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‘ Lorentz Transformation I

[1 Energy-momentum 4-vector

p = (E,p)
p? = E2—p2=m?
B = p/E

[ Lorentz Transformation

L Vr =By L
P —YfBf = p|

[1 Lorentz invariant

p1-p2 = E1Es — p1 - P2




‘Center of Massl

It is often convenient to consider collision process in the center
of mass(CM) frame

Center of Mass energy

Een = /(01 +p2)°
= [(B1+ E2)” = (p1 + P2)°]
= [mi+m3 + 2E1E5(1 — (132 cos 6)

1/2

}1/2

Special case - Lab frame (one particle is at rest)

Eom = (m? +m2 + 2E11ap,ms) /2




‘ Examples I

LHC (in construction) will collide two protons at 7 TeV each. (1
TeV = 1000 GeV)

Center of mass energy = 14 TeV
7 TeV proton on fixed target

E.., ~ 118 GeV

[1 the rest was used for the CM motion

1 GeV proton on fixed proton target (KOMAC)
Eem = 2.33GeV

production of p + Kt + A requires

my + Mg+ +mp = 2.55GeV  or 1.58 GeV beam




‘ Examples (Cont.) I

[0 Use heavy nuclei such as lead (*°°Pb)

[ Nucleons have Fermi motion inside the nuclei

U If kp=0.2 GeV, E¢pn = 2.48 GeV

0 If kp=0.3 GeV, E.,, = 2.58 GeV (barely possible)




‘ Mandelstam Variables I

p17 m]_ p3’ m3
p2) m2 p4’ m4
_ 2 2
s = (p1+p2)° = (p3s+pa)
t = (p1—p3)* = (p2 — ps)°
u = (p1—ps)? = (p2—p3)’
and

s+t+u=nﬁ+w@+wﬁ+wﬁ




‘Cross Section - Part 1I

Mechanics, 3rd edition by Keith R. Symon

If N incident particles strike a thin foil containing n scattering
centers per unit area, the average number d/N of particles
scattered through an angle between © and © + dO is given in
terms of the cross section do by the formula

d—N:nda

N
do is called the cross section for scattering through an angle
between © and © + dO©, and can be thought of as the effective
area surrounding the scattering center which the incident particle
must hit in order to be scattered through an angle between ©
and © 4+ dO. For if there is a “target area” do around each
scattering center, then the total target area in a unit area is n do.
If N particles strike one unit area, the average number striking
the target area is Nn do, and this,. .., is just dNV,...




‘Cross Section - Part 2'

Dimension of the cross section

dN 1
= N

1
do] = i larea]

In real experiments,
[J target is specified by density(p) and thickness (Al)

[J beam is specified by current (I)

n = p-Al

I
No— [a
€




‘Cross Section - Part 3'

1 dN
N p-Alfédt

do

[1 In general, cross sections are written in barns, or b
1 barn = 1072®*m? = 10~%*cm?, 1 fm? = 10 mb

[1 Actually, 1 barn is very big cross section, usually use smaller

units such as pb, nb, pb.

[1 In the previous expression,

(p-Al)é

is called luminosity, £ with units cm~2-sec™!.

[0 L -do gives dN per second (reaction rate, event rate)




Cross Section - Part 4'
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‘Cross Section - Part 5'
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‘Luminosity for Collidersl

Two bunches each containing N; and N, particles colliding f

times per second

Each bunch has Gaussian distribution in transverse direction

with o, and oy

Head-on collision along z direction

Ny - Ny

AdTto,0y

L=]




