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Qhmwmlpuh Ulgonny (Foluwybu wpwply ghnkghp)
Q-hwmbhph wpupiwt byunuljaiph nL gnpophpwgp

Luymbwplpb] b dbwlEpyb) jpbnhpp
Uwljli] b juwmwuptip ghmwthnpa,
hwjuwpuwugplip myjujbipp.

Syjujitiph dowljiwi hwdwp phnply
twptidumhljuljub dtpnnbtph
Jtipnidonipnih, phnpt] wyt dnntgp, npp
[wjugnyiiu jpugummph atip b wpfuwphh
ujjujitipp

QUuultipyti b thnpawplytiy hhynptiqtpp.
{witivwwntby wy] ghmwthnpatiph htin.
Quultipy i myjujbtipp wytiybtu, np dwpnhly
Jupnnubwb wjit unnigli] b huniiwwnt
hptiilg myjujitiph htim

Nuumpuwuwnti] b wmiuwgphtt nupuply by
hnnpjwd

NMuumuwuhiwbl] dEjhwpwbtnipyniabtpht
(paiunuumnipnLabtpht) , Ypiht vnniqty
pninp myjjujblipp b nunuplty Jipetwljub
Jtpwbhwjiwh

Shtigtipwjubh dwnwqujphtiph
puguwhwjmnid

Gpynh Yypw b pajand hnbhqugtng hnuptip
oty L nu (pununpnipynii, thipghwi)?
Unpynipbtipp (Wpkquly, Gwjulmhlu, SNR, Ul
Tunnnsutip, tjmpniwghit wmumnbp)?
Qhmblmnpatp (nptqpului dSwqdwl,
dwltiplnypuwyhi); pgimtywmnph yumwupiwbp.
lutiyytiu nLoti hwjunupa jutinhpp?
Unplijuynpnud; mwpudiwb b
thnjuwqntignipjui inpljitp; dwpnne Ynnihg
umntindjwd wpuqugnighsatiphg unmwgyud
wyjubiitiph ogqmugnpdniy; inntith vmnignud b
Juytipugnuy;

Quithiwl innty: hwtwjunipnih; dwubhlyatiph
nuuwljupgnid.



Scientific Method (How to create knowledge)

Principles and procedures for

creating knowledge

Recognize and formulate problem

Prepare experiment, calculate response,
collect data.

Formulate and test hypotheses.
Compare with other experiments.

Choose mathematical methods for data
analysis; estimate quantities, choose the
theory best explaining your and world
data.

Formulate results in a way people can
check it and compare with their results.

Prepare and send the paper to journal.

Answer comments of referees, check again
all results and send for final revision.

Discovery of Cosmic Rays

There is a flux of radiation fallen on the
earth;

What it is (composition, energies)?
Sources (Sun, Galaxy, SNR, Black holes,
neutron stars)?

Detectors (Space born, surface); detector
response.

How to solve inverse problem?

Simulations; models of propagation and
interaction; available data from man-made
accelerators; model validation and
verification;

Model of measurement: from counts to
intensities; particle classification.



Kak Co3naBars 3nanue (IIpunuunst u Ipoueaypsni)?

« [ToHsaTh ¥ chopMySIUpOBaTh MPOOIEMY;

 [IoArOTOBUTH U TIPOBECTHU
AKCIIEPHUMEHT, COOpaTh TaHHBIE:

* QOpMYyIMpPOBAHUE U TECTUPOBAHUE
TUIOTE3;

* CpaBHEHHE C APYTUMU
AKCIIEPUMEHTAMU;

* Beibop MaTeMaTHYECKUX METOOB IS
aHaM3a JaHHBIX; OIEHKA, BEIOOP MOIeIN
HAWJTYYIIUM 00pa3oM OOBbSICHSIOILY IO
IKCIIEPUMEHT, OIICHKA TTapaMeTPOB
MO/JICIIH;

» ChopMynupoBath pe3ysibTaThl B BUJIE
IOITY CKAIOIIIEM ITPOBEPKY U CPABHEHUE C
IPYTUMH YKCIIEPUMEHTAMM;

* [ToATOTOBUTH U OTHIPABUTH CTATHIO B
KypHa;

* OTBETUTHh HAa KOMMEHTApUU
PELIEH3EHTOB, MPOBEPUTH PE3YIbTATHI U
OTHPABUTH JIJI OKOHYATEIBbHOTO
pELIEH3UPOBAHHS.

OTKpbITHE KOCMUYECKHUX JIy4el

* MI3MepeH NOTOK MOHU3UPYIOIIETO
V3JIYUYECHUS [AIA0IIETO HA 3EMITIO
W3JIYUYECHUS YIIAJIU HA 3EMIIE;

* I3 yero oH cocTouT (CocTaB, SHEPTUHU)?

* Bo3MOXHbIE HCTOYHHUKH (COJIHIIE,
['amaktuka, SNR, depHbI€ OBIPHI,
HEUTPOHHBIC 3BE3/bI?

* Jletextopsl (KocMuueckue, Ha
MIOBEPXHOCTH);

 Kak pemuts oOpatHyto 3a1a4dy?

e MoaenupoBaHue; MOAEIH
PACIPOCTPAHEHUS U B3aUMOJICHCTBUS
KOCMHUUYECKHX JIyUY€H, TaHHBIE C
KOJUIAUEPOB; IMTPOBEPKA MOJEIIH:
BepudUKaIUA U BaJuIacusl,

° MOI[CJ'IB N3MCPCHHUA: OT JICKTPOHHBIX
CUT'HAJIOB C ICTCKTOPOB K
HMHTCHCHUBHOCTAIM, KJ'IaCCI/I(bI/IKaI_II/I}I
qacTHL.
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P reck Model

“To understand the very large,
we must understand the very small.”

Democritus

* Greek philosopher
¢ Idea of ‘democracy’
* Idea of ‘atomos’

e Atomos = ‘indivisible’

e ‘Atom’ is derived

* No experiments to support Democritus’s model of atom
idea, his ideas were forgotten

No protons, electrons, or neutrons
for thousands of years. e

Solidand INDESTRUCTABLE



o o Oganesson Is a transactinide
@ chemical element with symbol
Og and atomic number 118.




J.J. Thomson’s discovery of electron (Cambridge
University's Cavendish Laboratory in 1897)

electricity passes from the a small bit of electricity
cathode to the anode passes through the hole

/ in the anode
//
/
4
/

cathode

positively charged
metal plate

negatively charged
metal plate

https://www.youtube.com/watch?v=4gKMsMs-5tc




The cathode ray tube (CRT, EGA, VGA) is a vacuum tube that contains one or more electron guns and a
phosphorescent screen, and is used to display images. It modulates, accelerates, and deflects electron
beam(s) onto the screen to create the images. Now: liquid crystal display (LCD), light-emitting diode

(LED), gas plasma or AMOLED is an "active-matrix organic light-emitting diode”’ .

. Bright spot
Horizontal on screen

Cathode Anode d?ectlon plates where ,
electrons hit

(1
Heater A _
|--- }---L---_

current

Fluorescent

Grid / screen
. Path of
electrons
Vertical
deflection
plates

Kathodenstrahlen, or cathode rays. Two views were prevalent: one, which was chiefly supported by English physicists, was
that the rays are negatively electrified bodies shot off from the cathode with great velocity; the other view, which was held
by the great majority of German physicists, was that the rays are some kind of ethereal vibration or waves.



Experimental setup that proves
negative charge of cathode rays
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The speed of a charged particle can be measured indirectly
by perfectly balancing the electric force
against the magnetic force so that the charged particle goes in
a straight line.

Flugrescent spot

Electric field - o
y Anode \x ) N
i " | ";"*;'_-,.
'.T_-%
=
.'l::?
.-"l:.'-:-:}':l
. L5
" é !
5, __Ilu _._.:_': = I|
. = 1 .
- Deflection
" Electromagnet Cathode ray sogle

canrye nbea A4 Pascasn Mhosd o= 11 Pokishinn se Meanas=ic Commings

Electric field — E; magnetic field B; force F =
eE =evB; v =E/B if the spot is not shifted
from the center



Projectile Motion and Inertia

" Inerhial or gracei ty—free path®

With grawnty, a " prgechile® vwall fall belowrits merhial path. Grawtyacts
dovamrmrd to cauwse a dovawrard acceleration. There avenws honzmital forces
neaded tomamtam the honzmtal motion - consistent wath the concept of merhia.

V =V, + gt; V, = 0; ds/dt = gt; ds =gtdt; [ tdt = t2/2; s = g t2/2;
t=1/v=1m/108 m/s =10-8s; s = (10 m/s?2 * 1016 s2)/2 - 5*101* m
The size of atom is ~ 1019 m

So we can neglect the gravitational displacement of electron.

G can be neglected, but E — not!

So s = at?/2; a=F/m = eEt?/2m



First estimations of electron

paramete I'S
F, =qE=F, =qvB P V—E , magnetc = electric
+v v*t _at’
S = vmean *t; vmean : O S - =
2 2 2
a:E:ﬂ;tzi; electric only
m m \%
2 2 2 2 2
g=dEl _4EUB _al'B g - 25E ) 7568196107 CKg ™
2m 2mE 2mE  m [I°B

S=eEt?/2m; t=I/v=IB/E; S=el?B%/2Em; e/m =
2sE/12B2



No measurement is valid
without error bars!

Charge to Mass Ratio of the Electron Results

Fall 2004
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Crny4daliHbIC COOBITHS

OT1oOpakeHue MHOXKECTBA COOLITHI Ha
MHOecTBO umcen — Open/pemka — 1/0

Onenkn — {2;3;4;5} mmu (12 — 20)
Bpems oxuganus mapmpytku (1-10

MHHYT) HEOpepbhIBHAS ClydalHas
BEJINYMHA

Bocxon Connua — nyHamu 2003 T.



Duality of Random — Deterministic

Variables

The statistics of a random variable (all you can say
about a random variable) are completely defined by its
probability density function (pdf), mean and standard
deviation.

The mean iIs sometimes called the expected value of X,
E(X). The standard deviation is the square root of the
variance.

Tehran Times from March 1, 2005 — Prayer Time:
Sunrise 6:34" :23,45678912345

The Tsunami of 2004 caused a 3 microsecond change In
earths rotation ( our day got faster!)

Earthquake in Chili in February 27,2010 again
shortened the day by another few microseconds.



3mepenue qimHbI 1BEPU

« 201,202,198,199,200 -
» 180,220,190,210,200
+ 201,202,198,199,300
 200;200;250

» 198;199;200;202;300

« 200 .
e 4:40:102 .
e 3.3;:10:330 .

[Touemy pa3Hbi€ 3HAYCHUSA !
YeM OTIIMYarOTCs pAIbI?
Gross error

Cpennee

PaHXupoBaHHbBIN PAL
Menuana

Pasmax
RMSE

Mooenv uzmepenus — Pacnpedenenue ciyuatnvlx ouinuboK



B SAnonuu 20 maprTa 3anBejia cakypa

Memeoponocuueckas cayxcoa Anonuu 6 cyobomy, 22
mapma, oQuyuaiIbHoO 00bA8UNA O HAYAE Ce30HA
yeemeHus cakypwvl, cooouaem

Ilo ungpopmayuu acenmcemea, ysemul ANOHCKOU GUUHU
yorce pacnycmunucy 8 Tokuo u npegpexmypax Cuozyoxa
(Shizuoka) u Kymamomo (Kumamoto). [lpuuem 6 Toxuo u
Cuo3zyoxe cakypa 3ayeena Ha uiecms OHell, d 8
Kymamomo na osa ousa panvuie obviunoeo cpoka. Ilo
UHopmayuu MemeoponIocuULecKoll CIyHcovl, 5mo
C8A3aHO ¢ ycmaHosusulelica Ha meppumopuu Anonuu
Meniou no2o0ou.

Edicecoonmiii nepuoo yeemenus caxkypol Onumecs mMmeHee
edel, 0OHAKO 8 HCHBIX patioHax Anoxuu ox
acmynaem HeMHO20 paHbvlile, yem 8 cegepuvix. Bcezo ¢
OMEHMAa pacyeemanusi Nepevix 0epesbes Ha 12e
Mpanvl 00 OMYBEeMAaHUsL NOCIEOHUX 0epesbes HA cegepe
POXOOUm 0KoNO Mecaya. B smo epems socumenu Anonuu
r00am evibupamucs 6 napku, 0860pwvl U 0adxce Ha
1a0duwa 0Jisi mo2o, 4moowvl nposecmu 8pems noo
semyujeli Cakypoul.



http://www.reuters.com/

Brightest Galactic Flash Ever
Detected Hits Earth

Coronas-F detection of the giant
outburst from SGR1806-20 which
was scattered back from the Moon.

SGR-1806 is an ultra-magnetic
neutron star, called a magnetar,
located about 50,000 light years
away from Earth in the
constellation Sagittarius. The star,
named SGR 1806-20, spins once on

| 1ts axis every 7.5 seconds, and it is
| surrounded by a magnetic field

more powerful than any other
object in the universe 10"15 Gauss,
the Earths magnetic field is only 0.5
Gauss. A huge explosion halfway
across the galaxy packed so much
power it briefly altered Earth's
upper atmosphere in December 27.

E The gamma rays hit the ionosphere

and created more ionization, briefly
expanding the ionosphere. An object
only 20 kilometers across, on the
other side of our galaxy, releasing
more energy in a tenth of a second
than the Sun emits in 100,000 years
— 10728 Watt.



The enormous intensity of the initial pulse proved

to be far above the saturation level of the gamma-ray detectors,
with the resultthat the most valuable data on the time structure
and enerayv spectrum of thepulse is lost.

<0 5GR 1806-29

to Sun |%-3°
[T Tt SRRy S

Estimation of the initial pulse fluence from complete détector

saturation during <0.5 s can yield only its lower limit > 10—2 erg cm—2. Thus, direct
observation of an outburst does not permit one to obtain data on the intensity, time history,
and energy spectrum of the initial pulse.

The flare wavefront came from the SGR 1806-20 direction, crossed

Wind at TW, passed Earth at TE = TW+5.086 s, reached and was reflected by the Moon,

and,
finally, back-scattered radiation was detected by Helicon-Coronas-F at TCor = TW +7.69 s.



Probability

Probability 1s a numerical measure of the likelihood
that an event will occur.

Probability values are always assigned on a scale
from O to 1.

A probability near O indicates an event Is very
unlikely to occur.

A probability near 1 indicates an event Is almost
certain to occur.

A probability of 0.5 indicates the occurrence of the
event Is just as likely as it Is unlikely.




An Experiment and Its Sample
Space

« An experiment IS any process that generates
well-defined outcomes.

* The sample space for an experiment Is the set
of all experimental outcomes.

« A sample point is an element of the sample
space, any one particular experimental
outcome.




Constructing Sample Spaces

A good way to construct the sample space is to write down examples
of typical outcomes and try to identify the complete set.

Example:
Toss a coin four times.

One typical outcome is four consecutive heads (H,H,H,H), another is
a head, tail, head and head (H,T,H,H).

A little thought results in identifying the sample space as the set of all
such 4-tuples.

S={ (HHHH), (HHHT), (HHTH), HTHH),
(T’THHH), (HHTT), (HTHT), (HT,TH),
(T,HTH), (T,T,HH), (T,HHT), (HTTT),
(THTT), (T,T,HT), (T,T,T,H),(T,TTT)}



Assigning Probabilities
» Classical Method

Assigning probabilities based on the
assumption of equally likely outcomes.

 Relative Frequency Method

Assigning probabilities based on
experimentation or historical data.

 Subjective Method

Assigning probabilities based on the assignor’ s
judgment.




B HopBeruu npu packonkax uCTOPUYECKOH 4YacTH ropojaa
bepreH apxeoJiorn HAlLIK MTPAJbHbINA KYOMK XV Beka,
HA KOTOPOM BMECTO eIMHHMIIbI U IBOMKH ObLJIU BbIPE3aHbI
YyeTBepPKa U nsTepkKa.

Calculate probability to get 5 and 6 in dice experiments



Classical Method

If an experiment has n possible outcomes, this method
would assign a probability of 1/n to each outcome.
« Example

Experiment: Rolling a die

Sample Space: S=4{1, 2, 3,4,5, 6}

Probabilities: Each sample point has a 1/6 chance

of occurring.

2 dices > 10
Correct dice (1,2,3,4,5,6): Combinations: 6-6; 6-5;5-6.
Fake dice (1,2,3,5a,5b,6): 6-6; 6-5a; 5a-6; 6-5b; 5b-6



Relative Frequency of an
Outcome

» Suppose that, in a large number of repetitions, N,
of the experiment, the outcome O, occurs K
times.

The relative frequency of O s,
f=K/N

We can think of the probability of O as the value
to which the relative frequency settles down as N
gets larger and larger.



Subjective Method

« When economic conditions and a company’ s
circumstances change rapidly it might be
Inappropriate to assign probabilities based solely on
historical data.

» \We can use any data available as well as our
experience and intuition, but ultimately a probability
value should express our degree of belief that the
experimental outcome will occur.

* The best probability estimates often are obtained by
combining the estimates from the classical or relative
frequency approach with the subjective estimates.




Probability Density Function (pdf)

The probability density function (pdf) of a random
variable X is referred to as py(x). This is nearly
always shortened to simply p(x). Note lowercase
p.

Why pdf rather than PDF is just a historical
artifact.

A capital letter (usually X) refers to the random
variable — Sun rise in nanoseconds; arrival of
microbus; day temperature....

Small letters refer to specific realizations of X, for
example 11° ,12° ,105° ,17° ..



Cumulative Distribution Function

* The same information that is in the pdf can be
represented by the cumulative distribution
(CD). The CD of a random variable X is

denoted P,(x), nearly always shortened to P(x).
Note the capital P.

* In other places CD is described as the
cumulative distribution function (cdf).

* |n the Digital Signal Analysis course, the CD Is
called the probability distribution function.




pdf and CD

The CD and pdf are related by the equation:-

P(x)={" p(x)dx



pdf

|
|
I
|
|
|
I

Xmmin 0 X1 X Xmax
(a) Cumulative distribution of X
px () A
Area=P (x; <X <x9)

i
I Area = py (x)dx
:
: Total area = 1.0
: [
k I
k I
f [
[ 11

ijn 0 X1 2 o / \ Xnmx

x+dx

(b) Probability density function of X



Probability of X lying between x, and X,:-

P(y < X <) = [ p(x)dx = P(x,) ~P(x)
Probability of X being greater than x,:-
P(X >X,) = j p(x)dx =1— P(x,)

T p(x)dx =1

—Q0

P(—0) =0 P(4+00) =1



Common noise distributions - Uniform

When a random variable X is equally likely to take
any value In the range X, to X,, we say that X Is
uniformly distributed between x; and x,. This Is
some times written as U(x,,X,). The pdf and CD of
a uniform distribution are:-

=1 (X>X,)

|
pdf | CD
1 ! X—%
p(x) = C(x <x<x,) 1 P(X)= (X, <X<X,)
X, — X, ! X=X
=0 (X<X, X>X,) i =0, (x<x)
:
|



 Quantization noise from analogue to digital
(ADC) converters iIs usually uniformly
distributed.

« Computer generated random numbers are
uniformly distributed (actually, strictly
Speaking a computer cannot generate
random numbers and the random numbers
generated can be predicted if you know the
deterministic algorithm used, but this is
rarely important, they seem random and are
uniformly distributed!).



Moments of a Distribution

As stated earlier, there are only two moments of
Interest for most communication systems, the
first moment (the mean, expected value or time
average) and the second central moment (the
variance).

The first moment can be calculated from the pdf
using:-

m=E(X)=X = ]O X p(x)dx



For example, if we have a uniform distribution
between -0.5 and 0.5, U(-0.5,0.5), the mean Is:-

B 0.5

0.5 X2
m = j xx1 dx=|—| =0
0.5 2 s
For U(0,a):-
a — 272
mz_[xxE dx=| | =2
s a a2




The second moment is the mean square of the
distribution.

X% = j X p(X)dx
The second central moment (usually called the
variance o<)is given by:-
o2 =(x—X)? = j (x—X)?p(x)dx
The square root of the variance (o) Is the
standard deviation and represents the root mean
square (RMS) of the random variable.




For example the variance of the distribution
U(-a/2, a/2) is:-

1 X a
ol = j 2odx=| | =2
o, a _3a__a/2 12

This Is an important result for quantization
noise where a Is the step size between
guantization levels — the ADC at Aragats
scintillators.



380 = Vo) A

(a)
p(vy,)

(b) —0 0

~«V, - V)?
02

_1 1
pO(Vn) ) m/ﬁe 2

l 4 m/-m\

P1 (Vn)

VO Vo + Vi 0
(©) 2

Probability
density
function of

a) Binary signal
b) Noise

> ¢) Signal and

noise (split into
Its two
components)



Johann Carl Friedrich Gauss

German mathematician, physicist,
and astronomer

1777-1855

(en.wikipedia.org)

(A" —XJ

A

Henn Pointcare on the wnigquity of the normal
distribution:

« Evervone believes in it: experimentalist
believing that it is a mathematical theorem,

mathematicians believing it is an empirical
fact »




Carl Friedrich Gauld, immortalized

ANO490219L7

Deutsche Bundesbank

| SR /7 ®

Frankfurt am Main PXXX]
2. Januar 1989

ZEHN DEUTSCHE MARK



Central Limit Theorem

Many random variables follow
approximately a normal distribution.

The thermal noise Is the sum of many
different electrons moving about
randomly excited by heat. Therefore it
tends to have a Gaussian distribution.



Normal Distribution

We use the notation
X~N(p,o%)
to mean

“X has a normal distribution with

mean p and variance c2.”



Standard Normal Distribution

Normal distribution with:

u=0 and c=1

So, If X follows a standard normal
distribution, then X ~N(0, 1).



Probability Density Function

The pdf for the normal distribution Is:

N
f( )_ V2767

~-o0< X < 400



Probability Density Function

1
3

The pdf for the standard normal
distribution Is:

0= 75 3

~-o0< X < 400



Density

0.4

0.2

0.0

area =0.68

Standard Normal Distribution

Pr(-1< X <1)=0.6827



Density

Standard Normal Distribution

0.4

Pr(-2<X<2)=0.95

0.2

0.0




Density

0.4

0.2

0.0

area =0.997

Standard Normal Distribution

Pr(-3<X<3)=0.997




Density

Cumulative Distribution Function for the Standard Normal Distribution

04r
Pr(X<-0.68) = &(-0.68)= f Pr(X>0.68) =1 - (0.68) =
area to the left of —0.68 area to the right of 0.68
0.3
0.2
0.1r1
0.0 -




Conversion from N(p, ¢%) to N(0O, 1)

If X ~ N(u, 6?)
and
Z=(X-n)o

then Z ~ N(0, 1).



Natural Radioactivity

1898 Marie Curie discovers
thorium (5™
Together Pierre and
Marie Curie discover
polonium (y3,Po) and
radium (ggRa)

1899 Ernest Rutherford identifies 2 distinct kinds
of rays

emitted by uranium:

« - highly ionizing, but completely
absorbed by 0.006 cm aluminum
foil or a few cm of air

/- less ionizing, but penetrate many
meters of air or up to a cm of
aluminum.

1900 P. Villard finds in addition to « rays, radium emits
7 - the least ionizing, but capable of penetrating
many cm of lead, several feet of concrete




1900-For the discovery of natural radioactivity,

which for a number of years was called Becquerel rays,
he won the Nobel Prize in physics in 1903.

Studying the deflection of these rays in

magnetic fields, Becquerel and the Curies

establish «, S rays to be charged particles

Using the procedure developed by J.J. Thomson in 1887
Becquerel determined the ratio of charge g to mass m for

S g/m = 1.76 x10 coulombs/kilogram
identical to the electron!

e q/m = 4.8 X107 coulombs/kilogram
4000 times smaller!




ors are ionized Helium (bare Helius\uclei)
2-protons, 2-neutrons (positively charged)

,Bs are simply electrons(negatively charged)

qa = _Zqﬂ
m =7296m,



Natural Radioactivity

Interaction of ionizing radiation with matter

Ol
protan {+Z)

charged paricles interact
strongly and ionize directly

neutral partidesinteract less,
ionize indirectly and
penetrate farther




In 1906, Robert Millikan was able to
determine the value of the charge on the
electron in his " oil drop" experiment.

To compressor

10,000-v — r
battery
supply Oil bath
o (for constant T)
Brass Atomizer
enclosure
Qil drops
Telescope
Ei—* X-rays




Measurement of the elementary electronic charge
https://www.youtube.com/watch?v=UFIPWv03f6g




How to resolve g/m?

- _ q _ g _ Mg
F=F Moe=gFEDb ~—==2Ppg=—=2
e Y
F;’roplet=Mg_g‘}:Ma=MﬂpV:%pM:ﬂ

q=1.6021773*10"C; m=9.109390*10 ' kg



Probe: Alpha
(He*

-

(J

Source:
Radium

Lead

Collimat
or

Target:
gold foll

Detector:
Sulfide Vi
Screen

Zinc




circa 1909: Prevailing atomic model is Plum Pudding.

Negatively

The Coloumb electrical repulsion charged
results only from a fraction edded
total charge electrons

%

A Plum
Pudding Atom



They expected to see small deflections of the alphas as they barreled
through the ultra-thin foll

Alpha
particles




Marsden instead observes many large angle scatters or ricochets.

Alpha
particles

This scattering Is contrary to the PP model!



From Marsden ’s observed
scattering angles Rutherford
calculates:

Charged mass Is not distributed
over whole atomic volume.

The observed scatters can occur
when the charge is concentrated
at the center in volume of 0.0001
atomic diameter

This was the death of plum
pudding & birth of the nucleus.
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The experiment was carried out Franklin in June 1752, but using a kite. He

attached a key to the kite string, which was connected to a Leyden jar.
Although the kite was not struck by lightning, static electricity was conducted
to the key, and Franklin felt a shock when he moved his hand near the key.
Georg Wilhelm Richmann (Germany/Russia) was Killed by electrocution
while attempting to recreate the experiment in St. Petersburg in 1753.




How to
| make and
keep statlc

FoiL




How to measure electric
charge?




metal disc

metal rod

metal leaves




Electroscopes discharge
spontaneously. Why?

 « 1785:Coulombfoundthat electroscopes can

spontaneously discharge by the action of the
alr and not by defective insulation

 « ]835:Faradayconfirmsthe observation by
Coulomb, with better insulation technology

* « 1879: Crookes measures that the speed of
discharge of an electroscope decreased when

pressure was reduced (conclusion: direct agent
IS the Ionized air)



Charged capacitor

+ + + + + +[+ ++ + + +




lonisation Kill the charge




1900 While studying atmospheric electricity,
J. Estler and H. Geitel note an unknown, but
continuously present source of ions “in the air ”

Charles T. R. Wilson ’s ionization chamber
Electroscopes eventually discharge even
when all known causes are removed,
l.e., even when electroscopes are

sealed airtight

flushed with dry, dust-free

filtered air

far removed from any

radioactive samples
shielded with 2 inches of lead

seemed to indicate an unknown radiation with greater

penetrability than x-rays or radioactive ¥ rays
Speculating they might be extraterrestrial, Wilson ran
underground tests at night in the Scottish railway, but
observed no change in the discharging rate.



Original of the first Wilson chamber
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A cloud chamber consists of a sealed environment containing a supersaturated vapor of water
or alcohol. An energetic charged particle (for example, an alpha or beta particle) interacts with
the gaseous mixture by knocking electrons off gas molecules via electrostatic forces during
collisions, resulting in a trail of ionized gas particles. The resulting ions act as condensation
centers around which a mist-like trail of small droplets form if the gas mixture is at the point of
condensation. These droplets are visible as a ""cloud" track that persist for several seconds
while the droplets fall through the vapor. These tracks have characteristic shapes. For example,
an alpha particle track is thick and straight, while an electron track is wispy and shows more
evidence of deflections by collisions.
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1909

Taking his ionization chamber
first to the top of the Eiffel Tower
(275 m)
Wulf observed a 64% drop in the discharge rate.

Familiar with the penetrability of radioactive «, £,  rays,

Wulf expected any ionizing effects due to natural radiation

from the ground, would have been heavily absorbed by the
“shielding ”layers of air.



B 1912 2. Bukmop I'ecc 0ocmuz 8bicomul ~5Km
In 1912 Victor Hess reached ~5 km

http://pamela.physik.uni-siegen.de/pamela/history.htmi
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Cosmic radiation?
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Who named Cosmic Rays?
Millikan’s Experiment %
(1925-1928)

« The first experiment to use high altitude.

« The highest mountain of USA, Mt.
Whitney(4418m), and Muir
Lake(3540m) (except Alaska).

(The experiment may be classified into
very the first experiment

at high altitude mountain laboratories.)

* In 1940, Hess agreed with the name, so """
everybody started

to call Hohen-strahlung as cosmic ray:
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Attenuation of the gamma ray flux
INn the matter
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1930-33 Arthur Compton (University of Chicago)
conducts a worldwide sea- and mountain-level

latitude
survey of cosmic ray intensities and confirms

the Latitude Effect.

INTENSITY
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Influence on cosmic ray fluxes

The interaction between the Earth magnetic field and cosmic rays
was seen by:

| Latitude effect: the CR flux depends on the latitude, Is
higher at the poles than at the equator.

« Conclusion: CR are mainly charged! They arrive from
all directions and are deflected by the magnetic field.
Each latitude has a cut-off rigidity (p/z) below which
no vertically arriving particles can penetrate.

* East-West effect:

* fhie cut-off rigidity |depends on the arrival direction. Positive
CRs-are-more-abundant if they enter from West, negative if
from East.

East-West asymmetry (detected): cosmic rays are mainly
positive!




- inspired by the Norwegian mathematician Carl Starmer ’s
calculations explaining colleague Kristian Birkland ’s theory
of the aurora

« Birkland experimented with electron beams
and a phosphorous-painted globe of lodestone




m Mesons are
plentiful at the
Earth’s
surface

~10% will hit you during
this lecture.

To escape, go

deep underground!




1911 Rutherford s assistant Hans Geiger develops a device
registering the passage of ionizing particles.
= — il

ounter

1L To electronic

— =— [A\Y circuit
r
S+ High-
voltage
= — source

1924 Walter Bothe and Geiger use multiple Geiger counters
to establish the tracks followed by electron beams

\

1928-29 Bothe and Werner Kolhdorster build Geiger telescopes
and announce cosmic “rays ~contain charged particles



Although cosmic rays do come
“from all directions ”,
at high altitudes near the equator
the intensity is higher coming from
the West than from the East!

1939 Johnson speculates primaries may be protons!



Wide spark chamber

In the 1960 ’s spark
chambers were common.
When a charged particle
lonizes gas between the
plates, sparks fly along the
track, marking the track of
the particle.




Particle detectors: our window to micro-world

What are scintillators good for?
— Count particles
— Measure energy release
— measure time of particle passing
— measure location

How do they work?
— passing charge excite molecules in plastic

— as molecules de-excite, a small fraction release
optical quanta

— this light propagates inside the plastic to the
surface of the phototubes

/ /7
/ /7
/ /7
/ /7
/
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Phototubes: Electronic Retinas

photon

« See light pulse from scintillator
« Very sensitive

— huge amplification

— they can detect a single photon !
« Produce a signal quickly

— Important for triggering

— precise timing

olts

Its

olts
output pulse 20 ns




Put the phototube & scintillator together...

particle

m

Phototube

pulse \ /

The pulse amplitude is proportional to the light intensity
(number of photons)

The number of photons is proportional to the energy lost by
the passing particle



Electromagnetic “Sampling” Calorimeter:
A layer cake of scintillator & lead
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Sum the phototube signals to measure energy of the entering particle !
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Separating signal from noise

Discriminators
— not all pulses are made by a passing particle.
— there are also “noise” sources
— we use a discriminator to clean up the noise

— If the pulse is larger than the discriminator threshold
=>» output is TRUE, otherwise FALSE

iIscriminator

noise pulse signal
pulse

‘threshold Voltage —
digital output pulse when
signal crosses threshold




Coincidences technigues

Phototube +
discriminator

these two overlapping hits make a trigger pulse =

scintillator 1 pulses i

1 [ logical
scintillator 2 pulses AND

\Iﬁ Stand 3cm

Time axis
1 usec




Aragats Solar Neutron Telescope ASNT

I//'/"//"/////"// R
e

ASNT

Aragats Solar Neutron Telescope
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Higgs boson discovery at CERN LHC

(ATLAS and CMS experiments)

—e— Data ATLAS Preliminary
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The distribution of the invariant mass of the two photons in the ATLAS measurement of
H-vyy using the full 2015+2016 data set. An excess is observed for a mass of ~125 GeV



SNR -

)

Neutron
start merger,
heavy nuclei

Protons and partially
stripped atoms

fn=

“Secondary”

Cosmic Rays, i; e e
reaching and - Metsamor
detected at Earth’s (Nuclear Power Plant)
surface

- ©CRD 2017
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radiating regions in the cloud give raise to ionization and open path to the
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Space Environmental Viewing and Analysis @ O
Network (SEVAN)

' ork oﬁmﬁmwwmmﬁdﬁm?mz
called SEVAN (Space Environmental Viewing and Analysis

Network) is planned in the framework of the International
Heliophysical Year (IHY), to improve fundamental
research of the Solar accelerators and Space Weather

COSMIC RAY DIVISION
Alikhanyan Physics Institute,
Alikhanyan Brothers 2,

Yeravan 375036, Armenia
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Measurements on Aragats: Particle fluxes; electric
field, rain rate

Distance (km)
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STAND1 (GAMMA) — what Is the
best count rate?
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2017 October 27; 10:37:05 - 12:04:23
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Simple method to select “GOOD” AND “BAD” DETECTORS by comparing calculated

and Poisson relative errors (should coincide!)
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Questions for Summer school
students

 Calculate RE and theoretical RE for Aragats
detectors: STAND1 (MAKET, GAMMA
and SKL) NAI, ASNT and others;

 Calculate barometric coefficients
» Calculated significances of TGE peaks



Video: Aragats Lightnings Video: Aragats Lightnings

Arasats CANERA 1

Z2014-05-03
FArasats CAMNERA 1

® | 00:00/17:20

> | ® | 00:40/17:20 §E — G

Z014-08-@
p128:31-@

Arasats CANERA 1

Arasats CANERA 1

» l- 01:11/17:29 o [ [. 01:35 1 17:29 " _,:)__| e



Volcanoes, lightning flashes and
smic Ra
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measurement of the absorption of a radiation through a target will
give access to Its transmittance image and its integrated density. The
muon on the Soufriere Hills volcano in Montserrat, an island near
Guadeloupe.




View of the Showa-Shinzan lava dome. Bottom: average
density distribution
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viuon muon scattering radiograpny
for Fukushima is installed inside a concrete radiation shield
In front of the reactor building. Typical muon scattering

angles are a few degrees (also used to scan trailers and
shipping containers for special nuclear material)
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Nuclear Test Ban Treaty: On August 5, 1963, after
more than eight years of difficult negotiations, the
United States, the United Kingdom, and the Soviet
Union signed the Limited Nuclear Test Ban Treaty.




Vela satellites designed to detect flashes of gamma-rays from
nuclear bomb blasts, began to record bursts of gamma-rays --
not from the vicinity of the Earth, but from deep space!

\ 5 S 2 O ; . 3 1500
”~

1000
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500 -1
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In 1973 discovery was announced in
Ap.J. letters by Klebesadel, Strong, and
Olsen. Their paper discusses 16 cosmic
gamma-ray bursts observed by Vela
5a,b and \ela 6a,b between July 1969,

and July 1972,

Although most of the energy of a bomb blast in space would be directly Direction angles for a single event observed
visible as an x-ray flash, a simultaneous indication by the gamma-ray by pairs of satellites could then be combined
detectors would provide a confirming signature of a nuclear event. A to determine one or two possible directions

further confirmation would come from the detection of neutrons. for the source of the event.



Fermi to Focus on Terrestrial Gamma Flashes
(TGF)

Orbit: 565 km, 25.6
LAT FoV

GBM FoV

whole unocculted
sky at any time !

NASA Fermi Gamma-Ray Space
Telescope will turn the observatory
sedoer. by | towards our planet, in a bid to study
defol mvsterious events terrestrial aamma-



STANDI1 and EFM networks
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'Boltek EFM100 electical mill and
Lightningtracer; Davis instr.

@  weather

station

A. ALIKHANYAN
National Laboratory




HISTOGRAM

Histogram
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Standard (Normal) Gaussian

Distribution
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The Kolmogorov-Smirnov test (KS-test) tries
to determine If two datasets differ
significantly.

K5-Test Comparison Cumulative Fraction Plot K5-Test Comparison Cumulative Fraction Plot




Two near-by apple trees are in bloom in an otherwise empty field. One is a Whitney Crab the other is a Redwell.
Do bees prefer one tree to the other? We collect data by using a stop watch to time how long a bee stays near a
particular tree. We begin to time when the bee touches the tree; we stop timing when the bee is more than a
meter from the tree. (As a result all our times are at least 1 second long: it takes a touch-and-go bee that long to
get one meter from the tree.) We wanted to time exactly the same number of bees for each tree, but it started to
rain.
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Kolmogorov-Smirnov Goodness-of-Fit Test
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An attractive feature of this test is that the
distribution of the K-S test statistic itself does not
depend on the underlying cumulative distribution
function being tested. Another advantage is that it is
an exact test (the chi-square goodness-of-fit test
depends on an adequate sample size for the
approximations to be valid). Despite these
advantages, the K-S test has several important

lirmitatiAnnce:-

It only applies to continuous distributions.

It tends to be more sensitive near the center of the
distribution than at the tails.

Perhaps the most serious limitation is that the
distribution must be fully specified. That is, if
location, scale, and shape parameters are
estimated from the data, the critical region of the
K-S test is no longer valid. It typically must be
determined bv simulation.



Bernoulli (1654-1705, Bazel)
process, probability distribution
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