (e



BELLE

Z,In Y(5S)=2>nTn~Y(nS)

¢ 121 fb' data, tag Y(nS)>u u and select ntr-

Final state Y(1S)nt o~ T(2S)m 7™ T(3S)mta—
Signal yield 2090 £ 115 2476 £ 97 628 + 41
Efficiency, % 45.9 39.0 24.4

By (ns) s utpu—> %0 [14] 2.48 £0.05 1.93 + 0.17 2.18+0.21

O e Y (nS)ntn—r PP 1.51 +0.08 £ 0.09 2.71+£0.11 £ 0.30 0.97 +0.06 £ 0.11
Ot o 3T (nS)ntn—s PP 2.27+0.12£0.14 407 £0.16 £0.45 1.46 £0.09 £ 0.16

O tms)einr PP 1]  161E010£012  235+010+£032 144705 £0.19
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Belle: PRD91, 072003 (2015) 14
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Z,In Y(5S)=2>nTn~Y(nS)

€ Full partial wave analysis of Y(5S)2>ntn—utu-

€ Mass, width, fraction, and JP=1+ of Z, states

o Y(1S)

Tt~ Y(2S)

determined
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Z,In Y(5S)=2>nTn~Y(nS)

Parameter

T(1S)n 7~

T(2S)r ™

T(3S)m 7w~

fzfrmﬁw‘mi’ 70

4.8+ 12753

18.1+£3.1753

30.0 £6.3727

Z,(10610) mass, MeV /c?

Z1,(10610) width, MeV /c?

10608.5 4 3.4727
185i53+3§

10608.1 & 1.2F5°5
208i25+3§

10607.4 £ 1.575°3
187i34+§§

fZ:F(IOGoU)W:I:’ 70

0.87 £0.3277' 15

1.05 £ 1.27057

13.3+£3.67275

Z(10650) mass, MeV /c?
Z,(10650) width, MeV/c

10656.7 & 5.073°1

—|—113—|—27
12.1 —4.8—0.6

10650.7 &+ 1.575°5
14.2 +3.7709

10651.2 £ 1.0753
9.3 +2.2702

¢z, degrees
CZ,(10650) /Czb (10610)
Jx(ns)£21270), 70
Frns)(ntn—ysy 70
Jr(ns)fo(980), %0

67 £ 36 2,
0.40 £ 0.12t8;§’§
14.6 £ 15752
86.5 +3.2F22
6.9+ 1.6753

—10£137 32
0.53 £ 0.07033
4.00 +1. 0+° .33
101.0 + 4. 2+6 >

—5 2275
0.18
0.69 + 0.097 ¢ 55

44.0 +6.2+18

UZ?(lOﬁlO)’ﬂ':}: X BT(lg)ﬂ-$ = 109 £ 27t35 b O-Zbi(10650)7r$ X BT(lS)?T:F = 20=x 71% fb
025:(10610)7T:F X BT(?S)W = 737+L 126+188 fb 023(10650)71'?: X BT(QS)W:F = 160 £ 491—%% fb
0 7% (10610)7% X Brzs)es = 438 % 9277, b 0 7% (10650)n% X Br(3s)rs = 194+ 53758 1
€ Relative BR of Z, decays 16

Belle: PRD91, 072003 (2015)
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<22 ete >n n~h, (nP)

€ Reconstruct ntn—, require n*/n~ recoil mass in Z, region:
10.59 < M,,;<(1T) < 10.67 GeV/c?

@ check the n*n~ recoil mass for h,(nP)

2

200 1400 ¢
1350 f

< 600 1300 £
1250 F

500 1200 F

1150

Events / 5 MeV/c> Events, 10% /5 MeV/c

1000

3000 ¢

2000 |

Events / 5 MeV/c? Events, 10 / 5 MeV/c?

500 1[ }r 1[ :
R
0 i lﬂ"“T ol |Jf|| e
{1 Tl T ] UL
08 985 99 995 = 10 02 1025 103
M, .. (t'n), GeVic® M__ (t'), GeVic®

17

Belle: arXiv:1508.06562
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<2 ete —2>ntn~h (nP)

Y(5S):
Mass = (10884.7 +32, ,+56, ) MeV
Width = (44.2 +119_ o +22 . ) MeV

.
LI |

Y(6S):
Mass = (10998.6 +6.1+161 ) MeV

c (hb(1 P)rt'n) (pb)

o
L] n L] n

| ntn~h,(1P)

Width = (29 +20,, +2.) MeV

A$=0.64 037, +013_ rad

€ Resonant parameters agree
with from ete=2>atn~Y(nS)
€® ete >rntn~h,(nP) at the same

o (h,(2P)n'T) (pb)

level as efe"2>n*n~Y(nS) 08 1085 108

€ 1stobs. of Y(6S)>ntrn~h,(nP)
Belle: arXiv:1508.06562
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wed Z, In Y(6S)2>n n~h,(nP)

€ Events mainly from Z, intermediate states
not clear if only one Z, or both.
@ Belle Il will tell us.

—_—

o 6000 F . o
< : ntn~h, (1P 216000 o
& 5000 F o(1P) % ntn—h,(2P)
= 5 ] <4000
5 4000F ] 212000
s> 3000F L H- £10000
2000 8000
1000 6000
oEd 4000
E 2000F [Ty BEEL REH
-1000 F B LR
2000F, ' ' . 2000 | 4
|- = al L L - 1 ' 1 X ' —l M
105 106 107 108 1065 107 1075 108 1085
M,iss(T). GeVie M__(r), GeV/c?

Belle: arXiv:1508.06562
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= Z, in Y(5S)>[BYBY]trn +c.c.

& BBr = BB*n+c.c. @ One B is reconstructed

@ BB* = B*B*r~+c.c./ B°B**n~+c.c. @ Select a bachelor nt

& B*B*n = B*B**n—+c.c. @ Check Br recoil mass
KB /' T

Belle preliminary

3000 1 T 1T I LI B B | I 1 1T T

2500 —

12263 168
B signals

N
[=}
[=}
o

-
(=}
o
o

so [ R

Nevents/4 MeV/c2
o
o
o

P(B), GeV/c

qq background B®B™r + BBy




Z, in Y(5S)>[BOBO]r—+c.c.

BELLE

Combine the B with a charged pion N_B/n
=> calculate recoil mass of Br e 2 e-

600 | 1 I 1 1 I 1 1 I T I 1 T 1 1 I I T I I ] T 1 I 1 |
— B?thf@ShOld 1 RS data 1 3000 ————r—
N B -
L Al = WS data 20 |- Signal MC ()
D 400 | HTHEC 4 v BB*n
= ORI . 1 >2000 - _
0 00 BRSSO — Fit 2 |
E300 Pi00%0leteteteteetetotetetete%e! 1 Qis00 BBn -
'''''''''''''''''''''''''''''' 0
+ 000020300000 O SOOI 8o r
§ 200 RERsesssssiiey 0T Lo 3 Fow| B*B*n_
I £ studyt 3 2
T et osatetatetotatosstosatetotesorstorssed Sotosessenr I L %00 I~ J T
E;fiﬁ;E'E;fgE;ﬁ;i;i;iié;?;;_'?;ffigiljfgf;'?;? SIS, ; L e T T
0 5 V4 | { 3 4 I.5.1vi A 1 1.5.2J 1 1 15.3] i 5.4 e | 1 15.5 rM(Bi) +M (B)_S .279’ Gev/cz

rM(Br), GeVI/c?
N(BBr) =13 +£25 N(BB*r) =357 +30 N(B*B*rn) =161 + 21

. . ' - - 21
Cross sections are not available yet! Belle preliminary
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Z. in Y(5S)>[BOBO* 1 +c.c.

Check recoil mass of bachelor 1%

Nevents/5 MeV/c®

50_||

40

30

20

10

rM(Tr), GeV/c?

Belle preliminary

100 — 1 T T 1 T 1T 100 - T T 1T T T 1T T T [ T T [ T T [ T T [ T 7]
90 background = 90 £
N - BB* E ~ - RS data B*B*TC
g 80 | - - == 127,(10610) only - 8 80
-k I Y R Z,(10610) + NR (= WS data
E: 60 ;_ .............. Zb(10610)+Zb(10650)_; Z 60 E_ %
N E E n = T
E 50 é é E 50 - background ; ++++
x 40 3 E = 40 L —~ 7,(10650) only
g 30 5 g 30 & :
0 2 £ 3 3
z 20 F R
10 - 10
0 - | ‘ X K >4 X X 53X X 2 < > X 0 C | T R N T M T B g (RO W D c B L SR L]
10.58 106 10.62 10 64 10.66 10.68 10.7 10.72 1058 10.6 10.62 10.64 10.66 10.68 10.7 10.72

rM(r), GeV/c?

Z,(10610) saturates BB*m and Z,(10650) saturates B*B*mr

lv_"
10.7510.6 10.!
rM(7), GeV/c:2

M(m), GeV/c.2

| L L N (I N S B B B B B

B*B*mt

10.75

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




BRs of Z, decays

Belle preliminary

Channel Fraction, %

Z,(10610) Z,(10650)
'I\(IS)’J'TJr 0.60 £ 0.17 £ 0.07 0.17 4+ 0.06 4= 0.02
T(QS)?TJF 4.05 081 £0.58 1.38+0.45=+0.21
T(SS)’;‘TJr 240 £0.58 £0.36 1.624+0.50 +0.24
hb(lP)ﬂ’+ 426 £1.28 £1.10 9.23 £ 2.88 £ 2.28
hb(QP)’?T+ 6.08 £2.15 £+ 1.63 170+ 3.74 +=4.1

82.6 2.9 = 2.3

70.6+£49x+44

23



Entries/20 MeV/c

Events / 20 MeV/c?

———T—r— ey
The Y states 15} {  PRL99, 142002
° [ & B70/b
ey {8 . i _
Wey>Y : @ -
60 ------- Solution One — _g v
P % T Solution Two 'E 5'
b uJ :
40 - & \
: PRL99, 182004 e o
20F - B M(n T w(2S)) (GeV/c) ]
At P betalbondd 20 0 PRL98, 212001
o B s msm%& E it :
M(rc* 7T J/y) (GeV/c ) Tood :
W——r T | l s
PRLYS5, 142001 wf™ ? :
w2731 F _ : il
E E" |'ml1mli II{M H [ f’l i *H i”' tﬂﬂliifa 4 MG 5((5}e V/CZ)
20— 365802 44 45 48 5_| Y(4008) 40:_
- : . ; PRL101, 172001
i ‘JM 1 | Y(4260)| o N gos/fy PR
105 JL. el 1] l - Y (4360 205_ + Qgg
| I | Y(a660) | | [ kLT T
e m Cmg o Em o we A% Y (4630) - § |

n: |I|||||||||I||||II||||||||||||||||'|||1-\\\
m(' /) (GeV/c) 45 46 47 48 49 5 51 52 53 54

Update with full Belle data M(A*A,) cevid 24
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ELLE

PRL110, 252002 (2013)

e*e— ' J/y from ISR

Still observed two resonances,

Y(4008) and Y(4260),
agrees with Belle's
previous results.
R,=Y (4008)
R,=Y(4260)

Solution 1 Solution 11

i L L L B R L
o 104
1200 @ & X
N L ' M 10
~>(:3 100 :
> [
= F'H'Mﬁsﬂfl‘*qﬂ
o i o L o L AL
Q 4.5 5 55
n
G:J Sol Parameters
Lﬁ Sol M(R,)
I‘tol(Rl)
okl e =3-1-y - leneaciSl AM(R,)

%E_:_;_._B-r‘l'-:'fu L1 ek
8 4 42 44 46 48 51,

M(r tJ/y) (GeV/C I, BR,— 7wt 7 J/¢)

¢

FLLB(RI - 7T+ 7T—J/$)

3890.8 + 40.5 + 11.5
254.5 +39.5 = 13.6
(3.8+0.6+04) (84%12+*11)
4258.6 = 8.3 = 12.1
134.1 + 16.4 + 5.5
(6.4 +0.8+0.6) (20.5= 1.4+ 2.0)
59+ 17 + 11 —116 + 6 = 11

1. Fit with two coherent resonances |BW,+BW.,*exp(ip)|>+bkg.
2. Mass of Y(4008) is lower than before
3. Fit quality: ¥%/ndf=101/84, confidence level is 9.3% 25
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Events / 30 MeV/c?

PRL110, 252002 (2013)

« M?(nr) vs. M?(nd/y) for
4.15<M(nnd/y) <4.45 GeV

 (inset) Background events in
J/y-mass sidebands

e Structures both in nx and
nd/y systems

« 689 events in J/y signal
region, purity~80%

e*e— ntnd/y from ISR
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Events / 0.02 GeV/c?

Z(3900)* observed in two experiments!

Belle with ISR: PRL110, 252002

70F
60
50
40f
30f
2001 1¢
10/

o b el

3.7 3. 3. 4 4.1 .
Max (/) (GeV/c?)

e M=3894.5+6.6+4.5 MeV
e ['=63+24+26 MeV

« 159 + 49 events

e >5 20

—+— data
— Fit
— Background

---- PHSP MC

Events / 0.01 GeV/c?

100

oo
o

n
o

(¢))
o
1 T

20 %

BESIII at 4.260 GeV: PRL110, 252001

—4— Data

- — Total fit
L ---- Background fit

-:= PHSP MC

37 38 39 40
Max (TEJ/Y) (GeV/c?)

M = 3899.0+3.6+4.9 MeV
I' =46+10+20 MeV
307 + 48 events

>8c
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=y ec'e— ntny(2S) via ISR

BELLE

'(— Jly ntmor pu) +

no extra tracks

detection of y,qr is not required

Entries/20 MeV/c?

W
o

T T T T T
|

M Tyw(2S)] (GeV/c?) =~

Two significant clusters:
Y (4360)+Y (4660);
a few events at Y (4260)

980 fb-!

« Clear signal of missed massless

20 b

]

Entries/0.1 (GeV/c

Entries/0.04

SN IHH |
O et TR V3 1 LKL

-4 -2 0 2 4
M2rec[nmy(2S)] ((GeV/c?)?)

« Polar angle distribution agrees

1 100

25 ¢
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o
——

o
o
LS S

:m Lortuicbetetet *‘&P&Ei

-0.5

0
cosf

well with ISR expectation

« Combinatorial background
estimated by y’ sidebands

~» Bkgs from real (y'nnt), o 1sr OF

05

V' X on - are negligibly small

Belle: arXiv:1410.7641, PRD91, 112007 >
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Flt Wlth Two BWs

. ——— Belle: arXiv:1410.7641, PRD91, 112007

pop v Jl gl Y= pp
= 15 - | W § = : | f :
g1of ’ 1850 N ]
i * + ;,’%I‘jv“l I'H Hllm‘ L 4 i ,,';,;I_.:.. ; FIRE
04 z&5" — ;%5 04 = 4*5 | é__l- hm:5=.5
M T w(2S)] (GeV/c?) M[m y(2S)] (GeV/c?)
Parameters Solution I Solution II
My (4360) 4347+ 643
T'y(4360) 103+9+5
B[Y (4360) — wta1(25)] - I‘fj[flgﬁu) 9.2 4+ 0.6+ 0.6 109 £ 0.6 = 0.7
My (a660) 4652 +10+11
Iy (4660) 68 +11+5
BIY (4660) — m+ 7 9(25)] - T Gee0)| 20+03+02  81+1.1+1.0
o) 32+ 18 + 20 272 £ 8+ 7 30
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Fit with Three BWs

' Jy T+ Belle: arXiV:1410'.76.4.1'. PlRP.gl.' .112007

L :j U T T T T |

Sol. Ill

[y
o

Entries/20 MeV/c?
=

Entries/20 MeV/c?

£ RERREF AR e A v T R

4.5 5 55 4 45 5 5.5
M T w(2S)] (GeV/c?) M Ty (2S)] (GeV/c?) 31
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v'—> Jly e + pp

Fit with Three BWs

Belle: arXiv:1410.7641, PRD91, 112007

Parameters Solution 111 Solution IV Solution V Solution VI
ﬂffy@ggg) 4259 (ﬁxed)
Ty (4260) 134 (fixed)
BIY (4260) — n T 7 (25)] - Te 4260) 15+06+04 1.7+£07£05 104+134+08 89+1.24+08
My(4350) 4365 + 7+ 4
Iy (4360) 4+14+4
BY (4360) — 77 1(25)] - T€+f’1360 41+1.0+06 49413106 21.1+£35+1417.7+£26+15
My (4660) 4660 £ 9412
Fy(4550) 4+12+4
BIY (4660) — m T 1(25)] - F“f 4660) 22404402 84409409 93+124+10 24405403
O 304+244+21 294+£254+23 130+4+2  141+5+4
) 26+194+10 238+144+21  329+£845 117423425

Significance of Y(4260) is 2.4c

Affect the parameters of Y(4360) and Y(4660) significantly!
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states from Y(4360) deoays’?
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i J
Z.(4050):> 1y
— T T T ] arXiv:1410.7641
PRD91, 112007

An unbinned maximum-
likelihood fit Is

performed on the

—
(0))

distribution of
Mpa(TT=W(28)), the

Entries/20 MeV/c?
o

L e . 7, maximum of M(1r*y(28))
M__ [my(2S)] (GeV/c?) and M(Try(2S)),
« M(Z,) =4054 + 3 + 1 MeV/c2 simultaneously with
« =45+11+6MeV both modes.
 Significance: >3.5c ¥




A No S|gn|f|cant Z.In Y(4660) decays!

BELLE
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=4 ec*e— K'KJ/y via ISR

BELLE

Event selections are almost the same as in Phys. Rev. D 77,

011105(R) (2008) Shaded hist.: J/\y mass sidebands
Sisk @ _ 1G1sf 980fbt ] | « +one
> | 2 | resonance.
Z10f 1 210f 1o o
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) : CE 7.8% sys. error was
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Search for Z_ > KJ/y states

22 e @ 22 g P RD 89, 072015 (2014)
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s I - 18], ¢ '} 1H.. Samples a elle
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5 L f e b, =t . 11|, understand KJ/y
P I T P P L, ] N I P P 1, and KKJ/\V
12 14 16 18 20 22 12 14 16 18 20 22 Structures |
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No evident structure in K*J/y mass distribution
under current statistics



Summary

With the world’s largest data samples in
bottomonium energy region Belle achieved a lot

— improved knowledge on Y(5S) and Y(6S)
— New results on the Z, states

With ISR events, Belle studied charmoniumlike states
— Improved measurement of Y(4360) & Y(4660)
— Evidence for Z.(4050)->ny’ but no Z_, yet

Still lots of analyses on going, results soon
Belle II is coming ......

Thanks a lot! 38



The end
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Charmonium region at Belle Il

ISR produces events at all CM energies BESIII can reach
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At 4.26 GeV for m*nJd/y
Eges = 46%

........................................................

........................................................................................................................

: | Belle 1l, 10/, 2020
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M(TC+TC') distributions PRD91, 112007
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ey 7 In Y(5S)=2>ntr~Y(nS)

Mype = Az 2 + Az + Ayo + Ay, + Ayp, + Axr

'] 4 » INE
ANR(503) = AR 4 MR 5,

Belle: PRD91, 072003 (2015) 43



