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Abstract

The Kharkov electron linuc is currently
under reconstruction to be used as an inject-
or for the stretcher ring/1/. The expected
energy decrease due to the beam load is
600 LieV at a pulsed current of 200 mAi.
Therefore for the beam monochromatization
a combined system is being developed which
includes a time-delay means /2/ , a compen-
seting section and an RF compressor at the
exit of the linac. This system will permit
the energy spread caused by the beum loading
during the pulse and the accelerating field
variations, to be reduced from (00 LleV to 3
WeV. This report presents the calculations
of the system.

Introduction

The reconstruction of the 2 GeV linac
ls in progress., lNew accelerating sections
installed in the linac have the beam loading
derivative of 65 MeV/A and the filling time
of TJHS. The injected beam pulse will be
1.4Jus. Thus a large fraction of the beam
will be accelerated during the transient op-
eration of the accelerating sections. The
beam transport system is designed to provide
an achromatic beam transport within the range
AE/E = + 1%, The beam losses in the transport
system are 10'3 corresponding to a permiss-
ible radiation level in the experiments.
Preliminary calculations have shown the time-
delay procedure /2/alone to be insufficient
to make up for the energy spread per pulse
all over the range of the beam current in
the linac. The developed scheme of the beam
monochromatization includes i) a time control
system for RF power input into the acceler-
ating sections with the spectrum compression
coefficient of 8 (AEin= 600 lleV, AEouf:75MeVL
ii) a special section in the recuperation
ring with the adjustable coefficient of power
brenching-off to the input, the spectrum
compression coefficient being greater than 3
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(AEin= 78 LleV, AL‘out: 25 LleV),
iii) a beam compressor in combinution with
an achromatic debuncher quin= 35 MeV,

AEout= 3 MeV) .

Time Delay Procedure

¥ig., 1 shows bLeam spectru at the exit
of the uniform-structure 2 GeV linac which
has the beam loading derivative of 28 lueV/A,
Without the use of the time-delay the spec-
trum broadens to 100 MeV at the current of
73 mA for a final energy of 1800 lieV (AL/L =
6 %). In the new guasi-constunt gradient
gections with 65 MeV/A this effect will be
a factor of 2.5 stronger. In our new acceler-
ating sections, as in constunt-gradient sec-
tions, the beam energy during the pulse is
described by  _ -2T[HEL)
W(f'/:[bRoL/(f-ezz}}I/z[ije u_]—
- oRell fi-€ 2t e ") 21 T]

where = ¢,

time 04T« 25 , [/, is the beum pulse width,

(1M

, £ 1is the redl

éf:%zt is the filling time, P is the input

RF power, £, is the shunt impedence, 7° is the
damping,égzzfzﬁf, f; is the beum pulse delay
with respect to the RI pulse, und J is the
beam current.

The total beam energy is u swa of contri-
butions from all the sections aund is express-

ed as
E/HZZ W/z‘:f;/, Ry P 7/’/

where A/ is the totul nwiber of the acceler-

(2)

ating sections und is the dummy index.

It is ruther easy to find the optimum
(minimum) energy apread and choose un indi-
vidual time delay for each section to pro-
vide a required beum energy spreuad better
than +1% at the exit of the linuc for u given

current. In this cuse ,hiowever, we ure fuced

with stringent requirements on the time jitter
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(AZ;V = +1 ns)of the beam pulse relative to
the RF pulse in the section. At the sume time,
the actual time spread of the klystron pulses
due to the thyratron anode delayed time jitter
is +£10 ns with a time drift of 100 ns. For
convenient operation and fast on-line control
in transition to another pulsed-current mode
it is desirable to provide necessary adjust-
ment with a small number of delays., To re-
duce the contribution of the chromatic gber-
rations to the transverse beam emittance the
energy spread should be compensated for as
the beam passes through the accelerating
structure,

The beam energy spread was calculated by
the formula (2) taking into account the pulse
shape variation. As was revealed by the cal-
culations, it is quite sufficient to have four
sets of adjustable time delays for energizing
the klystrons of which two time delays should
be constant (O,é;) to provide the beam energy
spread at the linac exit below 75 MeV for
the beam current to 200 mA,

Fig., 2 shows the beam energy variation
at the output of each sector (one sector
comprises 10 accelerating sections) for a
pulsed current of 200 mA with a pulse width
of1.4ﬂs.

Compensgting Section

A fine adjustment of the beam energy will
be performed by the last section compensating
for the energy spread, The beam energy gain
in this section almost completely eliminates
the time dependence within the pulse width.
After analyzing a variety of accelerating
structures we concluded that in our case the
most suitable is a constant-impedance 3-m sec-
tion (& /A =0.14) with the filling time of
0.26pM3. The section is enclosed in the recu-
peration ring with an adjustable coupling
coefficient permitting the efficient filling
time to be controlled in the range from 0,25
to 1ars. The time of the pulsed power input
into this section and the time delay are ad-
Justed by PIN~diode switoches.

The compensating section will be most
useful for the injection intc the stretcher
at lower energies (0.5 to 1.5 GeV). As can be
seen in fig., 2, under these operating condi-

tions, the compensator cun reduce the energy
gpread from 32 to 15 MNeV,

Beam Compresgsor

It is planmned to curry out the mono-
chromatization of the beam with energy spread
of + 1% using a high-frequency compressor
mounted immediastely in the beam transport
system, Fig, 3 shows a layout of the initial
part of the beam transport system combined
with the compressor. The parameters of the
trangport system meet the requirements for
the transverse beam optics, simultaneously
providing a desired longitudinal dispersion
D= 66 deg/per cent. The compressor parameters
were chosen taking into sccount the beam
loading and the energy spread Ali= +30 LieV
compensated for in the initial + 5% bunch.
The required energy gain and the bunch phase
with respect to the wave in the steadily op-
erating compressor gre determined from the

expressions WO :[@E/sdn&)z*f/?ﬁ/;j 112
cosp = IAIW, (3)
wﬁh‘ﬂ:_%éégfﬁyéiﬁ,
g = DAEJF

Undexr transient operating conditions
( i f}ijf) the energy spread iy only partiul-
ly compensated for in the compressor. To re-
duce this effect the compressing section has
a uniform structure withZ/) = 0.14 and
filling time 7, = 0.38ys. The additional
gpectrum broadening for this section will
not exceed 0,15% for the current of 200 ma
in the transient o6peration (O + 0.3Bprs).
Pig, 4 represents the beam spectrum und phase
distribution at the compressor output,

Conclusions

The monochromatization scheme proposed
permits the beam loss to be practically
avoided in the beam transport system and to

obtain a beum with energy spread of 0.1 %
at the stretcher input.
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Fig.1 IEnergy spectra at the linac exit under
different bveam loading conditions.
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Fig.2 Energy spectra along the length of the
linue for time delays: tL = 0,64 (HS=
10.215), £ = 1 (¥ = 16...43), t'= 0
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Fig.3 General layout of the L.G.3, Ilispulsed
magnedt, M1...M5: dipole magnets, Q1...

QB: gquadrupoles, J: sextupoles,

l10: septwn, ACC: accelerating section

D: dispersion function, L: distunce.
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