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Calibration measurements have been done on the external
elecclron beam at DESY in the energy region 1.5 Gev to

5 Gev with a Faraday cage, a calorimeter, several gas-
rfilled quantameters, and a secondary emission guanta-
meter, using a thin secondary emission monitor of

2 X 10'2 radiation length as an intermediate standard.

Ihe responce of the monitors was investigated over a
wide ranve of intensities and energiles, and for various
beam positions across the aperture. Plateaus were

measured, and short- and long-term stability was checked,

Our data indicate that the Faraday cage measures the
charge of Lhe electron beam with an error of 0.3% up to
5 Gev. An intercalibration between the Faraday cuage
and the calorimeter at 3 Gev showed agreement within
+ 0.7t between the measured charge of the Faraday cage
and the charge derived from measuring the total energy

of the electron beam in the calorimeter.

four gas-{illed quantameters were compared and calibrated
agalnst the Faraday cage. All gquantameters are made of
copper; one of them has copper surfaces, the olhers

have gold plated surfaces 4 p thicke. In ull other res-
pectz they are identical. The gold plating permits the
use of the gquantameters as secondary emission guanta-

meters under clean surface conditions after evacuation.

The calibration constant of the quantaneter with copper

18

surface has very nearly the theoretical value of 4.9 x 10

E*';ev—ooul_1 calculated from the work of wilson1. The mea-

sured constant is 4.75 x 1018 HeV°cou1-1.
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surprisingly, the other three quantameters with gold-
plated surfaces show 26% more current than the quanta-
meter with the copper surface. The calibration constant
is about 3.6 x 1015 Mev.coul™ ! within + 2.5% for the
three different quantamaters mentioned. o energy de-
pendence of the calibration constant was found in the

region from 1.5 to 5 Geve.

The unexpected dependence of the calibration constant of
the gas-filled quantameters on the type of surface suggests
that the deviations between the measured and the calculated
calibration constants found at other laboratoriesqo, might

be due to varying surface conditions.

Data are also given for the calibration constant of the se-
cond=ry emission guantameter. The main advantage over the

gas-filled quantameter is the absence of saturation effects
at high intensities. Therefore, we are planning to use the
secondary emission quantameter with all high-intensity

{ -ray beams.

3a
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1 Introduction

Since March 196t external Y¥-ra,s with an intensity of approximately
5 x 108 of effective quanta per pulse have been available at DiSY for ex-
perimental purposes.

Gas=filled quantameter51 are used as radiation monitors for the
meaéurement of the intensity of these external beams; their calibration
constants were determined by calculation.

The intention was to change some of these quantameters lor high-
vacuum operation and use them as secondary-emission quantameters ior
higher intensities. With a view to obtaining syecific surface conditions
the copper surfacesof the plate assembly which absorbs the shower were
gold-plated in these quantameters (type D3).

Comparison measurements of the two-types of gquantameters have
shown that the calibration constant of the meter with gold-plated plates
was 26% smaller than the thcoretical1 constant of the two types (the same
zeometry) egial to 4.9 x 1018 Mev.coul-q. This differencé in the constant
of the quantameters type 3 w~as confirmed by two-at-a-time s.ectrometer
measurements, with an accuracy of 5%.

There is as yot no quatitative explanation of the discovered sur-
face effect, which is not CUnsiaerfd in wilson's theory1.

In order to establish this effect more accurately we undertook an
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abusolute calibration of the guantameter on the first external beam in

which a Faraday carcc and a calorimeter scrved u: reference shandards.,

'The external electron beam roquired for this purpose was available, be-

10

.inning from May 19€5, with a maximum intenzity of about 5 x 10 elec-

trons :er pulse in the energy range of 1..=5 Gev,

The calibration experiments carrisd cut in June and July 1965 have

settled the following problems:

1.

S

Checking and determining the absolutz accuracy of a

Faraday ca-e (3.1),

Checking and calibrating a thin secondary-emission nonitor

to be used as an intermediate standard in all meassurements (3.1),
Checking a calorimeter and comgaring this independent standard
with the Faraday cage (3.2),

Calibrating a gus-filled gquantameter to he used as the stan-

dard for Y-rays (3.4),

Checting and calibrating a secondary-cemission quantameter to

be used 25 the standard for § and beta rays of high inten-

sity (3.5).

Within the limiis of the tine spent on measurements, all the above-

listed instrument. were studied for their dependence on the energy; and the

intensity of the electron beam.



2 Conustruction o f t h e monito . s us ed

2.7. Faraday cage

2141 U onstruction

I cure 1 shows the cross-scction of the iaruaay; caze bullt for V.0 Gev.

The electron beam enters the vacuum chamber penetrsting thrugh a spring

&

bronze foil 10-2 radiation lengths thiclt and 15 c¢m in diameter. A vacuum
of % x 10_? torr is asroduced by an ion getter pump. Behind the entrance
foil, a peraanent magnet of V000 pauss.cn deflects tue generated secondary
electrons towards the chamber wallse. Electrons with cnergy below 3 rev
do not reach the radiation absorber. srrors in the chirpe measurenqs tus,
causad by the secondary electron:s f(rom the foil itself, arce xpected to
2

be less than 107 since the main body of the seconduary electrons have only
an erergy below 50 ev, This is shown, for instance, by platcau measure-
meats on the SiM in Migure 12.

The lead =bsorber ls placed on aluminum oxide insulators which have

. . L . 144 } . . .
wnoinsudlation resistance of 10 ohm. Ita lensth is coual to 200 razdiation

lunjtha; 120 radiation lengths correspond to the radiubion cntrance channel

o/

which hac a diancter of 1% cm. The absorber diametuer is 150 rzal:tion

Length
In order to reduce bacx-scatter, the electron wveum asels @ o cm

thick curben layer before i. rits the leau. oscundary eleclrons sre pre-
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vented from eacaping from the absorber by another permanent magnet

(specification as above). Since the electron beam surrenders the ma jor

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

in this part by tungsten because lead might start melting.

The lead absorber is situated in aluminum housing. ‘This reduces

the generation of secondary clectrons by the photoelectric and Compton

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

A potential of up to 3 kv can be applied to the aluminum mesh

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

pared to the other eguivalent method in which the potential is applied

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

instruments measuring the cage current remain grounded, and the charge loss

of the cajie can always be checked in operation in a simple manner.

Celele Dimensions o f the absorber

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

=) _
computations” were compared with Nagel's Monte-Carlo calculationsj which

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



U. Volkel of sy has extended these calculations up to © Gev. In the
Honce-Carlo computationz elecltrons down to 1 Mev and ghotons down to
0.2% isev were considered. Nagel's paper also contains extrapolation
formulas for the position and heiwsht of the shower maximum, data relzting
to the fall of intensity after the shower maximum, and inforn=tion about
baci.—scattering. When it is postulated that, say, only 10_3 of the pri-
mary electrons may escare from the absorber, the calculations of Brown
and Tautfest and those of Nagel agree well in their determination of the
absorber length.

Since dagel's data are based on the electron cut-off enerpgy of
1 iMev, Brown and Tautfesl's calculations shoul.i really produce ‘reater di-
fnensions, becawse of the low-energy electrons. This is also chown by the
reduction of the photon intensity which occurs considerably slower in
ragel's calculations than in those of Brown and Tautfest, and also slower
than would corre.spond to the minimum absorption factor. hotons with
eneriies below 0.25 Mev tight therefore be .resent ‘a oven nreater numbers,
and hence low-energy elccirons as well.

However, tieir travel range ia very small and the above discussed

o
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computations should yrovide a good guidance to thce absorber dimensions,
LT only they are based on the reduction not of electrons but of shotons,

It was intended to have an accuracy of about 1 x ’IO—5 in the
charze measurements of ti:ie elec.ron beam at 7.5 Gev. This suwecification
produced the lensth and the diameter of the absorber using Jagel's extra-
polating formulas.

Nagel also gave some data of the back-scattering effect. when these
dala are extrapoclated to 7.5 Gev, it is found that about eight times as
many photons with an energy grsater than 0.25 Mev escape from the absorber
as the primary electrons which enter it. Above 10 Mev, there is still
about 5%. In the anizular range of 1700-1800 there is still about 20% of
photons with esnergies of 0.25-5 Mev.

For the above resason, the entrance channel of the absorber was made
so long that the photons devisting backwards from the entrance aperture
naxe about 15% of the total. Only in the area of the entrance foil and

t e permanent magnet do they meet dispersing matter, and the effect of se-

condary electrons oroduced in this manner on the accuracy of the charge



neasurencnt must therefore be negligible.

2.2. Jecondary emission monitor (SiM)
The secondary snission monitor is used as an intermediate standard for
cheering and calibrating the Faraday cage, t-e calorimeter, and the guanta-
meters. since il is placed hefore ocvher instruments in the puth of the
boan, it must be as thin as possible to reduce the scatter.

fisure 2 shows a cross-section of tie secondary emission monitor.

The vacuum chamber is closed by the beam entrance and exit windows made of
spring bronze, cach 10_2 radiation length thick aud with a diameter of
-7

20 cme 2 ovacuum of 10 torr is produced by an ion getter ump.

bt !
. . . . . -3 N i
Ihere are 17 aluminum foils, each 6 x 10 7 mm or about 10 radia=

tion len.-th thick, connected alternately to the supply voltare and to the

collecitor.

Uoing cglbical diapghragms and sratings, the ion current from the pump vas

a3

=13 -1
reduced to 177 a. Currents of 10 i a can therefore be roliably measurced

by the zscondary emitter monitor. Generally speaking, the actual menssure-

7 -10

ment rang;e was betwoen 1077 and 10 .

<
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2.3, Calorimeter (KM)
In addition to the Faraday cage, a calorimeter was also used for absolute
meagurements; 1its cross-section is shown in Figure 3. A lead cylinder
18 cm in diameter and 2C cm long absorbs about 99.7%% of the electron
beam energy at 6 Gev. This fimure results {rom the Monte-Carlo computa-
tions of U. VBlkelu.

The absorber is treranally insulated by a 10 cm lajer of polystyrene
foam (Styropor) which completely surrounds i.. The heat loss corresponds
to a temperature drop of O.OBOC per 10 minutes at EOOC. The temperature
of the absorber is measured by a platinum resistance thermometer.

The calorimeter is calibrated using a heater element cast into
lead. The electrical energy was supplied by a currenl-stabilized d-c¢
supply and measured with an accuracy of about 0.2, by digital voltmeters
and DESY integrators. The power at which the calibration was performed

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

.. heating or irradiation period of 10 to 20 minutes was required to raise

the temperature by 10°C.



The heal toss through the lnsulatlion may be neglocted in this
acthod because the heating and irradiating sowers wre cyual.

The calorimeter kas a cooling coil and con be cocled down within

approxinstely 10 minutes Srom the end of the mneasurcment.

2. Ju 5 Y gquantametoer (W, Siy)
I'he Dol mantameter is a gas-[lilled instrument based on the Lrinciple

progosed by H.x. Nilson1.

The plite assenbly which abserbs the shower energy is in Jilson's
g.antaneter conposed of two setsofl interlaced copper plates, all of the
sane thickness; one sst - every alternute plate - carries ag auxdliary
~otertial reguired for the gas discharge in the guantameter, wheresas the
other set -~ the platez interlaced betwesen those to which the voltage is
applied - is well insulated (Fipure 4). The sccond s3el cerves as a collec-
tor for the measured gas dischiarge current which is proportional to the
SHOWEY enerysy.

since there are otringent requirements regurding the electiical

insulation (about 1012 ohm), the collector set is also well insulated ther-

of*

P



o,

i

-,

mally, and is therefore able to pass, practically only by radiation, one
half of the shower energy which it absorbs to the voltage-carrying set of
slates. H ating of the collector plates is therefore excessive at the
hizher beam intensities, anc the gas discharge gap varies more than the
permissible mecanical tolerance.

Yor this reason, following the idea of %. Kern, nearly all the
cnergy of the shower is abgsorbed in the DESY guantameter (type D1 and D3)
by a set of twelve 14,90 mm thick electrolytic copper plates connected to
the source of the auxiliary potential, while 0.10 mm thick copper foils
are employcd as the collector and absorb only 1/150 part of the total
shower energy (Figure 4). The total thicknéss of the plate assembly was
ciosen for the DIJY maximum energy of 7.5 Gev on the bzsis of the "linear"
shower theory5.

The length of the gas discharge ga.s changes, because of the
Siapson integration over the shower curve, in the ratio of 2 : 1 and is
2 x 1.5C mm or 2 x 0.7% iam. The width ofvthe corrcecting gap at the end of

the olate ssseambly, which allows for the theoretical exponential fall of



1h
the showor curve, is 2 x 5.37% mn and is egual to the eguivalent width
of the radial correcting gape.
DRSY guantameters are filled with the gas nixture suggested by

Jilson (95, Ar and 5. CO.) in which argon has 7 ppm of imnpurities and

2
CO2 20 upn. Because of the saturation of the gas dischurge, the gus-filled
guantaneter can be used only at a low radiation intensity.

Unlike the gas-filled typ., the secondsry-emission gquantamneter
provosed by d. Fischor and C. dchaerf6 is indegendent of the intensity in
the rangeknown -t gresent; however, this monitor must be calibrated by
neans of another utandard instrument (e.g. a Faraday ca .2, a gag=-filled
suantamster, or o calorimeter).

The DEZY suantameter (D3) represents a cumbination of the gas-filled
and the scecondary-emission types. Lt can be usedat low beam intenuities
as a2 gas-filled quantamctor with a high "current niznification" of the gus
dischuarsge. Cn the other hand, at higher beam intensitics 1t is evacuated

by means of its ion getter pump to & pgood vacuum (p < 10 torr) and is

then used a5 a secomdsry cinission quantameter.

I

"
-
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8
7 that the secondary emission of a metal sur-

It is well known
face depends greatly on the latter's state (e.g. oxide film, etc.); good
long-term stability can be achieved only with a superior surface finish
or by the use of a suituble material. (The plate assembly of the se-
condary-emission quantameter developed in Stanford is for this reason
made of silver.)

For the same recason, the surfaces of the plates and foils in the
DiusY quantameters are electrolytically gold-plated. The plating is about
4 p thick.

The insulation resistance between the collector and the guard ring
in the D331 yuantameters is greater than ’IO12 ohm, and it is possible to
neasure relisbly currents down to 10719 4.

2.5, Current meters and 1integra tors
An integrator developed at DiSY is used for measuring currents greater
tiian a few nanocamps.

The measuring circuit of the DESY integrator cunsists essentially

of two commercially available, chopper-stabilized, operntional amplifiers

.Fhilbrick USA 3) connected in series. The first amplifier has negative
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feedback via a higbh-resictance circuit and acts as an impedance chanper
and current meter, while the second amplifier integrates the current on
a capacitor. The use of a bias charge principle, which makes it possible
to obtain measurements even when the integration cavacitor value is not
accurately known, and ew;:loyment of high-precision high-value resistors

in the feedback circuit (+ 0.7X) allowed us to achieve in all current

8

ranges (10 1072 a) a long-term calibration slability better than + 0.5%.

9

For the measureuent of currents below 10 a, & vibrating-capacitor

electrometer (IDL) is used instead of the first operational amslifier.
Ihe values of the feedback resisiances which determine the current range

can be changed by remnote control. Currents can be measured fom ’IO'4 to

- -/t -
10 12 a. The accuracy is + 0.5« in the range of 10 -10 8 a, and + T in

12

7 to 10” ae

the range of 10

-

oz

D Layout o f t he ex per i1mental s e tup

-

Figure 5 shows the layout of the experimental setup.

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

ejicction system (not snown) and meets the first collinatur. The horizontal

dlesersion of the beam guiding system has a maximum at tic soint where the
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second collimator is located, which limits the defocussin: of the beam

to + 0.5« The dispersion of the nominal-energy electrons is cancelled

by the cecond deflection magnet. The quadrupoles [ocus the beam in both
planes «t the point of location of the Furaday cage (FK) or guantameter (iu).

The design of the beam-guiding system is such as to permit the
measurcments in the energy range of 1.5-5.0 Gev.

For an accurate measurement of energy the electron beam is adjusted
by the first deflecting magnet in such a manner that 1t optimally travels
through the second collimator and the preceding scintillator (Sz1) which
has an aperture at the point that should theoretically be traversed by the
beam. Coarse adjustment of the current in the deflecting msgnets is
carried out by watching the scintillator 3z1 by means of a double mirror (L)
and television camera (Fs). Finc adjustment of the current is performed
by measuring the current in the insulated second collimator. when the
adjustment procedure is finished, the direction of the current in the first
deflecting magnet is reversed (its intensity remains the sane) and the beam

can be then watched through the other half of the double mirror D on a
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cross=wire ol the second scintillator Sz2.

The two bram trajectories are wade symnctrical. When the beam
nits the aeflecting magnet exactly perpendicularly, and the aeflection
current remains the samce, the same deflection is observed.

‘The slectron~beam energy can be measured by this method with an
accuracy of 4+ 0.5-1.0.

There is a further deflecting magnet between the secondary 2mission
monitor (SZM) and the Faraday cage (FK) or quantameter (4u), which renoves

X -quanta from the electron beam.

In addition to the SEM which is used as the intermediate standard
in all measurecments, a thin gas-filled ionization chamber is also situated
in the beam path, which serves as a gsecond inde_endent intermadiate stan-
dard at lower intensities. Figurc 6 illustrates the arrangenent of the
Sukoand the onizaltion chamber.

Fijure 5 shows the Faraday cage reudy for me.surement at the «nd
of the beums Togethszr with the quantameter it is 3¢t on a trolicy which

nassG it possible to interchange the monitors at will {(sioure 7). lhe
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calorimeter, which is employed as an additional comparison standard, can
be set on the troliey in front of the quantameter.
b, Measurements

b1 Faraday cagzge and secondary emiss

monilitor

The secondary emission monitor (SEM) is used as an intermediate standard
for the control and calibration measurements, together with the Paraday
cage and the guantameter. The nost important points of its specification

are stability during the measurement and linearity in the entire intensity

4,11 S tability of the 54N
The short- and long-term stabilities of the ratio of charges, QFK ngM
are plotted in Figures 10 and 11. It is cvident that the secondary emission
current inereases in the first few minutes of irradisztion by about 3¢, and
then stays constant to + 0.5 for several hours. This effect can be ex-

plained by a surface change under irradiation7 since the sccondary emission

current is compos:d mainly of electrcns with an energy lower than 20 ev.



'his is shown by tho nescurcment of the volta e depeadence of the 3iM

(Figure 17). Precumably, the adhorent roesidue of gas is removed b
& 7 £

]

irradiation of the surlce”,

The long-term stability of the ZiM is + Ti over a period of four
wzeks. During this period, and in the precsding three months, vacuum was
Mzintained at 1 x 10—7 torr by an ion getter pump without ve-tilation.

~part from the change in sensitivity in the first 20 minutes after
the beginning of exposure, the stability of the 3EM is within the limits
required for our meusurements,

4172, Linecarity of the S sM
“he dependence on the intensity is illustrated in figure 13%. The weasurcd
is constant within + 1¢ in the ranse extending

charge ratio, QFK/{SEM’

o

1 . e - C s
from 106 to 10 O zlectrons per synchrotrcn pulse. This result is in

: -10
apreszment with the me:zsurements of other workers? .

4.1.3. “nersy dependence of taone 5EM
vontradictory meusurements of the energy dependence of sccondury emission
7=11,

k]

nconitors have been sublished there are =2lvo discre ancies betwsen

th

(&)

. . .. 1
s2 measureaents znd the theoretical results of Vanhuyse and van de Vijver

dy
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Svaluation of the measurement results is thus mace more difficult

because a possible energy response of the Faraday cage would also affect

these results.

igure 14 shows the ratio of QFK/QSEM in the range of 1 to 5 Gev.

It is constant to + 1 and does not depend on the energy.

¢
This agrees with the measurcments of Taufest and Fechter) in the

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

and Fotinoqo; the latter authors found that the ratio

YK/ <3 EM

was re-

duced by %#.5% in the energy ranze ol 1 to 5 Gev. They pointed out the

1 . . . ot
discrepancy with the theory 2 which predictz a fall of 7.5%.

The measurement results obtained by de Pagter and Fotino for

U/ s EM

include also the energy dependence of the Faraday caze which

amounts to about 2{. If this factor is eliminated, the energy response

of the oiM is reduced to 2.%5, and the discrepancy betwesen

retical dependence hecumes even greater.

4]
jn}

h,idt, Charge loss and e

+h

t he Farada

i“e charge loss in a Faraday cage is evaluated by agoplying

this and theo-

y cage

an auxiliary
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potential to the lead absorber or by applying various voltages to the
mesh which surrounds the lead ahsorber. Both methods were in use 1 they
are equivalent.

figures 15 and 16 show t“e results obtained for 2.9 and 4.6 Gev.
The relative loss of electrons in the Faraday cage amounts to (1.9 + 0.9) x
X 10"3 and to (3.2 + 1.5) x 1OF3. A1l the measured resulis of the rela-
tiw charge loss are plotted in Figure 17 against the electron energy. It
i3 not possible to exclude the possibility of an energy dependence amounting

—-

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

of the rektive charge loss is (2.8 + 1.2) x 1072,
\ . , . s 10 N
Comparison with de Pagter and Fotino's = results which indicatesa
charge loss of about 1.7 x 10*2 leads to a question of where does thigs

fivefold increase of the loss come from. Presumably it is due to a substan-

tially shorter beam input channcl (only 50 instead of 120 radiation lengths),

-

because the difference in other dimensions is much smaller.

-
v - . . . . - B [8
This is also indicated by the resulls obtazined by Brown znd Jautfest

on a faraday ciuge Tor 300 lieve In their case the relative alsctron lous
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is also only a few parts per 1000, and their beam entrance chiannel is
twice as long as the absorber itself. The same Faraday cage was used by
. - 9 . . - - . .
Tautfest and Fechter” in their measurements of %FK/QSEM; in this case
as well there is no energy dependence in the raﬁge of 100 to 250 Hev,
and the above ratio remains constant in this range to about O.5%. This
agrees with our measurements of QFK/QSEM in the range of 1-5 Gev
(Fipure 14).

an additional clue for Lhe evaluation of the charze loss in

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

3

4,8 Gev a positive mesh current was measured, amounting to 1.5 x 107 of
the cage current; it is, evidently, due to the electron emission of the
1esh, stimulated by photeons from the absorber. Jince both the mesh and
the surface of the absorber are made of aluminum, and since the discussion
in section 2.1.2 indicetes that the relative number of the photons escaping
from the absorber can be greater than one part in thousand only in the case

of the rhotons below 250 kev, 211l clectrons produced in the aluminum have

trivel ranges much lowsr than the wire diameter of the mesh (1 mm). ience
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tre absorber and the mes™ surface con be roparded to a first approximation
@3 similar electron emitters. The relative mesh current of 1.5 x ’IO-'3
parts leads therefore to the conclusion thit the charge loss in the ab-
sorber is a few parts per thousand; the neasurements of the charge loss
suoted previously produced a figure of (2.8 + 1.2) x 1072, Thus, the
raraday cage meets the rezguired accuracy ol measurement of the churge in

the electron beamn.

41,5, Usable aperture ol the

The geometric aperture of the Faraday caje is equal to the internal dia-~
meter of the beam entrance channel (15 cm) in the lead absorber. Figure 18
shows the sensitivity of the Faraday care as a function of the horizontal
location of the beam entrance noint. This was measurced with an electron
beam which had a diameter of about 10 mm (Figure %). Within the arca of
measurencnt errors (i 1..) the Faraday cage has the same censitivity in the
entire aperture arca. At the edge, the beam moets the magnet rods behind
ez enlrance feil and the ca e current falls to a small extent. As the

ocam distance from the midd .« point of the cage is increszed, the measured

pory
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current rises rapidly. The beam hits the flanges of the vacuum chamber
and stimulates secondary electruns which penetrate unhindercd into the
lead absorber.,

It is evident thut the electron beam can have any shape and posi-
tion within the seometric aperture, and that this will not affect the
accuracy of the measurement.

However, substantial errors may ensue when parts of the beam hit
t'e aperture edge. This has actually occurred once during our measurements
because of imperfect beam guidance (see Figure 9); the charge ratio,
gFK/QSEM’ wais then 5% greater than normally.

The resson for this was not known at first and the charge loss of
the Faraday case was measured in a search for an explanation (see 4.1.4).
There was no plateau up to 3.5 kv on the m2ush. The measured charge loss
was rising linearly with the mesh voltae, and at 3.% kv and for 1.5 Gev,
amgunted to about 1.5+ . For the sake of accuracy of the measurement, the
beam profile must therofore be keut under control,

4.1.6. Leakage currents in Faraday

The major component of these currents is duc to ions frum the 200-liter ion

C

ag e
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pump used. Uusing optical lenses and a grating, this componcnt was re-

7

=12 - .
duced to 2 x 10 e a, for a vacuum of 6 x 10 torr. Since the measure-

-9 7

ncnts Are generally running at the current level 10 to 1077 in the cage,
this leakage current may be obvicusly neglected.
The current through the insulation is much smaller and amounts to

-16

only ~10 aj such currents result from the measured insulation resis-
tance of 101111L ohm and the voltage of 0.01 v applied to the absorber when
full deflection of the current meter is reached.

A further leakage current is produced in the connecting cable to
the measuring setup, due to stray radiation from the Faraday cage. At

5

% Gev the cable current was % x 10 7 parts of the besm current.
bo2, Calorimeter
4,27 Calibration of the calorime
ror the calibration gurposes the calorimeter was heated electrically and
the tempersturc was recorded every 30 seconds. Fizure 19 shows a typical

temperaturc-time graph. In the heating period the tempersture rises

linearly.

t er

w

s
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The spacing between the heating clement and the thernometer causes an

indication elay of about two ainutes. Perfect thermal equilibrium is

reacied only about 20 minutes after the heating is switched off. The

temperature fall ver unit time, caused by the insulation losses, is then
g ) 1

»

approximately constant. The differcnce between the temperature after
thermal equilibrium has been reached and the initial temperature before
heat is applied is used for determining the specific energy consumption

AL/AT. It was found from 15 calibration measurements to be:
AB/AT = (11.67 + 0.10) x ‘IO3 watt.sec/ C
ho2,2. Determination of the electron
beamn ener |y by m:sanso o f t he

caiorimeter

The calorimcter was set in the path of the electron beam, directly in front

‘e

¢ o{ the gquantaqcler, and the beam was otherwise unimpeded. The power of
the electron heam was chosen to be approxim:stely egual to the heal power
applied during calibration, i.c. between 100 and 200 «. The irradiation

. . o .
tine necessary lor a Lenperature roe of about 10°C was between 1C and 20 nin.
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The luck ol tine preventoed us from swakin; more than three moasurcnents
with a beam cnorgy of 2.9 Gev.
Figure 20 illustrates one of the measured temperature-time graphs.

Unlike tihe case of t v calivration graph, we have here a maximum which
arises from the bzam surcendering the major part of its energy in the
first ter redistion lengths, so that the heat source is nearer the thermo-
meter thun during calibration. The temperature difference is determined
i1 bhe same manner as during calibration. The results will be compared
with the PFaraday cuage measuremenis in the following section.

4.3, Comparicon of Faraday ca_ e and

calorimeter

dhilst the energy was measured with the celorimeter the. total charpe of
the electron beam was neusured with the secondary emission aonitor. RBe-
fure and after the calorimeter weasurement, the secondary -mission ~onitor
wag; calibratod by means of the Fuaraiday cage. The bzam ulse and hence t
bean energy were measured as described in 3ection 3,

The calibration constants and the bewn data are listed in oble 1

ey



+u

29

for 2.9 Gev. 7Table 2 conpares the total energy mecsured by the calorimeter

and the total number of elcctrens, cvaluated from the above by means of

tie beam energy, withi the total quantity of electrons me.wsured directly

with the Faraday ¢.ge., «ithin the error limits ol + Ue7x, the two mcthods
i st ’

asroe sxbraordinarily well, demonstrzting the reliability of the charge

neasurenenl by means of the Faraday cage.

[sble 1. Calibracion constants of the culorimeter, the secondary cnission

monitor and the caraday cagpe abt 2,9 Gev.

Beam pulse or bheam energ (2,30 + C.015) Gev

aq : * 102 watt.see/°C
Calibration constant of the (11.57 £ 0.10) 107 watt.sec/"C

pA
calorimeter = (7.282 + 0.054) * 10" Gev/°C
Calibration constant of the ) 1% O
<5 . . 3 d/ ]
caleorimeter at 2.9 Gev (2.511 + 0 025) 10 electrons,
Ch%r@e ratio %FK/QSEM at 1.95% + 0.C08
249G Gev -
Measurced relative charge loss -3
S . 1. .92) ¢ 10
of the Faraday ca:e at 2.9 Gev (1.9 + 0 9)
Sorrected churge ratio  m/dgmy 1,956 + 0.009
at 2.9 UGev -
Calibration constant of the SiM (1.221 + 0.000) - 1019 elsctrons/ |
- = - - - . t

a <9 G
t 2.9 Gev a.seci




T.ble 2. Comparison ol the calorimeter and the faraday capge
Charge [emp. rise |:o. of electrons 40. of electrons Diff.

Lea- of in valori- | measurcd with ca- reusured with Faraday cage
surc- 3w meter lorimeter ' Faraday cuge - calorinater,
nent 107 fa.sed] /°C (x 107" 14
- ja-sec] /707 * (x 107 2

1 2,185 | 10,63 2,669 + 0,027 | 2,668 & 0,012 - 0,04

3 1,984 3,53 2,393 + 0,024 | 2,423 ¢ 0,011 + 1,25

Mean

+ 0,56 + 0,70

The quantamcter was

{ =beum wicthout any

quantam:2ter

(eitl)

uramentas

on the beam position

other cnanzes in the bomm zeowitry (Lzam 24

Dependence of the measured values

mov.ed by means of a trolley scros:s the vath of the

This

save the dependence of the measuraaent results on the beum position rela-
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tive to the quantameter (Figure 21): the neasured value is noticeably

changed only when the well collimated Y-beam hits the inner edge of the

radial correcting slots.

e usable working area of the gquantameter has therefore a dia-
<3

: meter of at least 13 cm,

4 . & . 1 .2 . Current-voltage characteristics

(plateau measurements)

Before a gas-{illed quantameter was used, it was first checked - by means

of a plateau measurement - whether the pas discharge used for the measure-

ment already exhibiis, at the chosen beam intensity and spili-length®,

Translator's note: Term unfamiliar.

recombination effects due to the momeutarily excessive ionization density.

ra

Figure 22 shows three measursd plateaus for 3 Gev, with the inten-
: sity of the external electron beam vurying in the ratio of 1 - 10 - 100.
i'he plateaus neasured for the intensiiies of about 107 and 10

electrons -or oulse have similar inclinations of about 1.5-2: in the

strai,shi part. In the platesu measurement with 106 elsctrons rer —ulse,



the individual results are much more scattered because of a wrongly chosen
integration constant. Un the other hand, when the intensity is 108 elec~
trons/mlse, the :lateau rises by more than 5. and its absolute value is
lower as well: tho measurement is in this case cbviously upset by the
recombination.

strictly speaking, the decisive fictor for the recombinstion is not
tne number of clectrons ser pulse, but the ratio of this number and the
s ill-length which gives the number of generatsd ion jairs per unit time.
This is valid for periods which are long as compared to the travel time of
clectrons or ions in the gas discharge arsa; this 1s the case when the
period ls gruuter than 1 psec.

It follows from the results shown in ¥igure 22 that the DisY guanta-
neter filled with 99+ argon and 5k COE may be used when no more than
5ox 10j electrons, or effective Y-qguanta, per micresecond hit the instru-
ment (i.c. when the spill-length is say 200 psec - about 103 electrons or
effuctive guanta). Figure 23 shows the usable working range.

Unfortunately, the spill-length could be determined only very in-

accurately, and the numerical values must be regarded as agproximate.
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A further source of uncertainty is that there is no quantitative
criterion of whether a plateau iz usable. Indeed, the inclination of the
neasured platesus remains in exi:stence even when the measurement is carried

3

out with @ :auch lowered intensity. Figure 24 illustrates this in the case
of a weak X—beam.

The elfect is :erhaps attributable to gas multiplication at edges
and sharo points, which cannot be wholly avoided in practice.

For this reason, the verdict on a meusured plateau is rather ar-
bitrary. It is taken that a platezu is usable when its inclination and
absolule value no longer v:ry with the reducad intensity. Yhis was the
reason for measuring the absolute values of the gquantameter constants at
the relatively low intensity of 107 clectrons/pulse.

Figure 25 shows the plateaus corresponding to each absolute measure-
ment, with normalized ordinate values.

R Comparison of various quantameter
At the end of Hay 1965 we comparcd three (out of the five available) DISY
j-antameters on the basis of Y -beam 22 (onc apparatus of type vi1, no. 1

awd rour instrum nts of type D3, no. 2=5).



reference instrument, and the interm:diate

chanber

the guantameters could te changed from one

sults of the comparison fesis are shown in

3k

In every case, the gas-filled guantameter no. 5 was used as the

with air atnos:shere.

standard was @ thin ionization

Without chansing the geomctry of the bean,

Table 3,

apparatus to another.

The roe-

Table 3. Comparison of gas-{illed yuantamcters. The standard instrunent
is guantametee rno. 5, filled with 9577 Ar and 54 CC2
quanta- Enersy [lieasured Pressure { Charge N . Jrean value |
X Zrror ., -urface
neter charge -tempe- pratio re- lidepen~
no. (Gev) ratio rature calculuted dent of
(n) W ratio for p/7T = energy
/e p/1  f2.yo0,
s - Pz g X
torr/ K Qn/%5
1 2,72 0,739 2,722 0,741 |+0,004 0,742 Copper
1,47 0,741 2,722 0,743 |+0,004
2 2,75 | 1,002 2,714 | 1,007 |:0,004] 1,007 Gola-
plated
3 2,86 | 0,982 2,734 | 0,981 |£0,002| o g4q
»
1,63 0,975 2,734 0,974 |1+0,012
I
5 o/n u/_o 2)732 1000 ./. 1.000 V
stand-
ard in- (?y.é?“
- finition)
stru- y
ment
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Thz third column gives the rssults of direct measurements ol the
charpge ratio QH/Q5, which is recalculated in column 5 for the '"normal
gas filling" of 2.700 torr/oK (corresponding eg. at 2930R tc a gas

pressure of 790 torr). The basis for this normalization is:
Qi (normalized) = W& (measured) x p/T x 1/2.700

The results of column 5 represent the instrument constants, de-
sendent only on the geometry and the propertics of the measuring plate
asssembly, and independent of the gas filling. <uantaneter no. 1 - the
only representative of the type D1 with copper rlates and no gold
plating - produced a currert which, after elimination ol the energy effect,
wis 25.8% smaller than the current measured with the gold-plated guanta-
neters D% no. 2, 3, and 5.

Compared to the standard instrument no. 5, the other three guanta-
m:ters of type D3 differ only by 2.6, at tme most, which means that they
are virtually independent or the energy and identical within the overall
desipn tolerances (column 7).

The surfuce propertics were not taken into sccount in the theory
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of gas-filled quantameters1, 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 is not yet explained theoretically. Attempts should be

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

ex_.eriments with ionization chambers the surface of which is gold- or

silver-plated.

The possibility of surface effects even in quantameters with copper

surfaces is perhaps indicaled by the calibrating measurements of guanta-

meters carried out at CEAqO, where differences of up to 11.3% were detec-

ted between the measured constants and their values calculated on the

busis of the theory1.

Lbho2e Measurement of the absolute

valu

o f

& of calibration constan

@
f

gas-filled gquantameters

The absolute value of the gquantameter parameters was determined at 1.53,

2.90 and 4.85 Gev by exchanging quantameter no. 5 for the Faraday cage as

the calibration standard.

A sec:ndary emission monitor served as the inter-

e
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audizee standard instrument.

The faraday cazxe measuraes only the number of electron:, so that
wnowleu e of the prisary electron beam encrgy i is also required. &
25 measured as described in scction 3.

Jaen the meacured charges are  w., the quantametoer constant K
o 3 e

is A
: 4 CSEM -1
Ko =73 - . —— /Mev.coul” ]
: = 5. -
M

where B ic the energy of the external electron beam in licv,
e is the elumentary charge in coulombs, snd
5. 1 the measursd cherge in coulonbs.

The results are shown in Lzble 4 and Figure 26.

D .ble b, seasurements on the gas-filled standsrd quantagnetosr no. Y

inergy in{.leasured pean p/T ..ormalized con-
gc constant K . . p o, stant KX
eV = e} irror K {torr/ K) e
(Mev/coul) ) , ¢ y
75 {..2v/coul) (iev/coul)

1,53 (3,u8.101% | 2.2
2,90 |3,us | 1,2 [3,49009.10%8 2,728 |(3,53+0,05).1018
4,85 3,54 1,5
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Within tle error linits, the results do not depend on the energy.

Normalizing to a p/T value of 2.700 torr/OK, as in the comparison
measurements with guantameters, we obtained for guantameter no. 5 the
nornalized constant Kz = (3.53 + 0.05) - 1018 Mev/coul.

Calibration constants measured with an electron beam can also be
zpplied to measurements with a  Y-beam. The correcting slot at the end
of the plate assembly allows for the escaping part of the energy. It
operates quite accurately =z2s long as the shower curve falls exponentially.

Numerous Monte-~Carlo computations carried out at DE&Y“ 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 produces a slight
erTOr.,

Figure 27 illustrates the shower curve for incident elzsctrons and
for monochromatic Y-quanta of 6 Gev. The cross~hatched areas between
the shower curves and the expcnential law indicate that the error of the
slot in correcting the energy loss for both primary.electrons and mono-

chromatic Y¥-quanta is aboul 1%,

re
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A
(X

since the radistion spectrum of the synchrotron dus to the retar-
ding particles contaings f—quanta of all en:ruoy values up to a maximum,
the above deterained crror of 1. represents the upper limit for single-
energy Y-guanta of 5 Gev.

The culibration constants Ke aeasured with an electron beam may
therefore also be auplicd to measurements of Y-rays without any correc-
tions, and will provies an accuracy ol + 1.2¢.

Table 5 sho s the gquantameter constants KZ. Ke’ and FX’ re-
carded at present as vo:lid and obtained by multiplying the values measured
for the standard quantameter no. 5 by the normalized cuantam:ter ratio

. /QS (see Bection 4.%.1.1).
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Table 5.
suanta- ' Norma-~ dormalized cali- Values accepted on Aug.1,1965
meter no.| Beam lized bration constant
(n) ratio KX p/T Calibration con-
(Q_/ac) e o stant K , Ky in
no (Mev/coul) (torr/"K) e’ ¥
Mev/coul
16
1 e-p | 0,742 | (4,75%0,08).1018| 5 720  |(u,7120,09).1018
2 24 1,007 (3,51%£0,06) 2,714 (3,49+0,06)
3 22 0,978 (3,61+0,08) 2,734 (3,57%0,08)
I
otan-
ard in<
5 zg@@;? 1,000 (3,53+0,08) 2,728 (3,49+0,05)

b.h,3, Measurement errors
In relative measurements as in Section 4.4.1 only random errors have to
be considered because the operation is always in the same range of the
integrator with the SIEM used as the irntermediate standard. Generally
speaking, only the top and bottom limits of the meusured value are given

in the results of Section %4.4.1, because in most cases only twu individual

1zasurements were carried out.

rw
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There were aluays five individual measurement results when it cane

to deternining the absolute calibration constant values; their disparsion

is shown in sigure 28. It is impossible to detect any systematic depen-

dence on the time factor.

the influence of partizl errors on the total error is shown in

for "conncctions'' or "eotimate'.

Table 6.
Teble 6. grrors in the wessurcd calibration constants of the
mas~filled guantameters
? Error
inergy Measured dandom nergy sonnect.* Qandom mean
(Gev) constant MEASUr 8- c%lxbr?— FK - S srecor (%)
(Mev/coul.) nent tion (i) »
* error (. (%)
18
1,53 3,48-10 0,55 + 2,0 + 0,8 £ 2,2
2,90 }3,us +0,69 + 0,5 + 0,8 £ 1,2
4,85 3,54 0,70 + 1,0 + 0,8 £ 1,5
Translator's note: Abbreviation uncertain; it could sland
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4,5, Secondary emission guantameter
4.,5.1. i1elative measurements
L .5 .1 .1 . Influence of the beam position on
the measurements

Because of a fault in our trolley, the change of gquantameter position re-
lative to the beam could be. simulated only by shifting the electron beam
by means of the last deflection nagnet (Figure 5, 0807 M), while the
quantamcter remained always in the same position.

Figure 29 shows how unsatisfactory was the result of these measure-
ments: the relative sensitivity curve changes in the central region by
about Sk

Figure 9 shows a Polaroid photograph of the electron beam of
4.24 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
respect to the guantameter, these parts of the beam it in a varying

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



Varying scatter of thesce parts of the beam may chunge the measured values
by as much as 5%, becanse of the ~srazing incidence in the correcting slots
of the 23d..

't‘his interpretation is still to be checked by measurcments with
a well collimated §  or electron beam, with the quantanster saifted across
the beam, but it is supported by the fact that no such error was detected
with other secondary-emission quantametcrs6.

4 .5 .1 .2 . Current - voltage chiracteristics
lhe current-voltapge characteristics of the secondary emission quantameter,
which correspond to the plateau of a gas-filled quantameter, are illustrated
in Figure 30 for the electron beams of 1.73, 2.0 and 4.24 Gev.

~hen |U| < 30 v, the meusured values change -reatly with the applied
volta.e; taere is a maximum at 0] = 30 v and the drop at U] = 500 v
amounts to 5%. The graph plotted for & = 1.7% Gev was preuumably measured
wrongly at voltages above 30 v because of an undetectad fault, which is
also indicated by the much greater scatter of the measurcd points. It
follows from these measurements that nearly all measurcd secondary clectrons

are emitted in te low-energy S.ectrum, = < 30 ev; the sane was found
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for thin secondary emission monitors (SEM) (see Figure 12 and ref. 7).

The current of the secondary-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 standard indepeddent
of the measurement parameter.

The values measured at 2.90 Gev are onée more plotted in Fijgure 31,
together with the values obtained using the Y -beam of 2.82 Gev. (The
ordinates are made comparable by normalization.) The measured zraphs
agree perfectly when ‘U{ < 20C v, and differ only by at the most 2.5%
when o |[U[ ¥ 200 v.

L.5.2. Absolute value of the cali-
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bration ¢ on ¢

condary emission guantameter

The absolute value of the calibration constant was found for the secondary-

gnlssion quantameter using the external electron beam of 1.73, 2.90 and

.4 Gev and the Faraday cace as a standard instrument (see egualion in



Section 4.4.2); the secondary-emission monitor was applied as the
intermediate standard.

‘The cénter oi gravity of the beam wus in these wmeasurements in the
awis of the plate assembly in the quantameter (''zero position'" in Figure 29).
.v have already drawn attention to the lack of reliability in the measure-
ments of the beam position effect (Section #4.5.1.1); this is allowed for
in the present case by an additional error of ha 2.5

Lack of time made it impossible to repeat the measurements with
the guantameter changing position and with a better collimat:d beam.

Table 7 and Figure %2 bring the results of the measurement of the

calibration constant.

T:ble 7. Cialibration constants of the secondary-emission guantaanster no. 5

Inergy Measured LIPOT
(Gev) constant, K g (%)
{riev/coul)
1,78 | 1,360.1021 | 1t 3,7
2,90 1,339 + 3,5
b,24 1,317 + 3,5
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The measured calibration constant in the investigated energy range
is independent of energy within the error limits of + 3.5w.

Contrary to the M, 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 range as the primary
energy of the beam is increased, because the quantameter used as 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 alsc
be applied in the case of bremsstrahlung radiation. We have already
pointed out, in Section 4.%4.2 and Figure 25, that the absorption of energy
by & quantameter without a correcting slot is not the same for electron
radiation and for monochromatic Y-radiation. At 6 Gev the energy loss
of primary monochromatic x-radiation is 3.4 greater than that of primary
electrons. This difference ought to be smaller in the case of bremsstrahlung

radiation which contains quanta of all energy levels up to the maximum.
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The results of the Monte-Carlo computations are not yet availsble, and it
is not possible to integrate over the oremsstrahlung radi-tion spectrum.
Hevertheless, the calibration constant measured with an electron beam
may also be used for X-rays, within the error Lliaits of + 5.5.. Ihe ervor
which then occurs is certainly less than 1.

It would be interesting to calibrate the sb¢ with a calorimeter
on a {—beam. However, this is not yet possible becaus: the intensity of
Y -rays in DESY is only about one hundredth of that of the §xternal zlec-
tron beam and is too smnall for accurate measurements with the Di3Y culori-
meter.

It was shown in Section 4.5.7.2 and #Figure 31 that the current-
voltage characteristice of an electron beam of 2.90 Gev and of a Y-beam of
2.82 Gev have virtually identical reclative courses. This indicatzs that
the measured value is strongly independent of the character of tho shower,
i.e. of whether the latter is produced by a grimary clectron or a X—beam.

Pigure 3% shows how the calibrution consiant is related to the in-
tensity: over four powers of ten the calibratio- const:inl 1s Independent

of the electron boum intensity.
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The greatest and decisive advantage of the secondary-emission

quantameter as compared to the gas-filled quantameter is its linearity.
L.5.3, Measurement error s

Scatter of individual measurement results is substantially smaller for
both relative (4.5.1) and absolute measurements (4.5.2) than in the case
of the gas-filled gquantameter; the mean dispersion error is in the SE3
only a few parts per thousand whereas it is aboﬁt 2% in the gas-filled
quantameter.

This seems to indicate once more, in an indirect manner, that
the 8By is independent of the intensity. Dispersion of measurements with
the gas-filled quantameter, carried out with the same intermediate standard,
is much 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 pgreater dis-
persion of results.

Errors of absolute measurements are shown in Table 8.
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Table 8. frrors in determining the calibralion constant of the secondary-

emiczsion qgquantameter

inergy [Measured ricasuremeni crrors
constant pr T
(Gev) "7 lRandom Inergy |Connect.*|Random [Uncertainty Total
(Mev/coul.) |error cali- K /S5 mean o f beam po-
. bration [ ™/ > . sition error | STTOT
(5 A (%) ()
=) 4 )

1,78 [1,360.10%1 1 0,12 |+ 1,0z 0,8 |z 1,2u] £ 2,5 + 3,7
2,90 |1,339 |t 0,09 |+ 0,5t 0,8 |+ 0,95| ¢ 2,5 + 3,5
24 [1,317 + 0,14 |% 0,51+ 0,8 |z 1,04 + 2,5 + 3,5

Translator's note: Abbreviation uncertain; it could stand
for "connections! or "estimate'.

There is no evidence in Figure 34 that the results depend on time.

‘me random error is small as compared with the errors of the energy cali-
bration and of the ratio QFK/QSEM' iHowever, all the other errors add up
to only one half of the error of + 2.5% introduced by the uncertainty in
the veam positicuing.

If the me.surements were repeated with & zharply collimated beam,

the orror could probuably be reduced to less than + Ta3




L6, Cowmparison of the two types of
guantameters
The gas=-filled DEsY quantameter may be used with intensities of up to
5 x 105 electrons, or equivalent numbers of guanta, per usec (4.4.1.2).
If the spill length is say 200 psec, this corresponds to approximately
1 x 108 particles per machine pulse.

Since the effective spill length cannot be accurately determined
because of thc fluctuations, the above conclusicn must be regarded only
as an indication of the correct order of magnitude.

The above intensity limit is just about reached in the X—beams
used in DisY, and it is just possible to apply the gas-filled guantameter
with the standard atmosphere of 95% Ar and 5x C02.

At CEA the working range of the gas-filled quantameter is extended
by a factor of six by using an atmosphere of 90% He and 10% NE'

However, it is much simpler and more reliable to apply the quanta-
meter only in the form of secondary-emission apparatus. The 35y is inde-

pendent of incensity in the entire in.ensity range avail:ble in DusY
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(#.5.2)s This also permits us to aveoid all =rrors due to the variation
in the spill length.

HMoreover, the calibration constant iz 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 atmnosphere. Dimensional errors which
can occur during manufacture of the parts and assembly of the plates do
not affect the results.

Vacuum control in the 3E, is always possible through the mains
supply of the ion getter pump outside the guantameter area, and operational
faults (leaks) are detected at once.,

All this supports the secondary-emission gquantameters as the only
apparatus to be used in future for all Y-beans operating at full intensity.

On the other hand, gas-filled guantameters can possibly be more
convenient for Y-rays of lower iatensity, because they produce greater
currents {(by a factor of 390) than the SEy;., Thus, even at low intensities
of the Y¥-beam, use can be made of the high accuracy of the DilY integrator
(+ 0.5#%), whereas the GZ. would produce a current insufficient for the

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

emission gquantameters which must be removed by further measurements;
these are:

1. Long-~term stability of the secondary-emission quantameter
has not been studied as yet.

2. #hen the SE3 was used, measurements of the deflected beam
produced results which are far from clear (4,3.71.1) because
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 (51 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 measurement

by ¥22; W, 3chrnidt built the beam duct.

droup S2 developed the method used in the energy determination
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without which the calibration experiments would be impossible.

F. Peters helped us greatly and unselfishly in constructing the

measuring setup and in the measurements themselves.

All workers in A2 contributed to the measurements by their help

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

groups at DESY who gave us their support.
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fisure 2. oection through the. secondary-cemission wmonitor

Abb. 2: Sekunddremissionsmonitor
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figure 3. woection through the calorimeter

Abb. 3: Kalorimeter (schematisch)
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Figure 6

Arrangement of the secondary-emission monitor and ionization chamber

in front of the third deflecting magnet
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Quantameter and

Figure T

Faraday cage mounted on the trolley.

cage is in the path of the beam.

The Faraday



Figure 8

Electron beam of 3.0 Gev in front of the Faraday cage {looking along

the beam direction)

Figure 9

Electron beam of L.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 bheam core; to the right - a residue of scatter
particles.
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Sioure 1. Long-term Stabiiity of the 3iM

Qex Abb. 11: Langzeit-Konstanz des SEM
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Mgure 2. Jlatcau of Lhe bt ab 2.9 Gev
Abb. 12: Plateau des SEM bei 29 GeV
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figure 13. Jependence of Lhe 53M on the intensity

Abb. 13: Intensitdtsabhdngigkeit des SEM
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Fizure 14,

Desendence of the siM on the energy

Abb. 141 Energieabhdngigkeit des SEM
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Sioure 15,

Abb. 15:
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Jnargre loss in the Firaday cage at 2.9 aev
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Figure 16. Charge loss in the Faraday caze at 4.6 Gev

Abb. 16: Ladungsverlust des Faraday-Kdfigs bei 4,6 GeV
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Figure 17. De endence of ths Firaday-cage on the cnergy

Abb.17: Energieabhdngigkeit des Faraday-Kifigs
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Ficure 13. Useful aperture ol the Faraday coze

Abb.18: Nutzbare Offnung des Faraday-Kafigs
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visure 20,  Temperature/tiiz .iob of the calorimeter during irradiation with 2.9 iov
Abb. 20: Temperatur-Zeit-Kurve des Kalorimeters
wahrend einer Bestrahlung bei 29 GeV
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Figure 22

a function of

filled quantameter no. 5 at 3.0 Gev as

Plateau of the gas
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Figure 23
per pulse in the gas-filled quantameter

Relation between the spill length and the permissible number of particles
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Figure 24
of small intensity

Plateau of the gas-filled quantameter no. 2 at 2,8 Gev. primary y-beam
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Figure 26

Measured calibration constant of the gas-filled quantameter no. 5 as a

function of the energy
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Figure 27

in DESY quantameter at 6 Gev
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Figure 28
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Figure 30

Current-voltage

characteristics of the secondary-emission quantameter
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Figure 31

Current-voltage characteristics (plateau) of the secondary-emission quantameter
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Figure 33

Intensity dependence of the calibration constant of the secondary-emission quantameter
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