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Physical start-up of IBR-Z

1 JINR a new reactor with a design power of 4 MW under the name IBR-2 was constructed by 1977. The physical
3rt-Up Was in 1978 and the official operation began in February 1984
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Frank Laboratory of Neutron Physics
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SHE Factory — ®abpuKa CBepXTSKENbIX 35fIeMEeHTOB.

Study of reactions with
stable and radioactive

e

.

Nano-laboratory

Synthesis of exotic
nuclei and study of
their properties
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NICA/MPD - Laboratory of High Energy Physics




Educational Project for STAR
and NICA/MPD Experiments
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The goals of the project

- To attract new students to this exciting field of research
and the inclusion of results of experimental studies in the
educational process.

« To provide students from various universities of new
educational resources appropriated to their level of
education about various modern experiments, facilities
and international collaborations.

 To create community of students from different countries
and universities interested in working on this area of
science, will form a community of learners and teachers.

@) Nuclear Science and Technology

Scientists, Teachers and Students Global Community
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Target Group

1. University students of Physics departments
2. Undergraduate students

3. Bachelors and Masters of Physics

4. Science teachers

@ Nuclear Science and Technology About | Board | Contact
Scientists, Teachers and Students Global Community

Use live search to find any experiment
or institution you need or use 'All’
parameter to display all objects.

Choose field of science

Choose field of science...

Choose Institution
LAl

Or type the keyword



TOPICS

U General information

U Scientific Highlights

O Detectors subsystems

4 Instruments and methods for data analysis
U Trigger system

4 Control Room

4 Virtual labs based on real experimental data
U Analysis Infrastructure. Tools for beginners.
U Contact Information for Students

The STAR Collaboration published in Physical Review Letters, Phys. Rev. Lett. 114,
022301 (2015), the first high statistics measurement of AA correlation function in Au+Au
collisions at vsyy = 200 GeV and it is also highlighted as PRL editors' suggestion. This
research pioneered the venue of using RHIC as a hyperon factory to investigate
hyperon-hyperon interactions. The STAR measurement can provide precious data for
the understanding of hyperon-hyperon interaction which is an important input to various
baryon-baryon interaction potential model as well as for the study of equation of state
for neutron stars. The AA interaction is also closely related to the existence of the H
dibaryon, one of the most searched for exotic hadrons in nuclear collisions.

Official website: www.star.bnl.gov



STAR Detectors
Subsystems




STAR Detectors Subsystems
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Trigger System

Event Triggering {educational model) The STAR Trigger System (manual)

The Solenoidal Tracker at RHIC (STAR) is designed to detect marggrd and neutral particies preduced in relativistic heavy ion coflisions. The majority of the STAR
data is provided by relatively slow detectors: TPC, SVT, FTPC, EMC. The trigger system must look at every RHIC crossing and decide whether or not to accept that
event and initiate recording the data
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Figure 2. A schematic diagram of all the trigger detectors

« CTB (Central Trigger Barrel) - The Central Tngger Barrel consists of 240 scintillator slats arranged around the TPC. Each slat is viewed by one PMT. The CTB
covers a region from —1to +1in h and 0 to 2p in f. It measures charged multiplicity in this region of phase space

Central Trigger Barrel
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Al Analysis Infrastructure. Tools for beginners

i.. Nuclear Science and Technology

About | Board | Contact
Scientists, Teachers and Students Global Community

>TAR Experiment

General information * Instruments and methods for data analysis *Virtual Iabs based on real experimental data
* Scientific Highlights « Trigger system * STAR Analysis Infrastructure

STAR detectors subsystems « Control Room « Contact Information for Students

> TAR Analysis Infrastructure. Tools for beginners

HIDE MENU
“Introduction to STAR software and makers”, Leszek Kosarzewski, Warsaw University of Technology (PDF &)

The STAR detector tracks thousands of particles (see Fig.1) produced in Au + Au, U + U, Cu + Cu and polarized p + p collisions. While STAR collects physics data, there are always large
olumes of accompanying meta-data to track, store and analyze. The STAR detector is composed of over two dozen subsystems operating in concert while RHIC provides colliding beams.

{undreds of scientists and engineers are watching the data-taking process and tuning detector performance by checking meta-data streams produced by detector components. To ease the
srocedure of collection, analysis and review of that meta-data, STAR software group created an MQ-based MIRA framework.
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Tools for beginners.

Of Analysis Infrastructure.

Online Meta-data Collection and Monitoring
Framework for the STAR Experiment at RHIC

D Arkhipkin, J Lauret, W Betts and G Van Buren
Physics Department, Brookhaven National Laboratory, Upton, NY 11973-5000 USA

E-mail: arkhipkin@bnl.gov, jlauwret@bnl.gov, whetta@bnl.gov, genedibnl.gov

Abstract. The STAR Experiment further exploits scalable message-oriented mode] principles
to achieve a high level of control over online data streams. In this paper we present an AMQP-
powered Message Interface and Reliable Architecture framework (MIRA), which allows STAR
to orchestrate the activities of Meta-data Collection, Monitoring, Online (A and several Run-
Time and Data Acquisition system components in a very efficient manner. The very nature
of the reliable message bus suggests parallel usage of multiple independent storage mechanisms
for our meta-data. We describe our experience with a robust data-taking setup employing
MySQL- and HyperTable-based archivers for meta-data processing. In addition, MIRA has an
AJAX-enabled web GUI, which allows real-time visualisation of online process flow and detector
subsystem states, and doubles as a sophisticated alarm system when combined with complex
event processing engines like Esper, Borealis or Cayuga. The performance data and our planned
path forward are based on our experience during the 2011-2012 running of STAR.

1. Introduction

An acronym for the Solenocidal Tracker At RHIC (Relativistic Heavy Ion Collider), STAR [1]
tracks thousands of particles produced in Au+Au, U+U, Cu+Cu, and polarized p+p collisions.
While STAR collects physics data, there are always large volumes of accompanying meta-data
to track, store and analyze.

XXLX.
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Introduction to STAR software and makers

Leszek Kosarzewski

Warnsw Uriversity of Technoogy

TAR software - Basics

STAR software
Most of STAR software is based on libraries of ROOT data analysis framework.
@ ROOT is widely used in Heavy lon and High Energy Physics community

@ STAR ROOT libraries contain classes specific to STAR:

@ Detector geometry classes
» Event data

@ Specific makers

o Database classes

@ Look for information and class description on the ROOT webpage.

linuit fit result on the Gray rrors peints

https://root.cern.ch/drupal/

Listing 1 : To run STAR ROOT

rootdstar




Practicum on Real Experimental Data

Virtual labs based on real experimental data: “Measurement of proton and
antiproton yields in the central collisions at RHIC energies”
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Practicum on Real Experimental Data

« Currently a lab used experimental data on the gold-gold collisions at
different energies from 7.7 to 200 GeV to study production of
antiprotons at RHIC collider is realized.

« As instrument for the complex study of events it is developed the
module to visualize events using interactive 3-D graphics
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Control Room

Purpose: students, future STAR shift members. Interactive information
system of the STAR control room and the shift team. Includes the detailed
description of the team member roles, duties, instructions, trainings and
practical exercises; description about electronics and software.

Shift team Electronics and Software Shift Timelapse Example

DETECTOR
8 OPERATOR

S S

T e



=
O
O
{r
0
=
O
O




NSWW.org

J & Nuclear Science anc x

€ C [ nsww.org Q

Fd
& |

@ Nuclear Science and Technology About | Board | Contact

Use live search to find any
experiment or institution you
need or use 'All' parameter to
display all objects.
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Hardware-Software Complex
“Virtual Laboratory of Nuclear Fission”



.
The goal of the Project

The goal of the project is the integration of
technological elements of modern science into the
educational process, carrying out labs based on
combination of real equipment, virtual and online
laboratory research using data obtained from the
existing physical facilities.



-
Light Ions Spectrometer

- As a first step we have chosen an actual scientific problem
— the study of spontaneous fission using the spectrometer
LIS from Flerov Laboratory of Nuclear Reactions, JINR

LIS setup with timestamp detectors based on MCP



The project is comprised of three
educational levels:

- Elementary level. A typical target group at this level are
high school students, science teachers, undergraduate
students and participants of summer practices.

- Basic level. The goal at this level is to study various types
of radiation detectors, nuclear electronics & DAQ and some
important methods of experimental data processing.

- Advanced level. A typical target group at this level are
students who plan to prepare their bachelor and master
theses based on the measurements at the LISSA project.
This level may be useful as a training before independent
work as experimentalists in nuclear physics.



Practicum types

e Virtual labs e Real equipment

Laboratory work 3
Waork with signals from the PIN diode x
e PIN diode. Choose a sufficient gain to obtain the spectrum with much more separated peaks of alpha

[*s] [ previous ]

e Remote labs
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Part 1. Some Concepts of Nuclear Physics

1. Introduction
. Proton-Neutron Nuclear Model
Mass — Energy — Momentum

» 0N

Nuclear Energy: Fusion and

Fission

Radioactivity: Some Concepts of Nuclear Physics
. Alpha Decay

Beta Decay
Gamma Decay

© 0 N o v

. Spontaneous Fission

10.Radioactive Decay Law
11.Quiz
12.Exercises



Exercises for experimentalists

Some Concepts of Nuclear Physics

3/20. Radioactive materials are studied in a8 magnetic field.

Move nameplates to the corresponding rays.
@ a-rays
@ B-rays
@ y-rays
3asemneHue . ——— ¢<—— Bnyck Bogopoaa
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Part 2. How to Measure Radioactivity

1. Introduction

How to Measure Radioactivity

2. Radioactive Sources
Penobnsches Sgsﬁzm Yer Clemente.

e Smnﬁmn {6ruppe.
1 i

1 ’ll‘

2ifieg (07 [Bey By oo M o F |

;lelluﬂallanns;v e
b

3. Interaction of Radiation
with Matter

4. Radiation Detectors:
 Gas-Filled Detectors
 Scintillation Detectors
 PIN Diodes

e Detectors Based on
Microchannel Plates

I'ko K;? Cuos: ligs D. Cre
o4 aignmﬁa

S. Measurement of Radioactivity
6. Quiz
7. Practicum
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Practicum

Skills:

1. Work with
oscilloscopes and
pulse generators

2. Work with scintillation
detectors (Nal, Csl,
plastic)

3. Measurements and
spectrum analysis

4. Coincidence method
and registration of
cosmic particles
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Remote labs
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Part 3. Theoretical Models
of the Atomic Nucleus

1. Introduction
2. Nuclear Models

3. Quantum Mechanics in Theoretical Models of the Atomic Nucleus
Nuclei

4. Fission and Quantum

Tum.lehng : ‘ \biw -
5. Basic Regularities of o

Spontaneous Fission
6. Collinear Cluster Tri- G Sorgton soniscion) | | e Lk mgmersdfomai |

oy — (M1-M2)/(M1 + M2) [ RN € » — Right fragment deformation

Partition (CCT)
. Quiz
. Exercises

o En

d
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Part 4. How to Measure Nuclear Fission

1. Introduction
2. Physics of Binary Fission

3. Methods of Detection of
Fission Fragments

4. Energy Measurements of
Fission Fragments

5. Time Measurements of
Fission Fragments

6. Quiz
7. Practicum



Part 5. Light Ions Spectrometer -
Measurements

1. Physical Motivation

2. LIS Setup

3. Electronics of the LIS
Setup

4. Block Diagram and Data
Acquisition System

5. CAMAC Practicum

6. PIN Diode Calibration

7. Time of Flight Calibration

8. LIS Manual




Light Ions Spectrometer — Practicum

. Skills:

- 1. Vacuum system

. preparation

. 2. Measurements of
.~ PIN diode signals
from the alpha

. source

3. Measurements of
~ thin foil thickness

and Bragg's peak
obtaining




Part 6. Light Ions Spectrometer — Data

Analysis

1.
=

Introduction
Data Viewer

3. Time and Energy

N o o b

Calibration

Energy and Mass Fit
Exercises

ROOT Manual
ROOT Practicum

[X © analysis ® ®
__ Create Ntuple |
__Start Viewer |
Energy Fit
_Mass Calculation |
__Finish Analysis_|

@ © viab : root

Qaitn Mpamka Bug >Kypuan 3aknagku Hacrpoiika Cnpasa

1 A -2.01056e+02
2w 2.49508e+03
3 EO 1.96692e+02

APInl = -201.056 WPinl = 2495.08 EOPInl = 196.692

FCN=1.67157e-07 FROM MIGRAD

EDM=3.3824e-07

EXT PARAMETER

NO NAME VALUE
1 A -1.64284e+02
2w 2.91043e+03
3 1.59269e+02

APIN2 = -164.284 wWPin2 = 2910.43 EOPIn2 = 159.269
0

vlab : root

8.51132e+00
3.87047e+02
8.69330e+00

& () Mass HF vs Mass LF

File Edit View Options Tools

Mass Pin2 vs Mass Pinl’

o
o

6.56292e-05
1.36490e-02
6.20873e-05

(o2}
o

o
o
I\\‘IH‘I\\‘\\\l\\\l\\\l-\\\

Mass of fragments detected by PIN2
N
o

ol b b b bl b v b baay

Entries 257628
Meanx 1229
|Meany 1232
RMSx  19.43
RMSy 18.36

STATUS=CONVERGED 176 © 40

STRATEGY= 1 ERf
STEP

ERROR SIZE 20
1.5023%9e+02  3.73708e-04
4.83008e+03  8.62353e-02

1.57804e+02  3.47487e-04 0

0 20

60 80 100 120 140 160 180 200
Mass of fragments detected by PIN1 (a.m.u.)




Data analysis —
ROOT Practicum




Data analysis from LIS setup

@ O TheHsuM example ———— 56 B e vy |
Create Ntuple
Start Viewer

—_— 1. Analysis of data
it obtained from LIS
Mass Calculation :

setup using ROOT

Finish Analysis

2. Data analysis of
signals from 5 GS/s
Switched Capacitor
Digitizer




:; - I i Gbnratu@ work 4.1
| Energy calibration of a PIN diode

§ study the scheme of the experimental setup.

’:‘ +—+ Signal to data acquisition system
A

) Vacuum station ¢ >
PIN-diode

Tansparent vacuum chamber +

--;[L] [ previous ]

DS

Number of counts
.

.5
3}
§
i
) |
1 w6 20 3 310
B Number of channel
|
|
|

109] [

“—+ Signal from high voltage power supply Vacuumgauge Laboratory work 4.1

Energy calibration of a PIN diode

There is the spectrum of radium alpha particles. Find centers of gravity of alpha-peaks. Move the blue and the red cursors to limit the area of the peak you (¥
wish to study. Press the button «Calculate mean value». Fill the table below with calculated values (round values to 1 decimal place).

. Linear
Log
|..Reset

Mean value:
2739

previous |

« K/3yyeHue cnekTpa ot pap,vm226

« Bbibop koapduumeHTa ycuneHuns
curHana

» [locTpoeHune KanmbpoBOYHOIO
rpadouka

B,

KannbpoBka
PIN-peTekTOpa

Mean value, channel = Energy, MeV

164.7
1919
211

2739

Lheck

4.784
5.489
6.002
7.687

| [39] [ previ

Energy, MeV

75

7

65

155 171 187 203 219 235

ous ]

Adj. R-square = 0.99994
Intercept (a) = 0.387
Slope (b) =0.027

Laboratory work 4.1

Energy calibration of a PIN diode

252 268 284
Number of channel

Mean value, channel  Energy, MeV

164.7 4.784
1919 5.489
211 6.002
2739 7.687

Energy = 0.387 + 0.027 - Channel number

The obtained slope and intercept are the coefficients of the
linear calibration of the energy scale of the PIN diode.
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«Virtual laboratory of

Labm"akurg work 4.2

Measurement of radiation energies and thickness of *5°Cf-source |}
“fl set the same amplification that you used for the PIN diode calibration in the previous laboratory work. ||
i E
4

¥

H

WELL DONE!

Measurement of radia

Define the centers of gravity of:
— the alpha particle peak of californium-252, ... 55>

[*¢] [ previous ]

L FC A b0 L L S L L eV P S e

[*¢] [ previous ]

Lsboratory work 42 ]

% 24 299 11
Number of channel

spontaneous fission»

U3amepeHune aHeprum yactuy ot
KanndopHua-252 n nsmepeHue
TOSNWMUHbI NCTOYHUKA

tion energies and thickness of ®5°[f-source

Name Mean value, channel
Alpha particles of

oineac californium-252

214.179
Log

Alpha particles of
radium-226 with the
highest energy

269.885
Mean value:
269.885

Lheck

next

(21 k3l £ RN

* K3mepeHune aHepreTnyeckoro cnektpa

252-kanndopHus

« Pacyet noTtepb aHeprn anbda-
YacTuy, pagusi B UICTOYHUKE
KanngopHuga

Pac4yeT ToMLWKWHbI NCTOYHUKA
KanugopHug

" s e e e e S e e
Laboratory work 4.2
Measurement of radiation energies and thickness of *52[f-source x

, Define the centers of gravity of fission fragments of californium-252 (round values to 3 decimal place). For this purpose it is recommended to choose the
¥ scale of the axis so that you will see only ... >>>

Number of counts
‘ Name Mean value, channel

Light fragment (LF) 3419.259

Heavy fragment (HF) 242417

Check

Mean value:
2424.17

v I T




Nuclear Science and Technology Community
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Choose Institution
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Or type the keyword

Search results

P Gas-Filled Separator (BGS), Berkeley Lab | > STAR Experiment, BNL | > ATLAS, CERN | P ALICE, CERN | p» FAIR. GSI | P> SHIP Setup, GSI
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https://www.coursera.org/mephi

. ““C"
g T et TR T e ——
& MEPhI %
§ %
- H
- . 3 A
g : National Research Nuclear University MEPhI
) S
',* ¢“ National Research Nuclear University “MEPhI” is one of the most recognized technical universities in Russia. It is the only research
'*0/," =\ 33 nuclear university in Russia. The aim of the university existence is preparing the specialists for nuclear industry, science, information
* MEPH *

technology and other high-tech sectors of Russian economy. National Research Nuclear University “MEPhI” implements
postgraduate professional education curricula (PhD and postdoctoral level), carries out fundamental and applied scientific research in
high-priority fields of science and technologies. Among MEPhI graduates are Nobel Prize winners, members of the Russian Academy
of Sciences, and winners of national prizes. Its professors and alumni have made major contributions to various fields of theoretical
and experimental physics, mathematics, cybernetics, and computer sciences.
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https://www.coursera.org/mephi

= Co3paHue Hay4YHO-TEXHUYECKOro TeKcTa
Lng uHocmpaHHbIx cmyoeHmoe e Poccuu

3anyck Kypca: 12 oktabpsa 2015 roga

= OnemMeHTbl aTOMHOM U saepHOMN PU3UKK
Lns bakanaspos
3anyck Kypca: 30 Hosbps 2015 roga

= ®du3unka Kak rnodanbHbIW MPOEKT
Qu3uka 05149 ecex

3anyck Kypca: 20 nekabpsa 2015 roga




NpuHuun AelicTBUA raMMa-HOXa

PaauoakTuBHbIU
Kob6ansT

NP
SN

MNpoToH
— HeliTpoH 3He
O —No3sutnnu
y —lamr
v —Helin
PaauauuoHHble nosica 3eMAU
1 cTapnu

2 CTapu
PapuauuoHHble

ConHeyHbiIl BeTe)

PapuauyuoHHble nosica 3eMAU — 00nAacTu
& MarHuTocepbl, B KOTOPbIX HAaKaNAUBAkOTCS
BbICOKO3HEPruYHbIe 3apsiXXeHHble YacTuubl.




Pu3unka Kak rnodanbHbIN NPOEKT

[Mpenogasatenu

Oneyak AHaopen CTaHMcnaBoBWd

OoueHT
Kadpenpa o0Wen rU3nKn

TeMbl

dusmka ot Apuctotens oo HetotoHa. OCHOBHbIE NPUHLINMBI U NOAXOAbI

rnob6anbHoro npoekrta "®unsuka"

ObobwweHHasa mexaHuka. lNepBasi NONHOLEHHas ycnewHas Teopus
KOHKpeTHasa mexaHuka. "HeT Hu4ero npaktuyHee xopotuen teopumn”
OT MexaHMKuM K TennoBbIM SABIEHUAM

Cratuctnyeckas pusnka. Kak bor urpaet B koctn?

[Mons n BonHbl. OTKyAa y npuponbl 6epyTcs cunbl?

KeaHTOBaga comnsmka. Hoeasa pusmka 20-ro Beka

Pursnka BbICOKMX IHEPIU. Tak Kak Xe BCE-Taku YCTPOEH 3TOT MUP?



Thank you!



