




(`VV.')__aetti_on_fm_'N_l!og_¢aIi,,ehemi:¢_,, an-etlma.,mm_ls;s¢i_nces_. Tl_e l_mgose_tlsoa_¢ea;a_e'a,U_!'

seeM:or_,s;o,_"a, spe¢i_lily ¢l'esiig,_dll_,w.,er_e_g,y/q410.O)'I_e_')_stooge fling,.. 1these _o, d_.,s_mc_uylp,es.
ef sources; wi_ p_o_;et'ea, _oa:etl _ang,e' e_ scii¢_iiff¢,e_pe_J_;es, _t_n w.e_e'dtiisc_t,sserdiiin_et'e._,il!
d_ma,g,,_¢ w,o_hop.,i

The nexl genera_f_n_met_i_tti:_services;w,i_I[llbe F,_.Z"s;t_a_¢_ p_e_,kl'e,pe_o_m.anee beye_et!
d_,w,,_m, lJ@@O_.,,w,ir_, an, o_t_ ene_g,y [a_2XlJOr_ banet_,i_tN_N ]J m_ pe_r6, pse¢ p_.llse,,anetlan_
_e_g¢ ot_t_,_ po_e_ of ll-.J)0/w,,ac_ts_getbw 2:0@0_,,_iis; pea_ powe_ t_a_exeeeeig;w,tm_ea_, be.

been, me_i_,a,m_t!b_, _e maI_i,_i_n, _ _ei_ aeNev.emen_ w_II oI_en_W' _ew' oppomm_i:es; la,
, photoehemiis_,,, _,i;_h_a_pt_¢a_; m, p_eeesses;iJmpe_, ¢ in, ¢om,l_:a,s_or_,an,etl_nm,,,::,,,l!,,,.,i_,,

maeti:en,s:.

U,net'e_¢onswac_i:ea_toda,y' a_e t_e "t_i_dlgene_i_n," p_om_ sot_¢es_._e, IIGev A_l_,a_¢e_tt

aetifl_ess:_he nee¢lifo_ t_,met_l_,_e_l_aseellso_ees_ They, ef_cien_l_, span, tJie so_ x-mT m,ImaM!x-rra,y
_ang.e,_ho,w.eve_even, _t,_eALS;,,sm_,¢g.les:i_,_he enegg,y'm._ge 5-3'@!eV"w,t_e_e_t_e,e_iim,_matr[.'o_,e,f
l[_meni:c ¢on,m,m_anie_ of t_l_e,pmim_a_ry"ene_g,y.iis:¢m_¢iiaJlt@mew' seiience. TNis, conee_, iJs
aet_essed! b,y _t,_eNw ene_g.y fi_g..

The tmetl_,l'amo_s;oa, ot_e:_.@@/_e.V."slae_ge, fling,a_e d'esiig,_erdt_e,pgo,v.N_.II@rf"pthooerns/"::eeiJr_,
7t, @]..l[ %' bl;'t_'0.'_/,'id[_]l ` [i111tt_leenergy, range 5-3'@)e_'.,_'t_e.N_,enel_g.yog r_e:stor_g.e riimNa]il'(,:a_,::,r.lhe

K _< li,,met,_cNg,,fl_e'ia_e_s/.tryel _he NJg,t_egtm'et,_,l_am_ham_monies,.These aaett_,l,_,m_se_ees; a_e
i_eNi N_ ff_esmal_,oft_e et_c_l_mm¢sm_¢m_eogmaee_ialls:a_li;zi_g.,h_g,h,_esolt_ie_, ang,l!emseNe_li
photeemi, ssm_,,,w,f,t_,an_aeNevaN'e ene_g.y'_esoIl_:o_,of ii@!mev andl a,momen_m_,msmi_n, e,g
@i.@IIA-_'.

_- The, NSLS; a_Bl_oot_ar_e_,¢an_p_ro,v.i_leseverali _,miq_efeamees: i,_,_e deveI_p.mer_¢o,f_eth,I " l:! _he.sot_r_ees:_ett a_plti:¢al_o_:.... Ea_,1_'dev.ei_pme_,_of _e sefe_,_Jfi¢p_og._m_e_,v.i:,si,_ne_ifo_ _e.

mew ffn¢iiIlii_,¢_a_,be beg,_, ac _t_eN_S_S:t_,y.'baiM_g,, a,mew:'bea,mli_e d_sii_e¢li N_r5_-3'@_eV pl_o_om,s;! t_,ItSzi_g_t_eUt]J3',umet_ta_,evon,_he,V_V N_g., _e_eo,ve_,, _e_e iis:a,g_ea_deaJlof om-goi_g,R:&D,
being, ¢mrfie_lto_ a,lB'.N_,.mi_an_ m, _he_l_vel_pmen,_o6 t_e,_-F.E.L_ anatit_e N_.' erae_rg,y' sm_ag.e-
flrmg,. A hiig,h_b_,_h,mess:l_ser cathode elee_or_ g,_, i_s:being, devel!opeff,a_tt_e Aeeete_m,_ Tes_
Faci,lt/_' (`ATF)iwi;l_h,¢tm_raetem,s_i:¢s:s_iinaN¢ge_ t_e' _-NE,?_.. MIso,,an__ escN_m_r eperaemg.
i,n__he viisN,Ni;s;m,n_t_dt_ve_epme_¢a_ _e. ATF, ta_,l",_i_g._ 50__eV L:gN_.C'a..n_tia:no,veil8;.8:ro,m,
pemeellst_peg¢omet_¢_i_g.,w,i,g,g,!_mag,_et. TOt_chek sea_eNng' anetiio_, t_ppi,ng, effects, w,hi_h,
ameo,f key i_r,m_e_ce _e,uhe peNo_manee og l_he,I@@__eV sm,_ge ring., a_e subjects, e,[ smetii;es
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ceave_o_II and! sy_¢t_ot_o_l_sed{ so_eees_. Fig ....$ s_)mmri;_es. _l_e,l_ea_ o._:e_ po_e_ t_0_a,
v.mri{e_y;o_" rad_a,_o_ so_ees: iii, a, _i_i_ w..a_eI_=_=_l_,ramge i_irom,micm,_av..es; l_o>t_a__dix-m)y_s;.

IIm¢,l)t_ded!a_e. ¢o_em_tliiOm_lmicm_,a_e sou_¢es_, l_a_e_s_,tN_ma, l_e_s;,, secem'd_-ger_e_a_iiom_I_.SES,))

?i_m_ sot_¢e,, w&_¢h,i:_,,tmlk_, t_om) S¢i:ence: 2'474, ]_5;53'(1_990))). "i_e: IiR ,_d[ _ F,E.ILs;oce_,

reg,_e_: o_ l_e: ?ea_ ?ow.er sl_eem_m, w_i¢l_, a_e: _et p_ese=d_, reaet_at01_:t_,y l_e o_e_ _es; o,tr

Sit_,m,mmriizi_lg:t_e commOn,iea,s; l_o,_e _o_ksholp,,, i<_i;s;¢lea_ _a_ l_e, d'evet_pmer_ o,t_FEIL

e_' i;s;possi}te wi_) toda,y"s l_=hnoi_ogg,.. "D_e b_ead_ og s¢iem,uigm:oI_O_rlm,m_es; i,s;mt)so,t_,_ql_e
i_z_)l_s: e_e_g.y: range cove_i_g l_l_e,ct_emic_, ma_e_dts_, a_dlIbiie:l_¢_ii sc_emces:. Pa_l!e}

deve'l'opme=,_ of _=d_)Ilao_ based! solaces; or_,a I'o_, e_e=g,y _i_g, i_s;cl!e.a_lly'j_,s_fledl..
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.. The. w.o_rksh'olp,w.,_s,_e.lldlove_ trw.o_-dWperiiod!,,wii_, _s, o_ a b_oadlrange o_fs_l,bjiec_s:1

as; eam_be see_ flrom_llhe l.liisl_o{ st?ea_er..s:.A#ilet _ w.e_kshotD,,,s_,m_m_es: weiTe,co_m_iil!ed!,,mind!
i sam_tle siig,_allcal!cla,llalfi.io_,s:so,ll_¢i_edlm, lmy/Ilo;l_roviidi_'a_i,Nppeirbocci'die_l,&e' ire.q_l_¢ememl_s;o,f a
i

_

R_m_m_$;pecuTos_opy _. F_e_llm_m_
T_im¢Rese,Nedl F,lJt_e_resee_'¢e W',,R. _w,s: _dl 5..B',.A.Ross,

DNA Damage a_dl Rel_aie ]LC. Sa,_erl_a_'dl& B',.M. S:a@egt_d!

Chem_¢_ App_It_ca_o_,s:
F,m_e_rs: i._,_ Chem_smT,, W. Ch,el_l_

U]ses',06 MO,',PAi_,._ Chemiis_/ M., *_

Se,_i;dlS;_te Ph_y,sies:::

F_igt_Rese,ll_e_ Ph,omemiissiio_l_ E. _en_e_,
Nea, Li,nea_ OpdJeallP_er_omena i_ _e

So,h X-ray' range 5. B_ko_

So:_l_eePhysics.::
W V_V Geme_a_o_ w_t_,'Lasers: L. DSMamro,

FEL Ph,ys_es. S;. Kfia,s:k_
R$ngs;a_.dlU_.d!_,tlam_s: J. M_l_p,h,y
Pint, meters o,f a, rdv TEL Lh F_aa_Y_,
Linacs: fo_ FEL'S: I. Ben_Zvii

Pireser_ SlaiN,s:o,ffFEL Devel_opmen_
fo,r _e DV/"V',_V B,. N'ew.m,a_l,

R.'e_o_s fm,m_S;u,b-fiet!dls

Aeeel,e_ato_-_ased! Sources; o,f _V Radiator, S. Ka6_,s_,
Lo_ Energy, Photon,s}ra,S'o_,dlS;_te,Rese.a_eh, P.D. _oh,_,set_,

,,i ,/ IPri.im,a_:.Ph'etoe_em_Jslmy.'wiQ, a V_-F..E.L
M. G;. _,_e:, W.A. Chut_t_, a_,&E.R. G;r'_t

Biiol_ogfcallApp'tl_ca_o_l,so,f _ Radtia_om_ 5.C. S;_l_e_itaadi





_°'proceeAmg i,r_,l_i,s',ma_,ner i,s,_h,_,_a l_asermore e_si_llym,n,ab_etl_,,_, a d!ye l',_er c_, be, u,s_l as: _he
seed%e.g..,. _, t_r,_ti_ta_,sapp_i_re l_aser. Detai_lexllcaI)eu_at_ota,s; to, ¢t_eek tt_e:fe_s_b,i_l_y,o,f th,i,s:
a_roaeh, are to, be .ca_edi oer. The tl_i,_rdloplti'ota,iis:to, _a_,li_ze._,m_,ster osc_llator power amglt_fi'er
cota,fr.g_ratkota,(MOPA). Ita__I_i,s:¢_se,, a_ ica,_tiia_F_, os_:i,llator si_m.aed_i,n,a_,resonen,_ cavity i,s:
loll'owe8 by' _ F,EL a_pli, fier. The ose_lill_,tofea_tpro_,d'e tmi_n,s',of m_eropu_ses:(ea¢t_,w_th,8;
_ energy), to, l_e: .power _,m91iifier. The: MOPA ca_ provid'e l_,_gl__vemge power every,wi_
¢ota_eta,_on,a_(room, tem_eram,re)>Liaaac. T_e r_ai®emen,t ota,t_e el,'extrota,beam er_ergy,s_b_it_y
_s:more s_icagem l_,ma,t_e: p_ioeslly meta_fi'orte.stla_.I_rOa¢t_es. A_so,,,t_ere _s:the mela,n,_ea_

,. d_ffi,et_.l_tyog d'evel_pi,nga fast _a.dls_b,12e_¢ker to,s_iJlleh_a_tem,alti,n,gbma¢l_es:s_ar_,telly, i,n,toffae
_sciJ_laor andl_e' po_er _,mpll_fier.

"I1_e:40@MeV smr_ge ri,_g l_s: a ¢i,_cta,m_t_ereneeog 54 m w_, 10 m sWaiig_,l_see_ota,s:fo,r
ta_dt,_,11z_ors.The _,ndta,llators:a_e:d'esig.aedtto provi.de_0,r_'photota,s//sex irl,a 0:'._%,b_d_i, di_l_,_n_t_e
etae_rgy<range' 5-30>eV. Tt_e l'ow,etaergy:og tlae s_o_age ri_ngall_o_s _e general_ota,og _e so,_'_
pI,_'otota,s:_,sieag_,ra)ma.dita,ll_,to__i_tl_sI_o_ pe_odi a_'d!s_re_a,gffa,p_ameter K _ 1_. TI_e s_o,ragefi_r_g
opera_it_g ¢_en, t i,s, _. Ar_pere,, m-a.dl_l_eel)eetrota,beam, I_ii_'eti_meo,f, two, hod,rs: _s: se_ b,y' _t_.e

volt,me,, lfl_eft,rig i,s:ra,n_at f_,_ll¢o_9:11i,_g'wi_l_e.t,eztm_ beam, em,i_tt,_'ce_, = %. = 2.9* _rm-radl.
Tke ti_ad_am'eta_l_lIRF. trre_l)_e_cy'i_s:5,2)M_z,, a_.dla 4.1al_l_,armon_i.'¢cavity i)s:_,sedi_o l)er_g_hen,_l_.e
b)_,n'eK C_e,_m_g..el)ee_rod'es.are pro_idedl _o,p,_cvca,_del)e_eriio_s',effects: di_eto _or_,tmppm,g.

There _,s:a g.rea d'ea_ o,_"ota,-goi,_gR&D bei,_g. ¢a_ed) o_,t a BNL re_e,cara,__o. tt,_.e
d'eve:opmeta,t o,f t_e _-FEL _di t_e I_owenergy storage ring. A _,i_g,Ia,b,r_g.!a_messIlase: c_a_I_od!e
e:ectro_, g._:, i,s:bei,ng deve1!opedl_,t t_e Aceel'eram: Tes: Faci_lli,l_y(A_) for ese i,_,a 50: MeV
Li(ro,ac. Mo:eover,. ,an_FEL os¢i_llt_l_orolperafiim,gi,_,the v_s._b,]2ei)sta,nd)er d'eve'_opmeta_tau_t_eATF,
_ti,l_zi)_g.a ta.ore18',8:m,m,period_s_percotad!_¢l_tagwi_gg,l_ermag.net. Th'e T0_,schek I%fe_iimeo,l__la,e
7/5©!MeV VU_V Ri_g a_ _t_eN,SLS: la,as:receiivedl m,_cta,s_m,dty,_,d! i:s no,w'welll_mnd'ers_oodi.
Presee_y',. a _lfla,I_rmon,i'c b,_¢h, I.etag_e_,iin)g.,_' ¢e%_y'_s s¢l_edi_,l_ecI_for i,n,s_l_afi'ota,i,n,l_,eVU)V
Pd,n,g..i,_faliii 119970_.Key to, the oper_,fi:ora_o,f l_heb_an,¢l_,_eng_hen,i,n,g,cavi_y' i,s:ttaede_ellop,me_ o,_"
a feedl_ack sysmm,to mai,n,r_iira_the laigla,degree o,trptaase s_bil_i;_yreq_,i_red. Ttae 200_MeV s_o,_age
fi_r_gbei,n,g b._i,l_tfor Pl_,ase I o,_tt,_eSXLS proj,,eetw_l_be com,m,i_ssi,onedl m, the su,ro,met o,_I990.
Th_s:_,g i_si,n,sma,men,mdi wi,_t_,¢I'eafi,r_ge_ee_odes. _.dl dii,agnost_cs:fo_ a d'e_,_ed sm_tiyo,f i_on,
tra_p.i_ag.
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face d_epend_encein, _h.ep,_asmon,e_ergi,es. These observaiion,s _e _hou,gh__o re_ec_ _he
co.u_)_i,n)go# i_n,mrb_,_ Um_,s_ons:_o,_he dEi,e_ecmc respon,se.

J

Ano_er _m)po,_m__p.p,_ica_on,o,f no_, _,_nea_mch,n,_q_esw_ be _n,_e ,area o.f in,m_ace
science. Pl_.o_oem_ssi,on h,as p,mvedti,m,v_ltt_,_b_em the smd',yo,f _e e_ectmmc s_cmre o,fsu,rf_ces,
b,_Gtt_e escape _ep_h,o£ _e e_ec_ort,s:_m,i_siU,a_)p,_cabi_i,Gyto,GI_eb,u,fiedl _n_terface. Exper_men_Gs
w'_,_ch,u,se ph,o,mn,-_n,,,p_,omta,-o_t_Gmcta,n,_q_.eswi_ be mo,re sen,sieve m t_,e mint/ace _m6, _n,
p_cul.'_r,, secona ha_nonic gmae_o, _ provide _formar_or_,or__e e_ect_or_c structure. IG
kas f_,r_er _ready, been_demota,s_ tta,atthe same mcta,nique provides in,fo,rm,a_on,on, _e
gro,w'_l_,mode o,f _,_a,fi_ms.

Two, phomm,p.hotoem,_ssion,h,_ a_readlybeem,ta,sed m.stodgy_o-d,i, mension,_ surface s_ms
_n,me_c system,s. _deex$,, Jt has proved ,_e source of the highest reso_t_ion, informa_on,
ava_l_abieon, _e bira_in_genergies _nd_etrgective:masses of tlae image states. These Ia_ter smms
ta,ave proved the easiest to study by two photontecta_niq_esbeca_'se o_ _eir _ife_mes. However,
m_s_.remen, m o,f the_ d_spersion, _zve o_m_a,bema,h.ampered_by _.eir fmim _ife6me. I_ may,
_h,erefo_e, be _t_cipamd_ rh,at _e mch_n_iquewi_ see _s _idest app,_ca_or_ ia'a__e fie_d;of
se _i, condi_c_io_rs:.
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FO._ t_e_,mosu. pa_,_ _e.. feasibitf_/ of _hese: eg_e_iinent_; is; baseAI on_ _e'. _ut_u_
¢haracterdst_es;og _e' 1_opmsedlFE_L-I_©_, d_wice',+"_iS; er0mNn_tiOmo_ FEE, oseB_ttO_ a_di
wi:gg,l_;amplifier is; ext_ecteAlto, pro_id_ -1, mji of mnabl_: _' mdiatii_n,a_.;erOeti_ii_n,mms;
eomp_arabi_to, e_mme_eimtll_tsers;_5.0._200_I_)) to, be:us_} a_'.the. e_pe_imen_l endl smti:om The'
la_ter-charactJe_Stie m;lmpetrtant_because'_mos_ of t_e: measu_emenl_s;proposedt at:, tzue: "'pumt_
t_obe_'"ex,t_erimenvs;,in, w,hieh__e: _fV/put_e' is;usedl in_¢_njiunetJi0mw,i;tfi_otfier Ilosets;to,ex,ef_l:e:
andt to)state_selimti,v,el_¢,,p_obe:prodh¢l_/_pul_.tions_.

lee_._MO;PA,as; a,.7Ph_aioni_tiOn,,, Detector

2rt_e:hig,h__ photon, intensities; ex,pecredl for r_e":FE_, 'l_O.,P_ d_viee' m,_e _is: sou,_ee:
id_l_, sui;ted_*" 'as; a, uni_ersali ioni_mtiomsource for yew/, dil_te moli_eul_ s3ecies;,and/p;odi_c__

5/ For t_ieall moleeularphotoi0niT.ation_ cross; seetions; og 11_:11@'_/em_,,we e_u_NIex.pecl_t_om_,1101%,

Ii to, ].100#%;i0niza_on, w,i_in, ._e: FEE beam_diameter:, W,/i_tet_t_ieientiota eoll_ti_n;_ _is: sou,_ee
I

w,oul_l be_neari_, a,.sing!¢ molecule"d_tecto_: This; apl_oaeh, is _pplieaNe.:to,any, molecular sy,stem_
and! di_es:nol_:reeluii_eprior lmow.,l_.dge:of:He:_ov.ibronii_speetarum_as; dries:R'esonanl_M,altighoton_
I'oni_tion. _M_P. D)of Laser IndUced'FlUorescence _IrF_l. Fu_tl_ermo_e,:,,_e n.ara_ow'band_id_,
(:-110_)) ot_ _e _FEI,, and! the. sharp, _reshol_tl behauiof of photoioni_ti0n_ a_e t_emendbu_:
impro_emenm: over el_rron, impacw i0ni_t_on, sou,rees;.

The hig.h_sensiti_,i_, of an, F'F2L.t_hotoii_ni_tion_ d_teetof eouttli be use.dito, study, _he
ionization, potentialS;, disso¢ia_on_ energies,.,andi t_eam:of formation, for moleeut_ species, w_hiet_
are' highl_ react_.ze andi usually, digficulti to, p_odhee ex.eep_ at, v.ew t_,w,,densi;_ies: S,ueh_
ingormation_ is: sea_ee for many radical! species; i,mportan_ in, ct_mbu.stion_and! a_mosphem¢
reacti0ns. Fo__example;, _his;high_sensitiv,i_, shoul_l!enable: _he,characteriZa,ti0n_ofp_odhel_ yieltd
andi ltinetics, for many;vadic_i _eactions; prodtmedi in_ff10wtubes: andl shoelttubes. In_est,igati0ras:
of inelastic cat reactive scattering in, molecular beams; ¢ou_l_tlal_o,gaiia_tmemendt_usl_,'f_om, _he
sensitiui_y,andimnabi,li_, of an,FEE photoioni_tion_ sou._ceas;impo ,rran_reactions: w.ii_h_ltgw'cross,
sections: f_ 110Y2_2)_eOUt_iNon, be, smdie_f. In, eombinatiign, w.i,_,photoelectron, spectroscopy, i_
shoultt_ alSo_be: possible to, obtain, finali v,ib_onie state inf0rrnati0n_ on, prodg¢_ molecules: by'
measuring, vibra_i0nally resol_edi spectarm Ott_er nouel! areas: of applica_0n, include: surface
chemis_rry:andi materiNS:research, w.hi¢ti,cu_ently use. elect_on,impac_ ioni_tiont for detection, of
neutral! species: Tt_e FEE. photoioni_tiom detector ¢ouldl pmv.ide:an_ex,_emel_, sensRiue probe.
for molecular species: _herrnatly, desorbedi or photodesoNed! grom_reaetine su_aees; as: wellt as;
inuestigating: neut_all par_icte si,ze distaributions:in_photoablati0n, and! fon,bombar_men_.. 2rtSese
measurements: prouide bhein,formation, on,neutral! t_rodhe_; ne_:essar2z'to,¢omplem. t,he deserrii_tion_
of Photon, Stimulated',Deso_tion_Deso_tion, NdUced!by,Electronic "Irransi_ons;((PS_ ¢/D)I*E_)_andi
Seeonda_/I:on, _ass: Slgeet_oseopy (S_S_)) su_ace probes; which_ presently,, deree_ ont_' ionic
species:

Dynamics: of highly excited! states
;ii

As:t_e"exeitat,ion_energ.y ts mtr,eased, to,near t,he ioni_tion_ th_esholg,, molecules azo muela,_
!| less: likel_, m_de-exei:te via_di,_eet,spon_taneous;emissi0n, to, l'ow.ereteet,_oni¢ levells. Such_t:%ghl}.:
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ex_¢i_:_dlstores;me_e, _ead_/de_a_,/b_, inm_l ean_'e_sien_m,nea,_y smes: w_ii_h_h_ lentil densi_'
or um_le_g_dis,seeia_en_ i_m, ammi:c:an_tV/o_mol_¢t_l_ ttmgmen_s,',, _ ev,en_l_ig,he_ ene_g_es_,
ii_niiza_ien_lbadiag,:t_, t_e_mol_eul_ i'on_a_d! Nee: et_et_en_beee:mes;_e' d'omi_an_,l_eeess,. The'
ienicm_0n_effi¢i:eney,'og m-os_mol_eul_s:,, h:o_,e_.e_;,:iS;n:o_.ani;_/N_ se_e_all e'Y/ahoy,e,_h_est_er_tl
inelt:¢a_ing,;_ha_ileuarall d_a N, processes; s_illlo¢¢:u_.. The, mos_ i_l_o_,_ I_meesses; in,oNe _e:
decaF of dive,ere n-eu_A! l_elg; l_,ing,,abo_,e the:ii_ni',_ti:ompomn_iai,, ,efer_e_tlm, as;s,upeve.'_ei_er_'

} sm.ms, SN_e_e_eke_tlstates: ¢_ nen_mdt_,_i_et_ _teeaN'_. _l_asoeia_i:on_ia_to,_eu=NI Nagmena: o_
!

_' b_, ¢oupli;ng,, to, _e', ieni_, tii_n_ eantiaaum_ v,ia_ aut_ii_nizati:om, Ia_ phomabsogbtlon',, and!
i, phomieniiz_atii_n_st_eet_,, _hese sates; aNne.oy as; '"_esenanees;"' _i;l_ w,i_Ns; and! Ne shatms:

eha_aem±s_i¢_of t_hei_lfge_i_e, andi onus:ling,,w,i}h_v,,a_ious,exi_ ehanneta,. B'N'._xpe_imen._l_'
¢tm_aete_ziag,, _t_e'p_oda¢_s.;Ntl'o_ii_g,, _eserm_. ex:¢ima_ien_of _hese su_e_exei_eellstates, ((iisnr:,,
phomeleet_onsi, andl l_hem._ag,mena;)),,_e, ean_p,vobe,t_e' eignami:es;_f _he:sea,ten, g, process,.

Siagle,photon_ _. / studies; have. pm_,,Me_tlmueh_of _e: g,_eun_t!w,o_l_,ia_ _.iS; a_ea,,,
ho,w,e_e_;,_he,se: e_t_eN;ment_s__e: ogten_sev,e_el_, Ifmi;te0ttb_, stmetrall ¢ongesti0n_ as; w.el_llas;
ungaue_able: geomet_,, ¢haiflges: bet_een_ _e gvoundi andi exei;te_tlstates; of the moleeule..
Pt_omsel_¢_en_ NIl_,w,eellby phomi:oni,eation, in_l_se_q;ndge_! _esormn_ mal_homn_ ii_ni_atii_n_
_R_I,)i el}i;minates:ma_jy,of t_ese di_fmu,l_ie,s: _h_eug,t._seieeti_e ex¢i;mtien_patt_vaT,s:w,hieh_em'_
l'eadlm, a single, r_(,,.,ii_oniv'l'eveli. Iin_¢on_,met/en, w,i_h_tunable U_,,"}_S;l_se_s;, No' F.E5 eeul_l be

' 1usedl gov ei;_he_phomselt_ction_of hig,h_li7 ex¢i;te_tlstates: i,n__he WIN' of phomioni_za,_ion,og level,s:
prep_e0t! by n_phomn, ex¢i;tation,.. N_t_e fo_rme_mle;.No FE.Ic,ca_,_each,exei_e_t!states:v,iala,one_
photon_p_oeess;and!_he_eby,'prudhoe ae_ samm,_edlpoputa,ri0ns.: Ns:an' i:onimafion_p_obe;._he.FE£
willlallbw,.:a,much, ia_ge_ _umbe_ ogsupe_,ex¢ite_tlstates: m,be aeeesse0.t%espe¢iM_' fl,_ose:R:y,_tbe_g,,
lev,.et_:¢on.v.er,ging,,m, ex¢i_dl el_¢t_oni.¢states, of r_e ion,.

Pt_otosel'e¢fi0n_an_! _'E,M_Iica_ al_o,be _sedi m, in_.es_i;g,a,e:shape _esonanee pl_,enomena_
w,hieh,_esul,_grom,_esoaa_t. '"t_appi,ng,,'"oga_ ou._gmng,photoel_et_on_b,y'q_ua,si;diise_ete stains:l_iag,
in, t_.e. ¢on_i,_,uum_.S:a¢t_,phenomena, a_e:ex._emetN'sensi;_a: m, _t_emol'ecul_., geome_,' as; _l_e
_esonanee _eflee_s:the,coupling, of electronic andlnuel_ mo_ions., _M_t_II teeh_,fi:q_ues:pe_mi;_one
to, v,_, _e nuclear ¢oo_dirmtes: by p_epazri,ng,digfe_en_ v.,ibm._ionall[evelg;. but_ l_se_-onl_'
measu,_emen_s_usuall N'el_,ne_ haue sugfi¢ien_ ene_g.y.'mnabilf_1 in_the ioni ,z,ahon_step, m, _ula__
probe t_e l_ge wi:d_h_ehm-aetem_ti¢:of shave _esonanees: _Vl_ieall_!,5, e_. _si,ng__tm-FE£ as: a_,
i(_nie,_ti0n,probe,, i;_st_oul_l,be possible m, ¢owe_the. enti_e w,iet_t_,o.f _e: shape _esonanee mg,ie,_,
as: welll as:_eaeh, shatPeresonances: assoeiatedl w.i_h,more _ig,hflN"boun& _al_nee' eleet_o_s:

Gas.,Phase Pho_ochem_'

I_es_iiga_ions: of t_e: pN,ma_.' phomchem,istry' of smal_limol_cut'es_gene_Nl_ _eq,ui_es:
_V/.V_ mdiation_ wit_, energies; g_eate; _an, 5, eV' _<_2'_8:nra,)!.. I_, ad'd_tion_,,the diissoeiati:on,
lase_ mus_ be ve_ intense in_o_de_ to, produce large yierd's,:of phe_:t_g,men_s_ w_hieh_ean_be

,_| subsequen_l',y'p_obediby' o_her spee=oseopi¢ teehniques_sueh,as_lase,-i_,:dueedlfi,uo_escence _L_))
}| o_ _esonan_ mul_hoten_ ioni.zat_;on,__I_)_._ Fi_ed_f_eq_eney exeime_ o_ N_I::YAG;lasers.

pmduci_ng._ll@_@iN_: o_ peak pow,e_ _e _y,pieall_. usedi _o_ sueh_smdies.,_howe_e_, onli_:_wo,







B',[O)LOG_C'AL,APPLIC'ATIO,N$; O)F _' R_".A_,-)I_,T10_,

_.,C.. S;t_e_i_._'dl

B_:ekog,yDel_U..,,B_J_L.

TI_e sessiom o_ tKol_gi¢_ a_l_¢a_ions', o_ F,'_s: _oeascdl oa_t_¢¢, t_es: o_iexperiments::
(.U_/¢lm_g_:ogD_N_,, R:am,ams_eetw_s¢_,y./,,a_¢ _i_e._esol_eel!fl_oreseene¢' _eetw_s¢opy,., 1Qese

Ultraviolet R_di,'atiOn_Damage i_ v/tea,and!_' _4_o,



i_m_l_mme_lll_esfomm;im__l_eiirD_NA., l!f, Ul_e_iim¢or iimm_llii_om_iis,brag,,tom,Imbed!m, t_l_e,m_me,_o_
s_gm,iifm_a_ _epmim,,_e _¢ ¢_oss; secmmm_fO_l_sikDt_imcl_¢_i;om_¢mm_mm__e, me_smme_lla¢¢m_m_dly,.
Very.'i_mm_ept_om_,_ezom_._s_t_.m,m_am__.=,E_,,w,ot_,Nlmate possi_e' m_e a¢¢_ram' measm_emen_s_

possi_)Ile,¢om_im_mm.m_s;¢o_,e_m_.e'o_"_11_e,spemlnmm_,,mt_l_'e__a_ lliim_iimg,me,_sm_em'emm;m, a, flew.'

g,_ea; es_iim_ms;o6'_e pi_ml_om__ea,m_po,w,m__eq_i_l fo,_se_erall_i;oi_._a_expe_memm;mu3'66,m_m,..

TABLE l?

Bq_O.',LOG_C_(L,E,ND, P©_I)N_ PO;WE,R-'RL_iO_I_EID,AT 3.65;ro,m,

eta, a_ea_,,II@lse¢ exl_osm_e

mei_o,ma_im_l_¢_i,o_iis,f_is_,,_.eta, a_e_,, IJ..6,W/
5; m_m.,exposm_e

miim@m_,m,e_._eme ia_l_Nbnlty,p.iJg,me_,mc41

_otlm_me_s:expes_e _iime= lJO)mi_

d'eme_b,l!e p,y..riim_iti,me dliime_s;iim,romp,p:lla__,m; 27'?.?'



ef_eells;.
i

2rl_e: ,l_ta_ _a_ w,_ _res_tl_Nora, ozotae dept_a_ta w,',_la_0peaza_mos_
exel_,si_e_, _regjJota,..2rl'aaas_,aee_ra<= Ilmo,w.,l?edlgeolr (_e. e_oss: set,iota, fo_ D_A

b_o>IJo_i,ealle ))fozota'e',d_ptle_i_a_..Dea_,een_3_01a=d!3010)ra,m_,,_i_e.cross: sec_ii_ta_fourd_mag,i)rag
um_sl_lld'ed)D)N'tA _,_¢_ea_es',IbS__albo.ta_t_,o)o_r@'e_rs;og maga_ad'e.., qrl_t,s_,_e' _egta,i_emer_Is;gog l_@gI_

po,w,e_r@_r_,siJ_/_s',,dl_=_re,_es',etl ffae:s_omle_r,ua_el"ertg,.1_s,ll0tr some of _e, i_i<_e_es_i_agl_i:ot'og_¢ali
_ge_s,.. _m,_e: eall'_eo_ crop, ip:t_a<m_,I_o,w,eve_,, i_ m_7' ll)e:_ h_g,h_Ipo,w,e:rd_rt,si_es,.w)i_ be.

delli_e_ t_e meeAiedl_es'. w____ su_l_l_)t_,ra_ow/sl_ecttrall II)_aa-ad!w,i_d_4,since _e steep s_oge o)_
l_e D>NAe_ress,sez_.i_) v,e_rsta,s; _v¢'l_r_g,lll_)1%_, w,eiJgl_s',lll_e,sl_o_e_ ,_el_ng, llli,¢om_ot_er_Is:
o,f b_oad!l_a_dlexe_i!or_, to, SNJ_ffae ap.p_er_ ¢_ross.sect_ota__'¢_or_ Ilo,sl_orter w_el_ngl_,s',

i da)ma)_ei_ _,iis__eg.m.ra,..'Desiira'Ib_l_epmlpemes, _o_ _ so_rce, tr_ pmb_g. _e l_l_og,iea_ effects, o)__?_ _s, _relI_edl_o)o_otae.di_l_i)effo_a_e g.i_e_a,iaa_2ra,lb)I_:Irl]..

"_/_ve_erg,_ Tma,m)g.l_ge 2!80)- _00)ro,m,

'TiptoeS;macm_e ¢ota_iaa,mom,s,m_i'mrolpta,l)ses.

S;pectrallBa_d!W_dQ_ /VX,/_ < 3',-I)0_'

wa_ce_e_)g_l_,S',wiJ_c_g,:Tiime < 1_0_'see: d'esi_l'e
< II_'sec: aee_rabl:e

Po_e_,. _me _v.e_g,e > 500)_w,.

T_e e_ross:set,ota, Ifo_rd_m_g.i_xg.:D)NIA._r,_elaes:a, ma_i,m,_,m,_ta,__e_re _,s:rra,_ea,soraa,lb,l'e
li_el_.l_oodilal_a_solIa_variant/ota,i;_,_iis, speewall treg,iota,wi_BJev.e_rtrea¢l_,l_e. ezz_,.. C'otar_er_,_o_a,all
somrces,a_e ge_er_t]Jy,zd_qft_a<m,fo_ ,,_vei_a,g,_,s. _te_ t_,a_ 200:)ta_). 2r2_ere:iis:cota,sfdeml_,l)e
iir_e_res_,,p.__ciitp_11I_, iim__a_a_,, jim,s_d_a_g., l_l_e,effee_s_o_"w.a_e_e_g,_t_,s;l'ess:l_.a_,200>ta,m,o_ D)NIA
a.._dlo_he_rb{o;l!og,iead!mo_ema)ie,s;,, The m.,niior_!eiis,_h_t _t_e.e'_'ec_s:og _l_esewavel_e_gl_t_,s:m_im,_¢
so,me og _lt_.e.tpvope_iies:o,ffiomiziimg_adti>afiiora_..Experiimera_ns;tlo,p_odttaeect_aacteriizatb,t_eq_,_,ni_tiies;

1J8;
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S;t_ectroscopy

Ramma, s?ec_esee?y/ _,ses:vSs_l_,I_.,,e,llwav4:ol_tl,,ancll aea_ L_ra_edl l_l_emr_,s;no, l_mVi:d_'

& DV)}sl_ee_eseo,py',._t_e:v.i[_rattiiem_llb_tls; a_e _el_lfiiv..e}y'mam_,_,w/anvt!l_em'ce,nt_e=enem'dis;no,be: _ess:
st_e¢_all everlN_,.. _]'k_u_,s_,fo_rexamp:t'e,,m_DN_, otae.¢a_ see: _eso:llvedttlxa,s_ni;em,s,a.,ssee_amdlw.{tt_

slPect_oseo_caI_ty si_l_m_.,S:i_a_l_ i_,_o,_ma_m,¢om,_dtl_e.obt_ai_edt_o.m__R sidecar.. Ho,w.eve_,,
w,Wille.,e,ane_r,,_e. ¢anomi;eaiIe_v.iimm_mem_ntie, l_:_ogy/,, a,_so_bs:st_om_#yi_m__e IR,. iJ_i_s;a_lpoo,

Tt_e.c,oss; sec_et_ I_e,t_ama_,sea,on, g. ii_¢,eases b,y'o_de_rs,o,_"ma_d_md_._e_wave_emgOl_,s:
¢o,._estpo_'d_irag__e,ei_ec_om¢' tara_sij_i;er_s;..TWis:'"_esotaamce:'"t_a,ma_, egirect g_ea_ly.'i_¢_eases__l_'e
sen,si_i_/y,, og li_e me_odl _dl l_s: t_eeI_ex_l'oRedlt_orsome years: i_, smcti:es:og mo:l_cl_l!es:_t_
cem,tlaiim,seine ¢e,m_e_e=_ _l_a_absent,s: S_lrOr_gl_'ici,_l_evi,si},t_e--l_emetvmnem;,, ire.itexa,m,p,lle..WiJ_t_,
ulcleatd_em,_o,f tDV llaselts:,,tfl_e:t_e._efmm_oog Iresema_¢e.Ram,a_,spec=oseep,y og b{o1!og.iicallm,anen;a_s:

g,Irota_ps:,.sacet_mr}d'es:,,and! l_dls_. P_resela,t ¢ota_em,l_omdlt_ase=s;_est_ct tt_e s/1iim_,llaa,m,g,w.ave_el_g_h,
l_o,a lliim_Jmdlma,m,be_ogd_isc_elIe.Itiines_,azllbei_gan,i,mcl_easi,lg,l!ylla_gel_maxa_bear..C'amm_u_'eut_s,nl_ab_t.itiJ_y.
Do,m,.a, sia_,g.l_.ellase_wo_ttl'd!be d'esi_ab_e.. _e. poae_ a_.ai_ab,I'e_mm, eam,vemtt_om,alll_se_s_iis:allso,
t'i,m,iini,ag. ilmrso,roe,expe_me_ts: and!an some. w,avet2en,g./_t_,s:,,allt_t_o_tgt_,beam, powe_s;g._eam_rni_, a
gew 'Mw,_e lt_l_elty,_o,d'eglrad'em,a_,y,bi:ol'og.ieallsampl'es. A_it_ac_s_&_eto,phoned'.am,aged{sam_;t!es;
ca_, be avo_dedl iifr_eeessa_,,b5, ¢O_lt_i_a_urot_,s;_el_I!em,st_mem,t og _t_e.sam_tle,,pmrti;e_.Ita_y_m_l_iimetiie
ex_e_,me_,ns:i,m_o:lVmg_o_' m,i_xiing..T_,me stract_,e: eg _e pt_etom,beam, iis _,se._u,,'JJbe_t_,l_o,
ser0a_atiilrg.Ram,aln_scan_elriimgDo.m__e_esee_lcea_dl i_ ki_iet_¢,experiime=_ns:..

czross:sec_or_,o_fv_:,am_rw:t_l(IIallse,I_ee_.l_ai_cedl_,y:t_esor_ar_ee.Wa_.el'e_g_th,s,wi,_ct_,mg._iimes;eg lJO_'
s: went.lid!be i,d'eallandl _0_"s:accer0m6,1'e..

S;pec_'alltP_y ks:a,eer_¢e_ m,ta,stagF'IELs:t_o_I_am,,ar_,spectroscopy.. Folr _e cotv,,elntnmm,all
lla,sers: u_,sedl_o_Ra_man_st_e¢_oscet_y,,_X/k g; typ._cal[tly2'..1_0_s' {a 110,Gh,z band_d_t_ @ 5:©0_a_m0t,
w:l_Si]Jeire.lrp_el_esed!F.tELs:,,va_mes:o,ffA.X.//'a.- _Or*_l_a_et_ee_ dti,sc_,ssedt..Tl_.,bs:may roonbe a t_a_alt
D'el_,_em,,.l_o,w..eve_,,since: f_m,l_reser_,tP,_m_ exile,,morn,ns,,_t_e_esoilm_or_,o,_t_e st_ect._,m,i_s:taet
I_ami_l_ediby _t_eIti.r_.ew.{d_l_o.g_e l_ase_,,b_t_b,y,,_l_es_ec=all band_l_S og _t_e:d'emctiiom,system,.
Typi_c_ ]._mes;a_e'5; to, _0_emct' i_ ve_d_l_,,w,t_,iielh_at 200_m_m_{= 501,.00.0iemct) co_espemd!s, no,_X,X/X

, 1_9_



Time ResolVed!Flmorescence

sm@es: 08 b,_o,l_og.iic_lsm_zmees:, h i,s:o,#mm_meta sem,si+_e m:,_i_e l_o¢_llemvi_om,mem_e+_"
f_.'e_o_'_e. _, _s.si_m_:t!eabso_ov._ slpec_oseo,p,y,an.di_ovid'es. m'o_e _y_ealt '"h_'cl_es:'"::

As: iia,P._ma_ sl_ee_oseolpy _'d¢ W d_m_ge studies,, _e _l_i_iJ_y_o,sel_e¢__$ exc_o_
w,_vei_mg_,a_ w_]__s:_.ll_m_,_ zd_aa,t_ge o,i_F'ELs:iaa__o_esce_¢, slpec_os¢o_y. _,mrtte_emce
f_o,m,_e a_so_ot_ o,f w,_11e_;Item,s',_e slpex_--AI_eg,io_ etr iaa,mms_ _o,wa_e_e_g._,s:g_ea.m_t_m,
_bot_ _$@1_,m,. P_ese_a__ MBo_o_,,-l_a,sedt l_sers freqtmeta,tt[_'Ia¢l_ t_e ia.m_,si_y/mq_4_i t_o,
m**e. d'ema_.dlbl_,ext_etriimemus;_¢[t lbeam,]po_e_s:g._e._m__a_ _ few'Mw,'may,d'e_zd_ _i,_og,iica_

. a_oi_tecL,if mexessmry/,,b_,cot_fi,m,_o_,s,
t,epl_e_l,hl_me_ao_"_'e samgI_e,,pm_:cm,lla_iTi,1,I_e_i;c ext_e_me_a_s:i,nvoi_.'i_,gflow' m_xi_g,. L_sma_l!y,,,

TI_'effme sm_¢m_e o,ft_e p:_omt_tbea_ i;s o,f _ea_ iimt_o_aace iv.,ff_emeas_eme_,_s: o,f

w._fl_,d_,a_o_, o,tfa ttew'ps. _,dl _elpe_o_l, mm o,t_zbo_,_a Ml_,z. Wa_ei'eng,_ s,w_ei_,i,_g._iimes.o,f
_C)P's worn,N*be desi_atNe_dt _@'s:acceptable. Tl_e.atN,11i_y,m, s¢_, t_e wa_eteng.th,og_he exc_N
phe_ota,b_m, ¢or_,_,m_e_,sl_y',,w_hi,_e,comveta_em,i,s:tao_aecessa_,, gev mos_ we_k.

t F'l_oves¢_aced_noms:emission,i_om,an_exeitedls,tateto,a,g_ound*state o_thesame st_in,mul,_i_li¢i_,,For _e
ove_t_el_g maj_i_ o'_mol_a,l_s;of mteres_in,Nol'egi_.llsystetm,._ese az_ smg.l'e_.srate.s.The te_
l_i.nescen¢, mel_di_s:Bo_t,flL_ot_escenceandil_ho_ho_sctmea.Thel_ter denotes:emiasien_oga,pl_emn,_a_occur.
in,_:otaj,un¢_i0n,w,i:_,a,¢laang_m,_m, mul_[_/t¢i_;:umml_'an,excited!mt_te_state._atrad_a_i,v_ltyd_ays:to,a_smg.l_
g_omadtsmm...Pho_-l_ho_eseence.is;_'i_o,use_lin,sm.dies:of biolOgic.allstructures;,all_ebto, a l'esse_exmn_t_a_,
gl_oveseenc..Time smmem,e¢oasideratyio_as;a_ediit_f'e_n_forff_ot,esee_¢,andpho_ho_esee_tc,..Cha_aetems_i¢
lti_'eti_es:go_fll_ot_msce_ace'r_,ge grom,a,few ps to,a,fewhun_t_edtns,.wtaiil'efor l_hosphot_esaemee,di_ca.y'_i_aes.ra21.ge
f_om,/Csm,tens:og,_e¢era6s,
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