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� Röntgen and X-rays:

From Life magazine,6 
April 1896

Hand of Anna Röntgen
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WHAT IS INSIDE AN ATOM? 

� J.J. Thomson’s  model:
“Plum pudding or raisin cake model”

atom = sphere of positive charge           
(diameter ≈10-10 m),
with electrons embedded in it, evenly 

distributed (like raisins in cake) 
i.e.  electrons are part of atom, can be kicked 
out of it – atom no more indivisible!



Geiger, Marsden, Rutherford expt.



Rutherford model
� RUTHERFORD MODEL OF ATOM:

(“planetary model of atom”)
positive charge concentrated in nucleus (<10-14 m);      
negative electrons in orbit around nucleus at 
distance ≈10-10 m; 
electrons bound to nucleus by Coulomb force. 
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Cosmic rays

Discovered by Victor Hess (1912)
Observations on mountains and in balloon: intensity 
of cosmic radiation increases with height above 
surface of Earth – must come from “outer space”
Much of cosmic radiation from sun (rather low 
energy protons)
Very high energy radiation from outside solar 
system, but probably from within galaxy



Positron
� Positron (anti-electron)

Predicted by Dirac (1928) -- needed for relativistic 
quantum mechanics 
existence of antiparticles doubled the number of known 
particles!!!

Positron track going upward through lead plate
Photographed by Carl Anderson (August 2, 1932), 
while photographing cosmic-ray tracks in a cloud 
chamber
particle moving upward, as determined by the increase 
in curvature of the top half of the track after it 
passed through the lead plate,
and curving to the left, meaning its charge is positive. 



Kaons

● First observation of Kaons:
Cloud chamber exposed to cosmic rays
Experiment done by  Clifford Butler and George 
Rochester at Manchester
Left picture: neutral Kaon decay (1946)
Right picture: charged Kaon decay into muon and 
neutrino

Kaons first called “V” particles
Called “strange” because they behaved differently 
from others



“Strange particles”
� Kaon: discovered 1947; first called “V” particles

K0 production and decay
in a bubble chamber
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First Great Discoveries....

� e�; ��; �� and their neutrinos (we call them

Leptons) are fundamental particles and in-

teract electromagnetically and \weakly"

while

� p, n, (��; �0), (K�, K0, �K0), �0, (�+;�0),

�, ... (we call them Hadrons) are not fun-

damental particles!

+

They are made of QUARKS!

named up, down, and strange

and they interact electromagnetically, \weakly",

and \strongly".



Standard Model
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gg -> H

qq -> qqH

qq -> WH

qq -> Z H

qq -> tt gg -> ttH



*� �
������
� !!!

� �������� "������ %�� &��� ������ ��� ����

������� ��� ��� %�������� �� �������&�� ��9

 ���"(���
 ��� �� �� ���������� ����� ��

&��� ������ ��� �'"���(����-

� ��� �'����(��� �� ��� � ��� ��� "������

�� ��� "������ ��� ������ ������������ %���

���N�( �'������ �������� ���2�� �� � �� ���9

(�������� ��% ����� �� ��� �����%� "������-

� ��� ������� �� ���� "�����( ���� �����

������ �� � ������� ������ &��%��� ���������

��� �'"���(���������---

� --- ��� &��%��� ��1����� �����"�����
 ����

"������� "������
 ������� "������ ��� �����9

"������-

� ��% �� ���������� ����� ��� ������� �� �����9

��� �������- �� (�� ���������� ��� (���9

��� ����� ���� "�� ��� >�� ������� ���( &�9

��� "��� �� ��� �������� #���� ��� ��� ----



����� �	 ��� ���	 �� 
��3 9��3 �� ��	
����	
�	 �� 3��� ��
	 ��� �
� ��
���$� ��	 �	
� 
�
�	 ���� ��	 �	
�

���

�




