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X-ray pulse duration measurement
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Model description

Electron beam current:

N I, are independent
[(t)= (—e)Z o(t—t,) random variables with
k=1 probability density f(7)

SASE FEL Amplifier in linear regime:

E@)=[_ ht.0l@®dr=|_h(-0h,(0I(@)dr

(t—1=zlv, )2( i j
h(t—7)= A (z)e "= @D 4o L 3] time independent
n
h,(7) time dependent
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Model description

Electric field spectrum:

~ ~ N .

E(w)=(-e)H (@) h, (1, )e™
k=1

Average x-ray profile:
X (1) =|h, ()] f(r)

First and second order correlations

(E(0)E (") =€'NH, (0)H, (0" X (0'- ")

~ 2 ~ 2 ( ~ 2
" 472 " "
g! A _‘ ' 4 FEL Conference 2011
Jl—l‘\\o Shanghai, 24.August.2011



Model description

First and second order correlations functions
o {E@)E (@) B[ [E@])
g1(a) , ) — \/<

b b

8, (', @") = <

E(w")\2> E(a)")\2>

\8 (@' a)")\ = X(@-0) ~ Valid in the linear regime
s X (0)
For non-linear regime, we
' " ' " 2 I I I
g, (0w ):1+‘81(50 W )‘ run numerical simulations
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Model description
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Correlation of the intensity at the exit of the spectrometer

(5 +505)s(@-92,)) -
(8(a+523))(5(-53))

S (w) Intensity spectrum at frequency @

G, (w) =

@, Central frequency of amplification
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Procedure to

calculate G,

" Single-shot S(w)
6 Spectrum For each

spectrum

Average
" Spectrum
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G, function for different X(t) profiles

(=)’
(@) «e %% (0] relative FEL bandwidth

We assume that the spectrometer has Gaussian resolution
function

@ relative rms spectrometer resolution

2

(év—jwfo)z 5 ) = zo-a 5 w,
RO S (151 B
2 — \/%O- \/_\/O' +G wO

To find an analytical expression for G2 we need just to plug in
the X(f) average profile
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G, with Gaussian profile

_dw'éio;

1+20%c7
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G, with flat top profile
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Non stationary o, and FEL gain jitter

Central frequency jitters with
Gaussian law with rms o, ),

_(4—5(050)2 y )
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b 2ro
oo,
2 2 2 2 2
(O-j n 0-,721 n 0'2))8 Mo +0, )0, +0, +0,)
K(ow) =
\/(of +0',fl)(0'§ +0 +0'§))
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Non stationary o, and FEL gain jitter

Shot to shot gain as random variable with average G

correlate spectral  ['= (§+AG)(§ +AS") at @
Intensities "= (G +AG)(S "+ AS n) at @"
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Numerical simulations

1) Verity that relations hold well enough in saturation

2) Recover bunch length and spectrometer resolution

- 301 m electron bunch (P)IW]

- 3 m electron bunch 1% ~

Wavelength 0.8 nm fgr?g&’;fﬁ

Undulator period 3 cm

- o, =1x10"*

o =2x10""

0 z[m] 90
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Verify relation
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Simulated measurements results
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Experimental results

Experimental demonstration performed at LCLS

Photon energy 1.5 keV
Electron charge 250 pC

Different undulator length
Different peak current
Controlling lasing part of electron bunch with slotted foll

FEL Conference 2011
Shanghai, 24.August.2011

16

z
]
z
>
=
&

“I
m
m
m
z
L
o
el
-
>
]
[+]
2
B
(o]
]
<



Different undulators distance

100
& 90¢ | Measured
S ol Electron bunch length _ Spectrometer
S o relative
= 0 71 resolution o,
BD
5 60 e 1 (1.00£0.04)x10™
E 50_¢¢ ................ Y SRR RERRES ¢
g L0l Measured
= X-rays are
= 30) 1 shorter than
= 20l 1 the electron

0 | | | | | bunch

50 60 70 80 90
Undulator Distance [m]
! Aﬁ FEL Conference 2011

=
7

(

- @
B N\ 17 Shanghai, 24.August.2011

MNATIONAL ACCELERATOR LABORATORY



Different peak currents

200 . .
_ — Electrons (Flat top model)
E 180k ¢ Measured pulse duration
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Slotted foil measurements

0.5 ° 13 fs experimental data| = —
13 fs model fit beC “r’]” X-ray
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Thank you for your attention
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