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1 Overview
1.1 Introduction

CELLS is a consortium created to construct and aixphe ALBA synchrotron facility to
generate X rays for basic and applied research. fabiity, which will be located near
Barcelona, will include a 3-GeV, low-emittance sige ring able to run in top-up mode, which
will feed an intense photon beam to a number ofribeas. These are placed tangentially to the
storage ring and hold the experimental facilit@ae of the beamlines to be implemented in the
first phase of the project will be devoted to maeotecular crystallography (MX) experiments
using X-rays generated by an in-vacuum undulator.

This document is organized as follows. Chapter &dees the photon source of the beamline,
chapter 3 gives a general description of the besdiptics. Chapters 4-6 are devoted to the
detailed description of active optical elementg, tiamond filter, the monochromator and the
KB mirrors, respectively. The contents of this doemt are summarized in chapter 7.

1.2 Beamline overview

The scientific case of this beamline has been sitely discussed in the proposal made by
Spanish community, in the Scientific Advisory Conttee (Il meeting of SAC), and in meetings
with qualified advisors (AXD-MXBO-DG-0603). Somermggral important conclusions are:

* The beamline has to be able to cope with the stralctproblems related to large
complexes, which usually crystallize in large uodéls and relatively large crystals
(~200 um). At the same time the more conventional worloiming small crystals has
to be ensured to satisfy the needs of the scienifers community. To this aim, a
flexible optical design involving variable focusiogtics has been incorporated into the
beamline optical design.

¢ The MX beamline has to be able to exploit the arlonsadiffraction to solve the phase
problem in macromolecular crystallography measuremeét is therefore important that
the energy delivered by the beamline can be easilgd in the range between 5 and 15
keV.

¢ In the following years from now many MX beamlinedlve available for users in
Europe. Therefore, this beamline has to be opethdéonew developments that are
coming in this field. This includes new beamlinetiog control, experimental
techniques and robotization.

The beamline proposal and further consideratioad te define the general requirements to be
fulfilled by the beamline (table 1). The resultibgamline design is presented in this document.
The MX beamline at ALBA, XALOC, will be fed by a p permanent magnet (PPM) in-
vacuum undulator, which will provide high brilliam@nd flux density in the energy range 5-15
keV. The front-end includes the radiation safetyipoent and transmits the beam in an angular
aperture of 0.4x0.2 mragHxV) which can be further reduced by the coolddtevbeam slits.
Outside the shielding wall, the X rays will bediled by a CVD diamond vacuum window and a
diamond filter, and monochromatized by a Si(111hoahromator. Finally, the monochromatic
beam will be focused onto the sample or the detdayoa pair of mirrors placed in a KB
configuration. The experimental station will includll the equipment needed to perform both
wavelength independent experiments (MR, MIR, SIR) avavelength-selective ones (MAD,
SAD, SIRAS).
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Source In-vacuum PPM undulator
Si(111) monochromator

Optics KB focusing system
Photon Energy Range 5-15 keV
Photon flux at sample toph/s in 0.1x0.1 mfn

Energy resolution JEIE ~ 210
Energy stability 0.1 eV for 3 hours

Adjustable 50-20Qm (H)
Adjustable 20-10@m (V)

Beam divergence at sample (FWHM) <0.5 mrad, <Q&drfor large unit cells

Beam size at sample (FWHM)

Table 1. General requirements to the MX beamline.

Additionally, an interesting option is to use, etdiamond filter, a single diamond crystal of
good crystalline quality, so that it would operata# only as a filter but also as a Laue single-
crystal monochromator, delivering a diffracted bahat could feed an ancillary branch. As this
Laue monochromator is dispersive, only one fixedrelength would be collected by this
branch, whereas the rest of the radiation wouldds®rbed or transmitted to the main one. This
concept has already been proved effective in beasiliD10 and ID14 at the ESRF.

To reduce the costs to the minimum, no opticsliedeen in this branch for the moment. In the
beginning of operation, it would be dedicated t&t the instrumentation to be put in the main
beamline (and eventually other beamlines). In agéonterm scenario, this ancillary branch
could be equipped with basic instrumentation tdquer MX data collection. Regarding the
space availability in the Experimental Hall, it m@ly the space left by the upstream bending
magnet beamline, which has been cancelled duellisi@o of the bending magnet beam with
the in-vacuum undulator chamber.

2 Sour ce

21 Sour ce parameters

The photon source of the XALOC beamline is theasaum undulator IVU21, placed in th8 5
medium straight section of the ALBA storage ring. [Main parameters of the undulator are
shown in table 2. The undulator has been desigmedway that the energy of th& Farmonic

is close to 12.658 keV at a minimum gap. In thisywle undulator is optimised for MX
experiments, since the flux is maximum at the ncostmonly used energy, which corresponds
to the Se K-edge.

The storage ring is planned to be operated at anabrrurrent of 250 mA, although the storage
ring has been designed to be able to operate atrant of 400 mA. Flux calculations assume
the nominal value, whereas power calculations asstira hominal or the maximum values
depending on specified conditions.
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Type of ID FeCo, Pure Permanent Magnet,
in-vacuum undulator
Period Au mm 21,3
Number of periods N # 92
K (at minimum gap = 5,5mm) # 1.5949
Magnetic length L mm 1986

Table 2. Characteristics of the IVU21 undulator. Sizes didkrgences are given in full width at half
maximum (FWHM).

2.2 Sour ce flux

The tuning curve for the flux delivered by the IVUR the energy range of interest (5-15 keV)
and for gaps above 5.5 mm is shown in figure 1eNbat the energy range 5-5.3 keV can be
reached by this undulator only when the gap is5852mm, that is, below the nominal value of
5.5 mm. Therefore, this energy range can only lsessible when the operation of the machine
and the beamline will allow closing the gap furtbewn to the nominal value.

1015

14

100

Flux (ph/s/0.1%BW)

1013 L L L L L L L
5 6 8 10 12 14 16 18 20

Energy (keV)

Figure 1. Output flux of the IVU21 in the range of intereShe energy of the"7harmonic at minimum
gap is close to the Se K-edge (12.658 keV). CuiireALBA storage ring is assumed to be 250mA.

2.3 Sour ce sizes and diver gences

Photon beam sizes and divergences of the undidatoce are mainly limited by the sizes and

divergences of the electron beam circulating indtegage ring. The vertical divergence is also

also contributed by the effect of the electron gpespread [2], which has about the same value
than the electron beam divergence. Sizes and d@iwees are constant in the energy range of
interest (table 3), except for the vertical divercgs which nevertheless varies only by about
20% (Fig. 2)
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Photon source size (HxV) Sy Mm 309 x 18
Photon source divergence (HxV) 5% , urad 112 x 28-22

Table 3. Beam sizes and divergences delivered by the utwtidaurce. Values are given in full width at
half maximum (FWHM). Note that these dimensionsrdb the flux profile at a given energy in the
range 5-15 keV. Power profiles are much wider (Bjg.
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Figure 2. Vertical photon source divergence in the energgesof interest. Values are given in full width
at half maximum (FWHM). The other source divergeand sizes are constant in this range (Table 3).

2.4 Sour ce power

The integrated power delivered by the undulatoredes on the tuned energy of the undulator
(Fig. 3) since this is selected by changing the gjagh thus the K-value. At minimum gap (5.5

mm), the delivered power is maximum and is as higR.87 kW when the current in the storage
ring is 400mA. The power distribution is approxielgt gaussian, with a maximum power

density of 24.8 kW/mr&d(Fig. 4).
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Figure 3. Power delivered by the undulator in function af taned energy. Current in the storage ring is
assumed to be 400 mA.
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Nevertheless, part of radiation is absorbed byfithiet-end. The angular aperture of the front-
end is +0.2 mrad and +0.1 mrad in the horizontal wertical directions, respectively. This
limited acceptance reduces to ca. 1.5 kW the maxirppawer incoming to the beamline optics,
the front end absorbing 1.4 kW, assuming a curoéd00 mA in the storage ring. White beam
slits installed inside of the shielding wall willaw further reducing the power incoming to the
beamline.

Total absorbed power [KWimradZ] - Max = 24 .8 KWimrad2

«p (mrad) 04 -04 yp (mrad)

Figure 4. Angular power density (in kw/mraddelivered by the IVU21 undulator. Current in sige
ring is assumed to be 400 mA.

3 General optical description

The XALOC beamline will be installed at the strdigiection num. 10 of the ALBA storage
ring. The optics will consist of a diamond filter protect the downstream optics from excessive
power, a non-dispersive Si(111) monochromator ak& #ocusing optics (Fig. 5). As required,
this optics can deliver a tuneable X-ray beam aitjustable beam size at sample position.

ELET -

Figure5. Lay-out of the MX beamline, showing the main béaenand the ancillary branch.



EXD-BL130P-GD-0001 8

It has been considered interesting as a simplectmst and technically sound option, to use a
diamond single crystal of good crystalline quatitya filter in order to be operated as well as a
Laue single-crystal monochromator which would gateea diffracted beam. This beam might
be used as an ancillary branch of the beamlinée&iing instruments. The ancillary branch may
fill the space left by the upstream bending madpeztmline, which has been cancelled due to
collision of the bending magnet beam with the ictuan undulator chamber. To reduce the
costs to the minimum, no optics is envisaged irath@llary branch for the moment although, if
financially possible, it would be useful to instalpair of motorized slits and a precision table to
mount instruments.

The general optical descriptions of the beamling e putative ancillary branch are given in
this chapter. More detailed description of the \&ctoptical elements of the beamline (i.e.
diamond filter, monochromator and KB mirrors) igen in the following chapters.

31 Optical lay-out

The optics of the main branch consists in a vacwindow, a diamond filter, a channel-cut
Si(111) monochromator and a pair of mirrors in &kpatrick-Baez (KB) configuration [5] (Fig.
6). The monochromator selects a given energy, avitlarrow band pass, from all the spectrum
delivered by the undulator, and absorbs most ofittteming power. Symmetric Si(111)
reflection is chosen since the energy resolutigmmavides matches properly the needs of MAD
experiments in the energy range of interest. The rfiBors focus onto the sample or the
detector, the first one (coming from the sourcethimvertical direction, and the other one in the
horizontal one. The vertical and horizontal focgsimirrors demagnificate the source by a
factor of 3.84 and 6.58, respectively. The demagatibn factors compromise the beam size
and divergence at sample position.

Side view i
17
Source Diamond filter / Mono Vert focusing Horiz focusing Focus
Laue monochromator chromator mirror mirror

L | A . A J

r 17.6m T 3m 1 2.7 m T 2.2m T 3.875m V|

Top view — /
—t —

Figure 6. Schematical lay-out of the XALOC beamline, indhgithe main beamline and the ancillary
branch.
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The list of optical components of the XALOC bearalis shown in table 4, together with their
brief description and distance from source to tegifning of the element. In addition to these
optical elements, a complete set of beam definlitgyand a complete set of diagnostics devices
after each major optical element. The diagnosscsspecially important in order to achieve
good beam stability and high reliability of the béime, which is a major concern in the design.

Optical element Distance Description
from source

Isolates the vacuum of the beamline

CVD diamond Vacuum window 17m Absorbs power
Diamond filter 17.6 m _ Absorbs power
(Laue monochromator) (Provides beam to ancillary branch)
Si (111) monochromator 20.6 m Selects the energy
Vertical Focusing Mirror (VEM) 23.3m Focuses veally the beam
Horizontal Focusing Mirror (HFM) 255m Focusesihontally the beam

Table 4. Beamline optical components.

311  Adjusting the beam size at sample position

An important and tight requirement of the beamlg® have an adjustable beam size at sample
position to match it to the crystal size. Moreovethenever possible, the beam size at the
detector should not be much larger than the pgirdasl function (PSF) of the detector to avoid
losing resolution.

The beam size at sample will be adjusted in the ®ELbeamline by defocusing, that is, to

focus the beam out of the sample position, preferabto the detector or close to it. The beam
is then broader at the sample position. Howevegnwhiorking out of focus, the beam profile at
sample is very sensitive to the slope errors of dpécal surfaces, especially in the low-

frequency range. This is discussed in chapter 6.

Suitable beam homogeneity is especially difficalithieve in the vertical direction due to the

small beam size and divergence in this directiam. the case that the vertical beam

unhomogeneities affected the data collection, ilevdbe very convenient to be able to remove
the vertical focusing mirror from the beam path. ®ynoving it the beam would preserve the

original gaussian profile given by the undulatourse at the sample position. In this case, the
beam size should be adjusted using slits clodeesteample.

3.2 Spot sizes and diver gences

We discuss here the spot sizes and divergencesrgiles and focal positions, modelled using
SHADOW through a Matlab interface [3]. Note that slope errors are assumed here, as they
are discussed in chapter 6.

The focal spot size of the beamline without slopers is 50x5um? (HxV) FWHM (Fig. 7).
The detector is assumed to be in the focal posiBorthe sample will be placed out of focus.
The spot size at sample will then change depenaiintipe distance between the sample and the
detector. For example, to have data at 2A resaiuiging X rays at 12.658 keV and a detector
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having a diameter of 315mm, the distance must 8em8. In this position, the spot size at
sample is 195x33m? (HxV) FWHM. Changing the distance and/or defocgsimone or both
dimensions will change the spot dimension. Thesedsions are practically independent of the
photon energy.

It is worth remarking that the beam size at deteptsition can be as large as 146 without
degrading significantly the performance of the biaen This is so because this is roughly the
value of the point spread function (PSF) of thet ldesectors currently available, based in the
CCD technologies. The apparent beam dimensioneati¢tector will be, at least, the value of
the PSF, so experiments will not take advantagelstter focusing at the detector.

The beam divergence at sample is about 0.57x0.@@ rtiixV) FWHM at 12.658 keV (Fig.
8). The divergence can be reduced by cutting tlenbesing the slits close to the focusing
mirrors, at the expense of reducing proportiondtg flux onto the sample. The horizontal
divergence is limited by the acceptance of thezomtal focusing mirror.

DX {um) = 51633 DX {um) = 193301
DZ (um) = 4.815 DZ {um) = 32.974
Intensity = 3387660 Intensity = 388766.0
MN.rays =2500000 M.rays =2500000

star.05 screen 05071
Good rays - Int. weight Good rays - Int. weight

-60 a0 -150 100 -&0 a0 100 150

1] 0
X (4m) X (um)

Figure 7. Raytracing simulation of the spot sizes at detepbsition (focused beamle(t) and at sample
position (379mm before focugjdght). Mirror acceptance is included.

D¢ furad) = 568.760

D7 {urad) = 86.906

Intensity = 388766.0
M. rays = 2500000

star 05
Good rays - Int. weight

-300  -200  -100

b M0 200 300
X' (prad)

Figure 8. Raytracing simulation of the beam divergence/eogence at sample. Mirror acceptance is
included.
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As it has been said before, the vertical focusinganshould be removable in case its slope
errors introduced unacceptable unhomogeneitiegdambat sample or detector positions. In this
case, as the beam remains unfocused in the vediit&nsion, the beam size in this direction
increases to about 700m (Fig. 9). In this situation, clearly the beam IsHze slit down
vertically to adjust the beam size to the crystahahsions. Nevertheless, an important
advantage of this configuration is that the vettdigergence of the beam is that of the source,
which is only about 25rad.

DX {urn) = 50 688 T " ; ' T T DX (um) = 191994
- DZ (um) = 716 853 - DZ{um) = 707.240
- Intensity = 425512.0 - Intensity = 425512.0
_ Morays =2500000 _ MNorays = 2500000
_ star05 _ screen.0501
Good rays - Int. weight Gaod rays - Int. weight

-10  -100  -50

a0 o0 150

0
X (um)

Figure 9. Raytracing simulation of the spot sizes when vbeical focusing mirror is removed at
detector position (focused beangff) and at sample position (379mm before focughf). Horizontal
focusing mirror acceptance is included.

3.3 Flux at sample

The flux of the beamline at sample is essentialigpprtional to the flux delivered by the
undulator in the central cone because the soumerdiions are essentially unaltered in the
energy range of interest, so is the acceptancaeofrtirrors. In addition, other multiplicative
factors are also constant, namely, the reflectigitghe mirrors and the energy band pass for
each monochromator. Taking into account these deraions, as well as the transmission of
the diamond crystal, the calculated flux of the miaianch at sample position is above 3210
ph/s in the whole energy range, assuming a cuafe?50 mA in the storage ring and including
a symmetric monochromator (Fig. 10). This fulftie requirement on flux listed in table 1.

/\

12 L L L L L L L \ad
4 6 8 10 12 14 16 18 20
Energy (keV)

1013

#3

Flux at sample position (ph/s)

10

Figure 10. Calculated flux of the main branch at sample ggmsiassuming an current in the storage ring
of 250 mA. The model includes vacuum window trarssioin (30@/m-thick, diamond), monochromator,
and reflectivity and acceptance of the mirrors.
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34 Energy resolution

The energy resolutioAE/E provided by the beamline is contributed by twantgrnamely, the
natural divergence of the source in the disperdikectionZ’,, and the crystal Darwin width of
the incoming beanuy, .. In a first approximation these two contributiocan be added
guadratically, so the overall resolution is

— = Jab, tZ) cotd.

For symmetric Si(111) and the photon beam vertdimergence being that of the natural
divergence of the undulator, the calculated eneegglution is less thahE/E = 2 10% in the 5-

15 keV energy range (Fig. 11), fulfilling the beamel requirement. The resolution deteriorates
at higher energies due to the smaller Bragg angleish make the energy more sensitive to the
slightly different incidence angles of the divergbaam onto the crystal.

Raytracing simulations agree with the analyticadression. At 12.658 keV the simulation gives
a value of the energy resolution of 1.8*1Fig. 12), which compares well with the one obégin
with analytical expressions, 1.77°10

Regarding beam stability, this was set to be t8/1(Eable 1). As the energy bandpass has a
FWHM of about 2 eV, this represents a variatiorl@¥%, which is enough to perform standard
MAD experiments.

35

3,0
25

2,0

o_—
. #y/
#1 /

7~

15

1,0

Energy resolution (x10-4;

05

0,0 T U T
10 15 20
Energy (keV)

o
)]

Figure 11. Calculated energy resolutidxE/E provided by the Si(111) monochromator in the XALOC
beamline. The beam divergence and Darwin widthréi) contributions are added using RMS, and the
result is converted to FWHM in the plot. Note thi@s value is the FWHM of the equivalent gaussian o
the rocking curve, so its value differs from thégoral FWHM of the rocking curve (which is abou#1.
10* for symmetric Si(111), instead of 1.0"18s shown in red).
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D7 {urad) = 23 828
- DEnergy (V) = 2.289
- Intensity = 676003.7
_ MN.rays = 2500000
_ ctar.02
Good rays - Int. weight

-0 =20 -10 u] 10 20 30 40
z (wad)

Figure 12. Raytraced Dumond diagram (with wavelength remdog photon energy) of the beamline

with a symmetric monochromator. X-Y axes are vaitidivergence (ingrad) and energy (in eV),
respectively.

35 Power load on beamline components

The power from the source is filtered successiistythe Front-end fixed masks, the white

beam slits, the vacuum window, the diamond filtad ahe monochromator. The absorbed
power and power density of the latter 3 elementsichvare the most sensitive elements, are
listed table 5.

Working Working Worst case conditions
conditions conditions 400 mA
250 mA 250 mA
S_Iits matched to S_Iits matched to Full front-end acceptance
mirror acceptance mirror acceptance
0.112x0.054 mragd  0.112x0.054 mr&d 0.4x0.2 mrad
Incoming power 90.5 W 90.5W 1482 W
Power absorbed at 46.6 W 46.6 W 885 W
the vacuum window| 14 3 \y/mnd) (44.3 W/mnd) (44.3 W/mnd)
Power absorbed at 9w 143 W
the diamond filter (4.6 Wimnd) (removed) (7.4 Wimnd)
Power absorbed at 349 W 439 W 454 W
the monochromator| 5 & \y/mnd) (7 Wimn) (@ Wimn?)

Table 5. Power budget of XALOC beamline. The mirror accaptin working conditions is such that
covers 1 FWHM and 2 FWHM of the beam in the hortaband vertical directions, respectively. The
power on the monochromator at worst-case conditwitis the diamond filter being removed is 597 W,
with a power density of 11.2 W/nfrand 3.7 W/mrhat 5 and 15 keV, respectively.
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The power on the optical elements strongly depémtise acceptance of the white beam slits. In
the case they are fully open, all the beam accepyethe front end, which amounts to ca. 1.5
kW at a current of 400 mA in the storage ring,\asi at the beamline. These areloest-case
conditions More realistic conditions are attained when thetevbeam slits are matched to the
acceptance of the mirrors, and a current of 250isressumed to circulate in the storage ring. In
theseworking conditionsthe power incoming to the beamline is about 90fddm which half

of the power is absorbed by the vacuum window.

A more detailed analysis and the power distribition the diamond filter and the channel-cut
monochromator is given in chapter 4 and 5, respelgti

351  Thepower on the vacuum window

The power distribution on the CVD diamond vacuumdaiw in worst-case conditions is shown
in figure 13. Recent measurements done at ESRF RlaSci, private communication) show
that 300zm-thick CVD diamond of a diameter of 6mm can witimst total absorbed powers of
~500 W and absorbed power densities of ~70 W/msing water cooling. These values are
much higher than those calculated for this beamdineorking conditions. However, they can
still be a concern when working under the worsecesnditions, since the power absorbed by
the vacuum window exceeds those found safe thrdbhgbe experiments. Nevertheless, the
power on the vacuum window can be reduced by ajoia white beam slits. For instance, by
closing to the half the slits (0.2x0.1 mfadhe power absorbed is reduced to less than 250 W
without any reduction on flux at sample.

The “traditional” scheme of attenuation of the whibeam, that is, a combination of a
pyrographite filter and a Be window could also wttind the power and power densities of the
undulator when slits are closed down. In this tiadal approach, two pyrographite filters of a
thickness of 25Qum each and a diameter of 2 mm can absorb a maxipuwer of ~450 W
with a maximum power density of 45 W/minRegarding the Be window, it can absorb about
with a maximum absorbed power density of 3 W/nmevertheless, this approach is
disregarded due to the large amount of diffusetes¢ay from the pyrographite and to the
somewhat higher performance of CVD diamond vacuunadews.

Total absorbed power = 884 7WW - Man =44 3 Wimm 24t17.0m

Figure 13. Absorbed power of a 3Q@n-thick CVD diamond vacuum window, assuming that white
beam slits accept the maximum acceptance of thet4Emed (0.4x0.2 mr&il The current in the storage
ring is 400 mA
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3.6 Ancillary branch
3.6.1 Optical lay-out

In the case of being built, the ancillary branchuldotake advantage of the diamond filter

already in place for the main beamline, and uss & Laue single-crystal monochromator. This
thin diamond crystal would split the beam usedhis branch from the rest of the beam, which
would be absorbed or transmitted to the main bemniThis Laue monochromator is the only

optical element foreseen in order to simplify opieraand reduce costs. The branch will be set
up at a fixed energy (9.041 keV, 1.371 A), as thmud crystal acts as a dispersive
monochromator.

The strong Si(111) reflection, suitable due tdatge structure factor and the extinction of the
(222) reflection, diffracts the chosen wavelength2@ = 38.90°. Using a diamond crystal
cleaved in the [100] direction, the asymmetric angle is 54.736°, and the tilt angle with
respect to normal incidence is 15.815°.

3.6.2 Beam characteristics

The ancillary branch exploits the focusing progerton polychromatic beams of the Laue
monochromator [5]. Without any other optical elemethe diffracted beam focuses
approximately at 9 m after the Laue monochromatuo @ spot of 0.77x0.55 nfmand a
divergence of 137x24irad FWHM (Fig. 14). In the vertical plane the beambissically
propagated from the source, whereas horizontalbpimepressed due to the asymmetric cut of
the Laue crystal, at the price of a slight increafsine beam divergence (112 to 1&ad).

The energy resolutiodyE/E = 3.3 1d, can be readily improved by closing the horizosts,
as it depends on the horizontal divergence. Theiflcalculated to be 6.7 ¥0ph/s.

The energy resolution of the ancillary brancABE = 3.3 10", which is essentially contributed
by the relatively large divergence in the horizordaection. However, this can be readily
improved by closing the horizontal slits, as seldctnergy depends on the horizontal
divergence. The flux of the ancillary branch, mugilinited by the narrow Darwin width of the
Diamond(111) reflection, is calculated to be 6.7 pb/s.

Note that this beam would be well suited for aggilns requiring a very small divergence and
moderate beam sizes, as it could be the caserfm t®mplexes crystallizing in large crystals.

D3 (mm) = 0.772
4 DZ {mm) = 0.540

4 Intensity = 179168 6

| N.rays = 5000000
star.02

| Good rays - Int weight

D (urad) = 136.769
- DZ' (urad) = 24.199
- Intensity = 179165 6
_ N.rays =5000000
_ star02
Good rays - Int. weight

! 200 -100 0 100 200
X (mm) X' (wrad)

Figure 14. Raytracing simulation of the beam sizledt( and divergencesight) of the side branch at 5m
after the diamond filter, assumed to be a g00thick crystal working in Laue configuration.
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4 Thediamond filter / Laue monochromator

4.1 Functionality

The primary function of the diamond filter is tosalb the low-energy part of the power, which
is not used by MX experiments, and avoid the théeffacts of this to the optics downstream.
This function can be accomplished by using a stah@&D diamond.

Nevertheless, if the diamond is of good qualitye fiiter can be used as well as a Laue
monochromator, which could diffract a monochromdtieEam sidewards onto an ancillary

branch, whereas the rest of the radiation not dlesbwould be transmitted downstream to the
beamline. This option does not change the optiedlopmance of the filter vis-a-vis the main

beamline. See section 3.6 for details of the filterking as a Laue monochromator.

4.2 Transmission

The diamond crystal has to transmit a significanbant of the radiation in the whole energy
range of interest (5-15 keV), while absorbing tlestrof the radiation power. The effective
thickness of the filter, that is, the length of theam path inside the filter, is the key parameter
to play with. An additional constraint is that tfileer should be thick enough to be mechanically
and thermally stable.

A good compromise between these factors appears tothickness of 300m, which with a
tilt angle of the filter of 15.815° correspondsatoeffective thickness of 311/8n. At 7 keV the
transmission of the diamond filter with the diamoratuum window is more than 20% (Fig.
15). Below 7 keV, the diamond filter should be reex to reduce the absorption. At 5 keV,
with only the vacuum window in place, the transiioisss about 12%.

Transmission

diamond 0.3 mm  {vacuum window)
diamand 06812 mm {vac. window + filter)

Energy (keV)

Figure 15. Transmission of the vacuum window (black linejl éine vacuum window with the diamond
filter.

4.3 Power load

Table 5 summarizes the power absorbed diamond tiltder thewvorst-case(white beam slits
fully open, the storage ring operating at 400mAd amrking conditiongslits closed to mirror
acceptance, which is 112x5#fad’, and a current of 250 mA in the storage ring).



EXD-BL130P-GD-0001 17

Assuming a thickness of 3Q@n and a tilt angle of 15.815°, the power absorhethé diamond
filter under the worst case conditions is 143 Whve maximum power density of 7.4 W/fhm
(Fig. 16). The power footprint is relatively largghout 9x4 mrh As explained in section 3.5.1
regarding the vacuum window, these values can Behardled using designs already tested.
Therefore, the diamond filter works in safe comti even under the worst-case conditions.

Total absorbed power = 142 9WW - Max =7 4 Wmm Zat176m

Figure 16. Absorbed power of a 3Qén-thick diamond filter tilted with respect to thedm by 15.815°,
assuming that the white beam slits accepts the rmami acceptance of the Front-End (0.4x0.2 fjrad
The effective thickness of the filter is 311fh. The beam has already been filtered by gA6€hick
CVD diamond vacuum window. The current in the gjeraing is 400 mA.

However, the power and power density absorbed éydihmond filter must be much lower to

preserve the optical required properties to workadsaue monochromator. In particular, we

require the cooling system to be able to evacuseltermal load without introducing a RMS

deformation of the crystal greater than 4@d, which corresponds to the RMS vertical beam
divergence. A higher deformation would lead to gn#icant broadening of the beam in the

vertical direction. Finite Element Analysis hashi® done to evaluate the effect of the thermal
bump and to choose the cooling scheme.

An example of the absorbed power and power detisitya Laue monochromator can absorb is
given by the beamline 1911-1 at Maxlab (Thomas Mrgtrivate communication). In this
beamline, which has a wiggler as a photon sour880am-thick, unbent Laue monochromator
is used under a heat load of 10-15W and a powssityeof around 1 W/mf The amount of
absorbed power under working conditions in the XA&L.Beamline (9 W) is comparable to this
beamline, although the power density (4.4 WAnis higher due to the source (in-vacuum
undulator used in XALOC, wiggler used in 1911-1fA-is needed to validate the use of the
diamond filter as a Laue monochromator in the XALB#amline.

4.4 Footprint at the diamond filter

The footprint of the beam at the diamond filtecas 2x0.5 mrhHxV (FWHM), with a gaussian
profile in both directions (Fig. 17). Note that $keare the dimensions of the beam in the energy
range of interest, not the footprint of the whitan. The total footprint including all energies is
much broader, as shown in power calculations.
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DY (mm)=2.025

1 DX {mm) = 0421

H Intensity = 179168 6

{ Morays =35000000

| mirr.01

Good rays - Int. weight

Y (mm)

Figure 17. Footprint of the monochromatic beam (9.041 keW}tee diamond filter. Tilt of the filter with
respect of the beam is 15.815°.

5 The monochromator
51 Functionality and scanning mechanism

The monochromator selects the energy at which xperament will be carried out. Only the
selected energy and its harmonics go through, vdiiléhe other energies, which amount for
practically all the power of the incoming beam, absorbed.

51.1 The Bragg angle

The optical elements of the monochromator are @n&ital surfaces placed in a non-dispersive
mounting and with the optical surface orientedhie fL11] direction. The energy is selected by
rotating the stage in which the surfaces are tklds changing the incident angle of the beam
onto the crystalsBragg angl¢ (Fig. 18). The relation between the selected @henergy (thus
the wavelength) and the Bragg an{lis given by the Bragg law,

A = 2dsiné,

whered is the interplanar spacing of the diffracting eefion of the crystal (in the case of
Si(111),d = 3.1355A),8 is the angle between the beam and the crystahcirindl is the
wavelength of the diffracted photons (being thergneE [keV] = 12.398414 [A]). In the
XALOC beamline, the experiments will be done witte@g angle ranging from 7.574° (at 15
keV) to 23.296° (at 5 keV), although for mechanigatl alignment reasons the range shall be
larger.

The intrinsic angular band pass of the monochromago also calledarwin width is related
to the accuracy required to the main goniometetrothimg the Bragg angle. The Darwin width
is derived from the differential form of the Braggw,
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Wy, = (EJ tanéd
Si(119)

where@is given by the selected energy adifEfE)si111)iS the energy bandpass intrinsic to the
reflection (for Si(111)4E/E = 1.4 10).

Figure 18. Basic lay out of the monochromator. Bragg angléetermines the selected energy. In the
channel-cut design the two diffracting surfacescamwed in the same block, so the gdmpetween them is
constant. In the double-crystal, fixed-exit monachator, the crystals are adjusted independentthey
provide a exit beam at a constant height

5.1.2  Thechanne cut and thefixed exit designs

As explained in the previous chapter, two differdrdsic designs of the double-crystal
monochromator are considered in the XALOC beamlthe: channel-cut and the fixed—exit
designs. In the fixed—exit design the relative pasiof the crystals are adjusted to provide an
exit beam at fixed height (Fig. 18). In the channel-cut design, the two aaitsurfaces of the
monochromator are carved in the same crystal bleckhe gag between crystals is constant
which easies the operation as the alignment betwegetal surfaces is ensured.

Both designs have pros and cons. The fixed-exitaooromator, when is well aligned, provides
a fixed beam at any energy, so the requirementb®mwoptics downstream are less demanding.
The other design, the channel-cut, is much simpieterms of alignment, vacuum and
vibrations, and cheaper, although the beam chatgagight at the exit of the monochromator
upon the energy. The choice between these two nhooator designs is a matter of taste and
depending of the previous experience of the stathiarge at the beamline.

XALOC beamline will probably use a channel-cut mom@mator. The decision is taken on the
basis that good beam stability is most likely todmhieved with this design because of its
simplicity, which allows a higher stiffness of taesemble.

Finally, note that, in a channel-cut design, sdvenannel-cut crystals can be mounted side by
side on the stage, so that one of them can betsélexbe placed in the beam path. This would
be useful to place crystals cut along differentdggraplanes, or with an asymmetry angle.
However, as the vast majority of the data colletiwill use the symmetric Si(111) reflection,
the option of placing different crystals side bgesis disregarded for sake of simplicity.
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5.2 Positional analysis
521 Height of the exit beam

An important drawback of the channel-cut desigthé it does not provide a fixed height of the
outcoming beam, but it depends on the wavelengirfollow the beam, the optics downstream
and the experiment environment have to be displacedrdingly. The monochromator design
has to limit as much as possible this beam heighation to simplify the beamline operation.

For symmetric crystals, the beam heibtdt the exit of the monochromator depends on the se
up wavelength via the Bragg andle

h = 29 cosf,
whereg is the gap between the two diffracting crystafaces. In the other hand, if the crystal

surfaces were asymmetrically cut with an argl@ositive when turning anticlockwise from the
surface to the crystal planes, i.e. in the expandinde), the beam height would be

cos6
cosa + cotdsing

hasym = 2 gasym

The effect of the channel-cut monochromator on Weam height is of the order of 1-2
millimetres (Fig. 19), and is proportional to thepgoetween crystals. The gap between crystals
should be as small as possible to relax the strakddolerances (as many depend linearli,on
see below) of several movements, while avoidingpilesence of shadows at large Bragg angles
and ensuring the accessibility to polish the s@fac

13,0

\ [ Asymmetric Si(111) (o = 2,50)}

125 -

/)i_

/ Symmetric Si(111)
11,0 —+———++—++—

5 6 7 8 9 10 11 12 13 14 15
Energy (keV)

Beam height (mm)

=
=
3]

Figure 19. Energy dependence of the height of the beam atettit of the symmetric (red) and
asymmetric (black) channel-cut monochromators. ées between crystals are 6mm and 7.65mm for
the symmetric and asymmetric crystals, respectivEihe gap of the asymmetric crystal has been set to
provide the same height as the symmetric one 868X%eV.
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522

Beam travel along the second crystal

An important issue which depends on the gap betveegstalsg is the travel, of the beam
along the surface of the second crystal as weiscamergy. This is given by

1 1
l, = -
2 J ( tand,, cosa +sina  tang,,, cosa +sina J

To put some numbers, to cover the entire energgerasf the beamline (5-15 keV), and
assuming the gap to be 6 mm between two symmetric surfacgs (0), the beam shift along
the second crystal surfaceiss 31.2 mm.

523

Additional adjustmentsin a channel-cut design

Apart from the Bragg angle, the crystal needs toriEnted along other directions and rotations
(see figure 20 for definitions). In the case of thannel-cut design, these are

Pitch of the second crystéb,): It is critical to adjust the detuning betweer ttwo
crystal surfaces at any Bragg angle. It should aftdct the planarity of the crystal
surface. The resolution of the pitch adjustmenthef second crystal has to be much
smaller than the Darwin width to allow an accurateing of the monochromator. It is
the only additional adjustment to do in the charoutlmonochromator during normal
operation. A strain gauge can be used to encodgatsigon.

Vertical translation of the crystdl?): This adjustment allows the alignment of the
crystal height with respect to the axis of the Braggle. This is needed to predict the
beam height at the monochromator exit. To havaafillumination of the first surface
the axis of the Bragg angle has to lie on the sertd the first crystal.

Yaw and roll of the crystajg andy): They are only needed to correctly position the
crystal with respect to the beam to limit the mgainent effects.

Transversal translation of the crysia) The crystal blocks must be shifted in the
transversal (X) direction to select the channelearystal which will be used in a given
experiment.

Second surface

...........
0 \ ..............

Figure 20. Definitions of orientations and rotations of t@nochromator. Definitions are also valid for
the KB mirrors.
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524 Misalignmentsin a channel-cut design

Misalignments on the position of the crystal bldekd to deviations of the beam position and
energy shifts. The monochromator has to be aligmedch a way that:

« The beam shall not shift significantly in the tremsal direction in energy scans. This
shift is due to roll misalignments.

* The effective value of the Bragg angle on the aigstioes not differ significantly from
the nominal one. This is ensured by limiting thevyand roll misalignments of the
crystal.

* The rotation axis that sets the Bragg angle liethersurface of the first crystal surface,
or at any determined location. This is importanbé&able to predict the height of the
beam at the exit of the monochromator from the evalfithe set-up energy (and thus
from the Bragg angle) using expressions in se@iaril.

These three conditions to correctly orientate pmsithe channel cut crystal are quantified
below.

5.2.4.1 Lateral shift of the beamline in energy scans

The beam shifts transversally due to roll misalignts. In the case of the channel-cut
monochromator, as the two crystal surfaces ardlplardney have the same roll angle. In this
case, if the roll axis is collinear with the bearisgwhich is true if the beam is not deflected
before the monochromator, as it is the case in X8),Qhe beam is only shifted transversally
during the path between the crystal surfaces. M@eaince a constant transversal shift is not
an issue for alignment purposes, one has to oiony the difference of the transversal shift
of the beam when scanning the energy, that is,

AX = 2xAh

wherey is the roll misalignment of the channel cut criysied Ah is the difference in the beam
height in the whole energy range, which is lessntBamm (Fig. 23). Therefore, a roll
misalignment ofy = 0.25 mrad will produce a lateral beam shift bbat 1 4m, significantly
smaller than the horizontal beam size.

5.2.4.2 Misalignments affecting Bragg angle value: yaw apit

Due to orientation errors of the monochromator teigs(pitch, yaw and roll), the effective
Bragg angle of the crystals with respect to themiag beam will be different than the nominal
value. A conservative estimate of the effective dgraangle of the first crystal taking into
account the orientation errors and the beam divieges [4]

I 1 I I
6.-0,-%,) = 5 [E+ ), + X5 4 gy,

X
0

where
a Rotation (Bragg) angle

5 Beam horizontal divergence
X
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2y Beam vertical divergence
X Roll of the crystal block

@ Yaw of the crystal block

To put some numbers, & = 30°,2', = 0,22 mrad (i.e., twice the horizontal FWHM beam
divergence), angt andgare aligned to an accuracy better than +1 mradd#viation of Bragg
angle of the first crystal due to misalignmentd Wwé less than 2rad, which is well below to
the Darwin width of the Si(111) crystals.

5.2.4.3 Height of the Bragg angle axis respect to the firgstal surface

Previous expressions assumed that the rotationtlaissets the Bragg angle was lying on the
surface of the first crystal. Strictly speakingjsths not necessary to correctly align the
monochromator, as other analytical expressionsdcbelfound in the case that the Bragg angle
axis had an offset. However, regardless the logaifdhe Bragg angle axis, the offset has to be
known to be able to predict the beam height depselen the energy. Any uncertainty leads to
a misalignment of the beam height at the exit efrtftonochromator.

Let’s evaluate the effect of this misalignment. dse that the axis setting the Bragg angle has
a known position within an uncertainty dfA along the crystal surface normal direction. The
resulting uncertainty in the beam height is then

Ahy = 24A cosé.

Assuming we align the crystal surface with resgecthe axis setting the Bragg angle to a
uncertainty of4A = £2um, the uncertainty of the beam heighill be Ah, < x4um. The
vertical demagnification done by the vertical fdogsmirror (M, ~ 4) reduces the uncertainty of
the vertical position of the beam to #fn at sample position, which is acceptable.

53 Power load

The first crystal of the monochromator will abscalh the power transmitted through the
previous elements (Front-end, white beam slitsusatwindow and diamond filter). See table
5 for the summary of the power loads on the crystaler the worst-case (white beam slits fully
open, the storage ring operating at 400mA) and imgriconditions (slits closed to mirror
acceptance, which is 112x5fad’, and a current of 250 mA in the storage ring).

In working conditions the calculated absorbed powéess than 50 W, whereas power densities
range from 3.7 W/mat 15 keV to 7 W/mrat 5 keV. These heat loads are well handled by
Si(111) crystals with indirect cryogenic coolings An example, in a test at SPring8 the rocking
curve width of a crystal absorbing 400W with a peakver density up to 76 W/nfrvas kept
constant within only 1 arcsec fBad) [6]. In the same tests, when the heat loacased to 700
W, the rocking curve broadened by 4 arcsecy2@). Therefore, as this experiment and other
results at the ESRF combining measurements andlaitns have shown [7], the power and
power densities yielded in the monochromator undlerking conditions can be efficiently
evacuated by the state-of-the-art cryocooling systeithout introducing a significant thermal
bump in the crystal surface

In the worst-case conditions, maximum power dessitire the same as in the working
conditions, and only total absorbed power incredseabout 600 W without the diamond
window. The total amount of power absorbed reprssantougher requirement, but is still
manageable by an indirect cryogenic cooling as imead experiments have already proven.
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Regarding the power footprint, it changes with ggen the longitudinal (Y) direction. At 5
keV the footprint is about 10.5x10 rnwhile at 15 keV it increases to 10.5x32 mmvhen
white beam slits are fully open.

Total absorbed power =43.9W - Max=T70Wimm Zat206m

v {mm)

Figure 21. Spatial power distribution absorbed by the firgtstal of the monochromator at 5 keV (Bragg
angle 23.296°) in working conditions (i.e. curr@ft250 mA in the storage ring and slit acceptance
reduced to 1 FWHM of the beam divergence horizontahd 2 FWHM vertically). The beam is
attenuated by a 3@fn-thick diamond vacuum window.

Total absorbed power =454 7W - Max = 8.9 W/mm 24t 206 m Total absorbed power =454 7W - Max = 3.0 Wimm 24t 206 m

Figure 22. Spatial power distribution absorbed by the fosgstal of the monochromator when the
selected energy is 5 keleft) and 15 keVright) in the worst-case conditions. Bragg angles arg°2ghd
7.57°, respectively. The beam is previously cutthy front end, and attenuated by the @@ethick
diamond vacuum window and the 380-thick diamond crystal in Laue geometry (effectikickness is
311.8um).
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6 The focusing optics: KB mirror mounting

6.1 Functionality

The monochromatized beam is focused onto the ewpetal set-up (either the sample, the
detector, or at some point along the optical ariarby) by two mirrors in a Kirkpatrick-Baez
configuration [5]. In this configuration each mirrfincuses meridionally in one dimension, so
their nominal shape is an elliptical cylinder. Tthermal load on the mirrors is negligible.

The vertical focusing mirror (VFM) and the horizahtocusing mirror (HFM) will be placed at
23.3 m and at 25.5 m, respectively, from the souBe¢h are coated with Rh have a nominal
grazing incidence angle of the beam with respecdheo surface of 0.235° (4.1 mrad). The
reflectivity of the mirrors is around 0.9 in the @l energy range, with a cut-off energy of
about 16 keV (Fig. 23).

The mirrors focus the source nominally at a distagpc= 6.075 m andy, = 3.875 m, for the
VFM and the HFM, respectively. The demagnificatadrthe source is theMl, = 3.84 andV, =
6.58 in the vertical and the horizontal plane, eespely. Nevertheless, the focus has to change
in a limited range to be able to focus either oa sample or the detector, which can be at
different distances from the sample (typicallyhe tange of 0.07-0.7 m).

The useful optical length of the VFM and HFM misads 300 mm and 600 mm, respectively.
The VFM accepts the entire beam, whereas the HFMdpds 1 horizontal FWHM of the beam.
This length of the HFM appears to be a good comjmerbetween acceptance and handiness,
optical properties and cost.

o
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Figure 23. Reflectivity of the KB mirrors. The mirrors areated with Rh and have a grazing incidence
angle of 0.235 deg (4.1 mrad).

6.2 Beam footprint

The VFM has a footprint of 143 mm FWHM longitudilyahnd 2.7 mm transversally (Fig. 24
left). The footprint of the HFM is much longer than ¥eM, due to the larger divergence of the
source in this dimension. This implies in practib@t the beam is cut by the horizontal
acceptance of the HFM, which is 600mm. This reprssapproximately the FWHM of the

beam (Fig. 24right).
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Figure 24. Beam footprint on the verticalkeft) and horizontalr{ght) focusing mirrors. The beam is cut
in the horizontal dimension by the acceptance eHRFM.

6.3 Effect of thedopeerrors
6.3.1  Short-period dopeerrors

The effect of slope errors having short periods gared with the footprint of the beam on the
mirror is a broadening of the focused beam. At éditie induced broadening is

I
slope

g = 24,0

z, slope

whereq, is the distance between the optical element aadadtus in the z direction, am@gope

is the RMS slope errors in this direction. This teirution is to be added quadratically to the
focal size resulting from the demagnification of $ource. As typically the focusing distance is
about 5 m, by limiting the RMS slope error up tdesv trad, when working under these
conditions the beam is not severely broadened dgyeserrors. Moreover, the beam preserves
the gaussian profile.

When working out of focus, beam unhomogeneitiesearHowever, these are only important
when working very far from focal condition and hretvertical dimension, in which the blurring
effect induced by the emittance of the source igllem

6.3.2 Long-period dlope errors

Long-period slope errors, i.e. those with periantggler than about 1/10 of the footprint of the
beam on the mirror, do not simply expand the besushart-period errors do, but rather change
the beam profile losing the original gaussian sh@pese beam unhomogeneities are especially
important when the beam is defocused, as is itngldrin the XALOC beamline to match the
beam size to the crystal dimension, and in theiozrplane due to small source size and
divergence.

As an example, let's model the beamline introdudiffgrent slope errors with realistic profiles
and RMS values (Fig. 25). Raytracing calculationg gompletely different values of the beam
sizes at sample and in focus depending on thel@affihe slope errors at low frequencies, even
though RMS values are below/ad.



EXD-BL130P-GD-0001

27

Rms Slope Error = 0.856 urad
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Figure 25. Two examples of the effect of long-period slopeoks of mirrors §éboveg Modelled slope
error profiles for the VFM and HFMbélow) Resulting modelled beam spots at fodeft and at sample

7).

(right) positions. The values are to be compared withribdel of the beamline without slope errors (Fig.
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Example raytracing calculations show (Fig. 26) thatbeam homogeneity is specially affected
by slope errors with periods longer than 20 mmhim tertical plane and longer than 150 mm in
the horizontal one. These periodicities correspomgghly to 1/7 and 1/4 of the FWHM
footprint on the VFM and HFM, which are 143 mm &0 mm, respectively.

VFM - 1 grad rms in period range HFM - 2 yrad rms in period range

DX {um) = 192.555 DX {um) = 184.946
DZ {umj = 49.166 DZ{um)=32838
Intensity = 335316.4 Intensity = 385524.7
N.rays = 2500000 N.rays = 2500000
screen 0501 screen 0501

Good rays - Int. weight Good rays - Int. weight

& 10-20mm

100 180 200

DX (urn) = 193 678
DZ (umj) = 27.100
Intensity = 334729.2
M. rays = 2500000
screen 0501

Good rays - Int. weight

DX (um) = 187.943
DZ (um)=33.151
Intensity = 384623 7
N.rays =2500000
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-150 -100 -

DX (um) = 193 365
- DZ (um) = 28.203
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~ N.rays =2500000
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DX (um) = 183121
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Good rays - Int. weight

30-50mm [75-150mm

DX (urm) = 192188 DX {um) = 182.553
DZ (um) = 62.068 - DZ {um) = 31820
Intensity = 385467 7 . Intensity = 384678 8

N.rays = 2500000 _ N.rays = 2500000
screen.0501 screen.0501
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Figure 26. Example of raytraced beam spots at sample pos{839 mm before focus) showing the
influence of the periodicity of the slope errofseft columi An RMS slope error of firad is assumed in
the VFM in the specified period range (from up @tbm, 10-20 mm, 20-30 mm, 30-50 mm and 50-100
mm). The profile is highly inhomogeneous at perigdis above 20 mmRight columh Same for the
HFM with a RMS slope error of 2rad in the specified period range (from up to bott@0-40 mm, 40-
75 mm, 75-150 mm and 150-600 mm). The profile bezpimhomogeneous at periodicities above 150
mm.
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In conclusion, the control of long-period slope oesr and the handling of the beam
unhomogeneities caused by them is a critical igsughe beamline optics design. Careful
consideration of the quality of the mirrors is matudy. Ideally, specification of the mirrors
should be made through the Power Spectral DenBiBD] or, at least, include the maximum
allowed slope error generated by the long-periogeslerrors which affect the homogeneity of
the beam spot.

6.3.3 Reducing the effect of long-period slope errors
6.3.3.1 Removing the VFM

In case the vertical unhomogeneities affected tredity of data, the VFM could be removed
from the beam path. In this case, as the beam msmaifocused in the vertical direction,
vertical beam size at sample increases to#h0FWHM (Fig. 9), but preserving the gaussian
profile given by the source. Beam should be adfusising slits close to the sample. An
additional advantage of removing the VFM is tha tfertical beam divergence is that of the
source, which is as low as 2Bad FWHM.

6.3.3.2 Reducing the grazing incidence angle

Reducing the grazing angle of incidence on theanispreads the footprint along the mirror.
This is usually considered adverse as the mirrertbde longer to collect the same fraction of
the beam. However, spreading the footprint alofenger surface averages the slope errors, so
their effect on the spot at sample is to broadea Mteam profile and smoothing the
unhomogeneities.

This is illustrated in figure 27, in which the beapots at 379 mm before focus are shown for 2
different coatings and incidence angles of the VMt with the same slope errors. The spot
produced by a shallower angle of incidence onto/Rkl is broader and more homogeneous.

VFM Rh-coated, incidence angle 4.1 mrad VFM Si without coating, incidence angle 2 mrad
DX (um) = 182.754 " " - : " " D (um) = 192.742
DZ (umj=6.019 DZ {um) = 10419

Intensity = 386384 4
M. rays = 2500000
screen.0501

Good rays - Int. wieight

Intensity = 328809.7
M. rays = 2500000
screen 0501

Good rays - Int. weight

Z (pm)

Figure 27. Example showing the influence of the footprinttba beam spot out of focal position (spot at
379 mm before focus). In both pictures RMS slopersrof the VFM are Jrad. (eft) VFM is coated
with Rh, with an incidence angle of the beam orite mirror of 4.1 mradright) VFM not coated
(reflectivity given by substrate made of Si), wih incidence angle of the beam onto the mirror.06f 2
mrad. The modelled slope error profile is the sémimoth cases.
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6.3.3.3 Use of optics locally corrected

The local correction of the optical surface allawducing the amplitude of slope errors having
relatively long periods. Several methods are intoseorrect locally optical surfaces. Currently
available ones are

Iterative polishing: the surface is iteratively isbked and measured to find local defects.
After several iterations, slope errors with longipds are reduced

Use of adaptative optics. Adaptative (bimorph) orsrhave the capability to modify
the surface through piezoelectric actuators soltmaj-period slope errors are reduced.
Only periods above twice the length of the actuétarrently ca. 2x20 = 40 mm) can
be corrected.

The strategy chosen in XALOC to reduce the effdcslope errors, and in particular those
having long periods, depends on the capabilitigh®itompanies tendering for the KB mirrors.

2

Summary

The beamline has to be able to cope with relatilalge crystals, while keeping high
resolution in reciprocal space (needed for largi cells), and at the same time to
satisfy the needs of the user community which dguabuires small crystals. To this
aim an optical design comprising a flexible fogabtsthat may be adapted to the sample
geometry has been designed.

The beam size should be adjusted to match the diove of the crystals to be
measured. Consequently the beam dimensions at egropition are adjustable in the
range 20-20@Qm. Larger dimensions within this range will be fiead by defocusing.

The beamline will be tuneable (5-15 keV) and optiedi at the Se K-edge (12.658 keV)
to exploit anomalous diffraction.

The source will be a PPM in-vacuum undulator wittpexiod of 21.3 mm and a
minimum gap of 5.5 mm. The calculated flux on samglabout 5 18 ph/s.

The Front-end has an acceptance of 0.4x0.2 nidelV), which transmits to the
beamline a total power of 1.49 kW at current of 499 in the storage ring.

The first active optical element of the beamlineaiS0Qm-thick diamond vacuum
window. This removes about half of the incoming pow

The beamline optics consists in a diamond cryéital fa channel-cut monochromator
and a KB focusing optics.

Ancillary branch

As an option, an ancillary branch for testing amdtiumentation development is
considered in the case resources allow it.

A 300um-thick diamond filter will reduce the amount of vper received by the
channel-cut monochromator. In addition, this fik@H act as a Laue monochromator,
which will provide the monochromatic beam that feéake ancillary branch.
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The beam of the ancillary branch will have a fixedvelength (1.37 A, 9.041 keV).
The Laue monochromator will be tilted 15.815° witbpect to the incoming beam. The
monochromatic beam will be diffracted at an angle2d = 38.9° using the (111)
reflection.

No further optics is foreseen at this moment far #mcillary branch. Therefore, the
monochromatic beam of this branch would come t@xrerimental hutch with a low
divergence (0.1x0.03 mra#ixV) and relatively large spot size (0.8x0.6 frixV).

Monochromator

The photon energy of the beamline is selected lsyrametric Si(111) channel-cut
monochromator in a non-dispersive arrangement.

The total power absorbed by the monochromator wgiiés are closed to match the
acceptance of the mirrors is 71.5 W at 400 mA edtorage ring. The maximum power
density is 11.8 W/mfa If slits were fully open to accept all the poveaming from the
Front-End, the monochromator would absorb 687 W.alty case, cryocooling is
required.

Beam size (FWHM) at focal position is 44, At sample position (considered to be
379 mm before the focus) the beam sizes are 22587

Kirkpatrick-Baez (KB) Mirrors

A KB configuration is used to focus the beam on flaenple or the detector. The
mirrors are Rh-coated and have an incidence anfglelomrad with respect to the
beam.

The meridional dimensions of the active opticalfates of both mirrors (horizontal
focusing mirror, HFM, and vertical focusing mirr&f-M) are respectively 600 and 300
mm. The HFM can collect about 1 FWHM of the beantha horizontal dimension,
whereas in the vertical dimension the VFM colledtthe beam.

The VFM shall be removable from the beam path. Wités mirror is removed, the
beam arrives vertically unfocused to the sampleh ai large vertical size (710 mm
FWHM) and a low vertical divergence (about/@ad).

Long-period slope errors affect the homogeneitytlted beam, losing the gaussian
profile given by the source. The effect is espécialitical when working out of focus
and in the vertical plane.

VFM could be uncoated and having a shallower aafjlacidence of the beam (around
2 mrad) if beam unhomogeneities due to slope ewers shown to be less important.

Control of the long-period slope errors and hamgllof the beam unhomogeneities
caused by them are critical issues for the beandpties design. Careful consideration
of the quality of the mirrors and of the possibldaptative optics solutions is
mandatory.
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