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Abstract
Table 1: Parameters of SCSS Phase-| and Phase-I| stages.
In the SPring-8 Compact SASE Source (SCSS), the high Parameter Unit  Phase-l Phase-ll
quality beam with the high peak current and the low emit- Peamenergys Mev 230 1000
t hould be supplied to saturate the SASE mode WithinS“Ce normalized emittanag, - KM 16 2.0
an_ce S pp ; ; projected normalized emittaneg um 2.0 25
a given undulator length. In this paper, we have described siice energy spreads, % 0.1 0.02
the design concepts of the SCSS bunch compressor. projected energy spreac % 2.0 0.4
bunch charge&) nC 1 1
bunch length before BQr (FW) ps 8 4
1 INTRODUCTION bunch length after BT (FW) ps 2 0.5
bunch length after BQ\z (FW) mm 0.6 0.15
The SCSS project is divided into two phase stages ac- Peak current, A 500 2000

. . - saturation lengthl s+ m ~ 12 ~ 20
cording to the installed components and the radiation wave- /' 4 - lengtti . m 13.5 225

length of the SASE source [1], [2]. During the Phase-l cooperation lengttfcoop um  ~ 1.5 ~ 0.2

stage (2001-2005), the injector, one C-band main linear radiation wavelength nm 40 3.6
accelerator, and one bunch compressor (BC) will be in-

stalled to generate 40 nm wavelength radiation. During the

Phase-Il stage (2005-2007), three additional C-band mashanged according to its energy, which means the bunch
linear accelerators will be added to generate about 3.6 ngngth change [2], [3]. The longitudinal coordinate relation
wavelength radiation. Design beam parameters for the tw@ bunch compression to the second order is given by
stages are summarized in Table 1, wherg (e,,) is the

slice (projected) transverse normalized rms emittange, dzy = dzi+ Rss(dE/E); + Tsee(dE/E)}, (1)

(0s) is the slice (projected) correlated rms relative energy N 9 2 2

spread. Since electrons being apart further than one co- Rsg ~ 20p(AL+ §LB) = —37566 2)
operation length~ pm) will not interact with each other,

we should focus the slice parameters to predict FEL perfoytheredzy (dz;) is the longitudinal distance deviation from
mance [3], [4]. At the Phase-| stage, we need about 500 e bunch center after (before) the chicapl;/ E); is the
peak current to saturate the SASE-FEL within 13.5 m lonfglative energy deviation before the chicane which is sup-
undulator. However no present injector technology can dRlied by the precompressor linaéiss is the momentum
rectly supply the required high quality beam. Since th&€0mpaction factor which is supplied by the chicaiig; is
peak current is inversely proportional to the bunch lengtihe second order the momentum compaction factor due to
the required peak current can be obtained by compressiHif Seécond order dispersion of the chicahgjs the bend-

the bunch length. After upgrading the injector system, 4 g89 angle in radianA L is the drift space between the first
long bunch will be directly supplied to the bunch compresdipole and the second dipole in the chicahg,is the effec-

sor at the Phase-Il stage. And by retuning the operatidiye length of the dipole in the chicane. Here, we assume
conditions of the bunch compressor, 2 kA peak current cdhat the chicane consists of four rectangular dipoles, and
be obtained by the same bunch compressor. In this papBgad electrons have positide and negativédE'/ E).

we have described the design concepts of the SCSS bunch

compressor and how to reduce the beam dilution sourcel3 COMPRESSOR DESIGN CONCEPTS

such as coherent synchrotron radiation (CSR) effects and
nonlinearities in the longitudinal phase space distribution3.1 Reduci ng CSR and Nonlinearities

When the bunch length is compressed in the BC, the
2 COMPRESSOR PRINCIPLE bunch length may become smaller than the radiation wave-

Bunch compression can be obtained by rotating thgn9th- In this case, CSR can be generated. Since CSR
bunch in the longitudinal phase space via the two Con{[om tail electrons can overtake head electrons after the
bination actions of the RF precompressor linac and thvertaking length, head electrons will be accelerated by
magnetic chicane. The RF precompressor linac suppli&SR’ and tail electrons will be decelerated due to their own
the needed correlated energy spread for the rotation by theR 10s: The electrons will be transversely kicked at the
energy chirping. When electron with energy spread god¥?NZero dispersion region due to the CSR-induced corre-

through the chicane, its traveling path length or time i&t€d energy spread along the bunch. Note the projected
emittance can be diluted due to CSR in the bunch compres-

*yjkim@spring8.or.jp, http://www-xfel.spring8.or.jp sor while the slice emittance dilution is small enough [3],
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Lg=02m

Table 2: Parameters of the SCSS BC at the Phase-I stage.

)k * Py AL=23m Tﬂf Parameter Unit  Value

I P L1 B Head 048m beam energy MeV 230

i ‘ initial bunch lengthA z; (FW) mm 2.4

Tail Electrons final bunch lengthAz; (FW) mm 0.6

Fead Becions OFODOF initial projected relative energy spread % 2.14

initial uncorrelated relative energy spreagl, 1075 ~5

13m 68m 29m initial max relative energy deviatiolE/ E); 1072 3.6
beam phase at the C-band linae deg 12.5

1nom momentum compaction factdtse mm 24.8

Xeband Corcton Catity, 10 ViV second or(_ier momentum compacti@iee | mm 37.2

Unit-I C-band Linac, 300 MeV ’ effective dipole lengtL m 0.2

' drift length between first and second dipol&4. m 2.3
. bending angle of each dipofas rad 0.071
Figure 1: Layout of the SCSS bunch compressor. Here, magnetic field of each dipole3| T 0.27
three long drift sections (before, center, and after BC) are maximum Eor@zonta: dihS_?Ae;Lsiomnax m g.ig

; ; maximum horizontal shi m .

for the beam dlagnostlcs. initial slice emittance before BE, s pm 1.50
initial projected emittance before B4, um 1.58

[4]. We have reduced the emittance dilution due to CSR in change of slice emittanaacp./en.s % 004
. . . change of projected emittancee,, /¢, % 2.3

the BC with following methods: change obrs due to CSRAGs s o=+ 29
Firstly, after considering the slice emittance dilution in change of slice emittance due to ISR, ;sg ~ fm 7.6
the double-chicane due to the CSR-induced microbunch-change obrs due to ISRAds 15 0" 62

ing instability, the slice emittance dilution in the wiggler-
combined single chicane due to the spontaneous radiati

F3ble 3: Parameters of the SCSS BC at the Phase-I stage.

in wiggler, and the emittance dilution in the S-chicane due

. o Parameter Unit  Value
to full achromatic difficulty, we have chosen the normal ~peam energys Mev 218
single chicane with four rectangular magnets for our bunch initial bunch lengthAz; (FW) mm 1.2
compressor as shown in Fig. 1 [3], [4]. T”?tf’_" Ibunc_h '?”dgthﬁf (FW) o n;m flgls
initial projected relative energy spre o .

_Secondly' we have reduced (_:SR by the weak Strengthinitial uncorrelated relative energy spreagl, 1075 ~5
chicane or smalRs¢ [3]. According to Egs. (1) and (2), initial max relative energy deviatioglE/E); 102 35
this is possible by choosing somewhat lafgé&/ £);, the beam phase at the C-band linag deg 24
small bending angle, and somewhat large drift space be‘;neocrgﬁgtgﬂ;?&ig?:ﬁ;ﬁ%% o m ;gg

. . - 66 .
tween the first and second dipoles. Optimized parameterspending angle of each dipota; rad  0.056
of the SCSS BC for the Phase-I and Phase-Il stages aremagnetic field of each dipole3| T 0.20
summarized in Tables 2 and 3, where the emittance is themaximum EOV!Zonta: d'hS_PEFS'O'ﬂmz m 0.14
rms normalized value, and the energy spread is the rms e T eﬂé&r::ezéﬁr}é Be, NTn (l)'ég
value. For these optimization, we have used ELEGANT, initial projected emittance beforesm um 154
TraFiC', and PARAO codes [2]. Although the normal op- change of slice emittanceys/ens % 0.18
erationalRss can be reduced further by choosing highgr CEange ngrglecttedcesméganmsn/ €n 1;’/04 %3-72
) . change Oous due to 05,CSR - .

we _have chos_enc; ~ 2% tq ke_ep_the chrqmat|C|ty-|nduced change of slice emittance due to ISR, 15z fm 17
projected emittance dilution in linacs within 5%. change ofrs due to ISRAGs 15k 10-% 3.8

Thirdly, we have reduced CSR further by installing the
higher harmonic X-band correction cavity before the BC

to compensate the nonlinearities in the longitudinal phageduced [2]. However, the X-band correction cavity decel-
space. The X-band correction cavity compensates the s@tates the beam about 70 MeV to compensate the nonlin-
ond order nonlinearities due to the RF curvature of the Ggarities [2], [3]. If the S-band linac is used for the precom-
band linac, the second order path dependence on the paptiessor linac, the deceleration is reduced to about 18 MeV
cle energy in the chicanéyes, and the short-range wake- [2], [6]. The projected emittance dilution due to the trans-
fields in linacs as shown in Figs.1 and 2 [2], [6]. Here thererse short-range wakefield in the X-band correction cavity
remain weak nonlinearity after X-band correction cavity igs within 7% if the misalignment is smaller than pn [6].

for the Tsgg compensation in the chicane. Since the beam Fourthly, the projected emittance dilution can be reduced
energy is high enough at the SCSS BC, the nonlinearity dderther by forcing the beam waist close to the fourth dipole,
to the space charge force can be ignorable. If those nowherea-function & —0.54') is zero [3], [5]. The opti-
linearities are not compensated properly, the local chargmized5—functions are shown in Fig. 3.

concentration or spike is generated during the compressionFifthly, although the final bunch length at the Phase-lI
process. This local charge concentration or spike amplifiestage is four times smaller than that of the Phase-| stage,
CSR effects in the bunch compressor [4], [6]. By compenae can control the CSR effects by reducing the chicane
sating the nonlinearities with the X-band correction cavitystrength orRss to 15 mm. ThisR5s can be obtained by
the limitation of the final obtainable bunch length is alskeepingos at the BC about 2% and by supplying 4 ps long
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Figure 2: ELEGANT simulation results of the longitudi- Figure 4: ELEGANT simulation results of the linear den-
nal phase space distribution at the Phase-I (left) and tisity at the Phase-I (left) and the Phase-II (right) stages. Red
Phase-Il (right) stages. Red, green, and blue mean the lamd green mean the linear density at the end of the first
gitudinal phase space distribution after C-band linac, aftefipole and at the end of the last dipole, respectively.
X-band correction cavity, and after the BC, respectively.

The negative s=£ |dz|) means the bunch head. 49 ; : : 120
24 6.0
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“er I\ 1 Figure 5: ELEGANT simulation results of the energy
Rt S changeA+~ due to CSR at the Phase-I (left) and the Phase-

6 8 101214161820
s (m)

Il (right) stages. Red and green medrn at the end of the
first dipole, and at the end of the last dipole, respectively.

Figure 3: Optimized3—functions of the SCSS BC at the

Phase-Il stage. in Fig. 5(right). This is due to the uncompensated higher
order nonlinearities such as the third order term in the lon-

itudinal short-range wakefields and the third order termin

- . i

m 0,
bunch fro . the injector. We wil Iredyce 2% energy sprea&e momentum compaction. However our CSR wakes are
to the design value by the longitudinal short-range wake-

) . o “Shuch smaller than those of other projects. The final slice
I'hEIdS 'IT‘ threeladd?dtﬁ-bsgd ma;n linacs and by Operat'rt%rojected) normalized rms emittance after BC are about
0se linacs close 1o the R~ crest. é].SOl,um (1.6 um) and 1.503:m (2.5 um) at the Phase-|

. Sl')nc?sth? ()'Q'g'a' u dnfr? rrelate% rmsl relgtwe enedrgy tshpreBa nd Phase-II stages, respectively, which are all within our
IS aboub x - andine spreadis aiso increased in the esign values as summarized in Tables 1.

by the random process due to the incoherent synchrotron
radiation (ISR) and CSR, the microbunching instability can

be ignorable in our weak strength chicane. 4 SUMMARY
) o We have reduced the emittance dilution in the bunch
3.2 CSRWake and Emittance Dilution compressor by compensating nonlinearities in the longitu-

We have investigated the CSR effects in the bunch coniN@l Phase space, by using the weak strength chicane, and
pressor for the SCSS Phase-l and Phase-lI stages with EY. OPtimizing §-functions in the bunch compressor. The
EGANT and TraFic codes. The final bunch length and €mittance dilutions due to the r_eS|st|ve wall wakefield and
peak current are 0.6 mm and about 500 A at the Phasie ISR are all sn_"nall enough to ignore. Sincerely, we thapk
| stage, and those of the Phase-Il stage are 0.15 mm aj{y Borland, P. Piot, Z. Huang, P. Emma, A. Kabel, R. Li,
about 2 kA, respectively as shown in Figs. 2 and 4. By th@nd T. Limberg for their discussions and recommendations.
help of the X-band correction cavity, the linear densities
are good symmetric around the bunch center, and there is 5 REFERENCES
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with negative s are accelerated by CSR and the tail elef}] P. Emma, SLAC Report No. SLAC-PUB-9243, 2002.
trons are decelerated by their CSR loss. At the PhasetH] T. Limberget al., in Proc. EPAC2002, Paris, France, 2002.

stage, there is one small special spike around the talil regl([)éJ1 P. Emma, SLAC Report No. LCLS-TN-01-1, 2001.
of the energy change due to CSR or the CSR wake as show
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