STARLIB Website Instruction Manual

July 31, 2012

This document is an instruction manual for the STARLIB website, located at

starlib.physics.unc.edu

The three main components are the Rate Library, Rate Calculator, and Details. Each will be
discussed below.

1 Homepage

Each page allows navigation to all other pages, both as buttons at the top of the page and as links
at the bottom. Additionally on the homepage, there are three menu items directing to the three
main components of the site. A screen capture of the top and bottom of the homepage is shown in

Fig.

ABOUT THE SIMULATOR

ages are maintained by Anne or ith At Champagne (UNC),
ner Starrfield (ASL the webrnaster.

Supported by the National Sclence Foundt ard nu -1008355,

HOME | RATE LIBRARY | RATE CALCULATOR |DETAILS | LINKS

Figure 1: STARLIB homepage.

2 Rate Library

Three elements may be accessed on our Rate Library page, located at [starlib.physics.unc.edu/
RateLib.php:

e Display an individual rate
e Download the entire library
e A subset of the library


starlib.physics.unc.edu
starlib.physics.unc.edu/RateLib.php
starlib.physics.unc.edu/RateLib.php

A screenshot of the library homepage is shown in Fig.[2] and Fig. ] displays is a screenshot when
one scrolls down.
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The nuclear physics library for astrophysical research that can be accessed here is called STARLIB, which will be
described in detall In a forthcoming publication. STARLIB has a number of unique features: (i) It Is a tabular library listing

reaction rates (cm>mol ls™!) and decay (s™!) constants on a grid of temperatures between 1 MK and 10 GK; (il) it
Incorporates a recent evaluation of Monte Carlo based thermonuclear reaction rates [Iiladis et al., Nucl. Phys. AB41, 31
(2010)]; (i) it provides at each temperature, In addition to a recommended reaction rate or decay constant, the
associated factor uncertainty and probabllity density function. You can download the entire library or a subset thereof, or
you can simply look up the rates for a given nuclear process. The heaviest nuclide contained In the present version of
STARLIBVO1 Is 180xe.

Display Individual Rate

Using the menus below, you may display the rate for a specified reaction and cut/paste the results into an editor. Click on
here or below for examples of format (multiple clicks give additional examples). Only initial and final nuclides should

Figure 2: Rate Library, homepage.

First, one may display an individual rate. As shown in the top half of Fig. [3] there are three
menus in which to enter the desired reaction. Each menu includes a “?” button that, upon clicking
multiple times, presents various examples in the boxes. There is also a master “Reset” button
to clear all fields. Allowed formatting of nuclei is also shown. Lowercase and uppercase letters
are allowed, and chemical symbol and mass number may be entered in any order, with no spaces
or dashes. In addition, formats of “n”, “p”, “d”, “t”, and “a” may be used for neutron, proton,
deuteron, triton, and alpha particle, respectively. 26Al is a special case, wherein several formats are
allowed, with meanings described on our Details page (Sec. . Archived versions of STARLIB may
also be accessed by selecting the desired version.

The left menu requires that every nuclide involved be entered, up to three interacting and three
product nuclei (i.e. omitting electrons, gamma rays, etc). A drop-down menu highlights special
reactions and reactions that have more than three nuclei in one channel. The middle menu requires
the input of the initial nuclide and the type of reaction, in “(x,y)” or “x,y” format. The right menu
is specifically for decays, with boxes for parent and daughter nuclide. Upon clicking “Submit” in
any of the three menus will display the desired rate, shown in Fig.

The version will be shown, as well as the header, including reaction, reference source, and Q-
value. The source is a hyperlink to our Details page, where one may view the publication from which
the data is taken or derived. The temperature grid includes 60 points in GK. The rate is either the
thermonuclear reaction rate in units of cm® mol~! s, or the decay constant of a photodisintegration
or a beta decay in units of s™'. The factor uncertainty is the factor by which one can multiply and
divide the rate to calculate the upper and lower rates, respectively.

The bottom half of Fig. |3| illustrates how to download the entire library or a subset. Again,
archived versions of STARLIB will still be available, as we continue to update the library. Clicking
the “Submit” button will automatically download the full version to your computer. If only a subset
is required, a list of nuclei to include may be copied and pasted into the text box at the right.
Accepted formatting is the same as above, and right or left alignment of the list is allowed. The
subset will be downloaded upon clicking of the “Submit” button under the list of required nuclei.
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Display Individual Rate

Using the menus below, you may display the rate for a specified reaction and cut/paste the results Into an editor. Click on
here or below for examples of format (multiple clicks give additional examples). Only initial and final nuclides should
be considered, while omitting electrons and gamma rays, If using the format on the left. The format in the middle allows
the Input of the reaction type with the initial nuclide. The far right format Is for beta decays, exclusively. For the special
case of 26Al, the format "al26", "al*6", "al-6", "al01", "al02", and "al03" must be used (see Details). In addition, the
source of the rates and the Q value used will be displayed (see Detalls). Special reactions (for example, those including
four final nuclel in the exit channel) can be chosen from the drop-down menu. Past STARLIB versions (when avallable)
may also be chosen.

STARLIS Version 1
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[ (1 =ppicable] 2 D a

Product Nuclel Nuclei Format
Nuclide ¢ [ | P 1h
Nuclide r 2: N (if applicable] d 2h
Nuclide 3: N (if applicable] t 3h
4he
1n

22na

Download Library
To download the entire library, chose a STARLIB version above and click submit.

To download a subset of STARLIB with the version selected above, type or copy/paste
the list of nuclides In your desired nuclear network in the box to the right. The nuclide
name must list either the chemical symbol first (lower case or upper case), followed by
the mass number (no spaces), or vice versa. After submitting the list, your download
will start automatically. The list of nuclides presented below Is a predefined example.
Alignment of the list Is unimportant, as long as each nuclide Is on a separate line.
Loading time depends on the length of the list.

Figure 3: Rate Library, main details.
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Display Individual Rate

STARLIB Version 1

Reaction rate: p + 22Na

source: mc12
Q value: 7.58072E+00 MeV

T(6K) Rate factorunc.
1.00E-03  0.000E+00 1.000E+00
2.00E-03 0.000E+00 1.000E+00
3.00E-03 0.000E+00 1.000E+00

Figure 4: Rate Library, individually displayed rate.



3 Rate Calculator

The Rate Calculator section, located at starlib.physics.unc.edu/RateCalc.php, allows users to
run our Monte Carlo code to calculate their own reaction rates. This is especially useful if one has
measured new nuclear physics parameters and would like to calculate the resulting reaction rate.
Details on this calculation can be obtained in Refs. [I}, 2, Bl 4] and in the forthcoming publication
on STARLIB [5]. The components of this section include how to:

e Display our input files

e Run the Monte Carlo simulation on our server
e Monitor simulation progress

e Download output files

A screen capture of the Rate Calculator homepage is shown in Fig.
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Figure 5: Rate Calculator, homepage.

Scrolling down this page shows our repository of current input files, shown in Fig. [6] Because
formatting is very important, we suggest displaying an old input file and editing it with the new
information. Details on the formatting of the input file are discussed in Ref. [3]. Two menu options
are available for accessing our input files, and the formatting is the same as for the library, discussed
in Sec. [2l Additionally, for the reaction 2?Mg(p, )26 Al, one may select a check box that will display
the input file for only the metastable state of 26Al. Selecting the “Total” check box for this reaction
includes both the ground state and the metastable state. Leaving both check boxes blank for this
reaction will show the input file for the ground state only. Again, clicking the “?” button multiple
times will cycle through various examples of acceptable formats. The input file will be displayed
in the text box below the two menu options. Alternatively, you may copy and paste an input file
directly into the text box.

Once an input file is selected, you simply need to supply an email address and click “Run
simulation” below the input file, shown in Fig. |7l This will then take you to the page where you may
monitor your simulation and download output files (Fig. . Here, your job ID will be issued. This
number will allow you to track the simulation and identify the simulation’s output files, as each file
is tagged with both job ID and reaction name for clarity. The STARLIB server employes a queue
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~ Starting the MC Simulation ~
Display Default Input Files

To run the Monte Carlo simulation on our STARLIB server, copy/paste the Input file for your desired reaction Into the box
below. The format of the Input file is very Important, so It will be easler for you to edit an existing input file (based on
our evaluation). You can access the appropriate flle for your desired reaction by using the submission boxes (see
RateLibrary or click [} for explanation of Input formats). It is assumed that all nuclides are In their ground states. For
special cases, metastable states can be chosen (see Detalls). The input file will appear in the box below and may be
copied/pasted Into a text editor. As an example, the input file for the 22Na(p,g)2?Mg reaction is shown below.

Interacting Nuclel Nucide: N
Lo [
Reaction: [N
Nucide, 2: [N (¢ appicable]
Product Nuclel & Total [25Mg(p,g)]
Nucide 1 I
Nucide r2: [N (¢ sppicable]

® Metastable state [25Mg(p,9)]

® Metastable state [2°Mg(p,9)]

® Total [*Mg(p,9)]

T D e

Sample Input file for 22Na(p,g)2*Mg :

22Na(p.0)23Mg

12proj
| Zurget
1 Zexitpartcle (=0 when only 2 channels open)
1 Aproj

1 Avarget

| Aexitparticle (=0 when only 2 channels open)
1Jpro

{target
00 1exitparticie (=0 when only 2 channels open)
7580.72 1 projectile separation energy
o to hitpstari,physics.unc ed/RateCalc php”
e ———eeee

Figure 6: Rate Calculator, displaying existing input files.

system. If the input file includes any resonances to be integrated, the simulation will be filtered into
the default queue and will be started when other simulations complete, if the queue is full. However,
if no resonances require integration, the simulation will be filtered into another queue where it will
be run immediately, bypassing all waiting simulations in the default queue.

In the middle of Fig. [8] you may view the status of all simulations currently running (i.e. this is
for the entire server, not only your simulations). The status is given, either as an “R” for running or
“Q” for waiting in the queue, as well as total run time, progress through the simulation in percent,
and an estimate of remaining time. Below the status shown in Fig. [§|is a section in which one may
abort simulations. Scrolling farther down the page displays the output files, shown in Fig.[9] These
may also be accessed from the main Rate Calculator page by submitting the email address used to
start the simulations (see bottom of Fig. [7).

Upon completion, an email alert will be sent to the address provided, indicating by job ID which
simulation has been finished. As it is currently set up, you may click the link in the email directing
you to our main Rate Calculator page, where inputting your email address will take you to your
output file repository. You may also return to this page to monitor simulations at any time.

Output files are tagged by both reaction name and job ID and may be sorted by name, size, or
date. A “Refresh” button is included to update output files. To aid bookkeeping, the original input
file (*.in) has been copied here and tagged with the same information to correlate to the output file
(*.out). The output file *.out includes all information on temperature, recommended rate, lower
and upper rates. Examples of *.in files and *.out files are shown in Fig. A detailed description
of the format is in Ref. [2]. Also given are the rate in a convenient latex format (*.latex) and a
histogram of the rate probability density function at each temperature (*.hist). Unwanted output
files may be deleted by entering in the job IDs at the bottom of the page.
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Note: default values are used for Input fie range 1 Min=Max=0.0

Comments:
1..Gg=2.0¢-2 eV for Er=66.6 keV resonance is a guess (not important since Gp<<Ga).
2. 222, 494 and 614 keV resonances is a guess; we assume for these undetected resonances

3.5pin and parity of Er=494 and 614 keV resonances unknown; for upper limit contributions we assume s-waves
Up=5/2+).

Run MC Simulation

To run the simulation with the above Input file, enter your emall address and click the button below. After submitting
the Input file to the server and the simulation is completed, you will be taken to a page where you may download your
output files. Calculation time depends on the number of resonances and how many of these you wish to integrate
numerically: If none of the resonances are Integrated numerically, the running time amounts to a few seconds only; for
a (p,g) reaction, using 5000 samples, the running time is approximately 1 hour for each integrated resonance.
Resonances in which a particle Is emitted, such as (p,a), generally take longer to Integrate. You will also be notified via
emall when your simulation Is finished.

~ Monitoring the MC Simulation ~
Access Output Files

To monitor your simulations, abort simulations, and download output files, enter the emall address you used to begin
Your simulations.

These pages are maitained by Anne Salaska and hvistan Tiadis, i colaboraton wth Art Champagne (UNC),
‘Sumner Starrid (ASU), and Frank Timmes (ASU). For comments, send s message t the webmaster

Supperted by the NationalScence Foundation under award number AST-1008355.

Figure 7: Rate Calculator, starting the Monte Carlo simulations and accessing output files.
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ALCULATOR

Your simulation Is now in the queue. You will be notified via email when the simulation s finished, and you can return to
the Rate Calculator to download all output files associated with your emall address. You may also check the status of
your simulation, using the below number Is your idenitifier.

Calculation time depends on the number of resonances and how many of these you wish to Integrate numericall

5000 samples of a resonance in which a gamma ray is emitted, the time duration is approximately 1 hour for each
Integrated resonance, If the server Is avallable at full capacity. Resonances in which a particle is emitted, such as (p,a),
generally take longer to Integrate.

The ID number for your simulation is

Back to Rate Calculator

Status of Web Simulations

Below Is a summary of all web simulations the server Is running. Using the ID Issued at submission, you may Isolate
Yyour process to check Its status: 'Q' Indicates walting in the queue, and 'R' indicates running. The CPU time will be given
(in hours:minutes) If the process Is running. The progress is given by the total number of resonances and temperatures
that have already been Integrated.

Abort Simulations
Enter your job ID and click the button below to abort your simulation.

— D

Figure 8: Rate Calculator, upon submission of a simulation.



86006 //Nucleosynthesis Simulator// 5

[« > [+ @ nup://starlib.physics.unc.edu/output. php#refresh_stat ¢ (-« (©
The Martial __ical Society jetstar home-online home root Apple BofA C89.5fm Discover Google Analytics nic2012 TA aps weekly

Output s for sallaska@tunl.duke.edu:

Below you may download the Input (*.In") and output (*.out") files for your Monte Carlo simulations. All files are stamped
with the reaction name and the job ID. You may elther click on the files to bring them up In the browser window, o you
may right click to download. If you do not see the files you expect, please check the email address submitted with the
simulations. Files containing the reaction rate in Latex format (*.latex") and the binned probability density function for
each temperature (".hist") are also available. Note: files will not appear until the simulation has begun running in the
queue.

o cm

22Na(p.0)23Mg 6786 hist May 29 2012 05:27:33 P
22N 123M¢ 1746.1n May 29 2012 05:27:32 PM
22Na(p.c)23Mg 6746 Intex May 29 2012 05:27:34 P
22N 123M¢ 746.0ut May 29 2012 05:27:33 PM
22Na(p.c)23Mg 6755 hist May 30 2012 12:11:13 P
22Naf 23Mg_6755.In May 30 2012 12:09:46 PM
22Na(p.0)23Mg 6756 hist May 30 2012 12:11:25 P
22Na(o.0)23M0 6756.10 May 30 2012 12:10:42 PM
22Na(p.c)23Mg 6757 hist May 30 2012 12:10:48 M
2Na(p.c)23M0 6757.10 May 30 2012 12:10:05 PM

Delete Output Files

Enter range of output files to be deleted, delineated by job ID. Al files between (and Including) these two job IDs will be
removed.

5 L

These pages are maintained by Anne Salaska and Chistn Tiadis, in colaboraton with At Champagne (UNC),
‘Sumner Starfiod (ASL), and Frank Timmes (ASU). For comments, send a message tothe webmaster.

‘Supportd by the NatonalScence Foundation under award number AST-1008355.

Figure 9: Rate Calculator, accessing output files
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Figure 10: Examples of input files (left) and output files (right).



4 Details

Details about STARLIB may be accessed at starlib.physics.unc.edu/Details.php. Topics in-
cluded on this division of the webpage are:

e Construction of the library

e Library formatting

e References and links to original papers
e Information on STARLIB updates

e Details on the special case of 26Al

A screen capture of this page is shown in Fig.
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RATE LIBRARY RATE CALCULATOR DETAILS

NUCLEOSYNTHESIS SIMULATOR

DETAILS

Library format:

STARLIB Is a next-generation library of thermonuclear reaction rates and decay rates. It incorporates the results of the
Monte Carlo based reaction rate evaluation of Iliadis et al., Nucl. Phys. A841, 31 (2010). Unlike other reaction rate
libraries, STARLIB also provides factor uncertainties and probability density functions at each temperature grid point.

Al rates listed here refer to "stellar” rates, that Is, rates that take Into account the thermal population of the Interacting
nuclel. The "stellar" rates are computed from "laboratory" rates by using a correction factor, called "stellar enhancement
factor” (SEF), which is obtained from Hauser-Feshbach theory [Gorlely, Hilaire, and Koning, Phys. Rev. C 78, 064307
(2008)]. Reverse stellar rates are computed from the corresponding forward stellar rates by using normalized partition
functions of the nuclel Involved In the reaction [Goriely, Hilaire, and Koning, Phys. Rev. C 78, 064307 (2008)].

STARLIB lists for each reaction a header and three columns.

Header format:

Figure 11: Details, homepage.
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