
ATLAS data sonification : a new interface 
for musical expression and public interaction 

 
 

Ewan Hill1, Juliana Cherston2, Steven Goldfarb3, Joseph A. Paradiso2 
1Dept. of Physics and Astronomy, University of Victoria; TRIUMF   2Responsive Environments Group, MIT Media Lab   3Dept. Of Physics, University of Melbourne 

Quantizer is a sonification platform that provides a novel method for 
interacting with real-time experimental data from the ATLAS Experiment at 
CERN. ATLAS is a general-purpose detector located on one of the four 
collision points of the LHC. A tiny subset of particle collision event data is 
routed through a sonification engine designed to map incoming data to 
audio properties in real-time. An associated web page then enables the 
public to listen to real-time experimental data through the aesthetic lens of 
selected artists. Our goal is to work with a series composers with varying 
backgrounds to develop diverse data-to-audio mappings using this 
platform. We also seek to explore how creative musical pieces driven by a 
rich, real-time data stream from the ATLAS Experiment can educate and 
inspire artists and the general public.  

The LHC collides particles at extremely high 
energies. The ATLAS experiment studies the 
particles created in these collisions to investigate 
some of the deepest questions of nature: What is 
Dark Matter? Are there extra dimensions? What is 
the origin of mass? The ATLAS detector consists of 
an inner detector surrounded by electromagnetic 
(EM) and hadron calorimeters and a muon 
spectrometer. The inner detector tracks the 
trajectories of charged particles. The calorimeters 
are responsible for measuring energy produced 
from electromagnetic and strong interactions. The 
muon spectrometer is used to reconstruct the 
trajectories of muons, the only charged particles 
that escape the detector.  

In order to compose audio, users interact with two interfaces: a Python interface 
that controls the set of selection requirements for the data, and an OSC interface 
that controls the audio that the resulting OSC time series will produce. Each 
interface comes with default settings and customization options that 
accommodate varying levels of proficiency with the tools.  Physics enthusiasts 
can choose to write their own custom Python-based data analysis and 
composers can choose to integrate custom-built audio synthesis patches driven 
by incoming OSC messages. In all ATLAS data sonifications the event durations 
are stretched because the time for the particles to propagate through the 
detector is only a few tens of nanoseconds. While composers have thus far 
focused predominantly on the audio aesthetics, they also have a chance to learn 
about the structure of the ATLAS data by creatively highlighting some of the 
underlying patterns in the audio. As an example, they may discover that the 
number of charged particles decreases with increasing momentum, or that there 
are clusters of energy deposits in individual collision events.   

quantizer.media.mit.edu 

The default Pure Data interface allows 
composers to control data ranges, midi ranges, 
and beat structures. It  has been used as a 
DJ’ing interface in a live musical performance 
setting. Alternatively, composers can build 
custom interfaces.  
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1. Toronto 215 (14.02%) 92.56% 199 (14.69%) 90.70% 1.16 00:01:08 0.00% 0 (0.00%) $0.00 (0.00%)

2. Vancouver 137 (8.93%) 83.21% 114 (8.41%) 89.78% 1.15 00:01:14 0.00% 0 (0.00%) $0.00 (0.00%)

3. Montreal 115 (7.50%) 89.57% 103 (7.60%) 88.70% 1.24 00:00:47 0.00% 0 (0.00%) $0.00 (0.00%)

4. Calgary 89 (5.80%) 89.89% 80 (5.90%) 88.76% 1.19 00:00:54 0.00% 0 (0.00%) $0.00 (0.00%)

5. Ottawa 81 (5.28%) 87.65% 71 (5.24%) 85.19% 1.15 00:00:28 0.00% 0 (0.00%) $0.00 (0.00%)

6. Edmonton 53 (3.46%) 100.00% 53 (3.91%) 94.34% 1.08 00:00:06 0.00% 0 (0.00%) $0.00 (0.00%)

7. Victoria 41 (2.67%) 75.61% 31 (2.29%) 92.68% 1.07 00:00:36 0.00% 0 (0.00%) $0.00 (0.00%)

8. Richmond 40 (2.61%) 42.50% 17 (1.25%) 90.00% 1.22 00:01:17 0.00% 0 (0.00%) $0.00 (0.00%)

9. Winnipeg 29 (1.89%) 96.55% 28 (2.07%) 82.76% 1.21 00:01:39 0.00% 0 (0.00%) $0.00 (0.00%)

10. Mississauga 27 (1.76%) 96.30% 26 (1.92%) 92.59% 1.07 00:00:32 0.00% 0 (0.00%) $0.00 (0.00%)
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1. United
States 12,061 (35.70%) 87.26% 10,524 (36.54%) 90.00% 1.14 00:00:42 0.00% 0 (0.00%) $0.00 (0.00%)

2. Russia 2,762 (8.18%) 74.00% 2,044 (7.10%) 89.57% 1.13 00:00:47 0.00% 0 (0.00%) $0.00 (0.00%)

3. China 2,271 (6.72%) 93.70% 2,128 (7.39%) 89.70% 1.13 00:00:34 0.00% 0 (0.00%) $0.00 (0.00%)

4. United
Kingdom

2,067 (6.12%) 84.86% 1,754 (6.09%) 91.24% 1.11 00:00:26 0.00% 0 (0.00%) $0.00 (0.00%)

5. Canada 1,534 (4.54%) 88.33% 1,355 (4.70%) 91.46% 1.13 00:00:43 0.00% 0 (0.00%) $0.00 (0.00%)

6. Germany 1,125 (3.33%) 88.44% 995 (3.45%) 88.98% 1.14 00:00:43 0.00% 0 (0.00%) $0.00 (0.00%)

7. Australia 1,088 (3.22%) 84.10% 915 (3.18%) 89.06% 1.18 00:01:10 0.00% 0 (0.00%) $0.00 (0.00%)

8. Italy 929 (2.75%) 81.05% 753 (2.61%) 86.87% 1.18 00:00:58 0.00% 0 (0.00%) $0.00 (0.00%)

9. Poland 627 (1.86%) 86.44% 542 (1.88%) 90.91% 1.11 00:00:36 0.00% 0 (0.00%) $0.00 (0.00%)

10. France 584 (1.73%) 82.53% 482 (1.67%) 88.01% 1.16 00:00:55 0.00% 0 (0.00%) $0.00 (0.00%)

11. Ukraine 499 (1.48%) 72.95% 364 (1.26%) 86.77% 1.18 00:01:07 0.00% 0 (0.00%) $0.00 (0.00%)

12. Czech
Republic 455 (1.35%) 72.53% 330 (1.15%) 94.29% 1.09 00:00:35 0.00% 0 (0.00%) $0.00 (0.00%)

13. Spain 442 (1.31%) 85.97% 380 (1.32%) 87.10% 1.16 00:00:53 0.00% 0 (0.00%) $0.00 (0.00%)
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Between May 20 and June 16: 
•  161 websites resulted in referrals to the Quantizer website (not all unique, e.g. 

facebook.com v.s. m.facebook.com) 
•  Articles about Quantizer that referred readers to the Quantizer website were 

written in 10 languages:   Bulgarian, Chinese, English, French, German, 
Greek, Japanese, Portuguese, Russian, and Spanish 

•  Two interviews were given for articles about Quantizer (3 including the one 
for the original ATLAS article). 

ATLAS is one of the main detectors at CERN’s Large Hadron Collider (LHC). The ATLAS 
Collaboration uses the detector to probe some of the deepest questions of nature: “What is the nature of 
dark matter?", “What is the origin of mass?”, and “Are there any deeper symmetries that govern the 
laws of our universe?".  A tiny subset of particle collision event data is routed through a sonification 
engine designed to map incoming data to audio properties in real-time.  An associated web page then 
enables the public to listen to real-time experimental data. 

Total number of 
sessions 
Users – compare with visits to ATLAS website 
Sessions in Canada 

Feedback 
Chi reviewers 
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Analysis of data 
 

Conclusions and future work 

Referrals 
To atlas from Q 
From CERN and ATLAS to Quantizer 

Total number of articles referencing Quantizer from 
referrals 
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Compare with other atlas articles 

Introduction 

Introduction 
-  Objectives 
-  Intro 

Data, Tools, and Methodology 
-  What atlas data 
-  User interfaces 
-  Pt to music note like E=h nu 
-  Stream to website 
-  Good for anyone to use 
-  Website 

Outreach objectives measurements 
-Website + soundcloud target the general public 
-CHI and NIME papers target the experimental music community 
-Compare metrics to some benchmark values to determine if we are doing okay 
-Quantizer website visits 
   - num visitors 
-Other websites and other mediums 
   - chi, nime 
   - emails 
   - chi downloads 

Data - Main Quantizer Website  

Data, Tools, and Sonification Methodology 

Data – Other Media Analysis and Conclusions 

The Quantizer sonification platform was designed so that anyone can compose music and learn about particle physics. The 
composition engine consists of two main interfaces that accommodate users of various levels of physics and music knowledge. The 
default Python interface filters data in accordance with basic approaches used by ATLAS to isolate useful information for an analysis.  
Physics enthusiasts can choose to write their own custom Python code to parse the data. 
 
Composers can choose to integrate custom-built audio synthesis patches to create music driven by the Python filtered data streamed as 
OSC messages (an industry standard).  The default OSC interface translates energy and momentum information from the calorimeters 
and tracks into musical notes (MIDI notes).  This mapping connects a particle’s de Broglie wavelength to an audible sound wave.  The 
default OSC interface was designed to enable users to easily produce more traditional styles of music. 
 
Several mappings are automatically applied to the data taken live by ATLAS and streamed to a dedicated website, where listeners can 
learn more about the audio, the data, the Quantizer project, and the ATLAS Experiment. 

ICHEP abstract 
 
The goal of this project is to transform ATLAS data into sound and explore 
how ATLAS audio can be a source of inspiration and education for musicians 
and for the general public.  Real-time ATLAS data is sonified and streamed 
as music on a dedicated website. Listeners may be motivated to learn more 
about the ATLAS experiment and composers have the opportunity to explore 
the physics in the collision data through a new medium.  The ATLAS 
collaboration has shared its expertise and access to the live data stream from 
which the live events displays are generated.   This talk tells the story of a 
long journey from the hallways of CERN where the project collaboration 
began to the halls of the Montreux Jazz Festival where harmonies were 
performed.  The mapping of the data to sound will be outlined and 
interactions with musicians and contributions to conferences dedicated to 
human-computer interaction will also be discussed. 
 

Quantizer is a project that transforms live collision data from the ATLAS Experiment at CERN into an 
audio stream. 
 
The project seeks to explore how creative musical pieces can educate and inspire artists and the general 
public. This analysis measures the level of success of the project as an outreach tool. 

Custom OSC interface by 
Akito Von Troyer 

Quantizer website - www.quantizer.media.mit.edu 

Sessions by country (top) and 
by city in Canada (bottom) 

Visitors to the website come from around the world and not just from 
countries or cities that are affiliated with ATLAS or CERN. 

Between May 20 and June 16: 
•  33 785 sessions and 28 812 visitors (=> 1029 visitors / day) 
•  Over 2000 visitors returned to the website. 
•  2211 visitors from Canada 
 
Benchmark: In May www.atlas.cern had 28 255 visitors (= 911.5 visitors / 
day). 
 
 

In May: 
•  363 referrals to www.atlas.cern from the Quantizer website. 
•  215 referrals to the Quantizer website from www.atlas.cern. 
 
Benchmarks:  In May, www.atlas.cern received referrals from: 
•  Facebook: 10 495 
•  Atlas-live (live event displays): 1704 
•  ATLAS Masterclass: 638 
•  AMELIA (a multimedia educational interactive analysis lab): 492  
 
ATLAS article about Quantizer had 10 686 views in May. 
Benchmark: The next most popular ATLAS article in May (a press-statement) 
had 3129 views. 
 
  

Recorded compositions are hosted on Soundcloud.  Between May 20 and June 
16 there were 9741 plays of the Quantizer music.  Several audio clips were 
embedded in the Quantizer website as well as in articles about Quantizer.  

Best quotes: 
•  “What you did is really cool and … it helps me concentrate at work.” 
•  “Thanks for doing the things that keeps science refreshing and fun.” 
•  “I myself am in love with this site, it is an amazing concept and I personally could 

listen to the Suitar Samba for hours!!!!” 
•  “A real gift to all sonic and soft-synth nerds like me!” 
 
Statistics for between May 20 and June 16: 
•  36 emails received (ignoring friends and colleagues etc.) 

Website visitors and referrals 
•  The number of visitors to the Quantizer website is good compared to the benchmark and many returned. 
•  More people were referred from the Quantizer website to the ATLAS website than the other way around. 
•  The number of people referred to the ATLAS website is relatively small compared to the benchmarks but 

that number could reasonably increase to levels similar to the atlas-live website numbers. 
•  The number of views of the ATLAS article about Quantizer did well compared to benchmark. 
•  Referrals came from a variety of sources.  Only a minority were directly referred from ATLAS or CERN. 
•  Several unsolicited articles about Quantizer were written in a variety of languages and were derived from 

both the original ATLAS article and the CHI paper. 
 
Emails 
•  Most of the emails gave positive feedback. 
•  Quantizer is attracting musicians (and artists) to engage with ATLAS, a group that was likely less well 

engaged previously. 
•  Better planning would have allowed the public to immediately and easily start composing using Quantizer. 

 
Conferences 
•  Papers were accepted for both conferences but the reviewers thought the music styles were too traditional. 
•  The number of downloads of the CHI paper is large relative to benchmarks. 

 
Conclusions 
Quantizer has performed well at attracting the attention of the public and has performed okay at getting them 
to engage ATLAS directly or through Quantizer.  The Quantizer website received over 28 000 visitors in a 
single month with over 20 people requesting permission to compose with Quantizer.  Further work is required 
to get more people actively engaged partly through further developing the synthesizers. 

Between May 20 and May 24, 794 plays were recorded.  This 
date range is before any article included an embedded 
soundcloud clip and the play count is strongly correlated to the 
number of users who explored deeply into the Quantizer 
website to find the soundcloud clips. 

Best email quotes: 
•  What you did is really cool and … it helps me concentrate at work.  
•  What a beautiful platform you’ve created. 
•  [As] a recent physics grad and a musician myself, I think this is beyond awesome...thanks for doing the things that 

keeps science refreshing and fun. 
•  A real gift to all sonic and soft-synth nerds like me! 
•  I have a keen amateur interest in particle physics and have been a musician for over 20 years so the appeal of using 

this data for “another use” is exciting. 
•  I myself am in love with this site, it is an amazing concept and I personally could listen to the Suitar Samba for 

hours!!!! 
•  I would like to express my appreciation for your decision to involve the Arts with your experiments. This project is an 

excellent idea for promoting both physics and new music. As a long time admirer of the work being done at CERN, I 
am very excited at the prospect of participating in the cutting edge of particle physics. 
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Chi reviewers 
NIME reviewers 
Emails 
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Emails from website visitors 

The Quantizer group submitted papers to two conferences: 
•  CHI    : The top conference for Computer-Human Interaction 
•  NIME : International conference on New Interfaces for Musical Expression 
 
Best CHI and NIME reviewer quotes: 
•  “Novelty and value of the work arise not just from using the LHC data source, but also in the demonstrated 

method of artistic engagement with the system and the description of the LHC data.” 
•  “This is a very interesting project due to the many interdisciplinary elements that came together, and the 

general challenge of understanding complex datasets with auditory representations is also quite challenging.” 
 
CHI and NIME criticisms: 
•  Reviewers for both conferences accepted the papers but would like to see more complex synthesizers to 

create richer audio (less traditional styles of music) and more detailed evaluations of the work.  These are 
reasonable comments but may have been inevitable considering the project was still fairly new and under 
development at the time of the paper submissions. 

 
CHI paper downloads (linked from the Quantizer website): 
•  23 downloads around the time of the conference 
•  138 downloads total as of July 3 
•  Benchmarking: Quantizer’s CHI paper is the 5th most downloaded Late-Breaking Work paper (out of 585) 

and in the top 100 most downloaded papers of all types of papers at CHI this year (out of 1131). 
 

Music and computer-human interaction conferences 

Soundcloud 

Posi%ve,)33)

Nega%ve,)1)

Other,)2)
•  23 individuals asked to compose with Quantizer platform or asked for permission to 

use Quantizer audio clips in their music production. 
•  1 individual wants to integrate Quantizer into an undergraduate course they teach. 
•  1 artist has an IMDB entry as an actress and filmmaker. 
•  15 individuals stated or implied that they are musicians. 
•  3 individuals mentioned having at least part of an undergraduate physics education. 

When these emails started to arrive, the following were partially incomplete: 
•  Install and usage instructions across all platforms for non-experts  
•  User Agreements for composers to use ATLAS data. 

A live duet performance was given at the Montreux Jazz Festival 2015 with 
jazz improv pianist Al Blatter as part of CERN’s “The Physics of Music and 
the Music of Physics”.  CERN and the BBC were present to cover the event. 

Montreux Jazz Festival 

Quantizer
team

reddit.com
Web posting

(2)
[English]

CHI
Conference paper

(-)
[English]

ATLAS
Web article

(10)
[English]

Popular Science 
Web article

(11)
[English]

CERN
Web article

(4)
[English]

gizmag.com
Web article

(1)
[English]

engadget.com 
Web article

(7)
[English]

dailytechinfo.com
Web article

(12)
[Russian]

jandan.net
Web article

(3)
[Chinese]

Smithsonian museum
Web article

(8)
[English]


