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W. A.P. Young , R.G. Ridley and N.R. Daly 

.Ato::do Weapona Roaoa.roh Eatablisb;aent, .Udormaaton, llorbbire , Bn&J..and 

Abatr&ot 

Bxperionoe with the 56 AVP llull.Brd and 9594. .JI!.H.I. photomultipliers 1 a deacribo.l.. 
B~ell 2000 aeries amplit'iora and scalers ginn.o; a 10 nsoc. double pulae resolution woro 
used. Probl.e111a taaooiated with ion counting with the aointill.ation detector at oount 
r6t .. abo" 3 10 oounta/•oo . are discussed.. 

Pulso oountin.o; 11ethods for i on detection i n i:soto~io analyaia bavo boon ued for 
.,... tiao now both with .lllen electron multipliers (1) (2) and :scintillation detector• (' 
1lt. 1 abow:s the de t oo tor wsed for the:se expc:rimont:s , which baa been in uae wi tb 10 lloa. 
e hotronioa f or three yeara on ono of our an&lytioal inatrumonta, The inoidont i on ~ 
11 abown i.llpingins on tn. poliabod target which 1a at a potential or 30 llV . The .. oond&r­
e l eotrona are accelerated on to the plaatio phosphor and the light a~ ia then doteo­
by tho photomul Uplier. .U tho phosphor 1a aealod in the vacuum wall 1t 1a poaaibl e to 
reiiiOTo the n01'11&l multiplier, tho .JI!.ll. I. 6097 •hioh baa 6 tre.n:sit ti.Do aprend of 12 u.., 
and nplaoe it with a rast pboto111ultiplier. The phoapbor 1a Nuolear EntArpriso• !Ill 102 
wbiob baa a deoay till• or 3 naoc. 

~· U8ual pulse height distribution ia abown in tho hiatogru in Pig. 2 and i t 11 
olear that with a diacriminator aotU~ which almost ol.ilain&tea tho amall noi.ea pu1au, • 
vary high eN'ioienoy or ion detection ia obtainable . ~o smooth o~ abawa tho pu1ae 
distribution obtained rro11 an electron multiplier. l'aat counti.ng baa obnoua adT~Lnt&c•• 
t <Yr l arge rcltio ,...aurea.ent when in order to have roaaooable atatiatioa ot tho 8lll&ll 
beam the -in beaa l'JUat be aa high aa possible. Also precise l!le&auruent of amsller 
r6tioa ia eaaier w1 th rut counting aa tho anal,y:sis tiDe can be reduced. We bavo u..H 
tho internal atami!J'd aothod of Dietz, Pachuck1 &: Land t o :show that quito high prooiaioL 
1a att&in.nblo for low level uranium lleosurlllllent. This work hA.a n•pba:siaed the T&lue ot 
beiJl& able to oount the principal i aotopo aa fa.:st aa possible to red.uoe the tiae tor the 
analysis. We found that it -s poaaible to obtain very ne&rl,y the theoretical preo1a1on 
at 0 . 1~ levels vben lle&Suring natural ura.niUII with 10-1 gm. aam_ploa (5). It 1a easy to 
abow that U the II&Xi.alull oount rete ia l.111.1ted to 2 .105 oounta/aec. tho anal,yaia tiu oar. 
be long. l'our pe4Jca wore aeaaured with a peale awitohing technique 235, 238, 233, and 23t 
and the final retio was oomputed aa (235/238)/(2331236). 'Nith natural ureniua 235/238 -
0 .0072, tho J:lii.Xi&1ll count rtt.te for 235 1a 1.4. :r. 1()} oount&/aoo. and aa the theoreU.O.l 
preoieion is: 

1 

"235 + 
1 
-- + 
n233 

1 
X 10afo 

"236 

f or 0 . 1~ preciaiOD tho analJraia ti.rle l!lUat be sre& ter tb.an 3 X 1 oJ 1100, l'ar tbia type 0( 

moa.sur01110nt it ia worthWhile to extend the oounti.ng ayatea to uao 100 Voo . olootronioa . 

ibe complete syate<a is ah011ll in Pig. 3. The 100 llos. 2068 preaonlor and tunoel 
diodo diacrillinator and 2117 acalor are in tho Harwell 2000 aeries (6). With 610 naoo. 
clip line to produce a bipolar pu1ae tho double pulse resolution of the whole ayatem 
rro11 the mul.tiplior outp\lt using equal height pulaea waa found to be 12 naec . 

llthough one oan achieve a very high :syatu gain with no additional ampl.Uier it 1a 
not poaaible t o aa.ke uao of thia wbon countin~ faet aa tho intogrnted output O\ll'nnta 
bell_ Ollie high enough to oauae troubl.. 'H tb 10' ~n or the pho•pbor aul.tiplier eyate:a an4 
101 counta/ • oo . tho outrut eurront ia 1.6 x 10-19 x 107 x 8 x 109 61lp5 ~ 13 aA. Not onl7 
i s this current oocparablo with the tubo chain current , ao aaking 1pooi&l atabil1<6tion 
or the latar lt&f!O& oeoeuary, but it al.Bo givoa riao to non-lineCLri~ due to apace 1 
ot..rse oN'eota. l'hia oan be reduc ed by 1norea:s1ns tho intereynodo yolt&«ea progrenh•l7 
towards the &DOCie, but tho poaftibility of ci=ago to the dynode surt'ao~ reMina , and the 
aanut'ao tur<rra r•c<><Denl a maxiD.I.a ourront ot t of 1 lilA in &l11 0688. 'Ibo t otal power 
diuipatioc on t.h• anode i a alao li.aited (oa . t watt) , and thia oloarl,y u.ita the prod'QOt 
of ourretlt ....., u.. ~1M! d,ynodo voltage (e . g. at 6oo volts I -.x .c. 1 Ill.). 11lere 11 
a~_,.. 01• ~aH1 .. ty of an accidental uooasive count r6te when ' tunil'l:S up' a ape.~~ 

... w.- , ono1 ~.h!t "'-"' ~ot be allo•nd to ~e tho tube. l'or varioua r-•• ... -· 1 rl!f'>n ot- •S 

" 



• 

e<lv:I.IIAblo to Ullfl a pulse tusplifior af'tor the photoaultiplier, and t'Ot' thia ••-rx l»O 

250 I:Ios, diatrib.tted aml!lifiera were used witba t;ain of 10 &Mh, o.nd th" tuoo e;ai:• ·~a 
aot at approld.ootel,y 106, It was found for both tubfla that the IIIJJ.tipller wa~ hi!)U,y 

, aon.oitive to atray magnetio fiolda and a tight fitting mumet&l soroen ·na N>quir&t . 

At firet tbe tub& -.. wired aa shown in 1'18. 4 with 0.1 Ill' cor.deru~ers on the laat 
• throe 4ynodoa. With this arrangelDent it na diaoovored that bad ringing oocurred ac.3. in 

our o~l,y attemyta the counting losses increased much more than expected above 
3 x 10 oounte{aec. Pinall,y all tho oondenaers were removed IWd the ringing waa liUch 
reduced. 

It the removal of the condensers produces aqy effect it should be to reduce the 
abe of the larger pulaea which ia not aerioua for our scaling npplication. The 
foouoaing potentiAl.a e.re adjusted to give the beat aignal. The puue riao time and llidth 
when counting uro.nium ions with 1.5 kV on the tubo and an lllltplif1or gain of 100 are 
indicated in the Table as obtained from a Bewlott Pa.okard 185 B aampling oscilloscope. 
The tube oharaoteriatioa are also given. l'be pulae height distribution follCYoJ'a the 
curve givon earlier with few sme.ll and large pulaos, &Dd aqy ri~_ia aaall, 

!be discriminator curve for uranium is ehown in l"ig. 5 and a plateau 1a observed. 
The noiae ia leas than one count per second at the operating position, but if a 1 om 
dia!D8ter photocathode bfloolDes available rather than the pNSent 5 oza dia.&~eter the noioe 
should be oona:l.derabl,y reduoed. 

Counting losaea were measured mas spectrolDOtriotUJ,y by anaJ.y•1ng NBS 1% uraniUlD, 
235/238 • 0,01013. 1'he observed ratio is increased at higher oou.nt ratea pr:l.ncipally 
beoauee of the losses of tbe ~naa 238 signal. A plot of o~ 2}8 ~ain.at expected 
238 is shown in Pig. 6, Tho curve (Run 1) now follows that predicted for 15 naec. 
4eadtime up to 5 x 106 oounta/aeo. and thereaf'ter beoo:nea U!Uit&ble, rising rapidl,y to 

• about twioe this figure. This effect oan be pushed to a higher count rate by reducil18 
the tube suppl,y voltage but this aoon moves tbe operating point off the end of the 
plateau, Sl!all additional pulaes can be seen on the oac:l.lloscope while in the UllJitablo 
modo but it io not clear "lfbat process is involved. It wau found possible to reiso the 
threshold of instability to above 1.2 x 107 oOUllta/sec, by putt:l.n& 47 pf conde~Uors back 

• in tbe daBbed positions on the d;ynodo abain (Run 2). It is thus poasible to count to 
1.2 x 107 counta/aec. when required with approxi.J;lately 1."$ orror in the oorreoted 
cOUllt rate clue to uncertainty in 4ea.dti.me or 1,0 x 10b counta/aoo, with 0,1% error. 

Tbia tube gave aimila.r results to the 56 AVP but a rather longer output pulae waa 
observed. A similar UllBt&ble condition wa" obsorved at high count rate, but at a lower 
rate than with tbe 56 AVP. 

Full interco111p0rison cannot be given beoause tho number of tubes exaained so far 
is amall end some of these WON claaagecl by usiQg too high output ourronta. 
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Uanuf'aoturor'e Data 

No. or at& gee 

Ovorall DUIJdJilum volts (~) 

Gain 

)lax1.Jmn anode ourront (I'.IA) 

~ nnode llieo1!"'tiOn (ll) 

·Tranai t tille spread (rise time, 
nseo.) 

Pulse uidth at half height (nsoo.) 

Obaorvod - Sointillation Detector 

l!ullard 
56 AVP 

14 

2.5 

108 

2 

1.0 

2 

2 

Rho tizo (neeo.) (Without amplifier) 3 

Pulse 11idth at 
b&lf height, 
(1111oo.) 

5!0 KY HT. 

GI.A!.!. ~TAL 
KOVAR Sf.AL -......_ 

Com!EC TION. 

(With amplifier) 7 

(IUtbout aapurier) 4 

{wiih ILI!Iplifier) 7 

!!.6.:-1· Sointillation Doteotor. 

1011 BEAN 
UITRANtE SUT 

I.H.: 
9594 

14 

2.' 

0.~ 

5 

7 

6 

7 

UMPIIIG 
r==="--~ HOUS 

BEAM 

• ,, 

,. 
' 



~· F\lloo Rcdght Distribution, 

. . 

§ 

I 

.. 
X 100 - 100 MC/S MC/S 

WIDE BAND SCALER 
·I 

1'-- •• AMPLIFIER & DISC RIM. SCALER 

" 
I 

. ' T l 

Pt.iOTO 

MULTI'PLIER 
TIMER DECODER 

.. l 
r 

PRINTER 
TAPE 

PUNCH 

FAST COUNTING· ELECTRONICS 
~· Fast Counting Electronic&, 

DYNODE CHAIN FOR 959<4 !.5bAVP 

02 Dl 

2·5 v v 

!!£.:.Jt. Pbo toDII.l t1 pller Uiring • 
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