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- ¥ will describe some of the changea that are now wcurring or

¥ m liksly te ooour quite soen in our £ast wunting techniques. Sineo I
* . bave bad 1ittla to do with the development of these techniques, but have
. ":.lm't.her bem intarestad fm‘ the most part anly with their application»

" have drawn heavily on the infornation and advics of Dr. Clyde Wiegasd end

. ',"_ma. Quentin Kerns of the University of Selifornia Radistien Leborstory.

km

2 ‘The technigues I wishk to memtiof should be quite useful in several
- &ifferent types of experimsnt. The fast coincidence techniques are prinei-
pally uaed for rsducing backgrmm& from sccidental coincidancea, fm- meas-
u:ring tims of fli@zt of particles from ome counter to another, and for
monsuring the 1ife tizes of unstable particlss. | |
me the 8‘5&:‘& 1 wish to say that I shall confine my attention
' -xelnsively to tha more m-dinery typee of coincidence technique in which
't«he reaulntion time of a ceinniﬁanee elrouit is of the order of; magnimdo
‘at/length of the pulses. In so doing I shell mit discuassion of the differ-
'ential ea:tncidenzs oircnits, in whieh resclving times comaidersbly shorter
- than the pulse widths cen be obteined. I omit the differential ccincidence
" techniques beceuse they sppesr, 1o me, to lmve-‘sgxfel"e limitations with re—
gerd to z;efliabiliti and aﬁ‘ieiﬁneﬁ.when used in erplications involving high
. instantenetus counting retes. Those interssted in the differentisl coin-
cidence Mhniquéa may wish to refer to the ‘wcxzr‘k of Dr. Zoltin Bey (1) .
' The original i’gmrcs of the signel is usuelly eithér 1ight obtained
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Secondly, I would 1ike to mention the"m},ativaly new RCA photoe
smltipliers having 1i miltiplication stages, Thess are currently avail-
abls with the tobe typs mmber 6010, Simos thees tubes can be used with
very large valuss of the overall multiplication, and aince the bubes can
 give up to 0.3 amp at the output, 1t is possitis to use thase tubes in
 connection with conventional coincidence cimni‘bs without amplifieation,
‘While the rise time of the pulses is not as fast as that to be expected
in the near fature, still the pulses ars sbout twice as fast as the oube
pub pulses from avellahls distrituted amplifiers. It is alse quite &
- cemvenisuce to be able to do without the distributed amplifiers,
- Mr, Quentin Kerns of the University of California Radiation
 Laberstory has mads & detailed study of the fa;.#wa affecting the rise

 tiwe in the 6810 photcmultipliers and has found that the rise time is

6 muasc, but that if only a small aves of the photocathods s used then
the rise tims of the ewtput pulse is 1.5 musec, This indicates that it
" will be possible to improve the ma time quite mzzdemmy by shaping
the photocathods of the tube so as to equalize the flight times of slece
trons from various portions of the photocathode to the first dynode,
RCA pmiezs&7§uiutaa informally that they will try to produce such a
tube as soon as possible, With thisz one change-,‘the RCA 6810 appears to
offer gs the pessibiliiy, VATY Suon, éf speeding by at leaat a fachor of
5 the pulses int owr coincidsnce cirmaits, ,,

One may draw a very practical conclusion from these comments can~
| cerning mmtipli@ss it now sesems that for fast ceincidence spparstus
using scintillation comnters it is not necesssry to make cfpm‘chaaedis—
tribeted amplifiers, Tt is, however, still necessary to have consider
able axplification when Cerenkov counters are used.
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; : vs},md & new: vwﬁﬂy of csble with 125 ok iweda.ma The dielectrie is

,_’j,,;. long plece of stqm;fm 2,06 inches in diamtar The outer conductor con-

o sists of copper fﬁ?ﬁ mpaé armmd the ouwbside. The immer conductor is
- ‘Z:W tubing 9.29 :im!ws in diamw Por assembly the styrofeam dielece
;.v-'ﬁl‘iﬁ in wads i:z 'lwe mm, the pleces belng B‘hﬁpﬂd on & carpenter's
machine saw, mammamm ﬂmdb]a,semtheﬁt’wdmﬁh
B 8 mm M’*’ m at each end 1'03‘ W connection to other squipe-

»',M,MWMMMW%M&MIMBamnmm
Wlﬁﬁw%ﬂm&w&wm‘ ,

mmm:m:mismbmmmwmmlemﬂm
matymtm eam;m give the cable rise times for cable lengths
of hOC f%, mnmmofmm&/smuauéwgmmm),
whils ﬁm: a!themwubiaisﬂ.aémc (caleulated), BRise times for
ﬁmmmmmewmmmmmmm1m
'wmmmaftmmm.%aﬁﬂe&mtmmmmm. |

I hmm ne emm te offer at this time eoncerning advances in
the ﬁw}miqms of the- eﬁmi&m ai:wuit 1’5&&31’. I feel that for the
prnsant». existing %a&nﬂqm are adaqwte‘ I am eonfident that in the
-mMmmmmmwmmmmbmwm
nwahwtpﬁaesmm&he&aimmmﬁtmmmﬁpnu

f ?ummwmumumwmmmmamem~
i‘hMMW‘W&dWWnMMMﬁW%&Ms, I will des=
'mbemmgmmwmmm Segre, Dr. Wiegand, Dr. Ypsilantis,
and nyse12(3) m:salmtiag mmmm fmaamgthe scattered particles
;::z-mtmammw
) 4 beam of negative particles of known momentum (1190 Hev/c} vas
v!wmw:mgmsic@tisﬁmtmemmismngdmmgmgnmmd
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all momenta tmtmgattmﬂghthsmmgarmusatm' saame
point, This feature is helpful in obtaining a reasonable intensity at
the counter S2, . \b

Most of the beam of negative par'bicles selected by the magnetie
systen consisted of negative pi mesoms. At the chosen momentum of 1190 Mev/c
thesepims‘onshadasp&deiﬁ,?%,vmmcisihespeedefligm. The
antiprotens had a speed of 0,78 ¢ 3t ths same momentum, so it was necessary

to set up 8 velocity-selecting arrangement that would be éensitiva only to

particles with velocities alose to 0,78 co This has been done by using
sefaral methods of vaieeity selection simultanecusly,

The first method I will menmbion iavolves the velocity-selecting
Gerenkov counter, G2, that hae besn separately described in another paper
at this conferance, mpt for some background efféets, counter 02
c.éunmd only particles within 0.03 a of the veloeity of the éntiprotanﬂt
in the besm, |

The second velocity selecting method involved simply the use of
an ordinary Cerenkov counter, m,mmu@zm‘imhalwmu
refraction (1.28) that it did not register the antiprotons but did re=
glster the faster particles (mesmons). This counter was connected in anti-
coinpidence and mmawere re;}ected if they were accompanigd by a pulse
in this counter. For this reasen we have often referred to the counter
Cl as the **guaz-d" qomtar. |

The third methed of velocity selection consisted in the measure-
vent of the flight time of particles between counters S1 and 52, whieh
were separated by a distance of 4O feet, The flight time for mesons was
40 misec and that for antiprotons was 51 misec. The resolving time of
our coincidence circuit was about 6 musec, so the edrcuit was capable of
camting'the antiprotons without eotmijng the mesons, except for cages of
accidental coincidence,




. e .'V"'r'iuca;z..;-si':#?‘?' ‘

The time-ef-flight counters mms&m wm&
other, mmntmmrmaémm mmmémmma.zmh
thick, of plastic scmmgwm Theose gim af mmﬂlawm At
"faetnred in our own labentcry, m thetis maw&ﬁin are q:n‘tae a:mt}at
%o pisces of comercially avatlable seimtillator, The discs of sein-
tillater were inserted in lustte light pipes cons ', cted along mnm
suggested by Carwin.(!) he 1ight pipes wers .u; emm% with the tam,,
of ta 6310 photemiltiplisr tubes. , e

In oder to obtadn pulses of short durwiion tmnr t1in W o .

mnt it vas necessary to differentiste the pulses qamc mweiy *rhs.a St
was dm by cmmtmg & shorted stud of 128 eim e&b&a, 3.8 imm Zm, L

&t the outpwt terminals a!ﬂwpiw‘bmnlﬁplw ‘H:sshw sﬁuhm,
'mmmmammwwmmmampwasmmm
'tmmmwammcmmnmmtmm@mtmj
xmimeeaimiﬂmeceimuit. ; ~

MwmimmMﬁtmmsmmmtam,mw L
nedified by Dr. lLeon Madsnsky, The delay curve is shovn in Fige 2. m-?f'?'
mrmmtmwémucmmmwm,”
W,Ifmmtitwmmmm«inae&mw& e
ﬁmmmwmmmmmmmmm sty
asplitude., | , |
_ mmmmmmcmmslmszmﬂmm
inmhﬂm,wmmmMpm“mdiwhm%ﬁnb&m
afastweiﬂmapetmawﬁmtﬁycwldbephﬂ%m@h&d Aﬁar
dmamemaftmrﬁm mewmmumwmw
1Wmﬁmfﬁn,mnthoughitmmmsmtamsemumh
"mrmghmanumldmmmdwnﬁmbafmmmmmm
deflscting plates of the oscilloncops., |
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‘,mwmmmmamw,mhﬂymnm
itawmwmmmm
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=ﬁmmw:mm,wumummmmamm I
wzmammmmﬁmwm»mmtmwwmm
-@mswmmwmmmwwammm& The illus
‘tmmumwwmmmmmtmmmm
Mmtmm“h&mdfarmmefikwﬂsmm,mm
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) 2. By, mg. w. 33 atsa mm; Bays Heljer, mt npp, mmmxies __@_,
38(1952)., , | B S
{2y J. A nm}mp am} R. A. xablea, F:u‘ﬁh Semﬂkzim mm smauaim,
. Feb., 1956. v ) .
(3) Chaxberlain, e, W and z;;smam, szys mm ;_%, 9&? (1955}. ~
() R. L. Garwin, Rev, Sef. Inst. 23, 195 (3952)e
(5) Re L. Garwin, Rev. Sei. Tostr, 21, 569 619545). o

ggre __gtiani |

Fig. 1. Diagram of tho apparama of the anﬁ.pretu axpeximenz. showing
the selection of pulsu to be photographed ou the a‘actno;copo' -
Fig. 2. Delay curve of the caincideu: circuit. The cmmtiag Tate at the
output of the comcident circuit is plotted as a function of the rtla.tiw:
A l*ﬁthy time of one counter with respect to all the ather cmmers. "
Fig. 3. (a} Hhtogram of meson ﬂxght times umd for calibraﬁon. ib) }
Hiatogn.m of antiproton flight times. (c) Appa.vmt ﬁight times e!
a representative group of accidental coincidences. “The etdinxtes SRR
show the number of events in each one musec fnterval. :
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ANTIPROTON /'
EXPERIMENT ’ T’:I[éNENTUM DEFINlI‘iG MAGNET~PRISM

L QL
// UADRUPOLE FOCUSING MAGNETIC LENS

S~ CONCRETE SHIELDING
A

/ S1. SCINTILLATION COUNTER_\

MESON AND -~
ANTIPROTON BEAM /
// “
| comBINED
Q2. QUADRUPOLE FOCUSING OSCILLOSCOPE RECORD

MAGNETIC LENS

/M2. MOMENTUM DEFINING
MAGNET -~ PRISM

t
! 4

252, SCINTILLATION COUNTER _ . e
y B C1 CERENKOV COUNTER .. . o
- . C2. CERENKOV VELOCITY SELECTION COUNTER

% 53, SCINTILLATION COUNTEW
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