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Introduction
This plan describes the technical commissioning of the photon delivery system at Beamline 8-ID, starting from the last front end valve GV-02 and ending at the temporary Be-window installed at the end of the beam transport system inside the 8-ID-B1 end station enclosure. The commissioning will include the filter box, the collimation mirror system, the high heatload monochromator, the high resolution monochromator, and all monitors and monitoring systems. The focusing mirror mechanics is installed, but the double toroid mirrors will be installed later and are part of another commissioning activity. 
Equipment Description and Operation Modes
[image: ]
Figure 1: Schematic overview of the optical equipment, radiation shielding components, and secondary bremsstrahlung shielding. 
The following section will describe the key parameters of the individual components, its use in the various operation modes of ISS, and the monitoring system which allows t beam to be detected.

Filter Box (FM)
The filter box unit is the first unit within the photon delivery system. It consists of a vertical filter manipulator with 5 different filter positions, allowing the following to be tuned: the low cut-off of the spectral band width, mask 0, three ion pumps, and the quadrupole mass spectrometer monitoring the beamline vacuum.
All filters are made from Panasonic pyrolytic graphite. The filter properties and positions are described in the technical note Filter Calculation for ISS Heat Load Management (Tech Note # 206).
The system is equipped with multiple thermocouples, and pressure sensors. Two thermocouples mounted at the water in and output of Mask 0 allow the absorbed power at Mask 0 to be determined. The acceptance of this mask is 1.097 x 0.105 mrad2. The total absorbed power at 500 mA beam current will be roughly 2.78 kW.
Caution: Changing the filter position when the front end shutter is open will result in damage. 
Goals of Commissioning:
1.) Ensuring that the direct beam hits a filter and no other parts, such as the heat shield or the filter frame.
2.) Testing the motion protection of the EPS system when beam shutter is open.
3.) Vacuum conditioning of the filters.
Collimation Mirror System (CM)
The collimation mirror system provides a cut-off mirror (CM1) to limit the upper level of the band-width, a collimation mirror (CM2) to adapt the vertical beam divergence to the rocking curve width of the monochromator crystal, three masks and 4 secondary bremsstrahlung collimators.
The mirrors are placed in nominal position (+2.2 mrad for CM1, and -2.2 mrad for CM2), and both mirrors are positioned so that the Pt-coating will reflect allowing maximum band-width of the reflected beam.
The transmitted beam of the full system can be visualized by a pink beam position monitor localized between the CM and the HHM system. The monitor is using a retractable luminescence screen made from a 50 µm thick diamond film. In addition, each of the three masks (Mask 1, Mask 2, and Mask 3) is equipped with two thermocouples mounted on the water in/output of the masks. The differential temperature reading will provide a sense for losses between the individual masks.  The nominal power loss at each mask (expected Pt-mirror configuration and 500 mA beam current) is shown in Table 1.
	Mask
	Horizontal [mrad]
	Vertical [mrad]
	Opening Ratio*
	Absorbed power** [W]

	1
	[bookmark: _GoBack]1.05
	0.100
	91.2%
	570

	2
	0.98
	0.093
	79.1%
	610

	3
	0.92
	0.087
	69.5%
	450


[bookmark: _Ref319512193]Table 1: Horizontal and vertical openings of all masks in the collimation mirror system. The opening ratio is measured relative to Mask 0, the calculated absorbed power is based on 500 mA beam current and all mirrors reflecting on the Pt-stripe.
In addition, each mask is equipped with multiple thermocouples on the top, bottom, left, and right of the mask body; allowing the direction of misalignment to be measured.
The collimation of the collimation mirror CM2 will be measured by using the HRM in combination with a BPM installed in front of the focusing mirror FM.
Caution: At full beam current, damage may appear if the reflected beam from CM1 or CM2 hits one of the W-secondary bremsstrahlung shields mounted inside the CM-tank.
Goals of Commissioning:
1.) Adjusting the mirrors CM1 and CM2 so that the beam is passing Masks 1, 2, and 3 with minimal power loss.
2.)  Adjusting the bending radius of the collimation mirror CM2 to allow minimum vertical divergent beam.
High Heat Load Monochromator (HHM)
The high heat load monochromator unit provides mono energetic beam. It consists of a mask (Mask 4), the double crystal monochromator and the pink beam stop. 
Mask 4, in combination with Mask 3, ensures that the reflected beam from CM2 will always be absorbed by the pink beam stop (PBS). The opening of Mask 4 is 0.898 x 0.086 mrad2.  The nominal power absorption for optimized beam is 150 W (Pt stripe configuration and 500 mA beam current).
The HHM is a conventional liquid nitrogen cooled, pseudo channel cut monochromator, which is using either the Si 111 or Si 333 reflection. Using the third harmonic will require the HRM, which will cut out the first harmonic. The center of the reflecting surface of the first crystal is in the center of rotation of the turntable. The distance between the crystals can be adjusted if necessary resulting in a fixed exit mode. The nominal beam offset between the pink beam and the monochromatic beam is 20 mm. The monochromator is adjusted to the nominal photon energy of 22.65 keV (equal to 5 degree bragg angle).
Besides multiple thermocouples which can be used to indicate power losses on individual components, the transmission of the monochromator can be measured using the luminescence screen installed at the focusing mirror system (FM).
Caution: The first monochromator crystal cannot be brought to 0 degrees with full beam intensity (upstream edge would brake); adjust LN2 flow rate to maximum flow rate.
Goals of Commissioning:
1.) Adjustment of first and second crystal.
2.) Verification of crystal distance.
3.) Characterizing beam motions and intensity fluctuations with fast scanning mode.
4.) Optimizing cryo-cooler parameters.
5.) Optimizing speed profile for the monochromator.
High Resolution Monochromator (HRM)
The HRM is an optional monochromator, using a Si220 reflection in a ++-geometry, between the second and third crystal of the monochromator system. In combination with the luminescence screen of the FM, the HRM provides a characterization tool to visualize the divergence and intensity distribution of the monochromatic beam after the HHM (characterization of thermal bump and optimizing CM2 bending radius). It also provides, in combination with the HHM, a monochromator system which provides good energy resolution at the high energy range of the beamline and excellent energy resolution (~0.3 eV) at 10keV allowing energy loss spectroscopy.
The HRM is a direct drive, with a channel cut crystal; the center of rotation of the turntable is identical with the reflecting surface of the third crystal.
Goal of Commissioning:
1.) Characterizing the HRM and HHM motion system.
2.) Optimizing cooling and collimation parameters.
3.) Characterizing and optimizing highest available energy resolution.

Focusing Mirror System (FM)
The focusing mirror system is not part of the IRR. It is expected that the two mirrors will be installed during may shut down. Details of the commissioning will be discussed at a later time.
The mirror mechanics, currently installed, is adjusted to the nominal position.
Beam Transport (BT)
No commissioning is necessary. The functionality of the beam monitor system has to be demonstrated.
The Cooling Water Temperature Rise as Monitor
The power absorbed at the various masks and the correlated temperature rise in the cooling water is shown in Table 2. A simple readout of the thermocouples allows readings with about 0.050C noise level. Using averaged values (with 10-100 readouts); the expected noise level will be 0.0050C.
The averaged readout method will not provide enough precision to detect the expected power loss within individual masks. However, it will be possible to detect the full power loss at any of the masks. In the case of a high beam current mode, e.g. 100 mA or higher, the power loss of each mask for perfect aligned beam can be detected.

	Property
	FE
	MA0
	MA1
	MA2
	MA3
	MA4
	PBS

	Aperture hor. [mrad]
	1.1
	1.0972
	1.05
	0.976
	0.916
	0.898
	NA

	Aperture vert. [mrad]
	0.15
	0.1047
	0.1
	0.093
	0.087
	0.086
	NA

	Total power [W]
	85.59
	59.59
	54.47
	47.08
	41.34
	40.06
	40.06

	Power loss 
	NA
	26.00
	5.12
	7.39
	5.74
	1.28
	40.06

	T [footnoteRef:1] [0C] [1:  Expected a water flow of 1.8 GPM and 5 mA] 

	NA
	0.054
	0.011
	0.015
	0.012
	0.003
	0.084

	T 1 [0C] @ 100 mA
	NA
	1.085
	0.214
	0.309
	0.240
	0.053
	1.672

	Max power loss
	NA
	85.59
	59.59
	54.47
	47.08
	41.06
	40.06

	T1 [0C]
	NA
	0.18
	0.12
	0.11
	0.1
	0.09
	0.09



[bookmark: _Ref320121552]Table 2: Power absorption in the various masks for perfectly aligned and completely misaligned beam (completely absorbed by mask).  All numbers are based on a ring current of 5 mA. The 6th row, titled “T 1 [0C] @ 100 mA” is based on 100 mA ring current and is used as a comparison for normal operations.
Individual Commissioning Activities
The following section will describe details of the individual commissioning activities. Specifically, it describes the exact beamline condition, the expected signals, and describes conditions that require specific cautions to avoid damage to the equipment. 
Rough Alignment of Components and Bringing Beam to the Endstation B1
The goal of this activity is to ensure that the beamline is roughly aligned and that all detection and monitoring systems are reliably working. The two mirrors of the collimation mirror system will be aligned so that the majority of the beam passes through the masks MA1, MA2, MA3 and MA4. In addition, the two crystals and the translation stage of the HHM have to be aligned, ensuring beam transport to 8-ID-B.
Note: The following steps will be performed at low electron current ( 5 mA).
The maximum power is far below 100 W; none of the beamline components would be damaged if misaligned.
Beamline configuration
All elements of the beamline will be moved in nominal position as described in Table 3.
	Property
	FB
	CM1
	CM2
	BPM1
	HHM/theta
	HHM/vertical[footnoteRef:2] [2:  Distance g between the two crystals will be  with h the offset between the pink beam and the monochromatic beam (nominal 20 mm). ] 

	BPM2

	position
	No filter
	2.2mrad
	-2.2mrad
	In beam
	50 (22.7keV)
	10.038mm
	In beam

	modes
	NA
	Pt-stripe
	Pt-stripe
	NA
	NA
	NA
	NA


[bookmark: _Ref320115845]Table 3: Nominal position of beamline configuration as required in the Radiation Survey Plan (PS-C-XFD-PRC-053)
Rough Alignment of Mirrors
Most likely, the Monitor BPM1 will see some luminescence light. The first task will be to verify that the luminescence is caused by the direct beam or by scattered beam. The following steps will be performed:
1. The mirror CM1 has to be moved out of the beam to ensure that the signal on BPM1 will disappear.
a. Mirror will be moved down 1.65 mm.
b. Mirror angle will be adjusted to 00.
c. The temperature of the cooling water at Mask 2 should rise by about 0.10C and the signal at BPM1 should disappear. If both are observed, proceed to the next step.
d. Align CM1 back to 2.2 mrad reflectance angle and 0 vertical height. Caution: Make sure that the angle is aligned first to avoid the exposure of the upstream edge of the mirror.
2. In a similar way, the mirror CM2 will be aligned. 
a. Mirror will be moved up 1.65mm.
b. Mirror angle will be adjusted to 2.2mrad.
c. The temperature of the cooling water at Mask 3 should rise by about 0.10C and the signal at BPM1 should disappear. If both are observed, proceed to the next step.
Rough Alignment of Mono
1. Alignment of the monochromator (mono_theta)
a. The monochromatic beam will be detected by the beam position monitor BPM2. 
b. Alignment of mono_theta (angle between first and second crystal): BPM2 is observed during a scan of mono_theta. A clear change of intensity should be visible on the monitor. 
c. After the reflection is found, the area should be masked and a quantitative analysis performed.
d. After refining the crystal alignment, BPM3 is used to observe the beam in the beam transport pipe.
e. The beam will be detected with an ionization chamber in 8-ID-B.
f. The alignment of mono_theta is refined again.
2. Calibration of mono angle theta
a. Using a Mo calibration foil a Mo spectrum will be measured and the angle calibrated.
3. Test fixed exit mode by moving the energy over large energy range and measuring the vertical offset change. 
4. Adjusting mono_chi
a. Close FE slits to 1 mm.
b. Move mono to 7 keV; measuring position in BPM2 and BMP3.
c. Move Mono to 22.7keV; measuring position in BPM2 and BMP3.
d. Adjusting moni_chi and repeat steps b and c. 
e. Repeating step d until no change can be detected.
f. Open FE slits again.
Filter Box Check
1. As a last check, the EPS feature of the filter box motion system should be tested. Moving the filter assembly should result in closing the FE-shutter.
2. The temperature of the cooling shield should not change with beam on/off.
At this point, both mirrors, the monochromator, and the filter box are roughly aligned and the increase of beam current will not yield to any damage. The beamline is ready for survey of the endstation enclosure.
Note: The following steps will be performed at 85mA electron current.
At 85 mA ring current a comprehensive radiation survey is performed as described in the Radiation Survey Plan (PS-C-XFD-PRC-053). 
Note: The following steps will be performed at full electron current (most likely 200 mA).
Conditioning of FB
	Property
	FB
	CM1
	CM2
	BPM1
	HHM/theta
	HHM/vertical
	BPM2

	position
	NA
	2.2mrad
	-2.2mrad
	In beam
	 10keV
	10.2014mm
	In beam

	modes
	NA
	Si-stripe
	Rh-stripe
	NA
	NA
	NA
	NA


[bookmark: _Ref320119333]Table 4: Nominal position of beamline configuration as required in the radiation survey plan.
All beamline components are aligned as described in Table 4, which minimizes the heat load on the monochromator. The individual filter setups can be conditioned with beam. The pressure will be recorded over time. The conditioning shall be performed until the final pressure is reached. 
In addition, the temperature of the filter box shield shall be recorded and monitored. A significant temperature rise (>0.30C) will require further analysis of the shield alignment. 
CM
	Property
	FB
	CM1
	CM2
	BPM1
	HHM/theta
	HHM/vertical
	BPM2

	position
	No filter
	2.2mrad
	-2.2mrad
	In beam
	 10keV
	10.2014mm
	In beam

	modes
	NA
	Pt-stripe
	Rh-stripe
	NA
	NA
	NA
	NA


[bookmark: _Ref320120172]Table 5: Nominal position of beamline configuration as required in the radiation survey plan.
The beamline should be aligned using the configuration in Table 5. The following steps should be performed:
Alignment of CM1
Caution: 
1. By moving the mirror CM1 to slightly smaller angles than 2.2 mrad and aligning it vertically above 1400 mm, the reflected beam can miss MA2 and the reflected beam may hit the PBS. The temperature readings of PBS and the water temperature of PBS shall be carefully monitored during this alignment procedure.
2. To avoid hitting the upstream edge of the mirror, the mirror needs to be vertically misaligned if the incident angle is smaller than 2.2 mrad. The vertical alignment can be calculated with . The temperature of the disaster mask shall be monitored.
Note: The following steps will ensure that the mirror CM1 is optimal aligned.
1. Test of vertical position:
a. Move CM1 down by 1.7 mm (1.65 mm motion of the upstream edge of the mirror because of turning it by 2.2 mrad and 0.05 mm alignment of disaster mask) and turn mirror to 0 mrad angle.
b. Mask 0 should now see full beam (calculate the corresponding temperature rise using table Table 2 and beam current). The temperature of the disaster mask should see no increase in comparison to no beam.
c. The mirror can be moved up until the temperature of the disaster mask starts rising. The vertical position should be y=-1.475 mm (full beam size is 2.849 mm). The mirror should be resurveyed in cases where the observed value is significantly deviating (0.1 mm).
2. Angular alignment:
a. Align CM1 to 2.2 mrad and vertically adjust to 0 mm.
b. The mirror angel should be increased now and monitor the temperature of the cooling water of CM2. 
c. At an angle of 2.2 mrad+2.85/2 mrad= 3.625 mrad the temperature rise should saturate. At this angle there should be no intensity seen at BPM1.
d. To test the negative angle range, close the vertical slit of the FE slit. Move the lower slit plate to 0-position.  The beam will be monitored on BPM1 during the slit motion to ensure that the bottom plate is moved.
e. Repeat step c. Full temperature rise should be observed at an angle of 2.2 mrad-2.85/2 mrad= 0.775 mrad.
f. Bring the mirror into the new nominal position and close the FE slit.
Alignment of CM2
· Repeat the alignment procedure of CM1 for CM2, accordingly (step 3.3.1).
· Use BPM1 to observe the change of beam size with the mirror angle change of CM1 or CM2. Repeat 3.3.1 and 3.3.2 as necessary, when deviations are observed.
HHM
· Perform step 3.1.3 (Rough Alignment of Mono).
· The characterization procedure for thermal deformation and the optimization of the cryo system will be determined at a later time. 
HRM
	Property
	FB
	CM1
	CM2
	BPM1
	HHM/theta
	HHM/vertical
	BPM2

	position
	80x70m
	2.2mrad
	-2.2mrad
	In beam
	 10keV
	10.2014mm
	In beam

	modes
	NA
	Si-stripe
	Rh-stripe
	NA
	NA
	NA
	NA


[bookmark: _Ref320123553]Table 6: Nominal position of beamline configuration as required in the radiation survey plan.
The beamline will be brought into the configuration described in Table 6. The heat load on the monochromator will be minimized.  The piezo on the second crystal of the monochromator should be brought to the 0 position.

The second monochromator will be scanned versus the HHM. The angle range will be +-0.10. The ionization chamber with highest gain settings will be used to detect transmission through the monochromator system. 
After minimum intensity is detected (most likely 2 peaks will be detected) the piezo can be optimized; half of the angular separation of the two peaks will be the correction of the piezo necessary to achieve full intensity. 
The processes may be iterated multiple times in order to achieve full intensity.
The characterization procedure for the collimation mirror bender and the monochromator motion system will be developed at a later time.


Appendix
Absorbed Power and Temperature Rise of Cooling Water
The temperature rise of the cooling water using 2gpm flow rate caused by 100W is 0.188C. The exact number can be calculated by the following equation:


Flow Rate Diagram of Cryo Cooler
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Figure 2: Flow rate chart provided and measured by SSK. The thermal calculations of Toyama show that the crystal needs 20 L/min flow rate for full heat load. To find the optimum pump condition for various heat load conditions, will be a  task of the commissioning activities.
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5. Differential pressure VS flow rate
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