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I E l i D t J/I E l i D t J/ΨΨ P iP iηI.      Exclusive Decays to J/I.      Exclusive Decays to J/ΨΨ PairPair

Th l t t t i Υ f il th iTh l t t t i Υ f il th i

bη

The lowest energy state in Υ family, the    ,  is The lowest energy state in Υ family, the    ,  is 
very elusive. The existence of the      is a solid  very elusive. The existence of the      is a solid  

di ti f th k d ldi ti f th k d l

bη
bη

prediction of the quark modelprediction of the quark model

About thirty year after it spin triplet partner being About thirty year after it spin triplet partner being 
found, recently it was observed for the first time found, recently it was observed for the first time , y, y
by Babar through Υ (3s) by Babar through Υ (3s) ---->      γ>      γbη

[[AubertAubert, et al., Babar Collaboration, 2008], et al., Babar Collaboration, 2008]
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The The bottomoniumbottomonium energy level spectrumenergy level spectrum
(CLEO Collaboration July 19, 2002)(CLEO Collaboration July 19, 2002)



In recent years, the search for     has been In recent years, the search for     has been bηy ,y ,
conducted at CLEO, LEP, and CDF, Bconducted at CLEO, LEP, and CDF, B--factories, factories, 
using both inclusive and exclusive methodsusing both inclusive and exclusive methods

bη

gg

It is worth noting that both Babar and CLEOIt is worth noting that both Babar and CLEO--c c 
t i di t F f tht i di t F f thmeasurements are indirect ones. For further measurements are indirect ones. For further 

study on     physics, direct measurements on its study on     physics, direct measurements on its 
d d td d t

bη
decay products are necessarydecay products are necessary



Direct Search for     at CDFDirect Search for     at CDFbη
[[Tseng, CDF, 2002]Tseng, CDF, 2002]

J/J/ψ ψ J/J/ψψbη J/J/ψ ψ J/J/ψψ
A small cluster of 7 events can be seen, A small cluster of 7 events can be seen, 

bη

where 1.8 events are expected from where 1.8 events are expected from 
backgroundbackgroundbackgroundbackground
If this cluster is due to     decay, then the   If this cluster is due to     decay, then the   bη
product of its production crossproduct of its production cross--section section 
and decay branching fractions are nearand decay branching fractions are nearand decay branching fractions are near and decay branching fractions are near 
the lower limit of expectation from the lower limit of expectation from 
BraatenBraaten et al.et al.



According According BraatenBraaten, Fleming and , Fleming and LeibovichLeibovichgg , g, g
((hephep--ph/0008091) , though ph/0008091) , though helicityhelicity
suppressedsuppressedsuppressed,suppressed,

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

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

b

,,
5

bBr [ C C C C ] ~ 10η −→ + + +

[[MaltoniMaltoni and and Polosa,hepPolosa,hep--ph/0405082]ph/0405082]



A recent analysis shows: A recent analysis shows: 
[[JiaJia, , hephep--ph/0611130ph/0611130]]

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

4.2 8B [ J/ J/ ] 2 4 10+ −→ +

If h d d h illIf h d d h ill

4.2 8
b 1.9Br [ J/ J/ ] 2.4 10η ψ ψ +

−→ + = ×

If so, such a rare decay mode perhaps will  If so, such a rare decay mode perhaps will  
not be observed in the foreseeable future in not be observed in the foreseeable future in 
experimentexperiment



More recently, the    More recently, the    J/J/ψ ψ J/J/ψ ψ process process 
was calculated at the nextwas calculated at the next--toto--leading orderleading order

bη
was calculated at the nextwas calculated at the next--toto--leading order leading order 
accuracy and find the NLO correction many accuracy and find the NLO correction many 

h th b hi f ti t thh th b hi f ti t thenhance the branching fraction to the same enhance the branching fraction to the same 
level of relativistic correction level of relativistic correction 

[Bin Gong, Yu [Bin Gong, Yu JiaJia, and , and J.X.WangJ.X.Wang, PLB, 2009], PLB, 2009]

However, there exists a disagreement in  However, there exists a disagreement in  
thi ltthi ltthis result                  this result                  

[[BragutaBraguta && KartvelishviliKartvelishvili, arXiv:0907.2772], arXiv:0907.2772][[ gg , ], ]



The The radiativeradiative correction to    correction to    J/J/ψ ψ J/J/ψ   ψ   
l l d b h dl l d b h d

bη
process is recalculated by a third party. process is recalculated by a third party. 
Result shows there is no agreement withResult shows there is no agreement withResult shows there is no agreement with   Result shows there is no agreement with   
either initial calculation or with the either initial calculation or with the 
criticism criticism 

Nevertheless, numerical results are all in Nevertheless, numerical results are all in 
a similar ordera similar order

[Sun[Sun HaoHao QCF PLB 2011]QCF PLB 2011][Sun, [Sun, HaoHao, QCF, PLB, 2011], QCF, PLB, 2011]



Because of parity and Lorentz invariance the decayBecause of parity and Lorentz invariance the decayBecause of parity and Lorentz invariance, the decay Because of parity and Lorentz invariance, the decay 
amplitude possesses the following unique tensor structureamplitude possesses the following unique tensor structure



After a lengthy calculation, we obtain:After a lengthy calculation, we obtain:
[Sun, [Sun, HaoHao, QCF, 2010], QCF, 2010]

with the real and imaginary parts reading as with the real and imaginary parts reading as g y p gg y p g



in small min small mcc limitlimit

The double and single logarithmic termsThe double and single logarithmic termsThe double and single logarithmic terms The double and single logarithmic terms 
agree with Gong et al. result, but not the agree with Gong et al. result, but not the 
finite termsfinite termsfinite termsfinite terms



h h f llh h f llWith the following in putsWith the following in puts

we havewe have



Higher twist contributionsHigher twist contributions

In the lightIn the light--cone formalism, the leading twist term cone formalism, the leading twist term 
has no contribution to the      has no contribution to the      J/J/ψ ψ J/J/ψ ψ processprocessbη

We expand the LCDA projector in momentum We expand the LCDA projector in momentum 
space given byspace given by BenekeBeneke andand FeldmannFeldmann(2001) to(2001) tospace given by space given by BenekeBeneke and and FeldmannFeldmann(2001) to (2001) to 
twisttwist--4, which yields more terms than what 4, which yields more terms than what 
employed byemployed by BragutaBraguta et al.et al.employed by employed by BragutaBraguta et al.et al.



With the asymptotic form for twistWith the asymptotic form for twist 22With the asymptotic form for twistWith the asymptotic form for twist--2 2 
distribution amplitudes, i.e.distribution amplitudes, i.e.

The analytical decay amplitude turns outThe analytical decay amplitude turns out to to 
be pretty simple it readsbe pretty simple it readsbe pretty simple, it readsbe pretty simple, it reads



HereHereHere,Here,

and decay constants      and      can be and decay constants      and      can be 
obtained through experiment and NRQCDobtained through experiment and NRQCDobtained through experiment and NRQCDobtained through experiment and NRQCD

,                  ,                  

Then the numerical result readsThen the numerical result reads



II.      Exclusive Decays to Vector Meson PairII.      Exclusive Decays to Vector Meson Paircη

Theoretically, the description of     Theoretically, the description of     VV VVcη
process is a longprocess is a long--standing unsolved standing unsolved 
problemproblemproblemproblem

PerturbativelyPerturbatively, this process is , this process is helicityhelicity
suppressedsuppressedsuppressedsuppressed





Experiment measurement on     Experiment measurement on     VV VV processes processes cη

KK1212 is a kinematical factoris a kinematical factor
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There were lots of theoretical investigations on There were lots of theoretical investigations on e e e e ots o t eo et ca est gat o s oe e e e ots o t eo et ca est gat o s o
this issue in the literature, e.g.this issue in the literature, e.g.



In lightIn light--cone distribution formalism we calculate cone distribution formalism we calculate 
this process up to the nextthis process up to the next--toto--leading order inleading order inthis  process, up to the nextthis  process, up to the next toto leading order in leading order in 
twist expansiontwist expansion

In addition to the asymptotic form, the LCDA In addition to the asymptotic form, the LCDA 
f i f G b l i l i lf i f G b l i l i lform in terms of Gegenbauer polynomials is also form in terms of Gegenbauer polynomials is also 
taken into account in our calculationtaken into account in our calculation



We find We find 

The results are in disagreement with theThe results are in disagreement with theThe results are in disagreement with the The results are in disagreement with the 
experiment measurements                                experiment measurements                                

[Sun[Sun HaoHao QCF 2010]QCF 2010][Sun, [Sun, HaoHao, QCF, 2010], QCF, 2010]



III B i f SIII B i f S

To further study the nature of recently observed stateTo further study the nature of recently observed stateη

III. Brief SummaryIII. Brief Summary

To further study the nature of recently observed state           To further study the nature of recently observed state           
direct measurement of its decay products is necessarydirect measurement of its decay products is necessary

bη

With in the With in the pQCDpQCD and factorization scheme, we have and factorization scheme, we have 
calculated thecalculated the helicityhelicity suppressed processsuppressed process J/J/ψ ψ ηcalculated the calculated the helicityhelicity suppressed processsuppressed process J/J/ψ ψ 
J/J/ψψ toto nextnext--toto--leading orderleading order

cη

Our result confirms the existence of double logarithm,Our result confirms the existence of double logarithm,
however others terms differs from what in thehowever others terms differs from what in thehowever, others terms differs from what in the however, others terms differs from what in the 
literature, though numerical difference is not bigliterature, though numerical difference is not big
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In the light cone formalism, expanding the In the light cone formalism, expanding the 
LCDA f fi l t t t i tLCDA f fi l t t t i t 44LCDAs of final vector mesons to twistLCDAs of final vector mesons to twist--4, we 4, we 
find that the higher twist terms contribute find that the higher twist terms contribute 

t th d idth th h t ft th d idth th h t fmore to the     decay width than what from more to the     decay width than what from 
the NLO correctionsthe NLO corrections

bη

According to our twistAccording to our twist--4 calculation, the 4 calculation, the 
branching fraction of      branching fraction of      J/J/ψ ψ J/J/ψψ process process bη
can be as large as 10can be as large as 10--66, which enables the , which enables the 
direct search of       in direct search of       in TevatronTevatron Run II or Run II or bη
LHCLHC

b
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In the light cone formalism we have calculated the In the light cone formalism we have calculated the 
processprocess VV VV in nextin next--toto--nextnext--leading order in twistleading order in twistηprocess      process      VV VV in nextin next--toto--nextnext--leading order in twist leading order in twist 
expansionexpansion

cη

Result shows that the higher twist DAs indeed violate Result shows that the higher twist DAs indeed violate 
thethe helicityhelicity conservation rules, however it still deviate aconservation rules, however it still deviate athe the helicityhelicity conservation rules, however it still deviate a conservation rules, however it still deviate a 
lot from the experimental measurementlot from the experimental measurement

This means that the This means that the perturbativeperturbative description of    description of    VV V V 
is not enough, and some nonis not enough, and some non--perturbativeperturbative mechanism mechanism 

cη

may play important rolesmay play important roles
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Thank you forThank you forThank you for   Thank you for   
your attentionyour attentionyour attentionyour attention
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