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Abstract the Ly, L1, andL,; and the phase df, Lo, andL3. This
The Linac Coherent Light Source (LCLS) will be the'S due to the fact that the bunch length does not change in

. DL1 or DL2, and also L1 and X-band (“X” in Fig. 1) are
world’s first x-ray free-electron laser (FEL). To ensure th? . : : ;
vitality of FEL lasing, it is critical to preserve the high qual- reated as a combined function cavity. Accordingly, there
' are6 observables: energy &L1, BC'1, BC2, andDL2;

Ity of the electron beam durlr!g acceleration and COMPre3hd bunch length afteBC'1 and BC2. This is shown in
sion. The peak current and final energy are very sensiti

\f—elg 2. Conceptually, we regard it aglaloop systemi.e
to system jitter. To minimize this sensitivity, a longitudi- <" = ’ o
yswem | Y, 8 ONGMUAY b Va, (B, Ii) & (Vi, 1), (Ba, ) <> (Va, ¢s), and

nal feedback system on the bunch length and energy is e
quired, together with other diagnostics and feedback sys- et

tems (e.g., on transverse phase space). Here, we describe

a simulation framework, which includes a realistic jitterSimulation Framework
model for the LCLS_acceIerator system, the RF acc_elera- Feedback algorithm The linear system is then
t!on, structure wakefield, and seco_nd order _opt|cs. Simulgy  _ MC, with the observables column matri@ =
tion results show that to meet the tight requirements set tg

L . dE/E)o, (dE/E)1,(dI/I)1,(dE/E)s, (dI/I)a,
the FEL, such a longitudinal feedback system is mandator AE/E)s|T, the controllables column matrdC =

, [(dV/V)o, (dV/ V)1, (d)1, (dV/V)z2, (dp)z, (dip)s]T,
Introduction and M is the linear response matrix. The proportional

Due to various sources of jitter in the LCLS acceleratofe@dback system is then implemented as
system, it is envisioned that a longitudinal feedback system .
is mandatory [1]. In this paper, we describe such a facility. Cay = Coy +GM™0O, @)

whereg is the gain matrixCys is the controllable states
before the feedback, arit} ; is the controllable states after
the feedback is implemented. In definigandC, an “ap-
propriate” set of subscripts according to Fig. 1 is adopted,
i.e., we follow the LINAC indicesg.g, LO, but not the in-

! l dices for the stages.
| 0 )./-\.[ L3 In the real situation, besides the proportional feedback,

DL1 BC1 BC2 DL2 we need to also consider the derivative feedback and inte-
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gral feedbacki.e., the PID algorithm.

LINAC RF, Chicane, and Dog-leg In our model, we

Figure 1: Schematics of tHestage LCLS linac-bend sys-
g g y treat the LINAC RF as

tem.

In our model, we treat the LCLS accelerator system as a E— E+eVcos(kz+¢), @)
5 stage linac-bend system as in Fig. 1. This model has been . -
used to optimize the system for the operational param&herev s peak voltagg ga!k,ls the R.F wavengmber,
ters [1]. For the feedback, we assume that the controllablég> th‘? bunch internal longitudinal coordinate, a@d; the
are the voltagelV’/V" and phasely in the linac, while the centroid phas_e of the electron bunch. We also include the
observables are the peak current (bunch length) deviatiérH\IAC wakefield [2]
dI/I, and centroid energy deviatiai¥?/E of the bunch.
So, we have 0 controllables and0 observables to form a w(z)
complete solvable linear system. The charge jitter and gun-
timing jitter are left to the gun feedback system. Study owheresy, ~ 1.32 mm, anda ~ 11.6 mm for the SLAC
these two sources of additional jitter together with the jitte6-band structure.
study in this paper will be reported elsewhere. In the real The chicane and dog-leg are modelled including second-
LCLS accelerator system the controllables are voltage efrder opticsj.e.,
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Figure 2: Schematics of the longitudinal feedback systel

Jitter model The voltage and phase variation are moc
elled as

gy . A .
( d‘:p >:< Bi ) sin (27 f1t) + ( Bz ) sin (27 f1) Figure 3: Energy deviatioh £/ E, peak current deviation
A AI/I, and centroid timing jitteA¢ at undulator entrance.
+< ? ) t+ < B > randn(1) The left panel is shown for the case with no feedback, and
the right panel with the feedback system on.

A ith %
() e [1]

with f; = 0.08 Hz, f, = 1.7 Hz %, “randn(1)” stands fora  Based on the Bode plot, we then use an I-gain of 0.5
random number between 0 and 1 with normal distributioralone. It is worth mentioning that, since we keep all
andtge, = 7 X rand(Ngep) With 7 being the total rum  the off-diagonal elements in thef-matrix, we are indeed
time, and “randlsep)” stands forNg.., random numbers implementing a complete feedback algorithm, where lo-
between 0 and 1 with uniform distribution. The amplitudegal corrections are transmitted to downstream corrections.
are determined by the measurement, namély= B; = How this compares to multi-stage or single-stage cascade-
A5 = By =1,Ay = B, = Ay, = B, = 0.1, andA3; = feedback algorithm [3] is under study. The results are
B3 = 1/60. Notice thatdV/V is in units of %, anddp in  shown at the right panel in Fig. 3. The standard deviation
units of S-band degreés values are{AE/E)sq = 0.09%, (AE/E)sq = 10.5%,
Given this jitter, the “free” machine will operate as whatand (At).q = 160 fs. Hence, the allowable jitter budget
is shown in the left panel of Fig. 3. Because a possiblean be accommodated. In our simulation, we implement
LCLS jitter budget is|]AE/E| < 0.1%, and|AI/I| < CSR power as a relative bunch length monitor [4].
12% at undulator entrance, obviously, without a feedback
system we would not be able to meet the jitter budget. X-band RF Stability

Bode Plot In our algorithm, we do not implement direct feedback

To study how such a feedback system works, let us loo®" the X-band cavity ("X” in Fig. 1). The strategy is to

at the Bode plots. As usual, we introduce a quantity regardl; and L, as a combined function cavity. So, let us
now look at the pOSSIbIlIty of adjusting the phase and volt-

) age ofL; to compensate the phase and voltage variations

Results

(AE/E),,

ne = 20log,, <|(AE/E)
of f

(6) of L,. According to Eq. (2), we know at the end of the
X-band cavity, the electron energy is

and vary the frequency of the system variations. We then
vary the strength of the gain matigkintroduced in Eq. (1). By = Ey+eVo cos(po) +eVi cos(1) +eVz cos(ea), (7)
As was discussed, we use the PID algorithm, hence, there

is an optimization for the strength of these three dlfferen“flIth alinear chirp of

gain levels. Shown in Fig. 4 are three curveggfvs. fre-

quency;, for different PID gain. A similar Bode plot is found € = *E*[kVo sin(po) + kVisin(p1) + kz Ve sin(ez)].

for AI/I. According to our simulation, the derivative gain 2 (8)

is not effective, WhiI_e integral gain is effective. The BodeNow, according to Egs. (7) and (8), to hold reference en-
plots show attenuation of jitter fof < 20 Hz. ergy, (.e. E-) and slope,i(e. &) fixed, given X-band volt-

1The two frequencieg; and f» are based on SLAC linac measure- age Changewi/vw’ e.md pha;e changgs,, we haye the
ments. following compensation relation of L1 voltage adjustment







