Lawrence Berkeley National Laboratory
Lawrence Berkeley National Laboratory

Title
The Velocity-Selecting Cerenkov Counter

Permalink
https://escholarship.org/uc/item/9rq4z452|

Authors

Chamberlain, Owen
Weigand, Clyde

Publication Date
1956-04-17

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/9rg4z452
https://escholarship.org
http://www.cdlib.org/

UCRL

LENIVERSITY OF
CALIFORNIA

Radiation
Laborator

TWO-WEEK LOAN COPY

This is a Library Circulating Copy

which may be borrowed for twe weeks.
For a personal retention copy, call

Tech. Info. Division, Ext. 5545

BERKELEY, CALIFORNIA



Fit e g _ UCRL- aha_ 
Tm valooity-ﬂoieating cumzimv Gounter
ﬁsaen ﬂhmberhin zmd t..lyde Hiaga.nd

n«;mm of Plvaica ma Ra»:ii.ntien Labura"wry A
"-~'iia1wrsitv af‘ f’aamomia, Eermz.hy, ﬁalj.romia

: : Aprikl:, 1956 _
; A nm’am* of maamm af valoo&ﬁmlwtim Cereakoy soutbers have |
-_ Besn m:-ibeﬂ by""fr. am m-ami. ﬂu w:.u pmmn’h a dnsa;*iption of a
wuritor s!il’f%mnﬁ fm my ﬁénoriaed by *‘&rahall in his mvinw articls ; bt
af thb am typa mnﬁ.maed :ieaariﬂtiwly mf Wars!mll in amthar arbi.cle
' 'mler t!m hauung "Gylimir&ml alrror ccunt.ar uithaut mns“ 2"' aom testa
of t&.ia t{rpe of nounm wers earrl&d cut by 52 Je Limlonham and L. . Ymn.B
; ‘f‘he ﬂaunt.ar wo' hsax‘iba was de'malcped for the tieteoticm o.t‘ a gmall
 fraotion of antifraionm 1n & heas of nogative particles originuting e bhe
‘:..tnrgat of the Bamtm.z‘ &s faa- ag t.ha ‘authors are 3wsro, ‘this wprsuntn
the }1!*51‘. praotical nse of 8 ﬁlmita*mhnting Corenkov gounter’in an
: .marwmta& investigation. e x
: ,’1 emwsachim view of.‘ t.hz count.er my be soen ia Fie.. 1. The
- &emnkc? mdiator is a solid wlinder af suitable apusnl aatorial with
axis. hux*hoh‘ml in t&u cmmhr n shmm in ?ig. l¢ The ghargo:-..i particles
am o tmvarss 't.ha mdinw m'allel % the exis, & pur‘bicla with speci-
fied veloeity a:aita Gcmnliw rmdiatim at 4 snacifieﬂ nngla, nmaely auoh that
gos 9 # 1/ﬂn, uharo a m ‘hhs angte of msamn of the Bemnko‘v gt vith
"mspaa‘b to. the dirmizm o!‘ aat.im of *!.m partiala, B 1s ‘t.he W‘lﬁazty of
i tha_pm:&i_me divi&ﬁ k;r :.at;ne vélo-aity- ar Ilght-; ant n is the. ootierl index
of x_?bﬁmct.ign oftheoptﬁda.lmtévm ef the radlator. Light emi;b’ed at a
wl_lwiufined -'afzél'e rmtém hé’z‘i*mnft'él axis of the sounter suffars refraotion
an 1t lmxv&_s the raciia.tor thrcughﬁharlat fage at the dand and enters atry

im&&imr‘,_-_tha.;zlight___ direction ia--ja.t_i:il- voll defined in tarms of the partiale



: .' _li..' Z"_'

relonity. maing The purtirsle glﬁmz riaa o m %:«w rﬁ.mtim 1-'"‘3{;

moving pnmllal to the mr.}.a of tha matmmnt (bnt nat mcesaurilyj;&nf‘m'_ A50
axis), and px‘c‘viding the vnlaa.tty oi‘ tha parbiﬂa 1;3 mt f‘gr vhiah ﬂrm

counter dimnaiona mms neen musan, u.ll or tm Gau‘&ét ligf& mnhas m

oylindrival alresr and is brnught to an nppwxzmu foeua on. m aaeis wmm'j
an lmaginary ciottad paotmmuplser 1s mtmn 1n F‘ig;

orw ‘*ﬂ“‘em"ﬂ? faster or dPPraciahl}' szmr than’ tlu nzomy e whieh" s

the awmm has been aﬂ;mm tbe IU.ght lg mmép‘bal by' t.he; mmmma

baffle. = e Pl f o
In pme:tice it 1a amaﬂt.agaow ’ﬁb ‘!mm thﬁ p&st&im},upliat :%uoud
fro*n the axis or the iﬂstmnt. wham i'b ﬁoul& 'bs in t‘h.e my or t.hn

particliaa buiag counsed rami f‘a‘lna wanta ﬁaumd)._ Th.’m is mnmplhhed by i
. using three plana mirmrs m‘:{ thrw ;.émtmnltiﬁl#@m. "“‘be t:!imb airmrs

nake an aquilatera.l tr:langlu b;mmrl 'hhm axis. \éi’ the isbatrmrmm and &iv‘iae 4
the light in thlrda. ‘Only c:r-s plam :ﬁ.timr awl om mmlhipliar are
sagwn in Fig. 1, the othera baing siﬁila:ﬂly lmtetl z\t 120° intermls &bmit .
the horisontal axis of the imtrumnt. i Sty TR

In the emter thet ve havé ‘used tha radiwar is 6.4 on m diamtkr

and 644 om long a.'nd hna wmﬂly‘ h&en of fuaml qua:‘tsa : Emapt ‘i’hi“ x'athar :

amall abarmtiem of the cynmrical mirrur, th& lmgﬂ dimtnr in t&w sane i

s the '23.&511&1,61- of the *adi.amr pmmmg tha w;miﬂy ia smctly that, i’m'
~vhich the instrument is a:i,jlﬂtad; The yim m&hwr aizo f*ta wall '-ith
tiae Dunmont 3—~im§‘a photmaltipvliﬁr tubea. . ’i‘iw whula c@untnr haa ‘heen: bui.’lt i
in & large a:flinr riasl mn, the em‘m of whinh iy ba alid‘ in ami out. ﬁima
the radiator is mun‘e-ed on one emi md t.he ghotmultipliars muntad on the
other an{i, dii Enent angles of 15.ght amaaion and hemm dirrm-ent mlmi‘hiw :

may be anlecte:l by 3.11111’1;; 'Lhe eands in or mﬁ;.
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g j Sinc-é tha number of initin},' photoeleatrons in sach photomultiplier
tube is quite small (estimates vary from 2 to 4), wa have required only two
rn::_ﬁ.br ths Lhm_a tﬁbesv g ttatmct‘ tha 1£gh_t, {rom the particle that is 4o be
counted. The m.fhputfpulau from sach photomiltiplier have been fed, through
125’-01310&5168, %o the impute of three distributed amplifisers, each having
4 gum "m‘.‘ 1006, The cmplifise nu!'pixta have boen Lntroduced Into & coingi-
danca cimui‘!‘. of the Carvin miaty ad;mr:ted to give an output pulse when-
. ever. anytan vut of thrse !iigl_lala vore present. OComnected in this way, the
-sff&aieﬁa? of the eb’uﬁt&r for partisles of just the right veloeity has been
:___'_i-‘ound to be 77 percent. hpproximately a 75 efficlency would have been
attainable il & colnecidence of' all thres phototubes had Leen required.

. Tests of the counter, Mde vith protons rathoer than with sntiprotons,
b tndicate #.h&t. tha efi‘ieiency.of" count.ing;. p;arti.clﬁa drops to 3 percent when

“tha ve-locit;;-. diffefs by {J.G}. ¢ from thut for whieh the eowrtter haz heen

udmsted- Theaounting efficiency of 3 parcent represents a background
that doas not 'd;-sa‘;:)pmr. when the valeeity ia further removed from the
velocity for ﬁi‘iéh the instrument has been adjusted. The background is
ﬁr&sm’bl:z dus o muéléar cbllisiona.within. the radiator. OSuch coliliaions
. aan gim r;m to particloes, pa;rtiuulu‘:'lj' mesond, that go in warlous dlrections
aﬁd can cause light %o be radiated in any’dimat;on. The counter has bsen
_.te'eted using scintillation sounters in coinaldence both bafore and after
the wla.oity;-saleatihgl counter. Thias is lmportant also in the scluel ude
QI‘ t,hé cuuﬂtar,; sinaa -nan;y of tha sages of nuolsar collision in the radiator
are mjaate& 'bseause t,ha avant does not register In the counter behind the
wlcacityvaaleating uotmt.er.

| Hssiie the llm.itat:lon Just mefnt;.omd, wr would like to point out the

. pmhiem Gf noise pulses in the photamltipliéra. “henever a counter is to
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opernte on only a few photo;alac"‘ax;na,' ﬁw naﬁm way be a coumse. Do ponicern,
aspecially -:ince the phutmnultipli@rs am thﬂ‘a uﬂef! at 'mx*y ‘ngl' voltage.
in the pma it ap,ﬂieattﬂn. eseh t.ube srmmé nm..ae ;.nﬂsea; nt tm mt.e of
about 3 x 106 per second, and the ooinowrnoa outwut vhen raju:ami Toy &
goincidence of two out of threa, showed ammml thml.Sami rmﬁput. pulses par
second. Thers hes never 'beén an appreoiable numbor of acciri'oni'jal coineidences
from this noiﬁ% in en aemnl exp_arimnt&l, arrangsmant baﬁm-_-there have
always been several seintiilation ammtara also in wimlﬁenm in the system,
but cate must Lo taken in the cholce oi’ n@lii‘iem amd cnincidanma elreuils
Lo make sure _the e¢irouits are n_o..- overloaded hy_t-.hase large pulse rates.
There 13 one more limltation of the gaunﬁer that should he mentioned,
namely that 1% is probably nat_mem f&& t;hel '1ight'pa.rt£:-1a3. The iight
;mrtis;léa (Tr nasons or l.igh‘oar mmidleél, if moving %}:ﬁmmhly slover
than t}w 'v'alonity of light, are near the enf.?; of ﬂmi’t mnge’_.&nd thelr
relooity is changling quite repidlye This méans that thﬁ'y do pot emllt =ach
berenkov radiotion befors ceming to reat and thelr velacity is appreciably
aifferaut in different parts of the mdlator. '

In cloaing, m-.wqmld 1like w mntin’n f:-hﬁ ﬂxiﬁt.aﬁc_e_t of another variety
of véloeitj*—-ml@ti::g (arenkov abmiter that hos been used very suscessfully
by Pre ¥4 L. l-‘itchb in counting K mescns. His counter contalna o redintor
t_.hat ia slmilar in dimensions to t};at uned in our counter. I_t nountr-s only
particles within a specified ‘-mlccity rmge,.bu‘b the mﬁge eﬁz@'.uhich it
county is ususlly mns;!,éerabb wider than that of the. ccmn‘her we hzwa first
lasoribed. In the counter Piteh has usad, vory slow partiolau are rojeatad
because they make no Ceranicov radiatlon In the radiator, F‘aet&r particlen

are counted by their Serenkov radiantion,. but for partiel=zg that are very

fast, the Cororitov radiation suffers total internal reflection and no count
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is reglatered. "o absorb the radiation so reflectad, the entranee enl of

the radiator ia hlaskened.
e have tried to indicate thﬁ'poténtial wsefulness of velosity=

selecting Sarvenkov counters and at the same time to point out thelir 1limita-

tions. We believe thay will e quite useful for some probleams in the

immediate future.
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Cantion

Fig., 1. Cross-section view of the velocity=-selecting Cerenkovy counter.
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