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Dl<NCE ing wi th the S t ars : Meas u ring Ne utron Capture on Uns t able Isotopes with 
DANCE 

Iso t ope s heavier t han iron are known to be produced i n s t ars th rough neu tron 
capture proce sses. Two major processes, the slow (s) a n d r api d (r) processes 
are each responsible f or 50% of the abundances o f the heavy isotopes. While the 
r process takes place fa r f rom stability and has been d iff icu lt to inve stigate 
both experiment a ll y and t heoreti ca lly, more prog r es s ha s b e en made on t h e s 
process, which fo ll o ws t he line of nuclear beta stab i l i t y. The ne utron capture 
cross sections o f the isotope s on the s process path reveal informat i on about 
t he expected abund a nce s of the e l ement s as well as stel l a r condit i ons a nd 
dynamics. Unt i l rec en t l y, h o wever, me asurements on unstab l e i sotopes, wh ich are 
mOS L i mport an t fo r dete r mi ning stel l ar temperature s and react ion flow, have not 
been experimenta l ly f easib l e. 

The Detector for Advance Neutron Capture Experiments (DANCE) l ocated at the Los 
Alamos Neutron Science Center ( LANSCE) was des igned spe ci fi ca ll y to perform 
t ime - of -flight neu tro n capture measurement s on uns t a b le i so t o pes fo r nuclear 
astrophysics, s tockpi le stewardship, and advanced r eac t or d eve lopment. DANCE 15 

a 4-pi barium fluor i de scintil l ator array which c an pe r f o rm mea surements on 
sub-mil l i gram samp l es of i s o topes with ha lf - l i v e s of as li t tle as a fe w hundre d 
days. 

I wil l d i scuss the nucle a r astrophysic s campaign for mea suring Cross sections at 
DANC E i nc luding pas t measurements and f uture directions which we p lan to pursue. 
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Observed Solar System Abundances 
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S-Process N ucleosynthesis 


• 	 The s process is a neutron induced nucleosynthesis 
mechanism responsible for approximately half of the isotopes 
heavier than iron. 

• 	 The s process operates near the valley of stability-typical 
neutron capture times are on the order of years to hundreds 
of years. 

• 	 The s process is much better understood, both 
experimentally and theoretically than the r process. 
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S-Process Nucleosynthesis in Thermally Pulsing 
AGB Stars 
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• Neutron exposures of 
108 n/cm3 and 1011 n/cm3 

are experienced during 
different phases 

• Temperatures range 
from 5 keV up to 30 keV 
during the 13C and 22Ne 
phases 

• Neutron capture cross­
sections are critical for 
understanding the stellar 
sites and differentiating 
between stellar models 

• Convective mixing of H 
into He shell produces 
13C and neutrons 

___ ES T. l94 3 ------------------------------------------------------

IliA • .• ~tI~l
#11 V A.~...-;:If~~ 



'- 1 

Key Isotopes for Cross Section Measurements 


300 400 isotopes lie on the s-process path 

Branch point and s-only isotopes provide sensitive model constraints on 
temperatures and neutron densities 

Measurements are typically needed over a range of energies to account for 
different stellar scenarios (kT~ 8 and 25 keV), making extrapolation from 
activation experiments difficult 
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The 800 MeV linac at LANSCE produces neutrons 
via spallation on Tungsten 

Lujan 
Center 
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Time of Flight with DANCE at the Lujan Center 


Proton Bunch DANCE White Neutron Bunch 

Collimator 

Water Moderator 

Target 1 
-20 m

I- ~I 

E = 800 MeV v =20 Hz 10meV<E <500keV p p n 

1J n =3 • 105 n/s/cm2/decade 
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The Detector for Advanced Neutron Capture 
Experiments (DANCE) 

160 BaF2 Scintillators 

4 Detector Shapes each 

covering the same 

solid angle 
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DANCE Capture Response 
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Why are Calorimetric Detectors Needed for 
Radioactive Samples? 

• 	 Traditional neutron capture measurements were done with 
C6D6 liquid scintillators. 
- C6D6 has very low neutron sensitivity, but no energy information. 

- High purity samples are always required. 
- Gamma rays from a radioactive sample could not be distinguished 

from neutron capture. 
- C6D6 has very low efficiency, typically requiring gram samples. 

• 	 Calorimetric detectors can distinguish capture from decay 
based on total energy. 

- High efficiency allows small samples. 

- Isotopically mixed samples can be used if the isotopes have 


sufficiently different Q-value 
A - High segmentation limits individual crystal count rates. 
Los Alamos 
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Potential Isotopes for Measurement 


Isotope Contaminants t1/2 Decay Mode Q-Value Max Atoms Process Now? 
63Ni 100 a ~- (63 keV) 9.7 MeV N/A s-process yes 

62Ni 6.8 MeV 
64Ni 6.1 MeV 

I 

135CS 2 x 106a ~- (200 keV) 6.8 MeV N/A s, r process yes 
133Cs 6.9 MeV 

137CS 30.2 a ~-, y 4.4 MeV 9.0 x 1015 s, r process 
133CS 6.9 MeV i 

152Eu 13.3 a ~-, EC, Y 8.6 MeV 2.6 x 1016 s-process yes 
151Eu 6.3 MeV 
153Eu 6.4 MeV 

154Eu 8.8 a ~-, Y 8.2 MeV 5.0 x 1015 s-process 
151Eu 6.3 MeV 
153Eu 6.4 MeV 

204TI 3.8 a ~-, EC 7.5 MeV 9.2 x 1018 s process yes 
2°3'f1 6.7 MeV 
205TI 6.5 MeV 

-­ - -­
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The 152Eu sample 


• 	 152Eu decay exhibits 
Sample Prepared at INL 

complicated, high energy Mounted on Mylar. 
gammas (QEC/~ ~ 1.8 MeV). Kapton windows provide 

secondary containment 
• =13.5 yearsT 1/2

• 	 Produced by irradiation of a 
natural sample 

- - 50IJ9 151 Eu 

- - 50IJ9 153Eu 

- - 6 1J9 152Eu 


• 	 This corresponded to 3x107 

decays/s 
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(Early) 152Eu Results 


• 	 We can clearly identify neutron 
capture resonances in the stable 
Eu isotopes. 152Sm151Eu 

• 	 Improved signal to noise can still 
be achieved by improved energy 
and timing calibrations. 

• 	 The expectation is that this 
experiment will extract resonance 
parameters at low energy to 
constrain the evaluated cross 
section and theoretical reaction 
rate. 
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Other Measurements for Nuclear Astrophysics 


• 	 62Ni(n, y) 
- Master's Thesis, A. Alpizar-Vicente, Colorado School of Mines 
- Published, Phys. Rev. C regular article 

• 	 151Sm(n,y) 
- Measurement completed, analysis ongoing 
- Important for understanding Gd-Eu-Sm region 

• 	 203,205TI (n, y) 
- Measurement completed, analysis ongoing 
- Important for understanding s-process endpoint 

- Prepares way for 204TI measurement 


• 63Ni(n,Y) 
- Scheduled for 2008 beam cycle 


/1 - Measurement in collaboration with FZK, Univ. of Munich, Univ. of Notre 

-:-J Dame 
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Possibilities for Other Branch Point 
Measurements 

• 	 For many branch 
points there are no 
experimental 
measurements to date. 

• 	 While some of these 
are still well outside of 
the experimental reach, 
many are accessible 
with present facilities. 

• 	 Measurements are 
needed on many 
isotopes to study 
varied s-process 
conditions. 
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Conclusions 


• 	 Neutron capture cross sections on branch-point isotopes offer 
critical nuclear physics input to s process nucleosynthesis 
studies. 

• 	 DANCE is a unique instrument in the world for investigating 
neutron capture cross sections on radioactive samples. 

• 	 While pure samples are not needed, the availability of sufficient 
quantities of radioisotopes for measurements is still a problem. 

• 	 We continue to perform measurements on stable isotopes which 
are of interest to the community (62Ni, 102Pd, 175, 176Lu, 203,205TI) 
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Improved Neutron Flux for Capture at LANL 


[FP14 @ 20 m] vs [4FP90L @ 10 rn] Proof-of-Principle experiment 
;j performed last week. 
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measurements on smaller,neutron energy (e V) 

short-lived isotopes. 
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Potential Capture Measurements at WNR 


• 	 Capture measurements at WNR Flux Versus Wraparound 
10m Flightpath 

WNR are hindered by present 

proton pulse delivery structure 
 101 

> 
• 	 Extending to cover the full N~ 

region of astrophysical interest ~1O( 
comes at a significant cost in 
flux 

• 	 Capturing full macropulse 
would have major advantages 

• 

~I IIII I IIII I IIII I IIII I IIII I I -III	I-
........... 


A 	 ~t =0.36 J..Is 
Los Alamos 
NATIONAL LABORATORY 

----	EST.1943 

10
j 

10~ 105 

Minimum Neutron Energy (eV) 

+----	 Macropulse 625 f.ls 

IQA. 'J~~& 
/#'V~~"I 



Extraction Kicker 

Extraction kickers to 
increase the repetition rate 
for WNR pulse extraction 

The LANSCE PSR pulse stacking upgrade consists of three 

major elements 


Proton Storage Ring (PSR) 

from linac 

RF Buncher 

The RF buncher 
system for maintaining 
micropulse bunching 
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