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Bartos, Brady, Marka2013 
See Shibata et al. 2005, 2006	

from Brian’s talk	

[NS-NS]		1	event		
[NS-BH]		0	event		 à 10 à  102  à  103 events	

What	kinds	of	New	Informa<on	Expected	!?		 Nuclear Physics	
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Nuclear	Physics	Inputs		
				EOS,	Reac<ons,	
				Mass,	Decay,	…	

[spin]	

[spin]	

GW ßà GRB 
     time difference = 1.7 sec?	



Nucleosynthesis for neutrino-driven winds 
(snapshot; Martine et al. 2015)	

Nucleosynthesis for dynamic ejecta 
(snapshot; Korobkin et al. 2012)	

http://compact-merger.astro.su.se/Macronovae_04_2017.html	



Nuclear	Proper<es	:	Key	Inputs	for	r	process	

Mass	　…	r-proces	path	(n,γ)	⇄	(γ,n)	
Half-lives	…	process	speed/abundance	
Delayed	neutron	emission	&	Fission	

	…	freeze-out	path,	odd-even	
Nuclear	Structure		
		-	Neutron	Magic	(N=50,	82,	126)	,			
				DeformaSon,	Quenching 		F.Montes  

(α,n), (α,2n) reactions	
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à		No	evidence	for	shell-quenching	in	
128Pd….		 128Pd (N=82)	126Pd (N=80)	

H. Watanabe et al., PRL111 (2013) 

A.Jungclaus (GSI)	
Z: even, N:even	



M.R. Mumpower et al. 
Prog. in Part. and Nucl. Phys 
86 (2016) 86-126	

beta-delayed neutron emitters	

low	entropy	hot	wind	

high	entropy	hot	wind	
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Z=50	

Pn	values:	
How	Sensi<ve	in		
r-Process	Calc.?	



Is	there	evidence	of	Fission	recycling	?	
[Gold,	Uranium,	etc..]		

Metal Poor Stars [GW170817]	
C.Sneden etc.	



Th(Z=90)	vs	Eu(Z=63)	….	devia<on	!?	(A.Frebel)	
	à	r-process	condi<on?		
	à	Contaminants	!?		

Rare-Earth	Elements		

S.	Goriely	et	al	PRL	111,	(2013)	

R. Surman et al. PRL 79 (1997) 



Ques<on	(1)	
Which part of that nuclear physics data is already known, which part remains 
yet unmeasured, and which part will be accessible in the new RIB-facilities? 

①	Produc<on	of	radioac<ve	isotopes	(RI)	
									3,000	species	à	4,000	species	~	?		
									RIBF	,			FRIB,			FAIR,			HIAF,			RAON,	etc	

	-	U	beam	:		Fission	(Fragmenta<on)	
	-	Mul<-nucleon	transfer	reac<on	

②	Experiments		
								-	Iden<fica<on	of	RI	
								-	Measurements		

	-	Low	sta<s<cs	
	-	Accuracy	&	Precision	

Particle Identification 
　　- Higher energy (GSI) 
     - Laser (ISOL) 
     - MRTOF 	
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GSI-FAIR(Germany) 2024 ? ~  
FRIB (USA) 2022 ? ~ 

Red Color: Fragmentation method 

RISP (Korea) 2022? ~ 
HIAF (China) 202*? ~ 



Ques<on	to	Next	Genera<on		
RI	Facili<es	

---------------------------------------------------------------------------------------------- 
 r-process    |    1st peak    |    2nd peak   |   Rare-earth   |    3rd peak    |   Fission     
---------------------------------------------------------------------------------------------- 
  RIBF         |                    |                    |                       |                     | 
                    |                    |                    |                       |                     | 
----------------------------------------------------------------------------------------------- 
  FAIR         |                    |                    |                       |                     | 
                    |                    |                    |                       |                     | 
----------------------------------------------------------------------------------------------- 
  FRIB         |                    |                    |                       |                     | 
                    |                    |                    |                       |                     | 
----------------------------------------------------------------------------------------------- 
 

mass, T1/2, Pn, Tcal, Fission, excited states, reaction, 	



Some Slides 
   

about 
 

Future Experiments & Facilities	



FRIB	



Beam line transport should be taken into account 	

RI	Produc<on	(Design	value)	
RIBF (1000 pnA ) … current int. = 60 pnA	



Ques<ons	
-  Are mergers the dominant source of heavy r-process elements?, Only 

source? 
 
-  Does AT 2017 gfo originates from the radioactive decay of r process nuclei? 

-  Will we ever know the exact composition? 
 
-  Can we identify particular nuclear signatures in the kilonova signal? 
 
-  Is there a particular “smoking gun” that points to the production of 

particular elements beyond the indirect inference of the production of 
lanthanides? 

 
-  What is the relevant nuclear physics for kilonova modeling?  
 
-    What will be the implications of observing a purely blue or purely red 
kilonova? 
	


