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Motivation & challenge:

— explain it to a high school student in 45 min

What is a particle?

lvan Melo

Zilinska univerzita, Zilina, Slovakia

If a high school student asks physicists what a particle is, he/she might get very different

answers, including

a) particle is what we see in the detector

b) a point-like object with mass and various charges

c) an irreducible representation of the Poincare group

d) a (collapsed) wave function

e) a minimum excitation of a quantum field

| discuss strong and weak points of these definitions in an open search for the best

approach.

1. a pointlike object with mass and charges

(table of elementary particles)
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- introduces players

- can compare with periodic
table of elements

- mysteries of Standard model

- connection to energy content of
the Universe

- remains at the surface

- difficulty with spin

- difficulty with many charges
- difficulty with gauge

Standard Model of Elementary Particles
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three generations of matter
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2. ... It is what we see in the detector
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Individual photons recorded by an intensified CCD camera [1]

- straightforward description
of reality

- stimulates philosophy:
can instruments alone reveal
nature of reality?

- not the particle we see but
the signal it generates

- does not explain things,
need of theoretical picture
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High energy photons in ATLAS detector [2]

s

400E =
300 &= —’_‘;
2005 =
100E-~ + + ‘ ' * * =
0 g R s -ty v g
wnk * r! * . =
1005 @ * —
200 E L L 3

100 110 120 130 140 150 160
m.. [GeV]

Invariant mass

”"l.! f_l

[ o 2 . ar = =
V Ma Fmy + 2E,E, — 2p, - Py

The way particle physicists see short-lived particles [3]

3. irreducible representation of Poincare group

Precise definiton

Seems too formal to explain

Source of light

a)

K

source of low intesity light

5. a minimum excitation of quantum field

electric field I
(standing wave)

C)
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QM mysteries
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4. a (collapsed) wave (function)

- double slit experiment goes to the heart of

- connects to ,what we see in the detector”

- goes to the probabilistic nature of QM
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b) Young‘s observation (wave behaviour)
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source of low intesity light

d) detectors to find out the path of a single photon

Double slit experiment

wave-particle duality
a) wave function unobserved
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b) wave function collapsed
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Collapse of the wavefunction

(example: photon in a box)
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classical oscillator (HO)

2Eocoswt sinkz

EL‘“ f[lijl| sinkz 1.

J. | L B . J. + T3 7 "
energy L. 5 Mw=q=(t) 4 5 Mqg=(t) M 2
/ equivalent to classical HO
y if q(t) — x(t)
o l iy ; v TP ; \ £)
E smw r(t)” + - ma(t)”

= s

fuw(m

(“Lbrhﬁ

y
e

position

v

in some sense, amplitudes are quantized
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quantum oscillator
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standing elmag. wave is formally equivalent to classical HO
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quantize like HO

- based on relatively familiar classical
oscillator and classical standing wave
- quantization the same as for HO

- quantization of HO challenging
- translation from x(t) to q(t) and E_

- only noninteracting photon

photon is quantized electromagnetic wave with minimum amplitude (m = 1 state)
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ATLAS experiment preliminary analysis of H -> y y in 2012.

| Leiden University video: https://www.youtube.com/watch?v=MbLzh1Y9POQ
IPPOG ATLAS Masterclass, https://atlas.physicsmasterclasses.org/en/zpath_|hcphysics3.htm

Section 5 was partially inspired by Matt Strassler’s blog Of particular significance.



