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It is a heavy It is a heavy quarkoniumquarkonium which is composed which is composed 
of a of a bottombottom--quarkquark--antiquarkantiquark pairpair in in a colora color--
singlet state,singlet state, like like ΥΥ((at leading order in at leading order in FockFock Space expSpace exp))..

Its        is       and  L=0 ,  S=0.Its        is       and  L=0 ,  S=0.

Its mass is about 9.3 Its mass is about 9.3 GeVGeV (n=1)(n=1)，，and and 
ΓΓtot tot ≅≅ ΓΓ(     (     g gg g)  )  ≅≅ 11.4 11.4 ΜΜeVeV

About     About     bη

pcJ 0−+

bη
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Various theoretical estimates for the mass        Various theoretical estimates for the mass        
splitting splitting ΔΔm = m(m = m(ΥΥ))−−m(    )m(    )bη

ΔΔm(MeVm(MeV))
lattice NRQCDlattice NRQCD 19 19 –– 100100

lattice potentiallattice potential 60 60 –– 110110

pQCDpQCD 36 36 –– 5555

1/m expansion1/m expansion 34 34 –– 114114

potential modelpotential model 57 57 –– 141141
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The The bottomoniumbottomonium spectrumspectrum
(CLEO Collaboration July 19, 2002)(CLEO Collaboration July 19, 2002)
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bηProduction ofProduction of

There are three ways to produce       in nowadays experiments :There are three ways to produce       in nowadays experiments :

1. 1. ΥΥ((nSnS)) + + γ  γ  or or ΥΥ((nSnS)) + + nnππ followed byfollowed by
+ + γγ (CLEO)(CLEO)

2. In         collision,   followed by 2. In         collision,   followed by virtual photons       virtual photons       
collision                   or                     (LEP)collision                   or                     (LEP)

3. 3. In In hadronhadron collision,                             (collision,                             (TevatronTevatron))

bη

bη
bh

bh
bη

e e+ −

bγ γ η∗ ∗ → bγ η γ∗ →

bp p Xη+ → +
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Case I:                 decay intoCase I:                 decay into bη(nS )ϒ

Because the Because the ΥΥ ((nSnS) resonances have a rich ) resonances have a rich 
spectroscopy,  itspectroscopy,  it’’s convenient to use either s convenient to use either 
favored magnetic dipole (M1) transitions or favored magnetic dipole (M1) transitions or 
hindered M1 transitions to get      .hindered M1 transitions to get      .

The branching ratio has been calculated by The branching ratio has been calculated by 

many papers in various modes, one of the results many papers in various modes, one of the results 
is aboutis about::

Godfrey & Godfrey & RosnerRosner (Phys. Rev. D64: 074011, 2001)

bη

4
bBr [ ( nS ) ( 1S ) ] ~ 10 ( n 1,2 )ϒ η γ −→ + =
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Another prediction:Another prediction:

KuangKuang and and YanYan predicted predicted (Phys. Rev. D24, 2874 (1981))(Phys. Rev. D24, 2874 (1981))

and and 

So, the branching ratioSo, the branching ratio

3 4
bBr [ ( 3S ) h ( 1P ) 2 ] 10 ~ 10ϒ π − −→ + =

∼b bBr [ h ( 1P ) ( 1S ) ] 0.5η γ→

3 4
b bBr [ ( 3S ) h ( 1P ) ( 1S ) ] 10 ~ 10ϒ ππ η γππ − −→ → =
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Case II:  Case II:  The production of    in          CollisionThe production of    in          Collisione e+ −

∼( 1 ) 0 .0 0 2 1 p bσ ∼( 2 ) 0 .0 0 1 8 p bσ

s  = 10.58 GeV

The first process dominates in very high energy.

Two processes to product bη
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Case III: The production of       Case III: The production of       In In hadronhadron collisioncollisionbη

Representative Feynman diagrams for b Representative Feynman diagrams for b hadroproductionhadroproduction at at LO(aLO(a), ), 
and virtual (b) and real (c) contributions at NLO               and virtual (b) and real (c) contributions at NLO               

MaltoniMaltoni & & PolosaPolosa (Phys.Rev.D70:054014,2004 )(Phys.Rev.D70:054014,2004 )
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This process was also calculated by  Kuhn, et al.This process was also calculated by  Kuhn, et al.
(Phys. Rev. D48, 179 (1993)) ((Phys. Rev. D48, 179 (1993)) (NuclNucl. Phys. B514, 245 (1998)). Phys. B514, 245 (1998))

The result for the total cross section in            The result for the total cross section in            
collisions at 1.96 collisions at 1.96 TeVTeV of centerof center--ofof--mass energy  ismass energy  is

pp

b[ p p X ] 2.5 0.3 bσ η μ+ → + = ±
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The existence of the       is a solid prediction of The existence of the       is a solid prediction of 
the quark model.the quark model.

In recent years, the search for       has been In recent years, the search for       has been 
conducted at CLEO, LEP, and CDF, using both conducted at CLEO, LEP, and CDF, using both 
inclusive and exclusive methods.inclusive and exclusive methods.

b

The existence of theThe existence of the

η

bη

bη
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The CLEO searchThe CLEO search

ΥΥ((3S3S) ) ++ γ ,  γ ,  ΥΥ((2S2S) ) ++ γ,  γ,  
ΥΥ((3S3S) ) ((2S2S)  )  ++ γγ

ΥΥ((3S3S) ) , , ΥΥ((3S3S))
followed by                       followed by                       

bh π π+ −+ +0
bh π+

bη
bη

bη

b bh η γ→ +
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CLEO 90%C.L. upper limits on                                    and           
as a function of the photon

energy E, along with various theoretical predictions

bB( ( 3S )or( 2S ) ( 2S )or( 1S ))ϒ γη→
0

b b b bB( ( 3S ) h ,h ) B( h )ϒ π π π η γ+ −→ × →
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The LEP searchThe LEP search
* *

be e e e e eγ γ η+ − + − + −→ →
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LEP Search ResultsLEP Search Results
Reaction of Reaction of ηηbb eventevent backgroundbackground

ηηbb 4charged4charged 00 0.30 0.30 ±± 0.250.25

ηηbb 6charged6charged 11 0.70 0.70 ±± 0.340.34

ηηbb K+KK+K--ππ00,,
ηηbb 4charged, 4charged, 
ηηbb 4charged+4charged+ππ00, , 
ηηbb 6charged,6charged,ηηbb ππ+ + ππ-- ηη’’
ηηbb 6charged+6charged+ππ00,,

66 2.52.5

ηηbb 4charged4charged 00 1.21.2

ηηbb 6charged6charged 22 1.11.1

ηηbb 8charged8charged 11 1.51.5

ExptExpt

ALEPHALEPH

L3L3

DELPHIDELPHI
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bη

ExptExpt

ALEPHALEPH

L3L3

DELPHIDELPHI

Final  stateFinal  state

4 charged4 charged < 0.048< 0.048

6 charged6 charged < 0.132< 0.132

< 2.83< 2.83

4 charged4 charged < 0.21< 0.21

4 charged+4 charged+ < 0.50< 0.50

6 charged6 charged < 0.33< 0.33

6 charged+6 charged+ < 5.50< 5.50

< 3.00< 3.00

4 charged4 charged < 0.093< 0.093

6 charged6 charged < 0.270< 0.270

8 charged8 charged < 0.780< 0.780

95% 95% C.L. upper limits on     . The twoC.L. upper limits on     . The two--photon decay width photon decay width 
times branching ratio into various times branching ratio into various hadronichadronic states. states. 
Searches at LEP.Searches at LEP.

( )B keVγγΓ ×

0K K π+ −

0π

'π π η+ −

0π
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Search at CDF Search at CDF (Tseng, CDF, 2002)(Tseng, CDF, 2002)

J/J/ψ ψ J/J/ψψ

A small cluster of 7 events can be seen, where 1.8 A small cluster of 7 events can be seen, where 1.8 
events are expected from background.events are expected from background.

If this cluster is due to     decay, then the product of If this cluster is due to     decay, then the product of 
its production crossits production cross--section and decay branching section and decay branching 
fractions are near the upper end of expectation of fractions are near the upper end of expectation of 
BraatenBraaten et al. (et al. (Phys. Rev. D63, 094006, 2001Phys. Rev. D63, 094006, 2001))

bη

bη

bη
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Feynman Diagrams for         Feynman Diagrams for         2 Vector particles2 Vector particles

J/J/ψ ψ J/J/ψ  ψ  and and φ φφ φ

b

Theoretical Expectations Theoretical Expectations 

η

bη cη
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According According BraatenBraaten, Fleming and , Fleming and LeibocichLeibocich (01) ,  (01) ,  
though though helicityhelicity suppressed,suppressed,

Which seems to be overestimated, sinceWhich seems to be overestimated, since

MaltoniMaltoni and and PolosaPolosa (04)(04)

3 5
bBr[ J / J / ] 7 10 ~7 10η ψ ψ − −→ + = × ×

5
bBr [ c c c c ] ~ 10η −→ + + +
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A recent analysis shows: (A recent analysis shows: (JiaJia, , hephep--ph/0611130ph/0611130))

Hence, such a rare decay mode perhaps will not be Hence, such a rare decay mode perhaps will not be 
observed in the foreseeable future in experiment.observed in the foreseeable future in experiment.

9
bBr [ ] ( 0.9 1.4 ) 10η φ φ −→ + ≈ − ×

4.2 8
b 1.9Br [ J / J / ] 2.4 10η ψ ψ + −

−→ + = ×
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γ + γ + V  V  ((HaoHao, , JiaJia, , QiaoQiao, Sun, , Sun, JHEP,2007)JHEP,2007)

γ + γ + J/J/ψ  ψ  and       and       γ + φ γ + φ 

bη

bη bη
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Direct calculation gives us:Direct calculation gives us:

where where 
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The QCD process is found having: The QCD process is found having: 

In QED +QCD we find In QED +QCD we find 

In agreement with another similar work (In agreement with another similar work (ChaoChao et al. et al. 
arXivarXiv: hep: hep--ph/0701009ph/0701009))

7
bBr [ J / ] 3.5 10η ψ γ −→ + = ×

7
bBr [ J / ] 1.5 10η ψ γ −→ + = ×
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γ γ JJ/ψ/ψ versusversus 2 J/2 J/ψψb

The explicit calculation reveals that the branching The explicit calculation reveals that the branching 

ratio of        ratio of        γ γ JJ/ψ /ψ process is indeed rather  small.process is indeed rather  small.

Nevertheless, it is still bigger than the Nevertheless, it is still bigger than the hadronichadronic

double double JJ/ψ/ψ decay mode. decay mode. 

This channel may have a clean signature at the comparable This channel may have a clean signature at the comparable 

level as double level as double JJ/ψ/ψ channel.channel.

η bη

bη
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Other ways to pin down theOther ways to pin down the
MaltoniMaltoni & & PolosaPolosa (04):         (04):         2 2 VV

ProcessProcess

with branching ration:with branching ration:

And, similarly processAnd, similarly process

withwith

bη

* *K Kbη →

* * 8
bBr [ K K ] ~ 10η −→

* *
b D Dη →

* * 8
bBr [ D D ] ~ 10η −→

bη
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V + P V + P ((JiaJia, hep, hep--ph/0611130)ph/0611130)
It is found that the       It is found that the       V + P V + P processes give bigger processes give bigger 
branching ratios than the       branching ratios than the       V + VV + V processes.processes.

ForFor

ForFor

However, these processes are still too small.However, these processes are still too small.

bη

*
b K K c.c.η → +

* 5
bBr [ K K ] ~ 10η −→

*
b D D c.c.η → +

* 5
bBr [ D D ] ~ 10η −→

bη
bη
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Inclusive J/Inclusive J/ψψ Production in      decaysProduction in      decaysbη

The Feynman Diagram at the leading orderThe Feynman Diagram at the leading order

Diagram(1) is for the contribution of color-singlet        . 
Diagram(2) is for the contribution of color-octet          .

cc
cc



C.F.Qiao Graduate University of Chinese Academy of Sciences 30

bηThe diagram 1 shows that    The diagram 1 shows that    J/J/ψψ(color(color--
singlet state)+Xsinglet state)+X

The diagram 2 shows that    The diagram 2 shows that    J/J/ψψ(color(color--
octet state)+Xoctet state)+X

5
1 bBr [ J / X ] ~ 10η ψ −→ +

4
8 bBr [ J / X ] ~ 10η ψ −→ +

bη
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SummarySummary

bη

At present there is no place where the         is At present there is no place where the         is 
claimed to be discovered.claimed to be discovered.

We find that the processWe find that the process γ + γ + J/J/ψ ψ has a  has a  
relatively larger branching ratio in comparison relatively larger branching ratio in comparison 
with the prevailing ones.with the prevailing ones.

bη
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bη

No doubt, the       physics will keep on being an  No doubt, the       physics will keep on being an  
challenge to both theorists and experimenters.challenge to both theorists and experimenters.

Hopefully, the Hopefully, the TevatronTevatron II, or at least LHC, II, or at least LHC, 
SuperSuper--B and ILC can tell us more about      .B and ILC can tell us more about      .

bη



Thank you for Thank you for 
your attentionyour attention
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