)
INFN

Istituto Nazionale
di Fisica Nucleare

Bottomonium(-like) spectroscopy
and transitions at Belle

Umberto Tamponi
tamponi@to.infn.it

INFN, Sezione di Torino
University of Torino

Quarkonium Working Group 2014
CERN, 11/10/2014



Outline

Rb and Rt scan

— Lineshape of Y(53)
— Y(5S) and Yb(10888)
— Y(6S) » ntn Y(nS)

Preliminary

Spectrum and transitions

Y(5S) - n bb
Y(4S) »nh (1P) Preliminary

N, (1S) parameters



Hadronic transitions: lower states

Kuang, Front.Phys.China 1, 19 (2006)

47‘/7 Photon

QED multipole expansion momentum k

a/A ~ ak <1 /

In quarkonia: . T, M ... B[Y (35)*nY(1S)] <29%10"
r~0.1fm rk <1 B[Y(3S)»nnY(1S)]
k ~100 MeV r
Gluon B[Y(25)»nY(15)] ~(1.6420.25)x10"°
momentum k B[Y(2S)»nnY(1S)]
Radius (potential model
0.007 P ) CLEO '08
i - —e— hep-ph/0409255 (QUARKS-2004) 45 Kxr=1 — . PRL 101,192001 (2008)
= —
§ 0'0065 e Frascati Phys.Ser. 46 (2007) 1519-1522  © BaBar '11
= 0.005[============eemmmcaeee—aaaaa- T 200 MeV - PRD 84 (2011) 092003
0.004]- 33 2D ¢ Belle '12
SRR - - 300 MeV - PRD 87 (2013) 011104
0.003F g
n 1P o QCDME
0.002 :*-1-8 ---------- s ALL LEEEELELEEE LY +- 500 MeV ? Voloshin 2008
0.001;-8 ------------------------------- +- 1000 MeV . QCDME
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Hadronic transitions: Y(4,5S)

b quark Spin-flip prediction Experiment
spin flip \ I'[Y(nS)»nY(mS)] F[Y<55>_>7”5hb(zp)]_ +0.22
<1 —0.77+0.08_,7,
r[Y (nS)>naY (ms)] LY (5S)rnnY(25)] SRL108
122001
no b quark L[Y (nS)>amhy(mP)] C[Y(5S)>anh,(1P)]] & . o asoor
spin flip T[Y (nS)»>nxY(mS)] r[Y(58)»nnY(2S)] -
allar No suppression
E M0E voy
510_3:_ 7" 7 F[Y(SS)_)T]Y(IS)] —0.16 Belle
g oob 5Bucy LY (5S)>anY(1S)] preliminary
10.6 =
UBE _______ C[Y(58)2nY(2S)]]_. .
04 & A [[Y(5S)»nnY(2S)] No suppression
102 —_—
B Y {(1D)
10.0—
981 LLY(48)2mY (S|, 4140404020
B L[Y(4S)»anY(1S)]
9.6 Spin flipping-enhanced
9.4 Y{-ﬁ}—- transition
- ",{19) PRD 78, 112002
92 JPC 17 ot ﬂf]”z” 1t 1,2,3 3



Hadronic transitions: ratios

— Spin-flip suppression

; N Non-relativistic potential h . .
TP —— R ootential + Cousled chanmal —» NO Spin-flip suppression
otential + Louplied channe . . . .
° F e P P — Missing information
| | I —@®— Unresolved triplets
w 10.8 E 5
a - T % Observedstates Light quark dynamics is
= 10.6 "=.=|' not negligible in both transitions and
- ;‘43 39) spectra
10.4 m——— . . :
- v v(2'p,) YD) Light quark dynamic dominate over
I~ Y (3S) .
10.21 spin symmetry effects (?)
- v sl
B Y(1’°pD,)  v(1'D)
- = Y(4S) - nhy(1P) Guo, PRL 105
- ", (28 —— Predicted as large as 10-3 (2010) 162001
9.8 %y (1P) ’
- Y(5S) — nhp(1P)
9.6 —_ v Theoretical predictions from Y(5S) - 1‘|hb(2P)
B ,=L ur. Phys. J. C72 (2012), Issue 4, 1981 P
ol oo Bur. Phys. J I No predictions
B n, (18)
Jg*¢ 1 o+ o0,1,2** 17 1,2,3 9 *



D

Y(5S) - n bb e D
M(yy) in data E”'D}‘“ES’
121 fb1 of e*e’ i 2500710 bt w108L Y(55)
o = s — without n° veto o C \\
collisions at 3 ook T —— with 2 veto = 060 opan Baauty
10.865 GeV ; o4k
2500 s
n 102
‘ 2000 n-—-v \\\ -
|‘ E Be”e 10.0:_
«---_ Reconstructed  =vp Preliminary 9.8
'Y .n mun:—____ 9.6F
- . -
Y(5S) o EI}D:— R 9.4 :— Y{18) '_|'l.,{‘5]'
bb n:||Y|||||V|| 9'2Jrc 1 o-* 0,1,2* 1+ 1,2,37
3':""1 1SD 3PIZI, 1,2 1P1 3Dl, 2,3
= —
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Y(5S) - n bb

(0.340 £ 0.016) nb at 10.865 GeV

BF[Y(5S) —n Y(2S)] = (2.1 + 0.7 + 0.3) x 10-3
BF[Y(5S) — n Y(1D)] = (2.8 = 0.7 + 0.4) x 103

Assuming c(e'e” — Y(53)) =

o

BF[Y(5S) - n h (1P)] = <3.3x 103 (90% CL)
BF[Y(5S) - nh (2P)] = <3.7x 103 (90% CL)

Combinatorial background subtracted
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BELLE
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L[Y(5S)2nmh,(1P)]
r[Y(5S)>nh,(2P)

r[Y(5S)>nmh, (2P

]
)]
| .
7

<0.94
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Y(4S) - 1

bb

D
D

BELLE
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Open Beauty
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JC 1T o~

First single meson, °S —» P
transition observed with >5 ¢

BF[Y(4S)-n hb(1P)] = (1.83  0.16 + 0.17)x10-3

[ ug = 4KeV One order of magnitude

L. =17 KeV larger than any other Y(4S)
" transition

Pnhb(1P) = 37 KeV



Y(4S) » n h (1P) » nyn, (1S)

D
D

BELLE

h,(1P) yield / 4 MeV
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0.7 -06 -05 -04 -03 -0.2
AMM [GeV]

AMM(y) = MM(ny) — MM(n)

M(nb) — M(hb)

M[nb(1S)] = (9405.3 £ 1.3 £ 3.0) MeV

+8

I'mb(1S)] = (11_6 + 3) MeV

+11

BF[hb(1P) — ynb(1S)] = (52, *

+ 4) %

AM__(n,) =M(n, ) - M(Y(1S)) =
(55.0 + 1.3+ 3.2) MeV

Assuming Y(1S) mass = 9460.3 MeV



nrn/n transitions: Th. VS Exp

L 3
E’ 10
=107
(® 10
’
107
1072
1073
> 10°
Q
<, 10?7
v 10
1
107
102
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104

e transitions

Y(2,39)

Y(4S)

+

= #F %= voo)m P

'y

o PDG 2014
———— Simonov PRD79, 034024 (2009)

. Kuang Front.Phys.China 1, 19 (2006)
———=—— Meng PRD77, 074003 (2008)

A Simonov PLB 671, 55-59 (2009)

N transitions

RRE

R AR A

PDG 2014 / Belle preliminary
Simonov PLB 673, 211-215 (2009)

. Kuang Front.Phys.China 1, 19 (2006)
Meng PRD78, 074001 (2008)

Guo PRL109, 062001 (2012)
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1S HF splitting cc VS bb

Y(2,35) - v1,(1S)

h,(1P) » n yn,(1S)

< 90 [
o = h (1,2P) - yn (1S) 376
3 80 [ )
= E discrepancy
g 0
% 60— R R
e E T % T Y oz @
% 50— X o 5
S E ¥ s Re g % oC
s 40 e % 2 ° 3 s %
[ - - (o) S
S0E- > % “ g
= o
20

y(2S) / J/y = v 1 (1S) uncorrected

M(n,), —M(@m, ), =-12+ 3 MeV

M(n ), — M), =-7.7% 1.4 MeV

M(n )line shape factor:
3 -2 2
EyeXp(Ey /(8p%))
B=65%25MeV

PRL 102 (2009) 011801,
Erratum-ibid. 106 (2011) 159903
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> o

—h
o
o
T T T
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Same factor for the n _(1S)?
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Y(5S) lineshape history

PRL 100, 112001 (2008) g=x
21.7 fb'at 10.580 GeV

T(59) — Y(1S)xt7~ 0.5940.04 £ 0.09
T(59) — Y(2S)xTn~ 0.85+£0.07+0.16
T(55) — T(3S)rTn~ 0.5270%2 £0.10
T(25) — Y(1S)n 7~ 0.0060
T(39) = Y(1S)ntn~ 0.0009
T(4S) — Y(1S)n 7~ 0.0019

PRL 102, 012001 (2009)

0.6 T T LR

0.5
0.4

e 0.3

0.1

1 L L | 1 1 1 I L L L L L L 1 1 1
0.6 10.7 10.8 10.9 11 11.1 11.2

0=
N [GeV]

R, = o[bb] / o®[uu]

—

ol Y(nS)rx] / c[up

PRD 89, 091106 (2010) ~1 fb'/point SCAN
06 ,

(a) ;
05| = Y(59) Y(6S)
04}
03|
02}
0.1 E
0.012
00101 g v Y(5S)rn (a.k.a. Yb)
0.008- i Y(2S)x ; +
0.006 |- 4 Y@S)n : +
0.004| |
0.002} ;1 1 * i
0.000 ; :
1075 708 1085 109 1085 AT 11.05
\'s (GeV)
Belle 2010

M(5S)bb = 10869 +2 MeV
M(5S)rt = 10888.4 £ 2.7+ 1.2 MeV
M(5S) - M(5S)rnxn = -9 + 4 MeV
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Belle Y(5S) scan

Full Belle scan

For Rb: 61 points (50/pb each) every 5 MeV
For Ram: 22 points (1/fb each)

Rb =

'ﬁ Both open and close

cle'e” » bb — hadrons]

cle'e - uu]

e‘e” - qq suppression: R2

lllll

CutonR,<0.2 RZ
D. Santel, LLWS 2014

)
-
|

-

YI{55) and continuwum
Fox-Waollram R2

1.86 fb!

3.67 fb!
(scaled)

Continuum from below r{'i.I'S]'

D
D

BELLE

According to PRL 102, 012001 (2009)
cross sections are visible ones, not
Born

ole'e” - nnY(nS)]

Rnr = } _
cle'e - u'u]

~e'e” - P'uy suppression: sidebands

9.4
92 sample 48 fb'! at 10.8633 GeV

0.4 0.6 0.8 1 1.2 1.4 1.6
M(mrpp)-M{pp) (GeV)

D. Santel, LLWS 2014

9
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Rb at Belle B

Same as PRL 102,012001 (2009) ===
|ANR|? + |AR + €955 (A5 BW (M55, U'ss) + Agge'?65-35 BW (Mgs, Tgs))|?

- A )

Coherent Y (5S) relativistic Breit-Wigner  Y(6S) relativistic Breit-Wigner
Zcr):gﬁttlér: According to BaBar's analysis,continuum is assumed to be flat
. Y(5S) fitted mass  Y(5S) fitted mass
Incoherent continuum ; .
Amplitude a 0.55 0 !
14 - A= : !
0.5 . : :
_ - preliminary A .
M(5S)bb = 10880.2 + 0.9 + 1.4 MeV| (0 45 1) i \
s | .
I'(5S)bb =51+ 2 MeV i
(53) e 0.4 2t B
BaBar, same fit : i1 P ' i
M(5S)bb = 10879 +3 MeV 035~ i : ;
L Rb | ]
M(6S)bb = 11004 + 1+ 3 MeV 0.3; ;* (b maxima : :
[(6S)bb = 40 + 2 MeV O2D s swrreerriopsandinamespisegydilassal
10.7 10.75 10.8 10.85 109 1095 11 11.05

s (GeV) 13



Rrnm at Belle

PHSPx(| }4 —I-(*HF;%ASHBH (Mss, Tss)

F Agsci®ss—5s BW (Mg, Tes)

No continuum contribution is visible Fixed by Rb
o(Y(1S)nn)o(up) vs. s :
:oon prelimi Y(6S) - nn Y(1,2,3S)
£ e : — First Evidence
s oo Y(1S)7m : Hm
1 0.0008%— } f i . : .
106 085 07 1075105 s 1108 s i i1es | M(5S)nn = 10884.6 £ 1.4 = 1.2 MeV
hi2lndf = 60.2162 . = Vs(GeV) .
o(Y(28)mm)lo(up) vs. Vs : ' I'(5S)bb=51%+5%5 MeV
3 0.007 - . E
T 0.006 =
t oo Y(2S)mm
g e :Lﬁ\ Belle 2010:
O . : M(5S)nrt = 10888.4 +2.7+1.2 MeV
V0 oes 107 WM iMes
/s (GeV)
oY (3S))o(up) v. 5 : M(5S)nn — M(5S)bb = 4.4 + 2.5 MeV (1.8c)
Ex 0.0025F- i .
: ot Y(3S)n ' : I'(5S)tn — I'(5S)bb = 0 + 8 MeV
L E T A
© 00005 | : :
106 085 107 075 108 1085 1109 1085  §1  11.05

Is (GeV)

Y(5S) mass  Y(6S) mass 14



Rb versus Rrrx B

BELLE

Rb an Rnz are not independent Pb = |A__(bb) x BW(5S)[? bb contribution
— Rb includes contribution form nY(nS)
— Rb includes contribution form nth (nP)
5 P(n*m” nS) = PHSP x A_(nS) x BW(sS)p’ ST
contribution

From Rnrx : Z P(n*®n” nS) = (20 £ 6) % of Pb
Adding Y(5S) — =z h (1,2P): Z P(n'n~ bb) = (33  7.5) % of Pb

Assuming Isospin simmetry: Z P(nm bb) = (50 + 14) % of Pb

Adding Z, - nB"BY: Y. P(nx bb +1Zb) = (132 + 36) % of Pb

No or little room for Y(5S) - BB*, BB, B*B*, BSBsdirect decays
— these events come either from continuum, or from Z_decay

— Small interference between Y(5S) R Large
and continuum (different final states) 0.5 terference
. — 0.45-

T T T
b (a)

e Flat continuum is a
bb

- 0.4
| 44— crude approximation

0.35
. Phys.Rev.Lett.53:878,1984
-5 | Resonance parameters 0.25)
I | = . Hias o by iy Frggaddgaad e iiibbivartaaigil
from Rnr are likely more 10.7 10.75 10.8 10.85 109 1095 11 11.05
reliable (s (GeV)15

SR O i L | S R W AT L ] R |
10ss 10s 107 108 5 /GeV



Summary

First observation of Y(4S) —» 1 h (1P) Preliminary

First study of Y(5S) —» n h,(1P) Preliminary

— No evidences, but upper limits allows to increase our knowledge
of the spin flipping transitions pattern

Updated parameters of n,(1S) Preliminary
— Line shape factor as in charmonium?

Fine-graned Rb an Rnt scan

— Evidence of Y(6S) —» ntw Y(nS)
— Can Y(5S) — Yb difference be due to interference with non-flat continuum ?

Bellell
50 ab™ Y(4S) — ~ 100 millions h _(1P) via n transitions (untagged)
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Backup




D
D

BELLE

The Belle experiment

For a summary of Belle's resuts: arXiv:1212.5342v1
1-- quarkonium states

V's [GeV]

KEKB
asymmetric produced at rest
collider
Y(1S) Y (2S) Y(3S) Off Y (4S) Y(5S)
5.7 fb-1 24 fb-1 3 fb-1 89 fb-1 711 fb1 | | 121 fb1
g T *[ ‘ T T T | T | T ] ~ 1 a.b Of ete-
8 |- * E
R7 -, Ve Y| b events
: (25) (48) : World largest
6 [ I 1 samples of
; | Y(1S), Y(29),
5| i Y 1 Y(4S), Y(5S)
% | Bl | J\ \/ Ly iie oitans aes was] and off-resonance
e — ]
g ._ =% o N | _‘ _‘ - . : i . _...‘ & ‘_ - - - ~ 770 M Of
* MD-1 ARGUS CLEO CUSB DHHM Of Y(4S) N BB
2 - | | C[’}-;st-al Ball T CL]IEO 11 | | D;—'LlﬁP LENA | — events
9.5 10 10.5 11



PRL109 (2012) 232002

7>
A hle)decayw
from Y(5S |°

-~
(8]

(8]
—_—

2.5 . b Wl |'-:'
06..|...|...
my(2P) decay
3
from Y(5S) . |
2 |

—

h,(2P) yield, 10° / 10 MeV/c®> h,(1P) yield, 10° / 10 MeV/c?

Aﬁamzss (i)

PNRQCD LQCD

BaBar '08 Y(2S) — ynp(1

BaBar '09 Y(3S) - ynp(1S) =

Belle Y(5S) — nmynp(1S®

¢ o0 h(1P) decay |
< C
s % from Y(4S) ‘ I
- 4000F Brelimin | \||!|||||’
T 3000 .'l llh | | il |!||||II|'| ’““Il
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o RL101, 071801 (2008)
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Zb in Y(nS) final states

M(MeV/c?)

PRL108,122001

Y(nS) - pru-

- Clean final state

- Pure Y(nS) sample
- T’ recoil tag

), GeV/c?

M(u'p

3 other observation
of Zb's !

16
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Probing the spin structure

Hyperfine splitting = M(triplet) — M(singlet)

N

Spin interaction term:

167
Vss = gmg'ﬂﬂ
AMye o< [4(0)[2

P wave —» Odd y(r) - |y(0)]2=0

AM,(1P) = +0.8 + 1.1 MeV/c?
AM,(2P) = +0.5 £ 1.2 MeV/c?

Y (5S)
Open Beauty
__=
- Y(48) e eeeeeaa
L —een 1,,(8P)  h,(3P)
C Y(39) 108 —g—
- 1, ,(2P) h,(2P)  —_———
B Y(1D)
- Y@ gps)
- . | T e
— v (1P) P 1P Hyperfine
B splitting
- {T == 1S Hyperfine
— Y(1 e et
- splitting
- n (18)
J*¢ 1 o* 0,1,2* 1+ 1,2,37
3 1 3 1 3
51 Su Pu,l,z P1 DI,E;S

S wave — Even y(r) - |y(0)| 2 20

PNRQCD: 41+ 14 MeV/c?
Kniehl et al., PRL92,242001(2004)

Lattice: 60 + 8 MeV/c?
Meinel, PRD82,114502(2010)

PDG 12 :69.3%+ 2.8 MeV/c?




Z Summary

PRL108,122001

v ASITT 1 : : Mass and I‘
. : ; measured in 5
Y(2S)n e — {1 I B different
Y(3S)'n 5 - i ~— final states agree
h,(1P)'n 5 —— .- i—e—
h(2Pin'n  fe— | . —— .
Average + + = +
.._.1IC.I.- D_I.II1II:|... .._..‘IIC.I.. I:I ...-1II:I. ...1II:.]...D....1II:: ..... -;Ii.. I: ...1ID...
AM, MeV Al MeW AM, Me\s ALY, MeWs

Angular analysis suggests J" = 1*

Z,(10610)

M = 10608 pm 2.0 MeV
I'=15.6 pm 2.5 MeV

Z,(10650)

M = 10653 pm 1.5 MeV
I'=14.4 pm 3.2 MeV

The Di Pion transitions from the Y(5S) proceed
via the intermediate charged state Z_

The transition does not imply spin flip

Masses are close to B*B and B*B* theresholds
Molecules?

The Y(3S) is an unexpected source of h_



= F
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=
_— B . . -
g2l YRS) T (1D) o Preliminary e
“_,21?.5 ;— ] 10500
[ F] -
o 15 [ Y(2S) -t Y(1S)
- 10250 | nis) = 55
= 08 =59 1P .
12.5 | n -y [ Y(I'D) Y(1'D)
o E il 1000 Vo) g
- - n,(28) % b.(IP)
7.5 9750 | e e
b | _ WAL T Yy
- 9500 - _~ Y .
25 [ \J]q Y{S) ___ final state
o 1 I ) I ¥ A -3 n,(18)
o tlL Il | T T N T | 9250 | L=0 L=1 L=2
9.9 9.95 10 10.0510.110.1510.210.2510.3 10.3510.4 e e
MM(*1), GeV
L [ : ¥@s) Significance 9 ¢
E 40000 |- ) i . :
o : An evidence of:Y(1D) : L
§ 30000 ¥4 was seen in inclusive ; n,(2P) - Significance 2.9
20000 |- MM(rr) spect;ra h1P) <
E I i Y(1D)
10000 |- ; :
o hithlu L i “ j | | _ _ | W n Hll | i
T O TV LT Tl L VLU O S 1 L}
9.4 9.6 9.8 10 2 10.4
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B[Y(5S)—- Y(1D)r*n-] B[Y(1D)—-x.(1P)y 2 Y(1S)yy] = (2.0+0.4+0.3) 10



h, (1R2P)- yn, (1S,2S)

PRL109 (2012) 232002

h_(1,2P) is predicted to have large BF

for radiative decays to n,_

BF[h (1P) » yn (1S)] = 41%
BF[h (2P) —» yn (1S)] = 63%
BF[h (2P) —» 0 (2S)] = 13%

O(10% larger

than in the Y(nS)

system

Clean experimental signature with the

hb(1 ,2P) and Z_tagging

Melns

Less background than in the inclusive

searches from Y(2,3S)
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Y(5S)- n Y(1,2S)

Y(6S)

M(MeV/c?)

Y55)
10750 |

- W~ +am—me( 10500 Y{4p)
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e
reconstruction § Y(2S) - Y(AS)m't-+ n > vy w3 =5 LD
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10000 - ?)nas.) o
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Missing Mass technique

Y(5S) produced _at rest in the colliding e*e” frame

Y(SS)

h b(nP)

reconstructed

T

M(hb) = (Ec.m. o ETZH{:—)Z o pnzﬂt- =M

SN/

Known Measured

(T'7T)

miss




Exclusive n,(2S) at Belle D
arXiv:1306.6212

300 Identical reconstruction modes
5; 250
>
(3 200 Y(2S)
% T]b(ZS)
'd 15[}_ 0035 004 0045 005 0058 0.08 00685
2 100 f Xs(1P)
@ - Hadrons ;
(@ 50—
: Hadrons
YV S/ Rk TS 095 0.3
A M (GeVic?)
25 fb1 at Y(2S) energy nb(zs) claim by

(158 M Y(2S) decays, 16x CLEO) Dobbs et Al is

87 fb-! below Y(4S) energy disconfirmed by Belle.

for the study of the contiuum
background study

~ one order of magnitude
BF[Y(2S) — 1,(2S)] x BF[,(2S) —( had] <4.9x)106  Delow the claim by
Dobbs et at



%
h (1P) at BaBar 2 —
b 10001 Y(Es)
= | —
" " . I Y(5S)
3 sigma evidence: et
0
e+e- - Y(3S) - 1 hb .
10500 o
10250
Y(I'D) YA'D)
10000
9750 |
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c moq (™) (Gﬂvfcz)_ 9500 | -
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ﬁ 3(]4]{2':
% 2000
g } Phys.Rev.D 84 091101(R)
2000573 5&  SAs 89 8955 = 10

M o0 (T7) (GeWVic®)
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Spin-parity of the Z,

D
D

BELLE

New study of spin parity with a 6-D fit that includes contributions from non-resonant S and D

waves:

S(s1,s2) = A(Z,) + A(Z',) + A(f,(980)) + A(f,(1275)) + A(NR)+ A(c)

Breit-Wigner / \

Flatte Breit-Wigner

Cy +C,M?(ntmr)

Fit projections in M(Y(nS)r)

Breit-Wigner

'Bﬂ -| T 11 T T 171 | Y(ls) T 1 | T 17171 | T T 1T |4 1“0' E'_'_'_'—l_'_'_'_'—r Y( 25) TT TTT1 TT1T |- 120 _| L T T Y(3S) | ]

P_ + + 1 _ 1wl E

s P=1t 12+ 7 | om ;

I } > T { : 1 5 sf -

- S 60 [ ‘ il 1 & :

E LA Thr e r I i 5

a0 : 1w [ Akl w60 b =

i PR i e Iii. Py :

ae ) }l ik \ i | + 1

5 B 1 ;_H - |I' [ 5 40 o

20 sl P | i & ]

1 N A M A N A LA M e e o L SRR A W LRI O L8 RN 0L WLN 00 19 LTI 01 3.3 e e AR _ 28
Y01 102 103 104 105 106 107 108 Qo 76 foss 1081 1068 1067 107 107
M(Y(19)m) ., (GeV/ch) M(Y(28)7),, ., (GeV/ch) M(Y(38)7) ., (GeV/c?)

1+ is assigned unambiguously



Z, decay modes

Y(5S)

arXiv:1209.6450v2 — X %
120 "\“
- ' T ' '
. — Reconstructed * ' AN
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] ! Z
‘g 80 ) b
= ' B
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- .
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Z, decay modes
arXiv:1209.6450v2

2y
Channel Fraction, %6 = cecaaaaaa- T T e caaan-
B*B*
Zy(10610) Zp(10650) Z,
T(1S)n* 0.32 £ 0.09 0.24 £ 0.07 Tt mmsmsmmee
T(28)n™ 4.38 +1.21 2.40 £+ 0.63 BB
fAE 2.15 £ 0.56 1.64 +0.40 . inclusive Y(5S e X
hy (1Pt 2.81 + 1.10 743 +2.70 d;‘(’::y's"c usive Y(5S) - m*n” +
hy(2P)nt 4.34 + 2.07 14.8 + 6.22
BB+ B°B**  86.0 £3.6 C - <
B+ 0 B 734+ 7.0 — Kinematically favoured but
absent
Why Z,(10650) should not decay in BB* ? Molecular
Model

Z ~|BB*>
Z', ~|B*B*>  with negligible |BB*> component

Proximity to open threshold J The Z,, are

I'(open flavour ) >> I'(narrow quarkonium) zﬁh 3’;“_'i+'3(9;“°'ecu'es




Search for Z,°

arXiv:1318.2648

Y(5S) - 7t°1t

F L5 et “| §f =i
fal |,| Y(2S) £ ol Y(25)

o - Y(15)] | o FY(15)

Wi | i 0f _'
/\Jﬂ?ﬁjﬁhm o PR o0

1 11 1 D
96 98 10 102 104 106 9 9.2 94
M,,..(n"x°), Gevic?

BF[Y(5S) — noa° Y(1S)] = (2.25 £ 0.11  0.20) x 103
BF[Y(5S) — 7°1° Y(2S)] = (3.79 % 0.24 £ 0.49) x 10
BF[Y(5S) — n°1° Y(3S)] = (2.09 £/0.51 + 0.34) x 103

\

96 9.8 10 10.2 104 106
M,_..(x"x"), Gevic?

BF[nttn] = (4.45 £
BF[ntn] = (7.97 %

BF[n'n] = (2.88 +

__—

Isospin symmetry : BF[n*tn-] = 2x BF[n°z°] OK

0.16 + 0.35) x 103
0.31 + 0.96) x 103
0.19 + 0.36) x 103



Search for Z,° B

BELLE
arXiv:1318.2648

Again multidimensional fit that includes contributions from non resonant S and D wave
S(s1,s2) = A(Z,) + A(Z',) + A(f,(980)) + A(f,(1275)) + A(NR)

00 00 0,0
3“ IIIIII Y(ls)n n |r|||[|||| 35 _IIII‘III Y(zs)n n |||'||||'|I_ 18 I‘.llIIIII Y(3S)n n IlIIIIIIII
- 30 _— (a) —E -
© PN w/Zs 1%
(1 i F ] = 12 -
= = F ! 1 2
- = i + 4 =
B = [ -
S S sf + | w
B ﬂ L - } D
g g T | g 6 -
0 v 10 : >
& A J( ]
— e 5 :_
%04 1045 105 1055 106 1065 107 1075  10.58 10.6 10.62 10.64 10.66 10.68 107 10.72 10.74
M(Y(18)n) ., (GeV/ch) M(Y(28)m) ., (GeV/ch) M(Y(38)n"),,,, (GeV/c’)

Significance is calculated from the Multi-dimensional fit

Z0,(10610): 6.56 [4.90 from Y(2S) + 4.3c from Y(3S)] Observed

Z9,(10650): not observed but not excluded either



Y(1,25)- A+ X

Hyperon production is enhanced in Y decays with respect to the nearby continuum
and is large.

BF(Y(1S) - A + X )~10% Enhancement for baryon B:
o[ete=Y(nS)—- B +X]

clete'—=qq— B +X]

3031106-003

Phys.Rev.D76, 012005 Phys.Rev.D76, 012005

1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 I 4 | | | | |

L CLEO B 1SData - - CLEO B 1SData

- & A & 3SData i

3 * O ismc | 3 + DATA

[ |
T < 35 MC
= + —
o f

% 3SData |

O 1sMc |

< 35 MC

+ @ CLEO'84

gl

H : 1 S
I m‘i'?”.'%',__ I T T R B

0 1 1 1 1 I 1 1 1
0.00 0.25 0.50 1.00 A P p ¢ f,(1270)

Scaled A Momentum

ggg/qq Enhancement
B e
B
|
ggg/ad Enhancement

1
Ee _om




Y(1,2S)- exclusive AA + X

What is the enviroment in which these hyperons are p

N W R O N O

x10°
3 6001
foduged®1S) dat
& 500"
o i
Lﬁ 400
3000
2oo§
1oo§
Qe e T2 1125
M(pr) [GeV/c?]
Energies:

Y(1S)

Y(2S) B
/ Continuum qq
4 | | ( 4.5 _5

| |
! i VY Ak
| / Aatata gaasttass et matia
! oy A
£ 3 - — -

= :
~ ARGUS A @ aous N
* MD-1 ARGUS CLEO CUsB DHHIM
“ Crystal Ball A CLEO 1T DASP LENA | —
| \
9.5 10 10.5 11

V3 [GeV]



Y(1,2S)- exclusive AA + X

X = combination of K+K-, w*n-, pp and nt°

Max 9 bodies,
BF[v (15 OF 238;%20 77
- 1S

BIIVSRE 60 - y(15) 5 ARK'K + (n-2) 7
Channel Sk T Y(RS) s AA+nT Q
M+ Mo F ——Y(1S) 5 AA+nmx
AA+KTE- £ 205 +0.53 + 0.11
AN +2(rtr- S *UE +0.17 + 0.06
A +7ta K ® | Preliminary
I‘LITL —+ ?T+?T_p' m 30__
AN+ 3(mtm~ - i 0.14 4 0.04
AA +2(mFm™ 20
AA +2(mT o™ -
i"'uii —+ ?T+?T_2( 1 0__
AN+ 777™ B
AR + 2(mt 7™ - | | | | + 0.30 + 0.08
AN+ 7tr~ K 4 5 6 7
AN + 777 pp Number of additional mesons (n)
AA + 3(ntm - 0.14 + 0.05
AN + 2(mtr TR - £ sty T 0.39 + 0.12
AA + 2(xt 7 )pp 7° 15.95 + 5.81 + 2.76




Y(1,2S)- exclusive AA + X

Dynamical interaction within the A/_\_pair
— Low threshold enhancement in M(838) is a common feature in B meson

Events / 100 MeV/c?

Events / 100 MeV/c?

baryonic decays

Y(1S) »ART KK

100 o

- Preliminary

Si

6

4

2

I R AN
M(AR) [GeV]

Y(2S) 5>AAKK
5
5 Preliminary

no
w
n
o
o
~
@

Events / 100 MeV/c?

Events / 100 MeV/c?

o N W A o0 o N o

e'e’ — qf 2AATTTR

10—
of Preliminary
6
4
2
: | | | T — |
2 3 4 5 6 7 8
M(AR) [GeV]
e'e’ = qf 2AATTKK
3 Preliminary
; Loy -
2 3 4 5 6 7 8
M(AA) [GeV]




Y(1,2S)- exclusive AA + X

Preliminary

Dynamical interaction within the AA pair
— Low threshold enhancement in M(838) is a common feature in B meson

baryonic decays
Significance of the deviation form phase space flat distribution

Final state X T(18} =X T28)>X e —2gg>X
A+ 7ta 2.16 1.83
A+ K K- 2.94 4.60

AA 4+ 2(7t7) 2.96 3.07 4.23
M+ rtaKYK- 4.61 6.08
AA+7tn—pp 2.06 0.57
AA + 3(nt7) 0.31 2.97 3.76
AN+ 2(nta ) KYK— 0.36 3.75
AA +2(7 7 )pp <0.1 0.83
AN+ 7t 2(KYK ) 0.50 0.29

AM+ata 2 1.95 2.36
AM+K*K— 7" 1.51
AA +2(ztn—) o <0.1 0.36 4.27
AN+ 7t~ K+*K— #Y <0.1 2.33
AA + ot pp o° <0.1

AA + 3(xta) 70 1.38 0.25 2.10
AN+ 2(rta )KHK— of 1.28 <0.1 1.28

AA + 2(nt 7 )pp 0 <0.1




The Nagara event

%" beam on emulsion target (Phys. Rev. Lett. 87, 212502)

=-+12C> , \bHe(#1)+t(#4) +a(#3)

amCHe(#1)2> °’He(#2) + p(#5) +(#6)

Event Nuclide Baa (MeV) ABapn (MeV)

1963 ABe 17.7+04 43+04

1966 ¢ He 109+05 47+10

1991 BB 2754£07 4807
NAGARA ¢\He 713x087 10=02 -e—— AA binding energy =7 MeV
MIKAGE €\ He 10.06 + 1.72 3.82 + 1.72 M(H) > 2223.7 MeV (90% CL)

DEMACHIYANAGI 1% Be 11.90 £0.13 1.52 £ 0.15 2M(A) = 2231.36 MeV
HIDA Be 2049 +1.15 2.27 +1.23
12Be 2223 £ 1.15 —

E176 13 Be

23.3 £ 0.7 0.6 = 0.8




D
D

BELLE

Y(1,2S)- exclusive AA + X

Preliminary

First observation of Y(nS) exclusive
decays with hyperons

X = combination of K*K-, wt*%—, pp and ©t°
Max 9 bodies, Max one 7° 48 channels

BF ratio

(th. Prediction = 0.77)
Channel B[Y(1S) — X] [x107%] B[Y(2S) — X] [x107] Q
AN + 7t 1.43 + 0.48 £ 0.23
A+ KT K~ 1.29 + 0.51 £ 0.20 1.27 £ 047+ 020 |0.98 &£ 0.53 £ 0.11
AA 4+ 2(7t7™) 6.00 + 1.28 &+ 1.11 381 £097+£0.61 |055+0.17 £ 0.06
AM+ 7T KTK™ 11.83+ 2.01 + 1.87
AA + 77 pp 2.00 &+ 0.86 & 0.47
AA + 3(zta™) 13.144+ 2.36 £+ 2.10 472 164+ 075 ]0.36 & 0.14 £ 0.04
AN +2(znta ) KTK ™ 18.994 3.60 + 3.04
AA + 2(zt 7 )pp 6.03 &+ 1.67 £ 0.96
AA + ?r+?r 2(K+tK™) 2.03 + 1.49 + 0.47
AN +7t7 #° 2.00 &+ 0.97 + 0.34
AA 4+ 2(nta™) 13.864+ 3.96 + 2.35 76 +£3.06 £1.66 |0.70 £ 0.30 £ 0.08
AN+ 7t KTK— «0 18.26 + 4.68 + 3.11
AA + 77 pp a° 5.85 4+ 2.35 + 0.99
AA + 3(zta™) o0 52.83 + 8.93 + 9.07 23.35 + 597 £ 4.02 |0.44 4+ 0.14 £+ 0.05
AN +2(nta)KtK~ 70 31.78 £ 9.35 4+ 5.54 30.70 = 8.60 £ 5.36 | 0.97 &£ 0.39 £ 0.12
AA + 2(xt 7 )pp 7° 15.95 + 5.81 4 2.76




Baryons in Y(1,2S) CLEO

3031106-003
4 |

Large baryon production in quarkonium :Physl.Rev.lD76, 012005 = wsou :
BF(Y(1S) - A + X )~10%
BF(Y(1S) - AA + X )~ 3%

4 3S5Data |

+ DATA O 1SMC __

w
|

"
o o : . M%+ Lo
X = combination of K*K-, ©ttn~, pp and &t
(max 6 charged + 1 neutral) : B

< 35S MC

® CLEO'84

N
|

Only exclusive study available:

9gg/qq Enhancement

—

>, BF[Y(1S)2>X]=2x10"" Belle
Y. BF[Y(2S)»X]=0.7x10"* preliminary

5 | | | | |
A D D ¢  f,(1270)

<D
o

——Y(1S) = AAK'K + (n-2) n
——Y(2S) 5 AA+nmT
——Y(1S) > AA+nmx

Hyperons produced in high density

environment with low momentum

— interactions, rescattering and coalescence
are possible

Branching Ratio [x 10°]
(&)}
o

30 Bellg |
preliminary
20
10
0 | | I |

2 3 4 5 6 7
Number of additional mesons (n)

18



n/nx ratio

e 10E
© F +
1E
: = v
107 # +
10-2 E_ ° o PDG 2014
E —e— Voloshin 2006
- e —e— Kuang 2006
107 i —e— Chao 2008-2009
4 B
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