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ON THE POSSIBILITY OF USING A FREE ELECTRON LASER
FOR POTARIZATION OF ELECTRONS IN STORAGE RINGS

Ya,S5.Derbenev, A.WM.Kondratenko, E.L.Saldin
Institute of Nuclear Physics
630090, Wovosibirsk 90, USSR

Abhst ract

The possibility to polarize electrons (positrons) by col-
liding circular-polarized photong is discussed. The effect is
based on the dependence of the Compton scattering cross section
on the initial electron polarization. In the case of hard pho-
tons the spin dependence is used to knock out mainly a certain
helicity from an electron beam in a single scattering. This me-
thod enables one to achieve very short polarization times (of
the order 6f a few seconds). In the region of fairly soft quan-
ta an alternative method, without particle escape from the beam,
may be used to polarize the beam. This effect is based on the
dependence of the energy losses in the multiple scattering on
on the spin direction together with a spin-orbital coupling in
the field of a storage ring (the coupling is necessary for the
beam polarization by soft quanta). With the use of the above
methods in high and superhigh energy storage rings one can em-
ploy the photon sources based on the generation of coherent
radiation by a relativistic electron beam in a helix ondulator.
In the present report, the possibility of polarization is illus-—
trated by the concrete examples. To polarize the beam with the -
knocking out method, the cyclic variant of the source of hard
coherent radiation (X-ray laser) is suggested. Another possibi-
lity of obtaining polarized beams in storage rings consists in
creation of the intensive of polarized particles with the help
of a free electron laser. Secondary y-quanta obtained in the
interaction of the high energy circulating beam with a colli-
ding circular-polarized electromagnetic wave can be converted
in the polarized electron-positron pairs in the Coulomb field
of nuclei. As an example, it is shown that using of a free
electron laser in the LEP storage ring allows to obtain the
accumulation rate of polarized particles in LEP higher than
that of unpolarized ones in the designed scheme.



1. Introduction

The papers /1,2/ concern the possibility to polarize
electrons (positrons) by celliding eirecular-polarized photons.
The effect is based on the dependence of the Compton scatte-—
ring cross section on the initial electron polarization. This
dependence is characterized by the ratio of the incident pho-
ton energy to the electron energy is the rest frame : x =
= Eyhmph/h. At X >1 the spin dependence of the total cross—
section and the recoil energy become so large that this cir-
cumstance may be used to knock out mainly a certain helicity
from the electron beam in a single scattering. In this case,
it is necessary to provide the stability of longitudinal po-
larization of circulating electrons in the region of interac-—
tion with photons.

In the region of fairly soft quanta, when the scattering
recoll energy does not exceed the storage ring energy apertu-
re ﬁEcr

x € ﬂEcr/hY

Wwe use another method, without particle loss from the beam.
Besides the spin dapéndence of energy losses in the multiple
scattering, this method employs the spin-orbital coupling in
the field of a storage ring. It is worth noting that the
processes with spin rotation in the scattering have the same
probabilities in the laboratory system to an ultrarelstivis-
tic accuracys Thus makes impossible their use with the aim
to obtain the polarization. In view of this, the spin orbital
coupling is necessary to polarize the beam by soft photons.
Note, that for this method the most favorable direction of
polarization on the interaction region is a direction normal
to velocity.

The use of the above methods in high and superhigh ener—
gy storage ring reguires powerful sources of circular-pola-
rized radiation in a submillimeter range for polarization by
soft photons and in the region of vacuum ultraviolet for po-
larization by hard photons. At present there is a realistie



'posnibility to build up powerful sources in a broad range of
spectrum, based on the generation of coherent radiation by a
relativistic beam in an ondulator. Most prospective turn out
to0 be the resonatorless systems the creation of which is a
prerogative of accelerator technology.

In the present paper the possibility of polarization by
soft photons illustrated by the concrete examples. To polari-
ze the beam with the knocking out method, the cyclic variant
of a source of hard coherent radiation is suggested.

2. Polarization by soft photons

Let us start with a concrete example illustrating the
requirements for the magnetic system of a storage ring and
the parameters of a source. In conventional storage rings the
spin is subject to precession around the vertical direction
the necessary spin-orbital coupling may be obtained if the so-
lenoid is inserted into the straight section of the storage
ring. In optimal case, the required integral of longitudinal

field is '

L] [ ) 2 — 2 LN i ..1
Hs 1s ~ 10 (vs K)“ kGasm (2.1)

where Vg =Y Eig = E/440 Mas is the spin precession frequen-
ey, K - the nearest integer. Strictly speaking, the relation
(2.1) holds at |v_-K|? € 1, For example, at |v =K| = 0.25
the required field integral is equal to ~ 6 kGsem. Introduced
with sueh & solenoid, the spin-orbital coupling will be deter-
mining under conditions when the parasite spin-orbital eoup=-
ling due to imperfectness of the magnetic system is quite
small. For storage rings with a large number of compo-
nents producing statistically independent perturbations
(connected with the vertical shift of lenses and caused by
random tilts of bending magnets) these conditions in their
simplified form can be written as follows /3/ :

4.2
% ¢ (v =D, vhev?e QIR € (v -D)", (2.2)

where Q is the number of bending magnets, o® and &ZE are
the r.m.a. angular spread of alignment of magnets and vertical
shift of lenses, R - is the storage ring radius, v_ 1is the
reduced frequency of betatron nscill&tions. For example, at
E=20 GeV, Q_ =200, R=500 m, v_=20, «=10"°, AZE =10""em?
we have, cnrrespundingly, (u ~KX}* 3 107", (v S a0

For a usual polarization by synchrotron radiation the
fulfilment of the conditioms (2.2) means that the polarizytion
processes prevail the depolarization ones (i.e. the equilibri-
um degree of polarization by synchrotron radiation will be
close to the maximum).

If the conditions (2,2) are not met, the influence of the
paresitic spin-orbital coupling may be compensated by intro-
ducing, for example, a longitudinal magnetic field at two point
of the orbit (the vertical apiﬁ rotation angle between which
is not w -~fold). The required values of these fields can be
chosen by achieving & maximum polarization degree.

In our example the collision with photons must take pla-
ce in the straight section lying opposite to the solenoid. ?F
this case the degree of beam polarization censtitutes [{E] %
~ 60% from 1008 photon circular polarization. The sign po=-
larization is determined both by photon helicity and field
direction in the solenocid. This makes it possible to prepare
the colliding beams with any combination of spin directions.

The time of polarization is
t(sec) o 0.8:10"*A(cm)S(em?) / E2(GeV)+W(wt) (2.3)

where A and S are the wavelength and of the photon beam
area*, W is the mean power of radiation under condition of

its optimal use (operation in the pulsed regime with.tha pha-
se correlation of the electron beam).

= .
It is assumed that S is not less than the electron beam

area 3 in the opposite case the electron beam area is
meant by S.




For example, if E=20 GeV, A=10"2 em, S=10"" en ?,

and W =15 kW, the polarization time is 20 minutes. If the
number of particles N_ = 10'% , the power consumed by the
beam from the r.f. system of the storage ring during polari=-
zation process 1is

A 2 a1

where UTh is the Thomson crosg section.

Hardness of the incident radistion is limited by the
following condition : in the recoil process the electrons
should not be lost from the admissible energy aperture @

iy P‘i’uuph < BB, = oE

where « is the relative energy aperture of a storage ring,
(uswally, of the order of 1% ).

Maltiple scattering will lead to increasing the energy

gpread. The rate of energy diffusion is, as known, directly
roportional to the decrement of polarization. In our case,
the decrease of the polarizetion time (it is Q times shorter

in eomparison with the ususl duration of polarization), be-
cauge of synchrotron radiation is accompanied by the fillowng n-
crease of the energy spread :

r
r 1/ 2
AT = 45 o +|1+ 25 q]

For ezample, with redunection of the polarization time by 10
times the energy spread increases by a factor of 2.6.

An increase of the energy spread leads, generally spea=-
king, to increasing the transverse sizes of an electron beam.
If these sizes become larger than the transverse sizes of the
1ight beam, this results in degrading the efficiency of the
method..This is can be avoided by eliminating the dispersion
function at the paint of interaction with colliding photons.
Also, one can mske the time between the pulses of incident

radiation to be equal by the order of magnitude to a few ti-

mes of radition damping of the beam in a storage ring (with
the same mean power W). In this case, each subsequent pulse
of radiation arrives at the already damped beam with the si-
zee determined only by quantum fluectuations of synchrotron
radiation.

3. A source for polarizstion by soft photons

As a source of submillimeter radistion, one can use the
beam of relativistic electrons traveling through a helical
ondulator (transverse helical magnetic field). In this case,
the single electrons radiate on the characteristie wavelength

A=A (1-B )= A 2y} (3.1)

where ho is the ondulator period, %: the longitudinal elect-
ron veloclity in the ondulator. Electron-electron interec-
tion through radiation fields leads to the instability of
densgity harmonics in longitudinal direction on this wave-
length, i.e. to electron bunching and coherent radiation.

In a conventional scheme of the FEL, the ondulator is
placed in the resonator where radiation is acecumulated. Howe=
ver, quite powerful radiation can also be produced, as known
/4=9/, in an open ondulator because the presence of a reso=
nator is not obligatory for the development of the instabi-
lity. For polarization of high energy particles, the open
FEL-gystems become preferable owing to a large period of
the particle revolution -in & storage ring.

The density modulation increment is determined by a pesak
current in the beam el, its tranverse area Emua, the value
of the tranverse rotation velocity u driven by the ondulator
and by the effective mass of longitudinal motion e =
=(ap, /de)~1 ( & is the energy of an electron source). For
a wide beam, when
o »af = ii [I‘u_}'u"a

o T
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(pe = %r-), the growth length is minimum at the exact resonan-

ce and is equal to /4-9/

L Iy 2 8 /3 (3.2)
1o = & % 9 %)

In the case of a narrow beam (o? ¢ uérJ, the growth length is

approximately equal to /7,8/

1g' o [xznln(acr/cr)/cr:r]ﬂ/a (3.3)

The beam, after ite passage of the length L = lg-ln %
where a is the degree of initial beam modulation on the reso-
nant harmonic, will have the modulation degree of the order of
unity, and in thie state it will radiate on a length of the
order of 1_. The coherent radiation power H&) will constitute,
in an order of magnitude,

Wy ~ Ry (ur/1) (3.4)

The statistical Eluet%itﬁona of beam density, which are
of particles TR
caused by a finite number, will play a role of the initial
excitation of modulation. For example, for a narrow beam

1/ 2
Eﬂf}

8oy = |=——
pigh [

M : |
In development of the modulation from the spectrum of density

fluctuations the angular divergence of the output radiation is
approximatly equal %o (x/1 }1/E{the degree of non-monochroma-
ticity is AA/A = "o/lg €1).

Radiation instability occurs if the particle ghifts

due to the spread of longitudinal velocities may be
ignored on the lengths of the order of Ig :
AB, 1g <R

Hence, we conclude that the energy and angular spreads in the
beam ghould not exceed the following values:

2
-(%L < ?i/lg : (305

Ae/e < uk/ig y

The minimum possible longitudinal size of an electron bunch
is determined by the distance at which the radiation leaves

behind the particle during the time periud.lE :

Let us present the concrete expressions for u and K in

a helical ondulator with the longitudinal magnetic field H,
applied additionally to the helical magnetic field Hj f8f

u=EK(y-K )", -t = ¢y + ¥y -K, )

WHETO: i Kyhe SE X/ K, = e, X /u

The helical ondulaetor also provides its natural focusing
in the transverse direction, which is characterized by the
frequency of free oscillations x;‘ equal (at H = 0) to
R;1=:9H°/4§ my - Introduction of a longitudinel field in the
ondulator ensbles one to regulate the mass of longitudinel mo-
tion with no change of transverse rotation (u = const). Accor-
ding to (3.2) and (3.3), the decrease of p leads to the growih
of increments. There ig another possibility to increase consi-
derably, in accordance with (3.4), the fraction of the beem
energy converting into radiation by increasing p on the final
gtraight section of the ondulator. Let us consider a numerical
example. Let there exists a source of electrons witl the follo-
wing parameters: ¢ = 6 MeV, eff = 300 A, the emittance oA8 is
10~2 em. If the beam with such parsmeters passes through the
ondulator with period A S 2 cm end helicel magnetic field
H = 2,5 kGs (H,= 0) it will bunch and radiate on the wave-
léhgth A= 10'2 em. The growth length is calculated by the
narrow beam formulae and is equal to 1_= 10 cm. To achieve a
full modulation during generation from Ehe gpectrum of fluctu-
ations, the ondulator length should be approximately equal to
1.5 m. The frequency of free oscillations x;‘ is 0.1 cm-1-
Introduction of the longitudinal magnetic field H = 60 kG on
the generation section will enable the fraction of the elec-
tron energy converting into rediation to be increased up to a
value of the order of 10%. In this case, the peak power of ra-
diation will be equal to=1.5 105 We. At angular divergence
8 » 1072 the area of transverse cross section of radiation

: R
Palo gt man s u e Phedisn e nEaonl e
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Relatively low energy and mean power of a source of elec—
trong required for polarization of particles in = storage ring,
ag well as relatively weak limitations on the local energy and
angular spreads allow conventional resonators (of the same ty-
pe as those uged in the storage ring rf system) to be used for
linear acceleration. The length of bunches and the peak current
may be chogen approximately the same as those for the bunches
of polarized particles. The repetition frequency of the bunches
muet be chosen to be equal to the revolution frequency of par-
ticles in a storage ring (or integer times lesser).

Such a source may be combined with a storage ring by loca-
ting th- ondulator in the straight section of the storage ring.
Morecver:, the resonatore of the storage ring and this source
are locked with each other in phase*. Apparently, the helical
field of en ondulator and the bending magnets for a beam sour-
ce do not, practically, affect the beam under polarization.

The longitudinal field which may be applied to the ondulator
with the asim of improving the source efficiency, must be com-
pensated on the adjacent section of the same straight section.

Thus, at the 30 em bunch length and 10° gec™] repetition
frequency a source with the parasmeters listed in the numerical
example, makes it possible to polarize electrons in a storage
ring at an energy of 20 GeV during 20 'minutes. The mean power of
the electrons of the source will constitute 150 kW. ﬁecuperatiu
on, there is no difficulty in performing it in a given scheme,
enables the active power to be decreased approximately by one
order of magnitude. :

4+ On Pospibilities of using a free lectron laser
+

in the conversion method of polarized e'e” pair
The above-described generator of coherent radistion can
also be used for the creating of an intensive source of pola-
rized particles.

* “Of Interest is the possibility of accelerating the electrons
from a source with the resonators of the sitorage ring rf gystem
directly.

10

Polarized electrons and positrons mey be produced by con-
verting the circular-polarized photons in the Coulomb field of
a nucleds o arE&uired hardness are produced when in irradia-
ting the high energy electrons in the beam circulating in a
storage ring by the counter-incident circular-polarized radia-
tion of the FEL. The secondary y - quanta of energy =1ﬂ?ahmph
are emitted within a very small angle =Yy~ with the polari-
zation dependent on the radiation angle 8 the polarizagtion
sigh alters at 8=y~ ')/11/. In view of this, in order to pro-
duce a circular-polarized photon beam an a converter, it is
necessary that the angular spread in the circulating high-ener-
gy electron beam should be considerably less* than -

Y1 ((ya®)2 ¢ 1) . |

Let us present an example where the design parameters of
the LEP injection system are taken for their current values.

For the storage ring LEP /13/ the injection energy is
22 GeV, the number of the particles stored in the bunch is
1013, the repetition frequency of the linear ﬁceelﬁraﬁor -
- injector is 100 Hz. If one places 10 coherent sources of the
above type in the storage ring LEP, which emit & radiation pul-
se of 10”7 gec duration and pesk power of 2:10% W on A = 10" %m
(it is focused to the m10‘1 cmaarea} 100 times per second, then
=013 photons per second with an energy of 50 MeV will be produ-
ced.

The requirement that the angular spread of the beam in the
LEP should be much less than1/y, the beam emittance at injec-
tion energy is oA8 = 5-10*? cm, leade to the following conditi-
ong for the horizontal B - function at the interaction point

* In the paper [12/ the possibility has been congidered of con-
version of e'e pairg with the help pf the ondulator radiati-
on of the beam with energy E 2100 GeV in the culliding linear
electron-positron beam projects. From the standpoint of prin-
ciple, the suggested here method is equivalent to that proposed
in the work /12/ with substitution of an ondulator by a colli-
ding electromagnetic wave. In practice, such a substitution
allows this method to be used for storage rings.

[ ]1




with FEL radiation:
B» 10 m

This means that there is no need for arranging a special mag-
netic focuseing in this place. The converter should be placed
far enough (1 » yo ~ 10 m) from the point of secondary quan-
ta production so as to avoid the mixing of their helicities in
the converter. A small size of the photon beem in the conver-
ter (3a10~%cm?)allows the positrons to be produced in a smell
phase space volume. With the conversion coefficient ~ 1072 we
have 1011 aec'1 polarized poeitrons (electrons)s This ex-
ceeds the design rate of accumulation of unpolarize pogitrons
in LEP project.

In the subsequent energy build-up of the produced polari-
zed particles is necessary to avoid the influence of spin reso-
nencess In principle, this problem may be congidered to have
been solved today /14/. H

S5« A source for polarization by hard photons

To generate radiation in the region of vacuum ultraviolet

and shorter wavelengths the linear acceleration method becomes
inexpedient due to a high energy of the electrons of a source.
More adequate is the cyclic variant: use of a storage ring as

a gource, in which small beam emittances cen be obtained using
radiation damping.

~ Let us first formulate the typicel requirements for the
paremeters of radiation used for polarization with the knock-
-out method. The period during of which the degree of polariza-
tion (longitudinel in the interaction region) is achieved is
determined by the equation:

84, sy Meedo o
T=WIUT-°J_I 1111'1{%

where::r and g, are the total scattering cross sections the
circular-polerized photons by the electrons of poeitive and ne-
gative helicities, respectively. In this case, the fraction of
the particles remained in the storage ring is equal to

12

N/, = ¢ +2)T[(1=8)/(1 +0) P

where
B__ﬂ i
_gi(urqﬂsl)./(d?-ai){ -5

With increase of the parameter ¥ the electron acattering
with helicity opposite to that of a photon, becomes more and
more prevailing (Urfbl - % 1n ¥) *. The polarization time inc-
reagses proportionally to x/1n %

(loy -0y »2nri(1ln 2%)/x)

Let us come to a numerical example. At the parameters:
radiation wavelength A is 2+107° cm, mean power of a source W
is 10 kW, photon beam area S5 is 10~ GmE, it is possible to
polarize the beam at an energy of 40 GeV to the polarization
degree 7 = 0,5 during 15 sec. The remaing fraction of
the beam constitutes 20%.

It is worth of emphasizing that so short polarization ti-
mes are not, in practice, achievable in any other known methodse
of circular beam polarization (radiation polarization in a con-
ventional astorage ring or the polarization with the "snakes or
by soft circular-polarized photons because of an in admisgsible
increagse of the beam energy spread.

A source of such radiation may be arranged as follows. The
bunch of electrons circulating in a special storage ring with
an energy of 0.5 GeV travels through a helical ondulator with
period 2 cm, field H = 5 kG, and length ~ 6 m. If the num-

* Agymptotically at ¢ - o the predominant contribution to
the total cross-section of the photon-electron interaction,is
that of the pair production. However, in the range x < (e“/hc)
of gractical interest the Compton scattering ig still predomi-
nant.

v
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ber of particles N, is 1012 in a bunch of 2 cm long, transver-
ge beam cross section 2mo’=6:10""em?® in the ondulator, the
growth length is equal to 60 cm (it is calculated from equati-
on (3.2)). The wavelength of coherent radiation is 2-10_6 cm,
peak power of radiation isg ~ 1010 W at the angular divergence
8 = 1074 (and non-monochromaticity degree AA/A == 10“2).
The energy and angular spread of electrons in the ondulator
should not exceed 10”2 and 10™%4.

In the polarization regime, the aiectrons of a source are
pessed through the ondulator installed in the straight section

of the main storage ring, one time during one (or a few) revo- .

lution periods of the beam subjected to polarization. During
the remainder of the revolution period the beam-generator cir-
culates in a small storage ring and with radiation cooling.
The encounter with radiation occurs outside the ondulator when
the low-energy beam leaves the orbit of the polarized beam.
For a single-revolution passage of the electrons through an
ondulator the existing systems for one-time injection-extracti-
on may be employed.

A quite strong radistion damping is required to polarize
the beem with the above paremeters. It may be realized with
wiggler-magnets.

The basic diffusion process determining the beam emittan-
ce ig the intre-beam scattering of electrons (multipleTous
chek effect).

The following parameters of storage ring are taken:
electron energy E = 0.5 GeV :
bending radius of magnets R = 10 m.

. frequency of betatron oscillations vy, = 10

The length of the wiggler-magnets in two opposite straight sec-
tions lw is 2 x 20 m. The field in the wiggler magnets Hy =

= 60 kGe.In this case, the radiation damping decrement is
A~ riyHgly(ly +20R)™ » 10* sec™ (the wiggler magnets
have increased the dsmping decrement by a factor of 10-°). For
such & decrement the mean power of the ondulator radiation
achieves = 10kW. The power of synchrotron radiation from
wiggler magnets is 0.5 MW. The beam emittance is found

from the equilibrium condition of diffusion procesmes sand

14

2 _ gt
radiation friction: {% [E'I}T} =4 ¢ [?fi] ), where

: '
2
(L [5_1:] & S 2eN rol, - (5.1)
at Ly Jp v 3860 %1

is the energy diffusion coefficient because of intra-beam
scattering in the round beem (it is preferable to have the
same transverse sizes of the beam in order to reduce the int-
rabeam scattering);

Uﬁ—-ﬂ—iﬂ: ’ ﬁaﬁ,\.}léﬂ. are
Yo N b

the size and angular spread of the beam; 1, is the bunch
length, L, -the Coulomb logarithm approximately equal to 7.
From the relation (5.1 ) we get

%‘i’-g 0™ , g 1072 em, 48 x 107

In e single flight through the ondulator the energy of
the particles sgtepe down by sbout 1%.

Due to a high density of the particles in s bunch the
lifetime of the beam is determined by the processes of gingle
electron scattering (Touschek effect):

Tp' & N ric/(y’o?A81,u?) _
For an energy aperture o ~ 3% the lifetime uf the beam will
be of the order of the beam polerization time in a large sto-
rage ring (~ 10 sec). In our example, the sizes of a beam in
the ondulator and in the storage ring are assumed to be equal.
It 1s clear that the storage ring sizes may'ha made larger in
order to decrease the Touschek effect. Lastly, it is possible

to continue the beam accumulation during the polarization pro-
cegge '

bes Polarization in a super-high energy stbrage
ring by the coherent radiation of the counter-rotating
beam o

Sometimes, when polarization is performed by the knock
out method, instead of a special storage ring-hard radiation

15




generator, one can use the coherent radiastion
of a counter-rotating beam in a storage ring in which volari-
zed beams should be produced. Let us try to exemplify such =
poesibility with the LEP storage ring. We take the electron
beam with the following parameters: y g-4-1ﬂ4, the number of
particles in the beam N, ~ 10'°, the bunch length 1, 5 cm,
the horizontal beam emittance a!-aax==5-1a'7 cm, the verti-
cal beam size o ~0,1-0_ + Let z.ﬁh;s beam pase through the
helical ondulator with period 10 = T cm and magnetic field
HIIJI = 20 kG. In this case, the resonant wavelength of the co=-
herent radiation is equal to h::(ET:}'* Aﬂ ~ 5¢10~7 cm .
The characteristic gr he denglty modulation,wlth the
transverse beam sizes in the ondulator g0 = 10~% em% is
calculated by the equation* (3.2) and is equal to 1 _~ 2 m.
To perform the beam self-modulation it is necessary that the
engular and energy spreads should satiefy the conditions

(a8)% g 107 , &g 5.107

For a given phase space volume of the circulating beam,

these conditions may be fulfilled if the value of

the B - function in the ondulator is of the order of 5 m. The
required length of the ondulator in the development of modula-
tion from the spectrum of fluctuatione ig of the order of 15 m.
The fraction of the beam energy converted into radistion du-
ring one flight will constitute about 0.5%. The area of the
radiation beam at its exit from the ondulator is of the order
of that of the circulating electron beam in the ondulator and
the radiation beam divergence angle 1823+10"°. The peak radi-
ation power (on a wavelength of 5'$U'T cm and with the degree
nf1:§unnchromaticity 82 1079 will constitute approximately

10 W,

The polarization process proceeds as follows. A pulsed
ondulator is installed near the interaction point of the elec-
tron-positron bunches and is switched on for the time shorter

*® Calculation of the quantity 1, by equation (3.2) for a
wide beam may be coneidered =as an estimate because the actual-
ly intermediate case occurs when sl A,

16

than the revolution period in the storage ring* (T =< 102 ks)
in the time intervals of the order of radiation damping time
in the storage ring T;ad' Tgad may be decreased at the in-
jection energy by introducing s specisl magnetic snake. The
horizontal phase-space volume is not enlarged in this case, if
the dispersion function ¥ is compensated at the place where
the snake is located. At T;ad 2~ 10~1 sec the mean power of
coherent radiation is W 1 kW. The time of polarization up
to the degree € = 50% will be equal to = 102 gec. The por-

tion of the remeining particles will constitute 30%.

In conclusion, we would like to mention that the storage
ringa-ganérators are, in easgence, X-ray lasers. In our opinion,
the creation of devices of such a type is within the scope of
the present-day possibilities of acceleration ftechnology.

The suthors are indebted to A.N.Skrinsky for his interest
to this work.

*

a pulsed ondulator with the inducated parameters
dﬁg:iigin%eug magtar of any technical difficulty but 1t requi-
reg that o certain section of the vacuum chamber should be
non-metallic (for example ceramic) because of & small thick-
negs of the skin in metals.
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