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QUANTIzER

ATLAS	  is	  one	  of	  the	  main	  detectors	  at	  CERN’s	  Large	  Hadron	  Collider	  
(LHC).	  The	  ATLAS	  Collabora/on	  uses	  the	  detector	  to	  probe	  some	  of	  the	  
deepest	  ques/ons	  of	  nature:	  “What	  is	  the	  nature	  of	  dark	  ma[er?",	  
“What	  is	  the	  origin	  of	  mass?”,	  and	  “Are	  there	  any	  deeper	  symmetries	  
that	  govern	  the	  laws	  of	  our	  universe?".	  	  A	  /ny	  subset	  of	  par/cle	  
collision	  event	  data	  is	  routed	  through	  a	  sonifica/on	  engine	  designed	  to	  
map	  incoming	  data	  to	  audio	  proper/es	  in	  real-‐/me.	  

Introduction 

The	  Quan/zer	  sonifica/on	  plaborm	  was	  designed	  so	  that	  anyone	  can	  compose	  music	  and	  
learn	  about	  par4cle	  physics.	  
	  
The	  composi/on	  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	  informa/on	  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	  was	  designed	  to	  enable	  users	  to	  easily	  produce	  more	  tradi/onal	  styles	  of	  
music.	  
	  
The	  default	  and	  custom	  interfaces	  have	  so	  far	  been	  use	  to	  create	  a	  variety	  of	  musical	  styles	  
including:	  samba,	  blues,	  classical,	  pop-‐rock,	  electronic,	  and	  experimental.	  
	  

Quan4zer	  is	  a	  project	  that	  transforms	  live	  collision	  data	  from	  the	  ATLAS	  Experiment	  at	  CERN	  into	  an	  audio	  stream.	  	  The	  project	  seeks	  to	  explore	  how	  
crea/ve	  musical	  pieces	  can	  educate	  and	  inspire	  ar/sts	  and	  the	  general	  public.	  An	  associated	  web	  page	  enables	  the	  public	  to	  listen	  to	  real-‐4me	  
experimental	  data.	  

A	  live	  duet	  was	  performed	  at	  the	  Montreux	  Jazz	  Fes/val	  2015	  with	  jazz	  pianist	  Al	  Bla[er	  as	  part	  of	  CERN’s	  “The	  
Physics	  of	  Music	  and	  the	  Music	  of	  Physics”.	  	  Al	  Bla[er	  and	  the	  Quan/zer	  team	  improvised	  together	  a	  10	  minute	  
musical	  piece	  based	  on	  only	  hours-‐old	  ATLAS	  data.	  	  The	  plaborm	  enabled	  the	  composers	  to	  customise	  the	  tempo,	  
instrumenta/on,	  and	  musical	  scale	  to	  the	  preferences	  of	  the	  pianist.	  

Montreux	  Jazz	  Fes4val	  –	  July	  9	  2015	  

ICHEP	  abstract	  
	  
The	  goal	  of	  this	  project	  is	  to	  transform	  ATLAS	  data	  into	  sound	  and	  explore	  
how	  ATLAS	  audio	  can	  be	  a	  source	  of	  inspira/on	  and	  educa/on	  for	  musicians	  
and	  for	  the	  general	  public.	  	  Real-‐/me	  ATLAS	  data	  is	  sonified	  and	  streamed	  
as	  music	  on	  a	  dedicated	  website.	  Listeners	  may	  be	  mo/vated	  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	  
collabora/on	  has	  shared	  its	  exper/se	  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	  collabora/on	  
began	  to	  the	  halls	  of	  the	  Montreux	  Jazz	  Fes/val	  where	  harmonies	  were	  
performed.	  	  The	  mapping	  of	  the	  data	  to	  sound	  will	  be	  outlined	  and	  
interac/ons	  with	  musicians	  and	  contribu/ons	  to	  conferences	  dedicated	  to	  
human-‐computer	  interac/on	  will	  also	  be	  discussed.	  
	  

•  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.   

•  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 bu i ld cus tom 
interfaces.  

•    

Custom	  OSC	  interface	  by	  
Akito	  Von	  Troyer	  

Quan4zer	  website	  -‐	  www.quan/zer.media.mit.edu	  

How	  music	  can	  lead	  to	  more	  interest	  
A[ract	  in	  ATLAS	  through	  a	  new	  and	  popular	  medium	  –	  music	  
	  	  	  -‐	  more	  interest	  by	  those	  already	  interested	  
	  	  	  -‐	  new	  interest	  by	  people	  new	  yet	  interested	  
	  
Make	  people	  want	  to	  read	  about	  ATLAS	  and	  par/cle	  physics	  
Make	  people	  wan	  to	  compose	  and	  thus	  learn	  much	  more	  about	  the	  data	  in	  the	  process.	  
	  	  	  -‐	  composing	  can	  be	  done	  directly	  with	  our	  sohware	  or	  people	  may	  want	  to	  use	  our	  pre-‐recorded	  audio	  in	  their	  own	  pieces.	  
	  
	  
	  
Possibili4es	  for	  using	  the	  music	  
	  
Music	  styles:	  	  	  samba,	  blues,	  classical,	  pop-‐rock,	  electronic,	  experimental	  
	  
	  
Techinical	  deescrip4on	  of	  how	  data	  turns	  into	  sound	  
	  
Story	  
	  
	  
	  
	  
	  
	  
	  
A	  /ny	  subset	  of	  collision	  data	  from	  the	  ATLAS	  Detector	  is	  being	  generated	  and	  streamed	  in	  real-‐/me	  into	  a	  sonifica/on	  engine	  built	  atop	  
Python,	  Pure	  Data,	  Ableton,	  and	  IceCast.	  The	  sonifica/on	  engine	  takes	  data	  from	  the	  collision	  event,	  scales	  and	  shihs	  the	  data	  (to	  ensure	  that	  
the	  output	  is	  in	  the	  audible	  frequency	  range)	  and	  maps	  the	  data	  to	  different	  musical	  scales.	  From	  there,	  a	  midi	  stream	  triggers	  sound	  samples	  
according	  to	  the	  geometry	  and	  energy	  of	  the	  event	  proper/es.	  The	  composer	  has	  a	  lot	  of	  flexibility	  regarding	  how	  the	  data	  from	  the	  collision	  
is	  streamed	  with	  respect	  the	  geometry	  of	  the	  event,	  and	  can	  set	  whether	  or	  not	  to	  discre/ze	  the	  data	  into	  beats.	  The	  data	  currently	  being	  
streamed	  includes	  energy	  deposit	  data	  from	  the	  hadronic	  endcap	  calorimeter	  and	  the	  liquid	  argon	  calorimeter,	  as	  well	  as	  energy	  from	  par/cle	  
tracks	  and	  loca/on	  informa/on	  from	  a	  muon	  trigger	  (RPC).	  You	  can	  learn	  more	  about	  the	  different	  layers	  of	  the	  ATLAS	  detector	  here.	  Each	  
event	  currently	  produces	  ~30	  seconds	  of	  unique	  audio.	  Some	  composers	  have	  gone	  further	  and	  built	  their	  own	  patches	  in	  Max	  MSP	  or	  their	  
own	  web	  apps	  using	  the	  processed	  data	  streaming	  out	  of	  Python.	  
	  
This	  plaborm	  provides	  physics	  enthusiasts	  with	  a	  new	  way	  to	  experience	  real-‐/me	  ATLAS	  collision	  data,	  and	  musical	  composers	  a	  new	  way	  to	  
play	  with	  it.	  It	  provokes	  ques/ons	  about	  how	  audio	  might	  serve	  a	  more	  prac/cal	  role	  in	  data	  analysis.	  	  
	  
	  
	  
step	  1:	  Clean	  and	  filter	  the	  data.	  Only	  use	  the	  parts	  of	  the	  event	  that	  have	  high	  enough	  energy	  and	  momentum	  and	  are	  in	  the	  central	  region	  of	  
the	  detector.	  
step	  2:	  Filter	  the	  data	  even	  further	  by	  requiring	  the	  data	  to	  lie	  between	  specific	  minimum	  and	  maximum	  values	  (e.g.	  enforce	  a	  minimum	  
momentum	  on	  each	  track).	  This	  ensures	  that	  the	  data	  can	  be	  properly	  scaled	  for	  sonifica/on.	  These	  are	  very	  loose	  selec/ons	  to	  avoid	  
imposing	  too	  many	  restric/ons	  on	  the	  composer.	  
step	  3:	  Split	  the	  detector	  up	  into	  bins	  of	  "pseudo-‐rapidity"	  (eta),	  a	  special	  angle	  used	  in	  par/cle	  physics	  and	  par/ally	  depicted	  in	  the	  above	  gif.	  
Associate	  all	  of	  the	  data	  to	  a	  nearby	  eta	  bin.	  The	  musical	  notes	  will	  be	  played	  in	  the	  order	  as	  defined	  by	  eta	  posi/ons	  going	  from	  nega/ve	  eta	  
to	  posi/ve	  eta.	  
step	  4:	  Stream	  all	  the	  data	  associated	  to	  the	  single	  eta	  bin	  from	  python	  to	  Pure	  Data.	  Do	  this	  for	  each	  eta	  bin.	  
step	  5:	  Apply	  a	  finer	  selec/on	  to	  the	  data	  based	  on	  the	  energies	  and	  posi/ons.	  These	  selec/ons	  can	  be	  changed	  in	  real-‐/me	  by	  the	  composer	  
in	  a	  more	  DJ-‐like	  fashion.	  
step	  6:	  Scale	  the	  data	  from	  their	  allowed	  ranges	  into	  the	  allowed	  musical	  midi	  note	  ranges.	  For	  example,	  a	  track’s	  momentum	  could	  be	  
required	  to	  be	  between	  20	  GeV	  and	  1000	  GeV.	  The	  track	  momenta	  are	  scaled	  into	  the	  musical	  midi	  note	  range	  of	  60	  to	  90.	  
Midi	  note	  ranges:	  
	  
	  	  	  	  RPC:	  60-‐96	  
	  	  	  	  Track:	  60-‐90	  
	  	  	  	  HEC:	  48-‐60	  
	  	  	  	  LAr:	  36-‐48	  
	  
(Middle	  C	  on	  a	  piano	  is	  60)	  
step	  7:	  Set	  the	  dura/on	  of	  the	  notes	  and	  determine	  if	  it	  is	  allowed	  to	  be	  played	  on	  this	  beat	  as	  set	  by	  the	  composer’s	  beat	  structure.	  
	  
Musical	  note	  dura/ons:	  
	  
	  	  	  	  HEC:	  1/2	  beat	  
	  	  	  	  LAr:	  1/2	  beat	  
	  	  	  	  RPC:	  3s	  =	  almost	  3	  bars	  (exact	  dura/on	  depends	  on	  the	  selected	  instrument)	  
	  	  	  	  track:	  2s	  =	  almost	  2	  bars	  (exact	  dura/on	  depends	  on	  the	  selected	  instrument)	  
	  
	  
The	  musical	  beats	  for	  the	  LAr,	  HEC,	  and	  the	  drums	  are	  forced	  to	  follow	  the	  following	  pa[erns:	  
LAr	  Beats	  
HEC	  Beats	  
Drum	  Beats	  
step	  8:	  Round	  the	  midi	  note	  value	  to	  the	  nearest	  allowed	  midi	  note	  value	  as	  defined	  by	  the	  scale.	  
	  
	  	  	  	  Midi	  note	  musical	  note	  scale:	  0,3,5,7,10,12	  	  
	  
	  
	  
	  
	  

The	  default	  sonifica/on	  engine	  takes	  data	  from	  the	  collision	  event,	  scales	  
and	  shihs	  the	  data	  (to	  ensure	  that	  the	  output	  is	  in	  the	  audible	  frequency	  
range)	  and	  maps	  the	  data	  to	  different	  musical	  scales.	  From	  there,	  a	  midi	  
stream	  triggers	  sound	  samples	  according	  to	  the	  geometry	  and	  energy	  of	  
the	  event	  proper/es.	  The	  data	  currently	  being	  streamed	  includes:	  
•  energy	  deposit	  data	  from	  the	  hadronic	  endcap	  calorimeter,	  
•  energy	  deposit	  data	  from	  the	  liquid	  argon	  electromagne/c	  calorimeter,	  
•  momentum	  data	  for	  par/cle	  tracks,	  and	  
•  loca/on	  data	  from	  a	  muon	  trigger	  (RPC).	  

The	  default	  OSC	  interface	  translates	  energy	  and	  momentum	  informa/on	  
from	  the	  calorimeters	  and	  tracks	  into	  musical	  notes	  (MIDI	  notes).	  	  This	  
mapping	  connects	  a	  par/cle’s	  de	  Broglie	  wavelength	  to	  an	  audible	  sound	  
wave.	  

Several	  mappings	  are	  automa/cally	  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	  Quan/zer	  project,	  and	  the	  ATLAS	  Experiment.	  Each	  event	  currently	  produces	  ~30	  seconds	  of	  unique	  audio	  for	  the	  
online	  treams,	  which	  corresponds	  roughly	  to	  the	  /me	  between	  events	  received	  live.	  	  	  The	  /me	  informa/on	  is	  integrated	  out	  by	  the	  ALTAS	  
reconstruc/on	  and	  so	  the	  user	  is	  able	  to	  use	  the	  interfaces	  to	  introduce	  how	  the	  data	  should	  be	  played	  in	  /me.	  
	  
	  
	  
	  
	  

ICAD	  2015	  Workshop	  –	  July	  7	  2015	  

A	  workshop	  was	  held	  at	  the	  Interna/onal	  Conference	  on	  
Auditory	  Display	  2015	  where	  many	  par/cipants	  composed	  
using	  custom	  OSC	  interfaces.	  	  At	  least	  one	  par/cipant	  posted	  
their	  musical	  composi/on	  online	  aher	  the	  workshop.	  

Conferences	  –	  2016	  

In	  early	  May	  a	  poster	  was	  presented	  at	  a	  conference	  for	  computer-‐human	  interac/on	  held	  in	  San	  Jose	  –	  CHI	  2016.	  	  	  
	  
CHI	  paper	  reviewer	  comments:	  	  “Novelty	  and	  value	  of	  the	  work	  arise	  not	  just	  from	  using	  the	  LHC	  data	  source,	  but	  
also	  in	  the	  demonstrated	  method	  of	  ar/s/c	  engagement	  with	  the	  system	  and	  the	  descrip/on	  of	  the	  LHC	  data.”	  
	  
Quan/zer’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).	  
	  
A	  paper	  was	  also	  accepted	  for	  a	  poster	  at	  the	  conference	  for	  “New	  Interfaces	  for	  Musical	  Expressions”	  2016	  

Late	  2014	  –	  Project	  ini/ated	  
January	  2015	  –	  Started	  designing	  the	  sonifica/on	  system	  and	  
iden/fying	  the	  data	  to	  sonify.	  

Music	  is	  a	  very	  popular	  medium,	  used	  by	  ATLAS	  for	  public	  outreach	  both	  as	  an	  explanatory	  
tool,	  and	  as	  a	  means	  to	  reach	  new	  audiences.	  Quan/zer	  specifically:	  
	  

•  Who:	  Targets	  members	  of	  the	  public	  with	  an	  interest	  in	  music	  or	  science,	  who	  might	  or	  
might	  not	  already	  be	  familiar	  with	  the	  experiment;	  

•  When:	  Provides	  con/nual	  music	  streams,	  either	  via	  the	  live	  transforma/on	  of	  LHC	  
collisions	  or	  via	  pre-‐recorded	  data	  when	  the	  LHC	  is	  not	  in	  collision	  mode;	  

•  Where:	  Engages	  a	  worldwide	  audience,	  requiring	  only	  access	  to	  the	  internet;	  
•  How:	  

•  Encourages	  listeners	  to	  further	  explore	  ATLAS,	  the	  LHC,	  and	  par/cle	  physics,	  as	  well	  
as	  the	  methods	  of	  sonifica/on;	  

•  Invites	  the	  public	  to	  compose	  their	  own	  musical	  streams	  and	  learn	  more	  about	  
ATLAS	  and	  the	  role	  of	  data	  in	  experimental	  physics	  in	  the	  process.	  

Website	  Launch	  –	  May	  20	  2016	  
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First	  month	  of	  website	  being	  public:	  
•  >28	  000	  visitors.	  
•  >2000	  visitors	  returned.	  
•  Visitors	  from	  ~150	  countries	  from	  around	  the	  world.	  
•  33	  visitors	  emailed	  the	  Quan/zer	  group	  with	  posi/ve	  

comments	  and	  23	  requested	  to	  become	  composers.	  	  
•  Email	  quote:	  “I	  myself	  am	  in	  love	  with	  this	  site,	  it	  is	  an	  

amazing	  concept	  and	  I	  personally	  could	  listen	  to	  the	  Suitar	  
Samba	  for	  hours!!!!”	  

•  Unsolicited	  ar/cles	  were	  wri[en	  about	  Quan/zer	  in	  at	  least	  
10	  different	  languages.	  

•  Two	  interviews	  were	  given	  for	  ar/cles	  about	  Quan/zer	  
	  	  	  	  	  (3	  including	  the	  one	  for	  the	  original	  ATLAS	  ar/cle).	  

ATLAS 

Data, Tools, and Sonification Methodology 

Events 

The	  Quan/zer	  plaborm	  is	  an	  interes/ng	  new	  tool	  that	  has	  been	  created	  that	  allows	  live	  
ATLAS	  data	  to	  be	  transformed	  into	  music.	  	  It	  has	  strong	  outreach	  poten/al	  by	  a[rac/ng	  
more	  and	  new	  interest	  in	  ATLAS	  and	  gives	  composers	  the	  chance	  to	  interact	  with	  the	  data	  in	  
a	  different	  way.	  	  Several	  events	  have	  taken	  place	  that	  have	  received	  posi/ve	  feedback.	  
	  
Further	  work	  is	  required	  to	  improve	  the	  plaborm,	  share	  it	  more	  broadly,	  and	  to	  evaluate	  its	  
outreach	  capabili/es.	  	  	  The	  Quan/zer	  team	  will	  work	  with	  more	  composers	  one-‐on-‐one	  to	  
create	  more	  interes/ng	  audio.	  

Conclusions 


