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ghirl speies exhiit enntioEspei( properties when they re emedded into hirl mediumF por instneD hirl moleules intert with eh other to form hirl omplexes vi the soElled hirl reognition proessD this moleulr hndshke9 eing t the sis of stereE ohemistryF 1 inntioEspei( properties lso rise from the intertion of hirl moleules with hirl light9D suh s girulrly olrized vight @gvAD leding to vrious types of girE ulr hihroism @ghAF 2 es lulted 3,4 nd experimentllyEdemonstrtedD 5 gvEindued photoionistion of rndomlyEoriented pure enntiomers gives rise to forwrdGkwrd symmetry of photoeletron emission long the photon propgtion xis k D referred to s hotoiletron girulr hihroism @ighAF fsed upon di'erentil mesurementD this hiroptil e'et n e fully desried in the pure eletri dipole pproximtionD leding to very strong symmetriesF he outgoing eletron stters in the men hirl moleulr potenE til involving ll the other eletrons ! mostly the vlene onesD whih re the min tors of hemil retivityF his eletron sttering ours in spe whose orienttion is referened y the irulrly polrized ionising (eldF hespite the rndomEorienttion of the moleulesD the resulting photoeletron ngulr distriution shows n intense forwrdGkwrd symE metryF he mgnitude of this symmetryD determined y the interferenes etween the di'erent prtil wves desriing the outgoing eletron wvepketD n reh the order of severl perentF he sign of this symmetry reverses with the hndedness of the enntiomer @eA or the heliity of the ionising light @pAF igh is n oritlEspei( e'et tht lso deE pends on the (nl stteY iFeF the photoeletron ontinuumF st is very sensitive to permnent ! isomersD onformersD lustering ! nd dynmil ! virtionl exittion ! moleulr struE turesF 6 es suhD igh is useful oservle to investigte dynmis in hirl moleulesF o frD experimentsD mostly synhrotron rdition sedD hve foused on the photoionistion of moleules from their ground eletroni stte @ 0 A in its equilirium geometryF eentlyD lserEsed oneEolor esonnt inhned wultiphoton ionistion @iwsAEigh sheme involving severl intermedite sttes hs een demonstrtedD however without ny time resoE lutionF 79 he possiility of oserving igh from exited sttesD for instne loosely ound Q eletroni sttesD remins n open questionF he present pper fouses on the investigtion of igh from n eletroni exited stte to estlish the sensitivity of igh s proe of the ultrfst relxtion tking ple in this stteF o reord imeEesolved igh @E ighAD linerly polrized femtoseond pump pulse photoexites hirl moleules nd timeEdelyed irulrly polrized femtoseond proe pulse photoionises themF uey fetures of this twoEolor twoEphoton experiment re shemtised in pigure IF pigure IX @A hemti of the exittion sheme used to mesure Eigh from the Qs yderg stte of fenhoneF he rywy nd the Qs oritls re drwn to illustrte the di'erene in the initil wvefuntion of the outgoing eletronF @A he photoeletron imges reorded on @IAE@EAEfenhone @e = -1A for eh proe heliity @LCP E p = 1 or RCP E p = -1A re sutrted one from the other (LCP -RCP ) to extrt the unnormlised odd vegendre polynomil oe0ientsD while the sum of these imges (LCP + RCP ) provides the photoeletron spetrum @iAF hese (LCP -RCP ) nd (LCP +RCP ) imgesD respetively lled di'erene9E nd sum9EimgesD re shown for three pumpEproe delysF xote tht the two photon ems re qusi oEpropgting with polriztion xis prllel to the detetor @see sAF he trget moleule we investigte here is the fenhone @g 10 r 16 yAD iyli ketone whose rigid struture ensures the existene of single onformerF penhone hs een extenE sively studied y Eigh with nd without oinidene detetionD 10,11 y multiphotonD 12 ove threshold or tunnel ionistion 9 igh s well s y sorption irulr dihroismF 13 roweverD none of these experiments ws timeEresolvedD nd ll of them proed moleule in its ground eletroni stte de(ned y its equilirium geometryD with possile ontriution from the exited sttes in the iwsEigh experimentsF he sorption spetrum of fenE hone is hrterized y wek vlene nd round RFT eD followed y strong yderg R nds strting round T eF 13 e hose to exite the moleules to their (rst yderg stte @QsA in order to drstilly hnge the initil oritl of the outgoing eletron ompred to the ground stteD s illustrted in pigure IF he pump pulse spetrum is entred t TFIU e with QH me full width hlf mximum ndwidth @PHI nmD VH fs durtion if pourierEtrnsformE limitedAF he proe @RHQ nmD QS me with UH fs durtionA is hosen to photoionise the system ∼HFT e ove the vertil ionistion threshold @s v aVFUP eAD in the energy rnge where the lrgest igh hs een mesured @IS7AF 10 ine the pump pulse is linerly polrizedD the sensitivity to hirlity only omes into ply in the ionistion stepD vi the heliity of the proe pulseF he photoeletron imges re olleted y veloity mp imging detetor for lterntE ing proe heliities t eh pumpEproe delyD s desried in the ixperimentl wethods setion nd the FsF he momentum distriution of the photoeletrons @ngulr resolved photoemission spetrum ARP ESA for proe heliity p = ±1 @veftGightA nd one given enntiomer @eA is de(ned y funtion ARP ES (p,e) (ϕ, θ, E kin ) with θ the photoeletron ejeE tion ngle with respet to the proe propgtion xis k D ϕ its zimuthl ngle nd E kin its kineti energyF hen ylindril symmetry in the emission ngle ϕ of the photoeletron is hieved long n xis prllel to the detetorD the ARP ES (p,e) (θ, E kin ) distriution is simple sum of vegendre polynomils [B (p,e) i (E kin )P i (cos(θ))] nd n e retrieved from its ws PhEprojetion P ROJ (p,e) (θ, E kin ) y using pEfsex nlysis for instneF 14 es the P even vegendre polynomils re symmetri long the optil xis k D the B even oe0E ients enode the ngulr distriution of the stndrd photoeletron imgeX the i is the ngleEintegrted photoeletron intensity B 0 (E kin ) nd the nisotropy prmeter b 2 (E kin ) = -β/2 @with βD the usul nisotropy prmeter retrieved for linerly polrized photoioniE stionAF hese even prmeters do not depend on the lser heliity @pA or enntiomer @eAF he P odd vegendre polynomils re ntisymmetri long k D onsequently the B (p,e) odd (E kin ) oe0ients re nonEzero only for hirl moleules photoionised y elliptilly polrized light @p = 0A nd enode the ighF sn PEphoton ionistionD the sum of vegendre polynomils S is expeted to go up to P 4 (cos(θ))D with drstilly redued B 4 in @ICI9A resonnt ioniE stionF sn the present experimentD the liner pump polriztion s well s the irulr proe poE lriztion re de(ned y qunti(tion xes perpendiulr to eh other nd oth prllel to the detetor xisF he pump exittion long well de(ned trnsition dipole indues loss of isotropy in the moleulr trgetD tht reks the ϕ ylindril symmetry required to retrieve the ARP ES distriution from its ws PhEprojetion P ROJF xeverthelessD in fenhoneD this ylindril symmetry is lmost restored in the di'erene9EimgeD de(ned s P ROJ (+1,e) (θ, E kin ) -P ROJ (-1,e) odd (E kin ) oe0ients @see upplementry snformtionsAF 14 o extrt ighD whih mnifests itself s n symmetry in the photoeletron yield emitted in the forwrd or kwrd hemisphere long the optil xis k for given enntiomer nd for given light heliityD normlistion y the i needs to e doneF he normlistion of B i oservles yields the b i oe0ients @iqF IAF es shown in the sD the rek of ylindril symmetry prevents ess to the true9 B 0 (E kin ) vi pEfsex nlysis of the sum9Eimge D de(ned s P ROJ (+1,e) (θ, E kin ) + P ROJ (-1,e) odd (E kin ) oe0ients from whih we lulte irulr dihroism of the Ph photoeletron projetionF he qunE tity we lulteD ighD is thus not stritly the sme s the igh usully de(ned in the litterture nd tht hve een ll reorded without rek of ylindril symmetryF por @IAE@EAEfenhone @e = -1AD these de(nitions re X

T igh (E kin , e = -1) = π 0 ARP ES (1,-1) (θ, E kin ) -ARP ES (-1,-1) (θ, E kin ) dθ P ES (E kin ) where i (E kin ) = π 0 ARP ES (1,-1) (θ, E kin ) + ARP ES (-1,-1) (θ, E kin ) 2 dθ = B 0 (E kin )
his yieldsD in terms of vegendre oe0ients X

igh

(E kin , e = -1) = -igh (E kin , e = +1) = 2B (e=-1) 1 (E kin ) -0.5B (e=-1) 3 (E kin ) B 0 (E kin ) with B (e) odd = B (p=1,e) odd = -B (p=-1,e) odd ith the ylindril symmetry reking X @IA igh (E kin , -1) = 2B (-1) 1 (E kin ) -0.5B (-1) 3 (E kin ) B0 (E kin ) = 2 b(-1) 1 (E kin ) -0.5 b(-1) 3 (E kin )
pigure I shows the di'erene9E nd sum9Eimges mesured t ID R nd V ps pumpEproe delyF he timeEnd energyEdependenes of the B (-1)

odd nd Beven oe0ients re extrted from these imgesF e signi(nt forwrd ighD @iFeFA preferentil emission of the photoE eletron in the k diretionD is oserved on the di'erene9EimgesD demonstrting tht loosely ound eletroni exited sttes in hirl moleules n led to strong symmetri photoioniE stion when driven y gvF e lso see tht the sum9Eimges show preferentil emission long the pump polriztionF sn order to otin timeEdependene of this nisotropyD we use lso the B2 (E kin ) oe0ient extrted from the pEfsex nlysis of these sum9EimgesF imilrly to the bodd oe0ientsD normlistion of B2 y B0 is required to otin b2 F xote tht b2 oe0ient nnot e quntittively used to evlute the nisotropy of the ARP ESD ut it will show the sme temporl evolutionF he B4 oe0ient in these sum9Eimges is zeroD whtever the delyD s expeted for @ICI9A resonnt photoionistionF foth enntiomers hve een studied independently nd the sign of the B (+1) odd of @IAE@CA hs een reversed to e ompred to the @IAE@EA onesF hey re oth positive for @IAE@EA @negtive for @IAE@CAAF pigure P shows the energy dependenes of the B 0.14 0.24 0.37 0.47 0.67 1.17 1.37 1.87 2.17 pigure PX he unnormlised vegendre oe0ients B (-1) odd nd Beven s funtion of the photoeletron kineti energy nd the pumpEproe dely in @IAE@EAEfenhoneF V di'erent pumpEproe delysF he photoeletrons re emitted with kineti energy of HFSP e irrespetive of the pumpEproe delyF his HFSP e orresponds to the energy expeted t the vertil ionistion threshold @hν pump + hν probe -IP v =WFPREVFUP e Esee sAF pigure Q shows the timeEdependenes of b(-1) odd nd b2 oe0ientsD extrted from pigure P y verging the B i (E kin ) round E kin aHFSP e over QH me nd y normlising these verges y B0 (E kin ) treted the sme wyF he B0 oe0ientD proportionl to the totl numer of photoeletronD deys in QFQ ps while the b2 nisotropy slightly inreses in mgE nitude with fster rising timeD round P psF he symmetri prmeters b(-1) odd D b2 nd b0 with empty mrkers dt reorded on @IAE @EA enntiomer nd (lled ones on @IAE@CA enntiomer @with sign inversion on the b(+1) odd AF @A b0 in lkD b2 in greenD @A b(-1)

1 nd b(-1)
1 in lueD b(-1)
3 in red nd igh in lkF le I summrizes the time onstnts extrted from the (ts @see sAF hen the popultion in Qs stte strts to e less thn IH7 @dely≥UpsAD the normlistion y smll B0 inreses the dispersion of the normlised oe0ientsF IH ID is seen experimentlly to e the dominnt ontriution to the ighF gonsequently the sme timeEdependene is visile on igh with (nl vlue onverging to CIRFT ± QFQ7 for @IAE@EA enntiomer @detils in the sAF his symmetry hs the sme sign nd mplitude s tht mesured with single photon in this sme energy rnge @CISFR 7AF 10 wore releE vntlyD the igh vlue t ∼H fs dely in this @ICI9A ionistion n e lso ompred to the @PCIA fsEgv one reorded on fenhone t QWV nmD 7,9 while the bodd vlues n not e sine the numer nd polriztions of photons used to reh the resonne re di'erentF sn oth HfsE@ICI9A nd @PCIA fsEgv ionistionD the igh oserved is in the rnge of CIH7F wore experiments re required efore one n onlude whether or not intermedite resonnes in pigure RX @A ghnge in the nuler struture of fenhone from the ground eletroni stte to the equilirium geometry of the Qs yderg stteF he most importnt reltive hnges of ond lengths re inditedF he rrow shows the diretion of the QsE 0 trnsition dipole moment nd the ornge xisD the rottionl xis with their rottionl dephsing time for QH u rottionl tempertureF @A he di'erent virtionl quntum of fenhone in the Qs stte elow IHHH m -1 F @A he relxtion proesses reveled in the EighF @dA he lowest virtionl mode with quntum of VR m -1 F IR ore nd tht igh is thus very long rnge proe of the whole moleulr potentilD s lredy oserved in oneEphoton ighD for instne in lustersF 23,24 et the sme timeD y using pump stepD prtil lignment is hieved nd y exiting yderg stteD smller numer of ngulr momentum omponents re required to desrie the photoeletron onE tinuumF st would e interesting to investigte these two ltter onditions to determine their respetive impt on the lrge symmetry tht is oserved hereF sn onlusionD we hve shown tht lrge igh @>IH7A ould e oserved in photoionE istion from exited hirl moleules even if the outgoing eletron is emitted from n exE tended wvefuntion suh s yderg stteF purthermoreD we hve demonstrted tht imeEesolved igh @EighA ould e used s sensitive proe of ultrfst dynmis in hirl moleules with femtoseond resolutionF he di'erent vegendre oe0ients revel dynmis relted to lignment @ b(-1)

3 AD virtionl relxtion @ b(-1)
1 A s well s eletroni onversion @ B0 AD ll ehve independently with di'erent time onstntsF ynly the b(-1) 

  (θ, E kin )D otined y sutrting the imges mesured with left nd right proe polriztionsD nd lled (LCP -RCP ) imges in pigure I @see upplementry snformtionsAF pitting this (LCP -RCP ) di'erene9Eimge y pEfsex proE vides the B (p,e)

  (θ, E kin ) nd lled (LCP + RCP ) imges in pigure IF xevertheless we will still use pEfsex nlysis on this (LCP + RCP ) sum9E imge to otin B 0 (E kin )D nd we use this oe0ient to normlise the B (p,e)

3

  show opposite trendsD with slow inrese of b(-1)1over QFP ps while b(-1)3dereses fster in only IFR psF sing iqF ID the igh hs the sme sign nd similr mgnitudeD to tht oserved t tht sme totl energy in singleEphoton photoionistion @WFQ eA 10 even though the ionistion proess is di'erentF sn the experiments of refF IHD the outgoing eletron ws sttered from the rywy oritl in the ground eletroni stte potentilD while hereD the outgoing eletron is emitted from the Qs yderg wvefuntion nd stters further from the ioni oreF ht re the dynmis reveled y these di'erent timesles c he sorption of the pump pulse retes virtionl wvepket in the Qs yderg stteF his wvepket will undergo virtionl relxtion dynmis towrds the equilirium geometry of the Qs stte s illustrted in pigure R@AF sn dditionD vironi ouplings my ourD leding to internl onversion towrds either the lowest vlene stte @ 1 A or the ground stte @ 0 A s shown in pigure R@AF xothing is known out these two ultrfst proessesF sn the present exitE tion shemeD the virtionl energy in oth 1 @∼IFT eA nd 0 @∼T eA is too high to get signi(nt prnkEgondon ftors t only ∼HFS e ove the s v F he proe energy is thus not high enough to photoionise moleules virtionnlly exited in 0 or in 1 F W

i

  and b2 dependences shown in Figure3. The uncertainties correspond to a 50% condence bounds. yservles ime onstnt in ps gonverging vlue of the bps B0 dey mirrors the lifetime of the Qs yderg stte nd the internl onversion timesle from Qs to the lower vlene sttesF he b1 oe0ient is mostly determined y the ydergEeletron ontinuum trnsition dipole moment while b3 eing higher order termD will depend on the nisotropy of exittion reted y the pump pulseF imilrly β timeEdependene within given eletroni stte isD in generlD lso ssoited to dey of the nisotropy of exittion reted y the pumpF15,16 he lultions presented in the s predit tht the QsE 0 trnsition dipole moment is ligned long the gIEgQ xisD s shown on pigure R@AF he free rottions of the exited moleules indue loss of the nisotropy of exittionD over timesle de(ned y the moments of inerti of the moleules nd the rottionl temperture of the gsF 17 he moments of inerti of the symmetril top fenhone hve een lulted from the 0 geometry to s x,y,z aIISWD ISSS nd IVUT muFohr 2 with the xis represented on pigure R@AF he dey time due to the nisotropy loss is typE illy IGQ of the dephsing time of the rottionl periods (I y /(kT rot ))D iFeF etween IFR nd PFR ps for T rot ∼IHEQH u s expeted for n ivenEvvie pulsed vlve soureF 17,18 his is onsistent with the IFR ps dey mesured on b(-1) 3 nd the P ps on b2 D on(rming the sensitivity of these two oservles to the verge lortoryEfrme lignment reted y the pump trnsitionF rereD the QsE 0 dipole moment is lmost ligned long the s y rottionl xisF o ssign the timeEdependene of b(-1) 3 nd b2 due to s x nd s z rottions with similr periods thn s y D is hllenging tsk eyond the sope of this letterF his would require systemti study for di'erent reltive polriztions of the pump nd proe pulses to extrt II the spheril tensor omponents of the photoionistion mtrix elementF feyond these glol pioseond dynmisD two di'erent mehnisms n e inferred from pigure Q X b(-1) 1 is found to reh minimumD out HFHSD t RHH fsD nd lter on ttins onstnt vlue of ∼ HFHUQF hue to the Qs resonneD this b

  nd eTEgegp@RDUAGugE Eph lultions predit tht the virtionl wvepket reted y the pump pulse will e driven y the steepest desent pth from the prnk!gondon region to the minimumE energy region of the Qs potentil mostly long the strething of the gIEgP ond of the six ron yleD s illustrted in pigure R@AF his omplex virtionl dynmis is expeted to tke ple with energy )ow etween di'erent virtionl modesD leding to lrger diversity of populted virtionl modesF igh mesurements on stti moleules hve reveled high sensitivity to the virtionl exittion of the tionD with even the possiility of sign inversionD iFeF )ipping of the reorded symmetryD upon exittion of ertin virtionl modesF9,19 sn this ontextD we suggest tht the (rst RHH fs dey oserved on b(-1) 1 nd igh re)ets prt of intrmoleulr virtionl relxtion @sA tking ple in the Qs yderg stteF sndeed the low degree of moleulr symmetry does not restrin virtionl IP intertion suh tht fst s n tke pleF e lowering of the igh in this short RHH fs window would result from the inresing numer of populted virtionl modesD with priori di'erent ontriutions to b(-1) 1 D oth in mgnitude nd signD reltive to the virtionl wvepket reted t H fs nd thus leding to lurring of the overll photoeletron symE metryF his virtionl relxtion would involveD within the HFPS e kineti energy ville in the Qs stteD priniplly the low frequenyD @iFeA lrge mplitudeD virtionl modes for exmple the ending of iyli skeletonD twisting modes nd methyl torsionD ll of whih re hrterized y lrge nhrmoni ouplingsF pigure R@A shows the virtionl qunt lower thn IHHH m -1 @HFIP eAD while pigure R@dA shows the virtionl mode with the lowest frequeny @t VR m -1 AF he Qs internl onversion onto lower vlene sttes ours however in suset of the ville degrees of freedomD mening tht ll the virtionl modes populted diretly or y s in the Qs stte during the (rst RHH fs do not relx t the sme timeF 20,21 et long delyD we expet tht only the less e0iently oupled virtionl modesD the spettor modes of the rditionless trnsitionD will remin popultedF st seems tht in fenhoneD these spettor modes re relted to lrger igh s shown y the rising of the b(-1) 1 over ∼ QFPS psF his interprettion requires theoretil support with lultions of Eigh tht inE lude virtionsD this is fr eyond the present stteEofEtheErtF sn prtiulrD our results indite tht igh would e very sensitive to the initil virtionl sttesD while previE ous investigtions only onsidered the e'et of virtionl exittion of the (nl tioni stteF 19,22he igh from the Qs yderg stte @∼IRFT ± QFQ7A is s strong s the igh reorded from the ground eletroni stte @ISFR7AF he igh mgnitude otined t lrge delys is rther impressiveD onsidering tht the Qs outgoing yderg eletron stters less often in the inner prt of the moleulr potentil ut more often t distne further from the hirl rons ompred to n eletron outgoing from the rywy ground stte oritlF his shows tht the phses of prtil wvefuntions n e determined y their vlues fr from the ioni IQ Energy of the normal vibrational mode in cm-1 in the 3s

  sensitive to suEps dynmis suh s sF sn prtiulrD odd oe0ientsD suh s b1 whih is fully proportionl to the sine of dephsing etween djent outgoing wvesD 25 re muh more sensitive to the whole moleulr potenE til thn even prmeters suh s B0 F Eigh provides new nd riher opportunities to templte moleulr dynmis in hirl systems in omprison to previous timeEresolved engleEesolved i on hirl smples involving only i nd the lssil β nisotropy prmeterF he ility to proe omplex ultrfst relxtion in hirl systems opens up onrete possiilities for the investigtion of moleulr dynmis suh s trnsient hirlity or nuler motions involved in hirl reognitionF hese results present stepping stone for timeEresolved hirlity nd more generlly to estlish femtohemistry sed on irulr polriztionsF IS Experimental and computational methods en ivenEvvie vlve is used s pulsed enntiopure fenhone soure with helium s rrier gs to void luster formtionF he experiment ws performed using the eurore lser system t givseD whih delivers PH mtD PS fsD VHH nm pulses t I krzF ynly P mt is used in the present experimentF he presented results re otined y snning the pumpEproe delys typilly IT times nd t eh delyD one heliity imge is reord over RSHHH lser shotsF por eh snD two kground imges orresponding to the proe pulse lone in eh heliity re reorded nd sutrted to eh imge of eh dely for given heliityF his kground sutrtion is required for the longest pumpEproe dely when the signl rehes zero @see pigure R of the sAF righElevel quntum hemistry lultionsD using qussin HWD wolpro nd qewiE quntum hemistry pkgesD hve een performed on the ground nd (rst (ve eletroni exited sttes of fenhone in order to help in the interprettion of the experimentl dtF ell the omputtionl detils nd results n e found in upporting snformtionF Supporting Information Available he following (les re ville free of hrgeF hetils of the lultions of the geometry nd energies of the exited sttesD the exE perimentl setEupD the diti ionistion potentil dedued experimentlly y the energy lne of the iD the e'et of reking ylindril symmetry nd the (tting proedures used in pigure QF cationsD Pnd edFY ileyEgrX xew orkD PHHHF @QA ithieD fF heoretil studies in photoeletron spetrosopyF woleulr optil E tivity in the region of ontinuous sorption nd its hrteriztion y the ngulr distriution of photoeletronsF Physical Review A 1975D 12D STU!SURF @RA owisD sF hotoeletron irulr dihroism of the rndomly oriented hirl moleules glyerldehyde nd lti idF The Journal of Chemical Physics 2000D 112D QHI!QIHF @SA föweringD xFY vishkeD FY hmidtkeD fFY wüllerD xFY uhlilD FY reinzmnnD F esymE metry in photoeletron emission from hirl moleules indued y irulrly polrized lightF Physical Review Letters 2001D 86D IIVU!IIWHF @TA xhonD vFY qriD qF eFY owisD sF lene shell oneEphoton photoeletron irulr IU dihroism in hirl systemsF Journal of Electron Spectroscopy and Related Phenomena 2015D 204D QPP!QQRF @UA vuxD gFY ollenhuptD wFY folzeD FY vingD FY uöhlerD tFY rpeD gFY fumertD F girulr dihroism in the photoeletron ngulr distriutions of mphor nd fenhone from multiphoton ioniztion with femtoseond lser pulsesF Angewandte Chemie International Edition 2012D 51D SHHI!SHHSF @VA vehmnnD gF FY mD xF fFY owisD sFY tnssenD wF rF wF smging photoeletron irE ulr dihroism of hirl moleules y femtoseond multiphoton oinidene detetionF The Journal of Chemical Physics 2013D 139D PQRQHUF @WA feulieuD FY perréD eFY qéneuxD FY gnongeD FY hesmpsD hFY preD fFY peE dorovD xFY végréD pFY etitD FY uhonD F et lF niverslity of photoeletron irulr dihroism in the photoioniztion of hirl moleulesF New Journal of Physics 2016D 18D IHPHHPF @IHA xhonD vFY xgD vFY qriD qFY wyrgorodskD sFY weierhenrihD F tFY feulieuD FY nieD FY flnhetD FY qéneuxD FY owisD sF hetermintion of urte eletron hirl symmetries in fenhone nd mphor in the rngeX sensitivity to isomerism nd enntiomeri purityF Phys. Chem. Chem. Phys. 2016D 18D IPTWT!IPUHTF @IIA perréD eFY rndshinD gFY humergueD wFY furgyD pFY gomyD eFY hesmpsD hFY preD fFY qriD qF eFY qéneuxD FY wereronD vF et lF e tleEtop ultrshort light soure in the extreme ultrviolet for irulr dihroism experimentsF Nature Photonics 2015D 9D WQ!WVF @IPA vuxD gFY ollenhuptD wFY rpeD gFY fumertD F hotoeletron irulr dihroE ism of iyli ketones from multiphoton ioniztion with femtoseond lvser pulsesF ChemPhysChem 2015D 16D IIS!IQUF IV @IQA ulmD pFY hrmmD tFY rormesD tFY qrimmeD FY eyerimho'D F heoretil nd exE perimentl investigtions of the eletroni irulr dihroism nd sorption spetr of iyli ketonesF Chemical Physics 1997D 224D IRQ!ISSF @IRA qriD qF eFY xhonD vFY owisD sF woEdimensionl hrged prtile imge inversion using polr sis funtion expnsionF Review of Scientic Instruments 2004D 75D RWVW!RWWTF @ISA suouhiD wFY hitkerD fFY ngD vFY uohguhiD rFY uzukiD F hotoeletron imgE ing on timeEdependent moleulr lignment reted y femtoseond lser pulseF Physical Review Letters 2001D 86D RSHH!RSHQF @ITA tolowD eFY nderwoodD tF imeEresolved photoeletron spetrosopy of nonditi dynmis in polytomi moleulesF Advances in Chemical Physics, Vol 139 2008D 139D RWU!SVQF @IUA flokhinD eFY qelinD wFY uhoroshilovD iFY uryukovD sFY hrkovD eF hynmis of optilly indued nisotropy in n ensemle of symmetri top moleules in the gs phseF Optics and Spectroscopy 2003D 95D QRT!QSPF @IVA rorkeD hF eFY ghtterleyD eF FY fullD tF xFY erletD tF F F imeEresolved photodeE thment nisotropyX gsEphse rottionl nd virtionl dynmis of the )uoresein nionF The Journal of Physical Chemistry Letters 2015D 6D IVW!IWRF @IWA qriD qF eFY xhonD vFY hlyD FY owisD sF irtionlly indued inversion of photoE eletron forwrdEkwrd symmetry in hirl moleule photoioniztion y irulrly polrized lightF Nature Communications 2013D 4 F @PHA § ollingD F sFY uuhlmnD F FY tephnsenD eF fFY uleinD vF fFY w § ollerD uF fF he nonEergodi nture of internl onversionF ChemPhysChem 2014D 15D PRW!PSWF IW @PIA endeD FY vieelD wFY hnedermnnD gFY ethikD F tFY uukurD F opultionE ontrolled impulsive virtionl spetrosopyX kgroundE nd selineEfree mn spetrosopy of exited eletroni sttesF The Journal of Physical Chemistry A 2014D 118D WWUT!WWVRF @PPA owisD sF gommunitionX he in)uene of virtionl prity in hirl photoioniztion dynmisF The Journal of Chemical Physics 2014D 140D IIIIHQF @PQA xhonD vFY qriD qF eFY oldiEvoseD rFY hlyD FY owisD sF i'ets of dimeriztion on the photoeletron ngulr distriution prmeters from hirl mphor enntiomers oE tined with irulrly polrized vuumEultrviolet rditionF Physical Review A 2010D 82D HQPSIR!IHF @PRA owisD sFY hlyD FY iD wFY wirndD fF gF dFY qriD qF eFY xhonD vF e photoionE iztion investigtion of smllD homohirl lusters of glyidol using irulrly polrE ized rdition nd veloity mp eletron!ion oinidene imgingF Physical Chemistry Chemical Physics 2013D 16D RTU!RUTF @PSA owisD sF hotoeletron irulr dihroism in hirl moleulesF Advances in Chemical Physics 2008D PTU!QPWF PH

Table 1 :

 1 Time constants extracted from the ts of the normalised Legendre polynomial coecients b(-1) 
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