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Imagin one atom
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Dalton — mechanical connections

Philip Lenard — electric dipoles

Hantora Nagoaka — Saturnian model
Thompson — plum pudding

Rutherford — very small positive nucleus
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Rutherford Model

Small nuclei inside the atom!

3 el B Atomsize r~101m
%8 %

F 00 Nuclei size r~ 1015 m



Rutherford Formula: Classical deduction

E, — beam kinetic energy

b — Impact parameter

0 — scattering angle

Conservation of Energy and angular momentum
determines well defined trajectories (Kepler)

1\ @1Qe 0
b= (ame[.) oE, " (5)

(2.1)



12 Lel de Kepler

Orbitas elipticas (Sol no foco)

Planet

elipse
parabola

hipérbole
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Rutherford Formula: Classical deduction

If the number of beam particles per unit of transverse area npeqm 18 not a function of the
transverse coordinates b and ¢ (the beam is uniform and wide with respect to the target
size), the differential number of particles as a function of b is:

dN
db

= 2h npegm, - (2.2)

Expressing the differential number of particles as a function of the scattering angle 6:

dN  dN db

g db df (2:3)
we obtain using equation 2.1:
dN 1 QiQs\” cos (§)
— - 2.4
" (4WE.] 2E, ) sin® (2) e (24)
or, in terms of the solid angle €2,(d(2 = 27 sin 6d#):
dN 1 QiQ:\> 1
— = - ) 2.5
d9) (4?1’613 4E, ) sin® (Z) e (29)

Rutherford Formula!!!



Cross-section (o)

Interaction of one particle beam with a single object target

i\'rint
Otot = - . >
Npeam ; if’ .

W ~
Ttot — it J = Pbeam.
J
G ~ “target projected area” Elastic cross-section - o,
“Input particles” = “output particles”

barn = 1024 cm?
mb = 1027 cm?

ub = 1030 cm?

Inelastic cross-section - ;,
“input particles” # “output particles”

Total cross-section - o,
Otot = Oel + Oin



Cross-section (o)

Interaction of one particle beam with a “composed” target

o Hft’nt > >
ot = >
I N, 5 ZE—
N, zNP&I, (x 1cm?) & \
Wa
Luminosity
N - Avogadro number L=].N,

— Target specific mass _ _
P Jetsp Total number of interactions

W, — atomic weight
th-t = Jtﬂt/ Ldt.
T

Neglecting the beam absorption within the target



Interaction lengths

AN N, W,

— Int

N i nbeam ‘]

d_N o I\IAvog 'O

= N

dx A

L... huclear (g cm)
int(HZ) =30.8

L..«(D,) = 54.7

L..(Be) = 75.2

Lin(C) = 86.3
Lin(Xe) = 169
L,.«(Pb) = 194

= N, o

Lo uclear (g cm2)

coII(HZ) = 43.3
L., l(D,) = 45.7
L.,;(Be) = 55.8

coII(C) = 60.2

coII(Xe) = 103

coII(Pb)_ 116
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How does L.,
depends on A?



("ross section {mb)

proton-proton cross-section
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ete- — hadrons cross-section

O [mb]
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Luminosity in beam-beam
collisions (colliders) 2
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N, , N, —number of particles in the crossing bunches

N, —number of bunches per beam
A, — intersection transverse area
f — beam revolution frequency



Differential cross-section
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In an e.m. interaction what is the value of ., 77?



3. Cross-section fixed target

Consider a fixed target experiment with a monochromatic p beam with a
energy of 20 GeV and a 2 m length liquid hydrogen (H,) target (p= 60 kg
m3). In the detector placed just behind the target were measured beam
fluxes of 7 10° protons/s and 107 protons/s respectively with the target
full and empty. Determine the proton-proton total cross section at this
energy and its statistical error:

a) Without taking into account the attenuation of the beam inside the

target
b) Taking into account the attenuation of the beam inside the target



4. LHC collisions

The LHC running parameters in 2012 were: Number of bunches = 1400;

Time between bunches = 50 ns; Number protons per bunch = 1.1 10%?;

Beam width (sigma) at the crossing point = 16 um

a)

b)
c)

Determine the maximum instantaneous Luminosity of the LHC in
2012

Determine the number of interactions per collision (c,,~100 mb)
Determine the maximum number of Higgs bosons decaying into 2
photons ((c,~21pb; BRy,= 2,28 X 10-3)) which could have been
produced in 2012 in the LHC . Compare this number to the real
number of detected Higgs in this particular decay mode reported
by the LHC collaborations (~400). Discuss the difference knowing
that the integrated Luminosity of the LHC (Luminosity integrated

over the time) during 2012 was around 20 fb™.



O neutrao
~ 1920 Rutherford

- ¢

~ 1930 Bothe and Becker

Producdo de “radiacdao’ neutra penetrante € nao ionizante
no bombardeamento de Be com particulas o

~ 1932 Chadwick
polonium source | E v Geiger counter
~—p S
n \
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m_~ 938 + 1.8 MeV (939.57 Mev) James Chadwick



O neutrao deca....

conservacio E e P 2?7

3L F. A.Scott, Phys. Rev. 48,391 (1935)
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NV telectron voltss




O neutrao deca....

n - pe v 03

3L F. A.Scott, Phvs. Rev. 48,391 (1935)

. . W O neutrino !!!
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A forca fraca

n - pe v

E. Fermi
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A forca fraca

n - pe v 03

A Vvisao moderna !

Um quark d transforma-se
num quark u emitindo um
bosdo W que “decai” num
par electrao, anti-neutrino

E. Fermi

ANHO TV - VOL. 1 - M. 12 QUINDICTNALE u DiceqBrIE 4 D s

LA RICERCA SCLENTIF
mmmmmmbwmm

@,},@
S
Tentativo @.\u@unﬁa dell” emissione

K& y "
&’\,\ &vg ggi “beta

q)&(o Q@ del gral. ENRICO FERME

Rinssunto: @t della emissione der raggi .H delie poitanzt radicamnive, fondsta sul-

ipoten 1 elestroni emassi dai ﬁnl:!t‘i_ pon esistane prima della disimtegrazicns

vﬂ% grman, imsieme ad = opemtring, i mode smalogo afla formazione di
GuET i

Juce che acecmpagna un malto quanies di =n afomo. Confroate dells
tearin con Vesperienza

I"i
ma
un

Nuovo Cimento and Zeitschrift fur Physik

<]






Seccao eficaz . exemplos (1)
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Resolucao (I)

6|= Nl@\t

N;?“(‘_x QA(Uo X P°c.lw>/‘.,u.(_

5 Nint
Nime X Lo(uo X Mo 0
W
= 4 lo"
lc6 X loo X 6 loz?’x ¢,063
1
-26
g 2 O 5 (;M-\z
v 20 wb

3 neeeeo l&iu-s tetal \\»\ a AGV/e ' ~ 4o mb
oV na{e o eade (00 \notss (mudepter axstemad 4
'\V\I‘M«u?‘s des Quais v} alastices

A Mce'c‘c 2\,&&3 okt\.t\ow oe QQAM%‘\G. | (.L%)



Seccao eficaz : exemplos (Il)
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Resolucao (I1)
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Avaliacao da cadeira de Particulas Elementares (2015/2016)

A avaliacao consta de duas componentes:
Testes/Exame (75%)
Artigo (25%)

Testes/Exame

Esta componente comporta dois testes e/ou um exame com duas datas. A data do
segundo teste coincide com a primeira data do exame. Na segunda data de exame
os alunos podem optar por recuperar um dos testes. A nota final sera a melhor nota
obtida via teste ou via exame. Cada teste tem a duracao de 1.5 horas. O exame tem
a duracéo de 3h. Sera autorizada a consulta de um formulario com uma folha A4 e
do PDG. O primeiro teste sera no sabado 24/10.

Artigo

Esta componente comporta a realizacao (individual ou num grupo de dois alunos)
de um pequeno artigo (4 paginas) com o formato de um “proceeding” de conferencia
em que se discuta tedrica e experimentalmente uma observavel em fisica de
particulas e/ou astroparticulas. Sugestdes de temas serdo dadas até 9/10, os
temas seréo escolhidos até 9/11 e o artigo entregue ate 17/12.



