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Production of double strange =~ hyperons at sub-threshold energies has been observed by
HADES experiment [1] to be unexpectedly enhanced in comparison to theoretical estimates. We
suggest, that K <+ K oscillation of neutral kaons can be affected in very dense baryonic mat-
ter in a specific way, which may result in the oscillation length 5-10 fm. This allows for the
strangeness violation process (§d) — (sd) to occur in a very short time, within the volume of
dense hadronic medium, and excessive double strange hyperons can be created via rescattering
K%+ (2% A) — E+ 7 interactions. The significance of such processes is underestimated, if global

strangeness conservation is assumed in p + A and A + A collisions at low energies.

38th International Conference on High Energy Physics
3-10 August 2016
Chicago, USA

*Speaker.
Support from ICHEP organizers and from Slovak Grant Agency VEGA (project 2/197/14) is acknowledged.

(© Copyright owned by the author(s) under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License (CC BY-NC-ND 4.0). http://pos.sissa.it/


mailto:fyziflip@savba.sk

Double strange hyperon production due to § — s oscillation Peter Filip

1. Introduction

The oscillation of neutral mesons (K° <+ K°) is a beautiful quantum mechanical phenomenon,
which allows [2] us to study also the fundamental properties of nature (CP symmetry). Bg ~ Bg
and BY < BY oscillations have been clearly observed as well [3], while DY, D’ mesons containing
only up-type quarks have been proved to oscillate only recently [4].

The period of K 0+ K9 transitions (oscillation length L) is determined by the mass difference
Amgo = m(KY) —m(KYV) of eigenstates K9 and K} of the weak H,, hamiltonian. Measured values
of Amgo, Ampo, AmBS, and Ampo mass differences in vacuum are (in 1097 /s units): 0.529 +0.001,
0.954+0.44, 51.0£ 0.3, and 1776 + 2, which gives [3] oscillation lengths Ly, = chi/Am: 35cm,
~ 20cm, 3.7mm, and 0.11 mm. Standard Model explains these oscillations succesfully by 2"
order flavour-changing transitions (sd) <+ (5d) and (cii) ++ (¢u) and (bd,3) <+ (bd,s) taking place
in the vacuum due to short-distance (box diagrams) and long-distance effects [3].

In the material medium (a regenerator), or in a dense nuclear matter, the value of Amyo
mass difference of KS,K? eigenstates may become modified due to meson-baryon (repulsive) and
antimeson-baryon (attractive) potentials [5]. Linear approximation (see Eq. 66 and 67 in [5])

mgo(p) = (1+ox—)myy mko(p):(l—dgﬂ)mgozo. (1.1)
Po Po
gives m(K?) —m(K°) ~ 80MeV at p =py density, if values ag ~ 0.05 and @z ~ 0.12 are used.

In this contribution we suggest Amgo mass difference in dense baryonic medium may become
so large, that (§ — s) transition length L5 "= cfi/2Amgo can be very short: 2 — 10fm. This may
allow for a single (s5) pair (created in the low-energy p + A and A + A collisions) to be sufficient
for the production of double strange E~ (ssd) hyperons via process:

(5d)K%*  ~o~m K% (sd)
) < Sx— B (sds) + (ud)m* (12)
(sdu)A,T —> A,X(sdu)

p+A
A+A
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—

At high baryonic densities, § quarks preferentially hadronize into K°(d5) or K (u$) mesons,
while s quarks are trapped into hyperons. When multiplicities of neutral K°(d5) and K°(sd) mesons
are very asymmetric (e.g. N[K]/N[K] > 100), mesons K°(d5) may enhance s quark population via
fast K — K transition. Excessive Z~ (ssd) or Z°(ssu) hyperons may thus be created in p + A and
A+ A collisions at subthreshold energy [1] via rescattering process: K'+ (X%, A) = Z+ 7.

2. Neutral kaons in dense baryonic medium

In the vacuum (if CP violation effects |€| 2~ 2- 10~ are neglected) the eigenstates Kﬁz of weak
Hamiltonian H,, are: Kﬁz = (K°+£K°)/+/2. In a medium, Hamiltonian H, = M'— G’ is
- |[MutVie(p) M _ i (Tu+Agp(p)  Ti 2.1

W My, Mzg—vko(p) 2 I Iy +Ak0(p) '

and linear approximation (1.1) gives potentials Vgo = mgo g (p/po) and Vgo = mgoGg(p /po). This
means Vo ~ 20MeV and Vo ~ 60MeV at nuclear density p ~ pg = 2-10'"kg/m?, for (momentum
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averaged [5]) parameters ax ~ 0.04 and &z ~ 0.12. Absorption coeficients A KO,A go in (2.1) are
related to forward scattering amplitude difference fx(0) — fz(0) of KV, K” mesons in medium [6].

Diagonalization of 2 x 2 non-hermitian Hamiltonian (2.1) with M| = M, = 497MeV and
[y =T =3.7-10712MeV (using |12 = |T21| ~ 3.48-107'2 and |M},| = |Ma1| = 1.74-10712)
allows to obtain difference of K 1072 eigenstate masses and decay widths in medium [7] as

B 3 i - i
Au = m(KY) —m(K}) — 5 Tie —Txp) = \/4H12H21 + (Hy = Hi)? = Mg — 5AT . (2.2)

Probabilities of K <+ K? transitions are (using Eq.9.7 and 9.8 from Ref.[7])
_ 2 _ 2
PR~ R = |22 e ()P [(1-0)R, PR~ K" = |2 le-(mPl0-0)F,  @3)
PH qL
where the interference term
1 —1l 0 —1l 0 —1[[ 0 [ 0
|g,(T)|2 _ Z [e kg (p) +e o (p) _ 2 cos[Arii (p)1] - e t[Tkg (P)+Tko (P)1/2 (2.4)

in (2.3) is multiplied by |qy /pu| = 2|Ha21|/|Ap (1 — 6)| quantity [7]. Conservation of CP symmetry
gives |qu/pu| = |pL/qL|, and weak hamiltonian H/, eigenvectors are: KY = py|K°) + qu|K®) and
K) = pr|K®) — q1|K®). Consequently, one obtains for K ~ K transition probability

~|2Hy P

PIK” - K] = 0t g (@)

2 AMy — 4Ty

o h e P =Sk @F @9

where S, is the suppression factor of |AS| = 2 process K°(d5) ~ K°(sd) in the medium. For
K°, K°(497) pseudoscalar mesons at nuclear density p ~ p° one may expect |Hy, — Hj 1|~ 100 MeV.
Values |T'j5| = [T | = 3.48- 10712 and |My5| = |Ma1| = 1.74-10"2MeV [7] then give enormous
suppression factor Sp < 10726 for K<+ K oscillations in nuclear medium, in agreement with [8].
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Figure 1: K% — K% transition probability as a  Figure 2: Probability of K** — K% oscillation as
function of time 7 obtained for density p/po = 1.2. a function of time and baryonic density p < 1.5p¢.

However, for K%*(896) and K%*(896) mesons, which may also form weak eigenstates [9]
K = (K™ £ K%)/v/2, one obtains S, ~ 1072 (see Figures 1 and 2), assuming K%, K% mesons
share 33% of their decay products (K% — Kg ; + 0 and K% — K_g’ , +7%). Indeed, one has [7]

Lia = pe (K™ |HY K920 (KOnO|HL|R) + po (K |HLK9n®) (K)nO|HL K™Y (2.6)
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which gives I'12 ~ 16MeV, for widths [(K”* — K} ¢ + 1) = T(K”* — K} ¢+ ©°) = 8 + 8 MeV.
Using I';p = 16 MeV and I’} =T = T'g+ = 48MeV in the Hamiltonian for K%, K% mesons

10-12 ; e
, 896+ Vio(p) 1.7-10 z<48+AK0 16-¢ ) (2.7)

K" 11710712 896 —Vio(p)| 2\ 16-¢7 484 Ao

suppression factor S(pp) =~ 1072 is obtained in Eq.(2.5) for AVk: = 80MeV at density p = p°.
In Figures 3 and 4 we show Amg- = m(KY*) — m(K?*) mass difference and K% — K°* transition
length L575 = ¢ T, /2 evaluated for Ko’j K% mesons in baryonic matter using Hamiltonian (2.7).
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Figure 3: Mass difference Amg+ = m(KY*) —m(K?*)  Figure 4: Dependence of K** — K** transition
of weak eigenstates Kg* , K?* in the nuclear medium. length LSS = fic /2Amg+ on baryonic density p /po.

3. Summary and conclusions

We have considered (d5) <+ (ds) oscillations in dense nuclear matter. We suggest K** — K*
process may happen in p+A or A+ A collisions [1] within time scale (3—10 fm/c) with probability
~ 1%. This may allow for the excessive Z~ (ssd) hyperon production via K%+ (£%,A) = Z+ 7
reaction at sub-threshold energies, when single (s§) pair is produced. If N(K%)/N(K) > 100
condition is valid in A + A collisions, (5/s) ratios may be modified due to K% — K processes. In
agreement with Ref. [8] we find K® — K transitions in dense baryonic matter to be negligible.

Although fast oscillations of K, BY, B® mesons in the nuclear medium are unlikely, a modifi-
cation of Ariig and Ariip parameters in dense regenerators might be experimentally observable.
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