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1 Introduction

1.1 Purpose

This document details the preliminary technical considerations in the design, expected
performance, alignment, and installation of the Mid Infrared Spectromicroscopy (Mid-
IR) Beamline at the Canadian Light Source (CLS) for projected operationa status in
January 2004.

1.2 Scope

This document provides preliminary details on the scientific and technical issues to be
reviewed to ensure viable operation of the Mid-IR beamline at the CLS. The document
includes but is not limited to:

-Description of beamline function

-Detailed descriptions of individual components

-Beamline vacuum

-Beamline motorization and control

-Technical consideration of unique front end

-Beamline flux and brightness

-Beamline endstation

-Power loading of optics

-Alignment and commissioning

-Safety measures and considerations

1.3 Background

The Mid-IR beamline is a custom design that uses elements from successful IR beamlines
a the NSLS, ALS, SRC, and BESSY II. It is designed to cover the Mid-Infrared
wavelength region from 1 micron to 40 micron. The technical specifications for this
beamline are:

a) The source for the beamline will be a bending magnet.

b) Covers the wavelength range 1-40 micron (10,000cmi* — 250 crri?).

C) The source should be viewed with the widest vertical angle possible.

d) Beamline should not interfere with neighboring standard ports if at al possible.

€) The UHV part of the beamline must attain a base vacuum of 2 x 10™° Torr when
isolated from the electron storage ring.

f) Optimized for the wavelength range 2.5 - 20 micron (4000-500 cnit). Mirrors and
windows must accommodate this range.

g Theresolving power should be < 0.2 crmit in the optimized range.

h) The collimated output beam dimensions should be matched to the Fourier
Transform Infrared (FTIR) spectrometer and microscope requirements.

i) The collimated beam chamber must attain a pressure of lessthan 0.1 Torr.

The requirement of a FTIR equipped with a microscope as the limiting aperture, lead to a
design based on a small number of available spectrometers. Several beamlines based on
this optical configuration have been implemented at several synchrotron radiation



centers® 2 *#. The main advantages of this design are proven optical performance, relative
ease of design and manufacture, and adaptability to alternative collimated beam
requirements. The goa of delivering the highest possible flux to the sample over the
wavelength range covered by the beamline dictates the use of a combination of windows
and mirrors and a wide-aperture modification of the dipole vacuum chamber.

The bending magnet source will produce a very high heat load onto the first mirror
element due to its close proximity. Therefore, specia attention to its design is needed to
prevent the absorbed power from deteriorating the performance of the beamline or the
electron beam in the ring.

1.4 Port Allocation

This beamline has its source point in the D1 magnet of Cell 1 of the main ring lattice. The
port is designated 01B1-01 although it is an addition to the conventional dipole chamber.
The beampipe will not exit through a standard rectangular port on the transverse wall as
there isn't one for this location, but shall go through the side wall a a location
determined by the optical layout.

2 Beamline Design

2.1 Function

This section describes the basic function of the beamline as a whole as well as the basic
function of each major individual component of the beamline. Each major component is
discussed in greater detail in an appendix referred to appropriately. Appendix. 7.1 shows
a schematic optical layout in Figure 1, and CAD drawing in Fig. 2 of the floor plan.
Reference to scientific and technical considerations as well as features unique to Infrared
beamlines are discussed in section 3. The layout is a model for the actual beamline, using
an arbitrary 2 meter foca length. The optical element locations and dimensions will be
refined in the detailed design.

The beamline begins inside the dipole chamber (Section 2.4) and extends its ultra-high
vacuum (UHV) region. The front-end of the beamline contains one Photon Mask that
dissipates the unwanted power from the bending magnet. The Photon Mask (Section
2.6.3) determines the horizontal acceptance of the beamline at 58 mrad. The vertical
acceptance of the beamline has an upper limit of 58 mrad due to the physical parameters
of the dipole chamber walls and side clearance to the electron beam. This value may not
be attainable in the final design; it will likely be less as it depends on the final location of
the port in the modified dipole chamber. The first optical component of the beamline in
the dipole chamber is the vertically deflecting plane mirror M1 (App. 7.3). The two main
functions of this mirror are to spatialy separate the beams of X-rays and the Infrared, and
filter out the radiation above 20 eV. A 45° verticaly oriented plane mirror, M2 (App.
7.4), redirects the beam in the horizontal direction. This mirror absorbs some power. The
first two mirrors may be coupled together mechanically in a movable *“periscope”
assembly on a manipulator, or M2 may stay fixed (Section 2.2.1). The next component,
the M3 dlipsoidal mirror (App. 7.5 below), is the focusing element. After M3, the beam
converges to the UHV window (App. 7.7.1) where the beam is extracted. This UHV
chamber acts as the First Optical Enclosure (FOE) up to the UHV window. The focal
point of M3 is situated outside the window by approx. 75 mm. It is highly desired that the



focus location is outside of the shield wall. Beyond the UHV window is an enclosed
rough- vacuum environment of less than 100 mTorr. After the window, a variable aperture
at the nominal focus can be used to define the acceptance of the beamline (App. 7.9). The
beam is redirected by M4 plane mirror (App. 7.6) to fold it to the tunnel wall in an optical
switchyard mirror box (App. 7.10). The beam then reaches the M5 cylindrical mirror
(App. 7.11), followed by the M6 cylindrical mirror (App. 7.12) that creates a collimated
beam, which is relayed to the experimental endstation. The beam height outside the wall
must remain above 2.7 meters to provide clearance above the walkway along the wall, of
2 meter width. Several subsequent plane mirrors M7,8,9 (App. 7.13) deflect the beam
from the sidewall of the shielding tunnel, through the rough vacuum beampipe, to the
final pair of mirrors M10,11 (App. 7.14) and rough vacuum window (App. 7.15) to the
spectrometer. The final mirror pair actively operates with sensors and is located on the
spectrometer optical bench. A focusing mirror MF, (App. 7.16) to illuminate the
spectrometer’s aperture may need to be used, depending on the configuration of the
experiment. The spectrometer (App. 7.17) modulates the light and redirects the beam to
the sample and detector position in the endstation (App. 7.18).

2.2 Mounting and Motorization

This general section describes the degrees of freedom that will be required by each
motorized component. This section will also describe the approximate required range of
motion for each degree of freedom as well as an idea of the genera level of precision
necessary for each of these components. The range of motions stated do not take into
account hard and soft limits that may be imposed, and are suggestive of range of motions
which should be sufficient to ensure than the beamline can be properly aigned.

The trandations and rotations in this section are specified in the coordinate system of the
mirror if not noted otherwise: x is aong the mirror width, y along its length (parald to
the optical path), and z norma to the mirror surface. Note this is the convention for
Shadow ray-traced mirrors. The laboratory frame is X+ transverse to the optical path
pointing to ring center, Y+ along the optical beam, and Z+ vertical up.

2.2.1 M1 Vertical Deflecting Plane Mirror

The M1 is aplane mirror deflecting the beam upward in the vertical plane. There are two
degrees of freedom that need to be motorized: up/down aong the laboratory Z-axis, the
pitch on x and optionally roll on y The roll can be set by using a rotatable flange and
mounting at a known angle when assembling. The pole of the mirror should be positioned
by survey within 0.5 mm; there is no need to motorize fine positioning in the zdirection.
The fine positioning can be included in a 3-point mount locating assembly to adjust the
vertical height of the mirror for reproducibly repositioning the mirror after it is retracted
and replaced. This aso controls vibration of the mirror. The M1 will likely be 2 flat
mirrors with a gap where the pole location is, there is no direct surface on which to reflect
light there, and the two pieces must be considered as a unit. Z travel of +/- 6 mm with
respect to the orbit plane (at 1.400 m) with aresolution of 0.05 mm is required. The pitch
is motorized to scan 30 mrad with a minimum step of 50 nrad. The optiona roll is
motorized to scan 30 mrad with a minimum step of 50 nrad. This assembly needs to
retract from the dipole chamber and may be automated with a motor only if the reliability
is extremely high on the control and connections. The electron beam cannot be operating



when this mirror is moved. An extraction motor/mechanism is required to remove the
mirror assembly from the chamber through a gate valve for vacuum isolation.

The M1/M2 mirror assembly configuration will have to be reviewed by the mirror
fabricator before the design is finalized to see how the surface alignment and polishing
may best be accomplished.

A thermocouple gauge for temperature monitoring of the metal mirror cooling system at
the mirror mount is required. It may be incorporated into the process system for closed-
loop temperature regulation, in combination with other sensors on the loop. The
mechanical layout and motion will be complicated by the need to cool — the ability to flex
cooling lines in a very tight volume is difficult so meta braiding can be considered. The
amount of cooling must be determined to allow the design to proceed. Vacuum-guarded
water channels will be used if there are vacuum-braze seams in the design. Experience
from other rings indicates that this cooling system should be an independent loop from
the rest of the ring (App. 7.22). An aternative mounting could allow for the first mirror
to retract from below and leave the second mirror above, but retraction distance is an
issue if gate valves don't clear the windings. At this point, unknown structure supporting
the chamber and magnet is limiting design options until that is designed. Clearance is a
design issue as the amount of travel available for manipulatorsis < 1.4 meter below and <
1.6 meter above the ring plane.

Limit switches on the “periscope’ assembly during insert/retract are interlocked to keep
from closing the gate valve shut on the mirror mount. Thisinterlock is critical —at NSLS
it is a manua switch controlled operation. At BESSY 11, the gate valve is manually
operated. The control system will need high reliability limit switches if interfaced to the
motor control software.

An dternative is to bring mirrors in from the side but this requires a whole tank/absorber
modification. This will interfere with the adjoining beamline. Some other angle of entry
may be called for if space constraints dictate but this will make the vacuum and mounting
structure complex.

An aternative mirror design could incorporate the absorber itself and reshape the finger
structure to provide the reflecting surface for the M1. Limited adjustment of the surface
could be taken up with the second mirror element. Vibration control of the absorber
mounting and its modifications would be additional expense along with the dipole tank
modifications.

Mirror Coordinate Range Resolution Drive Type Comment

X +/- 5.0 mm 0.10 mm

y - - -

Z - - -

LabZ 400 mm 0.10 mm Motor gear Sec. 2.2.1
Pitch Lab ? x 50° 0.05° Manual/M otor

Roll Lab? y 50° 0.05° Manual/Motor

Yaw Lab? z 50° 0.05° - Set on install




2.2.2 Photon Mask

Originally conceived as moveable, each one of the two vertical masks would have a
trandation that allows completely removing them from the light fan in the dipole
chamber. This mask could be positioned with the M 1-M2 periscope but this complicates
its design. The aternative is to place it on a separate flange penetrating from below and
combining the cooling feedthroughs with the mechanical feedthroughs for the mirror
indexing mechanism. This mask must be beyond the 16.1 mm side clearance in -X to the
electron beam orbit. The rough dimension of the mask is such that each side intercepts 10
mrad, for approx. 700 watts of power dissipated per side. Finite element and conduction
analysisis required to size and set cooling flow rates and temperature limits. Engineering
calculations are needed on the configuration for heat loading and cooling requirements.
This assembly could retract from the dipole chamber as well and may be automated if the
reliability is extremely high on the control and connections. The mask could be left in the
chamber and not be removable, except during ring vacuum maintenance, this simplifies
the mounting within the tight space constraints. The electron beam cannot be operating
when the mask is moved as outgas bursts will occur. This will impact the assembly of the
whole M1. The photoemission from this mask may cause local problems in the vacuum
environment for the electron beam.

Photon mask mounting is a complex and critical consideration. Cooling and alignment
relative to the M1 is not designed at this time. Proximity to the source and the electron
beam has to be laid out with close tolerances due to the restricted space. A ®parate
cooling temperature system was needed at ALS, and any design used will need to be
studied for induced vibration from coolant flow rate, with the object of staying in a
laminar flow regime. CLS Storage Ring Vacuum Chamber Design Spec. 5.4.33.1 calls
out linear velocity rates of < 1.5 to 2.0 m/sec with a pressure drop of < 800 kPa for
supply water at 25-30°C with a maximum rise of 10°C. The Glidcop material properties
have to be checked for suitability within the geometry used to spread the power over area.
Tungsten may be considered, as the leading edge may be thin and distant from a cooling
channdl; it has fabrication issues. This may have an angled surface of approx. 10 degrees
to the orbit plane to spread the power density out over 5.6 times the perpendicular area.
Reflected UV and IR photons from this surface will have to be traced and power load
levels controlled.

2.2.3 M2 Horizontal Deflecting Plane Mirror

This mirror needs two angles of rotation — pitch and roll, and a translation along the Z
axisof the lab. A displacement along the z coordinate trandates to an equal vertical

displacement of the beam at the M3. Therefore this axis requires a motor with a
resolution of 50 microns with atotal travel of 10.0 mm.

Motors to adjust the pitch and roll are required with appropriate resolutions. The motors
should be able to scan approx. 100 mrad (5.0 °). This mirror and the M1 need to be pre-
aligned with reference flats and HeNe laser tooling to minimize alignment time at the
ring UHV chamber. The location of this mirror's pole must be accurately specified

relative to fiducia planes on its sides and rear surfaces. Groove surfaces along sides will
serve as clamping points to attach mirror to mount, and minimize distortion of the
surface. M2 may remain in a fixed location as a simpler aternative to combining its
mount in a periscope with M 1.



Mirror Coordinate Range Resolution Drive Type Comment
X +/- 5.0 mm 0.05 mm Motor

y +/- 5.0 mm 0.05 mm Motor

Z - - -

Pitch ? x 50° 0.05° Motor

Roll ?y 50° 0.05° Motor

Yaw ? z - - -

2.2.4 M3 Ellipsoidal Mirror

This mirror transfers a point source to a point image. The beam will be at its widest width
at this mirror position, approx 116 mm, or 4.57 inches. The diagona dimension for a
58x58 mrad square is 164 mm, 6.5 inch. This is the optical surface size. Thus an 8 inch
chamber ID is required, minimum. This mirror is best served if the pole location on its
surface is the point of rotation, which constrains the mounting design to a type of gimbal.
Three axes of rotation are required, with an angular range of £ 8 mrad. The mirror is at
45° incidence and must be able to translate in the lab frame in 3 axes. These adjust over +
10 mm. The mirror will also have an upstream/downstream travel range of £ 10 mm to
fine-tune the distance to source to compensate for errors in the mirror figure. Invacuum
adjustments for this mirror in terms of height, roll, pitch, and yaw for alignment purposes
could be done manually. These adjustments should be independent of each other. The
location of this mirror’s pole must be accurately specified relative to fiducial planes on its
sides and rear surfaces. Groove surfaces along the sides will serve as clamping points to
attach the mirror to the mount, and minimize distortion of the surface.

Mirror Coordinate Range Resolution Drive Type Comment
X +/- 10.0mm | 0.05 mm Motor
y +/- 10.0mm | 0.05 mm Motor
z +/- 10.0mm | 0.05 mm Motor
Pitch ? x 25° 0.005° Motor
Roll ?y 25° 0.005 ° Motor
Yaw ? z 25° 0.005° Motor

2.2.5 M4 Plane Mirror

M4 is a plane mirror that redirects the beam horizontally to the tunnel wall. It has an
intermediate size that depends on its distance from M3 in the vacuum arrangement. The
optical train up to and including his mirror can be common between the infrared
beamlines for reusing design time and effort. The beampath after this mirror is a variable



due to the tunnel wall being at different distances and angles relative to the source point.
It mainly requires two degrees of tilt adjustment.

Mirror Coordinate Range Resolution Drive Type Comment
X - -

y - -

Z - -

Pitch ? x 50° 0.05° Motor

Roll ?'y 50° 0.05° Motor

Yaw ? z - -

2.2.6 UHV Window and Mounting

This optical element is a Type Ila synthetic diamond mounted on an UHV flange, Fig. 3.
Its specifications are similar to other Infrared beamlines. The seal could be made on-site
with Indium metal, but a braze sea is preferred. The layout is critical for leak free
performance. The Mid IR window size should be a minimum of 10 mm with 20 mm
diameter considered best for longest wavelength work. For a 58 mrad angle acceptance
angle (largest possible theoretically), the first diffraction ring of 20 micron wavelength is
0.0448 mm/0.058 = 0.84 mm in diameter. This window size won't limit throughput due
to diffraction in the mid-IR. The beam could lose 16% of the energy to the outer rings if
cut off by the window at long wavelengths. For smaller vertical angles, 55 mrad is now
the design goal, and longer wavelengths the diffraction diameter increases, and cost goes
up. No movement is required on this element.

The location of the window is too close to the ring vacuum for effective use of a fast
valve. The specifications must be closely met and orientation marked clearly. The
wedged nature of the cross section must be detailed and properly oriented on its mounting
flange as it deviates the beam to the next optical element. A 1° wedge angle deviates the
beam by 1.4°. This angle must not be overlooked by the mechanical design. The required
angle is smaler for the Mid IR than the Far IR and is caculated for 25 micron
wavelength operation. This mount seals with a knife-edge to the UHV chamber. That
surface should also have a knife-edge sealing surface on an outer perimeter to seal to the
rough vacuum switchyard mirror box of custom design. This outer metal seal allows for
bakeout without concern for an Oring material. Alignment, construction and sealing
procedures must be written. It is preferred to purchase high temperature mountings and
the added cost should be considered compared to the extra engineering and time to do an
in-house sealing process smilar to the ALS.

2.2.7 Alignment Target / Aperture

Targets will have an in/out travel adequate to completely clear the photon beam when not
in use. They will be observed through optical ports placed for the remote CCD or Vidicon
camera to view. Use the standard type for the ring camera within the shielding
environment. Marks on the target will indicate the center location. The beam will have
visible light energy for observing where the IR beam is located. A motor should be




provided to insert the target in order to view alignment of the beam. The travel depends
on location along the beam as the diameter varies. A linear trandator with an externally
adjusted stop is needed to assure repeatable placement of the target. Target is vacuum
compatible, white diffuse-surfaced plate with black reticule markings.

The first target will be located between the M2 and M3 to check the output from the
M1/M2 pair. A second target is placed after M3 and before the UHV window. If the
targets are made with a two-part piece having a visible beamsplitter on the end, a HeNe
laser could be fed into the port and bounced down the beamline for reference alignment.
It appears that there isn't a location along the chamber or straight preceding to have a
“reverse tangent” port to send an alignment laser downline when there is no beam. The
target could be used as a Photon Shutter as it adequately blocks the IR beam when in
place (see sec 2.3.1). The upstream alignment target could have a central hole of 2.0 mm
diameter to alow beam to go through to the next target.

Target Coordinate Range Resolution Drive Type Comment

X 50-75 mm 0.5mm Pneumatic Location
dependant

y +/- 5.0 mm 0.1 mm Nonetilter adj. | Mount adjust

z +/- 5.0 mm 0.1 mm Noneptilter adj. | Mount adj ust

Pitch ? x None - -

Roll ? 'y None - -

Yaw ? z None - -

The aperture is used as an aid to aignment when adjusted to small size to provide a
visible beam on centerline at a known location. It is fixed in place with remotely
controlled width.

Aperture Coordinate | Range Resolution Drive Type Comment
X fixed 0.1 mm

y fixed 0.1 mm

z fixed 1.0mm

Pitch ? x None - -

Roll ?y None - -

Yaw ? z None - -

2.2.8 M5 and M6 Spherical Cylindrical Mirrors

Cylindrical mirrors will require two angular motions. They are mounted at 45° to the
beam. They are planar in one direction with no special requirements on the resolution of
the trandation in that direction. Two trandations are required to pick up the beam from
M3. These have fiducial requirements as well because the center pole position cannot be
marked on the mirror surface. These mirrors shape the output beam diameter and affect
the collimation length of the beam. They must be rigidly mounted. As the cylinders are




gpatially separated their foci are necessarily different, so the two widths of the beam can

be made set separately.

Mirror Coordinate Range Resolution Drive Type Comment
X +/- 5.0mm 0.05 mm Motor
Y +/- 5.0mm 0.05 mm Motor
Z +/- 8.0mm 0.05 mm Motor
Pitch ? x 50° 0.05° Motor
Roll ?y 50° 0.05° Motor
Yaw ? z 50° 0.05° Motor

229 M7, M8, M9 Plane Mirrors

Plane mirrors in the rest of the optical train will be mounted in the rough vacuum system
via motorized or manual, two angle-adjusting mounts. These are Viton Gring sealed
feedthroughs and flanges. The need for motorization is to be determined; all these mirrors
are outside the shielding wall. The main determinant is ready access to the knobs, as
some of the tubing may be located at heights not easily reached. These will be
infrequently adjusted. If motorized, having access to manually adjust would be desirable.
See Fig. 4. Output beam height at the spectrometer bench can be adjusted with a bellows
section in the beampipe. The actual number of mirrors used awaits the detailed layout.

Mirror Coordinate Range Resolution Drive Type Comment

X - - -

Y - - -

y4 - - -

Pitch ? x 30° 0.01° Motor/manual | 40 tpi screws
Roll ?'y 30° 0.01° Motor/manual | 40 tpi screws
Yaw ? z - - -

2.2.10 M10, M11 Active Noise Control Mirror Pair

Two special mirrors are used to correct for beam motion in a limited bandwidth,
approximately 1 kHz. Two beamsplitters are used, with their material chosen for
reflection of Infrared and transmission of visible light. The transmitted beam strikes a
position sensitive detector and its signal is processed to activate tilt positioners of the
previous mirror mount. The feedback is arranged to stabilize the centroid of the
transmitted spot on the sensor, and hence pins the IR beam angle down at one point in the
beampath. A second arrangement then pins down a second point in the path, separated by
a space of 1 to 2 meters. Thus two points define a stable line that the IR beampath
follows. This stabilizes the beam position within the response bandwidth of the feedback
loop and the mechanical resonance of the tiltable mirrors, up to a few hundred Hz. These




tilt plane mirrors will be mounted in the rough vacuum system via piezo-electric, angle-
adjusting mounts. These are Viton O-ring sedled flanges. They must be mounted on the
optical table that holds the spectrometer for maximum benefit in canceling motion at the
spectrometer.

2.3 Vacuum

The optica path will travel through two regions of vacuum before reaching the
gpectrometer endstation. The first region is UHV and connects to the ring vacuum
chamber. The second region is a rough vacuum with forepump pressures of < 100 mTorr
nominally. This connects the UHV window to the atmospheric window/spectrometer
bulkhead. A window separates the UHV/rough regions and aso the
rough/spectrometer/room regions.

2.3.1 UltraHigh Vacuum

Due to the vacuum environment required by the ring, and the location requirements of the
optical components, the beamline starts within the dipole UHV chamber. For vacuum
purposes all components will be designed with the goal to attain in this region a base
pressure of 2 x 10*° Torr when the beam is off (Ref. CLS Storage Ring Vacuum
Chambers Des. Spec. 5.4.33.1). A UHV compatible window is used to isolate the
beamline vacuum from the ring vacuum. A pressure sensor nearby will monitor integrity
of the vacuum seal of the window (App. 7.7.2). Mobile turbo pumping station will be
available for the initial pump down and bake of the beamline components. A seal-off
valve is provided on the UHV chamber for the pumpdown and isolation afterward.
Torque specifications are required for sealing this manual valve and logged. Thisvalveis
aso employed for venting. Once these components have been baked out, ion and
sublimation pumps will handle vacuum generation. Power for pumps and ion gauges
comes from the ring distribution system and control/monitoring via EPS. The endstation
area will have dedicated pumps, associated with the vacuum bench spectrometer and
sample chamber systems, which will not be interfaced to the EPS.

UHV Chamber(s) design specification for the sizes and locations of flanges, diagnostic
ports, support points, pumping and gauging locations must accommodate the varying and
large diameter of the beam up to ard perhaps beyond a 254 mm, 10 inch ID. Allowance
must be made for the adjustment of the dipole chamber and possibly the M1/M2 mirror
box and manipulator independent of the rest of the beamline.

2.3.2 Bakeout

Pre-baking of the components and chambers before mounting in place is required.
Separate chambers and pumps must be available for this. RGA analysis of the residuals to
test cleanness is also required, as well as leak checking equipment to analyze problems at
the beamline. Initiad pumpdown and subsequent vents require bakeout to attain base
pressure. Heater tapes will be distributed on the chamber and left in place with
conventional methods. Electric power supplied to these with “Variac” type
autotransformer control and thermometer/thermocouple monitoring and regulation. This
isinfrequently used so that the power and monitor setup should be a traveling facility that
is removed when done. Insulation requirements and parts removal for components that



cannot take the heat (150-200'C) must be specified or noted in the bakeout procedure.
Specia consideration for the UHV Window is noted in its section. The rough vacuum
chamber does not require baking or RGA analysis, but its components will have regular
leak checking prior to assembly.

2.3.3 Rough Vacuum
The nonUHV pat of the beamline is in “rough” vacuum (defined here to be above 0.1

mTorr) to remove atmospheric HO vapor and CO» interferences in the spectra. This
region extends from the UHV window to the rough vacuum window at the end of the
beampipe. This rough vacuum window could be in the valve seat of a gate valve at the
exit of the beampipe, but safety interlocking with the spectrometer makes this
arrangement problematic. The base pressure should be < 50 mTorr, although operation is
usually satisfactory at pressure of 100 mTorr. The total pathlength determines the
sengitivity of the spectrometer to the absorbing water vapor. The Mid-IR is sensitive to
the water interference as there are many strong absorption lines in this wavelength region.
The preferred pumping is with non-oil-seal pumps, to avoid contamination of the mirror
surfaces, and migration into the UHV region if the separating window fails. Oil-sedl
pumps are not allowed at CL S at this time. Conventional gauging, valving, and venting to
dry Nitrogen should be utilized. *“Convectron” type thermocouple gauges are adequate
for monitoring the pressure, and setpoint controllers can enable aarm/status software for
safety. Gauging should be readily observed at the endstation. The gauges can
communicate to the network but separate readout in a rack panel in the endstation is
required as well.

2.3.4 Support Structures

The vacuum system requires proper support for handling pressure load, alowing
adjustment of dipole and beampipe chambers, stable mirror mounting, and access to al
pumps, gauges, valves and mirror actuators. The use of the tunnel floor, wall and ceiling
is required due to the tight space constraints. Steel tube and triangulated support
structures are envisioned. Standard component designs should be employed wherever
possible, but custom configurations are needed in the UHV beampipe chambers.

2.4 Dipole Chamber Modifications

The dipole chamber is modified by the addition of a new port location through
consultation with contractor FMB. Extra pumping requirement for the volume of the
proposed tube addition needs to be calculated. The locations of existing pumps may need
rearrangement to accommodate the new beampiping; any additional ion pump needs to be
mounted. Operation of the ion pumps close to the field windings must take into
consideration any limits on perturbing the dipole field homogeneity and magnetic
shielding added if needed. An additional lower port is desired to accommodate a mirror
positioning mechanism and additional feedthroughs for cooling water to the photon mask.
The mirror positioning mechanism is needed for fiducia alignment of the M1 pole.



The expansion/tapering of the chamber cross-section for this wide aperture is essentia to
the long wavelength performance. Referred to as “removing the neck”, this also affects
the neighboring port, allowing for a wider vertical aperture there as well. The geometry
and tapering requirements for the electron optics needs examination. If it is possible, the
standard top and bottom dimensions could be expanded form the point past the windings
to the rectangular flange to conserve the vertical angle defined by the points closer to the
source.

There is a minimum “clear” distance of 16.1 mm from the electron beam to the closest
part of the mirror assembly®. This keeps the M1 from defining the horizontal dynamic
aperture of the electron beam (and becoming a “scraper”). This also defines the vertical
angles obtainable with the fixed chamber ID as shown in Fig. 5. This shows the
difference in vertical angle viewed by the extreme sides of the mirror, as a function of the
“clear distance” from the electron beam. With a clear distance of 24 mm the maximum
vertical angle is 55 mrad, minimum 33 mrad; we choose this as a design goal.

Because the port removes wall metal close to the electron beam, perturbation of the orbit
has to be considered/calculated/approved. Chamber modification Engineering Change
Request No.13 is in process with these details. Design needs a pumping analysis for the
new port tubing.

Any modification of the photon absorber from the standard dipole chamber configuration
needs to be examined and considered for interference with the added port.

The angle of the rectangular slot proposed to align the center axis of the mirror to the
tangent point must be considered as well to avoid skewing the beam to one side of the
chamber between M1 and M2; this would affect the useful adjustment range of the M1
pitch angle.

A port added to the chamber outer wall for a tangentia alignment view looking towards
the first mirror location (“reverse tangent”) would be valuable in pre-alignment and
subsequent diagnosis of beamline problems, but the current geometry makes it impossible
to place due to the location of upstream quadrupoles.

A constraint on the port addition s the location of the UHV isolation gate valve that
physicaly clears the magnet windings. The valve needs to have position sensing and
monitoring via EPS.

The mounting and adjustment degrees of freedom of the chamber in the dipole must be
considered when coupling the dipole chamber to the IR beampipe. Bellows isolation is
required. The vacuum loading on the chamber could be asymmetrical top to bottom if
different sized flanges are used. Countering the forces due to air pressure upon the
bellows is important for allowing adjustment and maintaining position once adjusted.

2.4.1 Electron beam environment

The modifications to the dipole chamber and the close proximity of the first mirror may
influence the electron beam. The cutting of the chamber and modifying the wall
configuration lead to questions on the formation of unknown cavity resonance and abrupt
impedance changes across openings for the mirror penetrations. There will have to be
estimates made on the location and sizing of allowable transitions and apertures in the
chamber. The “tapering” of the trangtion in the height of the chamber on a 5:1 or larger
ratio has to have the geometry lay out determined. The RF “cleanness’ will be evident in
the spectra obtained, in the 10 Hz to 50 kHz regions. The beamline will be able to



provide operational feedback to the ring on the quality of the beam and identify sources
of noise that can be resolved during the commissioning process. Magnet power supply
noise, chamber vibration, cooling fluid noise, RF sidebands, RF power supply noise, orbit
correction instability, intrinsic oscillatory modes of bunches — both inter- and intra
bunch, and temperature shifts are all potentially observable on the FTIR signal. The ring
operation for 2008 will have these parameters:

RF Frequercy 500 MHz

Energy 29 GeV

Dipole Field Strength 1.354 T

Energy Loss per turn 0.876 MeV

Max. Current 500 mA

Dipoles Total Radiated SR | 438 kw@500 mA
power

Radiated SR Power per | 9.76 kw/m

meter

Emittance 18.1 nm-rad (ref. Tune)
Bunch length (full) 65 ps

Bend magnet radius 7.1428 m

(from CLS Design Note 5.2.69.2 Rev 1 pg.3 “CLS Main Ring Lattice”)

2.5 Beamline Control

This section briefly indicates certain strategies that are being considered for the control of
the beamline. Storage ring control will be done with EPICS. The beamline optics inside
the tunnel wall, rarely adjusted by most users, should also be under control of EPICS.
Control of components commonly used by users such as FTIR spectrometer scanning, the
photon shield, and endstation PCs, will be controlled by programs in a language that can
interface with EPICS such as C++ so that communication between EPICS-controlled
components and other components is readily achievable. Software provided by certain
vendors who will supply spectrometers removes the need for professional design of user
data acquisition programs to interface with EPICS. Manual operation of the rough
vacuum mirror components is a viable aternative considering the complexity and
infrequent use for those mirror positiorers. Also, the two steerable mirrors closest the
endstation should be under user control for fine-tuning the signal after fills. The active
optics components can generate signals that provide direct measures of beam motion that
the EPICS can monitor.

In terms of the control of various motors, stepper control cards developed at the CLS will
be used, controlled by programmable logic controllers (using the IEC61131 language)
through input/output controllers to EPICS. A single vendor should supply the stepper
motors. At this point, position feedback is being considered for the motors of al beamline
components inside the ring tunnel, though this will not be necessary for al but critical
motions. Camera viewing of alignment targets is via a separate monitor or a display
window in the PC monitor with the commercial package used by the control group.




2.6 Power Loading

Refer to Fig. 6 the top down view of the beamline first mirror location beside the dipole
for reference to this continuing discussion. This section describes the power loads
absorbed by the various components of the beamline and how these heat loads are
managed. All the figures and power values quoted in the text were obtained with the
machine parameters of 2008. Each bending magnet emits a vertically integrated power of
69.74 W per mrad horizontal at 500 mA; thus 3836 Watt for 55 mrad. This doesn’t
include the reflected heat load from photon absorbers or emission from the photon mask.
Values given in the table were obtained using SRCalc® and SRW’. The code takes into
account the reflectivity at the mirror. A power density of 294.0 W/ mm? peak is obtained
at 1111 mm source distance*, center of source arc to center of mirror M1. (* value from
final revision of the FMB extension chamber).

Electron Beam parameters used in the SRWE library of sources:
Energy 2.9GeV Current 0.5A
Thick beam twiss definition Relative RM S energy spread .001

Energy 2.9GeV
Current 0.5A
Horizontal Vertical
Emittance nm 18.1 nm 0.0362 nm
Betam 0.757 26.938
Alphar 0.5559 -3.5335
Dispersion m 0.129 0
Dispersion Derivative r -0.156 0
Data values used in SRCalc for 10 mm mask:
Energy 2.90 GeV Current 0.5000 A
Radius 7.1428 m Sigmay’ 0.0055 mrad
Acceptance : d=1111.0 mm XSize= 100mm |YSze= 3.77mm
nxp = 99 nyp= 99
Total Power = 633.69 W # Energy pts= 9999
Beamline: Mirror 1 | angle= 45.00 Pol =s Coating = Al
Power in window = | 633.52 W Power Density = 214.46 W/mnt
Pow. Reflected Pow. abs. Power Density abs.
Mirror 1 013 W 633.38 W 151.0 W/mn

This power level is excessive compared to a nominal 30 W/mm? level, which is attained
on copper alloy (Glidcop) surfaces after geometrical shaping to spread the flux®.

2.6.1 Direct Photon Radiation

The one optic that faces an intense power level isthe M1 deflection mirror of the Mid-IR
line, and its photon mask.

Conventional front-end masks and apertures for this beamline will not exist as the beam
goes off-plane of the ring near the dipole magnet. This means that new front end
components will have to be analyzed for high heat load, impact of miss-steer of the beam,




and as secondary sources of radiation. In particular, the M1 mirror must be analyzed for
the consequences of the electron beam being miss-steered to an extent that it hits the
surface of this mirror. The two-part mirror proposed, following the BESSY design in
Fig. 7, has two different front edges exposed to the beam. The upper mirror will have an
acute angle on the leading edge (45°), which could suffer more damage than the lower
edge (135°). As the material is expected to be similar to the photon absorbers normally
present in the chamber, and the location is nearby, the modeling of this extra source of
radiation should be relatively straight forward, as used on the absorbers. The reflectivity
is such that some amount of power at UV wavelengths will be transmitted to the second
mirror surface and should be examined for the level of intensity that M2 will experience.
At 58 mrad 4060 watts to be dissipated the slot removes most power but a certain %
remains to be removed. The need to withstand a direct beam dump merits consideration.
The vertical power distribution for the 2008 conditions is shown in Fig. 8.

2.6.2 Indirect/Reflected Photon Radiation

The photon absorbers for the dipole chamber are situated around and behind this first
mirror element, and they are sources of radiated heat load that must be accounted for in
the total cooling budget of the mirror and mount. The amount of wattage presented by
these parts has to be calculated, based on the expected temperature and distance to the
mirror, and amount of solid angle that is seen by the mirror. This may result in a safety
factor increase in the cooling used.

2.6.3 Photon Mask

The purpose of this mask is to protect the sides of the M1 mirror assembly from direct
and near-plane radiation. The mask should absorb approximately 1394 W, 697 W per
side, when intercepting approx. 10 mrad with a maximum power density of 294.94
W/mn? This is for a leading edge at approx. 962 mm from tangent point. The gas output
due to heating needs to be modeled and examined for impact on the vacuum environment
and sizing pumping. The power distribution for this position is shown in Fig. 9.

2.6.4 M1 Vertical Deflecting Mirror

The M1 plane mirror deflects the photon beam by 90° in the vertical direction, separating
the X-rays/UV and Visble/Infrared. M1 aso serves as the main power filter for the
downstream optical elements. A conceptua design showing the photon mask is illustrated
in Fig. 10. Out of the 4045 W incident power this dotted mirror bypasses all the photons
above 40 eV, which have a total power of 4026 W. The 1 eV to 40 eV interval contains
3.6 Watts.

The spatial distribution of the power density absorbed on M1 is presented in Fig. 11 and
12. The results were obtained using the SRW/SRCalc code and scaled by the ratio of total
power absorbed by the mirror to the total power incident on the mirror. As the figure
shows, the maximum power density is 183.5 W/mm?. Compared to the photon absorbers’
a 5.7 degree incidence with power density of 51 W/mm? this is over 3.6 times the level.
The power density aong the width of the mirror is nearly constant, in contrast to the
narrow distribution along the mirror height. The SRW code alows near or far field
calculation of the distribution, and there is a significant difference in the results obtained,



the near field generates values in excess of 500 W/ mn¥ and at this writing was not
chosen for the model pending investigation of the method.

Finite element analysis (FEA) will have to be performed to trandate absorbed heat 1oad
on M1 to describe the temperature profile and subsequent distortion and wavefront error.
The arguments for cooling M1 by side contact or channels must be made to determine a
feasible solution to control the induced figure errors.

The main disadvantage of side cooling technique is the relatively large time constant
(tens of minutes) required for temperature stabilization in the mirror.

Absorbers are placed in front of the mirror to shield the sides. Rather than use asingle
horizontal tube onplane aa ALS, two vertical tubes are considered as a starting point.
The BESSY design has their mirror behind their standard photon absorber.

2.6.5 M2 Horizontal Deflecting Mirror

Second mirror element. This mirror could receive approx. 20 W of heat from the first
mirror, mainly in higher energy photons that are deflected by M1 up to 25 eV. Side
mounted cooling or internal channels will be considered. The cooling must be flexible to
move with the mirror adjustments. This flat is used to redirect beam from the vertical to
horizontal at a height that is dependant on the amount of excursion the mounting makes
retracting the M1 assembly. Internal cooling is more complex and costly compared to
sde cooling; either makes the mounting flexibility here problematic from space
constraints.

2.6.6 Cooling Other Downstream Components

Downstream of the first two mirrors, no other optic will have sufficient power or power
density upon it to warrant cooling.

2.6.7 Out-gassing

The materials being heated will outgas in the UHV environment and the amount must be
estimated in the pumping size calculation for the dipole chamber and UHV chamber
requirements. The mask temperature will be a factor in its out-gassing and its close
proximity to the electron beam considered. Glidcop out-gassing curves relative to
stainless steel should be consulted.

3 Performance

3.1 Flux

The flux expected at the experimental stations for the machine conditions projected for
the year 2008 are shown in Fig. 13. These results were obtained taking into account the
following factors:
a) The flux emitted by the bending magnet for the beamline accepting the whole
radiation emitted in the vertical angle defined by the chamber, for photon energies
less than 2 eV. For these energies, the flux was calculated using the SRCalc program
and BASIC program IRSRBRIG.BAS™.



b) The reflectance of the various components is considered separately. The normal

incidence reflectivity for Copper, Gold and Aluminum coatings is approx. 98% in

Fig 15, and the transmission of the UHV window follows a curve given in Fig. 16.

The values are from reference material** in SRCalc and Drukker 2.

c) Cdculations from the smple BASIC program have been compared with SRW

and found to be in good agreement.

d) The ring’s emittance decrease with time is not a determining factor in the

brightness obtained.
As seen in Fig. 13 the beamline will deliver 5 x 10" Photon/sec/0.1% bandwidth at 100
microns at the source. With 8 reflections at 2% loss per reflection, 10 % loss due to
slotted mirror, and 17% reflection from diamond window, 63% or 3.18 x 10™® P/s/0.1%
reach the experimental station. The choice of mirror coating is determined mainly by how
much UV is alowable through the line. As this beamline is dedicated to the long
wavelengths, limiting the higher energy photons will protect the next mirrors from
heating, the UHV window from darkening due to color center generation, and reduce
safety requirements at the endstation. Gold and copper have lower UV reflectivity but
extend farther beyond 25 eV, aluminum has higher UV reflectivity but cuts off at 25 eV,
and the oxide coating that forms can cut the UV response further. Per the reviewer, there
are still substantial photons at 20 eV reflecting off aluminum that will heat the second
mirror, and this power load must be calculated and cooling allowed.

3.2 Resolving Power
A detailed discussion of the FTIR spectrometer is given in the App. 7.17. Asthisisa
standard resolution beamline with sub-wavenumber resolution, < 0.2 cm'l, the limit to

resolving power, DI /I, is determined by the source angular size in combination with the
retardation length of the Michelson interferometer in the FTIR spectrometer.

3.3 Unique Characteristics of Infrared Beamline

The scientific imperative is discussed in the beamline proposa submitted by the
Canadian Consortium for Synchrotron Infrared Spectroscopy (C2SIRS) dated Feb. 2000,
Mike Jackson author®®. The technical considerations that set the Infrared apart from the
higher energy photon beamlines are numerous. The main differences are:
- Large vertical aperture for long wavelengths

Specia photon masking due to M1 being close to electron beam

Wide horizontal angle leading to high heat load consideration

Wide signal bandwidth making it susceptible to many sources of noise

Material requirements for reflecting and transmitting the long wavelengths.

Polarization of the beam is preserved for use in dichroic experiments.

Fast detectors alow use of the pulse structure of the beam for time-resolved

reactions, often coupled to laser systems for pump-probe experiments.

The ability to have high reflectivity at “large angles’ like 45° to the surface alows
mirror and beampipe configurations not attainable with wavelengths much shorter than
visible. These beamlines benefit from being short and once collimated can cross over



other lines and walls. The costs are reduced due to the relaxed tolerances on the surface
shape and roughness, and suitable materials and components are readily available
commercially. The window requirements are somewhat stringent but a nearly ideal
material, diamond, is used and has proven to be the only viable UHV choice. The sealing
of this window is of concern when baking the chamber, as there is a limit on the
temperature if Indium gasket material is used. The close proximity of this window to the
source precludes using a conventional high speed valve and baffle chamber to protect the
ring. Safety factors in the operation of the ring and beamline must be watched closely.
This aso places requirements on the rough vacuum outside the window for venting rates
and limiting damage to components there. The bandwidth of FTIR experiments is wide
and centered in the world of mechanical/electrical noise and vibration (1 Hz to 50 kHz)
that make it suitable as a diagnostic of a wide range of sources of noise, from floor and
wall vibrations to RF sidebands on the ring beam. The high heat load of the first element
is the mgjor technical challenge of the beamline, and unique mounting and cooling
methods for the first mirror will be necessary. The lack of high-energy photons makes
hutch shielding largely unnecessary, as well as eliminating x-ray shutters.

4 Inspection, Testing, and Commissioning

4.1 Alignment

The CLS survey and aignment group will undertake preliminary alignment of beamline
components and optics. Fine tuning the alignment of the beamline will be the
responsibility of the beamline scientists in conjunction with the ring and survey groups.
No photon beam alignment can take place until ring orbit stability is obtained. The orbit
plane must lie within a 3 mm total range in both vertical and horizontal directions, as the
dotted mirror cannot take the load of a mis-steered electron beam during startup.

The proper aignment of M1 through M3 determines the flux that is transmitted to the
UHV window. A diagnostic alignment mask is inserted in front of the window and is
used for alignment of M3. A 3D layout of the optical path is obtained by combining the
output from Shadow ray tracing and Acad floor layouts. A conceptual layout isin Fig. 17
using two 2.5 meter focal distance ellipsoids.

The components of the UHV chamber, its plane and ellipsoidal mirrors, and the
alignment targets, should be pre-aligned to ensure that the central ray reflected from the
first mirror intercepts the ellipsoid at the correct position, and can reflect to the UHV
window. The capability of each mirror mount to adjust about a nominal center will be of
significant value during the pre-alignment. An external light source/laser is used for this
purpose. Fiducia monuments on the mirror boxes will track to the poles of the mirror
elements. The final alignment of these components including the vertical position of the
exit will have to be performed by monitoring the resolution at the sample position and the
energy calibration using a gas cell filled with a specific gas.

A pre-alignment of the optical elementsis essential for nominally positioning the fiducial
surfaces and will be logged and used for the online alignment. External mounts for
Taylor Hobson tooling balls must be included in the chamber design. Sight lines to these
mounts must be clear, as these chambers will obstruct views as it traverses the tunnel and
celling. To align components outside the tunnel wall will require either a separate path



for a laser line to follow (separate penetration) or an enlargement of the beamline
penetration to allow the beam to travel alongside the chamber. It is considerably easier to
align the IR by viewing the visible component of the beam, and most of the exterior
mirrors are flats with low levels of precision needed. The operation of the FTIR will be
checked independently with a thermal source on installation. The light from the beamline
will enter via an external port and the signal levels measured and compared to the thermal
source. The final aignment of these components including the vertical position at the port
will have to be performed by monitoring the resolution at the sample position using a gas
cell filled with a specific gas. The following sections will describe the performance to be
examined and deviations noted and diagnosed with the actual beam present during the
testing and commissioning of the beamline.

4.2 Flux

There is no mesh for detecting photocurrent on this beamline. The absolute flux of the
beamline can be measured by intercepting the photon beam with a calibrated photodiode
using a narrow bandwidth filter around 1 micron wavelength. A beamsplitter after the
rough vacuum window can be used for a relative monitor d the beam decay and for
normalizing the spectra, but this is not considered necessary a the time of
commissioning. Absolute flux measurement is not planned at this time; al of the
experimental data will be taken as relative ratios. Normalization of spectral results is
adequately made by referencing the beam current logs as a function of time of the data
collection. Software for polling the network for relevant ring parameters such as beam
current during experiments needs to be written to interface with the commercial software
package of the spectrometer. For predicted flux and brightness curves please refer to
document 6.2.72.1 “Flux and Brightness for the Infrared Beamlines'.

4.3 Brightness

For predicted flux and brightness curves please refer to document 6.2.72.1 “Flux and
Brightness for the Infrared Beamlines’, which refers to a maximum port size of 60 mrad
vertical. Fig. 14 shows brightness for a 40 mrad and 58 mrad vertical ports at CLS vs.
NSLS 90 mrad port and therma source. The current design value of 58 milliradian
vertical a?erture provides for an optimum wavelength value of 150 micron corresponding
to 66 cm~. The vertical angle actually achieved could be less than this, depending on the
final chamber design and M1 location.

4.4 Resolution

A gas cedl filled with low-pressure carbon monoxide (CO) at known temperature and
having suitable IR transmitting windows can be used to measure the resolution of the
spectrometer. The narrow line width and lineshape can be used to determine ultimate
resolving power and alignment of the optics. 4 Torr of CO in a 75 mm cell with KBr
windows can produce 0.06 crri* widths with boxcar (none) apodization. The ultimate sub-
milli-wavenumber resolution (<0.001 cmi') requires another gas and cell setup, to be
determined. The manufacturer will demonstrate the limiting resolution of the instrument
on-site.



45 Noise Level

The noise level of the beamline determines the ultimate sensitivity and performance,
separate from resolving power. Noise sources span electric and mechanical vibration with
noise from the source point to the detector and all elements in between contributing. This
noiseis limited to the low frequency spectrum from afew Hz to 100 kHz, all of the audio
bandwidth. This region is characteristic of the high-speed data rate that the A/D process
of the FTIR operates. Higher bandwidth is possible in special high-speed time-resolved
experiments that may be done in the future. Characteristics of impulsive and periodic
noise can be seen in the spectra, and sources attributable to vibration of mirrors and
mounts, source variation (angle, position, bunch couplings, etc), RF couplings, power
supply couplings, reflections, structural motion, thermal drift and other environmental

changes determined. Vibrational levels are noted in CLS Design Spec. 5.4.33.1 Sec 3.2,
the amplitude of the tunnel walls should be <0.4 micron below 100 Hz. The noise level
measurement is made by taking 2 data scans of 1 minute duration and ratioing them, with
no sample in the beam. To get transmission units % T, multiply the ratio by 100. The
peak-to-peak or rms %T level over a 100 cmi’ region centered on a specific point in cnit
is specified in the bid for the spectrometer. These levels are typicaly in the 0.02% range.

5 Safety

5.1 Equipment protection system (EPS)

Refer to Drawing PFDs 01B1-1/PFD/OPT/0066901 "Mid-IR Spectroscopy Beamline
P.F.D. Optics', a beamline process flow diagram, to see how sections are connected to
the EPS.

The primary function of the EPS is to protect equipment on the beamline and the ring
from conditions that could damage the equipment and/or prevent conditions that could
cause a ring wide shut down. The EPS system is tied into a variety of systems that
monitor vacuum pressure, water flows, and temperatures. Set points will trigger response
logic designed to protect the equipment from damage and prevent the spread of poor
vacuum conditions. In terms of UHV vacuum EPS; the system will largely be tied into
ion gauges and/or ion pump currents and valve status monitors. The EPS will be tied into
the rough vacuum gauge only for components downstream of the UHV window. This
allows for errors in the user operation of the vacuum FTIR spectrometer. For
components where cooling water is a necessity, the EPS systems will be tied into gauges
that will monitor the flow and temperature of water to these components. Thus in the
eventuality of the water flow becoming compromised, the components that require this
cooling water will not see beam when cooling in unavailable. Certain upstream
comporents will aso have thermocouples monitoring the temperature of these
components. The EPS will trigger if the temperature of these components reaches a
certain threshold level. The EPS logic will be programmed such that any EPS fault will
always dump the beam and retract the periscope mirrors to protect the ring. In the case of
a vacuum EPS fault, the logic will also be programmed to use valves to isolate the area
where the fault was registered. The interlock to prevent closing a valve on the periscope
will have to be very dependable. Set-points for each different parameter that is to be
monitored will have to be determined on a case by case basis depending on such factors
as. change in a particular component when the beam is on, whether the component is



dedicated to UHV or not, and what sort of vacuum conditions are expected in nearby
components.

5.2 Personal safety system (PSS)

Refer to Fig. 2 to see position of PSS components such as hutches. Personnel Safety
Interlocking will not be needed on this hutch, as there will be no X-ray radiation hazard
present. No lead lining of the hutch walls is required. The hutch should have a ladder and
roof support capable of supporting a person moving stored equipment. The personal
safety system will be designed with all due consideration for the safety of the users. The
key components of the PSS will be the necessary lead shielding for the beamline as it
comes out the shield wall. Due to the large angle at which the beam is deflected from M1
(90°) and M2 (90°), no photors above 20 eV or gammas are expected beyond the tunnel
wall leaded enclosure. Therefore, the stainless steel vacuum envelope of the components
continuing from the UHV Window is sufficient to provide safe shielding.

5.2.1 Hutch

The lack of hard radiation allows to the use of non-lead walls, so a conventional stud wall
and roofing structure can be fitted in place. No bridging of the floor isolation seam is
allowed. Wall proximity to the seam must be considered when attaching it to the floor.
Double doors used to allow equipment access, instal fire alarm and smoke detector to
satisfy applicable building codes. Simple keylocks for door security are possible.

The roof should allow a loading of 50 pounds/sg.ft. for a person to walk and store items
there. A ladder for acess to the roof must be provided and hand railing around the
perimeter for safety. The hutch area outside of the shielding wall should have area
radiation monitoring installed and surveys performed. Access to area radiation monitors
on the walls and associated power and signal cables must be noted. See Fig. 21 for aview
of the area outside the tunnel wall, beam enters from upper left. The area must comply
with Bio Safety Level 2 requirements and these are referenced.

5.2.2 Bio safety Level 2

Thisis a standard of safety that is required when experimental samples are tissues that are
human in origin. The need for cleaning and safe handling of the samples is noted in the

manual, and referenced in App. 7.19 —and at url:
http://ww. hc-sc. gc. cal/ hpb/| cdc/ bi osafty/ docs/i ndex. htm

Certain requirements on the materials used in the hutch, ability to clean work surfaces,
access to cabinetry and autoclave, closing doors, signage, etc are delineated. The tissue
samples must be properly contained when brought in and out of the lab area.

5.3 Specific components requiring safety analysis

This section smply lists certain components that may require extra safety analysis
conducted by the engineering group and the reasons for this extra analysis.

5.3.1 Photon Mask

The purpose of this mask is to protect the sides of the M1 mirror assembly from direct
irradiation of the bending magnet radiation fan. An analysis of the heat dissipation and



the UHV integrity of the line should be performed. Outgassing and photoemission and
bremstrahlung radiation source characterization needs to be analyzed.

5.3.2 M1 Vertical Deflection Mirror

This mirror sees the highest total power of any reflecting optics of the beamline. Its
cooling method has not yet been decided. Finite element analysis (FEA) will have to be
performed on the cooling technique and subsequently, on the influence of the power
induced figure errors on the size of the focused beam at the entrance dlit and at the
sample position. Side cooling may be possible due to the dot, but if afull electron beam
mis-steer has to be withstood then cooling channels will be necessary.

5.3.3 M2 Flat Horizontal Deflecting Mirror

Side cooling should be sufficient to handle the figure errors due to the power absorbed in
M2. However, detailed FEA should be performed on such a cooling solution. There
should be negligible load on subsequent mirrors and components due to the losses in the
first two elements.

5.3.4 Experiment Hutch

The area outside of the shielding wall should have area radiation monitoring installed and
surveys performed. The hutch itself will not require lead/radiation shielding treatment of
its walls, and the doorway will not have to be interlocked to any shutter component. The
hutch area outside of the shielding wall should have area radiation monitoring installed
and surveys performed, see Fig. 21.

5.3.5 Tunnel Wall Penetration

The beamline penetrates the shielding wall of the tunnel at the injection area, a thickness
of 0.95 meters. Core drilling is required to make the hole. The hole must clear the 5.13
inch (13.0 cm) diameter flange on the piping. A double claw-clamp style is used for
connecting an 1SO NW100 / L400-W 4 inch (10.16 cm) stainless steel beam pipe. It is
desired to place this as close as possible to the tunnel roof, allowing chamber clearance
for mounting and tool swing. Cable trays and ducting must be moved for clearance. See
Fig. 22 for aview of the source point area, beam exits out upper left wall.

This hole provides an opening for radiation. The various types including bremstrahlung
radiation require that the sources be characterized and the geometry be traced for an
analysis on the expected leakage. The shielding required inside and outside the tunnel
wall is to be determined considering the projected radiation to the balcony above and
occupied floor areas. Having a separate porthole or an oversized hole for laser alignment
needs to be determined, and where to locate it. This transfers fiducial datum from inside
to outside of the tunnel wall.

This wall port is thus above and to the side of the radiation source. The calculation of
allowable port sizes for the viewing and source angles need to be carried out. The
proposed rough vacuum tubing with 4 inch OD can have the minimum height found
using geometry™ for asimple line-of-sight model.

The wall is ~1 meters in the —X direction from the source point, the lowest edge for this
size hole is 160 mm above the plane for no clear line of sight. The actual hole height will
be above this distance so that more overlap of the edge concrete is available.



The beampath can be deviated very close to the tunnel wall sideways so that a shielding
cowling/housing could be mounted on the wall to contain the radiation. The distance of

the tubing to wall should be minimized for ease of containment. The tubing can be
supported by a trusswork mounted onto the wall. Engineering the attachment to concrete,
tubular steel framework, rough vacuum tubing, and alignment are to follow in the

detailed design.

If the reflected “wall shine” of neutrons and photons is calculated to be prohibitive with a
hole set horizontally then an angled hole could be used with the higher point on the inside
of the wall and lower point outside. The mirrors before and after this angled portion

would need to be mounted at new angles to accommodate the change. The rotation of the
beam image after these new reflections must be considered. In case the polarization isn't
vertical a redesign of the subsequent mirror layout must rotate the image to that
orientation. This configuration is not preferred.

Note that the ALS mirror mounts are isolated from their tunnel wall by the use of thin-

wall bellows. The beam passes through a tube and double-flanged ion pump, which are
attached to the tunnel wall. Their mirror mounts attach to floor sections, which were cut
out from the main floor.

Vibrationa levels are noted in CLS Design Spec. 5.4.33.1 Sec 3.2; the amplitude of the
tunnel walls should be <0.4 micron below 100 Hz.

5.3.6 Alignment Targets

Since these targets intercept the beam after the first two elements there is negligible
heating. They may also act as photon shutters to cut the optical output from the beamline.
There is no separate photon shutter called for in the layout, nor a heavy-metal radiation
shield.

5.3.7 Windows

The UHV window has unique requirements and is a non-guarded component with respect
to vacuum integrity in case of falure. The Rough vacuum window must be carefully
protected, as a catastrophic failure could induce failure of the UHV window. A slow leak
in thiswindow is far better than an implosive crack formation, e.g. impacted by an object.
There should be no easy access to this window from the exterior when in operation. This
is easily attained with the requirement of vacuum sealing between it and both the
beamline and spectrometer. Warning information should be clearly labeled nearby. The
venting rate of the beamline must be metered through a needle valve to dry Nitrogen at a
base-to-atmosphere rate of approximately 5 minutes.

6 References

CLS will provide documentation for all papers, reports, notes, specifications and
references noted in this report.



7 Appendices

7.1 Beamlinelayout/diagrams
This section contains diagram for the beamline
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Figure 1 Schematic layout of optical path. More flat mirrors after M7 will be required.
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Figure 2. Floor plan: beamline (red) from dipole through shield wall to hutch.



7.2 Services / utilities, process flow diagram (PFD)

This section contains the process flow diagram (PFD) drawing numbers for the Mid-IR
line. This diagram is used to indicate what types of utilities are required for each
component of the beamline and how each component may tie into the equipment
protection system (EPS) and/or the personnel safety system (PSS).

The main drawing number . 02B1-1/PFD/OPT/0066901 "Mid-IR Spectromicroscopy
Beamline Process Flow Diagram”

and associated utility group drawings:

Optics 01B1-1/PFD/OPT/0066901
Vacuum 01B1-1/PFD/OPT/0066911
Cooling water 01B1-1/PFD/OPT/0066921
Pneumatic 01B1-1/PFD/OPT/0066931

7.3 M1- Vertical deflecting mirror

M1 deflects the photon beam by 90° in the vertical direction, separating the beams of the
X-ray and Infrared.

Parameters: 1111 mm from source

Parameter Vaue Tolerance Comment Reference

Figure Plane 24 @ 632nm | Two pieces See note

Inc./Refl. Angle 45° 2°

Surface 40-20* 2120 @632 nm | *Scratch Dig MIL:O-

Roughness 30 nm Ra 13830A

Material Glidcop Others per | See note
cooling ability

Coating Aluminum Refl.=0.98 No overcoat See note

Optical Length Y 97.5 mm +/- 0.5 mm Fab advise

Length Y 97.5 mm +/- 0.5 mm Fab advise

Optical Width X 69.0 mm +/- 0.5 mm Fab advise

Width X 87.0 mm +/- 0.5 mm Fab advise

Thickness 20.0 mm +/- 0.3 mm TBD from
FEA/Fabricate
requirements

Power Absorbed < 50 Watts +/- 50 Watts TBD from| Sec.2.7.4
detailed design

Power Density 300 W/mnt | +-90 W/mnt | TobeAvoided | Sec. 2.6

Cooling Water loop +40°C rise FEA required | Seenote

Shape Rectangle 2 piece special




Note: The substrate choice, either single crystal Si with gold coating or Glidcop will be
determined based on the results of the FEA calculations (See section 2.6.4).

The aluminum coating is selected for reducing UV light transmission, allowed to oxidize;
gold is an aternate. Thickness per fabricator for 98% reflectivity at ? = 25 micron,
typically 2000 A, interfacing layer material at fabricators discretion.

Coolant supply line and return volume flow, pressure and temperature to be determined
(tbd) from detailed design.

7.4 M2-Plane mirror

M2 is a plane mirror that redirects the beam.

Parameters: 1924 mm m from source

Parameter Vaue Tolerance Comment Reference

Figure Plane 24 @ 632 nm See note

Inc./Refl. Angle 45° 2°

Surface 40-20* 2120 @632 nm | *Scratch Dig MIL:O-

Roughness 30 nm Ra 13830A

Material Glidcop Others per | See note
cooling ability

Coating Aluminum Refl.=0.98 No overcoat See note

Optical Length Y 149.6 mm +/- 0.5 mm

Length Y > 149.6 mm +/- 0.5 mm TBD Fabr.

Optical Width X 105.8 mm +/- 0.5 mm

Width X >105.8 mm +/- 0.5 mm TBD Fabr

Thickness 25.0 mm +/- 0.4 mm TBD Fabr

Power Absorbed < 30 Watts +/- 10 Watts TBD from| See  section
detailed design | 2.7.4

Power Density 0.5 W/mnt +-0.2 W/mnt

Cooling Check +35°Crise FEA required

Shape Rectangular

Note: Substrate options: Zerodur, Pyrex, Borosilicate glass, fused silica
Gold coating is an option.

7.5 M3 Ellipsoidal Focus Mirror

Besides its optical function in refocusing the beam through the UHV window, the third
mirror element steers the beam vertically towards the tunnel roof elevation. This may be
an elipse with 1:1 imaging with 2000 to 2500 mm focal distance. Surface shape shown
in Fig. 18 with focus spot in Fig. 19 for synchrotron source model a 24 micron
wavelength for 2000 mm focal distance.

The beam will be at its widest width at this mirror position, approx 116 mm, or 4.57
inches. The diagonal dimension for a 58x58 mrad square is 164 mm, 6.5 inch. Thisisthe
optical surface size. Thus an 8 inch chamber ID (203mm) on 10 inch (254mm) Conflat is
required, minimum. For positioning a focus point outside the shield wall, a 2500 mm




focal distance may be preferred. With a 55 mrad aperture the size becomes 137.5 mm on
a side, 194.4 mm diagonal, which could require a 10 inch chamber ID (254mm) on 12

inch (300mm) Conflat.

Parameters: 2500 mm from source

Parameter Vaue Tolerance Comment Reference
Figure Ellipsoidal See note
Objective focus 2500. mm +/-0.5%
Image focus 2500. mm +/-0.5%
Eccentricity 0.7071068
Semi- major axis 2500. mm
Semi- minor axis 1767.77 mm
Inc./Refl. Angle 45° 0.02°
Surface Roughness | 40-20* 2110 @632 nm | *Scratch Dig | MIL:0O13830A
Accuracy ? @632 nm +?2/(-?/2) @ | Fabricator
632 nm Recommend
Material Glidcop/Glass See note
Coating Aluminum Refl.=0.98 No overcoat See note
Optical Length Y 194.4 mm +/- 0.5 mm
Length Y 204 mm +/- 0.5 mm
Optical Width X 137.5mm +/- 0.5 mm
Width X 148 mm +/- 0.5 mm
Thickness 40.0 mm +/- 0.3 mm TBD Fabr.
Power Absorbed Negligible
Power Density Negligible -
Cooling - -
Shape Rectangular

Note: With focal length tolerance: +/-0.5% at 2.5 meters this is 2500 mm x 0.005 = 12.5
mm shift in location - this is not much compared to the source depth: 13/400=3% of the
source distance, moving the mechanism means an inch of travel at the ellipse.

Substrate options: Zerodur, Pyrex, Borosilicate glass, fused silica

7.6 M4 Plane Mirror

M4 is aplane mirror that redirects the beam horizontally to the tunnel wall.

Parameters: 3108 mm from source

Parameter Vaue Tolerance Comment Reference
Figure Plane 24 @ 632 nm

Inc./Refl. Angle 45° 0.5°

Surface 40-20* 2120 @632 nm | Scratch Dig MIL:O-
Roughness 13830A
Material Glass See note




Coating Aluminum Refl.=0.98 No overcoat See note

Optical Length Y 147 mm +/- 0.5 mm
Length Y 157 mm +/- 0.5 mm
Optical Width X 104 mm +/- 0.5 mm
Width X 114 mm +/- 0.5 mm
Thickness 25 +/- 0.4 mm TBD

Power Absorbed Negligible
Power Density -

Cooling

Shape Rectangular

Note: Substrate options Pyrex, Borosilicate glass, Zerodur, fused silica, Glidcop

7.7 Vacuum Windows

Data specifying the UHV and Rough Vacuum windows is presented here.

These are critical components for operation of the beamline. Spares on-hand are required
to assure beamtime availability due to long leadtime in ordering. It is potentialy a
weeklong process to replace the UHV window with the baking requirement.

7.7.1 UHV Window

This optical element is a Type [la diamond mounted on UHV/rough chamber flange. The
custom sea could be made on site with Indium metal. The layout is critical for
performance. Two window sizes could be used for the Mid and Far IR requirements. This
element has a 5-6 month lead time for fabrication if pre-mounted. A custom seal could be
made on site with Indium metal; we prefer not to do this for design time and maintenance
reasons.

The location is too close for effective use of afast valve. The wedged nature of the cross
section must be detailed and properly oriented on the flange as it deviates the beam to the
next optical element. The seal for the rough vacuum chamber must be custom designed.
Alignmert, construction and sealing procedures must be written. There are limited
vendors that obtain the raw material, usually via chemical vapor deposition, or from
DeBeers in some fashion.

NOTE: If Indium is used for the seal the UHV window cannot take the full bakeout
temperature. It is limited to the softening temperature of the Indium metal gasket <60 °C
so it must be treated carefully. It has to be mounted such that it can be kept cool relative
to the rest of the chamber. A method for cooling the flange needs to be determined. A
spare window must be orthand in the event an unacceptable leak rate develops. A
company has been located that can make a seal that does handle higher temperature to
150 °C. The surfaces cannot be parallel; there must be a wedge angle of 1.0° or greater.
The wedge angle tolerance can be + / - 0.1° (6 arc minutes). Surface roughness <20 nm
RA (roughness average).

Parameters: 4924 mm from source

Parameter Vdue Tolerance Comment Reference

Figure Flat Wedge See note




Wedge Angle 1.0° +/- 0.1°
Surface Roughness | 40-20* *Scratch Dig | MIL:O-
<15nmRA 13830A
Accuracy ? @632 nm
Material Ila Diamond See note
Coating - No overcoat See note
Optical Diameter 20 mm +/-0.2 Fab tolerance
Thickness 0.500 mm +/- Thin side TBD Fab'r
Mounting 2.75 Conflat
Sed Type TBD Fab'r
Power Absorbed Negligible
Power Density - -
Cooling 60°C if | -
Indium seal
Shape Circular

Note: Thickness relative to the thin side, blank must start thicker to allow for wedge
angle. The thickness is computed via an “unclamped edge’ equation'® for a circular
window uniformly loaded, and a safety factor of 4.

7.7.2 UHV Pressure Sensor

Pressure sensor for monitoring the leak rate near the window could consist of asmall 2 to
5 L/sion pump that has its current monitored for rate of change. It is mounted on a small
flange near the window. An increase in current above a set threshold indicates a leak. The
EPS interface for monitoring ion pump status is used.

7.7.3 UHV Window Valving

The UHV chamber needs a seal-off valve (e.g. Gold Sea Granville Phillips valve) for
closing the chamber after the pumpdown with the turbopump station. There will be a
similar valve on the small chamber by the UHV window. An isolating gate valve will be
upstream of the window, with a window in its seat, typically sapphire. This will allow for
removal of the window without venting the whole front end. There must be separate
gauging and external seal-off valve for this smaller closed volume, with ion pumping
added if the volume requires it. Position sensing is required for pneumatic control of this
gate valve via EPS. This valve is most convenient to use as the isolating “front-end”
valve rather than the one the M1/M2 mirrors go through, thus it should be rated for a
large number of actuations without leaking.

7.7.4 Rough Window

This will be Potassium Bromide (KBr) or Cesium lodide (Csl) for the Mid-IR. Original
alignment and operation will use KBr. A commercial standard diameter is 50 mm (2
inch). The 75 mm larger diameter is possible with this beampipe diameter but no need is
anticipated on commissioning or normal operation. The large increase in thickness for the
larger diameter affects the throughput as absorption becomes and issue. These salt
crystals are cubic in nature and brittle so that crack formation typically leads to slow
leaks rather than catastrophic implosion. O-ring seals of Viton and nylon seats are used to
keep the window from direct contact with metal surfaces, which produce stress risers at



points of contact. The thickness is computed via an “unclamped edge’ equation for a
circular window uniformly loaded, and a safety factor of 4.

Parameter Vaue Tolerance Comment Reference
Figure Flat Wedge See note
Wedge Angle 1° +/- 0.1° Materia Dep.

Surface 40-20 Scratch Dig MIL:O-
Roughness 13830A
Accuracy ? @632 nm

Material TBD See note
Coating - No overcoat See note
Optical Diameter 76 mm Diam | +/-0.5mm Fab tolerance

Thickness 6. - 10. mm +/- 0.5 mm TBD Fab'r

Mounting Custom 1SO

Sed Type Viton TBD Fab'r

Power Absorbed Negligible

Power Density - -

Cooling - -

Shape Circular

Note: Thickness relative to the thin side, blank must start thicker to allow for wedge
angle.

7.7.5 Rough Window Valving

An isolation gate valve is needed to alow venting and removal of the rough window
without venting the whole beampipe; 3 inch ISO, full clearance gate valve with a window
(sapphire) in its seat. There must be separate gauging and external seal-off and venting
valves for this smaller closed volume. Position sensing of the valve state for reading
status whether manual or pneumatic activated via EPS control.

There may be modes of operation where the window needs to be removed for the
experiment and the FTIR spectrometer vacuum directly connects to the beamline
vacuum. It is possible to use a gate valve seat window for set-up and alignment and then
when vacuum is established on both sides, to open the vave to remove the window
separation. Specia precautions are necessary to monitor the bench vacuum status and
valve control to keep from verting the bench and bringing up the whole beamline at the
same time.

7.8 Alignment Masks

Two alignment masks should be incorporated into the beamline. They should be installed
in between the M2/3 and M3/4 mirrors. They can be used as an optical photon mask for
blocking the beam for testing purposes.

A simple linear actuator could be used — the precision of placement and range of motion
to be determined. Location for alignment can be via micrometer stops. The screen needs
to be viewed remotely by CCD camera through some viewing port arrangement and the
image screened at the data station.




Window ports allow for a CCD camera to remote view the critical optical components —
mainly the upper periscope mirror, the élliptical, and the diamond window inside the
tunnel well. Optical ports should be standard for viewing all e ements whether having a
camera or not.

For checking beam position remotely, the visible spot can be used for locating the IR
beam. Remote cameras are positioned at viewports to see the spot on the screen and allow
for remote positioning of the motorized mirrors. The screen could perform a dual
function as a photon shutter to protect the rest of the beamline from accidental exposure.
Positioning of the alignment mask to view it when inserted, and alterrately view the next
mirror element when removed would double the usefulness of the camera — if within
reasonable focus distance. The backside of the alignment mask could hold a mirror or
beamsplitter to be used with alaser coming in from an opposite side port. If the geometry
allows this could be used for alignment purposes when no beam is available.

7.9 Adjustable Aperture

The purpose of this aperture isto limit the beam incident on M5 to facilitate the beamline
alignment and commissioning. This aperture should have its diameter electrically
controlled as an adjustment from 1 to 25 mm. Alternatively a 4 jaw “dit” of large
opening of approx. 25 mm width in both directions can be used. Accurate knowledge of
the centerline is needed on the order of 100 micron. This is aso usable to limit the field
of view of the first mirror mask and limit possible stray/reflected light. It is located at the
nominal focus location of M3. It is possible to have a reflection of the aperture itself by
return light from the interferometer, and so it is often mounted at a dight angle to the
beam axis, on the order of 1 to 3°.

Parameters: ~5000 mm from source

Parameter Vdue Tolerance Comment Reference
Aperture Diameter Max. 25mm | na
Min. 1 mm
Mounting Diameter | 36 mm min.
Leaf Materid Steel
# Leaves 10 minimum

7.10 Switchbox vacuum chamber

The rough vacuum system consists of a major mirror box for M5/M6 and subsequent 4
inch (100 mm) diameter Stainless Steel tubing. If the mirror box is fabricated from
aluminum the vendor must certify the leak rates of welds. This is a box with severa

elements installed: M5, M6, and aperture is mounted here. There will need to be remote
operation of the mirror mounts here if thisisinside the tunnel wall. There is great interest
in arranging the layout to put the focus outside the tunnel wall and adjust the components
to accommodate this. Most of the optical train stays the same with the ellipse focal

distance changing and the redirecting mirrors altered. The beam is collimated here after
the focus point of the beam. A custom box design with internal “optical breadboard” of
25 mm centered threaded holes installed follows the ALS design. This may be suspended




from the ceiling or the tunnel wall. A top-plate with viewports to allow visible inspection
of the components while under vacuum is called out; O-ring sealed. This volume needs
to be known to size the pumping. This volume and the switchbox are evacuated via the
beamline pump, see section 7.20. Pumping power from low quality (“dirty”) mains.
Control via EPS. This volume has its own vacuum gauge and monitoring via EPS,

interlocking control and UHV valve sealing in case of rapid rise in pressure.

Vacuum vent valving: a vacuum pumpdown port will be used to rough out this chamber,
and the pumping cart when attached can be used to vent up the chamber.

7.11 M5 — Cylindrical Plane Mirror

M5 is a Spherical Cylindrical Plane mirror that provides collimation on one axis and
turns the beam 90 degrees.

Parameters: 5925 mm from source

Parameter Vaue Tolerance Comment Reference
Figure Spherica ?/4 @ 632 nm See note
Cylinder

Inc./Refl. Angle 45° 0.01°

Surface 40-20 2120 @632 nm | Scratch Dig MIL:O-

Roughness 13830A

Material Glass/Glidcop See note

Coating Aluminum Refl.=0.98 No overcoat See note

Optica Length Y 55 mm -

Length Y 65 mm +/- 1.0 mm

Optical Width X 30 mm -

Width X 40 mm +/- 1.0 mm

Thickness 20.0 mm +/- 0.5 mm TBD Fabr.

Power Absorbed Negligible

Power Density - -

Cooling - -

Radius 2681.41 mm +/- 1.5 mm Singleaxis__ | Check  Fab
(05%) Tolerance

Shape Rectangular

Note: The reflectivity of this Aluminum coating is shown in Fig. 15. Gold coat optional
Substrate options Pyrex, Borosilicate glass, Zerodur, fused silica, Glidcop.

7.12 M6 — Cylindrical Plane Mirror

M6 is a Spherical Cylindrical Plane mirror that provides collimation on the perpendicular
axis and turns the beam 90 degrees.

Parameters: 6125 mm from source.

| Parameter | vdue | Tolerance | Comment | Reference




Figure Plane/Sphere | 7/4 @ 632 nm See note
Inc./Refl. Angle 45° 0.01°

Surface 40-20 2120 @632 nm | Scratch Dig MIL:O-
Roughness 13830A
Material Glass Others See note
Coating Aluminum Refl.=0.98 No overcoat See note
Optical Length Y 55.0 mm -

Length Y 65.0 mm +/ 0.5 mm

Optical Width X 35.0 mm -

Width X 45.0 mm +/ 0.5 mm

Thickness 25.0 mm +/- 0.5mm TBD Fabr

Power Absorbed Negligible

Power Density - -

Cooling - -

Radius 1590.99 mm | +/- L.5mm Single axis Check  Fabr

(0.5%) Tolerance

Note: The reflectivity of this mirror is shown in Fig. 15. Gold coat optional

7.13 Flat Mirrors M7 M8 M9

Plane mirrors in the rest of the optical train will be mounted in the rough vacuum system
viamanual, two angle-adjusting mounts. These are Viton O-ring sealed feedthroughs and
flanges. The need for motorization is to be determined; all these mirrors are outside the
shielding wall. The main determinant is ready access to the knobs, as some of the tubing
may be located at heights not easily reached. These will be infrequently adjusted.

Parameter Vaue Tolerance Comment Reference
Figure Plane <?/4 @632 nm

Inc./Refl. Angle 45° 1°

Surface Roughness | 40-20 2110 @632 nm | Scratch Dig MIL:013830A
Material Glass See note
Coating Aluminum Refl.=0.98 No overcoat See note
Optical Length Y 108 mm

Length Y 108 mm +/- 1.0 mm

Optical Width X 76 mm

Width X 76 mm +/- 1.0 mm

Thickness 20.0 +/- 0.5 mm TBD

Power Absorbed Negligible

Shape of mirror Ellipse Fit chamber

Note: Substrate options Pyrex, Borosilicate glass. Gold coat optional

7.14 M10 M11 Adaptive Noise Control Mirrors

Parameters:

Located on the optical bench holding the spectrometer, before the output rough
vacuum window. Although these are Planar, they are not mirrors in the usua sense, they




act more like beamsplitters reflecting the Infrared and transmitting some of the visible
light. They are mounted at 45° angle of incidence. The substrate is a proprietary
Dichroic-coated glass; the reflectivity of this dichroic-coated mirror hasn’t been at the
long wavelengths (25 micron) of the Mid IR hasn’t been an issue as of this writing. These
mirrors are specially mounted and controlled by an active feedback mechanism to reduce
beam motion noise and provides signals that can help diagnosing ring operation.

The 10th and 11th Mirror Element mechanical mounting has at least two piezo-

positioners to control 2 angles of tilt. Specific feedback control via a quadrant
photodetector and dedicated circuitry forms a closed-loop control system. These require a
pickoff dichroic window to pass part of the collimated beam to the quadrant detector and
allow the main beam to reflect to the spectrometer. These are a specialy designed

adaptive mirror arrangement for active noise control. The circuitry and mechanical design
information is obtainable from ALS/LBL labs —thisis considered a sole source.

7.15 Rough vacuum Window

Parameters:
Planar window approximately 10 m from source
Parameter Vdue Tolerance Comment Reference
Wedge Angle | 1°-2° Material
dependant
Substrate: KBr/Csl/HDPE/SI
Diameter: 80 mm +/- 0.5mm
Flatness: 2?2@ 633 nm
Roughness: 60/40 Scratch/Dig
Thickness: Material
dependant

The transmission characteristics of the window determine usage for a particular
experiment. An array of types should be available for selection. High density
Polyethylene (HDPE), Silicon, Zinc Selenide, Calcium Fluoride, Thallium Bromiodide
(KRS-5), Potassium Bromide, Cesium lodide are examples.

The orientation of the wedge is important as it deviates the collimated beam axis. The
thickest part of window should be marked on the substrate or it's mounting, as this is the
direction the beam will deviate towards. The mounting should have an isolating gate
valve and seal-off pumping valve and thermocouple gauge/N, vent line to alow isolating
the window from the rest of the beamline when changing it and pumping back down.
There are no specia requirements concerning heat load for this element.

Thickness depends on material type, calculate using unclamped edge formula and safety
factor of 2. Safety requirement exists for guarding access to this window so an object
does not impact it.

7.16 Focusing Mirror MF

Spectrometers can operate with alight beam that is either collimated or diverging from an
aperture. The light from the beamline can be introduced at either location depending on
the experiment and the spectrometer. If not using collimated light, a separate parabolic
mirror MF shall be mounted to illuminate the spectrometer’s aperture, when the aperture




is needed in the optical path. This mirror must focus the light at an angle to match the
acceptance numerica aperture of the spectrometer. Until this is procured or specified the
exact parameters are undefined at this time. This mirror will mount on the Spectrometer
itself and require a mechanical mounting to adjust the mirror and fit within the vacuum
enclosure of the spectrometer.

Parameters: Approximately 15 m from source

Parameter Vaue Tolerance Comment Reference
Figure: Parabolic

Substrate: Glass See note
Coating: Aluminum no overcoating | See note
Diameter: 75 mm +/- 0.5mm

Accuracy: ?/2@ 633 nm

Roughness: 60/40 Scratch/dig

Note: Substrate option is Aluminum. Gold coat optional

7.17 Spectrometer requirements

The infrared spectrometer is designed to operate by accepting the light from an external
port that is filled with the collimated beam.

7.17.1 Spectral resolution.

The spectrometer must have a maximum optical path difference (MOPD) of 4.8
centimeters or greater, corresponding to a resolution limit of 0.125 cmi' or better
(as given by the full width at half maximum of the unapodized instrumental line
shape, » 0.60 / MOPD in cm units). This high resolution allows gas phase sample
line shapes to be resolved in the MIR region. The majority of solid samples will
operate at lower resolving powers in the 2.0 to 4.0 cmi* range.

7.17.2 Wavenumber range.

The spectrometer must provide coverage from 200 cmi* to > 10,000 crit. The
primary range for the CLS MIR beamline is 400 — 4000 cmi. However, coverage
to higher wavenumbers is required to alow for complementary FIR / mid-IR /
near-IR studies on the same samples. (As the light is folded back in the
interferometer, the actual mirror distance is half the OPD.)

7.17.3 Purge.

The spectrometer must be purgable with dry nitrogen to humidity of < 10% RH
non-condensing. This is an essentia requirement in order  minimize the strong
absorption due to atmospheric H,O and CO, in the MIR region.

7.17.4 Operational considerations.
The spectrometer should be capable of efficient operation at low (> 1 cmt) and
medium (0.2 - 1 cmi?) resolution, as well as at high resolution (< 0.2 cni?). Thisis
required so that the instrument can be used effectively both for high spectral




resolution (gas phase) studies and for lower spectral resolution, high spatial
resolution (condensed phase) studies.

The spectrometer should be a standard production item, not a ‘one-off’ or
prototype instrument. This requirement is dictated by the fact that the CLS is a
user facility with short-term users and a limited resident support staff. We want
the instrument to be fully supported by the manufacturer row and in the future,
and this is best assured by having a standard production spectrometer that is used
in many other labs.

7.17.5 Software

The spectrometer should utilize a well- supported standard software package for
instrument operation, data collection, and data manipulation. The software should
operate with an industry standard operating system. It should support high
resolution data sets, peak finding, interpolation, and interface to the microscope
control and mapping. Since the CLS is a user facility, the software should be
actively supported by the manufacturer and be compatible with industry standards
for file transfer and manipulation. Commercial software package may need
software “hooks’ put in for reading EPS information on beam status and beamline
valve/operational status and storing with the data.

7.17.6 Detectors

Sensitive detectors are essential for the MIR regiort>. In general, the same
detectors can be used both for the gas phase and condensed matter (high pressure,
microstructures, and surface) spectroscopy. Although the main bench FTIR will
have a DTGS room temperature detector to use as a calibrator, the mgjority of
experiments will use higher sensitivity MCTA detectors. The MCTA has a useful
range from 750 to 4000 cmt. The MCTB type extends the range nearly to 25
micron (400 cmi') but with less sensitivity. The microscope used will have
specially sized MCTA detectors to match the small spot size. Users may supply
one or more detectors to be used for special experiments.

7.17.7 Infrared Microscope

The FTIR will have a compatible microscope attached that will perform the
majority of the experiments on the beamline. The need for a state-of-the-art
instrument requires many objectives and options to be included. The main areas
for specification of the microscope pertain to its optical ability in spatidly
resolving at the wavelength limit, excluding sample scattered light, computer
controlled mapping stage, compl ete software package to process and display large
data sets, and detector complement for the spectral range of analyses. The
beamline optics are tailored to match the beam size that the microscope accepts,
on the order of 10 mm diameter for the Schwarzchild secondary mirror most
commonly used. The beam team nmembers’ input on the requirements for the bid
is essentia to providing the users with the most versatile performance.



7.18 Endstation Requirements

Hutch stud-walled with doors having windows and standard fluorescent lighting, clean
and dirty electrical outlets, material of floor walls and ceiling to comply with Level 2
Biosafety requirements Sec 7.19. See Fig. 2. A Room Data sheet is to be filled out.
Smoke detector installed to comply with fire code. The hutch area outside of the
shielding wall should have area radiation monitoring installed and surveys performed, see
Fig. 21.

Major components include:

Spectrometer and its data station, 2-door cabinet, 4 drawer file cabinet, desk, chair.

In addition to the spectronmeter PC, a standard configuration desktop PC with Zip disk,
keyboard, 177 (min) monitor, mouse, extended RAM and hard disk space, Ethernet
interface, printer (if not shared), CD and CD writer. PC power filtered and short-term
rated Uninterrupted Power Supply.

Ethernet access ports in the hutch walls.

Cryogenic support to include: floor space for liquid nitrogen and helium dewars when in
operation. 4 Liter LN2 dewar, gloves, funnds, plumbing and frits for liquid transfer,
thumper tube for LHe and LHe transfer tubing that fits cryostats used. Nitrogen Liquid —
Consume 2 liters/day/beamline, alow for transfer losses; don’'t want this to be plumbed-
in as it would be wasteful. Adequate to have access to 120 liter storage dewar or floor
gpace at one of the IR beamlines for one.

The Mid IR Spectrometer bench sits on a breadboard type optical bench sized to bring the
beam height to a nominal 1 meter from the floor. The bench area is sized to alow for
future interfacing, vibration control, and mounting of the M10/11 adaptive optic mirrors,,
see Fig. 20. Beamline spectrometer Computer uses high quality power mains and
Uninterrupted Power Supply.

Cooling water supply and return plumbed-in valves and fittings for experimental hookup.

An EPS control system / control rack interface (to be defined) that will monitor:
Stepper motor position and control/activation of mirrors.

Thermocoupl e temperature monitor/control of cooling flow.

Vave positiong/actuation.

Front end UHV vacuum gauging/pressure setpoint and pump operation.

Rough vacuum gauging/pressure setpoint and pump operation.

Ring Beam current monitor/data access.

Access network drives.

Accessto Internet for Telnet, FTP, etc.

Telephone Line (TCP-1P networked).

Compressed air for pneumatic valving and experiment/tool requirements, should be
clean, ail free, and low humidity supply. Flow/Pressure 70-100 psi .



Nitrogen Gas — very low humidity/use drier. Preferred is LN boil-off a 3 ¢fm volume
flow plumbed in. (Flow rate, humidity dependant on spectrometer manufacturer specs)

Exhaust gas port for mechanical pump exhaust gas removal. Low pressure, able to accept
large bursts of flow from initiad pumpdown and maintain low volume flow.

7.19 Biosafety Containment Level 2 Requirements

The following is taken from the handbook on Laboratory Biosafety Guidelines
2nd Edition 1996 from Hedth Canada*. The requirements to comply with the guidelines
for working with samples that include human tissues are listed. Cleanable work surfaces,
enclosed and signed area with self-closing doors, glassware not disposed without proper
treatment, a HEPA filtered fume hood if making aerosols, access to an autoclave in the
building, use of lab coats in the hutch, use of gloves and training in safety and spill
procedures to users and cleaning staff are the main points. A cleaning procedure for
sample containers and methods for moving samples in and out of the endstation needs to
be written and followed. The existing CLS wet lab is close to meeting the requirements
and can be modified with relatively small effort.

Note that the requirements quoted here are in addition to the Level 1 requirements, which
are aso listed here after Level 2.
(www.hc-sc.gc.calhpb/lcdc/biosafty/docs/Ibg5_e.html#5.2)

“5.2 CONTAINMENT LEVEL 2

Containment Level 2 (CL2) is suitable for work with agents in Risk Group 2. In addition
to the requirements of containment Level 1, the following are required:

5.2.1 PHYSICAL REQUIREMENTS

-The laboratory should be located away from public areas, gereral offices, and patient
care aress.

-A biohazard sign with appropriate information must be posted on the entrance to the
|aboratory.

-Laboratory furnishings and work surfaces should be impervious and readily cleanable.
-Coat hooks must be provided for laboratory coats near the exit.

-An autoclave must be available in or near the laboratory.

-Laboratory doors should be self-closing.

5.2.2 OPERATIONAL REQUIREMENTS

-Class| or |1 biological safety cabinets (see App. B) are required for all manipulations of
agents that may create an aerosol. The biological safety cabinet must have been tested
and certified within the previous 12 months according to accepted standards (see App.
B).

-Air from these cabinets may be recirculated to the room only after passage through a
high efficiency particulate air (HEPA) filter.

-Centrifugation must be carried out using closed containers or aerosol proof safety heads
or cups. These should be opened only in the biological safety cabinet described above.
-Animas or insects, which have been experimentally infected, must remain in the
laboratory or appropriate animal containment facility.



-An emergency plan for handling spills of infectious materials must be developed and be
ready for use whenever needed. Laboratory workers must be educated and drilled in the
emergency plans.

-Vacuum lines used for work involving the agent must be protected from contamination
by HEPA filters or equivalent.

-A laboratory coat to be worn only in the laboratory areais required. Coats that fasten on
the front are permissible. These coats shall not be worn outside the containment
|aboratory.

-Special care should be taken to avoid contamination of the skin with infectious
materials, gloves should be worn when handling infected animals or when skin may be
exposed to infectious materials.

-Contaminated glassware must not leave the facility; decontamination must be carried out
using procedures demonstrated to be effective. If there is no autoclave or incinerator in
the laboratory, contaminated materials must be disinfected chemically or double bagged
and transported to the autoclave or incinerator in durable, leak proof containers which are
closed and wiped on the outside with disinfectant before leaving the laboratory.

-Service personnel and cleaning staff thet enter the facility must be informed of the
hazards that might be encountered. Cleaning staff should clean only the floors. The
laboratory personnel have the responsibility for rendering the facility safe for routine
cleaning. Periodic intensive cleaning must be done at regular intervals. Cleaning and
maintenance staff should receive appropriate immunization and medical surveillance if
appropriate.”

“Basic safety practices as described in Chapter 2 must be followed, it explains the use of
basic laboratory procedures using infectious or toxic agents, and Workplace Hazardous
Materials Information System (WHMIS) requires that all hazardous substances, including
microorganisms, be labeled in a specified manner and that there be a Materia Safety
Data Sheet (MSDS) available to accompany each hazardous substance.”

“5.1 CONTAINMENT LEVEL 1

This level applies to the basic laboratory for the handling of Risk Group 1 agents.
Containment Level 1 (CL1) requires no specia design features beyond those suitable for
a well designed and functional laboratory. Biological safety cabinets are not required.
Work may be done on an open bench top and containment is achieved through the use of
practices normally employed in a basic microbiology laboratory.

5.1.1 PHYSICAL REQUIREMENTS

-A room separated from public areas by a door is required. There are no particular
restrictions on locating the facility near public or heavily traveled corridors; however,
doors should remain closed.

-Coatings on walls, ceilings, furniture, and floors should be cleanable. Windows that can
be opened should not be near working areas or containment equipment and should be
equipped with fly screens.

-There are no specia air handling requirements beyond those concerned with proper
functioning of the biological safety cabinets, if used, and those required by building
codes.



-Hand washing facilities must be provided, preferably near the point of exit to public
areas.

-Separate hanging areas should be provided for street clothing and laboratory coats.

-Eye wash stations may be required by local statute.

5.1.2 OPERATIONAL REQUIREMENTS

Basic safety practices as described in Chapter 2 must be followed.

In addition, where chemical disinfection procedures are practiced, effective
concentrations and contact times must be employed. Chemica disinfectants used to
decontaminate materials to be removed from the laboratory must be replaced regularly.”

7.20 Rough Vacuum Beamline Components

The rough vacuum system consists of a major mirror box and subsequent 4 inch diameter
stainless steel tubing. This tubing volume needs to be known to size the pumping.
Pumping powered by dirty mains with control via EPS. Mgjor features to be provided on
the beamline are listed:

Exhaust gas venting via vacuum port.

Isolation valve power and control. In event of power failure to shut off pump from
beamline and prevent suckback and uncontrolled venting.

Mechanical oil-free pumps on vibration stands and hosing mounted through blocks for
vibration snubbing.

Vave between pump and beamline, with closing on power-outage to prevent
uncontrolled venting. “Convectron” style gauge heads and readouts.

Vacuum gauging and monitoring via EPS, interlocking control and UHV valve sealing in
case of rapid risein pressure.

Vacuum vent valving — electro-pneumatic control and monitoring via EPS. A slow vent
rate is required to monitor pressure rise in UHV for leskage at the UHV window, and
reduce the stress rate on the UHV window.

Double claw-clamp style is used for connecting an 1SO NW100 / L400-W 4 inch (10.16
cm) stainless steel beam pipe. Standard 1SO components used for seal, clamps, and
mounting upon supports. Manual mirror tilters can be used based on the design of Carr at
NSLS, using standard “Tee” pipe, Fig. 4. Beampipe tubing and mirror “box” alignment is
with “rough” fiducial markers, as the oversized flat mirrors do not require precision
locating.

Steel or Aluminum support stands for holding/clamping and adjusting the tubing.

7.21 Bidding Design/Build

As the engineering progresses in the detailed design, decisions for bidding on design help
or collaboration will be made as needed. Design and Design/Build contracts will be let on
any and all components as deemed reasonable with our time and resource scheduling.

Specific items such as the Dipole vacuum chamber modification and tunnel wall
penetration will be done using supplier. Maor components at the assembly and vacuum
system level may be combined for bid as a system. Photon Mask, M1 mount and M1
mirror may be a single system. The entire beamline up through the UHV window may be
bid, with the rough vacuum beamline a separate bid. The hutch room construction will



be bid through the UMA contractor. The spectrometers will be bid based on
specifications determined by the separate beamline teams.

7.22 M1 Cooling Loop

Sizing for heat load and physical location of the cooler to be determined. The cooling
system can present a vibration concern in itself if flow rates and reaction forces aren’t
considered. It is preferred that this loop be separate and independent of the other cooling
of thering if specifications for temp regulation and flow rate are not achievable.

7.23 Support Structures

The support structure for the various components will be tubular steel framing with
triangulated members and three point mountings for the vacuum mirror boxes and pumps.
The external beampipe supports will maintain elevation and have high rigidity,
particularly for the 3 meter crossover to the hutch. The structures should be damped via
filling with sand or treated water, and/or surface covered with vibration absorbing
material. Bolting to floor, wall, or ceiling as appropriate.

7.24 Engineering Design Analysis FEA

Reflected light undergoes a path difference of twice the mirror surface distortion, to keep
the total difference less than a 1 micron, the distortion should be 0.5 micron or less.
Two parts need to be examined, the M1 itself (A) and the photon mask (B) in front of it.

A) Mirror M1:

Given its geometry and location relative to the source, find the vertical and horizontal

power distributions on its surface,

Using this power loading (either power per point or power density) find the temperature
distribution, stress distribution, and distortion at the surface. Do modifications of the
distribution - use a Gaussian and see the results for checking the model's confidence.

Determine cooling requirements - channel distribution and flow rate. Subsequent
remodeling is done with cooling to check distortion after modifications.

Materials to consider: copper, Glidcop - %Aluminum tbd., molybdenum, Silicon (this
would have to be gold coated for operation)

Slotted design and two-piece layout

Reflected light undergoes a path difference of twice the mirror surface distortion, to keep
the total difference less than a1 micron, the distortion should be 0.5 micron or less.

B) Photon mask:

Given its geometry and location relative to the source, find the vertical and horizonta
power distributions on its surface, the two sides will have different loading as the
distance to the source point varies over 530 mm between them (assuming a 10 mrad.
width added to each end of the 55 mrad. mirror clear width).

Using this power loading (either power per point or power density) find the temperature
distribution, stress distribution, and distortion at the surface. Do modifications of the
distribution - use a Gaussian and see the results for checking the model's confidence.



Determine cooling requirements - channel distribution and flow rate. Subsequent
remodeling is done with cooling to check distortion after modifications.

Inputs required by ANSY'S, for full thermal load stress calculation.

1. Young's modulus- dependent on the material (in kPa (kilopascals))
2. Poisson'sratio- 3 used (xy, Xz, yz). Pull in x direction, what is reactance
iny or z directions.

3. density (g/cn?)

4. Thermal expansion coefficient (mm of expansion/mm [length of material]/degree

centigrade)

5. Thermal conductivity (watts/(mm X degree centigrade))

6. Specific heat (unitless, relative to water)
Preliminary work has been done on this mask design that should be considered for
this project.

7.25 Engineering design analysis —UHV Window

In an effort to save money, an alternative mounting method for the diamond window
could be used that follows the ALS design. That is to purchase the window material and
do the mounting in-house. This uses an indium sea and there are considerations in the
design and expertise needed to successfully mount the window. Sizing of material for
pressure and sealing requires calculations. It is preferred to obtain a pre-mounted
window.

7.26 Tooling and alignment jigs

Certain targets, alignment jigs and special tools and devices will be required for the setup,
alignment, assembly, calibration and maintenance of the beamline. Special equipment
includes: knife edge and Ronchi testing equipment to confirm radii of mirrors, HeNe
laser and mounts, optical flat of 75 mm (3 inch) diameter, a non-contacting surface
positioning sensor to fiducially locate mounted mirrors, pinhole set, micrometers,
precision 90° prism. The beamline group will have a tooling chest and room for storage
of this equipment.

7.27 Spare parts

Vacuum windows; various valves, gauge heads, mechanical pump, seals, valve sed kits,
pump seal kits, orings and consumable items will be required to be either stocked or
stored at the beamline.

The diamond windows are critical to the operation and a spare is needed for rapid
replacement in the event of failure even though it has a substantial cost.
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