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As part of the design effort for a free electron laser driven by the Next Linear
Collider Test Accelerator (NLCTA), I report studies of bunch-length com-
pression utilizing the existing infrastructure and hardware. In one possible
version of the NLCTA FEL, bunches with 900-ym FWHM length, generated
by an S-band photo-injector, would be compressed to an rms length of 60-120
pm before entering the FEL undulator. It is shown that, using the present
magnetic chicane, the bunch compression is essentially straightforward, and
that almost all emittance-diluting effects, e.g. wakeficlds, chromaticity, or
space charge in the bending magnets, are small. The only exception to this
finding is the predicted increase of the horizontal cmittance due to coher-
ent synchrotron radiation (CSR). Estimates based on cxisting theories of
coherent synchrotron radiation suggest a tripling or quadrupling of the ini-
tial emittance, which seems to preclude bunch compression during regular
FEL operation. Serendipitously, the magnitude of the predicted emittance
growth would, on the other hand, make the NLCTA chicane an excellent
tool for measuring the effects of coherent synchrotron radiation. This will be
of considerable interest to many future projects, in particular to the Linac
Coherent Light Source (LCLS).

As an aside, it is shown that cohcrent synchrotron radiation in a bending
magnet gives rise to a minimum possible bunch length, which is very remi-
niscent of the Oide limit on the vertical spot size at the interaction point of
a linear collider.
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1 Introduction

The Next Linear Collider Test Accelerator (NLCTA) [2] is a prototype high-gradient X-band linac,
designed to study multi-bunch beam handling and X-band rf systems for the Next Lincar Collider
(NLC). It is presently under investigation to use the NLCTA as a test bed for the Linac Coherent
Light Source [3], ¢.¢e., for studies of self-amplified spontaneous emission (SASE), coherent synchrotron
radiation and emittance preservation [4]. Moreover, it is being contemplated to convert the NLCTA
into a dedicated FEL user facility in the medium or long term [4]. In order to generate a high peak
current to study SASE with reasonable FEL gain and saturation lengths, the bunch length in the
FEL undulator should be about 2-3 times shorter than what is delivered by S-band photoinjectors.
One possible solution is to compress the bunch after it has been accelerated to about 100 MeV.

In this report, we discuss a bunch-compression scheme utilizing the existing NLCTA chicane.
We describe the longitudinal distributions and the transverse emittance growth due to coherent
synchrotron radiation, space-charge effects and wake fields, that can be expected in such a scheme.
We also give a rough estimate of the structure alignment tolerances. and we derive an expression for
the minimum bunch length at the exit of a bending magnet due to CSR. Finally, we will draw some
conclusions.

A state-of-the-art S-band photoinjector delivers electron bunches with a 1-nC charge, an FWHM
bunch length of 900 pm (with 90 pmn full rise and fall time), a beam cnergy of 6 MeV, an initial
energy spread of about 0.1%, and, most importantly, an initial normalized horizontal and vertical
emittance of 1.5 mm mrad. In the following, we assume that such a photoinjector is in place and use
the above values as initial beam parameters in our studies of NLCTA-FEL beam dynamics.

To ensure the transverse coherence of the radiation, a small transverse emittance is required in
the undulator:

YVeuy < 2 5 mm mrad, (1)
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where the value on the far right side applies to a radiation wavelength of A = 100 nm and a beam
energy of 325 MeV. Our study goal was to compress the bunch length by a factor of 3 or 4, while
maintaining a transverse normalized emittance that is smaller than 2 mm mrad and an rms energy
spread not much larger than 0.15% (indeed an energy spread below 0.02% could be achieved).

Since the studies reported here were conducted, plans to compress the bunches with a magnetic
chicane have diminished, and, instead, the construction and use of a novel multi-cell X-band rf gun
is now being proposed [5]. The beam parameters assumed for the X-band gun are about the same
as for the S-band rf gun, except for a shorter bunch length, which will render bunch compression
unnecessary. For the routine FEL operation, the chicane will be bypassed by a straight beam pipe.
However, the chicane will be left in place and could be used for dedicated experiments on coherent
synchrotron radiation in a bunch compressor.

2 Bunch Compression

If a bunch with a nonzero correlation of energy and longitudinal position (’4-z’) is transported
through a beam line with energy-dependent path length, i.e., with a nonzero ry; matrix-element [6],
the bunch is cither compressed or expanded.



In linear approximation, the final bunch length at the end of the beam line is given by
Uff =02, (1 +r56f)* + 05,75 (2)

where 0, and o,; are the final and initial bunch lengths, respectively, os; the initial relative energy
spread, and

._do c¢Vksiny

f= dz ~  Ey+eVcosy
denotes the magnitude of the 4-z correlation. Here, the term Ej is the initial beam energy, V the
accelerating voltage, e the electron charge, and & = 27/ the 1f wave number. On the right-hand
side of Eq. (3), we have assumed that the -z correlation is introduced by the rf wave, with the rf
off-crest (rf phase 1 # 0). To first order, this is a good approximation. A more refined expression
would include a contribution from beam loading and longitudinal wakefields.

The NLCTA accommodates a magnetic chicane located after the injector at a beam energy of
about 100 MeV. The chicane consists of 4 bending magnets and 12 quadrupoles. The quadrupoles
can be used to change the energy-dependent path length. Figure 1 presents a schematic of the
NLCTA chicane, in which the 12 quadrupoles used for adjusting the 756 are marked in black.
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Figure 1: NLCTA chicane. Quadrupoles used for 755 adjustment are shown in black.



To reduce the rms bunch length from initially 260 pm to 0,5 &~ 60-120 pm, we need to choose
the rf phase, rf voltage and the 75 of the chicane such that (1 + r56f) = 0.23-0.45. In simulations
using the longitudinal-tracking code LITRACK [7] and the six-dimensional program MAD [8], we
have varied the two parameters rys and f over a wide range of values, while keeping the final bunch
length constant. We found that about the best performance is obtained for 755 &~ —20 mm, where
the negative sign indicates that the chicane functions like an arc where higher-energetic particles
advance more slowly. For this value of 756 and an initial energy spread of o5y ~ 0.1%, the last term
in Eq. (2), rs60s0, 1s insignificant.

It is advantageous to operate the chicance as an ’arc’ (with 756 < 0), because in that case the
second-order momentum compaction factor and the curvature of the rf voltage partially cancel cach
other, while in the opposite case of a real 'chicane’ (rzs > 0) these two nonlinear terms would add.
In the next section, we will show that, furthermore, for an r5 value around —20 mm the emittance
growth caused by coherent synchrotron radiation is minimum.

In Fig. 2, the design optics of the NLCTA is shown. Figure 3 depicts a modified optics where the
six quadrupoles in the chicane were adjusted in strength to yield 756 = —20 mm. In the latter case,
the beta functions in the chicane are larger, and, as a consequence, the chromatic emittance growth
through the chicane is slightly enhanced compared with the design.
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Figure 2: Nominal NLCTA optics (756 = 0 mr, t566 = —0.535 m). Beta functions and dispersion.

Figure 4 shows a typical simulation result with LITRACK (which includes the curvature of the
RF, the r56 and t566 matrix elements s.e., first and second order momentum compaction, and the
short-range wake field). Table 1 summarizes simulation results for three different final encrgies and
bunch lengths.
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Figure 3: NLCTA optics with 756 = —20 mm (¢566 = —0.167 m). Beta functions and dispersion.

version | 11 IIT
beam energy [MeV] 102 | 205 | 325
rms bunch length [pm] | 120 | 80 | 60
rms energy spread [%] | 0.73 | 0.33 | 0.20
bunch charge [nC] 1 1 1
peak current [kA] 1 1.5 | 2

Table 1: Beam parameters achieved in longitudinal simulations of the compression and acccleration
process, using the code LITRACK [7].
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Figure 4: Longitudinal beam distribution after compression, for a final bunch length of 80 pm at
205 MeV. Top lett: current vs. position: top right: energy distribution; bottom left: beam-induced
wakefield in the accelerator section; bottom right: distribution of energy vs. position.
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In addition to longitudinal LITRACK simulations, the full six-dimensional beam dynamics was
studied using a modified version of the program MAD [8]. Figure 5 a—c display the evolution of all
three beam sizes during the compression process, for a final bunch length of 60 pm.
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Figure 5: Beam-size changes in the NLCTA chicane, as the bunch is compressed to 0,5 &~ 60 pum.
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In the six-dimensional simulation, an initial horizontal emittance of ve, &~ 1.5 mm mrad increases
to 2.1 mm mrad for the design optics with 755 = 0 mm and the same rf phase as for compression. This
emittance increase is dominated by second-order dispersion. For rss = —20 mm, the horizontal emit-
tance increases even more, to about 2.7 mm mrad, because of the enhanced horizontal chromaticity.
In both cases the normalized vertical emittance stays constant at 1.5 mm mrad.

At this point, we can conclude that it is casy to achieve the bunch length, energy spread, peak
current, and vertical emittance desired for a 100-nm SASE FEL, assuming nothing but a state-of-
the-art rf gun performance. However, as we will show in the next section, it is possible that the
horizontal emittance increases substantially due to coherent synchrotron radiation in the chicane.

3 Coherent Synchrotron Radiation

For intense short bunches, coherent synchrotron radiation (CSR) can lead to an enhanced encrgy
spread and to incrcased emittance growth. The effect of coherent synchrotron radiation has recently
been studied by various authors [9, 10, 11, 12].

According to Ref. [9], the rms energy spread induced by coherent synchrotron radiation in a
bending magnet of radius R and length L, is approximately
N(reLd
i )
’YR2/30-2

where NV is the number of particles in the bunch, v the Lorentz factor, ., the classical electron radius,
and o, the rms bunch length. Using the NCLTA parameters N ~ 6.3 x 10°, L; =02 m, R = 1.2
m,y = 190, 0, ~ 60 pm, we find

§C5E 0.2

TS

55 A, 1.4 x107% for o, = 60 pm (5)
rms ) 5.5 x 1074 for 0, = 120 pm



rse | A(Yes)

+70 mm | 3.9 ym
+20 mm | 0.9 pm
0 mm | 0.8 um
—20 mm | 0.3 pm
—70 mm | 2.1 pm

Table 2: Rough estimate of emittance growth due to CSR in last bending magnet for 0,5 =~ 120 pn.

For a final bunch length of 120 ym, we can estimate the emittance growth due to CSR occuring in

the last bending magnet by

A(ver) = Y(0ut, + 041) Gona- (6)

Table 2 lists, for 5 different values of 756, the emittance growth cstimated according to Eq. (6).

To study the effect of coherent synchrotron radiation on the horizontal emittance, we have per-
formed a serics of six-dimensional simulations, using a modified version of the program MAD [8, 22].
In these simulations, at the center of each bending magnet the energy of a particle was varied as a
function of its longitudinal position, using the overtake 'wake’ function derived in Ref. [9].

Figure 6 a and b show exemplary simulation results of the coherent-synchrotron radiation cffect
in the longitudinal phase space. It is somewhat surprising that the distribution becomes fuzzier when
coherent synchrotron radiation is turned on in the simulation. This can be explained by a fairly large
chromaticity and nonzero 116 and ¢196 matrix clements between the bending magnets and the end
of the beam line, which couples the horizontal motion into the longitudinal. That the 'fuzziness’ is
related to the horizontal emittance (as it should if it is due to chromaticity) was confirmed in the
simulations.

The simulated final horizontal emittance is depicted as a function of the initial emittance for
a bunch compression to 120 ym and 60 pm in Fig. 7 and Fig. 8, respectively. Each figure shows
3 curves, representing the three cases of no coherent synchrotron radiation, coherent synchrotron
radiation according to Eq. (4), and coherent synchrotron radiation with reduced apertures (half
apertures of 1.5 and 1 mm) in the last two bending magnets.

For the expected initial emittance of 1.5 mm mrad, the projected final emittance is of the order
8-11 mm mrad. When the aperture of the last two bending magnets is reduced, a final cmittance of
about 5 mm mrad can be achieved. This may be barely acceptable for FEL operation; compare Eq.
(1).

A striking feature of Figs. 7 and 8 is the substantial emittance growth alrcady present without
coherent synchrotron radiation. The source of this emittance increase was investigated by comparing
the emittance growth for two different valucs of the rms encrgy spread and for two different values
of the r56. The results of MAD tracking simulations are presented in Fig. 9. They confirm the
statement made earlier that the emittance growth for r55 = 0 is dominated by dispersion, while that
for r56 = —20 mm is essentially due to chromaticity.

Since the growth of the projected emittance is so large, we investigate in more detail

e the effect of shielding,

e the emittance growth of the slice emittance,
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Figure 6: Longitudinal beam distribution after compression for a final bunch length of 60 um, as
obtained by a 6-dimensional simulation. Plotted is the energy deviation versus the longitudinal
position (in meter). Left: without coherent synchrotron radiation; right: coherent synchrotron
radiation included. The fuzzy appcarance is caused by coupling from the horizontal motion via the
chromaticity.
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e other mitigations, e.g., additional sextupoles, and
e the applicability of the theory.
We will successively address each of these 4 items.

Effect of Shielding
When the full aperture £ is smaller than the critical aperture

hevit = (70,VR)*? (7)

the shielding by the vacuum chamber suppresses the low-frequency synchrotron radiation. In the
NLCTA,
herit &2 3.5 mm < h ~ 8 mm (8)

and shielding does not matter, unless the vertical aperture in the bending magnets is decreased to a
full aperture less than 3 mm.

By parametrizing coherent-synchrotron radiation wake functions and impedances obtained with
Warnock’s CSR code [18, 19], Emma derived an empirical relation between the induced energy spread

6C5E(h) and the vacuum-chamber aperture 4 [17):
B9SR ()~ (1= 7R 5950 (c0) (9)

where 695F(oco0) denotes the induced energy spread without any shielding.

Equation (10) is plotted in Fig. 10. According to the figure, decreasing the full vertical aperturc
from 15 mm to 2 mm results in a 3 times smaller induced energy spread and correspondingly reduced
emittance growth in the last bending magnet.

The Slice Emittance

The argument has been put forward that not the projected emittance but the slice emittance along
the bunch is what is relevant for the FEL process. Figure 11 shows the slice emittance along the
length of the bunch according to a six-dimensional simulation of the NLCTA-FEL with and without
coherent synchrotron radiation, for a final bunch length of 60 pum. Without CSR the normalized
slice emittance is equal to the initial emittance of 1.5 mm mrad and the projected emittance is 3.8
mm mrad, increased by chromatic and dispersive effects. When CSR is turned on, the projected
emittance increases to about 11 mm mrad, while the slice emittance of 2-2.5 mm mrad is only
modestly enhanced from its initial value.

Unfortunately, since the slippage length is comparable to the bunch length, the preservation of
the slice emittance may not be too helpful for this particular application.

Other Mitigations

An attempt was made to decrease the chromatic and dispersive emittance growth through the chicane,
evident in Fig. 9, by adding two sextupoles (after 1 and 2 thirds of the chicane length). Figure 12
demonstrates that, indeed, with two additional sextupoles the chromatic emittance growth can be
significantly reduced.
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Figure 10: Encrgy loss suppression factor due to shielding [17].

Unfortunately, as shown in Fig. 13, the optics with additional sextupoles has a much degraded
performance when coherent synchrotron radiation is included. Therefore, this optics does not rep-
resent an attractive option, unless the theory of coherent synchrotron radiation that we have used
considerably overestimates its magnitude (which is possible).

Other Theories of CSR

The theory of coherent synchrotron radiation developed in Ref. [9] only considers motion on a circular
orbit, without taking into account the finite length of the bending magnet and the straight orbits
before and after the bend. A refined theory which includes the transient cffects was proposed in Ref.
[11]. The energy loss predicted by this refined theory agrees well with direct numerical solutions of
Maxwell’s equation as computed with a program by Dohlus and Limberg [13].

In Ref. [11], for later convenience, the bending-magnet length L, and the bunch length {, arc
converted into normalized angles. The normalized bunch length is the solution of a cubic equation:

- N —\ 1/2 . — 1/2 .
by = (121b+ 64 + 144z§) - (-121,) 64+ 14412) with & = 731,/ R (10)

where [, is the FWHM bunch length, and R the bending radius. The normalized bend length is
simply

~

¢'"I» = /Y¢77L (11)

where, following the convention of Ref. [11], ¢, is used to denote the bending angle.

11
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Figure 11: Slice emittance with and without coherent synchrotron radiation as a function of longi-
tudinal position for a final bunch length of 60 um, as obtained by six-dimensional simulations with
the code MAD ([8].
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The Derbenev formula, Eq. (4), applies in the case <]3m >> 1, é;, >> 1, and (ﬁb < (/3,,,,. For NLCTA
parameters, using [, ~ 700 pm, we have ¢, = 34 < &b ~ 310, t.e., the bunch is "longer’ than the
magnet. Thus, the Derbenev formula is not applicable, and we must calculate instead the induced
energy spread predicted for the case of a long bunch (case 4 in Ref. [11]):

Nr.
Ooat = 0.28 Tarony [41n(y¢m) — 2] (12)

For our parameters, this is about twice as large as previously estimated from Eq. (4)!

Nevertheless, both Eq. (4) and Eq. (12) most likely overestimate the real magnitude of the
coherent synchrotron radiation considerably, since all these theories are based on a pencil beam and
ignore the fact that the horizontal beam sizc in the chicane is at least a factor of 10 larger than the
bunch length. Unfortunately, to our knowledge, so far no theory of coherent synchrotron radiation
has been developed which properly includes the transverse beam dimensions.

4 The Minimum Bunch Length

It 1s interesting to note that the coherent synchrotron radiation gives rise to a minimum achievable
bunch length. We first illustrate this for a single NLCTA-style bending magnet. From Ref. [9], the
induced energy spread per radian reads

dd  0.2Nr.RY/3
— = ———7:1/3— (13)
do Yo

where « is the accumulated bending angle and R the bending angle. The momentum compaction

for a single bend is
1
T'se = 6(¥3R (14)
and the final bunch lenght is obtained by integrating the product r56(¢ = a3)dd/dex over the bending

magnet;

@ dé , , Nr,
o, > /0 rse(0f — ozb)%(a )do! = 0.008 ot R*/? i (15)
YO
Solving for o, yields our estimate of the minimum bunch length behind a single bend
4 pa/3 pry. \ 37
oot > (0.008 “—M—’—) ~ 6 pm (16)

In Fig. 14 we present the final bunch length after a single bending magnet versus the initial
one, according to six-dimensional simulations. Results are shown both with and without inclusion
of coherent synchrotron radiation. Very clearly, when coherent synchrotron radiation is included, a
minimum final bunch length is reached at about the expected value of 6 pm. For shorter incoming
bunches, the outgoing bunch length increases dramatically. This behavior is very reminiscent of the
Oide effect in linear colliders, where the chromaticity of the focusing lens along with (conventional)
synchrotron radiation sets a limit on the minimum achievable IP spot size.

14



predicts minimum bunch lengths equal to or larger than 10 pm, 24 pm, and 60 pm, respectively.
These values are slightly smaller than those obtained in the simulation. The difference could be
explained by neglected contributions from the remaining two bends.

5 Space Charge

The emittance growth due to longitudinal and transverse space charge forces in bending magnets
was first studied by Talman [14] and by Piwinski [15]. Recently, Carlsten and Raubenheimer [16]
have derived the following expression for the emittance growth due to longitudinal space charge:

I 2
A(ve,) = 0.38 & — In (@) & (19)
I a/ o,
where pg is the beam pipe radius (&~ 8 mm), I4 = 17 kA, o = 2,/5,0, twice the rms beam size,
0, ~ 120 pm (or 60 pm) the rms bunch length and « the bend angle (0.17 rad) Evaluating the above
formula for the NLCTA parametes (just quoted), one has

A(ve,) & 0.6 pm (longit. space charge ) (20)

which is the emittance growth due to longitudinal space charge in the last bending magnet for a final
bunch length of 120 pum.
In Ref. [16] we also find an cxpression for the emittance growth due to the transverse space charge:

a’’* oy po\ Iy
In <—> L 21
VR0 ,; a/ Ig (21)

where g = ay/(1 — 0,5/0.i), I5 the final current, and all other variables were defined before.
Evaluation yields an emittance growth of

5/2
A(ye,) ~ 0.14

A(vye,) ~ 0.13 pm (transv. space charge ) (22)

The emittance increases of Eqgs. (6), (19) and (21) all add in quadrature to the initial emittance.

6 Geometric and Resistive-Wall Wakefields

If the aperture in the bending magnets is reduced in order to suppress the coherent synchrotron
radiation, resistive-wall and geometric wakefields become a concern. Formulae for the energy loss
and for the dipole wakefield may be found, for example, in Refs. [20, 21, 22]. We will use expressions
for a round geometry. The wakefield for a flat geometry is, up to a numerical factor of the order one,
given by the same formulae, when the beam-pipe radius is replaced by the half aperture h/2.

The longitudinal resistive-wall wakefield leads to an average cnergy loss of

] INr, T(3/4) Ly
e = 22 L/ La [ (23)
v 2ma 22403
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0. Straight horizontal lines represent the estimates of Eq. (18). Left: o, = 260 um, center:
04 = 130 pm, right: o, = 65 pm.
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magnet | o, Scsr | he (= 2a.) af Soan | 0 ol -
bend 1 | 260 pm | 0.08% | 9.3 mm 8mm | 0.08% |2x 107 0
bend 2 | 211 pm | 0.13% | 8.1 mm 8mm |0.12% | 3 x 1078 0
bend 3 | 101 pm | 0.33% | 4.9mm | 1.5 mm |0.11% | 5x 107% | 0.16%

bend 4 | 59 pm | 0.76% | 3.5mm | 1.0 mm | 0.20% | 2 x 10~* | 0.35%

Table 3: Summary of energy spread due to CSR and wakefields in the four bends of the chicane, for
a bunch compression to o,5 = 60 pm. Quantities with superindex (a) assume a reduced aperture in
the last two bending magnets (see also Table 3).

T reduced half aperture for last two bends; * without taper

where a denotes the half aperture (a = h/2), Zy the vacuum impedance (Zy = 377 Q2), ['(3/4) =~ 1.23,
L the bending-magnet length (L =2 m), and p here is the resistivity of the beam pipe (p ~ 1077
m, if we pessimistically assume that the shield is made from Fe). The induced rms energy spread is
comparable to the average energy 108s: 0rms & 1.1040e.

In addition, if the beam is off-set from the center by y, the transverse dipole wakeficld exerts a

kick Nr. LI(1/4)
2Nr, LI (1/4 0
Ay > N A 24
S8y ¥ wa® | 2Zy0, Y (24)
where I'(1/4) ~ 3.63.

Finally, the beam also loses energy due to the geometric wakefield, which for an untapcred
transition between radius b and radius a reads:

2Ny, 1 b
ave ~ - 1 - 2V
Ouve T n (a) (25)

and the rms energy spread is again similar to the average energy 10ss, 0.ms & 0.4 04y

Tables 3 and 4 summarize the cnergy spread and emittance growth induced by coherent syn-
chrotron radiation and by longitudinal wakefields. The tables show that a smaller aperture in the
last two bending magnets can reduce the energy spread due to CSR by about a factor of three,
with an accompanying reduction in the emittance growth. Table 4 also shows that, if the aperture
restriction is not tapered, this improvement is almost nulled by geometric wakeficlds, and that, for
reasonably centered beams, the dipole resistive-wall wakeficld is insignificant.

7 Structure Alignment

To confirm that the required structure alignment tolerances for the NLCTA FEL are not too tight, a
simulation with the code MAD was performed. Here, the two structurcs accelerating the beam from
6 MeV to 100 McV were displaced together by various amplitudes y, and the resulting emittance at
the end of the chicanc was determined by multiparticle tracking. The results of this simulation study
arc compiled in Table 5. Note that the table does not show the emittance growth but the total final
emittance, starting with ye, ~ 1.5 pym.
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magnet | Aegsr Aegf;R f Aeg“),v Ael) V| Ay foy|rw *
bend 1 0 0 0 0 0
bend 2 0 0 0 0 0

bend 3 | 1.95 pm | 0.65 pmn 0 0.09 pm 0.01
bend 4 | 0.27 pm | 0.08 pm 0 0.14 pm 0.06

Table 4: Summary of emittance growth due to CSR and wakefields in the four bends of the chicane,
for a bunch compression to 0,5 = 60 pym. Quantitics with superindex (a) assume a reduced aperture
in the last two bending magnets (sec also Table 3).

* without taper; ' scaled from dgsgr (Table 3) and ecsg; * for Ay = 100 pm

Ay [pm] | ye, [mm mrad]
20 1.49
200 1.61
2000 8.11

Table 5: Final vertical emittance for various vertical displacements of the two accelerating sections
upstream of the chicane.

The table suggests that the alignment tolerances are not particularly tight. Displacements by up
to a few hundred microns do not lead to significant additional emittance growth.

8 Conclusions

In this report, I have summarized the beam dynamics studies regarding a possible bunch compression
in the NLCTA FEL. The bunch-length compression from 260 pm to 60-120 pm rms with the existing
chicane was shown to be straightforward. I have demonstrated that most of the other desired beam
parameters are easily achieved as well. There is only one exception to this positive finding: the
horizontal emittance. The existing theories of coherent synchrotron radiation predict the projected
horizontal cmittance to blow up substantially in the NLCTA chicane.

It must be noted that the present theories of coherent synchrotron radiation have several short-
comings, none the least of which is that, in the treatment of the energy loss, they ignore the transverse
beam dimensions, and that they, thus, may widely overestimate the induced energy spread and the
enittance growth. However, assuming the present theory is applicable, barely acceptable emittance
values can be achieved when the half aperture in the last two bending magnets is reduced from 8 to
1-1.5 mm. This represents a workable and, perhaps, attractive solution, but our present incliniation
is to bypass the NLCTA chicane altogether and to generate the short bunches with an X-band rf
gun.

Even so, the NLCTA chicanc would offer the unique possibility to study the cmittance growth
arising from coherent synchrotron radiation for very short bunches. This will be of considerable
intercst to many future projects, in particular to the LCLS.
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