al theorem)
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Lorentz Invariance of Phase Space Element dL

transformation of energy E and momentum p. P, oo
b y z
dpx’dpy’dpz’:DJdpxdpydpz apx apx apx
: D,=\0p.’
note: spatial rotations leave E and |p| unchanged d 81%
Py
Possible transformations:

- rotation |D |=1 Jacobi determinant

 Lorentz boost
» discrete transformations (parity) |D |=1

e combination of above trafos (Poincare group)

Boosts:
E”:-l—yE—prZ px',:Px using EdE=p_dp.
D. :_YBE+ypz P, :py P E'
op,' _ OF ) =

p —Y—Yﬁa—

P P d3p d3p’

' 4 — =

op, :@py i 5 E' Cled
apx apy
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ts an infinite number of final states
I =specific final state

operator: S*=85""
perator S=1+R vyields:

+R*)=1+RR"+R+R" =1
=—(R+R")=—R(R+R")
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Optical Theorem ||
2 — 2 reaction: R,=—i(2a)" H; N, 8(p+p,—ps—pi) T,
transition amplitude:

> GIRLAAIRIEY = X R = -2(2m) (TT_, N.) 3(7*(0))

using:
Zf|f><f|:1 and defining Zf<i|i> = T°“"(0)

T9““(@=0) is the elastic forward scattering amplitude

The imaginary part of the transition amplitude describes the
amount of scattered (absorbed) particles like a refrection index

The total cross section is given by the imaginary part of the
forward scattering amplitude — optical theorem
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m Il

measurement at LHC is done using the
of:

p (reference process)

cross section is determined by measuring the forward
Ing amplitude!
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> E  process pp — pp ATLAS
O
O '5=7 TeV, 80 b’
E mmml-.-l
=0 o
<l -
o) B Tia
© B I-l-:_!_'
10 o
- s
E -
N ++
- +
= + ‘ )
fliaaas jl]lllllllllllllIlllllllll]llllllllll\-_l
T 10E
bt = |:|Total error \
> 5t
% 0 é—x NECNN \\\\\\\\\\\\\\\\\W
g 13%: X\ Statistical
5 0 005 01 0.15 0.2 0.35
-t [GeV?]
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