FUNDAMENTAL

Standard Model of

PARTICLES AND INTERACTIONS

and f

The Standard Model is a quantum theory that our curment
matter constituents
FERMIONS spin = 172, 3/2, 512,
/~ Leptons spin » [ Quarks spin=12 \
Mass |Eleclr AN |Ele' I

GeV/c?

lightest
neutrino®

(0-0.13)x10
0.000511

heaviest
neutrino®

tau

*See the neutring paragraph below.

Spin is the intrinsic angular momentum of particies. Spin is given in units of h, which is the quantum
unit of angular momentum where h = hi2r = 6.58x10 2% GeV 5 =1.05x10  J 5.

Electric charges are given in units of the proton's charge. In Sl units the electric charge of the proton

is 1.60x10""® coulombs.

The energy unit of particle ohyslcs is the electronvolt (eV), the energy gained by one

of one voll. Masses are given in GeVic?

i in g a
(remember E = mc?) where 1 GeV = 10% eV =1.60x10~"" joule. The mass of
the proton is 0.938 GeVic? = 1.67x107%7 kg
Neutrinos
Neultrinos are produced in the sun, , reaclors,

strino can be

collisions, and many other p

- Any p
described as one of three neutrino flavor states Ve, Yy, or ¥, labelled by the
type of charged lepton associated with its production. Each is a defined
quanium mixture of the three definite mass neutrinos ¥, ¥y, and ¥u for
which currenlly allowed mass ranges are shown in the table. Fu
exploration of the properties of neutrinos may yield powerful clu
about matter and antimatter and the evolution of stars and gala

Matter and Antimatter

For every particle type there is a comesponding antiparticle type
a bar over the particle symbal (unless + or — charge is shown), |
antiparticle have identical mass and spin but opposite charges.
electrically neutral bosons (e.g., 2° ¥, and 1), = ¢& but not K” = d3) are their

own antiparticles.
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Particle Processes

These diagrams are an artist's

nception. Blu

n-—=pe- ¥,

A free neutron (udd) decays to a proton

1 areas represent the cloug
— —— “

AB

PO T

An electron and positron

(uud), an electron, and an
via a virtual (mediating) W bosen. This
is neutron i (beta) decay,

) colliding at high
energy can annihilate to produce
BY and B? mesons via a virtual Z
boson or a virtual photon,

—oength'=0 {

3x107"7"m

The strengths of the inleractions (forces) are shown refative 10 the strength of the

“m
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Size= 107" m
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The expansion of the universe appears to be

accelerating. Is this due to Einstein's Cosmo-
logical Constant? If nol, will experiments

reveal a new force of nature or even extra
{hidden) dimensicns of space?

A

Interactio nr._E

Aromagnetic force for two u quarks

nteractions

d by forces and by decay rales of unsiable particles).
force carriers

BOSONS spin=0, 1.2,

Unifie[[Flectroweal ipin = ﬁ / Strong (color) spin =1 \
nl— BT} Eiecl—! | 1 .
ame : Name Mass Electric
| [ 2Vie cht e GeV/c? | charge

Color Charge
Only quarks and gluons carry "strong charge”
(also called “color charge™) and can have strong
interactions. Each quark carries three types of
color charge. These charges have nothing to do

ith the colors of visible light. Just as electrically-
wnarged particles interact by exchanging photons,
in strong interactions. color-charged particles

raci by exchanging gluons.

yons

«s Ci
Quarks and gluons cannol be isolated — they are confined i color-neutral particles called

inec ans .

had . This confi results from multiple exchanges of gluons among the
color-charged constituents. As color-charged particles (quarks and gluons) mms apart, the
energy In the color-f field b them . This energy y Is into
additional quark-antiquark pairs. The quarks and anti then ine into : these
are the particles seen to emerge.

Two types of hadrons have been observed in nature mesons qJ and baryons ggg. Among the
many types of baryons observed are the proton {uud), antiproton (00d), neutron (udd), lambda A
(uds), and omega £~ (sss). Quark charges add in such a way as to
make the proton have charge 1 and the neutron charge 0. Among
the many types of mesons are the pion x* (ud), kaon K~ (s3),

B° (db), and ng (cE). Their charges are +1, 1, 0, 0 respectively.

Electromagnetic
Interaction

eciroweak)

Experimenis may av)

Interaction

Electric Char lor Charg’
E hi luo
Gilhs
1 60

Visit the award-winning web feature The Particle Adventure at

ParticleAdventure.org
This chart has been made possible by the generous support of:
U.S. Department of Energy
U.S. National Science Foundation
Lawrence Berkeley National Laboratory

©2006 Contemporary Physics Education Project. CPEP i a non-peofit organization
of teachors, physicists, and aducatons. For more informabion sed

CPEPweb.org

Strong

Unsolved Mysteries

Driven by new puzzies in our understandina of the physical world, particle physicists are following paths to new wondars and

.y No Antir. b ?

%

Matter and antimatter were created in the Big
Bang. Why do we now see only matter except
for the tiny amounts of antimatter that we make
in the lab and observe in cosmic rays?

d extra
_—

ensions of space, mink*

ck hol

L aMz 7

andior evidence of strin

) 4

haory.

Origin of Mass? 1

e A

< - -.g'
&

In the Standard Model, for fundamental particles
1o have masses, there must exist a particle
called the Higgs boson. Will it be discovered
soon? Is supersymmetry theory comect in
predicting mone than one type of Higgs? J

Invisible forms of matter make up much of the
mass observed in galaxies and clusters of
galaxies. Does this dark matter consist of new
types of particles that interact very weakly
with ordinary matter?
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nteragao Eletromagnética

Interacdao Fraca

Wiz |w

Interagao Forte

QUARKS

Ve

neutrino e

r

PARTICULAS MEDIADORAS

Interacdo Gravitacional

GRAV

r

LEPTONS

strange '

VLl Vo

neutrino p neutrino t |

muon

Interacao Eletromagnética (Y)

O féton (y) € o quantum do campo eletromagnético. Toda radiagao
eletromagnética, desde as ondas de radio e televisdo, passando
pela luz visivel, até os raioggaltravioleta e.gama g formada por
fotons. Particulas sem mas u carga, os ponsaveis
pela transmissao da intera entre as part

regadas.

Interacao Gravi

Ainteracao gravitacional
mediada pelo graviton. N tanto, no mu

tem nenhuma influéncia, | e ela @ uma centena de milhdo de
milhdo de milhdo de milha milhdo de milhdo (10™°) de vezes
mais fraca que as outras trés nteracoes.

Maga( ~10” m)

}*A’l‘ P "

-

Interacao Fraca (W e Z2)

antineutrino.

importante papel na geracao da energi

estrelas como o Sol.

Cristal.(~10°

5 a AntipJ
A interagao fraca é intermediada pelos bosons O glion (g) desempenha para a interagao forte Toda particula possui sua

carregados w+ e W- e pelo béson neutro Z°. A papel semelhante ao dos fotons para a interagao ele- antiparticula, com mesma
S Rees curtissimo alcance, agindo trumagnética Eles rocados entre parti

NTAR DA MATERIA

D y
Y = - B
_ DR IR
e ptons

Léptdrgs sao partic:ula;s que interagem por meio das ih{era-_

@IUETa <

Quarks séb’ particdlaé qué interagem por. meio das inte-
racoes eietrﬂmagnetlca fraca e forte, e possuem carga
elétrica fracionaria (+2/3 e -1/3), além das “cargas de

cOes eletromagnética e fraca. Ha trés familias de Iéptons, cor” relativas 3 interago forte. Eles formam os hadrons

cada ima composta por um Iépton carregado, que interage- (trés quarks ou um quark e um anthuark) e permanecem

: e por um .n e.utrmo que. , . @ confinados dentro deles, ndo sendo ﬂbsewaclns em
' A ; estado livre. -

L ™ I .- -~ - 2
: - let 'f - Os quarks da primeira familia, up (u) e down (d),
2 SOl e oo a e | forimam os protons (uud) e néutrons (udd) e, portanto,

0s, sendo os responsaveis pelas .. | toda a matéria usual, além de diversos mésons, como o -
os elementos. Em movimento, e 1" 0 :
i pion at’ (ud)eokamnK (ds).

€ geram campos magnetlcos

05 |éptons maon (p.} e tau ('t:} pnssuem caracteristicas simi-
lares as do elétron, mas sdo muito mais pesados e instaveis,
decaindo rapidamente em particulas mais leves.

As outras duas familias de quarks, compbstas pelo
strange (s) e charm (c), e pelo bottom (b) e top (), ndo
formam a matéria usual, sendo apenas produzidas como
resultado de colisbes entre outras particulas.

SICS

Os neutrinos (V) sdo extre
ica e interagem

__Quarks (<10"°m)

Proton (~107°m)

Para obter mais informagbes sobre os conceitos
apresentados neste cartaz, acesse o site:

ulas

racao Forte (g)

http://www.sprace.org.br/eem/

massa e spin, Se vo iser fazer perguntas sobre o tema
para esp listas na area ou discutir com seus
se o Férum de Discussao no site:

possuem “cargas d ', como os quar
uivalentes

UFABC

Universidade Fedearal do ABEC

protons € néutrons, e seu efeito residual de longa dis- carga ( + & - ). A matéria {Q! CN.
tancia mantem prétons e néutrons unidos, formando o formada por antiparticulas —

nucleo atdmico. & chamada de antimatéria. ey Temeas SPRAGE
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Tevatrc *-  :zrat g
protons . da “-pro o
to apprc mate 21

Where 1s th

Where 1s WH?

Quarks

Eb =

a VWH Feynman" —-y WEg|
Diagram ﬂ%
. B
Legito’
Sta ‘=0 Moo
| ]

Problems
» Large Background

» Small Cross-section

Il = ™

How to make . m

c
Resolution = —
M il

» Every one percent i roveme in
resolution leads to a 1C % incree =
in sensitivity

*This analysis aims for an
improvement of at leasta 2-3%.

+This analysis may reguires
improvement in the measurement of
the missing energy from the
neutrino

+ Higgs is the onl:
undiscovered par
the Standard Mode:

» One Mechanism for
Higgs Production a*
Tt e

Imbalange

Schematic of

WH Decay

e in

e Higgs Hiding?

Dr. Ri 1ard Hugl 5B md on P 7w nd 7
Ol 05 teDep tmuun

o el e - . N

[ SR W B S

£l ysi

n Slaur hite

Tools and Rests

Artificial Neural Input Cgrl:fcfﬁd
Network Variables Va|FL)Je

» Advanced analysis

techniaue - wving the MET measurement

*E sed o the man ~rrect the jet measurement
bre Vse ityi. o ogl ze

patterr-
+ Varies weights in a

saries of tests called
aining to improve the E

M T T o Ay

I'v ture?

» Use track met variables to
ry to elin ~atc some fak»
v _T fron ¢ e ts

Lovelop cutc to Ziiine .
events with poorly measured
MET

» Examine these cuts on
previously eliminated signal
regions

Track and cone
definition for jets

Photo credit: http:/fAwvww.fnal.gov/



' Theorems
Nuclear Physics #
EncyCIOPedia B
i s,
Dr.Rupnathji.
( Dr.RuPak Nath )




-
e
L "
. "
#
. W
"3
[
.
- -










Dr Rupnathjl | _
( Dr Rupak Nath)



- :.' ™ ! - . ) '@ X " . . 3 i i H 4 - F u >
[ " - * L] a
- - -
; b ; . g - %  FPERE
- a & L] [l . TI_ -
' " . : 3 X .
. - . ) -
" b - . & " ™ . -
- 2 . - . ¥ - .
5 - L ' - '-P
- i . g : . . - . . . =" . " " - »
» 2 " . ; : . a




=
Explosmns

‘-- .
Ll Y

S -~ ..' J_;_l""'

= - W .
=

3



'Dr Ruipak Nath ) - :



Dr.Rupnathj

w dgha —

( Dr.Rupak Nat




' Guide Book

/A __‘:_._'. _.'.I-:' .u.l:! "E.?’? .,:l“_‘:\ ‘.-_i_ i !‘il; E_-" . 1 -.‘. G P L . ] i = h@
7 i ik S e - : X7 | Eur
/. - - i 5 e i L ,;' A AT
A 5 o .
- - = | = = ' A
- " - Y T ENE | -
=~ = ";Lz":l T - - o T
: = 'I-_"'I.r. l. ".-" ] :.J ‘q.‘;-.L e
D I R th T

( Dr.Rupak Nath )




ELEMENTA

STANDARDMODELLEN

nPARTIK" ER U5 VEKSEL VIRKNINGER

Standardmodellen er summen avvd unnsk Iinne artikh © « Del en kvantefe <inkluc erku skar om¢ <«ro o .sme og svak kjernekraft beskrevet |
kvanteelektrosvak teori og fargekri oseski rantek  'odynai  k (QCD). C ritasjorn vis o>men lig kselvi ing mfattes | dag av standardmodellen.
Baryoner (utvalg av ca 120 typer) spinn = %, 3, _ ‘esoner (utvalg av ca 140 typer) spinn = 0,1

p Proton
p antiproton
n Ngytron
A* Delta
A" Delta
A" Delta
A~ Delta
A Lambda
=Y Bott. Xi

(2 Omega

=20 Q Q00 Q9
S =40 ) IO OF O

o

Energien oppgis i elektronvolt (eV)
som er energien for a flytte en
elementeer ladning (e) gjennom et
potensiale pa 1V 1eV = 1,60e10
Total bevart energi er sumav ma
kinetisk energi, fotonenergi osv.

Elektrisk Ladning er multipler
elementaerladningen e = 1,600 .. 1°C

Leptoner spinn="%

Masse Elektrisk

Smak MeV/c?2  Ladning

V. Elektron
Noytrino

€ Elektron

V. Muon <
H Ngytrino 0,2
L Muon 1

Pion ud

Pion(m) | ud
Pion (uu-dd)/2

Kaon us

Kaon ds

Rho ud

Phi SS

B-null db

. eta-c cc

Y Upsilon bb

Fargekraft formidles av gluoner: Kvarker baerer tre typer fargeladning som gir
yphav til 8 ulike typer fargeladning. Gluonene danner "fluksrar’ der kraften avtar
der 10" m og over er konstant 104 N pa lang avstand. Det farer til at kvarkene

Not
observed
p,€,V,
yiaiN o)
ntn/nop
©n/nlp
%0
o 30l ot !
=1 JIY
A°K /Z0p

CO 000 -0 00
OO 0D 00000 0O
CO =200 00000
- 002200000

2,6010%8 (et e/,

Masse oppgis | atommasseenheter u
elleri eV delt pé ens kvadrat
(etter E= rnc:22)?1 MeV/cé  ,782e103%¢

1 u=1,66e104"kg =97 J MeV/c?og innek ‘arge-ng o pe atre (! yoner)og to (Mesoner). Forsgk
& 1ag arere. arke girra ene. ‘E=F ) som danner kvarkepar som
NN ¢ dre = ileert moment so . rbir  "segn de prinne =2tilt en rale grupper.
10S Z unou) 4 4is i multipler av *1( |
| 1sertflancl atant s /27 = . el . N faRadSgrupi g ptre e lanse i fargekraften som som
o022 Mev O o0 . Mds ' viser etr. ~om M. ~woner d)o. ngy er(u. ._sultere. ik kjernenic..mm. mhadr. r. Denne formidles av mesoner.
Elementaerpartiklener har en radius pa hayst 10-'®m og regnes som
; e AL T punktformede. Skyggeleggingen illustrerer at partiklenes posisjon er /ekselv.. i soner spinn =1 (2
NELCH spinn = 7% sannsynlighetsfordelt, de to elektronene | 1s orbitalet befinner seg her innen et L NheGOT SR 1_ ( ) _ -
S Masse  Elekirisk  kuleformet omrade. Figurens malestokk er komprimert: | virkeligheten kan Vekselvirkning Navn mﬂs?ez E'-eé‘?t'fi-‘-’*k “I-'\’:Iatw S
ik MeV/c?>  Ladning kjernen sammenlignes m 'm) | midten av et fotballstation (200m) Sakal rit || PERRRY || PR | EEAC

u Opp +2/3 - maghtlihts [Y Foton | 0] 0 | 1] 1] 1
Baryoner og mesoner sor  astarac amm. ombit  jon av kvarker men der W- ,
. S . * Elektrosvak Massive 80398 -1
d Ned 1/3 kvantetall (f.eks spinnog .=, . kjellig ftet’ opphauv til partikler med W+ Gauge 80398 +1 10+ 1077
forskjellige egenskaper,s  2ks. Bos 2rpc \% or Mesoner mog p* kjemei‘-faaﬁ Z°% Bosoner 91188 0

C Sjarm 1300
Fargekraft g Gluon o 0 00 | s
S Szr 100 For hver partikkel eksisteter e anupartikkel . D markeres enten med strek _ el
over tegnet eller ved spesifisert ladning (€ =x2" = p’). Antipartikkelen har eksakt Sterk kjernekraft Meson 140-9400 | +/-1,0

06
<20 t Topp 175000 | +2/3 samme masse og spinn, elektrisk ladning har mosatt fortegn. Baryon, Seerhet > 114400 masse il partikler 09
(S), Sjarm (C) og Bunn(B) kvantetalletene endrer ogsa fortegn. Ytterligere e
UL b Bung 4300| -1/3 ~ffalctac anntrer | supersymmetri, og strengtreori “ladning 0, spinn

Vekselvirkning beskrives med et Feynman diagra.  Normalt  erti™ " hogyre partikk  gde antip “kkel Hvis e trs 2g posi arne "pa ke =elerai armi gy energi  Large Hadron Collider (LHC) som er

mot venstre. Pilene viser partikler » og antipartiki €. Rette ere  .unier, 0g e ygieft onelen/ ergi «de. sas.. oesc  luor kKan  veu lisjo  pro eres under bygging ved CERN kolliderer

balgelinjer er vekselvirkningsbosoner. Nedenfory s 3~ her me  vak oS on. [ ilsEEende N :S0  lanne ye partik!a ) viLk  epal ersc ellet areer protoner med h@y energi og gir

kjernekraft som skjer spontant nar et fritt nagytron over til.  orotc 3t elektron oner 7‘Omec strekl gen | nne  unnc¢ Ned:' ukie J vitt 2,09 nkeé bse rederes forskellige hadroner og gluoner.

og en antielektron ngytrino. pB* krever energi, f.ek 2etfa®  5gor mer et ontant. »neel rtikk r tipa Jlersc dan etP get hen sproc er.l koll rerto ATLAS eksperimentet og vil kunne se

proton til et n@gytron, et positron (antielektron) og ¢ ~ugytring anti Bl .eson oro. 2rog. aper  ‘atal  bosoner henfall av Higgs bosonet som en unik

sammen med en re 3 andre hadroner kombinasjon av partikler.

Anihilasjon og Henfall til Muon Kollisjon for a skaper Z

Inspirert av http://ParticleAdventure. org

Finnes pa http://no.wikipedia.org/wiki/Standardmodellen
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Standard Model of

FUNDAMENTAL PARTICLES AND INTERACTIONS
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[WHY THE HIGGS?]

BREAKING SYMMETRY

A central question of the Standard Model is why the electroweak forces are asymmetrical:

electrom agans long-ranged, w s the weak nuclear force is shlE ranged Physi-

cists think th eww leweletﬂ en, or "broken.”

MAGNETIC SPATIAL SYMMETRY

A simple analogy is an infinite grid of magnetic fils. The symmetry in this case is the
equivalence of all directions in space.
n the temperature drops,

The sym metrl_.' is the filings lock one another in
em - mgh te Ia-: h their all§el
lh ‘ 955 me I ‘

w]'Hch waﬂ_,r Symmetry singles out one ra mly Broken symmetry
chosen direction over the others.

ELECTROWEAK SYMMETRY B

This symmetry Is more abstract. [t means the freeom to decide which leptons are electrons and

which are neutrl huw to up and down quarks. I mm

ﬁﬁm pak.

mrwentlnn (represented by an arrow) is 5et in- everywhere. What one permn calls an electron,
dependently at each point in space. What one all do. The Higgs field brings about this symme-
person calls an electron, another might call try breaking.

some mixture of electron and neutring, and it

would make no difference to thelr predictions.

vove WO

Electroweak symmetry makes all the Broken symmetry gives masses to the W
electroweak force particles massless. and £ bosons, thereby restricting their range.
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History of the Universe
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Evolution of the Universe

Text %ook 9
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Inflationary
Expansion

Forces B
Separate Nucleons e

Form
Form Stars

Dr.Rupnathiji
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uclear Expl

497 underground tests, 19611935

r L
Jrenburg: .

I atmaospheric test. 1954 = L o Scanered throughout the LUSSE:

oF ¥ = 127 underground &S, 19651988

Midsile Tedting Randgsa

11 atrmosphenic tests, 19561962 ——

I.".-".-:_E‘L:."‘-I Aamchitka Bland:

'-,}:'_.:.-' 3 underground tests, 19651971

26 atmasmhenc tests, 19641980
.,.- 22 underground tests, 1969 -1996
| |
Pacihic Ooaan:
4 Hill I T k L gater pasts, 1955, 1962
e r undemround tests, 2 S - a c“; |_'|II:|'_ ac Ia s

lohirston &toll

Lop Nors

]

Malden lsla

[ |
Le] i o Island
C |43 o
Saiith Australia #

9 armosphen 1ess, 19531957

B y
Dr.Rupnathji

unclerwater test, 1546

Enewatak Atoll;
43 ptmospheric tests, 10481658
2 underwater tests, 1558

-

|

ipak Nath )

194
00

Mevada Test Site

] :'ltl'l'-T-"i-I:lhElll'. Bt 14511963

B2 l.l|'I=.'|E'I'|rl:I|.|I'll.'| tests, 1957-1u91

LK — 24 l."'"."E'l""I nund tests, 196.2-199

=

0 Scattered throughout the US

.\ 7 undergraund tests, 1951-1973
&
Alamagorda

1 atmcdphenic tegr, 1945

1.2 atrmosphenc tests, 19581962

Pacilic Ocean:
| arrmaspheacic test, 1962

Chirisermas sland
LFS — 24 arrrdsphesic nesns, 1962
L - & srnoipheric tests, 1957-1958

aleric Be=ity, 194619548
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(e Particle Eel_Uson at LHC. Elementary
i Particle Physics describes the
Qroductton and interaction of
y ':'fun’damental particles, like neutrinos.

8
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NEURONS
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THE PLANETS - THE SUN
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!Tht Sun

;Hi-inu

Usidl tha mibdle sges it s sseesed Uhal the
S prbrind mrewnd the Enrth The firet =an
o AugEt that the Barih sstually orbived
ten Sy wum Wieolsse Copernicus in the ssrly
Btk cantury

b Heradvad Wa saded of ke Tolar Syatas was
rad srrapisd for sy years snd nany
anirEsaeace dludny Falieo wese
parsanyied dor srdoreng he dess

Thew theory wes widely scompbed wrild Mewtes
foraulnted his Inss of sotan, ssccessdull
modaling the dpnenice of the Soer Syet =

Thes Bum im by Far tha lergest shgeak b 46
snlae myatas I entess seee than BI0 5 ol
then totel nems of the Goler Gyetes Lipinee
cantming meat ol the Festl

Lis othar gas e
e umsas 1had maks up the Bun spin sraund
e esie. Thie Fetation = nol canetesl bu
happece wi different m batwaan the
polem and the sgueios and ut diierent
dupths benauth the Gun's surfece. This
differantiel roratan causes e Son's
magratic figld whick inddiely varies p=oobhly
b tiin U Morth and Sauth polie 10 carg.
Franiusly the fimli harnmas ss remplas thei
il dalapees. iauing the aesth and b
polaw o wwmp. mnd the proce) to begen

g

i the Solar Syates.

A conplats Sus cycle tebes 32 yesrs, siten
whith tha srigined Nerth pols is rastorsd
Masisesn Dun® st bty sdives during © =
parimd shen tbhs poles s ssibching Burh o
| akangs seuread i 2001

Thes tima it vabaa far bght fren the Sun 1
runch Encih s B3 mouies

:ﬁ"ﬂl BEASENTHNT. OO

adjeativa b
Ranamns &
Siun as Ged

Flaras
dmrimtiens in the Sun's
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The Sun's energy sutplt is
sxtimatad to be S billion.
billian magawstis. A figura
eo inmanes svan Profassar
Stephan Hawking might have
problems getting his haad
sround it. Rephrased. it's
setimatad thet in 15 minutas
our Sun redistas ag much
enargy as sankind consumes
in &l farma, during Bn eAtice

b L

The Sun is by far tha
brightast abject in the aky:
56 bright that iva gkt
renders virtually svery

sthar astranosicel body

invigibla whan it iz vigiblo, It
im mlso =a bright that it will
damage eyasight uwkham

vimwad with the naked aye.

Tha temporatura ot tha
surface resches SS00aC
Yet even this is eaal
compared with temparsturs
st the cora: @ sweltaring
156 million ol

[rreeg—

” Tha pawar gaurcs thot drives tha entire Solar Syotom ~
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“‘ﬁ Total Astronomy

Local Galactic Group Virgo Supercluster Local Super. Observa ble Universe
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- (Dr. Rupak Nath )



Accelerated Expansion

Text Book ..c..

Afterglow Light

WMAP

Development of
Galaxies, Planets, etc.

Pattern  Dark Ages

380,000 yrs.
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We Have a Natural Attraction to One Another



T E PLAN TE = PLUTO
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nitrogen and carban
menoxide None of aur flying
robot axplorare have gona
by Pluta... Sa, there's = lot
abaut Plute that wue just

kvipamanr bmilxaw
Tha Huipsr Bals is a

dnk -shepad regen

batwaan Mepiune B

Plute Feughly 30 e 100

aren't gure aof

AU fraem the Sun Pluta’s @nly knewn maan,
* c'h sarhEining narp 'Ill".il'f Charen. weas discevered in
T : . s raslly conl thing is
i i i t Fluto and Charan
-t ] Fo " As Charan saves
Rharan irvie Hades (ihe = Plsto. thay sach kesp
shorispariod innets
[ a—— Y the same fecs towards aash

other all the time.

-

Dk of the coolest things
shout Pluto is that it rotates
in the opposite direction of
mest of the ather planetsl If

Plurto B Charon wa lpok down on the planets

from above we ses that Plute

rotates clockwies Gthe way o
clock's hand mave ereund the

f Dharen i whesual in ihat s the
lnrgaet moon with respect to ke prinecy
plarat im e Gelas Syatan La distication
ance hald by Earths Maonl. Some prafan
1@ think of Plute/Cheron as & doubls

Flutc was nanad sftar the Grask god of
tha undarucrid. possbly bacauss it is

elaek) and all the ather
i ’ - from tha Sun. Tha neme was

planetes [axcept Uranus and
Vanus] and all the mosns spin
eeunterdackwisa [lika if the
claek's hands wers maving

backwardsl.

planat rether than o planet ard & noon

1
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THE PLANETS - NEPTUNE D -
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Neptune

; o1 o2 i | 0.4 4 5 06 2
] : i Neptune has been visited by
_ : only one spacecraft, anﬂgnr-'E
u I e 30 o o on Aug 25 1889. Much of we
: ; i .. ._ ; know about antﬁnn comes
. : e Bl ‘ : from this single encounterBut

fortunately, recent .

ground-based and HST

* N-Ftun.:. most : d : . : . . observations have added a

prominent feature “The - great deal, too.

r i o :
& ' _ g B _ : . ; ; : the result of absorption of
W e : : : : ~ = 3 red Iigh'i: by methane in the
et - : i . . . ntmn:phnm but there is some
- additional ns-ynt-unidentiﬂnd

chromophore which gives the
E : : : B : ' clouds their rich blue tint.

¥ The compostition of Neptunes

_; Neptune was named I'F'I:-r:-

: j= as yat i _' : : Like a typical gas planet.
the Roman god of the sea. . i . - :
- : Neptune has rapid winds
118 ; i : :
: .g ; ' : : , confined to bands of latitude
£ H:& ' : > ] : ' and large storms or vortices.
- : T : ; Neptune's winds are the
i x G : ' fastest in the solar system,
: '* protau ' ' ‘reaching 2000 km/hour
= Like Jupiter and Saturn,

Raining Diamonds
Scientists think that it is raining

 Dr.Ru D nathj| e agl s

twice as much energy as it
¥ + r it o n
receives from the Sun.

Thalissa’ . © MASS: 1.024X10(EXP2EIKE °

California, Barkeley... and it produced ERDM SUM : 4504 MILLION KM

giant diamonds on neptunelll That's ; A Titon in thelinly raaily ARt : 2 3 :

right - raining diamonds! A simulation : ; . . i FTE *moons ) :

of Neptune's atmosphers was : u _ Naiad no i '

_ ; n : _ | SIZE . ODIAMETER 49.532KmM
recently done at University of L]

diamond dust. Eni.i_:hny think with all _ i : : £ . i % ; : y . ' :Dé 5_.|J.-._'i.i1. IR B B S T S

the carkon in N-ptﬁnl'_: atmosphers Gatatea MOONS - 8

and the extreme pressure on that : : TEMPERATURE - -2200C -
Hlarlss a : : 1

planet that it may ba. literally, raining : : 50 s e : ) : = - 1 COLOUR . OEEP BLUE
giant diamonds! HolE 7 ; : R ; . ; NeTied - .CORE : ROCKY/ICE CORE
WWW.PIXELDESTINY.COM ' : ; : ; ' ' OREBITAL PERIOO : E0:190.3 OAYS!
% . ; |1230 S FROM EARTH : 4354 - 4564 MKM
"As well as raining diamonds. antunn also has the fastest winds in the entire solar =y=tnm:' LENGTH BE D b HOLNS 7 TR

.&u..w.dwaj




fh s¢ e ©c it i@ ata™ m VA A th :¢ ireat Observato-
‘e =, a = & e e ™. sl it ag N It leftare separate
images frc.a three different regions of inl..red light from
Spitzer Space Tele~ope, thre~ ims-es from diffe-ent regic~s of
TV ™ & NI TN YT
r i sy 2 g I o vom( 1282 @ e v bs va wy. T &
thre¢ images trom each observatory are combined into a s igle
black and white image representing the light from that part of
the spectrum. Each of these images is assigned a color: red for
infrared light, yellow for visible light, and blue for x-ray light.
These three separate color images can blend together to see the

light from a very broad range of light energy in one image.
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What is Fundar tal-1: The Four Elements
Many cer’ ‘=25 >,it s belie~ that '

were fr Junc :nta =2mer  Fire, .rn, ‘ . /? \‘
mdW r.Peo, walk on  th, breotk- - \
T, dr thew rand « efor .inth ( - &
wki. the'  hofth. ,infac ~de r ( P |

v any u...cretn, smaller cicments, winc..
themselves are made up of something more
fundamental.

ED 1Y%

Canadian Research Facilities
These are two facilities in Canada for nuclear

4 . ) -
I[ @\ ] B ?}« ;. K‘\‘;}) ko
'

Humans hu:«fe u!ways wondered CIbOl;Jf their sur:roEJndlr'\gs'. For some, the path to oo T TRIME facilty in Vancouver, Brifsh Colurmbia _
understanding lies among the star= © - othe it lies within the fundamental Right: The Sudbury Neutrino Observatory (SN

particles that we are all compose of. A n "2r is made up of many tiny particles Rotations in the Universe

that behave strangely compared » the ' ac )scopic universe we are used to. For Y Rotations

. mForth Orbit MNuclei with extra energy can rotate.
Some rotating nuclei take on odd

example, an atom is made up of .. " ope space, and yet anyone that runs into
a wall may opt to argue with that. At subatomic levels, particles behave like waves : ™ Querum Dot i ety

W Atomic Nucleus studying gamma radiation from

and phenomena are explained through the mathematics of quantum mechanics. " gl o E——
e Jntil scientists can fully under..an " the subatomic .c. !, v :rely on the “Standar. hese U~

In the 1960s ii s discon  d the* *the =~ *on To the left is a plot of many familiar

and neutron a ot fund ental T, ¢ M lel of Jai cle Ly ¢s, wvh h, ac hir else, o< :p n d =ct n rotali R = 1o follow

a linear slope.

Electron

What is Fundamental-2: The Atom
In 1911 Rutherford predicted that matter was made up
of fundamental particles called ‘atoms’. The atomic
theory was later confirmed in the 1930s. Atoms were
thought to be fundamental, but are in fact made up of
a nucleus consiting of positively charged protons and
uncharged neutrons. Orbiting the nucleus are the
negatively charged electrons. Nucleus

are actually co  osed of  aller  ticles
known as ‘qua . Picture  1ere« the
proton and neu ot yntain three
quarks.

Jefferson Lab

C{]DE Breton HUMan Red blood cells Atom Pr(_‘;,‘hjn At right is a cartoon image of the equipment used to study proton
structure in Hall A of Jefferson Laboratory. An electron beam enters the
room in the "beam pipe" from the left, after having been accelerated
across 6 billion volts of electrical potential. The electron beam smashes
intfo a target placed at the center of the room, inducing nuclear
reactions in the target and sending reaction products throughout the
room, intfo our detectors which are 3 stories high. In the experiments,
both electrons and protons are examined from the nuclear reactions.
Saint Mary's researchers have used these tools to study the forces
between quarks within the proton, as well as the forces between protons
and neutrons themselves inside the nuclei.

neutron

The Six Quarks
The image at right shows the six types
of quarks, from top left: bottom, top,
strange, charm, down, up. Solitary
quarks are never seen, they are always
found with another quark or antiquark.
The top quark is the heaviest, and the
up quark is the lightest.

Size Matters Cosmic Rays
Anfimatter _ _ The above image shows a distance scale (in metres, Cosmic Rays are ultra-high energy particles that interact
For every matter particle, there is a to the left). Starting with a computer with our upper atmosphere in all directions, producing
corresponding antimatter particle. imulatic  f a proton’s shape, 1ht=-n a_platinum an “air shower” of unstable particles. Muons are the
Antimatter is identical to matter, except ifom. rr ood s, hut 1, an s ton. most abundant particles that can be detected using

in charge and magnetic moment. To

the left is an artist’s conception of an

eleciron and its antiparticle, the ' ' 1t Ho It Tog er? e Fo  ~orces
positron. When matier contacts N T |INnt@MACTIo i ve owthe ndar  atal | Cicles,
antimatter, they annihilate into pure - but what governs their b viour? There

plastic scintillators at ground level. The Imperial Qil
Cosmic Rays in the Classroom project incorporates these
scintillators into high schools, where they will be
integrated into the Grade 12 physics curriculum. This will
help the students learn some hands-on modern physics.

gy The Fundamental Particles are four fundamental .5 that work by Left is a simulated air shower of muons. Website:
The six quarks and the six g i exchanging particles called gauge bosons. www.ap.smu.ca/cosmicray
leptons are what we call the Gravitational EIeCtrDmagnenC These forces are Strong,
Hadrons fundame The Wea :lectromagnetic and P Ho ‘ERTIES O F TH E INTE RACTIONS
There are two types of hadrons: baryons, which are leptons ¢ the elec 1, muon, 2 el F?Eld ibeory : Interaction
composed of three quarks (i.e. the proton and the tau and r corres  .ding onr s Wer N Gr. tational

zci nagneasm. | only Fundamental

g hay ek [ w m
fundame | partic are UL wﬂlh 2 othe s Pa  sexpe ing: . _ Electrically charged Hadrﬂns
s rate ito 3 gei  tions, gra Scie: ‘ Po.. cn]ES MEL.o.0: :. w+ w- 70

seaching for a Iheory of = S ; t observed

TR .- where the heaviest (generation g — = NS | - _
l l l I l i lll) decay info the lightest e Everything to connect all mﬁﬁw 10-% m 10-41 _ 25 s applu:ahle
The Generations of Matter FEEUSUTLEIE " four. 3x10-7 m 10-41 Eﬂll to quarks
for two protons in nucleus 10-36 Nﬂ T‘F;%r';ihf_le 20

Poster Compiled By: Jayme Derrah, Saint Mary’s University, 2006

neutrino _ourse h
antiparti asv  ‘The

neutron); mesons, which are composed of a quark
and an antiquark. To the right is an example of a
meson, the pion, which consists of an vp quark and
a down antiquark. (Antimatter particles are
generally denoted by a bar over the symbol).
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Dark Energy
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Quantum Universe
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Movaya Zemlya:

ince, 1945
ySics

plosi

m eri ts, -19
- ate ts, -1 ;
u un ts, 1 -1 latinsk Test

949-1962
1961-1989

h

Orenburg:
1 atmospheric test, 1954 £ n Scattered throughout the USSR:
e - : o @ e o 127 underground tests, 1965-1988
MIS:.S[[E Testing Range: % . o y Nevads TettbeHe:
1 atmosphefic tests 49501962 s o Aivichitka keldng: 100 atmospheric tests, 1951-1963
A - a LOFJ NGr:ﬂ { 3 undergrmund tEStE, 1965-1971 902 UndErgrDUﬂd tEStS, 1951-1992
20 . 26 atmospheric tests, 1964-1980 UK — 24 underground tests, 1962—1991
@ s 22 underground tests, 1969-1996
@ 15 I I AONEa . .‘..: @
° O Scattered throughout the US:
o® 1 Pacific Ocean: ¥ , 7 underground tests, 1961-1973
Chagai Hills: ﬂ Jzapta”- W 2 underwater tests, 1955, 1962 o °
7 underground tests, 2001-2007 i O] Pokhran: Gshu B M aie =

Alamogordo:

6 underground tests, 1974, 1998
1 atmospheric test, 1945

®e
French Algeria:

4 atmospheric tests, 1960-1961
13 underground tests, 1961-1966

Johnston Atoll:
12 atmospheric tests, 1958-1962

Pacific Ocean:
1 atmospheric test, 1962

Christmas Island:
US — 24 atmospheric tests, 1962
UK — 6 atmospheric tests, 1957-1958

Malden Island:
3 atmospheric tests, 1957

French Polynesia:
46 atmospheric tests, 1966—1974
147 underground tests, 1975-1996

Monte Bello Islands: .
3 atmospheric tests, 1952-1956

South Australia: é Bikini Atoll:
9 atmospheric tests, 1953-1957 21 atmospheric tests, 1946-1958
1 underwater test, 1946

South Atlantic:

E tak jtoll:
3 atmospheric tests, 1958 D R 422Tn?{;ic t5J1g4g_19! .
Circ
DUI"IU‘)‘
nilld Mates

USSR
United Kingdom

more than 20 megatons
2.5-5.1 megatons
160—-320 kilotons

less than 15 kilotons
The size of each cirglt represents the yield of the blast.
21 24 The scale is not linear:

nted b
rlap.

Each explosion is repr
Many of these circles

atmospheric detq@ations

underground or unterwater tests
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'.;e LHC, toge ot % b - _
CC 'p]mg behawmlr will enaﬁie *’tﬁ_

: Inparlz[cular;wem]lcreabe
of the Universe, a few mic '

when a primordial state of matter, the Quark-Gluon

Plasma, mthoughttohaveemsted

LOOKING AHEAD

> The International Linear Collider is the next generation,

3 : ; high energy e‘e accelerator. We are studying both the

- ; ) novel use of CMOS MAPS sensors and more established
5-&?(_ @ ‘,& ) ) technologies to measure electromagnetic energy with
\HIRESH HESERRCHE GROUNS NN SIS S H CEREO SR DS BE S BN anprecedented precision. We are also leading global

; J:-.. “-‘f.'?m IGATE AND/SEARCHIECRIMHEISMALESTICONSTINUENTS design efforts for collimation in the beam delivery

- quarl ;
2 e - resulting in a very complex structure
The H1 experlment 5tud1es high energy _

system. Extensive test beam experiments world wide
are essential to all of these activities.

ele:ctmn—pmtﬂn collisions, equivalent tcr-; — iror o "~ L ABORATORIE R N ¢ 1a S EWHERERR AR CLIES

=10 eV

viewing the proton with an ultra-high
resolution (~10"®m) microscope. The plot
shows the resulting measurements of the
valence and sea quark densities and the
gluon density as a function of the fraction, x, |
of the proton's momentum which they carry. .|

CP VIOLATION

ARE ACCELERATE
ENERGY ’Q’C“!LL‘IETQ?TE PRODUCE
AND THE TOP QUARK. THESE
WHETHERSLUPERSY M T

WHENENH

)

YR ETRY HE ST DR DY CFE L

The LHC experiments have built truly massive

E TN Y. ... D ITEC "CR AV Tmc GER DEVELOPMENT

ey fill r re 1an 500 .. 0GB ‘’od wil 3
-scienck Haill:

W ua e ‘le fac hshand ighly skilled staff working
loo ° n : o=sig constr :tion and testing of key
components (e.g. readout hybrid , and software for the ALICE
and ATLAS experiments at the Large Hadron,Collider (LHC) at
CERN. We are specialists in the design and § duction of
electronic trigger systems use to select the collisiotis to be
recorded. At the LHC, proton bunches are expected to mlll

a rate of a thousand million every second. As we can unl}'-

80 s, bl np. 'os ' el m
2000 years of video! No single msutul is
capable of providing the required compuung
and storage capacities. Birmingham, through
its involvment in the GridPP collaboration, is
contributing to the development of the
world-wide grid which will pool together
resources of participating institutes worldwide
and give scientists access to resources levels -
never before available. g

s
P P g - R, e : -\.:' 2 L m
The BaBar experiment is mvestlgatmg a subtle but :
fundamental difference between the properties of o
matter and antimatter, known as CP violation. It has
measured a significant difference between the U
decays of B° and anti-B° particles.
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Standard Model of

FUNDAMENTAL PARTICLES AND INTERACTIONS

The Standard Model summarizes the current knowledge in Particle Physi22. It is the quantum theorv.*'v = “wcludes the theory of stronessteractions (quastum chromodynamics or QCRYand' e unified
theory of weak and electromagnetic interactions (electroweak). Gra: s included on this che _Cdusc one of the fundameniaiinteractions e though not part of the “St  aigwvic. "

matter »nst ients

n..d-. | S wf s § 5 ¥ "R

truct?
the Atom

Quark

Size<107¥m _

p_ electron
€ neutrino

€ electron | 0.000511

Electror
Size < 10~18

Color Charge

Each quark carries one of three types of
“strong charge,” also called “color charge.”
These charges have nothing to do with the
colors of visible light. There are eight possible
types of color charge for gluons. Just as electri-
Neutron cally-charged particles interact by exchanging photons, in strong interactions color-charged par-
and ticles interact by exchanging gluons. Leptons, photons, and W and Z bosons have no strong
interactions and hence no color charge.
Proto

ucleus

ze = 10714 m

: r
M neutrino C charm

S strange

ﬂ. muon

V tau
7 neutrino

7 tau ‘ ~ 10~ 1 Saarks Confined in Mesaoo.2and Banons
Ui innc. Hlate rks ./ gluc , they conf  Jin<  rne al pa. _es called

ha ns. T, onf ment “oad resulte mr iple exchang! ''ans among the
Spin is the intrinsic ¢ ularmor  wum/  .artic  Spir givenir s Y which is the col. harge. ' uents. AscC rgec  rticl juarks and gluori, apart, the ener-
quantum unit of anc  =man m w2 h-= =€ x10743¢( s=_ 5x10734 )5, gy  necolo field i weent ninc  ses. . ener ver llyis:  verted into addi-

tio. quark-ai ark pairs, e belc The qc J antig. _n combine into
Electric charges are given in units of the proton’s charge. In SI units the electric charge of hadrons; these _‘_fhE' particles seen to emerge. Two types of hadrons have been observed in
the proton is 1.60x10°'° coulombs. nature: m« gqg and baryons qqgq.

Residual Strong Interaction

The strong binding of color-neutral protons and neutrons to form nuclei is due to residual
strong interactions between their color-charged constituents. It is similar to the residual elec-
trical interaction that binds electrically neutral atoms to form molecules. It can also be
viewed as the exchange of mesons between the hadrons.

The energy unit of particle physics is the electronvolt (eV), the energy gained by one elec-
tron in crossing a potential difference of one volt. Masses are given in GeV/c? (remember
F = mc?), where 1 GeV = 107 eV = 1.60x107'0 joule. The mass of the proton is 0.938 GeV/c?
= 1.67x107¢7 kag.

Str

Gravitational
Fundamental

‘1  Mass - Energy Electric Charge Color Charge

proton
neutron
lambda

omega

The Particl " dventure
Vi 1e aw.  winning web feature TH  ‘article Adventure at

Matter and Antimatter

For every particle type there is a correspo ng antiparticlc  oe, denc art £ ire.org

ed by a bar over the particle symbol (unl’  + or —charge i  own).

Particle and antiparticle have identical  and spin but ¢ Hbsite Tk hart been de possibleb e generous support of:
charges. Some electrically neutral bosons g, z0 v, and 1 cc, but U. epartr tofEr

K0 = ds) are their own antiparticles. U, i ence BN dation

Lawiciice Bei m.:iE}" Nauunal Labmratory
Stanford Linear Accelerator Center
American Physical Society, Division of F  ticles and Fields

BURLE INDUSTRIES, INC.

. Two protons colliding at high energy can ©2000 Contemporary Physics Education Project. CPEP is a non-profit organiza-
An electron and positron it produce various hadrons plus very high mass tion of teachers, physicists, and educators. Send mail to: CPEP, M5 50-308, Lawrence
A neutron decays to a proton, an electron, (antielectron) colliding at high energy can particles such as Z bosons. Events such as this Berkeley National Laboratory, Berkeley, CA, 94720. For information on charts, text
and an antineutrino via a virtual (mediating) annihilate to produce B2 and B® mesons one are rare but can yield vital clues to the materials, hands-on classroom activities, and workshops, see:
W boson. This is neutron B decay. via a virtual Z boson or a virtual photon. structure of matter.
http://CPEPweb.org

Figures

These diagrams are an artist’s conception of Liysical processes. They are
not exact and have no meaningful scale. Green shaded areas represent
the cloud of gluons or the gluon field, and red lines the quark paths.
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