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1. Bottomonium transitions at Y(4S) and Y(5S)

2. Search for exotic state



The Belle experiment

Luminosity:

Y(5S) : 121 fb’!

Y(4S) : 711 fb’!

Y(3S) : 3 fb!

Y(2S) : 24 fb!

Y(1S) : 6 fb!

Off-resonance/ scan : 100 fb*
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Bottomonium transition |

Heavy quarkonia hadronic transition :

QCD multipole expansion (QCDME) model. [Y. P Kuang, Front Phys. China 1, 19 (2006)]

For Y(5S) resonance peak:
The anomalously large width :ete” >mrt*rtY(ns) [Belle PRL 100, 112001]
and e*e” > mt*rth, (ns) [PRL 108, 032001] .

Z, (10610)* and Z,(10650)* [prL 108, 122001].

Search for hadronic transition : Y(5S) = m*fnn®



ete—>n'nmnly,

118 fb-1Y(5S) data sample
Xps = YY(1S)

Events/(10 MeV/c?)

The same order as ete— '
Y(nS). [PRL 100, 112001].

Hadronic loop effect? [arXiv:1406.6763]

\

o(e*e>nr*i x,,) < 3.4 (pb) at 90% C.L.

Born cross section:

o(e*e> nor*rry,,) = 0.98+0.121+0.12 (pb)

o(ete>n’n'm x,,) = 0.6210.1410.08 (pb)
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Assuming all events decay from Y(5S).

Product BF :
BF(Y(5S) o' x,,,) < 6.9 X103 at 90% C.L.
BF(Y(5S) - n®r*mx,,) =(2.02+0.2540.25) X 107

BF(Y(5S) »>n’r'm x,,,) =(1.27£0.29£0.16) X103



ete—>mn'nnly,,

2D fit to scatter plot of
M(rtttm©) vs M(yY(1S)).

i@ invariant mass distribution:
> w signal

» An enhancement in higher M(rn*‘nn%)
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to- —>
e‘e’ > wy,,
w signal region.
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Born cross section:

o(e*e->wy,,) < 1.9 (pb) at 90% C.L.
o(e*e>wy,,) =0.760.1110.11 (pb)
o(e*e>wy,,) =0.291+0.1110.08 (pb)
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expectation from quark symmetry.
[PLB 346, 129 (1995)].

— a molecular component in Y(5S) [arXiv:
1406.0082]

— S- and D- wave mixing [arXiv:1406.6543]
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e‘e > (Tl' n -n-O) non-w X bJ

Events/(10 MeV/c?)

The x,, candidates out of w signal
region.

Possible cascade decay from

Y(5S) — niz, = npx,, [arXiv:1406.0082]

The interpretation is currently limited.
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Born cross section:

o(e*e>(m'nrn?) ...

wXso) < 2.3 (pb) at 90% C.L.

o(e*e>(n'ntn?) ... Xp1) = 0.251+0.07 £0.06 (pb)

10 ofe*e>(m*rnO), .. Xp,) =0.30£0.1110.14 (pb)
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e*e = yX, = ywY(1S)

* The X(3872) counterpart in the
bottomonium sector X, NOT
observed decay channel t*rtY(1S).

* As X, is above wy,, threshold, this

Isospin-conserving process should be
a more promising decay mode. [PRDSS,
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Assuming X, is narrow, the product
branching fraction :

Br(Y(5S) - vX, ) Br(X, - wy,,) varies
from 2.6 X107 to 3.8 X 10 between
10.55 and 10.65 GeV/c?.



Bottomonium transition Il

QY. PK F Phys. . . .
QC,DME model. | uang, Front Fhys Assuming heavy quark spin symmetry is
China 1, 19 (2006)] :
the dominant effect

Y(nS) — rut Y(mS) No Spin Flip Transition
Y(nS) = n Y(mS) Spin Flip Transition Suppression of spin flip in S—S transition
_ BF(Y(nS) = nY(mS))

SS
R> (104, ) = SE ¥ nS) =mm¥(ms) ) <~
Experimental status :
Y(2S) = n/mmY(1S) R>> (rm, n) are consistent with some theory expectations.
Y(3S) = n/mmY(1S) Foresee a larger width [PLB 673, 211 (2009)]
Y(4S) — n/nm Y(1S) RS (rum, n) = 2.41 = 0.40+0.12. [PRD 78, 112002]

Suppression of spin flip in S— P transition
_ BF(Y(nS) = nh,(mS))

SP —
R (rum, n) = BF(Y(nS) —nrth, (MS)) >=1

Y(5S) = nrth, (mS) : effect of Z, intermediate states.

RSP (ntm, n) experimental result?



Y(55) = n (bb)

Residual / 5 MeV

hb(nP) has
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pPrelimin
> BF(Y(5S)) —n hy(1P)) < 3.3 X 10(90% CL)

— RSP (ntm, n) <0.94
> BF(Y(55)) —n h,(2P)) < 3.7 X 103(90% CL)
— RSP (nm, n) <0.62
> BF(Y(5S)) —n Y(25))=(2.1+0.7+0.3) X 103
> BF(Y(5S)) —n Y(1D))=(2.8+0.71+0.4) X103

ary

First evidence of single meson transition to Y(1D).

Combinatorial background subtracted
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Y(4S) = nh,(1P)

Theory [PRL105, 162001]
» BF~ 103
» Small Coupled-channel

related term(~20%)

BF(Y(4S)) —n h,(1P) = (1.83+0.16+0.17) X 1073
— R5P (ntm, n) > 2.0

Residual / 1 MeV
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Spin-flipping based prediction matched if light quark contribution is small.

h,(1P) = yn,(1S)

—detecting spin singlet n,(1S)



Detecting n,(1S)

PNRQCD: 41+14 MeV

Kniehl et al., PRL92,242001(2004)

Lattice: 60+8 MeV
Meinel, PHDBETMEUE(EUT'D]
Belle 5S : 57.9 + 2. 3+16M eV

PRL109 (2012) 232{]{]2

PDG '12 : 69.3 £ 2.8 MeV
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AMM(Y)

MM(nYy) - MM(n)
M(nb) — M(hb)

M[nb(1S)] = (94053 +1.3 + 3.0) MeV

I'[nb(1S)] = (11

i 3) MeV
BF[hb(1P) —>7nb(1S)] = (52

"+ )%

AM,.(m,) = M(n,) - M(Y(15)) =
(55.0 £ 1.3+ 3.2 ) MeV
Assuming Y(1S) mass = 9460.3 MeV
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Summary

First observation of e*e" >n’n*r x, ,, clear w and (rt*re

n°) ..., events in I’*nCinvariant mass distribution.

Search for X, > w Y(1S), no evidence.

First observation of Y(4S) > nh,(1p) and study of Y(5S)
—n h, (Y(2S), Y(1D)).

Updated n,(1S) resonance parameters.
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Back up



ete—>mn'nnly,,

Product branch fractions :

BF(Y(5S) 2> wy,,) <3.9X103 at 90% C.L.

BF(Y(5S) > wyx,,) = (1.57+0.221+0.21) X 1073

BF(Y(5S) > wy,,) = (0.60+0.23+0.15) X 1073

BF(Y(5S) ('), ... Xpo) < 4-8 X103 at 90% C.L.
BF(Y(5S) »>(n*nn), ... Xs1) = (0.521+0.151+0.11) X103

BF(Y(5S) >(r*rrn®), . Xe,) = (0.61+0.224+0.28) X 1073

Assuming all events decay from Y(5S).
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Bottomonium spectroscopy

Mass (MeV)
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r_z:: RL109 (2012) 232002
g h (1P) decay
from Y(5S |b
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h,(2P) yield, 10° 7 10 MeVic®  h,(1P) yield, 10°/ 10 Mevic*

Umberto Tamponi talk at DIS 2014
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