
The	
  history	
  of	
  solar	
  g-­‐mode	
  detec3on:	
  
contribu3on	
  of	
  Alan	
  Gabriel	
  

T.	
  Appourchaux	
  

Ins3tut	
  d’Astrophysique	
  Spa3ale,	
  Orsay	
  



The	
  3	
  ages	
  of	
  g-­‐mode	
  detec3on	
  

•  1962-­‐1976: 	
  Founda3on	
  

•  1976-­‐1995: 	
  Founda3on	
  and	
  Empire	
  

•  1995-­‐2010: 	
  Second	
  Founda3on	
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g-­‐mode	
  characteris3cs	
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•  Frequencies:	
  
–  Below	
  500	
  µHz	
  
– Mixed	
  modes	
  
– High	
  n:	
  asympto3c	
  periods	
  
(Vandakurov,	
  1967)	
  

•  Amplitudes:10-­‐4	
  to	
  1	
  cm.s-­‐1	
  

•  Life3mes:	
  1-­‐10	
  Myears	
  !	
  

Provost	
  et	
  al	
  (2000)	
  

Mode	
  iner3a	
  



Severny	
  et	
  al	
  (1976)	
  

The	
  160-­‐min	
  oscilla3on	
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Number	
  of	
  detec3on	
  papers	
  
ci3ng	
  (1976-­‐1989)	
  

•  Crimea:	
  5	
  	
  
•  Birmingham:	
  3	
  

•  Stanford:	
  3	
  
•  Nice:	
  2	
  
•  UoAZ:	
  2	
  
Total	
  number	
  of	
  papers	
  ci3ng	
  

(1976-­‐1989):	
  97	
  	
  
9	
  days	
  of	
  data	
  



Space	
  missions	
  in	
  the	
  thinking	
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Mid	
  1980's	
  

Approved	
  February	
  1986	
  



g-­‐mode	
  detec3on	
  in	
  1983	
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15	
  december	
  1983	
  

Number	
  of	
  detec3on	
  papers	
  
ci3ng	
  (1983-­‐2013)	
  

•  Par3cle:	
  6	
  (see	
  next)	
  
•  SOHO:	
  4	
  (see	
  next)	
  
•  ACRIM:	
  1	
  
•  UoAZ:	
  2	
  
Total	
  number	
  of	
  papers	
  ci3ng	
  

(1983-­‐2013):	
  96	
  	
  



Answering	
  the	
  SOHO	
  AO1	
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Submided	
  in	
  July	
  1987	
  

Selected	
  in	
  March	
  1988	
  1)	
  AO:	
  Announcement	
  of	
  Opportunity	
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Submided	
  in	
  July	
  1987	
  

Selected	
  in	
  March	
  1988	
  1)	
  AO:	
  Announcement	
  of	
  Opportunity	
  	
  	
  	
  



The	
  160-­‐min	
  oscilla3on:	
  	
  
an	
  artefact	
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Elsworth	
  et	
  al	
  (1989)	
  



g-­‐mode	
  detec3on	
  in	
  1995	
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13	
  July	
  1995	
  

Infirmed	
  by:	
  	
  
• 	
  Riley	
  and	
  Soned	
  (1996)	
  
• 	
  Hoogeveen	
  and	
  Riley	
  (1998)	
  
• 	
  Denison	
  and	
  Walden	
  (1999)	
  
• 	
  HH	
  exercise	
  with	
  Thomson	
  (2000)	
  



GOLF	
  aboard	
  SoHO	
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...and	
  then	
  SoHO	
  was	
  launched	
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2	
  December	
  1995	
  



Back	
  to	
  the	
  future	
  before	
  GOLF	
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Elsworth	
  et	
  al	
  (1994)	
  

Appourchaux	
  (1983)	
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GOLF	
  spectrum	
  	
  (1998	
  or	
  so)	
  



GOLF	
  and	
  the	
  g-­‐mode	
  search:	
  
the	
  secular	
  view	
  

•  Detec3on	
  techniques	
  of	
  Gabriel	
  et	
  al	
  (2002):	
  
– Single	
  spectrum	
  or	
  averaged	
  spectra	
  
– Oversampling	
  (zero	
  padding)	
  

– Understanding	
  of	
  noise	
  and	
  signal	
  sta3s3cs	
  
– Use	
  of	
  H0	
  and	
  H1	
  hypotheses	
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GOLF	
  and	
  the	
  g-­‐mode	
  search:	
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  view	
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GOLF	
  and	
  the	
  g-­‐mode	
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  view	
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  of	
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GOLF	
  and	
  the	
  g-­‐mode	
  search:	
  
the	
  faithful	
  view	
  

•  Detec3on	
  techniques	
  of	
  Turck-­‐Chièze	
  et	
  al	
  (2004):	
  
– Frequencies	
  above	
  150	
  µHz	
  
– Look	
  for	
  frequencies	
  within	
  ±10	
  µHz	
  of	
  theore3cal	
  ones	
  
– Look	
  for	
  mul3plets	
  (from	
  rota3onally	
  split	
  frequencies)	
  
assuming	
  some	
  rota3on	
  

– Use	
  a	
  frequen3st	
  approach	
  
– Follow	
  temporal	
  evolu3on	
  of	
  the	
  candidates	
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  (from	
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GOLF	
  and	
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The	
  Phoebus	
  group	
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Learning	
  how	
  to	
  blow	
  the	
  whistle	
   Hare...and	
  hounds	
  

Group	
  named	
  aker	
  Gaston	
  III,	
  Count	
  of	
  Foix	
  who	
  wrote	
  The	
  Book	
  of	
  Hunt	
  (1388)	
  



The	
  Phoebus	
  workshop	
  

•  1st	
   	
  @	
  ESTEC:	
   	
  3-­‐7	
  November	
  1997	
  
•  2nd 	
  @	
  ESTEC:	
   	
  26-­‐30	
  October	
  1998	
  

•  3rd 	
  @	
  ESTEC:	
   	
  25-­‐29	
  October	
  1999	
  
•  4th 	
  @	
  ESTEC:	
   	
  7-­‐11	
  May	
  2001	
  

•  5th 	
  @	
  ESTEC:	
   	
  17-­‐21	
  Juin	
  2002	
  
•  6th 	
  @	
  ISSI: 	
  31	
  Oct-­‐4	
  Nov	
  2005	
  
•  6.5 	
  @	
  Fréjus: 	
  27-­‐31	
  March	
  2006	
  

•  7th 	
  @	
  ISSI: 	
  23-­‐27	
  April	
  2007	
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VIRGO	
  /	
  MDI	
  /	
  BiSON	
  

+	
  GOLF	
  



The	
  Phoebus	
  years	
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g-­‐mode	
  detec3on	
  in	
  2007...	
  

50	
  years	
  of	
  seismology	
  of	
  the	
  Sun	
  and	
  the	
  stars	
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Garcia	
  et	
  al	
  (2007)	
  
Garcia	
  et	
  al	
  (2010)	
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Garcia	
  et	
  al	
  (2007)	
  
Garcia	
  et	
  al	
  (2010)	
  

17	
  years	
  of	
  LOI	
  data	
  



Phoebus	
  and	
  the	
  g	
  modes	
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2000	
  

Use	
  of	
  collapsogramme	
  

2010	
  

...there	
  is	
  currently	
  no	
  undisputed	
  detec6on	
  of	
  solar	
  g	
  modes.	
  



g-­‐mode	
  amplitudes:	
  a	
  zoo	
  !	
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Shiode	
  et	
  al	
  (2013)	
  

Shiode	
  et	
  al	
  (2013)	
  

GOLF	
  (17	
  years)	
  



Conclusion	
  

50	
  years	
  of	
  seismology	
  of	
  the	
  Sun	
  and	
  the	
  stars	
   27	
  

2013-­‐?:	
  Third	
  Founda3on	
  ?	
  



Merci	
  Alan	
  !	
  

•  For	
  allowing	
  me	
  to	
  return	
  to	
  my	
  home	
  country	
  
– Remember	
  that	
  chat	
  in	
  Warsaw	
  in	
  2000?	
  

•  For	
  allowing	
  us	
  to	
  pursue	
  the	
  g-­‐mode	
  quest	
  
–  It	
  took	
  3me	
  to	
  have	
  GOLF	
  part	
  of	
  Phoebus	
  !	
  

•  For	
  allowing	
  me	
  to	
  realize	
  which	
  field	
  of	
  Science	
  was	
  
really	
  mine:	
  helioseismology	
  !	
  
– Finally	
  we	
  will	
  be	
  doing	
  the	
  Filtergraph	
  of	
  PHI	
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