a7 b REGHEE SR ORUER X G
VIl —33 ) —rprocess DERFEEIED —

Yuichiro Sekiguchi (YITP)
ApJL 789, L39 (2014) / PRD submitted / in prep.

Wanajo (RIKEN), N. Nishimura (Keele Univ.)
K. Kyutoku (UMW), K. Kiuchi, M. Shibata (YITP)

CfCA um 2014 2015/01/20-21




Fljfii’*i‘m%)iﬁﬁ ﬁm%(%rz)/\ﬁiwjzﬁﬁé%

100 0

oo
o
|

(@)]
o
|

lar;

Proton number (2)

1.0
0.5
0.0

-0.5

-1.0

-1.5

-2.0

-2.5

/v
)
|

20

1 1 1 I 1 I 1 I 1 I 1 I 1
""" 0 20 40 60 80 100 120 140 160 7
Neutron number (N)



» Neutron capture : packing neutrons
into ‘seed’ nuclei | . (zZN)= (ZN+1)

» (PHEEFR)/(FERFZHE) K HVBE
» A(gold) — A (seed) ~ 100

» Low electron(proton) fraction Ye
» BREHDFPEFDEFRE

» Higher entropy per baryon ({8 HIHR)
» He/TE[RF#% D & Bz

» Short expansion time (R FEIRR)
» He/TERF#% D 5% iz Nl
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r-process (X & Z Ty

4 - : (Burbidge et al. 1957) ‘ T
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» Universalrity [X&5(ZHE#

» E_EEP'I‘EE:FEOJﬁ'ﬁi : (Lattimer & Schramm 1974)

» IEFFHEZRDS -

» Wanajo, YS et al. (2014)
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» Mass ejection from BNS merger . two components

» BISBIRICHSERS b gk
HEARBCP-FEIZH ORI P EF =R, BOVEREEREIZES T Ye LR
EYE > K&.lowY hEFBEEINZS5ARF Ye 1)

animation by
Hotokezaka
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HE P2 518 too neutron-rich ?

» Korobkin et al. 2012; Rosswog et al. 2013
y Za—hrEHBERTOFRE: Tidal interaction [TEAE =W H
» BEARMIZHEFEYEILENTHRESNSIDTIEZ - P EF1EE (Ye<0.1)

strong r-process with fission recycling only 2" (A~130; N=82) and 37 (A~195; N=126)

» r-process DAIRMICHYTES !

peaks are produced

A~80-130 [ZDWWT KB B D /N 3—0 B TEL
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Korobkin et al. (2012) MNRAS 426 1940
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y PA 2R34T : Puncture-BSSN/Z4c formalism
p — \ 3 H’s] = 5 3=
» EEHRBRIEDETE : Truncated Moment scheme (Shibata et al. 2011; Thorne 1981)
REFEX . FEREEREYDEREFERX + EBEETOD Timmes EOS ~D kR

gray or multi-energy but advection in energy-space is not included
Fully covariant and relativistic M-1 closure

y Y—RIEDEFH : two options

FERIfE% : Bruenn’s prescription w.o. EEFHXEL, pair processes
0 #FZE modelling 5 minimum setup
Fﬁﬁ‘]ﬁﬂﬁi

E-captures: thermal unblocking, weak magnetism; NSE rate
Iso-energy scattering : recoil, Coulomb, finite size

Electron scattering in an approximate manner
EZxannihilation, plasmon decay, bremsstrahlung
Diffusion rate (Rosswog & Liebendoerfer 2004)

» LT HBREFORE

O 0o o O
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Sekiguchi et al. PRD submitted

» EBEfmF"Jk,._,\jﬁz‘Vé%L\T_ﬁﬂﬁyslb—vazb\_lj_L

Thanks to M. Hempel
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» Mass ejection from BNS merger . two components

» BISBIRICHSERS b gk
HEARBCP-FEIZH ORI P EF =R, BOVEREEREIZES T Ye LR
EYE > K&.lowY hEFBEEINZS5ARF Ye 1)

animation by
Hotokezaka
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B BUEOIRTE G (EOS) IR 11k

» ‘BBLVEQOS’

» TM1 | — J1614-2280
» REFEFEX ' \, Steiner et al.
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Soft(srHo) vs. Stiff(tm1): Ejecta temperature

» Soft (SFHo): temperature of unbound ejecta is higher (as 1MeV) due to
the shock heating, and produce copious positrons

» Stiff (TM1): temperature is much lower

1000km,  Stiff (TM1: larger Ry)

Higher T : more €* Lower T : less €F
Shock heating Mass ejection mainly
more positron capture driven by tidal effects

CfCA um 2014 20}




Soft(srHo) vs. Stiff(tm1): Ejecta temperature

» Soft (SFHo): In the shocked regions, Ye >> 0.2 by weak processes
» Stiff (TM1): Ye is low as < 0.2 (only strong r-process expected)

Soft (SFHo: : larger Ry;)

Higher T : more €
higher Ye > region :
JF eutron rich
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Ejecta Mass [Msolar]

Jkuﬁ&itﬁﬁf I% 1

average Ye

1072
103
d
107 ¢ SFHo ——
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TMA —
10° TM1
10-6 1 L L 1 L I |
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Time [ms]

» Mej is larger for softer EOS
Consistent with piecewise-polytrope studies
» Only SFHo will give Mej ~ 0.01 Msun

» Signature of v-driven components

~several X 10* Msun @ 35 ms after
merger

Fraction of mass

.35-1.35 NS-NS

0357

CfCA um 2014 2015/01/20-21



Ejecta Mass [Msolar]

D0144EDKH(2) : =2 — Y ) OFEEN:

Seklguchl et al. PRD submitted
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» Amount of ejecta mass can be

increased ~ 10 Msun

» Average Ye can change 0.02~0.03

depending on EOS : effect is
stronger for stiffer EOS where
HMNS survive in a longer time

average Ye
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Universality DRk (SFHo)

Wanajo. YS et al ApJL (2014)
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» The Ye-distribution histogram has a broad, flat structure (Wanajo, Sekiguchi, et al. (2014). )

p 17 »  Mixture of all Ye gives a good agreement with the solarpbpndapc@b14 2015/01/20-21

» Robustness of Universality (dependence on binary parameters)




O

n robustness of common pattern

» Rough expectation based on limited information currently available

Ye < 0.2 is responsible to the 3™ peak
Ye ~ 0.2—0.25 is responsible to the 2" peak
Ye > 0.3 is responsible to the 1%t peak

» For fixed mass fraction in Ye ~ 0.1 (fixed 3" peak)

4

Factor of ~ 5 difference in Ye > 0.3 does not change 15t peak very much
= enhancement (from flat distribution) in Ye > 0.3 would not be serious

Factor of ~ 10 difference in Ye ~ 0.2 reduces 2"9 peak considerably
= mass ratio between Ye ~ 0.1 and 0.2 may be important for 2"4 and 3" peaks
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20144E DR (3): BN T X —F (KM

Sekiguchi et al. in prep. SFHo01.25-1.45

» Orbital plane : Tidal effects play a role, ejecta is neutron rich
» Meridian plane : shock + neutrinos play roles, ejecta less neutron rich
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20144ED M H(4) ¢ now ongoing
BH-NS IMETrger . test simulation (mass ratio 3:1, spin 0.75)

NS is tidally disrupted Or"t;dl—plgr;i—i £ |
Very neutron-rich g5 |

Shocks are generated g ‘/ﬁc |

when spiral arms 5 ) AP .

interacts

Electron fraction Time [ms]
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Entropy of tidally
disrupted NS remains low
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» EERETFESNK
» Universality @8I : Wanajo, YS, et al. ApJL (2014)
» IREEAFEXKTFE: Sekiguchi et al. PRD submitted
» —a—k)/DEEM: Sekiguchi et al. PRD submitted
» EE/N\TA—2KTFME: Sekiguchi et al. in prep.

» TS9O R—)L-FEFEEZEESR

» Simulations on going
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