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We study the influence of a possible H dibaryon condensate on the equation of state and the overall
properties of neutron stars whose population otherwise contains nucleons and hyperons. In particular, we are
interested in the question of whether neutron stars and their masses can be used to say anything about the
existence and properties of the H dibaryon. We find that the equation of state is softened by the appearance of
a dibaryon condensate and can result in a mass plateau for neutron stars. If the limiting neutron star mass is
about that of the Hulse-Taylor pulsar a condensate of H dibaryons of vacuum~n2a8€seV and a moder-
ately attractive potential in the medium could not be ruled out. On the other hand, if the medium potential were
even moderately repulsive, the H would not likely exist in neutron stars. If neutron stars of~niafd
were known to exist, attractive medium effects for the H could be ruled[80656-28138)00208-9

PACS numbe(s): 26.60:+c, 14.20.Pt, 98.38.Mz, 97.60.Jd

[. INTRODUCTION several heavy-ion experiments dedicated to the search for
this novel form of mattef22—-24. In the MIT bag model,
Since Jaffe proposed that there may exist a stable dihystrangelets wittA<6 are found to be unbouri@5]. Never-
peron(a quark composite with baryon number fd], an theless,_ light strangelet c_andidates in the_ range ofA6
ongoing quest for this particle beg48]. Recent searches <40 might be stable against weak hadronic def2§,27]
using kaon beamf3] or heavy ion beam§4—6] found no  (an overview of the properties of strange matter can be found
candidates or are still in progre$3]. There exist some in[28]). The H dibaryon as well as these light strangelets can
claims for evidence for the H dibaryon produced in proton-0ccur in dense matter as a precursor of the phase transition to

nucleus[8] and in heavy-ion collisiong9]. Nevertheless, @& quark plasma. _ _
these candidates might be misidentifiéd as seen if5]. In this paper, we study the influence of H dibaryons and

For a most recent overview on the search for the H dibaryoﬁ) ther strangelet c_andldgtes on the composition and structure
of neutron stars including the hyperon degree of freedom.
we refer the reader tdl0].

We are particularly interested in the question of whether neu-

There are numerous mass estlmates for the H .d'baryo{?on stars and their masses can be used to say anything about
and they are reviewed {i11]. The existence or nonexistence e eyistence and properties of the H dibaryon. In Sec. II, we

of the H dibaryon is strongly connected with the observationyisess the condition for the occurrence of dibaryons and
of doubleA hypernuclei, which has been discussedi@].  girangelets in neutron star matter. The relativistic mean field
Three double\ hypernuclei have been reported in the litera- jodel with hyperons and the H dibaryon is presented in Sec.
ture: \{He [13], }3Be [14], and 3B [15,16. The twoA’s |1 Implications for an H dibaryon condensate are discussed
can decay by strong interactions to the H dibaryon. As thisn Sec. IV and summarized in the last section.
has not been seen in the above events, the H must either be
heavier tharmy,>2m, + B ,~2.22 GeV[17] or the events | coMpOSITE OBJECTS IN NEUTRON STAR MATTER
are misidentified as an H hypernucleus with a shallow attrac-
tive nuclear potentigl11]. A more stringent condition is the ~ Here we discuss the general features of the appearance of
observation of the weak mesonic decay of the doubley- ~ composite quark objects in neutron star matter. Nuclei will
pernuclei giving my>m,+m,+m_-+B,~2190 MeV  dissolve in dense matter due to a Mott transition at quite low
[18] whereB, depends on the mass of the decay fragmenglensity. Hence, hypernuclei with similar binding energies
and isB, = —3.1 MeV for 3He. In all cases, a deeply bound Will also dissolve. The situation is different for strangelets, if
H dibaryon seems to be ruled out by these events. they are energetically favored compared to hadrons. Then
If the H dibaryon exists, it will have a certain impact also Strangelets will appear at a certain critical density that will
on the properties of dense matter. It is quite establishe§ePend on the chemical potentials and the mass of the
nowadays, that neutron stars have a large hyperon fraction #frangelet. The most stable strangelet candidates will have a
the core and might be described as giant hypernuclei, thougHosed shell, i.e., they have zero total spin and are bosons.
bound by gravity[19]. Here again, the presence of hyperonsAISO the H dibaryon(consisting of twou, d, ands quarks
might restrict certain properties of the H dibaryon. Recently,1as zero spin and will form a Bose condensate if it appears in
studies for neutron stars have been done for nuclear matt§ense matter. . _
without hyperons but including H dibaryon condensation ~The general condition for a Bose condensation of strange-
[20] and limits have been set for the coupling constants ofets is that the effective energy must be equal to the chemical

the H dibaryor[21]. potential:
There might exist heavier partners of the H dibaryon, .
lumps of strange quark matter dubbed strangelets. There are s(k=0)=mg+U(p)=B-un—=Z- pe, (1)

0556-2813/98/5@)/12988)/$15.00 PRC 58 1298 © 1998 The American Physical Society



PRC 58 NEUTRON STAR CONSTRAINTS ON THE H DIBARYON 1299

1500 sities abovep~0.16 fm 3. If the H dibaryon feels a repul-

sive potential at a saturation density Of;(pg) =30 MeV
then the critical density is shifted beyond the maximum den-
sity reached in the interior of a neutron star for that equation
of state. Note that for a slightly smaller repulsive potential or
for matter without hyperons the H dibaryon will appébe-
cause its chemical potentialg will rise above its mass as
500 ] modified by the medium
", A similar analysis can be done for other strangelet candi-
dates. However, strangelets with mass humbe8sb are
not stable due to a repulsive color magnetic interaction ex-
cept for the H dibaryoh25]. Nevertheless, strange dibaryon
states have been predicted to be bound in a relativistic quark
FIG. 1. The chemical potentials per baryon number for apotential model[29]. Negatively charged candidates are,
strangelet with a charge aZ/A=—1 (ug+ue), O (us), and €.0., 2 %" and E-E~ which are heavier than the H
+1 (ug— ). The horizontal line is the H dibaryon massmf,  dibaryon but might appear at a similar density as the H due
=2200 MeV assumed to be density independent. The crossing db their negative charge. It has been also proposed in the
this line with the line forug atp,~0.36 fm> marks the onsetof H  MIT bag model that negatively charged strangelets with
dibaryon condensation. The H mass with a medium dependent relosed shells are likely to be most stable against strong and
pulsive potential olJ; =30 MeV atp, is also shown by the curve weak emission of hadrori&7]. The candidates with a closed
(my+Uy)/2. shell found are, e.g., fd8=10, Z=—4, forB=12, Z=—6,
andB=16, Z=—10. The masses are not precisely known as
whereB stands for the baryon number addfor the charge they depend crucially on the value of the bag parameter. To
of the strangelet with masss. The corresponding chemical be metastable, their masses per baryon should lie between
potentials argu,= ug andu, (unit baryon and unit negative m- andm,. (Absolute stability is unlikely because of the
electric charge, respectivglyU(p) is the potential felt by a finite-size shell effect on the quark wave functionslass
strangelet in a dense environment. Neglecting interaction angstimates range betweems/B=1.04—1.24 GeV for the
modification of the mass in the medium, the threshold conabove candidates. From Fig. 1, the negatively charged
dition for the appearance of a strangelet is strangelets would appear in neutron stars at densities above
~0.4 fm 2 if their masses are lower than
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Hence, the baryochemical potential determines the onset of

condensation as the charge to baryon ratio is betwe@n

and — 1 and the electrochemical potential is much weaker.
We illustrate threshold conditions for the H dibaryr

any other strangelet with assumed free mass per baryon

1.1 GeV) in Fig. 1 under two circumstancegl) free
; . . - tron stars due to the appearance of a strangelet condensate.
dibaryon and(2) dibaryon whose mass is modified by the We choose to study thl?apcase of the H diba?yon as it is the

medium. The two solid curves represent the dibaryon masﬁ’ghtest candidate and might appear first in dense matter.
per baryon under these two circumstances. More generally,

the chemical potentials for a strangelet wigiB=—1, 0,
and +1 are also plotted. The point where these lines inter- ll. MEAN-FIELD MODEL WITH DIBARYONS
sect and rise above the mass per nucleon for a particular
strangelet marks the density threshold above which theom
strangelet in question would comprise one of the constituentF0
of matter. The threshold for free and medium modified
dibaryons(or strangeletsof free mass per baryon of 1.1
GeV can be read from the intersections. Nucleons and IepEZE v
tons as well as hyperons are included in the composition of "B
matter. The effect of hyperons is clearly evident in Fig. 1
through thejr saturating effect on. at g~0.4 fm 3. The . +29 goto— Engz_U(U)_ EV VA
other chemical potentials accordingly increase less rapidly 27" 27 4~
with density above the hyperon thresholds. 1 1 1

The lowest mass strangelet is the H dibaryon which is 4 Z 2y vetru(v)— = R, R’ + —m?R R, (4)
bound due to color magnetic forcEs). Assuming the H has 2 vk 4 2 rr
a mass ofny=2.2 GeV and does not change in the medium,
gives a critical density of aboutdd. Note that a negatively whereB is summed over all states of the baryon octet, the
charged candidate appears at a much lower density and fecalar meson is denoted by the vector mesons are denoted
the assumed mass, would be a constituent of matter at deby V,, and R, for the isoscalar and isovector meson, and

(assuming no interactionsTherefore, if strangelets do not

feel too high a repulsive potential in the medium they can
pear as a Bose condensate in neutron stars. In the follow-
g we will discuss the modification of the properties of neu-

First note that the H dibaryon is a boson with zero spin
d isospin. We use the standard extendetw — p model
describe the baryon sector interacting through the mesons

B(I ’Y,U,éw_ Mg+ g,0— ng’Y,U,V/.L_ ngTBR,u,)\I,B



1300 NORMAN K. GLENDENNING AND JURGEN SCHAFFNER-BIELICH PRC 58

V,,=4d4,V,—d,V,. We have taken into account possible The H dibaryon contributes to the energy density in the form
self-interaction terms for the scalar fielt o) [30] and for - .
the vector field 31] en=2m5“H*H=m{py, (13

1 5, 1 A d 5 but contributes to the pressure only indirectly through the
U(o)= §bm(900) +72¢(9,0)%  UV)=2(V,VH~ modification of the meson fields via the additional terms in
(5) the equations of motion.

The H dibaryon is coupled to the mean fields by a minimal A. Baryon-meson interactions

coupling scheme following20]: . . o . .
Ping 420] There exist various parametrizations in the literature for

£D=DZH*D“H—mﬁ2H*H, (6)  the nucleon-nucleon interactions in the mean field model.
The parameters are either fixed by nuclear matter properties
where the vector fields are coupled via the standard replacer fitted to properties of spherical nuclei. For example, the
ment parameter set used [82] with scalar self-interactiond (o)
. corresponds to the nuclear matter propertieB/A
Dy=0d,+igenVy. (M) =163 MeV, po=1.53 M3, aym=32.5 MeV, K=240
. ; /
This ensures consistency with Ward identities, i.e., the vect heV, m /m_t 0.78§wTh’\|/<|:h ;orhbre\gty Wi.[ffgrttot?]s %Mgl
fields are coupled to a conserved current. The effective mass € parameter se i3] 1as been Titted to the binding
of the H is defined as in the baryon case energy, radii, and surfe}ce thlcl_<ness of heavy nuclei. Th(nT lat-
ter model has a self-interaction term for the vector field
MY =My~ 0. (8  U(V). This set has been used [ig4]. We adopt these two
models as guidelines in the following.
This gives, as for the vector field, a quadratic coupling term  The hyperon coupling constants have also been chosen
of the H to the scalar field in the Lagrangiés). It turns out  differently. We will consider two cases1) universal cou-
that with this choice of coupling, the scalar and vector denpling of the hyperons an(®) coupling constants using $6)
sity for the H are the same in the mean field approximationrelations. In the former case, all hyperons are coupled
It was also shown that this model is thermodynamically con-equally[32]
sistent[20]. The equation of motion is simply

dov gpz ng
[D3DH+ mi?]H(w,K) =0. ©) 0 9, g 0 (14
For s-wave condensatiorke 0) one gets the dispersion re- WhereY stands for the hyperons, X, and=. Note that the
lation A has isospin zero, th& has isospin 1, while th& and
nucleon have isospin 1/2. This gives an additional factor of 2
oy=mi+09,uVo=pun=2up (10)  for thep—2. term in the Lagrangian and a vanishing isovec-
tor coupling constant for thd.
in the mean field approximation, whegeg is the baryo- In the other case, 916) relations[35] are used for the

chemical potential. This relation fixes the amplitude of the Hvector coupling constants of the hyperons

dibaryon condensate. The density of the H dibaryon is in-

creased until the effective energy of the H dibaryon is equal Oo Gon Qo3 19,2=3:2:2:1, (19

to its chemical potential. Note that this implies that there _ )

must be a repulsive potential between the H dibaryons at Which scale according to the number of light quarks of the

certain H dibaryon density. Otherwise, the effective energy i®aryon. The isovector coupling constants scale with the isos-

decreasing with increasing H dibaryon density and it will Pin such as in the universal case but are fixed differently to

never attain its chemical potential. the nucleon isovector coupling constant. In our notation this
We do not repeat the full set of equations for the baryondn€ans

as they can be found in, e.d19] in detail. We note the

additional terms due to the H dibaryon condensate in the 9p=9px=9p=, 9Ypa=0.

equations of motion

(16)

The SU6) symmetry already takes care of the isospin so that
the notation as used ir34]
mZo+ iU(a)zE UoBPE+ 29 ,uMmiH*H
ag a S a i)
do B 0,:0,1 0,5 :9,2=1:0:2:1 (17

2 3 B N means the same. It reflects the strength of the isovector po-
m2Vo+dV3= % 9uBPv200H(4H— GunVo)H H. tentials of the baryons but starts then from a different(3U
(12) symmetric Lagrangian.
Both cases, universal and 8), are consistent with\
Here one needs to define only one density for the H dibaryohypernuclear data insofar as the potential depth ofAha
due to the dispersion relatiqi0) normal nuclear matter is fixed to its phenomenological value
of U,(pg)=—30 MeV. For the universal case the vector
pr=2MiH*H=2(uy—g,nVo)H*H. (120 coupling constants are adjusted to this potential depth for all
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2600 tentials. The H dibaryon feels a repulsive potential above

normal nuclear density irrespective of the chosen potential at
po- The repulsive high density behavior arises from the in-
7z / teraction of the H and the vector meson. This repulsion gen-
2400 | /o z 3 erally dominates at high density unless the scalar interaction
e is too strong. We discuss this issue below. The slope at high
density is quite similar for the set GM91 and the curves for
the different H potentials are just shifted. The vector poten-
tial dominates at high density and is chosen to be the same
(4/3 that of the nucleonin all three cases giving the same
2100 . . . slope at high density. The shift comes from the differences in
0.0 °-S " f°-§3 0.9 the scalar potential, which saturates at high density. The be-
ensity [fm ] havior at high density is quite different for the parameter set
FIG. 2. The energy of the H dibaryon in neutron star matter as al M1. Here the vector potential has a nonlinear dependence
function of baryon density with),;(pg) = — 30, 0, +30 MeV from  On the baryon density due to the vector field self-interaction
bottom to top. Solid lines stand for the parameter set GM91 usingerms. Note that the H energy and thus the baryon chemical
universal couplings, short-dashed for ®Ucouplings, dashed lines potential stays rather constant with density for the lowest
for the set TML1. curve[Uy(pg) = —30 MeV]. It is especially clear from Fig.

2 that the vacuum mass of the H is not as crucial to the
hyperons. For the SB) case the scalar coupling constantsappearance of the H in neutron stars as are its interactions
are adjusted. Note that in addition, the B coupling  with vector and scalar mesons.
scheme(quark model is successful in describing the small  In place of the above considerations for fixing a range for
A-hypernuclear spin-orbit splitting36)]. the scalar coupling constant, Faesseal. [20] invoked the
condition

2500 |

2300 |

e —

H Energy [MeV]

2200
Neutron Star Matter

B. Dibaryon interactions 5
g

«Q

T

2
The value of the coupling constants of the H to the scalar gLZH
and the vector fieldg, andg,y, are unknown. They must m,
satisfy two constraintgl) the H should not appear in normal ) _
nuclear matter andl) the interaction should allow for neu- On the grounds that otherwise the Yukawa potential between
tron star masses at least as large as the well-established maglibaryons would yield a negative compressibility. This is
of the Hulse-Taylor pulsar. true at low density. For example, for the parameter set GM91

The simple quark counting rule suggests toat,/g,,,  We find that H matter is unstable against compressioiow

=4/3 as the H has four light quarks. This choice is motivatecdensity when U,(po) <+2 MeV. For the parameter set
from the success of using $6) (quark model relations for ~ TM1 the low density instability arises wheld(po)<—10
hyperons in describing hypernuclear properfigs,36. We  MeV. Hov_vever, the situation is more complicated. Eve_n |f_
use it to fixg, . Having fixed the vector coupling without the equation of state has a negative slope at low density, it
regard to the above constraint§ and (I1), the burden of ¢can become posmve_at higher dens!ty. Whgther or not this is
satisfying the constraints falls on the scalar coupliagainst SO cannot be stated in terms of the inequality of €@) but
the background of the other couplings defining the Lagrangmvolves all of the other interactions and particle types in

7 < (20

3

ian of the theory. matter. A test of the low-density behavior is therefore insuf-
To fix the scalar coupling,,; we consider the following. ~ficient. _ _ _
A range for the scalar coupling constagyy, can be deter-  Because gravity compresses a star, the question of stabil-
mined from values of the H potential in the mediumpgt ity arises for condensed matter, not for low-density matter.
For the above-quoted models the scalar and vector potentials
Uy=—0sn0*+9unVo, (180  have a differentnonlineaj behavior at high density that can

alter the low-density conclusion. This is demonstrated in Fig.
because the meson fields are known. The H potentighat 3. The binding energy of pure H dibaryon matter is shown
should not be deeper than for the two parameter sets and the three different choices of
the H dibaryon potential in nuclear matter. One sees that the
Un(po)>2Ee—my=2(my—16 MeV)—my compressibility, which is proportional to the slope of the
~—350 MeV, (19 curves, is negative at low density fafy(pg)=—30 MeV
for both parameter sets. Nevertheless, the scalar self-
or else the H dibaryon would condense at normal nucleainteractions provide a nonlinear dependence of the scalar po-
matter density. We choose specific discrete values in theential on the densityhere the H dibaryon number dengity
range ofUy(pg)=+30, 0, —30 MeV. To each, a specific This results in an overall repulsive potential for pure H mat-
value ofg,y is implied through Eq(18). We will find that  ter at higher density and a minimum around normal nuclear
potentials deeper thanr 30 MeV would decrease the limit- density. Hence H matter can be stable at high density even if
ing neutron star mass below observed masgatkast in the the low-density limit seems to indicate an instability.
parametrizations of the Lagrangian that we have consiglered With reference to Fig. 3, we see that even more compli-
The energy of the H dibaryon is plotted in Fig. 2 for cated situations can arise. For the parameter set TM1, the
neutron star matter including hyperons for the various H povector self-interactions cause the energy density due to the
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FIG. 3. The binding energy of pure H matter for various poten-
tial depths in nuclear mattdiy,(po)=—30, 0, +30 MeV from
bottom to tof. Solid lines stand for the parameter set GM91, FIG. 4. Populations of octet baryons and leptons in a limiting
dashed lines for TML1. mass star with nuclear properties as described by the case GM91

with hyperon couplings chosen as in the (8Uscheme.
vector potential to rise like! instead of likep, as for the ) o
linear behavior in the standard Walecka model. It can thedittle effected by the H. H dibaryons could lie within the star
happen that the scalar potential wins ultimately over the vecwhile providing no direct sign of their presence.
tor potential at very high density. Such a case is seen in Fig.
3 for the lowest dashed curve: the equation of state has a B. Limits on the H dibaryon mass

local minimum around normal nuclear density but the com-  Generally the maximum mass of a neutron star is lowered

pressibility becomes negative again at higher density. due to H dibaryon condensation because the condensate does
The instability for pure H matter does not mean that a,,t contribute directly to the pressure and it removes the

neutron star wh a H condensate is unstable against COMy,agqyre due to two baryons per dibaryon in the condensate.

pressional modes, as the overall compressibility can still bg-,q equation of state is thereby softened. As the maximum
positive. This will depend on the intrinsic stiffness of the ,o<s should not be lower than 1M4, (the mass of the

equation of state used and t'he had'ron population inside ﬁﬁulse-Taonr pulsar one can try to impose constraints on
neutron star. A recent analysis considered neutron star mattglo mediummass of the H dibaryon. For the nuclear para-
consisting of nucleons and leptons ofi] and found rather  aqization TM1, we show the equation of state correspond-
stringent conditions for the coupling constant of the Hing to several values dfl(p,) in Fig. 6. The equation of

dibaryon. The appearance of hyperons already at3}o  gtate can be considerably softened by the condensation of H
[19] W|II_ certainly al_ter their conclusions and will be dis- dibaryons. Especially for the cass,(po) = —30 MeV the
cussed in the following. pressure stays nearly constant once condensation starts. The
H boson constitutes a large fraction of the matter but does
IV. H DIBARYONS IN NEUTRON STARS not contribute directly to the pressure. The plateau seen in
the equation of state in Fig. 6 can be traced back to the

equation of state for pure H dibaryon matter in Figs&e the
To give an early impression of the possible presence of Hhottom dashed curye

dibaryons in neutron stars under acceptable conditions as to Figure 7 summarizes the neutron star masses for the two

(1) its absence in normal matter af@) an acceptable value hyperon coupling schemes 8) and “universal” (see Sec.
for the limiting mass neutron star, we compare the popula-

tions of the limiting mass star in the absence of the dibaryons 0.41
and in their presence, in Figs. 4 and 5.
Hyperons appear abundantly in the interior of the neutron

A. Populations

star. The hyperond and =~ reach values close to the pro- 0.13
ton density in the stellar core. Protons are more abundant

once the negatively charged hyperoBs and E~ are

present to compensate the charge of the proton. As can be

seen in Fig. 5, particle populations are strongly modified in

0.0
the core of the star where the dibaryon appears. The proton 1
population is suppressed since baryon number is carried
more in the H bosons. Likewise the hyperon populations are
strongly suppressed. This is not to say that these baryons
have little influence on the H presence. It is in matter con- 0.001
taining significan®, ~ andA populations that the H threshold

is attained. Outside the core, beyonsg 4 km, populations

and the stellar radius are hardly changed by the presence of FIG. 5. Similar to Fig. 4 but with the H dibaryon experiencing a
the H in the core and therefore cooling of the star would bepotential ofU(pg) = — 30 MeV.

Proper number density (fm™2)
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FIG. 6. Equation of state for the parameter set TM1,(6BU & (MeV/fm3)
coupling for hyperons, and several values of the H dibaryon poten- ¢
tial Uy(po)- FIG. 8. Similar to Fig. 7 but for the nuclear coupling denoted by

TM1.
[l A) and for various values of the interactith,(py). The
more attractive the interaction, the more populous theUH(po)<+30 MeV. For an attractive potential &f,(po)
dibaryon, the softer the equation of state and the smaller the — 30 MeV, one finds that the mass of the neutron star
limiting mass. The potentiall;(po) = —30 MeV is about as  reaches a plateau, i.e., the mass of the neutron star is inde-
attractive as is Compatible with the HuIse-Taonr pulsar. Forpendent of the central energy density_ The maximum mass is
the SU6) coupling, H dibaryons feelindJ,;(po)=0MeV  then 1.4M . This is the lowest value allowed by present
would not be present in the stable members of the sequencgpservation. The plateau comes from the fact that the equa-
while for universal coupling of hyperons, the dibaryon istion of state has a nearly constant pressure for the particular
present in small number and reduces the limiting mass Magoupling due to the appearance of the H dibaryon. A more
ginally by ~0.0Mg . A repulsive dibaryon interaction in attractive potential thabl,;(p,) = —30 MeV would result in
the medium would therefore assure its minimal presence i negative curvature of the pressure and therefore in an un-
not its total absenckas is the case for the $6) coupling.  stable equation of state. Note that this behavior is mainly

One might infer from the figure, that very attractive po- related to the potential between the H dibaryons as discussed
tentials for the H olUyy(po) <—30 MeV can be ruled out by  in connection with pure H dibaryon mattesee Fig. 3 Neu-
neutron star data. Nevertheless, such a conclusion must Bn star matter is stabilized against collapse to H dibaryon
moderated by our ignorance of the H dibaryon mass. Theondensate because of the repulsive interaction with the vec-
appearance of the H condensation depends on the in-mediugr meson provided the H dibaryon density is not too large.
potential at high density and the mass of the H dibaryonrhe presence of the other baryons in the matter tends to
which are unknown. stabilize the system compared to pure H matter.

In addition to uncertainties in the vacuum and medium In the present approach one can now exclude certain re-
mass of the H, there are uncertainties in the underlyin%ions of the assumed mass of the H d|barynn and its
nuclear equation of state especially at densities above normﬁbtential at saturation density,,. For a too low H mass or
nuclear density. This can be seen by contrasting Fig. 7 with too deep potential the presence of the H dibaryon conden-

Fig. 8. In the second case the nuclear parametrization is TMdate will lower the maximum mass of a neutron star below
of Sec. Ill A. Here we see that the H is present provided

10 A .
Universal —_ \\\‘/ TM1

> \
2 N
= \ M/M_>1.44
o
© -101 \

15 & N\

3 5 X GMof
E QL.) \\
S ! qcp -20 1 AN /
- \ \
II \\U= -30 MeV \\\\ 8-, M/MO<1 44 \\
II 4 \\ \ © 30 \\\
S _g0 1
! // \ 5 N S A
J ! N
-40 T T r . . .
14 I’ \\ 2100 2120 2140 2160 2180 2200 2220
400 1000 2000 H mass [MeV]

% (MeV/fm?) FIG. 9. Diagram of the H vacuum mass and the H bhinding
FIG. 7. Details of neutron star sequences near the limiting masenergy in normal nuclear matter. The shaded region gives a maxi-
for the nuclear parametrization GM91 and two hyperon couplingmum neutron star mass lower than IMl4 for the parameter set
schemes labeled “universal” and $8&) and for each of these, sev- GM91 using universal coupling, the dotted line denotes the case for
eral values of the dibaryon interacti®h,(po)- TM1.
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FIG. 10. Mass-radius relation for the nuclear model GM91, uni-  FIG. 11. Similar to Fig. 10 but for the nuclear model TM1.
versal hyperon coupling, and several values of the dibaryon poten-

tial Un(po). not replaced by a baryon number carrying condensate but
neutrons are replaced by protons akd’s resulting in a

the observed limit of 1.44 . This excluded region is (ifferent mass-radius relation.

shown as a shaded area in Fig. 9 inly,(;my) diagram for

the parameter set GM91 using universal coupling. The V. SUMMARY

dashed line denotes the case for the parameter set TM1. The

thresholds forAA and XN decay that are relevant for the ~ We are particularly interested in the question of whether

lifetime of the H dibaryori37] are also indicated. The results neutron stars and their masses can be used to say anything

for the two parametrizations are quite close to each othesbout the existence and properties of the H dibaryon. To this

despite their different high density behavior. For an H massnd we have studied the influence of the possible occurrence

of lower than 2.13 GeMthe XN threshold an attractive  of an H dibaryon condensate and strangelets in neutron stars

potential in nuclear matter gives too low maximum neutronincluding hyperons. Without in-medium modifications, it is

star mass. Hence, rather long-lived H dibaryéns 10" "s  quite likely that especially negatively charged strangelets, if

according to[37]) are unlikely to form bound H hyper- they exist, will be present in the dense interior of neutron

nuclear states. On the other hand, attractive potentials lowg,,s.

than Uyy(po) <—50 MeV seem to be ruled out by neutron  the gnnearance of H dibaryons in the stellar core depends

star mass constraints for the H mass range considered. Ot@- : ; ;
. : . rucially on their mass and on the chosen potential of the H
erwise, the H dibaryon has to be heavier than thetfesh- . y P

old and will be a tate. These limits will de 4:1 nuclear matter. Hyperons tend to shift the onset of the H to
resonance state. S€ 1Imits Wi pen igher density or to prevent H dibaryon condensation. If the

also on the chosen vector coupling constant. We are using an ; . . .
effective model and the extrapolation to high density mightqondensatlon happe_ns and if the p_otentlal of the H_'S attrac-
be completely different in reality. tive enough to prowde_z a substantial number density in the
neutron star, the maximum mass of the neutron star is re-
duced compared to the case without the H dibaryon. The
decrease of the maximum mass is moderate and allows for
The mass-radius relation for the GM91 model with uni-the presence of H dibaryons in the interior of neutron stars in
versal hyperon couplings is shown in Fig. 10 for severalaccord with present neutron star mass data. If the H dibaryon
values of the dibaryon potentibl,(p,). The more attractive feels an attractive potential in matter, it can lead to a plateau
the potential, the softer the equation of state and the lowein the mass of neutron stars, as there exist a region of very
the limiting mass, as remarked earlier. The radius of the limslowly rising pressure with energy density.
iting star decreases the more attractive the poteblialpo) If the limiting neutron star mass is about that of the
because the star, having less mass, is less gravitationallyulse-Taylor pulsar a condensate of H dibaryons of vacuum
compacted. Similar results are shown in Fig. 11 for themass~2.2 GeV and a moderately attractive potential in the
nuclear parametrization TM1. In this case the limiting masgnedium could not be ruled out. On the other hand, if the
stars have substantially larger radii. medium potential were even moderately repulsive, the H
It is interesting to note that the presence of the H dibaryorwould not likely exist in neutron stars. If neutron stars of
in neutron stars seems to lower the maximum mass but inmass~1.6M were known to exist, attractive medium ef-
creases the minimum radius. The mass-radius relation jugects could be ruled out. For a mass limit of IM4 , attrac-
stops at the point where the H dibaryon condensation sets itive potentials for an H mass below tieN threshold(2.13
This is contrary to kaon condensatif®B8,39 where the ra- GeV) are ruled out.
dius decreases for a kaon condensed star. Note that kaon H dibaryon or strangelet condensation might happen as a
condensation produces a strong phase transition of first ord@recursor to the phase transition to a quark plasma. In this
but the equation of state has no plateau if treated in a therespect, we note that this phase transition is of first order
modynamically consistent wgy0]. In addition, baryons are [41]. Hence, small bubbles of strange quark matter will ap-

C. Radius and the mass-radius relation
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