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Abstract: High-gain free-electron lasers are now well established

as ultra-fast, ultra-brightness, coherent X-ray sources. Since

coherence is one of the fundamental properties of light source, I I I I I I I I DJ:_ELDI I I I I I I I
continuous efforts on high-gain free electrons laser (FEL) coherence Section 1 Section 15 Section 17 Section 32
measurement are made. Here, we propose a possible approach,
employing the phase shifter to induce electron beam delay to

measure the temporal coherence length. Simple analysis, numerical
simulation and preliminary experiment results are presented. This In our case, the temporal coherence length is about

approach is frequency-independent. NA/3~151.53 nm, where N is the total number of

. iods. h undulator, N
h LAC. ford ED h LAC.stanfor ED undulator periods. At the end of the 15t un )
19zhou@SLAC Stanford EDU 1 jawu@SLAC stanfor. EDU equals to 1650. We can find that the temporal

coherence length is roughly about 150 nm.

Figure 1: LCLS undulator system, the phase shifter is placed
at Section 16

Theory
one-dimension linear model based on coasting beam approximation:
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L 'Ess At the moment, we have
1 1. 3 z scanned the phase difference
a(z,s):g[a(O,A)+(—§|+7)b(O,A) g 5 within 27z The experimental
F_ield solution 13 By a1 T (9) ‘z results agree with our analy-
in Zrequgncy +(,_7|) (0,A)e2 37 B sis and simulation well. It is
omain 2 £ worth to point out that this
T _ 3 1. 3 _ 3 22 approach is  frequency-
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In this paper, we have presented a simple analysis of FEL including a phase

Including | 5B(E,§7+ D) shifter in time domain. We find that when phase difference is quite small, FEL

phase shifter oz =P@s+05) oo (12) power oscillates with respect to the electron beam delay. However, when the

aP(E §+5§) o phase difference is greater than the temporal coherence length, the radiation

R 1Y 2T ) B ——— (13) would not change much. Based on the analysis, we propose an approach to

L 0z measure the FEL temporal coherence length by scanning the electron beam

AG, s)——{A(ZO - )+[(—£I+£)B(Zo S )+(——ﬁ|) dglay. Numerical simulation a.nd preliminary experiments at LCLS show that

Field solution 2 2 this approach can be potentially developed to measure the FEL temporal

in time domain jHi; Expected to have (14) coherence length. Effects of the momentum compact factor Ry, on temporal

P(z0,5+ )]e'k as}e ? interference Pattern coherence will be presented in further studies and the experiments using this

approach to measure the FEL temporal coherence length at LCLS is on our
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