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Superbursts 
fuel: deep C 
rare, hours-days 

Intermediate long bursts 
10s of minutes - hours 
fuel: deep He?  

Longer bursts 
minutes 
fuel: H, He  

Short bursts 
10 s 
fuel: He  
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Deepest zone of first burst (model zM of Woosley et al. 2007) 
Model by Heger, Woosley  et al.; Similar to other groups: Fisker et al. and Jordi et al.  



Open questions - phenomena/general behavior 

•  Intermediate long bursts/superbursts 
•  Accretion rate behavior of short bursts 
•  ms Oscillations and their drift 
•  Doubly peaked bursts 
•  Short burst intervals 

Major progress: MINBAR database 
(Galloway et al., 2008, …) 
now 3402 bursts from 65 sources 

Example: Short burst intervals: Laurens Keek (2010) 

τ = 3.0s 

τ = 14.1s  
minutes 

--> different nuclear reactions 
--> different fuels? 



Open questions - quantitative interpretation of bursts 
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Textbook burster GS1826-24  

Heger	  et	  al.	  2008	  

Model peak luminosity - distance! 

Accreted composition 
(metallicity, H-contents from  
rp-process tails) 

Signatures beyond simple  
1D model ? (relativistic effects!) 

H-contents - Eddington Luminosity 
--> surface gravity  
--> NS properties 

Need reliable nuclear physics for full interpretation of observations 



Neutron star properties from X-ray bursts 

Steiner, Lattimer, Brown 2010 
See poster 269 



Nuclear physics matters 

First sensitivity study for full 1D burst model from Heger (Cyburt, Amthor, et al. ) 

Burst X-ray light curve Final composition of ashes 

(see also post-processing but full Monte Carlo study by Parikh et al. 2008 
--> only minor effect from correlations - single rate variation ok) 



Mass known <10 keV 

Mass known <100 keV 

Mass uncertain,  
half-life known 
seen 

Ion Traps 
ANL, GSI 
Jyvaskyla 

Ion Traps ANL, ISOLDE, MSU 

ORNL α-decay Nuclear Data: 

Decay studies  
of 100Sn, 96Cd 
(GSI, MSU RFFS) 

- Decay data 

- Masses 

- Reaction rates 

Stable: 
(3He,t)  
Yale, TUM RIB direct  

(α,p)(ANL,  
ORNL, LLN,  
CRIB…) 

Direct (p,γ):  
(TRIUMF, ORNL) 

RIB Indirect: 
(p,p), ANC 
(ORNL) 

RIB Indirect  (p,dγ) MSU 

RIB Indirect  
Coul. Dis. (RIKEN, GSI) 

RIB indirect 
(d,n) FSU 

Stable: 
(p,t), (4He,6He)  
(Yale, RCNP) 

Stable: 
(3He,n) ND 

Stable: (ANL) 
fusion-evaporation-γ 

 we are just at the beginning! 
 ReA3 at NSCL (reaccelerated beams) 
    (new accelerator and hall being built) 
 HELIOS at ANL 
 RIBF, FAIR, FRIB, … 

Nuc. Theory 



100Sn: T1/2 = 0.55        s 
+0.70 

β-decay studies at NSCL 

Additional beam clean up  
with RF Fragment Separator 

Ion 
source K500 

K1200 

A1900 

S800 Be target 195mg/
cm2. 

Kapton wedge 
 40.6 mg/cm2 

Picture Courtesy of 
R. Fontus 

Continuous implantation 
in Beta Counting System 
(Mantica, Liddick et al.) 

Primary beam: 112Sn 
at 120 MeV/u. 

T1/2 = 1.03          s 
+0.24 
-0.21 

96Cd 

(Bazin, Becerril, Lorusso, Montes, et al.) 



Composition X-ray burst ashes 

β-decay studies at NSCL 

(Bazin, Becerril, Lorusso, Montes, et al.) 

6.4(5)% 1.85 
(6)% 

4.8+3.6 % 

0.9(3)% 5.5+3
-2% 

93Pd 96Ag 95Ag 

100In -2.8 
97Cd 96Cd 

99In 98In 101Sn 

In addition to 100Sn and 96Cd half-life:	

β-delayed p-emission spectra and branchings 

With β-p 

80 100 
Mass number A 



Example reaction rates: 18Ne(α,p) 

New rate from Matic et al. from 24Mg(p,t)22Mg @ RCNP  

(see also ORNL work Chae et al.) 



Composition of the ashes - an observable? 

With new masses and decay properties 
over last few years 

C
ru

st
 d

ep
th

 

EC  
Heat sources 
in crust 
(Gupta et al. 
2007) 

25 m 
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60 m 

surface 

Mass number 



Mass ejection and nucleosynthesis contribution?  

Ejection of ashes? (Gravity: max few % of burned material) 
Weinberg et al. showed that in (some) PRE bursts convection can transport 
ashes close enough to surface where it could be ejected by wind 

 - spectral signatures predicted 
 - BUT: mixing occurs early - no heavy ashes (p-process) 

Evidence for metal enrichment 
in long non PRE rp-process bursts ?  

Inferred NS radius depends on  
spectral shape: 
       - decreases for long bursts 
         (expected for supersolar Fe)  
       - increases for short bursts 
         (expected for no Fe) 

(Bha>acharyya	  2010	  
based	  on	  877	  bursts	  from	  Galloway)	  



Summary  

X-ray bursts are a very active field in astronomy, modeling, and nuclear physics 
    (stable and radioactive beam experiments and theory) 
     --> many open questions and observables that require nuclear physics  

Nuclear physics is challenging as nuclei are very neutron deficient 
     --> amazing progress 
     --> but need more intense beams - will be area of focus for future facilities 

X-ray bursts are rich phenomenon 
 - astrophysics: wide range of parameters -> wide range of behaviors  

                 (accretion rates, companion composition, NS) 
 - complex network of nuclear reactions 

Data compilations are therefore critical: (Satellite workshop in Darmstadt!) 
 - Astronomy: MINBAR, … 
 - Nuclear:  
  - JINA reaclib:  h"p://groups.nscl.msu.edu/jina/reaclib/db/	  

	  	  	  	  	  	  	  	  	  	  	  	  	   	   	  	  	  	  	  (R.	  Cyburt)	  (see	  also	  nucastrodata.org)	  
	   	  -‐	  BRUSLIB,	  ….	  	  
	   	  -‐	  MC	  analysis	  of	  uncertainOes	  (Iliadis	  et	  al.)	  
	   	  -‐	  AME	  for	  masses 


