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This 45 the substance of a lecture to be given at the Intornational
Symposium on Nucdesr Electroni cs, Septembsy 17, 1958, UNESCO Fouse, Paris,
Fronco. It may be published 4n a proceedings of the Symposiume
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FAST EIECTRONICS IR HICH-ENEROY PHYSICS

Clyde Wiegand -
Radiation laberatory
Urdvergity of California
Barkeley, Celiformia

Auguet 8, 1958

ABSTRACT

A trief reviar of fast olectronics is given, leading up to ths
present state of the art, mnkav'cmmw in high-energy physice are
disoussed, including on exanplo of a velocitywselecting Cherenkov counters
MMMedewmmmmmxmmmnm
accolerators 1o denerided, A seintillationecounter matrix to identify
Memrwmmmmm. Some yemarks on the future dovelopment
of eleetronios in high-emergy physics experiments sre included,
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of musloar solentessit would be dAffLoult to dmagine how muslesr physics could
have progresed 2o its prosent state of devolopment without the ard of electronics,
%WM&G@W@&S% needed batter electronic devicen, the devicas bacams
m&h‘!ﬂo from parallal advansos in other fields of application. For enample,
vhen misdear phypies mscdod olectron tubes with facter pulssehandling copabdlitss,
" thoy bacems ovallable bssouse of apparatus mmfactured for radar and tolevisien,
‘ImgwmmtthwsmmmmmMmmmmaf
dovices dessgned apaaimamfar 1ts nsedp,
mtwmﬂwtmamwmuwmwﬂrwt"mmm. HPapth

is & rolative tern (end not ovon a very good cne), ¥y resarks now apply to
Mghly efficient opparatus for ganeral use in particle countings In the yoar
190 fonization chambam had n_--mmlm.tm time of about 30°3 see, By enmployment
of gertain pwre gasos and by collsction of electrons, the malnﬁon time vap
redutod to 10°6 sec tn 1942,

. mmsmmmmmmmmwwmmw,
the seintillation counter,-ealthough it had existed in a prinitive form for
50 years, it underwent guch revelutionary iwprovements in 1948 as to open entirely
nay possibilities. Ry using mitiplier phototubos alveady developed and electron
tubss borrowed from radio and television, we could achieve a counting rosolution
of about 16~8 sec, Certetnly in 1948 10™0 sec would muve boen called feastn
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glectronics. You can gee that in sbout 8 years we progressed from 10"3 to
20°% cec (S decados) in time resolution, However, the next decads of yoars
has advmmaﬁ ue only about one more doecade in counting spsed. Perhaps this is
 quits to be expected, as we are approsching limitations imposed by the speed
of light, Thie yesr finds up with resolution times of about 1077 DG, bleae
remember that I am thinking only of counting oharged particles of all kinds
with nearly 100 /o efficiency-wespecislly in comnection with Mgheensrgy
aceelerators, I am aware that resolution tizes even shorter than 20°10 sec
esn bs gchieved under cortain special conditions,
The $dentifiocntion of particles generated by the giant acecelerators
18 ons of the principal nsads for which we still wish to dévelop fust electronics
to ghorter and sm_resalv&ng times, Om of the ways to distinguish particles
bearing a particular characteristic, such as mass, 4is by time of fidght ina
momsnturmvanalyzed bealm, For this application we nsed the shortest possible
resolving times in marra,y of counters subjected to high instartansous counte
mmm,mmmﬂiﬁeaapmshtr&spsworm,mwﬁmantsfw
sorting them bocome more snd more stringent, |
Present Status of High-Resolution Seintillation Counters
In discussing the present status of scintillation counters, I rely
very much on the equipment in use at the Bovatron in Berkeley; I understand
that quite similar work is boing dome in meny other high~onorgy lnbeﬁmries,
ineluding CERN, Saclay, Prookhaven, and ldverpool, and in the USSR,
The development of high-current-output photoruitiplier tubes such
- a8 the RCA types 6810 and 70L6 has proved to be & significant advance, The
wstage tubos eliminate emplifiers when they are used with scintillators, and
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émmmﬁmmtﬁnﬁibmxmmwtimmmtwwmm
"~ and Radiotechnique 56 AVP

Chorenkov counters, The mse;my available RCA developmentol type C725) /
mﬁ.tiplier WMW&M tl'm latest modelsfor good mvlutim in time
' oﬁ'-mgm mmmmm of particles,
| Fim 3.:!.9 a schematic mmtm of o typical ciremﬂ.t, I
mmw&mmm@mwmmzmmmwmwmm
wmmwmmgmmmamtatmmmmmmw, Ths
mwmma!mmﬂtmmﬁa%amtl/mm%mh
wmawamm&mmwlmmaamﬁmtw
. miecien ine, mmmeammmvmmmmmmwmwm
mm&mdngatmaflﬁom. Iaozdarfortmmmmmﬂrmm
mmmmtmmm,mmmmmw
memmmmmmwmmmm
angdo, Mnmmmwwwcmmmwmmmmmmwm
| the etreuit,
Another effect that amum be avoided 18 the shift in aparamng bins
' mmgz-mwtmmmmemmm,wmmmmumum
‘ventdomal coupling capacitors ave used, Probably the simplest wey o aveid this
effect 10 to use n direct comnection from photomdtiplior nnode to grid, |

| Bigm?ﬂbma‘a‘mlutienomomimdbywmww
thick plastic seintillators couled to ROA G725 photomltiploro, The onedés
were emmammhmmmmmwmm&wwomm
1nttars foeding a sirple Rogoietype diode ceineidence cirents.?) Clipping
| maxmmlzem (elipping time 2 nonosec,) wore used

.

e Wil o Wensel, Milimicrosotond Codncidence Garoult for High epoed Counting,
UCRL~8000, Cot, 1957
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at the plates of the liniter tubes. The counting efficiency s seen to decrease

by o fnetor of 100 in 1 mnosecond, on the steepest parts of the delay curve.
Cher g_@_v Counters

1 should lika now to discuss Cherankov counters, because they are
bacoming mcmaingly important in emmting ox‘ high-energy particles, and fast
~alectronic mtmiquaa apply to them as well as to sointillators, These |
'eountara make use of an ei‘foct. discovered many years ago by P. Cherenkov of the
‘ They consiat of a transparent radiator coupled to one or more multiplier
‘pbotombes, hut thoir behavior is quite different from that. of sointillators.

When 8 charged particle paaaea thraugh a acintinator it causes light
to ve amitted in 81l dmuons from its track and the ammmt of light 48, in
| gmml, pmpor‘bt.onal to the energy lost by lonization ln the scintﬂlator.
| ‘!‘he duration of the em&asion of light depends upon the uharac%riaucs of the
. seintillation materm. Cherenkov 1ight is gemerated by a diffsrent mechanismt
we can compare it to the shoock wave of sound made when & Jet plane Qmegda the
velocity of sound in the surrounding air. When a charged pqrtlclé exceoeds the
velocity of 1ight in a transparent mediun through which it passes, Chsrenkov
1ight is emitted. lowever, the intensity of the light 1 at most about 1% of
that enitted by & scintillator ef the same thickness.

Several good papers have been written on the proporties of Chemko'é
radiation and counters.® I will mention some of them pertinent to this limited
expositions
(a) In order to emit Cherenkov light a charged particle must have a phase velooity
greater than that of light in the partiGular refractive medium through which 1t

(2) See CERE Symposium 1956, Vol. 2
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~ pasges,
{b) The light is emitted in a definite direction with respect to ths direction
of motion of the charged particle. The direction of emission is simply related
to the particle velocity, v, and refractive index, n, by cos © = ;2; ,
wvhere 8 1¢ the angle between the direction of motion of the particle and the
1ight rays, and o 4o the velocity of light. |
(e} The 1ight is emitied practieally instantaneocusly” from the vieinity of tha
particle during its travernal of the radiator. Only the refractive index
detormines its characﬁeristica, not the details of the chemical structure of
the moleculéa which 1s so important in acintillation; |

| The first property lmmediately presenta_us with a velocity-threshold
counter. That is, a particle must be going faster than @ certein velocity to
‘be counted,

_ The second prOpert? can be used to meassure quite accurately tha

valociﬁy of & charged partlcle in the range of velocities from about 0.6 e
te e,

Figure 3 (the next 111uatration) is a schematic ﬁiagram of a velocity-
saleatins Cherenkov counter devised by Owen Chamberlein and the authar.B It
consists of & radiator, a eylindrical nirror, thres plmno mirrors arranged
in an eguilateral triangle sround tha axis of the counter, and three RCA 7046
aultiplier phototubes. The diameter of the radistor 1s 3.5 inches. The incie
dent beam of particles mst be very nearly parellel to the axia but not necessarily
on the axis (ﬁhe bean ¢an be 3.5 inches in diameter)., Cherenkov 1ight rays |
ganeratad within @he'radiﬁtor at an angle © are refracted from the end of the
rediator &t an angle €, and 1ie on the surfaces of cones whose apexes are
on the end of the radiator and whose axss are parallel to the beam. The light is

(3) Clyde Wiegand, Cherenkov Counters in High Energy Physics, Trans., 1.R.E. Nuclear
Sei., K8 5, Nos. 3«4 (1958). |
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next roflected back toward the axis by the oylindrical mifror, and would fall
'in an area indiea@ed as a dntted outline of a photomnltiplier tube if it vere
not intercap%ad by the plam mirrors. The mirrors split the light into three
oqual parts and cause 1t to fall on the actual tubes ﬁmea at 120° around the

| ﬁrlneipal sxis, The purposs of the plene mirrers is to permit the phototubes

. %0 bo placed out of the beanm of p@rtielas‘and to permit the use af'a threefold
eoineidence clreult.#t the output of the three tubes. The requirement of a

‘i coincidence reduces baekgraund effacts.,

The next 111uatmax£en, Pige 4, is & photograph of the parts temporw
arily arrangoed before being pleced inside a black box. The performance curve
‘of the Qpparntnn ie shown in Fig. 5. It indicates an.efficlency of about

v‘90§ for counting protons of the velocity for which tha counter uaa adjusted.

. The full width of the reaponse curve at helf meximum ie about &ﬁh

””}ggert‘qb :ihs third property of Cherenkov radiation says that a flesh of liéht'
an be made to fall upon & photooathode in a time interval that is short compared
with that of the light from a scintillator. This effect is presently of |
1inited uaefnlneag ina ttmz-ot-flight-experimeht beﬁause of.the.smali éumber

of photoelectrons ejacted from the photocathode by the faable'chafénknv light.
When multiplier ph;tatubse with less spread in transit tinme and higher cathode
efficiency booome available, the property could be used effectively. However,
the combination of scintillatioh counters and Cherenkov velocity;aalonting
counters forms & powerful instrument for identifying rare particléa cgontained in
highusnergy momentum-analysed beams from the glant accelerators. For example,
it was by this method that antiprotons were discoversd at the Bevatron.

let us consider some electronic devices that can help phyaicista

in their uaa of the very-high-energy accelerators. V¥We ares aware of the great



UCRL-8413

o
cost in technical mpwer and materials necessary for the operation of the
.g!.ant machines, Tberﬁom, we should take edvantage of electronic instruments
that will embla us to gnthar data at a maximm rate,

At the Radistion Laboratory in Berkeley we have constructed a devicd‘
to aid 1!1 Betung up the exterml beams of charged particles emitted by the
Bevatron. Typical experiments require beams 20 or 30 maters in length from the
fprimary target in the machine. Such beans are sent through be’ndhié and foocusing
.mbgnets to dewmino the momenta of their particles and to comentrate the |
particles onto spscial targets. A problam is to olign the beams along predetemimd
ﬁéjeétorias vith & mintmm of time and etfort. ~ The intensity of the beams s
ﬁoo'io&,%o uge the blaekbn.ing of photographic film or a cluster of {onization - i
ehafnbers. We could expose photographic emulsions, ‘but the time required to
dovolop tham and count the individusl particle tmcm would be prohibitive,

Ve hqve designed a simple row of 21 scintillation ‘cmntara, each 1 em by 1 om
in ,crése section (Fig. '6)._‘ Transistorized cireuits are uged to aﬁplify,
equelise, and integrate the mmber of pulses from sach counter. An electronic
commtator nllows the aeotmula&eﬂ. charge assoclated with aa.oh elamont to be
read out and displayed as & hiatdgram on an oseilloacope. Vith this apparatus
ve are able to observe the intensity profiles of the beams and to adjust the
varjous magnet currents to optimm bending and focusing comditions.

| iﬁ.&etreni.c control of cloud chambers has been & valuable technique
used especially in cosmic-ray experiments for many yea_.ré_. A similar technique
has been used in connection with bubble chambers working in beams of the high-
energy accelerators. Thé problem is for the electronice to signal the passage

R LI v

{4) H. G, J'éckson, De &« ¥ack, and C, Wiegand, Beam Profile Indicatoi‘.
UCRL-8386 Abstrect Nov, 1958 Meoting IRE-PGKS. |
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through the chamber of a particular kind of particle which must be selected
out of a large background of extranecus particles, The identity of the desired
particle might be determined by time of flight and momentum, Ferhaps it is
desired to take bubble chember picturea at every accelsrator bursts then
electronics could mark pictures of special interest. An obvious extension of
this systen is to provide a matrix of anters placed dimm in front of the
bh@ér and connected in such a manmer that the epatial coordinates of o pare
tzcu;o.r particle ean be detamine&.' This scheme in conjunction with.electronic
identification would enable one to say which one of many tracke in a chamber
" belongs definitely to the particle being studled. In addition to reducing the
burden of scanning pb_otcgraphs, the perfection of the technique just outlined
would make bubble chembers more effective toola, bacauge at present most of
‘the particles must be identified by their resctions in the chamber, and physicists
want to know the probabilities of the reactions end consequently must. know how
many particles envered the chamber. |

We haw_re under conatruction at Berkeley a scintlll@tionwcounﬁer matrix
consieting of 176 cells of average size 0.7 cm by 0.7 em. Transistorised
oircuitry will be used to indicate through which cell the electronically
,1dent1fieﬁ';iarticlas enter the bubble chamber, _

Physicists have recently become mmfesw in a different type of .
seintillation-counter matrix: the scintillation-~fiber chamber. To aehiéve
.spa'dal resolution of 1 mm and less, wo could use a bundle of fibers made of
plastic scintillator material, Hach fiber would act 8s & light pipe and carry
ite light to a small region on e photocathode. If enough 1ight were gensrated
the fibers could be coupled optically to the image tube of a telavision camera.

-
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Seanning the photocathode would give us e pioturs of the projection of the
tracke of particles t.hrwgh the btundle of fibars, Mcrtunateiy the light
hwanaity £rom fiders is 00 low to activate the most somnive image arthicaxm.

. we nead a .ught. a@uﬂer of gain of about m,wo to pla.ce botween the fibvers
' a:ld the telsvision camera tube. Several American compuniea have oontracts,

to— dovelop image amplifiezf'e vfor this purpose. Wo hope to have a prewtyps

" next year (2959). Dsvices baseﬂ upon tracking a particle by acmtﬂlatmn

*wuld hs able to raeord wents in a time of about one microseeand and ms.ght
thmfom mcord aavaml evants during one turst of bean from a high-mrgy
Mce&emﬁor. Gaung and mad-aut would take plme 8t the command of g!@

.axterml electronies i.dentiﬁcation apparatus, &8 outiined in connacsion with

‘bubble chambers, We hope that./smll chanber 10 om in diemeter ui.ll be t.he

uble beginning of the technique of electronic track chambers which can be
- éxtended to three dimensions, |

- 1 shald ments.on now some developments uhich pmms.aw weuld 1ike
f@, bnve in the near future. I have one persistent request: mulﬁsiplt«ar
phot.btazhes with smaller spread in transit time and more efficient‘photocathadaa.

We aaaa'ﬂy a.nticipata the parféc.tion by Dr, Morton of 8CA.of iué design for
""T'am elaatron multiplier with tremendously incremsed interdynode acceleration,
-Bnd invite other makers of photomul tipliers to come forth uith ideas for

Insert
i.mpravod tubes,. /Research with the giant pachines now under construction

needs practical time resolutions of 10720 gee in coineidence eircuits, If
ve agsume that phototubes will become available which are capsble of such
fast pulaas, we shall nead improved electron tubes to teke full admuge of
their outputs, I believe that transmissiocn lines are presently availadble to
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carry the pulses to the coincidence circuit. Surely better vacuum tubes

than conventional psntodes could be designed specifically for coincidence
cireuits, For example, many experimenters use type 6BN6 tubes. Could not
both grids be shielded from each other and from the anode? Also, tubes should
be constructed with coaxisl inputs so that transmiagion 11nea could be
rmatched directly to the grid structures.
. It may be that we have almost reached the ultimate in resolution
using pulses sent over transmission lines to conventional circuits. Ve should
be planntng'arrangementa in which the multiplier tubss themselvea perform the
coincidence. Opeiatlan. Dr, Morton has succeeded in forming the output
currént of a miltiplier structure into an electron beam, i Perhaps such beams
at l,w intensity could be swept over the inputs of slower multipliers at a
frequency of 'abaut 107 por second. Two or more of these devices  might be
&ri&an'bw & comson radic-froquency generator in such a way that knowledge of
the -phases diffarmaa of the sweeping frequencies would tell the difference
in time of evants which produced a pulse out of the slower multipliers,

| Transistors will be used more in fast electronic eircuitry. There
are presently avallable transistors vhich work in pulse circuits above
10C mogacycles,

. Finally, at & recent meeting of the American Institute of Ilectrical
Engineers & scaler circuit using non-linear magnetic elements wes desoribed
which worked at 100 kilocycles. We should watch this technique for its
simplicity and reliability. |

| Some of the work T have mentioned was done under the auspices of the
United States Atonic fnergy Commission, and I wish o express my appreciation
4o the United States Office of Naval Research for making possible my

attendance at this conference,
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Fig. 1. Schematic circuit for high-speed counting.

Fig. 2. Resolution curve obtained by using 1/4-inch-thick plastic scintinators
coupled to RCA C725]1 multiplier phototubes.

~ Fig. 3. Schematic diagram of velocity-selecting €herenkov counter.

Fig. 4. Phbtograph of temporary arrangement of the components of the
velocity-selecting Cherenkov counter.

Fig. 5. Performance curve ®fr the velocity-selecting Cherenkov counter.

Fig. 6. Photograph of the beam profile indicator, showing the arrangement
of scintillators, light pipes, and multiplier phototubes. Parts of the
trannipﬁori;ed electronic circuits are also shown.
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ADDITIONS

Page 6, after line 13, insert, new paragraph: ''The apparatus just described can
count particles in a velocity interval from about 0.6 ¢ to 0.9 ¢c. A counter
which performs well in the interval from 0.9 c to ¢ has been made and
tested by a M.I. T. group (Caldwell, Frisch, Hill, Ritson, and Schluter).
Its radiator is a fluorochemical CF-75 at an elevated temperature and
pressure. With it particles of velocity 0.98 ¢ have been separated from
particles travelling at practically the velocity of light. "

Page 9, line 22, insert new paragraph: ''For example, at the Westinghouse
Company in the U.S. research is in progress on a transmission type
electron multiplier structure designed by Dr. E. Sternglass, 5 This
structure consists of parallel foils of very thin material. High voltage
is applied between the foils. Primary electrons are accelerated onto the
first foil and secondary electrons emitted from the opposite side are
accelerated to the next foil. Several such stages have been made to
work in a single enclosure. I believe the principal problem is to find
foil materials which multiply but are not fatigued by the electron
bombardment. This type structure is expected to have a small transit
time spread because of the high voltage per stage (several kilovolts)
and because of the similarity of electron pathe. Such structures are
also capable of imagé amplification because they preserve the pattern
of the inteneity of the original primary electrons.

’I.R.E. Transactions on Nuclear Science NS3 No. 4 Nov. 1956.
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