


  

  MOTIVATION: Ξ(ssd) excess  

● Strangeness conservation means [ SS  SS ] = 2x K for every [ S SS S ] pair.  

    subthreshold production of (subthreshold production of (ssssd) means: d) means: not enough energy for not enough energy for  [  [ SSSS++SSSS ] ]
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● Production of ( ( S S ) S S ) pair requirespair requires (  ( SS  SS ) creation

●  2 kaons with 2x497MeV = 1GeV of Mass∗c2

●  Models + MC generators underestimate DATA

● Ar+KCl HADES
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  MOTIVATION: Ξ(ssd) excess  

● Strangeness non-conservation ( K0 → → K0) process in medium ?  

    subthreshold production of (subthreshold production of (ssssd) means: d) means: not enough energynot enough energy for  for  [  [ SSSS++SSSS ] ]

SQM2013: Jour. of Phys. Conf. Ser. 509 (2014) 012002

☼ IDEAIDEA:

● Produce only 1x SSSS   

● Ar+KCl HADES
HADES

STAR
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p+Nb

K0  K+
Ξ

Ξ-

excess ≈ 20x

( dSS ) K0 → → ( sd ) K0

( sdu )        → →  Ξ- + π
            1x Ξ  and  2x Kaon 1x 1x Ξ  + Ξ  +  Pion Pion

oscillation
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  Is strangeness conserved ? No!  

      when CP is violated: net-strangeness ρ(S)–ρ(S) is not conserved

                        Physical Review D2 (Physical Review D2 (19701970) 540,) 540, in Eq.(7) in Eq.(7)

●

●

●

≈10-3

5τKs
o [ K0 K0] at τ  = 0

+

_
    =  S (τ ) 

CPT symmetry assumed

Let us produce:Let us produce:



  

  Is strangeness conserved ? No!  

      when CP is violated: net-strangeness ρ(S)–ρ(S) is not conserved.

●

●

●

≈10-3











  

    1)  K00 oscillation is modified in medium ( ΔmK )
 

          at ρ = ρρ = ρNN   (dense baryonic matter)  τo ≈  10 fm/c

  
              

       ⇒  conversion (dS) → (dS) may be possible  
       within very short time during hadronic phase of HIC

  
    2) It might be related to Ξ(ssd) excess 
        observed by HADES in Ar+KCl, p+Nb DATA
           + other anomalies in Kaon production at AGS, SPS, GSI                   
    

Optimistic Observation: Optimistic Observation: 







  

  Strangeness oscillation in medium:  

Branco et al.: CP Violation Eq.(9.8)

● is weakly affected in Liquid detector media (compared to Vacuum)

● Relativistic γ  factor neglected here (increases effective medium density)

Vacuum

liquid Xe

Platinum metal

● Probability P[ KK0 0 →→  KK00 ]

is suppressed in medium 

 

● And: oscillation length

    becomes shorter

(absorption neglected)



  

  Mass difference Δm(K2- K1) in medium:  

                           Absorption of kaons in medium not taken into account here

●









  

    1)   K0→ K0 oscillation is potentially fast enough
 

           in ( ρ = ρρ = ρNN  ) dense baryonic medium: τo ≈  10 fm/c

  
              

    2)  Subthreshold production needed: N(K) << N(K) 
          to violate strangeness conservation ( if δCP= 0 ) 

  
       ⇒  Suppression factor at ρ ρ ≅ ρ ρNN :  sF ∼ 10-26  

               makes K0(dS) → K0(dS) process negligible  
       

                                                Don't Give UP for free!Don't Give UP for free!

Realistic Observation: Realistic Observation: 







  

 Hamiltonian for K0*(896) 

            SUBSTANTIAL

               decay width 

          K0* differences  K0 

         observe: ΓΓ1212 of  K0* 

         comparable to ΔVK* 

Assuming    
the same K*   
in-medium   
potentials.

 + 20 MeV  

  - 60 MeV  
K0*(896)



  

  Results for  K0* oscillations 

● With absorption: Γ
22

= 48+12 MeV,  Γ
11

= 48+5 MeV
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  Results for  KK00** oscillations 

● With absorption: Γ
22

= 48+12 MeV,  Γ
11

= 48+5 MeV



  

  Results for  K0* oscillations 

● With absorption: Γ
22

= 48+12 MeV,  Γ
11

= 48+5 MeV

0*



  

1) Probability of  K0*⇒ K0* is  0.5% - 1.5%

 

2)  Process (S → S) occurs within  τ = 4 – 10 fm/c  
   

                  if net baryon density ρρBB  = [ 0.1 – 2.0 ]= [ 0.1 – 2.0 ]ρρ
N
 [ 0.16 fm-3 ]  

 
                 

3) CP violation is not important = not needed
   (opposite process K0*⇒ K0* has the same probability)
        process ( S → S )  becomes relevant = IF primordial N(K0*)  >>  N(K0*)

Observed Features: Observed Features: 



  

More results for  K0* oscillations 

 

Suppression factor not shown.



  

More results for  K0* oscillations 

 Transition probability  K0* ⇒ K0*:

 If suppression factor is included, at small  ρρBB  we have larger Probability. 

1.5%

However:   N(K*)/N(K*) 
            is smaller.



  

More results for  K0* , K0* in medium
 Decay widths and Masses of eigenstates  K0*, K0* L s

      Γ
22

= 49+7.4 MeV,  Γ
11

= 49+3 MeV,  ΔV = 80 MeV at   ρρN N 

Mass differenceDecay width diff.

  Δm

ρ / ρρ / ρN N 
ρ / ρρ / ρN N 

ρ / ρρ / ρN N ρ / ρρ / ρN N 

Decay widths

Mass 

K0*s

K0*L

K0*L

K0*s



  

  Survival   K0* ⇒  K0* and  K0* ⇒  K0* probability:

ρ =ρ =  ρρN N ρ =ρ =  ρρN N 

K0*(t)K0*(t)

Substantially different absorption cross sections assumed here.

Γ
11

= 48+30 MeV,  Γ
22

= 48+74 MeV  at  ρ =ρ =  ρρN N 







  

    1) KK00→→  KK00    in A+A , p+A collisions is negligible 

                                     suppression factor ≤ 10-26

            

    2) KK00**→→  KK00** oscillation  oscillation  can be significant + fast enough  
                                     →  it may affect K yields and ratios
                                  (just in case of sub-threshold anti-K* production)            

    SUMMARY ISUMMARY Iaa  

3) Production of (2ss) hyperons may thus be enhanced

           via secondary strangeness-exchange reactions.
   Λ0 +  KK00** →  Ξ-

 + π+







 Oscillation of  D0(1865) in Medium 



 Oscillation of  D0*(2007) in Medium 



 Oscillation of  D0*(2007) in Medium 



  

  (sub)Threshold D, K meson  
Production Ratios

when K K** /  / KK**  ≥≥ 10 1022, process SS  →→ S S is significant

becausebecause

DD / D / D < 10 < 10
makesmakes

  cc  → c→ c    
negligible

Charm isCharm is 
conserved



  

    1)  oscillation K0*↔  K0* in dense baryonic matter possible
                (processes S → S  and S → S having same probability)

      2) if  N( K0, K0*) >> N( K0, K0*)  due to S quarks taken by Λ, ΣΛ, Σ
 

                real or virtual  K0*(Sd) → K0*(Sd) transitions may:
  

  - enhance the Yields of K0*and K- in A+A, p+A coll.
             - effectively violate strangeness conservation at high ρB
              

    3) Ξ-(dds) sub-threshold production may be explainable
                   using strangeness exchange reaction  ΛΛ + K0sc →  Ξ + π         

     4) Charm is conserved ! Strangeness is not at high ρB

CONCLUSIONS.CONCLUSIONS.
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