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. Manafactyreys .of .phatomgls iplier. tubes have xgtbct,ﬁtt::x ; gaugu buud
on ;lemg;, sxmerienon,. 1. Savar of certain desisn featyris agnl 75 “hﬂ'- ..
In partieular, thay srefer telasively. simple p 88 . '
thus S-11 snd bialkall cathodes are preferred to S- w \Ql,réh.
though more sensitive in the red, are more difﬂmlt and expansive to prepare.
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» M ¢ n, ._..‘ : Eﬂ th.‘ﬁ;- ;‘mit i‘. iﬂ,af .E..-.w% ,‘ ] ‘N fgn et
tm ‘sugh mgﬁ firet ond_to disting originat:

from one photoslectton “Erom thou ‘starting with tllb . vakes 1 oug __stwpl.
to use a threshold discriminator to get rid of the very h‘lgh X4 Iuci.g'round.
This. im Mot paseible without such.s high-gain, dypode, apd in .that ; case . ather
Do thods: | BUST. . e ofaseds - THe most hallowed andi.obwicus. of: these ip she nas of .
colucidencen hetwash o O ma%e phototubes, and 1.t appears. phat no wetiar Now .

many, -times othat. e 46 #hoWn. L0 De okther less prsafical: oF moze sxpensive,
1t koops tevarring. Jhw preaant; attowpt. to kilk.the qJ.pue immlmrp le mia-
concoptm um;b vhe: paper of. Wilh'-‘ (3)~ T
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First, we po:lnl: out that 1n."‘:hn caq ot J.argp Mm - t;ukg ,Sea u;--
chin, there is no practical alternative to the hi.;h-;ain first dynode;
colmaidences: Mmumwm,{mchtm per, dam:poc are. & nmcrt o rke
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clently. It is this case w!.th uhich we now concem curselvae. = e

fw»*%m&a‘:#i _l!_a'ﬂv,_ y t;rm th poi;nt. @E\T’:«
w%m mw&&lﬂ“;ﬁa sm ‘o &mtisn Qtﬂcimsfrwm it the fm:&dant

: ". imsw

:rm

3o el A g ..__"f-'.-': - .- L Ca e - R
. ) 41 g L N R Foe [T # =




PAGE 2

b) for ‘two tubds 1n ¢oincidence, with conventionsl £irst dynodes and
, thruhol_d one rphntoel.ecl:ron. '
i R : R - ::?.!-.fi -a,Jﬁ;‘ﬂ ,-3’.‘::' 1o fﬂ -';n‘m

In particuhr, W are interested in the case where the tubu in case b)
are not {identical with those in a) in photocathode area, but have only half
the area. The comu'i.aon 1s then between a casq of a single tube with
high-gain first dynpde, " V¥ahs ~coincideiice ‘opetitfon of two tubes with the
same total ares, opd'ht&z ‘P eofnctdence ’with ‘o tiidslotd v of "bnﬁ “photoelec
tron, We are not really interested in the problu for ar‘bitury th uholds, )
these are the only ones of practical concern. it dEeL Tl W s L e

“the yrou,a 14 eadfly a_qiud, using the Pofesod "distribution: '~ We ‘dsk,

given &n eﬁj. ity ¢ f&?“ﬂ; np L6 Bl [ Whiae 1o ol iidad mmw-m dmx-
but{dd that’ i m EdYated utua‘%t arm wwmu*z u moe
pho‘tuiiieemiﬁ e '

mﬁ% gai“ts ehp cof‘ucﬁnmie amnmw v, wc eht 1 ‘sach tube has
the | %b red as t’hd"aﬁg’h “tibé, e ‘call reidLly ‘s thONRE ot m;
the probabfll tf ‘of 1 "ot ‘iore Tof s ‘glven mesn vl ‘“ﬁ‘“mm”b lydng
above the previous one. Ve mote that to obtain the ‘Gocke” QECESEL S effft‘!dﬂéy
c __lsh l:ub,e Jfequires a higher 1ndiv1@1a} ef!iei.gncy, namely Ye.
% Tidvas Have sagh ices s ‘the 'Srigle ‘Edbé, 1% 13
ahid ty ne '_;hary e i .

In rig. ‘1 four*’urvﬁ m shwn ouwe Wos sri QoY g | oW im&w af
trifigeting fﬁt”‘f&’ ‘théediild “of 2 pe's, a5 & ‘fundtion of ‘the ‘Wesu wmbes of v

phot’bh Tis “Garvle ‘'L ‘the 'Weme £or & thresivldat 1 pev. Corve 3:4s ad- .
eff{t‘iéﬁéy &M fdt two ‘tiibes in voineidence, ‘Wadlrwith ‘theidese #phommo«
ared 4 the' '‘Bubes dof citved I'knd 2.° Flnoally, curwe & alois tini - cofucidence
efficlency ‘for two tubes, each of half the oviginsl cschede: R Gotvas 4.
and 2 thua compare the use of s« coincidence pair with a high-sain dynoda lin-
gle tuba, for I:;df illls“ "’E‘btﬁ pl’mt%cnthodu’ areh. SRR

To achieve the ssme ‘efffclency for two e&m&wm 'iu ‘tl!t" -:ng:u
tube, each of the two tubes should have an area of 0.77 of tHé MW. :
However, ve g0 far omitted 11 soch considerations as the _dﬂﬂculty of ori-
enting  two m‘tﬁﬁﬁm‘?ﬁf&“ stubes a0 kb to WchidW' véadindbly ‘#pic Wehsi-
uvls‘:y,becﬁ‘éh mﬁiﬁw&mh rhq‘tﬁn : uﬁif%ﬂi"‘fn mm m.
each tube, . CRER

‘:"";"’)%ctict Ttefiit fon to a Slogle tube With WMgh-mits Five f ds 1is
thus * p Y’ - idd ‘tuble With 2 Iiu ‘dredy FTLP e mui
with a li.ll.ll tube and a high-gain first dynods, with nodulu with big s imtler
phototubes in cﬂ#t ncc but without t ig 1u ﬂtlt node. To the
physicist not-déxpd’ D onstructfon, thé fors fpdats préfer-

able, unless the rigors of achieving hi;’h-%afu
tremaly severe; .t sve to more than double t.he cost of the tube to
meke the Iatter &&M*p‘ﬁ{wﬁu. * Paritaps the P 4 fndéed that

difficult; but unless it is, the desirable solution, both for Sea Urolis’ ‘and
_!ot direct=view tubes, appears to be r.ha single tube with high-gain first dy-
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node.

hck_.&tound_ Considarations.

‘The abowe conclusions dgﬁt be nodiﬂed if it could be lholm that back~
__ground:- mp_robleun woulé-be mrkedly more amre with ;he hi.;h-gain fiut dynode
tube. This sppéirs fiot €5 bE" m case. .

In s two-fold coincidence atrangmm;, the Wuund hte vi.lL v\inp' qa_..f: .
the equare of the counting rate; with the single tube, only linil _."' 'II_E:(SJ
single tube is thus ‘advantageous at h;gh counting rates. ° ; - P o

At low rates, in small ayrays, there are no 'ﬁifﬁqﬁths. m 11" n-n: s
in water of 2% transparepey, the two—fold cotncidencs” rate due th ﬂ&, e‘“ﬂ"
ing & 20 ns resolving tdie, is only 150/sec. The single~ h&m B
suming the large pdlses to be 1T the total rati, is &Dﬂl lath ui mll-_. _
enough to offu' ad’ problems. - _ < s

Por a hrpr array, e.g. 500m on. & side (4), -ou -npmitim é-glgtataf_
are mohd With larger arveas (0.4n?), thke coincidence rati Wow begouss
3600Iuc'. The single=tube hcn;ound is 3000/sec. Both thiese vafule age high
encugh’ to require additionsl trestment, s.g.  the disssction piogafube dfs-
cussed by Roberts (5). In sty case, there is no resson to lulcct oﬁe" ﬁr t’he
‘other from the -tandpo:ln;aof bld:;round*nte.. _ . e
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7 “ that ¥he number of photosiéttreps will be 1 o more; curve 2 a sinfiar coive with a

. thresho]d of 2 or: sore. Tha latte |

" first dynodey the former ome of a pair of tubes in céincidence. Cutve 3 ghows the efficiency

" of a padr of ‘tubes.in coincidpibé, each with'the spme
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ook fon effidiency bf several BMT arragements, plékted agqinst the mean

vy

photoelectrons’ produced. Qurve T dhows fhe prébabilitf for a single tube
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¢ Jatter curve-describes a‘simgle-tube #dtectot with high-gain
- _ A photdbathode srea 58 ithe single tubes
‘of curves 1 ahd 2. Finally, Curve 4 shows the efficiéncy of a pair of coin¢idence tubes,
each with half the photocathode area of the original tubes.
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