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Determination of the baryon number (or mass) distribution of the strangelets, that may fragment out

of the warm and excited strange quark matter (SQM) ejected in the merger of strange stars (SSs) in
compact binary stellar systems of the Galaxy, is attempted by using a statistical multifragmentation

model (SMM). Finite mass of strange quarks is taken into account in the analysis. Strangelet charge and
the resulting Coulomb corrections are included to get a realistic mass distribution of galactic strangelets
at their source.
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Introduction

SQM, containing roughly equal numbers of up, down and strange quarks enclosed in a MIT bag, may be the
true ground state of hadronic matter (Witten, 1984; Farhi and Jaffe, 1984). Finite sized lumps of SQM, i.e.,
the strangelets, could also be more stable than the normal nuclei (Farhi and Jaffe, 1984). Possible scenario
for the formation of galactic strangelets is the fragmentation of bulk SQM ejected in tidal disruption of SSs

in compact binary stellar systems (Madsen, 2005). Simulations of SS merger (Baesakj2009) show

clumpy structures in SQM ejecta that are possibly the signatures of initial formation of strangelet-clusters.
Further fragmentation and separation of those lumps, as the ejected material approaches its thermodynamic
and chemical equilibrium, may ultimately yield a strangelet mass distribution that contributes to the pri-
mary cosmic rays (PCR) (Madsen, 2005; Bisvesal., 2012). We here determine that mass spectrum
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of strangelets at their source by taking finite mass of strange quarks into account and by invoking SMI
(Bondorfet al., 1995).

The Disassembly Model

In SMM, the bulk SQM ejected in SS merger evolves in thermodynamic equilibrium and undergoes disa:s
sembly after reaching the freeze-out volume at a temperdturewhich the strong interactions between
fragments cease to exist (Biswetsal., 2012). Here, we choose the value§'aoh the range (0.01-1.0) MeV
(Rosswog and Bruggen, 2007; Oechdiral., 2007)) representing possible distribution of temperatures in
the regions in which strangelets may form. The multiplicityof the strangelets of species with baryon
numberA; is (Bondorfet al., 1995; Biswast al., 2012).

w; = %e(ﬁi*Fi)/T. 1)

Here,u andd quarks are considered massless (e, = mgy = 0), while the mass of the strange
quarks is taken asi; = 150 MeV. V is the available volume, i.e., the freeze-out volume minus the volume

of the produced fragments. In Eq. (1 = >_; qu} is the chemical potential of th&" species. Here,
89!

— is the
Wy |y,

the quark chemical potential jg; (f indicating a particular quark flavour) an =

number of quarks of thg" flavour in theit" species witthf being the thermodynamic potential of the
species corresponding to the quarks of that particular flavour. The mass of the species of baryon numt
A;ism; = 874A; + 77Af/3 + 232A}/3 MeV (Madsen, 1999) and their thermal de-Broglie wavelength is
A; = h/\/27m;T, h beingthe Planck’s constant. Her&; = Q; + ji; + E¢ is the Helmholtz free energy

of the i*® speciesf; and E¢ are its thermodynamic potential and its Coulomb energy respectively. Thus
F; = Q' 4 ; with Q" = Q, + Ef. Eq. (1) yields

YV _qtot
= 13¢ LT 2

Wi

We will use Eq. (2) to determine the multiplicities of various fragments after we define the thermody-
namic quantities pertaining to a single strangelet in the fragmenting complex.

Thermodynamics of a Strangelet

Radius of a spherical strangeletlis = rgA3/3, r! being the radius parameter. Volume, surface and cur-
vature of the strangelet akg(= %wR:?), Si(= 47 R?) andC;(= 87 R;) respectively. Total thermodynamic
potential for thei’” species is

Q; = QuVi + QS + Q¢C + BV, 3
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where, )y, 22 andQ)¢ are the corresponding thermodynamic potential densities, the detailed expressions
of which will be published elsewhere. Here, the bag pressufe is (145)* MeV*. At freeze-out, the
strangelet-complex is in chemical equilibrium so that the effective quark chemical pojeofitie quarks

of arbitrary flavour is the same in all the fragments. The local chemical potentisl averaged over its
maximum and minimum values within the strangelet such that= 1 — qf%; qr beingthe charge (in

units ofe) of the quark off** flavour andA ;. = Z‘: Chage (in units ofe) of a strangelet of thé" species
with Debye screening lengthp (~ 5 fm) is (Heiselberg, 1993)

1 tanh(Ri/)\D)

R (Ri/ D) ) )

andits Coulomb energy is (Heiselberg, 1993)

2
2c

R [1 . gw + %(cosh(RZ— //\D))*Q} (5)

with o« = 1/137. The total energy of the strangelet is given by

Ei= TS+ g+ Q"
= TS+ +Q+ Ef (6)
with its entropy beingS; = —%%’ Vi The number of, quarks in the species i§! = A; + Z;. Strangelets
tot
are in mechanical equilibrium so th&f** = _(8(;)\;_ )’T is the external pressure on the strangelet of the
¢ o

i*" species that arises due to the surrounding electrons maintaining overall charge neutrality of the fragments.
This pressure is calculated in the Wigner-Seitz (WS) approximation (Shapiro and Teukolsky, 2004) to yield
2

pert — (372)1/3 [(”1)4/3} 4 (%) [(3:;?1/3] (ne,)?/

()(5) g

where, Vs, is thevolume of the WS cell associated with tH& species whose value is calculated tdbbg
andn,, is the number density of electrons in that WS cell.

Mass Spectra of Strangelets

Egs. (2)-(7), with the added condition for the conservation of the initial baryon numpeamely (Biswas
etal., 2012)

Ab = Z Aiwi, (8)
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allow to evaluate the mass distribution of strangelets. The available voluméV,; V, = %r;’jAb is the
volumeof the initial bulk SQM withr;, ~ 0.94 fm. For the initial baryon number, we choadg = 1.2x10%3
corresponding to an average tidally released SQM ma% * M, per SS merger (Bauswedt al., 2009).

Results

Figure 1 displays the multiplicity distribution at the extremes of the range of temperatures considered. Tel
dency towards the suppression of heavier fragments and enhanced production of lighter fragments w
increasing temperature is noticed that is usual in SMM éPal., 1996).

In Fig. 2, we examine the energy per barydf (A4;) of each species of the fragments against its baryon
numberA; atT = 1 MeV. The conditionE;/A; < 930 MeV (Madsen, 1999) of absolute stability of
strangelets is easily satisfied fdf > 10.

Fig. 1: Variation of the logarithm of multiplicity (In w) of strangelets with the variation in their baryon

number (A) for two different temperatures at freeze-out

Fig. 2: Energy per baryon (E/A) vs. baryon number (4) of strangelets
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Discussion

We are now in the process of using the determined mass distribution as an input in realistic galactic prop-
agation models to estimate the strangelet flux at solar neighbourhood. This work would provide useful
prediction of strangelet flux in PCR as a guidance to the ongoing experiments like the AMS-02 experiment
(Kounine, 2010). Potential detection of strangelets in PCR would validate the strange matter hypothesis
(Witten, 1984, Farhi and Jaffe, 1984).
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