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“LGS are for free.” 
Someone in the first row, this Tuesday.

“LGS are for free. .  
       Almost.”  

Me, now.
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MUSE

4LGSU4
4LGSU1
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MUSE
Safety first !
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MUSE data
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The MUSE-WFM asterism

2h29m20s22s24s26s28s30s

R.A. (J2000)

3000

0600000

3000

0500000

�30�0403000
D
ec
.
(J
2
0
0
0
)

LG
SU

1

LG
SU

2

LGSU3

LG
SU

4
N

E

Alt.:84.52� Az.:350.35� k ⌘: -10.14� ! -5.05�

mailto:fvogt@eso.org?subject=


AO4ELT - 30.06.2017 | fvogt@eso.org 6

MUSE spectra with 4LGSF
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200

400

600

6400 6500 6600 6700 6800 6900

Wavelength [Å]
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- 60s MUSE exposure 

- 4LGSF in WFM asterism 

-  full Moon, clear
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MUSE spectra with 4LGSF
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0

10

20

30

5000 5500 6000 6500 7000 7500 8000 8500 9000

Wavelength [Å]
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- 60s MUSE exposure 

- 4LGSF in WFM asterism 

-  full Moon, clear
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MUSE spectra with 4LGSF
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- 60s MUSE exposure 

- 4LGSF in WFM asterism 

-  full Moon, clear
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The MUSE-WFM asterism
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The MUSE-WFM asterism
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UT4-MUSE view of UT4-4LGSUx
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UT4-MUSE view of UT4-4LGSUx
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1.Rayleigh scattering  
   [air molecules] [elastic]

2.Mie scattering  
   [dust particules] [elastic]
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1.Rayleigh scattering  
   [air molecules] [elastic]

2.Mie scattering  
   [dust particules] [elastic]

3.Raman scattering     
   [air molecules] [inelastic]
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What theory predicts

Main components of “Atacama fresh desert air”

N2: 78% | O2: 21% | CO2: 0.04% | H2O: <1% ? | CH4: 0.0002%
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What theory predicts

Main components of “Atacama fresh desert air”

N2: 78% | O2: 21% | CO2: 0.04% | H2O: <1% ? | CH4: 0.0002%

What about the other lines ?
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The MUSE-WFM asterism
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The MUSE-WFM asterism
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UT4-MUSE view of UT4-4LGSU1+2+3+4
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How bad is it ?

4LGSUx from FORS2 @ UT1
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How bad is it ?

Raman lines: 
- Complex :-(            
- Faint :-)

4LGSUx from FORS2 @ UT1
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Impact of Raman scattering

- additional emission lines 

- complex & extended structures 

- redshifted by 48nm - 220 nm  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Impact of Raman scattering

- additional emission lines 

- complex & extended structures 

- redshifted by 48nm - 220 nm  
 
 

   impacts spectrographs more 

   tough to clean a posteriori 

   can’t be fixed with a notch filter  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Impact of Raman scattering

- additional emission lines 

- complex & extended structures 

- redshifted by 48nm - 220 nm  
 
 

   impacts spectrographs more 

   tough to clean a posteriori 

   can’t be fixed with a notch filter  
 
 

 “Raman” laser collisions ! 

LGS + optical instrument !
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“Raman” laser collisions

Amico et al. (2015)
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Impact for targets at higher z
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Take-home messages: 

�Raman = f(�LGS)

Rayleigh scattering , Raman scattering

Raman scattering / PLGS

“Raman” laser collisions 
LGS + optical instrument

Notch filter 6= Solution
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LASER-INDUCED RAMAN SCATTERING 
AT ASTRONOMICAL OBSERVATORIES

DETECTION AND IMPLICATIONS OF

18

with  
D. Bonaccini Calia2, W. Hackenberg2, C. Opitom1, M. Comin2,  
L. Schmidtobreik1, J. Smoker1, I. Blanchard1, M. Espinoza 
Contreras1, I. Aranda1, J. Milli1, Y. L. Jaffe1, F. Selman1, J. Kolb1,  
P. Hibon1, H. Kuntschner2, and P.-Y. Madec2 

1. ESO, Chile. 2. ESO, Germany.

Frédéric Vogt1 - ESO Fellow - fvogt@eso.org

Physical Review X: 7.021044 | arXiv:1706.07050
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Laser wavelength dependant !
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MUSE spectra with 4LGSF in WFM
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Å
�
1
]

mailto:fvogt@eso.org?subject=


AO4ELT - 30.06.2017 | fvogt@eso.org 21

UT1 - 
FORS2

UT4
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UT1-FORS2 view of UT4-4LGSUx
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The MUSE case
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Height of Raman emission
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Height of Raman emission
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Height of Raman emission
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