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Overview

CELLS is a consortium created to construct andaifiie ALBA synchrotron
facility to generate X rays for basic and appliedearch. The facility, which
will be located near Barcelona, will include a 3VGdow-emittance storage
ring able to run in top-up mode, which will feed iatense photon beam to a
number of beamlines. These are placed tangentatlye storage ring and hold
the experimental facilities. One of the beamlir@RCE, to be implemented in
the first phase of the project will be devoted tmipemission spectroscopy
techniques and will have two end stations instaliedtwo independent
beamline branches: one for PEEM (photoemissionosgopy) and the other
for photoemission near ambient pressures. Botthemtwill use soft X-rays
generated by a helical undulator with tunable podaion and will share the
monochromator. A deflecting mirror will direct theam to one branch or to
the other.

This document is organized as follows. Chapter dcdlees the source of the
beamline. In Chapter 2 the functional descriptibthe beamline is given. The
details on the design of the monochromator arenginéChapter 3. Chapter 4 is
devoted to the power load on the optical elemeAts finally Chapter 5
describes briefly the diagnostic system of the Hizem

1 Source

The source for the Circe beamline is a PPM (Puren®eent Magnet) APPLE
Il helical undulator, inserted in the center of 8femedium straight section of
the ALBA storage ring. This device is capable ofiwaging linearly polarized

light, in all the directions, as well as circulapyplarized light (left-handed or
right-handed).

The magnetic design of the undulator optimizes firet harmonic flux at
1100eV, in circular polarization mode, while keepthe condition of reaching
99eV or less at minimum gap for horizontal polaima Some other
constraints have been taken into account:

* The minimum magnetic gap for the ID is limited .9 mm, to avoid
the effect of magnetic heterogeneities, which magcome
incontrollable at narrower gaps.

* The magnetic forces of the undulator, which depaemdhe total length
and on the magnetic block size, are limited to 20kN

The block size and the undulator length have bge#im@ed simultaneously
by means of a Simplex-based algorithm that expltresull parameter space.

As a result of the optimization the selected pefadhe undulator is 61.8 mm.
The undulator has 27 periods, what means thaiHength is 1497mm.

The specified motor speed for the phase change anexh is 1mm/s, so the
device is able to change between left and righdutar polarization in about
31s.
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1.1 Source parameters

A summary of the parameters that define the soareegiven in Table 1Ky
and Ky are the standard deflection parameters of the lataiy which are
proportional to the undulator period and the magniétld in the horizontal
and vertical direction respectively. The maximuniuea of Kx and Ky (for
minimum gap) are detailed for the three main pp&ron modes (linear
horizontal, linear vertical, and circular (left dght). The minimum photon
energy that can be reached, which is also detaledvell as the spectral flux,
corresponding to these given energies (calculabedafSR beam current of
250mA)

Table 1. Parameters for the beamline source

Parameter Value
Type of ID PPM Apple li
Period (mm) 61.8
Number of periods 27
Magnetic gap (mm) 15.5-90.0
Magnetic length (mm) 1496.93
Linear phase range (mm) -31to +31
Polarization modes C.. Left, C. Right, Linear 0°-90°
Polarization Horiz. Vert. Circular
By (T) 0 0.64 0.51
By (T) 0.88 0 0.51
Ky 0 3.67 2.98
Ky 5.12 0 2.98
Min. Energy (eV) 98 179 140
(Ph/s/O.I\lﬂfz))EVTIIgZ5OmA) 9.3.10* | 9.2:10% 1.7:10%
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Figure 1. Flux emitted in central cone at tuned emgy. Horizontal in 1% and 3¢ order and
circular in 1% order are represented.

1.2 Flux

The storage ring is planned to be operated at anabrourrent of 250 mA,

although in the future it is foreseen to operata ataximum of 400 mA. The
flux calculations given in this document are basedhe nominal current (250
mA) except those regarding power, which consider ttaximum achievable
current, for safety reasons.

The tuning curves for the flux delivered by the FAUBux at tuned energy as a
function of the energy) are shown in Figure 1,Horizontal polarization, in*1
and 3" harmonic, and for circular polarization ifi' harmonic. The magnetic
gap for the H1 curve varies from 15.5mm (98eV) @i (1000eV). For H3
the gap at 2000eV is 40.5 mm.

The power delivered to the beamline may also impleeeecessity of limiting

the acceptance of the beamline to less than thieate@one. This may reduce
the flux at the central cone at the low energy &rds is further analyzed in
Section 4.

1.3 Source size and divergence

ALBA is a low emittance storage ring; the beam dyemce and cross section
values at the center of a medium straight sectrengaven in Table 2. As a
consequence a small source and divergence cartdieeth
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Table 2. Beam size at the center of ALBA medium saight sections

Quantity RMS FWHM

eBeam X size|(m) 132 310
eBeam Y sizel{m) 7.7 18.1
eBeam X divergenceufad) 48.5 114
eBeam Y divergencepfad) 59 13.9

The FWHM spot size and divergence of the emitteatquinbeam are plotted in
Figure 2. The red lines and the blue lines reprteenvertical and horizontal
dimensions, respectively. Solid lines represent pheton beam sizes and
divergences, while dashed lines represent the Idiwets, imposed by the
electron beam. Regarding the source size, one @arthait in the horizontal
dimension is constant in the whole energy rangealr it is limited by the
electron beam, In the vertical dimension, the sewize is mainly determined
by the diffraction limited size of the photon beahierefore, it ranges from
50um for low energy to 20m for high energy. The source divergence is also
energy dependent because of the diffraction limithe horizontal plane, the
beam is diffraction limited only at low energies,the horizontal divergence is
limited by the electron horizontal divergence abe&0 eV. In the vertical
plane, the source divergence is diffraction limitgdthe whole energy range,
and the beam divergence ranges fromu220 at the low energy end to)5@d

at the high end.

Source Size. FWHM Source Div. FWHM
300 - 7 _. 200},
=) 8
5 200 \f 150}
N = =
0 O 100f
(] (]
o 100 3]
3 2 50 .
(D - —-——-——- w |
0 : : : : 0 : : : :
500 1000 1500 2000 500 1000 1500 2000
Energy (eV) Energy (eV)

Figure 2. Spot size and beam divergence of the saer Red and blue refer to horizontal
and vertical dimension respectively.



EXD-BL24-GD-0001 8

1.4 Source power and Front-end acceptance

Ang. Power Density (kWeraﬁ) Ang. Power Density (kWImraa) Ang. Power Density (lemraa)
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Figure 3. Angular distribution of emitted power. The white and yellow dashed frames
show the acceptance of the front end first and seed fixed masks, respectively.

The power emitted by the HU62 undulator dependdherpolarization mode as
well as on the value of the deflection parametetsoge maximdy andKy are
given in Table 1). The angular power distributioar fthe three main
polarization modes (Horizontal, vertical and ciar)] at minimum gap are
represented in Figure 3, this corresponds to tlse eghen the undulator is
tuned to low photon energy. One can see that thenmuan power density is
obtained when the undulator works in horizontalapahtion configuration. A
summary of the power characteristics is given ihl@3.

The frames overlapped to the power distributioregiin Figure 3 represent the
acceptance of the successive fixed masks of the #od. The white frame
represents the first fixed mask (2.14x1.74rfxall accepts the whole power
profile, which is needed at the front-end xBPMuaied downstream. The
yellow frames represent the acceptance of the sefioed mask (1x1mra,
which is the one that limits the maximum power tbah be delivered to the
beamline. The power delivered to the beamline @stll reduced by means
of the white beam slits (movable masks) on thetfeord, so the values given
in Table 3 are just maxima values.
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When the undulator works in circular polarizationode, the power is
distributed in a ring whose radius (~0.5mrad fonimum gap) is determined
by theK parameter, aside from a small contribution ofeéHeeam divergence.
Nevertheless the area of interest is about +0.1&nwhich correspond to the
angular spread of the first harmonic. That meaasftr minimum gap most of
the power can be removed by the white beam slits.

Table 3. Total power emitted by HU62, for a beam awent of 400 mA . Peak value of the
angular power density and maximum total accepted pser by the front-end (movable
masks fully opened).

Total Peak Front End
Power
Power Density accepted power
Polariz. Mode
(400 mA) (400 mA) (400 mA)
kw kW/mrad?2 kW
Horizontal 2.99 9.52 1.91
Vertical 1.54 5.80 1.25
Circular 2.03 2.81 1.22

2 Functional description of the beamline

The beamline will feed two experimental stationeg @f them is a PEEM
(Photo Emission Electron Microscope), which reguiee homogeneous and
intense spot on sample. The spot size should betatua to the field of view
of the PEEM, which ranges frompdn to 4Qum (although one must consider
that the incidence on the sample is at 15° glandaiegdence). The other
experimental station is a moderate-pressure phoieston station (PES),
which requires the maximum possible flux in a samppot smaller than
100um.

The spectral range specified for CIRCE is from 93e\2000eV, which are
determined by the 43 edges of Si (99eV) and the highestdand N, 5 edges
of rare earths. The requested photon energy résolotay change depending
on the experiments. Nevertheless the typical réisoluhat may be required is
about EAE=6000 (FWHM), although occasionally a resolutigrE/AE=8000
could be requested for the PES branch.
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Figure 4. Sketch of the two branches for Circe bealime

The monochromator proposed for CIRCE 1s a variaiitided angle plane
grating monochromator (SX700-type) working withtielly collimated light.
The main reasons for that election are:

* It has an extreme versatility, and for each enetrgyan optimize the
spot size, the resolution, the flux or the harmaejection. It provides
a wide range of possibilities and keeps the optic@hdition for
resolution or flux with a reduced number of grasing

» It does not have entrance slit, what is optimalftiex optimization.

* The same grating chamber can be shared by twadlitf@xit slits by
inserting different refocusing mirrors, which deflethe beam in
opposite directions. This permits to split the blaenin two branches,
before the exit slit. Some advantages come fros thie gains some
space between the end-stations because of the sspéyration of the
branches, no additional deflecting mirrors are rde@nd no movable
elements between the exit slit and the sample @&eded, what
contributes to keep a stable focused spot on sample

2.1 Beamline layout and operation mode

The beamline is composed of two branches that sharsame first mirror and
the monochromator chamber. A schematic layout efitdamline is given in
Figure 4. The monochromator is an entrance-slitimsed included angle
plane grating monochromator, working with vertigatbllimated beam. Such
a monochromator is described in section 2.2. Eaghdh has its own exit slit,
and refocusing system to gather the higher posgbkon density on the
sample. For the PEEM branch we have selected i@sa@tial mirror, while for
the PES branch we have considered a toroidal mbemause the required
demagnification is smaller. The mirror M3b can héted horizontally, in and
out of the beam to deflect it to the PES branchlebiit pass to the PEEM
branch.



EXD-BL24-GD-0001 11

The distances, incidence angles, curvature radiirnfirrors) and footprint sizes
for the different optical components, are givermable 4. The specified labels
correspond to the scheme shown in Figure 5. Forakt? GR, the changing
geometry of the monochromator has been considered, variation range is
given for the distance to previous element, andHerincidence angle, instead
of a single value. In a similar way, the beam gtaton along M2, and the
range of incidence angles have been considere@taymine the footprint of
M2 and on GR, but in this case only the most denmandase is given. The
footprint in M3a, M3b, M4a, M5a and M4b, is alsopdadent on the photon
energy and on the value Gf. In these cases also the most demanding case has
been given, usually for low photon energy, and Hagh values of theCk
constant.

PES branch

;. Msa

— M1 M3b o
\/ XSa Msa

Opza
D 1 D 4a

PEEM branch 5a

Ds

a

Figure 5. Scheme of the beamline with the labels wesponding to the distances and
angles between the different optical elements.

2.2 General description of the monochromator

The main characteristic of the selected monochromiat that the grating is
illuminated with vertically collimated beam, andatithe included angle (the
sum of the incident and exit angles) can be frealyed, without changing the
position of the focal plane (the exit slit plank).addition, because it does not
need an entrance slit, it can provide high photlux, fwith acceptable
resolution by using few gratings in a wide ener@yge.

As can be seen in Figure 4, the beam, diverginm fitee source is horizontally
deflected by a cylindrical mirror (M1). M1 is a s cylinder that collimates
the beam vertically. Sagittal collimation is preést to meridional one since
the thermal induced slope error has less effeaeiteriorating the reflected
beam. This is so since in sagittal collimation ttermal induced divergence of
the reflected beam is proportional tay2cos(awui), whereas in the meridional
case it is proportional toA¥’. M1 handles most of the power delivered to the
beamline, and therefore must be cooled. Water mgak the typical option,
although the cooling scheme must be proposed byittder, on the basis of
heat load and cost. After M1, the beam goes tantbeochromator chamber,
which contains a plane pre-mirror (M2) and a plagrating (GR), both
vertically deflecting. Due to this the beam is shif upwards in the vertical
direction at the exit of the monochromator chami&e function of the mirror
M2 is to allow different incidence angles on thatgrg while keeping fixed the
direction of the beam at the exit of the monochrmmehamber. The heat load
on M2 and on GR is still considerable, and althotlgh power is much less
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than in M1, the resolution of the monochromatolingted by the slope error
of these elements, what means that their cooling teabe designed to
minimize the effect of the heat load on the perfamoe of the beamline. The
light diffracted by the plane grating is then foedgin the two dimensions)
onto the exit slit plane by a toroidal mirror (M8 PEEM branch and M3b
for PES branch), which is also horizontally deflegt

The refocusing mirrors (M3a and M3b) correspondmnthe different branches
deflect the beam in opposite directions, so aadrease the angular separation
between branches.

Table 4. Summary of the positions, incidence angleand sizes of the different optical
elements for Circe beamline.

o Distance to prev. Incid. Footprint (mm)
Item Description element (mm) zzggle R (mm) r (mm) Mer sag
9)
M1 S.Cyl. Mirror D, 20000 88.5 o 1047 200 6
M2 Plane Mirror D, 4014-4259 | 82-88.8 o o 360 8
GR Plane Grating Dy, 44-287 81-89.5 0 0 160 8
M3a Torus Mirror Ds, 4500 88.5 297355 235.6 300 26
XSa Exit slit D,. 4500
M4a Ellipsoidal Mir Ds, 5000 88.5 -- -- 400 15
PEEM Sample Dg. 1500
M3b Torus Mirror Dy, 1500 88.5 320004 261.8 300 26
XSb Exit Slit D 5000
M4b Torus Mirror Dgp, 3000 88.5 91684 62.8 190 15
PES Sample Dgp 2000

2.3 PEEM branch refocusing optics

The focusing requirement for the PEEM is to gebembgeneous illumination
of the sample on the field of view of the PEEM, wihaximum flux density.
The field of view of the PEEM ranges fronp to 4Qum. In addition the
incidence of the x-ray beam on the sample is autahb® grazing incidence,
what means that the vertical dimension projectibthe beam on the sample is
about 4 times larger than the vertical spot sizeth® spot size (RMS) should
approximate as much as possible a working rangeveleet 4xum?® to
40x1Qum?.

An important limitation to get this spot size igtminimal distance between
the last mirror pole and the sample, which is 1508. That means that any
mirror, with meridional slope error abouirad RMS will lead to a lower limit
for the spot size of @3m RMS, at the meridional direction of the mirrohig'is
the case represented in Figure 6(a), which showsspiot on sample for the
PEEM, obtained by a Kirkpatrick-Baez setup in 4Ale®&ical demagnification,
and assuming meridional slope errors pfatl RMS. The resulting spot size is
36x7.3im? (FWHM). Because of this limitation we have consitka different
solution; to use a single ellipsoidal mirror, horitally deflecting. This is
shown in Figure 6(a). The mirror is setup with dgmfcation 5/1.5.
Assuming slope errors of 1.3x1Qrad” (MerxSag) the resulting spot size is
28x3.3im?, which fits very well with the experiment requirents.
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Figure 6. spot size on PEEM sample, for a fibn slit, at E=793eV,Ci = 3.5, obtained by
means of a KB mirror system (a). and a horizontallydeflecting ellipsoid (b).

One additional requirement is to be able to inerethe spot size on sample.
This can be done by defocusing the sample. Howelefiucusing tends to

degrade the homogeneity of the spot since the tequency imperfections of

the optical surfaces become visible as stripestefbee, careful attention must
be paid to the low frequency part of the PSD ofrtheor slope profile.

2.4 PES branch refocusing optics

For the PES branch, a fixed focusing optics is icmned. Nevertheless, the
spot size is still variable by changing the sli#tesiand still depends on tiG#f
factor and the considered photon energy. The pempagptical system is a
horizontally deflecting toroidal mirror, with demai§ication 1.50:1.

Considering a distance from the mirror to the sampf 2000 mm, the
horizontal spot size is about g1 FWHM, and because it is limited by the
slope errors of the mirrors along the beamlineogsinot depend on the photon
energy or the&Cy values.

The vertical spot size is quite smaller, and itedefs on several factors; the
working photon energy, th&gs value, and the slit size. At the high energy end
it can be as small as pJun FWHM (for a um slit), while at the low energy
rainge it can be around 18n FWHM (for a 20um slit). Several cases of the
resulting spot size in the PES sample are illustran Figure 7 At large exit
slit size (S) the vertical spot size is given bg geometrical demagnification of
the slit. At small exit slit size, the spot sizdimited by the slope error of the
mirror and by the astigmatic coma of the toroidaron; the coma aberration
becomes important at low energies and high valt€.o0
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Figure 7. Spot size on sample for the PES branchpif different cases.

3 Monochromator design

The monochromator design involves several topics.

Determine the distances between the different aptddements, to
provide the optimal conditions for the flux-resadut tradeoff. The
resulting geometry is given in section 2.1

Determine the groove profile that optimizes theléxaf between flux
throughput and spectral resolution in the requisedking domain. At
the same time, one establishes the working pothts (alue ofCy) of

the monochromator that give the optimal configamatifor flux, for

resolution for harmonic rejection or for any otleterion.

Once the required working domain is defined, on¢erdeines the
angular range required for the mirror M2 and thatigg. This permits
to design a geometry that covers the required angunge, with
minimal beam deviation at the exit of the monochaton and with
maximum geometrical acceptance.

These issues are addressed in the following pgrhgra
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3.1 Monochromator working domain

The monochromator must cover continuously the ramfgenergies between
99eV and 2000eV. It uses three different gratirigs,the low, medium and
high energies respectively:

* Low Energy Grating (700 I/mm) 99eV to 600eV
* Medium Energy Grating (900 I/mm) 500eV to 1500eV
* High Energy Grating (1200 |/mm) 900eV to 2000eV

Because the included angle is a free parametéismtonochromator, for each
energy, one can change the incidence angle on rditeng so as to obtain
different resolution, or to optimize efficiency, lsarmonic rejection, or to have
different spot sizes. Therefore, the working pashtthe monochromator, is
determined not only by the selected energy, whghgiven through the
wavelength by the expressiaty {s the period of the grating)

dm:sina+sin,8, (1)
0
but also by another parameter, typically the figu® constanty, defined as
cos
=2 @
cosa

In the previous expressiorts and S are the input and output angle on the
grating, measured to the grating normal, and censdito have the same sign
if both incoming and outcoming rays are on the saime of the normal.

In summary, each wavelength may be monochromabyesklecting a pair of
a andCy values from the manifold satisfying (1) and (2heTselection is done
on the basis of optimizing either energy resolytioransmission of the
monochromator or harmonic rejection for a givert eki size. This is the nice
flexibility of this monochromator design not avéila in other schemes. In
what follows we will show that the suitable values Cix that optimize

efficiency, resolution and harmonic rejection taldues in a reduced domain:

* Values ofCy between 1.1 and 5 for positive diffraction orders.
* Values ofCy between 0.2 and 0.9 for negative diffraction osder

» Cff=1 for specular reflection, used only for aligant purposes.

3.2 Grating optimization

The grating profile has been optimized at the séime as the distanceédf)
between the refocusing mirror (M3a, M3b), and thé slit. The selection
criterion is to provide the maximum possible fluxrdughput, at a fixed
resolution of EAE=8000 (the highest needed), and a fixed slit efz8=5um
(the smallest). For the optimization we have usedr¢lative flux throughput
as the cost function. It definedas the ratio of the photon flux transmitted by
the monochromator, to the incoming photon flux, aridgrated over the same
narrow bandwidth. The goal of the optimization @ determine among the
possible combinations of groove-density, groovetlileggnd D-distance that
provide the same resolution, those that deliver nfaximum relative flux
throughput. In the optimization process, an analytodel has been considered
to determine the resolution for each monochrometmfiguration, while the
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diffraction efficiency has been calculated by thdfedential method by

Neviére.

Table 5. Slope errors assumed in the monochromataptimization.

) Slope Error (urad RMS)
Optical element
Meridional Sagittal
M1 45 15
M2 0.75 25
GR(1,2,3) 0.75 25
M3 15 5

For the given layout, and assuming the slope erimrshe optical elements
given in Table 5 the resolution of the monochromadimited by the slope
error of the grating, or the monochromator pre-amifM2), at most energies
andCy values. (and for the astigmatic coma introduceByat low energy)

An illustration of the optimization is given in kige 8. The flux throughput as
a function of the distancePis given for three significant energies. Forxeed
resolution of EAE=8000. The corresponding groove density is indidas
labels at the points in the curve.

One can see that the flux throughput reaches itk p@lue at distances
between 4 and 6 meters, for the three consideredjies. Shorter values Bf,
have limited flux throughput because very densdinga are needed to
disperse the wavelength enough to be resolveddanse gratings have limited
diffraction efficiency. In the other end, at vergnb distances the flux
throughput decreases also. This is because althepaghser gratings are
efficient, the monochromatic spot size increasestdithe slope errors.

Since the distance has to be fixed for the wholergyn range, we have
considered the following values

« PEEM Branch R=4.5m
« PES Branch pP=5.0m

The slight difference between them is due to thghsl higher resolution
demands of the PES station.

Table 6. Grating profile parameters for the three glected gratings

Groove Groove Groove

Density Depth to period

(I/mm) (nm) ratio (%)
Low 700 15 75
Mid 900 9 75
High 1200 7 75

The grating groove density, groove depth, and geavperiod ration of the
selected solutions are detailed in Table 6 . Thegespond to the solutions that
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come from the optimization (the groove densityla high energy grating has
been slightly increased so as to reach good regolat higher energies).

E= 793 eV - Resolution 8000 - Slit 5 um
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Figure 8. Flux throughput after the monochromator & a function of the D4 distance, for
fixed resolution, and fixed Cff. Energies represerdtive of the three ranges are

considered.

These three solutions provide good diffractionagédincy in the required energy
ranges (diffraction efficiency defined as the raifathe intensity diffracted to
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the ' order to the incoming intensity, for a monochramatave). This is
shown in Figure 9, where the diffraction efficieexifor the gratings are plotted
for a value ofCy.= 2.

0.4
0.35¢ 1
0.3} 1

0.25¢ 1
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o
N

0.15

0.1}
0.05¢
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Energy (eV)

Figure 9. Grating diffraction efficiency for the three selected gratings.

The resolution, which depends on the spot sizheagxit slit plane and on the
vertical aperture of the exit slit is plotted ingkire 10. One can see that slit
sizes between Bn and 3@m are to be used to reach spectral resolutions
between 3000 and 8000 ({ FWHM)

Cff:3.00
10000
5um

8000+ 5u ]
5
©
3
£ 4000} ]

2000 ¢ 1

500 1000 1500 2000
Energy (eV)

Figure 10. Resolution provided by monochromator afixed exit slit size

The flux through the exit slit depends not only the grating diffraction
efficiency, but also on the reflectivity of the nominromator pre-mirror, and on
the size of the exit slit. Because of this, it $&iul to consider also the relative
throughput, since it quantifies not only the diffian efficiency and the
reflectivity of the mirrors but also the acceptané¢he exit slit.
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Figure 11. Relative throughput for the different sgectral resolutions at two resolutions.

The relative throughput for the monochromator coesd is represented in
Figure 11, for & value of 3.5, over the whole required energy raiage for
a moderate resolution. To reach higher resolutitwe, slit size has to be
smaller, and the relative throughput is reduced,

3.3 Monochromator geometry

The angular range allowed for the monochromatosmpireor M2 and for the

grating (GR) determines the working domain of thenocthromator. These
angular ranges are given in Table 4. To increasentis useless since the
acceptance of mirror M2 and of the grating GR izeutside these limits.
This is a consideration that has to be taken imwoant to determine the
geometry of the monochromator; another consideraisoto minimize the

excursions of the beam after the monochromator.

The energy scan is performed by the rotation ofptigemirror M2 and of the

grating GR. The rotation axis for the grating igdted at the center of its
surface, as illustrated in Figure 12. The rotatexis RM2 of the mirror is

selected to minimize the vertical excursion of blegam, on the whole angular
range of the mirror. The results for such an opaton for the selected
angular range are given in Table 7.
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Figure 12. Scheme of the monochromator layout.

The position and length of the pre-mirror are ojed to fit the E,Cs)-region
of geometrical acceptance of the beamline withagpgmal working region for
each grating.

Table 7. Geometric parameters of the beamline.

Parameter Value | Unit
Zor 15.00 | mm
Zyo 22.55 [ mm
Yo 0.001 [ mm

R 15.05 | mm
Two 208 [ mm
Bwe 365 [ mm

3.4 Geometrical acceptance

The geometrical acceptance of the beamline isrtdatién of the beam that is
accepted in the active area of the optical elemeritie selected
monochromator geometry, and mirror sizes deternairfanite region of the
(E,Cx) domain in which the acceptance is significantisTis represented in
Figure 13. For the 700 I/mm grating, an acceptatmse to 1 in the low energy
range is reached f@ values between 1.5 and 5. For the 900 I/mm gratirdy

the 1200 I/mm grating the acceptance is close ®inrthe medium and high
energy ranges for values Gf between 1.2 and 5. One may see that the angular
range defined by these limits fits with the regajracceptance of the mirror.
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Figure 13. Geometrical acceptance of the beamlinend limits established by the grating
and the premirror angular range.

4 Power load on optical elements

4.1 Power load on M1

The insertion device reaches its maximum emittedlgoofor high magnetic
fields, i.e. for small gap. This is when it is tdn® low photon energies, since,
in addition to the fundamental order, higher ordearmonics carry on
significant power. A part of the generated powesttpped by the white beam
slits inside the storage ring tunnel, although whiegy are fully opened the
may accept 1.9kW (for horizontal polarization modé)e maximum front-end
acceptance is considerably larger than the soumcergénce at minimum
energy. This means that a significant quantity @iver can be removed from
the beamline by reducing the acceptance of theavdgam slits without loss of
flux on sample. The optimal tradeoff between flusceptance and power
acceptance is shown in Figure 14, for minimum gajmorizontal polarization
mode. One can see that more than a 90% of the iplflotoof the central cone
is accepted in a less than 0.25x0.25rmmcteptance, and that the power
accepted within is about 400W at 400mA. The renmgimiower ~1600W must
be absorbed by the primary slits when they aremiigtig the beam, or by a
water cooled fixed mask upstream M1 (but downstréat" diagnostics set).

Nevertheless, one must take into account that enlithits of the power
distribution footprint on M1 there is a steep tengpere gradient and
consequently a significant thermally induced sleper. Therefore, in order to
avoid flux loss, one wants to keep the power faontpimits away from the
flux footprint (given by the source size and divarge). That is, a larger
acceptance has to be foreseen, for instance 0/8x&f3 One can see in
Figure 14 that in this case M1 must stand an imtidewer of about 600W.
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Figure 14. Tradeoff between Power accepted and flwaccepted for minimum gap
configuration at horizontal polarization mode, conglering square slit. The labels indicate
the slit acceptance. The dashed black line indicatethe optimal tradeoff (a different
horizontal to vertical ratio of the slit for every size).

The fraction of the incident power that is absorbei11 depends on the gap
of the undulator; for small gap, tuned at low pmoemergy, the K values are
large, what means, that high harmonics carry afigiower: Since the cutoff
energy of M1 is slightly above 2KeV, most of theygw is absorbed. For larger
gaps (ID tuned at higher photon energy) the K \alae smaller, and the
power emitted by the source decreases a lot. Nwless, all the power is
contained in only a few harmonics, and that mehasd smaller fraction of the
total power is absorbed in M2. Figure 15 shows itfttoming and absorbed
power accepted by M1 as a function of the ID tueedrgy (I harmonic). An
acceptance of 0.3x0.3mfai$ considered in the calculation. The maximum
incident power occurs at minimum gap (515 W), anasimof the power is
absorbed (460 W). The incident power decreasesllyafor higher photon
energy (285W at (=284eV and 127W at E£706eV) and so does the
absorbed power (221W ak@nd 70W at Fg).

Also the power density on the mirror surface is iamportant issue. The
dependence of the peak power density with the phet@rgy tuned in the ID
is given also in Figure 15. One can see that a&cignificant value is reached
for minimum gap - about 0.41/0.45W/rm(absorbed/incident). But also in this
case the value decreases a lot for larger tunedjiese0.20/0.25W/mfat G
and 0.08/0.12 W/mfrat Fes.
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Power on M1 0.3x0.3mrad (400 mA)
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Figure 15. Power delivered onto the first optical lement of the beamline. At the left, the
total incident power and the total absorbed powers plotted as a function of the tuned
energy in the source. The corresponding peak powetensity is given in the plot at the
right.
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Figure 16. Power footprint in M1 for minimum gap, for a front end acceptance of

0.3x0.3mrad. (a) horizontal polarization (b) vertical polarization, (c) circular
polarization.

The footprint in M1 of the power distribution isvgn in Figure 16 for the three
main polarization cases of the ID at minimum gape@an see that the power
distribution is quite different in the three casEer linear polarization in the
horizontal plane — Figure 16 (a) — the power peof almost constant along
longitudinal direction, and normally distributedoad) the sagittal direction.
For vertical polarization — Figure 16 (b) — the mowootprint is Gaussian
along the mirror and constant across it, in théoregiven by the primary slits.
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The case of circular polarization is completelyfatiént, since the peak power
density appears at the edges of the footprint éichity the primary slits.

4.2 Power load on M2

The power load analysis on M2 is a major desigaedsr this beamline for a
number of reasons.

» Its meridional slope error is a limiting factor ftive spectral resolution
of the monochromator. Therefore one wants to mirémie figure
error induced by the thermal deformation of theranir

* The incidence angle and the point of incidencehaf beam on the
mirror surface changes during the energy scankeofrtonochromator.
So the thermal effects have to be limited to awbitts that come from
the thermal relaxation after the heat load positias changed.

The total power that reaches M2 is less than 70W!,the amount of absorbed
power depends on the incidence angle (which is stegp for low photon
energy and low values &). The total power absorbed by M2 is represented
in Figure 17 as a function of the undulator tunedrgy, for the minimum and
maximum incidence angle on M2.These are the maestadding case, although
they do not represent a typical configuration dyimormal operation. One can
see that almost all the power is absorbed in M2mihas at its minimum
incidence angle (82.0°), that is about 70W. For st grazing incidence
(88.8°) the absorbed power decreases below 30W.

It is important to note that although the total govemitted by the source
decreases very rapidly with the ID tuned energg,gbwer in M2 is sustained
up to 700eV. This is because the spectral disiobutf the undulator changes
with the gap, and more power is emitted at the pheton energies that are
reflected by M1.

The power density on M2 is also represented inreidly. Some oscillations
appear on the plot, they come from the drop orr¢flected power at M1 when
the different harmonics fall in the ~2200eV absiompt edge of gold.
Nevertheless, these oscillations are dimmed byethétance effects on the
source, which are not considered in these caloumatiOne can see that the
power density is a critical issue, since it carchegery significant values. The
most demanding case is when the mirror is at allence angle of 82°. The
power density reaches values about 0.25W/mwhile for 88.8°, it hardly
reaches values about 20mW/fmnThis is much smaller because of two
reasons: the power footprint is much larger andéfflectivity at grazing angle
is larger.
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Figure 17. total power and power intensity in M2 asa function of the ID tuned energy.
The two limit inicidence angles for M2 are represeted.

4.3 Power load on the gratings

The power load on the grating is also an imporiastie since it is also a
limiting factor for the spectral resolution of theonochromator. Nevertheless,
the footprint is not so changing in this case amal tbtal amount of power is
much smaller than in M2.

To calculate the power absorption of the grating haee approximated the
grating to a mirror (we have calculated the refléist of a gold coated mirror

at the input angle of the mirror). This is not ayaccurate approximation but
avoids a very heavy calculation.

The maximum power is delivered to the grating whkkhis at its most grazing
incidence, which is when the incidence angle in is188.8°. In that case the
power delivered to the grating is about 40W. Theae be absorbed or
diffracted (mainly reflected to the zero order) eieging on the incidence angle
on the grating. The two extreme cases are repessémtFigure 18. When the
grating is at its most grazing incidence, 89.5%y &@W are absorbed, and the
rest are diffracted to the zero order stop and dpecs downstream. The
opposite case occurs when the grating is at itd nmsnal incidence, at 81.0°;
in this case almost the 40W are absorbed in théngraAlthough these
quantities are very large, they are the extremes;ad are far from the power
and power densities usual during operation.
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Figure 18. Power and power density on the gratingof the two extreme incidence angles.
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4.4 Power density on monochromator optics at normal op&tion

The power and power density values given in theipus sections correspond
to the most demanding case, when the mirror absaritise power, or when it
transmits most of the power to the grating, arabgorbs it. Nevertheless, those
angle configurations do not correspond to a practonfiguration, and only
indicate the maximum power load that the opticsdee® handle, in case of
accident. In normal operation, when the mirror Ipigmd the grating pitch are
coordinated the power density on the optics is naméller.

The power density absorbed by M2 and GR (700l/nsm¢presented in Figure
19 as a function of the working point of the morchator. One can see that
only at very low energy, and loWs the power density absorbed in M2 is
above 0.15 W/mf, which is significantly less than the 0.25W/fihat could
be absorbed in case of accident. This is also #se ¢or the power density
absorbed in the grating. In this only 0.012W/freme absorbed (in the loG
section at medium energy) what can be easily hdndigh a side cooling
scheme.
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Figure 19. Power density absorbed in M2 and GR as fainction of the tuned energy and
the selectedCs; factor.

4.5 Power downstream the grating

Most of the power is carried in the zero order, cthinust be absorbed in the
zero order stop downstream the grating. Nevertbelaspart of it could
propagate to the refocusing mirrors (M3b, M3a)that case a considerable
amount of power would be delivered to these mirransl therefore they would
require some cooling.
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Figure 20. Angular deviation of the zero order fromthe horizontal, for a 700 I/mm
grating.

4.6 Cooling considerations

The total power, and power density delivered toldbamline optical elements
indicates that water cooling is needed to keepsthpe errors at acceptable
values. Internal channel cooling is suggested fdr, Mhich is under higher

power load. Side cooling system for M2 and the iggst should be good
enough. Nevertheless, given the relatively high gowensity an internal

cooling solution should also be considered for M®. determine a final

solution one needs to perform the finite elemerdlyamis simulation of the

thermally induced slope errors.

Refocusing mirrors M3 may need cooling, in this ecaside cooling is
suggested.

Exit slits, beam defining slits and beam positioonitors, mirror masks, zero
order baffle and photon shutters will be water edohherever is necessary.

Temperature monitors will be placed on every veasdl in the mirror blanks
of water cooled mirrors.

5 Diagnostics system

Several types of devices for photon beam monitorahgng the CIRCE
beamline are to be installed, some of them aréneffithat means cannot be
used during data collection, and some other ai@e®devices, that is, are to be
used during data collection. A brief descriptioneath of these components is
given below.

5.1 Multilayer screen

It consists on a cooled multilayer mirror deflegtithe undulator radiation by
90° onto a phosphor-coated view port, where thdcalbt visible beam
footprint is recorded with a CCD camera. Theref@wen being illuminated
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by the white beam, the multilayer reflects a lirditsand of energies, in such a
way that a much narrower spot size, fully transeditby the front end can be
used for monitoring the photon beam position.

This is an offline diagnostics device.

5.2 X-ray beam position monitor

X-ray beam position monitor (xBPM, BESSY Il or slari design; see K.
Holldack et al., AIP conference proceedings 5214 @901)): It consists on a
Two-dimensional blade monitor with four isolateshdgsten blades mounted at
an angle of, e.g., 45 degree each with respedigwertical direction inside a
photon beam opening within a cooled OFHC coppetkblo

Blade angles and distances are optimized accordingpectral and angular
characteristics of undulator with respect to pai@giipole radiation. The
Readout of photocurrent is done using LCAD-4 fobasmel electrometer
including negative bias voltage on tungsten blades.

This is an online diagnostic system.

5.3 Beam diagnostic setup

The beam diagnostics setup: consists of a six-wassc with a linear
feedthrough including fluorescent screen and atatsd high-transmission
tungsten mesh for the white beam section, or ga@dmior the monochromatic
beam section mesh. The fluorescent screen and éisé are fully retractable
from the photon beam path.

5.4 Beam monitor

The beam monitor consists of a six-way cross wilimear feedthrough which
includes a thin film metal sample that partiallyeirtepts the monochromatic
beam. The drain current is measured in order toitmothe selected photon
energy and polarization during data collection..

This is an online diagnostic system.

5.5 Gas cell

In order to calibrate the spectral resolution af thonochromator a gas cell
will be included at each branch of the beamline.

Each gas cell consists of a 6-way cross includiyiindrical gas ionization
chamber, a leak valve, and a channeltron deteBtih the beam entrance and
exit ports include one pair of aperture disks eadth small beam orifice for
differential pumping between aperture disks. Al&ively, window gate valves
with thin Al windows may be used instead of thefaténtially pumped
orifices.

This is an offline diagnostic system.
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5.6 1o Monitor chamber

This is a small vacuum chamber that includes aryoteedthrough with a
fluorescent screen and a high-transmission golchmesd a photodiode The
mesh arrangement includes a drain current setupC(B#¢dthrough, UHV-

compatible Kapton-insulated coaxial cable).

In addition a Gold evaporator is installed insidee tvacuum chamber for
deposition of fresh gold layers on the gold mesh.

5.7 Beam diagnostics included in Exit slit setup

The exit slit setups will also include some diadimosonsisting on two-jaw
horizontal aperture (manual) upstream the exitlditles. The aperture jaws
will be electrically isolated with respect to graland will include a drain
current setup for future PID -controlled feedbag&gd of M3a and M3b pitch
adjustments based on differential current measurenfeom horizontal
aperture jaws).



