Seeing Invisible

Study of Invisible World of Sub-atomic Particles




Plan

® Diffraction of Light

® General Features of Nuclear Physics
Experiments




To see is to believe

® VWhat is vision?

® Send a bunch of photons into an object

® Detect the scattered photons with our




Young’'s Double Slit

Y/ Seoul National University



Young’s Double Slit




WWavy Patterns
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Move to Quantum VWVorld

® |nh quantum world,
wave = particle, particle = wave
wavelength (A) ~ momentum ( P)

® According to De Broglie )\ = i '




Double Slit in Momentum Space




VVavy Patterns, again
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Generalization

® For a distribution of diffraction holes

N
A(0) = >  Agexp (iAk - x) e'*"
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Intensity vs Form
Factor

F(Ak) :/ p(x)exp(iAk - x)d°x  Form Factor
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Nuclear Experiments
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Nuclear Experiments

® Beam

® photon, electron, proton, nucleus

 DION. Muor A01. DOS Ol i
| 1 38 _




Nuclear Experiments

® Jarget

® proton (hydrogen)




Nuclear Experiments

® Measuring the Intensities (Cross Sections)




Cross Section

Number of Scattered Particles

Number of Incident Particles/Area/Number of Scattering Center

-~ ® Unit:area




Nuclear Experiments

® |ntensities (or cross sections)

® Interaction between the beam and the




Nuclear Experiments

® Measuring various particles and properties
® beam, target

® “new’” things

® newly produced particles




Scattering of Electrons

° Electron S charge interacts with charge
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Homework

® (Calculate the form factor for uniform
density sphere of radius R

® |n other words, do the following integral.




On Carbon Nucleus

® For a uniformly

charged sphere

3
F(q) = 5(811104 —  Ccos )

E=420 MeV

o= |q|R/h

® From the position of
the first minimum

R~25fm
or 2.5x10->m
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Nuclear Radius
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On the Proton

® Electrons also have spin, so does the
proton

® [wo form factors for
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® Spin 0 + Spin 0










Summary

do o> <1+E’/E>2
Spin 0 on Spin 0 ol
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Cross Section
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- ® Separation of the two form factors




Rosenbluth Separation
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R.E. Taylor, Proc. Int. Symp. on electron and
photon interactions at High Energies (Stanford

1967)
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Form Factors of the Proton

Dipole proton form factor
;
0.71

G=(1-

* Gp=Gu/p

® Radius of the
proton

V< 12> =0.81fm

5.0
-q°% (GeV/c)?
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Jefferson Lab
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Jefferson Lab Hall-A

Two spectrometers

Nuclear target
To the beam dump
Electron beam from
-

the accelerator Tl ol




Spectrometer

Q3 Magnet

Dipole Magnet
Detector

Q2 Magnet Packages
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Installation of the new detector




Summary

® Nuclear Physics

® Study of interactions of the nuclei

® Study of the structure of the nuclei
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