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Problem of element, particle and ruclear

physics: can +he fragments of hucl matter
exist with flavor s,¢ or b, stable relative
to .s'trong thteractions ?

Or even absolutely stable (for s'tmngeness)?

HAstrophysical and/or cosmalac?ica.l applications:
neutron stars (pulsars) can be Strange
Matter stars, (Alecock,Farhi,Olinto, 86; Madsen ‘38)

IJn our Earth conditions the only way is
to produce Sragments of $layored matter
usthg accelerdtors of protons or heavy ions.
The energy of several tehs of GeV is
sufficient.
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Essentially many-body prob/e.m; there are
known difbiculties in convent. approaches




Chival soliton approach (Skyrme 61, Witten 43,.)
based on effective field theories, allows to
,cilrcumwent® many of difficulties.

Effective field theories - eff. chiral lagr-ns,
which have justification in HCD provide
description of low-energy pheromena in
meson-baryon sectors.
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TFrunkated eff. &?r—-n inc!uding 2-d, 4th

and 6-4h order terms has solitonic solutions
which cau be identified with barvons or barven,
systems. (Skerme 61, Witten”83, Balachandran...)

aacprding to known Sact in v‘ppa{p%{ that

A3 (sUr) =% — B - infeger,
Ay (SUy) = 2

B =5_19_—9'—;_S Eijk r’;'(L.-_Z-ij) ’F - in SU,

SK4 (skyrme) and BKE variants are stadied
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Confiqurations of lowest energy - examples.
Mass and B-number dens‘i-{y distribations -

g.!_pri% the edggs_ of pn!yhedmns.

Symmetries and masses of MS are determined

for B <22 (Baitre, Sutzliffe, 200):

htgher- polyhedrons , 2B=2 faces, mas‘l‘g tr valent
vertices - similar to fullereres (carbon chem.,)
At large B, M3 car be studied analytically,

th. Rational Map approximation with good acews.
better 1%  (VBK, ‘01)

This picture contradiets to conventional ene

of nuclear or baryonic man%ek) made of 5e,ba.mx(e
hucleons: _principally hew concept of matter,



Conventional picture of nuclel appears
when nonzero modes (breathing, vibration..)

are taken into aceount

For B=92 +tronsition torus +»two hﬂehag_

was raproduce.d

@ (> <) B.Stern, 89

The binding energy &y = 6 Mey (instead of ~30He)
lseese, Ma.nfan, Schroers !'95

For B=34, 7 only part of such work has been
made, N Walet , 95 ; (. Barnes, E:askewiue,'&mj;.?

Main wneertainty inthe absolute values of

masses is due Yo Casimirenergy (loop correc—
tions) ~N°. But il cancels ck the
es of the

di fferences of binding ener
7ua.n-£'t zed stafes wa{-ﬁq dj.;f-Fean‘f' F - flavor n.
with

The spectra of baryonic systems (BS)
di fferent values of £ c or b can be caleu-

lated in this way.
This approach provides the picture of

pS 4rom outside.,




R.igfd oscillator yersion of the beund state
model (Kaplan, Klebanoy, Westerbery, 90-96).

SU_;_ bound skygmion is backgrva.nd,

colleetive coordinates are:
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SEE) = A;H ﬂe""%&) , Uirh =4 UmA

D) deseribes the motion into ,charmed’

( bottom, Sﬁmnge) d,ired:{on,
Alt) & S U, deseribes internal SU, rotations.
O Z
D) = = ZOD S
oﬁ & SU‘; ( Callan, Klebanoy, ’8-@

Jn the lowest order in D Z.agrung{an (s of
oscillator type:

L = -Meg + 48 DD - [ (m-mp) D B eositr)
N¢ -rnumber of colors, B -baryon rumber WZW -term

D4
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J
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C= 2 SU-cOBr - defines the mass term
e §) ¢ ce)| P + é‘:_(("?’wc)zi—sj‘ (Vat)?‘mfsi(ﬁﬁy)] 43 -

- 2 flavor” inertia.
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£,0, B — 3 functions a!escribe:ng arbitrary
SU, skyrmion: U=c+scHT, ha=Gy, Nx=5xCp
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T is the momentum canonically conjugate to D.
After diagonalization
H= M+ o ata + JF btb +...
at and bt are creation operators o,CcaHE.s‘pma!c‘hg
flaver (a.ni‘i-ﬂavar), S,C or b.
1/2
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2 . N2B2 = ~Mu(DVE N.B
U my»> erp, the “JF’“JF"EP(G’F T
DF _‘DF = Z-GQE’F - ih agremult with coll, coord. approach

This spli:H:f,hg comes from WZEW-term.
W (B=1) - (B)= .E.D[(_i) — (_B.) J >0

OF, 4 Ok e
for 8=92,3 ..

NL gives additional contribution +o +he
bi,nauhg ehergie.s_




Excitation energies for strangeness
charm aund bottom .

1 '309 115#2- ﬁ.aﬂ.
2 293 L5114 476
3  .289 1504 4.7
b4 .283 1493 4.
5 .28% 41,505 4.7
6 .28% 1504 436
¥ 282 1497 &35
i: .%aa 1,510  4.3%
300 1.5% 4.
22 .308 1.56% g,gi
mK=O.9.95J m.b = 1.86 MB= 5-'23 Gey
WD < Mg .
J4 can be preved rig,orousg( since
0. = r ocsu)
F=g v SF or
1 (_gk)
= r
O = % Le6p, and B>k




Binding energies for different Havors"

B Af's:-.:l. LEc=4 AEb=-1 (GCV)
-0.04F -0,02%

Q£2=
-0.042 -0.010 2
0.020  0.049 0.
"‘Ol 0 ?.?' é
_E

< < =

0.006
-0.049 0.016
-0.016 0.024
-0.04% 0.044 0.02.
1¥ -0.027 -0.01 g.p_

c = the difference of b.e. of
flavoured and flayourless state (nudea_Q
€ (*he) = 7.7 Mev = 0077 GeV

€ (%He) = 0.02.8 Gey
(L) = 0.0329 Gey
£(84) = 0.044 Gev
— can be bound!

<
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In AN-system the near-threshold virtual
level is khown since 1968; 1.T.Reed et al,

PP — KAN Phys. Rev. 168, 1495, 1963
Cosy News, 4, 4, | 999
1/N, quantum corred -ns are ineluded here







IFI=2, isospih 1 or 3/2 (p, )= (0, 32
T TR e 3B-1
B Afs.2 Af.g  ab=2 (B

2 -0115  -0.088 0.02 io
3 -0.098 -0.040 0.06 35
4 -0.051 0.022 0.10 28
5 -0.063 0.004 0.08 30
6 -0.045 0.023 0.10 55
* -0.041 0.033 0.44
8 -0,040 0.021 0.03
17 -0.14 -0.0 0.0

E:Ending e.nergies differences of
IFl=2 states” and ordena? nucfei,I=L£l+L

AN virtual level was reported in

JK.Ahn etal, KEK S E224, ATD tont.
2roc. 412,923 (1997)

IFl=2, I=0 even B
B AEfs=-2 AEc-2 AL b=-

po

2 -0.0%5 -0.029 0,02 2F -plet
4 -0,04F  0.030 0.09 81

6 -0,044 0,025 0.99 162

8 -0.039 0.023 0.03

12 -0,046 0.00 0.03
22 -0.0#3  =-0.06 -0.06

A———




& Afs._2 Ae_ 4 I=I+IFl/2

2 -0.013 -

3 0.023 0.0%

4 -0.03 -0.02

5 -0,046 -0.04

6 -0.078 -0.05

* -0.070 -0.04%

8 -0.068 -010
I=0

2 e

2 -0,08

Y -

5 -006

e —

7 -004

8 —_—

1+ -0,03




Comment:

s Stafi:ing point of this consideration
is SUw@ w,d) multiskyrmions qmﬁzea{
(rotated) in SUB) config. space,

RBesides, +there are S0(3) solitons
which can be SU('S)-%ZE‘IE?S.
B=92 H-particle is most famous example.

Wt is not clear, can it be made from

1 Pei config-ns. (7))

Hs production can be suppressed in coalescence
reactions, only HH possible.

Conﬁgur‘aﬁmr of molectlar \_’z% exist
For “P=2 (for g r B also).

Un both cases ~ ro rormalizaXion Yo
ordinary huclei.

Paridy of these states is rot dofined.

Further study is rnecessary.

%% Systems with mixed flavors (cs, C?)
can be obtained as well.
Technically it is more wmp/{cdzl‘ed,




3 _&cg,ativelg charged nuelear :Era#mp;t
NAS2 CERN 2b+¢ b 153 A Gey

@=-1, > 0.85 psec
M= 3.4 GeV

S.Kabana et al, d- Lhys. 623 (92)2135

B=3, Sz-3 or -4

A& (B=7 S=-4) &= -40 Hey

## Enhancement of strangeness production
observed in heavy ion collisions can be
:iubleas't poutly, due to production and

sequert decay of strange tultibaryons



Multiskyrmions as barvonic b

Jn Rational Map a}ﬂpﬂxémm‘bﬂon skytmion

mass

M=o SE‘% P54+ 2B 5250 + T ;f_fj] dr
Ay =2IN-1)/N , N-tumber of flavors, A,=1
I-characterizes the map SP—5P (in SU3)
£ - profile function, se=sing
1t step: quantity I is Jound | I > B>
2-d step : profile £ is found at fixed T,

o (P-4
5= g > b shoulf b
This allows +o describe masses with accuracx
better than 0.5% Sor large B, and to make
conelusions concerning the properties of M3
indepanden'b{;( oh precise value 0;F£

b ~ 2(I/ﬁﬂ)1/£~ 5”2, since I=1.3pB"

ro=[5(VF - g)]”i B at large B (in 2/59

1 -$=C«05;

g - /
i

0 o

Similar to the domain wall (sphetical)




Flavor s, is M large B puttisk-ns look
Bouhd '-"%;'e shell like a:ﬁekzca.l bubbles, of
'2_7_]_{_70{ domain walls with mass and

(;:# Q&‘ B ~number densities copcentr.
lj? .__"'o_,/, munlg in the shell of
l\//') \:I/{_{E/ thickness W .
“)0/-/- 77 Co~ VB, W =Const=2l
z /Zz.f 44

W dees not depend on B and M.

Large B mulfisk-ns are made Stom wniversal
material (web) with constand thickness and
constant: dimensions of each cell,

A properties of MS (ry, b, tensors of inertra)
can be caleulated analyFieally, in terms of

Belrstone iirats VB ETE et

4o [B) <300 B ) g [36-4), » s

max 1/2
fmn | —4r(3)" =103%6

qap Ls less than 4%

Similar results are obtained Sor SKE mode
(6-th order-4erm in L-n),

\ﬂt large B (~10* ?) transition to conf-ns

like skyrmion crystals should take

blace, Not inves‘tiga‘teo’ yet,




Prospects
At the energy of 50 Gev RS the production
will be possible of Barvonic Systems with
# several units of stranhgeness (s=-3,-4..)

p# 1—2 wnits of charm (c=4,2)

wrn b=-1 BS can be produced in subthreshold

way due to 2-step processes and
Fermi - motion of nucleons instde the

-ba.rge.# nueleu s ) E (i o -Ed)

Ay (4t

Ef4ective for P produetion (et ~36Gel),
lowers the threshold almost twice.
Semiler mechanism cah work for charm also.




