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X-ray FELs promise revolutionary capabilities
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Exploiting the 9 orders of
maghnitude increase in x-ray
peak brilliance

* Pulse energy

* Pulse length

* Pulse coherence

» Spectral brightness

These properties enable us to
measure DYNAMCIS on the
atomic length and time scale!



LCLS performance parameters
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Current performance

Photon energy range
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What LCLS does: a few examples
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Barends et al., Nature, 505, 244-247 (2014)
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LCLS source fluctuations

ol Ay
oIk M\

Spatial Spectral

spectral intensity (a.u.)

— spectrometer 1
— spectrometer 2

8330
photon energy (eV)

sion/ %

A tran

| | | |
0 )} £ N (=) N ~
T T T T T

—10+t

-12

Temporal

-1.0

-0.5 0.0 0.5 10 15

X—ra).l - laser dela).«' / ps
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LCLS - intensity fluctuations
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LCLS beam profile monitor




LCLS beam profile measurements
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Transverse coherence effects
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LCLS front end gas detectors

o1 A
o b M\
S. Hau_Riege et al., J. Appl. Phys. 103 053306 (2008).
Gas detector #1
PMT with filtars— vacuum window Gas attenuator
PMT with filters 4.5 meter long, high
ioocoocolll (0000000 S ST pressun N,
e Inkat il &5 . I Downstream
= = i » J° PUMpP v - Iu differential pumping
24.4 mm vyl section
26.3 10.0 mm / . ean,
Ll T0.1 mim Upstream

on
. differential pumping ~ 2N
| section 2F ¥
L | insert (optional) & . 2, -
| N, Gas inlet I )
Be magnetic coils < insert (optional) Be  (b) o xdome ;
~

(a) Solid Be boil-off
attenuators
(0.1-32mm) Gas detector #2
1.8

P

< 16t
>
@ 4f
g
> 2t
=
wn 1+
C
_9 o8t
c
— st
[Q\]
- o4r
O o}
O 1 1 1 1 1 1 1

% 02 04 06 08 1 12 14 16

GD #1 Intensity (a.u.) 15



DESY/PTB Gas monitor detector deployed at LCLS

K. Tiedtke et al., J. Appl. Phys. 103 094511 (2008).
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Relative intensity monitor

Tono et al., Rev. Sci. Intsr. 98, 023108 (2011). Calculated Scattering Pattern
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Relative intensity monitor
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Photon statistics limited relative accuracy
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Atomic absorption edge measurement

Iron absorption edge
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One man’s trash is another man’s treasure!




One man’s trash is another man’s treasure!




The bent crystal concept

tn
»

bent thin silicon crystal

2dsm@,=A1
FEL beam \\

dispersed
Bragg reflection

2-D spectrograph

image of the through beam

9.54

956 958 9.60 962
photon energy (keV)

9.64

5..
(

)

24



=

The bent crystal concept
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Presentation Notes
assumes a parallel beam
assumes locally uniform radius of curvature
assumes uniform spatial profile, or need to normalize to spatial profile. 
assumes uniform spatial content. 

Christian was asking me about the signal level. Of course, this is again a function of the radius of curvature. Assume we use the whole beam foot print for a  100 eV energy range, in a 1 eV window, which is 1% of the foot print, we assume 50% reflectivity for the photons that satisfies the Bragg condition for this energy range, just to be conservative, that leads to 0.01*0.01*0.5 – 1e8 photons still !!! for 1 mJ, so 1e6 photons within a 1 eV window for 10 uJ. … We use a YAG screen + microscope, with a QE of about 1% of the fluorescence signal, so there is very big room for improvement!! Ideally, a 1 uJ beam should be already sufficient to produce a very bright spectrograph!! The intensity can be quite low when we go to lower photon energies … air absorption etc, they way is then to run it in-vacuum.

Another consideration is how far u want the screen to be from the crystal, you want it close to make the device compact, but u still want enough dispersion so the resolution won’t be limited by the YAG. We find for the Si(333) situation, 200-300 mm is a good distance, and for Si(111), it’s good to go slightly further. (Go through the numbers)



Spectrometer performance
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The next generation — variable energy design

« energy range: 4-20 keV
* bandwidth: > 1%

* resolution: < 3x10-°

« dynamic range: > 104

« transmission: > 50%

« sensitivity: < 1 micro Joule

Three crystals cover all the possible
photon energies with good overlap, for
high/low resolution options.
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Pump-Probe Experiments

Ultrafast X-Ray Diffraction
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Relative pump laser/FEL arrival time monitor
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Spectral normalization
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Data reduction example:
Step finding
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Correlating two time tools

Arrival time accuracy
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Sorting Data is Essential to “See” Effects

1.00 ~— ScCan step averages ]
—— Timetool rebinned
0.95 | 1

0.90

Relative Bi(111) Intensity

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
Time Delay / ps

0.75 : : :



Spatial Diagnostics
Intensity Diagnostics
Spectral Diagnostics
Temporal Diagnostics

- Arrival Time
- Pulse Structure



X-band Transverse Cavity

Lasing off
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Spectrum can be used to characterize double pulse
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Spectrum can be used to characterize double pulse

Double slotted foil at 14 fs: Double slotted foil at 14 fs:
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Spectrum can be used to characterize double pulse
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Summary

o1 AR

« X-ray free electron lasers provides revolutionary
capabilities but present significant challenges

* Uniqueness of each pulse, and in some cases sample,
drive the need to diagnose each x-ray pulse

« Sophisticated diagnostics are needed to optimize the use
of these sources

* Diagnostics are now implemented at LCLS to measure
various properties of the beam

« Spectrum, arrival time, intensity, ...
* Qur ability to conduct more precise experiments requires
advances in our beam diagnostics

40
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