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GROWTH OF DENSITY MODULATIONSIN AN ENERGY RECOVERY
LINAC LIGHT SOURCE DUE TO COHERENT SYNCHROTRON
RADIATION AND LONGITUDINAL SPACE CHARGE*

M. Borland®, ANL, Argonne, IL 60439, USA

Abstract (under 100 pC), there is reason to be concerned about po-

. _ o tential microbunching growth.
An Energy Recovery Linac (ERL) is one possibility for

We've investigated this for two possible optical con-
an upgrade to the Advanced Photon Source (APS). Sucr?ia‘urations of the ERL: (1) The original “TBA’ configu-
system involves not only a long linac, but also long trans:,

cli ith dinol s Si the bunch ration [6, 8], with triple-bend-achromat (TBA) cells out-
port ines with many dipolé magnets. - since he buncheg,q o Aps and double-bend-achromat (DBA) cells in-

are short, we may expect that coherent synchrotron radig;i—de the APS. (2) A new DBA configuration, with DBA

tion (CSR) and longitudial space charge (LSC) will hav IIs th h A . fth fi : :
an effect on the beam dynamics. Although previous stu elis throughout. A comparison of these configurations is

. L = . ffered elsewhere in these proceedings.
ies have shown minimal effects for an initially quiet beam In the present work. we begin our simulations at the 10-
distribution, the possibility of a microbunching instatyil P ' 9

seeded by initial density modulation must be evaluated. Wl\éev point. Full simulations starting at the cathode are ob-

present and discuss simulation results showing the growYﬁOUSIy desirable, but beyond our scope at this time.
of density modulations in two possible lattices for an ERL

upgrade of the APS. SIMULATION METHODS

The approach we have taken is very similar to what was
INTRODUCTION done for LCLS and FERMI [9, 4, 10], where we obtained

] . o ] a growth curve for density modulations. We performed a
The first hint that CSR could amplify initial density mod- series of simulations for various bunch charge, modula-

ulations in a beam in a single-pass system came from mogsn wavelength, and modulation depth with CSR, LSC,
eling [1] of the Linac Coherent Light Source (LCLS) with and |inac longitudinal wakefields. CSR was included using
elegant [2]. Sub.s.equentl.y, theoretical analysis [3] for theelegant's line-charge model [11, 12], including CSR in
TESLA Test Facility predicted an even more severe probyitt spaces. This model includes the transient build-up of
lem when LSC was included. This was subsequently coggR in each dipole, but does not include shielding. Shield-
firmed by modeling wittelegant for the LCLS [4]. What  jng will in fact have some effect on the “bulk CSR” i.e.,

is critical in the LCLS and other similar systems is the alcgR at the wavelengths related to the overall bunch length
ternation between long linear accelerators in which LSC et13]_ However, it will have a significantly diminished eftec

fects accumulate and one or more bunch compression s¥g+he shorter wavelengths corresponding to density modu-
tems in which CSR effects act. lations.

An ERL [5] upgrade to the APS promises a revolution- | sc was included using an impedance-based method
ary improvement in x-ray properties. We have developegh;  An LSC kick was added after each linac structure as
a concept for an “ultimate” ERL upgrade to the APS [6}ye|| as at the center of each ID straight section. This made
that involves a long, single-pass 7-GeV linac and a larggse of 3 newly-added featureddegant, namely, the abil-
7-GeV turn-around arc. The potential for build-up of CSRyy to insert an LSC kick that integrates the effect of an LSC
and LSC effects in such a system seems clear, due to i§plied over a user-specified length of the beamline. This
length of the linac and transport line, as well as the larggpproach is valid as long as the relative longitudinal mo-
number of dipole magnets. In addition, the bunch duratiofg, of particles is not too great, which is the case when we
is relatively short £2 ps rms) and the normalized emit'place kicks at each ID straight section.
tance is very small{ 0.1 um), as is the rms fractional * conirol of noise is essential to getting reliable results.
momentum spread( 0.02%). Like the LCLS and other \yg foliowed the algorithm in [4, 10] fairly closely: 1.
high-performance injectors, the ERL injector is likely ® b choose a density modulation wavelength and depth. We
driven by a shaped laser pulse [7], which opens up the pPO§seq depth values between 0 and 10%, inclusive. The
sibility that significant density ripples will be imparted t o4 runs are helpful in baselining the effects of noise. 2.

the beam at the cathode. Hence, in spite of the low chargg,,ose the bin size to be 1/24of the wavelength. This

means the Nyquist frequency is 12 times the wavelength.
3. Set the low-pass noise filter cutoff to 1.5 times the

*Work supported by the U.S. Department of Energy, Office of Sci
ence, Office of Basic Energy Sciences, under Contract No.ADB2-

06CH11357. modulation frequency. Combined with item 2, we smooth
t borland@aps.anl.gov and interpolate features at the modulation frequency on the
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scale of the bin size. 4. Choose the number of particles
such that there are at least 1000 particles per bin in the
center of the distribution. This provides additional con-
trol of binning noise. 5. Generate a distribution with the
desired modulation and the required number of particles.
The distribution is Gaussian in the longitudinal coordénat
z, with the modulation imposed by multiplying the Gaus-
sian distribution function by + d cos 2 Az, where\ is the
modulation wavelength and is the modulation depth. 6.
Perform tracking, recording time histograms along the sys-
tem. Unlike the LCLS case, we are in principle interested
in the modulation at each straight section. We record
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histograms after each set of linac structures (typicatijei in the DBA lattice.

cavities) after each achromat in the turn-around arc (TAA),
input transport line, APS, and output transport line.

The initial beam parameters were 19 pC/bunch, 0.01%
rms energy spread at 10 MeV with a normalized emittance
of 0.1 um [7, 14, 15]. Gaussian distributions were used
in all six phase space coordinates. For tracking, we used
Pelegant [16], the parallel version oflegant. Typically
42 processors were used with up to 7.2 million simulation
particles, requiring up to 24 hours for a single run. We
also performed tracking with 77 pC/bunch and the same
initial beam parameters, although in reality the emittance
and initial energy spread would be higher.

Analysis of the simulation data used power spectqu_.
densities (PSDs) of the longitudinal histograms along the
accelerator. For each locatiof) modulation depthd,
wavelength)\, and charge;, we integrated the PSD be-
tween0.9f, and1.1f, to get a valueE (s, d, A, ¢), where
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eIi%gure 1: Maximum microbunching gain for 19 pC/bunch
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igure 2: Maximum microbunching gain for 77 pC/bunch
In the DBA lattice.

Comparing the results for 19 pC/bunch, the DBA lattice

fo is the frequency corresponding ta The quantity shows about 15% higher maximum gain than the TBA lat-
E'(s,d, A\, q) = E(s,d, A\, q) — E(s,0,\, q) is the adjusted tice. This is perhaps not unexpected given the laigyr
value, with any contribution from noise removed. Theof the all-DBA lattice ().57m compared t®.24m).

quantityG = \/E’'(s,d, \,q)/E'(0,d, A, q) is the gain rel-
ative to the initial modulation strength.

For 77 pC/bunch, the results are not too different for
wavelengths above 50m, with the DBA lattice show-

ing about 25% higher maximum gain. However, for short

RESULTS AND DISCUSSION

wavelengths the DBA lattice is significantly worse, with

maximum gain of~ 5 compared to~ 2. Note that the
Figures 1 and 2 show the results for the all-DBA latticeshort-wavelength gain for 77 pC/bunch is overstated be-
while Figures?? and?? show the results for the TBA lat- cause we used unrealistically small emittance and energy
tice. What's plotted is the maximum gain seen at any locépread. Exploration of this effect is in progress.

tion as a function of the initial modulation wavelength, for

Although the maximum gain is not small, it should not

several values of the initial modulation depth. Varying thélegrade performance for users. For example, Figure 5 com-

modulation depth helps ensure that results have converged

and that we are in the linear regime.

The results of our analysis show the same general fea-
tures as those for FEL driver linacs: low gain for long
wavelengths and increasing gain for shorter wavelengths,
but with a cutoff at very short wavelengths. For most cases,
we don’t see any significant difference as the initial mod-
ulation depth is varied. This is typical when the gain is
small. However, for the all-DBA lattice with 77 pC/bunch,
the gain is somewhat high and it doesn’t appear that the re-
sults have fully converged. Apparently the maximum gain
is ~ 5, so for 1% initial modulation, the depth is only

1
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+5%. More work is needed to determine why this hasn’Figure 3: Maximum microbunching gain for 19 pC/bunch

converged, since it should be in the linear regime.
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Figure 4: Maximum microbunching gain for 77 pC/bunchFigure 6: Effect of an initial 3Q:m density modulation
in the TBA lattice. on the rms fractional energy spread seen at the ID straight
sections, for 77 pC/bunch, for various initial modulation

pares the normalized horizontal emittance at the ID sttaigdepths. See Figure 5 for an explanation of the labels.

sections for the DBA !a_tttice with ?7 pC/bunch for three CONCLUSION

cases: 5% and 10% initial modulation depth a.30, and

no initial modulation. We see that the effect is negligible. We have use®elegant to model the propagation of
More interesting, although still negligible, is the effectnitial density modulations from the 10-MeV point in an

on the energy spread, shown in Figure 6. We see thAfS ERL upgrade. Although significant gain, up to 30-

the bulk CSR effect (0% modulation) results in a decread@!d, was found for 77 pC/bunch in the all-DBA lattice,

in the energy spread in the turn around arc (TAA), follt appears this will have Ilttl_e or no |m_pact on the beam

lowed by an increase in subsequent sections. That sofid@lity seen by users. Density modulation growth does not

decrease may occur is plausible given that the initial erfiPP€ar to be a strong reason to favor the TBA-based design

ergy spread of the beam is dominated by rf curvature epver the aII-DBA d(_aS|gn. Additional modeling is needed to

fects. Bulk CSR tends to flatten the sinusoidal distributiof*xt€nd the simulations to the cathode.

in time-momentum space, resulting in lower energy spread.

This can’t happen indefinitely and the energy spread be- ACKNOWLEDGEMENT
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be stronger when a short-wavelength density modulation is

resent was not expected and is still surprisin
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