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Abstract after BC1, due to the LINAC wakefield, a nonlinear curva-
The Linac Coherent Light Source (LCLS) will be theture is developed along the electron bunch as shown in Fig.

world’s first x-ray free-electron laser (FEL). To ensure th h TLr:ﬁI:gsgidb“?e Stanéjé 1for tgeBlénze a;gl;!rp Thduced_ dby
vitality of FEL lasing, a longitudinal feedback system is M cetween an ' Ing the resia-

required together with other diagnostics. In this paper, w al chirp from the LINAC before BC1, it becomes the long-

study the possibility of using Coherent Synchrotron Radi Jashed line. Fln'ally, the Iongltydlnal wakef|e!d of 330 me-
tion (CSR) from the chicane as a diagnostic tool for bunc ers of accelerating structures induces a nonlinear curvature

length feedback. Studies show that CSR is a good ca 2 becqmt_a th(_e solid curve. After compression, the longitu-
didate, even for a non-Gaussian, double-horn longitudin jnal distribution becomes a double-horn structure. For the

charge distribution as in the LCLS. We further check th CLS nominal parameters, the longitudinal distribution is

L . . . . shown in Fig. 2. Because of this, we would expect high
possibility for detecting possible microbunching. frequency c?)ntent in the bunch spectrum. As apcompgri-

son, we show the bunch spectrum for a Gaussian and a step

function distribution, but with the same rms bunch length
LCLS operation will rely heavily on a longitudinal feed- in Fig. 3. However, we see clearly that if we stay within the

back system to maintain the peak current [1], where wew frequency region, say less thaTHz, all the distribu-

plan to use Coherent Synchrotron Radiation (CSR) frorion functions have reasonably similar bunch spectra. For

the two chicanes as a relative bunch length monitor. Adhe purpose of a longitudinal feedback system, one prefers

cording to the LCLS design report, the rms bunch length db stay in the low frequency regime where details of the

the first bunch compressor (BC1)1i80 :m; at the second bunch structure will not influence the measurement.

(BC2) itis 21 um. Hence, for such a short bunch length

Introduction

CSR is substantial, and therefore very attractive as a bul 2 //
length monitor. In this paper, we study this possibility. — /"
For a group ofV, electrons, the energy emitted per uni " L P
frequency and solid angle is = 0 =
?’T NP2 d?T 1) EJ\ ) . ,/
dodn ~ e dna B =i
whered?Z,/(dwdS?) is the radiation produced by a single ~2 s

electron, andF'|? is the coherent enhancement factor [2

which is defined as ~0.4 0.2 0 Gz Q.4

) z (mm)

|F|? = ’/n(z) e 7y

)

In the above expression, we have assumed a line charge',:Igure 1: Bunch longitudinal phase space before BC2.
i.e, zero transverse dimension, andz) is the longitu-
dinal density distribution. Ifn(z) is Gaussian, we have

F = exp(—k%02%/2) = exp(—2m202/)\?). Hence, it ex- CSR Energy Spectrum

plicitly shows that only long wavelength radiation, roughly The single electron radiation spectrum is very broad.

speaking, for\ > 270, is coherently enhanced. For fixed bandwidth in wavelength,e., fixed A\, the
spectrum increases with frequency at a powoer7¢3
Longitudinal Distribution and Spectrum until it reaches a critical wavelength [3, 4}.[4] =

2 —
Inthe LCLS case, the longitudinal distribution after BC118'64/(B0 [T]E [Gev])' In our case, atenergy — 4.54
. . GeV, and assuming a magnetic fiel$f = 1 Tesla, we
is parabolic. Hence, for a CSR detector at BC1, one m o . o

. vel. ~ 1 A. The incoherent synchrotron radiation (ISR)
take the Gaussian coherent enhancement factor, or work | S . .

L power (P;5-) per milliradian of horizontal arcd) and inte-

out for a parabolic distribution. However, when the elect

tron bunch with parabolic distribution passes the LINACgratecj over all "e_”'cf"" angles is proportional to the number
of electrons and is given by [3, 4]
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Table 1: Nominal parameters for LCLS BC1 and BC2.
28 p (M) [ 0. (mm) [ Ao (mm) [ fo (TH2) [ T(A)
—_ BCl1| 24 0.19 1.2 0.25 400
o, \ / BC2 | 145 | 0.021 0.13 2.3 3400
H 10
0 Fig. 4. As a comparison, again, we use Gaussian and step
-30-20-10 0 10 20 30 function distributions with the same rms bunch length. It

is clearly shown that the double-horn introduces radiation
at high frequency. Hence, if we have a detector receiv-
ing all the radiation, then this high frequency content will
smear out the bunch length information. Therefore, a filter
is needed if we want to extract the rms bunch length. The
general strategy is then to stay in the low frequency regime,
where a Gaussian distribution gives a reasonable represen-

Z (pm)

Figure 2: Bunch longitudinal distribution after BC2.
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Figure 3: Bunch spectrum after BC2. Long dashed cur Frequency (THz)

(black) is for the double-horn distribution; dashed curve
(blue) is for a Gaussian distribution, and dash-dotted (red)

is for a step function. Figure 4: CSR energy spectrum as a function of frequency
after BC2. Curves have the same meaning as in Fig. 3.

for A < X.. Notice that this power spectrum is derived
from Eq. (9) of Ref. [3] for 1% bandwidth in wavelength.
Caution should be taken when this is not precise enougletector

Given the ISR power spectrum in Eq. (3), the coherent . ; getector with fixed bandwidth in wavelength,
synchrotron radiation power spectrum is then the detected CSR energy is then

Pesy(A) [W/ (radf —m)] = N |F‘2 Pisr(A). (4) A4

EaaW I/ ) = [ " e ©)

Notice that theP,,,. is expressed in curredt hence, there A—8
is only N|F|? enhancement, but ndY? as one may ex-
pect. Experimentally, one will measure the radiation e

ergy rather than the power, hence we write

2\/§JZ

Cc

nlfor a Gaussian distribution, accordingdq,. given in Eq.
(5), andP;, in Eq. (3), we have

3.63 x 10710 N2ep!/3
04/3

N|F[* Par(). (5) Eaet(\, AN) [J/ (radf)] =

5087‘ ()\) [J/ (rad0 — m)} =

For BC1 and BC2 in LCLS, we have the parametersin , Jp |2 4o’ rl? dr*o? @)
Table 1. Should we take typical wavelengthigf= 2o, 3" (A + %)2 3 (A - %)2 ’
the correspond frequendy is also shown in Table 1.

Now, let us look at the CSR energy spectrum for thavherel'(a,z) = [ t*~!e~'dt is the “upper” incomplete
double-horn bunch after BC2. We assume that the deteégamma function.
tor has a bandwidth oA)\/\ = 1%, and the horizontal ~ In the following, we assume the horizontal bending an-
bending anglé = 1 mrad. The detected CSR energy as 4le to be¢ = 1 mrad, and a detector with the central re-
function of detector central response frequency is shown ponse wavelength & = 0.3 mm, and bandwidth of






