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Dayalbagh Educational Air
Shower Array

171 m above
sea level

Area of
DEASA is 260
m2.

100x 100 cm?
and 2 cm thick.
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Pulses from the PMT
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Pulses from the PMT
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Electronic circuit

Daily Count Monitoring System
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S/GA4Material* shape3_mat = nist-=FindOorBuildMaterial("G4_ALl");
GaAThreevector pos8 = Ga4ThreeVector({(53.84*cm,0*cm,5.608 *cm);

J/fdetector shape
Gd4double shapes8 dx
G4double shapes8_dy ;
Gd4double shapes8 dz B.1*%cm;
G4Box* solidshapes
new G4Box{"shape
1*shape8_dx,
1*shape8 dy, 1*shapes8 _dz); /f/its size

S/its name

G4lLogicalvolume* logicShapeg8 =
new GdlLogicalVolume(solidshapes, JS/its solid
shape3_mat, J/its material
"sShapes"); ffits name
new G4PVPlacement(o, S/no rotation
pos8s, JJ/at position
logicsShapes, J/its Logical volume
"Shapes8" , JS/its name
logicWorld, J/its mother volume
false, J/no boolean operation
o, S fcopy number
checkOverlaps); JfoverlLaps checking
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Muon and electron is set to as primary in primary generator action.cc class of example
Bl, energy deposition in one detector for both has been compared by analytically
(Bethe Bloch fomula) and by simulation
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IKA: A monte carlo code to simulate extensive air shower

8

s»provided by CERN
**Used in KASKADE
experiment



Input variables

File Edit Format W

RUNNR 2 run number
EVINR 1 number of first shower event
NSHOW 1 number of showers to generate
14 particle type of prim. particle
| ESLOPE  -2.7 slope of primary energy spectrum
1.E4 1.E4 energy range of primary particle
THETAP 28. ID. range of zenith angle (degree)
PHIP -180. 18- range of azimuth angle (degree)
SEED 1 8 @ seed for 1. random number sequence
SEED 2 8 @ eed for 2. random number sequence
[0BSLEV 168.E2 observation level (in cm)
FIXCHI @. starting altitude (g/cm**2)

proton

MAGNET .0 42.8 magnetic field centr. Europe
0 0

HADFLG 0 B 2 flags hadr.interact.&fragmentation
ECUTS .J 8.3 ©.ee3 @.ee3 energy cuts for particles

| MUADDI additional info for muons

| MUMULT muon multiple scattering angle
ELMFLG em. interaction flags (NKG,EGS)
STEPFC 1. mult. scattering step length fact.
RADNKG puter radius for NKG lat.dens.distr.
| LONGI longit.distr. & step size & fit & out
| ECTMAP cut on gamma factor for printout
MAXPRT max. number of printed events
DIRECT . output directory

USER user




mu*/mu- Ratio (R)

(D) = 9 -~ ) ¥ output - Microsoft Excel
—— Home Insert Page Layout Formulas Data Review View

=’ Cut
& Cu Calibri | & | = Wrap Text General -

ot =3 Copy — 528l condl

aste N == == | Fay M . - Y . o g || %0 ondi

s # Format Painter u i A £S i=|| £ Merge & Center 23 - oy G0 .0 o0

Clipboard F} [ Fl Alignment F} Mumber F]
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I dataset Il dataset Il dataset

1]

M muon+ 10075 10153 10185
M muon- 10053 10107 10156
ratio{muon+)/{muon-} 1.002188 1.004551 1.002855

**Output comes in the form of text file which consist the
longitudinal parameters as a function of atmospheric depth.
**With the help of excel spreadsheet , the muon charge ratio as a
function of atmospheric depth (g/cm? ) has been determined.
**For 1013-15> ey | simulation is performed.



Number of 10075

positive muons

Number of 10053

negative muons

Muon charge 1.0021

ratio

10153

10107

1.0045

10185

10156

1.0028



Plets fer primary particde (preteon) having diiicrent cnergies
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d Space radiation may place the crew at
significant risk for radiation sickness, and
increased lifetime risk for cancer, central
nervous system effects, and degenerative
diseases.

d Astronauts are exposed to ionizing
radiation with effective doses in the range
from 50 to 2000 mSv (milli-Sievert).

d Although the type of radiation is different,
1 mSv is equivalent to about 3 chest x-rays.

A Shielding was studied against GCR
(penetrating protons and heavy nuclei),
and SEPs (largely medium energy

protons).




This type of radiotion
is emilted as immense
clouds of high-energy
charged particles
thought to originate
from supernovas.

IONIZING

GALACTIC COSMIC

RADIATION

CAN NOT BEFROTECTED AGAINST

This type of radiation
occurs when charged
particles become trapped
in Eorth’s magnetic field
and spiralaround
inside the field.

TRAPPED
RADIATION

ONLY INSIDE EARTH'S MAGNETIC FIELD

Solar energetic particles
ore released by the Sun
in solar porticle events.

This can result in sudden.

inftense storms.

SOLAR ENERGETIC
- PARTICLES

EASIEST TO PROTECT FROM




Hierarchy System in Geant4
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Event Processing in Present
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Without Shielding




Polystyrene
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Result Polyethylene Polystyrene  Water No Shielding

Initial energy in 981(MeV), 991(MeV), 991(MeV), 1004(MeV), |995(MeV),
shielding 352(Counts) | 386(Counts) 379(Counts) | 375(Counts) | 1007(Counts)
Energy of primary | 762(MeV), 774(MeV), 789(MeV), 796(MeV), 970(MeV),
reaching Phantom | 184(Counts) | 197(Counts) |227(Counts) |237(Counts) |999(Counts)
Secondary 1572(Counts) | 1955(Counts) | 1902(Counts) | 1858(Counts) | 14(Counts)
particles reaching

phantom

Galactic Cosmic Energy Spectrum Based Simulation of Total Equivalent Dose in Human Phantom, Springer
International Publishing AG part of Springer Nature, (2018)



e Equivalent dose :

H=QD

Here Q = Quality factor, D = absorbed Dose, Q = 10 (for proton).
e Absorbed dose :

(0]

20)

Here ~ is detector density, V is the volume and f(E) is energy
distribution function.

Shielding
dimensions:
1500*1500*50
cm.i

Shielding Density Expected dose Calculated
Material (g/cm3) (Sv) dose (sV)

Al

Polyethylene

Polystyrene

Water




Al is found to be poor shielding material when dose equivalent is
concern

With Polyethylene and polystyrene shielding, max no. of
secondary produced

Material with high ‘H’ and low ‘Z’ content are most efficient in
protecting the astronauts.

With Polyethylene, Polystyrene is also examined as potentially
useful material & demonstrate important advantages as an
alternative to Al




* Millions of cargo container enters in India every year but
among these containers not even 5% are examined which
leads to a risk for the presence of very harmful and
dangerous materials being supplied into the country. A need
to think about a method by which these containers can be
checked without affecting the human life.

* India is increasing its nuclear power plants every year, and
this implies a large environmental compliance for these
nuclear plants. The nuclear waste from these power plants
includes physical, chemical and radioactive characteristics,
which requires different approaches to treat them.

* There are certain ways to treat them in a right manner,
depends upon the type of nuclear waste.



In muon tomography, the muon is used to create a 3D
image of the container by passing the muon from the
container and detected it before and after it travels
through.

With the help of the tracks of muons, a 3D image is
produced that leads us to estimate the material contained
inside the container.

These containers are also need to be observed with the
time to estimating the amount of radiation present in it.
The aim for this study is to apply the method to confirm
the presence of any harmful radioactive material without
getting affected by it.
The analytical results have been given to explain the
energy loss and multiple scattering of the muon for
different energy.
Radiation length of muon has also been calculated for
different type of materials.







Kajal Garg, Sonali Bhatnagar, “Identification of Nuclear Wastage
with the help of Scintillation detector" Pramana- Journal of
Physics 2021, Vol.95,Issue 1, Indian Academy of Science.

Energy (GeV) Energy loss and scattering angle for

\ETCIE] Calculated value Referenca value iC. lewett, 2011)

Energy  Radiation |~oncret&nersy Loss Radiation

Loss length (mradj—(vteV) tength(cm)—(mrad)
(MeV)  (cm) Energy Loss (MeV/c) (mrad)
3.65 3.13
Concrete 3.636 10.91 4.17 4.46 11(55 4.06
4.17 2.09
13.65 152 10.44 14.22 1.76 11.1
17.98 0.43 Z&@é] 18.55 0 561 >6 20.5
Uranium 2756 0.21 2375 289 03 279
5.01 1.25




* Partially loaded container would give a smaller scattering angle and a
fully loaded cask will give the larger scattering angle .

* The nuclear waste is hard to identify and it’s not possible to look for
all possible scenarios to identify the nuclear waste. Muon
tomography has come out to be the best solution for characterizing
the nuclear waste.

* We have given an example to show the use and identify the amount
of waste.
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