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MUSE  parameters
First  light:  31  Jan  2014

Kapteyn’s star  13  ly away
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MUSE  subsystems
Fore  Optics
ØDerotator
ØAnamorphoser

Field  splitter 24  strips  2.5”x1’

Relay  optics
24  independent  Spectrograph/IFUs
ØSlicing  each  strip  into  4x12  slices  0.2”x15”
ØVPH  grisms
Ø Imaged  by  f2  camera  into  4kx4k  detector
Ø Instrument  with  larger  number  of  pixels  at  Paranal
Pipeline  reassembles  field  into  data  cubes
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MUSE  Foreoptics
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MUSE  splitting  and  relay  optics
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MUSE  IFUs
IFUs
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MUSE  data
24  x
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MUSE  at  the  telescope
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MUSE  raw  data  RTD  at  console
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The  MUSE  Pipeline:  pre-processing
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The  MUSE  Pipeline:  post-processing

Motivation:  Combination  of  
multiple  exposures  with  a  
single  resampling  operation.
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Orion  MOSAIC  with  MUSE
A  3-colour  composite  
of  the  central  Orion  
Nebula

red:  [SII],  
green:  [NII],
blue:  Hbeta.  

Credit:  P.  Weilbacher

Calibration  Workshop,  Jan  2017
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MUSE  Calibration  Plan
Monitor  health  of  the  instrument
Ø Health  of  cryostats
Ø Thermal  stability  of  detectors
Ø Calibration  lamp  stability
Ø Stability  of  bias  level  and  RON.  Pickup  noise?
Ø Stability  of  flat  field  RMS
Ø Stability  of  wavelength  solution/resolution
Ø Overall  throughput  (pending)
Remove  instrumental  signatures
Ø Bad  pixels,  Bias,  Darks,  Flats,  Format  frames,  LSF

Remove  atmospheric  signatures
Ø Spectrophotometry,  telluric  corrections

Calibration  to  physical  units
Ø Day:  Arcs
Ø Night:  spectrophotometry,  astrometry

Monitor  completeness  of  calibrations
Ø Daily:  bias,  flats,  arcs
Ø Nightly:  Illumination,  standards
Ø Weekly:  twilight  flats
Ø Monthly:  Darks,  linearity
Ø Monthly  night:  astrometry

Calibration  Workshop,  Jan  2017

Health  check  monitor

Calibration  completeness  monitor
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Overall  throughput  monitoring

GD71  observed  during  closeout  and  after  DSM.

LTT7987  at  closeout

Feige 110  after  DSM

Response  in  the  blue  appear  to  have  increased  
by  up  to  25%.  Same  response  in  red.

TBC

Calibration  Workshop,  Jan  2017

How  to  compare  standards  taken  at  two  different  
epochs?  The  flat  field  lamp  changes  with  time…

A  new  version  of  the  pipeline  is  being  developed  
that  will  permit  the  proper  comparison.  
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Bias  instabilities Amplifier  glow

MUSE  challenges

Pickup  noise

T-dependent  flat  field
Electronically  induced  
loss  of  resolution

Large  scale  residuals

PAST PRESENT

FUTURE

Ferris  wheelRaman  scattering
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MUSE  challenges
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Initially  bias  issues  in  all  channels

Calibration  Workshop,  Jan  2017

• At  the  start  of  operations  an  
important  challenge  came  from  
bias  instabilities.

• The  bias  showed  all  kind  of  
structures.  Even  subtracting  
overscan there  was  an  
unexplained  time  evolution.

• This  issue  was  finally  solved  by  
continuous  clocking  the  detectors.  
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CHAN01  amplifier  glow

Calibration  Workshop,  Jan  2017

2015-05-01

These  plots  illustrate  three  challenges:

• First,  the  drop  in  resolution,  which  
occurred  initially  after  exchanging  
the  CHAN01  original  cryostat  and  
detector  which  had  an  output  
amplifier  glowing  – this  operation  
requires  to  refocus  the  channel;;  

• Second,  the  first  thing  that  comes  
to  mind  as  a  possible  origin  of  a  
problem  is  not  always  the  actual  
cause;;  

• And  last,  it  is  a  major  challenge  to  
keep    configuration  under  control.
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CHAN01  resolution  drop
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CHAN01  resolution  drop

Calibration  Workshop,  Jan  2017

These  plots  illustrate  three  challenges:

• First,  the  drop  in  resolution,  which  
occurred  initially  after  exchanging  
the  CHAN01  original  cryostat  and  
detector  which  had  an  output  
amplifier  glowing  – this  operation  
requires  to  refocus  the  channel;;  

• Second,  the  first  thing  that  comes  
to  mind  as  a  possible  origin  of  a  
problem  is  not  always  the  actual  
cause;;  

• And  last,  it  is  a  major  challenge  
to  keep    configuration  under  
control.



Calibration  Workshop,  Jan  2017 34

The  MUSE  team
Instrument  characteristics
Description  of  MUSE
From  raw  data  to  the  data  cube:  the  MUSE  pipeline
Instrument  monitoring  and  calibration  plan
ØA  pending   issue

MUSE  challenges
Current  challenges
Future  Challenges



Calibration  Workshop,  Jan  2017 35

T  dependent  flat  field
Ferris  wheel

Current    challenges
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Day  calibrations:  flat  field

Calibration  Workshop,  Jan  2017

δ =  2  x  (upper  – lower)  /  (upper  +  lower)

δ

T  [C] δ vs  T  vs  time
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Flat  field:  why  do  we  care?

A&A  575,  A75  (2015)
The  MUSE  3D  view  of  the  
Hubble  Deep  Field  South
Bacon  et  al.

Calibration  Workshop,  Jan  2017

27  h  =  54x1200s
Need for low noise background 

on SMALL scales

Number  of  exposures
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t1

st
ex
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re
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Low  level  large  scale  residuals

Recent  geometry/astrometry
[continuum  600-700  nm]

Older  geometry/astrometry  
[continuum  600-700  nm]

Calibration  Workshop,  Jan  2017

Need low noise background on LARGE scales
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Ferris  wheel
October  2016  at  closeout,  
no  Ferris  Wheel

November  recomm:  it  is  back.

The  artefact  comes  and  go.  We  know  that  the  
guide  probe  position  does  have  an  effect.  WIP…

Calibration  Workshop,  Jan  2017



40

The  Ferris  wheel
MUSE  field-of-view

Calibration  Workshop,  Jan  2017
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The  Ferris  wheel
VLT  field-of-view MUSE  field-of-view

Calibration  Workshop,  Jan  2017
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Raman  scattering

Calibration  Workshop,  Jan  2017
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Concluding  remarks

Calibration  Workshop,  Jan  2017

Since first light on 31 Jan 2014 MUSE has been delivering science quality 
data, operating with almost no technical downtime.

One of the keys for the success was to have a pipeline quite mature at 
commissioning time. This permitted prompt monitoring of the system.

Despite the success we were not trouble free. The main operating challenges 
came initially from the detector system. Close monitoring allowed us to 
detect the problems in time, although not always correct them rapidly.

A problem that was anticipated very early on was the need to calibrate the 
flat field response frequently enough. Flat fielding and sky subtraction are 
among the main challenges to data quality and sensitivity.

Current instrumental challenge include the understanding of the light 
contamination of the focal plane, which might give the ultimate limit to 
sensitivity.

Future operation challenges include a) keeping the configuration control 
during GALACSI installation and b) the characterization of the possible 
Raman contamination in laser operation, specially in NFM.



THE  END
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Reconstructed  image  of  one  strip  in  the  Trifid nebulae.  Only  1  million  of  spectra  in  this  exposure,  but  already  a  huge  physical
content  to  explore.
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Raman  scattering

Calibration  Workshop,  Jan  2017
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The  MUSE  team

Institute Responsibility
Leibniz-‐Institut für Astrophysik Potsdam Development  of  the  Calibration  Unit,  testing  of  the  preassembled  

spectrograph  --‐ detector  units,  data  reduction  software.

Centre  de  Recherche
Astrophysique de   Lyon

Overall  management  of  the  project,  image  slicer  sub  system,  
spectrograph  opto--‐mechanical  design  and  integration,  data  analysis  
software.

ESO Detector  systems  (24  detectors  and  their  cryogenic  environment),  
GALACSI.

ETH  – Institute  of  Astronomy  (Zurich) Procurement  of  the  24  spectrographs.

Institut für Astrophysik Göttingen Design,  analysis  and  procurement  of  the  instrument  mechanics,  the  
support  and  handling  structures  as  well  as  for  the  optics  that  apply  
the  field  splitting  and  the  relay  optics.

Institut de  Recherche enAstrophysique et  
Planétologie (Toulouse)

Electronic  and  Software  Control  of  the  whole  Instrument,  Opto--
-‐mechanical  development  of  the  Fore--‐Optics  module.

Leiden   Observatory Interface between  the  MUSE  spectrograph  and  the  adaptive  optics  
system,  definition  of  the  top--‐level  requirements  for  the  adaptive  
optics  system.

PI:  R.  Bacon,  Lyon  – ESO  responsible:  A.  Glindeman – ESO  Instrument  
Scientist:  J.  Vernet -- ESO  Project  Manager:  A.  Manescau
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The  ESO  MUSE  IOT:  operates

Paranal IOT  Coordinator  – Alain  Smette

Paranal Instrument  Scientist  – Fernando  Selman

Paranal Instrument  Fellows  – Evelyn  Johnston,  Yara Jaffe,  Vogt  (Honoris…)

Paranal  Instrument  TIO  – Susana  Cerda,  Cristian  Herrera

Paranal Instrumentation  Responsible  – Hicolas Haddad

Paranal Software  Responsible  – Pedro  Baksai,  Gerard  Zins

Garching Instrument  Scientist  – Joel  vernet

Garching Quality  Control  Scientist  – Danuta  Dobryzyka

Garching User  Support  Astronomer  – Elena  Valenti

Garching Pipeline  Responsible  – Ralf  Palsa

Garching Advanced  Data  Products  Responsible  – Lodovico Coccato
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The  MUSE  Instrument
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From  observation  to  reduced  data
Continuum  700  nm H-alpha

Seq:  O            S          O        O        S          O
UIT:  480  120  480  480  120  480
DROT:  0        0        90      90        0        90
Calibration  Workshop,  Jan  2017
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Day  calibrations:  RON  instabilities

Calibration  Workshop,  Jan  2017
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Day  calibrations:  flat  field

Calibration  Workshop,  Jan  2017
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Flat  field:  why  do  we  care?

ApJ,  831,  39  (2016)
UBIQUITOUS  GIANT  Lyα NEBULAE  
AROUND  THE  BRIGHTEST  
QUASARS  AT  z ~ 3.5  REVEALED  
WITH  MUSE
Borisova et  al.

Calibration  Workshop,  Jan  2017

1  h  =  4x900sNeed for accurate background 
estimates in scales of several 
arcecs
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Ferris  wheel  II

No spokes!

Calibration  Workshop,  Jan  2017
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Ferris  wheel  III
We move closer to 
star and artifact 
dissapear!

Calibration  Workshop,  Jan  2017


