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Particles

ON UNITARY REPRESENTATIONS OF THE INHOMOGENEOUS
LORENTZ GROUP*

By E. WIGNER

(Received December 22, 1937)
of the invariance of the transition probability we have

M Lo, W) [ = | (o, o) [ E. Wigner:

and it can be shown" that the aforementioned constants in the ¢; can be chosen

in such a way that the ;- are obtained from the ¢; by a linear unitary i o i i i i

tepending, of conrse, on 1and operation, pA particle 1 s an |rredu0|bl\e r e
@ o = D, Do | nhomogeneous Lorentz groupo

By going over from a first system of reference ! to a second I’ = Lland thentoa : — 4

third I = Lalql or directly to the third I =.(L,L,)l, one must obtain—apart S pr n= Q 172, 1,312 €

:rum the above mentioned constant—the same set of wave functions. Hence Mas s O 0

rom

e = DV, V)D(V, Do
prrr = D(I”I n’l
it follows

©) D@, 1D, 1) = wDQ", )

D. Classification of unitary representations from the point of view of
infinitesimal operators

E.g. in Steven Weinberg, The Quantum Theory of Fields, Vol1l
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Particle Detector

W. Riegler:

A particle detector is a classical device, that is collapsing wave functions
of guantum mechanical states, which themselves are linear super

positions of irreducible representations of the inhomogeneous Lorentz
group (Poincare group).

W. Riegler/CERN
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Solvay Conference 1927, Einstein:
! NIRA2FOUAGS a4l YL S SYAG&A | fLKF LINIAOEtSa Ay |ttt RANBOUO
Wilson Cloud Chamber. Now, if one associates a spherical wave with each emission process, how can one

dzy RSNE Gl YR GKFdG GKS GNY¥O1 2F SIFOK FfLKFEF LI NGAOES | LILISK NA

Born, Heisenberg:

G! & az22y |a a4dzOK |y A2yAl L O0A2Yy A& akKz2¢gy o0& UKS | LILISIFNIyOS
happens afterwards one must reduce the wave packet in the immediate vicinity of the drops. One thus

obtains a wave packet in the form of a ray, which corresponds to the corpuscular character of the

LIKSY 2YSy 2y ®¢

According to this reasoning the whole process is described in terms of the interaction of a quantum system
(the alpha particle) with a classical measurement apparatus (the atoms of the vapour).

NevillMott (1929):

' 34adzYAy3d GKS Fad2Ya 2F GKS @FLIRdzNJ Ffa2 G2 6S LI NIO 2F GKS |
to picture how it is that an outgoing spherical wave can produce a straight track; we think intuitively that it

aK2dzZ R A2yA&aS dG2ya Fd NYYyR2Y (0KNRdAzZAK2dzi aL)l OS ¢
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Mott considers and example with and alpha particle at the origin, one
hydrogen atom at positioa, and another hydrogen atom &, , and the two
hydrogen atoms only having EM interaction with the alpha particle:

[Mo] Mott N.F., The wave mechanics of a-ray tracks. Proc. R. Soc. Lond. A, 126, 79-84, 1929. Reprinted in: Wheeler
J.A., Zurek W., Quantum Theory and Measurement, Princeton University Press, 1983.

Main ob j_ects of the investigation are periodic solutions F(R,rq,rg)e'F!/" of the Schrodinger equation 4

for the three particle system, where R, 71, 79 denote the coordinates of the a-particle and of the two H-atom1
hydrogen atom electrons respectively. The function F' (depending parametrically on F) is solution ]
of the stationary Schrodinger equation

2 G 2 n e’
ApFP 4 (=g -An———)F+ (-5 An— 7 —)F 2
oM~ F * ( 2m |71 — ‘31|) i ( 2m [ra — a,2|) ;
_( 2¢? N 26
|IR—7ry |R— g

H-atom?2

|
11,1 .
| e
L LS

)F:EF (4.1)

v

where A, is the laplacian with respect to the coordinate x, M is the mass of the a-particle, m is the
mass of the electron, —e is the charge of the electron so that 2e is the charge of the a-particle.

SPRINGER BRIEFS IN PRYSICS

Result: The two hydrogen atoms cannot both be excited (or ionized) ualess and the
origin lie on the same straight line.
(see Also Werner Heisenberg, Chicago lectures 1930)

it
Quantum
Dynamics of
a Particle in
' a Tracking

Chamber

This example (i.e. moving the boundary between the quantum system and classical measurements device)
Is also used by S. Coleman in the lecture
Quantum Mechanics in Your Face [19%ips://www.youtube.com/watch?v=EtyNMIXsw

@ Springer


https://www.youtube.com/watch?v=EtyNMlXN-sw

Renninger'snegativeresult experiment (1953)

A radioactive atom (emitting and alpha particle) is placed incrgerof a detector that consists of two hemispheres and that are 100%
efficient to alpha particles.

Considering the second (purple) hemisphere to be very large, the absence of the a signal on the green detector aftema gwien
indicate that the alpha particle will hit the purple detector.

The QM analysis will come out right, with a given probability for the red or the green part to fire and zero probabibtythifat.
The semuclassical analysis is however confusing:

The wavefunction has collapsed although there was no measurement performed with the green detector ?
A non measurement collapses a wduaction ?

W. Riegler/CERN



The 6Real 60 Worl d of Parti cl

W. Riegler:

nea particle I s an object that iInteracts with your det €

It interacts also in your readout electronics and will break it after some time,

and I f you a silly enough to stand i n an iIintense partioc

W. Riegler/CERN 8
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Elektro-Weak Lagrangian
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The O6Real 0 Worl d of
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Scales
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Build your own Accelerator

2 615 596 km/h

14



W. Riegler/CERN

Build your own Accelerator

A Ekiﬂ: 15eV —

2 615 596 km/h

The LHC produces 2 x 7 000 000 000 000 eV protons

15



Scales

W. Riegler/CERN
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Basics:
Lorentz Boost

W. Riegler/CERN
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Basics:
Two Body Decay

W. Riegler/CERN
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Basics; 1820 10 : /c)- 'Roﬂiooc«/fw'»‘7
Three Body Decay
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Basics:

Two Body and
Three Body Decay

W. Riegler/CERN
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Basics: Thvariend Mass:
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Basics:
Invariant Mass

W. Riegler/CERN
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Lifetime of a Particle A Exponential distribution

- Lifelime 15
The Muon (0@7 gldle /Pov/f(,é) Joesu'l hove

o inkev ‘clock” | le. holiq Wl lells i} age.

What is the probability P(t)dt that the muon will decay between time
t and t+dt after starting to measure it i independently of how long it
lived before ?

Probability p that it decays within the time interval dt after starting
to measure = p=P(0) dt = c, dt.

Probability that is does NOT decay in n time intervals dt but the
(n+1)st time interval

=(1-p)"p a -epP pwithp=c,dt.
n time intervals of dt means atime oft=ndt A

Probability that the particle decays between time t and t+dt = Exp(-
c, t) c, dt = P(t) dt !

W. Riegler/CERN
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Known Particles

W. Riegler/CERN

13
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A (2420 , N\ | A (1408), A\ (1520), A (1600), A (1670), /\(4660)
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All known particles
that can leave a track
INn the detector

W. Riegler/CERN
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Interactions of the
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ELECTRONS

PHOTONS

HARGED
1'HADRONS

NEUTRAL
I TADRONS
(¢.g. neutrons)

MUONS
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TRACKING CALORIMETERS
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CMS Detector

Key:

Muon
Electron

Charged Hadron (e.g. Pion)

— — — = Neutral Hadron (e.g. Neutron)
""" Photon

.llll““' = llﬁ}lnmu

2

silicon
Tracker

. Electromagnetic
i }I!]-l] Calorimeter

Hadron Superconducting
Calorimeter Solenoid

Iron return yoke intersparsed
Transwverse slice with Muon chambers
through CMS

0 Barnay, CERM, Felnuunay 2
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Diameter: 22m
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ALEPH detector
(LEP 1988 - 2000)
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ALEPH detector
(LEP 1988 - 2000)
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Fig. 1 - The ALEPH Detector
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ALEPH detector

(LEP 1988 - 2000)
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LA e"e

Two high momentum charged particles depositing energy in the
Electro Magnetic Calorimeter
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LA gF¢e"

Two high momentum charged particles traversing all
calorimeters and leaving a signal in the muon chambers.

s ALEPH rcrut Run=15995

Evt=835
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ZA qq

Two jets of particles

» ALEPH o:

Run=1&763 Evt=5906a
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ZA qqQg

Three jets of particles
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Interaction of Particles with Matter

Any device that is to detect a particle must interact with itinsomeway A al most €

In many experiments neutrinos are measured by missing transverse momentum.

E.g. e*e collider. P,,=0, )
Ifthe Epof al | col | 1 sA oentrinpescaded.ct s i s | O

“Did vou see 1t?”
“No nothing.”

Claus Grupen, Particle Detectors, Cambridge University Press, Cambridge 1996 (455 pp-S5B56R168)

“Then 1t was a neutrino!”™
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2010 ATLAS W, Z candidates !

Run Number: 152409, Event Number: 5966801
Date: 2010-04-05 06:54:50 CEST

W-ev candidate in

7 TeV collisions
p,(e+) =34 GeV

nle+)= -042

E ™ =26 GeV

M, =57 GeV
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