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Page 1.

V.
I. Artemov, I. A. Grishayev, I. N. Gugel', G. K. Dem'yanenko, A.
R

N. Dovbnya, Ye. V. Korniyenko, N. I. Mocheshnikov, F. A. Peyev, V. V.

Petrenko.

ON THE FORMATION OF PRECISION BEAMS IN MULTISECTION LINEAR ELECTRON
ACCELERATORS.
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Page 2.

Is described the method of obtaining precision beams linear
electron accelerator, based on the use cf coamunication/connection of
radial and phase motion. Is investigated the effect of high-frequency
and current instabilities on the parameters of beam. Is set forth the
procedure of the measurement of the emittance of beam at output of
accelerator to 2 GeV. During measurement was utilized the plate with
the set of narrov slots and detector. Are compared the experimental

characteristics of beam with calculated.
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Page 3.

In obtaining precision beams on linear accelerators significant
role it plays the questions of optics both in the accelerating
channel and in the different systems of formaticn and transportation
of particles. The optical properties of multisection linear
accelerator to a high degree depend on the various kinds of the
perturbing forces, which exist in the real accelerating channel, and
also on the properties of the system of beam focusing on accelerator.
The fundamental characteristics of beam at cutput of accelerator
(energy spectrum, current, emittance) in many respects are determined

also by *“e value of the phase volume of the beam of

in jector-accelerator.

In multisection linear accelerator 2 GeV in energy betwveen
transverse and axial motions there is communication/connection [1],
caused by the presence in the accelerating structures of transverse
high-frequency fields and by the chromatic aberrations of the systenm
of beam focusing. This communication/connection leads to the
three-dimensional/space separation of particles with the different
phases in horizontal plane, which in principle makes it possible to
create sufficiently narrov phase channel by means of the irising of
beam in the appropriate places of accelerator. The creation of

sufficiently narrov phase channel (phase collimation) would give not
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only and the monochromatization of the accelerated beam, but also

substantially it would decrease its effective esmittance.

I. System of the phase collimation of bean.

The existed systeam of beam focusing provided the greatest

separation of particles into the phases during simultaneous
satisfaction of the conditions of stagmatic focusing in the area of

th
20-)\ accelerating sections.

Page 4.

The experiments, carried out with the adjustable collimator on 20-A
sections, they shoved the clear dependence between the
size/dimensions of the target/purpose of collimator and the width of
the energy spread of beam at output of accelerator [2]). The role of
this collimator is analogous to the role of collimator-monochromator
at the output/yield of magnetic analyzers. As in the systeas of
transportation, an improvement in the gquality of beam during phase
collimation is reached, at first glance, because of the loss of the
intensity of the accelerated current. In actuality, the situation

will press othervise. Since at present the output current is

) i i
- ot
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determined by the threshold of the emergence of lateral instability
[3) vwhich is much less than the current of injector-accelerator,

creation of narrov phase channel at the very beginning of accelerator

must not bring to a decrease in the accelerated current.

The searches for the accelerating channel in which would be

accelerated "pure/clean® beam vwith a small phase extent of cluster

they led us to the diagraa which wvas shown in Pig. 1.

Fig. 1. Emvelopes of particles.

Page S.

In this figure are shown the envelope of particles in horizontal
(x) and vertical (y) planes, and also the arrangement of magnetic

quadrupole lenses and collimators k,;, kp, kj. Lens L, and collimator

ky produce the preliminary selection of particles on the phases of
injector beam, utilizing certain communication/connection between

energy of particle aand phase in the output/yield of

in jector-accelerator.

. i I e U - ~5
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The focussed beam of the determined emergy to the slot of
collimator k,, it is possible to create the most favorable conditionms
for the passage of particles only wvith the determined phase set,
since the particles of other energies, but, therefore, and with
another phase set, will have the larger size/disension of beam in
collimator k,. During further particle motion in the accelerating
sections communication/connection betwveen energy of particle and
phase becomes more explicit, energy of particle is the function of
location of its relative to wave crest. Therefore the parameters of
the doublet of quadrupole lenses - L, Ly and ccllimators - k, must
be selected from the condition of the preferred incidence/impingement
in the slot of particles, arrange/located on wave crest. Let us
examine in more detail the procedure of the selection of these

parameters. Let us introduce the followving designations:

Jifa s My - the matrix/die of the doublet of quadrupole lenses

respectively in horizontal and vertical plane;

L, is a matrixsdie of the transition of the i free

interval/gap;

4 = the matrix/die of the tramnsition of the i accelerating

e - -
Tl LS e
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section (since ia the first four sections are used the symnetrized

matchers, matriz/die ./ it will be double-row and identical both in

vertical and in horizontal plane).

Page 6.

The complete matrix/die of transition from collimator k, to

collimator k, can be written as

.lﬁurz.-kly' ’ (1)

.13.-. ]‘ -‘('17. ]'
F vhere g
Gz higdy, ., Y= Lydied a4,
Ratrix/dies ). % take the fora:
(2
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F; - energy of particle at the output/yield of the i section;

f¢ is energy injection;

¢ - the strength of field in the beginning of section;

« 18 decay constant of field in section;

7Z - the length of section;

Lely)= -—%—:—; dt((’) L‘_E“_

T PP Ty e

Batrix/dies Lu_.u: in the approach/approximation of the thin

lenses

vhere F,Nﬂ: £ (¥) < the focal lengths of the first and second

1’ 'l‘;‘ i L :

'“‘ = F"’ﬁ ’J
Y NS e 1

Filg) £ (1- ?LT) AT, %

3) ;
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lens; L - the distance betveen lenses. By substituting in (1)

expressions for matrix/dies to (2) and (3) and after requiring

|
l
l
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satisfaction of the conditions of stigmatic focusing simul taneously

in ?03%'0?}. and vertical plame at the entrance into collimators
’, ,hp is"™ 1. 2

ve vill obtain the single-valued relation between the

paraseters of focusing and the size/dimensions of the coll imators:

REERS ™ aaiaen SRS ‘“)
Fa AT E S

TETXE S,
ras £ l L+ M[E A1l

Page 7.

With a radius of collimator k,, equal to -, that part of the
cluster, vhich is accelerated on vave crest, in the region of

collimator k, has the transverse size/dimensions

(5:

For particles with other phases, as a result of the difference in
energies, the condition of stigmatic focusing is not satisfied,

therefore, transverse size/dimensions they exceed Z,u.. and Y»n .

T el pille w TN e
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Therefore, if we select the size/dimensions of collimator k, from

conditjon (5), then this system will fulfill the functions of the

separator of particles through the phases with separation ratio,

equal to

o S5 2

vhere $: - the emittance of beam in x-plane;

Sg- the emittance of beam in y-fplane;

4S8y ,4S8: is part of the emittance of beam, included in the

intervals, given by formula (5);

f(%) - the normalized function of particle distribution

according to phases (for uniform distributiom _A«) = i,

Beginning from the fifth section, for radial motion is exerted a
substantial influence transverse high-frequency fields in matchers.
The matrix/die of the transition of section in horizontal plane
depends now on phase not only through its comaunication/connection .

with energy, but also directly; therefore it becomes triple:

S b B - Na~ - =
o A
R PECATET S T : e
D5 S e ks ” o o
ik i e i e N i i -




T —

DoC = 77191900 PAGE 35~ |
1 1 La o hn %:a
2 |= 0 'E-: d(éae__) (7)
‘f 0 0 n{or -
vhere a-: , (o) A: §1(2) - cross field in matcher.

Page 8.

The identification of the parameters of quadrupoles in the
interval/gap betvoen-gzg?andeggig’sections wvas conducted by the
method of random search on EVM [computer ). The minimized
functional of the quality of beam took outer limits during
simultaneous satisfaction of the condition of stigmatic focusing on
collimator ks and the absence of the losses of particles ( <~o%w .
- the aperture of accelerator) with phase ¥ - o, Pigure 2 depicts the
emittances of beams of particles with different phases in collimators
kp and k3, and also particle distributions according to phases after
the phase collimation, calculated taking into account the function of
particle distribution according to the phases of used injector

accelerator [4].

WARETT A 37 DeP
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| |
_ Thus, the system of pkase collimation in the absence of the
. various kinds of fluctuations sust provide beam at output of

accelerator vwith energy spread AT" 4 0,45 on basis/base.

= e
0

Pig. 2. Baittance of beam and the fumctiom of particle distribution

according to the phases aftervard S and of 20 sections.

e e &

Page 9.
II. BEffect of fluctuations on the parameters of the accelerated beaa.

The experimental studies of narrov phase chanmel shoved that the

paraseters of beam at owtput of accelerator 4o mot correspond |
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calculated. To the reason for this nonconformity it consists in the
effect of the high-frequency fluctuations of accelerating field by
the parameters of beam, wvhich were not considered in the given above
calculations. The effect of high-fregquency fluctuations of the
parameters of the beam of linear accelerator were studied earlier in
some vorks, in particular in [S5]. Hovever, in this case it was
assumed that the radial motion virtually is equal for all particles
in the accelerated cluster. In our case this assumption is not
justified. Due to communication/connection transverse and phase

motion.

For the explanation of the effect of fluctuations on the
parameters of beam we have investigated statistical properties of
instabilities and communication/connection between them. Of the
fluctuations of the parameters it is possitle to break into two
groups: slow, from one momentum/impulse/pulse to the next (current of
injector, the currents of correction and quadrupole lenses), and
rapid, during momentum/impulse/pulse (change in the frequency and
amplitude on each accelerated section). Were investigated three foras
of the instabilities: current, amplitude and frequency. Pigure 3
depicts the oscillograms of amplitude and frequency during

th
momentum/impulse/pulse on 19-A accelerating sections. Statistical

processing was conducted according to 35 working sections with the

selection through 0.1 microseconds. Figure 4 shows the distribution
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function of phase fluctuations at the moment of time r = 0.7 s. The
dependence of the standard deviations of the phase of slip and
amplitude, and also the mathematical expectation of these parameters
from time it is shown in FPig. 5 and Fig. 6. The correlation analysis,
carried out for the detection of linear comnmunication/connection
betveen O; amd m;, 6z andG, , Mmyamd n, and also between the
given variables time became the following results. The correlatioam
coefficients betveen the enumerated variables are close to zero.
Maximum value reaches the linear correlation coefficient between O
and time and composes value 0.06. Therefore during the simulation of
high-fregquency fluctuations on computer it was considered that
between the fluctuations of frequency and aamplitude is absent any

coamunication/connection.
?«3; \O. :

3 :

rPig. 3. Characteristic amplitude (2) and frequency (3) fluctuations

on the acceleratiang sectioa. |
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FPig. 4. The distribution function of frequency fluctuations on

accelerator, expressed in the phases of slip, during r = 0.7 ms.

Key: (V). rad.
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Page 11,

e = - - - - - -

Fig. 5. Dependence of the standard deviations of phase ( Gy ) and

anplitude ( Ga ) fluctuations from time. .
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Fig. 6. Dependence of the autosatic expectatiom of phase (~,) and

asplitude { ma ) instabilities on time.
Lpad- radld
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The standard deviations of frequency and amplitude in time im this
case vere set/assumed by constants, but mathematical expectatiomns my
and m,; in view of their low value were accepted equal to zero. This
proposition is substantiated, since statistical portrait ve attempt
to construct from sufficiently small sample from general population
of fluctuations. The distribution function of amplitude and phase
fluctuations vas described by the lav of Gauss with rms deviation

respectively

Oy =048 vad, Ga = 1,355

The instabilities of the value of the current of injector were
considered evenly distributed in range ¢f t50/0 from the value of the

rated current, equal to 20 mA. In Fig. 7 are presented the results of

simulation on to the Monte-Carlo method the combined effect of the

enumerated down fluctuations on the parameters of beam. For a
comparison Fig. 8 depicts the experimentally obtained spectrum for
the standard operating mode 1 GeV in energy after the creation of the

system of phase collimation.

Prom the results of this work it follows that the wvays of phase

collimation it is possible to create on linear msultisection

g T - - . e e —

FRp— - . PR o
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accelerator the narrov phase channel, wvhich makes it possible to

obtain at the output/yield of accelerator precision beams vith energy

homogeneity better than 0.10/0 on basis/base. In this case several
times decrease the emittances of beam. However, the presence of
fluctuations it expands phase channel, in consequence of which the
parameters of beam at otutput of accelerator they deteriorate:
grov/rises the energy spread to 0.50/0, the emittances of bean
increase 2-3 tiwmes.

I::‘

|
.

e L

PO

.

.4..': e
-t —

‘jr- - .

..-
-V !
Pig. 7. Effect of fluctuatioans on the parameters of the accelerated

curreat (emergy spectrua and the eamittance of bean).
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rig. 8. Bxperimental spectrua of the accelerated particles at the

output/yield of accelerator duriag phase collisation.
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Page 14.

III. Characteristic measurement of beasn.

one of the important parameters of beam at output of accelerator

is emittance [6). The information about the value and form of
emittance at the output/yield of accelerator makes it possible to
solve the problem of the transportation of beam to target with the
minimum losses and optimally. In a number of cases of the condition
of experiment are set the limitations on the value of emittance, is
sopetimes necessary the operational information about value to the
form of the emittance of beam. Furthermore, the emittance is the good
diagncstic parameter of accelerator, since to value and its form they
depend on energy of the accelerated beam, level frequency-phase
instability on the cell/elements of high-freguency system, phase
width of cluster, tuning of the focusing channel, etc. Consequently,
for the most effective use of a beam of accelerator and optimization
of the conditions of experiment is necessary the measurement of value

and form of the emittance of beam on accelerator.
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During the measurement of emittance at the output/yield of
accelerator to 2 GeV at the basis of procedure were placed the
methods, described in the literature [7, 8, 9], taking into account
our specific conditions. Common/general/total for all these methods
is the use of a plate with the set of slots, adjustable in the path
of beam for the isolation/liberation of its parts, and also detector
for determining the size/dimension of the beam, adjustable at certain

flight path from plate and intended for determining the range of

angular deflections in beanm.

RESEARCH EQUIPMENT.

The location of equipment during the measurement of emittance at
the output/yield of accelerator to 2 GeV is schematically shown in
Fig. 9. Between initial accelerating section I and rotary magnet 2,
it is establish/installed to plate with the set of slots 3. On the
flange of straight line the output/yield is fastened cassette U4 with

glass specimen/sample 5.

Page 15.

PO ——
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Plate wvith the set of slots is made on tantalum 2 am thickness.
The location of target/purposes illustrates Fig. 10. Distance between
the target /purposes of desirable having minimum in order to ensure
obtaining information about divergence at a great many points.
Hovever, the value of this distance is limited by need sufficient
clear separation of the impressions of parts of the beam, passed by
target/pur poses, on detector, the number of slots and their
height/altitude are selected so that the size/dimensions of the
vorking section of plate would be knowingly more than the
size/dimensions of beam. With the thickness of tantalum plate 2 mm
and of energy of electrons 1000 MeV rms scattering angle of
particles, striking the slit is approximately 410”3 radians.
Together with secondary particles the scattered electrons form on
glass the weak background, on which clearly are isolated the
impressions of parts of the beam, passed by the slots. The
displacement/movement of plate is conducted remotely; under beam can
be introduced the set of vertical or horizontal slots. To plate with

slots is separated from detector by drift interval/gap 4.5 m long.
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Pig. 9. Location of equipment with seasurement of emittance at the

output/yield of accelerator to 2 GeV.

Page 16.

Conducting of measurements is complicated by the facts that the
electron conductor of drift section passes through the clearance of
rotary magnet. It is natural that during the measurement of emittance
_ the magnetic intensity in magnet gap must te sufficiently small.
Therefore during the time of the measurement of emittance the
residual field is compensated with the aid of an additional winding
so that the value of its strength would not exceed several gauss. The
error introduced in this case does not exceed =% 0.05 mm, 20 =’

t 0.50¢10°S,
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The drift gap terminates in a flange, on wvwhich in the place of
the passage of beam is establish/installed the copper foil with a
thickness of 50 microns. Close to flange is attached the cassette, f
controlled remotely, in which simultaneously it can be charged 10
glass specimen/samples. During the measurements alternately they are
establish/installed under beam, making it possitle to obtain the

operational information about changes in the emittance. Time for the

replacement of plate does not exceed 5 s.
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Pig. 10. Plate from tantalum vith the set of vertical and horizontal

slots.

Page 17.

As the detector of beam is utilized sheet of glass GOST
(All-union State Standard }~III-65 by thickness 2.7 am with

size/dimension of plates 45 x 45 mm. The reason for the selection of

glass were the following coasiderations. The measurement of emittance
during the use of this procedure assumes as one of the operations of

determination of the size/dimensions of parts of the beam, passed by
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slots. However, in such cases when the transverse size/dimensions of
beam compose value on the order of 0.5 — 1.5 mm. many methods of the
measurement of the airfoil/profile of beam they encounter
difficulties. Por this purpose can be used the change in the
transparency of the glass, caused by effect of radiation [ 10].
Research on the dependence of the coefficient of transmission [11] on
the intensity of beam with the thickness of glass 2.7 mm and the
energy of electrons of approximately 1000 MeV showed that can be

measured the particle densities from 5109 to Z2e1012 §7pet 1 am2,

The exposure time of glass depends on the intensity of beam and
is selected in such a way that the coefficient ¢f transmission and

the quite dense place would be about 100/0. In this case is provided

a greatest quantity of gradations of the coefficient of transmission.

The total time necessary for preparation and to the measurement
of emittance, is 5-8 minutes. The duration of exposure with the

vorking values of the current of accelerator (0.1-1 uA) vary within

the range of 1 to 10 s.

PROCESSING RESULTS.

The ispressions of beas in glass specisen/sample, obtained

durimg the measuremeat of horizontal eamittance, are represeated in

Pig. 11,
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Fig. 11. Impressions of beam on the glass plate during the

measurement of horizontal emittance.

Paage 18.

In each of the replicas the positicn of particles on horizontal
is assigned by coordinate x+x'L, where x is a coordinate of the
corresponding slot, x* is a value of the divergence of beam, L -
distance from plate vith slots of detector. Subsequently of value

x¢x*L let us designate X.

For the photometric measurement of the impressions of beam in
glass specimen/sample was used the microphotometer MF-U4 whose
construction makes it possible to produce the notation of the values
of the coefficient of transmission for photographic materials during
the automatic displacement/movement of object table. The width of
measuring slot, i.e., its size/dimension in the direction of
photometric measurement is selected as being equal to 0.003 mm, the

height/altitude of measuring slot is limited by the construction of




g
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microphotometer and it is 3.3 mm, the height/altitude of measuring

t slot is limited by the construction of microphotometer and it is 3.3
] msn. The size/dimension of impressions in the majority of cases

1 exceeds the height/altitude of measuring slot; therefore the notation

of the values of the coefficient of transmission was conducted

several passages with the displacement of measuring slot on
height/altitude so that the boundary of the exasine/scanned by
photometer zones would coincide and impressions were completely
photometrically scanned. The notation of the values of the
coefficient of transmission for the impressions, shown Fig. 11 gives

in Fig. 12.

100 ,\/\/\____ J('-

1 2 3 4 5 €6 7 8 o %

Pig. 12. Notatiom of the values of the coefficieat of tramsmission

for the impressions of Fig. 3 obtained on microphotometer NF-4.

y ;l ‘-“—Z.‘ g
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Fig. 13. Calibration curves for glass sheet GOST- III-65 (8§ = 2.7 mm)

vith energy of the accelerated beam E = 1000 MeV.

Key: (1). electrons/mm2,

Page 20.

Then is conducted the recalculation of the coefficient of
transmission and the value of specific particle density on 1 mm2 for
all values of X. For a recalculation was utilized calibration curve

(rig. 13).
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The specific particle density on 1 am2 of the surface of
specimen/sanmple is the function of coordinates X and Y and can be
designated in m (X, y). Integration m (X, y) for y for each this
value of X makes it possible to pass to the density of distribution

of particles aloag the axis X

) m(X gy - M0 @

Taking into account the fact that with phctometric measurement
occurs the averaging of the coefficient of transmission in the area
of measuring target/purpose, the operation of integration was
replaced for each coordimme¢e X by the addition cf three (according to
the nusber of curve/graphs) values of specific fparticle density with
the subsequent multiplication of the sum by the height/altitude of
measuring slot of mm. The obtained in this case curve/graph of the
density distribution of particles along the axis X is represented in
Pig. 14. This curve/graph makes it possible to produce the
calculation of divergence for each spot after separation of

background and deposition of the diaphragming slots.

The isolation/evolution of the background, caused by the
scattered on tantalum plate particles, is necessary for jogging of
the zero values M (X) on the boundaries of spots. The deposition of

the location of the diaphragsed slots (see Pig. 14) makes it possible

to determine zero values x‘/ for each spot and to pass on the
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calculation of the values of divergence on the boundaries of spots.
* These values, calculated as quotient .ﬁ! with the appropriate sign, y
determine angular extent of beam, isolated by each slot, and together

vith the appropriate value of x they are points on the boundary of

the emittance of beam on plane x, x. Similar calculations, produced

for all spots, make it possible to determine the boundaries of the

emittance of Pig. 15. This emittance corresponds 1000/0 of particles

in bean.

The practice of the measurement of the emittance of beams shows
that the particle distribution in two-dimensional phase space is
nonuniform. Because of this the emittances of entire beam and its
nucleus, wvhich includes 80-90o/0 of particles, differ 2-2.5 times.
The measurement of the emittance of the nucleus of beam and
determination the corresponding to it part of total current was

conducted with the application/use of the follcwing procedure.
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Fig. 4. Density distribution of particles along the axis X.
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Fig. 15. Emittance of the beam of the accelerated electrons, by

neasured at the different levels N (X)«

Rey: (V). Value of emittance. (2) . Beam currents.
) mrad .,

(3). mmenrad.
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If ve in Fig. 14 in parallel to X-axis conduct the line, which
corresponds 100/0 of the maximum value M (X), then in the points of
the intersection of curve/graphs M (X) with this line will be

obtained the points, which determine the new bcundary of emittance.

The portion of particles, characterized by emittance, vas
determined as follows. In the examination of function M (X) for one
spot it is easy to note that the total gquantity of particles, passing

through this slot, and designated n(;» can be determined by the
integration

-bl
f“(x’\dx = n(x). (2)
Xo-s ]

vhere X., and X., - value X on the boundaries of the spots, with

vhich function B (X) takes zero values.

Value ,,(;) characterizes at the same time the density of
distribution of particles according to x in transverse beas section
in the location of the slot in question. The set of values i (x),
obtained during integration M (X) for dif fereat spots, makes it

possible to construct the curve/graph of the denmsity distribution of

FTARRAS 5

s .
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T ().}
particles according to x in the bean being investigated. Integrating

ve obtain the total guantity of particles in bean ﬁJ.
J axjdr - N (3,

Or, by utilizing expression (2), it is possible to write

o Aes
de f M) ax -a )

oy Xsa

The calculation of a quantity of rFarticles for the emittance,
determined at the level 100/0 of the maximum value N (X), is
conducted similarly. Difference lies in the fact that a quantity of

particles 4/, is computed in accordance with the expression

(e [MXVX tve, 5
e Aeo .

vhere i, , and 1,,,; are values X on the periphery of the spots, by

vhich B(X)=0,I¥(X ) o xe.

Page 24,

The results of measurements, processed with the aid of the

described procedure, are represented in Fig. 15,

B Mooseers oo
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ERRORS DURING THE MEASUREMENTS OF EMITTANCE.

During the measurement of emittance by the means of plate with
the set of slots there are following sources of errors. This first of
all the error in the determination of form and value of emittance
because of the limited quantity of measuring points. Divergence is
measured only at those points of the cross section, vhere the beam it
passes through slots, and the informaticn about intermediate points
it is lost. For this reason desirable would be to make the distance
betveen slots aminimum; however, one should consider the need for the
clear separation of spots on detector. The error indicated is laid in
the very nature of method. It can be decreased by the repeated
measurement of emittance with the intermediate displacements of beam
along this axis by lov value and of the subsequent comparison of

results.

Is possible also the fault of measurement of divergence,

determined by the vidth of the measuring slot cf photometer. With the

vidth of slot 0.003 msm and basis 4.5 m this error composes ~1e10"¢

radians.

v PU—— m— e et 0 ety e e — e g
N 5 '
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The use of glass and the quality of detector has a series of the
special feature/peculiarities, which must Le considered during
measurements, for example, necessary tc eliminate the effect of
4 scattering electron beam and the substance of glass from the results

of measurements. The authors produced the estimation of the

measurement of the size/dimension of the beam with of its passage
through glass. It is establish/installed that with energy of
electrons 1000 MeV and during use for the measurements of glass 2.7

s thickness the scattering does not affect the accuracy of results.

It should be noted that irradiated glass in the course of time
is provided. This process is developed unevenly in time and its speed
depends on radiation dose at the particular point. Therefore produced
the measurement of the dependence of the coefficient of transmission
on time after irradiation for the different initial values of
coefficient, which made it possible to introduce the appropriate

corrections during processing the results cf measurement.

The accuracy of measurements during the use of the described
method is determined also by the sensitivity of photometer, by the
magnitude of error during removal/taking calibration curve and by the

deviation of the thickness of glass frcm rating.

T D S ———— - - s - " -
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The macrophotometer MF-4 provides the accuracy of the measurement of
the coefficient of transmission not worse than 1lo/0. Error during
removal/taking curve does not exceed 50/0 a is caused mainly by error
during the measurement of exposure and intensity of electron bean.
According to GOST-111-65, the deviation of the thickness of glass
from rating is #0.2 mm. However, measurement of the thickness of
glass specimen/sample in each case made it possible to introduce the
appropriate correction, assuming that the photographic density wvas
proportional to the thickness of glass. The effect of changes in the
chemical composition of the different party/batches of glass for a

change in the coefficient of transmission ncticed was not.

Taking into account corrections, the random rms error,
calculated after five-fold measurement of the emittance of one bean,

was £100/0 with probability 0.95.
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SOME RESULTS OF THE MEASUREMENT OF EMITTANCE ON ACCELERATOR 2 GeV
With the use of the described procedure a series of the

neasurements of emittance during the different mode/conditions of

werk of the accelerator.

Pigure 16 shows the curve/graphs of current distribution in beanm
depending on the value of emittance. In this case the accelerator
worked in one on standard mode/conditions. Energy of electrons at the
output/yield of accelerator was equal tc 1100 MeV with the wid*h of
spectrum 0.60/0 at the level of 0.1 maximum intensities. Beam current
composed value 0.4 pA. The values of phase density for the horizontal
and vertical emittances, measured at the level 0.1 M (X), are equal
to with respect 1.35 =2 and 2.4 4%;;;5. A difference in the
radial- angular characteristics in planes xx* and yy' is explained by
effect on the beam of transverse electric field in the matchers of
accelerating sections {12). The calculation of optics of accelerator
for 2 GeV [13] showed that the existence of cross fields in sections
in the presence of the system of focusing and clusters with the final
phase widths leads to the appearance of an effect of the separation
of particles into the phases in horizontal direction. According to
the results of the calculation is carried out the investigation the

dynamic loudspeakers of radial motion in accelerator.

Page 26.
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For this was changed the optical diagram of the initial part of the

accelerator: wvere introduced supplementary quadrupole lenses and
diaphragmss with alternating/variable opening/aperture to 3, 6 and
ZO%Rbacceleratinq sections. This made it possitle to derive on
particle accelerations, which were being located on the periphery of
cluster, to decrease the emittance at the output/yield of accelerator
and to raise the phase density of beanm.
th

Since the effect of separation is most pronounced on 20-A
sections, are given to results, relating to the dependence of
horizontal emittance, beam current to the phase density of beanm at

output of accelerator on the size/dimension of the opening/aperture

of diaphragm A for this section.

e s - - e e e - e ——— A e s
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16. Current distribution in beam depending on the value of

emittance.

Key:

(1) mmemrad.
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The corresponding curve/graphs are represented in Fig. 17.
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Fig. 17. Dependences of horizontal emittance, beam current and phase

density of beam at output of accelerator on the size/dimension of the

t
opening/aperture of diaphragm on ZO‘A sections.

Key: Keys are illegible.

Page 28.

As is evident, the phase density noticeably grow/rises during a

degrease in the openings/aperture of diaphragam from 8 to 4 mm. The
horizontal and vertical emittances of beam with A..4 mm are

represented ian rig. 1s.
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Fig. 18. Horizontal and vertical emittances of Leam with the

size/dimension of the opening/aperture of diaphragm on 20-1 sections
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