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Introduction

gontrolling nd mplifying nonliner proesses t the nnometer sle is longEstnding quest for prtil pplitions inluding quntum teleommunition nd quntum omE putingF he gretest hllenge is to overome the intrinsilly low e0ieny of nonliner mterilsD whih is further redued upon downEsizing the tive medium to the nnosleF o this endD plsmoni nnostrutures hve een proposed s suwvelength resontors for enhning nonliner proesses suh s seond @rqA nd third @rqA hrmoni generE tionsF 15 he min dvntge of these strutures lies in the tunility of their resonnes s funtion of sizeD morphology or oupling on(gurtionF 69 hey lso strongly ene(t from their ility to on(ne the eletromgneti (eld elow the di'rtion limitD oosting their nonliner e0ieny ordingly thnks to the redued mode volumesF 10,11 sn this ontextD douly resonnt strutures re very promising sine they ene(t from the (eld enhnement t oth exittion nd emission stepsF 12 etD for optimized frequeny onversion yieldsD these plsmoni resonnes must e further sptilly modeEmthedF sn other wordsD the orreE sponding mplitude nd phse distriutions of the eletri (elds hve to e tilored in suh wy tht the generted nerE(eld nonliner urrents oherently rdite their hrmoni phoE tons in the frE(eldF uh strutures hve een reently hieved y oupling gold nnorod to Eshped ntenn with typil sizes down to ISH nmF 13 rereD we demonstrte tht these douleEresonne nd modeEmthing onditions n e rehed in single nd omE pt luminum ntenn for pplition purposes in the visile rngeF 1416 he net dvntge ompred to goldEsed nnostrutures is the lk of superimposed multiphoton luminesE ene kgroundD llowing diret redEout of pure rq signlsF hnks to this spei( P propertyD we show how the origin of the rq response n e unmiguously unveiled y quntittively ompring mesured nd simulted mps of the nonliner signlsD whih re otined y imging single ntenn under tightly foused emF Results and discussion sn order to infer the origin of the nonliner response of single luminum ntennsD we (rst investigted their spetrl response t (xed exittion wvelength of VSH nm y snning the monohromtor from RHH to TSH nm @see the experimentl setion for more detilsAF ynly one signl pek is oserved t RPS nmD iFeF t the hrmoni wvelengthF sts intensity is further shown to sle s the squred optil exittion powerX I(2ω) ∝ [I(ω)] 2 with orreltion oe0ient equl to r 2 = 0.996D unmiguously ssigning its origin to rq proessF his result signi(ntly di'ers from the se of gold nnontenns @frited y the sme proessA where the shrp pek t the hrmoni wvelength is superimposed to rodnd signl with mximum intensity t SSH nm @see pigure IAF his response is known to originte from the twoEphoton luminesene @vA of goldD whih is relted to its nd struture lose to the X nd L points providing lrge densities of sttesF 1721 iven higher order photoluminesene hs een reported in the litertureD smering the wek rq signl in n intense nd inoherent kgroundF 22 rereD the kgroundEfree signl of luminum n e diretly exploited nd quntittively ompred to simultionsF enother slient feture of luminum ntenns is their ility to sustin plsmoni resE onnes over the entire visile spetrumD in ontrst to gold nnostrutures where the resE onnes re hmpered ove the internd trnsition threshold @ner SPH nmA due to the strong sorption rte rising from the genertion of eletronEhole pirsF 14,15 his llows promoting the onept of oth douleEresonne nd modeEmthing onditions 13 in single nd ompt luminum nnontennF o evidene this peulir propertyD sorption spetr were simulted y pling in the viinity of the nnostruture pointEdipole soure ligned Q pigure IX rq intensity spetrum of single PPS nmElong luminum @lueA nd gold @redA ntenns illuminted t VSH nmF sn insetD the iw imge of single RPS nm luminium nnontenn @rightA nd typil topogrphi pro(le mesured with the proe of snning nerE(eld optil mirosope implemented in the setup @leftAF with the long ntenn xisF his llows exiting ll possile plsmon resonnes ssoited either with right or drk modes in the nnostruturesF 23 es shown in pigure P for PPS nm nd RPS nmElong ntennsD the spetrl distriution of the plsmoni resonnes n e tilored y djusting the ntenn spet rtioF st is therefore possile to reh resonnt onditions t the exittion wvelengthD t the emission wvelengthD or t oth wvelengthsD depending on the trgeted pplition or investigtion s shown lterF iven more interesting is the ility to hoose the symmetry of the plsmon modes for the exittion nd the emission steps in order to mximize the mode mthing t the nnosleF o give simple pitureD let us onsider the dipolr resonne tht is the most e0iently exited lolized surfe plsmon for suwvelength nnostruturesF st is ssoited with enhned eletri (eld mplitudes t eh ntenn pex with opposite surfe hrges @see pigure PAF essuming the rq urrents to e proportionl to the squred eletri (eld @this will e disussed in detil elowAD their sptil distriution hs here symmetri hrter with two loes shring the sme mplitude nd phse t the ntenn pexesF he plsmon mode mthing this ondition t the emission step is the qudripolr plsmon shown in R pigure PX A imulted sorption spetr for PPS nm @ornge urveA nd RPS nm @green urveA luminum nnontenns exited y n eletri point dipole in its viinityF lsmoni mode orders n re indited over eh resonneF ed nd lue dshed lines indite exE ittion nd detetion wvelengths used for ll mesurementsD respetivelyF A imulted sorption spetr for PPS nm snned long its long xis under foused em t the fundmentl frequeny @VSH nmAF snsetX Ph mps of the sttered eletri (eld norm t the fundmentl nd hrmoni frequenies otined inside the ntenn when the fous of the mirosope ojetive is entered on the ntennF hey evidene the n = 1 fundmentl nd n = 2 exited plsmon modesD respetivelyF he exittion on(gurtions for the sorption spetr re skethed y A the red dipole nd A foused emD respetivelyF pigure PF wore generllyD perfet mode mthing with the n th plsmon resonne exited t the fundmentl frequeny will e otined with the 2n th mode hving n opposite prity t the hrmoni frequenyF hese plsmon modes re often referred to s drk modes sine they hrdly ouple to plne wves propgting perpendiulrly to the sustrteF roweverD they do emit light t lrge ngles so tht hrmoni photons re e0iently olleted y lrge xe ojetivesF sn order to demonstrte these two mjor properties ! doule resonne nd mode mthE ing onditions ! Ph mps of the rq intensity sttered in the frE(eld were reorded y snning the smple @xEy plneA under the foused lser em @z xisAD see pigure QF he (rst onlusion tht n e esily drwn from these mesurements is tht the sptil distriution of the rq intensity depends on the ntenn lengthD s expeted from the tunility of the plsmon resonneF roweverD interpreting the rq dt is not strightforwrd here sine the nnostruture is lying on sustrteD is exited y strongly foused em ndD more S pigure QX rq exittion intensity mps in ountsGs exited t VSH nm for luminum nnonE tenns of inresing lengths from IPS to SPS nmF hite retngles re guides to the eyes inditing the position of orresponding nnostruturesF foth exittion nd detetion liner polriztions re set long the x xisF importntlyD is reorded while snning the smpleF his mens tht we do not imge given plsmon mode emitting the rq signl ut rther the overll e0ieny of hrmoni photon genertion nd olletion s funtion of the fous point positionF por exmpleD the PPS nm ntenn exhiits only one loe in ontrst with the twoEloe piture ssoited with the exited dipolr plsmon mode @see inset of pigure PAF hereforeD nerE(eld properties nd frE(eld mesurements ssoited with smple snning in re)etion mode must e disE entngledX the dipolr mode is mximlly exited t the enter of the PPS nm ntennD s shown in pigure P y the sorption urve otined y snning the nnontenn long its long xisD despite the ft tht it shows enhned eletri (elds t the ntenn endingsF etD the di'rtionElimited resolution provided y the immersion ojetive llows resolving nd di'erentiting the sptil rq distriution ssoited with eh single ntenn @one or two loes s shown in pigure QAF he seond outome of pigure Q is relted to the rq enhnement y plsmoni resoE nnesF hile nonEresonnt ntenns generte signls s low s SH photonsGsD RPS nmElong ntenns reh roughly PSH photonsGsD lrgely surpssed y the PPS nmElong ntenns with typilly IVHH photonsGs in the sme experimentl onditionsF sn terms of mgni(tionD this T orresponds to SEfold enhnement from non resonnt to simply resonnt @t the exittion stepA ntenns nd up to QTEfold enhnement in the douly resonnt regimeF his doule resonne ondition n lso e inferred from simulted nerE(eld mps suh s those shown in pigure P for the PPS nmElong ntennX pure dipole nd pure qudrupole re otined t the fundmentl nd hrmoni frequeny respetivelyD whtever the ntenn position with respet to the foused em @dt not shown due to their similrity with those of pigure PAF his is omplementry proof tht the plsmon modes re resonntly exitedD sine otherwise oherent superposition of modes hving distint node numers would hve een oservedF xote tht we did not ttempt to perfetly optimize the nnostruture morphology so tht the net enhnement might e even lrgerD demonstrting tht ompt luminum ntenns re idel ndidte for e0ient nd ompt rq oostersF eounting for the omplex redout of the optil mps @the frE(eld exittion nd the olletion lotions re hnged while snning the smpleA requires omplete simultion of the experimentl on(gurtionF pirstD the fousing nd olletion y optil elements is treted nlytilly @wtl R A y wvelet sumsF 24 his llows ounting for stndrd lenses s well s for lrge xe ojetivesD the ltter produing longitudinl eletri (eld omponents tht re fully tken into ount eyond the prxil pproximtionF eondD the e'et of immersion oil nd sustrte re desried in the wvevetor spe through presnel trnsmission nd re)etion oe0ientsF 24 hirdD full numeril simultion @piwD gomsol R RFQA is performed t eh position of the experimentl Ph mpsD from the exitE tion nd olletion proesses to the integrtion over the detetor surfeF 25 hereforeD due to the lrge omputtion resoure requirementsD the simultions hve een implemented on homeEmde luster in order to llow prmetri investigtion s funtion of wvelengthD polriztionD prtile morphology etF he tretment of the rq response n e found in efF PTDPUD lthough we dopt here di'erent strtegy to estlish the origin of the nonlinerityF snsted of nlyzing the frE(eld rdition digrms s funtion of the inident polriztionD we investigte the U Ph rtogrphy of the rq intensity distriution over single nnostrutureF reneD for eh reorded mpD two simultions hve een performed in order to ount for two distint ontriutions seprtelyX the rekdown of the entrosymmetry t the metl surfe nd the intensity grdients inside the ulk mterilF 28 he orresponding lol surfe nd nonlol ulk polriztionsD P surf,⊥ nd P bulk respetivelyD re given yX

P surf,⊥ (r, 2ω) = χ ⊥⊥⊥ E ⊥ (r, ω)E ⊥ (r, ω)n @IA P bulk (r, 2ω) = γ bulk ∇. [E(r, ω).E(r, ω)] , @PA
where the eletri (elds E(r, ω) re evluted inside the metl nd the polriztion vetor P surf,⊥ led to surfe urrents loted just outside the metlF 29 he susript ⊥ indites omponent long the unit vetor nD perpendiulr to the surfe nd pointing out of the metlF xote lso tht the ulk polriztion P bulk is entirely evluted inside the prtileY it does not t ross the prtile surfe nd therefore does not ontriute in this desription to the nonliner surfe urrentF pollowing ipe et lFD 29 the seond order suseptiility tensor elements ssoited with lol surfe nd nonlol ulk urrentsD χ ⊥⊥⊥ nd γ bulk respetivelyD re de(ned in our model yX 28

χ ⊥⊥⊥ = - a 4 [ r (ω) -1] e 0 mω 2 @QA γ bulk = - d 8 [ r (ω) -1] e 0 mω 2 @RA
where m nd e re the eletron mss nd hrge nd 0 r (ω) is the dieletri funtion of the metl 30 depending on the pulstion ωF a nd d re the dimensionl udnik nd pigure RX wesured nd simulted rq mps otined for single PPS nm luminum ntenn exited t VSH nm with n eletri (eld prllel to the ntenn xis @red rrowsAF he detetion polriztion is hnged etween pnels @A nd @A s indited y the lue rrowsF he rq mps simulted with χ ⊥⊥⊥ lol surfe nd γ bulk nonlol ulk ontriutions re leled urf nd fulkD respetivelyF he intensity pro(les long the dshed green lines in pnels @A nd @A re shown in pnels @A nd @dAF he simulted urves for the χ ⊥⊥⊥ lol surfe @red dshed lineA nd γ bulk nonlol ulk @violet dshed lineA ontriutions re divided y UW @see textA to mth the experimentl dt in pnel @AF he douly resonnt PPS nmElong ntenns were investigted (rst @see pigure RA with n W inident polriztion prllel to their long xisF foth detetion polriztions re mesured simultneously on two distint singleEphoton ounting modules @gwsA in order to ensure the ext position orreltion etween the two mpsF es evidened in pigures R@A nd R@AD the mesured nd simulted rq mps show good greement in terms of intensity distriution nd polriztion responsesF he mismth etween the mesured nd lulted signl levels re due to the optil element trnsmissions nd the sensitivity of the gwsF his ws heked y lirting our setup long the olletion pth @PUFQ7 trnsmissionA nd y tking into ount the dtsheets of the mirosope ojetive @VH7 trnsmissionA nd of the gws @ £ PS7 e0ieny t RSH nmAF purther onsidering the tul vlues of the udnik nd tern prmeters for luminum @see elowA leds to n expeted rtio of pproximtely UH etween simultions nd experimentsD to e ompred to the tul vlue of UW otined y dividing the respetive signls expressed in ountsGsF o e more quntittiveD the mesured nd lulted intensity pro(les long the long xis of the ntenn re shown in pigure R @A nd @dAF he orresponding widths nd polriztion rtios re in perfet greement up to the experimentl unertinties orresponding to the shot noise @see green error rsAX in oth sesD the rq signl olleted for polriztion prllel to the ntenn long xis is IFS times higher thn for rossed polriztionsF wore interesting is the omprison etween the reltive e0ienies of the χ ⊥⊥⊥ lol surfe nd γ bulk nonElol ulk ontriutions otined here using unitry udnik nd tern prmeters of the hydrodynmi nd leled ordingly in pigure RF sn ontrst to n intuitive eliefD oth ontriutions give the sme intensity pro(le entered on the ntennF pirstD s the fundmentl eletri (eld is mximl t the ntenn pexes @dipolr resonneA nd sine the χ ⊥⊥⊥ lol surfe ontriution is proportionl to the eletriE(eld squredD one might hve expeted one loe on eh side of the ntennF es evidened y the white retngles mimiking the ntennsD this is lerly not the se hereD even tking into ount the di'rtionElimited spotsF eondD the intensity pro(les re the sme for the χ ⊥⊥⊥ lol surfe nd γ bulk nonElol ulk ontriutions despite the ft tht the nonliner soures IH hve neither the sme lotions nor the sme intensity dependene @rememer tht the γ bulk nonElol ulk urrent is proportionl to the grdient of the eletri (eld squredAF his is pprently in greement with their inseprility for )t surfes s disussed in efF QPF pigure SX me s in pigure R for single RPS nm ntennF xote tht the intensity pro(les of pnel @dA hve een otined perpendiulrly to the ntenn long xisD s shown y the green dshed line in pnel @AD nd multiplied y ftor of two for etter visiilityF es disussed in efF QQD the γ bulk nonlol ontriution n e inluded in n e'etive surfe ontriutionD so tht the norml omponent of the polriztion sheet redsX

P ef f,⊥ (r, 2ω) = χ ⊥ E (r, ω)E (r, ω) + χ ⊥⊥⊥ E ⊥ (r, ω)E ⊥ (r, ω) + γ bulk (2ω) E(r, ω)E(r, ω) @SA
whih n e rest intoD 33

P ef f,⊥ (r, 2ω) = χ ⊥⊥⊥ -χ ⊥ E ⊥ (r, ω)E ⊥ (r, ω) + χ ⊥ + γ bulk (2ω) E(r, ω)E(r, ω) @TA II
his expression hs een used to show tht the only seprle quntities re χ ⊥⊥⊥ -χ ⊥ nd χ ⊥ +γ bulk / (2ω)D or in other word tht the three quntities χ ⊥⊥⊥ D χ ⊥ nd γ bulk nnot e extrted independently from optil experiments in the frE(eldF etD s disussed in efF QRD the existing models for the nonliner response of metls predit tht χ ⊥ = 0D so tht the polriztion redues to

P ef f,⊥ (r, 2ω) = χ ⊥⊥⊥ E ⊥ (r, ω)E ⊥ (r, ω) + γ bulk (2ω) E(r, ω)E(r, ω). @UA
es the two nonliner urrents re not linked to the eletri (eld in the sme wyD sptil deorreltion etween rq intensity distriutions for the χ ⊥⊥⊥ lol nd the γ bulk nonElol responses should our t lest in spei( on(gurtionsD llowing weighing their reltive ontriution y ompring mesured nd simulted intensity pro(lesF e hve therefore numerilly investigted the rq responses ssoited to χ ⊥⊥⊥ lol nd γ bulk nonElol ontriutions for vrious ntenn spet rtios in order to (nd prmeters where the sptil deorreltion is pronouned nd experimentlly ddressleF es shown in pigure S@AD this is hieved for RPS nmElong ntenns when the detetion polriztion is perpendiulr to the ntenn long xisD leding to di'erent sptil ptterns @see the supnel orresponding to the simultionsAF reneD our simultions unmiguously demonstrte tht the χ ⊥⊥⊥ lol surfe nd the γ bulk nonElol ulk ontriutions re seprle while imging resonnt nd nnoE sized strutures exited y tightly foused emF hereforeD they re not mergele into single e'etive nonliner surfe ontriution s it is the se for plnr surfes illuminted y plnr wvesF 32 xote tht the χ ⊥ lol surfe ontriution would lso produe rq intensity mp distint from those of χ ⊥⊥⊥ nd γ bulk in the rossed polriztion on(gurtion @dt not shownAF st is thus mergele with none of themF roweverD if χ ⊥ ws not zeroD it would e possile to reprodue the rq intensity distriution ssoited with the γ bulk nonlol ulk ontriution y omining the χ ⊥ nd χ ⊥⊥⊥ lol surfe souresD s expeted from iqution T using the pproprite vlues for the nonliner suseptiilitiesF IP hespite the wek mesured signl in the rossed polriztion on(gurtionD the rq intensity pttern lerly mthes the χ ⊥⊥⊥ lol surfe ontriution nd deprts from the γ bulk nonlol ulk oneD the ltter leding donutElike distriution in the simulted mpsF his suggests tht the χ ⊥⊥⊥ lol surfe urrent is the leding rq soure in eluminumF sn order to support this sttementD intensity pro(les were extrted from the mesurements nd simultions long two rossed diretions @see the green dshed lines in pigure SD di'erent from the ones of pigure RAF everl insights into the nonliner ehviors n e ginedF pirstD the signl rtio etween χ ⊥⊥⊥ lol surfe nd γ bulk nonlol ulk ontriutions does depend on the ntenn lengthD iFeF on the tul (eld distriutions nd grdients or the plsmon resonnes involvedF qenerlly spekingD it is therefore not strightforwrdD nor even orretD to ssign leding origin to the nonliner response s the reltive strength of χ ⊥⊥⊥ lol surfe nd γ bulk nonlol ulk ontriutions is strongly 'eted y the prtile morphology nd the exittionGolletion on(gurtionF etD s fr s the desription in terms of udnik nd tern prmeters is relevntD these oe0ients entering in the simultions re onstnt from one struture to nother nd extrtle from the experimentl dt s done in efF PVF rereD it is performed t the single nnostruture level nd tking into ount the e'et of fousing nd olletion y the mirosope ojetive together with the sustrte e'etF e lose inspetion of the simulted nd mesured intensity pro(les long the ntennD see pigure S@AD shows tht the experimentl dt nd the simulted signls for the χ ⊥⊥⊥ lol surfe ontriution nerly vnish t the enter of the luminum ntennD in ontrst to the γ bulk nonlol ulk ontriutionF his implies tht the ltter is lrgely overestimted with d = -1F his onlusion is further on(rmed in the rossed polriztion on(gurtion shown in pigure S@AD where the γ bulk nonlol ulk ontriution leds to donutElike intensity distriution drstilly di'erent from the experimentl dtF st is even lerer with the intensity pro(les tken perpendiulr to the ntenn in pigure S@dAD where the mesured dt perfetly follows the χ ⊥⊥⊥ lol surfe ontriutionsD wheres the γ bulk nonlol ulk response is y fr too lrge @t lest y ftor TFSA nd shows doule ell urve tht is not IQ oserved experimentllyF his disrepny with the hydrodynmi model hs lredy een pointed out for the seondEorder nonliner suseptiility of thin luminum (lmsF 34 king into ount the di'erene in nottions @ ftor of P ompred to iqF RAD the udnik nd tern prmeters were mesured to e |a| = 2.3 ± 0.72 nd |d| = 0.018 ± 0.004 F sf the χ ⊥⊥⊥ lol surfe ontriution is omprle to tht of goldD 28 the γ bulk nonlol ulk urrent is reltively PSH times smller leding to vnishingly smll sttered intensityF e hve lso evluted the χ ⊥ lol surfe ontriution using the udnik nd tern prmeter |b| = 0.0146 ± 0.004 of efF QR @dt not shownA nd otined less thn HFI photonsGsD fr elow the shot noise levelF purthermoreD neither the polriztion rtio of the simulted mps nor the intensity in the enter of the ntenn is omptile with the mesured dt of pigure SD so tht this ontriution n e ruled out in the present experimentsF his lerly supports our (ndings for single luminum nnostruturesD lthough no ler theoretil explntion hs een found to ount for this drsti devition from the hydrodynmi modelF 34 Conclusion sn onlusionD we hve demonstrted tht douly resonnt nd mode mthing onditions n e hieved for rq with single nd ompt luminum nnontenn y djusting its morphologil prmetersF ustntil rq enhnements re otined ompred to simE ply resonnt strutures @typil VEfold mgni(tionA nd to nonresonnt ntenns @nerly RH times lrger rq rteAF he Ph rq exittion mps otined y snning single nnontenn under the mirosope ojetive fous re quntittively ounted for in terms of intensity distriution nd polriztion response y (nite element method simultions tht model the ext experimentl on(gurtion @lrge xeD sustrteD re)etion modeD etF F F AF iven the signl mplitudes expressed in photonGs re found in greement when the trnsE mission losses nd detetor e0ienies re onsideredF sn seond stepD we demonstrte tht the rq soures rising from the χ ⊥⊥⊥ lol surfe nd the γ bulk nonlol ulk onE IR triutions n led to distint intensity distriutions while imging resonnt nnostrutures exited with tightly foused emF hey re therefore seprle provided tht χ ⊥ is ssumed to e zeroD in greement with the existing models for metlsF e further indentify the dominnt ontriution to the nonliner proessX in ontrst to gold nnostruturesD the symmetry reking indued y the surfe is the mjor rq soure in luminum nnontenE nsF reneD luminum nnostrutures n now e on(dently modeled nd used s uilding loks to oost the nonliner e0ieny t the nnosleF st inludes the design of novel hyrid strutures sed on nonliner nd nnosized monorystls emedded in plsmoni ntenns nd their optimiztion through quntittive @in terms of solute ount rtesA simE ultionsF he ltter will llow nswering the longEstnding question of the reltive e0ienies of plsmoniD dieletri nd semionduting mterils s rq genertors t the nnosle for potentil integrtionF heir extension to sum frequeny genertion @pqA is strightforE wrd in the ontext of the developed pproh nd is indeed lredy underwyF st opens new potentilities for ultrfst modultors with optimized designsD whih re furthermore investigle with our urrent experimentl setupF Experimental snvestigting nonliner proesses t the single prtile level requires di'rtionElimited spE til resolutionD high sensitivity nd low noise experimentl setupsF sn order to reh these spei(tionsD our setup hs een designed s followsF he lser soure is femtoseond osilltor iXpphire working t wvelength of VSH nm nd delivering IHH fs pulses t repetition rte of VH wrzF por the mesurementsD the verge input power is set t PRS µW to void dmging the mteril surfeD exept for pigure I for whih it ws redued to IPS µW F he fousing of the lser em is provided y n immersion oil mirosope ojetive @xIHHD numeril perture N A = 1.3AD providing sptil resolutions of QQH nd ITS nm t the fundmentl nd hrmoni frequeniesD respetively @λ/2N AAF xonliner signls IS re olleted in re)etion mode nd seprted from the residul fundmentl em y old mirrorF o overome hromti errtions from the mirosope ojetiveD utomted telesopes hve een set in to overlp the fousing plnes t the exittion nd olletion wvelengths with the surfe of the smpleF he ltter is mounted on set of losedE loop piezoeletri stges for lterl snning with nnometer ury under the foused emF goupled with trking lgorithmD the full omputer ontrol of the setup provides n utomted optimiztion of the mesured signls efore ny set of mesurementsD yielding extremely roust nd reproduile resultsF he olleted light is then spetrlly seleted y monohromtor with wekly dispersive grting @ISH gGmmA nd nlyzed through poE lrizing emEsplitter oupled to two gwsF en ultrEfst quisition rd is synhronized with the lser impulsions to disriminte etween the orrelted rq signl nd rndom noiseD reduing drk ounts ontriutions to few eventsGsF sndividul luminum nnostrutures re frited on glss sustrte y stndrd eleE tron em lithogrphyF e mirosope over slip dpted to our mirosope ojetive is lened in etone efore eing prepred y immersion in nitri id for QH s nd rinsed in deionized wterF en oxygen plsm lening is then performed for P minutes to remove residul orgni ontmintion of the surfeF he smple is susequently heted t IVH 
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