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nuclear information is crucial input for element burning

calculations

some important information processing is necessary before lab

results can be used in astrophysical simulations

* simulations are important to
- determine astrophysical impact of a recent measurement

— determine POSSIBLE astrophysical impact of a FUTURE measurement




nuclear data in astrophysics studies
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 The Computational Infrastructure for Nuclear Astrophysics,

editing

freely available at nucastrodata.org, facilitates
— processing of nuclear data
- running & visualizing simulations

— quickly exploring “what-if* scenarios




Computational Infrastructure for Nuclear Astrophysics
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* user friendly Java Graphical Interface, extensive online help

-
* \Vith a few mouse clicks, the suite enables Users to:

* store, renormalize, combine, extrapolate cross sections & s-factors

* calculate reaction rates from cross sections & s-factors

* parameterize reaction rates or generate values on a temp grid
* plot & maodify reaction rates

* insert rates into new or existing libraries

* create, store, modify, document, merge, & share rate libraries

* run, store, compare, & visualize element synthesis calculations
* quickly share this information with colleagues




Computational Infrastructure for Nuclear Astrophysics

e Newest features

Rate Investigator

» REACLIB and

Commenting Interface i
Nuclear Mass Models

Enhanced Rate Parameterization

Element Synthesis - Reaction Fluxes

Element Synthesis - Abundance Derivatives

,.l"
Element Synthesis - Enhanced Animations
- r-process
- Pp-process
— neutrino - p process




Utilization of Infrastructure for Proposal Preparation

 Example: If you ALREADY KNOW which rate to investigate

* Rate Locator: find all instances of rates for this reaction
Rate Modifier: scale up / down one of these rates and save
Rate Library Manager: make new rate library with modified rate
Simulator: run simulations with new & old libraries and save

Visualizer: compare final abundances in two simulations

repeat with different modifications of old rate




Rate Locato Quickly generate list of all rates for a
CuOuon —— given reaction and plot them out

Rate Manager | Rate Locator Step 3 of 3

You have selected p + 18F --> 4He + 150 for investigatig 3F > 4
p + 18F —-> 4He + 150

Select rates by library name from the checkbox list below

M chafa_pseudo_full —

— Distinct Rate #1

M Distinct Rate #2
: Plot Selected
B ORNL Canonical-2000-Beta-0.1 Distinct Rate : Distinct Rate #1
M Distinct Rate #1 (r)
M MSS_18fpa_Oct04 Rate Info ; B Distinct Rate #1 ()
Distinct Rate #2
List.of M Distinct Rate #2 (nr)

A M Distinct Rate #2 ()
Distinct Rate 1
M temp_feb_06 . I Distinct Rate #2 (1)

View or Adc 12 Distinct Rate #3
M Distinct Rate #3 omments M Distinct Rate #3 (nr)
M Distinct Rate #3 (r)

MSS_18f_Oct04

M ORNL Canonical w Coc F18 Help on
This Interfac

M Coc_2000

10-1
Temperature (T9)

T —— T T ————— Plot Controls (Hold down your left mouse button over plot to magnify) :
[ —

Temperature log Rate min (G B log Rate max EE Rate Major Gridlines [ Minor Gridlin

B log M lin log Temp min &2 e log Temp max ue Temperature [ Major Gridlines [ Minor Gridlin

e Rate Locator: find all instances of rates for this reaction




Rate Modifier scale up / down one of these rates and save
Rate Manager | Modify Existing Rate Step 3 of 3

Rate Manager | Modify Existing Rate
o |al .
Number of Parameters :  (ZRRES Scale Factor :

:

M Resonan a2

Interface

—p + 18F ——> 4He + 150 (MSS_18f_Oct04) cmA3/{mole’s)

10
Temperature (T9)

Number of Parameters : 21 = Scale Factor : | (@11

o7 e

Interface

— p + 18F ——> 4He + 150 (MSS_18f_Oct04) cmA3 /(mole”s)

new rate
scaled up by
factor of 10-

10¢
Temperature (T9)




Rate Library Manager

Rate Library Manager | Merge Existing Libraries Step 1 of 2
Welcome to the Merge Existing Libraries tool.

With this tool you can create a new reaction rate library by performing a prioritized
merge of several rate libraries.

LR TR C new_test_10_06

Select a library to merge. Highest to lowest priority

REACLIB

NACRE

lliadis
nucastrodata.org Best
ORNL Bes

Sampl

REACLIB

Rate Library Manager | Merge Existing Libraries Step 2 of 2

Merge Results :

Created new empty USER library named ‘new_test_10_Ub"
lerarles 18fpa junk lO _06, REACLIB 2000 Beta 0.1 Nova were merged from

The 18fpa_junk_10_06 library has the highest priority.
new_test_10_06 now has 1650 rates.

2 rates were copied from 18fpa_junk_10_06
1RAR ratec were ronied fram RFACIIR 200NN Reta N 1 Nnwva

Library Descriptor :

Library name : new_test_10_06

Library notes :

Creation date : 10/22/2006 21:55:22:130

Library recipe : Merged rates from 18fpa_junk_10_06, REACLIB 2000 Beta 0.1
Nova

* Rate Library Manager: make new rate library with modified rate




Element Synthesis Simulator | Select Zones and Initial Abundance Data Step 4 of 7

Element Synthesis Simulator | Create Network Step 2 of 7
: |
Select a zone from the checkbox list [

. : : ; Zone 1
Please select reaction rate library for element synthesis simulation and at the right fo'.' a 5"‘g|e'z‘°ne snlmulatlon
the range of isotopes to be included in the reaction rate network below. or select Multiple zone simulation for a M Zone 2

When selecting a sunet file, place your mouse over each entry in the multinle-zone set of simulations.
drondown menu ta ast a descrintion of the file

q N H Single zone simulation B Zone 3
[« TN A ' new_test-10-06 }-.J

B Multiple zone simulation B Zone 4

Select AI26 state : [l metastable H stable

4 v e—— B Zon=bl
Select Isotope List:  [H By Isotope Range [ By sunet File ew.Zone Weigh

z A Nova- |}

A Select an initial abundance profile : RN B

S

s I

Element Synthesis Simulator | Simulation Status Step 6 of 7

Current Zone : 1

Status of Element Synthesis Simulation : Program Complete

.137998280E+06 Temp(T9) =
.138015852E+06 Temp(T9)
.138033424E+06 Temp(T9)
.138050996E+06 Temp(T9)
.138068568E+06 Temp(T9)
.138086140E+06 Temp(T9)
.138103712E+06 Temp(T9)
.138121284E+06 Temp(T9)
.138138856E+06 Temp(T9) 41665E-04
.138156428E+06 Temp(T9) .39785E-04
Temp(T9) = 3.38761E-04

.57252E-04
.55224E-04
.53197E-04
.51170E-04
49183E-04
.47304E-04
45424E-04
43544E-04

w

Time(sec)
Time(sec

Time(sec) =
Time(sec)
Time(s
Time(sec) =
Time(sec)

Wwwwwuwww
W wwwwwwww

Abort Program

e Simulator: run simulation with new, old libraries and save
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. . S Abundance Plotting Interface
VI S u a | IZe P Abundance Plotting Interface | Plot Abundance or Ratio of Final Abundance

Abundance vs. Time

I+
R_process2 new_test_10_06 (zone_1) i
> Fl7ap up 1 new_test_10_06_old_lib (zone_1) 100k — 017 (new_test_10_06 {zone_1 |
> F17ap up 2 — )
= Fl7apup 7 10-1k i
> XRB Canonical
> xray 104 — -
> canonical 10 17 nova 1 3
S mod seven 17fap 103 —
> latest_temp_feb_06 )
> chafa_test_orig 109 .
> chafa_test_mod ~
¥ | new_test_10_06 107k ! 7
zone_1 N
¥ | new_test_10_06_old_lib " 10 — _
V) \
zone_1 S 107k ‘ i
o \
> 10 8 e ! — -
o 9 F ] '
< 10-9 D | d \ I \ x/' .
\\
) !
10-10 ‘[ |
10-11 —— —’l_gF [
Element Synthesis Visualizer | Visualization Tools Step 2 of 2 new ™\ T
10-12- et
1-D Plots - Create 1-D plots of 2-D Plots \\ | — TS
abundance vs. time for 10-131 NIFANA e R4 —
selected isotopes. | £ //
Plotting Interface 10-14f —~ L/ 17
- Create 1-D plots of final - : ~New O
— abundance ratio vs. mass 10-4>F VO 7
number for selected . \ ."'
. 10-1 I | 1 I \ ¥ ! 1 1 1
isotopes. 10 8 6 4 2 0 2 4 6 8 10

* \Visualizer: compare final abundances in two simulations
e repeat with different modifications of old rate



Vl S U 8 | |Ze P Abundance Plotting Interface | Plot Abundance or Ratio of Final Abundance
-

Element Synthesis Visualizer | Select Simulations Step 1 of 2

Final Abundance Ratio vs. Mass Number
Select simulations from the tree below Selected Simulations 10.00

> R_process2 new_test_10_06 (zone_1) "
)
ew_test_10_0 i e
> Fl7apup 1 new._test_10_06_old_lib (zone_1) Abundance Ratio vs. Mass Number Data for : 170 ;
> F17ap up 2 .00 .
- Mass Number Abundance Ratio
> Fl7apup 7
> XRB Canonical 17 3.64068E+00
> xray 0
> canonical 10 17 nova 1 3 Abundance Ratio vs. Mass Number Data for : 18F
> ven 17f, .
> Imod seve lf7l:p06 Mass Number Abundance Ratio
atest_temp_feb_
) '00 - 4 E+02
> chafa_test_orig 18 4.01650E+02
> chafa_test_mod o
v new_test_10_06 < Abundance Ratio vs. Mass Number Data for : 19F
o 6.00
zone_1 @ Mass Number Abundance Ratio
v new_test_10_06_old_lib V] 1 4 48E+
c ® 48E
zone_1 e 9 .B8848E+00
] S—_ ) o 0
——————————————— b
>
[ Remove Selected Simulation | Add Selected Simulation | . T wT—
< op) 0 nbo d
[_< Back. W Continue >} I v 1
G —— g
- o]
e

“ = =~ Element Synthesis Visualizer

Element Synthesis Visualizer | Visualization Tools Step 2 of

1-D Plots - Create 1-D plots of 2-D Plots 2.00 1
abundance vs. time for
selected isotopes.

Abundance

Plotting Interface

- Create 1-D plots of final
abundance ratio vs. mass
number for selected
isotopes.

Py, 1 1
14 15 16 17 18 19 20 21 22 23 24
Mass Number

* \Visualizer: compare final abundances in two simulations
e repeat with different modifications of old rate



Utilization of Infrastructure for Proposal Preparation

 Example: If you want to CHOOSE which rate to investigate

* Simulator; run simulation with existing rate library and save

Visualizer: examine reaction flux animations for high flux
reactions

Visualizer: examine abundance animations for waiting points

Visualizer: examine abundance derivative animations for
Interesting reactions

Rate Commentor; read comments to see which reaction rates
are being worked on

Rate Locator; use to determine which reaction rates have
discrepancies




element synthesis animator

e nova & X-ray burst
simulations can be run

e SUpernova r-process
and nu-p process

simulations have been
made into movies :

e more scenarios will
soon be added

Element Synthesis Animator

* MOVIES can g
be created
with output
from your own
simulation
code

Timestep Control :

4|0
B> Timesteps per Second : & Loop Playback
Timestep min : Timestep max : PV Goto Timestep : n
ST

Current Conditions
QIUCEEE 1162

LN 1.336

L 3.24753E-01

DELEIEE 6.79935E+02

Max

Abundance Max :

3.65000E-01
Abundance Min :

1.00060E-25

Set Color Scale Settings

Place the cursor over an isotope
to read its current abundance

SEEL IS Na
VAN 11
A: P
LUITLGELL I 9.38790E-06
[l Show Isotope Labels
Zoom (%) :




Mova
Timeastep = 0

Time (sec) = -42975510.39

Density (0/fcm*3) = 1. 636E+04
Temperature (T9) = 2. 201E-02

§ Max : 3.65E-01

Abundance

© 1.00E=25

nucastrodata.org



element synthesis animator: r-process movie

: . . X Josh Buen / Raph Hix
color indicates screen animations are
time-dependent abundance generated in realtime

movie files can be automatically created and user downloads later

r-process
Timestep = 0

Time (sec) = 0,000E+00
Density (g/cmA3) = 3.736E4+06
Temperature (T9) = 9.926E+00

. Max : 7.40E-01

Abundance

Min: 7.81E-15

nucastrodata.org




element synthesis animator: reaction fluxes

Element Synthesis Animator

° n eW fe atu re ' Choose Simulation : :

(@ L IT-Ne LG Reaction Flux |5
1 Current Conditions
reaCtlon fluxes Timestep

Time :

Temp

3.33017e-01
PELEIEE 9.85317E+402

e flux vs. time | o e

0.01-0.1
0.001-0.01

- -
can be
4|0
Set Color Scale Settings

-
a n I m ated O r Place the cursor over a reaction flux

arrow to read its current value

C Eln: eout: 1
integrated : =

Aou
WNGIEFEL STV 1.48300

[l Show Isotope Labels

1 COIOr Zoom (%)
schemes
can be

CO nti n u O u S Timestep Control : . Timesteps per Second : [P0 4 Loop Playback
Timestep min : Timestep max :  [pl0iKs Goto Timestep :

:




nova nucleosynthesis

Timestep = 300
Time (sec) = -4.590E+05

Density (/cmA3) = 3.147E+04
Temperature (TS) = 4.280E-02

Mormalized Flux Legend

nhucastrodata.org




element synthesis animator: derivatives

Element Synthesis Animator

L4 n eW featu re : ! Choose Simulation :
1 Choose Quantity : (BEIEENE =
abu ndance tl me Current Conditions
. . Interval : 994
derivatives \ Tme :
. Temp : 2.98171&01

— Derivative Max :

e useful to

15 16 17 18 Derivative Min :

identify

Wh iCh Set Color Scale Settings

Place the cursor over an isotope
to read its current derivative

abundances

are changing b —
the fastest o ST

Zoom (%) : EEMWA

§u
e color
hem
SC e eS Interval Control : ii,‘ Intervals per Second : &4 Loop Playback

can be interval max:: [ oo enal
ti aTmm

or binned




element synthesis animator: derivatives

Element Synthesis Animator

o n eW fe atu re Choose Simulation :
! i Choose Quantity : (UG v
ab u n d a n Ce t I r . Current Conditions
i . Interval : 1136
derivatives N) Time :

— | Derivative Max :

e useful to

15 16 17 18 Derivative Min :

identify

W h i C h Set Color Scale Settings

Place the cursor over an isotope
to read its current derivative

abundances Element: INEY

. 2%
are changing Y
the fastest .Showls'otopLaeIs ;

Zoom (%) : EEWA

e color

schemes m—

Can be Interval min : NCHERNEVEEE 2091 Goto Interval : Apply Interval Settings
t. Default Settings Step Backward Step Forward — Movie Maker

or binned




element synthesis animator: derivatives

Element Synthesis Animator

L4 n eW fe atu re ! Choose Simulation :
I : [ IR IELIGAN Derivative 5
abu ndance t” ' Current Conditions
] . Interval : 1420
derivatives \ Time
. Temp : 2407431E—01

— Derivative Max :

e useful to

15 16 17 18 Derivative Min :

identify

W h i C h Set Color Scale Settings

Place the cursor over an isotope
to read its current derivative

abundances Element :
are changing -
the fastest D-eghf:"wv;

Zoom (%) : EEWA

§
e color
schemes

Interval Control : ‘j; Intervals per Second : & Loop Playback

ti T

or binned




rate commentor

o @ @ Rate Commentor

¥ p +18F —-> 4He + 150 (0) i Subject | User | Fold | Date [
v Distinct #1 (0) test comment on distinct rate 2 Michael Smith 4He + 150/Distinct #2 2005-05-24 11:49:02
» REACLIB (0) Re: test comment on distinct rate 2 Michael Smith p + 18F --> 4He + 150/Distinct #2 2005-05-24 11:55:24

compare to Coc et al. rate Michael Smith

» Sample_Lib_1(0)
» REACLIB 2000 Beta (

p + 18F --> 4He + 150/Distinct #2 /MSS... 2006-03-29 15:08:34
» REACLIB 2000 Beta 0.1
> 17fap_mods_FULL (0)

view comments on rates with an
email-type interface

> MSS_18fpa_0Oct04 (1)
> MSS_18f_Oct04 (0)
> temp_feb_06 (0) Subject: compare to Coc et al. rate
b Distinct #3 (0) Posted by: Michael Smith
Date: 2006-03-29 15:08:34

This is the 18F (p.alpha) 150 rate that we compared to REACLIB and the Coc et al. 2000 rate for the element synthesis calculations, but this rate does not have the absolute latest
I18F(p.p) thick target information, the 18F(d.p) results, the 153N{alpha.alpha) results, or the Fortune & Sherr 2005 calculation results.

comments can
help reach comments can

serve as
tutorials

consensus on
difficult rate
ISsues

Public Libraries are BLUE.

Shared Libraries are GREEN.

User Libraries are RED._____ add Comments Of yOUF own

|_Export Comments. !




Summary

* the Computational Infrastructure for Nuclear Astrophysics is a freely
avallable system online at nucastrodata.org

With a few mouse clicks, you can
* rapidly incorporate nuclear results into element burning models

* run models and visualize the impact of changed nuclear information
e share results and'comments with an online community

You can use It to
Quickly determine the astrophysical impact of measurements

Plan future measurements

Build consensus on best reaction rates & element burning
calculations

Newest features in commenting, parameterization, and element
synthesis visualization enhance the utility for nuclear astro research




® WELCOME COMPUTE RESOURCES

BIGCGBANGONLINE.ORG
where you use light element abundances
to constrain important Cosmological
parameters

COMPUTE

Create, run, visualize, and share custom
Cosmology calculations using Big Bang
Nucleosynthesis theory

RESOURCES
for Big Bang Nucleosynthesis
and related Cosmology studies

bigbangonline.org

will SOON enable users to
run and visualize CUSTOM BBN calculations with
choice of reaction rates
choice of primordial abundance observations
quickly perform “what-if” calculations

run Monte Carlo simulations
comment on & quickly share results with colleagues




