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Abstract

Tire p1r'pose of tliis fc-,llori' rU) report is thleefolcl. to examine cliticalli' the t'etprit'e-

prepts 9f glr'heli1r1 at,bm micloscope as it is plesentll'coucier-ecl, t,o pi'erlict it's liliell'

perfc,r.nalce ancl pr-opose clilections for tlre exireriment,al progt'arllme. The stmctule of the

lepolt, is as follou's.

Iu Clhapter- I the neecl for an extlemelf intense inciclent helium bea,nl of small cross

secti6lal ar.ea is eruphasized. Chapter II describes irrcliticlualll'the fact,ors ri'hich togethel

colspire to urake our ploposed microscope extretnel.r' inefficient frorn tire perspectite of

corprt r.ate. theleb5' jr,rstifi'iug the call for an intense incicleirt ir"urt , Chal>tel III shou's hou'

n-ithout a. l:eanr of surall cross -sectional alea. backgt'ouuci gas pt'essures ancl llaciigr'<ltrttcl

siglal n.911c1 both l:e unacceptabl,r- high. Contlast though "shaclot'ing'' effects is lilieli' to

|e the lrajor- cont,ra,st mechanism for non c,r'stalline talgets and is clescribecl in chaptel l\:.

The cSrestion of hou, intense an incident bearn ca.n be macle is cousiclelecl in chapter \''.

It is c6lclrrcled that ruicroscope opelation u'ith inciclent bearl pressuxes in the molecrtlar'

flon, r.egiol is irossiltle. That a small raclius atom foctrssing milrol must be cletelopecl is

colcluclecl. C'hapter \;I plesents an alterna.tire lltealts of olttaining improvecl couut' r'a,te.

pa1re11. thlough a planar al'ral- of zone plates. Although a tuicroscope lla,secl on -"rrch a.

cler-ice lroulcl appeal extlemell' difficult to realize. it is pointeci otit that tbe techuological

hulclles preseutll. before us u.ith r-espect to priurali' beanr inteirsification are aireacll' cc;n-

sicleta|le. Chapter YII finali5'concludes that effcrrt,s shouicl be directecl tou'ar<ls procluciug

an inten-qe focussecl heliurn beam if tire cle-.ign, as it 1:resenth' stancl, has a lealistic chauce

of success.
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I. Introductiou

Foul n'eeks a,ftet' the cotnpletiou of lepolt nur:.rber- one. the 1;elspectir.e ha,s cl:augecl

sortret'liat. Oue 1lr'<>lllem uou'stands out clear'l5- as tltat ulton u.fiich the feasi6i]iti-,rf

the entile itroject hinges. nan:el}-. the problem of lon' count rate. i t'ill shou' that the

|esoltttiou of this plollletn r-educes to that of producing aD extlemeiJ, intense heiilrp 6eapr

to illuruiuate the talget sulface, pelhaps of iutensitl. 103 --+ lga tigres g1ea,ter. t1a' is

r:sttal fol experiDrents intoh'ing nozzle sources and of extremel,r' smail cross sectional a'ea.

l\:hethel' this goal is attaiualtle on technical or theoretical gronncls is lot 1-et clear t,o r:re.

I thelefole plesent this follou, up repolt as a l-rasis fol fulthel cliscussigps.

II. Pliruary Beam lnteirsity Requirments

I assume here u'e lia'r'e clecicled upon a zone plate a,s the atom lens t,o iurage target

sttlfaces fcrr the 1'easons presented irt nt-r' fir-st report. The proposecl scherue is sho*.

schematicallf in Figule 1. Although this configura,tion -satisfies the r-ecluirerpelt,s 9f higir

slratial le-.oltttion. courtt lat'e is at a. consiclerable rrreurium for. iire frrllon'irrp' .r'ea.s..,ns.
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Firstll'. tire zone Pla.te subteuds a tiirv solicl angle n'ith respect to tlie talget. Takiug

a,s alr exatnple the 200 p..4 pr r-esolution zone plate usecl 1t1'C'ar1ai et, nllll q,ith at6'rsof
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:2 --t u.al-elerlgth (20" /i sour-ce). tiiis solicl angle ttiltts ont to 1le oull'3.9 x108 'tr" Oue

rrrrrst, fr.'.t,her'111o1-e leck.n *'ith a zone plate tlansmission c,f - 50(X, ancl the fact that onll'

21,X,c>f.the tr-ansmittecl intensitl is clirectecl into the rn : 1 cliffr'action olcler', Finalll'. <-rrll1'

the r'r.r'och'ouratic tlersticalll- scat,terecl electlons n'iil be -"uccessfnll1'focr-rssecl]>1'tlte z,tte

plate. The preseuce of inelastic collisions betn,een inciclent helium atonts aucl tlle sulface

r.eciuces sig'al ler-els aucl gir-es rise to backgror-rncl in tiie mea-"urecl spectla. Although Nell

.r,cler.ecl cr..r,stall''e t.arget,s (lalgeit unintelesting flom the point of I'ie$'of a microscoPe)

cau leffect atorns elasticalll' u'ithan efficienc.r'gleater-than 50 %'. per'haps as little as 10

% efficie'cJ, collcl be ex1>ected from a,n arbit,r'ar)'non-cr]-*"talliue tar-get stntctur'e i'e' a

l:iological specimen.

Talii'g all tJrese factors int,o account ancl assuming both a cletection efficieucl' <,f ,rrle

f.r.' the fielcl i.rniza,tion cletector' [2] ancl isotr'opic sca.tt,er.itrg frour the sr.u'face. the Dricloscrl1-)e

*,.ulcl cletect oul1, one particle in ' 10e -.* 1010 scatterecl fi'om au area Of target srrlface. the

size 'f 1r,hich is cleterruinecl b1' the instrumental lesolution. Of course. the assttrul>tion of

<liffr-rse scatter-ing is a rvorst possible ca.se from the per-"Pective of cortnt, Late. net'eltheless'

f<rr. a' ar.Sitrar.-r- po1-crl.st,alline target surface it, represents a, reasonable aP1>r'oximation i[

the abseuce of nc,r'e detailecl infortlation'

U'fcr'tur:a.t,e}1,, po high sira.tial r'esolution palallel cletection s,r'stem pleseutll' exists

f<ir. the 4etectit;* 6f heliupr atlms. This mear:s that an image ruust, lle f<-rr.urecl l-:r' setFreDtial

p'i1t 61, poipt 11teastll'ements. In the optimum ca.se. florn the pelspective of balaDcing the

c''flicti*g le<luir.ernents of goocl coturt rate a,ncl resolution. the iouizatiou a|ea of the field

ionization cletector- r,r,oulcl be set to the cliffr'action lirnitecl ::esolution of tlie a,toDr letls (zoue

1>late) e.g. 4000 ri f,rr. the zone plat,e usecl iu leference [1]. t]re total lesolutiotr theil being

1.41 tir'es lar.ger thal this r-alue. At an1, gilen time tireu. scar,tt'erecl atoms eminatitlg frotn

orll, a 4000 -{ cliapreter. al-ea, o1r the surface are being cletectecl. Fc,r'examPle. fcrr the lic|rid

rriti'sge1 cooleclheliurnsc)ru'ceof referenc" [4] (7x101e particles I ", lsec<;ncl)at a clistairce



()f .2I rnetl.es {r.c;n t[e talget sulface. the uurlber"of scatterecl pat'ticles iealing sncit au

a'ea *,'*lcl 6e 2 xL08 per secoucl. \Iultipll-ing this uuurbel with the att,enrtati<,rtr factol of

- 10-g -, 10-10 tlelir-ed abor-e uncler the a,ssr.rmpt.ion of isotlopic sc.at,t,el'ing alcl assruDiDg

tire ilelastic ltackgr<;ulcl can be neglectecl (see Sectiott III). u'e come to a P|eclicteci ct'rtttlt

r.ate 'f .01b --* .15 c/.* !l In otirer t,olcls. an enirancenteut in beatu intensiti'111- a factol of

103 -* 10{ r,oulcl lte lecluirecl to leach a corint r-ate of onll'150 c/s !

I *ot,e also at this point that the a,ssumption of an inciderrt 
'beam inten-*it)' of 7 x 101s

at.r's/sr:fsec rnal- u,ell be an oterestimationfor a lou, temperatule atorn sotll'ce (- 20"/i)'

s.c6 is 
'ec1ui::ecl 

to br-ing the zone plate focai lengtir down to a reasc>nal:le size (.45 r:retles)'

\lea-.rr'e'rents [1] suggest a leclrrctit-rn in bea,r:r intensitl'b}'a factor of aPploxiruateil'5 is

tr'ticillatecl i1 going fr.orn lirg-ricl uitr',:,geu t.emirelatrrles cl<.rn'n to 20o-If clue to a llloaclerring

<.,f the bearu irlofile.

III. Prirrrary Beam Spot Size Restrictions

Asicle frolr tire lequirer:rent of extreme intensitl'. the incideut bearn mu-st l:e of ex-

tr.e'reir. s*rall cr-oss sect,ional alea. in orclel tha.t onh'a. sma.ll alea of the talget sulface is

iliuruiuatecl. The lea.solts are as foilon's:

Fi'stli.. as descr-ibecl in r.epolt 1. u,ithout an extlemell- small inciclent lleaur spot -size

the clifiraction or-clers t-ill oterlap consiclerabll- in the iurage plane a,nc1 rrt f L olclers \-ill

co't'ilr*te siglificalt11, to the mea,sulecl spectrum. The introclnctiou of a "st<lp'" (see figule

1) Setn,eerl zolre plate and image plane. ploposecl in refeleuc* [3] pg. 195, n'ill ir: 1>r'incilile

1.eln.1-e coltri6utions fi'our higher orclels. howeveL I har-e not 1'et c1i-.ct.rleleri irl lit,:r'atttre

*.hethe1 this net.hod has to clate beeu appliecl successfulll'. In it's altscence. the -"malJel the

spot size. the smaller is the contlii:ution from nt f 7 or'<lets at the field ionization tletectoi'.

A' i*cicle't, 6ea,n s1>9t size of less than 30 1.r rra], n'ell be recgrii'etl to keeP coutt'illtt'ions

fi'om nr f 1 olclels to a 1ou'lelel'



Flour an entilell'cliffelent pelspectite. u'ithout a,l incicleut beanr of sruirll c1.()sr.i sec-

tional alea. t,he 1:acliglound gas i)r'essr.lr'e cor-rlcl::eacir an ruracceptabll'higli 1er-,'1. Fo'

exanri>le. if one inclea,ses the intensit;- of a beam bl'a factol of 1000 n-itlx;ut r.estlicti'g

it.'s closs sectioual alea. tlten cleat'h' tire backglouncl plessur.'e u-i}l r'ise 1l- a 1rlo1ror.ti.'at.e

aurount. A consiclerable coliision lat.e betn'een ba.ckgronr:cl gas atonls ancl the sl<.r.n. rr.r.i'g
(:20 Ii) atonrs scatteled frorn the talget sr.rrface coulcl theu t'esult or-er the rr:acr..,.c.'-

icall1- lalge distauce (: .5 metres) sepa,r'ating surfa,ce aucl zone plate e.g. for. lressiSle

backglouucl plessures 10-3 to 10-a torr'. The resuits of detailed calctrlations corrcpr.*i'g

this ploblem n'ill be plesentecl at a latel date.

Finall.i.. in the sallle nav that the iracliglouncl from nt f 7

tlrrcecl if the ilh.uuiutttecl surfatce ar-ea is sniall. so is it also tnre for'

to the spectrum. This effect is illustlatecl in the diagram belorr'.
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Iu (c) the illuurinated surface alea is representecl b1'a. Eia-.ticall]'scatteled alorrrs

cleliting fi'om this area are focttssed onto a slrail area d at the image plarre u'l.rcle tltq'

a,r'e r-eco:.'clecl b1' a fielcl ionization cletector' (I assur:re o - 5 fol sin:pliciti'). luclz"sticalll'

sca.ttelecl a,tours. clue to their finite rnomeutuur spreacl. are cliffusecl ovel a mrrch lirr't{('r'nl'rtl

A at the image plane. Tiius inelastic ba.ckgronncl contributions ale uegliga'l>11- srrr;'ll irr tLis
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case. Iu (b) rr'e enlalge the illumiuateci sr-u'face alea tc) ! rvhilst lieepiug the inconriug

lteatu iittertsitr- per nuit talget alea unchangecl. The situation is now eutilell'cliffer.ent.

The iuelastic scattelecl l>a.clilouncl is no\\: spl'eaci oter an area A*. ouh- slightl.r'Iarger than

bef,rt'e. l>ut the numl:er of inela-"ticalh'scattelecl electlons passing thlough the iurage Piane

pel ttuit tirne has non' been incr-easeci bl' a factol of - !/o. The signal stlength flr.ni the

at'ea eletuent a at the irnage plane lema.ius of course unchauged thror-rgh this opela,tion.

Signal t,<.r baciiglouucl has thus beeu clecrea,secl b1' a factor - n lo !

In tlie limit of an extenteh' large illuminated sr-rlface area. tire signal to i-racligrouircl

t'ill altpr'oach the avelage latio of elastic to iuela.stic *scattering cross sectior:.s frrl tire par.-

ticulal ta.r'get uuciel obserr-ation. Tirerefo::e. if the iuciclent beam cannot be r.'estlictecl t<.r a

sutalI alea. thetr rl'e cotttenci not onh- ri'itir the 1:ioblem of hr.rr. to sulttla,ct. the l;ircliglouucl

(n'hich ttta.r- trot uecessalill- be flat). but ai-*o the fact that t,he concomitaut leclrrcerl irp-

a.ge clefinition (contlast) necessitates consicler-abl1'longer clata collectiou tirnes to ol-,taiu

au image of a prescribed clualitl'. I uote at this point that time of flight subtlacti<;n of

tlie iuela.stic backgrouncl ri'onld be impla.ctical on the grouncls of lon' clutv clcle because

c<luttt late is at such a pren:.iurn ancl incleed might lot lte possible on phl.sical grorutcls.

a,s refereuce [2] founcl the tirne l'espcinse of the fielcl ionization cletector can be estleurelr-

sl<ln'.

As atr illrrstlatiou of the proirler:rs inelastic bacliglound introcluces. r'educing the elas-

tic scattering plobabilitl- flom 100 to 10 pelcent fcrr a gi'r.en l:eam iuteusitl'n,orrlcl lu.earl

that flc"rm statistical argrtmeuts alone. the data collectiou time n'oulcl har-e t,o i;e increa.serl

b.r' 100 to n:.aintain image tpaliti' clue to the uncertainties introclucecl b1- the plesence of

bacliglound signal. \1:e t'oulci then be talliiug abont a rerpirecl bearn intensification of not,

103 -- 10{ times but a 105 -- 106 !l!.



f1/. Image Contrast for Diffuse Scatterilag Surfaces

This srriall cliscur-siou. althortgir not completell- unrelatecl to the genelal t,herue of

this lepolt. is inclr-rclecl hele t,o compensate fcrr an omission in tire first lepolt. namell-. the

ploblem of contrast for non-cr1'staliiue talgets.

It is ail verl' n'ell to talk of cotrnt rate a, figure of rnelit for- the micloscol>e. hon'evel it

is the contla.st of the iurage folmecl that u'il1 largeil' cletermine the rSralit.r' of iufolrnat,ion

gleanecl. If rr'e 'rr,ish to builcl a ntict'oscope capable of obserliug non cr1-sta.lliue talgets. e.g.

biological sirecimens. n'e rnust contencl rvith the fact that eter1' point orrel the talget is

essentialll- a diffuse sca,tterer, In this ca,se. the main contra,st mechanism n'i1l be through

"sha<L'rt'itrg'". that is. thlough the fact that a clilect line of *"ight ltetween srrlface anci zr.rrre

itlate cloes trot exist at a1l po-*itions on the sulface. Contra,st, clue to this effect shorrlcl lte

extt'eurelS' high although illumination of the shaclou'ecl legions thlorrgh nnrltiirie scatteling

is still possible as inclicated in the diagram belon'.

Figure I\'-.1

t

Of coulse. poiut t<.r point taria.tions

talget sulface. tiu'ough tariatiorrs in the

image contlast. lrot'eler these r-ariat,ions

in the ela.stic scattering closs section acloss the

l.rhonon creation plobabilities, n'ill also lesrrlt irr

are likelr' to lte small fol l>iological saml>les i.e.
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the ex<-r-slieletotr of ait aut t'ill not exhibit poiut to 1-roiut r.aliatious in elastic scatt,e'i'g

t'r'os-q secti(.)11 AS it is t.rf essentiiilh'cctit..;ta.nt. chemjcal comltositic)n ()\'et' tlie eltjr.e lt,4r-.

He|e I hale assurnecl that the strr.rcttlr'e.s a1'e largel tiran the iustmruental r.esoiutio' at:cl

ntrtch lalgel than the inciclent walelength in scale. The l-rearn algle ca,' of c'*r'se l.re

itrcleasecl t<.r enirance the effect. although this ri'ill le-*ult in an increasecl sp<-rt size ''
thr-' sur.face. thelelll leclucing the l-leanr iirtensitl' at tire sulface aucl ac6-e1esl1- zrff'ecti'g

nricroscope pelf<,rlmance ftrl the leasons pr.esent,ecl in section III.

V. Feasibility of Requiled Beant Enharrcement

Ft'otu the llleceecling cliscussion it is ei'icleut that a highf ilterrse ipciclelt atru.r

flux is letluir'<:cl tct l-rling the clata collection la.te of the 1tlo1:<.rsecl at<rn nicr'<,rsc61te t<-r arr

accel-rtairie lerel' The fuirdameutal cluestior:s to be au-*ttelecl a1e t[e1 the f9l]<.1r'i1g: (i )

-{,t n'hat 1>oint along the atorn beam is the florv uo louger descr.il>al>le a.s molecllar ? (jt) if
the flOil' is no longer molecular'. cloes this necessarill'clegracle the pricrosc<-:pe perforlra'ce

to art utraccePta.llle lerel for a -"mall illuminatecl talget area ? It is these rltrestiogs u'hicl I
shall non'a,cl<h'ess.

Accolcliug to referetrce [.1]. tire bean can fir'st be clesciirecl a,s ruolecular.flou, a,t the

"srtclcleu ft'eeze'' srrlfa.ce at, a ra,clius Ii; from the nozzle given b1- the ex'r'essi.,:

Rt *, r r-.,*;
D*t \jtrJ,t''

-A.ssumecl here is a termiual \{a.ch number ,1-fr ) b. i is the ratio of specific heats

(1.03 ftlr He). I a. calcula.tecl consta.nt (3.26 for He) agcl D* the tt1tzzle clianreter. Frrr tire

7 x 101e a,toms /sr'/sec 10 pr. sour-ce assumecl in the esanl>le c;f sectiop 2. R t c.'res o't
to be 13 nrnl. l\Ioling the source in that exaurple fi'om a distalce 'f .2b ruet,e's t. 13

rrtrrr frortl the talget. the ]inrit of rnolecr,rlar flou'. rvoulcl inclea.se the bearn int,ensitr. br- a

10



fact<t:. t# tt - 370 tinies. still sholt of or,r:: ciesilecl factor'<.rf 1000. Accorcling to the theolr-

irr l'hicir tlre abote eclr-ratiotr is clerilec-I. the rerclius t.rf the sr.rclclen fi'eeze srrlface cau l-,e

leclr-rcecl bl lech-rcing the t<szz\e climension. I)ot.er,el' this then lesults in a considelable loss

itr i;eaur intensitl-. Attempt,s to compeusate fol this tlrr-ough incleases iu s<.rrrlc(: plesiirll'e

ural' leatl to clustet'ing of the beanr. Fulthel pr'<.,1-rlerus alise t.hen one tlies t<.r lestlict the

illruninatecl talget area thlough the intlociuction of au apelture clue to the effects <.rf finite

s()Ltt'ce size. the atom flux lrassitrg thror-rgh the apeltr.ire lteing consicleral:l1- cliffusecl ltl the

tiuie it leaches the talget sulface. It celtainh' appears that a culr-ecl focussing ruillol rual.

be tire or:.it rea.sona,ble 'rr-a-r' for us to plociuce a localizecl br:aur of heliuru a.tonrs of the

lecluilr:cl inter.rsit,r-. If it's raclius of culvatur-e \\'ere macle lelr- surall. the ach'else effects of

srrlface iuosaic s1-rr-eaci. clesclil-lecl in lepolt 1. u'onitl be con-*iclerabll. reclucecl.

Tir the,o,:concl cltestir.ru. rlhethel tLre nricloscope coulcl concier-abli'be ura.cle to t.or'li

t-ith an iucicient. beanr plesriule at the tar-get snrface exceecling the liurit fcrr rnolecular'

fl<trr'. the allsrvef is in plincillle 1-es. Sucir a sitr,ration corrkl coucier-a.l-rh' be leachecl 'n,it.h an

atr.rtr.ric millor. If the inciclent bearn cr()ss section could be macle r.er3. sura.ll. then so r"'oulcl

lte the int,eraction legion betn'eeu the inciclent beam ancl scatt,erecl particles iea'r.ing the

sulface, In principle t,hen. the proi-ral:ilit-r- of iutera,ction betn'een inciclent and sca,tterecl

ltarticles conlcl be liept \.el']' lon' ancl the perfoln:ance of the nicroscope not too baclil'

affectecl (see figru'e belorr').

r
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Qrtanturtr mer'hatrics sal-s that thele ri'ili all'a1's be a firrite probabiliti- that a palticle

lear-ing tlte sr.u'frrce u'ill u<.rt l:e scattelecl as it pas-.es baclt thlougir the plinrarr'bearu (the

irrtelactiou fielcl falliug <-rff fastel thau 1/r"2; in contrast to classical mechanics rr.}:.icl.r sars

that all palticles 1>as-.ing thr"ough a field t'iil be scattelecl to sorrre deglee. elen if it i-* b1' a

uriurtteh' small antouut. The clegree of scatteling. of coul'se. n,ill r-ari- ex1><.mentialh' l.ith

tlte plimalr- beam s'iclth ancl coutlibute to l:acliglor-urcl in our mea.surecl sltectla. Operirt.iou

tlithiu "tlansit.ion legiou" pr-esslrle-s mat therefo::e be ptlssil-rle with concouritant. inclea.se-q

iu cottrrt late if the scatteling probal:ilit1' betu-een inciclelt aucl scatterecl atoms l\:ele

uot t<.ro high. I note hon'elet'. tirat los-q of l:eam m<,rnochLouraticitl' coulcl be a prrrblem

cltte t'o iueiastic int::a-beatn coilisions. A focussecl beam iras the ach.antage c)\,el a cprasi-

ltalirllel inten-qe ltea.nr tirat tlte cr.rtrstituent eitou)s ale close togethel a,ncl hence iu a higlr

Pr'(isriule t'ur-ir'onrelt oull'crlel thr: iast stages r.rf theit.tr.aiect<.rr.r-. Filr.a gir-en l.l(taru irrt.errsitr-

(atours/sec/sr') the rr:.ic::oscope c<lttttt late s'iil ire irrciepenclc"'ut. of the incirleut 1-ream spot

size at t'he sulface. a.s long a.s it is lalger than the iu..trLrmentai lesolution. Thele t,ill. of

collt'se. c'xist a lou'er limit to tire spot size to n'iricir a ltearrl can be focussecl fol a gilen

ct'oss secti<tnal area. ancl telocitl- clue to *sholt l'ange le1>ulsir.e intela.ctious betn,een it's

coust itueut pa:.'ticle.

Iu consiclelatiou of all of these fa,ctols, I u'ill i>e perfrrrming calculations to establish

liuiitiug l;eaur pa,r'auretels in the near future.
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1/f. Parallei Detectiou for Heliurn Atorns ?

The best rvar- to irnp::ole couut rat,e ri'oulcl l-re t,o improte the ef{icieucl' of t}re ck:tr:ction

ststetn. that is clear'. I thelefoi'e n,isit. to finish l.ith a clazf iclea. Sornetliiug iiiie a planal

ar'r'a]' of 100 zoue 1>late ancl 100 fielcl ionization cletectols coulcl be irnaginecl. Alignnrent

t'oulcl tt<.rt necessalill- lte sttch a plol-rlenr as ea.ch lens rr'orilcl not, l:.ale t,<r iurage r:r:acti.r'

tlte sa.ure poiut on the sttlface. Tlte target rvc,ulcl theu be scanuecl iu a lanclom fashiou tt.r

i:uilcl up al] irnage. the field ionization cletectors lemainiug fixecl. I assume of coulse that

cliffelences in the positions of o1:ject points on tLre -*r-rlface fcrr eacir leus hate fir'st beeu

nteersuletl (not, necessarill's<l difficult). A computer l'or-rlcl contlol the sr-steur ancl keelr

tra.cli <.rf r-hit'h c()tluts ri'ele all<.rcateci to each lrosition ou the tar-get as sca:.uriug 1tr'<.rcee<1ec1.

\lecirrrrrictrl stal>ilit1'<.,f a1i colnp()nerlt-s corll(1 r'ell Lre a plobl,:m. -\ sirrgle cirarrrrr:1 piirtr:

cletectol in conjuuction rvith a position sensitir-e anocle coulcl l:e rrsecl to cletect the i<.rnizecl

helirun atorus. Tiris seems a. r'a,ther con:plica.tecl scheme. hon'er.el I clran' at,te:.rtion ouce

agaiu to the fact that the proclr:ctiou of an incideut beam of tlie lecluirecl inteusitl' ancl cr'oss

sectional alea f<l' our preserlt clesign itself presents a consiclelal-rle teclurological chalieuge.

VII. Conclusion

The feasibilit.r' of the Heliurn Atom \Iicloscope. as the clesign is 1>r'esenth. concievecl.

hinges tri)oll the cleatiolt tlf an extremelv inten"e helium l-ream to illuminate a sluall area

of the ta.r'get stu'fa,ce. \\:ithout this. the micloscope n'ill not frrnction a<lerprateli-. I ealliel

unclelestiuratecl the clifficultf in a.chieting this goal aucl dicl uot full-r' appleciate all of the

eouttt late clegrading factols iu'i-oh'ecl. Tire otirel tt'o major conponents of the ploposecl

rnicr'oscrri>e. the zoue pla.te aucl the field ionization detector'hale, iu contla,st,l:een exteu-

sitel3- iulestigatecl both theoreticalll' aucl expe::imentalll-. It is non' thelefc;re ru1' r;piuion

t]rat the constlttction of a test appa,ratrrs to inrestiga.te chara,cteristics of both zone plate
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and fielcl i<-ltrizat iou cletector'.

stlucti,rtr .rf all apl)al'atus tc)

tr t-rossilrle test coufigulatiou

. c,f colsiclelaltle irupo't,a.ce. i-. sec6lcla,t'r' ttt t[e co1-

aircl chalacter-ize intense ]ielir-rni beatus. A slietch of

in the figr-rle ltelot'.

althotgir

clevelop

is sht.rt'r:

Arora
sauecE

bviv
/r I | \'r.r

-N/'.

ATcn4 tL P1 |AAOA t /loZZ/ f
gouAl.e- Tory BttvrjTys.l/ 7

Figule \-II'1

The r:r'h, chance of r.ea,ching the lequireci intensitl- ancl spot size Pleseutll' apPeals t<r

lie i' the cler-elopr}]ent of a high cpralitl'focussing atomic mirror. If it can be deruou-stlatecl

tirat a irea'r of tire rerSrireci characteristics is attainable. then one cotlcl couficleutll'set

a6o*t clesig'iug ancl constructing the full micloscope l'ithout the ueecl of constluctirlg a

f*r.tirr:r. test stage. If hou,er-er.. a sufficientlf intense lleam plor-ecl not attainallle. theD tlre

tlcsigir as it, 
'r.eseutll- 

starrcls has little chance of success a.ncl t.he coustlrrcti<,rn of fruthel'

a pp a.r'a trrs t'oulcl seel)l tlll1l'a lla rltetl.
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