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µµ ϒ
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[CLEO Scans]
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µµ ϒ
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[CLEO Preliminary]

 � � � � � � � �� � � �

� � � � � �
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Data

MC with µ FSR

MC without µ FSR

µµ ϒ
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             Γtot   (keV)              Bµµ  (%) 

PDGCLEO preliminaryPDGCLEO preliminary

26.3 ± 3.519.9 ± 2.01.81 ± 0.172.44 ± 0.07 ±0.05ϒ(3S)

44 ± 728.0 ± 1.41.31 ± 0.212.11 ± 0.03 ±0.05ϒ(2S)

52.5 ± 1.852.1 ± 1.52.48 ± 0.062.53 ± 0.02 ±0.05ϒ(1S)
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B(χb1′→ωϒ(1S))= (1.63               )%

B(χb2′→ωϒ(1S))= (1.10               )%

   Eγ

[hep-ex/0311043, accepted by PRL]

MC  ϒ’’→ γχb2’

MC ϒ’’→γχb1’

m(π+π-π0)

  +0.35  +0.16

  +0.32  +0.11
  - 0.31  - 0.15

  - 0.28  - 0.10

CLEO
χ � → ωϒ 

�

� �� � �� � �
	 � �

� � �  � � � �� � � � ��

� ��� � � ��� � � � � � �
� ± �

[Voloshin - hep-ph/0304165]

��  "! � � � ! 	 � #$ % � & �� & %

 & & 	 � ! � � � ! # � '

( & % � ! 	 & # !   )$ � & � % '
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Typical   λγ  ~0.3-2fm                     
mean quark separation ~0.3~0.8fm

                    

Lowest multipoles dominate:
E1:  ∆L=1,∆S=0
M1: ∆L=0,∆S=1  
       (ΓM1<< ΓE1)

charmonium

Bottomonium

Mass splitting are very similar between cc and bb 
systems
   → The responsible inter-quark force is flavor 
independent. 
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COIL (1.5T)

  70  MeVNot a crystal 
calorimeter

BESII

  4.8 MeVNaI(Tl)Crystal Ball

  4.2 MeVBGOCUSB II

  4.5 MeVCsI(Tl)CLEO III

σEγ resolution at 
Eγ=100 MeV

Calorimeter

crystals

Detector

 EM calorimeter - Essential for photon spectroscopy
~8000 CsI(Tl) crystals + photodiodes
First crystal calorimeter in magnetic field

•Excellent charged particle detection
•Large solid angle coverage
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Analysis procedure

� Same photon selection as in ψ(2s) analysis (veto tracks pointing at  shower, E9/E25,       
    suppress hot crystals

� Suppress photons from  π0  (cosθγγ>0.7) for analysis of high energy photons only        

� Use ϒ(1S)+continuum+(low order polynomial) for BKG parametrization  (Eγ<200MeV)

ϒ(2S) ϒ(3S)

ϒ(2S) → χb(1PJ) γ ϒ(3S) → χb(2PJ) γ ϒ(3S) → χb(1PJ) γ

total fitted background 
fitted ϒ(1S) spectrum
fitted continuum spectrum

- 16 -



ϒ(2S) → χb(1PJ)  γ and ϒ(3S) → χb(2PJ)  γ

BKG=ϒ(1S) + continuum
+ 0th order 
polynomial

ϒ(2S) → χb(1PJ) γ

ϒ(1DJ) → χb(1Pj) γ
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ϒ(3S) → χbJ(1PJ)  γ

BKG=3rd order polynomial

ϒ(3S) → χb(1P0) γ
ϒ(3S) → χb(1P2) γ +

ϒ(3S) → χb(1P1) γ +

χb(1PJ) → ϒ(1S) γ

We were able to extract 
BR(ϒ(3S) → χb(1P0) γ) 

whose photon peak is isolated

Notice also that there is no significant 
enhancement around E~350MeV 
which would correspond to 
ϒ(3S) → ηb(2S)  γ
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Search for ηb(11S0), ηb(21S0)

Hindered 
M1

γ E1

γ

E1

Hadrons (…π0..)

γ     γ

 g    g  g g g
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Fitting to ϒ(3S) → ηb(1S)  γ  and  ϒ(2S) → ηb(1S)  γ

• The UL's are looser in lower energy region due to higher background (dominated by π0’s)

E1

23PJ

�

γ13S1
M1

33S1
�

γ11S0

π 0 background

E1

13PJ

�

γ13S1 M1

23S1

�

γ11S0

π 0 background
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•

� � � � �

 ΓM1

• Many calculations are ruled out!

Models from the compilation by 
Godfrey&Rosner PR D64, 074011
(2001); Ebert,Faustov, and Galkin, 
PRD67, 014027(2003); Lahde NP 
A714, 183(2003) [scaled here by 
phase-space]
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 ΓM1 
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Eγ(ϒ ′ → χb2  γ)

Eγ(ϒ ′ → χb1  γ)

Eγ(ϒ ′ → χb0  γ)

BR(ϒ ′ → χb2 γ)

BR(ϒ ′ → χb1  γ)

BR(ϒ ′ → χb0  γ)

110.1±0.5 MeV110.8±0.3±0.6 MeV110.58±0.08±0.30MeV

129.8±0.5 MeV128.8±0.4±0.6 MeV129.58±0.09±0.29MeV

162.1±1.0 MeV162.0±0.8±1.2 MeV162.56±0.19±0.42MeV

7.0±0.6 %7.4±0.5±0.8 %7.24±0.11±0.40%

6.8±0.7 %6.9±0.5±0.9 %6.93±0.12±0.41%

3.8±0.6 %3.4±0.5±0.6 %3.75±0.12±0.47%

PDG 
(average of  observed photon energies)

CLEO II (1998)CLEO III (2004)

--0.30±0.04±0.10%BR(ϒ ′ ′ → χb0  γ)

99.90±0.26 MeV99.5±0.1±0.5 MeV99.15±0.07±0.25MeV

99.08±0.17±0.34MeV

Eγ(ϒ ′ ′ → χb1
′
  γ)

From excl. (CBX02-20)

Eγ(ϒ ′ ′ → χb2
′
  γ)

From excl. (CBX02-20)

Eγ(ϒ ′ ′ → χb0
′
  γ)

BR(ϒ ′ ′ → χb2
′
  γ)

BR(ϒ ′ ′ → χb1
′
  γ)

BR(ϒ ′ ′ → χb0
′
  γ)

86.64±0.23 MeV86.4±0.1±0.4 MeV86.04±0.06±0.27MeV

86.09±0.30±0.29MeV

122.8±0.5 MeV122.3±0.3±0.6 MeV121.55±0.16±0.46MeV

11.4±0.8 %13.5±0.3±1.7 %15.79±0.17±0.73%

11.3±0.6 %10.5+0.3
-0.2±1.3 %14.54±0.18±0.73%

5.4±0.6 %4.9+0.3
-0.4±0.6 %6.77±0.20±0.65%

PDGCLEO2 (1991)This measurement

� � � � � �
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ϒ(2S) → χbJ(1P2)  γ

Excellent agreement 
between CLEO3 and previous measurements of
photon energies and branching ratios

Significantly improved 
errors (systematics dominated) 

Weight in new world average:

� �

�

� � � � �
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ϒ(2S) → χbJ(1P1)  γ

� �

�

� � � � �
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ϒ(2S) → χbJ(1P0)  γ

� �

�

� � � � �
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ϒ(3S) → χbJ(2P2)  γ

� �

�

� � � � �
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Fine splitting in 1P and 2P

The fine structure splitting can be quantified by

r gives properties of Lorentz  transformation (scalar and/or 
vector) of the confining potentials.

0.57±0.01±0.01

0.54±0.02±0.02

CLEO2CLEOIII

0.58±0.01±0.01r(2P)

0.57±0.01±0.01r(1P)

• Our results indicate that there is no difference between 
the different radial excitations of the P waves in bb.

 r = (m2-m1)/(m1-m0)

�
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� �

ϒ [CLEO]

��� � � γ �� � � � 	 
 	� � �� � ��� 	

ϒ
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[hep-ex/0404021]
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� � � �
�

� � � � �
�
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�

B ϒ → γ  γ ! γ " γ # $

%
� ± � ± �

& � ' (

� � � � � � � � � � � � )

� � � � �

[hep-ex/0404021; accepted by PRD]
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� � �

[CTH Davies et al., PRL 92:022001 (2004) ]

� �

� �� � � � � �� � � 	 � 
 � �

ϒ 

      � �� � �     
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��

[ Courtesy: G.P. Lepage ]
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ϒ � � � � �
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→ π



π �ϒ
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ϒ


� �

→ ηϒ


� � � �

� � � � �� � � � � � � � �

[PL B562, 68 (2003)]

[hep-ex/0404021]

ϒ

�

ϒ

[ J.L.Rosner PRD67, 097504 (2003) ]
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� � � � ϒ →
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 � 
 	

	 � � 
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� � � � � � � � 	 � � �

	 � 
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ϒ

ψ

�� � � �� � � ��� �

[ Chueng, Keung, Yuan: PRD 54, 929 (1996) ]

ϒ ψ

�� � � ��� � ��� � � �

[ Li, Xie, Wang: PLB 482, 65 (2000) ]
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CLEO  hep-ex/0407030
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ϒ → ψ 

ϒ
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ϒ →

� � � � �� � � � � �� �	 
 � � �� � � ψ

�

  

� �

ϒ→ψ

� �� � �

ϒ→
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ψ  
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� � 	 � � � �� � � � � � � � χ � � � 
 �� �

� � � 
 � � Γ ��

�
ϒ→ χ � �
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ϒ→ ψ
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 � � � � 
� � � � � �� � �� � � � � �� �$#

I
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(hep-ex/0407030)ϒ

�
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Backup slides
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ψ

�

→ γη �

� σ [LP03:hep-ph/0311243]
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