There may be no “gold’, coming out
from compact-star mergers
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Gamma-ray Burst GRB 130603B Hubble Space Telescope = ACS/WFC3
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NASA Evidence Suggests Gold On Earth
Caused by Colliding Neutron .Stars

NASA's Swift X-ray telescope satellite detected a

high-energy flash of gamma rays, a “gamma ray
burst” called GRB 130603B. g«

Iﬁlqnovae

Excess in the NIR after
a gamma-ray burst

20 Mg of gold and 140 Mg de platin®m formed !!!



The case of GRB 130603B (Tanvir et al. 2013)

. .
The NIR excess was observed with the HST ~9 days after the GRB
The interpretation is that a nucleosynthegis process produced
lanthanides (opacity)'and r elements injecting energy into the ejecta
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“Short” and “long” GRB : o
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milliseconds 7.9 milliseconds Black hole forms 11.2 milliseconds
Neutron stars —_ with mass 2.9 times —_—

with mass the Sun
1.5 times the Sun

Scientists think that short-duration gamma-ray bursts (GRBs) result from two neutron stars (or a neutron star and a black hole) colliding ar merging. Recent
computer simulations of the former scenario show that the neutron stars’ combined magnetic field can produce jetlike structures capable nowering a GRB.

Ejection in jet-like (high velocity) and transient accretion disa (low velocity). Wi
shall refer to the first (proqpt ejecta) only in the rest of the talk

(Ke Fang, yesterday’s talk) .
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What are compact stars made Qf?

€€
Normal”




The EoS of dense matter can be considered as known up to ~ 2 g,, but...
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Interactions (including 3-body forces)
Medium effects (more interactions, effective masses...")

Degrees of freedom (i.e.*hyperons, quarks, etc)




® Up Quark
® Down Quark
® Strange Quark

—\

NEUTRONS

Neutron Star

CONFINED
QUARKS

Strange Quark Star

b TELL Himsuan
SHALL T2

AS YouLL
SOON RECOGNIZE, WILD
ONE,YOU'RE INMY

STRNSE - N\ £
MATTER DIMENSION, T
B\COMPOSED OF ULTRA=
\ NSE MATER

1

1 (3
SAVITY WHICH WOULD CRUMEH A
HUMAN BEING INTC A HUNK OF MATTER




Strange matter: hypéthetical QCD ground state
(Bodmer 1971, Terazawa 1979,-Witten 1984) :

E/A <939 MeV even at P=(0 !I! *

Gibbs free

energy
per particle

Transition during the

compactifiction of the
star after ~ seconds
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Pressure




Strange matter at high densities: free gas vs. CFL

Pairing energy (negativé)

3
/ lp— /1]1; dp —/ [(1; | 1112 L — ;II]; dp — A /1 +B.

—3pt +3m2p2 1-1 )[uq (mg/ ;u




Statistical fragr.nentation of SQM in SS-SS collisions

. °
Why strange matter should fragment? Bécause it is a minimum"
of the energy per baryon, but not a minimum of the free energy ! (the -TS term..)

Strange matter evaporates and eventually frdments into em hadrons if the

temperature is high .
P 3
Pe(A) = ——pg = (m0T> " A3l W —bp Ao A3—CAVEYT
The mass distriBution of fragments is ' dpta” " 21
g B™ (MeV)
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There is a minimum baryon number A _, to achieve stability

* for each given T (Paulucci & Horvath, PLB 733, 164 (2014)



Since the peak of the fragmentation is always below A_. ,

° ‘ [
almost all the ejected matter fragments into n and p (and
some clusters)

(by the way, this*explains why there are no strangelet candidage.
events in AM$-02 and other experiments...)® ‘

L
.o 2
Thus, the ejection consists ‘of protohs and neutrons, but their
abundances are determined by the freezout of weak interactions
(that is, freezes when the weak decay rate falls below the expansion

rate...) ' ;



SQM fragmentation into n,p happens at a temperau:re of 5-10 MeV

= constant RyEE

Adiabatic expansion N —1

for a monoatomic relativistjc gas

. *
Above the fieezout lemperature the n,p abundances are just

! \ 2
|y —my)c ]

N /My ~ exp[—

-
with the mass diference= 1.29 MeV .

v

The freezomt condition (fixing the relative abundances) is [/IRS % = Rotot

which using the adiabatic temperature evolution and imposing that weak

) ° . kT 5 —11 1/4
interactions satisfy 7~ (1 .MeV) Bl can bescast as K fssaomt = (ROZTO)




After freezout, and up to T ~ 1MeV some neutrons decay+

but this does not modify the n/p too mufch because i >>HN
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For different initial temperatures and initial expansion fadii wegbtain
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, in the Big Bang n/p ~ 0.15. Expanding matter keeps
track of the SQM compbsition through them






The nucleosynthesis

Calculated with the TORCH code (3000 isotopes).by F Ti

As expected, strongly dominated by
Fe peak elements (Fowler 1957)

No lanthanides or r-process ele
are formed M!I°

ts

Decays in 14.3 days injecting 1.7,MeV
positrons into the opaque expanding ejecta
(similar taSNIa with Ni->Co -> Fe *







Light curves

10> M, ejected mass

assumed MIT80
’ 25 3

[ Mior[M) (Mergers of SS,
Our calculations  “standard’ Bauswein et al. 2009)
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Conclusion’s

¢ “Kilonovae” follow a (short) GRB and are associated to the
merging of “neutron” stars

« In current models (i.e. NS-NS), there is lanthanide production
which provide enough opacity (~100 g” cm? ) for a secondary
bump in the lightcurve ~days after the GRB*

* In SS-SS modgls, the exotic ejected matter fragments into n ar.
* p withn/p ~0.7, producing a “Dense Big Bang” in which
nucleosynthesis reaches the Fe peak only. .

* Other events (GRB 050709 and GRB 060614)
show NIR excess, to be studied-in detail.



There are no%anthanides, nor “gold” (r-process actinides), and the lightcurve
) g p ’ g
peaks when 3P does '
- .
Crucial observation: detection bf r-elements and/or lanthanides !!!
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The absence of laknthanides and actinides may tell us
that compact stars are a different kind of beast...

Xie Xie !! .




