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• Introduction

• Search for ϒ(2S) Xbb(9975)γ

• Search for ϒ(1,2S) hyperon anti-hyperon + hadrons

• ϒ (5S) ϒ(1D)π+π−

• Summary
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ηb(2S) claim based on CLEO III data
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ϒ(2S) γbb
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ϒ(2S) γbb selection
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ϒ(2S) γbb signal
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arXiv:1306.6212



No signal around ΔM=49 MeV
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B(ϒ(2S) ηb(1S)γ) B(ηb(1S) hadrons)<3.7 10-6

B(ϒ(2S) Xbb(9975)γ) B(Xbb(9975) hadrons)<4.9 10-6

Reminder: (46.2+29.7
-14.3 ±10.6) 10-6 S. Dobbs et al.

arXiv:1306.6212

• Belle disconfirms the ηb(2S) candidate found by Dobbs et al at 9975 MeV.
• The real ηb(2S) is the one found by Belle in inclusive mode via radiative 
decays from hb(1,2S): PRL 109, 232002 (2012). 
• No sensitivity at Belle to ηb(2S) around ΔM=24 MeV.

Xbb(9975)



Search for Y(1,2S)→ Λ + X
Hyperon production is enhanced in Y decays with respect to the nearby continuum 
and is large.
BF(Y(1S) → Λ +   X  ) ~ 10%
BF(Y(1S) → ΛΛ +   X  ) ~ 3%

CLEO studied the enhancement for baryon B: 
σ[e+e-→Y(nS)→B +X] 
σ[e+e-→qq→ B +X]

Y(nS) → ΛΛ +  combination of Κ+Κ−,  π+π−, pp and π0

→ Max 9 bodies,  Max one π0

- Full event reconstruction
- Kinematic Fit of displaced vertexes
- Feedback suppression (pt < 50 MeV)

→ 48 channels 

Phys.Rev.D76, 012005

The  MC fragmentation model fails only in 
describing Λ and φ enhancement

First study of exclusive 
decay channels;



Bottomonia and B mesons baryonic decays share two common features:
→ Near threshold enhancement
→ Multiplicity hyerarchy

Final states with > 9 bodies 
seems to be favoured
→ but reconstruction efficiency 

decreases constantly

Number of pions 

Dobbs et al  (arXiv:1205.5070)  
analyzed CLEO data and 
measured BR

Y(1,2S)→ ΛΛ +   X



Results bb→hyperon anti-hyperon+ X 
Evidence/observation in : 
- 15  Y(1S) decays channels
- 7  Y(2S) decays channels
No evidence of χb decay in any channel
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preliminary



Study of hyperon anti-hyperon mass 
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Significance of near-thresold enhancement (with Kolmogorov test)
Y(1S)        Y(2S)        continuum

11

preliminary



Search for H0 dibaryon

Exotic state (Jaffe, 1977)
→ completely antisymmetric arrangement 
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2MΛ = 2.2314GeV
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arXiv:1302.4028

Y(nS) can produce bound baryon-baryon states 
high yield of low momentum Λ .
Near threshold enhancement in some channels

→ can the H0 be produced also?



Search for H0 dibaryon
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2M(Λ) 2M(Λ)

Analysis strategy: 
→ Inclusive reconstruction in Y(1S) and Y(2S) 

sample
→ Decays with H → ΛΛ, H → Λpπ−

arXiv:1302.4028



ϒ(5S) ϒ(1D)π+π−
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• First and only one L=2 state found in radiative decay 
chain CLEO(2004):
ϒ(3S)→χb(2P)γ→ϒ(1D)γγ→χb(1P)γγγ→ϒ(1S)γγγγ

• Belle measured a new production chain
ϒ(5S)→ϒ(1D)π+π−→χb(1P)γπ+π−→ϒ(1S)γγπ+π−

statistical significance 9σ

• Three ϒ(1D) states are predicted L=2, S=1: J=1,2,3
• We assume production of ϒ J(1D) ~ (2J+1), i.e. 3:5:7
• Using BF(YJ(1D) χbiγ) from PRD 38, 279 (1998) and
PDG for BF(χbi Y(1S)γ); we obtain N(YJ(1D)) 
10%:49%:41%. 
• We fit mass distribution with two Gaussian peaks. 

Splitting between J=2 & J=3, ΔM <10 MeV 90% CL
Potential model expectations: 4-11 MeV

MY(1D)=10164.7 ± 1.4 ± 1.0 MeV/c2

CLEO: 10161.1 ± 0.6 ± 1.6 MeV/c2

BaBar: 10164.5 ± 0.5 ± 0.8 MeV/c2

MY(2S)=10023.2 ± 1.0 MeV/c2 PDG: 10023.6±0.3



Summary
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• ϒ(2S) γ bb 
No signal found similar to Dobbs et.al. 
B(ϒ(2S) Xbb(9975)γ) B(Xbb(9975) hadrons)<4.9 10-6

B(ϒ(2S) ηb(1S)γ) B(ηb(1S) hadrons)<3.7 10-6

• ϒ(1,2S) hyperon anti-hyperon + hadrons
First observation of these type decays. 
Threshold enchantment in baryon anti-baryon invariant mass.

•ϒ(5S) ϒ(1D) π+π−

MY1D=10164.7 ± 1.4 ± 1.0 MeV/c2

splitting between J=2 and J=3, ΔM < 10 MeV @ 90% CL
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Back up



ϒ(2S) γbb selection
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Bottomonia transitions via η meson
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• Measurement of bottomonia transitions via η meson is important 
to test its quark structure.

• QCD multipole expansion model Kuang Front.Phys.China 1, 19 (2006)
predicts suppression transitions between bottomonia via η meson 
with respect to di-pion.

• The measured widths for Y(4S) and Y(2S) to Y(1S)η differ from 
model predictions:

• Y(2S) Y(1S)η is about ½ than expected

• Y(4S) Y(1S)η is 2.5 larger than Y(4S) Y(1S)π+π− (orders 
of magnitude large than theory)

• New information on this process is crucial.



Observation of ϒ(5S) ϒ(1,2S)η
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• Three modes:

• ϒ(1,2S)[μ+μ−] η[π+π−π0]

• ϒ(2S)[ϒ(1S)π+π−] η[γγ]

• ϒ(1S)[μ+μ−] η’[ηπ+π−]

B[ϒ(5S) ϒ(1S)η] = (7.3±1.6±0.8) 10-4

B[ϒ(5S) ϒ(2S)η] = (38 ± 4 ± 5) 10-4

B[ϒ(5S) ϒ(1S)η’] < 1.2 10-4

preliminary

M(γγ)

MM(π+π−π0)



ϒ(2S) ϒ(1S)η
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Phys.Rev.D 84 092003

Β[Y(2S) Y(1S)η]=(2.39 ± 0.31 ± 0.14) 10-4

Β[Y(3S) Y(1S)η]< 1.0 10-4

η π+π−π0

η γγ

Β[Y(2S) Y(1S)η]=(3.28 ± 0.37 ± 0.35) 10-4

Β[Y(2S) Y(1S)π0]< 4.3 10-5

PRD 87, 011104(R) (2013)



reconstruct

→ ηb(mS) γ

ϒ(5S) → Zb π-+

→ hb (nP) π+

Decay chain

Use missing mass
to identify signals

M(ηb)

M(hb)

true π+π-

fake γ

fake π+π-

true γ

true π+π-

true γ

MC simulation

ΔMmiss(π+π- γ) ≡
Mmiss(π+π-γ) – Mmiss(π+π-) + M[hb]

Approach:
fit Mmiss(π+π-) spectra
in ΔMmiss(π+π-γ) bins

⇒ hb(1P) yield vs. ΔMmiss(π+π-γ) 
⇒ search for ηb(1S) signal

Search for decay hb ηb γ
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hb(1P) ηb(1S)
15σ

ΔMHF [ηb(1S)] = 57.9 ± 2.3 MeV/c2

Observation of hb ηb(1S) γ
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M [ηb(1S)] = 9402.4 ± 1.5 ± 1.8 MeV/c2

Β[hb(1P) ηb(1S)γ] = (49.2 ± 5.7 +5.6) %-3.3

Godfrey & Rosner : BF = 41%

hb(2P) ηb(1S)

PRL 109, 232002 (2012)

Γ[ηb(1S)] =                    MeV
potential models : Γ = 5 – 20 MeV

5.40.4
0.27.38.10 ++

−−

9σ



Evidence of hb ηb(2S) γ
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Lattice Meinel PRD82,114502(2010)

ΔMHF = 23.5 ±4.7 MeV

4.2σ

hb(2P) ηb(2S)

PRL 109, 232002 (2012)

M [ηb(2S)] =                           MeV/c2

Β[hb(2P) ηb(2S)γ] = (47.5 ± 10.5 +6.8) %-7.7

Γ[ηb(2S)] =                    MeV5.40.4
0.27.38.10 ++

−−

8.2
9.15.30.9999 +

−±

ΔMHF [ηb(2S)] =              MeV/c20.4
5.43.24 +

−



ϒ(1,2S) light hadrons

24PRD 86, 031102(R) (2012) 

Full reconstruction of 10 decay channels (5 with observation): 

3-body decays, 2-body Vector-Tensor & Axial-Pseudoscalar

12% rule in charmonium: violated in 
some VT and VP final states (ρπ puzle)

From pertrubtive QCD, to be tested
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QY = 0.79 ± 0.54 ± 0.13
consistent

QY = 0.30 ± 0.13 ± 0.11
2.6σ under pQCD value

QY = 0.52 ± 0.11 ± 0.14
consistent

ϒ(1,2S) light hadrons

PRD 86, 031102(R) (2012) 



ϒ(1,2S) light hadrons

26arXiv:1305.5887 

Y(1,2S) decays to KSK+π−, π+π−π0π0, 
π+π−π0 and 2-body VP (K*K, ωπ0, ρπ)



ϒ(1,2S) hyperon anti-hyperon + hadrons
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