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from my very biased point of view.



Why biased?

K v Yeah, I had to study
L= "3 F’“" - this for university,
TNEAY3Y) but T am really NO
L e theoretical physicist!
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Why biased?

Accelerator

How do these guys
even do that?

Seriously!?1?



Why biased?

Hey, I designed onell

And ok, the engineers
laughed at me ...
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Detector



Why biased?

T know a fair bit of that!
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Data Acquisition



Why biased?

Now we are talking, I
can preach HOURS about
that stuff.

Data Reconstruction



Why biased?

Yup, seen that,
done that.

Data Analysis



Why biased?

I really don't care about
the details too much ...

.. as long as it WORKS!

Worldwide distributed
Computing




So complex!




And yet ...
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Oh, what ...




The theory
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The Lagrangian of the Standard Model:
It describes the particles, and how they interact with another




The particles?

Vr

Tau
neutrino

e Ve

Electron Electron
neutrino
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Particles and mediators

V Vu Vi

9 @ @

suo01da|

Fermions : : Bosons

Not described by the
Standard Model

+ Higgs Boson
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Finding the Higgs Boson

I wait until a

comes around,
@ and then I
look at it.




A daily observation

Photon

“Probe”
Sun

“‘Source”

[Image source]

Flower
“Object”

Eye
“Observer”
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https://www.suntoryflowers.eu/product/grandaisy-white/

A good microscope
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[Image Source]



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

A very good microscope

Electron microscope Siemens, 1943

Electron
“Probe” Sy . <
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Cathode
“‘Source”

Detector
“Observer”

Pollen
“Object”

[Image source: EM]
[Image source: Pollen]
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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 ...

X-ray electron source
Sun
tube + accelerator
Photon

1 eV
~ 1000 eV =1 keV

Electron

@
~100 000 eV = 100 keV
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My experiments so far ...

X-ray electron source O
Sun

tube + accelerator
Large Hadron Collider

1 eV Photon

~ 1000 eV =1 keV

Electron

O
~100 000 eV = 100 keV VS = 14 TeV (design)



e collider

2

7

Large Hadron Collider

VS = 14 TeV (design)




A very large microscope

[Image source]

protons
“Object”

protons
“‘Source”

protons
“Probe”

Detector
“Observer”
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https://cern.ch/cds

eV

X-ray

Sun tube

1 eV Photon

~ 1000 eV =1 keV

13 orders of magnitudes (1013)

electron source proton source
+ accelerator + accelerator

Electron

' Proton
~100 000 eV =100 keV

- ~10 000 000 000 000 eV =10 TeV
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eV ... and what you can see

10 TeV @ Proton

1 eV Photon 1 keV Photon 100 keV @ Electron

lectr .
fluorescent electron particle detector

photo low energy sensor
gy . screen detector

eye plate

-;l E i el 2007+ 2002 ATLAS
I:f | Bl b g Bascn —— =

BT 4B e e H— L™ —l

=i 1 ' io=7TeW |Lci= 201k
o Backgmaind F, I 1 1
E . . is=8TeW |Ldi= 207 Ik

0 SyEnG }

;ﬁw‘l‘f

200 250
mi, [Gey]

25



Creating the Higgs Boson

Beam A - - Beam B

10*! protons 10*! protons

5.5 cm

CHSESEES | .

~ 60 Individual proton-proton interactions
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Creating the Higgs Boson

@ B

iIndividual proton-proton interactions



Creating the Higgs Boson




Unfortunately ... this does not happen often.

The boring regime:
“probability” of
any interaction

1010

The exciting regime:

“probability” of
a Higgs boson
production

Figure:

Standard Model Total Production Cross Section Measurements

500 ub~?!
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1071

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

t-chan

s-chan
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This is why we do this every 25 nanoseconds!

Beam A - - Beam B

10*! protons 10*! protons

5.5 cm

CHSESEES | .

~ 60 Individual proton-proton interactions
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... and when it happens ...




... it decays immediately

This happens in practically O time



... it decays immediately

This happens in practically O time

Detector
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... anti-what?

Not described by the

Particles and mediators it e

+ Higgs Boson

14

These particles also exist in their anti-matter form ...
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... In our world this looks like

“

Detector



... In our world this looks like

Detector

e+



... I1n our world this looks like

EXPERIMENT
http://atlas.ch

@ATLAS

. s IS
Ry
g I TV

Run: 205113
Event: 12611816
Date: 2012-06-18
Time: 11:07:47 CEST




... does it though?

The ATLAS detector
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How to get from here ...
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How to get from here ...

... to here ¢
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Detector

25m
diameter

/7000 tons
welight

‘—‘: 3000 km

cables

_.! 100 million

readout
channels

e | nm vii.
) w\ﬁm\wﬂ\guﬂ‘\_ﬂi \

b

ATLAS Detector
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... and it’s principle

Muon
Spectrometer

Hadronic
Calorimeter

| I need to identify
: each particle and
Neutron| / The dashed tracks measure 1ts properties.

are invisible to
the detector

Electromagnetic

Calorimeter —

\,&Photon

Solenoid magnet N 1s4d
Transition '
Radiation %+ | O ATI AC

Tracking Tracker_ e

: : ——" , el A1 R TR,
Pixel/SCT o % CVDEDIMENT
detector '8 '

http://atlas.ch
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... and it’s principle

m m
Key:
Muon
Electron
Charged Hadron (e.q. Pion)

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

Silicon
Tracker

_ Electromagnetic
]|_|! l]] Calorimeter

Hadran Superconducting
Calorimeter Solenoid

Iran raturn yoke interspersed

Transverse slice with Muon chambers

through CMWS

=

o]

S

=

D Barniy, CERN, Febropey 2004
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Tracking

hm 1m
Key:
Mueon
Electron
Charged Hadron (e.q. Pion)
— — — - Neutral Hadron (e.g. Neutron)
----- Photon

Silicon
Tracker

|

Transverse slice
through CMS

2m

3m

I LM

Charged particles move
on curved paths in

magnetic field, thats how
we measure them!

&m

Fm
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Calorimetery

r——+——*———— 1 —————— 11— 11

m 1 sm &m Jm
H:E'].f: m 2m 3m 41
Muon
Electron
Charged Hadron (e.q. Pion)

= = = = Neutral Hadron (e.g. Neutron)

----- Photon
@
4T
We stop (almost) all
other particles and let
Silicon them shower in the
Tracker calorimeters ...

_ Electromagnetic
]|_|! l ' Calorimeter

Hadron
Calorimeter

Transverse slice
through CMWS




Muon System

0m 1
HE].’: Im 2m
Muaon
Electron
Charged Hadron (e.q. Pion)
— — — - Neutral Hadron (e.g. Neutror’
== === Photon

®

4T

And build dedicated
detectors for those who
make it to the outermost
detectors.

21|

Transverse slice
through CMWS

Iran raturn yoke interspersed
with Muon chambers

. 1 1 -
D Barniy, CERN, Febropey 2004
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Let’s skip back one step ...

Unfortunately ... this does not happen often.

. - ndard M I T | Pr ion Cr i atus: Ju
The boring regime: Standard Model Total Production Cross Section Measurements satus: Juy 2017

“probability” of
any interaction

ATLAS Preliminary Théoiy E

Run1,2 vs=7,8,13 TeV LHC pp V& =7 TeV §
BBl Data 45-49!

LHC pp Vs =8 TeV

B Data 203fb! i

1010

Does it make sense

Ay o i u | o
o . ol o to record all of those
The exciting regime: i . . ..
“probability” of e B Rt - 11 UHIHTZFZSTIHQ collisions?
a Higgs boson o =¥
production
H ttH
tt  t  WW H Wt WZ ZZ t tiW tiZ tZj

Figure:
Standard Model cross sections measured with the ATLAS experiment
and compared to theoretical predictions, July 2017
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We need a selection ...

Muon
Spectrometer

Hadronic
Calorimeter

Electromagnetic
Calorimeter

Solenoid magnet
Transition
Radiation

Tracking Tracker

Pixel/SCT

detector

Neutron

The dashed tracks
are invisible to
the detector

AT AC

= N A0 Bul A\
2 FVDEDIMENT

http://atlas.ch

energy !

no energy !

energy!

25 ns =40 MHz

~ 1 kHz
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And then read it out ...
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Reconstruct and analyse

i ||1||| h 'u'l||.'!'

v ,:lll

| i"|" I“

T

20

This is not what a
experiment looks like ...
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Reconstruct and analyse

.. heither is that ...
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Reconstruct and analyse

Detection devices measure the particle

with a given resolution.
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Reconstruct and analyse

8771

Particle 73

I want
to find
those

particles.
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Reconstruct and analyse

| can help
you with

that ...
... if you
teach me.

Particle 73

8771

I want
to find
those

particles.
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Al detour

Object detection and recognition is a Al standard problem
- big advances achieved in the last years

- Both In object detection & object calssification

- Can we use this for HEP?

street light (41%)

f ol
v :
| . ) L -

car (97%) a4 Wesmgr lx van (64%) .. &= ' | 8 ' van (67%)
person (100% Person (100% person (100%) person (100%) SERd I r*

TR . mrt {'

The Beatles, Abbey Road



Al detour

@ATLAS

EXPERIMENT
http://atlas.ch

Run: 203602
Event: 82614360
Date: 2012-05-18
Time: 20:28:11 CEST
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EXPERIMENT
http://atlas.ch
203602
82614360

Event:
Date: 2012-905-18

Run:
Time: 20:28:11 CEST

GATLAS

B AN,
g ot AN
e, d.,t "
I A
C0E s R

Positron (100%)

Positron (92%)

EXPERIMENT
203602
82614360

http://atlas.ch

—_
w
Lee
L=
—
—
<
~
@
~
v
[ =
-
—

Run:
Event:
Date: 2012-05-18




Al detour

ATLAS Simulation Preliminary

ITk layout - Tracks in buckets

Track candidates
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With all ingredients

Accelerator

Detector

Data Acquisition

Data Reconstruction

Worldwide distributed
Computing

Data Analysis
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Let

us run the experiment

Collision rate 40 MHz
every 25 nanoseconds
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Let

us run the experiment

Level 1 Trigger to 100 kHz
on detector electronics

|
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Let

us run the

experiment

Level 1 Trigger to 100 kHz
on detector electronics

High level trigger ~1kHz
close-by computer farm

4 lepton signals
confirmed
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Let us run the

experiment

Level 1 Trigger to 100 kHz
on detector electronics

|

High level trigger ~1kHz
close-by computer farm

|

Full processing of events
1000 events/second

4 lepton signals
confirmed

2 positive leptons
2 negative leptons
and measured
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Let us run the experiment

Lesson 1 - Minkowski arithmetic

pu = (E, px, py, pz)

P oA

momentum
energy

Invariant mass:

M2 = B2 -p,2 -p,2 -p,2

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

4 lepton signals
confirmed

2 positive leptons
2 negative leptons
and measured
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Events / 5 GeV

Data - Background

Let us run the experiment ... for real

35 _I b1 | | I I | T 1T 1 | | I I | T T 1 | | I I | T 1T 1 | L | I I_
- Vs=7TeV J Ldt=0.05fb" Apr24, 2011 -
30 —]
25 ATLAS Preliminary —
E H—2Z"'— 41 channel E
20 . —]
B Signal (mH=125 GeV)
B I Background 77" |
151 I Background Z+jets, tt —
B —4— Data _
101 —
51 —
M :! ! ! i ! ! ! ! ! | ! ! 1 1 1 1 | | I I | || ! | | L1 1 1 I |:
10— —]
D |
10 |
50 100 150 200 250 300 350 400 450 _ 500

[Animation source]

M, [GeV]

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


https://cds.cern.ch/record/2230893

Let us run the experiment ... for real

::!'.- E | L | LR I 11 | 1 | 1 1 | L | R | P T 1=
D - . . ~
S L ,0ATLASPreliminary H-—-ZZ*—41 -
U - % 13TeV, 13910 -
Q - 7 -
— — ® Data —
@ 120 - Higgs (125 GeV)
- i Bz .
E - x £XX, VWV -
L1} 100 B B Z+jets, tt -
. i e Uncertainty .
80 - Z -
60 | -
40 —
20 N o

- i d 2

—_—— Sl T e ———

0
80 90 100 110 120 130 140 150 160 170

m,, [GeV]

[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
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https://cds.cern.ch/record/2230893

And so it went ...

Level 1 Trigger to 100 kHz
on detector electronics

|

High level trigger ~1kHz
close-by computer farm

Events /1.5 GeV

—

" 5/(S+B) Weighted

. &0 P g L 2 _ \
'm;y-"zg,,:;2~-vvg;,_-sg;,-- | Full processing of events
| 1000 events/second

.. . ) 4 !
T I':l' T :I' I': ":l'g'
o o & o

Data Analysis & publication




... and of course the right guys got it.

© Nobel Media AB. Photo: A. Mahmoud

Francois Englert

Prize share: 1/2

[Animation source]

© Nobel Media AB. Photo: A. Mahmoud

Peter W. Higgs

Prize share: 1/2

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

¥ MBEEGEC
Yol
8-
MDCCC

Nobel prize
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https://cds.cern.ch/record/2230893

15 pages scientific
context

sclentific information

Contents lists available at SciVerse ScienceDirect

PHYSICS LETTERS B
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Physics Letters B

www.elsevier.com/locate/physletb

~ 3000 authors

Observation of a new particle in the search for the Standard Model Higgs boson
with the ATLAS detector at the LHC®

ATLAS Collaboration*
This paper is dedicated to the memory of our ATLAS colleagues who did not live to see the full impact and significance of their
contributions to the experiment.

I

ARTICLE INFO ABSTRACT
Article history: A search for the Standard Model Higgs boson in proton-proton collisions with the ATLAS detector at
Received 31 July 2012 the LHC is presented, The datasets used correspond to integrated luminosities of approximately 4.8 fb~!

Received in revised form 8 August 2012 collected at /s =7 TeV in 2011 and 5.8 fb~! at /s =8 TeV in 2012. Individual searches in the channels

:;:;pa:;g ;I:l;?:g;':t :3;3 ot 2012 H—ZZ™ 5 46, H — ¥y and H — WW®™ S evpy in the 8 TeV data are combined with previously

Editor: W.D. Schlatter published results of searches for H — ZZ™, WW®), bb and t*1~ in the 7 TeV data and results from
improved analyses of the H — ZZ'*) — 47 and H — y'y channels in the 7 TeV data. Clear evidence for
the production of a neutral boson with a measured mass of 126.04+£0.4 (stat)£0.4 (sys) GeV is presented.
This observation, which has a significance of 5.9 standard deviations, corresponding to a background
fluctuation probability of 1.7 x 1072, is compatible with the production and decay of the Standard Model
Higgs boson.

© 2012 CERN. Published by Elsevier B.V. All rights reserved.
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Accelerator

Detector

Data Acquisition

Data Reconstruction

Worldwide distributed
Computing

Data Analysis
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When we all work together ...

CERN
N\

N7

... We can achieve amazing things.
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HISTORY OF THE UNIVERSE A

Dark energy
accelerated
expansion

The why

Structure

Cosmic Microwave :
formation

Background radiation
Accelerators is visible

allows us to investigate
universe at an age of verse

t = Time (seconds, years)

E = Energy of photons (units GeV = 1.6 x 10710 joules)

Key

quark

(V) neutrino g ion * star
gluon

e w4 bosons

@ g.a

) eleciron ° atom U galaxy
M muon @ meson
. m (9 baryon f‘

The concept for the above figure originated in a 1986 paper by Michael Turner. P(] r‘|’iC|e DC]'I'O G r'ou p, I_B N I_ © 20 ] 5 S U ppO rl'ed by DO E



The duck & the wall

I“F IIIV
KFT or KVT
—

107

1072
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107
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[ ATLAS Public results ]

SM Higgs coupling to fermions & vector bosons

ATLAS Preliminary
\s=13TeV,24.5-139 b T
my, = 125.09 GeV -

---------- SM Higgs boson
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ATLAS SUSY Searches™ - 95% CL Lower Limits

Exclusion limits for various SUSY particles

ATLAS Preliminary

10 10°
Particle mass [GeV]

phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.

Mass scale [TeV]

March 2022 \s=13TeV
. i ..
Model Signature  [£dr 7] Mass limit Reference
1 L L] L] L] 1 T I T L] 1 ] L]
34, G- Oep 2-6 jets E;‘Ef“ 139 |4 [1x, 8x Degen] 1.0 1.85 m(E})<400 GeV 2010.14293
@ mono-jet  1-3jets  ENS 139 | 4 [8xDegen] 0.9 m(g)-m(¥})=5 GeV 2102.10874
S 22 zoqat) Oe,pu 26jets EP™ 139 |& 23 m(¥})=0 GeV 2010.14293
& g Forbidden 1.15-1.95 m(¥1)=1000 GeV 2010.14293
B 28 g—qggWil leu  26jets 139 |@ 2.2 m(F)<600 GeV 2101.01629
Q22 g—qq(tOY, ee, it 2jets  EY® 139 |2 2.2 m(¥})<700 GeV CERN-EP-2022-014
@ 33, 3ogqWZE, Oep 7-11jets EF™S 139 |z 1.97 mm’; <600 GeV 2008.06032
3 SSe,u 6 jets 139 |z 1.15 m(z)-m(¥})=200 GeV 1909.08457
S 5 ot 0-1eu 3b  EP™ 798 |& 2.25 m(¥})<200 GeV ATLAS-CONF-2018-041
SSe,u 6 jets 139 | & 1.25 m(z)-m(¥})=300 GeV 1909.08457
biby Oe,pu 2b EPS 139 | B, 1.255 m(¥})<400 GeV 2101.12527
by 0.68 10 GeV<Am(by F1)<20 GeV 2101.12527
w = biby, by—b¥s — bhi) Oe.u 6b E;‘Ef“ 139 | b Forbidden 0.23-1.35 Am(¥3,7))=130 GeV, m(¥})=100 GeV 1908.03122
X3 27 2b  EMS 439 |y 0.13-0.85 Am(¥3,%1)=130 GeV, m(£})=0 GeV 2103.08189
(€] .
%g iy, ot 0-1e,p > ljet  EPS 139 | 74 1.25 m(EY)=1 GeV 2004.14060,2012.03799
< g Wiy, i WhES Tepu  Bjets/tb EPS 139 |7 Forbidden ~ 0.65 m(¥})=500 GeV 2012.03799
S5 i, iofby, 1116 127 2jetstb EMS 139 |7 Forbidden 1.4 m(#)=800 GeV 2108.07665
= 2 Aifod @ el Oe,p 2c  EPT 361 |E 0.85 mpl?g):o GeV 1805.01649
IS Oe,p mono-jet  E}™ 139 i 0.55 m(f;,&)-m(¥})=5 GeV 2102.10874
fify, [ —tXs, ¥a—Z/hi) 1-2e.p 1-4b  ENM® 139 |, 0.067-1.18 m(¥9)=500 GeV 2006.05880
his, hof +Z Bep 1b EPss 439 | 4 Forbidden 0.86 m(k})=860 GeV, m(f, )-m(¥})= 40 GeV 2006.05880
Yiv) viawz Multiple ¢/jets . E;‘Ef“ 139 | ¥4 0.96 m(¥7)=0, wino-bino 2106.01676, 2108.07586
ee, ppt >ljet  EMs 439 | /0 0.205 m(E})-m(¥))=5 GeV, wino-bino 1911.12606
XiXi viaww 2e.p ETSS 139 [ 0.42 m(¥?)=0, wino-bino 1908.08215
XY via Wh Multiple ¢/jets EP™ 139 | Xi/¥, Forbidden 1.06 m(¥})=70 GeV, wino-bino 2004.10894, 2108.07586
=B YiXT vialy /v 2e.p EMSs 139 [k 1.0 m(Z,7)=0.5(m (¥} )+m(¥})) 1908.08215
Lo 7 o) 21 EmMss 439 7 [FL.TRL] 0.16:0:3 0.12-0.39 m¥?)=0 1911.06660
S frlg, =7 2e.p Ojets  Ex™ 139 [z 0.7 m(E%)=0 1908.08215
ee, jijt >ljet  EMS 139 |7 0.256 m(7)-m(¥})=10 GeV 1911.12606
HA, H—hGZG Oe.u >3b E;"q’?“ 361 | & 0.13-0.23 0.29-0.88 BR(Y) — hG)=1 1806.04030
deu 0jets E;q’f“ 139 i 0.55 BR(Y| — Z&)=1 2103.11684
Oe,pp = 2large jets EP™ 139 )74 0.45-0.93 BR(Y| — Z6)=1 2108.07586
Direct.¥1.%7 prod., long-lived 77 Disapp. trk ~ 1jet  EM® 139 [¥ 0.66 Pure Wino 2201.02472
o X 0.21 Pure higgsino 2201.02472
2] )
S ©  Stable ¢ R-hadron pixel dE/dx Ems 139 |z 2.05 CERN-EP-2022-029
T Metastable z R-hadron, F—ggt) pixel dE/dx ER's 139 | & [(3® =10ns] 2.2 m(EY)=100 GeV CERN-EP-2022-029
S I -G Displ. lep Emss 439 | éi 0.7 %) =01 ns 2011.07812
- _ 7 0.34 ) =01 ns 2011.07812
pixel dE/dx ET 139 7 0.36 (f)=10ns CERN-EP-2022-029
BT v zeseer Bep 139 | ¥7/! [BR(Z7)=1, BR(Ze)=1] 0.625 1.05 Pure Wino 2011.10543
XIXT XS - wwyzeceevy dep Ojets  EFS 139  |EE S 2002 0] 0.95 1.55 m(¥)=200 GeV 2103.11684
28, 2—qqX1, X1 = qqq 4-5 large jets 36.1 | & [m(})=200 GeV, 1100 GeV] 1.3 1.9 Large 17, 1804.03568
~ 7, f—>p\"/?, ,\7? — ths Multiple 36.1 I [A, =24, 1e-2] 0.55 1.05 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
& if, i—b¥1, X1 — bbs > 4b 139 | # Forbidden 0.95 m(¥:)=500 GeV 2010.01015
iif, ii—bs 2jets +2b 36.7 |ENigaes] 0.42 0.61 1710.07171
Ly, fi—ql 2e,p 2b 36.1 i 0.4-1.45 BR(f, —be/but)>20% 1710.05544
1u DV 136 fy  [le-10< A’m <1e-8, 3e-10< ‘1;31 <3e-9] 1.0 1.6 BR(f;—qu)=100%, cosf,=1 2003.11956
)?11/)?2[)??, ,??‘z—nbx, X1 —bbs 1-2e,pu >6 jets 139 )?‘1' 0.2-0.32 Pure higgsino 2106.09609
L L L L L L L I L 1 L L
*Only a selection of the available mass limits on new states or 10! 1
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/WebHome#Physics_Analysis_Groups

Labelling: & &

ATLAS Simulation Preliminary
ITk layout - Tracks in buckets

Trajectories from simulated particles in the ATLAS upgrade tracker, found with (the help of) Spotify

76



Labelling: Music & eaighbours

Buckets

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

A. Salzburger, CODEX-b week, CERN, 12/06/2023
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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

Labelling: Music & eeighbours

Perfect hash function would solve the tracking problem

h(hit) = track number o‘ﬁ .
" I//
Approximate hashing, however, can be done \i,'{oj’-., ‘

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

oA 8

bucket 3

bucket 4

[ S. Amrouche, T. Golling, M. Kiehn, AS: Music, Neighbours & Tracking |

[ S. Amrouche, N. Calace, T. Golling, M. Kiehm. AS : Hashing & similarity learning |

RADNOM
PROJECTIONS

APPROXIMATE
NEAREST
NEIGHBOURS

A. Salzburger, CODEX-b week, CERN, 12/06/2023
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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

Labelling: Music & eeighbours

Industry /open source libraries offer

Catgroove & other stuff

The King Of Limbs

quite some potential also for
science applications

|

Spotify’ imat :
potity s dpproximate Fast Trained Index on GPU

Lt i LIMB3
‘
!

nearest neighbourhood LNV R0H THE BASEMENT L g
library: [ANNOY] s T | 71
The King of Limbs From THE KING OF LIMBS
The Basement
6
You might also like 51
THIS IS ’E;;I
Sigur Rés g 41
Q
E 3]
+—
21
This Is: Sigur Rés Songs To Test
Headphones With
1
im0 & "5 2000 4000 6000 8000
Nb queries
R @ [l 9

Search Your Library

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

[ S. Amrouche, T. Golling, M. Kiehn, AS: Music, Neighbours & Tracking |

[ S. Amrouche, N. Calace, T. Golling, M. Kiehm. AS : Hashing & similarity learning |
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o
o

o
h -
Effeciency

o
N

-0.0

A. Salzburger, CODEX-b week, CERN, 12/06/2023
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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

Labelling: &

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

Add items without copying #389

EICIGEEEN smk0 opened this issue on May 24, 2019 - 1 comment

This is more of a question than an issue and relates to the C++ implementation.

From my understanding of the code, item elements/weights are copied when using .add_item(...) . In our application we

already have all items stored in memory. Would it be possible to avoid the copy and use the elements directly by
reference/pointer? If so, where in the library would this change have to be implemented?

erikbern commented on May 25, 2019 Collaborator

| think that would be somewhat hard to implement given the memory layout of Annoy indexes, unfortunately!

.. ho business model!

(In other words)

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

