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FMX and AMX beamline subsystem definition
a) Granite 1 - AMX:
· Visualization Screen 1 (SCR AMX 1)
· Vertical Double Crystal Monochromator (VDCM)
· Visualization Screen + BPM 2 (SCR/BPM AMX 2). BPM not installed at the time of the IRR.
· Tandem Deflecting Mirror (TDM)
b) Granite 2 - FMX:
· SCR FMX 1
· Horizontal Double Crystal Monochromator (HDCM)
· SCR/BPM FMX 2
· Horizontal Focusing Mirror (HFM)
c) Granite 3 - AMX:
· SCR/BPM AMX 3
· KB mirrors (VKB and HKB)
· Experimental station, incl BPM AMX ES and SCR AMX ES.
BPM not installed at the time of the IRR.
d) AMX detector system. This will not be installed at the time of the IRR.
e) Granite 4 – FMX
· SCR/BPM FMX 3
· Secondary Source Aperture (SSA)
f) Granite 5 – FMX
· SCR/BPM FMX 4. BPM not installed at the time of the IRR.
· Transfocator
· Attenuator
· KB mirrors (VKB and HKB)
·  Endstation, incl BPM FMX ES and SCR FMX ES.
BPM not installed at the time of the IRR.
g) FMX detector system. This will not be installed at the time of the IRR.
[image: ]Figure 1:  The five groups of optical assemblies of FMX and AMX photon delivery systems in sector 17-ID of the NSLS-II.
FMX and AMX beamline commissioning without beam
Extensive subsystem testing of the AMX and FMX beamline major optical assemblies was successfully carried out at the RI Research Instruments factory during four one week FAT sessions. Most of these tests were repeated or verified in the course of the installation of the photon delivery systems in the past three months. Integrated testing of the entire beamlines is under way.
Pre-beam commissioning activities 
The two identical IVU-21 IDs of AMX and FMX in the 17-ID short straight and the common front-end were successfully commissioned by the Accelerator Division in August of 2015. In addition to these requisites for beamline commissioning, the following requirements have to be met: 
· IRR completed and pre-start findings closed
· Commissioning without beam completed 
· PPS and EPS functional 
· Insertion devices controllable by beamline 
· Front end slits and flags controllable by beamline 
· Cameras connected and working to align beam with respect to visualization screens 
· Beamline control environment with basic scanning capabilities (including undulator gap scanning) and basic graphics available 
· User interface for experimental stations available 
First-beam extraction and radiation surveys
FMX and AMX set aside about four days to extract first beam and to conduct radiation surveys as described in the radiation survey plan (PS-C-XFD-PRC-055). Initially carried out at the low electron beam currents of 20 mA during accelerator studies time dedicated to this purpose, a succession of successful radiation surveys will allow increasing the electron current stepwise with the goal to soon obtain permission to operate the beamlines with open ID gaps during regular accelerator operations for the purpose of the beamlines’ optics commissioning.  
Beamline optics commissioning
Prerequisites
Preliminary commissioning phase of the ID and frontend performed by the accelerator division:
· Energy selection
· Energy scans
· Primary slits scans / alignment
·  XBPM commissioning and calibration 
Preliminary commissioning phase of the experimental stations:
· AMX Beam Conditioning Unit (BCU) He flight tube installed
· Main goniometer
· Positioning of scintillator screen in beam focus
· Positioning of diode intensity monitor in beam focus
· Knife edge scans at beam focus position
Goals of beamline optics commissioning
Achieve complete control and understanding of beamline optics operation, energy selection, beamline alignment procedure, beamline tuning for high flux operation, control of beam spot size, in particular control of spot location within a fraction of its size for all operating energies.  Verify that specified minimal spot size and defocusing of beam at experimental station diagnostics can be achieved.
This commissioning phase includes the AMX and FMX Photon Delivery Systems – all beamline optics starting at the ratchet wall of the FOE down to the experimental stations diagnostics.
All four major phases within the commissioning sequence will be executed in collaboration with experts from Research Instruments.
Commissioning sequence
I. FOE preparatory steps
a. Finding the beam, vacuum, EPS
b. Ensure passage of FMX beam through granite (1)
II. Granite (2) FMX DCM
a. Begin with granite (2), to ensure monitoring of FMX beam when commissioning AMX DCM in next step
b. Commission upstream to downstream within granite
c. HFM to follow in step V.
d. FMX ID commissioning to obtain spectra and safe gap control under normal machine operation conditions.
III. Granite (1) AMX DCM and TDM
a. Goal: complete FOE devices
b. Upstream to downstream within granite
c. AMX ID commissioning to obtain spectra and safe gap control under normal machine operation conditions.
IV. AMX TDM and granite (3) AMX KB and endstation
a. Upstream to downstream within granite
b. TDM  commissioning using granite (3) diagnostics
c. AMX experimental hutch first, because AMX has simpler optics setup
d. AMX beam focus properties 
V. [bookmark: _Ref422329211]FMX HFM and granite (4) FMX SSA
a. Upstream to downstream within granite
b. HFM commissioning using granite (4) diagnostics
c. SAA commissioning incl. secondary source focus properties
VI. Granite (5) FMX KB, transfocator and endstation
a. Upstream to downstream within granite, but transfocator last
b. FMX beam focus properties
c. Transfocator focusing and defocusing
d. At the time of writing, the HKB is not installed. This mirror is not required for beam transport to the endstation. Horizontal focusing by HFM and Transfocator
I. FOE preparatory steps: Finding the beam, vacuum, EPS 
· Have the undulator gap open to minimize radiation. 
· Close undulator gap gradually, monitor temperature on all components that are expected to be exposed to white beam.
· AMX: Use the white beam CVD screen (SCR AMX 1) for first AMX beam finding.
· Ensure passage of FMX beam through AMX DCM and Tandem Deflecting Mirror tank.
· FMX: Use the white beam CVD screen (SCR FMX 1) for first FMX beam finding.
· Basic alignment of the FMX HDCM using SCR/BPM FMX 2. 
· Basic alignment of the FMX HFM using SCR/BPM FMX 3. 
· Basic alignment of the AMX VDCM using SCR/BPM AMX 2. 
· Basic alignment of the AMX TDM using SCR/BPM AMX 3. 
· “Finding the beam” requires establishing and performing a whole alignment procedure (at small current/open undulator gap) and getting a signal from the monochromatic beam on the beam-position monitors. This requires both the FMX DCM and the HFM as well as the AMX DCM and TDM to be roughly aligned 
· Check of vacuum, EPS status, cameras with increasing heat load; EPS interlocks; to be performed at gradually increased heat load (i.e. several  iterations are required) 
II. Granite (2) FMX HDCM 
· Check if mechanical motions meet specifications under the heat load induced by the x-ray beam
· Check stability, reproducibility of spatial motions such as the fine adjustment of the crystal pitch angle
· Check rocking curve scan (Bragg angle stepper and fine piezo adjustments)
· Check energy scan repeatability over a long period of time (12 hours)
· Establish fixed exit conditions. Two energies first, then expand to full range.
· Check cooling circuits
· Check water cooling of DCM mechanics – excitation of vibrations
· Check if/which specific LN2 cryo-cooler settings (pump speeds) may excite resonance frequencies in the DCM
· Check if in-vacuum motors and mechanics function as expected (temperature and mechanical stability) under increasing heat load
· Test both cooling systems for the second crystal with increasing heat loads: indirect cooling with cooper block or Cu braid cooling
· Check vacuum, EPS status with increased heat load
· Check feedback correction loop FMX 1: Beam steering into FMX SSA by closed-loop operation between DCM crystals and HFM and SCR/BPM FMX 3. Verify correction of translation and angle change of the beam
· Vertical correction: Roll of 1st DCM crystal
· Horizontal correction: Pitch of 2nd DCM crystal or pitch of FMX-HFM mirror
· Evaluate both degrees of freedom
III. Granite (1) AMX VDCM and TDM
· Check if mechanical motions meet specifications under the heat load induced by the X-ray beam
· Check stability, reproducibility of special motions such as the fine adjustment of the crystal pitch angle
· Check rocking curve scan (Bragg angle course stepper and fine piezo adjustments)
· Check energy scan repeatability over a long period of time (12 hours)
· Establish fixed exit conditions. Two energies first, then expand to full range.
· Check cooling circuits
· Check water cooling of DCM mechanics – excitation of vibrations
· Check if/which specific LN2 cryo-cooler settings (pump speeds) may excite resonance frequencies in the DCM
· Check if in-vacuum motors and mechanics function as expected (temperature and mechanical stability) under increasing heat load
· Test both cooling systems for the second crystal with increasing heat loads: indirect cooling with cooper block or Cu braid cooling
· Check vacuum, EPS status with increased heat load
· Check feedback correction loop AMX 1: Beam steering into KB by closed-loop operation between DCM crystals and TDM and BPM AMX 3. It should allow to correct for translation and angle change of the beam
· Vertical correction: Pitch of 2nd DCM crystal
· Horizontal correction: Roll of 1st DCM crystal or pitch of 2nd TDM mirror
· Evaluate both degrees of freedom
· Test TDM parking and operating positions using SCR/BPM AMX 3
IV. AMX TDM and granite (3) AMX KB and endstation
· Using SCR/BPM AMX 3 ensure beam pointing stability from AMX DCM and AMX TDM combined
· Compliance of mechanical motions to specifications
· Check retraction of both KB systems from the beam.
· The mechanical system of each of the two KB setups are tested to verify that they meet the specifications using the diamond BPM (AMX BPM ES) in the beam conditioning unit (BCU) upstream of the focal spot of the KBs. These tests include high precision scans with the KB mirror pitches.
· KB coarse alignment at zero bimorph piezo voltage.
· Align upstream to downstream, so AMX VKB first, then AMX HKB.
· KB figure optimization at predetermined correction voltages for bimorph piezos.
· Stepwise focusing of beam to minimal focusing ellipse.
· Beam position and profile diagnostics
· Endstation scintillator screen on goniometer
· Diode on goniometer
· AMX BPM ES in Beam Conditioning Unit
· X-ray optics diagnostics
· Pencil beam scanning of mirror surfaces
· Possibly advanced mirror metrology with PS Metrology group
· Check feedback correction loop AMX 2: Beam steering into ES by closed-loop operation between KB mirrors and BPM AMX ES. It should allow to correct for translation and angle change of the beam
· Vertical correction: Pitch of AMX VKB
· Horizontal correction: Pitch of AMX HKB
V. FMX HFM and granite (4) FMX SSA
· Using BPM FMX-2 to ensure beam pointing stability from FMX DCM and FMX HFM combined
· Check stability, reproducibility of special motions such as the fine adjustment of the mirror pitch angle
· Check vacuum conditions, EPS status with increased heat load
· Check the functioning of disaster mask, temperature sensors, EPS status in case of accidental heating of the mask
· Check functioning of the bimorph mirror power supplies. Tune power supply settings for optimal mirror figure and focusing properties.
VI. Granite (5) FMX KB and endstation
· Compliance of mechanical motions to specifications
· Check retraction of both KB systems from the beam.
· The mechanical system of each of the two KB setups are tested to verify that they meet the specifications using the diamond BPM (FMX BPM ES) in the beam conditioning unit (BCU) upstream of the focal spot of the KBs. These tests include high precision scans with the KB mirror pitches.
· KB coarse alignment at zero bimorph piezo voltage.
· Align upstream to downstream, so FMX VKB first, then FMX HKB.
· KB figure optimization at predetermined correction voltages for bimorph piezos.
· Stepwise focusing of beam to minimal focusing ellipse.
· Beam position and profile diagnostics
· Endstation scintillator screen on goniometer
· Diode on goniometer
· FMX BPM ES in Beam Conditioning Unit
· X-ray optics diagnostics
· Pencil beam scanning of mirror surfaces
· Possibly advanced mirror metrology with PS Metrology group
· Check feedback correction loop FMX 2: Beam steering into ES by closed-loop operation between KB mirrors BPM FMX ES. It should allow to correct for translation and angle change of the beam
· Vertical correction: Pitch of FMX VKB
· Horizontal correction: Pitch of FMX HKB
· Beam defocusing with transfocator CRLs
· CRL alignment, first with surveying equipment
· CRL alignment with beam using  FMX BPM ES
VII. Global stability measurements
Stability measurements are one of the key performance criteria for the beamline optics. Stability performance is defined as a key parameter in the functional specification of the FMX and AMX Photon Delivery Systems (Research Instruments).
· Position stability tests will be performed using the diamond BPMs
· Intensity stability tests will be performed using autocorrelation measurements of fluctuations in the direct beam intensity at the position of the secondary source aperture past a “knife-edge” or the diamond BPM inserted in the beam. It is expected that this will result in “flat” correlation function (contrast smaller than e.g. 0.1 %) of a wide range of time scales from 1 μs to minutes and more.
Experimental station commissioning
Testing in LOB1 test lab
· Acceptance testing of procured components
· DOF testing, motor tuning, reproducible error calibration
· Integrated component testing
· Parallel testing of isolated components: Ensure positioner timing and experiment state transitions
· Testing of integrated sub-assemblies
· Full DAQ software tests
· [bookmark: _GoBack]Integration of automounter components
Transfer to beamlines
· Pass Instrument Readiness Review
· Further components will be added following the Experiment Safety Review Procedure
· PDS commissioning with beam with limited diagnostics in ES, see above
· Full installation: AMX ES first, then FMX ES to support beamline optics commissioning sequence
· Endstation EPS
· Vibrational stability testing of support tables with BNL metrology group
· Temperature stability, cooling systems
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