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The goal of the project is to include current scientific data into
the educational process, to conduct virtual and online laboratory

research based on using modern scientific equipment and data
obtained from the existing physical facilities.

Virtual Laboratory of Nuclear Fission
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Project Team
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Virtual Laboratory of Nuclear Fission

‘ About | | Part 1 | | Part 2 | | Part 3 | Part 4 || Part 5 | | Part 6 i Part 7 uml“lb. e mm “lﬂi "I , ! - i&:‘:‘-
Software complex “Virtual Laboratory of  Interactive environment for nuclear experiment

Nuclear Fission” modeling (Setup Builder)

Hardware complex “Virtual Laboratory of Interactive web-version of the project
Nuclear Fission” for student practices



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 systems 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.



Input knowledge

Elementary level: high school physics

Basic level: university course on general physics;
section “Nuclear Physics”

Advanced level: university courses “Quantum Physics”
and “Nuclear Physics”



Project content

About: About Virtual Laboratory of Nuclear Fission
Part 1: Some Concepts of Nuclear Physics

Part 2: How to Measure Radioactivity

Part 3: Theoretical Models of the Atomic Nucleus
Part 4: How to Measure Nuclear Fission

Part 5: Light Ions Spectrometer - Measurements

Part 6: Light Ions Spectrometer - Data Analysis

Part 7: Interactive Environment for Nuclear

Experiment Modeling
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Part 1: Some Concepts of Nuclear
Physics -~

1. World of the Atom
2. Atomic Nucleus

3. Mass and Energy iE= A ’

Xe

- & @jﬁ
4. Fusion and Fission S LY
. u . wlggSr
5. Radioactivity: =
— Alpha Decay < e o
- Beta Decay e e

— Gamma Decay

- Spontaneous Fission
6. Radioactive Decay Law
7. Quiz
8. Exercises



Part 2: How to Measure Radioactivity
P

1. Introduction

2. Radioactive Sources

3. Interaction of Radiation with
Matter

Periovisches Sgstem Yer €lemente.
Gruppe Gruppe évu p¢ |Gruppe Gruppe Gruppe. Oruppe Gruppe Gruppe
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4. Radiation Detectors:
— Gas-Filled Detectors
— Scintillation Detectors S i e s s et

1:§ﬂg 1 S ’Sb L l

5.X1 B [ ﬁ‘sl lDIﬂRno

— PIN Diodes 2 Mwmmﬂg
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— Detectors Based on

Microchannel Plates
5. Measurement of
Radioactivity
6. Quiz
7. Practicum



Part 3: Theoretical Models of the Atoic

Nucleus

1. Introduction
2. Nuclear Models
— Liquid Drop Model
— Fermi Gas Model
— Shell Model
— Collective Model
3. Quantum Mechanics in
Nuclei
4. Fission and Quantum
Tunneling
5. Basic Regularities of
Spontaneous Fission
6. Collinear Cluster Tri-
Partition (CCT)
7. Quiz
8. Exercises

M1

P>

M2

en — Left fragment deformation

€n — Right fragment deformation

d — Neck

Q, — Elongation (fission direction)

og — (M1—-M2)/(M1 + M2) Mass asymmetry



Part 4: Nuclear Fission Experiment

1. Introduction

2. Physics of Binary Fission _
3. Methods of Detection of -
Fission Fragments

4. Energy Measurements of ®
Fission Fragments from L

\

Californium-252

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
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Part 6: Light lons Spectrometer - Data
Analysis

1. Introduction
2. Data Viewer

3. Preparation to Time
Calibration R O O T
4. Time Calibration

5. Preparation to Energy ~ Data Analysis Framework
Calibration

6. Energy Calibration
7. Mass Calculation
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Theory

Nuclear Models

For explanation of properties of the atomic nucleus scientist represent nuclear models, because there
are not a theory which could describe all the phenomena inside the nucleus. The exact potential of
forces acting between nucleons inside the nucleus is not determined yet. Energy releases ';,

0 | i
a ‘ - - - Chain reaction

Fission barriers, and hence stability against fission, are higher for nuclei with a magic number of protons
and/or neutrons. Superheavy elements exist exclusively due to shell effects. Appearance of shell effects
is spontaneously fissioning isomers (Discovery: G.N. Flerov, S.M. Polikanov (1962). Explanation:
V.M. Strutinsky (1970)).

Shell effects

10

Each nucleon inside the nucleus can be describet 3 . 52U @ 2L 5
and momentum characteristics py, py, p: ... There = 3 2 i 92U on products :
variables. The task becomes indefinitely compli ® s i ® [ Uranium-235 nucleus
g - g s
[ [ I~
= s [
- -
g ¢ 10%years & F 5106 years anode at the end of the tube forming an electronic pulse.
Ep= — —] =] 2 of A4 b
I 9] ’ \ \\ o J instrument.
a a [
Nucleus N v Nucleus \ \ > Multiplier (PMT)
deformation Z=108 deformation Z=108
«Binding energy AMAA ANMM—  i+HV
Liquid drop model Microscopic theory
The binding energy E, of any nucleus of r Anode
number A and atomic number Z is given by the S
Weizsicker's formula. In nuclear physics formula = & - J — —
W QI0f 4 :
is used to approximate the mass and various other E § ———— 4
properties of an atomic nucleus from its number o £ &g & Current pulse
of protons and neutrons. It is based partly on & 3 ¢ Asymmetry energy.
theory and partly on empirical measurements. 2=
T A R . ]
g w i Net binding energy N N\
% L *Photo
%0 30 60 % 120 150 180 210 240 270 - electron
Mass number (A) — «Charged =Scintillation
particle photon “— AW/ WY MW VWW— +HV

Behavior of different terms
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- Binding energy

The binding energy E, of any nucleus of mass
number A and atomic number Z is given by the
Weizsacker's formula. In nuclear physics formula
is used to approximate the mass and various other
properties of an atomic nucleus from its number

of protons and neutrons. It is based partly on
theory and partly on empirical measurements.
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Net binding energy

Mean binding energy/nucleon
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Behavior of different terms




Video Lectures

LIS setup

MCP based timing MCP based timing
STOP detector MCP based timing STOP detector
START detector
Radioactive
PIN diode source PIN diode

Vusi Daid Malaza. Stellenbosch University, Faculty of Military Science,
Military Academy, Saldanha, South Africa
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Quizzes
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' % & @ v - a-particle is stuck in the detector "body" « a-particle is stuck in the detector "body" -
=7 /

2/20. Match the animation and the type of the interaction. 7/20. Match the pictures with their captions.

Source Source
¢ ? -eStart2

PIN1 : PIN2

B e Soqrce our
PIN1 Startle ~ <Start2 PIN2 Stop1- ftartl» 3, »-StartZ.. «Stop2

y-decay a-decay B-decay I ‘ .
g>—$_< 3/20. Radioactive materials are studied in a magnetic field. | - 1 JJ ‘ LL'
Move nameplates to the corresponding rays. ; - . : :
] [ ctor "body" - ,

Strong interaction ] [ Weak interaction

2V method ] [ VE method ] I 2V-2E method ]

CORRECT!
[] [ previous ]

f
Ir names.

6/20. Add captions to each component of the picture tl
different energy types to the binding energy.

" _ 716.4 g/cm? A
" Zz+ 1)In287V2)
Surface energy fT
0
- o| n-[—2_
§ 2 —dE/dx
§ CORRELT!
> dT| 4mnez’e’ 2mev?
- —_—] = o | - R2) - R2
-g— 4 dxlm mev? [In[ /_J Lo B]
w
2 21
2Zze
T T T o Bethe-Bloch formula | € O tg0=—mvzz
Mass number (A) —
CORRECT ! CORRELT!
[ next

[26] [ previous ] [ next ] [26] [ previous ]
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Exercises

1. The radon-220 isotope undergoes alpha decay. Write down the equation of this process.

_

14. Determine the disintegration energy of the uranium nucleus using the
diagram of dependence of the average binding energy from the mass number
for the reaction:

235 1 95 139 1
3sU +gn > 33Sr + 15Xe + 25n

Type here.

,,,,,,,,, ‘ Solution: 35| *°Fe sy 110
The average binding energy 9 2°r:le’ & ‘(-:d "1?' 180, o
(according to the diagram above): i 2c oft : AR =U

75A : -
-1ay " AS 1007, 126Te 160Dy oe
Au

51 52 53 54 § i
sb| Te| I || Xe| —— = 1k
stnom || whorom [| wove [| weon |(EEEE v Eu= ‘ ‘MeV/n. g % b -11g

B ] u 8 || 8 | o 2= e “9Be
i . . . . . f < i 2
Pb || Bi |l Po _.f,, 7. The isotope uranium-235 decays several times until a stable element is reached. 29| HEHEE

The complete list of particles emitted in this chain is:

BU> [0, B,0,B @ 0,0, B0 B] >X

2H

Write down each element in the series and define what isotope will be a product of this chain:

L

| S A I ST S i R
10 30 50 70 90 110 130 150 170 190 210 230 250

ha particle with the energy 6MeV in
is 0.1 T. The range of alpha particle path

11. On the picture you can see the nuclear fusio
Look at the picture and write down the correspc

H® O H® @WH B 7 %2 B 0 (3 36
[ H i || Pb || Bi || Po |l At | Rn
v e . He || Ti || Pb || Bi,| Po | At | Rn - A 2
N P . 87 ) a9 %0 91 9z 93 le. Nl fal
ol v m Fr | Ra || Ac || Th [ Pa Np N
lH ’ ' lH 1H . \?ZH | franium radium actinium thorium protactinium | | uranium neptunium /
N/ v + d \4Aa
L .
vl L . w
'3He 3He’ —t J j } § where e — elementary charge; m, = mp, v
N where m, — proton mass.
I 1 2
1 1
He J, o @ —Proton He : ey ] MaVi
o frdeogen || beliom Alpha particle kinetic energy Ea= > Va=V2E,/ M
. — Neutron 2
.
Deviation angle a=_f= 9.8 = 9a61 p
R myv, 2mqE




Virtual Practicum

Laboratory work 2.1 Laboratory work 4.1
Study of signals from a pulse generator Energy calibration of a PIN diode
Pulse generator produces impulses of the established duration, period and amplitude. Connect the oscilloscope and the pulse generator by the appropriate Study the scheme of the experimental setup.

cables (each 1 m long). To get signals turn ON the CAMAC crate and the oscilloscope.
+ Signal to data acquisition system

Vacuum station
E PIN-diode

g

. Y
e A

0 -

Laboratory work 4.6

Time coincidence counting from cosmic rays

So, you've got the logic signals from the cosmic rays that enter the scintillation detector. Calculate parameters of the regular pulse: duration (ns) and
amplitude (mV).

[*¢] [ previous ]

Laboratory work 4.1
Energy calibration of a P

There is the spectrum of radium alpha particles. Find centers of gravity of alpha-peaks.
wish to study. Press the button «Calculate mean value». Fill the table below with calcula

Pulse duration, ns:  Pulse amplitude, mV:

Number of counts Mean value, channel ~ Energy, MeV
[

40 300 Check
164.7 4.784
Lineanyy [*4] [ previous ] [?] [3 1919 5.489
211 6.002
Reset 2739 7.687

Mean value
2739

Energy = 0.387 + 0.027 - Channel number
! The obtained slope and intercept are the coefficients of the
203 219 235 252 268 284 linear calibration of the energy scale of the PIN diode.
Number of channel

[2e] [

previous ]



Light Ions Spectrometer




Light Ions Spectrometer

LIS Setup

Radioactive Source
and Detectors

Desktop Digitizer

e
LSS

CAMAL

ccccccc

Vacuum System




Data Analysis

£ The HSUM example - | X
File Edit view Opfions Tools Help
qi

q1l
E N Entries 257628
BOO: Mean 1599
= I RMS 360
700 I
600 &1
c 1 ﬁ% 1
5002 Ei I }%}
4002 ﬁll 1 ¥
300F %I
200 F 5
E E&
1005
Boo oo 1000 1200 1400 1600 4800 2000 2200 2400 2800

Energy of fragments detected by PIN1 {channel)

& Fragmentidcs - m] x
File Edit Wiew Options Tools Help
Tima of flight of fragments detected by MCP1
Tmepl

1600 Entries 757628
Mean 1047

1400 RMS 1274
x* / ndf 7898/ 1418

1200 Prob 0
Amplitude MCP1 HF TOF 6574432
Mean MCP1 HF TOF 1121+02

1000 Sigma MCP1 HF TOF 55.62 + 0.24
Amplitude MCP1 LF TOF 1422+ 6.4

800 Mean MCP1 LF TOF 9626+ 0.1
Sigma MCP1 LF TOF 23301

600 \!

400 t

|
200 J | \'-.
0....\.4\.‘_L_,_\_‘_J..‘..‘I.‘..I.‘..\...I..‘.I
0 500 1000 1500 2000 2500 3000 3500 4000

Time {channel)

[ X © aAnatysis ® @

Create Ntuple
Start Viewer
Time Calibration
Energy Calibration
Energy Fit

Mass Calculation
ish Analysis

B O viab : root
@ain Mpassa Ban Mypian 3axnamew Hactpodka Crpass
1 A -2.01056e+02 B.5113Ze+00 6.56292e-05
2w 2.49508e+03  3,87047e+d2  1.36490e-02
3 E8 1.96692e+02  B,69330e+D0  6.20873e-05,
APinl = -201.056 WPinl = 2495.08 EOPinl = 196.692
FCN=1.67157¢-07 FROM MIGRAD  STATUS=CONVERGED 176 €
EDM=3,382¢e-07  STRATEGY= 1 ERS
EXT PARAMETER STEP
WO, NAME VALLE SIZE
1A 1642846402 1.50239402  3.73708e-04,
2w 2.91043e+03  4,83008e403  8.62353e-02
1.50269e+02  1,57804m402  3.47487e-04,

3 E0
APIN2 = -164.284 WPin2 = 2910.43 EGPInZ = 159.268

& viab : root

@ (O Mass HF vs Mass LF

File Edi Wiew Opiions Toals

M

ass Pin2 vs Mass Pinl’

40

Mass of fragments defecteq by PJN2
2] o] (=]
(=] (=] o

B
[=]

T[T T[T T[T T arT

5]
o

Entries 257628

~ |Meanx 12289
|Meany 1232
|RMSx  19.43

RMSy  18.36

=)

40

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

9 Straight fit

File Edit Miew Options Tools

@ RooT

Approximation MCP1 Mean Times by Straight Line

& F
2 F
2 17T
E [
Er
18-
15
14
13
r 52 1 ndf 54962009/ 0
120~ Pro 0
F Inciination 0.02386 + 0.01525
11’_ Ofget —11.28 + 15.39
R[] S IR RPN RN R
850 1000 1050 1100 1150

Time (channel)

Time (Ns)

Approximation MCP2 Mean Times by Straight Line

17
18
15
14
13
F 4 1 ndf 14642 009 10
12 Proo o
F Incination  0.0257 + 0.01505
ny Offsat —8644 £ 135
1of | | | 1 I
B850 200 950 1000 1050

Time (channel)
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Hardware-Software Complex
“Interactive Environment for Nuclear —
Experiment Modeling”

3l

mm a5
v i d
' @
= T
2t @1
Sources Detectors Equipment CAMAC Wires
- [F-252 - MCP detector - Oscilloscope - ADOC - LEMO-LEMO 1 m
- Ra-22b - PIN diod - Computer - Amplifier - LEMO-LEMO 10 m
- UserSource - UserDetector — Controller - LEMO-BNC1 m
- UserSource - UserDetector - Delay - LEMO-BNC _}U m
- UserSource - UserDetector — Discriminator = Eﬁ"gua'ﬁ?i m
- UserSource - UserDetector — Generator ) BNE:EIN[ ltll-nm
- High Voltage — LPT-LPT

Libraries of the Setup Builder



Hardware-Software Complex
“Interactive Environment for Nuclear
Experiment Modeling”

o £ = ey
‘
== K o, ©
-
e S ¢ e g Number of counts
° o l DDDDDDDDD
“ oo
o
o
o
e
i

uuuuuu

\jﬁ@j\-“i’ »

Sources

info

Detectors  Equipment Wires

You can arrange your own setup

Select an object,
drag and drop it on
the indicated place

7

Sources

- Ra-22b

Br

save open  clearall
|




Hardware-Software Complex
“Interactive Environment for Nuclear
Experiment Modeling”

File Edit View VM Team ACE Windows Help

) Windows XP Professional

ENPE SELY R . OE0 @EE

Refactor Broject Buld Debug Data Took Window Community Help

S-S $ a9 - & - P Debug - Any CPU R S|k B
5 % b 4 2103 3 & 5
TBlock.cs | TDetector.cs |~ SocketConnection.cs | TPartide.cs | Const.cs | TAbstractObject.cs TSource.cs*| Formi.cs [ Formi.cs [Design] ~ % Class View ~3
¢ SocketClient.TSaurce | [ Getspontaneovsrusion) =13
1| <search> -8
Random rnd = new Random(); =] Socketclient
-3 Project Reference
- *® . - {} SocketChent
res[0]. —_rn?.NextDuub]e() 2 + 106; ) Serestimie

E
res[0].Pz = 1;

m = 248.072349555;
LF

res[1].Typeof = const.TypeofParticles.|;

(@ Apha
res[1].E = rnd.NextDouble() * 2 + 14555@ i
res[1l].Pz = -1; 9 Equals
res[1].m = 252.081626555; 2 BT :
V/ESEEEEE HF 4 ReferenceEquals
if (rnd.NextDouble()>0.5){
res[0].Pz = -1;
res[1].Pz = 1;
return res; Propertes -2
D e
[ [ R #EEEE AR
Wiiiiaasd #ERERE R
Wiz e e
[ [ R e
< > -
Error Lat -Ex
Description File Line Column Project
Q1 [dennﬁ:r expected TSource.cs 131 51 Suckletchent

You can develop your own sources and equipment and integrate them
into the Setup Bulider



Student Practices

= [ijve lectures m Lab exercises

= Virtual labs
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Student Practices

Virtual Laboratory of Nuclear Fission
g science

S ST, S
-~ S 3 B . )
T, mES & technology
(v \" ) >, - L 44 Department
= T pTPA S ‘»‘ Yy Science and Technolog:

cience nology
NSTITUT
LEAR RESEARCH REPUBLIC OF SOUTH AFRICA

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

Kehinde Gbenga Tomiwa, University of the Witwatersrand

JINR —SAR, September 2015

Detector Spectra

Method
T . Draw amplitude distribution
\ of all event.

Define Start signal threshold
to filter events
N\ - Fit signal pedestal and rise
" time to obtain baseline and

- - o :"w"'\,’M"‘;A\,‘N.‘\*J‘"v\/\ﬂgA €. ¥ —Po
Fit on Signal rise | 15 = Xpim — .
Slope (p1) of fit | 1

Estimate ts for

00 B0 8 BT

start and pin diode
detector event by

Fit on Signal pedestal event
pe

Alpha peak
238py

Event Amplitude Distribution

3
T H‘\’\HL

[l Alpha peak

2520f

Pin Diode detector

amp1

400

600

Time of Flight Distribution

Fission fragments

/N

800 1000

1200 1400

1600 1800

T

HHHW

107

J

Alpha peak
252Cf

Alpha peak
A 238
I~
l Fission fragments

/ N\
/N

ﬁﬂﬂn \

(Y s

LA A
hh’ [Hf W JJ U]'Lrh

2000

Entries
Mean
RMS

2200

14533
227
390
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Web-version of the Project. Advantagés

e

1. Access through the
Internet.

2. You can control the
educational process as
a tutor.

) 3. You can see the progress of

T passing the course as

- e a student.

eeeeeeeeeeeeeeeeeeee o === | 4. You can communicate with
R (0 15 ) peers and tutors.






