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A LARGE.- APERTURE HIGH EFFICIENCY IOV DETECTOR
Hyatt M ClbbS and Eugene D. Commms | ‘

Physics Department and Lawrence Radlatlon Laboratory
Unlver51ty of Cahfornla, Berl\eley, Callfm nia -

" February "1‘7.', ;1_9'66
ABSTRACT

A sirhple, highl};‘ e'fficrenr detector jha‘s‘ bee.h--ae;/e:l'ope"v.(i 'fer_'riegative_
ions that is 51m11ar to Rldlev s for posnne 1ons The negatlve lons are
accelerated to 10 keV strlke a Duralumln eurface at 45 deg 1nc1dent angle, :
and.CJect secondaly electrone Thcse bare in thrn acceleratcd by 10 keV
and focused crudcly onto a plastlc sc1ntlllator _]Olned to an RCA 8575 photo-
multlphel tube. The dctcct01 has an entrance. aperture of :>><5 cm, over
which thc sensxu\ 1ty.1s umforrn . Thle Duralurruh surracc requires no
spec1al preparatlon other than pcrfunctory 1n1t1al cleanrng, and the de -
tector functions w1th e\cellent stablllty even-in-a rather poor vacuum
(=10 =3 torr).  With appreprlate voltace chanees 1n thc 1on sehrce the de-
’tector has been tested success;ully ror most of the posmue alkall ions.as
well as the negative ha‘logen .1_ons' F- Cl_, Br_ s and 1 . The detector
noise is a few counts per second at 'eff1c1enc1es e\:ceedlhv 90% for all

.these ions, _cxcludmg grid losses.
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. I. INTRODUCTION

The détec‘tor"des'cribed here has',be.en devélop‘ed to obser\fc néga—
btive récoil ions iﬁ %ev_e ral p-decay ang..plvar correlapi‘pn‘ e\perlments “These
experiments require a detector of lo%v' noise, goodA;Abs:t'abi.'l‘i.t»y;. énd large |
entrance aperture, éxfer whichb th‘e sens_itivity vslilou._ld Be high and '}miifo"r‘rn.
Electrodes re‘quiri.ng no elaborate surface‘p."rep'aration-v-such Ia's' ii.e&;t
treat;per;t, etc. --are desifabie for. simplicity in cohstfﬁcfionén’d opeéra'—
tion. The design chosen is ba’sicé_.lly Ridley's, ! with su_iltabv-l.e: méd‘if.‘ications 3
for negative i;)ns. | | |

A simple vion so_urcé anyd'selec'tor were con'sthctéd té test. thede-
te.ctor, consisting of a tungs‘te‘ri filament c'oat'edv wifh alkali halideé and B
KHFZ to emit positive alkali ions and negative-halio‘gen ions up'otn he‘ating,
low -voltage accelerating electrodes, a crude 9O-dég5 mass spec;,‘tron;leter,v_
and a number of defirﬁng electrodez.s.. The investigation centerr_ed'a‘bout'-‘
F, bﬁt Cl’, Br-, 1, L;i'_'L, Na+,' K+, and Rb+ were also studied. ‘.T_he iéné
to be_vdetected are .accelerafed to 10 keV energ'y-._a.nd 'ai_llowed to strik¢ a
Duralumin surface at 45 deg inéident angie. bThe'ioh beam is of‘;rat.h‘er
small CI'O'SS‘ section (4 (.mz) éompare’d with t>hev envtra:n(::e_ 'ape‘;_'tu‘“r_e §f the :
detec_tor:, ahdvcan‘ be defle&ted evleétriostati'cal'ly to st‘rike.'._a‘ny des‘i"re;(_‘i
portion of the detector’ surface. :. In t>his” \;vay it was péésiblé to 'invest,t:ig.ate B
the spatial uniform‘i.ty of the.defec’tor. |

The»sec.ondary electrons libe ratea at fhc; detectér.sﬁrfaéé are accel- .
erated thrAc‘).ughv--io keV and_.focuse‘dvlonto al plasticl;is‘c'i_'nt;ll.lato;.i‘,j-ofmedﬂ-fo én |
RCA 8575 photomultiplier tube. This arrangc.rnexrlt,i _a.s poiﬁted voAut__b",.y Ri.dlc-:.y;‘
corﬁbines the lligll—gain low -noise characte'r.iv:sti'cé 'Qf _;a'”c-?.nvi'eﬁ.tidrial ;‘;lectrori |

multiplier with the excellent stability of the scintillator-photomultiplier -
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system. Tne 85.75_tube waS" chOs';'en'fo”r i_ts-nigh. cluan?;u.m efficiency, low dark
current, and re‘a‘dy auailability at the Lawrence Radiation Lacoratory in
Berkeley. |

The detector éffici‘ency was de_terniined by coxjnéaring theA detector
.countino rate with a difect rneasurem'ent"‘of the idn VL‘)eam current. Thc latter
is determlned byda retractawle collector placed dlrecLly in ;he ion beam and
-connected tda .sensi'ti,v.e electrome'texj. |

An ove rall efficiency of at least 154%‘ wdas' a"chi"e'ved. fcr _F.;! in v;/hi,cn
almost all losscs are due to grid opacity., ‘At“this efi.”i:ci_ency';the de—tector
noise is a few c'cunts: pér seCond The noisc lcvel is. slmhtly higher than
:that achlevcd by Rldley, but could probably be reduced by scrupulous atten-
tion 'to the sourccs of hlgh voltage noise (dust etc) and by careful photo—
_multlpher 'tube sele'ction. | |

There was no notlceable chanocl in. the quailty of the photomultlpher
pulse spcctrum over the duration of the tests, (seweral months) durmg which
the vacuum. systcm was oftcn open. td atmoaphe re,. and the detector surface
handled many tlmea. Th1_s 15 convinci_ng cv.idence Qf.,the ruggedness and

_ stability of the detector.

II. APPARATUS

Py . o _ A. -Description of the Detector

Figure -i is a crcss-sccticnal’view o';{ the .‘:components of the detector.
: Bo‘tﬁ' grids conéist of twor la}%e rs’ ofv'Ov.'O:’vi—mv‘rn v(‘0.00Z_-i_n'f.‘ );diam’eter tungsten
wire with a pltch of 0. 633 rnm (40 per 1nch) ”T.he.bravss bdi ia sinddthly

‘;;_jpollshcd -the cntl'ance and exlt aoeltmesval'fc squarea w1th smcs of :>”1 cm
g.and 3.8 crn, rcspectn oly The bacl\ of the bO\ is: bolted to a Lucxtc support

-,1n ’Lhe test apparatus. Thc secondar) cmlssmn suzfacc 15 ordlnary Dural

N .y .
B “



4. ~ UCRL-16714

stock ( 2024'1‘) with a falr pc;hsh -A‘ Pilb't: B sc'i';ltillatbr ivs sealed into a
brass plate with epoxv, ’che front face is then ﬁachlned to a very smooth
flat surface. A'layer of algminum abgﬁt 500 A thick is then evaporated
_onto.th'e frgﬁt surface. This thickness was chosen on the basis of Young'sv
obse rvation.th.at ,tile‘ de’;ectéble lu"rnine‘s(:ence _increéses with thiclgness up {
to 500 zi.vbecause'of'the‘incréasea'réfleét'ivity (i.e., better liigrht‘colle_ction),
but decreases above 500 A because of énérgy‘lo_s‘é in the layer §vi.th no
appreciable gainin ‘rcflect1v1ty 3 An RCA 8575 pilofomultiplier tube com-
pletes the ion _dete[cto'r.‘ Its hlf’h quantum ef;1c1ency and low-noise, high-
gain characteristics_'afé essential to the successful operation of the de-
tector. Tl';ei' tﬁbe ﬁse’d‘,.f‘:’('i_rlr‘nost_ "of the teSts was chosen at ré.ndom from a
group of e.:igvht ”goéd.'.' 8575’15,’ ESse-r_ltiallly'tiue same re.sultsb ha{/e béén ob -
served with other 8575 tubes f.‘rOm this g_ro.up'.-

The V’dltage divider network Suggeéted by RCA is used: 0.31 M,
0.1, 0.15, 0.1, 0.1, s ,: O.i.? with O.i—gl"% capacitof‘s'aéros's th_e last four
dynodes.  The sa;ur'atién"that 6_céurs at the'hi.éher v,olta'ges does no harm
in this aopllcatlon Thc focusing electrode voltage is set at 0.85 to 0.90
of the first dynode 'voltace (photocathodc. orounded),.lts value is not very
critical.. The pulse w1dLh of the outpuL is dctermmed bv thc anode rcsmtor
_and its parallel capacitance. For pulse-height analysm the pulses are |
amplified by ‘the Argonne type A-61 émplifier and énaly;zed by a RCL Model
206114 256-chaﬁnel p‘ulse—height analvzef. '/'Couniing is aéco’mpl.ished by two
Lawrence Radlauon Laboza\.ory countlng banks, .each consisting of a 10-\/ic

dlscr1m1nator 3X9923 and thrce 5-Mc dccaae scalcrs 4X 1024, £ - _ »
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B. DesoriptiOn o‘f_.Test ApparatAus |

ln‘ ordle'r to optimize the desig_n.-arlqlto te.s.t' t_he dete_cto;:, an ion
source, selector, cleflector, and clali'bil'atio'n detec'tor are n'eecled (see Fig.
2). The source consists of a tuneSten" l'lbbon filameht (O 0234 mm by about
2 mm, and about 2 cm lonO), coated (by palntlno on and drylng a water solu-
tion) with one or *nore alkali hahdes, or KP’FZ, or both lhc ions omxtted
by the heated filament are colhmatcd rounhly by slits ancl accelerated by
the resonance voltage of a 90 deg mass soechometer with a 5-cm radlus
For F~ this acceleration voltage is about 100 V. A field of about lZOO
gauss is suppl--led by a CU—A:)A{l Indmn\a Steel Product_s D_1v15‘1_on_ permahent
magnef wlth p‘ol’.e_’»'pi.eces' de sligned' .to‘ élye a 1 _o}ri-.gap, The analy.izilng m;g_
net is followed by three definihg eleotjrodes..\vith h’oles.a‘bout‘ 1 to 1.5 mm
in diameter and 3 ‘cm aplart." ‘ Th}e;fﬂilameht’ cu‘rren'e 'r_vequii‘e’d for _beaﬁl
corrents of 10-12 to 10-11 A ai'e 3. t;o_IS_IA‘ fo:rfp'ositive'a‘lkali ‘lons and 6 to
10 A for negative haloglen'ions,. Care mu'st'vﬂb-:e't'a.;ke_h_ to .pvfev.ent‘“tlhe'fila-
ment light fro_m. reaching the photomublti.oli'e'r'V:tLibe'.- Theentlre so'orce -
selector unit i's mounted 1n a.'lcage.l 'Fol’ hega‘ti've iohe the lcage.’ie '._lfl_oate_d
at -20 kv, requirihg an isolation tranefozl"rher and adeq‘dafe’ ihsxl-latio'n‘ to
supply the filament culr_eht. »Pre._sumably-, oh;e.:coulclplaoe the“'is'o\li"ce at
~ ground, the detector box at +10 kV, .a'nd the scinfillatof ai +:.2.0 kv, and still
have the photocathode at 'ground by osing a light .pi‘p‘ev between the scintil-
lator ancl phototube. | . ) | |

The efficiency ‘rneasv.uriements a:re made ‘by COmparing vthe c'ounting
rate Qith the 'cuf'fent t:o the retractable 'collect'o:i"inserted'»iﬁto the heam'be-
' tween‘ f\\;o drounded wrlds scparatlno;the caﬂe a‘nd deltector rewlons |

Kelthlev 6OOA and 610A clectromeuers sc1've to mca%ure the small currents. ‘
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To test the umforxnlty of responsc of the detcc1_01 two paus of de-
flector plates in a shleldlng cagé.are attached to the source caoc, allow1n0
the beam to be’ doflected while it is stlll at low ener gy. Thc plates are

about 2.5 ¢m long separated by 1'and 1.3 cm.

I1I. DETECTOR CHARACTERISTICS

A. Secondary Eh_ﬁSsion Surface

The primary r-equirement for the detector suix_'lface' is a large second-
" ary-emission coefficient v\{ for i'ﬁ’c'ident ions. If"a Poisson-distribution of

. ejected electrons'with meaa value vy is assumed, then the pr obablllty ‘that
no elec’;ron will be‘ ejected is 0.137'-')\,:01‘ y‘\:.i, O 14 for vy =2, O 05 for v = 3,
0.02 for y = 4, etc. Evidently one ‘should strive’ for v = 4 if p0531b1e.
Aluminum was chosen as the ﬁrst candidate on the basis of work by Bourne
et al. > Beryllium-copper is also 'suggésted, having beén'invéatigated%by
several workers. | Cha1nbér$’ results indicate that heat treatnﬁex.lt of Be-Cu
makes little difference in the vy for e'lec‘tron' ejection by idns.‘ 6 ‘However,
Ridley did oxidize his Be-Cu surfaca. ! Chamberé also démonstrate:d the
advantage of using a small angle of incidence. 6 _Figufre“Bl shoW‘_a the results ‘
of our y measurements for Be-Cu and Al at 90 deg a.nd for Ai_"at 45 deg,
using F  ions in the energy range'Z.S to 15 ke\/'.‘ Tha ‘surface:s are pre-
pared merely By sanding with silicon carbide paper and finsing \,.fvith acetone,
as suonestcd by Chambers. The y measurements ‘are made Wi.th the de-.
tector surface inside the de‘téctor box but-iﬁsﬁlated frdm it. Wlth the bo*c
grounded the surfaceis blased to :tBO volts and t‘ma currcnts 1b and 1S. - l,b:
are determ;ne‘gi Wit:h an e,lc_ac't_r‘ometer.,v HereAib refer.s, fo.beam éﬁrrent and

is to secondary electron current. The secondary ejection coefficient is
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"

v = is/ib. Essentially the s'ar_ne..re’s'ul‘ts‘ are <found by using %67.5 or £300

volts bias, or b:'y'r.nea's'u'ring ,ib at the retractable collector rathe’r than at -

“the dete'Ctor surface.

\ Howcver, this was not the case for pos1t1've all\ah ions.” For ex-

_amole, with an ion eneroy of 10 keV and an 1nc1dent anrrle of 45 dcw the

' method of rcwcrsal of detector surface voltage leldS aopalent v's of 18

11, and 7 for K , Na ,- and L1 respec_tlve_l'y.' This clearly c'ontradicts

the estimate of. Y- furnlshcd by comparlson of the pulse hmght spectra of

these 1ons \v1th that ot F . It also dlsacrees \»1th y S obtalned by other
worke rs.- Measurements of the beam current at the retractable collector

glve v's of 4. 7 4 0, and 2 9 for K \Ta ,'< and L1 , respectlvely, Whlc.h

agree well w1th the pulse heloht comparlson w1th F . Moreover, for
’90_-.deg incidence, measurements of ib at .the r-etractable ele.ctrode and at

' the Adete‘ctor Surface agree, -givino 'y 4 1 for K at 10 ch The dis-

crepancy in the dctector surface measurement for posmnc alkall ions at
45 deg is bcllcved to arise from the unusuall} laroe reflection coefflcmnt»

for the_se 1ons. 7 They aoparently lea\e thc surface only after most of

their encroy has bcen e\pcndcd in CJGCtlﬂG secondaly elcct1 ons

B. " Focusing th'e Secondaries on -tbe,_ S'cintillator

To mwestlgate the focusmo propertlcs (1n two' dlmensmns) of various
‘ o .8 .
box de31gn_s, rubber sheet modcls werc constructed. It was first feared

that the Secondary eXtraction field‘between the scintillator. and box might

-also cause negatlve ions to mlss tne oetcctor sulface " The rubber sheet

' model 1nd1c ated that the flcld penetratlnr7 the bO\ is small and later meas -

urements showed that if the box potenual is :>OO \olts hwhcr than that ot the

detcctor sur face, '_ve’ry fe,w ,s‘-ec,ond_a_rie‘-s'"are ext,racte"d by__the 10 kV_.,b_o_x—tof
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scintillator vvoltaﬂge.‘ The primar.y ions have such high enellgy_ (10 keV) ‘;hat
they move in p'1'actiéally,straight lines throdgh the detector box." The ‘othér
éredictions from the”srtu.vdy. of ghe rubber sheet médél were verified by ob-
servix;g vi.sua'lly the lumi.nes'c_ent sc.in’tillator spot (ébout 0.5 ¢cm in diameter)
arising frorﬁ the secondariés_ ejected by an intc;nse F~ beam. With thé detector
configuration of Fig. 1 -andbwith the beam .centeréd, the position of the spot
‘relative to the scinti_ilétor_is centered verfically and slightly. to the ri'ghf of
center (lool<ihg from outvside the chamber). Up\\'/ard (or right) di'svplac’em(v-:nts

of the beam resultin d'own\‘vard (b‘r left) .displa_cémerlits of the spot. Practically
ali Qf the 2;5—cm—diame"£erv 'isvcintillatc_a'r ‘surface is used. - The‘.'focusing,.-is crude,

but adequate.

C. | Output Pulse Shape and Diétributién

A typical V<.)’u.tput fromvthe photomultiplier is represented in Fig. 4
| The large —am;bl_itude_ pulses are the F~ signal, and t»l.le .smaller-‘are noise and
- after-pulses (see III. D..). Lengthening these ‘pulses to abodt i‘psec permits.
pulse-height analysis .withv‘the RCL an'alyzer,‘ as in Fig. 5 .(ValSopF'igs. 7 and 8‘)..
b. Efficiénéy’

- Figure 5 demo,nsvtrates‘ the good separation between the -.signal and
noise. ‘Sever.él efficiency checks were made as follows. A pulse -height
curve is mapped.dut by taking differenv'ces with thé 10-Mc disc'riminafor.' ‘
The discfiﬁuihator is set 'to‘ excludg the highveintensit‘y low_-héight_' h_ois.e
pqlses, i.e., it is set just to fhe right of the sha'rvp break in Figv. 5 The
true signal aboye‘that pulse.height is obtainéd_ by subpr‘a;t\ing' the counting
rates with and without an é;celei‘éting résoh'ance :voltége for the ions. in the
source. The true ion currentis bmgasuzv‘ed with lth'e‘ rvetrac;tab-l_e -collector

o

at +30 volts (the same results were obtained with 67.5 or 300 vo,ltvs)‘vari_':d an
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electrometer. A typical measurement yielded .78% for the overall efficiency.

The expected efficiency for 85% calculated grid transmission (assuming each

double grid appears _single) was 81%, inclu'di'rig a ‘.éo_rrecti‘o;'n for thé‘ discrim-
inator dead time. ('C‘ounti‘ng. rvavte'vs‘of abqut 105 ber :second were ern.ployed to
minimize dead-time correc'tio;ls.vv) The ;re.sulting"efﬁciency éf 96 or 97% |

(excluding grid loys ses) at a féésonable no.iSe level is in good ‘a}gre‘emen.t with -
a direct ahalysis of the pulse-ﬁéight dis’tr‘ibut.iqr}"s'.' bf co.u.rs‘e,.vthe glrid'.trans- |
mission can be increased to 95% or so, to in;:x“‘é:ase the overall ef_ﬁcienc’y. _

Pulses with am;Slitude below the ‘disc_rixi‘riina‘tb‘r th‘r.‘e'shold and propor-

‘tional in number to the signal counting rate were also observed. It was .

finally shown with a bariufn tifanate fla.é‘h‘ lamp that thi.‘s:eff'elct is pfc_)duced
by 'aftefpulSCS»ax’ising froAm some feedback fnéclia_niéﬁ in ,th‘e photomulti-
p'l_ier.‘ ? Fortunatély, the signal and afte rpulses ax-'e‘ well s_‘e“pai‘éfed‘i‘n ampli-
tude. |

E Uniformity -

The"spatial uniformityjof.};he dét‘éctor,‘ ef_ficiency was investigated by
electrostatic deflection of the io-n> beam. Th_é resultsv ére s.hown in Flg 6.
In each scan the wires of the gfid at the exit 6f the deflector cagé wére
parallel to the di.rectic.m.of deflection. Scans ‘taken perpendicular to the
wires showed 5 to 10"/‘0.\('a.llri:ati01.qs, presumably arising from: the ;hange in
fransmission cllaractel'is\t'ic‘s o'ffthe doub-:l.e'-gr.id with a c;‘_h'ange in the angle
of inc'idence of the slow ions. |

The de'flectoz.'. p‘iateiS \:ye'relcv:a'lib.ra't‘e.d by ,ob:s»erving ‘;hé ion cuffgnt ‘
to a 5—'cm.-square. cvolle.ctor- 1nsldc the bO\ The 'r‘e'sulﬁs of Flg "6 si}‘}_ow‘ that
the detector is sé_nsi-tive over thc fulll 5>:<”5'-cm‘aperture'. The g-radtial

dropoff at the edges of the scans is é result of the finite size of. the beam |
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(=1 cm dia'meter). Ther»é is no deterioration of the pulse distribution as -

- the beam is scanned past thé edge and the infensity drops to zero.

F. Magnefi._c' Field Shielding

The RCA 8575 ef_ficiéncy‘ can be .r.educ‘ed 50% by a m‘afgneticv field of
less than 1 gauss. Consequently, the ion signal is ‘déstroyéd by a small
fieldl if no shield‘is u_vs‘ed. - With a A‘ph'o_tomultipli‘er mu_—mefal_ shield, no .
change in pulse distribution is 'bbsezjved when a field of 2 gauss is applied :
to £11€ box and p_h.otomultiplier‘ in aﬁy direc-tison. » Higher fields were not
tried. 'Because the fo‘cus'.i‘ng of the secondaries. is so crude, itis not |
surérising that the détector is pzr;aff.ééfed by'sm'alvl-.m‘.agvneti‘fc fields.

G. Noise

Most of th.e detector vmeasvuremenfs well"e"::madé \Vlth é photomulti-
plier voltage of 2.9 k'V’,v for Wh‘ic‘h fhe signal output pulses were fed into the
10~Mcldi_scriminator without further amplification. With the discrimi‘nator
set to sepatl.rat.e the signal and n:ois'e' as described in _Séctién 111. D, the noise
is 40 to 50 cou’nts'vper second_.’- Bécéuse the detéctor‘Was desig.ne"d'v_f‘or
coi'nciden;:e m.e'asurements,' .this. ;io‘is,e‘ rate 1s accep’tavble.'._' Consequently,
no ext'ensi\«'.e.efforts té r‘educé the.n'bi.ée_ were n_ﬂadei ' | |

Since others méy be inferestéd in_;sing_lthis' 'defector 1n noncoinci-
dence expériments, further comments on the noi-se may: be appropriate,
With reasonéble care. to eliminate noise arising from the.high V'Qltageé ap-
plibéd to the detector box and ‘souvrcé, -t‘ne_'prin.cipal sourcc of noise is the
photomultiplier. Thvi.s_ no‘i'sre‘.dr‘o'p's‘ considérably \vith: a deéreasg in photo— _
" multiplier voltvage; and noise 'rateé of only a few per s.evcor-ld have been
found at'v 2 kv \vith the '-discrvii'ninator‘ s'éf: ‘to ‘acc.ept mozv'e'..t‘hanv 95"7‘0 _yof_the> :

signal (excluding 'grid losses). With a discriminator accelptanée' of 50% of

L oF



,f

_“_ R UCRL-iéT 14 .

the signal, the noise rate is lcss 'th;'ih-‘.:i'”clO\ix;‘t'"fpv'er. s'ec’c;‘nd; For C\ample,
compé're 'Fig's. 5 and Ta, :whlch were takenv with approxlmately thc ‘same

ion beam 1ntcn51ty but- dlffe rent photomultmller \oltaces ‘. T‘he-n:vo;se_ 1’_n.the ,
8575 tube has’ jcwo cqmponents:‘, (e}) th‘e__ L}sual photocathode é.‘n'd'- d&-noéié—: ﬁoise,'
\x:/hich yvicvelds a pulse distribufion al*oppiﬁg-éff rta;-)i'dl.»y‘ in the‘_féwvfplgg}co—

electron region; and (b) a much srhaller component, which drops off many

A

‘times more slowly and extends into the many-photoelectron region. e The .

second compo‘rient is the annoying'facto‘r in the present applicatibn. Perhaps
another tube would have a smaller secon‘d_c‘omp.one’n‘t than the 8575, even

though the total noise current might be higher.

H. Respon‘se t6 Other Ions

The ease with which positive alkali ions and negative‘h‘aldgen ions are:

" obtained from the simple source makes it easy to calibrate the mass spectrom-

eter and investigate the. resp'ohse of the F~ detector to other ions. ~The re-
sults are .presented in Figs. 7 and 8, ,Theéfﬁc_iency de'ctre‘ases with increased
halouen'mas.s, but increases w‘it‘h inéréased alkali mass. | (The latter cffect
mmht arise from alkah ion 1cflectlon, which is laroer for the hghtcr all\ahs
Perhaps_Ridley s method of 90'deg incidence on activated 'Be—Cu is prefer-
able for pbsitive_ alkali ions.) For"ali the ions inves}tlig.a'.te'c‘l the éig_nal and

noise are well resolved. This can be improved 'by applying higher acceler-

ating potentials, as shown in Fig.' 8 for K', but this must be accompanied

by increased care to eliminate high-voltage noise.
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FIGURE CAPTIONS

. 1. Cross-sectional view of ion detector.

2. Schematic diagram of test _appara't_u's., Numbers are’ voltages in kilovolts.

3. Secondary emission coefficients of F_ ions on'B_eQ‘Cu anﬂd‘Al as a
function of energy. |

4. P/hotomulmpller output observed with a Tektronix 585 osc1lloscope
1 volt/cm, 10 nsec/crn, F~ source \oltaqe -ZO kv, de'.ector box -10 kv,
and photomultlpller 2.9 kV | |

5. Pulse amphtude dlstrlbutmn as found with a RCL pulsc height
analyzer 1023 counts per channel full scale, 2 min accumulatlon s
time, F. source voltage -20 I\V detcctor box =10 l\V and photomultl-

plier 1.9 kV. Lower trace shows noise with acceleratlno resonance

- voltage off.’

. 6. Uniformity of response of deteot‘o‘r to vertical and hori7onta1 de -

flections of the incident F~ bearn' F~ source Voltagc -20 kV dctector

box -10 kv, and photomultlphel 2 9 kV V- and H refer to vertical and

horizontal deflector voltages. The discriminator is set to eli‘m_inate

most of the noise pulses. Considering the crudeness of the'defl‘elctor

system, these uniformity scans give no indication thatthe detector is

vhot perfectly uniform.

7. Pulse-height distributions showing the res'ponse' of fhe detector to

v’arioué .n.ecva.'cive ions. Source -20 l\V box _ 10 l\V photomul 1pl'ie~r‘

2. 7 kV 2 min accumulatlon, 2047, dlsolay scalc, 6:) /o llve tlme '(a') ¥

(b) Cl ; (e ) Br; (d)17; (e) unl{nown av,r_ou_‘nd mass‘ 2'0‘0....Slmllar,c-ur"v'e -

was obtained for another unknown of mass 26 thought t'o'b"e f"CN-L
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Fig. 8. Pulse height-dist:ibutions,show‘ing‘i the “‘rz.es:'.ponse of the det.ector.

to various positive ions. Source at ground, box -12.5 kV (except

6

. ) L
where noted otherwise), other conditions as in Fig. 8, (a) Li
S5 3

7.+ + TN PR + - +
,(b) Li'; (e) Na'; (d) K, box -10 kV; (e) K, box -12.5 kV; (f) K,

box -15 kV; (g) un_knox;vn, mass about 56; (h) Rb+,
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QAQE . This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A.

Makes an? warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report

may not infringe privately owned rights; or

Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed 1in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-

mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee

of such contractor prepares, disseminates, or provides access

to, any information pursuant to his employment or contract

with the Commission, or his employment with such contractor.
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