—a— MY JEFREYI 2 L—Ta y
X 5HEEPHFREAR

P B8 GEEEmBL 2R FERT)
with KPR, ABERSKER, SEHIK, PURHE S, A




— ARSIy = = — bV RS G R (BRI, A )

» SRR HIE !
» EERHFESAFICHT 35— RIESTRE S S 2 L —

a3 vERTITL
BifBEE
MEBEDORHE - #8Rk « BLFIRRE
BJIRDEH
Za—kF)/DAE

Ik E=ERET S

» IR
HEEREFESMIGE LTI R R EDIFEK & RE
N—XO— FORE : SEERIFF TICTTR
B/ — RF1—=24 GEESMIARI— REFHR)
7T A FRU) - PIRESTE % E1T(FX10)

b 2 HPCIERE T 05 5 L0 BFoiRrEsRES  2013/10/23



HEPEFEo S
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4 ﬁ\/Vﬁl‘—Z I‘ o)ﬂiﬁ . (figure from NASA)
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FHEEREH(=/ —XNIVE)ICHIFBEEFED—DIC !

» EnE(e.g.,. &« TFFF)DRE :

B EIRRE TIEE D EEE (Robert et al. 2010; Wanajo et al. 2011)
= EEAKITFH T S rapid neutron capture (REFZTTEESRK)

y BUEHEXERETEICK > TOHRENEHREHNES NS
HEMICE Y TS UF—  RAMIVA =V 22— 3 Y
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y PA 2R34T : Puncture-BSSN/Z4c¢ formalism
p — \: H’s] = \*

» EEHRBRIEDETE : Truncated Moment scheme (Shibata et al. 2011; Thorne 1981)
RBFEX: FREEBRYEREBAER + (EFETD Timmes EOS ~DHLE

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

y J—RIEDEE : two options
FERIfEE : Bruenn’s prescription w.o. EEFHXEL, pair processes
0 BHZ modelling 5 D minimum setup
BaRRE : HTOYIaL—avIciA

O E-captures: thermal unblocking, weak magnetism; NSE rate

O Iso-energy scattering : recoil, Coulomb, finite size

O

Electron scattering in an approximate manner

O

EZxannihilation, plasmon decay, bremsstrahlung
Diffusion rate (Rosswog & Liebendoerfer 2004)

b bjhzﬁlﬁﬁ-d).{lﬁi
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Fa—= 7RG R
y BEETTRARVIL/ND EFFEI14Y = 21% (f DO BUERI#ERL. Fermi-
Dirac R ETEDT7ILIIXLERE AT T7 I CRAF2—=2Y
(throughput 37~40GB/s; cf. TR TH=EAI{E46GB/s) )

ClosureVJL/N: E75hEK 11.5% = 23% (if 2l o#E7E - A Hunroll)

v

y SEEEBOESYILN EARER 2.5% = 7.5% (f Ik O BUE B #E )

» REABRKXNT—TILY—F: 1%RBEDE L BFERET7ILIIXLOHE)
e s
i ERTINR I F

Rk (3456 core)




Fa—= 7R ¢ ik

y BEETTIRVIL/N: FRERR 43%%E5

» ClosureVJL/N: RRERFR 45%HE R

y JEEFERERSVIL/N: FTERFE 9.5%iaE R

» REABRRT—TILT—F: —FBICKEH(35%) k=

> REFEBXT I —FERENRSOSTEIEE
> RS DETEZ Runge—Kutta SENDTHEBEDH = SHTEEF 5
> KREFEXVILNIZER LD EE( call NITADORI )
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LR DR -
B2 BRE TIEE D EEHE (Robert et al. 2010; Wanajo et al. 2011)
= EE G BT S rapid neutron capture (RBFIZTEE )
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, / Pagel (1997)

neutron capture
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H k-1 0 B s

f n+ (ZN) = (ZN+1) \ (Z,N+1) = (Z+1,N) + e +V,
VErsus

P BRRIR
r, <7, / \Tn > T,
PiEFRERIGH R BAALRAVERLY
(r-process) (s-process)
large neutron densities moderate neutron densities

KCan synthesize all heavy nuclei » does not synthesize all heavy nuclei

» terminates at Pb, Bi

V4 Z+1 Z+1
N N N+1
LS

\_




FHi DS : recipe to cook gold

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

» (PHEFR)/(FERFEH) K HBE
» A(gold) — A (seed) ~ 100

» Low electron(proton) fraction Ye
» AT HOBEFDFE

» Higher entropy per baryon (R IRZR)
» FERFRDE R ZE HD

- » Short expansion time (BRIRR)
F O ERFROERZIN




> m . (Burbidge etal. 195 7)

» theoretically disfavored

» Za—h)/MBBETIE=a—M)/ZERICTRINT E2DENH LI, D
BEICIZEYRBEZRTEL (cf. BRADRER)

> E Ea)ﬁf* . (Lattimer & Schramm 1 974_)

» Recently accumulates a wide interest




Kilo-nova/Macro-nova/r-process-nova

» SEBFRIC r-process TTRD FRIRRERE B LEXR AT R (Li & Paczynski
1998)5% short y#&/3\—X  GRB130603B [ZfIREL TH RSN S !
=short yi/N\—RAMIEBEEPHEFE SEREFEDAIREM
SENAROBHBEMEXEFELLTEE !

LETTER

A ‘kilonova’ associated with the short-duration
v-ray burst GRB130603B

N. R. Tanvir', A.J. Levan?, A. S. Fruchter?, J. Hjorth*, R. A. Hounsell®, K|

doi:10.1038/naturel2505

Short-duration y-ray bursts are intense flashes of cosmic y-rays, compac csig-
lasting less than about two seconds, whose origin is unclear'?. The nalaccq ional-
favoured hypothesis is that they are produced by a relativistic jet wave in is an
created by the merger of two compact stellar objects (specificallytwo  essentig andto
neutron stars or a neutron star and a black hole). This is supported constra e er, the
by indirect evidence such as the properties of their host galaxies’, evidend ircum-
but unambiguous confirmation of the model is still lacking. Mer- stantial ies, or

gers of this kind are also expected to create significant quantities of regions l(_llO nova = r- p rocess nova ! which
neutron-rich radioactive species™®, whose decay should result ina makesq
faint transient, known as a ‘kilonova’, in the days following the y-rayb rt-lived
burst®®. Indeed, it is speculated that this mechanism may be the massivg NASA’s
predominant source of stable r-process elements in the Universe®’,  Swift




Kilo-nova/Macro-nova/r-process-nova

» SEBFRIC r-process TTRD FRIRRERE B LEXR AT R (Li & Paczynski
1998)5% short y#&/3\—X  GRB130603B [ZfIREL TH RSN S !
=short yi/N\—RAMIEBEEPHEFE SEREFEDAIREM
=>EHED BN EEREELLTEE !

Gold seen in neutron star
LETTER collision debris

ERIN WAYMAN

A ‘kilonova’ associaf
y-ray burst GRB130

N. R. Tanvir', A.J. Levan?, A. S. Fruchter?, J. Hjor

Short-duration y-ray bursts are intense flashes of ¢
lasting less than about two seconds, whose origin is 1
favoured hypothesis is that they are produced by a SN
created by the merger of two compact stellar objects (s)
neutron stars or a neutron star and a black hole). Thi
by indirect evidence such as the properties of their |
but unambiguous confirmation of the model is still
gers of this kind are also expected to create significan
neutron-rich radioactive species™, whose decay shoi
faint transient, known as a ‘kilonova’, in the days

burst®®. Indeed, it is speculated that this mechanis)

pre dO minant source Of stablc r-process clements i“ tl GOLD EXPLOSION New observations suggest that colliding neutron stars (shown in this artist's conception) produce short gamma-ray bursts. Such collisions
— = SIS s 3 4 S RS : also eject material that may be the source of the universe's gold and other heavy elements.
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» Mass ejection from BNS merger . two components
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= OIRE R (EOS) KA H:

Shen EOS: ‘BEL\EOS’ M M. ]
N . NSL"™" solar
g I:PE;E#% ' x E ] T I R PPN ' Figure by Evan O’Connor
» EYEIRAS dominant | TN
» AELWHRETFEYE L Steine Shen,
dominant |

Lattimer&

» = LS180 Swesty ‘90

| - =-=18220
Steiner EOS: ‘FuHMLY |5 | e S 8
s | =—— HShen-A
» AETFERERE | - 9553%?17’/ 6. Shem 11ab
b iﬁﬂ;’&ﬁ‘},ﬁi less dominant I Ozel eral. 2010) FSUL - Hempele 12
» BRETEE, SELERE [ Hebeler, K. eral L HeIMA
y EERMEBRS 0.5F  (theory)(2070) S e
N - i Steiner, A. etal. ™ < ]
dominant (2010) e,
R L L N
» RA-BRETILE 8 10 12 14 16 18 RNS[km]
AV RATUMEEOS .



> Stelner EOS: B R nEk

4 Iﬁllm
LU Steiner
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£ o
>
-400 Higher T : more €
due to Shock heating
-800 more positron capture
> 800 400 O 400 800 -800

X [km]

» Shen EOS: &/t 1E
» KR

|
Temperature [MeV]

LowerT : less €
Mass ejection mainly
driven by tidal effects
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Steiner EOS TlX&iE D25

LTSt

Z [km]

Y [km]

-800

MY Steiner

400

800

400

-400 Higher T : more €°

higher Ye region :
less neutron rich

-800  -400 0 400

X [km]

Lower T : less €*
smaller Ye < 0.25:
very neutron rich
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Steiner EOS TSROz E I HETe

» FEFHEDIER Steiner EOS TIEEWVWREF=a2—F)/XE
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Steiner EOS T EE D2 E F-hidEs

B’a‘ ?ﬁﬁ #E B Steiner EOS ’Cli.—,L\}i %_:L—H)/%r-
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» ejectaDBANIFEEICED { r-process TTERHETH:
» SteinerEOS: = a—bhPU/RINICEY Ye ' E(L. XIBHERZE X <BR
» ShenEOS:Ye DMET ¥R 8. HEMONETVLTREHMENT

10° S N = 1.35 -1 .35M_ NS T
.| Stelner s Shen +
107 = F
= — |
= - 5 g +
= 107 E = = S
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107 E = 0
10+ L. e R
0.0 0.5 o033 [ 039 ! 0045 ' 0 OS5 1
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» BRHEOBE
y —HREXEREVERETRMAED— FZBE L, RICKS>ZIa2L—3 T
HEEREFESKBIEZMAT S

» SEEDRR :
y —RRHEYTEREVERET RO — FOBE, XUOFa1—=F
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» 8RRl - BSRE AV VAT MRIKREATEI(Steiner EQS) = LM
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» BRARE @ J 1)y Fig=150m, 1372/ —F
» BFR L (BIERB DT R)3 X (BB DELEN)=520X520 X260 X7
» BTy 7 I #20R ATy 7. YERRERIFI50ms
» FRESERR : 89705/ — FERI/model @ & A+

» BELE. KEFERZZEZA YA VATV
» RBFZEITTZE LD universality’ EilR%
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s-process / r-process path
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s-process / r-process path
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Relative log €
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the r-process c1te 0)3*@‘ ‘Umversahty

» ERRZIEDER

» 1-2EREEORRE
B iR ER

1 EQOEDHEMEH KX
fHRE & KL —HK
(Z=40~100, A>90)
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<s %‘ r-process event

tLés = T . S . - =
] A% universal [ZXF&#E
. - — —
=1 _;?I: Individual stellar abundance offsets with respect to Simmerer et al. (2004) — m'ﬁﬁt\htémw
1 | | | " ¢ | [® Cs22892-052: Sneden et al. (2003)
B HD 115444: Westin et al. (2000)
0 4 BD+17°324817: Cowan et al. (2002)
* CS 31082-001: Hill et al. (2002)
-1F Average abundance offsets with resped to Arandini et al. (1999) “stellar model" — > HD 221170: lvans et al. (2006)
| - HE 1523-0901: Frebel et al. (2007)
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Importance Of GR van Riper (1988) ApJ 326 235

4 || General relativisitic :
can distinguish EOS difference

7 _— , : : |
3s[Pa= Keollolpo) — 139 MeV fm 3
6| " Ly =3.0 e.g., Kolehamainen et al. (1985) |
S - ' ]
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Shock velocity @ 300 km (1000km/s)
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