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Motivation

Provide guidance to experimenters and answers

to questions like:

« What data is used to validate the physics of
Geant4/GeantV/GENIE/... ?

« How well does the Geant4/GeantV/GENIE/...
simulation describe the data of interest for the
experiment?

« Which model provided by Geant4/GeantV/GENIE
best describes the data of interest for the
experiment?

« What are the benefits of switching to the latest
version of Geant4/GeantV/GENIE/...? What
changed?

« What systematic uncertainties are involved?
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Requirements

Provide repository:

 to store experimental validation data as raw data,

 to store simulation results as raw data and as static plots.
Provide display web-application which:

 allows to select and overlay compatible tests,

- allows to overlay experimental data,

« allows automatic upload into repository,

- allows to display static images,

 provides search functions and easy navigation.
Provide REST-ful Web service which:

 allows programmatic access to the data e.g to be accessed by C++ validation
programs.

Modern look, meaningful search, easy to navigate menus.
Based on modern internet technology and industry standards.
Secure!

2= Fermilab

3 Hans Wenzel 21st Geant4 Collaboration Meeting, Ferrara, Italy, September 12 to 16, 2016 9/14/2016



What's new?

We have new Database schema which:

 Allows to serialize multidimensional histograms and data point sets.

« Uses the same tables for experimental and simulated data.

» Uses dictionaries for data like materials, particles ..

We completed the full JAVA API (CRUD: create, read, update, delete) based on the

DAO (Data Access Object) pattern and the new db schema.

We now Provide a REST (representational state transfer)-ful Web service which:

. allows programmatic access to the data e.g. by C++ validation programs — already used
by validation jobs that Julia runs.

We provide programmatic access from C++ application provided using DbReader

by Dimitri = see his presentation in parallel 5A.

The software is now packaged using maven (ValidationLib, web Application/Service)

We provide

 easy to use formats (json/xml) for data exchange and upload of results.

» Tools to convert result from validation jobs (.root, .csv...) to json format that then
can be uploaded.

» Upload web application.

« Documentation: https://twiki.cern.ch/twiki/bin/view/Geant4/ExtendingFnalDb

We switched as much functionality as possible to external tools: e.g. Connection

Pools, authentication, Inspire....
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Python program

Ancillary Tools: Conversion Tool

* toread and convert histograms from/to different formats: ROOT, ASCII (CSV), JSON

* Download from and upload to DoSSiER

* Inspect and interact with histograms (matplotlib)
e CLI (script integration) or API (integration in python programs) are available

Internal equivalent of
TGraphAsymErrors

JSON::2 -——

JSON::100] =-—

Internal equivalent of
N-Dimensional Histogram
With user-defined binning edges

Upload*
Download
Convert

Save

Plot
HandleMetaData

Internal
Format

MetaData file
(JSON)

In simple cases
cli suffices

*Conversions to
ROOT missing

— ROOT:THID

—» ROOT: TH2D

— ROOT:TH3D

— ROOT::TGraph

— ROOT:: TGraphAsymErrors

—» CSV:HI1
— CSV:H2
—» CSV:PI*
—» CSV:P2*

*=> Under Development,
Not available yet

For more details see Parallel 5A: talk by Andrea and Demo how to use.
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Meta data to classify a result

ﬁBeam: mono energetic neutrons \
Target: Carbon.
N (500 MeV) Secondary: protons.
P Observable: differential cross section
Reaction: particle production
MC detail: e.g. BIC, geant4.10.1.p02
Example: n induced p production \Icr;re]ldbcgt:);dzﬁrnames/parvalue pairs /
Note:

» Values for metadata stored in dictionaries:
(Beams, Materials, Particles, Observable, Reaction, MC details...).
Meta data used to match experimental and simulated results.
Complicated Beams (e.g. neutrino flux files, test beams consisting of many
particles can be described by the schema).
Ditto for Materials (e.g. Target test beam Calorimeter).
Dictionaries can evolve as needed.
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G4WebAppNG: Test Result Browser

Based on prototype schema and API. Can be found at the following URL.:

# Home # Geant 4 Collaborators # Geant 4 Administrator 2 Release Highlights ! GEANT4 o Fermilab = CERN

\ @eant 4 validation web application e
This allows to select — L —— NEUTRON NDUCED PRDUCTION oF PROTONS, OEUTERONS AMD

(&) Exp. data browser
Geant 4

Geant4 simulation results oG Mot T« potore | oo | (oo = (B, T s <

(&) Display Statistics
logarithmic Y-Axis: Yes

of interest, and to compare -

[« Database Statistics

th e m t O t h e e X p e ri m e n t a I (=) Display references display Experimental data (if available): Yes

Yes

d ata a S a p p | i Ca b I e . S h OW n Make your-soloctlon: from l‘ho menus above and press Submit

on the right is neutron
induced deuteron (default
selection).

1000 ﬂ 2

o
s

DA 0 N e el o
« BIC(blue),

 Bertini (red) | \\W%

0 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400
* INCL++(magenta)

-m-Simulation: n + Target -> Secondary @ 54 degrees, Model: Bertini, G4 version: 4.9.6.p02

- -®-Simulation: n + Target -> Secondary @ 54 degrees, Model: BIC, G4 version: 4.9.6.p02
b Expe rl m e ntal D ata -&-Simulation: n + Target -> Secondary @ 54 degrees, Model: INCLXX, G4 version: 4.9.6.p02
-+~ Experimental data: n + Target -> Secondary @ 54 degrees Target: Cu Secondary. deuteron

(green) / o

=3

d#sigma/d#0megadT [#mub/sr MeV]
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Web application: http://g4devel.fnal.gov:8080/DoSSIER/

e DOSSIiER: Welcome - Mozilla Firefox

File Edit View History Bookmarks Tools Help

@© suicidesqu... | MylastPassVa... | & TrailRunnin... | A ACTIVE Gea... | @ Drivestorage [EsISSiasSW/ N
Currentlv. 9 @ | localhost B& ¢ ||Q search w B8 + 4o » =

IMGetting Started €& Hans Wenzel's Home... EJBBCNews-Homev [@Personalv [@Fermilabv [@Geant4v »
Based on new JAVA API = =——DAlanase o1 SCIentc Simuiation ana 8
and database schema. Experimental Results JE
C d . I D t # Home  GEANT4 . Geant4Collaborators (7 Genie 7 Fermilab  * CERN Fri Aug 26 07:41:45 CDT Nlﬁv
« Can display exp. Data. 3
Left 4
(graph and tab|e) - Welcome to DoSSIER
i 1~ i £ Exp. data browser Introduction
* Displays dictionaries. o
o D|Sp|ayS Stat|St|CS .  Select Collaboration providing MC generators or simulation programs regularly perform
B Select2 validation and regression tests where results obtained with a new software version are
I _ . compared to data obtained by various experiments (physics validation) or the results of
¢ AI IOWS u p | Oad S usl ng </ Display Statsties previous releases (regression testing). We have organized the materials in one central
. . DictionariesiLookup repository and make this data available via this web application. It allows to interactively
JSO n/ Xml f| Ie fO m atS 5 insert select and overlay compatible data, e.g. to compare the results of different releases,
. o Inpubask different physics models or target materials in one plot.
But many features still -
missing, need porting from o oSN
&) Datat S \\*{-‘7: J
Qrototype (G4WebAppN(y  tres g
&) Mcdetails
&) Mctools
Experiment Geant4 GeantV Genie
&) Observables
— s &) Particles
1 [ CW\EBSITE &) Reactions
- - i) References
i \ - i) Working Groups
). » [UNDER
B L | CONSTRUCTION
e \" = 2& Fermilab SLAZ e OF
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\
In addition to showing
data as plots, one can
select "Display data
table", to extract the
data in a tabulated form
that is easy to cut and
paste. Or can be

A
n0

retrieved as json/xmlk—

or excel,pdf,csv,xml

o

10 Hans Wenzel

S patabase of Scientiic Simulation and Experimental Results

# Geant 4 Collahorators ~ * Genie (7 Fermilab 7 CERN

© submit

Description
ResultiD: 1
Reaction: particle production
Target: Cu

Beam: SIN Neutron beam

Secondary: proton

Observable: differential cross section dsig/dO dT
dtype: 1

21st Geant4 Collaboration Meeting, Ferrara, Italy, September 12 to 16, 2016

Neutron Induced Production of Protons, Deuterons and Tritons on Copper and Bismuth

Thu Sep 08 14:26:38 CDT 2016

Reference Journal Link
Nucl.Phys.A510 (1990) , p: 774-802 link H

Target v+  Secondary v thetaoutgoing particle ~

1
Data Table
CPIeT
min max value statistical Error systematic Error
340 36.0 852.8 +10.885/-10.885 +0.0-0.0
36.0 380 77 +10.045/-10.045 +0.0-0.0
38.0 40.0 7176 +9.471-9.47 +0.0-0.0
40.0 50.0 691.7 +7.19-7.19 +0.0-0.0
50.0 60.0 636.8 +6.65/-6.65 +0.0-0.0
60.0 70.0 5154 +5.471-5.47 +0.0/-0.0
70.0 80.0 402.9 +4,3535/-4.3535 +0.0-0.0
80.0 90.0 356.7 +3.902/-3.902 +0.0-0.0
90.0 100.0 3437 +3.7915/-3.7915 +0.0-0.0
100.0 110.0 3425 +3.799/-3.799 +0.0-0.0
100 1200 299 8 +3301R:3 3015 +00-00
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¢ G4 Database statistics - Mozilla Firefox

File Edit View History Bookmarks Tools Help

MyLastP... | in Peopl... | Y Forme... | & Shamr... | @ deleti... | KronosW... | [ Event... | € Chica... | € Chica... Subsc... » doc/gi... | & addjs... | & SSHK... | Error-/D... | Displays > +

S5 94 a0 Bovevn =

. | MGetting Started L Hans Wenzel's Home... EJBBCNews-Homev [@Personalv [@Fermilabv [@Geant4v [@G4validationv [lariatv [ECERNv [@artv EJubuntu-news,usnv [ Most Visitedv [@Gridv »

sel.Fnal.gov:80

=R ¢ Qcud

Database of Scientific Simulation and Experimental Results '3
INSPIRE or exp. weétssSite

# Home  GEANT4  # Geant4 Collaborators 7 Genie  ’ Fermilab ¢ CERN

11

Hans Wenzel

Lett « Experiments Statistics -
Main As of Fri Sep 09 08:54:12 CDT 2016
©)Exp. data browser Number of distinct experiments with results in database: 12
o Number of data sets in database: 2679
®
Exp. data table browser Experimental data with Results in Database
. D Title Journal Results Link
(%) Display
17 ANGULAR DEPENDENCES OF INCLUSIVE NUCLEON PRODUCTION IN NUCLEAR REACTIONS AT HIGH-ENERGIES AND SEPARATION OF CONTRIBUTIONS FROM QUASIFREE AND DEE - Sov.J.Nucl.Phys.42 (1985) , p: 116-121 543 link
(&) Select
4 A comparison of pi+ and pi- total cross-sections of ight nuclei near the 3-3 resonance Nucl Phys B62 (1973) , p: 61-85 2 ik
© Select? 20 Neutron Induced Production of Protons, Deuterons and Tritons on Copper and Bismuth Nucl Phys.A510 (1990) , p: 774-802 180 ik
() Display Statistics 52 Proton-nuclei cross sections at 20 GeV. Nucl.Phys. 79 (1966) , p: 609-624 9 ik
Dictionaries/Lookup 5 Pion reaction cross-sections and nuclear sizes Nucl. Phys.A209 (1973) , p: 1-51 18 link
(&) Access 6 Pion-Nucleus Total Cross-Sections from 88-MeV to 860-MeV Nucl Phys.B76 (1974) , p: 15-28 10 link
Beams 56 AnInvestigation of Quark and Diquark Fragmentation in Neutrino $p$ and Anti-neutrino $pS Charged Current Interactions in {BEBC} Nucl Phys.B214 (1983) , p: 369 2 ik
Daiy 43 Large-angle production of charged pions with 3-12.9-GeVic incident protons on nuclear targets Phys Rev.CT7 (2008) , p: 055207 450 ik
[+ Datatypes
12 NEUTRONS FROM NUCLEAR CAPTURE OF NEGATIVE PIONS Phys.Rev.C25 (1982) , p: 3050-3067 7 link
(&) Materials
“ Forward production of charged pions with incident pis- on nuclear targets measured at the CERN PS Nucl Phys.A821 (2009) , p: 118-192 384 ik
£ Medetais %5 Large-angle production of charged pions with incident pion beams on nuclear targets Phys.Rev.C80 (2009) , p: 065207 864 ik
(& Mctools % Forward production of charged pions with incident protons on nuclear targets at the CERN PS Phys.Rev.C80 (2009) , p: 035208 200 ik
(& Observables
Number of datasets by Experiment Number of datasets by Experiment
) Partices s 1000
(%) Reactions g
(&) References 800
& Working Groups o=
- 600
(1]
=
400
-
2
LR 200
L 0
17 4 20 52 5 6 56 43 12 44 45 46

2 Farmilah &!

A > NATONAL @
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Based on: Java API for REST - ful (Representational State Transfer) Services
(JAX-RS)
Deployed on the development server:
http://g4devel.fnal.gov:8080/DoSSIER WS/json/result/181
Allows programmatic retrieval of results in json or xml format (with dictionaries
expanded or not) these are the same formats used for uploads!
C++ clients already used by selected Geant4 validation jobs see Julia's
presentation in session xx !
Planned:
Search functions like in INSPIRE/SPIRES.
* Programmatic upload to database (staged).

(- @ | gddevel.fnal.gov:8080/DoSSIER_WS/json/result/181 B @ QA sLaciogo > w B $ A a2 O® x- =
IM Getting Started  F Hans Wenzel's Ho...  [5J BBC News - Home ~ (-] Personal v (] Fermilab > (1] Geant4 ~ [] Gdvalidation > (]lariat *+ [JCERN v [Jart~ »

{"trid":181, "testlnk":0,"referencelnk":12, "mcdetaillnk"”:1, "beamlnk":8, "targetlnk"”:6, "observablelnk":6, "secondarylnk”:2112, "reactionl
nk":2,"datatable":{"dtid":181, "datatypeslnk":1000,"title": "Neutrons from nuclear capture of negative pions","npoints":30,"nbins":
[1,"axisTitle":["Neutron Energy T [MeV]","Yield Y [Neutrons/MeV Pi]"],"val":
[1.31,1.56,1.85,2.2,2.61,3.1,3.68,4.35,5.15,6.08,7.19,8.55,9.58,11.0,12.6,14.4,16.5,18.8,21.6,24.7,28.3,32.4,37.3,42.9,49.6,57.7,67.
4,79.3,94.4,114.0,0.171,0.156,0.153,0.128,0.118,0.0935,0.0799,0.0755,0.0682,0.0534,0.0476,0.0399,0.0369,0.0354,0.0335,0.0296,0.0264,
0.0259,0.0253,0.0224,0.0211,0.0202,0.0193,0.0206,0.0202,0.0185,0.0164,0.0118,0.0059,0.0023], "errStatPlus":
[0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.014,0.011
,0.009,0.006,0.005,0.0037,0.0031,0.0026,0.0025,0.002,0.0018,0.0018,0.0016,0.0014,0.0013,0.0011,0.001,9.0E-4,8.0E-4,7.0E-4,7.0E~
4,7.0E-4,6.0E-4,5.0E-4,4.0E-4,4.0E-4,3.0E-4,3.0E-4,2.0E-4,1.0E-4], "errStatMinus":
[0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.014,0.011
,0.009,0.006,0.005,0.0037,0.0031,0.0026,0.0025,0.002,0.0018,0.0018,0.0016,0.0014,0.0013,0.0011,0.001,9.0E-4,8.0E-4,7.0E-4,7.0E~
4,7.0E-4,6.0E-4,5.0E-4,4.0E-4,4.0E-4,3.0E-4,3.0E-4,2.0E-4,1.0E-4], "errSysPlus":
[0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.010773,0.
009828,0.009639,0.008064,0.007434,0.0058905,0.0050337,0.0047565,0.0042966,0.0033642,0.0029988,0.0025137,0.0023247,0.0022302,0.002110
5,0.0018648,0.0016632,0.0016317,0.0015939,0.0014112,0.0013293,0.0012726,0.0012159,0.0012978,0.0012726,0.0011655,0.0010332,7.434E~
4,3.717E-4,1.449E-4],"errSysMinus":
(0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.010773,0.
009828,0.009639,0.008064,0.007434,0.0058905,0.0050337,0.0047565,0.0042966,0.0033642,0.0029988,0.0025137,0.0023247,0.0022302,0.002110
5,0.0018648,0.0016632,0.0016317,0.0015939,0.0014112,0.0013293,0.0012726,0.0012159,0.0012978,0.0012726,0.0011655,0.0010332,7.434E~
4,3.717E-4,1.449E-4],"binMin":[], "binMax":[ ]}, "imageblobslnk":0, "scoreslnk":2, "accesslnk":1, "parnames":[],"parvalues":

[1,"modtime":"Aug 2, 2016 1:52:36 PM"}
L, 2 -
3£ Fermilab
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Accommodating the GENIE generator

« Reference for neutrino hadron production added to
development Database.
« Beams for various neutrino fluxes added.
« Experimental data for neutrino hadron production
added.
 Plan:
« add Minerva GENIE simulations.
« Provide slide shows/dashboards summarizing
relevant data/highlights for each GENIE

release. @

2= Fermilab
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Summary and Conclusions

DoSSIiER: Database Of Scientific Simulation and Experimental Results is actively being

developed with participation by Geant4 groups at CERN, Fermilab and SLAC.

GENIE group is providing input and requirements.

Experimental data and results from simulation (Geant4, GeantV?, GENIE(soon))

are stored in a relational database.

Data can be imported and exported using json/xml formats. (scripts are

provided to extract data from root files or ASCII tables and convert to json/xml.)

Web application progressing quickly:

« allows to select and search.

« Will allow to overlay experimental and simulated data.

« authentication is necessary to have access to internal data and functions (e.g.
upload, edit, delete, insert).

Web service: allows programmatic retrieval of data e.g. by validation jobs.

Porting from prototype G4WebAppNG to DoSSIER well under way!!

If you want more info or want to contribute (always welcome) visit our twiki:

https://twiki.cern.ch/twiki/bin/view/Geant4/ExtendingFnalDb

2= Fermilab
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Plans

» Port all functionality from G4WebAppNG, then ask for user feedback for
additional functionality.

» Import more tests and experimental data. On-board other groups like GENIE,
GeantV...

* Move to FNAL/CERN SSO (single sign on) for authentication.

* Provide programmatic upload tool via web service.

 Evaluate different tools (node.js) to provide all of DoSSIER's functionality — see
presentation by loana Ifrim in session 5A.

2= Fermilab
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Backup
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Choice of technologies

Open source relational data base, hosted by Fermilab
data base group.

Glassfish: Web Application server hosted on fermicloud

Primefaces JSF (Java Server Faces) based framework
to create modern looking web pages and easy to
navigate menus.

Integrated Development Environment

Java programming language, JAVAEE, JAX-RS

Google Charts ||JavaScript library used to create interactive graphs

2= Fermilab
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Ancillary Tools

A set of stand-alone python based tools, integrated with DoSSiER

are being developed to:

— allow for interaction from command-line or in applications with validation
data.

- perform comparisons between results and simulations independently of web-
application.

- integrate DoSSiER into Geant4 semi-automatic testing.

Focus 1s on simple and portable command line applications

2= Fermilab
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G4WebAppNG: Experimental data Browser

In addition to showing
data as plots, one can
select "Display data
table", to extract the
data in a tabulated form
that is easy to cut and
paste.

Jt
“ Geant 4 validation web application e

# Home  # Geant 4 Collaborators  /# Geant 4 Administrator 2 Release Highlights ! GEANT4

Left

(& Exp. data browser
(&) Test result browser
(&) Display Statistics
() Display test

(i) Database Statistics

(= Display references

20 Hans Wenzel  ICHEP August 3 — 10, 2016 Chicago

Reference

Franz et al., Nuclear Physics AS10 (1980) 774-802

Targets Reactions ~ Beam

Z Fermilab

2 CERN

Description

NEUTRON-INDUCED PRODUCTION OF PROTONS, DEUTERONS AND
TRITONS ON COPPER AND BISMUTH

Display plot: No Logarithmic Y-Axis:

Display data table: Yes Revert to default selections: Default Plot

© Submit

Decription

Reaction: n + Target -> Secondary @ 54 degrees
Target: Cu

Beam: neutron

Beam Energy: 425 MeV

Secondary: proton

35.0
37.0
39.0
45.0
55.0
85.0
75.0
85.0
95.0
105.0
115.0
125.0
135.0
145.0
155.0
165.0
175.0
185.0
195.0
205.0
215.0
225.0
235.0

280N

TiMeV]

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

an

- ig; OmegadT [#mub/sr MeV] vs T/[MeV] -
Display Errors: Yes
Data Table
Eror tngmaiopOmsond Ermor
9147 30.63
754.7 26.43
687.4 2457
680.2 15.99
570.8 13.69
387.3 9.645
306.9 7911
276.5 7.357
2736 7.449
297.0 8.163
2427 7.043
208.5 8.372
2138 6.668
190.1 6.231
189.1 6.412
175.2 6.191
148.1 5.605
121.8 5.005
1139 4.879
93.89 4.384
76.08 3.908
67.83 3.684
57.85 3.504

4899

EELY]

2= Fermilab
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Status: G4WebAppNG (predecessor of DoSSIER)

Can be found at the following URL.:
http://g4validation.fnal.gov:8080/G4WebAppNG/
Based on prototype schema and API

!
’
!

’ Geant 4 validation web application "W

# Home # Geant 4 Collaborators # Geant 4 Administrator 7 Release Highlights ! GEANT4 Z Fermilab 2 CERN i

|

Left 4

B Test Result Browser
(&) Exp. data browser

Test result browser > Select Test from the list below the click on Submit.

[+ Display Statistics

Franz: Neutron-induced production of protons, deuterons and tritons by neutrons between 300-580 MeV >
(&) Display test
(&) Database Statistics © Submit
(&) Display references
JE H
aF Fermilab
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