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How do we know what lies within Resonance-75
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How do we know what lies within

Introduction:
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How do we know what lies within Importance of the idea of 'atoms’

How important is the idea of 'atoms’?

In the words of R.P. Feynman:

" If all the scientific knowledge in the world were to be destroyed and I
can choose only one piece of understanding to be passed on to future,
I would choose to pass on the message that matter is composed of
atoms, ceaselessly moving and bouncing against each other.”
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How do we know what lies within

The Standard Model : July 4, 2012

SM matter particles and force carriers

FERMIONS*
Second

BOSONS
Third H |
Generation Generation Generation

' First
3

lectron-

neutrino

>

ark

Particle content of the
STANDARD MODEL
(SM) OF PARTICLE
PHYSICS!

The 'Periodic Table’ of Fun-
damental particles and their
interactions has arrived!

Addition of gravitational in-
teraction and spin-2 gravi-
ton will complete the pic-
turel. We only touch upon
it here.
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How do we know what lies within Intermediate stops in the journey

Intermediate stops at the elementarity station:

1)Nucleus: 'discovered’ by Rutherford in « particle scattering (1911).
This truly began the inward bound journey into the heart of matter!

2)Pions : predicted by Yukawa (1935), found in cosmic ray experi-
ments (1947).

3)Existence of protons was inferred from observations and that of
neutrons from properties of nuclei and then neutron was discovered
in 1932.

T hese were considered elementary at these intermediate points in the
journey.
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How do we know what lies within

Discovery of Electron

Discharge Tube Air at very low pressure
Green glow

gxee, Zh

‘ h Anode
H To vacuum pump

Production of cathode rays

Cathode

High voltage generator

Second half of 19th Century:
Faraday: electricity too
comes in multiples of a basic
unit.
J

Experiments with Cathode
Rays by Thompson and
Discovery of the electron:
A particle with e/m ratio
different from the hydrogen
ion. The first elementary
particle.
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How do we know what lies within Electron: reality

Three basic processes in the transition from electron being a
" postulated entity” to a " physical reality” :1894.. > 1899.

1)

2)

3)

Observation by Farady that the electricity comes in units from
patterns in ionisation,

The experiments made by Thompson that Cathode rays behave
under the action of electric and magnetic fields as though they
consisted of particles with a ratio of charge to mass (the famous
e/m) quite different from the Hydrogen ion,

LLorenz calculated splitting of the atomic spectral lines in a mag-
netic field. The prediction agreed with Zeeman’'s measurement
if value of e/m was equal to that found by Thomson! The 'cor-
puscle’ seen by Thomson in his Cathode Ray Tube was the same
that exists in an '"atom’.
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How do we know what lies within The arrival of the nucleus

Thompson: Plum pudding model of Atom with electrons sticking out like plums.

T he Rutherford scattering experiment:

shaped the physics of the Century!
# of o particles scattered

from the gold foil at differ-

Detoctor ent angles were counted.
~ A N Most o particles went unde-
Thin gold foil Microscope flected.

= b=

Alpha . )
‘;‘:‘,‘[};EL‘*\ Suiohide Completely opposite to

Screen

Target that expected if ’'plum

pudding model’ was true.
Rutherford concluded from this: atom has

a point like nucleus.
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How do we know what lies within positive charge is a 'point’

Rutherford truly split the atom into nucleus and electrons! Why did
this mean that positive charge of the atom is a 'point’: the nucleus?

No. of counts

N\
L
- AN
Angle 0.cattering
‘®
-
- N Atom has
\\ ®esubstructure

ole oo =t jw]s o
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How do we know what lies within positive charge is a 'point’

Distance of closest approach will be where the o particle comes to a
stop and then rebounds. For given energies of o particle the distance
was about 60 Fermi. So the charge was concentrated in region smaller
than that!

Rebound velocity also gave an estimate of the mass at the centrel

Weinberg, Modern Physics.

Let us work it out more or less from the information available to
Rutherford
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How do we know what lies within Backward scattering

Why did backward scattering immediately that something much heav-
ler than the electron was repelling the « particle.

Consider particles A, B with masses m 4, mpg colliding head on veloci-
ties v4,vp and emerging after collision travelling with velocities v;‘,v%
along the same line.

v; are velocities. So they can be negative or positive. If both the
velocities have the same signs the two particles are going in the same
direction, if they are going in opposite direction the velocities have
opposite signs.

Momentum and energy conservation requires

mava + mpug = myv’y + mpulg, (1)
1 1 1 / 1 /
EmAvi + Eva% = EmAvj + EmBUBQ (2)
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How do we know what lies within backward scattering

Solve the two equations. Substitute fuj_g in terms of the other three
using equation 1.

Get a quadratic for v3. Trivial solution will be vy = v/y,vp = V.

Nontrivial solution will be

o — (ma—mp)ua+ 2mpup
4 my +mp

and similarly for v’y by A <+ B.

' - _ ) — (mg—mp)ug
For Rutherford’s experiment, vg = 0 and VA= S Fme
Backward scattering means my4 < mpg. That means a particle is

repelled by something heavier than itself.
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How do we know what lies within Nuclear Size

Rutherford could estimate that the Nuclear size is much smaller than
atomic size by the following argument.

AsS the « particle approaches the positive charge Z it feels the repulsive
Coulomb repulsion.

It will slowly lose its K.E. and will come to a stop depending on the
impact parameter and then rebound.

%! Ztarget €
T

— 2
:> T = QZta/fr'get e 7%—0;'005

mavg —

N|—

Rutherford quotes vq = 2.09 x 10° cm/sec, eq/ma = e/2myp.
We get r = 3Zt4rget 10714 cm. Even with Z = 100, = 10~ 12cm.
Much greater than 10—8 cm which was estimated to be atomic size

from the density of metals and known atomic masses!
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How do we know what lies within backward scattering

Study the distribution of the counts as a function of scattering angle
and compare it with that expected from a point target. If they differ
the target has a structure.

Simple calculation showed that for a point, screened charge one would
expect:

do 1
X
dQ2  sin*(0/2)

Modification from this then can be used to extract information about
the 'spatial extent (the 'size’) of the target.
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How do we know what lies within

Why does this happen?

The kinematics of this scattering
process is defined in terms of angle
0.

If Q = p— §, normally convenient to
use Q2 instead of 6

If p(R) is the space distribution of
the scattering centres one can show
that

do
(42 =IF@P(5D)
dS2/ charge distn. dS2/ point

where F(Q?2) is the Fourier Trans-
form of the 'normalised’ charged dis-
tribution.
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How do we know what lies within Why does this happen?

Thus spatial distribution will modify the Q2 dependence compared to
the expectation for a point and for a point F(Qz) will be a constant.

In fact it can be shown that at Q2 < 1/ < R? >,

F(Q%) ~1— < R?> Q2

This then explains why Rutherford found the nucleus to be pointlike
eventhough we NOW know it to have size of the order of a few
Fermis.

Our ability to infer and study structure of an object from scattering
experiments is possible only when < R? > Q2 ~ 1. I.e. smaller the

spatial extension higher the energy required.
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How do we know what lies within Nuclear version of "Rutherford’ experiment

Stanford Linear Accelerator: S.L.A.C.

Detector

Beam /
Accelerator g Target

Detector

Nucleus ___/f'__/ﬁ_

Ee
400-600 MeV

Note similarity with Rutherford experiment. The Ae ~ a 1000-10,000
times smaller than A,. Count the number of electrons scattered
at an angle 6 compare it with the number expected for a 'point’
nucleus/proton.
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How do we know what lies within The actual accelerator and detector

from : Interactions.org
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