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new online suite of cosmology codes
available freely to all at bigbangonline.org

Michael Smith, Physics Division, Oak Ridge National Lab coordinator@bigbangonline.org
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BigBangOnline Home

bigbangonline.org/inc

RESOURCES

go to bigbangonline.org click on “COMPUTE”
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BigBangOnline Compute

bigbangonline.org/compute/compute.htm

WELCOME COMPUTE

custom Cosmology
calculations

System Requirements
for bigbangonline

LAUNCHSoftware
Suite

click on “LAUNCH” to download java file to your computer




N.YoXe Big Bang Online

Big Bang Online

BBN Simulations

Observed Primordial
Abundances

Cosmological Constraints

Suite Information and
Registration

click on “LOGIN” to start



N.YoXe Big Bang Online

Big Bang Online

BBN Simulations

Observed Primordial
Abundances

Cosmological Constraints

Suite Information and
Registration

@ Log in as guest (limited access)

© Log in as registered user (full access)

Username™

——
o

“‘LOGIN" as guest to start; registered users get disk space



e 0o Big Bang Online

Big Bang Online

BBN Simulations
O Rate Manager

Observed Primordial

Abundances @ Rate Library Manager

® Rate Visualizer
Cosmological Constraints

Suite Information and
Registration

five sets of tools, each with a list of functions




Big Bang Online

Big Bang Online

BBN Simulations
O Rate Manager

Observed Primordial

Abundances @ Rate Library Manager

@ Rate Visualizer
Cosmological Constraints

Suite Information and
Registration

working with thermonuclear reaction

Rate Manager

Rate @ Rate Info

Manager © Create or Modify Rate

@ Rate Locator

Continue >

Rate Library Manager

Rate © Library Info
Li bra ry @ Create or Modify Library

Manager @ Merge Existing Libraries
@ Delete Library

@ Copy Library to Shared Folder

Continue >

Rate Visualizer

Welcome to the Rate Visualizer.
Rate

With this tool you can plot and access informatio
on nuclear reaction rates. To select nuclear

VlS uallzer reaction rates of interest, select a method

below and click Continue.

© Select reaction rates from a nuclide chart

@ Select reaction rates from a tree

Continue >




eno BBN Simulator

BBN Simulator | Set Early Universe Parameters Step 5 of 10

Below is a set of physical parameters, their values, and their defaults. Change each value
. . by double-clicking on it. Parameters can be set to default values using the button at the
Blg Bang Onllne bottom left. Place your mouse over each parameters to get a description. In a future

version, you will be able to edit and loop over parameters other than eta, by selecting
Big Bang Online

Nonstandard BBN Model from the dropdown menu in Step 1 of 10.

Parameter Value Default Value

Eta 6.120E-10 6.120E-10

Number of Neutrino Species 3.000E+00 3.000E+00
Gravitational Constant 1.000E+00 1.000E+00
Cosmological Constant 0.000E+00 0.000E+00
Neutron Lifetime (sec) ‘ 8.857E+02 8.857E+02
Xi-Electron 0.000E+00 0.000E+00

© BBN Simulator Xi-Muon 0.000E+00 0.000E+00
Xi-Tauon 0.000E+00 0.000E+00

Set ALL to Default Values

Nuclear Reaction Rates

A Datn | ibenvines

Observed Primordial

Abundances @ BBN Simulation Manager

@ BBN Visualizer
Cosmological Constraints

< Back Continue >

Suite Information and
Registration
BBN Simulation Manager

BBN O BBN Simulation Info

BBN Visualizer | Visualization Tools Step 2 of 2 Simu Iation @ Delete BBN Simulation

eOo BBN Visualizer

M anager @ Copy BBN Simulation to Shared Folder

- Create 1-D plots of final

abundance values at chosen
values of Eta

Final Abundance ~ Abundance
Plotting Interface Nuclide Chart

Abundance Reaction Flux
Plotting Interface Nuclide Chart

run, manage, visualize custom BBN simulations




Observation Manager

Big Bang Online

Big Bang Online

Observation O Observation Info
M anager @ Create or Modify Observation

Nuclear Reaction Rates @ Delete Observation

and Rate Libraries
® Copy Observation to Shared Folder

BBN Simulations
© Observation Manager

@ Observation Visualizer

Cosmological Constraints

Observation Plotting Interface

Suite Information and ¥ @ Observations
Registration 00 ¥ @ /PUBLIC/Tytler06
® D/H (/PUBLIC/Tytler06) @ D/H
3He/H {/PUBLIC/ Tytler06) -
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Observation

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

i I I p ut O bse rvati l al I i l I l itS plot Out jund = Min -_10 a Max m # Tick Intervals -10 & Major Gridlines @ Minor...
J
m Table of Points Apply Changes Advanced Settings



NYeXe Constraint Manager

Blg Bang Online Constraint Q' Constraint Info

Big Bang Online Manager @ Delete Constraint

® Copy Constraint to Shared Folder

Nuclear Reaction Rates
and Rate Libraries

Constraint Plotting Interface

BBN Simulations so00ts
© Constraint Generator e D0

—— D/H_max {/PUBLIC/Tytler06]

Observed Primordial

Abundances @ Constraint Manager

@ Constraint Visualizer

Suite Information and N
Registration \

5 L 1 1 L L 1 | L L
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0

Table Of Output 3 /U4 ) i Baryon-to-photon Ratio (Eta) * 1E10

Table of Qutput for : |/PUBLIC/Tytler06 (Observati... ° Number of Significant Figures :

3He/H

4He 7Li/H

& D/H D/H

© 3He/H Minimum 2.380E-05 9.000E-06 2.400E-01 1.210E-10
- | Value 2.780E-05 1.100E-05 2.420E-01 1.230E-10

4He
Maximum 3.180E-05 1.300E-05 2.440E-01 1.910E-10

& 7L/

Save as HTML Save All as Text Save All as HTML m

generate constraints from abundance predictions & observations



step-by-step instructions

Big Bang Online

Big Bang Online

mouse-over here

Nuclear Reaction Rates

A click here

© BBN Simulator

Observed Primordial

Abundances @ BBN Simulation Manager

@ BBN Visualizer )
Cosmological Constraints click here

Suite Information and
Registration

setting up a simulation



Mo BBN Simulator

BBN Simulator select here

BBN Simulator | Select Simulation Type Step 1 of 10

Please select a BBN simulation type from the dropd¢ wn menu below.

Standard Big Bang Nucleosynthesis (SBBN) |5

non-standard models
BBN Simulation Type Description : coming in the future ...

BBN Welcome to the BBN Simulator.

Simulator

SBBN - Standard Big Bang Nucleosynthesis calculation with 3 neutrino
species, no lepton asymmetry (zero chemical potentials), and standard
values of all cosmological parameters. The only adjustable parameter in
this model is the baryon-to-photon ratio. You can customize the
calculation with different input nuclear reaction rates. The code is a
modified version of the Kawano 1992 code which was based on the
Wagoner 1969 model.

click here

click here

setting up a simulation — choose model



BBN Simulator select here
BBN Simulator | Select Rate Library Step 2 of 10

use a reference library or
your own library of
modified rates
Please choose a reaction rate library from the dropdown menu below. If a library is not lifted as
containing all the rates necessary for a BBN simulation, then it will be combined wit)#other rates
from the library SKM93 when you click Continue. If you want a different base libglry, click the
Open Rate Library Manager button below and create one.

Rate Library Description :

This library DOES NOT contain a complete set of rates necessary for a BBN simulation

Library : /PUBLIC/BBN_ref_01

Library notes : reference library

Creation date : 12/14/06 5:56 PM

Library recipe : Merged from /SHARED/SKM 1993

Open Rate Library Manager Open Selected Library in Rate Visualizer

click here

setting up a simulation — choose a library of rates



e NO BBN Simulator

BBN Simulator | Network Summary Step 3 of 10

Please review the rate network summary and report below.

Simulation type : Standard Big Bang Nucleosynthesis (SBEN)
Library selected : /PUBLIC/BBN_ref 01

Minimum isotope (Z,A) : 0,1

Maximum isotope (Z,A) : 8,16

Network summary : Successfully prepard for BEN simulator.
Rate Network Report :

Preparing to run BBN simulator.

Creating reaction rate library from /PUBLIC/BBN_ref_01. MEUITEID EiEEey eletiEiee
dynamically

Dynamically calculated rates:

1 n --> 1H [bet-]

click here

setting up a simulation — report on setup




S NO BBN Simulator

BBN Simulator | Set Computational Parameters Step 4 of 10

Below is a set of computational parameters, their values, and their defaults. Change each value
by double-clicking on it. Parameters can be set to default values using the button at the bottom

left. Place your mouse over each parameters to get a description. change any of these that
you like, or use default
values

Parameter Default Value
Timestep Limiting Constant 1 3.000E-01 3.000E-01

Timestep Limiting Constant 2 3.000E-02 3.000E-02
Initial Timestep (sec) 1.000E-04 1.000E-04
Initial Temperature (T9) 1.000E+02 1.000E+02
Final Temperature (T9) 1.000E-02 1.000E-02
Smallest Abundances Allowed 1.000E-25 1.000E-25

T
»
:
»
»
»

"

Accumulation Increment (iterations) 3.000E+01 3.000E+01|v

Set ALL to Default Values

click here

setting up a simulation — change computational parameters




BBN Simulator

BBN Simulator | Set Early Universe Parameters Step 5 of 10

Below is a set of physical parameters, their values, and their defaults. Change each value
by double-clicking on it. Parameters can be set to default values using the button at the
bottom left. Place your mouse over each parameters to get a description. In a future
version, you will be able to edit and loop over parameters other than eta, by selecting

Nonstandard BBN Model from the dropdown menu in Step 1 of 10.
change baryon to photon

ratio eta, or neutron

Parameter v Default Value Loop? lifetime, in standard BBN
Eta 6.120E-10 6.120E-10 K4

Number of Neutrino Species 3.000E+00 3.000E+00 [ ] usually we loop over eta,

— the one free parameter in

Gravitational Constant 1.000E+00 1.000E+00 - standard BBN

Cosmological Constant 0.000E+00 0.000E+00 :
Neutron Lifetime (sec) 8.857E+02 8.857E+02 :
Xi-Electron 0.000E+00 0.000E+00 ]
Xi-Muon 0.000E+00 0.000E+00 a2
Xi-Tauon 0.000E+00 0.000E+00 =

Set ALL to Default Values

click here

setting up a simulation — change physical parameters



®00 looping variable

BBN Simulator

BBN Simulator | Set Looping Parameters Step 6 of 10

Determine the grid for each looping variable by

-typing the grid into the field

-upload a grid from a file by clicking Browse

-click Paste from Clipboard to paste the grid intog¥e field many ways to enter the values of
-click Autogenerate Grid to generate a grid looping variable

Grid Source : Eta Grid :

2000000810
3.000000E-10 T

4.000000E-10
Paste from Clipboard

5.000000E-10

choose Autogenerate to get this
' dialog box

Autogenerate Eta Grid

Clear Eta Grid

1.000000E-09

Autogenerate Eta Grid

- 8.N6O
Minimum Value : 1.000E-10 Increment : 1.000E-10
I

Maximum Value : Variation Type : Linear =
click here " Submic

setting up a simulation — choose values of looping variable (eta)




BBN Simulator select here

BBN Simulator | Set Monte Carlo Parameters S#%p 7 of 10

Check the box below to perform a Monte Carlo BBN simulation. Sg€ct the number of
trials from the dropdown menu below. Then view or edit the gafe uncertainty values.

Monte Carlo BBN
calculations are the
standard way to translate

u Do you want a Monte Carlo simulation? More Information nuclear uncertainties into

uncertainties in primordial
abundance predictions

Select number of Monte Carlo trials 1000 = See Smith, Kawano, &

Malaney, Ap.J. Suppl. 85
(1993) 219.

Enter custom number of trials : _

View and Edit Rate Uncertainties

N\

select here

["Continue > |

CIiCk here an uncertainty must be set

for each reaction rate
setting up a simulation — set up a Monte Carlo run




BBN Simulator

Simulation Type

Standard Big Bang Nucleosynthesis (SBBN)

goto Step 1 and change

Reaction Rate Library

JPUBLIC/BBN_ref_01

goto Step 2 and change

Computational Parameters

goto Step 4 and change

Parameter Value Default?
Timestep Limiting Constant 1 3.000E-01 yes
Timestep Limiting Constant 2 3.000E-02 yes
Initial Timestep (sec) 1.000E-04 yes
Initial Temperature (T9) 1.000E+02 yes
Final Temperature (T9) 1.000E-02 yes
Smallest Abundances Allowed 1.000E-25 yes
Accumulation Increment (iterations) 3.000E+01 yes
Early Universe Parameters goto Step 5 and change

Parameter Value SBBN Default?
Eta looped
Number of Neutrino Species 3.000E+00 yes
Gravitational Constant (6.67E-8 cm>g 's~%) | 1.000E+00 s yes

< Back Continue >
< U ) C U U pliele repd DO C




SN O BBN Simulator

BBN Simulator | Simulation Status Step 9 of 10

Status Report : Simulation Complete

Running bbn simulator for 10 run(s) progress in Monte Carlo

simulations [1000 runs] for

starting run 1 of 10 with ETA as 1.000000E-10 each value of the looping

starting run 2 of 10 with ETA as 2.000000E-10
starting run 3 of 10 with ETA as 3.000000E-10
starting run 4 of 10 with ETA as 4.000000E-10
starting run 5 of 10 with ETA as 5.000000E-10
starting run 6 of 10 with ETA as 6.000000E-10
starting run 7 of 10 with ETA as 7.000000E-10
starting run 8 of 10 with ETA as 8.000000E-10
starting run 9 of 10 with ETA as 9.000000E-10
starting run 10 of 10 with ETA as 1.000000E-09
Simulation(s) Complete!

variable [baryon to photon
ratio eta]

Abort Simulation Status update (in millisec) : [PACVURNE-=

[ 100% | click here

setting up a simulation — status report of simulation




for a report
BBN Simulator

BBN Simulator | Simulation Results Step 10 of 10 session Report

Select Items for Report : 8.000E-10

4 Simulation Type 9.000E-10

1.000E-09
4 Rate Libra

Monte Carlo simulation parameters

&4 Computational Parameters Number of

Trials 1000

4 Early Universe Parameters

Generate a report of your parameter selections by clicking Sesg#ion

Reaction Rate | Uncertainty Value

Report. Registered users can save this simulation to theig®Oser  Looping Parameters for Eta R
space by clicking Save Simulation. After saving thegfimulation,  Monte Carlo simulation parameters | ppprg.
2H 0.07

click Table of Output to view the results.

n + 3He

oo @ D G

to save your simulation in your disk
allocation [for registered users]

Close BBN SimulERYENEIFLR eIy BBN Visualizer

results

tabular output

Table of Output : /USER/temp69

Table of O of Significant

© Eta Eta D/H_min D/H_mid D/H_max 3He/H_min 3He/H_mid 3He/H_max 4He_min 4He_mid 4He_max 7Li/H_min 7Li/H_mid 7Li/H_max

9.998E-01 4.449E-04 4.684E-04 4.919E-04 3.299E-05 3.403E-05 3.508E-05 2.195E-01 2.205E-01 2.215E-01 4.628E-10 5.194E-10 5.759E-10
2.000E+00 1.444E-04 1.507E-04 1.570E-04 2.016E-05 2.084E-05 2.153E-05 2.327€-01 2.331E-01 2.335E-01 1.259E-10 1.361E-10 1.463E-10

& D/H_min

2.999E+00 7.634E-05 7.910E-05 8.187E-05 1.544E-05 1.598E-05 1.651E-05 2.379€E-01 2.382E-01 2.385E-01 1.090E-10 1.209€E-10 1.329€-10
3.999E+00 4.887E-05 5.049E-05 5.210E-05 1.284E-05 1.331E-05 1.379E-05 2.411E-01 2.413E-01 2.415E-01 1.598E-10 1.841E-10 2.085E-10
4.999E+00 3.447E-05 3.560E-05 3.673E-05 1.119E-05 1.163E-05 1.207€-05 2.434E-01 2.436E-01 2.438E-01 2.536E-10 2.922E-10 3.309E-10
& 3He/H_mid 5.999E+00 2.574E-05 2.662E-05 2.750E-05 1.006E-05 1.047E-05 1.089E-05 2.451E-01 2.453E-01 2.455E-01 3.768E-10 4.299E-10 4.831E-10

 3He/H_max 6.998E+00 1.993E-05 2.066E-05 2.140E-05 9.223E-06 9.623E-06 1.002E-05 2.466E-01 2.468E-01 2.470E-01 5.187E-10 5.857E-10 6.528E-10

7.998E+00 1.583E-05 1.646E-05 1.710E-05 8.581E-06 | 8.966E-06 9.352E-06 2.478E-01 2.480E-01 2.482E-01 6.709E-10 7.508E-10 8.308E-10
& 4He_min

8.998E+00|| 1.280E-05| 1.337E-05| 1.393E-05| 8.069E-06 | 8.442E-06 | 8.81SE-06| 2.489E-01| 2.491E-01 2.493E-01| 8.268E-10| 9.188E-10|  1.011E-09
© 4He_mid 9.998E+00||  1.0S0E-05| 1.101E-05| 11S2E-05| 7.650E-06 | 8.012E-06 | 8.373E-06| 2.498E-01|  2.500E-01 2.502E-01| 9.821E-10| 1.086E-09 |  1.189E-09
& 4He_max

& 7Li/H_min
© 7Li/H_mid

© 7Li/H_max

_ — ' —— ! — ! — m

setting up a simulation — save it, view results, visualize it ...




e N O BBN Visualizer

BBN Visualizer | Visualization Tools Step 2 of 2

standard plot of
abundance vs. eta

mouse over for
description

Final Abundance Abundance click to
Plotting Interface Nuclide Chart generate pIOt

Abuhdance ' Reaction Flux
Plotting Interface Nuclide Chart

View Sample

Close BBN Visualizer BBN Visualizer Home Constraints Generator

visualizing up a simulation



e N O Final Abundance Plotting Interface select here

¥ [ BBN Simulations
10-8 ¥ [ /USER/canonical minimum, middle, and
— 7Li/H_min (/USER/canonical) | D/H_min maximum values from the
i ke comemica £ D/H_mid Monte Carlo runs
D/H_max
3He/H_min
3He/H_mid

M 7Li/H_max
» (] JUSER /temp69

Predicted Primordial Abundance
o
o

Select All Curves
Unselect All Curves

10 10 1 1 -l 1 1 1 1 1 1 adjust here
00 10 20 30 40 50 60 70 80 9.0 100

Baryon-to-photon Ratio (Eta) * 1E10

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

ea: Min [N vex # Tick Intervals & Major Gridlines  #l Minor G..
log Abund :  Min a Max ma # Tick Intervals & Major Gridlines & Minor G..

m m Table of Points Apply Changes Advanced Settings

visualizing up a simulation




Constraint Manager

manage

Big Bang Online Constraint © Constraint Info
Big Bang Online Manager @ Delete Constraint

[ ] Copy Constraint to Shared Folder

Nuclear Reaction Rates
and Rate Libraries

Constraint Plotting Interface

BBN Simulations \o00es

o Constraint Genera[or :g: Ziﬁ?iﬁﬂ?%ileln{ \
—=— D/H_max (/PUBLIC/Tytler06) “\‘
Observed Primordial @ Constraint M . — \
nstraint Manager =
Abundances 9 \
@ Constraint Visualizer
Suite Information and
Registration
: g0.0 150 2‘0 3‘0 450 350 6‘0 7‘0 850 9%0 10.0
Table Of Output . /U< Baryon-to-photon Ratio (Eta) * 1E10

Table of Qutput for : |/PUBLIC/Tytler06 (Observati... ° Number of Significant Figures :

D/H

3He/H 4He 7Li/H

Minimum 2.380E-05 9.000E-06 2.400E-01 1.210E-10
Value 2.780E-05 1.100E-05 2.420E-01 1.230E-10
Maximum 3.180E-05 1.300E-05 2.440E-01 1.910E-10

generate constraints here from simulation + abundance limits

Save as HTML Save All as Text Save All as HTML m

generate constraints from abundance predictions & observations



Online BBN Software

First suite of online computer codes to enable ANYONE interested
in cosmology to explore the details of big bang element
synthesis for themselves

Increase Accuracy and Productivity -
ANYONE can quickly perform these calculations

Consensus Building -

exchange comments on comparisons of parameter constraints

Community Building -
file sharing & comments aid research & mentoring

Questions ? write to coordinator@bigbangonline.org



