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ﬁbSLﬁiEE. fall time Tf (fig.la) to the minimal
Thz method of the duty factor increase of acceptable values and on  account  of this
the extracted beams , while keeping the decrease only to provide carresponding
avarage current value invariable, 15 increase of the flat top duration. That is
presented. the essence of the third method of generating
almost continuous beams 1in the so-called

In recent years producing intense and super cycle synchrotron-stretcher.

a2lmnst continuous GeV energies electron beams
for fundamental investigations of electron
and photon interactions with  Thadrons and
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Huclai at the distances less than ane - . i
Feemi [1], hac hecome impoartant. sop ‘////)’.////’””ﬂ

The generation of such beams iz realized
mainly by twe methocds. The first method 15 e -
craationn of the multiple-stage * racetrack la* bonet
mierotrons, of SEBAF (USA) or MAMI (FRG) type 7 A TR
and the second ong is creation aof the
stretohers of electron beams, pre accelerated
oithkers in linacs (such as HF-2000, USSR) or 20 oo
in  the electron synchrotron (EL8A, Bonn)
[1L-57. o . )

Anpther method of the duty factar increase 0 200 " )mﬁL 4po 500
is sU sted i & pé i f{Hz
mr)ra-t :g(i’n;i 3(.1 :nm;:,/u besc:{f::r ,mg:;(:hoi‘i?$:‘l Luagi TT:.;"(:‘,-). o 10 ‘: ' 's 127_':
morse competition able. This method includes ot "0 10 Fig 1b
reconstruction of tha wOrking electron Figure 1b shows duty factor as a  function
wynchrotrons tno get  the docrease  of the of the volue of the total duration of the
duration of acceleralion periods and the acceleration period and field fall (Ta +T1 1 oor

magnetic fields fall in the synchrotrons  for

itncreasing duration of the beam extraction, of the pulse frequency of the electromagnet

windings power and the flat top duration (T’ Y

while keepirg invariable the average value of t

“he synchrotron’s intensity. where duty factor determined by the relation
tlaually electrorn synchrotrons operate at

Sn-40 Hr  repetition rate of acceleration Tfl

~veles. But in cese of creating a flat top in df = R 100 %

the magnetic field for ectraction of a a f ft

monochromatic energy  beam  the equivalent

repetition rate fe of the acceleration cycles characterires the value of the bieam

"macroscopic continuity” (without bunching).

correspondingly decreases and it leads to the As the basic point of the super cycls

decrease of the current average value of the

Sync - ~etoher i e I
accelerated or extracted beam (Iab). synchrotron-stretc e to keep ah
Conenguent | for holdin 1 value constant, then duty factor value at S0 Hz
R i 9 9 ab frequency is considered to be equal to © (fig
invariable, it iz necessary to keep the 1Y, because the flat top of any duration &t
total time inwvariable too, ZI( Tf + T‘ + Tft)' this frequency, formed at the magnetic field

o . sinusoid maximum, decreases [ at once. In
Then for 1noreasing the flat top duration Tft ’ ab
i e figure Z the curves of 1 decrease and T
it is necessary Lo use all the possibilities 4 “ ¥ ab ft
foyr decreasing the sum of intervals of the increase for achieving high values esgual =0
arceleration time Ta and the magnetic field Hz.,are shown for compariszon.
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Tt 1w seen from figure 1h  that  for the

optimal values of ff fregquencies we can take

alees i the range of 150-23S0  Hz  at  which
duty facrtor will be in 70-80 % limits., It  is
proved that these df values are suitable for

carrying  out the wide range of the
fundamertal experiments as wel!l as for making
t he realiralion cf the synchrotron

corresponding operation noticeably easy.
Besides, 11 seems to be expedient at first
to get emperimental freguency increase up to
TToor 100 Ho with carresponding  decrease of
the end acceleration energy to 4.5-3.0 GeV at
the Yerevan synchrotron. With that it is
cossible to increase df up to 3350 %, as  is
=een in figure 1b. fObteining such synchratron

operation is not difficult, as in this case,
firat, 1t 1% possible to uwuse the existing
2loctromagnet windings and RF system  without
any changes, second, the achieved injection
cnetgy 75 MeV will  be  enough for getting
acreleration with  small increase  of the
magnetic field dynamic disturbances and

vurrents  of the electromagnet capacity
leabkages, third, the necessary changes in the
clectromagnet power system for getting
azcelpration  are  very insignificant, as
changes are reqguired only to the capacitor
Eanks cannections of the resonance circuit,
In future, at dincreasing the flat top
duration uvp to 10-13 msec and other
favorable conditions (beam damping) such
synchrotron operation can be used for a long
time till mwaking new block windings or
creation a new magnetic system with separate

functions for further increase of ff

‘reguency.let s consider the ssential
technical difficulties, which may appear with
further increase of the electromagnet power
pulse fregquency in the 100-250 Hz range.

The main obhstacle while solving this
problem ra thought Yo be  the increase of
magnetic field dynamic disturbances in  the
injection field, excited on the surfaces of
the electromagnel poles and on the metal coat

of the vacuum chamber, as wall as the
increase of the capacity parasitic currents
leakages. The latter seems to be more
ogeoontial for the Yerevan synchrotron, as
cablirg of the power system there is
considered not to te gaod and, in addition,

currant capacity leakages maximum is within
the injection fields region. At the same
time the mavimum of the dynamic disturbances
i3 in the average fields area and it looks
promising, since to eliminate their influence
i omore difficult than to reduce capacily
loakages, which can be eliminated by a
replacement of the cables by buses and by
putting capacitor bhanks neacer the magnet
blocks. However, methods of correclion of the
disturbances caused by the capacity current
lealages are well developed, which can't  be
saaid about dynamic distortion carrection.

T this  connection it is  necessary to
carry oul esperimental researches of dynamic
disturbances in the Injection fields with
SO @AGe of the electromagnet power
frequency. It may be realized at Yerevan
Physic Institute by creating a magnetic
measurement  stand, consisting of spare

packets of electromagnet with cable winding
el thyristor power source with controlled
freqguency in the 50-300 Hz rarge.

Megnet characteristic researches may be

done by means of the permalloy probes wibhyout
additional power supply. Tt is sufficsen! to
carry out the measurements on the magrnetic
field different levels by the telteative
method, which can be ensured by electromagunet
pawer constant component changing.
The dependence of the magnel toatal lonses

on the power frequency s well obeyed s

empirical espression F = & (1.3 +1.6).
Nssuming, dynamic currents almost  obey L
euprassion and measured values of the

nonlinear distortions caused in elechtromagoe®
gaps by eddy currents eqgual O.01% as a
basis[&]), it is possible to show  that with
the power frequency increas2 by a factor of 5
these distortions will not enceed 2,17
which is less than allowed values and so
is gquite acceptable.

Mo insuperable difficulties or Iimits oy
realization of the corresponding cohanges RXR
the synchrotron magnet power supply
ar e seen yet, including the
distribution in the winding cross section ond
power evpenditures with account of lLeeping
duty cycle invariable, although technical
difficulties may ocour.

However we hope that choice of the optimal
scheme will he realired in the near future,
since there are a lot of various schomes (18]
the flat top generation in the magnetic field
i literature and, besides, the specialists
of Yerevan Fhysics Institute have a big
exporience in this area. The final selsction
of the schemne anay be done aftor findirg the

s ham

cer et

ma:imum valtage wvalue in  the main blocl
windings, which depends on the type of
isnlation. It is supposed to chaosa
preliminary voltage Umaw not more than 15 LV,

Most  probable, capacitor banks will be
installed an the high—-voltage cables and
parasitic current leakages.

With increasing freguency up toy 200 i
ather technical difficulties seen to he
avercome. Thus, the estimation made foug fre
system shows the following.

Synchrotron maynetic field changes
according to the law

b
Hott =~ (0 - cos t) =1 sins 2
- 2
where o= fff F
T ~ is the period of mognetic
field intensity changing
without flat top.
Differentialiog (2) with E B I RN

wd thoot
radiation

we shall define energy gain on a turn
taking into account the synchratron
losses

w T E (GeV) -
A e = £ Max S0 T
a T ) 1
where T 16 the durataion of one tor,
The necessary total acceleratinn rate with
synchrotron radiation losses - A Erad which
must be provided by RF system on, the turn,
will be defined from the expression:
"y 20, aa.stlgwwgq ein B
A o™ TSI T o(m] ‘maxn’ T
s i € = A i the
It is suitable to express A énEC in
fractions of the Lhnown A & value, vhich

rad



must he provided by the existing RF  system
with S0 Hz freguency in the Emaw: & GeV level,

i. ®. at the magretic field sinuscid maimum
or on the part of the flat top, when there is
no  energy gain and there is only loss
compensation for the radiation.

Thus ‘§8.5¥10—& 54

A & = k & £ = R e
© max

nec rad

where k is the proportionality factor.
Futting the expression (5) into (4) and
dividing two parts cof the equation {4) by

B8.5110 "%

E we shall have:
= max
L= oAt sin Tt o+ sin-§¥§-
T e ¥ 107¢
where  A(L) =53 Eg.5
ma
Investigating the expression (h) for
ertremum, it is not difficult to m?ke syre
that k& has maximum in the interval ~E»i t =,

which is illustrated by the curves in fig. Z.
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Fig. 8

The dependence of k on T is shown in
figure 4, it is seen there that already at
T >= 4 ms (f,ir 250 Hz) maximum acceleration

rate does not exceed 10% of the maximum Agrad

value and that is within the possibilities af
the RF system at the acceleration rate.
Pesides, it is abvious that there are no
additional requirements to the old RF system
or ta the new one, described in paper [7] at
the corresponding operation of super cycle
synchrotron-stretcher.

Sg, the considered method of the beam
stretching in the Yerevan synchrotron 1is
worth of close studying and assistance, since
it can fully be realized by the the Yerevan
synchrotron staff only.
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T(ma)
Fig. 4

In conclusion, the authors take this
opportunity of expressing their gratitude to
A. Ts. Amatuni for encouragement and very
suitable comments and to R. a. Avakian, H.

H.Vartapetian, E. M. Laziev for active
discussions.
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