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From the current 2-300 mW to
up to 600 W on the optics
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2.2 Layout

 The L2SI 2.X Beamline will utilize
monochromatic XFEL beam.

* It will host a RIXS end station, a

liquid jet end station, as well as the

possibility for a flexible third end

station position.



2.2 Layout

 The L2SI 2.X Beamline will utilize
monochromatic XFEL beam.

* It will host a RIXS end station, a

liquid jet end station, as well as the

possibility for a flexible third end

station position.

See Frank O’'Dowd’s Poster this afternoon for more detail




2.X Optical Layout
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Monochromator layout

Monochromator
reference position

1000

< #‘
x  20=176.16 deg 20=177.41deg | R
z = | ]
Mirror translates along z-axis, and rotates about x-axis to 1]

keep the beam aligned downstream of the grating.
Each position of the mirror corresponds to a different included

angle (=a+p3).

E=1227,d=0.72m

) The grating rotates about the x-axis to select photon energy. P

3
4) Translation along x-axis to select the grating. //

Corey Hardin - MEDSI 2018



Maintaining optical quality
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Being able to obtain the proper “image” Without having the “images” distorted by your
of what you are intending to study optics at a level preventing the experiment to be
successful
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Monochromator Requirements

=40 W @ 500 eV; 30 W @ 1300 eV

Resolving
Experimental Technique Eetp EPuIse AF\’lerage Phot;n Energy Power
ate nergy ower ange (E/AE)
Absorption spectroscopy | 100 kHz 30 uJ* 3W* —250-1350eV <5,000
Resonant coherent
) ] ) 10 kHz 30 uJ* 0.3 W* 50—-1300 eV <5,000
scattering and imaging
RIXS - low resolution :\ |
high through 100 kHz | 30 uJ* 3 W+ 250 — 1300 eV 5,000
(high through-put) 1MHzt | 3 u*t ’
[surfaces]
100 kHz 30 uJ* *
XMCD 1 MHzt 3wt 3w 250-1300 eV 1,000-5,000
Absorption spectroscopy | 100 kHz 30 u* 3 wW* 250 - 1600 eV 10,000-
50,000 |,
]
RIXS - high resolution 1 MHz# 0.2 uJ* 0.2 W* 250-1600 eV ,000-
g-resolved 50,000
RIXS - high resolution 1 MHz# 1ul* 1 W* éo —1600 eV 10,000-
vibrational 50,000
XPCS-soft 10 kHz 30 uJ* 0.3 W* 250 — 16NN eV 10,000-
50,000 |
*After the exit slit
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> with Seeded beam

> 600W for SASE beam

=4 W@ 500eV;3W @ 1300 eV
with Seeded beam

=90 W @ 500 eV; 70 W @ 1300 eV
with SASE beam

=160 W @ 500 eV; 190W@1300 eV
with Seeded beam
> 600W for SASE beam

=10W @ 500 eV; 12W @ 1300 eV
with Seeded beam
> 200W for SASE beam




Maintaining optical quality

New state of the art mirrors

180

200

Old Mirror limit
shape errors

@ 1300 eV
[ oo
Next limit could be the a

thermal induced
deformations
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REAL (Resistive Element Adjustable Length) Cooled Optics

Power Desnity (mW/mmz2)
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REAL (Resistive Element Adjustable Length) Cooled Optics
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mirror, some
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eutectic
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1) Add to the existing o

BE Optimizing X-ray mirror thermal performance
using matched profile cooling

Lin Zhang,*™* Daniele Cocco,® Nicholas Kelez,* Daniel S. Morton,*
Venkat Srinivasan® and Peter M. Stefan®
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Measurement Layout

Measuring in double bounce,
reference flats are A/300
Laser starts as 2mm round
beam, telescope expands
horizontal axis to 20mm,
Interferometer incidence

angle is ~259, Laser angle 11°
Silicon Mirror

12



REAL test

1t demonstration of X-ray mirror shaping (correction) using heaters

, , 1.1 nm rms after correct.
12.7 nm rms before REAL | VST D
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Heat Load induced by an IR laser (15W)




Expected performance improvement - a REAL example

Undulator flat mirror H-KB  V-KB
- ---——1 - |,
7 In focus spot
Z | 120m (from undulator exit) 8m ‘ 1.6 m I 1.4 m ‘
— 2.0+
0.7+ -
5 mm out of S
0.6 1.5
~ focus 2
5 057 . @
£ o] profile & 1.0+
'@ 0.3 £
[0) -
£ 02 0.5
! 0'0_‘1 T T T T T |
0.0 ; ) ' ' ' -3 -2 -1 0 1 2 3
Y (um)

There is a gain of a factor 2 in peak
power (or fluence) in focus

€ and much more out of focus

Let’s compare the effort/cost for
this mirror with the investment
to double or triple the power
from the source... $$$
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Monochromator layout

Monochromator
reference position

Yo N\ 4.9 deg
< 1000 >
x  20=176.16 deg 206=177.41 deg | GR‘
z = MZI
| .
* 1m motion keeps beam centered on L]
pre-mirror. E=1227,d=072m
« Accuracy of <70nrad across 1m
stroke required. Very difficult to /
achieve even with interferometric o

measurements.
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New Monochromator Design

« Since adaptive cooling is already required, we can utilize
it to remove the requirement of keeping the beam
centered on the pre-mirror

* As aresult, the linear motion of the pre-mirror can be
eliminated if we replace it with a longer mirror that only
requires a pitch about a point below the grating.

180 mm

e vt

" S
bmlm |

:r‘lwq mirror . — ‘
= Z —~ ' B |
-—e=sEeE o 12mm

B

Monochromator
reference position
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Beam Footprint on Mono Pre-Mirror

1.0 —

* Heater spacing can be

— HR 760 eV
— HR 1500 eV
— HR 280 eV
--- LR 820 eV
=== LR 7506V
--- HR 630 eV

tapered to match

changing beam size as  °*7
beam moves along

mirror g 06
+ FEA/Analytical study to
optimize spacing is in E 04 |
progress -
oz |
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High Resolution 300 I/mm D1 = 2.57 l/lcm? 280 eV

1600 |-

Number of Rays weighted by |E, +E_|*

200

0
279

Corey
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400 (-

M1 focal distance: 14.0 m M1 focal distance: 14 m NO CORRECTION

D, ideal: 0.007 l/cm3
D, ideal -0.001 I/cm#

D, ideal: 0.007 I/cm3
D, ideal -0.001 I/cm#

No thermal deformation Thermal deformation — 200 W @ source
AE=3.5 meV AE=4.7 meV
E/AE=80,000 E/AE=60,000
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High Resolution 300 I/mm D1 = 2.57 l/lcm? 280 eV

O
M1 focal distance: 14.0 m M1 focal distance: 14.1 m corrected
D, ideal: 0.007 l/cm?® D, ideal: 0.007 l/cm?®
D, ideal -0.001 I/cm# D, ideal -0.001 I/cm#
No thermal deformation Thermal deformation — 200 W @ source
AE=3.5 meV AE= 3.7 meV
E/AE=80,000 E/AE=75,000
Energy Energy
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Something about the heaters

For long mirrors, with variable footprint you need a
lot of wire (at least one per channel plus one for
each ground)

This means a lot of wires, and possibly
hydrocarbons in the mirror chamber

190.00:

o
I

" o 00 5o
I

15,00

Add in vacuum
multiplexing circuit?

- Heater side

175.00-

—_—19°C

= aser bump
------ REAL it1 Calc
= REAL it1

190.00:

——REAL it2
= = =Min x for Opt
= = =Max x for Opt

1 1 1 1 1 1 1
0.1 0 0.1 0.2 0.3 0.4 0.5
20
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Thanks for your kind attention
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