
Particle Detectors*
A. Salzburger (CERN)*in my very biased point of view.
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*from my very biased point of view.
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Why biased?

Accelerator

Detector

Theory

Data Acquisition 

Data Analysis

Data Reconstruction 

Worldwide distributed

Computing

Laboratory
Yeah, I had to study  
this for university, 
but I am really NO  
theoretical physicist!
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Why biased?

Accelerator

Detector

Theory

Data Acquisition 

Data Analysis

Data Reconstruction 

Worldwide distributed

Computing

Laboratory
How do these guys  
even do that? 

Seriously!?!?
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Why biased?

Accelerator
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Worldwide distributed

Computing

Laboratory
Hey, I designed one!! 

And ok, the engineers 
laughed at me …
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Why biased?

Accelerator

Detector

Theory

Data Acquisition 
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Worldwide distributed

Computing

Laboratory

I know a fair bit of that! 
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Why biased?

Accelerator

Detector

Theory

Data Acquisition 

Data Analysis

Data Reconstruction 

Worldwide distributed

Computing

LaboratoryNow we are talking, I 
can preach HOURS about  
that stuff. 
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Why biased?

Accelerator

Detector

Theory

Data Acquisition 

Data Analysis

Data Reconstruction 

Worldwide distributed

Computing

Laboratory
Yup, seen that,  
done that.
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Why biased?

Accelerator

Detector

Theory

Data Acquisition 

Data Analysis

Data Reconstruction 

Worldwide distributed

Computing

I really don’t care about 
the details too much … 

… as long as it WORKS!
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So complex!

Accelerator
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Worldwide distributed
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Laboratory
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And yet … 

Accelerator

Detector

Theory

Data Acquisition 

Data Analysis

Data Reconstruction 

Worldwide distributed

Computing

… all of that has 
to work together!

Laboratory
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My two assistants for today

Generate a portrait of 
a particle physicist 
in the 1960s  

Generate a portrait of 
a robot physicist in 
the future  



A daily observation
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[Image source]

Sun

“Source”

Flower

“Object”

Eye

“Observer”

Photon 
“Probe”

https://www.suntoryflowers.eu/product/grandaisy-white/


[Image Source]

X-ray tube

“Source”

Human

“Object”

Sensor

“Observer”

Photon 
“Probe”

A good microscope
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https://www.healthcare.siemens.dk/robotic-x-ray/twin-robotic-x-ray/multitom-rax


A very good microscope 
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[Image source: Pollen]

Pollen

“Object”

Cathode

“Source” Detector


“Observer”

Electron

“Probe”

[Image source: EM]

Electron microscope Siemens, 1943

https://bitesizebio.com/30796/three-dimensional-scanning-electron-microscopy-for-biology/
https://www.ssplprints.com/image/99132/siemens-electron-microscope-germany-1943


My experiments so far …
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Sun X-ray 

tube

electron source

+ accelerator

Photon

Electron

1 eV
~ 1000 eV = 1 keV

~100 000 eV = 100 keV



My experiments so far …
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Sun X-ray 

tube

electron source

+ accelerator

Photon

Electron

1 eV
~ 1000 eV = 1 keV

~100 000 eV = 100 keV

Large Hadron Collider 

 14 TeV (design)s =



The collider
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Large Hadron Collider 

 14 TeV (design)s =



A very large microscope

19
[Image source]

protons

“Source”

Detector

“Observer”

protons

“Probe”protons


“Object”

https://cern.ch/cds


A very large microscope
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[Image source]

protons

“Source”

Detector

“Observer”

protons

“Probe”protons


“Object”

https://cern.ch/cds


eV
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Sun X-ray 

tube

proton source

+ accelerator

electron source

+ accelerator

Photon

Electron

Proton

1 eV
~ 1000 eV = 1 keV

~100 000 eV = 100 keV

~10 000 000 000 000 eV = 10 TeV



eV

20

Sun X-ray 

tube

proton source

+ accelerator

electron source

+ accelerator

Photon

Electron

Proton

1 eV
~ 1000 eV = 1 keV

~100 000 eV = 100 keV

~10 000 000 000 000 eV = 10 TeV
13 orders of magnitudes (1013)



eV … and what you can see 
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1 eV 1 keVPhoton Photon 100 keV Electron 10 TeV Proton

photo 

plate

fluorescent 

screenlow energy sensoreye

particle detectorelectron  
detector



Creating the Higgs Boson
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Beam A Beam B

1011 protons 1011 protons

~ 60 individual proton-proton interactions

5.5 cm 

~15 µm 



Creating the Higgs Boson
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Beam A Beam B

1011 protons 1011 protons

~ 40 individual proton-proton interactions

5.5 cm 

~15 µm 



Creating the Higgs Boson
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u

u

u u

d

d

H



Unfortunately … this does not happen often.
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1010

Figure: 
Standard Model cross sections measured with the ATLAS experiment  
and compared to theoretical predictions, July 2017

The boring regime:  
“probability” of  
any interaction

The exciting regime:  
“probability” of  
a Higgs boson


production



This is why we do this every 25 nanoseconds!
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Beam A Beam B

1011 protons 1011 protons

~ 60 individual proton-proton interactions

5.5 cm 

~15 µm 



… and when it happens …
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H



… it decays immediately
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u

u

u u

d

d

H

Z0

Z0*

This happens in practically 0 time

e-

e+

µ-

µ+



… it decays immediately
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… it decays immediately
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This happens in practically 0 time

Detector
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… it decays immediately
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d
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This happens in practically 0 time
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γ
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Particle jets

Particle jets



… let’s build a detector
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Detector

charged particle
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Detector

charged particle

charged particle
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Detector

Front end chips

Sensor

Pump bonds

Flex

Wire bonds

Coating
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Detector

150 µm

50 µm

θL

α

E

B

charged particle

charged particle
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First stage of local reconstruction

This is  
actually an  
unsupervised 
learning 
algorithm. 

Connected component labelling finds adjacent cells.


Modern detectors can do this 
on the readout chip!
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Clustering 
algorithms are 
amongst the  
oldest known 
algorithms.

Illustration: 
Parts of the map of the 1854 cholera outbreak in London’s Soho district by Dr. John Snow.

First systematic description in the 19th century 
trying to understand the 
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the binary approach: i-th pixel position
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What can we  
say about the 
particle at this  
stage?
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✅ it’s charged 
🚫 type/strength of charge

🚫 momentum of particle

🚫 origin

🚫 type of particle
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Detector

What can we  
say about the 
particle now?

Magnet
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Detector

higher momentum

ρ

ρ

ρ ∼ κ ⋅ q/pT

✅ it’s charged 
🟠 type/strength of charge

✅ momentum of particle

🚫 origin

🚫 type of particle


charge transverse  
momentum

Tracking detector

opposite

charge
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Tracking detector

CMS Tracking detector during installation.

There is quite 
some material 
built in …

The detector influences the  
measurement!
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Tracking detector

CMS Tracking detector during installation.

θ
space

θ
proj

initial direction

direction after scattering

18

engine, however, has been designed to stick to a generic detector model such that no information about
the underlying detector specifications can be accessed, while still keeping the maximum performance
level. This requirement has been met by defining the corrections as actions known to the Layer and
TrackingVolume that are able to return a pathCorrection() or bendingCorrection(), respectively,
depending on the actual input parameters of the track.

4.1.3 Multiple Scattering: the MultipleScatteringUpdator AlgTool

A particle that traverses detector material undergoes successive small angle deflections, caused by
multiple (Coulomb) scattering. Given the central limit theorem it can be assumed that the sum of
these small variations is Gaussian distributed and symmetrically centered around zero. However, large
angle single scattering processes disturb the purely Gaussian probability density function (PDF) and
add large non-Gaussian tails. As a rule of thumb, the assumption of the Gaussian character of the
underlying PDF is valid to about 98%, being limited to the core region of the distribution.
The integration of multiple scattering e↵ects is handled by a dedicated AlgTool, the so-called Multiple-
ScatteringUpdator. The calculation is done using the well known Highland formula [13], which is an
empirical adoption of Molière’s solution of the transport equation starting from the classical Ruther-
ford cross section of a single scattering process [14].
Highland expanded the original expression given by Molière for the root mean square �

proj
ms of the

projected scattering angle ✓
proj with an empirical logarithmic correction term to adopt for the slightly

underestimated screening of the nucleus Coulomb potential in materials with lower Z. Furthermore,
he transformed — for convenience — the result into a function of the pathlength t in terms of the
radiation length X0 which leads to the well-known expression10

�
proj
ms =

13.6 MeV
�cp

Z

p
t/X0 [1 + 0.038 ln (t/X0 )], (10)

when Z and p describe the charge and momentum of the incident particle, respectively.

Projection Correction and lateral Displacement In the ATLAS track parameterisation the momen-
tum direction is expressed through the globally defined polar angle ✓ and the azimuthal angle �, see
Eq. 1. Since ✓ already represents a projected angle with respect to the z axis, �

proj
ms can be directly

applied to the corresponding covariance term, while for the azimuthal angle a correction term of 1
sin ✓

has to be applied to the root mean square to account for the out of plane projection.
Another aspect of multiple scattering is that, in general, there exists a correlation between the actual
deflection in space ✓

space and the local coordinates after the scattering process. The local displacement
due to scattering is hereby depending on the two projected scattering angles and the thickness of the
traversed material. In a Layer-based description of the reconstruction geometry, the layer thickness
is, however, only a model parameter and has little to do with the actual thickness traversed during
the multiple scattering process (in the following referred to as scattering thickness). In addition, the
Layer-based description intrinsically assumes that the material free regions in the according detector
volumes are big in comparison to a typical scattering thickness, and the local error on the successive
measurement surface is therefore mainly dominated by the directional uncertainties in � and ✓. The
displacement on the scattering surface caused by the multiple scattering process is therefore omitted
in this application. For the continuous integration of material e↵ects, on the other hand, the actual
path length s corresponds to the scattering thickness and it is included in the treatment of multiple
scattering [12].
Molière’s theory of multiple scattering is — when being applied in the small angle assumption —
not restricted to a specific particle type nor spin. It is based on the assumption that the deflection
of the scattered particle does not change the magnitude of the particle’s momentum, or, in other
words, it is a pure elastic single scattering theory. Rossi and Greisen [15], however, showed that for
electrons that traverse a significant amount of material this assumption is not valid anymore since the
electron momentum changes substantially due to radiation loss, which is described in more detail in
Sec. 4.1.4. This leads to a modification of the momentum dependency from 1/p

2 to 1/(pipf ), when
10The multiple scattering process itself has little to do with the radiation length X0 other that both show the same

dependency on the atomic number Z and the molecular weight A of the material.

The detector influences the  
measurement!
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Tracking detector

Detector

Common vertices 
can be found by 
combining multiple  
particle trajectories.



Reconstruct trajectories

46

This is not what a  
experiment looks like …
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… neither is that …
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ch0

ch1

Detection devices measure the particle 
with a given resolution. 
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Particle 73

5

272

982

1231

8771 I want 
to find 
those 
particles.
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Particle 73

5

272

982

1231

8771

I can help 
you with  
that … 
… if you  
teach me. 
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I can help 
you with  
that … 
… if you  
teach me. 

Graph Neural Network based track finding

Tracks in the ATLAS ITk geometry reconstructed with spotify.
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From the  
1950s onwards, 
Bubble chambers 
got very popular.

Bubble chamber invented 1954 by A. Glaser

magnetic coils

camera

pivot to adjust 
pressure

fluid (just below boiling point) 
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From the  
1950s onwards, 
Bubble chambers 
got very popular.

Bubble chamber invented 1954 by A. Glaser

Particle(s) magnetic coils

camera

fluid becomes metastable
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From the  
1950s onwards, 
Bubble chambers 
got very popular.

Bubble chamber invented 1954 by A. Glaser

magnetic coils

camera

fluid becomes metastable

ionization path

microscopic vaporization cells

Particle
pressure 
decrease
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From the  
1950s onwards, 
Bubble chambers 
got very popular.

Bubble chamber invented 1954 by A. Glaser

magnetic coils

camera

fluid becomes metastable

ionization path

macroscopic vaporization cells

Particle
pressure 
decrease
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From the  
1950s onwards, 
Bubble chambers 
got very popular.

Bubble chamber invented 1954 by A. Glaser

magnetic coils

camera

fluid becomes metastable

ionization path

macroscopic vaporization cells

Particle
pressure 
decrease

💥
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From the  
1950s onwards, 
Bubble chambers 
got very popular.

camera

pressure 
decrease
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Discovery of the Ω-  in 1964

Analyzers 
hat to scan  
through  
thousands of 
those photo- 
graphs.
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Tracking detector

Detector

Neutral particles 
are quite unaffected 
by tracking detectors.
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Calorimeters

Detector

Electromagnetic calorimeter

Hadronic calorimeter

Calorimeters are 
thick detection devices 
that force particles to 
shower.



61

Calorimeters

Detector

Electromagnetic calorimeter

Hadronic calorimeter

[ Image source ]

https://link.springer.com/referenceworkentry/10.1007/978-3-319-47999-6_53-1/figures/1
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Calorimeters

Detector

Electromagnetic calorimeter

Hadronic calorimeter

[ Image source ]
How thick ?

E0

length [cm]

E0/e

X0
Radiation length

E = E0 ⋅ e−x/Xo

https://link.springer.com/referenceworkentry/10.1007/978-3-319-47999-6_53-1/figures/1
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Calorimeters

Detector

FCC-hh detector design study
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Calorimeters

Detector

Sampling Calorimeter:

Passive and active elements  
are interleaved.

Homogeneous Calorimeter:

Photo-detector
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Calorimeters

ATLAS Liquid Argon Sampling calorimeter (EM) Sampling Calorimeter:

Passive and active elements  
are interleaved.
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Homogeneous Calorimeter:

Calorimeters

CMS Lead Tungsten Crystal EM calorimeter
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A little detection quiz

Detector
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A little detection quiz

Detector

charged, shower in EM calorimeter electron
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A little detection quiz

Detector

electron
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A little detection quiz

Detector

neutral, shower in EM calorimeter photon

electron
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A little detection quiz

Detector

photon

electron
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A little detection quiz

Detector

photon

electron

charged, shower in sardonic calorimeter charged hadron
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A little detection quiz

Detector

photon

electron

charged hadron
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A little detection quiz

Detector

photon

electron

charged hadron
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A little detection quiz

Detector

photon

electron

charged hadron

neutral hadron
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A little detection quiz

Detector

photon

electron

charged hadron

neutral hadron

charged, little calorimeter activity ?
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Muon System

Detector

The muon is 
a minimum  
ionising particle, 
which does not 
interact  
hadronically.
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6 
5 
4 

3 
2 
1 

1 2 3 …. 

Possible technology: 
drift detectors



79

particle

anode wire
gas (mixture)

electric field
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particle

drift circle

measurement
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drift circle

measurement
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Muon System

ATLAS Muon Spectrometer
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Which is the right one?
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6 
5 
4 

3 
2 
1 

1 2 3 …. 

Fast trigger chambers



Unfortunately … this does not happen often.

 29

1010

Figure:  
Standard Model cross sections measured with the ATLAS experiment  
and compared to theoretical predictions, July 2017

The boring regime:  
“probability” of  
any interaction

The exciting regime:  
“probability” of  
a Higgs boson


production

Let’s skip back one step …

85

Does it make sense 
to record all of those  
uninteresting collisions?
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Triggers

Detector

6 
5 
4 

3 
2 
1 

1 2 3 …. 

coincidence electronics
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Triggers

Detector

large energy deposits
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Triggers

Detector

compatible tracklets
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Triggers

Detector

compatible trackless

coincidence electronics

large energy deposits

Dedicated readout

ASICS/FPGAs
simple algorithms

GPUs
fast algorithms

CPUs
Compute intense algorithms

Collision rate: 40 MHz

Writing rate to disk: ~ 1-5 kHz
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Triggers
Artificial 
Intelligence  
for Triggering 
is a very active 
research field.

Jet tagging network for triggers in CMS 
executed on an FPGA.

[ Source ]

https://indico.cern.ch/event/1421629/contributions/6136887/attachments/2974770/5236313/wp36_ngt_workshop_24_sps.pdf
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Summary
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does not interact at all with the detector neutrino
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neutrino

Neutrinos (or their missing 
energy) are estimated  
using momentum and  
energy conservation laws.
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Neutrino Detectors
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u

u

u u

d

d

H

Z0

Z0*

This happens in practically 0 time

e-

e+

µ-

µ+

DetectorDiscovery of the Higgs boson …



… in our detector
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e-

e+

µ-

µ+

💥



Let us run the experiment
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Level 1 Trigger to 100 kHz 
    detector electronics


High level trigger ~1kHz 
close-by computer farm 


Full processing of events 
1000 events/second 


Data Analysis & publication 

e-

e+

µ-

µ+

💥

4 lepton signals



Let us run the experiment
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Level 1 Trigger to 100 kHz 
    detector electronics


High level trigger ~1kHz 
close-by computer farm 


Full processing of events 
1000 events/second 


Data Analysis & publication 

e-

e+

µ-

µ+

💥

4 lepton signals

4 lepton signals 
confirmed



Let us run the experiment
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Level 1 Trigger to 100 kHz 
    detector electronics


High level trigger ~1kHz 
close-by computer farm 


Full processing of events 
1000 events/second 


Data Analysis & publication 

e-

e+

µ-

µ+

💥

4 lepton signals

4 lepton signals 
confirmed

2 opp. charged muons 
2 opp. charged electors



… in real: ATLAS experiment.

100

e-

e+

µ-

µ+

e-

e+

µ+

µ-



Data analysis
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Level 1 Trigger to 100 kHz 
on detector electronics


High level trigger ~1kHz 
close-by computer farm 


Full processing of events 
1000 events/second 


Data Analysis & publication 

Nobel prize

4 lepton signals

4 lepton signals 
confirmed

2 positive leptons 
2 negative leptons 

and measured

Lesson 1 - Minkowski arithmetic

pµ = (E, px, py, pz)

energy momentum

M2 = E2 -px2 -py2 -pz2

Invariant mass:



Let us run the experiment … for real
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[Animation source]

Level 1 Trigger to 100 kHz 
on detector electronics


High level trigger ~1kHz 
close-by computer farm 


Full processing of events 
1000 events/second 


Data Analysis & publication 

Nobel prize

https://cds.cern.ch/record/2230893
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Level 1 Trigger to 100 kHz 
on detector electronics


High level trigger ~1kHz 
close-by computer farm 


Full processing of events 
1000 events/second 


Data Analysis & publication 

Nobel prize

https://cds.cern.ch/record/2230893
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Level 1 Trigger to 100 kHz 
on detector electronics


High level trigger ~1kHz 
close-by computer farm 


Full processing of events 
1000 events/second 


Data Analysis & publication 

Nobel prize

https://cds.cern.ch/record/2230893
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Level 1 Trigger to 100 kHz 
on detector electronics


High level trigger ~1kHz 
close-by computer farm 


Full processing of events 
1000 events/second 


Data Analysis & publication 

Nobel prize

https://cds.cern.ch/record/2230893
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[Animation source]

Level 1 Trigger to 100 kHz 
on detector electronics


High level trigger ~1kHz 
close-by computer farm 


Full processing of events 
1000 events/second 


Data Analysis & publication 

Nobel prize

https://cds.cern.ch/record/2230893
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Level 1 Trigger to 100 kHz 
on detector electronics


High level trigger ~1kHz 
close-by computer farm 


Full processing of events 
1000 events/second 


Data Analysis & publication 

Nobel prize

https://cds.cern.ch/record/2230893
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Level 1 Trigger to 100 kHz 
on detector electronics


High level trigger ~1kHz 
close-by computer farm 


Full processing of events 
1000 events/second 


Data Analysis & publication 

Nobel prize

https://cds.cern.ch/record/2230893
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Level 1 Trigger to 100 kHz 
on detector electronics


High level trigger ~1kHz 
close-by computer farm 
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… and of course the right guys got it.
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In summary

Particle detectors  
are at the forefront  
of technology.

Particle detectors 
Are at the forefront 
of technology.

Particle detectors 
are at the forefront 
of technology.
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Andreas.Salzburger@cern.ch
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Backup section
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Muons were 
discovered in 
1936 when  
studying 
cosmic radiation.

[ Image source ]

1912 discovery of cosmic ray radiation by Victor Franz Hess 
1936 first evidence as part of cosmic rays by Carl D. Anderson and Seth Neddermeyer at Caltech

1937 by J. C. Street and E. C. Stevenson's cloud chamber

https://www.bergwelten.com/a/die-nordkette-von-der-stadt-ins-gebirge
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Type particles fund. parameter characteristics effect

all charged 
particle

radiation length 
X0

almost gaussian 
average effect 0 
depends ~ 1/p 

deflects particles, 
increases 

measurement 
uncertainty

all charged 
particle

effective density 
A/Z * 𝜌 

small effect in 
tracker, small 

dependence on 
p

increases 
momentum 
uncertainty

all charged 
particle, 

dominant for e

radiation length 
X0

highly non-
gaussian, 

depends ~ 1/m2

introduces 
measurement 

bias

all hadronic 
particles

nuclear 
interaction length 

𝛬0

destroys particle, 
rather constant 

effect in p

main source of 
track 

reconstruction 
inefficiency

Multiple Scattering

Ionisation loss

Bremsstrahlung

Hadronic Int.

Interaction with detector material
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‣ TPCs allow to build huge tracking devices to relative moderate cost 
- precise track reconstruction 

a gas filled vessel (ionisable) 

electric field for the charge drift  

E  

Time projection chamber
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‣ TPCs allow to build huge tracking devices to relative moderate cost 
- precise track reconstruction 

a gas filled vessel (ionisable) 

electric field for the charge drift  

E  

segmented readout chambers 
(different technologies possible)

track ionises the gas 

charge drift to the readout chambers 

measurements: 
(x,y) from readout segmentation 
(z) from drift time  

Time projection chamber
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Labelling: Music &  Neighbours

Trajectories from simulated particles in the ATLAS upgrade tracker, found with (the help of) Spotify
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Labelling: Music &  Neighbours

[ S. Amrouche, T. Golling, M. Kiehn, AS: Music, Neighbours & Tracking ]
[ S. Amrouche, N. Calace, T. Golling, M. Kiehm. AS : Hashing & similarity learning ]

UoB`im�HV *h.kyky >�b?BM; �M/ bBKBH�`Biv H2�`MBM; 7Q` i`�+FBM; d

RX "mBH/ �LL bi`m+im`2
kX Zm2`v ?Bib 7Q` M2B;?#Q`b
jX GQ+�H `2+QMbi`m+iBQM
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https://indico.cern.ch/event/742793/contributions/3274332/attachments/1822988/2997320/SHTR_CTDWIT19.pdf
https://indico.cern.ch/event/831165/contributions/3717122/attachments/2022757/3382937/20200400-msmk-hashing_tracking-v4.pdf
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Labelling: Music &  Neighbours

[ S. Amrouche, T. Golling, M. Kiehn, AS: Music, Neighbours & Tracking ]
[ S. Amrouche, N. Calace, T. Golling, M. Kiehm. AS : Hashing & similarity learning ]

Perfect hash function would solve the tracking problem 

Approximate hashing, however, can be done

h(hit) = track number

h(track 1, hit 0) = group x  
h(track 1, hit 1) = group x  
h(track 0, hit 1) = group x

>�b?BM; �b #m+F2iBM; bi`�i2;v

UoB`im�HV *h.kyky >�b?BM; �M/ bBKBH�`Biv H2�`MBM; 7Q` i`�+FBM; 8

_�M/QK T`QD2+iBQMb iQ +`2�i2
Bi2K ?�b?

:`QmTb bBKBH�` Bi2Kbf M2B;?#Q`b
7Q` � ;Bp2M K2i`B+

>�b?BM; �b #m+F2iBM; bi`�i2;v

UoB`im�HV *h.kyky >�b?BM; �M/ bBKBH�`Biv H2�`MBM; 7Q` i`�+FBM; 8

_�M/QK T`QD2+iBQMb iQ +`2�i2
Bi2K ?�b?

:`QmTb bBKBH�` Bi2Kbf M2B;?#Q`b
7Q` � ;Bp2M K2i`B+

RADNOM 
PROJECTIONS

APPROXIMATE 
NEAREST 

NEIGHBOURS
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https://indico.cern.ch/event/742793/contributions/3274332/attachments/1822988/2997320/SHTR_CTDWIT19.pdf
https://indico.cern.ch/event/831165/contributions/3717122/attachments/2022757/3382937/20200400-msmk-hashing_tracking-v4.pdf
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Labelling: Music &  Neighbours

[ S. Amrouche, T. Golling, M. Kiehn, AS: Music, Neighbours & Tracking ]
[ S. Amrouche, N. Calace, T. Golling, M. Kiehm. AS : Hashing & similarity learning ]

:Sl T2`7Q`K�M+2

UoB`im�HV *h.kyky >�b?BM; �M/ bBKBH�`Biv H2�`MBM; 7Q` i`�+FBM; Rj

h`�+FJG /�i�b2i
iī- µ = kyy

:Sl LoB/B� h2bH� E9yK
Rk:# _�J- k33y *l.� *Q`2b

a2H2+i #m+F2ib Q7 ?Bib mbBM; `�M/QKHv
/`�rM ?Bib �b [m2`v TQBMib

Zm2`B2b �`2 7mHHv T�`�H2HHBx2/

Spotify’s approximate 
nearest neighbourhood  
library: [ANNOY]

Industry/open source libraries offer 
quite some potential also for 
science applications

To find a bucket with at least 4/hits of the track contained 
(good enough for track seeding)
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https://indico.cern.ch/event/742793/contributions/3274332/attachments/1822988/2997320/SHTR_CTDWIT19.pdf
https://indico.cern.ch/event/831165/contributions/3717122/attachments/2022757/3382937/20200400-msmk-hashing_tracking-v4.pdf
https://github.com/spotify/annoy
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Labelling: Music &  Neighbours

[ S. Amrouche, T. Golling, M. Kiehn, AS: Music, Neighbours & Tracking ]
[ S. Amrouche, N. Calace, T. Golling, M. Kiehm. AS : Hashing & similarity learning ]

:Sl T2`7Q`K�M+2

UoB`im�HV *h.kyky >�b?BM; �M/ bBKBH�`Biv H2�`MBM; 7Q` i`�+FBM; Rj

h`�+FJG /�i�b2i
iī- µ = kyy

:Sl LoB/B� h2bH� E9yK
Rk:# _�J- k33y *l.� *Q`2b

a2H2+i #m+F2ib Q7 ?Bib mbBM; `�M/QKHv
/`�rM ?Bib �b [m2`v TQBMib

Zm2`B2b �`2 7mHHv T�`�H2HHBx2/

Industry/open source libraries offer 
quite some potential also for 
science applications, but …

To find a bucket with at least 4/hits of the track contained 
(good enough for track seeding)

.. no business model! 
(In other words)
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https://indico.cern.ch/event/742793/contributions/3274332/attachments/1822988/2997320/SHTR_CTDWIT19.pdf
https://indico.cern.ch/event/831165/contributions/3717122/attachments/2022757/3382937/20200400-msmk-hashing_tracking-v4.pdf

