	

	[image: ]
	Operational Safety Procedure Form
(See ES&H Manual Chapter 3310 Appendix T1 Operational Safety Procedure (OSP) and Temporary OSP Procedure for instructions.)

	



	
	
	
	

	[image: ]Serial Number:
	
	

	
	(Assigned by ESH&Q Document Control x7277)
	

	
	
	
	

	
	
	

	
	OSP

	 TOSPX

	This document is written to mitigate hazard issues that are (check all that apply): 
  Unable to comply with ES&H Manual requirements as written.

  New/anticipated/previously unrecognized. 

  Determined to have an unmitigated Risk Code of 3 or 4. 

	

	
	
	

	
	Issue Date:
	06/26/2012
	Expiration Date:
	
	

	
	(No more than three years from Issue Date except TOSP which is three months from Issue Date)
	
	

	
	Title:
	Heavy Photon Search Silicon Vertex Tracker for the Engineering Run 
	

	
	Location:
	Hall-B
	

	
	Risk classification
(See ESH&Q Manual Chapter 3210 Appendix T3 Risk Code Assignment.)
	Without mitigation measures (3 or 4):
	2
	

	
	
	With mitigation measures in place (0, 1, or 2):
	1
	

	
	Document Owner(s):
	Stepan Stepanyan
	Date:
	06/26/2014
	

	
	
	
	
	
	

	Supplemental Technical Validations:

	Hazard Reviewed (per ES&H Manual 2410-T1):
	Subject Matter Experts Signature:
	Date:

	
	Safety
	
	Bert Manzlak
	
	
	

	
	Electrical
	
	Todd Kujawa
	
	
	

	
	Cooling inside the vacuum
	
	Tim Michaleski
	
	
	

	
	Mechanical
	
	Bob Miller
	
	
	

	
	Interlocks
	
	Krister Bruhwel
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	Approval Signatures:
	Print					Signature
	Date:

	
	Division Safety Officer:
	Patrizia Rossi 
	
	
	

	
	Department or Group Head:
	Volker Burkert
	
	
	

	
	Safety Warden of Area:
	Doug Tilles
	
	
	

	
	Other Approval(s):
	Bert Manzlak
	
	
	

	
	
	
	
	

	Document History:

	
	Revision:
	Reason for revision or update:
	Serial number of superseded document
	

	
	
	
	
	

	
	
	
	
	


Distribution: Copies to: affected area, authors, Division Safety Officer, ESH&Q Document Control
After expiration: Forward original and log sheet of trained personnel to ESH&Q Document Control.


	

	
	1. Purpose of the Procedure
	

	
	To install and operate Si-tracker (SVT) from SLAC inside the Hall-B pair spectrometer magnet (18D36 dipole) vacuum chamber.
	

	
	1. Scope – include operations, people, and/or areas where procedure applies
	

	
	Si-tracker (see attached document) will be installed inside the Hall-B pair spectrometer vacuum chamber for the Heavy Photon Search experiment engineering. Work scope will include installation and alignment of the SVT, connection of the power lines, signal cables and cooling system. Hall-B engineering group will perform installation, JLAB survey group will perform alignment, and HPS collaborators will make connections and tests before closing and pumping vacuum. All the elements of the SVT are tested for magnet and vacuum compatibility. Data taking will use standard Hall-B DAQ system.
	

	
	1. Description of the Facility: (include floor plans and layout of a typical experiment or operation)
	

	
	Installation and operation of the HPS SVT system will be done in Hall-B using the Hall-B pair spectrometer and PS vacuum chamber. 
	

	
	1. Authority and Responsibility:
	

	
	
	4.1	Who has authority to implement/terminate
	

	
	John Jaros
Tim Nelson
Stepan Stepanyan 
Doug Tilles

	

	
	
	4.2	Who is responsible for key tasks
	

	
	Doug Tilles
Tim Nelson
Stepan Stepanyan 
	

	
	1. Who analyzes the special or unusual hazards (See ES&H Manual Chapter 3210 Appendix T1 Work Planning, Control, and Authorization Procedure)
	

	
	 
	

	
	1. Personal and environmental hazard controls including:
	

	
	
	6.1	Shielding
	

	
	NA 
	

	
	
	6.2	Interlocks
	

	
	Chiller will shutdown in an event of flow drop or loss of vacuum. 
The beam excursion or temperature changes, loss of vacuum or chiller shutdown will initiate SVT HV/LV shutdown through EPICS
	

	
	
	5. Other
	

	
	NA 
	

	
	1. Monitoring systems
	

	
	Temperature monitoring through EPICS
HV/LV monitoring through EPICS 
	

	
	1. Ventilation
	

	
	NA 
	

	
	1. List of safety equipment (i.e: personal protective equipment or special tools)
	

	
	NA 
	

	
	1. Associated administrative procedures 
	

	
	NA 
	

	
	1. Operating guidelines
	

	
	See attachment document or SVT operations manual 
	

	
	1. Notification of Affected Personnel (How and Who)
	

	
	NA 
	

	
	1. List of steps required to execute the procedure from start to finish.
	

	
	1. Bleed vacuum in PS vacuum chamber
2. Install and align SVT
3. Connect cooling, HV/LV and signal lines
4. Pressure and leak test of cooling pipes
5. Turn on cooling system
6. Turn on HV/LV system
7. Collect data
8. Install flanges and beam pipes
9. Slowly pump down PS vacuum chamber and beam line
(See also attached document) 
	

	
	1. Back out procedures, i.e., steps necessary to restore the equipment/area to a safe level.
	

	
	1. Turn OFF HV/LV system
2. Turn OFF cooling system 
	

	
	1. Special environmental control requirements:
	

	
	NA 
	

	
	1. Environmental Impacts  (See EMP-04 Project/Activity/Experiment Environmental Review
	

	
	None 
	

	
	1. Abatement Steps – Secondary Containment, or Special Packaging requirements
	

	
	NA 
	

	
	1. Training requirements 
	

	
	Standard training, no special training is needed 
	

	
	1. Unusual/Emergency procedures e.g., Injury, Fire, Loss of power
	

	
	NA 
	

	
	1. Instrument calibration requirements, e.g., safety system/device recertification, RF probe calibration
	

	
	No 
	

	
	1. Inspection schedules
	

	
	NA 
	

	
	1. References/Associated Documentation
	

	
	Attached 
	

	
	1. List of Records Generated (Include Location / Review and Approved procedure) 
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	3210Appendix T2
Task Hazard Analysis (THA) Worksheet
	

	



	Author:
	

	Date:
	04-02-2012
	Task #:
If applicable
	
	Frequency of use:
	1

	Complete all information.  Use as many sheets as necessary

	Task Location:
	Hall-B
	Task Title:
	HPS SVT beam test using the Hall-B pair spectrometer

	Division:
	Physics
	Department:
	Hall-B

	Lead Worker:
	Stepan Stepanyan

	Mitigation already in place:
Standard Protecting Measures
Work Control Documents
	



	Sequence of Task Steps
	Task Steps/Potential Hazards
	Consequence Level
	Probability Level
	Risk Code (before mitigation)
	Proposed Mitigation
(Required for Risk Code >2)
	Safety Procedures/ Practices/Controls/Training
	Risk Code
(after mitigation

	1
	Installation of SVT
	L
	L
	1
	Standard practice
	Skill of craft
	N

	2
	Connecting and operating HV and LV power 
	L
	L
	1
	Standard practice
	Skill of craft
	N

	3
	Cooling system
	M
	L
	2
	Interlocks to coolant flow and vacuum level to limit amount of coolant leak into the vacuum system 
	There will be hardware and software interlocks that will trip the chiller and close the solenoid valve, also will turn HV/LV OFF 
	1



	
	Highest Risk Code before Mitigation:
	2
	
	Highest Risk Code after Mitigation:
	1



When completed, if the analysis indicates that the Risk Code before mitigation for any steps is “medium” or higher (RC≥3), then a formal Work Control Document (WCD) is developed for the task.  Attach this completed Task Hazard Analysis Worksheet.  Have the package reviewed and approved prior to beginning work.  (See ES&H Manual Chapter 3310 Operational Safety Procedure Program.)

	
	ISSUING AUTHORITY
	FORM TECHNICAL
POINT-OF-CONTACT
	APPROVAL DATE
	EFFECTIVE DATE
	EXPIRATION DATE
	REV.
	
	

	
	ESH&Q Division
	Harry Fanning
	10/05/09
	01/01/09
	10/05/12
	0
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Installation and Operation of the HPS SVT



1 Description of the Silicon Vertex Tracker
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Figure 1: The SVT shown inside of the pair spectrometer vacuum chamber.
The beam enters through the flange in the front of the vacuum box extension
that houses services for the SVT.



The SVT, shown in Figure 1, uses 6 layers of silicon extending from 10
cm to 90 cm downstream of the target inside of the PS vacuum chamber
to measure charged particle trajectories. To accommodate the passage of
the beam, the SVT is built in two halves, top and bottom, so that each
layer consists of a pair of modules, one above and one below the beam plane.
Each module uses silicon microstrip sensors placed back-to-back with a small
stereo angle between sides to provide 3-d space points for the hits in a module.
Modules for layer 1-3 have a single sensor on each side with readout at one
end, while those for layers 4-6 are longer, with a pair of sensors on each side
and readout at both ends.
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Modules are supported in groups of three by a set of four support plates,
as shown in Figure 2(a). The top and bottom support plates for the back
half of the SVT (layers 4-6) are stationary. However, the supports for layers
1-3 can be opened and closed vertically around the beam, rotating around
hinges behind layer 3 and moved by levers extending upstream to a pair of
linear shifts outside of the magnet. The support plates are kinematically
mounted inside a support box that installs into the pair spectrometer (PS)
vacuum chamber, shown in Figure 2(b).



(a) The lower support plate for Layers 1-
3, showing the silicon (red) and readout
electronics (green) of the modules, as well
as the motion lever for opening and closing
the SVT and the SVT beam scan wires.



!"#$%&'()*+',-.'



!"#$%&'/)0+'1-.'



,-.'



1-.'



12,'3456'75"8$+'1-.'



(b) The SVT support box which contains
the upper and lower support plates for Lay-
ers 1-3 and Layers 4-6, as well as the cool-
ing plate housing the Front End Boards of
the SVT DAQ.



Figure 2: Key sub-assemblies of the SVT.



The first stage of readout electronics is located on a hybrid circuit board
at the end of each sensor. Multiplexed analog signals from these boards are
digitized by a set of 10 Front End Boards (FEBs) mounted to a separate cool-
ing plate inside the SVT support box. Each FEB can control 4 hybrid/sensor
units: a single module in layers 4-6 and either one or two modules in lay-
ers 1-3. The FEBs also control the hybrids, provide regulated low-voltage
power from a single input, and pass externally generated bias voltages (HV)
through to the sensors. The FEBs communicate with a set of 4 Signal Flange
Boards (SFB), up to three per SFB, which transmit digital signals through
the vacuum penetration. The exterior side of each flange board converts dig-
ital to optical signals for communication with the RCE DAQ. Power to the
FEB are routed through a pair of Power Flange Boards, one for LV and one
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for HV, supplied by a Wiener Mpod power supply modules in a crate on the
pie-tower.



Cooling for the SVT is provided by a pair of chillers; one for the hybrids
and sensors that operates at -10 ◦C and one for the FEBs that operates at
room temperature. The FEBs have a single cooling loop, while the hybrids
and sensors have two loops, one for the top and one for the bottom half of
the SVT, where each of these loops runs first through the support struc-
ture for layers 1-3 and then through the structure for layers 4-6. There are
temperature sensors on every hybrid as well as sensors in the FEBs.



The linear shifts, the cooling penetrations, and the signal/power penetra-
tions are all located on a set of flanges on an extension vacuum box mounted
to the upstream end of the PS vacuum chamber and which connects to the
upstream beam line.



2 SVT Installation into the Pair Spectrome-



ter Vacuum Chamber



This installation will require bleeding the vacuum in the region from the
upstream collimator to the next valve downstream of the PS. The beam pipe
between the PS and the upstream Frascati magnet must be removed, and
the Frascati magnet be moved upstream. The steps to be undertaken are:



1. Move SVT to Hall B (HPS & Hall-B engineering)



2. Bleed vacuum, remove upstream beam pipe and move the Frascati
magnet upstream (Hall-B engineering)



3. Move ECal downstream and remove the ECal vacuum chamber (HPS)



4. Remove the front flange from the PS vacuum chamber (Hall-B engi-
neering)



5. Setup a table at the upstream end of the PS magnet (Hall-B engineer-
ing)



6. Place SVT on the table and insert into vacuum chamber from upstream
(Hall-B engineering)



7. Survey and align SVT at upstream and downstream (survey group)
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8. Install upstream vacuum box and SVT services (HPS)



9. Connect and test SVT (HPS)



10. Close vacuum chamber and pump down (Hall-B engineering)



3 Operation of the SVT



Due to the proximity of the sensors to the beam, some care is required in
SVT operation, especially during the process of commissioning with beam.
However, a number of systems mitigate the risk of damaging the SVT. These
include beam position scanning both upstream of and integrated in the SVT,
a fast shutdown system capable of dropping the beam within 40 microsec-
onds, and a collimator that diffuses the flux of an errant beam so that acute
damage to the silicon is impossible before beam shutdown can take place.
The thickness of the collimator has been chosen based upon the results of
beam damage tests with prototype modules at the SLAC NLCTA. The steps
to be taken to commission and operation the SVT with beam are described
in the beamline section (???).



4 SVT Cooling System



The SVT cooling system uses a pair of chillers. The first operates at -10
◦C with 50/50 water/glycol (???) mix using Hall B house water for heat ex-
change. The second operates at 20 ◦C. The cooling system to be placed inside
the vacuum chamber will be pressure tested beyond design pressure and the
entire system will be operated in the lab prior to installation. A relief valve
outside the vacuum chamber will prevent operation above design pressure.
All tubes and hoses exterior the the vacuum chamber will be insulated to
prevent condensation.



The cooling system will automatically shut the chillers off in the event of
cooling loss due to a break or obstruction in the line or loss of vacuum in the
beam enclosure. The chiller will be interlocked to a flow meter installed on
outlet after the tee. The same interlock signal will close a solenoid valve on
the incoming line. Loss of cooling capacity or vacuum will also initiate shut
down of all voltages going to SVT. Temperature monitoring throughout the
SVT prevents detector operation without adequate cooling.
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5 SVT Materials



Every component of the SVT was tested for vacuum and magnet compati-
bility. In addition, nearly all of the components are being re-used from HPS
test or are fabricated from the exact same materials from the same vendors
and using the same techniques. There are a small number new materials,
listed in Table 1. These have all been tested at SLAC to 10−6 Torr using



Component Material Inside Vacuum?
structural epoxy Hysol 9396 Y
conductive epoxy Epoxies Inc. 40-3905 Y
magnet wire insulation polyester-imide Y
HV Connectors Y
high-speed data cables Y
high-speed data connectors stainless steel Y
cooling feed-throughs aluminum oxide ceramic Y
bearings aluminum oxide ceramic Y
kinematic mounts tungsten carbide Y
L4-6 adjustment screw phosphor bronze Y
Optical transceivers N



Table 1: The proposed layout of the HPS SVT.



the same methodology as for HPS Test. In addition, a new process for vac-
uum penetration of the Flange Boards was developed at SLAC. These flanges
have passed a helium vacuum leak check at SLAC. The vacuum box with all
flanges will be tested and pumped down to 10−6 Torr at SLAC before ship-
ping to JLab. Non-magnetic materials are used since the SVT operates in a
magnetic field.



Known radiation tolerant materials and devices are used in the SVT mod-
ules, and shielding protects the the FEBs facing the target from x-rays, which
may reach significant levels during the useful life of the silicon. The sus-
ceptibility of key components to neutron irradiation has been studied and
compared to simulated doses, which have been found to be well below levels
of concern.



The SVT will require high voltage (HV) and low voltage (LV) power. A
rack with two Wiener mainframes loaded with HV and LV Mpod modules
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will be installed on the ”pie tower” and a breakout box and patch panel
for power will be mounted solidly on an aluminum frame on top of the PS
magnet.



6 SVT Positioning System



The positioning system uses linear shifts mounted above and below the vac-
uum box with bellows allowing for the transfer of motion to the upper/lower
SVT detectors in layers 1-3. Calibration will be performed for the place-
ment of detectors for electron running. There are both safety stops and mi-
croswitches used to limit motion to safe ranges. In addition, the construction
of the SVT supports prevents the upper and lower SVT from colliding. The
remote operation of the positioning system will be tested at SLAC, as well
as at JLAB before and after installation. Correct operation of all switches
and safety stops will be verified at JLAB during setup and after the detector
is installed on beam line.



The linear stage has 4 inch travel driven by and 8 wire stepper motor
configured for 4 wire bipolar series connection. A Newport XPS-Q8 Motion
Controller is used to drive the stepper motor and Slow Control GUI based
on EPICS. The following tests were done at SLAC before shipment: Basic
stepper motor function test, stage positioning accuracy measurement, leak
check the bellows, and operation in magnetic field up to 300 Gauss at the
motor. The stage positing accuracy is ≈ 10 µm with a directional backlash
of 25 µm. The stepper motor function was tested under vacuum load and
the SVT weight.
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