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Local energy exchange in a storage-ring free-electron laser
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In this paper a theoretical model is presented, which is based on a pass to pass analysis of the localized
interaction between a short laser pulse with a wider electron distribution. It can be applied to a large class of
physical phenomena and, in particular, to the case of a storage-ring free-electrafdlseNumerical results
are confirmed by experimental measurements done on the ACO and Super-ACO FELs.
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[. INTRODUCTION Classical approaches to the study of the evolution of the
FEL-beam systeril9,2( are based on a certain number of

The interaction between a coherent light source and assumptions. First, only the steady-state regime is consid-
relativistic electron beam can lead to various physical pheered: the equilibrium is assumed to be always reached after a
nomena, such as Compton backscattefiby femtosecond disregarded transient regime. Second, the interaction be-
x-rays production[2], electron acceleratiof3] and free- tween the bunch and the FEL pulse is assumed to take place
electron lasersFELS). homogeneously over the whole electron distributiam a

After the first operation of a FEL in the infrared spectral way that does not take into account the different size of the
range on a linear accelerator in 194, a second FEL was electron bunch and the FEL pujseMoreover, the well-
installed on the ACO storage ring and provided the first visknown super modes approa¢Bl] evaluates the FEL in-
ible radiation in 19835]. Present storage-ring based FELS quced heating of the longitudinal distributions of the electron
still supply the shortest FEL wavelength in the oscillator con-pynch in terms of a modification of their rms values. This
figuration on DUKE[6] and in the harmonic generation means that the distributions are assumed to maintain a

scheme in Super-ACO ring7]. Recent studies of the G, sqjan shapéhat is the natural solution of the Fokker-

storage-ring FEL dynamics led to a deeper understanding gbj,n equation when the FEL is absemice the steady-state
the role played by some complex beam characteristius is attained

crowave[8] and head-tail instabilitie9], potential well dis- A more realistic approach has been more recently pro-

tortion [10,11] coherent synchrotron oscillatiori42], vari- posed[22.23. Theoretical simulations done by making use

able momentum compaction operatiph3]) on the laser o
performances. Besides feedback systems implemented (91% the model detailed |!ﬁ22] aIIpw one to follow the e."o“?‘
tion of the electron distribution in the beam longitudinal

different machines allowed to reach a high level of stability ) ) i
of the sourcg14]. User applications performed since 1993 Phase space during the FEL-beam interaction. In fact, the
on the Super-ACO FEL have demonstrated a very good quafgna_\ly5|_s shows tha_t the temporal b_egm _dlstrlbutlo_n o_l(_)es not
ity offered by such sources in terms of tuneability, high av-maintain a Gaussian shape but it is instead significantly
erage power, rather short pulse duration, and high degree #todified during the FEL on set. The origin of this phenom-
coherencg15]. These characteristics make, for example, theenon can be traced back to the different size of the electron
FEL very suitable for two colors experiments performed indistribution and the laser pulséhe latter being much
combination with the naturally synchronized synchrotron ra-shorte: the FEL creates a local hot spot where electron
diation[16]. Considering such a stage of maturity, new per-diffusion is maximum. Synchrotron oscillations move elec-
spectives are opened by future operation of FEL facilitiegrons into the hot spot where they interact with the optical
such as DUKHE®6] and ELETTRA[17] or of new synchro- pulse, amplify it and diffuse. As a consequence, the electron
tron radiation centres such as SOLENS]. beam energy spread grows everywhere, the system gain de-
A storage-ring FEL is a coherent and tuneable radiatiorcreases, and the FEL reaches the saturation.
source generated by the energy exchange between a relativ- The theoretical model that is proposed here takes a step
istic electron beam and an electromagnetic wave stored in afarther. First of all, it includes the interaction between the
optical cavity. The light pulses interact many times with theelectron beam and the storage-ring environm@vttich is
same electron bunch. As a consequence the beam longitudiissed in the previous modelThe effect of the electron
nal distributions are modified and a saturation mechanisnbeam instabilities generated by the wake fields on the FEL
may be induced leading to the laser equilibrium. Storage-ringvolution has been the subject of various investigati@ds-
FELs have a complex dynamics because the laser pulse do2g]. Nowadays there is a general agreement on the fact that
not interact with a fresh electron bunchs it happens for longitudinal instabilities and FEL are strongly correlated
LINAC based FEL§ The laser performances tightly depend (generally competing mechanisms generating noise that
on the evolution of the beam parametéssich as electron manifests in an increase of the beam energy spread. A correct
density, energy, and temporal distributipns modelization of the FEL-beam interaction has, therefore,
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to include the effect of the wake fields on the electron beame,, , ;= e, + eV, /Ey SiNwy7n+ 1+ ¢) — U ag/Eo— D(€q, Tn)
and on the FEL evolution. .

Moreover, for the first time, to the best of our knowledge, +R(€n, ) =A 7)) + BV (7)) SIN@as7n + )
a pass to pass analysis of the FEL-beam interaction is sup- _
ported by a fully satisfactory agreement with experimental P1(7n)c0$4m(N+Ng)€n]. 2
measurements. The case of the ACO and the Super-AC@hereTn

FELSs (operated in different regimgss considered. respect to the synchronous electren, its relative normal-
Finally, t_he model prloposed_ in this paper can glso be 9€Nzed energyw,; andV,; the pulsation and the voltage of the

erally applied to the interaction of a relativistic electron main rf cavity with associate phasé, « the momentum

beam with an external laser. In this case, a careful pass t@ompaction factore is the electron charge, the nominal

pass analysis may, f(_)r example, pTOV'de Important informag, o otron energyJ .4 the energy radiated by synchrotron ra-
tions about the maximum interaction rate allowing an ad-

. o diation, D (e, , the synchrotron damping ter ,
equ_ate regeneraugn of 'ghe electron distributions. In the fo'is associa(tgzj \T/\r/1|)th the gtochastic proceis %f ph”(?’t(ofr;1 eTrnn)ission.
lowing, the attention will be mostly concentrated on the

int tion during the t ient . A b f “The FEL is characterized by the optical pulsatiops, the
Interaction during the transient regime. A NUMDET OF EXPETl o 446 phaser and the intensity. The amplification of only

mental observations show that the system does not Necessgfa single wavelength is here considered. In fact simulations

ily reach a steady state: chaotic regimes of the laser intensitgre started just after the beginning of the laser growth and

have been observed for the case of the ACO and the Sup&kis iustifi ; :
e . is justifies the previous hypothesis. A more accurate analy-
ACO FELs[28]; limit cycle regimes appear for a small de- sis of the laser spectral evolution has been carried di&5h

tuning (leading to a macrotemporal pulse structure at the].h . ——
- e normalized FEL distribution for the FEL pulse at the
millisecond scalgon the Super-AC®29] and UVSOR[30] enter of the electron distributior( 7,) = | , exp(— ﬂrﬁ/Zcrés)

FELs. Moreover, even if the steady state is reached smaﬂ . LL e las

; ! ; ) as a smaller rms width,c than the electronic distribution.
pertgrbatlons of th? optl_céas, for example, the una_vmdable The effect of the interacI?iSon of the electron beam with the
heating of the cavity mirrojsor of the beam stability may ring environment is taken into account by the terfr.)
lead the system out of equilibriutthat is again in a transient 0 2 ) L n

y . g which includes an resistance capacity inductafBeEL)

regime. Finally, the Q-switched operation modéduring L .
which the system never attains the steady siateommonly model O.f the machine impedance. In partlcular, a good agree-
ment with measurements presented in Sec. Ill C has been

used for certain FEL applications to enhance the laser power. . ; . i
The model is presented in Sec. Il. In Sec. lll the FELObt"’"ne‘j .by modeling the wake f|e|d by means of_a simple
action on the beam longitudinal distributions is investigated.eXponem""II corresponding to a first-order longitudinal cou-

The case of the FEL that will be installed on SOLEIL is usedpling imp.edance'((‘,=0) [32]. The last two terms modelize
as a general example of the implications of the propose{!® FEL interactionB I (7y)sin(wasm+¢) corresponds to

model (Sec. Il A). In Sec. Ill B the analysis is extended to (N FEL induced microbunching on the electron bunch,
all the storage-ring FELs presently in activity. Section Il ¢ Where the bunching factd depends on the FEL intensity.
contains a comparison between the theoretical simulations® Punching takes place for the electrons that overlap with
and measurements performed on the Super-AG@rated the FEL Gaussian distribution. Because of the synchrotron
in Q-switched regimpand the ACO(operated in cw regime motion, different electrons see the FEL localized distribution
FELs. In Sec. IV the effect of the localized interaction on the@t different passes. The last term-PI(r;)cog4m(N
electron density, on the modulation rate., the “contrast” 1+ Na)€n] represents the energy loss by laser radiatiie-

of the interference fringes of the optical klystron spectrum N9 the FEL powerN the number of period of the undulator,
and, as a consequence, on the FEL gain is analyzed for M 1S the interference order due t_o the dispersive ;epnon of
case of the Super-ACO. The definition of a local gain can bdhe optical klystrori33]. The laser light quantum emission is
used to partially explain the difference between theoretical®glected.

and measured laser rise time observed on the Super-AcO This model naturally applies to an FEL system but it can
FEL. also be used to study the interplay between a relativistic elec-

tron bunch and an external laser in view, for example, of
generating femtosecond x-ray pulges.

is the relative position of the electron at passith

Il. THE MODEL

A case of a storage-ring FEL implemented on an optical IIl. FEL ACTION ON THE ELECTRON BUNCH
klystron (consisting of two undulators separated by a disper- The model presented in the preceding section can be ap-

sive section, creating a large wiggle of magnetic fieldyjied to the study of laser action on the longitudinal form of
[31,33) is considered. Since the proper laser mode of thgnhe electron bunch. The case of all the storage-ring FELs
optical cavity is established after several hundred light pathspresently in activity will be analyzed.

the longitudinal and transverse laser dynamics are assumed e general consequences of the localized character of the

to be decoupled. Electron dynamics in the longitudinal phasgyser-heam interaction on the longitudinal beam distributions
space is treated by using a pass to pass n{@l(distribu- il pe llustrated by considering the case of the FEL that

tions are statistically determinkd will be installed on SOLEIL. In Sec. Ill A the numerical
simulations based on the model presented in Sec. Il and per-
The1= Tn— @ To€p, (1)  formed for the SOLEIL FEL are reported. Similar results
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TABLE |. Characteristics of different storage ring FELSs.

SOLEIL ELETTRA S.ACO DUKE UVSOR ACO
Beam energyMeV) 1500 1000 800 1000 500 240
Bunch width(ps) 25 85 95 60 95 100-1000
Rms FEL width(ps) 2-6 9 20 1.4-26 7 2-6
Spectral rangénm) 400-150 350-220 vis.-300 193.7-730 Vis.-238 650-460
Pulse periodns) 280 864 120 358.5 178 37
FEL gain (%) 10-50 30 3 15 3 0.6

hold for the Super-ACO, ACO, ELETTRA, DUKE and UV- the synchrotron oscillations. The reorganization of the bunch
SOR FELs(see Sec. Il B. In Sec. lll C good agreement is population is shown in Fig. 3. During the FEL rise tirtibat
shown between theoretical results and measurements for thie between 50 and 9@s), the phase coordinates of the
case of the Super-ACO and the ACO FELs. electrons are strongly perturbédspecially the relative en-

In Table | are reported the characteristics of differentergy €). At the end of the laser macropulgthat is, after
storage-ring FELs that are relevant for the present analysisabout 200us) synchrotron oscillations become regular again
but their amplitude is enhanced. If the laser is not started
again, the amplitude of the oscillations is dumped in a period
of the order of(few timeg the synchrotron damping time

The enhancement of the laser peak power of the SOLEII{about 20 ms for the case of SOLBIL
FEL operated irQ-switch mode is shown in Fig.(). Figure The evolution of the temporal and energy distributions is
1(b) shows the rms bunch lengthening of the temporal dispresented in Fig. 4. The FEL micropulse is centered with
tribution related to the increase of the energy spread prorespect to the temporal beam distributigoerfect tuning
duced by the interaction. After an initial heating during the condition). The initial distributions(curve a, FEL off) are
rise time of the FEL pulse, the energy spread slowly reachegayssian: when the FEL macropulse growsrveb) a de-

a constant regime with superimposed coherent synchrotrogyrmation starts to become evident and during the macro-
ior of the center of mass of the bunef is consideredFig.  jts center and a hole appears. The presence of a hole burning
(yvhgre the interaction takes placsgtart to perform large os- only the electrons located at the FEL pulse positi6ig.
cillations from the head to the tail of the bunch as the FEL4(c)]. The hole is the signature of the localized interaction
macropulse decreases. The enhancement of the oscillatiogd is generated by the fact that the electrons located around
accomplished by the barycenters of the longitudinal distributhe center of the distributions interact on average for a longer
tions is shown in Fig. 2. The temporal distribution does notijme with the FEL than the electrons at the edge, thus pro-
maintain the initial Gaussian forr@FEL.off) as it is clearly viding more energy to the FEL. During the last part of the
demonstrated by the change of its third order momenkum Fg| macropulsécurvesd to i) the electrons start to diffuse,
[Fig. 1(d)]. Figure Xe) shows the gain decrease due to thethe distributions become flatter and flatter and the peak in-
FEL saturation. The perturbation changes the amplitude 0|fensity considerably decreases. The habserved for few
tens of microsecondglisappears. Figure 5 shows an image

A. Numerical results for the case of the SOLEIL FEL
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FIG. 1. Simulations using the model of localized energy ex- T (ps)
15 1 1 1 1 1 1 1

change, performed in the case of the SOLEIL FEL operated in the
Q-switched mode(a) FEL intensity, (b) rms value,(c) center of

-2 -1.5 -1 -0.5 0 0.5 1 15 2

mass,(d) relative variation(with respect to the laser off valuef FIG. 2. Enhancement of the oscillations of barycenters of the
the third order momentum of the temporal distribution versus time peam longitudinal distributions due to the interaction with the FEL
and(e) FEL gain versus time. pulse.
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FIG. 5. Simulation of the image that can be acquired by means
of a double-sweep streak camera. The aim is the characterization of
the evolution of the temporal beam distribution during the laser
growth for the case of the SOLEIL FEL. A cut along the vertical
axes provides the longitudinal beam distribution whose evolution
can be followed versus time on the horizontal scale.

FIG. 3. Phase coordinates of three electrons inside the electron

bunch during the laser evolution for the case of the SOLEIL FEL.

B. Expected action on other storage ring FELs

The distortion of the electron bunch distributions can be

(equivalent to the ones that can be registered by making ugenerally related to the ratio between the FEL macropulse

of a double sweep streak caméB6—38) that clearly em-

rise timer and the synchrotron oscillations peridd. For a

phasizes the presence of the hole burning at the center of t{#¢Neric laser system characterized by a gasnd subject to

temporal distribution. The electron diffusion time is long
compared to the revolution frequen@yundreds of nanosec-
onds, the period of the synchrotron oscillatig¢tens of mi-
croseconds the FEL rising timgseveral microsecongsThe

the lossed, is given by the relation

Tc

G-y e

T

diffusion time is nevertheless smaller than the natural FEL

period (few millisecond$ and the synchrotron damping time
(tens of milliseconds At the end of the macropulse the dif-
fusion process leads the longitudinal distributions back t
their original Gaussian shape.

Temporal
distribution (arb. units)

o N O

Energy
distribution (arb. units)
N BO

1
[+}]

FIG. 4. Profiles of the electron longitudinal distributions for
SOLEIL at different times of the dynamic evolutid¢average of 36
©S). curvea: evolution during the first 3Gus; curveb: evolution
during 36—72us; curvec: evolution during 72—-10&s; curved:
evolution during 108—-144s; curvesg, f, g, h, i: evolution during
the following 180us. (a) Temporal distributionb) Energy distri-
bution and(c) Hole burning in the energy distribution for the elec-
trons located at=0, in coincidence with the FEL pulse.

(0)

whereT, is the period of the photons inside the cavity.

For small values of = 7/T the electrons can be consid-
ered as quasistatic during the growth of the FEL macropulse.
As a consequence, the phase-space refreshing is modest and
the localized character of the interaction is exalted. In this
case a distortion localized around the center of the beam
distributions (where the FEL rise takes places generally
evident. To the contrary, if is relatively large, the FEL ac-
tion during the growth of the macropulse is experimented by
a large number of electrons and generally the beam distribu-
tions are heated and flattened but less locally distorted.

One of the beam optics parameter controlling the factor
is the momentum compactian: when « is small, the longi-
tudinal position of electrons changes slowlsee Eq.(1)]
while for big values of such parameter the synchrotron pe-
riod (proportional to 1{/a) becomes shorter and the elec-
trons move faster. The values ioand the effect of the inter-
action (estimated making use of the model presented in Sec.
II) on the longitudinal beam distributions for different
storage-ring FELSs is reported in Table II. The local distortion
of beam distributions is generally more evident for third gen-
eration storage-ring FELs, as SOLE(kee preceding sec-
tion) or ELETTRA, which are characterized by small values
of @ and short FEL rise times. The cases of FELs installed on
second generation storage rin@s Super-ACO, DUKE, and
UVSOR) can be considered as intermediate: simulations
show both a moderate localized distortion of the longitudinal
distributions and an important flattening. In the case of the
ACO FEL (installed on a first generation storage nirtge
effect of the interaction on the beam distributions is very
widespreadbig r value.

The particular kind of distortion induced by the FEL ac-
tion on the beam distributiondocal distortion, flattening or
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TABLE II. Action of the localized laser-beam interaction on longitudinal electron distributions for dif-
ferent storage ring FELs. For the calculation of the parameter/ T, the macro-pulse rise-timehas been
derived according to the relatidB) for all storage ring FELs except for the Super-ACO ¢ftr which the
experimental value has been used

SR a r Result of the interaction
SOLEIL 6.9<10°3 0.004 Strong localized distortion
ELETTRA 6.9<10°° 0.007 Strong localized distortion
DUKE 8.6x10 2 0.1 Localized distortion and flattening
UVSOR 8.6<10°? 0.15 Localized distortion and flattening
Super-ACO 1.410 2 0.4 Localized distortion and flattening
ACO 8.6x10°? 3.6 Strong flattening

both) plays an important role in the determination of the ACO temporal distributiofiFig. 7(a)] shows a shape similar
laser performances. In fact, the coupling between laser ant the simulated on¢Fig. 7(b)]. The modification of the
beam energy spread takes place not only through their interenergy distribution is shown in Fig.(@).

sity, but also through the shape of their distributions. The

form function of the electron and laser distributions are de- |v. LOCAL EVOLUTION OF THE FEL-BEAM SYSTEM
termined by second order equations that lead to a variety of PARAMETERS

solutions, including deterministic chaos, limit cycle, and ) i .

steady state solutions that are of interest for user applica- In the preceding section the localized character of the
tions. Moreover, the modification of the electronic densityFEL-beam interaction has been theoretically and experimen-
can originate a change of the FEL pulse shape: substructuréally analyzed. In the present one, it will be shown that the
have been observed both in the spectral line and in the tenfoncept of localized interaction leads to a definition of the

poral distribution on different storage-ring FE[30,39. system parameters involving only those electrons which su-
perimpose with the FEL pulse. The case of the Super-ACO

FEL will be considered.
C. Measurements versus simulations for the Super-ACO and Figure 8 shows the behavior of the electronic dengity

the ACO FELs

Measurements have been performed on the Super-ACO e A\
and ACO FELs in order to check the theoretical results. In
the first case, use has been made of a double sweep camera
that allows one to follow the electron bunch temporal distri- —
bution along the FEL macropulse evolution. The measure- 115} f
ments(resp. simulationsof FEL pulse and the momenta of - b L b
the temporal beam distributiqip to third ordey are plotted B 'f
in Figs. 6 curves(a—d) [resp. Figs. 6 curvese—h)]. The L
center of mass of the electronic distribution is displaced be- g
cause of the energy loss due to the FEL power. In addition to
the well known FEL heating, the distribution presents some
oscillations, demonstrating that the dynamics is more com- R R
plex than a simple bunch lengthening and enhancement of h
energy spread. The third order momentdreshows the effect X j/
of the localized heating, inducing a modification of the elec-
tron bunch shape. The initial distribution is already asym- USRI I T
metrical (k#0) because of the microwave instability. The 02 04 06 0 01 02 03
good agreement between experimental data and simulations Time (ms) Time (ms)
f;;o?rﬂgrgst?g:%? (t)k?ethetlaelc?tcr:l)unsﬁgalrmtr\/]v?tr? L:hmeerrli(ﬁ]zl g]r?\grecino-f_ F_IG. _6. Evolution of the longitudinal profile _of the electr_onic

stribution on the Super-ACO FEL operated in the Q-switched

. . . |
m_ent. Ir_1 partl_cular, the same _set of simulations performecfnode_ Curvesd), (b), (c), and @): experimental results: curves
without including the termi () in Eq. (2) does not properly (e), (f), (9), (h): numerical results. The gain is established during

reproduce neither the anomalo(EL off) bunch lengthen- 5 11q and suppressed during 98 ms by a modification of the tuning
ing, nor the evolution of the third order momentum condition (large change of the rf frequencyThe Super-ACO elec-

The influence of the localized FEL heating on the shape 0fron heam is operated with a current ranging between 100 and 25
the electronic density has been further investigated considema in two bunches and with two rf cavitied/,;=170 KV, o

ing the case of the ACO FE[I40] operated in cw regime. In =100 MHz andV,;,= 90 KV, w,;,=500 MHz; = 1.48x 10*2’_ The
this case a flattening of the longitudinal electron bunch diseffect due to presence of a further cavity has been taken into ac-

tributions is particularly evider(see Table IJ. The measured count in the simulations.

oN B
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I FEL
(arb. units)

Ot
(ps)
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oo 00
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FIG. 7. Measurement and simulations for the ACO FEL being
operated at 220 MeV, with a rf voltage of 17.5 kV, an average

current varying from 20 to 150 mA, allowing a gain of 0.3%; curve
(a): Measured temporal distribution with the FEL on and off. The
electron bunch distribution has been deduced from the spectru
analyzer acquisition from the signal of a pick-up electrod®);: (
Simulated temporal distributiotaverage of 8Qus); (c) Simulated
energy distribution(average of 8Qus).
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FIG. 9. Local and nonlocal modulation rate of the spectrum of
the Super-ACO optical klystron as a function of the beam current
calculated before the laser starti@ay, at the top(b), and at the end
'0f the laser pulséc).

as a function of the beam current for two different cases:
when the calculation is extended to all the electrons belong-
ing to the bunch and when only those electrons interacting
with the laser pulse are taken into account. The two calcula-
tions are compared at different stages of the laser growth:
they are very close before the laser sfaete Fig. 8)] but at
the top and at the end of the laser pulsee Figs. &) and
8(c)] the local electronic density is considerably smaller than
the one calculated on the all bunch.

The same kind of analysis has been performed for the
modulation ratd, which is defined by the relation

f=(cod(N+Ng)el]). (4)

Figure 9 shows the difference between the calculation
done as an average on the electrons of the whole bunch or as
a local average on the electrons that overlap the FEL pulse.
Again, the local calculation performed at different stages of
the FEL evolution generally leads to smaller values with re-
spect to the nonlocal one.

The calculation of the local electronic density and modu-
lation rate can be used to draw out the effectileeal) FEL
gain G (which is proportional t.f). Figure 10 shows the
calculation of the FEL gain either according to the standard
nonlocalized approach or considering only the electrons seen
by the laser during its growth. When the laser is absent the
two methods give the same resigee Fig. 108)] but at the

FIG. 8. Local and nonlocal Super-ACO electronic density as atop of the laser macropuls@vhere, for definition, the gain

function of the beam current calculated before the laser staf@ing
at the top(b), and at the end of the laser pul&s.

must be equal to the cavity lossemly the local gain curve
explains the saturation effefdee Fig. 1()].
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30 P 7 (wherel g is the initial laser intensityof the first part of the
[ —&— Local ] laser pulse curve.

25 | —@— Allthe bunch %) . If the localized character of the interaction is not taken
! ] into account, the difference between the theoretical value and
20 ¢ . the measured one is quite significof the order of 30%
] between 30 and 40 mA and up to 50% for higher curpents
15 F . To the contrary, when the gain is instead calculated using the
] local parameters, the result obtained using &).is more
20 [T T T close to the measured val(ihe difference being about 10%
16 f —o— Losses b) ] between 30 and 40 mA and less than 30% for higher cur-
. ] rents.
c 12F 04”/./.\' ]
T : 00Ol 1
O sl ]
V. CONCLUSIONS
T T T T T T T T T The analysis presented in this paper provides an addi-
12 c) 1 tional step further in the understanding of the interaction
s | M_‘\‘\q ] between light and relativistic electrons. We presented a pass
Tt ] to pass model of the electron dynamics in the longitudinal
04 | 3 phase-space based on the local interaction with a short laser
! ] pulse. On condition that the important role of the wake fields
00 is taken into account, such a model can be successfully ap-
L . . . . . : plied for describing the laser-beam interaction in a storage-
20 30 40 50 60 70 80 ring FEL. Simulations are indeed supported by experimental
Beam current (mA) results on the Super-ACO and the ACO FELs.

FIG. 10. Local and nonlocal Super-ACO FEL gain as afunctionb Thel typi (()jf dlls;qrilc_)lgl Pducﬁd bg/ the |nter|a(;t|3r; on thel
of the beam current calculated before the laser staf@hgat the eam longitudinal aistrioutions has been correlated to a qual-

top of the laser pulséb), and at the end of the laser puls®. ity factor depending on the beam and laser dynamics. Such a
Figure (b) shows also the value of the cavity losses. distortion is expected to influence the FEL form function.

The redefinition of the system parameters by taking into ac-

The localized character of the FEL-beam interaction iscount only those electrons that overlap with the laser pulse is
therefore crucial for explaining the laser saturation for thethe only way to explain the saturation of the Super-ACO
case of the Super-ACO FEL. FEL.

The reduction of the effective gain can in part explain the The proposed model applies not only to storage-ring FELs
important difference that has been observed between the theperated both iQ-switched and cw regimes but also to the
oretical and the measured values of the rise time for th&tudy of the interaction of the electron beam with an external
Super-ACO FEL operated i@-switched regime. Experimen- laser. This approach is able to provide important insights in
tally 7 can be determined by means of an exponential fit view of the development of new generation synchrotron ra-

diation facilities that can include, besides FELSs, various ex-
(1) = 41) otic light sources such as femtosecond x-ray pulses and
(tH)=lgpex (5) .
T Compton back scattering gamma rays.
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