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Today Topics

Strange particles

DIS program

Partons

Parton distribution function
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Strange Particles

K 0 was first observed strange particle by Rochester and Butler in
1964 from the decay

K 0
S → π+ + π− τ = 9× 10−11s

where the index ”S” indicate the short life time kaon. Since it is also
observe the same particle (M = 497.7MeV /c2) having different decay
mode with a longer life time

K 0
L → π+ + π− + π0 τ = 5× 10−8s

Then it was indexed by ”L” for long life time.

”Strangeness” was introduced by Murray Gell-Mann, Abraham Pais
and Kazuhiko Nishijima, to explain their curios properties (preserve
under their reactions).

The kaons are thought to be composite particle, first was initiated by
Shoichi Sakata and later were completed and Murray Gell-Mann and
George Zweig

Udom Robkob, Physics-MUSC Lecture 16 Deep Inelastic ep Scattering and Partons Monday 21, 2021 3 / 17



Shoichi Sakata (1964)
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Murray Gell-Mann (1964)
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George Zweig (1964)
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DIS Project at SLAC with MIT and CalTech Physicists

The first electron-proton scattering experiment at SLAC, 1966, in
which electrons with energies up to 20 GeV (1 GeV equals 1 billion
electron volts) recoiled elastically from the proton (that is, without
breaking.it up), gave noevidence for quark substructure.
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SLAC-linear accelerating machine
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SLAC-end station
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SLAC-observe point-like structure (1968)
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Partons

The parton model was proposed by Richard Feynman in 1969 as a
way to analyze high-energy hadron collisions. The scattering particle
only sees the valence partons. At higher energies, the scattering
particles also detects the sea partons.
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Parton kinematics (LAB frame)

kµ = (E , kẑ), k ′µ = (E ′, k ′n̂), n̂ · ẑ = cos θ (1)

pµ = (mp, 0), W µ = (q + p)µ, qµ = (k − k ′)µ (2)

Importance quantities:

Q2 = −q2 transfer energy, y =
q · p
k · p

inelasticity (3)

x =
Q2

2p · q
Bjorken scaling variable (4)
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Parton kinematics (cont.)

x =
Q2

2p · q
=

Q2

2mpν
, ν = E − E ′, y =

q · p
k · p

=
ν

E
(5)

→ Q2 = Sxy = 2mpExy , S = 2(p · k) (6)

W 2 = (q + p)2 → M2
x = m2

p + 2p · q + q2 = m2
p +

Q2

x
− Q2

→ M2
x = m2

p +
Q2

x
(1− x) (7)

I Elastic scattering: Mx = mp, x = 1

I Resonance: Mx = MR , ω = x−1 = 1 + MR2−m+p2

Q2

I Inelastic scattering: Mx > mp, x < 1
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Character of ep-scattering, W > 1.8Gev for inelastic scattering
(continuum region)
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DIS cross section

dσ

dΩdE ′
=

α2
em

4mpE 2sin4(θ/2)

{
2W1(x ,Q2) sin2(θ/2)

+W2(x ,Q2) cos2(θ/2)
}

(8)

Define scaling structure functions or form factor

{F1(x ,Q2),F2(x ,Q2)} = {W1(x ,Q2),
Q2

2xm2
p

W2(x ,Q2)}

where {F1,F2} result from longitudinal or transverse photon
momentum transfer, respectively. So that

dσ

dΩdE ′
=

α2
em

4mpE 2sin4(θ/2)

{
2F1(x ,Q2) sin2(θ/2)

+
2xm2

p

Q2
F2(x ,Q2) cos2(θ/2)

}
(9)
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DIS form factor
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DIS cross section
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