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&_c _v_ ixilinell o_ticel conecinis ,Ln.d pr,d_c.cid rlflic_lvllili O! ¢indldt_t lurlaei ¢olllnlt #.or vhiipmr
leIlliy u._rror, J i_ cb. excrete ulc,rJvL_iec (_00 A to 500 _). #raviou_ wort o_ Vi_ol_sdo_ zn_ covorl_rl hies
t_.ntt.li,ld 'Chi l_ic_rll retlll nii: 100-1_0 i _s lii_c/ctlllrly prcmiSln t thJi I¢ lbl l_tsh Whllpll llllily t_rror
lelli¢livlttll I_f the n©blt lliclls 1_. rbs vlcintiy of lliei_ Coopir ilnilil in lhil itiilie, li lonlili ih£1
blite tiiuli us|m t _tve_ O_CL¢ll dlitl,, end Ill hivl iOUlht suffice liltertlle which vollld tzltld Chi li_li OVtr
wk_¢h Chi vhlil,tr liiI.ry ii_io_m _y be umidl _ICueln 10'0 Ii 500 A, Wt [end Chic iubitinciml, wh£1pll_
llliitl lll_ror ilflilltvtCill (hill' or Ireitir than _0I) iri p_edlc_id for i vtilly of tlil_i_lll l_d lhil chi
II plill iefllctl_ii ii l&_lii chin Til l_tlk ritls¢lloli bt (iii lhc o_dar oi 101. lioiivir, u¢it of the tltmiil_i
which t0 rtflsct lt111 hlvt lulilrel thit iri vulntilbl,t ii OiYli_ conc_li.sc/o_ which lefoluily delridli
ll_lrltl liiforlln¢t: A cr),oitnl¢ Ii_rror dlsll_ ul/nl I lllnilllc ,iolid iirl lie lUrilCi which _,ll the t,oiiiitiil
IO _ifiil lllilh l_ll_ICl c_ntt_.lnlCionl Li _elcrtblii 1¢ lilt _.tlk rells¢ilvlc_ of I_oli lilll _0I ¢i_llrtt
I_iir 180 1.

ti Yit0rt _Sit lhc i'hlipii tlllt=l lli/ol riflicilvI¢Iii fO_ V_vils_llht ill_tl lioi I00 I to SO0 1, I_lIpl/
lllltlry I_trtoi! •rS ,C0n_avt ltrrorl which reflect bill chtoulh • l•rlt turnlr_ t l,nlll (llluti 1). Thl li_t_
tihlIpir lill.ill wll flr, lC USe_ by L,or_ ttil_l|lih([l]-o[_]) to deicrLbt hOW htlh £llquinct ic,.o_iiti ftsldl,iuch
is a btrdc•ll, ili_el •roun_ Chi dons Ii, _lul'icl_l_idill.

I will z-ii I 71ti_lr t_II.r# :error vn. /iric pro_ossd_y lrilir t.d l_thols([il), i_d hll b¢¢I_dcvilo_id
l0 10tS Sxtirir> Ii). _lnOlridov lhd ¢ow_rksil([5]-,[S)). l'hty potniid oui iklc ttobli SWellS V_(I will niir
lO0 1.

li iri intertlted in dtvs2opln I soil X-fly ¢lvlliel In 2.00-3C)0 _ riltle _ecsull o_ o_il .fforti I0 develop l
'i_%lliop I_ l_ll_ (lllulI 2). T_irit0lii Vi vo_Id like co ixplorl how vh_lp'ir ltllery li_,rorl york tbovi
iO,O A,

found th,_l low phocoibiorptlon •line diii i_ol iivl I h.tlk r.£i.ccivt ti_H sutf_ctl the ilillnl usually h•l lo
h,lVi • uo¢irlli_y htlh iloi¢¢ dl_l£ly, in i, ddlllon, htlh refltcltvtly 0route _lir lbl Co,pit tt.ttt, lltenl-
till 1, 1o r,siun._bls (nonoxidtzinl) solid lurfiCS li io(_cl ti,l_c_'_fuct tires t_od i_H rl£1i¢iiv£1# ibove

lh,i r_lleccton co_lftcienti ¢l chi vhilplr li 1 lilry Itr_ O'_I ' lieu,milli t_lt lhirl 1i iii lnftililt n_lbltr of
%_u_ctl ebd _h_l lht be_m lp_fol_hil chi li:,_or, i_rfi¢t ii shallot ins11, _i_Ind on lht cor,_lll_ d£iliclrlc
CO_l li_r_ thfoul_.
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sl ii viii _ovu,
Thtl. f_r_,ulis ire _lsrLvs_ eor iphsrlcii or cylindricll vhis_e_ 8ill_r7 mirror |iOttrtitl.

_n'-_ I i_d 1_0 _, lhi noble _,llllll MO, IU, l,h, _d_ _nd Al, l_vli ehi ll.:llii _r#dlctld W'C,Hrefli_i-
•lllllsl,, Thlt iii _,olnlid ouc by VtnolrSd_v([7]). llr. we r.:ilc_llC.4 the rirllcilvIclsl uslni Chi
up41lrd diii o,f l,n_t((10]). We IIIo biitd olr i_tirlli_ltl d_l o_ Vt_dtis I#_turo_lntt([ll),lil]),

' Thl hilhlsl _'li_lc_ed refiertlvlly _or WG_'I ullk thili eolttntl iii Chi prelin_ viii li #or Ioly_di_ul,

7i sh_ll _¢l _llCUlt the l¢curl¢_ Ol lh_ _pt/ell COni¢inCt oi Hinkl*_ _itl h_ri, We dt_ uit _h# Irili_s-
Iii.li i.I,l,zionl ii ei_lm,i_e_'8 (sn4 henri li's)In_ thiy Irl In excellent tlreene_l wl_h li'lt li_ulll _10iCi4
In th, i llrkiley r_porc, but _,ot i_ciu,dtd in _h. dill bill.
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, I_re Ca_wa

Theta are a 1or o_ elemenCJ vA_h _ov phutea_so_'prt©n be¢_es_ 200 A and _00 A. Uovaver, womt ef them te_d
to o_,_dAsa easLly and B_w _ov'WGH ref_ect¢_t_ea _n p_'act_ca.

__, SaO.ep much as ar_on and k:ypto_, l_e p_._Icted to Siva hijh _GN refZecc_v_t_.. A_.Son La pradLcCed to
refIeCt mtro_$1y r_ear _90 _ (F_&_e _), _he data a_,_ _wed 'vn the e_er£_e_tal _ho_oa_sorp_tn cross sectAon
u_ssurcd by _l,_velhera_d Ke_te1([l$]) e,_ aloe _y Samto_([1_)), Kry_o_r o_ _he o_sr h_ud, LI predAc_®d
to have a _ta_ re_lcctivLty of _bout hO_ a_ Iga ^ st chs poeAc£on _h_c_ ve boilers the prtncLpal |sin %n
_iikel-llke_ should occur, etrc= _ar¢ j_SeS (H,e_Na, Xe_ and _-._)Siva verM low =ef_ec_£v_tyin _hia

retLon,
_t _ di_fLcu_t to p_eF_re lolld _l_e la_ on=face and vi p_pose a_ aDDroach belay,

Other _Ie=entu _

" O_r elements whAch s_a predicted to l_ve hAl_ _¢_ re_l.ctlvl¢_s a=e p_ot_ed In l/lure _-7. We no_o _ere
that ¢_e LA_ experimentaleff'or_focussed o_ a m_rr_r composed o_ a _As¢:ete .u_btr _f f_a_ alusi_un _la_ci_
an|_m nArrorm(.[15]-[17|), v|'kA_h .lm closely related to :he _OH york O_ tnterea_ hera.

=repOse here Lo _Ork v/eh a d_s_iC au:_.ace for the :are 8ases, X! Chs e_faca ta)pm=sturm La raised,
the_ mU_AnStlrO_ Wi1_ occur _t S hA_her :a_e unt1_ an eluillbr_ualo eetabA_ehed vherei_ lublLnagAon la
Dala_ce_ b_ c_n_nsatlon_ Th$_ ¢ondi¢/o_ _a charactari_edby a vapor pressure, rh/eh for arden tm l%vtn
very _?p:oxlmate1_ _y _[_))

_htro _he ).rametermPO v::,d_£ are ilven by A.17XI07 [orr _nd O,081)eV, :.epac_Ively,
Am a_ example, i_ th_ :_blen: arson density were ds,f&ned _o he )X10]3 atoms/c_3, rho, _be correspon_n8

photoabsorp_inlo.s vou1_ De,leas than I_ a_ 2_0 _ fat a _ meter _a:h _en_th, Xn thi_ c_se :he p_ee.ura
vould De a_out _xlO'_ ior_ a_ )6_, _hAch 18 the lempera_urecor_espondln$ to this _s_ue as a subllmotAoflpres-
ai_rs_ )nder theme co_dlt_ons_ the exchan;t betveen the m_r6_cc a_d utmoSpher va.ld be conmlde:abIa,and mw
|on_ as _ht st_,b_p)_l,_u¢r, d_mln.a)ed_y ar_on_ th_ aur_ac¢ contamination ahou_d fotlow the a:_o_pharlc level
and De meal). Per cxperi_¢nt,,lSupposed, L_ II odvA,able _.o york s_ the hi&h end of the do;Arable tempira-
&u_e8,

. V, r,Do)¢ed he_. t_e hl)_ reflective cand$,_atesfor _f's (Figure 8). _obla n,etsls_am )red%c_ed by
Vine|radarbe_o_e _Lva hA_h re_lec_Ivl,tAe_ncsr )00 _, Other _earDy ela_enta_ due to thm charm,¢terlatlcoi
the Cooper mlnlma_ al_o 81va =o_erataly hi_h re_lectlvlclem. A_;on and krypton are predicted to reflect
mtrm=|ly betwee_ 300 A and 300 A, Ve proDoaed here _ dyn_Laal surface echem_ ¢o avoid the Fzoblen vA_,boxL-
datio_. _t :IQht be leasable to exKend _hla scheae Io_ sexed su=lace uork_n8 a) bl)h _emperaturea.
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Ffilure I Se,.]_mLtL¢_!' z r_ pith in L w_ioi>er&_I,'7 mirror.
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Abstract - We have examined optica_ and predicted
reflectivities of candidate surface coatin ,r whisper gallery
mirrors in the extreme ultraviolet. Previc work of Vino-
gradOv and coworkers have identified the s regime ne_z "/
I00-150 A as particularly promising due to the h WGM re- ,"
flectivities of the noble metes in the vicinity of t: r Ccx_per/'
minima in this regime. We confirm this basic result ul _we_/
EUV optical data, and we have sought candidate
teriaIs which would extend the range over which WGM
be used to longer wavelengths.

We find that substantial WGM reflectivities are

a cariety of elements in the EUV, and that TE peak

is larger than TM peak reflection by on the order of 10%i/how-
ever, most of the elements which do reflect well have s,Crfaces Fi 1: Schematic of • ray path in a whisper gallery
which are vulnerable to oxygen contamination. Such obnt_.m-

ination seriously degrades mirror performance. A c/tyogenic

mirror design using a dynamic solid rare gas surfaxe _hich h
the pmential to defeat such surface contamination ispescribed. has been pro_vsed recently [4]; and discussions of mirror

/ surface materia]_x[5]-[t}], and surface figures [10]-[13] have/
/ been discussed. O_r interest in whisper gallery mirrors is

I. Introduction /i motivated by sn inb_rest in developing laser cavities (for

Whisper gallery mirrors are mirrors with/concave sur- example, see Figure'_ for use in the 200-300 ._ regime,consistent with our expe_mental tabletop EUV laser effort
faces which reflect acoustic or optical bea_s through a at M.IT [14]. The purpogg.of this paper, therefore, is to
la.ge total turning angle through a large n er ofsucces- explore the possibilities ofh_ing whisper gallery mirrors

sire glancing angle reflections; the concept, is illustrated in for the spectral regime aboveXl_x0 Ii.Figure 1. Although the basic effect has b_n known since

antiquity, a quantitative understanding jbf the effect was Vinogrsdov found that very hig_WGM reflectivities are

first achieved by Rayleigh [1]-[3]. / expected in the vicinity of the Coo_er minima of the no-
Aa optical whisper gallery mirror wo_/ld ideally be made bh metals which occur between 10_50 _. The Cooper

from a lossless material having a refractive index smaller minimum itself is a minimum in the ph%toionization cross
than unity. Light incident from a glancing angle will be section due to a zero crossing of an outer shell dipole ma.-
reflected completely (total internal re_ect!on, where inter- trix ehment as it changes sign going from low energy to
nal in this case refers to the region/inside of the mirror high energy [15]. Relatively high total reflectivity is ob-
surface), and many such ideal reflel_tions leads to a net rained in this regime because the surface provides nearlytotal internal reflection with low loss at each glancing an-

deflection of the beam which is large_l_gle and loss free. gle bounce. Based on this result, we expected that a sur-
In practice, no surfr:.ce is ever free from loss; losse_ accu- vey of optical data at longer wavelengths would reveal
mLlate on each successive reflectmn, high reflectivity _sentially whenever low photoabsorption

Thc use of whisper gallery mirrors for soft x-ray optics occured, and that we would be able to select highly reflec-
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