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● n, p, D, X, S, L, W : mag. moment                                                                 
mu , md , ms   →  mc = 2ms / 3      mb = ms / 9  

● Vector-meson elmag. properties                                                                 - 
open-flavor:  D*,B*,K*                                                                                           - 
quarkonium J/Y(cc'), (bb'), (ss') 

● J/Y  and  (bb')  in magn. Field:

→  Mixing of h states with Y , 

→  Quenching (of Y, decays)

●  & Conclusions (e+e-) = ortho-Ps   ↔    J/Y = (cc')



  

MAIN IDEAMAIN IDEA:   ortho-Ps (e+e-)  -> J/Y = (cc')  

● Quantum states Mixing in [B]:

● [B=1T]:  (30%  ortho-Ps  3g disappear)

this is called the “Quenching” of decay. 
● 30%    J/Y  l+l-  in  B=1015T can disappear, QGP signal is affected.
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● Changed decay widths



  

Magnetic moments of Baryons [Quarks]

    Agreement:
Quark magnetic moments:
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Magnetic moments of Vector mesonsVector mesons:

Agrees  with L-QCD: Lee et al. PoS (LATTICE 2007) 151.

->  mb = ms  / 9

     Observe: spin 3/2 baryons

  q
  q

  q

Vector mesons: spin 1 (L= 0)                            
 charged open-flavor m*b=4730

m*c=1510

->  mc = -2ms  / 3

K* -



  

Using Analogy with Muonium:             

● Muonium = (m+e-)   mm  ,  me  

      (triplet)  and (singlet) state

● Vector mesons

-> Triplet state D*,B*,K*
     ( mm,e  <-> mc,d,s,u )

● Pseudoscalar mesons
 D0(uc'), B0(db'), Bs(bs'), K0(ds')
no magnetic moment

only polarizability



  

Open-flavor Vector mesons in [B]

-> chargedcharged  Vector mesons:                   

-> Magnetic polarizabiliy

mB* =m u + m b = 1.9mN
    Similar to  mneutron

-> Magnetic moment

-> Magnetic moment

Magnetic polarizabiliy



  

           D-  meson magnetic behavior   D-*

Our simple calculation:

(2010) MeV
 cd

  md = - 2 *mc

 cd

  m = -1.37mN

(1869) MeV

GD-* =  96 keV,  ct = 2070 fm
  D-  ct = 312 mm



  

Open-flavor NEUTRAL mesons in [B]

-> neutralneutral  Vector mesons:       

->   Magnetic polarizability:
        induced magnetic moment is
         LARGER than STATIC m Do*

-> Magnetic moment E = -m . B

D0*

mDo* =  |m c|- |m u|  = -1.4mN

   Polarizability  [ induced magnetic moment ]

For   |m c| = |m u|    m = 0  (J/Y, )



  

Hidden flavour+Heavy = QuarkoniumQuarkonium

-> Magnetic moment = 0= 0

m =  |m c|- |m c|  = 0 

  induced magnetic moment m* = -2mc 

 induced m*  2m b

m   = 0 

m*  2m b

   Polarizability

B  large: m*  2m c

QUARKONIUM    POSITRONIUM
- mixing of ortho  para states 
- quenching of ortho-Ps decay



  

 Quarkonium  Quarkonium    Leptonium  Leptonium
     J/Y ,  (9460),  (1020)            e+e- ,  m+m-,  t+t-     

●
 cc',       bb',         ss'  

para-cc' = hc  ortho-cc' = J/Y 

                                                               

       

● Positronium e+e-   (1S)

ortho-Ps (J=1, mz=1,0,-1)   para-Ps (J=0) 
● lifetimes: 142ns (3g,5g)    and  0.12ns (2g,4g)  MAGNETIC  QUENCHING

                   OF

        ortho-Quarkonium DECAY

J/Y  

DE =117 MeV

ttoo / t / tp p = 1.2= 1.2**101033

ttoo / t / tp p = 3= 3**101022 ct = 6.9 fm (2g,rr...)

ct = 2100 fm (3g,mm)



  

Positronium: discovered @MIT (1951)  
Predicted in (1934)                      

● 1955: Magnetic Quenching observedMagnetic Quenching observed  

                                                  30% of  ggg  decays 

                                                  in magnetic field: 1 Tesla

                                                  3g decays disappear

                                                 (replaced by 2g ) 

 

ortho-Positronium: decays -> gg
● similarly: KL -> pp  [CPv]

  Ne22            Na22
  e+

ne

 e+e- creation

SiO2

Phys. Rev. 98 (1955) p.1840
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  ortho-Ps {1,0} (e+e-) -> 2g                         

● Mixing in [B]:
for B=0   c2 = s2 = 1/2  
in [B] orto-Ps (J=1) and  para-Ps (J=0) states  get Mixed together

● 30% decays affected.     J/Y :  B=1015T 



  

         J/J/YY{1,0}  {1,0}  <-- <-- MIXING MIXING -->-->    hhcc{0,0}{0,0}
         
    1) opens hc -> e+e-  channel  (directly to dilepton)

    2) opens J/Y -> gg, gg channel (C-parity OK: gg-g*)
     
    3) GJ/Y  increases:  shorter ”ct”
         However:However:              
● STATIC strong B needed: 1015 T
● RHIC: B=1014 T short time: 0.1fm

J/Y: ct =2100fm   hc: ct =7fm

: ct =3400fm ->  small effectsmall effect

ggg*, wwg* , ffg*

 g*m+m-, g*e+e-

ggg

gg

m+m-
e+e-

        (LHC)

virtual

m c = 0.4* m N = m  e  / 4500 DEcc  = DEee * 1,4 10 
11



  

   Magnetic Fields in Au+Au / Pb+PbMagnetic Fields in Au+Au / Pb+Pb  
                             
      

  

         

  LHC: LHC: BB   4 4.10.101515TT
RHIC:RHIC: B  B   3.103.101414TT
                    eB eB   3m3mpp

22



  

      
                             
-> Plasma keeps [B] fields:  QGP  is elmag. plasma 

  

         
in QED plasma   stabilization of Magnetic Fields 



  

Quarkonium (J/J/YY , ) and Positronium
 mixing of states in magnetic field.

In static field  B= 5*1015 Tesla                                    in field B = 1 Tesla
              ggg                      gg  (2.4%) e+e-  ggg                 gg

(82%)



  

Charmonium (J/J/YY  hhcc) mixing
 quantum state superposition in [B].

                      in static field     B= 4*1014 Tesla    = 30°  for J/  and 12° for .          
               

 (6%) e+e-m+m-    ggg              gg

(64%)



  

Decay width of J/J/YY and  (increasing)
 due  gg channel.

 400 fm/c

 2100 fm/c
Lifetime  of  J/  is reduced



  

Fraction of J/J/Y Y and  decays via 
original channels (also e+e-, m+m-).

      *Static magnetic field is assumed.                    

At  B = 1015 Tesla
● 30%30%  of  J/  e+e-

decays are quenched

(missing from e+e- spectrum) 

● 12%12%  of    m+m-

  missing = quenched.



  

Magnetic Field Influence  
on dilepton spectrum from J/J/Y Y   

   * Resulting e+e- Peak(J/) has its Mass shifted down + little bump ( hc ).



  

                  MESON  MULTIPLETSMESON  MULTIPLETS  
                                        ( mixing in magnetic fields)( mixing in magnetic fields)

 m(qq) = 0                                                                             | m(qq) | > 0

 cc

mixing of states

J/Yhc   (cc)-

 (9460)hb(9391)
(bb)-

  (1019)h' (958) ss-

 cc

  wh  (uu + dd) -       -
  rop 

o
 (uu - dd) -       -



  

        f(1020)f(1020)          CONNECTION ?CONNECTION ?        hh'(958)'(958)
         [ 99% ss']        ortho-para state mixing  mixing        [66% ss']

         

: ct =46fm/c   h ': ct =990fm/c

: G =4.3MeV  h ': G =199 keV

If mixing happens:
->h ': starts decaying e+e-    

-> Gh '  increase ( bump of  e+e-)

assuming  h ' is 100%  (ss')

t /th ' 
is opposite to

J/ ↔ hc

     ↔ hb



  

    1) Heavy Quarkonium  <-->  Positronium
 

       - mixing of   hhcc        J/J/YY  states in static B = [5*1014 Tesla]

                               hhbb              ( 2*1015 Tesla is required )
  

               -> reduced lifetime of J/J/Y, Y,   (9460) (9460) (decay (decay  2 gluons) 2 gluons)
     

               -> missing m+m-, e+e- (J/Y, , max 30%): QGP signal affected
    

               -> direct  h h   ee++ee--  possible (small e+e-  bumps below J/Y or )
              

    2) Sensitive to Magnetic field duration in HIC
                   -> parton plasma gives longer [B] lifetime 
    3) Mixing of  h'    ,  h  w  ,  po  rroo possible  

CONCLUSIONSCONCLUSIONS



  

THANK YOU
  for Your  

ATTENTIONATTENTION
*Neglected:  <qq'>[B]  (chiral condensates)

 bb
 bb

b


