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b 3 t r a c t

Calibration measurements have beeil done on the external

elocLrün beam at DH1SY in the energy region 1.5 öev to

3 Gcv with a Faraday cage, a calorineter , several gas-

fillea quanta.-nete.ru, and a secondary emission quanta-

meter, using a thin secondary emission monitor of

-2
2 x 10 radiation length äs an intermediate Standard.

The re^jjonce of the monitorc was investigated over a

wide ran^e of interisities and energies, and for various

bea:n oositions across the aperture. Plateaus were

meanured, and short- and long-term stability was checked.

Our data Indicate that the Faraday cage measures the

Charge of the electron beam with an error of 0.3/6 up to

5 üev. An intercalibration between the Faraday enge

and the calorimeter at 3 Gev nhowed ragreement within

+ 0. 7'- between the measured Charge of the Faraday cage

and t he Charge deriveü frorn raeasuring the total energy

of the electron beam in the calorimeter.

i'our gas-filled quantameters were compared and calibrated

against the Faraday cage. All quaritameters are made of

copper; one of them has copper surfaces, the olhers

have gold plated surfaces A ju thick. In all other res-

pects tliey are identical. The gold plating permits the

use of the quantametert; äs secondary emission quanta-

meters ander clean surface conditions after evacuation.

The calibration constant of the quantaneter with copper
-i Q

nurface has very nearly the theoretical value of '+.9 x 10
-1 1

Mev-ccul calculated from the worK of '..'ilson . The mea-
s, Q ^

sured cün:5tant is ^.75 x 1O Mevcoul



ourprisingly, the other three quantameters with gold-

plated surfaces show 26% more current than the quanta-

rneter with the copper surface. The calibration constant

13 -1
is about 3.6 x 10 Mev.coul within + 2.5& for the

threo different quantamoters mentioned. N o cnergy de-

pendence of the calibration constant was found in the

from 1 .5 to 5 Gev.

The unexpected dependence of the calibration constant of

the gas-filled quantameters on the type of surface suggests

that the deviationa between the measured and the calculated

10
calibration constants found at other laboratories , might

be due to varying surface conditions.

Data are al^o given for the calibration constant of the se-

condciry emission quantameter. The main advantage over the

gas-filled quantameter is the absence of Saturation effects

at high intensities. Therefore, we are planning to use the

üecondriry emission quantameter with all high-intensity

]( -ray beams.



1 . I n t r o d u c t i o n

Since March 196;i external ij-ra^s with an intensity of approximaLely

g
5 x 10 of effective quanta per pulse h^ve "been available at iĴ oY for ex-

perimental purposes.

1
Gas-filled quantameters are used äs radiation monitors for the

measurement of the intensity of these external beams; their calibration

constants were determined by calculation.

The Intention was to change some of these quantameters l'or high-

vacuum Operation and use them äs secondary-emission quantameters Tor

higher intensities. With a view to obtaining s^ecific surface conditions

the copper surfacesof the jjlate assembl,/ which absorbs the shower were

5üld-plated in these quaritameters (type i)̂ ) .

Gomparison measurements of the two types of quantameters have

shown that the calibration constant of the meter with gold-plated plates

1
was 26$ amaller than the tVjoreti cal constant of the two types (the same

* Q i

.^eometr^) equal to 4-9 x 10 Mev.coul" . This difference in the constant

of the quantameters type J> -vas confirmed by two-at-a-tirne s-.ectroraetor

measurements, with an accuracy of 5/°.

Therc is äs yst no qualitative explanation of the discovered sur-

1
face effect, which is not cunoider ;d in Wilson's theory .

In order to establish this effect more accurateiy we undertook an



absolute calibration of the quantameter on tVie first external taeam in

w"hi_ch a Faraday ca .-o and a caloriraeter Gerved a-, reference Standards.

T'he external electron beam r;.quired for thia purpose was available, be-

10
.inriing from May I9&5i with a maxiinum intenüity of about 5 x 10 elec-

trons per pulse in the energy ran^e of 1. ;-5 3ev.

The calibration experiments carried cut in June and July 1965 have

Gcttled the following problems:

1. Checking and determining the absolute accuracy of a

Faraday c a ;;e ( J>. 1) ,

2. Checking and c ilibr-iting a thin aecondary-emission .nonltor

to be uaed äs an interrnediate Standard in all measure-nents (3*1

3. Ghecking a calorimeter and comparing this independent otandard

w.; t h the Faraday cage (.5.2),

('t. Calibrating a g^/-filled quantaraetcr to be used äs the Stan-

dard for t-rays (3-^0,

5. C'iec'ring and calibrating a secondary-emidsion quantameter to

be uscd äs the otandard for jf and beta ray,̂  of high inten-

sity (5-5).

Within the limiLs of the tine npent on meaiiurernents, all t*ie above-

listed Instrument^ were Gtudied for their depenaerice on the energ.y and the

inteni;ity of the eicctron beam.



2. C o n •.; t r u c t i o n o f t he m ü n i t o . - o u G e d

2.1. F a r a d a y c a g e

2.1.1. J o n s t r u c t i o n

The electron beam entern tho vacuuii c '^amber LJenetr;? bin,], tar ;ugh a spring

_7
of !/ x 10 torr is orcuJuced by an ion gelter pum^. Beliind t ' iu entrance

d by the Gecondary electron.; Trorn the foil itaelf, arc .^xpected to

-3oe less than 10 r.ince the niain body ot the seconci:j.ry eloctrons have onl.y

The lead -.bsorber is placed on aluminum ox.ide in:;ulators which have

l'.:r]/;th.5; 120 radiation iength.3 correapond to tVie radiuLLon untr.jrice c';annel

whi.ch hao a d', aftcter of 15 cm. 'i'he ab..;orber diaraetor is 1^0 r-:-^ii • tion



vented from eacaping from the absorber by another penanent magnet

(specification äs above). Since the electron beam aurrendera the major

part of its energy in the first 10 radiation lengths, lead is replaced

in this part by tung^ten because lead might start melting.

The lead absorber is situated in aluminum housing. This reduces

the generation of secondary electrons by the photoelectric and Compton

effects. The vacuum chamber is also made of aluminum, for the Game reason.

n potential of up to 3 kv can be applied to the aluminum meah

which surrounds the absorber, when the Charge loss is measured. As com-

pared to the other äquivalent raethod in which the jpoterjtial is applied

directly to the lead absorber, our method has the advantage in that the

Instruments measuring the cage current remain ^roundedt and the Charge loss

of the ca^e can always be checked in Operation in a simple faanner.

2.1.2. D i m e n s i o n e o f t h e a b s o r b e r

Lj'ith a view to determining the absorber dimensions, Brown and Tautfest's

2 3
computations were compared with Uagel's Monte-Carlo calculations which

were carried out for energies between 100 and 1000 Mev. In the meantime,



'f
U. Volkel of JüloY has extended theije calculations up to o Oev. In the

Mon ̂ .e-Carlo computatlonc eiec Lronr> down to 1 Mcv and photons down to

0 f?.L) j:ev werc considered. Nagel' s paper also coritains extrapoiatioii

formulas for the posi.tion and Vioi^ht of the ^hower ,-naxi;num, data rel.̂

to the fall of .intensity after the shower maximum, and inforn-tion ahout

baci.-scatterLng. When it is postulated th-'it, say, only 10 of the pri-

rnary electrons may escar-e from the absorbor, the calculations of Brown

and Tautfent and thoae of Kagel agree well in their determnation of the

absorber length.

oince Nagel'K data are based on the electron cut-off enerßv/ of

1 i-'iev, ßrown and Taut fest's calculationfi shoul.J really produce ;reator di-

•nen^ions, becau-.,e of the low-energy electrona. Th.lt; is also ehown by the

red-action of the photon intenaity which occurs con:;idorably ölowor in

.agcl'fi calculations than in those of Brown and Tautfest, and also sicher

than would corro.^pond tu the mini/num absorption factor. l-hoton;; with



convutationG should ^rovide a good guidance to thc absorber dimensions,

if only they are based on the reduction not of electrons but of photons,

It wa3 intended to "have an accuracy of about 1 x 10 in the

Charge meciLiure'Tients of t'-e elec „ron beam at 7,5 Gev. Thio s^ecification

produced the lon,:';th and the dia;neter of the absorber using Nagel's extra-

polating formuias.

Nagel also gave oome data of the bac.''-scatterinp; effect. when these

uala are extrapolated to 7«i> Gev, it is found that about eight times äs

many photons with an energy größter than 0.25 Mev escape from the absorber

äs the primary electrons which enter it. Above 10 Mev, there is still

about 5^« Tn the ar,..>;ular ränge of 1?0 -130 t^ere is still about 20;£ of

photons with energiec of 0.2̂ -5 Mev.

For the above re-uKon, the entrance channel of the abGorber wac made

so long that the ohotcm; deviy.tinrj; backwards from the entrance aperture

naice about 15% of the total. Only in the area of the entrance foil and

t e permanent raagnet do they meet diaper.3ing matter, and the effect of r,e~

condary electrons iiroduced in this Tianner on the accurscy of the ch;;rge



-rc,nont must therefore be negligiblc •

2.2. ö e c o n d a r y e m i s s i o n m u n i t o r

cb'JCi ' in^ and c;-jiibrating L-hc Farauay cage, t ' e calorimeter, arid t!;e quarita-

:neter:;. ...lince i L is placed before cK,her Instruments In th e j .1 th of t he

boa^n, 1t mu -.11 be äs thin äs posaiblc t o reduce t he scatter.

The v.-jcuurn cliamber is clo.'ied by t he bcam entrance and oxit windovjs -nade of

-2
i ^ j / r l n ^ Bronze, oach 10 radiation length tlii.ck and with a dia:neter of

-7
-in cm. .1 vacuurn o "T '10 torr is produced by an ; on p;ettür ,^uitiiJ.

Thore are 17 a lu tn lnum foil.;;, each 6 K 10 ' rnm or ü b o u i ; 10 radia-

"c.ion ..len,;;th th. ick» connected alternateiy to the :.-Jup_ply volta..--e arid to t'ne

cullecior.
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2.3. C a l o r i m e t e r (KH)

In addition to the Faraday cage, a calorimeter was alao used for absolute

•neaüuremerits; it;; cross-section is shown in Figure 3* A lead cylinder

18 cm in diameter and 20 cm long ab;.;orbs about 99>7/0 of the electron

beam energy at 6 Gev. This figure reuults from the Monte-Carlo computa-

k
tions of U. Volkel .

The absorber is t"i~'ernally inoulated by a 10 cm la,,er of polystyrene

foarn (Styropor) which completely surrounds i!,. The heat loss corresponds

to a temperature drop of 0.05 C per 10 minutes at ^0 C. The temperature

of the absorber is measured by a plabinum reüistance thermürneter.

The calorimeter ie calibrated using a heater elemorit cast into

lead. The electrical energy was supplied by a currerit-stabiliaed d-c

supply and meysured wibh an accuracy of about 0.2̂  by digital Voltmeters

and DESY Integrators. The power at which the calibration war, performed

corresponded to the electron beam with an available power of 100-200 w.

,i heating or Irradiation period of 10 to 20 minutes was required to raise

the temperature by 10 C.



1
pro posed by tf . ;\ .i/Ilson .

q,..-inta^eter componed of two Get^of interlaced co,,per plate;;, all of the

otber sot - the .jlatea intcrlacoa botween thone to w h i c h the volta^e Is

12
(,-aboat 10 " ohm) , the collector set it; alöO well inaula^ed ther-



mally, and iw t'^erefore able to pass, praciically only by radiation, one

half of the nhowor onergy which Lt absorbs to tbe voltage-carrying üet of

jlateü. 11 ating of the collector plateG is therefore exccGsive at the

higher beaTi intensities, and tho '̂rAS diacViarge gap varies more tlian the

ible :nec ;anical tolerance.

l''or thio reason, followLng the idea of V,. Kern, nearly all the

of the ühower is aboorbed in the DEÖI quantameter (type ,D1 and D3)

by a aet of twelve 1̂ .90 mm thick electrolytic copper plates connected to

the öource of the auxiliary potential, while 0.10 -nrn t!iick copper foils

are emijloycd ao the collector and absorb cnly 1/150 part of the total

shower enerw;,/ (Figure 4). The total t?iickness of the plate asGe-nbly was

c';o:;en for the D-ioY maximum cnergy of 7.5 Gev on the baüis of the "linear"

5
shower theory .

The length of the gas discharge sa;_w changes, bccauoe of the

^i ipson Integration over the shower curve, in the ratio of 2 : 1 and is

?. x 1.50 im or 2 x 0.75 ^m- The width of ths corrocting gap at the end of

tho jluhe öissembly, which allowa for the theoretical exponential fall of



t h e .'j'-'Owor curve, is 2 x 3o75 l fi^ ar-d is equal to the equivaljnt width

of the radial correctin.-; gap.

Dlv;Y quant .Amctor ' 1 ; aro fi Lied wit 'h the ga.; .nixture öuggested "by

•.jilson (95. '̂  and 5„ GÜ p ) in wh ich ar^on has 7 jjpra of i^^uri ties and

G00 20 ;jpm. Hecause o:f the Saturation of tht gas di.scharge, the g;j.ti-filled

quanta-ostor can be uöed oniy at a low radiation Interisity.

Unliks the ^as-filled typ.;, the üecondjry-emisr=ion quanta^netür

proooned by H. FLsca^r and G. ochaerf is inde^enderit of the interiöity in

the ran.-.e'xnown -it prencnt ; however, this monitor .nust be cylibrated by

Tlie DE3Y Tuantameter (L)'^) rcprefientK a c .imbination of th-1 gaj;- fill ed

äs a as-filleü quan tarne t or v/ith a high "currerit m i;;Tiif icotion" of the

by -neanH of i t K ion ^etter pu.-rip to a good vacuum (p < "10 torr) a r jd is
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It is well known''" t ha t the secondary emisoion of a metal sur-

face depends greatly on the latter's state (e.g. oxide film, etc.); good

lonß-term stability can be achieved only with a superior surface finish

or by the use of a suitable material. (The plate assembly of the se-

condary-emission quantameter developed in Stanford is for this reason

made of silver.)

For the same reaoon, the surfaces of Lhe plates and foils in the

D'ikiY quantameters are electrolytically gold-plated. The plating ie about

;t . thick.

The insulation rosistance between the collector and the guard ring

12
in the D^ol quantametera is greater than 10 ohm, and it is possible to

-10
ineasure reliably cuu'rents down to 10 a.

2.5« C u r r e n t m e t e r s a n d I n t e g r a t o r s

An Integrator developed at DiiiSY is used for measuring currents greater

t'ian a few nanoamps .

The -neasuring circuit of the DK3Y Integrator conaists essentially

of t wo commercially availoble, chopper-stabilized, opero.tional amplifiers

USA 3) connected in series. The first amplifier has negative
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feedback via a high-resi-tance circuit and acts äs an impedance chanr;er

and currerit meter t while bho second am^lifier integratea the current on

a ca/iac i. bor. The use of a blas charge principle, which makos it possible

t o obtain msasurümeritt; cven when thc Integration capacitor value is not

aecurately known, and e^vlayment of high-precision high-value resistorr;

in the feedback circuit (+_ 0.1/0 allowed us to achieve in all current

_ Q z

rankes (10 -10 a) a long-term calibration ^bability better than + 0.5/̂ »

_9
Kor tVie measure^nent of currents below 10 a, a vi brat i n g-capacitor

electrometer (IDL) is used inotead of the first operational am^lificr.

Th^ valuoa o f the feedback resislances which detorrnine the current rarige

-kcan be changed by retiote control. Currents can be measured fi-om 10 to

10 a. The accuracy is + O.^x- in the ränge of 10 -10 a, and + T,J in

-9 -12
the ran^e of 10 J to 10 a.

3- L a y o u t o f t h e e x p e r i m e n t a l G e t u p

Figure 5 shows tho layout of the experimental setup.

'The electron beam is sent out from the Synchrotron by means of an

ejoction G.yst-em (not sriown) and meets the fir;;t colli.Tiat.;r. The horizontal

of tlic beam guiding syntern has a maximum at tic ;.-oint where the



second collimator iß located, which liraits the defocussiri.; of the beam

to + O.5/.. Tha dispersion of the nominal-energy electruns is cancelled

by the cecond deflection nagnet. The quadrupoles i'ocua the beam in both

planes .̂ t the point of location of the Faraday cage (FK) or q u an t am et er (*u).

The design of the beam-guiding erstem is such äs to permit the

measurüments in the energy ränge of 1-5-5»0 Gev.

For an accurate meacurement of eriergy the electron beam is adjusted

by the first deflecting magnet in such a manner that it optimally travels

through the second collimator and the prcceding scintillator (Szl) which

has an aperture at the point that should theoret.'.cally be traversed by the

beam. Coarse adjustment of the current in the deflectinx magnets is

carried out by watching the scintiilator 3z1 by means of a double mirror (U)

and television camera (Fs). Finc ad,justment of the current is performed

by -neasuring the current in the insulated second collimator. when the

adjustment procedure is finished, the direction of the current in the first

deflscting magnet is reversed Cito intensity remains the na.ne) and the beam

can be theri watched through the other half of the double inirror D on a



c.-.'oss-wirü of the second GG Lntillator Sa2.

The two boam trajectories are made syrrractrical. ..hen tho beam

hits the ueflecting rnagnet exactly per^jendicularly, and the ueflection

current re'nains the samo, the samo cleflection is obscrved.

The electrun-beam energy can be meaaured by this :net'-iod with an

Thore is a further deflecting magnet between the secondary Emission

monitor (SÎ M) and the Faraday ca^e (FK) or quantamcter C^u), v^hich renoves

V -quanta from the electron beam.

In addibiori to the SEM whi.ch is used äs the inter^ediate stanaard

and the. öonizalion chainber.

of thc bram. Togeth-r with the qua n tarne t er i t i;-5 sut on a trolle./ v/hich
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calorimeter, which is ernployed äs an additional compari^on Standard, cart

ho set on the trolley in front of the quantaineter.

'i. M e a s u r e :n e n t s

'4.1. F a r a d a y c a 3 e a n d s e c o n d a r y e m i s s i o n

m o n i t o r

The secondary emi^Bion monitor (S.EM) is used äs an intermediate Standard

for tbe control and calibration measureinents, together with the Faraday

caii,'e and the quantameter. The .i.ost important points of its specification

are stability during the mea&uremnnt and linear!ty in the entire intensity

'4.1.1. S t a b i l i t y o f t h o 3 2 M

The short- and lon^-lerm stsbilities of the ratio of charger,, ^ /v_

arc ^lotted in t'igures 10 arid 11. It is evident that the secondary e-nission

current increasea in the firot few minutes of irradi.ytion by about 3;̂  and

then Gtays conctant to ̂  0.5X for several hours. Thi« effect can be ex-

7
plained by a surface change under Irradiation GJ.IICO th^ socondary emission

current is composjd mainly of electrcns with an ener^y lovjer than 20 ev.



is shown by t h o nejourcinent of the volta e dependence of the

Irradiation of the G

The long-term otnb.ility of the ,lJKf-'i ia + T/ o vor a pe.ri.od of four

wseks. Durin^ this period, and in the precedin^' three m o n t h r > , v;-*cuum was

-7•>iaintained a t 'l x 10 torr by an ion getter pump without vc"5 L Llation.

-•.part from the c hange in aenoitivity in the first 20 minutes af ter

the beginnirig of sx ;>osure, the stability of the 31HM is withiri thü limitG

roquired für our me.^Kurements *

•'-(-.1.2. L i n e a r i t y o f t h e S jJ ivl

Vhe de^endence on the intensity is illusbrated in i(1igure 13- '^hc; \ieasurcd

™ ,-
£ IS.

/^ .-] --S

from 10 to 1O electroris per Synchrotron pulse. This result i H in

7-10
ap;ree::nent with the Tie:-murementG of other workers »

4.1.3. /] n e r ;_; y d e p e n d e n c e o f t h e ,j -L M

Oontradictory rne.usure.nen t s of the energy dspendence of öccondary

7-11
nonitors huve been ^ubli^hed ; there are alwo discrt ancios betw^en
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livaluation of the measurernent results is thus maae more difficult

becauGe a possible energy responae of thc /araday cage woulci also affect

these results.

i'igure Vt Khowö the rat i. o of 14tW''̂  -^ -G-M i-n the ranrf; of 1 to 5 Gev
r n. ü JUM

It IG consbant to +_ T,;; and doen not depend on the onergy.

9
ThiG agrees with thc; -neaKurements of Taufest and Fechter in the

ränge of 100-250 Mev , but is contradicted by the measurements of de Pagter

10
and r'otino ; the latter authors found that the ratio Q_ /̂ ,. was re-

J K

duced. by ^.^'/b in the energy ran;--e of 1 to 5 Gev. They pointed out the

12
discreoancy with the theory which prodic Ls a fall of 7*5̂ .

The measurement results obtained by de Pagter and Fotino for

tyrnr/^c-vu, include also the energy dependence of the faraday cage which
r iv

arnounts to about 21/. If this factor is eliminated, the energy response

of the JiM is roduced to 2.^->, arid the discrepancy bet^/een this and theo-

retjcal dependence becomes even greater.

J f . l . ' f . C h a r g e l o s ; r . a n d a n e r g y d e p e n -

d e n c e o f t h e F a r a d a y c a g e

r ' i e Charge loaü in a Faraday cage is evaluated by applying an auxiliary
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poteritial to the lead absorber or by applying various vulbages to the

m.;Gh which surrounds the lead abaorber. Both methods w.̂ re in use : they

are equivalent.

J^iguros 15 and 16 show t"-e results obtained for 2.9 and 4.6 Gev.

The relative loss of electrons in the Faraday ca^e amounts to (1.9 + 0.9) x

— ̂  - v)
x 10 ̂  and to (3.2 +1.5) x 10 ̂ . All the measured resuli,y of the rela-

tiv Charge loss are plotted in Figure 1? against the olectron energy. It

i3 not possiblc to excludo the possibility of an energy dependence amounting

to a few parts per 100C. In the energy ränge of 1 to 5 Gev the mean value

of the reJative Charge loso is (2.8 +1.2) x 10~5.

10
Comparison with de i'agter and Fotino's results which indicate a

—2
Charge loss of about 1.7 x 10 leads to a question of where doet; this

fivefold increaae of the IOGS comc from. Presumably it in due to a subotan-

becau'ie tho difference in other di-nensions is rnuch srnaller.



is also only a few parts per 100t), and their beam entrance c-iannel is

twice äs long äs the abnorber i.tself. The same Faraday cage was used by

9
Taut fest and Fechter in their measurements of '<"tl_../̂ ,.,-,,.; in this case

r & oüvi

äs well there is no energy dopendence in the ränge of 100 to 250 MevT

arid the above ratio remains constant in this ränge to about 0.5/t'. Tv:is

agrees with our measurements of Q,-,,,-/'•:,-, t,, in the ränge of 1-5 êv
r ft OÜJri

(Figure 1^f) .

An additional clue for the evaluation of the Charge loss in

Faraday cages is provided by the neasureraent of the mesh current. At

— ̂A.8 Gev a positive mesh current was rneasured, araounting to 1.5 x 10 of

tho cage current; it is, evidently, due to the electron emission of the

lesh, titimulated by photons from the absorber. Jince both the mesh and

t'is surface of the absorber are made of alurainu'Ti, and oirice the discuösion

in oection 2.1.2 indicates that the relative number of the photons escaping

from the absorber can bc greater than one part in thousand unly in the case

of the photons below 250 kev, all electronü Hroduced in the alu'Tiinum have

tr-ivel rankes inuch lov;er than the wire diameter of the rne.vih ("l mm), Äcnce



-3
a.-j wimilar electron e:iii tters. The relative mesh cur.rent of 1.5 x 10

quoted previously produced a figure of (2.8 + 1.2) x 10 . Thus, the

Jfaraday ca^e meets the rsquired accuracy 01 me^surenent uf the Charge in

the electron bea;n,

H . 1 . 5 • U s a b l e a p e r t u r e o f t h e

F a r a d a y c a g e

The geotnetric aperture of th-1 Faraday caj;e Is equal to the internal dia-

meter of the bea>n entranne channcl (15 cm) in the lead absorbor. Figur e 18

Hhows the sencitivity of the Faraday ca ;e äs a function of thi1 horizontal

location of the beam entrance ^oint * This was measurcd wi tli an electron

tao.-äm which had a diameter of about 10 mm ( Figur e -"0. Within the aroa of

meaöur emont error.s (+_ 1, ) tho Faraduy cap;e has the same ;jon: .i tivity in the

i . - . 5 eritrance l'oil and thu ca ;e current falls to a srnall extent. Ar, the
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current rises rapidly. The beam hits the flangeü of the vacuum chamber

arid sti.nulfit^a secoridary electr^na whlch pene träte unhinderud in t o the

lead absorber.

It ifi evident t;!-, t the electron beam can have any shape and posi-

tion within. the ^eometric aperture, and that this will not affect the

a-;curacy of the measurernent .

However, Gub.stantial errors .nay ensue when parts of the beam hit

f'C aperture edge. This haß actually occurred once durin,'; our measurernents

of imperfect beam guidance Csee Figure 9); the Charge ratio,

, waö then *j% groater than normally.
r K

The re?json for this was not known at first and the Charge loss of

the Faraday ca--;e waü meaaured in a search for an explanation (see '-l.T.^f).

There v/as no plateau up to 3*5 kv on the m-vsh. The measured Charge loss

••;as riüing linear ly with the rnesh volta^e, and at 3*5 kv and for 1.5 Gev,

amounted to about 1 -5> • For the aake of accuracy of the meanurement , the

beam profile mu >t therofore be ke:.t under control.

^.1.6. L e a k a g e c u r r e n t G i n F a r a d a ;/ c a g e

The Major cora^onent of these currents IG due to ions fr '.-m the 200- li t er ion.
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pump used. U^ing optical lenses and a grating, this componcnt was re-

-1? -7
duced to 2 x 10 "a, for a vacuum of 6 x 10 torr, Since the measure-

-9 -7norits are (>;enera.Lly running at the current level 10 to 10 in the cage,

this leakage current may be obviously neglected.

The current throu^h the insulation is much skalier and atnountfi to

_-1f"

only --10 a; such currents retiult from the measured insulation reßic-

tance of 10 ohm and the voltage of 0.01 v applied to the absorber whcn

füll deflection of the current meter is reached.

A furthcr leakage current is produced in the connectin^ cable to

the meaauring aetup, due to stray radiation from the Faraday ca^e. At

3 Gev the cable current was 3 x 10" parts of the beam current.

k.2, C a l o r i m e t e r

.̂2.1. G a l i b r a t i o n o f t h e c a l o r i r n e t e r

r'or the calibration ^urposes the calorimeter was heated electrically and

the temperature was recorded every 30 cecorids. Fi.rrure 19 i;hows a typical

temperature-time graph. In the heating period the tem^jer.'iture rlGcs

linearly.
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The Gjacin^ between the heating element and the thernometer cau^es an

indication 'ielay of about Lwo .linutes. Perfect ther-nal. equilibriuin is

reac>ed only about 20 minutes after the heating in switched off. The

temperature fall per unit timc, cauwed by the in.sulation losses, is then

approximately constant. The differonce between the temperature after

tharmal equilibrium has been reached and the initial teraperature before

heat is applied is used for determining the specific energy consumption

A-2/ilT. It vjas found from 15 c.ilibration ^leasurements to be:

4 E/A T = (11.6V l 0.10) x 10-5 v;att.sec/0G

4.2.2. D e t e r m i n a t i o n o f t h e e l e c t r o n

b e a ^ e n e r - y b y m .- » n s of the

c a i . o r i m e t o r

The calorimeter waa set in the path of tho electron bcatn, diroctly in front

of the qnaritu' i i ; l, er T and the beam was othcrwi^e unimpeded. The power of

t - i e electron beam wa:.; c Hose n t o be ap^roxim.-.-tely equal t o the hoat power

appliod durinj: calibr-aLion, i.e. be tween 100 and 200 ,-.'. The Irradiation

ti':ie nece^sary i'or a LS npor^t i i re r ' .^e of about 10 C ^aa between 10 and 20 nin.



Unlike ti ie ca^e of t N.-: calibr^tion jraph, ^e have Viere a maximum wh:ch

inetur Lhan durin;-;: cali brabioru The tem^erature difference iö Lleternined

In tht* ßam1:.1 mann er äs du ring calibr^tion. The reöults will bse com^ared

with tbe Faraday ca^e ;neasuremeri t:i in tho follov/ing nectiori.

' ' .3« C o m p a r i :, _, n o f F a r a d a y c a _ e a n d

c r-i l o r i m e t e r

the electron boam wan -ne^rHired with the secondary '-rai ssion ?ionitor. 13o-

eriergy were ,-neasured an described in Section 3-

'j?hu cnlibration con.^tants and tho "bea-ti da t a are listGd in Tu bLe
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fc j r 2.9 Gcv. T >.blc 2 conpares tho total energy me-::.sured by the calorirneter

und thc total number o i elcctrcns, ovaluatcd frum the above by means of

he boam energy, wi th thc total quariti ty of electrons <ne.\Gured diroctly

wi.th the iTaraday c.^e. .Jlthin thc error limits o i + Ü.?/..t thO' two tnothod:

extraordinär j ly well, demonstr^t ' ing tho reliability of the Charge

LVble 1. Calibracior; coristants of thc calorirneter, the üecondary ci

moni bor and the r'araday ca,~;e ab 2.9 ^ev.

Beam pul^e or beam energy

Calibration conotarit of the
calorimeter

Ga3 ibration constant of the
calorirneter at 2.9 3ev

Charge: ratio ^̂ /'̂ ^ at

2.9 üev

MeaGurcd relative Charge los^
of thc Faraaay ca/e at 2.9 '̂-'V'

Correctea Charge ratio ^ /'^

at 2.9 ^ev

Calibration constant of the 3!;>i
at 2.9 ^e v

(2.'}0 + 0.015) Üev

(T1.-';7 ± 0.10) ' 10- watt.sec/°C

= (7.282 + 0,05̂ 0 * "i O15 Gev/°C

(2.511 ± 0.025) ' 10̂  Glectrono/°C

1.95'l + 0.003

i

(1.9 ± 0.9) ' 10'-5

1.956 + 0.009

1 o
(1.221 + 0.006) - 10 ' electrons/

a .sec



Charge
.;ea- o'C

.nun t 1O* a.se
n o .

1

2

3

2,185

2,161

1,984

r-m^. ri.se
in Lialori-

meter
^ / {-Sjfi

10,63

10,46

9,53

; jo . of cloctroiiG
fflea3ured with ca-

(x 10~ 4)

2 , 6 6 9 + 0,027

2,627 + 0,026

2,393 ± 0,024

".•,"o, of electrons
".ic?ü.tiU"iriGQ w IL t ti

Cx 10~14)

2 , 6 6 8 ± 0,012

2,639 ± 0,012

2 , 4 2 3 ± 0,011

Mean

DI f f .
i ( lüraayy ca^e
- calori n e b o r ,

- 0,04

+ 0,46

+ 1,25

+ 0,56 ± 0,70

. i

G a s - f i l l e d q u a n t a m o t e r

on the beam , 'OHition

The quanta . f ic-Lür \va;; 'nov.:d by inoan« of a trolley /.er js,-:- tho >-atK of the



tive to the quantameter (i'igure 21): tbe neaaured value is noticcably

chan;p;ed only when the well collimated )|-boam dito the inner edge of the

radial correcting slots.

The u^able working area of the quantameter has therefore a dia-

meter of at least 13 cm.

4.4. 1 . 2 . Current-voltage characteristics

(plateau measurements)

ßel'ore a ga>s-rilled quantameter was used, it was first checked - by -neans

of a plateau measurement - whether the ̂ as discharge used Tor the raeasure-

ment alroady exhibiLs, at the chosen beam intensity and spili-length*,

Translator1.'; note: Term unfamiliär.

recombiniition ef fccts due to the morneatarily excesu^ive ionization dsnsity .

?ifjure 22 shovjs three measursd piateaus for 3 uev, v;ith tha inten-

sity of the external clectron beatn v-irying in the rotio of 1 - 10 - 1OO.

6 7
i'he piateaus ^no:i,sured for the iriton^i i'ies of about 10 and 10

elcctronG er pulste h-'Jivc si'nilcir inclin^tions of about 1 .5-2̂  in the

Jtrai;,;hl part . In t ho plateau mcaourement with 10 electrons ; er julse,
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the individual rasulls are much tnore scattered because of a wrongly chosen

o
Integration c^nstant. ün the other hand, when the intensity is 10 elec-

, the :..lateau rises by more than 5:- and its absolute valuc is

lower äs well: the measurement is in this case obviously upset by the

rocombination.

^triotly speaking, the decisive £ictor for the recombinatiori is not

t'r.e number of clectrons :;ser pulse, but the ratio of this number and the

s ili-length which gives the number of generated ion _,jaira per unit ti.-ne.

Thi:.; iü valid for periodo which are long äs ccmpared to the travol tiino of

cJectrons or ioris in the gas diücharge area; this is the case when the

period io grüater than 1 usec.

It follows from the results shown in Figur e 22 that the üükj'f quanta-

neter filled with 95/s argon and 5/c ^On may be used when no rnore than

^
-) x 10 electrom;, or ef fcctive ]f-cjuanta, per micrcsccond hit the instru-

ß
.nout (i.e. when the spill-length is say 200 jusec - about 1ü" electrons or

eff Active:- quanta) . Fi-jure 23 -hows the usable wor!c.ing ränge.

Unfortunately, the spill-length could be determined on'Ly very in-

;-xcc;urately, and the numerical values rnust be regarded äs approximate.
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A further source of uncertainty ia that there is no quantitative

criterion of whether a plateau IG usable. Indeed, the inclination of the

•neaüurcd plateaus re-nains in exi-:. bence even when the measurement is carried

out with a Much lowcred. inr.enaity. iTigure 2)\s this in the ca.se

of a weak V-beam.

rrht5 ef fect i a :.erhaps attributable t o âs multiplication at edges

and sharp point;:,, which cannot be wholly avoided in practice.

For this rcason, the vordict on a me'-j.üured plateau is rather ar-

bitrary. It is taken that a ülateau is usable when its inclination and

aboolule valuo no longer v;-r,y with the reducod intensity. This was the

reason for meaauring the absolute values oT the quantameter conütants at

7
the relatively low intensity of 10 elec troris/pulse.

Fif^ure 25 shows the plateaus corresponding to each absolute measurc-

ment, with norraaliaed ordinate values.

'i . ̂  . "l . 3 • Comparison of various quantameter

/tt the end of May 1̂ 6̂  we comparod three (out of the five available) D'üY

;? -antaineters on the basis of Jf'-beam 22 (one apparatuu of type iJ1 T no. 1

a-;d .i?our instrum nts of type U3, no. 2-5)«



r o forence Instrument, and the interm.-:diy t o ^t^ndard was a thin ioni aation

cVi;iTiber w L t h air atnoj3. .hcro. v/lthout c ; '.an',iiig the geomctry of the beam,

Table j>. Gom^arison of gas-iilled quantamcters. The sUmuard Instrument

i r, q.^antameter rso. 5, filled with 95/'- ^ and ^,1 CG

^uanta-

no.
(n)

1

2

3

4

5
Stand-
ard iri-
stru-
m cn t

(Gev)

2 ,72

1,47

2,75

2,86

1,63

. /„

Iicasured
Charge

ratio

0,739

0,741

1,002

0 ,982

0,975

. /*

.Presaure
-tempe-
rature
ratio
p/T

torr/ K

2 , 7 2 2

2 , 7 2 2

2,714

2 ,734

2 ,734

2 ,732

Charge
ratio re-
calcula.tec
for p/T =
£.700,

< \ / X

0,741

0,743

1,007

0,901

0,974

1000

(by de-
finitiorii

±0,004

±0,004

±0,004.

±0,002

±0,012

./.

•'.oan value

den t of
energy

0 ,742

1,007

0,978

1,000

^urface

Copper

Gold-
plated

V



The third column ^ives the results of direct measurement s o.f the

Charge ratio ^ /Qqt wh Ich is recalculated in column ^ for the "normal

gas filling" of 2.700 torr/ K (correnponding eq. at 293 K tc a gas

pressiire of 790 torr). The basis for this nor<nali2ation is:

(normalized) - •<,). (rneasured) x p/T x '1/2.700

The rosults of column 5 represent the Instrument constants, de-

pendent only on the ^eometry and f'.e properties üf the rneasuring plate

aaseTnbly, and independent of the gas filling. .̂ .uantaneter no. 1 - the

only represerltative of the type D1 with copper Diätes and no gold

platin^ - produced a curreuL which, after elimination Oi' the energy effect_,

•vös 25.3;.-. skalier than the current raeasured with the gold-plated quanta-

.rioters ü'5 no. 2, 3» and 5»

CJompared to the Standard instrumont no. 5» the other three Q_uanta-

•i.fcers of type Ü3 differ only by 2.6,0 at t-..o rnosl:, whi.ch mearis that they

are virtually independent or the energy and identical within the overall

tolerances (column 7) •

Thü surfuce propertj.cs were not taken into account in the theory
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1
of gas-filled quantameters , and only the bulk effects are considered

in the analysis of the quantameter constants.

Contrary to this theory, there appears to be a clear surface

effect which io not yet axplained theoretically. Atterapts should be

made to find an explanation for the discovered effect, for instance by

ex_:erimcnts with Ionisation chambers the surface of which is gold- or

silver-plated.

The possibility of surface effects even in quantameters with copper

surfaces is perhaps indicated by the calibrating measurements of quanta-

10
rneters carried out at CEA , where differences of up to 11.3̂  were detec-

fced between the measured constants and their values calcalated on the

1
bo-airö of the theory .

4.4.2. H e a s u r e m e n t o f t h e a b s o l u t e

v a l u e a o f c a l i b r a t i o n c o n s t a n t

o f g a s - f i l l e d q u a n t a m e t e r s

l'he absolute value of the quantameter paramcters was deterrninod at 1.53»

2.90 and ^.85 Gev by exci-.anging quantaineter no. 5 for the Faraday cage äs

the calibration Standard. A sec..ndary emission monitor served äs the inter-
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The /i-iraday ca;-;e insasurcr, only L he num'oer öl" electrori.-;, GO t hat

,'•13 mea^ure-3 a;; described in scction 3*

-. - 7
/Kev.coul /

whcre jJ IG the energy of the external electr^n beam in

e is the elernentary Charge in cuulomtao, otid

The re^ults are shown in Tablc ^ and Irigure

j.,nergy in
Gc v

1,53

2,90

4,85

ileasured
c onat an t K

e
(Mev/coul)

3,48-1018

3,45

3,54

00

2,2

1.2

1.5

K
e

(..,-iV/COul)

[a.usjo^.io18

P/T

(torr/ K)

2 ,728

..orinalized con-
, ^ -i- J L J V", rL K

e

(liev/coul)

(3,53±0,05)-1018
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w'ithin t!'e error li^its, the results do not depend on the energy.

wormalizing to a p/T value of 2.700 torr/ K, äs in the comparison

•neasurements with quantameters, we obtained for quantameter no. 5 the

x 1S
nor.nalizüd constant K = Cj.53 + 0.05) " 10 Mev/coul.

Calibration constants measured with an electron beam can also be

Applied to measurementü with a y-beam. The correcting slot at the end

of the plate assembly allows for the eocaping part of the energy. It

operates quite accurately äs long äs the shower curve falls exponentially.

'4
Aumerous Monte-Carlo computations carried out at DüY have shown

that the fall of the shower curve at the end of the plate assembly was

not exactly exponential, so that the correcting slot producea a slight

error«

Figure 27 illustrates the ohower curve for inciderit eloctrons and

for monochrorcatic )[-quanta of 6 Gev. The cross-hatched areas between

the shov/er curves and the expcnential law indicate that the error of the

slot in correcting the energy loss for botVi primäry electrona and mono-

)(-quanta is abouL 1;'i.



oince l/:>e r ;Ui : i tLon s^ecbrirn of the Synchrotron due to the retar-

ding particle:; contairu-i ]['-quanta of all en-;r-;;y values up to a maximum ,

energy ^-qu;inta of

Tho C;Ä! i. brat Ion conotants K :^oaGured with an electron bea:n
e

tions, and will pro via-s- an accuracv öl + 1.2/i.

/xrdod at present a:; v.'-.lî  and obtained by mult.iplying the vuluen mea^ured

For th.e Standard quantameter no, 5 by the normalized quantaüiJ.tc-j:1 ratio

/̂  (see oection ^i.'t.l.l).
r.



Table 5.

,/uanta-
meter no.
Cn)

1

2

3

4

5

Beam

16

e-p

24

22

Stan-
dard in
strument

Norma-
lized

ratio

(VV

0,742

1,007

0,978

1,000

Aloivnalizcd cali-
bration constant

Kx
e

(Mev/coul)

(4,75±0,09).1018

(3,51+0,06)

(3,61+0,08)

(3 ,53+0,05)

Values accepted on Aug. 1,1965

P/T
(torr/°K)

2 , 7 2 2

2,714

2,734

2 ,728

Galibration con-
stant K , K y in

Mev/coul

1 fi
(4,71iO,09).10 ld

(3 ,49+0 ,06)

(3 ,57+0,08)

(3 ,49+0 ,05 )

. ̂  . 3 • M e a s u r e m e n t e r r o r s

In relative measuremer.ts ao in Section 4.4.1 only random errorc have to

be considered because the Operation is aiways in the same ränge of the

inte^rator with the SEM used äs the intermediate Standard. Generally

speaking, only the top and bottoro limits of the me^sured value are given

in t'-.e rosults of Section -f.4.1, becaune in most casea only two individual

i3asurements were carried out«



There were aluay..; five inüiv Ldual me^3ur,;tne>jt rocultj when it cane

to deter-nining the absolute calibration conG-cant values; their diö[3rsion

dence on the tirne factor.

i1 he influence of partial error3 on the total error is shovm in

I'able 6.

Table 6. liirrors in the ino-tr .urod Cvalibration constants of tiui

ed ^uan tarne t er s

^.nergy

(Gev)

1,53

2,90

4,85

Measured
constant

(Hev/coul.)

3,1*8. 1018

3,45

3,54

L-iandorn
measure-

ment
error ( -

±0,55

±0 ,69

±0,70

^nergy
calibra-
tio/j ( = i )

)

± 2,0

+ 0,5

± I f O

Error

Jonnect .*

FK - .^EK

(%}

± 0,8

± 0,8

± 0,8

„-i u n dorn -nean
L-;rror (.%}

± 2,2

± 1,2

± 1,5

Translator's note: Abbreviation unc :rtain; it could n band
for "connoctions" or "e.timate".



4.5« o e c o n d a r y e m i s s i o n q u a n t a m e t e r

4.5-1. R e l a t i v e m e a s u r e m e n t s

k . 5 • 1 • 1 • Influence of the beam position on

the measurements

Because of a fault in our trolley, the change of quantameter position re-

lative to the beam could be simulated only by shifting the electron beam

by meants of the last deflection nagnet (Figure 5i 0307 M)» while the

quantamoter remained always in the ^ame position.

Figure 29 shows how unsatisfactory was the result of these measure-

ments: the relative sensitivity curve changes in the central region by

about 5/6'»

Figure 9 shows a Polaroid photograph of the electron beam of

.̂2̂  Gev used in the measurements: in addition to the required heavily

overexposed beam core, there are on both sides additional parts which were

not blanked out by a collimator. When the beam is shifted laterally with

reöpect to the quantameter, these parts of the beam hit in a varying

manner the walls of the beam duct tube between the magnet and the quantameter.



Varying ncatter of t'nuKc parts of the beam may change the .neaoured values

by äs much äs 5/-''i becaiuse of the ^razing incidence in the corrocting :ilots

'i'his Interpretation is still to be checked by moaaurements with

a well collimated ]f o r electron beam, with the quantanater ünifted across

the beam, but it is supported by the fact that no such error wao detected

with other secondar.y-emission quantametcrs .

^ . 5 • 1 • 2 . Gurrent - voltage Chiracteristics

The current-volta^e characteriaticr» of the secondary eraission quantameter5

which correspond to the t;lateau of a gas-filled quantameter, are illustrated

in Fi^re 30 for the electron beams of 1.?3T 2./O and 4.24 Gev.

..hen UJ < JO v, the mea^ured values chan;i;e "reatly with the applied

volta^e; t-iere is a maximum at U = 30 v and the dro^ at J U J = J?00 v

amounts to ;̂i. The graph plotted for .1̂  = 1.?B Gev was presumabJ.y measured

v;ron§ly at volta^es abovo 30 v becauso of an undetectc:d fault, which io

also indicated by the rnuch greater scatter of the measur;;d points. It

follows froTt these mGaGure-nents that nearly all meaGurod oecondary electronG

;-ire smiLted in t'-, e low-ener^y s^^-ctrum, - < JO ev; the a:.rnc vja:; found



for thin secondary emission monitors (SEM) (see Figure 12 and ref. 7)•

The current of the Becondary-emission quantameter hardly changes

with the voltage in the area of the maximum intensity ( |U «* 30 v) in

contrast to the gas-filled quantameter which has no similar area. In this

area, the secondary-emission quantameter is therefore a sbandard indeperldent

of the measurement parameter.

The values measured at 2.90 Gev are once more plotted in Figure J1,

together with the values obtained using the jf-beam of 2.82 Gev. (The

ordinates are made comparable by normalization.) The measured yraphs

agree perfectly when K| < 200 v, and differ only by at the most 2.5%

wh-jn |U| >/ 200 v.

.̂5-2. A b s o l u t e v a l u e o f t h e c a l i -

b r a t i o n c o n a t a n t o f t h e s e -

c o n d a r y e m i s s i o n q u a n t a m e t e r

The absolute value of the calibration constcmt was found for the Gecondary-

eniösion quantameter using the external elcctron beam of 1.73, 2.90 and

:i-.,;'i Gev and the Faraday ca/,e äs a tstandard instrument (see equaLion in



Section 4.'i.2); the -econdary-emiG.sion monitor was applied äs the

intermediale Standard.

The center oi' gravity of thi; beam was in these measureineribs in the

ic of the plate assembly in the quantameter ("zero position" in Figure 29)

.o have already drawn attention to the lack of reliability in the measure-

ments of the beam pooition of'fect (.üection '4.5.1.1); this i» allowed for

in the pre^ent case by an additional error of + 2.5'X>.

Lack of ti:Tie m ade it irapossible to repeat the measure-nents with

the quantameter changing position and with a better collimat,:d beam.

Table 7 and Figure 32 brinp; the rer.ults of the measurement of the

calibration constant.

Tuble ?• Calibration conntan;,a of the secondaiy-emission quantaaater no. 5

Energy

Cüev)

J.78

2,90

4 ,24

Kea^ured
consbant , K

' es
(wev/coul)

1,360'1021

1,339

1,317

.^rror

(%}

± 3,7

i 3,5

± 3,5



The measured calibration constant in the investigated energy ränge

is independent of energy within the error limits of + 3-5/c.

Contrary to the tyM, the correcting slot contributes to the measured

current only with a weight of one slot, and a rise in the calibration con-

stant might be expected in the investigated energy ränge äs the primary

energy of the beam is increased, because the quantameter used äs a secon-

dary-emission meter is too short and the measured current should therefore

be too small. It is impossible to say that this is not the case, within

the limits of error.

The calibration constant measured with an electron beam can also

be applied in the case of bremsStrahlung radiation. We have already

pointed out, in Section k.k.2 and Figure 25, that the absorption of energy

by a quantameter without a correcting slot is not the same for electron

radiation and for monochromatic V-radiation. At 6 Gev the energy loss

of primary monochromatic V-radiation is 3»^ greater than that of primary

eiectrona. This difference ought to be smaller in the case of brernGStrahlung

radiation which contains quanta of all energy levelü up to the maximurn.



The r etiu.lt s of the Monte-Carlo computations are not yet avail^ble, and It

io not possible to inte^rate over the bre-ruistrahlung radL tion spectrum.

rJevertheless, the calibration conotant measured with an electron beara

-iay also be UGed for )( -raysT within the error 'l:mits of _f j .r} •- . i'he en-or

which then occurs is certainly Icss than 1;. .

It would be intereating tu calibrate the .̂ ^ with a calorirnetar

on a V-beam. However, this is not yet possible becau,-;.-. the intensity of

-rays in DE3Y is only about one hundredth of that of the external '̂

tron beam ar;d is too S'nall for accurate meaaurements with the DIL3Y calori-

meter .

It was shown in Section ^*5-1*2 and ?iure J1 that the currenb-

voltage charactcristic.^ of an electron beam of 2.90 Gev and of a j'-beam of

2.32 Gev have virtually identical relative coursen. Thio indicatas that

bhe measured value is strongly independent of the character of tlic shower>

i.e. of whethcr tbe latter iti produced by a primary electron or a ^'-beam,

i?igure 33 showG how tTac calibr:.(.tion coriLSlant is r^lated to the in-

tensity: over fuur pou'ertv of teil the calibratio.v conat -;;i L Is inde^emient

of the electron bo^m interioity.



The greatest and decisive advantage of the secondary-emission

quantaroeter äs compared to the gas-filled quantameter is its linearity.

4.5-3- M e a s u r e m e n t e r r o r s

Scatter of individual measurement results is substantially smaller for

both relative ('4.5-1) and absolute measurements C+.5.2) than in the case

of the gas-filled quantame.ter; the mean dispersion error is in the SÊ

only a few parts per thousand whereas it is about 2̂  in the gas-filled

This seems to indicate once more, in an indirect manner, that

the üE.̂  i.3 independent of the intensity. Dispersion of measurements with

the gas-filled quantameter, carried out with the same intermediate Standard,

is -mich greater; the explanation may be that in spite of the applied low

intensities Saturation and recombination effects occur when the instanta-

neous beam flux is very high, and such effects may cause the greater dis-

persion of results.

Errors of absolute measureraents are shown in Table 8.



Table 8, Errors in determinin,^ the calibra Lion consta?it of the secondary-

.mantameter

.Cnergy

(Gev)

1,78

2,90

4 , 2 4

•ieasured
constarit K

es

(i4ov/coul.)

1,360*1021

1,339

1,317

i-ieasuremeni, error s

i-iandom i
error c

M l

± 0,12

± 0,09

± 0,14

nergy
ali-
ration

± 1 »0

± 0,5

± 0,5

Jonnecb . *

± 0,8

± 0,8

± 0,8

Kandom
•:n oan

± 1,24

+ 0,95

± 1,04

Jnc^rtainty
D.f b^am Po-
sition error

± 2,5

± 2,5

i 2,5

Total

error

± 3,7

± 3,5

± 3,5

Translator'a note: Abbreviation uncertain; it could ütand
for "connectionG11 or "estimate".

There iy no evidence in Figure ̂  that the reoults depend on time,

The random arror is omall aa compared with the errors of the energy cali-

bration and of the ratio ^ /Q . However, all the other urrors add up

to onl;y one half of the error of + 2.5̂  introduced by the unnertainty in

the beam positio;iin^

If the rne..,öursments were repeated v;i th a sbarply collirnated beam,

the orror could probably by reduced to le:j,;j than +_ l ,3." •
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4.6. C o i a p a r i s o n o f t h e t w o t y p e s o f

q u a n t a B e t e r s

The gay-filled D'&SY quantameter may be used with intensiLies of up to

5 x 10 electrons, or äquivalent numbers of quanta, per jasec (k.k,1.2).

if the spill len^th is say 200 usec, this corresponds to approximately

3
1 x 10 particles per machine pulse.

Since the effective spill length cannot be accurately determined

becau..-e of the fluctu^.tions, the above conclusion. must be regarded only

ac an Indication of the corroct ordor of raagnitude.

The above intenaity limit is just about rcached in the V-beams

uöed in Diiibi", and it is just poösible to apply the ^aa-filled quantameter

with the Standard atmoüphere of 95/̂  Ar and ̂  ^^p-

At GüA the working ran^e of the gas-filled quantameter is extended

by a factor of six by using an atmosphere of 90̂  He and 10# N_.

However, it is much simpler and more reliable to ap^ly the quanta-

meter only in the form of necondary-emission apparatus. The oi^ is inde-

pendent of ini.enoity in the entire in^ensity ränge avail^ble in Di.SY



Cu5.2). This also permits us to avoid all arrors due to the Variation

in the spill length.

Moreover, the calibration constant i.'.-, a function only of the geo-

metry and the surf .ces in the apparatus, and does not depend on pressure

or the composition and ^urity of the at.aosphere. Dimensional errora which

can occur during manufacture of the parts and assombly of the plates do

not affect the results.

Vacuum control in the SJŜ  is always possible through the niains

supply of the ion getter pump outside the quantameter area, and operational

faults (leaks) are detected at once.

All this supports the secondary-emission quantameters äs the only

apparatus to be used in future for all Jf-bea-ns operating a t füll intensity,

On the other hand, gas-filled quantameters can possibly be more

convenient for ^-rays of lower intensity, because they produce greater

currents (by a factor of 390) than the SK.̂ . Thus, even at low intsnsities

of the If-bearn, use can be made of the high accuracy of the DüoY integrator

(+ O.̂ i), whereas the oiC.-_ would produce a current insufficient for the

integrator.
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There ars still two limitations regarding the use of secondary-

emission quantameters which rnust be removed by für t h er measureraents;

theoe are:

1. Long-term stability of the secundary-emission quantameter

has not been studied äs yet.

2* dhen the SŜ  wac used, raeasurements of the deflected beam

produced results which are far from clear (̂ .̂ .1.1) becau&e

the beam was not well collimated. However, this uncertainty

will certainly be removed when the measurements are repeated

with a well collimated beam.

We are grateful to the Synchrotron Operating Group (31 and S2)

for their help in the measurements. Only the very stable Operation of the

external electron beam and of the Synchrotron made it possible to carry

out a major part of the experiments.

The ejected electron beam was made available for our Tieaüurement

by F22; W, 3ch-nldt built the beam duct.

•3roup 32 developed the method used in the energy determination



53

without which the calibration experiments would be irnpoasible.

F. Peters helped us greatly and unselfishly In constructing the

ineaauring Setup and in the measurements themselvea.

All workers in A2 contributed to the meaGurenonts by their hclp

in bulding the equipment and we are very grateful to them and to all other

groups at D£SY who gave us their support.

0000000000000
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3. II. i'̂ 'â el, Inst, of Physics, Bonn University, Electron-photon

c;-iscades in lead and Monte-Carlo calculations for primary electron

energies between 100 and 1000 Mev.

U. Volkel, Electron-photon cascades in lead for primary particles

with an energy of 6 üev, OE3Y Deport 65/6 (1965) and private commu-

nication regarding copper.

.̂ e.g., B. r-Josci, liigh Energy Particles, p. 26̂

6. H. FioCher and C. Schaerf, otanford HEPL 309

7- D.13. Isabelle and P.H. :-ioy, Nucl. Instr. and Heth. 20 (1^63) 17-20.

3. S.A. Blankenburg, J.K. Cobb, and J.J. Muray, SLanford ä'LAC - PUB -

73 (1955).

G.,;. Tautfest and L.S, Fechter, ReV. Sei. Instr. 26 ('i953) 229.

J. de Pag L er arid i1-!. Fotino, Cambridge, QuAL - 1022 and

W. Fessel and J.H, Hess, Cambridge, CEAL - TM - 1^1.

11. F.A. läumiller and E.B, Daily, Proc. Internat. Conference of Instru-

•neritation in High Energy PhyüicG, Berkeley, Calif. (i960) p. 305*

12. V.J. Vanhuy^e and K.E. van de Vijvor, Nucl. Instr. Keth.f 15 (1962)



55

I n d e x o f T a b l e s

Table: Page:

1 29 Ca_Librai,ion con^-.ants of the calorimeter , the secondary

eT.i GJSion fiioriitor and the Jfaraday car;e at 2.9 ^KV

2 30 Comparison of thc calorimeter and b'.ie Faraday ca^e

3 3^ GoT.parJGon of gao-filled quantameters. The Standard

insbrumcfjt is quanta/aeter no. 5i filled with 95£ ̂

and 5-'.- CÜ0

4 37 Keasurements on the ̂ ao-fillcd Standard quantaiiieter no. 5

5 0̂ Galibration conntants of the gas-filled quantaraeters

6 ^1 krrors in the measurcd calibration consiants of the

me ters

+̂5 Calibration constants of the secondary- ernission ouanta-

meter no. 5-

9̂ Krrors in det-:..-r;nining the calibration constarit of the

secondary- emiKüion quantameter



56

I n d e x o f F i u r e s

Figure "1. öection through t he Faraday cage

Figure 2. öection through the secondary-emission monitor

Figure 3» Section through the calorimeter

Figure 'f. Measuring plate assembly of the quantameter

Figure 5- Beam. travel in calibration measurements

Figure 6. Arrangement of the secondary-emission rnonitor and ioniaation

chamber in front of the third deflecting magnet

Figure 7. ,tuantameter and Faraday cage mounted on the trolley

Figure 8. Electron beam of 3-0 Gev in front of the Faraday cage

Figure 9- Electron beam of 'u 2̂  Gev in front of the Faraday cage

Figure 10. ühort-term stability of the SKM

Figure 11. Long-term stability of the JEM

Figure 12. Plateau of the SEM at 2.9 Gev

Figure 13- Dependence of the SEM on the intensity

Figure V+. Dependence of the 3£M on the energy

Figure 15- Charge loss in the Faraday cage at 2.9 Gev

Figure 16. Charge loss in the Faraday cage at 4.6 Gev

Figure 1?. Dependence of the Faraday cage on the energy

Figure 1o. Useful aperture of the Faraday cage

Figure 19. Tei-iperature/time plot of the calorimeter during calibration

Figure 20. Temperature/tirae plot of the calorimeter during Irradiation

with 2.9 Gev

Figure 21. .Lateral shifting of the gas-filled quantameter no. 5 in the

path of the beam

Figure 22» Plateau of the gas-filled quantameter no. 5 at 3*0 Gev äs a

function of the intensity

Figure 23- Relation betwcen the spill len^th and the permissible number

of particles per pulse in the gas-filled quantameter

Figure 2'h, Plateau of the gas-filled quantamoter no.2 at 2.8 Gev,

primary )( -beam of small intenüity

Figure 25- Plateau of the gas-filled quantameter no. 5 while the quanta-

meter ccnstantn were determined



57

Fjgure 26. Keasured calibration constant of thc gas-filled quantameter

no. 5 aa a function of the energy

Figurc 27» inergy dintribution o.r the show..r in DEJY quanta leter a t

6 Gev

iTi^ure 28. Titte dependence of individual measured valueo dur ing calibration

of the gas-filled quantanieter

t'igure 29- Measured values äs a function of the beam shifting, for the

secondary-emission quanta-neter at k+2.^ and "i.7S ;jov

Figure ^0. Current-voltage characteristics of the Hecoaciary-emission

quantameter

Figure 31- Current-voltage characteristics of the ^econdju/y-emiasion

quantameter (piateau)

/ifj.Mre 32. Energy dependence of the calibration constant of the jecondary

emission quantameter

Figure 33« In te r io i fcy de_t:ende'ice of the c^.libration consta.it of the

Gecondary-emiGGion quantameter

LTigure 3^- Time dependence of the measurements of the secondyry-e.nission

quantameter caiibration constant





Figure 1„ Section through the Faraday cage

Abb. 1: Faraday-Käfig
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r'i -ure 2. oection thruugh the öeconJary-ümi.ssion Monitor
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Figure 3- 3ection t'irou^h the calorimeter

Abb.3: Kalorimeter (schemotisch)
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Abb. 4:
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Figure 6

Arrangement of the secondary-emission monitor and ionization chamber

In front of the thlrd deflecting mahnet



Figure 7

Quantameter and Faraday cage mounted on the trolley. The Faraday

cage is in the path of the beam.



Figure 8

Electron "beam of 3-0 Gev in front of the Faraday cage (looking alon|

the "beam direction)

Figure 9

Electron beam of 4.24 Gev in front of the Faraday cage. - Part of

electrons with insufficient energy can be seen to the left of the

greatly over-exposed beam core; to the right - a residue of scatter

particles.



^ure 10, Jhort-term otability of the 3SM

Abb. 10: Kurzzeit - Konstanz des S E M
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Abb. 12; Plateau des SEM bei 2.9 GeV
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j'igure 13, Jependence of Lhe ,IM on the intensity

Abb. 13; Intensitätsabhängigkeit des SEM
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ifijure 1'+. Dependence of the JEM on the eriergy

Abb. 14: Energieabhängigkeit des SEM
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Abb. 15: Ladungsverlust des Faraday-Käfigs bei 2,9 GeV
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Figure 16. Charge loas in the f'iraday c 3;;e at Jt.6 CJev

Abb. 16: Ladungsverlust des Faraday-Käfigs bei 4,6 GeV
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FLgure 1?. U e ^ e m j e n c e of ths fjradaycage on the tinergy

Abb. 17: Energieabhängigkeil des Faraday-Käfigs
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lri'-Lire l3, Useful aperture öl' thc ;;'ara,ia.y

Abb. 18; Nutzbare Öffnung des Faraday-Käfigs
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Abb. 19: Temperatur-Zeit-Kurve des Kalorimeters
bei der Eichung
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Abb. 20: Temperatur-Zeit-Kurve des Kalorimeters
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