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U. S. I3OARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM

Block Italic Transliteration Block Italic Transliteration

A a  A a A , a P p  p p R , r

£ 6  B , b C c  C c
B B B s V , v 1 i 7 m T, t

r r  r a G ,g Y y  y 
~ 

U , u

D , d F , f
E e  E s  Ye , ye; E, e* X x  X x  Kh , kh

Zh , ~h L4 L4 LI a,. Ts , ts

3~~ 3 s  Z, z Ch , ch
kl H  I, i W w  1 1 1 w  Sh , sh

R a 1, y L4 u~ il l aq Stich , shch

H ~ IC x K , k b b ~~

fl~~ L, 1 W e ~ Y , y

M M  M , m b b  b ~
H H  H N N , n 3~~ ~ 

E, e

D o  0 .  0 , 0 hJ~~o Yu ,yu

f l n  f i n  P , p H R  Z i  Ya ,ya

*~~~~ initially , after vowels , and after b. ~~; e elsewhere .
When written as ë in Russian , transliterate as ye or ë.

RUSSIAN AND EN GLISH TRIGONOMETRIC FUNCTIONS

Russian English Russian English Russian English

sin sin sh sinh arc sh sinh~~
cos cos ch cosh arc ch cosh 1
tg tan th tanh arc th tanh 1
ctg cot cth coth arc cth coth 1
sec sec sch sech arc sch sech 1
cosec csc csch csch arc csch csch

Russian English

rot curl
ig log

I

_. 
_ —

#~— 
,

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ___  _ _ _ _ _ _ _  
-



_ _ _  ~~~~~~~~~~~-~~-- - -~~~~w~~~~~~~~~~ ---

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ ,—~ .—

DOC = 77191900 PAGE 1

Page le

V.
I. Arteaov, I. A. Gr ishayev , I. N. Guge].’, G.. K. De .’yanenko , A.

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

Petrenko.

ON THE FOR NAT ION OF PRECISION BEANS IN NULTISEC TION LINEAR ELECTRO N

ACCELE RATO RS.

— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

L _ _ _ _ _ _



—
~~~~~~~~~~~~~~~~~~~~~~~~~

-

~~~~~~~~~

—- -
--- —

~~~~
.-

~~~~~~~~~~~1~~~ ~~~~~~~~~~~~~~~~~~~ ~- . .——.~——-.— -—~-— —  — — - — - . . — ~— — - — — — -~~ —~~~~—— —.-~

DOC — 77191900 PAGE

Pag. 2.

Is described the .ethod of obtain ing precision b ans linsar

electron accelerat or , based on the use cf cosaum icat ioa ftonnectioa of

radial and phase •otion. Is investi gated the effect of hig h—frequency

and current instabilities on the paranete rs of hean . I. set forth the

proced ure of the leasurenent of the euittance of beau at outpu t of

accelerator to 2 GeV . During neasurenent was utilized the plate with

the set of narrow slots and detector. Are conpared the ezperi .ental

characteristics of bean with calculated.
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Page 3.

En obtaining ptec ision beans on lineat accelerators significant

role it pl ays the ques t ions of opt ics both in the acce lera ting

channel an d in the different systems of formaticn and transportation

of par ticles. The opt ical properties of •ulti section linea r

accele rator to a high degree depen d on the various kinds of the

perturbing forces, which exist in the rea l accelerating channe l, and

also on the prope r ties of the syst em of beau focusing on accelerator.

The fundaiental character istics of beam at output of accelerator

(energy spectrum , current , emit t ance) in many respects are determi ned

also by ~‘~e value of the phase volume of the beau of

in jector—accelerat or.

In multisection linear accelerator 2 GaY in energy betwee n

transverse and ax ia]  notion s there is communication/ connection (1],

caused by the pres ence in the accelerating structures of t ransverse

high— f requency f ields and b y the chromatic aberration s of the system

of beam focusing. This communication/connection leads to t he

three—dime nsional/space separation of particles with the  d i f f e r e n t

phases in horizontal plane , wh ich in principle makes it possib le to

create sufficiently narrow phase channel by mea ns of the irisi ng of

beam in the appropriate places of acceler ator. The creation of

suff ic ient ly narrow phase channe l (p hase collima tion) would give not

~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _
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only and the monoc hromatization of the accelerated beau, but  a lso

substantially it would decrease its effective emittance.

I. Syste. of th. phas e collimation of beam.

The existed system of beam focusing provided the grea test

separation of particles into the phases du r ing  simultaneous

sa tisfaction of the conditions of stagmat ic focusing in the  area of

20—~~ accel erating sections.

Page $~

I
The experi ments , carried out wi th  the adjustable collimator on

s ctions , they shoved the clear dependenc e 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 ro le of

this collimator is ana logous to the role of collimator—mo noc hromat or

at the out put/yield of magnetic analyzers. As in the systems of

transportati on, an improvement in the quality 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 otherwise. Since at present the output current is
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determined by the threshold of the emergence of lateral instabilit y

(3], which is much less than  the current  of injector—accelerator,
creation of narrow 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 Wpure/cleanw beam with a small phase extent of cluster

they led us to the diagram which was shown in rig. 1.

~~2VJ i
‘ ~~~~~~~~~~~~~~~~~~ #~—iriN~ 4/
‘1 I

Pig. 1. Envelop. . of particl...

Page 5.

In th is figure are shown the envelope of particles in horizontal

(z) and vertical (y) planes, and also the arrangement of magnetic

• quadrupol. lenses and collimators k~ , k1, k3. Lens L1 and collimat or

k, produce th. preliminary selection of particles on the phases of

injector beam, utilizing certain communication/connection between

energy of psrticl• and pkaa~ in the oetpet/yield of

in ject er-a ccelerat or.

-~~~ 1 T 1  I~:T:_i ~~
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The focussed bea m of the determined energy to the slot of

collimator k1, it is possible to create the most favorable conditions

for the passage 3! particles only with the determined phase set,

since the particles of other energies, but, therefore, and with

another phase set, will have the larger size/dime nsion of beam in

collimator k1 During further particle motion in the accelerating

sections communica t ion/connection between energy of particle and

ph ase becomes more explicit , energy of particle is the funct ion of

location of its relative to wave crest. Thecefore the para meters of

the do ublet of gua d rupole lenses — L2, L3 and collimators — k2 must

be selected from the  condition of the  preferred incidence/ impingement

in the slot of particles, arrange/located on wa ve crest. Let us

examine in more detail the procedure of the selection of these

parameters. Let us introduce the followin g designations:

— the matrix/die of the doublet of guadrupole lenses

resp.ctiv.ly in horizontal and vertical plane ;

L1 is a matr ix/die of the transition of the i f ree

interval/gap;

.4, — the matrix/die of the transition of the t accelerating

- . e n  — ~- -‘r .. - -

_____________ _____ _____ 
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-- - - - - • 
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section (sinci ii the first four sections are used the sym metrized
match.rs, mattis/Ije .ti~- it viii be double—row and identical bot h in
vert ical and in horizontal plan.) .

Page 6.

The complete matrix/die of transition from collimator k1 to

collim~tot k , cam be written as

~~~~~~~~~~ 1 (I)
~~~ Y4 .4~%. J,

whets 
-

% . ~~~~~ ~~

matrix/dies Y~. ~ take the form:

I’ I €,(~) \ 
(2)

a 

~ ~~~. (I f 
( 

~ ~

where
, 1. ~~ .~ 
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— energy of particle at the output/yield of the i section ;

~~ is energ y injection ;

— the strength of field in the beginning of section ;

~~ is decay constant of field in section ;

Z — the length of section;

~~ !~ J -  --p- ; ~~~~

latrix/dies L~~, &.~ in the approach/ approximation of the thin

leases

1’ £
i’  • S..

• - (_ L.... ,. ________ . ~~‘.,
F,~ t) F~(I-~~-,)

(3)
LF,

____  
f f,~÷ 1~~ j

- \~ 
F,(~

) ~ 
( P , / •

vhsr. ~ ,(‘j~ • F~
(9
~
) — th. focal lengt hs of the  f irst  and second

lens; .4. — the distance between lenses. By subst itut ing in  (1)

•i~~sssions for matrix/dies to (2) and (3) and after requiring
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satisfaction of the comditioms of stigmat ic focusing simultaneousl y

in horisosta and vert ical plane at the entrance into collimators
• 4~ {(fl~2)~~ vs will obtain the single— valued relation between the

parameters of focusing and the size/dimensions of the collimators:

r.~ , € 4  
~te)7

,~ ~~~.

Page 7.

With a radius of collimator k1, equal to ‘~r that part of the

cl uster , which is accelerated on wave crest, in the region of

collimator k2 has the transverse size/dimensions

1~~ ‘~~[*

~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~

For particles w i th  other phases, as a result of the d i f ference  in

4 .  energies, the condition of stigma t ic focusing is not sa tisfied,
therefore, transverse size/dimensions they erceed 

~~~~~~~~~ and Y”
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Therefore, if we select the size/dimensions of collimator k, from
condition (5) , then this system will fu l f i l l  the functions of the
separator of particles through the phases with separation ratio,
equal to

k ( ~~ “~ - _ 1L- .f~~,

where S~ — the emjttance of beam in x—plane;
I

S~~— the e.ittance of beam in y—plan e;

4 S1 , ~ S~ is part of the emittance of beam , included in the

intervals, giv.n by formula (5);

f(q) — the normalized function of particle distribution

according to phases (for uniform distribution j(i~) I).

Beginning fr3a the fifth section, for radial lotion 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 communication/connection

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

L •- — - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~. ~~~~~~~~~~ ••~~~~~- - •-
• 
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(7)

\~ / ~%\ 
‘- ,

~ ,

where ~ ~ (?) — cross field in matcher .
/

Page 8.

The ident i f ica t ion  of the parameters of quadrupoles in the
5~ h~ .20th.-

interval/gap between S—i and .J.O—1 section s was conducted by the

method of randoc search on EVM [computer]. The mi nimized

functional of the quality of beam took outer limits during

simultaneo us satisfact ion of the co~ditioa of stigmatic focusing on

collimator k , and the absence of tb• losses of particles C ~~~‘.‘~‘ •

— the aperture of accelerator) wit h p kaae~ D.o~ Pigure 2 depict s the

amitta nces of beams of particles with different phases in collimators

k 1 and k 3, and als o particle d istributions according to phases after

the phase collimation , calculated taking  into account the funct ion of

particle d istribution according to the phases of used injector

accelerator (14 ).
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Thus, the system of phase collimation in the absence of the

various kinds of fluctuations must provide baa. at output of

accelerator with energy spre ad 4i~~ 04  on basis/base.

1 ’

‘ ~~~~ .—a —  
~~~~~~~~~

II

~
‘:L ‘°‘ / i\-~Pig. 2. Iaittaa~~ of bea. and the function of particle distribution

accord ing to the phases afterward 5 and of 20 sections.

1_ f
~.

Page 9.

II. Effect of f luc tua t ions  on the parameters of the accelerated beam.

The experimental studies of narrow phase channel shov ed that the

psram ters of beam at output of accelerator do not corr..p ond

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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calculated. To the reason for this noncon formity it consists in the

effect  of the h igh—frequency  f luctuat ions of accelerating field by

the parameters of beam , which were not considered in the given above

calculations. The effect  of high—frequenc y f luctuation s of the

parameters of the beam of linear accelerator were studied earlier in

some works, in particular in (5]. However, in this case it was

assu.ed 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

f luctuations of the parameters it is possible to break in to  two

groups : sl ow , from one momentum/impulse/pulse to the next (current of

in jector , the currents  of correction and qu adrup ole  lenses), and

rapid, dur ing momentum/impulse/pulse (change in the freque ncy and

amplitude on each accelerated section). Were investigated three forms

of the instabilities: current, amplitude and frequency. Figure 3

• depicts the oscillograms of amplit ude and frequency during

momentum/impulse/pulse on 19—n accelerating sections. Stat istical

• processing was conducted according to 35 working sections with the

selection through 0.1 microseconds. Figure 4 shows the distr ibution

___________________________________________________ -_—
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function of phase fluctuations at the mosent of time -r = 0.7 a. The

dependence of the standard deviations of the phase of slip and

amplitude, and also the mathematical expectation of these parameters

trom time it is shown in Fig. 5 and Fig. 6. The correlation analysis,

carried out for the detection of linear communication/connection

between O~ and in~- , 6~ an d G , , ‘ny and ni~ and also between the

given variables time hacame the following results. The cor relation

coefficients between the enumerated variables are close to zero.

!~a x i m u m  value reaches the linear correlation coefficient between 0

and tine and compo ses value 0.06. Therefore during the simulation of

high—frequency f luctuat ions  on compute r it was considered that

between the f luc tuat ions of frequency and ampl i tude  is abs ent any

comma. icat ion/connection.

I ~~~ 1 \O.

-S. 
~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • S.~~~~.•S~ 

-

- :

- _ - -~~
- - •- -. : - - - .. - - ~.:

- 

• ~~~~~~~~~~~~~~
Pig. 3. Characteristic amplitude (2) and frequency (3) fluctuation s

a. the accelerating section.
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- 

~~ --a, •ai 0 41

Fig. 4. The d is t r ibut ion funct ion of frequenc y fl uctuat ions on

accelerator, expressed in the phases of slip, du r ing  t = 0.7 is.

Xey: (1). rui. 
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4. 
•

• . .a, • • • S

w C

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

aiplitsde(6~. ~
- fluctuations from time.

—r

~1N •4~

• •

“ 

~~~~ ~ ~

Fig. ~~. Dependenc. of the automatic expectation of phase (s’~1) and

a.plitude~~.~~ ) ins tabilities on tine.
E_ ~~~~~~ ~ 

- -~~ia J
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Th. standard deviation s of frequency and a mplitude in time in this

case icr. set/assumed by constants, but mathematical expectations ,n.i

and /ng in view of their  low value were accepted equal to zero. Th is
proposition is substantiated, since statistical portrait we attempt

to construct from suff ic ient ly  small sa mple f rom ge neral population

of fluctuations. The distribution functio n of amplitude and  phase

fluctuations was d escribed by the law of Gauss with rms deviat ion

respectively

- O,1~ r&d.~ 6~ a

The instabilit ies of the value of the current of injector were

considered evenly distributed in range af j5o/o 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

syste. of phase collimation.

From the results of this work it follows that the ways of phase

• collimation it is possible to create on linear multisectiori

_

~~~~~~~~~~~~ i_ ~~~~~~T ~~~~~ :~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~i~~~~~~~~~~~~~~:



•

~

DOC — 77191900 PAGE ~~~~~~~~~~

accelerato r the nar row phase channel,  which makes it possible to

obtain at the output/yield of accelerator precision beams with 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 ortput of accelerator they deteriorate:

grov/riaea the ..erqy spread to 0.So/o, the emittances of beam

increase 2— 3 times.

“I
S. t11

. _
~~~ ~ L 

~I • • ..

- 
-

Pig. 7. Effect of fluctuations on the parameters of the accelerated

curre mt (ene rg y spectrum aid the ..itta nce of beam).

I I;~: -__
rig. 8. ixpermmentsl spectra, of the accelerated part icles at the

ostput/yi.ld of accelerato r daring phase coll imation.
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Page 14.

III. Characteristic measu rement of bean.

one of the important parameters of beam at output of accelerator

is emittance [6). The information about the value and form of

e.ittance at the output/yield of accelerator makes it possible to

solve the problem of the transportation of beam to target with the

mini m um losses and optimally. In a number of cases of the condition

of experiment are set the limitations on the value of emit tance, is

sometimes necessary the operational information about value to the

form of the eaittance 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 bean, level frequency- phase

instability on the cell/elements of high—frequency 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 measureme nt of value

and form of the emittance of beam on accelerator.

______ _________________________  • ~~~~~~~~~~~~~~~~~~~~
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During the measurement  of emit tance at the  output/yie ld  of

accelerator to 2 GeV at the basis of procedure were placed the

methods, described in the literature [7, 8, 9), t aking in to  account

our specific conditions. Common/general/t otal for all these method s

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 ra nge of

angular deflections in beam.

RESEARCH EQUIPMENT.

The location of equipment during the measurement of emittance at

the output/y ield of accelerator to 2 GeV is schematically shown in

Pig. 9. Between initial accelerating section I and rotary magnet 2,

it is establ ish/installed to plat. with  t h e  set of slots 3. On the

flange of straight line the output/yield is fastened cassette U with

glass speclnen/semple 5.

Page 15.

_ _ _  j
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I
Plate with the set of slots is •ade on tantalum 2 mm thickness.

The location of target/purposes illustrates Fig. 10. Dista nce between

the target/purposes of desirable having •iniiu. in order to ensure

obtaining information about divergence at a great many points.

However, the value of this distance is limited by need sufficient

clear sepa ration of the impressions of parts of the beam, passed by

target/pur poses, o n detector, the number of slots and their

height/altitude are selected so that the size/dimensions of the

working section of plate woul d be know ingl y wore than the

size/dimensions of beam. With the thickness of tantalum plate 2 mm

and of energ y of electrons 1000 MeY r ms scattering angle of

particles, striking the slit is approximately 4.10~~ radians.

Together with secondary particles the scattered electrons for. on

glass the weak back groun d, on which clearly are isolated t he

impression s of parts of the beam , pa ssed by the slots. The

displacement/movement of plate is conducted remotel y;  under  beam can

be introduced the set of vertical or horizontal slots. To plat e with

slots is separated from detector by dr ift interval/gap ~.5 a long.

- - - • _
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4,f~~~~~ ,#q

Fig. 9. Location of equipment with measurement of enittance 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 enittance

the magnet ic in tensi ty  in magnet  gap must be s u f f i cient ly small .

Therefore during the time of the measurement of emittance the

residual field is compensated with the aid of an additiona l winding

so that the value of its strength would not exceed several gauss. Tb.

error introduced in this case does not .zcesd dy.. * 0.05 nm ~c -•a•’

* O . 5.1 0 ’. 
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The d r i f t  gap terminates in a flange, on which  in the  place o f

the passage of beam is establish/ installed the copper foil wit h a

thickness of 50 microns. Close to f l ange  is attached the cassette,

controlled remotely,  in  which s imul taneous ly  it can be charged 10

glass specimen/ samples. Dur ing  the measur ements  a l t e rna te ly  they are

establish/installed under beam, making it possible to obtain the

operat ional in format ion  about changes in the  emit tance.  Ti me for  the

replacement of plate does not exceed 5 s. 
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Fig. 10. Plate fro m t an ta lum with  the set of vertical and hor izontal
r

slots.

Page 17.

As th e detector of beam is ut i l ized  sheet of glass GOST

[All—union State Standard 3—111— 65 by thickness 2.7 a. with
c

size/dimension of plates 45 x t$5 mm . The reason for the selection of

glass were the following considerations. The measurement of saitta nce

dur ing the use of this procedure assumes as one of the operations of

determinat ion of the size/dimensions of parts of the beam, passed by

~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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slots. However , in such cases when the transverse size/dimensi ons of

beam compose value on the order of 0.5 — 1.5 mm. many meth ods of the

measuremen t of the airfoil/profile of bea m they encounter

difficulties. For this purpose can be used the change in the

transparency of the  glass, caused by e f fec t  of radiat ion t 10).
Research on the de pen dence of the coeffic ient of transmiss ion (11]  on

the intens it y of beam wi th  the thickness of glass 2.7 m m an d t he

energy of elect ron s of approximate ly  1000 11eV showed that can be

measured the pa rticle densities from 5.10’ to 2 • 10*2 e7per 1 m a 2 .

The exposure t ine of glass de pends on the intensi ty of beam and

is selected in su:h a way that the coefficient Cf transmission and

the quit e dense place would be about lOo/o. 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 e.ittance, is 5—8 minutes. The duration of exposure with the

working values of the current of accelerator (0.1—1 baA) vary within

the range of I to 10 s.

P R O C E S S I N G  RESULTS .

The impressions of beam in gina. specim.a,lsanpl., obtained

during the measur ement of her isontal emit tsmce. are represented ii

Fig. 11. 

- • - 
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Pig.. 11. Impressions of bea m on the glass elate dur ing  the

measuremen t of horizontal enittance.

Paage 18.

In each of the replicas the posit icn 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 bean, L -

distance from plate with slots of detector. Subsequently of value

x,z’L let us designate x.

For the photometric measurement of the iaEressions of bee. in

glass specimen/sample was used the micrcphoto.eter NP— U whose

construction makes it possible to prod uce the notation of the values

of the coefficient of transmission for photographic materials during

the auto.atic disp lacement/movement of ob ject 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

5 -- — •  5-. - ~~ - - —  - — —— - -- - 
~~~~--5— -- - —-- —-t—-5-- -- -.
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microphotometer and it is 3.3 mm , the height/altitude of measuring

slot is limited by the construct ion of microphotometer and it is 3.3

mm . The size/dimension of impressions in the ma jority of cases

exceeds the height/altitude of measuring slot ; therefore the notat ion

of the values of the  coefficient of transmission was conducted

several passages wi th  the displace ment of measuring slot on

height/altitude so that the boundary of the exami ne/scanned by

photometer zones would coincide and impressions were completely

photometrically scanned. The notation of the values of the

coefficient of tra n smission for the impressions, shown Pig. 11 gives

in Fig. 12.

0~~
i0

~2O

30

4’O

• 50 1 .

—5.——
I 3 4 ~~~ 6 7  a

rig. 12. Notation of the m imes of the coefficient of transmission

for the impression s of Pig. 3 obtained on microphotometer N?— *.
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?i9. 13. Cal ibration curves for glass sheet GOS?— I f I —65  ( 6  — 2.7 mm)

with  energy of the accelerated beam P 1000 Me Y.

Key : (1) .  electrons/.me.

Page 20.

Then is conducted the recalculation of the coefficient of

t r ansmission and t h e  value  of specific part icle densi ty  on 1 mm 2 f or

all  values of I. For a reca lculation was u t i l i zed  ca l ib ra t ion  curve
• (Pig. 13).

_ _  _ _  T~~ - ~~~~~~ 
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The specific particle densi ty on 1 mm 2 of the sur face  of

specimen/sample is the  function of coordinates I and V and can be

designated in a (I, y). Integration m (I, y) for for each this

value of I makes it possible to pass to the  densi ty of d i s t r ibu t ion

of particle. along the au. I

J 
m~’A’y)d~i 

.. (-1)

Taking into account the fact that with phctometric measurement

occurs the averaging of the  coefficient  of transmission in the are a

of measur ing  ta rge t/pu r pose , the ope ratio n of integrat ion was

replaced for each coordiest. I by the addition cf three (according to

the nunber of curve/graphs~ values of specific particle density with

the subsequent mult ip l ica t ion  of the sum by the he igh t/ a l t i t ude  of

measuring slot of m m . The obtained in this case curve/graph of the

densit y dis tr ibution of particles alon g the axis I is represented in

rig. 1~ . This curve/graph makes it possible to produce the

calculation of divergence for each spot af ter  separat ion of

background and deposition of the diaphragming slots.

The isolation/evolution of the background , caused by the

scattered on tantalum plate particles, i5 necessary for joqging of
• the zero values N (I) on the boundarie s of spots. The deposition of

the location of the diaphr ag.ed slots (see Pig.  111) makes it possi bl e

to determine zero vain es z ’I. for each spot and to pass on the

_ _ _ _ _ _  -5 -~~ V ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
5
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calculation of the values of divergence on the boundaries of spots.

Th ese values , calculated as qmot iemt ~~~~~ with the appropri ate sign,

determine angular extent of bees, isolated by each slot , and  toget her

wi th  the appropr ia te  value of x they are points on the bounda ry  of

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

for all  spot s, make  it possible to d e ter m i n e  t he  boundar ies  of the

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

in beam.

The practice of the measu rement of the enittance of beams shows

tha t  the particle d i s t r i b u t io n  in two—dimensional phase space is

nonuniform. Because of this the emittances of entire beam and its

nucleus, which includes  80— 90o/o of particles. d i f f e r  2—2. 5 times.

The measurement of the emit tance of the  nuc leus  of bea m and

determination the corresponding to it par t of total current was

conducted with the application/use of the following procedure .

— 
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rig. 14. Density iistribution of particles along the axis I.
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Page 22.
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Pig. 15. Emittance of the beam of the accelerated electrons, by
measured at the different levels N (I).

• Key: (1). Value of emittance. (2). Beam currents. (3). mm .mrad .
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Page 23.
A -

If we in Fig. 116 in parallel to I—axis conduct th e li ne, whi ch

corresponds IOo/o of the maximum value N (I), then in the points of

the intersection of curve/graphs N (I) with this line will be

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

The portion of particles, characterized by emittance, was

determined as follows. In the examination of function N (I) for one

spot it is easy to note that th. total quantity of particles, passing

through this slot, and designated ~t (x), can be determined by the

integ cat ion

(2)

r..a

where I.... and x,. . — value I on the boundaries of the spots, wi th

which func tion B (I) takes zero values.

Value ‘I(s) characterizes at the same time the  density of

distributi on of pa rticles according to x in transverse b•am section

in the location of the slot in question. The set of value. n(z),
obtained dur ing integration N (I) fot dif ferent spots, ma k es it

possible to construct the curve/graph of the dens ity d is t r ibut ion  of 

5- 
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particles according to x in the beam bein g investigated. In tegra~ Ii~ ’r’

we obtain the total quantity of particles in beam /V.

• j n( ~)~~~ -N (3

Or , by u t i liz ing  expression (2) , it i. possible to wr i te

• —

j a’x r 14(x) dX -A  (4)

The calculation of a quan t i t y  of Fa rticles for  the e.ittance,
determined at the leve l 100/0 of the m a x i m u m  value N (X) , is

conducted similarly. Difference lies in the fact that a quantity of
partic les 1’v~ is conputed in accordance wi th  the expression

•..

I 
d~. f M (X) d X . A’~ (5)

w here 1.1 mmd 
~~~~~~~~ are values I on the periphery of the  spots , by

which

Page 21$.

The results of measurements, processed with the aid of the

described procedure, are represented in Pig. 15.

- - - 
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ERRORS DUR ING THE N E A S U R ENENTS OF FN I T TAN CE.

Dur ing  the measurement  of emi t tance  by the means of pla te with

the set of slots there are following sources of errors. Th is first of

all the error in the determination of form and value of em ittance

because of the limited quantit y of measuring points. Divergence is

measured only at those points of the  cros s section, where the beam it

passes through slots, and the informaticn about intermediate points

it is lost . For th is  reason desirable wou ld be to make the distance

betwee n slot s m i n i m u m ;  howeve r , one shoul d consider the need for the

clear separation of spots on detector. The error indicated is laid in

the very nature of met hod. It can be decreased by the repeated

measurement of emi t t an ce  wi th  the  intermediate displacements of beam

along this axis by low value and of the subsequent comparison of

results.

Is possible also the f au l t  of measurement of divergence ,

determined by the width of the measuring slot of photometer. With the
• width of slot 0.003 mm and basis $.5 n this error composes —1 .10 ’

radians. 

T T1 T _ _ _ _ _ _ _ _
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The use of glass an d the  qua l i ty  of detector has a series of the

special feature/peculiarities, which must be considered during

measurements, for example, necessary tc el imina te the e f f ect of

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 NeV and during use for the measurements of glass 2.7

mm 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 tr a n smission

on t ime af ter  i r radiat ion for the di f f e r en t  initial values of

coefficient, which made it possibl e to introduce the appropriate

corrections during processing the results of 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 from rating.

--5 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _ _
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Pa ge 25.

The macrophotomete r MF— 16 provides the accuracy of the measurement of

the coefficient of transmission not worse than lo/o. Error during

removal/taking curve  does not exceed 5o/o a is caused m a i n l y  by  error

during the measure men t of exposure and in tensi ty  of electron beam.

According to GOS T— 11 1—65 , the deviat ion of the thickness 3f glass

from rating is ±0.2 mm . However, measurement of the  thickness of

glass spec imen/ sample in each case made it possible to in t roduce  the

appropriate correc tion, assuming tha t the pho togra phic density was

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 noticed was not.

Taking into account corrections, the ran dom m s error ,

calculated after five—fold measurement of the enittance of one beam,

was ±100/0 with probability 0.95.

4
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SOME RESULTS OF THE MEASUREMENT OF EMITTANCE ON ACCELERATOR 2 0eV

With the use of the described procedure a series of the

measuremen ts of emi ttance during the d ifferent  mode/con dit ions of

work of the accelerator.

Figure 16 shows the curve/graphs of current distribution in beam

depending on the value of emittance.. In this case the acce lerator

worked in one on standard mode/conditions. Energy of elect rons at the

output/yield of accelerator was equal to 1100 MeV with the .ia’h of

spectrum 0.6o/o at the level of 0.1 maximum intensities. Ream current

composed value 0.16 pA. The values of phase density for the hor izontal

and vertical emittances, measured at th. level 0.1 N (I), are equ~~t

to with respect 1.35 and 2.t$ A difference in the

radial— angular  characteristic s in plan .. xx ’ an d yy ’ is explained by

effect on the beam of t ransverse electric f ie ld  in the matchers  of

accelerating sections (12].. The calculation of optics of a ccel erator

for 2 GeV (13] show ed that the existence of cross fiel ds in sections

in the presence of the system of focusing and clusters wit h the final

phase widths leads to the appearance of an effect of the separ ation

of particles into the phases in horizonta l 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  ini t ial  p ar t  of the

accelerator: were introduced supplementar y guadrupole lenses and

diaphrag is with alternating/variable opening/aperture to 3, 6 and

20—A accelerat i ng sections. This made it possible to deriv e on

particle accelerations, wh ich were bein g loca ted on the peri ph ery of

cluster, to decrease the emittance at the output/y ield of accelerator

and to raise the  phase dens ity of beam.
4,

Since the effect  of se parat ion is most pronounced on 20—A

sections, are give n to results, rela ting  to the depen dence of

horizontal emittance, beam current to the phase density of beam at

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

of diaphra gm ~ for this section.

14
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rig. 16. Current d i s t r ibu t ion  in beam depending on the value of

emittance.

1~.y : (1) . mm .m r ad.

Page 27.

I The correspon d ing curve/g raphs are represented in Fig . 17. 
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Fig. 17. Dependences of horizontal  emit tance, bea m curren t and phase

density of beam at output of accelerator on the  size/d imension of the

opening/aperture of d i aph ragm on 20—~ sections.

Key: Keys are illegible.

Page 28.

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

• decrease in the opening/aperture of diaphragm from 8 to 14 mm . The
• horizontal and vertical •mittances of beam with ~_ 4  mm are

repr.a.a~~a La rIg. 11. 
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rig. 18. Horizontal and vertical emittances of beam with th.

size/dimen sion of the opening/aperture of diaphragm on 20— 1 s.ctiobI” (”

m m.

Key: (1). arad. (2). Value of emittance. (3). Beam current. (1$).

mm .mrad.
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