


my very biased point of view.



Why biasead?

I--3F, F Y Yeah, I had to s&udv
« LDV this for university,
but I am reod.tj NG
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Why biasead?

Accelerator

How do bhese guys
even do bhak?

’Sermustvf?f?



Why biased?

Hey, I designed one!!

And ok, the engineers
Llaughed at wme ...

plomne
R
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Detector



Why biased?

I kinow a fair bit of thal!
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Data Acquisition



Why biasead?

Now we are talking, I
can preach HOURS abouk
that stufs.

Data Reconstruction



Why biasead?

‘fu,p, seen thak,
downe Ehat.

Data Analysis



Why biased?

I really dont care about
the dekails boo much ...

... as long as it WORKS!

Worldwide distributed
Computing




So complex!
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My two assistants for today

qgib Generate a portralit of

a particle physicist
1n the 1960s

QESB Generate a portrait of

a robot physicist 1n
the future
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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

Human B |
“Object”

R

sitelly

e -

ape—

f

I O
e

.

7 Sensor

R
" “Observer”

[Image Source]
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https://www.healthcare.siemens.dk/robotic-x-ray/twin-robotic-x-ray/multitom-rax

A very good microscope

Electron microscope Siemens, 1943

T — —

Electron
“Probe”

!
e © 3
2 1
Yo -
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. :“‘.' . ”
50
»
-
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E BB EEEEEENEDN E B EEENENDDMN
»
5 L .
X \
Fe ’ - 2" o
t F
- -

Cathode
“Source”

Pollen
“Object”

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

Detector
“Observer”
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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
1 eV Photon

~ 1000 eV =1 keV

Electron

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

X-ray electron source C)
Sun

tube + accelerator

Large Hadron Collider

1 eV Photon

~ 1000 eV =1 keV

Electron

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



The collider

s = 14 TeV (design)




A very large microscope
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[Image source]



https://cern.ch/cds

[Image source]

protons
“Object”

protons

“Source”

protons
“Probe”

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

eV

Sun

1 eV

X-ray
tube

Photon

~ 1000 eV =1 keV

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

Sun

X-ray
tube

1 eV Photon

~ 1000 eV =1 keV

13 orders of magnitudes (1019)

electron source proton source
+ accelerator + accelerator

Electron

® Proton
~100 000 eV = 100 keV

~ ~10 000 000 000 000 eV =10 TeV

20



eV ... and what you can see

1 eV Photon 1 keV Photon 100 keV @ Electron 10 TeV @ Proton

photo fluorescent electron

screen detector particle detector

low enerqgy sensor
eye . plate JY

& 40 ¢ 1;:‘.:;:-'1[. 2012 ATLAS

D } -5. A Mo Bascon _“, >e .l

2 _F m 1243 GeV (1t H ZZ T o

G is=7TeV L= 2610
- 15=8TeV JLct=20.7 1t
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Creating the Higgs Boson

Beam A ~ - Beam B

1071 protons 1071 protons

5.5 cm

~ 60 Individual proton-proton interactions

22



Creating the Higgs Boson

@ -2

individual proton-proton interactions



Creating the Higgs Boson




Unfortunately ... this does not happen often.

The boring regime: Standard Model Total Production Cross Section Measurements status: July 2017

“probability” of 101 F Ao ATLAS Preliminary Theory
any interaction Run1,2 Vs=7,8,13 TeV LHC pp V3 <7 Te
10° £ BOM Data 45- 49 E
g LHC pp Vs =8 TeV
10° 3 O o Al Data 203" E
_ A
1010 - © LHC pp Vs =13 TeV
10% 3 BEM Data 008-361fb0
103 3 o E
n A IO
- i 10° ¢ “o o g 3
The exciting regime: § M= o
cpry gy g e T e © HOER . WITCLRS e B
“probability” of 1 g e
: 10° £ o 2.0 fb7! o =
a Higgs boson : - 8
production = B
1 = A VH —
B -E
i A ttH = E
A
10_1 3 E
PP W Z tt o ww H Wt WZ 7ZZ t W tiZ tZ]

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



This is why we do this every 25 nanoseconds!

Beam A ~ - Beam B

1071 protons 1071 protons

5.5 cm

~ 60 Individual proton-proton interactions



... and when it happens ...




. it decays immediately

This happens in practically 0 time



Detector

. it decays immediately

This happens in practically 0 time



Detector

. it decays immediately

This happens in practically 0 time



Detector

. it decays immediately

/ Particle jets

;

— Particle jets

)

This happens in practically 0 time



... let's build a detector

Detector



Detector

charged particle

33



made by J. Giraud

Front end chips

Detector

34



Detector

charged particle

150 pm

50 um
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First stage of local reconstruction

18
16
14
12
10

SO N B OO @

0 2 4 6 8 10 12 14 16 18

18
16
14

S N B OO 0 O

18 18
18 18 18
18
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16 14 14

IE, !EJ.I
celey o LI L0808

o
N
NN

-

14 14 14

6 8 10 12 14 16 18

>

Connected component labelling finds adjacent cells.

Modern detectors can do this
on the readout chip!

made by ). Giraud

Parylene coating
(*5pm)

Wirebonding
(~700 wires)

PCB Flex

Glue (Araldite 2011)

Sensor chip
(~0.6M pixels)

Bump bonding
(indium balls)

4 Front- End
chips

This 1s
actually an
unsupervised
learning
algorithm.
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First systematic description in the 19th century

trying to understand the Clustering
, , algorithms are
a,rgsminz Z |x — g, || = a,rgsminz S;| Var S; amongst the
i=1 x€e8; i=1

oldest known

algorithms.

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



Measurement precision

charge collected below
threshold

charged particle

30 , , |>I<e leecTor , , 1.0 chargewelqhted T

1.0
251
0.8} 1 os}
201

| osf | osf ~ true cluster
I ol | odl | position s

5k

0.2} 1 02}
OF

_5 1 1 1 1 1 1 1 00 1 1 1 1 00 | I | |
0 1 2 3 4 5 6 7 8 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0



Measurement precision

charge collected below
threshold

charged particle

30 , , |>I<e leecTor , , 1.0 chargewelqhted T

1.0
251
0.8} 1 os}
201

| osf | osf ~ true cluster
I ol | odl | position s

5k

0.2} 1 02}
OF

_5 1 1 1 1 1 1 1 00 1 1 1 1 00 | I | |
0 1 2 3 4 5 6 7 8 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0



Measurement precision

charge collected below
threshold

the binary approaclzh: i-th pixel position

measurement m:N E l;

i=1,N

;--"

charged particle

pixel detector binary charge weighted

| osf | osf — true cluster
I ol | odl | position s

_5 1 1 1 1 1 1 1 00 1 1 1 1 | I | |
0 1 2 3 4 5 6 7 8 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0



Measurement precision

the charge-weighted approach :

1
my= qifi
Zizl,N qi Z;N

charge collected in cell i

———

charge collected below
threshold

charged particle

30 , pi>l<el dletecifor , , 1.0 , Ibinaryl 10 charge weiqhted |
25+t
0.8} 1 0.8}
20 + ]
| osf 1ol | true cluster
10+ ] 0.4 - 0.4+ . pOSltlon S
5L
0.2} 1 0.2}
ok
-5 S — 0.0 . ' ' l 0.0 l . ' l
0 1 2 3 4 5 6 7 8 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0



Measurement precision

the charge-weighted approach :

1
my= qifi
Zizl,N qi Z;N

charge collected in cell i

which one is better ?

let’s measure it using the residuum

r =11 — S

pixel detector

binary

30 1.0
25}
0.8
20}
151 0.6
101 0.4}
5k
0.2}
OF
-5 ' 0.0
o 1 2 3 4 5 6 7 8 0.0 0.2

0.4 0.6 0.8
r=1m-—=S

1.0

1.0

charge weighted

0.8+

0.6+

0.4}

0.2+

0.0

0.0

0.2

0.4 0.6
r=1m-—=S

0.8

1.0

charge collected below

threshold

true cluster
position s

charged particle



Measurement precision

the charge-weighted approach :

charge collected below
threshold

1
miEy
=LV =LN Gharge collected in cell i

which one is better ?

let’s measure it using the residuum
r =111 —S
charged particle

30 l p|>l<el dletectlor l 10 b|n§ry 10 | charge vyelghted |
25+t :
0.8} 1 0.8
20 + :
15l | o6} 1 o6}
10} 0.4} {1 04t
5L
0.2} R 0.2+
ok
_5 I I | 1 1 1 1 00 1 1 1 00 1 1 1
0 1 2 3 4 5 6 7 8 -1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0

r—=—1m—=S r=1m—=S



Measurement precision

the charge-weighted approach :

charge collected below
threshold

1
miEy
=LV =LN Gharge collected in cell i

which one is better ?

let’s measure it using the residuum
r =111 —S
charged particle

30 l p|>l<el dletectlor l 10 b|n§ry 10 | charge vyelghted |
25+t :
0.8} R 0.8+
20 + :
15l | o6} 1 o6}
S -— - '.._ T B =
10} 0.4+ R 0.4+
5k
0.2} R 0.2+
OF
_5 I I | 1 1 1 1 00 1 1 L 00 1 1 1
0 1 2 3 4 5 6 7 8 -1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0

r—=—1m—=S r=1m—=S



Measurement precision

the charge-weighted approach :

1
my= qifi
D izi,N Ui i;N

charge collected in cell i

charge collected below
threshold

which one is better ?

let’s measure it using the residuum

r =11 — S

charged particle

pixel detector binary 10 charge weighted

30 1.0

25

0.8 1 o8}
20} .
15l | o6} 1 06}
- — =] = - - 9 Tl e
107 1 oa} 1 o4}

0.2} 1 02}

1 1 1 1 1 1 1 1 I 1 0 L 1
0 1 2 3 4 5 6 7 8 -1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0
r=1m-—=S r=1-—=S



Measurement precision

the charge-weighted approach :

1
my= qifi
D izi,N Ui i;N

charge collected in cell i

charge collected below
threshold

which one is better ?

let’s measure it using the residuum

r =111 —S
charged particle
30 pixel det ctlor 25 binary 25 | charge vyeighted |
25+
\\ 2.0} R 2.0+
20
15l | 15t 1 15}
. + ]
10} | 1.0} R 1.0}
5k ]
\ 0.5} R 0.5+
ok i
-5 T S 0.0 ' : 0.0 l l
0 1 2 3 4 5 6 7 8 -1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0

r—=—1m—=S r=1m—=S



Measurement precision

the charge-weighted approach :

1
my= qifi
D izi,N Ui i;N

charge collected in cell i

charge collected below
threshold

which one is better ?

let’s measure it using the residuum

r =1 — S
charged particle
30 pixel det ctlor 25 binary 25 Icharge vlveighted]
2.0} {1 20}
| 15} {1 15}
1 1o} 1 10}
%1% 05 0.0 0.5 10 2o 0.5 1.0




Measurement precision

the charge-weighted approach :

1
my= qifi
Zizl,N qi Z;N

charge collected in cell i

which one is better ?

let’s measure it using the residuum

r =11 — S

30 , p|>l<el dletecFor , 25 bln:a\ry
25+t
20 +

20 +

150 15+
10+ 10l

5k

OF
_5 L 1 1 1 1 1 1 0

0 1 2 3 4 5 6 7 8 -1.0 -0.5 0.0 0.5 1.0

r—=—1m—=S

25

20+

15}

10+

charge weighted

lIII

0
-1.0

-0.5 0.0 0.5

r=1m—=S

charge collected below

threshold

true cluster
position s

charged particle



Measurement precision

the charge-weighted approach :

1
my= qifi
Zizl,N qi Z;N

charge collected in cell i

charge collected below
threshold

which one is better ?

let’s measure it using the residuum

r =11 — S

charged particle

pixel detector binary charge weighted

30 l T
60 4 60 |

251

50 + 4 50 |
20+

true cluster
position s

15+

10}

I I | | | I I 0 0 1
0 1 2 3 4 5 6 7 8 -1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0
r =111 —S r =111 —S



Measu rement preCISIOﬂ charge collected below

the charge-weighted approach : threshold

1
miEy
=LV =LN Gharge collected in cell i

which one is better ?

let’s measure it using the residuum
r =111 —S

charged particle

pixel detector binary charge weighted

30 250 250
25+t
200 R 200 |
20 +
15} 150 1 150}
10} 100 | R 100+
5k ]
50 | | | R 50 +
OF ]
-5 L L 1 1 1 L L 0 0 "
0 1 2 3 4 5 6 7 8 -1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0

r—=—1m—=S r=1m—=S



Measu rement preCISIOﬂ charge collected below

the charge-weighted approach : threshold

1
miEy
=LV =LN Gharge collected in cell i

which one is better ?

let’s measure it using the residuum
r =111 —S

charged particle

pixel detector binary charge weighted

30 250 250
25+t
200 R 200 |
20 +
sl 150 | {150}
10} 100 | R 100+
5k ]
50 + 4 50 |
OF ] "
-5 L L 1 1 1 I I 0 0

0 1 2 3 4 5 6 7 8 -1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0
r=1m-—=S r = S

tails from single pixel clusters



Detector

What can we
say about the
par&i;de ab Ehis
stage?

39



Detector

it’s charged

© type/strength of charge
© momentum of particle
®© origin

© type of particle

40



Magnet

Detector

What can we
say aboub bhe
par&c:i.e NOw?
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Tracking detector
p~K-qlpr

charge transverse

momentum

opposite
charge

it’s charged

@ type/strength of charge
momentum of particle
© origin

© type of particle

_ g

—_— = __—~ *

Detector



Tracking detector

CMS Tracking detector during installation.

The detector influences the
measurement!

There is qui&@.
some mwakerial
builk in ...
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Tracking detector

CMS Tracking detector during installation.

The detector influences the
measurement!

1\\
fitia] directjoy, \M \ 0

\
. 13.6 MeV
oProd — ﬂcpe Z+/t/Xo [1+0.0381n (/X0 )]
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Tracking detector

Detector

Common vertices
can be found by
ﬂombimiv\g mu&&pi.@.
particle tra jectories.
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Reconstruct trajectories

This s not what a
experimem& looks Like ...
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... hetbther ts that ...

47



Detection devices measure the particle

48



8771

Particle 73

I wank
to find
those

particles.
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I can help
you with

that ..
. 1Ff you
teach me.

Particle 73

8771

A AN A A

D100 00 000

b T

[ITTTTET
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Graph Neural Network based track finding

ATLAS Simulation Preliminary

ITk layout - Tracks in buckets

Tracks in the ATLAS ITk geometry reconstructed with

I'm from Austria=

& MoonFox't &
@ 2'104 saves « 4h 35m

W o o -

I can help
you with
that ..

. 1f you
teach me.
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camera

fluid

)

From the
1950s onwards,

Bubble chambers
got very popular.

L)

pivot to adjust
pressure

IRl

Bubble chamber invented 1954 by A. Glaser



camera

fluid becomes metastable

Particle(s) <

§~ ‘ﬁ
~ -
L] -
el R

Bubble chamber invented 1954 by A. Glaser

From the
1950s onwards,

Bubble chambers
got very popular.

IRl




camera

. fluid becomes metastable
e

pressure
decrease

Bubble chamber invented 1954 by A. Glaser

» Particle

lonization path

From the
1950s onwards,

Bubble chambers
got very popular.

A\

PARTICLE PHYGSKlS

t
B P < |

o4



camera

. fluid becomes metastable
e

Al - v N

pressure
decrease

~
~ -
hhhhh
-----

Bubble chamber invented 1954 by A. Glaser

------------ * macroscopic

- -----— Particle

lonization path

From the
1950s onwards,

Bubble chambers
got very popular.

A\

PARTICLE PHYGSKlS

t
B P < |
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camera

fluid becomes metastable

Al - v N

pressure
decrease

~
~ -
hhhhh
-----

Bubble chamber invented 1954 by A. Glaser

------------ * macroscopic

- -----— Particle

lonization path

From the
1950s onwards,

Bubble chambers
got very popular.

A\

PARTICLE PHYGSKlS

t
B P < |

| 56



From the
1950s onwards,

Bubble chambers
got very popular.

pressure
decrease
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Discovery of the Q- in 1964

' 58



Tracking detector

Detector

Fmr%it:i.es
are quite unaffected
bv &r&&kﬁ%g debectors.
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Calorimeters

Detector

Electromagnetic calorimeter

Hadronic calorimeter

Calorimebers are

that force particles to
shower.

Ehiclke debeckion device:

60



Calor

Imeters

Detector

Electromagnetic calorimeter

150 cm

[ Image source ]

>

=

100 GeV electron .

Fe

!_ —

Hadronic calorimeter

A

wo 0%

wo Ot

61


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

Calorimeters

Detector

How thick ?

Electromagnetic calorimete

[ Image source ]

>
Fe

=

100 GeV electron

A

wo oy

Xo

AN

Radiation length

>
length [cm]
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https://link.springer.com/referenceworkentry/10.1007/978-3-319-47999-6_53-1/figures/1

Calorimeters

Detector

FCC-hh detector design study

= I I I LI L B S B B B B
X 160
140F T o
100 B - Ecal, active
100 Ecal Cryostat, LAr

Ecal Cryostat, Al

tracker

= w
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Calorimeters

Photo-detector

Homogeneous Calorimeter:

Detector

Sampling Calorimeter:

Passive and active elements
are interleaved.

64



alorimeters

HHHHEHL

[T

r lectr
X eadou: elect odeb P

outer copper layer

inner copper layer .}/
kapton —3/

outer copper layer

stainless steel—;
glue

ATLAS Liquid Argon Sampling calorimeter (EM) Sampling Calorimeter:

Passive and active elements
are interleaved.
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Calorimeters

Homogeneous Calorimeter:

Photocathode
Electrons

Incident Electrical
photon connectors

Scintillator

CMS Lead Tungsten Crystal EM calorimeter

Light

ohoton Focusin

electrode Photomultiplier tube (PMT)




A little detection quiz

Detector



A little detection quiz

Detector

M calorimeter

» electron
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A little detection quiz

Detector



A little detection quiz

Detector

ower In EM calorimeter

» photon
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A little detection quiz

Detector



A little detection quiz

Detector

orimeter

> charged hadron

712



A little detection quiz

Detector



A little detection quiz

Detector



A little detection quiz

Detector



A little detection quiz

Detector



Muon System

Detector

The muon is
a mMiinum
Lonising par&i;de,
which does not
tnkerack
kaciromitau.v.
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Possible technology:

drift detectors

/8

Detector



particle

gas (mixture)

anode wire
electric field

79



particle

drift circle
measurement

80



drift circle
measurement

81



Muon System

ATLAS Muon Spectrometer

82



Which is the right one?

83



Fast trigger chambers

84

Detector



Let's skip back one step ...

Unfortunately ... this does not happen often.

The boring regime:

Standard Model Total Production Cross Section Measurements status: July 2017

Does it malkke seinse
to record all of those
uhinteresting collistons?

“probability” of 10" o, ATLAS Preliminary ooy
any interaction RUN1.2 V=78, 13 Tev o ooy e
10° 3 MOl Data 45-4.91fb7! E
o LHC pp Vs =8 TeV -
10° £ AN Data 203fb E
1010 10* F
103
v 5 i
.. : 10° ¢ o &
The exciting regime: o
“probability” of 1 G -
. 10° £ o 2.0 fo7!
a Higgs boson .
production -
1 F H VH
ttH
1071 I
PP WW H Wt

Figure:

Standard Model cross sections measured with the ATLAS experiment

and compared to theoretical predictions, July 2017

ZZ _CthantEW ttZ tZj
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Triggers

coincidence electronics

86

Detector



Triggers

Detector

e W N N N N N N N N AR R R N N AR AR A R R NN AN AN AR AR AN RN A A A AR AR NN NN E NN NN RN NN NEANEANEAEEAEEEEEEEEEEEREEEEEEEEEE
.

large energy deposits

N NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN EENEENEENEENEEEEEEEEEEEmEa”
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Triggers

Detector

Hit found in Hit NOT found in
search window

search window

double layered
~2-4 mm gap I OF

high Pt pass low P+ fail

1

“Stubs / Mini-doublets”

compatible tracklets
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Triggers

Detector

Collision rate: 40 MHz

Writing rate to disk: ~ 1-5 kHz

89



Triggers

[ Source ]

(6 features/particle) l l l l l l l l l l
(20 features/particle) “““““
(5featuresfparticle)""""" hls 4 ml

(50 features)
(20 features)
(10 features) '
(1 feature) v

b-tag score

vV W

Pointwise convolution Dense layer
(per particle dense layer)

Particle Receiving
Jet Axis Computation

B tagging Neural Network

AMD VU9P

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

Artificial
Intelligence

for Triggering
1s a very active
research field.



https://indico.cern.ch/event/1421629/contributions/6136887/attachments/2974770/5236313/wp36_ngt_workshop_24_sps.pdf

Summary

Om m 2m im am 5m 6m /m

Key:
Muon
Electron

Charged Hadron (e.g. Pion)
-~ — — - Neutral Hadron (e.g. Neutron)

« = = « =« Photon

Silicon
Tracker

o 'y W <
| Electromagnetic | z
:J )ll] Calor““eter aHaHlnlt s g\
et mltmm ‘S;
Superconducting LS
) X -
Calorimeter Solenoid &
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> neutrino

does not interact at all with the detector
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neutrino

Detector

Neubtrinos (or their missing
energy) are estimated
using momentum and
gnergy conservation laws,
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Neutrino Detectors
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Data is collected here and
sent by satellite to the data
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Detector

Discovery of the Higgs boson ...

This happens in practically 0 time



. In our detector
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... in real: ATLAS experiment.

@ATLAS

EXPERIMENT
http://atlas.ch

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



Data analysis
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... and of course the right guys got it.
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1936 first evidence as part of cosmic rays by Carl D. Anderson and Seth Neddermeyer at Caltech 7 f-
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Time projection chamber

» TPCs allow to build huge tracking devices to relative moderate cost

- precise track reconstruction
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Time projection chamber

» TPCs allow to build huge tracking devices to relative moderate cost

- precise track reconstruction

E

a gas filled vessel (ionisable)

electric field for the charge drift

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
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Labelling: =

ATLAS Simulation Preliminary
ITk layout - Tracks in buckets

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

19



Labelling: Music & Neighbours

A. Salzburger, CODEX-b week, CERN, 12/06/2023
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[ S. Amrouche, T. Golling, M. Kiehn, AS: Music, Neighbours & Tracking ]
[ S. Amrouche, N. Calace, T. Golling, M. Kiehm. AS : Hashing & similarity learning ] 120



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 & Neighbours

Perfect hash function would solve the tracking problem

h(hit) = track number

Approximate hashing, however, can be done

h(track 1, hit 0)
h(track 1, hit 1)
h(track @, hit 1)

[ 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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A. Salzburger, CODEX-b week, CERN, 12/06/2023
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[ 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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Industry/open source libraries offer

quite some potential also for

science applications
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https://github.com/spotify/annoy

L abelling:

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

Add items without copying #3389

G)Closed msmKkO opened this iIssue 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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