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Part#1:##
Introduc3on#and#state#of#the#art##

Yao,#A.M.,#and#PadgeL,#M.J.##Orbital*angular*momentum:*origins,*
behavior*and*applica:ons.#Advances#in#Op3cs#and#Photonics,#2012#

3#



4#



Laguerre7Gauss#modes#for#GW#
detectors##

LG#modes#proposed#in2006#
in#order#to#reduce#thermal#

noise#[1]#

[1]##B.Mours#et#al.,#CQG#2006#
[2]#Vinet,#CQG#2007#
[3]#Vinet,#LLR#2009##
[4]#Chelkowsky#et#al.,#PRD#2009##
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Laguerre7Gauss#modes#and#ET#

Th#noise#reduc3on###=#1.83## J.#Franc#et#al.,#ET#note,#2010##
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High#purity#LG33#genera3on#

 High#purity#LG33#beam#generated#by#spa3al#light#
modulators#or#diffrac3ve#phase#plate#and#a#mode#
cleaner#cavity#[1,2]##

 High#power#genera3on#has#been#obtained#using#a#
phase#plate#[3]#
  83#W#on#LG33#mode,#59#%#conversion#efficiency##

[1]#M.#Granata#et#al.,#PRL#105,#231102#(2010)#
[2]#P.#Fulda#et#al.,#Physical#Review#D#82,#012002#(2010#)#
[3]#L.#Carbone#et#al.,#PRL#110,#251101#(2013)#
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Mid7scale#experiment#:##
Glasgow#107m#suspended#cavity#

  First#aLempt#to#realize#a#suspended#cavity#
resona3ng#on#LG33#mode#[1]# MC# EOM#

ITM#ETM#
(misaligned#ITM)#

[1]#B.#Sorazu#et#al.,#Class.#Quantum#Grav.#30#(2013)#035004# 8#



Simula3ons:#LG#degeneracy#

 Degeneracy#of#modes#of#the#same#
order##coupling#between#modes#
through#mirrors#defects#[1,2,3]##

 Expected#contrast#defect#~#103#
worse#than#Gaussian#beam:#target#
value#(~#1074)#reached#for#RMS#
~#0.01#nm#[2]#

 Selec3on#rules#/#role#of#low#spa3al#
frequency#mirror#defects#[3]#

[1]#M.Galimber3,#presenta3on#at#the#ET#Workshop#(Budapest,#2010).##
[2]#T.#Hong#et#al.,#Physical#Review#D#84,#102001#(2011)#
[3]#C.#Bond#et#al.,#Physical#Review#D#84,#102002#(2011)# 9#



  Simula3on#of#in7situ#thermal#correc3on#of#mirror#defects#to#recover#a#high#
beam#quality#(>#99.9%)#[1]#

  Adap3ve#algorithm#for#es3ma3ng#the#map#directly#from#the#reflected#intensity#
paLern#[2]

[1]#R.#A.#Day#et#al.,#Physical#Review#D#87,#082003#(2013)#
[2]#G.#Vajente,#R.#A.#Day,#Physical#Review#D#87,#122005#(2013)# 10#



Part*2:**

Non$gaussian*interferometer#at#APC#

Genera3on##
~#30#cm#
prototypes#
Low#power###

Higher#power##

Longer#/suspended#
prototypes#

More#complex#op3cal#scheme#

Fabry$Perot*Michelson*
interferometer*(or*more*complex)##
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Non$Gaussian*ITF#at#APC##

  Iden3fica3on#of#possible#experimental#obstacles#
  Study#of#the#degeneracy##
  Comparison#between#measures#and#simula3ons#
  Study#of#the#degeneracy#reduc3on:##

 Mirror#thermal#compensa3on#
 Other#modes?###

A.GaLo,#M.Tacca,#F.Kéfélian,#C.Buy#and#M.Barsuglia#
A*Fabry$Perot*Michelson*interferometer*using*higher$order*Laguerre$Gauss*modes**
Accepted#for#publica3on#in#PRD##

A.Ga%o,(M.Tacca,(F.Kéfélian,(C.Buy(and(M.Barsuglia(
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Op3cal#scheme#
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Op3cal#scheme#
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Experimental#setup#
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Results:1:#Input#beam#
Mode7cleaner#
output# Theory#

Cavity#inputs##

γ ∼�99 %#
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Results/2:#iq#alignment/matching#
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Results/3:#Interferometer#control#

Cavi3es#locked## Michelson#locked##
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Results/4:#beams#analysis##

  OSCAR#Simula3ons#
compared#with#the#results#
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Results/5:#cavity#beams##
Measured#Simulated#
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Results/6:Dark#fringe#

Visibility#83%#Visibility#84%#

Measured# Simulated#

LG00#Visibility#96%#(simulated#98%)#
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Part#3:##
Reduc3on#of#the#degeneracy#

?##
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In7situ#thermal#correc3on#

 Simple#cavity#

 Asymmetric#ITF#(1#FP#cavity#and#1#
simple#mirror)#

A.Allocca,#INFN#Pisa#(PhD#thesis)#

R.Day,#EGO#

G.Vajente,#Caltech#

+#APC#team#(A.GaLo,#M.Tacca,#C.#
Buy,#M.#Barsuglia)###

25#



Other#paths#to#reduce#degeneracy#?##

Configura<on( Contrast(defect(

LG33,#F=450#
RMS=0.3#

6e@2(

Sin#LG09,#F=450# 3e72#

Sin#LG09,#hole,#F=450# 8e73#

Sin#LG09,#hole,#F=225# 2e73#

Sin#LG09,#hole,#F=225,#
RMS=0.1#nm#

3e@4(

Change#of#modal#shape#

Correc3ve#coa3ng#

Finesse#reduc3on#

RMS#reduc3on#

A.GaLo,#M.Tacca,#C.Buy#and#M.Barsuglia#
Paths*to*reduce*the*beam*quality*degrada:on*in*gravita:onal$wave*interferometers**
illuminated*with*higher$order*Laguerre$Gauss*beams**
Paper#in#prepara3on## 26#



LG09#+#correc3ve#coa3ng#
 Same#order#of#LG33#mode#

 An3reflec3ve#coa3ng#(as#proposed#
in#[1]#for#LG33)#to#reduce#the#
resonance#of#other#modes#

Helical#or#sinusoidal#
LG09#beam#

[1]#T.#Hong#et#al.,#Physical#Review#D#84,#102001#
(2011)# 27#



Summary#
  State#of#the#art#(200672014)#

  FP#Michelson#table7top#experiment#at#the#APC#

  LG33#modal#purity#~99%#at#the#input#of#both#cavi3es#
  Good#matching#of#both#arm#cavi3es#(mismatching#~4%)#

  Stable#locking#of#arm#cavi3es#and#ITF#with#standard#PDH#error#signals#and#
dithering#

  Best#visibility#84%,#limited#by#degeneracy#(as3gma3sm)#and#residual#3lts#
 Visibility#with#Gaussian#mode#96%#

  General#agreement#between#measures#and#simula3ons#

  Reduc3on#of#the#degeneracy#
  In7situ#thermal#correc3on#tested#at#APC#

  Some#other#paths#under#explora3on#
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Open#ques3ons/next#steps#
  Main#problem:#degeneracy##

  #Need#~#1#order#of#magnitude#reduc3on#in#mirror#defect##
# # # # #
# # # # # #not#for#short#term#upgrades#

  No#other#fundamental#obstacles#so#far##

  Is#it#possible#to#combine#in7situ#correc3on#with#beLer#mirrors?##
  #Progress#in#mirror#polishing/coa3ng#in#the#next#~#10#years?#

 Discussion#started# #
  #In7situ#correc3on#in#the#next#~#10#years?#Experimental#program?#

 Use#experience#of#Advanced#detectors###
 Prototypes?#

  #Simula3on#program#about#other#paths#(i.e.#other#modes)?#

  Progress#in#other#techniques#to#reduce#thermal#noise#
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