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Los cientificos del CERN anuncian el descubrimiento de una particula que podria ser Hig ue la videoconferer - . .
g e «Wir schreiben Weltgeschichte»

Physiker in aller Welt sind ausser sich vor Freude: Cern-Forscher gaben heute bekannt, dass sie
das lang gesuchte Higgs-Teilchen wohl endlich gefunden hitten. Ein Sprecher des Cern erklért,
was das bedeuten kénnte.

explicando un avance que, de confirmarse, supondria un paso esencial de Ia fisica para explicar el origen de la materia, »

Hallada “la mas so6lida evidencia” de
la existencia del boson de Higgs

= El posible descubrimiento de la particula es un pase esencial hacia la explicacién del erigen de la materia

Bundesrat Berset gratuliert

Forschungsminister Alain Berset hat heute
Mittwoch den Cern-Forschern zur Entdeckung
einesneuen Teilchens gratuliert «Esist ein
historischer Tag far die Teilchenphysik und
das Verstandnis des Universums», sagte Berset
am Rande einer Medienkonferenz

"Puedo confirmar que se ha descubierto una particula que es
consisiente con |a teoria del beson de Higgs®, dicen los
cientificos. El descubrimiento de la particula ayudaria a explicar
el origen de la masa. Los fisicos del CERN explican en estos
momentos sus hallazgos TN, o0 AFF/CEAN

Historische stap in het onderzoek naar de bouwstenen waaruit heelal is opgebouwd

Dass die Forscher ein neues Teilchen
beobachtet hatten, bei dem es sich um das
lang gesuchte Higgs-Teilchen handeln konnte
sei bemerkenswert, sagte Berset. Die
Entdeckung eroffne neue Forschungsfelder
Moglich gemacht habe al dies der
Teilchenbeschleuniger in Genf. (sda)

» Dicclonario para entender en qué consiste el hallazgo
B La “caza” del bosén de Higgs, por A. RUIZ JIMENO < e ‘ bt
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Higgs of niet, het is een spectaculaire ontdekking
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Deelt jesfysici wacht spannende dag
'l think we have it', zei de i directeur van het Zwi

onderzoeksinstituut CERN vandaag na afloop van een persconferentie

over de zoektocht naar het zogenoemde Higgs-deeltje. Hij sprak van een
'historische mijlpaal'. Maar met voorzichtigheid omgeven - er is meer ontdekking
onderzoek nodig. Wat is er nu ontdekt?
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“Tranen van geluk, Higgs boson bestaat!”
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Higgs of niet, het is een spectaculaire ontdekking

Door: Pister Sab

112, 1129

X Higgs-deeltje 'zeer wanrschijnlijk
* gevonden' - 04107/12

‘Maatschappij heeft nég niks aan Higgs' -
04m712

MEER OVER

Natuurkunde Wetenschap

© EPA. Fato Lt neller van CERM in

Genéve Deelt jesfysici wacht spannende dag
'l think we have it', zei de i directeur van het Zwi

onderzoeksinstituut CERN vandaag na afloop van een persconferentie
over de zoektocht naar het zogenoemde Higgs-deeltje. Hij sprak van een
'historische mijlpaal'. Maar met voorzichtigheid omgeven - er is meer
onderzoek nodig. Wat is er nu ontdekt?

B

Delftse fysici doen spectaculaire

ontdekking

- The Guardian over het Higgs-deeltje
g Wat is dat Higgs-deeltje?

André Kuipers weer terug op narde

Wat we in elk geval met voldoende
zekerheid kunnen zeggen, is dat er
een deeltje is gevonden met een
massa, waarvan het bestaan in de
natuurkunde nog niet eerder bekend
was. En dat deeltje lijkt op het
Higgs-deeltje of Higgs-boson, zegt
Martijn van Calmthout van de
wetenschapsredactie van de
Volkskrant.

® anp. PSR Fenzame George (+/- 1912 - 2012)



“Tears of joy, Higgs boson exists!”
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Higgs of niet, het is een spectaculaire ontdekking

Door: Pister Sab

" Higgs-deeltje 'zeer wanrschijnlijk
* gevonden' - 04107/12

‘Maatschappij heeft nég niks aan Higgs' -
04m712
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© EPA. Fato Lt neller van CERM in

Genéve Deelt jesfysici wacht spannende dag
'l think we have it', zei de i directeur van het Zwi

onderzoeksinstituut CERN vandaag na afloop van een persconferentie
over de zoektocht naar het zogenoemde Higgs-deeltje. Hij sprak van een
'historische mijlpaal'. Maar met voorzichtigheid omgeven - er is meer

onderzoek nodig. Wat is er nu ontdekt?
- The Guardian over het Higgs-deeltje
Wat is dat Higgs-deeltje?
—

André Kuipers weer terug op narde

Delftse fysici doen spectaculaire

ontdekking

Wat we in elk geval met voldoende '
zekerheid kunnen zeggen, is dat er
een deeltje is gevonden met een
massa, waarvan het bestaan in de
natuurkunde nog niet eerder bekend
was. En dat deeltje lijkt op het
Higgs-deeltje of Higgs-boson, zegt
Martijn van Calmthout van de
wetenschapsredactie van de
Volkskrant.

® anp. PSR Fenzame George (+/- 1912 - 2012)






HOW do we measure
these particles ?




How do we make
things “visible” that
are too small to be seen ?




What are the “eyes”
of the particle physicist ?




Standard Model of Particle Physics

atom~10%cm

electron
<10""%cm
proton
(neutron)
quark
<10"%cm

nucleus
~10""2¢cm

~10"%cm
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<http://www.ipp.phys.ethz.ch/outreach/particle-physics—--a-brief-review.html>

source:



Standard Model of Particle Physics

Q electron

<10"%m

proton

@ (neutron)

_ nucleus
— ~10""%¢m
atom~10"cm
] Nuclear Particle
Chemistry physics physics
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Standard Model of Particle Physics
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source: <https://en.wikipedia.org/wiki/Standard Model>



Standard Model of Particle Physics

Quarks, electron — matter
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Standard Model of Particle Physics
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Gauge Bosons — interactions \/

|GAUGE BOSONS
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Standard Model of Particle Physics
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Standard Model of Particle Physics

Higgs Boson — mass
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Standard Model of Particle Physics

LEPTONS

s b =2.3 MeV/c?

b 2/3 u

b 112 4

up

=4,8 MeV/c?
-1/3 d
1/2 /
down

0.511 MeV/c?

e

112

electron
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D
1/2 e

electron
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For each matter particle there is a corresponding antiparticle

« Same mass as the particle, but opposite charge
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Standard Model of Particle Physics
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Standard Model of Particle Physics

Particle — antiparticle pairs annihilate
into energy (e.g. gamma rays)
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down
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electron
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Fundamental Questions

WHY DO WE SEE SO MUCH MORE MATTER
THAN ANTIMATTER IN THE UNIVERSE ?

BIG
BAN

Cl

u
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source: <https://www.nasa.gov/mission pages/hubble/multimedia/index.html>



Fundamental Questions

WHY DOES ANYTHING EXIST AT ALL ? %
u
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Standard Model of Particle Physics

mass —f§ =2.3 MeV/c? =1.275 GeV/c? =173.07 GeV/c?
charge —f 2/3 u 213 C 213 t
spin - 1/2 7 1/2 7 112 >
up charm top
=4,8 MeV/c? =95 MeV/c? =4,18 GeV/c?
-1/3 d 13 S -1/3 b
1/2 7 112 7 1/2 7
down strange bottom
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0 0 0
1/2 -I)e 1/2 -I)u' 1/2 ])T
electron muon tau
neutrino neutrino neutrino

Three “generations” of matter particles

2" and 3" generation are heavier siblings of 1% generation
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Standard Model of Particle Physics

mass 4
charge

spin

LEPTONS
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112 4
up
=4,8 MeV/c?
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down
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e
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electron
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. De

1/2

electron
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All ordinary matter (you, me, ...) is made up
from particles of the 1% generation
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Standard Model of Particle Physics

mass -
charge -

spin =

=1.275 GeV/c?

=173.07 GeV/c?

213 C 2/3 t
1/2 7 1/2 7
charm top
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0 0
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Particles of 2" and 3" generation

can be produced in high-energy collisions
( cosmic rays, particle accelerators )

S

S
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Standard Model of Particle Physics

mass -
charge -

spin =
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... but they are very short-lived and

decay to particles of the 1% generation
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Fundamental Questions

Who ordered THAT ?

(Isidor Isaac Rabi on the discovery of the muon)

WHY THREE GENERATIONS ?
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Isaac

rg/wiki/Isidor

photo source: <https://en.wikipedia.o



LHCb Experiment
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Standard Model of Particle Physics

‘
Fss - =23 MeV/c? =1.275 GeV/c? =173.07 GeV/c?
cilarge —» 2/3 u 2/3 C 213 t
spin > 112 4 1/2 4 112 s
up charm top
=4.8 MeV/c? =95 MeV/c? =4.18 GeVi/c?
13 d 113 S -1/3 b
1/2 4 1/2 7 1/2 ' 4
down strange bottom
\L )

Quarks are not observed as free particles
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Standard Model of Particle Physics

1
Fss - =23 MeV/c? =1.275 GeV/c? =173.07 GeV/c?
cilarge —» 2/3 u 2/3 C 213 t
spin > 112 4 1/2 4 112 s
up charm top
=4.8 MeV/c? =95 MeV/c? =4.18 GeVi/c?
13 d 113 S -1/3 b
1/2 4 1/2 7 1/2 ' 4
down strange bottom
\L )

Particles that are observed consist of

* three quarks (e.g. proton), or

* a quark and an antiquark

("exotic” combinations: Tetraquarks, Pentaquarks)
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Standard Model of Particle Physics

‘
ass — =2.3 MeV/c? =1.275 GeV/c? =173.07 GeV/c?
213 u 2/3 C 213 t
spin > 172 / 112 / 112 1
up charm top
=4.8 MeV/c® =95 MeV/c? =4.18 GeV/c?
13 d 173 S 113 b
112 / 112 / 112 /
down strange bottom
“

Particles that are observed consist of )

* three quarks (e.g. proton), or

>
e a quark and an antiquark

("exotic” combinations: Tetraquarks, Pentaquarks)

/

Many possible
combinations:
“particle zoo”
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If | could remember the names of all these
particles, | would have been a botanist.

(Enrico Fermi)

izquotes.com

source: <http://izquotes.com/quote/389467>



If | could remember the names of all
these particles, I'd be a botanist.

T .
— Albert Einstein —

AZ QUQOTES

source: <http://www.azquotes.com/quote/582126>



“Don’t believe
everything you
read on the
Internet just
because there’s

a picture with a
quote next to it.”

—Abraham Lincoln

j=o]
=
=

source: <http://www.thezooom.com/2012/07/3962/>



Reconstructing an Event

Most particles in the particle zoo are very short-lived

Very few are stable or live long enough to leave a trace
in a particle detector

electrons and muons

protons (uud) r  charged
pions (ud) and kaons (us)
photons
neutral
neutrons (udd)

.se 20 tnelr antiparicles
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Reconstructing an Event

Short-lived particles can be reconstructed indirectly
by measuring their long-lived decay products

— Relativistic kinematics
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Reconstructing an Event

Short-lived particles can be reconstructed indirectly
by measuring their long-lived decay products

— Relativistic kinematics

(E-me )
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Reconstructing an Event

Short-lived particles can be reconstructed indirectly
by measuring their long-lived decay products

— Relativistic kinematics

“natural units”;

ECETES sl
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Reconstructing an Event

Short-lived particles can be reconstructed indirectly
by measuring their long-lived decay products

— Relativistic kinematics

[E2:m2+p2]
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Reconstructing an Event

Short-lived particles can be reconstructed indirectly
by measuring their long-lived decay products

— Relativistic kinematics

[mZZEZ—pZ]
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Reconstructing an Event

Short-lived particles can be reconstructed indirectly
by measuring their long-lived decay products

— Relativistic kinematics

[mZ:EZ—pZ]

— Energy and momentum conserved in the decay
2}
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Reconstructing an Event

Short-lived particles can be reconstructed indirectly
by measuring their long-lived decay products

— Relativistic kinematics

[mZ:EZ—pZ]

— Energy and momentum conserved in the decay

2

2. B,

I

M? = (Z E,.)2 -

»
/ N \
mass of sum over energies of momenta of
decaying decay decay decay
particle products products products
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Reconstructing an Event

( - ) muon

E,, P, antimuon

Simple example: particle decays to a muon and an antimuon
 Measure the momenta of the muon and the antimuon
 Determine their energies

« Calculate the mass of the decaying particle:

[ M? = (E,+E,[ — |By+ B, | J
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Reconstructing an Event
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[The LHCb collaboration, R.Aaij et al.,



Reconstructing an Event
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Reconstructing an Event
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Reconstructing an Event
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Spread in reconstructed mass values due to
finite precision of momentum measurements
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Reconstructing an Event
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Spread in reconstructed mass values due to
finite precision of momentum measurements
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Reconstructing an Event

I.e. need to
* Measure the flight directions of long-lived particles
 Measure the magnitudes of their momenta

* Determine which type of particle they are
(to know their mass and energy)
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LHCb Experiment

B v e
-y —— -
-
-
-
-

—— | HC 27km —

LHCb ATLAS
vﬂ

~100 m— —

Collision energy = 13'000 x the mass of the proton
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source: <http://cds.cern.ch/record/1708849>



LHCb Experiment
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LHCb Experiment

A Y E \
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LHCb Experiment

Muon system Cherenkov detectors Vertex detector

— identify muons — identify kaons and pions — measure flight direction

H

collision
* f - point
Calorimeters Tracking system
— measure energy — measure momentum
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LHCb Experiment

Cherenkov detectors

— identify kaons and pions

[

Tracking system

— measure momentum
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LHCb Experiment

vy}
e

Tracking system

— measure momentum
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Lorentz Force

Moving charge in a magnetic field — Lorentz force

[r:L:q.wrs
A 3

«
/ N magnetic field
charge velocity
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Lorentz Force

Moving charge in a magnetic field — Lorentz force

[r:L:q.wrs
A 3

<
/ N magnetic field
charge velocity
*axb
Remember the famous “right hand rule” <
{
for the vector product ? b N\ D
P =)
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Lorentz Force

Moving charge in a magnetic field — Lorentz force

[r:L:q.wrs
A 3

«
/ N magnetic field
charge velocity

Remember the famous “right hand rule” <
for the vector product ? L m //

— Force always perpendicular
to field lines AND to direction of motion

— Particle forced onto a circular trajectory

March 20, 2017 The Eyes of the Particle Physicist O. Steinkamp



Measure Momentum

Some really simple calculation shows that

L’p=q-B-r\]
N\

momentum curvature of the trajectory
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Measure Momentum

Some really simple calculation shows that

[p=q-B-rJ

— Apply a known magnetic field
— Measure the curvature of the particle trajectory

— Calculate the momentum

But how do we measure
the trajectory of an object

that we cannot see ?
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Measure Momentum

Some really simple calculation shows that

[p=q-B-rJ

— Apply a known magnetic field
— Measure the curvature of the particle trajectory

— Calculate the momentum

But how do we measure
the trajectory of an object

that we cannot see ?
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Cloud Chamber

Create a volume of clear,
super-saturated vapour

Charged particle passing through
interacts with atoms in the gas
— Creates clusters of ionized atoms

lonization clusters cause condensation

— Formation of droplets
along the particle trajectory

Take a photograph,
take a ruler and analyse

discovery of the antielectron
(Anderson, 1932)

March 20, 2017 The Eyes of the Particle Physicist

O. Steinkamp

photo credit: Carl D. Anderson, Physical Review Vol.43, p491 (1933)



Cloud Chamber

Create a volume of clear,
super-saturated vapour

Charged particle passing through
interacts with atoms in the gas
— Creates clusters of ionized atoms

lonization clusters cause condensation

— Formation of droplets
along the particle trajectory

Take a photograph,
take a ruler and analyse

discovery of the antielectron
(Anderson, 1932)
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Build your own Cloud Chamber

Bottle of
liquid nitrogen

(_ 196° C) \ " VR

Transparent cover

Styrofoam Few drops of
container isopropyl
with alcohol
metallic lid

Piece of felt

+ Insulating gloves, safety glasses, bright flashlight
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Build your own Cloud Chamber

Felt soaked with
isopropyl alcohol

Styrofoam container
filled with
liquid nitrogen

Setup: Katharina Muller, UZH Science Lab

(katharina.mueller@sciencelab.uzh.ch)
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Build your own Cloud Chamber

Setup: Katharina Muller, UZH Science Lab

(katharina.mueller@sciencelab.uzh.ch)
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Build your own Cloud Chamber

Setup: Katharina Muller, UZH Science Lab

(katharina.mueller@sciencelab.uzh.ch)
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Modern Tracking Detectors

Searching for increasingly rare processes
— Have to deal with higher and higher event rates
(LHC: 40 million events per second)
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Modern Tracking Detectors

Searching for increasingly rare processes
— Have to deal with higher and higher event rates
(LHC: 40 million events per second)

Need detectors with fast, electronic readout,
digitization of data,
computerized reconstruction

- ;l,.f‘ ] /\
g o = __>— = |/ =
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Modern Tracking Detectors

Searching for increasingly rare processes
— Have to deal with higher and higher event rates
(LHC: 40 million events per second)

Need detectors with fast, electronic readout,
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Gaseous Tracking Detectors

Cylindrical metallized tube,
filled with a gas mixture

Thin wire along the centre of this tube

+ HV /
S

1 ga

High Voltage (typically a few kV) |
between the wire and the outer wall
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Gaseous Tracking Detectors

Cylindrical metallized tube,
filled with a gas mixture

Thin wire along the centre of this tube

High Voltage (typically a few kV)
between the wire and the outer wall

Charged particle ionizes atoms in the gas
electric field — electrons drift to the wire
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Gaseous Tracking Detectors

Cylindrical metallized tube,
filled with a gas mixture

Thin wire along the centre of this tube

High Voltage (typically a few kV)
between the wire and the outer wall

Charged particle ionizes atoms in the gas
electric field — electrons drift to the wire
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Gaseous Tracking Detectors

Cylindrical metallized tube,
filled with a gas mixture

Thin wire along the centre of this tube

High Voltage (typically a few kV)
between the wire and the outer wall

Charged particle ionizes atoms in the gas
electric field — electrons drift to the wire
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Gaseous Tracking Detectors

Cylindrical metallized tube,
filled with a gas mixture

Thin wire along the centre of this tube

High Voltage (typically a few kV)
between the wire and the outer wall

Charged particle ionizes atoms in the gas
electric field — electrons drift to the wire

Very high electric field close to the wire
electrons gain energy — ionize atoms
— charge avalanche (typically 1'000'000 e-)
— voltage pulse on the wire

photograph of
charge avalanche,
taken in a
cloud chamber
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Gaseous Tracking Detectors

Build arrays of such drift tubes
to follow the trajectories of particles

90000

Y Y Y VY
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Y Y Y Y
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Y VY Y VY
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Y VY Y VY

AN A A A

Y Y Y VY

ANVAYVAPA
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Gaseous Tracking Detectors

Build arrays of such drift tubes
to follow the trajectories of particles

000
Y Y Y Y
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Gaseous Tracking Detectors

Build arrays of such drift tubes
to follow the trajectories of particles
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Gaseous Tracking Detectors

Can do better than a simple yes / no:
Measure the time it takes the electrons to reach the wire
— calculate drift radius — more precise measurement

March 20, 2017 The Eyes of the Particle Physicist O. Steinkamp



Gaseous Tracking Detectors

Easy to cover large surfaces
Quite cheap

Spatial resolution ~ 0.1 mm

Limited performance at very high rates

— e.g. Electrons take ~ 100 ns = 0.0000001 s
to reach the wire
(LHC: a new collision every 25 ns)
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Silicon Detectors
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Silicon Detectors

Silicon is the 2" most abundant chemical element in Earth's crust

March 20, 2017 The Eyes of the Particle Physicist O. Steinkamp



Silicon Detectors

Silicon crystal is a semi-conductor:

Electrons are bound to nuclei in the lattice of the crystal,

but only weakly

March 20, 2017
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Silicon Detectors

A charged particle can kick electrons out of the lattice,

leaving behind “holes”
(~ 30'000 electron/hole pairs in 72 mm of silicon)

These electrons and holes can move through the lattice

March 20, 2017
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Silicon Detectors

Rb
Al

p

V____ ) h+I Silicon
l o crystal
Al
+ ;

Apply an electric field across the crystal

— Collect electrons and holes on electrodes at the surface
March 20, 2017 The Eyes of the Particle Physicist O. Steinkamp




Silicon Detectors

Rb .
Al
p'
V1 wel / Silicon
/e crystal
n'
| | Al

— For details, sign up for my lecture in autumn ;-)
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Silicon Detectors

Better resolution than gaseous detectors
0.01 mm < 0.1 mm

Faster than gaseous detectors
10 ns <~ 100 ns

+ Other advantages
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Silicon Detectors

Better resolution than gaseous detectors
0.01 mm < 0.1 mm

Faster than gaseous detectors
10 ns <~ 100 ns

+ Other advantages

More difficult to cover large areas

More expensive than gaseous detectors
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Silicon Detectors

7

USE SILICON DETECTORS
WHERE THEIR
SUPERIOR PERFORMANCE
IS NEEDED
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LHCb Experiment

Tracking system

— measure momentum
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LHCb Experiment

~5m

Tracking system

— measure momentum
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LHCb Experiment

Tracking system

— measure momentum
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LHCb Experiment

March 45,2008 [ §°
(Stefan Steiner) g k

S\N
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LHCb Experiment

SCIENCE INFO DAY
Naturwissenschaften, Mathematik und MADE W|TH PR‘DE AT

Informatik an der Universitat Zurich studieren

Universitat
Ziirich™

Informationstag fiir Gymnasiastinnen und
Gymnasiasten, Eltern und Lehrpersonen
Samstag, 11. Marz 2017

13.00 bis 18.15 Uhr
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source: <http://www.mnf.uzh.ch/de/oeffentlichkeit/science-info-day.html>



LHCb Experiment

Cherenkov detectors

— identify kaons and pions
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Particle ldentification

Each type of particle has a characteristic mass

— Measure the mass to determine of which type a particle is
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Particle ldentification

Each type of particle has a characteristic mass

— Measure the mass to determine of which type a particle is

[E2=m2+p2]

v

— Measure momentum ~ and energy
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Particle ldentification

Each type of particle has a characteristic mass

— Measure the mass to determine of which type a particle is

(E = m+p

v

— Measure momentum °~ and energy

or ...
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Particle ldentification

Each type of particle has a characteristic mass

— Measure the mass to determine of which type a particle is

(o= v

N

speed

v

— Measure momentum™ and speed

— Cherenkov detectors
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Particle ldentification

Each type of particle has a characteristic mass

— Measure the mass to determine of which type a particle is

(hvmv)

N

speed

v

— Measure momentum™ and speed

— Cherenkov detectors
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Cherenkov Effect

Cherenkov light is emitted when a charged particle
moves through a medium at a speed faster than that of light

March 20, 2017 The Eyes of the Particle Physicist O. Steinkamp

source: <https://en.wikipedia.org/wiki/Cherenkov radiation>



Cherenkov Effect

Moving faster than light ???
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source; <http://www.cartoonsidrew.com/2011/05/einsteins-speed-limit.html>



Cherenkov Effect

Speed of light in a medium
iIs smaller than
“the” speed of light in vacuum

e.g. Speed of light in water is only 226’000 km/s

— Charged particles can move through a medium
faster than the speed of light in that medium

When that happens, an electromagnetic shock wave is created

— Emission of Cherenkov light
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Cherenkov Effect

Pavel Alekseyevich Cherenkov
Nobel Prize in Physics (1958)
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source: <https://en.wikipedia.org/wiki/Pavel Cherenkov>



source: <https://en.wikipedia.org/wiki/Sound barrier>

Cherenkov Effect

Equivalent to the “sonic boom” emitted by
a body moving faster than the speed of sound

March 20, 2017
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source: <https://en.wikipedia.org/wiki/Bullet bow shockwave>



Cherenkov Effect

NEWS BLOG PARTNER CONTACT LOG-IN ENGLISH

International .

Physics Olympiad
Switzerland
Liechtenstein

Zurich | July 11-17 | K

. or the wake created by a duck swimming
faster than the speed of water waves
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<http://www.ipho2016.0org/>

source:



Cherenkov Angle

Physics Olympiad

Zurich | July 11-17 | K

The shock wave is emitted under an angle
with respect to the direction of motion
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Cherenkov Angle

The shock wave is emitted under an angle
with respect to the direction of motion

That angle depends on the speed of the object / particle

March 20, 2017 The Eyes of the Particle Physicist O. Steinkamp

nkov radiation>

.org/wiki/Chere

source: <https://en.wikipedia



Cherenkov Angle

speed of light
in the medium : shock front
Cherenkovi:”

anglg ;

speed of partigle

The shock wave is emitted under an angle
with respect to the direction of motion

That angle depends on the speed of the object / particle
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source: <https://en.wikipedia.org/wiki/Cherenkov radiation>



Cherenkov Angle

speed of light
in the‘’'mediym

shock front

Cherepkov
angle

speed of particle

The shock wave is emitted under an angle
with respect to the direction of motion

That angle depends on the speed of the object / particle

March 20, 2017 The Eyes of the Particle Physicist O. Steinkamp

source: <https://en.wikipedia.org/wiki/Cherenkov radiation>
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photon spherical
detectors mirror

“Ring Imaging CHerenkov detector”:

Focus the emitted light onto a detection plane — rings
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source: <lhcb-public.web.cern.ch/lhcb-public/>



RICH Detectors
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.,
"
.,
ey
.
aa
~
"
.
-----
.....
L
L
"
.
N
~
"
"~
0

L
"~
"
L
.
.......
N
"~
"
"~

T \

photon spherical
detectors mirror

Radius of the ring — Cherenkov angle — Speed of the particle
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Particle ldentification

t--'E'-: —80
0.025F- i ; eo
0.02 p|ons kaOhS protons I::
0.015 1 I T T 1 1 PR ] 0
10 10?
Momentum (GeV/c)
Momentum (tracking system)
& > — Particle type
Cherenkov angle (RICH)

March 20, 2017 The Eyes of the Particle Physicist

O. Steinkamp

73:2431]

(2013)

Eur.Phys.J. C

[The LHCb RICH Collaboration, M.Adinolfi et al.,



Many more ingredients ...

Other detector elements
— e.g. Calorimeters to measure the energy of the particles

Trigger

— Fast electronics to decide whether something interesting happened

Data Acquisition
— Fast network to transfer the detector information to computers

Reconstruction Software
— Algorithms to interpret the raw data and reconstruct what happened
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Many more ingredients ...

Other detector elements
— e.g. Calorimeters to measure the energy of the particles

Trigger

— Fast electronics to decide whether something interesting happened

Data Acquisition
— Fast network to transfer the detector information to computers

Reconstruction Software
— Algorithms to interpret the raw data and reconstruct what happened

People

( physicists, but also engineers and technicians )
— Who develop, build and commission all this
— Who ensure efficient and precise operation over many years
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Seeing the Invisible
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CMS Preliminary 12.9fb™" (13 TeV)
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Higgs signal

in the CMS experiment
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Seeing the Invisible

QMS Preliminary 129t (13 TeV)
g 4sp T T G s
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in the CMS experiment in the LHCb experiment
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